




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DSP Serial Ports 

.************************************************* , < 

Init SSI Interrupt* 
i************************************************* 

AND I :fI:$FC,MR 
MOVEP :fI:$OlF8,X:PCC 
JMP * 

iUnmask interrupts. 
iTurn on SSI port. 
iWait for interrupt. 

i************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
XMT MOVEP X:(RO)ipl,X:TX iMove data to TX register. 

iCheck channel flag. JSET :fI:O, X:FLG, LEFT 
RIGHT BCLR :fI:O,X:CRB 

MOVE :fI:>$Ol,XO 
iClear SCO indicating right channel data 
iSet channel flag to 1 for next data. 

MOVE XO,X:FLG 
RTI 

LEFT BSET :fI:O,X:CRB 
MOVE :fI:>$OO,XO 
MOVE XO,X:FLG 
RTI 
END 

iSet SCO indicating left channel data. 
iClear channel flag for next data. 

Figure 12-65. Normal Mode Transmit Example (Sheet 2 of 2) 

12.4.7.2.2 Normal Mode Receive 

If the receiver is enabled, a data word will be clocked in each time the frame sync signal is 
generated (internal) or detected (external). After receiving the data word, it will be trans­
ferred from the SSI receive shift register to the receive data register (RX), RDF will be set 
(receiver full), and the receive interrupt will occur if it is enabled (RIE=1). 

The DSP program has to read the data from RX before a new data word is transferred from 
the receive shift register; otherwise, the receiver overrun error will be set (ROE=1). 

Figure 12-67 illustrates the program that receives the data transmitted by the program 
shown in Figure 12-65. Using the flag to identify the channel, the receive program receives 
the right- and left-channel data and separates the data into a right data buffer and a left data 
buffer. The program shown in Figure 12-67 begins by setting equates and then using a JSR 
instruction at the receive interrupt vector location to form a long interrupt. The main program 
starts by initializing pointers to the right and left data buffers. The IPR, CRA, and CRB are 
then initialized. The clock divider bits in the CRA do not have to be set since an external re­
ceive clock is specified (SCKD=O). Pin SCO is specified as an input flag (SYN=1, SCDO=O); 
pin SC2 is specified as TX and RX frame sync (SYN=1, SCD2=O). The SSI port is then en­
abled and interrupts are unmasked, which allows the SSI port to begin data reception. A 
jump-to-self instruction is then used to hang the processor and allow interrupts to receive 
the data. Normally, the processor would execute useful instructions while waiting for the re­
ceive interrupts. When an interrupt occurs, the JSR instruction at the interrupt vector location 
transfers control to the RCV subroutine. The input flag is tested, and data is put in the left or 
right data buffer depending on the results of the test. The RTI instruction then returns control 
to the main program, which will wait for the next interrupt. 
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;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
IPR EQU$FFFF 
SSISR EQU$FFEE 
CRA EQU$FFEC 
CRB EQU$FFED 
PCC EQU$FFE1 
RX EQU$FFEF 
FLG EQU$OO10 
;************************************************* 

INTERRUPT VECTOR* 
;************************************************* 

ORGP:$OOOC 
JSRRCV 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORGP:$40 
MOVE#O,RO;Pointer to memory buffer for 
MOVE#$08,R1;received data. Note data will be 
MOVE#l,MO;split between two buffers which are 
MOVE#1,M1;modulus 2. 

Figure 12-66. Normal Mode Receive Example (Sheet 1 of 2) 

;************************************************* 
Initialize SSI Port* 

;************************************************* 
MOVEP#$3000,X:IPR;Set interrupt priority register for SSI. 
MOVEP#$4000,X:CRA;Set word length = 16 bits. 
MOVEP#$A300,X:CRB;Enable RIE and RE; synchronous 

;mode with bit frame sync; 
;clock and frame sync are 
;external; SCO is an output. 

;************************************************* 
Init SSI Interrupt* 

;************************************************* 
ANDI#$FC,MR;Unmask interrupts. 
MOVEP#$OlF8,X:PCC;Turn on SSI port. 
JMP* ;Wait for interrupt. 

;************************************************* 
MAIN INTERRUPT ROUTINE* 

;************************************************* 
RCV JSET#O,X:SSISR, RIGHT;Test SCo flag. 
LEFT MOVEPX:RX,X:(RO)+;If SCO clear, receive data 

RTI ;into left buffer (RO). 
RIGHT MOVEPX:RX,X:(R1)+;If SCO set, receive data 

RTI ;into right buffer (R1). 
END 

Figure 12-67. Normal Mode Receive Example (Sheet 2 of 2) 

12.4.7.3 NETWORK MODE EXAMPLES 
The network mode, the typical mode in which the DSP would interface to a TOM codec net­
work or a network of DSPs, is compatible with Bell and CCITT PCM data/operation formats. 
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MASTER TRANSMIT 

MASTER RECEIVE 

DSP56002 MASTER DSP56002 SLAVE 1 DSP56002 SLAVE 2 DSP56002 SLAVE 3 

STD ~ STD ~ STD - STD ~ 

SRD ~ SRD ~ SRD ......- SRD f+.-

SCK ~ SCK ~ SCK ......- SCK i+--

SC2 - SC2 ~ SC2 ~ SC2 ... 
TIME SLOT 1 TIME SLOT 2 TIME SLOT 3 TIME SLOT 4 

MASTER CLOCK 

MASTER SYNC 

Figure 12-68. Network Mode Example 

The DSP may be a master device (see Figure 12-68) that controls its own private network 
or a slave device that is connected to an existing TDM network, occupying one or more time 
slots. The key characteristic of the network mode is that each time slot (data word time) is 
identified by an interrupt or by polling status bits, which allows the option of ignoring the time 
slot or transmitting data during the time slot. The receiver operates in the same manner ex­
cept that data is always being shifted into the receive shift register and transferred to the RX. 
The DSP reads the receive data register and uses or discards the contents. Overrun and 
underrun errors are detected. 

The frame sync signal indicates the beginning of a new data frame. Each data frame is di­
vided into time slots; transmission or reception can occur in each time slot (rather than in 
just the frame sync time slot as in normal mode). The frame rate dividers (controlled by DC4, 
DC3, DC2, DC1, and DCD) control the number of time slots per frame from 2 to 32. Time­
slot assignment is totally under software control. Devices can transmit on multiple time slots, 
receive multiple time slots, and the time-slot assignment can be changed dynamically. 

A simplified flowchart showing operation of the network mode is shown in Figure 12-69. Two 
counters are used to track the current transmit and receive time slots. Slot counter one 
(SLOTCT1) is used to track the transmit time slot; slot counter two (SLOTCT2) is used for 
receive. When the transmitter is empty, it generates an interrupt; a test is then made to see 
if it is the beginning of a frame. If it is the beginning of a frame, SLOTCT1 is cleared to start 
counting the time slots. If it is not the beginning of a frame, SLOTCT1 is incremented. The 
next test checks to see if the SSI should transmit during this time slot. If it is time to transmit, 
data is written to the TX; otherwise, dummy data is written to the TSR, which prevents a 
transmit underrun error from occurring and three-states the STD pin. The DSP can then re­
turn to what it was doing before the interrupt and wait for the next interrupt to occur. 
SLOTCT1 should reflect the data in the shift registers to coincide with TFS. Software must 
recognize that the data being written to TX will be transmitted in time slot SLOTCT1 plus 
one. 

The receiver operates in a similar manner. When the receiver is full, an interrupt is generat­
ed, and a test is made to see if this is the beginning of a frame. If it is the beginning of a 
frame, SLOTCT2 is cleared to start counting the time slots. If it is not the beginning of a 
frame, SLOTCT2 is incremented. The next test checks to see if the data received is intended 
for this DSP. If the current time slot is the one assigned to the DSP receiver, the data is kept; 
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otherwise, the data is discarded, and the DSP can then return to what it was doing before 
the interrupt. SLOTCT2 should reflect the data in the receive shift register to coincide with 
the RFS flag. Software must recognize that the data being read from RX is for time slot 
SLOTCT2 minus two. 

Initializing the network mode is accomplished by setting the bits in CRA and CRB as follows 
(see Figure 12-70): 

1. The word length must be selected by setting WL 1 and WLO. In this example, an 8-bit 
word length was chosen (WL 1=0 and WLO=O). 

2. The number of time slots is selected by setting DC4-DCO. Four time slots were chosen 
for this example (DC4-DCO=$03). 

3. The serial clock rate must be selected by setting PSR and PM7-PMO (see Table 12-
17 and Table 12-18). 

4. RE and TE must be set to activate the transmitter and receiver. If interrupts are to be 
used, RIE and TIE should be set. RIE and TIE are usually set after everything else is 
configured and the DSP is ready to receive interrupts. 

5. The network mode must be selected (MOD=1). 

6. A continuous clock is selected in this example by setting GCK=O. 

7. Although it is not required for the network mode, synchronous clock control was se­
lected (SYN=1). 

8. The frame sync length was chosen in this example as word length (FSL 1 =0) for both 
transmit and receive frame sync (FSLO=O). Any other combinations could have been 
selected, depending on the application. 

9. Control bits SHFD, SCKD, SCD2, SCD1, SCDO, and the flag bits (OF1 and OFO) 
should be set as needed for the application. 

12.4.7.3.1 Network Mode Transmit 
When TE is set, the transmitter will be enabled only after detection of a new data frame sync. 
This procedure allows the SSI to synchronize to the network timing. 

Normal startup sequence for transmission in the first time slot is to write the data to be trans­
mitted to TX, which clears the TDE flag. Then set TE and TIE to enable the transmitter on 
the next frame sync and to enable transmit interrupts. 

Alternatively, the DSP programmer may decide not to transmit in the first time slot by writing 
any data to the time slot register (TSR). This will clear the TDE flag just as if data were going 
to be transmitted, but the STD pin will remain in the high-impedance state for the first time 
slot. The programmer then sets TE and TIE. 

When the frame sync is detected (or generated), the first data word will be transferred from 
TX to the transmit shift register and will be shifted out (transmitted). TX being empty will 
cause TDE to be set, which will cause a transmitter interrupt. Software can poll TDE or use 
interrupts to reload the TX register with new data for the next time slot. Software can also 
write to TSR to prevent transmitting in the next time slot. Failing to reload TX (or writing to 
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SSI CONTROL REGISTER A (CRA) 
(READNVRrrE) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
X:$FFEC 

WL1 WLO DC4 DC3 DC2 DC1 DCO 

'--v--' '-
8-BIT WORD LENGTH 

SSI CONTROL REGISTER B (CRB) 
(READNVRITE) 

~ 
./ 

FOUR TIME SLOTS 

15 14 13 12 11 10 9 8 7 6 4 3 2 o 

X:$FFE 

MOD 
SSI MODE SELECT 

1 = NETWORK 

GCK-----... 
GATED CLOCK CONTROL 
o = CONTINUOUS CLOCK 

SYN-------~ 

SCD2 
SERIAL CONTROL 2 DIRECTION 
1 = OUTPUT (MASTER) 
0= INPUT (SLAVE) 

SCKD 
CLOCK SOURCE DIRECTION 
1 = OUTPUT (MASTER) 
o = INPUT (SLAVE) 

SYNC/ASYNC CONTROL 
1 = SYNCHRONOUS 

L-_______ FLSO 

FRAME SYNC LENGTH 0 

SERIAL 
CLOCK 

FRAME--.J 
SYNC 

7 

X:$FFEE RDF 

X:$FFEE * 

0= TX. RX SYNC SAME LENGTH 

L-_________ FSL1 

6 5 4 3 2 

TDE ROE TUE RFS TFS 

* * * * * 

INTERNAL TX FLAGS AND INTERRUPTS 

o 

IF1 IFO 

* * 

FRAME SYNC LENGTH 1 
0= WORD WIDTH 

SSI STATUS REGISTER (SR) 
(READ) 

SSI TIME SLOT REGISTER B (TSR) 
(WRrrE) 

L 

---------------------~----------------------r- --..", 
t t t t ;--t_ 

SERIALDATAX SLOT 1 X SLOT2 X SLOT3 X SLOT4 X SLOT 1 ~ 

t t t t t 
'--------------------- ------------------~ ---.........--

INTERNAL RX FLAGS AND INTERRUPTS 

Figure 12-70. Network Mode Initialization 
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the TSR) before the transmit shift register is finished shifting (empty) will cause a transmitter 
underrun. The TUE error bit will be set, causing the previous data to be retransmitted. 

The operation of clearing TE and setting it again will disable the transmitter after completion 
of transmission of the current data word until the beginning of the next frame sync period. 
During that time, the STO pin will be three-stated. When it is time to disable the transmitter, 
TE should be cleared after TOE is set to ensure that all pending data is transmitted. 

The optional output flags are updated every time slot regardless of TE. 

To summarize, the network mode transmitter generates interrupts every time slot and re­
quires the OSP program to respond to each time slot. These responses can be: 

1. Write data register with data to enable transmission in the next time slot 

2. Write the time slot register to disable transmission in the next time slot 

3. Do nothing - transmit underrun will occur the at beginning of the next time slot, and 
the previous data will be transm itted 

Figure 12-71 differs from the program shown in Figure 12-65 only in that it uses the network 
mode to transmit only right-channel data. A time slot is assigned for the left-channel data, 
which could be inserted by another OSP using the network mode. In the "Initialize SSI Port" 
section of the program, two words per frame are selected using CRA, and the network mode 
is selected by setting MOD to one in the CRB. The main interrupt routine, which waits to 
move the data to TX, only transmits data if the current time slot is for the right channel. If the 
current time slot is for the left channel, the TSR is written, which three-states the output to 
allow another DSP to transmit the left channel during the time slot. 
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;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
IPR EQU $FFFF 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFE1 
TX EQU $FFEF 
TSR EQU $FFEE 
FLG EQU $0010 

ORG X:O 
DC $AAAAOO ;Data to transmit 
DC $333300 
DC $CCCCOO 
DC $FOFOOO 

;************************************************* 
INTERRUPT VECTOR* 

;************************************************* 
ORG P:$0010 
JSR XMT 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG 
MOVE 
MOVE 
MOVE 
MOVE 

P:$40 
:fI:O,RO 
:fI:3,MO 
:fI:O,XO 
XO,X:FLG 

;Pointer to data buffer 
;Set modulus to 4 
;Initialize user flag for SSI flag. 
;Start with the right channel 

Figure 12-71. Network Mode Transmit Example Program (Sheet 1 of 2) 
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;************************************************* 
Initialize SSI Port* 

;************************************************* 
MOVEP #$3000,X:IPR 
MOVEP #$411F,X:CRA 

;Set interrupt priority register for SSI 
;Set continuous clock=5.12/32 MHz 

MOVEP #$5B34,X:CRB 
;word length=16 
;Enable TIE and TE; make clock and 
;frame sync outputs; frame 
;sync=bit mode; synchronous mode; 
;make SCO an output 

;************************************************* 
Init SSI Interrupt* 

;************************************************* 
AND I #$FC,MR 
MOVEP #$OlF8,X:PCC 
JMP * 

;Unmask interrupts 
;Turn on SSI port 
iWait for interrupt 

;************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
XMT 

JSET #O,X:FLG,LEFT iCheck user flag 
RIGHT BCLR 

MOVEP 
#O,X:CRB 
X: (RO) +,X:TX 

;Clear SCO indicating right channel data 
iMove data to TX register 

MOVE 
MOVE 
RTI 

LEFT BSET 
MOVEP 
MOVE 
MOVE 
RTI 
END 

#>$Ol,XO 
XO,X:FLG 

#O,X:CRB 
XO,X:TSR 
#>$OO,XO 
XO,X:FLG 

iSet user flag to 1 
;for next data 

iSet SCO indicating left channel data 
;Write to TSR register 
;Clear user flag 
ifor next data 

Figure 12-72. Network Mode Transmit Example Program (Sheet 2 of 2) 
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i************************************************* 
SSI and other I/O EQUATES* 

i************************************************* 
IPR EQU $FFFF 
SSISR EQU $FFEE 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFE1 
RX EQU $FFEF 
;************************************************* 

INTERRUPT VECTOR* 
;************************************************* 

ORG P:$OOOC 
JSR RCV 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG P:$40 
MOVE #O,RO ;Pointer to memory buffer 
MOVE #$08,R1 ;received data. Note data 
MOVE #3,MO ;split between two buffers 
MOVE #3,M1 ; modulus 4. 

;************************************************* 
Initialize SSI Port* 

;************************************************* 

for 
will be 

which are 

MOVEP #$3000,X:IPR 
MOVEP #$4100,X:CRA 
MOVEP #$ABOO,X:CRB 

;Set interrupt priority register for SSI. 
iSet word length = 16 bits. 
iEnable RIE and REi synchronous 
imode with bit frame synci 
iclock and frame sync are 
iexternali SCO is an input. 

Figure 12-73. Network Mode Receive Example Program (Sheet 1 of 2) 

i************************************************* 
Init SSI Interrupt* 

i************************************************* 
AND I #$FC,MR 
MOVEP #$OlF8,X:PCC 
JMP * 

iUnmask interrupts. 
iTurn on SSI port. 
;Wait for interrupt. 

i************************************************* 
MAIN INTERRUPT ROUTINE* 

i************************************************* 
RCV 
LEFT 

JSET #O,X:SSISR, RIGHTiTest SCO flag. 
MOVEP X:RX,X:(RO)+ ;If SCO clear, receive data 
RTI ;into left buffer (RO). 

RIGHT MOVEP X:RX,X: (R1)+ 
RTI 
END 

iIf SCo set, receive data 
iinto right buffer (Rl). 

Figure 12-74. Network Mode Receive Example Program (Sheet 2 of 2) 

12.4.7.3.2 Network Mode Receive 
The receive enable will occur only after detection of a new data frame with RE set. The first 
data word is shifted into the receive shift register and is transferred to the RX, which sets 
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RDF if a frame sync was received (i.e., this is the start of a new frame). Setting RDF will 
cause a receive interrupt to occur if the receiver interrupt is enabled (RIE=1). 

The second data word (second time slot in the frame) begins shifting in immediately after 
the transfer of the first data word to the RX. The DSP program has to read the data from RX 
(which clears RDF) before the second data word is completely received (ready to transfer 
to RX), or a receive overrun error will occur (ROE=1), and the data in the receiver shift reg­
ister will not be transferred and will be lost. 

If RE is cleared and set again by the DSP program, the receiver will be disabled after receiv­
ing the current time slot in progress until the next frame sync (first time slot). This mecha­
nism allows the DSP programmer to ignore data in the last portion of a data frame. 

NOTE 

The optional frame sync output and clock output signals are not 
affected, even if the transm itter and/or receiver are disabled. TE 
and RE do not disable bit clock and frame sync generation. 

To summarize, the network mode receiver receives every time slot data word unless the re­
ceiver is disabled. An interrupt can occur after the reception of each data word, or the pro­
grammer can poll RDF. The DSP program response can be 

1. Read RX and use the data 

2. Read RX and ignore the data 

3. Do nothing - the receiver overrun exception will occur at the end of the current time 
slot 

4. Toggle RE to disable the receiver until the next frame, and read RX to clear RDF 

Figure 12-73 is. essentially the same program shown in Figure 12-66 except that this pro­
gram uses the network mode to receive only right-channel data. In the "Initialize SSI Port" 
section of the program, two words per frame are selected using the DC bits in the CRA, and 
the network mode is selected by setting MOD to one in the CRB. If the program in Figure 
12-71 is used to transmit to the program in Figure 12-73, the correct data will appear in the 
data buffer for the right channel, but the buffer for the left channel will probably contain 
$000000 or $FFFFFF, depending on whether the transmitter output was high or low when 
TSR was written and whether the output was three-stated. 

12.4.7.4 ON-DEMAND MODE EXAMPLES 
A divide ratio of one (DC=OOOOO) in the network mode is defined as the on-demand mode 
of the SSI because it is the only data-driven mode of the SSI- i.e., data is transferred when­
ever data is present (see Figure 12-75 and Figure 12-76). STD and SCK from DSP1 are 
connected to DSP2 - SRD and SCO, respectively. SCO is used as an input clock pin in this 
application. Receive data and receive data clock are separate from the transmit signals. On­
demand data transfers are nonperiodic, and no time slots are defined. When there is a clock 
in the gated clock mode, data is transferred. Although they are not necessarily needed, 
frame sync and flags are generated when data is transferred. Transmitter underruns (TUE) 
are impossible in this mode and are therefore disabled. In the on-demand transmit mode, 
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two additional SSI clock cycles are automatically inserted between each data word transmit­
ted. This procedure guarantees that frame sync will be low between every transmitted data 
word or that the clock will not be continuous between two consecutive words in the gated 
clock mode. The on-demand mode is similar to the SCI+ shift register mode with SSFTD 
equals one and SCKP equals one. The receiver should be configured to receive the bit clock 
and, if continuous clock is used, to receive an external frame sync. Therefore, for all full-du­
plex communication in on-demand mode, the asynchronous mode should be used. The on­
demand mode is SPI compatible. 

DSP56002 DSP56002 
DSP1 DSP2 

srD SRD 

SCK SCQ 

SRD srD 

sco SCK 

Figure 12-75. On Demand Example 

Initializing the on-demand mode for the example illustrated in Figure 12-76 is accomplished 
by setting the bits in CRA and CRB as follows: 

1. The word length must be selected by setting WL 1 and WLO. In this example, a 24-bit 
word length was chosen (WL 1 =1 and WLO=1). 

2. The on-demand mode is selected by clearing DC4-DCO. 

3. The serial clock rate must be selected by setting PSR and PM7-PMO (see Table 12- ~ 
17 and Table 12-18). ~ 

4. RE and TE must be set to activate the transmitter and receiver. If interrupts are to be 
used, RIE and TIE should be set. RIE and TIE are usually set after everything else is 
configured and the DSP is ready to receive interrupts. 

5. The network mode must be selected (MOD=1). 

6. A gated clock (GCK=1) is selected in this example. A continuous clock example is 
shown in Figure 12-71. 

7. Asynchronous clock control was selected (SYN=O) in this example. 

8. Since gated clock is used, the frame sync is not necessary. FSL 1 and FSLO can be 
ignored. 

9. SCKD must be an output (SCKD=1). 

10. SCDO must be an input (SCDO=O). 

11. Control bit SHFD should be set as needed for the application. Pins SC1 and SC2 are 
undefined in this mode (see Table 12-15) and should be programmed as general-pur­
pose I/O pins. 
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SSI CONTROL REGISTER A (CRA) 
(READiWRITE) 

15 14 13 12 

WL1 WLO DC4 
"---v-----I \... 

24-BIT WORD LENGTH 

SSI CONTROL REGISTER B (CRB) 
(READiWRITE) 

15 14 13 

MOD 
SSI MODE SELECT 

1 = NETWORK 

12 

11 10 

DC3 DC2 

"'v'"" 
ON-DEMAND 

11 10 

GCK----.... 
GATED CLOCK CONTROL 

1 =GATED CLOCK 

9 

DC1 

9 

SYN------....I 
SYNC/ASYNC CONTROL 

o = ASYNCHRONOUS 

TRANSMIT CLOCK ----' 

8 6 

DCO 
/ 

8 7 6 

5 4 3 2 

5 4 3 2 

1.-_____ SCKD 

CLOCK SOURCE 
DIRECTION 
1 = OUTPUT 

0 

0 

TRANSMIT DATA ___ ~<:~ _____ 2_~_BI_T_DA_TA_F_R_O_M_DS_P_l_TO_D_S_P2 ___ -J~>-------

RECEIVE CLOCK 

TWO SSI BIT CLOCKS (MIN.) 

RECEIVE DATA DSP2TO DSPl 24-BIT DATA FROM DSP2 TO DSPl 

NOTE: Two 881 bit clock times are automatically inserted between each data word. This guarantees 
frame sync will be low between every data word transmitted and the clock will not be continuous for 
two consecutive data words. 

Figure 12-76. On-Demand Data-Driven Network Mode 

12.4.7.4.1 On-Demand Mode - Continuous Clock 
This special case will not generate a periodic frame sync. A frame sync pulse will be gener­
ated only when data is available to transmit (see Figure 12-77(a». The frame sync signal 
indicates the first time slot in the frame. The on-demand mode requires that the transmit 
frame sync be internal (output) and the receive frame sync be external (input). Therefore, 
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for simplex operation, the synchronous mode could be used; however, for full-duplex oper­
ation, the asynchronous mode must be used. Data transmission that is data driven is en­
abled by writing data into TX. Although the SSI is double buffered, only one word can be 
written to TX, even if the transmit shift register is empty. The receive and transmit interrupts 
function as usual using TDE and RDF; however, transmit and receive underruns are impos­
sible for on-demand transmission and are disabled. This mode is useful for interfacing to co­
decs requiring a continuous clock. 

DATA CHANGES 

I 
SERIAL CLOCK 

I 
DATA STABLE 

FRAME SYNC ~ I 
SERIAL DATA -< ) DATA ~---------------------<<: D~A )~------

(a) Continuous 

SERIAL CLOCK 

SERIAL DATA -< ) DATA ~---------------------<<: DA~ )~------
(b) Gated 

Figure 12-77. Clock Modes 

12.4.7.4.2 On-Demand Mode - Gated Clock 

Gated clock mode (see Figure 12-77(b)) is defined for on-demand mode, but the gated clock 
mode is considered a frame sync source; therefore, in gated clock mode, the transmit clock 
must be internal (output) and the receive clock must be external (input). For on-demand 
mode, with internal (output) synchronous gated clock, output clock is enabled for the trans­
mitter and receiver when TX data is transferred to the transmit data shift register. This SPI 
master operating mode is shown in Figure 12-78. Word sync is inherent in the clock signal, 
and the operation format must provide frame synchronization. 

Figure 12-79 is the block diagram for the program presented in Figure 12-81. This program 
contains a transmit test program that was written as a scoping loop (providing a repetitive 
sync) using the on-demand, gated, synchronous mode with no interrupts (polling) to transmit 
data to the program shown in Figure 12-82. The program also demonstrates using GPIO 
pins as general-purpose control lines. PC3 is used as an external strobe or enable for hard­
ware such as an AID converter. 

The transmit program sets equates for convenience and readability. Test data is then written 
to X: memory, and the data pointer is initialized. Setting MO to two makes the buffer circular 
(modulo 3), which saves the step of resetting the pointer each loop. PC3 is configured as a 
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MASTER SLAVE 

SHIFT REGISTER SHIFT REGISTER 

SPI 
CLOCK GENERATOR 

DSP1 DSP2 

Figure 12-78. SPI Configuration 

general-purpose output for use as a scope sync, and CRA and CRB are then initialized. Set­
ting the PCC bits begins SSI operation; however, no data will be transmitted until data is writ­
ten to TX. PC3 is set high at the beginning of data transmission; data is then moved to TX 
to begin transmission. A JCLR instruction is then used to form a wait loop until TOE equals 
one and the SSI is ready for another data word to be transmitted. Two more data words are 
transmitted in this fashion (this is an arbitrary number chosen for this test loop). An additional 
wait is included to make sure that the frame sync has gone low before PC3 is cleared, indi­
cating on the scope that transmission is complete. A wait of 100 NOPs is implemented by 
using the REP instruction before starting the loop again. 

DSP56002 DSP56002 

PC3 

SC2 
SRD 

STD 

SCK 1-----r-----1 SCK 

15 

Figure 12-79. On-Demand Mode Example - Hardware Configuration 

12-114 MC68356 USER'S MANUAL MOTOROLA 



DSP Serial Ports 

;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFEl 
PCD EQU $FFES 
SSISR EQU $FFEE 
TX EQU $FFEF 
PCDDR EQU $FFE3 

ORG X: 0 
DC $AAOOOO ;Data to transmit. 
DC $330000 
DC $FOOOOO 

;************************************************* 
MAIN PROGRAM* 

;************************************************* 
ORG P:$40 
MOVE #O,RO ;Pointer to data buffer 
MOVE #2,MO ;Length of buffer is 3 

Figure 12-80. On-Demand Mode Transmit Example Program (Sheet 1 of 2) 

LOOPO 

TDE1 

TDE2 

TDE3 
FSC 

MOVEP #$08,X:PCDDR 
MOVEP #$OOlF,X:CRA 
MOVEP #$lE30,X:CRB 

MOVEP #$lFO,X:PCC 
BSET #3,X:PCD 

MOVEP X: (R 0) ; p I, X : TX 
JCLR #6,X:SSISR,TDE1 

MOVEP X: (RO) ;pl,X:TX 
JCLR #6,X:SSISR,TDE2 
MOVEP X: (R 0) ; P I, X: TX 
JCLR #6,X:SSISR,TDE3 
JSET #S,X:PCD,FSC 

;SCO (PC3) as general purpose output. 
;Set Word Length=8, CLK=S.12/32 MHz. 
;Enable transmitter, Mode=On- Demand, 
;Gated clock on, synchronous mode, 
;Word frame sync selected, frame 
;sync and clock are internal and 
;output to port pins. 
;Set PCC for SSI and 
;Set PC3 high (this is example enable 
;or strobe for an external device 
:such as an ADC) . 
;Move data to TX register 
;Wait for TDE (transmit data register 
; empty) to go high. 
;Move next data to TX. 
;Wait for TDE to go high. 
;Move data to TX. 
;Wait for TDE=l. 
;Wait for frame sync to go low. NOTE: 
;State of frame sync is directly 
;determined by reading PCS. 
;Set PC3 10 (example external enable) . 

;anything goes here (i.e., any processing) 
BCLR #3,X:PCD 

REP #100 
NOP 
JMP LOOPO ;Continue sequence forever. 
END 

Figure 12-81. On-Demand Mode Transmit Example Program (Sheet 2 of 2) 

Figure 12-82 is the receive program for the scoping loop program presented in Figure 12-
81. The receive program also uses the on-demand, gated, synchronous mode with no inter­
rupts (polling). Initialization for the receiver is slightly different than for the transmitter. In 
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CRB, RE is set rather than TE, and SCKO and SC02 are inputs rather than outputs. After 
initialization, a JCLR instruction is used to wait for a data word to be received (ROF=1). 
When a word is received, it is put into the circular buffer and loops to wait for another data 
word. The data in the circular buffer will be overwritten after three words are received (does 
not matter in this application). 

;************************************************* 
SSI and other I/O EQUATES* 

;************************************************* 
CRA EQU $FFEC 
CRB EQU $FFED 
PCC EQU $FFEl 
PCD EQU $FFES 
SSISR EQU $FFEE 
RX EQU $FFEF 
PCDDR EQU $FFE3 
;************************************************* 

MAIN PROGRAM* 
;************************************************* 

ORG P:$40 
MOVE #O,RO 
MOVE #2,MO 
MOVEP #$OOlF,X:CRA 
MOVEP #$lE30,X:CRB 

MOVEP #$lFO,X:PCC 
LOOP 

;Pointer to data buffer 
;Length of buffer is 3 
;Set Word Length=8, CLK=S.12/32 MHz. 
;Enable receiver, Mode=On-'Demand, 
;gated clock on, synchronous mode, 
;Word frame sync selected, frame 
;sync and clock are external. 
;Set PCC for SSI 

RDFl JCLR #7,X:SSISR,RDFl ;Wait for RDF (receive data register 
;Full) go to high. 

MOVEP X:RX,X: (RO)+ ;Read data from RX into memory. 
JMP LOOP ;Continue sequence forever. 
END 

Figure 12-82. On-Demand Mode Receive Example Program 

12.4.8 Flags 

Two SSI pins (SC1 and SCQ) are available in the synchronous mode for use as serial 110 
flags. The control bits (OF1 and OFQ) and status bits (IF1 and IFQ) are double buffered tol 
from SC1 and SCQ. Oouble buffering the flags keeps them in sync with TX and RX. The di­
rection of SC1 and SCQ is controlled by SC01 and SCDQ in CRB. 

Figure 12-83 shows the flag timing for a network mode example. Initially, neither TIE nor TE 
is set, and the flag outputs are the last flag output value. When TIE is set, a TDE interrupt 
occurs (the transmitter does not have to be enabled for this interrupt to occur). Data (01) is 
written to TX, which clears TOE, and the transmitter is enabled by software. When the frame 
sync occurs, data (01) is transferred to the transmit shift register, setting TOE. Data (01) is 
shifted out during the first word time, and the output flags are updated. These flags will re­
main stable until the next frame sync. The TOE interrupt is then serviced by writing data (02) 
to TX, clearing TOE. After the TSR completes transmission, the transmit pin is three-stated 
until the next frame sync. 
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Figure 12-84 shows a speaker phone example that uses a DSP56002 and two codecs. No 
additional logic is required to connect the codecs to the DSP. The two serial output flags in 
this example (OF1 and OFO) are used as chip selects to enable the appropriate codec for II 
O. This procedure allows the transmit lines to be ORed together. The appropriate output flag 
pin changes at the same time as the first bit of the transmit word and remains stable until 
the next transmit word (see Figure 12-85). Applications include serial-device chip selects, 
implementing multidrop protocols, generating Bell PCM signaling frame syncs, and output­
ting status information. 
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MICROPHONE --~ TXI 

MC15500 
CODEC 

FILTER 1 

SPEAKER PHONE 

TDD t---------.. 

RDD ..-------.. 

TOC - I 
RDC~ 

SPEAKER ~---1 RXO 

:~:LJ 
DSP5002 

J----.SRD 

PHONE LINE ----l~ TXI 

PHONE LINE OUT-~---1 RXO 

MC15500 
CODEC 

FILTER 2 

MSIW OFO 
OUTPUl 
FLAG 0 

t--+----t STD 

I--+--+----f SCK 

L...--i--+--+---t SCO 

r---i--+--+---t SC1 

TOD 1-----+--+---+--' 

RDD ~----+--+-----' 

TOC I' I 
RDC~ OF 

RCE 
TDE~ OUTPUT 

FLAG 1 
MSI 

NOTE: sca and SC1 are output flag a and 1 used to software select 
either filter 1 or 2. 

Figure 12-84. Output Flag Example 

Initializing the flags (see Figure 12-85) is accomplished by setting SYN, SCD1, and SCDO. 
No other control bits affect the flags. The synchronous control bit must be set (SYN=1) to 
select the SC1 and SCO pins as flags. SCD1 and SCDO select whether SC1 and SCO are 
inputs or outputs (input=O, output=1 ).The other bits selected in Figure 12-85 are chosen for 
the speaker phone example in Figure 12-84. In this example, the codecs require that the SSI 
be set for normal mode (MOD=O) with a gated clock (GCK=1) out (SCKD=1). 

Serial input flags, IF1 and IFO, are latched at the same time as the first bit is sampled in the 
receive data word (see Figure 12-86). Since the input was latched, the signal on the input 
flag pin can change without affecting the input flag until the first bit of the next receive data 
word. To initialize SC1 or SCO as input flags, the synchronous control bit in CRB must be 
set to one (SYN=1) and SCD1 set to zero for pin SC1, and SCDO must be set to zero for pin 
SCO. The input flags are bits 1 and 0 in the SSISR (at X:$FFEE). 
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765432 0 

X:$FFEE I RDF I TOE I ROE I TUE I RFS I TFS I IF1 liFO I ~~~~TUS REGISTER (SSISR) 

"---y---J 
INPUT FLAGS 

RECEIVE CLOCK 

RECEIVE DATA 

INPUTFLAG 0 
t SAMPLE 

Figure 12-86. Input Flags 

12.4.9 Example Circuits 

The DSP-to-DSP serial network shown in Figure 12-87 uses no additional logic chips for the 
network connection. All serial data is synchronized to the data source (all serial clocks and 
serial syncs are common). This basic configuration is useful for decimation and data reduc­
tion when more processing power is (leeded than one DSP can provide. Cascading DSPs 
in this manner is useful in several network topologies including star and ring networks. 

DSP56002 DSP56002 DSP56002 DSP56002 

DATA DATA 
IN OUT 

----. SRD STO ~ SRD STO r----- SRD STO r----- SRD STD ~ 

SCK f-- SCK ~ SCK ~ SCK ..-
SC2 I-- SC2 ... SC2 .... SC2 .... 

SERIAL CLOCK 

SERIAL SYNC 

Figure 12-87. SSI Cascaded Multi-DSP System 

TDM networks are useful to reduce the wiring needed for connecting multiple processors. A 
TDM parallel topology, such as the one shown in Figure 12-88, is useful for interpolating fil­
ters. Serial data can be received simultaneously by all DSPs, processing can occur in par­
allel, and the results are then multiplexed to a single serial data out line. This configuration 
can be cascaded and/or looped back on itself as needed to fit a particular application (see 
Figure 12-89). The serial and parallel configurations can be combined to form the array pro­
cessor shown in Figure 12-90. A nearest neighbor array, which is applicable to matrix relax­
ation processing, is shown in Figure 12-91. To simplify the drawing, only the center DSP is 
connected in this illustration. In use, all DSPs would have four three-state buffers connected 
to their STD pin. The flags (SCO and SC 1) on the control master operate the three-state buff-
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DSP56002 

SRD STD 

SCK 

SC2 

DSP56002 

SRD STD 

SCK 

SERIAL SC2 ~. 
SERIAL 

DATA IN DATA OUT 

DSP56002 

SRD STD 

SCK 

SC2 

DSP56002 

SRD STD 

SCK 

SC2 

SERIAL SYNC 

SERIAL CLOCK 

Figure 12-88. 551 TOM Parallel 05P Network 

ers, which control the direction that data is transferred in the matrix (north, south, east, or 
west). 

The bus architecture shown in Figure 12-92 allows data to be transferred between any two 
DSPs. However, the bus must be arbitrated by hardware or a software protocol to prevent 
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DSP56002 DSP56002 

SRD srD SRD srD 

SCK SCK 

SC2 1-------0 SC2 j.--

DSP56002 DSP56002 

SRD srD SRD srD 

SCK SCK 

SC2 f+-- SC2 I......-

DSP56002 DSP56002 

SRD STD SRD STD 

SCK SCK 

SC2 f+-- SC2 f+--

DSP56002 DSP56002 

SRD STD SRD srD 

SCK SCK -
SC2 f+-- SC2 f4--

SERIAL CLOCK 

FRAME SYNC 

Figure 12-89. SSI TOM Connected Parallel Processing Array 

collisions. The master/slave configuration shown in Figure 12-93 also allows data to be 
transferred between any two DSPs but simplifies network control. 
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DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SCK f----.+ SCK i+-- SCK .--
SC2 --+0 SC2 .- SC2 -+-

DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SE RIAL. SER IAL 
IN OUT 

---- SCK ~ ~ SCK f+- I-- SCK l.-I-- I---+-

SC2 I ..... SC2 f+- SC2 I.-

DSP56002 DSP56002 DSP56002 

~ SRD STD SRD STD SRD STD 

SCK ..-- SCK .-10- SCK I-+- r--
SC2 ~ SC2 .- SC2 ~ 

DSP56002 DSP56002 DSP56002 

L.....-. SRD STD SRD STD SRD STD 
G 

SCK I~ --- SCK f+- lo- SCK I.- r--
SC2 ~ SC2 ~ SC2 I-+-

SERIAL CLOCK 

SERIAL SYNC 

Figure 12-90. SSI TOM Serial/Parallel Processing Array 
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DSP56002 DSP56002 DSP56002 

----- SAD STD SAD STD SAD STD 

...- SCO SCK r--- SCK +--- SCK ~ 

...- SC1 SC2 f-+ SC2 +- SC2 ...... -
.. -

DSP56002 DSP56002 DSP56002 

.. SAD STD 

~ 
.. SAD STD - - -

~ 
I--~ ~ --- f4- I-- SCK +- - SCK +-

SC2 f4- SC2 +- SC2 4- -
... -

DSP56002 DSP56002 DSP56002 

----- SAD STD SRD STD SAD STD 

SCK f4- I-- SCK +-I-- SCK -
SC2 14- SC2 +- SC2 --

SERIAL CLOCK 

FRAME SYNC 

Figure 12-91. 551 Parallel Processing - Nearest Neighbor Array 

SEAIALSYNC 

J~ 

SERIAL CLOCK 

,~ 

SEAIAL DATA BUS 

DSP56002 DSP56002 DSP56002 DSP56002 

STD r-- STD • STD • STD ~ 
SRD r- SRD ~ SRD ~ SRD I~ 
SCK 1- SCK ~ SCK ~ SCK I~ 

SC2 fo-- SC2 ~ SC2 ~ SC2 I~ 

Figure 12-92. 551 TOM Bus 05P Network 
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SECTION 13 
IEEE 1149.1 TEST ACCESS PORT 

13.1 INTRODUCTION 

The MC68356 provides a dedicated user-accessible test access port (TAP) that is fully com­
patible with the IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture. 
Problems associated with testing high density circuit boards have led to development of this 
proposed standard under the sponsorship of the Test Technology Committee of IEEE and 
the Joint Test Action Group (JTAG). The MC68356 implementation supports circuit-board 
test strategies based on this standard. 

The MC68356 TAP contains addition signal, TRST, which provides an asynchronous reset 
to the TAP. 

Since the TAP pins are multiplexed with the DSP ONCE port pins, an additional pin, 
JTAG_ONCE, controls whether the TAP is active (JTAG_ONCE = 1) orthe DSP ONCE port 
is active (JTAG_ONCE = 0). 

The test logic includes a test access port (TAP) consisting of six signal pins, a 16-state con­
troller, and two test data registers. A boundary scan register links all device signal pins into 
a single shift register. The test logic, implemented utilizing static logic design, is independent 
of the device system logic. The MC68356 implementation provides the following capabili­
ties: 

1. Perform boundary scan operations to test circuit-board electrical continuity 

2. Bypass the MC68356 for a given circuit-board test by effectively reducing the bound- • 
ary scan register to a single cell 

3. Sample the MC68356 system pins during operation and transparently shift out the re­
sult in the boundary scan register 

4. Disable the output drive to pins during circuit-board testing 

NOTE 

Certain precautions must be observed to ensure that the IEEE 
1149.1 test logic does not interfere with nontest operation. See 
13.11 NON-IEEE 1149.1 Operation for details. 

Additionally, although not specifically part of IEEE 1149.1, the MC68356 contains a signal 
which can be used to three-state all MC68356 output signals. This signal is called three­
state, TRIS. 
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13.2 OVERVIEW 

This section, which includes aspects of the IEEE 1149.1 implementation that are specific to 
the MC68356, is intended to be used with the supporting IEEE 1149.1 document. The dis­
cussion includes those items required by the standard to be defined and, in certain cases, 
provides additional information specific to the MC68356 implementation. For internal details 
and applications of the standard, refer to the IEEE 1149.1 document. 

An overview of the MC68356 implementation of IEEE 1149.1 is shown in Figure 13-2. The 
MC68356 implementation includes a 3-bit instruction register and two test registers, a 1-bit 
bypass register and a 0262-bit boundary scan register. 

In the MC68356, TAP pins are multiplexed with the OSP ONCE port pins. The JTAG_ONCE 
pin controls whether the TAP is active or the OSP ONCE port is active: 

(JTAG_ONCE = 1) - TAP is active. The TAP interface includes the following signals: 

• TCK = a test clock input to synchronize the test logic. This pin has an internal pull-up 
resistor (which is enabled when JTAG_ONCE = 1). 

• TMS= a test mode select input that is sampled on the rising edge of TCK to sequence 
the test controller's state machine. This pin has an internal pull-up resistor. 

• TOI = a test data input that is sampled on the rising edge of TCK. This pin has an inter­
nal pull-up resistor (which is enabled when JTAG_ONCE = 1). 

• TOO = a three-state test data output that is actively driven in the shift-IR and shift-TMS 
controller states. TOO changes on the falling edge of TCK. 

• TRST = an asynchronous reset which provides initialization of the TAP controller and 
other logic as required by the standard.This pin has an internal pull-up resistor (which 
is enabled when JTAG_ONCE = 1). 

(JTAG_ONCE = 0) - OSP ONCE port is active. The TAP controller receives default values 
that cause it to be inactive and internal pull-ups to the OSCK/OS1fTCK, OSI/OSOfTOI, TRST 
pins are disabled. The ORfTMS pin retains its internal an pull-up. 

13-2 

NOTE 

JTAG_ONCE pin has an internal pull-down resistor of 50 kohm. 
To force JTAG_ONCE =1 the user must drive this pin with pull­
up of 10 kohm or less. 
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IEEE 1149.1 Test Access Port 

Figure 13-1. Test Logic Block Diagram 
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13.3 TAP CONTROLLER 

The TAP controller is responsible for interpreting the sequence of logical values on the TMS 
signal. It is a synchronous state machine that controls the operation of the JTAG logic. The 
state machine is shown in Figure 13-2. The value shown adjacent to each arc represents 
the value of the TMS signal sampled on the rising edge of TCK signal. For a description of 
the TAP controller states, please refer to the IEEE 1149.1 document. 
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Figure 13-2. TAP Controller State Machine 

13.4 BOUNDARY SCAN REGISTER 

The MC68356 IEEE 1149.1 implementation has a 262-bit boundary scan register. This reg­
ister contains bits for all device signal and clock pins and associated control signals. The 
XTAL, XFC, DXTAL, and PCAP pins are associated with analog signals and are not includ­
ed in the boundary scan register. 

All MC68356 bidirectional pins have a single register bit in the boundary scan register for pin 
data, and are controlled by an associated control bit in the boundary scan register. 63 bits 
in the boundary scan register define the output enable signal for associated groups of bidi-
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rectional and three-stateable pins. The control bits and their bit positions are listed in Table 
13-1 

Table 13-1. Boundary Scan Control Bits 

Name 
Bit 

Name 
Bit 

Name 
Bit 

Number Number Number 

kio_hajdir 12 kio_donejdir 94 kio_txd3jdir 151 

kio_ajdir 13 kio_rts2jdir 96 kio_tin1jdir 152 

kio_pcd6jdir 30 kio_dreqjdir 97 kio_tout2jdir 161 

kio-pcd1jdir 31 kio _ dackjdir 100 kio_tout1jdir 162 

kio_pcd7 jdir 32 kio_txd1 jdir 101 kio_wdogjdir 165 

kio_pcd5jdir 36 kio_cd2jdir 108 kio_fcjdir 167 

kio_pcd4jdir 37 kio_rclk1 jdir 109 kio_pb10jdir 169 

kio_pcd3jdir 40 kio _ sds2jdir 112 kio_iack7 jdir 170 

kio_pcd2jdir 41 kio_rxd2jdir 113 kio_iack6jdir 175 

kio _pcdO jdir 53 kio_tclk2jdir 118 kio_avecjdir 176 

kio_rmcjdir 62 kio_cts2jdir 119 kio_djdir 183 

kio_pcjdir 63 kio_rxd3jdir 126 TSO 202 

kio_bgjdir 76 kio_cd3jdir 127 Ctrl7/scO 225 

kio_brjdir 77 kio_rclk3jdir 129 Ctrl6/sc1 226 

kio_bgackjdir 79 kio_tclk3jdir 130 Ctrl5/sck 228 

kio_dtackjdir 80 kio_tin2jdir 139 Ctrl4/sc2 229 

kio_tclk1 jdir 84 kio_iack1 jdir 140 Ctrl3/srd 232 

kio_ectsjdir 85 kio_pb8jdir 144 Ctrl2/std 233 

kio_txd2jdir 89 kio_pb9jdir 145 EPCPDE/std 237 

kio _rclk2jdir 90 kio_pb11jdir 148 BRTO/DBTS 250 

kio_udsjdir 93 kio-pa12jdir 149 Ctrl1 251 

The boundary scan bit definitions are shown in Table 13-2. 

The first column in the table defines the bit's ordinal position in the boundary scan register. 
The shift register cell nearest DSO (Le., first to be shifted out) is defined as bit zero; the last 
bit to be shifted out is 261. 

The second column references one of the four MC68356 cell types depicted in Figure 13-3 
through Figure 13-6, which describe the cell structure for each type. 
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The third column lists the pin name for all pin-related cells or defines the name of bidirec­
tional control register bits. 

The fourth column lists the pin type for convenience where TS-Output indicates a three­
stateable output pin, I/O indicates a bidirectional pin, and 00-1/0 denotes an open-drain bi­
directional pin. 

The last column indicates the associated boundary scan register control bit for bidirectional, 
three-state, and open-drain output pins. 

Bidirectional pins include a single scan cell for data (IO.Cell) as depicted in Figure 13-4. 

These bits are controlled by the cell shown in Figure 13-5. The value of the control bit deter­
mines whether the bidirectional pin is an input or an output. 

Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

0 I/O tris - input (-) 

1 I/O a23 I/O kio_hajdir 

2 I/O a22 I/O kio_hajdir 

3 I/O a21 I/O kio_hajdir 

4 I/O a20 I/O kio_hajdir 

5 I/O a19 I/O kio_hajdir 

6 I/O a18 I/O kio_hajdir 

7 I/O a17 I/O kio_hajdir 

8 I/O a16 I/O kio_hajdir 

9 I/O a15 I/O kio_hajdir 

10 I/O a14 I/O kio_hajdir 

11 I/O a13 I/O kio_hajdir 

12 ctrl kio_hajdir ( -) (-) 

13 ctrl kio_ajdir (-) (-) 

14 I/O a12 I/O kio_hajdir 

15 I/O a11 I/O kio_ajdir 

16 I/O a10 I/O kio_ajdir 

17 I/O a9 I/O kio_ajdir 

18 I/O a8 I/O kio_ajdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

19 I/O a7 I/O kio_ajdir 

20 I/O a6 I/O kio_ajdir 

21 I/O a5 I/O kio_ajdir 

22 I/O a4 I/O kio_ajdir 

23 I/O a3 I/O kio_ajdir 

24 I/O a2 I/O kio_ajdir 

25 I/O a1 I/O kio_ajdir 

26 I/O pc_a2 input (-) 

27 I/O pc_a3 input (-) 

28 I/O pc_a4 input (-) 

29 I/O pc_a5 input (-) 

30 ctrl kioycd6jdir (-) (-) 

31 ctrl kio ycd 1 jdir (-) (-) 

32 ctrl kioycd7 jdir (-) (-) 

33 I/O pc_d7 I/O kioycd7 jdir 

34 I/O pc_d6 I/O kioycd6jdir 

35 I/O pc_d5 I/O kioycd5jdir 

36 ctrl kioycd5jdir (-) (-) 

37 ctrl kioycd4jdir (-) (-) 

38 I/O pc_d4 I/O kioycd4jdir 

39 I/O pc_d3 I/O kioycd3jdir 

40 ctrl kioycd3jdir (-) (-) 

41 ctrl kioycd2jdir (-) ( -) 

42 I/O pc_d2 I/O kioycd2jdir 

43 I/O pc_d1 I/O kioycd1 jdir 

44 I/O pc_dO I/O kioycdOjdir 

45 I/O PC3 6 input (-) 

46 I/O pc_a7 input (-) 

47 I/O pc_a8 input (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

48 I/O pc_a9 input ( -) 

49 I/O discpu input ( -) 

50 I/O pc_iord_ input ( -) 

51 I/O pc_iowr_ input (-) 

52 I/O pc_reg_ input (-) 

53 ctrl kio_pcdOjdir (-) (-) 

54 I/O pc_oe_ input ( -) 

55 I/O pc_ce1_ input ( -) 

56 I/O pc_we_ input ( -) 

57 I/O berr - output ( -) 

58 I/O halt - output (-) 

59 I/O imp_reseC output (-) 

60 I/O rmc - I/O kio_rmcjdir 

61 I/O iac output (-) 

62 ctrl kio_rmcjdir ( -) (-) 

63 ctrl kio_pcjdir ( -) (-) 

64 I/O bclr_ I/O kio_pcjdir 

65 I/O pc_rdy output ( -) 

66 I/O pc_en input (-) 

67 I/O busw input (-) 

68 I/O pc_ce2_ input (-) 

69 input imp_extal input ( -) 

70 output clko output ( -) 

71 I/O modclk1 input (-) 

72 I/O modclkO input (-) 

73 I/O pc_a25 input ( -) 

74 I/O imp_br_ I/O kio_brjdir 

75 I/O imp_bg_ I/O kio_bgjdir 

76 ctrl kio_bgjdir (-) (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

77 ctrl kio_brjdir (-) (-) 

78 I/O bgack_ I/O kio_bgackjdir 

79 ctrl kio_bgackjdir (-) (-) 

80 ctrl kio_dtackjdir (-) (-) 

81 I/O dtack_ I/O kio_dtackjdir 

82 I/O as - I/O kio_6ctsjdir 

83 I/O 06_ output (-) 

84 ctrl kio _tclk1 jdir (-) (-) 

85 ctrl kio_ectsjdir ( -) (-) 

86 I/O Ids - I/O kio_ectsjdir 

87 I/O wei - output (-) 

88 I/O rw_ I/O kio_ectsjdir 

89 ctrl kio_txd2jdir (-) (-) 

90 ctrl kio_rclk2jdir (-) (-) 

91 I/O weh - output (-) 

92 I/O uds - I/O kio_udsjdir 

93 ctrl kio_udsjdir ( -) (-) 

94 ctrl kio_donejdir ( -) (-) 

95 I/O done - I/O kio_donejdir 

96 ctrl kio_rts2jdir ( -) (-) 

97 ctrl kio_dreqjdir (-) (-) 

98 I/O dreq_ I/O kio_dreqjdir 

99 I/O dack_ I/O kio_dackjdir 

100 ctrl kio_dackjdir (-) (-) 

101 ctrl kio_txd1jdir (-) (-) 

102 I/O cts1 - input (-) 

103 I/O cd1 - input (-) 

104 I/O rxd1 input ( -) 

105 110 txd1 I/O kio_txd1jdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

106 I/O tclk1 I/O kio_tclk1 jdir 

107 I/O brg1 output (-) 

108 ctrl kio_cd2jdir (-) (-) 

109 ctrl kio_rclk1 jdir (-) (-) 

110 I/O rclk1 I/O kio_rclk1 jdir 

111 I/O rts1 - output ( -) 

112 ctrl kio_sds2jdir (-) ( -) 

113 ctrl kio_rxd2jdir (-) ( -) 

114 I/O rxd2 I/O kio_rxd2jdir 

115 I/O txd2 I/O kio_txd2jdir 

116 I/O rclk2 I/O kio_rclk2jdir 

117 I/O tclk2 I/O kio_tclk2jdir 

118 ctrl kio_tclk2jdir ( -) ( -) 

119 ctrl kio_cts2jdir ( -) ( -) 

120 I/O cts2 - I/O kio_cts2jdir 

121 I/O rts2 - I/O kio_rts2jdir 

122 I/O cd2 - I/O kio_cd2jdir 

123 I/O sds2 I/O kio_sds2jdir 

124 I/O rxd3 I/O kio_rxd3jdir 

125 I/O cd3 - I/O kio_cd3jdir 

126 ctrl kio_rxd3jdir (-) (-) 

127 ctrl kio_cd3jdir ( -) (-) 

128 I/O rclk3 I/O kio_rclk3jdir 

129 ctrl kio_rclk3jdir (-) ( -) 

130 ctrl kio_tclk3jdir (-) (-) 

131 I/O tclk3 I/O kio_tclk3jdir 

132 I/O pa12 I/O kio_pa12~dir 

133 I/O rts3 - output (-) 

134 I/O txd3 I/O kio _txd3j dir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

135 I/O cts3 - input ( -) 

136 I/O tout2 - I/O kio_tout2jdir 

137 I/O tout1 - I/O kio_tout1 jdir 

138 I/O tin2 I/O kio_tin2jdir 

139 ctrl kio_tin2jdir ( -) (-) 

140 ctrl kio_iack1 jdir (-) (-) 

141 I/O iack1 - I/O kio_iack1 jdir 

142 I/O wdog_ I/O kio_wdogjdir 

143 I/O pb8 I/O kio_pb8jdir 

144 ctrl kio_pb8jdir (-) (-) 

145 ctrl kio_pb9jdir (-) (-) 

146 I/O pb9 I/O kio_pb9jdir 

147 I/O pb10 I/O kio_pb10jdir 

148 ctrl kio_pb11jdir (-) (-) 

149 ctrl kio_pa 12jdir (-) (-) 

150 I/O pb11 I/O kioyb11jdir 

151 ctrl kio_txd3jdir (-) (-) 

152 ctrl kio_tin1jdir (-) (-) 

153 I/O tin1 I/O kio_tin1jdir a 
154 I/O iack7_ I/O kiojack7 jdir 

155 I/O iack6 - I/O kio_iack6jdir 

156 I/O iplO_ input ( -) 

157 I/O ipl1_ input (-) 

158 I/O ipl2_ input (-) 

159 I/O avec - I/O kio_avecjdir 

160 I/O fc2 I/O kio_fcjdir 

161 ctrl kio_tout2jdir (-) (-) 

162 ctrl kio_tout1 jdir (-) (-) 

163 I/O fc1 I/O kio_fcjdir 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

164 I/O fcO I/O kio_fcjdir 

165 ctrl kio_wdogjdir ( -) ( -) 

166 ctrl kio_fcjdir ( -) ( -) 

167 I/O csO - output ( -) 

168 110 cs1 - output ( -) 

169 ctrl kio_pb10jdir (-) ( -) 

170 ctrl kio_iack7 jdir (-) ( -) 

171 I/O cs2 - output ( -) 

172 I/O cs3 - output (-) 

173 I/O dO I/O kio_djdir 

174 I/O d1 I/O kio_djdir 

175 ctrl kio_iack6jdir (-) (-) 

176 ctrl kio_avecjdir (-) (-) 

177 I/O d2 I/O kio_djdir 

178 I/O d3 I/O kio_djdir 

179 I/O d4 110 kio_djdir 

180 110 d5 110 kio_djdir 

181 110 d6 I/O kio_djdir 

182 110 d7 I/O kio_djdir 

183 ctrl kio_djdir ( -) (-) 

184 110 d8 I/O kio_djdir 

185 I/O d9 I/O kio_djdir 

186 I/O d10 I/O kio_djdir 

187 110 d11 110 kio_djdir 

188 110 d12 I/O kio_djdir 

189 I/O d13 I/O kio_djdir 

190 I/O d14 110 kio_djdir 

191 I/O d15 I/O kio_djdir 

192 ITAOB IABO Output (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

193 ITAOB IAB1 Output (-) 

194 ITAOB IAB2 Output (-) 

195 ITAOB IAB3 Output (-) 

196 ITAOB IAB4 Output (-) 

197 ITAOB IAB5 Output (-) 

198 ITAOB IAB6 Output (-) 

199 ITAOB IAB7 Output (-) 

200 ITAOB IAB8 Output (-) 

201 ITAOB IAB9 Output (-) 

202 TSO/abTsO (-) (-) (-) 

203 ITAOB IAB10 Output ( -) 

204 ITAOB IAB11 Output (-) 

205 ITAOB IAB12 Output ( -) 

206 ITAOB IAB13 Output ( -) 

207 ITAOB IAB14 Output (-) 

208 ITAOB IAB15 Output (-) 

209 ITABM PS - Output (-) 

210 ITABM DS - Output (-) 

211 ITABM XY - Output (-) 

212 ITBSG BSG - Output (-) 

213 ITGWT BRWT_ Output (-) 

214 ITCRD RD - Output (-) 

215 ITCWR WR - Output (-) 

216 ITCOC CKOUT Output ( -) 

217 ITGIL SELECT Input ( -) 

218 ITPRT EXTAL2 Input ( -) 

219 ITRIN RESET - Input ( -) 

220 ITMIT MODA Input ( -) 

221 ITMIT MODB Input ( -) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell 

Number 

222 ITMIT MODC Input (-) 

223 ITPBD SCO I/O Ctrl7 

224 ITPBD SC1 I/O Ctrl6 

225 Ctrl7/scO ( -) (-) ( -) 

226 Ctrl6/sc1 (-) (-) (-) 

227 ITPBD SCK I/O Ctrl5 

228 Ctrl5/sck ( -) (-) ( -) 

229 Ctrl4/sc2 (-) (-) ( -) 

230 ITPBD SC2 I/O Ctrl4 

231 ITPBD SRD I/O Ctrl3 

232 Ctrl3/srd ( -) (-) (-) 

233 Ctrl2lstd dir (-) ( -) 

234 ITPBD STD I/O Ctrl2 

235 ITDBD IDB23 I/O Ctrl1 

236 ITDBD IDB22 I/O Ctrl1 

237 EPCPDE/std dir ( -) (-) 

238 ITDBD IDB21 I/O Ctrl1 

239 ITDBD IDB20 I/O Ctrl1 

- 240 ITDBD IDB19 I/O Ctrl1 

241 ITDBD IDB18 I/O Ctrl1 

242 ITDBD IDB17 I/O Ctrl1 

243 ITDBD IDB16 I/O Ctrl1 

244 ITDBO IDB15 I/O Ctrl1 

245 ITDBD IDB14 I/O Ctrl1 

246 ITDBD IDB13 I/O Ctrl1 

247 ITOBO IDB12 I/O Ctrl1 

248 ITDBD IDB11 I/O Ctrl1 

249 ITDBD IDB10 I/O Ctrl1 

250 BRTO/DBTS ( -) ( -) (-) 
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Table 13-2. Boundary Scan Bit Definition. 

Bit 
Cell/Signal Name Pin Name Pin Type Output Control Cell Number 

251 Ctrl1 

252 ITDBD 

253 ITDBD 

254 ITDBD 

255 ITDBD 

256 ITDBD 

257 ITDBD 

258 ITDxBD 

259 ITDBD 

260 ITDBD 

261 ITOBD 

1- EXT EST I CLAMP SHIFT DR 
0- OTHERWISE 

DATA FROM 
SYSTEM 
LOGIC Mux 

FROM 
LAST 
CELL 

(-) 

IDB9 

IDB8 

IDB7 

IDB6 

IDB5 

IDB4 

IDB3 

IDB2 

IOB1 

lOBO 

Mux 

CLOCK DR 

(-) 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

TO NEXT 
CELL 

TO OUTPUT 
BUFFER 

UPDATE DR 

Figure 13-3. Output Latch Cell (O.latch) 
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13-16 

DATA TO 
SYSTEM 
LOGIC 

FROM 
LAST 
CELL 

1- EXTEST I CLAMP 
0- OTHERWISE TO NEXT CELL 

l 
UPDATE DR CLOCK DR FROM SHIFT DR 

LAST 
CELL 

Figure 13-4. Input Pin Cell (I. Pin) 

TO NEXT CELL 

r-oI t TO OUTPlIT 

I~~ DIRECfIQN 

I 1,0--...... -
CLOCK DR UPDATE ~ESET 

DR 

Figure 13-5. Control Cell (IO.CtI) 
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TO NEXT CELL 

UPDATE DR 

Figure 13-6. Bidirectional Data Cell (IO.Cell) 
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OUTPUT DATA 

ENABLE FROM 
SYSTEM 
LOGIC 

t 
Direction Ctl -

* 

IO.Cell 

INPUT DATA ....... ___ ---1 - I 

t 
FROM LAST CELL 

NOTE 

.... 

More than one IO.Cell could be serially connected 
and controlled by a single IO.Ctl cell. 

Figure 13-7. General Arrangement for Bidirectional Pins 

13.5 INSTRUCTION REGISTER 

The MC68356 IEEE 1149.1 implementation includes the three mandatory public instructions 
(EXTEST, SAMPLE/PRELOAD, and BYPASS), and also supports the optional CLAMP in­
struction defined by IEEE 1149.1. One additional public instruction (HI-Z) provides the ca­
pability for disabling all device output drivers. The MC68356 includes a 3-bit instruction 
register without parity consisting of a shift register with three parallel outputs. Data is trans­
ferred from the shift register to the parallel outputs during the update-IR controller state. The 
three bits are used to decode the five unique instructions shown in Table 13-3. 

The parallel output of the instruction register is reset to all ones in the test-logic-reset con­
troller state. Note that this preset state is equivalent to the BYPASS instruction. 
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Table 13-3. Instructions 

Code 
Instruction 

82 81 80 

0 0 0 EXTEST 

0 0 1 SAMPLE/PRELOAD 

X 1 X BYPASS 

1 0 0 HI-Z 

1 0 1 CLAMP and BYPASS 

During the capture-IR controller state, the parallel inputs to the instruction shift register are 
loaded with the CLAMP command code. 

13.6 EXTEST 

The external test (EXTEST) instruction selects the 262-bit boundary scan register. 

By using the TAP, the register is capable of a) scanning user-defined values into the output 
buffers, b) capturing values presented to input pins, c) controlling the direction of bidirection­
al pins, and d) controlling the output drive of three-state output pins. For more details on the 
function and use of EXTEST, please refer to the IEEE 1149.1 document. 

13.7 SAMPLE/PRELOAD 

The SAMPLE/PRELOAD instruction provides two separate functions. First, it provides a 
means to obtain a snapshot of system data and control signals. The snapshot occurs on the 
rising edge of TCK in the capture-TMS controller state. The data can be observed by shifting 
it transparently through the boundary scan register. 

NOTE 

Since there is no internal synchronization between the IEEE 
1149.1 clock (TCK) and the system clock, the user must provide 
some form of external synchronization to achieve meaningful re­
sults. 

The second function of SAMPLE/PRELOAD is to initialize the boundary scan register output 
cells prior to selection of EXTEST. This initialization ensures that known data will appear on 
the outputs when entering the EXTEST instruction. 

13.8 BYPASS 

The BYPASS instruction selects the single-bit bypass register as shown in Figure 13-8. This 
creates a shift-register path from TOI to the bypass register and, finally, to OSO, circum-
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venting the 262-bit boundary scan register. This instruction is used to enhance test efficien­
cy when a component other than the MC68356 becomes the device under test. 

SHIFT DR 

Mux 
FROM OSI ---I 

Figure 13-8. Bypass Register 

When the bypass register is selected by the current instruction, the shift-register stage is set 
to a logic zero on the rising edge of TCK in the capture-TMS controller state. Therefore, the 
first bit to be shifted out after selecting the bypass register will always be a logic zero. 

13.9 CLAMP 

The CLAMP instruction selects the single-bit bypass register as shown in Figure 13-8 and 
the state of all the signals driven from system output pins is completely defined by the data 
previously shifted into the boundary scan register (for example, using the SAMPLE/PRE­
LOAD instruction). 

13.10 HI-Z 

The HI-Z instruction is not included in the IEEE 1149.1 standard. It is provided as a manu­
facturer's optional public instruction to prevent having to backdrive the output pins during cir­
cuit-board testing. When HI-Z is invoked, all output drivers, including the two-state drivers, 
are turned off (i.e., high impedance). The instruction selects the bypass register. 

NOTE 

On the MC68356, the TRIS_ pin may also be used during sys­
tem reset to perform the same function. 

13.11 NON-IEEE 1149.1 OPERATION 

In non-IEEE 1149.1 operation the TAP must be in test-logic-reset state. 

TAP is forced into test-logic-reset state by: 
- driving the TRST Signal low, or 
- when JTAG_ONCE is set, driving the TDI input high for at least 5 rising edges of TCK. 

When the TAP is in the test-logic-reset state, the state can be maintained by: 
- driving the TRST input low, or 
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- driving JTAG_ONCE input low, or 
- driving JTAG_ONCE and TMS inputs high. 

NOTE 

In default, JTAG_ONCE pin is driven low by an internal pull­
down, OR_ is driven high by internal pull-up, and the conditional 
pull-ups of the TRST, TOI and TCK pins are disconnected. 
Therefore, by connecting GNO to the TRST pin, the user en­
sures that the TAP is always in the test-logic-reset state. 

13.12 MC68356 RESTRICTIONS 

The control afforded by the output enable signals using the boundary scan register and the 
EXTEST instruction requires a compatible circuit-board test environment to avoid device­
destructive configurations. The user must avoid situations in which the MC68356 output 
drivers are enabled into actively driven networks. 

The MC68356 features low-power modes. In order to reduce the power consumptibn during 
low power modes, it is recommended to keep the TAP in test-logic-reset state. Leaving the 
TAP controller test-logic-reset state negates the ability to achieve low-power, but does not 
otherwise affect device functionality. 

The methods to keep the TAP in test-logic-reset state are described in 13.11 NON-IEEE 
1149.1 Operation. 
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SECTION 14 
ELECTRICAL CHARACTERISTICS 

The AC specifications presented consist of output delays, input setup and hold times, and 
signal skew times. All signals are specified relative to an appropriate edge of the clock 
(CLKO pin) and possibly to one or more other signals. 

14.1 MAXIMUM RATINGS 

Rating Symbol Value Unit 
This device contains circuitry to 

Supply Voltage Voo - 0.3 to + 7.0 V protect the inputs against damage 
due to high static voltages or elec-

Input Voltage Yin - 0.3 to + 7.0 V tric fields; however, it is advised 
that normal precautions be taken 

Current Drain per Pin excluding Vee and Vss mA to avoid application of anre voltage 
higher than maximum-ra ed volt-

0Merating TeFPerature Range TA 
ages to his high-impedance cir-
cuit. Reliability of oJeration is C68356Z a to 70 °C enhanced if unuse inputs are tied 

MC68356CZP - 40 to 85 to an appropriate logic voltage lev-

Storage Temperature Range Tstg - 55 to + 150 °C 
el (e.g., eitlier GND or Voo) 

14.2 THERMAL CHARACTERISTICS 

Characteristic Symbol Value Unit 

9JA 471 °CIW 

Thermal Resistance for BGA 9JA 302 °CIW 

9JA 153 °CIW 

Notes: 
1. Assumes natural convection and a single layer board (no thermal vias). 
2. Assumes natural convection, a multi layer board with thermal vias4, 1 watt 68356 dissipation, and a board 

temperature rise of 20°C above ambient. 
3. Assumes natural convection, a multi layer board with thermal vias4 ,1 watt 68356 dissipation, and a board 

temperature rise of 10°C above ambient. 
4. For more information on the design of thermal vias on multilayer boards and BGA layout considerations in 

general, refer to AN-1231/0, "Plastic Ball Grid Array Application Note" available from your local Motorola sales 
office. 

TJ = TA + (Po .9JA) 
Po = (Voo • 100) + PliO 
where: 

PliO is the power dissipation on pins. 
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14.3 POWER CONSIDERATIONS 

The average chip-junction temperature, T J, in °C can be obtained from: 

TJ = TA + (PD. qJA)(1) 

where: 

TA=Ambient Temperature, ooC 

qJA=Package Thermal Resistance, Junction to Ambient, ooCIW 

PO=PINT + PliO 

PINT=IOO x VOO, Watts-Chip Internal Power 

Pl/o=Power Dissipation on Input and Output Pins-User Determined 

For most applications PI/O < 0.3. PINT and can be neglected. If PI/O is neglected, an approx­
imate relationship between Po and T J is 

PO=K n (TJ + 273cxC)(2) 

Solving equations (1) and (2) for K gives: 

K=PO • (T A + 273ooC) + qJA • P02(3) 

where K is a constant pertaining to the particular part. K can be determined from equation 
(3) by measuring Po (at equilibrium) for a known T A Using this value of K, the values of Po 
and TJ can be obtained by solving equations (1) and (2) iteratively for any value of TA. 

14.4 POWER DISSIPATION (SEE NOTE) 

5 Volt 
Characteristic Power Dissipation Symbol Unit 

Typ Max 

IMP Normal Mode at 25 MHz PO(I) 105 TBD rnA 

IMP Normal Mode at 20 MHz PO(l) 84 TBD rnA 

DSP Normal Mode at 60 MHz PO(O) 120 TBD mA 

DSP Normal Mode at 45 MHz PO(O) 90 TBD mA 

IMP Standby Mode POSB(I) 7 TBD mA 

IMP Doze Mode POOZ(I) 500 TBD J.lA 

IMP Stop Mode POSP(I) 100 TBD J.lA 

DSP Wait Mode POSP(O) 10 TBD mA 

DSP Stop Mode POSP(O) 2 TBD J.lA 

Note: These values are preliminary estimates. Test values are TBD. 
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14.4.1 Layout Practices 

Each V cc pin on the MC68356 should be provided with a low-impedance path to the board's 
supply. Each GND pin should likewise be provided with a low-impedance path to ground. 
The power supply pins drive distinct groups of logic on chip. The V ce power supply should 
be bypassed to ground using at least four 0.1 /IF by-pass capacitors located as close as pos­
sible to the four sides of the package. The capacitor leads and associated printed circuit 
traces connecting to chip Vee and GND should be kept to less than 1/2" per capacitor lead. 
A four-layer board is recommended, employing two inner layers as Vee and GND planes. 
All output pins on the MC68356 have fast rise and fall times. Printed circuit (PC) trace inter­
connection length should be minimized in order to minimize undershoot and reflections 
caused by these fast output switching times. This recommendation particularly applies to the 
address and data buses as well as the RD, WR, IRQA, IROB, and NMI pins. Maximum PC 
trace lengths on the order of 6" are recommended. Capacitance calculations should consid­
er all device loads as well as parasitic capacitances due to the PC traces. Attention to proper 
PCB layout and bypassing becomes especially critical in systems with higher capacitive 
loads because these loads create higher transient currents in the Vec and GND circuits. Pull 
up all unused inputs or signals that will be inputs during reset. Special care should be taken 
to minimize the noise levels on the PLL supply pins. 

14.4.2 Power Dissipation Considerations. 

Power dissipation is a key issue in portable applications. Some of the factors which affect 
current consumption are described in this section. Most of the current consumed by CMOS 
devices is alternating current (AC) which is charging and discharging the capacitances of 
the pins and internal nodes. Therefore, the total current consumption is the sum of these in­
ternal and external currents. 

This current consumption is described by the formula: 

I=CVf 
whereC=node/pin capacitance 
V=voltage swing and 
f=frequency of node/pin toggle. 

Example: for a port A address pin loaded with a 50pF capacitance, operating at 5.5V and 
with a 40MHz clock, toggling at its maximum possible rate (which is 10MHz), the current _ 
consumption is: 

1=50-10-12-5.5-10-10 6 = 2.75mA 

The maximum internal current value (leer-max), reflects the maximum possible switching of 
the internal buses, which is not necessarily a real application case. The typical internal cur­
rent value (lcel-typ) reflects the average switching of the internal buses. 

For applications which require very low current consumption it is recommended to: 

a) minimize external memory accesses, and use internal memory accesses instead; 
b) minimize the number of pins which are switching; 
c) minimize the capacitive load on the pins; 
d) connect the unused inputs to pull-up or pull-down resistors. 
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14.4.3 DC Electrical Characteristics 

Characteristic Symbol Min Max Unit 

Input High Voltage (Except pins noted below) VIH 2.0 Voo V 

Ingu~t VOir' TRST, JTAG ~SO'~' DSI, 
P - C A9 A2~C D~DO e PC 
PC PC PC , PC P 'RD'T. PC EN, 
BUSW, MODCLK1 L MODCLKO, A· T 1 R~~XD1' T~ 
~1~G1bRC K1tfTffi1f.XD2, XD2, CLK~ 2, VIH 2.5 Voo V 

, 2 S S2 RX 3 3 RC C 3 TXD3, 
3, TOUT2, TOUT1, TiN2, TiN1,~,~, A 7, WDOG, 

PB8-11 ) 
(These pins have schmitt trigger inputs) 

MLow VOI~xcePt DEXTAL,EXTAL, 
,MODC 

MODA!TRC:iA, MODBI VIL Vss -:0.3 0.8 V 

Input High Voltage (DEXTAL,EXTAL) VCIH 0.7 (Vce) Vcc + 0.3 V 

Input Undershoot Voltage (DEXTAL,EXTAL) VCIL Vss-0.3 0.6 V 

Input High Voltage (DRES~T,RESET) VIHR 2.5 Voo V 

Input High Voltage ( MODAlTRC:fJ\', MODBITR'QS, MODC.II'Ji'QC) VIHM 3.5 Voo V 

Input Low Voltage ( MODAt'TRQA, MODBITRQIj, MODC!T'ROC) VILM -0.5 2.0 V 

Input Leakage Current: 
liN In8ut Pins - 20 flA 

II Pins - TBD 

Input Capacitance All Pins CIN - 15 pF 

Three-State Leakage Current (2.4/0.5 V) Irsl -20 20 flA 

Open Drain Leakage Current (2.4 V) 100 - 20 flA 

Output High Voltage (loH = 400 flA) (see Note) VOH 2.4 - V 

Output Low Voltage 
VOL (IOL = 3.2 mA) A1-A23,PBO-PB11,FCo-FC2,CSO-CS3, 

17i£K ~ SIT RCLKW.~C~ - 0.5 
TCLK1 TCLk2, TCLK3 1 2 3, 
~ 'p A 12, RXD2, RXD3, CTS2, CD2, CD3, 

, BRG1 
(IOL = 5.3 rnA) ~, UJjS, tITS, RIW, ~ - 0.5 V 

"SGACJ<5~' MCJ<. 
(loL = 7.0 rnA) 

DO-D1 , 
TXD1, TXD2, TXD3 - 0.5 

(loL = 8.9 mA) ~,RAIT, '1311 (as output) - 0.5 

(loL = 3.2 mA) CLKO - 0.4 

(IOL = 3.2 mA) All other pins 
- 0.5 

Output Drive CLKO, CKOUT OCLK - 50 pF 
Output Drive Except CLKO, CKOUT) OALL - 100 pF 

Output Drive Derating Factor for CLKO of 0.030 ns/pF OKF 20 50 pF 
Output Drive Derating Factor for CLKO of 0.025 ns/pF OKF 50 130 pF 
Output Drive Derating Factor for All Other Pins 0.025 ns/~F OKF 20 100 pF 
Output Drive Derating Factor for All Other Pins 0.05 nslp OKF 100 200 pF 

Power Voo 4.75 5.25 V 

Common Vss 0 0 V 

NOTE:The maximum 10H for a given pin is one-half the IOL rating for that pin. For an 10H between 400 flA and IOL/2 rnA, 
the minimum VOH is calculated as: Voo - (1 + .05 v/mA(loH - .400 rnA)). 
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14.5 IMP CHARACTERISTICS 

The IMP and DSP characteristics are divided into two groups because of their different max­
imum clock speeds and different methods of characterization. 

14.5.1 IMP AC ELECTRICAL SPECIFICATIONS CONTROL TIMING 

(GND = a Vdc, TA = ato 7aoe; The electrical specifications in this document are preliminary; See Figure 14-1) 

25 MHz 

Num. Characteristic Symbol Min Max Unit 

System Frequency fsys dc1 25.00 MHz 

Crystal Frequency fXTAL 25 6000 kHz 

On-Chip VCO System Frequency fsys 10 25 MHz 

Start-up Time tpll 2500 With external clock ~oscillator disabled) or after elks changing the multip Ication factor MF. 
tose 75,000 With external crystal oscillator enabled. 

CLKO stability ACLK TBD TBD % 

1 CLKO Period teye 40 - ns 

1A EXTAL Duty Cycle, MF ~ 5 tdeye 40 60 % 

!;XTAL Duty Cycle, MF < 5, and user requires spee- tdeye 49 51 % 

Iflcatlon 5B. 

1C External Clock Input Period tEXTeye 40 - ns 

2,3 CLK01 Pulse Width (measured at 1.5v) tCW1 19 - ns 

4, 5 CLK01 Rise and Fall Times (full drive) tCrf1 - 2 ns 

5B EXTAL to CLK01 skew-PLL enabled (MF<5) tEXTP1 +/-4 ns 

Note: The minimum VCO frequency and the PLL default values put some restrictions on the minimum system frequency. 

EXTAL 
(INPUT) 

CLKO 
(OUTPUT) 

MOTOROLA 

---'I 

Figure 14-1. Clo~k Timing 
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14.5.2 AC Electrical Characteristics - IMP Phased Lock Loop (PLL) 
Characteristics 

Characteristics Expression Min Max 
VCO frequency when PLL enabled MF* Ef 10 f (Note 1.) 

PLL external capacitor (XFC pin to VCCSYN) MF * CXFC (Note 1.) 
@ MF::;5 MF * 340 MF * 480 
@ MF>5 MF * 380 MF * 970 

1. CXFC is the value of the PLL capacitor (connected between XFC pin and VCCSYN) for MF=1. The recommended 
value for CXFC is 400pF for MF S. 5 and 540pF for MF> 5. The maximum VCO frequency is limited to the intemal op­

eration frequency, as defined above. 

Examples: 

1. MODCK1 ,0 = 01; MF = 1 :::::} 340 ~ cXFC ~ 480 pF 

Unit 
MHz 

pF 

2. MODCK1 ,0 = 01; crystal is 32.768 KHz (or 4.192 MHz), initial MF = 401, initial frequency 
= 13.14 MHz; later, MF is changed to 762 to support a frequency of 25 MHz. 

Minimum cXFC is: 762 x 380 = 289 nF, maximum cXFC is: 401 x 970 = 390 nF. The rec­
ommended CXFC for 25 MHz is: 762 x 540 = 414 nF. 

289 nF < cXFC < 390 nF and closer to 414 nF. The proper available value for cXFC is 
390 nF. 

3. MODCK1 pin = 1, crystal is 32.768 KHz (or 4.192 MHz), initial MF = 401, initial frequency 
= 13.14 MHz; later, MF is changed to 1017 to support a frequency of 33.34 MHz. 

Minimum cXFC is: 1017 x 380 = 386 nF. Maximum cXFC is: 401 x 970 = 390 nF => 386 nF 
< cXFC < 390 nF. 

The proper available value for cXFC is 390 nF. 

3A. In order to get higher range, higher crystal frequency can be used (Le. 50 KHz), in this 
case: 

14-6 

Minimum cXFC is: 667 x 380 = 253 nF. Maximum cXFC is: 401 x 970 = 390 nF => 253 nF 
< cXFC < 390 nF. 
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14.5.3 IMP DC Electrical Characteristics-NMSl1 in IDL Mode 

Characteristic Symbol Min Max Unit Condition 

Input Pin Characteristics: l1 ClK, l1 SY1, l1 RXD, l1 GR 

Input Low Level Voltage V1L -10% +20% V (% ofVoo) 

Input High Level Voltage V1H Voo - 20% Voo + 10% V 

Input Low Level Current ilL - ±10 f.LA Yin = Vss 

Input High Level Current "H - ±10 f.LA Yin = VOO 

Output Pin Characteristics: L 1TXD, SDS1- SDS2, l1 RQ 

Output Low Level Voltage VOL 0 1.0 V IOL = 5.0 rnA 

Output High Level Voltage VOH Voo -1.0 Voo V IOH = 400 f.LA 

MOTOROLA MC68356 USER'S MANUAL 1L1..7 



Electrical Characteristics 

14.5.4 AC Electrical Specifications-IMP Bus Master Cycles 
(see Figure 14-2, Figure 14-3, Figure 14-4, and Figure 14-5)) 

25 MHz at 

Num. Characteristic Symbol 5.0 V. Unit 

Min Max 

6 Clock High to FC, Address Valid tCHFCAOV 0 30 ns 

7 Clock High to Address, Data Bus High Im-
pedance (Maximum) tCHAOZ - 33 ns 

8 Clock High to Address, FC Invalid (Mini-
mum) tCHAFI 0 - ns 

9 Clock High to AS, ITS Asserted (see Note 1) tCHsL 3 20 ns 

11 AddresuC Valid to AS, TIS Asserted 
(Read) AS Asserted Write (see Note 2) tAFcVSL 10 - ns 

12 Clock Low to AS, DS Negated (see Note 1) tCLsH - 20 ns 

13 AS, TIS Negated to Address, FC Invalid (see 
Note 2) tSHAFI 10 - ns 

14 AS (and TIS Read) Width Asserted (see 
Note 2) tSL 80 - ns 

14A ITS Width Asserted, Write (see Note 2) tOSL 40 - ns 

15 AS, DS Width Negated (see Note 2) tSH 40 - ns 

16 Clock High to Control Bus High Impedance tCHcZ - 33 ns 

17 AS, DSNegated to RIW Invalid (see Note 2) tSHRH 10 - ns 

18 Clock High to R/W"High (see Note 1) tCHRH - 20 ns 

20 Clock High to RIW Low (see Note 1) tCHRL - 20 ns 

20A AS Asserted to RfliJ Low (Write) (see Notes 
2 and 6) tAsRV - 7 ns 

21 Address FC Valid to R/W Low (Write) (see 
Note 2) tAFcVRL 10 - ns 

22 R/W Low to DS Asserted (Write) (see Note 
2) tRLsL 20 - ns 

23 Clock Low to Data-Out Valid tCLDO - 20 ns 

25 AS, DS, Ne~ated to Data-Out Invalid (Write) 
(see Note 2 tSHOOI 10 - ns 

26 Data-Out Valid to l5S Asserted (Write) (see 
Note 2) tooSL 10 - ns 

27 Data-In Valid to Clock Low (Setup Time on 
Read) (see Note 5) tOICL 5 - ns 

28 AS, l5S N~ated to L5iACR Negated (Asyn-
chronous old) (see Note 2) tSHOAH 0 75 ns 

29 AS, l:5S Negated to Data-In Invalid (Hold 
Time on Read) tSHOIl - - ns 

30 AS, DS Negated to J:3rnR Negated tSHBEH 0 - ns 

31 ~ Asserted to Data-In Valid (Setup 
Time) (see Notes 2 and 5) tOALOI - 33 ns 

32 RID and ~ Input Transition Time tRHr, tRHf - 150 ns 

33 Clock High to BG Asserted tCHGL - 20 ns 

34 Clock High to BG Negated tCHGH - 20 ns 

35 E'li Asserted to BG Asserted (see Note 11) tBRLGL 2.5 4.5 clks 

36 Eli Negated to BG Negated (see Note 7) tBRHGH 1.5 2.5 clks 
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25 MHz 
Num. Characteristic Symbol Unit 

Min Max 

37 BGACK Asserted to BG Negated tGALGH 2.5 4.5 elks 

37A BGACK Asserted to Eli Negated (see Note tGALBRH 10 1.5 nsl 
8) elks 

38 I3G Asserted to CQ1J1rol, Address, Data Bus 
High Impedance (AS Negated) tGLZ - 33 ns 

39 BG Width Negated tGH 1.5 - elks 

40 BGACK Asserted to Address Valid tGALAV 15 - ns 

41 i3GACK" Asserted to AS Assserted tGALASA 20 - ns 

44 AS, 1JS Negated to A\7IT; Negated tSHVPH 0 33 ns 

46 BGACK Width low tGAL 1.5 - elks 

47 Asynchronous Input Setup Time (see Note 
5) tAS1 7 - ns 

48 "l38"fR Asserted to Df ACK Asserted (see 
Notes 2 and 3) tSELDAL 7 - ns 

53 Data-Out Hold from Clock High tCHDOI 0 - ns 

55 R/W Asserted to Data Bus Impedance 
Change tRLDBD 0 - ns 

56 HAL T/RESET Pulse Width (see Note 4) tHRPW 10 - clks 

57 BGACK Negated to AS, DS, RiW Driven tGASD 1.5 - elks 

57A BGACK Negated to FC tGAFD 1 - elks 

58 BR Nerated to AS, 1JS, R/W Driven (see 
Note 7 tRHsD 1.5 - elks 

58A BR Negated to FC (see Note 7) tRHFD 1 - elks 

60 Clock High to BClR Asserted tCHBCL - 20 ns 

61 Clock High to BClR High Impedance (See 
Note 10) tCHBCH - 20 ns 

62 ~ low (SO Falling Edge during read) to 
C Asserted tCLRML - 20 ns 

63 Clock High (during write) to RMC Negated tCHRMH - 20 ns 

64 RlViC Negated to BG Asserted (see Note 9) tRMHGL - 20 ns 

NOTES: 
1. For loading capacitance of less than or equal to 50 pF, subtract 4 ns from the value given in the maximum 

columns. 
2. Actual value depends on clock period since signals are driven/latched on different ClKO edges. To calculate 

the actual spec for other clock frequencies, the user may derive the formula for each specification. First, derive 
the margin factor as: 
M = N(P/2) - Sa 

where N is the number of one-half ClKO periods between the two events as derived from the timing diagram, 
P is the rated elock period of the device for which the specs were derived (e.g., 40 ns with a 25-MHz device ), 
and Sa is the actual spec in the data sheet. Thus, for spec 14 at 25 MHz: 
M = 5(40 ns/2) - 80 ns = 20 ns. 

Once the margin (M) is calculated for a given spec, a new value of that spec (Sn) at another clock frequency 
with period (Pa) is calculated as: 

Sn = N(Pa/2) - M 
Thus for spec 14 at 12.5 MHz: 
Sn = 5(80 ns/2) - 20 ns = 180 ns. 
These two formulas assume a 50% duty cycle. Otherwise, if N is odd, the previous values N(P/2) and N(Pal2) 
must be reduced by X, where X is the difference between the nominal pulse width and the minimum pulse width 
of the EXTAl input clock for that duty cycle. 
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Electrical Characteristics 

3. If #47 is satisfied for both 'IJTACK and l3"E'Fm, #48 may be ignored. In the absence of 1JTACf{, 'E3EiR" is a 
synchronous input using the asynchronous input setup time (#47). 

4. For power-up, the IMP must be held in the reset state for a minimum 100 ms to allow stabilization of on-chip 
circuit. This time could be longer to allow the PLL to lock (see 14.5.1 IMP AC Electrical Specifications Control 
Timing. After the system is powered up, #56 refers to the minimum pulse width required to reset the processor. 

5. If the asynchronous input setup (#47) requirement is satisfied for OTACK, the OTACK asserted to data setup 
time (#31) requirement can be ignored. The data must only satisfy the data-in to clock low setup time (#27) for 
the following clock cycle. 

6. When AS and RIW are equally loaded (±20%), subtract 5 ns from the values given in these columns. 
7. The MC68356 will negate BG and begin driving the bus if external arbitration logic negates 13'R before asserting 

SGACK. 
8. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be 

reasserted. 
9. This specification is valid only when the RMCST bit is set in the SCR register. 
10. Occurs on SO of SOMA read/write access when the SOMA becomes bus master. 
11. Specification may be exceeded during the TAS instruction if the RMCST bit in the SCR is set. 
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CLKO 

FC2-FCO 

A23-A1 

AS 

C8,OE 

LDS-UDS 

R/W 

DTACK 

DATA IN 

BERR/BR 
(NOTE 2) 

HALT I RESET 

ASYNCHRONOUS 
INPUTS (NOTE 1) 

NOTES: 

Electrical Characteristics 

SO S1 82 83 84 S5 86 87 

1. Setup time for the asynchronous inputs IPL2-IPLO guarantees their recognition at the next falling edge of 
the clock. 

2. BR need fall at this time only to insure being recognized'at the end of the bus cycle. 
3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, 

unless otherwise noted. The voltage swing through this range .should start outside and pass through the 
range such that the rise or fall is linear between 0.8 volts and 2.0 volts. 

Figure 14-2. Read Cycle Timing Diagram 
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14-12 

CLKO 

FC2-FCO 

A23-A1 

AS 

CS, 

WEL, WEH 

PJW 

DTACK 

DATA OUT 

BERR/BR 
(NOTE 2) 

ASYNCHRONOUS 
INPUTS (NOTE 1) 

NOTES: 

so Sl S2 S3 S4 S5 S6 S7 

1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, 
unless otherwise noted. The voltage swing through this range should start outside and pass through the 
range such that the rise or fall is linear between betwe~ 0.8 volt and 2.0 volts. 

2. Because of loading variations, RIW may be valid after AS even though both are initiated by the rising edge 
of S2 (specification #20A) 

3. Each wait state is a full clock cycle inserted between S4 and S5. 

Figure 14-3. Write Cycle Timing Diagram 
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SO S1 S2 S3 S4 S5 36 37 S8 S9 S10 S11 S12 S13 314 S15 S16 S17 318 S19 

CLKO 

AS 
(NOTE 2) 

(OUTPUT) 

AS 
(NOTE 3) 

(OUTPUT) 

RMC 
(OUTPUT) 

UD3-LDS 
(OUTPUT) 

RMf 
(OUTPUT) 

DTACK 

D1S-DO ---~ DATAIN ~---
INDIVISIBLE CYCLE 

NOTES: 
1. For other timings than RMC, see Figures 6-2 and 6-3. 
2. RMCST = 0 in the SCR. 
3. RMCST = 1 in the SCR. 

DATA OUT 

4. Wait states may be inserted between S4 and SS during the write cycle and between S16 and S17 during the read cycle. 
5. Read-modify-write cycle is generated only by the T AS instruction. 

Figure 14-4. Read-Modify-Write Cycle Timing Diagram 
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Electrical Characteristics 

14.5.5 IMP AC Electrical Specifications-DMA (see Figure 14-6 and Figure 14-7)) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

80 REO Asynchronous Setup Time (see Note 1) tREQASI 10 - ns 

81 1iEQ Width Low (see Note 2) tREQL 2 - clks 

82 REO Low to BR Low (see Notes 3 and 4) tREQLBRL - 2 clks 

83 Clock High to E'FfLow (see Notes 3 and 4) tCHBRL - 20 ns 

84 Clock High to B1i High Impedance (see 
Notes 3 and 4) tCHBRZ - 20 ns 

85 BGACK Low to BR High Impedance (see 
Notes 3 and 4) tBKLBRZ 20 - ns 

86 Clock High to BGACK Low tCHBKL - 20 ns 

87 ~BGACK HigM'je Latest One) to tABHBKL 1.5 2.5 clks 
GAC Low (when B Is Asserted) +20 ns 

88 BG Low to BGACK Low (No Other Bus tBGLBKL 1.5 2.5 clks 
Master) (see Notes 3 and 4) +20 ns 

89 BR High Impedance to BG High (see Notes 
3 and 4) tBRHBGH 0 - ns 

90 Clock on which BGACK Low to Clock on 
whichASLow tCLBKLAL 2 2 clks 

91 Clock High to BGACK High tCHBKH - 20 ns 

92 Clock Low to BGACK High Impedance tCLBKZ - 10 ns 

93 Clock High to DACK Low tCHACKL - 20 ns 

94 Clock Low to DACK High tCLACKH - 20 ns 

95 Clock High to DONE Low (Output) tCHoNL - 20 ns 

96 Clock Low to DONE High Impedance tCLoNZ - 20 ns 

97 ~Input Lowto Clock High 
(Asynchronous Setup) tONLTCH 10 - ns 

NOTES: 
1. DREQ is sampled on the falling edge of ClK in cycle steal and burst modes. 
2. If #80 is satisfied for DREQ, #81 may be ignored. 
3. BR will not be asserted while AS, HALT, or BERR is asserted. 
4. Specifications are for DISABLE CPU mode only. 

a 
5. DREQ, DACK, and DONE do not apply to the SDMA channels. 
6. DMA and SDMA read and write cycle timing is the same as that for the M68000 core. 
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Electrical Characteristics 

14.5.6 IMP AC Electrical Specifications-External Master 
Internal Asynchronous ReadlWrite Cycles 
(see Figure 14-8 and Figure 14-9 ) 

25 MHz at 

Num. Characteristic Symbol 5.0V. 

Min Max 

100 R/W Valid to OS Low tRwvOSL 0 -

101 TIS Low to Data-In Valid tosLOIV - 20 

102 'D'iACR' Low to Data-In Hold Time tOKLOH 0 -

103 AS Valid to OS Low tAsVOSL 0 -

104 DT ACK Low to AS, DS High tOKLOSH 0 -

105 DS High to 15TACR' High tosHOKH - 30 

106 DS Inactive to AS Inactive tOSIASI 0 -

107 DS High to R/W High tosHRWH 0 -

108 DS High to Data High Impedance tosHOZ - 30 

108A DS High to Data-Out Hold Time (see Note) tosHOH 0 -

109A Data Out Valid to UTACR' Low toovOKL 10 -
- -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

--
NOTE: If AS is negated before OS, the data bus could be three-stated (spec 126) before OS is negated. 
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Figure 14-8. External Master Internal Asynchronous Read Cycle Timing Diagram 
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Electrical Characteristics 

14.5.7 IMP AC Electrical Specifications-External Master 
Internal Synchronous ReadlWrite Cycles 
(see Figure 14-10, Figure 14-11, and Figure 14-12) 

25 MHz at 

Num. Characteristic Symbol 5.0 V. 

Min Max 

110 Address Valid to AS Low tAVASL 10 -

111 AS Low to Clock High tASLCH 20 -

112 Clock Low to AS High tCLASH - 30 

113 AS High to Address Hold Time on Write tASHAH 0 -

114 AS Inactive Time tASH 1 -

115 UDS/LDS Low to Clock High (see Note 2) tSLCH 27 -

116 Clock Low to UDS/LDS High tCLSH - 30 

117 RIW Valid to Clock High (see Note 2) tRWVCH 20 -

118 Clock High to Rfiiil High tCHRWH - 30 

119 AS Low to lAC High tASLIAH - 27 

120 AS High to lAC Low tASHIAL - 27 

121 AS Low to ~ Low (0 Wait State) tAsLDTL - 30 

122 Clock Low to DT ACK Low (1 Wait State) tCLDTL - 20 

123 AS High to ~ High tAsHDTH - 30 

124 DTACK High to DTACK High Impedance tDTHDTZ - 10 

125 Clock High to Data-Out Valid tCHDOV - 20 

126 AS High to Data High Impedance tAsHDZ - 30 

127 AS High to Data-Out Hold Time tAsHDOI 0 -

128 AS High to Address Hold Time on Read tASHAI 0 -

129 UDSIlJ)S Inactive Time tSH 1 -

130 Data-In Valid to Clock Low tCLDIV 20 -

131 Clock Low to Data-In Hold Time tCLDIH 10 -

NOTES: 
1. Synchronous specifications above are valid only when SAM = 1 in the SCR. 

Unit 

ns 

ns 

ns 

ns 

elk 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

clk 

ns 

ns 

2. It is required that this signal not be asserted prior to the previous rising CLKO edge (Le., in the previous 
clock cycle). It must be recognized by the IMP no sooner than the rising CLKO edge shown in the 
diagram. 
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Electrical Characteristics 

80 81 82 83 84 85 86 S7 SO 

CLKO 
(OUTPUT) 

A23-A1 
(INPUT) 

A8 
(INPUT) 

lAC 
(OUTPUT) 

UOS 
LOS 

(INPUT) 

RNJ 
(INPUT) 

015-00 
(OUTPUT) 

OTACK 
(OUTPUT) 

Figure 14-10. External Master Internal Synchronous Read Cycle Timing Diagram 
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Figure 14-11. External Master Internal Synchronous Read Cycle Timing Diagram (One 
Wait State) 

MOTOROLA MC68356 USER'S MANUAL 14-23 

a 



Electrical Characteristics 

80 

CLKO 

A2.3-A1 
(INPUT) __ -+-__ -+-' 

AS 
(INPUT) 

lAC 

81 82 

(OUTPUT) ----+----!----+--f-J 

U08 
L08 

(INPUT) 

RIW 
(INPUT) 

00-015 
(INPUT) ---+---+---+--+--1-< 

OTACK 

83 84 85 86 87 

~~----+---r--~~~~ 

(OUTPUT) ----+---+---+---+-h.1 
1~-~--+--~---4-~ 

80 

Figure 14-12. External Master Internal Synchronous Write Cycle Timing Diagram 
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Electrical Characteristics 

14.5.8 IMP AC Electrical Specifications-Internal Master 
Internal ReadlWrite Cycles (see Figure 14-13) 

25 MHz at 

Num_ Characteristic Symbol 5_0 V_ 

Min Max 

140 Clock High to lAC High tCHIAH - 27 

141 Clock Low to lAC Low tCLIAL - 27 

142 Clock High to DTACK Low tCHDTL - 30 

143 Clock Low to DTACR High tCLDTH - 27 

144 Clock High to Data-Out Valid tCHDOV - 20 

145 AS High to Data-Out Hold Time tAsHDOH 0 -

SO S1 S2 S3 S4 S5 S6 S7 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

SO 

CLKO 
(OUTPUT) / ~J r\Ll \Ll n~ 

A23-A1 
(OUTPUT) 

AS 
(OUTPUT) 

lAC 
(OUTPUT) 

UOS 
LOS 

(OUTPUT) 

Riw 
(OUTPUT) 

015-00 
(OUTPUT) 

OTACK 
(OUTPUT) 

! 
-l 

/ 
--f 

_\ 
/ 

e-

/ 

/ 

~ 

~I ~ B 
\ 

/ 

~ ~ § 
/ \ 

J 

~ e r~ 1\ 

Figure 14-13. Internal Master Internal Read Cycle Timing Diagram 
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Electrical Characteristics 

14.5.9 IMP AC Electrical Specifications-Chip-Select Timing Internal 
Master (see Figure 14-14) 

14-26 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

150 Clock High to CS', l'ACK, or, WEI, WER 
Low (see Note 2) tCHcSIAKL 0 27 ns 

151 Clock Low to cs) lACK, OE, WEL, WEH 
High {see Note 2 tCLcSIAKH 0 27 ns 

152 CS Width Negated tcsH 40 - ns 

153 Clock High to UTAClZ Low (O Wait State) tCHDTKL - 30 ns 

154 Clock Low to D'TA'CR Low (1-6 Wait 
States) tCLDTKL - 20 ns 

155 Clock Low to D'TA'CR High tCLDTKH - 27 ns 

156 Clock High to '9'El1Ii Low (see Note 1) tCHBERL - 27 ns 

157 Clock Low to B'E'Rli High Impedance (see 
Note 1) tCLBERH - 27 ns 

158 r:rrACR High to r:rrACR High Impedance tDTKHDTKZ - 10 ns 

171 Input Data Hold Time from S6 Low tlDHCL 5 - ns 

172 CS' Negated to Data-Out Invalid (Write) tcsNDOI 7 - ns 

173 Address, FC Valid to CS Asserted tAFvCSA 15 - ns 

174 CS' Negated to Address, FC Invalid tCSNAFI 12 - ns 

175 CS Low Time (O Wait States) tcsLT 80 - ns 

176 CS Negated to RJW Invalid tcsNRWI 7 - ns 

177 CS Asserted to RIW Low (Write) tcsARWL - 8 ns 

178 CS Negated to Data-In Invalid (Hold Time 
on Read) tcsNDIl 0 - ns 

NOTE: 
1. This specification is valid only when the ADCE or WPVE bits in the SCR are set. 
2. For loading capacitance less than or equal to 50 pF, subtract 4 ns from the maximum value given. 
3. Since AS and CS are asserted/negated on the same CLKO edges, no AS to CS relative timings can be 

specified. However, CS timings are given relative to a number of other signals, in the same manner as 
AS. See Figure 14-2 and Figure 14-3 for diagrams. 
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CLKO 
(OUTPUT) 

Electrical Characteristics 

80 81 82 83 84 85 86 87 80 81 82 83 84 8w 8w 85 86 87 80 

_ C80-C8~ --I---+--+-. 
IACK1, IACK6, IACK7, 

WEH, WEL 
(OUTPUT) -+---+--+----+""""1 

DTACK 
(OUTPUT) 

BERR 
(OUTPUT) 

MOTOROLA 

Figure 14-14. Internal Master Chip-Select Timing Diagram 
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Electrical Characteristics 

14.5.10 IMP AC Electrical Specifications-Chip-Select Timing External 
Master (see Figure 14-15) 

14-28 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

154 Clock Low to TITACR Low (1-6 Wait 
States) tCLDTKL - 20 ns 

160 AS Low to CS Low tASLCSL - 20 ns 

161 AS High to CS High tAsHCSH - 20 ns 

162 Address Valid to AS Low tAVASL 10 - ns 

163 RIW Valid to AS Low (see Note 1) tRwvASL 10 - ns 

164 AS Negated to Address Hold Time tAsHAI 0 - ns 

165 AS Low to 'lJi'ACi( Low (0 Wait State) tAsLDTKL - 30 ns 

167 AS High to ITTACK High tAsHDTKH - 20 ns 

168 AS Low to 'l38iR' Low (see Note 2) tASLBERL - 20 ns 

169 AS High to ~ High Impedance (see 
Notes 2 and 3) tAsHBERH - 20 ns 

NOTES: 
1. The minimum value must be met to guarantee write protection operation. 
2. This specification is valid when the ADCE or WPVE bits in the SCR are set. 
3. Also applies after a timeout of the tardware watchdog. 

80 81 . 82 83 84 85 86 87 80 

CLKO 

A23-A1 
(INPUT) ----+----t~1 

I~~-~-__t--+_-~-__t--+-+---~I 

A8 
(INPUT) 

C83-C80, 

OE 

WEH, WEL, ----!---+---I---!--I------1--, 
(OUTPUT) 

RtW 
(INPUT) 

DTACK 
(OUTPUT) 

BERR 
(OUTPUT) 

Figure 14-15. External Master Chip-Select Timing Diagram 
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Electrical Characteristics 

14.5.11 IMP AC Electrical Specifications-Parallel 1/0 (see Figure 14-16) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

180 Input Data Setup Time (to Clock Low) tosu 14 - ns 

181 Input Data Hold Time (from Clock Low) tOH 19 - ns 

182 Clock High to Data-Out Valid 
(CPU Writes Data, Control, or Direction) tcHoov - 24 ns 

CLKO 

DATA IN 

DATA OUT 

CPU WRITE (S6) OF PORT DATA, CONTROL, OR DIRECTION REGISTER 

Figure 14-16. Parallel 110 Data-lnJData-Out Timing Diagram 

14.5.12 IMP AC Electrical Specifications-Interrupts (see Figure 14-17) 

25 MHz at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

190 Interru~ Pulse Width Low m (Edge Trig-
gered ode) lpw 34 - ns 

191 Minimum Time Between Active Edges tAEMT 3 - clk 

NOTE: Setup time for the asynchronous inputs 1PI2-TPTI5 and ~ guarantees their recognition at the next 
falling edge of the clock. 

Figure 14-17. Interrupts Timing Diagram 
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Electrical Characteristics 

14.5.13 IMP AC Electrical Specifications-Timers (see Figure 14-18) 

25 MH~at 

Num. Characteristic Symbol 5.0V. Unit 

Min Max 

200 Timer Input Capture Pulse Width tTPw 34 - ns 

201 TIN Clock Low Pulse Width tTlcLT 34 - ns 

202 TIN Clock Hi~h Pulse Width and Input 
Capture Hig Pulse Width tTlcHT 2 - elk 

203 TIN Clock Cycle Time tcyc 3 - elk 

204 Clock High to TOUT Valid tCHTOV - 24 ns 

NOTES: 
1. FRZ should be negated during total system reset. 
2. The TIN specs above do not apply to the use of TIN1 as a baud rate generator input clock. In such a 

case, specifications 1-3 may be used. 

14-30 

CLKO 

, TOUT 
(OUTPUT) 

TIN 
(INPUT) 

Figure 14-18. Timers Timing Diagram 
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Electrical Characteristics 

14.5.14 IMP AC Electrical Specifications-SeriaJ Communications Port 
(see Figure 14-19). 

SPCLK 
(OUTPUT) 

SPTXD 
(OUTPUT) 

SPRXD 
(INPUT) 

MOTOROLA 

25 MHz at 

Num. Characteristic S.ov Unit 

Min Max 

250 SPCLK Clock Output Period 4 64 clks 

251 SPCLK Clock Output Rise/Fall Time 0 8 ns 

252 Delay from SPCLK to Transmit (see Note 1) 0 24 ns 

253 SCP Receive Setup Time (see Note 1) 24 - ns 

254 SCP Receive Hold Time (see Note 1) 7 - ns 

NOTES: 
1. This also applies when SPCLK isJnverted by CI in the SPMODE register. 
2. The enable signals for the slaves may be implemented by the parallel I/O pins. 

Figure 14-19. Serial Communication Port Timing Diagram 
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Electrical Characteristics 

14.5.15 IMP AC Electrical Specifications-IDL Timing (All timing measurements, 

unless otherwise specified, are referenced to the l1 elK at 50% point of VOO) (see Figure 14-20) 

14-32 

25 MHz at 

Num. Characteristic 5.0V Unit 

Min Max 

260 l1 ClK (IDl Clock) Frequency (see Note 1) - 10 MHz 

261 l1 ClK Width low 37 - ns 

262 l1 ClK Width High (see Note 3) P+10 - ns 

263 l~TXD, l1 RQ, SDS1-SDS2 Rising/Falling 
Time - 14 ns 

264 l1 SY1 (sync) Setup Time (to l1 ClK Falling 
Edge) 20 - ns 

265 ~ 1 SY1 (sync) Hold Time (from l1 ClK Fall-
mg Edge) 34 - ns 

266 l1 SY1 (sync) Inactive Before 4th l1 ClK 0 - ns 

267 l1 TxD Active Delay (from l1 ClK Rising 
Edge) 0 50 ns 

268 l1TxD to High Impedance (from l1 ClK Ris 
ing Edge) (see Note 2) , 0 34 ns 

269 l1 RxD Setup Time (to l1 ClK Falling Edge) 34 - ns 

270 l1 RxD Hold Time (from l1 ClK Falling 
Edge) 34 - ns 

271 Time Between Successive IDl syncs 20 - l1ClK 

272 l1 RQ Valid before Falling Edge of L 1 SY1 1 - l1ClK 

273 l1 GR Setup Time (to l1 SY1 Falling Edge) 34 - ns 

274 l1 GR Hold Time (from l1 SY1 Falling Edge) 34 - ns 

275 SDS 1-SDS2 Active Delay from l1 ClK Ris-
ing Edge 7 50 ns 

276 SDS1-SDS2 Inactive Delay from l1 ClK 
Falling Edge 7 50 ns 

NOTES: 
1. The ratio ClKO/l1 ClK must be greater than 2.5/1. 
2. High impedance is measured at the 30% and 70% of Voo points, with the line at Vool2 through 10K 

in parallel with 130 pF. 
3. Where P = 1/ClKO. Thus, for a 25-MHz ClKO rate, P = 40 ns. 
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Electrical Characteristics 

14.5.16 IMP AC Electrical Specifications-GCI Timing 

GCI supports the NORMAL mode and the GCI channel 0 (GCNO) in MUX mode. Normal 
mode uses 512 kHz clock rate (256K bit rate). MUX mode uses 256 x n - 3088 kbs (clock 
rate is data rate x 2). The ratio ClKO/l1 ClK must be greater than 2.5/1 (see Figure 14-21). 

25 MHz at 5.0 

Num. Characteristic V Unit 

Min Max 

l1ClK GCI Clock Frequency (Normal Mode) 
(see Note 1) - 512 kHz 

280 l1 ClK Clock Period Normal Mode (see Note 1) 1800 2100 ns 

281 l1 ClK Width low/High Normal Mode 840 1450 ns 

282 l1 ClK Rise/Fall Time Normal Mode (see Note 4) - - ns 

l1ClK (GCI Clock) Period (MUX Mode) (see Note 1) - 6.668 MHz 

280 l1 ClK Clock Period MUX Mode (see Note 1) 150 - ns 

281 l1 ClK Width low MUX Mode 55 - ns 

281A l1 ClK Width High MUX Mode (see Note 5) P+10 - ns 

282 l1 ClK Rise/Fall Time MUX Mode (see Note 4) - - ns 

283 l1 SY1 Sync Setup Time to l1 ClK Falling Edge 20 - ns 

284 l1 SY1 Sync Hold Time from l1 ClK Falling Edge 34 - ns 

285 l1TxD Active Delay (from l1 ClK Rising Edge) 
(see Note 2) 0 70 ns 

286 l1TxD Active Delay (from l1 SY1 Rising Edge) 
(see Note 2) 0 70 ns 

287 l1 RxD Setup Time to l1 ClK Rising Edge 14 - ns 

288 l1 RxD Hold Time from l1 ClK Rising Edge 34 - ns 

289 Time Between Successive l1 SY1 in Normal 64 - l1ClK 
SCIT Mode 192 - l1ClK 

290 SDS1-SDS2 Active Delay from l1 ClK Rising Edge 
(see Note 3) 7 60 ns 

291 SDS1-SDS2 Active Delay from l1 SY1 Rising Edge 
(see Note 3) 7 60 ns 

292 SDS1-SDS2 Inactive Delay from l1 ClK Falling 
Edge 7 60 ns 

293 GCIDCl (GCI Data Clock) Active Delay 0 34 ns 

NOTES: 
1. The ratio ClKO/l1 ClK must be greater than 2.5/1. 
2. Condition Cl = 150 pF. l1 TO becomes valid after the l1 ClK rising edge or l1 SY1, whichever is later. 
3. SDS1-SDS2 become valid after the L1 ClK rising edge or L1 SY1, whichever is later. 
4. Schmitt trigger used on input buffer. 
5. Where P= 1/ClKO. Thus, for a 25-MHz ClKO rate, P = 40 ns. 
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Figure 14-21. Gel Timing Diagram 
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Electrical Characteristics 

14.5.17 IMP AC Electrical Specifications-PCM Timing 

There are two sync types: 

14-36 

Short Frame-Sync signals are one clock cycle prior to the data 

Long Frame-Sync signals are N-bits that envelope the data, N > 0; see Figure 14-22 
and Figure 14-23). 

25 MHz at 

Num. Characteristic 5.0 V Unit 

Min Max 

300 l1 ClK (PCM Clock) Frequency (see Note 1) - 10.0 MHz 

301 l1 ClK Width low 37 - ns 

301A l1 ClK Width High (see Note 4) P+10 - ns 

302 l1 SYO-l1 SY1 Setup Time to l1 ClK Rising Edge 0 - ns 

303 l1 SYO-l1 SY1 Hold Time from L1 ClK Falling Edge 27 - ns 

304 l1 SYO-l1 SY1 Width low 1 - l1ClK 

305 Time Between Successive Sync Signals (Short 
Frame) 8 - l1ClK 

306 l1 TxD Data Valid after l1 ClK Rising Edge (see 
Note 2) 0 47 ns 

307 l1 TxD to High Impedance (from l1 ClK Rising 
Edge) 0 34 ns 

308 l1 RxD Setup Time (to l1 ClK Falling Edge) (see 
Note 3) 14 - ns 

309 l1 RxD Hold Time (from l1 ClK Falling Edge) (see 
Note 3) 34 - ns 

NOTES: 
1. The ratio ClKll1 ClK must be greater than 2.5/1. 
2. l1 TxD becomes valid after the l1 ClK rising edge or the sync enable, whichever is later, if long frames 

are used. 
3. Specification valid for both sync methods. 
4. Where P = 1/ClKO. Thus, for a 25-MHz ClKO rate, P =40 ns. 
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Electrical Characteristics 

L1CLK 
(INPUT) 

L1SYO/l 
(INPUT) 

L1TXD 
(OUTPUT) -----{I 

1'---\-_-1 

L1RXD 
(INPUT) ___ .....J 1'-__ -./ 

Figure 14-22. PCM Timing Diagram (SYNC Envelopes Data) 

I~--------------~~~------------~.~I 

L1TXD 
(OUTPUT) ------{I 

I'--t----.J 

L1RXD 
(INPUT) ____ -.I !'---_-J. '---_--.J '---_--.J '---_--' '---_--' '---_--' '--_--' '---_--' 

NOTE: (*) If L lSYn is guaranteed to make a smooth low to high transition (no spikes) while the clock is high, setup time can be defined as shown 
(min 20 ns). 

Figure 14-23. PCM Timing Diagram (SYNC Prior to 8-Bit Data) 
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Electrical Characteristics 

14.5.18 IMP AC Electrical Specifications-NMSI Timing 
The NMSI mode uses two clocks, one for receive and one for transmit. Both clocks can be 
internal or external. When the clock is internal, it is generated by the internal baud rate gen­
erator and it is output on TCLK or RCLK. All the timing is related to the external clock pin. 
The timing is specified for NMSI1. It is also valid for NMSI2 and NMSI3 (see Figure 14-24). 

25 MHz at 25 MHz at 
5.0 V 5.0 V 

Num. Characteristic Internal External Unit 
Clock Clock 

Min Max Min Max 

315 RCLK1 and TCLK1 Frequency (see Note 1) - 8.33 - 10 MHz 

316 RCLK1 and TCLK1 Low 45 - P+10 - ns (see Note 4) 

316a RCLK1 and TCLK1 High 45 - 35 - ns 

317 RCLK1 and TCLK1 Rise/Fall - 14 - - ns Time (see Note 3) 

318 TXD1 Active Delay from TCLK1 Falling Edge 0 25 0 40 ns 

319 11m Active/Inactive Delay from TCLK1 Falling 
Edge 0 25 0 65 ns 

320 crs-r Setup Time to TCLK1 
Rising Edge 35 - 7 - ns 

321 RXD1 Setup Time to RCLK1 
Rising Edge 35 - 7 - ns 

322 RXD1 Hold Time from RCLK1 Rising Edge (see 
Note 2) 7 - 35 - ns 

323 CD1 Setug Time to RCLK1 
Rising E ge 35 - 7 - ns 

NOTES: 
1. The ratio CLKOITCLK1 and CLKO/RCLK1 must be greater than or equal to 2.5/1 for external clock. The input 

clock to the baud rate generator may be either an internal clock or TIN1, and may be as fast as EXTAL. 
However, the output of the baud rate generator must provide a CLKOITCLK1 and CLKO/RCLK1 ratio greater 
than or equal to 3/1. In asynchronous mode (UART), the bit rate is 1/16 of the TCLK1/RCLK1 clock rate. 

2. Also applies to CD hold time when CD is used as an external sync in BISYNC or totally transparent mode. 
3. Schmitt triggers used on input buffers. 
4. Where P = 1/CLKO. Thus, for a 25-MHz CLKO rate, P =40 ns. 
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Figure 14-24. NMSI Timing Diagram 
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14.5.19 AC Electrical Specifications-PCMCIA Interface 

25 MHz at 

Num. Characteristic 5.0V Unit 

Min Max 

324 PC Address Setup before ~ or ~ Low 10 ns 

325 ~ Setup before ~ or ~ Low 0 ns 

326 ~ Hold from ~ or~ High (See Note 1) 20 ns 

327 PC_Address Hold from ~ or ~ High (See Note 1) 20 ns 

328a ~ or~ Low to "AS Low (only for FAST Burst Mode) 1 2.5+ elk 
20 ns 

328b Asynchronous Input Setup 10 ns 

329 Minimum PC_OE or PC_WE Width (only for FAST Burst Mode) (See 
Note 2) 3.5 elk 

330 AS, am, U'[jS Hold from ~ or ~ High (only for FAST 
Burst Mode) 0 20 ns 

331a ~ High to ~ High (only for FAST Burst Mode) 15 ns 

331b 'Pc:wE' High to WEH, ~ High (only for FAST Burst Mode) 15 ns 

332 68k Data Bus Valid to PC_Data Bus Valid (See Note 3) 25 ns 

333 ~ or ~ High to 68k Address Bus Invalid (only for FAST 
Burst Mode) 25 ns 

334 PC_Address Hold from PC_OE or PC_WE High (See Note 4) 20 ns 

335 ~ Hold from ~ or ~ High (See Note 4) 20 ns 

336 Clock High to PC_ABUF Low 20 ns 

337 Clock High to PC_ASOF' High 20 ns 

338 PC_OE or PC_WE Low to 68k Address Bus Valid (only for FAST 
Burst Mode) 30 ns 

339 AS Low to 68k Data Out (only for FAST Burst Mode) 0 20 ns 

340 PC_Data Valid to 68k Data Valid 25 ns 

341 WEC,WER High to 68k Data Invalid (only for FAST Burst Mode) 0 ns 

342 PC_Data Setup before ~ High 30 ns 

343 'PC1JE' or ~ Low to PC_ASOF Low (only for FAST Burst 
Moce) . 20 ns 

344 ~ or ~ High to PC_ASOF High (only for FAST Burst 
Moce) 20 ns 

345 PC_Data Bus Hold Time from 'J5C:J)E High 20 ns 

346 PC_OE or PC_WE or PC_lORD or PC_IOWR Low to PC_WAIT Low 30 ns 

347 ~ or ~ or PC lORD or PC IOWR High from PC WAIT 
High (See Note 5) - - - 0 

348 Clock High to pc_WAIT High 20 ns 

349 ~ Low to PC_Data Driven 5 ns 

350 ~ High to PC_Data Invalid 0 ns 

351 PC_Data High-Z from ~ High 30 ns 

352 PC_Aaaress Setup before TOWJ1 or 'J5'R1) 5 ns 

353 ~ and ~ Setup before 'lOW'R or 1L5'RD 5 ns 

354 'P'CJ)r Low to PC _Data Valid 25 ns 

355 Clock Low to PC_Data Valid 25 ns 
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356 Minimum Pulse Width of P<:;-,oWR 2.5 elk 

357 PCJNAf'f' High to PC_Data Valid (See note 6) 0 ns 

358 P<:;-'oRI:5 High to PC_Data Invalid 0 ns 

1.5+ elk 359 PC-,oRI:5 Low to PC_Data Valid 
30 ns 

360 P<:;-,oRI:5 High to PC_data High-Z 30 ns 

361 PC_Data Setup before P<:;-'oWR Low 0 ns 

362 PC_Data Hold from P<:;-'oWR High 0 ns 

363 PC_Address, ~ Hold from P<:;-,oRr5 or P<:;-,oWR High 10 ns 

364 ~ Hold from P<:;-,oRI:5 or P<:;-,oWR High 0 ns 

NOTES: 
1. Hold Time Required for Register Accesses Only 
2. If the Asynchronous Input Setup (#328) is met this value is 1.5 clks+ 1 Ons 
3. Delay through chip assuming chip is driving PC_Data Bus 
4. Hold Time Required for PCMCIA to 68k Bus Accesses 
5. Max is Determined by PC Host Timing 
6. PC_IO Cycles with P<:;_WAIT Enabled 

-
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CLKO 
(OUTPUT) 

PC _A23-PC _A 11 
(INPUT) (NOTE 1) 

PC_CE2, PC_CE1 
(INPUT) 

A23-A12 

----' 

(OUTPUT) -----""'---~ 1 __ --1----t:~---_+__ 

A11-AO ---------1--,\ 

(OUTPUT) -------4--J I\-----+---'~----+-..J '--­

14-42 

(NOTE 3) 

AS, LOS, UOS 
(OUTPUT) 

OE 
(OUTPUT) 

015-00 
(INPUT) ---------1-------< 

PC_015-PC_00 _______ +-_~_--( 
(OUTPUT) 

PC_ABUF 
(OUTPUT) (NOTE 4) 

NOTES: 
1. PC_A 11 is input if ABUF/PC_A 11 bit in PCMR == 0 

I'-----I--J 

2. Asynchronous input; if set-up is met AS is asserted as shown 
3. If ABUF/A 11 = 1 in PCMR A23-A 12 are input to chip 
4. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-25. PCMCIA to 68K Fast Burst Read 
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CLKO 
(OUTPUT) 

PC_A 11-PC_AO 

(INPUT) (NOTE 1) ___ .....J ~-----I----+----!----i---~ 

PC_CE2, PC_CE1 
(INPUT) 

PC_WE 
(INPUT) 

A23-A12 
(OUTPUT) 

A11-AO --------+--(1 
(OUTPUT) 
(NOTE 3) 

AS 
(OUTPUT) 

LOS, UOS 
(OUTPUT) 

W-E-H,-WE-L -------.......!------j...---
(OUTPUT) 

015-00 
(OUTPUT) 

PC_015-PC_00 _______ +-____ -< 
(INPUT) 

PC_ABUF 
-§t~ 

(OUTPUT) (NOTE 4) -------

NOTES: 
1. PC_A 11 is input if ABUF/PC_A 11 bit in PCMR = 0 
2. Asynchronous input; if set-up is met AS is asserted as shown 
3. If ABUF/A 11 = 1 in PCMR A23-A 12 are input to chip 
4. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-26. PCMCIA to 68K Fast Burst Write 
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PC_All-PC_AO ----'"\ [r---------------------4----J 
REG_ ----'{ 

(INPUT) ------' I'------:--------------------r---~ 

PC_CE2, PC_CEl 
(INPUT) 

WAIT 
(OUTPUT) 

PC_D15-PC_DO _________ -+---<1 
(OUTPUT) 

Figure 14-27. PCMCIA to 68K Register Read 

PC_All-PC_AO ------. 1,----------------------+---""'\1 
REG_ ----rl 

(INPUT) ------' 1'----------------------+---_=1 
~ 

PC_CE2, PC_CEl 
(INPUT) 

~. 

PC_D15-PC_DO _____________________ --( 

(INPUT) 

Figure 14-28. PCMCIA to 68K Register Write 
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ClKO 
(OUTPUT) 

SO SI S2 S3 S4 S5 S6 S7 so 

Electrical Characteristics 

PC_~~~~~ ----"""""\Ic------------+--+-------+-+------+--===-----.j 
(INPu~Cct~i~~~ ____ -.f F---:=-----------1r--_t_------+--+--------1f-----=;'--

PC_CE2, PC_CEI 
(INPUT) 

PC_OE 
(INPUT) 

WAIT-----------~~I 

(OUTPDTj 

A23-A12 

(O~;~ -----------t-------'f--<I 
(OUTPUl) (NOTE 2) r:--f-------t-:--f""""F------t-------

AS 
lDS, UDS, 
(OUTPUT) 

CS,OE 
(OUTPUT) 

~;~-----------t------~--+--~~~~=-t__t_~ 

DTACK 
(OUTPUl) 

PC_ABUF -------------------'f---; 

NOTES: 

(OUTPUl) 
(NOTE 3) 

1. PC _A 11 is input if ABUF/PC _A 11 bit in PCMR=O 
2. If ABUF/A11=1 in PCMR A23-A12 are input to chip 
3. Asserted if ABUF/A 11 = 1 in PCMR 

Figure 14-29. PCMCIA Normal Read 

MOTOROLA MC68356 USER'S MANUAL 14-45 

• 



D 

Electrical Characteristics 

CLKO 
(OUTPUT) 

SO 51 S2 S3 S4 S5 S6 S7 SO 

PC_A23--~~:tA-~ -------.. ~-----------+---t_-_II_---t__t_------t_---'::::-__.J 

(1~~U¢)1!~6~E~~ -----'F---'---::-----------t---+---j-----+-j-------+----=f 

PC_CE2, PC_CEl 
(INPUT) 

PC_WE 
(INPUT) 

WAIT 
(OUTPUT) 

A23--A12 
(OUTPUT) 

All-AO ------------------+-<1 
(OUTPUT) (NOTE 2) r=-_t_--+-=--_t_~I_'I"------t-------

AS 
(OUTPUT) 

LDS, UDS, 
(OUTPUT), 

WEH, WEL, 
(OUTPUT) 

CS 
(OUTPUT) 

(O~+~~ ------------------+---+---<lI'-:=HI-__ -+_+---1 

PC_D15(1~~L?~ --------------<\-...--+---t---t----t---r-------'r 

DTACK---------------------t~-~ 

(OUTPUT) 

PC_ABUF 
(OUTPUT) 
(NOTE 1) 

NOTES: 
1. PC_All is input if ABUF/PC_All bit in PCMR=O 
2. If ABUF/All=1 in pcmr A23-A12 are input to chip 
3. Asserted if ABUF/A11 = 1 in PCMR 

Figure 14-30. PCMCIA Normal Write 
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(OUTPUT) 

Electrical Characteristics 

PC_All-PC_AO -----X1 

(INPUT) ----.......TF----------------+-------------..,:-------'::r\..-

REG 
(INPUT) 

PC_CE2,PC_CEl 
(INPUT) 

PC_IORD_ 
(INPUT) 

WAIT 
(OUTPUT) 

PC_D15-PC_DO ___________ -+-__________ -(1 

(OUTPUT) 

CLKO 
(OUTPUT) 

REG 
(INPUT) 

PC_ CE2, pc_ CEI 
(INPUT) 

PC-'OWR_ 
(INPUT) 

WAIT 
(OUTPUT) 

MOTOROLA 

r...----.-; 359)--------i~ 

Figure 14-31. PCMCIA I/O (16550 Emulation) Read 

Figure 14-32. PCMCIA 1/0 (16550 Emulation) Write 
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ClKO 
(OUTPUT) 

PC_CE2. PC_CE1 
(INPUT) 

PC OE 
(INPUT) 

WAIT 
(OUTPUT) 

@--> ~ 
/r--------

Figure 14-33. PCMCIA to 68K Arbitration 

14.6 DSP AC ELECTRICAL CHARACTERISTICS 
The timing waveforms in these tables are tested with a VIL maximum of 0.5 V and a VIH min­
imum of 2.4 V for all pins, except DEXT AL, DRESET, MODA, MODS, and MODC. These 
four pins are tested using the input levels set forth in 14.4.3 DC Electrical Characteristics. 
AC timing specifications which are referenced to a device input signal are measured with 
respect to the 50% point of the respective input Signal's transition. DSP output levels are 
measured with the production test machine VOL and V OH reference levels set at 0.8 V and 
2.0 V respectively. 

14.6.1 AC Electrical Characteristics· Internal Clocks 
For each occurrence of T H, T L, T c or ICyc substitute with the numbers in the following table: 

Characteristics Symbol Expression 

Internal Operation Frequency f 

Internal Clock High Period 
- with PLL disabled ETH 

- with PLL enabled and MF ~ 4 TH (Min) O.48*ETc*DF/MF 
(Max) O.52*ETc*DF/MF 

- with PLL enabled and MF>4 (Min) O.467*ETc*DF/MF 
(Max) O.533*ETc*DF/MF 

Internal Clock Low Period 
- with PLL disabled ETL 

- with PLL enabled and MF ~ 4 TL (Min) O.48*ETc*DF/MF 
(Max) O.52*ETc*DF/MF 

- with PLL enabled and MF>4 (Min) O.467*ETc*DF/MF 
(Max) O.533*ETc*DF/MF 

Internal Clock Cycle Time Tc ETc*DF/MF 

Instruction Cycle Time Icyc 2*Tc 
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DXTAL DEXTAL 

Fundamental Frequency 
Crystal Oscillator 

Suggested Component Values 
For fose = 4 MHz: 
R = 680 K.o.± 10% 
C =20 pf±20% 

For fose = 30 MHz: 
R = 680 K.o. ± 10% 
C =20 pf±20% 
Notes: 
(1) The suggested crystal source is ICM, # 
433163 -4.00 (4MHz fundamental, 20 pf load) or 
# 436163 - 30.00 (30 MHz fundamental, 20 pf 
load). 

DEXTAL 

R1 

C1 

L1 r 1---~'-C-2-----iXTQL1' 
3rd Overtone 

Crystal Oscillator 

Suggested Component Values 
R1 = 470 K .0. ± 10% 
R2 =330.0. ± 10% 
C1 =0.1 /J-f±20% 
C2=26pf ±20% 
C3=20pf± 10% 
L 1 = 2.37 /J-H ± 10% 
XTAL = 40 MHz, AT cut, 20 pf load, 

50.0. max series resistance 

Notes: 
(1) *3rd overtone crystal. 

DXTAL 

R2 

(2) The suggested crystal source is ICM, # 471163 - 40.00 (40 MHz 3rd 

overtone, 20 pf load). 
(3) R21imits crystal current 
(4) Reference Benjamin Parzen, The Design of Crystal and Other Harmonic 
Oscillators, John Wi/ey& Sons, 1983 

Figure 14-34. Crystal Oscillator Circuits 

DEXTAL 

Note: The midpoint is VILC + 0.5 (VIHC - VILC)' 

Figure 14-35. External Clock Timing 

MOTOROLA MC68356 USER'S MANUAL 14-49 



Electrical Characteristics 

14.6.2 DSP AC Electrical Characteristics - External Clock Operation 
The DSP system clock may be derived from the on-chip crystal oscillator as shown in Figure 
14-33, or it may be externally supplied. An externally supplied square wave voltage source 
should be connected to DEXTAL, leaving DXTAL physically not connected (see Figure 14-
35) to the board or socket. The rise and fall time of this external clock should be 4ns maxi­
mum. 

60 MHz 
Num Characteristics Symbol Unit 

Min Max 

Frequency of Operation (DEXT AL Pin) Ef 0 60 MHz 

Clock Input High (see Note) 
1 -with PLL disabled (46. 7% - 53.3% duty cycle) ETH 7.8 infinity ns 

-with PLL enabled (42.5% - 57.5% duty cycle) 7.1 235.5 J!s 

Clock Input Low (see Note) 
ETL 2 - with PLL disabled (46.7% - 53.3% duty cycle) 7.8 infinity ns 

- with PLL enabled (42.5% - 57.5% duty cyCle) 7.1 235.5 J!s 

3 
Clock Cycle Time 

- with PLL disabled ETC 16.67 infinity ns 
- with PLL enabled 16.67 409.6 J!S 

Instruction Cycle Time 

4 
= Icyc = 2xT C (see Note) 

ICyc infinity 
ns 

- with PLL disabled 33.3 
- with PLL enabled 33.3 819.2J!S 

Note: External clock input high and external clock input low are measured at 50% of the input transition. 

14.6.3 AC Electrical Characteristics - DSP Phased Lock Loop (DPLL) 
Characteristics 

Characteristics ExpreSSion Min Max Unit 
VCO frequency when PLL enabled MF* Ef 10 f (Note 1.) MHz 

PLL external capacitor (PCAP pin to PVCC) MF * Cpcap (Note 1.) 
@ MF.s.4 MF * 340 MF * 480 pF 
@ MF>4 MF * 380 MF * 970 

1. Cpcap is the value of th§ PLL_c.5lpacitor (connected between PCAP pin and PVCC) for MF=1. The recomrnendedlvalue 
tor C!~cap is 400pt- for Mt- < 4 and 540pF for MF> 4. I he maximum VCO frequency is limited to the mterna oper­
ation frequency, as defmeaabove. 
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14.6.4 DSP AC Electrical Characteristics - Reset, Stop, Mode Select and 
Interrupt Timing 

(See Figure 14-36 through Figure 14-43) 
WS = Number of wait states (1 WS = Tc) programmed into external bus access using 
SeR (WS = 0 - 15) 

60 MHz 
Num Characteristics Unit 

Min Max 

Delay from l:J"RESET Assertion to Address 
9 Hit Imgedance (periodically sampled and - 26 ns 

no 100 Yo tested). 

Minimum Stabilization Duration 
75000*Tc e Internal Osc. PLL Disabled (see Note 1) -

10 
e External clock PLL Disabled (see Note 2.) 25*Tc - ns 

e External clock PLL Enabled (see Note 2.) 2500*Tc -

Delay from Asynchronous ~ Deas-
8*Tc 9* Tc+20 11 sertion to First External Address Output (in- ns 

ternal DRESET Deassertion) 

12 
sTfchronous Reset SetuJ:2Time from 
D ESET Deassertion to CKOUT transition 8.5 Tc ns 
#1 

13 
sytchronous Reset Delay Time from the 
C OUT transition #1 to tlie First External Ad- 8*Tc 8*Tc+6 ns 
dress Output 

14 Mode Select Setup Time 21 - ns 

15 Mode Select Hold Time 0 - ns 

16 Minimum Edge-Triggered Interrupt Request 
Assertion WiClth 13 - ns 

16a Minimum. EdW.-Triggered Interrupt Request 
Deassertlon Idth 13 - ns 

Delay from IRQA, iRQB, 1'JMT Assertion to 
External Memory Access Address Out Valid 

17 e Caused by First Interrupt Instruction Fetch 5*Tc+ TH - ns 
e. Caused by First Interrupt Instruction Execu-

9*Tc+ TH -tlon 

Delay from iRQA, T!iQB" 1'JMT Assertion to 
18 General Pu~ose Transfer Output Valid ns 9aused by irst Interrupt Instruction Execu- 11*Tc+TH -tlon 

Dela~ from Address Output Valid Caused by 
19 First nterrupt Instruction Execute to Interrupt - 2Tc+ TL+{Tc*WS)-23 ns Request Deassertion for Level Sensitive Fast 

Interrupts 

Delayfrom RD Assertion to Interrupt Request 
2Tc+(Tc*WS)-21 20 Deassertion for Level Sensitive Fast Inter- - ns 

rupts 

Delay from WR Assertion to Interrupt Re-
quest Deassertion for Level Sensitive Fast 

2*Tc-21 21 Interrupts ns 
eWS:::iJ - Tc+ TL+(Tc*WS)-21 
eWS> 0 -
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60 MHz 
Num Characteristics Unit 

Min Max 

DeiaR from General-Purpose Output Valid to Inter-
ru~t equest Deassertion for level Sensitive Fast 

22 In errupts - If Second Interrupt Instruction is: ns 
• Single Cycle - TL-31 
• Two Cycles - (2*Tc)+ T L-31 

23 w,r..Q.J1Q.us Interrupt Setuf) Time from TROA,-
I QS, NMI Assertion to the CKOUT transition #2 10 Tc ns 

SITchronous Interrupt Delay Time from the CK-
24 a T transition #2 to the First External Address 13*Tc+TH 13*Tc+ TH+6 ns Output Valid Caused by' the First Instruction Fetch 

after Coming out of Wait State 

25 Duration for TFi'QA Assertion to Recover from Stop 
State 12 - ns 

DeiaYr from TRQA Assertion to Fetch of First Inter-
rupt nstruction (when exiting 'STOP') 

• Internal Crystal Oscillator Clock, OMR 65548*Tc -
26 bit 6 = 0 ns 

• Stable External Clock,OMR bit 6 = 1 20*Tc -
• Stable External Clock, PCTl bit 17= 1 13*Tc -

(See Note 1 ) 

Duration of level Sensitive IRQA Assertion to en-
sure interrupt service (when exiting 'STOP') 

65534* T c+ Tl • Internal Crystal Osc. Clock, OMR bit 6 = 0 -
27 • Stable External Clock, OMR bit 6 = 1 6*Tc+Tl - ns 

• Stable External Clock, PCTlbit 17 = 1 12 -
(See Note 1 ) 

Dela~ from level Sensitive IRQA Assertion to 
Fetc of First Interrupt Instruction (when exiting 
'STOP') 

28 • Internal Crystal Osc. ClockOMR bit 6 = 0 65548*Tc - ns 
• Stable External Clock, OMR bit 6 = 1 20*Tc -
• Stable External Clock, PCTl bit 17= 1 13*Tc -

(See Note 1 ) 

Notes: 
1. A clock stabilization delay is required when using the on-chip crystal oscillator in two cases: 

1) after power-on reset, and 
2) when recovering from Stop mode. 
During this stabilization period, Tc, TH and TL will not be constant. Since this stabilization period varies, a delay 
of 75,OOO*Tc is typically allowed to assure that the oscillator is stable before executing programs. While it is 
possible to set OM R bit 6 = 1 when using the internal crystal oscillator, it is not recommended and these 
specifications do not guarantee timings for that case. 

2. Circuit stabilization delay is required during reset when using an external clock in two cases: 
1) after power-on reset, and 
2) when recovering from Stop mode. 

14-52 

NOTE 

When using fast interrupts and IROA and IROB are defined as 
level-sensitive, then timings 19 through 22 apply to prevent mul­
tiple interrupt service. To avoid these timing restrictions, the 
deassertive edge-triggered mode is recommended when using 
fast interrupt. Long interrupts are recommended when using lev­
el-sensitive mode. 
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DAO-DA15 

CKOUT 

DAO-DA15, 
00, l'S 

Xf{ 

MODA, MODB 
MODC 

MOTOROLA 

Electrical Characteristics 

~-----I10 

First Fetch 

Figure 14-36. Reset Timing 

Figure 14-37. Synchronous Reset Timing 

Figure 14-38. Operating Mode Select Timing 
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~~.~0-6~r 
-1~: @~t'------

Figure 14-39. External Interrupt Timing (Negative Edge-Triggered) 

DAO-DA15 

General 
Purpose 

1/0 

First Interrupt Instruction ExecutionlFetch 

~~~-----------(19 ~----------~~r-----------

a) First Interrupt Instruction Execution 

~~~----------~22 ~----------~ 

b) General Purpose 1/0 

Figure 14-40. External Level-Sensitive Fast Interrupt Timing 
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CKOUT 

DAO-DA15, TIS 
~,xf1 

Electrical Characteristics 

T1, T3 

~------~24 r-------~ 

Figure 14-41. Synchronous Interrupt from Wait State Timing 

DAO-DA 15, US, 
158, Xf{ 

DAO-DA 15, TIS, 
158, Xf{ 

~------~26 r---------~ 

First Instruction Fetch 

Figure 14-42. Recovery from Stop State Using IRQA 

...-----------1 27 r-----~ ,.------------

~------~28r-------~ 

First 1liQA Interrupt 
Instruction Fetch 

Figure 14-43. Recovery from Stop State Using IRQA Interrupt Service 
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14.6.5 Host Port Usage Considerations 

Careful synchronization is required when reading multibit registers that are written byanoth­
er asynchronous system. This is a common problem when two asynchronous systems are 
connected. The situation exists in the host port. The considerations for proper operation are 
discussed below. 

14.6.5.1 Host Programmer Considerations 

14.6.5.1.1 Unsynchronized Reading of Receive Byte Registers 
When reading receive byte registers RXH, RXM, or RXL, the host programmer should use 
interrupts or poll the RXDF flag which indicates that data is available. This assures that the 
data in the receive byte registers will be stable. 

14.6.5.1.2 Overwriting Transmit Byte Registers 
The host programmer should not write to the transmit byte registers, TXH, TXM, or TXL, un­
less the TXDE bit is set indicating that the transmit byte registers are empty. This guarantees 
that the transmit byte registers will transfer valid data to the HRX register. 

14.6.5.1.3 Synchronization of Status Bits from DSP to Host 
He, HREQ, DMA, HF3, HF2, TRDY, TXDE, and RXDF status bits are set or cleared from 
inside the DSP and read by the host processor. The host can read these status bits very 
quickly without regard to the clock rate used by the DSP, but the possibility exists that the 
state of the bit could be changing during the read operation. This is generally not a system 
problem, since the bit will be read correctly in the next pass of any host polling routine. 

A potential problem exists when reading status bits HF3 and HF2 as an encoded pair. If the 
DSP changes HF3 and HF2 from 00 to 11, there is a small probability that the host could 
read the bits during the transition and receive 01 or 10 instead of 11. If the combination of 
HF3 and HF2 has significance, the host could read the wrong combination. 

Solution: Read the bits twice and check for consensus. 

14.6.5.1.4 Overwriting the Host Vector 
The host programmer should change the host vector register only when the host command 
bit (He) is clear. This change will guarantee that the DSP interrupt control logic will receive 
a stable vector. 

14.6.5.1.5 Cancelling a Pending Host Command Exception 
The host processor may elect to clear the He bit to cancel the host command exception re­
quest at any time before it is recognized by the DSP. Because the host does not know ex­
actly when the exception will be recognized (due to exception processing synchronization 
and pipeline delays), the DSP may execute the host exception after the He bit is cleared. 
For these reasons, the HV bits must not be changed at the same time the He bit is cleared. 
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14.6.5.2 DSP Programer Considerations 

14.6.5.2.1 Reading HFO and HF1 as an Encoded Pair 

DMA, HF1, HFO, and HCP, HTDE, and HRDF status bits are set or cleared by the host pro­
cessor side of the interface. These bits are individually synchronized to the DSP clock. 

A potential problem exists when reading status bits HF1 and HF2 as an encoded pair, i.e., 
the four combinations 00, 01, 10, and 11 each have significance. A very small probability 
exists that the DSP will read the status bits synchronized during transition. The solution to 
this potential problem is to read the bits twice for consensus. 

14.6.6 AC Electrical Characteristics· SCI Timing 

tscc = Synchronous Clock Cycle Time (for internal clock, tscc is determined by the SCI 
clock control register and T c). 

Table 14-1. SCI Synchronous Mode Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

55 Synchronous Clock Cycle - tscc 8*Tc - ns 

56 Clock Low Period 4*Tc-10.5 - ns 

57 Clock High Period 4*Tc -10.5 - ns 

63 Clock Falling Edge to Output Data Valid 
(External Clock) - 32.5 ns 

64 Output Data Hold After Clock Rising Edge 
(External Clock) Tc+3 - ns 

65 Inp.ut Data Setug Time Before Clock Rising 
Edge (External lock) 16 - ns 

66 Inp.ut Data Hold Time After Clock Rising 
Edge (External Clock) 21 - ns 

Table 14-2. SCI Asynchronous Minimum Clock Cycle Time 

60 MHz 
Characteristics Unit 

Min Max 

Asynchronous Clock Cycle-tAcc 64*Tc - ns 
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EXTERNAL CLOCK 

TXCLK for TXD 

RXCLK for RXD 

(INPUT ONLy)l 

Figure 14-44. SCI+ Synchronous Mode Timing 
Note 1 - The SCI+ signals do not have dedicated pins and the actual pins used for these signals depend 
on the SCI+ connection mode set up in the DISC register. 
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14.6.7 AC Electrical Characteristics - SSI Timing 
See Figure 14-45 and Figure 14-46 

tsslCC = SSI clock cycle time 
TXC (SCK Pin) = Transmit Clock 
RXC (SCO or SCK Pin) = Receive Clock 
FST (SC2 Pin) = Transmit Frame Sync 
FSR (SC1 or SC2 Pin) = Receive Frame Sync 
i ck = Internal Clock 
x ck = External Clock 
g ck = Gated Clock 

Electrical Characteristics 

i ck a = Internal Clock, Asynchronous Mode (Asynchronous implies that TXC and RXC are two different clocks) 
i ck s = Internal Clock, Synchronous Mode (Synchronous implies that TXC and RXC are the same clock) 
bl = bit length 
wi = word length 

60 MHz 
Num Characteristics Case Unit 

Min Max 

4*Tc - i ck 
80 Clock Cycle-tsslCC (see Note 1 ) 

3*Tc x ck ns -

Clock High Period 
2*Tc-10.8 81 for internal clock - ns 

for external clock Tc+TI -

Clock Low Period 
2*Tc-10.8 82 for internal clock - ns 

for external clock Tc+TI -

84 R«C Rising Edge to FSR Out (bl) - 40.8 x ck 
High - 25.8 i cka 

ns 

85 RXC Rising Edge to FSR Out (bl) - 35.8 x ck 
Low - 25.8 i ck a ns 

86 R«C Rising Edge to FSR Out (wi) - 35.8 x ck 
High 20.8 i ck a 

ns -

87 RXC Rising Edge to FSR Out (wi) - 35.8 x ck 
Low - 20.8 i ck a 

ns 

Data In Setup Time Before RXC 3.3 - x ck 
88 (SCK in Synchronous Mode) Fall- 15.8 - i cka ns 

mg Edge 13 - i ck s 

89 Data In Hold Time After RXC 18 - x ck 
Falling Edge 3.3 - i ck 

ns 

90 FSR Inl2ut (bl) High Before RXC 0.8 - x ck 
Falling Edge 17.4 - i cka ns 

91 FSR Inl2ut (wi) High Before RXC 3.3 - x ck 
Falling Edge 18.3 - i cka 

ns 

92 FSR Inl2ut Hold Time After RXC 18.3 - x ck 
Falling Edge 3.3 - ick 

ns 
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14-60 

Rxe 
(InpuVOutput) 

FSR (Bit) 
OUT 

FSR (Word) 
OUT 

DATA IN 

FSR(Bit) 
IN 

FSR (Word) 
IN 

FLAGS IN 

~----~--~~~~ 
---------------------. ~---' 

Figure 14-45. SSI Receiver Timing 
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Electrical Characteristics 

AC Electrical Characteristics - SSI Timing (Continued) 

60 MHz 
Num Characteristics Case Unit 

Min Max 

93 Fla~s I~ut Setup Before RXe 0.8 - x ck 
Falmg dge 16.7 - i cks ns 

94 Fla~s I~ut Hold Time After RXe 18.3 - x ck 
Falmg dge 3.3 - i ck s ns 

95 T~e Rising Edge to FST Out (bl) - 31.6 x ck 
High - 15.8 i ck ns 

96 TXe Rising Edge to FST Out (bl) - 33.3 x ck 
Low 18.3 i ck 

ns -

97 T~e Rising Edge to FST Out (wi) - 30.8 x ck 
High - 18.3 i ck ns 

98 TXe Rising Edge to FST Out (wi) - 33.3 x ck ns Low - 18.3 ick 

99 TXe Risin~ Ed~e to Data Out En- 33.3+TH x ck 
able from igh mpedance - 20.8 i ck ns 

100 TXe Rising Edge to Data Out Valid 
33.3+TH x ck 

- 22.4 i ck ns 

101 TXe Rising Edge to Data Out High - 35.8 x ck 
Impedance 20.8 i ck 

ns -

101A TXe Falling Edge to Data Out High 
Impedance - Tc+TH g ck ns 

102 FST Input (b~ Setup Time Before 0.8 x ck 
TXe Falling dge 18.3 - i ck ns 

103 FST Input (wi) to Data Out Enable 
from HI.gh Impedance - 30.8 ns 

104 FST Input (wg Set6lp Time Before 0.8 - x ck 
TXe Falling dge 20.0 ick 

ns -

105 FST InRut Hold Time After TX 18.3 - x ck 
Falling Edge 3.3 i ck 

ns - • 
106 Flag Output Valid After TXe Rising - 32.5 x ck 

Edge - 20.8 ick ns 

Notes: 
1. For internal clock, external clock cycle is defined by Icyc and SSI control register. 
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Electrical Characteristics 

TXC 
(Input/Output) 

FST(Bit) 
OUT 

FST (Word) 
OUT 

DATA OUT 

FST(Bit) 
IN 

FST (Word) 
IN 

FLAGS OUT 

Note: In the network mode, output flag transitio!,)s can occur at the start of each time slot within the frame. 
In the normal mode, the outpunlag state IS asserted for the entire frame period. 

Figure 14-46. 551 Transmitter Timing 
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Electrical Characteristics 

14.6.8 AC Electrical Characteristics - Capacitance Derating­
External Bus Asynchronous Timing 

See Fi.gure 14-47 
. WS = Number of Wait States, Determined by BCR Register (WS = 0 to 15) 

The OSP external bus timing specifications are designed and tested at the maximum capac­
itive load of 50 pF, including stray capacitance. Typically, the drive capability of the external 
bus pins (OAO-OA15, 000-0023, PS, OS, RO, WR, XIY) de rates linearly at 1 ns per 12 pF 
of additional capacitance from 50 pF to 250 pF of loading. Port Band C pins derate linearly 
at 1 ns per 5 pF of additional capacitance from 50 pF to 250 pF of loading. 

Active low lines should be "pulled up" in a manner consistent with the AC and DC specifica­
tions. 

DAO-DA15, PS, 
T5S, xiV, 
mJ,WR 

DDO-DD23 

T2 

CKOUT 

Tw 

Figure 14-47. Bus Request I Bus Grant Timing 
i# 

T2 T3 TO Tl T2 Tw T2 T3 TO 

Figure 14-48. Synchronous Bus Request/Bus GrantTiming 
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Electrical Characteristics 

14.6.9 AC Electrical Characteristics - External Bus Asynchronous Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

Qelay from tml1 Assertion to ~ Asser~ 
tlon 2Tc+Th 4Tc+Th+14 

• (see Note 1) Tc+Th 4Tc+ Th+(Tc*Ws)+ 14 
115 • (see Note 2) Tc+Th 6Tc+ Th+(2*Tc*WS)+ 14 ns 

• (see Note 3) Infinity -
• (see Note 4) Th Tc+Th+15 
• (see Note 5) 

116 Qelay from US'R' Deassertion to ~ Deasser-
tlon 2*Tc 4*Tc+12.5 ns 

lJ'SIT Deassertion Duration 
117 • (see Note 5) 2*Tc - ns 

• all other cases -
-

118 Dela~ from Address, DaMd Control Tc-5.5 - ns Bus igh Impedance to Assertion 2*Tc+ Th-5.5 

119 DeiaC from lJ'SIT Deassertion to Address 
and ontrol Bus Enabled 0 - ns 

Address Valid to WR Assertion 
120 ·WS=O TI-6 - ns 

·WS > 0 Tc-6 -

WR Assertion Width Tc-3 
121 ·WS=O ns 

.WS > 0 

122 WR Deassertion to Address Not Valid TH-6 - ns 

WR Assertion to Data Out Active TH-4 
123 • WS = 0 From High Impedance 0 - ns 

·WS> 0 

Data Out Hold Time-from WR Deasser-
124 tion (the maximum specification is period- TH-5 TH-1.5 ns 

ically sampled, and not 100% tested) 

D Data Out Setup Time to WR Deassertion TL-0.7 125 ·WS=O WS*Tc+ TI-0.8 
ns 

·WS>O 

126 m Deassertion to Address Not Valid TH-1 ns 
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Electrical Characteristics 

AC Electrical Characteristics - External Bus Asynchronous Timing 
(Continued) 

60 MHz 
Num Characteristics Unit 

Min Max 

Address Valid to 1ir> Deassertion Tc+TI-6 127 ·WS=O 
((WS+ 1 )*Tc+ TI-6 ns 

·WS>O 

128 Input Data Hold Time to 11[') 
Deassertion 0 ns 

11[') Assertion Width Tc-4 129 ·WS=O 
((WS+1)*Tc)-4 ns 

·WS>O 

Address Valid to Input Data Valid 
130 ·WS=O Tc+ TL-11 ns 

·WS>O 

131 Address Valid to 11[') Assertion TL-6 ns 

1ir> Assertion to Input Data Valid 
132 ·WS=O Tc+TL-11 ns 

·WS>O 

133 WR' Deassertion to liIT Assertion Tc-7 ns 

134 RIT Deassertion to 110 Assertion Tc-2.5 ns 

WR' Deassertion to WR' Assertion ns 135 .WS =0 Tc-3 
·WS >0 ns 

11[') Deassertion to WR' Assertion ns 136 .WS =0 Tc-2.5 
·WS > 0 ns 

Notes: 
1. With no external access from the DSP. 
2. During external read or write access. 
3. During external read-modify-write access. 
4. During STOP mode - external bus will not be released and 'lJ8'IT will not go low. 
5. During WAIT mode. 
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Electrical Characteristics 

14-66 

OAO-OA15, OS, 
'PS, Xi? 

(See Note) 

000-0023 

Note: 

125 \----I4-_~-~W-I 

During Read-Modify-Write instructions, the address lines do not change state. 

Figure 14-49. External Bus Asynchronous Timing 
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Electrical Characteristics 

AC Electrical Characteristics - External Bus Synchronous Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

140 CKOUT transition #1 To Address Valid 7 ns 

CKOUT transition #2 To WR' Assertion 
141 ·WS= 0 (see Note) 4 ns 

·WS> 0 ns 

142 CKOUT transition #2 To WR'Deassertion 1 5 ns 

143 CKOUT transition #2 To 11/j Assertion 3.9 ns 

144 CKOUT transition #2 To 11/j Deassertion 0 3 ns 

145 CKOUT transition #1 To Data-Out Valid 5 ns 

146 CKOUT transition #1 To Data-Out Invalid(See 
Note) 0 ns 

147 Data-In Valid To CKOUT transition #2 (Setup) 5 ns 

148 CKOUT transition #2 To Data-In Invalid (Hold) 0 ns 

149 CKOUT transition #1 To Address Invalid See 0 ns Note) 

Notes: 

1.AC timing specifications which are referenced to a device input signal are measured in production with respect 
to the 50% point of the respective illPut signal's transition. 
2.WS are wait state values specified in the SCR. 
3.CKOUT transition #1 to data-out invalid (spec. T146) and CKOUT transition #1 to address invalid (spec. T149) 
indicate the time after which data/address are no longer guaranteed to be valid. 
4.Timings are given from CKOUT midpoint to VOL or VOH of the corresponding pin(s). 
5.CKOUT transition #1 is a falling edge of CKOUT for CKP = o. 
6.During read-modify-write instructions, the address lines do not change states. 

\ 

MOTOROLA MC68356 USER'S MANUAL 14-67 



Electrical Characteristics 

CKOUT 

OAO-OA15 
TIS,ps 

Xf{ 

000-0023 

o EXTAL 

TO T1 T2 T3 TO T1 T2 

Figure 14-50. DSP56002 Synchronous Bus Timing 
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Electrical Characteristics 

14.6.10 AC Electrical Characteristics - Bus Strobe I Wait Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

150 CKOUT transition #1 To 'SS Assertion - 5.6 ns 

151 WT Assertion To CKOUT transition #1 (setup time) 5.3 - ns 

152 CKOUT transition #1 To WT Deassertion For Minimum Tim- 0 Tc-7.9 ns ing 

153 WT Deassertion To CKOUTtransition #1 For Maximum Tim- 7.9 - ns ing (2 wait states) 

154 CKOUT transition #2 To BS Deassertion - 5.2 ns 

155 BS Assertion To Address Valid 0 2.4 ns 

156 ES Assertion To WT Assertion (See Note 2 ) 0 Tc-10.9 ns 

157 BS Assertion To Wi Deassertion (See Note 2 and Note 4) (WS-1)*Tc WS*Tc-13.5 ns 

158 W'f Deassertion To BS Deassertion Tc+ TL+3.3 2* Tc+ TL+7.8 ns 

159 Minimum 8S" Deassertion Width For Consecutive External TH-1 - ns Accesses 

160 BS Deassertion To Address Invalid (see Note 3 ) TH-4.6 - ns 

161 Data-In Valid To RJ) Deassertion (Set Up) 3.4 - ns 

162 DBR Assertion To CKOUT transition #2 For Min. Timing 9.5 Tc ns 

163 ~ Deassertion to CKOUT Transition #2 For Min. Timing 8 Tc 
ns 

164 CKOUT transition #1 to DBG Assertion - 8.8 ns 

165 CKOUT transition #1 to DBG Deassertion - 5.3 ns 

170 DEXT AL to CKOUT - PLL Disabled 3 9.7 ns 
DEXTAL to CKOUT - PLL Enabled and MF < 5 (see note 6) 0.3 3.7 ns 

I\101es: 
1. AC timing specifications which are referenced to a device input signal are measured in production with respect to 

the 50% point of the respective input signal's transition. 
2. If wait states are also inserted using the BCR and if the number of wait states is greater than 2, then specification 

numbers 156 and 157 can be increased accordingly. 
3. BS deassertion to address invalid indicates the time after which the address are no longer guaranteed to be valid. 
4. The minimum number of wait states when using EiS/WT is two (2). 
5. For read-modify-write instructions, the address lines will not change states between the read and the write cycle. 

However, BS will deassert before asserting again for the write cycle. If wait states are desired for each of the read 
and write cycle, the WT pin must be asserted once for each cycle. 

6. When DEXTAL frequency is less than 33 MHz, then timing 170 is not guaranteed for a period of 1000 Tc after 
PLOCK assertion following the events below: 
- when enabling the PLL operation by software. 
- when changing the multiplication factor. 
- when recovering from the stop state if the PLL was turned off and it is supposed to turn on when exiting the 
stop state. 
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Electrical Characteristics 

CKOUT 

OAD-OA1S, 
~,lJS, 

Xf{ 

000-0023 

000-0023 

TO Tl T2 Tw T2 Tw T2 T3 TO 

OataOut 

Note: During read-modifv-write instructions, the address lines do not change state. However, '8'S will deassert before 
assertlng again for the wnte cycle. 

Figure 14-51. DSP56002 Synchronous BS I WT Timings 
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OAO-OA15, 
PS, os, 

XIY 

000-0023 

000-0023 

Electrical Characteristics 

~----l 158 l-----~ 

Data In 

~.-------{ 125 I-------~ 

Data Out 

Note: Durinq read-lT,lodify-write instructions, the address lines do not change state. However, BS will deassert before 
asserting again for the write cycle. 

Figure 14-52. DSP56002 Asynchronous BS I WT Timings 
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Electrical Characteristics 

14.6.11 AC Electrical Characteristics - OnCE Timing 

60 MHz 
Num Characteristics Unit 

Min Max 

230 DSCK low 40 - ns 

231 DSCK High 40 - ns 

232 DSCK Cycle Time 200 - ns 

233 ITR' Asserted to DSO (ACK) Asserted 5Tc - ns 

234 DSCK High to DSO Valid - 42 ns 

235 DSCK High to DSO Invalid 3 - ns 

236 DSI Valid to DSCK low (Setup) 15 - ns 

237 DSCK low to DSI Invalid (Hold) 3 - ns 

238 last DSCK low to OSO-OS 1 , ACK Active 3Tc+TL - ns 

239 DSO (ACK) Asserted to First DSCK High 2Tc - ns 

240 DSO (ACK) Assertion Width 4Tc+TH-3 5Tc+7 ns 

241 DSO (AC!<) Asserted to OSO-OS1 High Im-
pedance (see Note 2) - 0 ns 

242 OSO-OS1 Valid to CKOUT transition #2 Tc-21 - ns 

243 CKOUT transition #2 to OSO-OS1 Invalid 0 - ns 

244 last DSCK low of Read Register to First ns DSCK High of Next Command 7Tc+10 -

245 last DSCK low to DSO Invalid (Hold) 3 - ns 

246 ITR' Assertion to CKOUT transition #2 for 12 Tc ns Wake Up from WAIT State 

247 CKOUT transition #2 to DSO After Wake Up 
from WAIT State 17Tc ns 

ITR' Assertion Width 

248 ·a to recover from WAIT 15 12Tc-15 ns 
·b to recover from WAIT and enter DEBUG 13Tc+15 -mode 

DR Assertion to DSO (ACK) Valid (Enter De-
17Tc 249 bug MOd~ After Asynchronous Recovery - ns 

from WAI State 

ITR' Assertion Width to Recover from STOP 
• Stable External Clock, OMR bit 6 = 0 15 65548Tc+TL 

250A • Stable External Clock, OMR bit 6 = 1 15 20Tc+TL ns 
• Stable External Clock, PCTl bit 17 = 1 15 13Tc+TL 

(See Note 1) 
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Electrical Characteristics 

60 MHz 
Num Characteristics Unit 

Min Max 

1JFf Assertion Width to Recover from STOP 
Clnd enter DEBUG mode 

250B 
• Stabte External Clock,OMR bit 6 = 0 

65549Tc+TL • Stable External Clock,OMR bit 6 = 1 -

• Stable External Clock,PCTL bit 17 = 1 21Tc+ TL - ns 

(See Note 1) 14Tc+TL -

DR Assertion to DSO (ACK~ Valid+Enter De-
bug Mode) After Recovery rom S OP State 

251 
• Stable External Clock, OMR bit 6 = 0 

65553Tc+TL -• Stable External Clock, OMR bit 6 = 1 
• Stable External Clock, PCTL bit 17 = 1 25Tc+ TL -

(See Note 1) 18Tc+TL -

Notes: 
1. A clock stabilization delay is required when using the on-chip crystal oscillator in two cases: 

1) after power-on reset, and 
2) when recovering from Stop mode. 
During this stabilization period, Tc, TH and TL will not be constant. Since this stabilization period varies, a delay 
of 75,000*Tc is typically allowed to assure that the oscillator is stable before executing programs. While it is 
possible to set OMR bit 6 = 1 when using the internal crystal oscillator, it is not recommended and these 
specifications do not guarantee timings for that case. 

2. The maximum specified is periodically sampled and not 100% tested. 

DSCK 
(input) 

DJi 
(input) 

DSO 
(output) 

MOTOROLA 

Figure 14-53. DSP56002 OnCE Serial Clock Timing 

(ACK) 

Figure 14-54. DSP56002 OnCE Acknowledge Timing 
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Electrical Characteristics 

OSCK 
(input) 

DSO 
(output) 

OSI 
(input) 

Note: 
1. High Impedance, external pull-down resistor 

(Note 1) 

Figure 14-55. DSP56002 OnCE Data 1/0 To Status Timing 

OSCK 
(input) (Last) 

(OS1) 

(ACR') 

(OSO) 

(Note 1) 

14-74 

OSO 
(output) 

Note: 
1. High Impedance, external pull-down resistor 

OS1 
(output) 

DSO 
(output) 

OSO 
(output) 

Note: 

Figure 14-56. DSP56002 OnCE Read Timing 

(OSI input) 

(Note 1) 

1. High Impedance, external pull-down resistor 

Figure 14-57. DSP56002 OnCE Data VO To Status Timing 
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Electrical Characteristics 

CKOUT 

OSO-1 
(output) 

Notes: 

(Note 1) 

High Impedance, external pull-down resistor 

DSCK 
(input) 

Figure 14-58. DSP56002 OnCE CKOUT To Status Timing 

Figure 14-59. After Read Register Timing DSP56002 OnCE DSCK Next Command 

CKOUT 

(input) 

Figure 14-60. Synchronous Recovery from WAIT State 

---___ I+-------{ 248 

Uli{input) 

DSO (output) 

Figure 14-61. Asynchronous Recovery from WAIT State 
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14-76 

rn 
(input) 

DSO 
(output) 

-------. ~---~ 250 

Figure 14-62. Asynchronous Recovery from STOP State 
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SECTION 15 
MECHANICAL DATA AND ORDERING INFORMATION 

15.1 ORDERING INFORMATION 

Package Type 
Frequency 

Temperature Order Number 
(MHz) 

Plastic Ball Grid Array (ZP Suffix) 25(IMP),60(DSP) O°C to 70°C MC68356ZP25 
Plastic Ball Grid Array (CZP Suffix) -40°C to + 85°C MC68356CZP25 

MOTOROLA MC68356 USER'S MANUAL 15-1 



Mechanical Data and Ordering Information 

15.2 PIN ASSIGNMENTS - PBGA·TOP VIEW 
W v M 

NC3 PC IOWR PC_A9 PC DO PC D4 PC_D7 PC_A4 PC_A3 A3 

0 0 0 0 0 0 0 0 0 
BERR PC_OE PC_REG DISCPU PC A6 PC D3 VCC DSI PC_A2 A4 

0 0 0 0 0 0 0 0 0 0 
lAC NC1 NC4 PCJORD PC A7 PC_D2 PC_DS DSCK A2 A6 

0 0 0 0 0 0 0 0 0 0 
NC2 RMC PC_CE1 PC_WE PC A8 PC_D1 PC_DS PC_AS A1 AS 

0 0 0 0 0 0 0 0 0 0 
BUSW PC RDY HALT RESET 

0 0 0 0 0 0 4ccO 0 0 
PC_CE2 PC_EN BCLR VCCSYN 

0 0 0 0 0 0 0 0 0 0 
MODCLK1 VCC XFC GNDSYN 

0 0 0 0 0 0 0 0 0 0 
MODCLKO CLKO GND EXTAL 

0 0 0 0 0 0 0 0 0 0 
BR PC_A2S VCC XTAL 

0 0 0 0 0 0 0 0 0 0 
DTACK AS BGACK BG GND 

10 0 0 0 0 0 0 0 0 0 0 
RW OE CDs WEL 

11 0 0 0 0 0 0 0 0 0 0 
WEH () DREQ UDS 

12 0 0 0 0 0 0 0 0 0 
DACK VCC RXD1 CD1 

13 0 0 0 0 0 0 0 0 0 0 
CTS1 TXD1 RCLK1 BRG1 

14 0 0 0 0 0 0 0 0 0 0 
TCLK1 RTS1 RCLK2 TXD2 

1S 0 0 0 0 0 0 0 0 0 0 
RXD2 TCLK2 BRG2 CD2 TXD3 IACK1 PB10 IACK6 FC1 CS1 

16 0 0 0 0 0 0 0 0 0 0 
CTS2 RTS2 BRG3 TCLK3 TOUT2 TIN2 VCC IPLO FC2 CS2 

17 0 0 0 0 0 0 0 0 0 0 
RXD3 CD3 RCLK3 TOUT1 WDOG PB9 TIN1 IPL1 AVEC CSo 

18 0 0 0 0 0 0 0 0 0 0 
NC5 RTS3 CTS3 PB8 PB11 IACK7 iPL2 FCO CS3 

19 0 0 0 0 0 0 0 0 0 
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Mechanical Data and Ordering Information 

Top View 

G 

A8 A10 A14 A17 A20 DSO TRIS DD3 

0 0 0 0 0 0 0 0 
A9 A13 VCC A18 A21 DR DDO DD4 DD5 

0 0 0 0 0 0 0 0 0 2 

A11 A15 A19 A23 TRST DD2 vce DD6 DD8 

0 0 0 0 0 0 0 0 0 3 

A7 A12 A16 A22 JTAG_ONCE DD1 DD7 DD11 DD12 

0 0 0 0 0 0 0 0 0 4 

DD9 DD10 vce DD14 

0 o 0 0 0 o 0 0 0 5 

vee 
DD17 DD13 DD15 DD18 

o '0 0 0 0 o 0 0 0 6 

DD20 DD16 DD19 DD21 

0 0 0 0 0 o 0 0 0 7 

STD vce DD22 DD23 

0 0 0 0 0 o 0 0 0 8 

SC1 SRD VCC SC2 

0 o 0 0 0 o 0 0 0 9 

GND PGND SCO PVCC SCK 

0 o 0 0 0 o 0 0 0 10 

VCC MODB PCAP MODC 

0 0 0 0 0 o 0 0 0 11 

DXTAL DEXTAL DRESET MODA 

0 0 0 0 0 o 0 0 0 12 

GND CKOUT VCC DNC2 

0 0 0 0 0 o 0 0 0 13 

DBR VCC WR CSELECT 

0 0 0 0 0 o 0 0 0 14 

PS os DNC1 AD 

0 0 0 0 0 o 0 0 0 15 

D2 vce D10 D13 DA2 DA9 DA13 XY DBG 

0 0 0 0 0 o 0 0 0 16 

D3 D7 D11 D14 DA1 DA6 DA10 DA14 DA1S 

0 0 0 0 0 o 0 0 0 17 

D1 D5 D8 D12 DAO DA4 DA7 DA11 DA12 

0 0 0 0 0 o 0 0 0 18 

DO D4 D6 D9 D15 DA3 DA5 DA8 

0 0 0 0 0 o 0 0 19 
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Mechanical Data and Ordering Information 

15.3 PACKAGE DIMENSIONS - PLASTIC BALL GRID ARRAY (PBGA) 

For more information on the printed circuit board layout of the PBGA package, including 
thermal via design and suggested pad layout, please refer to AN-1231/D, "Plastic Ball Grid 
Array Application Note" available from your local Motorol~ sales office. 

15-4 

000000000000000 -J---t--l,--
00000000000000000 

0000000000000000000 ; 
0000000000000000000 ~><. 
0000000000000000000 B 
0000000000000000000 00 

0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 
0000000000000000000 

00000000000000·00 

o 357 x O.77±O.t 

' ..... oe:t-------- 25.00 ±O.tO -----~., 

• i 
Pin At is 
located in 

C> 

the corner 0 
indicated by +1 

C> 

the dot. C> 

~ 

o.-J .... 22.5 ±O.tO .1 
1.76".10. 25'±5~ (i; J~ '·"i'61's".10 
~J 600000000000000001i~ 

l 0.60±0.tO' 
'Note: When soldered, this thickness will decrease sign~icantly. 
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APPENDIX A 
sec PERFORMANCE 

Since the MC68356 serial channels will likely service serial channels time-division mUlti­
plexed into higher bandwidth channels, such as the U.S. and Japanese T1 and European 
CEPT primary rate channels, the physical clocking of the serial channels can be accom­
plished at the higher speeds required by these channels-up to a maximum of 40% (a 1 :2.5 
ratio) of the system clock frequency. This gives up to a, 10-MHz serial clock for a 25-MHz 
IMP system clock. At this same 25-MHz system clock speed, the MC68356 can therefore 
handle the 1.544-MHz and 2.048-MHz clocking frequencies of T1 and CEPT lines as well 
as the 4.096-Mbps signaling rates of the common ISDN interchip local buses, such as IOl 
and GCI (also known as IOM-2). 

Thus, the MC68356 is well equipped to handle, for instance, three 256-kbps channels mUl­
tiplexed on a T1 or CEPT primary rate channel. 

Where an application requires even higher bandwidth channels, such as the 384-kbps HO 
channels, the 1.536-Mbps H11 channel, or higher, the following restriction should be ob­
served: bus latency of the SOMA must be less than 20 system clocks. (The BClR signal 
may be helpful here.) 

If the above restriction is adhered to, Table A-1 shows experimental performance data ob­
tained with the device. 

The frequency ratio stated represents the system (ClKO) frequency to serial bit rate fre­
quency. A user exceeding this bit rate will begin to experience SCC underruns and/or over­
runs. Some users may wish to tolerate an occasional underrun/overrun to slightly increase 
performance. 

For example, a ratio of 1: 10 in the following table shows that an IMP system clock of 25 MHz 
can support an MC68356 serial rate of 2.5 Mbps. Typically, this 2.5-Mbps rate would be 
achieved with 1 bit every 2.5-MHz serial clock. However, it may also be achieved with a fast­
er serial clock (subject to the clocking limits of the SCC mentioned previously) as long as 
the bit rate over a 9-bit (17-bit period for HOlC or transparent) period averages out to 2.5 ..-
Mbps. ~ 
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Table A-1. Experimental see Data 

High-Speed Channels Low-Speed Channels 

Number Frequency Ratio Number Frequency Ratio Comments/Restrictions 

1 HDLC 1:7 - - Buffers in Dual-Port RAM 

1 HDLC 1 :9 - -

2HDLC 1:22 - -
3HDLC 1:37 - -

1 :9 UART 1 :20 (*16) 
1:9 2 UART 1 :396 (*16) 

1:10 2UART 1 :10 (*16) 
1:10 BISYNC 1 :98 Half-Duplex Bisync 

1 HDLC 1:9 HDLC 1:98 
1:10 HDLC 1:57 
1:9 2HDLC 1:224 
1 :9 2 HDLC 1 :128,238 
1:10 2 HDLC 1:128 

1:22 UART 1:329 (*16) 
1:23 UART 1 :305 (*16) 
1:24 UART 1 :24 (*16) 

2HDLC 1:24 BISYNC 1:496 
Half-Duplex Bisync 1:25 BISYNC 1:177 

1:23 HDLC 1 :241 Half-Duplex Bisync 

1:24 HDLC 1 :113 

3UART 1:2.5 - - UART Uses 16x Clock 

3 BISYNC 1:60 - - Half-Duplex Bisync 

1 Transp 1:10 - -

2 Transp 1:23 - -

3 Transp 1:35 - -

NOTES: 
1. SCC performance calculation example with a 25-MHz IMP system clock: 

One HDLC channel can operate with a ratio of 1 :9. Thus 25-MHzl9 gives 2.8 Mbps, and a 20-MHz system clock 
gives 2.22 Mbps. 

2. "Difficult" buffer parameters were chosen as shown below. Use of less difficult parameters does not significantly 
improve performance. The SCCs transmit and receive from/into multiple buffers per frame. Tx BD 1 address is ODD 
and has 59 bytes; whereas, the Tx BD2 address is EVEN and has 60 bytes. In HDLC mode, Rx BD1 address is 
EVEN, but is ODD in other modes. Rx BD1 is (frame length-1) bytes long and Rx BD2 is 1 byte long. 

3. The external RAM access time is two wait states. As a general rule, the addition of a wait state only decreases 
maximum performance by about 1%. 

4. The last address or control character in the table was checked. 
5. When the performance of a high-speed channel together with a low-speed channel was measured, the high-speed 

channel was always SCC1. 
6. The following explanation concerns a fast HDLC channel and two slower channels: When the fast HDLC is 1 :9, two 

HDLCs can run at 1 :224. Thus, with a 25-MHz dock, SCC1 can run at 2.8 Mbps; SCC2 and SCC3 can run at 112 
kbps. Two HDLCs can also run without equal values: one at 1 :128 and one at 1 :238. When the fast HDLC is 1:10, 
two HDLCs can run at 1 :128. When the fast HDLC is 1 :9, two UARTs can run at 1 :396 (*16). When the fast HDLC is 
1:10, two UARTs can run at 1:10 (*16). 

7. Performance results above showed no receive overruns or transmit underruns in several minutes of continuous 
transmission/reception. Reduction of the above ratios by a single value (e.g., 1 :35 reduced to 1 :34) did show an 
overrun or underrun within several minutes. 

8. All results assume the DRAM refresh controller is not operating; otherwise, performance is slightly reduced. 
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9. Unless specifically stated, all table results assume continuous full-duplex operation. Results for half-duplex were not 
measured, but will be roughly 2x better. 

Since operation at very high data rates is characteristic of HOLC-framed channels rather 
than BISYNC-, or async-framed channels, the user can also use the MC68356 IMP in con­
junction with either the Motorola MC68605 1984 CCITT X.25 LAPS controller, the MC68606 
CCITT 0.921 multilink LAPO controller, or the MC145488 dual data link controller. These 
devices fully support operation at T1/CEPT rates (and above) and can operate with their se­
rial clocks Ilgatedil onto subchannels of such an interface. These devices are full M68000 
bus masters. The MC68605 and MC68606 perform the full data-link layer protocol as well 
as support various transparent modes within HOLC-framed operation. The MC145488 pro­
vides HOLC-framed and totally transparent operation on two full-duplex channels. 
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APPENDIX B 
DEVELOPMENT TOOLS, SUPPORT AND RAM 
MICROCODE 

B.1 MOTOROLA SOFTWARE OVERVIEW 

A software development package is offered as a set of independent modules which provides 
the following features: 

• IMP Chip Evaluation 

8y running the modules on the development board described in 8.5 ADS302 Development 
System, it is possible to examine and evaluate the MC68302. Symbolic, user-friendly menus 
allow control of all parts of the IMP. 

• IMP Chip Drivers 

Written in C, the source code of the IMP drivers is available on electronic media. These driv­
ers were developed to support the needs of the protocol implementations described below. 

B.2 THIRD PARTY SOFTWARE SUPPORT 

Since the IMP is a memory-mapped device based on a full M68000 core, existing compilers, 
source-level debuggers, assemblers, and linkers designed for the M68000 Family may be 
successfully used. Many third parties supply such tools, as well as software tools specifically 
designed to work with the Motorola DADS board. 

Similarly, the DSP is based on a full DSP56002 core, existing compilers, source-level de­
buggers, assemblers, and linkers designed for the DSP56000 Family may be successfully 
used. Many third parties supply such tools. 

B.3 THIRD PARTY EMULATOR SUPPORT 

Full in-circuit emulation support is available from multiple third parties, but is not discussed 
in this manual. 

B.4 DADS DEVELOPMENT SYSTEM 

The MC68356ADS is an integrated Applications Development System (ADS) designed to 
aid hardware and software developers of the MC68356 in quickly evaluating and developing 
applications for the MC68356. All of the hardware resources needed to download and debug ~ 
application software are provided, such as large blocks of flash and static RAM for both pro- ~ 
cessors, serial ports, clock generation circuitry, logic analyzer connectors, as well as a 56K 
OnCE port command converter and IMP(68302) monitor/debugger hardware and software. 
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With its on-board modem interface circuitry, the MC68356ADS provides an excellent plat­
form for modem application development. 

To serve as a convenient platform for software development, the MC68356ADS is provided 
with two separate monitor/debuggers: one for the integrated multiprotocol processor (IMP) 
section and one for the DSP56002 OnCE port interface. Both monitor/debuggers provide 
the operations of memory dump and set (with optional disassembly of 68K or 56K instruc­
tions), single instruction execution, breakpoints, and downloads. These two debugger inter­
faces can work together in separate Windows DOS shells on the same x86 based PC to 
communicate with the on-board IMP and DSP hardware. Future support for SUN platforms 
is planned. 

The MC68356ADS also includes a OnCE port command converter. In addition to being able 
to access the on-board MC68356 DSP, the five-pin-interface from the command converter 
can also be connected to an off-board DSP56K family DSP through a special connector. 
This feature enables the user to use the command converter to interface to their target ap­
plications, as well as allowing the option of connecting the on-board MC68356 to external 
OnCE port command converters supplied by third-party vendors. 

All the pins of the MC68356 are available unbuffered to the user through the expansion con­
nectors and the logic analyzer connectors. 

B.4.1 MC68356 APPLICATION DEVELOPMENT SYSTEM FEATURES 

• General Features 

-Onboard IMP(68302) Debugger Software with Host Debugger Interface. 

-Command Converter Logic On Board Allowing DSP Emulation Functions through 
OnCE Port with Host Debugger Interface. 

-Separate External Clock Generators for the IMP(68302) and the DSP(56002) 

-PCMCIA Port Connector with Extender Card to Plug Directly into PCMCIA Sockets. 

-Expansion Connectors Providing all the MC68356 Signals. 

-DSP and 68000 Bus Signals Brought Out to Separate Logic Analyzer Connectors. 

-Single +5Vdc Power Supply with Onboard 5V to +/-12Volt Converter. 

• IMP(68302) Support Features 

-CPM68000 Core Running at 25 MHz. 

-512 Kbyte SRAM, 16-Bits Wide, 0 Wait-States. 

-Option for Additional 512 Kbyte SRAM. 

-1 Mbyte Flash Memory, 16-B its Wide. 

-2 Kbyte EEPROM. 

-MC68681 DUART. 

-Serial RS-232 Terminal Connect. 

-ADI Port Connector. 
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• DSP56002 Support Features 

-DSP56000 CPU Running at 60 MHz. 

-64 Kword Fast Static RAM. 

-Sockets for 32 Kword Flash EPROM. 

-OnCE Port Connector for Easy Hookup to the Command Converter on the Board or 
to Other Vendor's OnCE Controller. 

-AES/EBU Connector. 

• V.34 Compatible Modem Interface 

-SGS-7544 Codec. 

-Modem Data Access Arrangement (DAA) and PSTN Interface. 

-On-Board Modem Speaker. 

-Supports Ring Detect, Pulse Dial, Line Current Detect, Analog Loopback Paths. 

-Low noise V.34 Line Interface Transformer. 

-RJ-11 Connector 
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FROM HOST COMPUTER 

(IMP SIDE ONLY) 

Figure 8-1. MC68356ADS 

MC68356 Application Development System Part Number List 

Part Number 
M68356ADS 
M68356ADI - PC 
M68356ADI - SUN4 

Description 
M68356 Development System 
M683561/F Board for IBM PC 
M68356 ifF Board for SUN 4 

8.5 RISC MICROCODE FROM RAM 

PSTN 
JACK 

Optional connection 
to target DSP. 

The MC68356 RISC processor has an option to execute microcode from the 576-byte user 
RAM in the on-chip dual-port RAM. In this mode, the 576-byte user RAM cannot be access­
ed by the M68aaa core or other M68aaa bus masters. Also in this mode, port A pins are op­
tionally available to the RISC processor as well as the M68aaa core. Figure C-1 shows these 
resulting changes. 
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Figure 8-2. CP Architecture Running RAM Microcode 

Once the microcode has been loaded into the dual-port RAM by the M6BOOO core or other 
bus master, the microcode from RAM option is enabled in the reserved register at location 
$OF5. When the user writes a one to bit #7 of location $OF5 (the RME bit in the SCR), the 
RISC processor will execute microcode from RAM once the CP is reset in the command reg­
ister. Hereafter, the RISC processor can freely address both the dual-port RAM and its own 
private ROM. 

Microcode for a new application or protocol is developed only under special arrangement 
and coordination with Motorola. 

Some RAM microcode routines are also available for purchase. The following is an overview 
of available functions. Contact a Motorola sales office for detailed specifications of the mi­
crocode routines. 

8.5.1 Microcode from RAM Initialization Sequence 

1. Perform a total system reset of the IMP. 

2. Write $0700 to the BAR. The base address of the internal dual-port RAM after this ac- G 
tion is $700000 (hex). If a different base address is desired, the S-record file address- : 
es should be modified to the desired address. 

3. Load the S-record file data into the internal dual-port RAM. (In a production environ­
ment, the microcode may be copied from EPROM directly to the internal dual-port 
RAM.) 
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4. Set bit #7 at address $OF5 in supervisory space (the RME bit in the SeR register). 

5. Write a software reset command to the CR. 

6. Continue with the normal initialization sequence. 
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C-2 

Figure C-1. DSP Bootstrap Program (Part 1 of 4) 
BOOTSTRAP CODE FOR 68356M - (C) Copyright 1994 Motorola Inc. 

Revised June, 28 1994. 

Bootstrap through the Host Interface, External EPROM or SCI. 

This is the Bootstrap program contained in the 68356M 64-word Boot 

ROM. This program can load the internal program RAM from an external 

EPROM or the Host Interface, and may load any program RAM segment 

from the SCI serial interface. 

If MC:MB:MA=001, then it loads the internal PRAM from 3*5,376 consecutive 

byte-wide P memory locations, starting at P:$COOO (bits 7-0). These 

will be condensed into 5,376 24-bit words and stored in contiguous PRAM 

memory locations starting at P:$O. After assembling one 24-bit word, it 

stores the result in internal PRAM memory. Note that the routine loads 

data starting with the least significant byte of P:$O. 

If MC:MB:MA=10x, then it loads the internal PRAM from the Host 

Interface, starting at P:$O. If only a portion of the P memory is to 

be loaded, the Host Interface bootstrap load program may be stopped by 

setting the Host Flag 0 (HFO). This will start .. execution of the loaded 

program at location P:$O of the internal PRAM. 

If MC:MB:MA=11x, then it loads the program RAM from the SCI interface. 

The number of program words to be loaded and the starting address must 

be specified. The SCI bootstrap code expects to receive 3 bytes 

specifying the number of program words, 3 bytes specifying the address 

to start loading the program words and then 3 bytes for each program 

word to be loaded. The number of words, the starting address and the 

program words are received least significant byte first followed by the 

mid and then by the most significant byte. After receiving the 

program words, program execution starts in the same qddress where 

loading started. The SCI is programmed to work in asynchronous mode 

with 8 data bits, 1 stop bit and no parity. The clock source is 

external and the clock frequency must be 16x the baud rate. 

After each byte is received, it is echoed back through the SCI 

transmitter. 
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Figure C-2. DSP Bootstrap Program (Part 2 of 4) 
BOOT EQU 

PBC EQU 

HSR EQU 

HRX EQU 

PCC EQU 

SCR EQU 

SSR EQU 

SCCR EQU 

SRXL EQU 

STXL EQU 

P_SIZE EQU 

ORG 

START MOVE 

MOVE 

JCLR 

JSET 

$COOO 

$FFEO 

$FFE9 

$FFEB 

$FFE1 

$FFFO 

$FFF1 

$FFF2 

$FFF4 

$FFF4 

$1500 

PL:$O,PL:$O 

#<O,RO 

#P_SIZE,B1 

#4,OMR,EPROMLD 

#l,OMR,SCILD 

this is the location in P memory 

on the external memory bus 

where the external byte-wide 

EPROM would be located 

Port B Control Register 

Host Status Register 

Host Receive Register 

Port C Control Register 

SCI Control Register 

SCI Status Register 

SCI Clock Control Register 

SCI Receive Register Low 

SCI Transmit Register Low 

Internal P_RAM size 

bootstrap code starts at $0 

default P address where prog 

will begin loading 

B1 will keep the number of 

words to be loaded through Host 

If MC:MB:MA=Oxx, go load from 

EPROM 

If MC:MB:MA=llx, go load from 

SCI 

This is the routine that loads from the Host Interface. 

MC:MB:MA=100 - reserved 

MC:MB:MA=101 - Host 

HOSTLD BSET #O,X:PBC Configure Port B as Host 

DO B1,_LOOP3 Load P_SIZE instruction words 

JCLR #3,X:HSR,_LBLB if HFO=l, stop loading data. 

ENDDO Must terminate the do loop 

JMP <_LOOP3 

JCLR #O,X:HSR,_LBLA Wait for HRDF to go high 

(meaning data is present) . 

MOVEP X:HRX, P: (RO) + Store 24-bit data in P mem. 

and go get another 24-bit word. 

JMP <FINISH finish bootstrap 
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C-4 

Figure C-3. DSP Bootstrap Program (Part 3 of 4) 

This is the routine that loads from external EPROM. 

MC:MB:MA=OOl 

EPROMLD 

FINISH 

MOVE 

DO 

DO 

MOVEM 

REP 

ASR 

MOVEM 

MOVE 

#BOOT,Ri 

Bi,_LOOPi 

it3 ,_LOOP2 

P: (Ri)+,A2 

#8 

A 

Ai,P:(RO)+ 

#<O,Ri 

Ri = Ext address of EPROM 

Load P_SIZE instruction words 

Each instruction has 3 bytes 

Get the 8 LSB from ext. P mem. 

shift 8 bit data into Ai 

Get another byte. 

store 24-bit result in P mem. 

and go get another 24-bit word. 

This is the exit handler that returns execution to normal 

expanded mode and jumps to the RESET vector. 

BOOTEND ANDI #$EC,OMR Set operating mode to 0 

(and trigger an exit from 

bootstrap mode) . 

ANDI #$O,CCR Clear CCR as if RESET to O. 

Delay needed for Op. Mode change 

JMP (Ri) Then go to starting Prog addr. 

This is the routine that loads from the SCI. 

MC:MB:MA=110 - external SCI clock 

MC:MB:MA=lll - reserved 

ORG PL:$OlOO,PL:$OlOO ; starting address of 2nd 

SCILD MOVEP #$0302,X:SCR Configure SCI Control Reg 

MOVEP #$COOO,X:SCCR Configure SCI Clock Control 

MOVEP #7,X:PCC Configure SCLK, TXD and RXD 

scn DO #6,_LOOP6 get 3 bytes for number of 

program words and 3 bytes 

for the starting address 

JCLR #2,X:SSR,* Wait for RDRF to go high 

MOVEP X:SRXL,A2 Put 8 bits in A2 

JCLR #l,X:SSR, * Wait for TDRE to go high 

MOVEP A2,X:STXL echo the received byte 

REP #8 

ASR A 

MOVE Ai,RO starting address for load 

MOVE Ai,Ri save starting address 

DO AO,_LOOP4 Receive program words 
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LOOP6 -

LOOPS -

_LOOP4 

Figure C-4. DSP Bootstrap Program (Part 4 of 4) 

MOVE 

MOVE 

DO 

DO 

JCLR 

MOVEP 

JCLR 

MOVEP 

REP 

ASR 

MOVEM 

Al,RO 

Al,Rl 

AO,_LOOP4 

JD ,_LOOPS 

:lt2,X:SSR,* 

X:SRXL,A2 

:ltl,X:SSR,* 

A2,X:STXL 

:It 8 

A 

Al,P: (RO)+ 

starting address for load 

save starting address 

Receive program words 

Wait for RDRF to go high 

Put.8 bits in A2 

Wait for TDRE to go high 

echo the received byte 

Store 24-bit result in P memo 

; Boot from SCI done 

End of bootstrap code. Number of program words: 64 

JMP FINISH+l 
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Request (BR) 2-12 
SOMA Retry 7-47 
Signal Summary 2-14 

Bus Arbitration (DSP) 10-13, 10-14, 10-15 
Bus Control Register (BCR) (DSP) 10-9 
Bus Error on SOMA Access 7-47 
Bus Master 7-4 
Bus States during Low Power Modes 

680003-13 
BUSW 2-8, 4-1, 6-39, See Signals, See 

Timers 

c 
CII Channel 7-160 
Carrier Detect Lost 7-67 
CD 7-34,7-45 
CD11-CDO (SCI) 12-19 
CEPT 7-18 
Changes to IMP and DSP 

CLKO Drive Options 3-2 
Disable BRG 1 3-2 
Tri-State RCLK1 3-2 
Tri-State TCLK1 3-2 

Chip-Select 5-1 
Address Decode Conflict 6-47 
AS 6-45 
Base Address 6-51 
Base Register 6-48 
BERR 6-47, 6-49 
Block Sizes 6-48 
CSO 2-25, 6-47, 6-49, 6-58 
DTACK 6-45,6-50,6-51 
EMWS 6-46 
Option Register 6-48 
Priority 6-46 
Read-Only 6-51 
RESET 6-47 

RMSCT 6-48 
Test and Set 6-48 
Write Protect Violation 6-47 
Write-On Iy 6-51 

Chip-Select Timing 14-26 
Circular Queue 7-38 

Index 

CIS Base Address Register - CISBAR 8-29 
CISBAR 8-29 
CKOUT 2-40 

Considerations 3-25 
Disabling 3-25 
Synch with EXT AL 3-25 

CKOUT (DSP) 3-22 
CKOUT, Output Buffer Strength 3-21 
Clear-to-Send Report 7-69 
CLKO 2-6 

Output Buffer Strength 3-9 
Clock 

Asynchronous Baud Rate 7-26 
Baud Rate Generator 7-24 
CLKO 2-39 
Clock Divider 7-25 
Synchronous Baud Rate 7-27 

Clock Pins 
DSP Crystal Output (DXT AL) 2-40 
DSP External Clock/Crystal Input 

(DEXT AL) 2-40 
Clock Stabilization Delay 9-5 
CODO-COD1 (SCI) 3-21,12-19 
Command 7-5 

ENTER HUNT MODE 7-42 
ENTER HUNT MODE Command 7-41, 

7-60,7-120,7-122,7-123 
RESET BCS CALCULATION Command 

7-117 
RESTART TRANSMIT Command 7-90, 

7 -1 08, 7-121 
STOP TRANSMIT 7-41 
STOP TRANSMIT Command 7-43, 

7-48, 7-54, 7-55,7-86, 7-88, 
7-121,7-123 

TIMEOUT Command 7-161 
TRANSMIT ABORT REQUEST 

Command 7-161 
Command Execution Latency 7-6 
Command Register 7-5 
Communications Processor 7-1 
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Config u ration 
MC68302 IMP Control 5-2, 6-24, 6-30, 

6-35,6-36 
CP 7-1 
CR 7-5 
CRA (SSI) 12-56 

Bit 15 - Prescaler Range (PSR) 12-60 
Bits 0-7 -Prescale Modulus Select (PMO­

PM7) 12-56 
Bits 13,14 - Word length Control 

(WlO,Wl1) 12-56 
Bits 8-12 - Frame Rate Divider Control 

(DCO-DC4) 12-56 
CRB (SSI) 12-60 

Bit 0 - Serial Output Flag 0 (OFO) 12-60 
Bit 1 - Serial Output Flag 1 (OF1) 12-60 
Bit 10 - Gated Control Clock (GCK) 
12-63 
Bit 11 - Mode Select (MOD) 12-63 
Bit 12 - Transmit .Enable (TE) 12-63 
Bit 13 - Receive Enable (RE) 12-64 
Bit 14 - Transmit Interrupt Enable (TIE) 

12-64 
Bit 2 - Serial Control 0 Direction (SCDO) 

12-61 
Bit 3 - Serial Control 1 Direction (SCD1) 

12-61 
Bit 4 - Serial Control 2 Direction (SCD2) 

12-61 
Bit 5 - Clock Source Direction (SCKD) 

12-61 
Bit 6 - Shift Direction (SHFD) 12-61 
Bit 7,8 - Frame Sync Length (FSLO, 

FSl1) 12-61 
Bit 9 - Sync/async (SYN) 12-63 
Control Bits (SSI) 12-81 
Receive Interrupt Enable (RIE) 12-65 

Crystal Oscillator 3-6 
Crystal Oscillator Circuit (IMP) 3-7 
Crystal Oscillator Circuits 14-49 
CSO 2-25, 6-47, 6-49, 6-58 
CS3-CS 1 2-25 
CSelect 2-40, 3-3, 3-18, 3-4 
CTS 7-34, 7-45 

o 
DACK2-22 

Data Access Arrangement (DAA) 12-8 
Data Types 4-3 
DBG Pin 10-13 
DBG/BS 2-31 
DBR Pin 10-13 
DBR/DBG Enable 10-1, 10-12, 10-13, 10-23 
DBRIWT 2-32 
DC4-DCO (SSI) 12-56 
000-0023 2-30 
DE 9-2,9-4 
Default System Clock Generation 3-4 
Development Mode (Mode 3) 9-9 
Development System B-1 
Development Tools 8-1 
DEXT AL 2-40, 3-4 

Synch with CKOUT 3-25 
DFQ-DF3,DSP 3-8, 3-20 
DFO-DF3 (DSP) 3-24 
Disable CPU 2-8 

AVEC 6-58 
BClR 6-58 
BG 6-57 
BR 6-57 
CSO 6-58 
DTACK6-58 
EMWS 6-58 
IOUTO/IOUT1/10UT26-58 
Low-Power Modes 6-58 
RMC 6-58 
SAM 6-58 
Vector Generation Enable (VGE) 6-58 

Disabling the SCCs 7-48 
DISC 3-16,6-69,7-27, 12-8, 12-24, 12-45, 

12-47 
ICO-IC3 12-45 
IMP Control of the DSP Reset Modes 

and Interrupts 6-67 
MODA,B,C 12-48 
RST 12-47 

DISCPU 2-8, 6-57 
Divide by Two Block 

From Tin1 pin 7-28 
DONE 2-22 
DOZE 3-11, 3-14 
DR 2-37 
DRAM Refresh 6-63, 6-64, 7-40 

BERR Channel Number 6-64 
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Buffer Descriptors 6-63 
B us Bandwidth 6-63 
Bus Exception 6-63 
ERRE 6-65 
PB86-32 
SOMA 6-64 

DREQ 2-22 
DRESET pin 6-68 
OS 2-31 
DSCK/OS 1 2-37 
DSI/OSO 2-36 
DSO 2-37 
. DSP Address Compare Register (DSPACR) 

10-21 
DSP Base Address Register (DSPBAR) 

10-25 
DSP External Access Priority 10-1 
DSP Interconnection and Serial 

Connections Register (DISC) 7-27 
DSP Pins 2-28 
DSP to 68000 Direct Access Block Diagram 

10-20 
DSP to IMP Direct Access Mechanism 

10-19 
DSP to IMP Read Accesses 10-22 
DSP to IMP Write Accesses 10-21 
DSR 7-37 
DTACK 2-7,2-14,4-8,6-22,6-35,6-50, 

6-51,6-56,6-57,6-58 See Dual-Port 
RAM, Signals 

DTE 12-9 
Dual-Port RAM 6-34 

BR 6-34 
DTACK 6-35 
EMWS 6-34 
SAM 6-34 

DXTAL2-40 
DXTAL Disable 3-20 

E 4-11 
E See Signals 

E 

EMWS (External Master Wait State) 6-34, 
6-56, 6-57, 6-58 

Enable Receive 7-37 
Enable Receiver 7-37 
Enable Transmitter 7-37 

Index 

ENTER HUNT MODE Command 7-5, 7-41, 
7-42, 7-48, 7-56,7-89, 7-105 

Envelope Mode 7-17 
ERRE 6-65, See DRAM Refresh 
Error Counters 7-61,7-92,7-109 
Event Registers 5-11 
Exception 

Bus 6-15 
Bus Error 6-15 
Halt 6-15 
PB86-63 
Processing 4-7, 4-11 
Processing Exception Vector Is 

Determined 4-8 
Reset 6-15 
Retry 6-15 
Stack Frame 4-10 
Vector 4-8 
Vectors 4-8 

EXRQ 6-18 
EXT AL 2-6, 2-38 
External 

Bus Master 4-7, 6-62 
Bus Master See Bus 
Clock 7-24 
Loopback 7-36 
Master Wait State (EMWS) 6-56, 6-57 

FE (SCI) 12-18 
FIFO 7-2,7-55 
Flags, SSI 12-116 
Fram ing Error 7-67 

F 

Frequency Multiplication,DSP 3-17,3-18 
FSLO, FSL 1 (SSI) 12-61, 12-81 
Function Codes 2-13,4-6, 6-7, 6-58, 7-39, 

7-41 
Comparison 5-3 
FC2-FCO 2-13, 5-3 
Register 6-7 

G 

GCI2-15, 2-17, 7-7. 
CII Channel 7-160 
Interface 7-13 
IOM27-13 
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Monitor Channel Protocol 7-160 
SCIT 7-13,7-16,7-19 
SDS1 7-14 
SIMASK 7-22 
SIMODE 7-19 
SMC Channels 7-10 
TIC 7-14 
TIMEOUT Command 7-161 
TRANSMIT ABORT REQUEST 

Command 7-161 
Transparent Mode 7-159 

GCI Command 7-6 
GCllnterface 7-13, See Signals 
GCK (SSI) 12-63, 12-81 
GNDSYN 3-10 

H 

HALT 2-7,2-23,5-1, See Signals 
Hardware Reset 

OnCE Pins 2-37 
Hardware Watchdog 6-62 

AS 6-62 
BERR 6-62, 6-63 

HDLC 
Abort Sequence 7-91 
Carrier Detect Lost 7-91 
Clear-To-Send Lost 7-90 
CRC 7-86 
CRC Error 7-91 
CRC167-92 
CRC327-92 
CTS 7-90, 7-93 
FIFO 7-90, 7-91 
Flag Sharing 7-92 
Flags between Frames 7-92 
HDLC Address Recognition 7-89 
HDLC Event Register 7-94, 7-98 
HOLC Frame 7-84 
HDLC Mask Register 7-100 
HDLC Memory Map 7-87 
HDLC Mode Register 7-92 
HMASK 7-89 
Idles between Frames 7-93 
MFLR 7-90 
Nonoctet Aligned Frame 7-91 
NRZ17-93 
Overrun Error 7-91 

RESTART TRANSMIT Command 7-90 
Retransm iss ion 7-93 
RTS 7-93 
Rx BD 7-93 
RXB 7-91,7-94,7-100 
RXF 7-91,7-92,7-94,7-100 
SCCE 7-98 
SCCM 7-100 
STOP TRANSMIT Command 7-86, 7-88 
Transmitter Underrun 7-90 
Tx BD 7-97 
TXB 7-98 
TXE 7-90,7-98,7-100 

HOLC Controller 7-84 
H111-1 

Bootstrap from Host (Mode 5) 11-36 
Cancelling a Pending Host Command 

Exception 14-56 
Command Vector Register (CVR) 11-19, 

11-13,11-19 
Bit 0-5 - Host Vector (HV) 11-19 
Bit 6 - Reserved 11-20 
Bit 7 - Host Command (HC) 11-20 

Data Transfer 
OMA 11-38 
DSP to Host 11-8, 11-38 
HI Host Processor 11-24 
Host to OSP 11-8, 11-28 
Polling/Interrupt Controlled 11-27 

DMA 11-9, 11-21 
DMA - Host to DSP 11-43 
DMA Mode 11-17 
DMA Procedure 11-46 
DSP Programmer Considerations 14-57 
DSP to Host DMA Procedure 11-46 
DSP to Host Internal Processing 11-45 
DSP Viewpoint 11-3 
Enabling the Host Interface 11-2 
Exception (See Interrupt) 
Features 11-1 
HACK signal 11-17 
HC 11-20 
HCIE 11-4 
HCP 11-6, 11-9 
HCR 11-4 

Bit 0 - Host Receive Interrupt Enable 
(HRIE) 11-4 
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HI (Continued) 
Bit 1 - Host Transmit Interrupt Enable 

(HTIE) 11-4 
Bit 2 - Host Command Interrupt En-

able (HCIE) 11-4 
Bit 3 - Host Flag 2 (HF2) 11-4 
Bit 4 - Host Flag 3 (HF3) 11-5 
Bits 5,6,7 - Reserved 11-6 

HFO 11-7, 11-9, 11-16 
Reading During Transition 11-9 

HF1 11-7, 11-9, 11-17 
Reading During Transition 11-9 

H F2 11-4, 11-21 
HF3 11-5, 11-21 
HM1 and HMO 11-17 
Host Command Feature 11-14 
Host Control Register (HCR) 11-4 
Host Flag Operation 11-6 
Host Port Usage Considerations - DSP 

Side 11-8 
Host Port Usage Considerations - Host 

Side 11-46 
Host Processor Viewpoint 11-9 
Host Programmer Considerations 14-56 
Host Receive Data Register (HRX) 11-8 
Host Registers After Reset 

As Seen by DSP 11-8 
Host Registers After Reset - Host 

Processor 11-22 
Host Status Register (HSR) 11-6 
Host to DSP DMA Procedure 11-43 
Host Transmit Data Register (HTX) 11-8 
HRDF 11-6, 11-9 
HREQ Bit 11,.21 
HREQ Signal 11-17 
HREQ Signal 11-16 
HRIE 11-4 
HRX 11-8 
HSR 11-6 

Bit 0 - Host Receive Data Full 
(HRDF) 11-6 

Bit 1 - Host Transmit Data Empty 
(HTDE) 11-6 

Bit 2 - Host Command Pending 
(HCP) 11-6 

Bit 3 - Host Flag 0 (HFO) 11-7 
Bit 4 - Host Flag 1 (HF1) 11-7 

HI (Continued) 
Bit 5,6 - Reserved 11-7 
Bit 7 - DMA status (DMA) 11-7 

HTDE 11-6, 11-9 
HTIE 11-4 
HTX 11-8 
HV 11-19,11-33 
ICR 11-14 

Index 

Bit 0 - Receive Request Enable 
(RREQ) 11-14 

Bit 1 - Transmit Request Enable 
(TREQ) 11-16 

Bit 2 - Reserved 11-16 
Bit 3 - Host Flag 0 (HFO) 11-16 
Bit 4 - Host Flag 1 (HF1) 11-17 
Bit 5,6 - Host Mode Control (HM1, 

HMO) 11-17 
Bit 7 - Initialize Bit (INIT) 11-18 

INIT Bit 11-18 
Internal Processing 

DSP to Host 11-45 
Host to DSP 11-41, 11-42 

Interrupt 
Host Command 11-30 
Host Receive Data 11-30 
Host Transm it Data 11-30 

Interrupt Control Register (ICR) 11-14 
Interrupt Status Register (ISR) 11-20 
Interrupt Vector Register (IVR) 11-22 
Interrupts 

DMA 11-26 
Non-DMA 11-25 

ISR 11-20 
Bit 0 - Receive Data Register Full 

(RXDF) 11-20 
Bit 1 - Transmit Data Register Empty 

(TXDE) 11-20 
Bit 2 - Transmitter Ready (TROY) 11-

21 
Bit 3 - Host Flag 2 (Hf2) 11-21 
Bit 4 - Host Flag 3 (Hf3) 11-21 
Bit 5 - Reserved 11-21 
Bit 6 - DMA Status (DMA) 11-21 
Bit 7 - Host Request (HREQ) 11-21 

IVR 11-22 
Overwriting Transmit Byte Registers 14-

56 
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HI (Continued) 
Polling 11-24 
Programming Model 11-4 

Host Viewpoint 11-13 
Programming Model 11-13 
Reading HFO and HF1 as an Encoded 

Pair 14-57 
Receive Byte Registers (RXH, RXM, 

RXL) 11-22 
Register Map 11-14 
Reset 

Register Contents and 11-8 
RREQ 11-14 
RXDF 11-20 
RXH 11-22 
RXL 11-22 
RXM 11-22 
Servicing Protocols 11-23 
Synchronization of Status Bits from DSP 

to Host 14-56 
Transmit Byte Registers (TXH, TXM, 

TXL) 11-22 
TRDY 11-21 
TREQ 11-16 
TXDE 11-20 
TXH 11-22 
TXL 11-22 
TXM 11-22 
Unsynchronized Reading of Receive 

Byte Registers 14-56 
Usage Considerations 14-56 

HI Application Examples 11-26 
Bootstrap from Host 11-36 
HI Initialization 11-26 
Host to DSP Data Transfer 11-28 
Polling/Interrupt Controlled Data 

Transfer 11-27 
HI DMA 11-7 
HI Internal Connection 

DSP Host Port Base Address Register -
HBAR 11-13 

HI Interrupts 11-24 
DSP CPU 11-8 
Host Processor 11-8 

Host Interface see HI 11-1 
Host Port to 68000 Bus Internal Connection 

11-9 

DSP Host Port Configuration Option 
Register - HCOR 11-11, 11-12 

Host Port Base Address Register 
(HBAR) 11-10 

Host Port Usage Considerations 14-56 
Host To DSP Internal Processing 11-42 

lAC 5-1 
IACK7 2-22, 6-18, 6-22 
IDL 2-15,2-17,7-7, See Signals 

ISDN Terminal Adaptor 7-11 
SDS1 7-12 
Signals 7-12 
SIMASK 7-22 
SIMODE 7-19 
SMC Channels 7-10 

IDL Interface 7-11 
IDL Signals 7-12 
IDLE (SCI) 12-17 
Idle Status 7-46 
IDMA (Independent DMA Controller) 2-11, 

2-12,2-21,6-56,6-61 
AS 6-14 
BERR6-15 
BGACK 6-14 
BR 6-14 
Bus 

Cycle 6-12 
Error 6-15 
Exceptions 6-15 

Bus Arbitration 6-14 
DONE 6-4, 6-8, 6-13 
DREQ 6-5, 6-6, 6-8, 6-12 
DT ACK 6-9, 6-22 
External 

Bu rst Mode 6-12 
Halt 6-15 
MOVEP 6-10 
Operand Packing 6-10 
Registers 6-31 
Reset 6-15 
Retry 6-15 
Transfer Rate 6-2 

IEEE 1149.1 13-2 
IFO (SSI) 12-65 
IF1 (SSI) 12-65 
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ILiE (SCI) 12-15 
IMP Control of DSP Low Power Modes 3-16 
IMP Control of DSP Reset 6-68 
IMP Operation Mode Control Register 

(lOMCR) 3-12 
IMP Peripheral Pins 2-5 
IMP PLL 2-23 
IMP PLL and Clock Control Register 

(IPLCR) 3-8 
IMP System Clocks Schematic 

PLL Disabled 3-6 
IMP Wake-Up from Low Power STOP 

Modes 3-15 
IMR 6-15, 6-32, 7-44 
Instruction Type Variations 4-5 
Instructions 

BERR 6-15 
HALT 6-15 
MOVE 5-12 
MOVEP 6-10 
Read-Modify-Write 4-11, 5-12 
RESET 6-15 
RTE 6-29 
Test and Set 4-11 

Internal Loopback 7-20 
Internal Registers 5-6 
Internal Requests (INRQ) 6-17, See 

Interrupt 
Interrupt 

Acknowledge 4-7, 4-8, 4-11, 5-3, 6-17, 
6-20 

Autovector 4-8, 4-11 
AVEC 2-13,6-18,6-22 
BCLR 6-19 
Control Pins 2-13 
Controller 6-15 
DTACK 6-22 
EXRQ 6-18 
FC2-FCO 6-17 
IACK7 2-22,6-18,6-22 
IMR 6-32,7-44 
INRQ 6-17 
IOUTO 2-13 
IOUTO/IOUT1/10UT2 6-58 
IPL2-IPLO 6-18,6-19 
IPR 6-21, 6-26, 7-44 
IRQ1 6-17,6-18 

IRQ6 6-17,6-18 
IRQ7 6-17, 6-18, 6-19 
ISR 6-28,7-44 
Masking 6-21 
Mode 

Dedicated 4-11 
Normal 4-11 

Nested 6-20 
PB11 6-19,6-22 
Pending 2-11 
Priority 6-20 
Processing 4-11 
Registers 

SR 4-2, 4-11 
Request 6-61 
RTE 6-29 
SCCE 7-44 
SCCM 7-45 
Spurious 4-9, 4-11 
SR 6-17, 6-20 
SSI Receive Data 12-77 

Index 

SSI Receive Data With Exception Status 
12-77 

SSI Transmit Data 12-80 
SSI Transmit Data with Exception Status 

12-80 
Vector 6-17,6-22,6-27 
Vector Number 6-22 

Interrupt Acknowledge 4-11 
Interrupt Pending Register (IPR) 6-21 
Interrupt Priority Register (I PR) 9-10 
IOM27-13 
IOMCR 3-4, 3-14 
IOUTO 2-13 
IOUTO/IOUT1/10UT2 6-58, See Disable 

CPU, Interrupt, Signals 
IPEND 6-61, See Signals 
IPLO/IRQ12-13 
IPL 1/1RQ6 2-13 
IPL2/1RQ72-13 
IPL2-IPLO 2-13,6-18,6-19, See Interrupt, 

Signals 
IPLCR 3-4,3-8 
IPR 7-44 
IRQ1 2-13,6-17,6-18, See Interrupt, 

Signals 
IRQ6 6-17, 6-18, See Interrupt, Signals 
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IRQ7 6-17,6-18,6-19, See Interrupt, 
Signals 

IRQA,B, (DSP) 
IMP Internal Control of 6-67 

ISDN 2-15, 2-16 
Performance A-1 

ISDN Terminal Adaptor 7-11 
ISR 7-44 

J 

JTAG Pins 2-38 
See Test Access Port 13-1 

JTAG_ONCE 2-36, 13-2 

L1SYO 7-17 
LAPB 7-84 
LAPD 7-84 

L 

LDS/DS-Lower Data Strobe/Data Strobe 
2-10 

Lock, PLL, DSP, loss of 3-24 
Loopback Control 7-20 
Loopback Mode 7-35,7-156 

External Loopback 7-36 
Internal Loopback 7-20 
Loopback Control 7-20 

Low-Power 7-49, 3-11 
68000 Bus 3-11 

Low Power Divider (LPD , DSP 3-17,3-18 
Low Power Drive Control Register (LPDCR) 

3-11, 3-13 
Low Power Modes 

IMP 3-11 

Low-Power Clock Divider 3-6 
LPM1-0 3-13 

M 

MA, MB 9-4 
Main Controller 7-1 
MAX_I DL 7-53 
MC 9-5 
MC1454747-11 
MC68000/MC68008 Modes 4-1 
Memory Modules 9-1 

Program Memory 9-1 

X Data Memory 9-2 
Y Data Memory 9-2 

MF 11-0 (IMP) 3-8 
MFO-MF11 (DSP) 3-24, 9-10 
Microcode 6-35 
MOD (SSI) 12-63, 12-81 
MODNI RQA 2-33 
MODB/IRQB 2-33 
MODC/NMI 2-34 
MODCLK1-0 3-3, 3-4, 3-10 
Mode 

Dedicated 4-11 
Normal 4-11 

Mode A, B,C (DSP) 
IMP, Internal Control of 6-69 

Mode Pin Functions 2-17 
Modem Serial Port Assignments 7-29 
Modem Signals 7-19 
Mon itor Channel Protocol 7-160 
MOVE 5-12, See Instructions 
MP System Clocks Schematic 

PLL Enabled 3-5 
MRBLR 7-42 
Multiplexed Interfaces 7-7 
Multiplication Factor 3-8, 9-10 

N 

NC1 2-25, See Signals 
Nested Interrupt 6-20 
Network Mode (SSI) 12-101 

Receive (SSI) 12-109 
Transmit (SSI) 12-104 

NMI, (DSP) 
IMP Internal Control of 6-67 

NMSI2-15, 7-7, 7-19 
BRG1 2-19 
CD1 2-18 
CTS1 2-18 
Modem Signals 7-19 
NMSI1 2-17 
NMS122-19 
NMS132-20 
RTS1 2-19 
SIMODE 7-19 

No-Connect Pins 2-25 
Normal Expanded Mode (Mode 2) 9-9 
Normal Mode Receive (8SI) 12-100 
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Normal Mode Transmit (SSI) 12-97 
Normal Operation 7-33 

OE 2-12 
OFO (SSI) 12-60 
OF1 (SSI) 12-60 
OMR 

o 

Chip Operating Mode (Bit 4) 9-5 
Data Rom Enable (Bit 1) 9-4 
Stop Delay (Bit 6) 9-5 
Y Memory Disable (Bit 3) 9-4 

OnCE Pins 2-36 
OnCE Port 13-2 
One-Clock-Prior Mode 7-17 
Operating Modes 9-5 

Mode 0 - Single Chip Mode 9-6 
Mode 1 - Bootstrap from EPROM 9-6 
Mode 2 - Normal Expanded Mode 9-9 
Mode 3 - Development Mode 9-9 
Mode 4 - Reserved Mode 9-9 
Mode 5 - Bootstrap From Host 9-9 
Mode 6 - Bootstrap From Sci 9-9 
Mode 7 - Reserved Mode 9-10 
Setting, Changing 9-5 
Summary 9-6 

OR (SCI) 12-17 
Oscillator 3-6 
Output Delays 7-35 

Parallel JlO Port 
DREQ 6-31 
IMR 6-32 
PB11 6-31,6-32 
PB8 6-32,6-63 

p 

Port A 2-19, 2-20, 2-21, 6-29 
Control Register 6-29 
Data Direction Register (PADDR) 6-

30,6-33 
Port B 2-22, 2-24, 6-29 

Control Register 6-32 
Data Direction Register (PBDDR) 6-

32 
Parameter RAM 6-35 
Parity Error 7-67 

Index 

PB102-24 
PB 11 2-24, 6-19, 6-22, 6-31, 6-32, See 

DRAM Refresh, Interrupt, Parallel 110 
Port, Signals 

PB8 2-24, 6-32, 6-63 
PC_A252-27 
PC_CE12-27 
PC_CE22-27 
PC_D15-PC_DO 2-26 
PC_EN Pin 2-3 
PC_lORD 2-27 
PC_IOWR 2-27 
PC_OE 2-27 
PC_RDY/IREQ 2-28 
PC_REG 2-27 
PC_STSCHG 2-28 
PC_WAIT 2-28 
PC_WE 2-27 
PCAP 3-22 
PCAWER 8-27 
PCAWMR 8-28 
PCHER 8-29 
PCM 7-7 
PCM Channel 7-17 
PCM Highway 2-15, 2-17 

Envelope Mode 7-17 
L 1 SYO 7-17 
One-Clock-Prior Mode 7-17 
PCM Channel 7-17 
PCM Highway Mode 7-16 
RTS 7-17 
SIMODE 7-19 
Time Slots 7-17 

PCMCIA 6-54,6-57,8-1, 12-9 
68000 Bus Arbitration Options 8-13 
ABUF Pin 8-10 
Attribute 8-2 
Attribute Memory Accesses 8-4 
Attribute Memory Read 8-5 
Attribute Memory Space Map 8-5 
Attribute Memory Write 8-5 
Auto-Increment 8-25 
BERR 8-14 
Block Diagram 8:-1 
Burst Access Cycles 8-9 
Bus Arbitration 6-14 

Card Configuration and Status Register-
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PCMCIA (Continued) 
CCSR 8-32 
Card Configuration Registers 8-2, 8-5 
Card Information Structure 8-6 
Changed Bit 8-32 
CIS 8-2 
Common Memory Accesses 8-8,8-11 
Common memory Burst Access Mode 

8-3 
Common Memory Space Base Address 

Register - CMBAR1,2 8-30 
Configuration Index 8-32 
Configuration Option Register - COR 8-

31 
Configuration Registers Write Event 

Register ( PCRWER) 8.-26 
Configuring for 1/0 mode 8-13 
Controller Block Diagram 8-4 
Direct Access Mode Accesses 8-8 
Direct Addressing Using ABUF 8-11 
Enabling on Reset 2-3 
Functional Overview 8-2 
Host Interrupts 8-17 
1/0 Event Indication Register - 10EIR 8-

35 
1/0 Space Accesses 8-7 
Internal Bus Arbitration 6-59 
Interrupts 6-17, 6-19 
lORD 8-7 
10WR 8-7 
IREO Pin 8-17 
Level Mode Interrupts 8-31 
Memory Space Protection 8-12 
PC_AO-PC_A10 2-26 
PC_A252-27 
PC_CE12-27 
PC_CE22-27 
PC_D15-PC_DO 2-26 
PCMR 8-22 
Pin Replacement Register Organization 

- PRR 8-33 
Pins 8-19 
Pins Not Supported 8-19 
Power Down Options 8-14 
Protecting memory spaces 6-46 
PwrDwn 8-3, 8-17, 8-32 
PwrDwn Bit 8-14 

PCMCIA (Continued) 
RdylBsy Signal 8-19, 8-34 
Registers Access Map 8-7 
Reserved Registers 8-36 
Reset 8-20 
Ring Indicate (PB9) Connection Options 

8-15 
RingEn Bit 8-32 
SigChg Bit 8-32 
Socket and Copy Register - SCR 8-34 
SRESET 8-31 
STAND_BY 3-12,8-14 
STOP 8-14 
STSCHG Pin 8-16 
Tuple TPCC_RADR 8-13 
UART 16550 Registers 8-2 
WAIT Signal 8-9 
Wake Up from STAND-BY mode 8-17 
Wake Up Options 8-16 
Wake Up Using the PwrDwn Bit 8-16 

PCMCIA Access Wake-Up Event Register -
PCAWER 8-27 

PCMCIA Access Wake-up Mask Register -
PCAWMR 8-28 

PCMCIA Bus Watchdog Timer 8-14 
PCMCIA Controller Initialization 8-13 
PCMCIA Controller Key Features 8-1 
PCMCIA Host (PC) Event Register -

PCHER 8-29 
PCMCIA Pins 2-25 
PCMCIA Protection Register (PPR) 6-52 
PCMCIA Ring Indication 8-15 
PCMR 8-22 
PCRWER 8-26 
PCRWMR 8-27 
PCTL, DSP 3-19 
PE (SCI) 12-18 
Pending Interrupt 2-11 
Performance 7-23 
PGND 2-41, 3-22 
Phase Detector, (DSP) PLL 3-18 
Phase-Locked Loop (PLL) 3-17 
Pin Assignments 15-2 
Pins 

IMP System Bus 2-3 
Functional Diagram 2-2 
IMP 2-3 
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Pins, IMP Peripheral 2-5 
PIT 3-9,3-10 

As a Real-Time Clock 6-44 
Period Calculation 6-43 

PITR 6-44 
PLL 3-7 

Frequency Multiplier 3-18 
Low Power Divider 3-18 
Phase Detector 3-18 
PLL Control Register 3-19 
Voltage Controlled Oscillator (VCO) 

3-18 
PLL and Oscillator Changes to IMP and 

DSP 3-1 
CLKO Drive Options 3-2 

PLL Block Diagram, IMP 3-17 
PLL Clock Divider 3-7 
PLL Clock Generation Schematic 3-3 
PLL Control Register, DSP 3-19 

Division Factor Bits 3-24 
Multiplication Factor Bits 3-24 

PLL External Components 3-7 
PLL Multiplication Factor 9-10 
PLL Pins 

CKOUT2-40 
IMP 3-10 
PCAP 2-40 
PGND 2-40, 2-41 
PINIT3-3 
PVCC 2-41 

PLL Pins (DSP) 3-22 
CKOUT 3-22 
PCAP 3-22 
PGND 3-22 
PVCC 3-22 

PLL, (DSP) 3-17 
Hardware Reset 3-23 
Introduction 3-17 
Loss of Lock 3-24 
Operating Frequency 3-23 
Operation while Disabled 3-24 
Phase Detector 3-18 
Stop Processing State 3-24 

PM7-PMO (SSI) 12-56 
Port A (DSP) 10-1 
Port A Address Pins (DSP) 2-30, 10-3 
Port A Bus Control Pins 2-30 

Data Memory Select (OS) 2-31 
Program Memory Select (PS) 2-31 
Read Enable (RD) 2-31 
Write Enable (WR) 2-31 
XN Select (XN) 2-31 

Index 

Port A Bus Control Pins (OSP) 10-3 
Port A Data Bus Pins (DSP) 2-30, 10-3 
Port A Interrupt and Mode Control Pins 

2-32,2-33 
MOOAlI RQA 2-33 
MODB/IRQB 2-33 
MODC/NMI 2-34 
RESET 2-34 

Port A Signals-DSP 10-3 
Port A Slow Memory Accommodation (DSP) 

10-9 
Port A Wait States (DSP) 10-9 
Port AlB 

Parallel 1/0 6-29 
Port B 

Host Interface (HI) 11-1 
Port C (DSP) 

Introduction 12-1 
GPIO 12-1 

Programming Port C 12-3 
Timing 12-4 

GPIO (DSP) 12-1 
PCC 12-1 
PCD 12-1 
PCODR 12-1 
Pin Control Logic 12-2 
SS112-1 

Power Dissipation 14-2 
Priority Interrupts 6-20 
Privilege State 4-6, 4-8 
Program Memory 9-1 
Programming Model 

SCI 12-10 
SS112-56 

Protocol Parameters 5-4 
PS 2-31 
PSR (SSI) 12-60 
Pullup Control Register (PUCR) 8-20 
Pullup Resistors 2-41 
PVCC 2-41, 3-22 
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R8 (SCI) 12-18 
RAM 

Dual-Port 6-34 
Parameter 6-35 
System 6-35 

RBD 
RCLK1 

Disabling 7-28 
RCM (SCI) 12-20 
RD 2-31 
RDF (SSI) 12-68 
RDRF (SCI) 12-17 
RE (SSI) 12-64 

R 

Read-Modify-Write 4-11, 5-12 
Read-Modify-Write Cycle 14-13, 14-14, See 

Instructions 
Real-Time Clock 6-44 
Receive BDs 7-40 
Received Control Character Register 7-57 
Reception Errors 7-60 
Registers 

Event 5-11 
Internal 5-6 
Interrupt In-Service (ISR) 6-28 
Interrupt Mask (IMR) 6-32 
Interrupt Pending (IPR) 6-26 
Port A 

Control (P ACNT) 6-29 
Data Direction (PADDR) 6-30,6-33 

Port B 
Control (PBCNT) 6-32 
Data Direction Register (PBDDR) 

6-32 
Status 4-2, 4-8, 4-11, 6-17, 6-20 
System Configuration 5-1 
System Control (SCR) 5-2 

RESET 2-7,2-23,5-12,6-41,6-47 
IMP Control of DSP Reset 6-67 
Instruction 4-7, 5-1,5-12 

Reset 7-44 
DSP 

Procedure for Resetting from IMP 
6-68 

SMC Interrupt Requests 7-164 
SMC Loopback 7-160 
SMC Memory Structure 7-162 

TIMEOUT Command 7-161 
Total System 5-1 
TRANSMIT ABORT REQUEST 

Command 7-161 
RESET BCS CALCULATION Command 

7-105 
Reset Processing State 

DSP PLL 3-23 
RESTARTTRANSMITCommand7-5,7-55, 

7-89,7-105 
Reverse Data 7-110 
Revision Number 5-4 
RFS (SSI) 12-66 
RI (PB9) 2-24 

ExCA Complient 8-16 
RIE (SCI) 12-15, 12-30 
RIE (SSI) 12-65 
Ring Indication 8-3 
RISC Processor 7-1 
RMC 2-10, 2-25, 4-11, 6-56,6-58,6-61 
ROE (SSI) 12-68 
RTE 6-29 
RTS 7-17,7-34 
RWU (SCI) 12-14 
RX (SSI) 12-68 
RXD (SCI Signal) 12-9 

S 

SAM 6-34, 6-57,6-58, See Dual-Port RAM 
SBK (SCI) 12-13 
SCO (SSI Pin) 2-35, 12-54 
SC1 (Pin) 12-54 
SC2 (SSI) 2-35, 12-55 
SCC 5-4 

Asynchronous Baud Rate 7-26 
Baud Rate Generator 7-24 
Buffer Descriptor 7-38 
CD 7-34, 7-45 
Clock Divider 7-25 
CTS 7-34, 7-45 
Disabled 7-44, 7-49 
DSR 7-37 
Enable Receiver 7-37 
ENTER HUNT MODE Command 7-41, 

7-42 
External Loopback 7-36 
Function Code 7-39, 7-41 
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Idle Status 7-46 
IPR 7-44 
Low-Power 7-49 
MRBLR 7-42 
Normal Operation 7-33 
Output Delays 7-35 
Performance 7-23 
Promiscuous Operation 7-118 
RBD 
Receive BDs 7-40 
Reset 7-44 
RTS 7-34 
SCC Initialization 7-44 
SCCE 7-44 
SCCM 7-45 
SCCS 7-45 
SCM 7-49 
SCON 7-24,7-49 
SOMA Retry 7-47 
Software Operation 7-36 
STOP TRANSMIT Command 7-41, 7-

43,7-48 
Synchronous Baud Rate 7-27 
TIN1rr1N22-23 
Totally Transparent 7-118 
Transmit Data Delays 7-34 

SCC Initialization 7-44 
SCC Mode Register 7-33 
SCC Parameter RAM 7-40 
SCC Performance A-1 
SCC Transparent Mode 7-47 
SCCE 7-44 
SCCM 7-45 
SCCR (SCI) 12-18 
SCCS 7-45 
SCCs 7-22 
SCDO (SSI) 12-61 
SCD1 (881) 12-61 
SCD2 (SSI) 12-61 
SCI 12-7 

Break 12-23 
Data Transmission 12-23 
Features 12-7 
ILiE 12-31 
Interrupt 

SCI Idle Line 12-31 
SCI Receive Data 12-29 

Index 

SCI Receive Data with Exception 
Status 12-30 

SCI Timer 12-31 
SCI Transmit Data 12-30 

Preamble 12-23 
Programming Model 12-10 
Receive Data (RXD) 12-9 
SCCR 

Bit 12 - Clock Out Divider (COD) 
12-19 

Bit 13 - Clock Prescaler (SCP) 12-19 
Bit 14 - Receive Clock Mode Source 

(RCM) 12-20 
Bit 15 - Transmit Clock Source (TCM) 

12-20 
Bits 11-0 - Clock Divider (CD11-CDO) 

12-19 
SCI Serial Clock (8CLK) 12-10 
SCR 

Bit 0-2 Word Select 
(WDSO,WDS1,WDS2) 12-10 

Bit 10 - Idle Line Interrupt Enable 
(IL1E) 12-15 

Bit 12 - Transmit Interrupt Enable 
(TIE) 12-16 

Bit 13 - Timer Interrupt Enable 
(TMIE) 12-16 

Bit 14 - Timer Interrupt Rate (8TIR) 
12-16 

Bit 15 - Clock Polarity (SCKP) 12-16 
Bit 3 - Shift Direction (SSFTD) 12-13 
Bit 4 - Send Break (SBK) 12-13 
Bit 4 - Wakeup Mode Select (WAKE) 

12-13 
Bit 6 - Receiver Wakeup Enable 

(RWU) 12-14 
Bit 8 - Receiver Enable (RE) 12-14 
Bit 9 - Transmitter Enable (TE) 12-14 
Receive Interrupt Enable (RIE) 12-15 

SSFTD 12-13 
SSR 

Bit 0 - Transmitter Empty (TRNE) 12-
16 

Bit 1 - Transmit Data Register Empty 
(TORE) 12-17 

Bit 2 - Receive Data Register Full 
(RDRF) 12-17 
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SCI 
SSR (Continued) 

Bit 3 - Idle Line Flag (IDLE) 12-17 
Bit 4 - Overrun Error Flag 12-17 
Bit 5 - Parity Error (PE) 12-18 
Bit 6 - Framing Error Flag (FE) 12-18 
Bit 7 - Received Bit 8 Address (R8) 

12-18 
Transmit Data (TXD) 12-9 
WDSO, WDS1, WDS2 12~10 

SCI Asynchronous Data 12-35 
Reception 12-35 
Transmission 12-35 

SCI Clock Control Register (SCCR) 12-18 
SCI Control Register (SCR) 12-10 
SCI Data Registers 12-20 

Receive Registers (SRX) 12-21 
Transmit Registers (STX, STXA) 12-21 

SCI Initialization 12-23 
SCI Registers after Reset 12-23 
SCI Status Register (SSR) 12-16 
SCI Synchronous Data 12-31 
SCI Timer 12-45 
SCI+ Clocks with ISDN 

SCI+ Clocks with ISDN 7-32 
SCI+ Clocks with ISDN 12-8 
SCI+ Enabling 12-9 
SCI+ in a Modem Application 12-8 
SCI+ Serial Connections 7-28 

Normal Mode 7-29 
SCI+ to DTE 7-29,7-30, 7-31 
SCI+ to SCC1 7-29 

SCI+ to DTE Internal Connection 12-8 
SCI+ to IMP Connection Options 12-8 
SCI+ to SCC1 Internal Connection 12-8 
SCIT 7-13,7-16,7-19 
SCK (SSI Pin) 2-35, 12-54 
SCKD (SSI) 12-61 
SCKP (SCI) 12-16 

Setting for Internal Connection to SCC1 
7-31 

SCLK (SCI signal) 12-10 
SCM 7-49 
SCON 7-24,·7-49 
SCP 5-4 

Enable Signals 7-156 
Loopback Mode 7-156 

SCP Master 7-155 
Serial Communication Port 7-155 
SPCLK 7-156 
SPI Slave 7-156 
SPRXD 7-156 
SPTXD 7-156 

SCP (SCI) 12-19 
SCP Port 2-20 
SCR (SCI) 12-1 ° 
SCR (System Control Register) 5-2 
SO 9-5 
SOLC 7-84 
SOMA (Serial OMA Controller) 2-11, 2-12, 

6-57,6-61 
SOMA Channels 7-3,7-22,7-43 

BCLR 7-4 
BGACK7-3 
Bus Master 7-4 
SOMA Retry 7-47 

SDS1 7-12,7-14 
Semaphores (OSP) 10-17 
Serial Channels Physical I nterface 7-7 
Serial Communication Controllers 7-22 
Serial Communication Interface (SCI) 12-7 
Serial Communication Port 7-155, 14-31 
Shared Memory (DSP) 10-13 
SHFD (SSI) 12-61, 12-81 
Signals 

Address Decode Conflict 6-47 
AS 4-11, 6-14, 6-45, 6-56, 6-62 
AS-Address Strobe 2-9 
AVEC 2-13, 4-8, 4-11, 6-18, 6-22, 6-58 
BCLR 2-11,6-19,6-54,6-57,6-58,6-61, 

7-4 
BERR 2-7,5-2, 6-47, 6-49, 6-55, 6-56, 6-

62,6-63 
BG 2-12, 6-57, 6-59, 6-61, 6-62 
BGACK 2-12,6-14,6-59,6-62,7-3 
BR 2-12, 6-14, 6-34, 6-57, 6-59, 6-61, 6-

62 
BRG1 2-19 
BUSW 2-8, 4-1, 6-39 
CO 7-34,7-45,7-122,7-124 
CD1 2-18 
CKOUT 2-40 
CLKO 2-39 
CS 5-1,6-56 
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Signals (Continued) 
CSO 2-25, 6-47, 6-49, 6-58 
CS3-CS1 2-25 
CSelect 2-40 
CTS 7-34,7-45,7-90,7-93,7-122 
CTS1 2-18 
OACK2-22 
OBG/BS 2-31 
OBRIWT 2-32 
0023-000 2-30 
OEXTAL 2-40 
OISCPU 2-8, 6-57 
DONE 2-22,6-4,6-8,6-13 
DR 2-37 
OREO 2-22, 6-5, 6-6, 6-8, 6-12 
ORESET 2-34 
OS 2-31 
OSCKlOS 1 2-37 
OSI/OSO 2-36 
OSO 2-37 
OTACK 2-7,2-10, 2-14,4-8,6-9,6-22, 

6-45,6-50,6-51,6-56,6-57,6-58 
OXTAL 2-40 
E 4-11 
EXTAL2-38 
FC2-FCO 2-13,6-17 
GC12-17 
HALT 2-7,5-1 
lAC 2-10,5-1 
IACK7 2-22, 6-18, 6-22 
10L 2-17,2-19 
10MA 2-21 
ILPO 2-13 
10UTO 2-13 
IOUTO/IOUT1/IOUT2 6-58 
.IPENO 6-61 
IPLO/IRQ1 2-13 
IPL1/IRQ62-13 
IPL2/IRQ72-13 
IPL2-IPLO 6-18,6-19 
IRQ1 2-13,6-17,6-18 
IR06 6-17,6-18 
IRQ7 6-17,6-18,6-19 
JT AG_ ONCE 2-36 
L 1SYO 7-17,7-123 
LOS/OS-Lower Data Strobe/Data 

Strobe 2-10 

Signals (Continued) 
MOONIRQA 2-33 
MOOB/IRQB 2-33 
MOOC/NMI 2-34 
NC1 2-25 
NMS122-19 
NMS132-20 
OE 2-12 
PB11 2-24,6-19 
PB82-24 
PC_A252-27 
PC_CE22-27 
PC_015-PC_00 2-26 
PC_lORD 2-27 
PC_IOWR 2-27 
PC_OE 2-27 
PC_RDY/IREQ 2-28 
PC_REG 2-27 
PC_STSCHG 2-28 
PC_WAIT 2-28 
PC_WE 2-27 
PCAP 2-40 
PCM Highway 2-17 
PGNO 2-41 
Port A 2-19, 2-20, 2-21 
Port B 2-22, 2-24 
PS 2-31 
PVCC 2-41 
RIW-ReadIWrite 2-10 
RO 2-31 

Index 

RESET 2-7,2-23,4-7,5-1,5-12,6-41, 
6-47 

RI (PB9) 2-24 
RMC 2-10,4-11,6-56,6-58,6-61 
RTS 7-17,7-34,7-63,7-93,7-111, 

7-122 
RTS12-19 
SCO 2-35 
SC1 2-35 
SC22-35 
SCK 2-35 
SCP 2-20 
SOS1 7-12,7-14 
SPCLK 7-156 
SPRXO 7-156 
SPTXD 7-156 
SRD 2-36 
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Signals (Continued) 
STD 2-36 
TIN1ITIN2 2-23, 6-37 
TOUT1ITOUT2 2-23, 6-37 
TRIS 2-8 
UDS/AO-Upper Data Strobe/Address 0 

2-10 
VMA 4-11 
VPA 2-13, 4-11 
WDOG 2-23, 6-32, 6-41 
WEH 2-'11 
WEL 2-11 
WR 2-31 
XIV 2-31 
XTAL2-39 

SIMASK 7-19,7-22 
SIMODE 7-19 
Single Chip Mode (Mode 0) 9-6 
SLOW_GO 3-8, 3-11, 3-12, 3-14 
SMC 5-4,7-159 

Monitor Channel Protocol 7-160 
Serial Management Controllers 7-159 
Transparent Mode 7-159 
Using GCI 7-159 
Using IDL 7-159 

SMC Channels 7-10 
SMC Interrupt Requests 7-164 
SMC Loopback 7-160 
SMC Memory Structure 7-162 
SMCs 7-40 
Software Operation 7-36 
Software Reset Command 7-5 
Software Support B-1 
SPCLK 7-156 
SPI Slave 7-156 
SPRXD 7-156 
SPTXD 7-156 
SR (Status Register) 4-2, 4-8, 4-11, 6-17, 6-

20 
SRD (SSI pin) 12-53 
SRX (SCI) 12-21 
SS7 
SSI 12-1, 12-48 

Features 12-49 
Operational Modes 12-70 
Pin Definitions 12-70 

SSI Control Register A (CRA) 12-56 

SSI Control Register B (CRB) 12-60 
SSI Example Circuits 12-120 
SSI Flags 12-116 
SSllnitialization 12-72 
SSI Operating Modes 

Network Mode Examples 12-101 
Normal 12-81 
Normal Mode Examples 12-97 
Normal/Network 12-81 
On-Demand Mode Examples 12-110 

SSI Pins 2-35, 12-51 
Serial Clock (SCK) 12-54 
Serial Clock Zero (SCO) 2-35 
Serial Control (SCO) 12-54 
Serial Control One (SC1) 2-35,12-54 
Serial Control Two (SC2) 2-35 
Serial Receive Data (SRD) 12-53 
Serial Transmit Data (STD) 12-53 
SSI Receive Data (SRD) 2-36 
SSI Serial Clock (SCK) 2-35 
SSI Transmit Data (STD) 2-36 

SSI Programming Model 12-56 
SSI Receive Data Register (RX) 12-68 
SSI Receive Shift Register 12-68 
SSI Registers After Reset 12-70 
SSI Status Register (SSISR) 12-65 
SSI Transmit Data Register (TX) 12-70 
SSI Transmit Shift Register 12-68 
SSISR 

Bit 0 - Serial Input Flag 0 (lFO) 12-65 
Bit 1 - Serial Input Flag 1 (IF1) 12-65 
Bit 2 - Transmit Frame Sync Flag (TFS) 

12-65 
Bit 3 - Receive Frame Sync Flag (RFS) 

12-66 
Bit 4 - Transmitter Underrun Error Flag 

(TUE) 12-67 
Bit 5 - Receiver Overrun Error Flag 

(ROE) 12-68 
Bit 6 - Transmit Data Register Empty 

(TDE) 12-68 
Bit 7 - Receive Data Register Full (RDF) 

12-68 
SSISR (SSI) 12-65 
SSR (SCI) 12-16 
STAND_BY 3-11,3-12,3-14 
STD (SSI Signal) 2-36, 12-53 
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STIR (SCI) 12-16 
STOP 3-11,3-14 
Stop Processing State 

DSP PLL 3-24 
STOP TRANSMIT Command 7-5,7-41,7-

43,7-48, 7-104 
STOP, (DSP) 3-20 

IMP Waking Up DSP 6-69 
STX (SCI) 12-22 
STXA (SCI) 12-22 
Supervisor 

Data Space 5-1 
Stack 4-9 
State 4-7 

SYN (SSI) 12-63, 12-81 
Synchronous Baud Rate 7-27 
Synchronous Serial Interface (SSI) 12-1 
System 

Configuration Registers 5-1 
Control Registers (SCR) 5-2 

System Clock,IMP 3-10 
System Control Register (SCR) 6-53 
System RAM 6-35 

T1 7-18 
Performance A-1 

TCK pin 13-2 
TCLK1 

Disabling 7-28 
TCM (SCI) 12-20 
TDE (SSI) 12-68 
TDI pin 13-2 
TDO pin 13-2 

T 

TDRE (SCI) 12-17, 12-23 
TE(SCI) 12-14 
TE (SSI) 12-63 
Test Access Port 13-1 

Bidirectional Data Cell 13-17 
Bidirectional Pins 13-18 
Block Diagram 13-3 
Boundary Scan Bit Definition 13-6 
Boundary Scan Control Bits 13-5 
Boundary scan register 13-4 
Bypass 13-19 
Capabilities 13-1 
Clamp 13-20 

Control Cell 13-16 
Extest 13-19 
HI-Z 13-20 
Input Pin Cell 13-16 
Instruction Register 13-18 
MC68356 Restrictions 13-21 
NON-IEEE 1149.1 Operation 13-20 
Output Latch Cell 13-15 
Sample/preload 13-19 
State Machine 13-4 
Tap Controller 13-3 

Thermal Characteristics 14-1 
TIC 7-14 
TIE (SCI) 12-16,12-30 
TIE (SSI) 12-64 
Time Slot Register (TSR) 12-70 
Time Slots 7-17 
TIMEOUT Command 7-161 
Timer 

PIT 6-42 
Timers 6-36 

BUSW 6-39 
Prescaler 6-37, 6-38 
RESET 6-41 
Resolution 6-37 
TIN1ITIN2 2-23, 6-37 
TOUT1 ITOUT2 2-23, 6-37 
WDOG 6-32, 6-41 

Timing Skew,DSP 3-17 

Index 

TIN1ITIN2 2-23, 6-37, See SCC, Signals, 
Timers 

TMIE (SCI) 12-31 
TMS pin 13-2 
TOUT1ITOUT2 2-23,6-37, Signals, Timers 
TRANSMIT ABORT REQUEST Command 

7-161 
Transmit BDs 7-40 
Transmit Data Delays 7-34 
Transparent 

Busy Condition 7-124 
Carrier Detect Lost 7-124 
CD 7-122,7-124 
Clear-To-Send Lost 7-124 
CTS 7-122 
DSR7-121, 7-122 
ENTER HUNT MODE Command 7-120, 

7-122,7-123 
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EXSYN Bit 7-122,7-123,7-124 
External Sync Mode 7-124 
FIFO 7-124 
GC17-123 
IDL 7-123 
L 1 SYO 7-123 
NTSYN 7-125 
PCM Highway 7-123 
Prom iscuous Operation 7-118 
RESTART TRANSMIT Command 7-121 
REVD 7-125 
RTS 7-122 
RXBD 7-125 
SCCE 7-128 
SCCM 7-129 
STOP TRANSMIT Command 7-121, 

7-123 
SYN1-SYN27-122 
Totally Transparent 7-11 8 
Transmitter Underrun 7-123 
Transparent Event Register 7-126, 

7-127 
Transparent Mask Register 7-129 
Transparent Memory Map 7-120 
Transparent Synchronization 7-122 
Tx BD 7-127 

Transparent Controller 7-118 
Transparent Mode 7-159 
Transparent Mode Register 7-124 
TRIS 2-8 
TRNE (SCI) 12-16 
TRST pin 13-2 
TSR (SSI) 12-70 
TUE (SSI) 12-67 
TX (SSI) 12-70 
TXO (SCI signal) 12-9 

U 

UART 7-47 
Address Recognition 7-56 
Automatic Address Recognition 7-54 
Automatic Multidrop Mode 7-56 
Break Characters 7-54 
BREAK Sequence 7-61 
BRKCR 7-54, 7-55 
Character Length 7-63 
Control Characters 7-57 

OSR 7-62 
ENTER HUNT MODE Command 7-60 
FIFO 7-59, 7-60, 7-63 
Flow Control 7-57 
Fractional Stop Bits 7-52, 7-61 
Frame Format 7-50 
Framing Error 7-61 
FRZ 7-63 
Idle Characters 7-53 
IDLE Sequence 7-61 
Multidrop Configuration 7-50 
Multidrop Environment 7-56 
Multidrop Mode 7-63 
Noise Error 7-61 
Overrun 7-67 
Parity Error 7-61 
Parity Mode 7-62 
Preamble Sequence 7-69 
PROFIBUS 7-50 
Programming Example 7-71 
Reception of Idles 7-67 
RTS 7-63 
RX 7-60,7-61,7-66,7-71 
Rx BO 7-64 
SCCE 7-70 
SCCM 7-71 
Send Break 7-59 
Send Preamble 7-60 
Stop Bit 7-64 
STOP TRANSMIT Command 7-55 
Transmission Error 7-60 
TX 7-59, 7-60, 7-68 
Tx BO 7-68 
UAOOR17-56 
UART Event Register 7-59, 7-66, 7-68, 

7-70 
UART Mask Register 7-71 
UART Memory Map 7-52 
UART Mode Register 7-62 
XOFF 7-57, 7-58, 7-72 
XON 7-58,7-72 

UART Controller 7-49 
UDS/AO-Upper Data Strobe/Address 0 

2-10 
User State 4-7 
Using GCI 7-159 
Using IDL 7-159 
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Value 6-38 
VCCSYN 3-10 
VCO 3-7,3-8,3-18 
Vector 

v 

Generation Enable (VGE) 6-58 
Interrupt 6-17, 6-22, '6-27 
Number 4-8, 4-11, 6-22 
Table 5-1 

Vector Generation Enable 6-58,6-59 
VMA 4-11. See Signals 
Voltage Controlled Oscillator (VCO) 3-18 
VPA 2-13,4-11, See Signals 

W 

Wait Processing State 
DSP PLL 3-25 

WAKE (SCI) 12-13 
Wake-Up 

Clock cycles, IMP 3-11 
PB103-16 
PIT 3-16 
PIT Event 3-16 

Wakeup Timer 7-60 
Watchdog (WDOG) 2-23, 6-32, 6-41, See 

Signals, Timers 
Hardware 6-62 
Timer 6-41 

WDSO (SCI) 12-21 
WDS1 (SCI) 12-21 
WDS2 (SCI) 12-21 
WEH 2-11 
WEL 2-11 
Wired-OR 7-24 
WLO, WL 1 (SSI) 12-56 
WR 2-31 
Write Protect Violation 6-47, 6-55 
WT Pin 10-13 

X Data Memory 9-2 
XIV 2-31 
XFC 3-10 
XTAL2-39 

x 

Y Data Memory 9-2 
Y data ram 9-2 
Y data rom 9-2 

YO 9-2, 9-4 
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~ Introduction 

~ Signal Description 

_ IMP and DSP Clocking and Low Power Modes 

_ 68000 Core 

_ Memory Map 

_ System Integration Block 

_ Communications Processor 

_ PCMCIA Controller 

• DSP Memory Modules and Operating Modes 

• DSPPortA 

• DSP Host Port 

D DSP Serial Ports 

• IEEE 1149 Test Access Port (TAP) 

D Electrical Characteristics 

D Ordering Information and Mechanical Data 

• SCC Performance 

• Development Tools and Support 

• DSP Bootstrap Program 
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