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SAFETY
This product has been designed and tested according to International Safety Requirements. To

ensure safe operation and to heep the product safe, the information, cautions, and. warnings in this
manual must be heeded. Refer to Section I and, the Safety Summary for general safety consid,erations
applicable to this ptoduct.

CERTIFICATION

Hewlett.Pachard Company certifies that this product met its published specifications at the time of
shipment from the factory. Hewlett-Pachard further certifies that its calibration measurements are
traceable to the United States National Bureau of Standards, to the extent alloued. by the Bureau's
calibration facility, and to the calibration facilities of other International Standards Organization
nembers.

WARRANTY

This Hewlett-Packard product is warranted againstdefects in material and workmanship fora period
of one year from date ofshipment. During the warranty period, Hewlett.Packard Company will, atits
option, either repair or replace products which prove to be defective.

The cathode-ray tube (CRT) in the instrument and any replacement CRT purchased from HP are also
warranced against electrical failure for a period ofone year from the date of shipment from Colorado
Springs. BROKEN TUBES AND TUBES WITH PHOSPHOR OR MESH BURNS, HOWEVER, ARE
NOT INCLUDED UNDER THIS WARRANTY.

For warranty service or repair, this product must be returned to a service facility designated by HP.
However, warranty service for products installed by HP and certain other products designated by HP
will be performed at Buyer's facility at no charge within the HP service trsvel area. Outside HP
service travel areas, warranty service will be performed at Buyer's facility only upon HP's prior
agreement and Buyer shall pay HP's round trip travel expenses.

For products returned to HP for warranty service, Buyer shall prepay shippingcharges to HP and HP
shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping
charges, duties, and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY
The foregoing warrantv shall not apply to defects resulting from improper or inadequate mainte-
nance by Buver. Buyer-supplied software or interfacing, unauthorized modification or misuse,
operation outside of the environmental specifications for the product, or improper site preparation or
maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALI,Y DISCI.AIMS THE
IMPLIED WARRANTIES OF MERCHANTABII-ITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES,
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOI-E AND EXCI-USIVE RF]MEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAI- DAMAGES, WHETHER BASED ON CONTRACT,TORT, OR ANY OTHER
LEGALTHEORY.

ASSISTANCE

Prod.uct maintenance agreements and other customer assisrance agreements are auailable for
Hew lett. Pac hard prod.ucts.

For any assistance, contact your nearest Hewlett.Pachard Sales and Seruice Office.
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Tho lottol/r'ng gono,8,l ,atotl p,r,ceurlon, must b ob',.nnd durttry .tt dte',/, ol oFnllon, ,,,, ,co,
.nd r.Ftr ot tht, ln lrumcnl. Faltun, lo compty wtth th.so pracrulton. or wllh tpclflc urmtng,
.t ovharo ln ,hh mtnurt ,lotetat aaLty atend'ds ot doatgn, manu/f,clura, .nd lnaaad.d uaa o, tho
ln.,rum.n . H.vlatl-Prck rd Comp,,ny rr.srrr.. no ,hbrtlty lot th. cu.,o.rrr.rl ,f,llun ,o compty
ul h lh..c

GROUND THE INSTRUMENT.
To minimize shock hazard. lhe inskument chassis and cabinel must be connected lo an electrical
ground. The instrument is equipped wilh a three-conduclor ac power cable. The power cable
musl either be plugged into an approved lhree-contact electrical outlet or used with a lhree-contact
lo two-conlact adaple, wilh the grounding wire (green) firmly connecled to an electrical ground
(salely ground) at lhe powe, outlet. The power iack and mating plug of the power cable meel
lnlernalional Electrotechnical Commission (lEC) safety standards.

OO ilOT OPERATE IN AN EXPLOSIVE ATIIOSPHERE.

Do not operale lhe inslrumenl in the presence ol llammable gases or lumes. Operation ol any
electrical instrumenl in such an envi;onment conslitules a delinite salely hazard.

KEEP AWAY FROM LIVE CIRCUITS.
Operaling personnel must not.emove inst;ument covers. Component replacement and internal
adiustments must be made by qualified maintenance personnel. Do not replace components wilh
power cable connected. Under certain conditions, dangerous voltages may exist even wilh the
power cable removed. To avoid iniuries. always disconnecl power and discharge circuits befote
touching them.

DO NOT SERV]CE OR ADJUST ALONE.
Oo not atlempt inlernal service or adiuslment unless anolher person. capable ol rendeling fi.st aid
and ,esuscilalion. is presenl.

USE CAUTION WHEN EXPOSING OR HANDLIIiIG THE CRT.
Breakage ol lhe Calhode-ray Tube (CRT) causes a high-velocity scaltering ol glass lragments (implosion).
To prevent CBT implosion. avoid rough handling or jarring of the instrument. Handling ol the CRT shall
be done only by qualilied mainlenance personnel using approved salety mask and gloves.

OO NOT SUBSTITUTE PARTS OR UOOIFY INSTRUIIIENT.

Eecause of the danger ol introducing addilional hazards. do not install substitule parls or perlorm
any unaulhorized modilicalion ol lhe instrumenl. Relurn lhe instrument to a Hewlett-Packatd
Sales and Service Oflice lor service and repair lo ensure lhal safety lealures are mainlained.

DANGEROUS PROCEOURE WARNII{GS.
Warnings. such as the example below. precede potentially dangerous procedures lhroughout this
manual. lnstructions contained in lhe warnings must be followed.

WARNING

Oangeroua volltgea, ceplble ol cau3lng derlh, aro prosanl ln lhla lnrlrument.
Ule erlreme clullon wh.n handllng, lestlng, and

ii



The Federal Communications Commission (in 47 CFR 15.818) has epecified that
the following notice be brought to the attention of the users of this product. This
notice does not indicate a change of Hewlett-Packard's normal quality etandards
or testing program.

FIfrfi=il]=ilI-i

Attention: This equipment generates, uses, and can radiate radio frequency
energy and if not installed and used in accordance with the inatructione manual,
may caue€ interference to radio communications. It hae been tested with a Class
A computing dwice and found to comply with the limite for a Class A computer
peripheral device pursuant to Subpart J of Part f5 of FCC Rules, which are
designed to provide reaeonable protection against such interference when
operated in a commercial environment. Operation of this equipment in a
tesidential area is likely to cause intrrference in which caee the user at his own
expenee will be requited to take whatever measulrs may be tequired to conect the
interference.

If this equipment does cause interference to radio or television reception, which
can be determined by turning the equipment off and on, the user ie encouraged to
try to correct the intcrference by one or more of the following measures:

Reorient the receiving antenna.
Relocate the computer with respect to the receiver.
Move the computer away from the rcceiver.
Plug the computer inio a different outlet so thatcomputer and receiver are on

different branch circuitg.
If necessary, the ueer should consult the dealer or an experienced

radio/televigion technician for additional auggeetions. The user may find the
following booklet prepared by the Federal Communications Commission helpful:

"How to Identify and Reeolve Radio-TV Intcrference Probleme".
This booklet is available from the U.S. Government Printing Office,

Washington, DC n402, Stock No. 004{00.()G}4t4.
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sEcTroN I

GENERAL INFOR T!ON

1-1. INTRODUCTION
fhls ratrual aotalns teabrla.l lnforuatio required to llltau aDd Bervlae the
Eerrtett-Pacxard llodel 49454 Tranrnlaalo Iryairaeot llaalurcoeut Set. Tbls r.nual
toSether witlr tlre 4945A Operattrg titmual. provldes aoplete doaureotatldr for the
49454.

Figure 1-I lhorrs trtre lastnrne[rt and accessories supplled. Throt ghout tlre reoainde! of
this nanual, the ilodet 4945A fransntsglo Iryalmeot l{ealurcoent Set ls referred to
tJne 191rA or tbe lnstnl!€lrt.

Thls uanual ls dlvl<ted lnto ei8ht sectioDs.Dd aotalns the fouorrhg lnforuatlqr:

Sectiqr General Informatlor, ldeutlflea tJre lnstrueotr tbat lre doculeoted by tbis
desarlptlm of tlre lnrtnnetrt, the available etlms and aocessorles , ald

are also lnaluded h Seatlon I.

Sectl@ II, IDstallatlo, provldea lnforoatlolr about laltlal lnspectlo, pr€paratl@
for uae, atorage,

Sectlo III, Operatlqr, references tile 494rA Operattng llanual nhlah Sives detalled
operatlng lIstnratlos for tJre hstrueot.

Seatl@ IV, Perforoance Test,. preseDts tbe procedures to aheax the perfomuce of tJre

Sectlon V, ldJustnents, provldes lnstnrotloos for properly adJusttng the lnstmrcut.

Sectlon Vf, neplaaeable Parts, lists all replaceable Frtr and assenblles alorg rrlth
or{erlng infornatlon.

Secti@ VII, Manual Changes, aqrtalns inforoation neceaaary to doaunelrt all serial
prefixes Iisted on tbe title page of thls nanual.

S€ction VIII, Service, provides necessary lnfotmatldr to r€pair the lnstnrnent.

Tbe part nu[bers lor the OperatlDg l{anual and the Service l,lanual are U3ted otr the
Tttle Page.

Tbe title page also lists the part DurDers for the niarofiabe version of the Serviae
Darual. The nlcroftche paaXage also inaludes tlre latest l,laDual Changes suppleEent.

A
I
t
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t-2. mCRIPTION
Eenlett-Pac&ad 1915A Transnisslo Irpalrment lleasurlng Set ls a aobinatiqr test
ured by tbe telephoe lndustry. Tne 4915A is used for neasuring arElog parareters

o volce baDduldtlr data clraults as nell aB rrideband aoalog proEra[ ahlnrel!
band dtgltll cbannels (DlXi). Tne 1915A frequeocy rarge ls frdr 20 Hz to II0 If,z for
botb the transtrltter and receiver.

Tne 1915L a@taln! aII nearurerelrt! needed for lnstrllatiqr, DelnteDance aDd
tte parsDeter8 measured

o llcrragc Clroult lfolse

o llolsc llltb Toe

. SiBE1-to-l{olse Ratlo

. lfolle-to-Ground

. Intemodulatlm Dlstortlon

. Perl-to-Avcrage nltlo

o Pbase ard ADlltude tritter

Phase Blt3, Galn Elts, Dropoutg

fryulre lfotre

Rcturrr Lss (2 ard 4 wtre)

t'he
ret

Ihe llaster/Slave feature allor8 cooplete cootrol of a slave
unit over 4-rlre clrcults.

ty.

unlt

lhe 1915A can cmnualcate wlth an exterml controller vla RII-232C, BP-IB
or HP-IL.

1.3. SAFETY CONSIDEBATIONS

m OBSERVE AT.L SAFEXY PRMAUTIOIIS AIID

o

a

a

a

a

Tbe 1915A has a bullt-ln, cdlrrehelslve self-check capabill

L-2

the laster

STAIE) O}I THE III INSTRII},IEI{T AIID IN IIIE I.II}IUAL. TEIS
IS A SAFEIY CIASS 1 ilSTRWnrr (PROVIDD HITH A PEOTECTIVE EgRTII
ImlfrxAL). TEB 1915A AND ALL RET.TTED DoCII'|B|TATTON t{USr BE BBI,IE{ED
FOR PAI,IILIARIZATIOI }IITII SAFETY liONf,IlICS AI{D IIISTRUCTIOIIS BEFORE
OPENATIONS.

r,7J:ITIrTd



I.4. INSTRUMENTS COVERED BY THIS MANUAL
Attached to Ure lDstmmt ls a serlal nulber plate. TDe rerlal nunber ls ln the
forn:0000A00000. It ls ln tuo part!: the flrst four dlglts lrd tlre letter the
rerlal lu[ber preflx aDd the last flve dlglts lre the .u?flx. ttre prcflx ls tbe saDe
for all ldeutlaal hstnDeots; lt abarges oly tlhen a chsnge ls nede to the lnrtnr-
[etrt, t]e letter In the preflx designates the country ln flhioh the instnlnent ]ras

(A=USA; C=Ifelt cemeny; J.Japan; S'Siasapone). fhe luffix ahuSes to
ldeotlfy the lndlvldual lDltnucDt.

fhe o@tcnt! of tbls [!ou6l apply to aII lrutnuelrtr wlth the lerlal nu[b€r Prcflx(es)
llsted urder SBIAL XI,UBEnS m the tltle page. ln lnstnrelrt [alufactulrd after the
prlntlng of tbis [aruel nay have a serlal preflx that ls aot lllted m the tltle page.
t}ls un]'lsted serlal nunber preflx tldlcates tDat the lDltrueot ls dlffereDt froo
those descrlb€d h thls Drnurl. llanurl! acco@olyllg thlr ncner lnstnretrt hclude a

ttls suppleo€ot aqrtalnr ablr8e llltnratlo8
Danua1 to the nener lBtnu€nt.

For lnforoatlo aocernltg a lerlal pr€flx Durber that is not llrtecl @ thc tltle PEge
contsct the nearest B€nlett-Paaxard SaIe! sDd Servlce offlc€.

1-6. INTERFACES
Three lnter?aces are avallable for tbe 4945A.

o I81@.A HP-IB Interface (Optlo 001)

o 18163A BS-232 Interface (Opttoo 002)

o 18165A BP-IL Interfaoe (Optl,dr 00r)

&ere ls roo for any t$o of thele lnterflces ot the 4941A rear panel.

Oparattng hfomatl@ for Urc luterfaces ls fouDd ta tne 4945A Qetattng Hanud (EP

Part l{uuber O1915-*@L).

Servlce lnforoatldr for the lnterfaces ls found ln the baak of tlrls nenual.

1.6. ACCESSORIES SUPPLIED
Accessories supplled wltlr the tDstrutrelrt are listed belqt.

Porer Cot\t 2., n ( ?,5 ft).... .....Part

Qric* Reference Car{. .......Part

r-,

Part
Part

l{o
llo
llo
l{o

8t20-L3?8
0494r-9000r
01945-90,oV
01915-Woto

The po$er oable 6nd llne fuse are select€d at the faatory aacotdln8 to the corntry of
destinatiqr. Part lurbers of the available porrer cables .re Usted ln Sectlon II.



1.7. ACCESSORIES AVAILABLE
are avallable for tne 494!A.

fo8rrA I letre f,P-

t324?jil

v24e nS-2r2C l,lodcn Cablc

LiiLlA 36-lacu 3I0 to lI0 Cable

181?OA

82L6?A

%LL-2650

19-hcb Baex ilannt trlt

Soft Crrrytng Crra

.5 netrc EP-IL Cable

nuggcd fraDllt Carc

1-8.

Stardatd qtlou are lodlflcatlos hstall€d at tDe factory aDd cr[ be ot{cr€d by co-
Hcrrlctt-Packard ralcc of?lce.

1.9. SPECIFICATIONS
GENERAL

Ll5l23o vac +LLll-221, 48 to 6, Hs. Ir0 natt!

NS

n

Dlnenslor:
(excludlng feet )

llelgbt:

Operatlry &virouneot:

IDterfaces :

HP-IB CapablUtles:

ntdth
: 18.4 an (?.
45.1 cn (I7.
48.9 or (19.

1, xs (r, rbs)

Temperature: oo to +50oc (*32o to L22o P)

Bunldlty: 10f to 90f, lo[-aoodeoslng

Altltude: up to {600 ! (Ir,0O0 ft)
l{aro-up tlre: , nlnutes for stated accuraoy

HP-rB (IBEE 188), RS-21X, HP-rL

tf,r, sEI, co, u, Tr, sRr, RLr, PPl, DCl, Dlto

25 lt
?5 In
25 tn

)
)
)

L-1
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R,.2'3x' capabllrtres: 
?il#ffi; 33;.";il3;Hk'33irt3'rlfit*ffs:
7 or 8 blt ro[d. Parlty: noe, odd, erren oarl or
space.

HP-IL Capabllltier: o c0, Dc2, Dro, PPlR, lg, sE, D, T1-Tr, Ll,
S2, BI2, PDo, Ix)O

(recelrcr and
traDlnltter )

Hold Clrcults :

Beturn [osr:
(reaeiver and
transnlttef )

Iorr :
(recelver)

(reaelver and
trduEltt€r)

frerrdttcr hcquancy

$reep

Lr1, @0,900 or 12(D oDn

flro alrcults, erch lnd€pendent i
> 20 nA tor appUed q€o alrcult
voltaEes *q l&.5 to 10, volts da,
elther polarlty, tJrough
!'es lltalce of < =17O0 oha .
l{dhal: 2, il, tA V, 1100 ohrt

)20 dB frd fr az to l1o tttl'

>30

>ro

800

200

f,8 to 110 lfz at 135 obu

1z to 20 frz
< o.2 dE

Brlelae: >90 dB, 50 Hz 1o UIO Az
decrearhg 6 (lB per octave aborre l2O Ez

lihxlnu do bloaklDg: 1rO Yolts

fu gz tro 1lO Xz; selccted W }q/pld on rlx pro-
g

1 Ez fr.m 20 lz to 9999 Az 10 Ez fro 10
Igz to ll0 lrf,t
!.Ol t of output frcqucocy

10O4 f,z t 0.1 Es

or [anual fro 20 8z to 110 trXz. Auto rrGrp l!
llngle or repetltlrc,
l Ez to 10 I8z (l Bt
atepr pcr lcaod

Sllpc a bod tro 45O tn t75O Ez

up or dcnm. Stnp rlze
ralolutldr) Sre€D rst$; .3, L or 3

SF S&lp:

L.'



Trlm[itter I€vel

Flatness 3

-60 to +1, dBn (600, 900, I20o om)
-60 to +5 dBm (13' olu)

r.ln 0.1 dB

t 0.1 dB at 1004 Bz, -20 to 0 dB[ t 0.2 dB at
1004 llz, -60 to +10 dB!

20 gz
I

20O f,t
I

I5 kxz
I

85 *f,2
I

110 XXz
I

fotsl Dlstortlqr:

F1atuesr ls not specifled belor 200 Ez rhen uslr3
the 13, ob! temlnatl@.

100 Ez to J kIz, ). ,0 dB dorm fr firndanelrtal,
neasuled tn 3 dB bardrldtb up to 12 If,z (for rlgml
levels -40 d8o to +lO dBo)

to xEz, ;:(Q rlB donr fro firndancotal,20
ln , dB brndnidth up to 80 If,z (foD ligDal

r O.5 dD r 0.2 dB t 0., dB t I.0 dB

levels -40 aBn to +10 dBo)

r-6

3 r'llTh

f,ecelver trrequcncy

Bange:

Besolutlo:

Accuracy:

20 kf,z to 110 lrgr, > =1i0 dB dorm froo flrndaoeDtal,
reasured in 3 dB bardwidtb up to 440 trfl, (for !18[r]'
levels -30 dBn to +I0 dBo)

20 Ez to ll0 kIIz

1 Hz from 20 Hz to 99 Ez I0 Uz frm 10
kf,z to 110 kf,z

for slgtral ].evels ) -r0 dBm at ) 20 dB rlg-
nal-to-nolse ratlo

1 Hz fron 20 Hz to 99 Hz

l0 Hz from 10 kIIz to 110 *IIz



Reoelver Lvel

Range:

Det€ctor:

-60 to +13 dBr

.1 dB

full urve

(ln <lB): -r0 dB! to +1, d8r

mBz I! If,r
I

110 If,z
I

i.0., d8 ! 0.2 d8 I 0., dB

-60 dEm to -rO dBr

20 flz 200 Eztt 1, IrBz
I

U0 If,z
I

! I.0 dB r 0., dB r 1.0 dB

l0O4 [z holdlng t@e accurecy ls t 0.1 dB fro -20 to 0

accuracy la not specifled belor 200 Ez rhen ullDg
the l,, obn terrlnatlm

,0 Ez htgbpals, l0 kf,z loflpa!!Pllters Avallable:

MESSAGE CIRCUIT NOISE MEASUREMENT

Traasuitter:

Recelver

tletghtlnE Fllters 3

Resoluttdr:

Accuracy:

Deteator:

qulet temllatlo

C-nessage, 3 xf,r f18t, 15 ldlz flat, ,0 xbtt or Progral

+I0 to +9O dBrtr

ldB
r ldB

Tnre rms

L-7



ffi
lrals[itteD

Recelver

netgbtlDg PiltcB:

llotah 8llter:

ffi
llansnltter

Frequency:

Receivcr

nelg[ttng Flrters 3

llotch Fllter:

1004 [s (ftxed)

C-ueasage, 3 }gr f1at, 1, IXz flat, ,0 lblt or Prograa

>60 dB neJectlo fro 995 to L025 Bz

+I0 to +90 d8nt

ldB

fnre ma

r ldB

1004 Hz (ftxetl)

,&Ilz flat, 15 kgz flat, 50 Xblt or

1-8

) 60 dB reJection tro 9*5 to 1025 Hs

10 dB to 4, dB

ldB

fr6 -40 to +1, dBr

fuII wave average 6rd tnre rn8

Besolutto:

Detector:



ffi
fr.Dlrlttcr:

f,eaelver

qulct

C-relaage, , If,r flat, l, IEz flat
50 Xbtt or

40
L5

to 1r0 dBltr (C-l{earage, 3 }Ez) ,O to lro dBm (Progral,
Ez, 5O tblt)

ldB

t 1., dB

INTERMODULATION DISTORTION MEASUBEMENT

?c[r t,6e, ao-llnear dlstortlo

Accunay:

Ibtcctor:

bvel n!r8c:

Receluer

StgDsl l€rrel narge:

-4O dB[ to 0 dh (not rpcclflc<l 6t ll! ohrr

-40 dBu to 0 dDo

-40 to 0 dBn

Rerolutlo: ldB
t IdB

Fllters: Seadld ot{er aeotered at !20
fhlrd order aelrter€d at 1900

lz
gz

d 2240 Az

10 to 70 dB (aot lpeclfied at l35 oDDs )

PEAK TO AVEBAGE RATIO MEASUREMENT (P/AR)

Transmltter

Deetr BelI Syster PIIB 41009 spcclficatios

1-9

Ievel Ran8e

O.I dB



Recelver

slgBal t€vel

Outputs

Tran8nltter

Frequency:

Becelver

HoIdlDg T@e 3

CollIt Bate:

-40 to 0 dBtr

Accuracy:

PAB untt

PHASE AND AMPLITUDE JITTER MEASUBEMENTS

fransnlttcr

Prcqueocy: 1004 E (flxed)

necelver

I€vel R.rEe: -40 to +10 dBo

2
4

t
+

I

0 to I20 unlts

t!
tg

over rrlge of 4O to 110 units

1004 gz (ftxed) antl qulet terulnatiqr

rml
rml

P/

20 to 300 Ez, 4 tro 20 E, and 4 ra 3oO flz

: Phase (pcaI to peaX) 0 to 40 <legreea lryltttrde (peal to pcal) 0 to 40 I
Pbale: !.2 deg or t 5l of readlnS lrputuda: t .2f
abs or t 5l of reedlng

(for reaelved toe of 990 to 1010 Ez, -40 to +10
d8m)

Denodulated camler ard J ltter avallable

ere selecteble

-40 to +I0 d8n, 99, to LO25 Hz

7, 8 or 100 aounts per seodrd

0 to 99 for all count lDdlcators

L to 9,W Dltrutes, or c@tlnuous

1-r0

Cormt Range



Note: tJre foUcring accuracy rp€clflcatl@r apply to the ? and 8 aounts per
sAoOOd rgtes Olrly.

ttreshold Accuraoy: 11 dB

Icff, ,0 to 110 dBrD

+- I atB

>.4 Dlulreaod!, 1lot

t -tI

ledlun, programable

ln 1 dB rtep!

,2,3'4,rot6
blgh, progrmable, 2, 3, 1,5 or 6 dB aborc
nedlu[

Ph.sc Elts

, r,o 45 degrecs h 5 degrcc rtcpr

Galn f,lt!

Threshold . nange: 2 to 10 dB ltr I dE steD!

IhrBhold Accuracy: r 0., dB

DroEout!

tlrelhold: )3I2 dE

fhrashold Accuracy: r0., degrres, r10f of tnrcsbold lettlDg (I0 to 4,
)

ENVEIOPE DELAY MEASUREMENT

fransnltter

ilodulatl@ Pr€quelrcy:

Receiver

Icvel Range:

I'leasurenetrt

Resolutlqr:

-40 to 0 dEn

8) U3 Hz, t'0.L1

-40 to +I0 dBo

-3000 to +9000 nlcroscc@ds

I nlorGeadtd

t 10 usec frm 600 to 4000 EI 30 usec frm ,00 to 600 Ez

L€veI Rarge



:r

RSTURN LOSS IiIEASUREMENT

llodes :

ftro-Hlre Beturo lpls

I€vel n rge:

llealureo€nt n ng€:

SRL-Lw aul Slne liave

-10 to -2 dBo

OdBto40dB

0.1 dB

nefereoce Ilpedrlac: 600 or 9o0 oD[s ( r 1l) la rerler rlt,h 2.16 llaro-
( tU), or

Por-Ilfu"e Return lpsr

Ievel Bange:

necelver

Bange:

-10 to -2 dEtr

0dBtor0
r 0., dB

0.1 d8

References: A = Adj ustment
P = Per formance
T = Troubleshoot i ng

ne3olutlo:

1-10. RECOMMENDED TEST EQUIPMENT

fhc follorrtngi tert €gulF€ot Ir recmcDdcd to rerrrlcc r,dlc 191rL. fbls equlp-
rcot l! us€d for tbe a.Uultoentr, ttEublelboothg aDd tbc perfolrrlae vcrlllca-
tl@ terts. Equlvalent cqulpeat ray be lubstltuted.

. StlD.lard beod tool! for eleatrola BC board repalr

-10 to +30 dB

o Torquc drlvcn: 0 to,0 ln. lbr. or a drlucr to [calure U, 2l ud ,, ln.
1b!. For e:teqrle, the Lrc1l, 15-160, !0 ln. lbs.

1-12
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Signature Analyzar/
llult llteter

Oscilloscop€

Inst runent

Dtgttal Vol treter

Unlvorsal Co{nter

Slgnal Analyz.r

Specificationg

Itultiple logtc SA, 20 llllz Clk
Freq., oual lfler sA rode

Dual Channel 5 DV or better
aqnsltlvlty, X vs Y ltode,
Srreep Rat6 0.5 us6c,/div
l0gg31 HV probe (tlP34lllA)

Accuracy - <- 0.0051
Resolutlon->lluv,6l/2
dlglts, lnput lrpedance
> l0 }legohn
50: I probe (HPI0002A)

Id, 8req. Resolutton.
7 dtglB,/sec. froo I 1}z to
100 tlz, Sensitivity - Ionv
nns from I Hz to l0 i$z

HP50O3A/B

BPIT{SA

T,P

I,P,A

Itodel lrse

BP3455A l,P,A

Spectruu An!lyze! 20az to lolBz Range, 0.1 Hz
r6solutlon

Erequency./Level
synthesl zer

Funct lon cenerator/
Synthea I zer

Poeer Supply

Attaltuator

True RnS vol tn6t6r

T,P,A

ItP358 5A P,A

nP8903A P,A

HP33 358
(opt005)

T,P,A

HP3325A T,P,A

HP53I5A,/B
or HP53I6A

sP6209B

HP4'135A

BP-85A 
'w./82939AltP-{ lc

290 gz to 100 kHz range,
0.05 dB Sl.tness accuracy

I uHz to 29.99 l4Ez. Dclph.se
offset, Amp./Ph. [odulat lon

Bench Operatlon.L. S - 320 V

Balanced 600 OhI| Input,/Output
ll!pedaoce.

DC Plus 2Hz to looilHz
Therropll€i Repllcea HP3{55A
Long Porlod TRl.lS r€adtngg for
cr I t lcal re.dlngs

lgrvpp to l6vpp,
10Hz to soltHz

20llz to l'ollBz Range, 30 lHz
loe p.aa fllter uith abillty
to <-50d8 distortlon ln lo9l
ra t lo.

Lou Frequancy
l[pedanc. Analyzer

Porer Anpl I f l6r

caln/Phlse tteter

Servlce I(lt

PuIs.,/Funct lon
G6n6 rator

lnter face
Controll6rs

+100V to -L0OV.g to
Voltage Gain, DC to
0.ll THD to logEz.

HP-IB t,/0
RS232C IilO(Serlat)
EP-[L t/O

P,A

P,A

HP3403C T, P,A

lrP8tt6A T, P,A

HP{I92A T, P,A

T,P.A

T'P,A

P,T
HP-8 5A, e,/8 37A

sP5827A
opt.009

Sr.ept frequency ioasuranGnt
of .ll I[pedanc. P!ra[qter9
5Ilz to l3]tHz,
Synthea I zerlSourc.

Dual channel wi th 0.1
d6gree accuracy and
reao lut I on

HP3575A
(Opt S01)

Reguired for
transnl tter d

pouer suPPly and
I stort lon

HP-P.rt No
91943-6260

4o
l5

t lnoa
k llz,

llotqr llP9825136A nay be recohn€nded
for auto-per fo rrance tests
W,/HB-IB htgh ap6ad test progra[a.

1-r3
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Supplemental Telt Equlpment

tle folloulng test equlpoelrt

. Luolnanae Meter (&raryle:

lD addltlo to or are alterae
used to perforl supplcrental tests rrhlch arc
letbods ot abeaXltrg fxle 191rA speclflcatlot.

l,lodel PB-505D)

ls
te

fngt ruDent Sp6c I ficat lons 'nodcl lrse

Slgnal Ana lyzer Froq. Resolutlon to I Hz
5Az to 25l4Bz Band Analysis,
o.ldB Plat for 4 tone I[D.

HP3582A T,P,A

Rofarences: AdJ usttlent
Per fornance
Troubleshoot I ng

1.11. SERVICE KIT
tne 0194r-62@7 Servlce t(lt adrtalm the lpealal servlce alserblles end tool! DGGded
to properly serulcG t,}.e 4945A. Eere lr a 1l3t ol the llt c@te[ts.

Table 1-1. Seruice Kit Contents

Detells of the Passlve tpEdlng Boat{ and tlre Porer Supply Test Ftxture are glv€o at
tbe end of Seatlm 8.

,0 pln extender boafil

120 ptn ext€nder board

Passlve loadtlg boald

Al, to 419 exterdcr aable

Porer supply test flrture

fe3t Anpuf ler

11O Wz Bard Pass Fllter

,68 oh[ balanaed netrork

Grourd Cqrrector Teroinal

EP Part llo.

01915-@o23

o194r-@O21

o4945-60062

04915-6t6t7

0191r-6260,8

0191r-62615

0191r-626L1

01915-626L3

LzrL-3890

r-u



I.I2. CLEANING AND HANDLING PRECAUTIONS

llhelr clearhS the lDrtrurDt or b6DdUlg eilf r€palrlrg BC boarrtr, the toUotrlls pre-

Cablnet Cleanlng

fo clelo thr lnltnrr€nt aablnet, rr3e oly a dep cloth ald a alld dcterietrt.
allo, rrater to penetrate llrlde tlre cablnct.

Ib rot

lueo cleanlag tbc plartla CBf rhdon, ure @Iy a D6-abra.lve clGarcr ard a rott
cl.our.

CIcaD tha fan fllter every three !ot&! or nore ofteo dep€!,rdtng yor cavlnoncnt.
CIea! tbe fdt fllter lI walo, soapy $at€, a!.l ellq, lt to dry before relDstCtung.

PC Board Cleaning

l{hen rrpalrtng PC boat{s, @fy BIA typc loldcr rhold bc uGd. t}lr typc ls lqr la
are the nalu oause of lost aontalllatl@ probleos.

It ls t|ecm€Dded tlrat the soldc! flux and resln be left oo the boerd after a repalr.
fhls reslduc doe3 rot ceure e!!r electrlcal prcbl€os. Flux reoovcr Drtre! the boar<l
loo[ good but leav$ a fllr that can cauae lntemitt€lrts.

Do not use a peoall erarer to clean PC boad €dgc cdrncctorr.
flLu rtrlch cau8e! intemitteDt probleo!.

Brascrs all leave a

The correct procedure ls to cleao the cdlnector! wlth a 50l!0 solutlo of ratrr r[d
laoprqyl aladol uaing a Urt-fr€e cloth (HP P/X 9110-0019). Do lot use abraslva

The rater/elcdol solutio dlsolvcs the chcolcals that get @ Ifir corectors fro the
soldering plocess. Tbe llat-free oloth provldes the D€chrdaal nrbblng actlo necdcd
to fr€e the cdrtact flDgers of all cqrtarinatlou.

r-1,



Al1 of the 4915A rc boardrs sLould b€ proteot€d IDC a@tarllalts lucb ar oll! 6lrd
SEeares, flngc[prht , body per.plmtlo (sodlu!-chlorlde DBldue) ard alaurlDg !olu-
tlo! rlth lola detat!€ot!.

All of the 19$A rc boat$ hlve a Dry PlLr,

tuca hlDd1trg a EC boar{, touah @ly the bo.t\i €d8e! ard

If flagcrprlata and/or otber aotanlnatlo are surpected of aaurlDs operatloel

1. llarh both !lde! of tD€ FC boar{ ultt hot rater od s ltlff brlrtle brulh.
Clear bet$€€lr the traces @ both gl<les of the board.

2. Plaae tbe clealed boar<ls h a drytng ov€n at appro.lrately 140 degrcer F lor
30 llnutcr.

by

1-16
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2-L.
tlle

sEciloN !l
INSTALLATION

INTRODUCTION

sectlo provldes lDltauatlo hrtnrctl@! for the 496rA. AIso lDaludcd la tblg
scctlo lc lnforlatlo pertlDeot to laltlal lnspcctlcr, prepsratl@ fotr use, rtoragc,

2-2. INSPECTION

IMI., suocf,,
$OIS Ir s[IPPilG DAI.IAGB TO

tDe shlpplDs cotaher for dua3e. I? tne shlpptng amtalDer or cusblohg

if.n

eDd eleatrlcally. tle el€ctrlcal perforaalcc lr
ratlcaUy at the tlle of Do{er @. If trheFe aB! ary selfah€al fallures reler to Sec-

ii:t:i)

ls danaged, lt rhqrld be Xcpt ultll tlrc coteotr of t[e sblDneot have

tl@ Mor a dcrarlptlo of the porer-o relt cheaIs. If ther€ lr

arlrhlollg aaterlals rbor rlgns of dr!ag!, notlfy the carrler as rell ar the

or d€fcct, or lf tbe lDltn8eot does lot pqsr the test, notlfy
tbe noarelt EewlettPaclr{ Salc! rDd Servlce offlcc. If tue lhlppllg o@t lncr or the

the shlppllg lrterlal for Ure caElcr'r lupectlo.

2-8. POWER BEQUIREME
tb 194rA requlrea a potrcr souce of LL5 ot 23O Vac +l.l:l/-24, 18-61.82, rlrgle pDoe.

TX]IINIIITO

rBrs rs a satE[r clrss r PK)urct (PnovrDED ]tttB a PRor&uvE
&mE ?nxlxal). ax uf,IIrBnuPIIBIa saFBIr &mB (noNnD
I{USI BB DnOVIDD rlc[il IEE ]OlX DonB SoUBCB rO tIB PBODITI il

S:l,Ia

TIEEf,EgN IT IS LIIELY ITAT lEB PXOTETIOI EAS EIBI I}IPAIND,
iliirJt

OPMATI(X. IF If,IS IIISIRIilETT IS IO DB
VIA AX AUTO IRITSFOilM [f.If,f,fd:fii-iIE-l({l]rc

2-l

tiTTtlmr.l
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CAUIION

l mr6 TO If,E LIIIB VOLTAGE,
BE SI'BE IBAT IBB LII{E VOLIAGE $IITCE IS SEI

L'trtFfa-iFJf,Irr:,t]

DAI,IAGE !O IBB IXSTXUXE|I I{ILL OCCUN IF IEE LIIIB VOLTICB
SB[.&ToB g{IICB rS SEf 10 11' YOLTS iEl

: mIrll:I{Hif'rILlIlI

IF IBE LIXB FIISE BI'NS qTT, DO TOT NBI.ACB IT UlrIL IBB FAI'LT
llTE BEBI DEf,BIIII{E ITD NEPAIN@ BT OTLI A QUALIPIE

Tbe 494rL lr Dorlrlly ret at the flatoty for Ilr-volt oDeratloo. To eeratc tbe ln-
stnurot lno a 230-volt aa parar sqltroe, proae€d ar follosr:

I r: r:1)

l.
2.

3.

4.

Select erd lnltaU proDer the frrle (!ee fable 2-1).

(S€€ Ftgurc 2-1).Sllde the relector s$ltch to t'he 230 volt polltlo
Bca@lcct po$cr aable.

Tablz 2-1. Linz Fuse Part Numbere

Lltre Volt gt

Il, volts

2r0 volt3

I, A (2rov)

r r., a (2rov)

2110-0r81

I
:r

:l
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AC LINE CABLE CONNECTOR

FUSE

LII{E VOLTAGE SELESNON SWTCH

Figure 2-1. Line Voltage Selcctor Switch

\'. TNItrG

mrs lP ItrE LIIIB VOLTACE,
OF IBB IIISIRIilETT }N'ST BE

Io PBOTECTM @NDlrcfon OF tXB tilAltl PonB
rEB ilAIX PU'G III'ST 8E ITSRTB IT A mllr:ililiFE

VID@ }IIIB A PBOTEIIVE BIBTX @[TACT. tIE PNOIBIIVE IC.
IIOT IiII,ST f,OT BE IHiATE) BT IBE US8 OF AI BXTE|SIOII CfiD NITB-

a PnorsIIvE @NDUCIOn (@OTnDIXG). olfa
COIDrcTOB OF I TKFCOIDI'CKN OUTITS DBII I{OI PROVIDE rrl il-

2-4.

The instnnent porrer oable has ttree grlres, l{hen afineated to an approprlate power
receptacle thls crble gouDds the instruDent cabinet. The type of porer aable lhipped
nltlr each lnstruncnt deperds on the country of destinatio! (see lable 2-1).

If the rpproprlate pofler cable is lot lncluded
wlth tlre 'lnstnrnent, notlfy tbe nearrest
Ilerlett-Paakatd sale3 ard sereice ofllae for a
reDlaceo€srt ,

:l:ra

I
:r

il

tl
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Tabh 2-2. Power Coble Part Nwnbers

Ptug Typ!
C!bb

HP P.n
ilumbcr

c
D

For Uaa
ln Country

FIT'L

re
8t20-r351
8120. | 703

Unitcd l(ingdom,
Ctprus, Nigotia,
RhodGsia,
Sinoapo.e

G,8y
G.ay

Austialia.
N6w 26aland

Ar,M 8120.r689
8120.1592

79
79

Mint Gray
Minr G.ay

East and West
Europe. Saudi
&8bi8, Egypt,
So. Africa, lndia
lunpolarizsd in
manY nationsl

80
80
36
80
8o
36

Black
Blsck
Black

Jade Gray
Jade Gray
Jad€ Gray

United States.
Canada,
Japan lloov or
200vt
M€xico,
Philippines,
Taiwan

G.ay Swilze.lsnd

United Ststes,
Csnada

Oenmark

UFr,tr 81 20.1860 StraighfCEE22.Vl
lSystsrns Cabinet use)

'Pa.t numbsr shown lor plug is andustry identilie. for plug only Number shown ,oJ csble is HP P8n Numb€r fo, complao csble
including plug.

2-1



CAUTION

2-6. OPERATING ENVIRONMENT

DO I0[ IgB PAII OR VEMII.ATIOII EOI.ES.
ANOUD If,E SIDES OF If,E

IXAT }IIGET CAUSE
mflIn{ IHE msERut{En.

Ihc eeratlD8 eovlron€Dt lhoutd be flltnl! ttre foUortlg llnlts:
O to 5, deglee! C (12 ro 1rl degrees P)

SEOI'I,D
AVOID

2-8. PACKAGING

Original Packaglng

CotelDers ard mterlal! ldeutlaal to thole ured ln faatory paalagtrg are
tnrcu8h H€lrrlett-Paakatd offlae!. If the lDrtnrn€ot l! behS retuoed to Eefllett
PaaIard for lervlce, attaah a t€g lndlcatlDg the typc of lervlac rcqulrrd, retua ad-

}larf the c@taller PXAGIIS to €Drurcdrers, nodel nu[ber, ald flll serlal nunber.

C. Use a layer of

D.

8.

F.

ref€r to tbe lutru!€nt by lodel Durber ad firll

Other Packaging

tte foUonllg gcn ral lartnrctlos rhqrld be us€d for rcpaclagt!8 rltb cmerclrlly
avallable naterlals:

A. llrap tbe lDrtnrD€nt Ln heaw paper o plestlc.

8. Use a rtrug shlppfug aotalner. n
of 3ro-pound tert !.terlal l! sultsble

lrahes ) ttrlct around all rldcr ol the lDstru€nt to provlde
?0 to 100 13tol

fln curblolng and to prelreot rov€nent lBlde thc cootahcr.

FRIGIIA to cusure alrcful hudltrg

IT refer to the lnltnt[€at by rodel
full

:r

) :r
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OPERATION

CooPlete ecratlon lnformatior tot 1915A ls descrlb€d ln the 4945A Operatlng
llanual aDd l! not dupllaat€d ln thls Service l{anuel.

sEcTtoN ilt
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ON IV
t;T-4.1 FO MANCE TESTS

4.1. INTRODUCTION

tlls sectim desorib$ ltlre pofler-o lelf ahecxs that are tnrllt lnto t^e 19151
tbe perfomerae verlflcatio tests rbich lDe uled to verify +ee 4915L

specilicatlma.

Other tests (tne dlag[oltlo test node8 ) bed ln Scatlo 8.

4.2. POWER.ON SELF CHECK

At porer-dr, lnne 1915A execute! a serler of self telts @ tne dlgital
airculta. Error aodes ere dlrplayed l! the eveot of a bardrratre fallur€. fhc

aDd ligbts tbe flot pancl LEs to lndicate the pa.sage of
ls

not funatloel.

lne 19151 be€p! oDae ard the next to the [OL0!{E xey 1lght,!.

fhe Dlaplay C@trol clrcuits are tested. If tbt! telt Daar€s, tne 491rA bccDg
three thcr o'd tbe I.ED nert to tlre FBBQ0EI{CI lcy Ugbtr.

Tlre Beaelver Processor ls test€d, o'd @oc lt pasres, lt perfomr

=

dtgltal tests ard to serve as an lDdlaatldl ln aase the dllplay hardxarr

De porer-o lelf cbecI flBt tests tbr Syste! Procellor. If thls telt pe8!ea,

fhe Sylt€rr l{enory is tb€lr aheaxed. If thl! test pa!se!, ltu 1915A beepE trlce
tle LD Dext to tbe IEUEL tey UaDts.

la ao-
and nearurer€nt telts m the recelver clrcults.

Upon a@letltrg tbele t$ts, tbe recelver pnocessor and tbe lyst€o paocessor
pertom other tests to ensurc tlrat the cmunicatlm! betreqr tbe tt'o Llcro-
plocessor lysteos ic entlrely funatl@al.

fhe systeo procesror tlr€n ahecls the "last setup" lnfomatidr rtottd ln reoory.
If the l.st aetup wa. [ot ltord, "LAliI SEI-UP NoT BEIAII{E" lr dlrplayed ald
t re syst€o uses default, setup value8 th.t are ltored la noN{.

If error occurs ln the porrer-dr self abec&s, an erDor lu[ber ls dllplayed.

d$aripti@ of the po$er-o self oheox and deflnltiors of t[e error nurbcrs.
nefer to "Porer-Or Self Check froubleshootlng" ln Sectlor 8 for detai

:l
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4-9. RECOMMENDED TEST EQUIPMENT AND ACCESSORIES

fhe test equipoent used iD tJre performanoe tests ts inaluded in tbe Recmended
fest Equlpnent llst ( Paragraph 1-I0) in Section 1.

In additlot to the test equipoent, the fotlowing accessories are used ln the
perforoanae tests.

Cables

Tno-conductor (trrtsted-patr) shlelded cables nust be used for thelr loo Dolse,
ld, aepaaltaDce and lq{ crosstalk cbaraateristlas.

Cables should be 36 lnches or leaa in length atrd have a capacitance ln the 10
pflft rdl8e.

A good exarple of the recoonended cables ane the Model 1167 seri$ cables frm
the Poooaa Electroiog Co.

Connector Adaptere

llE *310 (PJ -0rI) to Bindiug Post adapter
Bxanple: PoloDa Electria, llodel 2112

Post to llale BllC
Pm@a Blectrlc , lilodel 1296

Beeietive Loade

lte foUorlng load rerlstors ele used.

Serles inpedance natablng reslstors

Value HP Part llurber

85 ohtr,
5ro &r,
8r0 ohn,

1110 obn,

o698-82t2
08u-2790
0811-1?30
06%-1169

HP Part llurber

1'
tl
LI
LI

Ioed r€siators

135 o
368 o
500 o
900 o

1200 o
1700 o

hn, 0.lZ 0598-7364
hn balanced netrrork (part of servlce klt)

tz 0598-7408
t7. 0698-6344
LZ 0599-1004 (or two, 500 ohm)
, 3I.I 0766-0005

0.
0.
0.
2Z

hn
hm
hn
hn

1-2
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4.4. TRANSMITTER LEVEL AND FBEQUENCY TEST

Teet Equlpment Required

ttP 3455A Dlgltal Voltneter
ItP 5315A or ttP 5316A Counter
HP 04945-62615 Te6t Aopllfler (part of eervlce kit)
600 ohn load
550 ohn reslstor
Low Capaclcance/Low Croastalk Cables

Univa.ral Countot

49454

40 dB Amplirior Digli.l MuhlmlLr

Setup Conditione

Connect the test equlpoent as shown above.

4945A: TeBt Uode - Level/Frequency
Tran8Dlt Iopedance - 6fi) ohn

O4945-62615t

3455A:

varlable, eee table

trunctlon - AC volts
Range - 1 volt (for be8t accuracy)

10 volt (for +13 dB neaeurenent)

5315A/5316A: Sanple rate - oaxlnuu
Belor 1O kllz u8e 10 kllz lolr pa8s fllter
Adjust sensltlvlty for steady readlng

Procedure

1. Check the 4945A output frequency accuracy at the flve
frequencles ll8ted belorr. The accuracy at each frequency
ehould be +-.01 Z. Be sure to eet the Test Aopllfler to
0 dB.

Eooo.oE
Et Eoo .A ^^
EE.Hig o

o

ir['I['In
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Frequency
Setting

Actual
Readlng

2. Check the 49454 output leveI flatness at the four levels
llsted ln the table below. Check the four levels at each
one of the five frequenclee llBted. Record your readlnga
1n the table belolr. The level epeclflcatlon for each fre-
quency ls glven belog each colunn of the table.

20 Ez

2OO llz

1004 llz

15 kHz

Spec. * +-.5d8

+-.5 dB - 3.
+-.2 dB - 3.
+- IdB - 3.

110 kHz

Transnltter output Level Table

Note: Ite anpllfler settlnge are used to Dake uae of the
l volt range of the 34554, whlch 1s the oost accurate.

Prequency
HP----A
(Level) 2O Az 2OO Ez 1004 Hz 15 kHz LlO kIIz

-40 dB

+13 dB

4945A
Level

odB

-20 dB

0dB

+-. 5dB +-.2dB F.5dB FldB

* Ilere are the speclflcaclon valuee converted lnto volts.

+13 dB 266
38t
084

to 3.665 volts
to 3.541 volts
to 3.882 volts

+-.5 dB - .731 to .820 volts
+-.2 dB - .757 to .792 volts
+- 1 dB - .690 to .869 volts

+-.5 dB - .082 to .073 volte
+-.2 dB - .A79 to .075 volts
+- 1 dB - .087 to .069 volte

REPLACEUENT PAGE FOR 4-4
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-40 dB +-.5 dB
+-.2 dB =
+- ldB -

.0081 to .0073 voltE

.0079 to .0076 volts

.0087 to .0059 vol te

3. Accuracy at 1004 Itz ts +-0.1 dB for -20 to 0 dBr leve1s, and
+- 0.2 for -50 to +10 dBn levels. Thls can be checked at the
aane tlne a9 the other DeasureEents.

Meagureoenta Below -40 dB:

IIP 33358, Opt 005, Syntliestzer
llP 3585A SpectruD Analyzer
HP 04945-626f5 Test Aopllfier
550 ohn resr.s tor

Setup and Procedure

1. Connect the teBt anpllfler to the 500 ohE output of the
33358 and then to the 3585A vla a aerles 550 ohu reslstor.
Set the aoplifler galn to +40 dB.

33368 Opt 005: Frequency - 1000 Hz
Level - -50 dBu or -60 dBn

3585A: Center Frequency - 1000 ltz
Sweep - Manual
dB/Dlv. - 1.0 dB
Input lDpedance - 50 ohne
Counter - ON

RBll - 10 llz
VBW-3Hz
Auto Raflge - 0N
REF LVL Track - 0N, then cycle OFF and back 0N

2. t{1th the 33368 ar elther - 50 dB or -60 dB, ser up rhe 3585A
for a reference level of elther - 10 dBv or -20 dBv. Press
l.lKR->CF, and Eet 0.00 dB offset. ReadlngB should be - 10 dBv
+- -0.I or -20 dBv 'F -0.1.

Test EqulpEent Requlred

3. Move the te6t aupllfler to the 4945A tranaoltter output.

4945A: Test Mode - Level Frequency
Frequency - 1000 ltz (500 ohn)
Level - -50 dBn or -60 dBD

Check the output accuracy on the 3585A for -50 dBv +- 412
or -50 dBv ts - 0.2.
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4.6. TRANSMITTER LEVEL DISTORTION TEST
Teet Equiprnent Required

HP 8903A Audlo Analyzer

HP 04945-62615 Test Anpllfier

Low Capacltance/Low Crosstalk Cablee

4945A
Audio Anrlyt.,

40 dB
Ampliri€.

Conoocts To
3 I O Connoc{or

/t4O KHr Filte,

Setup Condltlons

4945A2

8903A:

Connect the test equlpnent as ahown above.

Test Uode - Level/Frequency
Ttansnlt Inpedance - 1200 ohn

tleaaureEent - Dtstortlon
Logllln - 1og
Iflput - Floating, hlgh lnput wtth 600 oho load

Uee 30 kflz LPF beloe, 3 kltz
Use 80 kHz LPF above 3 kHz

O4945-626L5t Use only on Eeasureoents belo$ -10 dB

E
E
oooo

o ooD.cf
Ei ooo.A
E OOO I
E ooo _-
o: OO

oo
oo0

0

FN

t--t
Ec

Ol*
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Procedure

1. Refer to the table bel@, end check each frequency at the four levelr. For
arplitudes below -10 dB, use the test anpltfler to get the slSlral to a
nearureable level (approxlnetely 20 dB gatn).

The nolse level should be >.50 dB belor tbe slglat level
for 100 Hz, 1004 Hz and 3 *IIz. Be sune to use the 30 kf,z
I,PF.

The nolse level should be )=1i0 dB belo, tbe rlgnsl level for 4 }g,z, LO
}[z erd 20 uz. Be sure to uae tfie 80 XHz IJF.

2. neaot{ your readlngs ln the teble below.

Tranrnltter Level Dlstortloo Table

-40 d8 0dB +IO dB

100 Ez

1004 Bz )=r0 dB

1:{,Q rlE10 If,z

20 kgz

3

1
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.,,

Teet Equipment Required

gP 31?8A Dlgltel ltultlreter

AP 6827L (Opt,. 009) or HP @098 Porer SuPPly (floatlng) to ruPPly +-tA., V
ard +-105 v.

17OO ohn reElltor

Irr Capaaltalrae/Ipw CrorstalI Cableg

Dlgitll ilultimotor
4945A

Pori gr

Setup

l TOO OHM R€si8to.

Trr8ritter - qulct tenlnatlo or -7! dB levcl
Trusnlt Eold Coll - O{

3178L: l,leasure - dc currcnt

Conncat tbe trst €qulpucnt a! ahclln above. CoD€ct tbe cable to
the traBlltter lDFrt Jactrt

4915Lt

InitlaUy set to +42., voltr

Procedure

1. Set the power supply to tlre voltages listed belo$.
each voltage. Tbe curent should be )20 rA for all voltage

tlre currerrt
settltrgr .

Currcnt

2. lGXe thcsc checls for eacb o? the traE[ltter temlDatlo lnpcdances
(L35' @o, 9oo and I2o0 ohrs).

+lc.
-tc.
+10,
-10,

,v,v
v
v

9!

o
o.ooo

o ooo 'cfo ooo.A
Er ooo Id Ooo':i
dEOO

E
E

o

oo

I
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4-7.

Test Equipment Required

3liffiA

62098

1700 ohu r€slstor

Ior Capacltslce Cables

Porw. Supply

Sehrp Conditione

Conect tJre te3t equlpreut
the rccelver lnput JacIs.

Dtgttal Voltneter

Porrer Supply ( floatlrg) to supply +-lC.5V EDd +-IOrV

HOLD COIL CURRENT TEST

Dieiul Mulrimoto,
4945A

l TOO Ohm Ro3isto,

above. Corect the cablG to

1915L: Beceiver - level/frcqueBcy
Recelve Hold Coil - OX

l,leasure - dc currelrt

Poe,er Supply: Inltlally set to +42., volts

1. Set tlre poner supply to tbe voltrges listed be]frr.
each volta8e. The current shorld be )20 nA for all voltage

lrhe current
settirgs .

Curr€nt

2. llalre these cbecls for each of the tralsnltter temlnatldr lnpedanaes
(L15, 600,900 aDd f200 obns).

+lc,
-12.
+105
-10,

5V
5V
v
v

o
o o o

El ooo.Eto ooo .A
Er ooo I
E ooo -:4
d: OO

E

o
@
oo

I

1-9



4-8. RECETVER LEVEL AND FREQUENCY TEST

Test Equipment Bequired

HP 3r25A Syntbeslzer
AP 3$5A Digital Voltret€r
HP 1136A Atteuuator

real!tor,ro
Idr Capac l t€[aellor Crosstelx Cable!

Digilrl Muhimlt..

4945A
Function Grnaaator

TIi]
Attanuato. OHM

Setup Conditione

C@ncat the test

1915L:

3325t:

1155L:

Telt llode - tevel/Fbequeocy
Ternlnatlo I@edanoc - 600 dr
Set level ard frequeoay accordllg to

AC volts, nrDge

o
o

an

osdoa

o ooo .oE oEo .A
E EEo Io Eoo'iloEOo

EE-t
o
o

oo
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Procedure

1. Perfom l.he 191rA aallbratlo by seleathg CILIBRAIB ln tbe SB.P lESf
nenu, then go baclr to level/Frequency.

2. To aheal tbe recelver frequeocy accuracy, set the )325A fo eaah of tbe
frequencles listed belor. ne6d the 4941A neaelver frequenay @ tbe dls-
play. fhe 4945A frequenay accuracy shqrld be +- I Hz fro 20 1z Lo 9999
E ard +- 10 Ez fro l0 If,z to 110 IrEz.

Settttu

20 1z

2O0 Hz

1004 Bz

L5 Wz

11O TE,

3. fo chec& r'be 1915A recelver lerrel accuracy, ret t,he 332rA to the trequ€o-
ales Usted l! the table belon. For eaoh frEqueDcy, s€t tlre 3325A Level
to eacb of the flvc leveu (U8ted ln tbe table).

llotc: Srt thc attenu.tor to 0 dE for the +1, d8, O dE eDd -20 dB
Use tbe rtteouator for tbc -r0 dB rDd -60 dB levelr.

4. Becord ydrr readlngs h the table belorr. tle level speclflaatlo
for each tlequeDcy ls glven ln tho boxes of trha fouqrlDg table.

Beaclvcr Lvcl Table

,32r4
,)u^
Ievcl

+l3dB
O.t6 vl

20 Hr 2@ Ht 100,t Ht 1' rdtr 110 Et:

+-.rdB

+-.rdB
0dB

(.??5 lt
-20 d8

(Tl5 nrll

-r0 dB
(2.15 ovl

-@ dB

+-.rd8

+-

+-.rdB

+-.rdB

+-.rdB

+- .zdB +-.2d8 +-.rdB

+-

+-

+-

+-ldB

+- .2dB

+- .2dB

+-

+-

+- +- .2dB

+- . rdB

+- .2dB

+-ldB +-(.??5 avl

4-1r
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4.9. FILTER TESTS

Test Equipment Required

3325A Syntheslzer
550
Le,

resistor
Capsa ltanae/Lr Crosstalx Cabler

4945A
550

OHM
hrnction Gonoratot

Equipment Setup

Conect tlrc test equlF€nt
ell tlre fllter test!.

Ile equlpo€Dt letup 1r gpod fo!

hc fl,lter talts rale u!€ of tbc 4945A Dlagaortlc l,lode 46. A dlffereat
segleDt lr used for each fllter.

Cl ooo .o
cl ooo .A
E OOO -E ooo':(
E-OO

EE-
oo

oo o

ooo
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4-1O. 5O kilobit Filter Reeponse Teet

Setup Conditione

Conect the test equlpnant as rhom at tbe bqianlng ol "Fllter Teata".

1915At self chear ilode 46, segrent 4

3)25A:

Procedure

Frequency to 10@ Hz

1. Bua llode 1'6, Seglent 4.
Llne I of tlre dl3play rea& X.XXXX volts xltb zero blan*iag
LlIe 2 of the dlsplsy reads XX.XXX dB rlth zero blatrIlng.

2. fdJurt $e 332rA output level for a 0.0O <lB reading ( close ss po8-
rlble) oo llne 2 of tbe dlspley at 1000 [2. fhlr sets the ,i'efereoce for
othcr lealurcDeDtr.

L,otc: Due to iryedaaae natchlDg,
aDproxlrately +10.8 dB.

tDe latual level o r,ile 332rA rl,U bc

3. Set the ))2rA tn tlre frequencler tlsted belon aDd recotd trhe levels dl!-
played m llae 2. fre levels (flltcr r3eBpose
expected levelr SlueD Dext to tbe fr€que[rales

) rhorfld corresp@d to the

20 Bz
5O 1z

2O0 Az
1000 Ez
!0@ Ez
10 lrgz
15 xf,z
20 If,z
25 Wz
30 If,z
35 Wz
40 &Bz
15 Wz

-10 +-r.0
-2.? +-L,5
-O.2 +-O.5
0.0 +-0.2

-0.1 +-0.,
-9.3 +-o,5
-0.? +-1.0

Lcvc1 ln dB levcl' ln dE

-r .,
-2.L
-3.3
-r.o
-?.8 +-2.0
-r4.0 +-r.0

+-1
+-l
+-1
+-l

.0

.0
,,
.?

1-t3



4-rt. 16 kHz FILTER RESPONSE TEST

Setup Conditions

Correat the test equlpo€nt a! sho$a at tAc bcglDriDg of "Fllter legtl".

1915^t Self Cheat Hode 46, Segeot 5

33251:

Procedure

1. nun

Fbcqueacy to 1000 f,z

Node 4.6, S€@ent ,.
Llne I o? tbe
Llne 2 of ure dlrplsy rcads XX.XXX dB wlth rero blalllng.

2. AdJust $e 3325A qrtput level for a 0.0O dB readtng (

display rcads ll. XlfiX volts nlth zero

clore ar pos-
slble) o llne 2 of the dirpley at 1000 Ez. lbls scts the refer€oce for

Ilot€: IXre to lope<taace latahhg, the aatu.l level o $c 332r^
wlll bc apploxh.tely +10.8 dB.

3. Set tbe 3r2rL to thc ?rcquelrcle! lllted belon lod recosd the leveu dl!-
played @ llae 2. &e levelr (fllter nrlpomse) lhould oorrelpod to tbe
e:(Peated levels glueo lerlt to th€ fr€quGDalcs.

hvcl h rlB Lvcl fu dB

30 8z
60 Ez

1@ Ez

0.0
0.0
0.0
0.0

-0.8
-3.o

-L2.3
-33.o

+-2.5
+-L.?
+-0.!
+-o.2
+-1.0
+-1.8
+-3.0
+-

1000 E
l0 t8z
L5 frz
30 IEz

100 IXz
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4-r2. 3 kHz FILTER RESPONSE TEST

Setup Conditiona

Coneat the test equipoelrt as shorD at the begintrlng of "Pilter Teats".

1915At self cbeak llode 46, Se@ent 6

3325At

Procedure

I. RUD

Preguency to 1000 Ez

l,tode 4,6, Se$ent 6.
Llne I of t'he dlsplay reads X.XXXX volts rltb zero blarllDS
Lltre 2 of tbe dl3play rea<ls XX.Xlfi dB wlth zero blenxlDg.

2. ldJust fbe )325A output level for a 0.0O dB reading (a! close as pos-
sible) an llne 2 of t'he dlrplay at 1000 Bz. This sets lihe refereoce for
other leasuleoeDta.

llotc: hre to lupedanae natabiDg, the aatual
approxlnately +10.8 dB.

leve1 on t,,.e 3)2rA wllI be

3. Set tne 3325^ 1o the frequencle! tlsted belon ald reaoni the levels dls-
played @ Ilne 2. fbe levels (fllter response) ahould coBesp@d to tlre
e:eccted levels glveD !e:(t to tDe ?requeDal$.

Lever h dB
AGtuar

hvcl ln dB

30 f,z
60 az

400 Ez
1O0O Ez

.,

.7

.5

.2

.0

.8

.0

o.
0.
0.
0.

O +-2
0 +-1
o +-0
0 +-0
8 +-1
0 +-1
3 +-)
-@

2000 Bz
30@ Bz
6000 Hz
100 *f,2

-0.
-3.

-12.
)
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4-tg. Hz NOTCH AND 15 kHz FILTER RESPONSE TEST

Setup Conditions

Conect

19154:

3325t:

tbe test equlpuent th€ beglDDiDg of "Fllter fcltlr'.

Self Cbecx ilode 4.6, se$€nt 3

Frequeocy to ,00O Ez

l. Run l,lode 46, SegDent ,.
Llnc l of the dlrplay reads X. XXXX vo1ts rlth zero
Llue 2 of tbe dlrplay reads XX. XXX dB rlth zrro blan*in8.

2. AdJust fbe 332rA output leve1 for a 0.00 dB readtng (as alole a! poE-
llble) @ llnc 2 of tfie dlsplsy at 3000 f,2. tlls sets lrlre referelrce for
otlrer rearur€oeDt!.

l{ote: due to lmpedanoe netabhg,
approxlnately +10.8 dB.

tbc actual lcvel m t e 3325A rilt bc

3. Set tne 3)2)A io tbe frequetrcler lllted bclor and reaord thc lcvcls dlc-
played dl line 2. Tbe levelr (ftlhr respoue) sborld aorrespild to the
e:.pectcd lcvel! given next to the frequcnclcr.

30O0 Ez
1OO Ez
862, Ez
9) Ez

1010 Ez
LO25 Ez
1182 Hz
1700 Es

0.0 +-9.2
0.0 +-0.,
)= -3.0
<= -50

<r -60
<= -@
). -r.o
0.0 +-0.,

Lcve1 ln dB l€vcl ltr dB

4-L6



4-14. Program Filter Besponse Test

Setup Conditions

Coneat the test equlF€nt ar sbotm at tbc bcglnDl!8 of "Fllter Testr"

1915L:

3125Lt

Sell CheaX l(de 116, Segeot 7

Frcquenay to 100O Bz

Llne I of the dlsplay rcads X.lilXX volt! rlth zero
LlDe 2 of t'he dlsplay reads XX.XXX dB utth zero blelxln8.

2, ldJust lne 31251 qrtDut lcvel for c 0.0O dB rcedtng (a! alose as por-
rlble) qr llne 2 of tbe dlsplay at 1000 Hz. Thls setr t re refer€oce for

hra to l[pedenae the aatu8l level on t,he 33254

l. Blut I'lode 46, ?

lcvcl la dB

tdII bc approxlnately +10.8 d8.

,. Set t[e 3t2rA ta the frcqueoales Usted belorr 6nl record the lcvelr dlr-
plrycd o llnc 2. Tbe lcvrlr (fltter resporc) should corr€rpod to tnc
elpected levelr glven next to tbe frequ€nale!.

100 Ez
2Q0 lz
300 f,z
400 f,z
500 Ez
600 Ez
700 f,t
800 Bz
900 Ez

l00O f,s
1500 Xz
2000 Er
2500 Az
3000 Bz

-26.3 +-2.
-L7.3 +-2,
-L2.2 +-2.

Aot,lr.l
l,cvcl h dE

-9
-6
-1
-,
-2
-0
o

+3
+1
+,
+6
+6
+6
+6
+,
+4
+1
-8

0 +-2.
6 +-1.
7 +-1.
2 +-L,
O +-1.
8 +-1.
0 +-0.
2 +-L.
8 +-1.
6 +-2.
0 +-2.
, +-2.
, +-2.
I +-3.
8 +-r.
o +-3.
, +-1.
, +-1.

-44

0
0
o
0
0
0
0
0
0
2
0
0
0
0
o
0
0
o
0
0
0

4000
,000
6000 E
?0@ E
8000 Er
9o0o B,
10
80 (.:?
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4-16. C-Meeeage Filter Response Test

Setup Conditione

Conect tJre test tne begtnnLng of "Fllter feat3".

1915Lt Self Chea} llod,e 46, Segcnt 8

3)25L: Prcquency to 1000 f,z

1. Bun llo<le 46, Seoent 8.
Llne I of the dlrplay reads X.XXXX volts rlth zero blanllng
Llne 2 of tie dlsplay reatls XX.XXX dB rlth zero blaDllng.

2. Adrust fne fi2rA qrtput levet for a 0.00 dB readtng (ar alose a! po!-
slble) o llne 2 of thc dlsplay at 1@0 Ez. ttl! rets tbe refereace for

llote: Due to lryedaacc [atablDg, tJre eatual level oo the ,r2rA rut
be approxil.tely +I0.8 dB.

3. Set tbe ,32rA r.o the frequencies llcted beloU and reaott the levelr dls-
played dr line 2. Tbe leve1s (fllter respoue) shorld correspdrd to the
ereected levels given rext to the frequeoales.

Actu.l
I€uel ln dB ln

60 Bz
100 Ez
200 Bz
300 Ez
1OO Ez
5OO Ez
6O0 Hz
7OO Ez
800 llz
90O Ez

1000 Hz
1200 Ez
1300 trz
1500 Ez
1800 f,s
2000 Bt
25oo Bz
2800 Ez
30OO Ez
33Oo Ez
35OO Ez
4000 Ez
15Oo Bz
5000 Ez
40 tEr

-,,
-p
-2'
-16
-1r
-?
-5
-2
-l
-0
0

-0
-0
-t
-1
-I
-1
-2
-3
-,
-?

-Ll
-22
-u

?
5I
3
2
?
0
8
3
3
0
1
?
2
,
1
I
0
0
I
I
6
3
?

+-2,O
+-2.O
+-2.O
+-1.0
+-1.O
+-1.0
+-1.0
+-1.0
+-1. o
+-I.0
+-o.2
+-1.0
+-1,0
+-1. O
+-1.0
+-1.0
+-1.0
+-1.0
+-1.0
+-2.O
+-2.0
+-3.0
+-r.0
+-r.0

)-@
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4.16. RECEIVER PASSIVE RETUBN LOSS TEST
Test Equipment Required

fiP 3r25A S;mtheslzer
EP ,15rA Digital Vol
,r0 ohr reslstance
@0
lort

oDtr resistor
Capaaltenae Cables

Funclio.! Gonarltor
I.TTITii,lJI'

Functio[ Gonoratoa

Function Gonorrtor

55O Oh.r

55O Ohm

4945A

Open Ci.cuit Vohage, Vl

600 Ohm

Digiral Muhimotor

V2 Fo, Calculaim Rstu,n Loss Ol S€tup

600 OHM Term

DigiLl Muhim.ror

v2 For Calculating 4945 Rotu.n Loss

ooooo

o

oo ooo

o ooo.clo ooo .Ao ooo Io ooo':4
d-lOO

E
@
o
oo
oo

o

ooooo

550 0HM
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Setup Conditione

Conect the test equlpoent ar shorm above. f,eep all oables lhort a8
po!.lble.

191542

1325A2

)155L:

Temlnatlo Iryed.lae - @0 ohr 8o1d - OFF

Frequcncy - 4000 IIz

nrnatlo - AC VoIt! n!!ge - Auto

Procedure

Betura loss ltr dB my be fouDd by ustng tlre follorrlng equatiqr.

R2-Rl

R2+Rl

2V2 - VL

vl
81 ls the source rcslstance and VI ls lts opeu clrcult voltage.
R2 la tlre load reslstence end V2 1! the voltage acrola the load.

1. Cduect Bl aDd learure the op€o clrcult voltage ([1). Set tne ,r2rA
ontpnt !o tlrat t'he Vl reedlng q t,iLe 7155A lr I.0O volt.

2. C@Deat n2 (bad n) atrd reaotd tbe voltage acro!! lrte load (V2).

,. Calaulate Ure returrr loss of the te8t equlpoent, uslng tbe forruta pre-
vlously sborn. The return loss mrst be grcatcr tnan 40 dD ln otder to
accurate €lrougt to te3t the 19rra. It lt is trot, aheat nl, itoe 3r25L ail

4. Rcnove tbe load reslstor (R2) !!d conect tJre aable to the 494rA recelver
lnput. Sreep r,ile )325A frequenay fro 200 Hz to ll0 Uz. neaor{ the hlgt-
est ard lorrelt voltage neasur€d o tne 3455A and the frequenalcs at uhtah
Urcle voltages rere nealured.

5. Dlscd|nect the 494rA and r€aotd the een clrault voltrgc at tbc polDtr
lecotded lD ltep 4.

6. Calculate the retun loss for botlr caras. Vl ls thc qco clrcult voltagc
fro! rt€p , M V2 ls the voltage reaot{cd t! tt€p 4. tt€
mrlt be glBater tnaD ,0 dB.
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4.I7. TRANSMITTER PASSIVE RETURN LOSS TEST

Teet Equlpment Required

EP 315rA Dtgttal Voltrcter
600 oDn reslltor
Iow Capacltance Cable!

/t945A

Voltmot!r

6OO Ohm

C@Deat the tert aqulpat a! shom above. Neep all aablcs as lhort ar
posslblc.

4945^:
EoId - OFP
lbequcucy - 200 E
I€veI - 0 dB

31551:.
I

Funotlm - AC Volts

neturo IosE in dB nay be fouDd by uslng the

VI lr
V2 ls

vl

tDre 1915A opeo clrcult output voltage.
tbc voltage acBor! the loed rerlstor.

1. CoDrat tlre aable rDd the load r$lrtor to ttre 494rA tr.lsrltter output.
Slqrly sn€ep lb 191rA frequeocy fro 200 Bz to 110 XEz. Becord the
e8t and lorr$t voltages [caluled @ tfte 71rrL, alog rlth the fr€qu€lraler
at rhlah thele voltrges occurned. fhls voltage lr V2.

2. DlrcdtDcat Lad n erd Dealurc thc qen alrault t oltege at botb frequ€o-
cler reaor{ed la step l. t}ls voltage 1! Vl.

2V2 - lL

,. Calculate tJre retum Ios! for both ce3er, urlng the
shcra. V2 ls the voltage lelrur€d lD st€p 1. Vl lr the voltage [Gasurld
ln rtep 2. fhc retura Io!! !u!t bc gleate! tn r ,0 d8.

E
E
Eo
EI

ooo
oooooo
ooo

-t

.A

.d
Et

E'E-
oo
oo

ogl_qooo ^^_3:+::3. ff5
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4.18. TRANSMITTER LONGITUDINAL BALANCE TEST

Test Equipment ilequired

Ita[aellpu Crosstall Cable!

lfote: Yor can allo u8e a 3584. In tblc caaG, yql allo DGCd . 115rA
Dtgttel Voltreter end a l09O dr toad.

tle volt[eter lr oly ne€ded for tbe 110 Hz [easureo€ot.

4945A
Spodrum Analyr!.

31854
36
Lfr

Balancs l{€ttt orl

50 Ohm
lnrut

Ustnc tne 3585A

e ooo 'oo ooo .Ao Eoo Io ooo':i
oEOO

EE-
o
o

oo
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Setup Conditiong

Coneat the test equlpent as sborm above.

1915A: fa8t l{ode - t€vel/Freqeoay set accordlng to table belott
Ilpedaacc - set aaaotdhg to table belor,

3585L: llode - Set Celrter
Prequency rpan - l@ Ez

- Vleu A
$rcep - Cotlnuour

fnput - Auto
Vertlcal - 10 <lBl<llv

AIterDat€

358Ar Plltar - Flattop
IDfnrt - A, Dlsplay - A

- Freenm
-50

315542 lGasurc - AC Range

l. Select tbe sDprerlate tablc

Sensttlvtty - l nv/dlv, -50 dBv
l{ode - S€t Celrter
Freq SpaD - 25O ez

2. Set the 4945L 1o a4y oe of the lrycdanccs llrted lD the table belorr.

,. Set the 494rA Lev,el to the level Usted b€oeatb the releated tmcdaaac.

4. Set the 494!A frequeocy to tbe ?requeocler Ult€d lD tba table
tbe r13!al level witlr Ib 358rA or thc 3582[. TbG riSDll levels rhollld b.
bclor, tbc rpcclllcatloo Usted Dext to tue frequ€oay. Bcaord yqrr read-
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)r8,

L3')0illT
FRDQ
1Z

,o

I'O

2ro

1000

5000

110X

ilIT
mm
az

50

1r0

a0
1000

,000

110r

600 oh!
level=
+.?dB

600 oDr
level-
+6.7d8

)-9odE

)-84d8

)-71.6d8

>-r8dB

)-rldB

Sp€c

)-90d8

)-90d8

)-84d8

)-?I.5dB

)-31d8

+1,rdB

1r, obr
level=
+1,rdB

Subtraat
+5 dB fro

+.7d8

900 ottr
l,evel=
+6.?dB

1200 oDr
lcvel=
+.7d8

1200 dD
I€ueI=
+6.9d8

dB to
[ea3ure0eat at
110 I8z,
1200 ohn

m
)(

)-

1582A llearurcst fable

llhen urfug iDle 3rg?A, the Ac Vortreter ls orly u!€d for the 110 I8z neasure-
reots. C@vert the AC voltsge readtng @ tle voltleter to dB.

;(

)

1
+,

for l35 oDnr
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4-tg. RECEIVER BALANCE

Teat Equipment Required

,325a
315rA Dlgital Voltocter

rP 6827A
,68 cfi! Balarae lletrorlr

Sy,lth€hrt 4945A

Function Ganorttor

Setup Conditione

Concat thc tclt equlp€ot as shorm abot e.

VolimaLt

1915A: Test llode - l€vcl FregucncY

Balanc€ iletwo,k

thc table belor.

let accodlDg to tablc b.lott
Becclver - set aaaordlng to tablc belott
Iransulttcr - qulet tenlaatlo

3325A2 Frequeacy - sct accor{i!8 to table belqt
l€vel - set level to aahleve 29.9 volts @ tbe

34rrt.

6871L|

7$5Lt

Geln - let galn to 100.

Furatloo - Ac volts
n6Dge - Auto

Procedure

l. C@nect the balanae DetrorX to the recelver tenlDels.

2. Set the 4945A recelver lnpcdauac to oe ol thc lupcdanccr Urtrd belor.

3. Set the 3125A 1o eacb ot the lrequcnclcr llrtcd ln
sure tbe voltrSe a, Ib 31554 lr rct to 29.9 volt,c

4. fhe balatrae ln dB sholrld be gtaat,er tn r the .p.clflcatlo Ulted h the
Balance Speclflcatlo tabIc.

,. To aalaulate the baleDce readlDS, subtEct tnc dB tre!.lltrg sLomr @ the
1915A rrq t[e lnnrt dB rcarllng rblch k glvco lD thc trblca belor for

o
oo

oo

o Eoo .o
c1 ooo .A
E OOO I
o ooo '.!
d-Oo

o
o o
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For exE[ple L2@ lz at 600 drns, the iaput level ls 31.8 dB. If the
4945A reaatng ls -41 dB, Txelr the belence neaaur€o€lrt ir:

+31.8 dB - (-41 ttB) . 72.8 dB

rblch ls rrlthln tbe spealflaatlqr of ) 70 dB.

Bccclrrcr lmsltudtr.f Daloce Spec lflcatlos

I2(D Ez
1000 Ez
ll0 IEz

f,, drr Iqedanac

5O Bz
LM E2
21O Ez

)90dB
)90dB
)84d8
)70dB
>18dB
)31 dB

LvGl
191rA
[.vel

50
120

+
+
+

38
t8
38

+38
+r8
+8.

.2-

.2-

.2-

.2-

.2-
t2ltO Ez

1200 Ez
,000 E,

110 Xflz ?

hvcl
49114
Lvel

50 Ez
120 Bz
24A Az
2O0 E2
000 Ez

llO lrEz

+r1.8 -
+r1.8 -
+31.8 -
+31.8 -
+11.8 -
+2.2 -

!

a

a

a
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m
InDut
Iavcl I.v6l

0
0
0
0
o

30
30
30
30
30

+
+
+
+
+

50 flz
l2O nz
2l,o Hz

1200 Hz
SOOO lz

16+0[rTt!110

t
trevel levcl.

50 Ez
I,2O 1z
21O fiz

1200 f,z
5000 Hz
u0 xuz

+28.
+28.
+28.
+28.
+23,
-0.

8-
8-
8-
8-
8-
8-

+n



4.2O. NOISE TO GROUND TEST
Test

W 332rL Slrltheslzer
3lrri
@uA

Dlertrl Multimoro.

DC For.a, Supoly/
Ampllllr 4945A

Functioo Gucratol

Setup Conditions

Tr.Dsrltter - qulet terulaatlo

33251: Freguency - 1000 Bs l€vel - let ldel to aoblet e level llrtc<l ta
the table belqr @ rne )1154.

CoDcat thc telt equlpr€ot as rhm abovc. $ort tie 494rA troiltttar ant-
IIrt to the reoelver input.

19154t Tect modc
Becclver - 600 oh!

68tltz

J155L:

Galn - rct galr aahierre deslrcd lcrrcl.

Flnctlo - AC Yolts

I

rl

!l o
o

o
o o o o

o ooo .E
EJ ooo .A
E! EOO I
Bs;il

EEEE

oorn

ooooo
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1. Set tbe 3)25A ga,r ard tlre 68274 gatn to aableve the tblee AC voltrge
leve1s (l.lstd ln the table) q, i:be 3155A.

2. 0n tnre 494iA srltcn ln qre of the fllters Urted l! the teble. Chcot tbc
trolse reedlngs at the ttree levels $l.tb e.ah of the filterr sxltched ln

3. ftre nolse readtE ln dBra ls dlsplaycd sr thc 4945A. ttc aolsc
apcclflcatlo ls glven ln the table. neaord your rerdlnSs ln tbc table.

332ra
m Lvcl
at I Hl:

+7?,46 V
(10d00
6191r[l
+?75 nY

+-ldB

Fllt r Select d

FE]trq 7Nt 1' Hrt ,0 rrbtt

(

r30

90

lro

191rAl

+2.1,
(-ro

191ral
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4-21. MESSAGE CIRCUIT NOISE (No Holding Tone)

Teet Equipment Required

EP 3325A Syatheslzer
W 3336A Slmtherlzer
EP 1l.36 Att€nuator (balanced @0 oD! foad )
,rO dt rrslEtor
Ior Capac l tanae/Lr Crosstalt Cebler

Funcllon Genarato.

550 OHM Resistor
r,r:!FA

Syntharirot

Att!n[tot

Setup

C@neat tbc tcst equlFat
494!A recelvcr lnput.

Cdlleat the slgld alble to the

1915L: Telt llode - llcrlage clrcult Xolle
TreBrltt$, qulet tcrrhetlo
Recelver, 600 ob!

3)27A2 Frcguenay-IIEr
l€vel - +14.3 <tB

FilDctl@ - AC

3fi6!:
IAJ6:

Preguency - 200 Bs level - -7! dB

Att€lruetlo - O.0 dB

1. set the frequelray and lever ot tile 3325L and tbe 3336A as sbot lt

2. (h the 4945A, srltab ln the flltera Ucted

o C-illKi
o3frz
oL5fiz

,0 rblt

the 1915A dlrplay chqlld lDdlcate 90 dBm +-1 for c.cb fllter.

a
o

EEA
tooot

ooo

o ol

o ooo .o
cJ ooo.A
Er ooo Io ooo':do-Oo

@EE
o
o

oo
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4-22. NOISE WITH TONE (Notch Noiee)

Teet Equipment Requlred

3325A Syatheslzcr
3336A Synthertzer
4436A Att€oustor

oD[ r€alltor,ro
Ifit

Functlon Gcno.lto.

550 OHM Rosistor

4945A

C@ncat the llgral o6ble to tbcCoDect the tclt cqulFcat
4945A rccelver lnput.

3325Lt

4945L: Tert llode - lies!.8c Clrault llolr€

3736:

11436:

Set
AC

Set

Sct

frarstrltter, qulct teroinatlo
Becelver, 600 d!

fr€qucDay aDd level eacotdhS to tlblc belol. Fllttctlo

frcqueocy a!.1 level aocos{llg to tablc belor.

attelruatlo aaco[{lng to the trble beld.

Procedure

tne 4436A ar .botl!.

3. fhe
for eaab llne la glveu h tbe t.ble

4. Bccorri yor rcadhga for .eah llne ln trbc teblo

1. Befer to the table belor. For each llne, let up tlre 33r6L, tIle 332rA.fi

2. Seleot t e 1915A fllter lhom o th€ p.rtlaular llna.

uolrc readlng ln dBra lr dlrplaycd M 191rL. fhc speal?lcatlo

ooooo

o ol

o ooo .oo ooo.A
Er ooo Io ooo':d
EEOO

o

oo
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,32rA 4136A 191rA
Ftltcr

c-ilIic

c-mr

c-r,gi

3-wz

lr-xgz

l!-Ilz

,0 btt
,0 blt
c-urc

c-t{tE

c-llgi

c-Hsc

c-t,ltxi

3'fr2

,0 rrbtt

,0 xbtt

r*\z/+).NB

mz/-4L.tiB

m4-61.1il8

lroo[z/+3.5d8

t$ogzl-t&.rdB

t&o\2/+3.568

4o0\z/-4?.)al

*nz/-L.?dB

Mz/-l?.3d8

5Wz/.3.68

,wz/-42.4d8

*az/+L.6,dE

Nz/-32.4AD

Nz/-58.4il

Nzl-28.9r8

Iqzl-@.5d8

4OOgz/-6.1d8

t&Ezl-%.

t00Ea/-@.5d8

2LOoEzl-3L.5dB

2L0Olz/-65.5d8

5Wz/-26.$B

,*Az/-$.tAB

l}Iz/-21.7it8

rHr/+14.rdE

lfiz/-21.7d8

l'{4,z/+L4.

lE,z/-24.768

LYEzI+Ll.3&

rta2/-Q1[.

llfrz/+Ll.yB

t}g,z/-24.

+22.

+22.

ttnz/-3.

-21.

-24,

-24.

-21.

Lfrz/-4.

lfrz/-24.

L,,g,z/-24.

LUIz/-21.7dt

1fr2/-21.?aE

lfrz/-21.?dB

0

0

0

0

0

0

o

0

0

0

0

0

o

0

-2odB

90+-1

l*+-L

2l+-l

90+-1

14+-L

90+-l

11+-L

90+-1

11+-L

90+-1

44+-L

1I+-l

1r+-L

1r+-L

11+-1

15+-L

1I+-1

15+-L

11+-1

15+-L

1I+-1

15+-L

11+-1

1r+-L

-2odB
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4-23. LATION DISTORTION
Teet Equipment Required

w 31368 slmtheslzer
EP 436A Atteouator
Ld, Capaa ltarae/Iar Crosstau Cable!

Synth.drrt

Setup Conditions

49454

llt?trrl1til

lhorra above. C@r€at tbe slgual cablc to'tbeColect the test equlpoeot
4945A recelver laput.

1915A: lcct Mo<le
Seceluer lry€dalcc - 600 oD!.

3fi682 OrtpNrt - 600 dnr

413(A: Attcouatl@ - See tabl€

1. Coreot fb 191rA traEDltter outFrt to the reaelver lnput.

2. Set

3. Sct

up tnc 33368 frcquenoy rDd lcvcl aoaotdlng to t'be tabl$ belor.

tnc 4436A atteDuatl@ shotD tor eaab tsblc.

4. Coupare tbe I![) readirgs o tne 4945A rlth the specltlcetlos
8lvetr lD the table.

5. If tne dlsplay lbom a nurber rore tnan l dB fro thc rpeclfled result,
a! error c@diti@ extlts. Dleglostla ]bdes l, ard 16 aetr help lrolate
tbe p!oble0.

o t

o ooo .cf
Et ooo .AE OOO I
E ooo':d,
dEOO

t.-l
l--=l
o
o
oo
oo

t-
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IDtemodrlatlm lllstortlo (H&h levcl,) laDlc

4945A Ottpttt level = 0.0 dE
4436A Attcnuatloo = 10 dD

I€vcl
(tlr )):i

+6.2'

+5.ro

+2.r3

-r3.5

-53.'

-56.'

+6.U

+5.50

+2.i3

-53.'

-r3.5

-56.'

ir.f'ITl

,20

r9o0

,20

2210

190O

(Hr)

,m

2210

1900

5m

22tO

1900

tga

+-l

+-l

+-1

+-1

+-1

+-l

+-1

+-l

+-l

+-l

+-l

ll dB +-l

11

l1

70

?o

m

Iltcmrltlo Dletortlo (Irr levcl) faDfc

4945A 0utPot hvel' = -39 dB
44364 Attcnuatlo = 49 rll

(

ll
11

t1

?o

?o

70

,l
D
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4.24. PEAK.TO.AVERAGE RATIO

Teet Equlpment Required

lor Capacltance

Setup Conditione

Corect t,ne 1915A traBmltter ortput to the reaelver lDput.

Test lilode - P/AB
Inpetlance - 6()0 oh! (trsNnltter ard recelver)

49454:

S€e

Procedure

1. Set the 494!A level as sbotlD iD t,he table belor

2. Ihc P/rB
shom lD

readiru shdm o t.he dllplay lhoutd be rlthln the spealflaatl@

191r^ l,evel

0

-lr
-22

-33

-39

100

100

100

100

100

+-2

+-2

+-2

+-2

+-2
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4-26.

Teet Equipment Required

HP 3325A Syfltheslzer
HP 3585A Spectrun Analyzer
tlP 81 l6A Pulse/Functton Generator
IIP 11048C 50 ohu load
550 ohn reaLstor
Low Capacl tance/Low Crosstalk CableI

Arlaa/Function Ganoratot

Connocts To Amplitude Modulstion lnput Spsct.um Anrly2rt

Funclion Gomrlto.

Setup Conditlons

4945A

550 Ohm R68isto,

( f or

te9tConnect

4945A:

3325A:

3585A:

the

Callbratlon

equlpoent ag

Procedure )

sholrn above.

Test tlode - Jltter
Band Ueasurenent -
Anplltude Jl t ter -
Phaee Jltter - OFF

See table
ON

Frequency - 1000 Ilz
Anplltude - See tables
Aoplltude !{odulatlon - ON

Low Voltage Range selected

Center Frequency -
Freq. Span - 200 Hz
Input Inpedance - I
Sweep - Manua 1
dB/Dlv - l0 dB
Resolutlon BSI - 10
Vldeo BW - 3 Hz
Counter - On
Autorange - On
REF LVL Track - 0n

1000 Hz, 1n 1t 1a 11y

Me go hn

Ez

then cycle 0ff and then back 0n

8116A3 Mode - No rma I
Func t lon - Slnewave
Anplltude - 1.0 volts 1nltlally, then 6ee table
frequeflcy - 100 ltz 1nltlally, then see table
0ffEet - 0. 00v
Dlsable - Off, Llmlt - 0ff, Couplenent - Off
Contro 1 - AIf off
Terulnate output erlth 50 ohE load

:E
E ooo .rl
Ef ooo.A
EI EOO I
o ooo':4
o-lOO

@

o
o
oo
oo
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Calibration Procedure

3. Set the 8116A frequency ro 100
the noDlnal value ln the table
lood u1a t 1o n (Colunn B).

l. Press the Amplltude Callbratton button on the 3325A.

rhe 3325A2. Set the aDplltude of the 1000 Hz carrier from
to the Ievel shorrn ln the table (Colunn A).

IIz and Bet the anplltude to
for the deslred Z

4. Set the Carrler LeveI (1000
On the 3585A ser the RANGE
(Coluon C).
Press: MKR->CF
Ser rhe dB/Dtv ro 1 dB
Uslng the HoDIFY and LEVEL
level to read -5.2 dBv +-.1
ser the oFFSET to on
PTeas: ENTER OFF SET

dB of f set.
shordn ln the teble

Hz) to 0.00
to the level

3325A
dBv

keys
dB

on the
or -41.2

, adjust the
+-.1 dB.

5. Measure the sldeband leve1.
On the 3585A, Set the Center Frequency to 1100
Set Ref Level to the value llsted 1n the table
PreBs MKR->Cr

AdJust the 8116A anpllrude to ger rhe
llsted 1n rhe table (ColuDn E).
Record thls level ln the table (Colunn

llz .
( Colunn D).

6. Recheck the carrler 1eve1.
On the 3585A, set the Center Frequency to 1000
Set the Reference Level to the Range level and
I'tKR->Cr.
The Marker Level should be approxlmately +-.02
repeat stepB 4 and 5 above.

proper sideband leve1

r).

Hz.
PresS;

dB. If not,

7. Repeat steps 2 through 6 for the other 3325A leve1 shorrn
ln colunn A.

8 Use the 8116A anplltude callbratlon levels 1n the table6
below.

1-)7



A c

Ampl ltude Jltter Callbratlon Table

D

Setup and Callbratlon for Tests
lrith carrier at -3 dBn +-1 dB (600 ohn)

BT

8116A &Alttude

E

3325A

lmIL
I€vel
ln dEn

3585A Ratge &

Ref L€\,el to
rEsS1Ee carrler
ln dBV

3585A Ref I€\El
to reasrre
stdeb{d
ln dBl,

Iitmlnal
ln \Dltg

Re$lttlg
Sldebard
I€\,el h dB

l&Arlatlqr
Ia,eI tn Z

L4.28

t4.28

A

3325A

1m0 IL
Larel
ln dEr

-3.0

-3.0

BT

8116A @lltude

r0.0

38.1

l&dulattqr
I.errel ln Z

3585A RaBe &
Ref Le\81 to
rEaglme carrl.er
tn dB\I

3585A Ref I€\Ef
to reag-E?
stdebard
ln dBiv

Ydrr
settlr8

-27 .o -26.@.

-t4.ta-u.0 3.80

Setup and Callbratlon for Teets
rrlth carrler at -39 dBn *-1 dB (600 ohn)

1.00

c D iB

ll,ftnl
ln volEs

Yorr
settlry

ReorltlrE
Sldebdd
L€\rel ln dB

-2L.7

-2t.7

-38.0

-:t8.0

{4.0

-52.O

l.m

3.80

-?s.o2

-14.tfi

10.0

38.1
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Accuracy Verlflcatlon Procedure

l. Set the anplitude of the 81I6A to the callbratlon level
neasured ln the Callbratlon Procedure.

set the 8116A frequency accordlng to the tables below.

) to the 4945A2. Connect the 3325A (wlth 550 ohD reslstor
recelver lnput.

3. The percent value ls dlspLayed on
Coopare the dlsplayed values wlth
glven ln the table.

Note that the 8115A ha8
for each tab1e.

the
the

4945A.
speclflcatlons

Note: The 4945A takes approxlnately 5 to 10 eeconds to
process and dlsplay Jltter neaaureoents.

4. There 1s a aeparate table for each frequency band.
Check each band at the tlro carrler levels and the
two sldeband 1eve1s.

oore thafl one frequency setting

5. You can save tlEe be Bettlng.a partlcular
and then checklng that level 1n all three
reset tlng the sldeband Ieve1.

sldeband level
bands be for e

Test level

3585A
Sldeband
Level dB

-26.02

3585A
Sldeband
Level dB

300 Hz Band )

Freq =
2hO Hz

Speclflcatlon8I16A
Anplltude

8116A
Anplltude

Anplltude Jltter Table' (4

-3 dBn ( 500 oho)

8116A

Test level

-14.40

-39 dBo (600 ohut)

Freq -
S llz

Freq =
8Hz

Freq =
50 Ez

8115A

Freq '
50 Hz

10.02

38.12

+-.72

+-2 .lz

fre
240

q Speclflcatlon

-26.02

-14.40

10.02

38.t2

+-.72

+-2.lz

1-)9
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Ampllrude Jltter Table, (4

Test level - -3 dBn (600 ohn)

20 ltz Ba nd )

8116A

81r6A
Anplltude

8115A
Amplltude

8116A
Aoplltude

8r16A
ADplltude

3585A
Stdeband
LeveI dB

3585A
Sldeband
Level dB

8 Hz

ai 8 Hz

l6 llz

L6 Ez

10.02

38.12

+-.72

+-2 . LZ

Freq

trreq

8116A

Freq

Freq

Speclflcatlon

Test level

-26.02

-14.40

-39 dBo (600 ohn)

Speclflcatlon

-26.02

-14.40

-26.02

-L4.40

10.02

38.12

+-.72

+-2 . tz

ADpll tude Jltter Tab1e, (20

Test level = -3 dBm (600 ohn)

300 llz Band )

8lr6A
3585A

Stdeband
Level dB

-26.02

3585A
Sideband
Level dB

Freq -
20 Hz

f re
240

Freq =
7O Hz

Speclflcatlon
llz

q

q

r0.02

38. t2

+-.72

+-2 . tz

Teat leve1

-r4.40

-39 dBn (600 ohu)

8115A

Freq =
20 llz

Freq -
7O llz

Fre
240

Speelflcatlon
llz

10.02

38. 1Z

+-.72

+-2 . LZ
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4-26.
Teet Equipment Bequired

IIP 3325A Syntheslzer
HP 3585A Spectrun Analyzer
IIP 81 16A Pulee/Functlon Generator
HP 11048C 5O oho load
550 ohn real.ator
Lo!, Capacltance/Lo!, Crosstalk Cab 1e e

Pulaa/Functloi Gamratoa

SetupConditione ( for Calibratlon

Conosct3 To Arnplitudg Modulstion lnput

Futtction Ganorltor

Sprstrum Anllyat

Procedure )

shown above.Conllec t

4945A2

3325A:

35854:

the teBt equlpuent as

550 Ohm R€sisto,

then back On

Test Mode - Jltter
Band tleasureoent - See table
ADplltude Jitter - ON
Phase Jl t ter - OFF

Frequency - 1000 ltz
Anplltude - See tablea
Phase llodulatlon - 0N
Low Voltage Range selected

Center Srequency - 1000 Hz, lnltla1ly
Freq. Span - 2OO Hz
Input Iopedance - 1 Uegohn
Sweep - Manual
dB/Div - 10 dB
Resolutlon BW - l0 Bz
VldeoBW-3Ez
Counter - On
Autorange - 0n
REF LVL Track - On then cycle Off and

81 16A : Mode - No rna I
Functlon - S I newave
Aoplltude - l.O volts lnltlally, then 8ee table
Frequency - 100 Ilz lnltlally, then see table
OffBet - 0.00v
Disable - Off, Llult - Off, CoDpleoert - Off
Control - All Off
Ternlnate output wlth 50 oho load

o ooo .Ef
cl ooo .A
E OOO I
E ooo':4
o-lOO

oo
@
oo

T-_'l

1-4L



l. Press the Anplltude Callbration button on the 3325A.

rhe 3325A2. Set the anplltude of the 1000 Hz carrler fron
to the level shovrn 1n the table (ColuDn A).

3. set the 81164 frequency to 100
the nomlnal value 1n the table
nodulat ion ( Column B).

Hz and set the aDplltude to
for the desired 7

4. Set the Carrler Level ( 1000
0n the 3585A set the RANGE
( Colunn C).
Press: MKR->CF
ser rhe dB/Dtv ro I dB
Using the MoDIFY and LEVEL
level to tead -5.2 dBv +-.1
ser the oFFSET to On
Press: ENTER 0FF SET

dB of f set.
shown 1fl the tabLe

Hz ) to 0.00
to the leve1

5. Measure the sideband 1eveL.
On the 3585A, Set the Center Frequency to 1100
Set Ref Level to the value llsted ln the table

'Press l,lKR->Cf

keys on the 3325A, ad Just the
dB or -41.2 dBv +-.1 dB.

Hz.
(Coluorn D).

AdJusr rhe 8115A amPlirude to
l1sted ln the table (column E)
Record thlg leveI ln the table

proper sldeband leve 1

F).

Hz,
Press;

dB. If not,

get the

(Column

6. Recheck the carrler 1eve1.
0n the 3585A, set rhe Center Frequency to 1000
Set the Reference Level to the Range leve1 and
UKR->CF.
The llarker LeveL should be approxlnately +-.02
repeat eteps 4 and 5 above.

7. Repeat steps 2 through 6 for the other 3325A level shown 1n
column A.

8 Use the 8116A anplltude callbraElon levels 1n the tables
below.
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Setup and CallbratloIr for Teets
wlth carrler at -3 dBo +-1 dB (600 ohm)

Phase Jitter Callbratlon Table

c DA

3585A Bage &

Ref I€\r€1 to
reas.re carrler
tn dBl,

3585A Ref Ia,El
to [EastEe
sld€bed
ln dBV

BF

8116A @lltude

E

3325a

100 rL
I€\Iel
tn dhr

tlrdnal
ln d,

Yq[
settlrB

ResultftB
Sidebard
I€rrel in dB

lbdulatlon
Ievel {n
Degrees

7.79

7.79

-3.0

-3.0

1r.5

y.4
-27.0

-17.0

D

3585A Ref fs,ef
to rreastEe
sideband
in dBV

o.0

180

BF
8116A Ary1tn:de

-26.O2

-16.40

Resultlry
Sldebard
Let el tn dB

3585A Rffee &

Ref l€'\rel to
reasure carrler
ln dBv

Setup and Callbratlon for Teete
ulth carrler at -39 dBm +-1 dB (600 ohn)

A c B

3U5A
1m0 tts
I€ve1
ln dhr

lhrtmt
ln d,

Yq.E

settirg

lhlulaElon
Lerrcl ln
Degrees

-29.2L

-28.21

-38.0

-38.0

-64.0

-s2.0

o.0

lst)

-26.A2

-15.40

11.5

v.4

3
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Accuracy Veriflcatlon Procedure

1. Set the aDplltude of the 81164 to the calibratlon 1eve1
measured 1n the Callbratlon Procedure.

Set the 8115A frequency accordlng to the tables below.

to the 4945A2. Connect the 3325A (!rlth 550 ohn reslstor)
recer.ver lnput.

3. The phase value 1s dtsplayed
Conpare the dlsplayed values
glven ln the table.

on the 49 4 5A.
$rlth the speclficatlons

Note: The 4945A takee approxinately 5 to 10 seconds to
procees and dlsplay Jltter neasureoents.

4. There ls a separate table for each frequency band.
Check each band at the trro carrier leve1s and the
tno sldeband levels.

Note that the 81164 has more than one frequency settlng
for each table.

5. You can save tlne be settlng a partlcular
and then checking that 1evel ln all three
resettlng the sldeband 1eve1.

sldeband level
bands be fore

Phase Jltter

Test level . -3 dBn (600

Table, (4

ohm )

300 Hz Band)

8116A
Aoplltude

8116A
Anplltude

3585A
Sideband
Level dB

-26.02

3585A
Sldeband
Level dB

Freq =
8Hz

Freq -
I Hz

Freq =
50 llz

8115A

8116A

Freq -
24O Hz

Freq =
24O Hz

Speclflcatlon

11.50

34.40

+-.go

+-l.go

Test level

-16.40

-39 dBm (600 ohn)

Freq -
50 tlz

Speclflcatlon

-26 . 02

-16.40

I1.50 +-. 80

34.40 +-1.90
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lhase trlttcr fable (4 - ,00 ll: Bed)

3325A Lcttcl o Utc rt8rA = 0 dB

=8Ez
35854
Fneq=56 gt Fbeq:240 f,z Spealflcation

-26

-20

-L6.1

3325A Level m tfie 3185A = '2, tlB

fl.ro +-.8oo

2.9o +-L.lo"

31.10 +-L.9o"

heq=249 g, Speclficattot

22.90 +-l.roo

31.tp +-L.9oo

F!eq= 6 g, 358ra
Frirq=56 g,

i

i
I

I

i

I
I
I

I
I
I

I
I

I

- - - -_26 --

-20

, _16.4

lI.ro +--.8oc-

3325A Lcvcl o thc 3585A = -{0 dD

8I16A
heq' 6 g, 3585A

Freq=50 f,z Freq=liQ g" t
l€vel dB

i
1

I
!

j

I
i

t

I

I

I
I

I

I

I

:
I

I

I

i

-26

-20

-16.4

11.ro +-.80 3

U.% +-L.roo

31.b +-L.%"
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Transients Testing Background Information

When testing transients, it is important to understand how the 8116A an
the 3325A are be ing used.

The 81164 1s used to generate a positive or negative pulse dependlng
upon the complement setting. This pulse is applied to the amplitude
modulatlo.n lnput of the 3325A. When anplitude nodulation is selected
on the 3325A, the amplitude of the output signal (with no modulation)
is halved; however, the display sti11 indicates the programmed
amplitude. When the output signal is nodulated 1002, the maxLnum
amplitude of the modulation output equals the prograDmed atrplitude. A
modulatlon lnput of approxiEately -5 volts peak results in 1002
nodulation.

Since pulses are belng used, a +5 volt pulse cut s off the output signal
(no nodulat ion ) and a -5 volt pul se doubles the output (1002
modulation ) .

Refer to the 3325A Operating and Service manual for more informatlon.

For po si t ive galn hits, the 8116A conpleEent is 0N. A negat ive go ing
pulse riding on a positive dc leve1 is output to the 3325A. (See Figure
A). The resulting 33254 output (See Figure B) 1s a carrier 1eve1 which
is lower than the amplitude shown on Ehe 3325A display and a posltlve
galn hit 1eve1 which 1s measured by the 4945A.

For negative gain hits, the 8116A complenent is OFF. A positive going
pulse ridlng on a near zero volt leve1 is output to the 3325A (See
Figure C). The resultlng 3325A output ls a carrier 1eve1 which is near
the amplltude shown on the 3325A dlsplay and a negative galn hlt 1eve1
whlch 1s measured by the 4945A (See Figure D).

For phase hits, the pulses from the 81f6A cause
3325A output. Refer to the 3325A Operating and
information on phase rnodulation.

a phase
Service

shifr of rhe
manual for more

F IGURE A

C OMPL ON

F IGURE B

C OMPL ON

Quiescent carrier

Negative Gai-n Hit
Positive Gain Hit--

Quiescent carri.er 

-
Remember that- in the transients measurement setup, a 50
used to terminate the Blf6A output. The 3325A amplitude
input is 2O k-ohms and the phase xcodulation input is 10

ohm load is
modulation
k-ohms.

Set the IMPULSE LOW
Impulse Noise wtrile
Dropout s .

Note

to 1.00 dBrn
doing Phase

to avoid measuring
Hits, Gai.n Hits and

4-27. PHASE HITS
Test Equipment Required

33254 Synthesizer
Low Capaeitanee /Low
Crosstalk Cables

Pulse/Function Generator

Connects To Phase Modulation lnput

Function Generator

550 Ohm

Setup Conditions

Conneet the test equipment as shown above.
19454 reaeiver input.

4945A

Connect the signal eable to the

1915A2

3325A:

Test Mode Transients Phase Hit
Threshold see table

Function Sinewave
Amplitude 20.28 dBm
Frequency I kIIz

o
n
n
E
E
E

f- l
a- --1

o
o
o

o
o

o

DtrD
!!!
!trD
!!tr .Ar

6d
tr!
trD

coo
trtrD

EE
EE

EEE
EEE tr!

n n
6@

FIGURE C

COMPL OFF

F IGURE D

COMPL OFF
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Procedure

l. Set the 4945L to @e of the DDEIe thnesboldr llstcd la thc tab1c belort

2. Preag phese lode o tnc 3325A. &ter t,be degree! of DDale tlo
pnerr De3recr a, t\e 3325A.

lr rl

tII]
a
t.

rrlto polltfire F.r.
Tro DDese bttr

rone thar tDe

blt. htcr O defees pDase to
recoried by the 4915A.

vca

3. Do rtcpa I aul 2 for caah llnc of the table. tae lrr[ber of ph.se
bltr appe.B o tnc 4945A dllplay ald tbc lDcalfla.tlo lr glven la

iETttl

llotc: Phse blt! are rcco[ricd oly lf the phere .DCle 1!

Pharc lllt lablc

9tt{11

10

1o

fr
m

3'

8

u2

L7

23

3L.'

,8.5

lr0.,

19.'

0

2

0

2

0

2

0

2

45

4'
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4.28. GAIN HITS

Test Equipment Required

llP 3325A Syntheslzer
IIP 8115A Pul se /Func t l on
550 ohn resl6tor
Low Capacltance Cab Ie e

PulaalFunctlon GanoEtot

Functlon Oona[tor

Setup Conditione

Connect the
Connect the

4945A.

3325A:

550 Ohm

teBt equipnent as shown above.
3325A slgnal cable to the 4945A recelver

Conn€cts To Amplitud€ Modulation lnput
4945A

Test llode - Level/Freq lnltlatly,
Input Inpedance : 600 ohm
Count Rate - See table
Caln Hlts Threshold - 2 dB, then
Fllter - C-Message

Generator

lnput.
then Translents

see tabLe

8I16A:

frequency - 1000 Hz
Uode - llodulatlon, press Blue key, Store
Level - 17.26 dBn lnttially, then eee table

Frequency - 6 llz
Anplltude - See table
Functlon - Pulse, posltlve
llode - E burst
Burst - 6
I{ID - 6 nsec
HIL - 0 volts
LoL - -0.40 volts

Procedure For Meaeurement Calibrations

1. Set up the 3325A level to 17.26 dBn (50 ohn) 1nltla1ly and
then accordlng to the table below.

o ooo .c,
cl ooo .A
Er ooo I
o ooo 'X
d-Oo

oo
oo
oo

EEIE

o

TI
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2. Set up the 8116A pulse levels, pulse rridth and frequency
according to the lnltlal condltlons above. I{1th the
49454 1n Level Frequency, toggle the coDplement arrltch on
the 81164. Look for a 1.5 dB change. Flne tune the 8116A
pulse unt1l a 1.5 dB change ls obtalned. Thls sets up the
hlt level for the flrst test. The hlt level Eust be set
for each test.

3. Set up the 49454 accordlng to the table below.

4. The galn hlts
readlng rrl th

Nonlna1
HlL LoL

are
the

dleplayed on the 4945A. CoDpare your
galn hlt speclftcatlon 1n the table.

Galn Hlts Table (Posltlve)

81 16A :

81164

Conplement - ON
PulseBldth-6nsec
Frequency - 6 Ez

3325A
Anpl.

dBn

+L7 .26

+t 7 .26

+22 . 05

3325A
Anpl .

dBn

Your
Ht L

Hlr
Level

Count
Spec.

Ac tual
LoL

Count
Rate

Tleec

7 I eec

Tleec

;.
Rate

7 I sec

7 I sec

Tlsec

49 45A
Galn lll t
Thld. dB

20

0

I

-.40

-.80

-2.28

1.5

2.5

r0.5

dB

dD

dB

2

2

2

0

15

15

0

15

15

Ca 1n lllts Table (Negative)

10

4945A
Ga ln Hl t
Thld . dB

Actual
LoL

Hl r
Level

1.5 dB

2. 5 dB

10.5 dB

I r 16A: CoEplenen t
Pulse uldth
Prequency -

-oN
- 5 msec
6Hz

8116A
Non 1na 1

Ht L Lo L

-1.55

-1.14

-. 99

Your
Ht L

Count
Spec.

+21.0

+2 1.0

+21 .0

-2 .3

-2 .3

-2 .3 l0
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4-29. OPOUTS
Teet Equipment Required

HP 3325A Syntheslzer
ItP 81 l5A Pulee/Functlon cenerator
550 ohn reslstor
Low Capac l tance Cablee

PuholFunction Gonc.lto,

Conngcts To Amplituds Modulation lnpul

Fonction Glnorllor

550 Ohm

te6t equlpnent ae shown above.
3325A stgnal cable to the 49454 recelver lnput.

49454

then Translents

Setup Conditione

Connect the
Connec t the

4945AI

3325A:

8115A:

Test lrode - Level/Srequency,
Input Inpedance - 600 ohu
Count Rate - See table
Fllter - C-Message

Frequency - 1000 Hz
llode - Uodulatlon, press Blue key, Store
Level - See table

Frequency - See table
Anplltude - See table
Functlon - Pulse, posltlve
llode - E burst
E burst - 3

l. Set up the 3325A level accordlng to the table beiow.

2. Set up the 8116A pulee levels, pulee wldth and frequency
accordlng to the lnltlal condltlons belor. lrlth the
4945A 1n Level Frequency, togBle the conplerent arritch on
the 8116A. Look for an ll dB change. Flne tune the 8116A
pulse untll an 11 dB change 1s obtalned. Thls 6ets up the
dropout for the flrBt test. The dropout leve1 oust be set
for each teBt.

o ooE .Elo ooo .A
Er ooo I
Bsiil

o
o
oo
oo

EEI
@

T---',]
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3. Set up the 49454 accordlng to the table be1ov.

4. The dropouts
readlng wl th

are
the

dtsplayed on the 4945A. CoEpare your
dropout speclflcatlon ln the table.

8116A: Couplement - 0FF
PulseWldth-6usec
trrequency - .9 Hz

Dropouts Tab1e

81 16A

4945A. Count Rate 8/sec

3325A
Anpl .

dBn
Noolnal Your

Hl L
Ac t ual

4945A
Dro pou t
CountLoL

Dropout
( 4945A Leve 1 )

11 dB
dBu -

I dBn -
Coup 0FF )
Conp 0N)

+21.0

+21 . 0

-26.5

-26.5

Ht L

+l .00

+1.00

+1 .00

+1.00

LoL

-3. 0

-4 .66

-3.0

-4.66

0
(0
(1

l3 dB
(0 dBn - Conp OFF)
(r3 dBu - Conp 0N)

l1 dB
(-37 dBu-Conp
(-48 dBn-Coup

oFr )
0N)

3

o

313
(-37 dBn-Conp
(-51 dBn-Coop

oFF )
0N)
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4.30. IMPULSE NOISE
Test Equipment Required

HP 3325A Syntheslzer
HP 8116A Pulse/Functlon Generator
Lord Capac l tance Cab1es

Pul!r/Funclion G.mt!tor

Connscts To Amplitude Modulstion lnput

Functio. Oarl.rlto.

55O Ohm

Setup Conditione

Connect the
Connect the

4945A2

3325A:

tegt equlpnent as shorn above.
3325A slgnal cable to the 4945A

lEr[ :T

receLver

then
table

lnput.

TransientsTest Uode - Level/Freq lnlt1ally,
Impulse Threghold - set for each
Treehold Step - See table
Count Rate - See table
CountTlDe-lmlnute

frequency - 1800 Hz
AEplltude llodulatlon
Level - See table

ON

8115A: Frequency - 6 Ez
PulgeWldth-6Dsec
Mode - E bure t
Hl L - See table
Lo L - See table
E buret - 3

The threshold levele glven ln the tables rrere set by considerlng
the f o 11olrl ng lnfornatlon.
for thls neasureoent, the 3325A outputs a leve1 whlch 1s neasured
on the 4945A 1n the Level/Frequency node. The 3325A levels glven
1n the tableE are approxitDate and may vary between 3325As.
Readlng the leveI on the 4945A provldes a conslstent leve1,
however, solle conversLon factors are taken lnto account.

o Eoo .rl
cJ oEo.A

EHf,
oo

E
@

ooooo

1-52



For exanple, to set a 70 dBrn 1eve1 requlres a
s1gna1. The leveI dtaplayed on the 4945A 1s an
1s 3 dB lorrer than peak. Thus for 70 dBrn, the
sould be -23 dB.

-20 dBn peak
rms read lng which
4945A readtng

Note: These are steady state conditlons. The actual translent
levels are adJusted down 0.5 dB to conpensate for modulatton
overahoot lrhlch trlggera the tran6lenta recelver.

For the lnpulee EeasureEent the C-Uessage fl1ter 1s
srrltched in and the fllter.factor nust be taken lnto account.
At 1800 Hz, +1.5 dBn uust be added to the Level to conpensate
for the fllter. Thus 70 dBrn = -23 dBn + 1.5 dBm or a level of
-21.5 dBm dtsplayed on the 4945A.

Here 1s an

74

73

72

7t

70

Procedure

exanple uslng a 72 dRra threshold.

dBrn

dBrn

dBrn

dBrn

dBrn

Three 4945A threshold levels are tested; 30
and 105 dBrn. There 1s a separate table for
settlng.

Count a1l

Threehold leve I

No count

Peak of steady state carrl.er set 1n Level/Freq.

I dBrn, 72 dBrn
each threshold

2.

For

3.

Set the 4945A to one of the three Inpulse Nolse thresholds.

each Llne In the tab1e, do the followlng steps.

For each threshold chart, the actual HIL and LoL readlngs
must be recorded. These readlngs depend on the partlcular
8116A and 3325A cornblnatlon belng used.

Set rhe 33254 output level so that the 4945A reads rhe
reference Ievel ln Level/Frequency mode (See the CoUPL ON
colunn ln the table).
Thls level 1s set lrlth the 8116A Conplement 0N.

1-r3



4 Set the 8ll6A to Conplenenr OEF and set rhe pulse level
(See the CoMPL oFF coluun 1n the tabLe).

5

6

Set the 8116A to Cooplenent 0N.

Select
counts

Preas
noLse

8. Compare your
table.

the transtents test mode on the 4945A. Set the
per second, threshold and step slze.

7 the llAN butron on rhe 8116A and
counts on the 4945A dlsplay.

read the lmpulse

results rrlth the expected results in the

Note: Repeat the Betup condltlons for each table and for any change
of equipment or operatlng conditlons.
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Inpulse Nolse Table For

4945A Count Rate
8l 16A Frequency -

72 dBrn Threshold

7 per second
6 llz

4945A Levels

Impulse Nolse Table Fo 105 dBrn
iountRate=8per

requenby - 7 llz

4945A Impul se
Readlng
LO MID HI

3325A
Anpl .

dBn

+Lt.77 0

+11.77

+tt.77 0

+13.77 .33

Threshold

second

3

3

3

3

4945A Iropulse
Readlng
LO },IID HI

0 0 0

r

4945
8115

AC
AE

81164 Pulse Level
Noninal and (Actual)

81 15A Pulse Level
Nomlnal and (ActuaI)

Hl L
COUPL ON

LoL
COMPL OFF

Levels
c0!tPL

OFF

Th 1d
SEeP
Size

,4945A
COMPL

i oN

-.22 +11 .5 +12.5

-.83 .+11.5 +t4

-t.62 +11.5 +15

-1.98 +1 1.5 +18

3325A
Ampl.

dBm
Ht L

COMPL ON
LoL

COMPL OFF

-1.18

-.22

-1.3r

-1.54

-.55

COMPL
ON

COMPL
OFF

Thld
Step
Size

-4.26 0

I

I

+.62

+..62

-4.26 0

+ .62

+.55 r.6

)(()((

)()()(

)(()()(

()

o)(

()(

)()

()(

)

)

)

-2L .5 -19

-2r.5 -t 6

-2r .5 -13

-2L.5 -19

-2t .5 -15

-2L.3 -11

03

3

4

4

3

3

3

3

3

3

0

3

0

0

3

0

3

3

0

3

3

3

3

3 0

00

3

3 3
( )

)

)()(

41

6I

6I

( ) Impulse Nolse Table F r 30 dBrn Threshold

-8 

I f6-A- F req u ehc y

8116A Pulso Level
Non 1na 1 and (ActuaI)

-. 15

4

-1.3r

-t.7

3_(-_)_

+ .62

+.55

-2L .5 -t9

-2r .5 -13

-21.5 -7

3 0

0

0 3325A
Ampl.

dBm
HI L

COMPL ON
LoL

couPL orF

4945A ImpuI se
Readlng
LO MID HI

0 0 0-.22 :63.5 -62.5

9 .-63.5 -51

-L .62. i-63.5 -59

-.72 -53.5 -57

| 4945A
c 0!r PL
'oN

Levels
co PL

OFF

Th 1d
Step
Slze

( ( )

3 3

3 3

( ( )
-46.3

-46.3

-46.3

-42.5

0 3

3

+5 .52 1.5 (36 ) (

30

30

3

3

3

0 0

0

3I

j

3

1-5'

)

()

)

)

(



I

J -4-31.

4-82.

ENVELOPE DEI..AY TESTS

Transmitter Amplitude Modulation

Test Equipment Required

W 3582 Spectru! lnelyzer
600 ohn lord
Ion Capaalt€[ae Cables

Spactium
49454

6@ OHM

Setup Condltione

CoDcct tbe tcrt cqulpocDt !! lbom aborre. C@ect W 494rL qltprt !lg!d
cable to tbc 3!82A tnpnt.

4915L: fcrt llodc - &wclope Dclay
franrllt Iryederce - 600 d!!
lDlttrde - See table
Fbcqucncy - Sec tlblc

3r8u IDput - Ilolated
Pllter $ape - Plat top
EaDrltrldtn - 250 Ez
Ccoter Frequ€lrcy - S€o table

oo

GI
@o ooo .rl

Ef ooo.A
E! OOO I
BgJt oo

1-56



Procedure

1. Set the 4945A Lettet and frequ€nay a! ah61m h tbe table

2. Set the 1582A ceoter frGqu€nay to t[e 494rA frcqueocy.
ald Drels SBI nEF.

3. llove the larIrr to the rDpar rnrl loncr sldeDard!.

4. $rbtraat the sld,lbaDd alputrde fro the ceEler e[plttude
yqrr le.dlDgr rltb lrh€ lp€atflc.tlo la tbe tablc.

nrt
to

5 aboqe rtrEs for Gach lln€ of the table.

fD froldttcr Aplttule lbfiletlo LDlo

191ra

rtTltl

0

o

o

1804

,00

4000

-I1.2 to -1r.0

-U.2 to -1r.0

-11.2 to -1r.0

-I1.2 to -13.0-lro

u

4-r?



4-38. IlanemitterModulation trbequency

Test Equipment Required

W 3582A Sp€otnu ln lyrer
600
Ipu Capacltaace Cables

SPastruttl
r,FrFrI

600 oHM

Setup Conditione

CorGct the telt equlpreot shqra above. CoDect tne 494!A ortnrt slgld
aeble to tbe ,r82A lnNt.

1915At fest xode - &velope Dclay
t

lrputude - 0 dB
- 1@0 Eu

3582L: InFrt
P1r

1. hrt thc 3!821 oarrer o Uie peal ot tbe 1083 E rla!.l.
2. tXe pe.X frcquGocy t be batr€co L@7.2, Er ad 1083.41 Xr.

Baadrldth - 5 Ez (to gct .02 Ez accurecy)

E! ooEt .cl
o ooo .d
Et ooo .t-d ooo --
d-Oo

@

oo
oo
oo al
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4-84. Tlanemitter Level and Flatneee

Teet Equipment Bequired

W 3455A Dlgltal Voltretcr
W O191r-@6L5 rert lnpltfler
600
Id, Capacltaacc Cabler

4945A

40 dB Amplili€l

Plugs lnto 3lO
Connocloi

Setup Condltiong

C@lcct thc telt
aabl€ to tDe ,4rrA tnput.

Oigitll Muhlm.t!.

above. CoDect ine 1%rA ortput rl$r.l

1915L2

3155A:.

o1915-ffiL5t

AryUtude - Scc tablc

InFrt - AC, .utorarge

Galn - Sec tablc

fert llode
Tr.$rlt IDed.lae - 600 oblr

E ooo .o
Et ooo .Ao ooo I
o ooo ':4oEOO

E'
oooo
oq
oo

o

1-19



Procedure

1. Set the 1915A LeveL ard fr€quelray to 0.0 d8n aorl I Xllz. Set thc ![-
pufler galn to 0 <18. fbe readhS q,tb )157A rbo[d be betteeo .802
voltt rld .839 volts. lhlr lr tbc lorrel rccuncy tert.

2. Set the 4945A levet .Dd frcquroay as lbom lD thc table bclfl.

3. Set tba aryUfler gaiD !s lhorl! ln the trblc bclon.

5. Do ateps 2 throu8b 4 for Gaah llnc of thc tab1c.

frequ€oay lbolrld bc rithla the toler&ce (<2 dE) chom la tbe t blc

Troilltt ! Plrtnc.r TaDL

4945A Frcquenoy

lcvcl ,00 tlt 1804 llr 4000 lls

Spealflaatlor

ETTfl
< 2 dB cto8p

0

+10 dED

0

0

+20

+40

.6L' - .g?' V

L.gt$ - 
'.084 

v

.6L' - .q7' V

.6L5 - .9t' 1

-N
-40

llotc: tle speciflaatlo volt.ges glvea are calculat€d for a less tbau 2 dB
chlISc over tbe tbree frequcDale!.

1-@



4-86. Envelope Delay Receiver Test

Teet Equipment Requlred

Iow Capac I tanae/Itr Crosstarr Cabl.et

Setup Conditiona

C@rect r,ire 1915A trarsnltter qrtput to tbe Decelt et lDFrt.

1945L: fegt Xode - &vele€ Delay
lnpetlance - 600 om (trrDlrlt aad rcaclvc)

heguenoy - See prrce<ture

Procedure

l. Sct th€ 4945L Levet aDd f!.quenay to 0.0 d8r od 1804 Ez

2. Sct the 4945A levet and flequeocy a! !hor! ln thG table bclar.

3. fbe nearured delay

recelvcr rcadlng rtablHze erd pries! Del6y Zcrc. Ihk retr up a
Dcferroca for the reaalulag rcadlngr.

tuhc rcadlng wlt'h

Sccclvcn Dehy LblG

tr!tr
ls
lat

4941A Ercgcnay r 18@ llr 494!A llcqueoay rjl ,00 Hr

<fi30 ur <=j t-r.f,rltl

0

-10

-n
-30

-40

0

-10

b

-7o

- lro

1-6L



WIRE RETURN LOSS

Teet Equipment Required

600 oD!, .1l, reclstor (0698-7408)
900 obr, .11, reslstor (6%-631l-1

Setup Conditions

Test l{ode 2-nlre Rrturn losr191542

1. Ia fro Hlre Betura loss, Prcrs lieasure All @ the 494rA.

2. Set the outpNrt level ald refereDce l@edaace ar sborD ID the trbles

3. Cbect the dlsplryed retum 1o!! values wlth the trarudtter taakr
ard thelr t€miDated rlth the propcr rcslstor.

4. tle values for ECEO, SnL !fi, ald SL Elgh
o rne 49454.

dlsplaye<l at t[e rrle the

5. Record tbe dlsplayed values ln the table belon aDd copare the
agalnst thc rpcclflcatlos llsted h tbe table.

6. Select the slDe oave returo lolr tert (SIXE I Ez) and Epeat tne

4-62



IVo Illre Betun Lsr fablc

fransdt l€vel = -2.0 dB[
nefereoce Iupetlanae = 900 oDnB

Return loss Speclficatlo
+-., dB Clroult

Sbort
Chcult

900 ohm

LLfr
SAL Etgt

Slne- llrflz

28.3 dB

18.9 dB

36.6 dB

28.3 aB

24.7

t5.,

32.9

u.3

Tr.lsrlt level . -10.0 dDo
Bcfcreuae Irpedanae ' 600 ohns

Return 1688 I
5+-

Op€D
ClrcuLt

Short
Clrault

600 otrls

ECBO

SAL lor

SL Btgh

Sloe- lXf,z

rlr

4-63



4-37. FOUR.WIRE RETURN LOSS

Teet Equipment Required

4945A Transd*lm Inpalroent l,teasurereot Sat
I.tr Capaa lt€laellr Crosstell Cableg

4945A

[rnfirTlrl

Setup

3. Ttc rctun 1o!! ln dB 1! dllplayed

4945A

re 494rA tcst u!lt. Cbcat the

Coneat tlre test equlpent a! sborD aborre.
Conect tne rlSnal cable fra the attcourtor to tnc 4945A
tclt unlt loaelver lDput.

1945L2 fcrt llode Bctura lorr, 4-rtrc (lcst Unlt)
(Icst Untt) Recelve l4etlance - 600 dr
1945tt
(Sorcc)

fest llodc D- -10
fraD$ltIDcd.lac-600oh!

41368:

Procedure

1. Set tue 44368 .tt€au.tto to oG of thc yaluc! lI thc t.blc betor.

2. Sct thc traD!\ybrld 10rr cqcolatlo o tbe 49451 tr8l, urlt to th. valuc

rrturn lo3! valuer ln rc80, SnL ldr !!.1 SnL htSb.
cld aorpaDc tbcr to the rpeclflcatlo gl

o ooo .rl
cf ooo.Ao ooo IEsi[

o
o
oo
oo

o ooo .oo ooo .d
Et ooo -!o ooo 'j(
d-OO

EIE-
o
o

oo



Pour Xlre Bctu!tr Lsr laDle

4945A Sorac l.vsl = -10 dD.

4945A leat'
Lnlt for

B.L.
, SBL Iofl

494rA fest Unlt
f,eoelved lavcl

FjII'
Attco. tEin +-.5 dB

o

N

40

a

-10

0

fr
lro

6
40

lro

tp

n
20

-10

-30

-50

.?,

-r0

-50

-ro

-30

-30

0.0

0.0

0.0

0.0

1o

m

30

20

30

(over ralge)

30

N

IO dE
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4.88. RECEIVER HOLDING CIRCUIT IMPEDANCE

Test Equipment Requlred

41924 Inpedanae A[.Iyzer

4945A
lmprdanca Anlly.at

C@Deot the test equlpoeot a! lhorlD aborre Corect tDe 4f924 forr rlnc
pE.obe to t,,.e 4945A recelver hDut.

1915L:. Beoelvc [old Off
Reaelver l@edrlae - l20O oDrr

4L92L:. tzl -
AI'!O - Clrcult
Fbequcncy - 1000 E
Osc.l€vel-lvolt
Aver.ge - OII
Blrs - +12.10 volts (ncd llgbt lhorl.d

1. Itca thc letrry l! ooelcte, the 4I9A lbould Dcr.l l2O0 e! .'r.r -.19 dB.

2. set the 4l9A to n/C ard VB rcasur,eocot.
clrcult (tlorlc 3).

Sel€ct Dar.U.l

l. Reconl tbe C ard B v.lues rlth the hold clrcult off .Dd

4. Set thc 4192A frcqueucy to Gach of {rhe tqrr frcquraaler lfuted belor.

5. Dccord tbe G aDd B value! for each ?rcqu€oay.

yolrt EadlDSr ln t,he cbart corrcrpodlng to the trequ€ncy !€t
tnc 41924.

o Doo .o
EJ ooo .A
EI EOO Io ooo':(
oEOO

o
@
oo

@
@ al

a oo o(!E o@@
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Frcquenay r ,0 Hr MrIIE

G

al

ill

itl

G it1

t-i

ot - oFF

Hold Otl

Hold OFF

HoId Oll

nold OFF

(x - oFF

Eold Ol

[l:Iffifr]

[l:Ir.Iilt

Eold OFP

of, - oFF

Frcquency - !0 xll: lbcqucocy r 110 tsL

G G

oil - oFF

6. Calculatr tlre boldlng ia@anoe (for

a. Subtraat tbe EoId OFP value for G
and 8.

)

aDd B frim the f,old (X value for G

b. Ure thele dlffereace ualues ln tbc fonule below

I

tzt
+

c. lbe resulttng lzl vatue ls tlre holdlng clrcult trpedanac.

d. the rpealflcatl@r are;

) ,O X-ohB for freque[rales to I0 }lz
) 20 X-dm for frequenclec to 110 IEz

1-6?



dB Expressed
P= lnW

llatts and Volts
ls lnto 600 ohne

Below
llatts

ln
v

dB
Above

Watts
Zer o Level

Volts
Zer o Level

Volts

0
I
2

3
4

5
6
7

I
I

0 . 0010
0.0013
0.0015
0.0020
0.0025

0.77 5

0. 869
o.97 5
r .094
| .227

I .00 x
7 .94 x
5.31 X
5.01 X
3.98 X

10^-3
10^-4
10^-4
10^-4
10^-4

o.7 7 46
0.6904
0.6153
0.5483
0.4888

0.0032
0.0040
0.0050
0.0053
0.0079

1.337
1.545
r.734
1.946
2.183

3.16
2 .51
2.00
1.59
L.26

x 10^-4
x 10^-4
x 10^-4
x r0^-4
x 10^-4

0.4355
0. 3883
0.3460
0. 3084
o.27 48

2.449
2.748
3.084
3.460
3.882

r.00
7.94
5. 3l
5.01
3.98

x 10^-4
x 10^-5
x 10^-5
x 10^-5
x 10--5

o.2449
0.2183
0. r 946
o.t7 34
0. 1545

l0
11
t2
13
L4

15
r6
L7
l8
19

0.0100
0.0125
0.0159
0.0200
0.0251

0.0316
0.0398
0.0501
0.0531
0.0794

4.3s6
4.888
5.483
5. 153
6.904

3.r5 X
2.51 x
2.00 x
r.59 X
t.25 X

10^-5
10^-5
r0^-5
10'- 5
l0^-5

o.t377
o . t228
0.1095
0.0975
0.0869

20
30
40
50
60

7.746
24.493
77.460

244.93
774.60

r0^-5
r 0^-6
10^-7
10^-8
10^-9

7 .7 5

2 .45
7.75
2.45
7.75

x 10^-2
x r0^-2
x 10^-3
x l0^-3
x 10^-4

70
80
90

100

10^4
10^5
10^ 5
10-7

2449.O
7 7 46.O

24493.O
77460.O

10^-10
10^-11
10^-I2
10^-13

2.45 X

7.75 X
2.45 X
7.75 X

l0^-4
10^-5
10^-5
10^-5

0.1
r.0

10.0
10^2
10^3

ba



-u
-6'
-6
-6?
-68
-69
-?o
-?L
-?2
-?,
-?1
-?,
-?6
-7t
-78
-?9
-80
-81
-82
-8t
-81
-8'
-86
-87
-88
-89
-90

;;
25
21
23
22
2L
20
19
18
L?
16
L'
Ll
L1
L2
l1
10
9
8
?
6
,
1
3
2

-36
-,?
-18
-19
-40
-41
-42
-17
-44
-15
-16
-47
-tlo
-49
-50
.,L
-12
-13
-r4
-5'
-16
-r7
-r8
-19
-@_
-5r
-62
-63

,4
53
,2
,L
,o
19
48
1?
t6
15
41
43
tc
4I
40
39
38
3?
36
,5
31
,3
32
3L
3o.
29
28
n

-8
-9

-10
-1r
-t2
-L3
-L4
-L'
-16
-L?
-18
-19
-20
-2L
-22
-23
-24
-2'
-26
-n
-28
-29
-30
-rr
-32
-3)
-34
-3'

82
81
80
79
?8
7?
76
?,
?1
77
72
?L
?o
69
68
6?
6
6'
61
67
62
5I
@
,9
.r8
5?
,6
,5

+8
+?
+5
+5
+4
+,
+2
+1

0
-1
-2
-3
.-4
-5
-6
-?

dlm

Lt0
109
108
107
106
10,
r04
1.0,
102
101
100
I
98
c?
%
%
94
93
I
91
90
89
88
87
86
8'
84
83

+N
+19
+18
+17
+16
+L5
+14
+L'
+L2
+11
+10

+9

I
0
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SECTION V
ADJUSTMENTS

6.1. INTRODUCTION
seoti@ de8crlbeg tnents rnd checlG used to retutm the lnstnuent to lts

speal ?lcatlouE after repai ra haue b€en nade.

lloroally, adjust[eDts leed to be nade only lf the boerd that the adJustrelrt lr m has
red.3I.

See peragraph 1-10, necmended Test Equlpoe[rt, ln Chapter I for a llst of equipElrt
used to properly servlce ine 1915A.
fable 5-1 glves a sruuary of the 494rA 6dJust!€ots.

See Flgure 5-1 for ldJwtnc[t loaatldrs.

6-2. NSIDERATIONS

TO TTE II{STRI'I,IEIT,
AI{D PBOT&TIVE COVBS REOVE). SI'CE I.IAIilTEIArcE SNOUU) BE
iTIT.IITIlifTiT? Il-lO A-ilal

OF TBE
slocl().

FOR EXAI,IPIT, FIBE AI{D EI.BIRICAL

aPPLr@, 1fi8 PoflB SHOULD BE REOVE).

READ llIE SAFEff SUUI,IARY Af 1f,8 mONt OF Tf,IS IIAIIUAL BEFTORE l{ArIIc AIIY

:lt

trTl]tIIT.YTd

:i :l

5-L



@

@

@

1

R37
+VI ATUUST

R59
-V5 ADJUST

R56
+V4 AD.,UST

Rl2
FREOUENCY

ADJUST
(SET AT FACTORY}

R32
BPF4

1990 HZ DETECT BPFI
R22

8PF3
Rl2

BPF2

o25 HZ

\ Rl32R131 /
PAR 2 ADJ

N95 Hz ADJ. 1010 Hz ADJ.

R54 LEVEL ACCURACY

R2R
COIL CURRENT

Rl33 F134

IMD GAIN

Rl07
ALT CHANNEL GAIN RloS

OUTPUT LEVEL

Ar9

R30
FOCUS

@

@

@

@

R43
INTENSITY

R20
HORIZONTAL SIZE

@
R27

HORIZONTAL POSITIONR69
LINEARIW

R70
VERTICAL SIZE R48

VERTICAL POSITION

l
@@

I

R2 TRANSMIT HOLD COIL CURR

F106
IMD FLATNESS

R28 PHASE HIT BALANCE

R103
Ht-o1

R203
AGC AOJ

R102 

-
Ht.()2

@

z

@

@t

ld

@

A18

417

At5

A14

At3

A12

A11

A10

A9

A8

A7

A6

A5

A4

A3

A2

A1

Table ,-1. AdJustnent Snmrary

Porer Supply A.UustmDtE

&ese adJustnents are m both the 65908A and 55909A porer supplles.

MI u29

Rl2

R1?

\tP.86 Wz

+rV +-I0 rV

N/A

+IrV +-lO0 mV

-IrV +-I00 mV

L42.86 riKz

+rv +-10 nv

+l8v

+12V +-100 nV

-12V +-100 mV

12

+vl

-15

fretrlttcr AdJustHt!

AdJ[stmt

R'6

R59

ilLD foe alrR106

IILD Galn
(level )

Alternate Chennel AIrB10?
( Level )

Eold Coll 41882

Al5B108frensDltter
I€veI

SEDe voltage for 86O f,z
and f380 Hz at U606 pln 16

Sere voltage at U103 ptn 12
and U606 ptn 16

4.85 V rns +-.5 nv

23 ma +-,1 na

Set voltage betereen tlp and
rlng to 1.2)8 V tros at 900 ohns

Figure 5-1. Adjuetment Locationa

,-2

FRONT



Hz
Hz
Az

r010
LO25
995

Ftl

Becelver ldtustmts

ArlJustrent

1010 Ez l{otch

P/lR Ptrter

US ED El-Q Pllter3

US DD A@

Phase Elt Balance

llLD 1990 Ba

NI.D 

'20 
HZ

Fllter

Spealflaatlons

Input and Al TPI
satre level (3,16 1 trms at 600 ohm )

TP IIOTCE2
TP IOTCE3
TP I{OTCEI

adJust for 0 deEtees phase l2Rlrl
adJwt lor 0
adJust for 0

a2Rt31

xN2

xn35

49R28

A'89

adJust for 0 degrees
phase
phese

r,Irifl

2-l{lr€ Return I68s AI7R98

Beal llne Clock ,J2rrl

TP3 reacls 2.19 V mB +50 DV

501 rluty cycle at TP2

1990 Ez +-l Hz et Il?01 pin 5

90 degrees phase at 562 Hz
90 degrees phase at 492 Ht
90 degrees phase at 555 Hz
0 degrees pbase at 480 Ez

24 ua +.1 la

mL reedtng of 0.0 dB

rrlthln I.0O001 seaods

A3RlO
A3tl2
43n22
43t32

5-3



EN

Foaus

Intaslty

Horirotel
Slze

gorizontrl
Posltlor

Vertlcal
Slze

Vertlcal
Posltlqr

Linearlty

Ioke

AT9RI4

AT9R'2

419R9

AI9R6'

AI9R46

ar9R64

Yote

t

best focus

5@ c/@, full raater, no

16.1 cn +-.2 cE

faceplate

centered

I1 an +- .2 an

level dlsplay

Tq aad bottoo characters are equal size

5-1



iI

Lefle! 49414'! have access boles ln the po[er supply sheet Detal that allon the
adJurtil€Dts to be trade fllth Just the top end botto coverr reooved. O! the ear
ller irstrucnt!, tbese accers holc3 are lot preseDt and the left slde power
supply (A29 end A21) mrst be swung out to aocers the rdJustrcntr.

If the left slde supply [ust be rwurg out, r€fer to the po]rer rupply r€[oval pro-
cedurer h Seatlo 6.

IJIEAL VOLTAGES AN8 PNESBT ON TEE A2O EOfiD ETEI I{BET TflE
FON{ER S{IICE IS OFF.

I.EIBAL VOLTAGES ANE PRESilT O[ TBE POHB SNPLY EOMDS AIID
OII THB A19 DISPIAY DRIVB 8OlnD NHBI AC POIIB IS OII.

USB A IIOII-COIIDUCTIVE ADJUS$iEIT TOOL
IEE FOflB SI'PPLY IDIUSDIESIS.

6-4. ftequency A{iuetm€nt

tte frequetrcy adJuEtme[t ls a factory edrustrclrt and Dot noroally ddre ln t'xre fleld.
If you have questlqls abort thls adJustment, call t'he faatory gervice englneer.

6-6. +Vl A4iustment (+6 volt)

The +, volt supp1y [ust be adJ$ted before the other EuplleE ar€ adJusted. Orere are
tro +, vol

&rlng out
ldJust

tages, oe oo 428 and qre qr 429,

tne 65909 rupply (A29 and A21, dr left slde) +, llsf,

r,Fit

l.

2.

cLtl

l.
2.

Coreat a DVll to AlO fPl (+rV) and AfO TP2 (GllD).

t

Arfnst Vl o A29 (n3?) for +, volts +-.01 volts.

t
Coorect r D[}] to A6 TP8 (+rV) and A6 TP? (OlD).

Ure a 1@g adJurtnent tool to reach tlre A28 Vl adJurt[eDt froD the top of tlre
191rA. ldrust Vl o 428 (Rl?) for +, volts +-.01 vo1t3.

TXTT.TIIITd

:i :l
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6-6. +V2 A{iuetment (+18 Vott)

+V2 ls +18 volta on tne 6!909 suply.

t. &riug out the 65909 ruppry (A29 aDd A2l, o lcft rlde).

3 . OrecX for +I8 volts @ A21. fhe voltage c6es fro t[e 65909 supply ar
unr€Sulated +19 volt!.

6-7. +Y4A{iuatmeiht

V4 lr +12 volts qr t,lle 65909 lupply and +1, volts o tDe 65908 rupply.

$,ful8 qrt the 61909 supply (A29.nd A2t, qr lcft rlde).

2. Conect a D$l to the r€d rlre o A2t (+18V) aDd gtontrd.

I+12 Volt

-I2 VoIt

2. C@reat 8 DVll to Al9 Jl pin , (+12V) ard grdrrd.

3. AdJult V1 q A29 (856) for +12 volts +-.1.volts.

uat

I. Do the +, volt llSY arlJustnelrt flrlt.

I. Do the +, volt CIJ adJustDetrt flrrt.
2. Conect a DVl,l to a6 IP' (+lrv) and 8lflDd.

3. Ilre a log adrustlent tool to reeah the A28 V4 adJustneot
4965t (betweeo the A14 aDd A1, board gut<les). ldJurt V4 o A28 (8!6)
for +1, volts +-.1 volts.

of

6-8. -VE Adtuatment

V, ls -LZ volt! @ tne 65909 lupply rtrd -1, volts o the 61908 supply

&{ltu flt the 65909 snpply (A29 ed Aill, o left slde).

t
1. Do the +, volt llSY adJustrc[t flrst.
2. C@ncat a DVl,l to A19 Jl pla 1 (-12V) 6nd grotrlrd.

3. ltuust 15 a A?f) (Br9) for -12 volts +-.1 volts.
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-1, volt Adjust

1. Do the +, volt CIJ adjustnent first.
2. Connect a Dvll to A6 TP4 (-IrV) and Erornd.

,. Use a long adJustment tool to rcach the A28 V, adJustnent frou the top
ot r,he 1915A (betereen the A9 and A10 boatd guldes). ldJust V5 or A28
(R59) for -1, volts +-.1 volt8.

6-9. Using the Power Supply Test Fixture
If yon are uslng the porrer supply test flxture (01915-62@81 to adJust tfie supply
voltsges, set the supply voltager to the spectfled levefs ltd algebraiaaUy add the
offret volta8es listed belq.

Eor vt (+rv), set the voltage 2, ;v htgh.

For V4 (+I2V end +lrv), set the voltage 100 nV blgb.

For V5 (-12V), set the voltage ,0 nV bigh.

For V5 (-15V), set the voltege 100 nV lqr.

6-10. TRANSMITTER AD.IUSTMEITITS

6-11. Level Accuracy

Recelver: Level/Freq
TranaEitter: 1004 Hz, 0.0 dBn, 600 ohms

Note: UBe only 0.12 reststors or better. Refer to paragraPh 4-3 for
reconnended reslstor parE numbers.

l. Connect the 500 ohm, 0.lZ load.

2. Connect a DVU (HP 3455A) ro rhe rransnlrrer ourpur.
Adjust the XllT Level accuracy (A15Rf08) f.ot 0.7746 Vrns +-.002 V.

3. Change the trananitte: lnpedance to 900 ohms and verlfy the output level
ro be 0.9554 Vrms +-.004 v.

4. Change the transnitter lnpedance to 1200 ohns and verify the output level
ro be 1.098 vrms +.-.005 v.

5. Change the transEttter lopedance to 135 ohms and verify the output level
ro be .3550 vrms F.002 v.
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6-12. NLD Tone Balance and Level (Primary Method)

Beceiver: Internodulation Distortion
Transmitter: O dBn, 600 otrns

I Coruect the transnltter output to ttre recelver lnput.

2. Por NLD balance, seleat and rur dlagnostlc mode 52.

3. AdJust the tU.D Balance (A1rR106) 3o that tt.e 1915A display reads 0.0 dB
+-.I dB. Fallures and levels of .5 dB or greater are shour ln lnverse
video.

4. Cqnrect e true rns neter (HP 31O3C) 1o tDe transmitter output. AdJust the
llLD Gain (AlrRfor) uDtil level ls O.??5 V tms. Use the sloo response tlne.
llote: Other T-rns converslon neters can give differetrt re6dlng8.

6-18. NLD Balance (Alternate Method)

Use t'hls Detbod for troubl$bootirgi or perfomarce veriflcation.
Becelver: Intetoodulation Dlstortlon
Transrltter: 0 dBm, 600 ofrms

I. Connect a speatrun analyzer to the trrnsmitter output. lnalyzer mrst have
"Fast Fourier Tranaform'r (FFT) rrttfi O.O2 Hz resolution.

FolloHing is tJre setup for the IIP 3r82A aralyzer.

Trlg l€vel -

Marker -----
lilode Set ---
Corpltng

On
Center
ac
Free rutr,
repetitlve
AmDlitude A

Freq. Span -----
Input llode -----
Chan A Seme ---
Saa1e ----------
Palsband sbape -
Anputude Ref --

25 Hz
A
+10 dBv
10 dB/dtv
flat top
llorr[el

2. Set t'he ceDter frequency at either 86O Hz or 1380 Ez.

Press BEL and thetr SEf, nEF after tlre anrker ls or ttre pealt.
otJrer peal6.

Chea* the

3, AdJust the llLD Balsnce (A158106) ro that all four Il{D t6es have ldentlcal
levels (rltbln .I dBn offset).

IIFTET The adJustoent lnterface between the four pea*3 and it uay requirc
several r€ference sets to adJust.

5-14. Alternate Channel Level (himary Method)

Bun dlagnostlc self-check mode 18 (checIlng 1104 Ez at -20 dBo mlxed oitJr 1004
Hz).

I. Cdtnect the DW $P 315rA rrltlr mlth functlon) to Al51P2,

2. Rrm node 18 patn 1 (1004 Hz slDgle tme).
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+9114 - SECTTOT V

3. Store y aDd press I Error. lhe Dlrll Bhorrld read 0.00 V ms +- ,005 V.

4. Bur node 18 patn 7.

5. A<tJust the Altemate Chaonel level (Al5RlO?l tot .t851 +-.0O, *. (Tbls
reeding ls adJurted for tJre uideband aharaateristlas of tbe EP 31r5L)

6-15. Alternate Channel Level (Alternate Method)

Use thla [et'[od for troubl$hootlng or perfomrnae veriflcatlon.

l. Bur rode 18 path 7.

2, Codnect a rp€ctrur analyzer (BPrr82A) to A1!TP2.

,. Loe at the 1004 gz ard the uo4 Ez siglals. The frequeDoy dlfference should
be 100 Hz and the 1104 Bz slgDal should be 20 dB less thln tbe 1004 Bz
aiglal.

6-16. Hold Coil Current For Tlansmitter and Receiver

Dial/Hold Setup: fransnlt and recelve hold @
Transnltter: 1004 f,z, 0 dBr
neaelver: Ievel/heq

l. Conect a 12 vda +-.2v pofler supply, a 147 oh! (L1, L/U) reslstor ln serles
wlth tlre translltter temlnals (Ieft) an<l thelr t,be receluer teroinals
(rtght). C@Deat t'he DW acrosr lthe reslstor.

llotc: Do ns, leverSe $ff I/RCV-tcm-lnials-durltu-thl3-test

2. Cbea* for 24 nA +- 0.1 rA ().5) volt, drop laro3s reslstor) o botb tJre botb
tbe trsrsnltter aDd. recelver ternlnals. For the transDltter, adJust At8R2
For the recelver, adJust Al82

3. Lop 1004 Hz frm the transrltter to tlre reaelver at -40 dBm and aheax for
aDy dl8tortldr (nme alloned). The arylitude of tlre slneuave ls r€duced,
but lt should renaln slnueoldal irhile naintainlng the 24 nA hold aurrelrt.

If tbe aurr€ots chdrge, repair tbe holdlng current regulatlqr clrcults on A1
or AI8 to achleve a good holdlDg balanoe.

These holditu airoult adJustoents are deslgned for the speaifiaatlon and a
lesponse to a holdlng source fro approxlnately 12.5 tlda dd[ to 8., Vdc r{ith
Ilnear output current.

I

5-9

,t



6.17. RECEIVER ADAIUSTMENTS

5-18. Level Accuracy

Beceiver: Level/Freq, 600 oturs
Transnltter! LOO4. Hz, +I3.0 dBn, 600 ohns

Put tfie AI board on an extender. toop the transmltter output to the
recelver lnput. Alternately monitor the rceiver input level and the
level at AITP, (SIGIIAL ) $ith a DW. AdJust AlR54 ( Input Ievel AdJust)
for identical readings (approxinately 3.460 V rms). This adJusts out
6ny losses frm A58 and A1.

6-19. 1O1O Hz Notch Filter
Recelver: Level/Freq, 600 ohns
Transnitter: +I3 dBm, 600 ohns

Put the A2 boatt dr an extender board.
receiver input.

Ioop the transnltter oNrput to

2, lilove the four-positlon shunt on A2 (JU2, I0I0 Hz notch) to the left.
Mdrltor the test points shor|n below at the fr€quenc les listed. Set the
appropriate adJustment for a nuII indication qr the oscilloscope.

fest Point Tmt Freq AdJust

t

5-20. P/AR Filter

Set up the 4945A as follows:

Recelver: P/AR, 0 dBm, 500 ohm

Note: Refer to the 4192A Impedance Analyzer manual (Paragraph 3-34)
for reference lnformatton on the phase/galn neagurenent.

l. 9et up Ehe 4192A IEpedance Analyzer as follows:

0.5 volts output voltage
F requency - 1300 Hz
Output Impedance - 50 ohns
Averaglng - ON (srritch OPF and
Use the Htgh Current 0utputs
Use I to l leads to the Channel

0N)

Reference lnputs

then bac k

A and B

2I

3

Connec r the 419 2A Ht gh
input. overranglng can
lnput should not cause

Current output Eo the 4945A recelver
be expecEed on the 4945A, but 0.5 volts
any inEernal galn.

A2
1s

Connec! channels A and B of the 41924 to
roecer 1s callbrated and that the readlng
0.01 degrees phase .

TPI.
l.ess

verlfy that the
than or equal to

TP Notah I
TP ilotch 2
IP Iotoh 3

995 Hz
1010 Hz
LO25 gz

A2AL?3
A2eL31
A2RL35

4. Connecc channel A to A2 TPl. Conoect channel B to A2 TP2.

5. Adjust A2R132 (PAR1) for 0.0 degrees.

6. Move channel B to A2 TP3 and adJust A2Rl31 (PAR2) for 0.0 degrees.
Thls adju6rnent ellnlnates any phase dlfference between PARl and
PAR3.

Check the phase difference beEween A2 TP PAR and
the 4192A. The phase should be 0.0 degrees +-.1
phase ls not correct, re pea t the adJustment.

A2 TP NVIGT wi th
degree. If the

Each fllter wlll. have approxlnately 0
0.2 dB accross both.

1 dB galn and approxtmately

The 4192A Analyzer has Phase versus Gain measurement capablllty h,ith
accuracy of (- 0.01 degrees rrhlch is required for the P/AR ftlter
ad justnent.

3. Put tfie JU2 test shunt back to lts origlnal posltlon.

7
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6-21. US EDD Hi-Q I'iltere , Hr mduratlor)

Recelver: m
?raasnltter: LOOi Ez, 0 dBn, 600 obng

I. hrt tlre A7 boad m an extelrder. On A7, uove Jurycr lll? $3 L/) Bz CLLI to
the left end rove Junper aIUI (8J Ll3 f,z BPF)to the left.

2. tllr adrultoelrt u!e! an EP lr?rl Phare/Galn uetcr. Flrst o@nect aheDrel A
to the lldd1e ptn oi JU3 and aotrect ahaanel B to tbe left pln of JU3.
ph!!e rhould be 0.0 <legrees +-.1. Thir ahecls tlre neter callbratl@.

2. Coneat Chan rel A of the phase galn treter to the olddle pln of JU3. Cdlrect
Chennel B to TPI.

,. ldrust A7RI0, (III-Q I) for 0.0 degrees +-.1.

4. llove Channcl A to TP2 and rdJult AruO2 (EI-Q 2) for 0.O degrees +-.I.

l. Move Chame1 B to the llddle pin of JU, to verlfy t'hat tlre fllter rcadr 0.0
degrc€! +-.1.

llota: G,o baaf, and c@etrsate aaah adJusto€lrt to get the 0.0 degrce Derult.

6. Return ttre Juryera to tlrelr orlglnal pocitlo!.

6.22. US EDD AGC

Recelver: Ervelope Delay llode
Iraasuitter: 1804 Bz, 0 dB!, 600

,. Change t'he traDsnlt level to -13 dBo and verlfy that TP2 stlll reads 2.19
Vr r + 50 nV. Tlren go bacI to 0 dDo aDd agalD verlfy the fP2 lcvel.

1. loop the traBDltter outFrt to txre reaelver lnput.

2. Nqrltor A? TP2 rrlth a DOI and adJust 478203 (ACC Gatn) for 2.19 Vt ! +- ,0 !V.
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6-28. Phaee Hit Balance

Rlm llode 21, Patlr I
1. Cdrlect osclllosaope to A9 TP2.

2. Coarse adJustment: AdJust A9R28 (Plrase.Eit Balance) for a ,0, duty
cycle square $ave.

3. Flne adJustneut: AdJust A9R28 untll llode 2I Path I dlsplays a ze!o.

4. Moce 21 patfis 2 an/! 3 should resd 8 or 9.

6-24. NLD 1990 Hz Detector

1. llonltor tlre square flave at, A3 TPl rrlt'h a frequenay aounter.

2. ArlJust ArB9 (1990 llz adJust) for 1990 llr +- I f,z.

6-26. NLD 62OHz Bandpass Filter
Eecelvcr: Icvel/Fbeq, 600 oDos
franlDltter: 600 oDtns

1. Lop tlre tratrsnltter outfnrt to the reaelver lDput.

2. lilonltor the A, test poiDts llsted belon nith at W3575A Phur/CalD treter.
Be sure to set tlre transnitter frequelray and level. ldJust tDe approprlatc
adJustnent es necessary.

t
Channel A Channel B FIeq level t For

TP2

TP'

TPl
TP'

TP?

TP1

TP'

562 Ez

192 Bz

555 llz

18O Hz

-I0 dBtr

0 dBo

-10 dBr

-10 d8r

rP6

A'RTO (BPFT)

arn12 (BPF2)

arR22 (BPF,)

arnr2 (BPF4)

can loo* at tJre fllter lhEpe by rxlag aa gP3585A Speatru Anslyser
tlresetup desarlbed belor.

I. Set up t,be 3585A to vleo frequenays frm 200 Er to 80O E .

2. C@lreat t,i.e 1915A transDltter outfut to the hlgh lnpedance input @ tLe
3r8r[.

,. C@leat fie 3585A'a traakltrg geDeretor ortput to t e 191rA recelver
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4. Cdneot the rlgDal probe to A3 IPl and vler tlrc fllter relpore curve dr thc
3585A. tne ideal fllter rhape ls lbm belotr. tbe aatual lrequenoy polntr
lay +-2 f,Z.

524
480 ErB

3dB 3dB

80 HZ wlDE

6-26. Two Wire Return Logs

folt Seleat: BL, Tro lllre, 900 dD
fr.lsnltter: 1@0 Ez, -2.0 d8, 900 obr
Becclvcr: 900 oDl

l. Put tDe 11? boatd dr an exteDder.

2. Corect an BP34O3C fnre ras voltreter to A41P!. Ure A6fP7 for tlre grourd

llote: Other f-BllSl coverslo reten can glv€ dllfer€nt readlngr.

3. lrlJust Al7'898 for O.'?rA 1 tru at A4TP5.
0.0 dE to -0.1 d8.

6-27. Real fime Clock Oecillator

tnc EP4945A sbq[d be

1. SGt tert srltah 5406 6 Al1 to thc foUorrlng porltlm.

123

s406

2. Set up tbe fr€quency counter (UPgrlrl a8 follo$r:

Channel A, perlod [easure0eDt
naxlmn sensltlvlty

AC tri8ger
Use 10O f,f,z fllter
Att€ouatlqr - XI

fhe cqrnter'a ?-dtgtt per recod re3olutlor featurc ls needed ln thlr

:r

o
o oa
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3. Cfineat {rlre cqrnter to A12 TP103-8, labelled I Ez.

4. De reaalng lbould bc 1.0000000 8ecood8, +-.0000199 seaods lrUust.
ldrurt Atz lf

6.28. DISPLAY ADJUSTMENTS
Flrst see that tlre porer rr4plles are witlrln rp€clflcatlos.
+12V arrd -lzv $lU affea
Porer Srpply ldrult!€Dt!

Ihe values o? +rllSY,

l,lagaetlc field! tro solderlDs lros, tranrforoem, ln3tru€lrtr and other sucb devlceg
ray oause dtrpl.y dlltortl Reoovlng ticsc electroag[etla flelds ahould elhlnate

t the CRf adrustoelrtr. &[urt tfie supplles 1l nece$ary (See

).

EoRIZ SIZB (A19 n20) and vBT sIzB (Al9 86r) !o
pattero ls vlllbla.

unnarted dlltortlo!. If tblg lr a nen CRTAole alrcobly, be lure to do tbe Dhol![or
before aotlnutng (S€€ GBf Installatlo ln Chapter 6).

fhe Cm adJustneot! sborrld be Dade lD tbe oder glv€n belon.

1. tum t re llltr.tlrcot @, aDd seleat the TESI PATIERII softkey ln the
CIIBMIE/SE F-CEffi neou. Diaplay tbe pattenr that has the E charactera la
the lnverge sldeo fl€ld.

3. Ihe alaplayea vldeo botder lhflld be lcve1 €rd parallel rltb the dltplay
bezel. If [ot, perfom tbe Yo[e ldJurtDent belo]r.

4. ArtJust tbe LIIBIBIIY (A69 n19) a@trol !o the top aDd bott6 vldeo soltXcy
cbaracters rle the sane slze.

,. ldJust tDe vBT SIZE (Ar9 86r) ar(l vBr Fos;ITIoll (A19 n48) ro the vldeo
border k Just rltfiln the top lDd bottd edges of the dlrplay beseI.
Also aheal to 3€e that tue vlde softfeyr
roft*eys $hen vleoinS tbe dlsplay.

aligDed wltb the frqrt p€nel

6. ArtJust the EORZ SIZE (At9 R20) and HORZ FOSIIIOI (419 n2?) so the vld€o
bor{er l! Jnst withh tbc left anrl rl6bt edges of the dllplay bezel.

2. If ueaessary, adrust the
tbe eotlre vldeo dls

c aoated slde out, aDd snap the bezel baaf, ln

?. Ustrlg a plrotoeter, ldrust the bnlghtness 6s follot E:

A. Renove tlre dlsptay bezel by releeslng the latahes @ the underslde of
the bezel.

B. CarefuUy r€oove tlre 8lass cc[rtrast faceplate, and tXrororl8hly clerl
both sldes of thc faa€p1atc and tlre CRT face wltb E llld glas! clerDer
lDd a Unt-free aloth.

plaae by flrst boo&lng ttre top latches theo tlre bott@ latah$.
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D. ldrurt tbe II{TEISITY (A19 Mr) for tbe deslr€d lntenslty OB use s
photooeter ald set the lrtenslty for a lullnrIce of @ +/-2 Candela
per lquarte netre (1?.5 +/-0.6 Poot-lanbert).

llotc: tte pnotoeter nethod sbould be d6e $han thcrc ls rore than
tro 4945A'S together ln a !y!t€r.

8. MJust the FOCUS (AI9 Rr0) 80 that thc dot! la thc vldeo arc !bat? and
cleai (ninirun dot slze) .

6-29. Yoke-Adjustment

IJf,f,AL VOLTAGEST EXIST ON nlB FO}IER g'PPLIETI AIID IX IBE ANEA TNOUD IHE CBT.
USE EXTRE{E CAUTIOTI }IBEI SBVICIrc. ILL A.'USflE{TS SHOI'D BE PBFOR}IE) OI{LY BY

1. Set tbe 1915L pt* lnltah to oofftr ard reoove tbe ac pdrer cord.

2. Srlilg out the pd{rr luply @ tbe left llde of tlre lnstruelrt to eccess
tfie CBT yoxe.

3. Ioosen the yole olary.

4. Couect tlre pqrer aord and lct the poler rrrltah to o.
5. Dtspray t'he test pattem (fro the Callbrate/Self felt !eou).

6. notate the yo*e untll the alrpiay itGrei;
?. lla*e sure tlrc yolre l,s posltloed for.r'ard agal,a3t tlre CBT bell and rc-

ttgbteo the yole alarp.

ir,rrlTll'lr;l

:r
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tbrougbout, the ranual. Iable 6-2 llsts all r€plaaeable parts lD referetrcc derl8nator

SECTI
EPLACEABLE PARTS

6-1. INTRODUCTION
Thl! seatl@ aotalns lnfomatlm lor orderlng palts eDd e3seobly r€oorral
Table 6-I llsts referelrae deslg[ators and abbrevlatlons used la the parts llat
order. 6-3 glver the Denes and addresser that aorrespond to the [aDufacturer's

tle flgures ln thlr chapter are uscd to id€Dtlfy tJre rechallcal ard
hatdrale part you ned. Cop@€nt locators ln Sectlon 8 aan be used to id€|rtlfy a
part ql a EC boatd. After ldeotlfytng the part h dre of the flgurer, looX up tbe
referetrce deslg[ator in tbe parts llst for or{erlng lnfomatlor.

8.2. EXCHANGEASSEMBLIES
tte 65908A (A28) and tne 5r909A (A29) poscr ruppllcs are dr trlre 81ue Strlpe E rcharge
progfan. Ihe exahange nuDbers

6r9o8-6fi20 ?or the 65908A

65909-6W2O for the 65909A ruply

6-3. ABBREVIATIONS
Table 6-I ll3ts tlre reference deElgtrators and Ebbreviatlos used ln tbe parts ll!t,

rah€natlas and tnrouEborrt tbe Danual. Tbe abbrevlatlos ln the partu llst are
alrrays aapltal letterr. Io other parts of the nanuel abbrevlatloo8 ray be uled rrlth
botlr lowcr rDd upper aase letter..

6-4. G UIAIT'N
fo otter I part @ the Daterlal lists, quote the UeflIett-PacIard part Durber,
the quantlty desired, and address the ot{er to tbe learest Eedett-Paakard Saler/
Servlce Offloe.

To order a part not dr the Deterlal lists, lnclude tlre lnstnuent nodel nunbe!,. lD-
stluDent serlal nurber, a descriptlqr of tbe part ( inafudtng its frDcti@), aDd the
Dunber of parts requlred. Addres8 tlre order to the neerest Eeolett-Paal(at{ Saler/
Servlce Offlce.

l
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SIlFfIIill
l{ltbln the USA, Ed{ett-Pactatd aao supply part! tnrdgh I dlreat lall otder syst€!.
tdvartages of urlng tbl,s rysteo are:

e. Dlrect or{erlng arrd shtfeot frotr the Benlett-Paclatd Parts
Ceoter ln l,tanntaln Vleor, Callfomla.

b. llo uaxlmu or llnhun o any lall or{er (there lc a linlml[
ot{er a[dnrt for per"ls otderd tntoush a local f,cfllett-PaaIatd
offlae rrheD thc o[ders requlre btIItDg and lnvolclng).

Prupald traEport.tl@ (there lr a lnall h.Ddltng aDarge for aaah ot{er).

d.

fo provldc tbese advantager, a checl or !o[ey os.6er mlt lccorpany each o[der.
u€Dt mrst lnalude benduns cbatie ard !
bushess ln all 50 rtates ald mlst aollect epprqrlate

l{all order fom! ard lpealfla orderlng lafor:ratlo avelleble thrilgh your loael
f,errlett-Pactard of f lae lddnesses ard DhoDe lulbera are llsted at the bacI of thir

l! llaeDsed to do
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. dnacr maftw accat!

IOAC ..l.6hco roa,

- .oill, cdrDr.d ]ogic

c tilo OOsr

rnt to ttoa,: nE!6trlt*

orib.rrnir:o.ducc

t mr r.co.nmitl.d ld

r oDr.rb^.| .iy'ili.r

- .anabm.acca$ narm.y

-.or.rYcolt !.6araror

rt ..d, |llnat t corarY

- .i^el. in.ta. ,ar.g.

. rmD.t lsr. coafficitlt

r t rbmrirr' talo.atdY

owL
ECr
c!A5
E(r
t

FXD
GE'{
GllO
G?
CBAT
oev
t{
HO
ltolo
llc
tgt
tlct
tloitz
lt?
t?nB

HA
HV
FZ
tm
tc
to
llt
tf,ct
tf,caf,o
tit
lrrlx
rian
r]{v
Jl T

f{fi
rc?ioc

xllftR
rac
T.D
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TA
TIAX
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'DtHo
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Bf,U
IT
tto
Itt
tBAr{a
IBIG
TBN
IBI{
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I[
U
tt
UXREG

vtc
VAB
too

J(r
T
I
LI
LC't{
rct
tEo
ro
u
1I
lIWR
ta

ia

Ltclt
ita

itu
oao
ocn
oo
ot aft
oac

?/o
tc
rc3
PO

PI
?t

r3r
PIP

POIY€
?OG
?of
tet
??
t?fl
tacll
PAEATP
,ao r
t|iL
Teoo
PSrr
fa

af,a
4.3
atfl
ICCT
ict
Rf
aSfli
eori
BT
iTE

tDc
vEnt

v8
w

w/o

rSra
zt{i
.c

Table 6-1. Reference Designatore ond Abbreuiations
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6.6. TORQUES FOR HARDWARE
Soe of l.hle 1915A sorefls aod nuts mrst be tlgbte[ed to
vent, drIlge to the fssteDer or Ure cbassl!. lere lg a
a rpeclflc totgu6r. Alro Defer to the totque Dots o
tle 10-32 screfls holdlng the bsDdle and the rlde rallt

speclfic totque values to pre-
Llst of the lt€os that r€qulrr
the part loaator drarll!8!.

shorld be ttghtened to 3, lnoh

lle fo[owlng ltcor rhould bc tlgbtcned to 2l lncb pcnnds:

o Sarews boldlng the top ard botto covena ard thelr fe€t.

o tte slx scr€trs tbrt hotd the frot paDel to th€ ahallis

o tte nuts that bold the 310 cdlnector! to tbc trot parel.

o tle scrcns thst hofd tlre catd cage supportr to the nlre frane.

o Any sare{ that uses tbe rrlre frane nut alarys. fhese are or wlre frue used to
hold several PC boatds orto the frare.

fte fouotrlng lte[s rhorLd be tl8ltelred to Il llah pourds.

o AU tlre scre$a o tlre rear panel i l/O cover,
hold A18 @to t,be rear palel.

Ar9 rld the screrB thatrl

o frot DaD€l btDdlDg post aottectors lnd the nut! thlt bold Ar8.

o l4r rcrer that use! a rheetoctal Dut.

cfit BE

BEOVE ITIY AC PONB MOM tIE 494'A BBSONE REOVIIIG IIW ISSIE{BLY OB PIBT

EIIIDIE flIB PT.AT, ffi r[E coI-
XECTONS PBOVIDE A I'CE FON fllE CTEIaSI AIID IBB CIBI,B B{DS

tI:iiilf ElIiIFgOLIIrgiiIt

iMN,IT.YE

CAUIION

:i ;t
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6.7. POWER SUPPLY REMOVAL
Eere are the procedures to re[ove any oe of tbe porer supply alseoblles aod to anlng
the asseoblles out for adJustneut.

669Ot-69O2O Supply ('16V) Removal

The 65908A Supp1y ls @ tlre botto oe ih,e 1915A, lo reoove thls asserbly r8e the fol-

l. Plaae t}i.e 191rA m ltr rear feet aod reoove trhe botto cover. nefer to
Ftgure 6-1.

2. Cut the tno cable tles tlrat bold the porrer srltah cable to tne 65908A
sheet netal (See Figure 6-I).

3, Beoove the four screfls nar*ed "A" ln Figure 6-1 tbat bold the 65908A as-
seDbly to the chassis.

4. Cerefully dlsaomeat the supply frm the 420 assenbly. Disconect the aable
thlt plws lnto A20 srd rerove the 65908A assenbly.

5. t$eo reinstalllng, r€meober to plug ln tlre aable to A20 and lnstall !er, oable
tles for tlre porrer srrltch cable.

A21 Removal

fhe 121 board ls dr the bott ol the 4945A. fo renove tbl! asEeDbly uae tbe follorr-
lng proccdune.

I Plsce the 1945L s lt8 rc.r feet and remove the botto cover. Befer to
6-1.

tlre flat rlbbo flex-asbles (JI and J2) fror the A21 boatd

R€ ove tlre flve screfla (B) shouu ln Flgure 6-1 to swing out t'he 65908A and the
A2I bort{.

4, Dlsadlneat the wlre8 fro A2l (See Flgure 6-2);

o Dlsadlneat tihe four wlre cable to A20.

o Discdrnect tlre tno wlre cable to the 65908A.

o Unsolder tbe two seDse llnes froIl A20 (whlteAroryn, rrhlte/blue).

o Unsolder the tuo sense llnes (orange and blec* nires).

o Unsolder tJre !.ed (+18V) wlre).

5. Reuove the last screw (C) holding A21 to the chassls and discqurect tlre board

2

3

the 61908A supply.
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DISCONNECT THIS CABLE

DISCONNECT THIS CABLE

BB

A_.-

A,B

REMOVE SCREWS MARKED B TO SWING OUT 659084 AND 421
REMOVE SCREWS MARKED C AND B TO REMOVE 421.
REMOVE SCREWS MARKED A TO REMOVE 659084.

Figure 6-1. GS\\BA and A2l Access Screws

A,B

6-6

i1,'

:i'

fjl



DISCONNECT 4 wlBE CABLE

OISCONNECT 2 wlRE CABLES

UNSOLDER THE SENSE UNES

Figure 6.2. A21 Cablce
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66900-69020 Supply ('12V) Removal

The 65909A Supply ls o the left slde of t,be 1915A. fo r€oove t'[l,s a3s€nb1y
use the foUorlng proaedure.

1. Set tbe 1915A a lts rear feet al(l reoove the top ard bottou covers.

2. Beoove the carry haldle aDd the llde rall.

3. Beaove the four scr€lrs lar&ed "A" i! Figure 6-, that hold t[e 659O9A asrenbly to
the chaslls.

4. Carefuuy dllooDeot the supply fro the A20 boad ald Derove the 65909A
supply

AilO Removal

Ihe A2O boatd lr o tbe left side of tfie 494rA. To r€rove thls arleobly use t[e fol-

3. Snltah the pdrer lrltab to tbe Otl posltl@. Carefully pry tlre llre srrltah exteo-
siqr rbaft fro tbc tlne ssltch. Use a screndrlver arr.l pty @fy @ tbe extenalo
lhaft to .vold d.naglng the llne swltah neahaDlsr.

2. nerove tbe c.tr!, handle aDd tbe slde rall.

4. Beoove the aable that adlneats to tbe A2O boatd fro l2I (Ptgure 6-r).

1. Set thc 4915A q lt.a

6. Discoraect the $lres fril A20 (See Flgure 6-4);

the top ald botto coveB

5. Benovc the four rorefls (B) shom ln Ftgure 6-3 and srrtlg ant the 61909A and tbe 120

o

o

o

o

thc for ulre fro 121.

to 419.IrDplug the four wlre cable

Unsolder the two senae lltres.

UDplrlg the two nire fan cable

o Unsolder the porer cable fro[ tbe porer srrltah.

?. Benove tbe re[61nlng sare0 (C) tbat holds tbe A20 board to the ahassls. Renove
the A20 board froo tne 65909A.

8. l$en relnstalllng, aheck the Dechanlaal operatior of the porrer swltah m A20.
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E

li-

REMOVE THE LINE SWTCH KEYCAP AND

SWTCH EXTENSION SHAFI

_ DISCONNECT THIS CABLE

c

lt

ll :l

A.B

rn

REMOVE SCREWS MARKEO B TO SWNG OUT 65909A ANO A2O.

REMOVE SCREWS MARKEO C ANO B TO REMOVE A2O.

REMOVE SCREWS MARKED A TO REMOVE 65909A.

Figure 6-3. 65909A and A ) Access Screws
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OISCONNECT CABLE FROM A21

Figure 6-4. An Cablec

OISCONNECT CAELE FROM A19

UNSOLDER
THE SENSE LINES

UNSOLOER

POWER CABLE

DISCONNECT FAN CAELE

t,'
-0;.'ffirp

L!)

tri
fur

rU

l
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CRT REMOVAL

VOLTAGET' BXI$ OII IBB

11: t:r:

b. SItp the cclendrlver tlp lDder th€ nrbber aep

B€oove the aaode lGad fro tbe CBl.

IBE CBT. IO AVOID EX.mIAICAL S8ocf,, USE flE FOLLTHITIG PBO-
gr,E{rN ilrllDfilfil, I llili-ifa

1.

2.

3.

6.

7.

8.

IBB CBT IIAY CEINCE I?SE.F MII.E DISCO[tlrcT@.

Set the porer rritah to OFF arxl dllaoneat tDe porer

Plaae the lDltnrelrt ?!cc dosn @ a table and reoove

!. CoDnect a Juper slrr befirccn the retal ltrap
luulated larerdrlver.

aor{.

the top botto coverr.

nroove ttrre flve rcrerrs (A) lhorla io Flgurc 6-1 rD.l Deoove 1rhe rlbbo aable fro the
l2I board ro that tne 65908A po$er lupply and t.he A2I boarrl ca[ be rrulg o{rt ot the
way (See Ftgure 6-2).

f!0 thc A19 boaxl

l. Dlscbarge the CRT.

4. Dlsadrect tne CBT cotrector fro the rear of the CBf eDd dlsc@reat the yo[e aabte

oo

of

erd retal rbeft o? an

rcrerdrlvcr tlp to the alode coorectl@ to disatr tte t,he CBf.

Rcoove tha folrr rcren! tbat hold the CBf to the frot pa[el.

CRfAoke assenbly tnlorr€t the botto of tbe lDrtrurcat.

6.9. .CRT INSTALLATION
fl a ncr. CRfAo&e .ss€obly ls to be lDstallcd, the CRI Dho3pDor urlt
paaf, the DbosDbor o a nen CDf.

1. mtn the top cover leoovrd lnd tbe t orer off, tura the display self-test lritah
(A19 gll) to thc TBSI polltlo.

flrst be
"paol€d". fhls rust be doe beforc flnal adJultne[ts ere n€de. Ure thls procedurc to

2. nuD tbe lDltnrrcDt @ ard see Urat the raster dlspleyed ls level and pareUel to
the dlsplay bezel. If Dot, adrust the yoBe as descrlbed l! CRf ldrll3t[ent!,
,.

3. AtUust the EOBIZoDlru SIZE (A19 n20) ard VBTICAL SIZB (A19 870) so tDat th€ eotlr€
CRf faae 1r lllled rlth the rsster.

4. &tJnst the IXIE{SIIA (Af9 M3) for naxlmn brigttness.

5. Ieave lDrtru€ot nunlag thls rny for 15 bours nlnlmu.

tTATIIrTd

:i Ii,

GU



6. Return dlsplay self-test swttch (At9 $lI) to BIrN polttt6.

7. ilaxe final dlplay adJustnents desoribed in CBT AruustreDts, Sectlo 5.

6.10. FRONT PANEL REMOVAL
Slx Bareos hold the frot panel to the lnstnrnelrt fr e. Pour of the scre$

the CBT cage area (Sbe Ftgure 6-r).

1. Swltcb the lnstnnent poier srritcb to off rDd rerove tbe lDstnmeot porer aot{.

2. Plaae t'he lnltrueot face dorrn on e table.nd rrerove the top, botto and and rlEbt
slde covers.

,. Sooe of the pa boardr ln tlre card cege mrst be reooved 30 you cro get a scrre$drlver
ln to rrlove fqrr of tlre scr€n r.

4. Dlsaonneat the aebles bet$eelr the notherboard etrd tihe frot panel.

5. Beoove 1rbe four screrys (A) shorm in Ftgure 6-, and snlng out the 61909 po$er suPry
aDd the A20 bo.rd to accera the other tro icrefla, 6. l{or, before you get ln a hurry,
you heve to reoove the CRT.

?. Ltft the lDstrur€lrt fr t'he froot panel.

8. nhen re-ar3eoblln8, be aure to coDect aU thr gfollld ltrap! .Dd the fr@t p.Del
a.blc.

lccessed tfirough Ure catd cage rld the other tero aDe lccessed thmlg:h
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6-11. FRONT PANEL 310 CONNECTOR PRECAUTION
Hhen replacing a 3lO
panel first to ensure
solder the eonnector.

eonnector on the front panel,
the proper front panel fit,
See Figure 6-6.

mount the connector to the front
then install the A58 boarrl and

,:,::

' , :::],, :,: , ,' , : ,', ,

i: 
"

:

:

Figure 6-6. J10 Connector Installation
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6-12. REAR PANEL COMPONENT ACCESS

aDd loudlp€ller are [dlrrted to Ure rtear DaDGl, r{hlab lr hcld to t.he lrsttrureot

Use thla proaedure to r€move the rear parel ad acces! the rear prnel aoopoentr.

frane by slx gcrefls. A18 ls a]'so held to tne I/O hdrslDg B, tnree acrerr.

1. $rltcb thc lDrtnroent porrer s$ltah off and raove tbc llltnlDcot pot,rr co!{.

2. n€love tIe bottd aover.

3. Place the lnstnueot o a table xith the rear palel faclag you, rlur t'trre rear plas-
tlc

1. t?

berel brDglng ovcr tlre edSe of t[e table.

replaalrg tbe fan, rc[ove the fan alr fllter lcreeo held by fqrr thrlb Duts ald

5. Berorc aay lnterfaaes or the I/O aover plate atrd tbe A59 rear panel coneat

6. Xeoovc thc 1rhree, 6-32 sarenc rrhiah hold A18 to the I/O holrlng. Beoovc the four
rear fcet eDd tro screirs at the upper aDd lorrer celrt€r of tbe rear palel.

7. Geot1y tlp qrt the top of the patel aDd frue, plvotlDg @ tbc botto.

8.

9.

Caretutty dlgcoacct the lpea&er rlrres fro tne Dotberboard (A22).

far &ray fro the lnstllr[€ot e! the aables nlll

10. SGparrt€ tbe

tle r.Ca! parcl a@oents ane [or, acccsclblc for reD1ac€oeat.

D be careftl rot to dalagr tie papcr couc ln ary r8y.

TIlucn rrplaolng the feD, be rurc to haue the lafety lare€o betweeo thc
tDg Be aure to thorou8[ly cle& tbe fa! flltcr scre€o
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6.13. REPLACEABLE PARTS LIST
Table 6-2 ls replaaeable parts al.phanruerically by referelrae deslgDator ord orlarlzed
as follotrs:

Blectrlaal ess€oblles.Fr

b. Chassls [ounted parts.

Inforoatlo for eaab part aosllts of:

a.

c. Blectrical lsserbll.s and thelr aopoelrt3.

b. f,e0lett-Paatard part Durber.

d. Total quantlty (OTy) ln lnltnrrcot (or .sse!bly). total quantlty 1r

c. Part nunber cheaX dtgtt (CD).

g. ll,anufacturer's part nuiber

glven only qrce at the flrst appearaDce of the part Durber lD tlre ll!t.

e. Desarlptlon of pert

f. fypiaal nanufacturer of part ln E flve-dlglt code
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Model 4945A Replaceable Parts

Table 6-2. 49454 Replnceable Parte (Cont'd.)

alc!
Alce
arcl
Alc!

alc7
arc0

elctt
atct2
atc13
atct4
arctS

irciT
atct0
atctl
at cea

Atcet
arce?
alczt
Arcza
Al c2i

Atc?6
AICe7
Alc?0
AICA

atc3l
erc3e
atclt
arc3a
arc15

arct6
il ct7
AlcSa
atclt

Atcaa
AtcaS

Atcal

atctr
Alcle

Arcra

ATCIS

alcat 0

atcn I I
at cat 2
alcnrl

arcRl6

atclro
AlCnt r,

atcr?0

AlcR?l
AICI??

^rcE23
atct2t
AlcIl0!
Ai!lsa
ArHS!

Ar(3!6

5I'ETE[
0t 6a-la,7t
o160-333e
0rat-t332
at0o-4371
0r6a-53t2

0to0-3264
0ta0-0 tto
at60-ate8
0140-e?t0
0t0a-e210

0ta0-24t0
0160-0t28
0l6a-012a
0t60-1290
at 6a-01et

0r60-0t?B
0r6t-e26'
0160-0290
0r6t-0r?0
0150-0t24

0t60-0!20
0160-1a96
0r6a-0tel
at5o-01?a
0180-2ala

at60-3?aa
0164-t9aa
ot60-al6B
0r60-4048
0r50-34t6

0t60-4t20
0t60-0t?0
0 t6a-01zo
0ta0-0153
0t6a-52t0

0r4,0-0reo
or6!-0t20
0t 60-ali!6
0ra0-0rao
0r 60-teto

0t00-l7aa'

016a-t2ta

0r6a-32t4

lr0r-00/ra
r 9at-00a0
tr0r-0044
t9at-00a0
lr0t-0oaa

r9al-00a0
r70e-a16t
rraa-096r

19Ct-00a0

rra2-0t6r
t9i2-0t6t
tr0r-07J4
t<ral-07u

ttar-071a
t90t-0oac
rrot-00a0
r?ar-0040
r?41-n0a0

r9(,20962
r9or oolo
rqor.d)co

t?03-001,
1?C!-00t r

04t0-133a
04?0..t334
04r0-r334

t
3
I
t
I

6
I
!
0
a

0
3
I
s
3

3
I
s
I
3

3
o
3
I
a

I

0

I
I
I
a
a

3
3
3
3
B

!
a

6

I
I
I
t
t

I

7
,
I

?
a
6
0

a
I
I
I
!

I
3
3

0
e
B
a

6
g

I

I
3

I

I
ls

o

i:

1

!

I

I

r?

I

iEcEtvEl rralut

ca?Actrot-FxD

CA'ACITlll.FXD
caP^ctt0a-FrD
CAPACIIIN-FXD

. a7uF {.-aot SavDc

.tuF .-zaz lt0vDc cEa

.rw +-20, 50vDc cEa
,ar,xrF+. tot 35vDc IA
. ruF .-201 touDc cEn

caPocIt0a-FxD
CAPACITOI-FXD
C'TACtIOR-F'(D
GAPACITON-fXD
catactron"FlD

05urrt6..tcz lEouDc al- xPoL
2.2UF +-aor 50VDC CEr
a.aF +-201 50vDc c€t
elFrta-lat lsovDc aL
luF+s4-la: lsovDc af

CA'ACITOT.FXD
caoactTot-fxD
CA?ACITOR-FXD
CAPACITOT-FXD

ar+sc-lat ts0vDc aL
l.?rf +-eal govDc cEr
?.auF +-202 50uDc cGR.ar|f +-acz roauDc cco
2,2UF +-eot SiVDC CER

catAcrtq-fxD
CA?'CTTl,t-FXD
CA'ACtTOT-FID
cA?acr n-FxD

2,arrF +-aoz 509Dc cEta
?aaF +-51 EoovDc cEt 0{-30.allf +-aal r00vDc cEt
2.2rrF +-elz 5crrDc cER
l.auf +-aat 50uDc cEn

caPActt0t-FxD
CAPACITOT-FXD
CAPACIlln-FXD
cAtiacttoa-fxD
caaactl(n-fx0

e.alF +-eat tovDc cEi
.olltF i-aot t00uDc cER
e.auf +-ea: t0oDc cEn
a.?uF +-eoz 30vDc cEi
?ur+li-toz ll0vDc aL

caPAcIloa-FxD lottF .-toz 200vDc PoLYE
caeacrtot-lxD lorrF .-t0z zoarrDc Polyc
EApACrrOe-l.xD . lF +-tou aoovDc Ptt-YG
caPAcIrot-FxD a70tf +-32 l0ovtc cER
CAPACITm-rXD .a rF .-?at raovDc cEI

caPActtm-Fxt)

catactt0t-FxI)

catacrT0a-Fxt)

?,aJF +-?at 50vDc cEt
a.?uf l-eat 50uDc cE8
2.?UF +-?0t 50VDC CCR
a?ui r-202 !!uDc tA
.01ut .-aot loovtlc cEt

ca?acItoR-F )
cAtAcrr0t-fxD
DA'ACIIOI-FID
GA'ACI TI'I -fXD
caaacrt0n"FlD

I. AUF
2.Zl|a
2.IUF
e. alr
.OTUF

+-202
+-202
+"?01
+-202
r-e0z

.lavDc cct
50vDc ctR
tovDc cEt
EovDc ctR
raovDc cct

cA?acrT0n-Fxt) r!tuF.-r 0z ?ovDc ta
tlrrf l"t0t ?ovDc rA
,ollra i-202 la0uDc rER
tstrfr.t0z ;llvDc rA
.oruf .-aoz loovDc cER

DtoDE-lirttclltrac
DI0Dti-s9rtcxlxG
Dt0Dq-srttclrx6
Dr0Df.asltcxtNG
DIOOE.SgTICIIIIG

30v 50tia
309 50[A
lov Eatta

eIs
?NS
a16
eNli
,t{s

DO-35
DO-3!r
Dt "35
m-3s
00-33

t,toDc.ssItcxtN6 3au 30 a ei$ 00-l!t
DIODE-Z n llv lZ l)O-3S FDr.aL IC.+,04?Z
|,I0DE-Z R r3V iz DO..35 tD..ac Tc.{..ooai
D!oDE-S9IICH!NG 30V 50 4 aars 00-13
DIoDE-SgrtCfitNG !0V 50rA ?NX DO-33

DIODE.Znt llv tU DO-ll PD.,aL IC.i,aolz
DI0Dt-ZNI r3V 3Z lx)-!s lDr,aL lc.r.0OeZ
DtnDG.tut R[cT lt(v tA
DIODE-PI{ IGCT II(9 IA
DroDt-Ptn nEct ltu tA

Dtot r.-P{R tEcl rrv ri
DtoDE .6ltltclllNG 30V 50iA
DroDtr- sgtrcHtNc 30u 50ltA
DIoDE-riUtTCnlNC 30V 30ttA
oloDE-stlrcltrNG 30v $ott^

?xa
exs
lx5
2N$

DO-33
DO-35
t,o-Jt
DO-35

Drllori-ZNl rl9 5Z D0-33 !O!,4U lclr,00IZ
DIoL[-zxn l3u 5: DO-35 ?ltr.as TC.r.0aiz
l,lOOC.Zti r5v 5t 00.15 aD..aw IC'i.Orl
Droot.swtoollc sv 2@M^ 2fis oo.3a
0r@E.5wI'ctorlc tov 2@r!A 2r{g Do.ls
DroDc.fs B*DG a009 la
[EAt :itN( t0-il/t0-lt-c!!
xGAr :itr to.s/ro-3t-c!i
tEr-AY 2C svnc..iotL llA ?3oVAC
TELAY aC SUDC-C[)n- ?A lioUAC
rcl.aY ?c Svtc-coll. ?a illtavAc
trLAY ?C SVDC-COIL ?ll zltl|VAC
tEtaY l.C SvDE-itttL ?a ?!t0vac

'OTE
aoaoa
!6a00
!aaao
s6!s?
2A4Ea

eoaa0
eoa00
?0'tB0
3r,20t
--tL23'

56?09
aaaoa
204o0
eoaB0
?aao0

?oag0
e$aoo
eo/la0
aoao0

"0a80
tBao0
t3ao0
aoaoo
a!ta8a
56aO'

aimril

ffi
!aao!
?Baa0

aoao0
taa00
?o400
?6aa0
20404

ilBa!0
ao40a
26aOa
eo40a
20440

56t09

562$?

aBao0
4fl400
enaa0
an40a
e3a80

m4a!
:!o400
?046n
?tta6o
?Grtoa

ziaa0
ao4n0
lroa00
?oatll

?o4tt0
?3ao0
?o400
tiao0

2aato
2!ato
2e.*,

ro{tt0

4o400

oroa!.aoool

01a.0-5615
0r60-933e
al&a-533e
l5aD6BaXta35A2
0160-t332

0ta0-3e64
llla,0-al?a
o16l-0taa
50D?0lft50DEa
30DA0lFr$Ere

3oD?0!FtSoDD?
0r6o-0le€
0r6a-0teo
0la,a-E?rB
0 r 6l-01e'c

0r6t-01?o
0t6a-2e65
0t6a-5210
nl6a-0teo
0t5l-0rao

ot6a-0leE
0t60-5erB
al6a-0lea
or6e-0t?a
3[DaasFtS0tr]2

art,a-3904

0r6a-ao00

al60-01?a
0r6a-0rua
or60-0rlo
0rc!-0533
0t4,0-5290

0 t,!a-a r 16
01.,0-at?6
0r40-at ea
0rr,o-at?0
0r4,0-3214

,t0Dt56x90aclr?
t5ot r56xt0?0na
0 r a,o.529E
r5lDrs6xto20[a

lt0t-0040
tr0t-a0a0

r?0r-4440
t90l-0040

190?-0?a,t
19ll?"0t6t

l?01-0r51
rt0?-0941
l?0r-073e
rt0r-073t
t20t-07:le

rt0r-473e
r?o r-00/t0
tt0t-!lla0

r9ia-!tl.r
ll@{062
r90r.ooao
raor.lto60

ra0l-0011
t 70t..00, I
0a.,,0-i354
0a90-t354

0at0- i354
0ar0-l:t54

See introduction to this section for oKlerin* informotion
*lndicates factory selectcd valuc
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Replaceable Parts Model 4945A

Tablc 6-2. 4%5A R.eplaceable Parts (Cont d.)

alqt
ateil
at it3
atga
AIQ5

atQ6
at q7
AIQO
AI Q'
AlQI'

atqtt
atot2
arelt
atota
al0l5

alll
alle
AtR3

Atnl

ara6
atnT
At it

atatl
AIRI?
arit3
arita
atttS

AIRTT
alnt6

arie!
AIRAI
arn?2
AtPE3
al iaa
AtP23

atte6
AIR27
ali?9
AIT2'
atnt0

arnSt
el R!2
ati33
AIRSll
att33

ATR36
ala37
at8$
41439

a1ta2
era43

att4t

altaS

atitl
AIIIl
at a!t?

^tn3tAtRI'

^r455
at n36
tlasT
art!6
ataSt

Number
c
D otv

ra51-1545

ii6a-4643
10!la-407t
r 6!ra-0375
raszr-037s
I €!!t-0175

iBSa-007t
I A5a-0479
t6ia-007t
l€6a-0479
t05J-02et

t8l3-C?Ot
tE33-0aBt
r fIB-0atr
IBSS-0497
lrxla-0er3

0737-030e
?rla-3r5a
06t8-lal3
o6t8-9426

oi,!T-ct99
0717-eaal
07!7-0aat
07!7-aaat
07t7-04et

06ra-6634
0arti-345e
a6rB-B6lA
06t8-86!A
0757-040t

07l7-0480
a?47-o?gt
071 -04t1
4737-Oa0l
06ti-6615

aa,rB'3a32
0Ltg-a3al
06ra-a!a3
06tt-t09e
069t-tota

06tt-061s

0698-0150
06to-6tla

o?3?-azaa
0737-0e00
0737-Oaar
0757-Ur0t

07!7-0a6l

0690-4636
!690-6636
0698-636e
06ta-636e
0?3?-caat

0717-aa5l
o?37-0463
o7l7-o4ll
0717-oaal
0757-0401

0737-0aar
0ar98-6362
o610-1434
alla-3t23

o613-2455
o6to-g9to
0a,t6-8t38
0610-3ata
07t7-0a01

?,
5

I
5I
!

3
t

?
a
3
a

g
a
0
0
0

I
5
5
o

3
I
a
0
I
I
t
I
3
3

I
3
a
o

3
3
0
0

9

3
6
6
c

6

0
a
0

0
g

0
0

2
3
7
a

I
I
I
3

I
I

I
et

?

I
2

?,

3

:r

I

,

co,a{-aost typE . r00 -Ptx-sPcG 120-coxt

trar{st8lot
rtax6tsTot
Trax6tEtol
rta{tir6lon
ItaxStgltn

lrtN
t{Pt{
Ntt{

eN358E 8I 10-66 ?D.33L
5r PDrSaanr Fr.zaotTtz
51 1D.6ll]t9 FI.SaltllZ
Sl ?D.6e5llll FT.sal0lZ
St lD.6e5li9 iT.Sa}tHZ

Tall{slsTol l{?x lxSalt 8I ro-l ?D.ls
liALslslln NP ? 343t 5I TO-l ?D.tI
TaAxSlSTq xP{ al34l, 8t IO-l PDrlg
tnaNGtSla Nrr ?x3al9 8t to-t PD.L
TtANEtsTol ?l{, a{ero7A sl ro-la PD.aoalu

ItaNStSl(n
T'AI{3I3Tl,l
tnarstsror
Tael{Sra ra
INATSISTOT

ax? e et07a El ro-18 PD.aoItr
I t lxaroTa sl lO-tO lD.aao}lu
fm ?Nato7A Et lO-!O ,D:40!li9
IioSFET N-C AX E-hODE tO-?40
}lPI Et tD.l3oltL Fl.3o0liHZ

tEStsttn t6.2
lE8!Sr0a-ttttt
tEstsTon tt6t(
aEalar$ azsx
nEsrSTm 3e3r

tz . ratc
t0 ?!t ctz . t459
lz.t25rtz . t2sg

F lc.or-l0O
SIDE-'DJ I7-TTII

f rc.o+-r00

aEStot0r
TESISTl,l
aEstSt0a
tEstST0r
aEsrSrot

21.5t tt .telH
t00 tt ,t?tg F
t00 tt .t259 F
t00 t! .169 r
r00 rt .rztu F

r tc.o+-l0o
,C.0+-l0a
TC€0r-l0a
tC'0+-r00
TC.0+-l0a

lE6ISr0t
iEStSTm
t€8tgrot
tEstslm
tE6ISIOA

3.16I .tl ,169 F TC.0+-es
taTl( ll .le!U F lc.a+-too
3,16I .ll ,lesL F lc.0+-e5
l.16l .lt .12$ a tC.0+-?5
100 lz .125c F le.a+-roa

RESTSTl,t
tcsISt0a
iEstsTon
aEst0tn0
tEst6rna

!I t: .l25L F rC.O+-|00
ll lZ .1251 r lc.o+-lao
!OO lZ .lelu F lcr0+-l0a
100 lZ .l?5u F 1C.01-100
3.t6I .lI .125I F tc.0+-e3

aEStSTOe
tEatEt0t
TEEISTI'I
lEstsron
aE3tSTtEl

laTl( tZ .le3l. F rc.o+-!aa
100 ,lz ,la3c r lC'0+-30
t00 .12 .t?ira F 1c.0.-54
600 ,252 .5r f TC.0+-50
600 .?5I .SU F TC.0+-10

aEStsrol
tEStliTtt
iEstsroa
aEstST0a
tEsrSr0t

a30 .?52 .lu f fc.a.-to
a50 .at .iL F TC.0+-S0
67.3 .est .5r f rc.l+-to
67,1 .aiZ .39 r TC.O+-!O
300 .251 .5l. f Tc.a+-la

tEstliTot
tEst$r0a
l€srliTor
aESrstm
tEsrsTot

100 .el, ,lll F TC.0+-10
il( lt .telg F Tc.0+-100
l( lZ ,lzEU I ICro+.100
100 ll .l?lll F lcra+-la0
100 lZ .125! r TC.a+-!00

lE9tsrot
aEstStot
tEslsroa
aEsIStnt
nEEtstot

2.162x .lz .1e59 f TC.a+-?5
2.l6allt .less r TC.0'-?5
2.t62I .ll .l?Sg F Tc.0+-25
e.l6al .12 .la!fl F IC.o.-el
l00l( l; ,l?5I a lc.o+-ta0

iEsISt0a
nEstsToR
PEStsrot
tEstSrm
tESISrOa

3.16x .ll ,lzlL, F TC.0+-25
!.16I .ll .t25l| F TC.0+-?3
tt ,lZ .rl,ita F tct0+-15
!l .ll .lalu r Tc-ll+-el
laa tZ .la5u F IC.0+-100

rEstslot
nEst!itrra
nEs!sTor
tEoIst0t
IESIGIOI

t00{ ll .l?iU f lc!0r-ta0
roCt rt .rail F lc'o,-140
100 rt .lzElt F tC=o+-!00
100 lZ .llsu F IC.o+-l0n
100 lZ .t25ll F TC.0r-10!

nEststoE too iz .l?ttg F
tEstsrm tr .lz .ralg F
RESISToa ?t .tz .telu r
aEststot-Ttnt t00 toi c
rEsrsrot too tz .i2su F

TC.0+-es
lC.0l-50
SIDE.ADJ I7-IIII

tEsr$tm
na:SIliIOa
aESrstm
n€srStoR
tEstsron

e.alt !l .25ra Fc rc'-900/rrr0a
Sllr lZ .reil F TC.Ci-r00
llll ll .lrl5l F tc.ll+-l0O
,r .rt .t?tg t lc.a.-t0
ra0 lt .rzlu F TC-o+-l0a

'T,ftCode Mfr Part Number

Eirrril

3L345
aEaaa
aaTrt
oart 3
047t3

3tl4l
3L5dt
3LtAt
3Llff
0a7ll

04rl!
aa7t3
04713

0a7rt

1'701
azt lt
?a!/16
eaaSl
204e0

aa3a6
eal.5

2ala6
245a6

eolloa
aa3a6
20480
?0460

24546
za3atr
aasa6
?ala5

2a!a6
aoaoa
26a90
aoao0
maB0

ee400
itBa80
?oa6!
2B'EO
20400

AB'Ell
24:trr6
e45a6
2ala6
445a6

?oa€0
araaa
20400
aBa80

!4460
2A4e0
zBaA0
?0400
?4i45

aa546
ea5a6
zala6
24546

ea5a6
?oao0
e6a00
aarrl

0rr2i
28t60
20ao!
?oao0
2asa6

r25r-r506

el{3!83
t05a-0471
llnS-Aaz
ItPS-Aa2
ms-aae

?ti3439
aN34l9
2rla3t
2N3a3t
2N?9ora

2N?90?^
?N?'O7A
2 49074
l0t!-04r7
2N3904

ltt4ci/8-Tl-l6R?-F
at?104
Ga-l/E-r0-196I-F
06ta-84e6
a6tB-345'

c4"t/a-10-2t52-f
c/r-r/B-10-t0r -F
c4-t/8-t0-t0r'.F
ca r/8-10-t0r -l
c4-1la-r0-t 0l-F

a6r8-06!6
c4-rl0-rc-t473-F
06ra-B6ta
06tc-06t4
ca-rla-t0-r0t -F

ca-t/0-r0-t 001-F
c4-tl8-10-1la!-F
c4-t/E-r!-r 0t -f
ca-t/o-10-t0r -F
069A-A630

ca-t/a-10-ta73-F
0a,9a-a3a3
0618-a3a3
06t9-t!94

a69t-a6s{t
o619-4634
06ra-65a
06ro-o5ia
0619-tba?

ca-rl0-T0-100r-F
c4-tla-t0-t tal -F
ca-tlE-T0-r0l -F
ca.l/8-t0-tal-F

c4 .l/a-10-1403-F

06te-0638
04,96-8630
06ra-a36e
0610-636?
ca..t/B-Ta-t0r -F

Ea-t/B-Ta-r!03-F
c4-lla-i0-r la3-F
c/Frla-To-r0l -F
ca..i/g-T0-iat -F
Ca- l/A-10-l0t -F

c/r-t/o-Ta-t01.,F
06to-6364
06rB-54t4
aSctat
Ca-rlB-TO-r 0l -F

c[?a5t
a6rl-B?la
0690-9956
0610-5/r3t
ca-t/0-10-r0r-F

&18
See inhoduction to this section for ordeling information
*lndicates factory selected value



Model 4945A Beplaceable Parts

Toblc 6.2. 4945A Replaceablc Parte (Cont'd)

HP Part

alt6l
att6a
alnait
all6a
allat

AI IA7
att6a
ar m0!

at l?t
arlt2
atttl
e!u240
atlrSa0
at lril0?
aritat0
atuaa2

alui0t
al ulLz
a 160a
ar uaa?
Atur0a

aturae
Atua!a
a! r.802
Atuao3
at lr0o

|.]rETTII

0?|l7-0aal
o6t8-6344
aartl-a3al
0717-0aal
0717-0aar

07i7-04!r
aa,9g-0091
0?t7-aaat
t at 0-023r

cloa-t602
0!8a-l6ai!
a33a-r602

t 9!E-04?a,
r8!8-4016
t 8?a-o7tl
rSra-403?
t a?a-0731

r8?a-r?r6
I Ee6-07!5
t02a-t95e
I O2l-! 7?5
re20-r65e

r0a6-07t9
rE?a-12t6
l6?6-07a0
taa6-0735
r&la-ra19

lA26-!913

0340-0a60
0l?a-0076
l2la-0t73
ta00-44?3
1a8a-Ol l6
2!94-a0aa
eaaFar0l
216!-0tt7
2a2a-0a23

to80-833A
0.t.t-040?5
oataS-20aat

0

I
o
0

0
0
0

2
?
z

0
a
I
I
I
I
t

I
3
a
i
B

I
I
a

I
a

t
2

t

c
D

I

I
I

2

3
I

2

e
I

I
I
I
t
I

2
z

I
I
1

I
I
I
I
I

aEStEron
rEaIar
tE6taror
rESt6toi
tE6tsTm

loa
,00
100
ro0
laa

ll .IiEll F lc.a+-!40
.rl . t25I F TC'0+-6
.ll .125I a fe.a.-i0
!Z ,1e5l. f IC.a r-l0l
rl .lAlL F lc.a+-tCo

lEBlSIol l!0 ll .r?19 F lc'a+-lol
tESt6ron 2,6 ( tl .tzig r Tc.a+-too
lEBlElOl 100 lZ .lzlu F lC.C+-loa
IElltott-tEa 8-sr?2.4t oD x 7

llallstsl(x allAl !4-?II PLETG ro-tt6
ra..lgtStm atrat ta-Plx PLStc to-tt6
lc of .lra H-sLEI-aalE 6-Dtt-? tlc
rErroar-tE8 r6-DtPt.0r oBlt x o
tc 0P att? H-6LEt{^rE g-Dl?-? Pt(6

tc DcDn rtL La 3-ro-a-LIxE 3-It{t
lc 0P arf H-aLCg-talE o-Dt?-t ?rG
tC FF 

'IL 
LS D-TTE OCTL

tc nuLlttLlt AllLG l5-Dta-? ttc
IC FF TIL LB D-IYPE I'CIL

tc oP aaf [-gLEr-tatE o-DrP-t tr(G
tc DcDn rtL Ls t-ro-8-LrrE l-txP
tC SLllc{ aNLG DIIAL lt-Dl?-C ?l(G
rG 0P ar9 I-BLEI..itlE 6-Dl?-? PtC
tc corlt ItL LE nActD a-Ett
tc oP Allt Loc-EIas-H-tiPD a-DlP-c ?t(6

tEthtNat--sTUD 5?CL-FDTHIU PaCSS-ttlG
xut-r{t-tL8tc LtG a-a0-t(D .ra3-tx- l
ttasur.attr-xtlt DAP-CL
caELE TtE .a6a-t.alDta .!a-uD iYt
?IN-GIU .a62-tll-DtA .2S-II-LG slL
gaglEf,-Ll ttalL t llo. a .lll-tl{-lD
SCtEt-rmr a-aa .ttz- a-Lc Palr-ED-Pozt
sctEt -raot 6-la .3r!l-tx-r-G laN-ID-aozt
r{ut-HEx-I/ltl{ 6-34-T[0 .rot-tat-tHl
EXla-tC ED CtA aofYc .462-AD-THTNB

.I.ID L'IEL
iou tlxG tRtt
tcut lxFut tDtLr

Mlt
Code

Mfr Part Number

243a6
i!0a64
ao40a
2ala6
a4!la6

241a5
2a!a6
24546
allet
a;tFri)
e8aa0
A6aO0

0a7lJ
0a713
la3rl
rra36
3at7t

0t 295
3a3rt
ot 293
t 7054
0 t2t5

3a371
01295
3ea9!
latTl
0re95

:IFE]
tBart
?oaa0
?8400
0631t
2na6a

294ta
00000
00400
26404
aoaB0

2e400
e€480
agao0

c4-!/9-r0-t 0l-F
a6t8-6344
0699-ata3
ca-t/B-T0-t0l-F
ca-ilg-ro-t 0l -F

c4-t/8-t0-tot-F
ca-t /a-r0 -261 t -r
ca -tla-r0-lat -F
20aaez2

a3!t0-t 682
a360-1682
o!ca-166e

ltac?t07P
to.Eiro7?
a3-e547-l

,6t-3-R (
HA!-254r-S

8lt7at8r3Bt{
xAt-647-5
Ir{raLll77x
DGs'OIJ
slt7{5377N

rlA3-?ta7-t
8N7aLgllt {
Itl0a!cDE
iA3 -2107-5
st{TalsBllta

rlartactc itEi H? DgG,

0r r-6t0t !04 ?09
0sta-0!76
te00-!t7tr
tLtl.t-ttPo
r aaa-or16

et90-0004
oSDEt 9Y t ESCa ttlrl,l{
ollDEt EY t€scllPlrot{
?4a0-aa?3
anac-o747

tao0-ello
aatat-000?6
0ata!-2400r

See introduction io this section lor ordering inform.tion*lndic.te. tactory selected value &r9



Replaceable Parts Model 4945A

table &2. 4945A Repkceable Parts (Cont'd)

a
aacl
aece
A2Cl
a?ca

a?c6
a?c7
Azca
alct

a?clt
a?cl?
a2ctl
AZ\CI 4
azct5

azc16
aeclT
azcla
a?clt
a2c!c

a2cet
aeczz

^ec?laecza
42825

a?ca6
Aaco
a2c?0
A2C2?
a?c30

a2c3t
a2c3?
aaclit
a?c3/r
aeclS

a?c36
aecl7
a2c3a
a2c!9
a?c40

azc/ll
a?caa
a?ca3

aacaS

a?C,17
a?ca0

a2c50

A?C5r
Aecs!
a?cl!
Azci4
a2cis

a2ci6
a2c17
Aac!a
a2c19

a?c6t

a?cas

ailc67
azc6a

a2c70

I
I
I

n

2

l7

7

0

I

!t
l0

lll. +-eor zsvDc cEt
aaooPF +-tz loovDc c€e
,200PF +-tz toouDc cER
.0trrf +-aol roovt c cr:t
5100PF +-lI lOoVDC CEn

2400PF r.-rt r00vDc cEn
1?00PF +-lz 100vDc EER
1700pF +"tu ,00vDc cEn
ll|F l-202 E5UDG CEt
3t00nF +-12 ioovDc cER

it00PF +-lz tlovDc cE
5100lF +-rz ,00vDc cEn
.otUF +-lt r00vl,c 4il
ruF +-eoz 259Dc cEr
ruF {.-ioz 50u0c cEt

.oruF +-eoz 100tDc cEn

.oruF +-?02 1lr09Dc cEn
e70PF +-lz JoovDc tirea
lrrF r.-101 50vDc cca
600PF r.-rz roovDc nrcn

.olrrF r-?0t r00uDc cEn
. tuF +-2!z 50vm cEn
.ruf l-202 50uDc cEn
,oruF +-tz t00vDc cER
2400rti +-tz loouDc cEt

,700PF +-rz t00v0c cgt
.orrF +-202 r0luDc cEt
,0luF r-202 ,ooulrc cEl
.lr,rF +-?0x 50vDc cEa
1t0orF r-lz r00uDc cEa

HlrEr Boaio

CAPACTTl,l-FXD
caPActror-FxD
CA[ACtTlrl.FXD

.oruF +-20? rclvDc cER
r700IF r-12 toouDc cEn
.orua +-aoz loouDc cEn
r700rF l-12 toolrDc cEl
.lUF +-20z' 50UDC CEI

CAPAcTTOP.FXD
calactrm-rxD

GAPACIT(N-FXI)

.0ruF l-ru

.luF +-2oz

. tuF +-202

roovDc cEt
5auDc cct
roovDc cEo
50vDc cER
100vDc cEr

CAPACIION-FXD
CAPACITOT.FXD

caPActror-FxD

caPActT0t-Fxt
CA'ACIION-FXD

e.af +-eoz i09Dc cEt
.oluF +-eoz loovDc cEr
5t00PF +-tz 100vDc cgR
.tuf +-202 50vDc cEt
. o tF .-l: t009Dc cct

CAP'CITOI.FXD
CAPACIION-FXD

CAPAEI'OR.FXD

. ruF +-20u 50vDc cEt

.01rrF r-rz t009Dc ccr
luF +-201 ?svDc cEa
. ruF l-20t 50vDc c€t
.oluF +-17 ,00uDc cER

catacrt0t-FxD
CAPACITON-fXD

CAPAGIION.FXD

. arur +-aoz roovtlc tER
,uF r-a0l zsvDc cEa
e400PF +-rz roluDc cEn
t200Pr +-1t ,00vtc cEt
.01uf +-eot roovDc cER

catacrt0n-FxD
CAPACITOI.FXD
CAPACIIOE-FXD

CAPACIIOR-FXD

CAPACI'OT-FXD
CAPACITOI-FXD

CAPACITOT.FXI)

CAPACITOI-FXI'
catActl0R-FxD

CAPACITOT.FXD
CAPECT'OT-FXD

,0rur
.OTUF

t -?CZ
.-.?02
+-202
+-?Oa
+-anz

10ovDc
r0ovDc
I OoVDC
lrovDc

ctn
CER
cEt
CER
cEt

caPActTot-Fxt,

CAPACITI!'.FXD
CTDACIIOT-FXD

. llIUF

.OIUF

.0lUF

. -?oil
+-a0z
+-?02
+-?0:
t.-20i(

t0oaDc
1o09ltc
t0ovDc
l0ovDc
l00vDc

CER
cEn
CER
CER
CEG

CAPACIIOR.TXD

caPActTot-Fxt)

canactT0t-FxD
cnPAcrt0n-fxD

CAPACT'OR-FXD

,2llOPF
,7OllPF
sr00tF
tt00PF

r-tz
+- tz
r.-lz
+-l z

l0ouDc
,llOUDE
r0ovDc

t0ouDc

CET
criR
cfE
cEt

C'TACITON.FXD

CAPACITOT-FXD

,tltn
?o/to0
aoao0
20400
40480
ae4aa

-'o400
40480
aoa00
e04e0
?8a00

20400
201160
?n400
?0,100

?Ba0rl
ena00

?n400

e0400
laaa0
20400
2BaA0
40400

?oao0
?$400
eoa00
e0a€a
,aaa0

ac4aa
28aO0
?o400
toa00
2n4{}t

e6aB0
?0400
?8400
?o400

?04$0
20/la0

eo4ao

?ri400
eo4a0
t8400

?n400

?G460
?oaa0
?B4tt0

aarto0
eoao0
eo400
?aao0

?fl400
?,}t60
2C401
20400

2nag0
2n4C0
,!4400
2n40!

oataa4000,

0160-3216
0r4,0-3658
0t60-la9a
0160-5650
0ra,0-E33e

0r6o-t!3e
0160-a/r26
0r60-!!3a
0r60-a426

0r6a-0127
0r6o-565t
0r6l"l6E7
0160-5490
0t60-!660

0r60-0 t20
0r60-5e96
011'0-564,0
0r6c-l3t?

0r6!-l!!?
0ral0-aa?6
0r60-0la7
0r60-5334

0160-s490
01a.0-0147
014,C-5659
0160-!6E7
l|14,0-9299

0rt 0-5639
0rr,a-5637
0r60-1658
0160-0l?7
0r60-t660

0, n0"1560

0r 4,0-al?7
or5a-4Et3

0, n0-54t6
0 r60-5Ero

or5!-4s33
0 t a,0"5534

01a,0-5e96
0r60-52r8
0t60-t?96
0 r60-1290

01t,0-5294
0rr,0-SetB
0t r,0-3?rB
oi60-str6
0160-5a?o

0t6e-5294
0r60-5334
0160-J334

or60-56s9

0r60-16s7
0rr,0.5630
0r60-t660

0, t,0-!550

0r6!-$56
0ra,l|-129o
01.r0-Elr6
0ra,0-533?

c
D

Reference
Designation

HP Part otv Description
tt!Ila
Code

Mfr Pan Number

r,rfrl:rrl
0r60-3?ts
0r60-55sa
0l6a-lerB
0 t 60-t634
0r60-533?

0laa-531?
ot60-44e6
0l6t-5332

0r60-0127
0r50-565t
0l6a-56i7
0160-5A9A
0160-5660

nt60-01?g
0 r60-5498
0!60-5660
0160-53te
0t60-4426

0160-sJta
0r60-4426
016!-0i?
0r60-333?

0r6c-5e90
0r60-01a7
0 | 6a-56tt
0 r 60-54,E,
0t60-5290

0t50-3659
0!60-5657
0t6!-1650
0r6!-c127
0r60-ta|60

0t60-5660
0160-5660

0 r6l-01e7
0t6t -a53s

0la0-5?9a
0t60-5294

0t60-a335
0lAo-5a,la

0160-E290
ol6l-5490
0r6c-52?B
016a-5?llE

0160-5e98
0r60-E290
0 t 6a-5210
0r60"5490
n 16n-52t4

0r60-E2?0
016t-533?
0160-133?
0161-4426
01,90-t65'

0160-36c7
0160-56EA
016!-5660
0160-:rs67
0r6o-565e

0160-56tO
016a-549n
0160-l?96
016t-531?
0160-5657

B

E

I
2
I
2
I
2

3
3
0
o

I
a
B
I
a

I
e
2
I
e

6
2

3
6

5
3

a
a

a
B

z

B
a
7

0

a
B
€
a
6

a
o
o
a
E

6
I
I
2

3

B
?

0
a
I
3

6.20

See intloduction to this section for ordering information
*tndicates factory selected value



c
o

Reference HP Part
Number

0t60-4567
0i6a-a333
0160-t660
0t6l-aa?6

ot60-a567
0164-565'
016a-56!7
ot40-022t

rt60-ll3e
0 r at-529i
ar 60-saro
0160-5298
ar 60-52t0

0la0-3eta
o160"le9n
016F5e90
016!-32ra

0r50-s?96
01aa-sato
!160-sero
016!-3etB
0ra,0-t3ta

0!60-53!a
0r6a-56it
0l5a-55!7

0taa-t6sg

0l6a-565'
0 t6t-3619
0r6a-i6nt
0rat-037a
0t6a-3290

0rl0-037a
0l6a-52t0
0l!a-037a
0160-ta9a
0la0-5atB

tt,,!-/r/16
0raa-a463

r9i'0-0810
r?ra-0at0
l9ta-06t0

12!t -a39A

r i|ll -7966

llta-02t1
,o!l't-oert
10!a-a2ts

06ta-63?0
0694-C70a
0art8-al2l,
06ra-o6tt
0a,tg-63aa

0698-4704
06t8-/r320
06?a-0613
06t8-6360

0757-040t
0610-5164
0!,tt-0sea,
oa,tt-aEBS
0a.tt-6360

0757-04t3

06l|'-0sa9
069r-030t

069t-634a

0717-0/tol

a699-05t'

2

o
2
2

2

I
g

I
g
o
E
o

6
a
e
a
z

s
g
B
a
I
I
!
3

5

3
0

3
E
3
B
o

0
0
0

1

I
I
I
E
z

a

e

?

6

?

I
I

z

s

aec?t
a2c1n
AZC?3
azc7a

A4?6
A2C?7
42c78
i?cri
aac0!

a2cor
A?Ctt
a2ca3
aecl.
A2Call

a2caa
a2ca7
aec!5
A2CO9

azctr
Aect?
a?c9t
aecta

42c96

^2CtaA2C9'
azcta0

aecr0l
a?ctae
a2c10l
aeclta
A?Ctls

aecl0a
Aect0,
Aectaa
A?C109
a?ctr 0

a2cttt
a?clt z
a?ci t3

A?CR I
aecte
AECIT

A2JUT

azqr
atqe
a2c3

a?a I
azne
att3
AARI

a2i7
AzEB
AAR?
a2nt0

Aelrr
aanl e
aail3
Aeor a
a!nt5

AER' 5
A2RI7
azaro
azt t9
azt?0

a2l2t
AEI2I
aanir3
aelza
allt?i

I

3

n

3

I
I
3

2
3

2

le

t?

I
I

2

I

I

ca0actt0t-FxD
CAPACI'(N-FXD
calactlol-axD
CAPACITOT-FXI)
CAPACITOI.FXD

lrloPf l-tz loovDc ccn
tuF .-tat lr0vDc cEt
ltaoPF .-12 l009Dc cEn
.o tf +-t! roovDc cEa
. a rF +-!t raluDc DEn

caPActt -fxt)
CAIACITOI-FXD
capacrtot-rxD
catectT0t-axD

3rcoPF +-tz tlouDc cER
2aooPF +-tz t,o!,Dc cER
teoatf r-17 roovDc cEI
lotrF l-12 lotvDc nlca
51oa?F +-tz laavDc cER

caP^crt0t-axD
CAPACIT(N-FXD
catacltm-FxD
caPoclT0t-FxD

.r|t ]-?0t !0vDc cct

.orw +-a0, r0avDc cER
,otuF r-loz laovDc cEa
.o tF ]-a0t loovDc cEa
.otuF l-202 taot Dc t:lln

CAPACITI'[-FXD
CATACITOI-FXD
CAPACITO'.FXD
cAPACtTnn-FXt,
cAPAC!rtn-FXD

.0 f +-?02 loarrDc crl

.a rF +-zat rc0vDc rER

.o f, +-202 lalvDc cER

.ollrF .-24: toovDc cgt
ruF.-20t 2irrDc cFt

CAPACIIOT-FXD
caPAcltoa-FxD
caPActtol-FxD
CATACITOT.FXD
caPActtrn-FID

.0tuF +-?02 laogDc cEn

.0rlr +-?0u laavDc cER

.aruF +-?0t raovDc cEt
.0tuF +-eoz 100vDc cnn
,ruF .-etz 30vDC cEt

ctlActl(I-FxD
caPActrm-fxD
CA?ACITOI.FXD
CAPACITOT-fXD

,tuF .-eaz SavDc ccn
lacaPF r-rz raarrDc cEt
t?ao?F +-tt rlovDc GEt
3toatF r-rr toluDc cEf,
t7a0!F +-tL0ouDc cEI

CAPACIT(N-FID
GA?ACIIOI-FXD

EAtactT0t-FxD
caaAclttn'Fx0

a4oaPF +-tz roauDc
r7coFF +-rt toouDc
t70oPF +-rz l0ovDc
touFr-t0z aovDc IA
.oruF +-202 rlovDc

cEt
CET
CED

CER

CAPACIIOT-FXD
ca?acttot-FxD
cAtacIT0t-FxD
catActtm-Fx0
cAPACttoa-FXD

touF.-t0z eovDc ta
.01uF +-eoz 100vDc crl
louFr-t0u 20vDc ta
.otrlF +-?02 rlouDc c,:a
,0llf, +-20t ta0vDc c[R

cePAclt0t-FxD
caPectta-FxD

. rlrF i-rl 50vDc iET-Pq-Yc
. ruF +-rl SouDc ttEl-toLtc
.1Ul .-tz snvDc ttET-otll.Yc

LED-IAhP Lult-INtre.ltltcD lF-?altA-ltAX
L€D-l.AlO LUn-ll{r!?.iiCD lF.?0ltA-ltAX
LED_[AnP LUd-lN'a'e.SiCD lf-aoiA-ltAx

collxEcr(n SHUxt-a tosrtroN

COllt{-tOST TYP[. .100-?II-5nCG 50-CONI

TlAllslSTllI rlPrl 6l PD.!J0N al.3oohllz
laAllslsrm irPN St tD.3:lalu fl.3oolttlz
TPAIIIiISTOQ NPl. 5t PD!3S!|* Fr.loohlu

tEslstoa
nESrsTot
tGstst0a
iESIST!,l
tEst$roR

5l .lt .lalu F TC.!+-al
lr.a .lt .re3s r lC'0.-25
lalt rZ .1231 F lC.a+-l0a
16I .lt ,1?5ll F TC.ol-!l
$( .rU .145u F lc.a+-2i

nEStsror
tE5t5t0n
n€srilm
t€0lsr0t
eEsrstoD

lr,6{ .lZ ,reiu r TC.0+-es
t43l( !Z .t?ir F rc.!+-t00
3rrt .lt ,l?s0 r Ic!or-?l
l0t .lZ .l?3L a tc.ar-!s
le.910l( .ll ,reis F tc:or-21

tqSt$r0a
tE5ISTofi
tEStliroa
n€stsTm
tEStsr0a

ral tz .taltu f tclar-tao
l0r .tZ .l?ltu lr IC.or-eS
t06.il65x .lt .l?i$ F lc.oi-al
aao.7lr!( .lZ .r?il. F TC.a{ -?5
rot .rt .ra!r r rnraa-e3

PESTSI'IT
tEt lir0t
RCSr$roi
f,EGItilot
aEslsroi

,al .tZ .ralll| F Tc.o.-es
lal rt .1i59 F rc=a+-rao
ll|( tZ . r23tl F TC.0i-?l
la.33aI .lZ .1a!i0 F tC.Cr-a3
14.33at .lZ .1atg F IC.l,+-:!l

tEstSllra
rE5t6r0n
tGstsrm
aEnlatrn
aE9rsroe

r0I .rZ ,1459 I tc.0+-e3
7,7arx .r: .l23L r lcr0+-15
tal tl .leSI F Tc-o+-l0ar!* ,lt .ta3I F lc.0+-ei
ta0.r3AI .rZ .125U F TCta+-zS

Mfr
IAi]Td Mfr Pan Numbor

2oao0
e8460
aBa6a
ao4c0
iloao0

ana00
20aBo
40400
72146
2Aa6C

20440
aoao0
20400
2rraa!
26480

20400
eoag0
z8a0o
26a30
aea60

m/lB0
24400
20aa0
aoaa0
?6480

26aOll
a6aa0
2l'464
?Eat!0
zCaa!

?oa80
ao48t
?aaBc
t6?49
?a460

36?O9
2tao0
56249
?8aalo
?aaoc

!16a80

28a60

2t)a00
eoaB0
2nao0

7In:ril

aaaa0

0a713
0471!
0a?t3

03000
e0aa0
a43rt6
20400
03068

eoaa0
ea546
esaB0

e45a6
2046a
?e464
?oaB0
?648!

e6aB0

eBa60
?o400
e6aa0

4n400
26140
aas46
?ltaa0

0r6!-/r567
0r60-as35

01a,0-aae6

clAa-a567
0 r6a-t6!tt
0rt0-56t7
DtilSF3CrFaSaauvrc
at6a-5660

0t6a-t332
0r60-!ii!9€
0r6a-5et0
0lG0-3am
0r6a-saro

01a,0-5e90
0r54.52?B
016C-5298
0160-Eara
0160-0t27

0r6a-32t4
0l6a-le9a
0t60-!eto
ol60-l?to
0r60-5332

0r60-533?
0l{,4-Srrit
0r60-t657
01.,4-4567
0160-165A

0r5a-t63t
0 r rr0-3656
0 rr,0-5630
t50Dl!6x90etDa
0r60-52te

l30Dr!6x90tar?
0150-52ta
r50Dra6x90eai?
0t60-lt?9a
ata,0-s?ta

r9?a- 00t 0
,t9a-0cr0
t?90-aat0

1!5r-4396

r?5r-7t06

2Nlr0a
ar390a

IriESt-t/o-I9-t001-E
la,to-079a
ca-t/a-10-! a3t-F

ahESS-t/O-t9-S06i-B

06to-o73a
c4-r/0-10-r a13-F

ca-t /a-10-rerr-f
0a,9t-a566
06tF05{r5

c4-r/8-t0-lern-F

0G99-a50t

0699-0592

06?0-4,364

Model 4945A Replaceable Parts

Tablp &2. 4945A Replaceable Parts (Cont A

See inttoduction io this section for ordering information
*lndicates factory selected value
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a?t?6
A?F7
A?l2A
AA{e'
azt!0

aztll
a2n3?
AAR$I
azn34
AARI'

a2a3s
AENIT
AAP36
ANR3'

aat4l
Aena2
AER43

AER'3

AAR/l7

aana,

AENEI
a2t5e
azt53
azn5rt
A2*i,3

a2n56
A?R17
AzR3B
AIR19

aza6t

AAR63

,zt??
aanrl

AAR'E

Ai!FIZ

aexol
alc0e
Aa'Ia3

a2las

AzRA9

aan9c
itRtg
a2t95

c
Dtlililfittt otv

0619-0600
c7l7-0?9a
n?17-0199
o?a?-oz't

06to-66?7
07J7-Oa62
06t3-66t9
0690-66e?
o?t -o1a2

06?B-laa0
n7s7-oaaz
0694-3440
a:/77-Oaae
06t6-3440

o6tt-0380
n737-0lr0l
069t-osaa
06tB-a300
06t9-0t?0

0757-0403
061,t-03t0
0?3?-n269
!7!t -046e
06?9-039:t

0737-0ac3
o69r-03tt
073?-Oaat
o?17-u99
06to-6423

aaro-6a?3
0a,9a-6624

0a,''-0597

06tB-aJll60
!6t€-07r?
04,t8-5160

0a,94-7375
0rr90-6050

o?57-nttn
473?-0a6e
0?'7-oata

0.tta-636e

0257-|a?a
0737-04?0
07i7-0a03
07t7-0a03

c69t-o337

0a.tt-togt

0arE-8799

0aro-s6tr,

06to-e005

0717-0/rcl
06ta.i360
07!?-0464

oira-B?aa
oa,ia-B7e.

3
I
a

a
3
6
o
9

0
2
0
a

?
3

?

0
3
2

?
3

t
I

I
I
c
I
3
6

!
3
g

6

I
?,

6

1
a

a
5
I

6

2

I
3
2

2
0

t
2
s

z

I

3

I
e

I

?

I
I

I
I
3

I
I
I

I

t
I
I

?

t
I

I
t

I

I
1

1

l€Et6I0l
tEBtsTot
n€slStot
tEsrSrot
tEStslon

llO.sa?l .l! .lziu F lc'a+-25
a,t9I tz .leElt F lc.or-t00
2l.lx tZ .leJl. F TC.0.-la0
6.ltt ll .1e!{ F tc.!.-raor5l .lt .1259 F lc.a+-25

r€stsToa
tE6I5r0t
tEslSTot
tEststot
IGBISTOI

all .lZ ,1219 F lC.!+-45
7ll( ll ,l25U F IC.0+-100
l3I .lz ,l?ll a tc.a.-es
esl .rZ .l2gl F TC.0+-23
t0l( 1Z .IZSU f TC.a+-l00

tE!itSrot
NESISTlll
aEststoa
t€6tsroa
tESrslot

tt6
t 0l(

t0r

tt
ll
ll
lztt

.te5u
,le a
.tagr
.ta'r
. t2tr

I

tEstsr0t
t€iitBTot
tEsrsroa
iEstaTot
aE6r8t0t

tg.tTtx .iz .l?59 F Tci0+-25
lel ll .l2l,I F lc.0r.-100
lO.lTtl .lI .t?59 I TC.C.-e5
16.91 ll .12!u F TC.o+-ll0
15.7S0r .ll .l?5I f lc.a.-?5

tESISTOt
aEstsr0R
tGStsTm
aEsrsrol
tEElsTot

lal lZ .l?51 F TC.a.-l0a
t5.7t0t .iz .le5g F Tcrlr-23
l3.lx lZ ,tAll F TC.o+-l!0
7Sr lZ .l2lo f IC-0+-10!
13.665r .rl .l?il F Tc!!r-ei

aEstsroR
tEstlilot
aEsrsr0a
tEstStna
aEsrsr0a

let lZ .la$l F IC-o+-l0a
It,6r'5r .rz .125u F lc.ot'al
llX lil ,lalH I lC-0+-10!
2r,3* ll ,tai9 F TC.l,+-100
tl.est .17 ,telu f tc.o+-al

tESrStm
tEstsron
tEstsloa
lEsl!:r0n
aEsttilor

3r.asl .lZ ,t?5L F lC.0+-?5
Zx .ll .12!I F lC-0+-23
1.5$( ,lZ .r?59 F IC.!+'25
?.e6t ,rz .125I F tct0r-43
2.261 .12 .lASg t: lC.C{-?s

aEsrSron
tEatliror
aEstsroR
aEsItiT0a
TESISTOT

lot .ll .telg a TC.C+-el
?1.lr .rZ .iaiu r tc.o{-ei
lot .r, .t?lg F TC.C+-23
2.?r,( .lZ .lais F tc!!l_a$
2t.!r tz .t259 r rc.o.-lco

aE5l5tn4
IESII|TOE
tESt!!TOt
tEstsroa
n6stslon

a.l .1Z .l?5.' r TC.a+-?!
2f,,rar .lz ,t23u F Icro+-30al,9( ,12 .ress F tC.!+-lS
49.5r .17 .125I F IC!0+-?l
t0l.!i( .l? .laiq F Tc.0i-5a

aEsrsr0r
tEst$Ton
aESr!it0B
TESISIOi
tE3r5l0a

2r.Sr 1z .ll3rl F TC.ar.-|00
75I l: .l2lu F IC-0+-100
75l( .l?SU F lc.a+-r0!
l.r62x .lI .leiu F TC.0.-el
lx .ll ,1219 f lc.a+-el

tEritnTot
tEstst0a
rEslsrol
tEsrsT0t
tEst:iToR

r.rr t7 .lelu F rcro.-t!0
t.6et rZ .teit f TC.a+-t00
lel lZ .l?!tc F IC.Or-100
l?l l1 .l?is F Tc=0+-100
23rl( lt ,t?5u F ,C.0.-100

tESt|it0R
tEstsToR
tG5r6t0t
tGriIlirol
tEstsTm

a. elx
2,err
r 0.7t(

92.Ot(

.1,

.lt

.12

.tz

.tasg

.r25U
,t?39
.125U
.t?5ll

rc.0+-25

lC.0 r-as
lc.0I-?5

n€Srarci
xGStsToI
RGSISTOi
IE6IETON
lEBtsror

ta,67t .zaz .te3u F rc.n...50
2r.lx .rZ . r?lill F lcror-as
!l.Efx .lt .lair F lc.o+-ei
63.9X .lZ .l?EU r lC.0+-al
9.rtlir ,tz .tz!!l. r Tc.nr-as

IGsI6IOR
nE9trilon
tEStsr0i
,ESIiilOR
tcsr6trrt

t0.35( .!z .r?3ll r Tc'0+-25
1a6( .lt .le5u F Ic.0r-?5
rat tz .lanr f lcEor-r00
3.7ar . ?j5z .ra!,r r rc.cr-io
75t rU .lzlu F ,C.0FIoO

rEslSToS
ri:srsr0l
aEsrSTo!
NESIliTOR
risrslm

,lt 1z .124lJ r lc-or-loo
3al .51 .r?lu F Tc.!r-so
69.8t ,12 .lA3u f lc.o.-?i
19,6x .rZ .legu F ICto._?s
,3.r* rz .t2st i Tc.0.-r00

Mfr
Code

Mfr Part Number

AE'E!
1970t
24546
tt70l
2f,440

?naEc
?41a6
aaa0c
e8a60
?a545

2rr5a6
ea5a6
2't346
445a6
?arr6

eo4Ba
!45ar,
?oa6a
241a5

?a1116
264Aa
t.nol
a4ta6
24460

?45a6
-.8a40
aa3a6
e/rsa6
ao4a!'

eoa80
?G440
20a60

2Baa0

?oaB!
2slr8o
?o4n!
e8aa0
a4ta6

26aO0
ti?01
-.0410

?45a5

44a00
eoao0

eaal6
?ata6
err54g
24F46
aa54a,

aoan0
?flrto0
19701
20r40
a:noa

20rr00
eo48a
24400
40404

2l|400
?0]la0

2oao0
?4546

2C4n0
-.oa60
20400
0I00rl

iFacr/0-T0-a.ttr-F
ca-ll8-r0-?t52-rt
nFacr/0-ta-6ttr-F

ca . r /E-t 0-7302-F

,D6ro-662?
ca-r/8-t0-r aa2-F

ca t/0-10-1t5R-F
ca- l/a-r0-t 0aa-f
ca-ll8-T0-tt6n-F
ca-rle-r0-l0o?-F

0a,99-054o
c4-r/3-T0-r?rn -F
0a.9r-0160
c4-r/o-T!-t6t?-F

ca"r/8-T0-!?rt -F
0aJ99-03t0
rFact/0-Ta-t!3e-F
ca- r/6-to-7304-F

c4-l /g-t0-tett-F
c6?9-!!tt3
ca- r /o-r0-t tc?-F
ca-, /a-T0-atta-F
0696"64?t

06ta-6423
0a,to-G52a

0ar9g_6360

04,t0-5t60

c4-r16-r0-?15?-F

IrFacl/l-Ta-?064r-E
057'|-0a50

lrFaC, /B-tl-143t2-E

ca-l/o-I0-erEe-F
G4.1/A-10-ir302-F
c4- r/0-T0-75!2-F

06?a-6!6?

ca-t/B-10- 0r -F
c4-tlo-t0-ra,?i-F
ca-l/a-r0 -121i-F
ca-l/0-T0_l?rE_F
ea-t /o-t 0-203 -F

nr4cr/0. r?.,r 074-E

0699-t03'

0a.9e-0799
0610-6a21

iFlcr /a-tt-raEsn -a

a69i-60c5
0699-1oie
ca- t/6-T0-t?lE-F
lr,?o-536O
ca.,1 to-ln-?40?-F

ca.., /6'T0-7E0?-F

0r,94-194!

prrE3s-t/e-ro-t31?-r

Replaceable Parts Model 4945A

Tablc 6-2. 4945A Repbceoble Parts (Cont'd)

6.22

See introduction io this section for oKlering information
*lndicates factory selected value



mrrrFt

aeRt 0l
azir0?
a2nr03
Aaala4
A2rt 0s

aalM
AzRt 07
Aaal0s
a2nt 0?
Aznll0

^?ntrlaeRll?
A?t113
azn I l4
A2ltr5

A2rlt6
a?x I t,
A?n ltg
azn I t7
a?n120

a2r t 2r
aeilta
a2rt 2I
aelte4
Azet ?3

aatlea
aitr27
aznl28
a?rt29
a2ntl0

aerl3t
aaRtSe
aarr 33
aeltt/r
Azt r 33

A?T'T
e2 201
AaT?345

aeullt
aaurca
aaul04
A?UI05

al\ll07
aeu306

a2tra0l:

aEut03
A?U.03

aau!0a

a?t 00

A?U7'E

a2u7t5

6exu?r3
aaxrE0S
a?It 03

Reference
Designation

HP Part
Number

c
D

n699-077t
06''-0ica
0698-0030
06l|'-0387
06to-0st0

07s?-0197
07t7-0!t4
07!7-0:t0!
06tt-731a

e7i7-0at3
o6tB-6935

a6t0-rt3a6

06to-6!60
c610-6360
06t0-6363
a6tE-6625

4690-4i3'
06to-6t60
a6?€-a346
07!7-04a1

069S-7'3a
06tt-45t7
o699-t?22
0717-1443
07il7-0aae

er0c-1103
ara!-3rt3
er00-3056
el00-!0t6
2t00-30!6

lot0-4e73

r2tr-4670
rett-16t,
tall-l6t€
1626-0733
r 0?6"c7li!
r0a6-c753
r6-.6-!73t
1€?6-47t3

r B?6-a7ll5
lrp6-0915
loa6-070:l
t0a6-t753
rot6-075t

rae6-49r3
t020-17?!
tse5-07a0
r026-070i
r@6-473i

t 6e0-, rrt
r aa6-0ira5
tae6-!7a0
1026-a7CS
t0?6-075t

r0?6-07t3
t020-1ar9
1Oza-r OIA
lO?,,'0744
r026-07Et

1e0a-1607
le0!-0607
r20a-4637

5040-i5::t9

0
I
I

I
0
2

2
t

0

6
?

a
0

I
2

a
a
6

it

!
I
0

3
3
3
I
3

I

I
!
3

a
1
I

I
I
o
I
3

3

I
6
I
0
0
o

8
2
I

otv Description

I

?

I
I

I
I
t

I
I

I
I
I

a

3

I

I
,
I

t0

5
2

I
3

e
:.i

I

tEsralot
tEStsttt
tEatar(n
tESrsr0n
rEalartrt

19.oar .rI .t?sg f lc.o+-es
tA.lTtt .lI .lallu F Te-a+-25
12./U .lU .le5t. F TCr0+-es
l?.9tAI .it .t25I F lcra+-el
l2.al .il .l2lL F lc.ol-el

lE6lEr0t
tE5t5T0
tEstston
nESttl(n
tE5t6t0a

21.6e( .tt .tesg F tcro+-e5
?l.ll( ,Z .125U F 1C.0..-!04
!l.r l1 .lalg f tcr0+-l0a
lal lZ .l2Ell F ICto.-100
l4.ai{ .1t5l .l?5s F lcta+-io

tEStn r
tEstslot
rEarslln
tEStsTm
nEstSt0a

l2l lZ .rzit F TC'o.-ta0
llat .tr .t?![ F rc.0+-5a
59.67x .zit .leEs f Tcro+-lt
63.4I .52 .ta$, F lC.o+-la
l6.tt lZ ,lziu F 1C.0.-iaa

aEEt6TOt
IE3ISIln
tEstSTol
tEstSTrta
tEstsTot

lox .lt ,leil I 10.l.-6
lal .li .le3{ F rCto+-aE
atr .12 .tell F tc.!+-al
6I .tZ .la5l F Tc-o.-el
44.21 .lZ .l?il| F lC.0+-50

rEStsrm
aEElStot
aEtt310t
aEstsrm
tEsrsroa

3l7r l: .t?ic r Tc.ar-|o!
l0I .li .lzlc a tc.ar-95
l6.rt( ll .!e3u F lc.o+-r0a
lao tZ .la3ll r rc-!+-tao
t00t tz .t2ig r TE:or-t00

lEalarol
tEstSt0t
tE6tslm
aEstcrnt
tEStsTot

l?.tr ,tz .l?lu F tc.o.-al
5.621l( lZ .ls F re.a+a
43.^ .lZ .ra$, F 1c.0+-al
l?t lZ .l?Su F IC.0+-ra0
laI tZ .tZlc F TC.ar-ta0

qE6rstot-rthn
lE6l€rtr-Talrl
aEStst0n-taiR
aEstsTot-rilit
tEEISIl,I-lIi'

rat tot c S!DE-aDJ l7..Tar
10r toz c 6ru:-aDJ t7-rtx
5t ttt c 6rDE-aDJ t7-Trx
l( tat c SrDE-aDJ !7-rtNir 10r c s!0E-aDJ r7-1ax

lrEtroPx-tEs ro-stti.at o H t 9

coa0rEctoR !-Ptx n PtBr lYac
cl,laNEcTon a-atx ri ?osT IYPE
cor{xEctot o-alx tr Ptst ttoE

IC 0e
IC T,P

tc 0F
lc oP
tc oP

totl-Etas-x-rttt
!oar-Ete9-H"lnPD
LOr-8tati-x-rrPD
!IT'.BIAg.H.'IXPD
tor-Btas-H-lttPD

q,AD
QI'AD
oltaD

ql,.ID

ta-Drf-c
ta-DrP-c
ra-DrP-c
r/r.DIP-C
I4. D'P-C

tc rrt
tc oP
tc tt
tc oP
lc o0

tou-BlA5-H.lhPD
tor-Ela6-x-lnPD
LoL..E!A5-H -InPo
LOg.D'A5.H.IIt'D
L(!,-0las-lr. thtD

DrrAL O.Dtr'-C
a-DtP-c ?r(c
or:aL o-DtP-c
QiraD ra-DtP-c
Qlr^D trr-Drt-c

IC OF AltP LI'II-DIAS-H.III'D A.DIP-C PTG
tc iuLtlrlxR aNL6 t6-Dr?.p trc
tc surTcH al{L6 DUAL t6-Dtf-c Pt(6
tc op anr tor..Br^s-[-lnPD Dual. B-DlI.c
IC OP ATP H.6L.I',g.IAIC O.D"-P PT6

IC tXV rTL lA H€X 
'-tXPtc 0F crP t(nr-ltati-H- tPD ural. a-DtP-c

tc Stallcr 6t{l.G DUAL 16-orP-c PxG
tc 0P arP Lo9-Dtas-H-!t?4, DttAL E-DtP"c
tc oP ehP Lou-atas-ll-rhPD QUAD la.l,lP-c

tc oP aatP
rc iohtr !
IC FF TIT
rc crlrrcfi

LOU-ArAli-H-rt D CUAD ta-DtP- C
TTL L5 }IACID TI.OII
L.9 D-IY'E OCIL
axr.6 Duar. 16.Dl?-c Plc
LOL-BrAS-fl -lttPll cuaD r4-Dlf -c

Goc(Et-tc 16-c0xT DII Drl tiLDn
soficr-rc ra-coNt otP Dtf-sLDa
socrEl-lc zo-crDtI olP Dr?-5LDR

?rx-ctv .46?- tN-DlA .?s-tat-Lo srL
EI(IIACTOR PC
Az.,ID LEBEL

Mfr
Code Mfr Part Number

eoaaa
eaao0
aEaa0
?€4Aa
egaa0

a0ao!
2ala6
Ea5a6
2a5a6
r97at

?4546
eoaSt
20a60
28464
aat/16

eB40a
2A/l80
e6ao!
?saa0

20aEo
tFaa!
e1346
aa5a6
2rtl4(,

trTat
?B'ra0
?0444
2aEa5
zas46

0?trt
0?trl
0ar tt
0?ttt
021tt

Gt 121

eoa00
?o4al
2B'BO

aaTtl
!t713
0471t
047r3

!t2,l
0r a9t
ar ?r5
04713
a4r13

0rrti
r 7016
t??93
at?,S
lir37l

0 t293
012?5
3e?93
0r495

0a7r 3
atz?3
ar?95
3ilet3
aaTlt

?Baa0
?9a00

?o4ac
?8a00
2gaB0

0699-O7'r3
069t-4546
0696-80!A
!ar9t-0167
06ra-88!tB

ca-ll8-T0"?r5e 'F
ca-t/0-r0-51ti-F
Ga -rle-10-t2lt-f
iF4Cr/0-ta- raaar-c

ca-rla-Ta-t2tt..F
06ro-691s

!6t0-a?!7
ca .t/8-r0-ta9?-F

0&tE-6t60
0510-6350
0,,90-6t63
06to-6645
XC/Fr/6-12-4422-D

0r,tA_/1537
0t90-6160
ca.l/B-t0-1a92-F
ca.t/0-t0-tot-F
ca-tla-T0.i403 -F

llF4Cr/a-t9-t?t?-D
06t9-03r7
06'9-0?2?
ca"l/8-T0-r2rt-F
ca"!/0-10-r00?-F
,tlPl0:l
a3Pt0t
4!P50e
43F5e?
alP502

E10At02

l23l-aa,ro
I a5t -56t t
r 23r-56t O

trcS,raaaBL
xcSat0aBL
ncSaaaaDl.
lic!4a0aI,-
tcSaaaaEl-

ll.!7?actG
rL0TlAcJc
TI.'72ACJG
ltclal0aDL
nclaa0/rat

(n(n 8? ulc)

tL0TrAcJc (PEn {p DLG)
DGSOOCJ
,HSaatcDE
ll-!72acJ6
na3 e507-3

slt7at504
tr-c7?acJG
lln04lcDE
TT.OTAACJG
hcsrtl0aEL

ic3/r0oau
sxTatsolN
5lt7atst77N
IIrlloa3cDE
ic14a04t'L

12aC-04,07
ra0a-4607
re00.063t

, a6a-0tta,

t0B0-ai39

Model 49{5A Beplaceable Patts

?ablc 62. 4945A Replaceable Paru (Cont A

See introduction to tlis section for orderinF information
*Indicates factory selected value
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Replaceable Parts Model 4945A

?abln 6-2. 4945A Repbceable Parts (Cont d)

A!

atci
alce
A3CI
atlca
a!cl
a3c6
a3c7
ASCE
a3c9

A3Ctt
ASGIE
alctt
alcta
atcr!
alct6
a3ct7
AIGIi
a3clt
atcea

atc2l
elce2
a!ca
alcza
alcils

43c26
ascil7
AJC2B

A3C30

^lE3tatcta

^tcttalc14
a3c!s

A3C3a
a3ct,
att38
a3c39
A3Ca0

a3cal
alcaa
aScat
aScaa
a!ca!

alca6
a3c/l'
Afca9
a3cat
a3ci0

a3c3l
a3c32
a3ctl
atcSa
a3c!15

A3C!t6
a!cl7
a3ct8
a3cl9
43c60

alc6t
a3c6a
A3C'3
elc6rr
a3ca3

a3c66
a3ca7
a3c6a
a3cat
a*?a

ffi c
o otv Description

lTq]rlli[l
olaa-33!2
ar60-ti0g
0 rai-53u
at50-stlt
016t-s312

!160-!e67
0 r6a-5Ita
ai6!-atitl
0la0-5$E
at60-ll3a

alSFaa2t
atg!-tra6
0rat-!66
0l6c-!6r!l
0 t6a-!5t5

0t6a-4576
0lae-0376
0t6t-s6ri
0ta0-0576

!tlo-a376
0t6a-t695
0ta0-!l3e
0r6a-533e
01Aa-s6!l€

et60-a8l I
at6t-a6lt
ataa-t6ta
ar6a-3rt0
0t6!-5134

0tt0-tlla
0t6a-5t3t
0l6a-!l$t
0l6a-a?7t
0laa-52a7

0 t60-Stllul
arai-53t4
0r6a-al7t
0ttt-0376
0!6a-0s76

0ll0-/ra?6
0t6a-4176
0t6a-0176
0t6a-35!a
0t6!-ala7
tt6!-/ra26
otao-0376
at60-4376
!t6l-03t6
ar60-0576

o 160-0176
0r6c-aa?6
0ra0-4ait5
0r6a-,l.e5
araa-0176

0t6a-4s75
cl6t-l!!a
0t6a-??65
0rAt-51!?
0t6!-533?

or60-t3!2
ct6a-t?67
0t6a-49!3
ar6!-531?
0l5a-S3!2

0t6a-i!le
016!-!s76
0t6a-4576
0 t 6c-a367

I
t
I

I
I
I
0
I
I

,
s

I
5

5
a

I
I
I
I

a
E

i
I

?
I
I
I
I
5
3

3
I
?

a
i
5
5
5

I
2

e
I
a
I
3
I
I
I
I
0
I
I
I
I
5
z
i

I

zt
3

3

3

2

t
3
I

!1

it

z

it

n

t

rr',4:r.l;tall

caFActrtn-FxD
CA?ADIIO'.FXD
cAtAcrt0t-Ft0
CAPACIIOI-FXD

.rrF +-202 slvDc cEn
lrF lB0"2a! touDc QEr
. trrF +-aat SavDc cEr
.ororf .-tz tavDc cEI
.iuF +-2!z savDc cEt

cAaActtoi-FxD
CA'ACITON-FXD
caPActrot-FxD
ct0acttot-Fxt)

a7alrF ]-5t 5lrrDc cct
.tuF +-?at 50vDc cEt
.0?7UF .-52 slVDC CCt
.tuF .-ett 5!vDc cEt
. trrF +-zaz novDc ccl

GAtacttol-fxD
GAPACtrot-FXD
caPActl0l-F)tD
caracttot-FtD
CA?ACITOI-fXD

33UF+-1at
| 5tt+-l at
.luF .-tl
.ruF +-rl
,tuF +-tl

t0uDc tA
2CV0G lA
?0ouDc iET-?oLYc
e00vDc xET-Pd-tc
e0ovDc nET-PoLYc

c.,acrlot-Fx0
caPActT0t-FxD
CA?ACIIOI-FXD
CAPAGTTOE-FXD
ca?^crroa-FxD

,tuF r -20t 30v0c cEn
.ruF.-20t Savoc cct
. toF r-rI ?oarrDc l*T-PoLYc
.tuF +-?0t 50vDc cEn
.tlorrF r-lz lovDc

cataclTt a-FxD
CA?AcIION.F'(D
CAPAC I TOT -FXD
CA?ACI'OE.FXD

.tuF +-z0z 50v0c cEt
. tuF +-lz aoauDc ]tEl-Pq-Yc
.lUF +-20t tovDc cEt
.tuF +-?0r lDvDc cEl
170CPF +-rr laaVDC CCr

ca?acttot-fl(D
GA?AEtTOI-FXD
CAPACITOI.FXD
cAtactt0a-FxD
CA?ACITO'-FXD

t30PF +-52 toovDc cEr
l30Pr +-52 tolvDc cEa
t7ootF }-tt t00vDc c€l
tuF +80-e0z SavDc cEa
. tuF +-?tz SauDc cEa

CA?ACITO'-FXD
caP^crr0a-FxD
EAPACITOI-FXD
CAPACIII'I.FXD

.trr +-40; 50vDc cEa

.olrlrF +-tt 50vDc cct

.crBUF +-lz torrDc cEt
E2a0TF +-52 Cr:l iPO
4700n1 +-32 SnvDc cEt

caPAcrt0n-FtD
CA?ACtl(N-FXD
CAPAr:IIO'-FXD
CAPACIlln-FXD
CA?AC I TI'I-FXD

.luF r-?ll lovDc cEl
. tuF +-eai s0vDc cEt
r0c0!F +-5u 200vDc c€l
.ruF.-zat ScuDc cEt.itr +-2i2 30uDc cce

CAPACITlll.FXD
CAPAT:I TI}I-FXD
CAFACIIO'-FXD
cat4cITta-FxD
caFactrot-Fxt)

.0tuF.-tz tlouDc cEr

.lttr +-?lz 50vDc cl-l

. rF .-2!t !0u!c c€l
tuF }a0-20r slvDc cEt
3t00tF +-12 loouDc cEt

CAIACITln-FXD
CAPACIIlll-FXD
cAPACtrOt-FXt
cAracttot-FxD
caPAclrtn-FxD

.0rtiF +-!l

.trrF.-eol
,tuF r-202
,ruF +-aot
,luF 1"202

lolvDc cEt
50u0c cEt
savDc cEa
50vDc cEP
5lrrDC Cea

caPActlol-fxD
CAPACTTl)l-FXI)
caPActr(n-FxD
CAPECIT(,l-FXD

,lUF +-202
.0tuF +-tt
.0ruF +-t:
.oruF +-rz
.lUF.-20:

50vDc cEa
toovDc cEt
toovDc cER
!aovDc ctt
50uDc cEn

CAPACTI(,l-FXD
caPActton-FxD
caaactton-FxD
catacrt0a-FxD

,llrF
,1UF
z2?F
.rur

+-eoz 5!uDc
+-202 iouDc
+-ltl l0ovDC
+-?47 touDc
.r-?!7 509DC

CER
cEr
cEt 0 r-30
EE'
cEa

catc:ltoa-FxD .rur r-eat 50vDc cEt
caPAcrtot-FtD a7oarF .-!z 3!vDC cEr
caPActtot-FxD .!a?ua +-52 touDc cEa
ca?ocIflrr-FxD .rtf ...eal tovDE cEt
cAtactToa-FxD .tuf +-att 50vDc cEt

ca?Acttot-FxD .IrF . -2!, 50vDc cEa
caractlon-FxD .tuF +-eot lovDc cEt
caaaattor-FxD .rur l-2!7 30vDc cEt
ca?^ctt0n-FxD 3t00PF +-tz tolvDc clt
caPA!:tton-FxD .tuf +-2!t 50v0c cEa

Mfr
Code

Mfr Part Number

t'7-qi]

ABTlaO
a6ae0
eo4Ba
aoaB0
ao40a

20a80
?o40!
eoaa0
a6a6a
eaaa0

51.20,
5626t
?B4Aa
zAat0
2840!

?Eaa0
2AaOt
zB'EO
aBa0!

aga80
aE40a
?aaa0
2448!
?9400

?aa80
z8aE0
e6aa0
2E4Aa
2AtA0

20aE0
eoaa0
eo4€a
26a40
ao46c

a0rlio
aaa€a
516ae
?o/roa
46400

aBaoa
28'BO
aB46a
zAaA0
eo/roa

t4480
?aa0a
?Eat0
2A464

esa00
?oaB0
eaaEo
?6a80
eo4€0

tB4A0
?6404
eoaa0
?6484
eo480

eo4aa
eBa00
zDao0
26.i8a
ea40!

e6aa0
?0aa!
toaB0
aEa6a
zSaB0

!5:rfi':i']iFl

0160-l!34
0tr|0-3508
0laa-530?
0160-5333
!r6a-t3r2

0160-526'
0 t 6!-531e
0r50-a9t3
0t6!-533e
0!60-53t2

i50D336X9at0Ea
rt0Dt56r9a80De
0r6a-lat5
0160-56t3
0160-!5t3

0r60-c576
0160-0376
0lr,!-56t!
0t60-al?6

0rar0-4576
0 t 60-5615
0 t 60-5334
or60-t33?
0160-t65A

0t6!-aBia
0t60-aat !
0t6a-56!18
0160-33aa
0160-S!32

rl6a-53:!e
0llr0-55!3
0l a,a-5513
ntL0-a7rt
ot6a-3267

0160-33it2
0t6a-53t2
a00-e0a-xla-10?J
0r6t-c576
0r60-0576

0ra'0-aa?6
0160-0576
0r60-!!16
0150-3504

0t6a-aa26
0l6a-a576
0t6a-0175
0r6a-0574,

at6r-c576
0ta,0-a4?6

0r60-4426
ata,c-a576

0r60-0576
al6a-53!l
0160-?155
0r60-llJ2
0160-s334

0 r 4,0-3!t2
0r60.9?57
0laro- a9t3
0160-s!34
0 r 60-313e

0160-513e
0ta,0-C576
0r5a-0576
0ra,0-a567
n160-0375

621
See in[oduction to this section for ordering information
*tndicate6 factory selected value



Number
c
D otv Mfr Part Number

A3C7r
a3c72
aScrl
a3c7a

a3c76
Aac17
A3C'iB
a*79
a3ca0

AJEOI

^3CEeA3C83
a3caa
ASCB!t

a3cg6
aJcaT
a3ca8
tlc0,
AJC'O

A3C9l
a3ct2
atctS
Alcta
AJC93

a3ct6
asc9,
A3C9E
a3ct9
A3Cr00

alct0t
AlCl0a
alc!at
atctca

alctl
t3ET2

Alqr
Allle

a3f t
alae
AIRS

a3lt
ala6

AS'6

asrt a

a3tll
AlIT?
atnlS
a3t1a
a3tts

A3t l6
A3R17

AIRI'
a3ta0

a3n?t
a3t2?
A3R23
asn2a
etneS

A3n26
a3re7
ast20
a3lr29
A3R3O

aSa3t
ast:lt
a3Ril:t
A3l3a
a3l!t

ar60-4a?6
0160-tJtE
0t60-!!le
0t6!-!33e
0i60-333e

0ta0-5lla
!t00-17,t6
0t60-lSte
0t6a-t332
0tlc-t7a6

0raa-r745
ol6t-1312
0160-0176
ot6a-4424.

ol6!-44?6
0t6a-4426
0t6a-asra
0t6a-0376
0160-!116

0164-aaa6
0t6a-a176
0t60-0576
ot6a-a576
0r6a-0t76

0laa-0s76
0l6a-0576
0r6t-c570
0t6t-a56,

0t6a-4576
0!at-!l3a
0t0!-r746
0l6t-53!a

190t-00a0
l90l-0040

t4ta-0?t5
rola-0et3

06to-J260
0694-4534
o69a-8956
0717-aaa1

07t?-a?d,
06t8-0!q!
0694-0083
e1a0-!016
al00-312!

06tE-a.960
at00-3r5a
0a,98-rl al
!6t6-662a
0a,rg-5474

04,t8-a3la

06t8-65t3

0titl-5i03
et 0!-3r23
r6t6-7l/r3
06ta-617a
0.,1t.-a122

06tB-5087

0690-s7s0

06t6-64?t
?! 0a-315/r
0('ta-0001
a7t2 -|a?l

2
I
I
t
t

I
3
I
I
I

I
z
I

?
?
I
5
i

5
I
5
s

5
I
5
z
z

I
t
5
I
I
I

t
t

?

5

e
a
B
a
0

?
7
3
n
?

!

0
I

5
0

6

a
5
o
3
I

a
3
3

2

z

z
1
3
I

I
s

t
e

I
?
I
o
I

I

!

t
1
I
1

!

I

I
3

CAIACI'OI-FXD
ca?actT0-FxD
cA?act n-FrD
CAPACIItr.FXD
caPAr:ttot-FxD

.0tuF +-r:

.luF +-?az

.llf, 1-2az
,ItF +-zaZ
. r .-2!Z

r0tuDc cca
5nuDc cEt
litvDc cEt
SauDc cEt
iovDc cEa

CAPACIIIN-FXD
CAPACIIOE-FID
CAPACI IIIT -FXD
catActloi-Fx0
CAPAGIIOT-FXD

,lrrF +-ear 50t Dc cEt
,5uF+-ltt rovDc ra
.itF +-aat 5a9Dc cEt
,l[r ."?01 lrouDc cEt
lslrF+-tol elvDc ra

c^PACttot-FxD
caaActroa-fxD
CAPACITM.TXD
caPActtot-FxD

rsuF+-r 0z zavDc ta
, tuf +-a!t 50vDc cEa
.tuF .-20t souDc cEI
.aruF.-r? loavDc cEt. lF l-2!Z IIVDC CEn

caPAcrton-FxD
catactrm-FxD
ca?^ctton-fxD
ca?Actton-FxD
caPact n-FxD

. alt F .-rt
,0(rF.-tz
. trit +-20t
,ttr.-zaz
.ruF.-aat

tcavDc cER
toovDE cEa
tovDc cEa
50vDc cEt
3avDc cEt

caPAc!Ttn-rxD
ca?aert(n-fxD
caPActlor-fxD
ca?actton-FxD
ca?ocrmt-FxD

,ott : +-t,
.iuF +-aa,
,lt a +-eat
. ruF +-zaz
,tuF l-2!z

t009Dc cEa
EllT DC CEa
snuDc cE
30vDc cEt
50uDc cEl

caP^ctton-FxD
ca?AcItoi-aI0
c^tAcrlon-FxD
CA?ACIIOT-FXD
CAP'CI IIIT-FXD

.ruF.-aat SavDc cEt
,trrt .-?a: 50vDc cEa
.llrF +-2at torrDc cEt
394!Pa +-lz 100vDc cEll
.0tuF +-tz raouDc cER

catacrroa-FlD
cataclroe-FxD
CAPA|:Illn.FTD

.lUF . -?,t 50VDC CEt

.llrF .-?aa SauDc cEr
tf,lF."tll 20vDc la
.ruF .-aat SalrDc cER

DIoDc-Srtlclrlxc 30u saria txs Do-33
Dt0DE-6gITCnr{C 30V taiA ars Do-3t

Caltl{-POSr TIPE . t 00-PII-S'CG Sl-Cd{T

TIAllSlSlm IPI St PD.3SaiL Fl.laoillz
l*Al{SIStOe IPt{ 5I ID.3S0hC FT.30!H|Z

rESt6tor
tEStsrm
tti6t3t0t
IG6TSIQ
tEstsroa

a6al lz .lztu F lC.a1-r00
64,fl .rl ,l?lu I lcr0+-i6
lrr( 1r .l?!l{ F tc.0+-la0
r5.2l( rl .rAig r lC.ll.-!01
t0.9I lt ,leil r TC.a+-l0a

tCSlsroa l3.ll( lZ .lesl F ICEa+-ll,0
lGGISlOt 1.95I ll ,l2ss f lc.a+-l0a
aESISrm l.ta,( ll .lesg r rc,0r-10!
tEslsroR-TExr 3t( rai c SIDE-aDJ l7-rtta
aEctBtar-lihn 5c0 l0z c stDE-aDJ 17-'ttI

aESlSTon a7( .rZ .re!U F IC.!+-SC
aEststot-TatiR ( llz c sru:-aDJ 17-tal{
aEslslol l9.ll .lz .lasl F Tc'a+-as
lElllslol ?-I .rZ .las{ F rC.!+-21
aE6taTOe ttlr lt .125c F lc.!+-i0a
tEStlit0l
SEEISII'I
tEstlir0t
lEstS rf,
tEaltT0t

3l ,tz .125r F rc:t+-es
!a9r lu .tasc r tc:o+-roa
It .12 .letl F TC.0.-43
tl.5a7r( .tz .l?39 I Tc.nr-50
?t( ,12 .llstl F lC.l+-et

rearsro ,.6x ,12 .t?sr f rc.lr-!o
tcstston-ttht toa r!? c !iIDC-aDJ t7-trr,t
lCSlSlOt 70,7( .5,. .talu F rcto.-E!
l€Slslol ,a.9x .ll .123U F ,C.0.-l!
tEslsrot i6lx ,l .t25t F rcia+-lao

RCSISIOT
rEstsltr
iEstsraa
tcSlstm
lcSrsrot

22,11 .ltl ,lzltL F TC'o.-l!
ex .lZ .l25U F lc.a.-45
2a.91 .rt .re59 F IC.0r-al
aI .lZ .la5{ F lc.a}-ei
7tx .752 .l?iu F lc.a+-i!

tcsrstor 31.Est( .tz .teiu F rc.a}-?!
tE9tstm-lanR lr rtr c stDC-6DJ t7"Tnr
aEststot r.96r tt .taJs F TE.0r-!40
lE6tantp 164( lz .rlsu f tc,o.-laa
IE6I8T0R l6at lt .l?19 F TC.C+-tlo

eo400

20440
20404
eaat0

?646C
5624t
26464
?oaB0
!l,ASt

s6aBt
eo40c
2s40a
?6a00
20440

20400
aoaE0
26aEC
2S{80
?64t4

?0480
a64EC
2Brt00
aaa0c
2Sa80

?n4aa
eaaa0
eoa€a
2EaS0
zfi4e4

eoaa0
a0/roa
56?B'
20/lao

-.0440
a0ta0

mnTl

a47rl
a4713

?0ao!
2BaO0
?oa8!
2rsa6

r 
'70l?/t546

?43/16
0al ll
021! t

46464
021I I
?o4tla
20440

26400
e64Sl
eorla0
maoa

e6a0o
oat r I
t97rt
aEae0
?ata6

eBllo0
?s4€a
?0a80
?6484
l9rtt
?6400
azrr,
24ta6
2t546

0r4,0-4/126
0 t ar!-!l3e
0t60-53J2
a16a-533e
0r60-5332

altra-531?
tStDl!t6x?a2r!2
at60-llJe
0ra,t-t3t?
t500156194?l,B?

t500rl6xtae0ta
cla,l-5334
0r6l-0576

ala.a-a446
0t6!-4426
016a-a5?a,
0160-0516
0160-0576

cr60-a426
al6a-0576
0l/r0-0i76
a1r,0-0!7a)
0t60-0576

0t60-057t
016a-0176
al6c-0576
0r50-a567

0r60-c575
0t 60-3!32
r5aDti6xt0e0Dz
0 t a0-5134

t?0t-0040
1t0r-00a0

tast-7t86

zdBt0a

0ra9a-!e60
0't,ro-o130
0690-a950
crr.l/a-ta-1624-F
ca-1/0-t0-t492-F

iFact/E-T0-t3te-F
Ca-t/A-IO-l9ril-f
ca-r/6-lo-tt6r -F
att50?
a3rt0 r

a3?102
06ta-7143
06?6-6ar?a

0a,96-alt4
0690-6340
069A-6ir3

06tg-6103
a3P50t
IrFacr/0-la-7072-D
0510-6378
ca-tl0-r0-!6t3-F

0690-66?a
06?0-0700
0690-6544
Irracl/e-t? '72[e-c

04,9G-64?3
a3tr 0l
ca-r/0-T0 -l6?3-F
ca.,r/o-Ta-r623.r

Mfr
Code

Model 4945A Replaceable ParLs

?able &2. 49454 Replaceable Parts (Cont d)

See introduction to this s€caion for ordering infotmation
*lndicates faciory selected value

&25



Replaceable Parts Model 4945A

Tablc &2. 4945A Replaoeable Ports (Cont1)

c
o

HP
Nu

AlT36
A3t37
a3n!9
AlT!'
a3na0

ataal
a3ta2
alta3
A3R"

alaa6
a3rrt7
a3ta8
altat
a3l!l
alrSt
a3nl2
aSttl
aSllaattst
art56
AIT57
.JF!E
Attlt
ASRAO

atli5t
aStae
A3t5!
a!t6a
ali65

43P66
43t67
A3IC8

^3t6taSlra

altTl
a3n7?
43T73

a3t73

a3a76
ata7,
A3a7t
alaTt
a3nl0

ela6t
agt92
alt83
AsR"
alt€l
.ITB'
a3ne,
a3t18
a3n09
altto
a3ttt
a3t'll
a3tt!
aStta

^3tt 
l

43n96
etI'7
a3t98
alrtt
aJlt00

^3rt 
!t

a3R t a2
a3tt03
a3llaa
a3t!03

^3tt 
06

alttaT
eSrllE
A3n r at
t3at t a

07E7-0lta
a69A-3/t46
0694-le6t
0?3r-047n
o?47-oa7a

0516-6?48

4698-0041
061}!-00te
t610-lalt
06?a-6113
06ra-6353
a6ta-66?a
069r-o721
06ti-731a

069t-664a
0,:tl-66nt
06ta-616,
069!-6t60
06ta-6lao

odt8-006t
06tt-42a8
069t-6494
0699-6t6t

06to-8t67
06t8-6tat
0698-68t7
0,r98-1J82
0694-634e

06t8-6ta8
a6tF06!3
a6tE-a1l5t
06t6-6360
c69a-6t6a

a6t9-!19,
0698-691a
t6t€-4tlt
0ct8-63!€
06tE-6938

06ta-00Gt
05tB-e?to
06ta-66ta
0598-6611g6tt-53$l

o698-6311
0,,t8-66ea
06tB-E8ltrr
0691-0769
0698-68,1

06tE-66?7
l6tt-0626
!6tt-66?r
07i7-0aa!
06tt-6116

0698-61i8
0698-63!b
0757-0aat
06tE-7042

o6t6-872a

a6tt-66?t
06t8-o0 | 2
069a-80ta

06t8-6360
0a,91-616a
0698-6!60
0717-0aa!
06?a-732e

06tg-8336
06ta-6483
0694-662t
07s7-aa03
a69E-6362

0
3

I
3

?
B

2

7
?
5
3

I
2

6
a

I
0

5

z

0

0
6

I
I
2
2

B
e
I
e
?

,
I
7
a
6

o

I
2
2

e
?
?
I

0
0
a
t

e
z

a
?
0
2
a

I
I

I
t
t
I

I
t

I
I
i

I
,
I
t
t
I
I

t

I

I
t
I

t
I

I
I
I

I
I

!

t
I
I
3

a

I
I

I

tEstston
TESTSTOT
aEsrslot
tE5t5I0t
aEsrslot

5t.l lt .1219 F Tc.o+-taa
3O3 lZ .l2ll. F TCr0+-100
a6ar tt .lelv F tc.o+-loa
t62r l7 .l2tL F lC.a+-100
t6at tt .tzlr F tc.l+-toa

TESTAIOP
IESI6Tq
aEstsflra
tEststoa
rEstgt0t

alot tz .le$l f ,c.l+-|00
a0.irl .l: .talu F lc.!+-?s
1.96I ll .i€l9 F lc.o.-roa
e.6ll lI .t4lu F TC.a+-6
lt6l lI .lZ5g F rC.ar-loo

tEstsl0i
icst6Tm
tEstsroP
tEsIStot
tEststoa

l0I .rZ .12$l F rc.a.-a5
501 .lZ .12U, F TC.o+-?l
ei .lt .1219 F lc.a+-e5
33r .tZ .tzlU F ,Cro+-ei
la.air .25t .r2SI I lc.!+-aa

iEsr$T0n
tEatat0a
RCStStOn
tEstsroR
aEgrStot

2I .ll .l?sL F lo.l+-25
?7.7r .lz .tAlU F rcto+-!C
l0I .ll .tzltl F TC.0.-EI
l0I .tl .125{ F lc.a.-25
3l( .lz .r25I F lC,0+-25

tESrSroa
tEsISlln
tEsrsroa
rEgtEtor
aEst6toP

5.23I lt .le l F TC.a+-100
lO7[ .51 .iell. f lc.a+-5!l
27.1I .tZ .t25L F lC.0+-54
l0l ,lZ ,12!q F TG.0+-?t
a7.l{ .ll .lell F f0.nc-45

tEslstm
tEsrsroi
NESISTt,l
tEstsron
rEsrStor

l0I .12 ,121I F lC,llr-al
lot ,la .l?59 F TC.0+-25
20.61 .il .ialu f' IC,!r-50
5.att rl .le$l F Tc.a+-loa3I .rz .leil. F tc.a{-At

tEstsr0a
nEsrsrot
tE6t6tot
REStSTOn
tEsrsroa

3I .ll .lelg f lc-C+-es
?.475I .tt .1231 F IC.a+-25
tor .tz .tzltll F rc.a+-el
l0I .tZ .la5l. F rC.o+-al
aol .tZ .lzSC F rcra.-2!

tE6t6rm
nEsrsr0t
rEsIslon
aEst6rot
tEsrSror

2.26I .lLl2l9 F 1c.0.-2!
55.CI .52 .lalu F fC.0+-54
laal( 1Z .l25L F IC.C+-Ia0
tll0l .l? .1459 F TC.a+-23
SitI 12 .1251 F IC.[.-la0

tEStsroa
iE6rstm
tEStsloa
nEst6ron
tESISrOa

t.96t lt .la$l f TC.a+-|00
Stlt( lz .t2$t F lc.t+-t!0
20t .lt .125I F lc-at-z3
7I .z:!l .lzil F fc.a+-al
lar .12 .t25r F rc.a+-25

ncslatot
tEslsttt
tc9tStot
tE8IStOa
iEststot

50r( .lz .leil. F lo.0+-al
2I .ti. .1259 F Tc.a+-el
r7.l7x .r? .leiu F rc.ll+-z4
a?.6llt .lzira f lo.o+-as5.?t .lI .re59 F lc.!+-es

aESIErOa
nEsrstot
tEsISroi
tcstSrm
tEsrsrot

alx .lZ .125I F tC,l+-es
3.056x .ll .t23U a lc.a+-25
2( .lZ .laSY F TC.a+-23
l?l lZ .l?5I F TC'0+-100
l00t .ll .iesg F TC.a+-25

tEst9tt t
tE6totoa
rEStsroi
ttSIsroR
tE6r6toP

l00x .ll .1a5I F lc.a.-al
l00I .lt ,lasc F TC-0+-e5
l2l lz .r?3r F TC.0.-i00
26.tt .rZ .t25tl F lo.!+-el
21.3I .12 .lei! F lcEai-2s

nEsIst0a
tEcIBtot
tEarsr0a
nE9IStOi
tEstSTt t

t5.a6x .e5: ,t?l!r f tc.o.-50
60r .tt .l?is F rc.a.-25
60t .11 .tess F tc.t+-6
3B.Ax .lZ .r2il F TC.a+-50
SO.EI .tt .ra$l F TC.a{-to

ncctctoa
tEstsTot
t€ttct0t
tEstslot
tEstsroa

ral( .ll .r23U r lC'0+-25
tol .la .tass F TG.0+-e3
laI .rz .raiu F TC.a.-e5
t2l l7 .teSY F lc,a+-l0a
a.zEx .ZEl .lzil. F TC.0+-E!'

tEsrst0t
tE6tstot
aEsr6t0a
tEsrsron
aEsrsroa

1.53t( ,12 .tesr F lc.!+-10
tr.? .rz .l?sL F TC.c+-?5
60I .lU .12!U F TC.l,+-a5
,2i iZ .125r| F 1C.0.-100
tI .iI .l2iu I rc-0r-25

l', l l l
IEil' Mfi Part Numbsr

24546
?4546
zAaAa
2a316
24546

ee{Be
aBao!
24i16
aS€ao
2ala6

2AaEa
eaaa0
a6aaa
261180
t97ot

20a0a
?aaBa
aoat0
eo4aa
eBae0

91647
24490
aoaaa
eBa80
?a4el

t??nt
20464
2All.0
24146
26aga

eoaoa
20440
e64Al
aaa0c
28440

aarl80
eo46a
2a5116
e04aa
lsaB0

e4la6
e0aa0
e0/t'o
2ErrBa
?0ao0

404t0
eoa80
e0a8t
EB/lDO
20rr8a

eo4a0
a0rra0
?9440
eal/t6
?aa60

2',aoo
?o400
ea!a6

?oaa0

28400
20460
a6rr00
l,trll

20400
46464
282t80
e4ta6

r970t
?6ao0
e8404
zrt!a6
ao4Ba

ca-l/a-t0-ltat-F
ca-lle-r0-ll:tx-F
0690-!?50
c4-lla-T0-t6e3-r
ca-t/€-t0-t5?3-F

0{,9&6e48

ca-tla-To-t961-F
tltElt-1la-r0 -261 l -F
ca -tlo-tt-rt63-F

0698-6ttt
06ta-6.153

06t9-0741
ltFacl/e-re-t4/r2r-c

l6ti-662a
a6ta-a89s
0690-6360
0690:6360
05tg-634e

chF-t/g-tt-5e3r-F
0699.0244
06to-a09a
0698-6360
4698-664t

nFacr/a-t9 -t8t?-E
a69A-636C
0698-ltBE7
ca-t/a-Ta-t491-F

0690-a34e
06?t-0631
0690-6160
0618-6360
06m-6151

n6i7-o3r7
0696-6t14
ca -r16-T0-ra03-F
06t0-6!ta
06ta-a938

Ca_l /€-lO_rta'l-F
06rt-6954
0a,90-6630

0a,ta-6!5J

06to-6r5J
06ta-6624
a6r8-a8aa

05t8-aoa3

0690-aa?,

06ta-6aea
ca..l/a-10-t2tR -F
0a,te-6318

06?8-6358
0696-6350
ca l/B-r0-lalR-F
nF4Cr/g-T?-?6t2-t

0698-67?a

0696-A6?9
rfac r /o-ra -3802 -D
|tFrrcr/g-I2-386?-D

!594-6160
n690-616!

ca-rla-T0-letF-F
htacl /g-19 .a25t - c

tiFacl/g-re-35tt-E
0694-5423

ca-tla-T!-t21n .F
a6?0-6364

wn
S€e inhoduction to thb section for orde ng information.Indicat s factory selectrd v.lue



a3lttt
A3n I l2
aStr I !
a3i!1a
aSrtts

a3rtt7
aSnllE
Alil|a
a.!I7!e
AIIP!
atta?
a5'ttt

ASttl

a3ul0a
atulat
a3ur03
a:lllr!7
a3ua01

AtrUA!'
a3u?08
atlrla0
a3U!a2

a3u40l
a r40a

a3ua0l
a3lra06

Atua0e
a3tlta0
a3u50 |
AIU!!?

a3u!o!
alu600
a3rr60 !
A3UAOA

alt t!0
atu702
ailrTas
a3u80 0
a11116al

A3XU6t2
a3xu803

c
DNumber Description

0698-63aa
o7l7-0aal
06tE-6rral
o6t9-a67e
t696-6!at

o?arJl,.a2
l6tE-6160
0artr-!4lE
ori70412
tota-0?31
0tl0-1602
0361-r642
a36t-ta.a?
036a-t604
a35a-1642

0361-t642

1825-ta0?
r026-02t9
r d26-07!t
I 026-0753
itit6-07es

t026.0751
I Aea-0753
ta?6-07a!
r O2,5-t ola
ra26-lrst
t 8e0-.tt77
toe6-100?
I 0?6-oraa
la26-a?ol
tge6-07a!

1026-4733
I Oea-i ata
toza-tt.n
rBac-2096
1Al6-078i

I At6-07!t3
toa0-1432
! 6ill-l199
lBe6-0657
l0?6-07a0

tneo -rrt91
to?t-r lt7
l8e5-0740
102e-ta19
ra2!-rote

t2a!-!a!7
reao-45t9

0ara-taa,

tzat-79416
raoa-!t l6
!!a0-osaa
04tai-?00aJ

z
z
3
5

9

0

0
0
0
0
0

a

I
I
t
I
3
I
?
I
3,
a
I
a

3
I
I
I

3!
t
a
a

a
E

I
0
B

o
2

I

I

t
I

I

I

3
I
7

t

2
2
I

I
I

I

I
1

I

I
I
it

z
t
I
I
I

nE3I9t0t
t€lrsr0a
r€6I5t0t
tEStslm
tEStsT0t

9all .lt .ra]l. F TC.0.-23
l2l ll .lzsl| f TC.a.-ra0
31.29I .rZ .legr F to.!r-es
t.zt/u .ll .tzlg F rcr0r.-25tl .tl .t6L F TC.o+-?l

tE3'lEltSlol l0l( .ll .reiu F TC.0.-?3
IESIST(n 26ll ll .ie39 r ICra+-100
iCSETOi l0x ll .lzaw; TC.otld,
xErlml-ncs a-lille.zx ort x 7
tEaitxal-8tuD scL-tua PtEss-rirc
IEThTI'AL-STUD SGL.IU' PiESS.hIG
tEantirat -6tlrD 8GL-TlL PrEss-it6
tEtlttxaL-8t u0 sGL-tua PaESs-irG
TEIXINAI--SIUD SGL-lUa PRESS.iilG

tEantIAL-StuD 56L-tua PtEsS-nr6

IC PL
tC PL
tc 0P
tc tr
tc op

tooP l4-DtP-, P(G
tot P 8-Dtt-t ?tG
AIiP LOI'-ETAS.H-IIIFD QUAD I'-DIP-C
ai, Lou-EIAs-H-[tPD qraD la-Dli-c
AI9 LO9.EIAS.II-IIIPD DUAL 6-DIP.C

tc rr?
tc oP
IC I'P
tC 

'Ltc 0P

all' Lou-DIAS-I-DirD
ar9 Lou-Etas- -lnPD
erP Lt t-Eras-lt- llilD
L00P ta-DtP-a ?xG
allP una- Btas -lt -tlilD

PUAD ta-olP-C
euAD ra-DtP-c
DT'AL O.DIP.C

quAD ta'DlP-c

!c o6c EcL
tc PL L00P ta-Dtt-? Pt(G
tc sgttctt ar[-G DUiL t6-DtP-c ?xG
tc oP ah? Llnt-EtAs-[-t]fD 0taL a-DlP-c
tc Eurlcrl aNtG Dlral t6-Dtt-c Pr6

tc op Alrp Lor.greS-r-IhPD QUAD ta-DlP-C
tc c{rn trL Ls Blx SYrcrno tos-EDcc-lttc
tc car€ rlL LB xaxD qreD t-It{P
rc clrt tTL ts Etra DuaL 4-Bll
TC @ 

'+!P 
LOU-ETAS.H-ITPD DIIAL B.DIP-C

lc oP anF tor-DlAe-x-liPD qthD t4-DrP-c
Ic cNtr rrL Ls Elr{ syr{crro pos-encg-rnic
tc trN trl- LE tct( t-txa
lc oP an, !d,-al^3-H-lr+0 a-Dll-? PtG
IC SUITCH AitLG DUAL I6-DIP-C ?IG

tc [Ft 'lll L5 l{ot{-tiv alx r-lNl
tc GATE TrL tS IAXD oUAD z-raf
IC $gITCH AXLG DUAT I6-DIP.C ?XG
tc Goiota TrL Ls iaclo a-t'rl
IC 

'F 
TIL LS D-'IYPE CCIL

oPlo-lsoLAIOa LED-aC{DCI tF.!aha-haX

EoclqT -lc t6-ccLt DIP 0lP-5L0i
socrEt-tc eo-corll DIP DrP-sLDl

caYStAL-QUmrZ A.0l3XnZ llc-lA^r-liLDa

coNN-tolil IYPE . t oa-P[{-EtcG 5o-coNt
plN-cnv . e52-lx.Dta .2l-ul-t.c s'tl.
EXIN.?C ED G'A PO('C .O62.ED-IHTNS
A3-ID LABEI.
NLD/I6DEII ED DIT

f,m
G:TilI Mfr Part Number

2AaA0
aasa6
e6aa0
esaa0
2€aa0

2arr&)
2Aa€0
?4Sa6
.2.499.
at r2l
26aOa
?aa80
zaa0c
?a.ro0
?6ag!

anrn
26aS0
tolaa
ca7r 3
0rt7ll
0126

047r3
0a7t3
0l ??5
eoao0
047r3

oa7t3
20a00
l?493
0rats
3?2t3

0a7lt
0r 29!t
!1?1,5
0 t 29!t

aaTtt
tt?r3
arett
e?ota
3??93

0l ?ri
01?91
3?et3
c r?91
01t,1

039tt

aorl.0
?Baaa

rdq,-O

aoaB0
agl00

26440
2eaa0

0694-6344
ca-116-10-tatt-F
05ta-6443
06ri-a6??
06?a-61a3

o7!r. oaa2
06ta-6!60
ca-tl8-t0-?6t3-r
Q761-0,-2
zta z22
03150-l6a?
0360-t 604
0lar0-l6Oa
0360"t 602
0360-taae

036!-t 642

i8e6-t002
NEI67U
nc340aaB-
ItcJaaoaBL
TL'7A'CJG

r,tcl410aBL
nc34oaaH.
ILl,'zACJG
l6?6-t0a?
llc!4a!a8L

licle06t?
1626-100?
Itlta4tcDE
ILl,TzACJG
trl5!43CDE

iolaaa4EL
sN7/tLSt 63AN
3N74t.800t{
st{?aLsl93N
IL!7?ACJG

ncsaa04El
a{TrlLst 6len
3n7aL5oaN
LF!511r
tH5043CDE

3 74LS!67Ar
5N7aLS00X

rt0alcDE
st{7at.s63N
sr{7aL3t77r{

?lrirTn
r2l0-a617
t?a0-a639

0al0-trl00

r a80-0116

3tt0-a5a0
0a9a$-aa00J

Model 4945A Beplaceable Parts

Tablc 6-2. 4945A Beplaceable Parts (Cont'd)

S€e inlroduction to tlis section for oKlering information
rlndicate6 factory selected value
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A/tcIE
a4ct3

Arrc!5

A4Cr7
Aact0

a4c20

aac?l
aacae
a4c?t

Aaca6
aacz7
Aac?o
a4ce9

aacSl
a4cla
a4c3t

Ancla

Aaca?
arlcal

a4cas

a4ct0

aacSl
Aacsa
i/rc!3
6tcsa
a4c!6

A4CE7
aac50
aacl9

a4c6?

a4C65

c
oNumber otv Mfr Part Numbermt

Code

IE'ITTE
ar 6t-4746
0t60-3eto
al6a-1294
0r60-3293
arar0-lAtB

!r60-3?tl
0t60-alrr0
0i60 -tztE
c t 60-t290
0r60-t298

0160-!ll|90
!160.52t8
0 t a'0-5e96
0r6o-tetg
0160-5290

tr50-5?tE
DtltFzelF0Sa0gvic
tt6a-4t36
0r60-te90
0160-s296

016!-12t6
0le0-t?98
0r6c-!2to
0r60.1294
0r,,n-0t2l,

0160-3a8?
DnttFa0tF0!angvtcn
01,r0-llzto
tl r,l-1e96
0160-52tO

0 t 6a-5290
t!60-tzra
0t60-5e94
0r60-t298
0r60-6296

0r60 -5494
! t 60-!e90
0!60-32?A
0r6a-5299
0160-32?6

! r a,t-5?ta
0160-0r24
0 r 6a-5e98
Jr60-tera
6r 6n-5294

0r60-t2t3
0 t a,0-s290
0t60-t2ra
0 t a,0-5?ll0
0 t60-S2tS

a16a-3e94
0 r r!0-52t8
0r 6t-5?90
0i60.5?rB
al6c-92?6

t160-5?98
0t60-a446
,r60-!t?ra
0 t 60-5e96
xra,0-5298

0r60-!?9n
Jr60-te98
0rt a-52t8
0r60-52ra
l50Dar5lrllA0Pa

at5i"aaa6
ar ca-t29r
0r60-5i31
0 r 6!-3?98
!r6a-52ro

S]]:!]alli]ilt

0ta0-a7a5
!160-32t0
0ra0-s490
tl6c-529a
0 r 6a-teto

0 r 6a-it?91
0r6a-03at
!160-lztB
0 r 6t-5298
at50-5?90

0ta0-5296
!160 -5e90
016!-5490
014,0-1290
0l6l-5ero

0t6a-3290
0rac-ca?l

c16a-!e?0
0ta0-52ta

0tac-sito
0160-i290
0 t 6t-12t0
0160 -5et0
0 r6!-01e8

at60-Saoa
0laa-0177
0r60.5290
0 r &t-satt
lra,0"5et0

0r60-sata
tt60-3499
0 t6a-5490
!160-3atE
0r6e"5e9a

0t6a-52t4
0r60-ta9a
ot60-329A
0rao-iata
0t6!-i298

0r60-5?to
0r60-0teo
!l6a-l?t0
ir6!-529A
0r6!-54t0

0r60-E?9a
016a-l?tB
0t60-1e90
0r6a-t490
0r60-t29c

0 r60-s?tn
0160-sa?o
0 | 60-t29e
0160-5?to
0l6a-5etE

!r60-5290

!l6o"sarE
0r6a-3er0

0t60-5e96
0160-3e90
0t6!-te90

0t 6l-22a9

0l&a-3atr
0160-5333
0 r6a-549c

a

7
a
o
o
I

t
6
a
B

a
g
a
a
6

a
I
I
g
o

6
B
a
6
3

6
a
6
a
0

o
g

a
0
a

o
a

0
a

g
3
a
a
I
o
a
a
6
o

B
6
o
(l
a

6
?
a
e
o

a
0
g
n
s

?

a

t

I
56

2
I

I
I

2

I
I

I

carActtot-FxD
CAPACTTOI-FXD
cAPACtrot-FXD
CAPACITO'.FXD
CAPACIT6-FID

27tF +-5t l0CvDC CEr C+-34
.oruF r-eo: ,00uDc cEt
.atuF +-zar taal,lc cEa
. cluF .-eot toDvDc cEn
.arrrF +-aal raavlc cct

cattc t t 0t -F xD
CAPACIIO'.FXD
ca?^cttoe-FxD
GA?ACIION.FXD
C"ACIIOI-FXD

taooPF r-tt t08vDc tilca
600PF +-tz 3oavDc tttcA
.! rF +-202 100VDC CEt
.ollrF +-ect t0cvDc cEt
,8ttF +-2!t t!0uDc cEt

cAtActlot-rxD
CAPACITOT.TID
caPActrol-FxD
CTTACTTol-FXD
carAcrrot-FxD

,0 f,
,OIUF
.01uF
.llIUF

+-zait
.-e0z
+-202
+-2CZ
+-202

i0ovDc
!!0vDc
t!ovDc
ra0uDc
,0auDc

cEt
cEt
CER
c€t
cEt

caPActT0a-F)(D .oruF .-?cz r00uDc c€e
caPAcIrot-FxD z?aPF .-r? toovDc ilca
caPAcIT(ll-FXD f,3olPF +-rZ 500VDC t tCA
caPActtm-Fxo .atuF .-eot trouDc cER
caFAcITm-txD .otuF +-zaz t00uoc cfl
CAPACITO'-FXD.'IUF
CAPACTTT)a.FXD . lltUF
ca?actTot-.xo.!ruF
caPAcrTttt-Fxo . ![t F
CAPACIIO'.FXO ?.AUF

.-e0t
r-201
..-a0r
.-?oz
.-?llZ

I"UDC CER
r00vDc cct
toauDc cER
,ltovDc cEt
SauDc cEr

caPActtoa-FxD
CAPACITOE-FXD

CAPACITOtr.FXD

a3oPr

..IUF

.0 rF

.-rt 300rrDc ritca.-tt 300vDc rilca

.-eoz r00uDc ctt
+-aat taat tc cEt
. -2tZ l0IUDC CEa

CAPACIIOI-FXD

CAPACITOT-FXD
caPAct ta-FxD

.0irrf

.ott F

.0tUF

+-eal
+-e0z
+-anz
r-e0z
+-atz

raavDc
t0lvDc
t!avDc
t0ovDc
laav0c

CEP
c€r
CCE
cEr
ccR

.1, uF

.O'UF
,0l trF
,0l lrF
, !, UF

.-2!t
+-aat
+-e0l
+-aaZ
r.?Dt

l0!!,0c
taat Dc
10ol,DC
t0auDc
lolaDc

cEr
cEi
c€a
CER

GA?ACrtoR-FXD.0llrF
cApAcIrol-FxD ?.zuF
caPAcrton-FxD.0tuF
CAIACIION.'TD,!'UF
CAPACIIOD-FXD,OItIF

+-eaz
r-2!!
r-202
r-2lz
r -2o7,

toauDc cEn
litvDc cEt
roovDc cE*
t0a9Dc cEn
IOOUDC CET

.0ltF

.!tua

.0 ruf

1-2rz
+-ea7.
r -a0i
+-aIt
.-?ll

t 0 lvDc
t aavDc
!0lvDG
taarrDc
t0ovDc

ctt
ccR
cEI
CER
crit

c^PACtroP-FX0
catacrTot-ax0

,0rtF

,0|UF

r-acz
+ "?la
+-202
. -znz
+-?02

t aeuDc
r0tuDc
t aavDc
1oMC
t0ovDc

CER
a:Ee
cEt
cEo
ccn

cA0tclTot-FtD ,0 ll: . -etz r otvDc cEr
.-1: t0a9Dc ccP
.-eoz r0tsDc cEa
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rrEt
cEf
cEa

.0lr.tF r-tz t0ivDc ct-l
laooFF +-12 toiulrc lirca
.orrrf .-tz sJurrc cEI
.oruF +-?c: loorrDc cElr
.oruF {-202 tt0uDc r.En

fTzTtt

?8404
24400
eaaBa
2Eaa!
20aga

mal!
?a4Ea
20a00
AB4EC
20,t0!

20a00
2€48a
?6/la0
20ae0
2err00

?6a00
72tAb
eoaon
?0460
26a0a

eBaa!
aE]l0a
?9400
eaal0
t6404

2Baa0
??136
zgrto0
ao4a!
26440

aD40t
zBa0!
?E/lal,
?6a80

aBato
?840!
20a40
eo40a

eDae!
?oaa!
an4aa
firaa0
a$4ea

eaao0
e9400
26400
?8400

an40t
€a400
en4ga
?ortoo
zA4St

aoa00
m4a0
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2!raa0
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ea40!
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!1.?a9

eoa3r
ao40a
aoro0

EC{g!

Beplaceable Parts Model 4945A
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Aacjtt
iac7z
aacr!

aacl?
aacnt
aitcla

aacaT

A/Ul3

aalt

a4tla

a/ntt
A'R!2
a/nt I
aartS

aat l7
a4il8
aai?0

AlIat
A4R?E
A'T2I
aatta

aaez?
A'82'

aat3l
a4R3a
Aaat3
aatla
a4rsl

AattT
a4f!a

A4R'E
Artaa3

aaRat

aai!0

aan5,
e4Rl2

aaul!a

AarIao
aaua0 t

c
DDesignation Number otv

0tEa-!l7a
0lla-al7r
0to0-037a
alSa-aza9

tt!l-0tro
t9at-001a
t9tl-0010
t9at-001a
r90t-00s0

tlat-0aso
,ra1-0430
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a6?E-?Aa7
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a6t9-00?c
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06t6-rta7
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a6ta-3r52
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06?a-404,
aa,t8-g,,to
0598-6/ral
0696-5610
n6iE-?oa,

o6ta-6s6!
0698-6arr!
0artg-6aal

06to-7t05
06ta-64a5

0598-7t0t

0590-5364
06tB-64a5

0,196-6i162

art9B-0!45
06t!-6l6e

06tt-5aa5
06ta.aa37

06t8-4017
06te-4!37
0698-76a?

06ta-a037

c757-0alo
0,,90-6364
r690-6:160
01,91-/r017

06t9-t0t9
!699-lt0c
06i,!-aB!t
06to-n!t7
0694-a0t?

0698-536!
0a,1l8-6473
06tr"t7e2

t lEt -5!!A
I A?6-0A6r
r6e6-0r15
la26-07!5
I1126-07!5
1Ae,,-t73!

I
3
3
!
6
I
I
3
3

I
I

3
5

s
5
0
0

!
5
a
I

o
a

0

€

0

E

o

a
E

a
0

0
0

0

3

0
0

0

0
a
0

a

I
I
I

3

I

I

g

I
I

2

?

?

a

I

I
I
I

I
I

I
I

GArAClrOt-rxD lalrF.-!,, 20vDc la
calactrm+xD taltF+-taI, eovDc t^
caPActT(n-FID t!tr+-t!z zavDc ta
cattclTtn-FxD 47uF.-r0t ?avDc ta
DI0DE-6tt 6lG ticltol I t(Y
DIoDE-SrlICHIXG alu 20ax,r
DtoD€-sltlTcrlt{G 60u 20ar(A
DtoDE-6ItTCXTXG 8aV 20aXA
DIODC-SIIICllIl,lG BaV a0aha

?I5
2llA
?N9
2tr8

t 0-!5
DO-3S
DO-!t
DO-35

DtoDE-s1llrcl|ra.G aav 20aia zt.s D0-33
DtoDc-Sl.ttclltt{G AaV z!a|l^ ?I8 OO-33

cotat{-?ost IYPE . r!a-Pra{-6rcc sa-coNt

tGstsltt
tE6totot
IESIBTOI
tEstsrot
nESrstot

l.lrtl .ll .t83L F tc.o.-25
l0r .ll .laSI f lc'o+-ai
l.ll99lt .lZ .125!a F rcr!+-25
t.3lt9lt .!? .lesu F fc.o.-6r0l .lz .1e5u F lC'4.-23

rEsIsr(n
l€3ral0t
IE6ISTO
tGEroTt)a
tEsrsrm

i.tlll .r, .iallu F lc.o+-ei
l.319tll .11 .t?tl F rC.!r-2S
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2.61I rl .l25L F rc.o+-ra0

tESlgTot
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aEStsTm
rESt6IOt
tEstst0n
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IESTSIOT

lar .!z ,le5l F lc.a+-e5
6.E3$Ltl .125I F TC.a+-25
6.E3gI .tt .t?s!l F TC.t+-?3
2.r6al .!l .12lll F TC.!{-?5
543.0 .rt .l?5I F 1c.0.-el

aE6tcr0a
lEarSrot
aE9l8T0t
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aESISl0I

316.2 ,lZ .l?tc F lC.8+-!l
6.430( .tl .le$l F lC-o+-ai
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316.? ,rl .lzt{ F lE.o+-ag
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tEslsTm
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l0l .ll .!?lts F rc!l+-z!
6.610I .l? .1259 I lc'o+-as
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tc 0P Ant H-cLE9-nAlE o-Dr?-? Pr(c
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MN'
Code

Mfr Part Number

56al'
56449
56?8t
5{,AAtt

ma00
20aoa
e8a00
aoaal
20140

?oa8l

ao40a

tll.tat
z0aBa
eoaB0
aaaoa
43a00
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?a4aa
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?a5a6
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?B'EO
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?B'B'
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0696-663€
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a6to-5360
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!6rB-616?
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a698-616?
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06to -6!6ll
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rlA3-eEa7-5
xa3-2107"t

Model 4945A Replaceable Parts

Table 6-2. 4945A Replaceoble Parts (Cont'd.)
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Replaceable Parts Model 49{5A

Toble 6-2. 4945A Replomablc Parte (Cont'd)
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0t2t5
!t ?J5
Saitrt
0r??5

3a3?t
la37l
0lat5
0r e?l
46665

34371
ata9i
0t29t
ea48a
esa80
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24.t0
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3a37t
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3
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rctuDc
l0rt Dc
l0ouDc
l0tvDc
t0ovDc

cEt
c€t
crt
cEa
cEa

caPAcITot-rxD .lllrt .-e8t ro0uDc GEn
caPaclrot-axD .o|lf +-?02 loovDc cEr
caPActlt -rxD .aluF .-?!t loolrDc cEt
caPActTor-FxD a.7ltF+-t0z 35vDc ra
capacrrcl-txD .aruti .-202 iocvDc t;[
GA'ACttot-Fxo.aruF
cA[actlot-att.cflJF
cataattot{x0.cruF
caractt -,x0.ortF
CAPACIIOT-fID A,AUF

+-aaz
.-?01
.-?a:
. -202
+.eat

tacuDc ccn
tolrrDc cEl
raavtc cER
| 0!vDc EGI
5!VDC CEt

c actInR"tr0,0trlF
CAPACITm-FXD.0tUF
caPAr:ttot-fxD.0tur
CAPACITIN-FXD.llIUF
caP^crttr-FxD 2. rnF

r-zJl
.-!02
r -zJZ
+-?01

I itluDc cEn
rravDc cEp
,irtglc ccR
100vDc ccR

CAPACIIl,t.F'D

catactt0a-Fx0

CAPACITOT-FXD

z.alF +-?CZ S0UDC Can
z.luF . -zJt !ID\,.DC CE'
tcuFr-ral 2GVDC la
rauFr-lct ?ivac lA
r cuF+-raz zcvDc tA

catantra, txD e.?uF
CAPACtl0r-FXo.c|lrF
CA'ACtTOT.TXD . !I UF
carAcrrot-axD.0ruF
caoactr0t -txD . ! F

r-ant
.-40,
r-?ll
.-aa:

3!9tC Cl:l
,ocvDc trc
1[XVDC t,F-A

tocvDc cEt
1rostc cEa

Mfr
Code Mfr Part Number

FETI]

s6209
56e0t
*.?at
5646'
t6?gt

5648t
aa4aa
eBaa!
20aoa
?Brr8o

?6aaa
zoa80
eoaaa
2Aa00
?o/la!

?or80
?6a0e
?o400
?oa€!
zBae!

eoa00
eaaS!
?o400
e04t0
?4400

20,14!
?6a8e
?440a
eeaaa
2A4BO

46484
a6aa0
eaaoa
e0aoo
20404

?0480
?o464
?Brr00
e6a8t
20rlac

20a84
2rlat0
an4at
20a80

20490
?o40t
tarl.0
g,a.2a9
2gaa0

?a460
244t0
aD4n0
?040r

?0480
eeaa0
?o40n

aortB0

ec4ea
?o-t00
5r,?at
a4?69
5a,eat

23r40
an400
?sra0
e040G

rlqrt?r. iill
ls0D106xt0?0ia
l!0Dt !6x9l2tt2
tScDtadxta?0Ea
r!0Dlo6x9l20E?
tlaDta6xt0a0Ba

l50Dr!6x9t2nll2
0t 60-/ua6
in60-4426
!t6c-aae6
0r60-t296

0 r 6!-52t8
0t60-52t0
01a0-sztB
!160-1290
c r60-t2tB

016a-5298
ar6l-1290
!160-52to
at 6a-5e?a

ar6a-5??o
ill60-5?t8
ar 6a-i2t6
0160-52t8
ata,0-5290

0t60-3294
ar6a-5et6
tr60-5e99
0t6t-tem
Ir60-5294

0 t6!-tatB
0t60-t2t8
0t6t-!e90
!!6!-5?98

0t60.!298
0r60-5et6
0r60-!298
0 t a,0-5498
cr60-5298

0 ra,0-s?to
ar60.Eeta
0r60-l?9a
0r60.5298
0 t 60-3atB

0r60-t2re
0 t 60-!1290
0160-t?90
r50Da7tx9o33B?
tr50-i299

o r 6a-3??a
!160-5?98
c ra,4..3294
altr0-t294

trr60-5lra
arr.0-ia9n
0ll,0.t??B
I l a0-s?tft

0ta,0-al?o

rs0[ra6x9c?0,!t
l 5nD1 r.1X9oa:'rl

tr6r- !t ?6
0t(,0.5?94

!160.5?t6

Model 4945A Replaceable Parts

Toblz 6-2. 4945A Replaceoblc Parts (Cont'd)

S€e introduction to this section fot ordering information
*lndicates factory selected value
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Beplaceable Parts Model 4945A

Toblc 6-2. 49454 Replaceablz Parts (Cont'd)

I
I
I

3
I

I
I
I

a

I

il

5

I

?
2
3

I

,
I

I
I
L

cattclToa-rtD .o tc +-a!t loovDc cEe
caPAcrroe-FxD e.zlf +-24: ScvDc cEt
ca?acrton -FtD itF+- tz ltvoc ra
ca?acrtoR-FxD r!F+-r07 33vDc ra

DroD€-sri 8tc scl6TtrY
DroDE-sri 8lG licriofl xY
DtoDE-Sn 516 EC|lrllT(Y
Dt0D€-6n 8rG CCTOITXY
DIODF-SCITC 116 eau 200ltA 2m DO-!S

otoD€-ScttcBlNc olu ?ol}ta ?Ns Do-35
DtoDE-6UITCqllG oav e0oiA aaas Do-3..t
DIODG-SvrrCHrt{C olu 20!ttA zNB DO-!i

cor{ra-ao9t tyPE .la0-?tN-6PcG ta-coNt

4.6a Llziu F Tc"0+-roa
?.17t lZ .taiu F TGto+-la0
l.rx rl .tzic r tc.!,-io!
tax .12 .less f Tc'0+-45
l0I .tl .l6U r IC'!r-25
4.64r tt .lzllL F tc.ll..-l!0
?.37r ,z ,rZil. F IC.0.-l!a
t.lr ll .tasu r rc.n+-t0a
l0l .1, .l?3L F tc.!+-?l
lCt ,tz ,l?su F lc.0r-45

l0Cl( l? .tasl F rC.!+-l00
56.ex lz .la5{ F tc.o+-ra0
!6,1{ lZ ,12iu r IC.C+-r!0
lar .r? .r2fi4 F tc.o+-el
l0x .lz .laiu F lcri."Zi
a.641( ll .llsu F tc.llr.-l!0
tlt lz .tzis F lc.rr-r0l
ta t: .le5r, F TC.G+-r00
3r.6{ tt ,1?3C F rc'0r-re0
5.16r tr .l?!lr| F 1C.0..-la0

4.64t ,z ,12i9 F TC.!.-l!0
2s0 .lz .tzsu F rc.o+-21a.sr .rz .rztu F 1c.0.-t3
3I .lZ .ta59 t IC.0+-45
9l .lX .r?5s F lC.,{-eJ

aESlliTOl 3l .rZ .t?SU f lc=ar-?s
RCslrlIOt-llAICllED Srt r0(i 3l
REETSTOa !0t .rZ .te5u F Tc:o}-af
IEOISI0n-IATCIieD $El llli 5I
RESISIOC 50 .lz .l?su F 1C.0.-?5

lot .lz .123U F lc.0+-a!t
rot .11 .1e50 r rc=01-45
3|( .rz .rir3t F tc_!.-28
3[ ,t, .le$l f lc.l,]-as
3( .lZ .l?59 F lc.!{-?s

RESrSloa-llAlCllCD SEI ral i 5,
nrait$trn rar .lt .1?9u F Tc.0.-23
lESlStOr-ltAlCtlED sET r0l i 5x
tE5tttot lt ,lZ .lzsu F lc=i{-25
tEsMTm l0I ru .1439 F Tc.!l-ta0

tt .lt ,125s tr ac.,r_?5
It( .iz .l?5U r lcra._?s
lr|( .rz .t.r3t F rc=tr-?l
lI .lZ .leSU F Tc-ar-e3
a6,4l( tZ .lliu F IC=C._l0C

/16.alr lz .laiU F TC.0+-rC0
aa,,aX lt . r2'-L f TC"[._lDC
a6.ar lz .t45, F rc.o.-la0
lal .12 .l?!ig f TCEIr_?i
a6.aI rz .l?iL F IC.o+-l0C

t:islsTol lll 1l ,l?'Ju F Tcril{-100

cot{NfcloP a-Pltl d Po!:T TYPa

,c GA',rE llL Lr5 t)(GL-Ol CUnO ?-rXP
,c Fr trL Ls D-rYeE ?n9-E0cr-lRro con
IC COhPAIAT('n PICX io-r' lXG
IC OP ANP I|.SI.fT-IATE g-DIP.P ?TG
lc rl|| t,iiF t{-riLr:!l-R6lE g.lrlt.n PxG

DIODE-CEX
DIODE-GEX
DIODE.6GI{
DIODE-C€N
DIODE.CEX

t3v
lsv
35V
35V
33V

5ax6
I'IIA
3!na
lalla
5ara

DO-15
DO-35
DO-!t
DC-35
DO-t3

nEglSta,n
tEstst0i
tG6tstot
iEstsr0a
IEOISIOR

aESrato&
nE.9ISton
tEsrSt0l
RESI!iTON
tEsrsI0n

tEsIStarl
IIiSICIOR
nEstsrot
tEsIct0r
nE!irliron

nEstSroa
RE5I5toi
iEBISI{N
tEtitsl0n
ttrstsrm
t€5u;Ton
tf,st5!0i
nE6rilon
RES'STOT
F!:5t5rOR

n€5t0Ifti
tEstst00
nG5tg'rnR
RE5t5t0R
TES(STtn

icstst0t
aE$rsrort[!irslo,
acltrairoa
Ititrrilot
aEsrgToo
tESrSrot
tEslcroa
aEtirSToo
rfstc'tot

aaao0
?aaBa
5524'
t6aat

eoao0
e8at0
20a80
at/ll0
20a8!

2AaS0
a0a8!
28404
?6a80
2arl80

?aa8a
26aO0
2646r

T,mrl

2rr3a6
?a546
ar5a6
aoa00
26460

24546
2r3a6
?a546
2Ca0c
20aoc

l4ia6
2/r3a6
2t346
?ca0c
u 0480

2rr546
a45a5
245/r6

26aOa
2610c
?anaa
204e0

a!4Da
?oao0
48400
20a60
zfrrto0

zaaat
?oaBa
26400
28400
zaae0

?0a80
e6.t80
204€a
?3a40

ataa6t
?o40n
?na0l
e6a00

245/16
?4!a6

?1s46

?c401

i1e?s
Gt?91

3417t
ga17!

c
DD.signation

HP Part
Number otv Dercription IM

Code
Mfr Part Number

A5C?e
A!CiR
tac?a
A5Ci'3

6ECR I
A5CT2
agctt
ascta
ascts

atcn6
llsct7
a3ct8
Alcl9

AlCtl3
ascll a
ASCR' 

'

aStt
aita
A5'J
asna
AE'S

asn8

A9lt 0

ASntl
AsR t2
AiRI3

AsR' 5

a5* l0
asRt,
asi?0

ASII?I
a5a22
asn23

ASR25

Asn26
att?7
a5q20
A3n??
alrRlo

a!,t!r
atil2
65i3t
A5R3'

43n36

A:iPIA

at n4t

AiiR/l8

n$el0

atrrl -

a5rJt05

0r6t-3294
ot6a-ar20
0tg0-0e91

- !r8a-0e91

t90t-0376
19at -0376
tr!l-c376
190t -0316
t90t-0316

l9!i-a3tB
tttr-alto
194!-01t0
t9c1-ollo
r9at-0at!

ltal-005a
t 9at-0at!
1941-01!a

ralt-r9a6

o6tB-!tgl
0698-3154
075? -0a2a
06tg-636a
06tB-6360

o5ta-3t55
a69S-!t50
o737-OaZa

06ta-61161

u?s?-naG'
0"s7-0as9
t698-3r19
c69l-636a

06tg-3t15
a?12.0a16
0737-03a9
!6.}8-1160
a73?-nzVt

0696-3ri5
06'98-679?

0r,98-63aa

06ts-6ta6
!6ro-61153
oarS-l,3a,o

0a,t8"6lCa

0d,ta-63a8

0aro-64!3

0f,98-636?
!610-3t6e

05m.3t6?
069n-311.!1
0r,98-3r 6e

oa,rE-3r 64

raEr -i6r9
lai20-rar l
ts?c-, rt5

r0a6-0715

6
3I
3

a
o
a
o
3

3
I
J

I

t

a
5

t
?
2
o
0

1

0
0
0

0
o

o
0

0
0
0

6

o
o

s

a
c

0

0

0

!
I

ct6a-52?8
016a-atze
tt0Drl5xt!3lae
ri0Dtt$r9a3tae

r90t-0176
Itor-t176
t9!!-0376
lt0t-a376
t9!1"0376

tt0 r -aEr6
l9!t-03r8
t9( t -a5to
trll-03r8
tt0r-aa5a

trat-00s4
lt0!-aa5a
19tt-oll0

ta - t /6-T0-aa/rl -F
c4-! /a-ra-et7t -Fca.l/8.t!-r t!t-F
06te-6t60

ca-1l8-t0-acar-F
ca-rl6-T0-237r-F
ca..r/E-Ta-t t at-F
c6?!-6360
06t0-6154

ca-t /0-Ta-t00:r.F
ca-rl8-ra-54,??-F
ca-rl8-T0-e612-F

05rB-ai160

c4-r/e-t0-a6at-F
ca-1l8-T0-3nt -F
ca-r/o-t0-t 0!c-F
ca-, /8-T lr-lt 62-F
c4-t /g-t0-3t6t-F

ar90"674?
t6r8.6/[l
a69e"6344
ia,9a-53/ra

ca,9tt-6344
0696'6a5!

c6?8-6453

0!,tB-6360
0arro-6364
C6?A-4,348
[6t8-6348
06?a-5t46

!690-6aJ3

06t6-6a51
!,,94-6344
ca- t /6-10-l0c?-F

0693-r,t6a

0a)tB-6360
c6tB.6!5C

4690-6360

c4-l/a-r0-ran, .l

r ?sr -5619

!ir{7afsr75
L al I lr
xa3-?507-t

6.32

See introduction to tlis section for ordering information
*lndical€6 factory selected volue



c
D

HP Part
Number otv Description Mfr Part NumberI/lli

Code

atuzc3
Atu20a
allr203
as taa,
AEIBOO

aEulot
a5lr3!2
a3m0l
aSul!rr
a5ul0g

att 3a6
asua00
a3u/r0t
asua0a

alu40a
a$r4!s

a3u3!4
A5Ui0S

atrrst6
a5lt6al
alu6!2

a:t 6tt
attl606
esu70l
aSrrrcz
ASU705
a!ll?a6

laaa-taaa
ra2t-t/rel
i 826-i Oa7
laa6-loat

l6a6-t049
!a?6-toat
lAea-10a9
lo26-te/r3
r626-r 0t!
raa0-!at5
r626-r0a7
1{t?6-071t
toaa-0915
1026-0715

r&!6-07a0
to?a-t997
r6?0-tats
r826-09r1
l6?0-19t7

ro20-ta35
t€e6-0t!0
,426-0744
tgal-06a9
r020-195e

102a-1216
t026-060t
rl'26-0609
taeo-rE3B
lg20-tat9

t/r€0-41t6
aoal-ora7
5080-4542

2

0
2

2
2
z

0

a
0
I

I

B

a

?

e
a
o
a

I
o
E

a

0
e

E
I
1

2

I
I
I

?

a

3
?

I
a
2
I

IC OF AltP PtCt{ o-Dtt-C tt(6
lc lrxa/mtA-6E! tll. L8 4-ro-l-LlxE urAL
tc sct{tltt-Talc IlL Ls l{axo QUAD ?-txP
IC OF 

^ltP 
?ICII E.DIP.C PIG

tc tf ai, atclr o-DIP-C PrG

tc 0l $it ?rcrl €-DtP-c PtG
tc of alra Ptct{ E-DtP-c ?r0
lc 0F an? ?lcx E-Dt?-c PrG
tc v tGLTt-FtD-Poa 9.9rl10.0r9 to-l Pr(c
Dra t?-tlz-att aa-DIP-c EPLn

lG citt TTL t5 alll utlDosta 6rxcmo
tc 0P .ltt Plctt g-DIP-c PIG
tc 0? eiP [-stElt-IalE o-Dt?-P Pt6
IC OP ari. l0t-tra3-H-ItD a-DtP-c Pl6
IC O? ANP H.SLEI.RATE O"DI?.? 

'IC
IC SI|ITCH AI{LG DIIAL IA-DTP-C 

'XGIC FF TIL L5 D.TY'E 
'06-EDGE.IIIG 'TL.IIIrc crrn trl- ts Dllt IIP/Dogr EYrclno '

IC (tr aiP t0u-irAB-H-tntD o-DlP-c Pr(G
IC FF 

''L 
LS D.IYTE 

'U:-EDGE-ITIG 
PIL.IX

rc cxll TtL L3 DIr uPlmur gYNcsno
lc crNv t8/Dc ta-lrlP-c PtG
IC SI.TTCH AI'LG DUAL I6-DIP"C PI(G
lc trul-rlalxn arlr.c t6-DIP-c ?tc
IE FF IIL I.S D-IY'E OCIL

rc DcDn ttl ts 3-to-a-LtxE t-tNF
tc hlrLItPLtt aM.G t6-DtP.c tto
IC ITIILTIPLxI ANL6 I6-DI?-C 

'IGIC FF ITI L3 D-IYTE I'CTL
tc contlt Ilt Ls tiADID a-BIt
P r-Ot9 .a6e-tr-DlA .zs-II-LG SrL
EXrt-FC ED CRA ?oLYC .064-BD-!HIXS
A3-tD LAI€L

ao4a0
0r2'll
0t?91
eoatl!
26460

eoaoc
20t90
a6an0
e6alo
e0aBa

t1a?5
eoaoa
laiT!
at ?95
3at7l

3e493
0r ?t5
0t e95
0lerl
012t4

0t ??t
ea35!
324rt

01zts

0r 29t
0565S

0ta9t
Gta95

2Eag!
?6aaa
eBal0

r026-104?
sN7at.st53N
EnTaLSr 12{
t826-t0a7

t0?6-taa9
tBa6 -t oat
toea,-r0at
!026.r0a3
,oe6-t013

llea,-l aa7
9A3-2107-t
TLo7I^CJG (tEa rlP Dl{;)
fia3-?Er7-9

IH50a3CDE
6XTaLSITar{

lL0TrtcJG (PEP lrt Du6)
sN7aL3374l{

8n7ar.8669
ADSJdI
llrSla3cDE
Itux0oFq
sx7als377N

GatraLst36N
huxaSFQ
Itux08tq
sN7rrLSl77N
sr{74LS65N

t40a-tt l6
a0a0-t747
t00r-8512

Model 4945A Beplaceable Parts

Tabh 6-2. 4945A Replaeable Parte (Cont'd)

See inhoduction to thir s€ction lor ordering infotmation
ilndicatas factoty s€lected value
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Replaceable Parts Model 4945A

Table 6"2. 4945A Replnceable Ports (Cont d.)

3
3
a

I
z

i

1

n

a

il

I

I

3

ar

.tuF .-r? 2covDc ttEt-?oLYc
. trrF +-tl ?lolrDc nEl-PoLYc
.a rF +-e0t tolvDc cEt
,ltt .-l: 2!0vDc |ET-P(I-YC
tuF +-tl t00v!c n€T-P(lt-YE

.01tF.-aaz tlovDc cF.t

.aruF .-aa: tlavDc cEn

.otlrF l-tz rlovDc cEt

.433rtr .-r: taauDc cEt
?trJF.-l at tlvDc la

caP^cItoR-F)(o eariF+-tat IwDc ta
ca?aclroa-FxD .ttuF .-eat titlvDc cf,t
cAPACrtoa-FxD .o f, +-tl toagDc cEt
carActlot-FxD .tltuF +-rz toauDc c€t
caPAcl rt-Fxo .a3rrF +-rr, raauDc cEr

.lruF +-2!z loluDc cf,R

.etuF r-rz toavDc cEt
llf lE!-20, 50vDc cEt
. a4itrrF .-l0z eaauDc foLYE
rtF +80-2[2 50vDc clt
. airrF +-rl toavDc cEt
.lttr .-2!, tolvDc tER
. cluF +-aaz llauoc cEr
. a f .-ztt toautc cEi
lSuFr-rlt eauDc ta
.tllrF .-2!, t00vDc ccR
Irr .64-2ct Savoc cEt
ll,r r-lz rolvDc t*.t-ttr-YE
lUF .-rt r0ouDc nEt-PoLYE
lUF .-r: r,ovDc ltll aoLlE

.aIrF +-aat ranvDc cEt

.l3uF.-!at 3gvDc T^
. a rF .-ear taavDc cEt
.01rf, .-?tt taauDc cEe
tuF r-ll toovtrc tiET-PoLY€

. a47rlc .-tot ?!0v0c P(x-tc

.allrF +-aaz rcavDc cER
rloPF .-ttF 2onvDc c€R
.atuF.-?0t tlouDc cER
.o rc +-12 loovoc cEl

.alua +-aoz taovDc cER

.oflf .-2,t taovDc cF-a

.oruF.-40: to0lrDc cER

.oltF + -?01 ,ltvDD tiEP

. rc +-rt ?ccvtc |ET-PoLYC

.llf, r-tl 20[vDc ET -00LYc
,atuF ..-?0, toovDc cEa
.0tuF +-20t toitvDc cER
l. auF 200vDc
t.tuF attvDc

caPactT(n-trD ,ot$F r-arl ronlJDc cca
caractTor-FxD t0n0?f .-rz roa9Dc cEn
canactTot-FxD 6i[f1-rlz 6vDc ra
caracrtot-FxD r,ouF.-t!u 6uDc la
DICoE.lrtTC[rNG AoV 20!hA ?r{S DO-f,I
DIODE-SUrIC tXG 00V zo0ltA e{9 DO-3S
DtooE-Zin 6.aU EZ Do-3i ?D,.at IC!i.JS7t
DroDr-sgtrcxlrac ocv ?g0r ers D0-35
DroDE.ittrcHtNc 6nl, 20 ta ?Ns Do-ir5

DloDE"Sl,,llcrltr.c eou e00xr e{6 Do.l3
DtoDE-SgttClttNG OaU enoie ?xs Do-35
DtoDE-Sglrctltftc oou e00rn ?Ns Lr-3$
DICDE-2Ii rr.3v ltz DO-!3 PD..as ll).t.al7z
DIoDF-zrar /t.3v 5z no-3i tD=.all TC.+.ClrZ

coNx-rolir tyPE .l o0 -ttN-sPco 50-cnxt

JtrtEi aollD

caPActt0n-FxD
cAPACITOX-aX0
caracttm-FxD
caPAc I rot -Fxt)
catActlm-Fx0

CAPACIT(N-FXD
catactTot-FxD
ca?rctt0r-FxD
CAP'CIIl,i-FID
cArAc I lrix -FxD

cAP6Ctron-FXD
CAPACITOI.FXD
CAPACTTOR.FXD
caPAcrt0t-rxD

caPacIt0R-FxD
catactran-FtD
EAPAEIIO'"FXD
catrctton-FxD
CAPACIIO'-FXD

cAtactton-FxD
CAPACITOI-FXD
CAPACIIOi.FXD
CAPACTTON.FXD

CAPACITOR.FXD
EAPACITOI.FXD
caPaotrot-fxD
CA?ACIITN-FXD
CAPACITIIC.FXD

ctoactron-FlD
CAPACITOR-FXD
caPActton-FxD
caPAct rt-FxD
cAPACttoa-FXD

CAPACTTOE.FXD

CAPACITOI.TXD
CAPACITIN.FXD
c6factTot-txD
CAPACIIOI-FXD

CAPACITI'f,.FXD
caPActtar-Fx0

CAPACIIOI.TXD

tuF +-lz l aouDc
ruF.-tz tocvlc
ItuFr-t 0t ?cvtlc
torrf*-102 zovcc
truF.-r c? ecuDc

ITEI.POTYE
r1€T-tctYG

m

A6E2
a6c!

a6cl I

at ar2
a6cl!

a6ctt

a6cr 9

A6C2T
MC22
aa,c?l
a!)carr

A6CZ'
a6cra
aa,ca9

a6c3t
a6caz
aa,c33

aa,c13

a6ct7
A6C3B
a6cl9

al,c12

ar,c50

Ar,c5a
a6cg!

al,ct5

a6c5a

ACCRI
ar,cle
A6CT3

A6CR3

aa,ct8

c
o otv Mfr Part Number

Ii!'!I'I II]
0la0-t6t3
at60-i6tt
0 rat-tet8
ai60-56t3
0t6a-36a1

0t6a-3498
a t 6a-54t0
ot6a-aa?6
a l6l-43t5
!180-0220

0ta0-04?o
!160-lzto
0rat-a446
lt50-a546
ol6a-aio6

016o-sato
0laa-aaa6
0t60-15tB
0t7t-004t
0t6n-3518

0l6o-/ra?6
0r60-s290
0 t6l-5490
0r 60-5?90
0 i oa-1746

0r60-t?90
!r6!-3341
0t60-36a5
0r6t-t645

olao-!?96
0tEa-2243
ota0-t?9a
0r50-s?98
0t6a-3545

0r7!-00a0
alaa-5496
0l6c-alot
0l6t-3et8

0160-sa|?o
0160-setB
0160-5e9€
0160-li,to

0r60-s595
0 t6i-5498
!16!t-32?A
0t6a-39a3
lt r a,0-3ra3

0160-36a5
0r60-3545
0r6t-037a
0 | !t0- 037a
ar o0-037a

tta,a-!tztB
0r6t-a55s
rto0-?E!t6
0l8a-21G6

ltrr-!t!5!
r9a!-00E0
lria-095a
t 9!r-0010

l90l-0osa
,r0r.!03t1
r.r0t-0054
,t!t?-094,

raSt -7906

a

a

I
B
a

5

E
2
!
3

o
z

?
6
B
o
s

6

5
s
I
a
3
I
o
3

E

a
?

o
e
a
a

6
a
a
a

3
3
3
3

a
0

3
3
a
3
I
3
3
I
I
I

aT5
?4400
28rt30
2E/t0!
?8400
84at I

uaaS!
ao4Ba
26140
e6484
t6e69

i6?6t
eErr6l
?$460
20a8r
2Aa6a

2048!
a64aa
20a00
5a.ea9
2Aa60

?o4aa
2tr460
ao48a
zBaA0
!t|2B.t

a6aa0
aoaoa
6a411
Ea4tt
Baatt

?o404
3624t
2Ga8a
e6aot

56?At

aSaBa
20440

?gao0
eaa80
?o400
zBaa0
aorBa

aBaat
?aa8e
?a40!
e4400
28400

0a4tl
oaatt
5a.?e0

a,?,Ji

?aaBt
?n4a0
5$?B'
!t 289

?c404
20440
an40r

2C464
2ort0a
eoaEe
eor0c

r,n:[rm
016C-3695
0160-s6t5
0 t 60-52t€
o 160-t6?l
x663Ftati tua

at6a -5298
0 r 60-52t6
0t60-a426
ar6!-a106
!50D225Xt4130?

t50Daa6xt0t3E?
0ta0-5?98
l16a"aa?6
0t60-/r106
!r r.a-ai06

!ra0.5298

0t6o-3t08
?r??a7394
0160-3508

0r60-i294
! r r,!-la9o
or60-!?98
150D1!t5xra?0D?

0t60-t?t8
0t6t-3t08
x651F105t1r,2
xr,63Fl05r r12
x66!fl0lrtua
0t60-1e90
t5aD3!4X9!3942
!t6n-5?to
0r60-5e90

?9e?47392
0r6c-le9B
0r60-4309
0r6!-le9g

0r6c-!290
cr60-s290
01a,0-54t6
tt60-lara
0, f,0-!6t5

0160-56tt
cla,o-529n
!160-5290
ar6c-3903
11a,0-3903

x6a,iFt 0tt tua
x6a3F I olt 112
r50Dt06x90e0$t
t5rDr06x?t2082
t$GDt06x90ecu,

0r6c -sara
0 r a,a-a56s
t5rD6i6Xt00,'[a
,50t 6o6xtc0r.B!

tt,1-005a
1901-0050
r?e2-095a
190t-005ll
r90r-0050

rr0t-0050
t?0t-0c54

Mfr
Code

644
S€e introduction to this section for ordering infoamotion
rlndicates factory r€lected value



A6i5a
a6t!t

a6t!l€
a6lllt
EflTi]

46t56
a6ri7

a6Ql
a6&l
A6Q3

.6at
aala
a6il
a{,8a
a6tl

a5t8

a6tt I
a6ntl
i6tt2
a6ll3
a6llt

^6it6
^6n!7a6lli
.6l!t
a6l2a

tat2l
a6te2
A6TA
t6raa

^6t2g
e6l?6

^647te6ritE

^6tet
e6t3!
a6r32
a6rt3
t6r3a
A6I!B

46t36
a6&t
a6t30
A6TI'
a6ta0

A6ta2
a6aa!

a6tat

^l6taa
A6rS!

a,ga5t
a&t3?
a6tl!

a6r6e

^6t6!

A6168

a6t7t
a&7?
a6l?t
a6175

Number

tB!l3-045t
r€lt-aalt
ist5.!42!
oir|lT-oqtz
aTJr-aaa?
a'r77-aaait
!690-lat0
0757-!at9

!698-l?al
o767oaat
oata.3ta2
o,lroa!,
oTlr4ral

a?47-ot.n
07l7-0trt
o,lroa40
t 6?01.0
i,aoa.aitat

0a${!@
07t?-043t
a?t? -at.n
a6tt-3a!t
!6t6-llra,
06t!-ta6t
a7t?-aart
tTar-ot.l,
aSrg-taa7
07t7-a r2!

a?',-lar0
m.lqp
6n..l&
069i-3?6a

o73?-at??
4737-aaLa
!6t!-!a3t
4757-0alt
t 7t7-0e{
06t8-31a7
06tl-3l3it
0,l?-0aaa
a73?-taaz
arl?-!r ?3

l59l-3/rs3
07l,-oet?
06t!-3a!r
ait$?-alat
a75r-0ata

a6tB-tale
a?!n-aaa7
06to-a!E3
a75r-aaa!
06te-04o3

o1t7-0'160
06to-3451
a?31-a?aa
a1a?-aa1a
a6tl-3t3t
artT-aaa?
a?ir-a4.2
o?a7-aaaz
07r-04at
oaa.atEil

6$traEt
06rB-lti7
a73?-Oaaz
07t?-0e40
a?ln-ta€
05rB-lt5!
aTir-oal
07!7-0294
a75r-044!

0717-eaaa
!717-aa0t
1737-0ala
o7a7-o?€a
469&3r31

I
!
2

,

g
,o

?
o
'o

3
!
7
3
a

3
!l

7

I
g

3,
a

I
I
I
o
3

I

3

?
a
3
3

I
I
B
I
B

I
I
3
5

t
t
7

2
I
I

t
I
0
?

?
I
3
t

c
o

z

I
t?

I
3

I
I
I
3
a

c

?
I
t

I
2

I
2

2

z
I
t
I
I
I
!
t

I
!

3

I
I
I

!

otv Description

rlAMilSTOl tliP AI ?D.62Sir FI.2laiHZ
rltl{SISIOl PtlP 5l ?D-621t0 Ft.eaa*lz
IIaIStSTd ,-FEI 2la!9t L.CHAI D-ltODE

aEStsIot
iE6tsrot
IE6tSTB
tEststot
tEsls rr

tal ll . tlllll F Tc.a.-lao
tot tz .t69 F rc.l+-to!
lax ll .le$l F TC.a.-!40
aa.el tZ .teau F lc.!+-i0!
6.0ll lt .t219 F lc.a+-i!a

tEstStot
tEstsr0n
tEStatot
tEstSton
rEatar(l

!7aI ll .la5ll F TC.o.-taa
.!.!t

-q94r

l7 .i?ll F lc.a+-loa
It .l?i! F tc.l+-l00
lt .le5I F IC.a+-llart .lell I rC.0+-100

tEEtston
rE6laror
tEststoe
nEststot
tE6t6t*

?t.5t lZ .l2lL F lc.l+-l!0
2l.l( lt .16l. F lo.a+-100
7,6t lt ,1e39 F Tc.a+-loa
2l.l( ll .t25L F lc.l+-l0a
lat lt .125I F lc,a+-140

rE0taIor
tE3tstot
rE6IArot
tE3t6tor
rEst6t0a

l0{ lZ .l6U F tc,01-la0
6.Oll lt .leig F TC.a+-l0a
21.fl !I .la r tC.a+-10!
2l.l lZ .12!Il F rC.0+-lao
a22 lz .1e39 F tc.a{-rol

lEStsroi
tEstBt(t
tEstSton
tEstsr(r
tEststot

ton 5z .2!{ cc
6.ett lt . taSr.
?i.tl tt.talt
az? ta ,t?5u F
t4.8t tt.tetg

TC--ta0/+t ta0
F lc.a+-!40
a lC!o+-l!a
IC.,+-i0!

t€Sratot
rESlSror
tEsrsrot
tEstsron
tEstsrot

l62I ll .l?lll F TC.a.-t00
l0l lt ,l?19 F TC.l.-laa
l0l( ll .!69 F lC.0+-100
a64t rr . tzllll F rc-4.-t!0
16.21 l: .tzSC F IC.a+-t0!

tEststot
rESrston
SEatar0a
nEStsr(n
aEatEr0r

21.51( ll .tatu F TC.a+-la0
61.91 lZ .r25g F lc.a.-!o!
el.l ll .tZiI F lc.a+-loa
56.?t tz .!2iu F rc!l+-t!a
tx ll .16I f lc-0+-r00

aESlstttt
aEatsr0a
aEaIS ll
aE6ISt(n
a€slsT0t

ila? tt . rett F
t9.G{ tt . te3r
ru rt .tzit F
tot tz .12i9 F
la.at tl .rat{

r rc.0+-la0

lc.o+-l0a

aEStsT(t
a€at5t0t
tEstsrtr
aEslsT0t
aEstsTot

e6tt tt .t?5t F Tc.o+-ta0
13.lx lZ .l?ll. F 1C.0.-r!0
t3Jl lt .telg F lc.o+-laa
!a.01( lz .12!{ F TC.o.-la0
S.tlI lt .lel'U F tc.o+-la0

aEstSt0a
tEsrsro
tEslslta
tE6t6tor
tEstSTtr

r47t !I .ta5L F tc.ol-lla
l?lr l! .t?5U F TC.ol-laa
t.t6x lz .l?ll F lC.0+-100
r8.a rl .leir f rc.a+-roa
t.tGt( tz .tzlt r TG.!+-t00

tEsrsrm
tEs!9T0t
aEatlrot
nESlsrtn
tE6rsrot

6l,tl lZ .telg F TC.a+-t0a
26rx ll .r2l9 f tc.o.-tao
ll lZ .t25I F fo.o+-l0l
r6?t ll .125r F tC'0.-100
2ar.1l lZ .lelu F lc.a+-l04

tEsrStot
tESlst0n
nEsIStot
tEStEt0t
tEslatoa

tax
l0r
t 0t(
l0t
ad

tt .169 F
ta .tzls F
tz . rztt F
tr . t2sar I

tz.l23c

tC.0.-lD0

lES.8IOr i@l ll .l$|ry t lG.Ot26
lCsl6l0L.61( lz .lell. F l0'o.-l!!
lEGlSl(n lat ll .le$l F lc-4.-loa
tEstSTtt 9.0?( tt .tesr F rc.l+-t0!
aESIST(n lal lU .lzlL F lC-a+-to!

aEsl610t
t€srsro
rE9r3rct
tEstStot
tEStBtoa

2.0r1( 1Z .l2lI F lc.,l-|0,
t.atl l, .tzlN F tc.l.-t0a
6.19r ll .le a a lc.a+-l!l
llt !a .lZEL F Tc.ar-ta0
7.5t 1z .12!lll F TC!!.-l0a

tEstsron
tEEt6TOt
tEsIStot
tEStEtoa
tE6tsrol

tot tt . tatg F
tlt tt .tzlg F
s. ttr tt ,!4lut.att l, ,teir
2.O?t tt.te!9

f TC.or-ta0
a tc.l+-!00

Mfr
Code Mfr Part Number

?ea8!
26aaa
012r5

eaia6
zjtl16
aa5a6
2ala6
24546

2ala6
2LLo
2l4ltu&
tt !o
eaia6
ea546
el4.(,
,/t&
*6
M
ea!a6
2r1546
03a04
?45a6

0ttel
?ala6
aa5/16
zasa6
2AaBa

zala6
214&
ztaao
eaaSa
lasa6

aala6

a36AA
243:t6

2/r5ir6
?4546
24!ra
aa5a5
zAaE0

aa5a6
ti70t
24546
20a00
?45t6

2ata6
ea5a6
2ata6
ea5a6
2t546

ea5a6
aa5116
zalta6
aasa6

2ata6
a/rsa6
?aita6
?4346
2tato

2?m
445t6
44546
l?701

2rlla6
l97ar
t97!l
?a5rt6
2a!a6

za5a6
24trt6
245t6
t'7ar

tEs3-!/r59
taSJ-aa39
2t{attr

ca-tla-!0-t 0a?-t
ca-llo-T0-r102-F
ca-tla-t!-t 0ae-F
ca-t/a-T0-az?e-F
ca-t /a-ra-6al t-F

ca-tla-r0-1r03-F
0'!roa43
.qE !.rrl,
0rtt.oalc
016?{'!B

ca-t /a-ra-el5a-F
ca-r/o-ta-4t52-F
or!t.oaao
lr57at9a
ltta.a3ao

0c1t(la!4,
ca-l/8-r0-6€r t-r
ca-rl8-T0-2152-F
tt€55-t/8-la-ettl-F
c4-1lB-ra-.i22t-F

cBl063
ca-llg-r0-.8rr-F
ca-tl8-r0-et5?-F
ca-t/0"t0-a??tr-F
n732-m?3

c/F r/8-t0-r6er-F
riaot.l.la
0te0.a!o
0694-3?60
c1-t ra-!0-1522-F

ca-l/o-10-213e-f
ca-t/E-T0-6t94-F
?.rE5l-t/6-t0-att5-f
ca-!/8-t0"t62a"F
ca-t,/a-t0-tG0r-F

ca-r/8-Tt-4aet-F
c4. r/6-TC-t964-F
ca-t /8-t 0- I 402-F
Ga-!/6-10-t0Ga-l
0tsr-!r23

Ca"l/6-fa-?a'13_f
nFact/a-10-r!!2-F
ca-t/0-Ta-r333-F
c7t7-01e3
ca-lla-Ia-ttt t-F

ca-r/8-T0-ia73-F
ca-r /g-ra-lel3-F
ca-t/a-to-lt6l-F
ca-1/o-t0-t6?a-F
ca-t/8-ro-lt6i-F
ca- 1/B-t0-6t92-F
ca-rla-T0-26r5-F
ca- r/a-t0-t 0ai-F
ca-t/a-r!-1623-F
ca-1/e-t0-?6r?-F

ca-!/a-r0-l!!2 -F
ca-1/o-T0-lana-F
ca-1/E-t!-l !0?.F
ca-tl0-la-ta0a-F
oao6.a:lat

0a0!.ct!t
ca - I /a-T 0- t 962 -F
ca-tl8-t0-t cle-F
iFacr/B-To-tt9t-F
c4-rle-t0-r0aa-a

ta-tle-tn-?671-F
iF/rcr/a-r0-909r-F
l*rEllA-T0-6r91-F
ca-tlt-Ta-1M-F
crr-1lB-It.tt!t| -F
ca-l/0-Ta-ra0?-F
ca. t/a-la-l0t -f
ca-ll6-la-llt t-F
hFacl/a-T0-tt9t-F
C -Ilo-la-ei7l-F

Model 4945A Replaceable Parts

Table &2. 49454 Replaceoble Parts (ContA

See introduction to this s€ction for otdeting infomation
.Indicrtas factoly 6elected value

6.35



Replaceable Parts Model 4945A

Tablc 6-2. 4945A Replaceabln Parta (Cont'd)

A6t70

AsUI ll?

eaut08

a6u2a5

A6rE!6
aa,utt0

aarulc2
a6uta5

a6uaaa

a6lr5t0
a6ul02
a6lrlt!a
Aa,U3ll6

a6tllto

c
DDecignation

HP Part
Number Deecription

0696-ttll
0757-aa0r
a757-043t
c737-0401
o757-04a?

telt-a670
l?!t-a67a
teSr-4670
0361-1682
0960-t642

01160-l6te
0:!60-1602
ta!l-5610
,026-0r51
I Ae6-0r4i
t020-0tta
taac-093a
r626-07!3

l€46-0740
1826-074,
toaa-oil0
I C?6-0r 04
i026-0476

t626-0470
ta26-00?6
tsa0-14r9
ral6-07t1
t026-0783

1026-078S
r020-t216
ro?t-eaea
t 626-0753
roe6-07a0

t6e0-1601
1.,Za-ti.n
r026-0!25
r a?a-0!2a
t 620-lo:,€

ta21-a041

ta00-at t6

S060-Ata3

a
3
0

?
?
n
a
0

0

c
3
t

3

a
I
0
a
I
!
I
e
5
I

I
3
3
3
a

0
?
3
3

s
2

3

t
I
a

I
I
3
t
I

I
I

I
I

I

I

?
2
I

tEStarm
IESTSIOT
rEat6llta
iE6IStOn
tEar6T0a

4.87X t1 ,125!r
i00 tz . tzltr F
5.1tt lz .taltr
t0! tz ,16u f
tat lt .tesu F

lCr0.-l!!

coNraEcIot !-PII ll PoST IYPE
coititEEToa 3-P { i tost rYPc
ctNtlltcron 3-?tI tt Pocl rYPE
tEnltt{aL-sluD 3GL-In ?RESg-ritG
tEailxat-8luD sct-tut Pr€ss-irc

tEttfl t{al-sruD sGL-Ilrt ttEss-irc
tEtnIxAL-$rD 6GL-tUt PtE,55-ttTC
GOItGCt(n E-tI{ ti POSr TIPE
rc a,P All, Lou-l[AB H- +D QlraD ta-Dl?-c
IC 0P atf Lt u-Et as-lt-.InP D DoeL o-DI?-c
tc FF clirrs J-t trls tos-EDcE-lltc DUAL
rc rF croS J-x til8 ?o3-EDGf-Ttt6 DlraL
tE oP ato Lou-t tas-tl.llfD quAD ta-DtP-c

IC SI|IICH 
'I{LG 

DTIAL I5-DIF-C IIG
lc ot er? L0u"Dta6-x-lhPD DUAL o-D!P c
IC rt|tcr rtL ]rot{o/aalll
tc ttrEt tIL noNo/astDl
rc 7d.05a v aGLTa 10-9r

IC-LIXEEI
IC Ctll,lPAtatm ttcx to-99 PrG
tc coxlTt lll. t.6 }rAclD a-8ll
IC Corfi' €-i-A/D rA-DtF-P Pt6
IC OP Atl' LOU-BtA3-[-t]!aD DrrAL 8-0lP.C

tc 0P an? !0u-!!a5-H-IttPD DIJAL 6-DIP-C
tE DCDf, IIL I.S 3-IO-II.LINE 3-INP
IC DPAR ITT. LS LT}IE DDVN OCIL
rc (r exP Lora-DIAa.H-lr!tD quaD ia-DrP-c
IC SUIICH AIILG DUAL T6.DIP.C ?XC

IC OAiE Cr,rO6 ErCt-Oa qrAD a-trP
IC FI IIL LS D.IYPf, POS.CDGE-I'IG 

'IL-II{tC CChPatala,R PRCN to-t9 tl(G
tc ct}tFArAr(rr trcl{ to-99 Prc
IC FF TIL LS D-IYPE CCIL

taaN6tsrot anraY l/r-Pll Pl.sTc Dtt

lrrx-Gtv .a6e-![-0ra .zs-II-LE all
EXTi-PC ED G*A POLYC .06?-tD-li{ S

[r,m
Codo

Mfr Part Number

24546
aaS16
aata6
e45a6

aaao0
?6ata
2440!
a6aac
2Ba6t

eea00
?8a80
ao46a
047t3
al2l,5
3LSnt
ILsalI
0a?r!

laet!
!lerE
01295
rr295
aa7t3

e6a!0
0t2t5
at?'ra
?43!i
0 tzts

!1e95
at?r5
G 1495
0r713
t22i3

tL38t
o, ?95
01295
01e9!l
!12tS

3L tA3

EB'Bll
2f,a61

ca-i/6-ta-e87t-Fc4-t/8-ra-lll -F
ca-t/E-la-5r tt-f
ca-rlo-T0-t0t -F
ca-t/6-la-1!02-l

teSr-4670
laSl-a674
t?lt-4670
at60-tao?
0360-!6e2

0tlra-!6ae
0!60-166?
ra51-16tf,
[r:34a0aEL

'tI'AACJGcDateTEE
cDa!270e
Itc14a0aBL

IHitcalcDE
1L,7eACJ6
NEi$tt
I{E531'
llcT6LttacP

10?6-0t!78
Ln3ltL
axTaLsellt
aD7574Jri
IL'72AC'G

tL07?ecJ6
8{?rrl8t 3AX
s 7/rLs2a4l
Itclac0/rBL
THgO/l!CDE

cDaaT!BE
sr{7ar,sl7ax
Ltttt I l.
Ltltt!
6r{74L5377X

t4a0-ct r6

5$O0-esal
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. Model 4945A Replaceable Parts

Tablc 6-2. 4945A Rcplouable Ports (Cont'd,)

aTcl
a7c.e
aTcl

aTcl

a7c?
aTca

a7ct0

eTGr i
a7ct2
aTctt

aTclt

a7cl6
a?ct7
a7cr 0

eTcee

A7C2l
a7c?z
A7Cfit
ATCZa
a7c6

47c26
A?C?
A7CzB
ATCi''
ATCIO

A7C5l

^7C32ATCl:t
ATC!a
A7C3!l

A7C36
a7c37
a7c36
arca0

e7ca3

arcaS

a7ca8

47c50
a7c3r

aTcca
47c33

a7c5t
a7ct5

A?tt?
aTcil

a7c6l

i7c63

A7ct?
aTctl
aTct?
a7cn3
aTcta

c
D

Reference
Dorignation Number Description

!tr!!r7.'n,
0 t60-lt6t5
0r6a-i69il
tl6FaA0t
0t6t-5494
ar6a-329t

0r60-5591
a16a-5glB
It50-ae0t
at6a-5490
a r60-5290

0t50-5ata
ar60-3ir0
01al-Jsla
!l6o-l6tt
0l6a-3595

0r50-5595
0l5t-54t8
0160-lato
0l6a-t6!E
lt60-ltt0
0 t60-3i!'r€
0160-lztE
! l6l-31t7
0t6r-ie98
0t6a-t!tl
!l6c-5290
0 t 6t-t!t0
ct6a-t2ta
0lal-t29t
0!E!-!a2a

0 t60-5?90
0t6!-2265
0lat-0!e0
0r6a-lzto
0 raa-!z!tE

0t60-szta
a16l-t2ta
0t60-5657
0l6a-549t
0r60-5496

0la0-5ato
0r60-5?94
0rea-!?90
0t6a-52t4
ataa-5491

0t60-izta
al6l-56!?
0t60-lzra
at6a-t7a6
0r60-3294

olaO-:re9e
0lo0-r746
0161-32ta
8t6a-l2tE
a l aa-s6s?

0t6a-se90
0 r at-seta
!rBa-r746
! tct-1617
0l6a-Sa9B

0 r60-!t617
rt6a-t657
0r6a-5e9a
0t6a-32t8
at6a-a6e?
oraoo3?a
1t0t-0!40
t90t-0376
tt0t-alr6
r9at-053t
r90t-4539

t

7
a
B

E

6
o

6
I
3

E
a

!
6
E

6
3

a
a
a
6

a
I
€
E

a
a
I
a
g

6
a
a
a
6

a
3
a
5
a

a

a
a
3

e
a
5
3
o

I
I
a
o
?
I
t

I
3

I

e
3e

a

?

I

3

I

I
a

a

lrrrl:I]1z;T] lr
caPacttoa-FxD
carActlot-FxD
CAPACTTOI.FID
cArAcrrot-tID

, trrF .-ll 200v0c tGr-PoLYc
,llf .-lt 2otvDc hET-PnLYc
toanF .-tt laorrlc ctr
,lluF +-202 l00vDc cEa
.otuF .-?02 toouDc cEt

cAtactrot-FxD
caPacttot-FxD
catactTot-FtD
EA'ACIIOI.FXD

,llf, +-lz 2!0v0c IrEt"toLYc
.0luF .-2!z tlouDc GEP
tntPF .-iz r00v0c cEa
.otuF +-201 toouDc cEa
.01tf, .-2!z t0!vDC cEt

CAPACITOT-FXD
ca?aotlot-rxD
CAP'CITOI-FXD
C''ACIT(T-FXD

.aruF +-aoz tlauDc cEt
BlrF +-ttz 5!vDc l€t-Ptlr.Yc
luF +-l0l 58vDc IEr-?oLYc
. tuF +-l: aolvtc ttEt-PoLYc
.luF +-tz zcavDc trET-?d-Yc

capactTot-fx0
celactTor-FxD
caPacllol-rxD
caPActTqt-Fx0
CA?ACIIOA.FXD

.tuE +-tz e!0u0c hEt-Por-Yc

.allrF .-aat taavDc cEa

.otuf .-eoz 1olvDc cEi

.tu6 +-tl eoavDc x€I-?q-Yc
SlrF +-t 0t sauDc hEr-?cLYc

CAPACITOT-FXD
CAPACIIO'-FXD
caFactt(I-FxD
caaactr0a-FxD

.aruF +-aaz taauDc cct

.attF +-?!: rolvDc cEt
6ColPF r-tt talvDc tuca
.ttuF .-e!t toovDc cEt
3lt .-t!z !!uDc xEI-P&Yc

ca?acrton-FxD . atuF +-2!, toovDc
celacllcn-rxD . cllrF +-lat raalrDc
catacttot-FxD .atuF .-2!z rotvDc
EAPACI TR"FXD.0 f +-aat taat DC
caPacltot-FlD 2ztlF.-ra: rSvDc tA

cEn
CCR
cEt
cEp

C'PACITM-FXD
cAtacttot-FxD
CAPAGIT(n.FXD
CAPACIll,n-FTD

.a rF.-acz laavDc cEt
22tF ]-it scouDC CEI !.-10
E?UF+.IOT IsI'DC IA
.atuF r-2!, toovDc cct
.olrF i-eta tatvDc cER

cAPACttot-FrD
CAP'CIIO'.FXD
c^P^cttot-FrD
catac l ta-FxD
CA?ACIIOI.FXD

.otuF r-eot

.0llJf +-?a7
r20oPF.-t:
.o'lf, +-ea:
.81UF +-aot

r0ovDc
taa9Dc
r0auDc
taavDc
t0tvDc

cEt
CER
cEn
cEa
cEr

caPac I r-FxD
GAPACItot-tXD
CAPACIIOI-FTD
clplctrot-FxD
CA,.CIIOR-FXD

.0 ilf

.OTUF

.0 ruF

..,UF

.0 tuf

+-eat
+-2!t
+-aai
{-202
i-aO:

taauDc
| olvDc
laavDc
t0lvDc
laavDc

cEa
cEr
c€t
cEt
ceR

caPAclt0l"FxD
CAPACIIO'-FXD
CAPACTIOI.FTD
GAtacr ta-FxD

.lruF.-2!z t 00vDc
laoePf r-tt laluDc
,ltuF +-zru t00vDC
rSuF+-tat ?auDc ta
.ttuF.-202 l00TDc

cEn
cEn
CE?

TCU

CAIA€III}I-FXD
cA?acrt0t-trD
C'IPAC T TOI-FXD
cA?actt0t-FxD
caPAcIlol-FxD

. cluF +-?!z raavDc
lulF.-r,t 20vDc ra
.aruF +-a0z to0uDc
.lruF.-a!t,aovDc
!?aa?f r-tz taauDc

CEP

GET
cEt
CER

caPc:rt0t-lxD .oflf .-e0t ralvDc
caFAclTm-Fxo .lluF .-a!z t00uDc
caPactroa-FxD r3uF.-r0t zavDc ta
caPActTtn-FxD teooPF +-tz r00vDc
caPacttoa-FxD . arw .-a!t r00vDc

a:Et
cEf

cEt
CEtr

caPAclr8-FxD l200rF +-12 t00vDc cER
cePAcItot-FxD 1200PF +-tl toavDc cEa
caPAclt00-F)(0 .eruF +-eoz tlauDc cEt
caaaclt0a-FxD .! ll +.elt toovDc cEt
caPAcltoe-axo taoaPF !.tz tltvDc cEt
cAtACf oi.rxo,arua !5v0c
DtoDq-srltcnrxc 3nv 50na ?x6 Do-31
Dlo0E-G€r ?l? Jsu loltA Do-tt
DIOOE-G€T PNP tSV 5'NA DO-3i
DIoDE-Si StC SCmrIIY
DtoDE-Sr stc ECtiOTl r(Y

TM
Code Mfr Part Number

arrn
aoaa!
zArra0
20aal
2040!
2Saat

20a80
aoaoa
?or8!l
20490
40400

EEIiT:]
.26atl
28404
aoa00
?aa0a

204i0
?oaoa
20a10
e64Bl
26'tg0

zSa6t
aBa80
IB'B'
?0a80
?oa0a

28460
EB/lOC
26'tB0
eEa6a
36eO9

aoaBa
2Aa80
t620t
?8ao!
aaaoa

E0ala
aoaBa
e0400
eEaaa
40a80

?o464
e0a80
eoaaa
2Baa0
2aa6a

2A4aC
ag40a
20460
i6?6t
?9400

a640a
s6zB',
?o460
2a{40
aoaSa

e6400
ee400
56209
aoao0
2BtAa

asao!
taaa0
eoaaa
44400
?Baar
2t4to
?aa80
aaaBa
2640!
26aoc
26400

t{rr! rry
0r6a-5695
!160-56t5
ot6a-a8!l
!t6a-5?98
0 | 60-5ar8

0160-16t5
0l6c-52to
tt60-ao0t
0 | 6e{eta
0160-5?18

!160-!e9B
it60-3tr0
016!-1314
0 r 50-J691
0r 60-56til

0150-5611
0 r 6a-!tzm
0160-52t0
0 t 60-16115
al60-3tt 0

0 t 60-5?96
0160-5?t8
al60-tJt7
0 | 60 -tetE
at6!-!!t0
0t60-52t4
at6!-32to
0r60'5?99
ara,!-la9B
r500226X9arSBa

al60-5296
tl60-2265
i50Daaax90rsDe
0t6c-t490
al a,t-5490

0r60-t?tg
al6a-!e?6
at60-5697
ar 60-5atE
ct60-!298

ct 60-12?B
0t60-3?98
ar60-54t6
0t60-529E
ar6!-12t6

0r60-3290
nl60-1557
8r60-5290
r50trri6t90i!0Fa
0r60-3296

01a,0-s?ra
tt0t 136x9a?JB?
o r 6a-5e?a
c1a,0.5?9a
0 | 6c-!t6t7

0t6!-52t8
ar6a-5e96
t5tDr56Xt0a0De
0164-5657

I l6a-5637

al6a-!e9B
ct60-52t8
alGa-aaee
olloottt
lt0t-0040
r90t-4376
trtt-0376
tt!1-at39
lt!r-0tJ9
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Beplaceable Parts Model 4945A

Iable 62. 4945A Replaceoblc Parts (Cont O

^77?aTel

aTqt

artt
^?t2A7J3

ATJUI
.7JUA
t7JU3

a7t!
a?e2
t7I3
rTrl
A7i6

A'NE

a7tt0

aTit I
aTlt?
aTtt !
aTata
tTtt!
art t6
a?et7
ATIIE
a?at?
aTml

a?aet
aTtet

^'razza7t2l
a?a?a

a7t25
A7'2L

^?e7,a?a?o
are2.,

a7al0
a7a3l
a7t!2

^7llg
a7a!l
aril!6

^7at?a?t36
aTrtt
a?eaa
aTla!
a7a12
araa3

aittal

arlal

47t30
iTist
aTRia
a7t!,it
aTala

a7l!6
attt5
aaa37
A7tt8
a7ti,

avra?
aTtat

c
DTlliilIl:ll Mfi Part Number

telt-8r7t
t2!t -68!t7
l2ll-6857
r2i1-et7t

1238-0 t at
t2t8-0tat
t2l8-ctal
r?!lB-0tat

t23t-79l,6

vct3P
el{/rt l7a
tat3-la16

a6tt-otao
06tt-asoa
0599-EA2l
a69t-t6la
l6tt-0610

06rt-atoo
c4-!/6-t0-2tlt -F
ca-l/o-la-7tt-F
a6t9-60e5

t6t9-0630
0699-46t0
ca-tlB-T0-ttt-F
c/t-t/i-Ia-7lae-f
ca-t/a-t0-t at2-F

c4-tle-Ta-l0ce-F
ca-t/E-r0-t!!2-F
ca-r/e-T0-t 0 i-F
ca-t /8-t tt-7ln2-F
ca-t/o-t0-ic0a-F

ca-tl8-tt-?l5t-F
ca-t/9-ra-t!0e-F
0691-3a60
ctl95t
ca-l/a-T!-ar5e-F

Ga-t/a-r0-at52-F
D69t-1464
ca-t16-10-t r 0?-F
iFact/e-r0-619!-F
ca-t/a-r0-a6a?-F

ca-t/t-T0-!102-F
c/r-tl8-r0-t004-F
ca-tla-T0"et3a-f
ca-t/8-t0-r 0t-F
ca-tla-T0-t tot-F

a69t-a630
ca-rl0-t0-rt5l-F
llFaCt/A-T2-780?al-E
nFrrct/B-tt-700?8n-E
0699-t630

0ar?r-06!0
06t9-a630
ca-l/a-T!-6a9e-F
Ea-t/6-ta-r!o?-F
ca- t/a-T!-ltt I -F

ca-tl8-t0-r oa?-f
ca-tla-T0-t002-F
c4-tla-!0-t Gra-r
ca-t/8"t0-lt!3-F
c/t-tlB-lt-6t92-F
ca-t/o-10-tir-F
Ga-1lA-t0-?131-f
crt-, /E-t0-t!0e-F
ca"l/8-T0-t 403-F
c.-r16-10-r!03-F

c4-1lE-10-t0r2-F
c4-tlg-Ta-tata-F

06t8-3a57

a6tE-3rtt7
0699-ta57

ca-t/g-Tl-t!0?-F

Mfr
Code

l2lt-Bi7t
I e5r-6917
I e3t-6417
re5t-or7r

tal8-atat
I a3!-! lat
1256-0t al
t2!8-0lat
lalr-7986

r8!EFaaas
t8ll-01!5
rallo0!a
06?r-!508
0aitt-0!,la
0690-Ea25
!6t9-061t
0a9r-4630

06tt-4168
06tE-!0Ba
a7a7-oa?l
0616-aEzl
a6tt-a6!t
0a9t-!6lt
a69t-06t1
07l7-4.01
a7!t7-aa52
oz5?-0112

aTJr-aaaz
a?t7-0aaz
0717-040t
c?37-04L8
0?r7-oaaz

a69A-0loa
07t7-0aae
t5tE-346t
n68-3r!l
!757-0r9t

06t)8-l/l5a
a7!lr-0aat
o7i7-taa
0691-3t 62

0137-0443
o?t?-oaaz
.73?-01??
!717-Oa0!
!757-0a61

06t9-a6!0
4690-3ri,
a6tl-7367
,arB-7tb,
a69'-06ta

06tt-a6te
06tt-0630
o6tE-a5ae
0737-naaz
4757-0439

0ttl7-aina
a?J7-aaa?
o7r?-naaz
t7!t7-4463
e73?-Oa6t

trt?-0a3t
a6?g-008a
a?3?-oaa?
0757-!a65
o?sr-oa6t

a?37-Oaaz
0?17-O1a2
a6t6-6?a6
06t8-3a!17

a6to-34t,
06rt-3417
0a9a-5tt6
n?47-aaa?

I
I

o
a
6
I

I
2
z

0
0
?
I
I
a

3

I
3
3
a
3

,,
0
3

t
I
a
I
3
I
0
5
0

!
t
3
0

I
3
I
I
I
I
3

I

I
a

6

z
2

I

I
I
t
3

?

o
I

5
a

I
I

?

I

I
2

I

I

t

ct t{L-Post TtlE .r0a-tln-6?c6 l-coxT
o0toEcr6 ?-?tI i ?o8l ll?E
ctD {ECtOt ?-?tI t Ptst TYPE
co ra-aoat lYtE .r0t.ttx-BPcc t-coxr
JUi?EI-tEIt
JuatPct-tEll
Jt r?Et-tEtt
,lllP€r-aEn

coNx-Po8t tl?E , t0!-t!a-6Pcc ta-ctxt
ar{atStot J-FET ?-cllAra D-ioDE ro-7e 8I

Taat{stsTlrt J-FE! 2ti4tt7a l.clttll D-toDE
TIA{8lSrm P t 8l ?D.ltaru Fr.?5altHZ

tEst6rq
tEat$on
tEslsrtn
tEstsrot
.EAIBT(n

tA.lTll .ll .i25ll F IC-or-25
l8.l?lt .lt .rz$a f lc!l+-2!
68ll ll .l?lL F 1C.0+-100
tt,tl .ta .!e5I F lc.!+-t5
tt. ( .tt .169 F lc.0+-15

tEstsrm
aEstsT(n
rE!|tsre
tEslSTta
tEetatm

lE.lTtI .lt .laSI f fC.C.-2S
a.lil tl .123ll F tc.!+-r0l
7!la lZ .!elg f Tc.a+-!ao6all lI .le$l F TC.0.-100
19.1I .rl .t2ic F lC.o+-r!

a€6taloa
aEstSr(n
tEStsTta
lEatSr0
IESTSTOT

tt. ( .rt .1269 F tc.0+-15
19.ll .lt .leltll F lC.0+-15
la0 !l .i25t. F lC.!+-!40
7tr lZ . tzllc F Tc.a+-!ao
t0l( l7 .1?5l. F lc.!+-!l!

tESrslol
acststol
aEatST(n
aESIStm
.ESIgTln

t0l
t !t(
taa
?at
tar

tt
lz
t2
1t
t2

.lalg f TC.a.-la0

.1231 F lC.!+-!00

.1459 f Tc.a.-lao

.leiu F l0.o+-lat

.lalu f Tc.a.-ra!
tc3t610a
tEatBror
aEStsrtr
lEatarot
aE6tSTt,I

2.llr( tl .test F tE.!+-t0!
tot lLteEI f TC.a+-100
alat ll .r2ll. F rc.0.-t00
3.ttt !z .z!lr tc tc.-t00/.1t00
2l.iI t: .12i1 F lc.a+-ta!

tEararm
.E6I6TOT
aE5I6t(n
.ESTSTIII
rE6t6tot

21.! ll .!all F IC.0+-140
aeal lZ .tzEI F tC.0+-r00
Itl lt .laa9 F lcta+-ta0
6.ttl ll .lzEg F lc.!.-l0a
a6,al t, .tal9 f rc.0.-tl0

lEstsTot
tEsrsrm
lEETOTOi
tESrston
aE6tsroa

lll( ll .lziu F TC.0.-100
tol lt .latl. F TC.a+-l0l
?r.!x rr .169 f rFo.-ra0
100 ll .l?5{ F lc-!+-loa
l00l lZ .123I F lc.0+-l0l

aE€tsrln
lEstsT0t
tEatEtor
aEstStarit
aEsrSTol

l9.lx ,ll .tAiu F lcra+-15
t9.al( lI .lzlu F IC.0.-lla
76.12q .rz .lese F Tc.a+-10
,6.!?tX .ll .t231 F IC.!+-50
lt.lI .tl .t2a! i Tcra+-t3

r€9tsrot
aEatsTa
tcStStoa
tEstsTt t
tE0tStot

lt,l{ .ll .l6U F TC.0+-rl
tr.tI .lI .lall F lc.a+-i5
6{.itl lZ .leiu f lo.!+-ioe
!al( lI .1219 f lc.a+-ta0
3.111 1z .123I F tC.a+-100

aEsIsTot
rE5t510t
aEataro
tEsISToi
tE6tstot

l0l lt .lal{ F !C.!+-loa
lll( tl .t261 F TC.ol-100
l0I lZ .l6c F lc.l+-loa
t!at( tl .te59 F lc.0i-t0l
6l.t{ ll .la!I F lc.a+-too

aEBISTIn 100 ll .lZiU F Tc.8.-lol
lEStSrOl 2.1!ll( lt .l?1l. F 1C.0..-ll0
a€8l3T0l lOl( ll .12El F TC'O+-llt
lEgISrOn toal tZ .l?19 F lc.lr-taa
lEEl6tOI l00l 1Z .lzlu F tC.!+-100

tEsrsrtn
rEStsIoa
aEslsrot
aE6IStOt
tEstSTtn

a6.l3t( .lt .t?su F tc.e.-50
lal( ll .l2EI F 1c.0r-l0a
l0t tl .l?5ll I lc-01-ll0
66.!3I .rt .lelg F TC.0+-SI
116l ll .lalg F !C.o.-taa

tEstsTot
.EBt6T0l
aEslST0l
tEsrsrtn
tE6t9t0t

3rar tt .t259 F 
'crt+-ll!316I lz .1219 F Tc.o+-lao

56.331 .tl .t259 F TC.0+-51
tll t: .t25{ E tcro+-lea
65.3ll .it .izil. F lC.0+"5!

2aaa0
?6aal
aEaSt
eB/roa

20rr80
ela6a
aBa60
20480

20440

t7056
t?0.J6
eo49l

20410
aoa6a
?€aaa
aa40a
2Ba6!

20a80
?4546
e4?16
zaao0
2Aa6a

2Ba8!
26rrg0
24146
e4546
za5a6

?a5116
ea5a6
ea546
at3a6

e4l'15
2ata6
?B'tg0
0t tal
tat46

aairt6
?eaol

lt70t
easa6

2ala6
?rr5a6
24546
2atit6
2rt5a6

aoaol
2a3a6
t9?al
tr?at
mao!

eo4t!
aa4a0
24546
24516
44546

aasa6
2rr!ta5
a4ta6
aa5a6

2:t346
eata6
e45a5
aa3a6
ealas

?oao0
?/rL6
ea546
e8aa!
?846!

eoraa
?Baoc
88a00
ea546
1'8a40

ff8
See introduction to thk section for odeting inform.tion
.Indica0eg frctory selected value



Model 4945A Beplaceable. Parts

?able &2. 4945A Replaceablc Parts (Coil A

a6tB-lrtl7

07!5?-aaa?
t69A-!r!7

06't8-lat7
4757-aeta
a6t8-o0Ea
06tB-a0aa
0694-400a

0698-1064
iar9l-000a
07t7-aa!t
1777-O4a?
07tr-oa?a
oa06ira,
eta0-trt09
?t 0!-3t!t
2tll-311t
t360-r6a?
0364-i642
t16!-1604
036t-t6e
a36a-r602

0$0-r68?
036r-1602
4360-i604
0360-r602
0364-r60?

036t-r6aa
0364-r642

t6e6-01o!l
ltra6-07t5
t326-Or92
r 646-a785
1oel-tt97

r0?0-r?l I
ta?6-0t?E
iEe6-0?gE
r020-raa?
r o25-07a6

,0?6-074!
| 82a-078E
t0?0-r443
I a26-037t
rt 20 -0a93

r@6-03?a
t026-0320
1f||2a-I/raa
la2a-te0!
1020-t462

raaa-trla!
tatza-t9tt
r02a-te8t
1oea-ta16
lOZl,-t326

r0a6-a3eB
t6ea-!936
l saa-0?116
l6a0-!at1
l6?0-ta19

t0?6-0320
roaa-ta9r
,Err-ta9r
loaa-lalo

laO0-01l6

SGae-0laa

I

0

I
?
z

0
0
0
0
0

a
0
0
0
a

0
a

I
I
!
t

B
E
I
3
I
a
I
o
I

a
a
7
a
3

t
t
J
a

a
2
2

E

E

I
6
?
I

47T65

a7ta8

a?a?t

A7a7A

A7t I l?
rTalal
A7t?03

a?fa?
A7IP3

a7rF30!
art?501
A7TT5O6

artP6ta
aTttoo7

a?ut02
A7Ut03
aiut0a

a7u20a

ATUatt

aTwa?
a7u300
a7u30l

a7u30rt
a?ttta?

a7u30a
a7u50 r
a7nE02

a7rr605
a?!?04

aTwca
a7rr703

a7uao0

aTuaaa

c
D

HP Part
Number otv Do6criptaon Mfr

Code Mfr Part Number

I

3

r2

I

t

I

2

I
:t
I

I

I

e

I

iESIStOi
tEstst0R
t€Stttrt
tEststot
iE6rsrot

116l rl .lzac F rc.l+-100
66.311 .l* .lalg F lC.!+-54
a'6,331 .lZ .l2iU F tE.!+-10
llt ll .16{ F Tccl+-lao
!l6l( ll .125I F fC.!r-!0!

tEStsrff
tEstSttt
tEalStot
iESISTI,i
tEsrsrot

316l( lt .te59 F lc.!+-taa
6.ltl lt .t2.U F tc.!r-t!a
2.tir tt .t1ll9 F Tc.a+-ll0
?.tll ll .tziu F lc.!+-t!!
?.tll( lt .lzlu F TC.a+-l0O

iEElBTlr 2.l$l lU .16ll F lCtl+-to!
lESlSlOl 2.!ll lt .!elg F rC.a.-tao
lESISTlrt tol lI .125U F Tc.ll+-ra0
lESlSlOl tll tl .12!! F TCra+-100
nEelSloa l.ll( tZ .la3l. F lo.lr-t0a
iESISTOi lt,al it.U5w I IC.OilO
tEststoi-rtt{ 2r lat c stDE-aDJ t7-rEr
aEStStttt-tatra 2t tlt c BID€-aD, t7-Ttti
aEEts r-tarr 2l 10t c SIDE-^DJ t7-tall

TENhIIAL-STUD
rEaltIxaL-8tlrD
rEtht taal.-sruD
TEIXIIIAL.SIUD
l EIItt I'AL-6TUD

SGL-TUP
8GL-IUI
sDL-IU'
SGL.IUI
sGL-IU'

P'E55-hIG
?lE$s"nTG
tlESs-ttlE
lrE63-irC
taEss-ttt6

lEln!r{AL-sluD
I€tNI NAL-SIUD
IE'i I IAL-STUD
TETITINAL-61tID
rEanIxaL-8tlrD

sGL-lrf
5GL.1UI
EOL-Tllt
SGL-IU'
AGL-TUi

trE55-tttc
PaE53-nTC
?tEsS-rrG
PaESS-htC
?aEsE-nT6

T€IFIXAL-srtrD sEL-tUa PtE!'r6_nlC
IEI}II}IAL-SIUD S€L-TUa llE63-llTC

tc ot fl* Lou-BtA8-H-litD Diral a-DtP-c
tc oP AltP !t {-EtA5-[-IttD DtaL a-DtP-c
lc colltaratoa Ftcx QrraD r6-DtP-c ttc
IC OP A|IP LOU.DIAS-H.IIiPD III'AL O-DIP.C
IC CAIE ITL L6 II'I{D QUAD ?-Txl

tc GATE rtl LS EXCL-Oa qoAD ?-tXP
IC ()l AhP GP DUAL E-DIP-C Pl(G
tc oP an? Lou-Blas- -!r9t DtaL o-DtP-c
IC FF TIL !S J.T DA' POS-ED'iE-TiIC
tc oe Alf Log-Dtas- -mPD Dlral E-DtP-c

tc sgttclr ar{tc DtaL r6-Dl?.c tr(G
IC I'P AIIP LI'U.A'AS.H.IIIDD DUAL O-DTP-C
lc ctalt rrL rs Btx aliYxcHno
IC OP aXP L0U-ttA3-H-tr9D ro-t9 ?rO
IC 

"P 
CIP GP A-DI'-P PIG

IC OP AIil' GD DI'AL g-DIP.C PIG
tc (,p aiP G? DU6l. o-DlP-c PxG
IC GITI TTL IA DECD ASYI{CTKO
IC GAIE IIL LS AI{D 

''L 
I-IXP

IC IF TTL LS T.T EA' POS.EDGE.INIG

IC Ct{I. trL LS DIU-X-I? ASlNCl.raO
tc cl|tR Trt [s DEcD lrual a-Ell
IC GAIE 

'TL 
LS ATD QUAD ?-'I{P

rc DcDa ttl. Ls s-to-o-Lt{E 3- {P
IC tf at* cl Dtr L a-olP-c Pxc

IC OP AIiP GP D('AI 6.DIP-C ?TG
tc cITt cxoo Elx 6YNcklo NEc.EDcE-lilG
tc cxtn cnos Etit sYNcrno FG-EDcE-r?tc
rc E I ltL l.s ti0x-lr{l, llEr r-lxt
lc cort'll rtL Ls n66rD a-Brt

tc art rfi? GP DUAL 6-DIP-C PIG
tc lat tt. L5 r{oN.tNv [Ex l-txp
lc 8Fr tlr. rt Nr,t-lrv rEx t-llrl
tc Fa tt|. t5 D.tYlE ocrr.

OiTO-lSlrtaTot LED-?CIDCT If.llxe.xAX
It -GDV .05e-t[-DIA .?s-IN-LG sTL
EXrt-PC AD 6tA POLYC .162-40-!HINS
A7-ID LAIEL

?eaa0
?8481
zSal0
2a346
2ea80

20aBa

2a5a6
?t546
?4546

2ala6
245a6
24546
2ala6
241a6
2aaao
aallt
0ltlt
lail I

e8aE0
ao4Ea
20a80
aaaEl
2E/ra0

3Ba6a
20400
?f'aBl
e0r]lo
2eaBa

eoa80
20404

0t?tl
0l?'ll
3rl37l
cta'!l
0r 295

at 15
47933
!l a?l
0 r29i
0t a95

3?21!
0t495
ir I ?rt
2?at1
?rrta
!7933
07.r13
G IA'E
t l2t5
e 1a95

0r e9i
crzt5
!1ets
0re93
07933

0rll
!t5a!
3LSOt
at7r7
cret3

47t33
nt?91
cr2?i
arats

aStr t
e64Ba
2040!t

0699-tat7

ca-l/0-la-r002-F
!69!-3at7

a6tE-3457
nFac!/E-r!-6tt!-F
ca-t /0-10-etlt-F
ca-tl8-T0-at5r-F

c4"t/6-la-?15, -F
ca-t /€-r0-?l5t-F
c4-llg-T0-t0l-F
ca-t /a-l!-1602-F
ca-lle-T0-ttct -F
0cto.3ra,
/r3Pe0z
atP202
/r3ne0a

!15t-t642
0360-t6a?
0160-1662
0360-t564
0160-t6e2

aSara-t6Aa
0t60-r642
0la'0-l6Aa
0i50-t602
n360-tCea

0160-r6ae
031t0-!caz

I L072tCrG
,L'7?ACJG
ll^t -at03-5
lt,c7aAcJ6
SliTaLS0!l{

gNTal.s€6ll
t,rait6D€
TLGTAACJG
lLral-sl09aal
ILOTAAC'G

Irlt0a3cDE
rr.aTeacJ6
Bn7rr.8293X
I Fel6tl
LnlrTtt

tu455ADG
nvalEoDE
sN?aLSe90ll
sl{?a!sr ll{
sx7,rL8r !9All

sl{74ts92t{
sNTaLSt90X
nx74!604r
sxT4LSttal{
tvalSa0E

tv4550DE
cD4azaBE
cD4a?aaE
9lr7aL9367AN
sr{7aLSB5N

nvalsF0E

sx7aLS367AI
sr{?als377it

cLiaoot

iaoc-at ta,

5400-6544

See introduction to this section for ordering information
*lndicates factory selected value

639



ABC32

AECI
aoc2
aocl
a6ca
aac!

AECT
aaco
a6ct

AlCrl
AEGI E
aacll
a6cla
aocl!

aogl,
aEclS
60ctt
aac?a
AEC2I

a8cez
aEc23
aacaa
aac?l
AOG26

*c27
aac?8
clc?'
a6cl0
aac3t

AOCi t
aocaa
aocnS

aocll

aota
ABNI

ABE'

AOP'

atltt 0

aott z
aant3

ANPIS

AOtIE

AOA?0
asttl
eoia!
ACP?3
AAaea
atrl?5

anRla

ABIIN

c
DTlrliiTirT otv

I
z?

I
a

a

3

I
I

,

I

3
3

2

I

I

I
a

!

3

4

II:r -{iTNT'{J

caractTot-FxD .aluF .-aaz taauDc cEr
ca?Actroi-rxo .lluF +-201 loovDc cEl
ca?acrToB.axo .a€l'l. r to* 55vDc la
caPlctron-axD .! r .-zat tolvDc c€t
capacrroe-FxD raPF +-51 saouDc cEa ar-aa

cataction 'FxD .! f .-202 tolvDE cEt
cA?acrton-FxD totF +-!t toovDc cEr ar.-6a
caPActrot-rxD .otuF 1-201 100v0c cEa
cAPACttOt-FXD .otUF +-20t 100VDC CEr
cAaacltq^lxD .oIlF +-20t ttogDc cEa
caracrroi.,xo , rrF 12ot 3iv ra
CaPACltOn-FXo lo?F .-lZ !0oVD,C CER 4..-64
capactrot-rxD .atuF +-202 ra0vDc cEa
cA?^ctrm-Fxo .otuF +-e07 roovDc cEt
cAlacllot-FxD .otuF +-202 r00vDc cEa
oA?ACIIOi-FXD .0 f +-202 iooVDC CEn

CAPACITOI.IXD
cAPacttot-FxD
CAPACtTIi'.FXD
carac!Tot-FxD

.OIUF

.0 tlf,

.0 F

.OIUF

+-zCt raouDc cEa
+-zCU 1oCVDC CEt
.-201 loouDc CEt
+-t1 taouDc c€R.-tz I aluDc (lt

caaac!Tm-FxD
CAPACTIT'.FXD
catacttot-FxD
CA?'EI'OI-FXD
CAPAC!TI'T-FXD

.!llrF +-eot | 0orrDc

.ortlF r-20t tlovDc

.!tuF +-eoz r00vDc
r0tf+-r0:ztvDc IA
.0tuF r.-202 rlouDc

cEt
cEa
cEt

cEn

catec I Tm-r xt)
CAPACtIO.fXD
CEPACITO'-FXD
ca?acttor-FxD

l0tf,+-t!z ?ouDc la
.!ruF +-?0i tonvDc cEt
! ourr-taz ?au!c TA
,c f, +-eaz loavDc c€t
.otuF r-ztz MuDc cEt

GAiACITm-FXD .orUF +-20: 100VDC CEI

D!oDC-Sri 3rG gcrlol I r(Y
DroDE-SgttCltr{G 3!V 50iA ers DO-35
DtoDC-Si StE SC&OIIXY
DroDE-Sn 8IG 6ci{rrT(Y
DloD€-Zl{n rN6?3 6,2V 5Z DO-7 PD:.as
DroD€ s{rictaxc lov ix,oM 2r{s Do.6
oroo€ s/vt ct.ll6 eo\r 2olria 2t{s oo.4t

colt{-Post rrPE . rao-Plx-ai?cc tzo-c('tl
tESlslon !.ltt lZ .l?3U F lc.a+-l!a
IESI$r('n t.an 5Z ,zm FC le'-t00/+rlo0
RESTSIOP l0llx 1z .leE!, F TC.or-la0
t€slarart r0t( tz .tztr I Tc.rr-r00
lESlSlOi lLt 13.l2tri, F IC.O!lOO

lEalSIOl 3.ll( ll .t?59 I tc.a.-la0
nEErSlOl lCor lt .la$, F Tc.or-laa
iESlSlOi l.(lr lt.l6W a IC.Oil@
aESlStOi lral lt,r2$t F IC!O!rd)
l€Glstarl 5.rrt 1Z .t?31 F IC.0i-10!

lESlSlm 3l.l lZ .l?50 F tc,O.-lto
REsrlirot 5l.t lz ,16u F Tc.o.-100
a[stETOe rar rl .r?tY f TC.o.-tn0
iGstsT(rR ?lir( rz ,129r F rc'or-rti
RESlCl0e 5.llr lZ .l?EU F Ic.01_r0ll
iesrsrr{l 5.llr tt .!?it F rc.!.-ro0
nagstoi !.1 I I lt .lzaw F tC.O! l0O
nGSt!:IOe e.231 ll .l?ll F IC.!+-r0c
lEsrslol l0Ll: ,12'.U F 1C.0.-?t
iESICIOa lax .lz .l?str F tc.a.-45
nECIsTon !Ix lz .rztu F Tc-or-tia

aE3r5r0{
PESTSITR
REStSr0e
iE9tsta,R
tEstst0n

6arx rr .t?!lu a Tc=o..-roc
allt lz .l?gU F lC=0.-100
r.?tf lr ,t?5u f rc.a+-i00
,a{ ,l .te'-s r lc.tr-t00
!1.6I l,' ,l?su a tc.a+-lG0

Rrislflot
nEsrslon
aE$r5rm
tc9tsrot
tGsllirrlR

t5,ft
15. ox
2. tst
t5.or
3' . a,r

.52 .le3s r lcnr{_s,

.5Z.leEU F TC.0+5a
rZ .l2E{ F IC.I r-l0l
.5, .l?5rl t: IC.!l_50
lZ ,12!,9 I IC.r.-l at

ll]:Irt7ili:i.]

0 tao-sato
0160-3e?E
or!o.0tg3
0160-31t0
0l6a-2a57

0t6!-te9a
0l6l-ael7
0160-tero
0l6c-3298
0160-lztB
or6Grtta
0ta0-267
0160"5294
0t6a-34t0
016!-1290
0l6a-529a

!160-lzta
01ct-sztt
ara0-3ztB
0t6a-aa?a
!160-/14?6

0160-t29s
!i60 -!298
0160-5218
0l o0 -03ra
0l6a-3ata

0100-o37rr
0 t6t-5ata
0r60-437a
0 t ao-3ata
Ir60 -te90

0la0-529a

rt0t-a3ta
t90r-o0aa
rttr-!5tB
,90!-05t4
1r02-477?
r90r.ooat
tst.6to
1A5t-7506

a757-0a30
0643-r65t
a7l7-04c5
o7a7-o1a?
@a.3a5l

!t757-0rrla
0757-0465
o6a6{r5r
riat€.raa!
0757-arr38

o7t7-ct94
o7s7-otra
o?trr-oa.z
lt6ro-3rr5a
orar. $
o'!7{.L
ora7.3t56
c737-O4|t

aa,tE-6361

0757.1130
ort?oalt
a7a7-o?7a

o

a
€
2
g
3

€
3
o
g
E
I
3
o
a
a
6

e
B
6
2
a

E
0
o
3
o

3
o
3
6
0

B

g
I
o
a
!I
3

3
3

2

I
t
2
I
0
0

3

6

e

?
2

z

l'illa
Codo

Mfr Part Number

2BaO!
20440
2Aa)
28aCa
aBaoa

?4480
eaaSa
?aago
eE{sa
aa{80
uto
a6aaa
aEaa0
zAa8a
20/rt0
ao4Ea

eaa60
eo/r8l
2Aaa!
eo46a
2eaaa

eoa0a
28a80
ao4aa
962A?
46404

5623t
ao4aa
5624t
eBaoa
20rtao

'IITi]

FTr!I]

48a80
aonaa
20400
ao40!
047t 3
zi.Xt
2alrl0

T{rri
a4$a6
tt 121
445a6
aa5a6
2,..o

2!ato
2i.!o

?4tt6
?45a6
?ala6
e/l5aa,

taaat

aBaea
2rlt6
2a4!O
UQ
aast6

aBaa0
eBaa!
eal.6
eoaoa

.E[rr-
ct 60-5?t8
c t60-5?90
0tlo{t rl
ar60-tetg
at60-22J7

ct60-5atE
al1L-2?37
0160-52'o
tt6t-5498
0r60-54ry8
ot&ngra
at6t-2?67
0ra0-E298
ar 6a-'etB
0t60-5e90
0r 60-5?t8

0t60-5?98
!tG0-5298
at6a-i2t6
ar6a-4426
0r6o-art26

al6a-!496
r160-5?90
al6a-32t9
t50Dro6xt0?!ae
!r l,a-3298

t50t l06l90elD?
tt60-!298
l50Dlc6x90?tEa
!t 60-seta
tt60-t298

016!-!a9a

t9at-t3ia
t90r-0caa
lr0r-031o
19at-asro
lta825
r$r.060
r00r,txrst)

1251-7506

ca-tlg-r0-3r l t-F
cata55
ca- I /0-Tt-1403-F
ca-tlE-l!-t0ra"f
octt.3a6it

c4-r /a-lt-ll I r-F
ca-r/0-T0- t 0cl-f
i).s.ars3
06:3.-rr
Ca-1/6-TO-St I l-F

ca-i /8-t0-5rPr-F
c/r-r /B-Ta-3rt1-F

c4-t /8-ro-a1f,3-F
can /a.lo.5l I l:a
ca.t,/a.ro.at I t.a
ca.t/a.ro.!l|t.a
ca- l /t.10-o?5r-F
0698-6t60

c4-rl0.r0-t0:l2 F

t 57.{t5'
ca-r /a-ro-t?r r-F
ca-r /E-T0-t 002-F
c4-rl0-t0-316!-F

c4-t16-10-2t5r -F
aa'ig-6O79
ca-t /B-10-3162-F

Replaceable Parts Model 4945A

Table &2. 49454 Replaceable Parte (Cont'd)
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See introduction to tlis section for o.derin* information
*lndicates factory selecied value



?rfa?riF.I HP Part c
o otv Descriptaon

ABPSA

^gRlllaat3a
AARII
40t36
agatT
AO'IE
AB'I'

aoia?

AOnra2
ASiaal

tolri 0t
aout02
AtrI t!
a6u!0a

^8UaatAA,EtI
a6ue0/r
Aola0!
ABU300

A(Ir30t
AAU3O?
A01nl!3
ABUIll4
adrlat
aouaa0
ai[ralt
anuaoa
AqratS
aaua0l

adrtat
A6Ul02
t6'lr5a3
aoulot

4696-bt 9
aa,tl-6t!t
a698-1t60
a6tl-000a
!590-0 !0a
06t€-aa6a
c?37-a29a
a?7r-o?9a
07t?-020a
a?t -n39a
tiiz-orrt
t a00-3r$
o6ta.3r56
oa$.3r!a-
lAtt-0369
161!-4280

ra20-1o35
I Aza-t05l
lae!-teaz
ta2a-tl'7
ra80-tr?t

t026-46!t
laat-tar0
t aao-t ?a t
ta?6-01!€
1A26-03?2

ta?6-a6!t
1A2a-1168
1020-rBi3
t6ta-14?l
la?6-!78!t

tllto-t?0a
lae6-1639
r 620-t a!7
ra?a-ter6
10?5-!7ilt

tBzt-r oto
r ataa-1437
1820-ral,
r at6-01!6

l ago-!l t6

5040-0t43

?

E

5
5
5
0
0

J
a

I
I

I

I

a

I

!
0
I
t

0
a
6

g

I

3

I
I
I
?

I
I
I

I
I
I
e
t

t
I
I

I
e
I

z
I

lEStgTOl rl.0l .51 .121c F tc.o.-!a
lEElSlm l96t .5a .l?19 f TC.a+-!o
nESISTm lr.6I l: .t2tu F Tc.tl-tol
tEslsllri 2,til 17 .lalu F lc.o+-t0a
lqststot e.tlt ll .rzlla F ro.l.-roo
lESISlm a.ll{ ll .tail F lC.o+-loa
aEslslln 6,t9r 1l .tzEr F Icro.-t!0
tEBI3fm 6.ltt tZ .12!tI F !e.!.-lao
nESlStOt 6.191( lt ,lzlu F ICII,{-l!0
IEEIOT(n 5r.1 lI .1459 F tc.!+-110
aE9.!S!Or-?!.. I ll ,l2lc F tca!+-t0C
ilSEIOi la, lt.l2awtIC.OtlO
iraSlSIOl la. it ,l25w r !C!G_!OO
itSGIOl la,rt l*.l25W t IC.Otl@
NErtlnl-lEs 6-5lPla,0r 0{n r 3
NElrlnr-aEg tt-61[lrl.!t oHlt x I
COiINECT* IO-?III It ?I'BT IYPE

IC Carrl cr{,s
tc cxtt crps
IC FF IIL L5 J'T IA' POS-ED6E.TIIG
tc GAIE ttl. ts xAiD guaD e-nP
lc rxu trL Ls r'lEx t-lrt
tc coin e-B-D/a t6-Dr?-P PrE
tc Fux*/0ala-ElEt- ltL L6 ?-lo-t-LI{E QUAD
tc GATE ttr- Ls trD euaD e-l a
IC COIPANATOI GP QUAD 

'4-DI?.P 
PIG

tE tF atf L!9-BIAS- -IiFD qtltD ra-DtP-P

lc EoNv B.E"D/A t6-DtP-P Pr(G
tC EFI L LS EI's q,.D
IC FF TTL 13 D-IYiE OCIL
!c DFn TrL LS {tN-$tV IEX r-tatP
IC OP Ah? LOU-E IAS .II- IltP D DUAI B.DIP.C

tC CATE TIL LE @ SIAD ?.IXI
lc cot{v B-D-D/a t6-DtP-P txc
!c tw TIL LS tiotaosrEL DlraL
tc Dcot ,TL Ls 3-To-E-LI|E 3-ItP
tc o! attP u,l-ttas-tt-ltlPD Dlrtl o-DlP-c

tC FF TIL L5 D-TIPE I'CTL
tc tir,t TIL Ls toNostDL DUAL
tc Eot+tt TlL L3 iaGTD a-atl
tc cohPAnalot EP quAD ta-Dtt-? Prc

Praa-Gtv .!6t-tN-Dta .?3-!N.L0 stL
EXTI-PC BD GRA POLYC .'6E-ED.THI(I'S
AA-TD LTEEL

Mfr
Code

Mfr Part Number

?0a8a
egale
21546
e4546

aala6
t/7tt
tlrat
t9ritt

eata6
2rle,2W
2l4aO
cltat
0l tat
26480

!a7t3
0arl3
at a9l
Gr?91
!1at!
24155
artt3
01?t4t
atz't1
!r?9t
2a!it
t12t!
0 r 214t
a1??!
a ieta

01e'5
2,r!53
ct e9l
0, et5
! t ztlt
t l2t5
a te95
0te9a
ar 495

20aa0
aoaal
20180

a6m-6914
c4-lla-T0-3t62-F
ca-r/9-T0-lrtr-t
c4-lla-I!-2rst -l
ca-rla-ra-etst-F
hFact/a-rl-6t9, "F
nFacl/a-T0-6ttl-F
hF{crlo-ta-6lt1"F
c4-r/g-t0-trar-F
c4-116-I0-!ttt -F
0a9l.al!6
oaa6.lr!a'o&a.tr5r
20aa1al
etaar0l

r,trr aStatEp
hclastaEcP
8!.7rrt6 t otar{
s 74L6a0I
BXTatsaax

eDTiaarr
3r{7rlL81S7X
5X7aL60E(
Ln!3?t{
tr-07act{

AD7!E/TJN
9r{74LSl elAX
8X7rr.8377N
6X7aLSt67An
ILOT?'GJG

s{7aLsseaa
AD7!E"N
s 74l62et
6t{7al8t 36X
tL0TeacJG

tI!7aL5377N
st74r.6aet l.
sMatsslx
LX33tI

1460-0r t6

S0A0-6!laS

Model 4945A Replaceable Parts

Tablc 6-2. 49454 Replaceable Pa* (Cont'O

S€e introduction 0o thir r€ction for ordering infolmation
*lndicataE factory s€lected value
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Replaceable Parts Model 49,15A

Tablp &2. 49454 Replaceable Porte (Contd)

a9c?a
a9cat

a9q3
a9qa
B:iI!

a9Ela

A'
a9ct

^9C?atcl

alcS
*rc?
a9c9
atcl
atct 0

atcrl
a9ct?
a9ct!
a9cta
atct!

^tct6atct?
atcto
atctt
Atc2a

atcer
arcz?
arc2t
atcea
A'CiE

a9c?6
A<rc{,

a9c3l
atc!2
a9ct3

^rclaa9ctlt

atc36
a9ct7
atc38
a9ctt
atca!

e9cal
atc42
atciE

a9C,ll

aaclo
/recll

atGt I
atca2
.tgt3
a9cla
a9ctl
etcl6
a?ct,

^9C18atctt
a9cat3

atJl
^tJea9Jt

A'JUI
a9rlt!

atet
a?ot

I eit-7t46

oaaaaa@o

0 | 60-!t298
0160-52?a
t50D!alxr!ltaa
at60.52tE
a! 60-teta

0ta0-a7Ea
at6a-satg
ot6a-52t8
0160-4a26
!t 6a-36t3

0 t 60-56,t5
0t60-56ti
o | 60-a7aa
!t6a.52ta
0 t60-letB

!160-3?98
0t6l{eta
!r3a-5e98
at6a-12t6
0!64-sata

at6a-5?t8
0160-5?98
ar6a-t?90
!160-52t8
0 r6a-3il9B

0t ca-sata
0160-5i!98
ar60-sarB
0 t6a-52?8
t50Dt06xtt?0ta

al6!-5498
!160-52ta
al6a-5eto
0t60-5?98
at6a-tzta

0t6o-aaa6

0t60-5e9a
al6a-!t6t
at6o-0r62

0 t60-i294
in60-52t0
0 t 60-alit8
0160-4970
i50Dta6x9a20t2

tt0Dr 06xta?tD2
tS0Dta6xtl?!12
4160-at6?
rS0Draalto?0Dl

I I92l
t9a1-t5to
tt!l-0a50
l9at-a050
t9lt-0glE

ltat-a5tg
t9!l-0ltE
tNoz5
r9!?-ir9t3
t90a-ati6

t?40-0547
lett-8t2t
t:!it-6171
tatt-tt7t
lztt-aro1
t218-0r41
l2sB-0141

ItrSa-0071
lolra-ta7t
t f6t-0 itrl
r65a-ta7t
toSa-0rrl

ffi c
D otv De*ription Mfr Part Number

oaa'lt.ao@ia

ota0-l?t6
tt60-!r2t6
0tta-0?tl
lt6!-52?A
0 r 6t-la9t
at60-4789
0 r6l-5att
0r6t-!zra
0l6t-aaite
0t6a-s6ta

0l.l-!ta6
0t6a-5691
l!6t-4798
!t6!-E498
ar6a-3294

!!60-s?ra
at6l-52tE
0160-lato
It 6l-5?rt
al5!-S2tB

0ta0-!490
lt60-12t8
0r6t-sa9l
at6a-tet3
0 r {-sarl
0l6a-52t8
0 r6t-!298
0l6a-tztB
! r6l-t2ta
0rgn-03ra

0 ta0-!l|'a
0t6t-!et6
! t6t-t2t3
lt50-lztg
! t 4a-5291

0t6l-aa2a
!160-4a?a
0t6a-tztg
0t6l-at6t
0r6a-4r52

0tac-seto
tl60-t2?E
0t6i-017t
!160-!970
0rta-olr.
!rg!-!3ra
!181-!37a
0160-at6e
0164-037a

tt02-16t6
t9at-0t!8
Itlt-005a
t90t-001a
tt0l-45t6
t9ll-05t8
Ittt-0318
r 90?-0646
r?!e-4951
tta2-a9lo

l2D0-!607
I all-gt?t
t2tt-Bl7t
t2!t-oi7l
tat-4747
l?ll-0tat
r 23A-0lat

r6l -i4la6

lSta-0lrt
I S!L-!a7t
t85a-0!7t
toSa-007t
ra! -!a7t

I

a
6
3g
6

a
a
?

t
o
a

3
I
a
o
a

a
B
a
g
6

B
a
o
€
I
a
a
a
B
E

?
2
a
a
I
g
o
7
3
3

3
I
5
3

I
6
I
3
6

I
o
I
?

0

6

2
6
e

7
?,
?

n

iT

?

I
3

F]

I
2

?

I
I
I
I
2

t
2

t
,

tiai!llltt
calactlol-fxD ,011f, +-zat t 00vDc
ca?a6tTot-FxD ,!!lf +-?02 iaavDc
caPslToa-rxD !uF+-taz !!tt Dc TA
caPactltn.FID .0 f .-a!t t !!vDC
caPAcl r-FxD,atuF .-eot taauDc

cEt
cEa

cct
cEt

caracttot-FtD
caPacrton-FxD
caPAcrron-Fxt
lalacttot-rrD
caPac I rot-Fxt)

lAPr +-SZ rolvlC CEt 0+-le
.aIrF .-ett taavlc cEt
.atuF +-zat tlavDc cEt
.ollt +-tl toavDc cEt
.tuF .-lt zoavDc ttEl-ttl.Yc

ca?tctrm-fxD
ca?ec I rca -Fx0
catactrta-FxD
caPActloa-FxD

.tuF .-lt zoavDc tGr-PoLtc

. F +-tt zoavDc nET-?oLlt
toPF +-5t t0aulc cEt 0.-34
.0luF +-2a: t,ovDc cEt
.! .F +-eot l0cvDc cEn

ca?actlc-FxD
c^rActtm-fxD
C'P'CITI,T-FXD
GAractron-fxD

.OIUF

.0llt

.0!ul

.0 ilf,

.!rtf,

.-zoa
+-?al
.-801
.-aat
+-eaz

t0ovDE
I eauDc
r00vDc
! aavDc
r0tgDc

cEt
CEi
cEt
cEt
CE'

c^Pacrtoa-flrD
OAPAC I TOI-FXD
CA'ACIIOI.FXD
ce?actTot-txD
cat^ctt(n-FxD

.0llf,

.0rur

.0 rf

.OIUF

.allF

+-zaa
+-2ar
+-2al
+-e0u
+-aat

t aavDc
r00vDc
t aagDC
le0v0c
t 0cuDc

cet
cEr
CET
cEt
cEt

C'PACITq-FXD
carActrtn-FxD
caPActTot-FxD
c^aact16-rxD

.otuF +-zal rtovDc

.a f +-e0: t a0uDc

.otuF +-20t ia0vDc

.al[r i-2a7 r 00vDG
t0tF.-t!t a09Dc TA

cEa
cEa
cEt
cEt

cA?actrot-FxD
cePectran-rxD
ca?actrm-Fx0
mPACttm-FxD
catactrtn-fxD

.OTUF

.0tlrf

.!ttf,

.0!tf

.! F

r-aal
+-zait
+-?at
t-2lZ
.-aat

r alvDc
t009DC
r aavDc
t0ovDc
l aavDc

c€t
cgt
CEP
cEr
cEt

caPaclTot-FxD
ci'actt6-FxD
caPAct r-rxD
cttac tlolt-FxD
ca?ac I tor-txD

,otuF +-tz llovDc cEt
.tllf, +-12 toouDc cEl
.o!uF +-?at roltDc cEt
.llltf .-tat eaavDc toLYE
.tzztF .-taz 2otuDc ?oLrE

caFactT0a-FxD

CAPACIIOT-FXD
caPactton-txD
caPacttot-FxD

,atuF +-202 tllvDc cEt
.l f +-2!t MvDc cEi
.0a7uF +-tz tavDc
.a7lf .-taz olvDc ?oLYE
talf+-t0t aauDc ta

caltctlm-Flo tarrf.-t0z zlr,.Dc la
caracltoE-FtD l0lf+-t 0t aauDc ta
cAPACttOn-FXD ,azztlF +-tot 2!0UDC P|IYC
calacllot-FxD talrF.-10, zcvDc la
DIoDE-an 6.4\1 2t DO-7 PD.,aU rC...a02t
DtoDE-Eri stc scHotlt(Y
DI0DE-S9!iCi|U{G 6!V e00iA 2t{3 DO-3t
DtoDE-gLrtc8ra6 gav ?oall^ ers Do-!3
DtoDE-8ti stc 9cH0t ttY

Dr0!c-6I EtG 8CHO!T|(Y
DtoDE-St 8tC SCHOtttY
DlODE-aan 6.eU ?t 0O-, ?D.,/rl| lc.r.0g?1
DtoDE-an 6.2v 5r Do-!r PD..aI rc-+.,5i2
DIoDE-ZXa rau 5z m-33 rDr.4r lc.+.0751

sttct(ET-tc l6-c0rt DTP TIP-slDf,
Eor{aa-to8l llPE .ta0-tm-src6 a-colr
coNlr-Poal tY?E . roo-? a-stcG t-corT
coxx-toat rrPE .tto+tll-EPEc 3-corat

SHUXT-DI? 8-POStTtOt{
JI'IIPET.'EIi
JUITP€' .tEIt

ctt{ta-Posr TYPE . taa-Ptra-gtcc tao-ctr{T

llaxSlara,t x?N lit tD.l0lic Fl.?00i|l2
ItaL8l8loa npl 3l ?D.3loit FlrzoaxHz
tla,lSlSlol lfl{ gt ?D-3oail Fl.e0O*12
llaxElslot tfll St ?Drlaalll| fT.zoarHz
ta.l|sletol tltl{ 5l tD.3olltg Flt2oal*lz

rtrrao

eE{at
28a80
56aE
aaaoa
eaaaa

2saa0
?aaec
26aAa
ZB'EO
2Aaa0

aBaoa
28ata
ea4at
20aa!
eBag0

?6a0a
2BrrA0
aBall
?E460
egagt

zeaa0
2e{80
eEa6a
zEaaa
26ae!

aoaSa
eB48!
aBaat
?BllEO
s&lE9

zoa6l
?Baa0
28'E'
20400
28'EO

eEaaa
2A.Ae
ZB'B!
eaaBl
20a60

eaao0
zoa80
aBaaa
284i0
!t62A9

56aAt
5646t
28/rOl
16ag9

04713
20a80
eBaa0
eBaal
2grtg0

24460
eaaB0
aa7t3
2€a8r
264et

48a80
aBaot
earra0
eEa80

zorta0
ataEa
2AaA0

7i{II

26440
aB4A0
?9490
284e4
e8ra0

Mfr
Code

642
See inhoduction to this section for otderinS information*tndicrt$ frctory !€lectrd value



Model 49{5A Beplaceable Parts

Tablc 6.2. 49454 Replaceoble Parts (Cont A

atql
a9et

attt
ata2
atl3
a9ll

A9IB
a9t?
a9tt 0

a9tlt
att l?
artl!
a9lln

a?tt8

^tt20
A9T2I
Araez
atta3

^ttzaa9t6

atleT

a?at0
a9t3t

A9RA!
A9833
attta
A9t3t

A9l!7
a9til8

A9a4e

attai

A9t3r

a9et?
Art!t3

agt!t3

att50

ta5a-407t
t6!it-0 0!6
t8la-407t

0'rl7-0lta
07t7-!t9a
n?3r-oera
0690-6152
a663-t633

0757-0418
t75r-03ra
o7t7-039a
azJr-o467
l6tE-6360

06ta-6$0
06tB-636!
0690-636a
06tB-536t
a?47-o?oa

07!t7-tt20l
4737-OaZa
06tg-!t5t
a69e-3t!9
07t7-0alg

0699-0471
n699-n271
0a,t!-6361
0757-0a65
04,94-979t

a6t6-6360
06$t-r6l!t
a73r-4394
0737-!39a
4737-04i4

0757-0a16

a?3r-oaa7
a6to-6360
06ta-0002

!717-0a30
074?-o39a
0?t?-ot9a
o7E -039a

o6tB-87tt
069A-6!60
0arta-3rL
t757-0a38
0a,t!-636?

a616-6e?7
07a?-o?ia
4599-0213
a73r-oll7
06tE-E6lO

06t9-0e73
4690-6360
o7t7-03ta
07a7-aaia
n'ta?-oat5

aa,9l-3aSl
r69B-3154

o6tE-3r16
t69S-3t3'
!690-a,36t
t757-t?OB
!a,tg-34L

J6tO-3t60
n4,90-63Ca
!694.536r

06ra-61G0
t7i7i0at!

0a,98-3ria

06ta-80?7
xFact/8-10-6r9t-F
Nt 9?-02?3
c4-r/0-Ta-131t-F
069t-8630

crl-r/0-Ti-rt62-F
r,rFac t /0 'T0-tD -l:

cn- l/6-r0-6e14'F

1A5a-0!71
tE:13-!a16
I B!ta-0071

ca-llo-Ta-5lIt-f
ca-1/E-ta-5ltt-F
ca-t/g-To-t?r t-F
069!-6362
cBlB55

ca-t/o-Tl-lr I r 'F
ca-t/8-t0-stPl-F
ca-t /0-t0-5ttt-F
ca-l/6-ta-t2tt-f
!694-6360

c696-6360
06tB-6360
0694-631'0
0698-6360
ca-l/8-t0-t621-F

c4-tla-r0-16e1-F
ca-1la-I0-t6?l-F
ca-t/B-t0-e6t?-F
ca-ll0-ta-26t2-F
c/r-tlB-10-lr t t -F

c69?"0t?3
!6tt-0473
06t5-dt60
c4-tla-10-l0t l-F
06t6-E79t

06tB-6160
cB1615
ca-1/8-t0-tlRt-F
ca-t/8-t0-lr?l-F
c/r -t /6-1o-srtt-f
ca-t/t-ra-5111-f
,6ta-61a0
c4-r/0-r0-t6ea-F
i69a-, 60

ca-r /B-r0 .st r l-F
ca-t/o-10-il9t-f
ca-l/B-ra-tttt -F
ca-, /g-t0-trFr-F

06te-6360
c4-tl8-t0-i47?-F
G4-l /A-t0-5r t l-F
ca,96-6364

c699-0e75
0a,98-6!60
c4-r/o-T0-3tRl -F
ca-1lo-tr.3lrr -F
ca-r/6-T0- sl lE- F

ca-r/a-T0-rl03.F
C4-l/6-f0-1963_F
ca- r /g-T !t -rr?2 ! -F

c/r. r/0-T0-316?-f

ct-, /a- l!l-t?A?-F

ct.1/o'r0-?3711-F

c
DNumber otv lrlla

Code
MIr Part Number

t

t?

I
?
2

5

t
?e

2

I
2

I

e
2

I
I

,
I
I
I

I

I

I

it

I
,

?

I

it

I
I

TPAI,ISISIm a{Pta 5l tD.3olhL Ft'zaoltHz
taar€IElot ?|f, 3l ?D.slatlg ft.el0aHz
TaAl,lSISllrl llPta Sl PD.3olllU Fl.zaahHz

aESIStOt
rESlSrq
tEEtsrol
aESISToe
tE6rsrol

5l.l tl .1?5I F IC.l+-loC5l.l ll ,l?'Jl F lCr!+-lti,
l.2tl lt .12!9 F lc.a+-tC0
lI .lI .16r. F rc.a+-25
t.Bli !l .25Y FC rct-900/+lrn0

t€8t3lol !.rtI tz .telr F lc.!+-100
aESIST(' tt.t lt .!eiu F Tc.o.-ra0
a€8talm,ll.l lt .lagu F lc.o+-l!l
aEslalol tail tl .t?5I F lc.l.-roo
lESlSll,I l!l( .ll .t23L r lc.a+-25

tEatsrot
aE6tsTtx
tEStsTq
tESlsTtn
.ESISTS

lal .tl .la|lll F rC.!.-6
l0I .ll .lalg F lC'0+-25
tu ,t: .ta$, F Tc.0+-2i
lll( .lI .125U F tc.l+-zi
5.6?I ll .le5u F lc'0+-ra0

aEstsTot
aEStsttn
rEslaTor
lEatslm
aEstST0a

i.6at
t .6er
26.ll(
a5. tI
5,t (

lt
tz
tz
ll
tz

.t25L
. !a5g
.t2lr
.t?5r
:t2EL

lC.0+-la0
TG'o+-100
lC.0+-l0a

tEsrgTot
tEstsT0a
aEatsT(I
tE6tsTt a
tE6I'I

2.i5r.tz.talu
2,tit(.t2.125{
tol .ta .telg F
t00r( lt ,l?lu F
21.5t(.1!.t15r

F lC-0+-21

TCt0r-ei

tc6l$llx
lEStsr0a
tEstSr0t
aEa!st0a
tcststot

tat( .tI
I .Bt 5l
5t. I ti
5t.t tt
5t.t t,

.t?ac F

. e$r fE

.teit F

.tesu F

.!25U F

lC'!r-e5

aE6tsToa
n€6l610n
aE6tsflr
tE6lsTon
NEBIST

5.lrl lt .l?5I F lc.a+-l0a
liI .tt .teis r 10.0."21
!6.?r( ll .!25r F lc.ai-r0a
lal( .l: .rAlU F rC-0.-21
a6a tI .tzru F rclo+-toa

n€6lst0R
tEststoa
lc5t5t6I
aE6tsllta
tEsl9tftt

Llll( tZ ,l?lL r TC.o.-rao
It.t l: .t?lta F TC.o+-ta0gt.t rt .re.-c F lc.!+-r00
!1.1 lz .1459 F lc.o+-la!
lox .l: .t23c F lC.!+"e5

tEsrslot
t€stsr0t
IESIST@
PESlSrOi
tEstsT

21.3[ .lt .l?l!a F Tc-o+-as
l0l( .lt .t2iu F lC.!.-21
ia,7l( tZ .l23tl F lc.0r-100
Lllx rZ .l2rlu F TC.!+-|0!
iI .lZ .t23C F lcro+-ai

nE6tsT0t
nEatGroa
nEstsr(,t
aEsrsT(n
rE5t6r0e

lh tz
2.t5t(
I .31(
3.la,x

.l?3L F TC-or-1aO
lI .la5!, F lC.o+-l0C
.lZ .l2ll F lc.a+-es
tZ .12!9 F lc.a+-l00
.lZ .l2ll. F IC.0+-25

aEslSTm
nE6tsrot
aEstsT(I
aEgtston
tEstsToi

?.rsx .lt .lalu F 1C.0+-25
10l( rt . tesu F'lc'!+-23
51,1 tZ .l?19 f TC.o+-lan
3t.r tz .t?..u F rcco.-r!c
5il rZ .t?sll F lC-o+-loa

tEsrsTot ttlt rt .t?lr ri rc.o+-r0a
lESlSlO, 196( rZ .l?5!l E rc.a+-|00
lEsIsrGI 1.2?I l: .le'-c f lC.!r-r0,
IESISToi 60.1( rl .lell I lC.,r-100

tEsrst0t
tESMTm
tE6tst0t
tfStStm
tEstst0c

la.7t lZ . iztr, F rc.or.-la0
t9,at rt .r23s F lc.tr-rDl
lar .rl .123{ I lc.!r-es
?.J9l( l, .l?-",u r IC.o+-r0t
la7 lt .l?il. F rcra{-tn0

tEsrsTart
rEsIct0t
tEii(srtll
rEsrtto0
tEsrlilot

3r,1,l( lt .lzirl r rcllr-lca
lOx ,rz .l?3tl F tc-!r-?t
,llx .12 .taic F IC.$-23
ln( .!z .l?S!a F Tc.o+-al
a2.tt tt .te$u !r tc=i+-r!c

tElitsra
aGsIiit0t
iE6r5TO0
rtstaitot
aEstst0a

l0I .lr .leltu F Tcro.-?l
?,.9 lz .rz'.u r lc'ir-rtt
l0r .17 .1453 F TC.o+-el
237( rt .123U F lC.!r-100
a3.7r tZ .125:, F rc'o.-rGc

aeaSo
zAaE0
2BaOt

aa5a6
ea5a6
ea3a6
eat60
It tat
2alL6
aasa6
243r16
2asa6
zglet

?Baoa
20480
eo40!
EO480
e45a6

a4la6
2a3rr6

?a5a6

a6a!0
?8a80
20444
24J46
24404

24400
0r tal
eai46
aasa6
2a5a6

a/tt46
2AaEr
?4546
?a{o!

2rt3a6
24546
?lia6
?Bt€a

40490
zo4B0
e4la6
iIaaa6
28a60

?oaat
l97ll
aaaal
e4546
2AaB!

zBa0o
za{80
44546
?4546

?a5116
2a3r6

eh46at9rtt

?45a6
aoagt
404Ar
eB/rea

?rt5a6

44i46

z,
0
0
I
6
3

g
a
a
g

7

7
t
I
5
3

a
a

I
0
0
!
I

I
0
I
0

?
3
a

I
0
7
5

0

0,
?

,
?
0

2

3

,
3

a

See intloducaioh to this section for ordedng information
*lndicates frctory selected value
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Replaceable Parts Model {945A

Tabln 6-2. 49454 Replaceablc Partc (Cont'd)

05to-636!
aa'90-3ail
06t0-3160
0a,t8-1r37
!757-046t

06tE-6160
06tB-616t
a6tt-047t
tot0-c27?
rall!-0401

t010-0e79
2l0a-3lla

!160-r6a?
0364-l ase
t360-r6lE
0360-t6a?
t zlt-llao
t alr -5t2!
l eEt -59e5
t?5r-530t

132a-a6?a
r626-0915
ta26-!090
,oaa-03?l

1626-074?
,trz0-4405
r g2c-rot8
, B?0-1A58
r .,26-0090

cat4tt-r000t
r(lza-e4t5

rBL-08?r
r626-0!!2r

1B2C-r a7C
t0z0-4405
Itt26-l,?07
r626-0r3A
,8e0-t I t2

t020-rrle
lflla-179r
t020-aD2a
It ?a-156a
lFza,-0164

l816-05e1
!nzl0-1440
I $aa-0344
r F?0-r 2, r
roea-r7gr

r020-405t
r0?c-lal6
I ti26-r tar
tSec-t r97

la20-tal6

r0?a-reao
13?0-r r r 2

l2n0 -065a
re00-otar
12na-i3ir

z
a
3

0
5
€

I
7

a
a
0
a
I
2

J

3
I

0

3
3

I

s

3
0
0

3

B
3
!l

J
0
g
f)
a

I
I

a
0

a9ta3

a9to{l

a9cIa3

A'IP3

ar!rc?
atula3

atut!t

6r)Utttz
A?U3CI

Aluatz
a9uto3

a.ru305

,r9ur!3

car 0- ra06

a6rB-6360
ca-t/6-ta-1963-G
ct-t/g-t!-3t6e.F
ca-l/o-lc-t962-f
c/r-r/a-10-r003-F

06t6-6!60
06rB-6360
0699-te73
2taaa72
at 0alal

2taaa7e

036!-l ar6?
036!-ra0e
0360-t56e
036!-1662
t2s1-s380

l?5r -!94t
1251-59e5
1251-!360

AD73zJJX
rhz..,Ls62 D0C
6r{7aLtil77N
8li7aL5!77x
LXatlH

lafis-r t0 0l
ar{?s:.tzJ?! Dc
aD7123JX
TLllTACP
!L,72C?

sNT4LSl!7N
aietL62le00c
aDTSelJX
!n!3tN

sNTaLSTaArl
hctt60Dl al
snTaLsza4it
5lt74t StaSAN
LE!5!P

sl{7aLSe79{
rL0Tact{
st{7+sa6lr
l|r?-2ac-5

TaLSrSar
cN7,U.St 3Sr'l
t [ti5t
sx7/rtslal{
sxTaLst?3ll

SLlTaLsl3nN
gLTrtLSBit{
9X74LSI?r{

r i!00-063a
r?nc-05rrt
l2,l-0541

ta00-0116

3lB!-8515

1620-e6ea
rt0TtacJG
t tt?lt ll
TL0TaCa
str7ztl60aN

Designation
HP Part c

D otv MIT
Code

Mfr Part Number

e
I

2

1
1

1

3
!
?

I

I
I
I
?

,
I
,
t
1
?

I
I

I

e
2
I

tEslsl.rt
RE6I6ION
tEsrstor
tEsr6T0l
rEstsr0a

l0t .lz .1?3t F lc.o.-?!
l9a,l( lt ,lzic a tc.ar-100
31.4.x l: .t25ll F lC.!+-!0!
l9.Al( lx .leiU F lc.a+-100
l00X lZ ,1?5I F ,C'o.-ra0

rESlEIOa l0l( .lZ .leSU F lc.0r-?5
iEsls'Ion ,0r ,tt .tz5u F rc'!+-21
aESl9ToC a,rst .17 .lelg F TC.a+-25
xErsoRI-oE6 lo"srPa.r( orlli x 9
r{EtroPx-tEs ra-srPro,0l oHn x 9

t{Ettonl-t€s ,0-6tPa,7r( ofin x t
tEst€Ion-Tn}ln ,r tot c SIDE.AD, t7-Ilx
TEaiI{AL-SItrD Sct-ltn PiESS-ltrc
TER}III{AL.STUD SOL.IUN PIE6S.NIG
TEtnTNAL-SllJD act-lUn ?iE55-ltrc
TCRITIII.L.STUD SCL.IUN ?NE$S.IITG
colrNccrot z-Plr{ n p03T lYlE

COI{iIECTI'i I?.PIN It ,POSI TYPE
coNt{Ec[,n t2-[tN i PosT TIPE
coxxEcTm a-PIx I PosT tYPe

IC-xPUi cLt lnEQ4xrq, ExfiANCED 6Bta
tc oP a F Log-t tas-fl-IiPD 6-DtP-c Pt(G
rc cotrPAtaIrrt ?[ci r0-9? Pt(6
tc 0P Aie Lou-Dras-fl-ItFD Dlral a-D!P-t
IC TNU ITL I.S HIiX I-INP

rc cor{v 8-E-D/A t6-Dta-t PrG
tC FF ITL [S D-TYPE POS.EDGE.III6 COX
IC FF TIL LS D.TI'E OC'L
IC FF lTL LS D.ttI€ CC1L
lc cor$aaaloP trt:r{ to-99 Pxc

ratS taolt
IC F' I'L LS D-IYPE POs.GDGE.I9IG CO',I
rc cfJNv a-B D/a r6-DlP-f Prl6
IC OP ANP LOU.DIAS.II.IIIFD DUiL 6-DIP-P
IC OT AI+ LOIJ.BTAS .II- I hP D DI'AL B.DI?.?

tc nrrxt/DnlA-sEt Tlr- r.s a-To-t-Lt{E quao
IC FF IIL LS D-'IYPE PN5-CDCE-III6 CNN
Ic COin a-E-D/A lri-DlP-P PXG
lC CohlNAttI(rt tiP lltlAD la-DtP.P PIG
tC FF TTL LS D.IYPI POS-EDCE-IPIC

IE FI lt! L5 D-TY?E POS-'DIE.TIIG
tc Nr,lrrs lc?a (tf) SlAt Rn 250-r{s 3-s
rc DRvn ltL L5 r-I{E Dalrn orir.
IC tFn TTL tti AU5 qalAD
rc tlr{:n tll t{oNo/asr BL

IC OP A}tP LOU.IINS.fl-IIIFD DUAL A-DIP-P
tc t t rtL Ls ouat)
rc 0c anP Lou-nras-H-trlPD QraD r/r-DlP-P
rc catE Trr. r-!i ExcL-oP tiutD z-txa
IC SUITC{ ANLG DUAI. TO.IOO PXG

IC OCoe TTI l-S DCD a-IO-laILlIE
IC DCDP IIL LS 3"TO.O.LIX6 J.II{P
tc rriEn ttL htNo/a8lEl.
Ic eAlE IrL Ln NAND qUAD l:lNP
tc lrv TrL r-!i xrlNosltl nc.lilc DU6r.

tc DCD' ltl. LS 3-10-6-Lt € 3-Iir9
IC Cthrrt rrL r.!i raclD.t Dlt
tc GAtc ttr Ls o? QUAD ?-tx,
IC fF T'L Lli D-TYPE 

'6S-ED(:E-IIIGIC FF I'L L5 D.TYPC POS-EDGE.IPIG

SDcrr:t-rc alr-ccxr DIP 01P LLDi
$OC(ff-lc ea-CONr DIP DIP-SLDF
sccxEl-rc 24-[I!NT DIP DIP -lil-Dl

CRYSTAL A,CN&|z

Pr -r;tv ,!62-lr{-Dla .?5-ll{.r-G 5rL
EXtt-Fl: 8D GnA POLYC .46?-DD-TrliXS

20400
aasa6
aasa6
?45t6
2t3a3

?o400
?8480
aBag0
allat
att?t
ar t2r
a?rtt
E6'EO
eo/raa
aga8n
eB/r8a
2e]la!

aeaSc
261160
2A400

aEaa!
al ets
27at a
a1?':l
012t5

?at!!s
3rl3:t5
0tat5
tt27a
2701a

aoa0c
34335
2asil
ar?l4,
0t2t5

ar2rl
3a3:i5

"435tIta7l

ltz73
047t3
0l ?r5
0r?95

a1?95
0t295
cr et5
I ret!
14371

r fllz4
al arl
tr295
c, ?91
712t7

ar ?91
t, etg
cri9l
alzr3
rr t95

to{ac
2Aae0

?s4nc

E0t00
2t 4Sa

6,44
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Iirr:I]?:]r.jIrn

tt0Dla7x90l0P2

r251-7546

lal4-06r0

3tat-2t35

i25t-a670

t2=l -!61O

635a0-!06

ar a,c-5zto
lr6o-t?98
ai6a{zta
!160-t298
al6a-!296

ar6t-5?t8
a la,a-l?ta
!160-3290
0t6a-ie96
0150-a0ol

ar6c-4807
1160-5?98
C rara-5298
al60 .3?9a
ar6a-te96

0 ! 60-52118
a16a-5e96
!lt60-t298
ar6a-5eta
in6a-a6c3

ll6c-a847
0t60-52ta
rt6a.-t496
!t60-5298
ct6a-5290

al60-1298
0i6a-52?6
cr60-3AtB
ci6a-tzta
tl60-5218

ttt0-ll8t0
l?[e-ct43
l9!r-0c50
tr0!-0050
rrcl-0!ttl

Ea-1/8-t0-t96t-.F
ca-llo-T0-10!f-F
ca-1/o-t0-r 00r -f
ca-t /g-r0-ll6t -F
ca-, /e-10-t 0G1-f

ca-l/B-t0-100?-F

ca-tl0-rt-tlal -F
c4-t/o-ra-1t t-F
ca-,/g-tt-ta![.F
ca-t/8-t0-l?tP-F
c4-tl8-r0-t?ra-F
ca..l/0-Ta-t r r-f
ca-1l8-To-t0t1-F
ca-t/6-10-r0a?-f

c/r-rl8-I0-a6ar -F
ca-r/o-r0-100t-F
?17^a72
arGat0t
a06Ae??

4360-lGE?
0360-t504

c
D

HP Part
Number otv Description

SIIIIE'IIIT,
0r60-t?tE
0r6a-t294
a r 6t-529t
c t6l-sar{t
ar 5a-5498

0t6a-5298
! t 6l-la9t
0r60-3?99
al6a-5e?o
ar60-rla03

or60-a8a7
0t60-52to
0lac-1290
0t6a-t2t0
0t6a-3298

0t6a-5e98
0164-5298
0t6a-52t4
0t6a-tzto
0t6!-a60!

0la0-4807
0160-32t8
ar6a-la9t
0t60-s?9e
0 r{-5ate
[160-s?tB
0r 60-5e9a
!t60-12t0
a r6!-leto
Dt60-s294

o!80-?207

t,,0-00, !
r90?-0t43
t9!l-0all0
t90l-00!a
t90t-0051

r?lt-i506
,tlsa-0814

06t€-3aa0
0757-0465
a7!7-0a8a
n?t?-D279
oa37-nzlla

t 3?-t1a2
0r,tt-3ts5
07s7-!26!
ozar-o442

07!7-!aat
07E7-4403
O?!r7-l!.az
o?t7-42l,n
0717-04a2

06t8-3t5t
0757-0eeo
tot0-027t
tB10-0480
tBr0-0165

3t 0t -?!llt
0:160-r60e
0t6!-t642

tesl-a6?!

l?3r-36t4

teSt-5030

g
a
a
E
a

g
a
a
a

3
a
a
a
o

e
a
a
o

!
B
E
a
6

a
E
B
B
o

i
!
5
3
3
3

z

7

I
a
3

I
3
I
3

z
2
t
3

1

3
I
g
!
5

0
i

0

g

I

m

?

?

I
I
I
J

I
I
I
I

I

e
?

e

2

a
I
I

I

2

3

o

Lr{rITI.':T{T]iTi]

CAIACITIP.FXD
CAPACIIt,t.FXD
CAPAEIIOI.fXD
ca?actrot-FrD
ca?acrrot-fxD

..tUF

.0rtlF

.0ltF

.ttuF

.0 trF

+-aat
.-2ll
+-aa7
+-?ll
+-?ail

taavDc
r00vDc
r aavDc
toavDc
t aavDc

cEa
cEt
cEt
cEt
CER

caaAcltlrt-FxD .!ruF .-20t rnovDc cEa
catacltm-FxD .0 rF .-aat laalrlc cEt
ca?Acllq-FxD .otuF +-202 ti,09Dc cEt
cAPact n-FxD .orUF +-e0l toovDc cEr
CAtaclllll-Fxo rrlr0F .-51 loouDo Ctl !+-30

cAPacIt0l-FxD
CAPACIT(N.FTD
CAPACIIIN-FXD
CAPACIII't.FXD
CAPACITI'I-FXD

SltF .-52 t009tc cEn 0r-34
.otuF i-a8u lil0vDc cER
.orf +-eat tocvlc cEt
.!tuF .-2D? | oDVDC CE
.o'lF +-zar raaunc cEn

cAPADttOt-FIO .atUF +-2!' tnt!,Dc tEI
caPaGITot-fxD .o rF i-eat laavDc cEr
ca?acrtot-FxD .ttuF l-20t toavDc cEt
caPacl r-FxD .ollf +-aat loavDc cEt
cAPactroa-FxD 6srF +-5t tolvDc cEi a.-30

calaclTo-fxD J3fr +-!z laouDc GEt a{-3a
caPActror-fxD ,otuF +-aol 10!vDc cEt
ca?acllo-FxD .otw +-e!t tolvDc cEr
cAP^Ctttn-FtD .ltuF r-2!: t009Dc cGt
EAtACItfi-FXD .!tUF +-207 I0CVDC CEt

ctPAc t rot -Fr0
catactttn-FxD
CAPACITON-i)(D
GAIACIIln.FID

.OIUF

.0ttiF

.0tuF

.!IUF

+-e0t
+-e0t
i-2c:
+-?C,l
+-2n1t

t0ovDc
r0ovDc
ra0vDc
t 0ovDc
tDtvDc

cEa
cEt
tEt
cEt
CED

cAPACrtm-FXD r0atF+-t 0l rovDc ta

IED-LAI, LUh-lIl.2.3iCD lF.elli^-|lax
DIoDE-zlli 2.av lt Do-31 PD..al Tc.-.4377
DIoDE-SttrcH rG anv elcl.A ?xs Do-ls
DtoDE-St lrcl|rrac eov aaora ars Do-35
DroDE-StIlCHlt{C 409 2o0rA Zt{3 DO-3t

coraat-ao8l IY?E .l0o-Plx-sfcc lao-coNl

tlaxslslfrl 
'lPx 

3l PDr62'Js Ft.zolillz
tEststtt
aE6tsTot
tEsrsTot
tEstsTtn
eEsrstm

lt6 rt ,l?l!l F lC.a+-loa
toat( it ,t?5r. r Tc:t+-t00
tl 13 . !?.!tU F lc.0+-raG
3.rl,t l: .laiu F IC-o+-t!a
It rt .1259 F lC.ll+-!00

IESIST(T
tEsrstol
tE5l5T0A
lEarsr0l
IE5Isr(n

lCt lZ .!?ll, F IClor-100
a.5ar lt .lisL f lc.0+-lao
,( ll .1251,F IC.0+-1!0
lt0 tl, .t?!s f rc.o+-t0ltr 1z .12sL F lcto.-1tc

aEstsTtx
tEsrSToa
tEstst0t
iEstStlrt
nEslstot

r?l lZ .le a f Tc-o+-tao
tet tz ,t?Er F Tc,0+-t0,
tt0 tt .l?3U F tC.!+-l0a
!( 1l ,tiEU F ICEor-l0c
lat 1l .1259 F tc.o.-l0a

l€SISrOn rr.6ar lI .rztu F TC.o{-l!0
lESIGlm lx l,l .les{ F lc.l+-lao
lrEIr.OiI-'ES t!-slPa.7t( arl|ii X t
r{Etrotr-tEs t0-€tP!4.0r oH}r x t
IEIIOTT-RES 6-StPa.2t $Ii X I
tarEllltrr-tE6 to-sraa.7r( ogn x t
SrItcx-trn Dl? tl(a-AsgY D?Dr .!sa SttDc

TEahlxal-strrD scl--llrl trEss-ilc
TCTTTIAL.SIlrD sGL-IUi ?IE5!i.'TG

coxiEclot l-PtN n ,osT tY?E

coxr.Ccrot e-Ptx lt Post iYPE

COI'LaECrlrt 6-P!l{ lt toST IYPE

at0ct
aroca
alocl
atlca

at!c6
ar0c7
AIlCB
arocl

ar0ult
at0cta
a10cl3
ar0cta
at0ctl

at 0ct7
atacta
Ar0ctt
a1!c20

alocat
at0c22
at0ce3
at0cea
al0c?3

at0c?6
AI OC?7
al0c2B
atcc?9
At0c3a

alac3t

atocrl
Arofia
at0cr3
alocla
/u octi

AtcQl

ar0nl
al0a2
alat3
at0a4
arats

aratT
ar0tg
alol9
a, cat!

at 0ttl
et!ara
ar0tl3
AraIl5

AlaM
at ltailT
fi01e00
al0a5!0

allst !0

aratP2
al0ltJ-
Al0lts
ar 0ta t!

Mfr
Code Mfr Part Number

zrf-I
26aBa
?aaa!
AB'EO
?0aBt
AB'EO

2Aa8!
zeao0
e6rr8a
e6aa0
28a8t

aBa00
20a80
aB4e!
?sa8a
tgaga

?B'El,
zAag0
zoatc
aBa60
26rBt

2na0e
?Brtt
eBa00
zEaAt
aBa80

2Eaaa
ilBaE!
z8ag0
?8400
zElA!

s6aE

28aa0
zBaA0
?aa8a
aBasa
2E48O

2048!

EEqiIil

e4ta6
24546
?4t46
2raa6
aa5a6

e45,16
e4!ia6
?n?l6
245a6

?a5rr6
e,lsa6
?aaa6
erEa6
44546

2a5a6
eas46
3r!2t
ar 1?r
0rtet

0, tet
ainT)

?e440
e6480

aD400

EEflN

?24€6

Model 4945A Replaceable Parts

Tablc &2. 4945A Reploceable Ports (Cont'd)

See introduciion to lhis section fot ordering infohation.lndicat6 factory selected value
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Replaceable Parts Model ,1945A

Tablc 6?. 49454 Beplaceable Ports (Cont'O

ffi c
D otv

^t 
lurt?

ar aull!
attul0l
atout07
atalr20l

Artueaz
alau2!3

^toutolarlU303
aralltaa

^t!u!atAt arr306
At alr307
at0ut09
atlua!a

ateuaa2
at llta0!
e!0ua05
atllr407
at llE0a

atauta?

^t 
0lt!03

atauS0t

^t 
out07

^laua!a
at0u6ll
at0u6l3
at0lt6a5
al0u6!7
aralra0

alauTe2

^t0l}703atauT!5

ar0xuit0a
atlxultl
^r 

0ruita6
al0xul07

^tatlr300
trlrt a0,
araxut0T

raaa-reor
ta?a-t2ta
ta2!-2c2a
raaa-rala
taet-2075

r9e0-ta70
r82l-el?4
raa0-2et3
t920-t2t6
toao-t2t6
0agal-t!ael
0ata3-taaa7
!a9a3-100t6
0ata3-ta!a5
142!-ra!a

raaa-la7a
ta2n-2a?a
tet9-t734
tar45-ta0!a
r62a-2tea

t8a0-tar0
letS-1718
tgtg-r7tB
0at€-ra!at
t6at-a5el

tl?a-r470
lozl-2074
rsaa-aata
04trt3-!0044
tg2a-a651

ta2a-2ltt
rgea-2471
1e2a-2!7r

t2al-06!a
r200-tt67
ra0a-0167
!e0!-!56,
taa0-!!167

l2!a-0157
rat0-416,
t2a!-0t4,
tago-o!!6
at,ta-0rrll
50!t-8lir7

2
!
I

t
I
a
3
3

a

!
?I
I!
t
t
E

I
t
I
0

t
I
I

i

7
I
ti
I
I
I
I
6
!
I

I
3
3
I

3
I

I
I

I
I

I
?

?
t

tc DcoR TrL L6 8-TO-rt-L {E DUat e-trP
tc Dcli rtl- L5 !-to-a-LtNE !-tiF
tc Dnvt TrL !a LlxE Dtvi ccll-
IC FF ITL L3 D.IY?E OCTL
tc litac nL La

tC ruX'/DAIA-8CL IL LA E-IO.T-LIE EIAD
IC D'I,,I ITL L3 LIT'E DTVT OC'L
lc-ltru, CLI flEq.zlrlz
tc DcDr rlt L3 t-to-a-LtlG 3-raf,
tc DcDa rtl. t6 g-ro-g-!ttE 3-Iltt
at'Ct Paon 23
tvca ?attt at
avct Ptott 6t
tvct Ptttt Bttc EFt xma cLocx Drvt

tc t{rxt/DAtA-8€L IL La 2-to-r-LlxE eua!
IC D'VI TIL LS LII{E DIVP OCTL
tc cnoa 16lg4 (t6t) ETA! art a!a-I6 3-8
al,,Et Ptoti aE
rc Dtvt trl- L3 Lll|E Dtvn ocrL

IC rttlDeTa-oEl tll- La ?-to-t-LtrE euaD
tc Grca t63aa (16r, Stat tan 2aa-NB 3-8
tc caog talaa (lGr) Srat aati 20!-rs 3-s
tvct tton cDtc {r, TtL 3 t€X r-ttP
tc ilDo/D TA-8€L TlL LA z-tO-r-LIr{E eUaDtc ttlsc ttt ls
tc Davl trl' L8 LtxE DPvt q:rl.
tuct ?totr EF
tc GAIE TrL 5 rAxD ShD a-titt
lc cotfla ttL Ls ttt6tD E-8tT
tc nl6c trL 18
tc ilsc rtl L6

eocrEt-tc
6ocrEt-Ic
60crET-tc
sttct(Et-rc
50ctEt-tc

a!-col{r
ara-coxr
ea-co r
20-corl
28-COIr

DIF
Dtt
DIP
DI?
Dt?

DtP-6LDI
Dlr-6LDt
DIP-8LDI
DIP.SLD'
DIP.SLD'

st ctET-tc zo-corr Dlt DIP-oLDi
a{tcrEt-tc ea-co T DtP DtP-8LDr
soct(cl-tc zE-colt DrP t tP-510t

PIta-Grv .46?-Iaa-Dra .6-I{-LG sTL
sE'L LIOhT
ala t0 LaIEL

Mfr
Code Mfi Part Number

0!295
!tzti
!tets
ate9t
cre9l

0r ?tt
tt ert
e8aB0
al eta
at zttt

ilea6a
e8aE0
eoa60
2EaAa
0a713

0 t?1,5!tetl
840t3
2EltOt
0 i29!l

!r?91
840t3
aa0t3
40a80
!r 493

0r 291
!t ?i,5
G ra9t
28a60
0l2t!
3a331
ei?9tttzrs
eoaE0
?8at!
z0agc
?0a8!
?aaE0

e8rl8t
eaa00
2el0a

z8aAl
?0a80
?aaB0

sliT/llat 39lr
BitTaLSilaN
8r7rll82a4ll
s TaLElrri
9X7/rL3?aSI

sit aL6tSTt{
$f74L&taru
tae0-2et3
axTaLBl !8r{
satT4Ls ! 36lt

aarat-ra02t
0atal-la0a7
aatat-taD!6
0at4!l-ta00!
xPc6a42

8il7al-st57ra
SirTaLa?4aN
rln6rt6LP-a
laral-ta0!a
sraTaLsaaal.

8tr7aL8t57{
i6ll6L?-a

Etr6tt6L?-a
049a5-10003
3X7a6arll{

snTrtLSt l7t{
slt?aL3?4ix
sr{7aL62aaI
0atat-t000?
6N7a6aata

att?tLs?la I Pc
Sr7'LSE'ST
sr74t.5243ta

teaa-a6!4
t2!0-0t67
t2aa-at67
le00-0s57
t?aa-t567

t2!0-0567
t2a a-a167
r2a0-0567

taEa-!tt6
a0a0-0745
3ae0-13a7

..Jfq
See introduction to thk section for ordering information
.lndicater f.ctory relected value



AT TJI

etlcr
atlc2
al lc3
attc4
AIiCE

atlc6
artcT
altcS
artc?
Al ICt 0

altctt
^t 

tcte

at rct6
Al lctT
at lct 9
at lc20
Ar tczr

at t c?2
Atlczl
al tcea
al rc25
al tc26

atrcaT
ar tceg
altczt
al tclc
atlcll
At l clz
atrciS
al tcla
at t c3s
ar tcl6
ar I c37
Ar rc3a
Altc39
al1Cao
al lctl
at tca!
attca!
al tca4
ar I crts

At rm,
al icaS
arlcla

A' I JUI
AI tJU6'A

arrna
Ar tna
at tt!

Ar tt6
Al tRl0
arlltl
AtlRt2

atttr3
Ar rtta
ar rllS
al tltT

at tala

Al tl2r
Arrt?2

at lclt
At rcr a
attct!

c
o

HP Prt
Number otv Dolcription

ZTITTTIIT]

0ta0-1a90
0t6a-la?o
a r 6Fta9a
0ta!-t298
a r60-5298

0t60-32t8
al6a-32t0
at60-s?tB
a l at-5499
!160-32t8

0la0-satB
at60-t?98
0160-5ata
tt60-letE
0 t6t-5etE

0r60-1290
4160-5t98
lt60-0t27
at 6a-0 t?7
ar60-s29a

0t60-t?t6
!!60-t2?6
0 tGt-3etg
0 r 6t-t332
0t6a-s290

0r6t-5298
at6a-5??t
0l6a-5a9a
0 t6l-53112
0t6a-srro

0t6o-4010
a16o-52t0
0 r&l-aola
!160-aB!3
ar6a-a617

at60-4403
0t6a-a807
t r60-!?rE
0 i 6a-5290
4160-32?g

0 r5a-!am
0160-52t0
a l6!-52tt
0tB0-03711
Staa-54'ra

t90r-0!t3
l90t-0011:t
t?0t-0t33

lait -8171

1?ia-ctat
retl-attB
tzSr-7506

0717-0at1
07t7-0{n!
c737-0a6E
a1a?-oar?
a698-0082

!690-3t5i
a75r-0lea
o?a? .oaaz
0757-040?
0?t7-!ar3

0,.7-aa0a
0757-04!l
0698-3r15
771'7-oZAn
04,t0-0042

o6t8-3r35
0ar8-3ri7
0590-3rie
04,94-31!e
07t7-!a!,

I
o
6
E
g
B

o
a
B
6
B

6
B
a
6
I
B
E
2
2
a

g
B
o
I
a

a
e
a
t
e

o
B
o
I
I

I
t
6
B

o
B
6
3
o

a
2
2

B
I

0
3

7

I
3

I
2

!
z
t
I,
I
I
0
a
0

l4

a

2

2

e

t

I

I
I

1

I
I
e

3
I
2
?

I
e

TEErII]M
calacllol-fxD
cAPAC!rtn-FrD
caP^ctrm-FxD
CAPAC I TOI-FXD
carActrot-FxD

.0llr

.!IUF

.OIUF

.OIUF
,!IUF

+-e0t
+-a0z
+-e0t
l-202
+-202

I lloVDC
r!ovDc
la0uDc
t00vDc
t!lvDc

cEt
cEa
c€a
cEt
CE'

C^PAC I rt-FtD
Garactrm-rxD
CAPACITOi.FTD
caractr(n-txD
CAPACITM-FXD

.0 rF
. !IUF
.ll!UF
..IUF
.0!uF

j-?01
+-201
.-?lr
+-z0l
.-e!Z

iaitvDc
taovDc
t0!vDc
r!luDc
tolvDc

CEE
cEa
cqn
cEa
c€n

carac ! r(n-FxD
catactrfi-txD
CAPACITIT-FXD
otPactrtn-FxD
CAPACIIM-FXD

. !IUF

.0 tf

.lrt F

.0ttf
. iIUF

+-201
+-?02
.-aot
+-2az
1-2tZ

la!uDc
t0,vDc
tatrrDc
t0avDC
ta0uDc

cEa
CET
crEt
CEI
cEn

CA?ACTTOI-FXD
EAPACIT(N-FXD
caPacrToa-Fx0
GAPACtTm-rX0
CAlACIl0l-FxD

.oruF +-201 tlouDc cEt

.ttuF .-2!: taavtrc cEa
tuF +-202 ewDc cEt
tuF +-zci 6vDc cEa.o tF .-ell tilavDc tcn

GAPACtlm-FXD
CA?ACIIOt-FXD
calacrt0t-fx0
caaActtot-rxD
caPAcItol-fx0

.!IrF +-?at taarrDc cEa

.o!l,F +-e!z tatvDc ccn
. cluF +-eaz lllvDc cER
. rlrF r-202 3ar,.Dc c€l
. aluF +-eaz toavDc cER

cArActtot-rtD
CAPACIIOT-FXD
CAPACIITII-FXD
caFAct ,l-FxD
CA?FCIIOI-FTD

.01UF +-eol loovDc Ca:t

.oilf +-ect loavDc cEn

.tluF.-a!t to0vDc cEt

.luF +-eot 50uDc c€a
. lluf .-aot loavDo Carl

G^racttdl-FxD
caPAcIt0t-rxD
CAPACITOT-FXD
caPAction -FxD
CAPACITIT-FXD

3ltPf .-lt taovDc E€R
.otuc .-a!t r0lvDc cEr
3t0?F +-5t t0avDc ccn
6ePF .-lt l009Dc cEa 0+-30
33PF +-tt raouDc cEa ar-t!

caPc:tTot-axD 6GtF r-5t raotDc cEa l.-30
caPActToa-FxD 33tF +-5' laouDc cEa 0r-30
caPeclron-FxD .[ttF .-?Jz ltavDc a:ER
GA?AC!I(n-FXD .olUF +-eoZ ioovDc cEn
CAPC,CIToI -F)(D .0ltF .-201 iollVDC CEI

CAPACIIIN-FXD
CAPA[IIO'-FXD
CA'ACIilh-FXD
CAPACTTOI-FTD

.ltUF +-e03 i 00vDc

.oltrc.-2tz ! 0 lvDc

.!ruF.-e0t ralvDc
rorf+-r0t eevDc la
.!lUF +-?CZ rttUDC

cEx
tEn
CER

CEP

DtoDC.GEI anp t6iv 201ll 00'7
DroDE"GEal tlP to0v znaiA Do-7
DIODE-GEI{ tt? rOoV 2!ahe D0-7

CdII-POSI TYPE . r00-PI'I.SPCG 3-CONI

JUnPGa-tEtt
ct nr{Ecllr Stur{t-a ?t lilltox
cor{x.Ptiat lY?E . r t0 -Ptx-g?cc t20.c0rr

tEslsTot
tEotst0t
lEsl|iT(n
acstlittt
tEslstttl

100 lz .laSU r lc-or-1ac
?ix lt .r?iu r Ic.ar-ra!
l00r l: .leslU F tC!4.-r00
lnl( tl .t?'l. F lc-lr_ra,
464 lU .rAlU F TC.a+-140

lE6r5T(O
tEsllil0t
tEstSl0t
tEstliror
tE$ts'tQt

a.6al( !Z .rAil. a lc.lr-10!
lI ll .la3{ F lC'0.-100
l0( lZ .l?iI F lC.!r-t0a
rr0 ll .re39 f TC.a+-la0lll l: ,l?i9 F ,Cra.-raa

RESMTO?
nEsrGrot
nEstSr0a
RE9r6r.rt
aEstst0t

llC lZ .li5u I TC.a+-ra0
lll !t .lf,,U F ,C.C.-r00
a,64t tl . t?5!, F rc.o.-rtc
tt rt .t?ss I lD=3r-!tc
a6a lZ .l?ll{l F lc=0+-r0a

tEStSrot
rE5tst00
PEStSlart
aEstnt0e
lEtlSla,a

:l.6al lt .tia.u F IC.or-10t
19.61( tl .l?su a lc-or.lC0
3,48t( 

'? 
,1?iU F TC=r.-100

3,rltl( l? .l?3U F lc.l|..-lt0
10t r1 .l?lu F 1c.c.-rn0

[[,fll
Code Mfr Part Number

rTuTli)

26400
zEae!
26a9t
egaa0
?a4a!

20aB!
26aa!
e6a80
eoa6a
?oao0

26484
?Bao0
?6aBa
eE4A0
284At

aaa60
?446!
aoa80
?6a8!
20a40

e6464
?Eaa0
?eaEe
e8l0r
AB'E'

26a90
e8400
2Brr60
?E4Aa
?oa6!

26400
zo180
2ta6a
28460
?oaBa

AE'EO
20444
?6100
eaana
?sra0

?a48a
IBIEO
e6aaa
36E69
?a4aa

?B'BO
2'!400
aaaa0

F{irm

2l'1l,1
?6aoc

4{I',in

?4546
2a5a6
e4546
arsa6
Z45arr

aa5:t6
?4!46
2a5a6
aal46

?43t6

?45a6
2,t346
a4:l.6

245a6
24946
taia6

z]:I,]:l:r.trn

0 t 6a-!eta
0t6a-tztB
0 t60-5e99
!160-5et8
0t 60-tztB

It40-s2tE
0t 60-iz?8
0l60.tztE
!t 60-52t8
,t60-5290

0t 60-te9B
ct60-i29a
at 6!-tetB
0t60-52?E
0160-5298

!t6a-52t8
0r 60-iztB
0t60-01?7
0t60-lt?7
0150-s2ta

!r 60-lats
!t60.5290
tr6l-5496
l,l 4,0-53it2
a160-!?94

0t60-52?E
at6a-1290
!l6c-5?98
0!60-1332
0!60.3298

0ra,0-aal0
ar60-se98
0160-a610
0160-aa!3
0160-a8a7

ill60-aa!3
0r6c-aaa7
0t60.ser6
0 r 60-sa9E
0160-l2t€

G | 60-5290
,160-l?98
0 r 60-seta
tstDr a6x9a?nB?
0 t 50-se9€

t?01-0033
t90r-to3r
1901.0!31

t?51-et7l

rzt0-0!al
rail-a3ro
ra5r-7506

ca..t/o-T0-r 0r -F
cr"r/a-T!-7!c2.F
c/t- t/o-Tc-r 0c3-F
ca-rlB-ra-lac?-F

ca-rla-Tl-46a1 .F
ca- t/0-T0-r00t-F
c4-rl8 -t0-toJe-F
crr- r/0-ra-1t t -F
c4-rle-Ta-t21t .F

ca .t/6-10-l t l-F
ca-r /E-T0-r?rr-F

ca-l /0-r0-ralr -l

c4-t /0 -t,-4art -F
c4-rlo-Tc-t9A?-F
ca-r /B-T0-3a81-F

Model 49{5A Beplaceable Parts

Tablc &2. 4945A Reploaeabl.e Parts (Cont'd)

See introduction to this section for orde ng infoJmation
*lndicates factory relected value
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Replaceable ParLs Model 4945A

Iable 6-2. 4945A Replaceable Parts (Cont'd,)

t

3

t

1
n

2

2

I
t
I

I
T
I

I
?
I
t
1
t
I

I
I
1
?

I
I

NElu,trRt-l€8 6-Slla.7l (l.{t I I
xETCOtr-aES ra-srPta.at tl. t x t
x€luDr-REs 6-5!tta.0t( ollt x 3
rErsoar-rEB 15-0IPra0.! tStt r g

69!TCH-?B 6?Dr }ion .l2A PED-Bll{
srtlcH-tra DlP-lrn-assY a-ra .atA lovlrc

coNt{Gcrm o-Plt{ I ?ost IYPE
tEtntNAL-ETrD SGL-tUf, ttESS-rtG
rEtilral.-stu0 Ecl.-lul PaEs6-irc
T€nnt*aL-6TUD 6CL-tUt ttESS-ttrC
tEantNAL-6T|D sGL-rUn lr€66-nro

cor{x-Posr TYPE . roa-P l.sPcc s-cort

rc 6atE tlL Ls itAatD o-tr{P
tc Dc0t rrl- 6 3-To-o-Ll!rE 3-ll{P
IC fF ITL LS J-I EAE 

'08-EDGE-IIIGIC FT rIL LS J.I OAI POS.EDGE.IIIG
rc chos r63Ea (t6tt srAT rax 200-rls 3-s

TC DtV' TT!- A XAXD LINE DIIAL 
'.IITPIC CXTT IIL LS E'II SYXCHRO POB-EDGE-IIIG

!c lr{v TTt s xEx t-lr{P
tc fF ttl. L8 J-r EAt ?os-ED6E-Tnl6
tc DcDt ttL s 3-To-o-LrxE 3-lNa

tC CNIP ITL LS ETX SYXCHf,O ?OS.EDGE-IIIC
tc G6TG rr|. [S aXD tPL l-ll{P
IC GATE TTL LS OP q'A! ?-IXP
IC CITa rIL g EtX EYXCInO P0S-EDGC-rIIG
rc cios i630a (i6r) Slal tnn eoo-als !-s
rc ttu cxoS ttot{ostDl tElRto/rEs€r Dual-
,C DCO' TTL LS A.TO-'-LINF DT'AL 2-INP
tC CATE IIL LS Al.D QUAD ?.II{P
tc DcD, ltl. L6 ?-ro-a-Ln{E DonL a-txp
rc t$c EcL

clocr Dtut
LS ?-IO-'-LINE CUAI ?-IIP
LS 3-TO-A-!rNE 3-lNP

tltEt noD, 6ttHz, 3 asYcB

rC FF I'IL LS D-IIPG POg'EDOE-IRIG ?IL-II'
lC-iPUi CtI FtE{.?ltHz
IC MtOS
IC DTVT IIL LS LINE DPVI OCTL
tc DcDe rll fs 3-10-6-(rNG 3-!l|I

tc D9w ITL LS Lt.lE D9Ut OCIL
lc Dtva rtl Ls Lrl{€ Dn9l ccll.
IC N'SC TTL LS
tc Dtrrt tlL l-s t-txE oRvl octL

cEYSTAL-OlrAarZ 16,000 riltz l.c-16lu-Hl.Dt

PrN-crv .06e-tr-Dra .?5-tx-(.G 6lL
EXrp-PC BD CtA FOLYC .,62.BD-lBrllS

tc 8Ft {noti
tc Dcot tlL
IC DCOF TTT.
sYs ?ion
rc-?roctnDL

IC fF TTL LS
tc mu IIL 8
tc FF ttl- Ls
IC FF IIL LS
IC IXU lll.3

J-x
rlEx
J.t(
J-tl*r

EAa ?OE-tDeE-ltlc
| -IrtP
lAT POS.EDGE-'I 

' 
IC

DEI POS.EDGE-ITIG
I - rP

soc(Er-tc
soct(€T-Ic
socrEt-rc
socxET-Ic
SOCTET-TC

8.CONI DtP DIP-sLD'
2a-cort DrP 0t?-5t-0R
26-COrt DtF Dt?-6LDa
ao-ccNt otP DrP -stot
a0-cot{l DrP DrP-sr.Da

attt?05
ar rar03
artrr06
At lt0c6

attsla6

AtlI?l
al M3
AI II?'
AI TT'I

ar lut!!
artut0t
AiIUITA
at tl,l03
alrut 05

artuzao
al tu20l
at lt ?0?
al tu203
arr0?0a

tt tueo!
ar t0304
ar t u30l
at tu30?
ar ru303

al luao0
ar rua0l
At tua02
artua!3

ar tu50!
At tu50r
ar 10!i0?
at ru503

al ru600
ar lu60r
at ru60e

At It6!7

Al rUgor
attt00a
Al tB03

al r r06oe

al r {1605

HP Part
Number

c
o otv D$criptaon I,ITII

Code
Mfr Part Number

t6t0-0367
t6ia-0eaa
t0t !-cl6E
tatc-4330

3t 0t-?60t
Srar-406t

t6t-16r8
036a-t6€2
096!-t542
0364-t &a?
0364-1642

!23t-El7t
ia20-t?62
t6aa-4601
t020-l?0e
le20-taaz
r020-0603

t020-r207
ta2!-!2a!
t sea-t?oe
tna!-t2a?
rBte-1738

taet-!697
toe0-1432
la2!-0603
I A?a-te0?
1A?!-1240

r6?0- tale
toz!-t243
r62e-t?0€
ta2!-t/r3B
ta16-t73A

ta20-r 336
tBet-ta€l
1n2t-r201
r6?a-teEt

l8?0-la0a
1A2n-t2A'
raac-tel6
0a9a5-t!c00
lAaa-2107

raa0 -r 997
rE2a-2?9!
toe0-2!01
r6e0-e0ea
,020-1216

raa0-e024
,B?0-?0ea
r6a0-e0rs
r020-2024

rea0-07t6
!200-054r
1200-all,7
t?!0-!6ta

!ll0-10!a
l4O0-Ol l6
5000-at4a

z
B
I

0
a

0
a
0
a
0

3

3
3

z
3
I
3

?
I
I
3

3
a
I
0

2

?I
5
2
I
5
I

6
a
3
3

3
I
3

a
I
I

?

3

a

2

0!!?l
!t tet
Ditzt
I t 2116

801180
?4464

,8a80
aEaoa
1f0a80
2AaE!
2EaA!

[d]!t
cr 2r4t
0r?95
at z'5!tetlttztt
0r295
0rett
0teti
trz9t
sa613

0r29s
0te?E
0r 295
0rt93
nlzts

G 1?93
0r 2?t
01?tl
0re
34013

01713
alets
!, eti
al495
tart3

!/r7t 5
7lzt3
0r E9l
20a01
aEtac

tr?9t
aa40G
0{rt3
01a93
0l zt5

0t ett
0r 295
al?tsrla t

?6/16a
2Aat0
?o4al
?E'BO
2A400

?o'tB0

?aa0a
20taa
2SaO0

zDaalTz
2t0atal
20aa103
76r -t-tl aa

3tlt-26!1
lr 0r-4065

t?3t -55t6
03a,0-1694
0!60-r60e
0160-t66e
0:150-t562

1e51-617r

8x7aLst 09all
graTasaarl
8lr7aL8l09AN
8r{rat3r a 9at{
Bt{7a80aN

GNTatSSata
E[7aSr3gN
sN74L6r !tAl{
sx7atsl09a,l

sNTaElaex
8N7'L8IA3AN
Et{7a30rrx
st{7aLst09ax
BXTaStt8r

sr{74LEt63AN
6t{7aL3tll{
sxTar.slar
sa{7ast 63{

llcr aieoDcP
5N7ar5t39N
SiTrLSiAt{
0x7aL8r !tt{
trt?06tP

xPQ60il?
Et{7aLSt39N
5r{7al Sl3tlN
0ar:13-r0046
l6e0-?3c7

3X7.t8!7ar{
1820-2491

5X74r.6aaaX
staTat-6130

5r{7aLSza4X
BarraLszaaN
9{74LSeasrl
sxTaL62arllt

,200-l?96
t?t0-J5a!
le0c-l$a'7
ra,0-06t4

r40t-!l t6
1000-dta8

648
See intrcduction to this section for ordering informotion
*lndicates factory selected value



Model 4945A Replaceable Parh

Toblc 6-2. 49454 Repbceable Parts (Cont A

ateqt
at!e2

AIAEI

A1?q3

at?cl
at2ce
At2Cl
AI ?C'
AI2CS

atac6
atzc7
al2C9
At?ct
atzclo

alarcr1
al2ct2
al?ctl
alecta
Al2Ctl

alacta
At?ct7
alectS
a1acl9
at !c20

at2c2l
Atecza
Aizc?l
a12C24
at2c?!

Ataca6
AtaEz?
al2C2E
ar ec89
ar2c!0

ar?c3l
ataclz
atacll
ateclt
ttzcaa
atectt
alzcaa
alactt

al2Jutae
al2JUl!8

alatt
a12ta
arzt!
at?ta
atall

atalT
AtetS
alatt

al aat t
alatt2
AT ?II S
atzala
alalri
at?nt6
Aralt,
AtattB
Alals0a
lltta6!a

ataF6af
arzlTlB

Fl€!ts-llB-T0-t9t6-F
ca-tle- ta-taE3-F
E/r-t/a-T0-M-F
c4-r/0-r0-a&ae-F
ca-tla-Ta-t001-f

c4-l,rE-t0-t0!?-F
ariEl!-tlo-t0. elrs-F
ca-tlg-t!-t6r?-F
76t-t-at n0

Ir TEE
trr20-tltt
ct60-5298
at 6a-12t6
!t60-5e98
ai6a-t2t8
!160-5298

ai6a-5et6
t160-5rB
0160-t2t8
tr60.529e
c | 5e-5i!ra

!!60-szto
0 r a.0-52t4
0r5a-5290
tr6a-52t4
al60-5298

!160-5eta
0t60-?26a
ala,l-??6a
0t60-te9B
at6a-!2t6

0t60-52t0
cl6a-54t6
cr6!-5?98
at6a-5??8
0160.5298

a16a-t?96
tt6!-5296
at 6a-52?B
!t60-5498
ar6a-t29e

0 r60-52t0
0 t 6!-5298
tttD106x"e0ga

t90t-0031
tt0e-3!t,
ltae-c9a3
l?al-0316
ttal-ta60
1?51-8r7t

r?al-a767
I Z5e-O I ru

laSt-7laar

105!-0036
2X39aa
I O33-D!t6

ca-t/e-T0-, !Ga-f
c4-t/8-r!-tt!!-F
c4' t/o-Ta-?lsr-F
crr-1/a-10-llt2-F
ca-r/o-la-?o7l-c

c/r-tl8-la-, r0t-F
CBI!a,l
ca t/6-10-t95!-f
ca-tl8-ro-it6t -F

76r-3-tt !n
2r6Ar03

Part-r!n
c
D

Mfr
Code Mfr Part Number

r!5-Irt_!:'m

1a2a-03t 1

!r60-tarE
0 r6t-5e9a
at60{a}to
0161-549a
at6t-s2tE

0r60-'?to
0|6a-52t9
al6n-54rys
0r60-t294
0l6t-3etg

0t60-5?98
0 r 6F5e9B
0t6a-52?€
0l6a-32t8
o|6a-!??E

01a0-5?96
0t6a-226a
0t6l-a26a
0t6a-52te
0 t6t-5ati
0t6a-52r€
0 r6t-5ata
ct6a-5499
at6l-52t0
0laa-32t9

0r60-3?te
0t60-52t8
0 t 6t-32t8
0160-5298
n r 6l-5299

0t60-5?t9
! r aa-5e9€
otaa-l!7a

t9at-4433
1r02-305t
t9a?-0ta3
lt0t-tJ76
r9at-i048

t?3t-6r7t

tall-a747
1236-alat

1?at -7ta6

ra!3-4035
t6L-0?lt
tat3-0t36

a?t'r-aaa?
07t7-oaae
aar98-3aat
0757-aaaz
06ta-344t

0694-rt?9
0a,ti-llrat
0737-0aar
06tl-316?
a75r-t20t

a6at-la6l
06lt-3rrll
t690-0!43
0ar9a-0ai!

t?3r-caaz
06ti-3ala
4757-0315
lola-03t6
r0r 0-0314

rgt a-013a
1At0-4206

a

0
g
a
o
0

g
6
a
6
a

a
6
E
a
€

a
?
?
a
a

€
a
a
a
a

a
a
a
a
e

a
a
3

z
0
I
5

?
e

e
I
2

a

a

e
0
0
0
3

?
?
B
a

5
I

o

I

I
30

il

I

I
I
I
I
I
I

t
I

I
2
I

!
t
I
I
I
I
I
I

I
I

I
,

1

Tr'Tl'f:1T5fiV
oattEty !v .2a-lln LI llaxgarGSE DtoxtoG

CA?A6IIOT-TID
cetactTtn-fxD
cafmrr0t-rxD
cePActrot-FxD

.tllrF

.altF
. tflJf
.0 ttF
.!1UF

+-e0r
r-eaz
.-a0r
+:2at

to8v0c
l aavDc
t00vDc
r0avDc
t!!t,DC

cEt
cEt
cEt
CER
cEt

caPacrt0t-Fxt)
ca?Acrrot-FxD
CAPACIIOI-FXD
CAPACI'OI.FID
CAPACIIOI-FXD

.ailf,

..IUF

.!llf,

.OIUF

.0 irf,

.-2at
+-2aZ
+-2ai
+-202
+-aa,

t0avDc
taagDc
10ovDc
ta0vDc
l0evDc

cEa
a,;€a
cEt
t€t
cEl

caPActtot-fx0
calaclt0t-fxD
CAPACTIOI-FXD
cAPACttot-frD
ca?actt(t-FtD

.0 rF

.0 f,

.!IUF

.atuF

.01lrF

+-2Ct
+-aat
i-e0u
+-eat
.-e0t

r00uDc
t 0cvDc
t00v0E
r aavDc
r0ovDc

cEa
cEr
cEt
cEr
cEa

ciPAcrtm-Fx0
CA?AC t T(N.F XD
caP^cr n-FxD
CAIACTIIN-FTD

. t f, +-att toovDc cEr
alPF +-52 an0vDc cEI o+-!a
20?F .-5il 500vtc cEr 0..-la
.otuF +-a0t toovDc cEl
.orlf +-2az iaovDc cEt

CA?AC I II)l.FID
CAP'EIT .IXD
C'PACITIIT-FXD
caPact n-Fxo
CAPACITIN.FXD

.IIUF

.c r

.0llJF

.0 f
. ar ul

+-elr
.-2at
.-202
+-24:
+-atz

t00vDc
t aavlc
t0ovDc
t 0cvDc
r0ovDc

cct
CCR
cEa
cEt
cEt

ca?acITtn-rxD
ca?actlln-fxD
CAPACIT(N-FXD
caPActtot-FtD
cetacltm-FxD

.0 ttF

.!tuF

.0If,.ttur

.0 t lrF

+-eat
+-eoz
+-aal
+-a0Z
+-aal

r 0ovDc
t0lvDc
l0ovDc
r00v0c
r aavtc

cEt
cEa
cEr
c€a
cEa

CAPACI T-FXD
CAPACITIN.FXD
CA'AC t IO'-FID

.!tuF.-?az tlorrDc cEt

.oIrF.-?at raavDc cER
tluF+-tat ?orrDc Ta

DIoDE-GEra PtP t80V a00ra Do.7
DIODE-ZIP 3.63V 5Z DO-ll Po..al
DtoDE-Zlll ?.av 51 Do-ll PDr.all Tcr-.0372
Dto0€-6EI Ptp l3v te}la 00-31
DtoDE-sn 3tC BCHOtfiY

Colr,ll -Pdll TYPE .i01"[ll{-SPCC 3-C0Ir

6rtr{t-DtP a-Po6trtor{
Jt nPEt-tEi

COXI-POSY IY?E . ia0-?IX-SPCG i20-CONI

IiaISISIOI Px? 6I PD'llahra Fr.a50 rZ
taaNBIStOt Iex 3I ?Dr350iI Fl.IoaltHz
TtANhlSItn Plp 5l PD.llohU lr.230l*12

aESrst0t
tE6rstq
tEstSttt
t€6rstot
tE6tst

t0l
lat
2tt
t0x
2e7

tz
tt
It
t:
tz

.ta5g

. r zllt
. t 2!l0r
.latr
.125r f

IC-o1-l0a

rEstsroa
PEStS n
rgStsI0t
IESISTl,l. tcstsloa

lt.6 ll .!eil F tC.oi-t0a
lO.3 rt .leSU F lc.!+-rao
100 lZ .12$a F TC.l.-100
a6,al lI .12!rL F lo.o+-l0a
lt tz .t2t9 r tc.!r-t0!

tcststoa
aEslsrm
aEsrstoa
tEStsTot
nElitsrot

lot lt .lall. F tc.l.-lao
lah st .eEl. CC lc.-900/rt!0t
196l( lt .l?51 F TC.o.-r00
l.t6r( tl .t2!r r Tc.o.-t0!
i.t6l rZ .!?!9 F lC.a+-!00

nCstsloa t!l( lz .rz:L F rc.o+-l0a
tEElSlOl al.! ll .lasl F tc.0+-lao
IGSISIoA S6.e lZ ,i6u F tc.a+-100
{Etvotr-tEs t6-DIPra0.a otu r a
tErtoar-tEs t6-Dl?ta0.! a{ x g

xElr|onr-tEs t6-Dlltl0.! orlt x B
r€turrt{-aEo 0-stP1a.0l ol t x 7

TD
{{I:II
?B'EO
eEaoa
28a00
28460
?6aEa

?oaEc
20aa!
2946C
?ea6!
e6a90

?0a40
e8aE0
?8a6!
eB.aa
aeatl

26118a
2Ea€0
?6a60
toa60
2Aaga

28480
26aAt
?g4la
?B'B'
26ag!

aea00
?6{Aa
?Eag!
28a80
a6aoa

20a60
a6a6a

SBaAa
?040!
a6aaa
2Aae0
zgao0

FtrI]:ril

?8a00
aoaa0

ain:n

?aaB0
aaTt I
e6a60

aata6
2a3a6
ea3a5
an5a6
easaa

IIAEE
24546
2a5a6
2ala6

44346
0t tal
a45rt6

21ta6

aaia6
a3atg
eaia6
ilel6
rt?t6

lt2t6
0t 121

S€e intloduction to thir.ection for orderinS information
*lndicaae6 factory selected value
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Replaceable Partr Model 4945A

Tablc &2. 4945A Rcplaceable Paru (Cont'd)

atett

al?I?r
arel?2
ar2t?t

at zul l0
at?olat
Aleulaa
at ar! 0a
at2ul0,

arau?aa
at2U2a2
a!?ua0a
al2!2!6
a!?utt9

ateuSa!
ar?lEaa

^t?u3t5at zrr!47
alSutt€

atara0
atzuaa2
atzua0a
aleualS

^tar07
all|UatE

^tans0lar2r,!ll2
ar zuo0r

^leu!la
at?uga6
at 2lrl07
al ar!0r
tt?u6!e
araua0t

 lzlt a?
ilarTaS

^tauTaaare!r1t5

^taoa?
al?ru!01
a!?rurte
lrarur0a
aletutaa
al2tut0?

arzxfita!
ar2xr202
a!ztut!a
araxul0t
arerul02

at 2llllloa
ar 4ru346
ararua0l

at 2u6ta
al ana0c

^lar6!7atan60a
al2ura0

c
o

tSsr-16tE
a36a-!68
l?51-16t8
l36t-tta?
!4tt5-t0ltt
0rr?alr0art
latal-l0lt6
r!rt.tllD'll
rltl.tlooat

oatas-taala
!4t43-ta0la
0.949-la0r7
la2a-t.rtn
raal-rai7
!4943-t ttt I
0atas-ta0rl
tagl-t9.n
raea-t?r7
lsa0-agtl

a4tal-tl0le
tEt6-t7ll8
!atFt7!8
t82a-tzlt
t62a-t2at

l82l-!aa!
r€r3-r?tt
t62a-tatt
la?0-t?16
tola-a!:L
!lrio-r!97
t82l-1a37
lE?0-1t99
rar0-03!a
tEta-133a

ta2a-ta!9
roat-r?!a
!82t-t2al
raal-raar
r62a-202a

ts?a-etea
t€20-?t?a
ta?!-247!
ta2!-t8t6
tg?a-t?tl
tatt-!56?
re0t-0167
!ete-1567
t20a-al3t
r2t0-0ttt
tz!a-a!167
r 2l0-0167
reaa-t!a,
tea0-!ia,
l2a0-4s67

r?00-0t6,
t?aa-ttlal
ret0-!t67
a/tla-t29a

t4ga-!tt6
a0at-07a7
5000-a$t
aaTa-r r a!

a
a
I
I

?
!

t
I
?

a

g

I
t
I
2

I
t
a
I

0
0,
7

a
?
0

3

3
3
a
t
z

t
I
!
7
?

!
I
I
I
I
I
I
I
?

o
z
I
I

Mfr Part Numbertf,ill
Code

tetl-t616
0360-t63e
reir-!6ta
0360-t682

04?al-t000t
aatal-ta0tl
0/r9al:r00t6
rlrl.ttooat
rara.t6a0a6

04tal-ta0ta
!a9t3.la0ia
0a9al-tl0l7
EX7al-8:t7at{

!ata!Ft!0!l
0a945-ta0l5
Sll7aL837al,l
6r{TaLtitTall
ta?0-?ot3

aa9ai-la0t2

flll6ttal.t-a
6tr7at832il
8I7aL8tl9il

5t(,aL827?ll
l0t6 t l6t-l -/r
8t7aL84 t
a{7aLsrl8x
761 -l-1100

8it7aLst0I
st{7al822tr{
arTaLStI{
?5r-t-tt 0a
76t-t-t!aa
sttTaLEarl
SaaTalSitat{
BX7aL32tX
8r't7aL8E l
8t74LS?aat{

saaTaLg2aat{
8I7aL82a4ra
6t7/rL8?a!ll[
BtaTatEl3lxr
sr{7/tLst ItI
t20a-0567
ta0t-0!67
t2ta-0567
ta00-c139
i200-0!tl9

t200-!lG,
te00-0!67
t2a0-a!16?
r2t0-!!67
t2aa-t167

tel0-016,
l?t0-tiat
r ?t0-0567

cara-te9a

t480-01r6
a0aa-!7a7
i080-Elat
aa7!-tta5

?
2

I
I
I
?

I
I
I
I
I
t
I

I
!
!
I
?

I
2
z

I
t
I

I
I
I
I

l0

I

I
2
z
I
I

ct tat{Ecron a-t!t{ ll PoSl Tt?E
IEiiIl.tL-AIUD 8et-llra ttE88-ttrc
co{ttlccmt a-Ptx ll PosT ttPE
rErirral-stuD tcl-tua ttE63-ntc

iEll ?tqt 67gt
ltEri ?ro llll!
i€i Pioi aaxr 6
tc toaaa-651a
tc PDaarr-6ll a

llEtt ttott aEcD
tctt ?lot Eet( a
Ell ?rllr lAr{ 7

tc tF ttl La o-TY'E ?08-EDGE-rare PrL-rr
tc caIE IrL La xa D Qlra! ?-t P

}lEh troli Eeir I
iEi taot mifi I
IC FF TTL LS D-TY?E POE'EDGE.I'IG ?iL.III
IC Ff II LA D. PE ?OE.EDGE-I'IC ?TL-ITI
tc-hh!8r67

llEtt ?tott tart( 2
lc cttoB i6364 (!6t(, slar l^t 201-xB 3-8
tc cioa t6loa (!6t, Srar talt 240-tas 3-3
tC GAIE TT! LB OT q,.D ?-IXI
lc ,cDt tTL L3 2-to-a-LtIE uraL z-tiP
IC LGH ITL LA QUAD
tc cnoa l63ga (t6t, STat a^n eaa-tas 3-E
tc ctxttr TrL Ls ttaclt a-Btr
tc lcDa tt|- lg t-to-g-LtxE t-U{P
xEtqorr-tEE r6-Dt?r40,0 01lll r B

tc GatE trt Lg ArD quaD a-trP
lc iv r'L La nroNoalBl DUAL
!c eetE rTL L8 LAlaD ql.D ?-tt
rEttlrf,t-tE8 t6-DIPt0t.! ot{t r a
IEtlttRr-tEs t6-Dlltaa.a tl[t x o
lC COl9Il TIL LE IAGID 4-tIl
tc 6arE
tc celE

ttL
ttL L8 raND DI,AL a-Itt

L8 A'TD DU'L 
'-TIIPtc GATE IrL La a{D qrAD ?-t t

tc Divt ttL Ls LtaE Dtvt ocrl-

tc Dnvt
tc Dtvt
lc ilac
tc DEllt
IC DCDT

rIL LS
ITL L8
IIL L8
ITL L8

'IL 
LA

LIIE DrVt t,crl-
LIiE ollri oGtL

l-to-a-Lrr€ &txP
?-ro-a-LtraE utaL z- f,

aoctET-tc
aGrE!-tc
socl€T-tc
3(EtEt-tc
aocrET-tc

2B-COLT
a8-coill
29-cot{r
t6-coilr
ta-ooxl

DIP
DIP
DIP
DI?
DTP

Dl?-al-ot
DIP{L
DIP.SLDI
Dtt-sLDt
DID-*Dl

StEt(Er-lc
50crEt-tc
aocrEr-tc
stct(ET-tc
60crEt-rc

2A-C0llT
aa-cotaT
2E-COll!
zo-ctnal
ta-coirt

DIF
DIP
DIP
ttP
DIP

DIP-SL!l
DI?.SLDI
DIP.3LDI
Dtr -61!t
D'?-6LDI

soctEt-tc ta-corr DtP Dl?-sLDl
aocrEr-tc 2a-cq{t DtP DtP-aLDr
S@l(Et-lC aa-Coill Dt? DIP-sLm

ctYatal.-qrattz t2.760 rxz

ttx-Gtv .t62-tN-Dra .e3-L-Lo srt
EXll-aC ED GtA ,OLIC .!62-ED-ttltl,lB
AtA ID UEEL
AD}GSIVE I|O' ltELI

aoao0
alEata
?€al!
20404

egao0
26a60
2A/rBl
e8a9!
?Baaa

eg4a0
aaaot
?oaa0
0tets
0 t2!t!l

26ae0
ag/l60
!t21'5
lr 29!l
20aa!

EE'BO
840t3
8a0 tl
at??l
at et!
0i29!t
s4alt
!r2t!
al ?t5
rt23c

0latl
0t2lr!
! letl
rl?!6
I t2!t6

0te95
al atl
!1295
at ztl
0r ?9t

01e95
0re
at e9s
0 retl
ar a9t

e8480
eEa6l
?9400
ao4Ea
zeae0

e6aea
?B'BO
?Ea8n
zAaa0
20a60

a€aBa
20a81
2€a8!

,{iT!I

e8,ra0
20a9c
zArl.a
2ea6ai

trcil
Se€ intrcduction to this !€ction for oderinS infolmationrlndic.hs factory s€lected value



c
D otv r,ft

Code Mfr Prrt Number

arl
at3ct
atlc2
ar 3c3
arSca
altq'
attc6
at tct
ar3ce
al tct
atSct 0

allcll
atScta
aitct3
At3Cla
artcr!l
at3ct6
at3cl7
atSctE
ar3ctt
Al3Ca0

at3cal
arScae
al!c?3
allcaa
al3C?!t

ar3c26
ar 3c27
at3c?a
al3c2t
atlcS!

atlElt
ar3c3?
al3c!3
6t3cla
Ar 3Ct5

at3c!6
al3C!7
Al3C36
Al lclt

ar 3cat

ar3car

,tt3E309

AI3JI

AIIPI

atttt
At3n3
atlla
art
AI3R6
Ar3t7
Al3lB

at t0

Al3Rt I
Ar tllt a
al3R I I
ar 3ll4

al ltt 6
at!tr7
Ar3ltg
llr3art
al3120

AtSa?l
Ar3t??
At3t23

ZIII.r i'IiIE

0tll-5atB
rr60 -1490
at6l-5ott
at60-irltE
0 t &a-sett

8t6a-5e98
0r60-5e91
0t6!-t?rt
0l6a-52t8

0r60-!E o
0t6a-aita
0r6a-t498
at60-5490

tt60-sztB
al6l-let6
!160-letE
al5a-tat6

0rl0-2?aa
0t7a-!0ao
0t6a-017a
0t6a-5e98
0 t6a-3att

at6a-52to
! l6a-52?9
0t6a-52?a
016a-54t9
0t6a-5?t8

0 tao-5eto
0ta0-3290
0t6a-at?2
0ra!-!lr/r
0rla-a3ra

0tE0-4374
016a-3eta

alSa-0314
!1e!-03ra

at6t-3lag

t9!t-0030

r2!t-4042

rztt-7El19

tlSr -itla6
,?5r-naa3

or6roa20
cTlt-0a3€

07tr-0143
arlr"llaat
a?17-naaa
,?a7-o?ao
a737-02A0

a?17-0463
a6tl-3tlt
a?a?-0346
073r-na6a
a?57-aa5e

0747-0465
0737-0442
a6tl-3llt
a6a3-r453

a690-t266
ars90-t26a
06r't438

,
a
a
7
6
a

E
a
a
I
a

€
I
a
B
3

a
6
a
a
€

I
€
a

a
g
6
a
a

g
6
2
I
3

!
a
o
3
3

3

0

3

I
0

a
3
3

!
o
7
3
I

7
2
7
7

I
3,
3

3

r,5rrt'r: jrE'l

0t60-tata
0la0-t2t9
caD05cGl3!Jla0a
ll6t-l.2tE
at6a-te90

0t60-5298
0r 6t-1e90
ar6!-t298
at6c-52t€0l6i-!lra
al6a-5490
!taa-0t9a
at60-5ele
0t60-52t9
!t6!-alt4
0160-l?t8
!ia!-t2ft1
!t6!-lzto
0 | 60-!11|98
0160-5e?B

l!t0D?27r94t06?
zrT47.10Z
r50Dra6xt020E2
lt6t-tetg
!r6a-!2t6

cl60-5e?E
tt6a-gztE
!t6a-5298
0t6l-12t6
at6a-se9B

al6!-5et6
0r3a-tat8
0t6!-a6??
t50Dt06t902tEe
l50Dta6xr0?0i?

l!t0Dt05x9t?002
at6a-52t4
tr50-52t8
1!otlt!6x90?ane
r30Dr a5x9a2lE2

0164-354O

l9lt-0,50
1asl-aaaa

tast-r699

ta5i-75t6
ca-1/B-10-rtJ2-F

otaT{a20
ca-tla-!0-5r I r-F
cr-r/6-t0-7102-F

c7t7- !t ?l
ca-r/6-T0-8?5t -F
ca- l/0-tc-7i0r-F
ca-1l0-10-r0lr.F

c4-t/8-r0-oel?-F
ca-t/E-rc-?87t-F
c/r-rl8-t0-ttf0-F
ca-tlo-lc-t rGl-F
c/t-1l6-ll-3t 12-F

ca-t/8-ra-t0cl-F
Grr-t/t-10-la!2-F
c4-t /8-t0-24,t2-F
EEtoit

ca-r/6-T0-?373-F
!696-3e60
c4. r/a-r0-5r t t-F

I
T;l

2

I
I
5

1

i
z
t
I
I
I
e

,
I
t
t
I
I
I
I
I
I
I
I

tif{Lli]l-. arJrin,l

Eatactr(n-FxD .0tuF .-e!z
Cara,CllOl-F,(D,eltF .-?al
catacrroi-FxD 330a?F +-tz
ca?aclttt-FxD,allf, .-2at
c.Ptclror-FxD .allf, +-ett

ta!vDc
t 0tlrDc
taavDc

tavDc
! aavlc

CE'
cFr
cEt
cEn
cEr

ca?actrtr-FxD
CAPACItot.FXD
ca?acltot-FxD
caPActrot-FxD

.IIUF
,lIrF
.IIUF
.eilf

+-20I
+-2at
a-e0l
+-2aa
+-20t

t0tvDc
t aavDct V0C
t aavlc

cEt
cEt
cEl
CEI
cEn

CAP'CIIl'-'XD
GAPiCtl(n-FXo
caPacttol-FxD
ca?Acttot-rxD
CAPAC I IOT -FID

.011f,.-zat r0avDc cEt
,arlrf, +-rtl 20tv!c ,oLtE
. a f, +-8at taaulc cEa,altr r-201 toavDc cEl
.arlllF +-rct taovDc PoLtE

caPActrot-txD
caracltot-fxD
ca?actrol-FxD
caractt0a-Fx0

.0llf

..IUF

.ailrF

..!UF

.llUF

.-801
+-a0z
r-e!l
.-a!z
+-e0z

t0tvDc
rtavDc
I ltll Dc
ttavDc
rolvDc

cEt
oEa
CET
cEa
cct

CAPICIIS-FID
ca?tcttot-FxD
CAPACIII'T-FXD
cAP^Ctttr-FxD
cAtactt0-FxD

eaouF+-t0t t0vDc t^
. ta7r.f, .-t!I zotvDc aoLtE
taltFr- tz zavDc ta
. t tF .-?0t lotvDc cEn
,otlr +-21r, roavDc cEr

carActtot-FxD
catacrtoa-FxD
CA?ACITOt.FTD
caPacI t-FxD

.lltf

.0 F

.!IUF

.attF

+-2!Z
+-20:
+-2!l
.-2aa
+-201

t0ovDc
t 0avDc
t!DVDC
raavm
li0vDc

cEi
cEn
cEt
cEt
cEt

caractltt-fxD
caPAct llra-FxD
CEPACIIO-FTD
CA?ACIIol-FXD
C'PACtIB.FXD

.t F.-zat raavDc cEt

.atuF +-?tt l00vDc cEq
laoaPF.-tt ttauDc cEa
iat F+-!at 20vDc TA
tauF+-t0t aevDc te

caPAc I loa -F lD
caPacltq-Fx0
caPAct n-txD
CAPACTTOI.FXD
ca?^cr n-F xD

tauF.-t at 20vDc ra
.cttf, +-aar raavDc GEa
.ttuF r-att t oavDc cEn
tatf+-|o* ?arrDc IA
tauF+-t lz elvDc la

'caractr0i-F)tD tuF +80-202 5!vDc cEa

DtoDC-3CtTCXlt{G elu ?oaia ?N6 DO-13

$|rrxl-DlF 5 ?lxilllotai DOAL lllLlrG PtG

cot{x 'Pt sT lY?E .tao-?lra-5Pco 7-clr{T

cotca-to8t IYPC .tao-?Il -sPcc 120-ct Nt

IEslstlh llx tl .126l. F TG.0.-100

[gStSrOt TlOx lZ .l?ll F TC.0..-100
tEstsrot 5.tll( tt .t23u r rc.o.-tlo
EEEISIOI 7il lZ .lzirl I TC.0r-10!

aEs!sT0t
tESISrOt
tEErSr0r
REStSIOt
aEslslt)t

la.6( tZ .l?iu F lcro+-l0a
e.egl! . r2U, F TCt0+-l!C
7.51 ll .!a!'U F Tc.ot-la0
It tr .t?lu F Tcrol-l!0
ll !l .l?5r, F TC.C+-100

nE6tsl0a
aEs!st0,
nE$(srot
aEstsrot
nEsls n

A?.tI ll .121U F IC.or-110
2.471 lZ .l?5! F lc.0+-l!c
t! lr ,legu F Tc.o.-rao
Itct tz .tesr f Tc.o.-tao
51.lt iz ,l2gr F rc.o+-l!c

tEststor
tcStsT0t
IE6'ETON
tE!iIsTtl
tEsrsltn

loal lt .le*l F ro.a.-l!0
l0l( 1, .tzf,{ F lC.o}-lao
e5.lr lt ,1459 f TC.0+-100
l.Oli 5l .23u FC Tc--to!/+ll0a
909t( tz .ta5u r rc.a+-t0e

aCsllilol 2!71 lZ ,l?6u li TC.o+-r0,
tE6t5t0a aalu rz .r?59 F tc,!+-!oa
aEstslm i.rtr'tz .t?5t r. Ico!+-lot

ta]-!)

2A4g!
aaaa0
t6?9t
al]lo!
2A.Aa

?8a8!
20aaa
e6a8c
?oa8a
2o.A0

26460
eoaSa
zBaOa
2ga8o
?oaaa

e6aa0
ao4Ba
e0aa0
204A1
aEaa0

!6a8t
t6eB9
ta,2a9
20agn
20484

28,1E0
?8a84
zEat!
zsaaa
2AaA!

20a81
2ea8t
20444
!628t
!a,?89

t626t
20a94
28/180
56eAt
36289

Fi{]:N

F{,II,til

20484

{{FO
mr:n
24445

2?EO
24546

?0/re!
24146
aa3a6
24545
?4546

2a5rr6
?4346
?a5a6
245a6

?a546
24546
?ata6
lr lzl

aa5a6
?6464

.Model 4945A Beplaceable Parts

Toblz 6-2. 4945A Beplaceoble Parte (Contd)

See inttoduction to thii section for ordering information
*lndicat6 factory relected value .66r



Replaceable Parts Model 4945A

Iable &2. 4945A Replaceoble Parte (Cont A

arllPt
ar3tt?
atlrPS
al!lPa
at3rt3

at3lr200
at llr201
ar3!20e
ar3ue03
al llt20i

at3lrac6
a13U!a0
eru,3ta
ar1l30t
arSuSal

Al3U3a6
Altt 4a0
tt3ua0e
atlua0l

attua!3
itlu/tc6
^t3t 

!t!i
al3lr!0?
At!t 5t3

ar31160a

^t3u6alal31160a

al3lt700

At3rrtr
al3lrc2
atlt Taa
tt3u7o3

at3lrSal
AIII'E'2
al3tE0l

atSxrrlcl
Arsxuicr
irlrulroe

Decignation ilrtiiTr.rT
c
D otv

I

I
I
7

I

I

I
I

3
I
I
t

,
I
I
I
I

il

t
2

il

e
2
I

EolltlEolon 8-alll l,l POSI IYPE
tEtal et-sruD 3ct-rut ?1E63-rilc
tEtttNAt-st uD sct-rln alcaS-ltlc
IErilxat-8trrD 8ct-tui trEss-rrc
rEllltL[-SIUD 6GL-Trn tlEse-lilc

tc tt!, tTL LE t{I{oarEL DUAL
IC DCDa TTL tS 3-ro-E-t-ttaE l-llr?
tc cios t6taa (t6(, Slar nai aa0-rl!i l-E
tc cnos t638a (ra,r, StaT tAr 201-l{B 3-E
tc cr{ts l6laa (16t, Srar tall 200-rs !-8
tc cno6 t53€a (t.l) sral aiti 200-t{6 l-E
tc eAtE ItL L3 Xat{D QlraD a-lr?
IC }IUXI/DA'A-6EL 

'IL 
LB ?-'O-I-LITE QT'AD

IC-ETI VIDGO DISPLAY COTTIOLLE' TXIIXi?E
IC CtrOS t6!6a (t6{' 6tAr a^It aoa-lls 3-8

tc cr(,s !5!84 (t&t, srar tAn 204-tto !-8
IC NUXT/DAIA-6EL ITL L8 I-IO-I.LTIIE QT'AD
tc r(,xt/DAra-sEL rt|- Ls z-ro-l-LtxE quaD
tc tNv ttt s lrEx t-mP
tC FF TTL 6 D.IYPE IOS.EDCE-I'IG

tc hISc flL Ls
tc trtEn trl-
CHA'ACTEI ?TOII
tc taios att2 (6(t alaT lan 9a-ils
rE cms 16304 (16r) 6tar nat 240-Ns 3-s

tc rxv rrL Ls tlEx t-rrlP
rG DCDi tTL l3 ?-to-/t-t .E DUAL z-tre
IC IIISC ITL LS
tc scttcB aNL6 DlraL t4-DtP-c trc
tC GAIE IIL LS AID qUAD E.II'
IC GATE TIL IS OI QUAD A.ITP
rc-ric6€6atl.
lc lltoc rrl. ts
tc auDto .rtlt ?sa 0-0la-? ?lG
tc nultlel.tP at{l,G |6-DIP-? Pr(G

IC |UXn/DA!A-SEL rTL LS a-tO-t-tI{E 0OAD
tc t{rxtlDtla-$€L ll|. rs ?-ro-r-[lrE $,aD
IC iUXN/DAIA-SEL tTL LS z.TO.I-LINE Qi'AD
tc 7oLal^ I rcLlt to-9?

S{'CIEI.IC 26.C(NI DIP DIP-6LDF
EmrEt-tc za-c(rt{T DIP Dl?-sLDa
SoctET-IC ea-coNl DIP Dt0-6LDa
sm*Et-tc aa-c('Nl DIP Dll.SLDi

?Il{-GiV .06?-r{-DlA .?5-tll-Lc SrL
EtTt-?c aD Gta tl!-Yc .!6e-tD-rHxx8
AI3 tD L'EEL

Doscription

t?5t-36re
aSaa-t6oe
a!60-tG8a
0364-t662
0l6t-t682

!020-t437
taza-t2t6
tstS-t7ga
tatB-t739
tsle-1730

tato-171a
t6a!-lltt
i620-ta7!
taaa-It23
rgtB-t734

lgta-l7le
r520-ta7a
ta20-ta70
ro20-!603
tgao-a6tt

te20-?073
ra?6-aeal
0atat-t!!?e
terS-137?
toto-tr38

l6?a-trt9
r2!-120t

tse0-2a73
I826-0744
iEz0-taat

r6e0-t2!a
la2t-2853
lBza-20?l
I Aa6-069?
lezt-t7?5

t8l0-ra70
roet-t470
tsza-ta70

la0a-e567
120!-!lar
l?a0-054!
120t-a6Ea

1aao-al t5
aoaa-4747
!Gaa-ESSi

0
a
0
a
0

o
I

a
I
5

t
I
a

I
3,
I

o

3

,

I
I
I

I
t
I
7

d
e

Mfr
Code

Mfr Part ltlumber

20,r8!
2iaE!
eBaa!
e6a90
20464

al2t5
0t2tl
s/tatl
Sact !
9aG!!

8a!rt
0t atll
tr2tl
zEaOa
540t3

$4ar I
tt2ta
t 1?95
! t?93
0teti
It?t5
tglea
26a00
50G@
Satt!
!lar5
0r2?l
!latE
!2?93
0r 495

0r2r5
28a€a
tt zlrs
?rala
17A56

0ta?5
Ira?l
0, at!
0a7ll

20a00
2840t
a6a8e
26aan

?Baaa
?gai0
te4a0

laar-56t4
a!6a-1684
c160-t 642
0364-ta€e
0150-t 5ge

$trar.8??r I
3r7aL8t 30X

ll]16ttaLP-a

l{ia,ll6LP-a
sxTalgata{
8X74L3r 57N
t6a0-Jt?3

st{raL8t l7x
sMaLsllrN
sllTasaat{
8r7a87all

8i74t8aalt
|tEl!6a
a4943-ta0??
rl(a0etP-t0
Hri6ltttP-a

SxtaL8aaL
8n7aL8r!tt{
517aL3e4$l
tHlt aScDE
sn7aLsl8l

6X74t.3sar
taao-eE 3
817aL8ea5
Ln366I-l
DCS!OCJ

8N7rtLSt 57t{
SltraLSt 57{
8[raL6i17t{
ItcTtLatect

l?0 C-a567
r2!0-0t:tt
t20a-!3at
t200-06t4

taBo-at t6
a0a0-07117
5la0-ll50

6.52

See introduction to this seciion for orderin* information
*lndicates factory selected value



Model 4945A Replaceable Parts

Tablc 62. 4945A Replaceable Parts (ConfA

atacl
at4c2
al /rcl
at4c4

alacT
at4cg

atacll
At act z
alactf
itacta
atactS

al4ct7
at/rctB

at/rceo
A1aC22

Alacel
arace4
At4C23
atact
al4Q2a

al acet
atacta
atacSr
araclz
at ac3it

atac3a
al ac3l
at /rtt6

atal?

Al alll
eraat2

atatlS

ar/ut6

alatet
alatze
/liap?3

At/ra?3

arate6

at4tes

ar atPa
alal?907

al/rulo5
araue0c
at/ruaoa

Araua03
alauzoa
al4ulcS
al4ue06

I
t

I

,A

?

2

3

ll

2

3

I

z
1

e

z
a

I
a

?
I
I

I
I
I
:t

.tuF +-aal tovDc cEn
ttolPF.-lz 1!0v0c tE*
StoaPF .-tz laorrDc cEP
. rlF +-202 slr,.Dc gEt
.ruF +-aoz touDc oEn

coNra-PnsT tlPG .toa-PlN-tiPcG t2!-coxT

laaX lt .reiu f lc.!+-l0a
l3rl .ri .reir F lC'!r-25
42.fl lt .l?39 F TC.a{-l0a
02.L lt .rzlu r lC.a+-10!
e55r .17 .lalu F Tc.ai-1o

,aal( ,t .leSU F iC.0+-100
aar .ll .lasu F TC.0+-e5
rlrt ,12 .1zir F rc.0.-21
5.trr lz .leSI rlc.0i-l!0
s.ttr 1z .125ll F Tc.0r-tat

5.ttr tz .1?,5L f rc'ar-t00
5.1rt lt .t2!i9 F TCro.-1ai
a64I lz .l?a,U a tcro+-rao
2OA,2t ,zal .l?S|. r TC.!r-50
a64I lz .l?5I F tc.o+-lao

?0ll( lZ .tzlL r lc.l+-r0C
2t5( tz, .t?5r F rc,o+-ra0
20a.?I ,elil .r?5l| F TC.o.-54
alSI rz .lztg F lc.a+-llo
..t.7r( lz .l25ra F rc'o.-tac

lF-slST(n 100 r: .lzLl F TC.a+-l0l|
rEnlailol ?37x lt .r23I lr lC.0r-raC
lEslgtln 17.0t lZ .laitl F TC.or-1ln
lElil$!m 100 lZ .l?3c F tc.o{-r0l
coNr{EctoR s-?rra n PosT rYPt:
coNrEcTta 3-PD{ tr Posr rYtE
coatxEctoP ra-Pr{ n PoST IYPE
rEi6LAl.-5rUD SG!-rUi PnESS-nlc
t€rhtxai-stuD sGL-tuR tnfss-rrtc
r€rhtNAL-6'l$D sct-lua ?nE59 htc

LO D-IYPE ?OS.EDGE-TIIG COII
I,5 D.IYPE POS.EDCE-INIG CGII
LS D-.IY'E ?O5.EDG€.TIIC COII
l6-0tl itrar nai at-xs 3-s
t6-EIt StAr tax a3"Ng !-9

tc ,1r- Ls l6-BtT srar iat {J-xs !-s
tc lrl. Ls t6-ErI STA! nAn as-xn t-9
rc trl. L5 l6-Btr 5lal lar rt-is 3-s
tc ttr- t"s t6-atT slat RAll a5-{a 3-s
tC aDDP lll Ls lrlx ruLl aDl)t ,r-BlT

r':IXTITlir,,'-,iIJi'J

cAPaclIL-FxD
CA?ACtIOT.FTD
caaactt0l-FxD
CA?A|:IIOT-FXD
cartctlot-rxD

.tuF

.ltf,

.itF

.llf,

. .F

+-?!t
+-elt
+-2au
.-zait
.-aat

50vDc cEt
tlvDc cEn
tovDc cEa
50vDc cEn
lovDc cEa

ca?acttot-FxD
c^PACtt0l-rxD
caaacttol-F,(D
CAP'CTIOT-FID

.itf
, rf
.llJf
.llF
. rF

.-zalt

.-eal
+-e0z
+-?4,
+-2!L

50vDc
t0vDc
5!VDC
s0vDc
SagDc

cEt
GEI
CEi
cEa
cEt

caract [-FxD
caPAc I tot -f t0
caPEtt0t-FtD
caaAclra,a -fxt
cePActt0t-Fxo

.llF

.1UF

.TUF

.rf,

.-2at
+-2!r
+-eat
{-20t
+-a0t

s09Dc
5!riDc
s0uDc
StvDc
t0lrDc

cEa
c.Et
cEa
a:cl
cEa

caPAc I tol -t xD
caPActlot-FxD

caPActI0t-FxD
CAPAC I T(N .F XD

.tuF +-a0z gavDc tIt

. .F +-zat louDc cEt
itlFr-t 0t eovDc TA
tllrFr-t0z zavDc rA
.ruF +-zitz ltuDc GEt

CAFAGI'IN-FXD
caPActTtf,-txD
cAPACttoa-fxD
GAPACIlot-txD

CAPACITOI.FXD
CA?AC I IOE.FXD
CEPACITO'-FID
calaclrrn-FxD
CAPACITlll.'TD

.tuF .-202 50vDc cEt

.luf +-20t SluDc cEl

.ruF r-eot i0tDc cEa
llrF .-202 aSVDC CEn
irrf +-2!t zivDc cEP

CAPACII(N-FXD
CAPACTTO'.TXD
CAPACIIE-IXD

tarfr-toz aauoc ta
iluF.-tlz aovDc TAt F+-toz aruDc ra

tEsISTOa
rE6ls rain
aEStstot
aElir9t(n
aE6t0tm

tcsltia(e
tE6tgtot
nEstliTa'n
rE6ISrOn
TESIST'I[

IEEISIB
NESIST(,t
rEstsrol
tcslStoa
tEstsr0ll

aEfit!it(rt
tEsIs x
IESISIID
aGslsroi
DElitsloi

IC FF ITL
IC [F ITL
IC FF ITL
lc nL Ls
IC TIL LS

c
o

Reference
Designation

HP Part
Number otv Doscription ,T,n

Code Mfr Part Number

qIIIT'II]T']

otaa-5!ta
0r50-1332
at 6a-t332
0t6o-slle
ar6a-5332

0160-5312
tr6l-53!2
ar60-t332
tr6a-3332
!i60-5332

0ta0-tJ:l?
ar60-i33e
0r6t-53tr4
a!64-533e
0t6a-53!2

l!60-tt3e
ar5!-53t?
atEa-r7/t6
ar0l-t7a6
tt6!-53t2
0ra0-!!!e
0t6!-5664
0l6a-566t
0t6l-5!32
a t6a-3tte

ot6!-!!12
! t 6a-53t2
0r60-533?
0l6t-01a7
0r50-0r27

0tt0-a174
oro0-437a
o t80-at7it

!2tr-75C6

otE -aaas
0699-0167
07!7-0a6!
07E7-4463
a6t6-5496

067-0a61
aa,rE-6361
!690-6330
arSr-0430

a7!7-lalB
0757-0a3S
la,9l-3e5a
069t.003t
06t8-3e6t

073r-0a?e
06ti-tata
0699-0!lt
06ta-345a
!6rB-tr5B

0737-aa0r
o616-3?66
t6ti-3t36
07!t7-!aor

leit-a67c
tetl-1670
r esr-stai
0350-r5Ea
0360-!66e
o36r-r66e

roee-173a
!620-r73!
rEa0-1730
182!- 1447
r6ta-r447

132!-ta,l7
roe0-laa7
r620-lal7
10ao-r/ra7
,aec-ta4t

t
I
I
t
I
I

I
t
t
I
I
t
t
I
I
I
I
I
I
I

I
o
0
I
I
I
I
I
e

3
3
3

5

e
I
3

I
a

2

5
I
I

0
5
o
!
2
e
e
0
0
0

e
?

2
?

.i.Iro

2Ba6a
20140
?oaBa
ea/rB0
eBaal

zAaB0
?oaal
?8a80
eE4Aa
?a{80

aaa6!
24480
zBaa!
2AaB0
aoaoa

?o/la0
eatSl
I62E
5&aB'
2816t

46404
20:t0c
e6a5a
2B'BC
aaaga

?Ea0a
2Ca00
20400
?oa8a
zEa60

3t ao,
l6e6t
56249

aaaa0

aasa6
egao0
?45a6
zaia6

ea5a6
eoaga
26a80
easa6

?a5na

eo46a
AB'E!l
e6404

?a5a6
aa5a6
?oaa0
?4346
?a3a6

?4546
ear 16
44346

!Baaa
?6{60
a6a8a
ztaa0
m40l
?o440

c lat!,
atEl's
ar a9s
0rets

0r291
ar ?91tlzfr
arets
0t19!

lE'[rIrIr]
0t 6!-5J32
0160-t3!2
ar 6a-t$E
ct60-1132
ct 6a-t132

0t60-5432
al6a-5:Il2
0l6a-5332
al6a-5134
0t6a-i33?

0t 6a-t:Et2
0t60-33t2
at6a-llJz
!t60-t3t?
0t6a-5tt2

0ta0-J3!2
!r6t-!$a
ts0Dt56xt0?!Da
l!0Dt56xra?082
tr60-5332

nr6!-5132
tt60-5664
ar 6a-5654
0130.E312
0r6a-sl3a

at60-t3!2
0l6t-tls?
0t6a-533e
0t6a-0r47
It60-0127

ts0Dt06xr0a0E?
t50Dt 06x9aeaB?
t50Dtl6x902082

l2!r-7t06
ca-l/t-t0-r0al-F
069t-456'
c4-r/g-r!-B?t2-F
ca-tl8-ta-8252-F

c{-llE-10-t003-F
a69g-6161
!594-63t4
ca-rl0-t0-5lt t-F
ca-r/e-ta-5rtt-F
ca-rl6-t0-51t t-F
ca-r/0-rt-tu I -F
a690.lea0
0699-0015

ca-t/a-la-2003-F
c4-rlg-r0-art3-f
c6rt-003!
ca-1/8-t0-at5!-F
ca-r/8-Ta-zt7e-F

ca-l/B-T0-r 01-F
ca-t/a-10-?373-F
c4"l/o-ta-r768-F
ca-1/B-10-lc1-F

tesr-a674
r?5t-4670
r asr -s9et
0!60-r60e
!36C-tGa?
0360-t602

sN7at3a73N
gNTrrL6er3x
sNTat-s273X
6l{7ll.8a'7C r{

6a{7ats6rnx
sltTal.s6Tar{
a{7rrl.867lX
!ir{7at.s67!t{
st{7aLs?6Bat

See infoduction lo this section fo] orde.inta infotmation
tlndicates factory selected value
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Replaceable Parts Model 4945A

Tablc 62. 49454 Replaceabb Parte (Cont'd)

ataxt t0t

aiaYt

ataulaa

^lautatat alr:l0a
atauto5
atau!06

ataua00
At '[ra!a
^taua0t

^t4ua05

alaul0a
Ataustt
al aufua

^lau6ttat /{16! I
alauaol
a! aU60a
at alr60l

atauT!l
atatrot
atarr02
alalt703
al r{r801

Alaugat
AI'UBOE
al{Eal
AI/lUB!'
ar altios

atauta0
ali ltol
atalrt,l

HP Pert
Number

c
D

tie0-taa!
ts?!-laal
t8?!-laal
taza-t aat
t€20-taal

t&t-lw1
ta80-laa,
!624-taa7
1620-taa?
tEz!-raa7

t6?0-l?t!
l8a0-taa3
ro?0-ttaa
tEza-tlt7
la20-l ll2
r6?!-ral7
tE?a-ta9e
ra?a-ret?
to?t-t!9'
toe6-a7aa

ta?a-tt9t
tEza-laal
lgza-t1lo?
taea-2at6
taea-la8t

t&!0-la3t
!82t-talt
162!-!gtg
r62a-tt76
r626-at2e

lolt-t2t6
to?!-3?lt
to?a-20zit

ta0a-asal

u[ a-t 22!

!aoo-al l6
a0a!-!?at
50aa-s5!ti|

I
?
a
z
z

B
E

B

,
I
o

I
a
B

z

!
a

I
I
3

!

6
0
I

I

I
2
t
I
I

I
I
I
I
I
I

I
I
I

?

I
I
!
I
t
t
I
i
?
?
t

tc ADDi
tc aDDt
tc aDot
IC ADDI
tc aDDt

ttL
IIL
T'L
ttL
ttL

LS
LS
L3
LS
L8

tll{
EIII
lllr
EII
ETII

Ftn-L
IUL!
Flt-(
FI'LL
FtT.L

EDDI
ADDI
ADDT
ADDI

4-ttt
a-Ett
a-Ett
a-att
a-Btt

tc t lic
IC ITL
tc tt|.
IC TIL
lc rtl.

ECL
LB I6-EIT
L5 l6-Ett
L6 r6-Ell
Lg t6-Dtt

STAT
SIAT
ElaT
srar

aah

aah
aatl

a5-t{6
al-xG
.I-TB
45-llli

3-S
3-S
l-g
3-S

IG G.TE TtL Lg EIrcL-M QUAD z.IIi?
tc ct{lt llL L8 ttil a8Y{c}lio
rc catE ttL Ls Not QlraD z-tirP
IC GAIE ITL IS IIAI.D QI'AD E.ITF
IC FF IIL LN D-IYPE POS-EDGE-I'IG

IC lflDn/DAt^-8€L trl ls g-to-t-LmE
tc Eft trl ts ll{v llEx t-Ilf,
IC FF III LS .,-I I{EG.EDCE-TIIG
rc ti{v rrl Ls HEr t-mP
lC s{lrEl| AI{LE DUaL I6-DIP-C ltc
tc cira tt! L6 DEGD DuaL a-Etr
lc clta rrl- Ls Eri{ astrcrlPo
IC 8fi TL LA IAiID QI'ID ?-I'{'
tc clla IrL Ls Elr{ t UaL a-ElI
rc DcDr rlL LE e-lo-4-Ltl'iE DUiL ?-Il{t
lc crrl rtl- Ls DCGD slNcllio
IC Ct{ta tTL L3 D€CD A OrO
IC FF ITL IS D.TY?E IICIL
tc 6ltF-telt cn08 D-Ty?E s€ttaL-tta
rc @ ant G? Drral e-Dta-c lrc
tc Dc0a tL LB t-ro-a-LtxrE 3-rxP
IC-aSlllE t. Cohrillil IIITEIFACE ADaFlEl
tc Dtvt trL Ls LnE Dtvn ocrl-

soctEr-rc za-cor{t DIP Dla-sLDa

caYEtal.-clratrz a. i9alaa t{rz }tc-atlu-lt-Dl

Ptr{-Giv,a6?-Ir{-Dla .?s-!x-LG 8TL
oErL rtcHt
II' tD LAEEL

Mfr
Code

Mfr Part Number

0tett
0r ?tl
!re95
0t 495
0la'ls

larl3
01etlt
ar 2tt
0t2t5
al etl
ct?tl
treti
!r 8'5
0r2?5
!tzta
c tat!
ar?9i
at aql
It?91
3ee9l

11293
at2'll
0t 2t5
0 itrl
at e9l

aia'l
0t e9l
0tetl
lLla5
0?933

0tztl
26a40
0r ?tl
?aaal

a6a8!

aoaBc
26aaa
2aao0

8ll74t6203[
EX7{5e63r
tr7aL828:ht
sITaLSzEJra
sxraLB20l{

rctaaatt
strT{LE670l.
6XraL8670I
si7als67ltl
8r7aL3670l

8ir7at 886I
Et{TatE2tlft
8X7rtl8azta
sirT4LSaal.l
sITaLaT4a

8ra7aL3t5tI
5X7rrLS36Eetl
8n74l3t | 2Al{
8ta7al80aat
tHt!alcDC

8t{74L839!I
8I't2a|-6l!9lrl
stiratS3Tt{
sll74LEltlN
gNTaLEt 3tll

8N7aL8t6a^r
8X7aLE!62Ax
sN7aL8377r
cDaatltE
auaSsaDC

5l.|7aL8tlAr
rg?0-3t!lll
8t7rtL8?artaa

t?a!-alat

aat 0-t 220

ta6a-!tt6
aaa0-0741
!!o0-63!e

sn
SeG inttoduction to this .ection for ordering inform.tion
*lndicatEs f.ctory .elected v.lue



Model 4945A Replaceable Parts

Iable 6-2. 49454 Beplaceablc Parte (Cont'd)

atScl
al162
arlct
6tlca
ar!c!
attc6
ai !lc7
atlco
atllct
at9ct0

atSclt
artcl?
artctS
ittcta
at lcr5
At3Cr 5
al llct7
attcr o
atlclt
et3cz0

Alicel
alYc?z
arlc2l
allc24
Ar5C2!

ar3c26
al!c?7
atic2E
ar5c29
allrc30

atsc!t
6t?caz
A1!Ct3
atlc34
Ailctt
arirc35
atlc!7
Al3C3E
attct9

Al50al
allc.e
arlca3

At5Ca3

Allca6
atlcaT
/ltlcao
Al llca9
atics0

atSclr
at!ct2
at !1c53
at!c5a
at llcts

atlc56
alrc57
attG50

artclt
artcia
alsct3

alSit
A'IT2
a15t!

ATSTI

at lll5
AI5I7

at snt

laoaPF .-t 0z 2aavDc ttLYE
. rF .-2aZ 30VDC OEt
.ruF r-202 5av!c cEr
tauF+-tlt 2090c la
io?F +-5r 500U0C CEI 0.-64

.tuF .-eoz t0u!c cct
totf+-tct ?avDc ta
ilaoPF +-tz llcuDc Irca
27tF +-lZ ltovDc CEI 0r-lo
.iUF.-enl 50uDc cEa

caltctrm-FxD . rf .-lt zoauDc iEl-foLtc
caPAclTot-t)o 5toatF +-lz toavDc cER
coPACrrm-FXD .o rF +-tt ta0vDc cEt
ca?acttm-FrD .o rF +-tt totvDE cEt
calacrrot-FxD .lrrF F2az sauDc cEn

t2!!PF +-tt t!!voc c€l
teao?r +-tt toluDc cER
t20t?F +-rz roaulc cca
.ttF .-ell 5au!c cEt
tolrF.-t0z ztlrDc la
zeaoPF +-tz ttlvDc nlca
5ePf +-52 3totDc tucA
.!lrF.-2!t SavDc ccR
. f, .-?01 50vDc cca
.!391f +-1! tovDc

.tuF +-aoz 50vDc cEt
,ltuF r-12 rravDc cEa
. rF +-201 lovDc c€a
roPF .-sz EoouDc cEt 0.-60
. lltF +-zaz SoUDC CEa

DIODE-Zm 6.eV 2l Ul-7 ?D..aI TC.+.CC?Z
DTODG-?xi 6.ar At DO-7 pD..iI rc...rJei
Dlo0E-8n stc sc{rrrt(Y

coNlo-?osT IYPE . rt0-Ptx-S'CG 5ll.COl{.l

3l.l rl .lalu F Tc,o.-lo0
a!.aI 1Z ,12!!. F TC.l.-loil
5r.r tr .t?3!,1 F Tc'cr-l!0
aa.aI tz .l?l,lr a lc.!.-l0l
,.a?r rz .t25u F rc.a+-tG0

5l.l lz .tPllU |: 1C.0.-140
t.o9r ll .t?5u F lc.a+-t00
?r,ll( ll .t2'-ll a tc.a{-rr!
al.3x rz .i?5s F.lcrar-rll0
sr.r ,z .r?59 F lc,tr-l0l

[,7JTI'.I,]II?I [TI'
cetActTtx-fxD
ca?acttot-FxD
caPactfl)a-Fx0
carAcltot-FtD
CAPAGITO'-FX!

c^Pactrot-Fxt
cAlaclrol-FxD
caPec I Toa-, xD
EA?ACITOI.FXD
ca?actTta-FxD

.llt

.lltf

.llF
,llrF
. tuF

.-2!;

.-2al
.-ZrZ
+-2at
r-a0z

50vDc
lavDc
SOVDC
SOUDC
5avlrc

cEa
c€r
cEa
cEt
cEn

ca?acttot-FxD
ctP^ctTot-FxD
CAPACIIOI.EXD
ctPtc tr(n-f tD

C'PACIT(n-FID
caPactt(n-FtD
CAP4CITl,l-FXD
caPeclton-FxD
caPactrot-FxD

. f +-e!?
,ttF .-aa:
.0ltF i-1,
.tlF .-?01
.rtF +-aol

3!VDC CEa
SavDc cEt
ta0vDc cEr
SavDc cEt
509DC CEt

oAPACttOl-FtD
cala6Iror-FxD
caPactT(r-fxD
EAtac!ror-FID
caPAc I Ttla-t l(D

GAtACtror-FXD
CAPACITOI.FXD
c^PACttoR-FrD
caPac I Tot-t l(0
CA?ACIIOt-FXD

ca?actroa.Fr0
c^tActrot-Fx0
CAPACTTt,l-FID
cAaActrot-FxD
CAPACITOT.'ID

.039!r +-lz stvDc

.ltF Fzat SavDc cEt

. t .-?ti 509Dc ccl
| ouF.-tot 20vDc Ta
totf+-lot 20vDc TA

E'PACIIOF"FXD
caPrcttoa-Ft0
COACTIOI.FXD
CAPADII"t.FID

.lUF +-?02 tiUDC C€n

.ottF +-tt t olrrDc ctt
,ltlF .-aol SaVDC CEn
. t .-?!t ilvDc cEt
.039tF +-12 30UDC

cAPACtrOt-ft0
caPActtot-FxD
CAPACTIOI.'ID
CAIACIIOI"FTD

.03?!F .-rt SavDc

. f, .-e0t StuDG ccl
,ruf .-?0t 5!!rDc cEt
.039tr.-tt scvDc
. at9uF +-12 sauDc

caPActr0l-fxD
catacttot-FxD
CAPACTIOlI.FXD
C'PACITI'I-FXD
caPaclre-Fx0

carac t lot- FxD
caPAcIloa-Fx0
CA'ACI"It-FXD

.tlrF .-zaZ !!VDC GEt
laoPF .-5t toavDc cEt
tloPF r-st la0v0c c€a

aEstslot
PCSTSIO'
tEstsTot
PESISr0a
,EBTST@

RIStarol
tEstsTor
aEstsl rrt
tEststtP

c
DNumber otv Int

Code Mfr Part Number

I,:IIIEI]II]
0 t60-attit
ai6a-5!3?
0iat-51!2
lt0a-!174
at6a-223'

0160-53!2
ar6a-s332
al60-t33e
0 r 6l-53t2
at60-t3ila

0ta0-51t2
ala0-037a
a l6l-2387
cl60-a7a6
I laa-1312

at60-l3ta
0160-$u
!t60-4426
0t6a-1312
0160-t33a

ota0-56t!t
!160-5660
n taa-aae6
!160-4426
o taa-slilz

0t60-5617
0 r aa-5617
at60-1657
a t 6a-g3Jil

0r60-40a9
atrrn-!ell
a t at-s!!a
tr60-i3i2
0t6a-5e68

0t3o-3260
0164-33til
0160-53t4
0laa-437a
0ra0-i37a

0r6a-5132
c160-aa26
0 160-533a
!r60-i3t2
0 t6l-3e6a

!160.1?50
arat-t332
0r50-533e
0r60-5469
0t6a-3268

0lao-53aa

at6a-533e
0t6a-4257
0t6a-5!!2

0r60-533?
cl6a-a6ar

t9a?-a60a,
rt0e"a5a6
Itll-a!lo
123',1-rraL

0717-4314
t69A-!aS0
073r-039a
t6?0-!a33
o?a?-t',9a

tt73?-4:111
O?3?-O?fi
x?a? -o'199
c757-0 r9t
x7a7-nar1

trr':i)
EB'BO
zE{80
aaaoa
36?€9
2Ba8a

eoaa0
eaaaa
eB4tl
20aoa
2Eaaa

e64Aa
l62at
2048a
?4480
26aAa

29aa0
2Ba6a
20a80
ea/lat
2Bat0

e8484
eoa80
26aBt
201180
2Aaaa

24460
e6aa!
20440
?o/rBa

e6400
?2t3b
?a40t
26100
2AaAt

zBTlaO
2644!
earrta
56?89
!t626'

e6400
2A{8!
a6ao0
eara0
ae400

aEa6!
a6aEc
zEaa!
aarr00
e0l0!

?B'E'
z0aa!
?aaoa
?oat0
20aaa

2048,
e6aaa

ca7t3
,47t3
?Eaorl

EO:t30

ea5a6

?4546
ea5a6
eai46

?43ta,

e4irr6

rrrrt-Irm
0160-ats3
at60-313?
0160-tt3e
itaD!06xta2rEa
n16n-2?li?

0160-513e
0 t 6a-5332
t!60.i31e
0 t 6!-t!Ba
tt60-5312

0 r 60-5334
t5!Dt06xt02!ll?
0160-2it87
0r60-a706
0 r 50-3332

0rr,0-!13?
0 r 60-1334
0160-aa?6
0l6c-$Be
I160-5332

0160-56t5
lli6!-5660
!160-aae6
tt60-41126
0 r 60{334

!160-56!7
at 60-!16s7
0160-t657
0 r 60-5t34
tstDt !6xt02082

0t60-aaBt
Dlli3€620rc3!ollurca
0 | 50-t332
tt60'3!3e
0 r 60-5?64

lr60-5e64
c t 60-5334
!r60-9132
t!r0D106x90?tta
t50!r !6190?0aa

tr6a-5354
lr40-arr?6
0t6c-133e
0r64.5332
ald'l_E?,,9

0t6a-5264
a r a,a-1332
0t60-53t2

0r6a-5264

0r 60-s33!

ar6!-ltre
N\60-2257
!r 60-5!3?

itr60-5332
ft6G-a8ll
0160-aBl,

ltac?s
troas
,9lr-cllB

Ca-l/0-Ta_Sl9l-F
c4 -rl8 -To-t??a.l
c4-l/6-ra- 5rfr-F
ca-rl8-10-ae?z-F
ca-rl8-Ta- raTr-F

c4-tl6-T0-3tt1.F
rF4Cr/E-la-90t1-a
ca-r/a-ti-2t!2-f
c/r-r /6-r0-?lit?-f
ca-t/a-Tc-lltr-r

o

I
I
I
3

I
I
I
t
i
I
3
0

t
t
I
2
I
I

o
z
?
I
3
3
3
tI
I
3
I
t
z

e
I
t
J
3

t
?
I
I
z

?
I
I
a

I
2
I
3
I
I
7

3
3
E

0

0

0
I
3
I
!

I
I

4

t
2

:l

3

2

I

a5
?

I
3

See introduction to this section for odering information
*lndicales factory sele(ted value
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Replaceable Parts Model 4945A

Table 6-2. 4945A Replaceablz Partc (Cont'd,)

c
o

HP Part
Number otv

07t? -0t9a
o7t7-03ra
4737-019i
0757-0394

07!t-0394
1694-!0At
0757-039a

0a,?t-06'i|

0694-6350
069a-6il6a

aar9t-0113
06r-tau,
07t7-0ata
07t7-0at8
06t8-35!e
0690-7847

!690-636t
06t8-6tt7
0757-Cala
a7!lr-0a!0

07s7-a39a
a7J7-C394
!a,9F78ae
!696-7Aaa
06ta-6it!!t

l6t6-0!ra
0a,ta-3tta
a69A-70a2

n737-n2t9
n?47-na9a
l|777-ni?a
o6rE-7baa

4737-03r4
0757-0tta
0?37-0t a
a6ta-5164

0717-cala

a6ta-4aaa
!690-636r
a69a-3t33

a?47-ta9a
a737-04!8
1690-636a
0698-3t12
!696-3r31

07t7-0aat
a?t?-02?a
0717-03ta
!690-3rtl
0699-3asa

J6t8-633t
0l|99-636a
069A-gtll
0a,r8-636a

06tE-lt5r
a11'r-0274
0694-3rlt
a7J7-0446
0737-0aaa

0690-636!
Ca,9!-327t
!690-636!
07t7-04t8
0r5r-0lrla

0
a
I
0
0

0
0
0

,

I
3

I
3

I
I
3
I

0
!
I
I
a

t
t
3!
c!
?
!
?

D

a
a

3

I
!
I

3

6

a

0

I
3

3

7

3
?

0

3
3

2

I

I
I

tt

I
I

I

I

t
t
I

I

I
I
I

I
t
I

I
I

I
?

I

!
I

4

aEsIsToi
tEst6rm
REStsrot
aE6tSTC
nEGlsTot

5l.l ll .l2lll F Tcrli-|o!
5l.i rt .t259 F lc.a+-t0a
21.!r( t! .tett F tc.o+-r00
5t.r ll .123t F lc.ai-l!0Sl.l lZ .i2gu F lC.or-la0

tEstslol
tEslsrot
aEat6t0a
tEslstoi
aEstsToP

ll.t il .le$l F lc.a.-l0a
e.gll( ll . tzlill F TC.I.-l0l
5l.l lI .l?aru F lc.a.-l0C
l0I .l: ,l?ig F tC.0+-6
l.aL17 .le$a F TC.a+-25

tESlstoi
nEstst0R
tEgtSrot
tEstsrol
tEEtaron

l0l .lz .r25U f lc.!+-ei
!!t .tZ .rat{ F TC.C+-?I
4.66rI .ll .lI F TC.o+-l|,
a.9A( .tZ .19 F lc.!+-tC
i.tllt tz .t?!r F lc.o+-t0,

tESlsr0l
tE6tatot
AEBIGIOI
IESISTofi
TESTSIOP

5.lll tz .12:,!l F lc.o+-100
3,rrr rl .lltl F tc.o.-100
l.lox lz .t25! F tc.0+-l0a
l.lrtl( .ll .rzlu F tc.a.-?i
lal .lA .l?5, F 1C.0.-6

aEsrst.t
nE6tGr0n
tE6rsrot
nEslsron
tEsrsr0t

l0r .tz .1219 F tcro+-ai
S2A lZ ,1259 f IcEol-lao
5.ll{ lZ .1251 F TC.o+-lO0
l.rl, 11 .la3tl F lc.0+-l0C
1I .lZ .rl F tCr!{-S

tEstst0e
aEstsrm
tE6l6ton
rEslSTm
tGslsrot

5r.r rt .1e5tl F
tt.l 1l .r2!tu F
26.tr.lz,lasc
26.tt.tt.t25ta
44.21 .tl .relu

tC.0+-t00
f Tc'o.-ai

tESISTOT
tEBIStOt
rEstsl0t
tE6tst0n
tEsrstm

24,!I .ll .lz$l F IC.a+-50
42.10l( .ll .le'll I Tc:ar.-es
26.1t ,tl .telr F rc.o.-zi
7.lt .lt .l?ll F lc.ar-45
3.!a,l ll .1e51 F IC.0r-laI

aEstst(n
tE$tstot
tEsttt0a
rESISrOn
tEsrsloo

3.16t lU .lelu F lc.a+-ra0
3l.l lz .l?al r TC.!.-l0l
l.lr 11 .t?tl F tc.a+-roa
6.?9I .lZ .lziL F tcro.-e!,
21.52r .12 .te3u F rC.0+-23

IESISIOI
aEStstoo
tEsrstot
aE6IStq
nESrsrot

It.l lZ ,125I r TC!0.-l0l
5r.l lt .le3g F tc.ar-tCa
ll.l ll .lzf;u I 'lC.!.-10!
lnt .12 .lalu F tc.a+-es
l.tlx ll .l?Ua F tc.o+-l!,

aE9tsT00
tEsrStoR
nEsrslot
tGSts'rtt
tEstsT(n

5.ttr t! .tesr f rcro+-raG
l.7lI lz .l?5u r rcro+-t!a
t,53( lZ .l?5!r F IC.0r-la0
Itx .ll .l?5I F TCt!+-25
3.6lI r? .1419 F rc.!.-lao

tEststaji
.ESI6TG
r[6r$m
aEsIErot
RESISrtlt

1.47I rl .l2ll. F IC.!+-t0a
5.llt l, .l?5{ F lc.o+-la0
lax .l: .lZ3t. F lC.D+-e5
3.4eI ll .l?3il F fcrC+-t0a
?.O71( l: .llsu F TC.o{-100

TESI6TB
nE5I9t0t
nEstSt0e
tE6tSroP
tEslstoa

8.4$( lt .la3u F tc.o+-loa
1.761( ll .r25U F 1C.0.-t!0
5r,l ll .t?19 f lc.!+-ra0
e.071( ll .lzlu F TC.o.-ta0
el5( lt .latll F TC.0+-loa

tESr,srot
tEsrstoa
rESlslaa
tE6t6t0[
PESTSTO'

ell .tZ .iasl| F TC.0l-?5
lot .iZ .125U F lc=!+-el
z.aA( !z .taiu F tc.o.-ral
l0x ,lu .lelu F TC.o.-?l
5.ltl( lI .!?5L F TC.!r-100

aE9taT6
nESlsr0t
aEststot
tEsIST0t
tEsISroll

2.871( iU .125u f lc.l+-l0a
l.7ex lt .r2ll. F TC.!.-100
2.87r tZ .t?5! a rc.a+-too
lli lZ .l?gl r lc.!r-r0!
7.51 rl .l?5s F lo.l+-l0a

ic6tSrlla
tEstsroa
iEstsl0t
aEsrsTot
tE9t6Ttn

l0l .ll .leEs F 1C.0+-25
4.9tI iI .leig F lc.a+-lao
l0( .lZ .legu F tC'l+-25
5.t1, ra .l?59 F lc.a+-t00
l,lix ll .tail. F TC.o+-l0l

allttt
arStt 2
at!'I I s
atltta
al5tls
At lIl6
/llSt!7
a1!lrE
ArEatt
al5l20

atlE2l
arflze
al3t23
arti?4
6tla2t

al!l?6
atlnz7
AtSI?E

^lJretallll0
Ai5t3t
a15l!2
arlr33
alit!4
at5a35

arat!6
atla37
ar5I3a
a!3R39

atSnal
Al5Ia2
atEn43

al ltta6
at5147
el frlaB
AttRa9
al5150

attisa
at 3153
AlSRta
alEl55

At ll!7
at5n56
ar ttst
atEn60
atlt6t
at5n62
at5163

al5l6t
at3t66

Ar5I67
alEn60
Arlt6t
al3t70
ar 7t

lll5t7a
AllITt
Al5t7t

ar5R77
at5t70
al5179
altia0
Ar Sl

a13ra2
al tt8!
atgt64
Atta6l
ar3t96

Mfr
Codo

Mfr Pan Number

2t546
2a5aa
ea3a6
ta3a6

t4346
2a5a6
44546
20ao0
IB'EO

aEl0!
aa4aa
e4480
26441
2a346

?ata6
?ala6
a4la6
rl,7iI
aB40!

?aag0
?a5a6
arta6
2454&
zSaAn

aa5/16
ea3a6
t9701
l?7al
24546

?a4€0
197!t
?srtE0
2.tlrl6

2a!ra6
2atrt5
?4546
t9701
aa4aa

e4546
aala6
?rr5a6
aoaBa
2ata6

44546
?45r16
2a$a6
?Brtot
aa3a6

2a346
a/tla6
204€!
44546

aa3a6
ei5a6
ea3a6
2asa6
213a6

2Eaa!
esa6a
e4ia6
aaaS!
2a1116

la5t6
aata6

a4146
2asa6

edao0
aaia5
?e/l60
aa3a5
21l5a6

ca-l/rB-r0-3ttl -F
c4-t/o-l!-lttt-f
c4-1lA-r0-e152-F
c4-t/a-r0-ttat-F
c4-rle-r0-trtl -F

ca-llo-10-5tel-f
c4-lla-i0-26t 1-F
c4-r/a-t0-5rar-F
0690-6t60

0698-3360
0619-o0?,
!69t-alt3
c/r-r/B-t0-51r t -F

ca. t/o-10-it r t-F
ca-rl8-r0.ltrt -F
ca- l/8-T0-r ror-a
liFacr/B-t9-t I tt-E
0596-634i0

0arB-631r0
ca- r/0-Ta-StaR-F
c4-t/6-10-5lt r -F
ca-r/a-t0-5t r r-F

c4-r/0-T!-5tFl-F
c4-llo-10-trar.f
Itc /tc, /e-19- 26r e-E
iFacl/s-rr-a5ta-E
NC4-t/a-12-a4e?-D

riFrtcr/B-t2-e232-D
0698-ttt4
iracr /8-T9-e6la-8

ca-r/a-T0-3r61-F

ca-tla-lG-3r6r-F
ca-!/g-10-3lt! -F
ca-tlE-Ta-r r 0r-F
hF4Cr/A-rt-6251-t

ca-tla-T0-llRl-F
ca-t/0-t0-3rat-a
ca-t/a-ta -Etnl-F
0a.98-5t60
c4-rl0-r0-ir t t-F

c4- ! /a-t0-31t t-F
c{-t /E-r0-37ar-F
ca-t16-t0.,ttlt-F
c4-tla-10-36ltr-F

ca-l/E-T0-rarl -F
ca-l/a"10-51I r-F
0698-6360
ca-1/a-Tc-3aor-f
c4-ila-r0-207r -F

ca-t /B-lc-azil -F
ca-ilB-r0-l7s!-F
ca-tl8-10-l1lr-F
c4-, /8-r0-e871"F
ca- l/o-rc-et5t-F
a698- 6!39
c698-6364
cl-trs-fo-29?t-F
0699-6t60
ca-lla-T0-!l I t-F

ca-t/a-10-eB7l-F
c4-rl8-T0-t791-F
ca-tlE-10-ao7l-F
ca-tl8-Ta-tlt?-F
C4-r/A-I0-7311-F

,6r!-6360
c4-r/a-t0-49?l-F
t6t8-636!
ca-rlg-t0-5rtt-F
ca-tl0-ro-lt r t-F

6.56

See intloduction to ahis s€ction aor otdering infotmrtion
rlndicatas lactory selected value



c
DDesignation

HP Part otv

nr5n87
arta88
Allle9
atttt0
aril9t
allR92
6l!t?!
al!l9a
ettttS
At!lt5
at5t97
Ar!tt8
attat,
atllt0a
Al5t10t

allllt 0?
atlat0!
at!lt0a
ArSrr!5
atslt06
atLl!7
al!1100

atlta!
ait]t2
atsrP3
ar5Ita
attl?6
atElrrol
Attl,|0?
al5ulaa
allt|e!0
AltlE0r

at5u20?
arttE03
Allu?0a
artu?06
erius0!

atSu3tl
attt l02
at lt 30a
at!u305
al5ut05

atlua0!
atSua0l
atlua02
atllua04
AlSUa0i

at3ul00
a1sui0t
at !lr!l0a
al3Ul0rr
at !U!t05

Altus06
al $r500
at!u6ot
at tlraoe
Ar9U50a

at 5t 60t

at txuz0a
lltSxua!a
at 5(r!loa

c6tE-00€5
06ta-32?tt
a69A-7644
c6tg-636a
06ta-6360

06ta-6!ao
l?s7-0391
0747-039a
07tr7-439a
07sr-o3ta

0757-0t94
069t-0?ta
06r-!39rr
0737-a2A0
07S7-039,a

a757-alta
0696-516t
ar57-aa6s
er0a-31e3
2taa-3r2t

2t0t-3la!
2100-3tat

tc!l-:t671
t25l-a67a
t2i1-rt67a
ra!l-6a!,
4360-l6na

It?6-0735
tae6-07t1
1826-aata
ta26-t0a4
r6a6-03e4

r026-06aa
t6?6-073t
t 626-lltaO
ta?a-0ara
te20-1730

l riza-t a70
l6i!0-!730
!646-07a4
1e?6-0agt

t620-r r ra
tge0-ta70
!4943-l00rt
lt|26-07aa
t0?o-0493

rG20-r?17
I820-r r 4rt
0a9as-t4020
t62a-r730
l026-0740

taa6-!E6r
t6?t-11t7
rae!-1t9,
toza-tolra
rae0-tl r2

tae6-!74!
r 626-0733

t?04-0sal
te00-05a1
l20a-os/tl

t aE0-0t t6

ios0-855r

0
a
I

a
a
o
0

at
I
I
a

a

o
0

o
2

2
?
?
I
0

I
I
9

E

I
I
E

I
a
a

6
t
o
a

t
6

9

B

g
I
t
I
t
E
z

I
3

I

3

I
i
I
I
3
I
t
I
I
I

?

t

I
i
I
I
I

t
2

t

3

?
a
t

tEst6tot
tEalsrca
aEStstan
tE8t6I0t
rEsrsrot

e.6lr lt .telc F lc.or-t0t
a,ttl( lt .talu F Tc.ar-t00
e6.ll .lL169 F IC.0+-25
lox .12 .la$l F rCro.-e5tnl .tl .r25U F TC.0r-6

rEatar0r
aEat3fl,t
tcstsr0E
tE6I6r0t
tEaI6tot

t0r.lt
Et.l rz
5t.t lt
5t,i tt
ll.t 1z

.t25U

.1219
. | 25rl
.rzllu
.le?,ll

tcra+-21
tC.0.-110
tC.a+-100

rC.0+-100

nEgl9T0R
rE6lsroi
lE6taT0t
aEBtEt@
It6l6T0t

It.l lI .less F lC'!+-!00
17.At .lZ .r?5l. F TC-0+-21
5l.l lZ .i23U F lc.!l-t!a
lx ll .lall f TC.ar-loC
5l.l lZ .!25ll F IC-C+-lol

aESIST(n 5l.l ll .t6U ti Tcro+-lla
nE$lgl0l l0r .tl .rZ'-s f tc.o.-?!
lESISrln l00l rt .r?$l F Tc.o.-ta!
rEstsrot-Tiltn 50a tau c .5!DC-ADJ l7-rel
tEstsToa-tlttt 540 i0: c stDC-^DJ r7-TtI
rE6tsrot-Tl|tn 50! tlt c slDC-aDJ t7-IlL
tEsIstoR-ratiR a( rat c slDE-aDJ r7-taN

coNt{Ecrot 3-?ni ti ?lnir lYtE
cot Eclln 3-?tir tr roSt TIPE
cor{rEc1ot l-Prx tt toET ttPE
coNr{Ecloi 2-?t{ n PosT IYPE
TCRhII'AL-STUD SGL-TU' P'ES5-IITE

IC 0P 
^atF 

ll-SLEg-tArE 6-DIP-P ?IG
tc oP at L0u-a!48-H-I0D QUaD r4-otP-c
IC O? Alt? LITI.EIAS-H.IIi'D q,AD I'.DIP.P
o/a tz-ttz-Etl za-DtP.c DPLi
tc oD anP GP uraL 6-Dta-c PrG

lc o? Ar.tt B-6LEta-tAlE To-tt Px6
IC OP AIIP H.SLEI-'ATE O-DIP-? ?TE
tc colru 8-t-D/A t6-D!?-c ,rr;
rc 0P aIP to9-Etas-{-ItPD tloAD la-DrP-?
IC FF TIL LS D.IYPC 

'OA-EDGE-I'IG 
COII

lc ttuxa/DArA-sEt trl- L9 e-to.t-Ltr{E QUAD
IC Ff TTL LS 

'.TY'E 'OS.EDGE.TIIG 
C.Ii

IC BLttc{ ataLc DUAL !6-D!P-C ?lG
rc tlP alrt rE To-i)9 Ptc
tc 0a aro L09-EIA3- -IiPD QuaD t4-DIP-t

IC FF TIL l.3 D-IY'E POS.ESGE-TTIG
tc mrxt/DAta-6EL TtL La z-ro-t-Lt € qtlAD
tFG PtOn I
!c sgltcH aILG DoaL I6-DIP-C PtG
IC IP AII' GP E.D!P.P ?I(G

tc tuxP/DAra-EEL tll. ls 8-to-t-LIIE
IC OAIE 

''I'L 
LS NOI qUAD z-ITP

gFG Pat)at ?
tc FF tr! ts D-IY'E Pos-EDEE-ttlc cot
IC 6UITCH A{LG DI'AL I6-DI?-C PIG

lc coN, to-E-D/a r6-DtP-t ttc
IC GATE lTL LS X6TD qUAD A.I 

'lc G6lE tll- L8 XAXI qoAD ?-lX?
IC FF ITL LS D-II?E OCIL
IC FF'IT! LO D-ITP€ ?OS.EDGE-1'IC

rc sgtlql 
^rLG 

DtaL t6-DtP-c ?tG
tc oa alla H-sLEs-aatE a-DlP-P t{G

soctcT-tc aa-coxt DtP DtP-sLDa
3ocrEt-lc Aa-cot{, DIP DtP-sLot
EtErEt-tc ea-coxt DtP DIP-sLll

P {-GIU .!6?-L-DIA ,z5-lra-Lc Srt
Exta-ac DD Gta ?oLyc .a52.DD-r{rx9
AI5 ID LAIEL

Mfr
Code Mfr Pan Number

zaia6
44546
tln7l
a64A!
2AlB0

ma00
?r5a6
e4346
2ala6
24546

2aaa6
26440
2a3a6
?4t46
2a3a6

eata6
?oaa0
445a6
0?tit

!2ttt
eerrt
eoaa0
eBall
?0a60
EB40'
20t80

larTt
047t!
!t etl
zBag0
cr93l

!er-tJ
34371
aaTtl
o r 2ir5
0r e93

0t2t!
!t e95
32t93
2?ata
cletS

lr ?6
ar ??3
?ft46a
t??93
2771a

0tztl
0tats
aSaaa
0t a9t
!a!93

2 tl't
at at3
0t z9ll
0r293
! l2'ts

3a?9J
l4l7l
?Brr80
46400
aoaSa

z8aa0
a6aBa
e6aa0

c/r-1/B-r0-a6r 1-F
ca-t/8-t0-ir99t-F
hFact/B-r9-2.614-E
c698-6360
t6tB-6150

0696-4364
ca-ll6-r0-ttPt-F
ca-l/o-Ta-tttt-t
c4-r /B-10-3rar-F
ca-tla-t0-ttar-F
crt-t/0-T!-5ttt -F
0699-t?la
c4-1/g-r0-tltt-F
ca-r /a-t0-t 00t-F
ca-tla-TD-Ettt-F

ca-t/a-r0-5lPt-F
0598-6360
ca- r/a-t0-t 043-f
41at!l

:l!l!!l
atPa!2

lett-/t670
lasr-a670
t26t-16?n
I e31-6057
tr60-r6Ba

HA3-aia7-t
xca4t0aDL
TL0oacta
ra26-!!rr4
tu/r33a0c

{Aa-altl.$
HA3-4107-5
ictaaal.-a
tL06ac,a
stiTrtl5e73r

sr{7atsil7t{
$r7rrL3273X
I1l5aa3cDE
Ltil, trH

6lr7:ll67aAN
gr.74LSrlT
0a9rt5-t001,
Illtit4!cDE
Li307r{

sNTatSlStx
9X7{LSJ?N
0a9a3-1002!
8X7aL5?7lN
IHS"IEDE

aD?lit3Lll
sI74LSC0X
otrTaLS0lN
sN7als377ir

IttaaScDE
HAt-2107-l

r?04-ltal
t?0a-054i
r20G-os/ri

la80-tt r6

s!6i-85t3

Model 4945A Replaceable Parts

Iable 6-2. 4945A Replaceoble Parte (Cont d)

See introduction to this section for oldering infonn.tionrlndicat$ factory relectrd value ffi1



Replaceable Parts Model ,l9,l5A

Tablz &2. 4945A Replnceablp Parte (CotttW

arTcl
at Tc?
alTc!
At Ttca
ar 7cl

al7c6
at'm
attcE
alTc?

atTcl!
at?ct?
at7ct3
atrcta
atTCl!
atrct6
AI'QI7
AI'CtB
Alzct9

^trt2a
ArTCet
at c2?
ar7E23
at7c2a

^r 
7c?5

^lrc26AI?82?
AtTCaO
at Tc?9
at7c30

At7C3l
Atrcte
al7E3l
arTcla
Al rt3s

atrc36
AT'CB?
at7ci,a
er Tctt

tr Tca t
alrca?
al7ct3
itTcla
ar 7cit
Atrcaa
at70a',
atrctS
al iictt
atTclta

atTcalt
atrctla
at Tcat3
atTclta
ar TCtrl

al',tcll6
at7(lt,
^trcatoet rcllt
atTct2a

alTcl?l
a!7ct22
atTcae3

^trcazaat7cl2!l

al7ct26

^t?caz,ar?m2a
atTca?'
arrct30

t\rlEiTlt-lt

iY-rrTt_IIiI

0! at-ezt a
atB!-22t0
0t8a-22tt
t!6t-0re?
ttga-037a

at6l-!332
0rat-2eta
tr6!-0re7
0l6l-! ta?
0laa-tl!?
ataa-5i13?
0r60-s332
! r6a-tll2
!t3a-26a
0t -eo!a

arB!-3:r 2
araa-llr2
ar50-s3t2
a l6a-53tzl
4160-3t12

0taa-!lll52
ar60-t312
0 t6t-53!?
at60-t3le
a rat-llle
at6!-333e
a t 6a-513a
at60-s33?
0rAl-6lle
at60-13t2

0laa-!8!2
!ta0-e37a
! ta!-3!te
or60-5t!2
trat-ar.a
,t8!-tolt
atSl-t7a6
0180-17a6
arSa-t 7a6
ar60-133?

r0?6-0?ar
t€26-!545
r a2a-0!a!lrat-tt !6
ttor-tta6
l9t2-!tto
t9!t-lt16
ltll-t 106
t9at-00It
i9tt -t 106

tttt-!la6
Itta-0t6t
t9lt-t t16
lt0t-l106
l9a!-a0t!
t9at-0054
r90l-a0s!
r?t!-403!
ttat-a0la
Ittt-a05!
ltaa-ol7l
t 9a?-4t75
!9aa-4175
traz-ot?3
l9al-1146

l?lt-t lc6
t90t-00ta
rtar-0ota
ttal-t ta6
tt0l-t 106

I

I
0
a
2
3

t
a
2
2
I

!
I
I
a
a

I
I
I
I
I
!
I
I
I
I
!
I
t
I
I
I
3
I
I
I
I
!t
!
5
I

t
2
z

2
z
2
?
?

?
I
z
2
3

I
I
3
3
I
5
5
3
5
?

2
!
!
z
2

c
D otv

4Til!:r;t1,lljrilfl,

caPtct n-FxD
cataEttot-ftD
cattcttot-FxD
caP^cttot-FrD
ca?acttoa-FxD

2tF.!0-l0t tlovDc aL
?tF+la-toz tlovDc aL
elf,.l!-loz tsauDc aL
f +-?!, z!VDC CEa

tattc+-lat eculc ra

c^rM I tot -axD
caPacrtot-frD
caP^ctTot-t)(D
ca?acr16-Fx0

.ttF .-zal 30vDc EGt
ItF+$-r0t t5llroc aL
tut +-?tt 6vDc cEP
tuF .-ell zlvDc cEa.ttr .-2az 30vDc cEl

ca?acrtfi-FxD
C'PAC I TI''-FXD
GA?'CI I(N.fID
CA?ACIT(l-FXD
CAF'EI I(N.fID

.ttF .-20r SavDc

.rur a-atl 50vDc

.tuf -eoz 5avDc
68lrf.-l0t t aovDc
6ArF.-tar l!auDc

cct
CEI
cEt

ca?actla-rxD o.arF -tt.lz rlorvlrc
cAr*rrm-flro a.a,F -ro€t rttrvDc
caPacttot-FxD . f .-2!z 50vDc ccr
cAPACt n-FtD . rF .-201 ttVDC CEa
catactltl-FxD .rtf .-2at 50vDc cEI

catac I tot-FxD
catacttur-FxD
caPActtot-FxD
caPAcllor-rxD
caPactt(L-FxD

.IUF

. f

.IUF

.tlf,

.-2at
+-?!r
+-20:
+-2lu
.-202

l0vlc
50vDc
t0vDc
3ovDc
5avDc

cEt
c€t
EE'
c€t
cEa

caP^ctTot-FxD
caPacI lln -FxD
caPactrot-FxD
cAPmttol-FxD
caPacttt[-FxD

.llr

.IUF

.llF

.IUF

.ttf

.-2lz
+-40,
.-2!l
.-zaia
r-?lI

tovDc
5'UDC
5ovDc
50vDc
5IVDC

cEt
cEn
CET
GEI
cEt

CA'ACIIOR-FXD
catacttot-FxD
caPActt0a-FxD
ca?Ac!tot-fI0
carrcrlot-FxD

.rrF .-zaa lovDc cEl
tauF.-tlI aogDc ra
. lltF +-zat 50vDc cEr
.ruF +-aez SauDC cEr
.tuF +-tal zcavDc ?q_YE

cetacttot-FxD
caPActtot-FxD
caPActtot-FxD
caPact ton -FxD
caPActtot-FxD

| 0tuFrrt-tlz t0vDc aL
ttlF+-toz 2avDc ra
tqrF+-ttt ?ovDc TA
tsuF+-tat 20u!c ra
.ruF +-?0t tavDc cEt

v tEF to-9e
v IEF to-t2
v IEF 10-??
DtooE-?ogEt tEctrFtEa
oloDE-rosEa iEctrFlEa

DTODE-Zllt llv ll DO-35 ?D..aI !C...07SZ
DIODE.'OgEI IECIIFTE'
DroDE-?OEr rECrtat€a
DtoDE-CEr{ ?tP tgau ?04!a !o-7
DIOD€.?OI'CT IECTIFTEI

DIoDc-touEr aEcrtFtEl
otoDE-zxl lav ltl DO-55 ?D..aI lc...otlz
DtoDE-ro.rEa a€crtFl€r
otoDE-Put rEcrrFtEr
DtoDE-grrlcHtilc gov eaota 2t{8 Do-35

DIODE-Sl.tTC'I'IIG
t loDE-sr,tlc{I'|G
DtooE-SrttcluxG
DIODE-E]9IICTII'6
DtoDE-BUt TC$l trc

o!u
gcv
a0u
€av
aav

2aalre
z0lia
aa0lta
2aatia
2l0rra

?xs
a*8
EI3
218
?x5

DO-35
DO-t5
DO-lt
!o-35
DO-tl

DIODE-Zm Mr, 5Z ?D-iL
DTODE-Z||I t0!V 5I ?0.11
DtoDE-Zrat ta0v tt ?Ftg
DIODE-AA lotv 3I PD.lg
DtoDC-roEt rEcrrFrEt

la.$lA

DIODE .'OIE' IEEIIFTEi
DroDc"Errrcttllo tov ea0xa 8x6 Do-3!
ltoDE-gutcxtxc 60v e,0na ?x5 Do-3t
DtoDE-POLEt tECttFlEt
DIOnC-tdrEr aEEtlFrEt

I

3
e

22

?

2

t
t
I

I

t?

I

I

I

l2

f,ft
Code

Mfr Part Number

,aaao

!t6aa9
56i!6t
56409
2B4g!
562At

?oael
56249
2ga0!
?aaaa
24440

?Ba8a
29400
?eaaa
zo4a0
?aaal

aB4A0
eE4Aa
zoal0
20aat
eo/t.0

2AaA!
28rta0
zBa6l
za{0
26444

e8a8!
2BaAl
e8a30
2Ba8a
eaat0

24.90
t6289
26a60
eEat!
a6a6!

56269
t6al89
tt6?€9
56at9
zgas0

z?ata
?rat1
27ala
z8aE!
elao0

esa00
?tao0
e6ai0
20a0!
20a10

?taa0
2A/l.0
e8a80
eea80
29440

eoa80
aaaEe
a04aa
eaaBa
?6aat

2Ba8!
aEat0
z8aAa
29490
?aag0

zEa8a
a8a8a
eEata
28a80
2Eag!

oaiaaaoolt

taDeelttSaFEa
3JD2!iFtl0E!?
!at)2atFllaEla
0t6c-0r?,
l50Dta6x9a?ai2

tra!-lll?
aaD2!tFt50EEe
!t60-0t27
al6t-0t27
0r6a-533it

0t6t-133e
0150-5312
al5t-133e
Ita0-264
0 t3!-ag5a

0l6c-3t12
0rBa-l3te
0 t60-!t3i?
0l6t-!tit32
0160-53:12

016!-5332
It60 -t312
016!-!t$E
0ta0-t312
n r6a-!t!34

0t6e -$3i!
0l6t-!B3e
0t60-tsll
c !6!-53!a
0160-533t

at6t-5312
l5aDlt5x9a2!Ea
at6e-5112
It60.533?

!0Dt0rGosa0{?
ItcDtt6xt0acte
l50Dta6x9a2aD?
ttaDt!16t9!?0Ee
ara0-ilt2

L latDz
Ltit?9Dz
Li3?tDZtt!t-It 06
t9lt-lla6
tt!2-09ta
t?et-tla6
trtt-t t06
r90l-act3
Itct-t | 06

lt,t-tl0a
it0e-at6t
!tlt-t t!6
t t0!-i t!6
t9at-4450

t?tt-0ci0
ttlt-ta5a
r7!t-00!0
t?0t-0t54
r9!r-0050

r90a-at7l
r7a?-0r75
t9a?-0171rtl2-0trl
t9at-lta6
t90t-t I a6
t9at-!!50
Ittt-0!50
ltat-t ta6
ttat-t r 16

668
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Model 4945A Replaceable Parts

Table &2. 4945A Replaceable Parts (Cont'd)

At70t0

atTcttl
Ar TCat?
at7ct33
alTcrt4
a1'rrcn35

at7cn36
Ar7Cl37
a17tt3€

AtTQI
al7!t2
AI7Q3

AI7Q5

AlTQrl
At7qt2
arrqt3
aiTQta
at70r5

AITII
atTl?
a!7tt
AI TTg

A!7T8

AtTnll
at Ttta
A17tt3
at 7ala
ar 7lr5

atTlt',
At 7al o

AtTn?l
at7722
Ar 7123

alTa?s

Al7t26
atnzT
At 7i20
Al7aa9
At7t3!
AtTall
dt7tf,a
alTt!3
AtTala
AI'I!5
ar7t36
Alrl3'
A17t30
ArTt!9

arTnta
ar7Ia3

,Q6
n?
7qa
?1?

alrqta
a17el9

70r6
?717

r90t-!0i0
l90t-00tt
Itt2-0ral
t9t?-t941
1902-4943

rtaa-094t
r9at-t0t0
ttat-403!
t?!tr -7t€6

r0!l3-a?ar
ta!'a-007t
I O5!-0492
rdl4-0!7t
I g!a-a4ta

l atst-0336
lA -0a7a
is63-art5t
tg!a-0ala

xta-007t

t 6!rr-0a7t
to5/80t79
tal}0e2l
t05l-022t
ral'F0c,
taSa-017,
l€tt-0?01
rotS-0?gt
1trlit-oa7?

a?1, -llaaa
0757-04a3
a69A-aa?o
0694-a4a€
o?t -nal,
07!7-4436
0737-aa3a
a698-670?
06ta-asta
0596-64r3

06tg-636a
0757-ttB0
o6t8-tatt
0757-!a6S
0a,ta-8959

0698-895t
06tt-3453
0rEr-!rr70
0arlta-3r17

G7r!7-aa0t
t757-aa0r
C('r0-6t{t!
0694-3443

04,98-l,l!3

0690-6150

0757-4100
06t0-34J3
a737-046S
a?J1 -0a2a
0737-0a20

itl,?o-3154
07!7-01?lt
07i7-!4rt
a737-0lrc!
0?17 -0461

07t7-0a6t
ois? -42?9
0?37-O?V'

arar-na?i

c
oDesignation

HP Part
Number Deccription Mfr Part Number

I
I
?

I
I
i

2
e

e

1

3

?
t

B

2

,
I
I

t5

I
I
I

DtoDE-SgtTCHrrc EoV 20CnA als DO-!l
DIo!E-8r|ITCHIXG 8aU aoa A aras Do-35
DI0DE-21* z.alr 5Z DO-35 ?D..al. rC:-. !l7l
DIODE-Zilt ?.aU 5t Do-13 PD..aI lc.-..!z
DIODE-Zlll z.aV 5t D(l-15 tD..aL lC.-.!!72
DIODE-Zlll 2.aU !t DO-55 PD..al IC--. !371
DtoDE-SgtTCBtrC AoV 2a0[A ?NS 00-!5
DIODE-SIIICXIXO 60V eaoiA EitS Ut-35

colit-Post TYPE .lc0-?tx-F?cE 30-c0t{t

ttaxstSTot
rtaNEt6t0I
raallstslot
T'ANSISIOT
rtalstsTm

el.54t6 5I lo-l ?D.tU
exla3t 6l l0-5 ?Drrg
ex3635 5I ro-lt PD.lL
ea.atJ9 BI IO-l PD'll.
SI DDrItoltI Frrt aotltlz

TtaxsISIot
Ila{titElm
raaisrBroa
rtA|astsT(h
Itati6l6rllt

NPIi

5l PD.5?lttL FT.ilitrz
3I ?D.3toma Fl.ra0&rz
Sl Pt .6egltl FT.zolhflZ
5l PD.6e5nU Fr.aaltHz
?.xla3t sI To-5 PD.tu

taAr{!i I8t(n
lratrsl6I0a
rtc{sIsToll
ttaxstttot
raAx€I6Tm

NPI' ?aala39
ex3a3t
exsat 6
2154r6
2taJ439

sl
3I
5l
st
st

to-5
to-l
TO-!
to-t
to-3

llallilslot rfli 2|{22224 SI TO-iA ?D.10!xg
lnAIstslol lxt exa907A 6l lo-to aD,4calt!
rnarststoa ParP eN2t07a sr To-ra tD'a!0lrL
TaAilSISlltI Ltl{ a EaaAA SI lO-lA tD.saoltL

IESISTT,I
tE6rstff
t€3t9l0t
aEstsrot
tE6rStm

I ( tl .te3r r
tr( lt . t25! F
t.6tx !t.t?tg
i.69t rz.t?tI
arAl 1Z .tA5I F

lC.lr-l0a
lc.ar-l0a

tEstsToc
aEstsr,l
aEBtal(r
IE3I9lff
nE6tstot

i.llt tr .l?5L F fC.0+-la0
l.tlI ll .ilEI F to'o+-r0!
alo .rl .ia!g f tc.0+-2i
A8.rr ll .la$l a rc.o+-lao
6.sI .lz .r25s F lC.a+-45

lEarsr0ll
t€0tstot
IESISTG
aEst5r(lB
aEststo0

tar.tz
lr.5 tt
l?6r( tt
l00t rt
6t9( lz

.lella

.t23r

.talr

.1251

.1a59

lCrar-e5

TCt0+-ta0

l€StSla,t
tEstst0t
aEsrs'tart
aEststoa
tESIST('l

6r9t !l .r?51 F rc.lr-rol .

1961 1z ,125u F lc.a+-l0a
162x tl .l?5s F lc'0i-r0O
l9.arx tt .leltu F fc'o.-ra0
a,l5I rl .r?su r TC.o+-l!0

tEsr!:ttP
aEslsr[t
tEst6r(n
aE5l5r0t
aEsIsttP

tc0
t00
a0l
Srro
36t

lI .t?3r| f rC-!+-|00
lZ .lzir I TCr0.-100
.tl .ratr F Tc.0+-e3
!Z . rZfla F TC!r.-100
lZ .la5U F IC.0{-l0C

a€sIStara
tE6t6tot
ac6t6ttr
tEsrST@
aCststot

5.ll( lZ ,1219 F 1C,0.-laC
l95x lt .12!t9 F TC.o+-ta0
?50 ,12 .l?5u F lc.lr-Zl
6.5r .ll .last F 1C.0.-2!
ltt ,lz .t?5L F tc.lr_es

ttsl$Tm
iEstSr0n
lEErSt0t
tE6r610t
tEstctot

31.6 lZ .lesu F TC.0+-1t0
rra,{ tz ,teir !r ,c.n}_t!||
tocl lz .l?3!l F IC.a+-100
i'io lz .1251 F rCEll.-|0!
730 t? .l?!U F ICE0r-la0

tEnrsrot
tE6rsl0t
nc!itflr,t
tc6rsr0l
rEStsttn

a2,aI 1Z .l2il. r IC.il.-l0l
tr4.41 lZ .1e5I F lc.oi-rao
100 lz .12!lu F rc-c.-lJl
la0 lZ .leSU F TC:!+-100
rtox lz .r?l1l. r rc.!r-r0!

rE6tst0t
tEsritan
rcStstot
tEslSlot
tEsrsroa

la0f rZ ,raiu f 1c,0.-taC
3.lr,t lZ .l?6c F TC.o.-tla
3.16r rz .1a50 F rc.or-r0a
!.1{.t tt .tF-s F tC.0}-i!C
3.16( tz .l?5rl F lc.o.-r0a

20a00
aE4Aa
20aaa

?848!

?aaaa
20at!
?8400

?8a80

3L50!l
3l-185
01495
3LiaE
!a7tl
aa7t 3
aa?ll
2gaaa
?0ao0
3L5Bll

3t501
3L38!t
3Lstll
3L!lO5
31585

!a7rt
aa7t5
!a7t3
c47t3

?a!a6
e4ia6
?a5a6
e4546
aisa6

2aEa6
2ala6
e64Aa
aasa6
20ie0

e648r
20440
?454r1

20464

26d8i'
445a6
err5116
?/rta6
2rr5a6

eB40a

e4546

ea5rr6
ea5a6
aaaot
?6110a
20a60

eBaga
2.i5a5
245a6
eal]t6

?na8a
lrlart
2aaa6

aa3a6
?&a6
?ai46
24416
?ai46

lt0l-0450
l90t-aa30
l9aa-0943
tt0?-!r43
tra?-0t43

t90?-0943
t9ct-0050
t96r-!asn

t,5t-7946

erlat6
ex3a39
ar36l5
2t6439
2X5331

hPsata
etlstt
taSB-04t9
l6!a-00r4
2irla39

er!a!t
lllsa39
erlat6
ex6at 6
ax3al9

2N2Z?eA
ar?to7A
2t 29t7A
2lI???2

ca-tlo-T0"lt!le-F
ca. t/8-t0-r r !a-a
c4-rle-t0-t69t-F
ca-rle-Tc-i69t-F
c/r-rll.10-6ara-F

ca-t/a-10-!1t t-r
ca-t /E-T0-3rr 1-t
a6'll-67ae
c4-t/a-t0-oe72-F
16l,0-6t13

G69E-6360
n757-0t00
c4-r/o-Ta- 1963-F
G4-r /O-t0-r!t3-F

t690-attt
ca-rla-t0-rraB-F
Ga -, /8-t 0 -, 623 - F
Ca-l/8-10-194,2-F
ca-t /a-t0-at5r-F

c4-t/a-t0-t 0r-a
ca-tla-T0-tt1.l
0tr9a-63a'3
crt-t/B-r0-tarir-a
ca.t/B-10-3a3r-F

ca-llo-r0-3t ! r -F
c4- t/o-10-r9a.!-f
7lr90-t rB2

061iF6360

c7$7-ar0n

ca-tl6-lc- rca3-F
ca-llt-T0-7!r -F

ca-t /6-f a-4?22 -F
0757-at?3
c4-ilr,-t0-ti -F
C4 r/O-10-t 0r-F

ca. ,/a-T0-r0li3.F
ca-, /B-lr-3t61-F
c4-rlo-TG-ltGl-F
ca- 1/E-'lt-3t61-F

Mlr
Code

I
3

I
5

g
I
I

?
I
B
I

5

3
2
I
5
5

5

?

t
o
I
3
!
3
3

c

2

3

3
eI
3
9

0
0
9

I
3
2

0

?
2

3
3

3
0
a

0
0
c
0

See introductior to this section for ordedng information
*lndicatea factory selected value

&59



Replaceable Parts Model 4945A

?able 6-2. 4945A Beplnceable Parte (Cont O

6r7t9t

atTlaa

Al7lEO

6t7t3l
ar 7152
Al7t5!
ar7154
al7nt5

ar7l16

atTtla

alTlaa

^r7463

Al7168

Al?170

at?a1z
AI'A'3
at7a7t

AITl7A
6t7e?,
arTtto

a17t0t
a17lg2
At7tE3

Ar718a,

al718a

at7at0

Al rutr 0

At7lEo0

!690-06!A
c6?B-54t3
ca-r/a-Ta-lr r2-f
069t-6lel
argg!-t16-19-t9al-D

cn-1lo-lo-sr ra-F

sNraLs3rtx

(rEi:i9 D5C)

ca-t/0-ra-r ac3-F
ca-llg-r0-ta0l-F
0694-!at7
0737-Ca86
o6t8-6llla

0690-63a8
ca-r/6-Ta-t!t-f
c/r-tl8-T0-l0t.F
c4-!/o-T0-r0t-F
c4-tlo-To-t0l -F

c4- r/o-t0-I0t-F
ca-rla-t0-l0t F

06ta-6360

0598-6t60
ca-rl0-Tl-t 0a5-F
ca-tl8-t0-lt t2-F
a69B-6at3
06t6-a53e

ca-1lo-t0-tol.F
ca- t/e-14-r at-F
c/r-llE-10-!tr -F
ca", /6-10-140r-F
c4-rla-Ta-ttt -F

ca-1l€-ta-t0r-F
t6ta-6$0
a69A-6$a

n698-6440
|t6tB-6323
ca-rla-t0-5rit-F
c/r-r /E- r!-3tll-F
ca-1l8-t0-5t tt-F
1797- Ot80
c757-ats0
0737-0!60
073?-tro0

I er0-0173
r20s.00t t
t aaFot t6

5X00-DS3rr

fl,07aAcJG
rL0Tlacrc
TLaTtaltJ6
ll-a7lacJc
lLaTrecJc

(tEt
(PEI
(tEt

HP
DT'G'
DUG)
Dt6 

'DtIG)

IICTlACJG
lll!ca!cDE
DG506C'
tL0TeacJc
Ir50a3CDE

c
oDesignation

HP Ptrt
Number oty -l mtt

ITTTH
Mfr Part Numbor

0797-0a65
0?47-4463
06t!-3457
0737-nao6

t69E-6346
a75t-04!1
a?a?-0aat
07lr-0aat
!737-!aal

oiry-0Lt
!757-Ca!'
0a,ta-636a
c6ta-5164
0lttt-616c

0590-636t
0757-4a63
0?17-aaiE
0698-6/[!
069A-A630

05tB-.46!a
0698-6413
0757-04t9
!69A-61e3
069a-6tar

0757-!a0l

0757-a/r!l
0747-0!00
07i7-!rt0r

a7t7-!40r
06t€-6t64
aa,tl-6!6a

1696-63?il
a75r-039a
0737-Ot9'

0757-0ale
073?-XlBt
0717-018G
0757-01e0
07t7-410c

4757-04!iO

t0e6-07a5
1026-0915
r626-09r3
l6e6-0rtt
ta26-a913

1n?6-09r5
lgaa'-0744
roat-t7i,,t
I S?6-476€

tgaa-toiB

t?10-0173
tit0l-0a11

50s0"s554

6

I
0

0
a
0
a
0

0
!

?
0
I
I
!,
I

!
a
I
3
l,

a

6
6

0
I
I
0
0

?
2
z
e

7

I

a

I
6

0
o
?
0

I
I
2

a

?
I

I

I
I

t
t
a

I

I

t0

I

tEstsTq
rE61610I
lEsrEflra
rEEI6rtn
tEs!5ton

la0t la .telg F TC.0+-l!0
l00l( ll ,l?5I F tC.0+-100
316l rt .rAl9 F lc.!+-laa
7!lr( tt .tzltr I Tc.o.-t00

.rl .leiu F TC.a+-21

tEslSTot
tE6tsror
tEst$ot
tc6rsrol
aE toTo,

3{.tz
t0a tl
ta0 t,
t0c lzra! tz

.lz,![l

.r?5e

.r25U

.t2!v

.1?llt

f
lC.a+-25
IC.l.-la0
tC-C+-tll,

lcBtsrol
tEsrsl oI
IESISTfr
aEstsIta
nEsIsTot

t0a
la0
rat
rax
t0t

It .tesu f Tc.C.-lc!
lZ .lztl| F rC.! i-|00
.lZ .l?.1, F TC.C.-2t
.tu .lzEg F rcro.-ei
.ll .lzitl F 1C.0.-21

FEStSIOP
tE6rsrot
rEslsToa
tGEtsrol
tEEI6lt*

rl,l( ,l? .r25U F rc"a+-25
toar tz .t?5u F rc.0.-r00
3l.ll( lZ .1251 F IC.!+-ll,0
6.5X .tZ ,tasr F Tc.ar-es
3,1a.l( .lt .1zlu F TC.0r-25

tGstsrol
aEslst tlt
tEsrsrot
rE6tSlot
tEsISron

3.t6t .rz .lan F lc.or-?5
6,5{ .tZ .te$t F TC.!}-z!
5l,rY lU .125U F lc.a{-100
la0 .rz .lzir F 1c.0.-?5
9.tI .la .l?ac f Tc.o.-ei

rEBtst04
tEsIgTOt
rEsrctt.t
rEar$ron
tr:stsT0a

l!0 lt ,te3s F lcr!+-rl0
100 lt .l?.tu F TC.a.-ta0
l!0 ll ,r?gc F l0.or-r00
lI 17 .l2ss f le=0r.-100
llI lZ ,rzil. F lo.ar-l0a

tEsrsroi
rEEtsrta
tEstslot
aEstStta
tEstslor

l0a li .lEgr, F TC.a.-ta0
t0I .rz .l?3u F Tcr0+-25
l0li .lZ .lat! F IC.e.-eS
5.03eI .tl .r?ig F TC-8.-21
a.lrr?t .tz .l?ill F TCra+-Ul

tEslsroe
rE€tstot
ncSlsT0a
tEsrsrot
RESI6TOI

6ar,0.tt,lesr
?16.2.1t.la5r
t!0 .tt .retu F
3l,l iz . t?5s Fgt. t tz .12!tr F

F 1c.0.-2!
F lc.o+-?l
IC!a+-23

'lC.lr-t !0

lE6llirot
RGSlSTOa
9ESt$tOt
tEtiMToa
IEGISIOE

5r.1r l; .reSU F lc.a+-r0a
31.6 lZ .r?Eu F 1C.0.-ra0
31.6 tl .la$l F IC.0+-100
3r.6 tz ,1zErl F rC.0.-t00
31.5 lz ,leSU F lcra+-toa

aESlIrT(o 5l.rx lz .r?iu F IC.C.-!!,
tc o?
!c lrt
tc oP
tc (lP
tc (rt

LrrF A t ac- x-, ,it D
LOU-ErAS-H-tltPD
LOra-0tA6-ll-!iPD
LOr-BrAS-H-!9D

DT'AL O-DI?-C
o DIP-C ?r0
O.DTF-C TIG
E Dll-c PirG
A.DIP.C PIC

lc 0P enP Lov-IlrAs-Ir-rnPD o-olP-c PrG
tC STITCH ANLC DI'AL I6.DIP-C ?(C
tc riuLtlPtta at{LG 16-01? P ?xG
tc oP Ade Lou-EIAs-H-lt9tt DUAL 0-Dt0-c
tc Sulrclr tf,t c DtiaL 16-DIl-c t{G

IC Ff ITL LS D.IYPE ocIL

IISlr(Arm -xsri oA?- GL
lrEAr slxr( t0-5/to-39-cs
PIN-GrV . !r,a-!N-Dra .23-rx-LG slt.
Extt-?c aD G4A tOLrC .t5e-AD-t {r{S

e45t16
24546
?aaa!
26440
zB'E'

20480
e4546
eall6
e4la6
2rl5a6

a4sa6
2rl5a6
ee46a
26a00
26aAa

20.0!
445a6
?a546
e6aaa
24460

e$404
?3480
?45a6
?6440
atoaa

2t546
2a!a6

eata6
?rr5a6

?45a6
zaaa!
e64g!
aaa80
aa4aa

a0ato
e€48t
?n400
?4346
2n546

a/rsa6
26{40
?.a46!
,8440
lBa€a

?alrt6

al at5
0r 4.,,5
al rt5
nrz9s

ate't
3!:a9t
t7r.36
0tetl
32293

ara95

z0aB0
?l4ac
1.0aBl
en46a
zB4tl

660
See introduction to this section for ordering inforhation
*lndicates factory s€lectad value



Ala

At8Ct26

alSct
at6c2
al Ect
Al€C,t
er 6Ct

at8c6
al8c7
AIECE
al6ct
atBct0

al6cll
al6cl2

^16C13ei@ta
al6cll
atgct6
al8ti7
ar ocr r
at6ct?
AIEGTI
atacta
alactS

alsct6

^roca7al stlg
ataclt
al€Gtt a

Alacltl
ar gct l2
tlactll
at Ectt 4
at sctti
at6Ett6
AracarT
al €ct rg
alacait
atact20

atocn2t
ArECt?e
atoct2t
al6caea
alma25

at 0rt

^r 
6Je

/lt0tllt
At8t30?
atot!al
a!8t!0a
alot3tS

alExla6
alot(l!7
ar8t30E
ar0tlat
ar6t3ta

elEql
AtSq?

aloll
alot3
Argaa
AIBII
AIEI6

atolT
a!8lt
alBlt
atSata

c
DDesignation

HP Part
Number

53:!rt'':i.. trn

0 taa-5675
ar60-s33?
at 6a-53le
tl80-037!
0t6l-13!2

!t6a-3681
0 r aa-3e6a
0lo0-326a
018!-3e6a
01S0-!264

0ta0-ttle
ct50-133?
0t6a-t33?
016!-3112
016n-t7aa

0r60-5132
0rai-el.7
l9t6-0t6t
I 026-0!6!t
Ittl-0440
t90l-00ta
t901-0aat

I t0t -0aa0
rr0l-00a0
t9al-0aac
t9!r-0aaa
t9al-00aa

r90l-0!aa
tr0t-0aaa
t90?-0t46
ltaa-0s86
Ittl-0440
t90t-!aaa
lr0t-00a0
ttat-0044
trct-!ta0
l90t-00a4

t90t-4040
tta!-00a0
tt02-atg5
r90?-ata5
lrot-10a0

t?51-eoa6
ra5r-2026

0att-r35a
0ar0-t!!a
0at0-t!54
0a9a-t35a
!a90-t lsa

0at0-t 33a
0a9a-tJsa
0490-t 3ta
04?a-r354
!at!-t354
r2lr-rt!6
raSa-as?s
las/F00rl

n7t7-t382
a69B-3rt33
a6tl-oEa6
a6tE-lal,
o237-slt q

07!7-!a!t
07t7-0at!
06ta-63art
06119-lr1?
a69t-!098

a

I
I
!
a
I
5

t
I
I
I
I
I

1

!
I
I
1
I
t
I
I
I
?
2
I
I
I
I
I
I
I
t
2
z
I
I
6
6

e
e
a
6
0

B
E
6
a
a

?
3
B
I
0
0

I

Mfr Part Numberotv Description

I
I
€

t

I

I

t
I
I

21

2

ll

I
,
1

t
I
I
I
I

?

I
I

ttaiar,r outxrt
cAPactrfi-Fx0
cAtact'ln-FtD
CAPACITO.FXD
CAPACIIIT-FXD
caraclTtn-FxD

.47UF +-zat SIVDC

.tuF +-202 i0vDc cgt

.ttF +-eot SauDo c€n

.68UF.-tat:tlvDc ta

.ruF .-20: slvDc cEt

catActtot"fxD
CAP'GITIN-FXD
cttactT0t-FxD
caPActtoa-rxt
CAIACITM-FXD

2. t6lf +-tt
esuF+7t-r0l
atnriTt-tot
EluF+7!-t0z
{}sltF+75-t!Z

et!90c
t!0uDc
i5lvDE
ll0vDc
tlavDc

m0L
ll'(I-
tf,lrL
.llt,L

cAPacttm-FxD
CA?ACITltl-TXD
caPActrol-FxD
caPActt0t-axD

.llrF .-e0z louDc cEt

.luF +-a0z savDc cEt

.itF .-aat SavDc cEt

.rUF +-ell lavoc CEa
itrrF.-rat e09Dc TA

caPActrm-FxD .llf, +-2!z 50v0c cEt
cellclttn-FxD 47PF .-it Saaulc nlca

DIooc-Ft E DG a00v lt
r, tEF ro-ra
otoD€-sgttcHlNc 30v 50na di6 !o-!!t
DIoDE-SIIICHIIG JaV lotta ?Ns ul-31
DIOITE-A9ITCHIIIC 30U SoXA ?tls DO-!s

DIODE-EIITCIIII'G
DtoDG-SrttcHlx6
DtoDE-89lTC{Itlc
DtoD€-SUttctltre
DIODE-6llITC{T"G

3CV
l0v
3al,
30v
3ar,

laiA
50ta
!0hA
i0lt^
!0ha

al.!i
zIs
ers
?x3
ars

DO-33
DO-!5
m-ll
00-ti
DO -tt

DtoDc-riglrortxc 30v 50tta ?xs Do-15
DIODE-EIITCI| aG 3aV 50hA ?XS !O-15
DIOD€-An l50V iZ D0-15 PDtll. rCt+.0€71
DtoDE-ZIa l50t 5' DO-tl ?Drl9 tC.+,0S71
DIoDE-SIIrCHIXC :rAU 50XA llIS DO-IS

DroDE-6tltc{trG
DIODE-SIITCHII'C
0IoDE-SrtrcHlrac
DIODC.T{ITCT'IIG
DIODE-S9llcllIt'lc

tau
tov
3au
!av
l0r,

!0nA
50llA
l0na
50ia
l0lta

?ll€
zXA
al.Ii
e!.s
2XS

0O.33
DO-31
!o-3!t
DO-15
DO-tt

DtoDC-St ITCH {O tov 50Ha 2r3 DO-ts
DIODE-6.9IICHIIG !0V lon^ 2n6 DO-3t
DtcDC-Zra r50v 5t Do-rt PD.ru tc...!B7z
DIODE-ZIIX ls[V 5t DO-15 PD,II IC,+.aa7I
DIODE-aIITCHIIG lov lollA 2l,rg DO-13

DIODE-S9ITCHIIaG 3aU toiA ers m-35

ot all{Ectot-Pc EDBE t8-co t/tou 2-tos8
cot{itEclm-ac EDGE to-coar/tqa ?-tota!t

tElal ec
IELAY AC
TH.AY AC
IELAY AC
IEIAY EC

3VDC-COIL
lrlrDc-co!L
tvDc-cotL
tvDc-cott
!uDc-cotL

?A

?A
2A

ztlvAc
zt0uac
?5avac
i!!tal,Ac
ell!!'ac

IELAY
IELAY
IELAY
I€!AY
IELAY

?c
ec
ec
?c
2C

SUDC-C0tL
igDC-COtL
5\rDC-COrL
luDc-cotL
svDc-EotL

eA
aa
EA
2A

aSavAc
alt0vtc
a50uAc
e30!.ac
23OUAE

colL-Post rYPE . taa-Put-stcG i20-ctIT

tPAt{lrtstoa raPx sI ?0.625ma ft.sn lz
TaAI|SISTOn IP SI ?D-3aohl. FTraofiHZ

aEstst0c
tc6tst(D
lEstsl(t
ncStSrol
tEarsrm

l6.a ll .laar f TC.o+-l!0
l9a,r( tz .1219 f tc-o+-la0
Oall( ll .l?5I F tc.a+-l0a
lA* ll .laL F lcli+-lao
21.![ lZ .la$l F tC.a+-toa

nEolstot r!0
aEgtstff t00
tEststol 9tc
tEsts x-FxD
t€3t6tot 6!0

tZ .lzEL F 'lC.l.-l0a
lZ .lelg a lcr0.-loa.tt .t69 F rc.a+-zl
9100flrt +-a.z!z rc.0+-50 t?ri
.?tiz ,tl| F rc.l+-i0

[r]1,
2AaE0
zalB0
?e4a0
56?8e
?e464

?B'BO
aoaB0
20aa0
?o4aa
zBaa0

eo4aa
20480
eo4aa
zo{a0
56489

20400
28116a

a6aa!
?7ata
zBaA!
26{Aa
20teI

eBao0
e0aaa
?Baoa
24480
?aa8a

e8a80
e6rr60
24440
?6a00
28aan

zgaaa
23a60
20aoa
20400
2Aa6a

eoaa0
?friaa
z8aao
eB/roa
26490

ffiI.n
29aB0
eBaoa

?aaa0
aEal!
zgaa0
aBat0
26480

eBao0
zaal0
2A'lao
44480
26a64

T{I]
!4713
2E'EO

19701
aa346
eB40a
Eola0
2ata6

?r!t6
44546
?6/re0
29a00
2eaa0

lrr:rrfirn
ar6!-5671
0r60-533e
0 t6c-5332
t5aD68aXt0tr5A2
0 t 60-slSe

l!6o-soar
a ta0-t26a
ll160-3264
0r60-!e5a
0tBa-126a

0160-513e
0 r6a-533?
0t60-53J4
0160-1312
r5aDt56t9ot0E2

0t60-5!!a
0r60-2347

t9!6-0c69
LllI?'DZ
l90t-00a0
1901-a0a0

l90l-aarta
,t!1.0laa
r9ar-ta4a
190t-0040
t9ar-laaa

tt!t-0040
r90l-taaa
t9ae-!5116
r90?-t506

l9at-aa/ra
l90t-00a0
l9at-al4a
t9!t-0040
l9ar-a440

Itin-r040
1r0l-00a0
ttSe-0!66
t9a?-4546
r9tr-e040

t90r-aa4a

tarst-2!46
teSr-e0?6

0a90-t354
0at0-1134
0/rt0-t 33a
0ata-t354
0rttc-t3!a

aata-llsa
0a90-135a
aa9a-tt54
!49!-13ta
!a90-llla
t?lt-7506

16Ea-0171

nFact/0-10-t{,t?-F
ca-t/8-T0-t?63-F
0690-aa26
!t6tB-34i9
ca-t/6-tc-atte-F
ca-tlo-t0-t 0t -F
ca-t/8-t0-t 0r-F
l6t0-6laa

06t9-rota

Mfr
Code

Model 4945A Replaceable Parts

Table 6-2. 4945A Rephceablz Parts (Cont O

S€e introduction to this s€ction for ordering infolmation+lndicataa factory selected value ffir



Beplaceable Parts Model 4945A

Table 62. 4945A Replaceable Parts (Cont'd)

OiDEI 
'Y 

DECCRIPTIOX
t2a5-a005
t?5r -t r rl
I /t8C -01t6

ogDEt lY DESCIIaTIO{
zaet-r0?!
t?!
50aa-6067
s[Br- otts

a36C-t66e

c6t9-r091

l69t-rloB

crr-r/0-r0-ltFt-F
cr-t/a-ra-5rnr -F
ca-tl6-r!-5tIt-F
06tg-ar34A
ca-t/6-r!-499r-F
069t-tt063
c69a-BaG3
aSPr 0 0

er0a47a
?raaaTe
?t0na7?
?lta47?
?r 0Erae

2toBtrz
2l0Ela2
2toBt!2

?X35BE
iPoat0TP
2i!5at
xPqataTP
?l{!545
xPq:9a7?

?t{35ll5
a?qatarP
2X35Bt
ttPQ!ta7?
sr{ratst3BN

lrxTaLsltn.{
st{ralst 3Bx
sN7als377t{

0a9a!t-20tlE
04ta5-/r0ala

HP
Number

c
D otv Description Mfr Part Number

arcat?
al8tt!
al al ll

alollT
at Sit 6
Al6Ilt
AtoEe0
a16t2r

atan22
at8a2J
alorea
ar€1i|3
almt 0l

ATEISOI
alaxs!?

^184303alot30a
ar6la0l

ar0taa2
atSna0J
arpraoa

Atouaat
AlAUaol
ataruat2
algua0e
atgualS
atq,4at

atouala
atSua0a
at,a!5
arauaaS
ntBt Slr

At BU50a
ar0lr5o3
at6llSoa

06t?-109r
0699-t09e
!69r- r rra

o6t9-l at?
!6t9-1t04
a7''-oa9a
a?17-tt9a
0757-0lta

a6t0-63rt8
0lrti-al?3
!690-9163
o(r?t-s06!
?t!0-lt6a

t6ia-0e7t
tat0-0?79
latt-0?79
toto-cart
t6t!-0349

1010-034,
lata-0349
lat0 -034t

alrta-lag2

lata-06t3
lola-0416
taSa-064t
ls!t8-0076
l6!r-!5/r3
losa-0a76

laia-06a3
to5t-4076
la3a-06a3
r 610-0076
lF20-12t6

t 0?0-t?16
t6a0-!216
tgza-lolE

tla0-0142
teaS-0005
teat-! lrt
tn0a-02a9
t480-!l t6

2364-0ttl
ea?0-!0tl
60a0-0e39
3040-6067
5O80-8553

44943-200to
04ta5-a00ra

2
I
I

3
2
0
0
0

c
s
!
a

5

I
a

!
a
!
a

a

0

a

!
0
3

3
I

6

a
E

I

2
I
0
?

!
2

3

I
I
?,

it

I
i
5

I

I
I
e
t
e

e
e
I
a
I

I
I

r€slStcr
aEstst0n
TEBIET('r
aEstst0a
tEslsroa

,q,i .tiz ..rU F tcrr_So
6aC .25t .3T F lC-0.-50
t.Ox .232 .19 F lc.r-lil
6aG .2lZ .3!l F tC.0{"50
7l.S .?iZ .3c I lc.r-50

lEstsIrR
tEsrston
tEsIsTt9
rEsrslox
tEStsr(n

600 .252 ,SB F tcr0+-3!
l.6I .2sZ .3u F lcn+-50
5l.t lZ .l?su F tc.a+-lCa
!l.t tz .r?5u F rcr0{_100
5t.r tt .t25u F rc.a+-t0a

rE6rct.rt 3x .lz .125l. F lc.0+-25
tEststoa at9 11 .1e39 f tc.o+-tao
lESlSIrrl ll( ,ll .lrl I lC.tr-io
nEslslol l, .rt .59 F lc.or-la
tEslliroe-tnhe ,n 202 c SIDE-aDJ l7-1lt{

NE',.l{rnX -tE6
llErtort-iEs
r{€'ttotl -tE5
NEtUOnl-tES
llcrtmt-lE8

lt-€rPa,rl
t!-6tta.7(
I G-SIPa,7t
10-slla.7t
r [-6IPr.0t

0Htt
oHt
t ltx
0Hh
$tlt x5

rEtronr-REs
r{Ergort -tE9

t, -sl?r.rr oFri r I
tt-stllt,0x tt ttr x I
lc-stt!.01 olrx x 3

tEairaa,rl-stuD s6l-run trEss-lllc

fiat{slstnt
ttat{ststot
laaNstBlq
tPAllStStOt
Tiat{srsrrrt
rta{stsron

l{Pal ?1135&1 6t 10-66 ao.3ltl
atrAY ta-P!r{ PLsrc ro-t16
l{Pt{ ?I3!AS SI T0-66 PD'lSrl
atnaY la-Pr[ PLlitc lo -l 16
ll?x ?x354! SLO-66 PD.35L
aPPAY ra-Plt{ tISIC lo-l16

TtAl{StSrOl xPN ax!!e! 3t T0-66 ?D.lU,l
lFANSrAtoe aRtaY ta-PI{ .slc T0-116
TattrStEIOl tlPx aNlSBS Sl T0-66 lD.lsu
rnaxsrEtot atlAY t4-?n{ PLstc to-116
rc Dcni rTl Ls J-To-o-LtxE 3-ll{P

tc l,ctt tTL Ls J-ro-s-l-rxE l-I t
IC oCDt t',r- ts 3-To-8.[lt{E 3-IxP
IC FF tIL LS D-TYPE OCIL

StarDoFF-nvt-or{ .t?3-lx-LG 5-121ll0
HEAr 6tIr !O-66-CS
tol.atIz rG tEY-Pc EDGE COt I
caBLE TrE ,06?-.64+D!A .o9r-llD aalLpll{-clu . 06?-lt{-Dt^ .?3-!l{-tc slL

scREr-i lclr 6-le .3re-ll-Lc tall-tlD-?o?!
Nur-r€x-c/Lrtr 6-3?-TtrD .1tt-n{-lHr
LUBNICAi{T-G'EASE stL
E)(TtACtm ?C
Ai6 ID LAEEL

xir (nirtur aDBLt
tIs{rlal00-cap

?Baa!
e6/ra0
aala0
?8400
3Sa00

?arto0
eoaaa

445't6

an4a0
?4316

?Brr00
lerr1

0t lar
!r 121
0t ral
rtt21
0r tel
itrat
cr r21
cll2l
Fdrm

aL50i
0a713
4-365
0a7tt
lL56l
04713

3Ll8t
!a7r3
!Llt83
047r 3
n! 2t5

!1?r5
irel,l
cte95

nc00!
aBaa0
2Eai!
0a,163
a0aa0

0caaa
?6400
c.-f?a
26aO0
?gaa0

2AaA!
2€a60

Mfr
Code

882
See inhoduction to this section fol oderin* information
*tndicatls factory selected value



|:II)

al9CE7

al9ct
attca

^r9Ct
al9Cl

at9c6
AI9C7

Attct
at9ct 0

6ttctl
al9ctz
at9ct 3
at9cla
attctl
attc!6
Attc!7
ar9ct8
Ar9Ctt
ar tc20

attc?t
ar9c2?
at9c?3
At tc,23

Ar 90el
al rca6
Ar9C27
altceE
at tclt

^trcJ0ar9c!i
al9c3?
Ar9Cte
a!?c3t

attcla
a1tc36
At 9C37
Ar9Cl€
attc!9

a1tca2

at9ca5

at glcao

nrrcs,
Atrc!t
At ?cs/r
AI 

'CEIat tc56

AT'CIA
/ltrcn3
at tcta

A'9CT7
A19Ca8
attct?
Ar9Ctl0

alrHt
el9llE

Reforence
Designation

HP Pert c
D

irr-lT!'Ii:Tn

0ta0-!3t!
0l6a-a042
0t6l-529a
0t8l-t7al
a r 6F5299
!lB0-4097

0ra0-!t?t8
!160-tttt3
It6a-5332
al60-0 t27

at60-4442
at6t-?ato
lt60-16!7
0tat-aa2e
at60-aa4t

0tl.-etar
1150-0te,
0laa-eatz
at60-ea0a
010a-26t2

ar50-3548
alSa-04t0
rt6o-saro
atll-0atn
0t6!-l!06
0ti0-0?30
0t6l-1t27
0laa-e667
0tsa-40t7
0tcl-aa6t

0160-aa6t
atat-talt
0lla-0?!0
aie0-242t

0taa-00t7
al60-4465
alat-4465
0t6t-3re7
0r6a-t610

0r6!-35t9
a r at-l t9?
al60-aast
arBa-0497
t1a0-r?3t

0160-2453
0lE0-2?/r9
0161-55llt
0t6t-aot t
Ole0-?692

0tol-al t6
0tta-0097
0160 -5al5'
0l6a-3754
0t6t-37sa

0 tt0-4045

1t!1-t | 03
r9at-r tls
t 90l-t tat
lrrt-i!30
19al -t ta!'

r90?-3343
190t-0a41

a?00-a t, I
0300-0159
2:]6!-tll5

t

2
a

a
7

g

I
2

6

I
2

?
?
0
?

I
B
a
0

0
6
I

I
3

0
7

7

6
0

E

0

5

?

t,
3,
?

5

1
I
I
I
I

t
I
I

I

3
a

I
5

t
e
e

I
I
z

I

3
I

I
I

al

?
I

5

I

I

I

I
I

I
I
I

I

2

I

a

3

I

I
I

I
I
I

I!-;itTIrtTI-Iir-Jil

c^rac, tfi -FxD
CAPACtIOt.FIO
CAPACIT(N-FXD
c^PAC!tot-FXt
CAPACIIOP-FXD

.alauF +-tt SavDc cEt
l0!!?F +-lt tolvDc cEa
.o|lrF +-e0r toovDc cEt
t.5tF.-t!1 20vDc ra
,ltlrF +-2oz tlavDc GEt
a7r+-toz 33tDc ta

caPacttoR-FxD
catactToi-FxD
caPacttoi-FxD
caPectTm-FxD
CAPAC I IOI -FXD

.atuF +-eot tanuDc cEn.,totf +-tt 50vDc GEI. F .-zal SoVDC EEa
tuF.-201 ?f,vDc cEI
.lruF .-taz zlavDc ?oLYE

ca?aclTot-FxD
carac t lot -FxD
CA?AC T TOA.' XD
GAPACI IOII.fXD
ct?ac!tot-txD

oaPF .-t ittvDc cEn 0+-t!
.tltF.-t!z aluDc aoLYE
t200PF +-tt t0DvDc cEt
taoaPF +-lt taavDc GER
a200tF +-l0z aoluDc ?ottE

caPAct toi-FxD
ca?actTm-txD
CAPACIIO'.FID
c6?acttoi-FxD

.!tuF +-r0z zaluDc PTLYE
tuF +-20t 23vDc cEP
66t F.-t Ct ttvDc IA
raaPa .-5t 3,0tcc htca
aauF.-tlz tlvDc ra

caPAc t tot-t xD
CA?ACIIOR-FXD
ca?Acttot-fxD
ca?ac I ton -Fx0

llrF.o!-zat 50vDc cEt
taouF+-aot 20vDc ta
. arrf .-2!t rotvDc a.ct
tuF.-ttt s0uDc Ia
lrF +60-20I SIVDC CEt

cAPACIton-FX0
catc:Irot-txD
cAamtlot-fxD

luF+-aca 50uDc tA
,lzalf, .-tz a!0uDc Po-lE
l50tF+-l0t 20uDc la
4ArF+-l!t StvDc TA
.0 rF +-zat lrvDc cEt

ca?acltm-rxD.l rF +-zat lrvDc cEr
caractloi-fxo t!0uF+6-l0t 50uDc AL
caFActtm-txD .aruF +-2!: rr9Dc cEt
catactlol-fxo tuF+-eaz lovDc TA
ca?c:ttot-txD la00lr.7l-!tt 7,3!rDc aL

C'PACTTOE.FXD
cataDtt(n-axD
CAPACITO'-FXD
ca,facttot-FxD
caPaclToa-FxD

aTuF+-tot 3ivDc ta
.orrt .-eaz rxvDc cEl
.atuF +-?ot txvDc crER
. a?crF +-5r a0trrDc IoLYE
5UF .-tot lovDc ttEl-aot-Yc

CA?ACITt,l.FXD
cA?actlot-FxD
caPActTm-axD
cAtacrroa-fx0
caPActTa't-txD

lnF +80-ell 50vDc cEt
atlf+s4-t0z ttavDc aL
t ouF +-tot llrrDc nEl-PoLYc
aTlf+-t0z SluDc la
IUF+-?|I ll,Voc lA

cA9ACltot-FX0
CAPACIT'II-FXD
caPac l r[ -FxD
catact't(lt-ttD

,truF .oa-?az tlovDc cEa
rtTrFr-tnz z!T!c ra
.aloltF +.rz 5!vDc cEt
270PF .-52 taogDc CEa
6glt+-t0z ts'rDc la

CAPACIIO'-F'(D
CA'ACIIOI-FXD
caPactToa-FtD
caPActT(n-rxD

6.AlF.-taZ 3w0C lA
aTuF+-lcz l5vDc ra
tetoPF.-rt rtivDc cEl
.601f +-lz 509Dc nEt-FoLYc
.6HrF .-Sl gtrjDc hGr-PlfYc

capeclttx-Fxo t6ata .-3t raavDc cEa

0loDq-HU tEaitlFlEt
DIODE-TN' TECTIFIE'
D!oDE-PCt nECt a00v 6e
DIODE-IIV IEETIFIE'
DICDE-aiIlTCHlllE ElV alIltA ,'NS DO_35

DtoDE-r.rv tEcttFtEa
otoDE-Ptl nEct antv aa
DIODE-?ga tECr aoau 64
Dl(rDE-ZIa az.ZV !Z DO-!i ?o..aL TC.+.lEZ
DIODC-SSIICHING lau 501{A zilS DO-35

staa.t('Fa-IvT.artl

SCTEiFtrACl|,,-3?

.a3-[{-LC 6-3elfiD

.373-tX-lG 6-!etD

.tla-lx'r.G !At{-tiD-Po?t

ilT
Code Mfr Part Number

rofl]
48460
aoag0
?oao!
3azAt
e6aal
3L2A.,

?6a81
23r80
eo4aa
20at!
e8400

aEaa0
a6a8a
26a0t
aoaaa
zsaa0

?€4Aa
eoa60
t6a8t
?oaa0
ltr269

?6aa!
36211?
EB4BO
56299
26a40

56e89
ea4ll
56?69
56lE
?6460

26'ri!
554e9
204s0
t6ee9
!6239

56a69
ea48t
EB/la'
oa,[ 1

?a481

20{ta
eaaa0
20t40
5a€6t

2648C
t6?6t
a6/raa
2ea80
sa,e89

36e69
s{,?e9
zErlBC
z6aGO
eoaSn

aoaa!

ao40c
?8a40
oa7r3
2a'r8!
26rt8t

e8ao0

047r3
zl'aEn
2A4ea

0rrt0
c 00ao
0ttaa

EIIlrIItn
ai6a-55t3
0t60-44e2
0l60-iet6
tltDt55xt0z0aa
0 t60-52t9
t5t047619al3sa

0 | 60-1496
ar60-!tt3
!t 6a-15:tz
0t6a-0te7
0t6l-015t

!l16!-a802
nt6l-e490
!t60-5657
a t5a-a6??

0i60-at6t
0t60-0t4,
t !aD686X90 r lrG
tla!-420a
r saD6a6xt0 I 5es

!ra!-lt0e
t!00t07x00e08e
!r60-!2?a
l5oDialx00t0a?
0r6!-3348

t50Dt03x00l0ae
66!Ut2?3Sat2
t30Dr57X9aa!S?
t50!jr76x9t!5s2
6 t 6a.-a/t55

tr60-aa6l
laDrnTca50DHa
!t60-aa63
i50Dr05x0050aa
6CaDiO2Crln)'P

l ia Da?6tt0tlrsa
!150.-aa5t
0r6!-aa65
663Uae235rrU2
0r6a-35t4

!t60-35C8
0t60-t9t7
,r60-4a51
l!0Da?6xt035se
ls0Dicix00s0a2

0t6a-?455
t5!0a76xt!2012
0 t 6!-5533
0160-a6l I
t50D6A6X90tSro

150D1t35X903382
r50Da76Xra.15S?
,r6!-5657
all,a-!76e
0160-37a.2

Gt60-aa?5

tr0l-t M
r90 t-tr 05
dl73a
tt0 t-t | 05
trat -0a50

Itol-1101
tr?sa
t 734
t9t2-!sat
,r0l-a040

OTDCI AY DEgCITPTIOTI
ItoDEa tt DEtcDtPllon
GRor:l DY DESl,tIrlIOx

Model 4945A Replaceable Parts

Iable &2. 1945A Repbceablz Parte (Cont d.)

See introduction to this r€ction fot ordering infolmstion
*lndicates factory relected value 663



Replaceable Parts Model 19454

?ablz 6-2. 49454 Replnceoble Parts (Cont A

ta6t-?167
telt-3€45
iaSr -lazi
te5i-a6a?t*l-6lil?
I ?tr -667
r?5t-661,
t?lt-6s17
r?56-ar4t
I ele-0t at
r zia-at 4t
lela-01ai

9laa-!76t
9r 4t-01rl
!t 6t l-8640t

9r4!-4023

3ttt-ca7t
0a7a-alia
aa9a3-0a0e7
0at0-402E

0lta-t2r a
05ta-12t4

tBSa-t624
tsla-0lit
t0!a-tetl
to5a-0arl
1653-4036

t8!3-a134
l83a-0s5a
ItllL-062a
taSa-46?/r
tgL-0415

ra53-!036
tssa-!33a
185a-!ett

06t€-3460
0690-3464
0?a?-nrt?
0r37-atr,
0137-0/r3a

t690-0030
aa,t8-3436
07s7-l.al
aTln-oaaz
0757-0264

0ata-aBe7
0a,ts-3a55
0a,ta-36Cr
i757-tal,
1737-lZB1

n7a7-04s7
o?77-Oa12
c757-0air
0757-0elc
?140-396a

o73?-Cit?
07a7-aal?
n717-Oaa?
n7a7-a2,3
07t7-aaa?

t?i7-aeo,
?tra-3rc5
07t7-!eat
e757-0t?,9
et00-39!B

!787-!39a
0645-30t5
a757-C39a
06a,,-tlll5

0590-3603
o767-n?8C
07!57-0e00
n7l7-0284

?
?
a
I

I
t
t
a
a
B
a

I
I
I
0

I

I

6
I
I
I

3
5

I

?
I
I

I
I
?
7
!
I
I

I

2
!

3
0
J

B

!

0
I
0
3
0

S
3
3

AI'J1
AI9J2
attJl
a19r3

AI9J8

artJua
attJUS

AT9L2
at 9tl
AI'L'
e!rr5

at9llP?
at9l|.t

AI'QI
AT 

'QEAt79l
altla

ar9q6
AI9Q'
ir9q6
ar 9flt
ar9el0

il9ql2
Attot3

Al9na
nr9l3

at9l5

atrt I a
ar9ltl

at9lt7

At9ter
at9P22
a19l?3

Ar9tzt

at9a27
Ai'I?B

ar9l!t
at9a32
ar9tt?

Artl3a

A19t37

attl3t

Designation
HP Part c

D
[f,m
3rr5 Mfr Part Number

I
z

I

t
I
I
I
I

t
t
t
t
I

a

!
5

e

I
t

I

e

I
?

I
I
t
t
5

t
t

I

I

I

E

a
I

5
I
I
I

I

coxlr-Pt sT
coxr€ctoe
c0tat{Ectm
coliEctoa
coLlEctot

tYPE . r00-PIt{"sPc6 7-COIT
s-PtN ll ?OSt tYP€
l-Ptr tt Po6l 1YPE
7-PIT Ti POST IYPE
2-?!I tt POSI rtPE

collx€ctot e-Pna |i Post tYaE
cor|lEcltn ?-Ptta h Posr TttE
Eot{itEctol 2-?rI a PoGl rYrE

JUII?EFNElt
JlrtPft -aEri
JI'XPEI-IEh
JlriPCn-aEn

ItaDUCrOn
ttDUct0t
COIL FXD
mDuct0e
taaDucron

7C!t8 t0z L06rxt.lzLG
tF-cB-rLD 3.$rt lat
,6ull
e,thtl t03 t.c6Lxt.02LG
tF-clFnLD 235ttH

Et ot tuEEEn 69
aDfiESIUE Dtt COIXDTC 732 trv StL-tta-t1v
fIYEACT SHIELD
SPIIAL I,ITAP .Iln'.?.OtA 

'O-YETHltdiNr-CA rlE .S-.6-D!A LYL

ut-ghrEt-rr-lt a-3e-TlD .42-It{- {
{ut-6r[.Et-rr-tP B-34-T{D .la-r{-l|t(
tac{5tgtot
ttar{6r3Tor
laAll$t6tot
trat{stston
Taalrstslon

Nrlt aMilO 5t TO-! ?D.!?!9
5l ?D.l3altil FI.JIoISZ
Sl PD.Islltl. FT.loliEZ
Sl ?D.3S0|U, at.laorolz
St lD-3lrBl Flrzsaltllz

llAr{stslot ?NP 9I DAiL aD.TCL Fl.lnHZ
ttaltSISIOl l{Pl{ lil DaIL lD.rag rr.ltolz
TltX$ISIOa xtaa ?x630e 6l I0-3 PD.t35u
IlAa.lllslol liPll et6llE SI TO.3 ?D.t25l
Ital{StSTq xtx 6l PD.SlCiu Fl.3oolttlz

'rc$llilslon PIt 5t PDr3llis FT.?ilillz
lRAl.EtETlr {Px El aD-?rI fl.llliHz
TlAtiSlSIan XPN St PD.350ltg flrloohtiz

tEStslor
l€6rcrot
tEsI9TOl
rEsl!iT0a
tEstSTtt

a?at lZ .l?5I f lc'a+-loc
aell( rZ .r?il,l F lc.l{-loC
t.3r( tz ,lasu F rc'ar-ra0
,.lll lZ .l2il. !r lc.lr-100
5.llx lz .la5I F 1C.0.-la0

tc!tI5t0n
aEsrsTor
tEslsr0a
aE6lst@
iE!iISlot

ar.9l .tt .t239 F IC.Oi-el
aETr tt .t239 F lc.l+-toc
8?s 1l .12'.L F tc.o.-tal
l0I rZ .lalu F TC.a+-lt0
tl( ll ,12!l F lo.ar-ln!

tE6IStO'
nE!itliIoP
rEarsro9
aEstsTnt
aEsrstot

lli lt .lalu f lC.Ci-140
261t !Z ,l?.'il F TC.lr-r00
l0 5z eu llo TCra+-240
100 1l .tzlu F TCtr.-rl0
ll0 l, .laEl| F rc.a+-100

RESI!|TOi a7.51( lZ .lAic F lC.O{-l0D
tEsrsroP 3r,3 t! .tesl F lc.!+-toa
nc6tst0t r0c 1z .reiu F rcro.-t!0
lcslsTol rl lz ,lass F rc-o+-lao
t€cl6t0t-uan c('tfltcL c i0 !02 Llx

tEsIst0,
tcslStt|l
nfsl!it0P
tEstsrfrt
REStStm

/r7 . sx
t7.an
17,31
?t( tz

l: . t?5u f rc.ar-r00
ll .1259 F TC.o.-t 0a
rt .l?su f Ic.0* -r0o
.l4tU F lC.l,.-l a0
rz . r?5u F TC.a+-r00

tEststm a( tz.12ir
tEststoP-Taie 5( r0z
tEsl,STor 2t 1z .t6u
tEstsl(r rr tl .5u F
tEstsTtr-ltht ln tot

f tc.o.-r !0
c Tol-aDJ l-Tax

cc lail-AoJ t-lt
tEslGtoe
aEntst(a
tEsrsr0c
rEstslDa
tEsrSto,

5l. t l?.ti5!t
tot iz .lll cc
5r.t tz.t?srrll t? .lu cc
150r lz .1a59

TE6IN'OT
tEststoP
tEstlil(t
tEsrSrol
nE5l,9lrlt

rS ll 7I rO IC.0.-?00
lx lt .t23u I lct0+-lno
1t ll .rtaru r 1C.0.-10,
1r lZ .la5l F rC.0+-100
n7, rt ,l?ig F 1C.0.-lCl

at480
aoag0
20rta0
?grrl!
20440

20ae!
2e480
aBaao

zga80
zAaa0
aart80
zlaEa

26490
26aaa
26aE!
aSaal
e8rl0

2taBc
?aaa0
,!4a60
24400
20a80

?oa6!
ea48a

0a7r3
0a7r 3
aa7!3
0a7tJ
284i0

!47t3
zBaA0
laTil
!rt7l3
ta7!!
2€ag!
2ea00
0a7t3

zBa0!
eoa80
ea3a6
ea3a6

?6400
?4546
2rr3a6
?45a6

?Eaaa
2a9a5
?715?
?ata6

2a5aa
243,16
?aaa6
24346

aata5

2aaaa

za5a6
?a4aa
2a5t6
a6a60
26aOl

ea546
0r t2r
?/rta6
llrl?r

ZTllr?
aata6
245r6
24544
2asa6

tzat-?r$7
tzSl-!06
t2tt-3821
leSl-4984
t?5t-6837

l25l-a8!,,
I ett -68!t7
l23t -asl7

t?58-0! at
te50-al4t
r25E-0!4t
t 230-a r al

tl4a-0763
tlaa-ott t
0ra,l l-46001

?trra-0821

3t!t-aa7l
04?0-03ta
0atal-40027
0Bt0-4023
iaa0-t?t9

0510-t410
a5l!-l?ra
eN63aE
al390a
2tt3t0a
arrt0a
r E5&0036

ItJEtatl
t ota-053a
?Ia,3aE
2116304
2t{39ta

lBl!-0!3,5
r654-4330
?N3t0a

0a,98-!460
t6?E-3460
c4-t/8-t0-lt3l-F
ca-r/8-r0-t33t-F
c4-r/a-ta-3! I r-F

069a-8830
ca-t/o-ta-Aer!-f
ca-rl8-r0'8a5i-F
G/r-l/a-lc-r0a?-l
ca-1li-lc-ra!t .F

a69B-l,tr,27
c4-r/8-r0-?613-F
FPa?-a-ta0-t!Ia-J
ca-rl8-Tl-t!t -F
C4-lle-la-151-F

ca-r/8-t0-4754-F
c4"t/0-rt-163i-F
ca-t/a-lo-!01-F
ca-t/0-la-t 0cr -F
2r0a-3t6a

ca-1l8-t0-a73?-F
ca-tla-10-art2-F
c4 .l/e-t0-475e-F
c4-rla-T0 -e0ct -F
ca- I/8-t0-475?-F

G4-t /9-Tr-20tr-a
?t 0c-!965
crt-t/8-r!-20r1-F
t7s7-tt!9
2rt0-39t 9

ca- t/a-10-sl9i-f
€43!35
ca-r/o-t0-5tr1-fqEr!rt
c/r-!/0-t0-tt!l.r
fPae-2-tai-r5e0-J
ca-t /8-t0-t 00t -F
ca-t /a-T0-toat -F
ca-tla-T0-rccr-F
ca-t /B-To-ar5a-r

664
See intioduction to this section for oldering information
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Model 4945A Replaceable Parts

Tabh 62. 4945A Repl.aceoble Parts (Cont'cl)

0686-9t4t
aa,t6-9las
2ta0-1t66
!6??-60a!
0599-00t!

0757-att9
0757-aO0a
2tca-3t6
c?a1-0aa?
o7l: -4a37

4666-t045
0686-taal
07E7-!401
0717-0aat
a?t?-o1a?

0698-5a37
!6t8-3a?0
06t8-9rr?a
arar-0a4,
06t8-tt!,
06to-3i55

0757-aalt
06tc-3t!6
0?3?-0at

06t€-360 t
ogt t -t6rt
araa-1t65
ara0-1t66
a737-ae0o

0737-0403
07t-oa7l
o?47-0a37
0717-03ta
7?17 -Oa70

4757-4453
0757-!ata
a737-O417

Slar-?6t7

9tot-26r6
s06t-1e48

0360-r3t3
03a,a-a513
0360-0s35
o3a,c-a33!
rlt6!-!33i
0360-43!3
0360-c5I5
0360-a53t
036a-0i31
03a,0-453!

0360-ti35
0,4-!535
ir!6!-1i35
0360-4515
c:t6!-0s35

ct6c-05t3

ltr?6-!205
rft26-r004
r026-t?54
ro25-aeta
16?6-r25rr

ra?0-lrr37
!ne0-t796

ri?o"nD7?
liro-oo72
r170-nr?e
?14e-0013
21aa-0tt!

I
z,
I
7
a

0
0

I

I

2

B

?

3
?
a
3

?
3
2
3

o

,
I

!
a
c
a
I
a
!
a
a
0

0
I
0
0
t
0

!

0

al9al0a

ar9ll3!ft

al?aaa
At9la3

ar9arll

alttaE
al tlt0
atttS!
at tl52
A19at4
Al tltt

at9137
At9t5A
al tls9
attlar
llr9a6a
a1tl63

at ittaS

Al?l7r

ar9n7a
ar9u!
,rr 9173

at9a77

at9l7t

atttr
attt?

artTtlat

AltTtena
at9rn2rE
arlt?a0al

altt?s!c
llt9rP501
alttt5a?

AtTUr!a

attuS0a

fP4?-Z-r0n-tcFa-J
E$!r? -?l?-J
?r 0 0-3965
2100-3156
ca-ila-ra-36?r-f

O'NGR iY DEGCNIPI'OiI

3t 0r-?617

Ettr45
EE tat
2t00-3166
HB68o5
!690-0!t0

0757-0t59
07!7-0a0a
2t0a-!t63
Ea-r/a-10-a752-F
ca-t ,e-10-a?52-t

Elt!45
EBTG'5
ca-llo-t0-i tr -F
c4-tl0-Ta-t0l-F
ca-llB-10-?t1-f

06te-L37
!6tB-5rr20
069a-5a?a
c1-t lg-10-a732-F
0,198-5417

ca-rlB-10-a6at-F
c4-t/t-ra-4aae-F
ca-t/a-10-6ar l -F
ca-1la-r0-a6at-F
ca-tla-T0-68t l -F

ca-t /8-r0-2tlt-F
ca-t /a-r0-t6?3-F
ca-r/0-Ta-a15r -F
ca-t /a-t0-tltt-f
c4-t /E-10-ta23 -f
c4-t /a-r0-30re-F
ca-tla-T0-stlr -F
c4-l/o-t0-a7lr-F
!757-0rr38

tr00-e696
50t l-12?a

ictTalscPl
xctTatscPr
EC' 7/tlSCP I

G{7ar s2?rx
D635t tl,r

tt?a-n77?
ti'rc-a07?
tr70-077e

a'r0!n
O'DEI
onoEa
O'DCE
IiRDEt

BY
EY

EY
EY

DESCRtPttt ll
DENCPI'TIIN
DESCPI'IIOII
DEIiCIIPTION
DESttir?tt0N

orirEt
onoEt
OPDCR
(,a0El
O9DEI

r,Y
BY
BY
AY

DESCTI?TION
IlESrf.t I Pl l0l,l
DE$CPtPTtOr{
DE5T,'IPTIOII
DFSCTI?TION

O'DEt
0toEa
OlDt:l
OiDCI
ORDEI

DY
BI

8Y

DEticr lPr lotr
DEIiCPI?TTON
DESfitrPtron
DErrcp I Pt tot{
DETY-IIPIIOII

:rra!?tit?,
Number

c
o oty Doscriptaon Mfr Part NumberMfr

Code

?

2
I
I

I

a

il

2

I
e

I

I

e
?

I

I
I

I
1

I
I

I
I

3

?

aEglSlol ,l0r ltl .ir| CC 1C.0+462
IEEISIOI tlOM .5U OC lCtC+6€?
ictitstt t-rtlll 2t0{ tlr c ToP-aDJ
aEsl6lf 60 5t ?9 CC TCt0r'41?
a€8l8l0l a6a rt .lI F tc.0r-10!

t -rtl{

lEStElm lI ll .lr. f Tc.0+-llo
aEslslol a!0 it .* F rc.o+-l!!
tEsrSttn-mltt lll tlt c f-aDJ t-tnN
tEslliIlrt 47.1{ 11 .lziL F lC.C+-!00
lCSISrd 47.!lI tZ .125U F rC.0.-100

tEsrsrara
tEatsror
lE5r5r0t
aEstst0t
t€ststor

r0!t( 5t .5v cc
t00x 5z .!n cc
iot tl .re$t F
tao tt .t?59 F
20! l, .rziu F

lCra+6Ae
IC.a.OEe
lc-l+-rl0
TC.a+-l0a

tEst6rot
tE6r8r(n
tEststm
tE6r$rot
tEEIETff

ler .lZ .lzf,U F rC!0.-10
!.a7ar .lt ,l2il F tc.0r-5!
!.874t .tZ .lasll F lc.ar-1o
a7.i( rZ .lzil. F 1C.0+-t00
tar ,lu .las! F rc.a.-50

tEstsrm
tEststm
tEstsTtr
aE6tEton
aEsISr0t

44.2t
6,6t r(

6.AtX

tz
t7
lt
!l
II

. t ztr,

.!?lg
,t?Et
. ta*r
.r?lu

TC.a+-100

fC.0+-l!0
tc.o.-r 0A

lElllsl(n l0 5: ?U r(l lc.oi-ela
tg6lsltl ?.7 3t ?I PI lo.!.-r100
l€6rsrm-tlil !l{ toz c roP-aDJ t-Tnl
acftlsTor-ttit ztcx tot c roP-aDJ t-rtr
lEgl6r0n 1.621 lt .l?5I F lc.a+-100

tcstsToa
tE6roton
tC!illlTail
tE6rsl0t
n€stsTot

er lr ,tz!r F lcr0.-t00
l6?t lr .16{ F 1c.0.-la0
a.7il ll .iziu f Tc-o.-taa
5r.l l: .1e5{ F 1c.01-rall
l52l( lz .1231 F lc.l+-roa

aEollton 30.1I lt .125I F tc.o+-toa
lErilsl(n 5.trr rz .1269 F ,c.0.-r0c
lESISron a.7S( lZ .l?5I F lC.0i-l0a
tEslslln t!91( lz .l23ra F lC.!{-r00
6UrtcH-tGL 6ltntt{ aPDt .azA aovac/Dc Pc

lnax'.;FOlllEl-tLYEaC[ Ptl !ND! 56!uHi SEC
XFIIR 

'I'LSE
lEaitxaL
lEnltlxai
I Etit tral-
TCRIiIIIAL
lEatrlraL

rG3T
TESI
IESI
ta.!tt
tE6t

,OIIII
totxt
?0,l{T
?otr{r
.OINT

?CB
?c8
?CE
?ct

TENiIIAL
IEnltITAL
tElnlr{aL
TE'iIII/IL
TEN6I{AL

TES]
T€57
IEIiI
I E9'
tE$r

?or{t
POINT
PO {r
aotxt
torlllr

PCE
?ctr
PCE
?CE
PCE

TEIIiII'AL
TENltTNAL
IF.Rh'I'AL
tE tt{aL
t€ir,[x[

IE t
TESI
IEST
TESI
1Elit

?otrr
POII{I
P0lxr
forxt
POINT

PCE
?cg
PCB
?ct

tE tltat- TEsr Folrl PcB

tc t ritr tTL
IC PL LOOP I'.DIP.P PT6
tc oP axt x-sLEc-aaTE a-orF.n ?(G
IC OP A}tP II.SLEg.'ATE S-DIP-P 

'ICtc oP Ar9 lr-slEu-tatE o-DrP.P Pt6

tc nu tTL L5 n0No6llL DUAL
!C DaVi tll. DUAI.z-IltP
IC OP AhP II.SLEg-'ATE 6-DIP.P PTC

IUBE'ELEGTIOX S(nGE U PTCIT
rulE-ELGClao.a smGE v Ptctp
rut€-€L€cltoN ! nGE v Ptctt
LAHP.CLOS sAD-A 7alt7VDC SlllilrA l-?-trirLD
tanP-6r.fi, EaD.A 70li7rDc :rrarra T-2-EL!E

01r21
atlet
eolB0
!tt2t
zBae0

ao40a
eBrra0
20aaa
243/15

!titt
0l t2t
?4546
e4sa6
aa3a6

2BaOa
44400
?6aaa
?rlla6
26a8t

aala6
aa5a6
2a3a6
easa6
2a346

27167
750a2
2e484
zAaE0
aa5a6

2al{6
ea5a6
zas/r6
e4!ta6

E/1546
2rl5a5
a4sa6
?oaB0

a64An

e0a80
?oaaa

0 0000
00040
0 !00c
a0400
0!t0!

coa0rl
0rl0r
40400
0!iDa
00000

010!l
0!c00
0,i0,
a0!00
0!rn!

00400

ra32rr
?8as0
0a7r3
047tt
Ia?t3

ara95
,l701a
caTta

ZB'Bl|
?E4Al
?aas0

See introduction to this section for orderin* informalion
*lndicates factory selected value
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Beplaceable Parts Model 4945A

Toblc 6"2, 49454 Repbceable Parts (Cont'O '

c
D

HP Part [m
Code

I
a

I
I
2
?-

?

I

r-r.Il'_l:rTrrti:l

caPacttc-FrD 5at F.75-l0t tavDc at
caP^cttot-FxD ialF.75-tol 5!vDc aL
cnPactlon-FrD 5!w+75-tat savDc 

^Lo Pacttm-Fxt lalrF.Ts-ror 30uDc aL

IA6r€l-Lt |{LCL ilo. a .ttl-lx-lD
ECiEL.Ieql a-a! .s-tl,l-Lc lAr{-Ho-ao2l
rur-tct-DE!-ct{att a-a0-ttlD .a5e-Ir-ltt{
sraaaDoFF-tul-olt .I?3-L-LG 6-121110

colr'Eclor-?c EoG,E rr-cor{T/rqa e{llJs
coNt€c ta 6-Plta F FLtt cau-G
coaarEclori ao6t.3 it
c!,crEcroi-rp!EU!{
txDlEroa-ExD r lult tstal
laaDrrctot-FlD tatll r-!01
IIDUCIO-FXD |ltt.-taz
ItaDlrctoa-FxD taut .-tlr
catlE tlE ,a62-.al2E-Dla ,a?t-rD ralL
cill-E rrE .06e-,6e3-Dla .!tt-lD lrYL

6Lttc{-PE DtDt 
^t-tta6 

4a 250vac

utl-ltr/llrl-lED
aer Ac cati-E
att Dc caElE
fAX DC C'ELE

qT5
l62B?
l6?8t
5628t
t6eat

e64Al
e8ae0
aaaaa
tt0a0

26aaa
28a80
2lato
2,4qt
28a80
20440
?8a80
zaaa0
06nll
!6301

FTTTN

z8aa!
?aaaa
eeaa0
ita400

Mfr Pert Numbor

rF.il

aeact
.2tc2
aalct
a2aca

fi|lil
^?!xt!a2alE
a2alta

aaafr
aatJa
A20Il
420.r

^i!!Lla2al-z
a2013
a?aLa
A2atlr!
a?al9a

EIT]'N

a2llll
ae0l2
e2tt3
aa.ta

t:5rT!_Ii]tti]

0ta0-?t55
!180-4a65
atoa-ea6a
ataa-2464

zl9t-a0t?
zraa-ata7
ee6Fa0a?
0Ja0-034?

rzlt-7971
r?fi-alit
t2tt{or0
ulr.itaro
9laa-4836
t!a0-08:ia
ttaa-0st6
tra0-00t6
ral0-aaa9
tat!-024t
trar-a6Ba

4060-rtz,
aatat-6tat o
!rttat-6t6tt
0a9at-6t612

a

a
6
6
a

2
I
2
?
7
?
7,
0
a

I

?!

i!lTr.!:ro
30 Dlll6G!t0 DDlt
!0!6068a50005
taDla6aa DDl
30!6!6G050DDS

?t9a-04!9
2a00-0ta7
??6!-l!aa
O'DEI EY DESCiI?TI(N

t23t-7?7t
t2lr-83t!
r2tr 4aro
t2tl.aarD
9i.f-ao!6
,ta0-0936
9!a0-aeJ6
,tl!-0836
PLrlx-a
?Lttll-8

3101-at€a

3D60-712?
!ata! -6t61a
0a9at-6r6t I
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c
DNumber otv

rri
aarcl
a2lc2
aetc!
aztca
e?tCll

Aet c6
AAICT
a2tc6

aatfi!
A?ICIE
a2lct3
a2lcta
Aatct!i

aetct6
aetctT
tet fiB
A2tGat
aar cat !
aa!cati
a2lcir?

^2tca 
t3

A2IHI

^etllaa2llrt
aetlla

a2t Jt
a?tJ2
a2lJ3

A2ILI
a2 r.2
a2 .3
A2tL'
6art5

AAIL6
A2IL7
A?tL8
A2!L9
A?tLI O

aarLri

^3r!r2A2tLt3

A2llt

aer qt
a2t q2
A2IQ3
A2IQ'

aet tl
a?tt2
a?la3
A?tl/r
,ra la3

aartT
a21to
A2!T'
a?ltt!
Aerltt
aaltt2
A2ll13

a2l ll
A2112

A2IU!
a?llril

aaluz
A? a3

r,rrrITtr
o tao-46c1
0t60-4661
!t6l-ala!
0t60-a!o!
at6l-261t

!!40-e6rl
at6t-0?9t
!16!-0?tr

l9tt-aE7l
tt0t-l97t
t9al-06?t
tt0t-la7t
l9al-l I lg

tt0t-tll!
l90t-l lt5
t9ll-lt ti
rr!2-0r7t
t9!t-0a.7t

Itt?-0t75
tt0l-!87t
ltat-!0la
030t-t6t6
?ttt-aalt
220a-!ta,
??61-0042

t26t-E3t?
12ll-831a
teSi-42/15
t2tl-o2l!
oaaa5"I(,.,
oatat.p'|,
oatal.oat
0't!a6.ooat
oaga.maa

9tao-00e6
9t/tt-t826
9iaa-oEGt
tla0-012t
9raa-4t29

jra..5.aoo.t
ollat.l@.t
groGra2t

t23t-796a
tzJt-vnt
rEyr-0515
rBSa-076a
I ota-0tt6
tat3-0a23

07!7-G!94
473' -0194
a737-C?lla
06to-3r5t
a?37-naat

06ta-lt5t
0757-0e€t
n?l?-439a
0747-039a

06t4. a6!7
06t6-0ae7

1fl26-rC!S

5i60-7raar
506t-7rao
orst-rsl?

,
|,

a

I
I
g
3

3

3
I
3
5

I
I
B

?
3,
I
t
0
7
a
I
5
3
e
I
I
a
!

3
e

5
I
t
0

3

0

5
3
it
0

0

!
0

o
a

I

z

?

z

2

z

il

e
I
I
!
t
I
I
I
2

i

?

I
2

il

I
I
t
I
I
t

a
a
I

I

I
2

!
I

,
I

I
I
I

TTTim q;EE
catacttE-FxD
caDActtm-FxD
caPacrrtn-FxD
GAPACtToi-FXD
CAPAEIIOI.FXD

2.26.80-2at ta0vDc oEl
e.arF {oa-eat toavDc c€t
.rlrf, .-rar ?0auDG toLYE
,ttuF +-t0: zlovDc 

'oLYEtaot F+-202 tauDc ll
caPAcITtt-FxD t0alt+-2ll t0vDc ta
caPactlol-fxD tlr.-t0t lSrrDc le
caoacllt -ttD rF+-ttt 33vDc ra

DroDE-?gr lEGl rSaU
DtoDC-?ln IECI tllv
DIODE-?' 

'ECI 
t5IU

DtoDE-Ptfr 
'ECr 

t5tv
?lnrEr rEctIFtct

2,t
2. ga
?.54
2.54

eSrs
zSa
e!s
23rt

POIG"€CIIFIE'
PI'IE' IECIIFIE'

'OUEI 
NECTIFTEI

DIOlE-Zill !00rr 5l ?D.tI IP.tlA
DtoDE-atl tEct !5av ?.3a 25{a

DIODE-ZXI lolu SZ tD.lI ll-5ua
DtoD€-art tEgt ttav z.ta eii8
DtoDC-SrttcHtllc 60u aaoia ers Do-3t

SPACCR SraaP-U{
uasltEt-Lt llLc! Nl. a .ll!-lra-lD
sctEta-xecB a-a! .i-L-LG PAx-HD-Pozr
tatt-r{Er-DDl--c{Alt 4-ao-lHD .l6e-tr-lrll(
cot{t€cltla z!-rllt F Ftal caalE
ctxtr{Ectm 6-Prl F ELAI caBl.E
corlGc n e-flr i Pollt TY?E
cttaall-uttl- ltr-Lt a-cll a-coNr

GSorE-Cll
crotE-cll
or0rE-cll
crlr(E-cn
cHorE-ch

tSiui
l3st t
9llUH
2t5Un
2tllrH

I{Dltctol 23ltt
txDt cfln 25!ll
clnllE-TtnotDAt_
I{DUCr(t tF-Cll-r{tD 224rfl ltz
lNutctot tF-cH-ttlD z?0u{ 5r

.r66DX.SelLG

.t66DX.IA5LG

CHOIE-Clt 21sull
cr{lrE.cra 2r!u{
ao(tioa ia.cH.Mlo atur ct . raao(iF6r6

coxr{EcTo-pc EDGE tt-cort/toL z-tdrli
coNtEcfitt-Pc EDCE tt -cQxlrnos z-totas

Trar{stElot tFr{ 91 1D.625m, Fl.50Mz
ItAri6l6l(, trPlr 5l PD.loc F1.60llltz
TaaNststot FtaF st ?D.6e5xr fl.30t0r,
IrAx6l6Ta,t PNI St PD.lL FI.6!t&lZ

lEsMTot
aclitst(lt
tEsIST0t
rEsrsrrL
tEsrsTol

Sr.r ll .1e59 F lc.a+-lCa
31.1 !Z .lziu F IC-,+-t!0
ll lt .la$g f lc-ar-ta0
e6.lt ll .l?l!ll a tc'or-raa
100 1: .ralu F 1c.a+-lca

iElirsI0n
acSl9rol
tESlslln
tcsrsroa
tEsrsl0t

26.1x tt .tZlU F rc.o]_ta0
lr lt .la$, F TC.ai-t00
51.1 l? .lzir| F lc-or-t0a
5l.t tz .li5u F tc.a.-lao
,I ,11 .l?5I F lo.0+"t0

lEsrslor 2.162( .tz .t?sr F tc.a+-at
lEStSIol tlt tZ .lzllu f Tclor-raC
lfBtslo llt l, ,125I F rC-0.-100

rrartfmict-PrJEt Fm .-3asoc FloallNc
llArlSaOnltEa-SIEa UP trr: SaUt 5€C:.-100U

lc v r0LTt-9-[r.F-aDJ 3/arlv To-tz Pl(G
tc \r aGLTa-FxD-Po6 /r.$/t,sv ro-ace 6

lU Pt OtG/8Lt
llHI.Bf/rlHI-DLU
rrPG 2?At6 r 3r0u ?t,c 7ll! sirE

f,m
Code

Mfr Part Number

im
aeaSa
26a80
aoil6o
2Aa8a
aBagl

24480
l.,aE
$46?

t2?67
11|969
I4969
la60
2aaa0

a3att
28a80
28440
?ea8t
t29L'

?o404
te969
20.4t

20aaa
eoilat
26a8!
?6a€0

?6481
?oa0e
29/lat
?o4Be

?6a6a
28a00
z8aaa
at.ta
26/r00

?9460
zE:tt!
20a80
2Ar8e
?a4aa

?646t
tl4p
,t/m
araa!
?a{0
aa7t3
a/rz 3
aaTtl
047i3

aaia6
?a5a6
?a5a6
a/rsa6
e4546

zata6
aa!ta6
2aarr6
44546
?6aaa

?6a84
e8a80
a6aoa

EAlrt0
46464

?a+00
2G4A!

?o40|l
2€aac
?0440

r,5lTlT:m

al Sa-4661
0160-a633
at60-a3al
at6a-03!3
ato0-?atl
!180-a6t5
t5aDta5x903sa2
rSoDtttxtttEt?

lEarrat
tE8tt0t
lEstt!l
uEtt t!l
t?at -t I t5
t9!t-tt|5
tttt-!ttl
lt0t-t I l5
t90e{r73
uE6tl03

t9!e-at75
lEattal
tt0t-aasl
t380-t5t9
ettt-!ait
224!-0t4,
2?60-taa?

I ?gt -B3te
l2lt-01t0
r ett -42lri
r25l i&l3l
oata!00a,
oaaa5.dr7
oatartrDa!
0ax6.p a
oaa/ra.6aa

trat-0ai!6
9ta0-00?6
ttaa-0447

9r4a-at2t

Oaaa6rtl(,.a
(rtal.i,oaa
ardnaaa

1?5t-7t66
t8t-7971

riPs-aaa
nPs u-i 0
rl'6a9e
h?s u-60

c/t-t/B-la-5tft-F
ca-t/o-l! -slal -l:
ca-tl8-Ta-ra0l-F
c/r-tla-10-2at?-F
c/r- 1/B-10-r c i-F

ca-lla-ll-?at2-F
ca-t/8-ra-t!ct-F
crr-t/8-T!-lrrr -f
ca- t/6-lc-5rFr-F
0698-la5a

06tE-BAa'
06ta-8417

9t,0-{296

r6?6-06a3
ra?6-ra05

5060-rt26
5!6C-rtzrl
8t50-l5rr2

Model 4945A Beplaceable Parts

lablc 6-2. 49454 Rcphreablc Porte (Contfl

See inhoduction to this section for ordering information
.lndicatrs frctory selected value
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Replaceable Parts Model {945A

Toble 6-2. 49454 Rzplaceqble Parts (Cont'd)

HP Part c
o

0rt70-076t
!zlt-t!eo
ta00-0z/rt
049a3-2042t

7
3
0
I

I
2

I

aDlEslvE Dc 6664 totYu lP ctaLs-rP
Eot{aaEcton z-Pt i ?osT IYPE
caGl.E Tt€ .06?-.62t-Dta .09r-9D taYL
DC CO|{ll ED if,r

Mfr
Code Mfr Part Number

zaaa0
2Aa€!
ldlES
agaga

!a70-0761
t?51-!1384
ILTTh.B
ta9al-a00?t

rirarn
SeG introduction !o thi6 rection for ordering inlormrtion
*lndicat s f.ctory selected value



Model 4945A Replaceable Parls

Tablc 6-2, 49454 Bephceable Parts (Cont O

I]IIIEI]TI]

tr6t-350a
0r60-3ir8
al6a-350t
!160-35!6
cr6a-3504

!r60-35t8
0t6l-350a
0l6a-3500
c16a-tr500
0r6!-35!6

0la0-ca9t
0t60-3t!a
0l6t-3548
0r6!-350A
alaa-0?tl

0t6!-0?91
0i0i-0atl
0t60-3504
0 r 6a-33!t
0r60-3i!a

ola0-350l,
0r50-35n8
0rGl-3itl
r3a0-t?76

,lSra-lera
rr0o-c?49
0a00-000t

r251-83re
lelt-31t9
1?5t-4309

tSla-0e77
tato -x?7?
I flra-0a7,7
I$tl-!t???
lAla-0277

069A-3aal
ea,ta-34aa
!6ttl-34rlr

t:t60-43t5
t360-0335
:t36!-0t24
0364-!,?a
036t-c1e4

G$0-cr24
0360-ar?rr
a36t-0rea

0atas-6101!
!/rta5-5r 0r3

tiltt1-60t7
r ?11-7llrl
t?3t-731!
, ?3t -7i!0
r?tr-7Joa

r ?3r -73110
ri!51-7Ja0
lirEr-4017
retr-af97
t2t1 -i09?

teSl-0!97
t?t1"n0i7
1?51-0G97
r ?Et -6tr7
r?5r-7f,00

r?5r-73t0
reSr-0c17

a

7

9
I
3

3

3
3

I

0

!

?
?
2

3
3
I
3
I

I
0
!
c
a
3
3
3

I
3
3
I

I
I
I
I

I
I

a
5

5

3

t

I
5

,:ra

allct
a2?c2
a?ac3
aaaca
aeect

az2c6
azzc7
e2?cB
Aaec9
aeecto

Azaclt
azect ?
a2ec13
az-.cr rr

A?2ClS

a2act6
azzCt?
a22CrA
aeacl9
a?zce!

aa?c2t
a2?caa
aa2ce3

aea€
A??H3

Az?JI
AAAJE
a2?,rl

AEzRI
a2a?I?
a2et3
a2ata
aaatn

azzt5
a?2t7
az'lt6

a22tIr
AzzTPE
AzaII|3

622tt5

aaarP6
A2?l??
Ae?t?a

a?21!l
azawz

AeaIAl

,t2?lAtl

6?i:!At 5

2

I

1
I
I
I

I
I
I

?

!

5PA{;El-SlrrtP-Irl ,lnA lI lci .?sa Il{ oD
NUt-SHnEt-u-tP 0-3e"T D .0?-tx-tHr(
caal.c ttc .052-.6?3-0tn ,o?t-tD xYL
caollttE|-axD .1ei-lta-lD .25-II-Gnv-oD

cor.t{Eclor 20-Ptx F FtAt caGtt:
corllGctot a!-Pm n aEcTANclrLar
coNN-ta ctPc

POII{T 
'CB?or{r PcD

c+xl PII .0a-II-BSC-SZ 
'X0co{l alr{ .c4-tl{-lsc-52 tr{D

c(llrl PrI .na-r{-Bsc-sz tt{D

coxr€cro*-sGL coNt ?rx
coNt Ecttn-sc1. ccNt PrN
coxr{Ecrot-8eL coNl rll{
coir{Eclor-3cL c(![, PIN

cct N-005t trrE .ti,c-Prx-!:Pi6 sr-ccraT
ctNir-polit TYPC .llc-plr-$rcc t?o-cnx!

NiIT]]-i:I:FIITN

II}IIELD PT CAILEgl[EtD ta caBr-!:

cAPACtt(n-f)tD
cata|:tTrrt-fxD
CAPACITOP.fTD
caPactl0a-axD

IUF

|lrF

+64-2aa
.40-2tt
+84-aat
,40-?tI
+S0-e0Z

50vDc
SnvDc
50uDc
5tuDc
50uDc

cEt
cEt
cEr
cEt
cEa

caractron-FxD
CA'A'tIOI.FXD
catactton-FxD
c4ractrm-FxD

ItF

llrF

.al-elz
+Ea-2az
ra0-202
i0a-ea:
.ra0-?0t

t!vDc
50gDC
ltvDc
s0uDc
50vDc

cEt
cEt
c€R
C€I
cEn

caPActr0{-lxD

CAP'CITON.FXD
CAtAEIla,a-FtD
caPActToi-Fxt)

rF+-t0t ltvDc t,r
ruF reo-202 alrrDc c€r
ruF .oo-ec? 50vDc cEi
il.lF ,00-?02 IIVDC (En
ruFr-rc? 35vDc tA

CAPACITON-TXD
caPAcIt0e-Fx0
CAPACIIOI-FTD
cnPActT0i-FxD

f{-ti}! SlvDc TA
llrF.-t 0t lsvDc tll
iuF '40-?02 SavDc cln

rF +O0-a0a EovDc cEa
llf {80-2az StvDc ccn

c/rlaclron-FxD

CAPACITI,..FXD

llrF +6G-2CZ 50VDC CEt
tllF rs0-2c1 sluDc c€t
llf +00-201 sorroc cEt

€TCOAT-r€S
x€trllrar-tEs
ltETuoRr-tEs
I{CTWIPT.IES

ta-slPz.?r(
| 0-61P2.?X
rt-stta.ax
t 0 -tilPz.2r
t0-tlta.?R

0Hn
orlr
0!1tt
oHt

nEslstot er5 rz
*Est!:ro? 31r, tl
trllilsrfn ?15 lt
rEsrslor 316 tt

.lUgI ] TC.lr-l0D

.t4ts f lcro+-la[

.l?!tll f Tl]=0r-100

.le5u F Tc.o.-l!c
tEetri,AL tf,sI
IETTiII{AI IETiI
ccNxEcTf.{-l:ct
coxaaEctoP-sGL
corrqcl m -sct.

.0a-tx-t'sc-sz n{D
,0a-t{-aac. s7 tNt)
.c4-t -[st-s? tr{D
,0a-Ill-DSC-SZ ll{D

coxl'l-Posr
ccMi-Post
cor{r{ -rost

cor{r{-tost

TYIIE

TYPE
IIPG
TYPC

.140-PIN-SrCG
, r a,-Plll-sP(6
. ra0.Pr{-src6
. t lta-Plt{-EPCG
.140-atN-sfcc

t?0-cor'tt
i!-cotar
tc-cosl
50-cnrT
5a-coNr

cotrx- poliT
cot{N-Posl
cct{ta- PnST
coNx-Ptlit
cct lr-Pat{it

IYPE
TYPE
T Y'E

IiPE

., ita.P {-stcc

.IOG-PIN.STGG

.,0!.PIN.T,PCG

.l[0-flt{-ti|'cc
,I it0-PIN-!,ttG

30-cot r
It-coN'r
, ex-cox I
tea-coxt
120-C(:rT

ctNr{ -Post

cor{r{ -PoaT
EONI-Potit
cor -Poai,

TYPE
!taE

I IPG
TYPC

. r aG-Pl|l-6tcc
, r tc. PlL"a,tt6
. rl[-Pr{.sPcG
,100-ptl{_trpiG
. I lt c -P Ir{ -st Ec

I ?C-CtN I
12r-4orr
I tG-CG\l I
t?x-cGr{T
st-coNr

rrrr,
?8a00
?4480
AB'EO
eBa00
a64A!

26aa0
2Brr00
?B{00
?6a00
zerlB0

lar?Ot
?aaa!
eo/r6n
20400
56499

=a-?4,56209
aBan,
m400
284a0

?e400
z6rrail
4e460

!00,0
a6/r8l
c6la3

E6400
2Baoa
?644t

c l1?l
nttzt
arler
:t l, ?1
0rrar

2n5aar
44546

?4546

t0it0!
000!0
?oaf,c
2f|48C
?044c

48400
to{40
aa18!
E3{60

28rrn0
20n0t

?rr4Ba

eGaaa

2R4Aa

aB40a
!:lr400

?Blt0

2 aaa
e8400

2lr{ai

oeDCr EY of.ntPtPttox
0srG-1210
?LIltr-8

htott EY DEricFlPttoar
otDEa BY DetcelPrrox

i360-nt24
c3..0-0r14

..I] T i'ITR

41r,0"35!o
tr60.tsao
ar6c-35!n
!l6a-3taB
0ta,0-354s

!r50-!s!8
a!60-3taa
0160-35t6
all,a-3506
0150-3500

r5aDta5x9035a?
tl50-3loE
0r6G-3taB .

Dt60-35tO
rs0nta5x90tsaa

i50Dt0!tr?t3tea
ttcDta5x9035Ae
016C-3308
ar6c-33!a
ll50-351S

ar6a-lsig
at60-3sx0
cr6c-35!o

1'4r-e3ta
t?3r-31t9
rtSr-s309

?1CizZe
210eae2
2r0aaea
ztaa222
ar0a?e?

Crl-1/E-'r0-2lSP-a
ca-r/a-10-3ll.t-f
c4-r /8"t0-2tlt-F
ca-t/a-10-3rr'E-f

ct(,[-al?a
4360-!r2/r

c4945-5lCll
0a9r5-art13

lt51-80t7
,25r-7340
tPit-7!c0
,irltr-7300
r?5r-73t0

!?ltr-73n0
l?$t -7lcc
t ?tr-a!97

t?lrt-6097

r ?:tr -?3i!c

I ?5t-730C

c
oNumber otv Mfr Part NumberMfr

Code

S€e introduction to this section for otdering information
*lndicates factory s€lected value
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Replaceable Parts Model 4945A

?ablz 6-2. 4945A Repla.ceablc Parta (Cont'd)

a?!ltt 0a
a25i20a

,:rt

rst;n

Trl.[iFl

aelcl
A?EC?
AESC!
aztca

a?5cll
A?SCI?
aelcl!
aelcta
A2!Clt

a?gct6
aztEt7

A?l,r
Aa5r?

Aettt
425[?
aeSrt
aana
aeSlt0a

ae3&|0?
aealz03
a2!ru3a2
a23U30I
ezll,la/t

a?st aoe
aaila0t
tzil.ta!a

c
D

:rra.'!?1ilr.I
Number otv

I

a

I
I

2

t

?

2

!
t
I

rJ:TIIf,{f{I{il,-IIJ

GAPaCttoi-lxD f, +-?!l a3v!c cEl
ca?acttot-FxD rur +-20t ?3vDc cEt
c^racttt t-FtD touFr-iat alvDc ta
caPectTta-FxD .o f, +-201 tittvDc tEl
LED.LAT
LED-L"IP
LED-LAIt'
LCD-I.AIII
LED.LA19

LUlt-IIT.t.srtcD
LUli-rIT.l.lnCD
LUlt-lIr-t.iltcD
It tt- nat.t . tttcD
LrIt-lxf.1 , ltllcD

lF.alttA-ltax

LED-LAli? LUh-ll{T.l.snCD lFrzlliA-ial(
LED-LA|9 LUn-tXt.t.'XCD lF.ea[A-{AX

ctlrit€ctot 2t-P!ra h ?o5r rYPE
cotr{Ecrd 20-PtN ti t09l IYPE

ctlrtGctot 2a-P t ti PoSr Il'E
lESlStOa 7!{ tZ .tzlL F tE-!+-lol
rEsrstm 7!t tz .l6t F Tc.o+-tto
lEBISlo a.6al lt .le F lc.l+-tao
eEBtSrOe a.Aal tl .i2!U F lct!.-laa
r€runt-tEE t0-9r?4.7t( olrt r t
llEttt rl-tcs
TEITITI.IES
xEtLotr-aE8

l!-StP4.?r( OHr X t
l0-51?a.71 o{t x ?
l0-5t?4,7r ot{i x t

lC El{CDl
lC Ellrcot
tc ExcDr
rc Et{cDt
!c EIC0i

IIL L3
TIL Lg
IIL L8
flL LA
ITL LA

tc EtacDt tll t8
tc ttt ttL L8 r{naostDl aEtatc Dlral
IC FF TTL IB D.II?E ?og.€DOE-Ii IG
IC FF TIL L6 D.IY?E 

'OA.EDGE-"IG 
P'L-II{

ITITT::EO

0ta0-ata7
!160-0te7
al6a-017a
ll60-l1tB
tttt-0673
t99l-4671
t9ta-067t
19ta-a6z!
1994-067t

l'90-!67!
r9ta-06?t

l?tl -:lllt6
i2ll-alaa
l2lr -aatt
oTrr-aaa?
071i7-aaa?
069t-3r!6
0690-3t$t
rorc-aa7t

lot0-0?79
tatl-aa7t
rar0-427t

toe!-?t?t
ltt?!-ztel
raza-2r2r
loa0-tt2l
ta20-2lzt

t8?!-e!2t
raea-razt
toea-t t!?
tg2a-ttl,

!

2
2
3
€

I
I
I
!
3

3
I

I
3
I
I
I
5
I
I

I
I
t
t
I
I
a
7

Mfr
Code Mfr Part Number

lrm
?€aa!
2ea0!
56e69
zAaE0

aEa6a
28400
eBa9a
46400
24400

26484
26/16a

?6aea
26aaa

EETN

?4546
e4546
24546
245a6
0t t2l
atrzt
atl2l
0tl2t

!tats
I | zltt
01295
0t etil
0t2t5

0t ?x'
at ?t5
0tets
c tztl

iITlTIIi]irn

0t60-0t47
0rg0-0147
r50Dr06xt02arE
tt6!-3298

50ga-a6ra
t,0&a690
500a-/l690
i0a2-a6t0
l0a?-a694

5!82-a690
l0a2-aa9a

!?at-4345
t 23t-4346

tisr -oar
ca-t/0-Ta-7!0e-f
ca-t la-t a-?302-l
ca-tl6-ta-464r-F
Ca-l/8-T!-:16rll-F
2toa172

ztaa4?2
2t0aa7a
2taaa72

E{7aL8t40t{
8lrl7aL83aBil
saa74L63aOr{
3N7rtL83aAl{
Sr7aLBlaEl{

StraLS3aglr
8N7r[,6r ?lft
st{74lA7aaX
8r7aL8g7at{

&70
See inaroduction 0o ahi6 r€ction fo! otdering infolmrtion
.lndiclte€ l ct,ory selected vrlue



aa6cto
a20E2a

EN

aeaczr

a2acl
aeact
a28C6
a?ac,
aa€48

.eoct
aa6ct 0
a20ct I
ae6cra
azECt3

aa6ct5

^?0ct7

A2EC22
aaoca3
aalocaa
aa8c25
aeace6

ae6t8g
a?oc2t
a?6c10

A26C!6

Az'lc!'
a?8crt
a280rr!
az€ca2
a20crt3

a28Ca4
a2(Eal
aa6ca7

ailBcat
aeoci2
a2llcat
azacna
a2gcts

a2ECi6
a28ca7
A2@llE
Ae6Ca9
620Cttt

aeott | 2
aaoct r 3
Aeom ia
a?ocn tl
A2ECi t6

A?octt 7
a2€ca t9
azmn61
aaoctoa
az@t03

a26Ct84
A2loigr
azatr
AEOL?
a20tJ
A?6la

AzOL'
ar6tt
a!6t7

4260t
aa€cl
A?NQI
A?EOI
a26q?
A26QE
a?goe
ae6la

c
DNumber otv Doccription Mfr Part Numbor,T,ft

Code

rl]_rTt::.ro
0r6a-!l!a
llo0-!0t7
ataa-304?
!t60-406s
tr 6a-533t

al0!-loEE
lr6l-all7l
0t6a-atrl
0 t6l-2at6
0t50-405t

a r6a-aBs!
0tg0-aret
0l6t-5i66
0t60-5rt9
0t6a-4571

0to0-3417
0r8t-3017
a!60-0t?7
al6a-40t2
lr60-0a05

0t€a-0aat
tr60-0r?7
at 6a-5t e6
lt6l-105a
atEa-t0t5

at6a-457t
0l6a-457t
0!04-301a
!16a-a57t
arEt-3031

0ta0-4171
at6a-!ol2
0iat-a7al
aiSl-40S0

t9ll-0050
1t0t-aa!t0
t90l-003t
t9cr-0050
ltar-0at€
tt0t-0050
t90l-003c
1t0t-!0i0
r901-0!50
5064-2?76

1060-27m
5a6a-2?94
506t-27t8
tt0t-t08e
l90l-0424

rr!1-00!0
r9ar-0434
rg6a-4256
r9ar-0ata
r9[r-0!s0

t9!l-045c
r00ro50
50Ea-t936
ll aa-!r37
i00o-1986
l/r8l-052?
5090-r'73
9t7a-t I t6

30€!-r17
,trl-tau
9r00-25r5
tt 0a-251!

c570-i216
aSta-0301
, aa3 -0431
ts55-0a74
aa70-12t6
c59a-03c!
t205-0rl3l
lo5l-aa7a

,
!
3
5
t
I
a
a
?

5
0

?
a

5
5
z
2
I

!
2
I
2
I
a
a
2
a
3

g

I
I
I
3
3

I
I
!
I
0

a
a
a
i
3

3
S

I
I
I
I
a
I
e

3
I

i

3,
B

5

B

z
2

I

3

I
?

i
I
I
I

2

2
2
?

I
2

I

i3

3

I

2

I
t
I
I
,
I
I
I
2

2
2

lo weir r ouraur

catactTd-fxD t.5ltF +-t0: t 60vac t attg,
ca?tclta-FxD iSalrF+5o-t0z 2aovDc aL
caPAcI n-FXD tl0uF+10-t0z 20avDc aL
ca?actfln-FxD .tuF +-e0: 25tvac(ni6)
ctttctTt -FxD t.5UF .-t0u |6autc(atta)

caracllln-FlD | 0 rF+50-t0u 63vtc aL
caPAcI n-FXD . rF .40-?0t sovDc cEa
ca?acllon-,xD .tuF +6!-2at tavDc cEt
cat^ctton-Fxo a70?F +-ttl ttuDc cEt
GlPactlm-rxD talcrF +00-20u (vDc cEP

c^tactl0n-FxD
CAPACITt,l.FXD
cAPac!rot -FxD
CAPACITM.FXD

.a?arF .-r0t tltvDc cca
t9uF+-tat tovDc ta
.at!0F .-a0z taavDc cEa
.3:IrE +-l0l loovDc toLrP
. tF +E0-202 llttDc cEt

calaclTot-FxD o?tuF+tt0-t oz 6.lvDc AL
ca?^ctt0l-FxD 82or,F+t00-tal 6.3vDc aL
ca?acltot-FxD f, +-20t 6uDc cEt
votD
caDAclld-FxD 1.srF.-ra: 20vDc lA

CAPACITOI-FTD
cA]lacltot-FxD
CAPACITOI-FXD
catacrrtn-FxD
CAPACITO-FXD

t.8rF+-tot eoulc ta
tuF +-eou zgvDc cEt
.oltrf .-ea0uDc tolYt
!20auF+7i-taz 259Dc 6L
tollr.sl-tlz 6!u0c tL

caP^cttot-FrD . f ro0-20t StvDc cct
cAPACIttn-fxD .tuF +aa-eez SavDc cEa
EAPACttm-rXD 2a0tUF.75-lar 6V0C AL
caPActtot-fxD .tuF .oa-aaz lauDc cEr
c^aActtot-FxD t0aF+50-r0z 53uDc a
cAPacIIn-FXD .tUF +Oa-aat SaUDC CEt
votD
caPAcrrq-FxD ,a?uF .-tol lovDc ccr
cAPACrrOt-FXD toaaPF +40-2at IIUDC CEn

DroDE-59trCHmO O0V
DIOD€.ESITCHI G OIV
DroDE-59ttCfltXG e0V
DtoD€-sttrcHtNG oav
DIODE.PSI IECT 

"'V

ea0lta
20aria
ea0ra
20are

ar5 Do-Si
?xs Do-lt
2IS DO-tt
arg D0.35
DO-29

DtoDC-S9tTCtrmC 8!V
DroDE-59ttCHt16 a0U
DtoDE-Sr.IrCtrttlc OlV
DroDE-39ttcr{txG g0v
assY-DtoDE t x/5

e0eha
E'OTA
204fia
ea0ia

2l,5
exs
?[s
?s

D0-3S
DO-31
D0-lt
DO-15

assY-DtoDE I rrs
A56Y-DIODE T H/5
ASSt-DIODE f ll/S
DroDE-rct tEct attu 75]ta Do-et
DloDE"Plt aEcr aaou 750tta D0-2,

DtooE-BtIIEXIX6 al9
DtoDE-6tttcHtrl6 00r,
lXYtlGtot-DIAC taIG
0roDE-89ttctltNc eov
DTODE-SITTIHII'G gDV

20l}ra irrB m-35
aoolta ers ur-t5
IP llASEr?a axi U

e00na ara Do-35
2aatia 2x3 Do-34

DIODE-SIIIC t{O OOU eaoarA ?irs DO.35
orooE.swfoalc aov zo[A 2x5 00.1!
cHoxE ?llutl
tNoUCt(n lF-CrFirD lltH Ei .aDX.aSLG Q=60
icactot-cor{ttcL
PIX-EiC .071-ll{-DlA l.a2-tI-LE STL
l|{Dt CT.rt BUH
CI'PE-SPECIAL SIIAFE FE''ITE E1.EEVE

cott-taA
ADJUSTITG SCaEv O0: .ea4l{i [ .A73I.a
tltDUCIot l0ollll laZ .lDxl.aiL6 0.26
INDUCT(r l00uH 10t .ioxt.a5LG e.a6

slflb-llro-tnD 6-32 uNc-?a .69-D{-LG [n6
{uT-HEr-9/Lr(IP 6-32-tHO .0t4.-r -rU.
HEA' Srl|I r0 -3-C!i
tna s iToE mtsFEt ra-cltAta To.3
srtrD-ID-ioD 6-f,2 Lirc-?A .5t-lx-Lc 0i8
taul-H€I-s/LlrP 6-l?-lHD .094-lN-lr(
llGAt SIXI TO"3-CS
laaxlitslrra )sfE, N-cr5x To-3

'IZIiiI
elEaaa
eo480
26444
24480
m4e!

aaaa0
eo4aa
204e0
26a6a
zBaa0

zgage
aoag0
?o4aa
26a00
2e4At

20a80
za4At
20400
e64ia
s62.|9

!6e09
2E400
2aa8a
20t90
2ga6e

20480
?o480
2E'BO
zAaaa
EAaA0

a64ga
2B'EO
26a60
2Eat!

2n4Aa
204ta
eaaaa
z0aa!
2gaaa

?ea60
a8a6t
?erll0
26484
44400

zaaB0
2046!
e0aa!
29400
2eaea

204t0
?6404
EB/loO
?oa0a
2eaa0

aBaoa
2tal0
20480
ag4aa
2Aa6C
?ga8a
z6.110
2f480

eaa80
?8a00
zBaa0
ea460

?Baa0
a0a0G
EBIOO
EE'BI
?8480
a0 c0!
m46C
2g4EC

SIITETI!
cr 60-5538
0r00-3447
at6a-!!a7
0t60-rrc6t
ar 60-933€

0160-3t3s
0t 6lnrl7l
at6a-4571
al6a-2at6
0l5a-!010

tl6t-4033
0t6!-2791
ar 60-tt66
0t6o-tttt

t t0a-!ll7
aro!-!0t7
0t60-ate7
tl60-1052
lSoDto5xt!20A2

t!0D16lx902!ae
0168-tta7
at6a-ti26
tt60-3014
oroa-3455

0t60-457!
o r 60-at7t
0r00-301r
t16a-a57t
tlo0-l!55
ar6a-at7l
!t6a-0014
lt 6a-/r7al
tlia-0!10

t90t-0050
t9tt-0!50
t90!-0051t
trat-005a
i90r-aaaB

ttar-0450
tt0t-aat0
tr0t-0!50
t90t-40t0
t060-2798

5064-e79O
5060-a7ta
sa6t-e7to
ttat-0!2a
190r-00?6

Itcr-0!30
l9ar-als0
tB64-0?58
t9cl-a15a
1r0r-00t0

1t!r-aa50
r90r.@o0
5060-!936
tr4!-4t37
t060-tt06
1400-a5et
5lto0-1973
tlra-tr r6
5040-i977
,l7a-lzo?
9l a0-?Jl5
9r0o-esr5

lir0-1236
otD€a Et DcscPtPtrox
r2n!-0a!t
1oss-ta7a
!:t70-r?!6
tcrEt tY DE8cRllllol{
r2n3-041r
to33-0472

Model 4945A Replaceable Parts

Tabl,e 6-2. 4945A Replaceable Parts (Cont d)

See introducl.ion to ihis section for ordering informaiion
*Indicat6 factory selected value
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Replaceable Parts Model 4945A

Tablc 6-2, 4945A Replnceoble Parts (ContW

cEt0t3
ItF4CI /O-10- 6t'| -f
cD3t2!t
ca-tlo-10-392r-f
cE6ar3

t?Pxl-a6t?a

3n6a-271,9
rea0-0tgl
r2r5-0!tt
ar37?54
r20a-alEl
l20t-et9l
tta0l2

?r?aaea
2N?22?A
ers06t
lglla-0467
lB34-lao7

|454-0!07
?x?t!74

EBtlaS
EDt04l
cel5r5
cttsrl
CBlt-1466

oBl t-t 063
aot l-t463
cEr5t5
?100-e566
cEa70l

ca-tl8-t0-7942-c
cE&lit3
cBzotl
Glt00i
0gr i-1a59

c4-t/E-t0-taa3-F
ca33cl
ct6s0t
cB6?r5c!l7tt
cE33il
cD4r0t
EE56tl
ca-l/E-r0-!9at-F
c/r-r/6-Tc-t ta3-F

?tac-36e
ca-rl8-ro-tt i 1-F
ca- t/o-Ta-lar t-F
cEetll
cB39A5

cl27t5
ca-tlg-llr-t6?l-F
ca-l/a-10-?atl-F
cBtlai
cBt0rg

cEtStl
crt 0t5
cB33Gl
ca-tlo-T0-!eti-F
2r00-0i3rt

cE331S
ctra0i
?t0t-0it4
ca-r/6-ra-trtt-F
c81523

clra0l
c4-r16-t0-5611-F
cE20al
ca-tlE-la-!642-F
ca-rlo-t0-39?r-F

cEl93l
car 0rt

c
D

HP
Number otv trm

Code Mfr Part Number

aa0q3
aesea
a2aqa
AAET'
aeoqt
A?0(l!'
e?ms

A?AO7
42006
A?Oqt
A?EQI I
aeaqtt

a?aore
aa€{80
AA'QAI

A28ii
aaan?
AAETI
a88i/r
AIAl!
ae8i6
aa617
a28i | 0
aaolt 2
A?AI I I
aafll4
az€il7
aealtS
A?gr2!
aeSl?t

ll2gte2
aaale3
a?atea
aa€te5
ll2at26

az'in??
A2III?B
aaorat
A?Bt3!
ae6ltt

a?8t32
aa813J
446f,34
ae€lt3
A2Bt35

taBR37
aaotSB
az€t19

aaglal

aeafia2
A2gla3
a?ana5
a?8ta6

aa6Fag
aesia,
azt,a!a
A?OI5I
Aaat!6

a?0437
atBl!8
A?8t59
ae8la0
A?Ot6t

AAEI6?
a?sto0
aa618r
a2€io2
aaEt83

ffi
lEI:fa

l!60-271,t
teaa-0t61
tea5-039t
| Et54-068it
t?c0-tlot
t205-019r
tots-0/r6t

tB6a-aa?7
tESa-047?
t€ea-020t
lalr-0!87
t 6!1.-00a7

tasa-04o7
rotil-048r
1Bsa-0!37

06a6-t0a5
06e6-r045
!68t-t5il
c663-ril5
aol t-t a6a

ao! l-1063
06it-r 061
0603-r5r5
2t ll-0!t5t
066!-4743

on?-4J69
06a3-8211
06lB-ecl!
o6at-t0!l
as -t ott
a?3? -a17n
a68iI-0335
a66a-5ett
ta€t-6?lt
!r,63-a,3

06i3-I3tl
0643-a7al
aarol-56t5
4737-4113
0717-0466

4603-rcll
a7!r-o27a
a6a&lt?s
a7!7-0att
a6a3-580S

erla-r6e
a7J7-aala
o73?-O?rt
4663-2001
068!-39?5

a603-?rrl
a76r-o47a
t737-n2?a
066!-rsaE
0aro3-r ltt
0609-t3ts
Ca,0l-lll5
066it-0331
0757-0a03
etaa-035a

0583-33r5
068it-tol!
2l0a-4314
07!r-0a13
0683- r frzl

0693-1403
o?t?-aeaa
t6st-e0?l
0?a?-aaa7
4757-0ai!

0r,e3-3915
!60!-t at5

TPPtt-a6te4

I
!
I
I

7
7
a
3
5

3

!

I
z
?
I

o
6
3
I
a

I
I
t,
z

I
z
3

0

E
t

!
2
0
3

I

?

3
I

?

?
2
I

3
3
?

3

I

?

I
e
a
I

I

2

I

I

2

?

I

z

I
I
?

I
I
I
I
I

?
a
?
I
I

3

t
I

I
a
I

t
I
I
I

t
I
e

e

?

I
I
I

I

I

a63t-x8lt t H/3
rrslrLatoa-xsrt iYLota
HEA! SlNr sCL ro-t/to-lt-C8
ll..aSISll,I llPll aN372iA SI lO-19 ao.lu
txetLATm-xsTP xYLot{
EAr Sr{X sCL rO-5/tO-39-C6

TPAISISTOI PXP TO-19 PDtrg FTE100i$12

Taall3lslol Pll ?I???aA 5I tO-tA ?D-saois
TIAISIS'Oa xPl{ ?I?e22e Sl ,o-t8 PD.llChll
r{YtlSlOn-SCa TO-9e Vlalt-64
laalslolm NPI Sl PD.36!n! FT-73XIZ
rlArlBrsloa taPI sl ?D.36axta ft'75t{lz
Taat{srslon xPr st rD.?60}tr FT.TiFlrz
llAxslStot ?xP al.a9!7a 6I to-to PD.alalx,
Ttax6l3lot xPll Sl PD.36ahL FT-7llr}lZ

lEsrsloa
rEstsrot
aE3t8T(I
iEsIst0P
tEststot

l00I 3z .!s Cc lc.a+oBe
!l0l nt .$, CC lC'0.AAe
lsa 5l .alll FC TC.-4!a/.6!0
!10 SLa5I aC TC.-a!0/+6aC
,a7 toz ec ?r rc-0.-304

nEslsroa a7 M 19 lu Tc.o+-lso
aESISTIn 47 laA l9 Pll rC.or-lla
nEststoa t60 5z .?u, ac lDi-a0!/{640
tEErsT0-tant ton laz c toP-aDJ t-TaL
ICSlSlol a7 5l .ZSU FC lc.-aaC/+saC

aEsrsro
tGglsrot
t€Br016
tEstston
tEslsre

?lt 2l .te$r F rc.!+-loa
82 tt .?3U FC rot.aa0/r504
200 5t .259 Fc tc.-404/r600
r0 iZ lL CC ICr0{/rle
ll lZ 5! ?g Tc-o+-aao

tEStstoi
aEstsrot
nESrston
n€atarn
rEStstot

16al tz .tzir F rc.or-t0!
3.3 lt .ztr Fc rc--400/.loo
6a it .?Eu fE fc.-rll0l]50!
6?0 tt .a5ra FC lc."a0a/+600
a70 lLeEI aC tcr-a00/r640

tEBtSt(n
tc8taloi
tEststo
iEst6tot
a€8t8rot

334 5t .219 FC lc.-400/+l'00
a7 5l .23L FC rC.-aO0/+1,0
56a 5l .219 fC rc.-a0a/.600
39e tZ .leig F lc.0r-10!
lM lZ .li!5u F lC.!.-100

ncstliroa
tEslstot
lEErsllri
tEstsflr
iEStlil0t

rao 5I .?5I fC tC.-404/15,0
6.19t lt .la5u F lc.a+-l!a
!.91 3z .239 FC lc.-/til0/+74!
3.9at tl .talu F tc.a+-t!a
6A iZ .231 FC Icr-a0t/+500

tE6t5 r-ttrn ll( taz c ToP-aDJ t-Tlrl
lEolsTot 3.tll( lt .t?lu F tc.0]-la0
aEElSTlll l.atl lt .r?$l F tc.a+-t00
lESlSlOt ?! 5Z .?3I FC lc.-aaal+1o!
aEsrslol !.rr 32 .2i9 Fc tc.-a00/+700

rcStstoa
lEsrslol
ncststtt
tESrsrl
tE5rsr0t

270 lt .elit Fc lc.-40!/+40!
16?I ll .l?!tu F tc.ar-iaa
2/r9r tt .125U F lc.l,+-l!0
l.!{ l, .?5u fC rC.-a00/+700
laO 3t .?.51 FC TC.-400l150!

aEststm 3la t7 .etu Fc
tcSts tl tat 5, .?it Fc
aE6tslm 3.3 5t .ellll FC
tEstlitot tel t, .r25u F
tEStsTo-Itnt 5!0 lat c

lC'-aa0/+!!a
TCc!i-t0!
IoF-aDJ t-tatl

rESt$On !30 5t ,?irl FC Tc.-a0l/.rr0a
t€8r3ro l€ 5l .e5u Fc Tc'-a0a/+100
tEstsror-Ttht 51, tlz c ,@-aDJ r-TPll
IESISIOi lat lt .12$l F lc-0+-t00
rEsrsror i.!r 5z .2su Fc lcr-a!o/+7!a

nE6lGt0n
tESrstot
rEatsrc
tE6rsrm
tE3!3100

lO ll .?ttl FC tC.-a!a/.!0a
3.62I l: .r?59 F TC.0.-1,0
et 5t ,e5ra Fc tc.-aaa/rroo
t6.?l( l, .iaiu F TC.t+-l0a
391 ll .l?5I f lc.a.-rao

tEstslot lrr 5l .?ir Fc lc.-aa!/+El!
aEsrsrol tao 3z .25U ac Tc.-ana/.500

6U-rl€ti 00c

?aaB0
aaaa0
?6140
01?l,tt
?6a80
aB48l
0rl7r 3

0a7t3
047t3
0/t7t!
20a00
2At6a

26400
0471t
20a8c

!t t?t
0tlet
ar tet
8t tat

aoaa0
aBaaa
tti2t
26aal
0t tet
245a6
art?t
ol ral
,tral
eoa8a

2asa6
0112t
0t t2t
0r tet
0rtzl
0t le!
0t t?t
0t r?t
?a!t6

0t!?t
l97tt
0r rzt
44546
a1t2!

48400
21146
ea5/16trr2l
0ttel
0tt2r
ea!a6
e4346
att2l
0t !2t

ar tet
0t 12t
!r t2r
a4!!16
?oaaa

0r t2t
0t tel
?a/rt!
?4546
8t lal
at t?l
Arl5a6
at tat
2rlta6
aa5a6

!ttzt
0t lel
ELTFti]

6.72

See inttoduction to thir section for ordering infotm.tion
tlndicrtes frctory selectad value



lq:-.rD

aa,Er!
a2€r2

a?qrt
aegle
aeqrS
a28lta
a2ai!

A2IU6
aaqr6

^?qnAEA'B
a2arE

a?81rlt
aaartS
ae6l,la
a2EVti

^e6vl6

^e8ra,teEln9
azovtt 0
aaalnt0

^26WAr
AaErrr8?
Att\ttt
aagu2
AEAE

c
omEiTtltt Deccription

la80-tt!3
63!ll?-aa|9t

l9!6-4e37
t90a-0217
5C6a-2gta
rai!a-0r6r
t62A-l6a!

la0i-t0aa
t€26-43t3
t99l-054t
la!0-t oaa
to2a-ota7

t9ta-463a

r9ta-3a'5
r9!e-tlrt
l90z-ozrt,
tto?-a7rt,
l9oz-o7n

t9o2-a??9
r90?-048a
tt0e-32ta
r90?-4000
t9!2-atea

rtl?-0ta2
raoit{ta!
o?ar-aa?a
4737-Oaea

0340-rt7l
0aat-0?42
lztt-0679
t?lt-atal
t310-attl
alttl-4001
7t2l-aE5t
Ttet-asl3
etet-?a6a
65t!E-a00tt

5t?0-26t8
2llOG6a
2i ro.oeil

5
a

a
a
7
?
0

I
6
I

?

6
?
5
S
I
5
!,
!

I
?

?

I
6
0

I
3
I
6
I
I
!
a

I
I
2

t
I
!

e
I
I
I
I

I
I

z
I

2

I
2

a

?
I
I
I
I
I
a
I
I
!
I

I

xFto-DituE

DI0DE-FI ErD6 6a0V tA
DIODE.CI IIDC 6O'U IA
asSt-PcT/H8-TOI
IC O' AIIP GP qUAD III-DIP-P 

'IGtc v tGLtt-v-aEF-ADJ 3/30v to-t? are

Cltt-StllLc !.Ae ti lli a.50 ll. ili a.022
tc v acltt To-e?o
oPTo-lSoLATlrl LED-Pxslt lF.l5aiA-nAx
CllP-Sttlllc 0.Aa lN {, 0.30 IN U, 0.0?2
lc t3, !, tcLtt lo-22a

OtIO-tSll(aTm LED-'XSTa lF-3tha-ial
DIODE-ZXI
DtoDE-Zrt
DIoDE-Ztt
DtoDE-Zlll
DtoDE-zXt

31.2V !Z DO-35

tt.ev lt Do-it
lt.0v 3r Do-rt
tl.6U 3l DO-15

DtoD€-zrt
DtoDE-Zr{t
DtoDC- rt
DIODE-ZIII
DIODE-ZIP

lt.
t4.
ta.
ta.
2a.

tv 5z
?v et
ar, 2z
7V Zt
5V 5Z

m-r3
DO-!a
DO-31
DO-ta
DO-3S

DIoDE-zlla za.W lz Do-$ lD'.4I
UODC.:xi l.av l* m{l ao-.aw
lEStSTl, l.lI ll .l23L F tc.ar-|0!
lEElglOI l.lll l: .lalg F lc'o+-lea

{slJLAtot ItIiEX-tYL-t?t
SlriPEa Foot-aDH rtc !a.7-ii-r!
corl^Gt-coxx u/F?o6r-rrE FEn ciP
c{ritNEcTtn z-Ptit F Ptst TY?E
FAilErlcl-3raAa-lr{ )tlrl liul-ExlAlslotai Fol

sctEu-riacH 8-te .l7l-n{-Lc ?ar{-HD-rflL
LaIEl.-ralltrl xG t.rt-m-9D e.5-lI-LG Ptt
LAEEL-IXFO ID
caBLE- l,lrstLt zaAtc 2-CIDC! Ul-tala
cHassrs Hs

.CB.6OI'I PFET
n lcllotDa!"GFll s(I !A r2av

tlm
Code

Mfr Part Number

?8480
2ta60

24440
el.B0
zaaa0
0a7r3
aBae!

eBa6!
tTnta
0l ?'!l
agaa0
270r4

21972

20aaa
?Eal!
28444
2E'Ell
2B4At

T,rrtril
2BaOl
?e480
aBaal
?040a

aoa90
aaaa(,
?rl5a6
2/r!a6

aoag0
aaaae
20aa!
ao4la
26ala

00044
76!At
?8a80
aatg0
?ia6c

e0a80
2t4,0
U&

5ra0-r933
615!2-A00tl

!906-!?37
l9a6-a297
5060-?Ba2
ltLhleat
t826-06a3

ra00-taaa
Ln3r7r
lrLtt6
ra00-t aa4
Lt$37t

cxY 2t

t 90?-!?tl
t?!2-r3/rt
tio?-07?9
ta72-o??9
190?-47v,

trTz-o7?,
lt02-a060
rr0?-3?ta
tt02-0040
t9!?-0tE?

t9c?-it6e
raoz.oaaa
ca-tl8-T!-tttr-F
ca-l/6-la-tl0l-F
03aa-t07t
0ali3-0eez
I i!!lt-067t
telt-r[al
13t0.051S

oFDCt Et DESCttattoN
7t0t
Trat-a3rl
5t20-ea6a
65rC0-00cal

5020-?6ta
2r ro{6,a
tr ro{a6t

Model 49454 Replaceable Parts

Tabh &2. 4945A Replaceable Ports (Cont'd,)

Se€ introduction to thir r€caion for ordering informrtion
rlndicatE! factory s€lected value

679



Beplaceable Parts Model 49,15A

Table &2. 4%5A Rephaeable Parts (Contd)

a?9Ct6
a29C37

rYrl

aatcts

a2?c59

a?9c!
azra?
A'9CE
aetct
Aa9Cr 0

a?tctt
aercr?
aetc! 3
a29C!5

aatciS
A29C2!
a?rc8l
A2rC22
aetcaS

A?9C2a

^etc?la29C26
aatcaB
A29C?t

a29C!0
A2tCla

ra9c39
aa?ca0
aetcaa
a29ca3

Aa9qa!

aa9c3a

Aa9Eat
az9are
a?tct3

A29Ct3

A??C'B

aa9cate
aztct t3

a2tctt 5

na9mla
A29CtA'
Ae9Ct6e

AE9le

Reference
Designation Number

:IITTr]'E
0 ta0-slJt
0ta0-4065
n I Gl-lsla
0to!-30!t
0l6a-alrr
0160-asrl
at6a-?4t6
att0-0,14
at 6a-aElit
atB0-276r

oiaa-316d
0150-3rit
alGt-as?t
iro0-30t7
nlia-!c3?

0160-01?7
0r$-00le
0to0-4405
0l8l-0al!

0160-lt?5
0ra0-3034
0t80-t0llt
0t6tt-at7i
0t6a-437t

0t60-alr,
!r€l-105a
0l6c-rti7t
0l8a-30E6
0t6t-at?r

0 r5!-a0t?
0r60-457r

cr50-4054
0l6l-1047

rtBa-30a7

rtar-lat0
1r0l-4r50
t90l-0!ga
1t0t-0rto
l'r0l-0024

t9at-1c50
r901-005e
rr0t-0050
r90l-005c
5a6C-2796

5460-a7tB
i060-27'6
5054-4794
190t -0t28
1901-0a2e

rr,t-0050
r9at-0030
lasa-125a
l9at-0c51
r9ir-0!50

1901-0aEa

erra-031a

2rta-053a

500c-r936
tr 40-0137
I rll!-0Ee9
3000-197!

'r 
n0-e3t5

9104-2513

c
D otv

I

z
I
I

I
2
t
I
t
I
2

2
3
2

I
z

t

l3

3

il

?
2

I
I
I
I
I

n rTr_lT,Ir,iIrn

CAPACIIIT-FXD
CA?ACIIOI-FXD
caP^crtoi-FtD
c^Plcttot-F)(D
c,lPaott0t-FxD

t.lt F +-t0z t6lurc(ans)
.tuF +-?ll ?!ovAc(Ih8)
i.suF .-t!z t6auac(4n6,
tDoltE+lo-t0z 63uDc aL
.lUF +80-?02 IaUDC CCI

c^rtctrot-fx0
caPaclrot-FxD
caPActrot-Fx0
caP^ctrol-fxD
ctPActtan-atD

,ttF +60-att 5o9DC cEt
470?F +-lat trvDc cEP
tDaotF +80-elz fl(voc cEl
,0241f, .-t0t laavDc cEa
39UF+-taZ I0VDC lA

CAPTItO'-TXD
GaPACtta,t-F,(D
caPactt0a-FxD
caPActloi-FxD
CAPACITI,l.FXD

.attuF +-aoa taovDc cEt

.3!UF .-t at t0lvDc ?ol-l?

.tuF +a0-202 50uDc cEt
azouF+t0!-!0, 6.3uDc At
a?aw.tao-t0t 6.3vDc aL

CA?ACIIO'-FTD
caPActTol-Fx0
caaacttot-FxD
CAP'CITI'I.FXD
cAPACIlta-txD

tuF +-202 23vDc cEP
.051f +-ett 4oavDc cEa
t,otF+-ltt 20vDc TA
t.aJF.-t0z e!u!c TA
luF +-?02 ?suoc c€t

cAtactlol-fxD
caPAdttor-FxD
cA,Actrot-FxD
capr'EtT0a-FxD

.039tr .-t!l aaavDc ttEY?
220auF+?3-tal esuDc aL
t olrrf+ta-laz 6lvDc aL
.llr {€!-eot lovDc cEa
.ruF.aa-2az tavDc cEt

caPAcIToa-FxD .ttf, +6!-202 lilgDc cE*
caPAcrtoa-FxD a200lta+75-t 0l 25rrDc aL
caPActrot-FxD .luF +at-201 5lv0c cEE
caP^ctToi-f xD tlalL.tl-lal 6lvDc aL
ca?aclTm-FxD . t +o!-aat lovDc cEa

c^ractron-fxD
caPActTol-t)(D
CAPACITOi.FXD
CAPACITOT-FXD
cArActton-FxD

.05lrF +-aat aoaulc cEt

. f .6!-a!u llovDc cEa

.?zrrF +-l!t 5t9Dc cEa
tlaoPF 16!-201 tlrrDc cEt
t30t F*50-l0z 2!!uDc aL

EAPACtlOt-ttD t30uF+50-t al 20lvDc ar-

DIODE-6llITCTII{G OOU
DIcDE-SrtttltlNG 60v
DtoDf-6rtTcqtxG aav
DtooE -oglrcllrr{G 00v
DtoDE-Pn aECl 4a0v

20axa
a00lra

z s D0.33gr! ut-!t
?r{0 Do-ts
?xs Do-3!t
Dn-29

DIODE.6rllII,:HII{G BNg
DIODE-BtllCrlI C ACV
DtoDE .3tttcl|t]lti olv
DtoDE-SCttCXtrlc AoV

e0!lrA
20![A
20lha
2a0aA

.r[3
?xs
:tl{8
exs

00-35
DC-35
D0-35
DO-t5

ASSI-DIOI'E + T/5
assY-DtoDE A ll/s
AIiSY-DIODE A H/S
DtoDE-Pti t€cr arlu ?Ea}ra Do-zt
DroDE-Pr9 aECt 4CaV 75!tA D0-a9

DIOOE.I,tlI'I:HING OOU

DIODE-6I.IrCHIriri gov
rxYntsta|i-DrAc r0tG
DtoDE-SnrrclllNG oov
DtorrE-SutTctrxG alv

zotlta.4trs Do-st
200hA ers Do.3!t
!P ?lrL5C.?a hAX, V
aaolta ?Is Do.3t
2!axA ?ir8 DO-35

DroDE-S9lrCHt{G B0r' 200}tA ers Do-31

Fri$E lt.75a f tcn2
TUSEHoLDER-8IPIN Sr(T 5A rat V
FUiE r.75A P tCO-.
rustmlDct-Flpt sl(r 3a 123 v

cEoxE ?3!trH
tNDtrcToa ta-cll-nlD rltH 51 ,?Dx.asLC O.ao
ttN-!,so .a7r-lx-Dla r.aa-l{-LG sll.
lIDlCl.,t gtltl
CTIPE.SPT,CIAL 6IIAPE FEPEII[ SI.E6V€

lxDrrctirt tarult r0t .tDxr.??.LG Q.?6
INDUCIm toGU{ 101 .lDXl.?,51G Q.?6

a

3

I
€

e
2

5
!
t
2
6
5
5

2
I
t
I
e

0
e
J
B
a

g
z
E
I
B

I
B

3

3

3
3
3
3
5

3
3
3
3

0
!
a

5

3
3

3
3

3

a
I
3
I

t

m,
Code

Mfr Part Numbel

tiEI]
aBaa!
ea{8!
e8/r8l
?aai0
?6444

?B4At
2ga8l
zoaa!
?8aBl
20/ta0

eB40!
242la0
?Bao0
aaaa0
29a60

28400
?Ba0a
t62at
!6a6?
26a40

?o4aa
28400
eaaal
eata0
esaol

2A4aC
aoa60
?6at!
eaaSa
?aaa!

26444
2!taa!
a8480
2046!
26440

EIiNTI

?ea00
?€400
a64AC
20atl
ea40l

e0ata
2648a
?ga€0
aE46l
20rtt0

28aA0
eoa80
e6aaa
?.8a80
ao4aa

2038!
zgaoa
?oaBc
?0aoa
aSaat

4in
zBa0!
75915
2A40!
73913

?6a60
20460
2F4Al
26a€0
2gaa0

20440
?s4ea

3T]iT!]E
0r 60-ltEa
!t60-aa6t
at6!-1636
0150-3053
ll6t-al7t
0taa-a571
ar6a-?496
!t3a-00t0
lt6a-aall
0t60-a7Bt

0t 60-5tc6
tt60-tlt9
ot6e-a571
ll60-301,
0r6a-t457

tl40-0t27
atSa-a!!ta
t5tDt63X9ae!ae
tl0Dto5r90?aAa
,r6!-at?7

at6a-lle5
0t8a-ltia
troa-!l!l
crga-457t
tr60-457t

!t6l-a17l
0t60-ta5it
!r6a-a57t
aroa-3!5!
0160-ai7l

at5!-c0t2
tr50-a17t
Gr60-a7at
31t0-0030
ato0-lca7

!la0-30a,

ttal-a150
t9lt-00i0
l9al-aai0
l9!r-0050
l9nl-!a?O

rt0t-orl0
r90t-ta!0
lTtt-0cio
tt0i-0!ll
5460-2794

506t-279i
5060-?794
30,,l!-?794
tr0t-0048
tr0r-taea

tTlt-0t50
t90t-a050
tgEa-02t4
tt01-a050
i90t-0t !10

t90t-ae50

28r045

2Ar0at

5040-1934r
tt a0 -t t37
r46!-05!t
StBO-r9r3
9r70-tt l6
9r a0-e3r5
tr0a-21115

*74
See inttoduction to this s€ction for ordering informrtion
*lndicates factory s€lected value



ae9Ql
A2reli
!r5fl

Az9Qi
A?ret
Az'Q!
aetet
AA9Q2
A2NE
a?r0?
A?9QA

a29qt
aetea
t?toa
A2tea

az9g7
A?9QO
Aarqt
AE?QI'
Ae9etl

aztQt2
a?teEo
A?9qAr

aattt
a?913

.r2i,47

a?9tt0
aztart
az9tta
aa9al e

,re9lt a
A?t at,
aettla
a€9ta!
ae9lzl

A29t2e
aette3
a?raza
a!tteE

a293t
aetizo
a29129
aa9t30
a!9I31

a?9a32
AE913J
a29tta
Aa9135

ae9R37
A?"!B
Aeta39

ae9tae
aztla3

A?9I'A

aatISa

aa9ll5

a2rt58

aatla0
aert6t

aItl6e
eztaol
AI918r

^?9rae

c
DNumber otv De*ription

a170-tal6
a59a-0300
1203-0alt
lElo-047?
al70-t236
cE9a-a30!
re03-043t
tolx,-0a7e

taLo-?79i
laaa-0r81
t2l3-039t
tgla-0687
t200-0tal
ta0$03t1
rs33-0449

! ll!,a-0a77
laSa-0a77
ItlEFOeat
r o34-0!47
toSa-0487

r s34-0t47
I ttltit- 0itol
r0ta-4047

0683-i5ti
0ar0!- lS15
0l,ti-r066
081t-t 061
0t,tt-iGC3

06al-!6ri
0a'06-10as
0ca6-1045
et |l-0!t66

o77?-4i69
06a3-e?t3
a66t-acrs
0589-tncl
0tiltt-i0s9

0747-n470
aarol-0335
06{13-6403
0f[3-6ers
0683-a7rS

c6t3-3J15
o6al-470t
a6at-56r5
a?a1"rati|
07t -0466

a6g5-t !tt
a7!r-0?91
a6a3-3925
a7!r,-0436
06.|3-64C5

?tl0"te3a
a757-0494
oraT-0273
a60!-2!43
a6at-3916

r6q!-27t1
a?47-n4?a
0?47-J27'
04,43- tles
0663-r 0ri
o603-3lts
0643-10r3
!601-013!
c737-04t3
zraa-05!a

!tta3-:i315
0(,0l-rBll
2rt0-055a
c757-0/r03
0603-rs23

0683-1803
0757-lt2Ct
aa,63-406

O7S7-0413

5
?
a

5

a

I
5

!
I
9
9

7

a
3
5

5
9
s

?
2
I
a
a

3

I
o

!
I
?

z

3

3

!

a
I

,
5
e
0
3

3

3
1

3
I
a

3

I

e
a
?
2

I
2
e
I

il

a

I

t

a

I
2

I
z

I
I
I
I
I
I
I

z
a
I
I

I
I
e
t

I
e
I

I

I
e

2

2

I
I

atuD-flrD-toD a,-32 ltrc-?a .5t-tx-lc 116
NUt-HEX-9/Lttp 6-3?-rHD .ata-tl{-rH(
HEAT B[{( IO-3-C8
Ttalstsrm ,stET ra-cltaaa ro-3
6tuD- rD-aoD 6-32 rrrc-2a .59-rlr-fc Dr6
rut- Ex-g/Lrun 6-3e-tHD .o9a-ut-tr{
HEAI Slill( ro-3-[s
Tf,Ar€Ior(n l8 ET X-CrlA tO-3

essY-x8tt f, H/a
trast LAllr(-xsra {lLoI
tcat slM s6L ro-5/To-lt-cs
lnAxslElm I?x e 37aSA SI rO-!9 PD.!U
tl{6t Latara-x6la xYlor{
llEAT Atxl 6Gt tO-!/tO-39-CS
laaxslE 0r lxa lo-39 PDrrs Fl.1!0ilr2

rRANStSlm raPI a ??eAA 6I fO-16 ?D.laoig
TtAt'SISlol liall ?l{222aA Sl lO-lO PD.sllltl
lXYllsrot-Eal lO-94 Vlllt-6a
Taallslglol liPll 3l ?Dt36alru Fl.75ltHZ
rnAISlSlo llPll SI PD-!60ltg FT.75|IHZ

laal{sls1ot NPi{ 5t ?D'36!hL FT.TlhttZ
TiAISISIOI lllP 2llet07A 6I lO-rB PD.aoali9
laANEI6l0t llPl{ SI ?D'36air FT.73lrHz

aEslotoe
tEstsrrn
aEStsrot
a€6I3tOt
tEstStot

150 Sl .eil FC lc--a00/+630
l3l 5l .zEL FC IC!-a0a/+604
.a, llZ eU Pu fc.0r-300
a7 ltl ll. ?s TC'!.-150
a7 ral lr Pg TC!ar-150

tESISlrra !64 llZ .258 FC ICr-a0U+6r0
IESISTOI taor 3Z ,5lt CC lCEa.88?
rE6trir0a t!r0t lz .5u cc lcc!i86?
tEsrsror-tttll tan taz c lo?-aoJ l-IPtl
tEErBTl}n a7 it .?ill fc Tc.-.tac/+5!0

tE6tlitoa
tEstail to
aEsloroe
aEsIsTtt
tEsI9ton

751 et .lal{ F lc.a.-lao
A2 5t .23s FC Tc.-rl0!/li!l
2c0 Sz .eiu FC lc,-a00/+6ao
r0 il iu CC tC.!.ar?
15 5z 5ll aI 1C,0.-a00

tcstlirrll
lE6tsrol
tEStSroa
lE6tETOI
nEsl6't trt

r6ex ll ,1ei9 F Tc'o+-lac
!.3 iz .al Fc lcr-ao0/r5ao
60 it .?gt rc Tc.-a!a/.5tc
6?0 5, .e$l Fc lc.-aa0/+60c
^7t 

al, .?SV fC lCr-a00/i6AC

IESTliTOP
aEstsTtll
aEstsToa
tcsMr(lt
tEsISTOi

330 5t .?3U FC lc--r100/+6aC
a? al .Ev Fc Tc.-rt00/.!!lo0
!6! 5z .?t9 FC fo'-400/.6cc
3te lZ .t25L F Icro.-l0l
tl0t rt .r25U F rc.o+-li0

tEstBl0t
tEStstot
rssttiYon
aEslsrrr
FE9rtiI('a

ll0 iZ ,?3u fC lC.-a!!/+540
6.19r l: .l?!lu F 1C.0.-l!0
!.rt 5U .6u FC lc.-4aCl.7!t
3.9lr !Z .la5!l F rC.o.-l!0
,'A il ,?!tl FC 1C..raC/r5!C

reSrorot-rtin 5r tot c ro?-aD, l-Tnr{
lE6lair(lt l.lrr( lz .lzil F TCrl.-l0C
lEBlSlOt 3.crr lz .le3U F tC.o+-l0a
RClilSrOI ?a il ,?'-r| aC lC.-rllJ/r5a0
iEstsrot 3.9r tz .25t4 fc rc.-a00/{7ca

iEStsi,rt
tEstsIo,
lGSrstoe
tESlsTot
lESI!irOi

a70 5t .z3I FC TC€-a0r/{64!
l5et ll .t?su F To:o.-rno
?a9t l, .tasu F rctir-laa
l.ltl 5z .?iL FC tct'a0c/r700
lnl 5t .6L FC lC.-a!l/iEo,

tEstlitot 330 5? .?5{ fc
P€6lSrnD rct 5l .?sL Fc
tcstsrot 1.3 st .e5u ac
l€slli'la{ t2r 1z .r?51 F
nEstsloP-T9xn soc taz c

lc'-a0c/rlaa
TOi-AD' l-T9tl

nEslliroa 330 iz .?iu FC tC:-400/{601
lC-slsTot la 5l .a!u Fc lc.-aa0/r500
nc6lrir,I-t lt snt tlt, c roP-ADJ t-Tat
lESrSl'Ot iet ll .145!a f tc-o+-l!0
'ESISI(rC 

r.'-X 3Z .eltg FC ICt-rn!/rrJ!
tEstslot
tqslSrrl.
tElirSrot
t€5lsT0t
IESISI

i0 5t .e5u Ec rc'"a04/r500
5,$?x 1l .l?!r9.4 IC.0.-10,
21 3I .25u FC IC--al|a/.7Co
t6.ex rl .12iu F rc.0r-rJt
392 rz .t25tl F lc-or-lco

Mfr
Code Mfi Pan Number

Seaao
aa00a
29a80
?a4aa
EOaS!
c0 c00
?a{40
28a84

?04t0
29400
20400
at atl
29a00
ea4aa
1471!

0a7r3
!ta7r 3
047r1
eBao0
?6aaa

?0460
a47it
20400

er ter
!, tal
aga80
28aAn
26480

ttle!
lr rer
tr t?t
29a00
0112,

?4546
nl t2r
01121
tt!2t

e45a6
0l l?l
,rtal
alrat
it I l2l
Gltal
Jt l2l
cl ral
?43a6
?ata5

0t t2l
t974,
lr r?l

0rt2t

ettn!
?4ia6
aalr6
0t r2r
Gt tar

it t?l
44546
Aa3a6
41121
0tt2t

a, rel
at l2l
EB4F'

trt?,
0t l?l
?6a6C
?45't6,uet
0l l2l
?a3a6
ar rel
?4546

0i7a-1?16
ocDEt lY DCSCrtPt(I{
leiE-0a31
lotS-ta7a
!574-l?36
o9DEa lY 0asclrttlox
t?15-0a3t
lo55-aa7e

5160-219?
r?ct-0iEl
12It-0391
2r37e5A
l20a-rr8l
t2a5-t19r
l'fttnr2

at?2?ea
2N??2?^
2N30a,t
1Bsa-0!87
lota-aca7

,ti5a-0087
arat0Ta
taSa-0t07

cBi5r5
ctr3t5
lar l-t466
00r t-106t

ctt6ll
EBlaaS
EErCaS
er0a-4560
cE{7t5

ca-rle-Ta-7504-G
cDa?ir5
cB?or5
Glt0a5
aBr t-1059

ca-tlB-r0-t62f,-F
cE33C5
c!6gts
ct6?tt
c!r7r 5

ct33l5
ci47t5
cDlstt
ca-1lB-r0-39tir-F
c4"t/0-Ta-t t 03-F

c8r!15
Itract/0-T0-6rrr-f
c83925
ca-r /a-10-39?1-F

2tco-3a52
ca-l/8-r0-51i I -F
c4-1lO-lC-3ol r-f
cteatS
c03te5

ct?rtt
c4-t/0-lc-t62i-F
c4-rl8- t-?a93-F
cDr52l
ctr,r5
ct33rt
c8r 0t5
cr!3rG!
c4-1lg-Tr-t?rf,-F
?1CC-aiit

cB3I15
ctr10c5
2r0a-05J4

ctrtet
ct'1o03
cn.l/6-T!-56e1-F
cIt!a5
ca-r/B-r0-!a,?r: -F
c4- l/o-Tc-39m-F

Model 4945A Replaceable Parts

Iable 6-2. 4945A freph,ceabb Parte (Cont d)

S€e intloduction io tllis section for ordaring information*lndic|tei factory selected value
6.75



Replaceable Parts Model 4945A

Table &2. 49454 Replnceable Ports (Cont'd')

rwr;)

rglll:rrtl

azttEa
aatt!t
azttl
azrl2

Aat!l
a29ttz
a2tut

a29t!t

AA9U'
apuT
AA?U'
AE9U8

az?r[3

aervtS

Az'IIRE!

Ai:91t2

c
D

HP
Number otv Dercription

c6a3-393t
a66l-t0tt
50t0-tr!3
5061-tt9a

1906-0e37
r9a6-0237
!061-?Ea2
1626-0t61
toe6-a6a!

ra00-t!4a
I Oa6-03t1
rt9!-0543
la0l-t 0aa
taz6-arz?

r902-1295
t9a2-l3at
trtz-n7r,
l90z-o7v,
t?02-o?ri

7902-0?r9
tt!2-3lE!
l9!2-3tta
r902-0!B!
l9!2-0ti2
r90?-0r8?

n73r-oa?z
n7s7-oa22

0340-t07t
0a8l-!202
t3t0-01t3
2513-0acl
7141-at86

65909-a!aal
t080-t977
i000-ttB6
t0 -4630
at14-n27a

5
?

6
E
7

a

7

5

z

I

!
6

I

I
I

a
6
0

I

6
3
I

it

1
t
I
2

I
I
I
2
t
t
I
I
I
t

I
I
I
e

2

I
I
I
I
I
I
I

50

IESIETOI 39t gZ.eill FC lc.-aao/+el0
leslsrol tao 5Z .z59 FC fc.-a0al+400

xtht-DttvE
xFin 3a0r-6er
6r-ltEni Itc
DIODE-fg lrDG 6O'V IA
DIODE-i|, DIIDG 60ilV tA
isBt-?ctlH8-lo3
tc rr? tiP 6P QUaD ta-DIt-P ?tG
tc v aGtTa-rr-tEF-aD, l/3au t0-94 ?lG

CLIP-9lltll6 0,02 II H, 0.10 tI l., 0.J?e
tc u aELTa ro-zaa
OPrO-MlrLATln LCD-PXSTn tF-ll,lle-}iax
CLlt-SPllllG a.O? lN Hi 0.5a M si 0,aaa
IC 137 V acLtn T0-42!

OPIO-lS[AIm LED-'ISII IFlSollA-|iAX

DTODE-ZIN
DtoDE-ZXt
DIODE.ZI{'
DIODE-ZXI
DtoDE-Zri

!3.2V lZ 00-31

ir.ov t: Do-tt
ll.EV !t DO-lt
rl.Bv iz Do-tt

DtoDE-Z a
DIOD€.ZXP
DtoDE-ZXr
DIODE-ZI{I
DIODE.ZIIT

tt.0v
lt.ov
I l.lv
20 ,5V

It
?z
zz
ezt,

DO-!5
DO-31
Dtt-t5
DO-14
D0-!3

DIOD€-ZI{I ?0.39 5Z DO-31 ?D..aL

tEslsloa 9at tZ .!e!c f lc.a+-tao
IEAIBIOI 90, tz .l2ira a lc.li-loa
Ir{suLAron NoltEx-NlL-?Pt
&,,h?€r Fd[-aDH htc tz.7-it-tD
FASIE|{En-SIIiP-III iur NUT-EXPaaaAlOx, fm
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Model 49454 Replaceable ParLs

Tablc 6-2. 4945A Replrceable Parts (Cont'd)
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Replaceable Parts Model 4945A

Tablc 6-2. 49454 Rephreoble Pa* (Cont'd)
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Model 4945A Beplaceable Parh

Tabh &2. 4945A Replqceablc Parts (ContO
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Replaceable ParLs Model 4945A

Toble &2. 4945A Rcplnceablc Parte (Cont d)
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Replaceable Parts Model 49,15A

Toble 6-2. 4%5A Replueoble Partg (Cont'd)
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Model 4945A Beplaceable Parts

Tablc 6-2. 4945A R.epbceablc Parts (Cont d)
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Replaceable Parts Model 4945A

Table &2. 49454 Beplaceablc Pafis (Cont'd)

Derignation

rEI'TEIN
0364-1602
0340-074t
0taFt276
oBt I -t8t3
agll-2iAo

lBt l -?t6€
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tat!-?'75
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t 40a-0i16

036a-a!2a
0443-0a74
ta'lt -71a6
tzlt-7tt B
1aa0-ats6
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e6a8a
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eoao0
2Ea0t

lTEn

eB4Aa
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Mfr Part Number

r.:]lIfi]III
0360-l6aa
OIDEI EY DESCiIPTII'II
oPD€t El DEsCattttot{
08tt-t691
0Ett-666
x67-22r-F
06t2-0099
hLl2-022-t tu-t2t-J
I'CDEI EI DEECTIPTION
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0aa3-0t79
ar ra-a3ta
!t3.750
03t.t657

2tt0-0553
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0araE-at6ta

IIIIE]i:'N
0360-llza
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t?5!-7966
t?lt-B!t8
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e84
S€e intrcduction to thb section for ordering inform.lion*Indic!t!6 frctoiy .electrd value



MRF

NO.
I'IANUFACTURER !.IA''IE ADDRESS ZTP

CODE

H9027
s40r3
gs0gg
OLL2L
01295
O2ILL
03888
O39II
04713
95820
05383
96665
07933
08896
Lt236
L2969
L6299
r7856
L8324
t970L
22526
24355
24546
24972
25088
270L4
27L67
28480
3L585
32293
34335
34371
50s88
5L642
s6289
7L400
72t36
75042
75915
76381
844r1
9L637
9829L

SCHURTER A G H

HITACHI
AT,ry SATISFAEIORY SUPPLIER
ALLEN-BRADLEY CO

TEXAS INSTRU INC SEMICOND CMPIIT DIV
SPECIROL ELECTRONICS CORP

KDIPYROFILMCORP
CI,AIREX CORP

MOIOROI.A SEMICOT{DUEIOR PROUJcrc
hAKEFIELD EI.GINEERING INC
PA}IUJIT CORP

PRECISION MONOLITIIICS l}rc
RArIHEOT,I CO SE!.4ICCII{D(TTOR DIV HQ

GE CO MINIATURE I3MP PROD DEPT
CTS OF BERNE II{C
UNITRODE CORP

CORNI}E GTASS WXKS CIMPO.IEI,IT DIV
SILICONIX INC
SIGNSTICS CIRP
MEPCO/ELECTRA CORP

BERG ELEK DMt POI.IT
AI.IAI.G DEVICES INC
CORNIIG GTASS V{ORKS (BRADFORD)

Am-TELEFuNKm,l CORP

SIEMENS CORP

MTICNAL SEMICOI.IDI.ICIOR CORP

CIRNIIG GLASS !'IORKS (WILMIIGToi| )
HET,LCIT-PACIGRD CO CORPORATE HQ

rcA CORP SOLID STATE DIV
INTERSIL INC
ADVANCED MICRO DEVICES II.E
HARRIS SEIT.IICON DIV HARRIS.I}NERTYPE
I'IOSTEK CORP

CEMTRE MGINE ERII,IG INC
SPRAGUE ELEETRIC CO

BUSSII{N.I MEG DIV OT' II{CGRAW-EDISON CO

ELESIRO I..IOTIVE CORP

TFO{ INC PHIIADELPHIA DIV
LITTELE1JSE IT.IC

3I,I CO{PANY
TFfi CAPACITOR DIV
DALE ELEqTRONICS INC
SEALECIRO CMP

LUZER},I

TOKYO

MILWAUKEE
DALTAS
CITY OF IND
WHIPPAI,IY
lfr VERNOII
PHOEN IX
I,JAKEPI ELD
TINLEY PARK
SAIfTA CIARA
MOUIITAIN WHt,
CLEI/EIAND
BERIIE
WATERIUItI
RALEIGH
SAMTA CIARA
SIJNNYDALE
MINERAL WELLS
itrdE
NORlrroOD

BRADTORD
E.GLE}'OOD
ISELIN
SANTA CINRA
t'lILMItIGTON
PAT.O ALTO
SO!,IERVILLE
CUPERTINO
SUN}TY\TALE

MELEOURI'IE

CARROLLTOI{
STATE COLLME
NORIH ADAII|S

ST TOUIS
FTORENCE
PIII T,ADELPHIA
DES PT,AINES
ST PAUL
GALIAI.A
COLUI{BUS
MAIT,IARONECK

S[t,

JP

WI
D(
CA
MJ
NY
AZ
MA

IL
CA
CA
OH

IN
MA

NC

CA
CA
T)(
PA
MA

PA
N]
N'
CA
NC

CA
r€
CA
CA
FL
TX
PA
r4A

MO

sc
PA
IL
MN

NE
OH
NY

53204
75222
9L745
07981
t0050
85A95
0L880
60477
95050
94540
44tt2
467LL
s2t72
27654
95s54
94986
76067
t7070
02062
T67gL
s7632
s8830
95051
2840L
94304

959L4
94086
3290L
75006
15801
sL247
63L97
06226
L9LOB
600t6
55101
69153
6860t
r0544

Table 6-3 List of Manufactu:.ers' Codes
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MANUAL CHANGES

7.I. INTRODUCTION

8€cause ttrls ls a De$ hstru[eDt !a!uel, !o chsrge lnfomatlo ls Deeded

SECTION VII

7-L
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ftitHEWLETT

4945A

2344A

NOVEI.{BER 1983

5957 -442 3-D

5957 -4424

},IANUAL DESCRIPTION CHANGE DATE 15 FEBRUARY 1984

PACKAFID
MANUAL CHANGES

(This change supersedes all
earlier dated changes)

* Make all changes listed as ERRATA.

* Check the following table for
your instrument-s serial prefix
or serial. number and make listed
change(s) to manual.

I}ISTRU},IENT:

SERIAL PREFIX:

DATE PRINTED:

HP PART NO:

MICROFICHE NO:

If your Instrument
has serial prefix
or serial number

Make these
changes to
your manual

If your instrument
has serial prefix
or serial- number

Make these
changes to
your manual

2406A * 1

2407 A 1 2

* SEE PAGE 22

> NEW ITEIT

ERRATA

Table of Contents. Page viii, SECTION VIII: SERVICE

Change: B-18. Interface TroubleshooEing...... o.. r o

from: page 8-80 to: page 8-79

SECTION I ERRATA:

Section 1. Page 1-8, SIGNAL-TO-NOISE MEASUREMENTS

Change: Ratio Range from: 10 db to 45 db

to: l0 db to 40 db

Page 1 of 84
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MODEL 4945A

Section 1.

Change:

from:

to:

MANUAL CHANGE SHEET
I

IPage 1-9, INTERMODULATION DISTORTION MEASUREMENT

Distortion Range

10 db to 70 db (not specified at 135 ohms)

10 db to 55 db (not specified at 135 ohms)

Section 1 . Page 1-10, PHASE AND AMPLITUDE JITTER I'ffiASUREMENTS

Change: Receiver Accuracy to read as follows:

Phase: f- 5

deg
Amplitude:

Phase Hits

Threshold Level:

Threshold Level:

f measured value plus +- 0.5
o pk.
7" of measured value plus +-

o,/"O
pkr
+-5

O.5% pk.
(for received tone of 990 to 1030 Hz, -40 to +10
dBm )

Section 1. Page 1-11, TRANSIENTS MEASUREMENTS cont-d

Change :

f rom:

to:

5 to 45 degrees in 5 degree steps

5 to 45 degrees in 5 degree steps
(Hit Guard Interval : Nominal 4 msec. )

)= 4 milliseconds, +- LO"/"

Nominal 4 msec.

Change :

from:

to:

Change:

from:

to:

Dropouts

Duration:

Duration:

Reference:

Reference: 4945A set for Impulse Threshold (= 90 dBrn

Gain Hits

Threshold Range: 2 to 10 db in 1 db steps

Threshold Range: 2 to 10 db in 1 db steps (Hit Guard
Interval: Nominal 4 msec.)

Page 2
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I

r.{oDEL 4945A MANUAL CHANGE SHEET

) sncrroN 4 ERRATA:

Section 4-4. Transrnitter Level and Frequency Test

Replace pages 4-314-4 with the attached pages located at rear of change sheet.

Replace pages 4-5/4-6 with the attached pages located at rear of change sheet.

} SSCtroN 5 ERRATA:

Section 5-5. Page 5-5, +Vl Adjustment (+5 Volt)

Change step 2 of +5 CLN Adjust to read as follows:

2. Carefully use a short adjustment Eool to reach the A28 Vl adjustment
from the top of the 4945A. AdjusE Vl on A28 (R37) for +5 volts +-.01
volts.

CAUTION: Hazardous voltages are present on the power supply and dis-
play driver boards.

Page 3



I'{oDEL 4945L

SECTIONS 6 ANDSERRATA:

A1 ASSEMBLY ERRATA:

Section 6. Page 6-18, Table 6-2.4945A REPLACEABLE PARTS

Change: A1R57 and A1R58 to read as follows:

0698-8310

Section B.

Change:

from:

MANUAL CHANGE STIEET
3

J

Section 6.

CD = 0 RESISTOR- FIXED 472K .L"/" .125W
MFR PN= 5033R

WR C0DE= 02995

Page 8-251, Figure 8-25. A1 RECEIVER INPUT SCHEMATIC DIAGRAI"I

R57 and R58 (center of schematic)

511K to: 472K

Page 6-19, Table 6-2.4945A REPLACEABLE PARTS

A1R67 to read as follows:

CD= I RESIST0R-FIXED 2.37K .l% .1251^I

MFR CODE= 02995 MFR PN= 5033R

Page 8-251, Figure 8-25. A1 RECEIVER INPUT SCHEMATIC DIAGRAM

R67 (center of schematic)

2.61K to:2.37R

Page 6-19, Table 6-2. 4945L REPLACEABLE PARTS

AlU803 to read as follows:

CD=O IC LINEAR OP AMP-LOW-NOISE
MFR CODE= 02180 MFR PN= O!37GZ

\--

Change:

0698-877 5

Section 8.

Change :

from:

Section 6.

Change :

r826-0982

A2 ASSEMBLY ERRATA:

Section 6. Page 6-23, Table 6-2. 4945A REPLACEABLE PARTS

Delete: HP Part Number 5040-6067 and associated information

HP Part Number 4040-07 47 CD = 2 Qty = Z EXTR-PC BD GRA POLYC.
.062-BD-THKNS MFR Code = 28480 Mfr PN = 4047-0747

Page 4
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I'{ODEL 4945A

A3 ASSEMBLY ERRATA:

Section 6. Page 6-26, Table 6-2. 4945L REPLACEABLE PARTS

Change: A3R36 to read as follows:

8159-0005 CD=O Qty= 1 RESISTOR- ZERO OHMS

Section 8. Page 8-265, Figure 8-29. A3 M0DEM SCHEMATIC DIAGRAI'{ ( SHEET 1

oF 2)

Change: R36 (lower left of schematic)

from: 51,1 ohms to: zero ohm resistor jumper

) Section 8. Page 8-267, Figure 8-29. A3 NLD/Modem Schematic Diagram (Sheet
2 of 2)

Delete: trace connecting pins
of schenatic)

1 and 2 of U300 across R118 (upper left

A4 ASSE}{BLY ERRATA:

Section 6.

MANUAL CHANGE SHEET

Change:

0699-01 15

Change:

0699-07 2L RESI STOR-F IXED
MFR C0DE=0L07 4

33.0K .L7" 0. 125W

MFR PN I{8

Page 6-29, Table 6-2. 4945A REPLACEABLE PARTS

A4R51 to read as follows:

CD= 9 RESISTOR-FIXED L4.23K .L% .125W
MFR CODE= 02995 I'IFR PN= 5033R

A4R53 to read as follows:

CD=3

Section 8.

Change:

f rom:

Page 8-27L, Figure 8-31.A4 AUTORANGE AI'{PLIFIER SCHEMATIC DIAGRAI'{

R51 (upper left of schenatic)

10K to: L4.23K

R53 (upper left of schenatic)

23.7K to: 33.0K

Page 6-30, Table 6-2. 4945A REPLACEABLE PARTS

HP Part Number 404O-O7 47

Qty=1 to: Qty=2
Page 5

Change:

from:

Section 6.

Change:

from:



MODEL 4945A

Section 6.

Delete:

Change:

) Section 8.

Delete:

Section 8.

Delete:

MANUAL C}IANGE SHEET I

IA5 ASSEMBLY ERRATA:

Seccion 6. Page 6-31, Table 6-2. 4945A REPLACEABLE PARTS

Delete: A5C67 and associated information

Section 6. Page 6-32, Table 6-2. 4945A REPLACEABLE PARTS

Add: A5C7 6 0160-4819 CD= 9 Qty = I CAPACTTOR-FTXED 2200 pf
57" 100VDC f[ER CODE=02798 MFR PN= CAC04C06222Jl00A

) Section.S Page 8-276, 04945-60005 Component Locator

Replace the Component Locator on page 8-276 with the attached page
located at rear of change sheet.

) Section 8. Page 8-277, Figure 8-33. A5 DETECTOR SCHEMATIC DIAGRAI'I

Replace the schemati-c diagram on page 8-277 with the attached page
located at rear of change sheet.

A6 ASSEMBLY ERRATA:

Page 6- 34 , Table 6-2. REPLACEABLE PARTS

A6C3 and associated informati.on

A6C6 Qty to: Qty = 20

Page 8-282, 04945-60006 Component Locator

C3 (upper left corner)

Page 8-283, Figure 8-35. A6 JITTER BOARD SCHEMATIC DIAGRAM

C3 .01 (lower right of schenatic)

Page 6



a I'{ODEL 4945A

A7 ASSEMBLY ERRATA:

Section 6. Page 6-37, Table 6'2.4945A REPLACEABLE PARTS

MANUAL CHANGE S}IEET

Add: A7C39 0160-5298

Change z A7C4 Qty

from: Qty = 38 to: Qty = 39

Section 6. Page 6-39, Table 6-2. 4945A REPLACEABLE PARTS

Delete: A7U107 and associaEed information

CD=8 CAPACITOR-FIXED .01uf +- 20i( 100VDC
MFR C0DE=02010 MFR PN= I"1D011C103MAA

Section B.

DeIete:

DeIete:

Delete:

Change:

from:

Page 8-287 , F igure 8-37 . A7 ENVELOPE DELAY SCHEMATIC DIAGRAI"I

C8 100pf (center right of schematic)

C3 100pf (center right of schematic)

C39 100pf (two C39 capacitors are shown on schematic- delete the
one which is connected to U2O7-7 in the center of
the schematic)

R44 (upper left of schematic)

5.lK to: 5.llK
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MODEL 4945A

AB ASSEMBLY ERRATA:

secrion 6. Page 6-40, Table 6-2. 4945L REPLACEABLE PARTS

Change: A8R2 to read as follows:

0698-3453 CD= 2 RESISTOR-FIXED f96K L7" .125W
MFR CODE= 02995 MFR PN= 5033R

MANUAL CIIANGE SHEET t

Change:

07 57 -0442

Change :

0757-0280

A8R3 and A8R7 to read as follows:

CD=9 RESISTOR-FIXED 10K 17. .125W
MFR CODE= 02995 MFR PN= 5033R

A8R4 and A8R13 to read as follows:

CD=3 RESISTOR-FIXEI)
MFR CODE= 02995 MFR

1K
PN

L 7" .125W
= 5033R

Section 8.

Change:

from:

Change:

from:

Change:

f rom:

Page 8-29L, Figure 8-39. A8 FREQUENCY C0UNTER SCHEMATIC DIAGRAM

R2 (upper right of schematic)

1.8M to: 196K

R3 and R7 (upper right of schematic)

100K to: 10K

R4 and R13 (upper right of schemaEic)

10K to: 1K
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MODEL 4945A, MANUAL CHANGE SHEET

A9 ASSEMBLY ERRATA:

Secti-on 6. Page 6-42, Table 6-2. 4945A REPLACEABLE PARTS

) Add: A9JU2 1258-0141 CD= 8 Qty= 3 Jumper-Rem Iulfr Code= 28480
Mfr PN= 1258-0141

Add A9C48 and A9C49 0160-0127 CD=Z CAPACIT0R luf 25V 20%

MFR CODE= 28480 MFR PN= 0160-0127

) Section 8. Page 8-296, 04945-60009 Component Locator

Replace the Component Locator on page 8-296 with the attached page
located at rear of ehange sheeet.

Section 8. Page 8-299, Figure 8-41. A9 TRANSIENTS DETECTOR SCHETIATIC
DTAGRAM ( SHEET 2 0F 2)

) Change: R9 (upper right of schematic) from: 100K

to: 12IK

) Change: R15 and R16 (center right of schematic) fromz 56.2O

to:5.62K

Revise: Figure 8-41. to look like the shaded portions of the attached
diagram.
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r{oDEL 4945A

A11 ASSEI,IBLY ERRATA:

Section 6.

Change:

0698-8958

Change:

f rom:

MANUAL CTIANGE SHEET

Section 8. Page 8-23L, Figure 8-18. A1I SYSTEI'I PROCESSOR SCIIEMATIC DIAGRAI'I
( sr{EET l 0F 2)

Page 6-47, Table 6-2. 4945A REPLACEABLE PARTS

A11R5 to read as follows:

CD= 2 RESISTOR-FIXED 511K L% .L25W
MFR CODE= 02995 I'{FR PN= 5033R

R5 (lower left of schematic)

100K to: 511K

} ETg ASSEMBLY ERRATA:

)section 6. Page 6-51, Table 6-2. 4945A REPLACEABLE PARTS

Delete: A13C40 and associated information

Change: Reference Designator A13C4l to A13C40

Change: Reference Designator A13E509 to A13JU501

Add: A13JU106 HP PN= 1258-0141 CD= 8 Qty= 1 Jumper-Rem
I'Ifr Code= 28480 Mfr PN= 1258-014f

Add: A13J106 HP PN= 1251-8171 CD= 6 Qty= I Conn-post type .100-
pin-SPCG 3-cont Mfr Code= 28480 l"lfr PN= L25L-8L7L

) Section 6. Page 6-52, Table 6-2. 4945A REPLACEABLE PARTS

Change: Reference Designator A13U200 to A13 Ul00

Change: Reference Designator A13U201 to A13U200

Change: Reference Designator AL3U2O2 to A13U102

Change: Reference Designator A13U604 to A13U605

Change: Reference Designator A13U606 to A13U607

Change: Reference Designator A13U704 to A13U705

Change: Reference Designator A13U705 to A13U706

Change: Reference Designator A13U706 to A13U707

Change: Reference Designator A13U806 to A13VR1

Page 11



MODEL 4945L

A13 ASSEMBLY ERRATA coot. i

) Section 8. Page 8-328, 04945-60013 Component Locator

Replace the Component Locator on page 8-328 with the attached page
located at rear of change sheet.

A14 ASSEI"IBLY ERRATA:

) Section 8. Page 8-305, Figure 8-43. A14 Transmitter Control Schematic
Diagram (Sheet I of 2)

Revise the schematic as follows:

Connect pins 4 and L4 of U600 together

Disconnect pin L4 of U600 from pin 10 of U500

A17 ASSEMBLY ERRATA:

Section 6. Page 6-58, Table 6-2. 4945A REPLACEABLE PARTS

Change: A17CL6 and AL7CL7 (center of schenatic)

from:0180-33L2 8.2uf

to: 2.L6uf Part Number to be added later in Service Note.

Section 6. Page 6-59, Table 6-2. 4945L REPLACEABLE PARTS

Change: AI7Q1 and A17Q14

from: 1853-022L

to: Part Number to be added later i.n Service Note.

MANUAL CHANGE SIIEET

Page Lz



I"IODEL 4945A

AL7 ASSEMBLY ERRATA cont. :

Section 6. Page 6-60, Table 6-2. 4945A REPLACEABLE PARTS

I,IANUAL CHANGE SHEET

Change:

0698-6358

A17R46 and A17R47 to read as follows:

CD= 2 Resistor-Fixed t00K .LTo .L25W
Mfr Code= 2995 Mfr PN= 5033R

A17R64 and AI7R67 to read as follows:Change:

0699-0123 CD=9 RESISTOR-FIXED 6.7 5K .17" .125W
MFR CODE= 02995 MFR PN= 5033R

Add: A17R99 0698-8750 CD= 2 RESISTOR-FIXED 75K .5"1 .lW
WR CODE= 02995 MFR PN= 50232

Add A17R100 0698-8750 CD= 2 RESISTOR-FIXED 75K .5% .lW
MFR CODE= 02995 MFR PN= 50232

Add: A17R101 2100-3154 CD=7 RESISTOR lK POT MFR C0DE= 28480
MFR PN= 2190-3154

) Section 8. Page 8-316, 04945-60017 Component Locator

Replace the Component Locator on page 8-316 with the attached page
located at rear of change sheet.

) Section 8. Page 8-317, Figure 8-47. A17 ACTIVE 0UTPUT SCIIEMATIC DIAGRAM

Replace the Schematic Diagram on page 8-317 with Ehe attached page
located at rear of change sheet.

A18 ASSEMBLY ERRATA:

) Section 8. Page 8-32L, Figure 8-49. A18 TransmitEer 0utput Schematic
Diagram

Replace the Schematic Di-agram on page 8-321 with the attached page

located at rear of change sheet.

Page 13



r{oDEL 4945A

) erg ASSEMBLY ERRATA:

D Section 6. Page 6-64, Table 6-2. 4945A REPLACEABLE PARTS

Change: A19R20 to read as follows:

2L00-2796 CD= 1 Qty= 1 Resisror-Var Conrrol 100 +-20% I"lfr Code= 28480
Mfr PN= 2LO0-2796

)section 8. Page 3-339, Figure 8-53. A19 CRT Driver Schematic Diagram

Change: Referenee Designator C40 47 uf (center of schematic) to C43

AzL ASSEI{BLY ERRATA:

Section 6. Page 6-67, Table 6-2.4945A REPLACEABLE PARTS

Change: A21R3 and A21R7 to read as follows:

0757'040L CD= 0 RESISTOR-FIXED f00 OHMS L7" .L25W
MFR CODE= 02995 MFR PN= 5033R

Change: A21C8 to read as follows:

0180-322f CD= 5 CAP-FIXED ELECTROLYTIC 10 uf 207" 100VDC

MFR CoDE=00493 MFR PN= SM100VB-10(M)

Section 8. Page 8-349, Figure 8-56. POtrIER SUPPLY AC AND DC INTERCONNECTION
SCHEMATIC DIAGRAM

Change: R3 and R7 (lower right of schematic)

f rom: lK to: 100 ohms

Change: C8 (lower right of schematic)

from: 1 uf to: 10 uf

) rzz ASSET,TBLy ERRATA:

Section 6. Page 6-69, Table 6-2.4945A REPLACEABLE PARTS

Change: A22W1 and A2LWZ IIP PN and I.If r PN f rom: 04945-61013
to: 04945-61613

MANUAL CHANGE SHEET

Page L4



},IODEL 49 45A

L22 ASSEMBLY ERRATA cont. ;

)Section 8. Page 8-351, Figure 8-57. A22 Motherboard Schematic Diagram

Replace the Schematic Diagram on page 8-351 with the attached page
located at rear of change sheet.

> A58 ASSEI"IBLY ERRATA:

Section 8. Page 8-353, Figure 8-58. A58 Front Panel Connector Sche-
matic Diagram

Replace the Schematic Diagram on page 8-353 with the attached page
l.ocated at rear of change sheet.

MISCELLANEOUS ERRATA:

) Section 6.

Change:

Page 6-78, Table 6-2.4945A REPLACEABLE PARTS

HP Part Number and Mfr PN 04945-90007 Oper Manual to
04945-90001

Secrion 8-14. Page 8-43, + 5 VoLT SIGNATURE TABLE

},IANUAL CHANGE SHEET

Change:

from:

A11 5406 SWITCH POS 3 : * 5 VOLT SIGNATURE

C6FF to: AIIC3

Section 8-16. SYSTEM PR0CESSOR SA TABLES (A11,ALz,A13)

Replace the following pages with the attached pages located at rea.r
of change sheet:

PIO Page 8-54 Table 8-9. SA Program Loop 3a, Table 8-10. SA

Program Loop 3a:15

Page 8-55/56

) Section 8-16. Page 8-50, Table 8-2. A11 Free Run Loop B

Change the signatures for U604 to read as follows:

U604 -9 = A004
10 = PP0F

11 = H2CF
13 = 326L

L4 = H60F
15 = 4685
16 = 57U4
17 = 2452

Page t5



MODEL 49 45A

)Section 8-16. Page 8-52, Table 8-5. SA Program Loop 1

Change the signatures for U604 to read as follows:

I'{ANUAL CHANGE SHEET

U6O4 -9 = 0836
10 = 7055
11 = 425P

13 = P483 L6 = 320H
L4 = 7948 L7 = 0F53
15 = P311

)section 8-16. Page 8-52, Table 8-6. SA Program Loop 1:15

Loop 1:15 is not valid, and will be revised in a later Service Note.

)Section 8-16. Page 8-54, Table 8-11. SA Program Loop 3b

Loop 3b is not valid, and will be revised in a later Service Note.

)section 8-16. Page 8-62, Table 8-29. SA Program Loop I2a:I5

Change the *5v ref. and signatures for U401 and U601 to read as follows:

+5Vref.=53HF U601 4 =U2H3
5 = F37U

U401-L2 =U415 6 =1951
7 = 2P3C
9 = 0F7H

-10 = CP55

)section 8-16. Page 8-62, Table 8-33. SA Program Loop 13b

Loop 13b is not valid, and will be revised in a later Service Note.

) Section 8-17. RXCEMR PROCESSOR

Replace the following pages with the attached pages located at rear of
change sheet:

Page 8-63/64
Page 8-65/66
Page 8-67 168

T/O INTERFACE ASSEMBLIES ERRATA:

Section 8-18. INTERJ'ACE TROUBLESH0OTING

Replace the following pages with the attached pages located at the
rear of change sheet.

Page 8-79180
Page 8-8L /82
Page 8-83/84

Page 16



I'{ODEL 4945L

T I O INTERtr'ACE ASSEMBLIES ERRATA CONt . I

MANUAL CHANGE STIEET

)Sectlon 6. Page 6-79,

Add: R3 0698-3449 CD= 6 Qty= I Resistor-Fixed 28.7K +- L7" .125W
Mfr Code= 02995 Mfr PN= 5033R

Add: MP101 and I'{P301 : 1205-0428 CD= 3 Qty= 2 Heatsink Dip-40
Mfr Code= 28480 Mfr PN= L2O5'0428

Add: MP2O2:. L2O5-0342 CD= 0 Qty= 1 Heatsink Dip-14 Mfr Code= 28480
I"If r PN= 1205-0342

) Section 8. Page 8-362, 04945-HP-IB L8L62 Component Locator

Add: R3 across Yl terminals

) Section 8. Page 8-363, Figure 8-62. 181624 HP-IB Interface Schematic
Diagram

Add: R3 across the terminals of Yl crystal, putting it in parallel with
Yl and C10 and C11.

) Section 6. Page 6-80, Table 6-2. 4945A REPLACEABLE PARTS

Add: R3 0698-3449 CD= 6 Qty= 1 Resistor-Fixed 28.7K +- L% .L25W
Mfr Code= 02995 Mfr PN= 5033R

Add: I,IPIO3 L2O5-0342 CD= 0 Qty= I Heatsink Dip-14 I"If r Code= 28480
Mfr PN= L2O5-0342

Add: MP407 L205-0428 CD= 3 Qty= I Heatsink Dip-40 Mfr Code= 28480
l"lfr PN= L2O5-0428

Change: Reference Designator V4O7 to U401

) Section 8. Page 8-368, 04945-RS232-18163 Component Locator

Add: R3 across Yl terminals

) Section 8. Page 8-369, Figure 8-63. 18163A RS-232 Interface Schenatic Diagram

Add: R3 across the terminals of YI, putting it in parallel with YI and
C20 and CzL.

Table 6-2. 4945A REPLACEABLE PARTS

Table 6-2. 4945A REPLACEABLE PARTS) Section 6. Page 6-82,

Add: R12 0698-3449 CD= 6 Qty= 1 Resistor-Flxed 28.7K +- L7" .125w
Mfr Code= 02995 Mfr PN= 5033R

Add: MP501 L205-0428 CD= 3 Qry= 1 lleatsink Dip-40 Mfr Code= 28480
Mfr PN= L2O5-0428

page L7



I'{ODEL 4945A, MANUAL CHANGE SIIEET

TIO INTERT'ACE ASSEMBLIES ERRATA CONI. :

) Section 8. Page 8-374, 04945-HP-IL-18165 Component Locator

Add: R12 across Yl terminals

Section 8. Page 8-375, Figure 8-64. 18165A HP-IL Interface Schematic Diagram

Add: R12 across the terminals of Y1, putting it in parallel with Yl and
CIO and Cll.

DIAGNOSTIC ERRATA:

) Section 8-21.

Change :

to:

) Section 8-23.

Change:

Page 8-95, MODE 1: DetecEor Digital And ADC Check (A5)

Data Segment LZ Results Displayed from: 190 +- 10 mv

to: 188 +- 18 mv

)section 8-2I. Page 8-103, MODE 1: Detector Dlgital And ADC Check(A5) corrE.

Change: Errors Description

xxlI11

xxxl 1 1

xxxxl 1

Programmable counter never starts counting down

Programmable counter never starts counting up

Count up period s too long

Errors Description

XX1XXX Programmable counter never starts

XXX1XX Programmable counter never starts

XXXX1X Count up period is Eoo long

Page 8-113, MODE 3: Basic Transmitter Check

Data Segment 4 Results Displayed from: 22L

to: 22L

counting down

countig up

(A5,A15) cont.

+l- 6

+l- 20

Data Segment 5 Results Displayed from:

to:

234 +/- 6

245 +/- 20

Page 18



I'{ODEL 4945A MANUAL CHANGE SHEET

DIAGNOSTIC ERRATA cont. :

)Sectlon 8-25. Page 8-123, l,10DE 5: Narrowband Autorange Amplifier Check (A4,
A15,A17 )

Change: Data Segment 13 Results Displayed from: 50000 +- 2500

to: 50000 +- 5000

Data Segment L4 Results Displayed from: 50000 +- 2500

to: 50000 +- 5000

DaEa Segment 15 Results Displayed from:

to:

60000 +10000/-5000

60000 +2000 / -5000

DaEa Segment 16 Results Displayed from:

to:

60000 +10000/-5000

60000 +2000 I -5000

) Section 8-26. Page

Change: Data

Change: Data

Change: Data

Change: Data

8-128, MODE 6: Frequency Counter and Crystal Check (A14,
A17,A8) cont.

Segment I Results Displayed fromz 625 +l- 0

to: 625 +l- I

Segment 2 Results Displayed from: 1000 +l' 0

to : 1000 +l- I

Segment 3 Results Displayed from: 1000 +l- 0

to: 1000 +/- 1

Segnent 4 Results Displayed from: 8L9L +/- 0

to: 8L92 +l' 1

)section 8-28. Page 8-141, MODE 8: Transmitter Multi-tone Check (Af4,AB)

Add the following below General Mode 8 Troubleshooting paragraph 3:

If a segment fails with data 1111, 2222, 3333, or 4444, it indicates
that a frequency latch other t
(possible addressing problem )
all read 1111, it means that f
instead of frequency latch 3.

han the one selecEed is in operation
. For example, if segnnent 6 through 9

requency latch I has been selected

Page 19



r-I0DEL 4945A MANUAL CTIANGE S}IEET

DIAGNOSTIC ERRATA cort. I

)section 8-28. Page 8-143, MODE 8: Transmitter Multi-tone Check (A14,A8) cont.

Replace page 8-143 /L44 with the attached page located at rear of
change sheet.

) Section 8-29. Page 8-145, MODE 9: Transmitter Filter Sweep (A15)

Replace page 8-145 ltt+6 with the attached page located at rear of
change sheet.

) Section 8-30.

Change Data

Change Data

Change Data

Page B-149, MODE .10: Transmitter Alternate Channel Check (A17)

Segment 1 Results Displayed from: 1000 +- 0

to: 1000 +- 10

Segment 4 Results Displayed from: 800 +- 0

to: 800 {- 10

Segment 6 Results Displayed from: 1200 +- 0

to: 1200 l- 10

phange Data Segment 8 Results Displayed from: 2000 + 0

to: 2000 +- 10

)section 8-31. Page 8-154, MODE 11: I,{ideband Filter Calibration (A2)

Replace page 8-153 /tSt+ with the attached page located at rear of
change sheet.

) Section 8-34. Page 8-166, MODE L4z A1 and A18 Check

Replace page 8-165 lL66 with the attached page located at rear of
change sheet.

)section 8-34. Page 8-L67, MODE L4: A1 and A18 Check cont.

Change paragraphs 3 and 4 to read as follows:

If a few of the paths are off severely, suspect a
(terminations do not switch), mismatch of the 1 K
499 ohm resistor out of tolerance on A18.

relay fault
resistors, or the

If paths 4 through 9 all fail, suspect a fault in the active input or the
return loss transformer. One cause is the loss of the 100 volt supplies.
Here are the points to check and the expected levels. In all cases a 1000
Hz sine wave is used. The levels are for segment 8.
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IToDEL 4945A MANUAL CHANGE SHEET

DIAGNOSTIC ERRATA cont. :

)section 8-35. Page 8-170, MODE 15: IMD Hardware Check (A3)

Replace page 8-169 /L70 with the attached page located at rear
of change sheet.

)section 8-36. Page 8-L76. MODE 16: IMD Filter Calibration (A3)

Replace page 8-175 /L76 with the attached page located at rear
of change sheet.

)section 8-36. Page 8-L77, MODE 16: IMD Calibration (A3) cont.

Add the following information below the Path 3 information:

Path 4

The IMD (4) tone waveform is routed through each of Lhe IMD bandpass
filters and the resultant whitenoise 1evel is measured.

Check A1 TPZ Differential Output for IMD 4 tone at -40 dBm.

Check A4 TP5 Wideband Output for whitenoise at 500mV RMS +- 500nV.

)section 8-39. Page 8-195, MODE 19: Envelope Delay Hardware Check (A7)

Replace page 8-195 lL96 with the attached page located at rear
of ehange sheet.

)section 8-41. Page 8-206, MODE 2L: Transient Measurements Check (A9)

Change Data Segment 15 Results Displayed from: 500 +- 10

to: 500 +- 20

Page 2L



MODEL 4945A MANUAL CHANGE STIEET

CHANGE 1

* OF TTIE TNSTRI]MENTS WITH SERIAL PREF IX 2406A, ONLY THE FOLLOWING NEED TO

HAVE CHANGE 1 MADE:

2406A00L26
2 406A001 34
2406A00L66
2 406A001 7 3

2406A0Ot75 THRU 2406A00180

Page 6'32, Tab1e 6-2. 4945A REPLACEABLE PARTS

Delete: C74 and associated information

De-l-ete : C7 5 and associated inf ormation

Delete: Rl8 and associated information

Delete: R19 and associated information

Delete: R53 and associated information

Page 8-276, 04945-60005 COPIPONENT LOCATOR

Revise the upper right portion of the component locator to l-ook ,l ike the
shaded portion of the attached diagrdrn.

NOTE: Page 8-276 MUST be replaced l'IRST, 3s indicated under A5 ASSEMBLY
ERRATA, before the above revision can be done.

u 104
o

u204

Iiii

I
rr)
(f,
(J
I

{{t**+*+
u306

u305

o

Page 22
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MODEL 4945A MANUAL CHANGE SHEET

CHANGE 1 conE.

Page 8-277, Figure 8-33. A5 Detector Schematic Diagram

Revise part of Figure B-33.
attached diagrsrn.

to look like the shaded portions of the

NOTE: Page 8-277 MUST be replaced FIRST, 3s indicated under A5 ASSEMBLY
ERRATA, bef or:e the above revi sion can be done.
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MODEL 4945A MANUAL CHANGE SHEET

CHANGE 2z

Page 6-35, Table 6-2. 4945A REPLACEABLE PARTS

Change A6R20 and A6R24 to read as fol lows:

0698-3154 CD= 9, Resistor-fxd 4.22K 17" .125W, WR CODE 02995, MFR

P/r'i 5033R

Change A6R34 to read as follows:

0757'A460 CD= 1, Resistor-fxd 61.9K L% .125W, WR CODE 02995, WR
P/m 5033R

Change A6R37 to read as follows:

0698-3f 58 CD=4, Resistor-fxd 23.7K L% .125W, WR CODE 02995, WR
P/N 5033R

Change A6R41 to read as fol-lows:

0698-3454 CD=9, Resistor-fxd 215K 17" .1251{, WR CODE 02995, WR
P/N 5033R

Page 6-39, Tabl-e 6-2. 4945A REPLACEABLE PARTS

Change A7VR1 to read as follows:

04945-80061 CD= 7, Selected Opto-Isolator, WR CODE 2-8480, WR P/N
04945-80061

Page 6-46, Table 6-2. 4945A REPLACEABLE PARTS

Change A10U305 to read as follows:

04945-10026 CD= 7, QtY= 1, RCVR PROT,I 2J, MFR CODE 28480, WR P/N
04945-1 002 6

Change A1011308 to read as foll-ows :

04945-10025 CD= 6, Qty= 1, RCVR PROM 89, MFR CODE 28480, WR P/N
o4945-1 002 5

Change A10U607 to read as follows:

04945-10024 CD= 5, Qty =1 , RCVR PROM EF, I"{F'R CODE 28480, ffiR P/N
04945-LOOZ4

Page 6-48, Table 6-2. 4945A REPLACEABLE PARTS

Change A1lU604 to reacl as follows:

04945-10023 cD= 4, Qry= 1, SyS PROI{, WR CoDE 28480, WR p/N O49t+5-L0023

Page 2l+
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MODEL 4945A

CHANGE 2 cont.

Section 8-L6. SYSTEM PROCESSOR SA TABLES (A11, A12, A13)

Replace the following pages with the attached pages located at rear
of change sheet.

BE SURE that the replaceable pages are marked as replacement pages for
2407 A instruments ONLY.

P/O Page 8-50 Table 8-2. A11 Free Run Loop B

Page 8-5L/52

Section B-17. RECEIVER PROCESSOR

Replace the following pages with the attached pages located at rear
of change sheet.

BE SURE that the replaceable pages are rnarked as replaceable pages for
2407 A i.nstruments ONLY.

Page 8-63 /64

Page 8-65/66

Page 8-67 /68

P/O Page B-69 Table 8-44. A10 SA Program Loop K and Table B-45. A10 SA
Program Loop L

MANUAL CHANGE SHEET

Page 25
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INSTRI,J}IEM: l+gb5e
!{ANUAL DESCRIPTION

MANUAL CHANGES

crrANcE DAIE 5 NoVEMBER 198\
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f-
ModeL bgttle
Manual Cha^nge Sheet

ERRATA

)section 1, General Information
Replace the following pages with the attached pages:

1-5 through 1-10

Page 5-18, Table 6-2. bgt+:e Replaceable Parts
Change A1R57 and A1R58 to read as follows:

0698-5628, CD= 5, nESISTOR-rXD 500K +- .Llo .L25W, Mfr Code
02995, Mfr P/N 5033R

Page 6-t9, Table 5-2, l+gl+Sg Replaceable Parts
Change AtR57 to read as follows:

o5g8-663t, cD= b, RESISToR-rXD 2,5K +-,Llo .L25W, Mfr Code
02995, Mfr P/N 5033R

Page 6-27, Table 6-2. bgl+:e Replaceable Parts
Add: A3R120, OT5r-Ol+2\, CD=T, RESTSTOR-FXD +-Lro .t25W,

Mfr Code 02995, Mfr P/N 5033R

Page 5-58, Table 5-2. \gl+Se Replaceable Parts
Change ALTCLS and A17C17 to read as follows:

oL6o-57L6, CD= 5, Qty= 2, CAPACITOR-rI(D 2.L6uf L% LOOV,
Mfr code o5LT5, Mfr P/N ImI.I-7ol+

Page 5-Sg, Table 5-2, t+gt+Se Replaceable Parts
Change Al?Ql and A17Q1\ to read as follows:

L853-0575, CD= 5, Qty= 2, TRANSISTIOR PNP, Mfr Code 2BI+BO,
Mfr P/N 1853- 0575

)rage 5-52, Tabre 5-2. l+ghte Repraceabre
De1ete Reference Designator A18R22

Change Reference Designator A18n23 to

Change Reference Designator A18R2\ to

Change Reference Designator A18R25 to

Parts

A18R2lt

A18R22

A18R23

Page 2



Mode1 \gt+:e
Manual Change Sheet

ERRATA cont.

)fage 5-55, Tab1e 5-2. \gl+:e Replaceable Parts
Change A19TP500 to read as follows:

A19TP50\ , 0350 -L682, CD= 0 , TERttINAt -TEST POINT . 330 IN ABO\rE ,
Mfr Code 2Bl+80, Mfr P/N 0350 -t582

Change 419TP501 and A19TP502 to read as follows:

0360-L582, cD= o, TERMTNAL TEST porNT .330 rN ABovE,
Mfr code 28\80, Mfr P/N 0350 -L682

Change A19TP508 to read as follows:

AL9TP505, CD= O, TERMINAL TEST PoINT .330 IN ABO\ru,
Mfr code e8\80, Mfr P/N o35o -t582

Page 8-25t, Figure 8-25. A1 Receiver Input Schematic Diagram
Change R57 and R58 (center of schematic) to 500K

Change R57 (center of schematic) to 2.50K

Page 8-257. Figure 8-29. A3 NLD/Modem Schematic Diagram (Sheet
2 of 2)

Discorurect the pin of t/R1 which is shown corureeted to U300-7.
Re.connect this pin to U300-5.

Page 8-gfF, Figure 8-\7. ALT Active Output Schematic Diagram
Change CLT from 8uf to 2.L6uf ( NO1IE: Make this change on the
replacement schematic that should have been incorporated with
Change Sheet 5957 -\\23-D) .

Page 3



Model \gh:a
Manual Change Sheet

CHANGE 1

Page 5-35, Tab1e 5-2. hgh:e Replaceable Parts
Change A5R5 to read as follows:

}TST-O290, CD= 5, RESISTOR-FXD 6.LgK +-L/, .L25W, Mfr Code
02995, Mfr P/N 5033R

Change g6n5 to read as follows:

oT57-Al+70, CD= 3, RESISTOR-FXD L52K +-L% .L25W, Mfr Code
02995, Mfr P/N 5033R

Change A5R25 to read as follows:

0698 *l+52, CD= 1, RESTSTOR-FXD 1b?X +-L7o .L25W, Mfr Code
02995, Mfr P/N 5033R

Page 8-283, Figure 8-35. A5 Jitter Board Schematic Diagram
Change : R5 (center of schematic) from 5.81K to 5,L9K

Change: R5 (center of schematic) from 1?8K to L52K

Change: R26 (center of schematic) from L62K to thTK

CIIANGE 2

Page 5-\2, Tab1e 5-2. hg\le Replaceable Parts
Change AgChB to read as follows:

0150-\535, CD= 5 , CAPACITOR-F)o r.uf +-L0% 50VDC CER,
Mfr code 0090L, Mfr P/N c330c105K5R5CA

Change A9Q1 and A9Q\ to read as follows:

LB55-0525, CD= 8, IAANSISTOR-MOSFET N-CHAN E-MODE SI, Mfr Code
02883, Mfr P/N Vlro3ooM

Page 5-\3, Table 5-2. h9\:n Replaceable Parts
Change A9R11 and A9R33 to read as follows:

8r59-ooo5, cD= 0o RESSTToR-ZERo oIIM zz A!{c tEAD DrA. , Mfr code
01339, Mfr P/U L-2007-L

Change 49R12 to read as follows:

oT57 -0280 , CD= 3 , RESISTOR-FXD lK +-Llo .L25W, l{fr Code 02995 ,
Mfr P/N 5033R

Page h



Model \gt+la
Manual Change Sheet

CIIANGE 2 cont.

Change A9rull

0598-805r,

to read as follows:

to read as follows:

cD= 8, RESTSToR-FXD 8.25X +- .L/o .L25W, Mfr Code
02995, Mfr P/N 5033R

Change A9R5B

0T5T-0lr5h, CD= 5, RESISTOR-FXD 90.9K +-Lfo .L25W, Mfr Code
02995, Mfr P/N 5033R

Page 8-299, F igure 8-\f . A9 Transmitter Detector Schematic Diagram
(Sheet 2 of 2)

Replace Figure 8-hf. with the attached replacement page.

cHANcE 3

Page 6-LT, Table 5-2. l+g\le Replaceable Parts
Change A1C9 and A1C10 to read as follows:

oL6o-5LTT, CD= l{, Qty= 2, CAPACIIOR-n(D 2,2uf IOOVAC,
Mfr Code e8\80, Mfr P/N 0150 -5L77

Page 5-t9, Tab1e 6-2. bgt+:e Replaceable Parts
Add: A1R300, 1810-0305, CD= 8, Qty= L, RESIST0R-NET$I0RI( \.7K X 8,

Mfr code 28\80, Mfr P/N 18i-o-0305

Add: A1R301 , 18L0 -$67 , CD=Q, Qty= L , RESISTOR-I,ITEWORK h. 7r * 5 ,
Mfr Code e8b8o, Mfr P/N 1810-0357

Page 5-ZZ, Table 6-2, hghle Replaceable Parts
Change AZR97 to read as follows:

o59B-39\2, CD= b, Qty= 1, RESISTOR-F)(D 6g .8X +- .Llo .L25W,
Mfr Code= 02995, Mfr P/N 5033R

Page 6-no Table 5-2. \g\le Replaceable Parts
Change A2R115 to read as follows:

0598-8051, cD= 8, Qty= L, RESISTOR-r)O B.Z5l< +- .Lro .L25W,
Mfr Code 02995, Mfr P/N 5033R

Page 5



Dtode1 bgl+5e
llanual Change Sheet

CHAI{GE 3 cont.

Page 6-l+2, Table 6-2. l+g\:e Replaceable Parts
Cha"nge A9J1 and A9J2 to read as follows:

L25L-81f1, CD= 6, COIIN-POST 13PE .IOO-PIN-SPCG 3-C0NT, Mfr Code
e8lr8o, Mfr P/N L251-8171

Add: A9J3OO L2OO=0607, CD= O, Qty= 1, SOCNET-IC 15-COI{T DIP DIP-SLDR,
Mfr code e8\80, Mfr P/!I 1200-0507

Change A9JU1 and A9JIJ2 to read as follows:

1258-01h1 , CD= I i JITMPEn-REM, Mfr Code 28b80, Mfr P /N L258-011+1

Add: A9JIJ300 L25L-\787, CD= 2, Qty= 1, SHIffT-DIP 8 POSITION, Mfr Code
a8lr8o, Mfr P/N LzSL-l+TgT

Page 5-U+, Tab1e 5-2. t+gl+Sg Replaceable Parts
Change A9TP1-\ to to read as follows:

A?TPL,z L25L-5380, CD= 3, Qty= 2, CONI{ECTOR z-Pllt M PoST TYPE, Mfr Code
28\80, Mfr P/l{ L25L-5380

A9TP3,h L25L-5380, CD= 3, CONNECTOR z-PIN M PoST TYPE, Mfr Code e8lr8O,
Mfr PIN L251-5laO

Fage 8-?0, Tables 8-\5., 8-b?., 8-L9., 8-50., and 8-51.
Change the Test Conditions for these TabLes to read as follows:

For Tab1e 8-l+5. A9 Free Run toop A:
Test Conditions: JII1 in NOP position (down) , trllZ in normal position

(up) , JIJ3 in NMI Drs position (right), JUl+ in normal
pos it ion ( teft ) , and JIJ300 removed .

For Table 8-\7. A9 Free Run Loop B:

Test Conditions: JUl in NOP position (dolm), JlJz in normal position
(r.rp) , JII3 in NMI DIS position (right) , JIJh in ROM

CON position (right), and JU300 removed.

Page 6



Model bghle
Manual Change Sheet

CHANGE 3 cont.

For Table 8-b9 , A9 SA Program toop B:

Test Conditions: JIJ1 in normal. position (up) , dUZ in SA position
(down) , JIJ3 in normal position (tert), Jub in nor-
maI pos it ion ( left ) , and JtI300 installed.

For Table 8-50. A9 SA Program Loop C:

Test Conditions: JIJ1 in normal position (up) , JU2 in SA position
(dorvn), JIJ3 in NMI DIS position (right), JUb in
normal position (left), and JU300 installed.

For Table 8-51 . A9 SA Program Loop D:

Test Condit ions : JU1 in normal pos it ion (up ) , Jtl2 in SA pos it ion
(aown), JII3 in NMI DIS position (right), JUb in
normal position (left), and JU300 installed.

Page 8-25O, Ol+91+5-5OOOf A1 Component Locator
Replace the A1 Component Locator with the attached replacement page.

Page 8-25t, Figure 8-25. A1 Receiver Input Schematic Diagram
Replace Figure 8-25. with the attached replacement page.

Page 8-25t, Figure 8-27, A2 Filter Board Schematic Diagram
Change: R97 (Iower center of schematic) from 3\f to 59.BX

Change: R11-5 (lower center of schematic) from L5.9K to 8.25K
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tlode1 l+ghla
Manual Change Sheet

CHANGE 3 cont.

Page 8-276, o\9b5-5ooo5 Component Locator
Revise the A5 Component tocator to reflect the changes shown
in the shaded portions of the following diagram:
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Page 8-295, Olr91+5 -5OOO9 Component Locator
Replace the A9 Component Locator with the attached replacement page.
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Model bghle
Manual Change Sheet

CHANGE ll

Page 6-\2, Table 6-2. l+gble Replaceable Parts
Change A9qR9 to read as follows:

L9O2-O9O5, CD= 9 , Qty= L, DIoDE-ZIIR 5.5V 5l' DO-? PD= . \W 1i=J0NAr
Mfr code oL59L, Mfr P/N IVA55A

Page 6-l+6, Table 6-2. b9b5A Replaceable Parts
Change A10U305 to read as follows:

o\gb5-roozT, cD= 8, Qty= L, RCI,R PROM \5, Mfr Code e8lr8O, Mfr P/N
0l{91{5-1oozT

Section 8-t7. Receiveri Processor
Replace the following pages with the attached pages:

Page 8-$/8-5t+

Page 8-55/8-56

Page 8-57 /8-58

Page 8-299, Figure 8-l+f . A9 Transmitter Detector Schematic Diagram
(Sheet 2 of 2)

Change voltage of CRp (center of schematic) from 5.2 to 5.5 V

CHANGE 5

Page 5-27, Table 5-2. \gl+Se Replaceable Parts
Delete: TP1 through TP5

Add: TP1, L25t-56L8, CD= 0, Qty= 1, CONN-POST IYPE .1OO-PIN-SPCG
8-cour, Mfr code $205, Mfr p/N 55500-108

Page 8-261+, Ohgl+5-5OOO3 Component Locator
Replace the A3 Component Locator with the attached replacement
page.
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Model hgble
llanual Change Sheet

CIIANGE 5 cont.

Page 8-255, Figure B-29. A3 NLD/Modem Schematic Diagram (Sheet L
of 2)

Replace Sheet 1 of the A3 Schematic Diagrams with the attached
replacement page.

Page 8-257, Figure B-gO. A3 NLD/Modem Schematic Diagram (Sheet 2
of 2)

Replace Sheet 2 of the A3 Schematic Diagrams with the attached
replacement page.

CHANGE 5

Instruments beginning with seriaL prefix 2\35A have new component
level repairable Power Supplies. This change affects many exis-
ting parts of the manual. It also requires the addition of new
informat ion "

Table of Contents
Replace the entire Table of Contents with the attached re-
placement pages.

Section V Adjustments
Replace the entire Section V with the attached replacement
pages .

Section VI , Table 6-2. l+gh:e Replaceable Parts
Replace the following pages of Section VI with the attached
replacement pages:

5-t/5-z 5-rt / 5-rz

5-n/5-r\

5-rt /6-r5

5-5/6-5

6-7 /5-8

5-g /5-to

Page 5-57, Table 5-2. \ghle Replaceable Parts
Change reference designator A21W1 to A21W\
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Mode1 bg\:e
Manual Change Sheet

CHANGE 5 cont.

Section VIII SERVICE: Troubleshooting
Add the following new pages for Power Supp1y troubleshoot-
ing:

8-T\a/8- 78u

B-Tgc /B- TBd

B-FBe /8-78f

Section VIII SERVICE: Power Supply/Motherboard Section
Replace the following pages with the attached replacement
pages :

8-31+1/8 -3\z

8-31+3/8-3hl+

a-sbl/B-3\5

8-31+7/8-31+8

8-3\9/8-350

> CTIANGE T

Instruments begiruring with serial prefix 2h\7A have new 2.0 version
software. Change T documents the ROM part numbers that have changed,
as well as new Signature Analysis Tables. Other minor changes are also
covered.

Page 5-Z\, Table 5-2. bgt+lg Replaceable Parts
Change A3CLL to read as follows:

0180-17\5, CD= 5, Qty= 5, CAPACITOR-rXD L5 uf +-LO % 2OVDC TA,
Mfr Code 55289, Mfr P/N L5oDL55x9020B2

Change 43C12 to read as follows:
0180-0115, cD= 1, Qty= L, CAPACITOR-FXD 5.8 uf +-L0 lo 2OVDC TA,

Mfr code 0h200, Mfr P/N 150D585X903582-DYS

Page 5-l+l+, Table 5-2. l+gl+lA Replaceable Parts
Change A9Uh00 to read as follows:

ob9h5-r0028 , cD=9 , Qty= 1 , TRTS ROM, Mfr Code 281+80 , Mfr P/N
o\9b5-roo28

Page 11



!{odel hg\:e
Manual Change Sheet

)cneNcE T cont.

Page 6-l+6, Table 5-2. Lg\5n Replaceable Parts
Cha^nge 410U305 to read as follows:

0b9l+5-10o29, CD= o, Qty= 1, RcvR PROM 23, Mfr Code a8lr8o, Mfr P/N
o\91+5-r 0029

Change A10U305 to read as follows:

ohght-10030, cD= 3, Qty= L, Rcr/R PRoM lr5, Mfr Code e8\80, Mfr P/N
ol+g\t-1o03o

Change A10U307 to read as follows:

o\9\5-10031, cD= u, Qty= L, RCVR PROI! 57, Mfr Code 28h80, Mfr P/l{
obgb5-10031

Change A10U308 to read as follows:

o\gl+5-r0o32, cD= 5, Qty= 1, RcllR PRot! 89, Mfr code 28b80, Mfr P/N
oh9b5-10032

Change Af OUITOT to read as follows:

ohg\l-10033, cD= 5, Qty= 1, RcvR PROM AB, Mfr Code e8\80, Mfr P/t{
ol+9\5-roo33

Change 410U507 to read as follows:

ob9\:-r003L, cD= 7, Qty= 1, RCVR PROM CD, Mfr Code a8ll8O, Mfr P/N
oh9\5-ro03l+

Change A10U507 to read as follows:

ohgl+S-10035, cD= 8, Qty= 1, RcvR PROM EF', Mfr code e8l+80, Mfr P/N
obgl+5-r0035

Page 5-l+8, Table 5-2. l+gtr:e Beplaceable Parts
Change A11U50l+ to read as follows :

ohgl+5-r0035, cD= 9, Qty= 1, sYS PROM, Mfr code e8l+Bo, Mfr P/N
ol+9h5-10035

Page 5-lO, Table 5-2. bgl+Se Replaceable Parts
Change A12U100 to read as foLlows:

ol+9h5-r0037, cD= o, Qty= 1, t'{EM PRoM 5f$g, Mfr code 28U80, Mfr P/N
ol+9h5-roo3?
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Model llghle
Manua1 Change Sheet

>CHANGE T cont.

Change lLLzltLOZ to read as follows:

o\9l+5-r00\1, cD= 5, Qty= !, MEM PROM BAIIK 3, Mfr Code e8l+80,
Mfr P/N ol+9\5-1ool+1

Change A12U200 to read as follows:

obg\: -10038 , cD= 1 , Qty= 1 , t'{EM PROM ABCD, Mfr Code 28L80 ,
Mfr P/N Obg\5-r0038

Change 412U300 to read as follows:

ohghl-10039, cD= z, ety=
Mfr P/N 0b9

, tlEM PROM BAIIK 1, Mfr Code e8l+80,
-10039

1
ttl

Change A1,2V302 to read as follows:

ol+91+5-f 001{2, CD= 7 , Qty= 1, IIEM PROM BA}IK 5, Mfr Code e8h8o,
Mfr P/N ohgbl-rool+2

Change A12UL0O to read as follows:

o\9b5-r001+0, cD= 5, Qty= 1, MEM PROM BAIIK 2, Mfr Code e8\80,
[!fr P/N ob9h5-rooho

Section VIII SERVICE: Troubleshooting
Replace the following pages with the attached pages:

For Section 8-11+. System Processor SA Ttreory (eff , &2, A13) replace
pages :

8-h3/8-l+l+

For Section 8-f5. System Processor SA Tables (A11 , &2, A13) replace
pages :

8-lt9 through 8-52 (SA Table headings should specify 2,0 software) .

For Section 8-1-7. Receiver Processor SA Tables (AfO, A9, A1-AB) r.-
place pages:

8-53 through 8-78 (Se faUte headings should specify 2.0 software).

For Section 8-18. fnterface Troubleshooting replace pages:

B'79 through 8-90 (SA Table headings should specify 2.0 software).

For Section 8-19. Diagnostics replace pages:

8-185 through 8-19h

Page 13
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Model hgh:a
Manual Change Sheet

)cnarcn T cont.

Page 8-257, Figure 8-29. A3 NtD/Modem Schematic Diagram (Sheet 2 of 2)
Change C1l from lL uf to 15 uf

Cha^nge CLz from 15 uf to 6.8 uf

CIIANGE 8

Page 6-79, Table 6-2. lrg\:e Replaceable Parts
Change lJ3O2 to read as foLlows:

LBL52-L0002 , cD=1 , Q[fr= 1 , HP-IB pR0t-1, Mfr Code z8\80 ,
Mfr P/N L8L52-L0002

Page 8-80, HP-IB SA LooP A
Change the signatures for U102 to read as follows:

Page 8-80, HP-rB FREE RIJN sA tooP
Change the signatures for JU501 to read as follows:

U102- l=
J=
\=
L-)-
$=
t-
$=
)=

JU501 - t=
?t-

?=
J

\=
L-)'
$=
t-
$=

uh78
3H17
L?TC
5p6t
25PC
t1275
362P
OUIH

Pr91
r878
u5c5
1Pr7
gL25

5rPA
1bP1
flP62

CITANGE 9

Page 5-79, Table 5-2, bgt+lg Replaceable Parts
Change U302 to read as follows:

L8L62-L0003 , CD=Z, Qty= L, HP-IB PROM, Mfr Code e8lr8O,
Mfr P/N L8L62-L0003

Page 1\



Manua1 l+ghSa

Manual Change Sheet

CHANGE 9 eont.

Page B-80, HP-rB sA LooP A
Change the signatures for U102 to read as follows:

Page 8-80, HP-rB FREE RIrN sA LooP
Change the signatures for JII!01 to read as follows:

JU501 -

U102 - l=
J=
\=
5=
$=
f-
$=

)=

UIl78
3H17
LzTC
6p5t
25PC
HzT5
352P
OUIIH

l= ETTP
l= C9Pf
3- uc35
\= 6ttz\
l= Hcr5
$= 8u1u
l= 5ul+8
$= u5lr7

)cuarcn 10

LBL61A Pods with serial pref ix etr\Za have new 2. 0 software. Ttre
Signature Analysis and trouloleshooting information for this ver-
sion is incorporated when CHANGE T of this change sheet is done.

Page 5-79, Table 5-2. \ghlA Replaceable Parts
Change U302 to read as follows:

L8L52-L000h, CD= 3, Qty= L, HP-IB PROM' Mfr Code e8hBO,
Mfr P/N LBL52-L000I+

Page L5
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ltodel hg\te
ltanual Change Sheet

CIIA}IGE 1.1.

Page 5-80, Table 5-2. \gh:e Replaceable Parts
Change Uh03 to read as follows:

18153-10002 , CD=Z, Q[Y= 1, RS232 PRot{, Mfr Code e8}+80,
Mfr P/N 18153-10002

Page B-80, RS232 Free Run SA Loop
Change the s ignatures for JIJ201 to read as follows :

WITII RAM

JU201- t= C5l+H

!= T6LB
l= cTfC
\= Sene
5= FU3C
5= ttF5F
l= 00CB
$= c8ar

I.t/o RAt{
JU201- != CFHA

l= TSL}
J= cP5F
\= Seue
J= ru3c
5= ttF5F
l= 00CB
$= cBAr

)cna$cs Lz

18153A Pods with serial prefix Zlrhen have new 2.O software. Ttre
Signature Analysis and troubleshooting information for this ver-
s ion are incorporated when CHANGE 7 of this change sheet is done.

Page 5-80, Table 6-2. ltglUe Replacable Parts
Change UI{03 to read as follows :

18153-10003, cD= 3, Q[y= 1, RS232 pRoM, Mfr code z8b8o,
Mfr P/N L8L53-Looo3

) cnnncs r.3

18155A Pods with serial prefix Zl+hee have new 2.0 softmre. Ttre
Signature Analysis and troubleshooting information for this ver-
s ion are incorporated when CHAIIGE T of this change sheet is done.

Page 6-82, Tab1e 6-2, h9l+5a Replaceable Parts
Change U301 to read as follows:

18155-10002 , CD= \, Qty= 1 , HP-II PROM, Mfr Code e8l+80 ,
Mfr P/N 18155-10002

Page L5
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nsF2,2c Ceablutles:

n€turm lor!:
(receiver rld
tratt![lttcr )

Iorr:
(rccelvcr)

(reaelver ad
tED!trlttcr)

lrellltt€r Ftrqucilcy

Accuracy:
S$s€p:

Step Slz€ 3

Step Rate:

SP SIlp:

Blt htes: ,O, 7r,110, 1r0, 7@, @O, L2fo, 240o,
4800, 9600 bDs. Asrachroflt hdf or fuu arplex.
7 or 8 bit word. Parlty: !oe, odd,

HP-IL Capabllltler

ferolnatlo Inpedanoe: L)5, @,-goO or leOO
(lecclvcr.rd
tranmltt€r)

Eold Clrcultr :

R, AE, SE, D, TL-lr, lJ., ll1, CO, *2, DlO, PPl,
SR2, BT2, PDO, DO

frp clrcults, eacb lndcp€ndent;
) 20 DA for appllcd opeu clrault
voltlgeE
eith€r polrrlty, tbrougt
nesirtalce of ( 31700 ob[!.
Ilolnal: 2, r,L, 48 V, 1100 obm

?t6 l&,, to 10, volt! da,

)20 dB

)ro dB

)r0 dB

800

ax)

fro 20 Ez to IIO tf,t

Ez to ll0 Ez at 135 du
az ta fr Llz

( o.2 dB

)90 dB, -!0..82 to..l20 Er-
dcarcallng 6 tlB per octave aborr. 120

dc bloctrlng: lro vo1t3

2() Ez to 110 f,z
graEable lt€Dg

lclcatGd by leypad e elx pro-

I Bz fr.m 20 Ez to 99D9 1z l0 Ez flo 10
lrf,z to 110 ltf,z

t.01 f of output frcqu€nay
Autonatic (aiagle or r€p€titive ) or nanual.

Automatic: ProgTanmable from 10 Ez to 10 kHz.
l{anual r Selectable 10, 50, 100, 1000 Hz.

0.3, 1, or 3 steps per second.

$lpr a baod fro 2150 to 2750 Ez

1004 Bz t 0.1 EBoldlr8 T@e:

L-'



ItlDlnltter l€vel

Bcrolutlo:

PlatDclr:

Total Dlltortl@

-60 to +1, dB! (@0, 900
-@ io +, dBr (1r, obn)

1200 oh!)

0.1 dB

t 0.1 dB at 10O4 tr,a, -fi to 0 d8r t 0.2 dE at
10O4 Hz, -60 to +10 dB!

N
I

200
I

tlo
I

L'
I

Flatoes! 1r lot apcclflcd belor.200 Er rbeo ullng
tne 135 dr telrhatlo.
I0O Ez to , If,z, ). ,0 dB dcrn ?ro flud.reotal,
rca3urcd ln 3 dB baDdnldth up to 12 IXz (for rl3ul
levels -40 dBo to +10 dBo )

r o., dD r 0.2 d8 t 0., dE t 1.0 dB

3 Wz to 20 fr2, ).40 dB dora frc fuDducotal,

lcvcls -40 dh to +10 dB.)
nealured 1! , dB bardsldth up to 80 If,z (for llgDrl

trr.fa

20 xflr to ll0 lrEr, )=40 dB dollD f! nebrat.l,
leasur€d ln 3 dB brDdridtb up to 440 Es (?or llild
levels -r0 dBn to +IO dh)

20 f,, to U0 }gt

1 IIz fro 20 f,z to 99 Az I0 Hz fro 10
kf,z to I10 tf,z

for slgnal level3 ) -r0 dB[ at ) 20 <lB rlg-
naI-to-nolse ratlo

1 f,z frm 20 Az lo sI,gfrz

10 Hz fron 10 ldlz to 110 kllz

r-6



rFt

-60 to +1, dB!

.l(a
Det ctc:
Accuracy (tn dB) :

full rr.ve average

-rO dD[ to +I, dDr

20 f,r
I

r 0., dB r 0.2 dB r 0., dB

llo
I

L'
I

110
I

-60 dEo to -r0 dh

200 Es
I

accuracy ls not rpeclflcd belot, 20O Ez rhen uslng

50 Ez highpaae
10 kllz loqrass (Voieeband Ltntt)

Fllters Arnllablc:

MESSAGE CIRCUIT NOISE MEASUREilENT

fru$ltter:
E€aelver

rlelgbttDg Flltem:

L5
I

N
I

ili-l!],

r 1.0 dB t 0., dB I1.0 dB

10O4 Er hokllng toe accuracy Is t 0.1 dB fro -20 to 0

,-oh-temllatlo _

C-relsage, , lif,z flat, 15 }[z flat, ,0 Lblt or Prog?a!

+10 to +90 dBrn

ldB
r ldB

frle rnsDeteotor:

L-7



NOISE WITH TONE UEASUBEIf,ENT

fra$nitt€r

1004 f,r (flx€d)

Bccclvcr

ilcl3httDg Plltcrr:

f,otcb Plltcr:

Range:

Dcteator:

3 }gr ?1.1, l, Es tlat, ,o xblt or Plo3ral

tro 99! to Lo2, lz
+I0 to +90 dDm

IdB

t ldB

ffi
fralsllttcr

[r.n

1004 Ez (flxed)

SIB' f1at, 1, k[z flat, 50 Xblt or

) @ dB r€Jeatlm tro 99) to 1025 Hs

10 rlB to 45 dB

1d8

+13 dh at 600, 9oo, and 1200 ohns.
+13 dBo .t 135 ohns.

lleigbttng Fllterr:

f,otoh Fllter:

ne.olutl@

Slgnal level lange

Accuracy

-lro to
-3U to

+ or - 1aB (10 dB to !0 dB)
+or-2dB(ll1dBto15dB)

full rrave average 8rd tnrc ms

1-8

Drteator:



TraErltter:

Beoelver

llet8[ttD8 Pllterr:

frar![lttcr
Sitaal Spectruo:

Recelver

Fllters 3

Dlstortldr narge

[€veI

level

qulet

3 trfr lLt, 1! Ec nat

,

,o

ll0
L'

n

blt or Progral

to 130 <lBra (C-!le!ra8c, 3 7,gs) 50 to 130 dEm (plo8mr
Ur, ,0 lblt)

ldB
r 1., dB

fnrc

ldB

-40 dDo to 0 .rDtr

lr tone, non-linear dl8tortion
2-tone, noiee check

-40 dBo to 0 dh (Dot lpealtlcd .t 1r, drs

Secord otder cclrtetrd at ,m gz d 2240 Az
Tlfud order oentctrd at 1900 f,z

t IdB

10 to 55 dB (Bot speclfled at I,, oDm)

1-9

PEAK TO AVERAGE BATIO DIEASUREMENT (P/AB)

Transnltter

neets Bell Syst€r PUB 41009 and IEEE Stit 7ll3-198&.

-40 to 0 dBo

O.I dB



Recelrm

Stgnal l,cvel [o3e:

0 to 12O unltr

-40 to 0 dB!

er€ selectable

over raDga of 40 to 110 unltr2
1

t
+

I

t!
ts

rml
rml

nclolutlo: P/m udt
AND ATPLIfi'DE .'ITTEB DTEASUREMENTS

1004 Er (ftxctl)

Ecoclvcr

Icvcf [arlp:

Phese Jitter:

-40 to +10 dBr

20 to 30O Br, 4 to 20 Ez anrl 4 to 300 Ez

0.0 to 30.0 degrees peak-to-Peak'
+ or - 5 D€rcent of readlng plus
+ or - 0.5 degrees peak-to-Peak.

0.0 to 30.0 p€rc€nt peak-to-Peak'
+ or - 5 p€rcent of measured value
plus + or - 0,5 percent of peak'

Dcoodulatcd carlcr .!d ,ltta avall.ble

1004 Hr (ftxed) and qulet terulnatiqr

Atrputud€ Jitter:

Ortput!

fre!8nltter

hcguency:

Recelvcr
goldht lone:

Court

Count

995 Hz to tO25 Hz:
-LO dBm to 10 dBn at 500, 900, aDd 1200 obng.
-3! dBo to 10 dBm at 135 ohrs.

?, 8 or I00 aqrnts per rec@d

O to 9999 for all coult lDdlaator!

L tro 9,W nlnutes, or cotlDuous

l-10
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Iuelr a rapid geln bit occurE, me of the thrcsholds ls exceeded Decause t'he RC Dett ortr
slorrs the refereDce voltage gencrator's llslrose to tJre ahange. Thls causes tbe co-
parator ortDut to 8o low ard the transl€ats procesEor to detect the hit at the buffer
output. Orce the hit baE beeo detected, switcb Ir?O5 opeos so tlrat tbe refer€[ce volt-
age stays flxed at lts old level until tte hlt quaufler. l{beo the hlt elther
quallfier o! falls to qualify, both of the It?05 rwltcbes a1o8ed to qulcXly re-
establlsh reference slth the net lcvel.
seaond snltoh ls neopeued erd the cycle @lu a3aln. Ilre log BC tlne aorstant 18
specifled by tbe dlraanlc Bllponse charactcrlltla outllDed Dy tbe IEEE speclflcatl@!
aDd the lbort BC tlDe cdrstaat (rrtth both srltahes cloled) mrst be less tbaa 6
oder to aount gaiD bits at I0O collts per sec@d.

o

Pbase blts arc detected by e

Phase Hit Det€ctor

dlgttal pulre rldtlr neasurlag clrcuit coupled nlth.n
analog pDase-loaxed loop. Tne .?75 V ns siae wave lnput (AGC ) ts squared (ll105l ,
shlfted to lTL levels aDd thelr dlvlded Uy tro (U5O5 ) before appllcatl@ to thc D[rlre
detector (U704). Tbe dlvlde by trro ls e3seotlal ln }eeplag the loop ltabl€ ovar a
full ,60 degr€e pbase ratrSe.
the lnput slgDll to a loop feedbacI stpal, tle phase detector outpu.t ls a Frlse that
6oes to a data seleator (U406). In noroal oDeratlo, the dlvlded lnput rlgrtal fru
t 04 ts select€d. fbe seaod U406 tnput ls seleated to see lf a phase hlt guallflca.
Tbis siapat ls the urdlvided toop fe€dbla& slgllal. fbe TTL slgnal fro U4O6 ls level
sblfted to equel + en l Ievels rrhlah rre applled to a loop lowpas! fLlt€r U@6.
1@-p6ss fllter gives a loq barftddth of L00 radlars per secoDd. fhc flltcr output
drlve! the voltage-cdrtrolled GalUator U6or. Q8 ard Q9 llnearlze the VCD'a rtesp@se
to plrase. fbe VCO operates at fqrr tl[es the hput frequenay. tte VCO output gocs to
a divide by tro alrault (UrO6) wbicb changes t re V@ outFrt to a rquare uave. ls

fhe phasc deteator l! atr excluslve OR gete tbat aouparcs LmEI=I:l

tflE;l{i

BUFFER

OFOPOUT
ENASLE

:l

alao rhere the loop feedbaaI slgDal. c es trc. Q, ls used to correct the V@ qrtDut
sl$aI. t E]

B
The output of U506 Soes to enother DUeBe detector (U704) rhere lt lr cooparcd ulth the
uuflvlded hput stgaaf fro U305. fbe resultlDg llrlsc (phse dlffercnce) goer thrcnrgb
a lltrltlDg clrcult (Ql, Q2 atd e3) b Udt latEe pDase hlt8. I}e slgarl goer thtflIib
a low pass tllte! whloh passes the dc value ot tlre pDase detector. Ihls dc value ls
proportt@d to tbe !ha!e off8et. Ihe phase dcteator pb!!e offset goes to coparrtor
U104. f,ere lt lr aoapar"ed to a da lefereDce thet Ls set by tue tralslelrts proc6lor.
tlls dc refereoce l! the phalc llult rct fDo thc frot plDel.

Pbase hlt olrt[lrtr fro 11104 lrte seDt o blt ? of tbe tranrlents drta bus.
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Tlere are t$o seperste

1915A - SBcrroll.rr

8-69. (A3)

seatl@s @ thls boatd. he seotl@ is ured for Nollaear Dlc-
tortlon deteation aDd the other ls used to det€ct erd detrodulate an PSE sigUal.

NLD Section

Ile lnput to the llLD sectloo (Il,lDI ) ls trlo toe palrs a€lrtered at 860 Ez aDd 1180 82.
The 860 Ez palr ls reparated by 6 Ez aDd the 1380 Ez palr is. separatcd by 16 Bz. So
you bave 8r7 Ez aDd 61 Bz as oe palr ail 1372 8z and 1388 f,z a! the other pair.

lhe llID deteatlm alrault lr looxlng for the lecood lDd tnfuri haroola dlstortlor
produatr ot tbe t$o toe pclrs.

xooElil SECTION

t'he tro t@G pairs oooe fnoo tDe I0 IEz low prss fllte! @ 42. fhey applied to

FRO}I FSK
At SIONL

FR!! rrcr

lotab fllt€rs center€d at 860 Hz .nd IrSO Ez (WOl ard Uror). Tte Dotab fllters at-
teouate tbe tooe patr fuDdemotal! at least ,0 dB.

lhe r€sultlng t
aan be byparsed

then goes to a 30 dD aryllfler (607 rld U@8) . &l! arptlfler

tle tdre palrs also go to tro t@e detectors (U100 and Ur02). fbese dateat rrhether
the lrynrt aigaal ls an Il,lD slgual or a ahecI rtgml. t}lc lnfomatlor ls fed baal to
thc recelver prmeslor througb latah 11700. If oly oe toe palr ls deteated, lts a
ahecl slgaal. If botn toue palrs ar€ detected theo lts an IIO slgDel.

NON-LINEAF OISTORTION SECTION

ai 2.1& Itrz) aDd tuo rnltahable notch fllters at 2910 Bz
ln

aul 3280 Bz. lhere filters
the passbeDd after the Dlxerellnllate the undesfu-d fr€qu€ocler tbat

Tle lotch fllter Beleated dep€nd! o the frequ€oay fro tbe !l1xh6 Prequenay Generator
(elther 2420 Bz, tl6O Az or 0 Ez). TIre alxlag fr€queoay ls Beleat€d through the
recelver data bu!.

ho tlre uker, l*re dlrtortlm slgaal gocs to a fanr-ltage baDdpals fllter and thqr to
the rldebaDd autoraDge .npufler m A4 rrhere the tls det€ctor lr used to Deaaure the

antl-aliaslng fllter ls tuo lon pas! fllter leatldls (oe at I.5 IIIz and the otfier

tle lnput stgnal (PSK

Modem Sectlon

The [odeo sectlo detects and deoodulatec the RSI rtgnal.
SIGIIL) cooes fro tbe dlfferelrtlel arpufler oo Al. ln A@ clrcult (U300 rDd ml)
boo3ts tlle level of tn€ PSK rlgaal. the llrf,z bandpals fllter (U201) ellnlnates Dol3e
fro tbe tto FSI toe8. After fllterlnS, the PSK deteotor/d€Dodufator (U402) decod.s
the PSK aode lDto dlgit l sl3nals. A 190 Ez tme detector (U101) tr used to deteat
tlre pilot t@e.

FECEIVER
AOORESS
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BECEIVEF
0all
Bts

I

4

,Ueo .tbe FSX tdca are preseDt the 1990 Ez pllot t@e ls pres€nt, theo the FSf
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191rA - SECTTOII vlrr

8-6O. Autorange Amplifier (A4)

&e autorenge alpufler boerd ha! tro verlable galn aryllflers (rl<leba*l aDd D$rorr-
balrt) rhlcb brllg the slgaal level to ! rsltge rrhere the deteatoE elrd other slgnel
procecalng alrault! a.n fiDotlo aoauretely. &e galu of cacb autor.nge alpllllcr lr

ltultlplexem (U804
.nd U806) at thc lnpNrts of tbe board switcb varlous ters aDd relf-checl rlg[Elr

the elpuf l€rs. In tlre narr.orband arplfler, there ls a progfamable flne at-

h IodB lncreoeotc over a !a!ge ot -lOdB to
ftl

t€ruator (UIO2, U104) rhlch 16 used for a flle drltst of the output level for that
amllflcr.

slgaal lr rlpufled to the proper level for lrbe.ealurcocnt clrcultr.

tlc tro alplflcrs o thc A4 board arle ttre rltleDod autc.nge arptlfler htended for
operatloa over the eothe frcqueDoy range of the lnrtnncDt, !!d thc narrorblDd auto-
rarge a[pufler oly for volce baDd (le8s thrn I0 xf,z) ftEquemles. A ptEgremsble
flnc attcDu.ton is used for preclsely aotroUlng tbe level lato aoe ot tbe sl3[Et
procerslng ilraultg. A 14O tf,z lo$ pals fllter (thc rldebard fllter) ls used for
lldtlnS tlre bardrrldtb to the frequeocy rcasurhg airault! eDd the deteators. ttre
bortd rlso har data latohe! (n2O2, l!3O2 lrd U402), cotrol latche! (Ur02 ald lr@r),

addrelr deaodlDg alrauits (IfrO2 aul U802).

Autorange Control

Softmre rqrtlDes ar€ used to artJust tbe gah of the autor.nge aryllfler so t[at the

routlDe Das several odes of operetl@, eeah of nhlah ls lnt€lrd€d for e class of pos-
rlble lnpnrt rlgaal types.

The autora[8e rc[rthe edJults the amufler galns ro tbet the

lueo the autor.rge routlne lr caIIed, t,he tull rave average rldcbard

average or peaf

flhether the galn l! aorreat or !e€d! to be adJusted hlglrer or lorrer, aDd lt s€nrea
of thc lDnrt rlgaal ls rlthln a rpeclfled voltege rarge.

aDd ruderrarge codltl@s at the arelog to dtgtta:t c@verter.

are aeverel lo?trare table! $blah ootaln lnfomatlo o hor, the loftrare drlves
thc har{naDc

@ detector ortputs, tractrhg ldc rode, ald deteator rettuDg tl[e are all let for
lnltlal galn of thc wldeband chartlel 1r 0 dB. tle follo*lng

5tT{rra:r

1. fhe autorange routlne walts for t[e deteator drtput to settle to r! lccuracy
rulteble for ranglng. tle ralt tlne lr 1[ a softflar€ table.
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HP bgbSA

sEcTtoN v
ADJUSTMENTS

5-1. INTRODUCTI

Ttris eection describes adjustlrents and checke used to returt the lnstr:unent to ltg
specifications after repaire have b€en naAe.

tforoal\y, adjustnents n€eal to be maile only if the board that the adJustnent is on
has been 65'.ged or repaired.

See paratraph 1-10, Recomended fest Equiprent, iD Orapt€r 1 for a list of equiplent
used to prop€rty service the HP l.9I5A.

Table !-1 gives a suruary of the HP I9U5A adjustments.

See Figure 5-1 for adjustn€nt locations.

5.2. SAFETY CONSIDERATIONS

ilrftIll.rrd

ADJI'SNEIIES ANE PERTORIiIED WIlq POWER APPLIED TO IIIE IT{-
SIBUUEITT, AIID PROIECTIVE COVERS REUOVED. SUCH UAIII.
TEIIAIICE SIIOI'LD BE ONLY BT SERVICE IBAIIED
PERSOIIIIEL I,IIO ARE AI{ARE OF 1tr8 EAZARDS; Il{\rOLvED FOR
EXAI,IPLE, FIRE AIID ELEqIRICAL SIIOCK). IMENE UAIIITEIIATCE
CAT BE PERFOM|ED $ITI{OI'T PO}IER APPLIED, IgE POI'ER
SHOI'LD BE REI{OVED.

NEAD ME SAFETT SUUUARI Af, IIIE FRONT OF TIiIS I{AilUAI, BE.
FORE UAITING AIIT ADJI'gilE}TTS.

Replacaent fot page 5-7
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R37
+Vl ATUUST

@

R56
+V4 ADJUST

R59
-V5 AOJUST

A28 and A29

1
Rl2

FREOUENCY
AT}.,UST

Figure 5-1. Adjustment Locations
fuplacaent for page 5-2

R107
ALT CHANNEL GAIN R108

OUTPUT LEVEL

IMD GAIN
EII

R106
IMD FLATN

R32
BPF4

1990 HZ OETECT BPFl
R22

BPF3
Rl2

BPF2

1025 HZ

\ Rl32R131 /
PAR 2 ADJ

N95 HZ ADJ. IOIO HZ AOJ.

R54 LEVEL ACCURACY

IVER HOLDR2 RECE
COIL CURRENT

Rt33 Rl34

J1

123 456
aa aaaa
aaaaaa

12 1110 9 8 7
R30

FOCUS

R43
INTENSITY

@

At9

R20
HORIZONTAL SEE

R69
LINEARITY

@
R27

HORIZONTAL POSITION

I

@@

I
@

@
J3

-12 .
+12 .
GND .

+5.R70
VERTICAL SIZE R48

VERTICAL POSITION

R2 TFANSMIT HOLD COIL CURR

t TPI
+5

) TP2
GND

R28 PHASE HIT BALANCE

Rl03
Ht-o1

R203
AGC ADJ

R102 

-
Hr-02

T TP4
-15

lt TP5 . GND tI +5
+15

@

o,

ta

a

e)

At8

417

At5

414

A13

A12

A11

Alo

A9

A8

A7

A6

A5

A4

A3

A2

A1

Table 5'1. AdJustment Summary

Power Supply Adlustments

fhese adjustm€nts ar€ on both the A28 atrd A29 power supplies.

Specificatloaa
Adjustnent Conponent M8 429

Frequency

+Vl

+Vlr

-v5

R12 rbe.86 rsz 112.86 kHz

R37 +5V +-10 mV

R55 +12V +-100 nV

R59 -15V +-100 mV

Tranamltter Adrustments

Aaljustnent Conponent Specifications

NLD Tone
Balance

ILD Gain
(Level)

AItelaateI
Cha$te1
(revel)

HoId Coil

Transnltter
Level
Accuracy

415n1o5

4158105

4158107

A18R2

a15R108

+15V +-100 lrv

23 ma +-.1 ma

+5V +-10 rnv

-12V +-100 nV

Sane voltage for 860 Hz
a^nd 1380 Hz at U605 pin 15

Sa^me voltage at U103 pin 12
and u5o6 pin 16

1r.85 v rms +-.5 nv

Set voltage b€tlreen tip and
ring to \.238 V trms at !00 ohrns

@

IinIIIi



SECTION l: GENERAL INFORMATION

TABLE OF CONTENTS

Introductton
Description
Safety Cons iderations
Instruments Covered By flris Uatrual ..
InterfaceB
Aceessories Suptrrlied
Accesgories Available
Options
Specifications .....
Recomnended Test Equipment ..........
Service l(it ...
CleaDing anal Hatrdling Precautions....

Page

... 1-1
,.. L-2
,.. L-2
... 1_3
... 1-3
... 1_3
... 1-I
... 1-[
... 1-lr
.. L-t2
.. 1-1tr
.. 1-15

1-1.
t-2.
1-3.
1-u.
1-5.
t-6.
L-?.
1-8.
L-9.
1-10.
1-11.
,.-L2.

SECTION l!: INSTALLATION

2-1.
2-2.
2-3.
2-\.
2-5.
2-6.

2-t
2-t
2-t
2-3
2-'
2-5

fntroductioD
Initial Inspection
Polrer Requirements
Poeer Cab1e
Op€rat ing Environnent
Packaging

SECTION ll!: OPERATION

Refer to the HP lr9\5A qr€rating a$d Piograening Uanual.

fuplacancnt fot page o



TABLE OF CONTENTS (con't)

SECTION lV: PERFORMANCE TESTS Page

fntroaluction ... U-1
Power-Oo Sslf Check. ... b-1
Recootl€Edeal Test Eguiprent a,nil Accessories... ... lr-2

ll-1.
\-2.
lr 3.
[-lr.
u-5.
u-6.
l.-7.
u-8.
I-9.
I-10.
b-11.
\-L2.
U-13.
l.-1U.
u-15.
b-16.
u-17.
b-18.
r-19.
I-20.
I-21.
\-22.
\-23,
U-2U.
\-25.
\-26.
\-27.
I-28.
\-29.
u-30.
\-3r.
\-32.
u-33.
l-SL.
I-35.
l.-96.
!-3?.
lr-38.

Traasnitter Level and
fran8mitter Level Distortioa Test. .... !-6
Transnltter Hold Coil Curr€nt I€st... ... lt-8
Receiver HoId Coil Current Test... ...... I-9
Receiver Leve1 and Freguency Test... ....U-10
Filter fssts. ...1-12

50 Xilobit Filter Responss Test. ...b-13
15 kf,z Filter Response Test...... ....,b-1b
3 kf,z Fllter Response Test... ........U-15
1010 [z t{otch and 15 kIIz Filter Reaponse Test... .....\-15
Prograo Filter ReepoDse Test. .......!-17
C-lleesate Filter Responss Test. ......I-18

Receiver Passive Return Loge Te3t... ....!-19
Transnitter Passive Return Loss fs8t... .........L-21
Tratrsnitter Longitudi.nalBalance Te6t... .,......\-22
Receiver Balance. ,.....,\-25
lloise To Ground fest. ...I-28
llessage Circuit tloise (llo Holding Toae).. .......\-30
l{oise lfith Tone (}lotch lloise). ..........U-31
Intermodulation Distortion ....,lt-33
Peak-To-Average Ratio.. ........,1r-35
Alrtrrlltude Jitter. ......,L-36
Pbas6 Jitter. . . . b-lr1
Phase f,i.ts. ..,..U-h5
cain Hlts. ..,...U-I8
Dropouts. .......U-50
Imtrnrlae l{oise.. ........,U-52
Envelope Delay f€sts. ...b-55

Transmitter Anplttutle l{odulation. ....!-56
Transmitter llodulation Frequency. ....U-58
fransnitter Level and Flatness. ......1t-59
Envelope Delay Receiver Test. .....,.,!-61

Elto-Ifire Retum Loss. ....\-62
Four-l{ire Return Loss. ..........1t-6lt
Receiver Holdiag Circuit Impeda.nc€. .....1t-55

fuplrcaent for paAe oi



5-L.
5-2.
5-3.
5-b.
5-5.
5-6.
5-7.
5-8.
5-9.
5-10.
5-11.
5-L2.
5-13.
5-1t.
5-L5,
5-16.
5-L7.
5-18.
,-19.
5-20.
5-2t.
5-22.
5-23.
5-2\.
5-25.
5-26.
5-27.
5-28.
,-29.
5-30.
5-31.
5'32.
5-33.
5-31t.
5-35.
5-36.

TABLE OF CONTENTS (cont)

SECTION V: ADJUSTMENTS Page

Introaluctio! .......... 5-1
Safety Consideratlons .......... 5-1
Poner Supp]y Adjustn€nts ..... 5-lt

DC Calibration Procedure ..., 5-5
Cloc} Circuit Calibration .......... 5-5
+Il[ Clock ]lodulation ........ 5-5
+VU Ortput Calibration .... 5-5
-V5 Ortput Calibration ...... 5-6
+Ill Ov€r-voltage Shutdown . ......... 5-6
+Vb Over-voltage Shutdofln ...,...... 5-7
-V5 Over-voltage Shutdowtr .,. 5-T
AC Calibratlon Procedure .... 5-8
Clock Frequency Aaljustn€nt ....... ... 5-8
+Ul Adjustnent (+5 volt) .... 5-8
+VI AdJustnent .,.... ,-9
-V5 Adjustn€rt ,..... 5-9

Transnitter Adjustments ...... 5-10
Level Accuracy ..... 5-10
IILD Tone Bala,nce anal L€v€I (Prlnary Uethod ) ........ 5-10
llLD Baldrce (Alternate l{ethod ) ..... 5-11
Altenrate Channel Level (Prinary Methoil) ... 5-11
Alternat€ Chautel Level (Alteraate Method) ......... 5-L2
Uold CoiI Current For Transmitter and Receiver .... . ., ... ... ,-L2

Receiver Adjustmerts ,, .,..,.. 5-L2
Level Accuracy ..... ...,.... 5-t2
1010 Hz llotch Filter ....... 5-13
P/AR Filter ........ 5-13
IrS EDD Hi-Q FilteB (3 Hz ltodulation) . . . . ... 5-1lr
Irs EDD AGC ......... 5-1!
Phase Hit Balance ......... 5-15
NtD 1990 Hz Detector ....... ,-L5
lItD 520 Hz Ba,ndpass Filter . ........ 5-15
Two-l{lre R€tufl! Loss .....,. 5-L6
Real Time Ctock Osci]lator ,... ......5-16

Display Adjustm€nts ...,,.,, .,5-LT
Ioke Adjustment .... .........5-18

tuptacanafi for pge ,ii



TABLE OF CONTENTS (cont)

SECTION VI: REPLACEABLE PARTS Page

6-t.
6-2.
6-3.
6-r.
6-5.
6-6.
6-7.
5-8.
6-9.
5-10.
5-11.
6-Lz.
6-13.

8-1.
8-2.
8-3.
8-I.
8-5.
8-6.
8-7.

6-L
6-L
6-1
6-L
6-2
6-lt
6-5

6-u
5-tL
6-L2
6-1b
5-L5
6-t5

Abbreviat ions
Ordering Infor ation
Direct Mail Order Systen

Introductlon........
Exchange Assenblies

Torques For Hardrare
Power Supply Renoval
CRf Removal
CRT Installatlon ...
Front Panel R€noval
Front Pdrel 310 Connector Precaution
Rear Patrel Conpon€nt Access ........
Replaceable Parte List

SECTION Vll: MANUAL CHANGE

7-1. Introduction

SECTION Vlll: SERVICE

Safety Cons iderations
Grid Locators
Logic Synbology ......
Transmiss ion Impaitrent lleasurement e

Senrice Sheet Organ izat ion .
Block Diagram Description

SECTION Vlll: TROUBLESHOOTING

7-L

Introduct ion 8-1
8-1
8-2
8-3
8-5

8-13
8-13

8-20
8-2!
8-31
8-33
8-35
8-36
8-38
8-\6
8-50
8-53

8-8. Power-Or SeIf Check
8-9. Power-On Self Check Troubleshooting
8-10. Keycode Troubleshooting ....
8-11. Display Troubleshooting ....
8-12.
8-13.
8-1b.
8-15.
8-15.
8-17.
8-17a. Power Supp1y Troubleshoot ing
8-17b. Isolation Procedure
8-18. Interface TroubLeshooting ....

Transmitter Troubleshooting (A1\, A15) ..
Digital Troubleshooting (Sigrrature Analysis )
Systenr Processor SA Ih€ory (A11, At2, A13) ..
Receiver Proceeeor SA Theory (41 - A10)
System Piocessor SA Tables (A11, A12, A13) ..
Receiver Processor SA Tables (ltO, e9, A1 - A8)

8-78a
8-78f
.8-79

Rep|acercnt fu pge oiii



8-19.
8-20.
8-2L.
8-22.
8-23.
8-z\.
8-25.
8-26.
8-27.
8-28.
9-29.
8-30.
8-31.
8-32.
8-33.
8-31r.
8-35.
8-35.
8-37.
8-38.
8-39.
8-U0.
8-b1.
8-!2.
8-13.
8-Llr.
8-1r5.
8.lr5.
8-LT.
8-h8.
8-[9.
8-50.
8-51.
8-52.
8-51.
8-5f.
8-55.
8-56.
8-5t.
8-58.
8-59.

TABLE OF CONTENTS (cont)

SECTION Vlll: SERVICE Page

Diagnostica .....8-91
Ruanirr the Diaslostl;;' :: : : : : : : : : :: : : : : : : : : : : . . . . . . . . . . . . . . .8-gs
ltode llDetector Digital a,nal ADC Check (A5), ..........8-95
llode 2: Det€ctor Calibration Ctreck (A5). ....8-107
llode 3: Baslc Trarsnitter Check (A5, A15). ..8-112
llode lr: tlideband Autorange Ampltfier Oreck (A1lr, A15, A17)..8-120
ltoate 5: llarrowband Autorange &rylifier Cbeck (A1I, At 5.417). .8-123
ilode 6: Freguency Counter and Crystal Check, (Allr,At?'A8). . .8-127
lIode ?: Transmitter Single Tone Check (A1I,A15,A1?,AB)......8-13b
llode 8: l}ansmitter Multi-ton€ Check (A:11r, A8)... ... . ..... ..8-1h
Mode 9: Irarlsmitter Filter Sweep (A15) .. ...8-1b5
llode 10: fra^nsmitter Alt€rarate Charurel Check (A17)..........8-1u9
Uode 11: Hi.deband Filter Calibratiion (A2). .........8-15b
llode 12: A2 Filter Sweeps (A2). ....8-155
Mode 13: A2 Filter Checks ContlDued (A2) ....8-160
tlode 1lt: Al. and A18 Check.. .........8-L66
llode 1l: IMD Itrardware Check (A3). ...8-170
Uode 16: It{D Filter Calibration (A3).... ....8-t76
lloile 17: Jitter Digital and Phase Lock Loop Check (A6)......8-1?8
Uode 18: Jitter Calibration (A5). ...8-185
[ode 1!: Envelope Delay f,ardrare Check (A7). ......,.8-f9,
llod€ 20r Envelope Delay Callbration.... .....8-203
llode 21: fransicnt tl€asurenenta Check (A9). .........8-206
l{ode 22: A3 FSK DeDodulatlo! Check. .........8-21b

Performa.nce Verification and Service Aid [odes. .......8-219
llode ll5: Filter Response Checks .,..8-2L9
lrode 17: DC Offset Settling tine (llarrowband) . . . ....8-22L
llode lE: DC Offs€t Settling Tine (lfideband) . . . . . . . ..8-221
titode 19: Filter Path Check.. ...,....8-222
ilotle !0: Super P/AR. ........8-223
Uode 51: Reeeiver TroubleshootinS ..... .....8-223
ilode !2: MD Relative fone Adjustnent ......8-22\

Procesaors/llemory sectlon , ...8-225
System Processor (A11) ......8-225
Systen llenory (A12) .. .....8-235
Recelver Processor (A10) .. ......,..8-2U0
Front Paael D,Ecoder (A25) ., ........8-2U\

Receiver Section .....8-2\7
Receiver Input (A1) .........8-2!8

Filter Boaral (A2) ... ..,....8-z5l
NLD/Modem (A3)... ...,.....8-263

kpl,acanafi fot pge i,a



TABLE OF CONTENTS (cont)

SEGTION Vlll: SERVICE Page

Autorange Arplifier (Alt) ... .......8-261r
D€t€ctor (A5) .... ,........8-272
Jttter (A5). .,..,.,8-278
IIS Envelope Delay (A7) ,..8-285
Frequoncy Counts! (A8) .. .........8-288
Trans ieDts Det€ctor (A9) ... .......8-z9S

Tratrsnitter Sectior ...8-301

8-60.
8-51.
8-62,
8-53
8-64.
8-65.
d-66.
8-67.
8-68.
8-69.
8-70.
8-21.
8-72.
8-?3.
8-7[.
8-?5.
8-75.
8-77.
8-78.
8-79.
8-80.
8-81.
8-82.
8-83.

Basic Transnitter Descrlptior
Transnltter Control (A1U). .. ..
lJav€for:o G€nerator (A15) .....
Active Ortput (A17) .
hatrsmitter Ortput (A18) .....

Display Section
Vldeo Generator (A13)
CRI Driver (A19) .

Porer Supply/Motherboard Section
Power Supp\y (A28, A29)
AC l{aias Switcbing (A20) .....
DC Conn€ct Board (A21)

Polrer Supt ly Test Fixtures . .... .
I/O Section

BP-IB IDterface (HP 18152A) ..
RS-232 Interface (HP 181634) . .
HP-IL Interface (HP 18155A).. .

8-301
8-302
8-308
8-315
8-318
8-323
8-323
8-330
8-311
8-3[2
8-3lrlr
8-3\5
8-351.
8-357
8-359
8-355
8-3?1

tuplacencnt fu pge t



LIST OF ILLUSTRATIONS

Er{trt+] Page

1-1.
2-L.
5-1.
6-L.
6-2.
6-3.
6-b.
6-5.
6-6.
6-7.
6-8.
6-9.
8-1.
8-2.
8-3.
8-!.
8-5.
8-6.
8-7.
8-8.
8-9.
8-10.
8-11.
8-!2.
8-13.
8-1U.
8-15.
8-16.
8-17.
8-18.
8-19.
8-20.
8-2L.
8-22.
8-23.
8-2b.
8-2j.
8-26.
8-27.
8-28.
8-29,
8-30.
8-3r.
8-32.
8-33.
8-3ll.
8-35.
8-36.
8-37.

HP lloalel l9b5A TI},S and Supplied Acceegorieg
Ltne Voltage Sel€ctor Sritch
Adjustnent Locatiolg
A28 a.ud A21 Accesa Screwg .
A21 Cab1es
429 and 420 Access Scr€lra .
A20 Cablee
Front Panel Screws Accessed Fron Cardcage

1-0
2-3
5-L
6-6
6-7
6-9

6-10
6-13
6-1U
6-87
5-88
6-89
8-2
8-5
8-9
8-9

8-L2

310 Connector Installation
EP &9!5A Chaeeie Parts .
tIP l9b5A PC Assembly Location8
f,P !9!5A covers .
E.a0Ble Grid Locator
Logic Syrnbology E.aqrles
P/AR Transnit Signal Frequency Sp€ctlirn
P/4R fransnit, Signal Envelope .........
HP !9!5A Block Diagra,m
llode
llode
llode
llode
tlode
llode
Mode
llode
Mode

1 l{aveforrns
3 Wav€forms
5 tlaveforms
8 tlaveforne
15 tlavefor s
1? tlaveforms
18 tlavefottus
1p tlaveforms
21 tlaveforns

8-105
8-119
8-133
8-1II
8-L75
8-18I
8-191r
8-202
8-213
8-218
8-227
8-229
8-231
8-235
8-237
8-2u1
8-2b3
8-2U5
8-2b9
8-25L
8-2r9
8-26L
8-263
8-265
8-269
8-zTL
8-275
8-277
8-281
8-283
8-285
8-287

Uode 22 tlaveforrs
HP \9U5A llenory llap
ALl System Processor Block Diagran
AL1 System Proceasor Schenattc Diagram
A12 System tlenory Block Diagra,n
AL2 System M6mot? Schenatic Diagrao
410 Receiver Processor Block Diagran
A.L0 Receiver Processor Schenatic Diagrao
A25 Front Panel Decod€r Schematlc Diagran
AL Receiver Iaput Block Diagram
AL Receiver Input Schenatic Diagrar
A2 Filter Board Block Diagra,n
A2 Filter Board Schematic Diagran
A3 lILD/Modem Boarat Block Diagra.n
A3 NlD/iloden Boartl Schematic Diagram
AI Autorange Amplifier Block Diagrarn
Alr Autorange Anplifier Schematic Diagran
A5 Detector Block Diagran . ...
A5 Detector Schenatic Diagra,m
A5 Jitter Board Block Diagran
A5 Jitter Board Schenatic Diagran
A7 Envelope Delay Block Diagrau
A7 Envelope D€lay Schenatie Diagra,m

fuplacercnt for pge d,



LIST OF ILLUSTRATIONS (cont)

FtcURES (cont)

A8 Frequency Counter Block Diagrao
A8 Frequency Counter Scbenatic Diagraa
A9 Trans leuts Dot€ctor Block Diagran
Ap ltans ients Detector Schematic Dlagra^n
A1[ Transnitter Control Block Diagram
ALU Trarsmitt€r Control Schenatic Diagrao

Page

8-38.
8-39.
8-ll0.
8-ll1.
8-12.
8-!3.
8-Ulr.
8-1r5.
8-\6.
8-[7.
8-18.
8-1r9.
8-50.
8-51.
8-52.
8-53.
8-5lr'
8-55.
8-56.
$'zt.
8-58.
8-59.
8-60.
8-51.
8-62.
8-63.
8-6!.

415
415
A1?
417
a18
A18

llavefo!"m Generator Block Diagra!
Haveforn Cenerator Schematic Diagran
Activ€ Output Block Diagra^n
Active Ortput Schematic Diagran
Tran8nitter Output Block Dlagraa
Tranenitter Ortput Schenatic Diagraar

8-289
8-zgt
8-29'
8-297
8-303
8-305
8-309
8-311
8-315
8-317
8-319
8-32L
8-327
8-329
8-333
8-339
8-31t5
8-3ll7
8-31r9
8-351
8-353
8-355
8-355
8-358
8-353
8-369
8-375

Al3 Video Generator Block Diagrau
413 Video Generator Schenatic Diagran
A19 CRI Driver Block Diagram
419 Cm Driver Schematic Diagra$
Power Supply Block Diagra,m
A28 a.nd A29 Pow6r Supply Sebenatic Diagra.n
Power Supply AC and DC Interconnection Schenatic Diagra,n.......
422 l{otherboard Schematic Diagran
A!8 Front Panel Connect Schenatic Diatram
Passive Loadlng Board Schematic Diagra,m
Power Supply T€Bt Fixture Sch€matic Diagra,m
A18 I/O Interface Coturections
EP 18152A tlP-IB Interface Schematic Diagran
trP 18163A RS-232 Interface Scheoatic Diagran
UP 18155A BP-IB Interface Schematic Diagra,m

LIST OF TABLES

TABLES

5-1. Adjwtnent Surmary

8-55. Controt circuits

Page

1-1. Senrice Nit Contentg 1-1ll
2-2
2-\
5-2
6-3

6-L7
6-85

2-1. Line Fuse Part lluarbers ...
2-2. Power Cabl€ Part lluttrb€re .

6-1. Referencs Des ignators and
6-2. lP lr9\5A Beplaceable Parts

Abbreviat ions

6-3. l,ist of Ma,nufacturer's Codes
8-5J. Overall Power Supply Troubleshoot ing
8-6!, Verlfy Power Supply Problem
8-65. tlain Troubleshooting .,..

8-78a
8-T8b
8-?8c
8-?8d
8-78e
.8-92

8-67. Protection Circuits
8-58. Diagnost ic llodes ...

tuplacaent for pge di



Table 8-12. sA Progran foop ! (e.o soHrldAnE )

SIGNAII,RES TAIlEll Oll : 412

fest Condition: Set A11TP2 to IORUAL posltion and remove A11JU602

A11SIO6 Posltion lr

OPEN
Signature Analyzer Connections on All and A12: Cttecks 3

AL2 llain ROMsTABI/ST0P
QUALIFIER
cLocl(

All
xL2
A].l

sr2 TP1-7
As noted belo!,
cf,K1 TP1-1

Rising/Falling
Lo!, Level
Rlsing

+!vreference=1180

llote: Cycle power when changing qualifier

o

a aa

Qualifier= In00-20 Qualifier= U200-20

lI100 -11 =
L2.=
13=
t5=
L6=
L7=
18=
L9=

PUlP
0c0lr
5808
}I32A
5580
86cH
33PU
BCFS

U200 -11 =t2=
13=
L5=
t6=
L7=
18=
19=

l.AP9
PSgH
0110
28W
ltr5l
LtT7
SuUc
6!76

SIGIIAIaRES TAI{E}I ON : Al2

I{OI'E: Signatures ta}e approx furate Iy 30 seconds to stabilize

Test Condition: Same as for loop lr except:

Signature Analyzer Connections on All and Al2: sa,ne as for

aaaa

loop Ir
OPEN

A11SLo6 Position 1!

Qualifiers= Sane as for loop lr

Sigaatures= Sarne as for loop lr

Table 8-13. SA Program Loop \:1! (2.0 SOFI1ilARE )
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Table 8-1tr. SA Progran f,oop 5 (2.0 SOE$IARE)

Table 8-15. SA Prograrn Loop 5:15 (2.0 SOPII|ARE )

SIGIIAII RES TAXEN OI: A12

Test Condition: Set A11TP2 to l{OR}lAL position a,nd remove A11JIr602

A115u05 Position 5

OPEN

Signature Analyzer Connections on All and 412: Cheeks :

RO{Banksl&2STAFI/SIOP All ST2 TPL-?
QUALIFIER 412 As noted below
cLocr All clm Tm-1

Rtsing/FaIling
Low Level
Rising

+lvreference=1180

tlote: Cycle polrer when changlng qualifier

ao
aa

Qualifier= U300-20 gralifier= U\00-20

U300 -11 =
L2=
13=
15=
16=
L7=
18=
L9=

A\29
u9u\
L782
75L7
!7P2
?1llll
F2ll1
7AA6

uloo -11 =
12=
13=
15=
t6=
L7=
18=
L9=

gc6c
L729
c9A3
H236
u2lt1
P[1H
lPFc
POT2

IICIE: Signatures take approxinately 30 seconds to stabiliz€

Test Conditlon: San€ as for loot, I except:

OPEN
SiEnature Analvzer Conn€ctions on AL1 and 4123

aaoa
Salre aB for loop 5

A115b06 Position 15

TAI{EII ON: 412

Qualifiers= Sa,ne as for loop !
Signatures= Sa&e a6 for looB 5
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fabl€ 8-16. sA Progra,n l,oop 6 (z.o soEIllARE )

SIGIIAT{,RES TAIGN Ol{: A[2

Test Condition: Set A11TP2 to lIORMllL posttlon alrd remove A11JU602

411SI06 Positlon 5

OPEN
Signature Anabzer Connections on All and A123 Checks :

ROMBaaks3&lrSIART/SI1CP All SI2 rP1-7
QUALIFIER 412 As noted below
clocK All CLm TP1-1

Rising/Falling
Low LeveL
Rising

+Svreference=1180

trot€: CycI€ l,oeer rdren changing qualifier

aa
aa

Qualifier=Ul02-20 U202 not used at this time.

II102-11 =
L2=
13=
15=
16=
L7=
18=
L9=

1F37
1C07
H20U
8?cU
9U9P
CU2U
c1H1
5852

Table 8-17. SA Program Loop 5:1! (2.0 SOFBlilAnE )

SI( IAXIJRES IAIGII Oll: A12

XOIE: Sigrratures tak€ approxinat€Iy 30 seconds to stabtlize

Tsst Condition: Sa^ne as for loop 6 except:

A11SL05 Positioa 1l
OPEN

SiSnatur€ Analyzer ConnectionE on AL1 and A12: sa.me as for loop 5

Qualifters= Sane as for loop 6

Siginatureg= Sa,ue as for loop 6

.l
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aaa
5

Test Conditioa: Set A11TF2 to NORllllI, position aod lenov€ A11JU602

Simatur€ AnalJzer Connections on Al1 a,nd Al2:

llote: Cycle power rhen changing qualifler

+5vref€r€Dce=1180

411Su05 Positlon 7

Checks:

ROtl Ba,nks 5&6Rising/EatIing
Low Leve1
Rising

sTAnr/stoP
QUAIIFIER
CLOCK

411
At2
A].l

gr2 TPr-7
As noted below
clrl TP1-1

ON3 412

Qlralifier=UJ02-20 II10I not used at thts tine.

U302-11 =
L2=
13=
15=
!6=
L7=
18=
t9=

TAHb

362c
o6F3
u3A2
5H77
572P
8Pc7
FIIPP

Table 8-18. SA Program Loop ? (2.0 SOFffARE )

Tab1e 8-19. SA Progra^n Loop 7:15 (2.0 SOFnmRE )

IIOIE: Signatures take approximately !0 saconds to stabiliz€

Test Condition: Sane ag for loop 7 except:

a11Sb06 Posltion 15

Simature Analyzer Corurections on All & ALz: sane ae for loop 7

Qualifiers= Sane as for loop ?

Signatures= Sane as for Loop 7

aaao
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Table 8-20. sA Program roop 8 (z.o soErl'IARE )

S I GIIAT{]RES IAIGII ON: A12

Test Condition: Set A11TP2 to llORt{AL position alrd renove XLLJv6o2

A11s1.05 Position 8

Sisnature Analyzer Connectiong on All and A12: Checks :

ROM Bank 7sTAnr/smP
QUALIFIER
CLOCK

A11
l;12
All

sT2. TP1-7
As noted belotr
c[r1 TP1-1

Rising/Falling
Lor Level
Rising

+5vr€ferenc€=1180

a.a a

o

U20\ not used at this tine.
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S I GIIATIJRES TNIEII Oll: A10

Test Condition: AL0S100 (C1) to IIORM, A10S100 (C2) to lIORl{
A[1TP2 iu ]lORt{AL position and A11JU602 removed.

A11S\05 Positlon 9

OPEN

Slmature Analyzer Connections on A10 and All: Checks :

START/grpP
QUAIITIER
cLocr

All
410
A].,.

sa2
503-18
cu(1

TP1.7
ucs
TP1-1

Rising/Falling
Lot{ Level
Ris ing

System accegs
of Shared RAll

+!vreference=C7U8

aa
aa

u503 - 1
2
3
It

5
6
7
8
9

10
11

66tP
057F
t5o6
gAuu
1F37
zCaF
9254
HCa2
1Ur5
U39U
?060

u503 - 13
1ll
t5
L6
L7
t9
20
2L
22
23

52P6
A3F6
0588
8F5U
HF5H
OPUO

6art
HAAU
FC3F
UAOF

TabI€ 8-21. sA Program Loop p (2.0 soFIt{ARE )

Table 8-22. SA Progran Loop !:1! (2.0 SOFDIARE )

S IGIIATIJRES TAI(EI ON A10r

IICIE: Signatures take approx imately 30 secotrds to stabilize

Test Condition! Sa^me as for loop 9 €xcept:

Al1slr06 Position 15

o
Signature Analyzer Connections on A[0 a,nd A11: sane as for loop !

Qualifi€r = Same as for loop p

Signatures= Sa,ne as for loop 9

aaaa
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Table 8-34. Al0 Eree Run Loop A

Tesr Condlrlons: ser A10sr00(c1) to FREE RUN, Al0S100(C2) to NORII

Slgnature Analyzer
START AI5
STOP A15
CLOCK PIT2

Connectlons
TP5
TP5
TP3

on A10:
Rlstng
RiBing
Falllng

Che ck6 :
Receiver Add reBs Bus
Recelver Data Bus
Ch 1p Select Clrcult

+5vreference-0003

TP6
TP7
TP8
TP9
TPIO
TP11
TPI2
TP13

RDo'
RDI .
RD2 =
RD3 =
RD4 =
RD5 -
RD6.
RD7 -

u601
525C
321H
8F 05
93H4
P398
298P
H787

u 103 - 7-
- 9-
- 10 -
- lt -
- 12 -

2302
F9CF
534H
c9u I
1183

13 =
14 -
15 -

64Hr
29 A4
5F UA

u203 - 3=
- 5=
- 7=
- 9-

6F 9A
u7 59
0356
1U5P
P7 63
84 84
FFFF
UU UU

-L2=
- 14 -
- 16 -
- 18 -

u403 - 5=
- 7-
- 9=

9uP1
4868
4F CA
5U28
37 C5
632r
779L

-L2-
- 14 -
- 16 -
- 18 -
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Table 8-35.A10 SA Prograu Loop B

Table 8-35. A10 SA Prograo Loop C

REPLACEUENT PAGE FOR 8-54

TP6
TP7
TP8
TP9
TPlO
TPIl
TP12
TP13

RDO -
RD1 -
RD2 -
RD3 -
RD4 -
RDs =
RD6 -
RD7 -

2 HPII
5F U2
ITAO l
5062
u554
HF59
7A15
P9AF

-1-
2-
3-
4=
5=
6-
7=
8-
9-

44AA
A3C 9
07P1
u543
APA 5
5U5A
P2C5
86H5
94C8
8AU 9
PH8II
P2 CIT

14 -
15 -
16 =
L7=
18 -
19 -
20-
2l-
22-
23-

7058
59C 5
I UCB
041 8
CUP5
U18A
5U59
4 484
F03P
H690

u503 u503

10 -
11 -
13 -

A: A

Tesr Conditlon: A10S100 (C1) to N0RM, A10S100 (C2) ro SA PBoGRAM

Signature Analyzer Connectlona
START SAl TP 14
STOP SA2 TP15
CLOCK PIt2 TP3

on A10:
fa111ng
Falllng
falllng

Checks:
Shared RAt{ durlng
Recelver Access

i5vreference-ICHH

PCA: A10

Tesr Condlrlon: A10S100 (C1) ro NORM, A10S1OO (C2) ro SA PROGRAM

Signeture Analyzer Connectlons
START SA1 TP 14
STOP SA2 TP 15
CLOCK PEz TP3

on A10:
R1s l ng
Rls lng
I'a111ng

Ch e cks 3

ROM CD U5O7

.t5vreference-07U3

TP6
TP7
TP8
TP9
TPlO
TP11
TP L2
TP13

RDO =
RDl -
RD2 -
RD3 =
RD4 -
RD5 -
RD6 =
RD7 -

109tl
7 648
4 u84
73A7
8A6U
4 3C0
8 UAU
rAII6



Table 8-37. AlO SA Prograo Loop D

Table 8-38. A10 SA PrograD Loop E

PCA: AIO

Tesr Condlrlon: Al0s100 (c1) ro NoRM, A10s100 (c2) to sA PRoGRAtt

Slgna ture Analyzer Connec t 1on s
START SA2 TP 15
STOP SA3 TP16
CLOCK PII? TP3

on A10:
Rle l ng
Rls lng
Falltng

Checks:
ROM AB U4O 7

+5vreference=P792

TP6
TP7
TP8
TP9
TPlO
TPI l
TP I2
TPI3

RDO -
RDI =
RD2 =
RD3 -
RD4 -
RD5 -
RD6 .
RD7 -

08 u3
cuP 2

166U
cFc2
7 302
85U2
7 4v9
8U6A

ond f gro n-!-A-1-o s-1.0 0-cc-1-)-r-o-NoRM.,-A 1.0.s.1

Slgnature Analyzer Connectlons on Al0:
START SA2 tP 15 Falllng
STOP SA3 TP16 Falltng
CLoCK Plt2 TP3 F a 111n9

RAU

:A

Checks:
Recelver RAM U40 5

*5vreference=2903

TP6 RDO
TP7 RDl
TP8 RD2
TP9 RD3
TP 10 RD4
TPl1 RDs
TP 12 RD6
TPl3 RD7

- 0397
= 9U14
= UHSU
- lrH5
- 8F11
= 0F80
- APll4
- F 245

REPLACEIIENT PACE FOR 8-6 5



TP6
TP7
TP8
TP9
TPlO
TP11
TPI2
TPI3

RDO =
RDl =
RD2 .
RD3 -
RD4 '
RD5 -
RD6 -
RD7 -

92P8
A3C4
8u59
FV7 2
A8F O

5C4A
P2PO
COPU

PCAr A10

Tesr Condlrlon: A10Sl00 (cl) ro NoRll , A10s100 (c2) ro sA PRoGRAM

Slgnature Analyzer Connectlona
START SA3 TP 16
STOP SA4 TP17
CLOCK PH2 TP3

on A10:
Falltng
Fa111ng
tralltng

Checks:
Stack RAM U505

+5vreference-2131

Table 8-39. A10 SA Prograo Loop F

Table 8-40. Al0 SA Prograo Loop G

Tesr Condlrion: A10S100 (Cl) ro NoRM, A10Sl00 (C2) ro SA PRoGRAM

Slgnature Analyzer Connectlons
START SA3 TP 15
STOP SA4 TP 17
CLOCK PIT2 TP3

A: A

+5vreference-P733

Checks:
Rou 89 U308

on A10:
Rls 1ng
R18 tng
Falltng

TP6
TP7
TP8
TP9
TPlO
TPl I
TPI2
TP13

RDO =
RDl =
RD2 -
RD3 -
RD4 =
RD5 -
RD5 -
RD7 -

8P4P
0u 64
IT2II8
cP43
5ru0
cF 34
C CAA
3369
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:A

Tesr Condlrlon: Al0Sl00 (c1) ro NoBM, A10S100 (C2) ro SA PROGRAT,.I

Slgnature Analyzer Connectlona on
START SA4 TP17
STOP SA5 TP 18
CLOCK PHz TP3

At0:
Rls ing
Rl s 1ng
Fa111ng

Checke :
ROM 67 U307

i5 v reference 2 51A

TP5
TP7
TP8
TP9
TPlO
TP11
TP12
TP13

RDO =
RDl =
RD2 =
RD3.
RD4 -
RD5 -
RD6 =
RD7 -

rc55
6866
C PII9
66n5
E 224
2 PCIT
8593
1AA3

Table 8-41. A10 SA Progran Loop lt

Table 8-42. A10 SA Prograu Loop I

Test Condlrlon: A1OS1O0 (C1) ro N0RM, A10S100 (C2) to SA PRoCRAM

Slgnature
START
STOP
CLOCK

Analyzer Coflnectiong on A10:
SA4 TP17 Fal l lng
SAS TP 18 Falllng
Ptl2 TP3 Falltng

Checks:
Recelver Peirpheral
Data Bu6
Recel.ver Perlpheral
Address Bus
REN, LREN, RR/!'

+5 v reference APU2

u 500 5 r446 u700

u705

o c544

u600 4 1CC6
-11

L2
13
14
15
16
l7
l8

H4 AA
2422
4300
PC55
F 5AO
49F I
o422
807 7

u6 05 1-

9=
12-
14 -
16 -
r8 =

10nu
uc20
PAH 3
9 6II1
u413
1143
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Table 8-43. A10 SA Progran-Loop J

PCA 3 A10

TeBr Condlrton: A10Sl00 (Cl) ro NOR}{, A10S100 (C2) to SA PRoGRAM

Slgnature Analyzer Connec t lons
START SA5 TP 18
STOP 5A6 TP 19
CLOCK PIT2 TP3

on Al0 :
Rlstng
Rlslng
Falltng

Checks:
ROM 45 U30 6

+5vrefereace-672A

TP6
TP7
TP8
TP9
TPlO
TP11
TP12
TPI3

RDO -
RDl -
RD2 -
RD3 -
RD4 =
RDs =
RD6 =
RD7 -

645C
21UC
UAO 7
3465
0P50
FAOP
6U42
3 424
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Table 8-23. SA Prograr Loop 10 (2.0 SOFIWARE )

SIGIIAT{,RES TAIGN OIi A:12

fest Condition: Set A11TP2 to tlORllAL position and remove 411JU602

a11Sb06 Position 10

Slmature Analyzer Connections on Al1: Orecks :

sIAB-r/SrcP SI2 TP1-7 Rieing/Fa]Ilng
QUAf,IFIER Ai noted belot Lotf Level
CLOCK CIJ(1 TP1-1 Rising

RAlt,
llon -Volat ive RAll

llote: Siga. stabilize sIowly i Cycle power !,h6n changing qualifier

aa
aa

ter=tll
c7rr8
1m5
u39U
7050
52P6
A3F5
0588
8F5U
ITF5H

Q{ralifier=U!0I-18
+! v ref.= CflE
UUoI-9= H8u0

10 = PF3B

Qualifier=
+5 v ref.=
In05- 11 =

L2=
13=
1I=

13=
1b=
t5.=
L6=
17=

u223
rcP5
5u9P
Irzxo
3r?c

Qualifier=
+5 v ref. =
ubo2- 9 =

10=
11 =
13=
1[=
15=
L6=
L7=

ccPc
0r55
H\18
Af03
538c

+5 v ref. =
tD00-9 =

10=
11 =
13=
1!=
15=
L6=
L7=

c7u8
1rJF5
u39u
7060
52P6
A3F6
0588
8F6U
m5H

Quallfier=
+5 v ref. =
In07- 11 =

L2=
13=
1!=

rn07-8
ccPc
P081
1EC8
llcTA
A985

Tab1e 8-2b. sA Progran Loop 10!15 (2.0 soFnilAnE )

SIGIAfl,RES TAI{Ell O}l: A12

IIOIE: Signatures take approximate\y 30 Eeconals to stabiliz€

TeBt CoDditloD: SaDe as for loop 10 except:

A11s!06 aaaa Pos ition 15
OPEN

Slgnatur€ AnabTzer CoDnections on All: Sane ag for loop 10

Quallflers= Sa,ne as for loop 10

SlSnatureg= Sane as for Ioop 10
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ar]
test Conditlons: Set AL1IP2 to IomlAL position and rerov€ A11JU602

Sienature Aoalyzer Connectioae on A113

Rising

llote: Sign.tures take approx imately
30 seconds to stabilize.

Checke !

A11s106 Position 12

for Al3 RAll

OI3 Al1

Rising D,ecoder circuitrysr2
sP2
CIJN

START
STOP
cLocx

TPT-7
rP1-8
TP1-1

+! v reference= Olrtl

ulol -12 = !0!1

u5o1 -!=2lrw
, = v953
6 = 85u7
7 = 3FP5
9 = c6c7

10 = 9H59

Table 8-25. SA Progran Loop 12a (2.0 SOEII'IARE)

fable 8-25, SA Program Loop 12a:1! (2.0 SoFl'wAnE )

Iable 8-27. SA Program Loop 12b (2.0 SOPn',ARE )

Table 8-28. SA Prograar Loop 12b:1! (2.0 SOPII'IARE )

Tab1e 8-29. SA Program Loop 1la (2.0 SOEnilnE)

rrl
aa

SIGIIAXI,RES TAXETI OlI3 413

Test Condition: Set A111F2 to TIORMAL position and remove XL]JlfiO2

A11Su05 Positlon 12

Sisnature Analvzer Conn€ctions on Al1. and

f

413: Checks :

sIAnT/sIoP All SI2 TF1-7 Rising/falting System Access of
QUALIFIER 413 As not€d belo!, Low Leve1 Display RAll, Att.
CLOCK All C1f,1 TP1-1 Rising RAIiI, Char. RAll

l{ote: Sigs. stabilize slolrly.. C}c1e power wtren cha,nging qualifier.

+5 v ref, =
u!05-11 =

L2
13=
1ll
t5
76
t7
18

P7E7
6u5U
rICP
A5HU

9559
cll1P
FAITU

A6TA
6c5\

rr102-18
c7u8
1uF5
U39U
7050
,2P6
A3F5
0588
8F5U
EF5H

+l v ref.
v6o5- 2

3
It

,
6
7
8
9

?o5-L9
ccPc
0ll55
HU18
AF03
538c
P081
1HC8
Uc"A
A986

Qua -t9 Qualifier
+5 v ref,

u7o5- 2
3
lt

5
6
7
8
9

ccPc
0r55
Hu18
AF03
538c
P081
1HC8
TcFA
A986

Qualifier =
+5 v ref. =
u102- 9

10
11
13
1T
L5
L6=
t7

For Qualifiers u2o3-18
u205-18
u205-18
u305-18
u305-18

+5 v r€fs. and sigs. are the sam€ as for II102

o
aa o

SIGllAllrRES TAI(EI ON: A13

Test Condition: Set A11IF2 to llORllAL position and remov€ 411JU602

A11Su06 Position 13

Sigtrature Analyzer Connectione on Al33 Checks :

STANT
SIOP
CLOCK

\rsI}Ic
vsnrc
Lls

Tgl
TPl
TP1

Rising
Rising
Rising

CRII access of Oraract€r
RAll, Attribute RAll

+5 v r€ference= C3A5 r = l{ot blinking

u200-5
10
11
L2
13
1lr
L5

0000
F97P
86Ar
U2FU
A3HC
66gt
Fcu!

u503-9
10
11
13
1ll
15
L6
L7

0000
0000
0000
0000
0000
c3A5
caASr
c3A5

u8o1-6
7
9

10
72
13

cP9A
cP9A
7T8U
7T8U
FWA
FI,UA

U302-b = Alnc
7 = A572
9=3ufi

12 = )2tH

U702-lr
,
6
7
8
9

10
11
L2
13
18
t9
2L
23
25
26
27
28
29
30
31
32
33
35
36
37
38

mr3g
8cA8
13AA
7bu6
CF6II
Socu
89uA
c25P
??8U
FWA
ul99
0000r
0000
0000
c3A5
caA5
c3A5
c3A5
caA5
c3A5
c3A5
c3A5
c3A5
hfi2
511u
PP83
cP9A

u8o2-3
ll
6
7
9

10
t2
13

50CIr
50clt
CF5E
CF6E
c25P
c25P
89uA
89uA

uUoo-6
7
9

10
L2
13

5111
511ll
&ur2
TuI2
PP83
PP83

U803-3
lt
6
7
9
0

7Iu6
7uu5
8cA8
8cA8
Hn3g
H[39
13AA

uUo2-U = 0255
7 = 3972
9 = 

^992t2 = 979\

1
L2=
13=

u501-9
10
11
13
1L
t5
t6
L7

3972
0255
979\
4992
929H
3TIII
4572
AII1C

SIGllAllrRES TAIIEN OII: 413

IICIts: Signatur€s take approxinrtely 30 seconds to Btabilize

Test Conalition: Same as for loop 12b except3

aaaa

SiEnature Analyzer Connections on Al1 and A13: sane ae for Ioop 12b
OPEN

A11Sb06 Position 15

Sralifierg= salre as for loop 12b
Signatures= sa,me as for loop 12b

,1,91 -12 = f!08

U6m-!=ur6?
5 = 1Fcf,
6 = 59Pc
7 = 367P
9 = P6tt5

10 = 10PC

s : All

IICIts: Signatures take approxinately 30 s€conds to stabiliz€

Test Conditioas: Sa,me as for loop 12a except:

al1sb05 Position 15

Signature Analyzer Connections on Al13 Sane as for loop 12a

+5 v referenc e= C1f26

:Il
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8.17. RECEIVER PBOC
Table 8-30. A10 Fr€e Run Loop A (2.0 SOffnARE)

SIGNAIIJRES TAI{Etl O : A[0

Test Conditions: Set A:10S100(C1) to FREE Rlril. A10S100(C2) to llORll

SiEnature Analvzer Connections on A10: Orecks s

START
sIt)P
cLoo(

A15
415
m2

TP5
TP5
TP3

Rising
Rising
Falling

Receivcr Address Bus,
Receiver Data Bus ,
Chip Select Clrcult

+5vreference=0003

TP5
TP?
TP8
IP9
TPlO
TP11
TPl2
TPII3

RDO =
RD1 =
nD2 =
RD3 =
nDU =
nD5 =
RD6 =
nD7 =

6782
c005
22PF
7\H2
36cP
F6u5
7caB
l*l5z

rr103 - 7-9
-10
-11
-L2
_13
-1!
-15

2302
F9CF
53llH
c9u1
1183
5Ur
29Alr
SFUA

u203 - 3.,
-7
-9
-L2
- 1lr
-L6
-18

6F9A
w19
0355
1U5P
P763
8L8U
FFFF
UUI,U

ul$3 - 5-7
-9
-t2
-lu
-L6
-18

9rrPl
l'858
bFcA
6u28
37c5
63zt
7791

8-53



SIGIIAT[ RES TN(EII ON: 410

lest Condition: At0S100 (C1) to IIOR!,|, A10S100 (C2) to SA PRoCRAI{

Signature Anal.yzer Connections on A10: Checks:

STANT
SIOP
cLocr

sA1
sA2
PH2

TPllr
TP15
TP3

Falling
FalIing
Falling

Shared RAll during
Receiver AccesB

+5vreference=1C!IH

TP6
TP7
TP8
TP9
rPl0
TP11
TPT?
rP13

RDO

RD1
RD2
RD3
RDT
nD5
RD6
RD7

0H09
!903
TOAT

7ca0
5652
PL5c
6HLc
IAU2

0c2F
857c
ScFo
cP97
531u
2001
7LzV
c5PU
9!c8
8AU9
PIISH
P2CH

7058
59c5
lUCH
o!18
cuP5
INSA
,u59
bl$L
FO3P
EP73

u503 - 1
2
3
ll
,
6
7
8
9

10
11
13

u5o3 - xI
L5
L6
L7
18
L9
20
2L
22
23

Tab1e 8-31. Ato SA Program Loop B (2.0 SOEttl/IRE )

Table 8-32, A10 SA Progran Loop C (2.0 SoFllfARE )

SIGIIAITRES TAIGII OII: 410

Iest Condition: AL0S100 (C1) to t{OR}l; 4105100 (C2) to SA PROGRI}I

Signature Ana\rzer Conn€ctions on Al03 Orecke:

STABT
SB'P
cLocl(

sA1
sA2
PH2

TPlb Rising
TP15 Rising
TP3 Falling

RoM CD U507

+5vreference=07U3

rP5
rP?
TP8
TP9
TPlO
THTl
TP12
IP13

nDo
nD1
nD2
RD3
RD!
RD5
RD5
RD?

HI{HU

73c7
F820
\99u
H191
I298
zu38
11633
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lable 8-33. A:10 sA Program Loop D (2.0 soPIllaRE )

Table 8-31r. Al0 SA Program Loop E (2.0 SOEI*IARE )

SIGIAfl nES TAIGII oll: A10

fest Condltion: At0S100 (C1) to l{oRll, A10S100 (C2) to SA PRoGnlI{

Signatur€ Analyzer Conrtections on 4103 Checks:

STARS
stoP
cLocl(

sA2
sA3
PH2

IP15 Rising
TP15 Rising
TP3 Fauing

Rotl AB Ulr07

+Svreference=P792

TP6 NDO

TP7 RD1
TP8 RD2
rP9 nD3
TP1O RDL
TP11 nD5
TP12 RD6
TP13 ND7

m56
5F73
A5ltu
52A6
0652
gFLP
8116o
Pu86

T€8t Conditior: AI0S100 (C1) to llORI,l, A10S100 (CZ) to SA PRO(nAll

Slgnature Analyzer Connections on A10: Cbecks:

+5vr€fersnce=2903

srrilltr$Fs

Receiver nAll U[05STAAS
stoP
cLoctr

sA2
sA3
PH2

TP15
TP15
TP3

FaUing
Falling
Falling

TP5
TP7
TP8
T"9
TPlO
TP11
wL2
TPl3

RDO

RD1
nD2
RD3
nDu
RD5
nD5
RD7

A?CU

7u77
7W
2110
8H59
OPUO

A3ob
5o6P
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S IGIIAIITRES IAIGII oll: All0

Test Condition: A10S100 (C1) to IIORM, A10S100 (C2) to SA PRO(nAIil

Signature Analyzer Connections on A10: Check8:

STAAT
stcP
CI,OCK

sA3
sAlr
PHz

TP15
TP17
TP3

Falling
Falllng
Falling

Stack RAll U505

+5vr€ference=2131

rP6 nDo
TP? ND1
TP8 RD2
TP9 RD3
TP1O NDb
rP11 nD5
TP12 ND6
TP13 ND?

HCLH
26LL
FACO
0FBlr
ul#5
52\7
6u16
9693

Table 8-35. 410 SA Prograar Loop F (2.0 SoFHilARE )

Iabl€ 8-35. A1o sA Progran Loop c (2.0 SoFnilARE )

SIGIATI,RES TAIIEI{ O}I: Al0

Test Condition3 A[0S100 (C1) to ]IORl.l, A10S100 (C2) to SA PRoGRA]|

Slmature lnalvzsr Connections on A10: Orecks:

STABS
SIOP
cLocr

sA3
sA!
PH2

TP16
TPl7
TP3

Rising
Rising
FaUing

Rol'l 89 U308

+5vref€rence=P733

w6
TP7
TP8
TP9
rP10
rP11
rP12
TP13

nD0
nD1
RD2
RD3
RDU

RD5
RD6
RD7

3508
\270
72LA
n22A
95|tl
3FAf,
FPA3
89cP
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fable 8-37. Ato SA Progran Loop H (2.0 SoFn AnE)

m6 BDo
TP7 RD1
IP8 RD2
TP9 nD3
TP1O RD\
TP11 RD5
TP12 BD6
TP13 RD?

3f,3II
05Hll
32AF
w78
10c9
99lA
594!
P?\8

SIGIAIUnES TAXEN ON: A:10

fest Condition: AL0S100 (C1) to }l0ml, Al0S100 (C2) to SA PROGRAI{

Simatur€ Analyzer Conn€ctions on A10: Checks :

Rou 67 U307STAnf
STOP
cLocx

SAU
sA5
PHz

TPLT
TP18
TP3

Rising
Rising
FalIitrg

+!vreferenee=2!1A

Table 8-38. A10 SA Progra,m Loop I (2.0 SOEIXARE )

u705 -11
L2
13
1u
15
L6
L7
18

HbAA
2\22
13oo
Pc55
F5A0
L9F1
0\22
8077

5 = 1Ut6

I = 1cc6

u5o0

u6oo

u605

u700-8=c5b[

? = 10EU
9 = v;zo

12 = PNI3
1b = 96[1
16 = U\13
18 = 11[3

SIGI{AIIJRES TN(EN O}l: 410

Test condition: A10S100 (c1) to lloRt{, A10s100 (c2) to sA PRoGRA!,!

SiSaature Analyzer Conn€ctions on A10: Checks :

stan3
stoP
CLOCK

SAT
sA5
PHz

rPLT
TP18
TP3

Falling
Falling
FaIIing

Receiver Peirlheral
Data Bus,
Receiver Peripheral
Address Bus,
RET{, LNE[. RN/$

+5vreference=APU2
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Tab1e 8-39. A10 sA Progran Loop J (2.0 SOEITIARE )

TP6 NDO

TP? ND1
TP8 RD2
rP9 nD3
TP10 nDlr
TP11 RD5
m12 RD6
TP13 ND7

,392
l.5rc
5305
5H18
82CA
519A
AHFS
L77P

SIGIAIIrRES TAIGII O]I: Al0

Test Condition: A10S100 (C1) to ilOnu, A10S100 (C2) to SA PROCRA!,|

Signature Analvzer Cotmections on Al0: Checks !

STANS
STOP
cLocx

+5vr€fer€nce=6721

sA5
sA6
PHz

TP18
TP19
TP3

Rising
Rising
Falling

Ror,r ll5 u3o5
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SIGNArURES TAIGI OI: 410

fest Condition: A10S100 (C1) to llORll, A10S100 (C2) to SA PROCRAII

Slgnature Analyze! Connections on Al0: Checks:

STAI}T
gtoP
cLocr

sA5 TP19
sA1 TPllr
Pfl2 TP3

FaUiag
Rising
Falling

RO,r EF U607

+!vreference=55UF

TP6
TP7
TP8
TP9
TPlO
rP11
TP12
TPT3

RDO

RD1
RD2
BD3
RDU

RD5
RD6
RD7

9IJHA
9LU2
6A96
F333
81r3
7PA9
uc50
5263

Table 8-h0. ALO SA Progra,n Loop l( (2.0 SoEIIIARE )

Tab!.e 8-U1. ALo SA Progran Loop L (2.0 SOEmAnE )

SICIIATLRES TN(EII Oll: 410

Test Condition: Ait0S100 (C1) to IORl.t, A10S100 (C2) to SA PRocRAlr

Signatur€ Analyzer Connections on 410: Orecks:

+5vr€fer€nce=llUF

ROr 23 U305START
stoP
CLOCK

sA5
sA1
PHz

TP19 Risirg
rPlb Pauing
TP3 FaUlng

TP6
TP7
TP8
TP9
TPlO
TP11
TP12
TP13

RDO

8D1
RD2
RD3
BDU
nD5
nD5
RD7

L829
56\5
7290
0uoc
TScA
5ll7IT
A77P
cP66
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SIGNAT{JRES TAIGII ON: Al

Test Conditions for Rev A bds: Insert TST ( above JU2) and JIJ2, JUlt
in left Bosition, JII1 and JUJ removed.

Test Conditions for Rev B bds: JII1 in llOP position (dorur). JU2 in
normal position (up). JU3 i! NI{I DIS
position (right). JUU ln normal pos-
ltion (left). JU300 removed.

Signature Analyzer Connections on A9: Checks :

srAns 415 TP7
srcP 415 TP?
clocK Q lP5

Ris ing
Ris ing
Falling

Trans ients Address Bus,
Decoder Output,
Start/Stop Bit for
SA Progran Loops

+5vrefer€nce=0003

Ir102 - I
9

10
11
L2

I'T'IJU
FFFF
8b8lr
PT63
1u5P
0356
u759
6E9A
779L
6321
3Tc5
6tt28
LFcA
1.858
glrPl
0002

u800 - 1
2
3
tt

5
6
7
I
9

10
11
13
1lr
t5
16
!7

clr3H
9682
UFOH

UluT
78Po
r53A
908P
5PCP
u?89
TF82
8fi2
0Ac8
u898
9U0A
o2P2
P136

u900 - ?
9

10
11
L2
13
1!
L5

5724
5EA!
729H
FATC
29P7
A789
9P2C
78A3

13
1b
15
76
t7
18
79
20
2L
22
23

u702 -9 = s5g6

Table 8-\2. Ap Free Run Loop A (2.0 SOF ARE) Tab1e 8-[3. Ap Free Run Loop B (2.0 somHAnE ) Tab1a 8-IL. A! SA Program Loop A (2.0 SOHIITARE)

Table 8-b!. A9 SA Program Loop B (2.0 SOnfi'nRE)

SIGIIATURES TAIGII OtI: 49

Iest Conditions for Rev A bds: Insert TST ( above JU2) and JU2. JlIl,
JU3, and JU! removed. Be sure the SA
probe is grounded.

Iest Condltions for Rev B bds: JlIl in ltOP position (dofln). JU2 tn
normal position (up). JU3 ln tilll DIS
position (rieht). JUU in ROI COll pos-
ition (right). JU300 renoved. Be sure
th€ SA probe is grounded.

Signature Analyzer Connections on A!: Checks :

srArE A15 TPT
sToP 415 TP7
clocK Q rP5

Rislng
Rising
Falung

ROD| Data Bus

+Svreference=0003

uuoo - 9
10
11
13
1!
15
L6
L7

56ou
LO22
to23
9u5ll
CPSA
F\35
FTHb
628P

TAI{Ell O}l: A!

Test Conditions for Rev A and Rev B bds : A10S100 (C1) to IIORM,
A10S100 (C2) to SA PROcRAl,t

Sienature Analvzer Connections on 410: Checks :

STABT
STOP
CLOCN

sAll
sA5
PH2

TP17
TPl8
TP3

Falling
Falling
PaIling

Addregs Comparator,
Address Decoder

+5vreference=APU2 * = llot blinking

u5o2 - 3
It

7
I

13
1ll
t7
18

II4AA
2\22
h3oo
Pc55
F5A0
I9F1
0\22
8oz7

u802 - 1 11146

ucz0
PAII3

U902-5=0U07
10 = 10IIU
12 = )6HL
13 = ull13
15 = 11h3

2
3
It

10
11
L2
13
1T
15

c5 IIt
APU2T
2u96
APU2i
59Lc
APU2i
H??8

Test Conditions for Rev A bds: Insert JIn, nL in left position.
TSI (above Jltz), Jlt2, and JU3 renoved.

Test Conditions for Rev B bds: Jlll in normal position
SA Iros ition (down). JU3
Dositio! (left). JUlr in
ition (left) . JU300 ins

+5 v reference = 5F32 P2 R/tf = H0H0

SIC}IAI'I'RES

Connections on Aq:Sitnature Ana Ivzer

OtI: Ap

RAI Data U6OO

Checks :

START TP3
SIOP TPlt
Q TP5

STATE
STOP
CLOCT

FaIling
Riaing
Falling

(up) . JU2 in
in nomral
lolmal pos-

u303 - 2
5
6
9

72
L5
L6
79

P828
buzu
?c29
79P9
A?LC
cP9A
I{UFU

3uH3

u30L - 2
5
6
9

t2
15
t6
t9

2TU2
0c\5
1AC8
H328
FU9F
7AUz
6987
,L69

u6oo - 2
3
It

,
6
7
8
9

7L85
u73u
5Hh8
278F
s2P5
3FCA
TPTA
CT'FL
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fable 8-116. A9 SA Prograr Loop C (2.0 SOFttlARE ) Table 8-b7. A9 sA Progra! Loop D (2.0 soFlllnnE )

SIGI{Af,IJRES TNIEX Oll: Ap

Test Conditions for Rev A Hs: Insert JlI1. JUb 1n left positioD.
fSI (above JU2), JU2, and flr3 reuoved.

Test Conditions for Rev B bds: JII1 ln nomal position (up). JU2 ia
SA position (dorsr). JU3 in IUI DIS
position (right). JIIb ln aonrel pos-
it ion (left). JU300 instaUeal.

Signature Analy?ql lonnections on At: Checks:

sraRs/smP srAm
QUALIFIER U6OO-13cLocT e

TP3

TP5

Falling /Rising
High Level
Falling

P2 R/t{ = \17b

RAI{ Data

+5vr€ference=00\6

u500 - 2
3
ll
,
6
7I
9

ATTT'
PHT2
EI'80
08F1
52!H
H[P8
B?C0
B53A

SIGIAfiRES TAfEll Of,: At

Test CoDditions oo Rev A bds: fuselt JII1. JUt in I€ft position.
fSt (above JU2), JU2, anat JU3 removed.

Test CoDditi.ong on Rev B bde r JII1 in aonnl position (up). ilr2 in sA
positio! (dorm). Ju3 in tfl[I DIs Dos-
ition (right). JIJIr ln nomal positio!
(Ieft). JIr300 lastalled.

Signature Anqly?er qoJuections on A!: Orecks :

StAm/SBcP STAnr TP3 FaUing /Rising
QUALIFIEB Ae noted b€loo Low Level
CLOCT Q rP5 Falling

Latch Data

+5 v reference = CC3b llote: Cycle power when changtng qualifier

Qualifier=
u303-3=

lt=
T=
8=

13=
1lr =
7T=
18=

u303-1
au8
PucT
FCIIC
c?Fl
I,Flc
0or5
PUSP
Ef,?E

Qtraltfier=
u30u-3=

lt=
7=
$=

13=
1I=
L7=
18=

E3OI-
2Hx$
P\c7
FCHC
CTFL
rrFbc
0cH5
PIEP
[f,?II
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SIGllAtrtlRES TAlGll ON: AE

Test Conditions: A:I0S100 (C1) to IIORU, At0S100 (C2) to SA PROGRAI.,

Signature Analyzer Cotqtectiglrg o! l[1q ! Checkg :

STA8f,
smP
cLoct(

sAlr
sA5
P-82

TPl7
THl8
TP3

Falling
FaUing
Fa111lrg

Address CotrIrarator,
Address Decoder,
Input Control Latch

+Svreference=APU2 r = llot blinking

u20u-3=APU2I UU03 -2
3
lt
7

t2
1lr

= 
11il6

= PAII3
= c5uh
= APU2I
= APU2i
= lrCTC

U303-2= OHSA
HllAA
2\22
9\99
8c79
!3oo
PC6'
o72\
8c1u
F5A0
I9r1
cu2u
bcBF
o\22
8077
o9H6

3
It

5
6
7I
9

L2
13
1lr
15
t6
t7
18
L9

u5o3-5=P589
10 = 10HU
12 = )6Et
13 = uU13
15 = 11L3

Table 8-\8. AB SA kogranr Loop A (2,0 sofnmnE ) Tabl€ 8-I9. A8 SA Progran Loop B (2.0 SoHtlilARE)

Table 8-50. AB SA Progran Loop C (2.0 SOFnilAnE )

sroIAEmEs tAmt ox! a8

Test CoDdltiotta on Rev A bd33 Renove A9 Jutry€rs Tgf' JU2' aDd JU3

I€st Conditioas on Rev B bde: Renove Ap jtunpers JIII; JtI2 ' aad JU3

Simature Analyzer Connections on A9: Checke :

gtAm SIAnr TP3 Falliag
sIoP stoP rPI Rising
CLOCK q fP5 Falling

Input Latcb for Data
Trans ients

+5vref€r€nc€=5F32

u5o1 -2=753U
5 = f['c?
6
9

t2
L5
!6
t9

= TTCP

= 66cg
= ttl32
= 898F
= H!5b
= CC0U

SIOIAIIrRES TAf,Ell Oll: A8

f€st Conditions on Rev A bds: Rearove A9 Jul[,ers TSf, JU2, anal JU3

T€st Conditions on Rev B bds: Remov€ A9 juryerB JII1, JU2, a,ntt JU3

Eiggtulg {4alyzer Connect ions on A8 and A9! Checks 3

SfAnf/SI9P A9 stAnf T"3 Falling/Rleing Input Latch for Data
QUALIFIER AB U501-1 Lolr Leve1 l}ansieats
CLOCK A9 Q IP! Falling

+5vrefereltce=CC3I

u501 - 2
5
6
9

L2
L'
t6
t9

95PF
725c
P5PH

5CP0
7P25
85PA
77F7
5PcP
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Table 8-!1. A1 SA Progra,n L,oop A (2.0 SOPI1ffRE)

SIGtlAf,{rnES TNIE}I Oll: AI

I€st Conditions: 4105100 (C1) to IIORU, A10S100 (C2) to SA PROGRIII{

Signature Analyzer Co rections on 410: Checks:

grnnr
sloP
cLocl(

sAlr
sA5
PII2

TPl7
1P18
TP3

FaIlittg
Falling
Falling

Addr€ss CorfiIrarator,
Addresg Decoder,
Data Bus Decoder

+5vreference=APU2

u500 - 7
9

10
11
L2
13
1b
L5

u6oo - 2
3
lt
5
6
7I
9

Hc59
HCHF
6P26
8335
07uP
P768
c629
Lc99

u500 -11
L2
13
1b
15
L6
L7
18
L9

C5Illl
3FAF
o\22
8077
A0b0
379F
2\22
HUAA
n705

woo-2=6259
5 = PP58
6 = 260A
9 = 2786

12 = lcc8
15 = rr79

IIE00-1=1ltI6
2 = ttc20
3 = PAH3
I = c5Ut

13 = 2!PA
15 = LH19

trTOH
It3oo
Pc65
7?CA
1189
F5A0
rgFl
4000

u900-6=f,9u3
10 = 10HU
12 = )6HL
13 = uU13
15 = u!3

IabLe 8-52. A2 SA Prograrn Loop A (2.0 SoFHTARE )

SI$IAIIRES TAIEN Ot{r A2,

fest Conditions: AL0S100 (C1) to lIOnM, At 05100 (C2) to SA PROGRA!,

Simature Inalyzer Contrectiolls on A103 Checls 3

SIANE
srcP
cLocr

TPl7
TPTS
IP3

FaIling
FalItng
Falling

sAl
sA5
PH2

Address Colrtr aratori
IDput Control Latch

+5vreference=APU2

u604 - 6 = 6072 Wo5 - 2 = 76cN u7o5 -L2
13
1T
1'
L6
L7
18
L9

lTEH
ULAA
2\22
95FP
EAFB
b3oo
Pc65
F7E.2

u?0\-6=FP80
10 = 10HU
t2 = gGtL
13 = uL13
15 = 11U3

3=
\=
,=
6=
7c
$=
9=

8077
o\22
u0H7
EICP
I9F1
F5A0

11
2F39
cSbu

8-73



Table 8-53. A3 sA Progran Loop A (2.0 soFmAnE )

rr803 - 2
3
It

5
6
7I
9

11

33u9
BbAA
2\22
uc5E
hTIH
Pc65
u3oo
rn70
cSIIr

uro2_3=51182
5 = 09PP
8 = APU2

10 = 1!b5
11 = cAClr

LE00-5=A71F
10 = 10HU
Lz = 96ttl
13 = uI13
15 = 11[3

SIGNATTRES TAIIEII Ol{: A3

Test Conalitions: A10S100 (C1) to llORU, A1OS1OO (C2) to SA PROGRAII

Signature Analyzer Connectlons on Al0: Checks:

sranr
stoP
CLOCK

TPIT
TPIS
TP3

FaIling
FaUing
Falling

sAlr
sA5
PII2

Address CoDparator,
Address Decoder,
Inpu.t Control Latch

+5vreference=APU2
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Table 8-!b. Alr SA Progran Loop A (2.0 SOen ARE)

SIfinnRES TAIGII Oll; Alt

fest Conditions: A10S100 (C1) to XORM, Al0S100 (C2) to SA PROGRA!,!

Signature Analyzer Connections on A10: Checks:

STABT
STOP
CLOCK

sAb
sA5
PH?

TP17
TP:T8
TP3

FaIIing
Falling
Falling

Address Conparator,
Addregs Decoder,
Input Control Latch,
Input Data Latches

+!vreference=AFU2 r = llot blinking

llote: Sigaatures tak6 approx imateLy 10 secoads to stabilize

u3o2-2=&LTF 1fi02 - 2

3
vTgu
HbAA
2\22
SFOH
AIISH
13oo
Pc55
3331
A3OF
F5Ao
!9r1
[P33
9292
o\22
80?7
01F0

u702 - t
2
3
It

9
11
13
1tl
15

1!\5
uc20
PAII3
C5Llr
o2\2
FP5A
IrSlrlt
APU2T
HP6O

,=
6=
9=

L2=
L'=
L6=
L9=

H53c
FOPS
IJT'H1

HPC2
HP86
lrPlc
Fto2

It

5
6
T
8
9

t2
13
1lr
15

U!02 -16 = A3I1
19 = \791 U802 -6

10
L2

= 57oF
= 10HU

= 96fl1-ll5o2 - 2 = 8P85
71118
6lru
crzu
65^,
9514
33P7
Fo97

L6
L7
18
L9

,=
6=
9=

L2=
15=

13 = u\13
15 = 11b3

t6=
L9=
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Tabl€ 8-55. A5 SA Progran Loop A (2.0 SOFn'rAnE ) fable 8-55, A5 sA Progran Loop B (2.0 soHrflARE )

SIGIIATIRES TAIIEI{ Oll: A!

Test Conditions: Al0S100 (C1) to ilOnur, A10S1O0 (C2) to SA PROGRA!{

Si8nature Analyzer Connections on A10! Orecks:

STANS
sloP
CLOCB

sA5
sA5
PH2

TPTS
TP19
TP3

Falling
FaUing
Falling

Programable Courters,
Data Latches,
Comparator Circuit,
Control Status Latch,
Counter tlode Counter+Svreference=65n8

r = I{ot bUnking

lI10I-3=P5Ps
6 = 65r,8
8 = 0000r

11 = 0000

u!05 -2=
3=
b=
5=
6=
7=
8=
9=

t2=

2u8
6t89
9Pu5
PHPT
gSPc
AlOH
5037
9Pr6
12uB
0000x
6r$
7IIP3
c9PE
55H8
0000lr
CCFE

!5o5 - 2
3
lt
5
6
7
8
9

L2
13
1b
L5
t6
L7
18
19

2l'18
6FAf,
9926
PIIPF

98Pc
?UFP
F?UP

9Pr6
12IlH
U3AC

5F38
7IIP3
c9PE
5t7P
O7uf,
CCFtr

l}105-2=0000r
3 = 6588r
6 = 0000

10 = P5P0
11 = 8038

u20!-7=55H8

13=
1L=
L5=
L6=
L7=
18=
L9=

U205-3=0000r
6 = 55H8.
8 = p867

u = 65H8

u306 -11 = 503?
12 = A10E
13 = 9PI5
1! = 5189
15 = P5Po

uuo5 - 3
It

5
6

11
L2
13
1ll
L5

12![
?IIP3
c9PE
CCFH
OTUH

SLTP
5138
TBAC
AA58

u5o5 -1=
3=
b=
5=
6=

11 =
t2=
13=
1I=
L5=

55H8
2ll18
PHPT

98Pc
9P56
FTIlP
,NE9

9926
6FAH

3178

SIGilJInRES TAIGX OIr A5

Iest Conditions: A10S100 (C1) to IOrul, A103100 (C2) to SA PROGRA!.|

Signature lnalyzer Connections on 410: Checks:

sTAnr sAb rF17
sroP sA5 1q18
CLOCT P\2 TP3

Falling
FaIling
Falling

Address Comparator,
Address Decoder,
Control Lath€g

+5vreference=APU2

n6o5 - 2
5
6
9

t2
L5
L5
L9

32H2
tzca
8HU7
801P
OP3A
SPFO
u0fi
A9rIIl

wor-2
3
lt
,
6
7
8
9

11
13

u91F
EbAA
2\22
SAhP

9013
b3oo
Pc65
TCPF
c5blr
F5A0
b9F1

,65-$=JFJ2
10 = 10HU
L2 = 96HL
13 = ull13
15 = 111t3

u5o5 - 1
2
3
9

11
L2
13
1!
L5

1ull5
(rc20
PNI3
56Fo
oA92
APU2
APU2
APU2
APU2

1tl
15
t6
L7

?730
= L2o7
= o\22

18 = 8077
19 = nFbo
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TabI€ 8-57. A6 SA Progran Loop A (2.0 SOEIITARE )

u700 - 2
3
It

5
6
7I
9

t2
13
1!
L5
t6
L7
18

lOPA
HTAA
2\22
5805
9c52
I3oo
Pc65
68AP
58H5
F5A0
L9F1
0228
\u13
o\22
8077

u6oo -11 = 1cc6

Ull00-5=F228
10 = 10EU
Lz = 96EL
13 = uI13
15 = 1113

u500 - 1
2
3
\
9

11
1L

uc20
PAII3
1u1l5
c5uu
APU2T
APU2T
6FHA

SIGllAll,BES TAf,EI{ Oll: A6

fest Conditions: A1OS1OO (C1) to llonil, A1OS1OO (C2) to SA PROCRAI,'

Sis\ature Analvzer Connections on A10: Checks:

STANT
STOP
CLOCK

T?17
TP18
TP3

Falling
FaUing
Falling

sAlr
sA5
PII2

Address CoEllarator,
Address Decoder r
fnput Control Latch

+5vreference=APU2 r = Not blinking
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Table 8-58. A7 SA Program Loop A (2,0 SOFTI RE )

t!-
t2=
13=
1\=
t5=
t6=
t7=
18=
L9=

8077
o\22
!9F1
F5A0
3749
c5blr
cw9
Pc55
It3oo
F3r9
H63z
2\22
HIAA
PF95

u802

u703-5=F6A8
1.0 = 10HU
12 = )6Ht
13 = u\13
15 = 11U3

1\b5
uc20
PAH3
APUzT
APUzT
APU2T
585A

u503 - 1
2
3

10
L2
1ll
L'

-3
lt
7
8
9

SIOIJ|InRES IAIEI Olt: A7

Test Conditions: A10S100 (C1) to llonu, A10S100 (ce) to SA PROCRAI.I

SiEaature Analvzer Connections on A10: Checks:

STABT
STOP
cLocr

sAu
sA5
PHz

rF17
TPTS
TP3

FaU.ing
Falling

Address Comparator,
Address Decoder,
Input Control Latch

+5vref€r€nce=APU2 r = llot blinking
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HP ll9!5A
Servlce

8-18. INTERFACE TROUBLESHOOTING

1. Plug the I/O into Port 1 or Port 2 of the tfP 49b5A (located on r€ar of the ln-
strument). Set All SlrO5 to an SA progra,m Loop position ( any position from 1-15).

2. Connect the signature atralyzer as specified In the appropriate I/O module'a
Run SA table.

Free Run l/O Troubleshootlng

3. slritch the HP \9L5A oN.

!. Remove the data bus jurper on the I/o module AEIER power is on.

JU501 on th€ 18152A
Juzol on the 18163A
flrlo3 on the 18155A

NOTE: fte data buB jurp€r must be removed AFIER porrcr on because the A11 Sys-
teo Processor lnltlates the Free Run SA on the I/o's lrhen Al,1sla05 is ln
a,n SA Progra,n Loop position. Orce the I/O's data bus Jurper is renoved,
th6 I/O should fr€e-run through its address rang€. If the I/O'e Free
Run SA f,oop does not seen to be stable, it is possibLe that the I/O
proc€ssor hung up lrh€n th6 data bus jumper was renoved. If this hap-
p€ns, tum the HP lt9\5A oFF, re-install the data btrs junper and then
repeat steps 3 and h.

5. Ihe following signals nust be correct in ord€r to perform SA on a^ny of the I/O
nodules. Check for the signals listed belo!, on the appropriate I/O module.

6, For aII I/O nodulee, take the signature6 li6ted under the appropriate Fre€ Rtut
SA Loop table to verify the I/O processor kernel.

Sigral
Function

u301-2,3
u301-20

u301-I0

u301-?

u301-30

u301-12

uu01-2, 3
uu01-20

ull01-l.o

ull01-7

uIol-30

ull01-12

XTA,L Freq
Addr. bit 15

0

R/r{

System Int.

I/O Int.

RS-232 HP-IB HP-IL

u501-2,3
u501-20

lrlA

u5o1-7

u501-30

u501-12

Signal
Condit ions

lr lHz
\.36 nz

2 lfrlz

HIGH

HIGII

HIGIT
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HP l9b5A
Sarvice

For RS-232 only:

If ary of th€ data bus signatures are bad on JU201, remov€r nlu U202. lfith porrer
OFF, re-install JU201, th€n switch th€ po$er Oll and renover JU201. Tak€ th6
I igtratures given in th€ tl/O RAll colum to d€tenrin€ if the RAI{ was caus ing the
failur€.

7. If no bad I ignatures are found, the problen could still b€ th€ input latch,
output latch, address decoder, or the status latch.

Probl€ms lrith th€se clrcults could also cause failures during the I/O Free Run
SA. If either of these conditions €xist, uss the appropriate I/O's Interface SA
Loop to check the int€rfac€ b€tt{en the I/O alrd th€ A11 system Processor board.

If the failure persists, ref€r to the specific I/O module troubl€shooting pro-
cedures that follox.

RS-232 Troubleshootlng

1. Set board All Sb05 to an SA Program Loop position (any posltion from 1to 15).

U

2. Connect an RS-232 junper corurector (1251-0063) confitured
itrterface RS-232 connector (see figrre below).

1251-0063 Connector

for loop back to the

18163A Jt

8
17

12
t5
19
t8
21

l6

20
4

24
2
6
5

8
3

3. Sritcb th€ HP U9L5A ON.

1 251-0063 RS232 Loop Back Conn€c{or
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following signals on th€ serial IIO chip. Frequencies

HP b9[5A
Senrlce

EFr]lt. Check the
aplrroxinate.

Check Signal

5. Check the RS-232 waveforms to verify the loop back path.

6. If all the above checks are goodr the serial I/o chip may still b6 bad.

HP-lL Trouble!hootlng

1. S€t board All Sh06 to an sA progran Loop position ( any positlon fron 1 to 15).

2. Coruroct a,n HP-IL cable (8120-3383) to the lnterface IIP-IL connector.

3. Srritch the HP l9\5A Or.

U, cbectr tbe follolring signals on the tlP-IL chip, Frequencies are approx iDats.

Check

u1o1-23, 2b (LCr, LC2)

tn01 - 27 (m)

rn01 - 26 (nD)

u101 - 28 (cs)

Signal

U75 to 550 nsec period

8 trxz

300 kIIz

8 kHz

5. Oreck the IIP-IL naveforms.

6. If all the above checks are good, the HP-IL chip may still b€ bad.
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trP lgbSA
Service

HP-lB Troubleghootlng

1. set board A11 S106 to an SA Progran Loop (any Irosition fron 1 to 15). Contrect a
Signature Analyzer as explained in the HP-IB SA f,oop A table.

2. Switch the [P ll9u5A OtI.

3. Check the following signala on the HP-IB chip. Frequencies ar€ ep!,roxinat6.

Check

In01

u101

tn01

ul01

u01

u]l01

u202

u202

9 (rr{r)

19 (Reeet)

3 (cE)

u (m)

5 (DBrn)

18 (o)

2 (CLK for SA)

3 (sI/sP for SA)

High

High

\5 lrtrz

lr5 ulz

L5 rxz

2},trIz

10 kIIz

85 Hz

Take the signatures lieted in the HP-IB SA Loop A. If all s ignaturea are good,
it ia still possible that the HP-IB chip is bad.

TE: Trere is a potentlal ESD problern t'ith Ir102 and U202. If th€se parts ar8
failing, this coukl b€ th€ causs.

ll
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HP l+91+5A

Service

HP-lL Waveforrns

Horiz - 5 usec/div
Vert - ZY/aLv

fkris shor,ls the burst exPanded '

L2 pulses per burst with a low time between pulses of 1 usec '

OV

OV

B-83

Horiz - 50 usec/div
Vert - 2 V/aiv

u1-01 - 18, T2oO - \

The period between bursts is zLO usec ' Each burst is )+B usec '



HP b9b5A
Service

Iloriz - ! usec/div
V€rt - 2 V/d,iv

f200 pins 1, 2, 9, a^nd 10

12 pulees, period is I usec.

Horiz - ! usec/div
Vert - 2 v/d,iv

U101 pins 19 and 2O

12 pulses, period is I usec.

HP-lL Wavetorms

0v

0v

r. .;ti r:::{fl.i .

*&:

t

nP, lt
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uP b9u5A

Eoriz - 5 ugec/div
Vert - 2 Vld,ie

lI101 - 1?, T200 - 6

l2.Erlsea, low tins between pulses is 1 usec

HPIL Wavelorms

I

t,.U
tJ i
ll
lrrll II

I
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RS-232 Wavef ormr

HP II9II5A
Service

RS-232 Wavelorms RS-232 Wavelormc

',

:

:

tf
I

I

Iloriz - 1 usec/div
Veit - 2 V/div

u102 - 15 (BAITD otlT), uLo2 - 9 (RcU), U10! - 12 and 1f
11102 - 38, u203 - I
Delpnding upon wtrich point is probed:

Perio<l between puls€s ig 5.5 or 5.8 usec.
Putse width is .8 or 1 usec.

Horiz - 1 usec/div
Vert - 5 V/div

U102 - 11, tI103 - 2 (DOIlf ) r Voltage leve1 = l,f volts
Ir1O2 - 10, U 203 - 11 (DIII): Voltage level = lr,6 volts

Horiz - ,2 msec/div
Vert - 2 V/div

Period between pulses is 1.15 msec.
Ptrlse width ls 105 usec.

Horiz - .2 nsec/div
Vert - 2 V/div

Ir102 - 33, tn03 - b and 5 (IYIB)
rno2-3?,u203-3(DSR)

Period is 750 usec b€tlr€en bursts.
Low level pulse tine is 20 usec.
High level pulse time is lrO usec.

0v

0v

0v

0v

0v

0v

i
i
',

&ll&a.sha.a.

*..s
sI#$

'';:i:l};l

u103 - 11, U203 - 10
Horiz - .2 nsec/div
Vert - I V/div

u1o3 - 3, U203 - 13

Times are same as pre1.i.ris6 photo but wavefornr is inverted and at RS-232 levels.

Horiz - .2 nsec/div'
vert - ! v/div

tn03 - 5, u2o3 - 1

Tiues are same as previous photo but lrav€fot[ ls inverted and at RS-232

Period betreen pulses is 5.5 ueec,
hrlse ridth is 2 usec.

&.,:;,&A*

r
.;: *.j*;iaflt &Is&; i*r"'';,

t.

m5t3

, -.$ il.' 
' 

.iii-i liiJ#lili lri.1r:i r ':.-
,,. ..,. ..;... :;r i!.i,ri';,j,:'r*i.rl;$3i;.i!r.i.iili'r . .. .i:r. uraiin:...

ricllltt

lr.tilil..

:ffiii::.
'ffi1.
,',r8!r. .. . .

.#.
'i$et' '

!&t
iwit ''
t#&,:"',

:t3; t'

{{,
.&

I
::*WSi

,,:.-,r*:Jli{1,i.,.:l 
:.i

.Bq:w,

.iffi;, ,, ,,-mffi&i*ffi

{

ffit:t$i:r'ss#

*fr
IilftHJ

f*-:t
effi

':A,$!}.

.i
I lr l

ffi
#
.&f;
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HP l9t{5A
ServiceRS-232 WAVEFORMS

trttrt hg::e4*:**rft* trstf

kEr, t*ri dh
0v

Horiz - .2 nsec/div
Vert - 2 V/dLv

t{l02 - 32t lI103 - 9 and 10 (nfs) Volta8e level = 3.8 volts
II102 - 36, U203 - 5 (sfs) voltage level = lr.? volts

Ihs pulsss are lor for 110 usec.
the hith tine b€tlreen pulsee ie 160 usec.
lhe period fron the start of the second puls€ to the beginning of th€ next trro pul-
ses is 750 usec.

E"=

0v

Boriz - .2 msec/div
Vert - 5 v/div

tno3 - I, u2o3 - !
Tines are san€ as previous photo but wavefor:or-.is inverted and at RS-232 levels.
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fable 8-59. HP-IB Free Run SA Loop (2.0 SOFTI,ARE ) Table 8-60. RS232 Free Run SA Loop (2.0 SOFmARE ) fable 8-61. HP-IL Free Rur SA Loop (2.0 SOFn ARE)

JU501- 1
2
3
It

,
6
7I

FSUA
2A80
08H1
357L
3F18
A6A7
F1H2
7\P9

u5ou- t = LHZ9
5 = 5Fu8
6 = 1181
7 = \fl79

U503- 3 = 0001x
5 = 0001r
5 = 0001*

v5o2- 2
5
6
9

L2
15
L6
L9

uuru
5555
cccc
TFTF
5H2L
OAFA
IIPFH

52?8

u301-13
1u
15
L6
L7
18
t9

HcSg
21170
HPPO

L293
EAPT
3ca6
3827

PCA: L8762A

Test Condition3 Board A11 switch Sh06 in any position 1- 1!.
t8t6Ze Junper JU501 removed AFTER power on.

S ignature Analyzer Connections:

SAART
STOP
cLocr

u301-20
u301-20
u301-8

A15
415
DS

Rising Edge
Rising Edge
Rising Edge

+SvReference=0001 i = llot blinking

PCA: 18163A

f€st Condition: Board All switch 5[06 ln a^ny position 1 - 1!.
Remov€ JU201 on 18153A AEER power on.

Signature Analyzer Connections :

START
STOP
CLOCK

u\01-20
u\01-20
uLol-8

A15
415
DS

Ris

s

iag
ing
ing

Edge
Edge
Edge

Ri
Ri

+5vReference=0001 r = llot BLinkirg

l{ith R.CIil

JU201- 1
2
3
It

,
6
7
8

5F0F
gccS
t uP\
75F5
AoF5
lPTC
6HOU
cF32

uUol-13
1ll
t5
a6
t7
18
L9

HcSg
2H70
HPPO
1293
HAP?

3c96
3827

vo n$,r U\03-20 = AUPP

JU201- 1
2
3
ll
5
6
7I

559c
9cc8
v673
75'F'
AoF5
lPbC
SHou
cF32

t502- 7 = bPoA
10 = 0996
11 = 0000

U503- 1= 0001r
3 = 0001*
6 = o996

11 = 0000
12 = 0000i

u3o3- 2
5
6
9

t2
L5
t6
L9

uuru
5555
cccc
7r?F
5fi2L
OAFA
UPTH

52?8

u50\-12 = 0000
13 = 0001

PCA: 18165A

Test Condition: Board All switch 31106 in any position 1 - 1!.
18165A Jump€r JU\03 removed AIIIER power on.

Siqnature Analvzer Connections :

STAnI
STOP
cLocr

u501-20
u501-20
u501-8

415
A15
DS

Rising Edge
Rising Edge
Rising Edge

+5vReference=0001 r = l{ot Blinking

JUL03-11
!2
13
1!
L5
L6
t7
18

2P5ll
1IruA
o72P
05u0
H15II
9H7t
ASH9
1AF9

u3o2- b = \H79
5 = 5ru8
6 = 1181
7 = \H79

u50\- 3 = ooolr
5 = 0001i
8 = 0000

10 = 000Or
u501-13

1ll
15
L6
L7
18
L9

HcSg
2H70
HPPO
1293
HAPT
3ca6
3827

U503- 2 = I'IJIIU
5155
cccc
TFTr
5H2L
OAFA

I'PFII
52r8

5
6
9

L2
15
L6=
L9=
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Test Condition: Board All switch 51106 iD alry position 1 - 15.

Sirnature Analyzer Connectlong :

+5vReference=H940

IFC
IFC
nEll

Falling Edge
Falling Edge
Rising Edge

STABT
s.roP
cLocx

!202-3
v2o2-3
v202-2

rr101-31
32
33
3lr
35
36
37
38

0I|HH

362P
H275
25PC
6P61,
L27C
3817
ull78

ln02- 2
3
l.
5
6
7I
9

uu78
3IT17
L27C
6P61,
2rw
8275
362P
0um

Use scope to check for:

U202- [ = hieh
5 = hiSh
6 = hieh
7 = lor going $tke ever? 25 !ts€c.
8 = hlth golng pulse every 2! naec.
9 = low golng pulae every 2! nsec.

Tabre 8-52. EP-IB SA Loop A (2.0 SOFMARE )
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BP-IB Interfac€ Loop (2.0 SOFTUARE ) RS-232 Interface Loop (2.0 SOFTIIARE ) HP-IL Interface Loop (2.0 SOEIITAnE )

PCA: t8L62A

Test Condition: Rlt All TP2 in Free Run position, Remov€ All JU6o2.
18162A jumper JU501 rernoved AFTER power on.

Signature Analyzer Connections Ol Al1: Checks :

stAns
STOP
CI,OCK

All TPr-3
All TP1-I
All TPt-1

Rising
Rising
Rising

Interfac€ circuitry
between the pod and
the syst€m processor.

+5vReference=0003 r = llot blinking

u100- 1
2
3
lt

5
6

13
1L
L5

I'IruU
FFFF
0000x
P3c9
0000
0oo3r
5HPC
T7A7
HP89

u200- 1
2
lt

5
9

10
11
12

HPSg
0000r
HPSg
0000I
0000r
HPSg
0000r
0000

U300- 1 = 0000i
11 = lEpc

uL00- 1 = 77A1
11 = 0003r

u500- 1
2
3
Il

9
10
11
t2

7747
0003f
ooo3x
0000x
0000x
$Pc
ooo3x
ooo3ll

FCA: 18163A

Test Condition: tut All TP2 in Free Rur position, Remove All JU602.
18153A junper JU2O1 removed AFIER polrer on.

Signature Analyzer Connections On All: Checks :

STANT
SToP
cLocI(

All TPt-3
A11 TP1-u
A].l TP1-1

Rising
Ris ing
Rising

Interface circuitry
betw€en th€ pod and
the system processor.

+5vReference=0003 r = I{ot blinkilg

u200- 1
2
lt
5
9

10
11
t2

HP89
0000r
HPSg
0000I
0000r
HP89
0000r
0000r

u300- 1
2
3
lt
5
5

13
1b
t5

uuru
FFFT
0000|r
P3c9
0000
0003x
5HPC
7rutL
rrPSg

uL00- 1= 0000x
11 = !fipc

U500- 1 = 7741
11 = 0003r

u501- 5
6
7
9

10
11
L2

7747
ooo3r
0000r
0000r
5HPC
0oo3r
0003r

PcA: 1815rA

Test Condition: Rrt A11 TP2 in Free Run position. Remove A11 JU602.
18165A jumper JUb03 renoved AEIER polrer on.

Sisnature Analyzer Connections On A113 Checks:

sTAnr All TP1-3
sroP A11 TPt -b
clocK All TP1-1

+5vReference=0003

Rising
Rising
Rising

Interface circultry
betlve€n the pod a,nd
the systen procesllor.

r = llot bliuking

u100- 1
2
3
It

5
6

13
1ll
15

l'Utru
FFFT
0000r
P3c9
0000
oo03r
5HPC
7T41.
HP89

u300- 1
2
lt
5
9

10
11
L2

HP89
0000x
HP89
0000r
0000r
HPSg
0000r
0000r

U500- 1= 0000i
11 = lHpc

uI00- 1 = 77A1
11 = 0003r

u200- 1
2
3
la

9
10
11
L2

77,i
0003r
ooo3r
0000r
0000r
5HPC
ooo3f
0003r
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8-38. MODE 18: Jltter Catlbratlon (A6)

Ihis mode calibrates the jitter circuits with sigrrals from tbe trarsnitter and then
checks the resulting calibration constants to rithin reasonable limits. IhiB t€st ig
a functional test as oplrosed to a perfor artce test.

Folloning ia a suuary of th€ llode 18 t€sts.

Data
S€gm€nt T€st

Results
Displayed
Should Be Path

1 AJ OFFSEE

OFFSET

OFFSBT

OFFSET

OFFSET

OFFSET

GAIN

CAIN

GAI}I

GAlN

GAI}I

GAIN

!-3ooHz

I-3ooHz

20-300H2

20-300H2

\-zoRz

\-2oHlz

b-3ooHz

!-3ooHz

20-300H2

20-3ooHz

\-zonz

\-zoflz

0 +10/-0

0 +10/-0

0 +10/-0

0 +10/-0

0 +10/-0

O +10/-0

688+-L25

688+-1-25

688+-125

688+-L25

588+-L25

588+-125

1

2

3

l'

5

6

7

8

9

10

11

L2

2 PJ

3 AJ

lt PJ

5 AJ

6 PJ

7 AJ

r.t PJ

9 AJ

10 PJ

11 AJ

L2 PJ

13 thru 16 not us€d
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Following is a description of the Mode 18 paths. All checks are made on A6,

Path I
Itr€ transnitter iE set to 100\ Hz single tone. Offs€t is
J itter in the lr to 300 llz ba,nd.

for anplitude

First check for the proper input signal at TPB AJIII. Itris signal should be a 0 to
+1.1 and 0 to +1.9 volt, full erave rectified signal, at 2008 Hz, switching betlrsen
the tlro voltage levels at a 5 second rate.

Check the output of the L Hz high pass filter, U!0\ pin 1. Look for a +1.1 volt and
a +1,9 volt, full lrave rectified signal riding symmetrically about a -.3 volt dc
level switching b€tween th€ two voltage levels at a 5 second rate.

If the previous check is good, check TPB JOlIl for a 2.2 volt a,nd 3.8 volt, inverted,
firll wave rectified signal riding syfimetrically about a +,3 volt dc level, switching
b€tlre€n the tlro voltaie levels at a 5 Eecond rate.

Check the output of th€ level Ehifter, U10L pin 7, for the sane signal as the pre-
vious check.

This signal is applied to the 300 Hz low pass filter. The filter output at TP1
mR300 should be a dc voltage near ground (+-0.5 volts). T}re multiplexer output at
TP1 l{t X20 should be n€ar ground also.

Path 2

Ilte transmitter is set to 1001r Hz single tons. Offs€t is measured for phase jitter
in the lr to 300 Hz band,

First check for the proper input signat at fPB PJIN. I}ris signal should be a 2.2
volt and 3.8 volt peak-to-peak sine wave, at 1001r Hz, with no dc offset. Ihe signal
Iev€Ls alterarateLy slritch at a 5 second'rate,

Check the output of the sine-to-square wave converter at TPB St[, This should be a 0
to +5 volt square lrave at 100I Hz.

If the previous checks are correct, check the phase lock loop output at UL06 pin 1,
Ttris signal should be a 0 to +5 volt square wave at 2008 llz. Ttris sigrral is applied
to the level shifter.

Check the output of the level shifter, lIl0L pin 1, for the previous square !!ave ex-
cept here it is syrmetrical about ground.

Itris level shifted signal is applied to the 300 Hz low pass filter. Ttre filter
output at TP1 JIR300 should be a dc voltage n€ar ground (+-0.5 volts). The multi-
plexer output at TP1 UI,X2o should b€ near ground also.
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Path 3

The transnitter is sat to 1001r llz s ingle ton€. Offs€t is neasured for aepll
jittor in the 20 to 100 llz band.

First cbeck for tho prol,6r input s ignal at TPB A.rlll. This s ignal Ehould b€ a 0 to
+1.1 alrd 0 to +1.9 volt, firll rave rectified signal, at 2008 Hzr sritchint
the two voltag€ levels at a 5 second rate.

Ch€ck tb€ output of the 20 Hz high pass fllter, II!0I ptn 8. Look for a +1.1 volt
and a +1.9 volt, firll nave rectified signal riding symBtrically about a -.3 volt dc
level, switching b€ter€en th€ tr{o voltage l€vels at a 5 second rate.

If the previous check is good, check TP8 JOIIT for a 2,2 volt and 3.8 volt, inv€rt6d,
full rave r€ctifled eigDal ridiDS symletrically about a +.3 volt alc l€vel r ari,tcbin3
b€trr€€n th€ tlro voltage levels at a ! second rate.

Check the output of the level shifter, u10\ pin 7, for th€ sam6 slgnal as th€ pr€-
vious check.

This sigaal ia applled to the 300 Hz 1or lrass ftlt€r. Ih6 ftltor outDut at IP
.Iffi300 should be a dc voltago near ground (+-0.! volts). fhe mrltiplexer output at
IP1 UlrX2O should be near ground also,

Path 4

If the previous checks ar6 correct, check the phase lock loop output at Ulr06 pin 1.

Ilre tra^nsnitt€r is set to 1001r Hz siagle tone. Offs€t is neaeured for phase jltter
in the 20 to 100 Hz band.

First check for th€ prop€r input signal at IPB PJIX. Itris s ignal should be a 2.2
volt and 3.8 volt p€ak-to-psak sine lrave, at 1O0I llz, lrlth no dc offset. Ilre signal
levels alt€rnately slritch at a 5 second rata.

Oreck the output of ths sine-to-sguare wave converter at TP8 SfrL Itrie ehould b€ a 0
to +J volt gquare lrave at 100I Hz.

Ilris signal should b€ a 0 to +5 volt square rave at 2OOB fl2, fhis signal ls
to the level shifter.

Check the output of the level shifter, II10lr pln 1, for the previous sguar€ wav€ €x-
cept here it is syonetrical about ground.

ftris Ievel shifted sigoal is applied to the 300 Hz low pass fllter. &e filt€r
output at TP1 JTR300 should be a dc voltate near grourd (+-O.l volts). IIre nulti-
plexer output at TPI !lUX20 should be near grounal aL6o.
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ftis signal ls applieal to th€ 20 Bz low paas f ilt€r,
should b€ a dc voltage n€ar ground (+-0.5 volts).
llUX2O should b€ near grounal aIso.

HP b9ll5A
Service

Ilre filter output at TP1 JIR20
The onrltiplexer output at TPI

Ih€ transnlttor is s€t to 1001r Hz eingle tone. Offeet ig neasured for amplitude
Jltter in the lr to 20 H2 batrd.

Check for th€ prop€r input s ignal at TP8 AJIll. fhis s ignal should be a 0 to +1.1 anal
O to +1.9 volt, full nave rectified signal, at 2008 Hz, switching bstweea the tlro
voltage 1eve13 at a 5 second rats.

Check the output of the b Hz high pass fiJ.ter, Ulo\ pin 8, Look for a +1.1 volt and
a +1.9 voIt, firll rave r€ctifled s ignal rlding rynnetrically about a -.3 volt dc
level sritching betlreen the two voltage levels at a 5 sscond rat€,

If the previous check ie good, check TP8 JOIIT for e 2.2 toLX and 3.8 vo1t, inverted,
firII wave r€ctified s ignal riding syurnetrical\r about a +.3 volt dc level, switching

Path 5

the tt{o voltag€ lsvels at a 5 s€cond rate.

Ch€ck the output of the level shlfter, U10lr pin 7, for the san€ s itnal as the pr€-
vious check.

Path 6

Ilre transmitt€r is 8et to 100\ Hz s tngle tone. Offsot is reasured for phase jitter
ln the ! to 20 Hz bard.

Oreck for ths prop€r input I igtral at TP8 PJIX. lhis signal should b€ a 2.2 volt and
3.8 volt peak-to-peak sine wave, at 1001r Hz, with no dc offset. ftre aignal levels
alt€rnately srrltch at a 5 s€cotrd rat€.

clreck tbe output of th6 sin6-to-squar€ lrav€ conv€rter at TP8 StI. lhis should be a 0
to +5 volt square rravs at 100\ Hz.

If the previ.ous checks ar€ corr€ct, check the phase lock loop output at Ulr05 pin 1.
Ilris stgnal should be a 0 to +5 volt square lrave at 2008 Hz. ltis s ignal is applied
to the l€v€I shifter.

Check th€ output of the level shtfter, II10lr pin 1, for the prevlous aquar€ wave ex-
cept her€ it is syuretrical about grouad.

Ilris level shift€d s iSrral is applled to the 20 Hz low pass fllter. Ihe filter out-
put at IPI JIR20 should be a dc voltate near ground (+-0.! volts). Ihe nultiplex€r
output at TP1 lllr:(20 should be lear ground also.
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Path 7

Ch€ck th€ output of tb€ l€vel ehifter, U10lr pin ?, for th€ sane slgual ag the pr€-
vious check.

ftre gain constant ig neaguretl for anplitude Jitt€r in th€ U to 300 Ez ba,nd.

Check for th€ prop€r input sigaal at IF8 AJIll. Ihis s ignal should b€ a 0 to +1.2
volt, full lrave recttfled Bitnal. See Fltur€ "llode 18 - 1". ftre s ignal frequeacy la
2018 f,z with a 100 Hz envelope.

Check the output of th6 b Ez hlgh pass fl1t6r, UtoI pia 1. Look for the sane slgnal
as in th€ previoua check rith a slight dc offset.

If the previous ch€ck is good, check TPB JOt T for a 2.! volt, invert€d, firll wave
rectified a lgnal ridlng synrnetrically about a +.15 volt dc level. See FiErre "llodc
18 - 2". the signal froquency ts 20b8 IIz lrlth a 100 Hz envelope.

Itris a igaal is applied to the 300 Hz low pass filter. Th€ filt€r outt ut at TPI
JIR300 should be a 100 f,z slne lrave at 2.lr volts peak-to-peak. Ihe mrltiplorer
output at TP1 I,!t X20 ehould be the sane signal.

Path 8

Ih€ phas€ jitt€r gain constant is measured in the b to 300 Hz band.

Oreck for th€ propGr input s ignal at TP8 PJIN. Ibia a ignal should b€ a 2.t volt
peak-to-peak nodulated Bine wave, erith !o dc offset. See Figrrre "llode 18 - 3". Ite
s ignal freguency is 1021r Hz lrith a I00 Hz env€Iop€.

Check the output of the eine-to-square lrave conv€rt€r at TP8 STI. Ihls should b€ a 0
16 +! volt square lrave at 102L Ez.

If the previous checks are correct, check the phase lock loop output at U!06 pi! 1.
Ttris signal should be a O to +5 volt square lrave at 20!8 Bz. Itrla aignal ls applied
to the level shifter.

chsck th€ output of the level ehifter, 1l10lr ptn 1, for the prevlous square wav6 6r-
cept here it is sytuetrical about grormd.
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Ttris level shifted signal is applied to the 300 Hz lor pass filt€r. Ihe filtsr
output at TP1 .rm300 should be a 100 Hz sine uave at 2.8 volts p€ak-to-p€ak. Ihe
oultiplexer output at IP1 Ulrx2o should be the satre signal.

Path 9

Ilre gain constant is neaeured for a,nplitude jitt€r in th€ 20 to 300 Ez ba.nd.

Ch€ck for the proper input s ignal at TP8 A.IIll. fllis s ignal should b6 a 0 to +1.2
volt, full wave rectified signaf,.Se€ Flgure
2Ol8 Hz erith a 100 Hz envelope.

18 - 1". Ih6 si8nal frequency is

Ch€ck the outDut of th€ 20 Hz high pass filter, U50I pin 8. Look for the sane I ignal
.as in the previous check with a slight dc offset.

If th€ previoue check is good, check TP8 JOUf for a 2.L volt, inverted, full !6ve
rectlfied sipal riding s5zmetrical\r about a +.1! volt dc level. See F igrre "tlode
18 - 2". ftre sig[al frequency ie 20\8 Hz rrlth a 100 Hz envelope.

This s ignal. is applied to the 300 Hz low pass fllter. fhe fllter output at TP1
fin300 should be a 100 Hz sine rave at 2.\ volts peak-to-peak.Ttr€ mrltiplexer out-
put at fP1 !lux20 should be the sane eiSnal.

Path lO

Itre phase jitt€r gain constant is neasured in the 20 to 300 Hz ba[d.

Check for the proper input sigaal at TP8 PJII{. this sigaal should be a 2,L volt
p€ak-to-p€ak Dodulated sine wave, lrith no dc offset. See Figure "Ilode 18 - 3". fhe
signal frequeney is 102b IIz with a 100 Hz envalope.

iheck the output of the Elne-to-square wav6 converter at TP8 St[. Ihis shoulal b€ a O

to +5 volt sguare wav€ at L02\ Hz.

If th€ previous checks are corr6ct, check the phase lock loop output at UI08 pin 1.
Ttris s ignal should be a O to +5 volt squar€ erave at 2O\8 Hz. Ttris s ignal is appli€d
to the lsv€l shifter,

Check the output of the l€vel 6hifter, Ir10I pin 7, for the aa,ne aignal as th6 pr€-
vious check.
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Check th6 output of the level shlfter, IIlOlt pln 1r for the previoua aquar€ flav6 o(-
c€pt her€ it is syuletrical about ground.

This level shifted signal is applied to the 300 Hz 1o!, Irass flIter. ftre filter
output at TP1 Jm300 ehould b€ a 100 Hz sine wave at 3.0 volts peak-to-p6a*. Ih€
nultiplexer output at TP1 lllrx2o should b€ the eane elgaal,

Path i'l

fre gain colstant ls rneagured for aDplituato Jltter ln the ! to 20 Bz band.

ChecI for the prop€r input s ignal. at IP8 A,trIN. Itris s ignal should be a +1.2 volt'
ftrll wave rectlfied slgnal, at 20h8 Hz. fhe s itnal is gimilar to Figur€ "llods 18 -
1", except the 10 Hz difference frequency is riding on the carrier (hard to d€tect
on scope ) .

Check the output of the U llz high pass filter, U!0[ pin 8. Look for the aane a igaal
as in the prevloua check lrith a sught dc offset.

If th€ previoug check is good, check IF8 JOIIT for a 2.\ volt, inverted, full rav€
rectifled s igrral ridlng symetrtcally about a .15 volt dc lev€l. Iha sitn l is
sinilar to Figur€ "iloda 18 - 2" except the 10 Hz difference frequency is riding on
th€ carri€r (hard to d€tect on acope).

Check the output of the level shifter, IIlOU pin 7, for tho same a igoal aB th€ pre-
vious ch€ck.

fhis s ignal is applied to the 20 Hz low pass filter. The filter output at TPI JIR20
should be a 10 Hz sine wave at 2,! volts p€ak-to-p€ak. f1le nultiplexer outprt at IPL
!llIX20 should be the sane signal.

Path 12

Ilr€ phase jitter gain coDstant ie neasured in the I to 20 Hz banal.

Check for the propsr input s ignal at TP8 PJIII. ftris signal should be a 2,! volt
peak-to-p€ak nodulated sine rave, at 102L Hz, grith no dc offset. ftre 10 Hz dif-
ference frequency is riding on the carrier. Ttris slgnal is simllar to Figure "llode
18 - 3", €xcept the envelope frequency is 10 Hz (hard to detect oD scope).

Check the output of the sine-to-square wave conve*er at TP8 SI{I. Ttris ehould be a 0
to +5 volt square lrave at 102b Hz.
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If the prevloug chebkg ar€ correct, check th€ phase loek loop output at Ulr05 pin 1.
Ilria s lgnal Bhou]d b€ a 0 to +, volt square rave at 2018 Hz. Ilris a igoal ie aptrllied
to the level shiftcr.

Check the output of the level shifter, II10lr pin 1, for the previous aquare wav€ €x-
cept here it is 8y@€trical about ground.

Tlrle level shifted s ignal is applied to th€ 20 Hz low paes filter, The filter out-
prt at IPt JIT20 should b€ a 10 Hz eine wav€ at 2.8 volte peak-to-peak. Itr€ rulti-
plexer output at TP1 Hlrx2o should b€ the sa,ne stgaal.
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Vent: L V /di,u
Hot"i,z: S msec/d,i,tl

Mode 1S-z

B-r9l

Vert: lV /di,u
Honi.z: 5 msee/di,u

Mode 1g -1

:1,:r::::)1,

'.:t:::::l:ll
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Vent: L V/dioHoniz: S msee/d,its

Mode tg _ g

Ftgure g-LT. llode Lg Uaueforms

B-rgh
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AilJustnent s

Recelver AdJustmente

Adjustnent

Leve1 Accuracy

1010 Ez l{otch
filt6r

P/AR Filter

t S EDD IIi-Q Pilters

I'S EDD AGC

Phase Bit Balance

XLD 1990 Ez
Dstector

ilLD 520 llz Bandpasa
filter

HoId Coil

Coupoaent

flR5lr

A2R13!
A2R135
42R133

A2Rt32

ATR72

A7835

A9R28

A3R9

A3R1O
43R12
43R22
43R32

A1R2

a17R98

A12c3lr

Strneificatioas

Input and A1 TPI
same level (3.\6 v tr s at 5oo otrns )

1010 Hz IP NOTCH2
LO25 Hz TP iloTcH3

995 Hz IP llcltHl

adjust for 0 degrees phase 42R131

adJust for 0 degrees phas€ A7R11

TP3 leads 2.19 v rns +50 nV

50i duty cycle at TPz

t99O nz, +-1 Bz at U701 pin 5

90 degrees phase
t0 degrees phase
90 phase
0 degrees phas6 at lr80 H2

ar 56
at U9
at 55

2lz
212
5E'2

2lr na +.1 na

2-tfira Returrr Loss BRL reading of 0.0 alB

withtn 1.00001 secoDdEReal Iine Cloc&
Oscillator
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GRT Adluatments

Adjustn€nt

Focug

Intsrsity

Eorizontal
Size

Horizontal
PoBltion

Vertical
Size

Vertlcal
Pos it ion

Colrt onent Sp€ciflcatioag

A19mll

A19R52

A19R9

a1gR55

best focus

JO0 c/n2, fir1l raster, ao faceplate

1;6.J cn +-.2 cm

c€ntered

11 cn +- .2 cn

centered

Linearity A19R5! fop and bottom characters are
approx inately equal aize, (Time/Date
at top Day be snaller 3ize for best
dtsplay) .

Yoke Yoke
CLanp

Ievel display

5-3. Power Supply Adiustments

llewer HP Uglr5es lave accese holes in the porer supply sheet n€tal that allolt th€
adjuBtm€nts to be maale witb just tho top and botton covers renoved. On the earlier
instnuenta, thsse acc€sE holes are not pr€sent anal tho left slde power eupp\y (A29
and A20) nust be 6t{ung out to access the adjustn€Dts.

If the left side supply must be Bt{utrg outr r€fer to the polrer supply renoval pro-
cedures in Section 5.

LEMUL VOI,TACES ANE PRESEITT OI{ TIIE A2O BOARD EVET TIITEII
THE POI'ER SI{I?CH IS OFF.

LEIIIAL VOLTACES ABE PRESEilT Oil TIIE POI.IER SUPPLT
BOARDS AI{D OX TIIE A19 DISPLAT DRIVER BOARD T{ITEII AC POIIER
IS Ot{.

I'SE A IIO}I-COI{DUCTIVE AD.'I'SilBTT IOOL IIHEIT PENFOM'IIG TTIE
POIER SI'PPLY AD'USilENTS.

A19RM

r^rl]tlll.Yrd
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Adjustments

fhere are two poxer aupply adjustment procedures. Itre DC Calibration Procedure (5-
\) ehould be perfomed after arry repairs are uade to €ither A28 or A2) before they
are reinetalled in the instnment.

Ttre AC Calibration Procedure (5-12) should be perforned rith the supplies instatled
in th€ instrunent, thus making the HP l9U5A the load.

this procedure should be perfomed on both the A28 and A29 supplies befor€
irstaUed in the instnlnent.

5-4. DC Calabratlon Procedure

2

+ to F91
- to Q3 collector (heatsiak)

Monitor TP3 with scope, Ground probe at Q3 collector (heatsink). Adjust R12
for a 7 usec perioal (1b2.857 klfz). R€fer to Figure Clock Taveforo located in
Section 8-17a.

r NOTE: Darnage will occur if current linit is not s€t at 1OO nA.

-6. +Vl Clock Modulatlon

5-5. Clock Circult Callbration

1. Appry +!O vDC +- 1 volt ( current linit set at 100nA)r

Apply +b0 VDC to clock bias circuit (as in step 1of Clock Circuit Calibration).

Apply to +5.0 VDC +-0.1 volt to +Ul outtr ut 3

U. Aaljust \r1 Bo that clock ravefom just begins to Fll.

5

1

2

+ to eith€r side of L!
- to 0i.nus gide of C23.

3. l,lonitor TP3 lrith scop€. cround Drobe at Q3 collector (heatsink), Vary ltl ad-
justnent (87) to see that clock raveforo becomes frequency nodulated. Range
shoutd b€ from 0 to 80f of clock period.

5-7. +V4 Output Callbratlon

1. Apply the following voltages to +V2 outtr ut:

+ to either side of L5
- to P1 pin 18

For A28 apply +19 +- 1 volt
For A2! apply +16 +- 1 volt

Replacarcnt for page 5-5
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Aaljustn€nts

2. Honttor +Vlr output tdth yoltnet€r 3

Vary +VIr adJustment (R55) to verify regulation ra^nge:

For A28 range should be +1b.25 to +15.75 voltg
For A29 ra,nge should h€ +11.\0 to +12.60 volts

Adjust R56 to s61 +Vlr out$rt l

For A28 set +V\ for +15 +- .05 volte
For A29 set +VI fot +L2 +- .0! volts

5-8. -V5 Output Callbratlon

1. Apply the folloring voltages to -V3 output:

+ to PL pin 18
- to ei,ther Bide of L7

For A28 apply +19 +- 1 volt
For A29 apply +15 +- l volt

2. llonitor -V5 output rith voltneter 3

3. Vary -Vl adjustnent (R59) to verlfy regulation range r

For A28 ra,nge should be -1\.25 to -15.?5 volts
For A2! rang€ should be -U,IO to -12.60 vofts

lt. AdJust R59 to set -v5 output:

For A28 set -V5 for -15 +- .050 volts
For 429 set -V5 for -12 +- ,050 volts

. +V1 Over-Yoltage Shutdown

Apply +lr0 \rDC to clock bias circuit (as in step 1 of Clock Circult Callbration).

Apply +5.0 IrDC to +111 (as in step 2 of +VI Clock Dlodulation).

l{onltor 1?3 with scope. Ground probe at Q3 Collector (h€atsink).

+tOPL
-toPL

L9
18

pln
pin

3

It

2t
18

pin
pin

+toPL
-toPL

5

1

2

3
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Adjustmeats

5. Obsewe FM clock on fP3 with scope, Slotrly raise the value of the supply feed-
ing +Vl until the clock on TP3 just shuts down. See that the value of +rn[ at
shutdol|tt le betreea 5.2 a^nd 5.8 lrDC.

[. Uonitor +Lt voltage ri,th voltmeter:

+ to elth€r eide of Ll
- to Dinus side of C23

For A28 range should
For 429 ra^nge should

17.50 volts
1!.75 voltg

Se€ that cLock is still off.

6, Return +tnl to 5.0 +- 0.1 volts. See that clock is still off.

7. Cycle the +lrOV supply. See that tbe clock returts,

5-lO. +V4 Over-voltage Shutdown

1. App1y !0 VDC to clock bias crcuit (as ln step 1of Clock Clrcuit Calibration).

2. Apply 5.0 IrDC to +V1 (as in step 2 of Vl Clock llodulation)

3. App1y 12 +- 0.5 volts 1e +VIr I

lt. llonitor +Vb voltage with voltmeter:

5. llonitor TP3 ltith scolre. Ground probe at Q3 collector (heatsink).

Observe FM clock on TP3 with scope. Slot ly laise the value of the supply f6ed-
ing +Vb until the cloc} Just shuts down. S6€ that the value of +Vlr at shutdoolr
is betreen the following ranges:

+toPL
-toP1

+toP1
-toP1

t9
18

19
I

pin
pin

pin
pln

6

be 16 to
be 13 to

7. Retura +Vlr to L2 +- 0.1 volts.

8. Cycle the +llOV supply. See that the clock returrls.

5-lt. -V5 Over-voltage Shutdown

1. App1y UoVDC to clock bias circuit (as in step 1of Clock Circuit Calibration).

2. Apply 5.0 VDC to +Vl (as in step 2 of +Vl Clock Modulation).

3. Apply 12 +- 0.5 voltE to -V5:

+ to P1 pin 18
- to PL pin 21
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lt. llotritor -V5 voltage rith voltneter3

,. llonitor IP3 with scope.

6. Obgerwe FM clock on TP3
ing -V5 rmtil the clock
is rithin the following

For A28 range should
Fot 429 range should

Ground prob€ at Q3 coll€ctor (heatslnk).

with scotr€. S1ow1y raise the value of th€ supply feed-
just shuts doern, See that th3 value of -V! at ehut doltn
ra,ng€:

be -16 to -U.50 volts
be -13 to -1U.75 voLts

+ to Pl Pin 21
- to P1 pin 18

7

I
Retunr -lr5 to 12 +- 0.1 vo1ts. See that clock is still off.

Cycle the tOV eupply. See that the clock returns.

5-12. AC Callbratlon Procedure

Ilris procedure should be performed on both the A28 ar A29 supplies after th€y are
reinstalled in the instrun€nt. Ihis rrill ensure that th€ finaL calibration is done
using tbe IP \9b5A ae the load for the supplies.

5-13. Clock Frequency AdJustment

Itre clock frequency should have been set under the DC CaLibration Procedure (5-5,
Clock Circuit Calibration) a,nd should not be readjusted once the gupplies are in the
ine tnrment .

5-14. +Vl Adfustment (+5 VOLT)

lhe +5 volt supply must be adjusted before the other supplies are adjusted. Th6re
are two +5 voltag€s, one on A28 and one on A2),

If the sheet metal covers do not have access holes, sning out the A29 and A20 as-
eenblies (refer to Section 6-?, Porer Supply Renoval),

+5 ISY AdJust

1. Conn€ct a Dv}l to A10TP1 (+rV) and A10qIP2 (GlD).

2. Adjust +fil (R37) 6n 42! (left suppfy ) for +5 volts +- .01 volt.

+5 CIN Adjust

1. Conn€ct a Dv!{ to A6TP8 (+5v) and A6IP7 (ctID).

2. If the sheet netal covers have access ho1es, adjust +\A (R37) on A28 (bottom
supply ) for +5 volts +- .01 volt.
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If the sheet metal covers do not have access holes, carefully use a very
short adjustn€nt tool to reach the +UL (R37) adjustment from the top of the
HP l9ll5A. Adjust +IIt for +5 volts +- 0.1 volt.

5-15. +V4 Adrustment

+VU is +12 volts on the A29 supply and +15 votts on the A28 supply.

If the sheet metal covers do not have access ho1es, swlng out A29 aid A20
(reier to Section 6-7, Power Supply Rernoval).

+12 VoIt Adjust

1. Do the +5 volt l{SY adjustment first.
2. Connect a DV}l between A19J1 pin 3 (+12V) and ground.

3. Adjust +Vlr on A29 (R56) for +12 volts +- .1 vo1t.

+15 VoIt AdJust

1. Do the +5 volt CL adjustment first.
2. Conn€ct a DVtl b€tlreen A6TP, (+15V) and ground.

3. If the she6t metal covers have access holes, adjwt +VI (R56) on A28 for +15
volts +- .1 volt,

If the shGet netal covers do not have access ho1as, use a long adjustnent
tool to reach the +Vb (R55) adjustment from the top of th€ HP !9U5A (between
the Allr a,nd 415 board guides). Adjust +V\ for +15 volts +O- .1 volt.

5-16. -V5 Adructment

-V5 is -12 volts on the A29 supply and -1! volts on the A28 supply,

If the she€t m€ta1 covers do not have access holas, slring out A2t and A20
( refer to Section 6-?, Power Supply Removal).

-12 Volt Adjust

1. Do tbe +l volt llSI adjustnent fir6t.
2. Corurect a DVl{ botreen A1!J1 pin 1 (-12V) and ground.

3. Adjust -V! (R59) on 429 for -12 volts -.1 volt.
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-15 volt AdJuBt

Do the +5 volt CLf, adjustnent fir8t.
connect a Dvtl to A5TPI (-15v) and grourd.

3. If the sheet netal covera have acce6s holes, adjust -v5 (R59) on A28 for -15
volts +- .1 volt.

If the sheet metal covors do aot have access holea, use a long adJust[ent
tool to r€ach th€ -v5 (R59) adjustment fron the top of the [P l9!5A (between
the 49 ard A:10 board gulde6). Adjust -V5 for -15 Volts +- .1 vo1t.

5-17. TRANSMITTER ADJUSTMENTS

5-18. LevelAccuracy
Receiver: Level/Freq
TrattsDitt€r! 100I Hz, 0.0 dBm, 500 ohms

Note: Use only 0.1i reBistora or bett€r. Refer to paragraphs lt-3 for
recomtrended r€sistor part nurbers.

1. coturect the 600 ohn, 0.1i toad.

2. connect a DW (HP 3!55A) to the transritter output. AdJust the IofT level
accuracy (A15R108) for 0.77Mvnts +-.002V.

3. Change the transnitter inpedance to 900 ohns and verify the output level to
b€ 0.955I vl:lts +-.00U v.

\. Orange the tratrsnritter impedance to 1200 ohns and verify the output level to
be 1.0p8 vlms +-.005 v.

5. Change the transnitter inpedance to 135 ohms anal verify th€ output level to
be .3550 vr:ns +-.002 v.

1

a

5-t9. NLD Tone Balance and Leve! (Pramary Method)

Receiver : Intermodulation Distortion
TratrsDitter3 0 dBm, 500 ohms

1. Coanect the transmitter output to the receiver input.

2. For NLD balance, eelact and run diag[ostic notle 52.

3. AdJust the llLD Balance (A15R106) so that the HP L9b5A display reads 0.0 dB +-
,1 dB. Failures and levels of .5 dB or greater are 6honn in inveree video.
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lr. Connect a true ! s meter (HP 3\03C) to the trarEnitter output. Adjust the
NLD Gain (A15R105) rmtil level ia, 0.775 V tt'!rs. Us€ the slow response tine.

Note: Other T-tms converslon neters can glve different readtnga.

5-20. NtD Balance (Alternate Method)

Use this nethod for troubleshooting or performance verlficatioa.

Receiver: Intermodulation Distortion
Trartsnitter: O dBm, 600 ohng

1. Corutect e spect!'un ana\zzer to th€ transmitter output, Analyzer must have
"Fagt Fourier lransform" (FEI) wlth O,OZ Hz resolution.

Following iB the setup for te HP 3582A anatyzer.

!{arker -----
llode Set ---
Coupliug ---
Trig Level -

Or
Centsr
ac
Free run r
repetitive
Amplitude A

Preq. Span -----
Input Moile -----
Chan A Sense ---
Scale ----------
Passband shape -
Anplitude Ref --

25 nz
A
+10 dBv
10 dBldiv
flat top
llot:tralDisplay ----

2. Set the center frequGacy at €ith€r 860 Hz or 1380 Hz.

Press REL, and then SEE REF after the marker is on the peak. Check the oth€r
D€aks.

3. Adjust the ILD Balance (A15R105) so that all four IllD tones have ldentical
Ievel8 (rithin .1 dBm offset).

Note: The adjustnent interfaces betxeen the four peaks antl it nay requir€
geveral reference sets to adju8t.

5-21. Alternate Channet Level (Primary Method)

Run diagnostic self-check node 18 (checking 110U Hz at -20 dBm mixed wlth 100U Hz).

1. Connect th6 DW (lIP 3\55A rith math fr.rnctloa ) to A15TP2,

2. Run noile 18 path 1 (100\ Hz s iugle tone).

3. Stor6 I and press I Error. Ihe Dvl.l Ehould read 0.00 V rms +- .005 V.

lr. Run rnode 18 path 7.

l. Adjust the Alteraate Channel Leve1 (A15R107) for . \8ri +- .005 [. (Ttris
reading 13 adjusted for the wideba^nd charact€ristica of the HP 3L55A).
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5-22. Alternate Channel Leyel (Alternate Method)

Use this nethod for troubleshooting or performa,nce verificetion.

1. Run mode 18 path 7.

2. Connect a spectrum analyzer (lIP 3582A) to A15TP2.

3. Look at the 1001r Hz and the 11Ou Hz signals. The frequency difference should
be 100 f,z and th€ 11Ob Hz signal should be 20 dB less than the 100I Hz
s ignal.

5-23. Hold Coll Current For Transmltter and Recelver

Dial/Ilold Setup 3 Transnit and receive holal on
TransDitter: 100b Hz, 0 dBm
Receiver: Level/Freq

1. Connect a 12 vdc +-.2v power supply, a 1I? ohn (L1, Ll2l|l resistor ln seriee
tith the transmitt€r t€rminals (Ieft) and th€n the rec€iver teroinals
(right). Conn€ct the Dv}l across the resistor.

Note: Do not revera€ the nff/Rcv terninals during this tsst.

2. Check for 2lr mA +- 0.1 mA (3.53 volt drop across resistor) on both the
traJrsmitter a,nd receiver terminals, For the transmitter, adjust A18R2. For
the r€ceiv€r, adjust A1R2.

3. Loop 100U flz from the transoitter to the r€c€iver at -lr0 dBm and check for
any distortion (none allowed). The amplitude of the s lnewave ie reduced but
it shoul.d renain sinusoidal wtrile maintaining the 2U mA hold current.

If th€ currents change, repair the holding current regulation circuits on A1
or A18 to achieve a good hotding balanc€.

These holding circuit adjustments are designed for the specification and a
response to a holding source from approximately [2.5 Vdc do!,n to 8.5 Vdc with
linear output current.

5-24. RECEIVER ADJUSTMENTS

5-25. Level Accuracy

1

Receiver: Level/Freq, 500 ohrug
Tra,nsmitter: 100\ Hz, +13.0 dBm, 600 ohms

Put the Al board on an extender. Loop the transmitter output to the
receiver input. Alteratately nonitor the rceiver input level and the
level at A1TP3 (SICI{At) with a DW. Adjust A1R5h (Input Level Adjust)
for identical readings ( approx imate\y 3.b50 V nrs). This adjusts out
any losses from A58 and 41.
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5-26. 1010 Hz Notch Flltor

Receiver: Level/Freq,
Tratrsnitter: +13 dBm, 600

5oo obns
ohrs

1

2

Put th€ A2 board on
receiver input,

TP llotch 2
TP lotch 3
TF l{otch lr

an extender board. Loop th€ transnitter ouput to

llov€ th€ four-position shunt on A2 (Jlt2, 1010 Hz notch) to the left. Uonitor
th€ test points sbowa beloer at the froqu€nciee listed, Set the appropriate ad-
justnsat for a nulI indication on the oscllloscop€.

Test Polnt Tr|!t Freq AdJust

995 flz
1010 Hz
LO25 Hz

42R133
A2R13u
42R135

3. Put the JU2 test shunt bacl to its oritinal position.

Connect cha,nnel A to A2 lP1. Connect chaDDeI B to A2 IP2.

5-27. Pl AR Flller

Set up the nP [9U5A as follows:

Receiver: P/AR, odBm, 600 ohng

Note: Refer to the HP U192A Imp€danco Analyz6r uanual (Para. 3-3\) for
reference infonratlon on the phace/gain measurenent.

1. Set up the BP U192A fmp€danc€ Ana\zer as followe:

0.5 volts output voltage
Frequency - 1300 Hz
Ortput InpedaDce - 50 ohlrs
Averaging - OI (slritcb OFF ahat than back Oil)
Use th€ High Current Outputg
Use 1 to 1 leads to th€ Charmel A and B Reference inputs

CoDn€ct the HP fr1!2A High Current outprt to the HP ll9U5A receiver iaput. over-
ranging can be er.pected on the HP I9b5A, but 0.5 volts input should Dot cause
any internal gain.

3. Connect cha,nnels A a.nd B of the IIP [192A to A2 TPt. verify that the net€r is
calibrated and that the reading is less tha,n or sgual to 0.01 d€gr€es pha8€.

2

u.

5.

6.

AilJust A2R132 (PAR1) for 0.0 d€grses.

llove chann€l B to A2 TF3 and adjust A2R1J1 (PAR2) for 0.0 d€greos. lhis aal-
jusulent elinlnatee any phas€ dlfference b€ttfeen PAR1 aad PAR3.
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7. Check the phase ilifferenc€ b€tr{€€n A2 TP PAn and A2 TP lll(}T with the nP 1.192A.
degrees +-.1 degr€€. If the phase is not corr€ct,

5-29. US EDD AGC

Each filter will. have approx imately 0.1d8 gain and approximately 0.2dB acroaa
both.

&e HP U192A Analyzer has Phaae vergug Gnin D€aaurqrent calrsbility with accuracy of
<=0.01 detrees rrhich is regulred for the P/AR ftlter adJustnent.

5-28. US EDD Hl-O Fllterr <83 113 Hz Modulatlon)

Receiver: Level/Freq, 600
Transnltt6r: 100b Hz, 0 dBn, 600 ohrs

1. Rrt th€ A? board on an extender, Or A7, rov€ Juarper JU3 (83 1/3 Hz CAtr ) to the
l€ft and nove Junper JIn (83 U3 Hz BPF)to the left.

2. This adjustment uges aa HP 35?5A Phaee/Gain n€t.r. Flrlt coDr€ct channel A to
th€ niddl€ pin of JU3 aod connect chantrel B to the Ieft pin of JII3. Ihe
Bhould be 0.0 degrees +-.1. fhie checks the [6ter calibration.

3. CoE€ct Chanoel A of th€ phaae gain n€t€r to th€ nidall€ pia of JU3. Courect
Channel B to TP1.

U. Adjust AfR1o3 (EI-a 1) for 0.0 degrees +-.1,

5. tlove Channel A to TP2 a,nd adjust A?R102 (HI-Q 2) for 0.0 detr€es +-.1.

6, Uov€ Chanttel B to the niddl.e pin of JU3 to verlfy that tbe filter rcade 0.0 dc-
grees +- .1.

Note: Go back atrd conpensate each adjustnent to g€t the 0.0 degree result.

7. Return the jurpers to th€ir original positlons.

Ihe phaee should be 0.0
repeat th€ adJustment.

Receiver: Envelope Delry llode
Tralrsnitter: 1801r tlz, 0 dhr, 500 ohls

Loop the transnitt€r output to the receiver input.

llonitor A7 TP2 with a DV}l and aatjust A?R203 (ACC Catn) for 2.Lt Vt s +- 50 nV.

Change the transnlt level to -13 alBo antl verify that TP2 rtill r€ads 2.19 Vt:[s
+-50 mV. Ihen go back to 0 dBn and agaln verify the TP2 level.

1.

2.

3.
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5-30. Pha.e Hlt Balance

Rur llode 21, Path 1

1. Connect an oscilloscope to A9 fPz.

a Coarse adjustnent: Adjust A9R28 (Phase Hit Balance ) tot a 5UL duty cycle equar.
ltavg.

3. Fine adjustment: Adjust A9R28 untll ilode 21 Path 1 atisplays a zero.

b. lloal€ 21 paths 2 and 3 should read 8 or 9.

5-31. NLD l99O Hz Detector

1. lloDitor the square wave at A3 IF1 rith a fr€qu€ocy counter.

2. AdJust A3R9 O99O flz adJust) for 1!!0 tlz +- 1a".

5-32. NLD 52O Hz Bandpass Fllter

Receiver: Level/Freq, 60.0 ohns
TrdrsDitt€r 3 500 ohns

1. Loop the transmitter output to tbe receiver input,

-2;-Ufri't6t-th=-A3-tE5t-tr5ints-f 

tsted-belirw-trtth-an-HP-35?5A-Plrage/Gain-lt€terr-Sot
the transnitt€r frequency and level. Adju3t the appropriate adJustment as
llec€884ry.

Corurect Iransnit
Channal A Channel E Freq LeveI AdJuBt For

-10 dBm A3R1o (BPrl) P0 degrees

-10 dh A3R12 (BPF2) 90 degreee

-10 dBr a3R22 (BPF3) 90 deSre€B

TP2

IP3 IP l.

TP3

TF5

562 Hz

\92 tz

5r, Hz

lrSo ltz

TPL

1

2

TP5 TP5 0 dBn A3R32 (BPF\) 0 degrees

Itre filter shape caD be seen by using an BP 3585A Str€ctrm Analyzer arrd th.
setuB descrlbed below.

Set up tbe HP 3585A to viex frequencies fron 200 Hz to 800 Hz.

Connect th€ tlP U9t5A tratrsnitter output to the high lnp,edance h$rt on the HP

3835A.

3. Connect th€ HP 3585A'B tracking generator output to the HP \9b5A receiver input,
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lt. Connect the s ignal prob€ to A3 lPl and vi€lr the filter response culTe on tho
BP 3585A. Ibe ldeel filter shape is shoutr below. Ihe actual frogu€ncy points
[ay b€ +-2 Hz.

524
480 Ffd:l

3d8 3dB

connect ion.

Note: other 8-R s conversio! netera caD give different r€adings.

3. Adjuat A1?R98 for 0.758 v tt|!8 at AITP5. Itre ERL reading on the HP I9b5A Bhoulat
b€ 0.0 dB to -0.1 dB.

1. Rrt the 417 board on a,n oxtender.

2. Connect an HP 3b03c True lue voltneter to AL!P5. Us€ A6IP7 for the growrd

5-34. Roal Tlme Clock Osclllator

1. S€t t€st sritch S\06 on All to the following position.

r 2 34

80 HZ WDE

5-33. Two-Wlre Return Lo3s

f€Et Select! ERL, Tlro Tir6, 900 ohtr
Transnitt€r: 1000 Hz, -2.0 dB, 900 ohn
Receiver: 900 oho

s106

2. S€t up the frequ€ncy court€r (nP5315) as follows:

Channel A, periotl measurenent
Trigger - ma:<imun BeDsitivity
AC trigger
Use 100 kf,z filter
Attenuation - X1

The corurter'g 7-digit per second resolution feature ls needed tn this adjustnent.

o
o aa
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3. Cons.ct th. counter to A12 TPl.03-8 (labeled 1 Ez).

!l

a

Ihe reading should b€ 1.0000000 aeconda, +-.0000199 seconde. Adjust A12C3\ tf
!ece88ary.

5.35. OISPLAY ADJUSTMENTS

First see that ths porer aupplies are rlthin sp€cifications. the valucc of +5llSY r
+12V atrd -12V rrlU affoct th6 CRT adjustnents. AdJust the auppllea if oeceaaary
(See Power Supply Adjustments ).

llagn€tlc fi€Idg frou soldering irone, transfotrsrr, instrunents and otber such
th€s€

ghould eliniaate uNratrted dlgtortlons. If this is a ne!, CRf/Yoke ass€nbly, b€
to do the phosphor packing b€for€ cotttinuing (See Cnf Installatio! la Soctlon

6).

1!. CnI adJustuents should be made in the order given below.

1. I1r!'a the lnstnrnont on, anil select the IBST PIIEmRil softkey ln th€
CALIBRAIts/SELF-CHEOI nenu. Display th€ pattern that has th€ E charact6re b
the inv€rs€ video fleld.

If necessary, adjust th€ HORIZ SIZE (A19 R20) and VEEI SIZE (A19 R55) so. the
€ntir€ vialeo display pattern ls vislble.

Day cauae display digtortion. ic fieldg

3, Ihe displayed viileo border should b€ level aad parallel wlth th€ display be-
zel. If not, peffolIt the Yok6 Adjust[ent b61o!r.

U. Adjust th€ LIf,tsARITf (A69 m9) coatrol so th€ top aad bottoo video softkey
characters are the sane gize.

,. Adjugt the vERx sIzE (A19 R65) ard vERr PoSITIoN (A19 R!8) Eo th€ vid€o bord.r
iB Just rithin the top and bottoD edges of t'h6 displey b€z€I. Also check to
s6€ that the video softk€y8 are aligned lrith the fro[t pan6l roft[eys tdr6n
viewing the digplay.

6. ldjust th€ HORZ SIZB (A19 R20) and HORZ POSITIoI (A19 R2?) so th€ video border
iB Ju3t rlthin the left alrd right edges of the display bez€l.

l. Usilg a photoreter, adjust the brightness ag foltons:

A Benove th6 itisplry bezel by rgLeas ing the latches on the utrder8lde of
the bezel.

B. CareftrUy renove the glass coDtra3t faceplate, ard thorough\y cI€an
both Eides of th€ fac€plat. and the CRf face with a mild glass cleao6r
and a li[t-fr€e cloth.

C. R6p1ac€ the fac€p1at€, coated sid€ out, ard snap the bezel back ln
Blace by first hooking the top latch€8 th€n the bottoD latcb3s.

Re?Lacaant fot p,ge 5-7?
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AdJustn€lts

D. AdJust the ImEISITf (A19 Rlr3) for the aleslred lnt€as lty OR a
et6r a,Bd Bet the i!t3!3 ity for a ltrniaa,uc€ of 60 +/-2 Caodela por squ8r6
ucter (17.5 +/-0.6 Foot -larbert ) .

Note: Ihe photor€t€r uethod ebould be doae t{h€n ther€ is nors thal tno f,P
L9b5A's tog€th€r la a sy8ten.

8. AdJust th€ FoClrS (A19 R30) co that tbe atots iB tbe video
(miaiuun dot gize) .

Ebarl, lrtd clear

1. S€t tb€ P l9U5A po$or Bwitch to "off" and renove th. ac pot er coral.

2. Swiag out the poner supp]y on th6 left sld6 of the lnstrulent to acc€ss

5-36. Yoke Adlustment

TTT.TIIIq

I,EltrAf, VOLTAGES EXIST OX TIIE POT'ER SI'PPLIES NilD III TIIE ANEA
INOIJITD IflE CN3. USIE EITIREME CAI}rItr TMEil SERWCIIIG. AI,L ID.
JI'STIIEIITS SHOI'LD 8E PERFONilED ONILY BY QT'Af,IFIED PERSOIIIEL.

th€ CRE yokc. (Refer to Section 6-7, Pouer Supply Renoval).

Loose! the yoke clarp.

Coruect the power cord and 8et tb€ porer srltcb to Of,.

Diaplay trh6 t€st Irattsrr ( fron the Calibrate/Self Iest r€au).

Rotate the yole untll the display ls level,

llak€ rur€ the yoke is pos itlooed forrBrd agalnst the CRf be[ aad retigbt€D th.
yoke c1arp.

3.

u.

,.

6.

7.

tuglacatrtrt fot pge 5-18
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${-ItrN vt

PARTSREPLACEABLE

6-1. INTRODUCTION

Ihis section contains inforuatlon for orderlug parts and ass€Dbly removal pro-
cedures. Tebl€ 6-1 llste reference des ignators and abbreviatlons used i! th6 l,arts
list a,nd throughout the manual. Tab1e 5-2 lists all parts in refsrence
de8ignator order. Table 6-3 givea the nanes aad addr€seos that correspoud to the
nanufactursr's code nurborg. The figures in tblg chapter are used to id€ntify the
nechanical and hardnare part you aeed. Comporent locators in Sectlon 8 can be useil
to id€ntify a part on a PC board. After identifyinS th. part ia oae of the
look up th€ r€forence deslgaator in the parts Ll3t for orderiDg infor:mat ion.

6-2. EXCHANGE ASSEM B
Instrulents erlth serlal prefixes 2I35A or treater have pot er sulrtr li€s tlth part
nunbers 0lgl.5-60057 (A28) and 0lr9lr5-50058 (A29).

Instt"uneDts rrith s€rlal preflxes less thatr 2[35A hav€ power supplies that erere on
the BIu6 Stripe Exchangs prograr. These supplies ghould be replac€d on failur€ with
the new power suppliee listed above.

6-3. ABBREVIATIONS

Table 5-1 1ist3 the refereace dssittrator3 atrd ebbraviatlons ugeil in the parts llsti
th€ sch€lEtics anil throughout th€ manual. Ihe abbreviat ions in the parts list are
abrayB capital letters. In other parts of the lanual abbreviations nay be uaed wltJr
both lower and upper cas€ letters.

6-4. ORDERING INFORMATION

Io order a Dart on the natertal lists, quote the Helr1ett-Packard part nunber' iodi-
cat6 th€ quantity desireal, and address the ord€r to the nearest H€lrlett-Packaral
Sales/Serrrice Office.

To ord6r a part not on the material lists, include the instnment nod€l nulber ' ln-
stn m€nt serial nunber, a de8cription of th€ part ( inc!.uding its futrctlon) ' and the
nurber of tarts required. Address the order to the near€st Bewlett-Packard Sales/
Serwice Office.

kplacarnt for ge 6-7
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6-5. DIRECT MAIL ORDER SYSTEM

tlithin the IISA, Eewlett-Packard can supply parts through a alirect nail ord€r systeD.
Advatrtage8 of us iug this syetem are3

a. Direct orderiag and shllment fron the ll€wl€tt-Packard Parts C€nt€r in
llourtain View, Califorala.

b. lfo na:rimrn or ariuioun on arly mail order (there ie a uinfuruo order a,mount
for parts orderod through a local [6w1€tt-Packard office uhen tbe ord€rs
requlre billing and invoicing) .

c. Prepoid traosportation (there is a snall hald1iDg charge for each order).

d. f,o invoiceg.

To provide th€se advantag€s, a check or [oney order rnr3t acconpany each order.
Payment Dust include handling charge a,nd stat€ tax. H€lrl€tt-Packaril is licensed to
do bua ineee ln aII 50 stat€s and nust coll€ct apDropriat€ state ta:.€s.

l{a1,1 order fot'ms arrd epecific ordering infotration is available through your local
Hewlett-Packard office. Addresses and phone nunbers are liBted at the back of thig
nanual.

kplacanafi fon pge 6-2
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6-7. POWER SUPPLY REMOVAL

The followlng procedurea ca$ be used to r€trove and/or grinS
supply as

A281A21,.

Tlre A28 supply is on the botton of the IIP lt9\5A. It conn€cts to the A21 DC Int.r-
coDnect AsseDbly (a1so on botton of EP ll9b5A). Both assenbll€s can b€ swunt out
together for troubleshoot lng, or eith€r can be removed.

ee9/2o

fre A2! supply ia on th€ l€ft side of the HP I9U5A. It cotrnects to trhe ltil0 AC.
Itrain sqritching assenbfy (also on left side of HP t9U5A). Both asgeobli€a catt b€
srnntg out tog€th€r for troubl€shoot ing I or either can be removed.

Swlnglng out AAI and A28.

To ewing out A21 and A28 for troubleshooting, u8e the follotrilg procedure.

1. Place the [P \9ll5A on itg r€ar f€€t and r€nove the bottou cover. Bef€r to
Figure 6-1.

2. Cut th€ ttro cable tles that hold the l,oeer switch cable to th€ A28 sh€€t
netal (See figure 5-1) .

3. Itrtplug the flat rlbbon flex-cables (tl5 and tl6) from A21. Refer to F
6-L.

lr. Renove the 5 scrers oarkeal B i! F

Both th€ A21 and A28 aseenbliea can now be awwrg out for troubleshootlng.

out aDJ, of thc Dower

428 R

1.

2,

3.

U, lnien relnstalllng, renember to

lgure 6-1.

in the cabl€ to A21 and iastall lrer

emoval

Follow eteps 1 and 2 of the "sninging Ort A21 aad A28" procedure.

Renove the four Bcrens narkeil "A" ln Ftgure 6-t ttrat hold the A28 aseernb\y
to tha chass is.

Carefully disconn€ct the A28 supply from th€ A21 assembly. Disconaect the
cabl€ that plugs irto A21 and renove th€ A28 asseurbly.

cable ties for the polrer switch cable.

fuplacanent fot page 6-5
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A2l Removal

1. FoIIoI th€ "swingbg Ort A21 and A28" proeedure.

2. Discontrect the nires fron A21 (See Figure 6-2).

o Disconnect the ! wtre cable that coE€ct. to A20.

o Disconnect the 2 wire cable that con r€cts to A28.

. Un3o1d6r the folloiring rirea:

Red, orange, black, white/bronn, rhite/blue, rbite/red, and nhitc/black

3. Renove gcren narked C in FlSrre 5-1. Disconlsct th€ A21 asse[bly fron th.
A28 aseenb\y.

:I

DISCONNECT W6

c

DISCONNECT W5

ABCAALE TIES

A,B

REMOVE SCFEWS MARKEO B TO SwlNG OUT A21 ANO A28.
REMOVE SCREWS MARKED C A]{D B TO REMOVE A2I.
REMOVE SCREWS MARKED A AND B TO REMOVE A28.

FigU,e 6-1. Aze @.d 427 /r,cess sctv,ns

Replacensnt fot page 6-6
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A21 

-

DISCONNECT 2 WRE CABLE

DISCONNECT 4 wlRE CABLE

UNSOLDER 7 WRES

Pi.gp.e 6-2. A27 Cables

Replacenent fot p,ge 6-?
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Swlnging Out A20 and A29

To swing out A20 aoal A29 for troubleshootlag, use the following procedure.

1. Set th€ HP !9I5A on its rear fe€t asd r€nove the top and botton covers.

2. Remove the carrying handle and the side rail.

3. Renove ecrerw marked "8" in Figrrre 6-3.

b. t{ith the EP I9&5A potr€r cord unpluggeal, Blritch the pofl€r switch to the OX
position. CarefuUy pry the line 3wltch extenslon shaft from the line
srfitch. Use a screr driver and pr? on the extension shaft on\y to avoid
da,naging the live sfll,tch nechanlsn.

Aln,e A2O 129 assenblies catt no!, be emurg out for troubleshooting.

A29 Removal

1. Follow stepe 1 and 2 of the "Slrlnging Out A20 and A29" procedure

2. Renove screws markeil "A" in Figure 5-3 that hold the A29 asseDbly to the
chassi,s.

3. Carefully discot[r€ct th€ A29 supply froD the A20 ass€nbly and r6[ove the
429 supply.

A2O Removal

1. FoIIo$ th€ "Swinging Ort A20 and A29" procedure.

2.
Figure

the fl6 flat rlbbon flex cable that connects to tbe A21 aeaenbly (See
6-3).

3. Disconnect the nlres on A20 (See Figure 5-3).

. Unplug the four nlre cable to AzL.

. Unplug the four t ir€ cable to A19.

. Irnplug the 2 wire fan cable.

. lrnsolder the white/red and white/bIack eenge lines that go to the A21
board.

. Irnsolder the lr wires of the Doxer cable fron the por€r sltitch.

I. R€move the screw Darked "C"":iD Figure 6-3. Disconnect the A20 assonblv
from the A29 asgenbly.

,. llhen reinstalJ.ing, check tbe opsration of the power seritch on 420.

fuplacanent fot page 6-8



rp lrguSA
Part.

REMOVE THE LINE SWTCH KEYCAP ANO

SWTCH EXIENSION SHAFI

1,1

:i:t

li-.

E

(

t'r

i:r::. : - r

t' '',1

- 
DISCONNECT WO CABLE

:r c!

A
o B

I

I
A,B

3

REMOVE SCREWS MARKED B TO SWNG OUT A2O AND A29.

REMOVE SCREWS MAFKED C AI{O 8 TO FEMOVE A2O.

REMOVE SCREWS MARKED A AND B TO REMOVE A29.

Figwe 6-3. A29 atd A20 Access Screos

Replacencnt for page 6-9
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DISCONNECT W2 CAELE FROM A21

DISCONNECT W3 CABLE FROM A19

UNSOLDER Wl
SENSE LINES

{9O) ANO (92)

UNSOLOER

FOWER CABLE

DISCONNECT W4 FAN CABLE

Fiqre 6-4. A20 Cables

Replacanent fot pge 6-70
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Model 4945A

Tabb 62, Replaeable Parts (Cont'd)

Replaceable Parts
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ot9a5.626rO
oaga5.626rO
oa0a5.a2cro
t90l.lt 28
r90r.@2t

tgi,|.@lo
t9(,r.0050
raaa.o2t8
rgor,o50
rsr d!51)

r90t {06(,
tgt r {060

255.16r'
20 to5
255.r25
2arot
26s@l
25fri'

a550qroa
a5aoor00
arr,o,
41220.2
ar22at.2

ar220.2
a12m.2
r258{ral
r25E{rar
t26EOtar

c
D

mfrm

rya

A2ECI
A2&2
A2&3
/l2ACs
A2&6

a2&7
A2&6

^28C9A2&rO

^2tll
A20Cr2
A2tCr3
a20cra
A2lCt'
A2tCrl

a2lc20
A2C2!
,2*22

^2r23,2*2a

^20c25a20c2c
AIG2E
12r29
42S30

42*34
a2&tt
,2&a7

^2*!aA2ts!9

a2rro

a2E/tl
a28ia
]l2Ea5

a26.,a,
a26Ca9

a2!cir
A28Ci2
A2tCil
A2tCia
a2ci5

A2lci6
A2lCi7
A2lciA
a2lcn9
A2.cir I

a2&fu2
A2&ir3
A2&Br4
A2Cir5
a2cir!

a2&ar,
A2ICBIE
A2&AEr
A2til2
42*il3
A2&it4
a2acagt

A28Fl

a2lF9l

A2EF92
A2EF93

A28Jl
A2AJ2
a2lJit
A2ua
A2AJ5

A28J8
A2lJ9
A2A!r
a28.ir2
A28J'3

lllt
cod.
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Replaceable Parts

Tabb 6-2. Eepbeabb Parts (Cont0

Model 4945A

I
I
2

2
2

I
2
2
I

2
2
I
3

t
7

I

I

I

2

2

I

2

I
I
2

I
I
I
I
I

2
2
2
I
I

3

I
2
I

I
2
I

20.t0
28.90
2Ealo
2tall,

2Eato
2.i!o
28ago
26.80
2!al0

28.!O
26.10
2!alo
2aas

00031
2840
000itt
2'4l{'
2ilrd,

ot2a5
2a/ltr'
fr/t,It
oa7r3
?aa&
20a4,

oa?r3
0arr3
oarrl
,*b
2Llo
0a7tt
2aaao

or r2r
or r2r
or t2r
orr2r
o2rg

2L&
2Lrlo
o2495
t,ll56a
m996

02996
t ll9!
02905
olt2r
,!aao

aalc
orr2l
o2495
@996
@ta5

0e995
029e5
@106
2a6aa
2a5aa

@t9!
rrtor
06524
2a5aa
@996

olltoT
2Laa
2a5a6
@996
lra62a

@95
2aa$
2aas
(r2095
oil90t

ca.r/l.lon023.t
c9titc6
!o33i
3r3lli
6l,:Ili

60ixri
!o3li
3r3lli
ca.r /a.to.392n.a
or.r/8.to. oB.F

loa
MFaCt/+to.6tar.F
orF.5sn, r.r
ca.r/t.to.302r.t
!dt3i

9dr!o22
canl8.To.6 r.f
ca.r/8.To.ott.F
503ti
cllra.56.r, r.r

5033i
c4.r/E.TOra23.a
c4. r /E.toLo:r.a
!033i
ro3!i

r25a{iat
t25a.orar
r258{rar
t26A,0iar

0.9.6.90090
9rao.ot3,
oaaat.aoal
oa945.Etx)09
raloG2t

oa0.S.poao
9r rqt1r,
9r@25r!
9ro.25t5

snll3qI
t2t5.lr3r
3r!t3@r
r 206.0431
oa9a5.a26t I

2X3?25A
r 2G.O39r
r 2@.0r8r
Mrra&t2
r200rlr
t205.t:t9r

2'(!2224
2'02224
211606t
rasa.m,

rlla,@,
2t{290t^
rl a.ot,
clroai
EAtOaS
car5rl
cat6t5
s623t

ttrr-r0c3
08r tntrS
ro03a
72Pir@roea
50:t3i

3r:t3i
!o33e
!o!3i
G61005
00ll.rtrg

Jt i/PEi.eoaovEASaE foi ,025l| so p!{s
.t taPCi.aEtov€a8lE loi ,oil! r{ so als
II/PEi.iEUOVEAALE FO6 025 n SO rr{S
,t tt/tP9i.iEtrcvEA8lE toi ,025 so ars

cxoxE 2a0ir{
rl{ot cT6 ir.cH.MtD rMH 3r,2Dx.aErc o.@
iEACIOB.COillAO!
IT0|JCT6 gUH
lrra.Esc .o7t.u.DrA t.aznlf.Lc stt
cor! 2t { roA
AOrrSrt{G SCaEw ODr ,2aaNi [ ,47$Il
lxDt cIOi llrux tot .6iOxl.25tc (|.26
rxtt ctoi r@uH rt*.5xt.26LG (!.26

liArlSTSTOfi LOSaCt X.CXAX tO.3
HEAr SrNt !O.3.CS
ria slsloa ltosFat tf.cHArf Io.3
HEAT 6r'{( !O.3.CS
alsY.xliti I H/s

mAxslstfi xa 2li3725^ 9IO.30 ao.5w
HEAT Srr{( EGt IO.i/!O.39.CS
iGuLAIOi.XSIi IYLO|{
fiAxs|slfi llit IO.!9 PO.IW F .llrlriDe
usut^loi.xsli r{Ytox
HEAI SrN( S(t tO.5/tO.3r.CS

ItA,rSl6l6 x?x 2I{2222A 9l(,.16 tO.SlOirW
li^,{Esrq r?t 2x2222a sr to.ra po.300irw
Itr sroi.sci to.92 \niM{o
liAtslsloa l{at Sl PO-36Otaw Fl.taMrc

tiAr{Slslfi xtr{ Sl PlFldLW al.r6ME
liArlSlSIOi Prl? 2ilrll(rr St IO.l! PO.aOOtw
lfiAllSlSIO xa Sl Plr.3tlriiw Fl.r6Mr.z

iEs6toi roq( 5t ,tw cc rc{Dau
iESrSlOi ldx 6* .6w CC tC.O+882
iESBlOi l5O 5* ,26W FC IC>40/+t@
iESEtOi | 51, 6* .25r'v FC lc-40/+t@
ITEiMETOR.SUiGE.PTCTh 2i)oxt' AI 

"OEG
ecgsr(ri /r7 rot rw Fn tc{!r6io
iESErOi aT l0l lw a^, tC.OlraO
eESEtOi lC2 rl ,123W FIC.OillrO
nEEElOi.rRrlr r@ ro* c.I@.AoJ r-LN
iEs6r(ri aa.a lt . t 25w a tcilrrd,
aESTSI(ri ,3l rt , l25W F lC!O! rO
eEEEtOi e2.5 rt.r2aw Frc{lit o
AEEEIOi 2@ ll ,12!W FIC.lrtl@
A€SElOi lO 5i rw CC lc.lr+al 2
eE$StOi 15 5t aw Pw lc.olao
iEsrsroi tc2x rt.r25w F rc{rr@
iEslsloi 3.lsrt ,I6w aC lC-a@/+!OO
aEsEtoi 68.r rt.r2!w i rc+lll
aCSISIOR 619 ll,l25W a lc.Olroo
iESISI(ri aaa lt ,l25w F lc'lttllro
icsEroi 332 it,t25w t tcrotr@
aCElSrOi a6a ll,125W F TCrOtt@
i1ESEIOR !62 r* ,l25W t lc-lrtl@
i€SlSlOi 392 ll ,l2!W I IC.OI tlrl,
aEsrsloi r rq rt . r 25w i tc{rr r@

'iESlStOi l0o lt .l25lY a lC.Ot l@
iESlSlOi6,lg( l * ,l r5w a lC.OllOl,
aESlSlOt al rl.l25W F lc.qll@
e€SElOi 3.92x ll ,12!W t IC.Otllrl,
eEslstoi 6a.r ri.rraw rrc+i6
e€slsloinirh at 20* c roP.aoJ I .InN
iESlSlOi l.llx ll.l26w t lC.Otloo
AESEIOi 3.Or x rl ,l2!W t lC.OrloO
iEsrstoi 20.0 rt.r25w Frc{!r@
iESr3lOi at lt ,l26w aTcrolllro

iEslsloi 27a lt ,125w llC.O!l@
iESFlOi l62x ll.l25w t lc.Otl@
iESlSrOi 249( ll.l2aw t lc.otl@
iEsrsloi r.,( rr,r25w F lc+!t@
iES,lStOi lll, l* .125w F Tcroqlo

c
D

ffiEtr

A2a,t a
a2arr5
A28I'E

A20tr
A28t2
A2lt3
A2lLa

a2lL5

 26LC
A2AL?

EI'I I

trl:Iirl

a2lo:t

A2EO'

a2lo5

a2lo7
A2aO6
A28@

a2gor2

^2g(DOa2aoat

a2aat
a2ti2
a2tet
a2tia

A2OAC
a2le7
a2tero
a20er2
A2aer3

a28ir/r
a2lit7
a206rE
a2li20
A2ti2t

a2ai22
A26123
a2tiit4
a28825
a26i26

a218,2,
a28628
a28829
a28i!o
a2lEtl

A2ae!2
A26A33
a28e3a
a2aa36

a2li37
A2ti38
a2tt39
a2aea{,
Ar8&ll

a28442
a2ti43
a2tia5
a2tta6

t26t.orar
r25t.orar
r25a.llal
t25E.Orar

oa9a'.atr3a
9rao.or3,
oilgil6.loar
oagir5.9@39
ralo.o6:19

o$a5.m.o
9rro.r20,
9llro.25t5
ltG25t5

rE55.O'tE6
t206.0.3r
t455.(rE
r206.oa3r
oa9a5.62tr r

r854,0C6t
!205.@91
r2000rtr
l!53,0a09
r2000rar
r206.@91

r854.0a7'
tE5a.oa77
t!Ea.o4pt
llrt.@,
rE!a.@6,
r8tit.o26r
rgSadr,

6{t.roa5
daa.toas
o6*t.t5t5
oa!:t.t5r6
oti|7.0262

l,8r r.r(163
08r t.r06t
0757.OaOa
2r@.0!6t
doaio:t,

ont7.oaaz
0757.0399
orst.oao,
G&9.rOi
6l|.rG9
o?5?.0470
o6t!.o!it6
o?5?.039'
otlr.oar8
0696.t[O:l

or57.lrll
0c9t..03,
ottt.oar?
or'r.oar3
or5r.oac6

o?5r.oaor
o757.0290
06aa.5dr6
orSr.oa!5
o?5r.00t?

21o.3965
o?5r.oa3t
orr.qar3
o16r.00Ea
0696.sffi

ortr.oalro
or57.o't,t
or5r.@?o
o75r.u2,
o76r.oaor

Xlr
Cod.

6
0
I
8

I
t
3
I
7

2
I
I
I
9

9
E
5

I
9
5
a
5
I

,
8
5

5
I
5

9
9
2
2
9

8
E

I
o

3
5
6
7
2

3
2
3
9
7

2
o
I
7

o
a
5
o
3

I
3

5

8
3
I
o
o
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Model 4945A

Toble 6.2. Replaccable Partt (Cont'O

Replaceable Parts

2
2

I
I
7

I
I
2
2
2
2
2

I
I

2
I

5
3
2
2

2
5
I

,

2

2

270t4
02923
04559
28.00
2l.llt
02000

2S4&'
2!4tO
28.180
2Lr8o
2!ato

or216

@r95
@996
or r2r
2aaac
or7L

0e993
otg95
@74
2atra
oit995

02995
2a546
o2995
2a!16
2ataa

o29t5
02995
0299t
o2ltta

24&
28.t0
ortq,
oll80
ollg,
or3lo
orlq,
orSlo
0lllo

2'/lA
204i,
ora9r
ollr 23
oart I
28a10
2?Ora
02923
oa5a9
2aa!o
2aalo
@66

24912
612r
0220r

2Aaa,
2Aaa,
2aaa,
2eaao

28480
2E4@
28ad,
2A4eO

28.00u0
oa@a
oll6(,
,aaEo

28.80
2E.'o
264t0

5033n
!033i
c83ilG5
can /&to t 2t i.F
3369P.r.@t

5033i
5033i
155L.t.5t r
ca.r/t.to.r2ri.a
!o:l3i

50gti
ca.t /E.ro.562 r .F
50:t:li
ca.r/8.to.rt22.a
c/r. r /8.to.3924.F

ra26.o6at
LM3I?T
60.rr.5?9r.r674

2rgo.lrr6
22@.{rr43
77?1.16

LM33?T
6t rr.5r9r.rora

2r90.oal6
22@{ril3
??2t.7res

ltlll6

3ra!i
ao33i
,o33i
i,334

oa9a5.0@3?
oa9a5.0@34
ar623.r
8rot3n
Er6ilt.t

8rait3.r
E7a23n
E7623n
E7623.r
rsad

r96.02!?
rgoc,o23,
so2ar6
a903.8

ctY 2r
92.aaro

t902.3295
r9t2.r3r9
r902{?r9
r902arro

r902{??9
r9o20t?9
r902{o€o
r902.92r4
r902.@o

r902.ort2
t9t 2.lrt2
r9l,2.o9a!
oataa,6tcta

0.00.02E2
r39G06r5
r656
ssti,
o:1600t14

GtaGr09?
23atlot rt
0.945.00@3

iEsrsToa 332 rt . r 25w t tcrot t@
aEslsloi r@ rl . t 26w a tcrot r@
RESTSIO6 3.3 

'r 
.2!W FC IC-a@/+!OO

iEsrsToi r2r rt,r25w F tctott@
iEsrsToi.rari 50 20* c roP.AoJ I .m

ilSlSTOi 332 rl ,l25W F IC.OI roo
iESISIOi I 7.! l* .125w a tc.{t l@
itststoi. trl5 5@ 2or c roP ao, t.TeN
nE$sroi r 2l rt . I l5w I tc{! llro
itslsroi r.5( t*.r25w F tc{!r@
,ESlstOi r 

'.0 
rt . r 25w F Tc{r: tQ

iESElOi 5.42( I I .125W a IC.ot r0O
iESlSlOi 2( l*.r25w I lC.OlrOO
eCEEtOi 16.21 lt.r25w a lc.orr@
e€Elsloi 392 rl . r 25w F lc.otr@

aESISIOn 39.2r l t .l 25w I lc.lri l0O
e€SElOi I (rO l* .l 25w F lc.oaroo
a€Elsloi r. r( r*.r25w
aEslSlG r. r( rl.r25w

coxr{Ecroi.scl co||T Prx .o2i.r ,aAsc.sz so
cotr{Eclon€Gl @r{t 

'lr{ 
.ot5nN.aAsc.sz so

@rNEqoe.sGL @m rll{ .ozaJilaasc.sz so

@NNECIOa€GL @{t 
'lr{ 

.O|5.|N.aASC.SZ SO
@r|NECIOa.SG! @l., llt{ .OI5iN.aASC.S2 SO
ooirNEcloe.scl @r{T 

'lr{ 
.025.N.aAsc.sa so

@r{NECtOfi€GL @tfl llr{ .O2tJiraASC.Sz SO
srvrrcH.rHail Fxo er ot .ofl,i6c

rc v ictln.v.i€a-aoJ 3/30r ro.92 PKG
c v ictti to.220
r'EU(ArO.XSm rraM CNoC!
mrr.HEx.P6rc LtG a.ro.I|ro.t.3nN.i{
w sH€i.fl..[ttc ci-'a , r25.r[Jo
ECnEIV.MACT{ a.ao.3rt. .tc ?AX.HD.POa
lv^srai.sHloi io.a.rt6.rNno.2r6. .oo

oPto.rsot^roa uo.Pxsri rF.t60irA.MAx

c 337 V ictri IO.220
nEUUlOa.X$6 +iX Cr{OCl
XUI.HEX.PL$C L(G a.aO.rHO . t a3,tra.I(
w^sr*i.tL.tlllc xo a .r2l. .to
ECiEI/V.MACH a.ao.3?5.rtl.!G PAI{.HO.POa
tv sHEt.sHrDR t{o a.ti6.tir.to.2ts.Ir.oD

OPIO.ISOIAIOO LEO tlstI a.SOLA.MAx
luEE ctlcliox t2.6a70 slnc€ v mcln
cuP cMPxt .!t 2ataM vflrtYl

OloOE.Zltn 33.2v 5* m.35 PO.,aw
lr60C.2M 6 9V 2l PO..aw
lxrlrC.Zin I l.av 5* 0O. l5 t!0.1w lc.+,lraal
O|olrE.Zlra ll.avSt 0O.r5 ao.rw Ic.+.OGa,t

ololr€.Zlri I l.lv 5'. 0O. r 5 PO.rw rC.+.OGat
|,|olr€.Zlri ll.6v5*0O.r5 io.rw ICI+I 6ata
OTODE.Zile la.rv23oo.la PO..4wIC.+.Gta
o|oOE.Z i li.2v 210O.l5 Plrt.aw
OOOE ZIIi la.7v2*0O.la llo..aw rc.+,et
OOOE.ZIa 2O.3v tl OO.l5 PO..aw
O|oOE.zt{i lo.sv 5l DO.!s PD..al'v
mO€.2 i 2.av tl00.36 PO.,aW
200(rc ac c aLE

gUt/PCi F@I.ADH MIG I2'.MM.WO
FASEnEi.SllAP.ll{ rll,I MrI.€xPAi6Ot{: lon
GioiaEr.iur , tSaJr{.ro .3t 2.,{.Giv.oD
cA6tE IrE .?3.OrA .@5.WO 

'{YtcoatlrlEcloasct @t{t. .lt{ .l).J&asc.sz Rtrto

i6utAtoi roarEr.r{Yr.PPa
scn€w.M^cH 6.32 .2t FAX.HO.oO22|

ooDE.h/v aioc aoov tA
oroDE.Fw amc 6@V rA
t rogE.aw 30A
xEArsu(.ro.!.cs
rc oP AMP Gr OUAO ra.OrP.PPXG

c
D

tln rmm

a28eag
a2tia9
a28i5a
a28i55
a2an56

a2ge3?
A2&ta
a28i59

A2En6t

a28e62
A2i80
A2EiET
A2aia2
a2aaa3

a2taEa
A2aia5
a26ea6
A20e8t

A2III
,46f2
A2trPr
a28tP2
A2ltP3

A28TP5
A28tP6
A28TP'
a28TSt

A2aUr
A2EU2
a2auit

ryr:Ir!

a28lr5
a26116

,2aa
a2ara

a28lr9

a28Vi3

42E\/is

a2tvao

a2ava9

a20vi80

a2lvnt2
a2evftgr

0757.Oat t
o?57.OaOl
0403.0935
or5T.oalrB
,tGaorg

ors7.oat I
or5r.@t4
2r(Ilrll,rt
or5r.oao3
orar.l,,2,

o757.t taa
orsr.olto
or5r.0283
or5r.o..?
0767.04ll

0r57.0r 2a
o75r.0a0r
o757.0a2i|
o75r.o.?a

0.945.803'
oa9at.gma
r 25r.69a7
r 2lr.69a7
t23t.6ea7

r25r.@47
r23r.n9a,
r25t.@4,
r2!r.aga7
3roo.oll,

rtoc.@3,
r906.@3'
r906.0238
r206.@36
ta26.or6r

r626,0443
ta26.dt93
03.t.1r9a9
G90.0?6

22trr.0ta3
1t50. ro2r

r,I:.rr.:B

rE26.062'
o3ao@a9
05t0.@16
2r900arc
22@.Ota3
3r!o.r02r

r$o.ocaa
r9ro.@9r
tam.dog

r902.3296
rgo2.r ta9
rgo2.0rr9
r!x)2.orrt

r902.orr9
r902.ottg
r902.@
r902.!2ra
r902.0@

t902.orE2
tgo2.ot&l
r9t 2.t a4t
fita3.6tata

0403.0282
r3co-05r5
o.&.m2
r4@.(r2aa
oltao.ot 2a

00ao.r09?
23at .0t ll
oa9a5@33

2
o
2

7

2
0
7
2
o

t
6

o

7

0
o
o

o
o
o
o
I
a
I
I
6

o

E
I
7
o
7

6

0

E
t

o,

2

I
6
7
5
5

5
5
I
I
I

5
o

6
o
2
9
3

I
2
6
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Replaceable Parts

Table &2. Replaceabb Partc (ContV

Model 4945A

or!0.@62
r 5@ r65X902042
t 5lD ra5rs20A2
otdx,l2,
or@6t25

EfItrD
PiLE2rrYaa,
PME27rY,l.?
otar.553l
ot&.30a,
ortoloa,

orco{ot6
Oito!f,31
o110.365
ort+il57t
oratla6Tr

otto2atc
805.2tOVXsi
or6llagll
otto2rlr
ot60tt66

or@51t9
or@a6rl
otlo.Srat
0r0.306,
orao"ot2,

or&iEa
ors365
orloairr
oraoatrl
ordtalrr

or00.n6a
orao/rtrl
0r80.x65
or@{57t
ot5t,o0a2

ot@.al?r
orco.a?ar
60t.250vx8

tg)r.Go
rg)r.Go
r90rGo
r90r.11060
rtor.oo2a

r90r {060
r90r {06l,
r90r 060
reor.(D60
oatat.62cto

oil9a5.62!ro
oa9a5.62aro
oata6.626to
r90t.trr2l
r90r.@20

r9or.oGo
tgt r{060
rEEa.0258
r90r {oao
r90r a06l)

r90r {06l,
raor ll)5t

256.16l,
2!||
253,rW
2ar006

260.126
2Er006
2a'0o2
,3tu2

a5!@.r03
c56@.r03
612?o.2
97220.2
67220.2

catacrtoR.axo ar@ aF 20t 2lo\ractir6t
cAraoton.axo aro tF 20t 250\raoir6r
CAtAclIOR txo i.alf, ltol lCovAcrii/E,
caPlcrtoi.axo r 30tF 1!o- rot 2@vt c a!
c^Plcrrofi.axo r lxr +60- rot 2d)v0c a
c^PACrl(n.fro .'ltr !20ir 260rACriMSr
caPAclloe+ro r.51f, !r0t r€oracleMsl
caP cl'oe+ro r @(r +50- to* 6.iwoc a
caP c[oi.txo, .E {!o-20* lovDc cEi
cAP ClTol.rxo,rtE {.lr-ixrt St vt c cEi

caP clloo.Fxo 4roPf lrot r(voc c€i
cAP C|IOi.FXD 20@rt r0* 2IOVoC Ctr
cAP ClrOi.FXO,O22t r irol |iTOVOC CEi
caPlcnG.Fxo 39(f, lrot rovoc TA
caP^croa.txo.ortul !at* rd)voc cEi

GATI.IIG.FXO ,atut :ror rcovroc PoLYP
caP dIoa.FtD.rrrf +to-20x tovDc cEi
c^P^dtfi.axo 820irF +r@-rot oSvDc at
c P crloi.Fxo a2oE +t@- rx o3voc AL
caP^crloi.Fxo ruF 124,x 25vt c cai

caPAoron.axo oiw !20i a@voc cEi
caracfoi.axo | .llf, lroi 20voc TA
caracrtoi.axo r.81f, lrot 20voc rA
catacrroi.rxo ruF !201 avoc cEi
caracrroi.rxo ,o3ott !r0r arovDc rloLYP

caP^ctror+xo 22qr(t +75-rt i 25vt c A!
cA?ac[oB.Fxo r @(r +50- toi 6i]v0c Ar
CAPACTIOa.FXO . r (.f +S-2Oi 5OV9C OEB
caPAc[oe.F)o .tw +0-20* 50vDc cEB
catAcfoa.Do .tuF {.tD-2lrt 50vDc cEB

clPAcloi.Fxo 22(nt +75- r t t 25vtic a
caPAc[oe.Fxo . t uF +10-20t 3rv9c cEB
caP ctroi.FxD r00ut ralr-r(rt 63voc AL
cAP ErTOi.fXO , I UF +@-art SirVDC CEi
cat^cfoa.txo.06ut !20t a@vt c cEi

cAPloroi.axD . r ua +80-2ot so\oc c€e
cAP Oron.axo.22rif t r* SaMrc Gat
cAP a|Iq.rlo 2@f rt 2EirvDc cEi

dooE.swrcsrtc &v 2@MA 2lls 00.36
orooE.sw[cHNc {!/ 2@ua 2t{s 00.36
otooE.srMrcsrNc {!/ 2@MA 2lls m.3E
oooE.swrrcHirc lov 200raa 2rrts oo.3a
mt €.rwi iEct aov t!q$a 00.29

t |ooE.swrcHuc &\,2ooraa 2 s m.35
oooE.surcHuc ao\, 2ooraa 2rrrs oo.t5
D|o|X.STU!CH!{O &V 2@rrA 2NS O0.t5
oooE.swtro{ G &\,2@taa 2r{s @.35
asliY.orooc t H^i

ASEY.DOOE & H/5
assY.oooE & H/5
assY.orooE I H/s
oroDE.h^,fi iEql 40r,750ra oo.a
DtoDC.PWi iad rroov ,lotaa oo.29

DrooE.EwTcr{ rG I\r 2@MA 2XS m.35
orot c.swTo t{G Eov 2oorlra 2l{s 0o.t6
ftYAETq.OlAC T66 Lt lS€.24 aaq& v
otooE.swlcHIrtc @v 2tEir^ 2r{s 00.35
orooE.svrtcH G erv 2txtra 2ts m.a5

oooc.swrcH[{G lov 2@ua 2Il3 m.35
oro0c.svuro{r{G &v 2@ua 2'ls 00.35

@ni.PosT rYrE ,toGnI.sPcG 3.cot{t
cor&aosl IYPE .r@.l|x.stcc !.cor{T
corrri.Posl lYlE , roo?rx.srcc 2.corrlr
cor{ra.aosllYiE.r@.nl{.srcc 2.cor{r
@ n.?ost IYPE ,r@.an.sacc 2.corfr

rrtTt:r:Trrril]rrfl

fus€ .r5A r25v xto.3x.ro3ul
FUS€rOlDEi.arPrr 6Xt 5A r25V
FUSa.rE r25Vttllo.tx.to3rr-
Ft sEloloEi.daI sfi 5a t25v

aus€.r25A r25v flto.28x.0tc
at6aHotoEi.6rP[a s(r 5a t26v
Ft sE 2A r25V raro.3.iO3 Ur-
rusE 2a t25v raro ,3x.t 3 t -

c
D

,ril mEm

ry:l

42$r
a7*,7
a2s!
a29C5
A2tC6

ailgc,
A2OCE
A29Ct
a29CrO
a29Cr I

a29Ct 2
a2tcr 3
A29Cr 5
A2tCr'
A2$q8

a29C20
a29C2r
a29f,22

^29C23A29C2a

a2*,24
A2eC26
a29C28

^29C29ar9clo

a29C3a
A29C36
a29C37
A29C3a
429C39

A2gCaO
a2*42
A29C43
a29Caa
A29Ca5

a2gca6
A2 E'7

A29Cit
A29Ci2
A29Cit
a29Cna
A2gC65

A2gCi6
A29Ci7
A29Cia
a29Ce9
a2gcir t

a29cer2
A29Cnr3
A29Cira
A29CAr5
Argcir6

a2ecetT
A29CBta
a29Citr
A29CRt2
a29CAl3

A29CaAr
a29ci9r

A29Fr

a29F9t

A29Fg2
a29f93

A29JI
AztJ2
A29J3
A2gX
a29,r5

r,lTIIfi N

ollx!aa3!)
Ol6lr.rLSo
or@istl
orp.x,a7
oras!ra,

ortGa6t
or605534
0rto305t
ortGaS?r
orco4trr

ot6l'2496
ortG345'
or0caa3!
orar.zrat
0r60.5r66

orcGSrr9
orcoaSrr
orEG306'
orto.!05?
0r60012,

or50.0062
orlo.0a6
0r00.0ao6
or@.0r2?
orco.rr25

Or0O.306/r
otao.llr56
or60.at7r
or6{t.a57r
or60.a57r

or60.to6a
oi60.a5rr
0r80.o55
or@.a!7r
or50.G2

or6t.16rr
ot@.a7at
olao.3a3,

tgt t.dr5t
r90r.dr5l,
tgor.tt5t
r90r.oGo
r90r.0028

r9t r.@!l,
raor.@!t
tgor.otEl,
r90r.0050
oaga5.626rO

0.95.620r0
oaga5.62CrO
(r9a5.626!O
rgor.0028
l90t.00ra

r90r.0050
r90r.@€o
r88a-0258
t*I.@60
rgol.ooa,

r90r.ooao
r9t r.0o6t

2ll0-0c83
2r 10-065/r
2r lr.oaa3
2tto.Gsa

2rrG06rl
2 G65a
2l r.oata
2t loa€a

t25t.a67t)
r25r./1610
r25r.6t5'
r2!r.665t
t2tt.a65,

rarllil
oilr?
069!?
a0
a0
28alo

r84lo
28480
2840
2l.lx,
?E/t!

284&
006ta
2laao
2Llo
28a!O

2lztto
2taE
28.40
2Eato
2talo

204lo
5tit!9
56209
2ta60
2aa'It

2aatx!
2!4!O
28a{
28aa,
28alo

2tae,
&@
2l,.txt
2Ealo
2Aaio

UN
&tp
@5la

28aS
2040
2840
2t,.,It
2laa,

2L&
2E4lO
2g.ao
z8alo
a&
26alo
2aaao
utn
2Lal,
2ta@

2t4&
24.80
2.,!o
28.4)
2L&

ffi
t a7o0
,5er3
oar00
tarr6

o'torl
t!9r5
oao13
oaort

@206
@:l0c
ot3d,
ot3d,
0t3to

t
7
7
9
3
I
5
I
3
6
8

2
7
5
o
9

2
8
i
t
2

I
I
I
2
o

2
3
I
a
a

2
6
3
a
I

E
a
7

3
3
3
3
5

I
3
3
3

5
5

I
I
5
3
3

3

2
6
2
6

I
6
3
3

2
2
I
I
I

I

2

2
2

I

I
9

I
2
I
I
I

I

2

2

2
2

I

2

3

2

:l
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Model 4945A

Table &2. Rephceabb Partc Gonr'd)

Replaceable Part"s

Ill
Cod.

colx.PosttytE.roo.a&spcc 2.cot{t
clt{x.Posr tytE.r@.'ln.spcG 2.cot{t
JUIPEA.iEiTOTEAAE roi .Ots[f SO .ltfs
t t/FEA.iEraorEAltE Foi .o25 f so nrs
.irMPCi.eElovEAgrc Foi .dtarx so flrrrs

rruPEi.iEtLov€agE aoe .o25rx so Ffl{s
IruPCi.iEMOVrEAar€ aon .@5|n so ?lns
Jt I/PEi.iEM('VEA8E aoe O25rf, SEt Flrr|s
ITFEi.iEMOVEAALE FOi.t t5ra SO flr{S

or(rtE 230lr,l
nu,,cloR iF{H.Mr.o riax 5t.20x ./r'tc o.@
e€actoi.coxt@L
Nq,c.oi 8uH
Prl.ESC,O7tni.OlA r.il2n .tG SrL

cot 2ux roA
AOJUStiTG ScnEw OO: zrxr& L ,E76lt{
nOrqOA loqfi rot .!Oxl,251G 0126
rxt ,,croi r(xnfi roL5oxr.2516 ().16

fiArsrstoi iaosfEl r{.cH I Io.3
H€At SrXt ro.3.cs
InAr{SrSrOi irosFEr r{.cH^t Io.3
H€Al SrX( tO.l.CS
assY,xsri t H/s

rial{slsroi i?i{ 2r{tr2!A sr ro.3t ro.5w
r sulAroi.xsTn NYLor{
HCAr !i,ri( scr. to.5/Io.3e.cs

IiAdElStOi atlt tO.39 ?O.lW tlrl@MHZ
nsrr.aloi.xsTe tor{
HEAI Sll{l SCL ,O.f,/IO.3O.CS
liArlSETOol{al{ 2N2222A s| lo.lt PO.III W
mATaSTSIOR n'l{ 2N22224 Sl IO.lg lD.d)xw
lr|YAEIOa.SCi IO.92 vnit..!O
li^t{Sl$Or iatN Sr Po!3loarw n.rtMHZ
Iialrs6roa r'pr{ sr Par{60rw FI.rSMH?
l.lAxsrstoi n{P 2x2go7a sr to.r8 iD.aooirw
mAtSlSlOi t'Pt{ Sl POt3aOrW FlrriMH?

iEststoi toq 6i .iw cc tc{r+al2
ilEEEIOi loot 5* ,5W CC IC.OI802
eC$Sl(ri I n 5* .25w FC lC.-a@/+C@
n€SElOi M !i .25W tlc lc.-a@,/+a@
rraitfistoi.suic€ atcri 2oarHM AI 250EG

iESlSlOi a, l0l lW rV!,IC.O!|6O
iESlSlOi a? lol lW 

'{!/ 
lC.OarsO

iEnSIOi 162 lt .125w r lc.{nl@
iEsr$oe.tiin t@ roi c toa.aoJ r.rirl
iEs|SIOi a6 a l* . r25w a tC-O!l@

iEslSlOR 75t l*.125w F tC.OlloO
iESlStOi 12,! l'. .123w a lC.Ot r@
lEslsroi 20 ll .l 23W t IC.O! llro
iEs|sl(ri lO 5t tW CC Tc.o+al 2
iE9SIOA 15 5t 5W Pr/v lc.lrlalt)

BESIS'Oi 162( lr.l25Wa lc.Otr@
iESISIOA 3,3 3r .26w aC,Cr-aOO/+!@
nE$StOa 6Al 13,125W F IC.Otl@
BEslSlOi Cl9lf .l25W t lc.Oaroo
BESTSIO6 4c. ll , l25W F IC.OtloO

iESlSlOi 332 l* .l 25w I lC.OtrOO
iESTSI(n aG.a ll .125w F lctlriltlo
iESlSIOa 562 ll . | 26w F lc.oal@
iESTSIOa 392 l* .l 2iw F lC.OllOO
iESISIOi I llx l* ,I 25w I TC.O! l@

e€SEtOi l @ ll ,1 251, t lclot l0O
i€SlStOi 0.ll( ll.l2tW F lcrqll@
iESlSIOi a( l* .125w l rc-oalltr
iESISIOi 3.921 It.125w I tc-otIOO
a€slsloe c8.r rl.r25wF cnrllt
icsrsloi.titli 61 20t c toa.aoJ i .riN
AESEIOi l.lll l*,l25w a lc.Ott@
e€gstoi 3Ol t ll.l25WFlc.otroo
i€SEIOi 2O0 lt .l25W a IC.OtlO
e€SElOi at ll .125w F lc.lrrtl@

n€SGlOi 2ra ll ,l2aw a lc.Oll@
e€sEloi ra2t r*.t25w f tc.otro
iCSBtOi zait tt ,r26w I tc+t@
itSBlOi l.L l*,l2aw F tc.lrtllt
iESrSlOi l@ l* ,125w I tc.{tl@

ott2t
orr2r
or r2r
or r2r
o273r

ollEO
ortEo
2!ag,
28.90
2aalo

2r/t|trt
2.,A
2l,r@
2Ltl,

2tad,
28/@
28.80
2EirEO
2alrto

28aa)
28aEO
2E'EO
2ea60

0s38
2Lo
ox38
2L60
2ead,

ot 2g5
2aad,
2AaAO

oarr3
2tad,
z,'48rt
t,.7r3
oart!

0arr!
2l.l.t
28.to
oarr3
24a00

uq
24.80
0205
264i,
02995

0299t
02995
029C5
or r2t
2!aa,

2a5a6
ort2l
02t95
0299t
02rtt

02995
02995
02995
24640
2a5aa

oltg9a
t9rot
06524
2a546
o2996

or@,
za6,6
aaaaa
02901
652a

029rt
2a64
2.64
@,c6
t itoli

ca.r/8.to.r6?3.t
c633Gl
,o334
,o334
,n$e

50gn
5033i
603iti
can/t.TGt92r.F
ca.r/t.ro.ll00.F

!033i
Maac r /8.to.6r 0r .t
cMt.55.r. r.t
ca.r/E.ro.tg2r.t
!o33i

sr{6olt2
caJlt.ro.tr rr.l
c4Jlt.lo.!0rr.F
!o€3i
cHa.55.r. Tn

!o$e
ca.r/8.to.rG23.F
ca-l to-fo.2443.t
rc3
!t it3r

E72I,.2
472,I,.2
r25t.orar
r25l.otar
r2a0.orar

r258.Orar
r258.Orar
r258.Orar
r256.0rat

0.9.5.o@la
9rit+ot37
oa9a5.tooar
oa9a5.t0039
raao0529

oa9a5.ltxrao
It70r2(,7
tr002ar5
tlll).25r5

srM3@l
r2G{a3r
E M3@r
r206{a3r
tr!r6.c26ll

2ra3r25A
r2@.or8r
r16,06tr

uia'682
r2@,or6r
r206009r
2N2222A
2N22224

2r{506r
r65a{0o'
t05a{067
,x290?A
rE,o(r7
EA(r3
€0loa5
c8r5r5
cgrEl6
sG2!O

6rr.rtr3
@rr.1063
5lL3i
2r000!68
5lr33i

sl,lt3i
5033i
to33n
GAIG
Btt.t060

c
o

millr

ATO'I
A29I'I
a2t u2
A2![rr!

A29r,'a
a2lrr5
429J'8
A2EI'O

A29tr
429a2
a29rt
A2a(.

EITE]

a2gt6
a29a,

a2gor

rygril

ryI':iE

r-rr,an

EI!'I'R

A2lO'
429(l1

429(l9
A29(lrO
429(|r2
42SOEO
A2SOEr

a2tar
429i2
A29it

a29i!

429i6
429i7
a2rir0
A29nr2
a29ir3

a29ira
A29BI 

'a2t a
a29i20
a2tt2t

A2$22
AAi23
a29iita
a29i25
429n20

AAi2'
a29i2a
a29i29
a29rilo
AAi3l

429i32
a29i:r3
a29iiL
a2gi:l!
AI9E$

A29i3'
a29a:t6
429439
A2giao
a29Gat

Aztoa2
a2gna3
a2eaa5
429a.6

r25r.685'
r2 .68t?
t2it.orar
r25g.orar
t2tt.otat

rzla.otar
rzlt.otar
r2$.orat
trtt.otat

t atas.Edr:tt
9rao.or3,
oa9a5.80ar
t a96.8039
ralo.t a29

oaga5-90a0
917t.r20?
atdr.25t5
,llttrtrr
rl5t.o.t5
r205.0(rr
r855.0a6
r205.oa3r
tr!ra.a26r r

rlEa.o6a7
r2@.orar
t205.oll9t

rE 3.Oa{9
r2ltr.orar
r26.Oit9r
tall.un
t$a.lr,
rg8a.020r
rlla.@7
tEn.@?
r85t.o2gr
raSa.tlg?

t 6L.ll,.5
068C.rOat
0c8:t,r5rt
068t.r5ri
0037.0252

@r r.r0G,
@rrJ0c3
or57.o'Ir5
2r@06aa
0694n(,87

or57.oa62
or5r.o(lc,
or5r.oao,
oc69.r(r05
Btt,t060

orar.oato
oat3.o035
o?5r.009,
ot'r.oar8
oate.dr2

o76r.oar r
0490..00,
or37.l).t,
o767.Oar3
t 5r.oa66

or!?.oaor
ort?.0290
0t9€.5€6
0rt7.oir35
orata39,

2 Xr.tgo5
0757{il3E
ovt7427a
o757.t:tta
0406.5q)6

o7t7.oa@
oi57.oan
0167.0270
0751.0,21
0157.t,{rl

I

E
a
E

I
E
I
I
8
I
3
I,
2
I
I
I
t
a
a
a
I

I
5
9

I
5
9,,
t
5
I
I
t
I
I
2
2
t
6
I
I
o

3
5
6
7
2

I
2
3
9
7

2
o
a

1

o
5
5
o
3

I
3

,
5

I
3
I
o
o

I
I
2

2,

I
2
2

2

I

n

2

2

I
I
2

2
2
2
I
t

I

I
2
I

I
2
I

I
2
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Replaceable Parts

Tablc 6-2. Rcpbeablz Partc (Cor*'d)

Model 4945A

0r 295

2a972

t 2all
02995
ol r2r
2a3aa
dt74

@t95
02995
06taa
2/r546
029t6

02995
24516
02995
2an4
2atta

02905
t 2995
@t95
04996

2',/rl,o
28ap
0c?1.

28.40
2lato
ot69r
0r2r23
oarlS

2Ea60
2rora
t 2923
oat59
2lato
2Aalo
ot66

27olrt
ot923
oatt9
2a480
2Eaal,
02txt

06r2r
0220r

2Aaao
2 aao
2aaao
2laao
2tad,

2Eaa,
26a80
2'/@
2a,l&
2!rto

28ato
26a00

28ato
26a&
26a80
2aaao
28.90
oaao4

50$a
!o33i
cgttG5
ca.r/E.Ior2ri.F
3t5gr.r.!or

503i
5lr33i
3:t59P. r .50r
ca.r/8.To.l2rr.F
!ot!6

!0336
ca.r/E.rG562r.a
5t 33i
ca.t ,a.tat622.a
c4. r /!.to3924.t

r826.oaa3
tu3ttr
@.rr.srar.rar/r

2r90.oat6
22@.Ola!

r1lt337r
@ r r.579r .r C?a

2t90.t,.rc
220.0143
,12r.7PPS

r2.a47O

Tlftta

50lli
503:ri
5t t3i
50l:n

oa9a5.aro37
oaraS.gooits
TS6e

r906{23?
t9o60it3,
so24r6
690.3.8

r9i}2.329t
l9O2.l!,19
r9l,2.0719
r902.o7rl
tw2.o7ra

r902.orr9
rt@.3r80
rgoit.3rta
rgo2adl)
t902ata2

reo2.or82
r902.Ooa!

o'1o3.0242
r3s05r5
236t Or13
ot9a5.0t o3a
o3acr00?
rc!6

2
o
2
2
7

2
I
2
o

9
7
6

o
5
6

5
8

8
a
9
5
7

o
7
6
I
7
o
7

0

a
I

o
7

I

,
5
5
6

5
a

t

5

6
o
2
6
9
2

2
2

I
I
I

I
I
I

I
I
2
2
2
2
2

I
I
I
2

5
5

2
3

2

2

2

it

I

I

I
I

I

iESISIOi 332 ll .l 2tw F lC.oalOO
A€SElOe I 0o r* .l 25W F IC.O! l(b
iESEIq 33 3r ,251t, FC IC.-aOO/r5OO
iESElq l2l l*,l25Wf lc.otl@
iEsr$oi.tiiri loo 20t c tor.AoJ r.tir{

iCSElOn $2 rt .125w F lc.Olltll,
iESl$Oi 17.8 ll .l25w a rC.Otl@
nE$sroi.r ri 5@ 20t c ToP.aoJ r .mN
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8-17a. POWER SUPPLY TROUBLESHOOTING

ftrc following flow charte can be uc€d to troubleshoot either of th. tlro
porer aupplleg (A28 and A29) to cont on6!t 1€vo}. For nore iufornation
suttrLies r€fer to 8-75, Porrer Supply/llotberboard Bection.

Iable 8-83. OoeruLl Po*r &ryply koubleshooting

YES

"F IXED"

Ep lDbSA
Ssrrice

trplgISA
on the

USE Tob l. &-64 .

VERIFY PflER
SIJPPLY PROBLEM

ALL
VOL TAGES

C(NRECT

RE INSTALL IN
r NsTRrlfiENl-
LOAD PROELEM

OR PROBLEM

ELSEYIHERE IN
INSTRUMENT

PERFOro' AC CAL I BRAT ION
PROCEDURE IN
sEcr t0N 5-12.

USE:
ToblG &-65. [,l lN TROJBLESHoOT lNo

Tobl! 6-66. CoNTROI CIRCUIT <-----> Toblc'8-67.
PROTECT I O'I

cIRC1IT

"F IXED"

M)

PERFORM DC
CALIBRATIO.I

PROCEDURE
IN SECT ION F4.

8-?8a



YES

EP tgb5A
Serrrice

lable 8-64. Verlfy Poat* Supply hoblen

NO

NO

NO

IOTE:
IF ALL VOLTAGES ARE INCORRECT, CHECK
RECULATORS U6 ANO UE TO SEE IF THEY
ARE SHORTED TO IHE PC 

'ER 
SUPPLY

CHASSIS. IF THEY ARE, DO THE
FOLLOVING:

OLD POIIER SUPPLIES HAVE INSULATIVE
TAPE EE EEN IHE REGULATORS AND IHE
CIIASS I S AND METAL CLIPS TIIAT FASTEN
IHE REGULATORS IO IHE CHASSIS.
REPLACE THE DEFECIIVE RECULAIOR.
ALSO REPLACE THE TAPE WITH THE NEW
INSULAToR, PA 034O-09,tE. REUSE THE
METAL CLIP TO FASTEN THE REGULATOR
TO THE CHASS IS.

REMOVE TOP ANO
BOITOTI COVERS

ts

AVAILABLE
?

HP 49,15-62606
POTVER SUPPLY
TESI F IXTURE

CHECK IO SEE IF
FAN IS RUNN INC

REI'OVE SUSPECI SUPPLY
(A26 AN0/0R A29)
FROI INSTRUMENT.

REFER IO SECI ION 6-7.
PO'IER SUPPLY REITOVAL

s{{tNc 0tT AND tsoLATE
THE SUPPL IES FRO THE
HP 4945A LOAD.
REFER TO 8-17b.
ISOLATION PROCEDURE.CHECK VOLTAGE TO FAN

(FR0r4 A29 THROUGH 
^20)AN OVERTEIP COIDII ION

MAY OCCUR IF THE FAN
IS NOT RUNN ING

IS FAN
RUNN ING

CHEC( IEST F IXTURE TEST
P0INTS +Vl,+V2,-V3,+V4,-V5,
AND VAC (0N A26 8OARoS oNLY)
FOR VOLTACES L ISTED IN
THE PflER SUPPLY SPEC IF I CAT I O{
TAELES IN SECTION 8-75.

MEASURE THE A2E ANO A29
OUIPU VOLTAGES AT THEIR PI
EDGE CONNECTORS BY IIEASUR I NC

EEIWEEN PIN lE AND THE PINS
LISTED IN THE POI{ER SUPPLY
SPECIFICAT IO'I TABLES IN
sEcr r o.r E-76.

CHECK VOLTAGES CENERATEO 8Y
EOIH SUPPL I ES.

CHECK A2E-421 SUPPLY OUTPUTS AT:

A6 TESTPOINTS FOR 15V,+sCLN
I'OTHEREOARD Jl CONNECTOR FOR

1 toov, t 4ov

CHECK 429-A2O SUPPLY OJTPUTS AT:
AI9 TESTPOII,ITS FOR t i2V,+sNSY

FAN FOR T I5V

YES YES ARE ALL
VOL TACES

ARE ALL
VOLTACES

CORREC

CHECK FOR INTERITI TTENT
CONNECT IONS OR PROBLE S

WI IH SENSE LEAOS

IF SUPPLY IS REIOVED,
REINSTALL IN INSTRI.F
YENI. TO DEIERU]NE
LOAD FAILURE PULL ALL
DAUGHTER BOARDS FROT

HP 4945A [rA INFRAI'E.
RE-CONNECT DAT'CHIER
EOARDS O}IE AT A TIME.
THE HP 49,+5-60062
PASS IVE LOAD BOARDS CAN
BE USEO ALSO.

ARE ALL
VOLTACES

o(

CO TO Tobl! 6-65.
lilA lN

TRoUBLEStmT ING'

0O TO Toblr 8-65.
ITAIN

TROI'BLESHOOI ING,
CHECK:
REAR PANEL FUSE (Fl),1INE
VOLTAGE SELECIOR SAII TCTI
FOR CORRECT RANOE,
POTTER Sarl ICH 0N A20

8-78b



?able 8-65. I'bi,n lwubleehooting

io

YES

NO

YES

NO

NO

NO

YES

YES

BP I|9II5A
Service

IOTE:
DAIIAGE WILL OCCURE IF C1'RREI'II
LIMIT lS NOT SET AT 100 rm

. NOTE: ALL WAVEFORMS REFERRED TO EELO{ ARE FoUND lN
SECTION E O.I THE POVER SI,PPLY SCHEMATIC.

.r TO REIOVE SUPPIY FRO, INSTRIiIENT REFER TO SECTION 6-7.
POilER SUPPLY REIOVAL .

CHECK VOLTACE ACROSS
v91 (OR Ul+ rO Ur-)

PUT JUl AND JU2
rN TESI POStTtot{S
TO OISABLE FETS.
C1IECK F IGURE TEST

FET WAVEFoRITS.CHECK VOLTAGE FROI
rP6 (EMTTTER 0f 080)
10 COLLECTOR OF 03

(HEArs rNl()

ts
WAVEFORM
CORRECT

CHECK:
R5,Ur

rs
> 250 VDC

(wt TH r20 vAc
rNPur ) ?

CHECX NOR$AL FET
DRIVE IVAVEFoRMS.

ARE
WAVEFORMS

CORRECI
IS

VOLTAOE
APPROX IMATELY

3a voc CHECK OI,
oll,cRr,cR2,
CREJ,CR84,
VREI ,VRE2

CHECK CLoC|( glAS
VOLTAGS: + IO IP2 -IO

coLLECrroN 03 (HEATS rNx)
CHECK:
03, vRl

cHECr( voLlACE
FROiI COLLECTOR

OF O8O TO COLLECTOR
0F 03 (HEATSTNK)

ARE
V'AVEFORIIS

CORRECI

PUT JUI AND JU2
lN TEST PoS rT r otirs
IO OISAELE FETS.

CIIECK F ICURE TEST
FET WAVEFORXS.

ts
VOLTACE

APPROX IMATELY
55 VoC GO IO

Tobl.8-55
CONTROL
crRcutTs

CHECK:
oEo,081

rs
VOLTAGE

APPROX IMATELY
34 VoC

?rs
VOLIACE

APPROX IMATELY
4.5 VoC

CHECK
ol ,02

?

ARE
WAVEFORMS

CORRECIco ro
Tobl.8-67
PROTECT ION

c r Rcu I Ts

CHECX:
c6,F9r ,
R6,U2

CHECK
F IGURE CRE2i

RE}TOr'E SUPPLY FROT
INSTRUTENI .. OR TEST
F IXTURE. APPLY 40 VDC
(t timit ot 100 nio):
+TOFgl-TO03

coLLECroR (HEATS rNk) CHECT:
CRI ,CR2,R3,R,l,
vRSr ,vR82,CR63.
CRE4, T1 CflECK:

cR6r , cR82

ts
WAVEFORT
CIRRECI

COPARE TP3 TO
F IGURE CLOCK

IvAvEFORMT

CHECK:
04,05 , cR3,
cR4 , T l

YES

YES

to
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HP b9I5A
ServiceI

I

I

_l

i
I

i

+Vl TEST

?able 8-66. Conttpl Circui,ts

YES

YES

YES

+V4 TEST

-V5 TEST
YES

,lnercrr sueelv FRoM TEsr FrxTuRE oR TNsTRu.ENT
(EEFER ro sEcTroil 6-7. PdrER suppLy REr6vAL).

:

REToVE ANY AC. 0R 0C
I NP('IS FROI SUFPLY

REPLACE
L3

525 uh
?

L2 AND L3
I NOI.,CTA CE

APPLY +5.000 VoC t 50 nu
(riLryrT .t .5A) To vr:
+'LEAD TO Pl-l I,12
-iLEAo ro Pr-r+. r5

APPLY 20 VoC (t LtMrT AT 50 r€):
+ TO Pt-t 7
- TO Pr-r E

CoI{NECT DVU:

+ TO Pl-19
- TO Pr-r E

GI{ECK U6,Ctl5,
AND ALL +v4
CO.IPONENTS

ROTATE RJ7 C3 AND CC1y AND C+IECK
FOR THE VOLTAGES LISTED BELCf,'.

CONNECT VOLTTIETER-TO Pl-l,t
AND + TO THE FOLLOVING:

07 EUlliER ] r

07 cotLEcroR : .
u+-7 ' lr

s
s
s

08v
6V

R57 C? R37 CCV

.7V

4.8V

2.5V

APPROX IIIATELY
r2v FoR AN A29
80ARD, OR t5V

FOR AN

rs
VOLTAGE

A2E BO R0

CHECK

u4, u5,R37
07 .06 , cRs

ARE
volTAOES
CORRECI APPLY 20 VoC (l LryrT AT 50 rE):

+ TO Pr-tE
- TO P1-16
CO'INECT Ovu:

+ TO Pr-r6
- to P't-2t

CHECK U8. C1tl6,
ANO ALL -V5
COI|9ONENTS

CHECK OPERAT IOI{ OF L3
8Y OOING THE FOLLOVI NO:

I
'AoJUST R37 FoR 1.2V
l^cRoss R24 (15,no)
I

:MEASIRE tNolJctANcE
' ACROSS L2 AND L3

WITH 100 KHz AT 5 Vrni!
USINC [P 427,t4

TELMA

ts
VOLTAGE

FOR AN

l2v FoR AN A29
BOARD, OR !5V

ALL REGULATORS

ARE FU}lcT ION I t,IG

PR@ERLY. GO TO
Tob l! 8-67 .

PROTECT ION CIRCUI TS

8-Z8d



f,P !9b5A
Serviee

lable 8-8?. tutection Circuite

YES

YES

t{o

YES

fro

YES

NO

YES

NO

PROVIOE AC INPUT E I THER
THRA,,CH TEST F IXTURE OR

lN INSTRI.i ENT..
TTEASURE VOLTAGE BETWEEN

U7-5 ANO GROIJND

ts
T

AT TP2
IMATEL

3a vDc

RETOVE JU3 AND MEASURE
VOLTAGE FROi.I TP2 TO

COLLECTOR 03 (HEAIS IM<) REPLACE
vR3

REINSTALL JUg
RE}'OVE JU+

2

rs
VOLTAGE

APPROX IMATELY
5.9 V

CHECK:
03. vR r REINSTALL JU4.

RE}'OVE JU8

ts
VOLTAOE

APPROX IMATEL
34 VDC

ts
1P2

VOLIACE
IMATEL

34 VDC

VI OVERVOLTACE
co.rorTro'r. Go To
Tobl.6-66.
co'rTRoL c rRcur Ts

Vl TEST

RETOVE JUs
RE INSTALL-

XEASURE VOI.TACE OI,,TPUTS

-0N-SUPPL I ES-EETlrEEN-P-l=1 6
AND PI PIN M,i'BERS LISIEO

IN THE POIER SUPPLY
SPECIF ICAT ION TAELES IN

sEcT totr E-76. a

P2

IMATEL
VOLTACE

54 VoC

REINSTALL JU3
RE[4Or'E JUg

IMATEL

IS TP2
VOLTACE

34 VDC

TRUE
Or'ERVOLTACE CONO I T ION

DOES NOT EXIST.
PROBLEM IS BEING GENERAIEO

BY PROTECT IO'I CIRCUIT ITSELF
CHECX:09,010,U9.

ARE
VOLTAGES
O,I OF

SPEC

OVERVOLTAGE
0R u7.vRg.

CHECI( U7 AND
vRg. rF NO

PROELEM GO TO

Toblc E-66.
CONTROL C IRCUIIS

+v4 TEST.

-V5 Or'ERVOTIAGE
0R 012,VR t 0.

CHECX 012,VR10.
IF }'lo PROSLEM

GO TO
Tob l€ 8-65.

CONTROL C IRCUI TS
-V5 TEST.

GO TO THAT CIRCUIT TO
TROJELESH@T. THE APPROPR IATE

CIRCUIT UNDER Tob l. &-66.
CONTROL CIRCUITS CAN VER IFY

OC CIRCUIT OFERAT ION.
+VI OVERVOLTAGE

OR OVERIE}P.
CHECK I

TSr
U4

(NORMALLY CLOSED)
OPERAT I O.I

. lF SUPPLY lS lN IiISTRUUENT MAKE SURE lT lS ISOLATED FRoM
THE HP 4945A. REFER TO 8-17b. ISOLATION PROCEOURE.
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Sernice

8-17b. POWER SUPPLY ISOLATION PROCEDURE

A28lA2L

Ibe conbinatlon of A28 and A21 caa b€ op€rated without using the HP l9I5A as a loaal.
Swing the A28l A2]- boards out as erqrlained under Section 5-?, Power Suppy Removal,
then iBolat€ tbe A28 supply fron the HP U9h5A b5r dohg the folloxiag:

t{OIts: A28/A21 caonot be isoLated ttclrt A29l IAO because AC pow€r ro lP.8/ A2l conea
througlr A20tl2.

1. lrrsolder the s€nae leads (tt1, t{2, }r3, and l$) fron A21 (refer to A21 couponent
locator).

2. Conn€ct a julper rire from the +5 CLI tsst point to the +S test point.

3. Conaect a jurrper wire fron the -S test point to the ground t€st point.

A29lA2o

nre conbination of A2! arld A2O can be operated rlthout usiDg the HP l9!5A as a load.
Sering out the A29/ML boards as e:plained under Section 5-7, Power Supply R€moval,
than isolate the supply fron the EP l9b5A W doirg the following:

1. Disconnect U3 from the 419 board.

2. Dlscour6ct lf2 fron A21 board (this wi1l disconnect AC polrer fo A28{A2L).

3. llake surs aerse rires on A21 are un8oldereal (step 2 ot eL28/ Ml Isolation
Procedure ) .

lr. Connect a jruryer fron the +5 f,SY test point to the +S te6t point by conn€ctilg
th€ tlro pins of JlJ2. Refer to the A20 corponent locator.

!. Connect a junper fron the -S test polnt to the ground te6t point ty coErectint
the tlro pins of JlI1. Refer to tbe A20 component locator.

8-78f
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A-75. POWER SUPPLY/ OTHERBOARD SECTION

Ih€ BP L9!5A has t!.o nain power supply boards.

. 0U9b5-60067 15 volt Po$er supply
(A28) Provides +!V CLt{, +19V, +-15V and U8 Vlnrs

o o19!5-50068 12 volt power supply
(A29) Provides +5v SY, +-12v and +-16v for the fan.

the A21 Dc Intercoturect board distribr.rtes dc voltages from the 0!915-60057 (A28)
supply to the rest of the HP l9!5A. It al6o 8en€rat€s +-loOV and +-bov.

Ite ltilo AC Stritcbing board connects to the 0U9\5-60058 (A29) eupply a,nd switches the
ac line voltag€ to both supplies. It also filters +-16V to the fatr.

nefer to the HP !9U5A Block diagra,n, th€ power supply block diagra.n antl the
Bchenatic diagraus rb€a reading thls sectlon.

Replacaent fot page 8-347



rP t9!5A
Senrlce

8-76. Power Suppty (A28, A29)

Itre IP l9lr5A has two poner supplies i th€ +-15 volt supply is A28 anat the +-12 volt
supply is A29, Both suppli€B provlde +5 vol.ts as weIl, atral are siuilar rith on\y a
few conponent differences. Ihe power Bupply th€ory is applicable to both boarde.

Following is a suneary of the poner supDly sp€clficatlons.

428 04945-60O67 Power Supply Specltlcatlons

+v1

+Vlr

-v5

+V2

vAc

+1,11

+Vlr

-v5

+Y2

-v3

+l CLll

+15

-L5

+19

It8 Vnrs

Ortput
Voltag€

Adjustment Ratsd
Current

!A
.?5 A

.?5 A

Ov€rvoltage
Trip Point

Peak-to-Peak
Rippl€

100 mV

100 nV

Peak-to Peak
Ripple

100 DV

100 nv

100 nv

200 mV

200 nV

+- .25 V

+- .?5 V

+- .75 v

6to7v
L6 r,o L7.5

Pt Pin I
L1_,L2

19

2L

L7

x/A

-t6 to -t7,5v 100 nV

200 nv

.13 A

429 04955-60068 Power Supply Speclflcatlons

Ortput
Voltage

+5 ISr

+L2

-12

+!6

-1i6

Adjustment
Range

+- .25 V

+- .6 V

+- .6 v

Rated
Current

@ervoltage
frip Point

2b V clamp

2U v clanp

Pt Pin I
5A

.8A

.8A

.24

.24

13 to 1I.75 V

6toIv

13 to 11t.75 v

11,12

L9

2t

L7

L6

Replacencnt for page 8-342



HP I9!5A
Senrice

lnput and FET Swltcher

Ac liae voltag€ goer through a line filter before it la applled to the inErt rec-
tifier (IIf) atrd filtered. Itre voltago selector srritch ott tbe rear patrel conltectg
trhe lnput rectifier a5 a voltag€ doubler for 115 V ac oD€ratioa, and as a fi I-wave
rectifier circuit for 230 V ac operatlon, so that for €ither ac input rang€, the dc
voltage accross Ql alrd Q2 is noninally 325 volts. Q1 aad Q2 are siritcheal on atrd off
altetzratoly ty ths clock a.nd not-clock signals, producing a squals lrave input to the
series resonant circuit.

Serles Resonant Circuit

Ihe series r€sonant tank circuit cotrsists of L1, 12, C20 a.nd C30. Essentially, thlg
circuit converts tbe square trave into a slne rave across the prinary of f2. If the
frequency of the square flave is equal to the resonant frequency of this tank cir-
cuit, then the mar<inun voltage is transf€rreal to the eupply rectifiers. As th6
sritcbing
des ired Ievel. ftris is how output voltage regulation is achieved.

is lncreased fron resonatrce, the output voltag€ drop8 to th6

Ihe aupply'a clock frequency iB curreDt anil variee over a raage of
frequencies above the resonalrt freguency of the series resona,nt circuit. Ihe output
yoltage is controlled by variations 1l! the clock frequency.

If the load curr€nt drawr from the sulrt ly decreases, the Q of th6 resonant clrcult
increases. The voltag€ control circuit coepel3atee for the change in Q by increas-
lng the clock frequency to maintain a colsta,nt outtr ut voltag€. fhe voltage fron tb6
serieg resonant circuit is r€ctified and filter€al b€fore going to voltage r€gulators
aad the! to the pc boards.

Voltage Control Clrcult

Ttle Vl output voltage is eenseal and conpared to a r€ference voltage at UUB in the
voltage control circult. lte output of U\B drives Q7 ntrich controls the current
through LJ. L3 is a aaturabl€-core reactor shose irductarca in the tlro ac winalingg
variee invereely lrith th€ control curreDt in the dc winding. ftre i.nductance of L3
aletet'rniaas the clock frequency.

Startup and Clock Clrcult

Ia this descriDtion, all voltages are referenced to the -clock bias supply (Q5 col-
lector). At initial turr o!, the clock bias supply provides about ll0 V dc across
the clock circuit. lllr€n the voltage across diac CR81 reaches approxinato\y 22 tt d,c,
CR81 conducts and starts the clock cireuit oscillattng, Ooce the clock circuit be-
gins to nrn, the startup circuit of Rllr anil Ct81 no longer influences the clock. e3
is a shunt regulator. Q80 operates as a slritch controlled W Q81, 1rR80 and R83.
Q80 is turaed on on\z when the voltage across the + a,nd - lines of the clock biag
supply is sufficient to enable the clock circuit to operat€ properly. During
operation, Qll and Q5 tur:i oa alteraately to provide positive and neSative going
trans itions through the primary of tl. Q! supplies current through T1 on the nega-
tive half of the clock cycle and Q\ supplies current through tl on the positive half
of the cloek cycle. Por 6ach transitlo!, the particular traasistor initially
supp.Ii€s a1l the current for T1.

tuplacenent f@ Wge 8-343



HP \9b5A
Servi.ce

fhe current LJ increases lmtil it supplies all th€ current and ths tran-

Once th€ clock circult beglns to rrm, the startup circuit of Rllr aad CR81 no
influences the clock.

si3tor is turaed off. Ilre other tratrsigtor then tun|ts oD alrd th€ cycle continues.

Power Supply Protectlon

VR9 and lIR10 detect overvoltage conditions. If th€ output voltage exceeds the diode
breaktlorm voltage, current florE through optical lsolator U7. the output of U7
tuma on Q10 flhich causes current to flor through U!. ftre voltage deve]oped across
RM turns on Qp which shuts dowa th€ clock bias supply. e9
iDput voltage is tumed off.

on until the ac

IS1 senses over t€nD€rature co[ditions. Itre power supply ls shut dour if the ten-
p€rature exceeds 80 degr€es C. Ihe eame shut down patb is ueed as for ths ovsr-
voltage shutdo!8t.

In the voltage control circuit, U\D and Q8 protect agatnst output voltag€ ov€rshoot
when ac power ie turned off and then rapidly turned on again. UlrC reducee the con-
trol loop gain in high line voltag€, Iow load conditiols.

a-77. AC Malns Switchlng (A2O)

420 connBcts to tbe 429 sutrtrly. It distribut€s the dc output8 froD that supply,
filters the dc voltage to the fatr a^nd holils tbe ac power srritch.

llre fuged ac line is connected to the polr6r switch. ftre switched ac line la applled
to the A2! s"tr'p! and to the A28 suptr ly via A20tf2 through the A21 board.

lbe +5 volt returr and other co@on ground lines are tieal togsther on this board to
form a counoa ground for the entire instnuent.

A28 outputs +! llST I +12 Vdc, -12 Vdc atrd cllD are Eent to A19 via A20lf3. +! NSI and
its retu!'n also go to A21 via J2, +5 ISy is the noisy +5 supp].if since 20 IIIZ
switching noise is induced fron th€ CRT driver board (419).

A28 +- 15 Vdc outputs are con rected to an LC filter anil then to tha fan via A2Otllr.
Ttre fllter keeps fart soitching transients fron di8tortirg the digplay anal lorrers th6
supply voltage to the fan. Ihe voltage at tb€ fan is approxinately 27.5 vo1tB and
the current is 220 nA.

Senee liaes fron the A28 power suppl,y ar€ conn€cted to the motherboard betrren Al1
alrd A12. These are feedback 1in6s that ensure that fl1s +! NSI voltage is akayg
!.00 volts at thes€ boards.
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8-78. Dc connect board (net)

AI1 th€ input and output connections to the A28 supply are through the A21 board.
It distributes all dc power to t,he A22 notherboard. The +- 100 Vdc supp\y ls on
thie board as rell as the floating +- lr0 Vdc supply.

VAC, a lr8 Vms, 200 kHz aine t6ve output from the A28 supply is con rected to A21 via
A21J3. Itris signal is applied to th€ Primaries of f1 and T2.

The secondary of 11 creates a 50 Vrnrs canter-tappeal output lthich i8 rectified and
filter€d to produce the +- U0 vdc floating supplies.

Ttre secondarT of T2 creates a 250 Vrms center-tapped output. Ilre ceat€r tap i8
coDnected to systen ground. Ihis voltage is rectified and filtered to proaluce the
+- 1OO Vdc supplies. Regulation is acconpllshed by Q1 through Q\ and their associ-
atail circults.

Ihese <lc outputs along ltith the +- 15 Vdc anit + 5 Vdc fron the A28 supply are aent
to the A22 notherboard through A2U1. fh€ +5 volts from the A28 supply ls al€sig-
lated as +5 CL}I. Ihe +5 IISI voltage cones to A21 from A20 a,nd also toes out A21Xl,.
All non-floating dc return paths are tieil together on A21 to fomt the systen grourd.

Sense lines fron A21 are connected to the noth€rboard between A5 and A6. Ihese are
feetlback lin€s that ensure that th8 +5 CLI 4! +! llSY voltagss are a]rays +5.00
?olts at the motherboard.
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+ 5 VOLT SIOTAfl'RE TABLE

Ttre + 5 v s ignatures listed below are taken on the +5 volt TF on All
xith th6 Sig[ature Analyzer in the llor:m.I l{ode and connected as
follolrs :

A11TP2 in llonral All JU502 Removed

STATE
STOP
cLocr

sT2 TP1-7
sP2 TP1-8
CLK1 TP1-1

rising edge
falling edge
rising edge

o
aaa

aao

aa a

aa

a aa
o

aa
aa

oa
aa

aaa
o

OPEN

1

a

3

It

5

6

7

OPEN

E

A11 Su06
sttrTcH Pos.

DEC. BIITARY

+5V
SIG'I{ATI'RES

BOARD

TtsSTtsD
SA

PBOGRAI,I

LOOP 
'

faml.f[FIr]Fad,

All SYSIEU ROM

All SYSEM RA!.I

|jrlIigiL,ligir?tE
BATK SELECT, LED
DRII'ER CIRCUIIRT,
GRAPTIICS RAI'
EIIABLE

A13 CnrC

A12 I{AIN ROI{S

a12 BAI{tr
1&2 RoM

412 BATK
3&ll Rol.l

A12 BANI(

5&6 Ro[l

412 BAilT
7 RONI

$2\

611H

C6FF

99W

771t6

3P25

3P25

AgP2

A11

A].l

A11

A13

xL2

to2

472

xL2

NL2

LOOP 1

LOOP 2,
2zLJ

LOOP 3a,
3a:15

LOOP 3c,
3c:15

LOOP U,
lr:15

LOOP 5,
JzL5

LOOP 6,
6:L5

LOOP 7,
7.L5

rooP 8,
8:15

8-lr3



+ 5 VOLT SIoIAIURES cont.

arl
aa

aa
aa

n
a aa

ao

r]
aa a

o
aaa

aaaa

O:LIII

. 
OPEN

OPEN

1u

15

9

10

11

a2

OPEN

13

OIit{Il

sYsIEt{ ACCESS
OF A1O SHARED

RAII

TOT USED FOR
sA/usED ro
nnrE Rrc osc.
oll A12

sYstmt AccESs
oF A13 Rfl{

SST PASIERII
FOR 413 RAII
AI{D EI(IERIIAI,
CHAR. ROI.I

IJSED TO VERIFY
srAm/srcP BrTs
(sr2 ArrD sP2)
FOR SA PRO.
(NAil LOOPS

A&L CIRCUITS
EXERCISED
DIJRING S}05
POStrrolls
L-t2

a12 Rll'

All SL06
SI{ITCH POS.

+5V
SIG}IAII'RES

BOAND

lESIED
SA

PROCRA!{

LOOP 
'

CIRCUITS TESIED

DEC. BIIIARY

LooP 9,
9.L,

L@P 10,
10:11

[/A

LoOP 12a,
LZatL5,
12b,
12b:15

LOOP 13a

il/A

x/A

29\c

325\

lClC

0u11

coPc

TOHA

n/a

al0

aa2

ELz

A].l
A13

413

at1

410,411,
412,413

8-[U



BECEMB PROCE9SOB FBEE BUN AND SA PR(rcBAU LOOPS (Cont'd)

A8 SA Prograu Loop A A8

A8

A8

A1

A10/AB lnterface
Address decoder
Addregs cooparator
InPut control latch

A8 SA Prograo LooP B Input latch for data
translenta

A8 SA PrograD Loop C Input latch for data
tranalents

A1 SA PrograE Loop A A10/AI tnterface
Address decoder
Addreee cooparator
Data bua decoder

A2 SA PrograE Loop A A2 AlO/A2 lnterface
Address conparator
Input control latch

A3 SA Prograo l.oop A A3 Al0/A3 tnterface
Address coDparator
Addreea deeoder
Input cofltrol latch

A4 SA Progran LooP A A4 A10/A4 lnterface
Address cooparator
Address decoder
Irput-control-latchT

(

A5 SA Progran Loop A A5

A5 SA PrograE Loop B A5

A6 SA Progran LooP A A6

Input data latcheg

Programable counters
Data latche8
CoDparator clrcult
Control Btatu8 latch
Counter uode counter

A10/A5 lnterface
Addregs coDparator
Address decoder
Control latche8

Al0/A6 lnterface
Addrees coDparator
Addrese decoder
Input control latch

A10/A7 lnterface
Addresg comparator
Addreee decoder
Input control latch

I

I

L
I
I

t

i

47 SA Progran Loop A A7

8-19
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TBOUBLESH(X}TING EXADTPLE

SYMPIIOM: Error code 003 1s dlsplayed at power-on.

FAILURE: - open._address.bit _to. Bank 1 Rou.-due to bad IC Bocket

8.T6. SYSTEM PROCESSOR SA TABLES
(A11, A12, A13)

fable 8-1. All Free Rrrlr Loop A (2.0 soFmARE )

APPROACH: Use the 8-9. Po$lER-oN SELF cltEcK TRoUBLESIiooTING dable,
"error codeE are dlsplayed", step 1. and look up error code 003.1 thts
error code la referenced as a "SYSTE}i" error, and corresponds to 412
Bank I ROM U300. "Error codes 0xx- 6xx" lndlcates that the +5 'uolt
slgnatures of Sectlon 8-15. need to be taken for "SYSTEM' errorsi.
t,thin this is done, the signature for 5406 poeltlon 5 w111 be I

the flrst + 5 volt slgnature to fall. Both SA PrograE loope 5 ;

and 5:15 exercl.ae Al2 Bank l and Bank 2. If Bank 1ls falllng, a's
lndicated by the error code, SA progran loop 5 w111 be looplng on'the
Bank I ROM, and Bank 2 u111 never be enabled. Thls can be verlfled
$hen ustng loop 5 by quallfytng on the Bank 2 enable, U400-20. If Bank
2 ts not belng enabled the + 5 v reference for U400 wtll be bad. 'Bank
2 elgnatures can not be taken ln loop 5 whlle the te6t ls looplng on
Bank 1. Bank 1 slgnaturee ehould be taken, however, to see lf a slngle
data blt output ls bad, or tf all outputs are bad. In thls case, all
of the data blt outputs would be bad. Loop 5:15 could be used to check
Bank I and Bank 2 ulthout looplng on fallure. Thls rrould glve I

conftdence that the problen ls eolely on the Bank 1 RO!{. Several'
concluslons can be drawn at thls polnt. If ln loop 5:15, all of the
Bank 2 slgnaturea are good, the A12 address bus nust be good to Bank 2.
Also, because the + 5 vott slgnatures of Sectlon 8-15. glve a go'/no go
lndlcatlon of the SA progran ioops, and are taken sequentlally, wL can
conclude then, that the address bus to the MAIN RoM, U100 and U200,
Eust also be good. The address bus to Bank I should be checked, 

1

however. Thls can be done by uslng the A12 Free Run loop A. In ihle
loop the address bu6 slSnaturee are taken at the A12 Address Buffpr
outputs. Even lf slgnaturee are good at these polnts (as they wobld be
ln thls exanple) the slgnatures should also be taken dlrectly at ,Ehe
Bank I address plns to verlfy continulty. Thls ls where the proble[
Irould be located In thls exanple. 

I

Thls exanple should show that lt la aonetlnes neccessary to alterlnate
between uslng the Free Run loops ( to verlfy addresslng and decod'tng),
the SA progran loops (to check a particular part that ls looplng on
fallure), and the SA program posltlon 15 counterpart loops (to ch'eck
parta of a clrcult rrlthout looplng on fatl). 

I
I

NOTE: The above exanple 1s lntended to be used ln conjunctlon w
the SYSTEM PRoCESSoR SA THEORY found ln Sectlon 8-14. tn
der to stress the loop on fall nature of sooe of the SA P
grau loops.

lrh
I

o

Table 8-2. A11 Free Run Loop B (2.0 SOFnilAnE ) Table 8-3. At2 Free Run Loop A (2.0 SOFn{AnE )

aaaa

SIGIAfl,RES TAIIEI{ Ol{ : All

Test Conditions: Set AL1TP2 to FREEBITI atrd r€ltov€ A11JU502

A11SL06 Position 0

Signature Analyzer CoDrections on A11: Checks:

START ST1 TP1.3
SIOP SP1 TPl-ll
cLocK cIJ(1 rP1-1

Rising
Rising
Rising

System Processor,
Address Bus,
Decode Circuitry

+5vr€ference=0003 I= llot blinking

u301 -6=3?c6 r,8oo - 9
10
11'L2
13
1u
L5

v628
L7\5
817c
8HL5
5552
32v8
P3c9

ulro2-8=8PIr
11 = !8\2

u500-h=3838
6 = 16oH
7=oUt,u
9 = outtu

10 = F077
rr801 - 3

5
7

,9
L2
1u

,L6
18

0002
u858
6v28
632L
779L
37c5
!FcA
9UP1

u501 -6=!H7c
8 = FUAC

U502 - Ir

6
?
9

10
11
t2

OPPT
0P20
8cu2
A838
r5F6
cF87
HU5A

U802 -3
,
7
9

L2
1b
16
18

= 11759

= 1u59
= 8\8b
= lrUW
= FFr?
= P763
= 0356
= 5F9A

v6o2-7=2302
13 = 5\ur
1I = 29Alr

1! = IFUA u80U -lb = 0003*

SIGTIATITRES TAIIEII OI : Al1

TeBt ConditioDr Set A11TP2 to FREERU and r€move A11JU6O2

A11slr05 Poeition 0

PEN

Signature Ana\rzer Connections on At1: Checka:

srAnr/sloP sal
QUATIFIER U6O}-18cLoct( cLtr1

TP1-3
CE
Tgl-1

Rising/Rislng
Lolr Level
Rising

System ROM

Ilata bus

+5vr€ferenc€=P25U

aaoa

u6o! : 9
10'11
13
1lr
L5
L6
L7

TUAC
CHIru
HUCO

0u53
789F
65sF
8P91
51cU

oaaa

SIGIIAT{rRES TAIlEll Oll : 412

T€st Conditioa: Set AI1TP2 to FREERIJI{ position and romove A11JU6O2

A11S!06 Positioa 0

Signatur€ Inalyzer Connections o! All: Orecks :

sTAnr sm TP1-3
STOP SP1 TP1-T
cL@K CLrl TP1-1

Rising
Rising
Rising

System Data Bus,
System Address Bus,
Control Line8

+5vr€ference=0003 | = llot blinking

AIZIP3
LRIC =
LDE =
6ooo
CUOS =
crRQ =
lrstB =
PWDI =

u508 -2
3
6
I
9

11

= 1FII9
= 1FIIA
= 0000
= 0000r
= 0003r
= 0000{

w02-J =
5=
7=
9=

L2=
1L=
L6=
18=

9uP1
llrcA
3?c5
779L
632L
6u28
\868
0002

5652
,2C1t
LL82
98U2
0003r
0003r
0o03r tt6o6-9

10
13

= r[Ac
= SEUA
= 0003i v703-3

5
7
9

= u75g
= 1U5P

= 8\8ll
= U[,I'U

= FPFF

= PT63
= 0356
= 6F9A

!208-3
lt
6
8

= g8ll1
= ouw
= ol{n
= ollw

U6o'l-L
2
lt
5
6

= 9851
= ggu2

= ouw
= 5652
= 52C$uUo6 3=6=

$=

0003r
lFHA
F735

L2
1u
L6
18

u608-1=
l=
3=
[=
5=6=
8=
9=
0=

1183
c9ur
A871
53uB
F9CT
gNtz
5993
0003x
5993

u707-1 =5=$=
11 =L2=
15 --

0oo3r
0003r
00031
A98A
uP23
2302

ub07-lr =5=6='l=

lFf,A
r735
I}lFP
7r?0

uu08-L o003r

u505-U
6
I

= 0000
= 0003
= 0003r
= 0000r
= 0003r

1

U?00-3
5
7
9

= 0000
= 0003r
= 0003x
= 0003r
= 0000
= 0003x
= 0003

11

72
1!
L6
18

13

\2
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Table 8-lr. A13 Freerun Loop A (2.0 SOFTXARE )

fest Condition: Set A11TP2 to rREERInI position and remove A11JU502

Siqnature Analvzer Connectlons on A].l and

aaaa
A11SLO6 Pos ition 0

A13:

S I GTIAII'RES TNIE}I

Checks :

+Svrefer€nce=0003

All
All
413

TP1-3
TPt-ll

R is ing
Rising
FalIing

Systen access
of A13

STAnf
STOP
CLOCK

st1
sPt
w02-2L

ulloo -5
7
9

= IFcg
= llFcg

= 3rU5
= SFL5
= 6nzB
= 6v28

11
t2
1u

u5o1-\ =
6=

1Ao5
8Utrr

u801-7 =
9=

12=

37c5
?79L
63zt

U8 02-lt=
7=
9=

0355
1U5P
6F9A
w19t2

u803-\ =
7=
9=

P763
FFTF
uuru
8\8llL2
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Test Conditions r Set A11TP2 to IOnUAL position and r€mov€ A11JU602

aaa
o

Sisnatur€ AnaLvzer Connections on All:

Position 1

O:Ltll

A11sLo6

+!vreferenee=532b, fu/w u7or- 3\ = Ht26

TAIlEtl OII : All

Checks :

System RoM Data BusstanT sT2 TP1-7
stoP sP2 TPt -8
clocK CLII1 TP1-1

Rising
FaUing
Rising

u5oU - 9
10
11
13
1!
t5
t5
L7

FOAB

9\6L
IIIIIlr
A35u
P551
FPFl
chu?
AA2P

Table 8-5. SA Progran Loop 1 (2.0 SOEIITARE )
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SIOIATURES TAXET ON 3 A:11

Test Condition: S€t A11TP2 to IORI{AL posltloa and renove AI1JU602

allS\05 Pos ition 2

Sitnature Analyzer Conaections on A[13 Checks :

A11 Systen RAllstAnr/sToP
QUALIFIER
CL06'II

St2 TP1-7 Rielng/Falling
AB not€d below Low Level
CIJ(1 TP1-1 Rising

l{oter Cycle poner when changlng qualifier

o

aa a

Qualifier= U20!-18
+5 v ref.= CTUB

Qualifier= u!0U-18
+5 v r€f.= ObgU

u2ou - 9
10
11
13
th
t5
L6
L?

1I'F5
U39U
7060
52P6
A3r5
0588
856u
HFSH

uboll - 9
10
11
13
lll
15
15
L7

59ou
3F69
I,uOU
28IIU
c6LU
1304
,5!2
PC6A

Table 8-5. SA Progran Loop 2 (2.0 SOFIITARE)

Table 8-7. SA Prograrr Loop 2:1! (2.0 SOFnilARE)

SICIIATI,RES TAfiEI oll : All

IIOIE 3 Signatures take approximately 30 seconds to stabilize

Illis tsst is for U20b onIy.

Test Condition: Sa,ne as for loop 2 except3

A11Su05 Poeition 15

Slgnature Analyzer Conn€ctions on Al1: Saoe as for loop 2

Qualifiere= Sane as for loop 2

Sigaatures= san€ aa for loop 2

aaao
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xable 8-8. SA Progra,n Loop 3a (2.0 soFtlilffi)

Table 8-!. SA Progra,n Loop 3a:15 (2.0 SOFII{ARE )

SIflAI{TRES l4Ell oll : All

Test Coaditioas: Set AL1TF2 to l{OR}lAL tosltlon atrd renov€ A11JU502

a11Sb06 Position 3

Sitnatur€ Analyzer Connections on A[13 Checks :

STANT
STOP
cLocf,

sr2
sP2
cLm

rPl-7
TFl.8
TP1-1

Riaing
Falling
Rising

Bank Select C1ock,
LED Driver Circuitry,
Graphics RnU (A13)
enable

+5vreference=C6ff

aa
aa

u301 L = 2L65
2 = 9?e9
3 = 9749\ = 2L55

t703-2=6A\C
3 = PbFT
Il = u3AU
5 = 9Frt
6 = o\26
7 = 566c
8 = grar

u?05 - 3
5
7

L2
1L
L6
18

0\26
S66c
9Flr
9F51
u3AU
PTFT
6ATc

ubol -12 = cgPF

SIOIAT{RES IABEII ON : 413

Test Conditioa: Set lt11IF2 to l{OR}lAL atrd renove A11JIr602

a11Sb05 Posltlon 3

Sigtatur€ Analyzer Connectioas o:r d!1 q4! 1[ll Orecka:

cnscsmnT/srlP
QUAf,IFIER
cLocr

all
413
All

sr2
v702-25
CIJC1

TPl-? Rieiag/FaUinS
CS Low Leve1
IPl-1 Rising

+! v reference=!66! r = lfot bttnking

aa
oo

vt02-L9
2L
22
23
2\
26
27

0000r
0000
PP2II
,669
683rr
0000
0009

Wo2-28 . 0257
2) = )lPB
3o = !b5U
31 = c0c8
32 = 8567
33 = B97c

fable 8-10. sA Progran Loop 3c (2.0 SOFIT ARE)

Table 8-11. SA Progra,n Loop Jc:1! (2.0 sorn aRE)

SI(illAll,RES IAIIEII Olf : Al1

I(,IE: Slgaatures take approxinat€ly 30 seconds to stabiliz€

Test Conditions: Sane as for loop Ja except:

a11Su06 Posltion 15

EN

Signatur€ Analyzer Contrections on All: Sane as for loop Ja

+5vreferonce=Cl!26

aaoa

U301 - 1=A2FC
2 = 1HPH
3 = 1EPH
Ir = A2FC

u7o3-2=35q7
3=63W
b = P3H1
5=2W6
5 = u5U1
T = 2589
8 = 8030

u706 - 3
5
7

t2
1lr
t6
18

u5b1
2589
8o3o
2W6
P3H1
63v7
35cT

u\01 -12 = ?308

SIGIIATIJRES IAf,EI OlI 3 413

IIOIE: Signatures take approxinately 30 s€conds to Btabiliz€

Test Condltlon! Sa!€ aa for loop 3c €xcept:

A11sb06 Position 15aaoa
OPEN

Signature Analyzer Conn€ctions on All and 413: Sane as for Ioop 3c

Signatur€s = sa,n€ as for loop Jc

8-5tl
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o SECTION VIII
SERVICE

8-1. INTRODUCTION
This section contains theory of operation, troubleshootlng, conponent locators and
schenatic diagrans. This sectlon is divided lnto the firnctional parts of l}l.e 1915A.

8-2. SAFETY CONSIDERATIONS
This seotion contains warrrings and cautions that must be followed for your protection
and to avoid damage to equipment, Read the safety sunmary at the front of this msnual
and all warnings given at the beginning of proaedures, prior to servicing.
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8-3. GRID LOCATORS
Tbe 191rA prlnted clrault boards use a grid syster for oircultB .

the 100 row end horizqrtally lD tbe thitdFor exanple, U103 is located verticslly h
coluEr (see tbe exaryle grld Loaator beLc, ). Baslasuy, au tbe ICs
and the slngle-inline-pecf,e8ie devlces sucb as resistor packs have reference desigre-
tors that aorrelpod to grid looatios m the PC board.

FiEure 8-1. Erample Gri.d. Locator

Descrete cmpoDeDts such rs reslstors, aapaoitoB and lnductors atre nunbet€d aequen-
tiaUy for referelrce deslg[ators, Btartlng frd the upper left coroer of t[e PC boatd
eDd goln6 across ttre board and dom to Ure lorrer rlght coroer of tbe board.

Cooporeut Locators for the PC boar{s lhorrn by tlre sch€natla dlagfan for that

The refer€nce desiglator for a partlcular IC ls also lts locatlqr qr the PC boerd.

8-2
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8.4. LOGIC SYMBOLOGY
t\e 1915A lahenatlcs are dram uEing loglc syrbology desarlbed ln AIISI stan-
defif Yr2,14 end IEEE stdrdard 91. The s!,Dbols are dram to sho, clrauit funa-
tloo. For
nela, the
IloB gate.

shows the AllD evelr thoug! the pbyslaal part ls a
; lf a l{OR gate ls used to lllD together tro, lo, tnre slg-

The polarlty coventldr (snau rlght trtangle) ls used to lndlaate
the aatlve low states of loElc fu[atloqE.

Symbol Composition

A ryrbol coryrlses !D qrtllDe or a coblnatlo of outllner together rllth oe or
rore quaufying Blrtrbolr and t'he r€presentatloo of lDprt ald olrtDlut U!es. Flg-
ure 8-2 lhorrs exetlples of soe of trlre trore coryIcx lyrbol3 us€d ln the
scheoatica. All the naJor part! of tJre symbol are pohted out.

Ite tro Deln parts of a spbol rr€ tbe control bloal ald the array el€oeot!.
lloticc tbat not all slr bols have a cdrtrol bloa* evsr thougb t,berse ane cdrtrol
slgml laFrts.

A11 lnputr lnd d€peDdency notatloo ln t'he aoDtrol bloak effect the ai'ray ele-
Dents dlreatly. Cmdr ortputs are locsted l! tbe cotrol block.

A11 array cleo€nts are cotrolled by the adrtrol bloaf, a firnctldr of depeDdeocy
notatlo. lry array ele[ent ls lndependent of all otrlrer array eleo€lrts. Unless lndl-
cated, the least slgnlflcant ele elrt ls alrays closest to tlre adrtrol bloak. Soe ar-

eleoc[rt! ale arranSed by blmry relght,

Inputr are located m tjre left slde of tlre sylbol aDd are affeated by t[elr depeDd€nay
notatlo. Ortputs are located o tne rlght side of the syDbol ald are affected by

Itrdlceted by pcirers of 2.

a
Dependency lotatlo ls read fro left to riibt. Dependency notrtl@ hdlcates
the relatloshlp betrecB lnputs and outputs.
shlp have a ccm@ nrurber.
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1x/Y
2

4

I
Binary Weighted
Address lnputs

Control
lnputs

Write Data lnputs /
Address, G1 and G3
Required to Enable

Control
lnputs

Chip
Function

Array
Elements

lnputs 
r

lnput
with Hysteresis

Buff er
Element

16

32
64
128
256
7024

A0- 1023

Address
Range

Dependency
Notation

ChiP
Fu nction

Tri-state
Outputs

Output
Enabled by

EN1

Output
Enabled by

EN2

* Outputs

(CE) G 1

(0E) G2

0{E)G3

FAM

C MOS

A, 1, 3 A, 1,2
RAIVl

Dependency
Notation

-s EN1

JT EN2

BUF

BUFFER

Bit 0
I

I

I

I

I

I

I

Bit 8

Read Data Outputs

Address, G1 and G2
Required to Enable

A, 1, 3 A, 1,2
A, 1, 3 A, 1,2
A, 1, 3 A, 1,2
A, 1, 3 A, L,2
A, 1,3 A, 1,2
A, 1, 3 A, 1,2
A, 1, 3 A, 1.2

Ir> 1v

-rr> 2V
rr> 2V

8-1

Control
Block

{

{
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Non-Logic
Connection

Binary
Weighted

lnputs

Control
lnputs

Binary
Weighted

lnputs

Negator

Address
Range

D/A CONVERTER

Chip
Funtion

x/Y
G

DEMUX

DECODER

Chip
Fu nction

Analog
Output

The Digital lnput
Value is Converted
to an Analog Value

l- Outputs

n

And
Element

-t

-{

&

I
2

4

o
^7

0

L

2

3

4

5

6

7
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8.5. TRANSMISSION IMPAIRMENT MEASUREMENTS

Ilnlts cmly used in transulsslor tertlDg ele the dB, dBo ard dBm.

Tbe declbel (dB) ts the hlstorlaal nearurement unlt for telecomunlcatlons beaaue of
€asy [atheoatics and the response of tbe huDan ear to voluoe cbarges ls togtltluia.
fhe dlffereuce betre€lr tflo porer levels c8n be er{prBsed ln dB

Ihe difference betrrcclr two voltrge leve1s or cur'T€[rt levela can be e:eressed ln dB as:

PI

P2

vl
CB " 20tog 

- 
(for voltage)

v2

11
= 20109 

- 
(for current)

T2

Ilhen oNre of tlre poHer levels ls a I om staDdard (1 [tutrratt) the tero dBu ls ured.
Poner referenced to I [llliwatt is expressed as:

P
dnn = lolog

1 nllllwatt

0 dBu . I DlUfuratt or T11.6 nV lDto 600 ohm

pofler refer€lrced to I plco$att ls expressed
Po er ?or nolse tests is refer€oaed to I plc att erd t'he tertr d8rrr ls used. l{olse

I plaorratt

0 dBra ls equ6l to -9O dBn rfilch ir the Dolse floor reference.

Porrer ratl6 are valld for erty load try€danae, but voltage leve1s above aDd belo tfie
zero level uust be refer€Daed to the load fupedance.
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The level/frequelray trode ls the basic [easurc[eDt of atteouatl@ distortl@.
reaelved level is ttre power dlsslpated in a rtalrdard lnpedance by the reaelved t@e
(tn <lBo). The loss of the olrcult ls er<presled ln dB aad ls the dlffercnce betwe€o
tbe porer fr@ tDe sorrce drivlug the alrcult uDder test a[d tJre reaelved leveI.

the transnlsslo level at anlir point ln a transulsslm clroult or lystco lr the ratio
of the rlgnal FHer at tJrat poirt to the slgnal pooer et a reference polnt aaued the
sero transnlssldr level potnt (0 TLP). Certaln points ln the telephqre clrcults have
flxed TLP8. Transulsslqr level polnts for volce fr€quelray and data alraultr at aDalog
polDts ln telephdre alraults can vary fro +13 fLP to -16 U.P. tle ILP also affeats
the e:eeated velue for nolse neasurement!, rrhlab are nomally neasured at 0 lLP.
tem d8ts0 (<lBu at 0 ILP) ts the test slgDel porrer et 8!y polDt o a clrault referred
to as 0 fLP.

Received Slsral FIon

Ihe llput Elg[al at the Tlp and nlng tertrlnels @ the fr@t paDel 1r couected to A58
nhich omtalns soltahlDg relays !!d protectl@ devlae!. Fro here the slgaal ls
routed to t'he lnput boad Al. Durlttg level/frequanay rode, the dlf?erantla]' anpllfier
on Al ls used to provide slgttal bala[ce to grouDd, and reJectl@ of cm@ node sig-
Dals preselrt oo the line under test. fhe 3lgDal then goes to the flltcr boatd, A2.
Eere the l0 HIz lorpasa and 60 Uz hlgh-pe3s fllters ($hen leleated) renove unranted
blgh-frequenay nolse end lotr frcquency hu! fr tbe rlgDal. 10 <lB of galD l! ured
uheD tJre rlgaal level ls belor about -r5 dB[. Tbe rlgnet t1h€!r goe3 to the autoratrge
aryllfler board, A4, rhere froo -10 <lB to 60 dB of grln ls used to brhg the slgnal to
a level rhere the detectoB aan funatlon acourately. Before golng to the detector

D the slgnal ls baDdunlte<l by a slxth order, Buttenuth fllter rlth a 140 }gr

detector has nolse reJectlo luperlor to a

autoff. fhls e llDates excesalve nolae and stabllfues the autorarge aryllfter. On
the detector board Ar, lD level/fr€qu€lray rcde only the full $ave average,
deteator la used. average
ros det€ator. Thls detector provides a da voltage output flhlah ls leasurcd by tbe

to <llgltal o@verter or the detector bolrd. ltis voltage readtlg ls correctcd
ln softrrare for tlre geln aDd da offset preseDt ln tfie deteator olrcult, rld l! also
aom€ated for gal! of tlre autoraDge aryUlier aod the seleated ter,.[tnatlo tryedance.
Ote readlng ls aelrt to tbe syste[ pnocessor vla sharcd ueoory for the display on I./O.



Peak-to-Average Ratio (P,zAR)

The peal-to-average neasuremert evaluates the simultaneous effects of envelope deley
distortion, bandwidth reduction and poor retunr loss (gain and phase lipples ) on
voiceb€nd data signals .

A transmitter and a recelver are conneoted to opposlte ends of a voiceband tlansmls-
sion channel. The transmitter generates a precisely controlled complex pulse train of
I(rro}rn peEl-to-average ratio through the system. Tbe puLses are dispersed by the dis-
tortion they encotrnter. The recelver neasures the absolute peall and the futl-wave
rectified average values of the pulse train and displays the ratio of these values. A
value of 100 indicates no pulse train degradetion. The P/AB neasurement is mostly
insensitive to noise and nonlinear distortion, and unaffected by frequency shift or
translents.

Received Slgnal F1oe,

The input sig[al ls applied to the Tip and Ring termina.].s on the front panel and then
goes throwh the input board (AI). No gain is used on A1. Ne:rt, the sigla1 goes to
the filter board (A2). fhe L0 kIIz and 60 Hz filters sre not used here as the P/AR
filter provides rejection of hum and noise. The signal is weighted by the P/AR filter
on A2. There is no galn before the P/AR lilter. The ireighted signal is applied to
the narrowband autorange amplifier on 44. This amplifies the slgrlal large enough for
the detectors to fiurction accurately. Next, the signal goes to the larrorrband peal
and average detectors on A5 which measule the signaL. These detectors bave very low
offsets necessary to neasure the P/AR value. The output of thls circuit is applied to
the analog to digitaL converter circuit which then nakes the true average and true
peat leadings. The galn and dc olfset of the hardware circuit ar€ corrected out in
software, aDd then the softrrare ccmputes the P/An va1ue, passing it to the system pro-
cessor for display and output to the I/O.

Trsnsmltter Sigral Flow

the transmitter navelorm for P/AR ls complex, consisting of 16
frequenc les at specific levels and pheses. The transnlt signal frequency spectrum is
shown in Figure 8-r. Ihe traasmit signal envelope is shorm in Figure 8-4.

The P/AB waveform ls geaerated on the A15 board, goes trhrol8h the A1? boar{ and output
through 418.
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Phaee Jitter

Phsse Jltter neasureoEnts lndicate tJre aunulatlve effect of lncldental phase rcdu1a-
tton (Pl,l) ard additive tones or nolse on tbe phare of a holdlng tone. tle peal-to-
peaI phase devlatldrs of the received slgDal are deteated after band UritiDg to re-
duce 1tlre effect of addltlve nolse. tle nost cono slngle-fr€quelrcy aoeoneats ot
phase J ltter are 20 gz (rtngtng cunelrt), 60 Ez (cmnercial porer) s[d tbe seacrd
through flftn hanldrlas of these. A bandirldtb of 600 Hz a€nter€d abort a I ]f,Z car-
rler ls rufflalent to cover tJre naJor suspeated rlDusoldal PM witrhort ltrcurrllg large
alounts of unoorrelated lnterfereDce. Since uolse can appear to be a sorrrce of phof
phEse altter, a C-ness.ge troise neasuleoelrt sholrld be [ade ln conJunotlor ritb tbl!
Deasutrereot. frcorrect Id{ plrase Jttter readlnEs result lf a I Xflz carrler ls uled @
a pulse code nodulatl@ systeo (PCl,t) rrtth 8 kIIz sanpllng rate. are also la-
stances of pbase J ttter in the reglo frfl 4 nz to 20 Hz.

effeatlve tool ln the diagnosls of cheuel lupairments.

Amplitude Jitter

Aryfttude Jitter neasurenent8 lDdlaat€ tlre aumrlatlve effect of lncldental ary]lfirde
Dodulatldr and addltlve tdtes or uolse qr the holdllg tqle envelope.
eovelope deviatlqp of tlre recelved sigaal are detected after band lt[ittng to r€duae
the etfect of additive nolse. The nost a ron slngle-frequeDcy compo[reDts of atrpu-
tude Jitter are 60 Ez (amnerclel porrcr), 20 f,z rlnglng and t re assoclated sec@d
tnrough flfth haroonlcr. A bon&rldtn of 600 Ez aelrtered about a I lrf,z ca$ler is suf-
flclent to cover ttre mJor suspeated eryIltude Jltter without large srounts of

Slnce gtanp delay dlstortlon and frequeoay respoose of a channel cett ceuse amputude
,ltter to be crested fro phase Jltter, and vlce versa, lt i8 recmerded that aryll-
tude Jltter be [easured ln aonJuctlor wltD ph63e ,ltter. There t$o neasurslant! can

Slnce nolse can appear to be a rource of anputude Jltter, a C -nessage nolse neasure-
ment rbould be nede ln couJunctlon wlth tlrls neaaurcoent. Incorrect low aryUtude
,ltter reedlngs result lf a l }llz carrler ls used o a pulse aode nodulatlon systeo
(PCtl) wttn an 8 kIIz sarpung rate. ftere are also lDsteoces of anpUtude J ltter ln
the reglor frflr 4 Ez to 20 Hz.
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Traneiente

Tbere are two clasaes of transletrt phenoena i! teleph@e alrcults: irpulse nolse and
rapld changes ln phase or galn ( lncludirg slgtraI loss), Inpulse nolse ls a larEe ex-
ourslon of a reaeived siglral level tlrat ls not correlated with the trensnitt€d slgral
(tf any) ard ls hlgter than the normal peafs of the n$sage clrcult nolse. A rapld
chaage ln phase ls calfed a phase hit. A rspld ahange ln galn la aalled a gaiD blt.
fbe phase or galn [easureo€nt rry stay at ltE nefl value or returo to the orlgiml
velue sme tl[e later.

A dropout occura $hen tbe loss o tbe olrcult lnbrcases by 12 dB or lone co@arcd to
tlre level at the start of tlre neasur€lent laterval.

For ltrpulse [olse, the holdlag tdre ls elther notcled out or Dot used at all. A 1 Xf,z

Durlng a drrpout, tDe nolse [ay
lncrease to a level near the original Decelved sl3D6I level.

holdlng toe ls used to neaaure phase ard gaia hits aDd drop@ts.
of the holdlng tdle are nonltored lor change! exccedlng pr$et thresbolds.
of trelslent3 exaeedltrg thresholds are accuoulated aDd dlsplayed.

fhe aountg

Noiee and Signal-to-Noise Ratio

llolse uay be Deasured eltber with or wlthout ! holdinS
t@e ls preselrt, tlre backgtound nolse, or ldle ohaDnel nolae lr rearurrd to a iqulet"
terolnatldr (nomauy 6O0 or 9O0 ohm reslstlve temlnetloo). fhe ros nolre power lc
treasured through ate welghtlng Detwork. If a boldlng tooe is used,
nolse-rrltlr-tdre [easureoelrt ls nade rrltlr a transnltter qrtput tupedance of 600 or 900
dm and an output frequency betrr.eo 1002 Ez end I00 Ez. fhe output level sbould be
appropriate be approprlate to the syst€[ urder test. t]e nolse porer ls ueesured
rrltb a nelghtlng netrork after rereatldr of the holdlng tone rrlth a lhary rotah lllter
(Dotah€d nolse or nolse nltlr toe neasurenent). Tbe dlsplayed readlng for notah€d
aolse ls the suuutl@ of nolse o tbe clrcult wblch ls not a functl@ of the holdlng
t@e plus any harool.a dl3tortldr or quantlzlrg aolse rblah ls r result of tbe boldlng
t@e.

l{olsc-to-gtound Dearureoents evaluate the I@gltudlnal (cmo node) voltage prrs-
elrt o a alrault. A longltudlnal holdlng tqre or Dotch fllter ls not uecelsary.
l{olse-to-groud [easurenents are nomally not Dade rhere a low lupedarcc to gTqlDd lr
prescnt.

I[olae porer ls neasured ln dBra refercoa€d to a ploaratt ar glveo by thc fomula:

pnBeDt. If !o

ll (tn dDrn) = 10 IoB (10112 P)

rrhert N ls the
wetts.

dlsplayed nolse readlng aod P ls t'he po$er ln the recelved algual la
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Envelope Delay Dietortion

Comon nethods of envelope delay di8torttor (ED) neesure[elrt are based upon [easurlng
the tlme shift of ld{-flequenoy nodulatldr placed on a carrler relatlve to the nodula
tldr plaaed dr a reference frequency carrler or relative to the orlgltral nodulatlon.
The llorth Arerlcal nethod uses a separate refenence path except for t1he special clse
of loop-around neasuretrents, In this case, Ule orlsinal nodulatlon source ltself ser-
vea as nefenence. The CCIIT Detbod usea an alterrrate [easure-refereDce carrier
frequency to time share the neasune and reference carrlerc. llo leparate lefenence
channel ls required. The CCITT [odulatlqr fr€quelrcy ts 11 2/3 Hz, rhereas the llorth
Anerlcan nelrhod uses 83 l/) gz rrith soe lnstancer o? 25 gz rFd other frequencles
belng used.

Aslde fro di fferences ln modulatlon frequetrales, the techDical and operatioral dlf-
fer€nces between the llorth Anerlcan and CCITT netbods ale so gteat tlrat tlrey are
lnacmpatlble.

Return Loas

Retunr loss ls the ratto, lu declbels, of the pooer lncldent upo a traDsmlsslon sys-
tem discdrt,lnulty to the pd{er reflected fror tbe dlsco[rtlnulty. Retura loss moasune-
nents are nade on both 2-$rire and 4-$tre olroults. Ilre neasureuent lndicst$ ho, uell
the lnput and output lnpedances are natched throu8hout a circuit.

netun loss [easureoesrts requlre a qulet temlnatloD at the dlstant cDd of the
olrcult.

The result of a slngte frequency retum loss Deaaureme[t nust speclfy tbe Deasurenent
frequenay. Beturn loss rs a neraure of lryedance [atah ls $ually speclfled as the
nlDlnun for any frequetrcy rithln a spealfled band.

Average retura loss over a speclfied band of frequenales ray be neasur.ed uslrg a aweep
frequ€lrcy. fbe average retura loss over the band ls a power everage.
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Crosstalk

CrosstalI ls Deasured rltlr a slnusoldel test slgnel drlvlDg qre airault aDd t[e
reaelvd level reasuled o a secqld parallel circult. Crosstall coupllng ls e:rpressed
ln dB and ls the differelrae betrre€lr the tranrnltted leuel ln dre alrcult to the
r€aelved level lD a[other clrcult.
or 900 ob!!t.

at lnpedaaces of 600

8.6. SERVICE SHEET ORGANIZATI
Tbe 19151 har b€€n bDo&eo dotm lnto seotlar.

N
aeotlm h.s lts orE teb dlvldcr

and lncludes the tJreory of operetloo, blocX dlagErs ald ceheoetlcs e;soalated rrlth
that sectlo.

Fi8ule 8-, ls the 4945A Bloa} diagllr nhlah shorrs the varlous lnstruent leatlols .nd
tbe boat{s asloalated rit[ elch seatloNr.

8.7. BLOCK DIAGRAM DESCRIPTION
Flgue 8-5 ls a bloa* dlagran ot lr[.e 1945A shorrlng how the PC asse[blles lnteraat rlth
each otlror. tle different sectlqrs ol the lDstrucot are deflDed @ thc figur€.
Refer to the 4945A Bloak Dlagran ard the lndivldual board bloax dtagratrB $h€!r readlnS
thls dcrarlptlo.

Proceggor and Memory Interaction

tne 1915A la a nlcrqrocessor controll€d UilSt. Operator lnprtr ftro the f,eyboatd ar€
deaodd @ A2, lnd rcot to the Systeo Processor (AU) nhele the approprlate actlor ls
laltlatcd. fo fultlatc ary actlo, the systetr processor acce3ses the approprlate
loftrare routlne ln ltr om BO,l or ln tbe syEtrm B0l{ o A12. tle cmands ln the B0ll
routlle theD cauae the lDltnD€nt to be aofigur€d or a neaaur€[ent to b€ tal€n, eta.

Besldea amunlcatios xith the RAl,l lnd BO{ o 412, thr syltco proccsror carr addrers
the reaelver procesror (A10), tne video Eelrerator (A13), tbe transnltter aqrtrol (Al4)
rDd tbe I/O lntcrfacer. Onae the lysteo Drocessor properly addresre3 an!, me of
trbere, lt can s€Dd aDd recelve d,ata o the systeo dlta hl!.
A batterli o AI2 provldes. baolup po,er to tbe real tltre aloal and part o? th€ 412 nAil.
fhls
tbc

, the last recelver callbratl@ a@stents aorl

AU tbe
tlqlr.

ryste[ alootrr are genereted o All eDd dlltrlbut€d to lrlre otber 1915A a*-
PUI 1 and Pf,I 2 are the Dah syster clocks.
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Network Connections

Th.e 49151 is eonneeted to the network under test via either the binding post
connectors or the Hesterrr Eleetrie 310 eonnectors on the front panel. The
connectors are eonneeted to the A5B boanl. Two relays on A5B lets you reverse
the transmit and reeeive connectors, Both the transmitter and receiver are
equipped with holding circuits for latching telephone switehing equipment.
These are located on A1 and A18. The output impedance of the transmitter and
reeeiver is selectable at either L35 , 600, 900, or 1200 ohms. The reeeiver
input ean be bridged if a termination is provided by another device.

Power Supplies

l\e 1915A has tno main supply asssnblies; the +-12 volt (A29) and the +-11 volt (A28).
Tlrese two supplies are basically the same Hith soNle componetrt differences to give the
3 volt differenee. Both supplies provide soue of the required +, volt current.

The ao LLne input goes through the normal, line filtering, range selection and fuse
before going to the po$rer switah on A20. Froo A20 the switched ac ls applied to A28
and 429. Ihe output voltages frm A28 and A29 are distributed r{lthitr the instrument
via A20 and A21. The +-40 volts and +-100 volts are generated on A2I.

Display

The 19154 uses a magnetlcauy-deflected, raster scanned cathode ray tube for the dis-
play, The display is cdrtrolled by the syste processor (A11). Infor"nation to be
displayed is sent to the video generator (A13) where it is decoded into character and
attlibute (special feature) infonmtloD. A13 has enough nenory to store one conplete
sereen of lnformation. The CRT controller handles all the tining consideratlons ln
gettlng the infonnatlon to the display. fhe outputs of the AI3 boatrl are the serial
video blt stream, veltlcal sync and horizortal slmc.

413 also cotrtalns the beep oscillators and ttte audio control/ amptifier clrcuits. Tbe
audio output ls sent to the loudspeaxer on the rear paneL.

Ihe output signaLs from A1J are applied to tne CRT driver (A19). The horizontal sync
sigaal is oonflrmed to be 20 kIIz, and then sbaped to drive the horizontal defl,ectim
circuit and tlle high voltage cirouit. The vertleal sync is also shaped and passed on
to the vertical deflection oircuit. BotJt deflection circuits provide dc centering and
size adJustrents in addition to amplifying the slmc sigla1s to drive the deflection
yote coils. The verticaL deflection circuit also bas a llnearity control. The high
voltege oircuit provides aII the operatlng voLtages for the CRI and the vldeo arn-
plifier. The video signal is amplified before going to the CRT catbode.

Transmitter

The transmitter has four pc boards (A14, A15, A17 and A18). The tlansnitter control
board (A14) controls the transmitter (1.e., flequency, Ieve1, termination, etc. ) and
AL/t is controued by the system processor (A11). Hhenever an instnrnent setup !e-
quires a transmitter output, the system plocessor sends the data to A14 on the systen
data bus. f,ere is a description of the basic transmitter signal f1ow.
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Frequency inforoatidr ls stored in a frequelcy legister and an adder, frm wblch a
waveforn RO'l address bus ls created. This bus carries a digital representatlon of the
desiled frequency or frequencies to A15. On A1r, the waveform BOM address bus is ap-
plied to two wavefolla ROI'ts. The ROt'l output ls sent to a digital-to-analog aonverte"
lrhere the digital information is converted to the appropriate analog signal. This can
be either a single or nuLti-tone sigTlal. The transmitter s lgrral aan go through a fil-
ter and a fine attenuator before going to AI7 as the SIGIN sigaal.

0n AI7, the transmitter signal (SIGIN) goes throwh an attenuato! and an anpllfier
befor€ it is split into a balanced sig"nal. The balanced signal ls isolated and an-
pltfted before going to A18 on the tlp and rlng llnes (AOI, AOR).

0n A18, tbe output inpedance is selected and the transmitter hold coil oan be se-
Iected. Tlle transmltter signal then goes directly to the front panel connectors ard
to the network under test.

That's the basic transmitter signal flow.

Sigaal level lnformatlon is also sent to A14 on the systen data bus. This informatiou
ls distributed on the transmitter data bus to the attenuatols on Al5 and A17.

Other aontrol information from the system processor also goes on the transmit
data bus where it is decoded by the control register on the appropriate board.

Receiver

The recelve! ls the nost, cdnplex part of +,be 1915A. There are nine boarrls ln the
reoelver. Some of the boards are used all the time and othe?s are used only part of
the tine, dependlng on the measure0rent being made. Measurements are made in the
recelver and the results are sent to the shared RAI,I. fhe system processor ta*es the
data from the shared RAI'I and sends lt to the display, the I/O or a remote unlt.
Reoelver setup is inltlated by the system processor and carried out by the receiver
processor (A10). The receiver processo! is responsible for the recelver configlratlon
and gathering the data frm the various IIMS measurerirents. Here is a descriptlon of
tbe receiver sigtrel peth for eaoh of tbe measurements done by the 49414.

Modem,/FSK

The modem and FSK circuits are used in master/slave operation. Haster/slave
allows tbe 1915A to control and conmunieate with another 1915A, 1911A or
1943A. This communieation takes place over the network under test; one unit
is at eaah end of the line.

To send data to the other unit, the data is first sent to A14 on the system
data bus. 0n A14, the data is converted to a serial bit stream by the ACIA
chip and then modulated by the transmitter. The FSK signal follows the nor-
maI path through the transmitter to the output.
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fihen FSI( data is received, it goes through tbe differential amplifier on Af and t'hen
directly to A3 on tbe FSK SIGNL line. On 43, this line goes t'hrough an AGC circuit,
to 6n FSI( filter nhele the 1990 Hz pilot tone is stripped off. The pilot tone goes to
a pilot tqre deteotor and the FSf, signal. goes to the FSK tone detector. fhe demodu-
lated FSK signals and the pilot tone detect ( FSKS and FSXD ) are sent to the ACIA chip
on A14, Eere the data ls read on the syste data bus.

Lev el/ Frequency Measurements

For this measurement, the transmitter outputs a speeified single tone signal.

The lnput signal is routed to the input board A1. In level/frequency mode, the dlf-
ferentiaL amplifier on AI is used to provide signal balance to ground, and rejectlon
of common node signals present on the llne u.Dder test. The signal then goes to the
filter boatd, A2. Here the 10 kllz lowpass and 60 Hz highpass fltters (Hhen selected)
remove unrranted high-frequency noise and I@r frequency hurd from the sigral I0 dB of
gain is used nhen the signal level is below about -35 ann. The s igrtal then goes to
the autorange anpuf ier boatd, A4, $here from -10 dB to 60 dB of galn ls used to bling
the signal to a 1evel where the detectors can function accurately. Before going to
the detecto! boarrt, the signal is bandlimited by a sixth order, Buttemorth filter
with a L40 kIIz outoff. Thls eLininates excessive noise and stabilizes the autorange
ampllfier. On A5, the full rrave average, wideband detector is used. The average
responding detector has noise rejection superior to a rms deteotor. This detector
provides a dc voltage output whioh ls neasured by the analog to digital converter,
This voltage reading ls corrected in software for the galn and dc offset present ln
the detector circuit, and ls also corrected for gain of the autorange amplifier and
the selected termination inpedance. The readlng ls sent to the systeD processor vla
shared menoly for the display ot !/O.

Peak-to-Average Ratio

Tte transnitter transmlts the complex P/AR waveform, consisting of 16 frequenciei at
specilic levels and phases. Tlre normal transnitte! signal path ls used.

The lnput s lgnal goes through the lnput boarri (Al) nlth !o galn and then goes to the
fllter boatd (A2) on the SICJ{L line. 0n 42, the signal ls weighted by the P/AR fil-
ter. There is no galn before the P/AR filter. fhe weighted signal is applled to the
$ideband autorange amptifier on A4 via the HFSI line. Thls amplifies the slgnal large
enough for the A, deteatorE to function aocurately. Iext, the sig1a1 (AUIOUT) goes
to the narroflband pealr and average detecto"s dl A, which measure the signal. These
deteators have very Ion offsets neoessary to neasure the P/AR value. To measure P/AR,
the A, A to D converter is set up as a peal( detecto! and an average detector. The 45
conparato! is sampled fo! the pea]< and average values, then the rms detecto! value is
read. The P/AR value ls computed by the receiver processo! software (410). Ihe galn
and dc offset of the hardware are corrected out by the AI0 software, before the P/AR
value is conputed. The P/AR value is passed to the systen processor via the shared
RAM for dlsplay or l/ot T/O,
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Phase and Amplitude Jitter

fhe retumed slgnal is input to Af where the 20 dB ampllfler is used 1l the s lg"naI is
less thEn -20 dBm. From Al, the sigral (SIGNL) goes to A2 where it goes tbrowh the
10 kIIz low pass fiLter and the phase Jitter filter before going to A/r on the PJF llne.
On A4, the slglal goes throwh the nsrrowband auto range ampllfier. The signal goes
to A8 for frequency measurement (AUT VB).

For amplitude Jitter, the signal goes to A5 on the AGC llne. On A5, the siglal goes
through the narrowband absolute value amplifier and then to A6 on tbe ABSIB llne. The
signal goes through either a 20 Hz or 4 Hz high pass filter depending on wbich nea-
surenent bandwldth has been selected. The amplitude jitter is neasured on A6 and the
result is sent to the receiver processor on the receiver data bus.

fhe phase jitter signal comes directly to A6 frorn A4 on the A@ line. The Bignal Soes
through elther the 20 Hz or 4 Hz phase locx loop dependlng qr whlch measure ent
bandwidth has been selected. The phase Jitter is neasured on A6 and the result ls
sent to the receiver processor on the receiver data bus.

0!l Ar, the signal also goes through the fuII wave average narrowband
deteetor for a leve1 measurement (FII^IANB) .

Phase Hits, Gain Hite and Dropouts

For these transient neasure0tents, the traDsmitter outputs a 100d Hz slgral.

The returned signal is input to A1. The AI attenuator or the A1 amplifier can be used
depending on the 1eve1 of the input signal. Ihe I ignal goes to A2 on the SIGNL Llne.
The signal goes stralght through 42 without Eny filter weighting and out to A4 on the
IltlDI Iine, 0n A4, the signal goes through a bessel filter before going through the
narrolrbsnd autorange ampllfier and the fine attenuator. fhe s lgnal leaves A/r on the
AGC line.

For phase hits, the slgnal on the ACC fine goes directly to the phase hit detector on
49. Phase hit lnformatiol ls returaed to the recelver processor on the receiver data
bus .

For gain hits and dropouts, the signal on the AGC line goes to A5 where the slgral
Soes through the narrowband absolute value amplifle!. For dlopouts, the signal leaves
A5 on the ABSIB line Hhich goes to the dropout detecto! on A9. For gain hits, the
signal goes through a'15 Hz bessel filter before }eavlng A5 on the F'nA3C llne. Tbe
FHASC liae goes to the galn hit detector on A9. Dropout and gain hit information ls
returned to the receiver processo! on the receiver data bus.

Impulse Noise

I{hen measuring impulse noise, the transmitter ean be either transmitting a 100/r Hz
signal or terminated with a quiet termination
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Ttre input sigral to A1 goes through A1 with the possibility of 20 dB attenuatidr or
the 20 dB araplifier switched in. The slgnal goes to A2 on the SIGNL liue. 0n A2,the
signal goes throwh the 1010 Hz notah filte! and the welghtlng filter that has been
selected, aad then out to A4 on the HSFI line. On A4, the slgnal goes thlough the
nideband autorange ampLifier and then out to A5 on the AUIOUI 1ine. olr Ar, the slgnal
goes through the Hideband absolute value amplifier and t'hen to AB on the ABSHB line.
The impulse noise detector is on A8. Impulse noise information ls transferred to A9
on the transient data bus, then lt ls sent to the reeeiver processor on the recetver
data bus .

Return Loss Measurements

For the sinewave retum loss measulement, the transuitter outputs a slgnal betereen 200
frz and,39p1 Hz. For mL, SRL-High and SRL-Lorr, a band-limited noisespectnm is used.

The returaed retunr loss s igral is input to A1. For two wire neasurements, the retum
loss bridge on AI8 is used and the 20 dB anplifier may be used. Frou A1, the s iglsl
goes to A2 on the SIOIL line. 0n A2, the slgnal goes through ttte 60 Hz highpass fll-
ter and the 10 kllz lolrpass filter before golng out to A4 on the HSFI Llne. On A4, the
signal goes through the Hldeband autorange amplifier before golng to A, on the AUTOIIT
Ilne. On Ar, the signal goes through the rms detector for a sig[al levet leading.

Noise Measurements

For the message circuit noise and noise to ground measurements, the transmitter is
quiet terminated. For the noise rrith tone and signal to noise measurements, the
transmitter outputs a LOOI, Hz signal.

Ttre retumed slgrlal ls input to AI where the 20 dB enpLifier can be used. The siglal
goes to A2 on the SIGI{L line. On A2, the 1010 Ez trotah fllter ls used to filter out
the tra[smltter sigaal (for noise with tone and signal to noise neasureuents ) so that
background noise can be measured in the presence of a tone. Ihe 10 dB amplifier may
be used, depeDding on the siEtral level.

The phase jitte" filter ls used @ the 1004 gz tone whlle tfie noise is routed through
the seleoted $relghtlng ftlter. Tlre noise sigaal goes to A4 otr the HSF1 1ine. Or 44,
tle Doise slgnal goes throwh the wideband routed through the nar!@rband autorange
anpllfler. On A5, the nolse component is measured wlth the rms detector and the tone
(if used) ls measured nlth tbe narrowband absolute value amplifler and the 5 Hz bessel
filter.

Intermodulation Distortion

Inter-Uodulatlon Distortion (IMD) is also referred to as [on-Llnear Dlstortion ( LD).
The trsnsmitter outErts tso tone pairs. Two tones are 6 Hz apart centeled at 860 Hz
and the other tBo tmes are 16 f,z apart centered at 1380 Hz.

The returrred signal is input to A1 where the 20 dB anplifier can be used fo! autorang-
ing. The s i$tal goes to A2 dl the SIGTL Ilne. ftr A2, the signal goes throwh the 60
Bz highpass filter and the 10 lrllz loflpass filter. Eere the sigtlal goes to t$o places,

For four-tole Ieve1 measurement, the slgnal goes through tbe phase Jltter fllter and
out to A4 on the PJF line. On A4, tbe signal goes through the narrowbatrd autorange
amplifier ard then lt goes to A5 on the AUTOUT line. orl A, it is measured with the
!.arrowband absolute value amplifier and the, Hz bessel fllter.
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For the distortion product measurements, frcht the 10 lrEz filter the signal goes to A3
on the IMDI line. On A3 the signal goes through notch filters rhlcb attenuate the
four tones by about 30 dB. 430 dB anplifier then does autoranging on the distortion
products, Tbe distortlon si8nal is sent through the appropriate distortiotr band
weighting fiLter.

fte s ignaL goes to A4 on the ILDL line. 0n A4, the distortion signal goes tirough the
wideband autorEnge amplifier and ttten it goes to A, on the AUTOUT 1ire, On A5, ttte
signaL is measured using the rms deteator.

Envelope Delay

Ilre transnltter outputs a signal between 300 llz and 1000 Ez (39OL gz with voicebaDd
linlt) anplitude modulated 50i by an 83 L/3 Ez signal.

Ilte returled slgnal is input to Al where lt goes throryh r{ithout any ampllfication.
The slgaal goes.to A2 on the SIG L liDe end leaves A2 on thr nSFl line with no filter
weightlng. On A4, the sl.gnal (tlSFI) goes throwh the rrideband eutorange amplifier.
fhe A4 output (AUTOUT ) is used in two places.

It goes to A, where the sighal level is measured throuth the wideband absolute value
aepUf ier and the 5 Hz bessel filter (FI{AtlB). AUTOITT goes to A7 where the delay ls
neasured. In the repeat mode, the 8, gz signal is sent back to the transmitte! for
signal correction.
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8-8. POWER-ON SELF CHECK

At power-on, the 4945A executes a series of self tests on the digital
and analog circuits. If the display is functioning, error codes are
displayed in the event of a hardware failure. The i-nstrument also
beeps and lights the front panel LEDs to indicate the passage of some
digital tests and to serve as an indication in ease the display
hardware is not functional.

Power-on LED and beeP sequence:

1. A10 CRI-LED on

2. Seven front panel LEDS all come on briefly, then flash and go off.
These LEDs are located next to Volume, Level, Freq., TRMT/RCV,
RCV/TRI'{T, and HoLD.

3. A11 passes Volume LED on and 1 beep

4. ALz passes Level LED on and 2 beeps

5. A13 passes - Freq. LED on and 3 beeps

6. Volume, Level, Freq. LED off

7. A10 CRl LED off

8. TRI-IT/RCV LED on

9. A10 CRl LED flashes

10. Display

Here is a description of the power-on test s€eu€nc€.

When the power is first turned on (reset), the receiver processor turns
on the LED on A10. The LED stays on for a couple seconds while the
system goes through its tests. If this LED does not come onr the
receiver processor (A10 U300) is not powering up correctly.

Also at reset, the system processor (on A11) begins its digital self
check. First, the RAIUI used for microprocessor stack operations is
tested (A11 U404). If this test fails the test stops and an error
should be reported if the display is functioning.

A11 Tests

Next, the system start-up RoM (A11 U604) is tested for the proper
checksum, location code and revision code. An error here also stops
the test and the appropriate error should be displayed. If there is a
critical failure there may be no display.
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The A11 tests continue with the programmable timer test (U606), PIA
test (U703) and the RAM test (U204).

If all the A1l tests pass, the 4945A beeps onee and the LED next to the
VOLUME key lights. If this LED does not light, suspect the A11 board.

AI.2 Tests

The memory on ALz is then checked, specifieally;

real time clock U308

RAM V404, U500, U4A2

non-volatile RAM - U106, U107

RoM U100, U200, U300, U400, U102, U302

If all the ALz tests pass, the 4945A beeps twi.ce and the LED next to
the LEVEL k.y lights. If this LED does not light, suspect the ALz
board.

A13 Tests

The following tests are performed on A13;

CRT controller U702

RAI'{ - U502, U503, U102, U203, U205 , U206, U305, U306,

If all the A13 tests pass, the 4945A beeps three times and the LED next
to the FREQUENCY key lights. If this LED does not light, suspect the
A13 board.

Besides the error codes, possible A13 errors can cause a false or
misleading display. It is possible to get the three beeps and the LED
indication and sti11 have a blank display. In this case, refer to
Display Troubleshooting .
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Receiver Tests

The system processor tests the read/write capability of the shared RAM,

U503 on A10. If the shared RAM test passes, the system interrupts the
receiver processor (NMI) and instructs it to perform the following
receiver tests.

o The LED on A10 (CR1) is turned off which indicates a successful
receiver interrupt, and that the receiver has begun its tests.

. The receiver processor tests its stack memory (A10 U505). If it
fai1s, the test stops and an error should be displayed.

. The A10 ROIIs are tested by calculating the checksums and
verif ying the location and revision code. The ROlu1s are tested in
the following order: A10 11607, U507, U407, U308, U307, U306 and
u305.

The receiver RAM is tested (A10 U405).

The read/write capability of the shared RAM is tested by the
receiver processor.

o The receiver processor tries to communicate with boards A,4

through A7 and A9. If it can not read or write to any of these
boards, a data/address bus problen is assumed and error should be
displayed. If communication is possible with at least one board,
appropriate errors are displayed which poinE to the boards that
did not respond.

o The receiver processor instructs the transients processor on A9
(U102) to perform its self check. It checks its own ROI"I (A9
U400) and RAM (A9 U600) and reports the results to the receiver
processof.

a The receiver processor performs a sinple check of the analog
circuits by measuri-ng the 1evel and frequency of a tone looped
back internally from the transmitter. This test is a quick check
of the instrument status.
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Upon completing these tests, the receiver processor sends any error
codes to the system processor for display. The error codes are sent
with a checksum to insure communication integrity. In addition, the
LED on A10 flashes on and off until the system acknowledges receipt of
the error code list. A flashing LED on A10 indicates that the
receiver/systen connmunication path is not complete.

In general, whenever the LED on A10 flashes, it indicates that the
system processor is not responding to an interrupt from the receiver.
In this case, there may be something wrong with the system processor
circuits or the interrupt 1ine.

Next, the system and receiver processors execute a dynamic read/write
test of the shared RAM (Af0 U503). They atternpt to write and read back
f rom the RAI'I simultaneously in a coordinated test. This insures thaE
the communications between the two microprocessor systems is entirely
functional.

If any Interface modules are connected to the 4945A, they are also
tested, and any errors are reported.

The system processor on A11 then checks the contents of the Al2 non-
volatile RAI'I (using the clrecksum) to determi-ne whether the "1ast setup"
information stored there was successfully recovered at povrer-on. If
not, the message "LAST SETUP NOT RETAINED" is displayed.

The system copies the table of calibration constants from non-volatile
memory into the shared RAI'I on A10, and instructs the receiver processor
to check the table (using the checksum). If the receiver determines
that the constants are correct, they are copied into the receiver RAM

and used for making calibrated measurements. If not, t.he message
"RECEIVER NOT CALIBRATED" is displayed. In this case, the receiver
uses the default calibration constants (which are stored in ROM) to
make all measurements until the 4945A is re-calibrated.
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8-9. POWER.ON SELF CHECK TROUBLESHOOTING
At power olr there are 3 naJor lndlcatlons of the statue of the power-on
gelf check. Tteae are the beep8, LEDs, and error codeg. A11 can be
used to deteruine the approprlate path for troubleghootlng.

NOTE ! To use the Free Run and SA PrograE Loops, and +5 volt Blgnatures
llsted below, refer to the follorrtng sectlona:

8-13.
8-r4.
8-15.
8-r6.
8-17.

POI'ER-ON SYMPTOMS

AlO CRl LED NEVER COMES

ON

SEVEN FRONT PANEL LEDS
COME ON AND STAY ON

AIO CRl LED FLASIIING
CONTINUOUSLY

BAD OR NO DISPLAY:

1. Did not pass power-
on Belf-tests

2. Paeaed porer-on
self-teE ts

DIGITAL TROUBLESHOOTING ( SIGNATI'RE ANALYSIS )
sysrElt pRocEssoR sA THEoRY (A11,A12,A13)
RECETVER PRoCESSoR SA TIIEoRY (A1-A10)
SYSTEU PRoCESSoR SA TABLES (A11,A12,A13)
RECEMR PRoCESSoR SA TABLES (A10,A9,A1-A8)

TROUBLESHOOTING APPROACII

Use A10 FREE RUN Loop A to check
the recelver procesaor kernel. ( Sec-
tlon 8-15. for theory and Free Run
pre-checks, and 8-17. for SA tables)

Poeslble systen proceaeor kernel
problen; Begtn by uelng A11 Free
Run Ioops A and B. (Sectlons 8-14.
for theory and Free Run pre-checks,
and 8-16. for SA tables)

Check lnterrupt LIRQ path frou A10
to A1l.

Check A11 syaten processor kernel by
uslng A11 free Run Loops A and B.
(Sectlon 8-14 for theory and free Run
pre-checks, and 8-16 for SA tables)

2. Use Al2 and Al3 Free Run Loops.
(Sectlons 8-14. for theory and Free Run
pre-checks, and 8-16. for SA tables)

I

3

I

Put A11 5406 tn poaltion 14 and A11TP2
tn NoRllAL posltlon. Check All ST2 and
SP2 (TP1-7ITP1-8). If they are toggllng,
take +5v slgnatures (Sectlon 8-14).

4. If they are not toggllng refer to
Sectlon 8-14.

Refer to Sectlon 8-11. DISPLAY
TROUBLESITOOTING.
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NO BEEPS

ERROR CODES ARE
DI SPLAYED

Error Codes 0xx- 6xx I

If the power-on self-tests pass (as
indicated by LEDs and a good display)
but the beeper does not sound, check
the following:

I

A13 u406
A13 U406

= 607H2 +- 90Hz
= L,245Hz +-185H2

pin 5
pin 9

I Look up the error code under the
"Error Code" table to identify the
failing circuit, and use the follow-
ing information for troubleshooting.

For error codes which are referenced
"SYSTEM", take the +5 V signatures
as described in Section 8-14. to de-
termine which SA loop to use.

For error codes r^lhich are referenced
"RECEIVER", go to Section 8-15 to
determine which SA loop to us€.
Receiver SA Loops are in Section 8-17.

For error codes which are referenced
"SYS/RCVR", either the System pro-
cessor and related boards, or the
Receiver processor and related
boards could be causing the problem.
Follow step 2 above first. If no +5
volt signatures fail, follow step 3.

For error codes which are referenced
"xxx FR x ", use the indicated Free
Run loops located in Sections 8-16.
(for boards A11-A13), or 8-17. (for
boards A9 and A10). Also refer to
Sections 8-14. and 8-15. for the
corresponding theory and Free Run
pre-checks.

For error codes which are referenced
"IRQ", eheck the IRQ circuitry on
A10 and A11. Also A10 Free Run Loop
A can be used. (Section 8-15. for
theory and Free Run pre-checks, and
8-17. for Sa tables).

This failure eould be caused by any
of the transmitter or receiver
boards. To isolate, refer to the
Systen Block Diagram, and board
block diagrams and schematics. The
following procedure will help to is-

2

3

4

5

Error Code 700
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Error Codes 8xx- 9xx 1

the problem. Diagnostic Mode 14, 1o-
cated in Section 8-34., can also be
used for troubleshooting.

Loop the TRMT Tip and Ring to
the RCV Tip and Ring.

Select the LEVEL FREQUENCY test
under TEST Selection. A 1004 Hz

signal should be tranmitted with
a variable amplitude ( amplitude
is dependent upon the LEVEL sel-
ected).

Check the TRMT jack with a scope to
see if the 1004 Hz is being trans-
mitted. If it is, the transmitter
section must be good, and the prob-
lem must be in the receiver section.
To troubleshoot the receiver section
refer ro LEVEL/FREQUENCY MEASUREMENT

located in Section 8-5. This will
describe which receiver circuits and
boards are used during the Level
Frequency test. Use this information
to follow the transmitted signal
through the receiver boards.

If the transmitted signal is not
present at the TRMT jack, €ither one
of the transmitter boards are bad,
or the path from the A18 transmit-
ter output to the A58 Front panel
jack is bad. Check for the signal
at A17 TP3 to half split the trans-
mitter. If the signal is present
here, the problem is either the
output stages of AL7, A18, or the
path to A58.

If the signal is not present at A17
TP3, check for it at the A17 i.nput,
and refer to Section 8-12. Trans-
mitter troubleshooting.

For T/O error codes, use the
Free Run flO Troubleshooting
in section 8-18. Proceed on if
necessary by using the individual
I/O module troubleshooting ( ie.
RS232 Troubleshooting) .

1

2

3

4

5
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Error Codes

Power-on self check errors are displayed as they occur. The test
program discovers and displays as many errors as possible before
arriving at a point where further testing is pointless. If a key is
pressed when the test program has stopped, the instrument attempts to
go on with the tests.

An example error code display is shown below.

POWER-ON SELF CHECK ERRORS

008 013 113 2L3 404
605 606 700 etc.

The error codes are three digits and are divided into several error
groups as shown below.

Error Code Groups

0xx
1xx
zxx
3xx
4xx
5xx
6xx
7xx
8xx
9xx

ROM checksum errors
ROM location code errors
ROM revision code errors
RAM write/read errors
system peripheral hardware errors
system IRQ line errors
recei-ver digital hardware errors
analog hardware errors
interface errors, port 1
j-nterf ace errors, port 2

Here is a summary of the self check error codes, a description of
each circuit tested and the possible failure.

Code Circuit tesEed lf.ailure Reference

000
001
002
003
004
005
006
007
008
009

Bank
Bank
Bank
Bank
Bank
Bank
Bank

Al1 U604,
AL2 U100,
Atz u200,
ALz U300,
Atz u400,
ALz U102,
At2 u202,
ALz U302,
ALz U104,
ALz U204,

oM (2000-5FFF)
0M (2000-5FFF)
0M (2000-5FFF)
oM (2000-5FFF)
0M (2000-5FFF)
0M (2000-5FFF)
0M (2000-5FFr)

system start-up ROM -
Iutain ROM ttL ( 6000-9FFF )
Main ROI'I tlT ( A000-DFFF )

bad
bad
bad
bad
bad
bad
bad
bad
bad
bad

checksum
checksum
checksum
checksum
checksum
checksum
checksum
checksum
checksum
checksum

System
al

il

t!1R
2R
3R
4R
5R
6R
7R

System
It

ta

tt

lr

It

B-27



011
0L2
013
014
015
016
0L7
018

100
101
LO2
103
104
105
106
L07
108
r09
111
tL2
113
LL4
115
116
It7
118

200
20L
202
203
204
205
206
207
208
209
2LL
2L2
2t3
2L4
2L5
2t6
2L7
218
219

At2
AL2
AL2
AI2
LL2
AL2
AL2
A10
Al0
A10

u300,
u400,
uI02,
u202,
u302,
ul04,
u204,
u607 ,
u507,
u407 ,

A10 U6O7, recej-ver ROM

A10 U507, receiver ROM

A10 U407, receiver ROM

A10 U308, receiver ROM

A10 U307, receiver R0I"1

A10 U306, receiver ROM

A10 U305, receiver ROM

A9 U400, transients boa

All U604,
AL? U100,
ALz U200,
ALz U300,
ALz U4OO,
ALz U102,
ALz U202,
ALz U302,
Atz u104,
ALz U204,

A10 U507, receiver ROM //2
A10 U407, receiver ROM lt3
A10 U308, receiver ROI{ ll4
A10 U307, receiver ROM ll5
A10 U306, receiver ROM 116

A10 U305, receiver ROM ll7
A9 U400, transients board

(E000-FFFF) bad checksum
(C000-DFFF) bad ehecksum
(A000-BFFF) bad checksum
(8000-9FFF) bad checksum
(6000-7FFF) bad checksum
(4000-5FFF) bad checksum
(2000-3FFF) bad checksum
ROM - checksum error

RoM (2000-5FFF)
RoM (2000-5FFF)
RoM (2000-5FFF)
RoM (2000-5FFF)
ROM (2000-5FrF)
RoM (2000-5FFF)
RoM (2000-5FFF)

( c000-DFFF )
( A0oO-BFFF )
( 8000-9FFF )
( 6000-7FFF )
( 4000-srFF )
( 2000-3FFF )
ROM

(E00o-FFFF )
( c00o-DFFF )
(A00O-BFFF )
( 8000-9FFF )
( 6000-7FFF )
( 4000-5FFF )
( 2000-3rFF )
ROM

)-

loc. code
bad 1oc. code
bad loc. code
bad 1oc. code
bad loc. code
bad loc. code
bad 1oc. code
bad loc. code
bad loc. code
bad loc. code

bad
bad
bad
bad
bad
bad
bad

loc.
loc.
loc.
1oc.
1oc.
1oc.
loc.

bad
bad
bad
bad
bad
bad
bad
bad
bad
bad

code
code
code
c.ode
code
code
code
code

rev. code
r€v. code
rev. code
rev. code
f€v. code
rev. code
rev. code
rev. code
f€v. code
fev. code
bad reV. code
bad r€V. code
bad rev. code
bad r€v. code
bad rev. code
bad r€v. code
bad r€v. code
bad r€V. code
bad r€V. code

Recei-ver

A9 FR A,B

Systen

A9 FR A,B

System

Receiver

A9 FR A,B
AlO FR A

llL
ll2
lt3
ll4
lls
It6
tt7
rd

tl

ll

li

ta

system start-up ROM - bad
Main ROM tll ( 6000-9FFF ) -
Main RoM ltz ( A000-DFFF ) -
Bank 1 RoM (2000-5FFr)
Bank 2 ROI"I ( 2000-5FFF )
Bank 3 RoM (2000-5FFF)
Bank 4 RoM ( 2000-5FFF )
Bank 5 R0l{ ( 2000-5FFF )
Bank 6 ROI'{ ( 2000-5FFF )
Bank 7 ROM (2000-5FFr)

tt

it

ll

it

ReceiverA10 U607, receiver ROI{ ttl (E000-FFFF) bad loc.
l,

tt

al

tl

li

ll

A11 U604, system start-up ROM

ALZ U100, Main RoM lf L ( 6000-9FFF )-
ALz U200, Main RoM ltT (A000-DFFF )-

Bank I
Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

receiv
receiv
receiv

er ROM

er ROM

er ROI{

A10 U308, receiver ROM

A10 U307, receiver ROM

Al0 U306, receiver ROM

Al0 U305, receiver ROM

A9 U400, transients boa
receiver software (over

ttt
ll2
It3
ll4
Its
lt6
tt7
rd
all

it

ll

ll

ta
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300
301
302
303
304
305
306
307
308
309
310
311
3L2
313
tr4
315
316
317
318
319

u404,
u503,
u106,
u404,
u500,
v402,
u503,
u405,
u505,
u503,
v204,
u502,
u503,
u306,
tJ206,
u305,
u205,
u203,

400
401
402
403
4Ott

600 recelver dlgltal bus
throu8h A7 or A9

6Oq receiver cannot talk
605 recelver cannot talk
606 recelver cannot talk
607 recelver cannot talk
609 recelver cannot talk
610 recelver cannot talk
611 recelver cannot read
612 receiver cannot read

bad - cannot talk to boards A4

ro A4
ro A5
ro A6
to A7
to A9 (handshake error)
to lnput buffer (A9 U502)
output buffer (A9 U402 )
output buffer (A9 U302 )

All
A10
A12
412
A12
AL2
A10
AIO
A10
A10
A11
A13
A13
A13
A13
A13
A13
Al3
Al3 U102, dlsplay RAlt (bank 0, 5800-5FFP) - R/W error
49 U500, rranalenrs RAM - R/ll error

All U606, progrannable tloer error
All U703, PIA error
not uged
Al2 U308, real tlne clock error
Al3 U702, CRT controller error

systen STACK RAll (0000-07fF) - R/W error Syster
systeu SHARED RAI,i (0800-0FFF )- R/t{ error Sys/Rcvr
U107, systen RA!{ (f400-17FF) - R/II error Systeo
systeE RAM (f800-lpFP) - R/l{ error
Bysten RAll (E000-E7PF ) - R/ll error
systen nA!, (E800-EFF8 ) - R/ll error
recelver SHARED RAl..t (0000-07Ff) - R/I{ error Sys/Rcvr
recelver RAl,t (0800-0FFF) - R/W error Receiver
recelver STACK RAl,{ (1000-17fP)- R/I{ error
syater/recelver SIIARED RAM - dynaolc R/W error Sys/Rcvr
systen RA!, (bank 0, 2000-27FF) - R/I,l error Systen
character RAll (bank 0, 2800-2BFF) - R/I{ error
attrlbure RAll (bank 0, 2C00-2FFF) - R/I{ error
dlsplay RAlt (bank 0, 3000-37FF) - R/U error
dlBplay RAM (bank 0, 3800-3rFr) - R/l{ error
dlsplay RAM (bank 0, 4000-47F8) - R/W error
dlsplay RAll (bank 0, 4800-4FFr) - R/t{ error
display RAM (bank 0, 5000-57ff) - R/I{ error

500 systeE IRQ error - systeE IRQ llne 18 held lou
(Al1 U701, pln 4):

501 recelver fails to wrlte anythlng lnto SIIARED IIAM
A10 U503

5O2 recelver writes lncorrectly lnto SHARED RAl,l (A10 U503)
503 recelver does not respond by pulltng on the systen IRQ

Ilne (Pl pln 9 on A10 and Al1)
504 systen IRQ error - Eysten IRQ llne (drlven by A10)

does not functlon properly (Pl pin 9 on A10 and AII)
505 power-on self check data recelved fron the receLver

proceaaor uaa sent $lth a bad checkEun

Recelver

Systen

A12 FR A
Systen

IRQ

Sys/Rcvr

AlO FR A
IRq

IRq

AlO FR A

Recetver
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700 analog hardware error

Interface Error Codes

Port 1

800
801
802
803
804
805
806
807
808
82A
82t
822
823
824

Port 2

900
901
902
903
904
905
906
907
908
920
92r
922
923
924

RS-232 I/O processor internal RAM read/write error
RS-232 ROI"I Checksum error
RS-232 External RAM error (U202)
RS-232 UART internal loopback error
HP-IL I/O processor internal RAI'I read/write error
HP-IL ROM Checksum error
HP-IL system can not read/write to HP-IL chip
HP-IB I/O proeessor internal RAM read/write error
HP-IB ROM Checksum error
Invalid code read from interface
status bit fails to go true after 55 hex written
55 hex code written to TlO, AA hex code not read back
staus bit fails to go true after AA hex written
AA hex written to T/O, 55 hex not wrtitten back

RS-232 I/O processor internal RAM read/write error
RS-232 ROM Checksum error
RS-232 External RAM error (U202)
RS-232 UART internal loopback error
HP-IL I/O processor internal RAM read/write error
HP-IL ROI'I Checksum error
HP-IL sysEem can not read/write to HP-IL chip
HP-IB I/O processor j-nternal RAM read/write error
HP-IB ROM Checksuur error
Invalid code read from interface
status bit fails to go true after 55 hex written
55 hex code written to IlO, AA hex code not read back
status bit fails to go true after AA hex written
AA hex written to TlO, 55 hex not written back
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8-10. KEYCODE TROUBTESHOOTING
Use this procedure if the keys on the front panel are inoperative or if the
wrong functions are performed when a key is pressed.

The circuits involved are the front panel, the A25 board and the PIA chip
on the A11 board.

If keycode problems are suspected, first check the keycode lines coming into
the PIA on A11. Use the table below to check the codes for the suspect keys.
Put the A11 board on an extender board. You have to press a key to see the
codes.

Press
Key PIA pin 17 16 15 L4 f3 12 11 10 Hex Code LED Lit

Not Used
Up
Down

VOLUI{E
LEVEL
FREQ

SK2

SK1
Not Used

ENTER

Not Used
Not Used
RCV/ TRMT

TRMT/RCV
7

2

SK7
4

Normal Disp
8
9

Spec Disp
SK5
SK4

SETUP

SK3
SK6

1

0
AUTO SEQ

TEST SEL

c9

0
1

0
1

0
I
0
I
0
1

0
I
0
1

0
1

0
I
0
1

0
1

0
1

0
I
0
t
0
I
0
1

0
1

0
1

0
1

0
0
I
I
0
0
1

1

0
0
1

1

0
0
1

I
0
0
1

I
0
0
1

1

0
0
1

I
0
0
1

1

0
0
1

1

0
0

0
0
0
0
1

1

1

1

0
0
0
0
1

1

1

I
0
0
0
0
I
1

1

1

0
0
0
0
1

1

1

1

0
0
0
0
1

1

0
0
0
0
0
0
0
0
1

1

1

1

1

1

1

I
0
0
0
0
0
0
0
0
1

1

1

1

1

1

1

I
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

I
0
0
0
0
0
0

0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
1

1

I
1

1

1

Used
6

3

5

K8

Not

S

CO

C1

C2

C3

c4
C5

c6
C7

C8

CA

CB

CC

CD

CE

CF

DO

D1

D2

D3

D4
D5

D6
D7

D8
D9
DA
DB

DC

DD

DE

DF

EO

E1
E2
E3
E4
E5

CR5

CR6

CR7

CR2

CR3
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The keycodes have the following format.

MSB LSB

LIRO

H KEYSTB

The upper two bits must always be high for a keycode to be processed.

If bits 0 through 5 are bad, trace the keycode back through U604 and the
encoders on A25. Also check the actual input key line to verify the key
operation.

If bit 6 is bad, the problem is on the A11 board.

follow the HKEYSTB line back through U504, U502 and tJ402If bit 7 is bad,
on 425.

Some keys cause front panel LEDs to 1ight.
Verify that the front panel LED-S light when the appropriate key is pressed.
If the LED-s do not light or are always 1it, check U706, the PIA, RP806
or the LED.

If the LED is suspect, it is recommended that an LED tester be used to verify
it first, due to the high cost of disassembling the front panel.
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8.11. DISPLAY TROUBLESHOOTING
Bad or Blank Display

There are two catagories of problems that can occur with the 4945A
display. These are the "no display" condition, where the screen is
completely blank, and the "bad display" condition. A "bad display"
includes such conditions as no vertlcal deflection, no horizontal
deflecti-on, and the many different varieties of garbled displays.

A11 of the above conditions can be caused by either the A19 CRT Driver,
the A13 Video Generator, the Power Supply, or the A11 System Processor.
If the System Processor is bad the 4945A can not pass the Power-On Self
Check. Refer to "P0WER-ON SELF CHECK" to determine if the instrument
is passing the power-on self check. If it is not, refer to the "POWER-

ON SELF CHECK TROUBLESHOOTING" procedure. If the instrument is passing
its porrrer-on self check, use the troubleshooting procedure below.

TYoubleshooting Procedure

1. To begin isolating the problem, begin by verifying the power
supplies.

Set the A19 test switch, 5100, located towards the rear of the
instrument, to the test position. A full inverse video raster
should appear. If no raster appears, suspect the A19 boar:d. Check
the waveforms given by the A19 schematic diagram.

3. If a raster appears with the A19 test switch in the test position,
suspect the A13 board. With the test switch sti11 in the test
position, check the following:

Check the following signals on A13

TP1-2 LIS =1I"IHz
TP1-3 VID = toggling between TTL levels
TPl-1 VDC=B MHz

U300 pin 3 = toggling between TTL levels
TP1-5 VSYNC = 67 Hz

TPl-6 HSYNC = 20 KHz

If these signals are good, proceed with the SA Program Loops for A13
the System Processor SA Tables section.

If any signals are bad, refer below:

If L/S is bad, check LD/SH from the A11 board and folI.ow
the signal through the A13 Delay circuit, U403, U404, and
u600.
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vDc If VDC ls bad, check the Dot Clk slgnal from the All
board and follow the eignal through A13 lnverter
u500.

If VSYNC ls stuck hlgh or low, check for shorts to
.F5 or ground.

Check the CRTC by uslng SA Progran loop 3c ln Sectlon
8-16. VSYNC ls an output of the CRTC, and only goes to
the Character Generator and A19. SA Progran Loop 3c uaes
the Systen Proce6sor to check the CRTC by dolng a
R/W test ro an lnrernal reglster of the CRTC. It 1s
only posslble to check one of nLneteen lnternal
reglsters, houever. If all slgnatures for Loop 3c
are good, auspect a bad CRTC or VSYNC trace probleD.

If ttSYNC ls stuck hlgh or Iow, check for short8 to
*5 or ground.

Check the CRTC by uslng SA PrograD Loop 3c lfl Sectlon
8-16. HSYNC ls an ourput of the CRTC, and goes to one-
shot U100. SA Progran Loop 3c perforns a read/wrlte
teat of the cRTc. If all slgnaturea for Loop 3c are
good, suspect the CBTC or a HSYNC trace probleo. If
HSYNC ts good at the CRTC, but 18 bad at TPl-8, sus-
Pect u100.

If VID ls stuck hlgh or Lorr, check for shorts to +5
or ground.

VID 18 the serlal dot pattern fron the character
generator and goes through a level shlfttng and lnvertlng
clrcuit, U300. If lt 18 toggllng between TTL levels at
TPl-3, but not at U300 output, Buspect U300.

It ls possible for VID to be toggllng at both TPl-3 afld
U300 pln 3, but stlII be nrong due to probleDs t,lth the
character generator or lta control clrcultry. use sA Pro-
graE Loop8 13a and l3b ln Sectlon 8-16. to check thls
clrcuitry.

If VID ls not toggllng at TPl-3, uee SA Progran Loope 13a
and 13b ln Sectlon 8-16.

VSYNC

ITSYNC

VID

,1



Teat Pattern

The 4945A test pattern ls 6horm below rrith a descrlptlon of each area.
To access the pattern, preBs TGST PATIERN ln the Callbrate/Self Check
Denu under Setup.

Charader ROM Revision

Cherader Set

System Software Revision code

Atlributa Fealur6s
Elank Blinking,
lnversa Vidso
Normal

Graphics Oot Pattsrn

If the test pattern
Inproper atrange or
bue errore on Al3.
Proceseor SA Table8

4945A Tert Plttern

la correct, then A13 and A19 are functlonal.
ols8lng charactere lndlcate a faulty Roll or addresg
Refer to A13 SA progran loops lfl the "Systeo
(A11, A12, A13)" to trouble8hoot.

8-r2. TRANSMITTER TROUBLESHOOTING (A14, A16)

Dlagnostlc nodes 6, 7 and 8 te6t the transoitter operatlon and can be
u8ed to trouble6hoot the two no8t coDplex transnitter boarda, A14 and
415.

Uode 6 tests the o8clllatore and clock frequencles used by the
tranBoltter. A procedure to check the A14 clocks and clock select
clrcults 1s glven ln the l{ode 6 descrlptlon.

Once the clocke are worklng, llode 7 can be used to check the A14
ayntheslzer and the operatlon of the RoI,t and D-to-A clrcults on A15.
In thle oode you can lsolate probleua to A14 or A15 by reoovlng A15 and
verlfylng A14 operatlon flrst. If Al4 1g alrlght, plug A15 back ln and
contlnue trouble8hootlng on A15. A procedure to check the A14
synthealzer and the Al5 ROU ls glven ln the l{ode 7 deacrlptlon.

Mode 8 perforne further checka on A14. It checks all four addressee of
the A14 frequency latches. A procedure to check the latch addresslng
1s glven ln the l,lode 8 descrlptlon.

09 28-83 10:37 8r

CBt MITE,SELF-CHECK -

rlllllllllliiiil

I 0.1
rL .l

h0!L (9U)

PFv a0!E: 0.2
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Fartexntu
PSTlEPH

T

5

67 B9:

\TtlP tlH
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ffirx
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0123
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8-13. DIGITAL TROUBLESHOOTING
(SIGNATURE ANALYSIS)
Signature analysis is an integral part of the 4945A troubleshooting
procedures. The HP5005A Signature Iulultimeter presents digital
signatures with a four-character display on its front panel. The
characters presented are special hexadecimal numbers (0-9 and ACFIIPU)
which are converted from the residue in a Cyclical Redundancy Code
(CRC) shift register in the I1P5005A after START and STOP signals have
bee.r received. The last six syurbols are not the common hexadecimal
symbols ABCDEF because the seven segment display cannot show a B or D

that would be differenL from an 8 or O respectively. The number of
datar bits between the START and ST0P signals can be 1 to infinity.

Ir. order to produce stable, valid signatures:

1) Signatures are dependent both on the data and the tirning of the
input bit stream.

2) The circuit under test must provide its own stimulus to create
the bit stream.

3) Circuits are tested with SA while running at normal operating
speed.

4) The bit stream must be periodic in order to yield a stable sig-
nature.

5) In order to be useful, signatures must be repeatable from unit
to unit.

6) The data of the input bit stream must be repeatable, and must be
the Eame each time between the starL and stop transitions.

7) The timing of the input bit stream must also be repeatable. Cir-
cuits which employ RC timing delays or one-shots will not produce
repeatable signatur€s.

'8) The input bit stream must be at a valid logic level at the instant
of the chosen clock transition. For the 6800 microprocessor-based
instruments, this implies using the negative edge of the clock 02.

Implementing Signature Analysis on the HP4946AI

I. FREE RUN MODES used to verify the kernel:

o Isolates the microprocessor from the data bus

a Forces a "CLRB" instruction to the microprocessor

. Provides pull-up resistors on the data bus

o Disables all RALI (non-repeatable data)

In the FREE RUN modes, the microprocessor cycles repeatedly through its
entire address field exercising the address decoding logic and reading
the data stored in ROM. Stable signatures will verify the correct
operation of the address and data busses, the address decoding logic
and the ROMs.
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II. SA PROGRAM l"lODES used to verify all I/O ports

In the SA PROGRAM modes, the microprocessor runs a special program which
is designed to exercise all of the digital circuits outside of the
kernel. The program "wi.ggles" all of the digital lines that it can in
a repeating pattern in order to produce stable signatur€s. Signals
which can be used for START and STOP inputs are also driven by the SA
PROGRAM.

4945A SA PRE.CHECKS AND USE

CAUT ION

When using any Signature Analysis on the 4945A be aware of the
following in order to insure that bad signatures are the result of a
true failure, and not are not due to improper use of the signature an-
alyzer.

1. ALWAYS ground the SA probe as some of the 4945A SA loops are sen-
sitive to ground problems.

2. ALWAYS cyele the power when changing qualifiers within an SA 1oop,
or when changing any part of the signature aaalyzer set up.

3. ALWAYS check at a *5 volt TP for the given *5 v reference before
proceeding to take any signatures. If the +5 v reference signature
is bad this indicates that the start/stop window has been changed
due to a failure. In tests that loop on fail, this indicates that
either a portion of the test has failed and is looping on failure,
or that the start/stop circuitry needs to be troubleshot. In tests
that are not loop on fail, the start/stop circuitry needs to be
troubleshot.
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8-14. SYSTEM PROCESSOR SA THEORY (A11, Al2, A18)

Slgnature Analyele 1g avallable for All, A12, A13 and part of A10 and
can be dlvlded lnto 2 baalc nodes. These are the Free-Run node and the
NorEal llode. A11 TP2 le ueed to select elther of these Eodes.

llhen TP2 ls ln the NorEal positlon, a four po8ltlon dlp roeker Brltch, All
3405, ts used to blnary select elther the Noroal operatlon node of the
lnstrunent (posltlon #0) or any of flfteen dlfferent SA prograE loopg
(posltlons #1-15) for troubleshootlng.

When TP2 ls 1n the Free-Run po8ltlon, SA can be ueed to check the 6y8ten
proceaaor kernel on A11, and lta acceas of the A12 and A13 boards.

Followlng 1s a descrlptlon of both the Free-Run node, and the 15
different SA prograo loopa avallabe ln the Noroal node, as neIl ae
sone pre-checks that should be nade before atteDptlng to use any of
the SysteE Proce66or SA.

SYSTEM PROCESSOR SA PRE.CHECKS

Before uelng any of the SysteD Processor Freerun or SA Progran
Loops, check the followlng. These elgnals are critical to op-
eratlon and fallurea here w111 have to be troubleshot flrBt.

Note: All IC and te8t point referencea are on A1l.

1. Cheek the lllHz PIiI l and PIII2 clocke ulth a scope.

PHII: U203 ptn 6, U205 pln 6, U701 pln 3

PHI2: U2O3 p1n 10, U205 pln 8, U701 pin 37

2. Check the other clock8 llsted below rrlth a counter.

Check Prequency llnenonlc

U202 p1n 6 ENABLE

U202 pln 9 I MHz ttI,E

U302 ptn 7

1 MIlz

1 MHz

I UHz

LI{RE

U3O2 pln 10 I MHz LTRANSEN

U103 pln 10

U103 ptn 6

U102 pln 6

U1O0 pln 10

8 MItz DOTCLK

LDlSIT

I MIlz CIICLK

U102 p1n 9 I MHz LWEI3

X!,ITCLK16 kHz
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A11 TP2 in Free Run Position

When All TPZ is put into the Free Run position, the System Data Bus
(SDO-SD7) path to microprocessor U701 is opened by pulling the Data
Buffer-s enable 1ineru803 pin 19, high. D7 and D5 to the processor
are also pulled low through CR3 and CR4, and JU602 is removed to
disable any interrupts to the processor.

If the processor clocks and supply voltages are correct, the processor
should try and execute a read cycle when powered oo. Because D7 and D5
are pu11ed low, it will read a $5F instruction, which is a "CLR B" for
the 6800 processor. This will clear the contents of accummulator B,
and the processor will increment its address and attempt to do another
read. Because the System Data Bus has been disabled through the Data
Buffer, the processor will continually read the $5F instruction and
then increment its address. In this manner, the processor is made to
cycle through its address range, and the System Address Bus and Address
Decode Circuitry can be checked using SA. The System ROM U604 and the
System Data Bus can also be checked by qualifying on the ROM enable pin
18. While the Free Run loop is executing, some circuitry can be
checked on A12 and A13 also. Below is a summary of the circuits on
A11, A:.2, and A13 which can be checked during Free Run.

System Processor Free Run Loops

A11: Free Run Loop A Checks: 1. System Address Bus , Ad-
dress Decode Circuitry.

Free Run Loop B

AL2z Free Run Loop A

1. ROM Data and Data Bus.

1 System Address Bus after
it is buffered on A12.
System Data Bus on both
sides of ALz Data Buffer
XCVR.
Control lines generated
by Alt after they are
buffered on A12 by Control
buffer.
Various decode circuitry
Control lines to Real Time
Clock.

2

A13: Free Run Loop A Checks: 1. System Address Bus through
A13 Address Multipl€x€rs.
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SYSTEM PBOCESSOR FREE RUN LOOP PRE.CHECKS

Before uslng any of the Systen Proceasor Pree Run Loopa, check the
followlng crltlcal slgnals. Fallures here n111 prevent the trree
Run loops froD operatlng, and w111 have to be troubleshot flrst.
Conflgure the A11 board for FREE RUN by settlng the TPz

JuEper to FREE RUN and renoving JU602.

Check the slgnal8 lleted below.

U701 pln 4 (IRq) should be hlgh.

U70l pln 6 (NlrI) should be high.

UTO1 ptn 2 (HALT) should be hlgh.

U70l p1n 40 (RESET) should be hlgh.

U701 pln 34 (UR/I{) should be hlgh.

Press the re8et swltch and releaee lt; U701 ptn 40 ehould go
low nornentarLly after the sldtch 1e released. U804 pln 16
should do the aane thlng.
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A11 TPz in Normal Position

During NorDaI operation of the instruxnent A11 TP2 should be in the
Normal position and 5405 should be in the 0 position. SA stiuulus is
avallable for varlous clrcuits on A11, A12, A13, and part of A10, by
changing the setting of S406.

Although S406 is physically marked L234
open

it is used to binary

select 15 different
and closed = 0.

Following is
to use them,

a description of each of
and some SA program loop

the SA program loops, how
pre-checks.

positions for SA Program loops, where open 1

Binary Equivalent

I'{SB L SB

B 421

t234
o pen

SYSTEM PROCESSOR SA PROGRAM LOOPS PRE.CHECKS

Before using any of the System Processor SA Program Loops, do
t he f o 11ohri ng .

Verity the SA Loop hardware by setting S406 as shown be1ow. Set
All TPz to Normal position.

o

oaa
OPEN

With an oscilloscope, check TP ST2 and SPZ for a waveform with
approximate frequency of 13 klP.z. The signal-s high time should
approximately 56 microseconds and the 1ow time should be
approximately 2L nicroseconds.

position L4

an
be

If ST2 or SP2 are not correct, none of the System Processor SA

Program Loops can be used, as these signals are used for start and
sEop. Check A11 S406, U804 Buffer, R706, and Ehe PIA U703.
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USING ATT gA PROGRAM LOOPS

5406 positlons I through 12: Systeo Proceeeor SA Prograo Loopa 1-12
are loop on fall tests (except part of SA prograu loop 3 Bankselect
test). IIhen a fallure occurs 1n these teata, the portlon of the test
that lB falllng w111 be repeatedly executed. If thls happens other
clrcult8 nordally tested ln that loop u111 not be exerclsed.

5406 posltlon 133 Posltlon 13 of S406 generatea a test pattern that ls
used to test the A13 RAM and External Cheracter RoU. It 18 not a loop
on fall test.

5406 posltlon l4: Posltlon 14 of 3406 1s used to verlfy the start/stop
blts used durlng the SA prograD loops, as explalned under "SYSTEII
PROCESSOR SA PROGRAI.I LOOP PRE-CHECKS"

3406 poeitlon 15: Posltlon 15 of 5406, "A11 Tests", 16 a conposite of
all the SA proSraE loope perforned ln 5406 posltlonB 1-12. It ls not a
loop on fall test, and therefore can be uEed to exerclae all posslble
clrculta, regardleee of fallure. Slnce "Al1 Tests" 18 a coDpo6lte loop
lt 18 long and signatures are VERY Blow to etablllze (approxlnately 30
seconds ) .

How to us€ SA hogram Lops

If a fallure occurs durlng executlon of a loop on fall test, the
clrcult that 16 falllng can be checked ln that loop. Other circuits
norually tested 1n that loop can not be checked ln that loop whlle lt
la looplng on failure. It nay be advantageous to look at these other
clrcluta, or addresE and control llnes to the falllng clrcult. To do
thle 3406 posltlon 15, 'A11 Tests", oust be u8ed. The Free Run loops
can alao be ueed to check address and control llnea.

The SA prograu loops are labelled and Bequentlally organlzed accordlng
to the 5406 posltlon used in the loop set up condltlons. Each SA pro-
gran loop 1-12 (excludtng loop 11) has a 5406 posltlon 15 counterpart
loop. Theee posltlon 15 loops (loope 1:15 through 12:15) are Justsnall chunks of the "A11 Tests" loop.

+6 VOLT SIGNATURES

Because of the loop on fall nature of nany of the SA prograD loops, .} 5
volt BlSnaturea can be taken whlle Bequentlally stepplng through 5406
po8ltlons. The resultlng + 5 volt slgnatureB nt}l glve a go/no go
lndlcatlon of rrhether a test 1a falltng.

To take the + 5 volt slgnatures, set the slgnature analyzer as ll8ted
below and step through each of the 3406 poeltlona. If a bad * 5 volt
slgnature ls found, use the assoclated SA progran and posltlon 15
counterpart loops. ALWAYS begln troubleshootlng by u8lng the FIRST + 5
volt slgnature fallure encountered.
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+5 VOLT SIGNATI,'RE TABI,E

The + 5 v algnature6 llsted below are taken on the +5 volt TP on All
t lth the Signature Analyzer ln the Norual Mode and connected as
followe:

A11tP2 ln Nornal All JU5O2 Reroved

START

STOP
CLOCK

sr2 TP1-7
sP2 TPl-8
CLK1 TPl-l

rlslng edge
falllng edge
rlslng edge

All s406
SWITCII POS

+5V
SIGNATUBES

BOARD

TESTED

SA

PROGRAI.I

LOOP # CIRCUITS TESTED

DECIMAL BINARY

1. 98F9 LOOP 1,
1:15

L00P 2,
2tL5

L00P 3a,
3a: l5
3b,
3b315

A11 A11 SYSTEU ROU

A11 SYSTEM RAII

A11 PERIPHERALS:
PIA, PTl,l, BANK-
SELECT, LED DRI-
VER CIRCUITRY

2

OPEN

OPEN

OPEN

OPEN

LoOP 3c,
3c: 15

A13 CRTC

c627 A11

C6FF A11

A13

267 L At2

9ITUIT Al2

3

o

4 LooP 4,
4: 15

L00P I,
8: 15

LooP 7,
7: l5

A12 ltArN Rolts

A12 BANK
1[2 BO]1

A12 BAI{K
3&4 Rou

A12 BANK
7 ROM

5 LooP 5,
5315

AL2 LOOP 6,
6: l5

8U89

8u89 At2

At2

6

7 BANK
ROM

A1
5E

2
6

l:l

n

n

o

aa

a aa

aaa 2A78
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9 ao

a o
OPEN

aa
oo

OPEN

a

a ao
OPEN

ao
oo

OPEN

a

oa o
OPEN

a

ooo
OPEN

aooo
O PEN

UPCO

500A

86H2

3s77

AF 3A

i{F 36

N/A

A10

AL2

AL2

A11
A13

A13

All

Al0, A11 ,
A12 , A13

LOOP 9,
9: 15

L00P 10,
10:15

N/A

LOOP L2a,
LZa:15,
Lzb,
12b : 15

LOOP 13a,
13b

N/A

N/A

SYSTEM ACCESS

OF A1O SHARED
RAM

ALz RAM

NOT USED FOR

SA/USED TO

TUNE RTC OSC.
ON A12

SYSTE},T ACCESS

OF A13 RAM

TEST PATTERN
FOR A13 RAM

AND EXTERNAL
CHAR. ROM

USED TO VERIFY
START/STOP BITS
(sr2 AND sP2)
FOR SA PRO-
GRAM LOOPS

ALL CIRCUITS
EXERCI SED
DURING 5406
POSITIONS
t-L2

10

11

L2

13

L4

15
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Syatem Pnocessor SA kogram Tests

Rom Test.

The SA tests exerclsed ln 34O6 posltlons 11415161788 are checksun
tests. For each Ron checked each byte of the Ron ls read and suoned to
generate a checksuu. The flrst trro bytes of the RoE contaln the
expected checkeum for the RoE. The value ls added to the calculated
checksuo. If the net reeult ls FFFFll, the test has passed. If noE,
the test haa falled and wlll be repeatedly executed ln a "loop on fall"
oode .

Ram Teats

The SA tests exerclsed tn 3406 posltlons 2, 9, 10, and 12 are walklng
ones tests perforned on varlous RAll. As each Rao ls te6ted, all data
ln the Ran ls lnltlally cleared. The Rao ls read for the clear
condltlon. If lt pasaes a olhex le wrltten to the Ram and then checked.
Thls process continues wlth the alngle l blt belng shlfted to the left
untl1 all locatlons contaln 80hex. If any errors occur betereen the
read/write of each blt posltlon, a flag ls set and the test ls
repeatedly executed ln a looplng faehlon.

Perlpherale Test

The SA tests tn 5406 posltlon 3 exerclse eeveral dlfferent
clrculte. One portlon of the test is actually a walklng ones test
(slollar to those perforued on the RAlt) that ls used to test the
control regl8ters of the PIA & PT!,t. Another portlon te6t6 the bank
select buffer by wrlting to a dumy address ln each bank so that all
the bank seclect llnes (B0-Bank 7) are toggled. Flnally the CRT

controller on Al3 ls exerclsed by perfornlng a read/wrlte teat to one
of lte lnternal reglsters.

Dieplay Te.t Pattern

The SA test exerclsed ln 3406 posltlon 13 generatee a constant teat
pattern that can be used to check the External Character Rou and
varlous Ran on A13.
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8-15. RECETVER PROCESSOR SA THEORY (A1-410)

Rcvr I'BEE BUN Mode

Swltch 3100 at the upper left corner of board 10 le used to put the
recelver proceaaor lnto a Blgnature analyals oode. If the flrst part
of the srrltch (Cl) ls suitched fron NOBI.IAL to FREE RUN, the data bug
buffer U200 n111 be dlsabled and the processor w111 see a 'CLR B'
lnstructlon alwaye (vla R200, CR3 and CR4). Thle tlll cauae the
processor U300 to cycle through the entlre 64k address space looklng
for the next lnatructlon, whlch w111 alwaye be a 'CLR B'. As lt cycles
through the entlre address apace, the processor w111 exerelse every
posslble state of address decoder U103, and rr111 fetch data froD every
locatlon ln the 56k of EPRoU. This w111 provlde the addre8s bus, the
EPROU chlp selecta and the data bua with unlque signatureB rrhlch u111
verlfy the operatlon of the kernal. Becauae data ln the RAll neDory
could power up ln any atate, caual.ng stable but not tepeatable
aignatures, the RAll ouBt be dlsabled durlng free run. Pull-up
reaiatora are provlded to keep the data llne8 ln a knom 6tate for
those portlons of the addre8s range whlch are not decoded.

Test polnts 6 through 13 provlde acceaa to the data bu8 to take
slgnatures ln the free run node. Valld slgnaturea here verlfy that the
kernel 1e lndeed good. A15 (TP5) ls ueed for a START and SToP signal,
and the clock PItl2 ls avallable on TP3.

AIO Fre€ Bun Loop Pre-Checks

The folloring condltlons ouat be net in order to use the Recelver
Proceagor A10 Free Run Loop A:

1. The supply and ground voltages to the Recelver Proceasor DuBt be
correct .

2. I MIlz clocke PHI1 end PHI2, Bupplled to the proces6or, U300
plns 3, 36 and 37.

3. The fo1lo$lng plns should be hlgh:

U300-40 Reeet
u300-6 Nlrr
U300-2 llalt

u300-4 rNT BEq
u300-34 R/r{

4. 5100, CR3, CB4 and addresa blt 15 (TP5) are uged to lupleoent
the Free-Run loop, therefore, they nust be fuoctlonal ln order
to take SA.
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A9 Free Run Loop Pre-Checks

The following conditions must be met in order to use the Transients
Processor A9 Free Run Loops A and B.

1 The supply and ground voltages to the Transients Processor must be
correct.

8 MHz clocks must be present at the processor, U102 pins 38 and 39.

The following pins should be high:

2

3

uto2-2
u1 02-3
ut02-4
tJt02-32
uL02-36
u102-40
uL02-32
uL02-37

NMI
IRQ
F IRQ
DMA

MRDY

HALT
R/W

RESET

4 Jumpers J1-J4, CR3, CR4, and address bit
implement the Free Run Loops, therefore,
order to take SA.

15 (P2A15) are used to
they must be functlonal in

Rcvr SA. PROGRAM Mode

In addition to the free run mode, a special signature analys:ls prograu
has been written which is designed to exercise all parts of the
receiver digital hardware in a periodic fashion, thus creating stable
signatures virtually everywhere. This program is also accessed vi-a
5100 by switching the second part of the switch (CZ) into the SA

program positi.on.

START/STOP signals are available in the SA PROGRAI'I mode on test pins 14
through 19 (5A1-5A6). The clock again is present at TP3.
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RECEIVER PROCESSOR FREE RUN AND SA PROGRAM LOOPS

LOOP II BOARD TESTED CIRCUIT TESTED

A10 Free Run Loop A A10 Receiver processor
Address Bus
Data bus
Chip select decode
A11 Receiver ROM

A10 SA Program Loop B

AlO SA

A1O SA

AIO SA

AlO SA

AIO SA

AlO SA

AlO SA

Loop C

Loop D

Loop E

Loop F

Loop G

Loop H

Loop I

A10

A10

A10

A10

A10

A10

A10

Al0

A10

A10

A10

A9

A9

A9

A9

A9

Program

Program

Program

Program

Program

Program

Program

Shared RAM during
receiver access

ROI'I CD U5O7

ROM AB U4O7

Receiver RAM U405

Stack RAM U505

RoM 89 U308

ROM 67 U307

Receiver peripheral
data and address bus
for communicating
with other boards
REN, LREN, RR/W

ROM 45 U306

ROM EF U6O7

ROM 23 U305

Transients processor
Decoder output
Start/stop bit for SA

ROI"I data bus

A10/A9 interface
Address decoder
Address comparator

RAM U600 access

RA},I U6OO

Latch data

A10 SA Program Loop J

A10 SA Program Loop K

Al0 SA Program Loop L

A9 Free Run Loop A

A9 Free Run Loop B

A9 SA Program Loop A

A9 SA Program Loop B

A9 SA Program Loop C

A9 SA Program Loop D A9
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iRECEMR PROCESSOR FBEE RUN AND SA PROGRAM LOOPS (Contd)

AB SA Progran Loop A

A8 SA Progran Loop B

A8 SA PrograD Loop C

A1 SA Progran Loop A

A8

A8

A1

A8

A4

Al0/A8 lnterface
Addrese decoder
Addregs cooparator
Input control Latch

Input Iatch for data
translentB

Input latch for data
translents

Al0/A1 lnterface
Address decoder
Addrese cooparator
Data bus decoder

A10/A2 lnterface
Addrees couparator
Input control latch

Al.0/A3 tnterface
Address cooparator
Address decoder
Input control latch

A10/A4 lnterface

A2 SA Progran Loop A

A3 SA Progran Loop A

A2

A3

A4 SA Progran Loop A

A5 SA Progran Loop A A5

A5 SA PrograE Loop B A5

A6 SA Progran Loop A A6

Address decoder
Input control latch
Input data latche8

Prograonable counterg
Data latches
Couparator clrcult
Control status latch
Counter node counter

A10/A5 lnterface
Addreee conparator
Address decoder
Control latches

Al0/A6 tnterface
Address conparator
Addree6 decoder
Input control latch

A10/A7 lnterface
Addregs conparator
Address decoder
Input control latch

A7 SA PrograD Loop A
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m 8.16. SYSTEM PROCESSOR SA TABLES
(A11, A12, A18)

Table 8-1. All Free Run LooP A
Error code 003 ts dtsplayed at pouer-on.

Open addre8s bit to Baok 1RoM due to bad IC socket.

Use the 8-9. P0I{ER-ON SELF CHECK TROUBLESIIOOTING table,
"error codes are dlsplayed", step l. and look up error code 003. Thls
error code ls referenced ag a "SYSTE}i" error, and correspond8 to Al2
Bank I RoM U300. "Error codes 0xx- 6xx" lndlcates that the +5 volr
slgnatures of Sectlon 8-15. need to be taken for "SYSTE}i" errors.
When thls le done, the slgnature for 5405 posltlon 5 wlll be
the flrst + 5 volt slgnature to fall. Both SA Prograo loops 5
and 5:15 exercLse Al2 Bank l and Bank 2. If Bank l ls falllng, ae
lndlcated by the error code, SA progran loop 5 will be looplng on the
Bank I ROM, and Bank 2 w111 never be enabled. Thls can be verlfled
when ustog loop 5 by quallfylng on the Bank 2 enable, U400-20. If Bank
2 ls not belng enabled the + 5 v reference for U400 wlU be bad. Bank
2 slgnatures can not be taken ln loop 5 whlle the test ls looplng on
Bank l. Bank 1 slgnatures should be taken, horever, to. see lf a slngle
data blt output ls bad, or lf all outputs are bad. In thle caae, all
of the data blt outpute would be bad. Loop 5:15 could be used to check
Bank I and Bank 2 rrlthout looplng on fallure. Thls would glve
confldence that the problen le solely on the Bank I Rol.t. Several
concluelons can be drawn at thls polnt. If ln loop 5:15, all of the
Bank 2 elgnatures are good, the A12 address bus nust be good to Bank 2.
Aleo, because the + 5 volt slgnaturee of Sectlon 8-15. give a go/no go
tndicatlon of the SA proBran loops, and are taken sequentially, lre can
conclude then, that the addresE bus to the MAIN Rol't, U100 and U200,.
Eust also be good. Tte address bus to Bank 1 should be checked,
however. This can be done by uslng the A12 Free Run loop A. In this
loop the addresg bus algnatures are taken at the A12 Address Buffer
outputs. Even lf slgnaturee are good at these polnte (as they would be
ln thls exanple) the slgnaturea should also be taken dlrectly at the
Bank 1 address plns to verlfy contlnulty. Thls ls lrhere the problen
uould be located ln thls exemple.

Thte exanple should show that lt la soEetlnes neccesaary to alternate
betrreen uatflg the Free Run loope ( to verlfy addresslng and decodlng),
the SA program loops (to check a partlcular part that ls looplng on
fallure), and the SA progran posltlon 15 counterpart loops (to check
parts of a clrcult wlthout looping on fatl).

NOTE: The above exanple ls lntended to be used ln conjunctlon wlth
the SYSTEM PRoCESSOR SA THEORY found ln Sectlon 8-14. ln or-
der to etregs the loop on fall nature of sooe of the SA Pro-
gran loops.

Table 8-2. All Frce Run Lop B Table 8-3. A12 Free Run Lap A

PCA: AlI

Test Condltlon: Set A11TP2 to FREERUN and renove A1UU602

Alls406 Po8ltlon 0

OPEN

Slgnature Analyzer Connections on A11:
START/SToP STl TPl-3 Rlstng/Rlslng
QUALIFIER U604-18 CE Lou Level
CLoCK CLKI TPl-l Rtslng

Checks :
Sy8teo ROU

Dete bus

*5vreference=P254

aa

u604 - 9
l0
11
13
t4
15
15
t7

UP49
HSPO
463Ie
A3U9
H52U
PC5F
8209
578A

PCA: AI2

lest Condltlon! Set A11TP2 to PREERUN posltton and renove A11JU502

A1lS406

aaaa
Posltlon 0

OPEN

Slgnature Analyzer Connectlong on All:
START STI TPl-3 Rlelng
STOP SPI TPl-4 Rislng
CLOCK CLKI TPl-l Rlslng

+5vreference-0003 * = Non-bllnklng

Checks :
Systen Data Bus
Systen Addres6 Bus
Control Llnes

AI2TP3
LRTC
LDTE
6000
CMOS

CIRQ
VSTB

PI{DN

U508-2
3
6
8
9

11

IFIT9
lFHA
o000
0000*
0003*
0000

v702-3-
5.
7-
9a
2-
4-
6=
8=

9UPI
4FCA
37C5
7791
632t
6U28
4868
0002

= 5652
= 52CH
- 1182
= 9842
= 0003*
- 0003*
- 0003* u606-9

10
t3

= F4AC
= sFUA
- 0003*

I
t
I
1

u208-3-
4=
6-
8!

984r
04uu
O4I'F
o4uu

U703-3 -
5=
9=

t2
l4
16=
18=

u759
IU5P
8484
UUUU

FFFF
P763
0355
5F9A

u507-l
2
4
5
6

= 985r
= 9842. O4UU

= 5652
- 52CEu406-3=

6-
8.

0003*
lF HA
F735

u608-I
2

3
4
5
6
8
9

- 1183
- cgul
= 4871
= 534n. FgCF

'9AU2- 5993- 0003*
- 5993

u 707- 1 0003*
0003*
0003*
A98A
4P23
2302

u407-4 lFIIA
F735
UlFP
7F70

5=
6,

t1
12-
15 =

5=
6-
7-

u408-4 0003*

U505-4 = 0000
= 0003
. 0003*
- 0000*
= 0fi)3*

I0
5
I

ll
13

u700-3
5
7

9
t2
r4
r6
18

0000
0003
0003*
0003*
0000
0003
0003
9842

aaaa

PCA: A11

Test Coflditlons: Set A11TP2 to FPGERUN and renove A11JU602

Al15405 Posltlon 0

Slgnature Analyzer Conngcttons on A11:
START ST1 TPl-3 Rlslng
STOP SPI TPl-4 Rlslng
CLOCK CLKI TPI-I Rtslng

Checke :
SysteE Processor
Address Bus and
Decode Clrcultry

+5vreference-0003 *-Not bllnklng

U301 -6=37C6 u800 - 9
10
11
t2
r3
14
15

u628
t7 45
817C
8II45
5652
32U8
P3C9

u402-8-8P4F
ll - 9a42

U500-4-3838
5 - 160It
7 = 04UU
9 = 04ltu

r0 - F077
u801 - 3

5
7

9
L2
14
15
l8

0002
4858
5V28
632L
779r
t7c5
4FCA
9UP1

U501 -5-4H7c
8 - F4AC

u502 - 4
6
7

9
10
11
t2

OPPT
0P20
8CU2
A838
F5F6
cF87
TTU5A

u802 - 3
5

7

9
t2
t4
I5
l8

v719
1U59
8484
UUUU
FFTF
P7 63
0355
6F9A

v6O2-7=2302
13 - 54HF
14 = 29A4

15 - 5FUA U8O4 -14 - 0003*
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Table 8'2. A11 Free Run Loop B

PCA:

Test

A11

Condition: Set A1lTP2 to FREERUN and remove A11JU602

Al rs406 ooao Position 0

Signature Anal yzer Connections on A11:
START/STOP STl TPl-3 Rising/Rising
QUALIFIER U604-lB CE Low Level
CLOCK CLKI TP 1-1 Ri si.ng

Checks:
System ROl{

Data bus

+5vreference=P254

u604 9
10
l1
13
L4
15
16
t7

F 26P
492c
P4OF

04H1
POCF

4685
57u4
2452
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Table 8-4. A13 Free Bun Loop A

PCA3 Al3

Test Conditlons Set A1ITP2 to FREERUN posltlon and renove AllJU602

A1l5405 Positlon 0

OPEN

Slgnature Analyzer Connectlons on AII and A13: Checks :
Systero access
of A13START All STI Rlsing

SToP All SPl Rlsing
CLoCK A13 U702-21 Falllng

*5vreference=0003

aa a

U400-5 .
7-
9-

11 -
L2-
14-

4FC9
4FC9
3F45
3F45
5U28
6u28

U601-4 -
6-

1A05
84rlt{

U801-7 -
9=

12=

37C5
7 79t
632L

U802-4 -
7-
9-

12=

0356
1U5P
6F9A
u759

U803-4 =
7-
9-

tZ-

P763
FFFF
UUUU
8484
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Table 8-5. SA Program Loop 1

u604 - 9
10
1t
13
L4
l5
r6
t7

c400
UU9U
37V9
9t24
OF PU

P31t
320H
0F 53

PCA: A1l

Test Condltlons: Set AllTP2 to NORUAL posltlon and remove A[1JU502

A1lS405 rTn
o

Posltlon I

Slgnature Analyzer Connectlons on All!
START ST2 TPI-7 Rislng
STOP SP2 TPI-8 Falllng
CLoCK CLKI TPI-I Rlslng

*5 v reference - 98F9r MR/E U7O1- 34 - UgAll

Checks :
Systeo Rol,l Data Bus
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Table 8-4. A13 Free Run Loop A

PCA: A13

Test Condition: Set At1TP2 to FREERUN position and remove A11JU602

oooa
A1 1 5406 Position 0

OPEN

Signature Analyzer Connections on A11 and A13: Checks:
System access
of A13START A11 STl Rising

STOP A11 SPl Rising
CLOCK A13 U7O2-21 Falling

+5vreference=0003

u400-5=
7=
9=
l=
o_
L

4=

4FC9
4FC9
3F 45
3F4s
6U28
6u28

1

1

1

U60f-4 =
6=

1A05
84HH

u801-7
9

L2

= 37C5
= 779L
= 632L

U8O2-4 = 0356
1U5P

6F9A
u7 59

7

9

t2

U803-4 =
1l-

9=
12=

P7 63
FFFF
UUUU

8484
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Test Condltlons: Set A11TP2 to NORMAL posltlon and reEove AllJU602

A11S406 Posltlon 1

OPEN

Slgnature Analyzer Connectlons on A11r Checks:.
START ST2 TPI-7 Rlsing Systen RoM Data Bus
STOP SP2 TPl-8 Falllng
CLOCK CLK1 TPl-l Rlslng

+5 v reference = 98F9, MR/E U7O1- 34 - ugAH

o
l'.l

u504 - 9
10
11
13
14
15
l6
t7

9rHu
couP
0n59
u936
7I'FP
4IIFF
tJ454
PF68

Table 8-5. SA Prcgram Laop I

Table 8-6. SA Prceram Lap 1:15

PCA: All Slgnatures take approx. 30 eece. to Btablllze

Test Conditlons: Sane as for loop I except:

A1lS405 Posltlon 15

o

Slgnature Analyzer Connectl.ons on A11: Sane as for loop 1

+5 v reference - 4U73

aaaa

u604 - 9
10
1l
13
t4
15
16
t7

- AU5P
- 59rr4
- 29H0
- 6UA5
- ?722
- 2017
- t4A7
= 2P4F
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lable 8-7. SA Pro$am Loop 2

?oble 8-8. SA Prcgram Laop 2:15

PCA3 A11

Test Condltlon: Set AllTP2 to NOR!.IAL posltlon and reoove A11JU602

A1l3406 Posltlon 2

OPEN

Slgnature Analyzer Connectlons on All:
START/STOP ST2 TPl-7 Bleing/8a111n9
QUALIFIER Aa noted belou Low Level
CLOCK CLKI TPl-l Rlslng

Check8 :
All Systeu BA}{

Notes Cycle power when changlng quallfler

o
aa a

Quallfler- U204-18
t5 v ref.= 2131

Quallfler= U404-18
+5 V ref.- 540F

u204 - 9
l0
11
13
14
15
16
t7

U39U
7060
52P6
A3F6
0588
8F6U
IIF5II
1991

u404 - 9
10
11
13
14
15
16
17

PFAH
84H5
H8U4
5II9U
435H
8043
5949
39IIP

SlSnatures ta aPProx. aeca. to ata

Thls test ls for U204 only.

Te6t Condltlon: Sane as for loop 2 except:

A115406 Posltlon 15

Slgoature Analyzer ConnectLona on A11: Sane aa for loop 2

Quallflere- Sane ae for loop 2

Slgnatures= sane as for loop 2

aaaa
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Ptoc

Tabk 8-9. SA Prcgram Loop 3a

Table 8-10. SA Prcgram Lap 3a:15

PCA: Al1

Test Conditlons: Set AI1TP2 to NORUAL posltlon and renove AflJU602

Al1S405 Posltlon 3

Slgnature Analyzer Connectlons on A11:
START ST2 TPl-7 Rlslng
STOP SP2 TP1-8 Falllng
CLOCK CLKI TPl-l Rlslng

Checke :
Bank Select Clock
LED Drlver Clrcultry
Graphics RAM (A13 )
enable

15vreference-C6EF

aa
aa

U301 -1=4859
2 - vP95
3 - UP95
4 - 4a59

u7O3-2-8523
3 - 2680
4 = 235A
5 . 38A5
6 - 9PC8
7 = F A2C
8 = 28c3

u706 - 3
5
7

t2
r4
16
l8

9PC8
F AzC
28C3
38A5
235A
2680
a523

U401 -12 - U504

Test Condltlons! Set A11TP2 to NORUAL posltlon and remove A11JU602

A11S406 Posltlon 3

o

Slgnature Analyzer ConnectlonE on A11:
START/STOP ST2 TPl-7 Rtsing/Fa]ltng
QUALIFIER Aa noted below Low Level
CLOCK CLK1 TPl-l Rislng

Checks :
Progrannable Tluer
Bank Select Clrcult
PIA

Note3 Cycle power rhen changlng quallfler

aa
aa

Quallfler= U606-15
+5 v ref.- CICA

Qualtfler- U507-l
+5 v ref.- 00UP

Quallfler - V7A3-23
*5vreference-5669

007U tt703 -26 - P75P
00cP 27 - 0A0C
00HP 28 - 8ll5A
00PP 29 - 40311*
00u6 30 = 9146*
0{)UA 3l = 67H7*
00lrF 32 - Vlr72
00uu 33 - 45C3*

35 - lO6Il
36 - 103F

lf these slgnatures are dlfferent.

u606 -10
11
L2
18
r9
20
2L
22
23
24
25

c2cll
6594
4c84
003u
U9U3
3798
8C32
2F4U
u5lc
clu1
F581

v607 -2-
5-
6=
9,

L2-
15_
16-
19-

* Cycle power

Table 8.11. SA Program Loop 3b

?able &12. SA Progam Loop 3b:15

Test Condltlon: Set A1ITP2 to NORMAL and remove A11JU602

A1rS406 Posltlon 3

Slgnature Analyzer Connectlons on A11 and A13:
START/STOP A11 ST2 TPl-7 Rtstng/Falling
QUALIFIER A13 U702-25 CS Low Leve1
CLOCK A11 CLKI TPl-l Rlslng

Checks :
CRTC

+5 v reference=5669 * = Not bllnklng

aa
aa

u702-18
19
2t
22
23
24
26
27

0000*
0000*
0000
PPZU
5669
683n
0000
0009

u7 02 -28
29
30
31
32
33
40

0257
95P8
446U
c0c8
8567
H97C
0000*

Wlth a scope check ISYNC
U702-39 for:
htgh tine - 15 usec.
low tlne - 235 usec.

Table 8-13. SA ProEram Loop 3c

Tablc 8-14. SA Prugram Inop 3c:15

PCA: All Slgnatures take approx. 30 secs. to stablllze

Test Condltlona: Satre aa for loop 3b except:

A11S406 Posltion 15

Slgnature Analyzer Connectlons on All: Sane ag for loop 3b

aaaa

For quallfler = U506-15 and U703-23 + 5 v ref. and
signatures are Ehe sane as for loop 3b

For quallfler U507-l +5 v ref. - 500H

U607- 2 - F559
5 = 8It7A
6 - 5CUC
9 - 3rA6

U607- 12 = PlPc
15 - 96C6
16 - UHU6
19 = F8H8

PCA: A13 Slgnatures take approx. 30 secs. to stablllze

Test Condltlon: Sane as for loop 3c except:

At15406 Posltlon 15

OPEN

Slgnature Analyzer Connectlons on A11 and A13: Sane ae for loop 3c

SlgnaEures = sane as for loop 3c

aa a a

u703 - 2
I
4
5
6
7

I

7FP7
crA9
F6A0
H5l6
PP7 5
,AOCH

98UA

u705 - 3
5
7

t2
14
16
18

PP75
AOCH

98uA
1r515
F6A0
crA9
7FP7

U401 -12 - PSCA

U301 -1=271A
2 = 6869
3 - 6869
4 = 27lA

PCA3 AII Signatures take approx. 3O secs. to stabillze

Test Conditlons: Same as for loop 3a except:

Alls405 Posltlon 15

Slgnature Analyzer Connectlone on All: SaDe aa for loop 3a

*5vreference=4U73

aa aa
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Table 8-9. SA Prograu Loop 3a

U703-2=0Acc
3 = 4918
4 - AFF2
5 = C73u
5 - 1120
7 = 45c3
8 = A72c

u706 - 3

5
7

L2
14
r6
18

1120
45C3
A72C
c73H
ATF 2
A918
oAcc

u30

U401 -12 = PPTC

1-1
2
3
4

= 4859
= PSPA
- P5PA

= 4859

PCA: All

Test Condltlona: Set A11TP2 to NoRllAL posltlon and reoove A11JU602

Alrs406 Posltlon 3

OPEN

Slgnature Analyzer Connectlons on Al13
START ST2 TP1-7 Rlslng
SToP SP2 TPl-8 Ealllng
CLOCK CLKI TPI-I Rlslng

t5vreference=AHC3

Checks :
Bank Select Clock
LED Drlver Clrcuitry
Graphlcs RAX (Af3)
enable

aa

PCA3 All Slgnatures take approx. 30 secs. to stablllze

Test Condltlons! SaEe as for loop 3a excepts

A1rS406 Posltlon l5

OPEN

Signature Analyzer Connectlons on All: Sane as for loop 3a

*5vreference=53HF

U301 -l-39H3
2 - 6A0U
3 - 5A0U
4 - 391t3

u703 - 2
3

4
5
6
7
8

u706 - 3

5
7

r2
L4
16
18

U401 -12 . U415

c39A
7PH4
O9IIIT
1A6C
2108
5t FO
5787

2108
6UFO
5787
1A6C
O9IIII
7PIt4
c39A

aaa

Table 8-I0. SA Progran Loop 3a:15
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Table 8-15. SA Progran Loop 4

Test Condltlon: Set AIITP2 to NoRMAL positlon and remove A1IJU602

OPEN
Signature Analyzer Connectlons on All:

START/STOP ST2 TPt-3 Rtslng/Falllng
QUALIFIER As noted belor Iow Level
CLOCK CLKI TPI-I Rtslng

+5 v reference - 1180 Note: Cycle power when changlng quellfler

3
a aa

U I00

Quallf1er- Ul00-20 Quallfter- U200-20

A11S406 Posltlon 4

Checke :
A12 t{aln ROM

-11 -
L2=
13 -
15'
16-
L7=
18.
19 -

1=
2-
3=
5E
6-
7-
8-
9=

PLh2
480A
2A6U
01n1
8P23
c429
9In2
U3IT2

50c5
6t25
A8A6
9532
8C60
0938
IIF 19
P899

u200 -l
I
I
1

I
I
I
I

PCA: A12 slgnatures take approx. 30 secs. to stablllze

Test Condltion: SaEe as for loop 4 except:

A11S405 Posltlon 15

OPEN
Slgnature Analyzer Connectiona on A11: saoe aa for loop 4

Quallflere= Saoe as for loop 4

Slgnaturee= Saue aa for loop 4

aaaa

Table 8-15. SA Progran Loop 4:15
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PCA: Al2

Test Condition: Set AIlTP2 to NORMAL position and remove A11JU602

A1 I S406
oo

oo Position 5

OPEN

Signature Analyzer Connections on A11:
START/STOP ST2 TPl-7 Rising/ralling
QUALIFIER As noted below Low Level
CLOCK CLK1 TPl-l Rising

Checks:
ROMBanksl&2

+5 v reference = 1fB0 Note: Cycle power when changing qualifier

Qualifier= U300-20 Qualifier= U400-20

u300 -1
1

l=
2=
a-
J

5=
6=
J=
8=
9=

7073
OCPP

67 CU

4u87
8C29
24L7
IAFC
F 8lP

u400 -1
I
|=
a-L

3=
5=
6=
J=
8=
9=

5035
135P
8235
7834
94L4
P99P
669F
cF 82

I
1

1

1

1

I

1

I
I
1

1

1

Table 8-17. SA Program Loop 5

Table 8-18. SA Program Loop 5:15

P Signatures ta approx. SQCS. to sta 1 LZe

Test Condition: Same as for loop 5 except:

Al I S405 oooo Position 15

OPEN
Signature Analyzer Connections on A11: Same as for loop 5

Qualifiers= Same as for loop 5

Signatures= Same as for loop 5
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Table 8-19. SA Program Loop 6

Table 8-20. SA Program Loop 6:15

PCA: ALz

Test Condition: Set A11TP2 to NORMAL position and remove A11JU602

A1 1 5406

o a

OO Position 6
OPEN

Signature Analyzer Connections on A11:
START/ST0P ST2 TpL-7 Rising/Falling
QUALIFIER As noted below Low Level
CL0CK CLK1 TP1-I Rising

Checks:
ROMBanks3&4

+5 v reference = 1180 Note: Cycle pohrer when changing qualifier

Qualifier=U1 A2-20 U202 not used at this time.

u102-1 1

L2
13
15
L6
L7
18
19

= CP3H

= 572U

= 3054
= 6CFA

= 35F3
= 3APU

= 901U

= 1U83

PCA: LLz

Test Condition:

Signatures take approx. 30 secs. to stabilize

Same as for loop 6 except:

A1 1 5406 ooao Position 15
OPEN

Signature Analyzer Connections on A11: same as for loop 6

Qualifiers= Same as for loop 6

Signatures= Same as for loop 6
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PCA: ALz

Test Condition: Set A11TP2 to NORMAL position and remove A11JU602

A1 1 5406

o

ooo Position 7
OPEN

Signature Analyzer Connections on A11:
START/STOP ST2 TP1.7 RiSiNg/FAlliNg
QUALIFIER As noted below Low Level
CLOCK CLK1 TPl-1 Rising

Checks:
ROMBanks5&6

+5 v reference = 1180 Note: Cycle power when changing qualifier

Qualifier=U302-20 U104 not used at this time.

u302-1 1

T2
13
15
L6
t7
18
19

= C9P5
= 4087
= 4352
= 3U1A
= HU40

= 9804
= HTUP

= 4C9F

Table 8-21. SA Program Loop 7

Table 8-22. SA Program Loop 7:15

Signatures ta approx. secs. to stabilize

Test Condition: Same as for loop 7 except:

A1 1 5406 oooo Position 15
OPEN

Signature Analyzer Connections on A11: Same as for loop 7

Qualifiers= Same as for loop 7

Signatures= Same as for loop 7
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PCA: Al2

Test Condition: Set A11TP2 to NORMAL position and remove A11JU602

A1 1 5406

ooa
o Positlon 8

OPEN
Signature Analyzer Connections on A11:

START/STOP ST2 TPL-7 Rising/Falling
QUALIFIER As noted below Low Level
CLOCK CLK1 TPl-1 Rising

Checks:
ROM Bank 7

+5vreference=1180

V204 not used at this time.

Table 8-23. SA Program Loop 8
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aa
o n

Test condlrlon 3 A10s100 (Cl) to NoRu, A10S100 (C2) to NoR!,
A11TP2 ln NoRl.lAL posltlon and A11JU602 reooved.

OPEN
Slgnature Analyzer Connectlons on A10 and A11:

START/STOP All ST2 tPl-7 Rtstng/Falltng
QUALIFIER A10 503-18 ltCS Iow Level
CLOCK A11 CLKI TPI-I Rlelflg

f5vreference=2131

A11S406 Po6lt1on 9

Checks :
Systen accesg
of Shared RAU

u503 - 1

2
3
4
5
6
7

I
9

10
11

v7v2
60t2
P403
5lcu
ccA4
lu3P
PFHP

5UA5
u39u
7050
52P6

u503 - 13
l4
15
16
l7
19
20
2L
22
23

A3F6
0588
8P6U
I{F 5H
1991
lnPr
POPU

FlHP
4A64
cc82

Table &24. SA Prugrom Lap I

Table 8-25. SA Progrom Loop 9:15

Test Condltion: Saue as for loop 9 except:

Signature Analyzer Connectlons on A10 and All: sane as for loop 9

Quallfler = SaDe aa for loop 9

Slgnaturee- Sane as for loop 9

aaaa

aecg. to gta zegnatures ta aPprox.

A1rS405 Posltlon 15

PCA:
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Iable 8-26. SA Program Loop 1O

Table 8-27. SA Prograrn Laop 10:15

ture6 approx. secs. to ata ze

Test Cofldltlon: Sane as for loop 10 except:

A1l5405 Posltlon 15

Slgnature Analyzer Connectlons on All: Sane as for loop l0

Qualfftere= Saue as for loop l0

Slgnatures. Sa[e as for loop 10

aaaa

aa
aa

Test Condltlon: Set AllTP2 ro NORI,IAL posltlon and renove A11JU602

Slgnature Analyzer Connectlons on Al1:
START/STOP ST2 TPI-7 Rlstng/Falllng.
QUALIFIER AB noted below Low Level
CLOCK CLKI TPl-l Rislng

Note: Slgnatures are slot to stablllze; cycle porer rrhen changlng
quallfler.

A115406 Po6ltlon 10

PCA3 A12

Checks :
RAU
Non-Vo1atlve RAM

t0
1l
l3
t4
t5
16
L7

- 7060
- 52P6
- A3F6
= 0588
- 8F6U

= IIF 5H
- r99r

Quallfter=
*5 v ref.'
U500-9 -

10-
'11 =
13=
14=
15 =
15-
!7=

u500-r8
2r3r
U39U
7060
52P6
A3F5
0588
8F6U
HF 5H
1991

ouallfter=U404-18

Qualtfier= Ul07-8
+5 v ref.= 08AL
U107- ll = 538c

12 - P081
13 - 1Hc8

Quallfter- U402-18
+5 v ref.= 2131
U4O2 - 9 = U39U

Quallfler=
*5 v ref.'
Ul06- 11 -

tZ=
t3=
14 =

u105-8
08A1
3811
0455
II418
AIO3

10=
11 =
13-
14-
15-
15-
17 -

2L3t
U39U
7060
5296
A3F5
0588
815u
IIF 5H
l99l

= 4CFAI +5 v ref.-
U404-9=

i-
I

I
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Toblc &28. SA Program Loop 12o

Table 8-29. SA Prcgram LaP 12a:15

Tabh 8-30. SA Progrom LooP 12b

Toble 8-31. 8A Program Loop 12b:15

Test Condltlon: Sane as for loop 12b except:

gnaturea aPprox. seca. to ata

A11540
P:N

Slgnature Analyzer Connectlons on All and A13: saoe as for loop l2b

Quallflere- saoe as for loop 12b

Slgnatures- saoe a6 for loop l2b

Posltlon 15

Table &32. SA Prcgram Loop 13o Table &33. SA Prcerum Loop 13b

Test Condltlons: Set A11TP2 to NoRUAL posltlon and remove AllJU602

A1l5405 Po8ltloo 12

Slgnature Analyzer Connectlons on All:
START ST2 TPl-7 Rlslng
STOP SP2 TPl-8 Falling
CLOCK CLK1 TPL-I Rlslng

Checks :
Decoder Clrcultry
for A13 RAM

*5 v reference= 3577 Note: Slgnals take approxlnetely
30 seconds to stablllze.

aa
aa

v4OL -r2 = 322c

U601 -4-763U
5 - F60F
6 = 08c3
7 - uF94
9 - 3c8p

1O - 78F6

Te6t Condltlon: Set A11TP2 to NoRMAL positlon and renove A11JU602

A11S406 Posltion 12
OPEN

Slgnature Analyzer Connectlons on A11 and A13l
START/STOP AII ST2 TPt-7 Rlslng/Falltng
QUALIFIER Al3 as noted below Lo!, Level
CLOCK A11 ClKl TPl-l Rlslng

Note: Very elow stablllzation of slgnatures
Cycle power when changlng quallfler

Checks: Systen
access of
dlsplay RAM

attrlbure RAU
character RAll

aa
aa

QuaIl 1er - ter = 505-1 QuaIt ler -
+5vref.=F0CA +5vref.=08A1 +5vref.=08A1

u405-11
L2
13
t4
15
l5
t7
18

POPT

u9u8
r042
c3F2
6756
HPT2
3C05
HP58

u605- 2
3
4
5
5
7

I
9

3811
0455
H418
A3 03
538C
P081
rflc8
4CFA

v705- 2
3
4
3
6
7

I
9

3811
0455
IT4I8
Ar 03
538C
P08l
1r{c8
4CFA

Quall fler-U102-18
t5 reference-2131

For Quallflers - U203-18
u205-18
u205-18
u305-18
u306-18

+5 v ref. - sane aa for U102
Slgnatures- sane as for U102

ul02- 9 U39U
7050
52P6
A3F6
0588
8F6U
ItF 5tt
r991

10
11
13
14
15
I6
t7

PCA: AI3

Test Condltlon: Set AllTP2 to NORI.IAL posltlon and renove A1UU602

A115406 Positlon 13

OPEN

Slgnature Analyzer Connectlona on A13:
START VSYNC TPI Rlsing
STOP VSYNC TPl Rlslng
CLOCK L/S TPI R1s1ng

Checke: CRTC access
character RAll
attrlbute Ilall

+5 v reference- C3A5 * = Not bltnktng

aa o

u200-5
10
11
t2
13
14
l5

0000
F97P
86AF
U2EU
A3IIC
6697
FCU4

u503-9
10
11
13
L4
15
16
L7

0000
0000
0000
0000
0000
c345*
c3A5rt
c3A5*

u801-6
7

9
10
t2
13

CP9A
CP9A
7F8U
7F8U
FUUA
FUUA

u302_4 - AU1C

7 - A572
9 - 34lIH

12 - 92911

u702-4
5
6
7

I
9

10
1l
t2
l3
18
19
2l
23
25
26
27
28
29
30
31
32
33
35
36
37
38

t t39
8CA8
13AA
74v6
CF 6IT

50c4
89UA
c25P
718u
rUUA
v499
0000*
0000
0000
c3A5
c3A5
c3A5
c3A5
c3A5
c3A5
c3A5
c3A5
c3A5
4UH2
5114
PP83
CP9A

u802-3
4
6
7

9
10
t2
13

50c4
50c4
CF6H
cr 6E
c25P
c25P
89uA
89UA

u400-6
7

9
l0
L2
13

5114
5114
4vH2
4vH2
PP83
PP83

u803-3
4
5
7

9
10
t2
13

74V6
7 4U6
8CA8
8CA8
HH39
nH39
13AA
13AA

u4o2_4 = 0255
7 - 3972
I - A992

L2 - 9794

u501-9
10
11
13
14
l5
15
t7

3972
0255
9794
A992
929,i
34nn
A572
AUlC

o
aa a

PCA3 A13

Test Conditlon3 Set AllTP2 to NORI'IAL and reoove AllJU602

A11S406 Posltion 13
OPEN

Slgnature Analyzer Connectloas on Al3:
START/SToP VSYNC TPI Rt8tng/Rlslng
QUALIFIER As Noted Belo!, Low Level
CLoCK L/S TPI Rlslng

*5v Reference- CSUP

Note: Cycle power when changlng quallfler

Checks :
CRTC accese
of dlsplay RAM

Qual tfler-U102-18
U102-9 - 343H

10 = 5148
11 - 6F4A
13 - 2AP4
14 = 0560
15 = UF48
16 = 22FB
17 = 7P33

Qualt fler-U206-18
U206-9 - 32c0

10 - 71150

ll - c79A
13 = 5P38
14 - PCF0
15 - HPCI
16 - 379P
t7 HATI

Quallfter-U305-18
u305_9 = PCAP

10 - 18P8
11 - 9153
13 = 6A94
14 = I.HIA
15 = 5U98
15 - Al18
17 = U46H

Quall fier-U203-18
v2ot- 9 = P27U

r0 - 049A
11 = PACO
13 = lHUz
14 - C255
15 - 4342
16 = SlJFl
17 - uH6C

Qualt fler-U205-18
U205- 9 - 4530

10 = ttFtlc
1l - H5Ul
13 - IIAPU
14 ' U8A6
15 - 7C5F
16 - UP9A
17 - TAPA

Qualt fter=U306-18
t 365-9 = F0P3

r0 - 0576
11 - P204
13 = c321
14 - P692
15 = PocH
16 - 8523
17 - c066

Slgnatures ta apProx. 0 seca. to ata ,t2

Test Condlttons: SaDe as for loop 12a except:

A115406 Posltlon 15

OPEN
Slgnature Analyzer Connectlons on All: Sane as for loop l2a

.t5 v reference= 4U7 3

n

U401 -12 - P8CA

t5g1 -4 -C1r4
5 - truHo
6 = 05UP

7 - 3294
9 - 10H2

10 - A2UA
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8-I7. RECEIVER PROCESSOR
Table 8-34. A10 Free Run Loop A

PCA: A10

Test Conditions: Ser A10S100(C1) ro FREE RUN, A10S100(C2) ro NORM

Signature Analyzer Connections on A10:
START A15 TP5 Rising
STOP A15 TP5 Rising
CLOCK PHz TP3 Falling

Checks:
Receiver Address Bus
Receiver Data Bus
Chip Select Circuit

+5vreference=0003

TP6
TP7
TP8
TP9
TPlO
TPl 1

TPL2
TP13

RDO =
RDl =
RD2 =
RD3 =
RD4 =
RD5 =
RD6 =
RD7 =

4HP1
447P
3AF3
H29C
9485
1PA3

959s
4PU3

u103 7

9

10
l1
L2
13
L4
15

2302
F9CF
534H
C9U1
1 183
64Hr
29A4
5FUA

u203 3

5

7

9

t2
L4
L6
18

6F9A
u7 59
0356
1U5P
P7 63
8484
FFFF
UUUU

u403 5=
7=
9=
')=
4=
6=
8=

9UP1
4868
4F CA

6U28
37C5
6321
779L

I
1

1

1
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Tablc 8-35. A10 SA Prcgrorn Loop B

Toble &36. A10 SA Prcgram Loop C

PCA3 AIO

Tesr Condlrlon: A10S100 (c1) ro NORlt, Al0s100 (c2) to sA PRocRAu

Slgnature Analyzer Comrectlona on A10:
START SAI TP14 FaUlng
SmP SA2 TP15 Falllng
CLOCK PHz TP3 Fa1llng

Checks :
Shared RAlt durlng
Recelver Access

{5 v reference - lCl l

TP6
TP7
TP8
TP9
TPlO
TPl I
TP12
TPI3

RDO

RDl
RD2
RD3
RD4

RD5
RD6
RD7

6tc6
AHH6
2t9E
PU95
UCTP
5PL2
FC36
AF42

u503 - I
2

3
4
5

6
7

8
9

10
1l
r3

44AA
A3C9
07P1
u543
APA5
5U5A
P2C5
85H5
94C8
8AU9
PHSH
P2CH

U503 - 14 -
15 -
15 =
L7-
18 -
19=
2O=
2L=
22-
23-

7058
59C5
lUCH
0418
CUP5
U18A
5U59
4484
FO3P
H590

PCA! A10

Test condlrlon: Al0S100 (Cl) to NORI.!, A10s100 (c2) to sA PRoGRAM

Slgnature Analyzer Connectlons on A10:
START SAI TP14 Rlelng
SToP SA2 TP15 Rlslng
CLoCK PH2 TP3 Falllng

Checks :
ROM CD U5O7

*5vreference-07U3

TP6
TP7
TP8
TP9
TPlO
TPl I
TPI2
TP13

RDO

RDl
RD2

RD3
RD4

RD5
RD6

RD7

109H
4AH5
4U84
29II5
I{OIH
43C0
SUAU
FAII6
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PCA: A10

Test Conditions: Ser Al0Sf00(CI) ro FREE RUN, A10Sl00(C2) ro NORI'{

Signature Anal-yzer Connections on 410:
START A15 TP5 Rising
STOP Af5 TP5 Rising
CLOCK PHz TP3 Fa.lling

Checks:
Receiver Address Bus
Receiver Data Bus
Chip Select Circuit

+5vreference=0003

TP6
TP7
TP8
TP9
TP TO

TPl I
TPL2
TP I3

RD

RD

RD

RD

0=
]=
o-L
2-J

u601
254F
PUOB

2607
P4F 3
499 A

29BF
H7 87

RD4 =
RD5 =
RD6 =
RD7 =

u103 7

9

IO
11
L2
13
L4
15

2302
F gCF

534H
C9U1
rr83
64HF
29A4
5F UA

u203 3

5

7

9

L2
L4
16
18

6F 9A
u759
0356
1U5P
P7 63
8484
FFFF
UUUU

u403 5
7

9

L2
t4
16
18

9UP1
4868
4FCA

6u28
37C5
632L
77 9L

Table 8-34. A10 Free Run Loop A
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Table 8-35.A10 SA Program loop B

PCA: AI0

Tesr Condlrion: Al0s100 (cl) ro NoRi,t, Al0s100 (c2) ro sA PRoGRA}.!

Slgnature Analyzer ConnecElons on A10:
START SA1 TPL4 Falllng
SToP SA2 TP15 Falllng
CLoCK PlI2 TP3 FaIl lng

Checks:
Shared RA}{ durlng
Recelver Access

+5vreference=ICHH

TP5
TP7
TP8
TP9
TPlO
TPl I
TPL2
TP I3

RDO

RDI
RD2

RD3
RD4
RD5
RD5
RD7

2tIPH
2745
2742
H695
8PP3
5AAH
7At5
P9AF

u503 - I
2

3
4
5
6
7

8
9

l0
1l
13

44AA
A3C9
07Pt
u543
APA5
5U54
PaC5
86H5
94C8
8AU9
PHSH

P2CH

U503 14 -
r5 -
16-
17=
18-
t9 -
20-
2l=
22=
21 =

7058
59C5
lUCn
0418
CUP5
U18A
5U59
4484
F03P
n590

PCA3 A10

TesE Condlrlon: Al0sl00 (cl) to NoRlt, Al0sl00 (c2) to sA PRoGRAI..!

Slgnature Analyzer Connectlona on Al0:
START SAI TPl4 Rlslng
SToP SA2 TPls Rislng
CLOCK PH2 TP3 Falllng

Checks:
ROM CD U5O7

f5vreference-07U3

TP5
TP7
TP8
TP9
TPI O

TPI l
TPI2
TPI3

RDO

RDl
RD2
RD3
RD4
RD5
RD6
RD7

109H
7648
4u84
73A7
8A5U
43C0
SUAU
FAH6

Table 8-35. A10 SA Progran Ioop C
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PCA: A10

Test Condition: A10S100 (cl) ro NORM, A10S100 (C2) ro SA PROGRAM

Signature Analyzer Connections on A10:
START SA2 TPl5 Rising
STOP SA3 TP16 Rising
CLOCK PHz TP3 Fa-11ing

Checks:
ROM AB U4O7

+5vreference=PV92

TP6
TP7
TPB
TP9
TPIO
TPI 1

TPL2
TP1 3

RDO

RD1

RD2

RD3

RD4

RD5

RD6
RD7

08u3
HHAU

166U
I
J

=U
oo

=7
=8

HAl
2LL
5u2
4u9
U6A

Table 8-37 " 410 SA Program Loop D

Table 8-38. A10 SA Program Loop E

PCA: A10

Test Condition: A10s100 (cl) ro N0RM, A10s100 (c2) to sA PRoGRAM

Signature Analyzer Connections on A10:
START SA2 TP15 Falling
STOP SA3 TP16 Falling
CLOCK PHz TP3 Falling

Checks:
Receiver RAM U405

+5vreference=2903

TP6
TP7
TP8
TP9
TPlO
TPI I
TPl 2
TP I3

RDO

RDl
RD2

RD3

RD4

RD5

RD6

RD7

SOPC

A6T17

u358
1.10C

2C,5s

9YF 2

62cA
885 7
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Test Cofldlrlon: A10S100 (C1) ro NoRll, A10S100 (C2) ro SA PRoGRAII

Slgnature Analyzer Connectlons on Al0:
START SA3 TP16 ralllng
SToP SA4 TP17 tralltng
CLOCK PIl2 TP3 Falllng

45vreference-ZLtl

Checks :
Stack RAU U505

TP6
TP7
TP8
TP9
TPlO
TPl I
TPI2
TP13

RDO

RDI
RD2
RD3
RD4
RD5
RD6
RD7

c422
?t44
4PP9
4h6F
969n
ul50
t F6C
8225

Table 8-39. A10 SA Progam Loop F

Table 840. A10 SA Prcgram Laop G

Test Condltlon: A10S100 (Cl) to NORU, A10S100 (C2) to SA PROGRAI,I

Slgnature Analyzer Connectlons on A10:
START SA3 TP16 Rlsing
SToP SA4 TPIT Rlsing
CLOCK PH2 TP3 Ralllng

PCA! Al

*5vreference-P733

Checke :
ROlr 89 u308

TP6
TP7
TP8
TP9
TPlO
TPI I
TPL2
TP13

RDO

RDI
RD2
RD3
RD4
RD5

RD6
RD7

0240
8UU3
80c8
u06c
190F
38ul
222c
3U08
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PCA: A10

Test Condition: A10S100 (C1) to NORM, A10S100 (C2) to SA PROGRAM

Signature Analyzer Connections on Al0:
START SA2 TP15 Rising
STOP SA3 TPl6 Rising
CLOCK PHZ TP3 Fall ing

Checks:
ROM AB U4O7

+5vreference=P792

TP6 RDO = 08u3
CUP2
I 66U
CFC2
7302
85U2
7 4u9
8U6A

TP7
TP8
TP9
TPlO
TP1 1

TPL2
TPI3

RDl
RD2

RD3
RD4

RD5
RD6
RD7

Table B-37. A10 SA Program Loop D

Table 8-38. A10 SA Prograrn Loop E

PCA: A10

Tesr Condirion: A10s100 (cl) ro NoRM, A10S100 (C2) ro SA PROGRAM

Signatur:e Analyzer Connections on A10:
START SA2 TP15 Falling
STOP SA3 TP16 Falling
CLOCK PH2 TP3 Fa1l ing

Checks :

Receiver RAtvl U405

+5vreference=290i

TP6
TP7
TPB
TP9
TPIO
TPl I
TPL2
TP13

RDO

RD1

RD2

RD3

RD4

RD5
RD6
RD7

0397
6HOB
F 430
H77 6

TPOH

F723
APH4
F 245
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PCA: A10

Tesr Condition: A10s100 (cl) ro NORM, A10S100 (C2) to SA PROGRAM

Signature Analyzer Connections
START SA3 TP16
STOP SA4 TPIT
CLOCK PHZ TP3

on A10:
Fal1 ing
Fal1 ing
Fal1 ing

Checks :

Stack RAM U505

+5vreference=2L31

TP6
TP7
TP8
TP9
TPlO
TPIl
TP I2
TPl 3

RDO

RDl
RD2.

RD3

RD4

RD5

RD6

RD7

92P 8
F UHF

695C
4518
F 4A8
H120
P2PO

COPU

DRYAIV F ie Lps , lrt/ 9cn
Table 8-39. Al0 SA Prograrn Loop F

Table B-40. Al0 SA Program Loop G

PCA: A10

Tesr Condition: A10s100 (cI) ro NORM, A10S100 (C2) ro SA PROGRAI,I

Signature Anal-yzer Connections on A10:
START SA3 TPl6 R.r'-si ng
STOP SA4 TP17 Rising
CLOCK PHZ TP3 Falling

Checks :

ROM 89 U3O8

+5vreference=P733

TP6
TP7
TPB
TP9
TPIO
TPI 1

TPL2
TPI3

RDO

RD1

RD2

RD3

RD4

RD5

RD6
RD7

8P4P
0u64
H2ITB

CP43
51U0
CF 34
CCAA
3369
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PCA: AlO

Tesr Condlrlon! A10S1OO (Cl) ro NORM, A1OS1OO (C2) ro SA'PROGRAU

Slgnature Analyzer ConnectlonB on 4103
START SA4 TPIT Rl3lng
STOP SA5 TPl8 Rlslng
CLOCK PIt2 TP3 Falllng

Checks :
Ror.r 67 u307

t5vreference-251A

TP6
TP7
rP8
TP9
TPIO
TPI l
TP12
TPI3

RDO

RDI
RD2
RD3
RD4

RD5
RD6
RD7

38PA
7lA0
1363
0rr69
rr853
c2lF
2tL4
8mA

Table 8-41. Al0 SA Pmgrom LaP H

Iobb 842. A10 SA Progam Laop I

-Te-EE -Con-dIE16-n: AI0SI00-(C[)-tE-NORU-AI0SI00-(c2)-t3--SA-PRoGRjAll-

PCA: A1O

*5vreference-APU2

Slgnature Analyzer Connectlons on A10:
START SA4 TP17 Falltng
SmP SA5 TP18 Falltng
CLOCK PHZ TP3 Falllng

Checks:
Recelver Peirpheral
Data Bus
.Recelver Perlpheral
Addrese Bua
REN, LREN, RR/I'

U500- 5-1446 U700-8=c544

U600- 4=1CC5
u705 -11

r2
l3
t4
15
16
L7
18

It4AA
2422
4300
PC55
F 5AO
49r I
0422
8077

U605 - 7 - l0HU
9 = uc20

12 - PAH3
14 - 96HI
16 = U4r3
18 = 1143
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PCA: A10

Tesr Condirion: A10S100 (Cl) ro NORI,I, A10S100 (C2) to SA PR0GRAI"I

Signature Analyzer Connections on A10:
START SA5 TP1B Rising
STOP 5A6 TP19 Rising
CLOCK PHz TP3 Falling

Checks:
ROM 45 U306

+5vreference=672A

TP6
TP7
TP8
TP9
TPlO
TPI 1

TPL2
TP13

RDO

RDl
RD2

RD3

RD4

RD5

RD6

RD7

78u5
2A3P
3CH3
4t77
H2FH
648P
6FF7
u655

Table 8-43. A10 SA Program Loop J
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t Table B-4f. A10 SA Program Loop H

Table 8-42. A10 SA Program Loop I

PCA: A10

Tesr Condirion: A10S100 (cl) ro NORM, A10S100 (C2) to SA PROGRAM

Signature Analyzer Connections on A10:
START SA4 TPIT Rising
STOP SA5 TP1B Rising
CLOCK PHz TP3 Fa1 ting

Checks:
RoM 67 U307

+5vreference=251A

TP6
TP7
TPB
TP9
TPlO
TPl 1

TPL2
TP I3

RDO

RD1

RD2

RD3

RD4

RD5
RD6

RD7

1C 55
6866
CPH9
66H5
F 224
2PCH
8593
1AA3

PCA: A10

Tesr Condirion: A10Sl00 (c1) ro NORM, A10Sl00 (c2) Eo sA PROGRAI'I

Signature Aoalyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CLOCK PHz TP3 Falling

Checks :

Receiver Peirpheral
Data Bus
Receiver Peripheral
Address Bus
REN, LREN, RR/W

+5vreference=APU2

U500 5 = L446 U700 8 = C544

U600 4 = 1CC6
u705 -11

l2
13
L4
15
r6
t7
r8

H4AA
2422
4300
PC65

F 5AO
49F L

0422
8077

u605 7

9

L2
T4
16
18

= 10HU
= UCZO

= PAH3

= 96HL
= U413
= LL43
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PCA: A10

Tesr Condition: A10sl00 (c1) ro NORM, A10s100 (c2) ro sA PR0GRA1,1

Signature Analyzer Connections on A10:
START SA5 TPIS Rising
STOP 5A6 TP19 Rising
CLOCK PHz TP3 Fa1-ling

Checks:
ROrr{ 45 U306

+5vreference=672A

TP6
TP7
TPB

TP9
TPlO
TPIl
TPL2
TPl 3

RDO

RD1

RD2

RD3

RD4

RD5

RD6
RD7

645C
05P5
UAH9

10A5
2A4P
PPF P

6u42
3424

I

Table B-43. A10 SA Program Loop J
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tI Table 8-44. A10 SA Program Loop K

Table 8-45. Al0 SA Program loop L

PCA: Al0

Tesr Condltlon: Al0s100 (c1) to NoRl.t, Al0sl00 (c2) co sA PRoGRAM

Slgnature Analyzer Connecttona on Alos
START 3A6 TPt9 Falltng
STOP SAI TP14 Rlslng
CLOCK PH2 TP3 Falllng

Checks:
RoM Er U507

t5vreference-55tlF

TP5
TP7
TP8
TP9
TPlO
TPI l
TPI2
TP13

RDO

RDI
RD2
RD3

RD4
RD5
RD6
RD7

IIFU6
IUFP
t F09
HIIHU
8391
4UU1
3A44
695u

Test Condltlon: A10Sl00 (Cl) to NoRM, Al0S100 (C2) to SA PRoGRAI'!

Slgnature Analyzer Connectlons on A10:
START SA5 TP19 Rlsing
STOP SAl TPl4 Fa1llng
CLOCK Plt2 TP3 Falllng

Check:
ROM 23 U305

*5vreference=55UF

TP5
TP7
TP8
TP9
TPlO
TPI l
TP12
TP13

RDO

RDl
RD2
RD3
RD4
RD5
RD6
RD7

801H
U9F U

4032
98Cr{
55A9
18CU
CCFF
9F 19
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PCA: AlO

Te6t condlrlon: A10S100 (c1) to NoR!.{, A10s100 (C2) to SA PROGRAI.{

Slgnature Analyzer Connections on A10:
START 5A6 TP19 FaUing
STOP SAI TPl4 Rlelng
CL0CK PIl2 TP3 Falllng

Checke :
ROU EF U5O7

*5vreference-55lJF

TP6
TP7
TP8
TP9
TPlO
TPIl
TPL2
TP13

RDO

RDl
RD2

RD3
RD4
RD5
RD6
RD7

HTU6
3ouu
UT09
U91U
A75l
4uu1
3A44
695U

Table 844. A10 SA Prcgram Loop K

Tablc 8-45. A10 SA Program LooP L

I

I

I

I

I

I

I

:

i

I

I

I

I

I
I

I

I

I

i

I

t

t

I

I

:

I

I
I

j

I

I

I
I

I

I

I
I
I

I

I

j

TeBr condlrlon: A10sl00 (c1) to NoRu, A10s100 (C2) ro sA PRoGRAII

Signature Analyzer Connectlons on A10:
START SA6 TP19 Rlslng
STOP SAI TPl4 Fa1llns
CLOCK PII2 TP3 Falllng

Check:
ROr.{ 23 U305

*5 v reference . 55UF

TP6
TP7
TP8
TP9
TPlO
TPI1
TP12
TP13

RDO

RDI
RD2

RD3

RD4

RD5

RD6
RD7

ztJ6l
A77 4
4HFA
4918
AH55
uL92
CFHA
1HlP
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Table 8-46, AO Free Run LaP A

Table 8-47. A9 Free Run Lop B

Table 8-48. A9 SA Progrom. Loop A

Table 849. A9 SA Prceram Lap B

Table &80. A9 SA Program Lop C

Table &51. A9 SA Program Laop D

Table 8-52. AB SA Program Loop A

PCA! A9

Test Condltlons! Insert JuDpers 3 TST (above JU2), JU2 and JU4
Renove Junpers: JUI and JU3

Slgnature Analyzer Connectlons on A9:
START P2A15 Rlsing
STOP P2A15 Rlslng
CLOCK P2Q Falllng

+5vreference-0003

Checks :
Translents Address Bus
Decoder Output
Start/Stop Btt for SA
?rogran Loops

ur02 - 8
9

t0
l1
L2
13
L4
15
t6
t7
18
l9
20
zt
22
z3

UWU
I'FFF
8484
P7 63
rU5P
0356
v759
6F9A
179L
6321
37C5
6U28
4FCA
4868
9UP1
0002

u800 - 1

2
3
4
5
6
7

8
9

10
ll
13
L4
15
16
L7

CII3II
9682
4F0H
4Ltul
78P0
r53A
908P
5PCP
u789
7F82
8CH2
oAc8
u898
9UOA
ozP2
P136

u900 - 7
9

10
11
L2
13
r4
t5

572A
5FA4
729n
FATC
29P I
A789
9P2C
78A3

U702 -9 - A6c8

Tesr Condlrlons: A1os100 (c1) to N0R!.1, A10sl00 (c2) to sA PRoGRAM

Slgnature Analyzer Connectlons on AIO:
START SA4 TPIT Fall tng
SmP SA5 TPIS Falllng
CLOCK Ptl2 TP3 Falllng

Check6 3

Addresg Conparator
Address Decoder

*5vreference-APU2 * 'Non-bllnklng

u502 - 3
4
7
8

13
14
r7
18

H4AA
2422
4300
PC65
F 5AO
49F 1

0422
8077

u802 - 1

z
3
4

10
II
t2
r3
L4
15

L446
uc20
PAH3
c544
APU2!t
2v96
APU2*
591C
APU2!t
H778

U902-6-0U07
l0 = 10HU
12 = 95Hl
13 - U413
15 - 1143

u600 - 2
3
4
5
6
7
8
9

ATPF
PH42
HU80
o8F I
524A
H4P8
n7c0
H63A

PCA: A9

Test Condltlona: Insert Junpers: JUl, JU4 (left)
Renove Junpers: TST (Above JU2)r JU2, JU3

Slgnature Analyzer Connectlons on A9:
START/STOP P2ISTART Falllng /Rlelng
QUALIFIER U600- 13 Bigh Ievel
GL0CK P2Q Falllng

Checks :
RAM Deta

*5vreference-0046
P2 Rlw - 4t7 4

u303 - 2
3
4
5
6
7

8
9

t2
13
l4
l5
l5
t7
18
19

OHSA
H4AA
2422
9499
8C79
4300
PC65
0724
8C1U
r 5A0
49Fr
CU2U
4C8F
o422
8077
09H5

V2Oh-3-APU2* v4O3-2=t446
3 . PAH3
4 - C544
7 - APU2*

12 - APU2*
14 = 4c7C

U503-6-P589
10 = IOHU
12 - 95ltl
13 = U413
15 - 1143

Tesr Condlrlons: Al0sl00 (cl) ro NoRlt, Al0sl00 (c2) ro sA pRocRAM

Slgnature Analyzer Connectlons on A10:
START SA4 TP17 Falltng
STOP SA5 TP18 Falllng
CLoCK PHz TP3 Falllng

t5 v reference ' APU2 * -Non-bllnklng

Checks :

Address Conparator
Addrese Decoder
Input Control Latch

PCA: A

Teat Condltlons: Insert Junpers: TST (ABoVE JU2)' JU2
Renove junpers: JUl, JU3, JU4

Slgnature Analyzer Connecttons on A93
START P2Ar5 Rlslng
STOP P2A15 Rlslng
CLOCK P2Q Fa1llng

+5vreference-0003

Checks :
ROU Data Bus

u400 - 9
10
11
13
14
l5
16
t7

39A9
O9PP
8U12
cAcS
569r
3L02
1135
43PC

PCA: A9

Test Condltlons: Inaert Junpers: JU1, JU4 (1eft)
Renove junpers: TST ( Above JU2), JU2, JU3

Slgnature Analyzer Connectlons on A9:
START P2ISTART Falllng
SmP P2lStoP Rls1ng
CLOCK P2Q Falllng

Checks:
RAlt Data U500

+5vreference-5F32
P2 R/l{ - ll0H0

u303 - 2
5
6
9

t2
15
16
19

P828
4V7 4
FC29
79P9
A21C
CP9A
HT'PU
34IT3

u304 - 2
5

6
9

L2
15
16
19

27U2
oc45
1AC8
8328
FU9F
7 AtJz
6987
5159

u600 - 2
3
4
5
6
7

8
9

7185
u73U
51r48
278F
flz?5
3FCA
4P4A
ct F4

PCA! 49

Test Condltlons 3 Insert : JUl, JU4 ( left )
Renove lunpers: TST (AB0VE JU2), JU2, JU3

Slgnature Analyzer Connectlons on A9:
START/STOP PS/START Falllng /Rlstng
QUALIFIER A8 noted below LoU Level
CLOCK PzQ FaUlng

Checke :
Latch Deta

*5 v reference - CC34 Notes Cycle power when changlng qualifler

Quallfter- U303-1 Qualtfier- U304-1

u303 - 3
4
7

8
13
t4
L7
I8

2HH8
P4C7
FCEC
c7r 1

t F4C
ocH5
PUSP
ItHTH

u304 - 3
4
7

8
13
14
t7
l8

2nH8
P4C7
FCHC
c7F1
t F4c
ocH5
PUSP

HIITII
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PCA: AB

Test Conditions: Remove A9 jumpers TST, JUz, and JU3

Signature Ar.al-yzet Connections on A9:
START P2-START Falling
STOP P2-STOP Rising
CLOCK P2-Q Falling

Checks:
Input Latch for Data
Trans ient s

+5vreference=5F32

u501 2

5

6

9
L2
15
16
r9

7 634
FPCT
47 CP

66C8
u7 32
898F
H454
CCOU

Table 8-53. A8 SA Program Loop B

Table 8-54. A8 SA Program Loop C

PCA: A8

Test Conditions: Remove A9 jumpers TST, JU2, and JU3

Signature Analyzer Connections on A8 and 49:
START/STOP A9 P2-START Falling/Rising
QUALIFIER AB U501-1 Low Level
CLOCK A9 P2-Q Falling

Checks:
Input Latch for Data
Transients

+5vreference=CC34

u501 2

5

6

9

t2
15
L6
19

96PF
7 25C
P5PH
5CPO

7P25
85PA
77F7
6PCP
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PCA: A1

Test Conditions: A10S100 (C1) ro NORM, A10S100 (CZ) to SA PROGRAM

Signature Analyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CL0CK PHz TP3 Falling

+5vreference=APU2

Checks:
Address Comparator
Address Decoder
Data Bus Decoder

U800 | = L446
2 = UC20
3 = PAH3
4 = C544

13 = 24PA
15 = UHl9

U900 6 = H9U3
f0 = l0HU
L2 = 96H1
13 = U413
15 = 1143

u500 7

9

10
11
L2
13
L4
15

u600 2
3

4

5

6

7

8

9

HC59
HCHF

6P26
833s
07 4P
P7 68
c629
1C99

H4OH

4300
PC65
7 zCA
lF 89
F 5AO

49F 1

A000

u600 -11
L2
13
L4
r5
t6
L7
18
19

c544
3FAF
0422
807 7

A040
379F
2422
H4AA
H705

U700 2 = 6259
5 = PP58
6 = 260A
9 = 2786

L2 = TCC$
15 = IF79

Table 8-55. A1 SA Program Loop A

Table 8-56. A2 SA Program Loop A

PCA: Az

Tesr Condirions: A10s100 (c1) ro NORM, A10Sl00 (c2) ro sA PRoGRAM

Signature Analyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CLOCK PHz TP3 Falling

Checks:
Address Comparator
Input Control Latch

+5vreference=APU2

U604 6 = 6072 u705 2
3

4

5

6

7

8

9

11

7 60u
8077
0422
UOHT

HICP
49F I
F5AO
2F 39
c544

u705 -t2
13

L4
15
16
L7
18
19

148H
H4AA
2422
95FP
HAPH

4300
PC65
F7H2

U704 6 = FPB0
10 = 10HU
12 = 96Hl
13 = U413
15 = 1143
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PCA: A3

Tesr Conditions: A10s100 (c1) to NoRM, A10S100 (C2) ro SA PRoGRAM

Signature Analyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CLOCK PHz TP3 Falling

Checks:
Address Comparator
Address Decoder
Input Control Latch

+5VReference=APU2

UTOZ 3 = 5U82
6 = 09PP
8 = APU2

10 = L446
11 = CAC4

UBO3 2

3

4

5

6

7

8

9

11

33U9
H4AA
2422
UC5F

47 TH

PC65
4300
u1 70
c544

U800 6 = A71F
10 = IOHU
L2 = 96H1
13 = U413
15 = 1143

Table 8-57. A3 SA Program LooP A
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?able 8-58. 44 SA Proera.rl Inop A

PCA: A4

Test Condlrlone: Al0Sl00 (Cl) to NOBU, Al0S100 (C2) to SA PRoGRAI.,!

Slgnature Analyzer Connectlons on A10:
START SA4 TP17 Falltng
STOP SA5 TP18 Falllng
CLOCK Pll2 TP3 Falllng

Checks :
Address Cooparator
Address Ilecoder
Input Control Latch
Input Data Latcheg

15vreferenee-APU2 *- non-bIlnklng; slgnaturee take
approxlnately l0 secs to 6tab111ze

tJ302 - 2
5
6
I

L2
l5
l6
l9

817r
H53C
r0P8
lrF ttl
HPC2
IIP86
uPlC
FF02

u602 - 2
3
4
5
6
7

I
9

L2
13
l4
15
l6
t7
18
19

u79u
IT4AA
2422
SFOH

AITSII
4300
PC65
3331
A3OF

r 5A0
49F1
4P33
9292
o422
8077
0rF0

u702 - L

2
3
4
9

l1
13
l4
l5

1446
uc20
PAII3
c544
0242
FP6A
4544
APU2*
IIP6O

U402 -15 - A34l
L9 - 479L u802 -6

10
t2
l3
15

- 570F
- 10HU
- 96111

- U413
- 1143

u502 - 2
5
6
9

L2
15
15
19

8P85
7n18
64FU
c524
55A5
951A
33F7
F097
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PCA: A5

Test Condlrlons: A10s100 (c1) ro NoRll, Alos100 (c2) ro sA PRoGRAH

Slgnature Analyzer Connectlons on Al0:
START SA5 TP18 Falltng
STOP 5A6 TP19 Falllng
CLOCK Ptl2 TP3 Falllng

Checks :
PrograDEable Countera
Data Latches
CoDparator Clrcult
Control Status Latch
Counter Mode Counter*5 v reference - 65H8 *- Not bllnklng

U104-3-P5P0
6 - 65118
8 - 0000*

ll - 0000

v405 - 2
3
4
5
6
7
8
9

t2
13
l4
l5
r6
l7
18

u406 - 3
4
5
6

l1
L2
l3
14
15

2418
6189
9P45
PHPF

98PC
Alolt
6037
9P56
L2hE
0000
65n8
7HP3
C9PIT

65n8
0000

124H
7IIP3
c9PH
CCFII
OTUIT

5t7P
5F38
U3AC
AA58

u505 - 2
3
4
5
6
7
8
9

t2
13
r4
15
16
17
18

u506 - 1

3
4
5
6

11
t2
l3
l4
l5

2LL8
6FAH
9926
PIIPF
98PC
TUFP
p74P

9P56
t24E
U3AC
5F38
7HP3
C9PH

5L7P
OTUII

65H8
2418
PHPT
98PC
9P56
F74P
7UF9
9926
6TAIT
3178

U1O5-2-0000.
3 - 65H8
6 - 0000

10 - P5P0
11 . 8038

U204-7-65H8

U205-3-00O0
6 - 65118--E-P867--9---CCT.H...._-1

11 - 65H8

U306 -11 - 6037
12 - AlOIt
13 = 9P45
14 - 6189
15 - P5P0

Tablc 8-59. A5 SA Ptogrum Loop A
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PCA: A5

Tesr Condirions: A10s100 (c1) ro N0RM, A10S100 (C2) ro SA PROGRAM

Signature Analyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CLOCK PHz TP3 Falling

Checks:
Address Comparator
Address Decoder
Control LaEhes

+5vreference=APU2

u605 2

5

6

9

L2
15
L6
19

32H2
L2C9
8HU7
801P
OP3A
SPFO

407H
A9UH

u705 2

3

4

5

U9lF
II4AA
2422
8A4P
9013
4300
PC65
TCPF

c544
F 5AO

49F I
77 30
L207
0422
8077
AI'40

U706 6 = 5F52
10 = 10HU

L2 = 96HI
13 = U4f3
15 = 1f43

u606 1

2

3

9
11
L2
13
L4
15

L446
UC2O

PAI{3
56F0
oA92
APU2
APU2
APU2
APU2

6

7

I
9

11

13
t4
15
T6
L7

18
19

Table 8-60. A5 SA Program Loop B
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PCA: A6

Tesr Condirions: A10s100 (c1) ro NoRlvl, A10S100 (c2) ro SA PRoGRAM

Signature Analyzer Connections on A10:
START SA4 TP17 Falling
STOP SA5 TP18 Falling
CLOCK PH2 TP3 Falling

Checks:
Address Comparator
Address Decoder
Input Control Latch

+5vreference=APU2 * =Non-blinking

U400 6 = F228
10 = 10HU

L2 = 96H1
13 = U413
15 = 1143

u700 2

3

4

5

6
7

8

9

I2
r3
L4
15
L6
t7
18
19

lOPA
H4AA
2422
5805
9C52
4300
PC65
68AP
68H5
F5AO
49F 1

0228
4u13
0422
8077
8308

U500 ]. = UC20
2 = PAH3
3 = L446
4 = C544
9 = APU2*

11 = APU2*
L4 = 6FHA

U600 -11 = 1CC6

Table 8-61. A6 SA Program Loop A
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PCA3 A7

Tesr Condlrlons: A10S1O0 (Cl) to NORll, Al0S100 (C2) ro SA PROGRAII

Slgnature Analyzer Connectlons on A10:
START SA4 TPl Fa1llng
STOP SA5 TP18 Fal1lng
CLoCK PHz TP3 Falllng

Checks :
Address Cooparator
Addres8 Decoder
Input.Control Latch

*5vreference-APU2 * -Non-bllnklng

u603 - 1

2
3

10
t2
14
15

t446
uc20
PAII3
APU2*
APU2*
APU2*
685A

u802 - 3
4
7
8
9

11
t2
13
l4
15
16
t7
18
l9

8077
0422
49rl
r 540
37A9
c544
cn79
PC65
4300
F3F9
,d:632
2422
H4AA
Pr95

U703-6=F6A8
10 - l0llu
12 - 96lll
13 - U413
15 - 1143

Table 8-62. A7 SA Progan Lap A
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8.18. INTERFACE TROUBLESHOOTING
trtee Bun I/O lloubleehooting

l. Plug the I/O nodule lnto Porr 2. Set A11 5405 ro ao SA Progran
Loop posltlon (Any posltlon from 1-15).

2. Connect the slgnature analyzer as spectfied ln the approprtate I/0
uodule's Free Run SA table.

3. swltch rhe 4945A ON.

4. Renove the data bus Junper on the I/0 module:
JU501 on the 18162A
JU201 on the 18163A
JU403 on the 18155A

5. The followlng slgnals nust be correct Ln order to perforn SA ofl any
of the I/0 Eodules. Check for the signals ll8ted below on the
approprtate I/O oodule.

I

I
I

I

Slgnal
Functloo

XTAL freq
Addr. btt 15

RS-232

u401-2, 3

u401 - 20
u301-2, 3
u30l - 20

IIP-IB

u30r - 30

Slgnal
Condltlong

4 llllz
4.36 llllz

2 llllz

Ittgh

ttigh

Ittgh

HP-IL

o u40r - 40

u401 - 7

u401 - 6

u40r - 30

u301 - 40

u301 - 7

u301 - 5Reset u501 - 5

u50r - 30Systen Int.

I/0 Int. u40r - 12 u301 - 12 u501 - 12 Ittgh

6. For atl I/0 nodulee, take the signatures ltsted under the
approprlate Free Run SA Loop table to verlfy the I/0 processor
kernel.

Por RS-232 Only:
If any of the data bus slgnatures are bad on JU201, remove RAll U202.
lIlth Ehe pouer oFF, relnstall JU201, then swltch the porrer 0N and
reDove JU20l. Take the slgnatures glven ln the t{/0 RA}l coluon to
deternlne lf the RAU was causlng the fallure.

7. If no bad slgnaturee are found, the probleE could stlll be the lnput
latch, output latch, address decoder or the atatus latch.

The Free Run node used durlng Free Run SA does not exercise all
c1rcult6. Check for stuck blts on the parts nentloned above,
especlally lf error codes 820 through 824 or 920 through 924 ate
generated.

8. If the fallure perslata, refer to the specific I/O oodule
troubleshootlng procedure.

u501-2,3
u501 - 20

N/A

u50r - 7
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HP-IB Free Run SA Loop R5232 Free Run SA Loop HP-IL Free Run SA LoopHP-IB SA Loop A

PCA: 18162A

Test Condition: Board AII 5406 in any position 1.-15

Signature Analyzer Connections :

START U2O2_3 IFC
STOP U2O2-3 IFC
CLOCK U202.2 REN

Falling Edge
Falling Edge
Rislng Edge

+5 v Reference H9AO

U101-31 =
32 =
33 =
34 =
35 =
36 =
37=
38 =

O4HH
362P
H27 5

25PC
6P61
L27 C

3H17
u47 8

u102- 2

3

4
5

6
7

8
9

= U47 8
= 362P
= H275
= 25PC
= 6P61
= L27C
= 3H17
= U478

Use scope to check for:

u202- 4=
5=
6=

8=
9=

high
high
high
low going pulse every 25 msec.
high going pulse every 25 IDS€c.
low going pulse every 25 msec.

PCA: 18162A

Test Condition: Board A11 S40f, in any position 1-15.
18162A -jumper JU501 removed AFTER po\'/er on'

Signature Analyzer Connections :

START U3O1-20 AI5
sroP u30r-20 Al5
CLOCK U3OI-8 DS

Risin
Risin
Risin

g
g
g

Ed
Ed
Ed

ge
ge
ge

+5vReference=0001 * = Not blinking

JU501- 1

2

3

4

5

6

7

B

F 2HF

5ACF

9U2U
66F C

25UA
CC77
H609
8P4 r

U604- 4 = 4H79
5 = 5FUB
6 = 1181
7 = 4H79

U503- 3 = 0001*
5 = 0001*
6 = 0001*

u502- 2

5

6

9

L2
15
16
19

UUUU

s555
CCCC

7F7F
5H2L
OAFA

UPFH
52F8

u301-13
L4
15
L6
L7
r8
19

HCB9

2H7 0
HPPO

L293
HAPT
3c96
3827

PCA: 18163A

Test Condition: Board A11 5406 in any position 1-15.
Remove JU201 on 18163A AFTER power orr.

Signature Arnalyzer Connections :

START U4O1-20 A15
STOP U4OL-ZO A15
CLOCK U4O1-8 DS

Rising Edge
Rising Edge
Rising Edge

+5vReference=0001 * = Not Blinking

wl rh RAI'{

JU201- 1

2

3

4

5

6

7

8

A9C6
4290
33UB
F 6P9
23AP
7 6c6
P69F
46H3

u401-1 3
L4
15
16
L7
r8
L9

= HCB9

= 2H7O

= HPP0

= 1293
= HAPT

= 3C96
= 3827

W/O RAM U403-20 = AUPP

JU20l- I
2

3

4

5

6

7

B

A021
4290
34.6U

F 6P9
23AP
7 6C6
P59F
46H3

U502- 7 = 4P0A
10 = 0996
11 = 0000

U503- ] = 0001*
3 = 0001*
6 = 0996

11 = 0000
L2 = 0000*

u303- 2

5

6

9

L2
I5
1-6

i_9

UUUU

5555
CCCC

7E7F
5H2t
OAFA
UPFH
52F8

U504-12 = 0000
13 = 0001

PCA: 18f65A

Test Condition; Board AIt 5406 in any position 1-15.
1Bf65A Jumper JU403 removed AFTER power oo.

Signature Analyzer Connections:
START U5O1-20 A15
sroP u501-20 A15
CLOCK U5O1-8 DS

Rising Edge
Rising Edge
Rising Edge

+5vReference=0001 * = Not Blinking

JU403-1 1

L2
13
L4
r5
L6
L7
18

HAC 7

99A7
F7 36
U6CH
6U2F
s443
OAF 8

59 1P

U3O2- 4 = 4H79
5 = 5FU8
6 = 118L
7 = 4H79

U504- 3 = 0001*
6 = 0001*
8 = 0000

10 = 0000*
u501-13

L4
15
L6
L7
I8
19

HC89
2H7 0
HPPO

L293
HAPT
3C96
3827

u503- 2

5

6

9
L2
r5
L6
19

UUUU

5555
CCCC

7F7F
5H2l
OAFA

UPFH
52F8
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1

2

RS-232 Troubleshooting

Set board A11 5406 to an SA Program Loop position (Any position
from 1 to 15).

Connect an RS-232 juurper connector (L25f-0063) configured for loop
back, to the interface RS-232 connector (See Figure below).

181634 J1 1251-0063 Connector

8 20
17

12

15

19

18

---------7

---7

4

24

2

6

5

21 8
16 3

1 251 -0063 RS232 Loop Back Connector

Switch the 4945A ON.

Check the following signals on the serial T/O chip. Frequencies are
approximate.

Check Signal

ULO? 35 (MR) Low

U102 16 (XTAL) 2 MHz

U102 30 (INTRPT) Low

u102 14 (CS2) 45 kHz

U102 18 (D0STR) 22 kP.z

U102 2 (DISTR) 250 kP.z

Check the RS-232 waveforms to verify the loop back path.

If all the above checks are good, the serial I/O chip may still be
bad.

----7

3

4

5

6
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IIP-IL Troubleshootlng

1. Set board All 5406 to an SA PrograD Loop poBltlon (Any posltlon
fron I to 15).

2. Connect an HP-IL cable (8120-3383) to the lnterface IIP-IL connector.

3. Swltch the 4945A poser 0N.

4. Check the followlng slgnals on the HP-IL chlp. Frequencl.es are
approxl[ate.

Check Signal

U101 - 23, 24 (Lcr,Lcz) 475 to 550
nsec Perlod

ur01 - 27 (wR) 8 kllz

Ur01 - 26 (RD) 300 kltz

Ur0r - 28 (CS) 8 kIIz

5. Check the ltP-IL waveforuE.

6. If all the above checks are good, the flP-IL chlp nay stlll be bad.
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HP-IB Troubleshooting

1 Set board A11 5406 to an SA Program Loop (Any position from 1

to l5). Connect a Signature Analyzer as explained in the HP-IB
SA Loop A table.

2. swirch rhe 4945A oN.

3. Check the following signals on the IIP-IB chip. Frequencies are
approximate.

Check Signal

u101

u101

u101

ul01

u101

u101

u2a2

tJ202

9 (rNr)

19 (Reset)

3 (cE)

4 (wE)

5 (DBrN)

18 (o)

2 (CLK for SA)

3 (St/sP for sA)

IIigh

IIigh

45 kP.z

45 klcrz

45 kHz

2 Vhtz

10 kIIz

85 Hz

4. Take the signatures listed in the HP-IB SA Loop A. If all signatures
are good, it is stil-l- pcssible that the HP-IB chip is bad.

Note: There is a potential ESD problem with U102 and U202. If these
parts are failing, this could be the cause.
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HP-IL Waveforms

OV

u101 - 18, T200 4

Horiz 50 usec/div
Vert 2 V/dirz

The period between bursts is 250 usec. Each burst is 4B usec.

OV

The following photo shows the burst expanded.

Horiz 5 usec/div
Ver:t 2 V/div

LZ pulses per burst with a 1ow time between pulses of 1 usec.
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T200 pins 1, 2, 9 and 10

usec / aiv
v/div

Horiz
Vert

5
2

12 pulses, period is 4 usec

U 101 p ins

OV

0v

Horiz
Vert

19 and 20

usec/div
V/div

5

2

12 pulses, period is 4 usec
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OV

ul0r

Horiz
Vert

L7 , T200 6

5 usec/div
2 V/div

l2 pulses, 1ow time between pulses is I usec
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RS-2 32 Waveforms

OV

u102 9 (RCLK), U103 LZ and l:lu102
u102

Horiz
Vert

l5
38,

1

(BAUD 0UT),
u203 I

2

usec/div
V/div

Period between
Pulse width is

pu1 ses is 6.5 usec.
. B usec.

OV

u103 11, u203 10

Horiz
Vert

I usec/div
5 v/div

Period between
Pulse width is

pulses is 5.5 usec.
. B usec.
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u102
u102

33,
37,

u103
u203

ta and 5 (DTR)
3 (DSR)

OV

OV

Horiz 2 msec/div
Vert 2 V/div

Period is 750 usec between
Low 1eve1 pulse time is 20
High leve1 pulse time is 40

bursts.
usec.
usec.

Horiz
Vert

6 u203 I

2 msec/div
V/div5

Times are same as previous photo but waveform is inverted
and at RS-232 levels.
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u102
u102

I
0

I
1

u103
u203

2 msec/dj-v
v/div

2 ( Dour )
1r (DrN)

OV

OV

Horiz
Vert

Period between
Pulse width is

pulses is 1.15 msec.
105 us€c.

2

u103 3

Hori-z
Vert

u2a3 1 3

.2 msecldiv
5 V/div

Times are same
and at RS-232

as previous photo but waveform is inverted
1eve1s.
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OV

Horiz
Vert

The
The
The
the

u103 8, U2O3

32, U103
36, U2o3

4

2 msec/dtv
v/div

UL02
u102

9 antl 10
6 ( crs )

(Rrs)

2 msec/div
v/div

pulses are 1ow for 110 usec.
high time between pulses is 160 usec.
period from the st.art of the second pulse to
beginning of the next two pulses j.s 7 50 usec.

OV

2

Horiz
Vert 5

Times are same as previous photo but waveform is inverted
and at RS-232 1eve1s.
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8-19. DIAGNOSTICS

Besides the power-on self eheck, there are a number of diagnostie selfcheeks
built into the 1.915A that let you calibrate the instnrment, verify the in-
strument operation and help isolate troubles.

There is a ealibrate routine that runs specific diagnostic modes that calibrates
the stored receiver eonstants. Calibration should be performed when the
"RECEI NOT CALIBRATED" message is displayed.

The 1915A troubleshooting philosophy relies on these diagnostic modes to
isolate problems.

First, eheclr that all the power supplies are within specifications .

Look up the mode and the data segment that is failing in the following pages.
In the case of muLtiple failures, always begin troubleshooting with the first
test that fails.

At the begining of each mode, there is a description of what the mode is doing.

Troubleshooting hints and waveforms are given for the data segments in eaeh mode
to help you isolate a faulty component. Signature analysis tables are referred
to when applieable. The SA tables are in their own section behind the diagnos-
tics in Section 8.

Following is a list of the diagnostie modes.

8-9r



Tablc 8-1. Diagnostic Modes

fltlG
''/

,p
:l

(
?
n
r
(

P

i. (]
,l?

p

,, 
.Q

(,q

f
,$ ,t
t(
tin

101 t

0\
q

I
2

3

4

5

6

?

8

9

t0

11

L2

L'

Ll

Ibtector Dtgitaf and ADC Cbecl (15)

lbratldr Cnec[ (A5)

lfarronbald Autorange Aapllfler Chec& (A4,

Baslo Tranadtter (A5, E l

HldebaDd Pllter Calibratio (A2)

AU, A1', A1?)

Frequenay Courter aDd Crystal CbecI (A8, tll, EL?t

TranEnltter Slngle Toe Chectr (A8, L71, E l
fransoltter ltultl-foe Cbecl (18, AI4)

lransnltter Filter Sreep (A1r, Al?)

Traraoltter Alternate ChaDDel ChecI (A15, At7)

L'

16

L?

18

19

20

2L

u

A2 Fllter Sneeps (42)

A2 Filter Sreepg Cottnued (A2)

Al ard A18 Chec} (Al?, Recelver Level rltlr terrlnatloo, 2 rlre
r€turo 1o8!

Ear{$are Cheax (A3)

IUD Fllter Cartbrattcr (Aj)

,ltter Dlgltal and PLL CrrccI (A6)

Jitter Callbration (46)

llardware Chece (47)

Callbratlo (A7)

frenst€Dt l,leasureletts Cbece (A9)

FS lhoodulatlm Cheax (Ar)
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8-20. Running The Diagnostics

To aecess the diagnostic modes, press SEIUP and then press the CALI-
BRATE/SELF-CHECK softkey.

You now have a choice to rrrn all the modes, a specific mode or path within a
mode. You ean also specify the condition on which the test stops.

To nm all the tests:

Se1ect (FULL) SELF-CHECK and press START/STOP.

To nrn a particular mode:

Se1eet (MODE) SELF-CHECK, press }'IODE and enter the mode number from the key-
boarrl. Press EIITER to complete the entry. Press START/STOP to start the mode
test.

To nrn a particular path w:Lthin a mode:

First seleet the mode as deseribed above, then select (SEGMENT) SELF-CHECtr.
Press SEGMENT and enter a data segment number assoaiated with that path from the
keyboard. Press ENTER to cornplete the entry. Press START/STOP to start the
path test.

NOTE: IF A}I INTUSED DATA SEGMENT NIIUBER IS ENTEBED, THE DATA SEGMENT DEFAULTS TO

}IWBER 1.

STOP-ON Conditions

Following is a sunmary of the Stop-On conditions you aan select.

CEECK END Stops at the end of the selected test (i.e., at the end
of the selected node or at the end of all modes when
FULL is selected).

FAIL-MODE Stops at the end of the mode in which a failure has
occurred. This mode runs non-stop if no error
occurs.

FAIL-M{D

}ION-STOP

Stops after nrnning all the modes when a failure oeeurs

Run the selected tests continually.
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Hhen the test stops beeause of one of these eonditions, press
START/STOP to start the test over again. Press START/STOP to man-
ually stop the test.

Calibrate

Use this feature when the "RECEMR NOT CALIBRATED" message is displayed.

Hhen CALIBRATE is selected, diagnostic modes 2, 11, L6, 18 and 20 are run.
These modes calculate and update the receiver calibration constants.
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Diagnostics Hode I

8-21. MODE 1:Detector Digital And ADC Check (A5)

This mode checks the digital eireuits and the analog to digital converter on the
A 5 Detector boanl.

The first six segments verify the digital circuits around the analog to digital
converter and measure the time period of the A5 aalibration signal.

The last five tests check the aeauracy of the analog to digital converter and
the funotions of the detector multlplexer switch.

Following is a sunmary of the Mode I tests.

Data
Segment Test

Boarrl Presenee Test
I.Ialking Ones Test
not used
Comparator Tests
not used
Tracking ADC Tests
Pealr Detector Tests
CaI Signa1 Digital Tests
Count Up Period Test
Count Down Period Test
not used
Tracking ADC Accuracy
not used
Voltage Reference Test
not used
Receiver +5.0 V CLN

Besults
Displayed

0 +/- 0
0 +/- 0

0 +/- 0

o +/- o
o +/- o
0 +/- 0
1096 +/- 20
1096 +/- 20

190 +- 10 mV

W9 +/- 11 mV

,000 +/- Z5o

Path

I
2

3

1
,
6
6
6

7

I
9

I
2
3

1
5
6
7
B

9
10
11
L2
L3
L1
1f,

16
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Diagnosties l{ode I

Following is a description of each test path.

Path 1 Board Presence Test (Data Segment 1)

Tbis test aheols pin L2 o? V1O5 (bit RD 4) on the A, detector board for a Iofl logic
level. If A5 is not lnsta[ed, this data line is high and tbe test fsils. If
tbe read Loglc and/or the latch ls bad, the test also fails. The IIP,/D010{ control
blt oD tDe programable eounters is also tested.

Errors Probable Cause

XXXXXIX A5 is not installed. Pin 12 of A5V105 is not a low logic IeveI.

Verify that the A5 boarrl is properly installed in its connector.

Check the output latch U1A5, and the select circuits, lJ2O5,
V7O6 and U606.

Cheek TP4 for ehip seleot pulses (high) each time A5 ls ad-
dressed. Pulse from ground to +5 volts onee every 28
milliseconds.

V1a5 pin 13 should be low (logie zero).

VfiOS pin 12 should pulse lon each time A5 is addressed. Pu1se
from +5 volts to ground once every 28 milliseconds.

lJ1O5 and U5O5 pin 11 should have high chip select pulses when A5 is
addressed. Pu1se from ground to +5 volts once every 28 milliseconds.

Try the A10 SA Program Loop in the Signature Analysis section.

xxxxxxl Read/write test on up/donn bit. The up/down eontrol on the program-
mable counters is set through multiplexer VzOl, and read through the
latch TJ1O5. Check the select circuits U2O5, V7O6, U606. Cheak for a
stuck bit on the chips corureated to the UP/DOHN line, U105, TJ306, U106,
ur06.

The UP/DO[{N signal on U204 pin ? should be high.

Try the A10 SA Program loop in the Signature Analysis section.
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Dl.gfoetlor - llode I

A pattern of 12 blts rit'h ooe blt let ls td

Path 2 f,ialklng Onee Teet (Data Segment 2)

Ihis ls a read/wrlte telt of tne Prpgrr@able latcbes V306/f,106, and Ur06 or lr.
read fro the pro8famablc

latcher startilg rlt[ the least rllulflcallt blt ret, atrd ror&lng up to tbe
twelfth blt.

IIIXTA De program.ble cdllter U306 la xrltt€lr to erd ttre letah U40, lr
read fDo aDd dre of the bits 1r bad. ChGcX the select clrcultr;
11706, U606, rnd U20r. AIso ahecx for a stucr blt @ the DAC U305

XXXXXI ttr plagrluable cqrntcra U406 rnd U506 are $rltteu to and U40,
lr read fro ald dre of the blts ls bad.
clrcult!; 11706, U606, 8Dd U2Or.
tfie DAC U305.

AIso checl for a stuctr blt @

try the A10 SA Progran lory la the Slgaaturc Analyals sectldr.



Path I Comparator Tertr (Data Segment 4)

This telt selects voltag$ through tbe deteator nultlplexer t@4 aDd the DAC
U304, atrd appue! theo to the analog coryarator 0106. Ihe amparator output ls
read by the procesaor,

XXXIXXX tblr
DAC.

tert obeclB the coparator, det€ctor mrltlplexer, aDd tic
The DAC ls set to 2., volla, alrd the detector urltlplexer

selects ucro vo1ts. Cbecf the follo$lng lteo!:

Ihe output of the coparator U106 lDilld be +1, volts

f,aDd gate !2O5 lP2 " 0

Irtch U105 . 0

fhe DAC ortput buf?er U206 sho[d be abort 2.12 volta

l}e deteator multiplexcr lnputs: pln 1r"1, pin 16=1, pln I:1, pln 10.
+, volts, fhe output o pln 8 (TP3) shorfld be +, volt!.

XXXXIXX Ihls test ahecxs the copamtor, detector mrltiplexer, aDd the DAC.
The DAC 1r set to 2., volta, .y.d the detector mrltlplexer lelectr +,
vo1ts. Cbcak tbe follorilg lteos

lland gate !2O5 TP2. I (htgt

tle outFrt of the amparator

tatcb Ul05 Ph 2 ' O

pln IO: +, voft!. tle output

U106 shotrld be =O voltr

)

fhe DAC qrtput bu?fer U206 lhqrld bo abant 2.r2 volra

&e dcteator Dultlplexcr (U604) iapts: plD 1rr1, pln 16.I, pln 1'0,
ptn 8 (TP3) lhould bc +, volt3.

XXXIXXX This tcst cbeclr. tbe coparato!, detector mrltlpLexer

t tcb Ulo, pln 2 : 0

, .Dd tDe DAC.
tte DAC let for ?.5 volts, and tlre deteator rultlplexer selects +,
volts . CbeaI tlre fouorrlng lters

tle output of tbe a@arator Ut06 rhorld bc +1, volts

lland gate u2O5 TP2 . O

fhe DtC output buffer U206 shol(t be abort 7.32 voltrs

tte detector multlplexer hputs: pln 15=1, pln 16=I, pln 1"0, Pln 10=
+, volts. fhe output qr pln 8 (IPr) lhotld be +, voltE.
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xxxxxxl This test eheeks the digital cireuits. The processor sets latch A7O5
to OFBH, and ll201 selects latch mode. The output of U2O1 goes to
the programmable counters lJ3O6, tJl+06, U506 on the up/down and enable
coturt lines. The 3 most signifieant bits on latclt lI/+05 are read: tbe
comparator output, lIllOS pin 18 = 0, up/down V1a5 pin 1? = 1, enable
count lJ/+05 pin 1/r = 1.

Check the waveform at TP3 to verify eorrect operation of
multiplexer 1J601. Pulse from +5 volts to ground once every 28
milliseconds.

Cheek the waveform at, U305 pin 10 to verify correct operation of the
DAC. Pulse from +7.32 volts to +2.32 volts once every 28
milliseeonds .

Check the waveform at U106 pin 7 to verify comect operation of the
eomparator. Pulse from +15 volts to ground onee every 28
miLliseeonds .

Check the waveform at TP2. Pulse from growrd to +5 volts onee
every 28 milliseconds.

If the data observed in this path is of the form XXXXXXXI,
then the problem is in the digital circuits. Try the A10 SA
Program loop in the SigRature Analysis seetion.
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llodc I

Path 4 Tracklng ADC Testa (Data Segment 6)

XXXXXIX t!1! te8t abeoIs the abluty of the traclltu IDC to traal

[-,.r,{m

uFrard ln voltage. Flrst, the detector nultlplexer U6O4
+ , volts andapplles lt to coearator U106. Dlc, u305, lr
lnltlallzed to -0.I7 volts by programtng t[e aouter UJ06,
1,,406, g506 to rero. fhen U204 leleats thc tlaall!8 ADC lode flblch
drlves the €oab1e aourt llDe to lfie coutrters (U204 ptn 9) Ion

tbe up/dorm acurt llne goes aaco!{hg to tle corparetor drt
put. Tbe test ahecls shether the tracIiDg ADC caD tracI upflaru
Ir t'he +, volt lnput stgaal. A tlHrt corlltlm ls uscd to
detect I test fallur.,e.

Thls tert cbects thc ablllty of the traatlng ADC to traal dc|tlDrar{
la voltage. FiBt, t'he deteator mrltlplexer U604 .eleatu 0 volt3
and appues lt to the coqarator UI06. Ihe DIC U1O5 ls hltlaUzed
tA -9.83 volts by progumlng the countc! 11306, V1O6, U506 to ocs.
tleo U204 relect! the tracIlng ADC rode rhlah drlves the elrablc
aollnt llre to ltlre co[rtera (U204 ph 9) lor and tlrc up/dour cout
llne aaaotdlng to the c@arator qrtput. The test chect! xhethcr
ttre ADC can

tlo ls lrred to deteat a telt fallune.
dotmrrard @ the 0 volt llnrt slgaal. A

If tnls deta segrclt t!11!,

ChecI the flrvefotr at TP3 to verlfy the detector mrltlplcxcr,
Pulce frc grqlrd to +, volt! qtce cvery 28 dllirecods.

u@4.

Cbeak tbe raveforrr at U305 pln 10 to verlfy the D to A cov?rtcr,
Ur0, (See Flgura tio<te f - r).

U206 6nd

Cbect tbe wlvefot at U106 ph ? to verlfy aorp.rator operatlo (Sbe Plg-
ure lilode L - 2l .

aheoX ttre wlvefom at fP2 (See Flgura l{ode I - ,).
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Dlagnortlae - llode I

Path E Peak Detector Testg (Data Segment 7)

fhcsr te!t3 aheoX the pcal( deteat node of the A/D coverter ahcult nl?
peax det€ct lode ls checled foD tbe Fr* foUor.lD8 coditlo (caut up), aDd the
pcr& hold (ao cqut) a@dltloa.

ffi-rtf,{t test abcatr tne pcct foUonirg codltl@. Plrst, the DAC,
ll305, Ls set for zero (-0.17 volts) aDd U204 tr set for pealr detect

(u604)
pln 8

UI06 shd[d
cqrDt uF{ard slnce t re DAC output k lers thsr tne +, volt lnput to

fhe circult aodltlou durlDg tnls perlod lhol8d be: Ul05 plD 3 = +,
voltr, pl! 2 = rarylng uprratd to +, volts, pll 7 = O volt! i U205 pia

U. L, pi! 2 . o).
lelcct! +, volt! (U604 ptn 15 . 1, pln 16 ' 1, pln 1 . 0,
= +! volts).

3 " 10; U105 pln 2. L0, pln 3 " Ot laOlptn 9 . 0, pla 7 = I.

bc€D rcaabed at tbls tlne, ald a tallure berc
lDdlaates thet tDe peal det€ct a(rrnt up never ltopr.

(vzo1

alrault codltloo t€mluste! nltlrln the telt rheo thc DIC output
equats the +, volts at the coparator. tteo the next test codltlo
lr valld.

XXXXXIX fbls tert aodltl@ lc valld wh€lr the two aoearator volt.8e3 beaoe
equal at tbe €nd of t[e prevldr! tert codltl@. he peal value of
tbc lnput rlgnal has

fhe olrcuit aodltlo! tor thlr should bo: U106 pin , " +, volt€, plD
2 " +, volts, pln 7' +1, rroltr; U2O5 pll ) . Oi W6 pin 2' 0,
1. Li 11201 pln P:1, pia ? .1.

XXXXXXI lDen thc prcvlous tetr are coplet€d, tbe DIC hss au oes for luput
lr to 9.8, volt!
tlag +5 Ye16. boldhg funatl@. Ihc clr-

ault aodltloa rre the lare a! for tbe pnevlors tert.

the [aveforo at TP3 to verlfy oorreat operatlo of the deteator mrltl-
U604 PtD 8 (+ ! uott dc level).

trhe wavefom at U30! pln I0 to verlfy the DAC U206 aill Uro, (See Ftgure
llode I - 4).

8-101



Diagnostias Mode I

Check the waveform at U106 pitr 7 and fP2 to veri fy correct operatlon of the cmpara-
tor (See figures belon) .

U106 pin 7 waveform

+ 15V

+1.5V lr
2 msec

l- 30 msec 

-l

TP2 waveform

+4 5V

0.0v tl
2 msec

l- 30 msec 

-l
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Diagnosties ilode 1

Path 6 Triangle Wave Generator Mode Tests (Data Segments 8, I and 1O)

The triangle wave mode of the eonverter is checked. The programmable
counter counts up for /1096 microseconds and then down tor 4095 micro-
seconds. The software looks for the beginning of each corrnting phase. Time
limits are set for each counting phase.

The count up and count down periods should be near 1096 microseconds.

Errors Deseription

xxl1r1
xxxl11
xxxxll
xxxxxl

Programmable counter never starts aounting down
Programmable eounter never starts counting up
Count up period s too long
Count down period is too long.

Check the triangle waveform at ll3}5 pin 10 to verify correct operation of the
DAC, V206 and U305. Loolr for a symmetrical triangle waveform, 10 volts peat(-
to-peak resting on ground, with an 8.2 milliseeond period.

Check the waveform at TPz (shown below) to verify the eomparator operation.

+4 5V

0.0v tt
800 usec

8.2 msec

If both ttrese slgnals are correct, try the Beceiver Prooessor (A10) slgBature anal-
ysls loop ard loo* for faulty amponents (U106, 11406, U506 , etc.)

Path 7 Tracking ADC Accuracy (Data Segment 12)

Ihe detector multiplexer selects grourd aDd tlre da anp gain is set to +1. The
voltage leference stould be 190 +-10 nV.

Failules here could indicate a bad multiplexer, DAC or comparator.

Cbeck U604 pln 9 and pin 3 for ground.

Cheek U206 pin 3 for the correct offset voltage, +5 to +20 mV. Note: By
reading this offset with the ADC, the DAC output voltage has been adjusted to
compensate for it; the entire 190 mV offset voltage is not present here. OnIy
that part of the offset due to the eomparator is seen bere.
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Diagnostics ilode I

Path 8 Voltage Reference Teet (Data Segment 14)

The detector mrltlplexer selects atteDuated +10 volts aDd tJte dc a[p galD ls set to
+1. Ihe voltage refereDae should be 909 +-11 nV.

the dlsplayed voltage should be 909 mV.

C[eck tJre voltage refelelrce output (U]05 pin 4) for +10.0 volts +- 100 nV.

Cbeax tbe prealslon voltage reference output (U305 pin 2) for +I0.0 volts +- 10 uV.

Cueck U604 pln 11 and TP3 for 0.909 volts +-ltr.

Path 9 Receiver +5 Volts (Data Segment 16)

The deteator multiplexer seleets +5 volts and the dc amp gain is set to +1. The
referenee voltage should be 5000 mV +- 250 mY.

Cbeck V601 pin 10 and TP3 for +5.0 volts.
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Diagnosties Hode I

Vert: 10 V/div
Horiz: 10 msec,/div

Figure l{ode 1-1

Vert: 5V/div
Horiz: 2 psec/ div

Figure llode 1-2
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Diagnostics Mode I

Vert: 5 V/div
Horiz: 2 psec/ div

Figure I'lode 1-3

Vert
Horiz

5Y/div
10 msec,/div

Figure l{ode 1-4

Figure 8-6. Mode 1 Waueforms
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Xode 2

8-22. MODE 2: Detector Calibration Check (A6)

Thir rcdc callbrater the A, detectors rld tben chectG the cellbretl@ cdr--
staDtr agalnrt botn! llnlts. A cheal of the A, analog alrauits ls also

Eaah det€ator'! hpNrt/outFrt abaraateristlc ls a llnear fimatldr rltlr llope
ard lDteraept velue!. Ihe dc offset refers to the lntercept and tbe galn
a@ltaDt releB to the llope; each ls er(pressed tlnes 1000. tte dc offlet
ls lD rllllvolts and the gah a@stant l! h da volts output dlvlded by thc
ac volts hprrt ( dlsplayed ln the aproprlate oeasurc of ac; e.9., average,
ms or peal) .

lclt

190
Dot

nV da offset ADC conperator 188 +-!8 DV

learuDea all detector output!. The offset let3 the ADC
tor offsets tbet are less th.lr 0 volts. tlua, the hput voltage range of tbe
ADC ls 10 volts wlde brut is shifted by the aegatlve dc offset voltage of t'h€

llote: Data lcg[€ot I m|Et be nrl belore ary other pattr slDoe t re data
aaqulrcd ln data regtreot l ls uled by trhe other data seguents.

Tle cryarator dc offset ls aa latentloal dc offret in the A to D cmverter

Follorlng ls a surmary of the llode 2 tests.

I
2
,

1
,
6
7

1
2
3

,
6

4
8
9

8
9

lo
11

IO
11
L2
L'
L4
L'
I6

0 do otfset detector

galn aoltant ltl rectlfl,ed petn

o +-Io
4 1000 gala costarrt ms detector (Xf000) - 1000 +-20

0 da o?fret mA nldeband deteator
2000 3.lD cqrstart FIIA uldebard det. (X1000)
0 dc offlct Fn ricctiftcd prtn
909
not
0 da offlet FllA nlrroflband deteator
20O0 galn coltant FllA narrcrbend det (U0O0)
0 da offset m rectl?led p.th
909 gaia costrDt Fll rectlflcd patn (n000)

ilrEt
Dot

0 +-170 nV
29/oo +l-20
0 +-40 uV
9o9 +-,

o +-?o uv
mOO +l-20
0 +-1, rv
9o9 +-,
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Dlagnortlca - llode 2

FollorrlDg ls a descrlptlo of each llotle 2 patn

Path I (Data Segment 1)

In thls .egreltt, gwuDd (U504 pla 8) lr lelccted rDd neasured by the
approxlDatlo A to D adrverter. It ls els€otlauy the rane
Data Segnelrt 12.

Cneer U604 pln 9 6nd fP3 for grould.

successlvc
as llode 1,

Cbeck the weveforr at U601 plD 1. It should be the
IPI.

Path 2 (Data Segment 3)

Ifrol ptn 9 l! seleated at the A5 lnprt. fhlr pln lhoutd be gro{rnd.
ls routetl to the Rlffi deteator U601, theu to U604 pln 6, lDd finally
read by the A to D a@verteD.

ChecI the follorlag polnts ?or ground:

CheaI U206 pln 3 for tlre corr.ct offset volt ge, +5 tro +20 rV.

Il?01 pln 9, U601 pl.n 6, U604 pln 6, fP,

lng the scopc dlsplay to bIiD* orce every lqrr lcaodr.

It

selectcd dr 11701 pln II and routed to tbe ros detectoD, U601. fbc detector ortput l!
seleat€d by detector mrltlplexer (U604 ptu 6). Aftcr thls output bar lettled, the l5

vefor,.r appeers at fPl (Cl[ SIG). tle slgnal lr

boanl lnltche! to trtre A to D lode end the voltrge ls read.

lf thlc d.te segmot falls, cbecI fPl to verify thrt tbc trhnSle $avefor ls cor-

Path I (Data Segment 4)

A trlangle rave?om ls geDerated uslng tbe up/tlqm oolDters (Ur06, U4O6 aDd Ur06)
and the DfC (UrO, aill U206). tlts

reat. Lo[ for r lyuetrlcal trlarglc $aveforr, 10 volts peal-to-Dea&,
about St ound, rith a perlod of 8.2 rlUllecdrdr

the data reg!€ot ls nrn, caus-It ls adrtlnually 8elrersted and theD treooved as

r€ad by th€ lane clrault! that geoerated the trlalgle $avefom. fbe detector set-
tung tlne adrltart ls sucb tblt the volt ge renalns log eoougb lfter t re trlarglc
$avefom ls reooved to be Dealured.

tlre lreveforo at U60l pln 6 to verlfy aorreat operati@ of thc r[!
deteator. Ipo& for + 2.9 volts dc. ltls should also be at fP3.
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Diagnosties llode 2

Path 4 (Data Segment 6)

U701 pin 9 is selected at the input of A5. Tbis pin should be ground. ft is
routed to the fuII wave average deteator (U400, U401, U102, U103 and U201).
The detector output is selected by the deteetor multiplexer (U604) and then
read by the A to D convertor.

Check the follo,wing points for grorrnd:

II701 pin 9 , rJlO3 pin 6 , U201 pin 6, V6O1 pin 5 , TP3

Path 5 (Data Segment 7)

A triangle waveforo ls generated uslng the up/dorm counters {1306, V1O6 atd Ur06)
and the DAC (U30, and U206). fhls waveform appears at fPl (CAL SIG). The wavefortr ls
seleatd by the input nuftiplexer (WOt pin II) and routed to the full wave average
wideband detector (U400, U401, UlOz, V1O3 and U201). The detecto! output (U201 pln
6) is setected by the detector nultlplexer. Alter the output has settled, A, is
sritahed to the A to D node and tJle voltage is read. Tbe voltage ls read by the sane
clrcult that generated the triattgle waveform. Tlre detector settling time is such
tJtat the voltage remains long enor8h after the trianSle $avefonr ls reooved to be
neasured.

If thls data segment fails, cheek TPI to verify that the triangle waveform is cor-
reat. took for a synmetrical triangle naveform, 10 volts pealr-to-peak, s1/mmetrical
about ground, srith a period of 8.2 milliseeonds.

It is aontinually generated and then removed as the data segment is run, eaus-
lng the seope display to blink once every four seconds.

Check the waveform at U400 pin 6. It should be the same as the waveform at TPI.

Checx the $aveform at U4O, ptn 6. Ioof< for a sy Detrlcal trlaagle waveforn, , volts
peax-to-peax, restlru dt Etould, witfi a peroid of 4.1 miuisecdds.

Check U20I pin 6 to verify comect operation of the FHA deteetor.
Look for +5 volts de. This should also be at TP3.
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Path 6 (Data Segment 8)

U70I pin 9 is seleeted at the input to A5. This pin should be ground. This
is routed to the FI{ rectified wideband detector (U400, U40I , lll0? and U/r03).
The detector output is routed through switch V602, selected by the detector
multiplexer V601 and read by the A to D converter.

Check the following points for grorrnd:

U701 pin9, lJlO3pin6, U602pinsIand6, U604pin7, TP3

Path 7 (Data Segment 9)

A triangle waveform ls generated uslng the up/doqu counters (U3O6, 11106 and U506)
etrd tbe DAC (U30, and 11206). Ihis rravefor."m appears at IPI (CAL SIG). The rraveforrn is
selected by the input multiplexer (U701 ptn II) and routed to the Fll rectified
widebsnd detector (U400, U401, U402 and U403). The detector output (U403 pin 6) ts
routed through srrltah 11602 and seleoted by tbe detector multlplexer U604. After t'be
output has settled, A, ls Elritched to the A to D mode aDd tbe voltage ls read. The
voltage ls read by tbe sane circuit that generated the triangle waveform. The deteo-
tor settllng tiue ls such that the voltage remains long enough after the triaagle
waveforn ls renoved to be measuled.

If this data segleot falls, cbeal( II701 pin 8 to verlfy tnat the squane wave is cor-
rect. Ioo& for a 0 to +10 volt square wave.

Check the waveform at U400 pin 6. It should be the same as U701 pin 8.

Check the waveform ai V103 pin 6. ft should be the same as U701 pin 8.

Check the waveform at U602 pin 6 to verify aorrect operation of the FI.l rec-
tified detector. It should be the same as U701 pin 8. Ihis waveform should
also be at TP3.
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Path 8 (Data Segment 11)

Ir702 pln 9 is selected at the input of A5. thls pin shorld be groutrd. tlls is
routed to the FfiA narrorrband detecto! (U300, U301, tJ3O2, U3O3 aDd Ir200). fre deteo-
tor output ls selected by the detector nultiplexer U6O4 and read by the A to D
aonverte!.

Check the following points for ground:

V7O2 pin 9 U300 pin 6 , tJ3O3 pin 6 , A200 pin 6,

u6O1 pin 4, TP3

Path 9 (Data Segment 12)

A trlangle $aveform is generated ushg the up/dom counters (U3O6, V106 and U506)
and tbe DAC (U30, and U206). This waveform appears at TPI (CAL SIG). Ihe waveform is
selected by the lnput multiplexer (Ir701 pln tI) and routed to the Fl{A narrorlbEnal
detector (U300, U30L, U3O2, ltl03 and U200). The detector output (U200 pin 6) is se-
lected by the detector multiplexer U604. After the output has settled, A5 1s
switched to the A to D mode and the voltage ls read. The voltage ls read by tlre sane
clrcult tlrat, genelated the triengte $avefom. The detector settllng tlme ls such
thet the voltage renains long enowb after the triangle waveforo is leooved to be
measured.

If this data segment fails, check TPI to verify that the triangle rraveform is eor-
rect. Look for a syrmetrieal triangle $raveform, 10 volts peak-to-peal(, slnnmetrieal
about ground, with a period of 8.2 milliseconds.

It is eontinua[y generated and then removd as the data segment is run, caus-
ing the scope display to blink once every L,67 seconds.

Cbeak t[e r.aveform at U300 pin 6 (should be the satre as TPI).

Check the rraveform at U303 pln 6. toox for a Eyonetricel trlangle waveform, , volts
pea*-to-pea*, syunetrical about gtound, witi a period of 4,1 ni[Lsec@ds.

Checlc U200 pin 6 to verify correet operation of the FHA
narrowband detector. The voltage should be +, volts dc. This voltage
should also be at TP3.
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Path 1O (Data Segment l8)

ll?02 pln 9 ls releated at the lDput of Ar. fhls pfui rhould be gound. fhir 1r
ro{rted to ttre Fll rectlfled n*rorrbend deteator (U300, Ur01, Ur02 ard U303. Ihe
deteator output ls routed ttrrough swltcb U602, relect€d W the detector Dultl-
plexer U604 aDd read by tbe A to D aovertcr.

ChccI t,he followlrg polnts for 8louxl !

It702 pln 9 Ur00 pln 6, UrO, ptn 6, U602 plus I .!d 6, IP,

ortput has settled, A5 ls srltahed to the A to D rode ard the voltlge l! rcad.

Path 11 (Data Segment 14)

A triangle waveforu ls geuerated uslng tlre up/dom counters (U306, U406 lnd Ur06)
rod the DAC (Ur0, and U206). fhls ravefor appear. at TPI (ClL SIG). tle ravefom lc
releat€d by the hput nultlplexer (Ir702 ptn 11) an(t rqrted to tbe m rectlfied rar-
rowband detector (Ur00, UrOl, Ur02 rDd I,3O, ). fhe deteator output (U303 pln 5) tr
routed thtEugb sxltah U602 and seleated by t,be detector mrltlplexer U604.

voltage ls read by tbe saDe clrcult that geDereted t'[e
tor settlllg tlne ls suah that the voltage renalas lqlg €lrough alter
$aveforo ls reooved to be neasured.

If this dlta seg[eDt falls, aheok 11702 pln 8 to verlfy t,blt tbe rquane rat e
ls oorreat. IooU for a 0 to +I0 volt square rrave.

Check for the lene naveforo at:

Ihe

U30O pln 6 Ul03 ptn 6

Cheax the $ave?oro at U@2 plD 6 to verlfy aorreat qeretlo of tlre Fll rec-
tlfled mrrorrb{d detector. ttls sbould be tbe sue $avefom as U/02 plu 8.
Ilrls ravefon should also be at fP3.

8-28. MODE 3r Baeic Tlansmitter Check (4'6, A15)

Ihls Dode c@neotr tlre self test slgnal (Sf16) tro Al, dlrcatly to the A,
mrltlplexer. A LO21 fr', .Tl5 Ytms slne rave ls transdtt€d an(l [easut€d nith the
[trlA nl,debaDd and Rllsl detectors (Paths I and 2). lte rane slgml tr tll€lr trarsDlt-
ted nlth an addltlqral 10 dB of lor! lntroduaed by thc flne att€Duator o A1, aDd
again leasurcd by the tno det€ctors (Patn! , aDd 4). ID tlre llst legEent (Path 5),
the sig[al ls set to .715 Ytms ald a t ougb frequeoay cheak ls mde by lettlr8 the
Ai corparator threshold lo .13 V ald [easuriDg tbe tiue bctxeGn threlhold orosr-
lngs by tlre Fn rectlfled stgnal.
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Xode,

PoUonlng ls a sumary of t'he l,lode , te$s.
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22L +/- 6
231 +/- 6

rr:r51

8 tnt1r 16 not ured

General Troubleehooting

If patlu I tnrougb
fro the tr&snltter

ln LO21 +/- 50

Durber, therc k no slgaal colng

v
ttrl

the A, mrltlplexer ls seleatlng tbe rrroog stgmf
4 all rcad 0 or tbc rlle

If patnr I and 2 pars

If patD! f .td 3 pr!! biut 2

t , rtrd 4 fall, or vlce vena, thc A15 flae at-
lr

4 fall, or vlce versa, th€re nay be tlls-
to"tl@ lD the tralrs[ltter slgnal or the traDllltter ray be cnrtFrttiDg

If oly psth, falk, the treo ltter ls outpirtthg tbe flro8 frequenay or thc
A, lr falulg.
Follodlg lr ! desorlptlo of eacb l,lode 3 patb.

Path I (Data Segment 1)

A traDsnltt€r al3ut of LO24 gz, .Tl5 1 ts fro Al5 ls laput to the A, rrltl
plexer. fbe voltagc ls neasurcd rt the FllA rld€bad d€teator output.

Verlfy tDet tue traDrnltter slglat ls gettlEs to Ai by cbcatrlD8 l, W01 pln 6 for
a LOA| f,,B, llne rrve, 2.2 volt! pc!X-to-pe* (no da off!et).

loethlng other than a rhc trave.

If thlr ltgtat ls lot correct, cbcaf, tbc follodug ltcos o A15:

Cbecl U101 pln 6 for t[e re[e r6veforo.

Chccl fPl for a 6.2 volt refererce fr6 Al4.

Cbeel the ravcfom at lP3 (Sec Flgurca llodc 3 - 1 and l{ode , - 2). It lhould
bc a stalr-step approxhatlo of the slne $ave. If lt l3 not oorr€ct, lnd
lthe dc reference @ fPl ls good, thetr rurDect rtr errrrr lB the dlgltal
to U200.
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Dlaguostios - llode 3

Cteck U204 pin 6 for the rale $aveforo trith tbe rtrlr-steps reooued to
verify tlre lon palr fllter operstlo (U204). See Ftgur"es tlode 3 - , rDd
Itol,.e 3 - 1.

Checx fP2 for a 1024 Bz slne rave at 12.8 volts paat-to-peax.

ChecI U606 pln 6 for a LO21 Ez slne rrave at 2.2 voltr peaI-to-peaI (
wrvefortr ar A, W01 pta 6) to verlfy tbe flne att€ouator eeratl@ (Ur06,

).

If all the above lt€os @ Al, are correct, the fouotrhg lt€o! o lr:
Chec} Ir?01 pln 8 for a LO21 Ez slne rave at 2.2 \rolt! peal-to-p.le to verlfy
the mrltlplexer operatlm (11701).

Checlt U400 pla 6 for the sale naveforo.

CheaI the $avefom at U4O3 pLa 6 to verlfy the full flave recti fler.
, 1.1 votts

Ioo[ for
a 2o.48 gz, firll-rave r.atlfied slgnal, lIn

CheaI U201 pln 6 for 1.42 volts dc to verlfy tbe avera8lng filter U201.

Check IP3 for tlre Bale dc level, 1.42 volt! dc.

If tbis slgual la uot coDrect, checl the fou.oHlrg lteG oo Alr:

ChecI TPl for a 6.2 volt refelrnae fro Al4.

Path 2 (Data Segment 2)

A tr&s.ltter slgnat o? LO21 Ez, .??5 YrrE fro A15 l! lnFrt to tbe A,
nultlplexer, Ihe voltsge ls neasurcd at t,he mls detrator qrtput.

Verlfy tfiat the traBnltter rlgrel l! getttDg to A, by checklug A, IITOI
pln 6 for a lO24 Hz she wave, 2.2 volts pcaI-to-paaI (no dc offsct).

Cbcc} tbe rravefom at IP3. See Plglrres lilo<le 3 - I aDd l,tode, - 2. It
should be a rtalr-step approxluatlo of the slae wave. If lt ls not,
and tbe dc refer€nce
tal lDputs to U200.

TPl la goott, th€lr luspeat an ernor ln the dlgl-

Clreck Ul01 pln 6 for th. 3one ravefolo.

Chec* U2O, pln 6 for the sane waveforo wlth tbe ltalr-steps re[oved
to vellfy the low pass fllter operatlo (U20r). See Ftgurea
}loder-rrDdilode3-4.
Checf TPz for a 1024 llz rlae rave at 12.8 volts pcal-to-pcat.

Check U606 pin 6 for a LO21 E clne rave at 2.2 voltr pe*-to-peafr (rane
waveforo a! A, UTOI piD 6) to verify the flne atteuuator operatlo (U506,
u606).
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Diagnostic Mode 3

If all the above ltems on A15 are correct, eheck the following items on A5:

Cheek U701 pin B for a L021 Hz sine wave at 2,2 volts pealr-to-peat( to verify
the multiplexer operation (U701).

Check U400 pin 6 for the same waveform.

Cheek U601 pin 6 for .7? volts dc to verlfy the rms detector (U601).

Cheek TP3 for the same dc leve1 , .7? volts dc.

Path 3 (Data Segment 4)

A transnltter slgnal of LO21 Ez, .215 wms from AL, is lnf,ut to tbe A, multlplexer
and measured at the output of the llrlA wideband detector.

Verify that the transnltter slgnaL ls getting to A, by oheating A, Ir701 pln 6 for a
1021 Hz sine wave, 0.71 volts peel-to-pea* (lo dc offset).

If thls sigltal is not correct, check ttre foUd{ing lterns qr AI5:

Check TPI for a 6.2 volt reference from A14.

Check the waveform at TP3. See Figures Mode 3 I and Mode 3 2. It should
be a stair-step approximation of the sine wave. ff lt is not, and the de
referenee on TPI is good, then suspect an error in the digital inputs to
u200.

Check U101 pin 6 for the same waveform. Check U203 ptn 6 for the same yrave-
form with the stair-steps removed
to verify the lor pass filter operation (U203). See Figures
Mode3 3 andMode3 1.

Check TP2 for a LO21 Hz sine wave at 12.8 volts peak-to-peak.
Check lJ6O6 pin 6 for a JA21 Hz sine wave at 0.71 volts pealr-to-pealr
(same waveform as A5 tn01 pin 6) to verify the fine attenuator
operation (Ur06, U606) .

If all the above items on A15 are correct, check the following ltems on A5:

Cheek U70I pin B for a LO21 llz sine wave at 0.71 volts peak-to-peak to verify
the multiplexer operation (U?01).

Check U400 pin 6 for the same waveform.
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Chealr tlre ravefom at U40, pln 6 to verify the fuIl rrave rrctlfler. Ioo[ for
a 2ol8 g,2, full-rave rectifled slglal, rertlng on gtound, 0.4 volt3 pe!&.

ChecI U20l pln 6 for 0.4,6 volts da to verlfy tlre averaglng lllter U201.

Dlc&rortlc - tlo<lc 3

Chect TP3 for the 3a!e dc level, 0.46 volts do.

Check U101 pla 6 for the 3ane waveforo.

Cheak 1P3 for tlre sane dc leuel, 0.2, voltr da.

Path 4 (Data Segment 6)

A transrltter rlgnal of L021 Ez, .215 vtrls fro Al, ls lnput to the A, mrltlplexer
the output of tbe n S deteotor.

Verlfy that tbe transrltter slgnal 1! gettlDg to A, by checkiag A, Ir701
pln 6 for e LO24 gz che rave, 0.71 volts peaf-to-pea} (Do da offset).

If tnls signat lr not corract, cheak ttre follorlng lteoa o A15:

Check TPl for a 6.2 volt refereoae fro At4.

Check the $avefom at TP3. See Flgures llode , - I and Mode 3 - 2. It
shalld be a ltalr-Btep epproxfuEtlo of the alne rrave. If lt ls not,
6nd the dc r€fer€[ce o fPI ls good, tbelr sulpect a! error ln t[e dlgl
tal lnputs to U200.

Chea} Ir20, plD 6 for tbe sare ravefom rrlth the rtalr-steps reooued
to verlfy the lon pass fllter qeratio (U203). Sec Flgurer
llode3-randHoder-4.
Cheak fP2 for a 1024 Hz slne reve at 12.8 volts peal(-to-peae.

Chec} U606 pln 6 for a 1024 E rlne rave at 0.71 volt! peal-to-peae (ranc
ravefom as A, I,?ol ptn 6) to verify the flne atteouetor operatlm (U506,
u606).

If aU the above lteos oo A15 are co!rcct, cheal the fouorrhg lteos qr Ar:

Checlt It?01 plD 8 for a IO24 Ez she $ave at 0.7I volts peax-to-peax to rrerlfy
Ure mrltlplexer operatlon (11701) .

Chealt U400 pln 5 for the Bane raveforo.

Oreafr U60l pin 6 for 0.25 volts dc to verl fy the rtrs deteator U60I.
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Path 6 (Data Segment 7)

A transnltter sigaal of LO21 Bz, .T?5 lrrc fr(m A15 ls lnput to the A,
The A, oooparetor threshold ls set to .r, V and the tlne

betr€€o threEhold cr.osrlagr ls uaasured.

Verlly ttrat the trensrltter 8lgral ls Settlng to A, by checklng A5 11701 tn
6 tor a L021 lz slne wave, 2.2 volt peal(-to-peaX (no da off!et).

If thlr slgnal 18 Dot correct, checl thc followlng lteos o A15:

fodc ,

Chea* tPI for a 6.2 volt r€fer€Dce fro AI4.

Bhorid be a stalr-step approxinatlor ol ttrc sine $avc

CheaI fP2 for a 1024 Hz slne rave at I2.8 rrolts peef-to-peal.

Cbeck tlre wavefom at TPr. See Ptgur$ l,lode , - I l,loder-2. It
. If it ls Dot,

erd tlre dc referelroe on TP1 lc good, then luspeat an error ln tne dlgl-
taI lnputs to U20O.

Chec& U101 pln 6 for ttre satre ravefom.

ChecI U203 pln 6 for tlre sane flavefom rrlth tbe !talr-!t€p! rcoovcd
to verlfy tre Io$ pass ?llter operatl@ (U20r). See Flgures
l,lode3-randtloder-4.

Check U606 pln 6 for a lO21 Ez glne wave et 2.2 voltr paaf-to-pe.X (3arc
$avefom as A, U70I pln 6) to verify the flne atterultor operatloo (U506,
u606).

If all the above lters @ Al, ar€ cor€ct, abeaf, tlre foUowlDg lteor @ Ar:

Check 1t701 pln 8 for 6 LO24 8z al[e $ave .t 2.2 volt! peaf,-to-pea} to v.rlfy
tlre mrltlplexer @eratio (11701).

Cbecl U400 pln 6 for the satre $evefom.

Cheat tlrc traveforo at U403 pln 6 to verlfy the full
lpo& for a ml$ gz, full-nave rectlfled slgBal, restlng dr grornd,
l.I volts peet.

Check tP, for the sane r.evefom.
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Diagnostics Hode 3

Vert: 1Y/div
Horiz: .2 msec/div

Figure ilode 3-L

Vert: 1Y/div
Horiz: 20 psec/div

figure Hode 3-2
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Vert: 2V/div
Horiz: .2 msec/div

Figure ilode 3-3

Vert: 2 V /div
Horiz; 20 psec/div

Figure l,lo<le 3-4

Figure 8-7. Mode 3 Waueforms
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8-24. MODE 4: Wideband Autorange Amplifier Check (A4, A16, Al7)

Thls node checIs tbe transnltter course attenuetor o A1?, {rbe trarsDitter flne at-
t€nuator m AI, aDd the nidebafil autoralgc aryllfler o A4.

nuDbers repres€nt tie ms voltaSe cnrtput of tbe rldeband autoreDge
cbrDael uDder e]'l galn aodltlo!. volta8e c6r be t erlfled nltb

DlagDostlc. - llode 4

mr voltreter al, L4 tP5. A slDgle fallure cen ba loaatd by oDserrrlng tbe pattem
of fallures @ the dlsplay.

Follorlrg ls a sunary of the llode 4 t€3t6 lnclu.llng thb ett€ouator and galn
lettlngs.

(rv) Att n.
Flne

Att n. lEfi:l

+
+

I
2

3
4

,
6

7
8

9
10

11
L2

L3
r4

L'
r6

1199
119!)

1199
u99

0 +-100
0 +-lq)

-100@ +-100
-10000 +-1@

1199
1199 -2odB

-70d8

1199
1199

1199
1199

-50d8

1199
1199

-60d8 Itrr:l

1199
u99

-70d8

1r99
1199

10000 +-100
10000 +-100

26000 +-100
2(hO0 +-100

,0000 +-100
,0000 +-100

40000 +-2@
40000 +-200

,0000 +-2100
,0000 +-2100

@00o +10000/-1000
@000 +10000/-1000

fIIi +60d8

I
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Dlaglortlar - llode 4

PoUotdng l! e desarlptldr of the voltages !d t[e polnt to checI for Gach
data seCEeDt.

For all data se3[eDtr,

A4 fP4 for e 1004 Xz tlae rave, .06{
& TP5 tot a 1004 Ez rinc wavc, 0.

volt!
volt!

rus (.18 voltr ).
).(1.8 volts p-p

Xote: Por data regleDt 1I thrqEb L6, A1 TPl !erd! thc value glvar above
for tbe llrst ferrr sccod!, tlr€n lt l! dlltorted by troise.

Polnts to checx lu the trenlDltter:

C[coX tbc lollowlng pollt! for 8 1OO4 E slne tEve.

fransultter Ilolt flnc l(mlt Corse
Att€Duator
A1? U1O8 PIDAU TP2 AI, U6O6 pln 6

4.4 voltrI

2

(I2., vort! p-D)

4.4 volts ms
(12.5 vortr p-p)

4.4 votts
(12.5 voltr

4.4 volts raa
(12.! volta p-p)

4.4 voltr rns
(Ul.! voltc p-p)

4.4 volts
(12., volt! p-p)

4.4 voltr ms
(12., vort! p-p)

4.4 volts ras
(12.5 volts p-p)

4.4 volts rns
(12.5 volts p-p)

4.4 volts rns
(12.5 volts p-p)

,.2 volts
(9.1 voltr

2.0 volt! ru
(5.? volta p-p)

2.0 volts ros
(5.7 vorta P-P1

0.64 volt!
(1.8 vortg

)

l.O volts

3

(2.8 voltr p-p)

,.2 volt! rur
(9.1 volts P-P)

1.O volt! 0.64 volt!
(I.8 voft6(2.8 tolt! p-p)

)

)
4

a

?

6

,.2 volt!
(9.I voltg

1.0 volts
(2.8 vott!

0.20 volts ns
(0.r7 volt! p-p)

O.2O uolts

p-p)

4.4 volts

,.2 volts m!
(9.1 volts P-P)

[.0 volts ros
(2.8 volts p-p)

3.2 volts rns
(9.1 volta P-P)

1.0 volts t r
(2.8 volts p-p)

,.2 volt3 ms
(9.1 volts P-P)

(0.r? volts p-p)

.064 volts Ils
(0.18 volts p-p)

.064 volts rls
(0.I8 volts p-p)

.020 volts ras
(0.r7 volts p-p)

.020 voltE ros
(.0r7 volts p-p)

.0064 volts rrs
(.0I8 voltr p-p)

)

8

9

10

1I
(12., volts p-p)
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Diagnostias ilode 4

Cheek the following points for a LOAI Hz sine r{ave.

Data
Segment

L2

L3

L1

L5

L6

Transnitter
Ontput

AL5 TPz

1.1 volts nns
(L2.5 volts p-p)

1.1 volts rms
(L2.5 volts p-p)

1.1 volts rms
(L2.5 volts p-p)

1.1 volts rms
(L2.5 volts p-p)

1.1 volts rms
(L2.5 volts p-p)

Xnit fine
Attenuator
A1, U606 pin 6

1.0 volts rms
(9.f volts P-P)

3.2 volts nfft
(9.1 volts P-P)

1.0 volts ms
(2.8 volts p-p)

3.2 volts rms
(9.I volts P-P)

I.0 volts nns
(2.8 volts p-p)

Xmit Course
Attenuator
A17 U408 pin 1

.0064 volts rms
(0.18 volts p-p)

.002 volts rms
(.0057 volts p-p)

.002 volts rms
(.0057 volts p-p)

.00064 volts rms
(.0018 volts p-p)

.00064 volts rms
(.0018 volts p-p)

Note: For segnents 10 through 16, the A17 U408 pin signal reads the value
given for the first few seconds, then it is distorted by noise.
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Dlagnostloc - Iode ,
8-25. MODE 5: Narrowband Autorange Amplifier Check (A4' A15, Al7)

Thls node aheclrs the recelver fi[e attetruator and tlre larnowband autorarge a[-
pllfler o A4.

Folloning ls a sumary of ttre llode , tests lnaludlDg the attenuator and galn

(:v)

u99
r199

1199
u99

Gorcc
Att€n.

-4odB

-50d8

Flne
Att.lr. IFM

iE

+
+

I
2

3
4

5
6

7
8

9
IO

l1

u99
rr99

1199
r199

0d8
odB

-10000 +-200
-10000 +-200

0 +-200
0 +-200

10000 +-200
10000 +-200

20@0 +-200
20000 +-200

,0000 +-200
,0000 +-2oo

40000 +-200

,0000 +-2100
,0000 +-2100

u99
u99

119
u99

u99
u99

1199

+

L3
u
L'
16 +6OdB

@ooo +10000/-1000
60000 +10000/-1000

FoUolrlng 1! e desarlptlo of the voltage! ard the polnts to aheax for each

8-123



Dlagnostlcr - f,ortc 5

fhere are two tebles, dre for polots to aheax ln tbe traDlnltter rld @e for polntr
to abeox ln the recelver.

to chea[ lr the trelsrltt€D.

tbe

tt€r

at, ta2

4.4 volts r !
(12.5 volt! p-p)

4.4 rrolt! ms
(12.5 volts p-p)

4.4 volts rrs
(12.5 volts p-p)

4.4 volts ms
(12.5 volts p-p)

4.4 volts ms
(12., volts p-p)

4.4 volts rIs
(12., volts p-p)

4.4 volts rls
(12., volts p-p)

lhlt rtl€ lhlt Coarrc

fo[orrlng Dolnta for a 1004 Ez alne rave.

AI5 U606 ptn 6 A17 tt408 pll I
t

2

3

(2.8 voltr p-p)

3.2 volts rns
(9.1 vorts p-P;

1.0 volts rrs
(2.8 volt3 p-p)

1.0 volts

1.0 voltr

1.0 volts

2.0 volts rrr
(5.7 volts P-P)

6.4 volta ns
(I8 voltr p-p)

0.64 volts rns
(1.8 volts p-p)

2.0 voltc

0.64 volts rur
(1.8 volts p-p)

.064 voltr
(0.I8 voltc

0.20 volts

)

4

,

6

7

3.2 volts
(9.1 vorts

1.0 volt!
(2.8 t olts

3.2 volts

p-P) (5.7 voltr P-P)

0.20 voltr
(0.57 volts P-P)

(9.1 vorts 3rP1

(2.8 volts p-p) )

8

9

4.4 voltr
(12.5 voltr p-p)

,.2 volts
(9.I vorts (0.!7 voltr P-p)

.020 volts ror
(0.5? volts p-p)

.064 voltr
(0.18 volt! p-p)

.0064 volts mr
(.018 volt! p-p)

.020 volts rns
(.057 voltc p-p)

.002 volts ror
(.0017 volts p-p)

.0064 voltr t'.]r
(.018 volts p-p)

p-P)

4.4 vottr
(12., vol (2.8 volts p-D)

3.2 voltr ms
(9.I vorts p-p;

1.0 volts ms
(2.8 volts p-p)

3.2 voltr ras
(9.I volts P-P)

1.0 volts
(2.8 volt p-p)

,.2 volts ros
(9.1 volts P-P)

)

10

ll

L2

L)

Ll

4.4 volts rls
(12.5 volts p-p)

4.4 voltr ms
(12.5 volts p-p)

4.4 volts rnr
(12.5 volts p-p)

4.4 volts m!
(12.5 volts p-p)

4.4 volts
(12., volt! p-p)

8-L24



Data
Seglnent

t5

16

NOTE

Transmitter
Otrtput
AL5 TPz

4.4 voLts rms
(L2.5 volts p-p)

4.4 volts rms
(L2.5 volts p-p)

Diagnostie Mode 5

Xmit ['ine
Attenuator
ALi U606 pin 6

Xmit Coarse
Attenuator
A1? U408 pin I

06/r volts rms
(.0018 volts p-p

.002 volts rms
(.0057 volts p-p)

1.0 volts rms
(2.8 volts p-p)

3.2 volts rms
(9.1 volts P-P)

For segments 11 through 16, the A17 U408 pin I signal reads
the value given for the first few seeonds, then it is distorted
by noise.
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Points to eheclr in the reeeiver.

Data
Segnent

1 2.O volts rms
(5.? volts P-P)

6.4 volts rms
(18 volts p-p)

.6/r volts rms
(I.8 volts p-p)

2.O volts rms
$ .Z volts P-P )

.2O volts rms
(05? volts p-p)

,61 volts rms
(1.8 volts p-p)

.061 volts rms
(0.18 volts p-p)

.2O volts rms
(.5? volts P-P)

.020 volts rms
(.057 volts p-p)

,061 volts rms
(0.18 volts p-p)

.0061 volts rms
(.018 volts p-p)

.020 volts rms
(.05? volts p-p)

.002 volts rms
(.0057 volts p-p)

.0064 volts rms
( .018 volts p-p)

Diagnostics li{ode 5

.6/r volts rms
(1.8 volts p-p)

2.0 volts rms
(5 .Z volts P-P )

.6/r volts rms
(I.8 volts p-p)

2,0 volts rms
(5 .7 volts P-P )

,64 volts rms
(1.8 volts p-p)

2.O volts rms
O.7 volts P-P)

.6/r volts rms
(1.8 volts p-p)

2.O volts rms
(5 .Z volts P-P )

.6/r volts rms
(1.8 volts p-p)

2.0 volts rms
$.2 volts p-p)

.64 volts rms
(1.8 volts p-p)

2.O volts rms
0.2 volts P-P)

.64 volts rms
(1.8 volts p-p)

2.O volts rms
(5 .7 volts P-P)

Check the following points for a 1004 IIz sine wave.

Namowband Autorange Amplifier Narrowband fine
Attenuator

A1 TPzA1 TP3 A4TPI

2

3

.64 volts rms
(1.8 volts p-p)

.6/r volts nns
(1.8 volts p-p)

.64 volts rms
(1.8 volts p-p)

.6/t volts rms
(1.8 volts p-p)

.6/t volts rms
(1.8 volts p-p)

.6/+ volts rms
(1.8 volts p-p)

.6/* volts rms
(I.8 volts p-p)

.64 volts rms
(1.8 volts p-p)

.6/r volts nns
(1.8 volts p-p)

.64 volts rms
(1.8 volts p-p)

.6/+ volts rms
(1.8 volts p-p)

.6/r volts rms
(1.8 volts p-p)

.6/+ volts rms
(1.8 volts p-p)

.6/r volts rms
(1.8 volts p-p)

1

5

6

7

8

9

10

II

L2

L3

L1
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Data
Segment

Diagnostics l'lode 5

Naruowband Autorange Amplifier

Al+ TP3 AlTPI

15 .00064 volts rms
( .0018 volts p-p)

.6/r volts rms

Narrowband fine
Attenuator

a4 TPz

.64 volts rms
(1.8 volts p-p)

16 .002 volts rms 2.0 volts rms .6/r volts rms
(I.8 volts p-p)(.0057 volts p-p) (5 .? volts P-P)

[ote: For segments 9 through 16, the signal reads the value given for the first
few seconds , then it may be distorted by noise.

8-26. MODE 6: Frequency Counter and Crystal Check (A14, A17, A8)

This mode connects the self test signal 5T16 from A15 directly to the A4 input
nultiplexer. A 625 Hz, .??5 Vrms sine wave is transmitted and measured by the A8
frequency counter. The transmitter is then driven in sequence by the following
elock signals.

o A 10 kIIz elock derived from the 1 MIIz system clock

o The 16 kIIz cloek from All

o The 131 kIIz clock from 414

r The 16 kIIz from All

o The 131 kIIz frorn a arystal on 414

o The 521. l<Hz from the crystal on AI4

o The MIIz from tbe crystal on A14

This helps to isolate bad osaillators as well as verifying A8 operation. Since
the transmitter output is 1000 Hz with the 16 kIIz clook, it is measured in both
narrowband and wideband charurels.
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Dlagnostiar - llodc 6

Folloriag ls a sumary of the l{ode 6 tertt.

ttTt!

@, Ez trq AI7 (wi<le)

1000 Ez fro Al7 (narron)

8192 Ez

3Z?68 flz

65535 8z

7 thnr 16 trot used

fro A1? (rlde)

(r2, +/- O

10@ +/- 0

1000 +/- 0

8L92 +/- O

3n6 +L/-O

6113 +L/-O

I
2

3

1

,

6

I
2

1

1

,

6

I0O0 E fril A17 (rtde)

A17 (rtde)

AI7 (ride)

A slgnal fro A17 sets the transnltter to the lr€queoay rcg-
The slgnal leve!, ls .Tl5 Yrls. The slgnal is laput recelver at lfie

?or the
to tlhe

AI nultiplexer. Ihe frequenay is !.ead at tbe A8 rldebaDd ohannel tor patts I aDd
, tnrolrgh 6. he Derrorrb6Dd aharuel ls uled lor path 2.

General Mode 6 Tloubleehooting

If
If
If

path 2 fails, suspeat tbe narronbaDd ft€quency neasurlng aircult.

patb I 6!d seSDerts 3 tlrqrgU 6 fall, tbc rldebaod frequeDcy clrcult ls!'t

tbc oorrerpondlng trans[ltter cloc& lr b!d.

all the paths fall, A8 lc not functl@hg.

oIf

A fellure of oly the hl8h frequ€oay prthE lry ladicate recelver or
traasnltter blDdnidth pr.obleG.

FoUorrlng lr a dcsarlptlo of tbe llotle 6 patha.

Path I
A @5 Ez, .T?5 Yr,,s slle rave fro Al5 ls inprt to the A4 mrltiplexer erd
neasured ullag tbe A8 wldebad chaDtrel.

To lsolate a fallure, flrrt verify tbc transnltter outfnrt at A15 TP2. Ioo[
tot a 625 Bz sine xave at 12.6 volts peaL-to-peax. Due to slor sanpllng

the ltalr-lteps are lot flltercd out.
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6

If tbc tranrlitter outprt ir good, aheaf, the fouorrlng.

Cheo} A4 fP5 fon a @5 Ez llne rave, 2.2 volts p-p.
plfuiE rete, tue stalr-steps 6re lot flltercd out.

Due to llon sa[-

CbecI A8 U104 ptn 10 for r @5 Ez square nave (2 riulseaod pertod).

Chccl A8 U101 plu 4 for rcpetltlve burrts ot tli,e @5 Xz rquare wave.

Checf, A8 U205 pla 10 for a 2@ Wz squane $ave (3.8 nicrosecod perlod). fhls
1r the Al4 cloo} referi.ence. Il this refer€nce la bad, aheat the olclllator,
AI4 U400 pln l0 ard lI4 lr70f pin 8 for tfile 62 IIIz square rave.

Cheax A8 U102 ptn 4 for r€petltlve burrts of the 262 xf,z aguare nave.

Il the above aheats are good, supect A8 Ul02
auita, A8 gml, V3O4, V3Or, lll.O4 snd Ur04,

U103, or the deaodlng clr-

If the transnl,tt€r qrtput ls bad, check the foUorlDS.

CheaI Al4 U600 pln 1, (TP I0f) for a 10 k8z square wave (100 oicrosecod

Chec& Al4 11700 pln 4 for a 1 l{Ez rquare $ave fro A1 (1 ulcrorecod pcrlod).

p€rlod. A14 WO, ph 8 lhould Drve tb3 sane !

ChccI A15 lP3 for a ltalr-lt€p approxloatlo ol thc @5 Ez rlne wave. See
FtgureUode6-1.

Path 2

I 1000 , .??5 Yrog rlgaal fro A15 ls lnput to tne 14 Nltlplexer aDd
uslng tbe

fo llolate a fallure, flrrt vcrlfy the tmDsDittcr dltFrt by ahcatlrg A1,
fP2 for a 1000 Bz slne rave, 12.6 votts p-p.

If tbe traIlDltter otrtlnrt ls good, aheax the follordng.

Cheot A4 fPl for a 1000 Ez rinc ravc, 2,2 lolt,s p-p. Due to slon s.n-
p11D8 rate, stalr-stepr ere Dot flltered ort.

Cbecl A8 UIo, ptn 9 lor a 1000 gr squar3e rrave (1 dlllseaorl pcrtod).

Ch€ax A8 U103 pln 4 for rcpetltlvc buBts of thc 1000 Ez square $ave.

Cheot A8 U205 ptn 10 for a 26,2, Wz squane reve (3,8 nlcrosecou pertod). thls
ls the A14 clocf, referelrce. If tDls re?er€lrce ls b!d, check the orclllator,
A14 U4O0 plD 10 ard A14 U701 ph 8 for tx.e 262 xf,t Bquare rave.
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tlode 6

Check A8 U102 pln 4 for repetltlve biursts ot t,Dle 262, ff,z square $6ve.

If the above checks ale 8ood, suapect A8 U102 and U10r, or the deoodfug olr-
cults, A8 Uml, U3O1, UlOr, VlOl and Ur04.

If the trrEDltter outnlt ls bad, aheol tbe fouooing.

Cbealr 414 11700 pla 4 for a I llEz squale rrave fDo Al (1 nlcrosecorl perlod).

lf tbe transrltter output is good, oheax tlre fouorlDg.

Checx Al4 U600 pta 13 (TP I6f) for a 16 IIIz squere rave (@.5 Dlcrosecoods
pertod). A]..1 11702 pin 8 shorfld have tlre sane si8nal.

ChecX AI5 TP3 ?or a rtalr-step approxlnatlo of the 100O Ez rlne rave.
Iar to Flgure llode 6 - 1.

Path 3

A 1000 f,2, ,Tl5 ww slgtral frm Al5 ls lnput to tlre A4 Dultlplexer erd .ealured
using the A8 rldebattd cherlrel.

To lsolate a fallure, flrst verlfy the tranatrltter outpNrt by checldrg AI,
TP2 for a 1000 Ez sine wave, 12.6 volts p-p.

Check & TP5 for 8 1000 Hz slne nave, 2.2 volts p-p. Due to slor ser-
plinE rate, stalr-st€ps ale lot flltered out.

Check A8 U104 ptn 10 for e l00O Hr Bquale rrave (1 nltuseadrd perlod).

Checlt A8 U10, piu 4 for repetltlve bursts of tbe 1000 Ez square wave.

Cheat( A8 U2O5 pin 10 for a 262 Wz squane wsve (3.8 nlcrosecmd perlotl). frls
ls tbe Al4 clock referenoe. If thlB reter€Bce ls bad, ahea* tlte osclllator,
414 U400 pln 10 ard 114 Ir70I pt! 8 for t,be 262 lrf,: square rave.

Cbec} A8 U102 pin 4 for r€petitlve burrts of the 2@ *Bz rquare $ave.

If t'he above checXs are good, suapect A8 U102 lnd U103, or the decoding clr-
cuits, A8 V2O1, V3O1, tt30r, tl101 aDd Ur04.

If tbe trensnitter output ls bad, ahecl the follcrlng

Chea* Al4 11700 pin 4 for a I lEz square A1 (r perto<l).

Cbeck At4 U600 ptn 13 (TP I6f) for a 16 lrllz square wave (62.5 mlcrosecods
pertod). Al,l VlO2 pln 8 shorkl have tlre sane siglal.

Check AI5 TP3 for a stalr-step approximatlo of the 1000 Ez slne wave. Slnl-
lar to l,lode 6 - I.
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Diagnosties }lode 6

Path 4

A 8L92 Hz, ,??5 Vrms signal frorn A15 is input to the A4 multiplexer and measured
using the A8 wideband charurel.

To isolate a failure, first verify the transmitter output by chealring 415 TP2 for
a 8L92 Hz sine $rave, 12.6 volts p-p.

If the transmitter output is good, cheek the folloring.

Cheek A/+ TP5 for a 8L92 Hz sine wave, 2.2 volts p-p. Due to slow sam-
pling rate, stair-steps are not filtered out.

Cheek A8 UI0/r pin 10 for a 8L92 Hz square wave (L22 microseeond period).

Checlr A8 U103 pin 4 for repetitive bursts of the BL92 llz square wave.

Check A8 lJ2O5 pin 10 for a 262 kJlz square wave (3.8 microsecond period). This
is the A1/+ clock reference. If this referenee is bad, eheck the osclllator,
ALl U1O0 pin 10 and A1/r U701 pin 8 for the 262 TJlz square $rave.

Check A8 U102 pin 4 for repetitive bursts of the 262 kllz square nave.

If the above ahecf,s are good, suspect AB UI02 and U103, or the decoding olr-
cuits, A8 V2O1, V3O1, U3O5, VlOl and U504.

If the transmitter output is bad, aheck the following.

Check A14 U400 pin 10 for a 1.L9 YMz square Have (.238 microseaond
period) .

Check Af4 U600 pin 3 for a 131 kIIz sguare wave (7,6 microsecond
period) .

A14 U702 pin 8 should have the same signal.

Check 415 TP3 for a stair-step approximation of tbe BL92 fr,2 sine $tave. Simi-
lar to Figure Mode 6 - 1.

Path 5

A 32?68 Hz, .775 Vrms signal from A15 is input to the A4 multiplexer and measured
using the A8 wideband eharurel.

To isolate a failure, first verify the transmitter output by cheeking 41,
TPZ for a 32768 Hz sine lrave, L2.6 volts p-p.

If the transmitter output is good, aheck the foJ.lowing.

Check Al TPl for a 32768 Hz sine wave, 2.2 volts p-p.

Check A8 U104 pin 10 for a 32768 Hz square wave (30.5 microsecond period).

Cheek A8 UI03 pin 4 for repetitive bursts of the 32768 Hz square trave.
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llode 6

Cbeolt A8 U205 ptn I0 for a ?52 xJ,z squere rrave (3.8 nlarosecond perto<l). t]ls
ls the A14 clock refe!.eDce. If thls refereDce ls bad, cheax tlre osclllator,
fl4 U&0 pta 10 and AI4 II701 ph 8 for tne 2@ kEr squlre rave.

Cheak A8 U102 pin 4 for rcEetltlve bursts ot ibe 2@ IBz square raue.

If Ure
oults,

above checlr rrte 8ood, rulpect l8 Ul02 ard Ulor, or tbe deaodlag clr-
A8 !2O1, 9301, tlor, ltrol M !501.

Slrl-

Il tbe traElitter antput lr bad, cheaI trc foltorrhs.

Check Al4 U4oo ptr I0 for a 1.L9 Wz squere $ave (.2J8 nicrocecod
pertod).

cheax Al4 U600 pln 4 fon a 521 Wz aquane $ave (1.9 ulcrocecorl
pertod).

AI4 U702 plD 8 should have tbe ranc slgaal.

Check Al5 TP, for a stalr-step aEroxlnatlo ot l\e )2768 f,z slne rava
Iar to Flgure

Path 6

6-1.

L 61136 fl2, .Tl5 Vmc algaar tro A1! le lnput to tlre A4 mfltlplcxcr lrd rcrlurcd
uslng the A8 rrldebaod alremel.

To lsolatc a fallure, flrrt verlfy the trensrltt€r orttlrt by aheaIlDg 41,
fP2 for a 65536 Ez sine ravc, 12.6 volts p-p.

Il the tr&rDltter qrtput ls good, abecl the follorlng.

ChecI A4 IP5 for a 65576 Er rlne navc, 2.2 volts p-p.

Chcaf, A8 UI04 plu l0 for a 65536 Ez s$rlre ravc (15.2 alcnoeecod pertod).

CbecI t8 U103 ptn 4 for repetttlva biursts ol the 66536 Bz rguarc rarrc.

Check A8 U20, pln 10 for a 2@ frz lquaDr naur (3.8 nlcroccc@d pcrtod).
Ls the A14 clocI refereoce. If t[ls refer€[ce lr bad, rl

AI4 U400 pln I0 aod Af4 UTO1 pln 8 for ti.e 262 Xf,z square ravc.

CheaX l8 U102 pln 4 for repetltlve tnErts ol the 2@ If,z rquarc rave.

If the aboue aheatr rrte good, lulpcct l8 U102 rnd Ulor, or the d€codlng cln-
culta, A8 !2O1, U)OI, VlOr, V1O4 nrd Ur04.
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Dl.gtostloa llode 6

If the transnltter ortput ls barl, abea* tbe foUorrlDS.

Cbeo& A14 U400 pln 10 for a 1.19 Wz lquatre nave (.238 ulcroscc@d
pertod).

Cbecx A14 U600 pta 2 for a I ilBz squara rave (1 nlcrorecod pertod). E4 VlOz
plo 8 shorld heve the aane sijaal.

Cheal A1, ?P3 for a stalr-st@ approxlnatlo ot t,i.e 65536 Ez rlne ravc. Slnl-
lar to Flgue llode 6 - l.

Vert: 1 V/div
Horiz: depends on frequency

Dfiurc llortc 6-l

Ficure 8-8. Modc 6 Waueforme
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Diagnostlcs - llode 7

8-27. MODE 7: Tlansmitter Single Tone Check (A14, .{16, A17, A8)

fhlr uode connects tJre self test slgaal drtput fr AI5 dlrectty to the A4 laput
mrltlplexer. A 32 Hz, .?75 Yrur. gine uave is tr€Dsnltted and neasur€d by tne A8
frequency counter. lte blts iD the transnltter frequenay aonrter are ahanged dre
at a tltre to produae hlSher subsequeot frequ€noles. &ry erro$ la t[e fractloal-ll
lynth$lzer shor{ up as frequency offsets durlnE the test. lbe fr€queooies ohange
ltr the ot{er Urted belorr.

FoUqrlDg ls a sumary of tbe l,lode 7 t€st!.

Frequenay and Results

+/-
+/-
+/-

256 +/- O

,12 +/- 0
1021 +/- o
2018 +/- O

t096 +/- o
8L92 +/- O

16384 (di 1618 +0/-1)
32,6 +Ll-Ol32?68 (tltsplay

I
2
3
1
,
6
7
8
9

l0
11
12
t3
t1
L'
16

+/-
+/-
+/-
+l-
+/-

32
33
31
36
10
lr8
61
128

0
0
0
0
0
0
0
0

tle treDs[ltter trltrslits frequencys leguelrtlatly ltr the otder llrted abovc.
slgnal levc1 frq! Al, La .77) Vn[s. The llgDal lr lDput to A4 and ls Deasulrd
tlre AB rideband ahatrnel,

General Mode 7 lloubleshooting

'T!l!

If aU patDs fall, A8 ls Dot funatldrlng.

If oe or reveral patlrs fall, o[e or Done bits are stuaI ln t[e Al4
synthes I zer .

If @ty thc htgb frequenay paths fell, a baadwldtt problc[ my exlst l! the
recelver.
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Dlaglostlcs - llode ?

FoUarlag ls a desarlptl@ ol tbe llode 7 dats segreDtr.

To lsolate a fallure, ?lrst chea* the transnitter output, L, TP2, for a slnenave
of the frequeDcy shorD in the "Becelver Cbec}s" teble be16t.

ff the tr.nsrltter drtput is good, proceed wlth tbe recelver aheaIs.

Il the trensDltter output ls not preselrt or dlstorted, proceed rrltb trhe trrIs-
0ltter ahecXr.

Por aU segEents:

Check A8 U20, ptn 10 for 6 262 iJtz rquane rrave (3.8 nloroscc@d pertod).
Ilrls ls tre refereDce lrm A14. If tbis slSnal ls bad, check the A]4 0!411-

Al4 U400 pln I0 ard Al4 U701 pln 8, for rb,c 262 If,z rquare rave.

Check A8 U102 pln 4 for repetltlve bu8ts of the 262 kgz

If all the ebove cbecfs are good, suspeat A8 IrI02 and Ul03 or thc
decodhg circults l8 U204, O3O1, lJ30r, U404 eod Ur04.

8-135



Receiver Checke

Chea! the foUordng poluts ln the rcaelver.

fillL
AL' TPiz A4 N'

llode ?

r!I
2

3

1

5

6

?

8

9

1o

lt
L2

L3

r4

L5

16

32 Bz

33 az

31 \z

36 1z

40 Az

tA Ez

61 Bz

128 ut

256 Ez

5L2 Ez

L021 lz

2o48 lz

4096 Az

8L92 Az

16381 Az

32?68 Az

31 ns r lne

30 L2.6 2,2
volt8

A8 UIO'
Pltr 4

repetltlve
burstE
of the

rlTtl29 ns

t)
2, ns

20

L'

7.8 ns

3.9 us

2es

IIr

500 ur

240 ur

120 us

60 ur

30 us
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llode ?

Ilanemitter Checke

If the rlle reve at Al, TP2 is not prereot or dlrtorted, cbeck 115 fP3 for
Af, TP, for ltalrrtcp aproxlnatlo of the rfure rave ( frequ€nay depeDdg
segDeot). Sae FtgtEe rcde 7-1.

If thlr
U2O4J.

tt Al4
8, u6e

llotlae tbat @ly tbe upper addrers
crror occurr $blle uslng the table

ravefon ls good, lurpeat the 17, }[z lotr pas! fllter o A1! (U102 and

If tlre Al, TP, reve?d.r 1! Dot aomeat, theD luspect ttre fr6ctloal-X ryr-
t[eslzer 6 Al4 oa the waveforo nOil o Alr.

No llan6mitt€r Output

doer not transnlt ln eDy test setup or ln diaglostlc rcdes 7 ard
the follordDg proccdu!! to verlfy tlre proble!.

If

Set tbe traurltter to 65,536 8z la level/hcquency (or llo<le 7 Seg-
ueot 16) .

Ilavefom address llues IlA6 tnrough nA9 should bc lquarc rave.
lucrcarlng frcqucoay. ll tlra nave?o!.[! are preseot,
I€o l! probably o Al5 or Al7.

, then ohecI t'trre trro cloctr
Uret. A14 Ul(D ph l1 and AI4 U206 pln 12 rhflld bave a 524,tlO

tle foUtrlaS c@trol llncr rbould be lIH.

U206 pln L3, 1206 pln 14, U4O, plD 4, Itrll+$ pln5

C[€aX tbe frequeocy latcb dat!. AU thc I'lIlB ard t.sB I1!€
shorld bc low exa€pt for llfts? $hlob shculd bc htgh.

ISeo these c@dltlos !!e ret, the Al4 lynt,hellzer sbould be

If nA5 lt Dot t,ogg1lDg, t!€o thc probla ls ln thc ldder/ aa

tbe lDaorrcat frcguenclee, a fallure aan be llolated.

A14 Syntheeizer Checks

the fo[onlnS tEble to checlr thc frsatldral-ll ryatbcsizer oo Al4. By notlng

ln the table. Il an
the probleo my be ln tbe lorer rddress

lataber. See tbe procedure efter the table to chect tbe loner address latahcr.
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Diagnostics - ilode ?

Haveform ROt'{ Address Bus

seg ,{A0 I{A1 vlA2 HA3 }IA4 I{A' }rA6 I,rA7 I{A8 I{A9 I{A11

1

2

3

1

5

6

?

8

9

10

1T

12

t3

L1

L5

16

L6381

L6895

L7 108

L8132

20Lao

21576

32768

65536

131070

262132

8Lg2

8118

8701

92L6

L0210

L2288

L6381

32?68

65536

131070

262L32

1096

1221

1352

1608

5L20

6L41

8L92

L6381

32768

65536

131070

262L32

20La

2LL2

2L?6

2301

2560

30?2

1096

8L92

t6381

32768

65536

131070

262L32

L021

to,6

1088

LL12

r280

L536

201g

1096

8L92

L6381

32?68

65536

131070

262L32

5L2

528

5M

576

6/+0

768

LOz1

201g

1096

8L92

L6381

32768

61536

I31070

262L32

*

61

66

68

72

80

96

128

256

5L2

LOa1

2018

10%

8L92

L6381

32768

65536

32

33

31

36

l+0

18

61

r28

256

5L2

LO21

2ole

1096

8L92

L6381

32768

16

L6.5

L?

18

20

21

32

61

L28

256

5L2

L021

2018

10%

8L92

L6381

256 L28

26tj L32

272 L36

288 L1l

320 160

3Bl L92

5L2 256

LUu 5L2

2Ol+8 LO21

10% 2018

8t92 10%

L6381 8L92

32768 16381

65536 32768

131070 65536

262L32 131070

*

I

*

*

T *

*

*

*

*

t

I

*

*

*

*

*

*

*t

* Changes logio levels when the segment starts
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llodc 7

Lower Addresa Latch Checks

To ahecI tDe lorer addrers latches, leleat the Il.[) test setup 6!d ahecl the
follorrlDg polDts for squere rraves.

Syntheeizer Control Signale

If the llmt'heslzer appears to be operatlng coFectly, you nlght also rrnt to chccl
thc c@trol ll8rra1s to the rlmthesizer.

Cootrol slgnrl states for varlous test letupB aDd dlaglrostla nodes are glven
lD tbe table belorr.

to test

Scleot Lltrer ETEF$

UlOI pinlr 2, 5, 5, 9, 12, lr, f6 ard 19

U104 plns 2, 5, 6, 9, LZ ail L,

a

gIE Efl wo2
Dtr ll

mn

IrH

12 Wz

ulr

ux

ux
IffI

tafl

DE
ptn 5 ptn 9 I I LI

mfl

rcn

65 Wz

rcH

rcn

65 Wz

HN

rcn

65 Wz

IDfl

Ln

32 frz

INNI

rcn

mfl

mn

rcn

rcn

54Ws

521 frz

131 Ez

rcfl

rcH

65 Wz

rcH

I0t

65 x8:

rcfl

rcn

65 frz

521 Wz

521 Wz

131 IEz

IO xfs

131 Ez

521 Wz

131 Es

IffI

Idt

rcn

Rcturn losr

16

10

?

131 If,z

521 Wz

1.048 l{Ez

131 XEz

rcfl

rcn

rcH

rcn

rcfl

Dlag llode 8

Dtag tlode 18
&8[ert ?

I

B

I
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llode 7

FollolrlDg ls a sumary of the a@trol slgnts fro[ the Al4 traasDlt
adltrol latch, A1{ U80J.

C@trol sigtral stltes for varlous test retups and dlagaostlc node 7 are glveo
lD the table below.

Pol"rts to t€.t

ptD 2 ptl,

rcfl

rcH

INH

tan

rcfl

tpH

pt! 6 ptD 9 DtD 12 ptl 15 pin f6 pta 19

&lv. Delay

PAR

taDl

Hn

IO}I

mfl

rcll

BIGU

lrrn

EIG

ur@

mfl

HIGB

CIGH

EIGH

IIGI

IITtrI

Id{

BIGB

mn

[I@

rcn

rcfl

rcn

CIG[

mn

t0r

rcfl

rcn

ux
f,r(fl

EIOI

uxN

ir,I

rcfl

I0{

Id{

tx[{

rcfl

rcfl

rcn

MI

rcH

rcn

rcn

rcH

I0tDtag l,lode 7

Vert: l div
Horiz: depends on frequency

Flgure l,lode 7-l

fl
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Diagnosties llode I

8-28. MODE 8: T?ansmitter Multi-tone Check (AL4, A8)

This mode corurects the A15 self test signal output directly to the A4 input muLti-
plexer. Four frequencies are sequentially applied to AI4 V102, lI1O3, UlO1 and U405
with latch address 2 (01) selected. The test then repeats using latch addresses
three (10) and four (11). These frequencies are read by the AB frequency counter.
Any errors in the multi-tone system appear as frequency offsets.

Following ls a summary of the Mode 8 tests.

Data
Segmmt

16

latch Add.
Lateh Add.
Latch Add.
Latch Add.
not used
Latch Add.
Latch Add.
Latch Add.
Lateh Add.
not used
Latch Add.
Latch Add.
Latch Add.
Latch Add.
not used

L5 Hz
210 Hz

3810 Hz
6L41o Hz

Resu].ts
DispI.ayed

L5 +/- 0
2t$ +/- 0
3810 +/- 0
6L11 +/- 0

L5 +/- 0
210 +/- 0
381-0 +/- 0
6L11 +/- o

L5 +/- 0
240 +/- 0
3B1O +/- 0
6L11 +/- 0

Test

2,
2,
2,
2,

Path

I
2
3
1
5
6
7
I
9

10
11
L2
L3
L1
L5

I
2
3
4

5
6
?
8

t

3

3
3
3

L5 Hz
240 Hz
3810 Hz
6L110 Hz

1, L5 Hz
1, 210 Hz

1, 3810 Hz
1, 6Ll+l+O Hz

9
10
1I
L2

General Mode 8 Troubleshooting

If all segments fail, the A14 multi-tone switching control failed (Ur01 , 1J502 and
u6o1 ) .

If one or several segments fail, one or more bits are stuck in one of the A14
frequency latches (lJ1O2, lt103 , lll0l and U405 ) .

If the high frequenoy segments fail, a bandwidth problem may exist in the
receiver.
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Pathe I thru 4 (Data Segmentr I thru 4)

A .7?5 ltra signal (at tbe fDequency Usted belor) fro A15 is sent to the A4 ln-
put nultlplexer. fhe frequeucy lr neasur€d dr AB ustDg the erideband channel. fhe
fr€queocy ls generated u Al4 using latch addr€ss 2.

iEgI

L5 1z
21O lz
38tO gz
61110 Ez

Cheax AI, fP2 for a slne wave at tbe approprlate frcquenay, 6.6 voltr p-p (Sec
FlgureliodeS-1).

FoUo$lrg lr a description of each ilode 8 peth.

Cheax Al, fP3 for e stalr-rt€p approxlnatlm of tDe sl,De rave (Sane

Oreax Al, fP3 for I stalr-ltcp approxlmtl@ of tbe llle rarrc (Sane as Flgune
tio<le 3 - 2).

I
2
3
1

Diagnoatlos - llode 8

FigureModer-2t.

Paths 5 thru 8 (Data Segments O thru 9)

A .?7, Vrns stgrrel (at tbe frequeocy Usted belorr) fro AI, l! sert to the A4 ln-
put rultlplexer. The frcquency ls neasured o A8 uslag the $ldeberd chanlrel.
frequeDcy la generatetl ou Al4 uslng latah rddress ,.

L5 Ez
210 \z
3810 Ez
61110 Bz

ChecX Al, TP2 for a slne rave at the rmroprlate frcquancy, 6.6 volts p-p (See
FigurellodeS-1).

,
6
?
8

8-142



Diagnosties lvlode I

Paths 9 thru 12 (Data Segments 11 thru 14)

A .7?5 Vrms signal (at the frequeney listed below) from A15 is sent to the A/r in-
put multiplexer. The frequency is measured on AB using the wideband ehannel. The
frequency is generated on A1/r using latch address 1,.

Path Frequeney

9
10
11
L2

L5 Hz
2A,O HZ

3B/*0 Hz
6L/"/r0 Hz

Check A15 TPZ for a sine wave at the appropriate frequency, 6.6 volts p-p (See
Figure Mode B 1).

Checlr A15 TP3 for a stair-step approximation of the sine wave (Same as Figure
Mode 3 2).

Following is a summary of the control latch outputs for each Mode B

segrnent.

ALh U803
Segment pin 2 pin 5 pin 6 pin I pin Lz pin L5 pin 16 pin 19

I thru 4

6 thru 9

11 thru Ll

HIGH

HIGH

HIGH

1 thru 1.

6 thru 9

11 thru L4

LOI^l

LOt^l

LOI^l

HIGH

LOH

LOT^I

LO}I

HIGH

LO[^I

LOtl

I"OH

LOH

HIGH

HIGH

HIGH

LOtl

LOtl

LOH

LOH

LOt{

toH

ALl U501
Segment pin I pin lr

LOH

HIGH

HIGH

HIGH

LOI^I

HIGH

pin 10

524. r*tz

524 KIlz

521 KIIz
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llode 8

Vert: 1 V/div
Horiz: depends on lrequency

Ftgure llorle 8-1

Figure 8-9. Modc I Waueformc
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Irlagnostlae - Xode 9

8-29. MODE 9: Ilansmitter Filter Sweep (A16)

Thls mode contrects the A15 self test slSnal output to the A4 lnput multlplexer
?wo frequencies are applied to the two A1, lq{ pass ftlters atrd three frequercies
are app ed to the A15 IllD band-pass filter. These signals are at a .775 tttms
Ievel. lte level of each frequency 18 neasured at the filte! output to verify the
fllter perfornanae. Errors in t'trre nidband gain and errors in t'lre filter Bhapes
should sh@r up as level errors, Frequency errors indicate severe filter dlstortion
or fail.ure to pass ure signal.

Follodng is a sumnry of tDe llode 9 tests.

DFTEI

0

I
2

3
1

,

6
?

8
9

t0

I1
t2

u
Ll

L'
I6

fest

25O0 Hz
0.0 dED

10000 Hz
-18.0 dBn

2500 +- LO
0.0 +- .,
10000 +-10
-18 +- 1

1
I
2
2

not used

1200 Hz
1.' dBm

4800 f,z
-21.0 dEo

not uled

1200 +- 10
+L., +- ,,

3
)

1
1

500
-30

],LZO Hz
0.0 d8m

1600 IIz
-9.0 d8m

4800 +- 10
-21 +- I

,00 +- 10
-)0 +- 2

U20 +- 10
0.0 +- .5

1600 +- I0
-9+-1

tTE ,
,

6
6

7
7

General Mode I Troubleshooting

If 811 paths fai1, the fixed gain offset nay be t{rong. Try sdJusting the output
level adJustment on A1r.

If one or nore of the paths fall, the corresponding tllter is bad.
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Diagnostics Hode 9

If only paths 5 , 6 and 7 fail, the two adjustments in the IMD filter
may need adjusting to correct the response eurve.

Following is a description of the Mode 9 patbs.

Path 1 (Data Segments 1 and 2)

A 2500 Hz, .775 Vrms sine wave ls sent through the A15 , 5 l<Hz low
pass filter and then input to the A4 input multiplexer. The level
is measured with the fuII wave average wideband deteetor and the
frequency is measured on A8.

Check A15 U102 pin 6 for a 25AA Hz sine wave, 6.3 volts p-p.
This ls the filter input.

Cheek A15 U103 pin I for a 2500 llz sine wave, L2.4 volts p-p.
This is the filter output. The same signal should be on AL5
TP2.

Check A15 V6O7 pin 6 for a 25OO Hz sine wave, 2.2 volts p-p.
This verifies the analog switches and the fine attenuator.

Path 2 (Data Segments 3 and 4)

A 10000 Hz, .775 Vrms sine wave is sent through the A15, 5 kIIz low
pass filter and then input to the A4 input multiplexer. The leve1
is measured with the fuII wave average wideband detector and the
frequeney is measured on A8.

Check A15 U102 ptn 6 for a 10000 IIz sine wave, 6,3 volts p-p.
This is the filter input.

Check A15 U103 pin I for a 10000 Hz sine wave, L.5 voLts
p-p. This is the flLter output. The same sigRal should be
on 415 TPz.

Check 415 V6O7 pin 6 for a 10000 Hz sine wave , 0.2? volts
p-p. This verifies the analog switches and the fine
attenuator.
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Diagnortica - fode 9

Path I (Data Segmente O and 7)

A 1200 f,2, .7?5 Vros rlne ls s€lrt tfirolgh tbe A15, R.L. lor
pass fllter aDd then lDput to t'he A{ lnput nultlplexe!.
ls leasured rrlt r tbe fuII rrave average rideband detector and the
frequenay ls DeasuDed dr 18.

Cbcct ll5 U102 ptn 6 for a 1200 Ez slae rave, 6.3 volt! p-p.
IIls ls tbe fllter lnput.

Cheax 415 U103 pta ? ?ot a l2OO Ez slne rave, 14.8 volts p-p.
Tlrls ls the fllter output. The sane slgnal should be dr 41,
TP2.

CheaX Al, U507 ptn 6 for a 1200 Hz slae wave, 2.6 volts p-p.
lhls verl fies tlre analog srltahe3 and the flDe att€lruator.

Path 4 (Data Sermentr 8 and g)

A 4800 Bz, .?75 Yt!ts slne rrave ls seot thlclr8h the Alr, n.L. 1or,
pasr filter llrd ttrelr lnput to thc A4 lnput mrltlplexcr. The level
ls orasured oith tDe ful.I rave average rrldeband deteator lDd the
frequenay ls leasurcd @ A8.

ChecI Al5 U102 ptn 6 for a 48OO 1z llne rave, 6.3 volt! p-p.
Ilrls ls the fllter hput.

Cheax A1, UI03 ptn 7 for a 48oO gz slne rave, 1.1 volt! p-p.
Ihis 1r the filter qrtput. tte saoc rlgDll lhanld bc 6 AI,
TE2.

clrecf, A1! U607 pln 6 for a 480O Bz slne travc, 0.2 volt! p-p.
fhlr verlfler tlrc rnalo8 rrltahes.nd tlre flne att€lruator.

Path 6 (Data Segmente 11 and 12)

A 500 Bz, ,??5 ww alne rave ls s€[t tnrcqt Ure Alr, Il,D baDd-
pass filter and then lnput to thc A{ luput mrltlplexer. Tbc
level ls [ea3ur€d ultb tbc fu1l rrave avcr6ge rtdebar.l

the frequenay ls leasurcd m A8.

Chect Al5 Ul02 pln 6 for a 500 Ez rlne rave, 6.3 volt3 p-p.
&ls la tlre fllter lnput.

Cbeck Al, U105 pln 1 for a 500 f,z slne $ave, 4., voltr p-p.
&ls ls tbe ortput of tXre f lrrt stage.
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Dlagnoatlas - llorlc 9

Cheaf Al, U207 ptD I for a 500 Bz slne wave, 0.63 volts p-p.
Thls ls the output of the sec@d stage.

Checlr A15 Ur07 ptr I for a ,00 f,z.slne rave, 0.4 volts p-p.
Ihlr lr tbe ortput of the tbltd rtage.

Chect Al, U60? pla 6 for s 100 Hz rlne rrave, .07, vo1t3
p-p. fhlr verifier the analog srrltabes ald the tlle
att€lruator.

Path 6 iData Segurente l8 and 14)

A 1120 Ez, .715 Yrlg slne wave 1! leot tnroigt Ure Alr, Il{D baod-
pass fllter arld ttreo lrFrt to the A{ laput nultlplcxer. fhe
tevel ls reasured rlth tbe lull $ave evcrage rldebaDd detcator
aDd t[e ?rcqucDcy ls neasut ed o 18.

ChecI A15 lrl02 pln 6 for a 1120 Ez rlnc nave, 6.3 volt! p-p.
fhla ls tbe fllter lDFrt.

Chea& Al5 UI0l ph I tor a 1120 Ez alne rave, 18 uoltr p-p.
Ihls ls thc outFrt of t[e llrrt 3t.ge.

Cbeck Al5 U20? pln I for a U2O f,z lhe rave, 12.2 volts p-p.
frls is tbe outFrt of t,he reaod rtlge.

Cbeck A15 U30? pln I for a Il20 Ez rlne rave, 12.2 volts p-p.
lr the drtFrt of thc ttrltd rtage

Chccx ll5 U60? pin 6 for a I12O Bs llle saue, 2.2 volts p-p.
ttls verlfles the aDalog !$ltabe! ald tbc flDc attenuator.

Path 7 (Data Segments 16 and 16)

A 16O0 Hz, .Tl5 l,r,s aiae rave l! sent thror8h the A15, IIO brDd-
p..r filter ard tlreD lDput to tbe A4 hput nrltlplex€r.
level ls [ealurcd nlth t[e ftrll mvc averaSe xldeblDd detector
aDd the fr€qu€ocy l3 leasurred o 48.

Cbeck A15 U102 pta
thlr lc the fllter

6 for a 16@
lnt[t.

Ez alae rave, 6.3 volts p-p.

CheaI lll U105 pln 1 lor a 1600 Xz rlle rave, 8.2 volts p-p.
thlr lc tbe qrtput of the flmt ltagr.

Checl A15 U2O pln I for a 1600 f,z lhe rave, 9.3 voltt p-p.
tlis lr the ortput of the reaod rt.8E.
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Xod.9

CheaI Al, U30? ptn I for a 1600 Ez sine rave, 4., volts p-p. fhir ls the
cnrtfut of the thit{ ltage.

Check A15 U60? pin 6 lor a 160O Bz slne wave, ?.5 voltr p-p.
Ilrls verlfles tbe analog srltabes and the ffute att€nuator.

8-80. MODE 1O: Tlanemitter Alternate Channel Check (A17)

t'hlr rode cdrrecta tbe Al, lelf tert rlgaal dlncctly to tLe A.4 hput Dultt-
plener. A rlne rave at 1000 fl2, .775 Vros ls outprt thlorEt tne Dhare Jltter
callbratlo attenuator ln t'he trenstrltter's alternate ahannet. tlen the FSE 1o$
pa$ fllter ls checled at tfiree frequenales to lnsure proper attaultloo of the

aDd lpace fr€quenales as rrell as the hlgh frequenay roU-of f .
abannel probleos should epDear ln at least oe of the tert pathr.

FoUotdug ls a sunmry of tlre ilode 10 tests.

,rj.Tt

2

2

3

3

I
4

1

2

,

4

,

6

?

8

9

1000 Bz

-r8., dBo

llot lrs€d

t1l1

-3.0 dBr

1200 f,z

-r.o dB!

2000 f,s

-13.0 dDr

1000 +- 0 I
IL8,5 +- .'

800 +- 0

-3.0 +- I
1200 +- 0

-3.0 +- I
2000 +- 0

-13 +- I
l0 tnnr 16 not used

Il oly path I fallr, aheaf, the phase J lttcr aallbratlo path.

General Mode lO Troubleehootlng

If atl the prths fal1, the flxed gal! offlct ray be lDcorr€ct. fry ad-
JustlDg the alternate ctrsDDel levcl o Al5.

It paths 2, ) M 4 fall, the FSK fllter ls rot filDctlolng.
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Fouoring ls a descrlptlo of eaah test path.

Il t'bl! rraveforo ls good, verify the PJ Cal Parl by aheallng for

Path I (Data Segmenh I and 2)

A l0O0 Hz, .7?5 ww slne rave ls seut thrlugh tne A1, PJ aal
lbratldl pad and lnput to tnre A4 lDput nultiplexer. The level l!
measured rdt'h the A4 futl wave average $ideband detector aDd the
freque[rcy ls neasur.ed or A8.

Oreak the 6ltertlate ohannel ortput at A1, U306 ptn 6. It shoul.d be a
stalr-st€p approximatlor of tbe l0O0 Ez slue rave, 6.3 voltg p-p
(Sinllar to Flgure l{ode 3 - 2). Ihts slgnal uay be qulte nolsy, hrt
the steps a& ltill be Eeen.

tbe sene stalr-rtep rraveforo at Ati U506 ptns I and 16.
for grcnrnd at A15 U506 pins 8 and 9.

Il t[ls wevefom ls brd, aheal tbe data llnes to the alter-
nate cballDel DAC (Af, U20r). The plls Usted bela, sbould
togEle at fTL level! and at tbe rates rhofltr.

pln 5
ptn 6
pln 7
plu 8
pln 9
pln I0
pin lI

U205 ptn 12 150.5 x[z

If oe or nore of the llnes do trot toggle, suspect tbe al-
data latcb U303.

If nore of tlre lines togBle, cbec* the alteroate ahaurel aloax
ontput 8t AI, U601 pln 8. &e alock should be 521 fr2. lf Dot,
luspect U601 or U30r.

If aU the llnes lnto U205 are toggltDg at the ptEper rater, the[l
suspeat elther U20, orr U306.

n205
120,
v20,
1t20,
920,
vm'
0205

I Xf,z
3 kflz
7 kllz
LZ Wz
31 kllz
63 Wz
L?l Wz
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Path 2 (Data Segments 4 and 5)

ln 800 Bz, .Tl5 vtms slne rave ls lent thtDugh the AI, PSK Lo,
pass fllter and lnput to tbe A4 lnput rultlplexer. The level ls
[easured nith t[e A4 full t{ave everage tddebard deteator and tbe
frequency ls measured on A8.

altemate ch€nne1 ortput at A1, Ur06 ptn 6. It lhould be a
rtalr-step approxinatlon of the 800 Hz sine rave, 6.3 volts p-p
(Slnllar to Flgute [ode , - 2). Ihts stgre]. rey be quit€ Dolsy,
tlre stcp! can stlll be seelr.

at A15 U405 pin 6 aDd 8t
Al5 v5o6 ptns I and 4. checl for gound et E5 vro6 ptns 8 and 9.

If thls neveforo ls bad, chea* the d,ata llnes to tlre alter-
nate charlDcl DAC (l1, U20r). Ihe pins Usted belor, lhould
toggle at ffL leve1s and at the rates 3hom.

If tJris wlvefom ls good, verlfy the FSf, lon pass fllter by ohec&-
lng for an 800 Bz, 17 volt p-p sine

Diagnostlos - llode 10

8-151

!20,
u20,
12o,
1205
n2w
U20,
v205
tt205

pln 5
ptn 6
pln 7
pln 8
plu 9
pln 10
pln lI
pln 12

800 Hz
2.1w2
5.6 Wz
12 IE

XlIz
Xf,z

21,8
,o.1
101
Ltc

6 E*1

If noe of the llnes toggle, ahecf the alternste ahannel aloa*

If oc or Dore ot tlre llaes do Dot toggle, ruspect the alter-
nate ah.Iltrel data latah Ur03.

at Al5 U6oI plD 8. tle aloax shanld be 54 ]fg,z, lt
U601 or U303.

If all the llnes lato U205 are toggUDg at the proper rate!,
suspeat elther U205 or U306.

o



Xode lO

fath I (Data Segmentr 6 and 7)

A 1200 Ez, .7?5 tltrc sile rave ls sent through the Af, 1o$
pals fllter and input to tbe A4 lnput Dultiplexer, tte level lr
[ea8ur€d nlth the A4 fuIl rave average rldebaod deteotor a[d the
frequ€ncy ls rcasurcd o A8.

Orecf, the alterDat€ chaDnel output et 
^L5 

11306 ptn 6. It should be a
stllr-ltep approxluatlo of the 1200 Eg slne save, 5.3 volts p-p
(Slnllar to Ftgure lilode 3 - 2). Ihtg sigtra] nay be qulte Dolsy, but
the 6tepr caa stlIl be seeD.

Il thls wevefom l! good, verlfy the FSB Iff pass fllter
by aheckinS for an 1200 Hz, 17 volt p-p sine uave et E, lt4o6
ptn 6 and at AI! U506 ptns 3 and 4.
Check for Stould at Al5 UrO6 plns 8 and 9.

If thl! ravefom ls bad, aheaI the data llnes to the alter-
nate ahannel DAC (Af, U205). Tbe plns Ust€d belq, shorld
toggle at fTL levels erd at t'he rates shostr.

v20,
tt20,
!20,
v20,
o20,
v20,
!20,
tt20,

ptn !
ptn 6
pln 7
pln 8
pln 9
ptn 10
pln 11
pta 12

L.2 tJd,z

3.6 wz
8.6 Hz
18 *f,t
)?.2 Wz
75.6 frz
L15 xflz
134.1 Hs

If qre or Dore of tlre llncs do Dot tqE1e, surpcct the al-

If nqrc of the llnes togEle, aheak the alteroate chlDncl clocl

dats l8tah U303.

ontput 8t Al, U6OI pln 8. fhe alocx rhorld be 521 }g,z. lt
suspect U60l or U303.

If au thc llnes into U205 are toggrtDg at tlre prqrer rate!,
suspect eltner U20, or U306.
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Diagnostics - Mode 10

Path 4 (Data Segments 8 and 9)

A 2500 Hz, .775 Vrms sine wave is sent through the A15 FSK
low pass filter and input to Ehe A4 input multiplexer. The
level is measured with the A4 full wave average wideband
detector and the frequency is measured on A8.

Check the alternate channel output at A15 U306 pin 6. It
should be a stair-step approximarion of the 2500 Hz sine
wave, 6.3 volts p-p (Similar to Figure Mode 3 2). This signal
may be quite noisy, but the steps can still be se€o.

If this waveform is good, verify the FSK low pass filter
by checking for an 1200 Hzr 5.7 volt p-p si.ne wave at A15 U406
pin 6 and at A15 U506 pins 3 and 4.
Check for ground at A15 U506 pins 8 and 9.

If this waveform is bad, check the data lines to the
alternate channel DAC (A15 U205). The pins listed below
should toggle at TTL levels and at the rates shown.

u205
u205
u205
u205
u205
u205
u205
u205

5

6

7

8

9

10
11
L2

Pin
pin
pin
Pin
pin
pin
pin
pin

2 kIJ:z
6 klF'z
L4 kEz
30 kIJ^z

62 k]F^z

L26 k}Jz
L52.6 kRz
L48.6 kHz

If one or more of the lines do
alternate channel data latch U

not toggle, suspect the
03.3

If none of the lines toggle, check the alternate channel
clock outpuE at A15 U60I pin 8. The clock should be 524
kP^z. If not, suspect U601 or U303.

If all the lines into U205 are toggling at the proper rates,
then suspect either U205 or U306.

8-31. M0DE 11: Wideband Fllter Calibration (A2)

A gain constant is generated for the PAR, Program and C-message filters
on A2, The A17 test signal (ST17) is routed through the appropriaEe A2
filter (exeept for data segment 4), through the 44 wideband autorange,
and then to the FWA deEector. A reference measurement is made with no
with no A2 filter to determine the absolute level variati-on. This ref-
erence value is subtracted from all filter measurements. The measured
A2 filter constants are stored in non-volatile RAM on the ALz board.
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Diagnostics - Mode 11

Note

This mode is a calibration only mode and not intended
f or troubleshooting. I"lode LZ provides more inf ormation
if one of the filters faLL. If mode 11 fails, mode L2
should also fail.

Ilere is a summary of the Mode 11 tests.

Data
Segment Test

Results
Displayed Path

1 1300 Hz,
2 1004 Hz,
3 1004 Hz,
4 f004 Hz,
5 thru L6 not

0 dBm (600) PAR

0 dBm (600) PRGM

0 dBm (600) CMSG

0 dBm (600)
used

1

2

3

4

dB
dB
dB

db

1.0
1.0
1.0
1.0

+-
+-
+-
+-

0.0
0.0
0.0
0.0

Here is a deseriptirrn of the Mode 1l paths.

Path 1 - AZ Input Mux Signal Fath (Data Segment 1)

The PAR filter constant is tested. The gain in dB at 1300 Hz is measured
and stored.

Check A2 TPl, TPZ and TP3 for a 1300 Hz sine wave, 2.2 volts p-p
(.775 Vrms).

Path 2 - A2 Input Mux Signal Path (Data Segment 2)

The program filter constant is tested.
and stored.

The gain in dB at 1004 Hz is measured

Check A2 TP PRO and TPI for a 1004 Hz sine wave, 2.2 volts p-p
(.775 Vrms).

Path 3 - AZ Input Mux Signal Path (Data Segment 3)

The C-message filter constant is tested. The gain in dB at 1004 Hz is
measured and stored.

Check A2 TP CMSG and TPl for a 1004 Hz sine wave, 2.2 volts p-p
(.775 Vrms).

Path 4 - A1 Wideband Channel Signal Path (Data Segment 4)

The offset from 0 dBm is measured through A1 to compensate for the noise
to ground measurement. Normally this gain offset is maEched by a loss in
the active input, however noise to ground bypasses the active input. The
lasE store gain offset on A1 is checked.
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ilode 12

8-32. MODE l2z A2 Filter Sweeps (A2)

Ihls uode doea an sbbrevlated sweep of the A2 fllters. The transnltter slg-
ral frm Al? goes tbrqlgh the A2 nultiplexer (U706) and tbrough tlhe seleated
fllter. The rlgnal goes tfirough ttrre A4 ntdeband autoraDge and thelr to tlre
FrIA deteator qr Ar. 111 neasureo€Dta !r,e nade relative to deta leg[ent 1.

Pollonlng fu suuury of t'he llode 12 test!. All tests ar€ dme at a 0 d8o
level and 600 dD termlnatiou tnpedanae.

Iest flltcr

I
2

3

1

,

6

?

8

9

I
2

)

1

5

6

7

8

9

IO

11

L2

L3

Ll

L5

16

10

11

L2

L3

Ll

L'

16

0.O +-1.O dB

-r.o +-1.8 dB

-12., +-r.0 d3

-3.0 +-1.8 dB

-12.3 +-3.0 dB

-I.I +-1.0 dB

O.O +:I.O dB

-8.3 +-2.0 dB

-11.6 +-2.0 d8

1000 Bz

3000 Bz

6O0O Bz

1r.0 lrgt

30.0 kBz

100 Bz

l00O Ez

40.0 xEz

300 f,g

1000 Bt

4000 Ez

3OO Bz

llo fllter
, l(f,t

3fr2
15 Eg

L5 \52

,0 x-blt

,0 f,-blt

,0 l-blt

0.0 +-1.0

?.2 +-2.O

-16.' +-2.0 dB

-1r.0 +-2.0

-I4.1 +-r.0

O.O +-1.O dB I000

4000

800 E,

L'26 EZ-r.o +-1.0 dB
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General Mode 12 Iloubleshooting

Besldes rode 11, tbls node ls the
all the data segrents fall, aheck
A, bosrt! to have a +-0., dB error
been ahecked. If the oltput at A4

Dlagnostlca - llodc 12

flrst rode to use A2 for neasuring. I?
A2 tl1B5 and U706, It ls posslble for the
at certain levels tbat prevlously h.d not
TP5 is correat, tbls aould bc tbe probl€o

For all rodea, the trenllr.t slglel aelr be se€lr at A1? U408 pln 1. tle
Deasure ent slglal cal be reen !t 14 TPr. fhe llgra]' lnput to A2 (A2 VlO6
ph 9) shorld be ldentlcal to. the A17 ortnrt rlgnal.

Eere ls a desarlptloB of the Mode 12 patns.

srltched ln.

aurcd. Ills 3eg!€!rt provldes a baslc lndicatlo t[at ttre A2 boad ls

ChecI A2 fP ilK:T for a 1000 8z slne tavc, 2.2 voltr p-p +-.2? volts (.T15
Vrrs ) .

Path I
Tlre gala at 1000 E rltlr aU alpUfler. .Id filters lrltabed out ls iea-

Path 2

The galn at 1000 Er ls reasurcd xlth ttre 3 If,z Low pass fllter

Check A2 TP 3 ldlz for a I lrEz slae rave, 1.6 volts p-p +-.36 volts (.r4,
Vros ) .

Path I
The galn at 6 kgz 1r realured xltb the 3 trf,2 tor pe!! fllter
lrltched lI.

ChecI A2 fP 3 xf,z for a 6 If,z glne $ave, 0.r, votts p-p +-.22 volts (.186
Vrrs ) .

Path 4

tle galn at 15 &f,2 ls leasut"ed rlth the 15 kf,z lor pals fllter
swltched ln.

Chec* A2 TP 15 kEz lor a 15 lrEz siae wave, 1.55 volts p-p +-.16 voltr
(.550 vros).
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Diagnostics l{ode 12

Path 5

The gain at 30 }r.llz is measured with the 15 kIIz J.ow pass filter
switehed in.

Cheek A2 TP L5 IrIIz for a 3O lrJlz sine lrave, .53 volts p-p +-.22 volts (.188
Vrms ) .

Path 6

The gain at 100 Hz is measured with the 50 k-bit filter switched in.

Check the following points on A2 for a 100 IIz sine wave, 1.95 volts p-p
Vrms). The toleranee at TP 50 k-bit is a-.21 volts p-p.

TP ,0 k-bit, U400 pin 1, U400 pin 7, U401 pin I

(.676

Path 7

Ihe gain at I kIIz is measured with the 50 k-bit filter switched Ln.

Check the following points on A2 for a I kIIz sine wave, 2.2 volts
p-p (.?75 Vrms). The tolerance at TP ,0 k-bit is +-.27 volts p-p.

TP 50 k-bit, U400 pin 1, U400 pin 7, U401 pin I

Path 8

The gain at 1/+0 kIIz ls measured with the 50 k-bit filter switched in.

Check the following points on A2 for a 140 kIIz sine wave, 0.85 volts p-p
(.3L3 Vrms). The toleranee at TP ,0 k-bit is +-.22 volts p-p.

TP 50 k-bit , U100 pin 7, U401 pin 1

The level at U400 pin I is 2.2 volts p-p (.775 Vrms)

Path 9

The gain at 3OO Ez is measured with the Program filter switched in.

Cheek the following points on A2 for a 300 Hz sine wave, 2.2 voLts p-p (.?76
Vrms ) .

WOZ pin 1, II702 pin 14, V7O2 pin 8

Tlre level at A2 TP PRO is 0.58 volts p-p +- .LZ volts ( .201 Vrms ) .
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Diagnostics Hode 12

Path 1O

The gain at I kIIz is measured with the Program filter switehed in.

Check the following points on A2 for a I kIIz sine nave;

VTOZ pin 1 and A2 TP PRO should be 2.2 volts p-p (.775 Vrms ) The
toleranee at TP PRO is +-,27 volts p-p.

U702 pin 1/r anA pin I should be 2.25 volts p-p (.?87 Vrms)

Path 11

The gain at 1 VJlz is measured with the Program filter switched in.

Check the following points on A2 for a 1 YJlz sine wave;

11702 pin I and A2 TP PRO should be 2.2 volts p-p ( .?75
Vrms). The tolerance at TP PRO is +-.2? volts p-p.

1J702 pin 8 should be 2.9 volts p-p (I.0 Vrms)

11702 pin 14 should be 2.75 volts p-p (0.97 Vrms )

Path 12

The gain at 30O llz is measured with the C-message filter switched Ln.

Cheek the following points on A2 for a 300 Hz slne wave;

TP CMSG should be .315 volts p-p +-.08 volts (0.12 Vrms)

1J102 pin I should be 1.56 volts p-p (.513 Vrns)

VTOZ pin 14 should be 0.56 volts p-p (.19, Vrms)

\1702 pin B should h 0.38 volts p-p ( .L32 Vrms )
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Dlagnostlos - llode 12

Path 13

Tlre galn at l ldlz ls measured wltlr t'be C-message filter srrltched ln.

Check the fou.orirr8 polnts or A2 for a 1 *Ilz slne rave;

IP Cl.ltri should b€ 2.22 ttolt,s p-p +-.n volts (.783 Vrns )

U4O2 ptn I Bhould be ,.3 volts p-p (1.87 Vros)

U402 ptn 14 sbould E ?.2, volts p-p (2.51 Vros )

U402 pin 8 should be 0.66 volts p-p (.240 Vrns )

Path 14

Ore 6aln at 4 &f,z ls neasurcd wlth the C-nessage fllter srltabed h.
CheaI t'he foUorrlDg polnts on A2 for a 4 ldlz siDe rave;

TP CIISG should be .395 volts p-P +-.10 volts (.117 Vrms )

U402 pla 1 should be 1.08 volts p-p (.383 Vrms )

U402 pln 14 should be 2.80 volts p-p

U402 ptn 8 should be .019 volts p-p

(I.01 Vrm )

(.0065 vros)

Path 15

fhe galn at 800 Ez ls neasured wlth the P/AB fllter switched ln.

Check tbe follorln6 polnts or A2 for en 800 Ez slae rave;

TP P,/AR shouJ.d be O.44 volts p-p +-.06 volts (.153 Vrms )

fP 2 sbould be 1.18 volts p-p (.344 Vrns )

Poth 16

The galn al L526 Hz ls ueasur=d wlth the PAB ?tlter sritcbed ln.

Cheal( the followlng polnts oD A2 for a L526 Hz slne rreve

TP P/AR should be 1.5? votts p-p +-.20 volts (.548 Vros )

TP 2 rhould bc I.8, volts p-p (.652 vrns 1

8-159



Diagnosties l{ode 13

8-33. MODE 13: A2 Filter Checks Continued (A2')

This mode eontinues the A2 filter checks. The signal is routed from A17 through
A2. After passing through the selected filter, the signal goes through the wide-
band autorange and then to the FHA detector on A5. For the phase jitter filter,
the narrowband autorange path is used. All measurements are made relative to data
segment 1.

Follo+ring is a summary of the Mode 13 tests. All tests are done with a 600 ohm
termination impedance.

Data
Segment

I

2

3

1

5

6

?

8

9

10

11

t2

L3

L1

t5

16

Besults
Displayed

0.0 +- I.0 dB

-55,0 /-99.0 dB

-O.5 +- 1.0 dB

-0.5 +- 1.0 dB

-2,7 +- 0.8 dB

-L2.2 +- 1.0 dB

-21.0 +- L.0 dB

0.0 +- 0 .5 dB

0.0 +- O .5 dB

-2.0 +- 0.5 dB

0.0 +- 0.5 dB

-1.0 +- O.5 dB

-3 .0 +- 0.5 dB

0.0 +- 0.5 dB

-3 .0 +- 0., dB

not used

Test

1000 Hz

1010 Hz

862 Hz

LL82 Ez

10.0 kIIz

20.0 kIIz

60 llz

l+O0 Hz

1000 Hz

100 Hz

1000 Ez

1450 fiz

700 Hz

1000 f,z

1300 f,z

Filter

llo filter

Notch

Notch

}{otch

10 kllz

10 kIIz

60 Hz

60 Hz

10 dB

Phase Jitter

Phase Jitter

Phase Jitter

Transient

Transient

Transient

Path

I
2

3

I
5

6

7

8

9

10

11

L2

L3

L1

L5
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General Mode 18 lloubleehootlng

Durlng the pDase ,ltter fllter segrclrt!, the Darrorband ahantrel ls belaS rlsed for
the flrst tine (not ilcludhg aallbretl@ l,tode U).

SloU srrltcblng speedr am da offsets of the aDalog srritcbes can
probleos for aly 6eg[€nt, biut prlnarlly the l0 <lB efipllfler.

Ihe IMDI sl8Del fro A2 ls buffer.ed dr A4 before gotng to the tr&-
llent fllter wblch ls phyaically located or A4.

Rolloring is a derscrlptlqr of the Uode I, patb.

Path I
lhe gaiu at l0@ Hz is nessur€d rlth elt arpuflerr aod fllter3 lrltch€d
out ls neasut ed tnrorr8lr the wldeband autorange using the FIO wldeband
detector to estebush a refer€oce.

Vrus )
for a 1000 8z alne wave, 2.2 volt! p-p +-.n vo,li. (.7?,

Path 2

TXe galu at 1010 Ez ls learur€d rlth the l01O f,z lotch fllter ald the C-
lesrage fllter stdtahed lD. tle C-uessage fllter lr ln to lacreare the

Cbec& 12 fP f,TCB, for 8 l0I0 Ez slne rave, .0048 volt3 p-p (.001? Vmr).
t'hls value ls oalaulatcd, too snall to see @ scope.

Chect A2 TP mcf2 for a l0I0 Ez slae wave, .0051 volts p-p (.0018 Vrns).
tlls value ls oalaulated, too srall to lee @ !aee.

Cbea& 12 ?P llfcEl for ! 1010 Ez aine nave, 0.20 volts p-p (.068

Path 3

lhe galn at 8@ Hz is neasured rlth the 1010 Ez notab filtrr and thc C-
[essege fllter &rltahed ln. Ibe C-nessage fllter ls ln to lnarease tlte

Cbec} A2 TP tlICf,, fon a 862 Hz rlne wave, 2.0 volts P-p (.7.,
Vras ) .

Chec& A2 TP [fCH2 for a 862 Hz sine tave, 3.U volts P-p (1.I0
Vros ) .

Cheax A2 TP IfCEl for a 862 Hz slne wave, 5.5 volts p-p (1.93
Vrng ) .

)
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Path 4

Tlre gala at U82 llz ls neasured rrlth tbe 1010 Bz notch fllter and the C-
Dessage fllter switcbed ln. The C-nessage fllter ls ln to lnarease tlre
nea6ure[etrt accuracy.

Chec} A2 fP l{rcf,2 for a 1182 Hz slne rave, 0.@ volt3 p-p (.217 Vrus).

Checx A2 TP f,rcm lor a Il82 Ez alne rrave, 1.09 volts p-p (.r83 Vmr).

Path 5

The galn at lO If,z is neasured rlth the I0 If,r lon pas8 fllter
swltched ln.

Checl A2 TP lll{(lT for a 10 kf,z sile rave, 1.6 vo1t8 p-p +-.1, volts (.160
lrrns ) .

Path 6

Tlre galn at 20 If,z ls neasured rrlth tjre 10 If,z lon pass fllter
srrltahed ln.

Chect A2 IP tll$T for a 20 kflz slne wave, 0.!3 volts p-p +-.06 volts (.188
Vrns ) .

Cheo& A2 11706 pln 3 for a 20 &IIz sine vave, 2.2 voltg p-p (.775 Vros).

Path 7

fhe galn at 60 Ez ls neasur€d rlth t'he 60 Br htgh pasr fllter snltahed ir.
Checf, A2 11707 ptn 7 for a 60 Hz slne wave, .195 volts p-p (.067 Vros).

Check A2 IP IITCH, for a 1182 f,z slne wave, 2.0 volts p-p (.707 Iros )

Check A2 It70? pin 14 for a 60 Bz sine erave, 0.92 voltg p-p (.324 Vros I

Path t
lle gain at {00 Hz is neasurcd nith the 60 Uz htgh pass fllter srrltcbed ln.

Check A2 II707 ptn 7 for e 400 f,z slne nave, 2.I volt8 p-p (.?35 [ms).

Check A2 Il70? pln 14 for a 400 Hz slne wave, 2.1 volts p-p (.?35 Vms).
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Path 9

The gain at 1000 Hz is measured with the 10 dB amplifier switched in and
the transmit signal attenuated to -10 dBm. Note that the 10 dB amplifier is
bandlimited r+ith a 3 dB point at 278 Hz.

Check A2 TP NHGT for a 1000 Hz sine wave, 2.2 volts p-p +-.27 volts (.775
Vrms ) .

Path 1O

The gain at 400 Hz is measured with the phase jitter band pass filter switched in.
The narrowband autorange is used but the deteetor is still the FI,[A wideband.

Check the following points for a 100 Hz sine wave.

Cheolr A2 U70I pin 7 for L.75 volts p-p (.6L3 Vrms ) .

Check A2 U701 pin L4 for 3.7 volts p-p (L.29 Vrms).

Checlr A2 U700 pin 7 for 3.2 volts p-p (I.12 Vrms).

Cheek A2 U700 pin 1 for 2.1 volts p-p (.735 Vrms ) .

Path 11

The gain at 1000 Hz is measured with the phase jitter band pass filter
switahed in. The namowband autorange is used but the detector is still the
MA wideband.

Cheek the following points for a 1000 Hz sine wave.

Check A2 llTOL pin 7 for 2.2 volts p-p (.775 Vrms).

Check A2 U701 pin I/r for I .22 volts p-p ( .13 Vrms ) .

Cheek A2 U700 pin 7 for 1.1/+ volts p-p (0.40 Vrms).

Checlr A2 U700 pin 1 tor L.35 volts p-p (0./r8 Vrms).
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Path 12

tlre gain at L15O Eu ls neasured rltlr tlre Dhrle Jltter band pass fllter
swltahed la. The larrqrbaDd autorarge ls used but the deteator lr stlll tbc

Chealr t[e foUorrlDg polnts for . L15O Bz slne rave.

hITI

Xodc 13

Cheax A2 U70I pln ? tot L.9, voltr p-p (0.68 Vros ).

Cheak A2 11700 pln l for 0.8, volt! p-p (.295 Vrms).

Cheaf, A2 Il70I ptn Ll tot O.r2 volt€ p-p (0.18 Vms).

Chea* 12 It?00 pln ? tot O.5 rrolt! p-p (.f7! Vms).

Path 18

tle galu at ?0O Ez ls ueasurcd rrlth tbe tranrleut blDdposs fllter
srltahed ln.

Check A4 U901 pln 8 for a ?00 Bz rlnc wave, 1.55 voltr p-p (,!45

Chec} A4 U901 pln I for a ?00 Bz rlae navc, 2.9 voltr p-p (1.0
Vror ) .

)

Path 14

tle gala at 10OO Ez ls ucasur"ed $lth the transleot baDdPasr tllter
swltohed ln.

Orea} A4 U901 pln I for a 1000 Ilz stnc rave, 2.2 vo,!t, p-p (.n,
Vras ) .

checx A4 U901 pln I lor a 1000 Ar slue rave, 3.45 volts p-p (1.2
Irns ) .
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Path 15

The gain at 1300 Hz is measured with the transient bandpass filter
switched in.

Check A4 U901 pin 8 for a 1300 Hz sine wave, 1.05 volts p-p
(.54 Vrms ) .

Check A'4 U90f pin 1 for a 700 Hz sine wave, 2.8 volts p-p
(0.98 Vrms).
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8-34. IIODE L4z A1 and A18 Check

This mode tests the amplifier, attenuators, input stage and terminations
on Alrthe return loss Eransformer on A18, and the RTL bridge on A18. Seg-
ments LrZ, and 3 use the AL7 test signal as the signal source. The other
segments use the two-wire return loss path from the transmitter. The signal
is then routed through AZ (no filters), A4 (wideband autorange) and A5 (FWA
wideband detector). Since the transmit signal from the return loss bridge
has not been tested, the termination Eest is also an Af8 output check. This
signal is routed froro Al8 to Al without going through Ehe active output,
therefore the active output stage on A18 requires separaEe testing.

Here is a summary of the Mode L4 tests.

A11 tests use a 1000 Hz transmiE frequency.

Data
Segmenc

Results
Displayed Test Path

1

2

3

4

5

6

7

8

9

1

2

3

4

5

6

7

8

9

0.0 +-1.0 dB

0.0 +-1.0 dB

-20.0 {-1 .0 dB

-15.7 +-1.0 dB

-I1.3 +-1.0 dB

-10.7 +-1.0 dB

-10.4 +-1.0 dB

-o .2 +-1 .0 dB

-L2.4 +-1 .0 dB

not used

0.0

-20

0.0

0.0

0.0

0.0

0.0

0.0

0.0

dBm

dBm

dBm

dBnn

dBn

dBm

dBm

dBm

dBm

(600)

(600)

( 600)

( 600)

(600)

(600)

(600)

(600)

(600)

0 Atten

20dB Arnp

20 AtEen

135 Ohm

600 Ohm

900 Ohm

1200 Ohm

Bridge

900 Ref

R ref
(RTL)

600 or 900
R1o R9

o.1%

C6

C ref.
2.16 pf

R24
499

open all
segments

Segments 4 thru 8
600 ohm

Segment 9,900 ohm

Tra

Tip
nsmitter
Ri ng

10 thru 15

Vref:
t.550 V rms

General Troubleshooting For Segments 4 thru g

R t"r,n
135,600,

900,1 200,
OPen

A1R24,25,2_6,27 ,

28,29,30,31

A1 C6

C t"r.
85 pf

>200 ohm
lmpedance

BridgeA18 T1
Return

Loss (RTL)

X - Former

R22
1K

0.1%

R23

1K

0.1%
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DieSnostias - llo<te 14

General Mode 14 Iloubleehooting

Tbis node uses pnevlously untest€d hatdeare extens lvely. I lot of prob-
lng uay be lequlrcd to lsolate a proble[.

If paths 4 tnro|rgt 9 fatl by less than 1dB, supeat any of the
following:

freDsDlt level emor

Reaelver leuel nealureoent accuracy

Brldging loss

If a feo of the peths are off aeverely, s$peat a reley fault
(terolnatlos do Dot srltch), ulsnatch of the 5 k rellstors or tbe
499 ohn lrerlstor ort of toleratrce.

If patns 4 througb 9 aII fall, swpeat a fault ln tbe actlve iuput or out-
put. One cause ls the loss of the 100 volt suppues. Uere are the polDts to
oheal aDd tbe erpeat€d levels. I! all aases a 1000 Ez sine wave ls used.
The levelr are for regleot 8.

Chea} AI fP2 for 2.1 volts p-p (.?30 Vrns).

Cheax Al U302 ptn 3 afr,V1o2 pln I for 1.08 volts p-p (.365 Vns).

Cheal the base of Al Q8 rrd Q9 for 0.34 volts p-p (0.I2 Vrns).

an

Chec} Al C6 for I.? volts p-p (0.6 Vros).

Chectr Al 8606 pln 13 for 1.7 votts p-p (0.6 Vror).

Chect Al f,506 pln 4 tot o.35 volts p-p (0.12 vrG).

Checx A18 TP 7 for 0.35 votta p-p (0.12 Vros).

Cheax Al8 fP 8 for 1.? volts p-p'(0.6 Vrms).

Cbcc[ Al? PI plu 1 ]ot 2.15 volts p-p (.855 Vms).

Check A1? Pl pla 2 ?ot L.?5 volts p-p (.615 Vrns).

If petlrs 1, r, 6,7 ald 9 fell, rBpeat tbe Al8 return loss bridge, A18T1,
tDe ll7 slgnal sqrrce, aDd tlre AI8 relays.
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XodG 14

Pollowlng ls a d$arlptldr of the llode 14 paths.

Path I
tle 0 dB corfiguratlor o Al ls tested. The slgral goes througb the 20 <lB etterua-
tor rnd tfic|r through t'he 20 dB adJustsble anpllfier.

Check thc loUorrlDg polnts lor a 1000 llz slne reve.

CLectr ll TP3 for 2.1 volt. p-p (0.84 Vms).

Cheak AI fP4 for 2.J uolts p-p (0.81 Vros).

Path 2

The trarsnltter slSDaI is attelruated -20 dBr fro path 1 and the AI at-
tenuetor ls set to 0 rlB. Ore 20 dB oryItfter or AI ls awltched ln to
ralse the [easured tevel to 0 <lBu. Ihls reasur€[cut lr nade relatlve to
path l.

Path 3

tle tralBnltter slgrtal ls 0 dEo, tne Al 40 dB attenuat r l! lrrltahed ln 6
Al alog wlth the 20 dB aryltfter. fhe slgnal to A2 ls attcou.ted by -20

Oreck AI fPJ for a 1000 Hz slne rave, 2.1 voLt8 p-p (0.84 VroB).

tlla neasureoent ls usde relatlve to psth l.

Chealr Al fP3 for a 1000 Bz slne wave, .057 volts p-p (.019 Vros).

Check AI fP3 for a 10O0 Hz llDe $ave, 0.24 volts p? (.084 Vrnr )

Path 4

TLe returo 1o3s brldge output ls c@rect€d to the recelver as per tbe tr,o-
nlre retutD loss leasureoeot. Tlris ls tbe balanacd qrtput of the tran$lt-
ter $blch ls coDeoted accDola tXre 13, oh! reoelver temlDatlm,
the brldge $ith the trans[ltter tlp ard tlrl8 op€o. fhc laput rccelvcr level
ls [essurcd witb respect to 1r, ohns.

Path 5

ttls path ls ldeotloal to Path 4 except the recelver ls teroloated wlth
600 ottDs. CbecI the trmlnatldr value and tbe rrltahfug relayr lf tbls
seg[ent falls.

Cheak Al lP3 for a 100O Ez ll,ne rave, 0.23 volts p-p (.077 Vms).
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Diagnosties ilode Ll

Path 6

This path is identical to Path d except the reaeiver is terminated with
900 ohms. Cheek the termination value and the switehing relays if this
segment fails.

Check AI TP3 for a 1000 Hz sine wave, .3L5 volts p-p (.110 Vrms).

Path 7

This path is identical to Path { except the reaeiver is terminated with
1200 ohms. Check the termination value and the switching relays if this
segment fails.

Check A1 T?3 for a 1000 Hz sine wave, 0.40 volts p-p (.140 Vrms).

Path 8

This path is identieal to Path { exeept the reaeiver input is bridged. The
bridging impedance is assumed to be 200 k-ohms. That is why the nominaL
value for this path is -0.2 dBm instead of 0.0 dBm.

Cheek A1 TP3 for a 1000 Hz sine wave, 2.L, volts p-p (.?55 Vrms)

Path 9

The return loss bridge output is terrninated with 600 ohms at the receiver and the
tip and ring of the transmitter are opened. This allows the leve1 measurement to
be influeneed by the 900 BEF resistor. Check the reference resistor and capaaitor
if this path fails.

Check AI TP3 for a 1000 Hz sine rrave, 0.20 volts p-p (0.07 Vrms).
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Dlagnostlcs - l{ode 15

8-36. MODE l5: IMD Hardware Check (AB)

This mode tests the A3 oircuits. the siEnal is routed from A17 througtr A2
(with no A2 fllters in) and through A3 rrhere the siEnal cEn be picked off
fror the mlxer input or after the 520 [z bandpass filter. The A4 rideband
autorange ls used aDd the signal is detected rrith tJle A, FI{A rrideband detea-
tor. Frequency is measured on A8.

FoUortng ic a sumary of the llode L5 tests.

Results
fest Fllter Path

0 <lBn(600)

O dBn(600)

0 <tBm(600)

0 dBn(600)

0 dBn(600)

Notch

l{otah

llotah

l{otab

0 dBn(600) 8PF

0 dBn(600) BPF

-30 dBn(600) l,ltxer

0 <lBn(600) l{lxer

0 dBn(600) ilixer

0 <l8n(600) lllxer

0 dBn(600) llixer

at 1380 Hz

at 860 Hz

1

2

3

1

,

6

7

8

9

10

11

t2

L3

Ll

L5

-25 / -q
-25 / -q)

-30 / -90

-3o / -*
5.O +-2.9

,,1 +-2.O

1.9 +-2.O

5.1 +-2.o dB

I.7 +-2.0 dB

52O +-5 Au

,.1 +-2.0 dB

520 +-5 gz

see l{ote

see l{ote

not used

1380 Hz,

8@ Bz,

2940 \2,

328Q Ez'

49o fl2,

52O Ez,

55O Hz,

52O Hz,

1900 Hz,

1900 Bz,

224p flz,

2240 Az,

l{o

llo

I
2

3

1

,

6

?

8

9

9

10

t0

I
2

I6

llote: For d,ata seg[ents 1] and 1{:

0 = no toDes detected
1 = 1380 llz tone detected
2 = 8@ Hz tone detected
3 = both tones detected
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Xode I,

General Mode 16 Tloubleehooting

If tne 30 dB anpllfler can not be srrltahed out, tlre flrst tro notah
aheaIs uiU be rray off whlle tbe rest of the level Deasunements wlll not
be dr.stically affeated.

Snall errors ln the bandpess fllter checls could indloate fllter ols-
EdJultrcot or cllpping ln ore of tlre fllter leatlos (antl- allaslng or
BPF rcotlos ) .

Path 1, 138O Hz Notch and Tone Detect (Data Segmentt I and 13)

I 1380 f,z slgnal fro A17 lr sent to A3. rbe nlxer lnput s lr !e[t to thc

FoUotrlng ls a descrlptlon ol the ilode 15 patns

det€ator for ieesurreoent to deterohe thc depth of tbc Dotch.

Cbeck A3 Pl ptn 39 ?ot 2.2 voltr p-p (.775 Vrns).

cbeax A3 U50l pln 8 for .028 volt! p-p (.008 Vms).

Tbe toa deteat
latch ls t'eed to cbecl its operatlor. llotlae that the Dotah d€pth lev.l readlngs
lor patbs 1, 2 and J are 5 to 6 dB higber trban the aatual d€pths due to tbe Saln
lD oe of tlre aati-aliaslng filter sectlos.

Cheak tlre fouodrg polnts for a lr80 Er slne rarrc.

Cbeax A, U1O, pln I fc .041 volt! p-p (.014 Vros).

Chect A4 fP5 for 1.2, volt! p-p (.43, Vms).

CIecI Al M00 pln 2 for a hlgt mL level (+, volts ) ladlcatlDg a deteated
toc. A 1or, (0 volt3 ) ladiaates no tdre tet€ct.
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Path 2, 860 Hz Notch and Tone Detect (Data Segments 2 and 14)

An 860 f,z llgral fra A1? ls .eDt to lr. he nlxer lnPlrt llg[al ls lent to the
deteator for [eaaurr[eDt to determine tbe deptt of tbe lotah, fhe toe detect
latah lr read to obeaf, lts operatlon. l{otlae that the notah depth leve1 rcadlDgs
for patbs 1, 2 and 3 are 5 to 6 dB hlglrer than the aatual dept rs due to t re
ln ooe of t[e aatl-allasing fllter sectlos.

Chea* t[e foltoulng pohts for an 860 H, slne rave.

Dlegnoltlcr - Xodc 1,

Cheak A3 Ur04 ptn I for .042 volts p-p (.0f5 Vros).

Chect A3 U405 ptn L tor .O55 volt. p-p (.016 Vrus).

Cneaf, A3 lfr00 ph 4 for a hlgb fTL level (+, volts ) lDdlcatlDg.
detected toe. A lqr (0 volts ) lndlcates no tqre detcat.

Path 8, 294O Hz Notch (Data Segment 8)

A^ 294A trz !19[al fro A17 ls seDt to A3. The lixer hput slgml ts r€lrt to the
detector for [ealurenent to detemlne ttre depth ol the notah. llotlce tbat the
lotah d€pth level readltrgs ?or path! l, 2
aatual deptDs due to the galr ln @e of the antl-aueslng fllt€r sectl@s.

J *e 5 to 6 dB blgher than the

CheaX the loUorrlng poiDts for a 29lro Hz slne rave.

Chect A3 U408 ptn 14 for .009 volt! p-p (.004 Vms).

Cheal A, U306 pln ? for .012 volt! p-p (.007 Vus).

Cheax A3 U306 ptn 8 for .0O8, volts p-p (aelauleted, cer't a€€
rcope), .0O3 Vrus.

Path 4, 32tO Hz Notch (Data Segment 4)

Ar ,280 gz llgml fru Al7 tr reut to A3. Thc lixer laput rlgaat ls rcDt to the
det€ato! for DearuleD€nt to detet lrlne the depth of tlre notah.

Cheaf, the follordlDg polnts for a 32810 Bz alne ravc.

Cheal A3 U408 pl.n L4 Cot .O9, volt! p-p (.033 vros).

Gbeck A3 U306 ptn ? ?ot .L9, volts p-p (.070 Vros).

Crrecx Al Ur06 pl! 8 for .039 volt3 p-p (.013 vrus.
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Diagnostics Hode 15

Path 5 (Data Segment 5)

A 190 Hz signal is used to eheek the frequeney response of the 520 Hz band-
pass filter. The mixer is used for the first time with a mixing frequency
of O Hz to produce only the input frequenay.

Check the following points for a 19O Ez sine wave.

Check A3 TP3 for 12./r volts p-p (1.3 Vrms).

Check A3 TPl for 12.2 volts p-p (1.L7 Vrms).

Cheek A3 TP, for 10.2 volts p-p (3 .55 Vrms ) .

Check A3 IP6 for 4.1 volts p-p (L .1 Vrms ) .

Path 6 (Data Segment 6)

A 52O Hz signal is used to check the frequency response of the 520 Hz band-
pass filter. The mixer is used for the first tlme with a mixing frequeney
of O Ez to produee only the input frequeney.

Check the following points for a 52O Hz sine lrave.

Cheek A3 TP3 for 18 volts p-p (6,25 Vrms).

Check A3 TP4 for I5.8 volts p-p (5.6 Vrms).

Checlt A3 TP5 for 18 volts p-p (6,25 Vrms).

Check A3 TP6 for 1.3 voLts p-p (1., Vrms).

Path 7 (Data Segment 7)

A 550 Hz signal is used to eheck the frequeney response of the 520 Hz band-
pass filter. Tbe mixer is used for the first tine with a mixing frequency
of 0 IIz to produee only the input frequency.

Check the following points for a 550 Hz sine wave.

Check A3 TP3 for 27 voLts p-p (9.5 Vrms).

Check A3 TP4 for 18 volts p-p (6.2, Vrms).

Cheak A3 TP, for 26 volts p-p (9 Vrms).

Check A3 TP6 for 4.1 volts p-p (1.4 Vrms).
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Llode 15

Path 8 (Data Segment t)

A 52O Ez slgtral ls att€lruated by ,O dB. The 30 dB anpufler ls srl,tched lnto t'he
path and tfie output ls taxen frm the 520 Hz baarlpass fllter.

Check A3 Uro, ptn 8 for a 520 Hz slne rreve, .08 volts p-p (.025 Vrns).

Chec& A3 U608 pln 6 for a 520 f,z slne nave, 2.4 volts p-p (.815 vrns).

Path 9 (Data Segmentr I and lO)

The transnltter transnlts ai ,2O Hz. Tbe nlxlrg frequ€lray ls set to 242,0 1z d
the 1900 llz difference frequenay lr appued to the 1900 Bz bandpass fllter. The
level ard frequency Dearur€d, B€cause of ttrre nlxlng, the [easur€d freque[ray 13
52o Ez. If paths 5, 6 and 7 pass, a fallure ln thls segnelrt lndlcates troublc
wlttr the mlxer or trouble $lth nlxer fr€queDcy generation.

Chea* A3 U405 pin I for a 1900 Bz slne wave, 4., voltr p-p (1.55 Vros). &.-
pect s@e phese Jltter.
Check A, U4O4 pln 15 for a 2lP0 Hz aquere wave (+, volt).

Cbeck A3 U2O4 ptn I for a ,20 Ez ahopped slne wave (See Ftgure llode I5 - f).
Cheak A4 TPi for a 52O lz slne navc, 2.8 volts p-p (0.97 Vtils).

Path 1O (Data Segmente 11 and 12)

fre traDs[ltter transrlts at 520 tle llxlDg frequenay lB set to Z160 1z afi
applied to the 2240 Hz bandpass fllt€r. fbctIle 2210 Bz dlfferenae

Ievel aDd frequeDoy are [earur€d. Beoause of the rlxlnE, tbe aeasuled ?requeocy ls
52o Ez.

Cheak A3 U405 pln I for a 2210 Bz rlac ravc, 1.1 voltr p-p (1.8 Vms). &eeat
so€ phese Jltter.
Cbea} A3 U404 ptn 15 for a 2760 Ez aquare xeve (+, volt).

8z
ls

Cheak A, U204 ptn I for e ,20 f,r chopD€d slne navc (See Fi8ure l{otle
1' - r).
Cheak A4 TP, for a r2O gz alne rave, ).25 ttolr,a p-p (1.1 Vros).

8-174



Dlagnos tlcs - llode l5

'l I

I

"i
!

t,,f ':I ,i

r, l

I

L
I

I

Verr: 1 V/div
Hotiz: depends on frequency

Etgure llode l5-1

Figure &10. Mode 15 Wauefonns

8-36. UODE 163 IMD Fllter Callbratlon (A3)

Thle node teste the galn coostant of the three bandpase ftlters used
1n IllD, and the nolse floor of each fllter. Ttere ls actually only one
bandpass fllter whlch ls preceeded by the A3 Elxer. Ihe nlxer can Ben-
erate a 520 llz conponent froo a 1990 or 2240 Az elgnal. lte resultanE
520 llz cooponent has an arplltude proportlonal to the 1900 ot 2240 Ez
algnal (dependlng on the Elxlng slgnal). Ttus, there are three dlfferent
galn conetants for the aane fllter. Becauae of the dlfferent pessband
frequenclee, the oolse floorE of each fllter are not equal.

Eor Data Seguents 1 - 3:

The transnlt slgnal 18 aent frou Al7 to the 42 lnput nultlplexer,
through A2 on the UIDI Une to A3. Tte slgnal level La ueagured
rrlth the lrldeband autorange and the rus detector. A11 level nea-
auretrenta are n6de relatlve to the level ueagured when the appro-
prlate frequency tone ls Bent froo A2 dlrectly to the utdeband auto-
range (bypaealng A3).
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DiagnosEics - Inlode f6

For Data Segments 4 6:

The 4 tone IMD signal at 40 dBm is routed through the return loss bridge
into the recei.ver. The signal then f ollows the usual II,ID measurement paEh
to the wideband autorange and RMS detector. The result displayed is the
negative value of the noise plus one (for example, 114 displayed is

115 dB 600).

Here is a summary of the Mode L6 tests.

Data Results
Segrnent Displayed Test Filter PaEh

1 5.4

2 L.7

3 3.1

4 113.5

5 113. 5

6 113.5

7 thru L6

+-1.0 dB

+-1.0 dB

+-1.0 dB

+-13.5 dB

+-13.5 dB

+-13.5 dB

noE used

520 Hz , 0.0 dBm( 600)

1900 Hz, 0.0 dBm(600)

2240 Hz , 0.0 dBm( 600)

IMD , -40 dBn (600)

IMD , -40 dBm (600)

IMD , -40 dBm (600)

520 Hz BPF I

1900 Hz BPF 2

2240 Hz BPF 3

520 Hz noise 4

1400 Hz noise 4

2240 Hz noise 4

Here is a descripti-on of the l*lode f 6 paths.

Path 1

The leve1 of the reference 52O Hz signal is subtracted from the 1evel
of the 520 Hz signal passed Ehrough the 520 Hz bandpass filter on A3
with the mixer frequency set to 0 Hz.

Check A4 TP5 for a 520 Hz sine wave, 4.3 volts p-p (1.1 Vrms).
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Path 2

lte level of thr r€fer€oce l9O0 Ez slSnal ls subtraatcd fro t[e let eI of tbe l90O
Bz slgual parsed t rrflgb t&e 520 Xz bandpass fllter o A3 wlth the oixer frequency
.et to 2lCO E,2.

Check A4 fPi for a 52O Az llne nave, 2.8 volts p-p (.9 Vms).

Path I
fhe level of tlre referena e 2210 Bz slgaal ls subtracted fr tbe level of tD.e 2240
f,z slglrsl par3ed through the ,20 Ez baDdpass fllter o A3 rltn tbe Dlxer fr€quelrcy
set tro 2?60 Ez.

Chect A4 fP5 for . r2O \z slne rave, 3.2 volts p-p (1.1 Vrus).

Illagnostlos - llortc 16
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Dlagtrostlas - Iode 17

8-37. MODE 17: Jitter Digital and Phase Lock Loop Check (4'6)

Ihls trode cheelB tlre cunmicatlon patb A6 (rea<1,/wrlte test). tle A6 A to D
c@vert€r ls also cbecxed. fre phase lock 1oop, loak tine is neasured 8nd tbe cep-
tule range of the phase Jltter phase locI loop ls cheaked.

Follooln8 ls a aumary of tlre node 17 tests.

I

I
1

I

2

2

I
2

3

1

5

6

?

8

9

3

3

1

1

1o

11

L2

L'

14

L'

r6

ttTtl

Bead/l{rlte lest

not used

Read A Grend

Bead D Cround

Read V nEF

not used

20f,2 PLL locx

4Ez PLL loc&

not us€d

not ured

not used

20Bz PLL lock

4f,r PLL LaX

not used

20Bz PLL Locx

4Hr PLL I.ocX

l=PASS,0=FAIL

L?3

128

25'

+-10

+-10

+0,-10

0 +10,-0

o +10,-0

0 +10,-0

o +10,-o

0 +10,-0

0 +10,-0
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llo<le 1?

ChecI IPI for wavefon nl,lode l? - 10 rhcu patn I ir bclng ntn repetltlvely.

Follonlng ls a descriptlqr of the node 17 patbs.

Path I (Data segment 1)

A read/xrlte test, ls perforned dl A6, gtvtng a pass (1) or fall (0) trulicatlo.
Every posslble 8-blt combinatlon lg wrltten to the lnput latah II?00, then read baaf,
tbrough output latah U600, and then chealed for accuracy.

Il tnlr scg!€Dt lallr, try t[c Becclver SlgoatuE llllyllr loop ard cheolr A6 U400,
Ur00, U600 ard U70O.

Path I (Data Segment 8)

ttre aaalog grcund o A6 l! seleated o U302 pln , ard ls read by tlre A to D ao-
verter U402. tlls test aheaks the g?ourd eE rrell as the A to D coverter. Ibc tclt
retums 128 +-10 nhich trlrslates to 0.0 volt! +- .40 volts.

Chea* TPI for rraveforo trl,tode I7 - I" rhen path I ls beltrg lun repetltlvely.

Il thl! seguent falls, suspect the atralog grolnd slgnal at Ul02 pln 5.

If lcguentr 3, 1ail 5 fall, chcak U302, U402 sld Ur02.

Path I (Data Segment 4)

The dlgltal golrod o A6 ls selected o Ur02 plD 6 cnd fu reaa by {rhe A to D o@-
vcrter U402. frls test ahecIr the gouDd as flell a! t rc A to D c@vertcr. fbe test
retrrla8 128 +-10 nhlah translater to 0.0 volts +- .40 volts.

I? thl! legtrelrt falls, suspect the dlgltrl 3r.ourl s{nal at Ur02 ptn 6.

Il seg[€nt! 3, 4 aDd 5 fall, aheaX Ur02, U402 eDd Ur02.

Path I (Data Segment 6)

fbe +, volt reference o A6 lr selcat d o Ul02 pla 7 .Dil ls read by the A to D
cmverter U402. ttts test obealr the reference as rell ar the A to D coverter.
test returns 25, +O/-lO rrhlah treltlletes to +r.0 volts for A, efr +4.6 volt! for
215.

Cheax fPI for $avefom ul,tode l? - l' rh€o patb l lr betng rur r€petltlvely.

If tnls s€gucnt falls, ruspeot the +, volt referclrcc !19tr 1 at U302 ptn 7. If tt
ls not +, volts, checI the voltage refer€oce Ur00 erd U200.

Il .eg[eDts 3, 4 ail 5 fall, check U302, U402 ar.l Ur02.
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lode 17

Psth 2 ahecks the 20 f,z and 4 gz Dhese loax loop! et 1004 f,2.

Path 2 (Data Segmeat 7)

At tJre ltart of thls tert, lthe Al lnFrt [ultlplexer lr shorted to gtound for 6e
lhe trarsrltter ls let to 6 1004 Ez llDgle toe. tle lnput m[tlplexer l!

swltobed to the tranrnltter rl8!a1 ard
ls aheak€d for IoaI. 0 (0.00 volts ) should be dlsptay€d. tbe laxfuur aunber dla-
phy€d 1! 10 rhlch ladlcates +0.40 voltE. Ihe loq ls loclred lf tne readtng lr le3r
than 10.

lfote: Thlr patb switcber betrreclr se3leots 7 ard 8 at a , reafid rate.
Itrere trro slgnal levels ane glvclr, they lwltah at thl! , seaod
rate.

Flrst abea* the lnput l1gDal at TP PJIX for a 10O4 Ez slne nave at 2.2
volts pea*-to-pealr and 3.8 uolts peel-to-peal swretrlcel

volt! appeerhSi less the! @e rec@d after the 1004 Ez rlne rave ls amued.

Cbeot tbe outFrt of the Bhe-to-squEne rayG covcrtcr at fP 9lI.
should be a 1004 Bz, O to , rrolt aqu.re flave.

Cbeal fP L20 for foop IoaX, lnrllaated by r rtable da voltagG of appr:oxl[ately +2.9

after drc recod, tie 20 Er ph.re locX looD

data regtrelrt ? lr

If t,he loop lr uot loatlng, lt nay be easler to use l,tode 18 patfi 4 $herc thc rlgual
l! adrstaDt ard not ohangtlg sr lt 16 bere.

Path 2 (Data Segment t)
Iblr data seglent lr a cqrtlnuatlo of path 2

lhlt dre rccod lDd ahcat thc 4 Ez pbarc loaI loop loat. 0 (0.00 volts )
tte naxfuun nu[ber dl3plalred l! 10 rhlah lDdlaat€s +0.40

volt3. fhe loop lr locIed lf the readhS l. lesr tbstr t0.

f,otc: thls pat,lr lnltahe! bet$ea seg[eots 7 !!d 8 at a
l{here tno sLgtral level! are glv€o, they srl thl.

,
,

Flrst
volt!

laput PJIX for a 1004 Ez slne rava at 2.2
peaI-to-paaX aDd ,.8 volts peetr-to-peal symetrlaal abc[t

Chea[ the output of the slne-to-rquaDc wavc c@vcrtcr at TP gll. fbelc
shqrld bc a 1004 Bz, 0 to , volt rquane wava.

Cheat fP L4 for loop loa}, lndlcated by a ltablc dc rrolt gr of < +0., volt!
aDpeatlrg les! than t$o seaods after the 1004 Er slne rave la applled
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Dlagnostlcs - llode 17

Il tbe loop ls not IoaXltU, lt rey be easler to use l{ode 18 patfi 4 nhere tJre sigul

ChecI the clrt-of-lock detectlqr clrcult ar, U,2Oj pin l. Itrls polnt should be
at +1, volts lor oe seaod (unfooxed) aDd then at -1, voltr for 1,
secoDds (locx€d),

ls cdrstatrt and trot ahangt[g It ls here.

Path 3 abeaI! botlr ttre 20 E3 erd 4 Ez pnace loal loop8 at 990 Eu.

Path 3 (Data SegEr€nt 12)

At tlre stert of thlr tert, the ll lnput uultlplexer lr shorted to glound for @e
secod. Tbe
srrltahed to

Flrst
volts

transnltter ls set to a 99O gz llDg1e tdre. ttre lnput mrltlplcxer 1r
tbe trans[ltter slg[el .rid after oe aecod, the 20 Bz phale lool loop

1r checled for lock. O (0.00 volts ) shorld be dlsplayed. tle naxluun DuDber dlr-
played ls 10 sbtch lDdlaates +0.40 volts. lbe loop ls loated lf thc readln6 lr legs
th.n 10.

lfote: Ihls patn srltahe3 betxe€o BegleDts 12 ard 13 at a, seadxl rate.
Itrrere tno rlglal levels ane glveD, they s$ltch at tbl3 , seaod rate

Flrct oheat the lDput slg[at .t TP PrIf, for a 990 Ez aine wuvc at 2.2

If the loop l! lot locli!8, lt !.y bc esler to ure Mode 18 path 4 r,tlere tbc !
It lr here.

Cbeat the output of the rlne-to-squana rave coverter at fP SfI. ttere
shdrld be a W Ez, 0 to , volt squlne wave.

Checl ?P L4 fo loop loax, hdlaated by e steble dc voltagE of approxhatcly
+2.9 volts appearing less thrI @e recqrd after the 990 Ez slne rave lr

l! c@!t6!t ard lot cbangtng

Path I (Data Segment 13)

fbls data legl€at l! a aotlnuat loo of path 3 after deta regmt 12 1r

lfeit @e secmd.Dd cbeat tlre 4 Ez pnase loatr loq locl. O (0.00 voltr )
rbold be dlsplayed. The oaxlnul luDber dlsplryed ls 10 rblcb lndlaates +0.4O
vo1t3. The loq ls locled lf tbc rcldlng 1! Iem tban 10.

volts peaf-to-peaf aDd r.8 lroltr peal-to-peal syuetrlcrl abdrt

checl the lnput slglral at fP PJIX tor a 990 8z rlne rrave et 2.2

f,otc: fbls patn s$ltabes betneeo leg[ents 12 rDd 1, at a , reaod rate.
J6ere fitC aigDal levels !!e givelr, tbey srltab at thl! , reaod rate

pesx-to-peat.nd ,.8 volt,3 Peax-to-Pcd( symetrlaal about

Cbecf, the qrtprt of the slne-to-lquane rate c@verter at fP $lI. lherc
should be a 990 Br, O to, volt square $ave.
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Dlagnostlcs - tlode 17

ls cbecked for lock. 0 (0.00 volts) should be dlspleyed.

Check TP L4 for loop lock, ladlcated by a stable da voltage of +1.1 volts
appearlng 1e3s than tno aeconda after t'he 990 Ez slne wave ls
appued.

Chect the out-of-lock deteatldr clrault ar, !2G5 ph 1. This polnt should be
at +1, volts for qre secod (unloc*ed) aD.t thetr at -1, volts for I,
secqrds (focked).

If the loop ls not tocltng, lt nay be easler to use ltode 18 patfi 4 rhere tbe llgnal
ls constant aDd lot changfuig as it ls here.

Patlr 4 abeals both the 20 Bz and 4 f,z phase loat loopE at 1303 Hz.

Path 4 (Data Segment 15)

At the start of thls trst, tbe A1 lnput nultlplexer ls shorted to ground for oe
lecmd. The tratrsnl,tter l! set to a 1030 Ez single t@e. the lnput nultiplexer 1!
srltahed to tJre trensnitter slglrel eDd after dle aecdrd, the 20 Hz phase loa& loop

raxlmrn nu[ber dis-
played is 10 r{hiah lndioates +0.40 vo1ts. Tlre loop is locked lf the reading 13 les!
th€n 10.

llote: This pat r srritches Detresr seguetrts 15 and 16 at a , sec@d rate.
llhere trro slgnal level! are glven, they srltah at tlrls , leaod ratc

Firat check the lnput slgual at ?P PJIII for a 1030 Hz alne
vol,ts pea*-to-peal and 3.8 uolts pea*-to-pea* symetrlaal about grcuDd.

Cheo} Ute output of tlre slne-to-square ravc coverCer at TP gll. fher€
rhould b€ a 1030 Ez, 0 to , volt sguaDe rave.

Cheak TP I20 for loop locX, ladicated by a rtrblr dc voltaSe o? approxlDltely +2.9
volts appearlng less tban oe secod after tne 1030 Hz slne wave ls applletl.

If
la

tlre loop ls not locklng, lt uay be eaaler to use llode 18 path 4 $here tDe llglel
aost{lt ard rot changlng .s lt lB her€.

2.2
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Dlagnostlcs - Iode 17

Path 4 (Data Segment 16)

Tbls data seg[eDt ls a cotluuetlo of petb 4 efter data segnent 15 ls

llelt ore secod and ahecl the 4 Hz phase lock loop loct. 0 (0.00 volts )
lhould be dlsplayed. IIre naxlmrn nuDber dlsplayed ts 10 r,hlah lndlaate!
+0.40 volts. Ore loop lr loaIed lf the readlDg ls less thEr 10.

llote: ftls patb swltches betr,eelr segD€ots 1, ard 16 at e , seaod rate.
l0e!.e two llgtral levels are glven, tbey switcb at this , sec@d rate

Plrlt ahect the lnput slg[al at TP PiIIX for e l0r0 Ez slne rrave at 2.2
volts pelI-to-pea* arrd 3.8 votts peafr-to-peal rwetricrl about Sfourd.

Ctreak thc outpu.t of tbe Blne-to-squ6ne rrave cqlverter at TP 9{I. ttere
lhou1d be a l03O [2, 0 to , volt square wavr.

Chect TP 1,4 for loop loa}, lDdlaated by E stable dc voltlge of - I., volts
appearlng lers tD€n two secods after tlte 1010 Ez slne wave lc applletl.

Check the qrt-of-loaI deteatlqr clrcult ct O2O5 pln 1. Ilrls poiDt should be
at +1, volts for qle secod. (unloat€d) aDd then at -1, volts for 13 sead|rls
(lockcrl).

If the toop l! not loaxltrg, lt oey be easler to use llode 18 patn 2 rrhere ttre slgmt
1r costant aDd lot chrrgltr8 as lt ls here.
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Diagnostics ilode L7

Vert: SV/div
Horiz: 20 msec/div

l-lode 17 I

Figure 8-11. Mode 17 Waueforms
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8-38. MODE 18: Jitter Calibration (A6)

fhls rcde aallbrater the Jltter clroults $ltb slgDals fro ttre tranllltter ard thea
chects tlre resultlng cellbratloo c@stants to rlthln reasoable llnlts. fhls test
lr a functlonal test aa oppGed to a perfomaDce test.

Pollorlng is a sunnary of the llode 18 tesk.

Rtlilf!:!

I
2

3

4

5

6

7

8

9

I
2

3

1

,

6

7

8

9

Tcst

A.' OFFSBX

PJ OFFSEX

AJ Orrsrt

P' OFFSEE

A.' OFFSEI

OFFSE

GAIII

GAIII

GAII{

P' GAIf,

r, GIIX

PJ GAIII

1-100,12

1-100,tZ

20-10082

20-)@w

bNnz

1-?s,EZ

4-30012

4-3a0az

20-3O0EZ

20-r@/nz

4-MZ

4-MZ

0

0

0

o

0

0

11000

11000

1r000

11000

11000

umo

+10r-0

+10,-0

+10,-0

+l0r-0

+10r-0

+10,-0

+-2000

+-2@0

+-2000

+-2000

+-2000

+-2000

IO

l1

L2

L3

l0

u
L2

r6
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a +1.9 volt, full wave rectified siglal

Diagtrostlcs - Iode 18

FolIowlDS ls a description of the }lode 18 paths.

Path I
Ihe transnltter ls set to 1004 Hz slngle tone. offset la neasured for anputude
J ltter tn the 4 to 300 Hz band.

Flrst oheal for tlre proper lnput slgnal at TP AJIll. ttts slgaat should be a +1.1 or
+1.9 vo1t, full oeve rectlfied si8nal, at 2008 Ez, snltchlng betreen tbe tno volt-
ase levels at a , secood rate.

Cheo* tbe output of the 4 Hz hlgh pasr filter, Ur04 ptn 1. LooX for a +1.1 volt or

the tno voltage levels at a , reaqd
rith -0.3 volt offset, sul

te.

If the prevlous checl ls good, abecl TP aroln ?ot a 2.2 volt or 3.8 volt, lnverted,
full rrave Deatlfled signal rlth a +0.? volt offset, serltcbhg betrreen the tt{o volt-
age levels at a , secod rate.

Cbecl tbe output of tlre level shifter, U104 pln 7, for tbe s![e siEIaI ag
the prevlons checl.

Thls Bigtral ls appued to tlre ,0O Bz low pas! fllter. The filter output at IP
JTR300 should be e dc voltaSe Dear ground (+-0., volts). Ihe nultlplexer output at
TPI should be near gtound a1so.

Path 2

he transnitter ls set to 1004 Ez slagle toe. Offret ls neasur€d tor phrse
Jttter ia the 4 to 300 Bz band.

Flrst aheo* lor the proper lnput slgtral at TP PJIN. Thls slgaal should be a 2.2
volt or 3.8 volt peEl(-to-peal( sine rave, at 1004 Hz, rritb no da olfset. tle slgnal

altemately srltah at a , seaod rate.

Clreck tlre output of the slne-to-square rave colverter at TP 9lI. fhis
shorld be a 0 to +5 volt square rave at 1004 Bz.

If tlre prevlors cheats arc cornBct, aheak tlre pbase loaI loop output at U406 ptn l.
frls sig[aI Bhould be a 0 to +, vo]t square rave et 2OOA nz. Thls slgnal is ap-
pued to the Level sbifter.

Cbeak the output of tbe level shifter, U104 ptn l, for t re pnevlous
iquane wave except here it ls symetrlcal about ground.

Ihis level shlfted slgnEl ls applled to the 300 Ez low pass fllte!. tle filter
output at TP J18rO0 should be a dc voltage near glound (+-0., voltr). Tbe nu1tl-
plexer ortput at TPI should be near groutd also.

8-186



Path 3

The transdtter ls set to 1004 E, sfuBle tone. Offset ls neasur€d for
plltude Jitter iu the 20 to 100 Hz band.

outnrt at fP JIBroo sbould be a dc volt.ge
TPI shorld be near ground also

Flrst abea* for tilre proper lqxrt signal at TP AJIX. ltlr slgnal should be e +1.1 or
+1.9 volt, f\rll wave rectlfied slgnal, at 2008 [2, switchluS between the trro volt-
age levels at a, second rate.

ChecI Ule output of tlre 20 Bz blgh pars fllter, U504 ptn 8. Iooe for a +1.1 volt or
a +1.9 volt, fulI wave rectified sl8nal $ith -0.3 volt offset, &ritchlDS between
t[e tro voltage leve]E at a , leaod rate.

I? thc prevlous check ls Eood, chcck TP JOUT tot a 2.2 volt or 3.8 volt, lnverted,
fuII rave reatifled slgnal rrltlr a +0.? volt offset, snltahltu betrecD the tno volt-
age levelr at e , secoDd rate.

Cheak the outFrt of tbe level shlfter, UI04 pln 7, for tlre lane slgnal
the prevlous aheck

tlls rlgnat lr appued to the ,OO Ez low pasr fllter. tle fllt€r output at TP
iIIB300 should be a da voltage near gtouDd (+-0., volts). The nultlplexer output at
TPI shonld be near gtound also.

Path 4

fre tramnltter l! let to 1004 E rllrgle toe. Otflet l! lealurcd for ph!!c
,ltter ln tlre 20 to ,00 E band,

Flmt aheaf, for the proper lnput 3lg[a1 8t fP PJItl. Ilrlr algaal rhould be ! 2.2
volt or 3.8 vott peaB-to-peax she $ave, at 1004 Ez, $lth no da offlet. fre sl3tal
levels alteraatcly .rrltah at a, leaqld rate.

Cheax the outprt of the alne-to-squene rrave cdrverter at fP Sl1. fhlr
lborrld be r 0 to +, volt lqulre t'ave at 1@4 Bz.

If the Drevlollr aheaIa are colrect, aheax t'he phase lock loop qrtFrt at U406 ptn I.
t}lr rlgual shorld be a 0 to +5 volt square rave at 2008 E . Thls slgaal ls ap-
pllcrl to the lcvcl rhiftcr.
Chea} the ortput of tbe level rhlfter, U104 plD 1, for the prevlous
squalr rave rxccpt bcre it la syunetrlaal abort 8rorl!d.

fhls level ahlfted rlg[aI ls applied to the ,@ Bz lor pars fllter. t]c flJ,ter
grerrlrd (+-0., volk). tte mrltl-
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Path 5

The transnltter ls set to 1004 Ez slngle tone. Olfset ls neasured lor a[-
putude Jttter h the 4 to 20 Hz band.

Flrst chea* for tbe ptroper lnprt slgual at TP AJIll. This slgrral shoNrld be a +1.1 or
+1.9 volt, full nave rectlfled slgnal, et 2008 Hz, rwltcblng betwe€n tbe two volt-
age levels at a , recod rat!.

clrecf, the output of the 4 [z hlgh pas! fllter, UrO4 plD 8. boe for a +1.1 volt or
a +1.9 vo1t, fu1l nave rcctlfled algaal rlth -0.3 volt offret, Bnltoblng bet$€cn
the tro voltage levels at a , seadrd rate.

If the prevlous ahecI ls 8ood, chectr TP JOln tot a 2.2 volt or ,.8 uolt, lnvertcd,
full rrave reatlfled slgnal nltlr a +0.7 volt otfset, swltching betrree[ tbe tro volt-
age level3 at 6, secdrd rate.

Chect the outFrt of the level sblfter, U104 pin 7, for t.be sere slglsl as the pra-
vlqrs check.

fbls slgtal l! applled to tbe 20 Ez low pass fllter. Tbe fllter output at ?P
JIn200 sbould be e dc voltEge near g?ourd (+-0., volk). ttre rultlplexcr outprt !t
TPI shorld be near gtsurd a1so.

Path 6

fhe trauDltter ls set to 1004 Ez slngle tqre. Offlet ls leasur€d for phese
J itter tn the 4 to 20 gz band.

First chec& for the proper lnput llglral at fP PJIII. Thls slgaal lhqrld be e 2.2
volt or J.8 volt pe.I-to-peax siae rave, at 10O4 Hz, wlth Do da offlet. fbe rlgDel
Ievelr elteroately sritch at a , sec@d rate.

Chec& thr
to +, volt

output of the slne-to-squatra rave c@vertcr rt fP gl1. tlls shonld be a 0
rrave at 1004 f,r.

If thc prevlous cheals ala correct, aheaI the phase loaX loop output at U406 pln 1.
Tbls slgral shouLd be a 0 to +5 volt squere rave at 2008 Ez. fhla slgaal ls ap-
pu.ed to the leve1 shl?ter.

Cbea} the output of tbe lerrel lhlfter, U104 ptn l, for the prcvlans squlDe rave
except here lt ia spetrlcal abort $onDd.

fbls levcl rhlfted alguaf ls apued to the 20 Er low para fllter. fbe fllter cnrt-
put at fP arIR2oO sholrld be a dc voltege Dear ground (+-0., volts). fbe mfltlplexer
outFrt at TPI shoukl be near Er.oud ako.
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Path 7

The transmitter is set for a lO01 llz earrier and a second tone at LLO4- Hz that is
20 dB down from the carrier. The gain constant is measured for anplitude jitter in
the 4 to 3OO Hz band.

Flrst check for tlre proper input sl6na1 6t TP AJII{. T]!ls slgnal should be a +1.I or
+1.9 volt, fuLl rrave rectlfied signal, at 2008 Ez, snitabfug betflee|r tbe tflo volt-
ege leve1s at a, secdrd rate. See figure "Mode 18 - lu. The 100 Ez differeuce
frequency ls liding or the carrier.

Cbeck the output of the 4 Hz high pass filte!, UrOf' pin 1. toolr for the sane
slglal 6s ln lrhe previous checx r{ith 8 slight da offset.

If the previous check ls good, check TP JOUT for a 2.2 volt or 3.8 vo1t, lnverted,
fulL wave rectified signal $itb a +0.7 volt offset, swltching between the tt{o volt-
age levels at a , seaoDd rete. See Figure "Mode 18 - 2u. The slgnal frequency ls
2OO8 gz wlth a 100 Hz envelope.

Check the output of the level shlfter, UI04 pin 7, for the saDe sigtral as the pre-
vlous chec*.

This signal is applied to the 30O Hz lon pass filter. The filter output at TP
JTR300 should be a I00 Hz sine wave switching between 2.4 volts and 4.0 vo1ts. The
multiplexer output at TPI should be the same signal.

Path 8

The transmitter is set for a 1004 Hz aarrier and an 1104 Hz seeond tone
20 dB down from the earrier. The phase jitter gain constant is measured in
the 4 to 300 Hz band.

First check for the proper lnput slgnal at TP PJII{. Thls sigaal shoul.d be a 2.3
volt or 3.9 volt pea*-to-peak sine wave, at 1004 f,2, wlth no dc offset. the 100 Hz
dlfference frequency ls riallrlg on the carrie!. See Figure "l,lode 18 - 3". tle sigBal
Ievels altemately sr{itoh et a , Eecdld rate.

Check the output of the slne-to-squale wave converter at TP 9{1. lbls
should be a 0 to +, voLt square rrave at 1004 Uz.

If tJre prevtous checks are correct, check the phase lock loop output at Ud06 pln I.
fhis sigaal should be a 0 to +, volt squere $ave at 2008 Ez. This slgnal is ap-
plled to the Level shifter.

Check the output of the leveL shifter, UI04 pin 1, for the previous
square wave except here it is symmetrical about ground.

This level shifted signal is applied to the 3OO Hz low pass filter. The filter
output at TP JTR300 should be a 100 Hz sine wave at 2.8 volts pealr-to-peaf(. The
multiplexer output at TPI should be the same signal.
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Path I
The tranr[ltter ls set for e 1004 Hz carrler aDd a seamd tdre at 1104 Hz tbat l!
20 dB dom frq! the carrier. fhe gain cqrstart ls measured for anplitude ,ltter ln
the 20 to ,00 Hz band.

Flrst check for the prcper hput slgnal at TP AJIII. Tbls signal should be a +1.1 or
+1.9 volt, full wave reotlfled signal, at 2008 Br, srltchln8 betrre€n tbe two volt-
age levels at a , seaond rate. S€e flgure rrMode 18 - 1". Tbe I0O Hz dlfferenae
frequency ls ridlog qr tlre carrier.

Cheolr the output of tiXre 20 llz hlgh pass fllter, Ur04 ptn 8. tooI for the 3atre r
na1 at ln the prevlous check wlth a sllght dc offset.

If the pr€vlous ahea* ls good, oheax TP JOUT tot a 2.2 volt or 3.8 vo1t, lDvcrted,
full $ave rectifled signal wltb a +0.? volt offset, sr{ltahlng betrreelr t'he tro volt-
ege levels at a , second rate. See Flgure "Mode 18 - 2". The si6nal frequeucy ls
2008 Hz ritiXr a I00 f,z envelope.

Check the output of the level shlfter, U104 pln 7, for tfie Eare slgnal as
the previqrs ahecI.

Thls slgral ls appll to the 300 Ez low pass filter. Tlre filter output at
TP JIR300 should be a 100 Hz sine wave srrltchlng betwesr 2.4 volts aDd 4.0
volts. The mfltlplexer output at TPI shorld be the sa[e rlglal.

Path 1O

Tbe tranrnltter ls aet for a 10O4 Ez carrlcr aarl an 1104 Ez sec@d tooe 20 dB dotm
frdl the caFier. Tbe phase Jltter gal! aolBtant 13 [easured Iu the 20 to 300 Bz

Flrst ahealt for the proper iDput slgnrl at TP PJIll. Ilrls algnal should be e 2,,
volt or 3.9 volt peax-to-peaI slne rave, at 1004 trr, rlth no da offset. fhc 100 Ez
dlfference frequenay ls rldlDg o the aarrler. See Ftgure ul,lode 18 - 3". tbe rl8[al
levels alterDetely srrltch st s, secqrd rate.

Check tfie output of tlre slne-to-squatre wave odrverter at TP 9lI. thla
should be a 0 to +5 volt square rave at 1004 Bz.

If trhe prevlous chec&s rre correct, aheck the phase loc} loop oltput at U4O8 pln 1.
Tbls signal should be a 0 to +, volt rquare uave at 2008 Hr. tIls slgDal ls ap-
pued to the level shlfter.
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Check the output of the leve1 shifter, U104 pin 1, for the previous square slave
exeept here it is symmetrieal about ground.

This leve1 shifted signal is applied to the 3O0 Hz low pass filter. The filter
output at TP JTR300 should be a 100 Hz sine wave at 2.8 volts peak-to-peaI. The
multiplexer output at TPI should be the same signal.

Path 11

The transmitter is set for a 1004 Hz carrier and a second tone at 1014 Hz that is
20 dB down from the carrier. The gain constant is measured for amplitude jitter in
the 4 to 20 Hz band.

First check for the proper input slgnal et TP AJIN. Ihls signel should be a +L.1 or
+1.9 volt, ful} wave rectified signal, at 2008 f,2, switching betweeo the two volt-
age leveIs at a, second rate. T}le sig"nal is sinilar to figure "Mode 18 - 1", ex-
cept the l0 Hz dlfterenoe frequency is riding oa the carrler (hard to detect on
scope).

Check the output of the 4 Ez high pass filter, UrO4 pin 8. Look for the sa.me
slgnal as ln tbe previous check Hith e slight dc offset.

If the previous check is good, checl TP JOUI for a 2.2 tto]-t, or 3.8 volt, lnverted,
fuU. wave rectified slg[a1 wlth a +0.7 vo].t offset, swltchi.ng between tbe two volt-
age Levels at a , second rate. The signal ls slnilar to Flgure |.l.lode 18 - 2" except
the 10 Hz dlffereDce frequency is ridlng on tlre carrie! (b8trt to detect on scope).

Check the output of the level shifter, UI04 pin 7, for the same signal as
the previous check.

This signal is applied to the 20 Hz low pass filter. The filter output at TP
ITR200 should be a 10 Hz sine wave switehing between 2./+ volts and 4.0 volts.
The multiplexer output at TPt should be the same signal.

Path 12

The transmitter ls set for a 1004 Hz carrler and an 1014 Hz seaond tone 20 dB down
from the carrier. The phase Jitter gain eonstant is measured in the 4 to 20 Hz
band.

First eheck for the proper input signal at TP PJIN. This signal should be a 2.3
volt or 3.9 volt peak-to-peal( sine trave, 8t LO0l+ Hz, with no dc offset. The 10 Hz
difference frequency is riding on the camier. This signal is similar to Figure
"Mode 18 3" , exeept the envelope frequency is 10 Hz (hard to detect on scope).
The signal levels alternately switch at a 5 second rate.

Check the output of the sine-to-square wave converter at TP SI{I. This
should be a 0 to +5 volt square wave at 100/+ Hz.
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If tlre previous chects are correct, checx the phase IocX loop output at U406 pin t.
this sigDl should be a 0 to +, volt square wave at 2OOB Hz. Ttris sigaal ls ap-
plied to the level shifter.

Checx the output of the level shlfter, U104 pin l, for the previors square wave
previous square wave except here it ls symetlica1 about grouDd.

Thls level shlfted signal ls applied to the 20 Ez lor pass fllter. Ihe fll.ter out-
put at TP J?R200 should be a 10 Ez sine wave at 2.8 volts peal-to-peat<, The rultl-
plexer output at TPl should be tbe sEme signal.

Mode 18 Common Failure Trends

failed Segments Suspect

2, 6, 8 and 12

1 and 10

1, 51 7 and 11

3and9

5, 6,11 and Lz

1, 2, 3, 1, 7, g, g and 1o

2, 1, 6, 8, 10 and 12

1, 3, 5, ?, 9 and 11

1 Hz Phase Lock Loop

20 Hz Phase Lock Loop

1 Hz Hign Pass Filter

20 Hz High Pass Filter

20 Hz tow Pass Filter

3OO Hz Low Pass Filter

Sine-to-Square Wave Converter or the
Phase Jitter Level Shifter

Amplitude Jitter Level Shifter
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Diagnostics l'lode 19

8-39. MODE 19: Envelope Delay Hardware Check (A7)

This mode attempts to verify the A7 hardware and its accuracy. A transmit
signal from A17 is sent to the A/r input multiplexer. The signal is sent
through the A4 wideband amplifier to A7 where it goes through the HI-Q fil-
ter and then to the A5 FHA wideband deteetor.

Be sure to run Mode 2 (detector cali'l,iration) before rururing this mode.

If inconsistent calibration data is used (e.9., default calibration con-
stants), this mode is sensitive enough to have errors oecur. This sen-
si"Livity is due to the faet that the A7 output signals route directly to
A5 with no autoranging done.

Following is a summary of the Mode L9 tests.

Data
Segment

I

2

3

4

5

6

7

I

9

10

11

12

L3

L4

L5

16

liestrlts
Displayed

6.6 +- 2.0 dB

10.3 +- 2.0 dB

0.0 +-0 .5 dB

6.0 +-I .0 dB

5 .O +-1.0 dB

L3.25 +-]-.5 dB

not used

.03 +-2.5 dB

-3 .5 +-t .0 dB

-3 .5 +-1 .0 dB

not used

0 +L2000/-O usec

3000 +-30 usec

3000 +-30 usec

3000 +-30 usec

3000 +-30 usee

Transmit Signal

EDD CAL, 9 dBm(6001

41.75 Hz, 0 dBm(6001

/+7.?5 Hz , 5 dBm (600 )

/*1.0 Hz, 0 dBm(600)

42.25 Hz, 0 dBm(600)

40.75 Hz, 0 dBm(600)

2000 Hz,

L815 Hz,

2L66 Hz,

Test Path

-34 dBm(600)

i4 asn(600)

-34 dBm(6001

HI-Q/CAL

HI-Q/AGC

HI-Q/AGC

HI -Q

HI-Q

TIINING

FSK BPF

FSK BPF

FSK BPF

I

2

3

t,

5

6

7

B

9

w/L

w/L

w/L

w/L

w/L

}r.Elz, 0 dBm(600)

t*lz 0 dBm ( 600 )

]r'llz 0 dBm ( 600 )

1<llz 0 dBm ( 600 )

lr.llz 0 dBm(6OO;

Delay

Delay

DeIay

Delay

DeIay

10

10

10

10

10
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Diagnostics !,lode 19

General Mode 19 Troubleshooting

The filter sweeps for the A7 boant are not like any other mode. The III-Q filter
tunes itself to any signal within +-! frz of 83 L/3 Hz. To measure the frequeney
response, the self trming feature must be disabled. However, disabling the self
tuning does not lock the filter in a stable configuration.

llhen the full node ls belag run, the fllter flrst tunes ltself theo paths 2 throwh
6 are pelformed.

Ilhen mly one segmeut ls belng run, the fllter goes through a 5 secqd tunlng peri-
od follot{ed by a , second test period to Xeep tbe filter from drlftlng.

In the first four paths, the test is attempting to establish the same path as when
the jumper at the top of the boant is placed in the CAL position.

The 2 kIIz BPF is a speclal case because lt preceeds the ACC ln the filter pEtn. A
slgnal leve1 that is too lor, for the AGC to arpLlfy corr€ctLy tnust be applled to
insure a constsrt galn throwh the AGC. An envelope delay E lgnal is used becauae
dtIy the emplltude of the nodu].atlon ls neasured. Tbe change ln modulatlon leve1
does not eorrespond directly to the filter attenuati@ of the different earrler
frequenoles because the nodulatidr sldebands have differ€nt rreightlngs dependltrg @
wber.e lt fal1s @ the fllter characterlstlc.

If paths 2 through 6 fail, suspect filter misadJustment, bad tunlag HET, slow op-
toisolator, filter component failures, bad integrator and misplaced jumpers.

FoUowlng ls a desarlptlm of the Mode 19 patns.

Path 1 (Data Segment 1)

The EDD callbratlm slgnal frm AI4 is sert to the nI-Q lnpu.t via the analog swltch
dr 47. The EI-Q oltput is aoDnected to the FllA rrldeband deteator. ttrls checlrs the
noduLatio level €nd the EI-Q center frequelrcy gala. tte cal slgtral iB attenuated
12.5 <lB o 47.

C:heaI the fo[oriDg poluts on A? for an 83.3 gz slae wave.

Check A7 ilI10 fo! 1.4.6 volts p-p (0., Vro!).

Cheelr A7 TP207 for 2.9 volts p-p (l Vrns).

Cheak A7 1P106 for 5.9 volts p-p (2 Yrns).

Chec* A? f'pf r* 2.8, volts p-p (I Vrmr).

Chea* A7 TP2 for 5.4 volts p-p (1.87 Vros).
(Occasloual bltnktng of slgrral )

Cbeok A7 TPI00 for e tuDlDg voltag€ of 4.08 volts da.
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Path 2 (Data Segment 2)

A lll.1, Bz slne rave froo A1? ls routed tnrouSh A1 1o A7 to oheaf, the level charac-
terlstlas of the HI-Q filter. HaIf the deslr€d fr€quetrcy ls used becsuae the full
wave rectlfler on A7 doubles t[e fulderentsl frcqucnay. t]c stgnal 13 rfltcd to A,
for nea3ureoe[t,

Cbeak A7 fPI for an 83.5 f,z slne wave, 2.8 or ,.9 voltg p-p (1.0 * L.3,
Vms). The slgaal cycles betne€n these tro level!.

Cheak A7 fP2 for aa 83.5 Ez rlne wave, ,.1 or ?.4 volts pr-p (1.8! ot 2.55
Vros). The siaaal cyolcs betre€o these t$o leveL!.

Path 3 (Data Segm€nt 8)

L 4L.75 Ez slne rave fro A17 ls routetl tnrough A1 to A:? to aheal the level charac-
teristlcr of the HI-Q fllter. fhts path ls the saEe a! patb 2 except thrt t,be tevel
1r lacreasetl by, dB for an AGC checlr. the desltEd frequelroy ls used bccrurc
tbc fuU rave rectlfler o A7 doubles tbe nrnde!€lrtel frequelrcy. lte slgnal ls
routed to A5 for ueasurement.

Chea* A7 fPI for a 83.5 Hz slne rave, 2.8 or ,.9 volts p-p (1.O or L.35
Vrns). Tbe slgtral oyoles betrre€D tbeae trro lcvelr.

Cheak A7 IP2 for aa 83.5 f,z slne nave, ,.4 or 7.4 volts p.p (I.8! * 2.55
Vras). Tbe s18Da1 cyale! betre€tr these tro level!.

Path 4 (Data Segment 4)

A 4l Ez slne wave ftril Al7 l! louted tnrflgh A1 1o N to aheaf, t,be levcl
aharaoterlstla! of the EI-Q fllter. Balf ttre derfu€d frcqueoay lr uled becaure
the full flave rectlflcr dr A7 dorbles tue fuDda[eotal frrqucncy. t]e sl3nal
ls routcd to A5 for nearur€lent.

Chea} A7 fPl for 82 Ez clne rave, 2.8 oD ,.9 volt! p-p (1.0 ot L.35
Vror). tlc algtr I ayales betueeD thcse tro let eI!.

Chectr A7 fP2 for 82 Bz slne rave, ,.4 or ?.4 voltr p-p (f.85 or 2.55
Vros). &c llg[al ayates betreeD there tno 1evcl3.
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Path 5 (Data Segment 5)

A 1C.25 Hz slae rrave fro Al7 ls rout€d Urlough A4 to A7 to aheoI the level charac-
terlstics of the BI-Q fllter. IIEIf the desired frequency ls used b€cause the lull
rrave reatlfler o A7 dorbles t,le fundarcntal fr€quency. The slgnal ls routed to A5
fo! Deasur€oeDt.

Cbeak A7 TPI for an 81.5 Ez slne wave, 2.8 oD ,.9 volt! p-p (1.0 ot L.35
Vrns), fhe slgaal cyclcs betoe€lr these t$o levels.

Checf, A? TP2 for an 84.5 lls sine rrave, ,.4 or 7.4 volts p-pt (1.85 o" 2.r5
Vros). Se riglral ayales betsreen lrhese tro levels.

Path 6 (Data Segment 6)

A 1O.?, Br slne oave froo Al7 is rorted through A1 to 
^7. 

Tbe EI-Q fl1ter ls tuDed
to 84 llz end the nelponse ls cbecfed at 81.5 Hz. Thls aheoks tlre trlnlDg Sunatlo ard
resp@se tlre. The stgtral ls routed to A, for meesureoelrt.

Cheaf A? TPI for an 81.5 Ez slne nave, 1.5 or 3.6 volts p-p (0., or 1.30
Vros). The si8nal cycles betreen these tro levels.

Cheal A7 TP2 for aa 81.5 Ez sine nave, 1.5 or 6.1 volts p-p (.r3 ot 2.L3
Vros). The slgnal cycles bet$e€lr these t$o levels.

Path 7 (Data Segment 8)

ln DD waveforo rlth a 20O0 llz carrl.er frequ€[cy ls lnternally looped to A? lDd pas
teg
the
ly.
plrt

through tbe 2 Xf,z bandpass fllter before betnS applted to the A(S.
!trp1ltude of the 8, I/3 Hz nodulatlotr, tlre fllter relpdrse ls dtalned lrdlrect-
The ACC arould noroally ampensate for rny arputude varlatlo, ho$ever, tbe qrt-

ted beyond the A@ ran6e (-15 dBD 600). l}e AGC loaks up at daxlmm1s

Chec} tbe toUorlng polnts o A? for a 200O Ez slae ravc rodulat€d by
tbe 8J ll3 u, slgnsl.

Cbeck A7 TP807 for 0.6 volts p-p (0.I, Vms).

Chea} A7 TP50? for 0.58 volts p-p (0.15 Vror

CheaI A7 fP407 for 0.16 volk p-p (0.15 Vror

Checl A7 IP5O5 for 0.r7 volt! p-p (0.15

).

).

).
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Path 8 (Data Segment 9)

An E)D naveforo nltn a 1845 Hz caBler frequeDcy ls interoally looPed to A7 and pas-
ses through ttre 2l(Ez bardpass fll.ter before betDg applted to tJre A@.
the a[plltude of tlre 8] 1/3 Hz nodulatiqr, the filter response ls obtalned lndirect-
ly. Ihe ACE [ou]d nomally copensate for any arplitude variatio, however, the out-
pNrt ls .ttenuated beyoDd tbe IGC ra!8e (-r4 dBm 600). fhe AGC locf,! up at DaxlmrD

Cheak the foUorriDg polnts or A7 for a L815 1z slne rrave rcdulated by
rD.e 83 Ll3 Ez slgaal.

Check A7 TP807 for 0.6 volts p-p (0.15 Vrns).

Cheal A7 TP507 for 0.48 or 0.r8 volts p-p (0.12 or 0.1, Vros).

checl A7 TProS tor 0.39 or 0.r7 volts p-p (0.1 or 0.1, Vr,"rs).

Cheaf, A7 fP407 for O.32 or 0.16 volts p-p (0.08 or 0.15 Vms).

Path I (Data Segment 10)

An EDD waveform ritn a 2166 Ez carrler frequency ls lnteroally looped to A7 anrl pas-
ser tlrrougt the 2ldz bandpass fllter before beiDg appued to the AGC.
tbe !rylitude of the 83 1/3 Ez rcdulatlo, tbe fllter 

"esponse 
i3 obtaiDed lDdlreat-

ly. tle AGC nolr1d noroally copensatr for any anplltude varlatlo, borever, thc olrt-
put ls atteDuated beymd the lec range (-1i dDm 600). tAe AGC locks up at naxlnul

ChecX tlre follorlng points or A? lor a 2L66 Hz slae raue oodulated by
iIe 83 L/3 Ez llgaaI.

Cheox A7 fP8O7 for 0.6 volts p-p (0.15 Vms).

Chcal A? TP5O7 for 0.48 or 0.r8 volts p-p (0.12 or 0.15

Chectr A? TP505 for 0.39 or 0,r7 volts p-p (0.1 or 0.15

Vras )

Cbeak A7 fP407 for O.32 or 0.16 volts p-p (0.08 or 0.1, Vms).

)
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Path 1O (Data Segmente 12 thru 16)

An EDD waveforo rlth an 1804 8z carrler frequelrcy ls sent to A7. A
nent ls tak€lr an l used as a start re?erence. fre I llEz transnltter cloct ls delryed
3000 nlorosecomds, folr thes. After each [easure[ent, the r€sult of t'he prevlou,
leasureoeDt l! rubtraatcd f!.o lt. Each rubtractlqr sbould ylel<l -3000. Thl! aheaxs
tlre accuracy of tlre 26!0 delay alrault, tlre llaearlty of the phase neasureoent clr-
cult, end the g€oeral tllgital ?unctlos.

Tlre softrere averages ,2 readhgr for esah A7 rcadtDg so the slgnelr [@1
belol, should apear la groups of 32. &ere ls a 5 secod settllag perlod
Detneen each set of neasur€o€lrts rlreD thls seg[ent l! nD cootlDuoully. If
data seg[elrt 12 r'eoalns constatt (+-, [icroseaonds ) rrhelr rutIlng the reg[ent

tb€o tlre zero delay alrault is rortrlng, the I l{llz clocl ls pres-
€nt and the countera fulatldt.

If tlre segDents all read tbe aane, or zeDo, the tll-state hrffers oq[d be
stuax ln ooe posltloD.

If data !€g[€!rts f, througb 16 fall, ahecx'lrlre fouonlng polDtr o l?.

Chcal A? TP600 for a gatd I l{llz lTL stgaal (See Ftgure ilode 19-1). fhe duty
ayale depe[d8 dr t.be delay.

Chea* A? UroO plr 9 for 83.33 \z lquare wave.

Cheo* A7 TP6O2 for a posltlve fTL splxe about evely 12 nllllrecods.
Flgure lilode L9 - 2.

[=l

Cheax A7 U6O2 pln 8 for a I llEr square $ave.

Cheot A7 U802 pln 9 for a negatlve TTL splle about ever? 12 niUtseaom& (S€e
Flgure l.lode L9 - 3l .
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Dlagnostics - l,lode 19

Vert: 5 V/div
Horiz: .5 psec/div

Xod€ I9-l

ttlttl II

Vert: 5 V/div
Horiz: 5 msec/div

FtSurc Xod. l9-2
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Figure Xode 19-3

Ven: 5 V,/div
Horiz: 5 msec,/div

Figure 8-13. Mode 19 Waueforms
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DlagtrostlcE - Iode 20

8-4O. MODE 20: Envelope Delay Calibration

hvelope delay calibratlon ls software coupensatlon for the 4945's recelver and
transnltter deviation frm llnear phase. The deviation is measured by conparing
tlhe delay at 1804 Hz to the delays at frequencles from 200 to 840 Hz at 64 Hz ln-
tervals. These values are stored ln a table and used to correct envelope delay
neasurenents talen at frequetrcle8 covered ln tJre table.
calculate lnteroedlate valuea. The coBectiqr pmvldes

on lB us€d to
a del6y flatnes! of +-4

The trensDitter slgnal ls routed frcll A17 to tbe AI nultiplexer,
throrrgh A2 and A4 (wideband autorange) and the[ to A7.

Following lr a cumary of t'he Mode 20 tests.

[E-!t!Tfl.l
Test

nlaloseaods. At frcquencles above 840 Bz, delay flatD$s ls assuned not to be a
proble0.

I
2

3

1

5

6

?

8

9

I
2

3

4

,

6

?

8

9

0 +- 70 usec

O +- ,0 useo

0 +- 40 useo

0 +- ,0 usec

0 +- ,0 usec

0 +- 20 usec

0 +- 20 usec

0 +- 20 usec

0 +- 10 usec

0 +- 10 usec

0 +- 10 usec

Dot used

20O Ez,

261 Hz,

328 Hz,

392 Hz'

156 \2,

52O Az,

581 Ez,

61,8 12,

?L2 Bz,

??6 Az,

81O Az,

dBn(600)

dBn(600)

dBm(600)

dBn(600)

<lBn(600)

dBn(@0)

dBm(600)

dBnr(600)

dBm(600)

d8m(600)

dEm(600)

0

0

0

0

0

0

0

0

0

o

0

10 1o

1111

12 tbnr 16
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General Mode 2O Troubleehooting

Although this ls a callbratlqr mode, tbls node does check the elrvelope delay dls-
tortlon of boards A2 through A7 (AI pa*tauy) in conJutratim rrltb the STI? siglral
delay dlstortiqr. A failure here could indlcate poo! Iou frequenay response of tbe
recelver, faulty aa aoupliDg or excesslve delay or otlrer distortlon ln the transnlt
signal. If thls node falls, t'he prevloua Dodes can be used to lsolate
the probleo.

PoUotrlDS ls a descriptlo of the test paths

Path I
The delay at, 2O0 lz ls neasurcd. The reference delay at 1804 Ez ls lubtraot€d fro
tlre 200 Ez delay to produae e stored o?fset.

Path 2

The delay at 261 gz ls neasured. The reference delay at 1804 Ez l! subtrect€d ?ro
t'tre 261 Ez delay to prcduce a stored offset.

Path 3

Ihe delay at J28 ls Ore refereoce delay at 1804 E, lr lubtraated fro
t'he 323 Hz

Hz
to o

Dlagnostlos - llode 20

of

Path 4

The delay at 3g2 Hz 1s The reference delay at 1804 f,z l! subtrected ?rm
fr" 392 [z delay to produce a stored offset.

Path 6

The delay at, 156 Ez ls neasured. The r€ference delay at 1804 f,t ls lubtraated frfl
the 456 Ez delay to produoe a stored offset.

Path 6

The delay al ,2O Az ls neasured. The reference deley at 1804 f,z ls subtraated fro
t'he 520 Ez delay to produce a stored offset.

Path 7

The delay et, 581 flz is neasured. Itre rcference delay at 1804 Ez ls subtraoted fr
the r84 f,z delay to produce a stotd offset.
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Diagnosties l,lode 20

Path 8

The delay at 648 Hz is measured. The reference delay at 1804 Hz is subtraeted from
tne 6/+8 Hz delay to produce a stored of fset.

Path 9

The delay at 7L2 Hz is measured. The reference delay at L8O1 Hz is subtraeted from
the 712 Hz delay to produce a stored offset.

Path 1O

The delay at 776 Hz is measured. The reference delay at l8O1 Hz is subtracted from
the 776 Ez delay to produce a stored offset.

Path 11

The delay at 81.O Hz is measured. The reference delay at 1804 Hz is subtracted from
the 840 Hz delay to produce a stored offset.
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8-41. MODE 2l: Tfansient Meaeurements Check (A9)

A 1004 Bz, .??5 ltms sine wave from A17 ls sent to the A1 lnput trultiplexer,
pulse noise ls nonitored tJrrough the wideband autorange with the C-message filter
and tihe 1010 Hz notoh fllter switched in and measured on A8. Gatn hlts, phase
hlts and dropouts monitoled through the narroDrband autorenge with the tratr
sients filter srltched in. Phase impairoents are Eenerated by progrannlng

Diagnostics - llode 2l

frequelrcy tlansltlons lnto the transmitter End checked with the 20 degree

Follonhg is a sunary of t re l,tode 21 tests.

hlt detector. Ttre 6aln bits detector is checked at the 2 dB afil 6 dB threshold
rettlngs and chea*ed agalnst tihe receiver flne attetruator. The 12 dB dropout
deteator ls also checked egalnst the fine attecruator. The transnitter ls ithen let
to 1800 llz to blrpass tbe Dotch filter 6trd the ltrpulse nolse tbresholds are checked
at 2 dB and 6 dB levels. In thls case, the transmltter flne attenuator provides
tlre r€ference. The fast coutrt rate ls checked by allorln8 a flve second lmputse
Doise count at 10O counts per second on a signal rhich Bhou1d court all tbe ti[e.

Data
fest

Results

10
2L
30

I
2
3

1
,

6
7

8

9
IO
11

L2
L3
L1

1'

I6

PLL Balance Cdlstant
+20 Degree P.H. Constant
-20 Degree P.H. Cdlstant

+2 dB Galn Elt Constant
-2 dB G6ln Hit

Hit Cdrstant
Hlt Cdtstant

dB Dropout C@stant

HI Costant
llID Comtant
Infl Constant

101 dBra I.tl. EI Cotrstant
95 dBrn I.I{, llID Cdlstent
89 dBro I.[. loll Constant

100 Counts/sea Cdrstant

-6
+6

t2

9'
93
9I

rE
56 +- 70
56 +- 30

1
1
1

+-
+-
+-

0
9
9

88 +- 
'088 +- 
'0

+-6
+-,
+-4

10+-7
61 +-6
9L+- 1

I
I
I
2
2

1
3

1

,
,
,

6
6
6

7

57 +- 25

dBrn
dBro
dBrlr

l{
I
I{

I
I
I

56q +- t0

not used .
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Diagnosties l'lode 21

General Mode 21 Troubleshooting

If all paths fail, A9 may not be eommunicating with the receiver proeessor. A
power-on self check error number 609 confirms this.

The impulse noise circuit is located on A8 while the rest of the deteotors are on
A9 with the transients pr@essor. The transients filter is on A4 aDd can be checked
with Mode 13. Impulse noise can be affected by a bad notch, bad C-message fllter or
galn offsets in the wldeband chalrlrel.

If paths 2 alrd 3 fail, the galn hit detector is not working. If onLy otre of tbese
fail, suspect a digitaL probLern in the threshold latch.

If path 4 fsils, the dropout detector is not functionlng.

If paths 5 and 6 fail, the impulse noise detectors on A8 are not working. If only
one of these paths fail, or the same part on both paths fails , the corresponding
threshold D to A convertor is not working.

If path 7 fails, the 2 l&lz clock erystal, driving the transients proeessor is out
of specifieations.

Following is a deseription of eaeh Mode 2I path.

Path 1 (Data Segments 1, 2 and 3)

A transmitter signal at 100d Hz, .775 Ytms ls sent to the A1 multlplexer. First
the phase lock loop constant is checked. Ihe I00d Ez siglal is valied (up snd dorrn)
until the 20 degree phase hit count is triggered,

If the filst part of path 1 falls, check the A9 R28 adJustment. Data segment 1
shouLd be 0 and can be set to 0 with A9R28. Data segnents 2 and 3 should reed 8 or
9 which is the number of cycles of frequency shlft fomanl and backflard to test
phase hlt detection. If al,L three numbers fail, or the last tno nunbers fail and
the filst passes, the phase lock loop failed to loc} or tfie bandwldth ls altered
due to aomponent failure.

If the phase lock loop does not functlon properly, eheck the following
points while running Mode 2I, Data Segment 3 ,

Check A9 V1O5 pin ? for a 100/+ Hz sine wave, 2.2 volt,s p-p (.775 Vrms).

Cheek A9 lJ/+05 pin I for a half t ave rectif ied signal (Figure Mode 21 2) .

Check A9 U606 pin I for a 100/+ Hz square wave (leve1 shifted).

Check A9 U606 pin 7 for a 100/r Hz square wave riding on a +J volt dc bias.
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Diagnoatics - llode 21

Clreax A9 TPl for tlre ravefom shorl! h Flgur€ Uode ?l - ,.

Checx A9 U6O5 ptn 6 for the VC! rarp voltage (Ftgure llo<le 21 - 3).

CbecX A9 U6Oi ptn 3 for the puke nodulated VCO qrtput (Ftgure llode 2I - 4).

Chect A9 W04 piD 13 for a 1004 Bz squane rrave.

Cheal A9 It704 pln 12 ?or a 10O4 Hz squane rave.

Ctreax A9 t?2 for tbe $aueforrs lbcirl ln Flgure Xode 21-I A afil B. 2I-],1 lr
se€lr in Data SegDeDt 1. fbe lquare wave ls lteady rrb€n tlre pbase loat loop i s
Iocf,ed. 2I-lB tc se€o la Data Segrcnts 2 ard tnree nhelr tD€ loe ls out-of-
loak. fbls occura whe[ the fr€quelrcy ls shlfted baaX and fortb.

t!l! flgure ls e
corposlte photo. It taker leveral !TG€p8 for the rrbole cyale to be reen. the
output rary (3horn ln the olddle) getr ruaaesslvely 16rt€r until tbe threshold
(shorrn at the rlght ) ls rcaahed, at wticb poiut tbe rslp flattenr out (rla8lng
lr noroal). tlen the satre pattara rtart! over.

Path 2 (Data Segments 4 and 6)

A trslsnltter slSDal at 1004 Ez, .?75 kw ls reut to the ll mrltlplexer and thc
recelver flne att€ouator. tlre attauetor ls u3€d to geDerate galn hit! untll the 2
dB court! stop.

Cheax A9 I,?03 pl! I for the uavefom shom h Plgure llode 2L - 6. In succea-
slve swccps, the botto of tbe wavefom rlrcs uDtll the square $ave

level prlses to ttourd rlth lasSe pulse rldths. tbea tlre pattem
Starts over.

Cheax A9 W0,
squrc wave lr m a negatlve da level. te of

!'ulseEuntll the squane rrave dlsappears ald tbe da level
posltlve.

Checl A9 Ur04 ph 2 for the rravefon shqlt ln FiSure llo<le
Dbase Jltter wlII be pres€lrt becaule of the ayaung

pln 14 for a ravefoar slDllar to Pl3ule lilode 2I - 5 exaeDt the

abort 0.8 volt!

2L-?.
tcat.

At tlres

CbeaX A9 Ur04 ptn 10 for a rrvefor slull.r to Flgure llodc 21 - 6.
of the rraveforo rlses untll tbe square nave dlsamears eDrl the do level prller
about 0.6 volts regatlve.

Path I (Data Sogments 6 and 7)

A transnltter slgnel at 1004 Ez, .??5 lrl,s ls seot to the Al nrltlplexer lDd
receiver flDe att€ouator. Tlre attenuetor ls used to generate galn hlts untll thr 6
dB aounts stop.

Cbecl A9 Ur04 ptn 2 for the ravefom shqn h Ftgure Mode 2] - 7. At
tlner phase iltter uay be preseDt.
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2L

Check A9 Ur04 ptn 10 for a $avefofr! slnllar to Flgur€ ]lotle 2l - 6. Ihe botto
ol the ravefom rlse3
about 0.2 volt3 negatl

untll tlre
ve.

aDd the dc level Frlres

Path 4 (Data Segnent 8)

A transrltter slgral at 1004 Ez, .7?5 lns 1! seot to the Al lultlplexer rld the
recelver fine atteDuator. The atteDuator ls used to SeDcratc aaln hlts untll dte-
out cqrnt! occur.

Cbeal A9 U504 ptn 4 for the ravefom shom ln Flgurc lilode 2I - 8. t'he slgaal
beglttr to decr€ase, Jurys to a +r., volt peaf levet
over.

Checl A9 Ur04 ptn , for +0.8? voltg da.

Cheal A9 U80, plu, for the wavefom shorm ln Flgure ilode 2L - 1.
ravefom ls lnternrpted by Dtrlsts of a square rave.

Cb€aI A9 U805 ptn 4 for the xavefot ahotm ln Flgura llode 2l - 4, ex-
cept tlre rrldth of the pulses 1! larger.

Path 6 (Data Segnenta 9, 1O and ll)
A trrmDltter slgnal at l80O Ea, 0 Vror 1! seDt to trbe lI urltiplexer
thror,S! a lgdcB @. The transDlttcr lcvcl ls lncreared untll aU thc h-
frlrc lolsc deteatorr @ A8 oout.

Checl 18 U506 ptn ? tor +1.13 voltr da.

Cheal A9 lrr04 plD I for a +, volt 1evel lnternrpt€d by hrr3t of e
ard negatlve Dtr1rer. A logla 0 lc a dropout.

f8 UrO6 plD , for +1.I, voltr do.

Cheaf, AB 11106 pl! 9 for +0.89 voltr da.

Check A8 U402 ptns , eDd 13 for tb€ raveforo lholtrr ltr Flgune Hode 21 -
U. fhe ravelotu 3lqr1y cycles betrre€n tb! rlrllc !bqr! ard grqrDd.

Chea* A8 Uro, plD l, for a savefom slnllar to Ftgure Node 2I - 1I.

Cheot( A8 U506 ptn 6 for tbe $arefom rbom lD Fl6ur€ ilode 2L - 9. tle raveforo
ltartr at O volts dc and increase. to thc patt€ra lhcflt.



llode 2l

Path 6 (Data Segments 12, 13 and 14)

A transmitter sig[al at 1800 llz, 0 Vrns ls sent to tJre A1 multlplexer
through a 10 dB pad. The transnitter level is lncreased untll all the im-
pulse noise detectors on A8 court.

Checx A8 U506 ptn 7 tor +8,91 volts dc.

Checx A8 U506 ptn , eot +1.16 volts dc.

Cbecf, AB Ur06 ptn 9 tot +2,22 volts dc.

Check A8 Ur06 ptn 6 for tfie ravefotm shcn ! in Pigrse llode 21 - I0. The uave-
form starts et 0 volts dc and incresses to the patterr shotm.

Path 7 (Data Segment 15)

A transmitter signal at 1800 Ez, 2.15 Yms ls selrt to the Al multiplexer through a
I0 dB pad. The lmpulse nolse counts are neasured for flve seconds at the fast colllt
rate.

Checf, A8 U506 pin 6 for the rraveform shonr ln Figure Mode 21 - I0. The
wavefom oyales bet$een 0 volts atrd the pattera sho{flr.
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Diagnostics Mode 21

Figure hlode 2I-lA
Vert: 2Vidiv

Horiz'. .2 rnsec,/div
Vert. 5 V,'div

Horz'. .5 rnsec,/drv

Figure l,lode 21-IB

Vert: 2V/drv
Honz'. .5 rnsec,/div

Vert: 5Y/div
Horrz'. .5 rnsec,/drv

Figure Hode 2L-3
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Figure Hode 2L-1
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Vell: 2V/div
Horiz: 1O msec/div

Vert: 1V,'div
Horiz: 1O rnsec/div

Vert: 5 V,/div
Horiz: .5 nrsec/div

Sigurc llode 21-5

Ftgure llode 21-6

Pigre llode 21-7

I I
_t l-
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Dlagnostics

Vert: 1 V/div
Horiz: .5 msec/div

Verl: 1 V/div
Horiz: .2 msec/div

Vefi: 5 V/div
Horiz: .2 msec/div

Ftgure l{odc 2I-8

Plgure llode 21-9

Mod.e 21 Waueforms
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Vett: 2V/div
Ho(iz: .2 msec/div

21-10

Figure 8-14.

Pigure tlode 21-11
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Die6rostics - de 22

8-42. MODE 222 AB FSK Demodulation Check

The self test signal from AI7 is connected directly to the A2 lnput mrltlplexer. A
Fs( slgnal al .775 Vrns is sent througtr the PS( denodulator on Ar. Date is seDt by
the trdEnitter through the ACIA chip or A14. The data is decoded and aonpared to
ensure a [atch. If the demodulatiql circuit is Dot worling, an ermr shora as an
unnatahed data palr or an error ftag lndicsting bad parity, overrun or fremlng.

FoUcring is. a sumary of the l,lode 22 test!.

Segment Test

01 ACIA

02 ACIA

04 ACIA

08 ACIA

10 ACIA

20 ACIA

40 ACIA

nesults
Disptayed

I
2

3

1

5

6

?

8

9

10

II
L2

L3

L1

t,
16

Data

Deta

Ilata

I
2

1

8

I6

32

61

L28

251

213

25L

21?

239

223

L'L

LN

80 ACIA Dsta

FE ACIA

FD ACIA

Data

PB ACIA Data

TI'' ACIA

EF ACIA

DF ACIA

BF ACIA

7F ACIA
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llde 22

General Moile 22 Troubleehooting

The output data ln tbls Dode is actually tro bytes. The USB ls the ACIA status rrord
and the ISB is the ACIA data, If the llSB is zero (display data less tban 216), then
the ACIa has not detected an error.

Fouoerlng is a desorlptldr of the status byte.
error nurber generated by tbe statur reglster

Tlris will help you to deaode tlre

Btt
Declnel
Value

0
I
2
3
1
5
6
?

256
5L2

lo24
2018
10%
8L92

L6381
3n@

Deflnltlon

Beceive data register ls not fulI
Transmit data register is not enpty
Data aarrier not deteated
l{ot clear to send

If the nunber lB IeBs !"tna,n 255, tfie 800 Hz or 1200 f,z phase lock loop ls not operat-
lng properly, or the 800 Hz an<l 1000 Hr toes are not belDg transmltted.

If the nu[ber ls betrre€n 256 afr, rI1, tbe recelve data register never got a conplete

If any segnent faLls, the number that appears cln be used to lsolate tJre problen.

If the nunber ls bctrreqr ,12 and 1023, the trsnsnlt data was not aetrt, lDdloetlnE

ITa{.n
Beaelver over run
Parlty error
Interrupt request

16384 and 1276?, a parlty error occurred.

than 32?68, the ACIA on AI4 ls bad.

e

If the nurber ls betreelr 1024 and 2O1?, t,,e pllot toe detect clrcuit qr A, has

problen o A14.

If the

If the

failed. AlBo, the L990 Bz pitot tme or tbe 800 Hz aDd 1200 Ez pllot toes
belDg transDltted.

If the nunber lr betne€D 2048 and 4095, the ACIA dr lI4 ls not filnctiolng.

If the nurber ls betrreeD 4096 and 8191, a franlng error ooourred. Pos3lble trans-
nltter error.

If the Duober ls between 8192 and L6383, a receiver overnrD error occurred. Pos-
sible A3 error.

ls

ls
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FoUowirg is a desarlptidr of each l{ode 22 path.

Path 1

F$( deta 01 hex is trarsmltted, resd by the ACIA ard coopared for accuraoy.

Path 2

FSI data 02 hex ls trdrsnitt€d, read by the ICIA ard coryared for accuracy.

Path 3

Path 8

F$( data 80 hex ls transnltt€d, read by the ACIA and cmpared for accuracy.

Diagnoetios - llode 22

Path g

F$( data FE hex ls transnitted, read by the ACIA end coopared for accuracy.

Path 6

F$( data 10 bex ls transnltted, ready by tne ACIA end coryared for accuracy.

Path 4

FSf data 08 bex ls transDltted, read by tbe ACIA and coopared for ecourecy.

Path 6

F$( d,ata 20 hex is tlansnltted, re6dy by tne ACIA and aoupar€d for accurscy.

FS( data 04 hex ls transnltted, read by tne ACIA and ooryared for accuracy

Path 7

FSf data 40 hex ls trans[ltted, re6dy by tne ACIA and copared for eccuracy

Path 10

FS data FD hex ls traBnitted, read by the ACIA and co@ared for .ccuracy.
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Path l1

FSI data FB hex ls trarBnltt€d, rcad by the ACIA ard coparcd for accuracy

Path 12

FS( data F/ hex ls transnltted, read by the ACIA ard adpared for accuracy

Path 18

FSf data EF hex ls transDltt€d, re6dy by the ACIA and aoryar€d for accuracy.

Path 14

FSf data DF hcx ls transnitted, ready by the ACIA and aonpar€d for acculacy.

Path 16

FSI data BF hex ls transnltted, ready by tbe ACIA dd aopared for accuracy.

Path 16

FSE data 7F hcx ls transnitted, reEd by tne ACIA rDd corylrcd for accuracy.

Por arry .eg[eDt fallure, ahea] tue fouorrllg Doht!.

clrecI 414 fP902 for a puklng squane rrave rh€lr data ts betng traBrdtted.

Check A17 U408 pin I for tbe $avefot shonr ln Flgure l{odc 22 - L.

Cneax A3 Pl ptn 33 (or R116) for thc rravcfom rhorm ln Fi3rre l{ode 22 - L.

Check A3 U300 pln 6 for the sane
volts p-p.

Flgure Uode 22 - I exaept dlly 1.1

Check A3 TPl for a 1990 IIz square rrave (+- l0 f,u ).

Chect A3 U101 pln 8 for a logie 0, wblch lndicates detect.

Checx A, U601 ptn 2 for a pulslng squane wave rrhelr data is befui8 recelved.

CheaI A3 U201 ptn 7 for the uevelortr shom ta Flgure ilode 22'2.
Clrecx A3 U601 ptn 4 for a loglo 0, rrhlch lndlcates deteat. Pulses to a squaie
rrave nhen not detectlrg.

Checx AI4 U902 pln 23 for a logla 0, rrhlah ltrdicates det€ct. Pulses to a squane
rave when not deteatlng.

Check AI4 IP9OI for a pu1slru sguatre rave nhen data ts beirr8 received.
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Diagnostics Hode 22

Figure Hode 22-L

Figure Hode ZZ-z

Figure 8-15. Mode 22 Waueforms
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8-43. PERFORMANCE VERIFICATION AND SERVICE AID MODE

Several nodes of op€ration are available rritbln the 4945A recelver to asslst in
evaluating lh.e 1915A perfornance and troubleshooting the recelver measur€ments.
As rlth the diagnostic self-checl6, theae Dodes are accessed through tbe self-
teat menu. These modes auoo, hlgh resolutlon [eesurements throwh the receiver,
independeDt of the 49454 Eeasur€ment restrictions. Tbese modes allo, static !et-
up condltidts for troNrbleslooting.

8-44. MODE 46: Filter Response Checks

Ihls performance vellfiaatioD node uses the recelver as e voltnetcr and uaea e
different fllter for each path. ln external Eigna1 is input to the recelver.
Depending on t'he path selected, one of the 4945A filters ls switched lnto the
slgrlal path. By varyilg the slgnal frequency, the response of tbe filter can be
cheaked by compariDg the dB readings displayed rrlth the values glven ln the
reaponse charts (See Cbapter 4, Fllter Tests ) The true voltage and po0rer of tihe
signal are glven. These measuremetrts assulle ideal termination impedances rrlthin
the receiver.
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Follorlng ls a suuary
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Xode 4?

Fol1orltu ls a sumary o? the lnforratlon dlsplayed for the varlous paths.

Llne

t
2
4
,
7
8

10
u
L4
L'

xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx

ros voltaEe (wldebancl channel )
porer ($ldeband ahannel )

average voltage (rrideband channel )
ros rqulvalelrt pooer (rldeband chaancl )
average voltage (narrorbald ahaDnel )
ros equl
peaf, vo1

valelrt pofler (narrurbald c[amel )
(wideband channel )

pealr porer in dBm ($ldeband ahannel )
porer (aarrowband channel )

peaI porrer ln <l8m (narronband channel )

8-45. MODD 47rDC Offset Settling fime (Narrowband)

tbls node ch€a}3 the da offset lettung tlmes ln tb€ rarrowband lutoratrge a!-
p fier rrhen the gain ls bellg snltched ln 10 dB step3. fhe recelver lnput at
thc Al Dultlplexer ls let to ground as rell a! thc lnput to t,he A4 nrrrowbsnd

l{hen nnnlnE tlre rrhole te8t, paths l tnrorrgb I evaluate the tnre tettuDg the
of the erpllfler by rraltlDg ,0O nsea betreen galn 3$ltchlng. 9

the progra[[ed lettuDg tlnes to eorure that tbe tlres tn path! 1
throub 8 are correct.

lften runnln6 r partlaular seg[ent, the recelver €oterr e loop nlthlD tbe path
thrt rep€atedly snltobes tbe galn betrre€lr t$o atlter. tte voft!8e splf,e georr-
ated by the geln srltahlng aar be ndrltot€d at A4 fP5.

8-46. MODE 48: DC Offset Settling fime (Wideband)

fhls [ode checks tbe dc offset settung tlDes ln tlre $ldebard autoraD8E !I-
pllfler $hcn thc galn lr belag awltcbed in 10 dB steps. TLe recelver lnput at
the Al rultlplexer ls set to ground es $ell .s the lnput to tbe & rtdebaDd
autorenge ary]'lf ler.

l0ren nrnnlng the $hole tert, patlB 1urrcrr8h 8 evaluate the tnre
settulg tlme of Ure arpufler by raltlng 500 nsec bet$een g.lD
snltobln8. Segrcnts 9 tnrou8b 16 use the prqramed settUtrg
tlmes to eDaure lrlrat the tlner ln paths I through 8

lueo nrnning a partlcular se8[eut, the recelver enters a loop rltnrln tbc prtb
tbat repeatedly rrltahes the galn betrcsr trro st!te3. The voltage spl*e geDer-
ated by the galn srrltahltu can be ndrltored at A4 TP5.
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Diagnostlcs - ilode 49

8-47. MODE 49: Filter Path Checks

Thls perfornance verificatiolr node uses the recelver as a vottmeter and uses a
dlfferent filter for each pati. the sigaal level neesured ls referrcd to the
recelver lnput weighted by the appropriate filter. Tbe ac sigtral ls neasured
for pea*, average or rlts value, The true voltage and porer of the slgnal are
given. These neasurenenta aasune ideal terolnatlon lupedanaes rithln the
recelver. only some of the detector readlngs are

Follorlng is a sunary of the llode 49 tests.
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Follonlng ls a sumary of the lnfonEtion displayed on tbe varlors dlsplay
lines .

llo<te 50

Dlsplay

ms voltage (rldeband ahannel )
ros p6rer (wideband channel )
average vol.tage ($tdeband ahannel )
r s equivalelrt power (rrldeband chaanel)
average voltage (narrsrband channel )
rns equlvalent porrer (narrorband ahannel )
peal( voltage (wldeband channel )
pealr porer ln dBm (wideband channel )
pea* porer (narrowband chanael)
peal porer ln <lBm (narrqrband channel )

I
2
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,
?
8

t0
1t
L1
t,

nmfix
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx
xxxxxx

8-48. MODE 6O: Super P,/AR

Thls perfornarce node glves you a P/AB ueasureoeot rrlth nuah hlgher resolutidl
snd accuracy than tbe standard measur€nent. Thls node eveluates the hatdrare/
softrale perfotmance ln neasurirg the P/AR value. tle displayed results are ln
thousardths of a P/AR unit.

8-49. MODE 6l: Receiver Troubleehooting

t'hls uode can asslst you in troubleshootlng the recelver. The recelver ls used
aa a voltneter and each patih sets a dlfferent autorange anplifler galn co the
autoraltglrU ls held at dre Btatlc galn aondltlon. Tbls ls useful for cheaxlng
deteator linearlty aad signal patb contlnuity. VoltageE er€ dlsplayed lf the
detectora need to be oheaked.

Pollodrg is a sumary of the Mode ,1 test8.
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Follorlng ls a sumary ol the lnfmatlo dlsplayed @
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8-50. MODE 52: IMD Relative Tone Adjustment

t€Xco lDterDslly for tbe 1380 Ez toe pair o.d the 86O Eg
tle txo lGvcl! sae {rbtraated o'd tbe result! arc dlsplaycd.

tor Gqulval€ot pffer (nano$bald chaDrral )pc* voItrEG (

pc.X pon r ta dBl (uarrorlburl cbaaael)

8.[e relatlve levct ( nlD Flataess).
nitbh +-0.1 dB of cech othGr.

lDeu the level dlffer€oce ls +-.5 dB or gieater, the dlftcrsce ls dlcplay€d lu

[ode catl be ulcd for adfurtlag the tos palrs to tho

a grols fallure.

to
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I8-51. RS/MEMORY SECTION

Orls sectldr is tlrc bralns of tne 494rA and contalDs three dlgltal pC boatdl.

o A10 Recelver Processor (0494j-60010)

o All Systen Processor ( 0494r -@011)

. AI2 Systeo tilenorV (04945-6O0f2)

Tbe Xeyboard and tJre frort prnel deaoder (A25) ts also lncluded ln tbls sectlor.

Thlr sectlor coDtrot ! tha activltles of tlre other 4945A sectlona.

Ihe Systen Processor dlrectly cotrols tbe dlsplay sectlo, the I./O interfaces and tibe
tter sectldr. Ihe recelver sectlon ts adttroUed by the Reaelver Prooessor.
of tbe Syste! Processor coes frm tDe Xeyborr{ and the I/O lnterfaces.

ME

Refer to t,,'e 191rA Block Diagrar, the It board bloalr
sah€matla dlagram rfieD readltrg ttrls sectlon.

<llagrans ln thi.3 sectlo and ttre

8-62. Syetem Proceesor (A11)

fhe Eyst€r processor boatrd (AU) ls tlre naster controller of the 4945A. It lnterfaceg
nlth tlre follorlrl8 lmtruelrt sectlqls:

. The feyboard rnd Ure LD's (t lrougb A2r)

r The display (Ulrorgh A13)

o Tbe I/O ltrterfeces

. The recelver (tnroug:h AI0)

. The transnltter (tnrough Al4)

Tle systeo rlcrqrrocessor tr a ltG68B00. The assoclated nlcroprocessor clrcults ln-
clude Ure po$rer-oD reset clrault, slgtrature analysis Junpers.
addrera btr8, d,ata bus !!d ootrol slgnals.

end buffers for the

Clock Generator

tte systen clock ls based qr a [aster aloalr of 16 llllz. A 16 l,lllz crystal is us€d rith
osalllator U503 to produoc a TlL clocI whlcb ls subsequently dlvtded dorn and decoded
(U201, Uro, aru! U403) to produce 16 tlne Bhlfted pulses of 62.5 as duratio. The pul-
se! are used to set or reset J-K fltp-flops (IrI02, UI03, ltz0?, l!2O3 and U302) whtch
alocked at 16 tlllz. Tlls produaes various I MEz aloclrs lrhose edges aan be chose[r ln
62.5 lncreoents. tte fllp-fIops are all ctoaked by the sane 16 l,lllz clock ard are all
Blmahrdlous ritJr eaah otJrer. There are nlne dlfferent I llBz aloaxs produced aImS

8 llBz cloct, and a 16 lgz clocr.rrlth
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The I llllt slgnals (fro U203 and U205) are the PHI1 and PEI2 cloaks whlch are used for
write enrble gatlng pu18e8 on All, AI2 6nd AI3, enable clock for the 6800 fanily
chips, Ioad/shlft pul8e for the A13 charaoter generator, data transceiver enable
gating pulse for A12 and A13, cheracter clock for Al3, and data bus enable (DBE) ?or
the system nicroprocessor.

Tlle PHII and PHI2 are alao used by trlre receiver processor on
PHI2 and vlee versa.

All's Pf,II ls A10's

tno rays to do a re-

Before the two nlcroprocessor clocks leave AI1, they are buffered and inverted by a 50
ohn line ariver (U205).

The 8 MHz clock ls used by the Al3 character generator for tbe dot clock.

The PUII and PIII2 elocks go through a clock shaplng circult (U600 ) before goiDg to the
system processor chip.

The 16 llf,z clock is used by the transmltter to generate P/lR waveforos and lthe enve-
lope delay distortion measurement's 8-L/) Hz nodulation frequency.

Microproceesor Bus Buffera

The 8 bit nioroprocessor data bus ls buffered by a transaelver (U80r), U801 end U802
buffer the 16 blt eddress bus, and pert of Ir804 buffers the control slgnals.

Reeet

The reset olrcult resets all elements ln tlre systeo. There
set. The flrst is by power-up r{hich is detected by an RC tled to the positlve
input of one-shot U406 rrhlch ln tu r drlves the re3et input o the systeo processor.
The secdrd ls by pressing the reset switch on All.

Addreee Decoding

Several decoders are usd to decode addresses (Ur00, Ur02, U601, U602 and U800). The
decoders provtde chlp select signals for the various chips oo AIl as $eu as boatd
select signals for A10, Al2, AL3, Al4 and the I,/O nodules. One decoder ouput has a
special funatlon, lrhe receiver tll,ll.

Memory

The RAl,l on All ls trro, a( x 8 static BAlls. orle RII is used as the syster bese
(U201). The other RAl.l ls part of bank 0 (U404).

The ROM on A11 is a 4I( x 8 EPRoill (U604), mapped into the top 4tr of addresr space. It
is used for the mlcroprocessor reset snd interrupt vectors, system digital porrer-qr
self check software, and dlagnostic SA routines.

Peripheral Interface Adapter

The peripheral lnterface adepter (PIA, 11703 ) has two ports. Port A ls used for out-
puts to the front panef LD's (? bits) and a softrare controllable start/stop for dl-
agnostic SA (I btt). Port B recelves inputs frm the keyboard and IRQ line. The port
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A qrtput! are bufferd by 11706 ln otder to p!'oduoe the aurrent to drlve the LD'r.
Eaah llne aotains a serles current-llultlr8 reslrtorrloo om. Port B aoslrts of 6
bits for the deaoded xeyst!.o&e, blt ? ls ttre keystrobe fro A25 whicb indlcates
ubetber a key ls stlll depressed, and blt 6 lB the lysteo IKI line. tle f,eyrtrobe
pulse telts tlre PIA to lDternrpt the nlcroprocessor.

Programmable fimer Module

The prograrDable titrer nodule ls U606, It ha8 tlrree oorntcrs tbat are casaaded
together to atloo theouts for softrrare tlDlng, betrecD I [!ea aDd leveral d6y8.

Memory Bank Switching

The banksrdtch latch (U6O7 ) ts ured to select a 16 B seguent of tbe address space to
be accessed. OaIy I blt of the 8 blt byte i! allored to be lon (to €nable a baa* of
nenory) at any me tlme. The latch's output ls enabled qrly lrheD soethln8 ln ttre 16
tr segoelrt ts being addressed. Itrls pagtDg teahntque glves tbe [lcroprocessor tbe
capabillty ol addressing 176 f bytec.

Sy.tem Test Begister

tle systen test reglster is tbe other ba1f ol the cqrtrol llne buffer U804.
A set of four swltches sets the lnputs of tbe buffer high or low auowlag
for I, foop! of SA dlagDostias.
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Figure 8-16. 4945A Memory Map
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8-63. System Memory (A12)

he systenr oemory boar{ cmtaina all tbe syltcm progtan memory (except the 4 I( Rotl on
All), sme of tbe systeo n${, tbe nonvoletile neoory a tbe realtlne clocf,.

fhe address deaoder perforos tno functlqrs. It decode! do{tr to chlp level (ahlp se-
lect loEla) for the program BotI (U604, U606) and the RAll dr A12 etrd it generates a
boald select sigrral used to enable tlre data transcelver.
cuit3 use tbe systeo PEII ( lnverted) oloof, to enable tJreo. Ihe bo6r{ seleat 13
derlved by gattng variors chlp releats ulth an Al1 alocx, fneilSEl.

fhe address bus ls buffer€d by W02 and U703. Tlle data bus ls buffer€d by
transcelver 11704. Several control slgnals ard clocIs are also buffer€d by U700.

Memory

tle prograo BO,l cqlsists ot a 32 ll seglent ln the naiD neoory rap (U10O, U20O, Ur00
aad U400) eDd 6 banls of 16 tr bytes (U102, V104, U2O2, V201, ll)02 aDd Ur04) selectable
vla the banl swltch o A1l.

fhere ls 5 f, of statlc RAll locsted qt A12. The t rr€e chips (U402, U404 6Dd U500 are
all. addressed in the maiD segrent.

lhe nqr-volatlle nenory cmslsts of tr{o, lf, x 4 statlc nAl.ts (U106, U10?). Ihls BA}.t

atores the inatrumetrt'r state so that upon pofler-up lt reaofigures ltself to the set-
rp lt rras ln befole porer donn. A porer-up/dorm elrcuit prevents the RAl,l fro befu6
lDadvertently altered durlng a por{erup or pouenlornr sequeoce. PorEr ls suppued by a
3.0 V lttntun/ thldryl-chorlde battery.

I'IOIE: TEE A12 BATTEBI $lOULD BE BEPIACD llllEl tf,E VOLIAGE (pBs BB.oN| 2.6 volTs.

Each EFR0lil cqrtalns a 16 btt checksur ln tbe flrst tr{o byt$, .n I bit locatlon aode
ln the tbid byte, and an 8 bit revisidr aode ln the fourtn byte.

Real fime Clock

Tbe real.-tlDe elocx ls Blngle ahip (Ur08). To ,ead trlre cloct, tlre eddress, ahlp
1ect, 6nd R/H (bigh for read) nust be latohcd lnto address latcb (U307). llext the RI)

ltne ls rtrobed by addr$lIng B/t{ start aDd then n/n end. Plaauy the data ls read
frdl data latch, U206. To perform a wrl.te, the addr63 ahlp select, and R/}I (Ion for
write) are latahed lDto the address latah (Ur07). tle urlte dsta ls latcbed llto drta
latch, UrO6 ald m ls strobed.

olr-
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Figure 8-19. Al2 System Memory Bloch Diagram
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8-64. Receiver Processor (A10)

Tlre receiver processor boatu control s r;he 1915A receiver. To nd<e cmunlcatloos
ahannel [easureocnts, thLe 1915A first transnlts slglral over the channel and thetr
recelves 6rd analyze8 tlre returaed sigaal.

The recelver pl3ocessor cotalns the flrnware used to cotrtDol the recelvet's analog
hat{rraE (Al throUh A9) and to Daxe all leasureoents on the received sig[sls. The
recelver nlcroprocessor (Ur00) aomruntaates rltb tbe other receiver boads thlough
lddress and deta biusses $bich are buffer€d aDd separate fror the nala address and date
busses @ A10.

Ore receiver prtocessor cmunlcates $ltlr tJre syst€[ rlcroploc$sor throug! an area of
sbarcd read/urlte neoory oD the AI0 boatd, Cmands are pas3ed fro Ure system to tbe
recelver tJrror,rgh tlris neoory. The shar€d neoory ls elso used to seDd treasur€oetrt data
fro the recelver to the systen for dirplay.

Mlcroproceaaor and Clock

Ilre recelver nlcroprocessor (U300) is tiC68B00. fhe 16 blt address bus fro U300 ts
buffer€d by U20, end U403. fbe 8 blt dat! b{rs lr drlven by bldlrectioul tuffer U200.
Puu-up reslstors na)O and pull-dorm dlodes CM and CB, produoe a rrc[8 Brr lnstructiqr
to the [loroproaessor durln6 fr€e nrn rlgnature analysis.

cloak slgnalE PEII. ard PHI2 cone fro the systeo proaessor (Al1). There slgnalr
buffercd and shaped by U400 and Its assoclated d$cr€te parts.

aloo* inputs.
The buflered clocI

algaals drlve the nlc roprocessor

llotlce that tlre systeo PHI1 becoes tlre recelver PEIz ald the systeo PEI2 becmes t'he
recelver PHII. I}rls ls becauae the systen pnmesaor and tbe recelver pnocessor run
180 degrees out of pbale. Thls guarantees tbrt both processors cen lot be aaaesslDg
tlre shar€d lerory shultaneansLy.

Four dlfferent decoders qr AI0 are used to Senerete ahlp select llgaals.

U103 ls used to generate chlp seleats for each of tlre seven EPBoI{s m 410. Each of
these chlp selects r€prese[ts 8192 bytes of addrers rpace. UI03 deaode! eddrers llneg
Ar3, Ar4 aDd A14.

U304 ts used to generatc chlp selects for the three Rlll ahlps. Bach Rlll ahlp seleat
repr$ents 2048 bytes of address space. U304 decodes address lines A11, A12 aDd A1,

U303 generates the sare chip selects es Ur04, exaept thet the tlDlng lE dlfferent.
Tbe dlty output frm Uro, (pln 12) drives an elrable llne ql U102.

l
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U102 ls u!€d to furlber decode the ohlp select (ptafz) ot !3Ol (or Uror). UIO2 ls .
duaf 2-to-4 llne decodcr. fbc flrrt rectlo geDerat€s the chlp lelect foB tbe drlt er
U10r, nhlle tlre secod pr.oduae! tbe ablp seleats lor both lr10? (ptn 11 ot U102) aut
the buffet€d rccelver addness erd data busses (pll 12 of U102).

There are seven, 8t X 8 8PR0[,] mooty ahlps A10 (Uror, 1306, sro?, 1t30E, u10?, !ro?
and U@7). ttey ocaupy rearly all of the evellable addrels space, 116 2@08 to
FFFFf,. Each chlp stores 8192 Ses of prodrc[ code.

Shared RAM

FBO}'
atl

PTII T

PfII 2

rl 18
Orere arc three, 2f, X 8 nAH Deoory ahlps o A10 (U4O5, U5O, aDd U50!) for a totrl of
6144 bytes of read/rslte neoot'lt. tle nAl,lc oaaupy tlre addres! spaae lro 0OO0H tnrough
I?Fff,. Baah ohlp provldes 2048 r-ad/write locatioDs.

ahlps, Ur03, ls Bhared rlth tlre lysteo processor, and ls referred to as
FBO}'
Att

SB/I
vtl 

LIRO
LF}I'I
LESET

3

Ore of the coa{TB0L
sl6NALS

SHAREO RAX
ENABLE

,,Bhared Mll,,. tlla 2048 byte area cer be accellled by el

Tbe receiver data tnr 1o U'OS ls buffer.ed u3t U603r uhlle the ly3ten data brls l! buft-
etEd by ll?or. tle tlulag ls such tbat both drlveB clDnot be aatlve slnrltan€oully.
PUU-up reslstors (8603 ) arc provided for stgDaturc alalysls.

The shar.ed lenory ls accessed by tlre lysteo tnrqrg! the 8-bit eddress c@arator It?02.
If the !y!te! address ther aorresp@d nlttr tbe lyst€o address of shat€d D€oory, a
chlp select is geuerated at pln 19. Thlr chlp select, be3ld€r behg ured to elrablc
Ir7Or, atso cdrtrols the state of dlgltal mrltlplexeB gmz, t,l02, Ur02 aul U602.
deterniner rhether lrlre recelver or tba syst€o l! to drluc tlre ablp select, read,&rlte
aDrl erlte/read llnes of UrOr, ublle tlre other three are u!€d to cfirect the addres!
lines of U503 to eltber tlre syste! or recclver ulcrrprocesaor brr.

Receiver Address and Data Busees

&e slx leelt slgnlficant receiver rddress liues are buffercd by U605 to drlve t,he
address bu. to boatd! Af tnruEh A9. The reaelver data bus is nade avallable to Al
tnroEh A9 firorgb tbe bldlrccti@al tuffer mor. Both bucset are enabled $lth tbe
cblp select fro pla 12 of U102. It ts tnrough U60, tDd Ir0, tbet Al0 omunlcatcs
rlth ell of tre otlrer recelver boat\rs.

Other BlgDrk provlded to boards Al tnftnlg[ A9 by tbe recelver pnoceraor are tuo €o-
able llDe! aDd a read/r"lte llae.
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lA 1O RECEIVER PROCESSOR (04945-6001O)
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8-55. Front Panel Decoder (A25)

A25 decodes keystlof,es from the keyboerd anal paesents tbe decoded data to the systeo
processor's PIA chtp (A11). A keystroke pulse is generated oD. A2, to tel] the PIA
rhen data is leady.

A25 aommunicates with the system through a 20-pin flat ribbon cable to the
motherboar'(i.

The treystro&e decoders conslst of six prlorlty eneoder chlps
(v2o2,2O1,302,3O3,3O1,1O2',, . Flve of these ale cascaded together so that erhen a f,ey is
pressed (1.e. an eDcode! lnput, ls grounded), all other eEcoders are disabled causirg
their outputs to tri-state.

Ihe encoder outputs are tied together to forE the three lorer bits of the decoded
data, The plu 14 outputs (1o$ = aotive) of the five etrcoders are inputs to a slxth
encoder (U402). The outputs of ttris encode! fotm the three upper bits of the enaoded
data.

fhe tlneout clrcuit generates the keystrobe pulse for AU 6nd generates a pulse to
o1ocf, the 6ata ]atch (U604). Ihe GS ortput of the encoder chip U{02 triggers a one-
shot (U403) whlch tlnes out for 26 nsec. I{hen that output retums hl8h, lt clocks a D
flip-flop (U404) wbose Q output elocks the data latch, The Q-not output trlggers a
seaoBd one-shot (U403 ) r{hioh a].so times out for 26 msec. The rlsing edge of that one-
shot output cLocts a second D fllp-flop (U404) whose Q output is the keystlobe pulse
for All.

The data latch (U604) holds the data so that tbe nicroprocessor (via the PIA) reads
valid date.
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8.56. RECEIVER SECTION
tle recehrer section processes slgnats that retum frd tihe clrcult belDg tested.
Depeodttl8 oo the treasurenetrt belDg perfomed, tbe
ters, anpllflers, att€nuators and det€ctoB. fte
Receiver Processor.

slgnal ls put tnrlorr8b varloug fll-
neaaureoent results are aeat to tlre

&e recelver sectiqr has tbe foUoerlng FC arseoblles.

o Al Becelver Input (04945-60001)

o A2 Flltcr (O191r-@@21

. A3 l[I.D,A,lodeo (0191r-@oo3l

. A4 Auto Range lupltfler (04945-60004)

. A, Det€ctor (O191r-@0O51

o A6 Jltter (0191r-@@6)

. A7 US &velope Delay (04945-60007)

o A8 Frequency Cotnter ( 04915 -60008 )

o A9 Tranrlenta (O1915-(tOOO9l

Refer to f}ne 1915A Bloak dlagran, lrhe board block dfugroB and the sch€uatlc
dlagrans rrheD readhg ttrlr seatl@.
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8-57. Receiver Input (Al)

AI provldcs a balarced dlffelqltlal lnput, terolnatlo llpedancer, hold coll for @e
preaopuflaatidr/attenuatlo .nd srltcblng of varlous lnput sl8tr.ls for tbe

reoelver.

AIl the Al eatlvltle! are aotrolled by the rcceiver procelsor. the boat\i 1r selccted
by decodlng ule Decelver address U!e3 tlrrough U80o afil U900. Setup ilstnrctloos arc

ved o tbe nccelver drta tur ard decoded lnto amtrol. llgaal! by U!00, U600 .!d
It700.

tle lnprt relay rclGat! clthcr thc tlp and rlng bal.trced hput or tbr behracd orrtlnrt
of tbe returo lors brldge.

ferolnatlo tmpedanoer ot L35, @0, 900, 1200 oels or brldged cer b€ leleat€d.
AU fldte lnpetlancer are dc bloaked up to 150 V.

f,106 tg used to odtn€ct and dlsaqurect t rc bold aoll. SlDce tbe LoId coll c6c! aftcr
t[e nomal/reveme relay tlre necelver pnmarsor n6ler sure trhlt thc proDer llre ls
held. The hold col1 draws lproxiratety 22 !A da $lth a battery voltage appucd and
provlde! a latEe aa lnpedanae to dlffer€ntlal slgmls.

tbe como rcde slgtlal
am@ iodc riSDlI oo

-to Ihlr slgaal k used for aoire to gftnllrt neasureoent!.
tne tlp lrd d!8 ls leDt tnrougt a 40 dB prd. tte output lg

Orc dlffereotlal lnput alrcult colrvertr the bcl.aced lnput 3lgDel frd tlp lnd rlDS or
tlre returo loss brldge to a llngle aded rlgaal. tle FSE detectors cr A, ere cotrect-
ed to thlr llngle eDded stgral.

Ore lnput stgnal multlplexer ls used to lcleat thc apDroDrlrtc lnprt slgtel lor the
recelver.
output of

STl? ls uEed for AI !e1?-te!t nh€o select€d thc
t8.

tle
thethe 40 dB pad lr uscd for aolse to gtorul [eaau3elelr fhe output of

differentlal lnput lr uled for .11 otlrer learurcoent !odc!.

lhe att€Duator provides O dB, -20 dB or -40 dB attenuatlo. It ls uled to .dJult the
recelved llgrraI level for opthal recelvcr opcratlo.

fhe preerpuflcr/ galn adJult clrcult bufters the A1 olrtplrt slgnal rDd alro provlder
20 dB gain.
Tlrplcal gah

Thc A1 outputs ar€ tlrc SIOIL llnc $hlab goes to 12 aDd the PSI SIGNL llne rhlch goG!
to AJ.

A galn adJustoent ls used to adlurt tlre abrolute gall ot tlre Al boatd.
TTIJTI:I{:I 3d8
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8-58. Filter Board (A2)

The filter board cdslsts of two frqlt-etd noise filter3, aix nessage reigbtttrg f11-
ters, a holdlng to[re notch filter, a bandttnltlng fllter for ptrase Jltter, a 10 dD
anpllfier/Al,l fllter, and approprlate switching and bufferlng. input! to A2
the self test slgtrrl fro Al? aDd tbe output of A1. Tbe A2 outputs are; lthe narDo$-
band channel, the wldeband ahamel, the phare Jltter output, the IliD output, ard the
output of tbe 60 Ez blghpess filter.
The fllters and lnputs to 42 6re seleated by analog srritches. All srltchea ane duet
SPDI except tJre analog mrltlplexer (U405), whlch cbooses the nelghtlng fllter. Tlre
switches are aotrolled by the reaelver nlcroprooessor dr ALo vle the octel latch,
v?05.

Tbere are trro, frot-end nolse filters otr A2 uhloh ar€ lndependently seleateble; the
60 Hz htgh-pass ltld tlre 10 HIz lor|pass fllters. tte l0 lrf,z lcr-pas! ls used when tbe
volce band llnlt ls aatlvated fro the froot panel. The 60 f,z lorrpas! l! dlrectly
selectable fro the frurt panel durlng level/frequetray aDd galn-slee nealureoelrt3.

lnother band-ltnttttrg filter is the combinatlqr 1O dB amplifler/Al,l fllter. Thls patn
lli fllter ls a 2?8 Ig,ls seleated $rhen the lnput sigrral ls less than -40 dBo.

lonp$s fllter wlth a DC galn ol 10 dB. It boosts the signal ln addltlon to the 60 dB
grin available qr A4 and reduces hterfercDcc frfl rtrdlg All radlo s

In sme neasurenent! lt ls neaessary to notch out the holdltu tmc. The 1010 Ez notch
fllter ls used for thls put?ose. It ls a stagger-trmed baDdttop filter rrtrlah ooslsts
of tbree, ad order stages, each is itrdlvlduatly tunable. The flrst stage has a DUII
at 995 Hz, the seaod bas a null at 1010 Hz and tlre tJrfud haa a null at LO25 flz.

The phase Jltter fllter ls a band-pas3 fllter ured to bandlt[lt the test rlgna] to a
bandrldth of about 600 Hz aentered ebout 1*Ilz. The most cmo cortrlbutors to Dhase
Jltter usuaUy cause ooly nerrorrband phare trodulatlo ro only me palr of slgalflcant
sldebandc are produced for each slnusotdal ampo[reDt (tjre h18h$t frequenay ls 30O
Hz).

ADy one of elght slgnals can be selected by tne atrelq rultlplexer, U40r. Slx of tlrc
cholces gre rreightlng fllters for noise [.aaureoclrts; 3 llfz flat, l! f,IIz flst, pro-
gran, ,0 xblt, Cllsg aDd the P/AB bandpass fllter. tle seventb cholce lr no welghtlng.
Tbe last aholce ls a gtounded lnput (to ttrre rrldebaDd ch nel buffer aryIlfler) whlch
ls seleated uhen the rldeband cbannel ls not being used for a Deasur€oeDt. The 3 Xllz
aDd 1, kEt llat fllterr are both 2nd otder, ButtenDrth lor-pals fllters. fbe pro-
sram, ,0- Ibtt and the C-l{sg fllters ale m[tl-3tage bandpass fllters. The P/AB fll-
ter ls a clscade of t$o ldentlcet 1300 [2, Ad order bEndpasr fllter!.
tlere are leverll buffer .npuflerr loaated throughout the boed. These eopuflers
tirffer the ll8tral after lt has passed tnrowb orc or tHo snltcbe! because the srrltohes
blve a Do-sero rtqrrr real,ltlDce nhich adds up and causes a slgrlflcaDt loas tbroug[
the ohannel. fhey also buffer llglrals thet go to other boatds.
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Foud{ing is nore detalled lnformatidr about the A2 filterr.

Filter llotes

Tlre two frequclrcys listed for BPP ard IloICH are the nld-baDd freq.

In tbe block diagrans, the frequency Usted for LPF and HPF ls the 3 dB frequency.

In tbe tableE, these notatlos

FCI fbe lorer 3 <lB freq. for BPF aDd IIOTCH

Tbe 3 dB freq. for LPF and UPF

FC2 The upper 3 dB rreq. for BPF and IIOTCE

Does Dot apply to LPF 6Dd EPF

Ftl The mid-band freq for BPF

Ihe freq. of null for IOTCE

DoeE not apply to IJF and EPF

Bt{ The 3 dB bandwidth:
.FC2-FCl for BPF & NOTCE

=FCI for LPF ard BPF

Q For 2nd order seatldrs drly

l(0 Da galn for LPF
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8-59. NLD/Modem (AB)

tlere are tso separate seotlos m tfil! boar{. One sectlo ls used for l{dllineer Dls-
tortl@ det€ctlon ard the other la used to detect ajld de[odulate an FS( signal.

NLD flectlon

Tle lrtrrt to the IIID seatldr (IilDI) ts tro toe pairs aentered at 860 Ez atrd 1380 Bz.
Tbc 850 f,z palr ls s@arated by 6 Ez ald tne 1380 Hz palr ls separatcd by 16 Ez. So
yotr have 857 8z and 863 Ez as oc palr .il L3?2 Ez and 1388 Ez as tbe other palr.

Tbe f,LD deteatl@ clrcult ls loo[l!8 for tbe rccod aDd tnfud harmla dirtortlo
produats ol the t$o tooe pahs.

appued to
lotcb filters aenter€d at 860 Hz end 1380 \z (lr5o1 aDd Uror). Tbe lotcb ?llters at-
tenuate tbe toe pair fundaneDtlls at leart ,O dB.

fhe resultlng rl3oal thett goer to a r0 dB aryllllcr (60? aDd t 608) . Thls anpllfler
crl be bypar3ed.

Tbe tdre palrs also Eo to tno t@e deteatom (Ir10O ard Ur02). theae detect rhother
the lnptrt slgDrl ls an IilD slgtral or e checx rtgnal. fhls ltrfomatlG ls fed baax to
the reaelt er pnocessor tnrorrgh latch 11700. If @ly oc toc palr ls dctccted, ltr a
checl slgnel. If botb tone palrs are deteat€d th€o lts .[ IilD slgnel.

&e sntl-allaslng fllter ls tro lor pass fllter seatlms (oe rt 1.5 XBz aDd tbe other
at, 2.lA l(gz) .rd trro srrltahable rotcb fllter! at 2940 Bz rld 3280 Hz. These fllters
ellnlnate tDe urderl!.ed frequcDcl6 tnat Dlgtt appear ln ttre parlband after tbe nlxer.
Thr Dotch fllter seleated dep€orls 6 the frequeoay fro the lllxlng Frequenay Generator
(eltlrer 2420 Ez, tl@ Az or 0 Ez). tte uixlng tlequ€Dcy ls sclectcd throrgh tlrc
recelver data bus.

Fro tbe nlrer, the dlstortldl slgaat gocs to a four-ltage baDdpass lllter aDd thelr to
tbe $ideberd eutorange empufler @ A4 rrhere the rls det€ator ls uled to [eaaure tlre
dlstortl@ level.

Modem Section

The oodeo .ectlo detects arrd deoodulates the FSK sfgnal. The lnprt stgnal (FS[
SIO{L) coes fro the differeotlal arpllfler o Al. ltr A@ clrcuit (Ur00 and VBf)
boosts tJre leve1 of tne FS( llgnal. tle II(Ez bandpals filter (U20I) ellninates noise
frm tbe txo FS( t@er. After filteriD8, tie PSf detector/derodulator (U402) decodes
the FSG code lnto dtgttaf 3lgDal3. A 190 Ez t@e detector (U101) is used to deteat
tlre pllot tmc.

l0ren tlre PSB toe! are prese[t ard Ure L99O Ez pl,lot tdre 13 present, thelr the FSE
det€ct llgael l! en blGd (FSES). fhc deoodulatcd FSf, rlgaal (F$O) goes to Al4.

lrooEr,r sEcTtoN

tle tuo tore palrs c e fro thc 10 If,z lotr plsr fllter m A2. TLey

FFOT FS(
A! SIGNI-

FP!! rxor
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Figure 8-29. A3 NLD/Modem Schematic Diagram (Sheet 1 of 2)
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8-6O. Autorange Amplifier (A4)

The eutorange alpufler board has tro varlable galn anpuflers (wideband end narrod-
band) which brllg the si8nal 1evel to a raDge rrhere lrhe detectors ard other sigtral
processlng alrcults can firDctlsr aocuntely. Tlre galn of each autorange anpllfler ls
adJustable h lodB lncrenelrts over a range of -10d8 to +60d8 galn. l.fultlplexers (U80{
an<l U806) at tlre lnput! of tbe board switch varlors filters ard self-check signals
furto the afipltflers. In tlre narro$band aoplfler, there ls a progDanDable flae at-
telrurtor (U102, Ul04) whicb ls used for s flDe adJust of the output level for that
a@1lfler.

tle tro alplflers qr the A4 boar{ are t[e uldebard autorange anpllfier lnt.nded
operatlo over the €ntlr€ fr€qu€lray ra[8e of tlre iBtnu€nt, ard lrhe narrorrband

for
auto-

Enge arylifler drly for volce bard (les8 ttran 10 xgz) frequeoales. A progrannablc
flne atteouetor ls used for precisely cqrt!,olllDg the level lnto soe ol the Elgnal
processlrg alraults. A I40 l(f,z lor pass fllter (the nldeband fllter) ls used for
linittng the beldwldth to the frequency aeasurlng clrcults end the detectors.
boa!{ a]'3o has data latohe! (n2O2, n3O2 and U402), cqrtrol latahes (Irr02 aDd U603),
ard address deaodlng olroults (In02 and U802).

Autorange Control

routlnes are used to adJut the galn of the autorange aryLlfler so that the
aignat lr arpftfted to the proper level for tbe rearurement clrcults. The autorange
routiDe ber Eeverel nodes of operatldr, each of $lrlah ls lnteDded for a class of pos-

types.slble laput

Nornral O,peration

; loren tbe autolange routlne ls callcd
o deteator outFrtg

Tbe autoruge routlne edJurts tbe aryllfler galna so that the

tbe hat{rare.

, average or pelx
value of tbc lnput slgnal ls rrltbln a rpecified voltage range. fbe routlne deterolnes
rbeltlrer the galn ls aomeat or needs to be adjusted hlglrer or lo$er, aDd lt Eense!
orrerrange aDd underrerge ad|dltlons et tlre enaloE to dlgltal coverter.

are leveral loftwale tableB rhich cdrtain iofomatlon o hor the softuare drlves

D the fuu wave average wldeband
ard detector lettuDg tlre are all set for

tle l[ltf6l galn of the rrldeband ahan rel ls O dB. tle followlng
I;:.FTII?.I

1. fhe autorange routhe ralt! for tbe detector output to settle to en eccuracy
sultable for rangltr6. tte wait tlne lr h r softwue table.
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2. Tbe analog to digital coDverter ls read ard adparred rrlth the deteator llnlts for
overraDge, underratrge or ln range coodltions. Tbe detector llnits are stor€d ln a

,. Intttetly the lDput slgnal level ls -10 dB at 600 oDos. Slnae tlrlg ls not ltr the
det€ator ortput vo!.tage raDge, Ule autorarge routlne lncreaseg tbe gal! of the auto-
range aryIlfler to +10 d8.

4. After tie rlgaal ls aaplifled to the apprerlate ru8e, tbe level ls read.
dlfference betrrceo tbe deteator level !ea-

3ure[ent settuDg the ald the deteator rengtng settUng tlre. t]e rortlDe raltr tblr
addltldral tlne !o tbe analog detector clrcuit catr scttlc to lrhe Decessaty accuracy.

,. fre output of the tracllng adc ls leasutrd a Durber of thes aDd slm€d. tlre sun
ls dlvlded by the nuDber of laDple3 produclng an average of the alalog to dlgltal ao-
vcrt.r rerdirgs.

Itr thls node, tlre siglral ls ranged dt the pealr valuc. Tlretr the average aDd ms values
are [easured wlthqrt ranglng.

Itren the autorarge rdrtltre ls aalled, the deteator ls set to the Damorband r€atlfled
patb and deteator o@trol ls set to peal detect. ttls l@leoents a Deaf, detector tbat
uaes the nerrorband deteator alrault. The deteator settling tlue ls ret for ranual
operatio and the raDging coDtrol 1! set for peax ra!8tng.

FRolr at7
FROh A15

FROTT A2

FFOI,I A2

FROM A3

FROrl A2

NC

sT t7
sr16

PJF

IHOI

NLOL

ttsF 1

1. The autorange routlne e[rters ure pe.f, ranglDg node.

2

In tlrl! Dode, Ule lnaloE to
dtgltal cdrverter olrcult acts !s 6 voltage threshol.d detector ald tbe detector alr-
cuits are used as full $eve reatlflers nlth no flltering. Orur, tbe peaI $avefor
voltrges are prcseDt rt the aralog to dlSltal alrcult.

FECEIVEN
AOORESS

BUS
FR,/N

LREN

RECEIVEF
OATA

BUS

the routlne detemlnes lf tlhe deteator algaal ls fllthla the comect voltlgE

Ihe A to D cmverter clrcult voltage thr$hold ls ret to be at the top of tbe detector
output voltage range.
tor, so tbat lf the luput signal goes blglrer than t'he p!'eset voltage value,
fouotrs lt. tle pnocessor aqltinually checls the A to D value.

The pea& value rld tbe preset value ls a@ared and tlre galn of
plifler ls set accordlngly untll the propcr gain lr detemln€d.

,. A slne rrave input slgual wit'b a level of -10 dEn at 600 oh[! ls belotl the detector
output range. A grln of 20 dB ls needed to nake tbe signal's pell vrlue fall nlthla
tlhe deteator autorange wlndow.

4. Hben tbe slgnal ls wlthln the approprlate range, tJre Doutlne ralts to alloe, the
pea* detector to cdrverge dr tfie tnre pea[ value. Durlng the rralt tlne, the processor
ls stlJ.l chec*ltrg for overrange aondltloos. If ttrere ls no overrange, the peal( detec-
tor value is read alrd passed ql to tbe procesaor.

fhe A to D clrault ls tben progtarud to lct !s a peat detra-
tDeAtoD

t6
CONTFOL
SIGNALS

u90r

EESSEL
FILTER

40a,
70a

NARFOTBANO
AUTOFANGE
AMPLIFIER

304,
604.504.

NARFO}IBANO
I,IULTIPLEXER

TIIOEBANO
I,IUL ? I PLEXEF

uao4

U806

I

TIIDEBANO
AUTOFANGE
A}IPLIFIEN

u406, 506. 608.
706. 608. 709

TIIOEBANO
FILTER

t08. 208. 106.
206. 308, 306

u102, !0a

FINE
ATTENUAIOR

AOoFESS
OECOOER

u702,
402

0Ata
LATCHES

ueo2,
30?.
402

CONTROL
LATCHES

u502.
EEI

AUT VB - TO A5. A8

aurouT - Io a5, a7. A8, At5

rloinc - T0 At1, Ar3

AGC - TO A5. A6, Ag

Figure &30. A4 Autotange Amplifier Blach Diagram
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8-61. Detector (A5)

Tlre detector board provides the analog to digital measurement interface tot i"}j.e 191rL
receiver. Two measurement channels allo$ simultaneous detection plocesses. The board
has an on-board setf testing capability which gives a board level isolation of ma1-
functions. The detecto! circuits are selfcalibrating, needing no adjustments.

Befer to the A5 Block Diagram and the A5 Schematie Diagram when reading this
description.

Wideband Detectors

The widebend detectors provlde measurement capabllity over a 20 Hz to I10 kIIz
bardwidth. Three types of detectors are provided; average, rms, and peak. Besides
the level neasure ent in level/frequency, t'he detectors also provide signals for other
frequency and transients measurements. The detectors are assumed to be linear and are
ctraracterized by slope and interoept paraneters. The software for the Ievel neasure-
ment corrects fo! both these hardwale paranetels.

Au of the wideband detector inputs to U701 and II?02 are ac coupled to remove any de
offsets fro the prevlous clrcuits. The connections to the autorange amplifiers have
diodes across the ao coupling capacltors $hlch provide a dc path to prevent lockup
during autoranging, These inputs are then applied to a nultlplexer which in turn
feeds into the yrideband detectors.

The ful,t wave average wideband detectors aonslst of an absolute value amplifier, and a
smoothing filter. The absolute value amplifier (U300-U303 and U400-U403) is aa opera-
tional anplifier with diodes ln the feedback to half-wave rectifies the si8!a1. The
output of tbis half-wave rectifier is buffered to allow the preolse dc offset voltage
of the elrcuit to be measured; othemise the feedback diode would be turred on giving
erroneous results.

The nns deteetor is an rms to dc converter, U601.

For average detection, a 5 Hz, third order, flat delay filter is used (U201).

For peak detection, the absolute valued signal is applied to the eonverter cireuit
described below.

Narrowbank Detectors

The narro$band detector circult ls the only one that does full wave average and peak
measurements. The level neasurenent capability is used ln the signal to noise, phase
jitter, P/AB, transients, and lntermodulation distortiott measurements. The output of
the detector is sent to the transients hardware for hits ard dropouts detection. FoI-
lowing the full wave average narrowband detector is a low pa.ss flJ.ter whlch is identl-
eal to that folloniag the absolute value anplifier in the fuII wave average nideband
deteetor.

The absolute value eircuit here, 8s in the wideband channel, is an operational am-
plifier with diodes in the feedback path.
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Converter Circuit

The converter elrcuit does analog to digltsl converslo[r of deteator outputs,
the peak detection procesa, 6nd generatlon of a preclsloD callbration slgrral. AII of
these firDatlons aDe under softsrere control. Two analog to digital converslqr methods

used; successlve approxination and traaIing. In the suooesslve approxlnatlon
method, the processor l@leoentr the algorlthtr and register. fn the tracking method,
the odtverter clrcuit ls lndependeut of the proceasor, and the pnmessor is free for
other tasf,s .nd can read tbe result of tJre analog to dlgltal conversion process aD!f-
tlme. tle pea* deteatlotr process ls also inrlependent of Ure processor.

The converter alrcult ooslsts of a aofiparator (U106), the baslc enelog to dlgltel
interface (V3O5), a programnble up/dorrn counter (V3O6, 106 and ,06), a register for
readlng the counter (U405 an<l ,0r), ard ottrer adrtrol logla.

used as inputs for a state Dachlne lnpleueDtatldr

RCO indlcates wheD Ule counter ls at tbe Urits of lts rarue,

t{here the software cen read it.

CO,IP lndlaates that the detector signal ls less than tbe DAC output. U./D tndt-
cates that trhe counter ls counting up or dd{n.

Tle up/do*n courter aontinuously counta, changing the dlrectlon of aountlng upoa re-
achlng all zeros or all ones. The ]ltrlt cqtdltlom ere seDsed by uslng BCO alld U/D.
This g€nerates the Dext state for U/D. Tl|e enable line to {rlre couDter 18 alrrays logl
cally tnre. A preclsion calibratton llgnal ls generated by the cooverter for reasur-
ing the galn aDd da offset of the detectors. Itris signal ls a trian6le rave
by the up/doryn cqltrter and the digital to analog cdrverter. Slnae the coverter 13
used to both geDerate a stgnal, and to reEd lrtre result of that sigaal, lt ls not pos-
slbl€ to do both sldrltaneorsly. The analog fllters foUofling the detectors provide
an analog storage of the deteator output rhlle the functlon of the cqrverter alrcult
is oh6nged. Por the pe6* detector, a dc reference voltage ls used rhich l! lndepen-
deDt of the cdrverter clrcult.

In the treaIlpg analog to <ligital cqwerter node, the U/D llne of the counter la co-
tro1led by tJre aoparator signal, aourtlng up rrhelr the DAC ls less than the lDput slE-
nal. The traallng AD|C uust slso limit trhelr the input signal ls out of raDge. To do
thls, tlre 1*rest aDd hlghest count must be detected, as rrell aB uhether tbe lnprt slg-
na1 ls beyond these Llnlts. tlre llmlts of the countlng range ane detected by utlng
BCO and U/D. C0l,lP lndicates t re input sia1af out of range condltioD.

fhe luccesslve approxlnatlo enalog to dlgital colverter ls a coobinatlqr of softt{are
dd hatdware. Tle softerare sets tbe DAC level by pro$anntng {rre counter as a latah;
it also reads the state of the cqnparator. The softrrare in the receiver processor
inpl€ments the algorlthn.

The peak detect node is a coblnatlqr of har{ware and softrare. Ihe
determines rrhether the lmtantaneous value of the slgtral ls above the prevlously
stot€d pea[ value reslding ln the progrannable counter. If it is larEer, tteD the
pealr value itr the coutrter in inareased to follo&, the pea* of the signal.. By eraiting
Iong enough, the true pea* value of the slgltal ls stored ln the counter,

thls process, tlre softrrare is exanlnin8 the
cqrtetrts of tJle programable counter because lf the slgnal exceeds tfie upper input
voltage llnlt of the cdrverter clrcult, the counter goes fr@ the highest count to tlre
lorest. Tbe softrrar€ detects this and lDdlcates an overran8e conditlon o the peEf,
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Software Interface

The softuare car read the cqrtents of the counter durlng operatlon, change the fuac-
tlotr of the cdrverter rrithout disturblng ltlre contents of the counter, and set the si8-
DaI patlrs on the boerd. Ihe aolrtrol funatldB are contained in t$o bJrtes whlch have
separate addresses. The control furctios are bro&e[r up lnto two groups, detector
seleotlo, and deteator aotrtrol.

Detector Control Bits

PoIIorrlDS lr a descrlptlqr of the cqrtrol blts for letah U70r.

Btts 8-6 are used to control an
mrltiplexer selects betseelr the

analog m[tlplexer at tbe trideband channel input. tblr
slgaal lnput frqr lthe rrldeband autorange a!-

plif ler, the narrorrband autorange a[pli f ler, calibration slgnals interral to the
detector board, and other lnputs frm other boards used for self-test putToses.

elther a Iatch,

Btts 8-6 ao[trol an analog nultlplexer rrhlah seleat! t[e lDput slgDal gofui8 to the

Blt 5 ls not uaed,

Blt 4 aontrola a translstor sultah $hiah turna the calibratlon sigaal or DAC output @
or off to the lnput of tbe
snltch lsolates trbe channel

mrltlplexer controll€d by btts 8-6. Orls translstor
lnpuk froo hlgh frequency signals gelrerated by tnre DAC

durlng tbe analog to dlgltal corversl.on process. llhen t[is blt ls a ole, the trersls-
tor ls qr and shuntlng of the callbratlor slgaal off.

Btt 3 ts Dot used.

Blts 2-I are used to aootrol ttle rode of lilre cdrverter alroult by selectlng nodes o?
traoklng ADC, peak detector, or preclsio triaDgle rave generator.

Fo[otritrs ls a descriptlo of the blts for latab U60r.

t-l Eelected oan be fr trlre DarroubaDd
autoraDge aopllfler, the uldebend autorange aryllfler, tro calibratlor s
or self-check sl8nals.

ignars o a5

Blt 5 selects the wideband or larrdrbatrd absolute value arpllfler output for t[e fu1l
wave rectifled path.

Btt 4. The selected full rrave rectlfied slgnal from elther the wldeband or lerrorbard
detector ls eitber etrabled or grounded by tbls cqltrol. ltrren not ln use, the cotrol
ls Bet to ground to prevent high frequency slgnals frm aausir8 crosstall at tjre
detector nultiplexer.

Btts 3-1 co[tro1 an analog: nultiplexer rrhlch selects tbe outputs frm aII the detea-
tors and appues dre of tilrem to the lDput of tbe converter cirault.
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The cotents of tbe converter elrcult cen be read rrhile the cqltrters are ln operatlo.
The ltate of the cooparator ln tbe coverter olrcult catr al3o be resd by the proaer-
aor. This coparator output ls tlre nost slglrlflaelrt blt of the cooverter ortlut.
ttl! blt lndiaates tb.t the lnput slgual ls greater than tJrc DAC oltput.

BECEIVEF
AOoBESS Bt S

LREN
FR/I

FECEIVEB
OATA

BUS

CONTROL
SIGNALS

Durlrg a cqrvertor read, the UrO, btts have t'he foUorrirg neaalng.

Btt! 4-1 rtir the rcrt sigllflcaDt blts of c@verter alrcult output.

II3 CAL
sI0Bit 8ls htgh lf t[e lnput slgael ls gneater than t'he slgtal level

lato tlrc DlC.

Blt ? ls thc UplDon blt to programable colltrter. fhl! output 13 htgb lf tlre cornter
ls aolrntllg up.

Blt 6 ls the &rable collnt bit to pr€ramable counter. fhls ortput ls lor if tbe
od.rnter ls enebled.

Blt 5 ls tbe boatd plese[rce bit and 1r grounrle<!.

RECEIVER
oATA
BUSn

U40, hofds the elgtt leest slg[lficaDt blts of coverter alrault drtprt.
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Figure 8-32. A5 Detector Blach Di.agratn
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lhe stste of the cooparator ln the coverter clrcult cl! also be rcad by the proaar-
aor. ttk corparator drtput ls the [ost rlguflaant blt of the cdrverter outprt.
t}lr blt lndicates that tbc lnput slgasl ls g?e8ter than the DAC qrtFrt.

Durln6 a cqrvertor read, the U505 btts have tbe follodng leallng.

Btt 8 ls htgt tf tDe lnput slgaal ls greater thrlr the rlgDal level pro3rrDcd
lnto tlre DAC.

Blt 7 tr txte t p/DonD b1t to prograrmble cquter.
ls cqllrtllg up.

fhl! drtput 1! hlgt lf the couter

Btt 6 ts the hable count blt to programable counter. fhlr c|rtput ls lorr lf the
courter ls elrebl€d.

Blt , t3 tlre boat{ plesence blt anl is grouraded,

Ihe aotents of Ure a@verter clrcult ceD be read rlhlle the comters are la

Bltr 4-1 arr lrhe Dost sigrlflcaDt bltr of covelter clrcuit output.
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Figure 8-32. A5 Detector Black Diogram
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8-62. Jitter (A6)

T[e ,ltter boarri ls ured to lrke lrplitude aDd phase Jitter reasursEnts. Arputude
,ltter ls unrrant€d aoputude nodulatlo and phase J itter ls ut {anted phase nodulatl@.
Jltter neasurements are Dade by r€DdlDg a lure 1004 Ez Elgnel over e connutrlcetlos
ahannel lod rcasurlng tbe nodulatlon accryanying the toe as lt ls recelved. tte
1004 Hz tdre ls geDerated by txre fransnitter board (A18). tle Jltter boatd l! ured to
tlecover tbe uodulati@ frqr the received slgDal.

Ilterferlrg llgaels dr a telephdre llne [ost lixely to aause a[plltude or Dhese ,ltter
are the 20 Ez rlnglag toe wlth lts haruolcs ald the 60 Ez porer llDe xlth ltr hlF
osrlcs. llodulatlo ooopotr€Dt3 .t ?requellale! abovc 3@ Eu aDC rare, aDd rrh€o tbcy do
occur, tbey ere noroally aaaompanled by aoponelrts at lorrer frequelraier. ID an effort
to trduce tlre effects of "qrt-o?-bard" nolse @ the [easureueDt accutacy, thc rccclved
slglal fu flrst pasred thror,gb a 600 Ez to 1400 Bz band pas! fllter @ the 12 boat{
before reachhg A6.

Arylttude ard phare Jittar are lea8u!"ed lu three fr€quelroy brDds: 1to 20 Es, 20 to
,00 f,z lnd 4 io 3@ E.z. lqlltude ard ph$e neasur€o€rts cen be lede separately or
shultareously ln any qre or ln aU tbree frequency band!. Pbase J ltter k e:prels€d
1I deg3ees aDd anplltude Jltter l! express€d ln peraent.

Phase Jttter lc reasur€d by llrst pasrlng the reaclved stgnal tnrough a rlne-to-lquere
$ave cdlvertor ( zero-crosslng det€ctor). tle output ls a ffl. coopatlble lquare wave
whlch ir leDt to a Dhase d€rodulator. Tbe ortput of tbe phrse deoodulator goe!
th!flgh a lorr pals tllter ltrd !tr analog-to -dtgttal c@verter wbere lt ls cmvcrtcd to
dlgltat fom to be re6d aDd lDter?reted by the recelver Dlaroproaessor (Al0).

&lttude Jltter lr neasut ed by fecdtlg a fulhrave rectllletl verslo of tDe lDput
llgDel to elr aryUtude deoodulator o A6. tte a[putude denodulator coslrtr ol a
hlgh pass fllter. fo leasure the dcoodullted Al{ level nelatlve to the carrler, the
carrler level lr alrrrys adrusted to beat a let level before the deoodulated lll l! !ea-
!ur€d. fbe canier level 1r set by uslng the fln€ attenuetor o A4.

Sine-to-Square Wave Converter

U708, U606 rDd thelr asroclrted dlscrete part! lale rD the slDe-to -!qua!! mve co-
verter. fhc ruto-ranged lnput rlgaal lr laprt o plns 43 aut 44 of PI. lay da copo-
neot ls Deoolr€d by tlre bigb palr fllter Cr8, Cr9.!.1 B?8. Cn9 elrl CnlO provlde ot er-
volt.ge protectlor for II708. Atter auto rargllS, tbe rlgrel level !t the laput to
It708 ls .?5 1o 2.5O volts ro!. tlc lnput rl3aal 1r applled to Il?08, a tro rtage dif-
ferentlal anpllfler, .Drl tlr€tr to U606, a hlgh-gala aoparator. &e aoqarator drtfut
l! a fTL aopatlble rqrr3rte rrave. fhe rquare rret e level traDsltlos colnalde rlth the
zcro arorslngs of the siue rave lnpnrt.

8-2?8
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Jitter (^4.6)

The Jitter board is used to nake aDplitude and phase jitter measurements. &nplitude
jitter is unwanted anplitude modulatlon and phase jitter is unwanted phase modulatlon,
Jltter measurements are nade by sending a pure 1004 Hz siglal over a communlcations
channel and measuring the modulation accompanying the tone as it is received. The
1004 Hz tone is generated by the Transmitter board (AI8). The Jitter board is used to
recover the modulation from the received sigaal,

Interfering signals on a telephone line most likely to cause ampLitude or phase jitter
are the 20 Hz ringing tone vrith its harmonics and the 60 Hz power ]i!e with its har-
monics. Modulation cmponents at lrequencies above 300 Hz are rare, and when they do
occur, they are noroally aocompanied by components at lorrer frequencies. In an effort
to reduce the effects of "out-of-band" noise on the measurenent acoulacy, the receiv€d
signal is first pa.ssed through a 600 Hz to 1400 Hz band pass filter on the A2 board
before reaching A6.

Inplltude and phase jltter are measured in three frequency bands: 1 f,o 20 Hz, 20 to
300 Hz and 1to 3OO Hz. Amptitude and phase measurements can be made separately or
slmultaneously ln any one or in all three frequenay bands. Pbsse jitter is e:<pressed
in degrees and amplitude jitter is e:{pressed in percent,

Phase jitter is messured by first passing the recelved signal through a slne-to-square
wave convertor (zero-crossing detector). Ttre output is a TTL conrpatible square wave
whlah is sent to a phase demodulator. The output of the phase deflodulator goes

.)ogt a low pass f ilter and an analog-to - digital converter where it ls converted to

=taI 
form to be read and interpreted by the reoeiver microprocessor (A10).

Anplitude jitter is measuled by feeding a ful1-lrave reotlfied version of the lnput
slgnal to an amplitude demodulator on A6. The anplitude dernodulator conslsts of a
high pass filter. To measure the demodulated A levet relatlve to the carrier, the
carrler level is always adjusted to beat a set level before tbe demodulated l},l ls mea-
sufed. The carrier level is set by using tbe fine attenuator on A4.

Sine-to-Square Wave Converter

U708, U606 and their associated discrete parts malre up the sine-to -square wave cor-
verter. The auto-ranged input s igaal ls input on pins 43 and 4/+ of Pl. Any do compo-
nent is removed by the high pass filter C58, Cr9 and R78. CR9 and CR10 provide over-
voltage protectlon for U708. After auto ranging, the sigral level at the input to
U708 is .?, to 2.5O volts mts. The lnput signal is apptied to U'708, a t+ro stage dlf-
ferentisl anplifier, and then to U606, a high-gain adlparator. The comparato! output
is a TTL compatible square wave. The square wave level transitions coincide rrith the
zero crossings of the sine wave input'.

OO oo
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Phase Demodulator

Tlere are two phase modulato! circuits on A6; each with a different high pass oharac-
teristie. Each conslsts of a phaselocked loop made up of a phase detector (exc1u-
sive-oR gate), a low pass filter 6nd a voLtage controlled osciuator (VCO). The
overall frequency responBe of each phase locked loop is second order high pass.

2O Hz Loop

The first loop provides a20Hz high pass oharacteristic (U108, U208, Uit08 and U508).
Phase detection is provided by ttte exclusive-OB gate (Ur08C). U408A is used as a non-
inverting buffer for the phase detector output. U/t08B is used as the J.oop filter, q
first-order low pass filte! with a L2 Ez outoff. R58 ana R59 establlsh a 2.5 voLt
reference at U408 pin ,. R12, C3, and C36 determine the response of the filter. CR4
through CR? Umit the voltage swing at Ud08 pin 7 preventing the loop from locking
with the VCo tuned to a harmonic or sub-harmonic of the 1004 llz input slgnal. CR3
sbifts tbe level of the illter output to the input of the VCO,

U208 is the voltage controlted oscillator. It is a timer in an astable conflguration
fed by the collector current from QI. This current detemlnes the output frequency at
U208 pin 3. The collector current of QI is controlled by the base voLtage. The out-
put frequency at U208 pin 3 is approximately 1OL6 Ez. U108 is a dual J-I( fllp-flop
whlch dlvldes the frequency by four to 1004 Hz and oonverts the VCO output to a square
$ave. The output of Ul08 is fed back to the phase detector (U508) for comparison with
the lnput signaL.

Ihe U108 output also goes to U607 which acts as a buffer and provides a alean 1004 Hz
carrler for frequency measuremeat. This cLean carrier also goes to the calrier output
on the rear panel (on 459).

4.OHzLoop

Thls phase denodulator is essentially identical to the 20 Hz loop except that the Lon-
pass filter has a 2., Hz cutoff, Thls ma*es the overall. lesponse a second order, 4 IIz
high pass. This loop has a long aquisitlon tlme so an "out-of-1ock" detection clrcuit
(ll205, IJ3O, and U508B) has been added to shorten the time needed to aquire loak. U3O5

with R5I and C40 produoe a square wave that lags the input square wave by 90 degrees.
,lhen the loop is locked, tne VCO output (U106 pin 15) leads the lnput square wave by
90 degrees. Thus U305 pin 7 is 180 degrees out of phase with U106 pin 15. In this
case, the voltage at !2O5 pin 2 is near +r.0 volts,

U205 fturotions as a low speed comparator. R3I and R32 set the reference voltage at
pin 3 to +3.7 volts. In the locLed condition, U205 pin I is -15 volts and Q405 is
off. If the loop is not }ocked, the voltage at V2O5 pin 2 faus befow +3.7 volts and
the output of 1J205 go€s to +I5 volts and Q3 turos on. Ihls resutt's ln R54 being
shunted by Rr3 which decreases the loc* aquisition time. After lock is aquired, Q3 is
turned off and the lolr pass filter is in its normal state.
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Amplitude Demodulator

Ihe anplitude denodulation process sctually
fulI-uave rectifled. This rectifled signal

begins ql A, rhere the received slgnal ls
ls applied to a l Hz ard a 20 Bz high pass

filter qt A6. Ihese filters necover the amplitude modulatim froo the recelved sig-
nal. U504 and the as3ocleted dlscrete cmponents
Swttch U506 selects one of these fllters. IJ'O1B

me*e up both high pass filters,
anplif ies the demodulated anPutude

Jitter signel to approxinately the sane level as the de odulated phase Jitter signal.

Iory Pass Fllters

Both the arputude and phase demodulators e:$tblt hlgh pass frequency
characteristics. The lo+r end autoff of the overall Jitter response ls by
the demodulator. To establlsh a high end cutoff, the demodulator outputs are sent
through one of t$o loH pass filter8. These fllters also remove the carrler and any
hernonics which may heve been generat€d durluE denodulatlon.

U104A 6nd B act as level shifters lrlrat renove any dc componetrt froD tlle demodulator
outputs .

The ,00 Hz low pass fllter aotrslsts of U102 and lts associated dlscrete conpoDents.
Thls filter is a three stage, fifth otder filter that lnverts and provides a slgnal
gain of +I8., dB ln tfie passband.

fhe 20 IIz loo pass filter conslsts of U200 and lts assoelated components. fbls ls a
three stage fllter that lnverts and provides +18., dB gain in the passband.

Analog to Digital Converter

sigml patfi and oonvert tbe demodulated lrd flltered output sigBal lnto dlgltal
for use by the reaelver nloroprocessor.

A6 i8 addressed by tbe nlcroprocessor m AlO throuSh address co@arator U400. U400
pln 6 goes high when the addreas oD the RA lines natches tbe A6 address. llheD ad-
dressed, address decoder U500 geoerates a cblp seleat slgnal to the part ol ttre A6
board betry addressed. Etght bit conands are wrltten to tbe A6 boerd vla the nD bu!
to W00. Ihe Ir700 outputs dlreatly adrtrol the hanlrrare set-up of tbe board ttrrogh
snltches U204 and Ur06, and the analog mrltlplexer U302. The hattrrare setup can be
verilied by the r€ceiver rlcroprocessor through the output latch U60O.

Ttre reualning A6 circults cotrtrol the Jltter neasur€oenta by lelectlng the apprcprlate

The deslred slgrtal is selected by t'he anelog nultlplexer (II302) and routed to the
log to digital converter. (U402) nhtch ls an eight bit cqrvelter, +, volt and -, volt
refer€oces are provlded by voltage reg:ulator (Ur00) and lnvertlDg buffer (U200). Thus
U402 can read lnput voltages fror -5 volts to +, volts. llhen U402 pln 1l goes 1or, a
conversion of the lnput voltage is ma<le lDd Ule result of any previors converslon Is
output @ tJre data bus (m-D7) tlrrowh tJre output buffer Ur02). Thls Jltter
melrt data ls sent through the output br.rffer U502). Thls ,itter neasureoent data ls
seDt to the receiver nicroprocessor.
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Besldes releatiDg the denoduleted arputude .nd phatc J itter riSpals, !3O2

o VCO inputs fro the trro Dhale locIed loops.

o tle +l volt refeleooe of the A to D coovetter.

or dlSltal 8toutrdr.

These slgaals are read durlng self-teEt to lDlure correct Jltter boat{ operatl@.

Ihe derodulated arylltude or DDrre Jltter rlSaal ls uade rvallable et the rcar parel
vla a path frfl U302 ptn 12 tnrpugt eD.log sritab Ur06 aDd bulfer U102. B€aau3e the
uarlous filters dr A6 are tlDe-Bbarcd, t,hc deuodulated ,lttar ltgnal lr stable oly
nhen ueasurlng eltber arylitude or pDese Jttter (but not both) ard oly h one of the
tlrree possible neasut€oeDt blDds.

o
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Figure 8-34. AO Jitter Boord Bbch Diagram.
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8-OB. US Envelope Delay (A7)

A7 ueasures the envelope delay dlltortldr. tle lnput to tbc boatd ls fro the A4
rldeband autorange aryllfler (AUIOUT). The 2 lrgz bandpas! ftlter (U404, ttr,l0?, 11601,
U60l and Ir?07 ) ts used ln the Drlter/slave rode. It allor,r
rcot to be nade wlth the FStr tones and the pllot toe Othemlre thlr fllter
ls not used
AGC clreuit

alrault (1303, gr0?).
edJusts the gala of tbc AlrTOUf rlgaal to teep the level cost Dt.

fhe leadllg cdge d.tector (U20O, U30O) fl!(l.3 the Dh.se dlffcr€oae befilcro
rl,.e 87 Ll3 Bz clgual tr the bl8h-Q charrel .!d the 83 U3 lz refer€oce
slgaal.

the luput sigaal goes dlreatly to t'be

bc lelccted. ID all nodes otber thlD rnveloEe dehy, t,he callbratlqr sl3nal la
l$ltahed lnto the tro chaDnels. fbls Xeeps tlre fllter tunltu correat ro that nhco aD
€trvelope delay Deasur.oeot lE nade, Ure fllteB are tured and Uttle lettung tlne ls
needed.

lssurltrg an envelope delry [easurereut ls betng [rde, the AUTOITI rlgral ls appued to
tfie htgh-Q and lorr-Q ahamel!. Itrcrc lr a 90 deSree phare rbift between the tro ch€n-
neIs. Tbe lqr-Q cblDrel (11201, Um?l provldes a phale rGfereDce for thr bl-Q channel
(U102, U103 atd U104). fhe outNt of the blgh and lo$ ahantrels k coparetl by a pblre
detector lD the slgDal correotloD clrcult (U104, U2O1). tlc output of the DbEse
deteator goc! to tle lntegrator provld8 a frequeDay aorrectl@ rl3[.I

After tlre AGC olrcult, clther tbe AUlOIrf ltgaal or en 83 I/, gz callbratl@ !

other edge chltrges fro bei!8 detected.

FB0t't
lt4

FB!! rurour

niflnn

PHI t

FF./T

to tLe hlgh-Q chanael to stablllze the loop.

In a sueep Dode, thG aorreatidr atgal ts dlrabled to prev€lrt undeslrable correctlon
llgDals as the lrequenoy cbange!.

tle olrtFrt ol tne blg[-Q cheltnel trlggeru a @e-rhot (U300) nbtch ltlrtr aorrthg and
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Figure 8-36. A7 Enuebpe Delay Bloch Diagram
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8-64. Frequency Counter (A8)

A8 contains the frequency neasure rent clrcults as nell as the lnpulse nolse detectors.
Tlre frequenay meaaureDent systeD works urder the direct control of the Al0 receiver
processor, while the impulse nolse detectors are set up and poUed by the transients
processor on 49.

Frequency ueasurlng is accmpushed by squarlng tjre autoranged lnput slgnal fro
eltJrer the narnow or rlde band and cloa*lng a dlgltal counter wlth lt. A secood
couDter ls cloclted by e loor|! referetrce frequency. Ttre receiver processor lnltlates
tlre Deasureoelrt by resrttlng t re counters slnultaneously. After the refer€Dce
cornter has aoutrted 50,000 reference perlods, the [easur€oelrt Etops atd the tero
counters are read. Iten the counta are divided ard rcaled by a aonstant, the result
lr tbc lnput llgDa1 frequenay.

TIre lryulse nolse detectors are progranmsble da thrBhold aooparators (DAC).
fhe tramient! processor determlnes the proper thresholds to progran lnto
tbe aooparators for the three lmpulse nolse settlnga selected and prograns
t'hree DACs accor{lngly. The DAC outpuk are cmpared agaimt the lnput
slglal and any resultlng detector output ls stretched by a one sbot (U4020
to iBure thet tbe translents processor sees lt whelr the detector lB poUed.

Frequency Meaeurement

The frequency neasurlng portiqr of A8 ls dlvlded lnto three [ala seatlos: recelver
ptrocessor lnterface, lnput slgBal squarlrg, and perlods countlryi.

Tlre recelver procelsor lnterface ls the Address Decoders (U403 and ,03), Itput ktch
(U303) and Data Buffer (U304). The address decoders select four recelver b{rs ad-
drerses for cootrolllng the variors boarrl functlqls. Ore of the3e addressea eD8bles
the lnput latab. fhe lnput latch outputs cortrol the perlods coutrter reset, wide or
narrofl band ohamel aelectlo, and counter output scannlng. &ro other addresse8 €!r-
able the Data Buffer to r€ed elther the "perlods" counter (U101) rhtch aounts perlods
of tbe lnput slgnal or the 'tlme' couDter (U102) rrhtah coutrts perlods of the r€ference
clocX.

Input slglal sguarlag for tfie trro bands ls dme by analog coparator clrcults (U205,
U30, and U40r).

For the wlde band slgDal, a passlve Iofl-pas! fllter reooves any high frequency noise
rrblah nlght cause cGparator srrltahltrg erro$. the slglal ls ttren lnverted ltd both
the lDverted end no-lnverte<l slgnals are applled to threshold coparatora rrhose ort-
puts drlve the set lnd reset lnput3 of a fltpflop U103. To lEprove nolse lnnunlty,
the dc fulI-rrave avera8e of the slgt|al (FHAI{B ) ls used to set the sritchlng threshold.
Tbe output of the fup-f1op ls e dtgltel aquare rrave rdth the sa[e frcquency as the
lnput waveform.
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In the n6rroq, band, tbe phase Jltter fllter m A2 or the transielrts Be8sel fllter qr
A4 is used to provtde noise inmunity. An addlttdral bandpass filter elso exlsts qr
the input to the nerrowband sguarlng circuit (U40, and assoclated co-
ponents). The squaring clrcuit Just perfoms haffnave reatiflcatldr before applylng
assoclated aoiponents). The squarlng alrault ,ust perfoms belfwave rectiflcatlo
before applying t.he slgaal to a flxed reference coparator. lleasuring frequenoy in
the narro[ band implies ueasurln8 a holdlng tdre close to 1000 Ez. T]re squarlng
clrcult does trot functldr properly out8lde thls felrly narrox ratrge.

fte squar"ed lnput Tave 18 selected lroo elther trbe Darror or rlde band aDd applied to
the perlods counter (U101). Thls aoutrter and lts conrtet?art neasuring the
clock ( U102) are five-decade, BCD courters. Ttey are rcset aDd €[rabled under so?t-
ware cdrtrol. The ooutrters are dl3abl€d by tne faUlng edge of the lnput cloc& efter
the refer€nce counter has exceeded,0000 aounts. The counters are tben r€ad tJrrough
the data buffer and the fr€quency la deternhed frs the c@tcnts.

Impulee Nolee Detector

fre l[pulse noise det€ctor lc lndependent of tlre fr€quenay alrault. It corsists of
the translents pnmessor lnteDfaae and the three threshold coryarators for lor, mlddle
ancl hlgb value lpulse detectlqr.

The trarEl€ots pnmessor lnterfaae ls the lnput latah Ur01, the latchir8 lnpub of tbe
DlCs, and tbe ortput hrffer lrr02. Erebles for each of thele coe fro the translents
processor (49). TIre lnput latch aats as a buffer betxeen ltlre processor bus ard the
DACs (U20I, U301, and U40t) wbich are not fast endrgh to latch tbe proceasor data dl-
rcctly. l$en wrltlu6 to the DACa, the processor flrst wrltes to tlte lnput latah aDd
then €nables tbe approprlate DAC @ the ne:c cya1e.

fhe thr€e DlCs corvert the dlgltel outFrts fro tte traBl€lrt3 procelsor lDto da
Ievels correspqrdlng to the deslrcd lmpulse threshold8. only the lon threshold DAC,
U401, has lts level set directly by tbe referelrae dlode CRr. The otlrer two DACr
derive tlrelr leve1s fro tbe output of the prevlous DAC. Orlr way tJre [ld and hlgt
thr€sholds can be let as lntervel.r above the loe tbr€shold. Ibere tno DACa ene coD-
ftgur€d as divlders so tbat thelr ortputs are alrays gnaater tDeD that of tlre prevlour
level. tle DAC! alrays lnvert fro tlrelr !'elerence, so the lqr threlbold DAC har a
negatlve r€fereDce whlch glves a posltlve qltput but the lld threrhold DAC t'he[ has r
positl,ve refereDce. ttus lts output mrst be lnverted before 8ppUcetlon to the

The absolute value of the lotched slgaal ls lppued to the otlrer lnput of the coopera-
tors so that 6ny l@ulre of sufflal€nt alpUtude breafs the tJlreshold of t re deslg-
nated detector. Ttrls ceuaes a short pulse et the cooparetor output wblcb ls stretahed
to 300 us by the qleshots U402 aDd 11502. Tlrls insures tbat Ure transents processor
oatches tbe i@ulse it poUs the deteators every 200 us.

HIGH
INTERVAL
OTOA

CONVERTOF

u201

NMTHLO

EAn

INPUT
LATCH

u3or

TIO
INTEFVAL
OTOA

CONVEFTOB

ONE
SHOIS

uaoe
u50a

TT:EI:Iil

u302

NLTHLO

u401

L0ll
T}GESHOLO

OTOA
CONVEBTOF

cor4PAnaToRs

lEr,Fl

EnrrIIl

Er,n

rf:l

a
CONTFOL 

--CONTFOL

BUS ' SIGNALS

NHTHLO

FNEOUENCY COUNTEN

SCAN

II{PULSE NOISE OETECTOF

NLATCH

FFOI
Ag

TRANSIENTS
O TA

8US

E

t

t TRANSIENTS
BUS
BIT 7

NH 8UF
N[ BUF
NL gUF

hnr,m

Lnm

n:Fm

AUTVB

Tnm,

AUTOUT

262 (Hz

FBOI,I
Aa

FFOI4
114

A5

A5

la

4

FECEIVEF
AODFESS

BUS

NECEIVER
o lA

BUS

T8lNB
SELECI

CONTFOL
SI6NALS

43

t

7

FJ

Figure 8-38. A8 Frequency Counter Bloch Diagram

8-2,.9

NIRROT{8Ain)
INPUT

SOUAFING

u405. 305
u205

u10., !05

EANO
SELECTOR

:LFF'I

I

BROAOBANO
IiIPUT

SOUARII{G

u305, 205
u105. ro3

A00FESS
OECOI'ER

u403
u503

PERIOOS
COUNTEF

u10t

OATA
EUFFER

u30{

T IME
COUNTER

ut02

OATA
SELECTOR

TIFTF]
INPUI
LATCH

u303



o^^^
F

3a

o
G
a

t

I,

txo3
G,

I,

o
I'

E

t,

I

I

t,

lr

t,

E

rI

t'

ll
o
lJ

ll

o
It

IJ
It
tl

rI

o
l,

l

l!

t,

H

o

ttrn

tl

a

2

a

1t9

t20

l{lDE rrl u.s.l.
o+a{s-80008
COUNI€i EOARS
REV E-2!{O-38

EEABEA

04945-60008 0-9/83 REV. A-2337

8-29o



rEî 8 
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8-65. Traneients Detector (A9)

Introduction

A9 adrtalns the naJorlty of the translelrts detectlff clrcultry. It cdrtalns the tran-
slents nleroprocessor, dropout detector, galn hit detector, aDd phase hlt detector.

Tbe trarrslents n lcroprocessor ruls

hlt ls not

processors. Its firnctlqr is to lnltlalize thc tr6BleDt detectors to tbe proper
thr€shold valuea aDd to cdrtrol the tlntru iDtervals ard bieraraby assoaiated rlth
eeoh detector.

The dropout deteator loolrs for a drop ln tne holdlng totre leveI to 12 dB belor lt.
origlDal level. Thls detector also Dust cqrtinue to lndlcate t re pr€sence of the
dropout evetr rrhen Dolse has brought t re slEnal tevel back up to the holdlng tone

Galn hits mlst be detected for botJr positive lnd negatlve ohanses ln gain. The galu
hit deteator notrltors the full-rave auerage value of the slgnal and aoopares lt
agalnrt voltage thresholds above and below a sanpled-end-held verslqr of the lest es-
tablished reference. once a galn hit has been detected tbe saryle-and-bold reference
ahanges to the nefl leuel.

Pbase blts lre neasured uslng a phase-locIed loop nbicb ooopanes ttre phase of tlre cur-
rent slg[al against tbe loop phase. tte bandwldtt of the loop ls suah ttut a pnase

lndependeDtLy of lrlre recelver end Eyste[ trlaro-

ort untll after a 4 ns quallficatlon tlne hes passed, b{rt ls
integrated qrt after a 125 ns blaDf(tng lnterval.

Ilansients

fhe transients mlcrqrrocessor (U102) operates o a 2 lmz aloaf derlved f!6 an 8 lh8
arystal (yI) and an @-boerd clock g€oerator. Suporting the nlcroprocessor are tzlrc
A9 select decoders U802 and U902, input latch UrO2, output latches Ur02 and U402,
h&dshake control flag U702, translents RO,l U400, BA!,1 U600, and tratrsl€lrts eDab1e de-
aoders U80O and U900.

The tranrlent3 plrocessor cdrtrola tbe set-up of the translclrt deteators orce tbey are
lnlttauzed by tbe reaelver processor. Ihe resultlDg detector date lr sent baa[ to
tlre recelver processor. Conuniaatior nltlr tlre recelver prloccssor t*e! place through
the input and output buffeB uslng a handshaf,e rystem dlreated by the colrtroI flags lD
WOz, A wrlte frdl the recelver procesaor to the lnput letch eutmetlcally sets the
lEput buffer fuU flag and a resd from the lnput buffer to tlre trarlal€nts processor
autooatically clears the fla8. Slmilarly, a orlte to tlre output buffer by the tran-
slents proaesaor sets the output buffer full lleg rrhile a read of tlre output tuffer by
the recelver processor clears lt. fhe receiver processor cen reaet the trensleots
processor by $riting to a locatlor rbiah sets tihe fupflop driving tbe processor's ll I
input.

Data fru the translents pl3ocessor goes to the 128 byte nll,l (U600) urder control of
the transieots ploces8or progran rrhich resldes ln the 2II RO,l (U400). Once lnitlallzed
by tbe reaelver processor the transienta procesaor sets up the detector cdrtrols
through decoders U800 and U900. It then runs in a 200 nicrosecqd softrrare loop, pol-
Iing the deteator output br.lffers and aountlng translents.

8-293



Dropout Detector

The drop-out detecto! input is a futl--wave rectified sine wave whose auplitude ls
originauy adJusted to 0.775 V rms. Ihis sigraJ. is amptified by 10 dB and passed into
a threshold detector with a -2 dBm reference (gtving a 12 dB spread). As long es the
peals of the input wave exceed the threshoLd, the output is a pulse traln whose
frequency ls approximately 2 I<IIZ. The pulses trigge! the timer U803 which outputs
pulses of fixed "high time" determLned by its RC control network to be 464us. As long
as tbe input pulse train is consistently about 2 kHz, each input pulse causes atr out-
put nlth evenly spaced gaps. These gaps are prolonged by the retrlggerable oae-shot'
U805 and latch U9O5 to give a steady 1ow output at the buffer U604 as long as no alrop-
out is present.

I'lhen a dropout occurs, the level of the input signal initially falls belon the thresh-
old at the comparator, and tbe timer stops triggering. Tbis causes U805 to stop trig-
gering which causes t'he buffer input to go high indicating that a dropout has oc-
curred. At this point, honever, the noise level on the line nay returrr to the
original level of tbe sigral. If this happens the timer starts to trigger agaio, but
sporadically. The result is that the "gaps" at the tiroe! output are phase shifted
randomly. lloise suppression ciroults, cqdprised of several logic gates at the tiner
output, suppress the randomly spaced gaps and keep the buffer input high until the
regularly spaced Saps retunr siSnalung the end of the dlopout. Because of the oDe-
shot, the detector continues to lndiaate a dropout for 2.35 ns after the dropout ends.
This is compensated for in the transients processor software.

Gain Hit Detector

The Gain Hit detector input signal is e 300 Hz 1on-pass filtered vers ioar of the drop-
out detector input. Slnce the firndanental frequency of the fu],Iwave lectifled signal
ls 2 kI{2, the 300 Hz l@r-pass (on A5) removes aU but the dc value or full-wave
average value of the signal. This dc signal is ampLified by approximately 8 <lB (II703)
and then applied to comparator II?03. T}le other inputs to these comparators are the
reference voltages corresponding to positive and negative gain hits.

The reference voltages are obtained frm a sampled version of the lnput slgnal. Ihe
plocessor closes one half of switch U705 at the stalt of the transients neasureneu,t.
This voltage ls buffered and applied to tbe referece inputs of multiplying DACs U403
and U503. U403 ls used as a divider to provide the positive galn hlt reference and
Ur03 is used as a nultlplier to provide the negative reference. The const ant multi-
plier/ divlder output ls initially latched into U303 by the trsnsients processor,
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nhelt 6 rapld gel! hlt occurE, oDe of the tbreshold8 ls exaeeded because the RC networl
slorrs the refereDce voltage generator 's nesponae to the chenge. Itrls causes tbe co-
parator.output to go 1or, and tre transleDts pnocesaor to detect tbe blt at tbe buffer
output. Orae tbe hit has be€lr detected, lxltcb 11705 opens so tlrat tbe reference volt-
age stays flxed at lts old level untll tbe hlt quallfles. llhen the blt elther
quaufle! or falls to quBufy, both of tbe It705 sritahes are olosed to qulally !e-
establlsh refer@ce with the Deo level.

ayale b€glns agaln. fhe lotrg BC tlme cqrstant issecood sr{ltch lr reopened and
speclfled by tbe dynamtc responle aharacterlrtlc outlined b$, tbe IEEB spealflcatlos
aDd the short RC tlne cqrrtalt (wlth botn snltcb$ alos€d) nult be less tha! 6 ns ln
o[der to count gain hlts at 100 oorllt! per seadd.

Phaee Hlt Detector

Pbase blts lre deteat€d by a dtgttCf puke xldth ueasurlng circult coupled tflth
analog phase-loaled toop. Tne .715 V ros slae wave lnput (AGC ) ts squared (U40r),
sblfted to lTL levels rnd th€n dlvldetl by tr,o (U50r) before appuaatlm to the pbrse
detector (W04). The dlvlde by tro ls es3eotlat ln teephg the toop stlble over a
full ,60 degree llra3e range. The phase dctector ls an excluclve OB gate that ao0parer
the lnput slgtrE1 to a loop feedbact signal. tte phase deteator output ls a pulse tl[t
goes to a data selector (U406). fn Don!3l operatlm, tbe dlvlded ln!'ut frdr
tt704 ts seleoted. The seadd U4O6 tlput ls selected to see lf a phale hlt quaufle!.
frls llgtrel ls the urdivldcd loop fe€dbaal slgnal. lte TTL signal fro U406 18 level

levels nbich are eppued to a loop

AGC

F-ll1lil:tl

hII'irl:trl

EIJFFEF

oH0P0ut
ENABLE

FltASC

|I.FNr]

TrfiTll

TFIX

EirfiT:l

A4

E

shlfted to cqual + !!d fllter U6O6. fre
Iq{-pass fllter glves e loop bandrldth of 100 radlane p€r lecod. The fllter output
drlves tbe voltage-catDolled oscillator U@5. Q8 and 09 llnearlze the V@'g nespose
to plrase. The VCO operat$ at four tines the lnput frequeDay. Ihe VCO ortput goes to
a dlvide by two clrcult (Ur06) tblah ahange8 the VCo output to a squ.rr.e rravc. &ls ls
also rhere tlre Ioe feedbaal slglel cmes fro. Q5 ls used to correct the VOO outprt

fhe output ol U506 goes to aDotber phe.e detector (ll?04) rberc lt ls cqared rl
undlvlded tnput stgDef frm U305. tbe resultlng Frlse (phase dlfferenae) goes thrqrgb
a lldtlDg clrault (Ql, Q2 lrd er) to UDlt large phase hlts. fte stglal goes throul:b
a lor pass filter rhlch pasaes the dc velue of Ure phase detector. fhls dc value ls
proportloal to tlre phase o?fret. tle phase detector Dbase offset goe3 to aoparator
U104. Eere lt lr aqared to a da refere[rce that ls let by tbe transleDts proceasor.
frlr dc refereDce lr tbe pbale llllt 8et fro the frot palrel.
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8-66. TRANSMITTER SECTION

The transmitter sectidr is oontrolled by the Systen Processor. There are four boatds
ln this sectl6.

o Al4 Transnltter Control (O191r-6@L5l

o 415 l{avefom G€lrerator (O191r-60OL6t

o Al7 Actlve Ortput (04945-@0I?)

o AI8 Transnltter Ortput (0494r-60018)

Befer to f}ie 1915A Bloc} diagran, tbe lndlvtdual boald block dlag?Ers erd the
saheratlc dlagrans nh€n readlng thls secti@.

8-67. Basic Transmitter Description

The transrltter dlgitally syntheslzes tIAe 191rA drtprt rraveforrB. It ls cotrolled
through the system processor date bus by seversl latches rrhich select frequeDcles,
tlrpe of raveforn eDd teflnlnations. fre output ls routed through the

ot Ar8 to tbe ,10 Jac[s o the froot p6nel aDd to the speatrer nqrltor/

of the uavefom et the Eive[r polnt ln tlDe.

orlginal rravefom. The ltelr Bteps

aryllf ler.

All trEnsmitted raveforms are generated by the saDe digltal sarpltng technlque. one
coplete perlod of tlre waveforo (slne, PAB, SRL IO, mL, or SBL [I ) ls quantlzed lnto
1024 evetrly spaced tlne sanples. Bech sEryle ls a nunber proportlonal to tre voltrge

fre nunbers are scal€d aDd translated 3o
tbat the ninimu voltage naps lnto 0 aDd the rlsximu voltage naps lnto 2^D-1, wbere
n=Io for slne and PAB, end n=8 for SRL lD, ERL, and SnL HI.

Ihe resulting Dunbers are stored ln RolG as sequeDtlal blnary rords. A programable
rate colllrter ln the traEnltter steps through the nOil lddreller outputthg the $ordr to a
10 blt alalogto-digital converter. Thls produces a stalr-st€p approxluatlm of the

renoved by lor-pass fllterhg, leavitu a sDooth
duplloate of t'he deslred raveforo. l{ith a sine uave, dlfferelrt frequencies can be ob-
tllned by chargtrg the Epeed of the progfamable rate counter.

A variatiqr of thls teahnlque ls ured to gelrerate slgaals whloh are Ure sun of tro or
four slne $avea such as IllD ahecl or IllD, In tbls case up to four prograulable rate
cdmters alteroately address trtre $aveform nolG. Each cornter aa! be for a
different frequenay, and because each coll,rter a(Hresses tlre ssne BoN,ls, the DIC output
loo[s llle a su! of slne waves $rhose frequencies correspord to tbe corrrter
frequencles.

If trro tones of dlfferetrt anplltudes 8re requlred ( as in F$( ) a second DAC can be
r$ltch€d ln to the RO,l outputs in syac witb txre secod rate counter. The output of
thls DIC aEn be attenuatrd before lt's sdded back to tbe nain stglal thrDugh aD analog

8-r01



Onoe the main signal has been generatd it passes through a series of plogrammable
attenuator stages which adjust the level under control of the system processor. Then
the signal enters a balanced active output stage and goes through a series of relay
selected impedances to the front panel. Other firnations suoh as HOLD, DIAL/TALK, aDd
TK BATI are also relay selected at the output terminals by the system processor.

8-68. Transmitter Control (A14)

The transnitter controller boani is the conmrnlcation lin]( between the t"ansmitter
(A18) and tbe system mlcroprocessor (A11). It consists of four main sections: trans-
mitter contol, fractionaL- slDthesizer, lilaster/Slave FSK control, and envelope delay
noduLator.

Transmitter control ls directed throryh AId by the systen processor. Address decoders
on the Al/r plovide enable sigrals to the various control latches throughout the trans-
mltter boards. Inputs to the latches ccnre from the system data bus buffered on A14
(U803) and are routed to the remaining transnitter boards as the transmltter data bus.

The fractional-N synthesizer is the heart of the wavefolu generator. It has up to
four progrardtflable rate counters which sequentially addless the waveform RO,ls to pro-
duce the desired output signals.

l'laster/S1ave FSK control comes frcm the system processo! via the ACIA chip. The out-
put of tbe ACIA controls the output frequency of the transmltter.

For Ervelop€ Delay neasurements an 83.3 Hz modutation tone is generated. Thls
frequency is divided do$n on A14 and shaped lnto a sine wave for input to the modu].a-
tor circult on A15.

Fractional-N Synthesizer

The fractional-ll synthesizer consists of the frequency latches, a full adder, address
latch, and address accunulators. The frequency latches (11102, U103, U404 and U40, )
are four, slxteen bit latches initiallzed by the systen each tirie a new transnitter
output ls requested. At the start of a transnitter clock cycle, the outputs of one of
the fou! latches ls fed into the futl adder (UJ00, lI3O2 - U7O6) where it is sunraed
$ith the contents of its correspondlng address accunulator (UIOO, U2O2 - U206). Ihe
24 blt sum is clocked into the address latch (U101, U104 and UI05) on the mid-cycle
cloct transltion, At the beginning of the next cyole the output of, the address latch
is cloaked back into the address aacumulator.

The result ls that each cycle increnents an address in the accumulatol by lts lndex in
the frequency latch. Since the clock ls fixed, the address stepping rate and the out-
put frequency is determined by the index stored ln the frequency Iatch.
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AI1 four frequency latches and address accululators are usd only wben transmitting
tbe IMD si$ral, which is a stm of four sine waves of different frequencies. In that'
case the system initializes each frequency latch to one of the four frequencies 8nd
sets a control letab for four-tone tansmission. The trarsmitter olock is divlded by
two and then divided by tero 6galn so that each of tbe four latches and accumulators is
cycled in sequence. The accunnrlated addresses presented to the waveform RoMs on 415
correspond to the first freqency, the seeond, the third, the fourth, and theB the
fllst again. In ttris mode, it ls deslrable to reduce the rate at which the address
sequence to the Rotls repeats ltself. This is aocooplished by a clocI wbich dlives the
Ieast signifleant blt of the adder at qte forrth the transnlt alock rate, This
results ln each address being bunped by one blt every foulth cycle and extends the
repeat time from 32 secolds to 512 seaonds.

Other sigrals require that two sines be transmltted sinuJ.taueously or that a slugle
series of addresses ( for a single slne, PlR, or ?etum loss ) be generated. In that
ease only one or two of the four latches otrd accumulators are eycled but operation is
the sarne as for four tones.

The transmit cloak for the syntheslzer is derived frm elther the blnaly cloak crystal
osclllator (U400) or fron one of the system processor clocks. The binary clock is
divided doern frorn 1.191301 l,{IIz to I.048 lfiz, 521 vJiz, 262 kIIz ( for the frequency
counter boad, A8) and I31 kHz. The syster 1 Mffz cloclt ls divlded down to 20 kHz and
I0 liHz (U700), and a 16 lrHz clock comes flcm A1I. A1I of these clocks go to the
multiplexer U600 where the best fr€quency for the glvetr output sl8aal ls selected by
the systen processor through the transmit coDtrol register U803.

Master/Slave FSK Control

Master/slave Frequenoy-Shi ft Keying (FSI() operates the syathes lzer in the two tone
mode where the two tones selected are contlo1led by the ACIA chtp (U901). Hhen dolng
F$(, a 1900 Hz pllot tqre is transnltted at al1 tl[es and a seoond tone at 800 Ez or
LaOO Ez indicates whether a mark or space ls being sent. The fr'equency latches ar€
progranmed for 1900, 800, 1900, and 1200 Ez respectively. Hlnarily orly the f irst
two latches are cycled in the two tone mode, but Ln FSff mode the output of tbe ACIA
selects whether'ihe filst two latches or the second trro latohes get ayaled. The sys-
te plocessor contlols the ACIA to transnit narks and spaces to another 4945A in the
saDe code a6 other TIMS unlts. The ACIA receives decoded data frm the nodeo on A,
ro! cmmunieation to the syst€rt processor.
Tne 83.3 Hz modulatlo tone needed for envelope delay transmission ls ereated on A14.
The system 16 kHz cIoctr ls divlded down to ]-333 Hz and 83 ,3 Hz (11603 , lJ?O3) . These
two cloa*s drive an eight blt shift register (U804). The sixteen tines clock shlfts
the data throwh the reglster and the 83.3 hz clock ls the lnput data, I{hen the
paratl,eL register outputs are lreighted by the p"oper reslstor values and comected to
the input of level shifter low-pass filter rsDoves the steps to leave a mininal.ly dis-
torted wave which is routed to A15 for addition to the nain chaDnel under oontrol of
the 414 latch.
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8-69. Waveform Generator (A15)

AI5 contains the digital to analog conversion portion of the digital waveform slm-
thesizer and a1I the analog filter seotions for the transnitter. The main parts of
A15 are the main and alter'nate channel DACS, alternate channel filter and attenuators,
output slgnal fiLter, and fine atteruator.

The tno digltal-to-analog cdrvertors (DAC), U200 and U204, co[vert addresses frdlr the
fractional-l{ sJmthesizer on A14 into stair-step approximations of the final transmit-
ter output signal. The alternate channel males it possible to generate a siglal which
is the sum of t$o sine naves at different amplltudes.

Signals ln the alternate chanlel caD either be Lo$-pass filteled or attenuated before
being added to the maln channel. The lonpass filter removes dlstortLon products cre-
ated by the rapid frequency shifts in Master/Slave transmissions. The attenuator re-
duees a sine wave to 20 dB below the main channel sine wave for phase jltter
calibratlon,

Slnce the DACs only produoe stair-step approxlmatlons of $aveforms, several low-pass
filter sections are required to remove high frequency distortion products and smooth
the DAC output. The cutoff frequency of the selected filter depends on the frequen-
aies and distortlon speclfications of the output wavefonn,

Flne attenuation at t'he A.L, output provldes software control of the output leve] for 0
to 9.9 dB iu .1 dB steps. llhen used with the coarse attenuators on A17, lt allows
transnitter level control from -?r.0 dBm to +I3.0 dBm in .L dB steps.

Digital to analog Convereion (Main Channel)

The digltal to analog conversion sections consist of the waveform control register
(U602), waveform Rot'ls (U/r02 and Ur02), data selectors (U301 and U40I), data latches
(U300 and U400) and DAC (U200). The system controller selects the $ravefoflr. The
waveforr code is input throwh the control register U602 and the decoders U500 and
Ur01. The outputs of the decoders control the two most significant address lines to
the BoMs, selecting one of the five, Il(-word waveform segments, The lorer ten address
lines are driven by the fractionat-il synthesizer on A14, which steps throwh the BO'l's
data words sequentiaUy at a rate proportional to the frequency or frequencies being
transDitted.

Two of the transmitter lraveforms (sine and PAR) require ten-bit words to
give an adequate signal reproduetion. These are stored with the eight most
significant bits in ROM} (U/+02) and the two remaining bits in the upper two
bit positions of the corresponding lK segrnent of ROM2 (U502). Eaeh ten-bit
wonl is clocked into the data latehes U300 and U/r00 by the fractional-N
synthesizer elock from AI/+ at the end of a eyele. The lateh outputs drive
the main channel DAC which eonverts the ROM data into analog voltages to

a
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80m1. If tbe thfud slgnal ls selected, tbe nrltlplexers U301 lnd U401 srltoh the
Iatcb lnputs for tbe nost slgnlflcant elght blt! to 80il2 and agaltr the tro least slg-
liflaaDt blts are aleat€d.

The alternate ahannel operates the saoe aa the nelD ah€nne1 exaept thEt lt oly cor-
verts the elght nost slgnlflcant blts of Ure wavefon and ls restrlated to outputs
from Boltl. It is qlly used rhen transDitting tno si[ultareqrs clne raves of dlfferent
anplltudes, uhlah neans only FSf or phaseJ ltter aellbratl@. lctlvrted by tbe

of tbe filst tro sigrlals ls eccessed tbe trro least siEalfiaant blts of tlre ten-blt
are cleared aDd the elght [ost slgniflaant blts ere talen froo the outputs o?

system processor through the cootrol latch, the alternate ahaDnel lata[es aDd converta
every Ro[l output correspoDdlng to tihe seamd ( loerer arputude ) tdre rhlle the maln

produce a stair-step approxlnatlor to the desircd output sigaaf. If Envelope Delay
signals ale belDg geoerated, the modulatlon tdre fro Al4 drlveE the reference lnput
to the DAC, thereby superimposlng ltself ql the DAC output.

the three distrlbutd nolse slgnals used for return lcss ueasureoeDts are produced ln
the tfie sane uay but have word lengtbs of mly elght blts, Tro of thele slguals ere
stored in ltr segl[ents of RO]fl rrhile tlle other ls ln a lf, of R0N,l2. lDen eltter

latches end converts the RO,l outputs corr$podlng to tlre flrst tqre.
altenrate channel slgDa1 then passes tbrougb dre ol trro paths 3 e 20 dB atteDuator or
a 1200 Hz lot -pass fllter rrtth , dB of attenuatl@, the atteouator path ls used rrhelr
the control latch selects the phsse-Jitter callbratim sigtral ard tbe latter rrhen lt
seleats F$(. The output of the seleated path ls t[eo edded baatr to tbe [al[ chaDDel
by the aneloE adder clrcult at UlOl.

Onae tJre stalr-step approxlnatlon of the totel wavefom hEs b€€o produaed by the DAC8,
one of several fllters can be select€d to reoove the steps and otlrer lncld€ntal nois6
ln tbe Blgtra1. For slngle slnes tbe L75 Wz thfud ot{er }otFpass ( ll203 I ls ade-
quat€. If two slnes or trhe PAR slgnal the tfiltd otder , XBz lor-
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8-70. Active Output (A17)

Cqrtrol slgaals d! tbe syst€o data bus fro t re systeo processor latched by U6O8.
These slgaals control tJre alr8log lrritahes. The sHltches c@trol the attenuatl@, tbe
tal& battery and qulet terolnatldr. There ls 80 dB of att€ouatloo avallable ln I0 dB
Bteps .

lhe Talt Battery ls a llV supply rhlah ls rqrted to the uler's hardret throlgh the
srrltching o A18. For Qrlet femlnatlm, the transnl3slon path ls opened after the
atteDuator8 aDd tlre ttp and rlng are

the attenuator (U409), the rlglll goer to a buffer, U407. Ur09 erd U310 aovert
the slngle elrded slgnal lDto a balanaed differ€otial !18tu1. It also provldes a lerEe
lnpedance to ground both dlfferelrtlatly ald

fr the +- {0 volt supply o the &!1

fhe dlfferelrtial voltage fro U309 and U31O ls appUed to a voltage to ourr€nt co-
verter (Ql, @, Q4, QU, Ql4 and OIr). tAla ls an lsolatlo stage ard lt creater tbe
dlffereotlal floatlng qrtput. I}e biar for thlr stage la oreated by Qlo and Cnr. At
near dc leve1s, the output of the c@vertor lools llIe lor lrpedance. At htgh
frcquencles the converter feedbacI loe (U306) ls uqr-?unctloral and tlre coverter
lool(s llke hlgh lnpedance. Over tbe llrtrueot'r frcqueoay r.nge, tbe output lD-
pedanoe of trbe oqrverter varles wltlr the frequelray. fhe aurreot outF,l.t frcm thlr
stege lr converted baaf to a volta8e by aopuflerr Ir40, rld U406.

I}e arytlflers are porrered by atr lsolated, floatlDg po$er supply. fbe trarsnltter
output ls floatlng rlthln thls +-1, volt $ltrdorr. Protectl@ dlodec m tbe transrltter
output lluer (AOf, AoR) proteat the trrGtrltter clrcults agalDlt tralsletrt voltrEe!
trore 1rbaD +-l@ volt!.

Ftoating Supply

fue +- 15 volt floathg supply lDpr.tg

FROr'r
at8

FROX
l15

TBAIT

SIG IN

ar xrr [!.

TO
AIsT t7

FROr'r
At4 TBANSI4ITTEF

OAT 
Bts

CAT ENFROh
At5
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^21

+a0F

-40F

AOT

loF

?
cor{TRoL
SIGNALS

+ tSvt

- t5vl

+t00

-r0o

+t5t

-t5l

TO
Ata

ltls lupp1y provlder olean, lrolatcd volt.gE! to the tra [ltter ortput !tag€. e8

Q6, Q12 and Q13 provlde te€dbaaX to f,eep the +-1, volt outplrt! (3O volt dlffereo-

acts as a cument source and Q9 acts a3 a curreot 3!mc. CB12 ensurec that there ls
always ! ,O volt dlffer€otlal et tbe output, eveo thqrgb the satual vottages lry bG +-
1, volt!.

tlel) $ttht! the llnlts of the +-40 volt lDput.

Figure 8.46. A17 Actiue Output Bloch Diagrom
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I 17 ATTENUATOR BOARD (04345-60017)
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8-71. llansmitter Output (A18)

Llae terulnatlos of Llr, @O, 90O ard 12@ dls can b€ selected for t re trans[ltter
output.

Ihe AOt aDd AOB lnput! are frcrn the currclrt booster rtage! qr A17 rhloh have ao ex-
tr€oely lor, output l@edaace (approxinately 0 ohrs). Tlrerefore AOf aDd AoR looI like
a rhort clrault.

For e 1200 olu tryedance, relay f,104 ts alosed and K1O5 Is opsred puttlng BIl !!d 81,
ln ceries (600 olus each). For 600 ohrs, tr304 ls opeoed whlch prts R13 anrl Bl7 tn
parallel rrltb BIl aad RI, For 900 ohns, trrO, l! alosed to pnt 3.6 tr oDns (8I4, RI8) tn
paraUel wtth 1.2 tr ohns. For 135 oh[r, tr304 ard f30, ere clored to pnt 151 olrns ln
parallel wlth 1.2 tr oDrs.

1906 ts used to put elther the letum lo3s brldge or the temlnattoo iryedances oto
tbe tlp alld rlng o@nectors.

trr02 thorts the tlp and rln6 for retum loss callbretlon. Ibls produces a 0 dB returD
Ios!. ttre retura lors ls read by the 494rA recelver and any devlatlm Ir ce brated
drt by loftrare.

f,303 seleats me of the standefil returo losr hpedances (600 or 900 obr) ln serler
rlth a 2.16 IIF capacltor.

K301 o6t!o1s rrhether tlre retum loss brldge ls uslng me of the standatd t[pedatcer
or tbe exter[ll lefer€lcc lryeduae.

K3O7 rwltahes ln t[e da bloaIlns capacltors rheu @c of the lDternal references are
used.

Dtef tdx and talf, battery optloos arc cotrolled by f,108 lDd 8109. l6e!r dlel talf, ls
u!ed, volce lr conected dlr€atly b f!/e 1915A frmt paoel Jaa&!. The voloe signal
coes in to AI8. f3O8 aDrt f,309 are 8et up so that the volce goes dlrectly qrt m the
tip and rh8. }[rea using tlre tllk battery optlo, tlre baDdset is cnerglzed ntth 15
Vdc whlcb l! generated or Al7 (IBATT). tte volae slg1als nor tafe a nore lndlrect
route before golng out m the tlp end rltrg.

Tbe trarsrlt hold aoll clrcult l. snltabed 1n by f,310.

Tbe relay eirltchlr8 ls c@troUed by coqtrol lnfomatio coing to the 418 boal{ o
tlre transrlt data bius (lO0 tbru:Ol7). The trrltsrlt data bus ls buffered by Ur04.
I}e Dus Lnforoatlo ls deaoded by Ur01, lt502 afr, V5O3. lte decoder output! are !€!rt
to the bases of driver tmtrslstors rlrlah are tumrd qr to clther let or reset e relay.
The relays are the t]rpe that requlre a set or re8et slgnal to ahaDge states. tte re-
lay stays lD the posltlo that the last drlve slgaal set lt to.

Tbe trro I/O c@treatom are also part of AI8. &ts part of AI8 ls dlsauased la tbe I/O
seatl@.

8-318



t
Ihe retusr loss neasureoelrt lr a reasure of how close the line lrye<lance ls to ttre

The rrtura losr brldge equlvalelrt alrcult l! lhorlD belor. In thc 4945A, A22 ad n23
ar6 tbe Rx legs of the bridge. B9 or 810 ln serles rltfi C6 ls the Z-re? Ieg ard the
tr.DrnlEslo llne lupedance ls t,he Z-lold Ieg. lo exter,.nsl referelrce can be EUltched
iD to r€phae the "ltandard" lw€danoe.

llote: Dlsaoneat aDy voltrge source fro the extemal refereltce conectors nhe[ uslBg
tbc htemrl referelrce!.

rl ls used t6 provl<le a floatlng voltage !ou!oc. It ha8 lon nlDdlng reslstelce eDd ls

lopedanoe of 600 or 900 oDlr ln reries rlth a 2.16 uF aapaaltor.

drlven fro a low lnpcdanae loulrce (Af? UIO4) or AI7. CR27 ls a low volta8e sutEe
sUpPDeAsOr.
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8-72. I)ISPLAY SECTION
Ihe Display seatlon is controlled by tbe System Processor. fhere are three major as-
sernblies in this section,

. A13 Video Generator (01945-60013 )

. A19 CBT Driver (01915-60019)

o CRT/Yoke assembly

Befer to the 491+5A Bloek diagram, the individual board bloek diagrams and the
schematic diagrams when reading this section.

8-73. Video Generator (A13)

The video generator generates video drive signals which are sent to A19
where they are modified as necessary before going to the display. The
display is a non-interlaced raster scan consisting of 24 rows of 42
characters. Characters are 5 dots by 9 dots within an 8 dot by LZ dot
matri.x.

Although the block diagram for A13 contains many blocks, the board can
be broken up into six categories- CRT controller, Address Control,
HorLzontal and Vertical Sync, Display Memory, Video Generation, and
Iulonitor Circuit. Timing considerations are also discussed.

CRT Controller

A13 is control.led by the system processor (Alf) through the CRT

controller (CRTC U702). The A11 board programs the CRTC for the number
of characters per row, vertical and horizontal frequencies, eursor
position, etc. via the bidirectional data bus (SD0-7), and control
lines R/W, CS, Reset, and Enable. The CRTC outputs are:

o HSYNC - A 20 KHz signal that determines the horizontal position of
the displayed text.

o VSYNC A 60 Hz signal that determines the vertical position of the
displayed text.

. DE - Active high signal which indicates that the CRTC is providing
addressing for the acti.ve display ;rr€:r.

. CURSOR - Active high signal which is generated by an internal
register of the CRTC when its contents equal the current refresh
memory address.

o MA0-9 Ten refresh memory address lines that represent the
address of the character cell on the display.
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. RA0-3 - Four ro!, address llnes that are uaed to address the
character generator and external character RoU, and represent the
scan llne of a partlcular character cell.

. SD0-7 - Elght bldlrectlonal data llnes that represent both
character and attrlbute lnfornatlon.

Address Control

The dlsplay nemory acceaa ls shared betreen the systeE proce8sor on All
and the CRT controller (Al3). The syateo has access whtle the PltI 2
clock ls low and the CRT controller has acceeg rrhlle the PIII 2 clock ls
htgh. The accesa ls acconplished ln part by Dultlplexlng the address
bus to the dlsplay oenory. ltultlplexers U801, 802 and 803 are swltched
by the PIII 2 (lnverted) clock, to choose betueen the systeD proceaaor
addreesee (SA0-10) and the CRT controller addresses (MA0-9). The chtp
selecta to the attrlbute and character RAil (U503 and 502) are derlved
so that the chlps are always aelected while PHI 2 is lor (1.e. durlng
the CRT controller's access wlndow) and are selected when PltI 2 le hlgh
only when All ls addresslng the chlps. The chlp 8elect for the dtsplay
RAM is gated ln the sarDe rray, although the lndlvldual chlp selectB do
not coDe dlrectly froo the A11 board. The A11 board generatea a chlp
aelect, LGRAM, for the entlre 12K of dlepaly RAH. Thls chlp select,
gated wlth PHI 2, ls uaed to enable a decoder, U200, whose lnputs are
the nultiplexed row addreesee and systeo addresses and whose outputs
are the lndlvldual chip Belects (CS1-6) to the RAll.

Horizontal and Vertical Sync

The horizontal and vertical sync pulse frequenclee are prograonable by
the CRT controller. The horlzontal sync pulse ls paaeed through a
Donosrable (ur00) ro nodlfy the duty cycle to Eeet constralnts set by
the analog aueep clrculta on A19. The vertlcal eync pulae doesn't need
any nodlflcatlons.

Dlsplay Memory

The systen data bus tles dlrectly to Ehe CRT controller, but 1s
separated fron each of the character, attrlbute, and graphics nenory
data buBses by a transcelver (U605, U705 and U405 reepectlvely). Tte
character data bu8 (CHD0-6) along rrlth the roe, addresaea froD the CRT
controller are used to address the external character RoM (U50f). The
data froD the ROU are the dot row, dot patterns for the speclfled
character. These patterne drlve the B lnpuEs of nultlplexers U302 and
1J6OZ. Tte attrlbute data fron the attribute RAM drlves the attrlbute
and node lnput8 to the character generator, U303. Thle bus contalna
bllnk, lnverae vldeo, underllne, strlke-thru, and character blank
attrlbute lnforDatlon and two node blte. The dlsplay data bus consiats
of the data llnes of the slx dtsplay RAU chlps (U102, U203, U205, U206,
U305 and 306) drlving the A lnputs of nultlplexere U302 and U402. The
outputa of the data oultlplexers are the address lnputs to the
character generator chip.
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Video Generation

The video signal is generated by the character generator U303. It gen-
erates a dot sequence according to the information on its address
inputs, and modifies the dot sequence according to the attribute
inputs, cursor enable (CURSOR), and display enable (RETBL). The
attribute inputs contain blink (BLINK), inverse video (REVID), under-
line (UNDLN), strike thru (STKRU), and character blank (CHABL)
attribute information. The 2 most significant bits of the attribute
bus, MSO and MSl, contain mode information for the character generator.
It can be used in four different modes: alphanumeric, external, wide
graphics, or thin graphics. Only the external mode is used presently,
as determined by the hardware configuration of JU501. In the external
mode, the 8 bit word from the external character ROM on address inputs
V0-7, is used directly for dot generation. (In other modes rather than
using the information on the address lines directly, the information is
internally decoded).

Timing Considerations

Access of the A13 RAM is shared between the system processor on A1l and
the CRT controller. This interleaving makes timing on A13 critical.
The system processor has access to the display RAIUI when PHI2 is 1ow,
and the CRT controller has access when PHI2 is high.

The RAM address is obtained by multiplexing either the system address
bus, SA0-10, or the CRTC address bus MA0-9. The PHI2 clock is used to
switch the multiplexer. The CRTC bus addresses must be stable when the
multiplexer switches to allow maximum RAM access time. The falling
edge of CHCLK from A11 defines when the CRTC addresses are va1id.

Each data bus for the character, attribute and display RAI'{ is separated
from the system data bus by a transceiver. The transceiversare enabled
by ORing the transceiver enable signal LTRANSEN with corresponding RAM

chip select, LATRAM, LCHRAI"Ir or LGRAM.
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The final dot sequence is shifted out at the rate of the dot clock (8
MHz) and passes through a level shifting and inverting circuit. The
video signal goes to A19 as a TTL 1evel signal.



Beep Tone Circuit

This clrcult generatea two beep tones to slgnal a pressed key and data
entry errors. Ttle circult also nonitora the transnltter output and
recelver autorange output. The elgnal cholce ls Dade rdlth an 8 to I
analog oultlplexer , U707. It chooses between 1 of 7 attenuated
monitor signals, a beep tone, or off. U707 ls off when nothlng 1s
belng DonlEored and no beep tone ls present. The two beep tonee, 600
Hz for normal key contact and 1200 Hz for data entry errorE, are
generated by a dual tiner, U406, ln the astable conflguration. These
free runnlng square lrave ogclllators are selected by one half of srrltch
U606. The output drlvee one of the I lnput channels of U707. llhen it
is deslred to nonltor the recelver or transnltter, the proper lnput ls
selected wlth the other half of U606. Dependlng on uhlch of the 7

lnput channels ta aelected, the slgnal is attenuated accordingly to
obtain some voluEe control. Tte outpuE of U707 drlves an audio
anpllfier, U706 , which has a fixed galn of 20 (26 dR). The aupllfler
ls blased up to half the +5 volt supply llnltlng the output voltage
sulng to less than 2.5 volts. Thls output goes to a dc blocking
capaclEor whlch in turn drlves the speaker.

418 TPf Mnemonics

8 MHz dot clock for Al3 character generator.TPl-1

TPl-2

vDc -
L/S - I UHz load/shlft clock for A13 character generator.

A posltlve golng edge tndlcates parallel loading
of data lnto the chlp; low golng edge lndlcates
serlal shlftlng of data onto vldeo output.

TPI-3

TPI-5 VSYNC - Vertical sync output from A13 CRT controller;
deternlnea vertlcal posltlon of dlsplayed text.

TP1-5 IiSYNC - Ilorlzontal sync output fron Al3 CRT controller and
one-shot U100; deterDlnes horlzontal posltlon of
dlsplayed text.

VID - video dot stream output fron A13 character generator.

TPI-8 SPKR - Audlo anplifler output to speaker.
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The Al9 boat\i receives the llsf,llC (20 ltHz), VSIIIC (63 Hz) and VIDEO (ITL) signals fron
the A13 Vldeo Generator, lUth these signals, tbe A19 boatu produces the necessary
slgnals to drlve tJre nagnetlc deflected, raster soamed, cathode-ray tube. The dls-
play foroat in the nornal mode has 24 llnes of 42 charactera, and ln the plot Dode
there ere 336 plxetg per scan llne nith 288 llnes tota1.

Protection and Self Test

On lnltlal pofler-up, the IS]'ilC eDd VSY'tlC lnput slgtals frcm the CRT controuer olr AI,
are lrndeflned. The protectlon clrcult ensures that the drlve slgnals that reech the
other clr,cults are the proper frequency and duty cycle. The duty cyale is aontrolled
by the dual monostable multivlbretor U600; lts outputs are desigtrated HDRIVE and
VDRM. f,DRIVE is to have a posltive pulse tridth of 2rus , while UDBIVE ls to be hlglr
for 500 us, The CI.R input of U600 ts aontrolled by the output of U104, rrhlah detects
the frequency of the H$lllC slgral. Ihe CLR on U600 ls released tf HSYIIC ls wlthln 101
of lts 20 trIIz value. If ltSltlc is not pr€sent, or ls not correct, the CI.B ls actlvated
drivtng VDBM lorr, $hich keeps Q13 off, and HDBM is drlven hlgh, xeepltrg Ur02's
output transitors off. Thua, the proper frequency ls assurcd m IIDRM vla U10{, end
proper duty ayale is assured by U600. It is assured that if ttre IISII{C siglral frequen-
cy ls correct, then VStllC ls also colrect.

Seu-telt fimction ls provlded by a dual tiner, U102. Placing S1 ln t'he TEST posttlotr
dlsables the RESEf on both tlners, dlsaonneats the lnaomlng slgnals fro AIr, routeg
the outputs of the timer to the U600 and U104, ard grounds the VIDD line through 88.
The uIlSI Cu output of the titrer ls stiU aheaked by the Ul04 so that the boatt aon-
tinues to be protected agalnst erroneous frequenales, The VIDEO ls tled loo througb
R8 to prcduce a visible raster. In the Rlril positloo, the timers are held off so that
no rDrrarted "beat" al.gnala are generated, and the lnputs frm A13 are routed dlrectly
to U104, U60O and Q2.

High Voltage

fbe hlgh voltage sectiqr ls a conventional flyback, dc-to-dc, voltage converter. The
flybaax translstor QI is driven by an lsolated versldr of HDRM via f2 and Ur02.

8-74. CRT Driver (A19)

flot,lng ln the Tl

Ql ls on, current florrs frm +12 Vda through the T1 prlnary to -12 Vdc at pln 6
of T1. Tlrls stores energy ln tbe Tl core, rrhlle curent flfirs out of pin 7 (+30V
rrtndtrE) atrd lnto pln 3 via CRI to areate -80Vdc . llhen QI tunrs off , the cument

and ln Ll continue to flou ln the sa[e dlrectlor, due to tbe
stored €oer8y ln their cores, charging up C28. llhen C28 has sufflcient voltage, lt
drlues current baok TI 8nd LI ln tbe opposlte dlreatlon. Ttrls causes curretrt
to flo, otrt of pin 3 (..JiO 1 utndtng), out of ptn 5 (4V t'lndiaS) and out of the high
voltage lead (10kV) of the flybacI trsnsformer 11.

I

1
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Each output is bslf-nave rectified aDd appropriately filtered. The +roVDC lr nost
flltered, as lt is used to drive the cathode at approxtnately 8 llllz. Tbe -80V is ad-
Justed through a 200k olur trimer (M3) and a series 100k ofm reslstor (R52) for the
lnteDsity adJustnent on grld I of the CRf. The ,rov output is the focus adJustment ql
grld 4. The 4V windlng ls fed up to tlre horlzontal deflectlon section to ellnlaate
crosrover dlstortlon in that alrcult. 22O Ydc is generated by rectifyfuE the flyback
pulses off of QI. Tlrls ls reslstlvely divlded doHn to IIoV 6nd ls used to blas grld
2, the 10kV go€E to the anode post accelerator.

Protection agalnst lnteraal discharge of the CRT anode to any of the other tube ooD-
Deatlons ls provlded ln tno nays. Flrst, all reslstors which corurect dlrectly to the
tube are carbon cmpositlon cqrstnrctlqr. Ilrese reslstors can tal(e large anounts of
sbort-duratioD ener!:f , and 8ti11 behave as a curnent-linltlng reslstlve elenelrt.
second protectlqr ls provided by gas discharge tubes ard neql bulbs. These devlces
noroally eloibit oDIy a fer, pico-farads of capacitance rrhelr the notmal operatlng
ages ane applied. Upon a higb-voltage dlscharEe, the devlce(s) corduct, fornirg
I@r-lnpedance patlr to gfoutrd, alafiping the dlscharge voltage to a nodestnrctlve
value.

volt-
a

Horizontal Deflection

Thls sectlon also tales an lsolated verslqr of HDRIVE to drlve the base of poerer trar-
slstor Q8. Just before Q8 turns on, there lr no curretrt ln tbe hollzontal yo[e, and
the bean ls at the celrter of the tube. l{hen Q8 tums dl, curre[t ls pulled through
the yoIe and L4, aauslng the bea[ to deflect to the right. l0ren Q8 tunrs off, the
curnent ln tjre colls continues to flor ln trlre sare dlrectton, aauslrg Cr8 to ahatge up
rapldly. I{helr al1 the coll energy ls transferred to C38, the capacitor dltcharges
through the yoke, reverslag its curr€nt dir€ctidr and produalng a 7 usec retrace of
the bean to the far left side of the tube. At the eDd of retrace, the enerBy nofl in
tbe yoke trles to abarge C38 wlth the opposlte polsrity. l&en tlrls voltage leaches a
fefl vo1ts, CR8 cqrducts, provlding a new current path for the yo*e. The flor, of cur-
rent in this direatldr cauaes the bean to noue froo the left hald slde to the ceDter
ot the screen, at whlch tlmc Q8 ls tusred o.
Ihis voltage aleopttrg by CR8 aeuseE a cqBtant rate of charge ln yo&e aoll cur€ot.
Cn8 turas oD sfter the yole has re-cbartsed C38 a fen votts, rather than at zer,o volts,
to copensate for resisttve ele[ents ln the yo&e current path. Thls keeps the rate of
current ahange frotr belng greater at the be8lnDiug of tJre srre€p tban at the center or
rlght side.
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Compensatlon for tihe deflection rate at the sides of the CRT is accooplished using
C39. hrrlng tbe left-to-aenter half of the areep, the charEe qr C39 lnareases slight-
ly. At ceDter sc!ee!I, when Q8 ls tuured m, C39 ls sl6r1y dtsaha!8ed, until the bean
neacbes the rigbt end of the sweep. Thls rcduces the voltage across tthe deflectl@
coll at the begtnntng and end of lrlre srreep, reduclng tlre rate of current ahaDge ln tfie
yote coil.

Ske of tlre horlzootal scan ls odrtrolled by n20. n20 cotrols the voltege available
to the deflectiqr clrcult by decreaslng the coll curnent rate of ahaDge. Since the
perlod of mBM ls co rtant, the scatr ls shorter lf tJre deflectlon rate ls dear€ased.

Ilorlzqrtal posltloo ls adJusted by tnJecttng e constant curnent tbrough the deflectlotr
aoll. RZl deter lnes the curretrt and U206 coryar€s tfie voltage drops aoross R36 snd
C24, and drlves Q6 and Q7 until the voltage drops are equal. This establishes a cor-
atant curreot tfrrough Rl, and tJre yoke.

Vertical Deflection

Thls clrcult getreratea the vertlcal s$eep and controls lts helglrt, linearity, ard
posltldr. VDRM lnltlates a rarp generator, rrhlch in turtr colrtrols the cuEent
ttrrough tbe deflectlqr coil. ltrren VDRIVE goes hlglr, Q13 ls turned o wbich
Cff and Cr6 tfirough mr. VDBM remains high for ,00us (unttl the aapaaltor charge ls
down to a fetr nillivolts). I{hen VDRIVE goes lorr, Q13 ts turned off drd C5, afr Cr6
charEe up at a rate deteroined by 870 and B?3. R?0 oontrols tJre slze of Ule vertlaal
Erreep by deterolning ho$ much the aapaaltoB oharEe.

The voltage ranp developed at the Junctlon of R75 and C56 ls appued to U608. Part of
the U6O8 output ls fed baak to Cr5 and C56 to correct tfie vottage lnput of U608 whlcb
conpensates the ranp generator. 869 cqrtrols the anotmt of tJris feedbac*, rrhlch af-
feats the shape of the rarp, and ultiuately the llnearlty of the vertlaal srreep. tle

ustable-rary output of U608 drlves lthe curr€ot arpufler (UrO8, QI2, Qg) t{btab
nalntains a currelrt tnrongh the emitter of Q9 that ls proportldlal to tbe ranp volt-
age. U508 aoryares the ranp voltage to tbe voltage across 868 and drlves Q12 until
the U508 iaputs equal.

At the beglnnllg of the sweep, a very smatl ourrent ls florring thiough Q9 ald a large
curretrt ls florlng fro the +rV supply through L, and the deflectiqr coll and out the
-I2V supply. Thls corresponds rrlth the bean being at the top of the display. As t[e
curr€nt ln Q9 lncreases with the rarp $aveform, cu$ent flolrirg into t'he yo&e gets
shunted throlr8h Q9. Tlre yoke curr€nt decreeses rnd Qq aurrent incrcases untll no our-
retrt ls florrlng through the yot(e and tlre bean ls at center soreen. ilore current c@-
tinues to floH through Q9 and the deflectlon aoll curretrt begins to fIo, ln the op-
posite dtrection. tlhen tbe bean r€aches the bott@ of the display, tbe deflectlon
coll current ls about the sa[e as lt oas rrhelr ure bean wes at the top, except ls
nor flowiru ln the opposite directlqr.
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At thls tlne Q9 ls turlred off ebnrptly, and t re cumenta through Li and the deflectlqr
coll rapidly chatEe up C26, resultirg in a voltage pulse dr the aolleator of Q9. Tbe
energy in the defleatlm eoll has gdre to zero at the pealr voltsge, and the bean ls
back et the center of the tube. Curr€nt throEh L5 and frm C26 <lrive ttre deflection
coil ln the opposite dlrectlotr, retumlng the bea[ to the top of the dlsplay. Thls

Coopensatlolr for deflectlon rate at the top and bottm of t re Ecreen ls acaonpUshed
by C29 ln a slnllar [attner ar the borlzdrtal deflectidr alrauit. Vertlaal posltiolng
is similarly aaaompushed by tnJeattng a cdr3tdrt oum€Dt throNEh the yo[e.

entlre retrace talres only 7 usec, and tlren Q9 begtns to coduct sgaln

Video Ampllfier

llhen VID& goes hig[, Q2 ls on, puuttu lts crdtter up to near +, volts. t]is causes

The video aryllfler taIes tJre TTL level UID& stgnal lnput ard anpllfles lt to a zero
to +30V Level ln order to drlve the CBT aathode,

Q2 and Ql form a differentlal anpufler to translate tlre TfL leve1 Btgnal up to near
30V. Current fron tbe 30V bns always fl&rs tnroNrsh n45 ald 12, nhen VIDEO ls ldr, Q2
ls off and Q3 ls o. The curreot fro 12 aod tbe base8 of Q4 aDrl Q, are routed
tbrough the colleator of Qr, oau!fu8 Q4 to Ue off end Q5 dr. fllls drlve3 the aathode
of the Cnf to grorllrd, t{hich alloos the eoltted eleatro! to pass qr to activste the
pbosphor screen.

I vtoEo To
CATHOTIEVIOEO

VEFTICAL
SYNC

r9

.Ila
FFOTT
At3 slrr:lfj

VERTICAL
YOKE

HORIZONT L
YOl(E

At9

t0 l(v Ax00E
+ttov Ge
+350V FOCUS

-8OV INTENSITY

Q3's eoltter to rlse, and tuflr Q3 off. The cureDt ln 12 cootlnues to flo$ ln
same dlrectlqr, but lr noo drivln6 tbe ba8e of Q4 qr and the base of Q, off very hatd.
Q2 (qr) drlves the aathode near +30 vo1ts, causlng the enltt€d eleatrqB to be ab-
Borb€d by the cathode resulting in an lnactlve phosphor scr€elr.

TP501 = +, volt leve1

TPr02, Eorlzontel Drlve (fest or Ru!)

TPr0r, Vertlaal Dnlve (Tert or Bun)

TP,O4, Clarped Input to Flybaal Transforoer (Teat or Rrur)

TPr06, Vertlcal Deflectim llaveloro when llnecrlty ls properly

Vertlaal Pulses rrheo vertlaal slze ls set for full lar€€a
helght (Test)

TP107, Uorlzontal Pulles uhen horizontal rlze ls set for full scr€€o
width (Test)

TP202, CRT Grld Drive at loroal lntensity

Al9 lfevefornE

CFT

}IORIZONTAL
SYNC ENABLE

Nc-l

rl
TEST

t HJN

Figure 8-52. A19 CRT Driuer Bloch Diagtam
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8.75. POWER SUPPLY/NTOTHERBOARD SECTION
Ttre l+91+5A has two main power supply boarrls.

o 65908A-69020 L5 Volt Power Supply
(A2B) Provides +5V CLN, +19V, +-L5Y md 48 Vrms

o 65909A-69020 12 VoIt Power Supply
(A29) Provides +5V NSY, +-12V and +-16V for the fan.

These two boarrls are on the boarrl exchange program.

The A21 DC Intercorurect boarrl distributes de voltages from the 65908-69020 supply
to the rest of tl:re 1915A.

fhe A20 AC Switching board aonnects to the 659o9-69020 supply and srritcbes and ac line
vo.Ltage to both supplies .

Refe! to f}l,e 1915A Block diagram, the power supply block diagram and the schematlc
dlagrams when reading this section.

Isolation Feature

LETHAL VOLTAGES ANE PRESMT O![ ALL OF THE POHER

SUPPLY ASSEMBLIES. FOLLOH ALL HIGH VOLTAGE SAFETY
PRECAUTIONS.

Both po$er supplies can be operated wlthout uslng the 1915A tot a 1o6d. Thls feature
can be used in tloubleshootlag.

The comblnation of A21 and A28 can be operated, isolated frq0 the 1915A, by perfonnlng
the follorrlng steps.

1. Disconnect all AzL load cables and sense wires that eonnect to the
1915A. Do not disconnect the input power eable.

2. Connect a jumper wire from the +5 CLN testpoint to the +S testpoint.

3. Corurect a jumper wire fron the -S testpoint to the Ground testpoint.

The combinatlon of A20 and A29 can be operated, lsolated from the 1915A, by the fo1-
lonirg steps .

1. Disconnect a1l A2O load cables and sense wires that eonnect to the
1.9/*5A. Do not disconnect the input power cab1e.

3. Connect a jumper wire from the -S testpoint to the Ground testpoint.

WARNING

B-31L

2. Connect a jumper wire from the +5 NSY testpoint to the +S testpoint.



8-76. Power Supply (A28, A29)

T\e 1915A h6s tro porer supplles; the +-1, volt supply ts 65908A (A28) and the +-12
volt supply ls 65909A (A29). Bottr supplies provide +, volts es nel1, ald are sinilar
with orly a feo cmponent dlfferences, The porer supply tteory is applicable to bot r

Following ls a surmary of the pqler supply spealf laatlms.

61908-69p.20 P0rer Supply SDcc lflaatlors

AdJust0ent irE[f5l Olrervoltage
Trlp Polnt

Output
Volta8e

+, CIT

+L5

_L5

+19

48 Vrns

Ortput

+- ,2, 1

+- .?i V

+- ,?5 V

1A

.7' A

.75 A

.L3 A

Porer SuDEly Speclf laetlons

OveDvoltage
Trip Point

610 ?1

16 to 17.5

-16 to -17.5V

100 nV

100 uV

100 uV

200 nV

100

100

100 rV

200 nV

200 nV

Vol

+, llsf,

+L2

-L2

+16

-16

+_ ,25 1

+- .6 V

+- .6 V

61o77
Lj ro L1.?5 Y

Lj to L1.?5 v

21 Y

21 V

,A
.84

.84

.2A

,24

8-342



Input and FET Switchee

Ac llne voltage goes through 6 llne filter before lt ls appued to tJre lnput rectlfler
(U1) and filtered. fhe voltage selector seritch oD Ule reer peDel adrneats the lnput
rectlfier a8 a voltage doubler for 11, V ao operatlon, and as e full-rrave rectifler
clrcult ?ot 23O V aa operatidt, so that for elther eo lnput range, the da voltage ac-
cross Ql and Q2 is Doinslly 325 votts. Ql and Q2 are swltched dr eld off alteraately
by the clock ard not - cloclr slgnals, producirg a square rave input to the serier reso-
nant alrcult.

Series Resonant Circuit

The series resolrant tanlr cirault consists of LI, T2, C20 and CrO. Esselrtlelly, thl3
alrcuit converts tJre square wave lnto a sine Have ecross the prloary of f2. If the
frcquency of lrhe square weve ls equal to the resonent frequetrcy of thls tad( alrauit,
then the maxirum voltage is transferred to the supply rectifier.. As the switchlrg
frequency ls lnereased from resonance, the output voltage drops to the tlesfu-d level.
Ilrls is hot, output voltage regulatio is acbieved.

The supply's clock frequency ls curr€nt cqrtrolled and varles over a ranEe of frequen-
cles above t re resoant frcquenay of the series nesoDart clrcuit. tle output voltage
is controlled by uarlations ln the aloclr frequeDay.

If the load current dram from the supply decreaaes, the Q of the resoant alrault
increases. The voltage control alrault cmpensates for the change ln Q by increaslng
the alocI frequency to nalntaln a constart output voltage.

&e voltage froo the aerlea resonant alrault ls reatlfled atrd flltered before golng to
voltage reeulators 6nd thelr to the pc boat$.

Voltage Control Clrcuit

The VI output voltage ls sensed and compatd to a refereDce voltage et U4B ln the
voltage cdrtrol alrault. The output of U4B drlves Q7 rrblah cqrtrols the current
thrortglt L3. L, ls a laturable-core reactor nhose lnductalae ln tlre trro ao erlndings
vlrles lnversely with the coDtrol currelrt ln the da $rindln8. The lnduotanae of L,

the clooI frequenay.
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Startup and Clock Circuit

In this description, all voltages are referenced to the -clock bias supply (Q5 collec-
tor). At initial turtr on, the clock bias supply provides about 40 V dc across the
clock circuit. Hhen the voltage across iliac CR81 reaches approximately 22 V da, CRSI
conducts and starts the cl-ock circuit oscil,lating. Once the cloc* circuit begins to
tun, the staltup circuit ol R14 and CR81 no longer lnfluences the o1ock. Q3 is a
shunt regulator. Q80 operates as a switch control.Ied by Q81, VB80 and R83. Q80 is
turned on only when the voltage across the + and - lines of the c.Lock bias supply is
sufficient enable the clock circuit to operate properly. Drring operati.on, Q4 and Q,
turn on alternately to provide positive and negative goiEg transitlons through the
primary of T1. Q5 supplies cument throwh fI on the negative half of the clocx cycle
and Q4 supplies current through T1 on the positive half of the clock cyc1e. For each
transitlon, the particula! trsnsistor initlaUy supplies a]']. the current for TI. The
current through L3 increases until it supplies all the current and the tlansistor is
turned off. The other transistor then tunxs on and the cycle continues. Onoe the
clock circuit begins to run, the startup circuit, of R14 and CR81 no longer influences
the clock.

Power Supply Protection

VR9 and VR10 detect overvoltage conditions. If the output voltage exceeds the diode
breatdowD voltage, current flows throwh optidal isolator Ir7. The output of U7 turrs
on Q10 which causes curlent to flo$, through U9. The voltage developed aaross R{$
turns on Q9 which shuts down the clock blas supply. Q9 remains on until the ac iDput
voltage ls turned off.

TSl senses over temperature oonditions. The po$re! supply ls shut down if the tempera-
ture exceeds 80 degrees C. The sane shut down path Ls used as for the overvoltage
shutdo a,

In the voltage control circuit, U4D and Q8 protect agalnst output voltage overshoot
$rhen ae por+er is tumed off and then rapidly tunced on again. U4C reduces the control
loop gain in high llne voltage, low load condit,ions.
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8-77. AC Maine Switching (A2O)

A2O cq|treatE to the 61909A supply. It dlstributes t{re da output! frcrD that supply,
fllters t1lre dc voltage to the fa! and holds the ac poerer Esritch.
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8-78. DC Connect Board (A2l)

A1I tJre lnput and output coneotlotrs to the 65908A rupply are through tbe A2I boad
It dlstrlbuteE aII dc pofler to ttre motherboar{. Ihe'+- 100 vdc aupply 13 o tblr
boatd as rrell as tlre floatlng +- 40 Vdc supply.

A 48 Vr.ns, 2OO Xf,z slne $ave qrtput frm tbe 65908A suPply l. ad,tnect€d to a2I vla
A2Ll3. Ilrts slgaal ls aPpued to the prinarles of 11 and T2.

The secondary of TI areates a 60 Vros cetrter-taPped output lrhlah lr rectlfled and ftl-
tlng supp[es.

t0
c2
50

ct
50 T0 Frir

o{
f,€AN PAICL

tc.
t5o +

L3L4

t0
E

a!! relrt to A19 vla A2Ol3. +5 llSiY and lts
ll
tt

2
5
7

4.
2o

go to A2I vla J2. +5 l{SY ls

The +- 16 Vdc outputs are cdrnected to an

tered to produae ttre +- 40 Vdc floa

as +, CLll. 15s +! llSf, voltage cdles

notberboard betrreen All 6Dd
llSY vottage ls elrrays ,.00

]{c --+)xc+)
i{CT)
xc-)
ilc -f)

-+
-Il,)

-Ic

>--IC
i€
c

i{c

-.r2
r23 .5

--------pud.rii
rs4ro

.. .5 NSY \;l---+ l,o ^,n,,;E:-rE -J

-----;---r

Trm

mn TTI +5 IliY
SCT{sC
LII{ES
TO
roTrcn
BOlno

+5 CLn
S€NSE
LINES
TO
XOIHEN
80Am

TO
Jt
ON

OTT€R
80Ano

l[ -s 
"s't3 cNo

\9

^21l|2

A2t13

2

g +r5v

7 -t3V

t +t00v

tTl
3

FI 13 ncv

\9

tt 15 cLr{
t2 15 CLI{

F]
+S

-s

+5V

t3

tt
,2

L3
OFF
ol

(ul
Ir{

P0xER-Or
sxtTcB

oF]

O
I

I

P/O
PI

I
I

I

I

I
I
I

J

I
II

c5
!00

L'
2r3

FI
r,-<r\-p---<st

3A

llt rtz 

-L) 
tO

-r2----92r
l1
t5

I

l-
:l 1l

ll

L_______----J

8t-________J
A2oX2 J4

12t

t- .Ja JI

A2A -s4re
PorER slfPLY 4rr

-9t2
-r9 tl
-9t:
-9re

^2! 
0c cs Ecr 10.9.5-8002r)

L!
t35

L7
a5

c6
roo

LE
t35

LO
50

I
5
a

3
2
t

L8

L!t
2!5

I]
B'

L]

0

lPlo 
Pr

LINE VOLI^GE
SELECIOB

sxlrclr
tt5
st H 230

o s28H 3

o lkr
I

r t8v
IO
XOIXEN
a0AnD

!

fhe lecondary of T2 creates a 2r0 Vros center-tapp€d output. Ihe ceDter
nected to system Sfolrnd. Ihls voltaEe is rectlfled and flltered to pr€duce
vdc aupprles. Reguratim ls accqrlshed
alrauits,

by QI Urougt Q4 antf tbelr assoalated

Ttese do qrtputs along
to the Dotlrerboann t'hrough 421J1. The +, volts froo the 65908A supply is deslgaated

to A2I fro A20 ard aIEo Soes ort A21Jl. All

tap l! con-
the +- 100

$ith thc +- 1, Vdc and + , Vda fr6 the 61908A supply are .eDt

$H<2e-<6(+I lr rl lr
3r H t(* s(:L

Ll:IJ.li

I

I
I
I

I
I
I

I
I
I

L

I

i

I

:

I
I
I

L

I
I
I

I
I
I

I
I
I

I
I
I

I
I
I

L

REFER TO IHE
A2E SCHEMATIC
OIAGRAM

9rz
Sra.rs+19
-+) ao

-r3-92r
.r3 !

NC

>-{- }t E1
H

ra .r3
12

Ac -)I
I

^c+

It

rd.:]

cnl i
toov

t0 Gr,o

s Grt,
6 COr
3 -!00v

noD-floatil8 do returr patbs are tled to8ether m A2I to foro tlre 3yE

Sense thes from A2I are coDnected to the lotherboad betreen A, 6nd

teo grouDd.

A6. Ihese
feedbacX llnes that ensure that the +, Cut and +, NSiy voltage! are alrrays +r.00 vo1t8
at the notherboard.

ErFl t0 +aoF

t0 coa F

m -aoF

2t ulf ,
ct
2-2

Figure 8-56. Power Supply AC and DC interconnection Schernotic Dagram

8-319

r-In

Ie:rril

/1

nt3
lll

cn9
toov

?:E

E:]

+

ca7

F3 L9t( 2e0
c3

es .33
r00

Cf,t2

4

Rt2
tLro.220

Vt

R7
TK

Ri0
9(

c8
I

Ftr
2. t64(

LIT€ FILTER

rrin Lt2
a7 n25t.t

c2
2.2



I

t
I

I

AI

xal

m ['F,l Alo

)(At0

lt I

xAt I

ar2

)(Ar2

/lt3

xat 4

n}rT] 0118'.!-60022
r--\r r-r iEY A-2129-34

XOTHER BO
litDE IN U.B. A. lt6

BBEABE
A1a

iE aaaaa'JUr.a
dAi 6i6nnG
? ??

)ua
':TEi

l8
a

rEti
raa a

z

aa

0z 515

3Y5

-too a
GXD 

'
+roo t

86 --
R7 --
a-C8:

13c9r

r8 a, ag
a
+

o
a -15

a or{o

r il'.
a.r3

aaa o

o aaa aaa aaa

aaa

l, .l

q

I
I

rl

rl

o

a
a

a
a

a
a

a

rl

d
a
a
a

!I
o

al

.l rl

a
a

a

r-l

I
'l
x

I

o

I

J

At5

xat S

rl

3

+5a
-5

,i
II
x

N

a
a
a

a
a
a

! E

)(A3

n
3

t

J

a
o
a
o
O
o
a
o
a
a
a
a
a
a
o
a
a
a
o
a
a
a
a
a
a
a

a
a
a
a
a
a
a

I

xArT

!l

aI

I'
-r
-r

r

o

a
a
a
a
a
a
a
o
a
a
o
a
o

o

n

a
o
a
a
a

a
o
a
o
a
a
a
a
a
a
o
o
a
a
a
a
o
a
o
a
a

I
xI
x

lt

II
xII

t
a
a
a
a

Itaa aaa aaa

8-350

04945-6@22 0-9183 REV. A-2329



KEYEOAAD
CONNECTOF

ANALOG OUTPUTS

_l
J1

TO
A18

J?

7

I

H

JITTEB

CARR I EH

EXT FEF

FEAR PANEL

K

t (--:r-
L 04945-60059 5-9,/83 REV. A-23 19J

J3

A9 10
TO
A1f

20

POHER CONNECTOB

c2-5, C8.
c9. c18-23
1

+5CLN

c16
c17
II I GND

tDl

TD3

TD2

TDl

HT BUF

NHBUF

NMTBLO

NL A TCB

GND

BD7

FA5
BD6

FA2
F03

BAO

LFEN
LBIBO

15

A8SIA

AUTOUT

OFNEO

GND

C6
10
l4

1

BANKO

815SEL

LRAM

LPOBT

LPOBT

TBAM

LNII
TRANSEN

K00

LEDl
LED2

K YSTE

L 813

L RTC

15

GND

SPKFET

.ll

GND

+5CLN

AGC

LPORT

SA 13

sa7

s03

2N XMT

AOR

XT IP

- 15

+5CLN

815SEL

+5NSYAll

C 1,
c7,c
c12-

ST1

ST 16

T.

I

+5

+5

74

100 v

GNO

+5CLN

FSK

IFS

2K

F8

+5NSY

AS
36

F6
25

R7
36

TO

I
2 K

TO

+ 40F

COMFTO

TO J1

GNO

HA2

tA9
xa10

GNO

I

BD

GND

FNA3C

ABSNE

+18

18

+5NSY

HONFC

?o

(

100

110

TO
18

TO
18

TO J3

TO
SPEAKEF

SPK OUT

TO
a18

Replacement For Figure 8-57. A22 Motherboard Schematic Diagram
8-35L

t2

I

I

.2

I ?

(

{
(

\6(
(
(

I

a

TO J3

\?

(
( ( ( (

I
\

\) ) ) \ ( )
(
t

\
\r tlli

,l

tr



I

I

I

:

-I
I

o .r'l

t) arl

o o rIt
m

ar

a
a
a
a

o
a

H

H

[(,,n
o90$!-3005a cot{IEc? 90.
iEY A-23r !-3A B88D9L

: .s.1.

E-l:tl

04945.60058 0-9/83 REV. A-2315

:

t

I

I

I

I

I

I

8-rr2



I rsi FRoNT PANEL Corr{ECT (01945-60058) -] !;;-;rrr.*o*o----
I

i,:
t FFECEIVEF TIP T0 At

t;
r2}L rF^[S[IT TtP To A18

lr
ll
lr
lrrl
i:

6 

-i{lR 

TUPPER LEDI IO Al
5 tsnEv (LOIEn LEO] rO rl

i l- -.-!r
2 )---:_ nECEMR RIN6 T0 Ar

t;
tI F IFAIS}IIT RIN6 TO 

^I8ll

t7tt ,Jt

x-1

!

t

t0

o

y2

vt

6
5

EEI!

cnl EIrIP

TI.]A

IE 3!O

LEFT

DIAL,/IALK

13

1

2

3
1
7
a

tt

3
1
7
I

>-r
>-F---+

!rt
ir

FIGHT

LEFT

oata!- aoo!a 3-r,/aa iavr-2!r3

tOF DIAL/I^L( TIP TO A18
I

I F0IAL/I^LX RING TO A18

I
I
I

L______

Replorement For Figure 8-58. A58 Front Pancl Connect Schematic Dagram
8-)r7

R

I
I
I

J
I
I

L

FRO{T
PAIEL
,JAC|(S

TIP

RIGHT EI}{G

xE 3r0 T

v4

v6

ttTF:Il

I
'l
I

.8ESFI.

SETfr6T-]

IE]

v3

v5 I

1
I

3:n
FESET

EN

2
E]

t5I
iTl



8-79. Power Supply Test Fixtures

There are txo test fixtures t rat can be used to lsolate poner rupply probl€or.
Eoth of these lteos are ln tbe 0191r-62@? Servlce Kit.

o Passlve loarttag Boar{ (04945 -60062 )

r Porer Supp1y Test Flxture (O1915-62ffi)

Passive Loading Board

The passlve loadlng boaru aan be plugged lnto any car{ cage slot to slnulate the po$er
supply load. tte load presented by t'hls board ls the uininu[ requlred for the poner
suppller to operate properly.

Befer to Figure 8-59 for the passlve loadlng boat€ schematlc dlagran ard p.rts llst.

Power Supply Test Fixture

tle porer supply test flxture lets you test tbe pooer supply bosrds lsolated froo the
rest of the lnstrunent,

The test flxture provldes tbe proper ac lnpnrt voltages lld the proper loads for tlre
power supply voltage!.

Befer to Ftgure 8-@ for tlre poocr supply tcst flxture scheoatlc dlagra! aDd perts
1lst.

8-354
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I./O SECTION
Thls sectlon contalns servlce inforoation for the tbree 4945A lnterfaces. Thls info!-
natton includes theory of operatldr, schenatlc dlagrerE ard troblesbootlng.

Interface r€plaaeable part3 lists are lnaluded ln Sectla 6.

Befer to ilrc 191rA Qeratlng I'lanual for lnterfaae operatlng lnfomatlo.

lny trro of the lnterfaces can be conneated to the 494rA rear panel at dre tlne.
lnterfacea ar€:

o 181621 HP-IB Interface

o 18163A 85-232 Interface

o 18165A EP-IL Interface

The lDterfaad are
oate rlth exterDal

controlled by the Systa Processor and allow ihLe 1915A to cmunl-
devlce! .

nefer to t'he 1915A Block dlagram, the lndivldual. int€rface bloak dlagtars and Ute
sohe[atlc diagrans nheD readlng thls sectlor.

The trro lnterface c@nectors are physlcaUy dr the AI8 board end are s€parate
frfl tbe board'r transmltter output fwretio.

The corcctors on A18 connect dlreatly to tbe systeo pnocessor address and data
buslea .

Ftgue 8-6lshows tbe slgnds or the I/O lnterface c@nectors.

fypically qrly one lnterfaae ls connected and the other slot ls oaaupl€d by the

aan orly be instdled ln port 2.

otttput boar<t (459), Ore A59 board bas a panel wltb two BtlC connectors for phese Jlt-
ter
L59

carier outputs, and tt{o post adrreotors for an extenral reference lnput. tte

8-357
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8-8r. HP-IB Interface (18162A)

Florre 8-62 ls the 18162A Interfaae sohematla dir@t
To t,be 1915, the interface looks like three addr€sses: t[e lnput latoh (U400), the
output l.toh (UroO), and the status latch (U200). the status latch aotrols data
transfers lnto and drt of ttre 4945A through the input and output latahes. Blt ttro
lptn !) of the status latch is grounded and nust be read 16r before eny other blts Day

Dete output is cqrtrolled by blt zero (ptn 2) of the statB latch. l{hen the 4945A
$rishes to r,rlte data out, lt tests bit zero. If tfie bit ls hlgb, then tne 4945A
rrites the byte of deta to the output latah. Thls drlves blt zero 10, and generatea
an lnterrtpt for the I/O processor. The I/O processor (U301) reacts the output latch
throwh port 2. l{hen the I/0 processor ls ready to recelve another byte, lt sets bit
zero of the statua latch, using the port three, blt sevelr, output llne.

Data lnput ls controlled by bit qre of tbe status latcb aDd tlre system lnterrupt line
(LIRQ). l,[retr the lnterfaoe has data to wrlte to the 1915, it writes a byte to the
input latoh, providing that the last byte nritten there h6s been read. Tbis sets blt
one of the status latch and dllves the systeo lnterrupt llne low. nh€n lt receives an
internrpt, t,h,e 1915L polls lt's lnterrupt sources. nhen blt one of the status latch
ls hlgh, and bit tro Is lotr, it read8 tJre lnput ]atch, Thls resets blt dle o? tbe
stetus latoh and generates an interrupt o the I/O pr@essor, teuing tt that the byte
has beelr read, end prorrytlrr8 the lnput of tJre next byte.

Port I of U30I ts oonflgured as en el8bt blt multlplexed address/data bus. Port O la
Itrput port for the U)per address bus. To ensure that the Boif (U302) ls selected

botfi rrltb the upper addnesa bus ln a high inpedance strte and when lt ls actlve, out-
put plns 4 and ? ot 1160.1 arc rlre oned together, effeatively locatlng the nO{ et ad-
dresies 0000 - ,FFF and C000 - FFFF. lddress llnes A8 through AI, are puUed lot, to
ensule po$er up at 000C.

HP-IB Firmware Operation

The f,P-IB flroerere has four [aJor sectlos: a porer @ rortlne, queue routlnea, co-
nsnd deaoder aDd a data encoder.
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Porer On Boutine

Tlre poner o routine does tbe foUonlng ln the sequence llsted belorr.

. Ilitia$ze the I/O processor (Ur01).

. Tae lnterface RAll ls tested arld the ROll cheafsur ls abeaf,ed.

. Initlauze tte fl.ags, polnters and varlables.

o laltlallze the lnput ltld output queues.

r fhe lnterface ldentlfles ltself to tne 491rA by
sendirg tfie hex code 99 to the 4945A.

r tte interface walts for the 1915A to write it's
set up informatidr and port nurber.

o Tlre EP-IB lnterface cblp ls lnitlallzed (lrl0l).

a The lnterrupts ere enebled and the processor eoters
a wait loop for lnterrupts.

Internrpt r€quest zero cones frcm the BP-IB interface cblp whenever there ls

aDd put lt lnto the outpNrt queue, Cmaads nay also be rrlttetr by the 4945A.

tlrat nust be taken on the bus. Tlrere are trro internrpt registers ln U10l tbat ldelrtl-
fy the lrternrpt. Every lnternrpt hss lt's om servlce routhe.

Beslde8 hatrdltng addresslng, parallel polls, lerlal polls, devlae alear lnstnrctios,
and interface cleera, thls routlne handles data lnput ard output oD the bius, doe8 the

and Xe€ps traal of the bloak transfer noder.

Internpt one ls generated rrhen iD,e 1915A reads a byte frm the laput lrtch. It l! e
prmpt for lrlre next byte to be writtelr.

Internrpt three coes fro tbe output latcb nb€o the 4945A writes a byte of deta.
Thls trlggers a routine to foroat tlre output data dependlng on the node of operatio,

byte! wltb blts slx and seven set. ar€ deaoded and tfie approprlate satldr l!

. 8-360



Queue Routinee

There are two clrcular queues ln the lntemal reglsters of the processor. ltey are
managd by the internrpt routines through four register!, a flag leglster, aDd two
date holdoffs. The four reglsters are;

o Head, the head of the input queue

. Tail, the tail of the lnput queue

a Frort, the head of t1he output queue

o Back, the tall of the output queue.

These reglsters are uaed as polnters to tbe queu$.

The flag register cqrtalns elght f

The l@rer four, InOBt, InQldy, InQfuU, and Heldoff control the lnput queue. InQmt is
true $hen the lnput queue ls eopty. InQr<ly is true when the input queue is arpty 6Dd
th,e 1915A has read the last byte of data t'hat rras [rltte(r to the lDput latch. In-
Qfull ls true grhen the queue is fulI. Heldoff is tnre when the data handshaIe qr the
HP-IB bus has been heldoff, stopping the transfer date.

The other four, hpty, Ready, FulI, and Type, control the output queue. Erpty ls tnre
$hen the output queue ls empty. neady ls true rhen the output queue ls eopty and the
last byte written to the HP-IB bus has been acaepted, nrtl ls tnre when the output
queue ls fuII 8nd the status bit handshe*e rlth the 1915A bas been beld off. Type is
set whenever a spealal charaoter frm the 1915A ls recelved lndlaatlng that the rext
byte is a date tlrpe. The encodlDg routlne uses tlris informatiqr rrhen foroattlng data
for the output queue.

Mnemonic Decoder

?he conmand deaoder decodes botJr tjre 4944A amltnd! ard Ure 4945A cmnands. Ihe f,P-IB
lnte!rupt service routine buffers three amsnd characters. The decoder tests tbe
ftrst charaater to mal(e sure that lt ls en ASCII, upper case, alpha oode. If lt ls,
tlte decoder uses the value to compute a polnter whlcb polnts to a table of addresses.
The appropriate address is loaded into the pointer. lbe flrst cbaracter of eac[ co-
DEDd has lts om routine. Unused character addresses polnt to an error routlne.

fhe 4944A cmmnds bave only one upper aase alpha fouorred by a lrumerlo character.
l{hen a 4944A cmmnd ls sent, the routlne checf,s to see lf the second character ls
witbin the defined set. If not, an error routlne is caUed. T}ne 1915A mnenonlcs have
an upper case alpha second character; these are tested for and the approprlate routine
is called. Thetr the nunerlc code ls checled to see lf tt ls ln the correct renge.
Once a comand 18 deaoded, the pointer points to tbe coonand dependent address ln ROll
Erd the Xeycode aequence is read lnto the input queue. The delltrlters thet flag the
end of e keycode strin8 are > and <. The ) symbol indicates that there ls no data
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to be entered ( symbol says to enter data elrtry Dode end eccept -,. , and
Dunerlc data untll a noD-nurerlc aode is received. T[e f,eycode E lB sent io t,ta,e 1915A
to end Ure dats elrtry sequence.

Data Encoder

tle data €ncoder rrorfs ln elther the nomal Dode or the 4944A node. IUen the lnter-
face ls ln nomal [ode, each data type reaeived ls used to aoopute a polnter to a
header strlrS. The five character header aDd a space are Ert lnto t,he output queue.
lb€lr t.he data tJrat fne 1915A nrltes ls put b€hlDd the header untll a carrlage netunir
ls seeo. Tbe header tld drta can nor be Bent to the cdrtroller.

Itrren the lnterface is h tbe 1911A lrdre, a sqrarate foroat routlne ls used
for eacb Deasureoent, except for level frequetray atrd phase Jltter, which
E iEIiE

l&en an lncorreot comand ls found by the deaoder, a serulce request ls generated.

o4945-Hp.tB-18162 0-9/83 REV.4-2334

ulo2n

R1-
R7-

5 -cRl-

xFm

JI
@

u300
t-t

u400-t

u500n

JCt-

I

I

I
o
I

I

I

I

I

I

I

I

I

lFm
.l

IFI''
3

I
0
I

I

,]

I
9(,
I

u2025

I

I

I

o
I

-Cll-

I

I

ulol
3

utoo

u200o

itrEo-t-l

Trtrl
3

IF!o
YI

.rIII.n

8-362



r

t-ir
-'l

8162A If-I8 INTEFFACE
6Pt.iFffi +i

0t

IU

t8

I
te 2

sa0
SA

NOTE: TPI THROUGH TP8
IIO.A7 RESPECTIVELYI ANE
ON THE OUTPUTS OF U5O2

TPg THROUGH TPI5 IA8'AI5
RESPECTIVELYI ARE ON THE
PORT O OUTPUTS OF U3OI.

IP-I8 CHIP

TIP-IB
OATA
TRANSCEIVEF

}P-IB
CONTROI
TRANSCEIVEF

0 t!

t!

t5

38tg

3
tl
5
6

t2

t0

7

^00REssOECOOER
2

I

)rc
NC

t{c
ic
tf

Dt02 I

0!04

or06
0t07

3
a

5
t5
t6
t?
!0

+5

+5

+5

7t
u30l

16

I u100, u500
u604

28

t4
u302

+5

+5

+5

t4
7

20

10

7

I
u200. u503

u102. u202
u300. u400
u502

ctt
t5DF

r/o
Y! PH)CESSOf,

4tttz }P-IB
CABLE2 7

a

t2

6

ll{

EO

sn0

NEN

,FC

OA

I

?

g

2

3

0

a

a

n0L
r9

ro

toAca

itr05

EIFIH

7

9

8

40

20

T

t6
s

t5
n

,a
P

t3

ost
sor

sD3
s0a

st,6
so7

INPUT
LATCH

26
25
2a
a3
4
et
20

u101

E*i.
li V''"

3A 2 SDt

Gll]

e!-r1t
I

L J

: t s

R LArClt

P/0 lE000
t
2

olrx
EX

t00U

o

^i

xr l3st
xe (ocl

EX3 fiXfl
Eira lEv)

g

1 l7 t0>t
7

t6

s

n LITCH

P/0 r!00 t5
1

0
t
2
3
a

5
6
7

t3
t

2

I
mot '5tu(

I
2

t2
F30r

xErtoK
t

30
t

23
0t tt

5>
1

EXt/G4
EN2/C5

EN3

m02

u200

ENI
Et{2

EMI
Etla

2 ' tvD3 t3t5 ato 0a t4 vt I E
ta E 39t7 Atz 06 t6

5 t8 lt3 9l r Eo7 t7

INI
t

CE

cTi
IE

0t0t

ut0t

ffiEi
OBIN
FE

ACC6n

HP-IB
o[P

D7 ILSA] sa0
AIi.I
EOI
0Av

rF0
roAc

IFC
Et{

OE

05
04
03
o2
0t
u

0r02
0r03
0t0a
0!05
0t06
0t07
0to8

ns2
FSr
FSt

t2

tt
I SOt

> to20 ats
2e

neor
r0K

+5

5

0 I I

t3 a8

neo2

vi t E

23

E

s0r
t0
t2

t8

t5t3t
cnt

6 +3

ug

c7
!.0

tc2
t 5o2

tFF

17

SIATUS LATCH

3

3

3 306

n!
l(

2

(UTPUT
LATCH

m ?2At 1 5 At Aa8s0r 4 32 612 4557 33 t6so:i I sm ?jjAa t3 ,2 
'a

7Ast)a t3 3520 t5 A5a frso8 t7 t6 3720 lg 
^7

t8 t9 38
ao

u30t

EEEi

xrALz R/I-

65
XIALi

Gjr
r2

- E3

oi ls
- 16

.$ \,
"t (
' -3
6 E2

\F

rE

:) (i
3F F3r$ $:l(;

At3 26

n(Ir
ta(
r8

u:to2

t
2

I
t6
3e
6'l
r2€
256
5t2
t02,r
20a0
a0g8
8lge
t0€l
tcEl
(PGXI

lvpDl

tt A' tt 06

3

3

0

o

IN]EFFACE
Pn06BAL

HOT

3 A9t3 lv 13 02
la lt5 Sot t5 D3

It

nlio3
r5

lt(
st3
t0

l2
7

038 vs s03 176
5D4 t3 A't2 so4 ta oa

r5

n503
!(

0
t
2
3
a

5
6
7

Et{

1160a

I
o{rx
rI

Av0e !7 t6 El6
07 t8

2

o

I
I

I

I

I

I

I

I

,tso t
r5

r5

g

X

.,u30 t

0

2

I

21

+5

lt(
F503

.5

ts so?

E

I

EE

l!tEI

-I-I

ilt-

6r
-
IIIIII

E
@E
@E
@E
@E
@

I

ILIil

GG

rr

IIIIIr

I
l-Trl
Ei-

I
ErETI
cErril

EI

TIIII il
lt

IIIII
I

-
EIEETETr

EErEErEEllEtuEE

ilililililililil

EETVIIIIIE
EZ-TrIl!-
r+rrllIIl-r
E-ITIIIII!-il
EITVTIIIIIIl-I

!!!llllrrrrrllrrrrrrl
I

Figure 8-62. 18162A HP-IB Interface Schematic Diagram
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8-82. RS-232 Interface (18163,4')

Figure 8-63 is the 18163A Ilteqlqce sehernatic diagram.

To t}l.e 1915, the intelface looxs lil(e three addresses: the input latch (Uf00), tlre
output latch (U400), and the status latch (U200). T]te status latch controls data
transfers lnto and out of the /+945A througfr the input, and output latches. Bit two
(pin 5) of the status latch is grounded and must be read low before any other bits may
be oonsidered vetid.

Data output ls controlled by bit zero (pin 2) of the status latch. Hben the 494rA
$ishes to esite data out, lt tests bit ze"o. If the blt is high, then the 494rA
nrites the byte of data to the output Latah. This drives bit zero lolr and generates
an interrupt for the I/O processor. The I/O processo! (U401) reads the output latch
through port 2. fihen the I/0 processor is ready to receive another byte, lt sets bit
zero of the status latch, using the port three, bit seven, output line.

Data input ls controlled by bit one ol the status latch atrd the system lnterrtpt llne
(LIRO). llhen the interface hes data to write to the 1915, it $rites a byte to the
input Latch, providing that the last byte written there has been read. This sets blt
oDe of the status latch and drives the systeo lnterrupt line low, Hhen it receives an
interrupt, !.Iie 1915A pous it's lnterrupt sources. I{hen bit one of the status latch
is high, and bit two is Iow, it reads the input letah. Thls resets bit one of tbe
status latch snd geuerates aa internrpt on the I/O proeessor, teuiEg lt that the byte
has been read, and promptlng the lnput of the next byte.

Port L of U40I ls eoDflgured as an elght bit multiplexed address/data bus. Port 0 ls
an input port for the upper address bus. To ensure that the RoN'l (U403) is seLected
both t{ith the upper address bus in a high lnpedance state ard when lt ls aetive, out-
put plns 4 and 9 ot V5O2 are wlre ORed together, effectlveLy locating the RoM at ad-
dresses 0000 - 3FFF and C000 - FFFF. Address lines A8 through A12 are puued 10$ to
eDsure po$rer up at 000C.

RS-232 Firmware Operation

Ihe RS-232 firmlrare has four maJor sections: a power on routine, queue rortiaes, eor-
trand decoder and a data encoder.
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Polrer On

The porer dl rortlne does Ure follorrlnE ln trhe sequence Usted belol.

o Inltlalize the I,/O proceslror (U401).

. TAe lnterfaae RA!,| is tested and the B0tl checIsun Is checked.

. Inltlauze tbe flags, polnters and varlables.

o Initlalize tbe lnput and output queues.

. The lnterfaae identlfies itself to ihe 19154 by
sendlng a hex code to t}ne 1915A.

. The lnterface walts for the 19$A fo wrlte lt's set up lnfomati@ and tlre Port
nunber.

. The SIO lnterfaae cblp ls tnitlallzed (U102).

. tle lnternrpts are enabl€d aDd ttle pnocessor enten a walt loop for lnterrupts.

Internrpt request ze!,o cotres frm t'he SIO lnterface chip whenever there ls actlo that
Dust be taf€n o the serlal linX. Bvery lnternrpt has It's om servlce routlne.

Besides hEndftDg addresslng lnEtnratlons and interface clears, thls routine hAtdles
date input and output on the serlal lln*, and does the coooand decodlng. Internrpt
ore Is generated rrhen t}ile 191rA r€ads . byte froo the lnput latah. It is a profipt for
the next byte to be urltten.

Internrpt three coes fro the output latcb rrh€lt lrlre 4945A rrltes a byte of deta.
Tllls trlggers a routlne to format the output data depe[dhg oD the mode of operatiqr,
aDd put it lnto ttle output queue. Cmnands nay also be rElttetr by tfre 4945A. These
are bytes wiul blts slx and seven set. Ihey are decoded and the
taXen.

ig
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Queue Routinee

there are t$o clrcul,ar queues ln the lnteflral reglsters of the processor. They are
nanaged by the tnternrpt routlnes tnrough four reElsters, e fleg register, and two
data holdoffs. Ihe forr registers

. Eead, the head of t'he lnput queue

. TalI, the tall of tbe input

o Front, the head of the output queue

These registers are used as Pointers to the queues.

Ihe flag r€gister c@tain3 elght flags.

. Baak, the tall of t'he output queue.

Inort, InQftly and InQfuU. oontrol the lnput queue.

whetr the output queue ls empty.

ls eupty, InQrriy is true $rhen the input queue llr e@ty aDd t}ile 191rA bas read tbe
Iast byte of d6ta that nas rrrltten to the lnput latah. InQfull ls true wheo the queue
ls full.
The otber four, hpty, Beady, F\rU, and Type, adrtrol the output queue. hpty ls true

ls tnre when the lnput queue

ls tnre wheu the ortput queue ls emty and tlre
last byte rrrltten to the transmltter shilt reSlster has be€[r setrt. IUU l! tnre rrbelr
tfie ortput queue is full and the status blt handshalre rrlth the 1915A D,as beelr held
off. Type ls set rrhenever a speclal character froo the 1915L ls recelved lndicatlng
tiat the next byte ls a data type. Tlre cncodlng rcutlne ures Urls lnfonlatlo uhen
foroattlDg data fo! the output queue.

Mnemonic Decoder

The aomrand deaoder deaodes rlnte 1915A coonand,B. Ihe d€aoder tests tJre flrrt aharaater
to EeI(e lure that lt ls ASCII, uplrer case, alpha code. If lt ls, the decoder uaes lrbe

dresc ls loaded lnto the polnter. tbe ?lrst character of esch amnaDd has lts otra
routlne. UDuaed character addresses poht to an error routlae.

The 1915A mneoonlcs bave all upper ca8e alpha s€aod these are teated

value to compute a polnter whlcb polnts to a table of addlesses.

deli[iters that flag the elrd of a teycode strlnS arc ) lnd <.

and tlre approprlate routlne ls a8ued. the[ the nunerlc aode lr ahea*ed to see
for
lf tt

ls ln tlre comect range. 0nce a cuuld lE deaoded, the polnter polDtr to tlre cmald
depende[rt address ln RoM ard t re ]eycode sequelrce ls read lnto thc lnput queue.

) slmbol lndlaates
that there ls no data to be entered. Ihe ( slllbol sayr to elrter data entry node and
accept -,., and nunerlc deta rmtll a lo-nuprlc code ls r€celved. fhe teycode E ls
sent to tJi,e 19154 to end the data cntry requeDce.
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Each data tyDe recelved 1! u!€d to cooDute a polntar to a h€ad€r strlnS.
fho flvc characte! header and a lpace are put hto the outPut quane.
Ure data tlrlt th€ 4945A wrlter 13 put behtnd ths helder uatll a
rctura lr !€qr. tle herder atrd dsta can lor b€ leot to tbe serlal lln}.
luen an lncorrect cmand ls louDd by tbe deaoder, the stltrr3 reglater ls updlted and
an crtpr ncua3c lr
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8-83. HP-IL INTERFACE (18165A)

Figure 8-62 ls tbe 1816rA Interface schematlc dlagrao.

To !.he 1915, the lDterface looks like tlrree addresses: the lnput letah (U400), the
output fatch (Ur00), and the statB latoh (Ur00). The status latch coDtrols data
transfers into ard out of the 4945A through tJre lnput and output latohes. Bit tero
(pin 5) of the rtatus latch ls grounded oB tbe Dodule and ulst be read Id, before any
other bits nay be emsldered valld.

Data output ls controlled by bit zero lptn 3) of tbe st.tus latah, llhen tbe 494rA
rishcs to urlte data out, tt tests blt zero. If the blt ls hlgh, tben the 4945A
$lltes the byte of date to the output latch. Tbls tlrlves blt zero Io, and

internrpt for the I/O processor. lbe I/O processor (U501) rea<fs tre output latah
tnrough port 2. Hhen the I/O proaessor ls ready to receive anotber blrte, lt sets blt
zero of the status latch, usfug the port ttr€e, blt seve[r, output ]lne. Data lnput ls
cdltrolled by blt dre of the status latch erd the system lnternrpt ftne (LIBQ). lten
the interface has d,ata to t{rlte 1o lhle 1915, lt writes a byte to the lnput latch, pro-
vldlng tlrat the last byte written there bas beetr read, Ttls sets bit one of lihe sta-
tus latah and drlves the syst€m internrpt llne lcnr. l{hen lt recelves an lDternrpt,
rne 1915A polls it's internrpt sourcer. Hhen bit one of the status letah ls hlgh, and
blt tlro ls 10 , it reads the input latch. Thl3 resets blt one of the status letch and
generates an interrupt on the I/O processor, tefltng lt that the byte has been read,
aDd prmptlng the input of the next byte.

Port I of U501 ts corflgured as elght bit nultlplexed address/data bus. Port 0 ls
an luput port for the upper address bus. To ensure tJrst t'he BOlf (UroI) lr seleat€d
bott t{ith tJre upper address bus ln a htglr tnpedance state and rhen lt iB actlve, out-
put plns 4 ard ? ot U)O2 are wlre ORed together, effectively locatltrg the Botl at ad
dressea 0000 - 3Fm and C000 - F[TF. lddr€ss lines A8 through Al, are puUed lott to
etxrule porrer up at O00C.
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HP-IL Firmware Operation

Ore EP-IL flmrare has four naJor sectlors: a pouer-on routlne, queue noutlDer, coo-
nard deaoder eDd a data encoder.

Pocrer on

The porer o rqrtlne doe8 the foUorlng ln the sequenoe Usted belon.

o Inltlallze tDe I/O plocessor (UroI).

o fbe lntcrface RAll ls tested and tbe Rol{ ohealluD ls chcc*ed.

. Illtiallze the f1ags,

. The lnterfaae ldentlflea ltself to tne 494rA by
sendlnS the bex code 9A to tne 4941A.

o fbe interface nalts for tfie 1915A to nrlte lt's set
up iDforoatidr arld the port nu[ber.

o fbe f,P-IL interfaae ahlp ls lnltlalired (U101).

. Illtlellze the lnput and output queue!.

. Tte lnterrupts are €lrabled aDd tlle pnocessor eoters a walt loop ?or lnternrptr.

Internrpt lequest zero coes fr Ure EP-IL cblp wbe[rever there ls aatlon that mrt be
taleo @ the 1oop.

Ilternrpt ore ls generatetl rrhelr the 49454 rea<l,s a byte frfl Ure iDput latch. It ls a
propt for tlre lext byte to be writteo.

Intertupt three coes fro the ortput latah $heD tlre 4945A mites a byte of data,
ttla trlggers a routlne to foroat the output data depeDdhg m tlre node of operatioo
and Frt lt lnto tlre output quane. Cmands nay alro be rrrltten by the 4945A. fbese
are bytes xith blts rlx ard levco set. They are decod€d 6nd the 1s
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Queue Routinee

There are two circular queues ln the lnternal reglsters of the processor. They are
managed by the lnternrpt rdrtines ttrrougt forr reglsters, a flag register, and two
data holdoffs. Tlp four reglsters are;

. f,ead the he6d of the lnput queue

. lall, the tall of the lnput queue

. Frot, the he6d of tilre output queue

. Back, the tall of the output queue.

Tlese rcgisters ale und as poiDters to the queues.

fhe ?lag register contalns eight flags.

The loder four, In6t, InNy, InQfu1l, and Heldoff control tlre lnput queue. InQnt is
true rrhen the lnput queue ls empty. InQldy ls tnre when t'he lnput queue is eopty and
!"ne 1915L has re6d the last byte of deta that gras t{rltten to t re lnput latah. InQfull
ls tnre rrhen the queue is ful1. Heldoff ls tnre rrhen the data handshale o tbe loop
har be€lr heldoff, stoppltu the transfer of date.

The other four, Erpty, neady, FulI, and Type, aontrol the output queue. hpty ls true
uhen the outprt quare ls enrpty. Ready is tnre rrhelr the output queue ls empty and the
last btrrte wrltt€n to the HPIB bus has been aoaepted. r\ll lr tnre rrhen tlre output
queue 18 full aDd the ttatus blt haldshalre ulth the 1915A nas be€n held off. lg
set rrhenever a speclal character frm the 1915A Ls lecelved ltrdlcatlng tbat tbe next
byte is s data type. fhe enaodlng routhe uses thls laforuatloo uhen foruattltu data
for tlre output qu6re.

8-373



utor
ut00

TI

u302n
u:,ol

n

u200
|.-.,

uaoon

l[fl:t

7

u3m:l

JU 4OO3

u5oaau503
u50t

n

Btl

I

I

.lla-rrrn

J1

I

I

I

I

I

I I

o
I

I
5

I

8r
TT' rt

lr
-R8-

ll

lt

gl*$
tr'l ffi

II
ti ilil

ilil

o4945-HP.t1.18165 0.9/83 REV.4-2326

8-1?1



r _l
18165A HP-IL INTERFACE

+5 6

U

18

N

t?

T

16
q

15

B

14

P

13

P1
, fP-dFJ

I sag
SA1

SDg

SD1

SD2

s04
SD5

I SD6

SD7

4

5

c

3

ADDRESS
DECODEB

NOTE: TP1 THROUGH TP8
(AO-A7 RESPECTIVELY)

ARE ON THE OUTPUTS OF U5O3

TPg THROUGH TPl 5
(A8-A15 RESPECTIVELY) ARE ON
THE PORT O OUTPUTS OF U5O1.

14

15

r/o
PROCESSOB

HP-IL CHIP

2 t4

P2
RXD1 I

BxD0

cR3
62V

I- 15

12

11

10

15

+5

+5

+5

16

I

L4

7

t4

+5

+5

20

10

1

11

1

10

23

18

20

B5
15K

+5

5

+5

NC

NC

NC

NC

NC

R1
10K

L1
56

26
13 10I

7 4 13

PULSE
TRANSFORMER

T1

10

7

u100, u200
u302

u300, u504

u30 1

u400, u500
u503

u50 1

,LJ 101

HPIL
CABLE

cR4
62V

c11
15pF

Y1
AMHz

2 7 R8
383

II
P3

Tx1fi ,

il
TxD 1

4
C5
330pF CR2

$ISDg

33V

LIFO
4

R4
68. 1

SD3

01

+5
cl, c7
C8, CS
c13
.01

GNO

I NPUT
LATCH28 +5

c2
L

$ 2A

2,8

C6
10

+

r \----r-L ,' I EAFTH

I =GNo
I

I

8

I
Figure 8-64. 18165A HP-IL Interface Schematic Diagr&m

s-375

'15^
' 16

t2

&

z 1

I

S

R 
LATCH

P/0 u200

0

1

2

U

7

DMUX
EN

)^
u 100

t4
13 16

2t
z 1

25

24

C3
120pF

27

S

R 
LATCH

P/0 u200
2

0

1

2

3

4

5

6

7

u200

LA TCH
S

R

P

283

+5

B1
10KP/0 xE1

E1+5

4
46

H1
10K

5

I
10

3 01 13

u300

EN1

EN2

EN3

EN4 D2 12

( t4 A9 D3 11
15 A10

V
049

I
5

cR1

1S

33V

+

CA
330pF

R9
38316 A11

V
D58

2
t7 A12 067

5 18 A13 D76

LC1

TDx 1Dg

01

D2

D3

o4
D5

06
D7

TDx 0

AUX

AUX

SCTL

6
5

RESET

RD LC2

htR RxDo
IRO

HP_IL CHIP

u 101

C=

RXD 1

RSg

BS1

RS2

19 414

t1
801
602

20 A15

29

+ 5
1

2

R1
10K

-l

5

tn
(D

II

tt
(

+5

13 A8

rR
5l 1oK 

I

4

I

I

J2

B1
10K

R1
-toK

2

RIO
10K

SD2

30SD1
B2 1K

NC
10

12

11 A1 I
1 J

gv

40

6
+5

c12
1.0

NC
cB5

A?8u503
rcz

EN1 FF

1C2
u500

EN1 FF

32tA 2A A372D

F3
1K

2 Db

3

3SDg

STATUS LATCH

2

OUTPUT LATCH

31D 4462? Al 4 5 A1
SD1 4 5 32 2D

D 23 A2 7 6A2 A556 33 2DSD2 7 D 24 A3 8 9A3 A642DSD3 8 s 34D 25 AA 13 t2 A4 473SD4 13 \a 35 2D
D 26 A5 14 15 A536 2DSD5 14 15
D 27 A6 t7 16 A62DSD6 17 16 37D 2A A7 18 19 A7 A10 21SD7 18 19 38 2D
D

m

F
CEo
o_

u50 1

I
0

:)
o

H-ESET

F/W

DS

/o
Ilr
o?
F^crJoo-4

l5l6v
a

(r)

FE
CEJo^(Lc
\s

XTAL2

XTAL 1

ASf(t
, I lz
3 G, F3

:H F:

?) (?
A11 23

A12 2
2 A13 26

s
B

7
1

-1 6383

ROM
16K
xB

G1 (0E)

(cE)

(PGM)

Vpp

1

?

4

I
16

32

64lo
128

256
512
1024
2048
4096
8192

C
11 AV

14

Ag 10

11 Dg

3

3

8

INTERFACE
PROGRAM

ROM

4 3
1 AV

C

U4

gx O-FF

12 Dl
3og3 I

D v 1,A V 13 D2
5 6 7D1 4 1,A vD V

15 D35 SD1

027
1 1 AVD

6 SD2 16 D4
6

13 s
10

11

7

12

NC

NC

NC

NC

038
D 1,A VI S03 17 05

5D4 13 1,A vD
12 SD4 18 06

4

20

+5

3

2

3

+5

R7
1K

A7
1K

Z

05 14

EN

0

1

2

3

4

5

6
7

DMUX
0\

'l or-,
z)

u302

D v 19 0715 SD5 1.A v
D6 t7 D v 16 SD6

07 18 U v

T

I

I

I

I

I

I

I

I

L

)zo 10

o
cc

__J

+5

18
E

go.

J U4O3

B

2

2

I19 SD7

L

1

t

I

1

s

I

A1

A2

4

3

I

2A

25

6



1 2

BA}IFAIN
&c!,l $hi
Po. tux 557
atun
f4 255518.25fl50
f*x: Aatg

Wd HtM*t
P.0. tux 610
anN
f* 2$123
f*r: E$ U/EL gt
u.e

CYPRUS
Llatcx, LM.
P.0. tur a&,
UC fus,,o6 A6ta
rrofla
tdw
t*x: 2Na LEttOo Cr
EU,P

sf.o7a!72 rvr$ru
IeI (gll)216318
CH

Ha,dett.Paakad Oy
l(dnt {b l.C
sF.gor4{}r1olru
r* (goltEtsr8s
ol

Sqhtu
at & L,,,a,l, ).2
l2gLMM.x
I* fi 2t 8tA3
f*t: lgtt6 SlSAgl P
l&t.EnVafhbb
Eqlttu&E Elkltus 5...t.1.
frtt MtCo &Fot{fc, lB
P.A tux 25itt
P.Lis,II
td 1t9$.fl.n
l*t: lzM
U,CS,E,P

Product Llnr Salal/Sup9o.l l(.Y
[a, ,tod!.| Lh.
A r.dtftr

cI ca.r.r.b
C Ca.rrl.t sraIor Lal o.,
Ol Carrr0sFh.alttdtt S.5ard8afit t
CS Con 0lr 3r.lr Solli,r lJ.. Ild s.ltiL
E tLcta* harrrttb f Lerrl SEtrt
r lrElrr blr
IP Ldlcd ,oftlr ft'rirt Sno

I8 Ldad ?rodocB Sacoiry Sm
, efiotrd Comrri.Io ftaal.b
' 5d..aarlrar.dftN *th.
' It0f.d otrr b.a0.. c,odrlh.

[rfifrrll: Irta atrloa adgda !.rxrd ,.ld.al ha cI]
!ifr. fht do .ol Ua ,alo o. !ryod .[5n, h. I
,..nd. dI5 a h., d I 5aab.. Cal&l ,al, L.d
aJaa olL. lor ll!.45. t fttf h.Ih.l rtna lI
llDo,l h .r.LL b. I.dllc todrcb.
lP distlfltu$ e. Pt Ed h tu}cl.

SEtGrUX
tlerhlt.P.ddd E€lCittl S.A.ill.v
Sri, dB h Ilotu{e, 100

lvoln edd
B.rmfiJssa.l
Lt (02) 762.32.d)
I€br: 23-1Sa tdootr b.u
A,Clr,cu.cs.E,rp,P

OEI{IIAFK
Hex,r|l+a.,(ard rS
lht v.i 52
U(.3160 lrtu !d
T* (02)8r{6.a0
L*x: 9409 hpc r,(
a,cHorr.cs.E.16.P
Her,lcftPrdard l/S
t{.vtr€i I
IX.86m *rEmG
T€t (06182.r1t6
I.*x: 9409 ho.s d(
or.E

GFEECE
x,6tts Kdayn* s.A.
I A*a! fu.et
fitfftgt
td: e A, AE I3, 37t
f*r: 21ge HUn @
a,ucu,cs,E,4P
R/AO SI.
G @td&s
21funtd, fuael
r7f{t
f* $.n.t6lt
f*r:22Bzt

ISRAEL
fut Elfrot* t'!tura/.,l Lld,
PO. tu, t2?0
EREALEII9fiN
,A 4l.&v sr.
cRB .An!r116t
fd 

'its 
22t. 5$ 2A

r*t: zgtt BlPA,(tu I
A

El6fro*t Etti,',n9 Dvi*o
bw&ed La.
16 Xret,EEl*i *fl
P.0. Bor 2$t6
m{wd8
t* 3-EW3
t*L gtj8) od t
c*: aAS'fJ. f*Aviv
c&c,l,6,E,u,P

P i{ IA
Ebcrt*;o 8tu , S.a.

N. turnd L.rh, Ed. , ,
aNtfr 1g!,
?nut5
f* 6427N
I*r: 3agt ELECIm,t re
ACU,E,II,P
Fob,f/,,rb,,lLS.L
fut F,il ZqE
ANfu2@
cdd3
Icl: a5.ZB3
l*r: W6 t0(nf PG

OATAi,M lutv t C@ne*rC
P.0. tu, t56it
Ntt
f* 22t70, 235: )
f*x: lag NISSCR el
u
Coryftdro
P.0. 0or zrfi
M
IGt d8355t
f*r: affi CIPAB

E,6tf,/, l,t/.ttcd s,r.dcca
P0. Bot a7a7
Ddlt
td ag!$!t
l*r: lt$ EASIEC lrl

Onlrrlo
Hewlell.Pacr.d (Cri.rb) Ltd.

552 Ne$dd Slro.l
1 DO( (hLrlo ll6t 235
IeI (5lgl68&0181
A,CH.CIM.E'J6P'
Hes,L{.Padrd {clrd.} Lld.

6877 @cu.y o,lY!
rE$sEruct Olt{b Lav lt 8
Tet {at6} 6?8.940
a,cH,cu,cs,E,lP,P

Har,le[.P..k d (crwr.,ud.
2670 Orenlyltr 01.

orTlil. (hLrb x28 afi
T.t (613) 86t483
a,cfi,cuos,E 

"r6.P'Hei,lc[.P..kdd (crE&l Lld.
220 Yofirrr dvd., un r r l
I,ItO[D,ll.t, Ohrb UzJ lns
I.t {4 16) 499€il3!
CH

Ouabac
It t€[.Prd(!d (crled.) LH.
l?sm SoIh Serrt! no.d
Irans4an da Hgiray
mrul., orb.c loJ ar5
Td: (5lr)@r.az@
a.cfl,c(cs,E.lpr'
He$lcfl.Pr.kard (C.||.rh) Lld.
t* &hrics & vrxo
2323 ou v.rsonl ilod
SIE. FoY, (Ir!€c G l1{ 4Cz

Tol (4 l8) 687.!570
cr{

]ledefl.Packard GdU{
Iaddsalias &Io Udr1lEtn
no$hll w.0 2.1
0.680 rrnffr
I€t {(I'21) 7(x)50
T.Lr: (N62tos
A.C.E

tlexiofl.Pickrd mH
TeahisdEi oilo tLu tln
ll€alal.cmBtasaa 7
0.79r08ulrr
I.t 0731.7@al
T.Lx: O12816lP lr-[0
a.c.E'

thwLfl.Plcl.ld Gmtll
Iefib.hes e[lo ltlrt ro
l{ By.r llar gO

0.85{r}nr i€nc
Ie[ l(al l] !2 m &{7
T.Lx: (823 860
cH,cLI.MS.P

HarLtt.Podod or$H
Lfiir.h.! 8Uo lllldEl
E$tsrara6ac 5
o8l,28 rffrnqIx
Id:1080)6117-l
Iebr: 0{i24mi
aoH.cuI.rc,P

]Lrlet.Packard Lld.
we$ End HoGr 4l
]I!h Sra€t, lvaEt End

sotmrrrr
H.trlcfie Sfi, 300
T.I (703) 885767
IaLr: 47,138
cx
ll*,Ltl.Peatard Llrr.
XhC $a€l L,L
IlXEr$, Wokirohlm
Eqt.fie AGll !'m
trt:. loT3lt 78,|77t
T.bx:&t7178
AOHT.T'

Yolog ..t:rLll.P.ctrdLld.
3.zo.21 ldcido+trdr
g{tuni.ku l(lo 168

l.I (Gl) 3ii l{ I I I
t.Lr: 82.aPl Y}PIfi
l.or,or,cs,E,lP.P.
Y*oC.r..tM.[+!ct1d LU.
Dddr &dlo I'ifig lF
5.2.8. oodorl.
uruJnll @r)
IodiC
T.t (@86) 2t7155
dt cs, E

Yol(oCrr..fi a*Lll.hctrd Ld.
Y&r&!8i i Yolrctrarr
t{drgldi 86.
+gH Tituyt.dro
lGnao.ra.ku
Y$OllIr, l(rE$u., 221
r* ((x5) 3r2.r252
ot.cra.E

llALrAYSl,A
It$tfl.P.al(,d sd.! (lrlbyrb)
Srh. &rd.
l.l Fbo.. Br{'rllll &flidl
Argb.i
JaLn S€lts r, lL Bara Hargl a
roruurtn 23{13
rd:U@.
Idcr l3l0ll
AOHI.rr.P'
ProHEt@p
Lot 3t9,5.10* M
P.0.0ox l9l7
lidlry;8nfi
td: gt5aa
l*t: lA TIXX P lltL
N.:N)mqlfi
48.$

PAKISTA]I
,ld*o E C@Wry Lt,
t8, Stdt t3
*cbt F-ut
&truD
td ,6815c*F Be.Wrt
A,E.U

,,,dl*o t CfrWry Lat

h$aMs
,Mfrr l*ooi fudrnw@
fd:st 27,5t29,
l*r: 2&, n$/o PX

Cdr: dDPEtuttOB t@dt
A,E.U,P'

SlllOAPrOnE
liedett?aclfi, SEaDo,r {Ply.}
Llrr.
P.0. Box 58 &xrldr Po.l ollcc
8rlcrmfE,9r 15

0n Fbo., :rchcapa HoEa
lsoalB lEI,lda no.d
slclroi! 05 r r
Id:63t788
l*r: tfSGSO n3 312(B
Crtl: tElYPlO( SrtEDc.

^,cH,cs.El6,Poyts@rMLb.
udN.nM6
Kobn ays m*d Esl,/,
*fi*tgy
ld: ?a?-6t8
f*r:6 zegt
e

lLllefl .Pr.trd E${r.ll s.A.
aro CoJa 8,ava 13

Cobla ltalidra
E.rllir 34
t.I ( l) 731{06 1. (l) 73r.t 162

cH.cs.

H.da .Paardd ElDas s.a.
Av R.n{o y Cai, l.S
Edfrio Sa,L l.
E.SErtU 5
T.[ 64-a4.5a. 6a-a4.58
TaLx: 729:13

A.CS.lrs,P

tLd. .P&rad E$oltob S.A.
Onmon Gorfr. I {E lo.3)
E.Yrtl&r l0
T.t 361.1354.361.1358
or,P

Canba,ra, AualralL
Crpal.l l.rdto.,
Oltlc.
llorLtl-Plctrd AB[& Lld.
r2l vrolooodE sre.r
r$fficl, A.C.r. 2dr
Id: &) a2a4
l.Lr:62650
CSle: }f$Prno C lbqt
cH,cM,E.P

Llbol,na, Yaclo.t! Ofllc.
t{au}tt.Paclad l|jslaE tld.
3!.ar Jos.lh Srccl
alrcrgJm( vbrorb 3la)
ldt 817 7777
Iekr:31.024
CaUq tClFrno ebdrE
A.O{.Crr.CS.EtS,P

P.rlh, watlarn Aotitalla
Ol0c.
Hcs,lenPaatrd aElr* Llt.
261 SertC Kghrly
cunmr, w.A. 6010
Id:383.2188
Ll.I: $859
Cdlr: lfWPAno Penh

a,c8.cu,.E,rrs,P

Srdnry, ilar, Soulh wala.
Orllc.
Hedett.Prdord Al6lrale Ld.
17.23 T.Lwra noad
P.o. Bor 308
rfifl rD:. .S.lV. 2l 13

Tel:887.1811
Ider:21561
C.6le: ]€wPAno Sydriry
a.c8.Glr.cs.E,l6.P

AUSTRIA
tSxlaI.Packrd G€8.m.b.h.

OotteirDldl.sac 9l
varlailshro G..z
a.$52 Gnrz
Lt 201.5{8
T.ler: 323?5
or.E'
xrrLtt.hctlrd Gas.m.b.h.

SEngllolulC 5
a.4@0 r.rE
IeI 07e2 51585
cll
tbdefl .taclrd Ga6.m.b.h.

Litth.s.. I
P.0. 8ox 72
a. t222 YCnr
Tet {022212}65.11.0
Ide* 131a25 IEPA A
A,CH,OrCSI.rrsf

FBANCE
tli,lm.Paal@d F6rrr
Z.l. tiLrqr€ B

hr &draNol
F. 1376:, tes lfle! C.dBr
rll€rfiolGrcE
TeI (12) 59.4 l.@
T.Lx: 4 10770f
a.clr,E.rs.P'

llcrdcfl.Padad F,ame
8oa. PolEL 1{o. 5l}3
F.25oA6 iESrrc
28hre&bn Filer
t-25{m ICSrIC0I
Id: (8ll&3.10.22
c'H.

)lerlcttfm(tad FEnca
8u$u&v.nta(hLyon
Ctamh &s MooLr
8o{c Po6l* 162

F.6tlr3) :c1r.r,r c6d.x
Iel 17) 8i,3.81.25
Itbx:3106r7t
a,cH.cs.E,rp

HarLtl.P6c*,rd F6nca
ltID.lB FBrcl Ewy
Iou Lor.iB
Eoderrd & FrrE!
F.groi}li Crfi Cadc,
T.t (6) 077.96t0
T.lcr: 6g23l5f
E

tL att.P.cldd fillac
5b Avdrr naymood Ch 13!

F-38:P0 RAlrS
Id:(76125.81.11
I€Lr: 9@t24 19 GfiEME €YBE

CH

lLrht[Pealerd Frame
Ce.ue d'Alteia Paris.tS.d
E6tn d arDar. 5 ehg.
hre & lr Coltrfl,l & Patis

sdb Po6r.le 3lx)
F.90r5:l u&r c rEsrr
Iot (01) 865"44.!2
tel.l:2llcl2f
or,cs,E.rrs

tbritfifaat d fllica
Prc d'Llivile. hdrt
ol-L, Jc& llnnor
Avdrr d, ftaCrrarx JF x.llledy
f.g|?00 llffuc
T.I (16) 31.00.8a
T.Lr: l5Olost
CHI.tils

llcr,bll.tbcftud tranoa
32 ttr Lot|,ic
F.57000 Er:
Iet {8) ?65.$.$
c,l
t€rtll.Paddr, FriEe
[ ruU. Lc6 3I
Iouvc.! Ctftln da b Crar&
z.Ac. & B(* B,hm
t.4ao85 lr'lllEs CqIr
T.I (101 50.32.22
cH"
llex,let.Pelld Fdrce
Zona hddilfa (b Coutaboail
Avlda des lrqier!
F.glg4, Lc6 Us Cad6x OiSII
r.l (6) 907.78.25
l.br: 6df48f
A,CH,Cr|.C$,lP'P

llerle{.Prd(ard fldrcc
Pdb fo,ta.llefot
15, AEnr 0. L'turid &dr
F.75782 Prl6 16

IeI {l)502.12.O
T.lex 613663F
CH.ti.s,P
]hrhlt+aakdd Frrlcr
2 rDr de b Boirgoncllc
f{srmr E8
r* (09) 5r.42-a4
Lter:7a0912f
cfl,cuLr6,P'
lleuiett.Pactad rrance
96 Averrl & &etaone
f.76roo iqrx
Lt (35) 6357.66 Ol' ' .CS

lbxlett.Packad fnnca
4RaIhomas[&m
Bonc PoEht 58
t.67AO Snmm0ic
Iet (88) 28.56.a6
T.Lx:80014IF
CH,E,TS.P'

tlerle{.Prd(dd fraca
Pda..d.5C€t*re
F.3l00l toltolFa Crder
Tet t8r)40.fi.12
Ller:531639f
A.C|{.CS.E.P'

llesLfl.Piclad fl.l|ca
I naab P{tkEnte
F.59658 Yrul:rG D'rSCo Cedex
le} IZO)01.41.25
TaLr: lml2aF
cH,E,[S.P'

&E Sl,, Ltd.
gtrd gox,be
ktffin
Nfa(n@!i
f* 1234t
f*r:0t t375,
Crllc: &IESW
a,u
&E g* Lu.
grrrs
lta/2 tt s,vak,' t&.9
P.Mi
wfi aoo@5
f4 a22-6155
I*x: 0t l.a@
N.: FFdAt&.lE
\Ca,C ,CS,E,u
&r 5r,, fl,
Kdyd\ lg Ybl'x,E CMV
akqttM4NM
t* 65zr!t
C.&: A-E Sf,a
A

&E sltt LM.
7 ,8. Sfi,f,l
C'L N 

'N 
fiI

fcl: t2.0t.3t
f*r: (W.7655
c6t*: 8tlfsftn
LU
&ro fu Llt
,33 X,dano,*k n l5$ Aod
ttmtsffi 034
f* 82t87
l*x: Nl-glg
C o: &-IESI/n
A,U

&t 51 Lb.
Mi lld6e, ?tt/alt F&ott
9l tLt u PLd
*tf ann t0 oi|a
Id: W5tt7
fd.lt: A3l-2463
N.: &.lEStAA
aa$ ,cs,E,
ItE Sw LM-
t5/t6t rJlcc*y N.
wln ofi
ld: 22175
&:SLIESm
A

&E Sl,, tld
2.2.47/t B B&tm N.
*dM 

'D 
fl) Ni'

fd ?N?
f*r:0t55.,5p
C.*: &lEF Rf
A,E

&E ga Ltd.
f.C. 7/NO Pw n
lbnMudl
tfrtm 6g 0t3
td 857!n
f*x: W1-29
Celfr AlEStn
e

tIDot{EstA
8EFEAndo,,sbP.f.
P.Abx a%/,I<f.
t. tMt nb 62
JTMI
fd:37ArB
f*r 46718 BEtrAL A
C'h 8f,sAI. JAKAi|A

&ErcA M.Ct P.l.
WWl, Ma Wi 17t1 bo,
uml
4c6,e,u
trrcA t &t& P,f.
P.0. b, t7a/58Y.
t xt&i ,to. lt
ant,lt
f* 68t72
f*r: 3l la6 8E,s,l g
C'//,: 8fBS,t--gnABArA
A',E,U,P

tRAO
]Lrttl.P.crrd Il.llE S.r.
SarYh o9eralori
I U,rsoor Oly g8/3/,
uoarD
rd 55r"49.73
LN.r: 212.a55 tEPAnAo X
oics

IICLA'IO
]brHl.P..trd IrN.r, LE.
828i, Los 10..d| Sl.
qltlll 2
Lt(l)E)88O
T.&r: qr(D
A.O|.Or,CS,E, .P

cs&tuL,4
,(tto.a M
kN.
01 ,15
t* (0t) gtpo
f** gN;N

ITALY
ILrt[.Pid d l*|. s.p.A.
Trav*r ggc

lL elo F.lr(fi, l9
r.70r2au
Td: {0m1a1.07.44
t
l5rLfi.P.crrd lurm S.p.A.
vi. drl LdEr KhC, 3&l I I
r.10r32 to.ooru
Id: (qil) {430r
t.5r:slld )
crl.E,rrs

Haddt.P.cldd l&ra S.p.l.
tt. ftrri,. ltool3 13GiE
t.sst26 cl xu
I.t {0951 37. 10.8,
TaLI: g7ml
c,P

Hcrttl.P.ckrd ll&lr S.p.t.
Yit G. l)|ldb 9
r.2tD6il CamEoo EJI rrr(.D
T* 12) gqtrot
T.hr 331632
ao(crr,c8.EJp.P
tledafl.Packrd Llrla s.p.a.
lb [rova S l eocco r
Ceorrrbite. 62r
!BI3r Xrn$
l.I (OOl) 74t3541
IeLx ?(A$
l.c8.E
HcsLtl.Pactard [Xr.l S.p.A.
vid. G. tlod4no 33
r.16156 Glllov 

'aG!Id: l0lo) 6837{)7
lebr: 2l5eB
E,C

tLd.lt.P.ckrd I*lE S.pl.
via Tuara 14
r.liroo n00r
Td: (0ag) 654888
Ilbr 6qll5
A,OlI.rA
flBriatl.Paa]ard ll{ana S.pl.
VbL C. P.ve.e 3a0
r.m 4 mlr
l-t {(E} 5r$l
T.l.I:6l05la
a.c[,c .cs.Et6,P'
H.x'tc[.P.ddd ld S.p.A.

Cdao Sdr2d!. 184

r.r0ra0 rflo
r* (0 r r) 7a 4(x1
T.LI: 22lo?e
c8,E

JAP )a
Y0l@grw..lLxLlt+.drd Ld.
h(E&l(I{
1.2t8, lr.lidro
rlgrcl KarlEra 2&
Id: (Oa€2) 2&0451
cra.c'.E
Yo&o0rm.Ld.fl.hctad Lrr.
Iox. &*lrg
2.2.3. lGigrlddi. Ch..f u
r(lE,650. Fyogo
I.t (078) 3ge.a70l
c,E

YoIoCfia.tMBI+!*ad LE.
X'rr.g.ya rrdt Y..(i 8ld0 1F

3.1 OlorE Isftaa
IUIIGIIA S.ilrn 360
Id: ((x85) 21656:]
c,l.crr.E

Yoko0.f, ..H.d.ll.Prd(,d Lld.
A.{i CnD(. Dli.irri S.irri gQ.,
t
a.Tlhsohdn
ltf,rn?oer,860
Id: (()00il) 54.731 I
CH.E

Ydog.r..l+r&[.P.d r,Ltd.
9a Xyolo C.ntlr 4d0. 5F

6ra SoxddD
iIC*Wdi. X.ruun
Sf*4.dod. Stlinooyaru
rYoo 600
Td: 07$313.0P1
or,E

Yoko0rm.Hadalt.Prcka.d Lld.
uo llqi &*ttc
l-a.73. Sn.onru
m0, b .d 310
r* loegel 25.?a?0
cH.cral
Yotogass.tbrtl.hd(rr, Lld.
9rfldno S€arEj lSCo). ed0.
2. .r9,lS.ki.lhfli
llkin a*u
xr@IA 451, Aicri
Lt (O52l5rl.5l7t
otcx,csI.rls
Yokoglwa.tLwLtl-Padrd Ld.
Ctuo &d0.. alh floo.
5.a-20lftr**lE.
YoihgEra.ku
06 r,5i,2
Id: (061 3x.m2l
I*r: YlrogA 523.3024
A,CH.Or,CSI.rO,P'

Yd(ogaur+Lrrall.hlard Ll(l
l.A.l5, Y!b..
SrG ll x&rgau!,229
ld: 0427 5r$l3lt
Yolog.r..tLrtf.hctrd 16.
Siai*u Dli.iJt Sqln€j 6F
2.7.r, ilirti s|a,i*u
Sliiloku, IfiYO 160
l-t 00.348.4611.5
o(€

}IEW ZEALAXD
lLd.ll.Prl(.rd ll{.2.) Llll
160lrllrJr tu d
P.O. 8or 26.180
Ep.orI\ 

^lrcluroTd:687.15e
C&: ICWPICX lrctLnd
or.cuf.P'
Ilcrlcfl.P.ct.rd (t{.2.) t-6.
1.t2 Crd:lchdr( Srr..r
Xtra. UEUrGIoll t
P.O. 8o, oaag
Cot lErly Eaca, IEltlmfol I
T.t 877.1S0
C.!L: lCttPrcx wctrglo.
or,cu,E.P

it0,rrry,sfirn ,B, q/lblllt
LH.
@XWbM
P.0. tu, dPtuua
td 7ga.tpt
f*x:ffi
a,

,ldhq t*frt tla,b E syj,,/,,s
LE.
110 tl,/,ffi g.
P.0. 8or $8e
aflstatm,
t* a6.gn
l*r: t2lB
4U
tMtq l,rfl,,,,b E Stt&/r6
LE.
*r&lld6r
85.8? dwree W
P.0. tur 2a$
I!u.*tu
f* 85t @t
f*x: xZ gwt
a.u

SOUTH AFFICA
l{.{b[.P.drd So r$c. lPly.] LU.
P.O. 8os lm
l{orad Race
Ptr Prt CrrLr, Foaarl odv!,
FtEgrd!
GT'E NOYffI71G5
T.t 5$1964
leNu: 5?-a)(x)6
r,o{,crl,El6,P
tM.r.hcrrd So Alric. lPly.) Lld.
40. 8or 37000
9e ovsport oive
ol, [ 4{b7
Irl: 28.4178,2&1179. 2&a l l0
Ltcr 6.229tt
or.ou
lLltll.Prdld So fii.. (Pty.) Llrt
6 tirlo.l trc.lt
5ll Ce. Rord
Lhlon G..nga
,0r cualE 6mr
I.I 04l.$e148
CH

]L{bll.P..r d So Arf! {rty.} td.
P.0. 8or 33315
Gtosldrh 0010 nusvxt
llt tlod Eaat

CoGlxrr. P. Frdg. Stropohg
Csfia
Cdrsldrb M
nat$A
T.t 982(Xl
T.Lr:3216i|
orI
lbrL{.P.crrd So rn'*. {Fly.) Lld.
Priv.k &0 waidyvood
trarot 2l4a
T.t 8@.5111.8@.5125
TeNu: a.26?7
C.bL: ]EWPACI Joh.rBltue
A,Or.CM.C3,Elrs,P

3WEOEta
l+i'tt.P.dotd Svlllg. 18
$rhan,lgli l1X
s.?2226 UrD
Iet {Oa6) l}6S19
IeNcI: (85'l) r?886 (Yi. sPr GA

olfice)
ot
]lexlefl.Pack d St,.qE 18
V6tra Ynlllldan I
s.76&r 0 aio
r* (rsl ro18.8o
I.r.f, (8t4) 11886 (l. SPrrG
olhl)
CH

H.rLtt.P&krd SvarilF lB
S*$oa!g.En 9. xbr.
8or lg .
$r6:t98 S,IIGA
Lt ((B) 7flIaxh
T.Lx: (851) 17886

A.C8,Crr,CSI.16.P

l+*ll.Prcrad Svslg. l8
Frdrtr$El O _
s.42r3? Yr$m.mq,llr
Id: (O3l) 49.00.9,
Iebr: {&5al 17885 ($ SPr0l6A

olftc.)
c8,E.P

tM Ed Ehcrot,cs
M Azt ,
8oit tut,F zffi
orlasc t
fd: ga!i92
l*x: ll$a SAIACo SY
,4P

TAIWAII
tLwL[.Pra*ard F, E.rl Lld.
&otlino Olfice
ztr 6&2, ChiC OE{ 3d no.d
ndGrf,o
I.l: 241.2318. 26l.325i,
or.cs,E
Ha{hfiPaddd t, Caal Lld.
Idf, Br.nafi
5lt Flod
205 Tln t .Iodh no.d
tl,a
re}oe) ?5l.Oaoa
CSb:tCwP d( fttr.i
l.or,clro$,lr,P
rO Lh ft*10 h.
N Fb,t, 7 EbAi Ml *c 2
ADCI rO
fd: (@l $lOtgt
c,&*.jrg-Hf,rF/
A

Tt{atLAt{o
lrfits,
$Wdgat.,Crifrq
uftt 5
t* ztl d,, 2310,e
l*x: a/{@ !*Nr@ lrl
&*j tlsGtl &add
La$iE,u
o{O*d &r*6. Eqi 6 Ltd.

5/5.6WM
aE(d
t* zy.$70, zy.fi7t
r*r:87ffi.E rt n
C&: A.EPlPf bg*o*

Tn DAO I TOSAOO
tutlf*t,{tqLtd.
il/A.Wtgh{t At'f/..E
P0. Bot 7P
PfrIoF{,,fl
f& 6211213, 621,211
t*r:235.2?2 rflrc
A,CII,E,4P

TUt{t8tAlu**WE
3lAtfiDAbL&r,,'
,tfit
t* N-t1l
E,P

Cora',,
I l,t. af. da cd$aoe
,t6
tet:253&t
r*r: Btg CBA TN

N

GREAT BBITAIN
Haf,Llt.Paalord Lld.
IEldgr, thura
ivio.*h f,ord

lltrour
cih.ce lvAra l ,
T.I ((61) S2A6422
T€5r: €68068
aoH,cs.E.

]LrL .P.d(.rt Ltit.
oat!.ld House. O*li*, Oov.
CIlho
GIo, BS8 2gI. Avdr
ld: l()27) 38606
I.br 41,agP
CH.til.P

]ledett.Pactard ttd.
ft€tuod)
ilir. n Rh
ET$XTIP$ETD
lvokilotLn
8edcli.B. SeGl I 3tL
r* 3a46 3rm
T€le{ 84.88.05
o{,cs,E

tlexlet.Pactad Lrd.
Fouhr th6e
257.263 Hgh Sll.el
u50rco.EY
Heni., ,lLz lliA, Sr. ,ftsrs
IeI (0727) 24,aq)
Telex: 1.8952710
cHos,E

l{eslett.Packrd ttd
Trodar HoEa, Sl. Uary s Wd(
Iln:xflD
&i(dir. 3L6 ISI
Tet (1628130151

clr,cs,E.P

tlewlett.Packard Ltd.

Odangle
t06.118 Shloo 8o6d
itot.lsurcy
IeI (O37) 68655
Ielex: 94744 C8.CS.E

tlex'lefl.h.trd 16.
Avm tlouse
435 Sr. cd Ro.d
$nUl. SoIh,
lrcsl l,irar{s Bq} 4e
Id: (0Al) 7l5 8$O
T.Lr:iBg106
CH

GUAIETALA
ftsl
Avedb Wnt 3.aA Zdrr g
d/''fl,lrAN
f* 3tfi2f,3u786
le*x: 1t9 lEum d,
acfl,cfl,6,E,u,P

tcELAt{o
E *V hxIA CqWy rr.
H i*nvof.lrygCvroott
P.0. hx N5
ls.IEtrrar
f* t-58-4, t-63-tt3
u

tt{Dta
&, tu LM.
S&,iWrFbot
24MrcyN.
wl,Nfll2i
f4sffi
f*x: (Barqn
Ctt*: g-lf,l;fB
a.c$c .cs,E

SALES & SUPPORT OFFICES
Arranged Alphabetically by Country

SALES & SUPPORT OFFICES
Aranged Alphabetlcally by Country

lLuhll.P.ck.rd L&5od B.V.
EoiFd 2
lf AO6VX CrrrCUl rio F...1
P.O. 8or al
ir2S0 r Crrare tsr.l
Id: (10) 5l€1"44
Lrr 21261 IEPIC }r

^,o[cs

snd, sdarr'.r,
P.0. tux ,N
I'SCTT
fd Ba a)13
f*r: 32 atl ltl,5

SALES & SUPPORT OFFICES
Aranged Alphabetlcally by Country

aq, ab,

AXGOLA
l*ct
EDVat, fe.,ice e Eqbrng,os
El*cfr'tros, S.a.A.L
R. a,,o$ B&0,8. .l.t 0l.
C.it, tu6u ,,87
uANt
t* i55t5.35516
E,II,P

BRAJZIL
Hfilett.Paalard do &a!a le.c.
Ltd..
ALmiL FIo t*go. 750
rbllsvlc 064m Uf,,li SP

Ie[ (ll) a21.131I
I.L* 0l lixl872 HPgn.BR

C.Ue t€wPlcl( Soo Palo
acH,ct ,cs,EJr.P

Harlefl.hclrd ib Brac l.e.c.
Llrh.
Avd*h EdLcb P68o.. ae64

22471 m 0: JrrEno.B,
T* (20 28&@37
T.bx: (P1.21905 l?BP.88
C.tL: ]EWPACX nio dc JdEIo
a,or.cu.E,t s.P'

ECUAOOB
cwE h. Lw.
Awl,lt Eloy Nso 1719
CEs,, 6a23 CCI

outo
f* 15G975, zt&Oe
r*r: 25aO CYEaE g)
A,CII,E,P

A@drE, S.r.
&t/f6625
C,6fl,35,90
dtto
t* 515-2fi, 541122
t*t 2a85 *BPIL E0
C,[t: tos?,ft AnOdo
H

JOFDAI{
4,d,, cdE,'p CdtWry

P.0. bx t3C7
v
fd: 219)7, 3gn7
f.bx: 2U56 S,8d) JO

d,E.,t P

KEI'YA
nCAn LM., tt , l(qtya
P.o.bx mttw
td: gttgfi
t*t:226iX)
EU

XOBEA
Sstar,,9f}f,,/dcsco/'$fr
tbi!*n
76-fi1 f.dt,,nOqg
X{q@ltu
C.P.o. aox 27rs
*ott
fd: 5561555, 555.5Ll
f,br: K2rW SI,,s,,l,
4ct1,o(;cJ,e, ,P

PERU
& Mo tl&c, S.a.
L6 F7E,,,,,,6 tas, 9t &o
ce r0!p
all I
td: arai2s, ar.3?Og
l*r: An. edtzsfi
adt E,u,P

.{ORTHERI{ IFELAT'O
Cdbc*'v$turwry
eSA Fi,rOtV M tu*t
fftt.$ 01 t0 8r
t* (n:9 6?5-565
l*r: 7476fi
,t

IEBAt{O]{e&W.n
M,M,
PA bx ,65.t67
M)f
td:zwt
t2"

IALTA
Pr*tML.
t/Dt,*N.
ffIft
t* 417 a7, 4i5 fi
f*L 6ag u,d. r !

PUERIO RICO
tgrlIfi.kord hsb ftco
P.0. 8or 4,107

crnq. , AEb Fco (x)628

C.l. A2 €da'clo z(ts
tlt. corty cla
m,CorlS, Pr !o Bco qF24
Id: (f0ol 702.7255
A,Or.CSrExrco

l$r,Lll.Pad(rrd llcri,l' S.A. rra

cJ.
Av. Prilsln Su 1{0. 650l
T€papdr, Xodlnlco
Er00r. r$eo
Ict 87&lAn
Irhx: 1r.74-g)7 tClPmX ltl
l,or.cs.EJ6.P
Ellcclv. ttolcl ar l, 1962:

]L$a[.P!clrd lrar..m, s.A. rh
c.v.
Eidofo Xactud 1570
Cokria ganada

r 1560 Erco, D.F.

cH"
lL,r,lcil.P.dod rl.Ikrm. S.l. &
c.v.
llo vd0! 6(x)
Ple. Cdoda rhl VaL
roxrEr,lY, x.L.
T.t 78.42.S. 78.42.0, 78"42"41
T.ld: G18.2410 tftlTY lf
CH

flaa[ra xcl. l, leu
Atf,.tui,dU . i @
d.ddltb
^ar*fr 

& gaz. guch
l 

'|,,€i,ttECSA
l,,.t %, ko t0
MEouMD.F. n57l)
td:25o5x,t
f*L ,7.?2?55 ECE E
u

xoRocco
,trrl,,,r
8t nE tleri
c/'/,dfrt
f* glt.e, $68.fi
I*r: 2:NEt, Aez
E

bq
2n d'agfr
wM*156
c,6l,I,trt
td: 27&t3.z?&fi
t*x: 23 7g

ABGEXTII{A
tbwLll.Packtd Aaganlha S.A.

Avq*h sada re ax!5
Irta! l6/t0 UEr06 rnCS
I.I 798.5735, 7e-la0
T.Lr 17595 Sm rn
C.t*: tfxPmxAm
A,E,CH,CS.P

aiotfi S.A.C.l.u.6 L

at Prsro C(bt 22l, Pi,, 9
,399 A/EfOtfiaq
ld: $.$a6, *t$l
feLt: l7&5 NlAn
N
Fr& S.A. Lc.l.Electu*a
YdEdtd. 1326
,a95 A/SoSr5aS
ld: 37.90 .?r-W)
f*r: Y FA|N n

EGYPT
tffir i.na Etgllfll/,rg At$titha
2l ,laser, ,qrzi tud

ctw
tet: 2929, zttAl
r*r: EA U WXN
cH,cs,E,u
N&n b Fd Syslena
22 l&tt Habs&d,
ctno
td: 759006
t*r: g}gfi FAAN< lN
cH,cs,P
Empbt ,te,n lidd ofrcc
ld Fdqn i*
P.0.8ox 2558
ctft)
f* alxPt
f*r: gxt37 E@oe

HONG KOI{C
lLdeftPacl(,d l{ono Xoog. Lld.
G.P.O. Bor 7S5

5h noor. Sm H,lol(i Csm
30 tla6ot, tood
IIOTG TOIG

I.r 5.81232r r
T.ler 66678 tGwPA Hx

CaUe: HEIYP Cl( t6i6lGlG
EOHOS,P

ctt LM.
@ lutg flq l&6it,

lggm Ecrtatsy N-
wdd*L tuar*
t* 5-72$76
r*x: 85rO Ef tx
c
SM E Co. llhag xqg) LM.
frg 0o Ceific, 28tt Fbd
Cotytddl M, C.

t&6t e
fd: 54566aa
f,lex: 7176 *li,/ H(
A,U

I(UWAIT
at.t0t*rp lr*0 E tu,o,6tio
P.0. tut &) Srl,/
t17
fd: 124tlo, al-176
l*r 22181 Atao kl
dt E,u

FfuEdEEqM
20. Eox 270 s,/at
rln0
fd: 12-2AA Q"N)t
f** 22217 ,eh.,(f

PfltLtPPNES
ft O,tE MtM qthn6
Cotqrbt,'.,Hd!,,MM.Hfiq.
sfa€t
Lca,gf WCa lS*rd
P.O. tu, tSA
tLro l,fr,l
f* 86.35"81, 8531-91, 85.9.21
fetex: 327a O(.,€
ACfl,CS.E,
6b.rort &ri6r' rd
@r,c.
69.8 fpffi 4 br Sres

otu,crfriotf
P.0. Sox fr$ rfr,,
t* *-6-8t, o,-*-e, 98-94t83
t*r: 4nrC, 4&@ tlf @N
uaduf 800n

SAUOI ARABIA
,ffit&tfe*Eslffittr'tl
l*.l dd Oiri*t
P.0. &,28t
th,0'/'
,l{tutl
td:6a4618
t*r: 6?t t$,M( SJ
C*: A.ECTA AL.t fitR
a$s,E,u,P
htHn ac*d* E blfffi',,
tftr,t -Ptdld Diti*i
P.0. tu, 124
Nec P'r., 6th Fbq
Ifltt
t*aag$
f*r: 4P712 F&05 Sl
C*: &ECfl trn l
aIcJ,E,r.,P
r&.rm 6bcr!r* &hAlCrsrl
,MMidltd*t
P.0. 8or 274
Eta,
r* a9t.97 t5, a9tSit 87
f*r: z@Oag TEf,YO gt
cfl,6,E{.P

TURKEY
l*rln Cotr9aiy Lb-
tdt C.tud b. 7
K,t,*Wc, rtxttt
fd:27fln
f*x 42155 fxm n
E

E.t[A.
tllde tun So*dt ,b.aUA
lt*d Cfr.ti
tr,ttt
td t75 622
u

LUXET'BOURG
liadatt.Paatid galgiun S.A,{.Y
Srd (,. b Wolrrt. l(l)
lvolruedd
8.r2m aflsstls
I.I ((}2l 762{2.m
Tdax: 4.494 palot€.r bllr
a.cll,crr.cs,EJp.P

ONWAY
tlexhll.Plcf ard [0.!a AA
tol(e Sstl.lblEs vli g,
P.O. 8ox 3558
1{.503, f ttu[so,.l.a| {SdgEnl
Id: (051 16.55"10
l.Lr: 16621 lpn ! n

o{.cs.E,16

Hadcll.Pacl(ard l{0.0a fA
osl€,,ldahn l8
P.O. Bor 3a
}{.1045 ihrErrE
Trt ((2) 17.r l.d)
T.h: 1662t tryl.s n
A.OT.CM.CS.ElrP POBIUGAL

n*fr
hf,c,f,b n d AC@$cb
S.ral
P.A 8o, 276t
AY. AtM rtqtd,, * lgtit ,g
P{s,x,
td: Ug) 53.2t-Ot, 50-2t-3?
l*x: ,ffilnw{c, p
u

SOOILAID
tbriatt.Paaldd Ld.
Royd tuk &rdu3
Sran Slral
mqIl &{t , Sco[.rd
Lt {03!t621 3l0l-z
GH

tLrr:tl.Paclrrd 16.
80t Dr 0lEo6rE r
lY!!r torliar, ttBo gGT

G8.Sco{and
T€l: {031, g}l I 188
l*ti726,2
A,OT.CU.CS.EJ

SPAtlt
H.d.{+.ddd Espdl& S.a.
crEnEE ,321
E.UnCCLO^ 29
Id: (3) 322-24.51. 321.73.51
l6br 52603 l$..
l,otcs.t16,P
]t d. .P.ckrd Erpdb S.A.
a,/San I'lcanta 9I
Edaio tf,i8 t.7 B

E.[&ro r
T.I (a) 23.8im6. (.) 2$6206
r.orI.xs
Hc,datt.P&kard Elpalhb S.l.
Cata &(cr 3
E.Iom 16

T.I (l) 153.2600
T.Lx: 23515 lpr
a.cu.E

SW|TZEFLAXD
l5wL[.P.d(rd lsc[rcizl 16
CtGtarsa 12

o{.{G8l^stE
Id: 16ll33.5€.20
A

Hedetr.Padrd ls.hlei.) rG
Edr.hof€rcC 4a
ot.$r8G
I.I l03t) 56.21.22
CH

lLrLfl .P3.trd (sahf,.ar) rG
a? Avrna thnc
cH. t2@ GaEY
IeI l0e2) 32.48.m
cH,or,cs
Hex,Lr.P..rrd (&hx*) rG
l9 Chenil Chiha, Bloc

CH.12lg tl UGIol.G.i.v.
I€t (@2196{822
Te{.I: 27333 lpaC dl
C.bLi lEriP CfUG GdEva
lI.ra.P
l+*tl.P.dGrd (Sdrcid rG
llffiid 2
clr.8067 m:r
Id: {5r)Ol2l ll
I€leI: 539311 hp.0 dr
C.U.: IPAO CH

A,CH.CU.CS,El6,P

AUSTFALIA

Adalalrra, Soulh aualr.l.
Otlb.
He,r5[-Paal('d ABrata Lld.
r5S gBcrtil Rood

trfi(s|o€, s.A. 563
Td:272.5011
IaLr: 825116

C.5L: lEltPrm Ad.bire
a. .clr.cu,,El6,P

Baltb..ra, Ouaanalaad
Orllc.
Ha,Ltt-Packrd ast* Lld.
ag Pd* Eod
n IOl, olrEEldd a06l
ld: m-tAr
T.tex: a2lgi
C&: i[lvPAfo f.iib.ne
a.or.Gu,E,M,P
€ffeaava tlor4r5er l. l98P:
l0 Payra Road

ru 0rr, orFsraLid 406t
I.t $.4131
l.Lr:42lgl

CA'IADA
Abarla
t+rxlcfl.P.cr.rd (C$a&) Lld.
2r0, 7220 FldPr Sr.el S.E.

cltclit, ,&sr. I2H 2H8

let l4cl) 253.2713
A,CHCX,E' .rrS.P'

Heden.P.cl.rd (Canad., Lld.
I 162l) .l68tl Sn .l
Elr tfl. rD.rr. 15tt 3T9
l.t (a{B} 452.3670
a,cr{,cuosElls,P'

B,nLh Cdunua
H.xd.[.Prcr.rd {Cda&l tld.
l0@l $.tr{e Wey

mlm,
Brllish Colntia tfrx ZtW
ldt l@tl270-2211
Tder: 610.922-5059
A,CH,CM.CS,E',tils,P'

.|!llobr
l{C1btf ecrrd {C.nrda} Ld.
?}9l).550 C.n[,y Slr.cl
glll}:G, til rilobe neH oYl
Id: (aN) 786.6701
A,Clr,crr.Errs,P'

,aau Brunaulck
lt6{l.fl +a.rrd (c.nd.) Lld.
3? Sll.3d.c Road

lolclor, cIBn swl* C28 2ry0

Id: (5/06) 855.2041
ol"
llov. Scotla
l+xle[.P.ct.d (C.nda] l"ld.

PO. 8ox S:ll
9(x) Ilh&n Ro.d
0mlo,lx, xov. scolia 82Y 326
T.I {$e) 460.?820
CH,CU.CS,E'.tils,P'

cl{LE
,loee @.gr y L\r,1d,.
hro griL 063
cts,a 16475

faeo I
t*m.@2
l*r: h* Botit aadbl
a,cu,E,u
qqi@*)Lt6-
AY. Mip & kqt tNi
C.* zS-v
st trN2t
td: 2-25-tu-al
r*x: g0@ q.YtPd(
CM:Wr.tu,d,opd*
cH,cs,P

CtllllA, P.oC.'. Rooublc
ol
CI*,d Effi.Madkp.dfte
P.0. Box ltg
tA Lae 2. Lt6/n,,g 9.
*ivci N. Xt5nu, Distbl
*tN
ld: E .tS,7, 33.146
t*r: 226lrt CrStO dt
Caa&: t92l)
A,Clr,cx,cs,E.P

coLoLBtA
r$/,r,wi6o
H. A. Ldrts*k , |fi, S-4.

Cerc$ 7 ,b. 48.75

bettb adgo 6207
woft t,0.E.
fd: 287&77
f*r: a41N tvsl C0
CatE: IA,6 Bqob
4;6lt,E,u,6,P

cosrA FrcA
Ctienft, C66ttlElt9 S.A.
Aue,&t 2, C,,.5
S,,, Nto da l/gw c oca
Ape *.lot59
srxJosE
fel: 24.9.m, A&P
rebr:2fi1e4.dn@
cfl,E.t8.P

EL SALVADOR
frSA*AS,ft&.5.A.
Nafi atw t2t6
stt stu/,an
rd: 26.W, fr.6$8
l*x: Ar*c 8oott 4107
adl,cu,cs,e,P

OERXAN FEOEFAL
BEPUBUC
Harht.Paakdd Orltl
Taatnbahas s{ro 8efil
lci[l.la$e 2.4
o. rm lEnii 30
Id: (m0) 2a-90.86
I.t r 0r8 3401i houn d
a.c8"E.r"P

]lerLll.Paclard Grfll
laan iSahc! Afo 8tfiEEn
lhrdbarg€r S[asre tlo
0.7GX, ro0r.rxcar
Id: (O0?l)667.1
lal.I: bbn or
A,Ctl.Cu,CS.C.tiaP.P

HasLtl.Psckard &lul
Iechhalrr Elo l}6saldo.l
Emall,el.Lautr..S[.saa I
o.am u,sscrotr
Iel (lP r ll 5,97 r. r
,eLr: @5186 53? hpd6 d
A.C|{.CS.E.lrS.P

tlerlett.Pict.i(l Gfibll
Varf lDszenrde Frr*lrrl
Bdnd stBssr ll7
Po8rl*h 5@ 110
0.6(m fnrllfffir 56
T.t (06lll50{a.l
T€l€r 04 13249 lpflm d
a,cH,cu.cs,E.lrP.P

tbr,t{.P6(l!td Ot*tl
Iealfirah$ BlIo tlelltuo
(.prrrdniro 5
o.am umuG o
I.t (0401gl$4.1
l.lor: (Pl 6l! qP Fhlt d

^,cH.csr. 
s.P

HaxLtt.fhctard hH
Ied*rafies glo Hdmovar
xn &o6gn ll6
0.3tm urorEn 9r
I.l:((Elt)1&600l
Ttr: OlI2 32$)
A.Crtclr.EJrs,P

3

FINLAI{D
]hf,icllPackad 0y
naro|lllai € 7

$.oer@EsP00l0
Lt (9Ol 455.@l I
T.Lr: l2l56i, llerp8 3l
acH,crr,cs,E.ra,P
Sedett.Paal€rd 0y
latolse.ktv IOC

XETHERLAXDS
lLxLtt.Psclrd lLdarhd B.v
V l ]huveo GoarsLan l2l
]l r rSrxK rt$tlvctr
P.0. 8or 667
1l I lE} rn ugmv.lr
t* l20l47.a}2r
l.br 13 216
a.cH.cr.c$c.rp,

OTAII
r///ry&fid,6
P0. tu, ,9
u&rf
f* ?2m5, 74Wt
l*x: e$W(mt3t SAf

SYBIA
Ge,4,d gacfdlc ,tc.
tari Daet,,
P.O. tut 57et

ufiB
t* 33-21-8t
l*x: t t2t0 ttxAl SY
Cd4 ELaCIW@ ar't,/'Sd6
E

Ui.ITED ABAB E IFATES
E/'d,, LM.
P.A 8ox l64t
gtt,J/r'l
td: 35ttt2t, 3gtt8
l*x: 681fi Etit,6 gt
cu,cs,E,u.P

4'

1

4)



UNITED KINGDOM

SOE: GREAT BRITAIN

NORTHERN IRELAND

SCOTLAND

UNITED STATES

HewlettPackard Co.

P.0. Box 15976 (95813)

4244 So. Markel Courl, Suile A

sAcRAltEilTo, cA 95834
Tel: (9'16)929-7222
A',CH,CS,E,MS

HewleltPackard Co.

9606 Aero Drive

P.0. Box 23333
sAil D|EGo, CA 92123
Tel: (714)279-3200
CH,CM,CS,E,MP

Hewlell-Packard Co.

2305 Camino Ramon "C"
sAil RAtol{, CA 94583
Tel: (415) 838-5900
CH,CS

Hewlell-Packard Co.

P.0. Box 4230
Fullerlon, CA 92631
363 Brookhollow Drive

SAilTA AI{A, CA 92705
Tel: (714) 641-0977
A,CH,CM,CS,MP

Hewlett-Packard Co.

Suile A

5553 Hollister

SAilTA EABBABA, CA 93 1 1 1

Tel: (805) 964-3390
Hewletl-Packard Co.

3003 Scolt Boulevard

SA}ITA CLARA, CA 95050
Tel: (408) 988-7000
A,CH,CM,CS,E,MP

Hewlett-Packard Co.

5703 Corsa Avenue

WESTTAI(E VILLAGE, CA 91362
Tel: (213) 706-6800
E',CH',CS'

Colorado
Hewlett-Packard Co.

24 lnverness Place, Easl

EilGLEWooD, C0 801 12

Tel: (303) 771-3455
Telex: 910-935-0785
A,CH,CM,CS,E,MS

Connectlcut
Hewlell-Packard Co.

47 Barnes lndustrial Boad South
P.0. Box 5007
WALLINGFORD, CT 06492
Tel: (203) 265-7801
A,CH,CM,CS,E,MS

Florlda
Hewlell-Packard Co.

P.0. Box 24210 (33307)
2901 N.W. 62nd Slreet
FORT LAUDERDALE, FL 33307
Tel: (305) 973-2600
CH,CS,E,MP

Hewlell-Packard Co.

4080 Woodcock Drive, #132
Brownetl Building

JACKSoilVILLE, FL 32207
Tel: (904) 398-0663
c',E',MS"
HewleltPackard Co.
'l'101 W. Hibiscus Ave., Suile E210
tELEoURltE, FL 32901
Tel: (305) 729-0704
E'
Hewlett-Packard Co.

P.0. Box 13910 (32859)

6177 Lake Ellenor Drive

oRLAI{Do, FL 32809
Tel: (305) 859-2900
A,CH,CM,CS,E,MS

Hewlelt-Packard Co.

6425 N. Pensacola Blvd.
Suile 4, Building 1

P.0. Box 12826

PEIISACOLA, FL 32575
Tel:(904) 476-8422
A,MS

Hewlelt-Packard Co.

57508 N. Hoover Blvd., Suite 123
TAUPA, FL 336.I4
Tel: (813) 884-3282
A',CH,CM,CS,E 

-,M'

Georgla
Hewlell-Packard Co.

P.0. Box 105005
ATLANTA, GA 30348
2000 Soulh Park Place

ATLAilTA, GA 30339
Tel: (404) 955-1500
Telex: 8 10-766-4890

A,CH,CM,CS,E,MP

Hewlell-Packard Co.

P.0. Box 816 (80903)

2531 Cenler West Parkway

Suile 110
AUGUSTA, GA 30904
Tel: (404) 736-0592
MS

Hewlell-Packard Co.

200-E Monlgomery Cross Rds.

SAYAililAH, GA 31401
Tel:(912) 925-5358
cH"
Hewlelt-Packard Co.

P.0. Box 2103
IYABIIER ROBIiIS, GA 31099
1172 N. Davis Drive

wARt{EB Ro8tilS, GA 31093
Tel: (912) 923-8831
E

Hawall
Hewletl-Packard Co.

Kawaiahao Plaza, Suite 190

567 Soulh King Streel
Ho}|oLULU, Hl 96813
Tel: (808) 526-1555
A,CH,E,MS

llllnois
Hewlelt-Packard Co.

211 Prospect Road, Suite C

BLoomilGToil, tL 61701
Tel: (309) 662-9411
CH,MS-'

Hewletl-Packard Co.

1 100 3 lsl Slreet, Suile 100

DoIvt{EBs GR0VE, lL 60515
Tel: (312) 960-5760
CH,CS

Hewlett-Packard Co.

5201 Tollview Drive

RoLLI{G IEADoWS, lL 60008
Tel: (312) 255-9800
A,CH,CM,CS,E,MP

lndlana
HewlellPackard Co.

P.0. Box 50807
7301 No. Shadeland Avenue

It{D|ANAPoL|S, tN 46250
Tel: (317) 842-1000
A,CH,CM,CS,E,MS

lowa
Hewlell-Packard Co.

177622nd Slreel, Suite 1

wEsT DES rorr{Es, tA 50265
Tel: (515) 224-1435
CH,MS"
Hewlell-Packard Co.

2415 Heinz Road

towA ctTY, tA 52240
Tel: (319) 351-1020
CH,E',MS

Kansas
Hewlell-Packard Co.

1644 S. Rock Road

ucHtTA, KA 67207
Tel: (3'16) 684-8491

CH

Kentucky
HewlettPackard Co.

10300 Linn Slation Road

Suile 100
LoutsvtLLE, KY 40223
Tel; (502) 426-0100
A,CH,CS,MS

Louisiana
Hewlett-Packard Co.

8126 Calais Bldg.

BATOTI ROUGE, LA 70806
Tel: (504) 467-4100
A",CH"
Hewlett-Packard Co.

P.0. Box 1449
xEt{}tEB, LA 70062
160 James Drive East

DESTAHAil, LA 70047
Tel: (504) 467-4100
A,CH,CS,E,MS

Maryland
Hewlett-Packard Co.

7121 Standard Drive

HANOVER, MD 21076
Tel: (301) 796-7700
Telex:710-862-1943
Efl. Dec. 1, 1982

3701 Koppers Sl.

BALTIUOBE, MD 21227
Tel: (301) 644-5800
A,CH,CM,CS,E,MS

Hewlell-Packard Co.

2 Choke Cheny Road

RocxvtLLE, MD 20850
Tel: (301) 948-6370
A,CH,CM,CS,E,MP

Maseachusette
Hewlett-Packard Co.

32 Harlwell Avenue

LEXtilGToil, MA 02173
Tel: (617) 861-8960
A,CH,CM,CS,E,MP

Mlchigan
HewleltPackard Co.

23855 Research Drive

FARIIINGTOI{ HILLS, MI 48024
Tel: (313) 476-6400
A,CH,CM,CS,E,MP

Hewlelt-Packard Co.

4326 Cascade Road S.E.

GRAilD RAPIDS, MI 49506
Tel: (616) 957-1970
CH,CS,MS

Hewlell-Packard Co.

1771 W. Big Beaver Road

TRoY, Mt 48084
Tel: (313) 643-6474
cH,cs

Minnesota
Hewlett-Packard Co.

2025 W. Larpenteur Ave,

ST. PAUL, MN 551 13

Tel: (612) 644-1100
A,CH,CM,CS,E,MP

Mlsslsslppl
Hewlelt-Packard Co.

P.0. Box 5028
1675 Lakeland Drive

JACKSoil, MS 39216
Tel; (60 1) 982-9363
MS

Hewlett-Packard Co.

P.0. Box 27307
'1024 Executive Parkway

sT. Louts, M0 63141
Tel: (314) 878-0200
A,CH,CS,E,MP

Effeclive Seplember1 982:
13001 Hollenberg Drive

BRIDGETOil, MO 63044

Nebraeka
Hewlell-Packard
7101 Mercy Road

Suite 101, IBX Euilding

oilAHA, NE 68106
Tel: (402) 392-0948
CM,MS

Nevada
HewleltPackard Co.

Suile D-130

5030 Paradise Blvd.
LAS VEGAS, NV 89 1 1 9
Tel: (702) 736-6610
MS"

New Jereey
Hewletl-Packard Co.

W120 Century Road

PARAIIUS, NJ 07652
Tel: (201) 265-5000
A,CH,CM,CS,E,MP

Hewlell-Packard Co.

60 New England Av. Wesl
PISCATAWAY, NJ 08854
Tel: (201) 981-1199
A,CH,CM,CS,E

New Mexlco
Hewlell-Packard Co.

P.0. Box 11634
ALBUOUEROUE, NM 871 12

11300 Lomas Blvd.,N.E.

ALBUOUEROUE, NM 87123
Tel: (505) 292-1330
Telex: 910-989-1 185

CH,CS,E,MS

New York
Hewlell-Packard Co.

5 Compuler Dr.ive Soulh
ALEAI{Y, NY 12205
Tel: (518) 458-1550
Telex: 710-444-4691
A,CH,E,MS

Hewletl-Packard Co.

P.0. Box 297

9600 Main Slreet
CLAREIICE, NY 14031
Tel: (716) 759-8621
Telex: 710-523-1893
CH

Hewletl-Packard Co.

200 Cross Keys Otlice
FAIRPOBT, NY 14450
Tel: (716) 223-9950
Telex: 5 10-253-0092

CH,CM,CS,E,MS

HewletlPackard Co.

7641 Henry Clay Blvd.
LIVEBPOOL, NY 13088
Tel: (315)451-1820
A,CH,CM,E,MS

Hewlell-Packard Co.

No. 1 Pennsylvania Plaza

55lh Floor

34lh Street & 8th Avenue
ilEWYOBK, NY 10119

I el (2121. 971 -0800

CH,CS,E',M'

git

Alabama
Hewlell-Packard Co.

700 Cenlury Park Soulh
Suile 128
BIRTITIGHAT, AL 35226
Tel: (205) 822-6802
CH,MP

Hewlell-Packard Co.

P.0. Box 4207
8290 Whitesburg Drive, S.E.

HUNTSVILLE, AL 35802
Tel: (205) 881-4591
CH,CM,CS,E,M'

Alaska
Hewlell-Packard Co.

1577 "C' Slreel, Suile 252
AilCHORAGE, AK 99501
Tel: (907) 276-5709
cH'

Arlzona
Hewletl-Packard Co.

2336 Easl Magnolia Slreel
PHoEiltX, AZ 85034
Tel: (602) 273-8000
A,CH,CM,CS,E,MS

HewlettPackard Co.

2424Easl Aragon Road

TUCSo]{, AZ 85706
Tel: (602) 889-4631
CH,E,MS"

Arkanaas
Hewlelt-Packard Co.

P.0. Box 5646
Brady Slalion
LIITLEROCK, AR72215
111 N. Filmore

LITIIE ROCK, AR 72205
Tel: (501) 664-8773, 376-1844
MS

Callfornla
Hewlell-Packard Co.

99 South Hill Dr.

BRTSBAilE, CA 94005
Tel: (415)330-2500
CH,CS

Hewlell-Packard Co.

7621 Canoga Avenue

CAI{OGA PARK, CA 91304
Tel: (213)702-8300
A,CH,CS,E,P

He$,lell-Packard Co.

5060 Clinton Avenue
FBEST{o, CA 93727
Tel: (209) 252-9652
MS

HewlettPackard Co.

P.0. Box 4230
1430 East Orangethorpe
FULTEBTOiI, CA 92631
Tel: (714) 870-1000
CH,CM,CS,E,MP

Hewlelt-Packatd Co.

320 S. Kellogg, Suile B

GOLETA, CA 931 17

Tel: (805) 967-3405
CH

HewleltPackard Co.

5400 W. Rosecrans Boulevard
LAWNDALE, CA 90260
P.0. Box 92105
LOS AilGELES, CA 9OOO9

Tel: (213) 970-7500
Telex: 9'10-325-6608
CH,CM,CS,MP

Hewlell-Packard Co,

3200 Hillview Avenue

PALo A[T0, CA 94304
Tel: (415) 857-8000
CH,CS,E

Miseourl
Hewletl-Packard Co.

1 l 131 Colorado Avenue
KAilSAS CITY, MO 64137
Tel: (816) 763-8000
A,CH,CM,CS,E,MS
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4-4. TRANSMITTER LEVEL AND FREQUENCY TEST

Test Equipment Required

HP 3155A Digital Voltmeter
HP 5315A or HP 5316A Counter
HP O4915-626L5 Test Amplifier (part of service kit)
600 ohm load
550 ohm resistor
Low Capacitanee/Low Crosstalk Cab1es

Universal Counter

4945A

40 dB Amplifier Digital Multimeter

Setup Conditions

Corurect the test equipment as shown above.

t 915Az Test Mode Level/Frequeney
Transmit Impedance 600 ohn

01915-626L5 z

3155At

variable, see table

Rrnction AC volts
Range I volt (for best aecuracy)
10 volt (for +L3 dB measurement)

5315A/5316A: Sample rate maximum
Below 10 kIIz use 10 kIIz low pass filter
Adjust sensitivity for steady reading

E
E-
E
E

.E

H
oooo
oo-
oo

c-o
trD!
!trD
!tr!

o

! o r-]t-
?e-.lt_

tr
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o
otrtrtrtrtr!o

Dtrr
tr C a
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I. Check th,e 191rA otput freque[rcy accuracy at the ?lve frequenales listed
belar. The accuracy at eaah frequelray rhould be +-.01 l. Be sure to set
the fest lnpllfier to 0 d8,

20 Ez

2@ Ez

1004 Ez

L5 Wz

U0 xf,z
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2. Check t,iie 1915A output level flatDes! rt the five levels llrted ln the table
belor. Clreck tJre flve levels at each oe of tbe five frequencles Ust€d. Recond
yor reedings in the trble below. level speclflcatlqr for eaah frequ€lrcy ls
glvelr belofl each oolum of

tt€r Out$rt lEvcl Tablc

llotc: Tlre aryllfler setting! are usrd to [r*e ule of tbe I volt
range of r'he 315rA, rblc[ 1! t[e lost accuratc.

tErt
(I€vGl) 20 al, FIIIIh 1qr4 Ht 15 Elr 110 ldlr

+I3 dB

191rA
trevel

-20 dB

-@ dB

0

-ro

t + +-.rdB +-.2d8

.820 volts

.792 volts

.859 volts

.07, volts

.07, volts

.069 volts

+ +-

r Fou.fiin8 are trlre speclficatio valuer converted lnto volts,

+I' dB +-.' dB
+-.2 dB
+-1dB

0dB

266 io 3.65 volts
381 to 3.541 volts
084 to 3,882 volts

.3.
=3.
=3.

-20 dB

-r0 dB

+- .,
+- .2
+-1

+-.5
+-.2
+-1

.?7L 10

.?5? 10

.690 to

.082 to

.0?9 to

.087 to

,
2
I

,
2
I

+-
+-
+-

+-
+-
+-

. .0026 to .q)23 votts. ,@25 to .0024 volt!
= .0O2? to ,0022 volts

.0@82 to .00073 voltr

.00079 to .0007, voltr
to .00069 voltr

1-5
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4-5.
Teet

TRANSMITTER LEVEL DISTORTION TEST

EP 8903A Audlo Analyzer

nP O191r-625L, TeBt ArpUfler

Iow Capac ltance/Ipw CrosstalI Cable!

4945A

40 dB
Amplifie.

Audio An.ly!!.

Connects To
310 Connector

440 KHz Filt€,

Setup Condltione

Conect tLe test equlp€ot

1915^: Test llode - I€ve1/Ft^,egueoay

Input

fraru[it Iryedaace - 1200 oDr

- log
Floatlng, btgb tnfut wlth 600 ob! load

Ule ,0 xf,z LPF belol, , If,s
Use 80 tf,z LPP above 3 If,z

O1915-626L5: use mly @ ne.sure[enta bela, -10 dB

E
@
oooo

o ooo .Et
El ooo .A
Er ooo -L
E ooo':l
d-OO

oo

F-rnc
O!
t.}

0
o

ooo
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I

Test Condltlon: Set A11TP2 to NoRllAL posltlon and renove A11JU602

A1lS406 Po8ltlon 4
OPEN

Slgnature Analyzer Connectlon8 on A11:
START/STOP ST2 TPl-3 Rlsing/Falllng
qUALIF IER As noted below Low Level
CLoCK CLKI TPl-l Rlslng

Checka :
A12 ltaln ROll

t5 v reference - 1180 Notes Cycle power when changlng quallfler

o

a aa

Quallfler- Ul00-20 Quallfier- U200-20

UI00 -11 'L2-
13-
15 -
16-
L7=
18-
19-

LC64
A379
OCHIT

lUHA
FIJF3
U5FC
A807
69CC

u200 -11 .
L2-
13=
15-
16-
L1 -
18-
19-

50c5
6p25
A8A6
9512
8C60
0938
H319
P899

Iable 8-15. SA Progam Loop 4

Table 8-16. SA Prcgram Lap 4:15

tureB aPProx. aeca. to ata ze

TeBt Condltlon: Sare ae for loop 4 except:

A1l5406 Posltlon 15

Slgnature Analyzer Connectlons on A11: salne as for loop 4

Quallflers= Saoe as for loop 4

Slgnatures- Saue as for loop 4

aa aa
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PCA: At.z

Test Condition: Set A11TP2 to NORMAL position and remove A11JU602

A1 1 S406

oo
oa Position 5

OPEN

Signature Analyzer Connections on A11:
START/STop ST2 Tp1-7 Rising/ratting
QUALIFIER As noted below Low Level
CLOCK CLK1 TPl-l Rising

Checks:
ROMBanksl&2

+5 v reference = 1180 Note: Cycle power when changing qualifier

Qualifier= U300-20 Qualifier= U400-20

u300 -1
I
1-
)=
3=
5=
6=
7=
8=
9=

C4C3
9CAP
AA2 8
2AL4
A67 A
6296
7 2cc
26C7

u400 -1
1

f=
')=
3=
5=
6=
7=
8=
9=

LC7 6

AU97
FU6C

6989
3HC8
P5U5
u36r
H7 L4

1

1

1

1

1

1

1

I
t
1

1

1

Table 8-17. SA Program Loop 5

Table 8-18. SA Program Loop 5:15

PCA: AL2 Signatures take approx. 30 secs. to stabilize

Test Condition: Same as for loop 5 except:

A1 1 5406 aaoa Position 15
OPEN

Signature Analyzer Connections on A11: Same as for loop 5

Qualifiers= Saure as for loop 5

Signatures= Same as for loop 5
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8.17. RECEIVER PBOCESSOR
Table 8-34. Al0 Free Bun Loop A

Test Condlrlons: Ser A10S100(Cf) ro FREE RUN, A10S100(C2) to NORII

Slgnature Analyzer Connectlons on Al0:
START A.15 TP5 Rlsing
SToP A15 TP5 Rislng
CLoCK Pll2 TP3 Falllng

Checke :
Recelver Addre8s Bu8
Recelver Data Bug
Chip Select Clrcult

i5vreference-0003

TP6
TP7
TP8
TP9
TPlO
TPI I
TPI2
TP13

RDO =
RDl -
RD2 -
RD3 .
RD4 -
RD5 -
RD6 -
RD7 -

4ITPl
447P
3AF 3
H29C
9485
1PA3
959s
4PU3

ul03 - 7

-9
-10
- 11
-t2
-13
-t4
- 15

2302
F9CF
534H
c9u1
1183
64HF
29A4
5FUA

u203 3
5
7
9

t2
L4
I6
18

6F9A
u759
0355
1U5P
P763
848h
rPrr
UUUU

u403 - 5
7

9
L2
14
16
18

9UP1
4868
4rcA
6U28
37C5
6321
779t
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Iable &35. A10 SA Proerum Loop B

Tablc 8-36. A10 SA Progam Loop C

PCA3 AIO

Tesr Condltlon: Al0s10o (c1) to NoRr.t, Al0s100 (c2) ro sA PRoGRAM

Slgnature Analyzer Connectl.ons on A10:
START SAl TP14 Falllng
STOP SA2 TP15 Falllng
CL0CK PHz TP3 Falllng

Checks :
Shared RAII durlng
Recelver Access

+5vreference=ICHH

TP6
TP7
TP8
TP9
TPlO
TPI l
TPI2
TP13

RDO

RDl
RD2
RD3
RD4
RD5
RD6
RD7

2F20
6CU3

3F37
PU4C

350C
6A8A
4498
c629

u503 - I
2
3
4
5
5
7

8
9

10
ll
13

44AA
A3C9
07Pl
u543
APA5
5U54
P2C5
86H6
94C8
8AU9
PHSH
P2Ctt

U503 - 14 -
15-
16=
17-
18-
19=

7058
59C5
lUCH
0418
cuP5
u18A
5U59
448tt
r03P
H590

20=
2l=
22-
23-

:A

Tesr Condlrlon: A10S1fl) (C1) ro NoRlt, Al0S100 (C2) to SA PBoGRAM

Slgnature Analyzer Connectlons on A10:
START SAI TP14 Rlslng
STOP SA2 TP15 Rlslng
CLOCK PIl2 TP3 Falllng

Check8 :
ROM CD U5O7

+5vreference=07U3

TP6
TP7
TP8
TP9
TPlO
TPII
TPL2
TP13

RDO

RDl
PD2

RD3
PO4

RD5
RD5
P.D7

109H
4AH5
4U84
29H5
lt01H
43C0
SUAU

FAIT6
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Table 8-37. A10 SA Prcgram Laop D

Iable 8-38. A10 SA Prceram Loop E

Test Condlrion: Al0S100 (Cr) to NoRI,I, A10S100 (C2) ro SA PROGRAU

Slgnature Analyzer ConnectlonB on Al03
START SA2 TP15 Rlslng
STOP SA3 TP16 Rlslng
CL0CK PH2 TP3 Falllng

Checks :
Ror..t AB u407

*5vreference-P7P2

TP6
TP7
TP8
TP9
TPIO
TPI I
TP12
tP13

RDO

RDl
RD2
RD3
RD4
RD5

RD6
RD7

08u3
IIHAU
166U
3HAT
u2l I
85U2
74v9
8U6A

Test Condlrlon: Al0St00 (cl) ro NoRM, A10Sl00 (c2) ro sA PRoGRAI.{

Signature Analyzer Connectloni, on Al0:
START SA2 TP15 Falllng
SToP SA3 TPt6 Falltng
CLOCK PIl2 TP3 Falllng

PCA:

*5vreference=2903

CheckB:
Recelver RAM U405

TP6
TP7
TP8
TP9
TPlO
TPI l
TP12
TP13

RDO

RDl
RD2
RD3
RD4

RD5
RD6
RD7

n227
34F0
F 4PT
OUTP

4877
UA3A
5H20
4lu6
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Tablz 8-39. A10 SA Prcgam Laop F

Toblc 8-40. A10 SA Program Lap G

Tesr Condlrlon: A10s100 (cl) ro NoRu, A10s100 (c2) ro sA PRoGRAII

Slgnature Analyzer Connectlons on Al0:
START SA3 TP15 Falltng
STOP SA4 TP17 Fa[lng
CLOCK PH2 TP3 Falllng

Checks :
Stack RAM U505

*5 v reference ' 2131

TP6
TP7
TP8
TP9
TPlO
TPl1
TPL2
TP13

RDO

RDl
RD2

RD3

RD4

RD5
RD6
RD7

3AX I
92P9
AFPA
4PAC
9C57
H7 67
H5A9
8308

TP6
TP7
TP8
TP9
TPIO
TPl1
TP12
TPI3

RDO

RDI
RD2
RD3

RD4

RD5
RD6
RD7

0240
8UU3
80c8
u05c
l goF

38u1
222C
3u08

PCA: AlO

Tesr Condlrlon: Al0s100 (c1) ro NoRM, A10s100 (c2) ro sA PRoGRAM

Slgnature Analyzer Connectlona on A10:
START SA3 TP16 Rtstng
STOP SA4 TP17 Rtstng
CLOCK PH2 TP3 Falltng

Checks :
Rou 89 U308

*5vreference-P733
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PCA3 A10

Tesr Condlrlon: A10s100 (cl) ro NoRM, A10s100 (c2) ro sA PRoGRAI,{

Slgnature Analyzer ConnectlonB on A10r
START SA4 TP17 Rlslng
STOP SA5 TPl8 Rlslng
CLOCK PIt2 TP3 Falllng

Checke :
ROU 57 U307

t5 v reference ' 251A

TP6
TP7
TP8
TP9
TPlO
TP11
TPI2
TP13

RDO

RDl
RD2
RD3
RD4

RD5
RD6
RD7

54H9
3543
7201
OA9F
55PA
28Ct
c246
06PF

?able 8-41. A10 SA Prcgram LooP H

Iable 842. A10 SA Progam Loop I
PCA: Al0

st to to

Slgnature Analyzer Connectlons on AI0:
START SA4 TPIT Falllng
SmP SA5 TPIS Falltng
CLOCK PII2 TP3 Falling

Checks :
Recelver Pelrpheral
Data Bus
Recelver Perlpheral
Address Bus
REN, LREN, RR/I{

i5vreference-APU2

U500- 5=1446 U700-8=c544

U600 - 4 - lcc5
u705 -11

L2
13
l4
15
16
t7
l8

H4AA
2422
6300
PC65
F 5AO
49Pl
0422
8077

U605 - 7 - l0HU
9 . Uc20

12 = PAH3
14 = 96tt1
16 - U413
18 - r r43
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PCA: Al0

Test Condltlon: A10S100 (Cl) to NoR}{, A10S100 (C2) to SA PRoGRAI.|

Slgnature Analyzer Connectlons on A10:
START SA5 TP18 Rtslng
STOP SA6 TP19 Rl8lng
CLoCK PIl2 TP3 8a111ng

Checks :
ROr,r 45 U306

.t5vreference-672A

TP6
TP7
TP8
TP9
TPlO
TPl1
TP12
TPI3

RDO

RDI
RD2
RD3
RD4

RD5

RD6
RD7

32F3
U2AO
r369
u707
8P28
u2c7
c9c0
0839

Table &43. A10 SA Prcerum Laop ,I
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8-18. INTERFACE TROUBLESHOOTING
Free Run I/O Troubleshooting

Plug the I/O module i-nto Port 2. Set A11 5406 to an SA Program
Loop posiEion (Any position from 1-15).

Connect the signature aaalyzer as specified in the appropriate l/O
module-s Free Run SA table.

3. Switeh the 4945A 0N.

4. Remove the data bus jumper on the I/O module:
JU501 on the L8L62A
JU201 on the 18163A
JU403 on the 181654

The following signals must be correct in order to perform SA on any
of the I/O modules. Check for the signals listed below on the
appropriate I/O module.

5

Signal
Function

XTAL freq
Addr. bit 15

0

R/w

Reset

System Int.

I/o rnr .

RS-232

u40L-2, 3

u401 20

HP.IB

u301-2, 3
,u301 2a

u301 40

u301 7

u301 6

u30l 30

U3O1 LZ

HP-IL

u501-2, 3

u501 20

N/A

u501 7

u501 6

u501 30

u501. L2

Signal
Conditions

4 MHz
4.36 MHz

2 MHz

High

High

High

High

u401

u401

u401

u401

u401

40

7

6

30

L2

6. For all I/O modules, take the signatures listed under the
appropriate Free Run SA Loop table to verify the IIO processor
kernel.

For RS-232 0n1y:
If any of the data bus signatures are bad on JU201, remove RAM U202.
With the po\^rer OFF, rei-nstall JU201, then switch the power 0N and
remove JU201. Take the signatures given in the W/O RAM column to
determine if the RAM was causing the failure.

If no bad signatures are found, the problem could sti11 be the input
1atch, output 1atch, address decoder or the status latch.

The Free Run mode used during Free Run SA does not exercise all
circuits. Check for stuck bits on the parts mentioned above,
especially if error codes 820 through 824 or 920 through 924 are
generated.
If the failure persists, refer to the specific I/O module
troubleshooting procedure.

8-7 9
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-.-- --- 
'HP-IB'Frce-Run SA Looi

I
I
I

I

I

I
I

;
-+--

t

i
I-t- Sdlobp A R5232-Ftee-Rir; SA Loop - HP-IL Fre Eun SA Loop

PCA: 18162A

Test Condltlofl: Board All 5406 tn any posltlon 1-15
18152A Juoper JU501 renoved AFTER power on.

i
I

!

l

I

I

Slgnature Analyzer Connectl.ons :
START U301-20 A15
sroP u301-20 Ar5
cl,ocK u301-8 DS

Rtstflg Edge
Rlslng Edge
Rislng Edge

+5vReference=0001 * = Not bltnklng

JU501- 1

2

3
4
5
6
7

8

5090
9855
966P
FP83
7H7 C

5U7C
u585
87n9

U6Ott- 4 = 41179

5 = 5FU8
5 = 1181
7 = 4H79

U503- 3 - 0001*
5 = 0001*
6 - 0001*

I

?

i
I

I

I

i
I

I
t
t

i

t
t
t
J

i
I

t
I

i
I

I

I

I

,

u50z- 2
5
6
9

t2
15
15
19

UUUU
5555
cccc
7E7F
5H2l
OASA
UPF IT

52F8

u301-13
t4
15
15
L7
18
I9

IIC89
zH70
HPPO

t293
HAPT
3c96
3827

PcA: 18162A

Test Condltloni 18162A plugged lnto Port 2 of the 4945A.
Board A11 5406 tn any posltlon 1-15.
18162A Junper JU501 reuoved AXTER power on.

Slgnature Analyzer ConnectLons :
START U3O1-20 A15 Rl
sroP u30r-20 Ar5 Rl
cl.ocK u30r-8 Ds Rl

s1
sl
si

ng
ng
ng

Edge
Edge
Edge

*5vReference=0001 * - Not bllnklng

JU501- 1

2
3
4
5
6
7

8

F 2HT

5ACF
9U2U
56rC
2sUA
cc7 7

H509
8P4l

u6O4- 4 - 4t179
5 - 5FU8
6 - rr81
7 = 4,d79

U503- 3 - 0001*
5 - 0001*
6 - 0001*

tJtoz- 2
5
5
9

L2
15
L6
19

uwu
5555
cccc
7F7r
5II21
OAFA
UPF H

52r8

U30r -13
14
15
15
L7
18
l9

- Hc89
- 2tl70
= HPP0
- 1293
- HAPT

- 3c96
- 3827

I

PCA: 1bl63A

Teet Cohdltlon: 18163A plugged lnto Port 2 of the 4945A.
Board A11 5406 ln any poslotlon 1-15.
Renove JU2O1 on 18163A AFTER power on.

SlgnatuLe Analyzer Connectlons :
STAAT U401-20 A15
sTo'P u4o1:20 A15
cl.opK u401-8 DS

Rlslng Edge
Rislng Edge
Rlslng Edge

t5vReference=0001 * = Not Bllnklflg

r{trh RAU

i

JU201- 1 = A9c6
2 - 4290

u40r-13
l4
15
16
t7
18
19

- Hc89
- 2t170
- HPPO

- L293
- HAPT

= 3c96
- 3427

3
,!,

E

:6

17
8
I

$l

I
12

p
4
5
,p

'ts

I
,2

5

:6

P
ttz

- 33U8
= F6P9
- 23AP
- 76c5
- P69F

= 46113

lo RAM U403-20 - AUPP

JU20 I - A02l
- 4290
- 3A6U
- F6P9
- 23AP
- 76c6
= P69F
- 46t13

U502- 7 - 4P0A
10 - 0996
11 - 0000

U503- I - 0001*
3 - 0001*
6 - 0996

11 = 0000
12 = 0000*

u303- UWU
5555
cccc
7F7F
5H21
OASA

UPFIT

52F8

U5O4-12 - 0000
13 - 0001

15-
1,6 -
ilg=

PCA: 18155A

Test Condltlon: 18165A plugged lnto Port 2 of rhe 49454.
Board Al1 5406 tn any posltlon 1-15.
18155A Junper JU403 renoved AFTER power on.

Slgnature Analyzer Connectlons 3

START U5OI-20 AI5
sToP u501-20 At5
cl,ocK u501-8 DS

Rlsing Edge
Rlsing Edge
Rlslng Edge

t5vReference=0001 * = Not Bllnklng

JU403-11
L2
13
t4
r5
l5
L7
18

HACT
99A?
8736
U5CH
6UZF
5443
OAF8
591P

U?o2- 4 = 4t179
5 - 5FU8
6 = rl8r
7 - 4'179

U504- 3 = 0001*
5 = 0001*
8 - 0000

10 = 0000*
u 501- 13

14
15
16
L7
l8
19

HC89
2H70
ITPPO

L293
HAPT

3C96
3827

u503- 2
5
6
9

t2
15
16
19

UUUU

5555
cccc
7F79
5IT2I
OAFA
UPFH
52F8
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1

RS-232 Tloubleshooting

Plug the RS-232 module into Port 2 and connect an RS-232 jumper
connector (1251-0063) configured for loop back, to the inter-
face RS-232 connector. (See Figure below).

181634 J1 1251-0063 Connector

8 20

17 4

12 24

15 ------------7 2

6

5

8

3

19

18

21

16

7
7

1 251 -0063 RS232 Loop Back Connector

2

3

Switch the 4945A power 0N.

After the power-on tests are completed, set Atl 5406 to an SA
Program loop position (Any position 1-1-5).

4. Press the A11 Reset switch. The RS-232 module should now be
in the loop back mode. Check the following signals on the
serial IIO chip. Frequencies listed are approximate.

Check Signal

ul02 3s (MR)

u102 16 (xrAL)

u102 30 (TNTRPT)

u102 L4 (cs2)

u102 18 (DosrR)

u102 2 (DrsrR)

5. Check the RS-232 waveforms

If all the above cheeks are good,
bad.

Low

2 MHz

Low

45 kHz

22 klP.z

250 kl/.z

to verify the loop back path.

6 the serial l/O chip may sti11 be

8-8 I

I



HP-IL Troubleshooting

l. Plug the HP-IL module into Port 2 and connect an HP-IL cable
(8120-3383) to the tncerface HP-IL connector.

2. Swltch the 4945A power ON.

3. After the power-on tests are completed, ser All 5405 to an SA
Program loop poslElon (Any poBttton 1-15).

4. Press the All Reset swltch. The HP-IL nodule should now be ln
the Loop back node. Check the followlng slgnals on the the
HP-IL chlp. Frequencies llsted are approxlnate.

Check Slgnal

U101 - 23, 24 (LCI,LC2) 475 to 550
nsec perLod

Ur0r - 27 (tJR) 8 kHz

UloI - 26 (RD) 300 kHz

U10r - 28 (cS) I kHz

5. Check the HP-IL ,rr"fo"r". j

5. If all the above checks are good, the HP-IL chlp may stlll be bad.

8-A2



2

3

HP-IB Troubleshooting

1 Plug the HP-IB module into Port 2 and connect the SA meter to
take the HP-IB SA Loop A signatures.

Switch the 4945A power 0N.

After the power-on tests are completed, set A11 5406 to an SA

Program loop posi'€ion (Any position 1-15).

Press the A11 Reset switch. HP-IB SA loop A should now be
executing, however check the following signals first. Fre-
quencies listed are approximate.

Check Signal

U101 9 (INT) Hieh

U101 19 (Reset) High

U101 3 (CE) 45 kP.z

U101 4 (wE) 45 kPrz

U101 5 (DBIN) 45 kP.z

U10I rB (0) 2 MHz

U202 2 (CLK for SA) 10 kIP.z

U202 3 (ST/SP for SA) 85 ltz

5. Take the signatures listed in the HP-IB SA Loop A. I-f all signatures
are good, it is still possible that the HP-IB chip is bad.

Note: There is a potential ESD problem with U102 and U202. If these
parts are failing, this could be the csus€.

4
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HP-IL [{ave f o rrg

ri!

:

t;

0v

u101 - 18, T200 - 4

Horlz - 50 usec/dlv
Vert - 2 vldLv

The perlod betlreen burats ls 250 usec. Each burst 1s 48 usec'

0v

The follorlng photo shorrs the burst expanded.

llorlz - 5 usec/dlv
Vert - 2 \ldLv
12 pulsee per burst wlth a low tlEe betreen pulses of 1uBec.

I

\

..

;I
I \\\\\ll'\\

ll'llllrr',,tiitirl
1l it ). ,,lr.rl;ll

,l, l'p

I

j il,i
IW
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Pathe I thru 12 (Data Segments 11 thru 14)

tgnaf (at the fttquetrcy llsted below) from Al5 ls sent to the A4 ln-A .775 Vms s

lrequency ls generated oo

Dlagnostlcs - llode 8

irKl

put nultiplexer. The

ptn 2 Dtn ,

L5 Az
2tO Bz
3810 Ez
6LW Ez

ChccI 415 fP2 for a sine nave at the approprlate frequenay, 6.6 volts p-p (See
FlgureilodeS-1).

Cbea} A15 ?P3 lor a stalr-step approxlnatior of tlrc slae rave (Sane as Flgure
llode 3 - 2).

Pollorlng ls a sumary of tlre odrtrol latcb ortflrts for each llode 8

Ar4 U80'
ph 19

9
10
1l
L2

ls neasur.ed or A8 uslng the rldeband ahanIel.
iDg latch eddress 4.

pln 9 ptr 12 Dtr t,t Dtn 6

1 thnr 4

6tnru14

irdll rcn

ux{

iTE'i rcn

ux
tDlt

ux rtrl

rcH

rcn

t3:

A14 Ur01 pln I ls 524 Wz

A14 Ur01 pln 4 ts ton

Al4 Ur01 ptn 10 ta 1.048

eti

oti

n

8-r43



Diagnosties llode 8

Vert
Horiz

1V/div
depends on frequency

Figure Hode 8-1

Figure 8-9. Mode 8 Waueforms
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llortc 9

8-29. MODE 9: Tfanemitter Filter Sweep (A15)

ttls node cdllreots the ll! self test llgra]. qltPlrt
Tro freguencies are applled to the trro AI5 low pass

to t'he A4. lnput oultlplexer.
filters and three frequencles

ere appued to the Al5 IllD bafil-pass fllter. frese 3ig[als are at a .?75 tlrr,s
level. Tbe level of each frequency ls [easuled et the fllter output to verify the

should Ehou up a8 level errora, Fr€quelray erroB iDdlaate severe fllter dlstortlo
or fallurc to pas! thc !liD!I.
fllter perfomance. Errorr ln tlrc lidbard gain lrd crrors ln the fllter

Follorln8 1r a sumar':y of tD€ l,lode 9 tests.

I
2

3
4

,

6
7

8
9

o

10

l1
L2

L3
Ll

L'
16

Iegt

2500 Bz

tlr.rrT(Et

2rO0 +- O

0.0 +- .,
l0O0O +0/-1
-19 +- 1

4800 +- 0
-21 +- I

0.0

t.,

I
I
2
2

10000 Hz
-I8.0 dBo

u8ed

l20O Ez 1200
+L.5

,
3

1
4

o
.,

+-
+-

4800
-2L.

l-!El

o

m
-3o.

r120
0.0 dBD

1@0 Et

[], ,00 +- 0
-3O +- 2

5
,

6
6

?
?

+-1120 0
,0.0 +-

-9.0
1@0 +- 0
-9+-1

Il oe or Dore of tbe paths fall, the correspodlng fllter ls bad.

General Mode I Troubleehooting

If a]'l patJB fall, tbe flxed galn offset nay be rr!o8. Try adJus
leve1 adJulto€nt o Al5.
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Dl.Snostlcs - llode 9

If onfy paths 5, 6 and 7 fall, the tuo adrusto€lrts ln the IllD lllter
[ey leed adJustlDg to correct tbe r6lrqrse curve.

FoUoiling ls a descripti@ of tbe llode 9 peth!.

Path I (Data Segmente I and 2)

A 2500 Ez, .7?5 Vrrs sine trave ls sent tnrqr8h t.he A15, 5 Wz Lclc
pass fllter ard tlren lnput to the A4 lnprt nultlplexer. level
ls neasured rrltlr the full rrave average uldeb.rd detector ald tDe
frequenay ls reasured o A8.

Check 415 U102 pln 6 for a 2rOO Bz slne wave, 6.3 volts p-p.
tlis ls the filter input.

Check AI5 U103 ptn I for a 25OO lz rine wave, 12.4 voltr p-p.
Thla ls the fllter output. The san€ slgtrsl lbould be @ AI,
tP2.

Cbeox Al5 U6O7 ptn 6 for a 25@ Ez alne uave, 2.2 volts p-p.
fhis verlfles the aralog srrltchcs lrd t.he flne atteDuator.

Path 2 (Data Segments 3 and 4)

A 10000 fl2, .?75 Vros slne $ave ls s€nt thlough tbe Al5, 5 &IIz lor
pass fllter and thetr lnput to the A4 lnprt nultlplexer. The leve1
ls neasured with the full rrave average nldeband detector ard the
fr€que[rcy le measur.ed oo A8.

Check A15 U102 pla 6 for a 10000 Hz slne wave, 6.3 votts p-p.
ttls ls the filter lnput.

ChecI Al5 U10l pla I for a 10000 lli slne wave, 1., volt!
p-p. fbls ls tlre fllter output. tbe sane slgral Bbou1d be
oo 41, fP2.

Checlt AI5 U607 pta 6 for a I00O0 f,r glne nave, 0.27 volts
p-p. thts verifles the analog srltahes and tbe fine
ette[ruator.

8-I46



Dlagtro3tlcs - Xode 10

Path 4 (Data Segments 8 and 9)

A 25OO trl2, .7?5 Ytts sloe rave l! sent through tbe A1, FSE 1or' pass flltar aDd
lnput to tbe A4 lnput mrltlplexer. fbe level ls [easur€d rrlth tbe A4 full rave
averege wldeband deteator and thc frequ€lrcy ls ueasured qr 18.

Cheax the alternate abannel ortput !t Af, Ur06 pl[ 6. It should be a
strir-st€p approxlratl@ of tbe 2100 Bz rlne wavc, 6.3 volts p-p
(sldlar to Flgure tilodc , - 2). fhl! stgtral ley be qulte nolay, brut
t[e steps a6! rtlll be seen.

If t{rl! rravefon ls Eood, verify the FS( lon p83s fllter by abeaklnS
for
U506 plnr , lDd 4. Checx for g?ould at Al, Ur06 ptns I anrl 9.

U205 pln 10 L26 },flz

l2oo g.z, 5.7 vott, p-p siae $ave at Af, U406 pln 5 ald at AI5

If this ravefot! 18 bad, aheak the d,ata llne3 to ttre alterDate chan-
rel DAC (XL, U2O5r. Tbc pias llsted belo$ should toggle at TTL
level8 ald at the rate8 shom.

u,2p,
v20,
v20,
u20, ptn
U205 pln

pln
pltr
pln

,
6
7
8
9

2 bJ,z
6 Iflz
14 ldlz
30 rllz
@Wz

1t20,
V29/'

u
L2

L)2.6 Wz
148.6 If,g

If orc or uore o? the llnes do lot toggle, lu8t cct tbc rlter-
tlata latcb U303.

If noc of thc llnes toggle, ctreax the alt€rnatc ahanncl alocl
ortput at A1, U6O1 pln 8. Thc cloc& lbould be 524 }g,z. If rot,
surpcat U@I or U303.

If dl trhe llDes lrto U20l are tog8ltng at the proper rater, tben
lusDeat cltner U205 or U306.
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Dl'gnostlos - llode 11

8-3f . MODE 1l: Wideband Filter Calibration (A2)

A gain omstatrt 18 generat€d for the PAR, PrograD aad C-nessage fllters on A2.
The Al? test sigaal (ST17) ts rout€d throug:b the approprlate A2 fllter, tnrough
the A4 erldebard autorange and then to tbe FI{A deteetor. A reference [easureoeot
ls nade rlth no A2 fllter to deternlne the absolute level variatlo. fhis
refereDce value ls subtracted fro rII fllter Deasurenetrts. The oeasurtd A2 ftl-
ter c@stetrts arc stot"ed ln ndr-vo16tl1e RAI.I on the Al2 boart.

i]Ilrf:l

Thls node ls a aaubretldr dlly Dode aDd not lntended for
troubleshootllg. l,lode 12 provides norr lnformatior if ore of
the filters fail. If Dode I1 falls, mode 12 shoutd also
faiI.

Fol1orir6 ls a sumary of tlre Node 11 tests.

|ITFT[E!

0
o
0

I
I
I

+-
+-
+-

0
0
0

0
0
0

I
2
)
1

Test

16 not used

1300 Hz, 0 dBm (600) PAB
I0O4 Bz, 0 dBm (600) PRO{
1004 Ez, O d80 (600) Cl,lSC

dB
d8
dB

I
2
3

Follonln8 ls a descrlptlo ol the Hode l1 paths.

Path I (Data Segment U

tle PAn fllter aoostant l! tested, Tbe gain ln dB at 1100 Hz ls aeaEur€d aDd
rtorrd.

Cheak A2 TPI, fP2 and TP, for a 1300 f,z clne rraue, 2.2 volts p-p (.775
Vrns).

Path 2 (Data Segrnent 2)

ttre prqram fllter adrstant ls tested. The geltr ltr dB at 1004 Ez lr neasur€d aDd
3

Cheax A2 fP FRO
Vrms ) .

ard TPI for a I0O4 Bz sine wave, 2.2 volts p-p (.7?,

8-154

Path 3 (Data Segment 3)

Ihe C-nessaEe ftlter adrstant ls tested. Ttre galn l! dB at 1004 Hu ls mea-
sured eDd stored.

Checx A2 TP CUSG aDd TPI for a 1004 Hz slne tave, 2.2 volts p-p (.7?,
Vrus ) .



Dlagnogtlcs - ltlode 14

Path 16

l}e galn at troo Hz ls reasur€d rith tlre transleDt ba[dp8ss fllter
swltched ln.

Chea} A4 U9Ol ptn 8 for a fr00 IIz 6he oave, I.O, volts p-p (.r1
Vrns ) .

Cheax A4 U901 pln I lor a 700 Bz alae rave, 2.8 volts p-p (0.98
[ros ] .
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8-34. MODE 14: .{1 and Al8 Check

Ihis node test! the anpllfier, attenuators, lnput stage ard terolnatlms dr A1 ard
tbe output stage and BTL brldge or AI8, Seguents 1, 2 and 3 ure the AI7 t€st slg-
nal as t re signal sorrce. The otlrer segDents use the two-rire retura loss plth
fro the transnltter. fhe signal ls th€n routed through A2 (Do fllters), A4 (rtde-
band autoratrge) and A, (tl{A wldeband detector), Slnce the traasolt slgDal fro
retura loss brldge has not been tested, t[e terolnatiqr te.t ls allo
checI.

Follorrllg ls a sumary of ttre llode 14 te3ts.

All tests ule a 1000 Ez traasnlt frequenay.

Besults

output

fest

I

2

3

1

,

6

?

8

9

1

2

3

1

,

6

7

8

9

0.0

0.0

-20.0

-Lr.?

-u.,

+-1.0

+-0.5

+-o,5

+-0.5

+-0.5

-10.4 +-0.,

-O.2 +-o.,

-L2,1 +-O.,

trot used

0.0 dBm (600) 0 Atten

-10.7 +-0., dB

dEn (600) 2OdB Ary

(600) 20 Atten

(600) 1r5 otn

(600) 600 Ohn

(600) 900

(600) 1200 ODn

(@0)

dDo (600) 90O Ref

-20

0.0

0.0

0.0

0.0

0.0

0.0

o.0

10 tnnr 16
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llode 14

Path 6

Ihls patn ls ld€ntlcal to Path 4 exaept the recelver lr terninated wltb
900 ohns. Cheatr ttre temlnatl@ velue eDd the lrltahllg relays lf thlg
legleDt f!11..

CtreaX A1 TP, for a 1000 Ez Blne rave, .rI, volts p-p (.11O Vru).

Path 7

ttrls patlr 13 ldentlael to Path 4 €xaept {rhe recelver ls teroluated rlth
1200 ohrs value ald tlle switcblrg relays lf thl!

CbGcX Al fP3 for a 100O f,z slac wave, 0.40 volts p-p (.I40 Vnt).

Path i
ttls path ls idertlcal to Path 4 except lrbe receiver laput la brtdged.
brt<lgtng tryedanae ls aslured to be 200 t-dm. That la nby the Dolnal
value for tuls pat[ ls -O.2 tlBn lnstearl of O.O dBn.

Chea* Al fP, for a 1000 Ez ll.ne rave, 2.1, rrolts p-p (.?55 Vros )

tlp .nl rhg of the treu[ltter are opeoed. t]l! alloos trhe

Path I
ttc rctun loss brldge olrtprt ls terolDat€d rttn 600 d!3 at tbc recelver and the

to
be hflu€oaed by the 900 REF rerlrtor.
ll thtr path falIs.

the refeleoce reslstor ald aapacltor

Cheat Al fP3 lor a 1000 f,z rl.nc wave, 0.20 votts p-p (0.07 Vru).
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Dl.SnoEtlca - llode 15

8-35. MODE 15: IMD Hardware Check (AB)

anrl thrcuEh A, rbere the slgnal c be picked off
Thls node tests tbe A3 clrcults. nre slglel ls routed frd Al7 through 12
(nith ro A2 filters in)
fro the mixer lnput or after the ,20 Hz bandpass fllter. Tlre A4 rideband
autorange ls used and t'he slgnal ls detected ulth the A, Fl{A xldeband detea-
tor. Frequency ls rcasured o A8.

Foltsrlng ls a aumary of the llode I, tertr,

Teat Ftt.t€r

1

2

3

1

5

6

?

8

9

l0

l1

t2

L'

11

t,
l{ote:

-2' / -q
-25 / -90

-30 / -*
-3O / -* dB

,.o

,.1

4.9

5.1

L.?

+-1.0

+-1.0

+-1.0

+-1.0

+-1.0

1r80

860

29tO

3280

1*
520

5r0

,20

r900

1900

22ll0

22N

No

o

Ez,

Hz,

Hz,

Ez,

fl2,

fl2,

Ez,

Ez,

Ez,

Ez,

0

0

0

o

o

0

0

0

0

0

0 dBD(600) Notch

(600) llotah

(600) llotcb

dBm(600) l{otch

(600)

(600)

(600)

(600)

(6o01

(600)

(600)

lllxer

lillxer

l,llxer

Mlxer

I
2

3

1

,

6

?

8

9

9

-30 tlBm(60o) ilixer

,n +-L Ez

,.r +-r.o dB

52O +-L Ez

see llote

see l{ote

not used

detect/detect at 1380 Hz

detect/deteat at 860 Xz

B,z,

10

lo

1

2

L6

For data segrents 13 and 14:

0 = no tones deteeted
f = 1380 Ez tone detected
2 = 8& Hz tone detected
, = both tdles deteatd
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Diagnostics l,lode 15

Vert
Horiz

1Y/div
depends on frequencY

Figure Hode Ir-I

Figure 8-10. Mode 15 Waueforms
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Diagnostics l'lode 16

8-36. MODE 16: IMD Filter Calibration (Ag)

This mode tests the gain constant of the three bandpass filters used in Ilr[D.
There is aetually only one bandpass filter whieh is preeeded by the A3 mixer. The
mixer can generate a 520 Hz eomponent from a 1900 or 2210 Hz signal. The resul-
tant 52O Hz component has an amplitude proportional to the 1900 or 22ltO Hz signal
(depending on the mixing signal) . Thus, there are three different gain constants
for the same filter.

The transmit signal is sent frorn A17 to the A2 input multiplexer, through
AZ on the II'IDI line to A3. The signal leve1 is measured with the wideband
autorange and the rms detector. All leve1 measurements are made relative
to the level measured when the appropriate frequeney tone is sent from A2
directly to the wideband autorange (bSpassing A3).

This mode, Iike Mode 11, is for calibration only and provides the same
information given by Mode 15, data segments 6, 9 and 1I.

Following is a summary of the Mode 16 tests.

Data
Segeent

1

2

3

Besults
DispJ.ayed

5.1 +-1.0 dB

1.7 +-I.0 dB

3 .L +-1.0 dB

Test

520 Hz, 0 . 0 dBm (6OO 1

1900 Hz, 0.0 dBm(6001

221O Hz, 0.0 dBm(6001

Filter

520 Hz BPF

1900 Hz BPF

2210 frz BPF

Path

I
2

3

1 thnr 16 not used

Following is a description of the Mode 16 paths.

Path 1

The leve1 of the reference 52O Hz signal is subtracted from the level of
the 520 Hz signal passed through the 520 Hz bandpass filter on A3 with the
mixer frequeney set to 0 Hz.

Check Al* TP5 for a 520 fiz sine wave, 1.3 volts p-p (1.1 Vrms).
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Dlagnostioe - [ode 19

8-39. MODE 19: Envelope Delay Hardware Check (A7)

Thls rcde atteryts to verlfy the A7 hardware lDd lts accuracy. A translit
slgarl fro A1? ls sent to the A4 lnput nultiplexer. Ihe slgnal 18 seot
tnrougb the A4 rldebaDd atrpllfle! to A7 nhere lt goes through t[e f,I-Q fll-
ter aDd thelr to the A, Ft{A wldebard detector.

Be sure to nlr llode 2 (detector callbratlo) before ruDDlDg thls node.

If lnaqrslste[rt aallbratldr data lr ured (e.9., default aallbratlm adr-
stantr), thls node ls seutltlve enough to bave erors occur. Itrls sen-
sltlvlty ls due to the fact that the A7 output sig[als route directly to
A, r{tth no autoraoglng doe.

Fol1orin6 ls a sumary of the llode 19 tests.

1

2

1

1

,

*-o
7

8

9

10

11

L2

L3

t1

L'

r6

7.9 +- 2.0 dB

U.l +- 2.0 dB

0.0 +-0., dB

-7.0 +-I.0 dB

-6.0 +-I.0

-L1., +-L,5

Dct us€d

1., +-2.0

5 d8n(600)

11.75 Ez,

1L.?5 fl2,

4L.O E,z,

l&.25 Bz,

40.?5 Hz,

200O Xz,

L815 fl2,

2L66 fl2,

(@0)

(600)

(600)

(600)

(@0)

Test

EI-Q/CAL

EI-Q,/ACC

BI-Q/A@

EI-Q

EI-Q

TI'IIilG

CAL, 9

0

0

0

o

1

2

3

1

5

6

-3.' +-1.0 dB

-r4 dBtr(6o0)

-34 d3D(600)

-r4 dED(6o0)

FSG BPF

iN]TT'i

Efr

7

I
9-r., +-1.0

lot used

0 +12000/-0 usea

3000 +-30 usec

3000 +-39 usec

,000 +-30 usea

3000 +-30 usea

0 dBm(@o)

0 dBn(600)

0 dBm(600)

0 d80(6o0)

0 dBn(60o)

Iflr,

If,z

tllz

&f,2

ftrs

10

10

10

10

10

:
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llode 19

General Mode le Troubleehooting

The fllter sre€p! for tbe A7 board are not llte any otber rode.
ture! ltrel8 to rDy slgml rrlthla +-, 1z ot 83 L/3 Ez. fo ucasrue tbe fr€guetray

tre self tunlng feature rrEt be dlsabled.
tullDg does lot loax the fllter lD e Btablc corflguratlo.

slgnal level thst ls too lon ?or Ure A(tr to atrpUfy correotly mllt

fhe f,I-Q lllter

l{helr the full rode ts belng nm, the fllt€r flrst turet ltlelf thelr patlr! 2 thtugh
6 are perfomed.

luen @Iy me seg[elrt tr betag nm, the fllter Soes t,htorrgh a, seaod tunlDg pcrl-
od fotlfied by a , secod test perlod to I€€p thc fllter fro driftlDg.

fn the flrst four tath!, tbe test lr att€rptlng to establlrh the rale pstb
the Jurper at the top of the boarrl ls pleaed ln tlre CIL posltlo.

tle 2 *IIz BPF 1r a spealat case becaure lt preaecdr tbe AGC l! the fllter patb.
be applied to

lnsure a adrstant gah tnrr@gh the AGC. lI eovelope delay llglraI ls used becaure

rl

drly the
docs rot

eryUfirde of the rcdulstldr lr lea8utEd. the clrange ln nodulatlo level
aorrr3pood dlrectly to tbe fllter att€lruatl@ of tbe dlfferent

fr€quelraler because ttre rodulatidr sldebods have dlfferent retghtlDgl depcndlng o
rher e lt falls @ tbe fllter aharacterlstla.

Il patb 2 thtEugh 6 fall, surpect fllter nlsadiustueot, brd tu[tDg PBf , slor @-
tolsolator, tlltcr aqoent fellures, bad lategrator and nisplaced tunpera.

FoUotrlag 18 a desarlptlo of tDe Mode 19 patnr.

Path I (Data Segment 1)

Ibe ED callbratldr slgarl fro Al4 lc sest to the EI-Q lnput vla tbG lnllog lrl
o A7. lte EI-Q output l! aoneated to thc FrlA uldebud detector. ttrls aheot! the

ol
on

Ieuel eDd the EI-Q aeoter frequrnay galn. ttc cal tiSDd l! att€! ret€d
t2., aB A?

Checf, tlre foUorrlng pohts o A7 fo! .D 83.3 Bz rlac ravc.

Chcc& A7 JU10 for 1.46 volt! p-p (0.5 Vraa).

checl A7 tP2O? tot 2.9 volts p-p (f vrng).

Cbeak A? fP106 for ,.9 volts p-p (2 Vru).

Cbeck 17 TPI for 2.85 volts p-p (1 Vmr).

Chea* A7 TP2 for ,.4 volts p-p (1.87 Vror).
(Oacaaloual bltnltng of slgnd )

ChGck A7 fPloo for a turhg volt.ge of 4.08 volt! da.
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Ttre state of the adparator ln tbe coDverter circuit cln also be r,eed by the procer-
of the coverter olrcult c6n be read rrhlte tbe courters are lD operatlo.

Tlrls couparator ortput ls the Dost sigllflcant blt of the coverter outlut.
blt lDdlcates that tbe lDBrt slgral. ls greater tha! the DIC qrtFrt.

FECEIVEF
AODBESS EUS

LFEN
FF/I

FECEIVEF
OATA

BUS

aor.
tllr
Durlng a cqrvertor read, tlre U5G5 bits bave the foUoolng leanlng.

Blt 8 ts htgh tf the hput slgn l lr gnBater tlr6! the slgnal lcuc1 prog?en€d
lnto the I)AC.

Blt 7 ts the Up/Dom blt to prograrmble cannter. Thlr output k htg[ lf the aorrlt€r
lr couthg up.

Btt 6 tg the Erable aount blt to prograrmable couDter. fhls ortput ls la, lf the
couDter ls euabled.

Btt , ts the board pnes€nce blt 6nd tr gfounded.

.E t6 cAL
sr6CONTFOL

SIGNALS

RECEIVER
OATA
BUS

Blts 4-l arr tbe rcst sigalficant blt! of c@verter olrault qrtput.

U4O, hof.b tbe elght leest slgtrlflaant blt3 of c@verter clrcult output.
PHI t

FFO[{ A.l - AUTOTTT

FBOI A,a - aGC

FRor{ lts - stt6
FRolr at7 - sTtT
FBOx 17 - 83 H2

rFiT:'bGF

u606, 706

OONTROL
LATCHES

u805, 705

u.05, 505

DAIA
LATCHES

u105

COUNTER
STATUS
LATCH

PROGFA[I'A8LE
COUNTEB

u306. 406,
506

C LIBF TION
SIGN L
BI'FFEF

u504

DIGITAL
TO

 NALOG
CONVERTOR

EIE

Iil;ll.'lrfEfflin

ul06

u/o
EI.r,l

COUNTER
14ODE

CONTROL

u20{

t6

NITJI{I
StitTrltn

OEIECTOR

Flts
OETECIOR

u80 t

ABSOLUTE
VALUE

AI{PL IFIER

u400.401,
404. 403

5Hz
BESSEL
FILTER

u201

OETECTOF
XTJLTIPLEXER

I1TTI

u200

5Hz
BESSEL
FILIEN

SIGNAL
XT,LTIPLEXER

u70r

SIGNAL
I{1'-T IPLEXEN

u702

ABSOLUTE
VALUE

AIIPLIFIER

u300,30r.
302, 303

rl

-.] fnffi

75 Hz
BESSEL
FILTER

lrFf.El

AESTB - TO A8

FTATB - TO A8

FraA3C - r0 a9

aBsNB - ro A6. A9

Fi.gure 8-32. A5 Detector Bloch Diagram
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SIGNAL MULTIPLEXERS

CAL SIG

5 DETECTOB BOARD (04945-60005)

CB15 3

ABSI{B

c46. C51, C54
c58, C68, C71

ABSNB

Fr{A3C

50

31,32

27-?6
34, 35, 38

I +15

c15
.01 c5

10

+r P/O
PI
I lurout

RA4

BA5

BBH

RA6

BA1

R6 R7
4.64K 2.37K

R8
1. 1K

T_

V. +
7

FI{AI{B4

c60
c47

6
49

-30

46

27

c73
2.2 R50

4 .64KL4

7

20

10

7

t2

16

8

13

2

c

t4

l4
3

10

cR13
+5

+5

+15

-15

u 104
u205

u405, u505
u605, u705

u305

+15

+5

-15

+5

+lB

+5

-15

+15

-15

u105. u204, u306
u406, u506
u606, u706

u604
u70 1

u70?

u60 1

+$

c67
2.2

447
46.4K

849
10K

+

R53
lo

01

.01

+15

C75 .01 4,
s,

$
+15

c19
c53
c70

c4
c5

c45. C52, C55
c57, C69, C72

AGC
4443,

37

3S

33

4

$
c62
2.2

c63
?.2

c61
2.2

-15 20s,

$
ST 16

H83

7ST

LFEN

R0g

RD5

BD7

RD6

F48
46.4K

45

40

I14

I

P/O
P1

P/O
P1

COUNTER
MODE

CONTROLR46
46. 4K

c56
2.2

+ l8
TP1

5

845
46.9K

U D

P/O
PI

I

B

6

4

2

2

3

BA

RA

10

12

13

15

4

NC ADDBESS DECODER

6 15

3 TP4
6

+5

+5

+5

7
NC

0

PHI

P/
PI

I

36

17

10

16

t4

15

13

11

I
7

5

3

1

I
+

c74
I

rP215
I +5 2

v 01 R16
4.64K

5 C12, -.olv
11

12

t4

BD2

801

RD3

804 Rog 3

3

u404
u602

DTOA
CONVERTOR

4
c23
.01

I

I

cR 12

+5
2

EN
MUX 98 7

E 1

F 16 NC
4 NC 3

NC

NC

cHt4 Ag-7 IZ +15
L 1 HG 15

I{IDEBAND ABSOLUTE VALUE AMPLIFIER 1 NC
16 NO 1

+15
c42
.01 P I 15u70 1 +15

+ xFl36
10K

c67
2200 PF

+ +
0

I
2

3

4

5

6

7

+15 u404
c4
10 CB4

C6
10 u20 1

5 c36
.01

R34
3K

835
3K

c40
.01

R38x f $ $
2

+
6

C

+
4

F9
10K

6 J 7 CR5
7 OUT

I 3 7 833
3K

t 6 5K 2 7 F41
1K

a
7 cB8 cHg 2

u402
6 I NC I NC1 2 u400 4 u40 3

I 2
u40 1

6 3 5 Hz BESSEL
FILTER

810
10K4 3 4 F4?

10K

5 NO 4 NO 4 BMS DETECTOR 16
011 0 4 -15

$I c39
.01

c43
.01

5

t2
c37
.01

+ v
c41
.01 Rgz

10K
-15 s /0 u602

c13
.01

u602
+15
+IC50

-15 -15 4.7
4

RMS-'DC
1 OUT

I
3

$
-15 +15

FL
I

2 15
n I

+5 EN
5

Vin
dBA 1 MUX

-7

I(MATCHED PAIR +15 NC BUF
OUT

6

16
1 NARHOI{BAND ABSOLUTE VALUE AMPLIFIER F1 B2

A .64K 2.37K
B3

1.1K
7

B 2AA c?
10

BUF INg66
C 15 +15 c30

.01

3 7
4 +15 +15

10K + + c3loz
6+ Fl{ANB

+ 444 c1
10

cR2 u200 2 ENu70 2 c28
.01 1K

$ $
H4
10K

+5 DETECTOR
MULT IPLEXER4

0

I
2

3

4

5

6

7

c?4
.01 +

A27x 4 cB3 B 1
1

2
4

5
+

R25 826
3K

S 16 ABSNB
267

.o 1v
3K

10K Ag 7
6 + 7 F29x

5K
5 Hz BESSEL

F ILTER
B5
10K

T 15 Fi{A3C
7 OUT

I 3 7 424
3K

6 2 7 ct4
.01

MUX COUNTER
STATUS

LATCH

6 7 CH6 cR7 2
u302

6 +
-15
+15

I u604
1 2 u300

4 u303 4 +5 H FF 132 6 0

7

?

3

4

5

6

7

It 1 4 u30 1
?

FWA}{B 5 TP3 c It 5

) o,-.
EN4 

MUX
EN5

1 0 3 4 ct7
.01 U1 t? u10 6 2+ 4 c31

.01
BMS 6 4 u205

I c27
.01

c29
.01

F28
10K

R11
100K

812
56. 2K

R13
26. 1K + I 4

D
E I

s + c8
.0

FWBECT 7 OUT 3

s
-15 3 7 F}{A3C 12c25

.01 15 -15 c9
.01 a

6 +5 12 5
D

7
NC u20 4

-15 c7
.01 cR1 u203 11

u205
11 5 6 1

6

+ +
10 13

1
6

U1
3 0

I
2

4 814
10K

+5 4 t2
D

10 2
+5

5I
11 4

+15 I
13

D
15

NC

NC

10 +5
3

14 +5 10
1075 Hz BESSEL

FILTER c 18
01

-15
815
10K #48

01

11
0

1

?

I E NP

+
7 t2 5

+
I NC I

13
6

u504 5 NO I +5
2

0

1

2

3

4

5

6

7

CAL SIG
BUFFER

K 10 10K
832
10K

10v
REGULATOB& EN

14 /o u404
13 c49

.01 R39
1 .0K

R40
10K

10v
DMUX 12 +

+15 u304
10.1

,(

R21
4.64K

F20
3. 16K

1 11
-15 6.5K 250

I 830
50

+15
2 ? Ag-7

10

3 I c10

7 COMP COMPARATOB Rr8
roNC 01

PROGRAMMABLE COUNTEB
PHI 1 R19

31 .6KENP 5
ACOM

REF IN
OFFSET
IN

3 5 e17
51115 U/D 6 6

u 106
7 DAC I DAC

I
10v

SPAN
20v

SPAN
REF
OUT

10 2 u205
a

CTH
DIV 16

M1 (LoAD) Dr9lE
M2 (COUNT)

G3 (UP)

G4 (Dor{N)

G5 3, 5CT=15

G6

M1 (LoAD) Dr9lE
M2 (COUNT)

G3 (UP)

G4 (Dor{N)

G5 3,5CT=15
G6

cg 13 L1
NC

c20

M1 (LOAD)

M2 (COUNT)

G3 (UP)

G4 (Dor{N)

I 1 I 1
EN EN C1 t4

1

2

4

I
16

32

64
128

256
512
1024
2048

4

1 u205 tt
C

11
C c2 ,EIJEN1 FF I 15 1 15 +5 10

EN1 FF 7 11
IC2

8 ca 3 2 RD6 13 u405 12 HD4 c3 16 0-)A +15
1t

IC2 10 r5 7 7
D v D v c4 1 7 279F

u605 G5

G6

3,5CT=15 cl 4 5 RDl 14 15 BD5 s 2 7
c I 800 3 20 I B 7 2, 3,5, 6+/C7

2, 3, 5, 6-
2,3,5, 6+/C7
2, 3, 5, 6-

c2 7 v 6 BD2 t7 0 v 16 R06 c5 18
6

801 4
2D

5 J RD1 4 20 5 S 3,5, 6+/C7
3, 5, 6-

u506

c3 I D v I R03 18 D v 19 BD7 C6 19 M u206

R02 7 2D 6 P
RD2 7 2D 6 T

2,

2, RD4 3
u40 6

1 4 c4 RDO 3
u306 14 C8 c4 1 3 v 1? BD4 c8 3

D v Z c7 20

RD3 I 2D I K
803 I 2D I H BD5 4 70 13 C5 F01 4 70 I t3 c9 C5 1 4 D v 15 RD5 s 4 D v 5 HDl C8 I t

20 FD4 13 12 A
RDg 3 t4 ca 70 2 7D ? D v D v CS 2?BD4 13 1?

NC
2D

RD1 4 70 1 13 c1 RD6 5 t2 c6 H02 5 12 C10 C6 1 7 16 BD6 10 7 6 RD2

H05 74
20 15 E

R05 t4 20 15 C 70 2 RD7 6 70 4 c7 70 4 11 C11 1 I D v R07 11
D v c10 23

2D RD6 17 16 B
RD2 5 L? C2 I I D V 0 vRD6 t7 16 F 2D BD3 6 70 4 4 4 I

RD7 20
G

BD7 L
1 8 4 4

8 I I I
18

2D
1g 18

20
19 7D

t1 c3 4
70

11 RD3 6
70

B t2

c7 1g I R03

1?

c11 24
u305

3

I

I
11

t4
1

B

COMP

A>B

A=B

A<B

u706

il^
A>B

A=B

A<B

13

CONTBOL LATCHES DATA LATCHES

-15 s

Figure 8-33. A5 Detector Schematic Diagram
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8-62. Jitter (AG)

The Jitter board is used to nal(e amplitude and phase jitter neasurements. Amptitude
jitter is unwanted anplitude modulation and phase jitter is unwanted phase modulatlon.
Jitter measurernents are made by sending a pure 1004 IIz sigral over a comnunications
chaD.uel and measurlng the modulation accornpanying the tone as it is received. Ihe
LOOL Hz tone is generated by the Transmitter board (A18). The Jitter board is used to
recove! tbe nodulation from the leceived sigfral.

Interfering signals on a tetepttone line most likely to cause amplitude or phase jitter
are the 20 Hz ringing tone with lts hamonlcs and the 6O Ez poner Line $ith it's har-
monics. Moclulation omponents at frequencies above 300 Hz are rare, and whea they do
occur, they are normally aceompanied by coolponents at Lower frequencies. In an effort
to reduce the effects of "out-of-band" noise on the measurement accuracy, the leaeived
signal is filst passed through a 600 Hz to I/+00 Hz band pass filter on the A2 board
before reaching A6.

Alrputude and phase jitter are measured in three frequency bands: 1to 20 Hz, 20 to
300 8z and 11o 3OO Ez. Anplitude and phase measurements can be nade separately or
simultaneously in any one or in aII three frequency bancls. Phase jitter is expressed
in degrees and anplitude Jitter is expressed in peroent.

Phase Jitter is measured by first passing the received signal through a sine-to-square
wave convertor (zero-crosslng detector). The output is a TTL aompatible squale wave
whlcb is sent to a ptrase demodulator. The output of the phase denodulator goes
through a Iow pass filter and an analog-to -digital converter where it is converted to
digital form to be read and interpreted by the reoeiver nieroprocessor (AI0).

Amplltude jitter ls measured by feeding e fulI-lrave reetified version of tbe input
signat to an amplitude denodulator on A6. fhe amplitude demodulator consists of a
high pass fllter. To neasure the demodulated A .Level relative to the carrier, the
carrler level is always adjusted to beat a set level before the demodulated All is mea-
sured. fhe carrler leveL is set by using the fine attenuator on A4.

Sine-to-Square Wave Converter

U708, U606 and their assoclated discrete parts ma]te up the slne-to -squale wave con-
verter. The auto-ranged lnput sigral ls lnput on pins 43 and 4/r of Pl. Any dc coopo-
nent is re oved by the high pass filter C58, C59 and R78. CR9 and CBIo provide over-
voltage protection for U?08. After aut'o ranging, the s igral level at the lnput to
U708 ls .75 to 2.rO volts rms. The input signal is applied to I]708, a two stage dif-
fereatial ampllfler, and then to U606, a high-galn aompsretor. The comparator output
is a TTL compatible square wave. The square wave level transitious coincide with the
zero crossings ol the sine wave lnput.
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llheo a rapid galn blt occurs, oe of tle threshotds ls exae€ded becsuse the BC net$rorl
slorrs the reference voltage generator'r ne8t oae to the change. Tlrls cause! tbe co-
parator qrtput to go lon and the trrDslents prmesror to deteot, tbe hlt at the buffer
outpu.t. Olrce the bit bas been detected, sritcb 11705 opens Bo t'hat the refereuce volt-
age ltays flxed at lts o1d level untll tlre hlt quaufles. ltten tbe hit elther
qualifies or falls to quallfy, botfi of tnc It705 srltobes are clo8ed to qulcl]y re-
establlsh reference rrlth the ner level. After the approprlate b1aDling interval,
aeao[rd swltah ls
speciflcd by tbe

reopelred eld the cyale beglDs rgaln. tte lmg RC tlue cqrstant l!
dyaanlc lespqrse ahEractcrlltlc qrtllncd W tbe IEEB spealflastlo!

atrd the lhort nC tlle adrstant (rltb botb srrltcbe3 aIo3ed) nust be less thaa 6
order to aoutrt geln hl,ts at 100 aollrrts Der seaod.

full ,60 degree pbase ranse. thc pbase deteator

Phase Hit Det€ctor

Phase hlts are detected by e diglt f pulse $ldtb neasurln8 clrcult aoupled rltb a!
analog phase-locked loop. T}le .Tl, V rrs slac $ave input (AGC) ts squarcd (lll0rl ,
sblfted to IfL levels and thelr dlvlded by tno (Uror) before appuaatlqr to the ph!.e
detector (Ir?04). The dlvlde by tno ls la

ls
&eepi8 the loop ltable over a
an excluslve 0B gate tlrat copares

the lnput slgDal to a loop feedbaa* 3lg[a1. Ihe phase deteotor output ls r frlse thrt
goes to a data selector (U406). In nomal operatlotr, the divlded input slgaal fro
U704 ts set ected. lhe lecod U406 tnnut ls selected to see lf a phase blt quaufle3.
tlls rlg[al ls the urdlvlded loop feedbao* slgtral. fhe TfL signal frd U406 ls level
shifted to equal + ard - levels rhlch ere applled to a loop lq{pess filter U606. Thc
Isr-pass fllter glves a loop bandwl<lth of 100 radlans per second. lbe fllter ortput
drlves tbe voltage-controlled osaluator U60r. Q8 and Q9 llnearlze the VCO'8 aeapose
to pha8e. fhe VCO operates at four tltres the lnput frequency. tte VCO output go€s to
a dlvlde by two circult (Ur06) whlcb changes tne VCO output to a squatre rave. frls la
also uher€ tXre loe feedbaaf sl8tral aoes fro. (E lg used to correct tbe V@ outprt

the output of U506 goes to anotlrer phale deteator (IP04) $here lt ls aorpar€d rdth tue
unrlivided lnput slgnal frfl UrOr. tle r€sultlng prlse (prhase dlffereuce) goca thrqt6!
a llnltlng clrcult (Ql, Q2 lnd er) to linlt larEe pbase hlt;. fhe slgual goer titougb
a lor, pass flf,ter rrhloh passes the dc value of tJre pbase deteator. Thls da value lg
proportimal to tbe phase offret, detector pheEe off8et goes to coryarator
UI04. Eere lt is compared to a dc r€ferencc tfiat l! set by thr tranrlents pDocesror.
Thls da leferelrce ls the phase llIlt set fro the frot parel.
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8-70. Active Output (A17)

frequeneles the converter feedbac* Ioop (U306) ls uqr-functloal

Cotrol siguals on the syster dste bus frs the systeo processor are latched by U6O8.
fhese slgnals control tbe analog snitcbes. The swltahes cqrtrol the attenuatldr, the
talt battery and quiet terolnatlo. There ls 80 dB of attenuatlon avallable ln 10 dB
steps ,

Tbe falI Sattery ls a 15V supply nhlch is routed to the uaer'a handset tbrough the
srrltchlng on AI8. For Quiet Teroination, tlre tranrnlsslon path is opelred after the
attenuators eDd the ttp and ring are alro i"oulded.

After the attenuator (U409), trbe slgBal goes to a buffer, U407. Ur09 aDd Ur10 a@vert
tlre single euded slglal lnto e balelced dlffer€Dtlal llgnal. It alro provldcs a larEe
lnpedanae to ground toth differ€ntlaUy and ln amo Dode.

The differential voltage frm U309 and Urlo lr applled to a voltage to cu$etrt cdr-
verter (Q1, @, Ql, QIl, Ql,(, and alr). Otls ls an lsolatio stage and lt areates tllre
dlfferential floatlng qrtput. lte blas for thls stage lr created by Q10 arrl CBr.
Dear dc levela, tlre ortput of the convertor lool(s lile Lo$ lnpedance . at bigh

the converter
Ioo[s llke high lmpedance. Over the lnstnrneat'a frequenay rarge, the output ln-
pedance of the converter varles sith the freque[ray, Ihe curreDt ortput froo t'hls
ata8e ls converted back to a voltage by anpllflers U40, ard U406.

TIre anpllfiers are pdrered by an lsolated, floathg por'rer supply. The traDsnltter
output ls floatlnS nlthln tlrls +-15 volt wlndotr. Proteatidr dlodes on the transnltter
output llnes (AOT, AOR ) protect the transnltter alraults against transient voltages
nore thetr +-100 volts.

Floating Supply

fhe +- f, volt floatlng supply lnputs coe fro tbe +- 40 volt supply or the /U!1
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acta aa a curreDt source aDd Q9 acts as a cunent s!Dc. CBI2 ernsur€s Urat there l,r
aLrrays e 30 volt differeDtlal at the output, even tlrdrgh the actulI voltages nay be +-
1, volt8.

Q5, Q6, QI2 6nd Ql, provlde feedbaax to xeep ttre +-I5 volt outpu.tr (30 vott dlffer€n-
tlal) rrithln tlre linlts of tlre +-40 volt input.

Figure 8-,16. A17 Actiue Output Bloch Diagram
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f 17 ATTENUATOR BOABD (04945-60017)
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8-7L. Transmitter Output (A18)

Line terminations of 13r, 600, 900 and I20O ohns can be selected for the transmitter
output.

The AOT and AOR inputs are from the current booster stages on AI7 which have an ex-
tremely lov output impedanoe (approxinately 0 ohns). Therefore AOI 6nd AOR look llke
e short circuit.

For a 1200 ohm impedance, relay f,304 is closed and K305 is opened putting BLI and R15
in series (600 ohms each). For 600 ohms, K30lr ls opened which puts R13 and EI? in
paralle.L with Rll and RL5 For 900 ohms, I(105 is closed to put 3.6 K ohms (R14, R18) in
parallel with 1.2 K olms. For 135 ohrs, K304 and I(305 are closed to put I5l ohns ln
para.L.l,eL $itn I.2 tr ohrns.

K306 is used to put either the retum loss bridge or the termlnation inpedances onto
the tlp and ring connectofs.

K302 shorts the tlp and ring for retur'n loss callbration. This produces a 0 dB return
loss. The return loss ls read by l\e 1915A receiver and any deviatlon is calibrated
out by softirale.

K303 selects one of the standard returt loss impedances (600 or 900 ohm ) ln series
rritb a 2.16 IIF capacitor.

K30I controls whether the return loss bridge ls using one of the standatd irdpedanaes
or the extemal relerence impedanae.

K307 switches in the dc blocxing capacltors $hen one of tbe intemal leferences are
used,

DleI tau( and talk battery options are oontrolled by Kl08 and K109. I,lhen dia], talk ls
used, volee ls connected dhectly b r,he 1915A front panel jacks. The voice signal
comes in to A18. Kl08 and K309 are set up so that the voice goes directly out on the
tip and ring. I{heD us ing the talk battery optlon, the handset ls energized with 15
Vdc which is generated on AI7 (TBATI). The voice signals now tal(e a more indirect
route before going out on the tip and ring.

fhe transmit hold coil circuit is switched in by I(110.

The relay swltching is controlled by control information aoming to the AI8 board on
the transmit data bus ()O0 thru )O7). The tlansmit data bus is buffered by Ui04.
The bus information ls decoded by Ur01, Ur02 and U503. The decoder outputs are sent
to the bases of driver translstors irhich are turned on to either set or reset a re1ay.
The relays are the type that require a set or reset sig:nel to change states, The re-
Iay stays in the position that the last drive signal set it to.

The two I/O comectors are also part of A18. fhls part of A18 is discussed in the I/O
section,
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r* A18 TBANSMITTEB OUTPUT (04945-60018)

trfl
EII>-+ *

TNPUTS >=-) H

L_J

)to
)lo
)t
X

P/O
J2

P
RTL_T 75

79
80

4

13 BTL-R

76

99

115
116

R24
499

P1
| 2l{xMT

P1
I AOR

I XDO

I X01

XD2

x03
x04
x05
XD6

B

TBATT

o/r -A

O/I -I

X-RING

X-T IP

CR25

c14, C16 I0.1 
r

6 4
5

r ? 13

o TBANSMIT H0LD
COIL AOJUST

19
20

2l"lGND
K 308- 2

HOLD COIt- CIBCUIT

R20
51. 1

CT2
"1

Rzr
51. t

ct3
,1

s
Tt

+5

+5

t6
B

?0

t0

-r5

+'[5

$

16

I

16

B

u501,

u5CI4

u50a

u50;l

B
OTA

5S

E' 71
72

67
68

BI

F19
51.1

+5

15

16

19

c
0I

z.

EN

CR26

NC

C5
15

4

IB
0)r

I
V

3

4

7
R3

1 96K

2

)tt
)tt
)tt
)tt

13

t4
t7
1B

NC

NC

NC

11

10

I
7

NC

NC

NC

NC C2

I

xo7

+5 93-
96

87-
92

+

R40 4
1K

3
+5

J

-t
SET

I
RESET

SET

11

2

15

1

16
SET

I

I

RESET

+

l
+

SET_ )

EES,ET

AY SPDT K3

b

11

2

o

4 +
15

K30B- 1 1

16

K302-2IP7

NC1313 13

I

L

I

I

L

I

L

I

I

L

K304-2 K305-2
RESET

TPB
K301 _

4-7
SET

cn4 CR9 cR 10 cB1 1 cR 12cn7 CRB

I I II
4 4 44

NCNC 66 66
NC

I

++ +
RESET$

++ + + 1

4

SPDT

cR3

S!T- )

c6

2

SET

NC

NC

NC

NC

R2e
avI r\ qEsEr

ELAY SPDT K3O1

K30

LAY SPDT

75.5 75.5

SET

FESET

SET

BESET

+

SET

BESET

HESET

SET

SET

RESET

HESET

SET

SET

HESET

BESET

SET ?-t

cR6
810,600

K303-2

11

t6

2

1

15

I

16

11

1

2

15

I

16

11

I

2

15

s

16

1l

1

2

15

K30 1-2
6

R9
900

ct7
479F

R23
.V

CR5

2

813 R77

600 600

R14 R18

R12 R16

1.BK 1

I

I

l
I

I

)

I

+

BESET

SET

FESET

+

SET

SET

BESET

RESET

LAY SPDT K3O

S!T_

CR 13 CR 14

CB, 85

c7, 85

6 SET

6

13 I

CR 19 CF2O
B

4

4
? 2

11

n15,6002

13

RESET

SET

I
13

15

K307- r

11

c9, 85

c10,85

16

BESE

+

I

I

-{

I

I

J

SET

RESET

SET

RESET

+

T

Y SPDT K

SET_

I

t
I

I

L

RESET

+

+

RESET

SET

ELAY SPDT K3O

11

K309- 1

15

1

6

+

K30

S!T

+

LAY SP T

RESET

RESET
--tcR 16 cR 15

CR 17 CR 18

?

CH22CR2 1

2

2

SET

BESET

SET
NC

c

11

K3 1 0-2(

811,600 K306-210

K30 1-2 K305-240
1K

1
K302- 1 K305- 1

+5

u40 1

R40 1l
U5

11 13
u502

+5
0
1

2

3

4

5

6

7

0

I

2

3

4

5

6

7

0

t
2

3

4

5

6

7

K30 1- 1

13

+5

K307-2K303-2

+5

K307- 1K303- 1

+5 +5

u402
K304-2 K308-2

+5

2 4 4 2 44

1

B I 7 7

3 6 6

5 5+5+5 +5

I

tR30
4,7 DMUX

ENI 2

3
+5 +5

I2 u403

I
0 1

A +5 +5

I 2

2

3 +5

1

2 2

33 +5

77

6

5

1

I
4

1+5

+5
t

4 4

+5
I

+5

I &&

I

10

I

10L?

1

4

t2

I

10

2

2

+5

+5
I

+5
I

L4 K302-2

8403

R30
4.7

t4 K304-1 14 K308-r

7 1K

3
1K

4

2D

2D

IU

2D

20

AD

2D

2D

I 1K 10 I

7 1K I5 1K

I 1K
2

I
2

3

1K
2

5
1K

6I 1K

7
1K I1

1K 2

3
1K

4

6
4

5

4

5

6

4

5

I
2

3

9
1K 10 10

010

1

K

2

16

15

1

+5
1

OMUX
EN

0

1

2
IC2

15

I

t4

10

13

1l
t2

15

14

10

11

t?
3

E
J

12

6

+5

4

+5

R40 1

R403

+5
I

830 1

4.7K

0

1

?

R303
4.7K

830 1

4.7K
0n7 0

^7

R30 1

4.7R

8303
4.7t<

R302
4.7Y

R302
4.7R

R302
4.7K

o)

))^?

R303
4.7K

H302
4.7KR402

R402n40 I

R403EN1 FF

8303
4.7K

F303
4.7Kn40 1

R403ndn,

R402 R403

K309-2

CAz4cB23

K309-2

2

6

+5

7

15 5

2 K307-2

66

R304
4.7R

1

15

0-1K3

CF1

16
03F5

383K

+5

14 K3 t0- 1

5

R7
100

t4

13

+5

7 88

R404
1K

R304
4 .7K

RESETI

I

LB

I

I

L SET

TSErEi

ELAY SPDT K31
)

BB
100

1?
+5

K3 10-2I
u405

10 10

13

R404
1K

R304
4 .7K

) 10
+5

K309- 11

t?

3 ?

+5

44

R404
1K

R304
4.7K

0d

+

ne R6
21.5K

C4
.68

R4
825K

02
->.al 

r

R1
16.2

3

F2
10

I

+5

13

7

2

R304
4 "7K

7

+5

8302
4.7K

65
1K

6

8402

I

t*
12 +5 +5

TPI

Itigure 8-49. A18 Transrnitter Output Schematic Diagram

8-3er

4

I

I

1

P1
I

+

s
CR
27
39V

I

RESET -

--t
I

sfr- .]

6

t

1

6

6

B

I
1

I

I

+5

6
{

I

I

u404

CF]2

c1
.47





4

I'tux

u400

CHIP
SELECT

OECOOER

u200. ua00

u303

CHARACTER
GENERATOR

CHIP SELECIS

E

I
u50 t

EXT
CHARACTER

R0lr
2Kxg

}{I,LTIPLEXER

u302. u4o2

?N NSCEIVER

u705
t0

u?02

CBT
CONTNOLLEB

AmFESS
}ItT. T I PLEXEB

u802. u803
u80 t miliE

CHARACTER
RAI'I

tl(xa

AIlP

 TTRIEUTE
RAI'T

tKxa
u503

TR NSCEIVER

IFIiE

.TBANSCEIVEB

uaoS

to

BAI'r

ur02, u203
u205, u208
u305, u306

tt
EEEP

CONTROL
LATCH

IHi'

ANALOG
XULTIPLEXER

u707

BEEP
OSCILLATOBS

uaoa

ATTENUATOR

:IFIFffiIlE

VIOEO

HSYNC

VSYNC

TO
atg

cor{rBoL
LINES

SYSTET
AooFESS

Elrs

l4 AOOFESS
BUS

SYSTET
OATA

BlJS

L] ti 4

'FFor'r
Ail xOxBC

SIGIN-FFOT
At5

u70a

u

TO
ON

SPEAKER

IIOTHEFBOARO

A13

SPK OUT

Figure 8-50. A13 Video Generator Block Diagram

8_327



U

+ C2-

I

I

t 03

C18 *r
'l

u600

I

t;:

. .. .. .. ::::: :: ::

*CZJ -r

,rf

u704

.lr

t

€Oerffi

-|,

P1

' [..*
-,,:r:,tj. ,,il'
1 ::: ; it 

1:l 
::t::

u306

'r' tlr:i ..i :r i-l ilr lilL:r

i .rl "*r'- i l;i: :' i ri;l ::r :

i -1" i =i- iI'
U
'.1,

-c10-,..:l ri; , l1

I

3

11

I
l
I

,n

,"1

t:

T

I
l-.

3
i:-

c33

2

I

11

I

R8-

Rl2

J
5

I

R 9I
@

I
Lo
E.

:: 
-R-R1

dr ;:)

:ri;irI1' .1:. - irlii,11I1. --11;1 ;1

R15-

'l
tuS

O

nC13- *C14-:

t-

+5

+5

+5

+15

+5

-15

t2
t7

16

I

20

10

17

L2

t4
13

+5

+5

+5

+15

-15

L4

7
u300, u403, u404
u406, u600
u700, u701u303

u100. u200, u302
u400, u402, u601
u801, u802, u803
u807

u405, u605
u705

u606

20

7

24

L2

u702

u102. u203. u205
u206, u305, u306
u501, u502, u503

04945-60013 0-9/83 REV. A-2324

13

3

t4
u707

B-328

u406-u404

i ; ;i+i i
l'i i

,,...1

:i i

'"'Uro6'

'-u601'- '-
-UO-O-Arl

-u700

p

!
1

ii Q t:ll i:; i+r igi +l; ;ti! !.ii!

'^ " -- ,-. " " " -;::l

1t:

l"2O - - 'r'



l-rs6 ANALOG OUTPUTS
7

o
TO

at8
H

x
1 <.....--
L

-l

L--irirnrn
FFFH

-l
U
i:--nni--t-1Hi
o_ --- l

!l Trr_r r r TF T t_ T r t

l+ @+#H

E :d

I

4!J
Itr
lIlJ

t
)
t

:
)

.JITTEN

CANBIER

EXT REF

NEAR PANEL

I

J

E
q

Figure 8-57. A22 Motlwrboad *hematic Diagrom

8-3rt



!I
B

! o ar]

oa

5 :n
a arl

:l
a
a
a
a

t

ilr

H

B

ffi

tk)l

r-n:tl

o$grs-soolE coNt{Ect 80.
iEy l-23r5-18 88909L

04945-60058 0.9/83 REV. A-2315

8-312



T,*hft

Trtf{lva)

I
'l
I

lmTt

SEI

rEl
v6

-l
v5

t6

I

1
I

NELAY OPOT

SET

FESET

SET

:l

2

=Tt

FM'{T
PAIEL
.JACKS

I A58 FRoNr PANEL CoNNECT (04945-60058)

v2

vl

tt

F/.;;r.*o*o----
!

i u,3

t )-r- RECEMR TtP T0 11
I'lr

i r )t- THANSTaIT TtP rO 118

lrrl

t7J
TIP

FIGHI ItINd

iE 3t0

LEFT EITXE

TE 3tO

a

t

t1

5

3

T

T

rl

6
5 3

IOB (UPPEF LEO) TO A1

FEV (LOXEF LEO) IO A1

TIP cf,1 cR2

13

t

IVEF-RING-TO.A!

3
a
?
a

t2

3
1
7
I

tl
t2 )-.{- TBANSIIT FING r0 ArB

ll

-n
0tAL/r^L(

FIG}IT

LEFT

IOF0IAL/IALX Ft]{G TO AtB -
I

9 F OIAL./TALX TIP TO  16

I
I
IL______

I
I
I

J
I
I

L

Figure 8-58. A58 Frcnt Pancl Conncct *lwmatic Diagram

8-)53
'I



8-79. Power Supply Test Fixtures

There are two test flxtures that can be used to isolate poffer supply problems.
Both of these itena are in the 01915-6260? Selvlee l(it.

o Pesslve loeding Board ( 04945 -60062 )

. Poider Supp1y Teit Fixture (01915-62609)

Paeaive Loading Board

TIre passlve loadlng bo8rd can be plugged lnto any catU cage slot to slDutate tJre porer
supply load. The load presented by thls board ls the rlnlnun requtred for lrbe poirer
supplles to operate properly.

Befer to PtSure 8-i9 for the passlve loadlng boatd sohenatla dlagran and parts llst,

Power Supply Teet Fixture

The power supply test flxture let8 you test tlre power supply boeds isoleted frotr t[e
rest of tbe instrunent.

Ihe test flxture provldes t'he proper aa lnput voltages and the proper loeds for the
pofler supply voltages.

Refer to Ftgure 8-@ for tJre pooer supply test fixtule schematlc diagran ard parts
1tst.
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