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SECTION 21 

BLOWER ASSEMBLY (A15) 

21-1. For continuous high ambient temperature operation or with the IEEE control option, the blower option 
provides additional cooling for the system. The blower as received from the factory will run whenever the unit 
is connected to the AC line. However, a jumper shorting out a thermostat in the blower assembly may be 
removed so that the fan only operates when high temperature conditions exist. A schematic of the Blower 
Assembly is shown in figure 21-1. 

21-1,21-2 





Find Qty. Part Number Nomenclature Part Value 
No. Req. 

001 MU2A1 FAN 

002 15-P00257N001 CASE. HOUSING 

003 3450-87-239 THERt.1QSTAT 

004 477712 FILTER ASSY 

005 32-P06859A001 GASKET, BLOWER 

010 206429-1 CONNECTOR 

JUMPER 
r --- --, 
I I 

I ~ 
I 

TO 1 o--0 

j I 
MAIN 2 120 VAC CHASSIS 3 

FAN 
MOTOR 

BLOWER 4 



SECTION 22 

IEEE - 488 BUS CONTROL 

22-1. INTRODUCTION 

22.2. The IEEE Interface Option enables the use of the Communications System Analyzer as a 
programmable measurement instrument When combined with a suitable programmable controller and 
applications software, the major functions of the analyzer can be controlled or monitored via an IEEE-488 
standard digital interface. Thus, repetitive test routines can be performed and the data recorded quickly and 
accurately with little operator interaction. 

22-3. The interface characteristics conform to the specifications of the IEEE Standard Digital Interface for 
Programmable Instrumentation (IEEE Standard 488) which defines both the electrical and the mechanical 
interface. Control protocol is also defined by the specification. Control commands which are unique to the 
analyzer are described in detail in the following paragraphs of this section. 

22-4. The controller for this application should be capable of reading and writing ASCII and control 
characters from and to the bus in accordance with the 488 specification. Application software is the user's 
responsibility as dictated by the controller selected, although interface and application assistance is available 
from Motorola. 

22-5. The IEEE option package consists of an IEEE Interface module (A8) with a rear panel connector, an 
electrically programmable RF attenuator in place of the step attenuator on the RF Input Module (A 11 ). a 
fourteen position rotary switch on the front panel in place of the step attenuator shaft, and one additional ROM 
memory IC on the Processor module (A9). 

22-6. While in the local mode the IEEE-488 equiped system operates and performs the same as a standard 
system, except the maximum RF output level is reduced to +11 dBm from +13 dBm. However. when the Remote 
Enable (REN) line on the IEEE Bus is activated many of the front panel controls are disabled and their functions 
placed under bus control. Refer to table 22-1 for a listing of those functions which can be controlled or 
monitored via the 488 Bus. 



Table 22-1. IEEE-488 Interface Controllable Functions 

Control/Measurement Comment Control/Measurement Comment 
Function Switch Generate/Power Monitor/ 

Monitor 

Modulation Control Continuous/OFF/BURST 

Wideband/Narrowband Switch 

Image High/Low Switch 

"' '"'"""" } PL Frequency Frequency entry to be 
OPL C d supplied by program. 

0 e Frequencies not available 
Tone A Frequency from memory table. 
Tone 8 Frequency 

Duplex Oscillator Switch 0-10 MHz/OFF/45 MHz 

Keyboard Numeric Entries Q-9. 
Can be transmitted to the 

Time Sequence Select Sequences 1 through 
5 only (Note: 2) 

Wattmeter Element Select 

bus. External Modulation Modulation settable to any 

Display Mode Generate/Monitor measurable level 

Metering (Note 1) Code Synthesizer Modulalion (0-20 KHz deviation in 10 Hz 
Modulation steps) (Note: 3) 
Spectrum Analyzer (0-90% AM in 0.1% steps) 
Duplex Generator 
RF Memory 
Tone Memory 
Frequency Counter 
DVM 

RF level RF level sellable to any 
displayable level (-140 to 
+11 dBm in 0.1 dBm steps 

(Note: 3) (Note 4) 

External Wattmeter Offset Oscillator Adjust Duplex Generator Frequency 
IF Settable from fo to to ±10 
Scope AC MHz in 1 KHz steps (Switch) 
Scope DC placed m 0-10 MHz position) 
Remote Terminal Mode (Note: 3) 

Unit can also display a subset Scope Vertical Step Attenuator 0.01. 0.1, 1. 10 volts 
of ASCH characters !numerals 
0-9, upper case alpha letters 
A-Z, plus other symbols-ASCII 
characters 20 thru 5F Hexa-

Horizontal Scope Sweep 1. 10, 100 milliseconds 
1. 10, 100 microseconds 
External 

decimal) enables display of Input Power Meter 
operator messages on CRT Frequency Error 
display in a transparent ter-
minal mode. 

Deviation + or -
0/~AM+or-

Function Mode FM (Note: 1) 
cw 
AM 

SINAO Reading returned as 

External OVM (AC or DC) 
displayed on screen (Note. 3) 

SSB/DSB External Frequency Count 

SWP 1-10 MHz External Power Meter FWD/REV 
SWP 0.01-1 MHz 

Code Synthesizer Mode PL/DPL Notes: (1) May be affected by other controls (see below). 
PL/DPL Invert (2) Sequence 5 timing is programmable under IEEE bus control. 
Tone A (3) As reading is displayed, LED corresponding to appropriate 
Tone B display and function mode will illuminate. 

A/B (4) The IEEE-Bus option, due to a change in the RF step attenuator. 

Tone Remote restricts the maximum RF output to +1 1 dBm. 

NON·CONTROLLABLE FUNCTIONS 

Since control and monitor functions of the inter­
face are implemented to obtain remote measure­
ment capability, certain front panel controls are 

not implemented in the interface due to their 
local operator orientation. A list of these oper­
ator oriented controls are as follows: 

Power On/Off 
Power Mode Indicators 
Display Focus 
Display Intensity 
Dispersion/Sweep 
Scope/DVM Vertical Vernier 
Scope Trigger Level 
Scope Trigger Slope 
Scope Horizontal Sweep Vernier 

Scope Vertical Position 
Scope Horizontal Position 
Receiver Squelch 
Receiver Volume 
Zero Beat Indicator 
RF Scan 
RF Memory Table 
Tone Sequences, 6, 7, and 8 

Entries 

22-2 

Deviation Limit 
Battery Voltage Reading 
Deviation Limit Alarm (Disabled 

Under Remote Control) 
Attenuator 0 Indicator 
Battery Below Limit Warning 
BFO Frequency Adjust 

852Hl6 



22-7. IEEE-488 BUS STRUCTURE 

22-8. The following discussion briefly describes the 488 Bus operation. It is not a complete definition of the 
total bus structure or capability. For complete information a copy of IEEE Standard 488 should be obtained. 

22-9. Bus Signals. The IEEE-488 Bus consists of 16 parallel lines. The lines are divided into three groups. 
Lines DI01-DI08, Data Input Output, form the 8-bit data bus for the bidirectional transfer of control and ASCII 
characters. Three handshake lines, Data Valid (DAV), Not Ready for Data (NRFD), and Not Data Accepted 
(NDAC), control the transfer of data on the data bus. The remaining five lines can be termed the bus 
management lines with functions as follows: 

Attention (ATN) 

Interface Clear (I FC) 

Service Request (SRQ) 
Remote Enable (REN) 
End or lndentify (EOI) 

- When true the data bus carries an address or 
a comand when false it carries data. 

- When true all devices on the bus are placed 
in a known quiescent state. 

- Indicates a device on the bus needs service. 
- Enables the remote control feature of the devices on the bus. 
- Indicates the end of a multiple byte transfire. 

22-10. Data Transfer. Each byte of data that is transferred across the data bus is synchronized with a 
handshaking procedure. This procedure allows devices with different data transfer rates to share the same 
bus. The handshake cycle starts when the source device which has data to transfer checks for a false condition 
on the NRFD line. When NRFD is false, all devices on the bus are ready to accept data. The source then puts the 
data onto the data bus and sets the DAV to its true state. The acceptor devices input the data, set the NRFD line 
to its true state, and when ready sets the NDAC line to its false state. Because the NRFD and NDAC lines are 
wire-ORed the line will not go to the false state until all devices on the bus have released the line. Thus the 
slowest device on the bus determines the transfer rate. When the NDAC line goes false the source devices sets 
the DAV false which in turn causes the acceptor devices to set the NDAC line true. When the acceptor devices 
have completed processing the data byte just received they allow the NRFD line to go to the false state 
completing the handshake. As the data transfer continues the cycle repeats for each data byte. 

22-11. Bus Address. Each device on the bus is assigned a four bit address by the programer. The address 
assigned to the device is set by an address switch within the device. On the analyzer the address switch is on 
the IEEE Interface Module. Only the top four switches are used to set the address. The fifth switch is unused. 
To set the address use the binary equivalent of the address number and set the switches to the ON position for 
a logic 1. The least significant bit is the top switch. 

22-12. Programing 

22-13. Programing the system analyzer consists of first addressing the unit as a listener, transferring the 
control commands to the unit, and then sending a command termination sequence. To obtain data from the 
system, the pertinent control commands are first transferred to the unit and then the unit is addressed as a 
talker. As a talker the system outputs onto the bus the data requested by the control commands. 

22-14. The bus controller is the central part of the automatic system. The program, consisting of sequences 
of analyzer control commands and sequences of controller instructions for handling the return data, is 
contained within the controller. The user must initially write the program so that the desired test sequences 
and data outputs will be obtained. The following paragraphs define the instruction set and data formats that 
can be used to control or will be returned from the systero analyzer. The user must insure that the controller is 
compatible with the IEEE-488 Standard bus and that its program is correct for the instruments on the bus. 

22-3 



Table 22-3 Programmong Commands 

~r--------.----.---_.-1------------·-----.----------------, 

f-P_r_e_hx_.L 'l __ o_a_t_a __ J.....u_n_it_s ..J__rv_~~L----·--·~.:-~~~~.~-----.L.D __ ·,s_p_ra_v_C_h_a_Fnu_9n_
6

c_
5

t_•:_~ __ M_o_d--1e 

AUD>O GENERA TOA 

;,:A 1 0-9999 9 
I AB 0·9999.9 

II ~~ 
AS 
AW 

AX 
AY 
AZ 

CF 

CG 

CM 

• CP 
I 

FC 

0-999.9 
0-777 
0-5 
0-999 
0-999 
0-9.99 
0-9.99 

0-5 

0·35000 

GF \ 0-999.9999 

GL 

Kt 

K2 

K3 

K4 

-130.0 to 
+13 0 

0·127 

0·127 

0·127 

0·127 

HZ 
HZ 
HZ 

SEC 

SEC 

SEC 

SEC 

! kHz 

MHI 

OBM 

D 
D 
D 
D 

D 

D 
0 
D 

D 

c 

c 

c 

c 

0 

0 

c 

0 

0 

D 

D 

Tone A Frequency 

Tone B Frequency 

PL Frequency 

DPL Code 

Aud1o Sequence Select 

A ON. User Seq (AS=S) 

A OFF. User SeQ (AS•5) 
BON, User Seq. (AS~5) 

B OFF. USCf Se<l. (A$•5) 

10 Scope AC 

1 I Scope DC 
12 Term1nal 

Function Select 

0 FM 

1 cw 
2 AM 

3 SSB/DS8SC 
4 SWP 1·10 MHZ 

5 SWP001·1 MHZ 

Genera1e Mode 

Monitor Mode 

Power Monolor Mode 

FREQUENCY C OUNTER 

External lreq count 

GENERATE/MONITOR 

Generate/Monitor Frequency 

Generate AF level 

KEYBOARD 

Display Up Key Data 

Display Down Key Data 

Fvnctoon Up Key Data 

Functoon Down Key Data 

GEN 

MON 

PWR 

MON 

GEN 

Pre11x Data 

--
KS 0-127 

K6 0-127 

MB -

MC -

MO -

MM 0-5 

ME 0-99.9 

MK 0-99.9 

1\AS 0-999 

OH 0-6 

ov 0-3 

AH -
RL -
RN -
RW -
RA 0· 13 

RE 0· 100 

Table 22·3. Programmong Commands (Cont) 

Units Type Function 

1-- D Mode Uo '<ey Data 

- D Mode Oo>V'tn Key Data 

MOOUI..ATION 

- c Modulatrcn Bu<sl 

- c Modulati,;.'l Con(onuous I 
I - c ModulaHC'1 OH 

- c Modulai •Q'! Mode 

0 PLIC"l 
t PUO"L div 

2 Ton<! A 

3 Tom:B 

I 4 AlB 
5 Tor~ qemote 

kH~ I c External .!.'.od Level I 

(FM) r 

%(AM) 

kHz c I kHz Mo., Level 
(FM) 

%(AM) 

kHz. (FM c Code Syor.theSIZt!r 

% (AM) Mod Leffl 

OSCI LLC:SCOPE 

- c Horozont.a Sweep Select 

0 1 m c ro sec/ div 
1 10 r· c ro sec/div 

2 100 m<cro sec/ div 

3 1 r- ol!i sec! div 
4 10 mo h secldov 

5 100 rr:olli secidiv 

6 Exter1al 

- c Venical Garn Sefe<:l 
0 10 Wdiv 
1 I 'l/d1v 

2 0.1 V/dov 

3 0 0 1 YfdtY 

RECEIVE A 

- c Hogh Image 

- c low Image 

- c Narrow band 

- c W1de band 

10"sdB c Rece1ve Mode Step 
Altenuator Setting 

0 0 d8 
l lO dB 
1 10 dB 
I 10 dB 

13 130 dB 

- 0 Recei\'9 !requency error 

Changes To 

Mo~ Display Function 

l 

3 GEN 

3 GEN 

- 3 GEN 

4 MON 

Table 22-J Proqramming Commands (Con!) 

- - . - - --
Pref1x Da ta Un1ts Type Func uon 

RP 0- l - 0 Sognal Presence lndiC3fiOn 

0 No s1gna! 
1 S1gna1 present 

A- 0-99 99 , kHz 0 M1nus Dev1i!l10n 

A• 0-99 99 kHz 0 1"" o., ... , A !0-99 99 I 
% 0 Monus% AM 

A 10-99 99 I .,. 0 Plus % AM 

I 
I 

VA 0-300 !vOLTS 0 

VD 0-300 I VOLTS 0 

vs 0-400 dB 0 

·- L 

WE 1-9 - I 0 

j 

! 

I 
I I WATTS WI J0-132 0 0 

10-1000 

. 
I 

WF (v'ATTS 0 

I 
WR ]0-1000 iWATTS 0 

! 
I 

Notes 
1 Display os def<ned by the data 
2. External Frequency Coumer Dosplay 

3. FM 11 not AM 

4 Gen/Mon Mtr Display 
5 DVM D1sptay 

6 FM 11 rn DSBSC or SWEEP 

7 External Wattmeter Do splay 

VOLTMETER 

DVM AC 

DVM DC 

Sonao Readrng 

·-
WATTMETER 

waumeter element number 

I 2SW 

2 5W 

3 t OW 

4 25 W 

l 
5 sow 
6 t OOW 

7 250 w 
I 8 500W 

I 9 1000 w 

Internal Wattmeter 

read1ng 

Fo<ward Ex ternal 

Wattmeter Readrng 

Reverse External 

Wattmerer Read•ng 

I Changes To 
' D1splay Funchon 

4 FM 

4 FM 

4 AM 

4 AM 

s 

5 

4 6 

4 

7 

7 

·-· ! 
' Modj 

MON 

MON 

MON 

MON 

MON 

GEN 

PWA 

MDN 



22-15. Command Structure. Each command consists of a two letter definition prefix followed by a numeric 
data field. The data field will vary in length and structure according to the definition prefix as shown in table 
22-3. Spaces may be inserted anywhere in the command but are not required. Each letter or number of a 
command is transferred from the bus controller to thefinalyzer in ASCII format ASCII defines a 7-bit digital 
code for each letter, number, and symbol commonly used in computer programming. 

22-16. The first letter of the two letter prefix identifies a command category with the second letter identifying 
a particular command within that category. A listing of the command categories and the corresponding first 
letter is provided in table 22-2. A complete list of commands is shown in table 22-3. 

Table 22-2. Command Categories 

A 
c 
F 
G 
K 

M 
0 
R 
v 
w 

Audio Synthesizer 
Control 
Frequency Counter 
Generate/Monitor Control 
Keyboard 
Modulation 
Oscilliscope 
Receiver 
Voltmeter 
Wattmeter 

22-17. The data field is comprised of five sub-fields as shown: 

± n.n E ± n 

I 
DATA SIGN I I 

EXPONENT "' EXPONENT MAGNITUDE \ 
DATA VALUE EXPONENT SIGN 

Data limits and accompanying units are given in table 22-3. The data field is optional or not allowed for certain 
commands. 

22-18. Data Sign. The data sign is a single'+' or'-' character indicating the sign of the data value. The sign 
may be omitted for positive value data. 

22-19. Data Value. The data value field is restricted to the numbers '0' through '9' and·.·. A maximum of five 
digits to the right and to the left of the decimal point are allowed. The decimal point can be omitted for integer 
values. If the value field is omitted, it is assumed to be zero. 

22-20. Exponent. The presence of the "E" character in the exponent field indicates that the data value is to 
be multiplied by 10 raised to the power following the "E" character. If the "E" is omitted the exponent is 
assumed to be 10° or 1. 

22-21. Exponent Sign. The exponent sign is a single + or character and can be omitted for positive 
exponent values. 

22-22. Exponent Magnitude. The exponent magnitude is a single character 0 through 9. If the exponent 
magnitude is omitted, it is assumed to be zero. 

22-4 



22-23. The following are examples of correct data fields for the value 12.34: 

0.1234 E+2 
+12.34 

+0.1234 E2 
12.34 E 

1234 E-2 
+1234 E-2 

1234. E-2 
12.34 EO 

22-24. Command Strings. A command string consists of either a single command or multiple commands in 
succession with or without embedded spaces. A command string must be terminated with a carriage return 
and a line feed character. 

22-25. Command Types. Each command is one of three basic types, control selects (C), data entry (D), and 
output requests (0). Type information for each command is listed in table 22-3. 

22-26. Control Selects. Control select commands select front panel switch settings. Some of these 
commands do not require accompanying data, such as toggle switch commands. 

22-27. Data Entry. Data entry commands replace manual entry of data through the keyboard. All of these 
commands require data in the data field. 

22-28. Output Requests. Output request commands allow data that is normally displayed on the CRT to be 
transferred to the controller. Accompanying data is not required with output requests. The data limits and units 

listed in table 22-3 for these commands refer to the return data. Output request commands cause the analyzer 
to go to the proper display, function, and mode to acquire the designated reading. These states are listed in 
table 22-3. The measurement however, is not made until a trigger command 'T' has been sent from the 
controller. The trigger command causes the measurement to be made and the data held for transmission to the 
controller. Then when the controller addresses the analyzer as a talker the data is output to the controller. A 
reading can be retaken for any number of triggers without repeating the output request. The request is lost 
however, when any command changing the display, function, or mode is sent. 

22-29. Trigger Command. The trigger command is the exception to the two character command prefix. 
This command is simply the letter 'T' usually sent immediately following the output request command. If no 
output request is pending, the trigger command is ignored. 

22-30. Return Data. The data returned from the analyzer is formatted similar to the control data as shown: 

± n E -n 

~ / I ~ 
DATA SIGN DATA VALUE EXPONENT SIGN EXPONENT MAGNITUDE 

The data is always returned in this format with a single exception. Data for the "RP", signal present, command 
is returned as a single digit having a value of "0" or "1". 

22-31. Data Sign. A +or- character indicates the sign of the return data. 

22-32. Data Value. The data value is 1 to 5 digits in length with leading zero supression and no decimal 
point. 

22-33. Exponent and Exponent Sign. The letter 'E' followed by a'-' character is always transmitted with 
return data. 

22-7 



22-34. Exponent Magnitude. The exponent magnitude is a single digit with a value from 0 to 9. The digit 
indicates the negative power of ten that is to be multiplied with the data value to obtain the units listed in table 
22-3. 

22-35. Programming Commands. Table 22-3 lists the programming commands available for the system 
analyzer. The table identifies the category and type of command, the data limits and units, the command 
function, and any display, function, or mode change that would occur. 

22-36. Terminal Mode. When the command 'CD12' is used, the system terminal mode is enabled. The 
terminal mode allows the analyzer's CRT display and keyboard to perform as a limited function 1/0 terminal. 
Possible uses for the terminal mode would be to provide test instructions to a test operator at an auto test 
station. 

22-37. Display Format. Once the 'CD12' command has been sent the terminal mode has been entered. All 
further ASCII valid characters sent from the controller will appear on the CRT display. The total display area 

on the CRT is 15 lines of 30 characters each. Character entry on the CRT is on the bottom line. Each line feed 
character causes the bottom line to move up one place. If more than 30 lines are entered, the top lines are lost 
off the top of the display. A list of valid ASCII characters for the display is provided in table 22-4. All invalid 

characters are ignored in the terminal mode. 

22-38. Keyboard Entry. In the terminal mode the keyboards on the analyzer may be used to input data to the 
bus controller. The ten numeric keys and the left cursor key have predefined ASCII characters. The character 
corresponds to the number on the key for the numeric keys. For the left cursor key, carriage return and line 
feed characters are sent. The down cursor key causes a bus service request to be generated regardless of the 
operating mode. Thus this key could be used to halt an automatic test sequence. 

22-39. The remaining pushbuttons are defined, prior to entering the terminal mode, with the use of the 
keyboard control commands listed in table 22-3. Each key is assigned an ASCII character by following the Kn 
command prefix with the decimal equivalent of the binary ASCII code for that character. A list of valid ASCII 
characters and their binary and decimal equivalents are listed in table 22-4. 

22-40. Data that is entered from the keyboard is stored in a 9 character buffer until addressed by the bus 
controller. If more than 9 keypresses occur before the controller accesses the analyzer, the excess inputs are 
lost. Once the controller has addressed the analyzer, the analyzer transmits the character data to the 
controller. The analyzer will continue to transmit, or hold up the bus handshake if no keys have been pressed, 
until the left cursor key is pressed. Thus every data string entry from the keyboard must terminate with the left 
cursor key. As the data is transmitted to the controller it is also entered onto the CRT display. 

22-41. Terminal Mode Exit. An ASCII end of transmission character (EOT) sent from the controller will 
terminate the terminal mode. When the mode is terminated the analyzer returns to the Gen/Mon Mtr display, 
and is ready to accept new command inputs. 

22~42. Error Messages. Error messages are generated by the analyzer to help the programmertroubleshoot 
his program. As control commands are received by the analyzer, they are decoded to determine the command 
sent. If the analyzer is unable to decode the command it generates an error message and ignores all 
succeeding commands. To clear the error condition the bus controller must address the analyzer as a talker so 
that the error message will be transferred to the controller. 
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ASCII 
Char. Binary 

SP 00100000 
! 00100001 
" 00100010 
# 00100011 
$ 00100100 
% 00100101 
& 00100110 

I 00100111 
( 00101000 
) 00101001 
* 00101010 
+ 00101011 

' 
00101100 

- 00101101 
00101110 

I 00101111 
0 00110000 
1 00110001 
2 00110010 
3 00110011 
4 00110100 
5 00110101 
6 00110110 
7 00110111 
8 00111000 
9 00111001 

00111010 

' 
00111011 
00111100 

::: 00111101 
00111110 

? 00111111 

ASCII 
Char. 

EOT* 
BELL 
SSP 
LF 
CR 

Table 22-4. Terminal Mode ASC II Characters 
Printable Characters 

Equivalent 
ASCII 

Hex Dec Char. Binary 
20 32 @ 01000000 
21 33 A 01000001 
22 34 B 01000010 
23 35 c 01000011 
24 36 D 01000100 
25 37 E 01000101 
26 38 F 01000110 
27 39 G 01000111 
28 40 H 01001000 
29 41 I 01001001 
2A 42 J 01001010 
28 43 K 01001011 
2C 44 L 01001100 
2D 45 M 01001101 
2E 46 N 01001110 
2F 47 0 01001111 
30 48 p 01010000 
31 49 Q 01010001 
32 50 R 01010010 
33 51 s 01010011 
34 52 T 01010100 
35 53 u 01010101 
36 54 v 01010110 
37 55 w 01010111 
38 56 X 01011000 
39 57 y 01011001 
3A 58 z 01011010 
38 59 [ 01011011 
3C 60 01011100 
3D 61 ] 01011101 
3E 62 01011110 
3F 63 - 01011111 

NON-PRINTING CHARACTERS 
Equivalent 

Binary Hex 
00000100 04 
00000111 07 
00001000 08 
00001010 OA 
00001101 OD 

*causes exit from terminal mode 
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Equivalent 

Hex Dec 
40 64 
41 65 
42 66 
43 67 
44 68 
45 69 
46 70 
47 71 
48 72 
49 73 
4A 74 
48 75 
4C 76 
40 77 
4E 78 
4F 79 
50 80 
51 81 
52 82 
53 83 
54 84 
55 85 
56 86 
57 87 
58 88 
59 89 
SA 90 
58 91 
sc 92 
50 93 
5E 94 
SF 95 

Dec 
4 
7 
8 
10 
13 



22-43. The format of the error message is: 

ERROR nn (CR)(LF) 

The two digit number nn defines the error condition as listed in table 22-5. The carriage return (CR) and line 
feed (LF) characters are the termination sequence used by analyzer whenever it transmitts information. All 
characters are ASC ll coded. 

Table 22-5. Error Messages 

Error Code Condition 

00 Data requested without trigger 
01 Invalid mnemonic prefix 
02 One character mnemonic (not T) 
03 Invalid mnemonic suffix 
04 Exponent overflow 
05 Data underflow 
06 Data overflow 
07 Data transmitted, not allowed 
08 Invalid data 
09 RF input power exceeded 
10 Level or mod control error 

22-44. To effectively uti I ize the error message capability of the analyzer it is necessary to address the unit as a 
talker after the transmission of each command string. The bus controller must then be programmed to 
recognize the error message and to decode the error number. A successful data transmission will send back an 
error code 00 when addressed as a talker. The controller should be programmed to ignore error 00 and to 
display any other error to the operator. Of course if a valid output command followed by the trigger command 
was sent, the talker address will result in the requested data being output to the controller. 

22-45. Service Requests. There are only two conditions that will cause the analyzer to generate a service 
request (SRQ) on the bus. If a SRQ is generated it must be cleared by a serial poll of the analyzer. The serial poll 
is a bus command which results in a data byte being sent to the controller from the analyzer. The data byte 
indicates the cause of the SRQ. Table 22-6 lists the SRQ causes and the corresponding serial poll data. 

Table 22-6. SRQ Data 

Return Data 

Condition Binary HEX DEC 

Depressing Cursor 01000001 41 65 
Down Key 

RF load over 01000010 42 66 
Temperature 
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22-46. Programming Considerations. The flexibility of the IEEE-488 option is reflected in the number of 
programming commands. To use these effectively and efficiently, certain programming practices should be 
followed. The following paragraphs present the major considerations for effective programming. 

22-47. Generate Mode. For accurate level control it is best to specify the generate frequency prior to the RF 
output level. For example, the command string: 

CGGFIOOGL5 
sets the generate mode, a frequency of 100 MHz and an output level of +5 dBm. 

22-48. Code Synthesizer. Before enabling the output of the code synthesizer with an MS, ME, or MK 
command, all the necessary parameters must first be defined. Table 22-7 lists the modes and their controlled 
parameters that need to be defined. It should be noted that these parameters do not need to be defined each 
time a mode is selected, only when they are to be changed for that mode. 

Table 22-~. Code Synthesizer Programming Considerations 
" -- ~-

Output Command String Effect 

DPL Code CFOAD131 MMOMS3 FM, DPL Code 131, 3kHz FM 
DPL Inverted Code CFAD313MM1MS5 FM, DPL Code 313, 5kHz FM 
PL Code CF2AP60.5MMMS30 AM, PL-60.5 Hz, 30% AM 
Tone A CFAA2E3MM2MS3 FM, 2000 Hz, 3 kHz FM 
Tone B CFAB2000MM3MS3 FM, 2000 Hz, 3 kHz FM 
Tone Remote CFAA 1.5E3AB300MM5MS3 FM, A= 1500Hz, B =300Hz, 3kHz FM 
A/B Standard Sequence CFAS4AA 1 E3AB2E3MM4MS3 FM, Sequence 4, A= 1 kHz, B 2kHz, 3kHz FM 
A/B User Sequence CFAS5AA 1 E3AB2E3AW1 FM, Sequence 5, A= 1 kHz, B =2kHz 

AX1AY1AZ1MM4MS3 1 sec on/off times, 3 kHz FM 

22-49. Modulation. The system analyzer is capable of modulating with three simultaneous sources. The 
commands ME, MK, and MS only affect their individual portion of the total output. Thus to avoid inadvertently 
having an unwanted modulation source enabled it is recommended that all three source values be defined 
together. For example; 

CFMKMSME20 
selects the FM mode, disables the 1 kHz and code synthesizer modulation, and set 20kHz deviation from the 
external input. The external input must be applied to the analyzer prior to sending this command. 

22-50. For the generate AM mode the frequency and output level must be defined prior to selecting the 
modulation level. The following command string is of the proper sequence to obtain 30% AM at 100 Mz with a 
level of -100 dBm: 

CGGF100GL-100MEMSMK30 

22-51. The bandwidth control commands, AN and RW, range the generate FM modulator sensitivity. For 
greater resolution and faster set up time for deviations less than 20kHz use the narrowband 'AN' command. 
Above 20kHz deviation the wideband 'RW' command must be used. 
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22-52. Measurements. To obtain correct monitor mode data it is necessary to first set the frequency, 
bandwidth, and image prior to making the reading. Thus, it is a good practice to always place the request for a 
reading as the last command in the string. For example the commfind string: 

CMRNRHGF95.5RET 
selects the monitor mode, narrowband, high image, and 95.5 MHz center frequency. The 'RET' command asks 
for a frequency error reading and triggers the analyzer so that the reading will be made. 

22-53. General. Overall, programming the analyzer involves the same steps as are involved when using it. 
manually. A program can be fairly easily obtained by first performing the desired test sequence manually 
noting each time a setting is changed and a reading made. The program is then simply a duplication of the 
manual steps with control commands substituted. 

22-54. R2002A Analyzer Configuration 

The R2002A analyzer;!lffers in configuration from the standard R2001A in the following manner: 

A 11 Module:Tt:e manual attenuator AT1 is replaced with a programmable version (PIN RTL-4064A). A 
new ribbon cable assembly connected to the AS module provides control signals for the attenuator. The 
module is reidentified for ordering purposes as RTC-1003A. 

A9 Module: Additional memory for the IEEE program is added by adding U36 (E-PROM TMS 25L32). 

Front Panel Assembly A14: Rotary switch S19 is added for control of the RF Input/Output level. The switch 
P/N is 40-P04127T001. 

Module AS is added to the analyzer (see Section 14 for details). Ribbon cable assembly 30-P04147T001 is 
added from the AS module to the rear panel of the analyzer to provide 1/0 signals. 

The R2002A also contains blower assembly A 15 for additional cooling (see Section 21 ). 
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MOTOROLA INC. 

Communications 
MOTOROLA BATTERY PACK 

Group 

1. DESCRIPTION 

The RTP-1002A ~ a battery pack and charger 
designed to be mounted ~o the back of the R-2001A 
Communications System Analyzer. The unit contains 
battery capacity to operate the R-2001A for approx­
imately one hour. A constant current charging system is 
capable of recharging the batteries in 16 hours. 

2. OPERATION 

2.1 The RTP-1002A Battery Pack is automatically 
engaged when no ac power is present, and the 

power switch is either in the ON or STAND BY posi­
tions. When ac power is applied, the R-2001A 
automatically switches the RTP-1002A Battery Pack 
out of the circuit and draws its power from the ac power 
source. 

HIGH CHARGE 
INDICATOR LED 

\ 
RTP-1002A 
8A TTERY PACK 

MODEL RTP-1002A 

2.2 When the power switch is in the OFF or STAND-
BY position and ac power is applied to the 

R~2001A, the RTP-1002A Battery Pack draws de cur­
rent from the R-2001A to activate the charging circuit. 
The charging circuit delivers approximately 750 rnA of 
current until the battery voltage reaches 14 volts. As the 
battery voltage reaches 14 volts, the current drops to ap­
proximately 25 rnA and the high-charge indicator LED 
extinguishes. 

2.3 When the R-2001A systems analyzer is used with 
the RTP-1002A Battery Pack, it is recommended 

to keep the power switch in the STAND BY position 
whenever possible. This extends the time the battery is 
able to operate the R-2001A Communications System 
Analyzer. The low trickle charge rate enables the bat­
teries to be left on charge indefinitely without damage 
due to overcharging. 

R2001A 
COMMUNICATIONS 
SYSTEM ANALYZER 

RTP-J002A Battery Pack Mounting Detail 

© Motorola, Inc. 1980 
All Rights Reserved 
Printed in U.S.A. 
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1301 E. Algonquin Road, Schaumburg, II. 60196 
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RTP-1002A Battery Pack 

-::' IIEPS-2955$-0 

* WITH THE BATTERIES REMOVED (BTl AND BT21 
AND A 3G-OHM; 10WATT RESISTOR IN PLACE 
OF THE BATTERIES. SE~ RB FOR 14.1 V USING 
A DIGITAL VOLTMETER ACROSS THE BATTERY 
TERMINALS. 

COMPONENT SIDE t!O·CEPS-2896-0 
SOLDER SIDE 80-CEPS-28~57-D 

OL-CEPS-29558·0 

SHOWN FROM COMPONENT SIDE 

Schematic Diagram, Circuit Board Detail, 
Parts Location Detail, and Parts List 
Motorola No. PEPS-29554-0 
(Sheet 1 of 2) 
3/24180-SK 
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/ 
BT2 
LOCATION 

FAEPS-2187~ 
IR534) 

RTP·1002A Battery Pack Parts Location Detail 

parts list 
RTP·1002A Battery Pack PL-6816-0 

REFERENCE MOTOROLA 
SYMBOL PART NO. DESCRIPTION 

battery,12V: 
BT1,2 60-80340A88 S·cttll 

capacitor, fixed: 
C1 8·82096J18 .1 uF ± 10%;250\1 
C2 21·83595E10 220 pF ± 20%; 500\1 

diode: (see note) 
CR1 48-82525G01 silicon 

light emitting diode: 
DS1 48·82019L05 LED 

fuse: 
F1 65-804905 15Asiowblow 

transistor: (see note) 
Q1,2 48-889302 NPN; type M9302 

resistor, fixed: ± 10%; 114 W: 
unless otherwise stated 

R1 17·80344A60 10; 10W 
R2 6-124C37 330 
R3 6-126C45 880; 1W 
R4,5 6-125B70 1 ± 5%; 112W 
R6 17 ·80344A 70 0.82;2W 
R7 6-124A73 10k ±5% 
R8 18·80342A10 variable: 2k ± 20%; 1/2W 
R9 6·124A73 10k ±5% 

Integrated circuit: (see note) 
U1 51·84320A42 MC1723CL 

note: For optimum performance, replacement diodes, transistors and integrated 
circuits must be ordered by Motorola part numbers. 

REFERENCE MOTOROLA 
SYMBOL PART NO. DESCRIPTION 

non-retereneed Items 

1·80304A71 
27·80335A41 
3·80340A89 
41·80342A53 
15-80340A92 
1·80304A72 
42-82690A01 
43-865080 
1-80304A73 
30-10310A26 
29-859118 
1-80304A74 
10·134301 
29-859118 
3·120938 
4·7887 
64-80342A54 
1-80303A91 
15-10811A08 
9-83741F01 
42·80340A90 
2-2888 
2-7005 
4-7888 
14-80340A91 
75--82566801 
3-80342A46 
3-138774 
3·132840 
4·7887 

BATIERY CASE Includes: 
CASE, battery 
SCREW. captive: 6-32 x 21132"; 2 used 
SPRING, clip 

COVER, battery case 
CIRCUIT BOARD ASSEMBLY includes: 

CLIP, fuseholder: 2 used 
STANDOFF, threaded: 4 used 

LEAD ASSEMBLY, battery (rad) includes: 
WIRE, No. 16stranded: 4-112" used 
CONTACT, receptacle 

LEAD ASSEMBLY, battery (black) Includes: 
WIRE, No. 16 stranded: 4·112" used 
CONTACT, receptacle 

SCREW, machine: 4-40 x 5116"; 4 used 
WASHER, lcok: No.4 external tooth; 4 used 
PLATE, heatslnk 
CABLE ASSEMBLY Includes: 

HOUSING, connector: 4-pln 
CONTACT, receptacle: 4 used 
CLAMP, cable 
NUT, hex: 518-24 

NUT, hex: 6-32; 4 used 
WASHER, lock: No.6 external tooth; 4 used 
INSULATOR BOARD 
FOOT, rubber: 4 used 
SCREW, machine: 6-32 x 1/2"; 4 used 
SCREW, machine: 4·40 x 114"; 5 used 
SCREW, machine: 8·32 x 518"; 2 used 
WASHER, lock: No.4 external tooth; 5 used 

RTP-1 002A Battery Pack 
Schematic Diagram, Circuit Board Detail, 
Parts Location Detail, and Parts List 
Motorola No. PEPS-29554-0 
(Sheet 2 of 2) 
3114/80-SK 
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SYSTEI"15 MICROWAVE TEL:01252 376385 P:01 ·-/ 
15-0CT-97 16:01 

1///ftlhol) ;::0l3£A~ 
~~~;/_. fo-"~ SECTION 3. 

ALIGNMENT PROCEDURE 

3.1 INTRODUCTION 

This !';ectiun provides a hask I paragraph 3.2) and an 
extended fparagr~ph 3.3) alignment procedure. The 
basic procedure, which should accomptlny I:UlY service 
work. requires only a calibrated oscilloscope. The 
cxtf:I)dt>.d pt--rf'•:hrE', whie:h should hl" performed at 
n~·1 t11 . • - , intervals, requires the oscillo· 
, 1 ·• i ' . a •~alihrat..cd digital volune-

.- as listed in Table :1-2~ All 
,-v .... _, ~ ,, m.,·- :d in fhi..: p···cedure ;;hould be 
performe•' r-·,:dule 7: il.:uures only. 

3.1 ; r2:5: ~·-:':'UIRED 

Tl,_ ·- .. · ~ the k:;l t:Jyui prnent 
~,,;~~,' Tnr. 111 : · • :j, i; filiJioment rerwiretl 

.,.-.,(1 ' • !t>.ted in Table :~-2-

i".· ,-iuipment Required 

·-r"· 
r r; 

;·~~r 

\ 
I 

' \ 
I ,..... 

' I \ 
.;.\":f. I 

L~~-

•All H:?l"'il i" ,. '. :~!{!hhL 

r------ ---· ---·----

I 
I 

.t:.~f Gent r~•t.r ... 
' ·- >-i!)t:.\.(i .. , 

• ~\·1~"·1"' · ·1'1it11\.lt!'tFr \·"'- ).t 

'HF :--

. , .-g-.. • ;··i~.:. ·.+ .f! 1Cl'2 .. 

Morll'!l 

Mt)toroln~ 

~ \0''-\0 
'I ' ll• 

Monel 

\1r)t\>rola~ 

Mntorulu n~1 
Mt)tonJ!a R~ 
Bnmwm 82AD 

Mnt\'>foln S I 067 

3. l .2 PHEPARATION FOR ALIGNMi;NT 
F' 

1 

\ 

I. "Perform all alignments al. normal nmbient tc::m­
Pt>rature. 

2. Remove lhe top cover ofthe unit to h~ aligned. 
3. Turn on the unit to be aligned, allowing li wnrruup 

time of Hi lllinutcs before starting n\.igument. 
,..,. • rt'H 1/,_ v~ ( ,J · 

3.2 BASIC ALIGNMENT PKOCEDURE 

3.2.1 CRT INTENSITY BIAS 

1. Selt~(:t. Scope DC display and Ext Horiz input mode 
on l.h(: System Analyzer. Sc::t the Intensity contwl 
fully counter clockwise. 

CAUTION 

[Jo net let a dot stay ir~< <me place 
on the CR1' xcreen fur more than 
.'JO seconds bi!cause it r~Jill lt~aoe u 
permarwni hum in the phosphor. 

2. Adjust the Intensity Bias potentiometer on the 
Scope Amplifie-r hoard (Figure 3-1) until t~. llul 
appears on the screen. l•)U 1~1~y have to usc_ the 
Vertical and Horizonta.l po1-ntwn control {Vert, 
Hori?:) on the fronl panel tu bring the dot (tnto dw 
screen. Then hack olf the Intensity Bias potcn­
t.iometr:t· until the dot just disappear~>. 

\ ' \ 
3.2.2 CAT INTE:NSITY BALANC~ 

!II 
1. s~~lt•ct t:icope- nc display and a horizontal sweep 

rate of 1 rnSec/Div on the System Analyzer. St.>t the 
hvrh:onlal timebase vernier t.o cwihratc (Cal) and 
ndjust. the tuteusity eontrol for a b~lrely visible 
horizontal line on Lhe CRT. 
Adjust the lnlensity Balance potentiometer 
( ~'igure a-1) for uniform intensity of the horizon­
tal trace from left to right.. The Balance _poten­
tiometer affectl'l the init!flsity on·the left l'lide ofthe 
trace . 

3 2.3 CRT ASliGMATJSM AND GEOMETRY 

l. Select Monitor function and Gtm/Mon Mtr dis­
play on the System Analyzer. Set the Intensity 
c~mt.rol fur a mediluiJ-inten$C disphJy. 

2. While 111:1ing the J.'ocus control lo maintain a 
fm·used displuy at the center of the CUT, adjust 
! h(' Astigm:ttism and Geo1uetry potentiometer8 
(Figure J · t) for lhe he>~t focus at the outer edges 
of t.hc CRT with m1llimum pilu.:ushion and barrel 
distortion of the display. 'I'he two adjustments arc 
interadivc; to get the best display, alternate 
repeated 8U1Ull adjustments betwaen the two 

f 



II'TENSITY 
BALANCE 

DAS[ CAL 

"v '1., -.--- -vi"'" I ii.~l:: --- M llUIM 11"m 

. , GAIN GEOMETRY 

. VERTICAL 
POSlTION 

36930-110 

Figure 3·1. Scope Amplifier Hoard (A.:!)- .. 1lignment PointH 

~ICI\l CENTERING AND TRACE 
1"\V!AIION 

1. St~IN' r;.,n '· 1 · :1 1\Hr dil'iplay. Adjw:;t the Intensity 
Ct.>l\1 ~,., "1for1uhlt< vit-wing hrighLnt':i:!. 

·.• Witl ,.~ f-'<•int ShorLin~ .Jumper, connect 
TPI .. 1: h? :-icope Amplifier hoard (l"igure ;J-1) to 
chn;;;.:i>~ ground. 

i. Adju..;l the Trace Hutatiou potentiometer (1-'i~ure 
~ : · : ::· •=•ake the hori~ontal trace ou the CRT per­
p~.l~!it~ular tc 1 h~! gr .::j,'ulc center line. 

1. :\dJJ€-t the Vrrtical p .. ;:atkm pr•tcntiomNct· (figun! 
'. ,., :'>o that th~ h~'!'7!•:-.t~l 1 T 1;;(' 1111 rhc CRT pa.ss('s 

1 t· •·n•Jgh tht: ~o:rati(·c . · i puint.. 
.• ~r. the Trace P.· . •l; pmcntiomet.et tFi~ure 

l<• align the lwri.:c.:;tal l.riit~e on lh~ CRT 
Lehtnd the hori:t.rmt;il ~,;:r·,., ;q1k lim.!, 

6. Hunovt> • he jumper fwm TPI. 

Sele<:t Gen/Mon Mtr displa:v'. Adjust the fnten;.;ily 
control for aeomfn1 '·'·· ··it:>wmg brightness. 

2. With the Test-Poim ·!.d'ting .Jumper, eonned. 
TP6 oft he Scope Ani pHricr board (l'igurtl :i-1 I t.o 
~~hu~:-oi:; gCIJund. 

:j. Adjust. the Horizontal Position potentiometer 
!Figul'c :3-D so that the vertical trace on the CRT 
passes through the graticule eenter point. 

·1. nemove the jumper from TPfi. 

3.2.6 CRT HORIZONTAL GAIN 

I . (\mnect the Mod Out port lo t.htl Ext Horiz port 
on the System Analyzer's front panel. 

:!. St.~h~ct G<'nerate FM fuuction and Sr:ope DC d1'i­
phly. Set the Horiz control for external bori;wntni 
input (F.xt). Turn the Code Synthesizer lmd the 
1<3xt I r:cl control OFF, and the 1 KHz l-e\'t'l mn­
trol •..:. 1-,out, half way. 

:·i. Cn~·~r. :.•. ctll O!:!dlloscope with a calibrated \'E>rLic~:~l 
input tu Tl'ti on rhe Scope Amplifier hoard (.Figure 
~l-1). 

4. Using the fcont p1:1nel's horizontal vern•.-r ( .,,~t.rol, 
ndjo~t. fur!:!. a Vp·p amplitude on the sinew,;vc at 
'I' PG. 

u. With 3 V 1 ,, "I'P6, adjust the Hori;:o:ont.al Gaiu 
IJUtt'.ntion,,_-.. , 1gure 3-l) for a CH.T horizontal 
trace of ti .. 1 Usc tht' front pane\ controls lo 
po::~ition the tt'<'KC at li <.~onveniem place near the 
center of t.hc CRT.} 

-----------------------------------------~~-----~-------------- -----15-0CT-97 lE:01 S'(STEMS MICROWAIJE 
$.&.. t vl-1 t v tH tt\..A'- u,...n ... 

L 

2. 

3. 

4. 

Conni!' , · · .<· \1od Out. port to the vertical input 
port t\' .-, :::) on the Sy~t.ern Analyzt'r\; froM 

panel. . . , . , . 
Select Generate FM funetwu aud Scop\~ DL tb-
ptay. Set the H.(.•riz C(IJitrol for a swcrp Tate of 
1 InSec/Div and the hori1.ontal vernier to Cal. Het 
the Vert control fol" an input sensitivity uf 1 V /lHv 
and t.he vertical vernier to Cal. 
Turn the Codo 8ynl.hesizer and the l~xt Level con­
trol U!<'F, and the 1 KHz Level control up about 
halt' way. 
Conned an oscilloe..co}U" with a calibrated vcr.tkal 

•' f"" ~-----1!t: .... 1 ............. li'C.":utn"f:o 

TEL:01252 376385 
..:> • .::..o v r::n 11\.11'\L .. u-.r u 1 Ul"'ll" 

L ~el(•Ct G(.'neratc }<'M function and Scope DC dis­
pJay. Set the lloriz; cont.tol for a !\Weep rate of 
1 mSI:'c.~!Div und t.hr~ horizontal vernier to Cal. Set 
the- Vert control for an input sensitivity of 1 V /Div, 
ati.d the vertical w~. ~~r to Cal. 

2. Connect an oscillo!'lcope with a calibrated vertical 
input tn the Mod Out port on the front paneL 

3. Turn the Code 8ynthesizer and the Ext Level cun· 
1 rol (WI•' and adjustlhe 1 KHz Level cont.rol for 1:1 

() Vp-p ;;,;wwave un the attached oscilloscope. 
-+. I )il'iconuect. the oscilloscope from the Mod Cut port 

and eonneet 'i.,. \1od Out port to the Vert input 
f\Hrl 
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Figure .:H. .Scope Amplifi(~l' Jloard ( A2) - Alignment Point:1 

. ' , t;; •·P'iC/\L CENTERING AND TRACE 
:i\J: 1-<"i'!ON 

• 
Sd<·c• r;, ... l · ~ :•. i'\'Hr digplay. Adjust the Intensity 

Adjust the Hori:wnt.a.l Position potentiometer 
IFigmc :3-1) so that the vertical trace on the CRT 
pnss<'.s through the graticule center point. 
Hemove the jumper from TPfi. 

C!.'"'- for1ahlt- viewing hrightneH~. 
Wit! -- fJoinl Shorting .Jurnpt:'r, Nmuect 3.2.6 CRT HORIZONTAL GAIN 

Tl'l ·•' : h• :1c,;pe Amplifier ll\Jard (i"i~ure ;l-U tO 
chn;~;.;i.ll ground. 
Ad ju-.1 1 he Tnu.:e HoHtliou iJOlt:mliomt:Jt.er (}'i~tu·e 
:1 ; ·: .· ;:;ake the hNiLOrlh11 trac~e t:1ulht> CRT per­
p.,..h;icular t(• tlw gt :' i·~ule ccntN line. 
:\dJ Jst t.hc Vc·rtical P• .;.;Jti(m potcntiomNcr (r'igure 
; l} ,;o th11t the h.'~"l''.''t~l1r :::1' nn the CRT pnss('S 

' .. , .. ,. tgh t,he ~n\ti( ' : vnint. 
~r. the Tr<tc~ f'. ·" pnrtntimnetE>t !FigtU't! 
lO align tht' lwt·i,.•.:aLtl t.ra<:~ on th~ CRT 

; c:nt~ld the hoti:t..fllltnll{n:• :cult: liuc. 
Hunt•\ <' • he jumper from TPl. 

1. 

4. 

Sele(:t Uen/Mnn Mtr diF.:play. Adjust the Tnte . ~ lJ. 
control fm a <:omfc·•' \.• · ··iE'wmg brightnes2.suy 
With the Test-Poit~r ··J.,•rting Jumper, l:onned 
TP6 oft he Seopt! Amplifier board ( l•'igure 3-ll t.o 
dms!i-ili ground. 

Connect the Mod Out port i.o t.he Ext Horiz port 
on the System Analyzer's front panel. 
H<~~~~ct Generate FM fuuction and Scope D( · di;:;­
pl:~y. Set the Horiz control for external horiwntal 
input (F<~xt). Turn the Code Synthesizer Hnd the 
li:xt J ,(· ·cJ control OFF, and the 1 KHz Lev" I ron· 
trot •.:_ \.!out half way. 
Cc.•:t • '· .:til o::~cillost~ope with a calibrated \'E'rLits.l 
input tn TPf:.i on rhe Scope Amplifler hoard (FiJ.;urf 
:.t-1). 
Using the front panel's horizontal vern,.-r :. ,nt.rol, 
ndj~•J:!t. for !i :~ V p·p amplitude on the ~ine'l.';;vc at 
TPfi. 
With J VI' ,. ;;- TP6, adjust the Horizontal Gait 
!Nltmtion~~-· ,,~ ' < 1gure 3-l) for H CRT horizontal 
uace of t! ''· !Utic lh~ front panel controls tc 
po:~ition the trac(; at. 1:1. eonvenient place near th~ 
center 1)f the CRT.) 

15-0CT-57 lE-:01 S't'STEMS MICROWAIJE TEL:01252 376385 F 
~."/..! l_;H. I V I:M III.,.AL U"'ll'~ 

l. 

2. 

3. 

4. 

5. 

6. 

C€;mnr-.. · .(· 'vfod Out port. lo the vertical input 
pon 1\·,., :!:) nn the Sy;;t.fml Analyzer's front 

panel. 
Select Generate FM fum:tion and Scop<~ DC dis­
play. Set the Hur.iz control for a sweep rate of 
1 mSec/Div and the horizontal vernier to CaL Het 
the Vert control for an input 8Ct1sitivity of 1 V /l>i\· 
and tht> vertical vernier to Cal. 
Turn the Code :::iynthesizer nnd the IO:xt Level con­
trol Ul•F, and the 1 KHz Level <:ontrolup ab.:1ut 
hal.t"wny. 
Conncc:t an oscilloe.co11e with a cali.brat.ed vertical 
input to Tl'l on the Scvpt' Amplih\:r htmrd (Figure 
3-1). 
Using the l KHz Level control on t.he front panel. 
adjust for a 3 Vp-p amplitude on the sincwavc at 
TPl. 
With ;~ Vp-p at TPl, adjuMt the Vet'tiral Gain 
potentiometer (Fi~ur·e :1-1) for a G-em p-p l;ine­
wave on the CRT. (Use the front panel's Horiz and 
Vel't position con;rol~ to cenl..er tht~ Wtt\o't!funu 011 

the cwr.) 

1. Select. Generate J<'M function and Scope DC dis­
play. Set the Ilu.ri;z; control for a ~weep rate of 
1 mSI:!~.:/Div lmd Lhe hnrizonta1 vernier to Cal. Set 
the Vert. control for an input sensitivity of 1 V /Div, 
tul.d the vertical n~~, !~r to Cal. 

2. Connect an osdllos(:ope with a calibrated vertical 
input to the Mod Out. port on the front. paneL 

a. Turn the Code Synthesizer and the Ext Lewl t~on· 
t rol OFJ·' Hnd adjust the 1 KHz Level control for a 
ll Vp-p -.o:H~wave on the attached oscilloscope. 

4. Di;;c:onnect. the o;;cilloscope from the Moc Cut port 
and conned 1 i \1od Out port to the \'t'n input 
port. 

5. Adjust the. i r~p:.;t V ertkal Gain potentiomtter liE! 

the Front P ··~~d J Mr~rface hoard {l<'igure :; · 2 1 ior il 
6-em p-p Slncwave on the CHT. (V::-e tht' front 
pnnC'l'~ Hori2 tdn Vert po8ition cuniJ·•h t•J center 
the wavefor•r :; the CltT.) 

3.2.9 DVM ZERO 
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1.0 INTRODUCfiON 

The R2008D/R20IOD is an expansion of the R2001D 
which extends its testing capability to include the 
unique requirements of cellular radio systems. Any 
existing R2001 D communications system analyzer 
can be modified to an R2008D/R20IOD. With the 
modification, all of the capability of the R2001 D is 
retained with the cellular test sequences being added 
as an extension of the tone memory display. 

Cellular test capability in the R2008D/R20IOD in­
cludes performance verification for both the digital 
signaling and the RF transceive~ aspects of the cellu­
lar radio. In the cellular test mode; the analyzer simu­
lates the basic aspects of the central cell site. It pro­
vides all of the signaling required to allow both call 
origination and call reception testing on the cellular 
transceiver. In addition, once the voice path is estab­
lished, the R2008D/R20IOD can then be used to sim­
ulate cell site to cell site handoffs, to control the 
transmitter power level, and to execute performance 
tests normally associated with a transceiver. 

A fully automatic test sequence is provided which se­
quences through an operator selectable number of 
the 666 cellular channels and measures the transmit­
ter output power, frequency error, and modulation 
limiting for each channel. Provision has been made 
for attachment of a serial printer RS-232, (1200 
baud) to provide hardcopy output of AUTOTEST 
MODE results. The printer can also print the con­
tents of the CRT display in all modes except MODU­
LATION, SPECTRUM ANALYZER, IF, AND 
SCOPE, by pressing both the left cursor key and the 
"0" key together. 

To complete the package, the R2008D/R2010D also 
provides the interface to manually control the trans­
ceivers that are compatible with the Advanced 
Mobile Phone Service Cellular Mobile Telephone 
Equipment Specification, July 1983. This separate 
interface bypasses the normal RF signaling interface 
and allows direct control over transceiver functions 
such as channel selection, transmitter key, transmit­
ter audio, and receiver audio. Also available through 
this interface is access to the number assignment 
module (NAM) and the nonvolatile memory (NVM). 
A total of 43 commands are available for the purpose 
of setting up, checking out, and troubleshooting the 
cellular radio. 

This manual is written as a supplement to the 
R2001D Operator's Manual (68P81069A66); refer to 
the R2001D Operator's Manual for the operating in­
structions in non-cellular testing. 

U.K. Cellular Test Capability. The United King­
dom (U.K.) Cellular System Analyzer (R20IOD) is 
the basic R2008D analyzer with modifications to per­
mit testing of U.K. "T ACS" System Cellular Mobile 
Transceivers. A description of differences between 
the U.S. cellular system and the "T ACS" system is 
found in appendix "H". 

2.0 THE CELLULAR CONCEPT 

Conventional VHF mobile telephone systems us1 
single transmitter site to cover a given service area. 
cellular mobile telephone system, on the other ha1 
divides the service area into smaller coverage ar1 
called cells. A cellular system consists of a cc 

~. tinuous pattern of these hexagon-shaped cells, e~ 
having a 5 to 10 mile radius. Within each cell is a c' 
tralized based station which contains transceivers a 
related control equipme·nt for the channels assigr 
to that cell. All of the cells within a system are tt 
connected either by dedicated land lines, microw: 
links, or a combination of both to a central cont 
site. The central control site, or controller, is respc 
sible for the overall control of the system and the 
terface to the land line network. 

A cellular radio-telephone in the cell system is un1 
the indirect control of the central controller. A ser 
of control channels over which only digital signal: 
is allowed and voice channels which allow both auc 
and signaling are used for control and data trans 
as well as for conversation once the call is est; 
lished. The control channels are divided into th 
groups: Forward control, paging, and access ch; 
nels. The control channel generally provides so 
basic information about the particular cellu 
system such as the system identification number a 
the range of channels to scan to find the paging a 
access channels. Paging channels are the nor11 
holding place for the idle cellular radio. When a c 
is received at the central controller for a cellu 
radio, the paging signaling will occur on a pagi 
channel. In responding to a page or when originati 
a call, the radio telephone will use an access chan 
where two way data transfer occurs to determine I 
initial voice channel. In many systems all three C( 

trol channel functions will be served by the sa: 
channel for a particular cell. The R2008D/R2011 
operates in this single data. control channel mo1 
Only in the very high density areas will multiple ch; 
nels be required. 

Voice channels are primarily used for conversati 
with signaling being employed as necessary to eff 
cell to cell handoffs, output power control on 1 

cellular radio and special local control features. D: 
from the cell site, forward data, and data from · 
mobile, reverse data, is sent at a 10 kilobit/secc 
rate utilizing direct frequency modulation. The d. 
is formatted into groups of words with a disti 
binary preamble that allows the receiver to synch 
nize to the incoming data. 

In addition to the digital signaling there are two 11 
signaling mechanisms employed in the cell sysu 
The supervisory is one of three frequencies aroun 
kilohertz. It is generated by the cell site, checked 
frequency by the cellular radio, and then tra 
ponded back to the cell site on the reverse cham 
The cellular radio uses the SAT to verify that it tul 
to the correct channel after a new voice channel cc 
mand. When the central controller signals the mol 



3.0 TESTING CELLULAR RADIOS 

To ensure satisfactory operation of the cellular radio 
the proper operation of the digital and analog signal: 
ing functions, the transceiver function the trans­
ceiver control function, and the infor~ation con­
tained in the Number Assignment Module (NAM) 
must be verified. Since the transceiver is generally 
only controllable through an on-board controller the 
first item to be checked must be that controller.' For 
AMPS compatible radios and for most radios in 
general, a basic self check of the controller system is 
performed when the radio is first turned on. If the 
self test is successfully completed the handset in­
dica.tor~ are acti~ate?. If the controller is not working 
the mdtcators wtll either not activate or will activate 
in an ab~ormal manner. Generally, a failed con­
troller wtll prevent further testing and trouble­
shooting until it is either replaced or repaired. 

Once past the self test, the cellular radio will then at­
tempt. to l~cate a forward control channel (FOCC), 
At thts pomt the R2008D/R2010D can be used to 
su!'ply the FOCC signal modulated with the appro­
pnate forward control messages. A cradle 'no service' 
indicator will extinguish when the radio has suc­
cessfully tuned to, decoded, and responded to the 
FOCC signal. 

A failure at this portion of the sequence would most 
likely indicate that the receiver or the receiver/con­
troller interface circuitry has failed: 

The manual test mode of the R2008D/R2010D which 
allows separate control and monitoring of the re­
ceiver, transmitter, and controller status can be used 
to isolate the source of the failure. 

With the cellular radio in service either the call 
origination or the call reception capability of the 
radio can be checked. With the R2008D/R20IOD the 
signaling exchange necessary to execute both se­
quences can be generated with the proper responses 
automat~cally. checked for accuracy. Error messages 
are provtded m the event that the radio does not re­
spond properly. These messages and the manual test 
capability can then be used to isolate the cause of the 
failure. 

Failure at this point would most likely be in the trans­
Il_litte_r or data generating circuitry as the receiving 
cucuttry had to be working to get an 'in service' in· 
dication. 

.. 

4 

A successful call origination or call reception test will 
end with the radio on a voice channel. On the voice 
channel the radio detects and checks for the correct 
SAT frequency, and then transponds the SAT signal 
on the reverse voice channel. It is necessary to verify 
that the radio correctly identifies the SAT frequency 
and that it correctly transponds the signal. The 
R2008D/R20lOD again handles this verification 
automatically with error messages being provided in 
the event of 11 failure. 

Other functidns to be checked on the voice channel 
are transmitter power output and control, transmit 
frequency error:, and modulation limiting. Each of 
these functions is easily checked with the R2008D/ 
R20lOD with the data readouts provided on the cellu­
lar control display. Power, frequency error and 
modulation checks on other channels is implem'ented 
with the use of the channel handoff capability. From 
the cellular control display, the signaling necessary to 
cause the radio to move to any cellular channel can 
be initiated. For the handoff, the R2008D/R2010D 
verifies the response from the radio, and once on the 
new. channel, verifies the correct SAT response. 
Agam, error messages are generated in the event of a 
failure and with the manual test mode can be used to 
isolate the cause of the failure. 

Finally, the R2008D/R2010D can verify the termina· 
~ion sequence again with appropriate error messages 
m the event of a failure. User unique information 
such as home system identification number, tele­
phone number, and control head lock code can be 
read from the NAM using the manual mode. This in­
formation will be required when servicing any cellu­
lar radio. 

4.0 THE R2008D/R2010D TEST CAPABILITIES 

Cellular testing capability has been made possible in 
the R2008D/R2010D by the addition of one new 
module over the R2001D system analyzer (see note). 
A new cellular option board is added that performs 
the RF and manual interfacing to the cellular tele­
phone transceiver unit. It controls the modulation of 
di~ital messages, audio and SAT tones by using the 
microprocessor to command the cellular radio. 

The cellular option board also decodes the digital 
messages returned by the cellular telephone. This in­
cludes synchronizing on the dotting sequence and the 
word sync sequences at the start of these messages 
and decoding the Manchester encoded data in the 
message stream. The recovered digital information is 
then sent to the microprocessor board for processing. 
The cellular board also detects the presence of the lO 
KHz ton_e sent by the cellular telephone, and can 
measure 1ts duration. It does the necessary routing of 
SAT tones and audio. 



Although the R2008D/R20IOD can transmit only 
one frequency at a time, it can switch frequencies at a 
relatively fast rate, making it ideal for multiple fre­
quency checks necessary for more complete cellular 
testing. Once the desired channel numbers are 
selected in the initial parameters screen, the R2008D/ 
R2010D automatically switches its transmit and 
receive frequencies to simulate transition from a for­
ward control channel tb a forward voice channel, or 
from one voice channel to another, to simulate a cell 
handoff. 

The digital messages are modulated onto the duplex 
generator automatically by the R2008D/R201~D 
Digital responses are decoded and analyzed to venfy 
that the correct message has been sent back by the 
cellular telephone. Necessary data is extracted for 
verification, processing and display. 

The required SAT frequency is produced by the 
R2008D/R2010D and the transponded SAT is 
checked. There are three possible SAT frequencies, 
they are 5970, 6000 and 6030 Hz. 

The 10 KHz signaling tone sent by the cellular tele­
phone is measured by the R2008D/R2010D to con­
firm successful handoffs, alert and release. 

While in the voice channel, the frequency error, the 
output power and the peak modulation of the cellular 
telephone's carrier is constantly updated and dis­
played on the screen of the R2008D/R2010D. 

Extensive software has been written to exercise the 
cellular telephone in a variety of ways. Motorola's 
approach to cellular testing has been to keep testing 
as simple and comprehendable as possible without 
sacrificing capability. In keeping with this ideal, a 
thermometer style display is used that 'fills in' as the 
test progresses. Help messages can be shown that 
spell out the definition of each square in the ther­
mometer display. If a problem is encountered, warn­
ing and error message numbers are displayed. Tem­
porary exits are allowed so that the power of the 
other R2008D/R2010D modes can be utilized. 

The software version numbers for the 9 files that 
comprise the R2008D/R2010D software can be seen 
if a zero key is held down while the R2008D/R20 1 OD 
is turned on. This version number display will stay on 
the screen for 10 seconds; then normal operation en­
sues. 

A manual test mode allows the operator to command 
the cellular telephone with any one of the 43 com-
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mands defined by the Advanced Mobile Phone SeT' 
ice (AMPS) specification of May, 1983. 

The following sections describe how to physically Sl 

up a test, using the RF interconnect or the manu; 
test interconnect. Then, operator instructions on ho 
to use the cell initiated test, the mobile initiated tes 
and the manual test are detailed. A list of possib 
warnirfg~and errors is included in Appendix E. 

4.1 Setup Instructions 

Connection from the R2008D/R2010D to the mobil 
unit require accessories included in separate kits. 
RPX-4350A- Variable RF coupler (58-80313B37) 

Junction box (RTL-4137A) 
Printer/junction box cable 

(01-80356A73) 
TNC-BNC adapter (58-80313B33) 
Self Test Enable Adapter 

(RTL-4148A) 

RPX-4272A - Adapter cables for junction box t· 
AMPS type radios 

RPX-4273B - Adapter cables for junction box t' 
Motorola DYNA- T AC mode 
T 19 AT A8822AE radios. 

RPX-4274B - Adapter cables for junction bo 
Motorola CT and ET series mobil 
radios. 

SIGNALING SEQUENCE TEST CONNECTION 

The signaling sequence test mode requires an RF con 
nection be made from the R2008D/R2010D to th 
mobile unit. To couple the output from the duple: 
generator to the main RF in/out connector, ; 
variable tap RF coupler 58-80313B37, is used. Con 
nect the male N connector on the coupler to th 
R2008D/R2010D RF in/out port. Connect th 
variable tap to the duplex generator output with • 
short length of BNC to BNC coax Ol-80352A02 
Connect the female N connector on the coupler to th 
mobile unit antenna connector. A TNC and BN< 
adapter, 58-80313 B33, may be required to connect tc 
the mobile unit. See figure 2. 

It is sometimes useful to access some test points 01 

the control head to transceiver interface during th' 
signaling test mode. This is accomplished by usinl 
the cellular junction box RTL-4137 A and the ada pte 
cables included in either RPX-4272A, RPX-4273B 
or RPX-4274B. 



DUPLEX 
GENERATOR 

TO 
CONTROL 

HEAD 

DODO 
DODD 
DODD 

R2008D 

R2010D 

DO 
RF IN/OUT 

VARIABLE TAP 
RF COUPLER 
58-80313837 

PART OF 
R PX-4272A 0 R 
RPX-42738 
RPX-42748 

RTL-4137A 

0 0 0 0 0 

SIGNALING CONNECTION 

( 
TRANSCEIVER 

FROM R2008D/R2010D TO CELLULAR TRANSCEIVER 

FIGURE 2. 
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4.2 Operating Instructions 

Front panel selections for cellular le_sting 

Before initiating cellular testing, make the following 
adjustments and switch selections on the R2008D/ 
R2010D front panel. They are ... 

1. Enter a 45~MHZ offset in the DUPLEX GEN 
screen. 

2. Set the RF step attenuator to 50 dB. 
3. Set the DISPLAY led to Signaling Sequence. 
4. Set the FUNCTION switch to Monitor. 
5. Set the MODULATION Cont/Off/Burst 

switch to Off. 
6. Use the FM FUNCTION state. 
7. Set the BW (BandWidth) switch to Wide. 
8. Set the lmage/Dplx switch to High. 
9. Adjust the Squelch level to near threshold. 

(Turn counter-clockwise until the squelch 
light comes on, then back off a small 
amount). 

10. Set the variable RF tap between I /4 to 1/2 
inch from maximum coupling. 

THE CELLULAR TEST SCREENS 
The cellular test is accessed via the Signaling Se­
quence display. Enter '8' in the 'mode sel' position to 
access the cellular test screens. See figure 3. There are 
now 5 sub-selections possible. Move the cursor down 
to the 'seq sel' position. The 5 selections possible are 
described in the following paragraphs. 

SIGNALING SEQUENCE MODE SEL) 8 
ENTER 12! FOR MENU 

C:ELLULf:1H SED SEL) -· 

1) INITIAL PARAMETERS 
2) SEQ TEST, CELL INITIATED 
3) SEQ TEST, MOBILE INITIATED 
4) MANUAL TEST MODE 
5) AUTO TEST MODE 

' FIGURE 3. 
SIGNALING SEQUENCE MODE DISPLAY 
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1) INITIAL PARAMETERS 

This screen allows for the entry of basic paramet 
concerning the cellular telephone under test ~ 
selections the operator desires. See figure 4. Ent1 
must be made here in order to use any of the celh.: 
signaling sequence tests. Selections are stored in n1 
volatile memory and are saved even if the analyze 
powered down. 

CELLULAR !NIT PARAM 
1) EXIT 

SYSTEM !D) 00002 
MOBILE ID) 312 576 5444 
FOCC> ~::;:34 

SEU 

FVC 1J001 2)225 3)4512! 4)6~ 

{:.)tJTO TEST 

FVC INCREMENT> 035 
PRINTER (YES=l,NO=W> 1 

FIGURE 4. INITIAL PARAMETERS DISPLA 

SYSTEM ID: Enter the system lD of the celh 
telephone under test. Entering a SID that does 
match the one of the cellular telephones under 
will force the telephone to go into the ROAM st: 
The SID is a 15 bit binary number entered in decin 

MOBILE ID: Enter the telephone number of 
cellular telephone under test. Entering the MIN t 
does not match that of the radio under test will 1 
vent the cellular telephone from being called in 
cell initiated test. The mobile initiated test will upc 
this field. 

FOCC: Enter the number of the desired con 
channel. Cellular radios scan channels 313 to ; 
Those units configured for operation in a non~\\ 
line carrier system consider channels in the range 
to 333 as home data channels. Those units configL 
for operation in a wireline carrier system consider 
range 334 to 354 as home channels. However, for 
purposes, any channel from 1 to 666 may be ente: 
A channel selection of 334 will result in the tn 
mitted frequency of 835.02 MHZ from the R200l 
R2010D. This is derived from the equation be 
... (825.00 + .03 X (channel number) MHZ). 



3) SEQUENCE TEST, MOBILE INITIATER 

The mobile initiated sequence test is similar to the cell 
initiated test except the cellular telephone is placing 
the call. This screen is accessed through the main Sig­
naling Sequence screen. See figure 7. 

MOBILE INIT SEQ TESt 
1) EXIT 
2) START TEST 

1# TL3# 
##2# 4# 

7~:1: 9# 
8# 

SEL> -

CHAN 1) 001 PL> 0 SAT> 2 

FIGURE 7. 
MOBILE INITIATED SEQUENCE TEST DIS~LAY 

The selections possible are I) EXIT, and 2) START 
TEST. These selections are possible if the cursor is in 
the home position at the top of the screen. A 'I' will 
return the screen back to the tone memory screen. A 
'2' will start the test. 

Help messages describing the blocks of the therm­
ometer sequence can be accessed by moving the cur­
sor to the line underneath the squares and advancing 
to the right by keying any number 1 to 9. The squares 
on the top row of the thermometer display indicate 
actions that will be taken by the R2008D/R20IOD 
during the test. The squares on the next line indicate 
actions that the mobile takes are perceived by the 
R2008D/R2010D. Note that the first square is filled 
in since the R2008D/R20IOD commences a FOCC 
data stream upon entry into the mobile initiated se­
quence test screen. The cellular telephone should 
'lock up' onto the data stream and the 'no svc' light 
should go out. If a foreign system ID was entered, 
the 'roam' light will light. 

.. 

lO 

The test can be started at any time. Once com­
menced, the R2008D/R2010D will wait for a service 
request from the car phone. Enter the number that is 
to be called into the cellular telephone. Allow the 
'NO SVC' light to go out, then depress the 'SEND' 
key the R2008D/R20IOD will receive this service re­
quest message and display the called address on the 
CRT screen. Verify that the called address matches 
the one sent. The mobile ID and serial number are 
also extracted from this message and displayed on the 
CRT screen. The mobile ID is also used to update the 
Initial Parameters data. The R2008D/R2010D now 
sends an initial voice channel designation message. 
The R2008D/R20IOD and the cellular telephone will 
switch to the first FVC and RVC channel respec­
tively. See Figure 8. Just as in the cell initiated test, 
voice communications can be verified, temporary ex­
ists are allowed to analyze the signal, handoffs are 
allowed to any one of the four pre-selected forward 
voice channel be changed to force a telephone drop 
out. And, as in the cell initiated test, the call can be 
terminated either by pressing the 'END' key or by 
entering a '1' (End) on the top line of the display. 

For a detailed description of the mobile initiated se­
quence test steps, see appendix Band D. 

MOBILE INIT SEQ TEST 
:t ) EI\ID 
2) TEMPORARY EXIT 

!:)EL) -

1###TL3###5###7# 9# 
##2#####4###6###8# 

CHAN 1) 001 PL) 0 SAT> 1 
MN 312-978-0152 81\1 820078E5 
TEL NO 12-345-678-9;0< 

IAlARN 1 f\1!3 07 
EPR !<HZ 
+ :t.44 

PWF~ W 
0.56 

FIGURE 8. 

DEV KHZ 
4.8:3 

MOBILE INITIATED TEST RESULTS SCREEN 



4) MANUAL TEST 

The manual test mode is accessed by a '4' entry in the 
'SEQ SEL' of the Signaling Sequence screen. See 
figure 10. This mode allows the operator to enter and 
send any one of the 43 commands to the transceiver 
unit of the cellular telephone as defined by the AMPS 
SPEC•of May, 1983. 

A '3' entry in the Cellular Manual Test Mode accesses 
the Cellular Manual Test display, which provides test 
set up information (accessory cable kit part numbers) 
for the various types of cellular units. See figure 11. 

R2008D 
R2010D 

MANUAL TEST MODE CONNECTION. 

The manual test mode requires that the R2008[ 
R20JOD seize control of the transceiver unit by rna 
ing connection directly to the control pon on tl 
mobile unit. The printer/junction box cable is co 
nected to the 37 pin "D" connector on the rear panelc 
the R2008D/R20JOD, and to the 50 pin "D" connectc 
on the cellular junction box. The junction box is the 
connected to the mobile with an adapter cable fro 
either the RPX-4272A, RPX-42738 or RPX-4274 
accessory kit. The antenna connector on the mobi 
can be connected either to an external antenna fc 
monitoring purposes, or to the R2008D/R2010 
directly into the RF in/out port or via the variable R 
tap for duplex measurements. See figure 9. 

25 PIN CONNECTOR 
(TO PRINTER) 

01-80356A 73 

JUNCTION 
BOX 

TO 
POWER 
SUPPLY 

--+-USE APPROPRIATE CABLE 
FROM RPX-4272 

RPX-4273 
RPX-4274 

CELLULAR 
RADIO 

FIGURE 9. MANUAL TEST SETUP 
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CELLULAR MAN TEST MODE SEL> 
1) EXIT 2) START 3) TYPE 
COMMAND> 02 RESTART 
ENTER l2l BYTES 

RADIO TYPE: MOTOROLA CT SERIES 

FIGURE 10. 
MANUAL TEST MODE DISPLAY 

Move the cursor down to the command line. Enter 
the desired command. The R2008D/R20IOD will 
echo back a mnemonic describing the command. If 
the particular command requested requires addi­
tional bytes, dashed lines indicate where they should 
be entered on the screen. See figure 10. If this is the 
case, move the cursor over to the dashed lines and 
make the necessary entries. If hexadecimal data is re­
quired, use the normal 0-9 keys, but in addition, use 
the 'up/down' keys, of DISPLAY, FUNCTION and 
MODULATION to obtain A-F. The 'up/down' keys 
of DISPLAY are used for A and B. The 'up/down' 
keys of FUNCTION are used for C and D. The 'up/ 
down' keys of MODULATION are used forE and F. 

-
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CELLULAR MAN TEST SEL) -
l.) EX IT 

TYPE SEL> 2 
1) AI'1PS 
2) I"IOTOROLA CT SEF:IES 
._::,11 MOTOHOLA DT SERIES 
4) 1--IEC TR5Et=.H?J~, SERIES 
5) GE STf..)R 

USE RPX4350A AND RPX4274B 

FIGURE 11. MANUAL TEST DISPLAY 

To send the command to the transceiver unit, return 
the cursor to the home position and enter a '2'. The 
command will then be sent along with any additional 
bytes required. The operator is now free to send addi­
tional commands or to exit the screen and measure 
parameters using the other R2008D/R2010D test 
modes. 

If the command sent requires that the cellular tele­
phone return information, the R2008D/R20IOD will 
display the returned data automatically. 

If failures occur in this handshaking procedure, an 
error message is displayed on the bottom of the 
screen. 

Normally, the first command entered is an Ol com­
mand {SUSPEND) to set the transceiver into the test 
mode so that the other commands can be utilized. 
Otherwise, only STATUS, TURNAROUND, RE­
SET, RESTART and SUSPEND will function. 

Repeats of the same command can be made by multi­
ple entries of '2' while the cursor is in the home posi­
tion. 

For a list of the 43 possible commands, see appendix 
F. 



5) AUTO TEST 

The Auto Test Mode enables a technician to test a 
cellular radio on as many channels as desired. The 
R2008D/R2010D signals the radio under test as in 
the sequence tests. Measured values of frequency er-

ror, output power and modulation deviation are d 
played for each channel tested, and recorded on 
optional printer. The following sections describe h1 
to set up and operate the R2008D/R2010D in 1 

Auto Test Mode. See figure 12. 

0 1-80356A 73 25 PIN CONNECTOR 
(TO PRINTER) 

R2008D 
R2010D 

TO 
POWER 
SUPPLY 

CELLULAR 
RADIO 

50 PIN CONNECTOR 
(NO CONNECTION) 

('~_j 
MOBILE PHONE 

CONTROL HEAD 

0 RX 

0 TX 

0 RSSI 

AUTO TEST SETUP 

FIGURE 12. 
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A. INITIAL PARAMETERS 

~elect t~e INITI~L ~ ARAMETERS screen by key­
mg a 1 m the mam Stgnaling Sequence screen. 

~ID Entet t~e System ID that the mobile expects. If 
mcorrect, or If not known, the mobile will still func­
tion but the mobile will give a ROAM indication. 

FOCC Enter the FOCC (data channel) desired. The 
mobile will scan the channels 313-354 as their home 
system range. Mobiles configured for non-wireline 
carriers consider channels 313-333 as their home sys­
tem range. 

FVC I) This channel is the first in the series of 
channels to be tested. The other three FVC selections 
are used only in the cell and mobile initiated se­
quences. 

FVC increment This parameter specifies the chan­
nel spacing for the automatic handoffs. So if this is 
100, then every tOOth channel will be checked. 

:RI~TER ( 1 =YES, 0 =NO) Select a 1 if a printer 
ts desired, and select 0 if not. The printer is required 
to hav~ RS232~ 1200 baud capability. See Appendix 
G. for mstrucuons on setting up the optional Epson 
RX-80 printer, Motorola part no. RT-RX80/8148. 

B. AUTO TEST OPERATION 

Connect the R2008D/R2010D Mod Out jack to the 
Tx Audio jack on the junction box. 

<?n the main Signaling Sequence screen, key in selec­
tiOn 5 to access the auto test mode. The screen will in­
struct the operator to adjust the 1 kHz level too a 2.0 
to ~.5 v~lt output. The purpose of this is to input suf­
ficient signal so the transceiver will begin to go into 
deviation limiting on each channel tested. 

Key in a 2 to begin the test. 

A WAIT message will be displayed as the R2008D/ 
R2010D adjusts the 45 MHz offset. At this point, the 
R2008D/R20lOD is sending out an overhead message 
stream on the FOCC, as a cell would. 

• 
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This portion of the sequence is very similar to the 
MOBILE INITIATED test described earlier. The 
R2008D/R2010D is waiting for a service request mes­
sage from the mobile under test. The R2008D/ 
R2010D now will display a SEND TEL II WHEN IN 
SVC message. When the NO SVC indicator on the 
car phone goes out, start a call from the mobile. 

The R2008D/R20lOD will now display SAT devia­
tion (not from the 1kHz Mod Out), output power 
and frequency deviation of the mobile on FVC #1). 
The R2008D/R20lOD will wait for the data to 
stabilize, and then print it out if a printer was 
selected. Then, the R2008D/R2010D will issue a 
release order to the mobile, and resume transmission 
of overhead data on the FOCC. 

After a short delay, to allow the mobile to firmly lock 
onto the data stream, the R2008D/R2010D will page 
the mobile using the Mobile ID number sent by the 
mobile in the earlier part of the test. When the mobile 
begins to ring, the operator has lO seconds to answer 
before the 10 kHz signaling tone interferes with the 
SAT and deviation measurements. 

The R2008D/R2010D will now display frequency er­
ror, power output and 1 kHz modulation deviation 
from the mobile under test. 

After a short delay, to allow the data to stabilize, the 
R2008D/R2010D will execute handoff orders to step 
the mobile through the FVC range up to channel666. 
The R2008D/R2010D will display and send the 
measured data to the printer for each channel tested. 

By looking at trends in the data over the range of 
channels, a troubleshooter will be able to narrow 
down the faulty functional blocks in the mobile 
under test, as well as provide an historical record of 
the mobile for customer assurance. 
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5.0 APPLICATION NOTES 

A. RECEIVER AUDIO LEVEL TESTING 

1) Connect R2008D to transceiver unit via junction 
box. (Refer to Fig. 13) 

2) Disconnect duplex generator output if con-
nected. -

3) Select generator function and execute the follow­
ing manual mode commands: 
01 Suspend 
09 Load synthesizer (enter desired channel) 
12 RX unmute 

4) Set R2008D to desired channel (870 MHz plus 
.03 X channel #) ex. 879.99 MHz equals channel 
333. 

5) Connect RX audio BNC connector on junction 
box to Vert/Sinad input on R2008D. 

6) Select GEN function on R2010D. Adjust the out­
put level to -50 dBm to simulate a strong signal. 
Adjust I KHz modulation level to 2.9 KHz devia­
tion. 

7) With junction box compandor switch in NOR­
MAL mode, adjust radio for 100 mV RX audio 
while in DVM/DIST display on R2008D. Refer 
to radio maintenance manual. 

8) Increase 1 KHz deviation to 8 KHz, read distor­
tion in either DVM/OIST or GEN/MON 
display. 

9) Data distortion: Using DVM/DIST display, and 
with modulation still I KHz at 8 KHz deviation, 
measure level at discriminator test point (junc­
tion box test point for AMPS bus compliant 
radios, internal radio test point for others). Us­
ing Signaling Sequence display, input 9999.9 Hz 
for tone A. Turn I KHz modulation off. Adjust 
code synth output for 8 KHz deviation using tone 
A and note level at radio discriminator. Dif­
ference in level from that noted with I KHz mod­
ulation should be less than 3 dB. 

10) Audio frequency response: Bypass the trans­
ceiver compand or. Use the Signaling Sequence 
display to set tone A to 300 Hz, and tone B to 
3000Hz. Using a constant deviation level of 2.9 
KHz check the level at the RX audio jack. 
Typical output levels are: 

300Hz 331 mV 
1000Hz 110 mV (REF) 
3000Hz 33 mV 
AUDIO RESPONSE IS -6 dB/OCTAVE 
DEEMPHASIS 
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B. TRANSMITTER DEVIATION 

l) Connect R2008D to transceiver unit via the jUJ 
tion box, as in manual test mode connectic 
(Refer to Fig. 13.) 

2) Select power monitor mode and execute the f, 
lowing manual mode commands: 
01 Suspend 
09 Load synthesizer, enter desired channel 
07 Carrier on · 
14 TX unmute 

3) To check deviation, connect mod out jack to l 
audio connector on junction box. Set eithet 
KHz level or code synth level using modulati 
display and observe deviation on GEN/M( 
display. Use Signaling Sequence display to v; 
frequency of tone A or tone B to check deviati 
on frequencies other than 1 KHz. Send man· 
mode command 13 TX mute to mute transmit 
audio for further tests. 

4) Signaling tone deviation can be set by sending 
manual mode command 16, Signaling Tone ( 
to the transceiver unit. Set deviation to 8 K 
measured on GEN/MON display. Manual me 
command 17, Signaling Tone Off, will deactiv 
the transceiver signaling tone generator. 

5) DTMF deviation can be set by executing man 
mode command 42, DTMF On, and inputt 
desired digit such as 06. Adjust the transcei 
for approximately 8.5-9 KHz deviation (roug 
equal to 9 radians peak phase deviation). 

6) SAT deviation can be set by executing ma11 
mode command 32, SATON, and entering 
Set SAT deviation to 2 KHz. 

C. RECEIVER SENSITIVITY 

I) Connect R2008D to transceiver unit via the jl 
tion box. (Refer to Fig. 13.) 

2) Execute the following manual commands: 
01 Suspend 
09 Load synthesizer (to desired chan 
12 Receiver unmute 

3) Connect RX audio (on junction box) to R2~ 
sinad input. 

4) Set R2008D to generate on desired frequ€ 
(870 + channel # X 0.03 MHz), with I I 
modulation at 8 KHz deviation. 

5) Bypass the compandor on the transceiver ur 
6) Adjust the RF output level on the R2008D f 

12 dB sinad reading in GEN/MON display. 
NOTE: One can expect to see a difference of abc 

dB of RF level between a C-mes 
weighted sinad measurement and a 
weighted sinad measurement on 
R2008D, i.e. -115dBm on the R2008D 
responds approximately with -116c 
C-message weighted. 



D. POWER LEVEL SETIING 

1) Connect R2008D to transceiver unit through the 
junction box. (Refer to Fig. 13.) 

2) Set R2008D to Power Monitor. Through the 
manual test mode execute the following com­
mands: 
01 Suspend 
09 Load synthesizer (enter desired channel) 
07 Carrier on 
10 Set attenuator (set to 0 highest power) 
NOTE: Power levels are as follows: 

ATTENUATOR 
0 
I 
2 
3 
4 
5 
6 
7 

WATTS 
3.0 
1.2 
.48 
.19 
76mW 
30mW 
12mW 
4.8mW 

dBm 
34.8 
30.8 
26.8 
22.8 
18.8 
14.8 
10.8 
6.8 

3) Note power level in GEN MON display. For the 
lower power levels, use the R2008D spectrum 
analyzer. 

4) Select the spectrum analyzer display and note the 
relative power level in dB. 

5) In the Signaling Sequence display, execute 
manual mode command 10, Set Attenuator 
(select desired attenuation). 

6) Determine power level by using the spectrum 
analyzer display. Note the relative power level in 
dB. Power output should decrease in 4 dB steps 
as transceiver attenuator setting is increased 
through the manual test mode commands. 

E. TESTING SIGNALLING AT 
THRESHOLD LEVEL 

It is sometimes desirable to verify the operation of 
the mobile under weak signal conditions. This can be 
done by using the following procedure. 

... 
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1) Connect the R2008D to the transceiver unit via 
the junction box as in Fig. 13. 

2) Turn off the Duplex Generator and disconnect 
the output from the RF tee. 

3) Select the Generator function and execute the 
following marmal mode commands: 
01 Suspend 
09 Load synthesizer (enter the desired channel) 

4) Set the R2008D to generate on the desired fre­
quency (870 MHz + 0.03 X channel #), ex. 
879.99 MHz = channel 333. 

5) Select the DVM display on the R2008D and use a 
scope or meter probe to access the RSSI test 
point on the junction box. 

6) Set the output level on the R2008D to the desired 
signaling level. A -108 dBm level is the accepted 
signaling threshold level. Note the voltage at the 
RSSI test point. 

7) Connect the R2008D to the transceiver unit via 
the variable RF tee as in the Cell and Mobile In­
itiated Sequence tests. Reconnect the control 
head to the transceiver unit. 

8) Insert a 60 dB attenuator (part no. 58-80314B21) 
in series with the Duplex Generator output. Set 
the variable tap on the RF tee to fully in (maxi­
mum coupling). 

9) On the Initial Parameters screen, select one of 
the Forward Voice Channels (FVC) to be the 
same as the desired FOCC (data channel). 

1 0) Select either the Cell or Mobile Initiated Se­
quences. Executed the test and handoff to the 
FVC loaded with the FOCC channel above. 

II) Using a temporary exit from the Signaling Se­
quence screen, select the DVM display. Monitor 
the RSSI voltage and adjust the tap on the RF tee 
for the same RSSI voltage noted earlier. The 
signal being fed to the transceiver unit is now at 
the desired threshold level. 

12) Continue with any of the Cell Initiated, Mobile 
Initiated or Auto Test sequences to test the per­
formance of the mobile under threshold signal­
ing conditions. 
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R2008D 
R2010D 

VEAT/SINAD 

INPUT 

TO 
POWER 
SUPPLY 

CELLULAR 
RADIO 

MOD OUT 

25 PIN CONNECTOR 
(NO CONNECTION) 

0 1-80356A 73 

JUNCTION 
BOX 

DISCRIMINATOR 

MANUAL MODE, TRANSCEIVER TESTS 

FIGURE 13. 
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APPENDIX A 
CELL INITIATED TEST STEP DEFINITION 

The following illustration, figure 18, shows the major events in the Cell Initiated Sequence Test. The top line 
represents the forward, or from the base, data and SAT sequences. The lower line represents the reverse, or from the 
mobile, data and SAT exchange. The horizontal time axis is not to scale, this illustration is a conceptual overview of 
the handshaking that takes place in a cellular system . 

-. OVERHEAD 
DATA 

lOKHZ 
DEV 

FOCC 

- MOBILE SCANS 

SAT 

• 

ALERT ORDER 

POWER LEVEL 
ORDER 

SAT 
2KHZ DEV £i VOICE 

INITIAL VOICE 
CHANNEL MESSAGE 

lJlJ 

INITIAL VOICE 
CHANNEL RESPONSE 

POWER LEVEL 
ORDER CONFIRMATION 

lOKHZ 
. 0 FIND STRONGEST SAT SAT 
DATA CHANNEL 

SIGNALLING 
TONE 

lOKHZ 
DEV 

Et VOICE 

CAR PHONE 
ANSWERED 

CELL INITIATED TEST STEP DIAGRAM 

FIGURE 18. 
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The following list corresponds to the step rectangles seen on the cell initiated sequence test screen, figure 5. The first 
sentence following each number is the help message that will be seen if the cursor is positioned under that test square on 
the R2008D/R20IOD display. 

-. R2008D/R2010D ACTIVATED 

1. FOCC-system parameter overhead messages sent. 
The R2008D/R2010D sends a continuous stream of 
system parameter overhead messages to the mobile 
unit under test. 

2. FOCC-paging message sent. The R2008D/R20IOD 
sends a paging message to the mobile unit under 
test. The paging message contains the mobile 
telephone number entered in the initial parameters 
screen. 

4. Voice channel designation message sent. The 
R2008D/R2010D sends a message to command the 
mobile to a forward voice channel. 

6. Alert order sent. The R2008D/R20IOD sends out an 
alert order to command the mobile to start ringing. 

8. Power level command sent. A high power level 
command is sent by the R2008D/R2010D to the 
mobile. 

10. Power level and handoff testing normal conversa­
tion mode. The R2008D/R20IOD allows for 
manual power level testing of the other power levels 
possible from the mobile. Handoffs to the four 
possible forward voice channels can be made. A 
SAT drop test can be performed. 

12. TEST COMPLETED. 
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MOBILE ACTIVATED 

3. Page response accepted. The R2008D/R20IOD per­
ceives a valid page response from the mobile. 

5. Sat accepted. The mobile and R2008D/R2010D are 
now on FVC #1. The R2008D/R20IOD measures 
the SAT returned by the mobile to verify that it is 
the correct SAT. 

7. Signaling tone accepted. The R2008D/R2010D 
detects a valid signaling tone from the mobile veri­
fying that the mobile has been alerted. 

9. Power level order confirmation accepted. The 
R2008D/R2010D has received an order confirma­
tion from the mobile. 

11. Release signaling tone accepted. The R2008D/ 
R2010D has received a termination signaling tone. 



APPENDIX B 
MOBILE INITIATED TEST STEP DEFINITION 

The following corresponds to the test step rectangles seen on the mobile initiated sequence test screen, Figure 7. The 
first sentence following each number is the help message that will be seen if the cursor is positioned under that test 
square on the R2008D/R2010D CRT screen. 

CELL ACTIVATED 

1. FOCC-system parameter overhead messages sent. 
The R2008D/R2010D sends a continuous stream of 
system parameter overhead messag.es to the mobile 
under test. 

TL- Display called address. 

3. Voice channel. designation message sent. The 
R2008D/R2010D sends a message to the mobile, in­
structing it to tune to a forward voice channel. 

5. Power level command sent. A high power level 
command is sent by the R2008D/R2010D to the 
mobile. 

7. Power level and handoff testing, normal conversa­
tion mode. The R2008D/R2010D allows for man­
ual power level testing of the other power levels pos­
sible from the mobile. Handoffs to the four possi­
ble forward voice channels can be made. A SAT 
drop test can be performed. 

9. TEST COMPLETED. 

• 
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MOBILE ACTIVATED 

2. Service request accepted with called address. The 
R2008D/R2010D accepts the service request mes­
sage, displays the telephone number, the mobile 
and serial number from the mobile. 

4. SAT accepted. The R2008D/R2010D measures the 
SAT returned by the mobile and verifies that it is 
correct. 

6. Power level order confirmation accepted. The 
R2008D/R2010D has received an order confirma­
tion from the mobile. 

8. Mobile terminates RVC. The R2008D/R2010D has 
received a termination tone from the unit under 
test. 
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APPENDIX C 
DETAILED CELL INITIATED TEST ACTIONS 

The following describes in more detail what goes on in a typical cell initiated sequence test. It includes internal func­
tions to the cellular telephone. This is only a brief summary. Refer to the AMPS specification for a more detailed 
description and to find the definitions of various acronyms used. 

R2008D/R2010D 

Enter initial parameters through the initial parameters 
screen of the tone memory mode. 

SYSTEM ID 
MOBILE ID 
FOCC 
FVC #1 TO #4 
FVC INCREMENT (AUTO TEST) 
PRINTER (YES/NO) 

Enter cell initiated sequence test _screen. The R2008D/ 
R2010D starts to send a continuous stream of system 
parameter overhead messages. 

Accept page response. Extract mobile number and serial 
number and display on R2008D/R20IOD. 

Send initial voice channel designation message. 

Tune to FVC. 

25 

--
MOBILE 

Power up mobile. Mobile performs DC power up task. 

Mobile performs initialization task. 
A. Scan control channels 
B. Tune to R2008D/R20IOD FOCC. 
C. Acquire word sync. 
D. Receive overhead messages. 
E. Update overhead information. 

Perform paging channel selection task. 
A. Scan paging channels. 
B. Tune to R2008D/R2010D FOCC. 
C. Acquire word sync. 
D. Receive overhead message. 
E. Perform overhead message processing task. 

Enter idle task examine data for: 
A. Paging match. 
B. User request. 
C. Order. 
D. Overhead message. 

Receive paging message. Perform page response task. 
A. Scan access channels. 
B. Tune to R2008D/R20IOD FOCC. 
C. Acquire word sync. 
D. Retrieve internal access parameters. 
E. Wait random delay. 
F. Seize RECC. 
G. Perform service request subtask. 
H. Enter await message subtask. 



· Accept transponded SAT as an indication of mobile 
confirmation. • 

Send alert order. 

Accept signaling tone (10KHZ) as confirmation of alert 
order. 

Send power level command. High power. 

Accept order confirmation. Manual power level testing 
permitted. Select power levels 0-7. 

Verify order confirmation. 

Handoff testing permitted. Select FVC. 

Confirm 50 msec signaling tone time for the handoff. 

Switch to the new FVC. 

SAT drop testing permitted. Select a new SAT frequen­
cy (1-3). 

Repeat power level and/or handoffs above as described. 

Temporary exists allowed to analyze signals using the 
other R2008D/R2010I? modes. 

26 

Perform initial voice channel confirmation subtask. 
A. Tune receiver to R2008D/R2010D FVC. 
B. Adjust transmit frequency to RVC. 
C. Adjust rf power to VMAC. 
D. Turn on SAT. 
E. Set DSCMM to SCC. .... 

Enter waiting for order task. 

Receive alert order. 
A. Turn on 10 KHZ signaling tone. 
B. Generate "ring". 

Enter wattmg for answer task. A Maximum of 65 
seconds allowed for answer. 

Off hook (mobile is answered). Signaling tone is turned 
off. 

Enter conversation task. 
A. Set audio mode to conversation. 
B. Two way audio conversation now in progress. 

Adjust power level to that requested and send order 
confirmation. 

Adjust power level to that requested and send order 
confirmation. 

Send a 50 msec signaling tone as a confirmation. 
Change to the new RVC. 

If a new SAT selected, the mobile should stop transmit­
ting after 5 seconds. 



0 
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Receive termination signaling tone. Check for proper 
duration. 

End of cell initiated sequence test. 

On - hook (mobile hangs up). Enter release task. 
A. Set audio mode to idle. 
B. Send signaling tone (10KHZ) for 1.8 seconds. 
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APPENDIX E 
WARNING AND ERROR MESSAGES 

The warnings and errors possible in cellular testing are outlined in the following table. 

SUMMARY OF WARNING AND ERROR MESSAGES 

WARNINGS 
1 Power level order confirmation not accepted. 
3 Handoff signaling tone out of limits. 
4 Termination signaling tone out of limits. 
5 Invalid DTMF keycode. (Manual Test only) 
7 Incorrect SAT returned. 

ERRORS 
4 

11 
12 
13 
14 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Channel out of 1-666 limit 
Page response not valid 
Page response not received 
Alert signaling tone not accepted 
Handoff signaling tone not accepted 
Service request message sent by mobile in error 
SAT not returned 
Too many bytes in free format command 
Bell command not in 1-43 range 
Transceiver does not acknowledge command 
Transceiver's DCL has not gone high 
Transceiver has not set TCL low 
Transceiver has not set TCL line high 
Transceiver not powered up 
Transceiver did not accept all commands words 
Transceiver did not send all response words 
Too many bits in response word 
Too few bits· in response word 
Transceiver timed out in idle state 31 

32 
33 
34 

Transceiver timed out in -data state 
Opcode error 
No response from transceiver 

WARNING 1 
Power level order confirmation not accepted. The R2008D/R2010D has sent the cellular telephone a power 
level command. The telephone's confirmation has not been received or it has been detected as incorrect. 
Possible causes are low cellular telephone sensitivity, excessive loss in the RF test connections or an attenua­
tion setting that is too high on the R2008D/R20IOD. 

WARNING 3 
Handoff signaling tone out of limits. The R2008D/R2010D has detected that a 10Khz signalling tone sent by 
the cellular telephone the cellular telephone in response to a handoff message is out of limits. The typical 
duration is 50 msec. This warning is displayed if the duration is outside a 40-60 msec window. 

WARNING 4 
Termination signaling tone out of limits. The R2008D/R2010D has detected that the duration of the termina­
tion 10 kHz signaling tone is out of limits. The typical duration is 1.8 seconds. This warning is displayed if 
the duration is outside a I. 7 to 1. 9 second window. 

WARNING 7 
Incorrect SAT returned. The R2008D/R2010D has detected that the SAT transponded back by the cellular 
telephone is out of limits. The three SAT tones are 5970, 6000 and 6030Hz. The R2008D/R20IOD allows a 
window of ± 10Hz around the proper SAT. This warning can be induced if a large amount of background 
noise is present while initiating a sequence test, while doing handoffs or while performing an auto test se­
quence. 
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ERROR 4 
Channel out of 00 1·(1 )000 limit. A channel number entered in the initial parameters screen, is outside the 
OOI-(1)000 limit allowed as valid FOCC and FVC's. 

ERROR ll 
Page response not valid. The page response sent by the cellular telephone is not valid. This error can be in­
duced if the squelch control js set too close to 'breaking' or if the signal from the cellular telephone is at­
tenuated too much due to a problem with the RF cable hookup, the R2008D/R2010D has too much attenua­
tion dialed in on its front panel or if the cellular telephone has a transmitter that is below normal power. This 
is visually verified by looking at the red Sig Lvl lamp on the R2008D/R20IOD front panel and by checking 
the current drawn by the transceiver unit. Normally, the LED will light once for a split second to indicate the 
R2008D/R20IOD has received a paging reply. If the LED flickers several times over a 2 second period, the 
cellular telephone is trying to reply but the R2008D/R2010D does not recognize the transmission as a valid 
page response. If the LED does not light, check to be sure the car telephone is set up and that power is ap­
plied properly. 

ERROR I2 
Page response not received. This error indicates that the cellular telephone is not responding to a page 
message issued by the R2008D/R20IOD. Check the R2008D/R20IOD Sig Lvl LED as in error II above. Also, 
if the transceiver unit is transmitting, as verified by increased current draw, the radio may be locked onto 
spurious signal from the R2008D/R2010D Duplex Generator. If this is suspected, a 60 dB attenuator (part 
no. 58-803I4B21) may be inserted in series with the Duplex Generator output jack. 

ERROR 13 
Alert signaling tone not accepted. This error indicates that the analyzer did not detect the 10KHz signaling 
tone from the cellular telephone. 

ERROR 14 
Handoff Signaling Tone not accepted. The mobile issues a 50 msec burst of signaling tone (10 kHz) in 
response to a handoff order while in the conversation mode. This error indicates that the R2008D/R2010D 
detects this tone to be outside a 40 to 60 msec window. 

ERROR 18 

..... 

Service request message invalid. The R2008D/R2010D has received a data packet from the mobile but it is not 
interpreting the received data as a valid service request message. This can be caused by the squelch breaking 
prematurely on the R2008D/R20IOD, or by noise mixed with the incoming data packet. Make certain that the 
squelch on the R2008D/R20IOD is not 'breaking' on noise. In normal operation, the Sig Lvl LED on the 
R2008D/R20IOD will flash briefly while the R2008D/R20IOD difficulties recognizing the service request, the 
LED will flicker several times during a 2 second interval. Verify good RF cable connections. Check the at· 
tenuation setting on tohe R2008D/R2010D (typiccllly set at -50 dB). -ERROR 19 
SAT not returned. A supervisory audio tone (SAT), even the wrong SAT, has not been returned by the 
cellular telephone. This error generally indicates that the cellular telephone has not shifted frequencies cor­
rectly as a result of an initial voice channel designation message or a handoff message. This error can be in­
duced if the background ambient noise during a test is excessive. 

*NOTE: The following errors are related to the manual test mode. Refer to figure II for an example of th( 
STATUS command transfer sequence. 

ERROR 20 
Too many butes were specified in the manual mode free format (00) command. Only 3 bytes are allowed. 

ERROR 21 
Manual test command not in 1-43 range. The command entered is not in the 1-43 range of commands allowe( 
by the AMPS spec. 

ERROR 22 
Transceiver does not acknowledge the command. The transceiver does not acknowledge the command jus 
sent. It can result if the cable between the R2008D/R20IOD and the transceiver unit is not making good con 
nection. Also check power connection to the mobile unit. Only 5 of the 43 commands will function before at 
01 SUSPEND command is sent. These are: STATUS, TURNAROUND, REST ART, RESET and SUSPEND 
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ERROR 23 
Transceiver has not set DCL high. This error indicates that a command requiring returned information has 
been sent, but the direction control line (DCL) has not been set high by the transceiver unit, a necessary con­
dition for the returned data transfer. This line is controlled by the transceiver. 

ERROR 24 
Transceiver has noi set TCL low. This error indicates that a command requiring returned data has been sent, 
and the direction control line (DCL) has gone high indicating the transceiver understands that it is to return 
data, however, the test control line (TCL) has not gone low. The TCL must go low to indicate valid data on 
the manual bus. 

ERROR 25 
Transceiver has not set TCL high. This error indicates that a command requiring returned information has 
been sent, and the DCL has gone high indicating the transceiver is to return data, and the TCL has gone low 
to flag the R2008D/R2010D to read the data from the manual bus, however, the TCL has not gone back high 
to indicate the R2008D/R2010D has read the manual bus. The transceiver should return the TCL high when it 
senses that the R2008D/R2010D has lowered the clock line (CL) and has returned it high after reading data 
from the transceiver on the manual bus. 

ERROR 26 
Transceiver not powered up. The transceiver unit did not turn on or is not connected to a power source. 
Check all power C<?nnections and Re-Try the command. 

ERROR 27 
Transceiver did not accept all command words. The transceiver unit did not acknowledge receipt of all data 
sent by the R2008D/R2010D. 

ERROR 28 
Transceiver did not send all response words. The transceiver unit did not send all expected data to the 
R2008D/R2010D. 

ERROR 29 
Too many bits in response word. 

ERROR 30 
Too few bits in response word. 

ERROR 31 
Transceiver timed out in idle state. 

ERROR 32 
Transceiver timed out in data state. 

Error 29, 30, 31, and 32 usually mean that the microprocessor in the transceiver malfunctioned. 

ERROR 33 
Opcode error-transceiver did not recognize a command word-usually with another error code. 

ERROR 34 
Transceiver did not transmit any response. 

Words to the R2008D/R2010D. Check radio power and cabling connections to eliminate obvious sources of 
trouble and try again. 

32 



01 SUSPEND 

02 RESTART 

03 STATUS 

04 RESET 

APPENDIX F 
MANUAL TEST COMMANDS 

-Terminate the normal mode and enter the test mode. Perform initialization as specified b 
the INIT command and await further test commands. The autonomous timer shall be rest 
periodically unless a RESETOFF command received. 

-Terminate the test mode, enter the normal mode and restart call processing tasks. 

-Return the transceiver unit status to the R2008D/R2010D. Status definitions are: 

PL: Power level 0 (highest) - 7 (lowest) 
CARR: carrier (1-on) 
TN: Signaling tone (I-on) 
TXM: Transmit audio mute (!-muted) 
RXM: Receive audio mute (1-muted) 
WS: Word synchronization (1-ws acquired) 
MODE: !-control channel, 0-voice channel 
Bl: Current state of majority voted busy/idle 

(0-busy, !-idle) 
SAT: SAT frequency is encoded as follows: 

00- 5970HZ 
OJ -6000HZ 

· 10- 6030HZ 
II- NO SAT LOCK 

- Reset the autonomous timer 

05 TURNAROUND -echo the byte following the command to the R2008D/R2010D 
-requires I byte additional data 

06 INIT - lnrtialize the transceiver unit to the following state: 
l - Carrier off 
2- Attenuation - 0 DB 
3 - Receive audio muted 
4 - Transmit audio muted 
5 - Signaling tone off 
6 - Autonomous timer reset and its periodic resetting enabled 
7- SAT-OFF 
8 - DTMF and audio tones-off 

07 CARRIER-ON -Turn the carrier on. Transpond sat only if the SA TON command was previously receive< 

08 CARRIER-OFF -Turn the carrier off. 

09 LOAD-SYNTH -Set the synthesizer to the channel specified by the 4 digits following the command: e.g. 03~ 
sets synthesizer to channel #334. 

10 SET-ATTN -Set the RF power attenuation to the value specified in the data byte following the cor 
man d. 

0-1 for lowest to high - attenuation 

11 RXMUTE -Mute the receive-audio signal. 

12 RXUNMUTE - Unmute the receive-audio signal. 

13 TXMUTE -Mute the transmit-audio signal. 

14 TXUNMUTE - Unmute the transmit-audio signaL 

15 RESETOFF (Discontinue periodic resetting of the autonomous timer (allow timer to time out). 

16 STON -Transmit a continuous signaling tone. 
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17 STOFF 

18 SETUP 

19 VOICE 

20 RCVSU 

21 RCVVC 

• Stop transmission of the signaling tone. 

-Transmit a 5-word reverse control channel message. The digital color code shall be 11 and 
-each of the five words shall consist of the following 48-bit data pattern (repeated 5 times): ( 
FF,OO,AA,55,CC,33. No channel scan,'busy-idle determination, or BCH encoding is to be 
performed. (There may or may not be forward control channel data present). The trans­
ceiver unit shall turn on the carrier at the start of transmission and turn off the carrier at the 
termination. 

-Transmit a 2-word reverse volte channel message. Each of the 2 words shall consist of the 
same 48-bit data pattern specified for the setup command. The Transceiver unit shall turn 
on the carrier at the start of transmission and turn off the carrier at the termination. 

- Receive a 2-word forward control channel message, perform majority voting but no error 
correction and return the 10 bytes of data received to the TS. 

-Receive a 1-word forward voice channel message perform majority voting but no error cor­
rection, and return the 5 bytes of data received to the TS. 

-Return the information contained in the number assignment module (NAM) to the TS. 

-Number assignment module. The number assignment module (NAM) is a separate entity in 
the mobile equipment that shall store the following information. 

-System identification of home mobile service area (SID). The SID is a 15-bit number that is 
used by the mobile equipment to make the home/roam decision. 

-Local use mark. This 1-bit mark is used to make the local control state decision. 

-Min mark. This 1-bit mark when set to 'I' indicates that home mobile equipment shall send 
extended address information upon origination and page response. 

-Mobile Identification number (MIN). The MIN (consisting of MIN 1 and MIN2) is a 34-bit 
number that identifies the mobile equipment. 

-Station class mark (SCM). The SCM is a 4-bit number that identifies the type of the mobile 
equipment. 

-Initial paging channels in home MSA (IPCH). The IPCH is an It-bit number that is the 
channel number of the first control channel on which the mobile equipment will receive 
pages when it is in its home MSA. 

-Access overload class (ACCOLC). The ACCOLC is a 4-bit number that identifies which 
overload class field is used to control access by the mobile equipment. 

-Preferred system mark. This 1-bit mark when set to '1' identifies that the mobile 
equipment's preferred system is system A; otherwise, the preferred system is system. 

-Group identification mark (GIM). The GIM is a 4-bit number indicating how many bits of 
the SIDH, starting with the most significant, comprise the group identification. 

-Lock combination. This 12-bit number represents the sequence of three decimal digits that 
is used in unlocking the mobile equipment. 

.. 
-End-to-end signaling mark. This 1-bit mark when set to '1' indicates that the mobile equip­

ment will have a DTMF keypad while in conversation mode. 

- Repertory mark. This 1-bit mark when set to '1' indicates that the mobile equipment is op­
tioned for repertory storage. 

-Horn-alert mark. This 1-bit mark when set to '1' indicates that the mobile equipment is op­
tioned for horn-alert. 

( 
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23 VERSION 

24 SEND-SN 

25 MEM 

26 RSVSI 

27 RCVVI 

28 WSTS 

29 WSTV 

30 BIBIT 

31 TERMINATE 

32 SATON 

33 SATOFF 

34 CDATA 

15 HITNON 

36 HITNOFF 

37 LOTNON 

38 LOTNOFF 

39 INVM 

-Hands-free mark. This 1-bit mark when set to 'J' indicates that the mobile equipment is 01 
tioned for use with a hands-free control unit. 

-Return the software version information to the R2008D/R2010D. 
.., 

-Return the 32-bit serial number to the R2008D/R2010D. Display in hexadecimal. 

-Return the resident memory data located at the address specified in the 2 bytes followin 
the command. The first and second bytes shall contain, respectively, the most and lea! 
significant parts of the 16-bit address. 

-Receive contiguous 1-word messages on the control channel. Perform majority voting an. 
error correction on each message. Maintain separate counts of the number of uncorrectabl 
and correctable errors detected until a terminate command is received. If the count exceed 
255 (decimal), a count of 255 is to be returned. 

- Same as RCVS I except on the voice channel. • 
-Receive contiguous 1-word messages on the control channel. Maintain a count of th 

number of word synchronization sequences (11100010010) detected until a terminate com 
mand is received. The counter shall be 16 bits wide and the data shall be returned in th1 
following format: 

BYTE I 15------ 8 
BYTE 2 1 - - - - - - 0 

-Same as WSTS except on the voice channel. 

- Receive continiuous forward control channel data, extract and perform majority voting or 
the busy-idle bits, and respond to status commands, and reiUrn the currem state of the rna· 
jority voted busy-idle bit. Reception of an INIT command terminates sequence. 

-Terminate operation off the previously issued RCVSI, RCVVI, WSTS, or WSTV corn· 
mand and return the data collected to the TS. 

-Enable the transmission of SAT. The byte of data following the operational code shall con· 
tain the color code of the SAT frequency that the transceiver unit may expect to receive (see 
table below). SAT shall be transmitted if the carrier is currently on or if a subsequent 
carrier-on command is received. 

COLOR CODE VALUE 
00 
OJ 
02 

-Disable the transmission of SAT. 

SAT FREQUENCY 
5970HZ 
6000HZ 
6030HZ 

-Transmit continuous 5-word reverse control channel messages. The digital color code shall 
be 10. Each of the 5 words shall consist of the 48-bit data pattern specified by the 6 bytes of 
data following the command. The data messages shall be contiguous. Subsequent reception 
of an init command shall terminate the transmission. The transceiver unit shall turn on the 
carrier at the start of the transmission. 

-Activate the high audio tone {1150 HZ) and apply it to the receive-audio line. 

Deactivate the high audio tone. 

-Activate the low audio tone (770 HZ) and apply it to the receive-audio line. 

-Deactivate the low audio tone. 

-Initialize non-volatile memory. Set registration memory and called-address repertory 
memory to zeros. Set lock state to active (locked). 
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40 RNVM 

41 WNVM 

42 DTMFON 

43 DTMFOFF 

-Read non-volatile memory and return to TS. The least-significant bit of the first byte 
transmitted shall contain the lock state, 1-active (locked). The next 80 bytes transmitted 
shall contain the called-address repertory (10 called-addresses (0-9), 8 bytes each). The first 
byte transmitted shall contain the two most-significant digits of called-address 9. The next ~ 
20 bytes shall contain the registration memory (4 entries of 5 bytes each) in the format 
shown below. Each group of 5 bytes shall be transmitted with the most-significant byte 
first. 

-Receive 101 bytes from the TS iformatted as in TNVM) and wr~te them to the non-volatile 
memory. 

-Activate the DTMF generator with the tones associated with the keycode given in the byte 
following the command. Apply DTMF signals to the modulator and DTMF sidetone to the 
receive-audio line. 

KEY CODES 
00-09 CORRESPOND TO 0-9 ON KEYPAD 
10 * 15 AUX ALERT 
11 # 16 CLR 
12 SEND 17 STORE 
13 END 18 RECALL 
14 LOCK 19 MUTE 

-deactivate the DTMF generator. 

( 
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APPENDIX G 
EPSON RX-80/LX·80 PRINTER SETUP 

The optional RT-RX80/8148 printer as shipped by EPSON is configured for parallel operation. To use it with th 
R2008D/R2010D, the 8148 serial interface card must be installed. Both the main PC board in the printer and the inter 
face card have a series of DIP switches that must be set as follows: 

DIP SWI 

DIP SWI 

l-1 off 
1-2 off 
1-3 off 
1-4 off 
1-5 off 
1-6 on 
1-7 on 
1-8 on 

1-1 off 
1-2 off 
1-3 off 
1-4 off 
1-5 on 
1-6 off 
1-7 off 
1-8 off 

Leave jumpers in factory set position. 

Main Board 
DIP SW2 2-1 on 

2-2 on 
2-3 off 
2-4 off 

8148 Serial Board 
DIP SW2 2-1 on (off-parallel) 

2-2 on 
2-3 off 
2-4 off 
2-5 off 
2-6 off 

Note: If the printer is also to be used as a parallel printer for the R-1801A NAM application, DIP SW2-I on the 814 
board may be brought out to an external toggle switch. In this case, leave SW2-l off. 

These switch settings correspond to: 
1200 baud, no parity, 8 bit word length 
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, APPENDIX H 
U.K. CELLULAR SYSTEM ANALYZER (R2010D) DIFFERENCES 

Basically, the U.K. (United Kingdom) TACS cellular system is very similar to the U.S. system. The pertinent dif­
ferences are as follows: 

A. Signaling Tone 
The R20lOD has been modified to accept a signaling tone of 8KHz, at a peak deviation of 6.4 KHz. The 
U.S. system uses a tone of lOKHz. • 

B. System Deviation 
The T ACS system uses the following deviations: 

AUDIO: 2-3 KHz at a standard microphone input. See transceiver manual for required input levels. 

DATA: 6.4 KHz at an 8KHz rate. 

SAT TONES: 1. 7 KHz. 

SIGNALLING TONES: 6.4 KHz. 

C. Channel Frequencies 
The T ACS system uses 1000 channels at 25 KHz channel spacing. The mobile transmitter frequencies start 
at 890.0125 MHz (channel 1) and the mobile receiver is 45 MHz higher (channel I :::: 935.0125 MHz). To 
determine channel frequency, use the following formulas: 

TX frequency :::: (889.9875 + (channel #) x 0.025) MHz 
RX frequency = (934.9875 + (channel #) x 0.025) MHz 

Enter channels into the R20lOD in the format channel #1 :::: 001, channel# 1000 = 000, because the R2010D 
channel field is only 3 digits. Refer to figure 19. 

D. Telephone Number and N.A.M. Protocols 
See the transceiver manufacturer's literature for a full discussion of N.A.M. and telephone number 
formats. · 
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