
















































































































































































































































































































































































































































































































































































































































TOSHIBA 

Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG5 

Timer output pin T04 

Enables inversion caused 
by loading of the up­

counter value into CAP1. 

TMP96C141 

c+ 

�~�~�~�?�s�{�~�~� 1
u �f�c�A�~�~� �~�.�t�e�{�N�1�4� �~�~�~�~�~�~�e�~�a�p�t�u� re Load the up-counter value into 

Capture Register 2 (CAP2). ""INTTR5 

I I 
I I 
�I�"�"�"�E�-�-�-�-�-�~�)�<� I 

I (p) I 

occurred 

Disables inversion caused by loading of 
the up-counter value into CAP2. 

010289 

Figure 3.9 (15) One-Shot Pulse Output (without Delay) 

@ Frequency Measurement 

The frequency of the external clock can be measured in this mode. The clock is 
input through the TI4 pin, and its frequency is measured by the 8-bit timers 
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4). 

The TI4 pin input should be selected for the input clock of Timer 4. The value of 
the up-counter is loaded into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall 
edge. 

The frequency is calculated by the difference between the loaded values in 
CAP1 and CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 

Countclock �~�_�_� __JUUUl _____ _ 
(internal clock) C1 C2 

r---------, 

TFF1 

Loading UC16 into CAP1 
C1 C1 

C2 C2 
Loading UC16 into CAP2 

TNTTOIINTT1 

I I I 

�~� ______ �~�n�~� ______ �~�h�,� ______ �~�~� 
010289 

Figure 3.9 (16) Frequency Measurement 

For example, if the value for the level "I" width ofTFF1 of the 8-bit timer is set 
to 0.5 s. and the difference between CAP1 and CAP2 is 100, the frequency will be 
100/0.5 [s] = 200[Hz]. 
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® Pulse Width Measurement 

This mode allows to measure the "H" level width of an external pulse. While 
keeping the l6-bit timer/event counter counting (free-running) with the internal 
clock input, the external pulse is input through the TI4 pin. Then the capture 
function is used to load the UC4 values into CAPI and CAP2 at the rising edge and 
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs 
at the falling edge ofTI4. 

The pulse width is obtained from the difference between the values of CAPI and 
CAP2 and the internal clock cycle. 

For example, if the internal clock is 0.8 microseconds and the difference 
between CAPI and CAP2 is 100, the pulse width will be 100 X 0.8 = 80 
microseconds. 

Count clock 
(internal clock) ~ 

C1 

---1lJUlJlJL __ _ 
C2 

TI4pin 
(external pulse) 

r----------, 

loading UC16 into CAP1 
C1 C1 

loading UC16 into CAP2 

INT4 010289 

Figure 3.9 (17) Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4MOD<CAP12M1, 0> = 10), external 

interrupt INT4 occurs at the falling edge ofTI4 pin input. In other modes, it occurs at the 

rising edge. 

The width of"L" level can be measured from the difference between the first C2 
and the second Cl at the second INT4 interrupt. 

@) Time Difference Measurement 

This mode is used to measure the difference in time between the rising edges of 
external pulses input through TI4 and TI5. 

Keep the l6-bit timer/event counter (Timer 4) counting (free-running) with the 
internal clock, and load the UC4 value into CAPI at the rising edge of the input 
pulse to TI4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input 
pulse to TI5, generating the interrupt INT5. 

The time difference between these pulses can be obtained from the difference 
between the time counts at which loading the up-counter value into CAPI and 
CAP2 has been done. 

MCU900-110 



TOSHI~A 

Count clock 
(internal clock) 

Tl4 pin input 

TIS pin input 

Loading UC16 into CAP1 

Loading UC16 into CAP2 

INTl 

INT2 

~--- --~-----
C1 C2 

Time difference 

Figure 3.9 (18) Time Difference Measurement 

(5) Different Phased Pulses Output Mode 

TMP96C141 

010289 

In this mode, signals with any different phase can be outputted by free-running up­

counter UC4. 
When the value in up-counter UC4 and the value in TREG4 (TREG5) match, the 

value in TFF4 (TFF5) is inverted and output to T04 (T05). 
This mode can only be used by I6-bit timer 4. 

Counter 
(free-running) 

Match with TREG4 

Match with TREG5 

T04 

T05 

Figure 3.9 (19) Phase Output 

Cycles (counter overflow time) of the above output waves are listed below. 

16MHz 20MHz 

~n1 32.768 ms 26.214 ms 
¢T4 131.072 ms 104.856 ms 

¢T16 524.288 ms 419.424 ms 
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3.10 Stepping Motor Control/Pattern Generation Port 

TMP96C141 has 2 channels (PGO and PGl) of 4-bit hardware stepping motor 
control/pattern generation (herein after called PG) which actuate in synchronization 
with the (8-bit/16-bit) timers. The PG (PGO and PG 1) are shared in 8-bit I/O ports P6. 

Channel 0 (PGO) is synchronous with 8-bit timer 0 or timer 1, 16-bit timer 5, to 
update the output. 

The PG ports are controlled by control registers (PGOICR) and can select either 
stepping motor control mode or pattern generation mode. Each bit of the P6 can be used 
as the PG port. 

PGO and PG 1 can be used independently. 
All PG operate in the same manner except the following points, and thus only the 

operation ofPGO will be explained below. 

I'-' 
b7 

b3 

b6 

~ 
b2 

Q) 

tQ 
c 

b5 
C]) 
..... 
c 
-

b1 

b4 

bO 

I---v 

Different Points between PGO and PG1 

PGO PG1 

Tigger Signal from Timmer 4 from Timmer 5 

t 
I PG03 I 
I 

1-2 excitation + 
I 

D P63/PG03 
(P67/PG13) 

f 

I SA03 I 
+ 

f 
I SA02 I 

+ 

f 
I SA01 I 

+ 

f 

I SAOO I 
+ 

1/2 excitat 

t 
I PG02 I 
I I 

+ 

t 
I I PG01 I I 

'I t 
I PGOO I 
I 

~ I 

on 

D P62/PG02 
(P66/PG12) 

D P61/PG01 
(P65/PG11) 

D P60/PGOO 
(P64/PG10) 

Figure 3.10 (1) PG Block Diagram 
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------
7 

PG01CR bit Symbol PAT1 

(OO4EH) ReadIWrite 

After reset 0 

PG1 write 
mode 

0: 8bit 
Function write 

1: 4bit 
write 

4 

CCW1 PG1M PGHE 

R/W 

o o o 
PG 1 ~PG 1 mode 'PG 1 
Rotaing ~(excitation):trigger 
direction ~O: 1excitation~input 

0: Normal' Or :enable 
. , 2excitation,O d' bl 

rotatIOn '1' 1-2 ' : Isa e 
1: Reverse: . ,1: enable 

rotati on: excitation ~ 

PATO 

o 
,PGOwrite 

:mode 

;0: 8bit 
: write 

:1: 4bit 
write 

I 

TMP96C141 

o 
CCWO PGOM PGOTE 

R/W 

o 
;pGO ,PGO mode ,PGO 
,Rotaing ~(excitation)~trigger 
:direction :0: 1excitatio~input 
~O: Normal ( or, (enable 

rotation :1' 2eXCItatio~0: disable 
,1: Reverse, . 1-2 , : 1: enable 

rotation: excitation, 

I I I 

r-_I I 

L PGO Trigger input enable 

o Trigger input disable to PGO 

Trigger input enable to PGO 

L--____ Set the operation mode of PGO 

o 1 or 2 excitation (full step) 

'--______ PGO (stepping motor control) 

Rotaing direction control 

o Normal rotation / PG mode 

Reverse rotation 

l...-_______ .. Selecting PGO write mode 

o 8-bit write 

4-bit write / PG mode 

(Only shifter alternate register can be 

written.) 

Figure 3.10 (2 a) Pattern Generation Control Register (PG01 CR) 

MCU900-113 



TOSHIBA 

------
7 

PGO 1 CR bit Symbol PA T1 

(004E H) ReadIWrite 

After reset 

Function 

I 

o 
PG1 write 
mode 

0: 8bit 
write 

1: 4bit 
write 

4 

CCW1 PG1M PG1TE 

R/W 

o o 
~PG1 ~PG1 mode ~PG1 
~Rotaing ~(excitation>~trigger 
[direction :0: 1excitation~input 
: : or :enable :0: Normal : . 
: rotation ~ 2excitation~D: disable 
: 1: Reverse ~1: 1-2 ~1: enable 
. rotation [ excitation: 

I I I I 

TMP96C141 

o 
PATO CCWO PGOM PGOTE 

R/W 

o o o o 
,PGOwrite YGO :PGO mode :PGO 
: mode ~ Rotai ng :(excitation>: trigger 
:0: 8bit ~direction ~O: 1excitatio~input 
: write :0: Normal: or :enable 

~.1: 4bit [rotation: 1. ~~;citatio~o: disable 
: 1: Reverse: . : 1: enable 

write : rotation: excitation [ 

~ PG1 trigger input enable 

o Trigger input disable to PG1 

Trigger input enable to PG 1 

'-----. Set the operation mode of PG 1 

o 1 or 2 excition (full step) 

'--_______ PG1 (stepping motor control) 
Rotaing direction control 

o Normal rotation / PG mode 

Reverse rotation 

'------------- Selecting PG1 write mode 

o 8-bit write 

4-bit write / PG mode 

(Only shifter alternate register can be 

written.) 

Figure 3.10 (2 b) Pattern Generation Control Register (PG01CR) 
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PGOREG 
(004CH) ----bit 5ymbol 

Read/Write 

After reset 

Function 

Prohibit Read 

modify write 

PG1REG 
(004DH) 

---bit Symbol 

Read/Write 

After reset 

Function 

Prohibit Read 

modify write 

TMP96C141 

7 6 5 4 
: 

3 2 1 0 : 

PG03 PG02 PGOl : PGOO SA03 SA02 SAOl SAOO 
: 

W R/W 

0 0 0 0 Undefined 

Pattern Generation 0 (PGO) output : Shift alternate register 0 
latch register : For the PG mode (4-bit write) register 

(Reading the P6 that is set to the 
PG port allows to read-out. )1 

Figure 3.10 (3) Pattern Generation 0 Register (PGOREG) 

7 6 : 5 4 3 2 1 0 

PG13 PG12 PGll PG10 SA 13 SA12 SAll SA 10 

W : R/W 

0 0 : 0 0 Undefined 

Pattern Generation 1 (PG 1) output :Shiftalternate register 1 
latch register : For the PG mode (4-bit write) register 

(Reading the P6 that is set to the 
PG port allows to read-out. ) 

: 
: 

Figure 3.10 (4) Pattern Generation 1 Register (PG 1 REG) 
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-----T45CR bit Symbol 

(003AH) ReadlWrite 

After reset 

Function 

R/W 

0 

Fix at "0" 

* Always 
read as 
"0" 

TMP96C141 

643 o 
_______ _______ _______ : PG 1 T 

PGOT DB6EN DB4EN 

R/W 

o o o o 
rG1 Shift :PGOShift ~ Double buffer 
~rigger :trigger ~ 0: Disable 
~:8-bittimer :O:8-bittimer : 1: Enable 
~ trigger trigger 

~ (timerO. 1) ~ (timerO.1): Double 
~1: 16-bit timer: 1: 16bit timer: buffer of 
~ trigger ~ trigger ~ TREG6 
~ (timerS) : (timer4) 

I I I 

...----------'1 I 

DB6EN : Double buffer of TREG6 
DB4EN : Double buffer ofTREG4 

'------- Selecting PGO shift trigger 

: Double 
~ buffer of 
: TREG4 

o 8-bit timer trigger (timer 0,1) 

16-bit timer trigger (timer 4) 

L-_______ Selecting PG1 shifttrigger 

o 8-bittimertrigger(timerO,1) 

16-bit timer trigger (timer 5) 

L-__________ ~ Write "0" to this bit, when this register is modified_ 

Figure 3.10 (5) 16-bit Timer Trigger Control Register (T45CR) 
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8-Bit timer 
(timer 0, 1) 

16-Bit timer 4 

A 
Select 

B S 

t 
PGOT 

A 

l ______ ---'II-~----~ .. I Bsetlect 16-Bit timer 5 : ,. ,.. 

PG1T 

Port60-63 

tE Port64-67 

Figure 3.10 (6) Connection of Timer and Pattern Generator 

(1) Pattern Generation Mode 

TMP96C141 

PG functions as a pattern generation according to the setting ofPG01CR <PAT1> / 
< PATO >. In this mode, writing from CPU is executed only on the shifter alternate 
register. Writing a new data should be done during the interrupt operation of the timer 
for shift trigger and a pattern can be output, synchronous with the timer. 

In this mode, set PG01CR<PGOM>and<PG1M>to 1, and PG01CR <CCWO> and 
<CCW1>toO. 

The output of this pattern generator is output to port 6 ; since port and functions can 
be switched on a bit basis using port function control register P6FC, any port pin can be 
assigned to pattern generator output. 

Figure 3.10 (7) shows the block diagram of this mode. 

Shift alternate register n + 3 
output -"";';"'-f-+-- '----..;..;...-++---' '----..;..;.....;..;...++---' '------:.~.::.....-H---J' '--..;.;....;...;;...-

(SA03-00) 

n-1 n n + 1 

Example of pattern generation mode 
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0-
Shift alternate register 

I 
iii ;-.1 

BUS3 1 
SA03 I 

I 

VI 

::J I ..c 
t ~ I I BUS2 I 

SA02 
- I ro 
c ... 
<lI 

+' 

C I 
-

t ~I SA01 I BUS1 1 

I 

I 
iii ~I SAOO I BUSO 1 

~ t 

+ 

I PG03 

I PG02 

r PG01 

r PGOO 

t 

I 
I 

I 
I 

l 
I 

l 
I 

TMP96C141 

OPG03 
(PG3) 

OPG02 
(PG2) 

port 

OPG01 
(PG1) 

OPGOO 
(PGO) 

Shift due to the shift trigger from timer 

Figure 3.10 (7) Pattern Generation Mode Block Diagram (PGO) 

In this pattern generation mode, only writing the output latch is disabled by 
hardware, but other functions do the same operation as 1-2 excitation in stepping motor 
control port mode. Accordingly, the data shifted by trigger signal from a timer must be 
written before the next trigger signal is output. 
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(2) Stepping Motor Control Mode 

CD 4-phase 1-Step/2-Step Excitation 

Figure 3.10 (8) and Figure 3.10 (9) show the output waveforms of 4-phase 1 
excitation and 4-phase 2 excitation, respectively when channel 0 (PGO) is selected. 

Trigger signal 
from timer ~ n n n n ,,---------,n rL 

: b4 b7 I b6 I b5 b4 
PGOO (P60) L 

: b5 b4 b7 I b6 I b5 PGOl (P61) 
~ ______________ ~r--

PG02 (P62) ~b5 b4 b7 I b6 

PG03 (P63) ~b6 I b5 b4 b7 

t 
Initial value PGOREG ~ 0100 x x x x 

Note: bn indicates the initial value ofPGOREG ~ b7 b6 b5 b4 X X X X 

CD Normal Rotation 

Trigger signal 
from timer 

~ n n n n 
: b4 b5 

PGOO (P60) 
I b6 I b7 b4 

PGOl (P61) 
~b6 I b7 b4 b5 

PG02 (P62) r;--Jb7 b4 b5 I b6 

PG03 (P63) : b7 b4 b5 I b6 ~ ______________ ~r--I b7 

t 
Initial value PGOREG ~ 0100 x x x x 

® Reverse Rotation 

Figure 3.10 (8) Output Waveforms of 4-Phase 1-step Excitation 
(Normal Rotation and Reverse Rotation) 

MCU900-119 

010289 



TOSHIBA TMP96C141 

Trigger signal 
from timer 

~ n n n n 
PGOO (P60) ~b7 b6 I bS b4 

PG01 (P61) 
: b5 b4 I b7 b6 I bS 

PG02 (P62) FIbS b4 I b7 b6 

PG03 (P63) : b7 b6 I bS b4 I b7 

t 
Initial value PGOREG ~ 1100 x x x x 

Figure 3.10 (9) Output Waveforms of 4-Phase 2-step Excitation (~ormal Rotation) 

The operation when channel 0 is selected is explained below. 
The output latch of PGO (also used as P6) is shifted at the rising edge of the trigger 

signal from the timer to be output to the port. 
The direction of shift is specified by PGOICR<CCWO>: Normal rotation 

(PGOO~PGOl~PG02~PG03) when < CCWO > is set to "0"; reverse rotation 
(PGOO~PGOI ~PG02~PG03) when "I". 4-phase I-step excitation will be selected when 
only one bit is set to "I" during the initialization of PG, while 4-phase 2-step excitation 
will be selected when two consecutive bits are set to "1". 

The value in the shift alternate registers are ignored when the 4-phase I-step/2-step 
excitation mode is selected. 

Figure 3.10 (10) shows the block diagram. 

Shift alternate Register 

b7 
I( 

b3 
SA03 :J 

..c 
I( b6 

ro b2 
SA02 

c 
bS 

QJ 

c bl SA01 

I( b4 

bO SAOO 

DPG03 (P63) 

DPG02 (P62) 

D PG01 (P61) 

D PGOO (P60) 

JL is showing to shift the signal at the 
rising edge oftrigger signal from 
timer. 

Figure 3.10 (10) Block Diagram of4-Phase 1-step Excitation/2-step Excitation 
(Normal Rotation) 
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@ 4-Phase 1-2 step Excitation 

Figure 3.10 (11) shows the output waveforms of 4-phase 1-2 step excitation 
when channel 0 is selected. 

Trigger signal 
from timer ---1l n n n n n 

: b4 bO I b7 
PGOO (P60) 

b3 b6 I b2 bS 

: bS 
PG01 (P61) 

b1 b4 bO I b7 b3 b6 

PG02 (P62) ~b2 b5 bl b4 bO I b7 

PG03 (P63) : b7 b3 b6 I b2 b5 b1 b4 

t 
Initial value PGOREG ~ 11001000 

Note: bn denotes the initial value PGOREG ~ b7 b6 b5 b4 b3 b2 bI bO 

CD Normal Rotation 

Trigger signal 

---1l n n n n n from timer 

: b4 b1 b5 b2 I b6 b3 b7 
PGOO (P60) 

PG01 (P61) 
: b5 b2 I b6 b3 b7 I bO b4 

PG02 (P62) 
: b6 b3 b7 I bO b4 b1 bS 

PG03 (P63) ~bO b4 b1 b5 b2 I b6 

t 
Initial value PGOREG ~ 10001100 

® Reverse Rotation 

Figure 3.10 (11) Output Waveforms of 4-Phase 1-2 step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1-2 step excitation is as follows. 
By rearranging the initial value "b7 b6 b5 b4 b3 b2 b1 bO" to "b7 b3 b6 b2 b5 b1 b4 

bO", the consecutive 3 bits are set to "I" and other bits are set to "0" (positive logic). 
For example, if b7, b3, and b6 are set to "I", the initial value becomes "11001000", 

obtaining the output waveforms as shown in Figure 3.10 (11). 
To get an output waveform of negative logic, set values l's and O's of the initial value 

should be inverted. For example, to change the output waveform shown in Figure 3.10 
(11) into negative logic, change the initial value to "00110111". 

The operation will be explained below for channel O. 
The output latch of PGO (shared by P6) and the shifter alternate register (SAO) for 

Pattern Generation are shifted at the rising edge of trigger signal from the timer to be 
output to the port. The direction of shift is set by PGO 1 CR < CCWO > . 

Figure 3.10 (12) shows the block diagram. 

I1l 

C 

<lI 

..... 
c 

b7 
0( 

b3 

b6 
0( 

b2 

bS 
0( 

b1 

b4 
E 

bO 

Shifter alternate 
register 

1 

I
jL 

1 SA03 
1 

• 

1 

I
jL 

1 SA02 
1 

• 

1 

I
jL 

1 SA01 
1 

• 

1 

I
jL 

1 SAOO 
1 

• 

PGO Output 

I JL 
PG03 (P63) .1 PG03 1 

1 1 

+ 

jL 
I 

PG02 (P62) .1 1 

I PG02 
1 

1 

JL 
1 

PG01 (P61) J I PG01 1 

1 1 

t 

JL 
1 

PGOO (P60) J I PGOO L 
1 1 

j 

JL is showing to shift the signal at the rising 
edge of trigger signal from the timer. 

Figure 3.10 (12) Block Diagram of 4-Phase 1-2 step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 step excitation (normal 
rotation) when timer 0 is selected, set each register as follows. 

765 4 3 210 
t- - X - - - 0 TRUN 

TMOD 
TFFCR 

TREGO 

t- 0 o X X - - 0 1 

t- X X 

t- * * 
P6CR t- - -

P6FC t- - -

X 0 

* * 
0 1 0 

* * * * 
1 111 

1 1 1 1 

PG01CR t- - - 0 0 1 1 

PGOREG t- 1 1 0 0 1 0 0 0 

TRUN t- 1 X - - 1 

Stop timer 0, and clear it to zero. 

Set 8-bit timer mode and select ¢T1 as the input clock oftimer o. 
Clear TFF1 to zero and enable the inversion trigger by timer O. 

Set the cycle in timer register. 

Set P60-P63 bits to the output mode. 

Set P60-P63 bits to the PG output. 

Select PGO 4-phase 1-2 step excitation mode and normal rotation. 

Set an initial value. 

Start timer O. 

Note: X; don't care -; no change 

(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is not equal to the trigger 
signal of timer flip-flop (TFF1, TFF4, TFF5, and TFF6) and differs as shown in Table 
3.10 (1) depending on the operation mode ofthe timer. 

Table 3.10 (1) Select of Trigger Signal 

TFF1 inversion PG shift 

Selected by TFFCR 

8-bit timer mode 
<TFF1IS> when the up-

( 

counter value matches 
TREGO or TREG 1 value. 

When the up-counter 
value matches with both 

16-bit ti mer mode TREGO and TREG1 values ( 

(The value of up-counter 
= TREG 1 *28 + TREGO) 

When the up-counter When the up-counter 
PPG output mode value matches with both value matches TREG1 

TREGO and TREG1 value (PPG cycle) 

When the up-counter Trigger signal for PG is 
PWM output mode value matches TREGO not generated. 

value and PWM cycle. 

Note: To shiftPG, TFFCR<TFFlIE> must be set to "1" to enable TFF1 inversion. 

Channell of PG can be synchronized with the 16-bit timer Timer4/Timer5. In this 
case, the PG shift trigger signal from the 16-bit timer is output only when the up­
counter UC4 I UC5value matches TREG5/TREG7. 
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When using a trigger signal from Timer4, set either T4FFCR<EQ5T4> or T4MOD 
<EQ5T5> to "1" and a trigger is generated when the value in UC4 and the value in 
TREG5 match. When using a trigger signal from Timer5, set T5FFCR<EQ7T6>to l. 
Generates a trigger when the value in UC5 and the value in TREG7 match. 

(4) Application of PG and Timer Output 

As explained "Trigger signal from timer", the timing to shift PG and invert TFF 
differs depending on the mode of timer. An application to operate PG while operating an 
8-bit timer in PPG mode will be explained below. 

To drive a stepping motor, in addition to the value of each phase (PG output), 
synchronizing signal is often required at the timing when excitation is changed over. In 
this application, port 6 is used as a stepping motor control port to output a synchronizing 
signal to the T01 pin (shared by P71). 

n TREGl n n r 
TOl (P71) -----l ,'---______ L.. _____ ---' L.. _____ ---' 

~I 1--
TREGO PGOO (P60) __________ --1 

PGOl (P61) L 
PG02 (P62) --, r I~. ________________________________ ~ 

PG03 (P63) ---.J 
Figure 3.10 (13) Output Waveforms of 4-Phase 1-step Excitation 

Setting example: 

TRUN 

TMOD 

TFFCR 

TREGO 

TREGl 

P7CR 

P7FC 

P6CR 

P6FC 

7 6 5 4 3 210 
~ - X - - - - 0 0 

~ lOX X X X 0 1 

~ X X X 0 0 1 1 X 
~ * * * * * * * * 
~ * * * * * * * * 
~ X X X X - - 1 -

~ X X X X 1 X 
~ - 1 1 1 1 

+- - - 1 1 1 1 

PG01CR ~ - - 000 1 

PGOREG ~ * * * * * * * * 
TRUN ~ 1 X - - - - 1 1 

Note: X; don't care -; no change 

Stop timer 0, and clear it to zero. 

Set timer 0 and timer 1 in PPG output mode and select 

¢T1 as the input clock. 

Enable TFF1 inversion and set TFF1 to "1". 

Setthe duty ofT01 to TREGO. 

Set the cycle of T01 to TREG 1. 

Assign P71 as T01. 

Assign P60-63 as PGO. 

Set PGO in 4-phase 1-step excitation mode. 

Set an initial value. 

Start timer 0 and timer 1. 
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3.11 Serial Channel 

TMP96C141 contains 2 serial I/O channels for full duplex asynchronous transmission 
(DART) as well as for I/O extension. 

The serial channel has the following operation modes. 

r 
· I/O interface mode Mode 0: To transmit and receive I/O data as 

(channell only) well as the synchronizing signal 

Note: TMP96C141A I TMP96C041A I SCLK for extending I/O. 
TMP96CM40 I TMP96PM40 with 
channel 0 and 1 -E Mode 1: 7-bit data 

• Asynchronous Mode 2: 8-bit data 
transmission (DART) mode Mode 3: 9-bit data 

(channel 0 and 1) 

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for 
making the master controller start slave controllers in serial link ,cmulti-controller 
system). 

Figure 3.11 (1) shows the data format (for one frame) in each mode. 

• Mode 0 (1/0 interface mode) 
" .... 

___ Transfer direction 

• Mode 1 (7-bit UART mode) 

• Mode 2 (8-bit UART mode) 

• Mode 3 (9-bit UART mode) 

When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 

Figure 3.11 (1) Data Formats 

MCU900-12S 

(Wake-up) 



TOSHIBA TMP96C141 

The serial channel has a buffer register for transmitting and receiving operations, in 
order to temporarily store transmitted or received data, so that transmitting and 
receiving operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission 
and receiving, the channel becomes half-duplex. 

The receiving data register is of a double buffer structure to prevent the occurrence of 
overrun error and provides one frame of margin before CPU reads the received data. 
The receiving data register stores the already received data while the buffer register 
receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any 1 port must be controlled by 
software), it is possible to halt data send until the CPU finishes reading receive data 
every time a frame is received. (Handshake function) 

In the UART mode, a check function is added not to start the receiving operation by 
error start bits due to noise. The channel starts receiving data only when the start bit is 
detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and requests the CPU to send the next 
transmission data, or when data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. Besides, if an overrun 
error, parity error, or framing error occurs during receiving operation, flag 
SCOCRISC1CR< OERR, PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate generator, which can set any baud 
rate by dividing the frequency of 4 clocks (~TO, ~T2, ~T8, and ~T32) from the internal 
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous signals as well as to transmit 
or receive data by external clock. 

3.11.1 Control Registers 

The serial channel is controlled by 3 control registers SCOCR, SCOMOD and BROCR. 
Transmitted and received data are stored in register SCOBUF. 
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------ 6 4 3 

SCOMOD 
(OO52H) 

bit Symbol 

Read/Write 

After reset 

Function 

TB8 CTSE RXE WU SM1 SMO SC1 SCO 

R/W 

0 0 o o o o o 
Transfer ~ Hand : Receiving: Wake up iSerial transmission 

~ Function ~ Function :mode 

iSerial transmission 

[clock (UART) data ~ shake 

Bit 8 ~O: Receive~ ~OO: 1/0 interface 
, disable' . '01 7 b·t UART 
~ 1: Receive~ 0: disable ~ : - I 

:00: TOO Trigger 

:01: baud rate 

: 0: CTS . enable ~ 1: Enable ~1 0: 8-bit UART 

disable ~ : :11: 9-bit UART 

generator 

~ 1: CTS : 

enable: 

I I I 

:10: Internal clock <1>1 

~11: don't care 

I I 

I I 
L Serial transmission clock (UART) 

00 Timer 0 match detect signal ............................................. 
01 Baud rate generator 

.............................................. 

10 Internal clock <1>1 

11 don't care 

~ Serial transmission mode 

00 1/0 interface mode ........................ 
01 ~ 7-bit length 

~ ....................... . 

10 UART L~.-.?i.~ .I.~.~.~.~~ ..... 
11 : 9-bit length 

Note: 1/0 interface mode can not 

be used by the TMP96C141 

'-----~ Wake-up Function 

I 

9-bit UART Other mode 

o Interrupt when 

data are received 

Interrupt only 

when RB8= 1 

'------------l~ Receiving Function 

Receive Disable 

Receive Enable 

don't care 

L-___________ ~ Hand shake function (mPin) enab_le_---. 

o Disable (always Transferable) ............................................................. 
Enable 

'-----------------~ Transmission data bit 8 

Note: There is SCIMOD (56H) in Channell 

Figure 3.11 (2) Serial Mode Control Register (channel 0, SCOMOD) 
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SCOCR 
(0051 H) 

bit Symbol 

ReadIWrite 

After reset 

Function 

7 6 5 4 2 o 
RB8 EVEN PE OERR PERR FERR SClKO lOCO 

R 

o 
Received Parity 

data 0: Odd 

Bit8 1: Even 

I 

R/W R ( cleared to Zero when read) R/W 

o o o o o 
: Parity 

: addition 1: error 

0: SClKO : 0: 

(--.J-) \ Baud Rate 

: 0: Disable ................ : ................................. . ~ Generator 

l:SClKO :l:SClKO : 1: Enable Overrun [Parity 1 Framing 

(t-) lpin input 

I I I I I I I 

I 
L Select 1/0 interface input clock (Note1) 

o Baud rate generater ........................................................ " 
1 SClKO Pin input 

Notel : for TMP96C141, fix this bit to "0". 

~ Edge selection in SClK pin input mode (Note1) 

Transmits and receives ( --.J 
o data at raise edge of SClK 

Transmits and receives ( t-) 
data at fall edge of SClK 

Notel : for TMP96C141, fix this bit to "0". 

~Framing error flag} 
L-___ Parity error flag Clheared tO

d 
Zero 

w en rea. 
L----,..Overrun error flag 

Enable parity addition 

1··:·1 ::::;;;;~:;~:::;~;) ................. . 
'-------------- Addition I check of even parity 

HI~;:~:::~; 
Receving data bit 8 

Note: Serial control register for channell is SCICR (55H). 
Note: As all error flags are cleared after reading do not test only a single bit with a bit­

testing instruction. 

Figure 3.11 (3) Serial Control Register (channel, SCOeR) 
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B ROCR bit Symbol 

(0053 H) Read/Write 

After reset 

Function 

7 6 

o 
Fix at "0" 

TMP96C141 

4 

BROCK1 BROCKO BROS3 BROS2 BROS1 BROSO 

o o 

00: ¢TO (fc/4) 

01: ¢T2(fc/16) 

10: ¢TS (fc/64) 

11: ¢T32 (fc/256) 

R/W 

o o o o 

Setting ofthe Divided frequency 

I 

L Setting of the divided frequency 

of baud rate generator 

0000 16 divisions 

0001 Don't set 

0010 2to15divisions 

\ 

1111 

'------~ Selecting the input clock of 

baud rate generator 

, .. ,?,~, ,.' ,I,~,~~,~~~I, ,~!~~,~, ,~,~~ ,~:~1.~~ .... """ ......... . 
1? .... ,I,~,~~,~~~I, ,c!~c,~, ,~,~~,~:~?~! .... , .. , ........... . 
11 Internal clock ¢T32 (fc/256) 

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing 
instruction. 

Figure 3.11 (4) Serial Channel Control (channel 0, BROCR) 

7 6 5 4 3 2 0 

I TB7 ! TB6 TB5 : TB4 : TB3 : TB2 : TB1 i TBO I (Transmission) 

SCOBUF 
(SOH) 

7 6 5 4 3 2 0 

RB7 RB6 : RB5 RB4 RB3 RB2 RB1 RBO I (Receiving) 

Figure 3.11 (5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF) 
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------bit Symbol 
SC1MOD 

Read/Write 
(OO56H) 

After reset 

Function 

7 

TB8 

0 

Transfered 

data 

BitS 

TMP96C141 

6 4 o 
RXE WU SMl SMO SCl SCO 

R/W 

o o o o o o o 
Fix at "0" : Receiving: Wake up :Serial Transmission 

: Function : Function :mode 

:Serial Transmission 

~clock (UART) 

:0: Receive: 0: disable :00: 1/0 interface :00: TOO Trigger 

~01: Baud rate : disable: 1: enable: mode 

: 1: Receive! :01: 7-Bit UART 

: Enable:. :10: 8-Bit UART 

ill: 9-Bit UART 

. generator 

I I 

~1 0: Internal clock <I> 1 ill: don't care 

I 

,------11 J 

L Serial transmission clock (For UART) 

00 Timer 0 match detect signal ................................................... 
01 Baud rate generator ................................................... 
10 Internal clock <I> 1 

11 don't care 

Note: The clock selection for the I/O interface 

mode is controlled by the serial control 

register (SCICR). 

-- Serial transmission mode 

00 1/0 interface mode 

01 l!:~~~.~~.~~:~ .. . 
10 UARTmode l~:~i~.~~~9.t~ .. . 
11 : 9-Bit length 

- Wake up Function 

9-Bit UART 

o Interrupt when 

data are received 

Interrupt only 

when RB8= 1 

Other mode 

don't care 

~----------~rR_e_c,e_iv_in~g~c_o_n_t_ro_I ____________ --, 

Receive disable 

Receive enable 

'----------------')0- Transmission data bit 8 

Figure 3.11 (6) Serial Mode Control Register (Channel 1, SC1 MOD) 
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7 6 4 0 

bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C 

SCl CR ReadIWrite R R/W R (clearto Zero when read) R/W 
(0055H)~----~----~----~----+-----~--~-----+----~----~ 

After reset 0 0 0 0 0 0 0 

Function 

Received Parity 

data 0: Odd 

Bit 8 1: Even 

: Parity 0: SCLKl : 0: 
: addition . 1: error C ~-) iBaudrate 

: 0: Disable : ................ , ................................. . : generator 

: 1: Enable: 
: : Overrun Parity [ Framing 

1 : SCLK 1 : 1: SCLK 1 

Ct-) : Pin input 

I I I I I I 

I I 
L Select I/O interface input clock --.., 

o Baud rate generate ................................................... 
SCLKl Pin input 

~ Edge selection in SCLK pi n input mode 

o 
Transmits and receives ( ~­
data at raise edge of SCLK 

Transmits and receives ( ~) 

data at fall edge of SCLK 

~ Framing error flag 

Parity error flag 

Overrun error flag 

Enable parity addition 

}

Cleared to Zero 
when read 

L-_____________ Addition / check of even parity __ .., 

o Odd Parity ......................................... 
Even Parity 

Receiving data bit 8 

Note: As all error flags are cleared after reading, do not test only a single bit with a bit­
testing instruction. 

Figure 3.11 (7) Serial Control Register (Channel 1, SC1 CR) 
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BR1CR 
(0057H) ----bit Symbol 

ReadlWrite 

After reset 

Function 

7 

-

0 

Fix at "0" 

6 5 4 

BR1CKl BR1CKO 

0 0 

00: ¢TO (fd4) 

01: ¢T2 (fc/16) 

10: ¢T8 (fc/64) 

11: ¢T32 (fc/256) 

TMP96C141 

3 2 1 0 

BR1S3 : BR1S2 BR1Sl BR1S0 

RIW 
: 

0 0 : 0 0 

Setting ofthe Divided frequency 

I L Setting of the divided frequency of 

generator 

baud rate 

0000 16 divided · . . . . . . . . . . . . . ...................................... 
0001 Don't set .............. ...................................... 

0010 

\ 2 to 5 divisions 

1111 

Selecting the input clock of baud rat e generator 

· ... ?? .... I.~.~~~~~I .. ~!?~.~ .. ~.T~.~!~~) ..................... . 
· ... ?~ ..... I.~.~~.~~~ I .. ~! ?~.~ .. ~ .:~. ~!~ !.~J ... ................ . 
.... ~ .? .... I.~.~~.~~~I .. c!?~.~ .. ~.T~.~!~~~J ................... . 

11 Internal clock ¢T32 (fc/256) 

Note: To use baud rate generator, set TRUN <PRRUN>to "I", putting the prescaler in RUN 
mode. 

Figure 3.11 (8) Baud Rate Generator Control Register (channel 0, BROCR) 

7 6 5 4 3 2 0 

I TB7 : TB6 : TB5 : TB4 : TB3 : TB2 : TB1 : TBO I (Transmission) 

SC1 BUF 
(0054H) 

7 6 5 4 3 2 1 0 

RB7 RB6 : RB5 RB4 : RB3 RB2 RB1 RBO I (Receiving) 

Figure 3.11 (9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1 BUF) 
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P9FC 
(OOlDH 

Note 

) 

: 

~ 7 6 5 4 3 2 1 0 

bit Symbol 

------ ------
P95F 

------
P93F P92F 

------
P90F 

Read/Write W W W W 

0 0 0 0 

0: PORT 0: PORT 0: PORT 0: PORT 

1: SClK1 1: TxD1 1: SClKO 1: TxDO 

Prohibit Read J 
modify write L Setting P90 as TxDO ou tput 

The TMP96CM40 and TMP96PM40 

1·:1 ~::~~::;~;,~; ~ have register P92F, The TMP96C141 

does not. (In other wordes, SCLK 0 
utput 

cannot be specified.) Setting P93 as TxD1 ou tput 

1 0.1 Port o",put ................................... 
1 TxD1 (channel 1) 0 utput 

Settin P95 as SClK ou g tput 

Port output ............................................. 
SClK 1 (channel 1) output 

Figure 3.11 (10) Port 9 Function Register (P9FC) 

7 6 4 2 o 
ODE bit Symbol ______ : ______ ~______ ______ ~______ ______: ODE1 ODEO 

(0058H) Read/Write R/W 
~==~~~----+-----~----~-----+----~------~----~----1 

o 0 

P93 P90 

0: CMOS :0: CMOS 

1: OPEN :1: OPEN 

Drain ~ Drain 

....-------------,J J 

l Setting P90 as Open-drain output 

1:·1 ~::~;;~:~:~;~;; ............... . 
~ Setting P93 as Open-drain 

o CMOS output .......................................... 
1 Open-drain output 

Figure 3.11 (11) Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 

Figure 3.11 (12) shows the block diagram of the serial channel O. 

,--------. Serial clock generation circuit .----------------------, 

i BROCR<BROCK1, 0> TOOTRG (Timer 0 comparator output) i 
I I 
I I 
I I 

:¢TO (fcJ4) ~ : 

:¢ T2 (fcI16) ~ 
:¢T8 (fc/64) III 

:¢T32 (fc/2S6) I VI 

: 1 

: ~- Baud rate 

i¢l (fc/2)---~:..:..:..::.:...;;.;:.::.:.-.---...J 
I 
I 
I 
I 

SCOMOD 
<SC1,0> 

~-------------________________________________________ __ J 

SIOCLK 

Figure 3.11 (12) Block Diagram of the Serial Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channell. 

Serial clock generation circuit -----------------------~ 

BR1CR<BR1CK1,O> 
I 

TOOTRG (Timer 0 comparator output) i 
UART o 

+-' 
V 

<U 

SC1MOD 
<SM1,O> 

I 
I 
I 

: SIOCLK 

Figure 3.11 (13) Block Diagram of the Serial Channel 1 
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CD Baud Rate Generator 

Baud rate generator comprises a circuit that generates transmission and 
receiving clocks to determine the transfer rate of the serial channel. 

The input clock to the baud rate generator, ¢TO (fc/4), ¢T2 (fc/16), ¢T8 (fc/64), 
or ¢T32 (fc/256) is generated by the 9-bit prescaler which is shared by the timers. 
One of these input clocks is selected by the baud rate generator control register 
BROCR/BR1CR<BROCK1, 0/BR1CK1, 0>. 

The baud rate generator includes a 4-bit frequency divider, which divides 
frequency by 2 to 16 values to determine the transfer rate. 

How to calculate a transfer rate when the baud rate generator is used is 
explained below . 

• UARTmode 

Transfer rate = ~~_In~p~u_t_c_l~o_ck~o_f_ba~u~d __ r~a~te~g~e_n_e_r_a_to_r _____ +16 
Frequency divisor of baud rate generator 

• I/O interface mode 

Transfer rate = ~~_In~p~u_t_c_l~o~ck~o_fb_a_u~d __ r_at~e~g~e_n_e_r_a_to_r _____ +2 
Frequency divisor of baud rate generator 

The relation between the input clock and the source clock (fc) is as follows. 
¢TO=fc/4 
¢T2=fc/16 
¢T8=fc/64 
¢ T32 = fc/256 

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢T2 (fc/16), and 
frequency divisor is 5, the transfer rate in UART mode becomes as follows: 

Transfer rate = fc/16 +16 
5 

= 12.288 X 106/16/5/16 = 960'0 (bps) 

Table 3.11 (1) shows an example of the transfer rate in UART mode. 

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.9 (2) 
shows an example of baud rate using timer O. 
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Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used) 
U . (kb nit IPS 

fc [MHz] ~k ¢TO ¢T2 ¢T8 ¢T32 
Frequency divisor (fc/4) (fc/16) (fc/64) (fc/256) 

9.830400 2 76.800 19.200 4.800 1.200 

i 4 38.400 9.600 2.400 0.600 

i 8 19.200 4.800 1.200 0.300 

i 0 9.600 2.400 0.600 0.150 

12.288000 5 38.400 9.600 2.400 0.600 

i A 19.200 4.800 1.200 0.300 

14.745600 3 76.800 19.200 4.800 1.200 

i 6 38.400 9.600 2.400 0.600 

i C 19.200 4.800 1.200 0.300 

N ate: Transfer rate in I/O interface mode is 8 times as fast as the values 
given in the above table. 

Table 3.11 (2)Selection of Transfer Rate (1) (When timer a (input Clock ¢T1) is used 
Unit (kbps) 

~c 12.288 12 9.8304 8 6.144 
TREGO MHz MHz MHz MHz MHz 

1H 96 76.8 62.5 48 

2H 48 38.4 31.25 24 

3H 32 31.25 16 

4H 24 19.2 12 

5H 19.2 9.6 

8H 12 9.6 6 

AH 9.6 4.8 

10H 6 4.8 3 

14H 4.8 2.4 

Howto calculate the transfer rate (when timer 0 is used): 

Transfer rate = fc 
TREGOx8x 16 

L (When Timer 0 (input clock ¢T1) is used) 

Input clock oftimer 0 

¢T1 = fC/8 

¢T4 = fC/32 

¢T16 = fC/128 

Note: Timer 0 match detect signal cannot be used as the transfer clock in I/O 
interface mode. 
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@ Serial Clock Generation Circuit 

This circuit generates the basic clock for transmitting and receiving data. 

1) I/O interface mode (channell only) 
When in SCLK output mode with the setting ofSC1CR<IOC> ="0", the basic 

clock will be generated by dividing by 2 the output of the baud rate generator 
described before. When in SCLK input mode with the setting of SCICR<IOC > = 
"I", the rising edge or falling edge will be detected according to the setting of 
SC1CR< SCLKC > register to generate the basic clock. 

2) Asynchronous Communication (DART) mode 
According to the setting of SCOCR and SC1CR < SCI, 0>, the above baud rate 

generator clock, internal clock ¢ 1 (500kbps @ fc = 16MHz), or the match detect 
signal from timer 0 will be selected to generate the basic clock SIOCLK. 

@ Receiving Counter 

The receiving counter is a 4-bit binary counter used in asynchronous 
communication (DART) mode and counts up by SIOCLK clock. 16 pulses of 
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three 

times at 7th, 8th and 9th clock. 
With the three samples, the received data is evaluated by the rule of majority. 
For example, if the sampled data bit is "I", "0" and "I" at 7th, 8th and 9th clock 

respectively, the received data is evaluated as "I". The sampled data "0" , "0" and 
"I" is evaluated that the received data is "0". 

@ Receiving Control 

1) I/O interface mode (channell only) 

When in SCLK1 output mode with the setting of SC1CR<IOC> ="0", RxD1 
signal will be sampled at the rising edge of shift clock which is output to SCLK pin. 

When in SCLK input mode with the setting SC1CR<IOC> ="1" RxD1 signal 
will be sampled at the rising edge or falling edge of SCLK input according to the 
setting ofSC1CR<SCLKS> register. 

2) Asynchronous communication (DART) mode 

The receiving control has a circuit for detecting the start bit by the rule of 
majority. When two or more "0" are detected during 3 samples, it is recognized as 
start bit and the receiving operation is started. 

Data being received are also evaluated by the rule of majority. 

@ Receiving Buffer 

To prevent overrun error, the receiving buffer has a double buffer structure. 
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Received data are stored one bit by one bit in the receiving buffer 1 (shift 
register type). When 7 bits or 8 bits of data is stored in the receiving buffer 1, the 
stored data are transferred to another receiving buffer 2 (SCOBUF/SC1BUF), 
generating an interrupt INTRXO/INTRXl. The CPU reads only receiving buffer 2 
(SCOBUF/SC1B~F). Even before the CPU reads the receiving buffer 2 
(SCOBUF/SC1BUF), the received data can be stored in the receiving buffer l. 
However, unless the receiving buffer 2 (SCOBUF/SC1BUF) is read before all bits of 
the next data are received by the receiving buffer 1, an overrun error occurs. If an 
overrun error occurs, the contents of the receiving buffer 1 will be lost, although 
the contents of the receiving buffer 2 and SCOCR<RB8> SC1CR<RB8>is still 
preserved. 

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 

9-bit UART mode are stored in SCOCR<RB8>1 SC1CR<RB8>. 
When in 9-bit UART mode, the wake-up function of the slave controllers is 

enabled by setting SCOMOD<WU>/SC1MOD<WU> to "I", and interrupt 
INTRXO/INTRX1 occurs only when SCOCR<RB8> I SC1CR<RB8>is set to "I". 

® Transmission Counter 

Transmission counter is a 4-bit binary counter which is used in asynchronous 
communication (UART) mode and, like a receiving counter, counts by SIOCLK 
clock, generating TxDCLK every 16 clock pulses. 

SIOCLK 
15 16 I ~ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16:~ 2 

TXDCLK h~' ____________________________________________ ~ 
Figure 3.11 (14) Generation of Transmission Clock 

(J) Transmission Controller 

1) I/O interface mode (TMP96C141 is only channell) 

In SCLK output mode with the setting of SC1CR<IOC> ="0", the data in the 
transmission buffer are output bit by bit to TxD1 pin at the rising edge of shift 
clock which is output from SCLK1 pin. 

In SCLK input mode with the setting of SC1CR<IOC> ="1", the data in the 
transmission buffer are output bit by bit to TxD1 pin at the rising edge or falling 
edge ofSCLK input according to the setting ofSC1CR<SCLKC > register. 

2) Asynchronous communication (UART) mode 

When transmission data are written in the transmission buffer sent from the 
CPU, transmission starts at the rising edge of the next TxDCLK, generating a 
transmission shift clock TxDSFT. 
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Handshake function 
Serial channel 0 has a CTSO pin. Using this pin, data can be sent in units of 

one frame; thus, overrun errors can be avoided. The handshake function is 
enabled/ disabled by SCOMOD < CTSE >. 

When the CTSO pin goes high, after completion of the current data send, data 
send is halted until the CTSO pin goes low again. The INTTXO Interrupts are 
generated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can be easily configured 
by setting any port assigned to the RTS function. The RTS should be output 
"High" to request data send halt after data receive is completed by a software in 
the RXD interrupt routine. 

TMP96C141 TMP96C141 

TxD RxD 

CTS RTS (any port) 

Sender Receiver 

Figure 3.11 (15) Handshake Function 

Ti m i ng to write rG~ ~( ) 

transmission buffer ~ 

CTS 
Send is suspendet 
from (1) to (2). 

1 13 14 15 16 2 3 14 15 16 1 2 3 

SIOCLK ~ L--..iL---'L--..i .... ---IL--..i~~ 

TxDCLK ~( j 
n ~\ n 

TxD ~~ 
/.. bitO \ start bit 

~\ 

010289 

N otel: If the CTS signal falls during transmission, the next data is not sen t after the 
completion of the current transmission. . 

Note 2 : Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

Figure 3.11 (16) Timing of CTS (Clear to send) 
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® Transmission Buffer 

Transmission buffer (SCOBUF/SCIBUF) shifts out and sends the transmission 
data written from the CPU from the least significant bit (LSB) in order, using 
transmission shift clock TxDSFT which is generated by the transmission control. 
When all bits are shifted out, the transmission buffer becomes empty and 
generates INTTXO/INTTXI interrupt. 

® Parity Control Circuit 

When serial channel control register SCOCR<PE>/SCICR<PE>is set to "I", 
it is possible to transmit and receive data with parity. However, parity can be 
added only in 7-bit UART or 8-bit UART mode. With SCOCR <EVEN> I SCICR 
<EVEN> register, even (odd) parity can be selected. 

For transmission, parity is automatically generated according to the data 
written in the transmission buffer SCBUF, and data are transmitted after being 
stored in SCOBUF<TB7>/SCIBUF<TB7> when in 7-bit UART mode while in 
SCMOD <TB8> I SCMOD <TB8> when in 8-bit UART mode. <PE> and 
<EVEN> must be set before transmission data are written in the transmission 
buffer. 

For receiving, data are shifted in the receiving buffer 1, and parity is added 
after the data are transferred in the receiving buffer 2 (SCOBUF/SCIBUF), and 
then compared with SCOBUF<RB7>/SCIBUF<RB7> when in 7-bit UART 
mode and with SCOMOD<RB8>/SCIMOD<RB8> when in 8-bit UART mode. If 
they are not equal, a parity error occurs, and SCOCR<PERR>/SCICR<PERR> 
flag is set. 

® Error Flag 

Three error flags are provided to increase the reliability of receiving data. 

1. Overrun error < OERR> 

If all bits of the next data are received in receiving buffer 1 while valid data are 
stored in receiving buffer 2 (SCBUF), an overrun error will occur. 

2. Parity error <PERR> 

The parity generated for the data shifted in receiving buffer 2 (SCBUF) is 
compared with the parity bit received from RxD pin. If they are not equal, a parity 
error occurs. 

3. Framing error <FERR> 

The stop bit of received data is sampled three times around the center. If the 
majority is "0", a framing error occurs. 
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Ql) Genera ting Timing 

1) UARTmode 

Receiving 

9 Bit 8 Bit + parity 8 Bit, 7 Bit + parity, 7 Bit 

Interrupt timing Center of last bit Center of last bit 
Center of stop bit 

(Bit 8) (parity bit) 

Framing error 
timing 

Center of stop bit 

Parity error timing 
Center of last bit 
(parity bit) 

Center of stop bit 

Overrun error Center of last bit Center of last bit 
Center of stop bit 

timing (Bit 8) (parity bit) 

Note: Framing error occurs after an in terru pt has occurred. Therefore, to check for 
framing error during interrupt operation, it is necessary to wait for 1 bit period of 
transfer rate. 

Transmitting 

~ 9 Bit 8 Bit + parity 8 Bit, 7 Bit + parity, 7 Bit 

Interrupt timing 
Just before last bit is 
transmitted. 

E- E-

2) I/O interface mode 

Transmission SCLK output mode 
Immediately after rise of last SCLK signal. 
(Seefigure3.11 (19). ) 

Interrupt 
Immediately after rise of last SCLK signal (rising mode), or 

timing SCLK input mode immediately after fall in falling mode. (See figure 3.11 (20).) 

Receiving SCLK output mode 
Timing used to transfer received data to data receive buffer 2 
(SC1BUF) (that is, immediately after last SCLK). (See figure 3.11 (21).) 

Interrupt 
Timing used to transfer received data to data receive buffer 2 

timing SCLK input mode (SC1 BUF) (that is, immediately after last SCLK). (See figure 3.11 (22).) 
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3.11.3 Operational Description 

(1) Mode 0 (1/0 interface mode) (TMP96C141 is only channel 1.) 

This mode is used to increase the number of I/O pins of for transmitting or receiving 
data to or from the external shifter register. 

This mode includes SCLK output mode to output synchronous clock SCLK and SCLK 
input mode to input external synchronous clock SCLK. 

Output 
extension 

TMP96C141 

TxD 

SCLK 

Port 

-
-
r------

Shift register 

SI 

SCK 

RCK 

TC74HC595 or 
the like 

A 
B 
C 
D 
E 
F 
G 
H 

-
-----

Input 
extension 

TMP96C141 

RxD 

SCLK 

Port 

1-

r------

r------

Shift register 

QH 

CLOCK 

SII 

TC74HC165 or 
the like 

Figure 3.11 (17) Example of SCLK Output Mode Connection 

Output port 
extension 

TMP96C141 

TxD 

SCLK 

Port 

-
~ ........... 

- -----

External clock-

Sh ift reg iste r A 
B 

51 C 
D 

SCK E 
F 

RCK G 

H 

TC74HC595 or 
the like 

--------

Input port 
extension 

TMP96C141 

RxD 

SCLK 

Port 

1-

1----

r--- -.. 

External clock __ 

Shift register 

QH 

CLOCK 

SII 

TC74HC165 or 
the like 

Figure 3.11 (18) Example of SCLK Input Mode Connection 
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CD Transmission 

In SCLK output mode, 8-bit data and synchronous clock are output from TxD 
pin and SCLK pin, respectively, each time the CPU writes data in the 
transmission buffer. When all data is output, INTESl<ITXlC> will be set to 
generate INTTXl interrupt. 

Timin9.tq write n transmission =----..J t::;:;.~\ ___________ --I('I(""; ____________ _ 

data ~ 

-Z:::=;LrLJ~rJ~'--J SCLK output 

TxD _____ ...JX bitO X bit1 dO bit6 X bit7 x'-__ _ 
TXDSFT ______ ----In ...... __ ~r_____fl'---_--'n ..... ---'nL...---

ITX1C (INTTX1= ______________ ..I,r,'r~------------I 
interrupt request) 

Figure 3.11 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 

In SCLK output mode, 8-bit data are output from TxDl pin when SCLK input 
becomes active while data are written in the transmission buffer by CPU. 

When all data are output, INTESl<ITXIC> will be set to generate INTTXl 
interrupt. 

SClKinput 
(SClKC = 1: Falling edge mode) 

TxD X bit 0 X bit 1 ~) bit 5 X bit 6 ~ 
TxDSFT n [l,r n n 

; 

ITX1C (INnX1--:-___________ ---\r,'~'r---------......... 
interrupt request) 

Figure 3.11 (20) Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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@ Receiving 

In SCLK output mode, synchronous clock is outputted from SCLK pin and the 
data are shifted in the receiving buffer 1 whenever the receive interrupt flag 
INTESl<IRXlC> is cleared by reading the received data. When 8-bit data are 
received, the data will be transferred in the receiving buffer 2 (SCIBUF) at the 
timing shown below, and INTESI <IRXIC> will be set again to generate INTRXI 
interrupt. 

SCLK 

'=> rr ..----1\ 
\~LJ~~~~I----

IRX1C 

RxD bitO X bit1 ~P< bit6 X bit7 Y 
Timing to shift data in Generate ~ 
the receiving buff;.;;e.;..;r 2~ ____________________ IN_T_R_X_1_--1 L-

Figure 3.11 (21) Receiving Operation in 1/0 Interface Mode (SCLK Output Mode) 

SClK input 

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK 
input becomes active while the receive interrupt flag INTESI <IRXIC> is 
cleared by reading the received data. When 8-bit data is received, the data will be 
shifted in the receiving buffer 2 (SCIBUF) at the timing shown below, and INTESI 
<IRXIC> will be set again to generate INTRX interrupt. 

(SClKC = 0: Rising edge mode) L~~~~~ 
~--'lJ~~ __ 

SClKinput 
(SClKC= 1: Falling edge mode) 

RxD 

Timing to shift data 
in the receiving 
buffer 2 

========b:it:O===X bit 1 ~~_b_i_t_6-JX bit 7 y 
Generate _______ 

INTRX1 n .... __ _ 
Figure 3.11 (22) Receiving Operation in 1/0 Interface Mode (SCLK Input Mode) 

Note: For data receiving, the system must be placed in the receive enable state 

(SCMOD<RXE> ="1") 
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(2) Mode 1 (7-bit UART Mode) 

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0> I 
SC1MOD<SM1, 0> to "01". 

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled 
or disabled by serial channel control register SCOCR < PE > ISC 1 CR < PE >, and even 
parity or odd parity is selected by SCOCR <EVEN>/SC1CR<EVEN> when <PE> is 
set to "1" (enable). 

Setting example: When transmitting data with the following format, the control 
registers should be set as described below. Channel 0 is explained 
here. 

- Direction of transmission (transmission rate: 2400 bps @fc = 12.288 MHz) 

76543 2 1 0 
P9CR ~ X X - 1 

P9FC ~ X X - X - X X 1 

SCOMOD ~ X 0 - X 0 1 0 1 

SCOCR ~ X 1 1 X X X 0 0 

BROCR ~ 0 X 1 0 0 1 0 1 

TRUN ~ 1 X - - - - - -

INTESO ~ 1 1 0 0 -

SCOBUF ~ * * * * * * * * 

Note: X; don't care 

(3) Mode 2 (8-bit UART Mode) 

} Select P90 as the TxD pin. 

Set 7-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 

Enable INTIXO interrupt and set interrupt level 4. 

Set data for transmission. 

-; no change 

8-bit DART mode can be specified by setting SCOMOD<SM1,0>/SC1MOD<SM1, 
0> to "10". In this mode, parity bit can be added, the addition of a parity bit is enabled 
or disabled by SCOCR<PE>/SC1CR<PE>, and even parity or odd parity is selected by 
SCOCR<EVEN>/SC1CR<EVEN> when <PE > is set to "1" (enable). 

Setting example: When receiving data with the following format, the control 
register should be set as described below. 

- Direction oftransmission (transmission rate: 9600 bps@fc=12.288MHz) 
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Main setting 

7 6 5 432 1 0 

P9CR ~ X X 0 -

SCOMOD ~ - 0 1 X 1 0 0 1 
SCOCR ~ X 0 1 X X X 0 0 
BROCR ~ 0 X 0 1 0 1 0 1 
TRUN ~ 1 X -
INTESO ~ - - - - 1 1 0 0 

Interrupt processing 

Acc ~ SCOCR AND 00011100 
if Acc ~ 0 then ERROR 
Acc ~ SCOBUF 

Note: X; don't care 

Select P91 (RxD) as the input pin. 

Enable receiving in 8-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and set interrupt level 4. 

} Check for error. 

Read the received data. 

-; no change 

(4) Mode 3 (9-bit UART Mode) 

9-bit UART mode can be specified by setting SCOMOD<SMl,O>/SCIMOD<SM 1, 
0> to "II". In this mode, parity bit cannot be added. 

For transmission, the MSB (9th bit) is written in SCMOD <TBB >, while in receiving 
it is stored in SCCR<RBB>. For writing and reading the buffer, the MSB is read or 
written first then SCOBUF/SCIBUF. 

Wake-up function 

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting 
SCOMOD<WU>/SCIMOD<WU> to "I". The interrupt INTRXlIINTRXO occurs only 

when<RBB> = 1. 

T 

t I I j 
TxD RxD TxD RxD TxD RxD TxD RxD 

Master Slave 1 Slave 2 Slave 3 

TMP96C141 TMP96C141 

Note: TxD pin of the slave controllers must be in open drain output mode. 

Figure 3.11 (23) Serial Link Using Wake-Up Function 
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Protocol 

CD Select the 9-bit UART mode for the master and slave controllers. 

@ Set SCOMOD<WU>/SC1MOD<WU> bit of each slave controller to "I" to 
enable data receiving. 

@ The master controller transmits one-frame data including the 8-bit select code 
for the slave controllers. The MSB (bit 8) <TB8> is set to "I". 

Select code of slave controller "1" 

@ Each slave controller receives the above frame, and clears WU bit to "0" if the 
above select code matches its own select code. 

@ The master controller transmits data to the s~ecified slave controller whose 
SCOMOD<WU>/SC1MOD<WU> bit is cleared to "0". The MSB (bit 8)<TB8> 
is cleared to "0". 

Data "0" 

® The other slave controllers (with the <WU> bit remaining at "I" ) ignore the 
receiving data because their MSBs (bit 8 or < RB8 » are set to "0" to disable the 
interrupt INTRXOIINTRX1. 

The slave controllers (WU = 0) can transmit data to the master controller, and it 
is possible to indicate the end of data receiving to the master controller by this 
transmission. 
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Setting example: To link two slave controllers serially with the master controller, and 
use the internal clock ¢ 1 (fc/2) as the transfer clock. 

t 
TxD RxD 

Master 
TMP96C141 

) 
TxD RxD 

Slave 1 

TMP96C141 

Select code 
00000001 

J 
TxD RxD 

Slave 2 

Select code 
00001010 

T 

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for 
the purposes of explanation . 

• Setting the master controller 

Main 

~ X X - - 0 1 P9CR 

P9FC ~ X X - X - X X 1 
INTESO ~ 1 1 0 0 1 1 0 1 

SCOMOD ~ 1 0 1 0 1 1 1 0 

SCOBUF ~ 0 0 0 0 0 0 0 1 

INTIXO interrupt 

SCOMOD ~ 0 -

SCOBUF ~ * * * * * * * * 

} Select P90 as TxD pin and P91 as RxD pin. 

Enable INTTXO and set the interrupt level 4. 

Enable INTIXO and set the interrupt levelS. 

Set ¢ 1 (fc/2) as the transmission clock in 9-bit UART mode. 

Set the select code for slave controller 1. 

Sets TB8 to"O". 

Set data for transmission. 

• Setting the slave controller 2 

Main 

P9CR ~ X X- - - - 0 1 
P9FC ~ X X - X - X X 1 
ODE ~ X X X X X X - 1 
INTESO ~ 1 1 0 1 1 1 1 0 

SCOMOD ~ 0 0 1 1 1 1 1 0 

INTRXO interrupt 

Acc ~ SCOBUF 

if Acc = Select code 

'I Select P91 as RxD pin and P90 as TxD pin (open drain 

?- output). 

) 
Enable INTRXO and INTTXO. 

Set <WU> to "1" in the 9-bit UART transmission mode 

with transfer clock ¢ 1 (fc/2). 

Then SCOMOD4 ~ - - - 0 - - - - Clear <WU > to "0". 
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3.12 AnaloglDigital Converter 

TMP96C141 has a high-speed analog I digital converter (AID converter) with 4-
channel analog input that features 10-bit successive approximation. 

Figure 3.12 (1) shows the block diagram of the AID converter. 4-channel analog input 
pins (AN3 to ANO) are shared by input-only port P5 and so can be used as input port. 

Internal bus 

AID converter mode register (ADMOD) 

ADCH 1-0 
EOCF ADBF REPET SCAN ADCS ADS 

Analog input 

AN3(PS3} 0-
AN2 (PS2) 0- Multiplexer 

AN1(PS1} 0-
ANO(PSO} 0-

VREF Df----------I 

AGND Dr---------I 
D/A converter 

INTAD 
interrupt 

AID conversion result register 

(ADREGO to ADREG3) 

Figure 3.12 (1) Block Diagram of AID Converter 

Notel:This AID converter does not have a built-in sample and hold circuit. 

Therefore, when AID converting high-frequency signals, connect a sample and hold 

circuit externally. 
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7 6 4 

EOCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO bit Symbol 
ADMOD t-Re-a-d-'-/W-ri-te-t------'----'------'-----'----R/W---'------'----'------I 

(005EH)r------+----~----~----~----~----~----~----~----, 
After reset 

Function 

0 

AiD 

conversion 

End Flag 

1: END 

0 

AiD 

conversion 

BUSY Flag 

1: BUSY 

0 o o o o 
Repeat 

mode mode 

: AiD "AiD 

: conversion ~ conversion 

Analog Input 
Channel Select 

0: Single 
: Speed : Start 

mode 0 Fixed : 0: High 

1: Repeat channel speed 

mode mode mode 
1: Channel ~ 1: Low 

Scan speed 

mode mode 

I I 

~ 1 : 

: conversion 

: Start 

~Always 
~ read as 
: "0" 

I 
~ Analog input channel select 

I 

Normal Scan mode 

00 

01 

10 

11 

ANO 

AN1 

AN2 

AN3 

ANO 

ANO~AN1 

ANO~AN 1 ~AN2 

ANO~AN 1 ~AN2~AN3 

~ AID conversion start 

o 
Start AiD conversion. 

Note) Always "0" when data is read. 

_ AID conversion speed selection 

o AiD High speed conversion mode: 160 states = 20ps (@16MHz) 

AiD Low speed conversion mode: 320 states = 40ps (@16MHz) 

'----~ Specification of AID scan mode 

o 

'----- Selecting AID repeat mode 

o AiD conversion single mode 

AiD conversion repeat mode 

'------~~ AID conversion busy flag 

o AiD conversion not busy 

AiD conversion busy 

'----------~ AID conversion end flag 

o AiD conversion not ended nor started 

AiD conversion ended 

Figure 3.12 (2) AID Control Register 

MCU900-1S1 



TOSHIBA TMP96C141 

ADREGOL 
(0060H) 

ADREGOH 
(0061 H) 

----- 7 6 5 4 3 2 1 0 

bit Symbol ADR01 ADROO 

--------- --------- ------- ------- ---------
~ 

ReadlWrite R 

After reset Undefined 1 1 1 1 1 1 

Function Lower 2 bits of AID result for ANO are stored. 

----- 7 6 
: 

5 4 3 2 1 0 : 

bit Symbol ADR09 ADR08 ADR07 ADR06 ADR05 ADR04 
: ADR03 ADR02 : 

ReadlWrite R 

After reset Undefined 

Function Upper 8 bits of AID result for ANO are stored. 

_____ 7 
4 0 

ADREG1L bitSymbol ADR11 
(0062H) 

ADR 10 ~_____ ~ _____ : _____ ~ _____ : ____ : ____ 

ADREG1H 
(0063H) 

ReadlWrite R 

After reset Undefined 

Function Lower 2 bits of AID result for AN1 are stored. 

----- 7 6 5 4 3 2 1 

bit Symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 

ReadlWrite R 

After reset Undefined 

Function Upper 8 bits of AID result for AN 1 are stored. 

Figure 3.12 (3-1) AID Conversion Result Register (ADREGO, 1) 
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ADREG2L 
(0064H) 

ADREG2H 
(0065H) 

---------bit Symbol 

Read/Write 

After reset 

Function 

-------bit Symbol 

Read/Write 

After reset 

Function 

7 6 5 4 3 

ADR21 ADR20 

----- ------ ------R 

Undefined 1 1 1 

Lower 2 bits of AID result for AN2 are stored. 

: 
7 6 5 4 : 3 

ADR29 ADR28 ADR27 ADR26 ADR25 

R 

Undefined 

Upper 8 bits of AID result for AN2 are stored. 

7 6 4 

TMP96C141 

2 1 0 

----- ------ ------
1 1 1 

: 
2 1 0 

ADR24 ADR23 ADR22 

o 
ADREG3L bit Symbol ADR31 (0066H) 

ADR30 : ____ : _____ : _____ : ____ : ______ : _____ 

ADREG3H 
(0067H) 

Read/Write R 

After reset Undefined 

Function Lower 2 bits of AID result for AN3 are stored. 

---------
7 : 6 5 4 3 2 1 

bit Symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 

Read/Write R 

After reset Undefined 

Function Upper 8 bits of AID result for AN3 are stored. 

Figure 3.12 (3-2) AID Conversion Result Register (ADREG2, 3) 
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3.12.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF pin, and the low analog 
reference voltage is applied to AGND pin. 

The reference voltage between VREF and AGND is divided by 1024 using ladder 
resistance, and compared with the analog input voltage for AID conversion. 

(2) Analog Input Channels 

Analog input channel to select depends on the operation mode of the AID converter. 
In fixed analog input mode, one channel is selected by ADMOD<ADCH1,0> among 

four pins: ANO to AN3. 
In analog input channel scan mode, the number of channels to be scanned from ANO 

is specified by ADMOD<ADCH1,0>, such as ANO~AN1, ANO~AN1~AN2, and 
ANO~AN1 ~AN2~AN3. 

When reset, AID conversion channel register will be initialized to 
ADMOD < ADCH1,0 > = 00, so that ANO pin will be selected. 

The pins which are not used as analog input channel can be used as ordinary input 
port P5. 

(3) Starting AID Conversion 

AID conversion starts when AID conversion register ADMOD <ADS> is written "1". 
When AID conversion starts, AID conversion busy flag ADMOD<ADBF> which 
indicates "AID conversion is in progress" will be set to "1". 

(4) AID Conversion Mode 

Both fixed AID conversion channel mode and AID conversion channel scan mode have 
two conversion modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified one channel is executed 
repeatedly. 

In scan repeat mode, scanning from ANO,'" ~AN3 is executed repeatedly. 
AID conversion mode is selected by ADMOD < REPET, SCAN>. 

(5) AID Conversion Speed Selection 

There are two AID conversion speed modes: high speed mode and low speed mode. 
The selection is executed by ADMOD <ADCS> register. 

When reset, ADMOD<ADCS> will be initialized to "0", so that high speed 
conversion mode will be selected. 

(6) AID Conversion End and Interrupt 

• AID conversion single mode 
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ADMOD<EOCF> for AID conversion end will be set to "1", ADMOD 
<ADBF> flag will be reset to "0", and INTAD interrupt will be enabled when AID 
conversion of specified channel ends in fixed conversion channel mode or when AID 
conversion of the last channel ends in channel scan mode . 

• AID conversion repeat mode 

For both fixed conversion channel mode and conversion channel scan mode, 
INTAD should be disabled when in repeat mode. Always set the INTEOAD at 
"000", that disables the interrupt request. 

Write "0" to ADMOD<REPET> to end the repeat mode. Then, the repeat 
mode will be exited as soon as the conversion in progress is completed. 

(7) Storing the AID Conversion Result 

The results of AID conversion are stored in ADREGO to ADREG3 registers for each 
channel. In repeat mode, the registers are updated whenever conversion ends. 

ADREGO to ADREG3 are read-only registers. 

(8) Reading the AID Conversion Result 

The results of AID conversion are stored in ADREGO to ADREG3 registers. When the 
contents of one of ADREGO to ADREG3 registers are read, ADMOD<EOCF> will be 
cleared to "0". 

Setting example: CD When the analog input voltage of the AN3 pin is AID converted 
and the result is stored in the memory address FF10H by AID 

interrupt INTAD routine 

Main setting 

[ 
INTEOAD ~ 1 1 0 0 -
ADMOD ~ X X 0 0 0 1 1 1 

INTAD routine 

[ 

WA ~ ADREG3 

WA » 6 

(OOFF10H)~ WA 

Enable INTAD and set interrupt level 4. 

Specify AN3 pin as an analog input channel and 

starts AID conversion in high speed mode. 

Read ADREG3L and ADREG3H valuesand write to 

WA(16bit) 

Right-shifts WA six times and writes 0 in upper 

bits. 

Writes contents ofWA in memory at FF10H 

When the analog input voltage of ANO-AN2 pins is AID converted in high speed 

conversion channel scan repeat mode 

INTEOAD ~ 1 0 0 0 -
ADMOD ~ X X 1 1 0 1 1 0 

Disable INTAD. 

Start the AID conversion of analog input channels 

ANO-AN2 in the high-speed scan repeat mode. 
Note: X; don't care - ; no change 
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3.13 Watchdog Timer (Runaway Detecting Timer) 

TMP96C141 is containing wat<;.hdog timer of Runaway detcting. 
The watchdog timer (WDT) is used to return the CPU to the normal state when it 

detects that the CPU has started to malfunction (runaway) due to causes such as noise. 
When the watchdog timer detects a malfunction, it generates a non-maskable interrupt 
to notify the CPU of the malfunction, and outputs 0 externally from watchdog timer out 
pin WDTOUT to notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin internally forces a reset. 

3.13.1 Configuration 

Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 

WDTOUT 

WDMOD < RESET> 

Watchdog timer 
out control 

WDMOD-I I enable 
<WDTP1,0>- Selector .oOIiE--------, t t 

</>(fcl2)-

N N N N 

------ --­u v v v 
~ '+- "+- '+-

Watchdog timer 
22-stage binary counter 

Reset 

Reset 
~--+-~-WDMOD 

<WDTE> 

HALT instruction ~-----'+----+------l--------' 

(Stop or Idle mode) 
4EH B1H 

Write Write 

Watchdog timer 
control register 

Internal bus 

fcl4 Reset 

Figure 3.13 (1) Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which uses ¢(fc/2) as the input clock. 
There are four outputs from the binary counter: 216/fc, 218fc, 220/fc, and 222/fc. Selecting 
one of the outputs with the WDMOD register generates a watchdog interrupt, and 

outputs watchdog timer out when an overflow occurs. 
Since the watchdog timer out pin (WDTOUT) outputs "0" due to a watchdog timer 

overflow, the peripheral devices can be reset. The watchdog timer out pin is set to 1 by 
clearing the watchdog timer (by writing a clear code 4EH in the WDCR register). In 
other words, the WDTOUT keeps outputting "0" until the clear code is written. 

The watchdog timer out pin can also be connected to the reset pin internally. In this 
case, the watchdog timer out pin (WDTOUT) outputs 0 at 32states (3.2,us @ 20MHz) and 
resets itself. 

WDTCounter n ~~~ ~~ X 0 

WDT Interrupt II II ; 
Clear code of write 

~ 
WDTClear 
(Soft ware) 

:: WDTOUT 
) 

Figure 3.13 (2) Normal Mode 

Over flow 

WDTCounter n .. (/1 

WDT Interrupt II {/j 

WDTOUT 
I I (Internal Reset) 

f/J 

1< ) 1 
32states (3.2,us @ 20MHz) 

Figure 3.13 (3) Reset Mode 
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3.13.2 Control Registers 

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

CD Setting the detecting time of wa tchdog timer < WDTP > 

This 2-bit register is used to set the watchdog timer interrupt time for detecting 
the runaway. This register is initialized to WDMOD<WDTP1, 0> =00 when 
reset, and therefore 216/fc is set. (The number of states is approx. 32,768.) 

® Watchdog timer enable/disable control register <WDTE > 

When reset, WD MOD < WDTE > is initialized to "1" enable the watchdog timer. 
To disable, it is necessary to clear this bit to "0" and write the disable code (B1H) 

in the watchdog timer control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state to enable state by merely 
setting < WDTE > to "1". 

® Watchdog timer out reset connection <RESCR> 

This register is used to connect the output of the watchdog timer with· RESET 
terminal, internally. Since WDMOD<RESCR>is initialized to 0 at reset, a reset 
by the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear of binary counter the watchdog timer 
function. 

• Disable control 

By writting the disable code (B1H) in this WDCR register after clearing 
WD MOD < WDTE > to "0", the watchdog timer can be disabled. 

C
WDMOD ~ 0 - - - - - X X 
WDCR ~ 1 0 1 1 0 0 0 1 

• Enable control 

ClearWDMOD<WDTE>to "0". 

Write the disable code (B 1 H). 

Set WDMOD <WDTE >to "I". 

• Watchdog timer clear control 

The binary counter can be cleared and resume counting by writing clear code 
(4EH) into the WDCR register. 
WDCR ~ 0 1 0 0 1 1 1 0 Write the clear code (4EH). 
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-----bit Symbol 
WDMOD 

ReadlWrite 
(DOSCH) 

After reset 

Function 

7 

WDTE 

WDT 

control 

1: Enable 

TMP96C141 

6 4 3 o 
WDTP1 WDTPO WARM HAL TMO HAL TMO RESCR DRVE 

RIW 

o o o o o o o 
Select detecting time: Warming :StandbY mode 

~Uptime 
00: 216ffc :00: RUN mode 

:1: :1: 

~ Internally : Drive the 

01: 218ffc 

10: 220ffc 

11: 222ffc 

:01: STOP mode 

~1O: IDLE mode 
: 0: 214ffc 
~ 1: 216ffc ~11: Don'tcare 

: connects : pin even in 

: WDT out to ~ STOP mode 

: the reset pin: 

I I I 

J 

l DRVE (explanation by stop mode) 

~_ Watchdoq timer out control 

o 
Connects WDT out to a reset 

I 

~ Select the standby mode HALT instruction 

00 RUN mode (Only the CPU stops) 

01 STOP mode (All circuits stop) 

10 IDLE mode (Only the oscillator operates) 

11 Don't care 

~---. Select the detecting period of watchdog 
timer 

o 214ftc (approx. LOms@16MHz) 

216ffc (approx. 4.1 ms@16MHz) 

Select the detecting time of watchdoq timer 

00 216ffc (approx. 4.1ms@16MHz) 

01 218ffc (approx. 16ms@16MHz) 

10 220ffc (approx. 66ms @16MHz) 

11 222/fc (approx. 262ms@16MHz) 

Watchdog timer Enable f Disable control 

o Disable 

Enable 

Figure 3.13 (4) Watchdog Timer Mode Register 
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7 6 4 o 
bit Symbol 

WDCR Read/Write W 
(OOSDH)~-----r---------------------------------------------i 

After reset 

B 1 H : WDT disable code 

4EH : WDT clear code 
Function 

L Disable/clear WDT 

B 1 H Disable code 

4EH Clear code 

Others 

Figure 3.13 (5) Watchdog Timer Control Register 
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3.13.3 Operation 

The watchdog timer generates interrupt INTWD after the detecting time set in the 
WDMOD <WDTP1, 0 > register and outputs a low level signal. The watchdog timer 
must be zero-cleared by software before an INTWD interrupt is generated. If the CPU 
malfunctions (runaway) due to causes such as noise, but does not execute the instruction 
used to clear the binary counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to the INTWD Interrupt and 
it is possible to return to normal operation by an anti-mulfunction program. By 
connecting the watchdog timer out pin to peripheral devices' resets, a CPU malfunction 
can also be acknowledged to other devices. 

The watchdog timer stops its operation in the IDLE and STOP modes. In the bus 
releasing, the watchdog timer continues the countting. In the RUN mode, the watchdog 
timer is enabled. 

However, the function can be disabled when entering the RUN mode. 

Example : CD Clear the binary counter 

WDCR ~ 0 1 0 0 1 1 1 0 Write clear code (4EH). 

@ Set the watchdog timer detecting time to 2 18/fc 

WDMOD ~ 1 0 1 - - - X X 

® Disable the watchdog timer. 

WDMOD ~ 0 - X X 
WDCR ~ 1 0 1 1 0 0 0 1 

® Set IDLE mode. 

WDMOD ~ 0 - - - lOX X 
WDCR ~ 1 0 1 1 0 0 0 1 
Executes HALT command 

Clear WDTE to "0". 
Write disable code (B 1 H). 

Disables WDT and sets IDLE mode. 

Set the standby mode 

@ Set the STOP mode (warming up time: 216/fc) 

WDMOD ~ - - - 1 0 1 X X 
Executes HALT command. 

Set the STOP mode. 
Execute HALT instruction. Setthe standby 
mode. 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum (TMP96C141 F) 

Symbol Parameter Rating Unit 

Vee Power Supply voltage -0.5-6.5 V 

VIN Input voltage - 0.5-Vee + 0.5 V 

2: IOL Output Current (total) 100 mA 

2: IOH Output Current (total) -100 mA 

PD Power Dissi pation (Ta = 70°C) 600 mW 

TSOLDER Soldering Temperature (10 s) 260 °C 

TSTG Storage temperature - 65-150 °C 

TOPR Operating temperature - 20-70 °C 

4.2 DC Characteristics (TMP96C141 F) 

Vcc=5V± 10%, Ta= -20-70°C (Typical valuesareforTa=25°C and Vcc=5V.) 

Symbol Parameter Min Max Unit Test Condition 

V IL Input Low Voltage (ADO - 15) -0.3 O.S V 
V IL 1 P2, P3,E1Jl5, P6, P7, PS, P9 -0.3 0.3Vee V 
V IL2 RESET,NMI,INTO(PS7) -0.3 0.25Vee V 
V IL3 EA -0.3 0.3 V 
V IL4 X1 -0.3 0.2Vee V 
·V·I·H·········· ·input·H·fgh·vo·it·a·ge·{A·60·~·i·5)"· .2"."2" ................. ·Vc·c·".i-·O·j .. ······ ···v·· ............................................. . 
V IH1 P2, P3, ~5, P6, P7, PS, P9 0.7Vee Vee+0.3 V 
V IH2 RESET, NMI, INTO (PS7) 0.75Vee Vee + 0.3 V 
V IH3 EA Vee - 0.3 Vee + 0.3 V 
V IH4 X1 O.SVee Vee + 0.3 V 
.................................................................................................................................................................................. 
V OL Output Low Voltage 0.45 V I OL = 1.6mA 
·V·6H········ ·outp·lii··Hig·il···voiia·ge··············· ·2".4················· ........................ ···v·· ·i·6H·;;,··::.·4·00~·A················· 
V OH1 0.75Vee V I OH = -100,uA 
V OH2 0.9Vee V I OH = - 20,uA 
.................................................................................................................................................................................. 
I DAR Darlington Drive Current -1.0 -3.5 mA VEXT=1.5V 

(S Output Pins max.) R EXT = 1.1 kn 

Input Leakage Current 0.02 (Typ) ± 5 pA 0.0;s Vin;S Vee 
OutputLeakageCurrent 0.05 (Typ) ±10 pA 0.2;SVin;SVee-0.2 

III 
I LO 
·j·cc············ ·Ope·ratiri·g·C·ui-·ren·t"(RUNj··········· ·i6···'Typy····· ·50··················· 'mA' ·f"osc·;;;·ioj\iH·~···················· 

IDLE 1.7 (Typ) 10 mA 
STOP (Ta = - 20-70°C) 0.2 (Typ) 50 pA 0.2;S Vin;S Vee - 0.2 
STOP (Ta =0-50°C) 10 pA 0.2;SVin;SVee-0.2 

........................................................................................................................................................................... 
V STOP Power Down Voltage 

(@STOP, RAM Back up) 
2.0 6.0 V V IL2 = 0.2Vee, 

V IH2 = O.SVee 

R RST RESET Pull Up Registor 50 150 kn 
................................................................................................................................................................................. 
CIO Pin Capacitance 10 pF tose=1MHz 
·VTH········· ·S·c·li·m·i·tt·,,,ii·dtil······························ ·O·X················ ·':O··'Typ·j······· ···V·· ............................................. . 

RESET, NMI, INTO (PS7) 

RK Pull Down/Up Registor 50 150 kn 

Note: I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141 F) 
Vcc=5V ± 10% ,TA= -20-70°C 

(4MHz-20MHz) 

No. Symbol Paramerer 
Voriable 16MHz 20MHz 

Unit 
Min Max Min Max Min Max 

1 tosc Osc. Period ( = x) 50 250 62.5 50 ns 
2 tClK ClK width 2x-40 85 60 ns 
3 tAK AO-23 Valid~ ClK Hold 0.5x - 20 11 5 ns 
4 tKA ClK Valid~ AO-23 Hold 1.5x-70 24 5 ns 
5 tAL AO-15 Valid~AlE fall 0.5x-15 16 10 ns 
6 tLA ALE fall~AO-15 Hold 0.5x -15 16 10 ns 
7 tll ALE High width x -40 23 10 ns 
8 tlC ALE fall~ RDIWR fall 0.5x - 30 1 -5 ns 
9 tCl RDIWR rise~ ALE rise O.5x - 20 11 5 ns 

10 tACL AO-15 Valid~ RDIWR fall x - 25 38 25 ns 
11 tACH AO-23 Valid~ RDIWR fall 1.5x - 50 44 25 ns 
12 tCA RDIWR rise~ AO-23 Hold 0.5x - 20 11 5 ns 
13 tADl AO-15 Valid~ DO-15 input 3.0x - 45 143 105 ns 
14 tADH AO-23 Valid~ DO-15 input 3.5x-65 154 110 ns 
15 tRD RDfall ~DO-15input 2.0x- 50 75 50 ns 
16 tRR RD low width 2.0x - 40 85 60 ns 
17 tHR RDrise~ DO-15 Hold 0 0 0 ns 
18 tRAE RDrise~ AO-150utput x-15 48 35 ns 
19 tww WRlow width 2.0x -40 85 60 ns 
20 tDW DO-15 Valid~ WRrise 2.0x - 50 75 50 ns 
21 tWD WR rise ~DO-15 Hold 0.5x-10 21 15 ns 
22 tAEH AO-23 Valid~ WAIT input (1V;:~~rlp 3.5x - 90 129 85 ns 
23 tAWl AO-15Valid~ WAIT input(1V;:~~rl<> 3.0x - 80 108 70 ns 
24 tcw RDIWR fall~WAIT Hold (~V;:~~de 2.0x + 0 125 100 ns 
25 tAPH AO-23 Valid~ PORT input 2.5x -120 36 5 ns 
26 tAPH2 AO-23 Valid~ PORT Hold 2.5x + 50 206 175 ns 
27 tcp WR rise~ PORT Valid 200 200 200 ns 
28 tASRH AO-23 Valid~ RAS fall 1.0x - 40 23 10 ns 
29 tASRl AO-15 Valid~ RAS fall 0.5x -15 16 10 ns 
30 tRAc RAS fall~ DO-15 input 2.5x -70 86 55 ns 
31 tRAH RASfall~AO-15 Hold 0.5x-15 16 10 ns 
32 tRAS RAS low width 2.0x - 40 85 60 ns 
33 tRP RAS High width 2.0x - 40 85 60 ns 
34 tRSH CAS fall~ RAS rise 1.0x - 35 28 15 ns 
35 tRSC RAS rise~ CAS rise 0.5x - 25 6 0 ns 
36 tRCD RAS fall~ CAS fall 1.0x - 40 23 10 ns 
37 tCAC CASfall~ DO-15 input 1.5x - 65 29 10 ns 
38 tCAS CAS low width 1.5x - 30 64 40 ·ns 

AC Measuring Conditions 
• Output level High 2.2V flow 0.8V ,Cl50pF 

(However Cl = 1 OOpF for ADO-AD15, ADO-AD23, ALE, RD, WR, HWR, RtW, ClK, RAS, CASO-CAS2) 
• Input level High 2.4V flow 0.45V (ADO-AD15) 

High 0.8Vcc flow 0.2Vcc (Except for ADO-AD15) 
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(1) Read Cycle 

X1 

elK ~ ~~:~:~~~~~_t_C_LK_-_-_~~-_-_-_-_-_=~~_~ __ ~lKA ~': 
AO-23 ~~_A_K __________________________________________ ~;I~ 

~~ ~ j~ 

RNV 
: :!./ I~E~------~4lAWH------~~1 

-t I~~~-'---+-tcw-
1--~lAWL 

Port Input 

J \ \t- -,V 
~~~~~~~~_I~~--~~ 

-APH ::...1-- .1 : 
1~----t-----+--tAPH2- ~"""':Ir---------~ : 

-,...I----I---t-----· - . -------- --

---tASRH4 . -RP-I 
--tRSH~ .11~--:-------+--------1ol_1 

~N~~----~-7~--4-RAS~ ~ ~ 
tASRL: ~ tRAC---t tRSC 

~RAH~ i"~-----t 
--tRCD 1.......1'- -f ~CAC lCAS . ~/'-

-ADH .1 -tCA~. 

ADO-15 

ALE 
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(2) Write Cycle 

Xl 

ClK X __ ~ ____________ x~~ ______ ~_ 
AO-23 )( '----------:-.-__ ------>C 
CSO-2 J\ r 

RIW J\ r 
WAIT 

Port Output 

RAS ----i-tcw-

CASO-2 I 

WR, HWR \1~E~---4tww--~--~~~1 . 

I t\J\ln: 
1----.--ttDW-----'----~)1 I ~ 

ADO-15 ----- AO-15 >< DO-15 :) 

ALE Y j\-------:--~/ 
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4.4 AID Conversion Characteristics (TMP96C141 F) 
- 0 Vee SV+10O/C TA - - 20-70 0

( 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vcc-l.S Vee Vee 

AGND Analog reference voltage Vss Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Anlog current for analog reference voltage 0.5 1.5 mA 

Error(Quantize 4;;; fc Low speed conversion mode ± 1.5 (TBD) ±4.0 

error of ± 0.5 ;;; 16MHz High speed conversion mode ± 3.0 (TBD) ±6.0 
LSB 

LSB not 16;;; fc Low speed conversion mode ± 1.5 (TBD) ±4.0 

included) ;;; 20MHz High speed conversion mode ±4.0 (TBD) ±8.0 

4.5 Serial Channel Timing -I/O Interface Mode 
(1) S(LK Input Mode Vee=SV±10% TA = - 20-70 O( 

Symbol 
Variable 16MHz 20MHz 

Parameter Unit 
Min Max Min Max Min Max 

tsCY SCLK cycle 16X 1 0.8 ps 

toss Output Data ~ Rising edge of SCLK tSCY 12 - 5X - 50 137 100 ns 

tOHS SCLK rising edge~ Output Data hold 5X-l00 212 150 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input scy - 5X - 100 587 450 ns 

(2) S(LK Output Mode 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16X 8192X 1 512 0.8 409.6 ps 

toss Output Data ~ SCLK rising edge tSCY - 2X - 1 50 725 

tOHS SCLK rising edge~ Output Data hold 2X-80 4S 

tHSR SCLK rising edge~ Input Data hold 0 0 

tSRD SCLK rising edge~ effective data input SCY - 2X - 150 

4.6 Timer/Counter Input Clock (TID, TI4, TI5, TI6, T17) 
Vec=5V±10% 

Variable 16MHz 
r.>ymbol Parameter 

Min Max Min Max 

tVCK Clock Cycle 8X + 100 600 

tVCKL Low level clock Pulse width 4X+40 290 

tVCKH High level clock Pulse width 4X+40 290 

4.7 Interrupt Operation 
Vec=5V±10% 

Variable 16MHz 
~ymbol Parameter 

Min Max Min Max 

tlNTAL NMI, INTO Low level Pulse width 4X 250 

tiNTAH NMI, INTO High level Pulse width 4X 250 

tlNTBL INT4-INT7 Low level Pulse width 8X + 100 600 

tlNTBH INT4-INT7 High level Pulse width 8X + 100 600 
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4.8 Timing Chart for 1/0 Interface Mode 

VI 

(3 
-+J 

« 
I-« 
00 
1->< 
~I-

~ I-
~ ....l :J 
....l U 0 u V'l 
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4.9 Timing Chart for Bus Request (BU8RQ) / BUS Acknowledge (BU8AK) 

(Note1) 

ClK 

-­tCBAL ~tcBAH 

ADO-AD15, AO-A23, 
C50-CS2, RNV, RAS, 
CASO-CAS2 

RD, WR, HWR 

..- ...... ft

BAA 

t~~ __ 4~---J~~~----------

(Note2) 
----4~-----------------

ALE -----------4~~\ ------------------~~~-
Variable 16MHz 20MHz 

Symbol Parameter 
Min Max Min Max Min Max 

tBRC BUSRQ set-up time for ClK 120 120 120 

tCBAL CLK-? BUSAK falling edge 1.5x+120 214 195 

tCBAH ClK-? BUSAK rising edge 0.5x + 40 71 65 

tABA Output Buffer is off to BUSAK ~ 0 80 0 80 0 80 

tBAA BUSAK ~ to Output buffer is on. 0 80 0 80 0 80 

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ 
is set to "0" during "W ai t" cycle. 

Note 2: This line only shows the output buffer is off-states. 
They don't indicate the signal level is fixed. 
After the bus is released, the signal level is kept dynamically before the bus is 
released by the external capacitance. 
Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because of the level-fix will be delayed. 
The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Typical characteristics 

Vee = 5V, Ta = 25°C, unless otherwise noted. 

Vcc(V) Icc (mA) 

6 30 

/ 

~ 
/ 

-... ~ 

4 

/ 

/ 
V 

./V 

20 

10 

2 

10 15 20 25 5 10 15 20 25 
fosdMHz) 

Figure 5.1 Vee - fose TYPICAL CURVE Figure 5.2 fose -lee TYPICAL CURVE fosdMHz) 

IcdmA) 

40 

30r-r---------+---------~~------_+, 

20r-r---~~--+---------~--------_+, 

o 
4 6 

Figure 5.3 Icc - Vec TYPICAL CURVE Vcc(V) 

IOL(mA) 

40 

30 

20 

L 
V 

10 

o 

V 
/' 

,.....-

4 VOUT (V) 

-10 

- 20 

- 30 -
-40 

IOH(mA) 

Figure 5.4 VOUT -IOL TYPICAL CURVE 
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5. TABLE OF SPECIAL FUNCTION REGISTERS (SFRs) 

(SFR; Special Function Register) 

The special function registers (SFRs) include the I/O ports and peripheral control 
registers allocated to the 128-byte addresses from OOOOOOH to 00007FH. 

(1) I/O port 
(2) 1/0 port control 
(3) Timer control 
(4) Pattern Generator control 
(5) Watch Dog Timer control 
(6) Serial Channel control 
(7) A I D converter control 
(8) Interrupt control 
(9) Chip Select! Wait control 

(onfig u ration of the table 

Symbol Name Address 7 6 ff o 

~ ~ 
\' 

_-.,.-_..,.----I--bit Symbol 

--Read /Write 
\---~~---i 

1 
) 
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TableS 1/0 register address map 

ADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME 

OOOOOOH PO 20H TRUN 40H TREG6L 60H ADREGOL 

lH Pl 21H 41H TREG6H 61H ADREGOH 

2H POCR 22H TREGO 42H TREG7L 62H ADREG1L 

3H 23H TREGl 43H TREG7H 63H ADREG1H 

4H P1CR 24H TMOD 44H CAP3L 64H ADREG2L 

SH P1FC 2SH TFFCR 4SH CAP3H 6SH ADREG2H 

6H P2 26H TREG2 46H CAP4L 66H ADREG3L 

7H P3 27H TREG3 47H CAP4H 67H ADREG3H 

8H P2CR 28H POMOD 48H TSMOD 68H BOCS 

9H P2FC 29H P1MOD 49H TSFFCR 69H B1CS 

AH P3CR 2AH PFFCR 4AH 6AH B2CS 

BH P3FC 2BH 4BH 6BH 

CH P4 2CH 4CH PGOREG 6CH 

DH PS 2DH 4DH PG1REG 6DH 

EH P4CR 2EH 4EH PG01CR 6EH 

FH 2FH 4FH 6FH 

10H P4FC 30H TREG4L SOH SCOBUF 70H INTEOAD 

llH 31H TREG4H SlH SCOCR 71H INTE4S 

l2H P6 32H TREGSL S2H SCOMOD 72H INTE67 

13H P7 33H TREGSH S3H BROCR 73H INTETlO 

l4H P6CR 34H CAP1L S4H SC1BUF 74H INTEPW10 

lSH P7CR 3SH CAP1H SSH SC1CR 7SH INTETS4 

l6H P6FC 36H CAP2L S6H SC1MOD 76H INTET76 

l7H P7FC 37H CAP2H S7H BR1CR 77H INTESO 

l8H P8 38H T4MOD S8H ODE 78H INTESl 

19H P9 39H TFF4CR S9H 79H 

lAH P8CR 3AH T4SCR SAH 7AH 

lBH P9CR 3BH SBH 7BH liMe 

lCH P8FC 3CH SCH WDMOD 7CH DMAOV 

lDH P9FC 3DH SDH WDCR 7DH DMA1V 

lEH 3EH SEH ADMOD 7EH DMA2V 

lFH 3FH SFH 7FH DMA3V 
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(1) 1/0 Port 

Svmbol Name Address 7 6 4 0 
P07 P06 P05 P04 P03 P02 POl POO 

PO PORTO OOH R/W 

Input mode 

Undefined 
P17 P16 P15 P14 P13 P12 Pll Pl0 

Pl PORTl 01H R/W 

Input mode 
0 0 0 0 0 0 0 0 

P27 P26 P25 P24 P23 P22 P2l P20 

P2 PORT2 06H R/W 

Input mode 
0 0 0 0 0 0 0 

P37 P36 P35 P34 P33 P32 P3l P30 

P3 PORT3 07H R/W 

Input mode Output mode 

1 1 1 1 

P42 P4l P40 

P4 PORT4 OCH R/W 

Input mode 

0 1 

P53 P52 P5l P50 

P5 PORT5 ODH R 

Input mode 

P67 P66 P65 P64 P63 P62 P6l P60 

P6 PORT6 l2H R/W 

Input mode 
1 1 1 

P73 P72 P7l P70 

P7 PORT7 13H R/W 

Input mode 
1 1 1 1 

P87 P86 P85 P84 P83 P82 P8l P80 

P8 PORT8 l8H R/W 

Input mode 

1 1 

P95 P94 P93 P92 P9l P90 

P9 PORT9 19H R/W 

Input mode 
1 1 

Note: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register 
P30 to "0" outputs the RD strobe from P30 pin for PSRAM, even when the internal address is 
accessed. If the output latch register P30 remains "1", the RD strobe is output only when the 
external address is accessed. 

ReadlWrite 
RfW Either read or write is possible 
R Only read is possible 
W Only write is possible 
Prohibit RMW; Prohibit Read Modify Write. (Prohibit RES/SETITSET/CHG/STCFI 

ANDCF/ORCF/XORCF Instruction) 
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(2) I/O Port Control (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 
P07C P06C : P05C P04C : P03C P02C P01C POOC : : 

POCR PORTO 02H W 
Control (Prohibit 0 0 0 0 : 0 : 0 : 0 0 

RMW) 0: IN 1 : OUT (When external access set as AD7-0 and cleared to "0".) 
P17C P16C P15C P14C P13C P12C P11C P10C 

P1CR PORTl 04H W 
Control (Prohibit 0 0 0 0 : 0 0 0 0 

RMW) < < Refer to the "Pl Fe" > > 
P17F : P16F P15F : P14F : P13F P12F Pll F Pl0F : 

P1FC PORTl 05H W 
Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) P1Fc/P1CR=00: IN 01:0UT 10:AD15-8 11: A15-8 
P27C P26C P25C P24C : P23C P22C P21C P20C 

P2CR PORT2 08H W 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) < < Refer to the "P2Fe" > > 
P27F P26F : P25F P24F P23F P22F P21 F P20F 

P2FC PORT2 09H W 
Function (Prohibit 0 0 0 0 0 0 : 0 0 

RMW) P2Fc/P2CR = 00: IN 01 :OUT 10: A7-0 11: A23-16 
P37C P36C P35C P34C P33C P32C 

P3CR PORT3 OAH W 
: 
: 

Control (Prohibit 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 
P37F P36F P35F P34F : P32F P31 F P30F 

W 
P3FC PORT3 OBH 0 0 

: 
0 0 0 0 0 

Function (Prohibit 0: PORT 0: PORT : 0: PORT : 0: PORT : 0: PORT : 0: PORT 0: PORT 

RMW) 1: RAS 1: RJW : 1 : BUSAK ~ 1 : BU5RQ ~ 1 : HWR :1 :WR : 1: RD 

P42C P41C : P40C 

P4CR PORT4 OEH W 
Control (Prohibit : : : : 0 0 0 

RMW) : : : : 0: IN 1: OUT 

P42F P41F P40F 

P4FC PORT4 10H W 
Function (Prohibit 0 0 0 

RMW) 0: PORT 1 : CS/CAS 

Note: With the TMP96Cl4lITMP96Cl4lAtrMP96C04lA, which requires an external ROM, PORTO 
functions as ADO to AD7; PORTl, AD8 to ADl5; P30, the RD signal; P3l, the WRsignal, 
regardless of the values set in POCR, PlCR, PlFC, P30F and P3lF. 
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liD Port Control (2/2) 

Svmbol Name Address 7 6 5 4 3 2 0 
P67C P66C P65C P64C P63C P62C P61C P60C 

P6CR 
PORT6 14H W 

Control (Prohibit 0 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P73C P72C P71C P70C 

P7CR 
PORT7 15H W 

Control (Prohibit 0 0 0 0 

RMW) 0: IN 1: OUT 
P67F P66F P65F P64F P63F P62F P61F P60F 

P6FC 
PORT6 16H W 

Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: PORT 1: PG1-0UT 0: PORT 1: PGO-OUT 

P73F P72F P71F 

PORT7 
W 

P7FC 
Function 

17H 0 0 0 
(Prohibit :0: PORT :0: PORT :0: PORT 

RMW) ~1 :T03 ~1 : T02 ~1 : TOl 

P87C P86C P85C P84C P83C P82C P81C P80C 

P8CR 
PORT8 lAH W 

Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P95C P94C P93C P92C P91C P90C 

P9CR 
PORT9 lBH W 

Control (Prohibit 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P86F P83F P82F 

PORT8 
W W W 

P8FC 
Function 

lCH 0 0 0 

(Prohibit :0: PORT :0: PORT :0: PORT 

RMW) :1: T06 ~1 : T05 ~1 : T04 

P95F P93F P92F P90F 

W W W W 

P9FC 
PORT9 

lDH 0 0 0 0 
Function 

(Prohibit :0: PORT ~O: PORT ~O: PORT ~O : PORT 

RMW) :1: SClKl ~1 : TxDl ~ 1 : SClKO ~ 1 : TxDO 

Note: The register P92F is used only in the TMP96CM40trMP96PM40trMP96C141AJTMP96C041A, 
and not available in the TMP96C141. (It cannot be defined as SCLKO). 
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(3) Timer Control (1/3) 

Svmbol Name Address 7 6 5 4 3 2 1 0 
PRRUN T5RUN T4RUN P1RUN PORUN T1RUN TORUN 

RIW RIW 
Timer 0 0 0 0 0 0 0 

TRUN 
Control 

20H 
Prescaler & Timer Run/Stop CONTROL 

o : Stop & Clear 
1 : Run (Count up) 

8bit Timer 
22H -

TREGO 
Register 0 

(Prohibit W 
RMW) Undefined 

8bitTimer 
23H -

TREG1 
Register 1 

(Prohibit W 
RMW) Inrl.,f: ,rI 

T10M1 TlOMO PWMM1 PWMMO T1ClK1 TlClKO TOClK1 TOClKO 

8bit Timer 
W 

0 0 0 0 0 0 0 0 
TMOD 

Source 
24H 

ClK & 00 : 8bit Timer 00: - 00: TOOTRG 00 : TIO Input 

MODE 
01 : 16bitTimer 01: 26 -1 PWM 01:p1 01: ¢T1 

(Prohibit 10 : 8bit PPG 10: 27 - 1 10: ¢T16 10: ¢T4 

RMW) 11 : 8bitPWM 11: 28- 1 11: ¢T256 11: ¢T16 

DB EN TFF1C1 TFF1CO TFF11E TFF11S 
: RIW W RIW 

8bitTimer 0 0 0 0 0 
TFFCR Flip-Flop 25H ~1 : Double 00: Invert TFF1 ~ 1 : TFF1 ~ci: Inverted 

Control Buffer 01 : Set TFF1 Invert by 

Enable 10: CiearTFF1 Enable TimerO 
11 : Don't care 

PWM -
TREG2 Timer 26H (R)/w (Can read reqister buffer values.l 

Register 2 Undefined 
PWM -

TREG3 Timer 27H (R)/w (Can read register buffer values.l 
Register 3 Undefined 

FF2RD DB2EN : PWMOINT; PWMOM T2ClK1 : T2ClKO : PWMOS1 PWMOSO 

R W 
- 0 0 0 0 0 0 0 

PWMO 
TFF2 1: Double ~O : Overflow :0: PWM 00: ¢P1 (fc/4) 00: 26 - 1 

POMOD 
Mode 

28H output Buffer interrupt : Mode 01: ¢P4(fc/16) 01: 27-1 

value Enable ~ 1 : Compare 1:1 : Ti mer 10: ¢P16 (fc/64) 10: 28-1 

match Mode 11 : Don't care 11 : Don't care 

(Prohibit interrupt 

RMW) 

FF3RD DB3EN : PWM11NT : PWM1M BClK1 : BClKO PWM1S1 PWM1S0 

R W 
- 0 0 0 0 0 

: 
0 0 : 

PWM1 
TFF3 : 1 : Double ~O: Overflow ~O: PWM 00: ¢P1 (fc/4) 00: 26-1 

P1MOD 
Mode 

29H output Buffer interrupt . Mode 01: ¢P4(fc/16) 01: 27-1 
value Enable ;1 : Compare<l : Timer 10: ¢P16 (fc/64) 10: 28-1 

match Mode 11 : Don't care 11 : Don't care 

(Prohibit interrupt 

RMW) 
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Timer Control (2/3) 

Svmbol Name Address 7 6 S 4 3 2 1 0 
FF3Cl FF3CO FF3TRGl FF3TRGO FF2Cl FF2CO FF2TRGl FF2TRGO 

W R/W W R/W 
0 0 0 0 0 0 0 0 

00 : Don't care 00: ProhibitTFF3 00 : Don't care 00: Prohibit TFF2 
PWM 01 : Set TFF3 inverted 01 : Set TFF2 inverted 

PFFCR Flip-Flop 2AH 10: CiearTFF3 01 : Invert if matched 10 : Clear TFF2 01 : Invert if matched 

Control 11 : Don't care 10: Setifmatched; 11 : Don't care 10: Set if matched; 
clear if clear if 
overflowed overflowed 

11 : Clear if matched; 11 : Clear if matched; 
set if overflowed set if overflowed 

16bit 30H -
TREG4L Timer (Prohibit W 

Reqister4l RMW) Undefined 
16bit 31H -

TREG4H Timer (Prohibit W 
Reqister4H RMW) Undefined 
16bit 32H -

TREGSl Timer (Prohibit W 
RegisterSl RMW) iinnpfinpn 

16bit 33H -
TREGSH Timer (Prohibit W 

RegisterSH RMW) Undefined 
-Capture 

CAP1l 34H R Register1 l 
Undefined 

-Capture 
CAP1H 3SH R Registerl H 

~ 
-

Capture 
CAP2l 36H R Register2l 

Undefined 
-

Capture 
CAP2H 37H R Register2H 

Undefined 
CAP2TS EQSTS CAPliN CAP12M1 ~ CAP12MO CLE T4CLK1 T4ClKO 

16bit R/W W R/W 
Timer4 0 0 0 0 0 : 0 : 0 0 

T4MOD Source 38H TFFSINV TRG Capture Timming Source Clock 
ClK & 0: TRG Disable 0: Soft- 00: Disable 00: TI4 
MODE 1 : TRG Enable Capture 01: TI4 i TIS i 1 :UC4 01: ¢T1 

1: Don't 10: TI4 i TI4 L Clear 10: ¢T4 
care 11 : TFFl i TFFl L Enable 11: ¢T16 

TFFSC1 TFFSCO : CAP2T4 CAP1T4 EQST4 EQ4T4 TFF4C1 : TFF4CO : 

W R/W W 
16bit 0 0 0 0 0 0 0 0 

T4FFCR 
Timer4 

39H 00 : Invert TFFS TFF4 Invert Trigger 00 : Invert TFF4 
Flip-Flop 01 : Set TFFS o : Trigger Disable 01: SetTFF4 

Control 10 : Clear TFFS 1 : Trigger Enable 10: CiearTFF4 
11 : Don't care 11 : Don't care 
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Timer Control (3/3) 

Svmbol Name Address 7 6 5 4 3 2 1 0 
- PGH : PGOT : DB6EN DB4EN 

R/W R/W 
0 0 0 0 

: 
0 

T45CR 
T4, T5 

3AH Fix at "0" PG 1 shift PGO shift 
Control 1 : Double 

trigger trigger Buffer 

:0 : Timer 0,1 : TimerO, 1 Enable 

~1 : Timer 5 1: Timer4 

16bit 40H -
TREG6L Timer (Prohibit W 

Reqister6L RMW) Undefined 
16bit 41H -

TREG6H Timer (Prohibit W 
Register6H RMW) Undefined 
16bit 42H -

TREG7L Timer (Prohibit W 
Register7L RMW) Undefined 
16bit 43H -

TREG7H Timer (Prohibit W 
Reqister7H RMW) ~ode£ined 

-Capture 
CAP3L 44H R 

Register3L 
Ilnnpfinpn 

-
Capture 

CAP3H 45H R Register3H 
Undefined 

-
Capture 

CAP4L 46H R 
Register4L 

Undefined 
-

Capture 
CAP4H 47H R 

Register4H 
~ndefned 

CAP31N CAP34M 1 : CAP34MO : CLE T5CLK1 T5CLKO 

16bit W R/W 

Timer5 0 0 0 0 0 0 

T5MOD 
Source 

48H Capture Timming Source Clock 
CLK & 0: Soft- 00: Disable 00: TI6 

MODE Capture 01: TI6 i TI7 i 1 :UC5 01: ¢T1 
1: Don't 10: TI6 i TI6 l Clear 10: ¢T4 

care 11: TFF1 i TFF1 l Enable 11: ¢T16 

CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6CO 

16bit 
R/W W 

0 0 : 0 0 0 0 

T5FFCR 
Timer5 

49H 
Flip-Flop TFF6 Invert Trigger 00 : Invert TFF6 

o : Trigger Disable 01 : Set TFF6 
Control 1 : Trigger Enable 10 : Clear TFF6 

11 : Don't care 
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(4) Pattern Generator 

~mbol Name 

PGO 
PGOREG Register 

PGl 
PG 1 REG Register 

PGO, 1 
PG01CR Contorol 

Address 7 6 4 o 
4CH PG03 PG02 PGOl PGOO SA03 SA02 SAOl SAOO 

(Prohibit I-___ ....,-___ ....;W!..!!-___ -:-___ .....;...; _______ --'RIW"'-'-'--______ --i 
RMW) 0 0 0 0 Undefined 

4DH PG13 PG12 PGll PG 10 SA 13 SA 12 SA 11 SA10 

(Prohibit I---_-,-___ --'W:..;.-_--:-_----,-___ --. _______ --'RIW"'-'-'--______ -t 
RMW) 0 0 0 0 Undefined 

4EH 

PAT 1 CCWl ~ PG1M PG1TE PATO CCWO PGOM PGOTE 

o 
0: 8bit 

write 

1: 4bit 

. write 

o 
0: Normal 

Rotation 

1: Reverse 

Rotation 

RIW 
o o o 

0: 4bit ~PG 1 trigger ~ 0: 8bit 

Step ~input \ write 
1: 8bit ~enable 1: 4bit 

Step: 1: Enable write 

o 
0: Normal 

Rotation 
1: Reverse 

Rotation 

o 0 
0: 4bit PGO 

Step trigger 

1: 8bit input 

Step enable 

1: Enable 

(5) Watch Dog Timer 

Svmbol Name Address 7 6 S 4 3 2 1 0 
WDTE WDTPl WDTPO WARM HALTMl : HALTMO RESCR DRVE 

RIW 
Watch 1 0 0 0 0 0 0 0 

WD- Dog SCH 00: 216lfc Warming Standby Mode 1: Connect 1: Drive 
MOD Timer l:WDT 01: 218ffc upTime 00: RUN Mode internally the pin 

Mode Enable 10: 220lfc 0: 214ffc 01: STOP Mode WDTout in STOP 

11: 222ffc 1: 216ffc 10: IDLE Mode pinto mode 

11: Don't care Reset Pin 

Watch -
Dog SOH W 
Timer 

WDCR Control -
Register B 1 H: WDT Disable Code 4EH: WDT Clear Code 
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(6) Serial Channel (1/2) 

Symbol Name 

Serial 

SCOBUF Channel 0 

Buffer 

Serial 

SCOCR ChannelO 

Control 

SCO­

MOD 

Address 

SOH 

51H 

52H 

7 
RB7 
TB7 

RB8 

R 

RB6 
TB6 

EVEN 

o 
Receiving :Parity 

data bit 8 :0: Odd 

:1: Even 

TB8 CTSE 

:1: 

:CTS 

o 

R/W 

RB5 
TB5 

PE 

o 

RXE 

o 

4 3 
RB4 RB3 
TB4 TB3 

R (Receiving)/W (Transmission) 

OERR PERR 

RB2 
TB2 

FERR 

R (Cleared to 0 by reading) 
000 

WU SMl SMO 

R/W 

o o 
~ 1: : 1: : 00: Unused 

~Receive Wake up : 01: UART 7bit 

TMP96C141 

RBl 
RBl 

o 

SCl 

o 

R/W 

o 
RBO 
TBO 

SCO 

o 
Serial 

Channel 0 

Mode 

Trans­

mission 

data bit8 Enable: Enable: Enable: 10: UART 8bit 

00: TOO Trigger 

01: Baud rate 

generator 

BROCR Baud Rate 
Control 

Serial 

SC1BUF Channell 

Buffen 

Serial 

SC1CR Channell 

Control 

SC1-

MOD 

Serial 

Channell 

Mode 

53H 

54H 

55H 

56H 

R/W 

o 
Fix at 

"0" 

RB7 
TB7 

RB8 

R 

RB6 
TB6 

EVEN 

o 
Receiving ~Parity 

data bit 8 :0: Odd 

:1: Even 

TB8 

o 
Trans­

mission 

data bit8 

: 

Fix at 

"0" 

Note: For TMP96C141, fix this bitto "0". 

R/W 

:1: 

BROCKl 

o 
00: </>TO 
01: </>T2 

10: </>T8 
11: qlT32 
RB5 
TB5 

: 11: UART 9bit 10: Internal clock </> 1 

11: Don't care 

BROCKO 

(fc/4) 
(fc/16) 

(fc/64) 
(fc/256) ~ 
RB4 
TB4 

BROS3 

RB3 
TB3 

R/W 

BROS2 BROSl 

o o 
Set frequency divisor 

O-F 

(" 1" prohibited) 
RB2 RBl 
TB2 RBl 

BROSO 

o 

RBO 
TBO 

R (Receiving) /W (Transmission) 

Ilnrl"fin"rl 
PE OERR PERR FERR SCLKS 10C 

R (Cleared to 0 by readinq) R/W 
o 000 o 0 

:Parity ~"'O~e'':;'~n' 
1: Error : 0: SCLKl ~ 1: Input 

Pa"w·······;;.·;,;·;n'j"·; ,~Z~ iSelK' p;o 
: Enable: 

RXE WU 

R/W 

o 
1: :1: 

Receive :Wake up 

Enable: Enable: 
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SMl SMO 

o 
00: I/O Interface 
01: UART 7bit 
10: UART 8bit 
11 : UART 9bit 

SCl SCO 

o o 
00: TOO Trigger 
01: Baud rate 

generator 

10: Internal clock </>1 
11: Don't care 
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(6) Serial Channel (2/2) 

Svmbol Name 

BR1CR Baud Rate 
Control 

ODE 

Serial 

Open 

Drain 

Enable 

Address 

57H 

58H 

7 

R/W 

o 
Fix at 
"0" 

(7) AID Converter Control 

Svmbol Name Address 7 6 
EOCF ADBF 

R 
5EH o o 

BR1CK1 

00: ¢TO 
01: ¢T2 
10: ¢T8 
11: ¢T32 

REPET 

o 

4 
BR1CKO 

o 
(fc/4) 
(fc/16) 
(fc/64) 
(fc/256) 

4 
SCAN 

o 

TMP96C141 

BR1S3 

R/W 
o 

BR1S2 BR1S1 

o o 
Set frequency divisor 

O-F 

(" 1" prohibited) 

ODE1 

o 
1 :P93 
Open­
drain 

R/W 

ADCS ADS ADCH1 

R/W 
o o o 

o 
BR1S0 

o 

ODEO 

o 
1 :P90 
Open­
drain 

o 
ADCHO 

o 
AID 

ADMOD Converter 

Mode reg 1:End :1: Busy ~.1:Repeat :1:Scan :1:Slow :1: START 
mode: mode: mode: 

Analog Input 
Channel Select 

AD 
REGOl Reg 0 low 

"1) 
AD Result 

ADR01 : ADROO 

60H R 

Undefined 

~D AD Result 
ADR09 ADR08 ADR07 ADR06 ADR05 ADR04 : ADR03 : ADR02 

REGOH Reg 0 high 
61H R 

Undefined 
"1) 

AD Result 
~D 

REG1 l Reg 1 low 

ADR11 ADR10 

62H R 

Unnpfinpn 

f4D AD Result 

REG 1 H Reg 1 high 

ADR19 ADR18 ADR16 ADR15 ADR14 ADR13 ADR17 

63H R 

Undefined 
"1) 

AD Result 
AD 

REG2l Reg 2 low 

ADR21 ADR20 : 

64H R 

AD AD Result 

REG2H Reg 2 high 

: ADR26 ADR25 : ADR24 : ADR23 ADR29 ADR28: ADR27 

65H R 
Undefined 

"1) 
AD Result 

AD 
REG3l Reg 310w 

ADR31 ADR30 

66H R 

Undefined 

Undefined 

AD AD Result 

REG3H Reg 3 high 

: ADR36 ADR33 ADR35 ADR34 ADR39 ADR38 ADR37 

67H R 

* 1 : Data to be stored in AID Conversion Result Reg Low are the lower 2 bits of the conversion 
result. The contents of the lower 6 bits ofthis register are always read as "1". 
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(8) Interrupt Control (1/2) 

Svmbol Name Address 7 I 6 I 5 I 4 3 I 2 I 1 I 0 

INTerrupt INTAD INTO 
INTE-

Enable 
70H IADC IADM2 IADMl IADMO IOC 10M2 IOMl IOMO 

OAD 
O&AJD 

(Prohibit R!W W R!W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt INT5 INT4 
71H 15C 15M2 15Ml 15MO 14C 14M2 14Ml : 

14MO 
INTE45 Enable 

: 

4/5 
(Prohibit R!W W R!W : W 

RMW) 0 0 0 0 0 0 : 0 0 

INTerrupt 
INT7 INT6 

72H 17C : 17M2 : 17Ml 17MO 16C : 16M2 : 16Ml 16MO 
INTE67 Enable : 

(Prohibit R!W : 
W R!W : W 6/7 : 

RMW) 0 0 0 0 0 0 0 : 0 

INTerrupt 
INTTl (Timer 1) INTTO (Timer 0) 

INTET10 Enable 
73H IT1C IT1M2 IT1Ml IT1MO ITOC ITOM2 ITOMl ITOMO 

Timer 1/0 
(Prohibit R!W W R!W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTT3 (Timer 3/PWM1) INTT2 (Timer2/PWMO) 

INTE- 74H IPW1C IPW1M2 IPW1Ml : IPW1MO IPWOC : IPWOM2 IPWOMl IPWOMO 
PW10 

Enable 
(Prohibit R!W W R!W W 

PWm 1/0 
RMW) 0 0 : 0 0 0 0 0 : 0 

INTerrupt 
INTTR5 (TREG5) I NTTR4 (TREG4) 

Enable 
75H IT5C IT5M2 IT5Ml IT5MO IT4C IT4M2 IT4Ml IT4MO 

INTET54 
(Prohibit : 

Treg 5/4 
R!W W R!W : W 

RMW) 0 0 0 0 0 : 0 : 0 0 

INTerrupt 
INTTR7 (TREG7) INTTR6 (TREG6) 

INTET76 Enable 
76H IT7C IT7M2 IT7Ml IT7MO IT6C IT6M2 IT6Ml IT6MO 

Treg 7/6 
(Prohibit R!W W R!W W 

RMW) 0 0 0 0 0 0 0 

INTerrupt 
INTTXO INTRXO 

77H ITXOC : ITXOM2 ITXOMl ITXOMO IRXOC IRXOM2 IRXOMl IRXOMO 
INTESO Enable 

Serial 0 
(Prohibit R!W W R!W W 

RMW) 0 0 0 
: 

0 0 0 0 0 

INTerrupt 
INTTXl INTRXl 

78H ITX1C ITX1M2 ITX1Ml ITX1MO IRX1C IRX1M2 IRX1Ml IRX1MO 
INTESl Enable : 

(Prohibit R!W W R!W : W 
Serial 1 

RMW) : 0 0 0 0 0 0 0 0 

IL-~ __ ~IIL-________ -. ________ ~IL-I-. __ ~IIL-________ -. ________ ~I 

I 

L IxxM2 IxxMl IxxMO Function (Write) 

~-----+------+------+--------------------------~ 

o 

IxxC 

o 

o 
o 

1 
o 
o 

o 
1 
o 

1 
o 

Prohibit interrupt request. 
Set interrupt request level to "1". 
Set interrupt request level to "2". 
Set interrupt request level to "3". 
Set interrupt request level to "4". 
Set interrupt request level to "5". 
Set interrupt request level to "6". 
Prohibit interrupt request. 

Function (Read) Function (Write) 

Indicate no interrupt request. Clear interrupt request flag. 

Indicate interrupt request. - - - - - Don't care - - - --
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Interrupt Control (2/2) 

Svmbol Name Address 7 6 5 4 3 2 I 1 0 

DMAO LDMAO start vector 
7CH DMAOV8 DMAOV7 DMAOV6 DMAOVS DMAOV4 

DMAOV request 
(Prohibit 

Vector 
W 

RMW) 0 0 0 0 0 

DMA1 LDMA 1 start vector 
7DH DMA1V8 DMA1V7 DMA1V6 DMA1VS DMA1V4 

DMA1V request 
(Prohibit 

Vector W 
RMW) 0 ; 0 0 0 0 

DMA2 .uDMA2 start vector 
7EH DMA2V8 ; DMA2V7 DMA2V6 DMA2VS DMA2V4 ; 

DMA2V request 
(Prohibit 

Vector W 
RMW) 0 0 0 0 0 

DMA3 
.uDMA3 start vector 

7FH DMA3V8 DMA3V7 DMA3V6 DMA3VS DMA3V4 
DMA3V request 

(Prohibit 
Vector 

W 
RMW) 0 0 0 0 0 

10lE IOLE NMIREE 

W W W 
0 0 0 

Interrupt 
~ 1 INTO 0: INTO ~ 1 Operate 

IIMC 
Input 

7BH input edge even at 
Mode 

enable mode NMI rise 
Contorol 

1: INTO edge 

(Prohibit level 
RMW) mode 
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(9) Chip Select! Wait Controller 

Symbol Name Address 7 6 5 4 3 2 
BOE BOSYS BOCAS BOBUS BOWl BOWO 

Block 0 
W W W W W W 

CSIWAIT 
0 0 0 0 0 0 

BOCS 
control 

68H 1: 1: 0: 0: 16bit 00: 2WAIT 

register 
CS SYSTEM CSO Bus 01: lWAIT 

(Prohibit Enable only 1: 1: 8bit 10: lWAIT+n 
RMW) CASO Bus 11: OWAIT 

B1E B1SYS B1CAS B1BUS B1Wl B1WO 

Block 1 
W W W W W W 

CSIWAIT 
0 0 0 0 0 0 

B1CS 
control 

69H 1: 1: 0: 0: 16bit 00: 2WAIT 

register 
CS SYSTEM ill Bus 01: lWAIT 

(Prohibit Enable only 1: 1: 8bit 10: lWAIT+n 
RMW) CAS 1 Bus 11:0WAIT 

B2E B2SYS B2CAS B2BUS B2Wl B2WO 

Block 2 
W W W W W W 

CSIWAIT 
1 0 0 0 0 0 

82CS 
control 

6AH 1: 1: 0: 0: 16bit 00: 2WAIT 

CS SYSTEM CS2 Bus 01: lWAIT 
register 

(Prohibit Enable only 1: 1: 8bit 10: lWAIT+n 

RMW) CAS2 Bus 11:0WAIT 

N ate 1: After reset, only "Block 2" is set to enable. 
~ After reset, the program starts in 16-bit data bus, 2-wait state. 

Note 2: These registers can be accessedlflnlMiU§M$tglm99ijil 
Note 3: TMP96C041A for internal RAM less is 80H-7FFFH. 
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1 0 
BOCl BOCO 

W W 

0 0 

00: 7FOOH-7FFFH 

01: 400000H-

10: 800000H-

11: COOOOO H-
B1Cl B1CO 

W W 

0 0 

00: 480H-7FFFH (Note3) 

01: 400000H-

10: 800000H-

11: COOOOOH-
B2Cl B2CO 

W W 

0 0 

00: 8000H-

01: 400000H-

10: 800000H-

11: COOOOOH-
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6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM 

• Reading The Circuit Diagram 

Basically, the gate symbols written are the same as those used for the standard 
CMOS logic IC [74HCXX] series. 

The dedicated signal is described below. 

STOP : This signal becomes active "1" when the halt mode setting register is 
set to the STOP mode and the CPU executes the HALT instruction. 
When the drive enable bit [DRIVE] is set to "1", however, STOP 
remains at "0". 

• The input protection resistans ranges from several tens of ohms to several hundreds 
of ohms. 

• PO (ADO-AD7), P1 (AD8-15, A8-15), P2(A16-23, AO-7) 
vee 

Output Data ------~ 

Output Enable 
STOP 

Input Data 

• P30(RD), P31(WR) 

Input Enable 

I/O 

L-------+--i~-----I ~-~~;~: Programmable 
: Pull Down 

I : Resistance 
L __________ ~;~~!, (only PORT2) 

vee 

Output Data -----<~p-----

STOP -J ~ ++------1 

OUT 
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• P32-37, P40-41, P6, P7, P80-86, P91-92, P94-95 
vee 

Output Data 

Output Enable 
STOP 

Input Data 

• P42 (ill, eAS2) 

Output Data 

Output Enable 
STOP 

• P5 (ANO-3) 

Analog input 
channel select 

Input Enable 

Analog input ~---+--~ 

Input Data 

Input Enable 

MCU900-185 

vee 

I/O 

Input 

TMP96C141 

Programmable 
Pull Up 
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I/O 



TOSHIBA 

• P87 (INTO) 

Output Data 

Output Enable 
STOP 

Input Data .E----CX 

• P90 (TXDO), P93 (TXD1) 

Output Data ------;:~~==::::j 

Open Drain 
Enable 

STOP __ -+----...J 

Input Data """"E---~ 

vee 

vee 

Input Enable 

MCU900-186 

TMP96C141 

Programmable 
Pull Up 
Resistance 

I/O 

Programmable 
Pull Up 
Resistance 

I/O 
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• NMI 

NMI ~----------~~r---~N-----~ Input 

Schmitt 

• WDTOUT 

WDTOUT -----[>o----{)>----------1D OUT 

• elK 

vee vee 
internal elK ----------1r----; 

OUT 

STOP 

internal reset _+--------i >0--------------' 

Test circuit 

• EA,AMS/16 

:-o<JjM,---------1D Input 

• ALE vee 

internal ALE ~ ~ OUT 

~~N-Ch 
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• RESET 

• X1, X2 

___ 1_~~~ 
reset~ 

WDTOUT 
reset enable 

Schmitt 

clock 

oscillator r------------------------- ----~ 

STOP __ -i-----.----i 

I 

------------------------------~ 

• VREF, AGND 

A / D Converter 
GND 

I.---DVREF 

f Ladder 
I Resistance 

-.,-----..1-------0 AGND 

MCU900-188 
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7. Care Poi nts and Restriction 

(1) Special Expression 

CD Explanation of a built-in 1/0 register: Register Symbol < Bit Symbol> 

ex) TRUN <TORUN> ... Bit TORUN ofRegisterTRUN 

® Read, Modify and Write Instruction 

An instruction which CPU executes following by one instruction. 
1. CPU reads data of the memory. 
2. CPU modifies the data. 
3. CPU writes the data to the same memory. 
ex1) SET 3, (TRUN) ... set bit3 ofTRUN 
ex2) INC 1, (100H) ... increment the data of 100H 

TMP96C141 

• The representative Read, Modify and Write Instruction in the TLCS-900 
SET imm, mem RES imm, mem 
CHG imm, mem TSET imm, mem 
INC 
RLD 

@ 1 state 

imm,mem 
A,mem 

DEC imm,mem 
ADD imm,reg 

1 cycle clock divided by 2 oscillation frequency is called 1 state. 
ex) The case of oscillation frequency is 20MHz 

(2) Care Points 

CD EA, pin 

Fix these pins Vee or GND unless changing voltage. 

® Warmingup Counter 

The warmingup counter operates when the STOP mode is released even the system 
whJch is used an external oscillator. As a result, it takes warming up time from 
inputting the releasing request to outputting the system clock. 

@ High Speed,uDMA (DRAM refresh mode) 

When the Bus is released (BUSAK= "0") for waiting to accept the interrupt, 
DRAM refresh is not performed because of the high-speed ,uDMA is generated by an 
interrupt. 

@ Programmable Pull UplDown Resistance 

The programmable pull up/down resistors can be selected ON/OFF by program 
when they are used as the input ports. The case of they are used as the output ports, 
they can not be selected ON/OFF by program. 
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@ Bus Releasing Function 

Refer to the "Note about the Bus Release" in 3.5 Functions of Ports because the pin 
state when the bus is released is written. 

@ WatchDog Timer 

When the bus is released, both internal memory and internal I/O can not be 
accessed. But the internal I/O continues to operate. So, the watch dog timer 
continues to run. Therefore, be care about the bus releasing time and set the 
detection timer of watch dog timer. 

(J) WatchDog Timer 

The watch dog timer starts operation immediately after the reset is released. 
When the watch dog timer is not used, set watch dog timer to disable. 

@ CPU (High Speed,uDMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be used to access the control 
register like transfer source address register (DMASn) in the CPU. 
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CMOS 16-bit MICROCONTROLLERS 

TMP96C141AF 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96CI4IAF is high-speed advanced I6-bit microcontrollers developed for 
controlling medium to large-scale equipment. The TMP96CI4IAF has the improved 
bus release function and serial interface for TMP96CI4IF. Otherwise, the devices 

function in the same way. 
TMP96CI41AF is housed in an 80-pin flat package, and is pin-compatible with 

TMP96C141F except the P92 (CTSO / SCLKO). 
Device characteristics are as follows: 

(1) Original I6-bit CPU 
• TLCS-90 instruction mnemonic upward compatible. 
• 16M-byte linear address space 
• General-purpose registers and register bank system 
• 16-bit multiplication / division and bit transfer/arithmetic instructions 
• High-speed micro DMA : 4 channels (1.6 fJ-s/2 bytes @20MHz) 

(2) Minimum instruction execution time: 200ns @20MHz 
(3) Internal RAM : 1K byte 

Internal ROM : None 
(4) External memory expansion 

• Can be expanded up to16M bytes (for both programs and data). 
• Can mix 8- and 16-bit external data buses. 

(5) 8-bit timers 
(6) 8-bit PWM timers 
(7) 16-bit timers 
(8) Pattern generators 
(9) Serial interface 

(10) 10-bit A/D converter 
(11) Watchdog timer 

2 channels 
2 channels 
2 channels 
4 bits, 2 channels 
2 channels 
4 channels 

(12) Chip select/wait controller 
(13) Interrupt functions 

: 3 blocks 

• 3 CPU interrupts··· ... SWI instruction, priviledged violation, and Illegal 
instruction 

• 14 internal interrupts] 
• 6 external interrupts 7 -level priority can be set. 

(14) I/O ports 
47 pins 

(15) Standby function 3 halt modes (RUN, IDLE, STOP) 
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(ANO) P50 
(AN1)P51 
(AN2) P52 
(AN3) P53 

VREF 
AGND 

(TXDO) P90 
(RXDO) P91 

(SCLKO/CTSO) P92 

(TXD1) P93 
(RXD1) P94 

(SCLK1) P95 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P65 
(PG 12) P66 
(PG 13) P67 

(TIO) P70 

(T01) P71 

(T02) P72 

(T03) P73 

(INT4/TI4) P80 
(INT5/TI5) P81 

(T04) P82 
(T05) P83 

(INT6/TI6) P84 
(INT7/TI7) P85 

(T06) P86 

(INTO) P87 

10-BIT4CH XWA 

AID XBC 

CONVERTER XDE 
XHL 
XIX 
XIY 
XIZ 

SERIAL 110 XSP 
(CH.O) 

SERIAL 1/0 I 
(CH.1) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.1) 

8BITTIMER 
(TIMERO) 

8BITTIMER 
(TIMER 1) 

8BITPWM 
(TIMER2) 

8BITPWM 
(TIMER 3) 

16BITTIMER 
(TIMER4) 

16BITTIMER 
(TIMER 5) 

CPU 

W A 
B C 
D E 

H L 
IX 
IY 
IZ 
SP 

__ 32bit ___ 

SRCIl] 

P C I 

1KB RAM 

VCC[2] 
VSS [3] 

X1 
X2 

L----+.-CLK 

EA 
RESET 
ALE 

NMI 

POO-P07 
(ADO-AD7) 

TMP96C141A 

P10-P17 
(AD8-AD15/A8-A 15) 

P20-P27 
(AO-A7/A16-A23) 

P30(RD) 
P31(WR) 
P32(HWR) 
P33(WAIT) 
P34(BUSRQ) 
P35(BUSAK) 
P36(R/W) 
P37(RAS) 

P40(CSO/CASO) 
P41(CS1/CAS1) 
P42(CS2/CAS2) 

Figure1 TMP96C141A Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96C141A, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment ofTMP96C141AF . 

(ANO)P50 73----------, 
(AN1)P51 74-------, 
(AN2)P52 75--------, 
(AN3)P53 76-----.. 

VCC 77-------, 
VREF 78------, 

AGND 79 
VSS 80 

(PGOO)P60 1 
(PG01)P61 2 
(PG02)P62 3 
(PG03)P63 4 
(PG10)P64 5 
(PG11)P65 6 
(PG12)P66 7 
(PG13)P67 8 

(TIO)P70 9 
(T01)P71 10 
(T02)P72 11 
(T03)P73 12 

(INT41T14)P80 13 
(INT51T15)P81 14 

(T04)P82 15 
(T05)P83 16 

(INT61T16)P84 17 
(INT71T17)P85 18 

(T06)P86 19 
(lNTO)P87 20 

NMT 21 
WDTOUT 22 

RESET 23 
ClK 24 

VSS 25 
X1 26 
X227------' 
EA 28--------' 

(TXDO)P90 29----------' 
(RXDO)P91 30--------' 

(SClKO/CTSO)P92 31---------' 
(TXD1)P93 32---------' 

.---------72 P42(CS2/CAS2) 
.--------71 P41(CS1/CAS1) 

,-------70 P40(CSO/CASO) 
..-----69 P37(R~ 

.----68 P36(RIW) 
.-----67 P35(BUSAK) 

66 P34(BUSRQ) 
65 P33(WAIT) 

64 P32(HWR) 
63 P31(WR) 
62 P30(RD) 
61 P27(A7/A23) 
60 P26(A6/A22) 
59 P25(A5/A21) 
58 P24(A4/A20) 
57 P23(A3/A 19) 
56 P22(A2/A18) 
55 P21(A1/A17) 
54 P20(AO/A 16) 
53 VSS 
52 P17(AD15/A15) 
51 P16(AD14/A14) 
50 P15(AD13/A 13) 
49 P14(AD12/A12) 
48 P13(AD11/A11) 
47 P12(AD1 O/A 10) 
46 P11 (AD9/A9) 
45 P10(AD8/A8) 
44 P07(AD7) 
43 P06(AD6) 
42 P05(AD5) 
41 P04(AD4) 

40 P03(AD3) 
39 P02(AD2) 

'-----38 P01(AD1) 
'------37 POO(ADO) 

L------36 VCC 
L-------35 ALE 

'--------34 P95(SClK1) 
'---------33 P94(RXD1) 

Note: Because the TMP96C141A has an external ROM, POO to P17 pins are fixed to 
ADO to AD15; P30 to RD; and P31 to WR. 

Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input lout put pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 

Pin name N~mper 
o pms I/O Functions 

POO-P07 8 1/0 Port 0: I/O port that allows 1/0 to be selected on a bit basis 
ADO-AD7 Tri-state Addressldata (lower): 0 - 7 for addressldata bus 

P10-P17 8 1/0 Port 1: 1/0 port that allows 1/0 to be selected on a bit basis 
AD8-AD15 Tri-state Address data (upper): 8 - 15 for addressldata bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20-P27 8 1/0 Port 2: 1/0 port that allows selection of I/O on a bit basis 
(with pull-down resistor) 

AO-A7 Output Address: 0 - 7 for address bus 
A16-A23 Output Address: 16 - 23 for address bus 

P30 1 Output Port 30: Output port 
RD Output Read: Strobe signal for reading external memory 

P31 1 Output Port 31: Output port 
WR Output Write: Strobe signal for writing data on pins ADO - 7 

P32 1 1/0 Port 32: 1/0 port (with pull-up resistor) 
HWR Output High write: Strobe signal for writing data on pins AD8 - 15 

P33 1 1/0 Port 33: 1/0 port (with pull-up resistor) 
WAIT Input Wait: Pin used to request CPU bus wait 

P34 1 1/0 Port34: I/O port (with pull-up resistor) 
BUSRQ Input Bus request: Signal used to request high impedance for ADO -15, 

AO - 23, RD, WR,HWR, R/w, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 

P35 1 1/0 Port 35: 1/0 port (with pull-up resistor) 
BUSAK Output Bus acknowledge: Signal indicating that ADO-1S, AO-23, RD, 

WR,HWR, RIW, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 

P36 1 1/0 Port 36: 1/0 port (with pull-up resistor) 
RIW Output Read/write: 1 represents read or dummy cycle; a, write cycle. 

P37 1 1/0 Port 37: I/O port (with pull-up resistor) 
RAS Output Row address strobe: Outputs RAS strobe for DRAM. 

P40 1 1/0 Port 40: 1/0 port (with pull-up resistor) 
CSO Output Chip select 0: Outputs 0 when address is within specified address 

area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when 

address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 

P41 
CS1 
CAS1 

P42 
CS2 
CAS2 

P50-P53 
ANO-AN3 

VREF 

AGND 

P60-P63 

PGOO-PG03 

P64-P67 

PG10-PG13 

P70 
TIO 

P71 
T01 

P72 
T02 

P73 
T03 

P80 
TI4 
INT4 

P81 
TIS 
INT5 

P82 
T04 

P83 
T05 

Note 1 

TMP96C141A 

N~mper 
o pms 1/0 Functions 

1 1/0 Port 41: I/O port (with pull-up resistor) 
Output Chip select 1: Outputs 0 if address is within specified address area. 
Output Column address strobe 1: Outputs CAS strobe for DRAM if address 

is within specified address area. 

1 1/0 Port 42: I/O port (with pull-down resistor) (Note1) 
Output Chip select 2: Outputs 0 if address is within specified address area. 
Output Column address strobe 2: Outputs CAS strobe for DRAM if address 

is within specified address area. 

4 Input Port 5: Input port 
Input Analog input: Input to AID converter 

1 Input Pin for reference voltage input to AID converter 

1 Input Ground pin for AID converter 

4 1/0 Ports 60 - 63: 1/0 ports that allow selection of 1/0 on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 00 - 03 

4 1/0 Ports 64 - 67: 1/0 ports that allow selection of 1/0 on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 10 - 13 

1 1/0 Port 70: I/O port (with pull-up resistor) 
Input Timer input 0: Timer 0 input 

1 I/O Port 71: I/O port (with pull-up resistor) 
Output Timer output 1: Timer 0 or 1 output 

1 I/O Port 72: 1/0 port (with pull-up resistor) 
Output PWM output 2: 8-bit PWM timer 2 output 

1 I/O Port 73: 1/0 port (with pull-up resistor) 
Output PWM output 3: 8-bit PWM timer 3 output 

1 I/O Port 80: 1/0 port (with pull-up resistor) 
Input Timer input 4: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 4: Interrupt request pin with programmable 

rising/falling edge 

1 1/0 Port 81: 1/0 port (with pull-up resistor) 
Input Timer input 5: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 5: Interrupt request pin with rising edge 

1 1/0 Port 82: 1/0 port (with pull-up resistor) 
Output Timer output 4: Timer 4 output pin 

1 1/0 Port83: 1/0 port (with pull-up resistor) 
Output Timer output 5: Timer 4 output pin 

Case of the settable (52 or CAS2; when TMP96(141AF is bus release, this pin is not added 

the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name N~m.ber 
o PinS I/O Functions 

P84 1 I/O Port 84: I/O port (with pull-up resistor) 
TI6 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with 

programmable rising/falling edge 

P85 1 I/O Port 85: I/O port (with pull-up resistor) 
TI7 Input Timer input 7: Timer 5 count/capture trigger Signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 1 I/O Port 86: I/O port (with pull-up resistor) 
T06 Output Timer output 6: Timer 5 output pin 

P87 1 I/O Port 87: I/O port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with 

programmable level/rising edge 

P90 1 I/O Port 90: I/O port (with pull-up resistor) 
TXDO Output Serial send data 0 

P91 1 I/O Port 91: I/O port (with pull-up resistor) 
RXDO Input Serial receive data 0 

P92 1 I/O Port 92: I/O port (with pull-up'resistor) 
CTSO Input Serial data send enable 0 (Clear to Send) 
SClKO I/O Serial clock I/O 0 

P93 1 I/O Port 93: I/O port (with pull-up resistor) 
TXD1 Output Serial send data 1 

P94 1 I/O Port 94: I/O port (with pull-up resistor) 
RXD1 Input Serial receive data 1 

P95 1 I/O Port 95: I/O port (with pull-up resistor) 
SClK1 I/O Serial clock I/O 1 

WDTOUT 1 Output Watchdog timer output pin 

NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 

ClK 1 Output Clock output: Outputs r X1 + 4 J clock. Pulled-up during reset. 

EA 1 Input External access: 0 should be inputted with TMP96C141A. 

ALE 1 Output Address latch enable 

RESET 1 Input Reset: Initializes lSI. (With pull-up resistor) 

X1IX2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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3. OPERATION 

This section describes the functions and basic operations ofTMP96C141A device. 
Check the r 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96C141A (not described), see the part of 
TMP96C141. 

3.1 CPU 

TMP96C141A device has a built-in high-performance 16-bit CPU (gOO-CPU). (For 

CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96C141A has two register modes. One is a minimum mode; in this mode, the 

area of program memory is 64K bytes maximum. The other is a maximum mode; in this 
mode, The area of program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data memory area of 16M bytes 

maximum. 
That is, the program memory can locate OH - FFFFH in minimum mode and can 

locate OH - FFFFFFH in maximum mode. 

(1) Internal RAM 

TMP96C141A has the RAM of 1K bytes. This RAM is located to 80H -4 7FH. The 
CPU can access the part of RAM (80H - FFH) with using the short instruction code of 

direct addressing mode. 

(2) Internal I/O devices 

TMP96C141A uses the address space of 128 bytes for the internal I/O devices area. 

This area is located to OH -7FH. 
The CPU can access the internal I/O devices area with using the short instruction 

code of direct addressing mode. 
Check the access area of each addressing mode and the memory map in Fig. 3.2. 
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Memory Map 

Figure 3.2 is a memory map of the TMP96C14IA. 

OOOOOOH 

000080H 

000100H 

000480H 

008000H 

008200H 

010000H 

External memory 
(16M-byte) 

t 
Direct area (n) 

t 

64K-byte area 
(nn) 

16M-byte area 
(R) 
(- R) 
(R +) 
(R + R8/16) 
(R + d8/16) 
(nnn) 

FFFFFFH L--_______ ---J _________ --LI_ 
•• 1 = Internal area). 

TMP96C141A 

Note: The start address after reset is 8000R. Resetting sets the stack pointer (XSP) on the 
system mode side to lOOH. 

Figure3.2 Memory map 
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3.3 Bus release function 

TMP96C141A has the internal pull-up and pull-down resistors to fix the bus control 
singnals at bus release. 

Show the table 3.3 of pin condition at bus release (BUSAK = 0). 

Table 3.3 The condition of pins at the bus release (BUSAK = "L") 

pin name 

POO-P07 
(ADO-AD7) 
Pl0-P17 
(AD8-1S/AS-1S) 

P30 (RD) 
P31 (WR) 

P32 (HWR) 
P37 (RAS) 

P20-P27 
(A 16-23) 

port mode 

the status is no-change. 
(these pins are not "Hz".) 

l' 

: the difference with TMP96C141 

function mode 

these pinsare "Hz". 

these pins are" Hz". 
("Hz" status after these pins drived high 
level) 

The output buffer is "OFF" after these 
pins drived high. 
These pins are added the internal resistor 
of pull-up. It's no relation for the value 
of output latch. 

That is, when it is used for bus release (BUSAK = O), the pins of below need pull-up or pull-

down resistor for an external circuit. 

POO-P07 (ADO-AD7) 

Pl0-P17 (ADS-AD1S) 

P30 (RD) 

P31 (WR) 

(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42 

pin is added a resistor of pull-up. 
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Case of the bus release function; show a sample of external bus interface in the 
Fig.3.3 (1). 

When the bus is released, both internal memory and internal I/O can not be accessed. 
But the internal I/O continues to run. So, the watchdog timer also continues to run. 
Therefore, be care about bus releasing time and set the detection time ofWDT. 

Vee 
TM P96(041 AF 

POO-P07 
(ADO-7) 

Vee 

Address/Data bus (ADO-1S) 

P10-P17 
(ADS-1S) 

(Internal P20-P27 

pull-down) (A16-23) 
Higher address bus (A 16-23) 

Vee 

P30 (BQ2 } 
P31 (WR) 

P32 (H\!\'-R)) 
P36 (RfW) 

(Internal pull-up) P37 (RA5) 
P40 ((SO) 
P41 ((51) 
P42 ((52) 

System control bus 

Fig.3.3 (1) Example of the interface circuit (The case of using bus releasing function) 

3.4 Serial function 

TMP96C141A has two Serial I/O devices. Both channel 0 and channell are same 
function except the handshake (CTSO pin) function of the channel 0 and can use I/O 

interface mode. 
Show the part ofTMP96C141 in detail. 

MCU900-200 



TOSHIBA TMP96C141A 

4. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

4.1 Absolute Maximum (TMP96C141AF) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage - 0.5-6.5 V 

VIN Input Voltage - 0.5-Vee + 0.5 V 

2: 10L Output Current (total) 100 mA 

2:IOH Output Current (total) -100 mA 

PD Power Dissipation (Ta = 85'C) 500 mW 

T SOLDER Soldering Temperature (10 s) 260 'c 
TSTG Storage Temperature - 65-150 'c 

TOPR Operating Temperature -40-85 'c 

4.2 DC Characteristics (TMP96C141AF) 

Vcc=5V± 10%, TA= -40-85'C (4-16MHz) TA= -20-70°C (4-20MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V) 

Symbol 

VIL 
V IL 1 
V IL2 
VIL3 
V IL4 

Parameter 

Input Low Voltage (ADO - 15) 
P2,P3,~5,P6,P7,P8,P9 
RESET,NMI,INTO(P87) 
EA 
X1 

Min 

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

Max 

0.8 
0.3Vee 
0.25Vee 
0.3 
0.2Vee 

"-ii·I·H·········· 'inp'ut'H'i'gh Voltage (ADO - 15) 2.2 ........... \jcc'~ 0.3 
VIH1 P2,P3,~5,P6,P7,P8,P9 0.7Vee Vee+0.3 
V IH2 RESET, NMI, INTO (P87) 0.75Vee Vee + 0.3 
V IH3 EA Vee - 0.3 Vee + 0.3 
V IH4 X1 0.8Vee Vee + 0.3 

Unit 

V 
V 
V 
V 
V 

V 
V 
V 
V 
V 

Test Condition 

VOL Output Low Voltage 0.45 V I OL = 1.6mA 

VOH 
VOH1 
VOH2 

I DAR 

.. ·Outp·~·t···Hig·h··\io(tage········ ...... ·2·.4················· .......................... \j" ·i·6H·~··:::40iip·A················· 

0.75Vce V I OH = -100f-lA 
0.9Vce V I OH = - 20f-lA 

............................................................................ 
Darlington Drive Current 
(8 Output Pins max.) 

-1.0 - 3.5 mA V EXT= 1.5V 
R EXT = 1.1kD 

Ill········ inp·ut·Leak"a·ge ·Curre·nt········· ..... ·T"Eio{ry·p) ± 5 f-lA O.O;£"\iin·~·Vcc·················· 

ILO OutputLeakageCurrent TBD(Typ) ±10 f-lA 0.2;;;;;Vin;;;;;Vcc-0.2 
I cc Ope'~atin'g Current (RlJ'N'j··········· ·T·S·D .. (Ty·p)····· ·rB·[)······· .. ······· 'rnA t osc = 20MH·~"·················· 

IDLE TBD (Typ) 10 mA 
STOP (Ta = - 20-70'C) TBD (Typ) 50 f-lA 0.2;;;;; Vin;;;;; Vce - 0.2 
STOP(Ta=0-50°C) 10 f-lA 0.2;;;;Vin;;;;Vce-0.2 

........ ... ............. ............... "" ......... . ............................................. 
V STOP Power Down Voltage 

(@STOP, RAM Back up) 
2.0 6.0 V V IL2 = 0.2Vec, 

R RST 

CIO 

RESET Pull Up Register 50 150 
.......................... 

Pin Capacitance 10 
·VTH········· ·S·c·li·m·(tt·\jj"(dth ............................. ·0.4 ................ 'Ts'6(ryp"j" 

RESET, NMI, INTO (P87) 

RK Pull Down/Up Register 50 150 

Note: I-DAR is guaranteed for a total of up to 8 ports. 

MCU900-201 
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4.3 AC Electrical Characteristics (TMP96C141AF) 

Vcc=5V±10%,TA= -40-85'C (4-16MHz) TA= -20-70'C (4-20MHz) 

No. Symbol Parameter 
Variavle 16MHz 20MHz 

Unit 
Min Max Min Max Min Max 

1 tosc Osc. Period ( = x) 50 250 62.5 50 ns 
2 tCLK ClKwidth 2x-40 85 60 ns 
3 tAK AO-23 Valid~ ClK Hold 0.5x - 20 11 5 ns 
4 tKA ClKValid~ AO-23 Hold 1.5x-70 24 5 ns 
5 tAL AO-15 Valid~ ALE fall 0.5x -15 16 10 ns 
6 tLA ALE fall~AO-15 Hold 0.5x -15 16 10 ns 
7 tLL ALE High width x-40 23 10 ns 
8 tLC ALE fall~ RDIWR fall 0.5x - 30 1 -5 ns 
9 tCL RDIWR rise~ ALE rise 0.5x - 20 11 5 ns 

10 tACL AO-15 Valid~ RDIWR fall x- 25 38 25 ns 
11 tACH AO-23 Valid~ RDIWR fall 1.5x-50 44 25 ns 
12 tCA RDIWR rise~ AO-23 Hold 0.5x - 20 11 5 ns 
13 tAOL AO-15 Valid~ DO-15 input 3.0x- 45 143 105 ns 
14 tAOH AO-23 Valid~ DO-15 input 3.5x- 65 154 110 ns 
15 tRO RDfa11 ~ DO-15 input 2.0x - 50 75 50 ns 
16 tRR RD low width 2.0x -40 ·85 60 ns 
17 tHR RDrise~ DO-15 Hold 0 0 0 ns 
18 tRAE RDrise~ AO-150utput x -15 48 35 ns 
19 tww WRlow width 2.0x -40 85 60 ns 
20 tow DO-15 Valid~WR rise 2.0x - 50 75 50 ns 
21 two WR rise ~DO-15 Hold 0.5x -10 21 15 ns 
22 tAEH AO-23 Valid~ WAIT input (l:;:~~rlp 3.5x - 90 129 85 ns 
23 tAWL AO-15Valid~ WAIT input(l:;:~~rlp_ 3.0x -80 108 70 ns 
24 tcw RDIWR fall~WAIT Hold (~V;:~~de 2.0x +0 125 100 ns 
25 tAPH AO-23 Valid~ PORT in~ut 2.5x-120 36 5 ns 
26 tAPH2 AO-23 Valid~ PORT Hold 2.5x + 50 206 175 ns 
27 tcp WR rise~ PORT Valid 200 200 200 ns 
28 tASRH AO-23 Valid~ RAS fall 1.0x-40 23 10 ns 
29 tASRL AO-15 Valid~ RAS fall 0.5x-15 16 10 ns 
30 tRAC RAS fall~ DO-15 input 2.5x - 70 86 55 ns 
31 tRAH RASfall~AO-15 Hold 0.5x -15 16 10 ns 
32 tRAS RAS low width 2.0x -40 85 60 ns 
33 tRP RAS HiRh width 2.0x -40 85 60 ns 
34 RSH CAS fall~ RAS rise 1.0x-35 28 15 ns 
35 RSC RAS rise~ CAS rise 0.5x - 25 6 0 ns 
36 RCO RAS fall~ CAS fall 1.0x - 40 23 10 ns 
37 CAC CASfall~ DO-15 input 1.5x - 65 29 10 ns 
38 CAS CAS low width 1.5x-30 64 40 ns 
39 os DO-1S Valid~ CAS fall 0.5x-15 16 10 ns 

AC Measuring Conditions 
• Output level : High 2.2V flow 0.8V , Cl50pF 

(However Cl = 100pF for ADO-AD15, ADO-AD23, ALE, RD, WR, HWR, RIW, ClK, RAS, CASO-CAS2) 
• Input level High 2.4V flow 0.45V (ADO-AD15) 

High O.8Vcc flow O.2Vcc (Except for ADO-AD15) 
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(1) Read Cycle 

X1 

J;f---:---tClK~-~~ . 

--·-~----~-~--------------------ttE~~--~lKA----~.~·1 y AK K 
ClK 

AO-23 

cso-'2 l\ 11, 

~~------~--------------~---------~ 

RIW 
:,;/ I~E~---~~lAWH---~~1 

-;r I----+-tcw-
1--~lAWl 

j \--Y 
~~--~~----~~:_~I~~~~-------T-

APH :~ .1: 
1~---+--..;-tAPH2-1---":'-------~ : 

Port Input -~I----t---";"-----. - ' ----------

ADO-15 

ALE 

"F------'l 
--tASRH~ , I~----~~~.RP~I 

----tRSH~ ~I ::----:--------+t-----,J, 
~N~~--~-7r--1.RAS~ ~ 
tASRl ~ ~ tRAC--t tRSC 

~RAH"~ 
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(2) Write Cycle 

X1 

CLK 

AO-23 

cso-"2 

RIW 

WAIT 

Port Output 

RAS 

CASO-"2 

WR, HWR 

ADO-15 

ALE 

X ~~ ______ ~ __ ~x~~ ______ ~_ 
)( ~ __ ~ ____ ~ ____ ~ __ ~K 
J\ 

J\ 

-r----

J 

r 

tDS' '--_____ ..,J 
4 

\tN-~---'W-W-------->~1 
1-..---ttDW-~-~JII E tWD ~: 

AO-15)< DO-15 :) 

\'--_---'--_~-~V 
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4.4 AID Conversion Characteristics (TMP96C141AF) 
Vcc-5V+l0% TA- -40-85"C (4-16MHz) TA- -20-70"C (4-20MHz) - - - -

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vcc - 1.5 Vcc 

AGND Analog reference voltage Vss Vss v 
VAIN Analog input voltage range Vss Vcc 

IREF Anlog current for analog reference voltage TBD 1.5 mA 

Low change mode TBD ± 4.0 
Total error 4;;;;fc;;;; 16MHz 

(Quantize error High change mode TBD ± 6.0 LSB 
of ± 0.5 LSB not Low change mode TBD ± 4.0 
included) 16<fc;;;;20MHz 

High change mode TBD ±8.0 

4.5 Serial Channel Timing - I/O Interface Mode 
(1) SCLK Input Mode Vcc=5V± 10%, TA= -40-85"C (4-16MHz) TA= -20-70"C (4-20MHz) 

Variable 16MHz 20MHz 
[:>ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle 16X 1 0.8 fls 

toss Output Data ~ Risi ng edge of SCLK tscy/2 - 5X - 50 137 100 ns 

tOHS SCLK rising edge~ Output Data hold 5X - 100 212 150 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input scy - 5X - 100 587 450 ns 

(2) SCLK Output Mode Vcc=5V±10%,TA= -40-85'C (4-16MHz) TA= -20-70'C (4-20MHz) 

Variable 16MHz 20MHz 
[:>ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16X 8192X 1 512 0.8 409.6 fls 

toss Output Data ~ SCLK rising edge tSCY - 2X - 150 725 550 ns 

tOHS SCLK rising edge~ Output Data hold 2X-80 45 20 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input SCy - 2X - 150 725 550 ns 

4.6 Timer/Counter Input Clock (TID, T14, TIS, T16, TI7) 
Vcc-5V+ 10% TA- -40-85"C (4-16MHz) TA- -20-70'C (4-20MHz) - - - -

Variable 16MHz 20MHz 
[:>ymbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock Cycle 8X + 100 600 500 ns 

tVCKL Low level clock Pulse width 4X +40 290 240 ns 

tVCKH High level clock Pulse width 4X +40 290 240 ns 

4.7 Interrupt Operation 
Vcc-5V+l0% TA- -40-85'C (4-16MHz) TA- -20-70'C (4-20MHz) - - - -

Variable 16MHz 20M Hz 
i->ymbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level Pulse width 4X 250 200 ns 

tiNTAH NMI, INTO High level Pulse width 4X 250 200 ns 

tlNTBL INT4-INT7 Low level Pulse width 8X + 100 600 500 ns 

tlNTBH INT4-INT7 High level Pulse width 8X + 100 600 500 ns 
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4.8 Timing Chart for liD Interface Mode 

~ 
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4.9 Timing Chart for Bus Request (BU8RQ) / Bus Acknowledge (BU8AK) 

ClK ~ 

ADO-AD15 

A16-A23 

RD,WR 

CSO-~ 
RIW,R~ 
CASO-CAS2 

Symbol 

tBRC 

tCBAL 

tCBAH 

tABA 

tBAA 

~ 

tABA 
------~~-----------------

____ ---I) L---Jo..-1- ______ (~~t~ ~ ______________ _ 

------~~-----------------
(Note 3) 

---------~)~~------~~-----------------

Variable 16MHz 20MHz 
Parameter 

Min Max Min Max Min Max 

BUSRQ set-up time for ClK 120 120 120 

ClK4 BUSAK falling edge 1.5x + 120 245 220 

ClK4 BUSAK rising edge 0.5x + 40 71 65 

Output Buffer is off to BUSAK L 0 80 0 80 0 80 

BUSAK----.t.- to Output Buffer is on. 0 80 0 80 0 80 

(Note 1): The Bus will be released after the WAIT request is inactive, when the 
BUSRQ is set to "0" during "Wait" cycle. 

(Note 2): The internal programmable pull-down resistor is added. 
(N ote 3): The internal programmable pull-up resistor is added. 

But the CS2/CAS2 pin does not have the internal programmable pull-up 
resistor. And in the condition of bus release, this pin is added the internal 
pull-up resistor. 
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5. TMP96C141ITMP96C141AITMP96C041A Different points 

TMP96C1411TMP96C141A/TMP96C041A have much the same function but they are 
different from following points. 

Parameter TMP96C141 TMP96C141A TMP96C041A 

Interrnal RAM 1 K byte 1 K byte not exist 

Pin condition at bus release 
TMP96C141 TMP96C141A TMP96C041A 

see Figure 3.5 (1) see Figure 3.3 see Figure 3.3 

Mapping area of CS1 defult 
480H-7FFFH 480H-7FFFH 80H-7FFFH 

setting (81C1/0: 00) 

TMP96C141 does not TM P96C 141 AITM P96C041 A 
have the SCLKO have the SCLKO function. 

P92,CTSO,SCLKO 
function. 

[ Serial channel 0 ] [ Serial channel 0 ] does not have the have the I/O 
1/0 interface mode. interface mode. 
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CMOS 16-bit MICROCONTROLLERS 

TMP96C041AF 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96C041AF is high-speed advanced 16-bit micro controllers developed for 
controlling medium to large-scale equipment. The TMP96C041A has the improved bus 
release function, serial interface and RAMless for TMP96C141F. Otherwise, the devices 
function in the same way. 

TMP96C041AF is housed in an 80-pin flat package, and is pin-compatible with 
TMP96C141F except the P92 (CTSO / SCLKO). 

Device characteristics are as follows: 

(1) Original 16-bit CPU 
• TLCS-90 instruction mnemonic upward compatible. 
• 16M-byte linear address space 
• General-purpose registers and register bank system 
• 16-bit multiplication / division and bit transfer/arithmetic instructions 
• High-speed micro DMA: 4 channels (1.6 ps/2 bytes @20MHz) 

(2) Minimum instruction execution time: 200ns @20MHz 
(3) Internal RAM : None 

Internal ROM : None 
(4) External memory expansion 

(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

• Can be expanded up to16M bytes (for both programs and data). 
• Can mix 8- and 16-bit external data buses. 
8-bit timers 
8-bit PWM timers 
16-bit timers 
Pattern generators 
Serial interface 
10-bit A/D converter 

2 channels 
2 channels 
2 channels 
4 bits, 2 channels 
2 channels 
4 channels 

(11) Watchdog timer 
(12) Chip select/wait controller 
(13) Interrupt functions 

: 3 blocks 

• 3 CPU interrupts··· ... SWI instruction, priviledged violation, and Illegal 
instruction 

• 14 internal interrupts] 
• 6 external interrupts 7 -level priority can be set. 

(14) I/O ports 
47 pins 

(15) Standby function 3 halt modes (RUN, IDLE, STOP) 
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(ANO) pso 
(AN1) PSl 
(AN2) PS2 
(AN3) PS3 

VREF 
AGND 

(TXDO) P90 
(RXDO) P91 

(SClKO/CTSO) P92 

(TXD1) P93 
(RXD1) P94 

(SClKl) P9S 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P6S 
(PG 12) P66 
(PG 13) P67 

(TIO) P70 

(T01)P71 

(INT4/TI4) P80 
(INTS/TIS) P81 

(T04) P82 
(TOS) P83 

(INT6/TI6) P84 
(INT7/TI7) P8S 

(T06) P86 

(INTO) P87 

10-BIT 4CH XWA 

AID XBC 

CONVERTER XDE 
XHl 
XIX 
XIY 
XIZ 

SERIAL 1/0 XSP 
(CH.O) 

SERIAL I/O I 
(CH.l) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.l) 

8BITTIMER 
(TIMER 0) 

8BITTIMER 
(TIMER 1) 

8BITPWM 
(TIMER2) 

8BITPWM 
(TIMER 3) 

16BITTIMER 
(TIMER 4) 

16BITTIMER 
(TIMER 5) 

CPU 

W A 
B C 
D E 
H l 

IX 
IY 
IZ 
SP 

~ 32bit_ 

SRo=E] 

P C I 

VCC(2) 
VSS (3) 

Xl 
X2 

'-----1-..- ClK 

EA 
RESET 
ALE 

POO-P07 
(ADO-AD7) 

TMP96C041A 

Pl0-P17 
(AD8-AD1S/AB-A 15) 

P20-P27 
(AO-A71 A 16-A23) 

P30(RD) 
P31(WR) 
P32(HWR) 
P33(WAIT) 
P34(BUSRQ) 
P3S(BUSAK) 
P36(RtW) 
P37(RAS) 

P40(CSO/CASO) 
P41(CS1/CAS1) 
P42(CS2/CAS2) 

Figure1 TMP96C041A Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96C041A, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment ofTMP96C041AF. 

(ANO)P50 73-----------. 
(AN1)P51 74----------, 
(AN2)P52 75--------, 
(AN3)P53 76-------, 

VCC 77-----, 
VREF 78------, 

AGND 79 
VSS 80 

(PGOO)P60 1 
(PG01)P61 2 
(PG02)P62 3 
(PG03)P63 4 
(PG10)P64 5 
(PG11)P65 6 
(PG12)P66 7 
(PG13)P67 8 

(TI0)P70 9 
(T01)P71 10 
(T02)P72 11 
(T03)P73 12 

(lNT41T14)P80 13 
(lNT51T15)P81 14 

(T04)P82 15 
(T05)P83 16 

(INT61T16)P84 17 
(INT71T17)P85 18 

(T06)P86 19 
(lNTO)P87 20 

NMT 21 
WDTOUT 22 

RESET 23 
ClK 24 

VSS 25 
X1 26 
X2 27-----' 
EA 28------' 

(TXDO)P90 29-------' 
(RXDO)P91 30--------' 

(SClKO/CTSO)P92 31-----------' 
(rXD1)P9332-----------' 

,---------72 P42(CS2/CAS2) 
,...-------71 P41(CS1/CAS1) 
..------70 P40(CSO/CASO) 

r------69 P37(R~ 
.------68 P36(RIW) 

,..----67 P35(BUSAK) 
66 P34(B USRQ) 
65 P33(WAIT) 

64 P32(HWR) 
63 P31(WR) 
62 P30(RD) 
61 P27(A7/A23) 
60 P26(A6/A22) 
59 P25(A5/A21) 
58 P24(A4/A20) 
57 P23(A3/A 19) 
56 P22 (A21 A 18) 
55 P21(A1/A17) 
54 P20(AOI A 16) 
53 VSS 
52 P17(AD15/A 15) 
51 P16(AD14/A 14) 
50 P15(AD13/A13) 
49 P14(AD12/A12) 
48 P13(AD11/A11) 
47 P12(AD10/A10) 
46 P11 (AD9/A9) 
45 P10(AD8/A8) 
44 P07(AD7) 
43 P06(AD6) 
42 P05(AD5) 
41 P04(AD4) 

40 P03(AD3) 
39 P02(AD2) 

'----38 P01(AD1) 
'------37 POO(ADO) 

'------36 VCC 
L...------35 ALE 

'--------34 P95(SClK1) 
'---------33 P94(RXD1) 

Note: Because the TMP96C04IA has an external ROM, POO to P17 pins are fixed to 
ADO to AD15; P30 to RD; and P3I to WR. 

Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names ofinputloutput pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 

Pin name N~mper 
o pins I/O Functions 

POO-P07 8 I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO-AD7 Tri-state Address/data (lower): 0 - 7 for address/data bus 

P10-P17 8 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
AD8-AD15 Tri-state Address data (upper): 8 - 15 for address/data bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20-P27 8 I/O Port 2: I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 

AO-A7 Output Address: 0-7 for address bus 
A16-A23 Output Address: 16-23foraddressbus 

P30 1 Output Port 30: Output port 
RD Output Read: Strobe signal for reading external memory 

P31 1 Output Port 31: Output port 
WR Output Write: Strobe signal for writing data on pins ADO - 7 

P32 1 I/O Port 32: I/O port (with pull-up resistor) 
HWR Output High write: Strobe signal for writing data on pins AD8 -15 

P33 1 I/O Port 33: I/O port (with pull-up resistor) 
WAIT Input Wait: Pin used to request CPU bus wait 

P34 1 I/O Port34: I/O port (with pull-up resistor) 
BUSRQ Input Bus request: Signal used to request high impedance for ADO - 15, 

AO - 23, RD, WR,HWR, RiW, RAS, CSO, CS1, and CS2 pins. 
(For external DMAC) 

P35 1 I/O Port 35: I/O port (with pull-up resistor) 
BUSAK Output Bus acknowledge: Signal indicating that ADO-15, AO-23, RD, 

WR,HWR, RiW, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 

P36 1 I/O Port 36: I/O port (with pull-up resistor) 
RiW Output Read/write: 1 represents read or dummy cycle; a, write cycle. 

P37 1 I/O Port 37: I/O port (with pull-up resistor) 
RAS Output Row address strobe: Outputs RAS strobe for DRAM. 

P40 1 I/O Port 40: I/O port (with pull-up resistor) 
CSO Output Chip select 0: Outputs a when address is within specified address 

area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when 

address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 

P41 
CS1 
CAS1 

P42 
CS2 
CAS2 

P50-P53 
ANO-AN3 

VREF 

AGND 

P60-P63 

PGOO-PG03 

P64-P67 

PG10-PG13 

P70 
TIO 

P71 
T01 

P72 
T02 

P73 
T03 

P80 
TI4 
INT4 

P81 
TIS 
INT5 

P82 
T04 

P83 
T05 

Note 1 

TMP96C041A 

N~m.ber 
o pms I/O Functions 

1 I/O Port 41: I/O port (with pull-up resistor) 
Output Chip select 1: Outputs 0 if address is within specified address area. 
Output Column address strobe 1: Outputs CAS strobe for DRAM if address 

is within specified address area. 

1 1/0 Port 42: I/O port (with pull-down resistor) (Note1) 
Output Chip select 2: Outputs 0 if address is within specified address area. 
Output Column address strobe 2: Outputs CAS strobe for DRAM if address 

is within specified address area. 

4 Input Port 5: Input port 
Input Analog input: Input to A/D converter 

1 Input Pin for reference voltage input to AID converter 

1 Input Ground pin for A/D converter 

4 I/O Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 00 - 03 

4 I/O Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 10- 13 

1 I/O Port 70: I/O port (with pull-up resistor) 
Input Timer input 0: Timer 0 input 

1 I/O Port 71: I/O port (with pull-up resistor) 
Output Timer output 1: Timer 0 or 1 output 

1 I/O Port 72: I/O port (with pull-up resistor) 
Output PWM output 2: 8-bit PWM timer 2 output 

1 I/O Port73: I/O port (with pull-up resistor) 
Output PWM output 3: 8-bit PWM timer 3 output 

1 I/O Port 80: I/O port (with pull-up resistor) 
Input Timer input 4: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 4: Interrupt request pin with programmable 

rising/falling edge 

1 I/O Port 81: I/O port (with pull-up resistor) 
Input Timer input 5: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 5: Interrupt request pin with rising edge 

1 I/O Port 82: I/O port (with pull-up resistor) 
Output Timer output 4: Timer 4 output pin 

1 I/O Port 83: I/O port (with pull-Up resistor) 
Output Timer output 5: Timer 4 output pin 

Case of the settable CS2 or CAS2; when TMP96C041AF is bus release, this pin is not added 

the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name N~mber 
o pinS I/O Functions 

P84 1 I/O Port 84: I/O port (with pull-up resistor) 
TI6 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with 

programmable rising/falling edge 

P85 1 I/O Port 85: I/O port (with pull-up resistor) 
TI7 Input Timer input 7: Timer 5 count/capture trigger signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 1 I/O Port 86: I/O port (with pull-up resistor) 
T06 Output Timer output 6: Timer 5 output pin 

P87 1 I/O Port 87: I/O port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with 

programmable level/rising edge 

P90 1 I/O Port 90: I/O port (with pull-up resistor) 
TXDO Output Serial send data 0 

P91 1 I/O Port 91: I/O port (with pull-up resistor) 
RXDO Input Serial receive data 0 

P92 1 I/O Port 92: I/O port (with pull-up resistor) 
CTSO Input Serial data send enable 0 (Clear to Send) 
SClKO Serial clock I/O 0 

P93 1 I/O Port 93: I/O port (with pull-up resistor) 
TXDl Output Serial send data 1 

P94 1 I/O Port 94: I/O port (with pull-up resistor) 
RXDl Input Serial receive data 1 

P95 1 I/O Port 95: I/O port (with pull-up resistor) 
SClKl I/O Serial clock I/O 1 

WDTOUT 1 Output Watchdog timer output pin 

NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 

ClK 1 Output Clock output: Outputs r Xl + 4 J clock. Pulled-up during reset. 

EA 1 Input External access: 0 should be inputted with TMP96C041A. 

ALE 1 Output Address latch enable 

RESET 1 Input Reset: Initializes lSI. (With pull-up resistor) 

X1IX2 2 I/O Oscillator connecting pin 

vce 2 Power supply pin ( + 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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3. OPERATION 

This section describes the functions and basic operations ofTMP96C041A device. 
Check the 17. Care Points and Restriction J because of the Care described. 
Regarding the functions ofTMP96C041A (not described), see the part ofTMP96C141. 

3.1 CPU 

TMP96C041A device has a built-in high-performance 16-bit CPU (900-CPU). (For 

CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96C041A has two register modes. One is a minimum mode; in this mode, the 
area of program memory is 64K bytes maximum. The other is a maximum mode; in this 

mode, the area of program memory is 16M bytes maximum. 
Both minimum and maximum modes are the data memory area of 16M bytes 

maximum. 
That is, the program memory can locate OR-FFFFR in minimum mode and can 

locate OR - FFFFFFR in maximum mode. 

(1) Internal 110 devices 

TMP96C041A uses the address space of 128 bytes for the internal I/O devices area. 

This area is located to OR -7FR. 
The CPU can access the internal I/O devices area with using the short instruction 

code of direct addressing mode. 
Check the access area of each addressing mode and the memory map in Fig. 3.2 (1). 
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Memory Map 

Figure 3.2 (1) is a memory map of the TMP96C041A. 

OOOOOOH 

000080H 

000100H 

008000H 

008200H 

010000H 

External memory 
(16M-byte) 

t 
Direct area (n) 

t 

64K-byte area 
(nn) 

16M-byte area 
(R) 
(- R) 
(R +) 
(R + R8/16) 
(R + d8/16) 
(nnn) 

FFFFFFH '--_______ ----' _________ -cIL-_ 
Internal area) 

TMP96C041A 

Note: The start address after reset is SOOOH. Resetting sets the stack pointer (XSP) on the 
system mode side to IOOH. 

Figure3.2 (1) Memory map 
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(2) CSI area (Chip select / wait controller) 

TMP96C04IA is expanded the part of address area for CSI (only BICl.O = ''~O''). 
Show the address area ofCSI in Fig 3.2 (2). 

TMP96C141 TM P96C041 AF-16 

OOOOOOH C51 
OOOOOOH C51 

000080H 

000480H 

007FFFH 007FFFH 

400000H 400000H 

B1Cl,0="01" B1Cl,0="01" 

800000H 800000H 

B1Cl, 0 = "10" B1Cl, 0 = "10" 

COOOOOH COOOOOH 

B1Cl,0="11" B1Cl,0="11" 

FFFFFFH FFFFFFH 

Fig.3.2 (2) CSI address area 
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3.3 Bus release function 

TMP96C041A has the internal pull-up and pull-down resistors to fix the bus control 
singnals at bus release. 

Show the table 3.3 of pin condition at bus release (BUSAK = 0). 

Table 3.3 The condition of pins at the bus release (BUSAK = ilL") 

pin name 

POO-P07 
(ADO-AD7) 
P10-P17 
(ADS-15/AS-15) 

P30 (RD) 
P31 (WR) 

P32 (HWR) 
P37 (RAS) 

P36 (RiW) 
P40 (CSO/CASO) 
P41 (CS 1/CAS 1) 

P20-P27 
(A 16-23) 

the status is no-change. 
(these pins are not "Hz") 

i 

: the difference with TMP96C141 

these pins are "Hz". 

these pins are "Hz". 
(" Hz" status after these pi ns d rived hig h 
level) 

The output buffer is "OFF" after these 
pins drived high. 
These pins are added the internal resistor 
of pull-up. It's no relation forthe value 
of output latch. 

That is, when it is used for bus release (BUSAK = 0), the pins of below need pull-up or pull-

down resistor for an external circuit. 

POO-P07 (ADO-AD7) 

P1 0-P17 (ADS-AD15) 

P30 (RD) 

P31 (WR) 

(*) P42 has the resistor of programmable pull-down, but when the bus are released, P42 

pin is added a resistor of pull-up. 
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Case of the bus release function; show a sample of external bus interface in the 
Fig.3.3 (1). 

When the bus is released, both internal memory and internal I/O can not be accessed. 
But the internal I/O continues to run. So, the watchdog timer also continues to run. 
Therefore, be care about bus releasing time and set the detection time ofWDT. 

Vee 
TMP96(041AF 

POO-P07 
(ADO-7) 

Vee 

Address/Data bus (ADO-1S) 

P10-P17 
(AD8-1S) 

(Internal P20-P27 

pull-down) (A 16-23) 
Higher address bus (A 16-23) 

Vee 

P30(BQ} } 
P31 (WR) 

P32 (HVliR} P36 (RfW) 
(Internal pull-up) P37 (RAS) 

P40 ((SO) 
P41 ((51) 
P42 ((52) 

System control bus 

Fig.3.3 (1) Example of the interface circuit (The case of using bus releasing function) 

3.4 Serial function 

TMP96C041A has two Serial I/O devices. Both channel 0 and channel 1 are same 
function except the handshake (CTSO pin) function of the channel 0 and can use I/O 

interface mode. 
Show the part ofTMP96C141 in detail. 
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY) 

4.1 Absol ute Maxi mum (TM P96C041 AF) 

Symbol Parameter Rating Unit 

V cc Power Supply Voltage - 0.5-6.5 V 

VIN Input Voltage - 0.5-Vcc + 0.5 V 

2:IOL Output Current (total) 100 mA 

2: 10H Output Current (total) -100 mA 

PD Power Dissipation (Ta = S5°C) 500 mW 

TSOLDER Soldering Temperature (10 s) 260 °C 

TSTG Storage Temperature - 65-150 °C 

TOPR Operating Temperature -40-S5 °C 

4.2 DC Characteristics (TMP96C041AF) 

Vcc=5V± 10%, TA= -40-85°C (4-16MHz) TA= -20-70°C (4-20MHz) 

Symbol 

V IL 
VIL1 
V IL2 
V IL3 
V IL4 

Parameter 

Input Low Voltage (ADO -15) 
P2,P3,~5,P6,P7,PS,P9 
RESET,NMI,INTO(PS7) 
EA 
X1 

(Typical values are for Ta = 25°C and Vcc = 5V) 

Min 

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

Max 

O.S 
O.3Vec 
0.25Vcc 
0.3 
0.2Vcc 

Unit 

V 
V 
V 
V 
V 

Test Condition 

"'i·I·H·········· 'i;';'put'H'i'gh"Vo'it"a'ge"(,Aj)'o':':'l'S)" ·i·.·i··········· ..... \ic·(·:t-·0·.·3 V 
V IH1 P2, P3, ~5, P6, P7, PS, P9 0.7Vcc Vcc+0.3 V 
V IH2 RESET, NMI, INTO (PS7) 0.75Vcc Vcc + 0.3 V 
V IH3 EA Vce - 0.3 Vec + 0.3 V 
V IH4 X1 O.SVcc Vcc + 0.3 V 

.. .................... . ......................................................................................................... . 
V OL Output Low Voltage 0.45 V I OL = 1.6mA 
V OH . 'Outp'u't"'H'ig'h"'Voii:'a'ge" ........ ·2"X················ ....................... "'V" ·j·6H·;;,··::.·400f;A················· 
VOH1 0.75Vcc V 10H= -100JLA 
V OH2 0.9Vcc V I OH = - 20JLA 
.. ................ .................... ........................ . .................................................. . 
I DAR Darlington Drive Current -1.0 - 3.5 mA V EXT = 1.5V 

III 
I LO 

Ice 

VSTOP 

R RST 

CIO 

VTH 

RK 

(S Output Pins max.) R EXT = 1.1 kn 

Input Leakage Current 
Output Leakage Current 

·Ope·~atin·g·C·u~·~e~·t·(RLiNj 
IDLE 
STOP (Ta = - 20-70°C) 
STOP (Ta = 0-50°C) 

TBD (Typ) 
TBD (Typ) 

'T'BD'(Ty'pj' 
TBD (Typ) 
TBD (Typ) 

. .................... . . . . . . . . . . . . .. ........ . 

Power Down Voltage 2.0 
(@STOP, RAM Back up) 

±5 
±10 

TBD 
10 
50 
10 

6.0 

JLA O.O;S;Vin;S;Vcc 
JLA 0.2;S;Vin;S;Vcc-0.2 

mA t osc = 20MHz 
mA 
pA O.2;S;Vin;S;Vcc-0.2 
JLA 0.2;S; Vin;S; Vcc - 0.2 

........................................... 
V V IL2 = 0.2Vcc, 

V IH2 = 0.8Vcc 
................... . ................................ . 
RESET Pu II Up Reg ister 50 150 kn 

. . . . . . . . . . . . . . . . . . . . . 
Pin Capacitance 10 pF tosc=lMHz 

... ·~;c·hm·(tt·Viii·dth· 0.4 ·TS·D··{Typ·j····· ···v··· ........ . 
RESET, NMI, INTO (PS7) 

Pull Down/Up Register 50 150 kn 

Note: I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C041AF) 

Vcc;;: 5V ± 10%, TA;;: - 40-85°C (4-16MHz) TA;;: - 20-70°C (4-20MHz) 

No. Symbol Parameter 
Variavle 16MHz 20M Hz 

Unit 
Min Max Min Max Min Max 

1 tosc Osc. Period ( ;;: x) 50 250 62.5 50 ns 
2 tCLK ClK width 2x -40 85 60 ns 
3 tAK AO-23 Valid~ ClK Hold 0.5x - 20 11 5 ns 
4 tKA ClK Valid~ AO-23 Hold 1.5x -70 24 5 ns 
5 tAL AO-15 Valid~ ALE fall 0.5x-15 16 10 ns 
6 tLA ALE fall~ AO-15 Hold 0.5x-15 16 10 ns 
7 tLL ALE High width x-40 23 10 ns 
8 tLC ALE fall~ ROIWR fall 0.5x - 30 1 -5 ns 
9 tel ROIWR rise~ ALE rise 0.5x - 20 11 5 ns 

10 tACL AO-15 Valid~ ROIWR fall x - 25 38 25 ns 
11 tACH AO-23 Valid~ ROIWR fall 1.5x-50 44 25 ns 
12 tCA ROIWR rise~ AO-23 Hold 0.5x - 20 11 5 ns 
13 tADL AO-15 Valid~ 00-15 input 3.0x-45 143 105 ns 
14 tADH AO-23 Valid~ 00-15 input 3.5x- 65 154 110 ns 
15 tRD ROfail ~00-15 input 2.0x- 50 75 50 ns 
16 tRR RO low width 2.0x - 40 85 60 ns 
17 tHR ROrise~ 00-15 Hold 0 0 0 ns 
18 tRAE ROrise~ AO-150utput x-15 48 35 ns 
19 tww WRlow width 2.0x -40 85 60 ns 
20 tDW 00-15 Valid~ WR rise 2.0x - 50 75 50 ns 
21 tWD WR rise ~00-15 Hold 0.5x-10 21 15 ns 
22 tAEH AO-23 Valid~ WAIT input (1~~~ ~' 3.5x - 90 129 85 ns 
23 tAWL AO-15 Valid~ WAIT input (1~~~ 1;'\ 3.0x - 80 108 70 ns 
24 tcw ROIWR fall~WAIT Hold (~~~~ ~j 2.0x + 0 125 100 ns 
25 tAPH AO-23 Valid~ PORT input 2.5x -120 36 5 ns 
26 tAPH2 AO-23 Valid~ PORT Hold 2.5x + 50 206 175 ns 
27 tcp WR rise~ PORT Valid 200 200 200 ns 
28 tASRH AO-23 Valid~ RAS fall 1.0x - 40 23 10 ns 
29 tASRL AO-15 Valid~ RAS fall 0.5x-15 16 10 ns 
30 tRAC RAS fall~ 00-15 input 2.5x - 70 86 55 ns 
31 tRAH RAS fall~ AO-15 Hold 0.5x-15 16 10 ns 
32 tRAS RAS low width 2.0x - 40 85 60 ns 
33 tRP RAS High width 2.0x - 40 85 60 ns 
34 tRSH CAS fall~ RAS rise 1.0x - 35 28 15 ns 
35 tRSC RAS rise~ CAS rise 0.5x - 25 6 0 ns 
36 tRCD RAS fall~ CAS fall 1.0x -40 23 10 ns 
37 tCAC CAS fall~ 00-15 input 1.5x-65 29 10 ns 
38 tCAS CAS low width 1.5x - 30 64 40 ns 
39 tDS 00-15 Valid~ CAS fall 0.5x-15 16 10 ns 

AC Measuring Conditions 
• Output level : High 2.2V flow 0.8V ,Cl50pF 

(However CL;;: 1 OOpF for AOO-A015, AOO-A023, ALE, RO, WR, HWR, RiW, ClK, RAS, CASO-CAS2) 
• Input level High 2.4V flow 0.45V (AOO-A015) 

High 0.8Vcc flow 0.2Vcc (Except for AOO-A015) 
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(1) Read Cycle 

X1 

RiW ~: l .... o(E-------+---tlAWH I--.,---t-tew-
1'--~~lAWL--r--~~1 

Port Input 

j\ \~ -cV 
~~~~~~:~_I~~----~ 

'APH ::..1--""1 : 
1.----+--...;.... -tAPH2-f.---.---'":v-----...t : - ..... 1----1----;------. - ----------
~ASRH~ 1.-----~-1RP~1 

~RSH~ ~-~--~----~ 
~N .... E----r-~r--~RAS~ ~ ~ 
tASRL: ~~ : tRAC~ tRse 

-.~--~---~~~-++--~~: 0( leAS : ~ 

~ReD -li' : ~eAe ~ ~'V 
1..---f---r:---t'ADH ~teA-i 

ADO-15 

ALE 

~AeH: J""t-J 'RR---"H----lI--:~LI"If~ ... E--~~.lRAEl 
~AeL---' ~~-----~---I 

: J~LC~ ~1...r~--tRD ~ (tH\_1 ~ 
~==~~~~r--:-~LADL----t~~~--L~~ . 

- ;..---~ .L\D-15 -. -------i DO-15 ;--

~AL~. ~LA-I I : 
1..-------iI l~eL--i 

_~LL ~_r;Ir---_------!-----~1 

MCU900-222 



TOSHIBA TMP96C041A 

(2) Write Cycle 

Xl 

ClK X ~~ ______ ~ __ ~x~~ ________ __ 
AO-23 )( ""'---_____ --i--_.....:.....-_K 
cso-"2 l v= 

RIW l 
WAIT 

Port Output 

RAS 

CASO-"2 
tDS' '-----_--' 
~ 

WR, HWR 

ADO-15 ----- AO-15 DO-15 

ALE Y '\ ~--~----~----~I 
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4.4 AID Conversion Characteristics (TM P96C041 AF) 
Vcc-5V+10% TA- -40-85"C (4-16MHz) TA- -20-70"C (4-20MHz) - - -

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vcc - 1.5 Vcc 

AGND Analog reference voltage Vss Vss V 

VAIN Analog input voltage range Vss Vec 

IREF Anlog current for analog reference voltage TBD 1.5 mA 

4:£fc:£ 16MHz 
Low change mode TBD ±4.0 

Total error 
(Quantize error High change mode TBD ±6.0 LSB 
of ± 0.5 LSB not Low change mode TBD ±4.0 
included) 16<fc:£20MHz 

High change mode TBD ±8.0 

4.5 Serial Channel Timing -I/O Interface Mode 
(1) SCLK Input Mode Vce = 5V ± 10%, TA= - 40-85"C (4-16MHz) TA= - 20-70·C (4-20MHz) 

Variable 16MHz 20MHz 
symbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle 16X 1 0.8 ps 

toss Output Data ~ Rising edge of SCLK tSCY /2 - 5X - 50 137 100 ns 

tOHS SCLK risi ng edge~ Output Data hold 5X-100 212 150 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input scy - 5X - 100 587 450 ns 

(2) SCLK Output Mode Vce = 5V ± 10%, TA= - 40-85"C (4-16MHz) TA= - 20-70"C (4-20MHz) 

Variable 16MHz 20MHz 
:>ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16X 8192X 1 512 0.8 409.6 ps 

toss Output Data ~ SCLK risi ng edge tSCY - 2X - 150 725 550 ns 

tOHS SCLK rising edge~ Output Data hold 2X-80 45 20 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input SCY - 2X - 150 725 550 ns 

4.6 Timer/Counter Input Clock (TID, TI4, TI5, TI6, T17) 
Vcc-5V+10% TA- -40-85"C (4-16MHz) TA- -20-70·C (4-20MHz) - - - -

Variable 16MHz 20M Hz 
~ymbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock Cycle 8X + 100 600 500 ns 

tVCKL Low level clock Pulse width 4X+40 290 240 ns 

tVCKH High level clock Pulse width 4X +40 290 240 ns 

4.7 Interrupt Operation 
Vcc-5V+10% TA- -40-85"C (4-16MHz) TA- -20-70·C (4-20MHz) - - - -

Variable 16MHz 20MHz 
symbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level Pulse width 4X 250 200 ns 

tiNTAH NMI, INTO High level Pulse width 4X 250 200 ns 

tlNTBL INT4-INT7 Low level Pulse width 8X + 100 600 500 ns 

tlNTBH INT4-INT7 High level Pulse width 8X + 100 600 500 ns 

MCU900-224 



TOSHIBA 

4.8 Timing Chart for liD Interface Mode 

M 

-",-

I 

>- 0 
U +' 

'" +' 

0 

'" '" 0 
+' 

<t 
f-
<t 
00 
f-x 
~f-

:::.:: f-:::.:: ...J :::J 
...J U 0 u VI 
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK) 

ClK ~ 

ADO-AD15 

A16-A23 

RD,WR 

CS~-~ 
R/W,R~ 
CASO-CAS2 

Symbol 

tBRC 

tCBAL 

tCBAH 

tABA 

tBAA 

tCBAl 

~ ~ 

tABA 

------~~-----------------

____ ----t) '--~-+- ______ (~~t~ ~ ______________ _ 

------~~-----------------
(Note 3) 

------~)~~------~~-----------------

Variable 16MHz 20MHz 
Parameter 

Min Max Min Max Min Max 

BUSRQ set-up time for ClK 120 120 120 

ClK~ BUSAK falling edge 1.5x + 120 245 220 

ClK~ BUSAK rising edge 0.5x + 40 71 65 

Output Buffer is offto BUSAK L 0 80 0 80 0 80 

BUSAK--.t- to Output Buffer is on. 0 80 0 80 0 80 

(N ote 1): The Bus will be released after the WAIT request is inactive, when the 
BUSRQ is set to "0" during "Wait" cycle. 

(Note 2): The internal programmable pull-down resistor is added. 
(Note 3): The internal programmable pull-up resistor is added. 

But the CS2/CAS2 pin does not have the internal programmable pull-up 
resistor. And in the condition of bus release, this pin is added the internal 
pull-up resistor. 
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5. TMP96C141ITMP96C141AITMP96C041A Different points 

TMP96C1411TMP96C141A/TMP96C041A have much the same function but they are 
different from following points. 

Parameter TMP96C141 TMP96C141A TMP96C041A 

Interrnal RAM 1 K byte 1 K byte not exist 

Pin condition at bus release 
TMP96C141 TMP96C141A TMP96C041A 

see Figure 3.5 (1) see Figure 3.3 see Figure 3.3 

Mapping area of CSl defult 480H-7FFFH 480H-7FFFH 80H-7FFFH 
setting (B 1Cl/0: 00) 

TMP96C141 does not TMP96C141AITMP96C041A 
have the SCLKO have the SCLKO function. 

P92,CTSO,SCLKO 
function. 

[ Serial channel 0 ] [ Serial channel 0 ] does not have the have the I/O 
1/0 interface mode. interface mode. 
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CMOS 16-bit MICROCONTROLLERS 

TMP96CM40F 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96CM40F is high-speed advanced 16-bit micro controllers developed for 
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM, 
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in 
OTP of 32K-byte. 

TMP96CM40F is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 
• TLCS-90 instruction mnemonic upward compatible. 
• 16M-byte linear address space 
• General-purpose registers and register bank system 
• 16-bit multiplication / division and bit transfer/arithmetic instructions 
• High-speed micro DMA : 4 channels (1.6 ps/2 bytes @20MHz) 

(2) Minimum instruction execution time: 200ns @20MHz 
(3) Internal RAM : 1K byte 

Internal ROM : 32K byte 
(4) External memory expansion 

• Can be expanded up to16M bytes (for both programs and data). 
• Can mix 8- and 16-bit external data buses. 

(5) 8-bit timers 
(6) 8-bit PWM timers 
(7) 16-bit timers 
(8) Pattern generators 
(9) Serial interface 

(10) 10-bit A/D converter 
(11) Watchdog timer 

2 channels 
2 channels 
2 channels 
4 bits, 2 channels 
2 channels 
4 channels 

(12) Chip select/wait controller 
(13) Interrupt functions 

: 3 blocks 

• 3 CPU interrupts··· ... SWI instruction, priviledged violation, and Illegal 
instruction 

• 14 internal interrupts ] . . 
• 6 t 1 · t t 7 -level pnonty can be set. ex erna In erru p s 

(14) I/O ports 65 pins 
(15) Standby function 3 halt modes (RUN, IDLE, STOP) 
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(ANO) PSO 
(AN1) PSl 
(AN2) PS2 
(AN3) PS3 

VREF 
AGND 

(TXDO) P90 
(RXDO) P91 

(1dtlkO/CTSO) P92 

(TXD1) P93 
(RXD1) P94 

(SCLK1) P9S 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P6S 
(PG 12) P66 
(PG 13) P67 

(TIO) P70 

(T01) P71 

(INT4/TI4) P80 
(lNTS/TIS) P81 

(T04) P82 
(TOS) P83 

(INT6/T16) P84 
(INT7/T17) P8S 

10-BIT4CH 
AID 

CONVERTER 

SERIAL I/O 
(CH.O) 

SERIAL I/O 
(CH.l) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.l) 

8BITTIMER 
(TIMERO) 

8BITTIMER 
(TIMER 1) 

8BITPWM 
(TIMER 2) 

8BITPWM 
(TIMER 3) 

16BITTIMER 
(TIMER4) 

16BITTIMER 
(TIMER 5) 

CPU 

XWA W A 
XBC B C 
XDE D E 
XHL H L 
XIX IX 
XIY IY 
XIZ IZ 

XSP SP 
~ 32bit_ 

SR[]}] 

I P C I 

lKB RAM 

32KB ROM 

VCC [2] 
VSS [3] 

Xl 
X2 

L----+-.CLK 

EA 
RESET 
ALE 

POO-P07 
(ADO-AD7) 

Pl0-P17 

TMP96CM40 

(AD8-AD 15/A8-A 15) 

P20-P27 
(AO-A7/A16-A23) 

P30(RD) 
P31(WR) 
P32(HWR) 
P33(WAIT) 
P34(BUSRQ) 
P3S(BUSAK) 
P36(RiW) 
P37(RAS) 

(T06) P86 ---r~L ___ ---J 

P40(CSO/CASO) 
P41(CS1/CAS1) 
P42( CS2/CAS2) 

(INTO) P87 

TMP96CM40 is added to SCLKO function. 
(TMP96C141 does not have this function.) 

Figure1 TMP96CM40 Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96CM40, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment ofTMP96CM40F. 

(ANO)P50 73------------, 
(AN1)P51 74----------, 
(AN2)P52 75--------, 
(AN3)P53 76---------, 

VCC 77-------, 
VREF 78------, 

AGND 79 
VSS 80 

(PGOO)P60 1 
(PG01)P61 2 
(PG02)P62 3 
(PG03)P63 4 
(PG10)P64 5 
(PG11)P65 6 
(PG12)P66 7 
(PG13)P67 8 

(T10)P70 9 
(T01)P71 10 
(T02)P72 11 
(T03)P73 12 

(INT41T14)P80 13 
(INT51T15)P81 14 

(T04)P82 15 
(T05)P83 16 

(INT61T16)P84 17 
(INT71T17)P85 18 

(T06)P86 19 
(INTO)P87 20 

NMT 21 
WDTOUT 22 

RESET 23 
ClK 24 

VSS 25 
X1 26 
X227----' 
EA 28-----' 

(TXDO)P90 29------' 
(RXDO)P91 30-----------' 

(SG4KO/CTSO)P92 31--------' 
(TXD1)P93 32-------------' 

,---------72 P42(CS2/CAS2) 
,--------71 P41(CS1/CAS1) 

,-------70 P40(CSO/CASO) 
.------69 P37(R~ 

..----68 P36(RIW) 
.------67 P35(BUSAK) 

66 P34(B USRQ) 
65 P33(WAIT) 

64 P32(HWR) 
63 P31(WR) 
62 P30(RD) 
61 P27(A7/A23) 
60 P26(A6/A22) 
59 P25(A5/A21) 
58 P24(A4/A20) 
57 P23(A3/A 19) 
56 P22 (A21 A 18) 
55 P21(A1/A17) 
54 P20(AO/A 16) 
53 VSS 
52 P17(AD15/A15) 
51 P16(AD14/A14) 
50 P15(AD13/A13) 
49 P14(AD12/A12) 
48 P13(AD11/A 11) 
47 P12(AD10/A10) 
46 P11(AD9/A9) 
45 P10(AD8/A8) 
44 P07(AD7) 
43 P06(AD6) 
42 P05(AD5) 
41 P04(AD4) 

40 P03(AD3) 
39 P02(AD2) 

"-----38 P01(AD1) 
L-----37 POO(ADO) 

'------36 VCC 
'-------35 ALE 

'--------34 P95(SClK1) 
'---------33 P94(RXD1) 

Note: Because the TMP96C141 has an external ROM, POO to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR. 

TMP96CM40 is added to SCLKO function. (TMP96C141 does not have this function.) 

Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

The names of input lout put pins and their functions are described below. 
Table 2.2 Pin Names and Functions. 

Pin name N~m.ber 
o pinS I/O Functions 

POO-P07 8 I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO-AD7 Tri-state Address/data (lower): 0 - 7 for address/data bus 

P10-P17 8 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
AD8-AD15 Tri-state Address data (upper): 8 - 15 for address/data bus 
A8-A15 Output Address: 8to 15 for address bus 

P20-P27 8 I/O Port 2: I/O portthat allows selection of I/O on a bit basis 
(with pull-down resistor) 

AO-A7 Output Address: 0 - 7 for address bus 
A16-A23 Output Address: 16 - 23 for address bus 

P30 1 Output Port 30: Output port 
RD Output Read: Strobe signal for reading external memory 

P31 1 Output Port 31: Output port 
WR Output Write: Strobe signal for writing data on pins ADO - 7 

P32 1 I/O Port 32: I/O port (with pull-up resistor) 
HWR Output High write: Strobe signal for writing data on pins AD8 - 15 

P33 1 I/O Port 33: I/O port (with pu II-u p resistor) 
WAIT Input Wait: Pin used to request CPU bus wait 

P34 1 I/O Port34: I/O port (with pull-up resistor) 
BUSRQ Input Bus request: Signal used to request high impedance for ADO - 15, 

AO - 23, RD, WR,HWR, RNV, RAS, CSO, C51, and CS2 pins. 
(For external DMAC) 

P35 1 I/O Port 35: I/O port (with pull-up resistor) 
BUSAK Output Bus acknowledge: Signal indicating that ADO-15, AO-23, RD, 

WR,HWR, RNV, RAS, CSO, C51, and C52 pins are at high impedance 
after receiving BU5RQ. (For external DMAC) 

P36 1 I/O Port 36: I/O port (with pull-up resistor) 
RIW Output Read/write: 1 represents read or dummy cycle; 0, write cycle. 

P37 1 I/O Port 37: I/O port (with pull-up resistor) 
RAS Output Row address strobe: Outputs RA5 strobe for DRAM. 

P40 1 I/O Port 40: I/O port (with pull-up resistor) 
CSO Output Chip select 0: Outputs 0 when address is within specified address 

area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when 

address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in va cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 

P41 
CSl 
CAS1 

P42 
CS2 
CAS2 

P50-P53 
ANO-AN3 

VREF 

AGND 

P60-P63 

PGOO-PG03 

P64-P67 

PG10-PG13 

P70 
TIO 

P71 
TOl 

P72 
T02 

P73 
T03 

P80 
TI4 
INT4 

P81 
TIS 
INT5 

P82 
T04 

P83 
T05 

Note 1 

TMP96CM40 

N~mJJer 
o pinS I/O Functions 

1 I/O Port 41: I/O port (with pull-up resistor) 
Output Chip select 1: Outputs 0 if address is within specified address area. 
Output Column address strobe 1: Outputs CAS strobe for DRAM if address 

is within specified address area. 

1 I/O Port 42: I/O port (with pull-down resistor) (Notel) 
Output Chip select 2: Outputs 0 if address is within specified address area. 
Output Column address strobe 2: Outputs CAS strobe for DRAM if address 

is within specified address area. 

4 Input PortS: Inputport 
Input Analog input: Inputto A/D converter 

1 Input Pin for reference voltage input to A/D converter 

1 Input Ground pin for A/D converter 

4 I/O Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 00 - 03 

4 I/O Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 10 - 13 

1 I/O Port 70: I/O port (with pull-up resistor) 
Input Timer input 0: Timer 0 input 

1 I/O Port 71: I/O port (with pull-up resistor) 
Output Timer output 1: Timer 0 or 1 output 

1 I/O Port 72: I/O port (with pull-up resistor) 
Output PWM output 2: 8-bit PWM timer 2 output 

1 I/O Port 73: I/O port (with pull-up resistor) 
Output PWM output 3:8-bit PWM timer 3 output 

1 I/O Port 80: I/O port (with pull-up resistor) 
Input Timer input 4: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 4: Interrupt request pin with programmable 

rising/falling edge 

1 I/O Port 81: I/O port (with pull-up resistor) 
Input Timer input 5: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 5: Interrupt request pin with rising edge 

1 I/O Port 82: I/O port (with pull-up resistor) 
Output Timer output 4: Timer 4 output pin 

1 I/O Port 83: I/O port (with pull-up resistor) 
Output Timer output 5: Timer 4 output pin 

Case of the settable CS2 or CAS2; when TMP96CM40F is bus release, this pin is not added 

the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name N~m.ber 
o pinS I/O Functions 

P84 1 I/O Port 84: I/O port (with pull-up resistor) 
TI6 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with 

programmable rising/falling edge 

P85 1 I/O Port 85: I/O port (with pull-up resistor) 
TI7 Input Timer input 7: Timer 5 count/capture trigger signal input 
INTl Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 1 I/O Port 86: I/O port (with pull-up resistor) 
T06 Output Timer output 6: Timer 5 output pin 

P87 1 1/0 Port 87: 1/0 port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with 

programmable level/rising edge 

P90 1 1/0 Port 90: I/O port (with pull-up resistor) 
TXDO Output Serial send data 0 

P91 1 1/0 Port 91: I/O port (with pull-up resistor) 
RXDO Input Serial receive data 0 

P92 1 1/0 Port 92: I/O port (with pull-up resistor) 
CTSO Ip Serial data send enable 0 (Clear to Send) 

P93 1 1/0 Port 93: I/O port (with pull-up resistor) 
TXD1 Output Serial send data 1 

P94 1 1/0 Port 94: I/O port (with pull-up resistor) 
RXD1 Input Serial receive data 1 

P95 1 I/O Port 95: 1/0 port (with pull-up resistor) 
SClK1 I/O Serial clock I/O 1 

WDTOUT 1 Output Watchdog timer output pin 

NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 

ClK 1 Output Clock output: Outputs I X1 + 4 J clock. Pulled-up during reset. 

EA 1 Input External access: 0 should be inputted with TMP96C141. 
1, with TMP96CM40 ITMP96PM40. 

ALE 1 Output Address latch enable 

RESET 1 Input Reset: Initializes lSI. (With pull-up resistor) 

X1IX2 2 110 Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
TMP96CM40 is added to SClKO function. (TMP96C141 does not have this function.) 

MCU900-234 



TOSHIBA TMP96CM40 

3. OPERATION 

This section describes the functions and basic operations of TMP96M40 device. The 
function of CPU and internal I/O devices are the same function as TMP96C141. 
Check the r 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96CM40 (not described), see the part of 
TMP96C141. 

3.1 CPU 

TMP96CM40 device has a built-in high-performance 16-bit CPU (900-CPU). (For 
CPU operation, see TLCS-900 CPU in the previous section.) 

3.2 Memory Map 

TMP96CM40 has two register modes. One is a minimum mode; in this mode, the area 
of program memory is 64K bytes maximum. The other is a maximum mode; in this 
mode, The area of program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data memory area of 16M bytes 
maximum. 

That is, the program memory can locate OH - FFFFH in minimum mode and can 

locate OH - FFFFFFH in maximum mode. 

(1) Internal ROM 

TMP96CM40 has the ROM of 32K bytes. This ROM is located to 80000H - FFFFH. 
After the RESET operation, instruction execution starts from address 8000H. 

A part of the internal ROM area (8000H -81FFH) is interrupt entry area. 

(2) Internal RAM 

TMP96CM40 has the RAM of 1K bytes. This RAM is located to 80H -4 7FH. The 
CPU can access the part of RAM (80H - FFH, 128 bytes) with using the short instruction 
code of direct addressing mode. 

(3) Internal 110 devices 

TMP96CM40 uses the address space of 128 bytes for the internal I/O devices area. 
This area is located to OH -7FH. 

The CPU can access the internal I/O devices area with using the short instruction 
code of direct addressing mode. 

Check the access area of each addressing mode and the memory map in Fig. 3.1. 
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Memory Map 

Figure 3.1 is a memory map of the TMP96CM40. 

OOOOOOH 

OOOOSOH 

000100H 

0004S0H 

OOSOOOH 

OOS200H 

010000H 

External memory 
(16M-byte) 

t 
Direct area (n) 

i 

64K-byte area 
(nn) 

16M-byte area 
(R) 
(-R) 
(R +) 
(R + RS/16) 
(R + dS/16) 
(nnn) 

FFFFFFH '--_______ ----' _________ ---'-1_ 
•• 1 = Internal area) 

TMP96CM40 

Note: The start address after reset is 8000R. Resetting sets the stack pointer (XSP) on the 
system mode side to lOOH. 

Figure3.1 Memory map 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5-6.5 V 

VIN Input Voltage - 0.5-Vee + 0.5 V 

L 10L Output Current (total) 100 mA 

LIOH Output Current (total) -100 mA 

PD Power Dissipation (Ta = S5°C) 500 mW 

TSOLDER Soldering Temperature (10 s) 260 'e 
TSTG Storage Temperature - 65-150 'e 
TOPR Operating Temperature -40-S5 'e 

4.2 DC Characteristics 

Vcc= 5V± 10%, TA= -40-85°C (4-16MHz) TA= -20-70°C (4-20MHz) 

(Typical values are for Ta = 25°C and Vcc = 5V) 

Symbol 

V IL 
VIL1 
V IL2 
V IL3 
V IL4 

Parameter 

Input Low Voltage (ADO - 15) 
P2, P3,~5,P6, P7,PS,P9 
RESET,NMI,INTO(PS7) 
EA 
X1 

Min 

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 

................................................................. 
VIH 
VIH1 
VIH2 
VIH3 
VIH4 

VOL 

Input High Voltage (ADO - 15) 2.2 
P2, P3, e1J>5, P6, P7, PS, P9 0.7Vee 
RESET, NMI, INTO (PS7) 0.75Vee 
EA Vee - 0.3 
X1 O.SVee 

Output Low Voltage 

Max Unit Test Condition 

O.S V 
0.3Vee V 
0.25Vee V 
0.3 V 
0.2Vee V 

Vee + 0.3 V 
Vee + 0.3 V 
Vee + 0.3 V 
Vee + 0.3 V 
Vee + 0.3 V 

0.45 V I OL= 1.6mA 
.. ·Outp·u·t""Hig·h···Voit·a·ge" 

................................................................................... 
VOH 
VOH1 
VOH2 

IDAR 
. .... .................. .... .... .. 

Darlington Drive Current 
(S Output Pins max.) 

I LI Input Leakage Current 
I LO Output Leakage Current 

. .. ................................................ . 

I ee Operating Current (RUN) 
IDLE 
STOP(Ta= -20-70°C) 
STOP (Ta = 0-50°C) 

V STOP Power Down Voltage 
(@STOP, RAM Back up) 

2.4 
0.75Vee 
0.9Vee 

-1.0 

0.02 (Typ) 
0.05 (Typ) 

30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 

2.0 

R··RST .... · .. 'RE'S'E'T Pull U'p'R'eg'ist"e'r' ............. '56' 
.................... ........................ . ................... . 

C 10 Pin Capacitance 
'VTH' ..... ·S·~·h~·i·tt·\fiidth 0.4 

RESET, NMI, INTO (PS7) 
........................... ,' ................... " .. 

-3.5 

V I OH = -400,uA 
V IOH=-100,uA 
V I OH = - 20f.lA 

.............•••..•.•.••• 

mA V EXT= 1.5V 
R EXT = 1.1kn 

±5 ,uA O.O:;;;;Vin:;;;;Vee 
±10 ,uA 0.2:;;;;Vin:;;;;Vee-0.2 

................................................ 
TBD mA fe = 20MHz 
10 mA 
50 ,uA 0.2:;;;; Vin:;;;; Vee - 0.2 
10 ,uA 0.2:;;;;Vin:;;;;Vee-0.2 

6.0 V V IL2 = 0.2Vce, 
V IH2 = O.SVee 

150 kn 
. . . . . . . . . . . . .. .... . . , . . . . . . . . . . . , . . . , , . . , . . . 

10 pF fe= 1MHz 

'1':0"(Typ'j'" V 

R K Pull Down/Up Register 50 150 kn 

Note: I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 
Vcc=5V±10%,TA= -40-85'C (4-16MHz) TA= -20-70'C (4-20MHz) 

No. Symbol Parameter 
Variavle 16MHz 20MHz 

Unit 
Min Max Min Max Min Max 

1 tosc Osc. Period ( = x) 50 250 62.5 50 ns 
2 tCLK ClK width 2x-40 85 60 ns 
3 tAK AO-23 Valid~ ClK Hold 0.5x - 20 11 5 ns 
4 tKA ClK Valid~ AO-23 Hold 1.5x -70 24 5 ns 
5 tAL AO-15 Valid~AlE fall 0.5x -15 16 10 ns 
6 tLA ALE fall~ AO-15 Hold 0.5x -15 16 10 ns 
7 tLL ALE High width x-40 23 10 ns 
8 tLC ALE fall~ RDIWR fall 0.5x - 30 1 -5 ns 
9 tCL RDIWR rise~ ALE rise 0.5x - 20 11 5 ns 

10 tACL AO-15 Valid~ RDIWR fall x-2'5 38 25 ns 
11 tACH AO-23 Valid~ RDIWR fall 1.5x - 50 44 25 ns 
12 teA RDIWR rise~ AO-23 Hold 0.5x - 20 11 5 ns 
13 tAOL AO-15 Valid~ DO-15 input 3.0x-45 143 105 ns 
14 tAoH AO-23 Valid~ DO-15 input 3.5x- 65 154 110 ns 
15 tRO RDfa11 ~DO-15 input 2.0x - 50 75 50 ns 
16 tRR RD low width 2.0x -40 85 60 ns 
17 tHR RDrise~ DO-15 Hold 0 0 0 ns 
18 tRAE RDrise~ AO-150utput x -15 48 35 ns 
19 tww WRlow width 2.0x -40 85 60 ns 
20 tow DO-15 Valid~WR rise 2.0x - 50 75 50 ns 
21 two WR rise ~DO-15 Hold 0.5x-l0 21 15 ns 
22 tAEH AO-23 Valid~ WAIT inputC1~~~.-l" 3.5x - 90 129 85 ns 
23 tAWL AO-15 Valid~ WAIT input(1~~~.-l" 3.0x - 80 108 70 ns 
24 tcw RDIWR fall~WAIT Hold Ct~~~rlP 2.0x + 0 125 100 ns 
25 tAPH AO-23 Valid~ PORT input 2.5x -120 36 5 ns 
26 tAPH2 AO-23 Valid~ PORT Hold 2.5x + 50 206 175 ns 
27 tcp WR rise~ PORT Valid 200 200 200 ns 
28 tASRH AO-23 Valid~ RAS fall 1.0x-40 23 10 ns 
29 tASRL AO-15 Valid~ RAS fall 0.5x - 15 16 10 ns 
30 tRAC RAS fall~ DO-15 input 2.5x -70 86 55 ns 
31 tRAH RAS fall~ AO-15 Hold 0.5x -15 16 10 ns 
32 tRAS RAS low width 2.0x -40 85 60 ns 
33 tRP RAS High width 2.0x -40 85 60 ns 
34 tRSH CAS fall~ RAS rise 1.0x-35 28 15 ns 
35 tRSC RAS rise~ CAS rise 0.5x - 25 6 0 ns 
36 tRCO RAS fall~ CAS fall 1.0x -40 23 10 ns 
37 tCAC CAS fall~ DO-15 input 1.5x - 65 29 10 ns 
38 tCAS CAS low width 1.5x - 30 64 40 ns 

AC Measuring Conditions 
• Output level : High 2.2V flow 0.8V , Cl50pF 

(However Cl = 100pF for ADO-AD15, ADO-AD23, ALE, RD, WR, HWR, RIW, ClK, RAS, CASO-CAS2) 
• Input level High 2.4V flow 0.45V (ADO-AD15) 

High 0.8Vcc flow 0.2Vcc (Except for ADO-AD15) 
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(1) Read Cycle 

Xl 

RIW 

Port Input 

RD 

ADO-15 

ALE 

/.�------.---..ttAWH 
-.:( I-----,----+-tcw-

'----~tAWL--~---:-~·' 

~~--~~----J\~~-\+~---~~/~--------r_ 
'APH ::...1--" .1 ~ 

_ ,...'r-.... E-_-_--_-tr---_-_-_-+-; __ t~P~~__=_::__::_: 1'-----Y-""1 : - - - - - - - - --
-----tASRH--t ~ 'RP-I 

: -tRSH~ JL:---:-----+---~ 
~N .... ~----~~r---~RAS~ ~ 
tASRL: fr- tRAC--+ tRSC 

.....;..-+-__ +-__ +~~t:.uR:1:3A\.u..-H ... +:l+_~i E tCAS.....,:,-t---.. , Ir~--+--
-tRCD L, ~ 0CAC .. / 

1~----+-----+---t'AD H -+tCA--'" 

~ACH: .~:rI~----~lRR------~--~II~~~---HtRAE1= 
~ACL-- __ --!~_-:---L.:....t_H_RJ~1 . : !-+-t:LC ..... /' .... cH-------+'RD ~ "I 
~~~~~~~--:-~lADL ~ 

- ----~ AO-15 J>-- -------~ DO-15 y--
-+tAL ~. -+--tLA - I . 

Ir-----~ -tCL~ 

/f--tLL ----i.i' ~ -: : ~------------------~----------~I 
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(2) Write Cycle 

X1 

ClK X ~~ ______ ~ __ ~x~~ ______ ~_ 
AO-23 )( ~ __ ~ ____ ~ ____ ~ ____ K 
C50-"2 1\ V-

RiW J\ r 
WAIT 

Port Output 

RA5 

CA50-"2 '--____ ---JJ 

WR, HWR 1~~--~lWW--~--~~~1 

ADO-15 ----- AO-15 >< DO-15 :~ 

ALE J :\'-------'-----'---------!( 
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4.4 AID Conversion Characteristics 
Vcc-5V+ 10% TA- 40-85'C (4-16MHz) TA- 20-70'C (4-20MHz) - - - - -

Symbol Parameter Min Typ Max Unit 

VREF. Analog reference voltage Vcc - 1.5 Vee 

AGND Analog reference voltage Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Anlog current for analog reference voltage 0.5 1.5 mA 

4;£fc;£ 16MHz 
Low change mode ± 1.5 ±4.0 

Total error 
(Quantize error High change mode ± 3.0 ± 6.0 LSB 
of ± 0.5 LSB not Low change mode ± 1.5 ±4.0 
included) 16<fc;£20MHz 

High change mode ±4.0 ± 8.0 

4.5 Serial Channel Timing -I/O Interface Mode 
(1) SCLK Input Mode Vcc=5V± 10%, TA= -40-85'C (4-16MHz) TA= -20-70'C (4-20MHz) 

Variable 16MHz 20MHz 
f>ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle 16X 1 0.8 fls 

toss Output Data -,) Rising edge of SCLK tSCY 12 - 5X - 50 137 100 ns 

tOHS SCLK rising edge-,) Output Data hold 5X-100 212 150 ns 

tHSR SCLK rising edge-,) Input Data hold 0 0 0 ns 

tSRD SCLK rising edge-,) effective data input scy - 5X - 100 587 450 ns 

(2) SCLK Output Mode Vcc=5V± 10%, TA= -40-85'C (4-16MHz) TA= -20-70'C (4-20MHz) 

Variable 16MHz 20MHz 
~ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16X 8192X 1 512 0.8 409.6 fls 

toss Output Data -,) SCLK risi ng edge tSCY - 2X - 150 725 550 ns 

tOHS SCLK rising edge-,) Output Data hold 2X-80 45 20 ns 

tHSR SCLK rising edge-,) Input Data hold 0 0 0 ns 

tSRD SCLK rising edge-,) effective data input SCy - 2X - 150 725 550 ns 

4.6 Timer/Counter Input Clock (TID, TI4, TIS, TI6, T17) 
Vcc-5V+10% TA- -40-85'C (4-16MHz) TA- -20-70'C (4-20MHz) - - -

Variable 16MHz 20M Hz 
r.>ymbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock Cycle 8X + 100 600 500 ns 

tVCKL Low !evel clock Pulse width 4X+40 290 240 ns 

tVCKH High level clock Pulse width 4X +40 290 240 ns 

4.7 Interrupt Operation 
Vcc-5V+10% TA- -40-85'C (4-16MHz) TA- -20-70'C (4-20MHz) - - - -

Variable 16MHz 20MHz 
!Symbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level Pulse width 4X 250 200 ns 

tiNTAH NMI, INTO High level Pulse width 4X 250 200 ns 

tlNTBL INT4-INT7 Low level Pulse width 8X + 100 600 500 ns 

tlNTBH INT4-INT7 High level Pulse width 8X + 100 600 500 ns 
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4.8 Timing Chart for liD Interface Mode 

~ 
...J 
u 

>­u 
.if) 

~ 
...J 
U 
VI 

-",­

I 
o 
+' 

<t 
I-
<t 
00 
I-x 
~I-
I-
:;:, 
0 

MCU900-242 

TMP96CM40 

<t 
I-
<t 
00 
I- X 
:;:,0::: 
a.. 
~ 



TOSHIBA TMP96CM40 

4.9 Timing Chart for Bus Request (BU8RQ) / Bus Acknowledge (BU8AK) 

(Note 1) 

ClK 

-­tCBAl -S'l------J ..... tCBAH 

.... ~ ~ ~tBAA 
ADO-AD15, AO-A23, 
CSO-CS2, RIW, RAS, 
CASO-CAS2 

RD,WR,HWR 

---~ tABA (Note 2) 

----~~-----------------

(Note 3) 

----~~-----------------

ALE ----------------4~(~)---------------------------~;--\--~-

Variable 16MHz 20MHz 
Symbol Parameter 

Min Max Min Max Min Max 

tBRC BUSRQ set-up time for ClK 120 120 120 

tCBAL ClK~ BUSAK falling edge 1.Sx+ 120 214 195 

tCBAH ClK~ BUSAK rising edge 0.5x + 40 71 65 

tABA Output Buffer is off to BUSAK L 0 80 0 80 0 80 

tBAA BUSAK~- to Output Buffer is on. 0 80 0 80 0 80 

N otel: The Bus will be released after the WAIT request is inactive, when the 
BUSRQ is set to "0" during "Wait" cycle. 

Note 2: This line only shows the output buffer is off-state. 
They don't indicate the signal level is fixed. 
After the bus is released, the signal level is kept dynamically before the bus 
is released by the external capacitance. 
Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because ofthe level-fix will be 
delayed. 
The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Typical characteristics 

Vee = 5V, Ta = 25°C unless other wise noted. 

VcdV) Icc (mA) 

6 

--' 
V 

.... ----

5 

4 

3 

30 

/ 
/ 

/ 
/ 

,/ 
/ 

20 

10 

2 

10 15 20 25 10 15 20 25 

Figure 5.1 Vce - fose TYPICAL CURVE 
fosc (MHz) 

Figure 5.2 fose -Ice TYPICAL CURVE fosc (MHz) 

Icc (mA) 

40 

30~~--------~-------=~~------~ 

20~r---~~--r---------r---------~ 

4 5 6 

Figure 5.3 lee - Vee TYPICAL CURVE Vcc(V) 

IOL(mA) 
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30 
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/' 
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/ 
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./ 

------
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- 30 
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4 VOUT (V) 

Figure 5.4 VOUT -IOL TYPICAL CURVE 

-40 

IOH(mA) 
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5. TMP96C141ITMP96CM40ITMP96PM40 Different points 

TMP96C1411TMP96CM40/TMP96PM40 have much the same function but they are 
different from following points. 

Parameter TMP96C141 TMP96CM40 TMP96PM40 

Interrnal ROM Not exist Mask ROM32K byte PROM32K byte 

POO to P07, 
Only ADO to AD7 After reset POO-P07 

ADOto AD7 

P10 to P17, 
AD8to AD15, Only AD8 to AD15 After reset P10-P17 
A8to A15 

-
P30, RD Only RD After reset P30 

P31, WR OnlyWR After reset P31 

TMP96C141 does not TMP96CM40rrMP96PM40 
have the SCLKO have the SCLKO function. 

P92,CTSO,SCLKO 
function. 

[ Serial channel 0 1 [ 
Serial channel 0 ] does not have the have the I/O 

I/O interface mode. interface mode. 

MCU900-24S 
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CMOS 16-bit MICROCONTROLLERS 

TMP96PM40F 

1. OUTLINE AND DEVICE CHARACTERISTICS 

TMP96PM40F is high-speed advanced 16-bit micro controllers developed for 
controlling medium to large-scale equipment. The TMP96C141 does not have a ROM, 
the TMP96CM40F has a built-in ROM of 32K-byte, and the TMP96PM40 has a built-in 
OTP of 32K-byte. 

It is possible to do write / verify of program data with using a adapter socket and 
general purpose EPROM writer (TC571000 mode). 

TMP96PM40 is pin compatible with TMP96CM40 (mask ROM type). 

TMP96CM40F is housed in an 80-pin flat package. 

Product name ROM RAM Package 
Adapter socket 

name 

TMP96PM40F 
OTPtype 

lKx8bit 80-FP BMl139A 
32Kx8bit 

MCU900-247 
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(ANO) PSO 
(AN1) PSl 
(AN2) PS2 
(AN3) PS3 

VREF 
AGND 

(TXDO) P90 
(RXDO) P91 

(SdtKO/CTSO) P92 

(TXD1) P93 
(RXD1) P94 

(SClKl) P9S 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P6S 
(PG 12) P66 
(PG 13) P67 

(TIO) P70 

(T01) P71 

(INT4/TI4) P80 
(lNTSITIS) P81 

(T04) P82 
(TOS) P83 

(INT6/TI6) P84 
(INT71T17) P8S 

(T06) P86 

(INTO) P87 

10-BIT 4CH 
AID 

CONVERTER 

SERIAL I/O 
(CH.O) 

SERIAL 1/0 
(CH.l) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.1) 

8BITTIMER 
(TIMERO) 

8BITTIMER 
(TIMER 1) 

8BITPWM 
(TIMER2) 

8BITPWM 
(TIMER3) 

16BITTIMER 
(TIMER4) 

16BITTIMER 
(TIMER 5) 

XWA 
XBC 
XDE 
XHl 
XIX 
XIY 
XIZ 
XSP 

CPU 

W A 
B C 
D E 

H l 
IX 
IY 
IZ 
SP 

~ 32bit_ 

SRCiJ] 

I P C I 

lKB RAM 

32KB PROM 

TMP96PM40 is added to SClKO function. 
(TMP96C141 does not have this function.) 

VCC(2) 
VSS (3) 

Xl 
X2 

'-----+-.. ClK 

EA 
RESET 
ALE 

POO-P07 
(ADO-AD7) 

TMP96PM40 

Pl0-P17 
(AD8-AD1S/A8-A lS) 

P20-P27 
(AO-A7/A 16-A23) 

P30(RD) 
P31(WR) 
P32(HWR) 
P33(WAIT) 
P34(BUSRQ) 
P3S(BUSAK) 
P36(RIW) 
P37(RAS) 

P40(CSO/CASO) 
P41 (CS l/CAS 1) 
P42(CS2/CAS2) 

Figure1 TMP96PM40 Block Diagram 
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2. PIN ASSIGNMENT AND FUNCTIONS 

The assignment of input / output pins for TMP96PM40, their name and outline 
functions are described below. 

2.1 Pin Assignment 

Figure 2.1 shows pin assignment ofTMP96PM40F . 

(ANO)P50 73-------------, 
(AN1)P51 74-----------', 
(AN2)P52 75-------, 
(AN3)P53 76-----, 

VCC 77-------, 
VREF 78------, 

AGND 79 
VSS 80 

(PGOO)P60 1 
(PG01)P61 2 
(PG02)P62 3 
(PG03)P63 4 
(PG10)P64 5 
(PG11)P65 6 
(PG12)P66 7 
(PG13)P67 8 

(TI0)P70 9 
(T01)P71 10 
(T02)P72 11 
(T03)P73 12 

(INT41T14)P80 13 
(INT51T15)P81 14 

(T04)P82 15 
(T05)P83 16 

(lNT61T16)P84 17 
(INT71T17)P85 18 

(T06)P86 19 
(INTO)P87 20 

NMT 21 
WDTOUT 22 

RESET 23 
ClK 24 

VSS 25 
X1 26 
X227----' 
EA 28--------' 

(TXDO)P90 29--------' 
(RXDO)P91 30---------' 

(§.@WKO/CTSO)P92 31---------' 
(TXD1)P93 32----------' 

.--------72 P42(CS2/CAS2) 
.--------71 P41(ffi/CAS1) 
.------70 P40(CSO/CASO) 
.-----69 P37(R@ 

,------68 P36(RIW) 
r----67 P35(BUSAK) 

66 P34(BUSRQ) 
65 P33(WAIT) 

64 P32(HWR) 
63 P31(WR) 
62 P30(RD) 
61 P27(A7/A23) 
60 P26(A6/A22) 
59 P25(A5/A21) 
58 P24(A4/A20) 
57 P23(A3/A19) 
56 P22(A2/A 18) 
55 P21(A1/A17) 
54 P20(AO/A 16) 
53 VSS 
52 P17(AD15/A15) 
51 P16(AD14/A14) 
50 P15(AD13/A 13) 
49 P14(AD12/A12) 
48 P13(AD11/A 11) 
47 P12(AD10/A10) 
46 P11(AD9/A9) 
45 P10(AD8/A8) 
44 P07(AD7) 
43 P06(AD6) 
42 P05(AD5) 
41 P04(AD4) 

40 P03(AD3) 
39 P02(AD2) 

L-----38 P01(AD1) 
'-------37 POO(ADO) 

L-----36 VCC 
'--------35 ALE 

'---------34 P95(SClK1) 
'----------33 P94(RXD1) 

Note: Because the TMP96C141 has an external ROM, POD to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR. 

TMP96PM40 is added to SCLKO function. (TMP96C141 does not have this function.) 

Figure 2.1 Pin Assignment (80-pin QFP) 
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2.2 Pin Names and Functions 

TMP96PM40 has MeU mode and PROM mode. 
The names of input lout put pins and their functions are described below. 

(1) MCU mode 

Table 2.2 (1) Pin Names and Functions. 

Pin name N~mber 
a pinS I/O Functions 

POO-P07 8 I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO-AD7 Tri-state Address/data (lower): 0 - 7 for address/data bus 

P10-P17 8 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
AD8-AD15 Tri-state Address data (upper): 8 - 15 for address/data bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20-P27 8 I/O Port 2: I/O port that allows selection of I/O on a bit basis 
(with pull-down resistor) 

AO-A7 Output Address: 0 - 7 for address bus 
A16-A23 Output Address: 16 - 23 for address bus 

P30 1 Output Port 30: Output port 
RD Output Read: Strobe signal for reading external memory 

P31 1 Output Port 31: Output port 
WR Output Write: Strobe signal for writing data on pins ADO - 7 

P32 1 I/O Port 32: I/O port (with pull-up resistor) 
HWR Output High write: Strobe signal for writing data on pins AD8 - 15 

P33 1 I/O Port 33: I/O port (with pull-up resistor) 
WAIT Input Wait: Pin used to request CPU bus wait 

P34 1 I/O Port34: I/O port (with pull-up resistor) 
BUSRQ Input Bus request: Signal used to request high impedance for ADO - 15, 

AO - 23, RD, WR,HWR, RIW, RAS, CSO, CS 1, and CS2 pins. 
(For external DMAC) 

P35 1 I/O Port 35: I/O port (with pull-up resistor) 
BUSAK Output Bus acknowledge: Signal indicating that ADO-15, AO-23, RD, 

WR,HWR, RIW, RAS, CSO, CS1, and CS2 pins are at high impedance 
after receiving BUSRQ. (For external DMAC) 

P36 1 I/O Port 36: I/O port (with pull-up resistor) 
RIW Output Read/write: 1 represents read or dummy cycle; 0, write cycle. 

P37 1 I/O Port 37: I/O port (with pull-up resistor) 
RAS Output Row address strobe: Outputs RAS strobe for DRAM. 

P40 1 I/O Port 40: I/O port (with pull-up resistor) 
CSO Output Chip select 0: Outputs 0 when address is within specified address 

area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when 

address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be 
accessed using the BUSRQ and BUSAK pins. 
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Pin name 

P41 
CS1 
CAS1 

P42 
CS2 
CAS2 

P50-P53 
ANO-AN3 

VREF 

AGND 

P60-P63 

PGOO-PG03 

P64-P67 

PG10-PG13 

P70 
TIO 

P71 
T01 

P72 
T02 

P73 
T03 

P80 
TI4 
INT4 

P81 
TIS 
INT5 

P82 
T04 

P83 
T05 

Note 1 

TMP96PM40 

N~m.ber 
o pins I/O Functions 

1 I/O Port 41: I/O port (with pull-up resistor) 
Output Chip select 1: Outputs 0 if address is within specified address area. 
Output Column address strobe 1: Outputs CAS strobe for DRAM if address 

is within specified address area. 

1 I/O Port 42: I/O port (with pull-down resistor) (Note1) 
Output Chip select 2: Outputs 0 if address is within specified address area. 
Output Column address strobe 2: Outputs CAS strobe for DRAM if address 

is within specified address area. 

4 Input Port 5: Input port 
Input Analog input: Input to A/D converter 

1 Input Pin for reference voltage input to A/D converter 

1 Input Ground pin for A/D converter 

4 I/O Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 00 - 03 

4 I/O Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis 
(with pull-up resistor) 

Output Pattern generator ports: 10 - 13 

1 I/O Port 70: I/O port (with pull-up resistor) 
Input Timer input 0: Timer 0 input 

1 I/O Port 71: I/O port (with pull-up resistor) 
Output Timer output 1: Timer 0 or 1 output 

1 I/O Port 72: I/O port (with pull-u p resistor) 
Output PWM output 2: 8-bit PWM timer 2 output 

1 I/O Port 73: I/O port (with pull-up resistor) 
Output PWM output 3: 8-bit PWM timer 3 output 

1 I/O Port 80: I/O port (with pull-up resistor) 
Input Timer input 4: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 4: Interrupt request pin with programmable 

rising/falling edge 

1 I/O Port 81: I/O port (with pull-up resistor) 
Input Timer input 5: Timer 4 count/capture trigger signal input 
Input Interrupt request pin 5: Interrupt request pin with rising edge 

1 I/O Port 82: I/O port (with pull-up resistor) 
Output Timer output 4: Timer 4 output pin 

1 I/O Port 83: I/O port (with pull-up resistor) 
Output Timer output 5: Timer 4 output pin 

Case of the settable CS2 or CAS2; when TMP96PM40F is bus release, this pin is not added 

the internal pull-down resistor but is added the internal pull-up resistor. 
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Pin name N~m.ber 
o pinS 1/0 Functions 

P84 1 1/0 Port 84: 1/0 port (with pull-up resistor) 
TI6 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with 

programmable rising/falling edge 

P85 1 1/0 Port 85: 1/0 port (with pull-up resistor) 
TI7 Input Timer input 7: Timer 5 count/capture trigger signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 1 1/0 Port 86: 1/0 port (with pull-up resistor) 
T06 Output Timer output 6: Timer 5 output pin 

P87 1 1/0 Port 87: 1/0 port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with 

programmable levellrising edge 

P90 1 1/0 Port 90: 1/0 port (with pull-up resistor) 
TXDO Output Serial send data 0 

P91 1 1/0 Port 91: 1/0 port (with pull-up resistor) 
RXDO Input Serial receive data 0 

P92 1 1/0 Port 92: 1/0 port (with pu II-u p resistor) 
CTSO lp Serial data send enable 0 (Clear to Send) 

P93 1 1/0 Port 93: 1/0 port (with pull-up resistor) 
TXD1 Output Serial send data 1 

P94 1 1/0 Port 94: 1/0 port (with pull-up resistor) 
RXD1 Input Serial receive data 1 

P95 1 1/0 Port 95: 1/0 port (with pull-up resistor) 
SClK1 1/0 Serial clock 1/0 1 

WDTOUT 1 Output Watchdog timer output pin 

NMI 1 Input Non-maskable interrupt request pin: Interrupt request pin with 
falling edge. Can also be operated at rising edge by program. 

ClK 1 Output Clock output: Outputs I X1 + 4 J clock. Pulled-u p during reset. 

EA 1 Input External access: 0 should be inputted with TMP96C141. 
1, with TMP96CM40 I TMP96PM40. 

ALE 1 Output Address latch enable 

RESET 1 Input Reset: Initializes lSI. (With pull-up resistor) 

X1IX2 2 110 Oscillator connecting pin 

VCC 2 Power supply pin ( + 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (exceptthe RESET pin). 
TMP96PM40 is added to SClKO function. (TMP96C141 does not have this function.) 
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(2) PROMmode 

Table 2.2 (2) Name and function of PROM mode 

Pin function Pin number 
Input! 

Function Pin name (MCU mode) Output 

A7-AO 8 Input P27-P20 

A1S-A8 8 Input Memory address of program P17-Pl0 

A16 1 Input P33 

D7-DO 8 I/O Memory data of pfogram P07-POO 
-
CE 1 Input Chip enable P32 

OE 1 Input Output control P30 

PGM 1 Input Program control P31 

VPP 1 
Power 

12.7SV/SV (Power supply of program) 
-

supply EA 
Power 

VCC 2 supp~ 6.2SV/SV VCC 
Power 

VSS 3 supply OV VSS 

Pin function Pin number 
Input! 

Disposal of pin 
Output 

P34 1 Input Fix to low level (security pin) 

RESET 1 Input 
Fix to low level (PROM mode) 

ClK 1 Input 

ALE 1 Output Open 

X1 1 Input 
Crystal 

X2 1 Output 

P9S-P94, 
3 Input Fix to high level 

VREF 

AGND 1 Input OV 

P37-P3S 

P42-P40 

PS3-P50 

P67-P60 

P73-P70 36 I/O open 

P87-P80 

NMI, 

WDTOUT 

P93-P90 
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3. OPERATION 

This section describes the hardware and basic operation of TMP96PM40 device. 
TMP96PM40 is exchanged mask ROM of TMP96CM40 for PROM. The other 
specifications and functions are the same as TMP96CM40. 
Check the r 7. Care Points and Restriction of TMP96C141 J because of the Care 
described. Regarding the function of TMP96PM40 (not described), see the part of 
TMP96C141. 

3.1 MCU mode 

(1) Mode-setting and function 

The MCU mode is set by opening the CLK pin (Output status). 
In the MCU mode, the operation is same as that ofTMP96CM40. 

(2) Memory Map 

The memory map ofTMP96PM40 is same as that ofTMP96CM40. 
Figure 3.1 shows the memory map of TMP96PM40, and the accessing area by the 
respective addressing mode. 

MCU900-2S4 



TOSHIBA 

Memory Map 

Figure 3.1 is a memory map of the TMP96CM40. 

OOOOOOH 

000080H 

000100H 

000480H 

008000H 

008200H 

010000H 

External memory 
(16M-byte) 

Direct area (n) 

t 

64K-byte area 
(nn) 

16M-byte area 
(R) 
(- R) 
(R+) 
(R + R8/16) 
(R + d8/16) 
(nnn) 

FFFFFFH L--_______ ----' _________ ---'-1_ Ii_. = Internal area) 

TMP96PM40 

Note: The start address after reset is 8000H. Resetting sets the stack pain ter (X8P) on the 
system mode side to lOOH. 

Figure3.1 Memory map 
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3.2 PROM Mode 

(1) Mode setting and Function 

PROM mode is set by setting the RESET and CLK pins to the "L" level. The 
programming and verification for the internal PROM is achieved by using a general 
EPROM programmer with the adaptor socket. The device selection (ROM Type) use 
following conditions. (Set ROM type to TC57l000D) 

Size: 1Mbit (l28KX8bit) VPP: l2.75V TPW: O.lms 

Figure 3.2 shows the setting of pins PROM mode. 

VPP(12.75V/5V) ,---__ ---, 

L-.EA 

P33 
P17 

) 

P10 
P27 

) 

'- P20 

VSS 

«VCC 
VCC -----.J 

P30 _DE 

P32 -CE 

P31 -PGM 

pr } JI-l\ D)7 

POO ~ DO 

RESET I 
ClK ~ 

=VCC 

P95 

P94 ~:: 
AGND P34 - SECURITY 
~------~~ 

Figure 3.2 PROM Mode Pin Setting 

MCU900-2S6 
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(2) Programming Flow Chart 

The programming mode is set by applying 12.5V (programming voltage) to the VPP 
pin when the following pins are set as follows, 
(VCC: 6.25V, RESET: "L" level, CLK: "L" level). 
After the address and data have been fixed, the data on the Data Bus is programmed 
when the CE pin is set to "L" level (O.lms pulse is required). 
General programming procedure of an EPROM programmer is as follows, 

• Write a data to a specified address for O.lms. 
• Verify the data. If the readout data does not match the expected data, another 

writing is performed until the correct data is written (Max. 25 times). 

Then, verify the data and increment the address. 
The verification for all data is done under the condition of Vpp = V cc = 5 after all data 
were written. 
Figure 3.3 shows the programming flow chart. 
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High Speed Program Writing. 

Flow chart 

START 

PASS 

Figure 3.3 Flow chart 
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(3) Secu rity 8 it 

The TMP96PM40 has a Security Bit in PROM cell. 
If The Security Bit is programmed to "0", the content of the PROM is disable to be read 
in PRO M mode. 

How to program the Security Bit. 

1) Set the PROM mode. 
2) Set the security pin (Port34) to "I". 
3) Set programming address to "OOOOOOH". 
4) Set programming data to "FEH". 
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4. ELECTRICAL CHARACTERISTICS 

4.1 Absolute Maximum 

Symbol Parameter Rating Unit 

Vee Power Supply voltage -0.5-6.5 V 

VIN Input voltage - 0.5-Vee + 0.5 V 

2:IOL Output Current (total) 100 mA 

2:IOH Output Current (total) -100 mA 

PD Power Dissipation (Ta = 70°C) 500 mW 

T SOLDER Soldering Temperature (10 s) 260 °C 

TSTG Storage temperature - 65-150 °C 

TOPR Operating temperature -40-S5 °C 

4.2 DC Characteristics 

Vcc=5V± 10%, TA= -20-70°C (4-20MHz) TA= -40-85°C (4-16MHz) 

Symbol 

VIL 
VIL1 
VIL2 
V IL3 
VIL4 

(Typical values are for Ta = 25°C and Vcc = 5V.) 

Parameter Min Max Unit Test Condition 

Input Low Voltage (ADO - 15) -0.3 O.S V 
P2, P3,E1Y5, P6, P7, PS, P9 -0.3 O.3Vee V 
RESET,NMI,INTO(P87) -0.3 0.25Vee V 
EA -0.3 0.3 V 
Xl -0.3 0.2Vee V 

.................................................................................................... 
VIH InputHighVoltage(ADO-15) 2.2 Vee+0.3 V 
V IH 1 P2, P3, MJ>5, P6, P7, PS, P9 0.7Vee Vee + 0.3 V 
V IH2 RESET, NMI, INTO (PS7) 0.75Vee Vee + 0.3 V 
V IH3 EA Vee - 0.3 Vee + 0.3 V 
V IH4 Xl 0.8Vee Vee + 0.3 V .................. .......................................................... ....................... ........................ . ............................................ . 
V OL Output Low Voltage 0.45 V I OL = 1.6mA 
'\j·O'H··· .... · ·O~tp·~·t· .. Hig·h .. ·vcit~;g~· .... · ...... · .. ·2·.·4 .... · ...... · .... · ........................... V' .. ·i·6H·~··::·400~·A ...... · .... · .... · 
V OHl 0.75Vee V I OH = -100j.lA 
V OH2 0.9Vee V I OH = - 20j.lA 

.............. ........................... .................. ..... ........................ .... . ................................................. . 
I DAR Darlington Drive Current -1.0 - 3.5 mA V EXT = 1.5V 

(S Output Pins max.) R EXT = 1.1 kn 

III 
ILO 

Input Leakage Current 0.02 (Typ) ± 5 p.A 0.0 ~ Vin ~ Vee 
Output Leakage Current 0.05 (Typ) ± 10 p.A 0.2 ~ Vin ~ Vee - 0.2 

·i·~~ .. · .... · .... ·Op~·rati;.;·g·C·u~·,:er;t·(RUNj·· .... · .. ·· ·3·0' .. ·(Typ)··· .. · ·60· .. ····· .. · .... · .. · 'mA' ·f~·~·2or\iiH·i···· .... · .... · .... ······ 
IDLE 2.0 (Typ) 10 mA 
STOP (Ta = - 20-70°C) 0.2 (Typ) 50 p.A 0.2 ~ Vin ~ Vee - 0.2 
STOP(Ta=0-50°C) 10 p.A 0.2~Vin~Vee-0.2 

............................................................................................................................................................................. 
V STOP Power Down Voltage 2.0 6.0 V V IL2 = 0.2Vee, 

(@STOP, RAM Back up) V IH2 = O.SVee 
'R'RST .... · .. ·R·E·S·E'T·P~·II·lip·R·egist'o~ ...... · ........ · ·5·0 ...... · ............ ·,·5·0 .... · ........ · .. · "ki'" ............................................. . 
.................... ....................................................... ....................................................... . 
CIO Pin Capacitance 10 pF fe=lMHz 
·V'TH .... ··· .. ·S~·hm·i·tt·V\ii·dth· .. ··· .. ········ .... · .... · .. ·· ·O·X·· .. ········· .. · ·'·:O'·(Typ'j' .. · .. · "·v·" ............................................. . 

RESET, NMI, INTO (P87) 

RK Pull Down/Up Registor 50 150 kl 

Note: I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics 

Vcc=5V ±10% TA= -40-85°C(4-16MHz), TA= -20-70°C(4-20MHz) 

No. Symbol Paramerer 
Variable 16MHz 20M Hz 

Unit 
Min Max Min Max Min Max 

1 tosc Osc. Period ( = x) 50 250 62.5 50 ns 
2 tCLK ClKwidth 2x -40 85 60 ns 
3 tAK AO-23 Valid~ ClK Hold 0.5x - 20 11 5 ns 
4 tKA ClK Valid~ AO-23 Hold 1.5x -70 24 5 ns 
5 tAL AO-15 Valid~ ALE fall 0.5x -15 16 10 ns 
6 tLA ALE fall~ AO-15 Hold 0.5x - 15 16 10 ns 
7 tLL ALE High width x-40 23 10 ns 
8 tLC ALE fall~ RDIWR fall 0.5x - 30 1 -5 ns 
9 tCL RDIWR rise~ ALE rise 0.5x - 20 11 5 ns 

10 tACL AO-15 Valid~ RDIWR fall x -25 38 25 ns 
11 tACH AO-23 Valid~ RDIWR fall 1.5x-50 44 25 ns 
12 tCA RDIWR rise~ AO-23 Hold 0.5x - 20 11 5 ns 
13 tADL* AO-15 Valid~ DO-15 input 3.0x- 55 133 95 ns 
14 tADH AO-23 Valid~ DO-15 input 3.5x- 65 154 110 ns 
15 tRD RDfall ~ DO-15 input 2.0x- 50 75 50 ns 
16 tRR RD low width 2.0x - 40 85 60 ns 
17 tHR RDrise~ DO-15 Hold 0 0 0 ns 
18 tRAE RDrise~ AO-150utput x-15 48 35 ns 
19 tww WRlow width 2.0x -40 85 60 ns 
20 tDW DO-15 Valid~ WRrise 2.0x - 50 75 50 ns 
21 tWD WR rise ~DO-15 Hold 0.5x -10 21 15 ns 
22 tAEH AO-23 Valid~ WAIT input lV;:~~rlp 3.5x - 90 129 85 ns 
23 tAWL AO-15 Valid~ WAIT input lV;:~~rl"- 3.0x - 80 108 70 ns 
24 tcw RDIWR fall~WAIT Hold lWAIT 2.0x + 0 125 100 ns + n mode 

25 tAPH AO-23 Valid~ PORT input 2.5x -120 36 5 ns 
26 tAPH2 AO-23 Valid~ PORT Hold 2.5x + 50 206 175 ns 
27 tcp WR rise~ PORT Valid 200 200 200 ns 
28 tASRH AO-23 Valid~ RAS fall 1.0x -40 23 10 ns 
29 tASRL AO-15 Valid~ RAS fall 0.5x -15 16 10 ns 
30 tRAC RAS fall~ DO-15 input 2.5x - 70 86 55 ns 
31 tRAH RASfall~AO-15 Hold 0.5x -15 16 10 ns 
32 tRAS RAS low width 2.0x -40 85 60 ns 
33 tRP RAS High width 2.0x - 40 85 60 ns 
34 tRSH CAS fall~ RAS rise 1.0x-35 28 15 ns 
35 tRSC RAS rise~ CAS rise 0.5x - 25 6 0 ns 
36 tRCD RAS fall~ CAS fall 1.0x - 40 23 10 ns 
37 tCAC CAS fall~ DO-15 input 1.5x - 65 29 10 ns 
38 teAs CAS low width 1.5x-30 64 40 ns 

* tADL value is different from TMP96C141/TMP96CM40. 

AC Measuring Condition> 
• Output level High 2.2V flow 0.8V , Cl50pF 

(However Cl = 100pF for ADO-AD15, ADO-AD23, ALE, RD, WR, HWR, RiW, ClK, RAS, CASO-CAS2) 
• Input level High 2.4V flow 0.45V (ADO-AD15) 

High 0.8Vcc flow 0.2Vcc (Except for ADO-AD15) 
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(1) Read Cycle 

Xl 

elK ~+---tCLK. ~ 
AO-23 Y ~AK- , : ~:=:::~l-K-A-=--=--------"J-:-K'-

~~ ~: ~~ 
~~--------~----------~----------~----------~~. --

RIW -fE lAWH 
tcw-

lAWL 

WAIT j~ \r- -,V 

Port Input 

'APH :...J..---"" I: 
_ ~II-... e-_-_-_-+t--_-_-_-T-~ -_t~p.tI~ -=-1-::"'.....-;:"],-----"""]-: _ _ _ _ _ _ _ _ __ 

--tASRH~ ! 'RP-I 
-----tRSH~ 11r----------+-------,J-1 

~N ... e----r-~+--4,RAS~ ~ 
tASRL: :RAH~I : tRAC--t- tRSC 

I A E lCAS : I r-
--e-tRCD .... r--- : ~CAC ~ .... 

1---t-----;..--t'ADH 

ADQ-15 

ALE 
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(2) Write Cycle 

X1 

ClK X ~~ ______ ~ __ ~x~~ ______ ~_ 
AO-23 )( )( 

--------~--------~--------~------~ 

cso-2" 1\ !C 
RiW J\ !C 

WAIT 

Port Output 

RAS 

CASO-2" J 

WR, HWR 'i'l.I-+->E ---'---ttww--;--~~l'l . 
1'--___ ---------------'1

1 
~ 

tDW ~·I : 

ADO-15 _ .... --- AO-15)< DO-15 :> 
~~------------~--~ 

ALE J/ 
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4.4 AID Conversion Characteristics 
Vee=5V±10% TA= -40-85°C(4-16MHz) TA= -20-70°C(4-20MHz) 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vcc - 1.5 Vcc 

AGND Analog reference voltage Vss Vss v 
VAIN Analog input voltage range Vss Vcc 

IREF Anlog current for analog reference voltage 0.5 1.5 mA 

Total Low change mode ± 1.5 ±4.0 
error(Quantize 4;;;;fc;;;;16MHz 
error of ± 0.5 High change mode ± 3.0 ± 6.0 
LSB not Low change mode 

LSB 

included) 
± 1.5 ±4.0 

16<fc;;;;20MHz 
High change mode ± 4.0 ± 8.0 

Serial Channel Timing -I/O Interface Mode 4.5 
(1 ) SCLK In put Mode Vee = 5V ± 10% T A = - 40-85 °C (4-16M Hz) TA = - 20-70 °C (4-20MHz) 

~ymbol 
Variable 16MHz 20MHz 

Parameter Unit 
Min Max Min Max Min Max 

tSCY SCLK cycle 16X 1 0.8 /-,s 

toss Output Data ~ Risi ng edge of SCLK tsCy/2 - 5X - 50 137 100 ns 

tOHS SCLK rising edge~ Output Data hold 5X-100 212 150 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK rising edge~ effective data input scy - 5X - 100 587 450 ns 

(2) SCLK Output Mode Vee = 5V ± 10% TA= -40-85°C(4-16MHz) TA= -20-70°C(4-20MHz) 

Variable 16MHz 20MHz 
~ymbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16X 8192X 1 512 0.8 409.6 /-,s 

toss Output Data ~ SCLK rising edge tSCY - 2X - 150 725 550 ns 

tOHS SCLK rising edge~ Output Data hold 2X-80 45 20 ns 

tHSR SCLK rising edge~ Input Data hold 0 0 0 ns 

tSRD SCLK risi ng edge~ effective data input scy - 2X - 150 725 550 ns 

4.6 Timer/Counter Input Clock (TIO, TI4, TIS, TI6, T17) 
Vcc-5V+10% TA- -40-85°C(4-16MHz) TA- -20-70°C(4-20MHz) - - -

Variable 16MHz 20MHz 
!Symbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock Cycle 8X + 100 600 500 ns 

tVCKL Low level clock Pulse width 4X+40 290 240 ns 

tVCKH High level clock Pulse width 4X+40 290 240 ns 

4.7 Interrupt Operation 
Vce=5V+10% - TA= -40-85°C(4-16MHz) TA= -20-70°C(4-20MHz) 

Variable 16MHz 20MHz 
!5ymbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level Pulse width 4X 250 200 ns 

tiNTAH NMf, INTO High level Pulse width 4X 250 200 ns 

tlNTBL INT4-INT7 Low level Pulse width 8X + 100 600 500 ns 

tlNTBH INT4-INT7 High level Pulse width 8X + 100 600 500 ns 
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4.8 Timing Chart for 1/0 Interface Mode 
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4.9 Timing Chart for Bus Request (BUSRQ) / BUS Acknowledge (BUSAK) 

(note 1) 

ClK 

-tcBAl ~ 'r------' ~tcBAH 

__ ... ~ ~tBAA 

ADO-AD15, AO-A23, 
(SO-CS2, RiW, RAS, 
CASO-CAS2 

RD, WR, HWR 

----"\I tABA (Note 2) 
----~~-----------------

(Note 2) 

----~~-----------------

ALE __________ ~\(~j ________________ ~r=\~_ 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

tBRC BUSRQ set·up time for ClK 120 120 120 

tCBAL ClK~ BUSAK falling edge 1.5x+120 214 195 

tCBAH ClK~ BUSAK rising edge 0.5x + 40 71 65 

tABA Output Buffer is off to BUSAK L 0 80 0 80 0 80 

tBAA BUSAK-.J.- to Output Buffer is on. 0 80 0 80 0 80 

(Note 1): 

(Note 2): 

The Bus will be released after the WAIT request is inactive, when the 
BUSRQ is set to "0" during "Wait" cycle. 
This line only shows the output buffer is off-state. 
They don't indicate the signal level is fixed. 
After the bus is released, the signal level is kept dynamically before the bus 
is released by the external capacitance. 
Therefore, to fix the signal level by an external resistance under the bus is 
releasing, the design must be carefully because of the level-fix will be 
delayed. 
The internal programmable pull-up/pull-down resistance is switched 
active/non-active by the internal signal. 
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4.10 Read Operation (PROM Mode) 

DC Characteristic, AC Characteristic 

Symbol Parameter 

Vpp Vpp Read Voltage 
VIHl Input High Voltage (AO-A16, CE, DE, 

PGM) 
VIL1 Input Low Voltage (AO-A16, CE, DE, 

PGM) 

tAce Address to Dutput Delay 

4.11 Programming Operation (PROM Mode) 

DC Characteristic, AC Characteristic 

Symbol Parameter 

Vpp Programing Supply Voltage 
VIH Input High Voltage (DO-D7) 
VIL Input Low Voltage (DO-D7) 

VIHl Input High Voltage (AO-A 16, CE, DE, PGM) 
VIL1 Input Low Voltage (AO-A 16, CE, DE, PGM) 
Icc Vee Supply Current 
Ipp Vpp Supply Current 

tpw PGM Program Pulse Width 

TMP96PM40 

TA = - 40-85°C Vcc = 5V ± 10% 

Condition Min Max 

- 4.5 5.5 
- 0.7 x Vee Vec + 0.3 

- -0.3 0.3 x Vee 

CL = 50pF - 2.25TCYC .;- a 

TCYC =400ns (10MHz Clock) 
a = 200ns 

TA=25±5°C Vcc=6.25V±O.25V 

Condition Min Typ Max 

- 12.50 12.75 13.00 
- 0.2Vee + 1.1 Vee + 0.3 

Unit 

V 
V 

V 

ns 

Unit 

V 
V 

- -0.3 0.2Vee-0.1 V 
- 0.7Vce Vee + 0.3 V 
- -0.3 0.3Vee V 

fc=10MHz - 50 mA 
Vpp = 13.00V - 50 mA 

CL = 50pF 0.095 0.1 0.105 ms 
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4.12 Read Operation Timing Chart (PROM Mode) 

AO-A16 1]\-----------.Jx~ 

CE~ ~~\\ "\~~~~~~ 1///1///11 / /II II //II 
I 

OE ~\\\\\\\\\\\\\ ////1// //////!I/////I; 

I 
PGM ?//II /I /////////// '%\ \\\ \\\ \\\ \\ \\\\ \\\ 

I. tACC 1..----
~ DATAOUT'UT ~>----DO-D7 
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4.13 Programming Operation Timing Chart (PROM Mode) 

High Speed Program Writing. 

AO-A16 X ___________________ X ___ _ 

CE \\\\ \\ \\\ \\\\\ 1/1/l1li11 II Jl/ 

_--J1 \'--_-----1 

DO-D7 UNKNOWN H DATA INSTABLE »)-----« DATAOUTVALID )>-------

PGM ~. trw :V 

Vpp ljj II ////II II 

NOTE 

1. The power supply ofVpp (12.75V) must be set power-on at the same time or the later time for a 
power supply of V cc and must be clear power-on at the same time or early time for a power 
supply of V cc. 

2. The pulling up/down device on condition ofVpp = 12.75V suffer a damage for the device. 

3. The maximum spec ofVpp pin is 14.0V. Be carefull a overshoot at the program writing. 
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4.14 Typical Characteristics 

Vcc=5V, Ta=25°C, Unless otherwise noted. 

VcdV) Icc (rnA) 

6 30 

20 

.' 
4~----~----~----~--~~~----~~ 

3~----~----~----~----~----~~ /1' 
10 

5 

Figure 5.1 

Icc (rnA) 

10 15 20 25 5 

Vcc - fosc TYPICAL CURVE 
fosdMHz) 

40 
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o 
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Figure 5.3 Icc - Vcc TYPICAL CURVE 
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5. TMP96C141ITMP96CM40ITMP96PM40 Different Points 

TMP96C1411TMP96CM40/TMP96PM40 have much the same function but they are 
different from following points. 

Parameter TMP96C141 TMP96CM40 TMP96PM40 

Internal ROM not exist Mask ROM32K-byte PROM32K-byte 

POO to P07, 
Only ADO to AD7 After reset POO to P07 

ADOto AD7 

P10 to P17, 
AD8to AD15, Only AD8 to AD15 After reset P1 0 to P17 
A8to A15 

P30, RD Only RD After reset P30 
-

P31,WR OnlyWR After reset P31 

TMP96C141 does not TMP96CM40ffMP96PM40 have the SCLKO 
have the SCLKO function. 

P92,CTSO,SCLKO 
function. Serial chanel 0 have the 1/0 interface mode. 
Serial chanel 0 does 
not have the I/O 
interface mode. 

MCU900-271 



TOSHIBA TMP96PM40 

MCU900-272 



TOSHIBA 
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TOSHIBA TLCS-900 APPLICATION CIRCUIT 

APPLICATION CIRCUIT 

(1) Resonator 

The TLCS-900 incorporates the oscillation circuit, so that it can easily obtain the 
required clock by connecting the resonator to pins (Xl and X2). 

Table 1 Ceramic Resonator (Murata Manufacturing Co., Ltd) 

Frequency Product No. (1 =(2 Rd 

4MHz (SA4.00MG 30pF 0 kn 
4MHz (ST 4.00MGW (Built-in 30pF) 0 kn 
8MHz (SA8.0MT 30pF 0 kn 
8MHz (ST 8.0MT (Built-in 30pF) 0 kn 

12MHz (SA 12.0MT 30pF 0 kn 
12MHz (ST 12.0MT (Built-in 30pF) 0 kn 
16MHz (SA 16.00MX040 SpF 0 kn 

220192 

Table 2 Ceramic Resonator (KYOCERA CORPOLATION) 

Frequency Product No. (1 (2 Rd 

4MHz KBR-4.0MSA 33pF 82pF 0 kn 
10MHz KBR-10.0M 33pF 33pF 0 kn 
12MHz KBR-12.0M 33pF 33pF 0 kn 

220192 

030289 

Figure1. Resonator Connection 
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(3) Recommended Circuit for External Clock Input 

TC74HCU04P __ 
I-!---*-- STOP 

(The internal circuit of TLCS-900) 

Condition: Duty of point A 50 ± 5% (@ Vcc / 2) 
CL = 50pF (max) of point A, B 

The single drive from X1 is recommended for application using STOP mode, because 
X2 is fixed to "H" level (X1 :high-impedance) during'stop. 

(4) POWER ON RESET Circuit 

::::< 100kn 

1,uF 

The internal circuit ofTLCS-900 
180890 
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CHAPTER4 PACKAGE 
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100 pin MFP (Mini Flat Package) 

PACKAGE NAME: QFP100-P-1414 

16 O±O 2 . - . 
14.0±0.2 

75 

J 
i-76-

0 
100 

51 

If.! >iHHHHHHHHH 

1 25 

1.0TYP -.. f.- O.2±O.1 

PKG900-1 . 

PACKAGE 

Unit: mm 

50 

C\I N 

~ li 
0 0 ...; <0 

26 
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