







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA TMP96C141

(internal clock)
Tl4 pin input
ternal tri | ‘l Load the up-counter value into Capture
(external trigger pulse) Register 1 &AN). INT4 occurred P

2" INTTRS
/ﬂ occurred

Count clock ””"""" ””""” "”"""
C c+p

Load the up-counter value into
Capture Register 2 (CAP2).

Match with TREGS

f

Inversion
ena

Timer output pin TO4

Pulse width

/

Enables inversion caused
by loading of the up-
counter value into CAP1.

;' /
(p) ' Disables inversion caused by loading of
the up-counter vaiue 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 T14 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.

Count clock ””””"" ”"”"

(internal clock) C1 2

TFF1 ! '
]

c1 i

1

]

Loading UC16 into CAP1

Loading UC16 into CAP2 \ T !]
I L

TNTTO/INTT?

Cc2

!1
i

—1 """

010289
Figure 3.9 (16) Frequency Measurement
For example, if the value for the level “1” width of TFF1 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 16-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 CAP1 and CAP2 at the rising edge and
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs
at the falling edge of TI4.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 = 80
microseconds.

Count clock ”””””" """”"
1 2 -7

(internal clock) C

T14 pin l———]
(external pulse) | . ! H :
1
c1 1 n C1 |
3 ¥ 1

Loading UC16 into CAP1

!
( \*ﬂ ) " 2
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 of TI4 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 C1 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 T14 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC4 value into CAP1 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 CAP1 and
CAP2 has been done.
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Count clock ”"""" o __Jmnn.ﬂ. —————

(internal clock) c1 C2

41
1

K [
\
N

Ti4 pininput

Loading UC16 into CAP1

Loading UC16 into CAP2

e
—3 T = 1

INT2

i
1
I
i
1
i
INT1 n
i
1
|
1
i
1

010289

)
Time difference !
[}
1

Figure 3.9 (18) Time Difference Measurement

(5) Different Phased Pulses Output Mode

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 (TREGS5) match, the
value in TFF4 (TFF5) is inverted and output to TO4 (TO5).

This mode can only be used by 16-bit timer 4.

Counter
(free-running)

Match with TREG4 ﬂ |-| ”
Match with TREG5 /ﬂ H ﬂ

TO4

TOS
Figure 3.9 (19) Phase Output

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

16MHz 20MHz
$T1 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 PG1) 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 (PGO0 and PG1) 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 (PGO1CR) 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 PG1 can be used independently.

All PG operate in the same manner except the following points, and thus only the
operation of PGO will be explained below.

Different Points between PGO and PG1
PGO PG1

TiggerSignal | fromTimmer4 | from Timmer5

(N
o7 P63/PGO3
PGO3 —»D
1-2 excitation L . (P67/PG13)
r‘—_———J 1/2 excitatjon
b3
————>| SAO03
: Crer
PG02 P62/PG02
— I:] (P66/PG12)
— € v
g9 o
- Z2 |&8
©
b [ PeipGO!
= L (P65/PG11)
b1—’ SA01
b4 i
PGUZ'_—>D P60/PG0O0O
F—-————J (P64/PG10)
bo—’ SA00
~ A

Figure 3.10 (1) PG Block Diagram
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7 i 6 i 5 i 4 i 3 i 2 1 1 i 0
PGO1CR |bit Symbol | PAT1 | CcCcw1 i PGIM i PGITE i PATO | CCWO i PGOM i PGOTE
(004EH) fpeadnwrite R/W ' R/W
After reset 0 0 0 oo 0 0 0 oo
PG1write :PG1 PGl mode PG1 IPGOwrite iPGO GO mode :PGO
mode Rotaing  i(excitation)itrigger  :mode Rotaing xcitation):trigger
0: 8bit idirection 0: texcitationiinput 0 8bit idirection Texcitationtinput
Function write  :0: Normal | %7 éenable i write i0:Norma or genable
, i rotation ¥Ry gisable i rotation:, 2®U%g. gicable
1: 4bit L. 101 e :1: 4bit : 1-2 ey
. :1: Reverse : ... il:enable : . 11: Revers: ... _‘l:enable
write rotation' excitation : : write rotation: excitation :
L 1 | | |

|—> PGO Triggerinputenable

0 | Triggerinputdisable to PGO

1 | Triggerinputenable to PGO

L— > Setthe operation mode of PGO

0 1 or 2 excitation (full step)

1 1-2 excitation (half step) / PG mode

PGO (stepping motor control)
Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PGO write mode
0 | 8-bitwrit

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 a) Pattern Generation Control Register (PGO1CR)
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7 6 5 4 3 2 i1 i
PGO1CR [bit Symbol | PAT1 ccwi PGIM | PGITE [ PATO CCWO | PGOM | PGOTE
(004EH) [readivrite| R/W : RIW
After reset o i o { o i o f{ o i o i o I o0
PG1write :PG1 PG1 mode :PG1 PGOwrite :PGO PGO mode :PGO
mode iRotaing  i(excitation)itrigger  imode iRotaing  i(excitation):trigger
0: 8bit :Ednrectnon 0 1exmanon§;nnpl:)tl 0 8bit :Edlrectlon 0 1excctatlon:slan|l;le
Function write  :0: Normal : ;r tation able i write  (0: Normal : ;' itati réena
A rotation:, 2®"¥O%y: disable i . rotation:, . exCItation . disable
1: 4bit : e > i1: 4bit H HERD i
write 17 Reverse ! tation |V enable rite 17 Reverse ! itation. enable
rotation§ excita IDI’Ié write H rotation§ excita IOn;
I I I |

PG1triggerinput enable

Trigger input disable to PG1

Trigger input enable to PG1

L— > Set the operation mode of PG1

1 or 2 excition (full step)

1-2 excitation (half step) /PG mode

PG1 (stepping motor control)

Rotai

ng direction control

Normal rotation / PG mode

Reverse rotation

Selecting PG1 write mode

8-bit write

4-bit write /PG mode
(Only shifter alternate register can be
written.)

Figure 3.10 (2 b) Pattern Generation Control Register (PGO1CR)
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7 i 6 i 5 i 4 i 3 i 2 i )
PGOREG [bit Symbol | PGO3 i PGO2 | PGO1 @ PGOO : SAO3 | SA02 | SAO1 | SAQO
(004CH) Read/Write W R/IW
After reset 0 0 0 0 Undefined

Pattern Generation 0 (PGO) output  iShift alternate register 0
latch register iFor the PG mode (4-bit write) register

Function Reading the P6 that is set to the
PG port allows to read-out. :

Prohibit Read

modify write
Figure 3.10 (3) Pattern Generation 0 Register (PGOREG)
7 ¢ 6 i 5 i 4 i 3 2 i1 0
PG1REG |bit Symbol | PG13 : PG12 : PG11 [ PGI0 : SA13 SA12 i SA11 | SA10
(004DH) | geadiwrite w R/W
After reset 0 : 0 0 0 Undefined

Pattern Generation 1(PG1) output  :Shift alternate register 1
latch register {For the PG mode (4-bit write) register

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

Prohibit Read
modify write

Figure 3.10 (4) Pattern Generation 1 Register (PG1REG)
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7 ¢ 6 i 5 i 4 i 3 2 i 1 i o0
T45CR [bit symbol [  ~ ! PGIT | PGOT | DBGEN @ DBA4EN
(003AH) [Read/write| R/W | R/W
After reset 0 0 0 0 0
Fixat"0" ! prap ipGoshift  : Double buffer

trigger itrigger 1 0: Disable
0:8-bit timer :0:8-bittimer | 1: Enable
i trigger i trigger i
 (timer0,1) ; (timer0.) {Double  : Double
A:16-bittimer :1:16bittimer : hyffer of | buffer of
{ tigger tigger I TREG6  : TREG4

I (timer5) . (timerd) : )

\‘—’ Double buffer control

0 | Disable

1 Enable

X Always
read as
Function "o

DB6EN : Double buffer of TREG6
DBA4EN : Double buffer of TREG4

> Selecting PGO shift trigger

0 | 8-bittimertrigger (timer0, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer0, 1)

1 16-bit timer trigger (timer 5)

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) > A >
Select PGO |, port60~63
»_] B 'S —>
16-Bit timer 4 PéOT L
> A [—>
Select PG1 L Port64~67
16-Bit timer 5 B ; >
PGI1T

Figure 3.10 (6) Connection of Timer and Pattern Generator

(1) Pattern Generation Mode

PG functions as a pattern generation according to the setting of PGO1CR <PAT1> /
<PATO0>. 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 PGO1CR<PGOM>and <PG1M>to 1, and PGO1CR <CCW0> and
<CCW1>to0.

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.

Trigger Signal from Timer n I-I rI I_I
1

/Timer Interrupt Writing data to SA03-00 on
L Timer Interrupt i ] ‘ 1

|
Shift alternate register n-1 \ x n } \ X n+1 ’\ X n+2 ‘vX n+3
output \\ Shifting data from \V &\ \‘\
(SA03-00) SA03-00 to PG03-00
Pattern Generator register X n-1 X n x n+1 x n+2

output
(PG03-00)

Example of pattern generation mode
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N 4
shift alternate register PGO3 II__.]fPGGgS;
— .
< SA
05
1
PGO2
PGO2 D(PGZ)
v T
S
= SA02
e a—
_| Bus2 port
it 1
f =
- PGO1
© PGO1 [ Jeon)
+ |
=}
Tlee— SAO1
BUS1
1
PG00
PG00 [ lipo0)
|
e SAQD
BUSO

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
@  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 (PGO0) is selected.

Trigger signal

. n - n m [ 7
PG00 (760) ba b7 b6 bs b4 I |
b1 (P61) bs b4 b7 [os b5 [
PGO2 (P62) 15—' bs b4 b7 fes ]
PGO3 (P63) b7 b6 b5 b4 b7 M 1
t

Initial value PGOREG « 0100 x x X x

Note : bnindicates the initial value of PGOREG <« b7 b6 b5 b4 X X X X

®  Normal Rotation

Trigger signal

n_.n _n _n _n _mn 7
5600 (760) b4 bS b6 b7 b4 [ 1
PGO1 (P61) é_bs_’bs—hﬂ b4 bs
PGO2 (P62) bﬁ_] b7 b4 b5 o6 |
PGO3 (P63) b7 b4 bs | [

f

Initial value PGOREG « 0100 x x x X

®  Reverse Rotation

010289

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

from timer n I'I n
iba b7

PGOO (P60) ,____I b6 Lb5
b5 4

PGOT(PET) & b b7 b6

PGO2(P62) i D6 I bs b4 b7

PGO3 (P63) |57 b6 b5 ba

Initial value PGOREG « 1100 x x X X

Figure 3.10 (9) Output Waveforms of 4-Phase 2-step Excitation (Normal 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<CCWO0>: Normal rotation
(PG00—»PG01-»PG02—PG03) when <CCWO0> is set to “0”; reverse rotation
(PG00«PG01<PG02«<PG03) when “1”. 4-phase 1-step excitation will be selected when
only one bit is set to “1” 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 1-step/2-step
excitation mode is selected.
Figure 3.10 (10) shows the block diagram.

b7

Shift alternate Register

PGO Output latch

b3

bus

b6

> SA03

PGO3 —>{1PG03 (P63)

b2

b5

> SA02

|
PG02 i——»l:] PG02 (P62)

L

b1

Internal

b4

o]

PGO1 i——»lj PGO1 (P61)

b0

> SA00

L "
PGOO I————»D PG00 (P60)
[

KL isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (10) Block Diagram of 4-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.

R mane! M il n M n n il
b4 b0 Ib? b3 b6 |b2 b5 b1
PGOO (P60) :

‘bs b1 ba b b7 b3 b |b2
PGO1 (P61) | 6
PGO2(P62) b6 I b2 bS b1 b4 bo b7 b3
PGO3 (P63) | D7 b3 b6 | b2 b5 b1 b4 b0

Initial value PGOREG « 11001000

Note: bndenotes the initial value PGOREG <« b7 b6 b5 b4 b3 b2 bl b0

@®  Normal Rotation

Trigger signal

from timer I'I I'I I-l n |-| I..I n
PGOO (P60) b4 il b5 b2 [ b6 b3 b7 L bo
PGO1 (P61) bs b2 b6 b3 b7 ] bo ba b1
PGO2 (P62) b6 b3 b7 bo b4 b1 bs b2
PGO3 (P63) tﬂ—l bo b4 b1 b5 b2 b6 b3

}

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 b0” to “b7 b3 b6 b2 b5 bl b4
b0”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b7, b3, and b6 are set to “1”, the initial value becomes “110010007,
obtaining the output waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values 1’s and 0’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 0.

The output latch of PGO (shared by P6) and the shifter alternate register (SA0) 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 PGOLCR<CCW0>.

Figure 3.10 (12) shows the block diagram.

b u

Internal

Shifter alternate
register
b7

PGO Output

PGO3

S EETH

Ly

b6

L
92 [ sa02
[}

Ly

JL

b5

e ]
!

b4

L
[ oa |
A

L

+— PGO3 (P63)

PG02 '————> PGO2 (P62)
PGO1 ]—————» PGO1(P61)
PG00 > PGOO (P60)

A1 isshowing 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 (PG0) by 4-phase 1-2 step excitation (normal
rotation) when timer 0 is selected, set each register as follows.

TRUN € - X - - - - - 0 Stop timer 0, and clear it to zero.
TMOD «00XX--01 Set 8-bit timer mode and select ¢T1 as the input clock of timer 0.
TFFCR ¢« XXX 01010 Clear TFF1 to zero and enable the inversion trigger by timer 0.
TREGO « * % % % % x % x Set the cycle in timer register.
P6BCR ¢ ----1111 Set P60~P63 bits to the output mode.
P6FC ¢ - ---1111 Set P60~P63 bits to the PG output.
PGOICR ¢ - - - ~-0011 Select PGO 4-phase 1-2 step excitation mode and normal rotation .
PGOREG « 11001000 Set an initial value.
TRUN «1X---- - 1 Start timer 0.

Note: X;don’tcare -;nochange

(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 of the timer.

Table 3.10 (1) Select of Trigger Signal

TFF1inversion ‘ PG shift

Selected by TFFCR
bit i d <TFF1IS> when the up-
8-bit timer mode counter value matches

TREGO or TREG1 value.

When the up-counter
value matches with both

16-bit timer mode |TREGO and TREG1 values -
(The value of up-counter
= TREG1*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
PWM output mode | value matches TREGO
value and PWMi cycle.

Trigger signal for PG is
not generated.

Note : To shift PG, TFFCR <TFF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 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/UC5value matches TREG5/TREGT.
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When using a trigger signal from Timer4, set either TAFFCR<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 TSFFCR<EQT7T6>to 1.
Generates a trigger when the value in UC5 and the value in TREG7 match.

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 TO1 pin (shared by P71).

|
1
TREG1
101 (P71) [1 [ [ [

TREGO I I

PGOO (P60)

—

PGO1 (P61) I

PGO2 (P62) |
PGO3 (P63) I I

Figure 3.10 (13) Output Waveforms of 4-Phase 1-step Excitation

—

Setting example:

76543210

TRUN ¢« -X----00 Stop timer 0, and clear it to zero. .

TMOD « 10X X XX01 Set timer 0 and timer 1 in PPG output mode and select
$T1as the input clock.

TFFCR € X X X 00 11X Enable TFF1 inversion and set TFF1to “1”.

TREGOD « * * * % % % % % Setthe duty of TO1 to TREGO.

TREGL & * * * o & % % Setthe cycle of TO1 to TREG1.

P7CR € X XXX --1-

PTFC e X X X X - - 1 X } AssignP71asTO1.

P6CR ¢ ----1111 _

PBEC e - - - - 1111 } Assign P60-63 as PGO.

PGOICR ¢« - - --000 1 Set PGO in 4-phase 1-step excitation mode.

PGOREG « * * * % % % % % Setan initial value.

TRUN «1X----11 Start timer 0 and timer 1.

Note: X;don’t care -;no change
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3.11 Serial Channel

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

The serial channel has the following operation modes.

® /O interface mode ———————— Mode 0: To transmit and receive /O data as

(channel 1 only) well as the synchronizing signal

Note : TMP96C141A / TMP96CO41A / SCLK for extending I/O.
TMP96CM40 / TMP96PM40 with
channel 0 and 1 Mode 1: 7-bit data
® Asynchronous ‘E Mode 2: 8-bit data
transmission (UART) 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 (multi-controller
system).

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

® Mode 0 (/O interface mode)

HEE B0 60O 6

-«— Transfer direction

Mode 1 (7-bit UART mode)

o noan00r
POO0 00000

Mode 2 (8 bl't UART mode)

Mode 3 (9-bit UART mode)

N0 n0 000"
PONO0 000 60nC

When bit8 = 1, address (select code) is denoted.
When bit8 = 0, data is denoted.

Figure 3.11(1) Data Formats
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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
SCOCR/SC1CR < 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 (4T0, ¢T2, ¢T8, and 4T32) 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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7 i e fos ioa i3 b2 i o1 1o
SCOMOD bitSymbol | TB8 i CTSE | RXE : WU i SM1 : SMO : SC1 | SCO
Read/Write RIW
(0052H) [—=1 ; . : ; : : :
After reset 0 : 0 H 0 : 0 : 0 : 0 H 0 H 0
Transfer :Hand iReceiving §Wake up iserial transmission  Serial transmission
data ishake  iFunction :Function imode iclock (UART)
Bit8 | 0 R,ece'l"e§ 00: VOinterface  00: TOO Trigger
) i disable 10: disable 01: 7-bit UART i01: baud rate
Function : :1: Receive: : . :
10:CTS  © enable i 1: Enable {10: 8-bit UART i generator
i disable! {11: 9-bit UART 10: Internal clock 1
itrers i11: don'tcare
i enable : H :
L 1 _1 1 | ] ]

]

l—* Serial transmission clock (UART)

00 |Timer 0 match detectsignal

11 |don’tcare

L——> Serial transmission mode

00 [I/Ointerface mode

01
10 {UART  8-bitlength
1 i 9-bitlength

Note : I/Ointerface mode can not

be used by the TMP96C141
Wake-up Function

9-bit UART Other mode

0 |Interrupt when
data are received don't care

1 |Interrupt only
when RB8 = 1

Receiving Function

0 |Receive Disable

1 |Receive Enable

Hand shake function (CTS Pin) enable

0 |Disable (always Transferable)

1 {Enable

Transmission data bit 8

Note: Thereis SCIMOD (56H) in Channell
Figure 3.11 (2) Serial Mode Control Register (channel 0, SCOMOD)
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7 6 | 5 i 4 3 2 1 0
SCOCR bitSymbol | RB8 : EVEN : PE OERR PERR FERR SCLKO 10O
(0051H) Read/Write R RIW R( clearecf to Zero wl:-en read) RIW
After reset 0 : 0 : 0 0 : 0 0 : 0
Received éParity %Parity : 0: SCLKO 0
data :0:0dd addition | 1: error i () isaudrate
Bit8 :1:Even Disable:.. : Generator
Function : Enable ! P ) 11:SCLKO 1:SCLKO
: t Qverrun ! Parity raming :
: i (j );Pin input
] | | | | L
I—» Select /0 interface input clock (Note1)
0 [Baud rate generater
1 [SCLKO Pininput
Note1 : for TMP96C141, fix this bit to "0".
Edge selection in SCLK pin input mode (Note1)
Transmits and receives ( _ 4 )
0 data at raise edge of SCLK
Transmits and receives ( ~ y__)
! data at fall edge of SCLK
Note1 : for TMP96C141, fix this bit to “0”.
——>Framing error flag a dto2
. eared to Zero
———>Parity error flag when read.
————>Overrun error flag
Enable parity addition
0 [Prohibition (disable
1 |Permission (enable)
Addition/ check of even parity
0 (Odd parity
1 |Even parity
Receving data bit 8
Note: Serial control register for channel 1 is SC1ICR (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, SCOCR)
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7 L6 i o5 iooa4a o3 io2 i1 i oo
BROCR | bit Symbol — i { BROCK1 ; BROCKO i BROS3 : BROS2 ; BROS1 : BROSO
(0053H) readnwrite RIW
After reset 0 0 0 0o 0 N 0
Fixat"0"
: § 00: ¢4T0 (fe/d) i
) i 01: ¢T2(fc/16) Setting of the Divided frequency
Function : :
1 10: ¢T8 (fc/6d) :
§11: ¢T32 (f256)
| i
Setting of the divided frequency
of baud rate generator
0000 |16 divisions
0001 |Don’tset .
0010 |2to 15divisions
§
111
L— > Selecting the input clock of
baud rate generator
00 |Internal clock ¢TO (fc/4)
11 |Internal clock ¢T32 (f¢/256)
Note: Asall 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 1 0
} TB7 { TB6 ;: TBS | TB4 : TB3 : TB2 ; TB1 ; TBO [(Transmission)
SCOBUF

50H
(50H) 7 6 5 4 3 2 1 0

' RB7 | RB6 | RB5 | RB4 | RB3 { RB2 : RB1 RBOJ (Receiving)

Figure 3.11(5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF)
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7 {6 i s i a4 i o3 i o2 i a1 i o
scIMOoD bitSymbol | TB8 { — | RXE ! WU  SM1 i SMO : SCI i SCO
Read/Write R/W
(0056H) - - - g - g g
After reset 0 H 0 : 0 ; 0 : 0 H 0 : 0 ; 0
Transfered : Fix at “0” iReceiving iWake up Serial Transmission iSerial Transmission
data i iFunction iFunction imode iclock (UART)
Bitg | i0: Receive:0: disable (00: VOinterface i00: TOO Trigger
; i disable i1: enable mode i01: Baud rate
Function i1: Receive; i01: 7-Bit UART i generator
: Enable ! {10: 8-Bit UART i10: Internal clock @1
: i11: 9-Bit UART 11: don’t care
L | L | 1 I ]

]

I——> Serial transmission clock (For UART)

00 [Timer 0 match detect signal

don’tcare

Note: The clock selection for the 1/0 interface
mode is controlled by the serial control
register (SCICR).

— Serial transmission mode

00 | I/O interface mode

UART mode :

11 {9.Bit length

‘————> Wake up Function

9-Bit UART Other mode

0 |Interrupt when
dat. i

d don’t care

1 |Interrupt only
whenRB8 =1

‘> Receiving control

0 [Receive disable

1 |Receive enable

Transmission data bit 8

Figure 3.11(6) Serial Mode Control Register (Channel 1, SCIMOD)
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7 6 i 5 a i o3 § o2 i o1 i o
bitSymbol |  RB8 EVEN : PE OERR PERR FERR : SCLKS : 1OC
(SS;EE) Read/Write R : R/W R (clear:to Zero when: read) R/W
After reset : 0 : 0 0 : 0 : 0 0 : 0
Received iParity  :Parity :SCLK1 (0
data :0:0dd addition ! J—>§Baudrate
Bit8 1 Even :0: Disable: i generator
Function : l Enable Overrun : Parity  Framing :SCLK1 1 S(FLK1
: : : : iPin input
: )
L | | | I I | 1 ]

Select I/O interface input dock

0 |Baud rate generate

1 [SCLK1 Pininput

Edge selection in SCLK pininput mode

Transmits and receives ( J_ )
data at raise edge of SCLK

Transmits and receives ( { )
data at fall edge of SCLK

Framing error flag
Parity error flag
Overrun error flag

Cleared to Zero
when read

Enable parity addition
0 |Disable

1 |Enable

Addition/ check of even parity

0 |0Odd Parity

1 |EvenParity

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, SC1CR)
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7 6 | s 1 4 1 3 2 1 1 1 o

BR1CR |_bitSymbol — { BRICK1 | BRICKO i BR1S3 | BR1S2 i BRIST i BR1SO
(0057H)| readwrite RW

After reset 0 0 0 0 0 0 0

Fixat 0"}
00: ¢TO (fc/4)

01: 72 (fc/16)
10: ¢ T8 (fc/64)
11: ¢T32 (f/256)

Setting of the Divided frequency

I Setting of the divided frequency of baud rate
generator

16 divided

Function

§ 2 to 5 divisions

L Selecting the input clock of baud rate generator

00 {Internal clock ¢T0 (fc/4)

1 Internal clock ¢T32 (fc/256)

Note: To gse baud rate generator, set TRUN <PRRUN >to “1”, putting the prescaler in RUN
mode.

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

7 6 5 4 3 2 1 0
| TB7 | TB6 | TB5  TB4 { TB3 | TB2 | TB1 | TBO l(Transmission)

SC1BUF

0054H
( ) 6 5 4 3 2 1 0

| RB7 : RB6 ; RBS i RB4 [ RB3 | RB2 : RB1 : RBO |(Receiving)

Figure 3.11(9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF)
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7 ¢ 6 o5 io4 i3 i 2 0 1 i o0

PoFC | bitSymbol : i P9SF i i P93F i P92F { P9OF
(001DH)| Readnrite Pw Ewoiow L w
: P0G o i o i 0

{ 0:PORT : i 0:PORT i 0:PORT : ; 0: PORT

1:SCLKY £ 1:TxD1 { 1:SCLKO i 1: TxDO

Prohibit Read
modify write
Setting P90 as TxDO output
Note: The TMP96CM40 and TMP96PM40 0 |Port output
have register PO2F, The TMPOSCI41 | | [
does not. (In other wordes, SCLK 0
cannot be specified.)

1 {TxDO {(channel 0} output

—> Setting P93 as TxD1 output

0 {Port output

1 {TxD1 (channel 1) output

Setting P95 as SCLK output

0 [Port output

1 [SCLK1 {channel 1) output

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

7 i 6 i s i o4 i 3 i 2 i 1 i o
ODE | bitsymbol |~ ¢ P~ ! ODET | ODEO
(0058H)| Read/write RIW

. H H H 0 : 0
i P93 i P90
0: CMOS  0: CMOS
1: OPEN i1: OPEN
: Drain Drain

Setting P90 as Open-drain output
0 |CMOS output

1 [Open-drain output

—> Setting P93 as Open-drain

0 |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 0.

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

BROCR<BROCK1, 0>

TOOTRG (Timer 0 comparator output)

1
1
1
1
[ Binin S fetedadatedadated - :
| L =
1 . o '
1870 (fc/d) 4> 5 o ! “ ! SIOCLK
9T2(f/16) = T ° ' v !
1$T8 (fc/6d) > = o i > !
19732 (fc/256) > | [ & | < |
) 1 ]
: L o | K i
: +- Bau 'i‘e === | scomop !
141 (fc/2) generator <SC1,0> !
H )
1 ]
1 ]
1 ]
e 2
INTRXO INTTXO
Receive SCOMOD Serial channel Transmission
counter <WU> —»interrupt counter
(+16) control (+16)
RXDCLK ¥ A TXDCLK | f
SCOMOD . e
<RXE>-—>» Receive Transmission
control > control
SCOCR
<PE> <EVEN>

Parity control

RxDO D————>] Receive bufferi(Shift register)

(Shared by P91)

iyt

Thereisn'tin
channel 1

| RB8 IReceive butfer2 (SCOBUF) H Error flag ] | TB8 |Transmission buffer (SCOBUF) |—>D TxDO
LNRLIL (Shared by P90)
SCOCR
<OERR><PERR><FERR>
S Internal bus

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 channel 1.

romeooee- Serial clock generation circuit —-=====---------momnoo- 1
' . 1
E BR1CR<BR1CK1,0>  TOOTRG (Timer 0 comparator output) |
re=q-frmmm—————— ) . H
' ! W VL i
H i - 1 ° UART ; !

910 (fd)  ~bt b ] - - | SIOCLK
1$T2(f/16) == C|_| = : b bt ;
1478 (f/64)  —»] = “ i o ° !
1 ! V - ! w w '
14732 (fc/256) > N ‘ i
! i i 1 1 :
i I __Baudrate H 1
i " generator SCIMOD SCIMOD |
141 (fc2) <sC1,0> <SM1,0> |
i < i
] [} 1
] - 1
i o | VO interface mode |
5 |
v ]
'
1}
1
4

SC1MOD
<loCc>
E ’
INTRX1 INTTX1
Receive SC1MOD| Serial channel Transmission
counter WU >—> interrupt counter
(UART only +16) control (UART only +16)
RXDCLK ¥ 1 TXDCLK 1
SCIMOD Receive Transmission
<RXE>~ control > control
SCICR
<PE> <EVEN>
Parity control
RxDO D———w—ll Receive buffer1(Shift register)

(Shared by P94)

JL

RB8 | Receive buffer2 (SC1BUF) 1

| 188

Transmission buffer (SC1BUF)

TxDO

FErrorﬂag J
T T 1

SCI1CR
<OERR><PERR><FERR>

Y ¥y

(Shared by P93)

Internal  bus

Figure 3.11 (13) Block Diagram of the Serial Channel 1
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@® 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, ¢T0 (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.

® UART mode

Input clock of baud rate generator =16

Transfer rate=
Frequency divisor of baud rate generator

® I/O interface mode

Input clock of baud rate generator

Transfer rate=
Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows.

¢ T0="fc/4
$T2="fc/16
$T8="fc/64

¢ T32="1c/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= ———fﬂs-lﬁ— +16

=12.288x105/16/5/16 =9600 (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 0.
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Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (kbps)
fc [MHz) Frequemydmsﬁpm clock (o) (f&ris) (feioa) (4256)
9.830400 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
T 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

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

Note:

Table 3.11 (2)Selection of Transfer Rate (1) (When timer 0 (input Clock ¢T1) is used

Unit (kbps)
fc 12.288 12 9.8304 8 6.144
TREGO MHz MHz MHz MHz MHz
H 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

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

Transfer rate =

fc

Input clock of timer 0

TREGOx8x 16

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

$T1 = fe/g
¢T4 = fuz;
#TI6 = fc/128

Note: Timer 0 match detect signal cannot be used as the transfer clock in /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 (channel 1 only)

When in SCLK output mode with the setting of SCICR<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> =
“1”, 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 (UART) mode

According to the setting of SCOCR and SC1CR <S8C1, 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 (UART) 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 “1”, “0” and “1” at 7th, 8th and 9th clock
respectively, the received data is evaluated as “1”. The sampled data “0”, “0” and
“1” is evaluated that the received data is “0”.

Receiving Control

1) I/O interface mode (channel 1 only)

When in SCLK1 output mode with the setting of SCICR<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 SCICR<IOC> =“1” RxD1 signal
will be sampled at the rising edge or falling edge of SCLK input according to the
setting of SCICR<SCLKS> register.

2) Asynchronous communication (UART) 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 INTRX0/INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the receiving buffer 2
(SCOBUF/SC1BUF), the received data can be stored in the receiving buffer 1.
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>/SC1CR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is
enabled by setting SCOMOD<WU>/SCIMOD<WU> to “1”, and interrupt
INTRXO0/INTRX1 occurs only when SCOCR<RB8> /SC1CR<RB8>is set to “1”.

®  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.

soce LD I LA AR AANRAAR]N

15 16 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 it 2
]

TXDCLK I-:-i ’ h‘

Figure 3.11 (14) Generation of Transmission Clock

@  Transmission Controller
1) I/O interface mode (TMP96C141 is only channel 1)

In SCLK output mode with the setting of SCICR<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 SCICR<IOC> =*1”, the data in the
transmission buffer are output bit by bit to TxD1 pin at the rising edge or falling
edge of SCLK input according to the setting of SCICR <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 CTSO0 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 CTSO0 pin goes high, after completion of the current data send, data
send is halted until the CTSO pin goes low again. The INTTXO0 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

I I & £

Timing to write o 1

transmission buffer
Send is suspended 5
CTS [ from (1) to (2).

13 14 15 16 1 2 3 4 15 16 1 2 3
SIOCLK —
TxDCLK —f ﬂ £ [
_

TxD 7 \ startbit ,< bit 0

010289

Note 1: Ifthe CTS signal falls during transmission, the next data is not sent after the

completion of the current transmission.

Note2: Transmission starts at the first T*DCLK 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/SC1BUTF) 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 INTTX0/INTTX1 interrupt.

®  Parity Control Circuit

When serial channel control register SCOCR <PE>/SC1CR<PE >is set to “17,
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> /SC1CR
<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>/SC1BUF<TB7> when in 7-bit UART mode while in
SCMOD <TB8> / SCMOD <TB8> when in 8-bit UART mode. <PE> and
<EVEN?> must be set before transmission data are written in the transmission
buffer. A

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/SC1BUF), and
then compared with SCOBUF <RB7>/SC1BUF<RB7> when in 7-bit UART
mode and with SCOMOD <RB8>/SC1MOD <RB8> when in 8-bit UART mode. If
they are not equal, a parity error occurs, and SCOCR<PERR>/SC1CR<PERR>
flag is set.

@® ErrorFlag

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
erTor 0CCurs.

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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@ Generating Timing
1) UART mode

Receiving

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Center of last bit
(Bit 8)

Center of last bit
(parity bit) ’

Center of stop bit

Framing error
timing

Center of stop bit

Parity error timing

Center of last bit

Center of stop bit

(parity bit)
Overrun error Center of last bit Center of last bit .
timing (Bit 8) (parity bit) Center of stop bit

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

Transmitting

Mode

9 Bit

8 Bit + parity

8 Bit, 7 Bit + parity, 7 Bit

Interrupt timing

Just before last bit is
transmitted.

2) I/O interface mode

L. Immediately after rise of last SCLK signal.
Transmission SCLK output mode (See figure ;.11 (19).) ¢
Interrupt - - - —
timin SCLK input mode Immediately after rise of last SCLK signal (rising mode), or
iming P immediately after fall in falling mode. (See figure 3.11 (20).)

.. Timing used to transfer received data to data receive buffer 2
Receiving SCLK output mode | cc1a(F) (that is, immediately after last SCLK). (See figure 3.11 (21).)
Interrupt
timi P SCLK i t mod Timing used to transfer received data to data receive buffer 2

iming INPULMOGE | (gc1BUF) (that is, immediately after last SCLK). (See figure 3.11 (22).)
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3.11.3 Operational Description
(1)  Mode 0 (I/O 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 Input
extension extension
TMP96C141 Shiftregister Ao | —» TMP96C141 Shift register A | -
B|— B| -
TxD Sl C|— RxD QH C| =
D| — D| =
SCLK SCK E| — SCLK CLOCK E| =
Fl— F| =
Port RCK G| — Port S/L G| =
H{ — H| <=
TC74HC595 or TC74HC165 or
the like the like

Figure 3.11(17) Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMP96C141 Shiftregister A | — TMP96C141 Shiftregister A | «—

B| — B| =

TxD Sl C| — RxD QH C| =

D|— D| =—

SCLK SCK E| — SCLK CLOCK E| «—

F| — F| =

Port RCK G| — Port S/T G| -

H{ — H| =

TC74HC595 or TC74HC165 or
External clock—! the like External clock — the like

Figure 3.11(18) Example of SCLK Input Mode Connection
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@ 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, INTES1<ITX1C> will be set to
generate INTTX1 interrupt.

Timing to write H\

transmission {5

data )
SCLK output ~t A LA LA L AL 4
TxD X_bito X bit1 X 3 X bite X bit7 X
TXDSFT [ 1 i I I [
ITX1C (INTTX1 « [
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 TxD1 pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.
When all data are output, INTES1 <ITXIC> will be set to generate INTTX1

interrupt.

S((S:éflér(]:p:ué Rising edge mode) I_A L_A L‘)S—A l'—'A I_A
2 e 2 i 2 e A

SCLK input

(SCLKC = 1: Falling edge mode)

TxD X bito X bit1 XY bits X bite X bit7 X

TxDSFT N ﬂ_()(’ n M

ITX1C (INTTX1 4 |

interrupt request)

Figure 3.11(20) Transmitting Operation in /0 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
INTES1<IRX1C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred in the receiving buffer 2 (SC1BUF) at the
timing shown below, and INTES1 <IRX1C > will be set again to generate INTRX1
interrupt.

IRX1C }\\ - {\
SCLK Co—t A LA LA LA LK

RxD bit 0 Y bit1 D( bite X bit7 Y
i f ; Generate
Timing to shiftdatain
the re%eiving buffer 2 INTRX1 \rl

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

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK
input becomes active while the receive interrupt flag INTES1 <IRX1C> is
cleared by reading the received data. When 8-bit data is received, the data will be
shifted in the receiving buffer 2 (SC1BUF) at the timing shown below, and INTES1
<IRX1C> will be set again to generate INTRX interrupt.

?SCCLLKKISZ%t Rising edge mode) l__+ I_.A l_iﬁ_A I_J L_A
2 0 i 0 2

SCLK input
(SCLKC = 1: Falling edge mode) «
RxD bito X bit1 Hpit2 = X bite X bit7 Y
1
Timing to shift data Generate
in the receivin INTRX1
buffer 2 o J

Figure 3.11(22) Receiving Operation in I/O 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> /
SCIMOD<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>/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 transmitting data with the following format, the control
registers should be set as described below. Channel 0 is explained
here.

D €0 6 6.0 D OO 5

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

76543210
POCR e XX - mm = - ! } Select P90 as the TxD pin.
POFC ¢« XX -X-XX1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR « X1 1XXX00 Add an even parity.
BROCR « 0 X 100101 Set transfer rate at 2400 bps.
TRUN «1X------ Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO0 interrupt and setinterrupt level 4.
SCOBUF « * * * & x x % x Set data for transmission.
Note: X; don’t care -; no change

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

8-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1IMOD <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>/SCICR<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.

FOO000000E

-<—— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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TOSHIBA
Main setting
76543210

POICR € XX ----0 - Select P91 (RxD) as the input pin.
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR « X0 1XXXD00 Add an odd parity.
BROCR « 0 X 010101 Set transfer rate at 9600 bps.
TRUN «1X - -~ - - - Start the prescaler for the baud rate generator.
INTESO ¢ - - - -1100 Enable INTTXO0 interrupt and set interrupt level 4.

Interrupt processing

(4

Acc « SCOCR AND 00011100 } Check forerror.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note: X;don’t care -;no change

Mode 3 (3-bit UART Mode)

9-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1IMOD<SM 1,

0> to “11”. In this mode, parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCMOD <TB8>, while in receiving
it is stored in SCCR<RB8>. For writing and reading the buffer, the MSB is read or

written first then SCOBUF/SC1BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCOMOD<WU>/SC1IMOD <WU> to “1”. The interrupt INTRX1/INTRXO occurs only

when<RB8> = 1.

H

TxD RxD TxD RxD TxD RxD TxD

Master Slave 1 Slave 2
TMP96C141 TMP96C141

RxD

Slave 3

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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[rrotoco

@
@

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

Set SCOMOD<WU >/SCIMOD <WU> bit of each slave controller to “1” 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 “1”.

OO0 00000
N/

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 specified slave controller whose
SCOMOD <WU >/SC1IMOD <WU > bit is cleared to “0”. The MSB (bit 8) <TB8>
is cleared to “0”.

D00 0000 o
N/

Data 0

The other slave controllers (with the <WU> bit remaining at “1” ) ignore the
receiving data because their MSBs (bit 8 or <RB8>) are set to “0” to disable the
interrupt INTRX0/INTRX1.

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.

il

TxD RxD

Master
TMP96C141

TxD RxD TxD RxD
Slave 1 Slave 2
TMP96C141
Select code Select code
00000001 00001010

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

POCR ¢ X X - - - -
POFC e« X X - X -
INTESO « 1 1 00 1 1
SCOMOD « 1 0 1 0 1
SCOBUF « 0 0 0000

INTTXO interrupt

SCOMOD « 0 - - - - - -

SCOBUF « * * # % & &

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

1 Enable INTTX0 and set the interrupt level 4.

Enable INTTXO0 and set the interrupt level 5.

Set ¢1 (fc/2) as the transmission clock in 9-bit UART mode.
1 Set the select code for slave controller 1.

- Sets TB8 to"0".
* Set data for transmission.

® Setting the slave controller 2

Main

POCR ¢ X X - - -~
P9FC «XX-X-X
ODE XX XXXX
INTESO « 110111
SCOMOD « 0 01111

INTRXO0 interrupt

Acc « SCOBUF
if Acc = Select code
Then SCOMOD4 ¢ - - -

Select P91 as RxD pin and P90 as TxD pin (open drain
output).

Enable INTRX0 and INTTXO.
Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock ¢1 (fc/2).

© O Rk B .

- - - - Clear<WU>to "“0".
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3.12 Analog/Digital Converter

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

Figure 3.12 (1) shows the block diagram of the A/D 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

@_———_—_A

A/D converter mode register (ADMOD)

ADCH | o EOCF ADBF RE'PET SCAN ADCS ADS

repeat yscan yspeed ystart
end |busy

AJD converter |, INTAD
control circuit interrupt

Channel select
Analog input
AN3(P53) [ Multiplexer [ ™1 A/D conversion result register
AN2 (P52) [ P
(ADREGO to ADREG3)
AN1(P51) [}
ANO (P50) [

Veer [ |
D/A converter
Acno [

Figure 3.12 (1) Block Diagram of A/D Converter

Note 1:This A/D converter does not have a built-in sample and hold circuit.
Therefore, when A/D converting high-frequency signals, connect a sample and hold

circuit externally.
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7 i 6 5 ¢ 4 % 3 i 2 i1 i
bitSymbol | EOCF | ADBF : REPET i SCAN : ADCS i ADS i ADCH1 : ADCHO
ADMOD e = write R RIW
(005EH) : T H H H H
After reset 0 H 0 0 ; 0 0 : 0 0 0
AID A iRepeat  igcan 7 iaD i Analog Input
conversion éconversion fmode ;mode %conversion iconversion Channel Select
EndFlag  iBUSYFlag ! ispeed istart :
. 1: END 1:BUSY 0 Fixed  :0: High Econversion
Function : channel : speed gStal’t i
mode i mode
i 1: Channel :1: Low {Always
i Saan i speed :readas
mode i mode :"0"
t 1 t

5 Analog input channel select

Normal Scan mode

1 | Start A/D conversion.

Note) Always “0” when data is read.

L~ A/D conversion speed selection
0 | A/D High speed conversion mode: 160 states = 205 (@16MHz)

1 {A/D Low speed conversion mode : 320 states = 405 (@16MHz)

L » Specification of A/D scan mode

0 | Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

————> Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

L - A/Dconversion busy flag

0 | A/D conversion not busy

1 { A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 ND conversion ended

Figure 3.12 (2) A/D Control Register
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0060H) bit Symbol

Read/Write

Afterreset

Lower 2 bits of A/D result for ANO are stored.

i ADRO02

(0061H) bit Symbol
Read/Write

After reset

Upper 8 bits of A/D result for ANO are stored.

OOBZH) bit Symbol
Read/Write

After reset

Lower 2 bits of A/D result for AN1 are stored.

bit Symbol i ADRI2

Read/Write

After reset

Upper 8 bits of A/D result for AN1 are stored.

Figure 3.12 (3-1) A/D Conversion Result Register (ADREGO, 1)
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7 1 6 i s s i 03 2 1 0
A(&)Részz)L bit Symbol | ADR21 i ADR20 i :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN2 are stored.
7 {6 ios o4 i3 b2 b1 10
ABBE513! [(oitsymbol | ADR29 | ADR28 | ADR27 | ADR26 | ADR25 ; ADR24 | ADR23 : ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 L6 i s i 4 i 3 2 1 0
AGEei"- [ bitsymbol | ADR31 | AOR30 ' :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN3 are stored.
7 i 6 § s i o4 i3 i 2 i 1 i 0
A(%SGE%?)H bit Symbol | ADR39 ;| ADR38 : ADR37 | ADR36 | ADR35 : ADR34 : ADR33 : ADR32
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2) A/D Conversion Result Register (ADREGZ2, 3)
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3.12.1 Operation

(M

)

3

(4)

(5

(6)

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 A/D conversion.

Analog Input Channels

Analog input channel to select depends on the operation mode of the A/D 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 AN0O—»>AN1, AN0—»AN1—AN2, and
ANO—->AN1—->AN2—->AN3.

When reset, A/D 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.

Starting A/D Conversion

A/D conversion starts when A/D conversion register ADMOD <ADS> is written “1”.
When A/D conversion starts, A/D conversion busy flag ADMOD<ADBF> which
indicates “A/D conversion is in progress” will be set to “1”.

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D 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.

A/D conversion mode is selected by ADMOD <REPET, SCAN >.

A/D Conversion Speed Selection

There are two A/D 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.

A/D Conversion End and Interrupt

® A/D conversion single mode
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o)

(®

ADMOD<EOCF> for A/D conversion end will be set to “1”, ADMOD
<ADBF > flag will be reset to “0”, and INTAD interrupt will be enabled when A/D
conversion of specified channel ends in fixed conversion channel mode or when A/D
conversion of the last channel ends in channel scan mode. :

® A/D 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
“0007”, 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.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS registers for each
channel. In repeat mode, the registers are updated whenever conversion ends.
ADREGO to ADREGS are read-only registers.

Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to ADREGS registers. When the
contents of one of ADREGO to ADREG3 registers are read, ADMOD <EOCF > will be
cleared to “0”.

Setting example: (D When the analog input voltage of the AN3 pin is A/D converted
and the result is stored in the memory address FF10H by A/D
interrupt INTAD routine

Main setting

[ INTEOAD ¢ 1100 - - - - Enable INTAD and set interrupt level 4.
ADMOD «XX000111 Specify AN3 pin as an analog input channel and
starts A/D conversion in high speed mode.

1.

INTAD routine

WA « ADREG3 Read ADREG3L and ADREG3H valuesand write to
WA (16 bit)
WA >> 6 Right-shifts WA six times and writes 0in upper
bits.
| (00FF10H)« WA Writes contents of WA in memory at FF10H

When the analog input voltage of ANO~AN2 pins is A/D converted in high speed
conversion channel scan repeat mode

INTEGAD « 1000 - - - - Disable INTAD. .
ADMOD «XX110110 Start the A/D 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 watchdog 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 ] [>o—{1 WoTOUT
PO WDMOD < RESET >
RESET

Watchdog timer
e I out control
WDMOD enable .
<WDTP1, 0> —»>| Selector T T
faa  Reset
W | o N
g pu Dl o
N NN~
N~
viviv|wv
B R R
# (fd/2)— Watchdog timer Q

22-stage binary counter

R S

reset : Reset
WDMOD
3 <WDTE>|
Reset

HALT instruction
(Stop or Idle mode)

4EH B1H
Write Write

Watchdog timer
control register

Internal bus

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/c. 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,s @ 20MHz) and
resets itself.

LC
WDT Counter n 004 ) (:(: X 0
WDT Interrupt I I «
Clear code ofwri’t,e
WDT Clear
(Soft ware) {4

WDTOUT I «
17

Figure 3.13(2) Normal Mode

Over flow

WDT Counter n % «
)
WDT Interrupt | | «

)

WDTOUT
(Internal Reset) | (« J
| e |

I 32states (3.2us @ 20MHz)

Figure 3.13(3) Reset Mode
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3.13.2 Control Registers

M

@

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog Timer Mode Register (WDMOD)
®  Setting the detecting time of watchdog 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/t is set. (The number of states is approx. 32,768.)

©  Watchdog timer enable/disable control register <WDTE >

When reset, WDMOD <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.

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
WDMOD <WDTE > to “0”, the watchdog timer can be disabled.

WDMOD « 0 - - - - - XX Clear WDMOD<WDTE >to "0”.
WDCR ¢« 10110001 Write the disable code (B1H).

® Enable control
Set WDMOD <WDTE >to “1”.
® Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code
(4EH) into the WDCR register.

WDCR « 01001110 Write the clear code (4EH).
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7 f e i s P4 i3 i 2 i o1 i o0
bitSymbol | WDTE i WDTP1 : WDTPO | WARM : HALTMO : HALTMO . RESCR : DRVE
WDMOD Read/Write R/W
(OOSCH) H T T H T T H
i After reset 1 0o i 0 0 : 0 o : o0 : 0

WDT éSeIect detecting tim arming %Standby mode 1: 1:
control ;00: 216/f¢ :00: RUN mode %Internally éDrivethe
. 101: 218/fc :01: STOP mode iconnects i pin evenin
Function : H : H
1: Enable : 10: 220/fc S0: 214/c :10: IDLE mode {WDToutto :STOPmode
111; 222/ i 1 , : int
1: 222/f¢ 1. 21675 511 Don't care §the reset ;:ung
| 1 1 1 |

|-> DRVE (explanation by stop mode)

Watchdog timer out control
0 |=—

1 | Connects WDT out to areset

L——— Select the standby mode HALT instruction
00 | RUN mode (Only the CPU stops)

11 | Don't care

—— Select the detecting period of watchdog
timer
0 | 2'4/fc (approx. 1.0ms @16MHz)

1 |216/fc (approx. 4.1ms @16MHz)

> Select the detecting time of watchdog timer
00 | 216/fc (approx. 4.1ms @16MHz)

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

Watchdog timer Enable / Disable control
0 |Disable

1 [Enable

Figure 3.13 (4) Watchdog Timer Mode Register
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7 ¢+ 6 ¢ 5 i 4 i 3 2 1 0
WDCR bit Symbol -
Read/Write
(005DH)
After reset -
B1H : WDT disable code
4EH : WDT clear code
Function

——> Disable/clear WDT
B1H Disable 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 : @ Clear the binary counter

WODCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/fc

WDMOD « 1 01 - - - X X

@ Disable the watchdog timer.

WDMOD « 0 - - - - - X X Clear WDTE to “0".
WDCR « 10110001 Write disable code (B1H).
@ Set IDLE mode.
WOMOD « 0 - - - 10 X X Disables WDT and sets IDLE mode.
WDCR « 10110001
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 218/fc)

WDMOD « - - - 101X X Setthe STOP mode.
Executes HALT command. Execute HALT instruction. Setthe standby
mode.
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4. ELECTRICAL CHARACTERISTICS

4.1  Absolute Maximum (TMP96C141F)

Symbol Parameter Rating Unit

Vcc Power Supply voltage ~-0.5~6.5 \
VIN Input voltage -0.5~Vcc+0.5 v
Z10L Output Current (total) 100 mA
> I0H Output Current (total) -100 mA
PD Power Dissipation (Ta=707TC) 600 mwW
T SOLDER Soldering Temperature (10's) 260
TSTG Storage temperature -65~150 T
TOPR Operating temperature -20~70 T

4.2 DC Characteristics (TMP96C141F)
Vee=5V+10%,Ta= -20~707C (Typical values are forTa=25C and Vcc=5V.)

Unit

X1

Darlington Drive Current

(8 Output Pins max.)
ILl Input Leakage Current
1LO Output Leakage Current
icc Operating Current (RUN)
IDLE
STOP (Ta= -20~70C)
STOP (Ta=0~507C)
VSTOP | Power Down Voitage

(@STOP, RAM Back up)

Schmitt Width

RESET, NMI, INTO (P87)

Pull Down/Up Registor

—1.0 -35
TR TT T T
0.05(Typ) | +10
26 (Typ) |50
1.7 (Typ) |10
0.2 (Typ) |50
10
P e

Symbol Parameter Min Max Test Condition
VIL Input Low Voltage (ADO-15) | —0.3 0.8 Vv
VIL1 P2, P3, P4, PS5, P6, P7, P8, P9 -0.3 0.3Vcc \
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc \Y
VIL3 EA -03 0.3 Vv
ViL4 X1 -0.3 0.2Vcc Vv

Input High Voltage (ADO =15y |22 Vec +0.3 Y
P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 v
RESET, NMI, INTO (P87) 0.7 Vec+0.3 Vv
EA Vi Vec+0.3 \Y

0. Vee+0.3 \Y

0.2=Vin=Vcc-0.2
0.2=Vin=Vcc-0.2

VIL2 =0.2Vcc,
VIH2 =0.8Vcc

Note: I-DARis guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C141F)
Vce=5V £10% , TA= -20~70C

(4AMHz~20MHz)
No. |Symbol Paramerer ‘Vonable 1,6MHZ .ZOMHZ Unit
Min Max Min | Max | Min | Max
1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns
2| tck | CLK width 2x - 40 85 60 ns
3| tak | AD-23 Valid— CLK Hold 0.5x-20 11 5 ns
4] tka CLK Valid— A0-23 Hold 1.5x-70 24 5 ns
5] taL A0-15 Valid— ALE fall 0.5x - 15 16 10 ns
6] ta ALE fall-> A0-15 Hold 0.5x - 15 16 10 ns
71 tL ALE High width x—40 23 10 ns
8| t.c | ALE fall> RDAWR fall 0.5x - 30 1 -5 ns
9| tc.  |RDMWR rise—> ALE rise 0.5x - 20 11 5 ns
10| tact | A0-15 Valid— RDAWR fall x—25 38 25 ns
11| tacy | A0-23 Valid— RD/WR fall 1.5x = 50 44 25 ns
12| tca  |RDAWR rise— A0-23 Hold 0.5x — 20 11 5 ns
13] tapL | A0-15 Valid—>D0-15 input 3.0x-45 143 105 | ns
14| tapH | A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| trp__|RDfall - D0-15 input 2.0x-50 75 50 | ns
16| trr RD Low  width 2.0x-40 85 60 ns
17| tur | RDrise— D0-15 Hold 0 0 0 ns
18| trag | RDrise— A0-150utput x—-15 48 35 ns
19| tww |WRLlow width 2.0x-40 85 60 ns
20| tpw | D0-15 Valid— WRrise 2.0x-50 75 50 ns
21| twp |WRrise -D0-15 Hold 0.5x - 10 21 15 ns
22| takn | AD-23 Valid—  WAIT input (WAL 1) 3.5x - 90 129 85 | ns
23| tawL |AO-15Valid— WAIT input (\WAT 3.0x - 80 108 70 | ns
24| tcww | RDWR fallSWAIT Hold AT )| 2.0x+0 125 100 ns
25| tapH | A0-23 Valid— PORT input © |2.5x-120 36 5] ns
26| tapH2 | A0-23 Valid—> PORT Hold 2.5x + 50 206 175 ns
27| tep WR rise— PORT Valid 200 200 200 | ns
28| tasry [ A0-23 Valid— RAS fall 1.0x - 40 23 10 ns
29| tasrL | AO-15 Valid— RAS fali 0.5x— 15 16 10 ns
30| tgac | RAS fall-> D0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall- A0-15 Hold 0.5x - 15 16 10 ns
32| tras |RAS Low width 2.0x - 40 85 60 ns
33| tp |RASHigh width 2.0x - 40 85 60 ns
34| trsH_ | CAS fall> RASrise 1.0x-35 28 15 ns
35/ tgsc | RAS rise— CAS rise 0.5x ~ 25 6 0 ns
36| trep | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac | CAS fall> D0-15 input 1.5% = 65 29 10 | ns
38| tcas |CASLow  width 1.5x-30 64 40 ns
AC Measuring Conditions
® Outputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RAW, CLK, RAS, CASO~CAS2)
® Input Level : High2.4V  /Low 0.45V (ADQO~AD15)

High 0.8Vcc /Low 0.2Vce (Except for ADO~AD15)
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(1) Read Cycle

X1

I« telk— '
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]|

A0~23 }(: :5<:

tcw—
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>
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-
’I

PortInput —z—r—-——r--—-g- ______ L -
: tASRH™ {—-
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ALE
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(2) Write Cycle

X1

A0~23

Port Output
+j+

RAS

CAS0~2

S —

3
I
:
e

1DW

ADO~15 -%—-——-( A§0~15 >< DO~1SE J}
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4.4 A/D Conversion Characteristics (TMP96C141F)

Vec=5V+10% TA = ~20~70°C
Symbol Parameter ‘ Min Typ Max Unit
VRer Analog reference voltage Vee—-1.5 Vee Vee
AgND Analog reference voltage Vss Vss Vss \
Vain Analog input voltage range Vss Ve
lReF Anlog current for analog reference voltage 0.5 1.5 mA
Error(Quantize |4=fc Low speed conversion mode +1.5(TBD) 4.0
errorof £ 0.5 =16MHz High speed conversion mode +3.0(TBD) +6.0 LS8
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/0 Interface Mode

(1) SCLK Input Mode Vce=5V+10% TA= -20~70°C
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 us
toss Output Data — Rising edge of SCLK tscy/2~5X-50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X - 100 212 150 ns
tysr | SCLK rising edge— Input Data hold 0 0 0 ns
tspp | SCLK rising edge— effective data input ttscy — 5X— 100 587 450 ns

(2) SCLK Output Mode

Variable 16MHz 20MHz .
Symbol Parameter - - - Unit
., Min Max Min | Max | Min | Max

tscy SCLK cycle (programmable) 16X 8192X 1 512 0.8 1409.6| us
toss Output Data = SCLK rising edge tscy — 2X - 150 725 550 ns
tons | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsro | SCLK rising edge— effective data input tscy — 2X— 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, Ti4, TI5, Ti6, TI7)
Vee=5V*10% TA=-20~70°C

Variable 16MHz 20MHz i
[Symbol Parameter - Unit
Min Max Min Max Min Max
tvck Clock Cycle 8X + 100 600 500 ns
tyexL Low level clock Puise width 4X +40 290 240 ns
tvckn | Highlevel dlock Pulse width 4X +40 290 240 ns

4.7 Interrupt Operation
Vee=5V+10%  TA=-20~70°C

Variable 16MHz 20MHz X
Symbol Parameter - - - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4x 250 200 ns
tintaH | NMI, INTO Righ level Pulse width 4X 250 200 ns
tinteL | INTA~INT7 Low level Pulse width 8X + 100 600 500 ns
tinten | INTA~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for /O Interface Mode

687081
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49 Timing Chart for Bus Request (BUSRQ) /BUS Acknowledge (BUSAK)

ae X XA X XA X K X

(Note1)

X

| < tBRC —>—= 18RC
BUSRQ <~
teeaL § tcgaH
BUSAK 4
3 /
ADO~AD15, AD~A23 — ths (Note2) e
ADU~AD15, AU~AZS, tasa ote
CS0~CS2, RAW, RAS, el e =
CASD~CAS2 —_— e
[ Note2 —
RD, WR, HWR ; K.____..gs_.____(_.._) __________ 7/
ALE ( [\
LR
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max

tgrc | BUSRQ set-up time for CLK 120 120 120 ns

tcgar | CLK—BUSAK falling edge 1.5x+120 214 195 ns

tepan | CLK— BUSAK rising edge 0.5x + 40 71 65 ns

tasa | Output Buffer is off to BUSAK % 0 80 0 80 0 80 ns

tgaa | BUSAK f to Output bufferis on. 0 80 0 80 0 80 ns

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: This line only shows the output buffer is off-states.

They don’t indicate the signal level is fixed.

After the busis 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.

MCU900-168



TOSHIBA TMP96C141

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

Ve (V) lcc (mA)
6 30 -
5 /
20

4 7
A 11

3 ,/ //
- - -/ ‘o
2
5 10 15 20 25 5 10 15 20 25
] fosc (MHz) fosc (MHz)
Figure 5.1 Vcc - fosc TYPICAL CURVE Figure 5.2  fosc—lcc TYPICALCURVE '05¢
Icc (MA)
40
30 /
fogc: 20MHz
20 =]

e I I
fosc=4MHz

—
0 |
3 4 5 6
. Ve (V)
Figure 5.3 Icc—Vce TYPICAL CURVE
loL(mA) 0 1 2 3 4 5 Vour (V)
40

30 -0 /

20 Ve //
/ -30
10
. —40
1 2 3 4 5 Vour (V) lon (mA)
Figure 5.4 Vouyt-loL TYPICAL CURVE Figure 5.5 Voyt —lox 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 000000H to 00007FH.

(1) L/Oport

(2) I/O port control

(3) Timer control

(4) Pattern Generator control
(6) Watch Dog Timer control
(6) Serial Channel control

(7) A/D converter control

(8) Interrupt control

(9) Chip Select / Wait control

Configuration of the table

Symbol Name Address 7 i 6 i // f1io

i L ]bit symbol

\Y »Read /Write

\ \ >Initial value afrer reset
// >Remarks

020289
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Table5 1/0 register address map

IADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME

000000H| PO 20H| TRUN 40H| TREG6L 60H | ADREGOL
TH| P1 21H 41H| TREG6H 61H | ADREGOH
2H| POCR 22H| TREGO 42H| TREG7L 62H | ADREG 1L
3H 23H| TREG1 43H| TREG7H 63H| ADREG1H
4H|[P1CR 24H| TMOD 44H | CAP3L 64H| ADREG2L
S5H|P1FC 25H| TFFCR 45H] CAP3H 65H | 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| PIMOD 49H| TSFFCR 69H | B1CS
AH|P3CR 2AH| PFFCR 4AH 6AH|B2CS
BH| P3FC 2BH 48H 6BH
CH| P4 2CH 4CH | PGOREG 6CH
DH|P5 2DH 4DH| PG1REG 6DH
EH | P4CR 2EH 4EH| PGO1CR 6EH
FH 2FH 4FH 6FH
10H | P4FC 30H| TREG4L 50H | SCOBUF 70H | INTEOAD
11H 31H| TREG4H 51H|SCOCR 71H| INTE45
12H| P6 32H| TREGSL 52H| SCOMOD 72H|INTE67
13H|P7 33H| TREGSH 53H [ BROCR 73H|INTET10
14H| P6CR 34H| cAPIL 54H| SC1BUF 74H | INTEPW10
15H| P7CR 35H| CAPTH 55H|SC1CR 75H | INTET54
16H| P6FC 36H| CAP2L 56H | SC1MOD 76H | INTET76
17H| P7FC 37H| CAP2H 57H|BR1CR 77H | INTESO
18H | P8 38H| T4MOD 58H| ODE 78H | INTES1
19H| P9 39H| TFF4CR 59H 79H
1AH| P8CR 3AH| T45CR 5AH 7AH
1BH | P9CR 3BH 5BH 7BH | IIMC
1CH| P8FC 3CH 5CH|[WDMOD 7CH [ DMAOV
1DH | POFC 3DH 5DH| WDCR 7DH| DMA1TV
1EH 3EH 5EH | ADMOD 7EH| DMA2V
1FH 3FH S5FH 7FH | DMA3V
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(1) 1O Port
Symbol | Name | Address 7 6 5 i a4 3 2 1 0
PO7 P06 POS I P04  PO3 P02 i P01 i  POO
PO PORTO 00H RIW
Input mode
Undefined
P17 P16 P15 : P14 : P13 P12 i P11 i P10
P1 PORT1 01H RIW .
_ Input mode
0 0 0 : 0 ; 0 0 : 0 : 0
p27 P26 P25 i P24 i P23 P22 i P21 i P20
P2 PORT2 06H RIW
_ Input mode
0 0 0 H 0 i 0 0 i 0 : 0
P37 P36 P35 i P34 : P33 P32 i P31 i P30
P3 PORT3 07H RIW
Input mode Qutput mode
1 1 1 : 1 : 1 1 1 : 1
: P42 1 P41 i P40
P4 PORT4 OCH RIW
Input mode
0 : 1 H 1
P53 Ps2 i P51 : PS0
P5 PORTS ODH R
: H Input mode
P67 P66 P65 i P64 i P63 P62 i P61 : P60
P6 PORT6 12H RIW
_Input mode
1 1 1 : 1 : 1 1 : 1 : 1
: I P72 1 P71 i P70
P7 PORT7 13H RIW
Input mode ]
B : 1 1 H 1 H 1
P87 P86 P85 i P84 i P83 P82 i P81 i P80
P8 PORT8 18H : RIW
_ Input mode _ _
1 1 1 : 1 : 1 1 : 1 : 1
P95 i P94 i P93 i P92 i P91 i P90
P9 PORT9 19H RIW
Input mode
1 1 1 : 1 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.

Read/Write

R/'W
R
w

; Either read or write is possible
; Only read is possible
; Only write is possible

Prohibit RMW ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/
ANDCF/ORCF/XORCF Instruction)
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(2) /O Port Control (1/2)
Symbol [ Name | Address 7 6 5 : 4 3 : 2 : 1 : 0
P0O7C PO6C PO5C i PO4C i PO3C i P02C i POIC  POOC
POCR | PORTO 02H W
Control | (Prohibit 0 : 0 0 : 0 : 0 : 0 : 0 : 0
RMW) 0:IN__1:0UT(When external access, set as AD7-0 and cleared to "0".)
P17C i P16C P15C : P14C i P13C i P12C : P11C_ i P10C
P1CR |PORT1 04H w
Control | (Prohibit 0 0 0 : 0 : 0 : 0 0 0
RMW) < <Refer to the "P1FC" > >
Pi7F P16F PI5F i P14F i P13F i P12F i P11F i P10F
P1FC | PORT1 05H W
Function | (Prohibit 0 0 : 0 0 : 0 : 0 0 : 0
RMW) PIFC/PICR=00:IN, 01:OUT, 10:AD15-8, 11:A15-8
p27¢ P26C P25C i P24C i P23C i P22C i P21C : P20C
P2CR | PORT2 08H W
Control | (Prohibit 0 0 0 : 0 0 0 0 : 0
RMW) < <Referto the "P2FC" > >
P27F P26F P25F :  P24F i P23F : P22F i P21F i P20F
P2FC | PORT2 09H w
Function | (Prohibit 0 0 : 0 : 0 H 0 ; 0 H 0 : 0
RMW) P2FC/P2CR =00 IN, 01: QUT, 10: A7-0, 11:A23-16
P37C P36C i P35C i P34C i P33C | P32C !
P3CR |PORT3 0AH W
Control | (Prohibit 0 0 : 0 : 0 : 0 : 0
RMW) 0:IN 1:0UT : :
P37F P36F i P35F i P34F i P32F__ P31F i P30F
w
P3FC | PORT3 0BH 0 : 0 0 : 0 : 0 0 : 0
Function | (Prohibit [0:PORT :0:PORT i0:PORT :0:PORT i {0:PORT i0:PORT :0:PORT
RMW) |1:RAS  :1:RW  :1:BUSAK :1:BUSRQ : C1:HWR 1 WR :1:RD
: : : : P42C 1 P41C__ 1  P40C
P4CR | PORT4 OEH w
Control | (Prohibit 0 : 0 0
RMIW) 0:IN 1:0UT
P42F 1 P41F i  PAOF
PAFC | PORT4 10H w
Function | (Prohibit 0 : 0 : 0
RMVIW) 0: PORT 1: CS/TAS

Note: With the TMP96C141/TMP96C141A/TMP96C041A, which requires an external ROM, PORTO
functions as ADO to AD7; PORT1, AD8 to AD15; P30, the RD signal; P31, the WR signal,
regardless of the values set in POCR, P1CR, P1FC, P30F and P31F.
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I/0 Port Control (2/2)
Symbol | _Name | Address 7 6 5 i 4 3 2 1 9
P67C P66C P65C P64C P63C P62C P61C P60C
PORT6 14H w
P6CR Control | (Prohibit 0 0 0 0 ; 0 H 0 0 0
RMW) 0:IN 1:0UT
: P73C P72C P71C P70C
PORT7 15H W
PTCR Control | (Prohibit 0 : 0 : 0 H 0
RMW) 0:IN 1:0UT
P67F P66F P65F P64F P63F P62F P61F P6OF
perc | PORTE. 16H - W
Function | (Prohibit 0 H 0 0 : 0 : 0 0 0 0
RMW) 0: PORT 1:PG1-QUT 0: PORT 1:PGO-QUT,
: : P73F i P72F P7iF
w
P7FC Pfj:;on 17H : 0 0 : 0
(Prohibit {0:PORT  :0:PORT :0:PORT
RMW) (1:TO3  i1:T702  i1:TO1
P87¢C P86C P85C P84C P83C P82C P81C P8OC
PORT8 1AH W
PBCR Control | (Prohibit 0 0 0 : 0 i 0 i 0 0 0
RMW) 0:IN 1:0UT
P95C P94C P93C P92C P91C P90C
PORTY 1BH w
PICR Control | (Prohibit 0 0 0 ; 0 H 0 0
RMW) (IN 1:0UT
P86F i P83F P82F
w W w
PORT.
P8FC Sunzion 1CH : 0 : 0 : 0
(Prohibit {0: PORT i0:PORT  :0:PORT
RVIW) 1:TO6 (1:TO5  i1:TO4
: POSF i P93F PO2F POOF
w w w w
PIFC Pgl:‘:;ion 1DH T o T o0 o T o
(Prohibit 0 : PORT 0 : PORT 0 : PORT 0 : PORT
RMIW) i1:SCLK1 (:TxD1 i1 :SCLKO i1 : TxDO

Note: The register P92F is used only in the TMP36CM40/TMP96PM40/TMP96C141A/TMPI6C041A,
and not available in the TMP96C141. (It cannot be defined as SCLKO).
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(3) Timer Control (1/3)
Symbol | Name | Address | 7 6 : 5 i 4 + 3 i 2 1 HE)
PRRUN : TSRUN @ T4RUN P1RUN PORUN TIRUN TORUN
RIW RIW
Ti : : :
TRUN imer 20H 0 0 : 0 : 0 : 0 0 0
Control Prescaler & Timer Run/Stop CONTROL
0 : Stop & Clear
1 : Run (Count up)
I 22H _
TReGo [BOTETIMer | o hibit W
Register 0
RMW) Undefined
- 23H _
TReG1 |BOILTIMer | b ohibit W
Register 1
RMW) . . Undefined
T10M1 TIOMO : PWMM1 : PWMMO : TICLK1 T1CLKO TOCLK1 TOCLKO
- W
z:’;:’eme' 0o o0 0 o0 . o 1 o 0 0
T™OD | ¢ & 24H 00: 8bitTimer :  00: - : 00 : TOOTRG 00 : TI0 Input
MODE 01: 16bit Timer 01:26-1 PWM 01:4T1 01:4T1
(Prohibit 10: 8bitPPG 10:27-1 10: 4T16 10: 474
RMW) 11: 8bitPWM 11:28-1 11: 47256 11:4T16
: DBEN TFFIC1 : TFFICO : TFFIIE TEF1IS
RW : w RIW
8bit Timer ; 0 0 i 0 : 0 0
TFFCR |Flip-Flop 25H 1: Double : 00 : Invert TFF1 i1 TFF1 :0: Inverted
Control Buffer : 01: Set TFF1 i invert i by
Enable 10: Clear TFF1 Enable : Timer0
11: Don'tcare :
PWM -
TREG2 |Timer 26H (R)W___ (Can read register buffer values.)
Register 2 Undefined
PWM —
TREG3 |Timer 27H (R)W__ {Can read register buffer values.)
Register 3 Undefined
FF2RD DB2EN ! PWMOINT : PWMOM : T2CLK1 T2CLKO : PWMOS1 : PWMOSO
R W
- : 0 : 0 0 0 H 0 0 : 0
PWMO TFF2 i1: Double 0: Overfiow {0: PWM 00: ¢P1 (fc/d) 00:26-1
POMOD Mode| 28 [output i Buffer { interrupt Mode 01: ¢P4 (fc/16) 01:27-1
value Enable :1: Compare/il: Timer : 10: ¢P16 (fc/64) 10:28~1
§ match Mode : 11: Don't care 11:Don't care
(Prohibit interrupt :
RMW) ; ; : :
FF3RD DB3EN | PWMIINT i PWMIM | T3CLK1 T3CLKQ | PWMI1S1 | PWMI1SO
R wW
- i 0 : 0 0 : 0 0 0 0
PWMI TFF3 1 : Double 0 Overflow 0: PWM 00: ¢P1 (fc/d) 00:26-1
P1MOD Mode 29H  loutput Buffer : interrupt Mode 01: ¢P4 (fc/16) 01:27-1
value Enable i1: Comparesil: Timer |  10: ¢P16(fc/64) 10:28-1
Y match Mode : 11: Don't care 11: Don'tcare
(Prohibit interrupt : :
RMW) :
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Timer Control (2/3)
Symbol | _Name | Address 7 i 6 i 5 i 4 i 3 i a2 i 4 i 0
FF3C1 FF3CO : FF3TRG1 : FF3TRGO : FF2C1 FF2C0 : FF2TRG1 : FF2TRGO
W : RIW : W : RW
0 0 0 0 0 0 0 0
00:Don‘tcare i 00: Prohibit TFF3 00 : Don't care : Prohibit TFF2
PWM 01:SetTFF3 inverted H 01:SetTFF2 inverted
PFFCR | Flip-Flop 2AH 10: Clear TFF3 : 01: Invertif matched 10: Clear TFF2 : Invert if matched
Control 11: Don't care 110 Setif matched; @ 11: Don'tcare : Setif matched;
clearif clearif
overflowed H overflowed
i 11: Clearif matched; : Clear if matched;
i setif overflowed : set if overfiowed
16bit 30H _
TREGAL [Timer (Prohibit W
RegisterdL | RMW) Undefined
16bit 31H -
TREGA4H |Timer (Prohibit w
Register4dH | RMW) Undefined
16bit 32H -
TREGSL [Timer (Prohibit w
Register5L | RMW) Undefined
16bit 33H : -
TREG5H [Timer (Prohibit w
Register5H | RMW) Undefined
capiL [CoPture 34H R
RegisteriL -
Undefined
c -
captH |S2PLUre 35H R
Register1H -
Undefined
Capture =
CAp2L Register2L 364 R
Undefined
CAp2H |CaPture 37H R
Register2H "
. Undefined .
CAP2T5 EQS5TS CAP1IN i CAP12M1 : CAP12MO : CLE T4CLK1 T4CLKO
16bit RAW Pow RIW
Timer 4 0 : 0 : 0 0 : 0 : 0 0 : 0
T4MOD |Source 38H TFF5 INV TRG Capture Timming Source Clock
CLK & 0: TRG Disable : 0:Soft- : 00:Disable : 00:TI4
MODE 1:TRG Enable i Capture ! 01:T4 TTIST :1:UC4 01:¢T1
i1:Don't @ 10:Tl4 1T T4 i Clear i 10:4T4
care i 11:TFF1 1 TFF1| Enable | 11:4T16
TFF5C1 TEF5C0O CAP2T4 CAP1T4 EQ5T4 EQ4T4 TEF4C1 TFF4CO
w : RIW W
16bit 0 i 0 i 0 0 {0 i 0 0 ¢ 0
T4FFCR Tirner4 39H 00: Invert TFF§ TFF4 Invert Trigger 00 :'Invert TFF4
Flip-Flop 01:Set TFF5 0 : Trigger Disable 01:SetTFF4
Control 10: Clear TFF5 1: Trigger Enable 10: Clear TFF4
" 11: Don'tcare 11: Don't care
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Timer Control (3/3)
Symbol Name Address 7 5 4 : 3 ; 2 1 : 0
- : PGIT | PGOT DB6EN DB4EN
R/W R/W
4,75 0 0 . 0 : 0 ' 0
T45CR Control 3AH Fixat"0" : : PG1 shift : PGOshift : 1: Double
: trigger trigger Buffer
0 : Timer 0,1 0 Timer 0,1 Enable
1 Timer5 i1:Timer4d
16bit 40H -
TREG6L [Timer (Prohibit W
Register6l | RMW) Undefined
16bit 41H -
TREG6H |Timer (Prohibit wW
Register6H | RMW) Undefined
16bit 42H -
TREG7L |Timer (Prohibit W
Register7L | RMW) Undefined
16bit 43H -
TREG7H [Timer (Prohibit W
Register7H| RMW) Undefined
cap3L |Capture 44H R
Register3L
Undefined
cap3y |Copure 4s5H R
Register3H
Undefined
capaL |S3PtUre 46H R
Register4L
Undefined
Capture —
CAP4H
RegisterdH A47H R
. Undefined
CAP3IN i CAP34M1 : CAP34MO : CLE T5CLK1 T5CLKO
16bit W RIW
Timer 5 o ¢ o i o i o 0o i o
Source : i CaptureTimming i Source Clock
T5MOD 48H :
CLK & 8 1 0:5oft- : 00:Disable H 00:Tl6
MODE ¢ Capture : 01:Ti6 T TI7 T :1:UC5 01:¢TH
i1:Dont | 10:T6 T TI6E | | Clear : 10:4T4
care i 11:TFF1 1 TFF1 | Enable : 11:4T16
CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6CO
. R/W w
16bit
6bi 6 o : o o 0o o
Timer 5
T5FFCR Flip-Flop 49H TFF6 invert Trigger 00 : Invert TFF6
0: Trigger Disable 01:Set TFF6
Control

1: Trigger Enable

10 : Clear TFF6
11: Don'tcare
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(4) Pattern Generator
Symbol | _Name | Address 7 6 i 5 4 3 P2 : ! 0
PGO 4CH PGO3 PGO2 | PGO1 PG00 SA03 SAQ2 SA01 SA00
PGOREG . (Prohibit W R/W
Register >
° RMWY) 0 0 ; 0 0 Undefined
PG1 4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
PG1REG . (Prohibit w RW
R t -
cosTer RMW) 0 0 : 0 0 Undefined
PAT1 CCW1 PG1M PGITE PATO CCWO0 PGOM PGOTE
RIW
PGO. 1 0 0 0 0 0 0 0 0
PGO1CR ! 4EH | O: 8bit 10: Normal i 0: 4bit iPG1 trigger: 0: 8bit 10: Normal : 0: 4bit
Contorol L L : L Lo
write { Rotation : Ste put write : Rotation ; Ste
1:4bit  :1:Reverse | 1:8bit nable  i1:4bit | 1:Reverse i 1:8bit
- write ! Rotation | Step i1: Enable write | Rotation Ste
(5) Watch Dog Timer
Symbol | Name | Address 7 6 5 4 : 3 2 : 1 0
WDTE WDTP1 WDTPO WARM | HALTM1 : HALTMO : RESCR DRVE
R/W
Watch 1 0+ 0 i 0 0 i o 0 0
WD- | Dog 5CH : 00: 216/fc {Warming Standby Mode 1: Connect :1: Drive
MOD | Timer 1LWDT D 01: 2184 Sup Time 00: RUN Mode the pin
Mode Enable i  10: 220/fc £0: 214/fc 01: STOP Mode inSTOP
: 11: 222/f¢ 10 216/fc 10: IDLE Mode pinto i mode
: 11: Don't care Reset Pin |
Watch -
Dog
Timer 5DH W
WDCR | Control -
Register B1H: WDT Disable Code _4EH: WDT Clear Code
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(6) Serial Channel (1/2)
Symbol | Name | Address 7 6 s 1 a4 i 3 2 1 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 TB6 TBS TB4 TB3 TB2 RB1 TBO
SCOBUF | Channel 0 50H R (Receiving)/W (T T
Buffer eceiving) ( ransmission)
Undefined
RB8 EVEN PE i OERR : PERR FERR - : -
R RIW R (Cleared to 0 by reading) : RIW
Serial : 0 0 0 : 0 0 0
SCOCR | Channel 0 51H Receiving HH :0;SCLKO i1:input
Control data bit8 iParity i Overrun Framing : <J {SCLKO pin
Enable 1<§§‘Li {(Note)
TB8 RXE WU i SMmi SMO : SC1 : SCO
R/W
0 0 : 0 : 0 : 0 : 0 : 0 : 0
Serial . P H + n
SCO- ch 10 59H Trans- B BB : 00: Unused : 00: TOO Trigger
MOD a“"ed mission iReceive  iWakeup 01: UART 7bit ©01: Baudrate
Mode data bit 8 Enable! Enable: Enable: 10: UART 8bit i generator
; H i 11: UART 9bit i 10: Internal clock ¢1
: i 11: Don't care
- BROCK1 BROCKO BROS3 BROS2 BROS1 BROSO
R/W RIW
0 0 : 0 : 0 : 0 : 0 : 0
Baud Rate - 4 H H :
BROCR Control 53 Fix at 00: 470 (fc/d) Set frequency divisor
"o 01: 472 (fc/16)
10: 478 (fc/6a) O~F
11: 4732 (f¢/256) {"1" prohibited)
serial RB7 RB6 RB5 R84 RB3 RB2 RB1 RBO
eria 187 86 85 T84 83 782 RB1 T8O
SC1BUF | Channel 1 54H — —
R (Receiving) /W (Transmission)
Buffen " -
fal
RB8 EVEN PE : OERR PERR FERR SCLKS 10C
R RIW . R(Cleared to 0 by reading) RIW
Serial 0 0 : 0 : 0 0 0
SC1CR [ Channel 1 55H Receiving Rk : 1 SCLK1  i1:input
Control data bit8 {Parity : (_A_ {SCLK1 pin
Enable! osCLKy i
. v
TB8 - RXE WU o SMmit SMO SC1 : SCO
RIW
Serial 0 0 0 : 0 0 0 - L0
SC1- Channel 1 56H Trans- Fixat {1 HE 00: I/O Interface | 00: TOO Trigger
Mo Mode mission i "0"  iReceive iWakeup 01: UART 7bit 01: Baud rate
data bit8 : i Enablei  Enablei  10: UART 8bit generator
: : 11: UART 9bit 10: Internal clock ¢1
11: Don't care
Note : For TMP96C141, fix this bitto “0".
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(6) Serial Channel (2/2)
Symbol | Name | Address 7 6 5 4 : 3 2 : 1 : 0
= BR1CK1 _: BRICKO BR1S3 BR152 BR1S1 BR150
RIW RAW
0 0 i 0 i 0 i 0 i o0 i o
Baud Rate . 2 - : :
BRICR Control|  >'H Fix at 00: 470 (fc/4) Set frequency divisor
"o 01: ¢T2 (fc/16) o
10: 478 (fc/6d) | ~F
11: 4732 (fc/256) ("1" prohibited)
' : g ODE1 ODEQ
Serial R/W
ope | Open 58H (I
Drain 1:P93 1:P90
Enable Open- Open-
drain drain__ |
(7) A/D Converter Control
Symbol | Name | Address 7 6 I 4 3 2 1 : 0
EOCF ADBF : REPET SCAN ADCS : ADS ADCH1 : ADCHO
AD R : RIW
IADMOD |Converter SEH 0 : 0 : 0 0 0 i 0 0 : 0
Mode reg 1 End i1: Busy i1: Repeat i1:Scan H:Slow  i1:START {  AnalogInput
: : mode | mode’ mode': Channel Select
*1) ADRO1 ADROO : : : :
AD ’;‘f Roels:‘: 60H R
ReGoL |9 Undefined 1 R 1 1 1
ADRO09 ADRO8 ADRO7 ADRO6 ADROS5 ADRO4 ADRO3 ADRO2
lAD AD Result 61H R
REGOH |Reg 0 high
9 9 Undefined
*1) :
AD Result ADR11 ADR10
}AD Reg 1 low 62 R
REGIL | 9 Undefined 1 [ 1 1 1
ADR19 ADR18 : ADRI7 ADR16 ADR15 ADR14 _: ADRI3 ADR12
IAD AD Result 63H R
REG1H {Reg 1 high
egihig Undefined
1) ADR21 ADR20 :
AD :D R;IS”\'; 64H R
REGaL | 2% '° Undefined 1 T 1 1 1 i
ADR29 i ADR28 @ ADR27 ADR26 @ ADR25 ADR24 | ADR23 ADR22
IAD AD Result 65H R
REG2H |Reg 2 high
€g4nig Undefined
')ADR 1t ADR31 ADR30 :
AD fe :‘; 66H R
REG3L | o9 'OW Undefined 1 11 1 1 1
ADR39 | ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 ADR32
IAD AD Result 67H R
REG3H |Reg 3 high
€g=hig Undefined

*1: Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion
result. The contents of the lower 6 bits of this register are always read as “1”.
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(8) Interrupt Control (1/2)
Symbol | Name | Address 7 1 6 | s [ a 3 [ 2 [ 1 T o
INTerrupt INTAD INTO
INTE- Enable 70H JIADC IADM2 IADM1 IADMO 10C ioM2  : 10M1 10MO
0AD (Prohibit RAW W R/W W
0&A/D n
RMW) 0 0 : 0 0 0 0 : 0 0
INT5 INT4
| - -
INTESS E':;‘:;;“pt 71H I5C 15M2 I5M1 I5MO 1ac 14v2__ L 1aM1 14M0
s (Prohibit | R/W w RIW W
RMIW) 0 0 : 0 0 0 0 H 0 0
INT?7 INT6
NT t - -
NTES7 Lnaf;l'e“p 72H I7c M2 7M1 M0 16C 6M2_ . 16M1 16M0
6/7 (Prohibit RAW W R/W W
RMW) 0 0 0 0 0 0 0 0
INTerrupt INTT1 (T|mer 1) INTTO (Tlmer 0)
73H IT1C IT1M2 IT1TM1 ITIMO iTOC ITOM2 ITOM1 {TOMO
INTET10|Enable L
Timer 1/0 (Prohibit RW W RIW w
RMW) 0 0 0 : 0 0 0 0 : [
INTerrupt INTT3 (Timer 3/PWM1) INTT2 (Timer 2/PWMO)
INTE- Enablep 74H IPWIC 1 IPWIM2 | IPWIM1 : IPWIMO | IPWOC : IPWOM2 : IPWOM1 : IPWOMO
PWIO | o0 | (Prohibit | RW w RW G W
RMW) 0 0 0 0 Q 0 0 0
INTerrupt INTTRS (TREG5) INTTR4 (TREG4)
INTET54 | Enable P 75H ITS5C IT5M2 ITSM1 IT5MO 1T4C IT4M2 1T4M1 ITAMO
Treq 5/ (Prohibit R/W w R/W wW
i RMW) 0 oo 0 0 0o o 0
INTerrupt INTTR7 (TREG7) INTTR6 (TREGG)
P 76H IT7C IT7M2 P IT7MI IT7MO 1IT6C IT6M2 IT6M 1 IT6MO
INTET76 | Enable o
Treq 7/6 (Prohibit RW W RIW W
9 RMW) 0 0 0 0 0 0 0
INTerrupt INTTXO0 INTRXO
INTESO Enablep 77H ITX0C ITXOM2  ITXOM1 ITXOMO IRX0C IRX0M2 IRXOM 1 IRX0MO
Serial 0 (Prohibit R/W W R/W W
RMWV) 0 0 : 0 0 0 0 : 0 0
INTerrupt INTTX1 INTRX1
INTES 1 Enablep 78H ITX1C © ITXIM2 © ITXIMAI ITX1MO JRX1C  © IRX1M2 § IRX1M1 IRXTMO
serial 1 (Prohibit R/W w R/W W
RMIW) 0 : 0 0 0 0 : 0 0 0
{ 1 | 1 11
1 I I
I
|—> 1xxM2 IxxMI1 1xxM0O Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Setinterrupt request level to “1”.
0 1 0 Setinterrupt request level to "2”.
0 1 1 Setinterrupt request level to “3".
1 0 0 Setinterrupt request level to "4".
1 0 1 Setinterrupt request level to "5”.
1 1 0 Setinterrupt request level to "6”.
1 1 1 Prohibit interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interruptrequest. | ----- Don'tcare-----
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Interrupt Control (2/2)
symbol | Name | Address | s a | 3 | 2 T 1 1 o
DMA 0 : #DMAQ start vector
DMAOV |request 7CH DMAOV8 : DMAOV7 | DMAOV6 : DMAOV5 : DMAOV4
Vector (Prohibit - W -
RMW) 0 0 : 0 : 0 0
DMA 1 _ #DMA T start vector, _
DMA1V |request 7D’f“ DMA1V8 : DMA1V7 : DMA1V6 : DMA1V5 : DMA1V4
Vector (Prohibit W
RMW) 0 0 : 0 ; 0 0
DMA 2 _ #DMA?2 start vector i
DMA2V |request 7E"" DMA2V8 : DMA2V7 : DMA2V6 : DMA2V5 . DMA2v4
Vector (Prohibit W '
RMW) 0 0 H 0 H 0 Q
DMA3 i /IDMA3 start vector i
DMA3V [request 7FH DMA3V8 : DMA3V7 : DMA3V6 : DMA3V5 | DMA3V4
Vector (Prohibit ‘ W '
RMW) [ 0 : 0 : 0 0
101E I0LE NMIREE
w : W W
Interrupt 0 0 : 0
input §1: ?NTO ;0: INTO i1: Operate
mc Mode 7BH ¢ input edge g\?t
Contorol enable mode NMl rise
:1: INTO edge
(Prohibit i level
RMW) mode
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(9) Chip Select/Wait Controller

Symbol Name Address 7 6 5 4 3 2 1 Q
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO
Block 0 W W W W W w W W
CSAWAIT 0 0 0 0 0 0 0 0
BOCS control 68H 1 1: 0_ 0: 16bit 00: 2WAIT 00: 7FOOH~T7FFFH
register o cs SYSTEM [$1) Bu.s 01: TWAIT 01: 400000H~
(Prohibit Enable only 1: 1: 8bit 10: TWAIT +n 10: 800000H~
RMW) CASO Bus 11: OWAIT 11: CO0000H~
B1E BiSYS B1CAS B1BUS B1W1 B1WO B1C1 B1C0
Block 1 W W W W W w W w
CSIWAIT 0 0 0 0 0 0 0 0
B1CS control 69H 1: 1: 0_ 0: 16bit 00: 2WAIT 00: 480H~7FFFH (Note3)
. cs SYSTEM (Y] Bus 01: 1\WAIT 01: 400000H~
register - ;
(Prohibit Enable only 1: 1: 8bit 10: TWAIT +n 10: 800000H~
RMW) CAST Bus 11: OWAIT 11: CO0000H~
B2E B2SYS B2CAS B2BUS B2W1 B2WO B2C1 B2CO
Block 2 W W W W W W W \i2
CSAWAIT 1 0 0 0 0 0 0 0
B2CS control 6AH 1: 1: 0_ 0: 16bit 00: 2WAIT 00: 8000H~
register cs SYSTEM Cs2 Bus 01: TWAIT 01: 400000H~
(Prohibit Enable only 1: 1: 8bit 10: T\WAIT +n 10: 800000H~
RMW) CAS2 Bus 11: OWAIT 11: COO000H~

Note 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 accessedj
Note 3 : TMP96C041A for internal RAM less is 80H~7FFFH.
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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”.

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

W PO (ADO~AD7), P1(AD8~15, A8~15), P2(A16~23, A0~7)

VCC
Output Data |B- P-ch
Output Enable 1 < N-ch
STOP
Input Data Wy T D 110
L P>ol<« N<ch | Programmable
| } PullDown
H | Resistance
Input Enable bommmmmmme- ;3-0_2;9 (only PORT2)
B P30(RD), P31(WR)
VCC

Output Data

ouTt
STOP
-

MCU900-184



TOSHIBA TMP96C141

W P32~37, P40~41, P6, P7, PB0~86, P91~92, P94~95

VCC
Qutput Data
Pmmmmmmmomne , Programmable
i VCC 1 pull’Up
Output Enable ) < o I Resistance
STOP 1 |
| ISNEPRNESER P —— d
Input Data Wy ) D 110
Input Enable
W P42 (C52, TAS2)
VCC
Output Data
] Dok
Output Enable
SToP =d__)—
Input Data [N R SR [:l o
] | Programmable
! 1 Pull Down
! ! Resistance
]

Input Enable t-_____ZZ7 __J

B P5 (ANO~3)
Analog input ‘_—IDO—]
channel select
Analog input ' [ ] input
L 7T

Input Data

Input Enable
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B P87 (INTO)
VCC
Output Data
Output Enable -
S - Programmable
STOP : VEG pullUp
: o E Resistance
Input Data *——fj*@——‘WV* e - Jwo
Schmitt
W P90 (TXDO0), P93 (TXD1)
vCC
Output Data i
Open Drain
Enable :}D"'—l* T YT - Programmable
STOP 1 VCC. Pull‘Up
> i Resistance
N =" wo

Input Data <————————o<]——°G__‘ W

Input Enable
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H NMI
NMI O@ Wy D Input
Schmitt
Bl WDTOUT
WDTOUT [>o—1]> — ] out
M CLK
VCC VvCC
; P-ch
internal CLK ’—D"‘_'I 1
ouT
STOP -
N-ch
internal reset [>o
Test circuit
M EA, AMS/16
ﬁ‘v"v E] Input
MW ALE
VCC
—] B P-ch
internal ALE ————{>o— out
——{ < N-ch
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M RESET
100k VCC
typ,\
reset 0@—’\/\/\/ ¢ ] Input
Schmitt
WDTOUT
reset enable
W X1, X2
v clock
pommooo_Oscillator ? e
E [ ;L WA~ —{x2
1
i P-ch N-ch 1
STOP —>——s ~ :
! i
1 v ¥
E E M 4[] X1
B VREF, AGND
D VREF
1 Ladder
' Resistance
A/D Converter D
eND —{ ] AGN
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7.
(M

@)

Care Points and Restriction
Special Expression

® Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
ex) TRUN<TORUNZ> - Bit TORUN of Register TRUN

@ 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 of TRUN

ex2) INC 1,(100H) -- increment the data of 100H

® The representative Read, Modify and Write Instruction in the TLCS-900

SET imm,mem |, RES imm, mem

CHG imm,mem , TSET imm, mem

INC imm,mem |, DEC imm, mem

RLD A, mem , ADD imm,reg
@ 1state

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

Care Points
® EA, pin
Fix these pins Vo or GND unless changing voltage.
@ Warmingup Counter
The warmingup counter operates when the STOP mode is released even the system
which 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,DMA (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 xDMA is generated by an
interrupt.

@ Programmable Pull Up/Down 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.

MCU900-189




TOSHIBA TMP96C141

® 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.

@ 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 .DMA)
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

TMP96C141AF is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C141AF has the improved
bus release function and serial interface for TMP96C141F. Otherwise, the devices
function in the same way.

TMP96C141AF is housed in an 80-pin flat package, and is pin-compatible with
TMP96C141F except the P92 (CTS0/SCLKO).

Device characteristics are as follows:

1)

(2)
3)

(4)

(5)
(6)
(N
(8)
9)
(10)
(11)
12)
(13)

(14)

(15)

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 us/2 bytes @20MHz)
Minimum instruction execution time : 200ns @20MHz

Internal RAM : 1K byte

Internal ROM : None

External memory expansion

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

8-bit timers . 2 channels

8-bit PWM timers . 2 channels

16-bit timers : 2 channels
Pattern generators : 4 bits, 2 channels
Serial interface : 2 channels

10-bit A/D converter : 4 channels
Watchdog timer

Chip select/wait controller :3 blocks
Interrupt functions
3 CPU interrupts:-- - SWI instruction, priviledged violation, and Illegal
instruction
14 internal interrupts
6 external interrupts
I/0 ports
47 pins
Standby function : 3 halt modes (RUN, IDLE, STOP)

] 7-level priority can be set.
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-~ VCC (2]
CcPU ~— V$s[3]
(ANO) P50 —1> —
(AN1)} P51 —>{ 10-BIT 4CH XWA WA <— X1
(AN2) P52 —> AD XBC BlC 0SC > x2
(AN3) P53 —>| CONVERTER XDE DIE
VREF —>| XHL HlL
AGND —> XIX . 1X > CLK
XIY Y
Xiz 1z
(TXDO) P90 <7>{ SERIAL /O XSP SP 7
(RXDOQ) P91 =7>|  (CH.0) -« 32bit —> ~<{— RESET
-t
(SCLKO/CTS0) P92 <> s TF] —b ALE
(TXD1) P93 =1>| SERIAL /O
(RXD1) P94 <> " (1)
CLK1) P95
(SCLKT) P95 <> INTERRUPT | <l— fvir
CONTROLLER
EPG 80; Pgo “T7| PATTERN
PG 01) P61 <>
GENERATOR
(PG 02)P62 <= () ) WATCH-DOG | [~ WDTOUT
(PG 03) P63 <> TIVIER
(PG 10) P64 <> PATTERN
(PG 11) P65 <1>| GENERATOR
(PG 12) P66 <> (CH.1)
PORTQ |={>P00~P07
(PG 13) P67 1K3 RAM (ADO~AD7)
Ti0) P70
{Ti0) g Bg_IJVITEH%/Ig)R PORT 1 <> P10~P17
(AD8~AD15/A8~A15)
(TO1) P71<>| 8BIT TIMER

(TIMER 1) PORT2 |« P20~P27
(AO~A7/A16~A23)

(TO2) P72=>| 8BITPWM

(TIMER 2) —1> P30(RD)
> P31(WR)
(TO3) P73~<>| 8BITPWM <> P32(HWR)
(TIMER 3) PORT 3 <> P33(WAIT)
<> P34(BUSRQ)
<> P35(BUSAK)
(INT4/T14) P8O <> <> P36(R/W)
(INT5/TI5) P81 <> 16BIT TIMER <> P37(RAS)
(TO4) P82 <t>| (TIMER4)
(TOS5) P83 =
(INT6/TI6) P84 <t>| 16BIT TIMER
(INT7/TI7) P85 -{>| (TIMERS5) CS/WAIT  [«d>P40(CS0/CASD)
(TO6) P86 -=>| CONTROLLER]«{>P41(CS1/CAST)

(3-BLOCK) |=1>P42(C52/CAS2)

(INTO) P87 <>

Figure1l 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 of TMP96C141AF.

(ANO)P50 73 72 P42(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAST)
(AN2)P52 75 70 PA0(CS0/CASO)
(AN3)P53 76 69 P37(RAS)
vee 77 68 P36(R/W)
VREF 78 67 P35(BUSAK)
R =1 i
__']1 JT‘
(PGOO)P60  1—] [ 64 P32(HWR)
(PGoper 2| @ —63 P31(WR)
(PGO2)P62 3—] [+—62 P30(RD)
(PG03)P63  4—] |61 P27(A7/A23)
(PG10)P64 5— ] [F—60 P26(A6/A22)
(PG11)P65 6— | |59 P25(A5/A21)
(PG12)P66  7—| | }—58 P24(A4/A20)
(PG13)P67 88— ] (57 P23(A3/A19)
(TiIo)p70  9—| 56 P22(A2/A18)
(TO1P71 10— 55 P21(A1/A17)
(To2)P72 11— [F—54 P20(A0/A16)
(TO3)P73 12— Top View '}—53 vss
(INT4/T14)P80 13— QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14— (51 P16(AD14/A14)
(TO4)P82 15— ] }-50 P15(AD13/A13)
(TO5)P83 16— (49 P14(AD12/A12)
(INT6/TI6)P84 17— 48 P13(AD11/A11)
(INT7/T17)P85 18— 47 P12(AD10/A10)
(TO6)P86 19— 46 P11(AD9/A9)
(INTO)P87 20— 45 P10(ADS8/A8)
NMI 21— (44 PO7(AD7)
WDTOUT 22— [ }—43 PO6(AD6)
RESET 23— 42 PO5(ADS5)
CLK 24—] [}—41 P04(AD4)

VSS 25——|:|J I l LI—1—40 PO3(AD3)
X1 26 39 P02(AD2)

X2 27 38 PO1§AD1;
EA 28 37 POO(ADO
(TXDO)P90 29 36 VCC
(RXD0O)P91 30 35 ALE
(SCLKO/CTSO0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94(RXD1)

Note : Because the TMP96C141A has an external ROM, P00 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/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name "{,‘#”gﬁg’ 110 ‘Functions

P00~P07 8 I/O | Port0: I/O portthat 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 | Port1: /O portthatallows I/O to be selected on a bit basis

AD8~AD15 Tri-state | Addressdata(upper): 8- 15 for address/data bus

AB~A15 Output | Address: 8to 15 for address bus

P20~P27 8 /O | Port2: I/0 portthat allows selection of I/O on a bit basis
(with puli-down resistor)

AO0~A7 Output | Address: 0 -7 for address bus

A16~A23 Output | Address: 16 -23 for address bus

P30 1 Output | Port30: Output port

RD Output | Read: Strobesignal for reading external memory

E 1 Output | Port31: Output port

WR Output | Write: Strobe signal for writing data on pins ADO -7

P32 1 I/O | Port32: 1/O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 - 15

P33 1 /0 | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 I/0 | Port34: 1/0 port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,
AD - 23, RD, WR,HWR, R/W, RAS, CS0, CS1, and CS2 pins.
(For external DMAC)

P35 1 /0 | Port35: I/O port (with pull-up resistor) -

BUSAK Output | Busacknowledge: Signalindicating that ADO-15, A0-23,RD,
WR,HWR, RW, RAS, CS0, CS1, and C52 pins are at high impedance
after receiving BUSRQ. (For external DMAC) .

P36 1 © 1/O | Port36: I/O port (with pull-up resistor)

R/W Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 /0 | Port37: /O port (with pull-up resistor)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

P40 1 /0 | Port40: 1/O port (with pull-up resistor)

CS0 Output | Chipselect 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 l\g%r&l%esr 110 Functions
P41 1 /0 | Port41: I/O port (with pull-up resistor)
CSt Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column addressstrobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
ﬁ 1 1/0 | Port42: 1/O port (with pull-down resistor) (Note1)
CS2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin for reference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 I/0 | Ports60-63: 1/O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG0O0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 I/0 } Ports64-67: 1/0 ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 I/0 | Port70: I/O port (with pull-up resistor)
TIO Input | TimerinputO: TimerOinput
P71 1 /0 | Port71: i/O port (with pull-up resistor)
TO1 Output | Timer output 1: Timer 0 or 1 output
P72 1 /O | Port72: I/0 port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 | Port73: 1/0 port (with pull-up resistor)
TO3 Output | PWM output 3: 8-bit PWM timer 3 output
P80 1 1/0 | Port 80: I/0 port (with pull-up resistor)
Ti4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interrupt request pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 /0 | Port81: I/O port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture triggersignal input
INTS Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 /0 | Port82: I/O port (with pull-up resistor)
TO4 Output | Timer output4: Timer 4 output pin
P83 1 I/0 | Port83: I/O port (with pull-up resistor)
TO5 Output | Timer output5: Timer 4 output pin
Note 1 Case of the settable CS2 or CAS2; when TMP96C141AF is bus release, this pin is not added

the internal puli-down resistor but is added the internal puli-up resistor.
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Pin name “é‘#"g#{if 110 Functions

P84 1 /O | Port84: 1/0 port (with pull-up resistor)

TI6 Input | Timerinput6: 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 | Port85: I/0 port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 I/0 | Port86: I/O port (with pull-up resistor)

TO6 Qutput | Timeroutput6: Timer 5 output pin

P87 1 /0 | Port87: I/O port {with pull-up resistor)

INTO Input | Interrupt request pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 1/0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /0 | Port91: 1/O port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 /0 | Port92: I/O port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

SCLKO 110 | Serial clock I/00

P93 1 1/0 | Port93: I/0 port (with pull-up resistor)

TXD1 Output | Serialsend data 1

P94 1 1/0 | Port94: I/O port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: 1/0O port (with pull-up resistor)

SCLK1 /0 | Serial clock I/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 [ X1+4] clock. Pulled-up during reset.

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

ALE 1 Output | Address latch enable

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

X1/X2 2 /0 | Oscillator connecting pin

vcC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

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

MCU900-196




TOSHIBA TMP96C141A

3.

3.1

3.2

(1

o)

OPERATION

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

CPU

TMP96C141A device has a built-in high-performance 16-bit CPU (900-CPU). (For
CPU operation, see TLCS-900 CPU in the previous section.)

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 16 M 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 0H ~ FFFFFFH in maximum mode.

Internal RAM

TMP96C141A has the RAM of 1K bytes. This RAM is located to 80H~47FH. The
CPU can access the part of RAM (80H~FFH) with using the short instruction code of
direct addressing mode.

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 TMP96C141A.

000000H ¢
000080H Direct area (n)
000100H
000480H
64K-byte area
008000H | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External rgemory gR)R)
16M- _
( yte) (R
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

Internal area) .

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 Memory map
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3.3 Busrelease 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")

. the status of pins at bus release
pin name
port mode function mode
P0O0-PO7
(ADQ-AD7) the status is no-change. . iy u
P10-P17 (these pins are not “Hz".) these pins are “Hz".
(AD8-15/A8-15) .

these pins are “Hz".

E;? E\}}TDR?) I(e’\l;lezl) status after these pins drived high
The output buffer is “OFF" after these
TR pinsdrived high. i
g§§ E%Vg})?) These pins are added the internal resistor
of pull-up. It's no relation for the value
of output latch.
P36 (R/W,

)
P40 (CS0/CASO)
P41 (CST/CAST)

P42 (CS2/CAS2)

P20-P27
(A16-23)

the difference with TMP96C141

Thatis, when itis used for bus release (BUSAK = 0), the pins of below need pull-up or pull-
down resistor for an external circuit.
P00-PO7 (ADO-AD7)
P10-P17 (AD8-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 of WDT.

TMP96C041AF

Vee

P00-PO7
(ADQ-7)

P10-P17
(AD8-15)

(Internal P20-p27
pull-down) (A16-23)

P30 (RD)
P31 (WR)

P32 (HWR)
P36 (R/W)
(Internal pull-up) P37 (RAS)
P40 (CS0)
P41 (CS1)
P42 (CS2)

J

Vce

% > Address/Data bus (ADO-15)

—

> Higher address bus (A16-23)

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 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 of TMP96C141 in detail.

MCU900-200



TOSHIBA TMP96C141A

4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)
4.1 Absolute Maximum (TMP96C141AF)

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5~6.5
VIN Input Voltage -0.5~Vcc+0.5
>10L Output Current (total) 100 mA
S 10H Output Current (total) -100 mA
PD Power Dissipation (Ta=85TC) 500 mwW
T SOLDER Soldering Temperature (10s) 260 T
TSTG Storage Temperature -65~150
TOPR Operating Temperature - 40~85 T

4.2 DC Characteristics (TMP96C141AF)
Vee=5V+10%, TA= -40~85C (4~16MHz) TA= -20~70TC (4~20MHz)
(Typical values are for Ta=25C and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
ViL Input Low Voltage (ADO ~15) | —0.3 0.8 \)
ViL1 P2,P3,P4,P5,P6,P7,P8, P9 —-0.3 0.3Vcc \
ViL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc Vv
ViL3 EA —-0.3 0.3 \
VIL4 X1 -0.3 0.2Vcc \
VIH Input High Voltage (ADO - 15) |2.2 Vee+0.3 \
VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 Vv
VIH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 Vv
VIH3 EA Vec-0.3 Vee +0.3 \
VIH4 X1 0.8Vcc Vec+0.3 \Y

Darlington Drive Current

(8 Output Pins max.)
i Input Leakage Current | TBD(Typ) | %5
ILO Output Leakage Current TBD (Typ) |10
e Operating Current (RUN) TBD (Typ) |TBD
IDLE TBD (Typ) |10
STOP (Ta= - 20~70C) TBD (Typ) |50 2A |0.2=Vins Ve -0.2
STOP (Ta=0~507C) 10 #A 10.2=VinsVee~-0.2
VSTOP |Power Down Voltage (20 | 60 V | Vil2=02Vc,
(@STOP, RAM Back up) VIH2 =0.8Vcc
RRST |RESET Pull Up Register |50 150 T ko | T
cio Piﬁvéépacitance """"""""""""""" 07777 pF |tosc=1MHz
| s Gal sas el T
RESET, NMI, INTO (P87)
RK putl Down/Up Register | 50 150 kQ

Note : I-DAR is guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C141AF)
Vee=5V+10%, TA = —40~85C (4~16MHz) TA = -20~70C (4~20MHz)

No. [Symbol Parameter - Variavle ?GMHZ ?OMHZ Unit
Min Max Min | Max [ Min | Max

1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tak | CLK width 2x — 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x - 20 11 5 ns

41 tka CLK Valid— A0-23 Hold 1.5x~70 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x-15 16 10 ns

6] tia ALE fall—> A0-15 Hold 0.5x~-15 16 10 ns

7| tu ALE High width x —40 23 10 ns

8| tic | ALE fall-> RD/WR fall 0.5x-30 1 -5 ns

9| tc. | RDAWR rise— ALE rise 0.5x-20 11 5 ns
10| tacL | A0-15 Valid— RD/WR fall x =25 38 25 ns
11| tacH | A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca | RDAWR rise— A0-23 Hold 0.5x-20 11 5 ns
13| tapL [A0-15 Valid— D0-15 input 3.0x-45 143 105 | ns
14| tapH | A0-23 Valid—> D0-15 input 3.5x-65 154 110 | ns
15| trp__|RDfall > D0-15input 2.0x-50 75 50 | ns
16| trR RD Low  width 2.0x-40 -85 60 ns
17| tyr | RDrise— D0-15 Hold 0 0 0 ns
18| trag | RDrise— AO-150utput x-15 48 35 ns
19] tww |WRLow width 2.0x-40 85 60 ns
20| tpw | DO0-15 Valid— WR rise 2.0x-50 75 50 ns
21| twp_ | WRrise =D0-15 Hold 0.5x =10 21 15 ns
22| taen | A0-23 Valid—> WAIT input ((\WAT 3.5x-90 129 85 | ns
23| tawL |AD-15Valid— WAIT input (WAIT - 3.0x-80 108 70 { ns
24| tcw | RD/WR fall>WAIT Hold WA de )| 2.0x+0 125 100 ns
25| tapy | A0-23 Valid— PORT input 2.5x-120 36 51 ns
26| tapH2 | A0-23 Valid— PORT Hold 2.5x+ 50 206 175 ns
27| tcp | WRrise— PORT Valid 200 200 200 | ns
28| tasrH | A0-23 Valid— RAS fall 1.0x-40 23 10 ns
29| tasre | AO-15 Valid— RAS fall 0.5x ~ 15 16 10 ns
30| trac_ |RAS fall> D0-15 input 2.5x-70 86 55 | ns
31| tran_| RAS fall-> AD-15 Hold 0.5x~ 15 16 10 ns
32| tras |RAS Low  width 2.0x - 40 85 60 ns
33| trp mHigh width 2.0x-40 85 60 ns
34trsy | CAS fall> RAS rise 1.0x-35 28 15 ns
35 ftrsc RAS rise— CAS rise 0.5x - 25 6 0 ns
36 treD RAS fall— CAS fall 1.0x — 40 23 10 ns
37 lteac CAS fall> D0-15 input 1.5x - 65 29 10 | ns
38ltcas CAS Low width 1.5x - 30 64 40 ns
39itps D0-15 Valid— CAS fall 0.5x~ 15 16 10 ns
AC Measuring Conditions

® Outputlevel : High2.2V /Low 0.8V ,CL50pF

(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® InputLevel : High2.4v  /Low 0.45V (ADO~AD15)
High 0.8Vce /Low 0.2Vce (Except for ADO~AD15)
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(1) Read Cycle

X1

i telk—. |
ax T jx{;

~tak > : ——ta ;

N

Port Input —}—-—-—--%'T/ipﬂ'z‘“"“gu —‘}"““"‘2"‘

| e—tasRH—] . 4 tpp—|
. ; 4 : tRSH T e :
RAS ; ; -/

<tRAH™> JL
~tRCDTNtCAC o - 5
tADH <tcA—|

Ny

7
\l

taCL : :
Lt > A z tHR

ADO~15

ALE
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(2) Write Cycle

X1

A0~23

3

RAS

W |

—tpw

ADO~15 -E;--——-L A%0~15 >< DO~15§

ALE
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4.4 A/D Conversion Characteristics (TMP96C141AF)
Vee =5V +10%, TA= — 40~85C (4~16MHz) TA= — 20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-1.5 Vee
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Vce
IREF Anlog current for analog reference voltage TBD 1.5 mA
Total error 45 = 16MHz Low change mode TBD +4.0
(Quantize error High change mode T8D +6.0 LB
of +0.5LSB 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= - 40~85C (4~16MHz) TA= -~20~70C (4~20MHz)
[Symbol Parameter - Variable '1 6Nz _ZOMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 uS
toss Output Data — Rising edge of SCLK tscy /2 — 5X ~ 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X - 100 212 150 ns
thsr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective datainput ltscy — 5X— 100 587 450 ns
(2) SCLK OQutput Mode Vee=5V £10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter - Variable '16MHZ ?OMHZ 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 - 150 725 550 ns
tons | SCLK rising edge— Output Data hold - 2X - 80 45 20 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsgp | SCLK rising edge— effective data input ltscy — 2X — 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, T4, Ti5, TI6, T17)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)

Variable 16MHz 20MHz )
Symbol Parameter - - Unit
Min Max Min Max Min Max
tvek Clock Cycie 8X + 100 600 500 ns
tvckL | Low level clock Pulse width 4X + 40 290 240 ns
tycky | High level clock Pulse width 4X +40 290 240 ns
47 Interrupt Operation
Vee=5V+10%, TA= —40~85C (4~16MHz) TA= -20~70C (4~20MHz)
Variable 16MHz 20MHz )
[Symbol Parameter - - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4X 250 200 ns
tintan | NMI INTO High level Pulse width 4X 250 200 ns
tinteL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tnten | INTA~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode

687081

UA anva X

X ava X

VA_ anva VA

axy

USHy ‘
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$SOy
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4.9 Timing Chart for Bus Request (BUSRQ)/ Bus Acknowledge (BUSAK)
(Note 1)

K KL A X3 X X X

1BRC¢ C
-— LBR: — - tBR
CBAH

‘T

ADO~AD15 19 e S _§:
A16~A23 (S—\ (Note 2) _2/—
______ _()S.___——————____——_— S

—

RD, WR S V Tmmme S S 7
T0-C2, ————— b m e —— -
RAW, RAS S N

CASO~CAS2 S—/ N—

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre | BUSRQ set-up time for CLK 120 120 120 ns
tepal | CLK— BUSAK failing edge 1.5x+ 120 245 220 ns
tegan | CLK—BUSAK rising edge 0.5x + 40 71 65 ns
taga | Output Bufferis off to BUSAK i 0 80 0 80 0 80 ns
tgaa BUSAKJ_ to Qutput Bufferison. 0 80 0 80 0 80 ns

(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.

(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.TMP96C141/TMP96C141A/TMP96C041A Different points

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96C141A TMP96C041A
Interrnal RAM 1K byte 1K byte not exist
Pin condition at bus release TMP96C141 TMPI6C141A TMP96C041A

see Figure 3.5 (1) see Figure 3.3 see Figure 3.3
Mapping area of CS1defult - - -
setting (B1C1/0: 00) 480H~7FFFH 480H~7FFFH 80H~7FFFH

TMP96C141 does not TMP96C141A/TMP96C041A
have the SCLKO have the SCLKO function.
__ function.

P92, CTS0, SCLKO Serial channel 0 Serial channel 0

does not have the have the /O

I/0 interface mode. interface mode.
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CMOS 16-bit MICROCONTROLLERS

TMP96CO041AF

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96C041AF is high-speed advanced 16-bit microcontrollers 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 (CTS0/SCLKO).

Device characteristics are as follows:

@

(2)
(3)

4)

(5)
(6)
(")
(8)
9
(10)
(11)
(12)
(13)

(14)

(15)

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 us/2 bytes @20MHz)
Minimum instruction execution time : 200ns @20MHz

Internal RAM : None

Internal ROM : None

External memory expansion

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

8-bit timers : 2 channels

8-bit PWM timers : 2 channels

16-bit timers : 2 channels

Pattern generators : 4 bits, 2 channels

Serial interface : 2 channels

10-bit A/D converter : 4 channels

Watchdog timer

Chip select/wait controller :8 blocks

Interrupt functions

3 CPU interrupts--- - SWI instruction, priviledged violation, and Illegal
instruction

14 internal interrupts
6 external interrupts
1/0 ports

47 pins
Standby function . 3 halt modes (RUN, IDLE, STOP)

] 7-level priority can be set.
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-~ VCC[2
(ANO) PSO —>] PR s
(AN1) P51 —p>{ 10-BIT 4CH XWA| W|A <— X1
(AN2) P52 —>| AD XBC B|C osc > X2
(AN3) P53 —>| CONVERTER XDE D|E |
VREF —p>1 XHL HIL
AGND —p> XIX IX > CLK
Xy 1y
Xiz 1Z
(TXDO) P90 <—‘* SERIAL I/O XSP SP <
(RXDO) P91 <71 (CH.0) < 32bit —» | RESET
D e
(SCLKO/CTSO0) P92 sR[_F] —> ALE
(TXD1) P93 <1>| SERIAL I/O
(RXD1) P94 <> (e 3y
(SCLK1) P95 <> INTERRUPT | <l— R
CONTROLLER
PG 00) P60 <™
(SN PE! <1~/ Grneraron
(PG 02) P62 ~<1>| i —> WDTOUT
(PG 03) P63 <[> (CH.0) WA;r:':VIHEgOG
(PG 10) P64 <> PATTERN
(PG 11) P65 <> GENERATOR
(PG 12) P66 <>  (CH.1)
PORTO  |<f>P00~P07
(PG 13) P67 (ADO~AD7)
(TI0) P70~<t>{ 8BIT TIMER
(TIMER 0) PORT1 |<}»P10~Pi7

(AD8~AD15/A8~A15)

(TO1) P71->| 8BIT TIMER

(TIMER 1) PORT2 [=t>P20~P27
(AO~AT7/A16~A23)

(TO2) P72~t>| 8BIT PWM

(TIMER 2) > P30(RD)
> P31(WR)
(TO3) P73<>{ 8BITPWM <> P32(HWR)
(TIMER 3) PORT3 [<> P33(WAIT)
<> P34(BUSRQ)
<> P35(BUSAK)
(INT4/T14) P8O <> <> P36(RAW)
(INTS/TI5) P81 ~f>| 16BIT TIMER <l 3 (RAS)
(TO4) P82 <f>| (TIMER 4)
(TOS5) P83 <>
(INT6/T16) P84 <<t>| 16BIT TIMER
(INT7/T17) P85 <f>| (TIMER5) CSWAIT |<b> pao(cs0/casD)
(TO6) P86 =1>| CONTROLLER}<{>P41(CS1/CAS1)

(3-BLOCK) |=>P42(CS2/CAS2)

(INTO) P87 <>

Figurel TMP96C041A Block Diagram

MCU900-210



TOSHIBA TMP96C041A

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 of TMP96C041AF.

(ANO)P50 73 72 PA2(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAS1)
(AN2)P52 75 70 PA40(CSO/CASD)
(AN3)P53 76 69 P37(RAS)
vce 77 68 P36(R/W)
VREF 78 67 P35(BUSAK)
AGND 79 66 P34§3USR()))

VSS 80_|—L| rLI—'GS P33(WAIT,
(PGOO)P60  1— ]| 64 P32(HWR)
(PGo1Pe1 2—| @ ]-63 P31(WR)
(PGO2)P62 3—] 62 P30(RD)
(PG03)P63 4—| 61 P27(A7/A23)
(PG10)P64 5—] 60 P26(A6/A22)
(PG11)P65 6—] 1-59 P25(A5/A21)
(PG12)P66  7—] []—58 P24(A4/A20)
(PG13)P67 88— [}—57 P23(A3/A19)

(TIo)p70 99— (156 P22(A2/A18)
(TO1)P71 10— %:55 P21(A1/A17)
(TO2)P72 11— A 54 P20(A0/A16)
(TO3)P73 12—{] Top View 53 Vss
(INT4/T14)P80 13— QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14— ] 51 P16(AD14/A14)
(TO4)P82 15— }—50 P15(AD13/A13)
(TO5)P83 16— 49 P14(AD12/A12)
(INT6/TI6)P84 17—{] (48 P13(AD11/A11)
(INT7/T17)P85 18— 47 P12(AD10/A10)
(TO6)P86 19— [}—46 P11(AD9/A9)
(INTO)P87 20—{] [ 45 P10(AD8/A8)
NMT 21—{] 744 P07(AD7)
WDTOUT 22— [ }—43 PO6(ADS)
RESET 23— 42 PO5(ADS)

CLK 24 41 P04(AD4)

VSS 25——51—I 40 PO3(AD3)

X1 26 39 P02(AD2)

X2 27 38 PO1(AD1)

EA 28 37 POO(ADO)
(TXDO)P90 29 36 VCC
(RXDO)P91 30 35 ALE

(SCLKO/CTSO0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94(RXD1)

Note : Because the TMP96C041A has an external ROM, P00 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/output pins and their functions are described below.
Table 2.2 Pin Names and Functions.

Pin name “},‘%’3.‘?{2’ 1/0 Functions
P0OC~PO7 8 /O | Port0: 1/0 portthat allows 1/0 to be selected on a bit basis
ADO~AD7 Tri-state | Address/data (lower): 0-7 for address/data bus
P10~P17 8 /O | Port1: I/O portthat allows l/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 /0 | Port2: I/O portthat allows selection of I/0 on a bit basis
(with pull-down resistor)
A0~A7 Output | Address: 0-7 for address bus
A16~A23 Output | Address: 16 - 23 for address bus
P30 1 Output | Port30: Output port
RD Output | Read: Strobe signal for reading external memory
E 1 Output | Port31: Output port
WR Qutput | Write: Strobe signal for writing data on pins ADO -7
P32 1 1/0 | Port32: I/O port (with pull-up resistor)
HWR Output | High write: Strobe signal for writing data on pins AD8 - 15
P33 1 /0 | Port33: I/O 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 | Busrequest: Signal used to request high impedance for ADO - 15,

A0 - 23, RD, WR,HWR, RW, RAS, €50, C51, and C52 pins.
(For external DMAC)

P35 1 1/0 | Port 35: /O port (with pull-up resistor)

BUSAK Output | Busacknowledge: Signalindicating that AD0-15, A0-23,RD,
WR,HWR, R/W, RAS, CS0, CS1, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 1/0 | Port36: /O port (with pull-up resistor) ‘

R/W Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 /0 | Port37: I/O port (with pull-up resistor)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

P40 1 1/0 | Port40: /O port (with pull-up resistor)

cso Output | Chipselect0: 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 /O cannot be
accessed using the BUSRQ and BUSAK pins.
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Pin name ‘%‘#”g%‘;f 170 Functions
Pa1 1 1/0 | Port41: I/O port (with pull-up resistor)
[&] Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
E 1 /0 | Port42: /O port (with pull-down resistor) (Note1)
Ccs2 Output | Chipselect 2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin for reference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 1/0 | Ports 60 - 63: I/0O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PGO0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 1/0 | Ports64-67: 1/O ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10- 13
P70 1 1/0 | Port70: 1/O port (with pull-up resistor)
TIO Input | Timerinput0: Timer 0 input
P71 1 1/0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: Timer 0 or 1 output
p72 1 1/0 | Port72: 1/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 I/0 | Port73: 1/O port (with pull-up resistor)
TO3 Qutput | PWM output 3: 8-bit PWM timer 3 output
P80 1 /0 | Port80: I/O port (with pull-up resistor)
Ti4 Input | Timerinput4: Timer 4 count/capture triggersignal input
INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 1/0 | Port81: 1/O port (with pull-up resistor)
TIS Input | Timerinput5: Timer 4 count/capture trigger signal input
INTS Input | Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 1/0 | Port 82: 1/O port (with pull-up resistor)
TO4 Output | Timer output4: Timer 4 output pin
P83 1 1/0 | Port83: 1/0 port (with pull-up resistor)
TO5 Output | Timeroutput5: Timer 4 output pin
Note 1 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 l\ég#n';mesr 1o} Functions

P84 1 /0 | Port 84: 1/0 port (with pull-up resistor)

Tl6 Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 1/0 | Port85: I/O port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interruptrequest pin 7: Interrupt request pin with rising edge

P86 1 /0 | Port86: I/0 port (with pull-up resistor)

TO6 Output | Timeroutput6: Timer5 output pin

P87 1 I/0 | Port87: 1/0 port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 /0 | Port90: I/0 port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 I/0 | Port91: I/0 port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 1/0 | Port92: I/0 port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

SCLKO Serial clock I/0 0

P93 1 I/0 | Port93: I/0 port (with pull-up resistor)

TXD1 Output | Serial send data 1

P94 1 I/0 | Port94: 1/0 port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: I/O port (with pull-up resistor)

SCLK1 1/0 | Serial clock I/O 1

WDTOUT 1 Output | Watchdog timer output pin

NMmI 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 [ X1 +4] clock. Pulled-up during reset.

EA 1 Input | External access: 0should be inputted with TMP96C041A.

ALE 1 Output | Addresslatch enable

RESET 1 Input | Reset: initializes LSI. (With pull-up resistor)

X1/X2 2 1/0 | Oscillator connecting pin

VCC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin).
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3.1

3.2

(1

OPERATION

This section describes the functions and basic operations of TMP96C041A device.
Check the [ 7. Care Points and Restriction | because of the Care described.
Regarding the functions of TMP96C041A (not described), see the part of TMP96C141.

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.)

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 OH~FFFFH in minimum mode and can
locate OH ~ FFFFFFH in maximum mode.

Internal I/0 devices

TMP96C041A uses the address space of 128 bytes for the internal I/O devices area.
This area is located to 0OH~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 (1).
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Memory Map

Figure 3.2 (1) is a memory map of the TMP96C041A.

000000H T
000080H Direct area (n)
oootooH| T
64K-byte area
00800QH | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External memory (R)
(16M-byte) (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 (1) Memory map
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(2) CS1 area (Chip select/wait controller)

TMP96CO041A is expanded the part of address area for CS1 (only B1C1.0=%00").
Show the address area of CS1 in Fig 3.2 (2).

000000H

000480H

007FFFH

400000H

800000H

CO0000H

FFFFFFH

TMP96C141

000000H
000080H

B1C1,0="00"
007FFFH
400000H

B1C1,0="01"
800000H

B1C1,0="10"
€00000H

B1C1,0="11"
FFFFFFH

TMP96C041AF-16
[«

B1C1,0="00"

B1C1,0="01"
B1C1,0="10"
B1C1,0="11"

Fig.3.2 (2) CS1 address area
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3.3 Busrelease 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 = "L")

. the status of pins at bus release
pin name
port mode function mode

P00-PO7

(ADO-AD7) the status is no-change. . wiyon

P10-P17 (these pins are not “Hz") these pinsare “Hz".

(AD8-15/A8-15)

STy these pins are "Hz".

}2;? ES—%)) (“Hz" status after these pins drived high
level)

The output buffer is “OFF” after these
T pins drived high.

Egi E;%vg?) These pins are added the internal resistor
of pull-up. It's no relation for the value
of output latch.

P36 (RAW)

P40 (CSO/CAS0)

P41 (CST/CAST)

P42 (CS2/CAS2)

P20-P27

(A16-23)

the difference with TMP96C141

That s, when it is used for bus release (BUSAK = 0), the pins of below need pull-up or pull-
down resistor for an external circuit.
P00-P0O7 (AD0-AD7)
P10-P17 (AD8-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 of WDT.

Vce
TMP96C041AF

PO0-PO7
(ADO-7)

Ve

% Address/Data bus (AD0-15)
P10-P17
(AD8-15)

(Internal P20-P27 > Higher address bus (A16-23)
pull-down) (A16-23)

Ve

P30 (RD)
P31 (WR)

_ System control bus
P32 (HWR)

P36 (R/W)
(internal pull-up) P37 (RAS)
P40 (CS0)
P41(CS1)
P42 (CS2)

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 of TMP96C141 in detail.
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4. ELECTRICAL CHARACTERISTICS (PRELIMINARY)

4.1 Absolute Maximum (TMP96C041AF)

Symbol Parameter Rating Unit

Ve Power Supply Voltage -0.5~6.5 \Y)
VIN Input Voltage -0.5~Vcc+0.5 \
S10L Output Current (total) 100 mA
5 I0H Output Current (total) -100 mA
PD Power Dissipation (Ta=85TC) 500 mw
TSOLDER Soldering Temperature (10 s) 260 T
TSTG Storage Temperature -65~150 T
T OPR Operating Temperature - 40~85 C

4.2 DC Characteristics (TMP96C041AF)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= -20~70°C (4~20MHz)
(Typical values are for Ta=25C and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (AD0O - 15) | —0.3 0.8 \
VIL1 P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3Vce \Y)
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc \Y
VIL3 EA -0.3 0.3 Vv
ViL4 X1 -0.3 0.2Vec Vv
VIH " input High Voltage (AD0 = 15) | 2.2 Vee+03 | V[T
ViH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vcc+0.3 Vv
VIH2 RESET, NMlI, INTO (P87) 0.75Vcc Vee+0.3 \
VIH3 EA Vec-0.3 Vece+0.3 \
VIH4 X1 0.8Vce Vee+0.3 \Y)
VOL  |Output Low Voltage | 045 vV [ioL=1.6mA
VOH ~|Output High Voitage |24 V |IOH = -400.A
V OH1 0.75Vce V |IOH = - 100%A
V OH2 0.9Vcc V |IOH= -20xA
IDAR ™ |Darlington Drive Current |- 100 -35 mAVEXT=15V
(8 Output Pins max.) R EXT =1.1kQ
'l Inpﬁ'tvaeakAé'ge Current “|TBD (Typ) 5 uA 10.0=Vin=Vcc
ILO Output Leakage Current TBD (Typ) | %10 #A |0.2=Vin=Vcec-0.2
fec Operating Current (RUN) 78D (Typ) |TBD mA |t osc = 20MHz
IDLE TBD(Typ) |10 mA
STOP (Ta= -20~707C) TBD (Typ) |50 A 10.2=Vin=Vcc-0.2
STOP (Ta=0~507C) 10 #A 10.2=Vin=Vcc~-0.2
VSTOP |Power Down Voltage
(@STOP, RAM Back up)
VTH Schmitt Width
RESET, NMI, INTO (P87)
RK | VPuII”bown'/UpvReé'ister """"""""""
Note : I-DAR is guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C041AF)
Vee=5V+10%, TA = —-40~85C (4~16MHz) TA = -20~70°C (4~20MHz)

No. [Symbol Parameter - Variavie ?GMHZ ?OMHZ Unit
Min Max Min | Max | Min | Max

1{ tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tck | CLK width 2x-40 85 60 ns

3| tak A0-23 Valid— CLK Hold ‘1 0.5x~20 11 5 ) ns

4] tka CLK Valid— A0-23 Hold 1.5x-70 24 5 ns

5[ taL AO0-15 Valid— ALE fall 0.5x - 15 16 10 ns

6| LA ALE fall- A0-15 Hold 0.5x - 15 16 10 ns

7]t ALE High width x —-40 23 10 ns

8| tic ALE fall-> RD/WR fall 0.5x - 30 1 -5 ns

9| tcL RD/WR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL |A0-15 Valid— RD/WR fall x—25 38 25 ns
11| tacH |A0-23 Valid— RD/WR fall 1.5x ~ 50 44 25 ns
12| tca  |RD/WR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL |AO0-15Valid— D0-15 input 3.0x-45 143 105 | ns
14| tapH |A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| tgp__ |RDfall = D0-15input 2.0x-50 75 50 | ns
16| tgg__ |RD Low  width 2.0x-40 85 60 ns
17| tyr | RDrise—> D0-15 Hold 0 0 0 ns
18| trap | RDrise— AD-150utput x—-15 48 35 ns
19| tww |WRLow width 2.0x - 40 85 60 ns
20| tpw |D0-15Valid— WRrise 2.0x - 50 75 50 ns
21| twp |WRrise -D0-15 Hold 0.5x - 10 21 15 ns
22| tagy | AD-23 Valid—> WAIT input (\WAT ) 3.5x - 90 129 85 | ns
23| tawL |A0-15 Valid—> WAIT input (WAL 0 3.0x-80 108 70 | ns
24| tcw  |RDAWR fall>WAIT Hold (AT )] 2.0x+0 125 100 ns
25| tapq |A0-23 Valid— PORT input 2.5x-120 36 5] ns
26| tapH2 | A0-23 Valid— PORT Hold 2.5x+50 206 175 ns
27| tcp WR rise— PORT Valid 200 200 200 | ns
28| tasry | AD-23 Valid— RAS fall 1.0x-40 23 10 ns
29! tasre | A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30| trac |RAS fall> D0-15 input 2.5x-70 86 55| ns
31| tran | RAS fall> A0-15 Hold 0.5x-15 16 10 ns
32| tgas |RASLow  width 2.0x-40 85 60 ns
33| tgp |RASHigh width 2.0x - 40 85 60 ns
34| tgsy | CAS fall> RASrise 1.0x - 35 28 15 ns
35! trsc | RAS rise—> CASrise 0.5x - 25 6 0 ns
36| trep | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac |CASfall> D0-15input 1.5x - 65 29 10 | ns
38| tcas |CASLow width 1.5x - 30 64 40 ns
39| tps D0-15 Valid-> CAS fall 0.5x - 15 16 10 ns
AC Measuring Conditions

® OQutputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® Input Level : High2.4v  /Low 0.45V (ADO~AD15)

High 0.8Vce /Low 0.2Vee (Except for ADO~AD15)

MCU900-221



TOSHIBA

TMP96C041A

Mm

X1

CLK

A0~23

WAIT

Port Input

ADO~15

ALE

Read Cycle

teLk

tew—

tAS

Tk
=

tRSH

tRAS

L

tRAC

tCAS™

LY

W —tCAC
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(2) Write Cycle

X1

A0~23

Port Output

R

(%l

CASO~2 :
: é (Ds:
: : ~

=
:
L

tww

tDw

DO~15 .

ADO~15 ...3___—-< A§O~15 >(

ALE
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4.4 A/D Conversion Characteristics (TMP96C041AF)
Vec=5V £ 10%, TA= = 40~85C (4~16MHz) TA= —20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VREF Analog reference voltage Vee- 1.5 Vee
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Ve
IRer Anlog current for analog reference voltage TBD 1.5 mA
Total error A=fc= 16MHz Low change mode TBD +4.0
(Quantize error High change mode TBD +6.0 LsB
of £0.5LSB not Low change mode TBD +4.0
included) 16<fc=20MHz -
High change mode TBD +8.0
4.5 Serial Channel Timing - 1/O interface Mode
(1)  SCLK Input Mode Vee=5V +10%, TA= - 40~85C (4~16MHz) TA= -20~70T (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 173
toss Output Data — Rising edge of SCLK tscy /2~ 5X - 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tspp | SCLK rising edge— effective data input ltscy — 5X = 100 587 450 ns
(2)  SCLK Output Mode Vee=5V +£10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min { Max | Min | Max
tscy SCLK cycle {programmable) 16X 8192X 1 512 | 0.8 [409.6| us
toss Output Data — SCLK rising edge tscy — 2X - 150 725 550 ns
tous | SCLK rising edge— Output Data hold 2X -80 45 20 ns
thsg | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input [tscy — 2X - 150 725 550 ns
4.6 Timer/Counter Input Clock (TI0, T!4, TIS, Ti6, TI7)
Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70C (4~20MHz)
Symbol Parameter Variable 16MHz 20MHz Unit
Min Max Min Max Min Max
tvek Clock Cycle 8X + 100 600 500 ns
tyckL | 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
Ve =5V £ 10%, TA= — 40~85C (4~16MHz) TA= - 20~70C (4~20MHz)

Variable 16MHz 20MHz X
[Symbol Parameter Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width ax 250 200 ns
YNTAH NMI, INTO High level Pulse width 4Xx 250 200 ns
tinteL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinten | INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode

682081
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

{Note 1)
CLK R i 1 i
XA X XA X XX
tsrC t
~ tcealL > [—=_BRC
BUSRQ
I < tcBaH <
L) LR
JR——
BUSAK
N ()() /
> e tBaA
X taBa
ADO~AD1T5 = N\ e e e e e o = ————
S TR <
A16~A23 S S—\ (Note 2) .Z/—
______ o 4 EE
RD, WR SS_/ | S Sy 7
(Note 3)
CS0~C52, — m——m———p o A — -S—
RAW, RAS )S_/
CASO~CAS2 N
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max | Min | Max
tgre | BUSRQ set-up time for CLK 120 120 - 120 ns
tepaL | CLK— BUSAK falling edge 1.5x + 120 245 220 ns
tcgan | CLK— BUSAK rising edge 0.5x + 40 71 65 ns
taga | Output Bufferis off to BUSAK 1 0 80 0 80 0 80 ns
tgan |BUSAK [ to Output Bufferison. 0 80 0 80 0 80 ns
(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.
(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.TMP96C141/TMP36C141A/TMP96C041A Different points

TMP96C141/TMP96C141A/TMP96C041A have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96C141A TMP96C041A
Interrnal RAM 1K byte 1K byte not exist
TMP96C141 TMP96C141A TMP96C041A

. . | >
Pin condition at bus release see Figure 3.5 (1) see Figure 3.3 see Figure 3.3

Mapping area of CS1defult ~7FFFH H~7FFFH H~7FFFH
setting (B1C1/0: 00) 480H~7 480 80
TMP36C141 does not TMP96C141A/TMPI96C041A
have the SCLKO have the SCLKO function.
=cn function.
P92, CTS0, SCLKO Serial channel 0 Serial channel 0
does not have the have the /0
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 microcontrollers 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 xs/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 : 2 channels
(6) 8-bit PWM timers . 2 channels
(7) 16-bit timers . 2 channels
(8) Pattern generators  : 4 bits, 2 channels
(9) Serial interface : 2 channels

(10) 10-bit A/D converter : 4 channels
(11) Watchdog timer
(12) Chip select/wait controller :3 blocks
(13) Interrupt functions
e 3 CPU interrupts----- SWI instruction, priviledged violation, and Illegal
instruction
® 14 internal interrupts
® 6 external interrupts
(14) T/Oports : 65 pins
(15) Standby function : 3halt modes (RUN, IDLE, STOP)

:] 7-level priority can be set.

MCU900-229




TOSHIBA TMP96CM40

~{— VCC[2]
CPY ~— Vs$[3]
(ANQ) P50 —7>
(AN1) P51 —p>| 10-BIT 4CH XWA WIA <— X1
(AN2) P52 —>| AD XBC Bi{C 0scC —> X2
(AN3) P53 —1>| CONVERTER | | XDE D1E
VREF —>| XHL HIL I
AGND —>| XIX IX b~ CLK
XIY 1Y
Xiz 1z
(TXDO) P90 <1>| SERIAL /O XSP SP ~—A
(RXDO) P91 <T>|  (CH.0) < 32bit — ~|— RESET
|
6/CTS0) P92 srRC_TF] —> ALE
(TXD1) P93 <p>|  SERIAL /O
(RXD1)PI4 <>| "~y
P
(SCLK1) P95 <> INTERRUPT  |l— i
CONTROLLER
(PG oo; P60 <T>| PATTERN
(PG O1) P61 =T>| GENERATOR —
(PG 02) P62 <> (CH.0) WATCH-DOG [ > WDTOUT
(PG 03) P63 <> TIMER
(PG 10) P64 <>| PATTERN
(PG 11) P65 <>| GENERATOR
(PG 12) P66 <>  (CH.1)
PORT(Q |=d>P0O0~PO7
(PG 13) P67 1KB RAM (ADO~AD7)
(TI0) P70<1>{ 8BIT TIMER
(FIMER 0) PORT 1 <> P10~P17
(AD8~AD15/A8~A15)
(TO1) P71<}>| 8BIT TIMER
(TIMER 1) PORT2  |<t>P20~P27
(AO~A7/A16~A23)
(TO2) P72~<>| 8BITPWM .
(TIMER 2) > P30(RD)
> P31(WR)
(TO3) P73=<>| 8BITPWM <1> P32(HWR)
(TIMER 3) PORT3 [<* P33(WAIT)
: <> P34(BUSRQ)
32K8 ROM > P35(BL§AK)
(INT4/T14) P8O <7>| <> P36(R/W)
(INT5/TI5) P81 <> 16BIT TIMER <> P37(RAS)
(TO4) P82 =<1>| (TIMER 4)
(TOS) P83 <>
(INT6/T16) P84 =t>{ 16BIT TIMER
(INT7/TI7) P85 <t>| (TIMERS) CSIWAIT  |<t>P40(CS0/CASD)
(TO6) P86 <> CONTROLLER P41(CST/CAST)
(3-BLOCK) |={>P42(CS2/CAS2)
(INTO) P87 <>

TMP96CMA40 is added to SCLKO function.
(TMP96C141 does not have this function.)

Figurel 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 of TMP96CM40F.

(ANOQ)P50 73

(AN1)P51 74
(AN2)P52 75
(AN3)P53 76

vce 77

VREF 78
AGND 79
VSS 80————;17

(PGOO)PE0  1—| 64
(PGonpel 2| @ 63
(PGO2)P62  3—[] 62
(PGO3)P63  4—] 61
(PG10)P64  5—] 60
(PG11)P65 6—] 59
(PG12)P66  7—] 58
(PG13)P67 8—| 57
(TIoyp70  9—{| 56
(TonpP71 10—{] 55
(TO2)P72 11— [}-54
(TO3)P73 12— Top View 53
(INT4/TI14)P80 13— QFP80 52
(INT5/TI5)P81 14— 51
(TO4)P82 15—[ ]_50
(TO5)P83 16— 49
(INT6/TI6)P84 17— | 48
(INT7/TI7)P85 18—] 47
(TO6)P86 19— 46
(INTO)P87 20— (45
NMI 21— ] a4
WDTOUT 22— 143
RESET 23— 42

CLK 24—] (a1

VSS 25———IJJ L‘J—ao

X1 26 39

X2 27 38

EA 28 37
(TXDO)P90 29 36
(RXDO)P91 30 35
(SELKD/CTSO)P92 31 34
(TXD1)P93 32 33

P42(CS2/CAS2)

P41(CST/CAST)
PA0(CSO/CASO)
P37(RAS)
P36(R/W)
P35(BUSAK)
P34(BUSRQ)
P33(WAIT)

P32(HWR)
P31(WR)
P30(RD)
P27(A7/A23)
P26(A6/A22)
P25(A5/A21)
P24{A4/A20)
P23(A3/A19)
P22(A2/A18)
P21{A1/A17)
P20(A0/A16)
VsS
P17(AD15/A15)
P16(AD14/A14)
P15(AD13/A13)
P14(AD12/A12)
P13(AD11/A11)
P12(AD10/A10)
P11(AD9/A9)
P10(AD8/A8)
PO7(AD7)
PO6(ADG)
PO5(AD5)
PO4(AD4)

P03(AD3)
P02(AD2)
PO1(AD1)
POO(ADO)
VCC

ALE
P95(SCLK1)
P94(RXD1)

Note: Because the TMP96C141 has an external ROM, P00 to P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WR.

Figure 2.1 Pin Assignment (80-pin QFP)

TMPY6CM40 is added to SCLKO function. (TMP96C141 does not have this function.)
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2.2 Pin Names and Functions

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

Pin name '\f)‘#r{;%%r /0 Functions

P00~PO7 8 /0 | Port0: I/O portthatallows I/0 to be selected on a bit basis

ADO~AD7 Tri-state | Address/data (lower): 0 -7 for address/data bus

P10~P17 8 I/0 | Port1: I/O portthat allows I/O to be selected on a bit basis

AD8~AD15 Tri-state | Address data (upper): 8- 15 for address/data bus

AB~A15 Output | Address: 8to 15 for address bus

P20~P27 8 /O | Port2: I/O portthat allows selection of /0 on a bit basis
(with pull-down resistor)

AD~A7 Output | Address: 0-7 for address bus

A16~A23 Output | Address: 16 - 23 for address bus

P30 1 Output | Port30: Output port

RD ) Output | Read: Strobesignal for reading external memory

P31 1 Output | Port31: Outputport

WR Qutput | Write: Strobe signal for writing data on pins ADO - 7

P32 1 /0 | Port32: I/O port (with pull-up resistor)

HWR Output | High write: Strobe signal for writing data on pins AD8 - 15

P33 1 /0 | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 1/0 | Port34: 1/O port (with pull-up resistor)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO - 15,
A0 - 23, RD, WR,HWR, RW, RAS, CS0, CS1, and C52 pins.
(For external DMAC)

P35 1 /0 | Port35: I/O port (with pull-up resistor) o

BUSAK Output | Busacknowledge: Signal indicating that ADO-15, A0-23, RD,
WR,HWR, R/W, RAS, CS0, C51, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 1/0 | Port36: 1/0 port (with pull-up resistor)

RW Output | Read/write: 1represents read or dummy cycle; 0, write cycle.

P37 1 1/0 | Port37: 1/O port (with pull-up resistor)

RAS Output | Row addressstrobe: Outputs RAS strobe for DRAM.

P40 1 1/0 | Port40: 1/O port (with puli-up resistor)

cso Output | Chipselect0: 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 '\c‘,‘#“gﬁ{i’ 1/O Functions
P41 1 /0 | Port41: I/O port (with pull-up resistor)
CS1 Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
P42 1 vo | Port 42: 1/0 port (with pull-down resistor) (Note1)
CS2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Input port
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin forreference voltage input to A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 /0 | Ports60-63: 1/0 ports that allow selection of I/O on a bit basis
(with pull-up resistor)
PG00~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 /O | Ports 64 -67: 1/0 ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 I/0 | Port70: I/O port (with pull-up resistor)
TIO Input | Timerinput0O: Timer 0 input
P71 1 1/0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: TimerOor 1 output
P72 1 1/0 | Port72: 1/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 I/0 | Port73: 1/0 port (with pull-up resistor)
TO3 Output | PWM output 3: -8-bit PWM timer 3 output
P80 1 1/0 | Port80: 1/0 port (with pull-up resistor)
T4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interruptrequest pin 4: Interrupt request pin with programmable
rising/falling edge
P81 1 I/0 | Port81: 1/O port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input
INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 /0 | Port 82: 1/0O port (with pull-up resistor)
TO4 Output | Timeroutput4: Timer 4 output pin
P83 1 /O | Port83: I/O port (with pull-up resistor)
TOS5 Output | Timeroutput5: Timer 4 output pin
Note 1 : Case of the settable CS2 or CAS2; when TMP96CMA4OF 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 '}L‘#?Eﬁr 110 Functions

P84 1 /0 | Port84: 1/O port (with pull-up resistor)

Tl Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising/falling edge

P85 1 /O | Port85: 1/0 port {(with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 /0 | Port86: 1/0 port (with pull-up resistor)

TO6 Output | Timer output 6: Timer 5 output pin

P87 1 /0 | Port87: I/O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 1/0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /O | Port91: 1/O port (with pull-up resistor)

RXDO Input | Serial receive data 0

P92 1 1/0 | Port92: /O port (with pull-up resistor)

TS0 input | Serial datasend enable 0 (Clear to Send)

Port 93: 1/0 port (with pull-up resistor)

P93 1 110

TXD1 Output | Serial send data 1

P94 1 /0 | Port94: 1/O port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 1/0 | Port95: 1/0 port (with pull-up resistor)

SCLK1 110 | 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 [ X1 +4 ] clock. Pulled-up during reset.

EA 1 Input | External access: 0 should be inputted with TMP96C141.
1, with TMP96CM40 / TMP96PMA40.

ALE 1 Output | Address latch enable

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

X1/X2 2 1/0 | Oscillator connecting pin

vCC 2 Power supply pin (+5V)

VSS 3 GND pin (0V)

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

TMP96CMA40 is added to SCLKO function. (TMP96C141 does not have this function.)
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3.

3.1

3.2

(M

)

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 [7. Care Points and Restriction of TMP96C141 | because of the Care
described. Regarding the function of TMP96CM40 (not described), see the part of
TMP96C141.

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.)

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 0OH~FFFFH in minimum mode and can
locate OH ~ FFFFFFH in maximum mode.

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.

Internal RAM

TMP96CM40 has the RAM of 1K bytes. This RAM is located to 80H~47FH. The
CPU can access the part of RAM (80H~FFH, 128 bytes) with using the short instruction
code of direct addressing mode.

Internal I/0 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.

000000H | 7
000100H
000480H
64K-byte area
00800CH (nn)
008200H
010000H
161\(1—;9yte area
External memory R
16M-b (=R)
(16M-byte) (R
(R +R8/16)
(R+d8/16)
(nnn)
FFFFFFH

=Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.1 Memory map
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4. ELECTRICAL CHARACTERISTICS

4.1  Absolute Maximum

Symbol Parameter Rating Unit
Vcc Power Supply Voltage -0.5~6.5
VIN Input Voltage -0.5~Vcc+0.5
> 10L Output Current (total) 100 mA
S 10H Output Current (total) -100 mA
PD Power Dissipation (Ta=85T) 500 mwW
TSOLDER Soldering Temperature (10's) 260 °
TSTG Storage Temperature -65~150
TOPR Operating Temperature - 40~85

4.2 DC Characteristics
Vee=5V +10%, TA= —40~85C (4~16MHz) TA= —20~70C (4~20MHz)
(Typical values are for Ta=25TC and Vcc=5V)

Symbol Parameter Min Max Unit Test Condition
VIL input Low Voltage (AD0O - 15) | —0.3 0.8 \
VIL1 P2, P3,P4,P5, P6, P7, P8, P9 -0.3 0.3Vcc \Y)
ViL2 RESET,NMI,INTO(P87) -0.3 0.25Vce \
VIL3 EA —-0.3 0.3 \
ViL4 X1 -03 0.2Vce \
VIH Input High Voltage (ADO - 15) |2.2 Vee+0.3 Vv
V [H1 P2,P3, P4, P5, P6, P7, P8, P9 0.7Vcc Vee+0.3 \
V IH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 Vv
VIH3 EA Vec+0.3 Vv
VIH4 X1 Vce+0.3 \Y

| DAR Darlington Drive Current —-1.0 -3.5 mA
(8 Output Pins max.)

[LI Input Leakage Current 0.02 (Typ) |5 uA
ILO Output Leakage Current |0.05(Typ) | £10 A

| cc Operating Current (RUN) 30 (Typ) TBD mA
IDLE 2.0 (Typ) 10 mA
STOP (Ta= —20~707C) 0.2 (Typ) 50 uA

STOP (Ta=0~507C) 10 #A

VSTOP |Power Down Voltage 2.0 6.0 \)
(@STOP RAM Back up)

R K Pull Down/Up Register 50 150 kQ

Note : I-DAR is guaranteed for a total of up to 8 ports.

MCU900-237



TOSHIBA TMP96CM40

4.3 ACElectrical Characteristics
Vce =5V +10%, TA = —40~85C (4~16MHz) TA= -20~70°C (4~20MHz)

No. |Symbol Parameter - Variavle TGMHZ ?OMHZ Unit
Min Max Min | Max | Min | Max

1] tosc [Osc. Period { =x) 50 250 62.5 50 ns

2| tak | CLK width 2x — 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x - 20 11 5 ns

4] txa |CLKValid— A0-23 Hold 1.5x =70 { 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x—-15 16 10 ns

6] tia ALE fall- AD-15 Hold 0.5x - 15 16 10 ns

70t ALE High width x —40 23 10 ns

8| tic | ALE fall-> RDAWR fall 0.5x-30 1 -5 ns

9| tc.  |RD/WR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL |AO0-15 Valid— RD/WR fall x=25 38 25 ns
11] tacy | A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca |RDAWR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL |AO0-15 Valid— D0-15 input 3.0x-45 143 105 [ ns
14| tapy | A0-23 Valid— D0-15 input 3.5x-65 154 - 110 | ns
15| trp  |RDfall - D0-15input 2.0x-50 75 50 | ns
16| tRr RD Low width 2.0x - 40 85 60 ns
17| tyur  |RDrise—> D0-15 Hold 0 0 0 ns
18| trae_ | RDrise— AO-150utput x=15 48 35 ns
19] tww |WR Low  width 2.0x - 40 85 60 ns
20| tpw |D0-15 Valid— WR rise 2.0x-50 75 50 ns
21 twp |WRrise =D0-15 Hold 0.5x-10 21 15 ns
22| tagy |A0-23 Valid—  WAIT input (\WAT ) 3.5x-90 129 85 | ns
23| tawL |A0-15 Valid— WAIT input (\WAT - 3.0x - 80 108 70 | ns
24| tcw | RDAWWR fallSWAIT Hold (VAT ) 2.0x +0 125 100 ns
25| tapH [AO0-23 Valid—> PORT input 2.5x - 120 36 5[ ns
26/ tapH2 | AD-23 Valid— PORT Hold 2.5x +50 206 175 ns
27| tcp | WRrise— PORT Valid 200 200 200 | ns
28| tasry | A0-23 Valid—> RAS fall 1.0x - 40 23 10 ns
29| tasrL |A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30| trac | RAS fall-> D0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall—> A0-15 Hold 0.5x =15 16 10 ns
32| tras |RASLow  width 2.0x-40 85 60 ns
33| trp RAS High  width 2.0x-40 85 60 ns
34| tgsy | CAS fall> RAS rise 1.0x - 35 28 15 ns
35| trsc | RAS rise— CAS rise 0.5x - 25 6 0 ns
36| trcp | RAS fall> CAS fall 1.0x — 40 23 10 ns
37| tcac | CASfall> DO-15input 1.5x =65 29 10 | ns
38| tcas |CASLow  width 1.5x-30 64 40 ns
AC Measuring Conditions

® OQutputlevel : High2.2Vv /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASO~CAS2)
® input Level : High2.4v /Low0.45V (ADO~AD15)

High 0.8Vcc /Low 0.2Vcee (Except for ADO~AD15)
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(1) Read Cycle

X1

i teik— e
cak T j‘;&; ;&F
- [<tak— kA

A0~23 :><‘ *§<:
/K : Z : !
N

tow—

Port Input —;—-——-"—-'2' ————— —"<

ADO~15  —ioon T AO~1S  Pmimmomm - < bo~15
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(2) Write Cycle

tww /i
— oW <J‘ALD_,£

ADO~15 —é————-( A%0~15 >< DO~15
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4.4 A/D Conversion Characteristics
Vee=5V+10%, TA= -40~85C (4~16MHz) TA= -20~70C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VReR Analog reference voltage Vee-1.5 Ve
AGND Analog reference voltage Vss Vss \
Vain Analog input voltage range Vss Ve
IReF Anlog current for analog reference voltage 0.5 1.5 mA
) Low change mode +15 +4.0
Total error 4=fc=16MHz - 2 +
(Quantize error High change mode 3.0 +6.0 LSB
of £0.5LSB not Low change mode +1.5 £4.0
included) 16<fc=20MHz -
High change mode +4.0 +80

4.5 Serial Channel Timing - I/O Interface Mode

(@) SCLK Input Mode Vee=5V £ 10%, TA= - 40~85C (4~16MHz) TA= -20~70°C (4~20MHz)
[Symbol Parameter - Variable .1 S\iHz .ZOMHZ Unit
Min Max Min | Max | Min | Max
tsey SCLK cycle 16X 1 0.8 s
toss Output Data — Rising edge of SCLK tscy /2 - 5X - 50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tysr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input ltscy — 5X — 100 587 450 ns
(2) SCLK Output Mode Vee=5V £ 10%, TA= ~40~85T (4~16MHz) TA= -20~70C (4~20MHz)
Symbol Parameter - Variable ‘1 SMHz .ZOM He Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1 512 | 0.8 |409.6 | us
toss Output Data — SCLK rising edge tscy —2X - 150 725 550 ns
tous | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tusr | SCLK rising edge—» Input Data hold 0 0 0 ns
tsrp | SCLK rising edge— effective data input ltscy = 2X =150 725 550 ns

4.6 Timer/Counter Input Clock (TIiO, TI4, TI5, TI6, TI7)
Vee =5V +10%, TA= —40~85C (4~16MHz) TA= —20~70C (4~20MHz)

Variable 16MHz 20MHz .
ISymbol Parameter Unit
Min Max Min Max Min Max
tvck Clock Cycle 8X + 100 600 500 ns
tvekL Low !evel clock Pulse width 4X + 40 290 240 ns
tyCKH High level clock Pulse width 4X + 40 290 240 ns

4.7 Interrupt Operation
Vec=5V £ 10%, TA= - 40~85C (4~16MHz) TA= —20~70°C (4~20MHz2)

Variable 16MHz 20MHz .
[Symbol Parameter - Unit
Min Max Min Max Min Max
tintaL | NMI, INTO Low level Pulse width 4X 250 200 ns
tintan | NMI, INTO Highlevel Pulse width 4x 250 200 ns
tintel | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinted | INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode
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4.9 Timing Chart for Bus Request (BUSRQ) / Bus Acknowledge (BUSAK)

(Note 1)
~
ac X XA X XA XXX X
7
> < 1BRC > < tBRC
BUSRQ |e——
tceaL $§ tceaH
BUSAK f—
3 /
e tsaa
ADO~AD15, AO~A23, —\ tagA (Note 2) o
€50~CS2, R/W, RAS, L ——————- =
CASO~CAS2 —_— S
— Note 3 —
RD, WR, HWR ; ‘____.__s ___(___.). __________ /|
ALE (¢ / \
R
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max { Min | Max

tgrc | BUSRQ set-up time for CLK 120 120 120 ns

tegaL | CLK— BUSAK falling edge 1.5x+ 120 214 195 | ns

tcgan | CLK— BUSAK rising edge 0.5x+40 71 65 ns

taga | Output Bufferis off to BUSAK 1 0 80 0 80 0 80 ns

tgan [BUSAK_L  to OutputBufferison. 0 80 0 80 0 80 ns

Notel : 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 busis

gelleasi(rixg, the design must be carefully because of the level-fix will be
elayed.

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.

Vee (V) Icc (mA)
6 30 -
5 /
20

4 . /
B L

3 ,/ //
- . / '.o
2
5 10 15 20 25 5 10 15 20 25
. fosc (MHz) . fosc (MHz)
Figure 5.1 Vcc - fosc TYPICAL CURVE Figure 5.2 fosc - Icc TYPICAL CURVE ©
icc (mA)
40
" /
fosc = 20MHz
20 ]
10 — !
0 |
3 4 5 6
. Vee (V)
Figure 5.3 lcc-Vec TYPICAL CURVE
log (MA) 0 1 2 3 4 5 Vour (V)

40

30 /
20 // -20 / /
/

-30
10
. 40
1 2 3 4 5 Vour (V) lon(mA)
Figure 5.4 Voyrt-loL TYPICAL CURVE Figure 5.5 Vouyt-lon TYPICAL CURVE
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5. TMP36C141/TMP96CM40/TMP96PM40 Different points

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are
different from following points.

Parameter TMP36C141 TMP96CMA40 TMP96PM40
Interrnal ROM Not exist Mask ROM32K byte PROM32K byte
POO to PO7
: ~P0Q7
ADO t0 AD7 Only ADO to AD7 After reset POO~POQ
P10 to P17,
AD8 to AD15, Only AD8 to AD15 After reset P10~P17
A81to A15
P30, RD Only RD After reset P30
P31, WR Only WR After reset P31
TMP96C141 does not TMP96CMA40/TMP96PM40
have the SCLKO have the SCLKO function.
function.
P92, TS0, SCLKO 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
TMP96PMA40F

1. OUTLINE AND DEVICE CHARACTERISTICS

TMP96PM40F is high-speed advanced 16-bit microcontrollers 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).

TMP96CMA40F is housed in an 80-pin flat package.

Product name ROM RAM Package Adapter socket
name
OTP type .
- 39A
TMPOEPMAOF | O YRS 1K x 8bit 80-FP BM11
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-— VvCC (2]
CPY ~— Vvss (3]
(ANQ) P50 —|
(AN1) P51 —1>| 10-BIT 4CH XWA WA ~<— X1
(AN2) P52 —> AD XBC B[ C osc 1= x2
(AN3) P53 —>| CONVERTER | | XDE DLE
VREF —~ XHL HL |
AGND —>| XIX 1X b CLK
XIY Y
X1z 1z
(TXDO0) P90 <>| SERIAL /O XSP SP ~—iA
) (RXDO) P91 <T>|  (CH.0) < 32bit —> I~ RESET
g |
[: /CTS0) P92 sR_LF] — ALE
(TXD1) P93 <> SERIAL /O
(RXD1) P94 <=~ (cpy 1)
SCLK1) P95 ’
(SCLKT) P95 <> INTERRUPT || — it
CONTROLLER
gPG 80; P60 :: PATTERN
PG 01) P61
RA .
(PG 02) P62 <> GENERATOR —~ WDTOUT
(CH.0) WATCH-DOG
(PG 03) P63 ~{> TIMER
(PG 10) P64 <>| PATTERN
(PG 11) P65 <t>[ GENERATOR
(PG 12) P66 <>  (CH.1)
PORTO  |<>P00~PO7
(PG 13) P67 1KB RAM T (ADo~AD7)
(TI0) P70<J+ 8BIT TIMER
PORT 1 <> P10~P17
(TIMER 0) (ADB~AD15/A8~AT15)
(TO1) P71-{>| 8BITTIMER
(TIMER 1) PORT2 |«t>P20~P27
_ (AO~AT7/A16~A23)
(TO2) P72=<t>| 8BITPWM J L
(TIMER 2) > P30(RD)
1> P31WR)
(TO3) P73<—)—> 8BIT PWM <> P32(HWR)
(TIMER 3) PORT3 [<[> P33(WAI)
- <> P34(BUSRQ)
32KB PROM <} P35(BLEAK)
(INT4/TI4) P8O <> <> P36(R/W)
(INTS/TI5) P81 ~<f>| 16BIT TIMER <> P37(RAS)
(TO4) P82 <> (TIMER4)
(TO5) P83 <>
(INT6/TI6) P84 ~f>] 16BIT TIMER
(INT7/T17) P85 <t>| (TIMER5) CSWAIT <> P40(CSO/CASO)
(TO6) P86 <> CONTROLLER|<{>p41(CST/CAST)
L. (3-BLOCK) [«>P42(CS52/CAS2)
(INTO) P87

TMP96PMA40 is added to SCLKO function.
(TMP96C141 does not have this function.)

Figure1l 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 of TMP96PM40F.

(ANO)P50
(AN1)P51
(AN2)P52
(AN3)P53
VCC
VREF
AGND
VSS

(PGO0)PE0
(PGO1)P61
(PGO2)P62
(PGO3)P63
(PG10)P64
(PG11)P65
(PG12)P66
(PG13)P67
(TI0)P70
(TO1)P71
(TO2)P72
(TO3)P73
(INT4/T14)P80
(INT5/TI5)P81
(TO4)P82
(TO5)P83
(INT6/TI6)P84
(INT7/TI7)P85
(TO6)P86
(INTO)P87
NMT
WDTOUT
RESET

CLK

(TXD0)P90
(RXD0)P9I1
D/CTS0)P92
(TXD1)P93

25
26
27
28
29
30
31
32

2Ll L
- -
e -
— -
- 1
- -
— -
T i
5 -
B -
— _ 1
—{ Top View T~
- QFP80 T
— s
- -
- -
- -
— -
R -
— -
] -
] -
— -
__E

=]

Figure 2.1 Pin Assignment (80-pin QFP)

P42(CS2/CAST)
P41(CST/CAST)
P40(CSO/CASO)
P37(RAS)
P36(RAW)

P35(BUSAK)
P34(BUSRQ)
P33(WAIT)

P32(HWR)
P31(WR)
P30(RD)
P27(A7/A23)
P26(A6/A22)
P25(A5/A21)
P24(A4/A20)
P23(A3/A19)
P22(A2/A18)
P21(A1/A17)
P20(A0/A16)
VsS
P17(AD15/A15)
P16(AD14/A14)
P15(AD13/A13)
P14(AD12/A12)
P13(AD11/A11)
P12(AD10/A10)
P11(AD9/A9)
P10(AD8/A8)
PO7(AD7)
PO6(ADG)
PO5(ADS)
PO4(AD4)

PO3(AD3)
P02(AD2)
PO1(AD1)
POO(ADO)
vCC

ALE
P95(SCLK1)
P94(RXD1)

Because the TMP96C141 has an external ROM, P00 to P17 pins are fixed to AD0 to AD15; P30 to RD; and P31 to WR.
TMP96PM40 is added to SCLKO function. (TMP96C141 does not have this function.)
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2.2 Pin Names and Functions

TMP96PM40 has MCU mode and PROM mode.
The names of input/output pins and their functions are described below.

(1) MCU mode
Table 2.2 (1) Pin Names and Functions.

Pin name '\é‘%?ﬁﬁr /0 Functions
PO0~PO7 8 1/0 | Port0: I/0 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 /0 | Port1: I/O port that allows 1/0 to be selected on a bit basis
AD8~AD15 Tri-state | Addressdata (upper): 8- 15 for address/data bus
A8~A15 Output | Address: 8to 15 for address bus
P20~P27 8 I/0 | Port2: I/O portthat allows selection of I/0O on a bit basis
(with pull-down resistor)
A0~A7 Output | Address: 0 -7 for address bus
A16~A23 Output | Address: 16 - 23 for address bus
P30 1 Output | Port30: Output port
RD Output | Read: Strobe signal for reading external memory
P31 1 Output | Port31: Output port
WR Output | Write: Strobe signal for writing data on pins ADO -7
P32 1 1/0 | Port32: 1/O port (with pull-up resistor)
HWR Output | High write: Strobe signal for writing data on pins AD8 - 15
P33 1 1/0 | Port33: I/O port (with pull-up resistor)
WAIT Input | Wait: Pin used to request CPU bus wait
P34 1 /0 | Port34: /O port {with puli-up resistor)
BUSRQ Input. | Busrequest: Signal used to request high impedance for ADO - 15,

A0 - 23, RD, WR,HWR, R/W, RAS, €50, C5T, and CS2 pins.
(For external DMAC)

P35 : 1 I/0 | Port35: 1/O port (with pull-up resistor) .
BUSAK Output | Busacknowledge: Signalindicating that AD0-15, A0-23, RD,

WR,HWR, RAW, RAS, CS0, CS7, and CS2 pins are at high impedance
after receiving BUSRQ. (For external DMAC)

P36 1 /0 | Port36: I/O port (with pull-up resistor)

RW Output | Read/write: 1representsread or dummy cycle; 0, write cycle.

P37 1 110 { Port37: 1/O port (with pull-up resistor)

RAS Output | Row addressstrobe: Outputs RAS strobe for DRAM.

P40 1 /0 | Port40: I/O port (with pull-up resistor)

() 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.

MCU900-250



TOSHIBA TMP96PM40

Pin name '\él#'gﬁ,‘ir 110 Functions
Pa1 1 1/0 | Port41: I/0 port (with pull-up resistor)
[&] Output | Chipselect 1: Outputs 0 if address is within specified address area.
CAS1 Output | Column addressstrobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.
P42 1 /0 | Port42: 1/O port (with pull-down resistor) (Note1)
Cs2 Output | Chipselect2: Outputs 0 if address is within specified address area.
CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.
P50~P53 4 Input | Port5: Inputport
ANO~AN3 Input | Analoginput: Inputto A/D converter
VREF 1 Input | Pin forreference voltage inputto A/D converter
AGND 1 Input | Ground pin for A/D converter
P60~P63 4 /0 | Ports 60 -63: I/0O ports that allow selection of I/0 on a bit basis
(with pull-up resistor)
PGO0~PGO3 Output | Pattern generator ports: 00-03
P64~P67 4 I/0 | Ports64-67: 1/O ports that allow selection of I/0 on a bit basis
{with pull-up resistor)
PG10~PG13 Output | Pattern generator ports: 10-13
P70 1 1/0 | Port70: 1/O port (with pull-up resistor)
TIO Input | Timerinput0: Timer 0 input
P71 1 /0 | Port71: 1/O port (with pull-up resistor)
TO1 Output | Timeroutput 1: Timer0or 1 output
P72 1 /0 | Port72: I/O port (with pull-up resistor)
TO2 Output | PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 | Port73: 1/O port (with pull-up resistor)
TO3 Output | PWM output 3: 8-bit PWM timer 3 output
P80 1 1/0 | Port80: 1/O port (with pull-up resistor)
T4 Input | Timerinput4: Timer 4 count/capture trigger signal input
INT4 Input | Interrupt request pin 4: Interrupt request pin with programmable
- rising/falling edge
P81 1 /0 | Port81: 1/0 port (with pull-up resistor)
TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input
INT5 Input | Interruptrequest pin 5: Interrupt request pin with rising edge
P82 1 1/0 | Port82: I/O port (with pull-up resistor)
TO4 Qutput | Timeroutput4: Timer 4 output pin
P83 1 1/0 | Port83: I/O port (with pull-up resistor)
TOS5 Output | Timeroutput5: Timer 4 output pin
Note1 : Case of the settable CS2 or CAS2; when TMP96PMA4O0F 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 l\g#r’r)\il%esr I/10 Functions

P84 1 /0 | Port84: 1/O port (with pull-up resistor)

Tl6 Input | Timerinput 6: Timer 5 count/capture trigger signal input

INT6 input | Interrupt request pin 6: Interrupt request pin with
programmabie rising/falling edge

P85 1 1/0 | Port85: I/O port (with pull-up resistor)

TI7 Input | Timerinput7: Timer 5 count/capture trigger signal input

INT7 Input | Interrupt request pin 7: Interrupt request pin with rising edge

P86 1 I/0 | Port86: I/0 port (with pull-up resistor)

TO6 Output | Timer output 6: Timer 5 output pin

P87 1 /0 | Port87: 1/O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0: Interrupt request pin with
programmable level/rising edge

P90 1 /0 | Port90: I/O port (with pull-up resistor)

TXDO Output | Serial send data 0

P91 1 /0 | Port91: /O port (with pull-up resistor)

RXDO Input | Serial receive data0

P92 1 I/0 | Port92: I/O port (with pull-up resistor)

CTSO Input | Serial data send enable 0 (Clear to Send)

P93 1 I/0 | Port93: I/O port (with puli-up resistor)

TXD1 Output | Serialsend data 1

P94 1 1/0 | Port94: I/0 port (with pull-up resistor)

RXD1 Input | Serial receive data 1

P95 1 /0 | Port95: I/O port (with pull-up resistor)

SCLK1 /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 [ X1 +4 ] clock. Pulled-up during reset.

EA 1 Input | External access: 0should be inputted with TMP96C141.
1, with TMP96CM40 / TMP96PMA40.

ALE 1 Output | Address latch enable

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

X1/X2 2 /O | Oscillator connecting pin

VCC 2 Power supply pin ( +5V)

VSS 3 GND pin (0V)

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

: TMP96PMA40 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

. . . Input/ .
Pin function |Pin number OuF:tput Function Pin name (MCU mode)
A7~A0 8 Input P27~P20
A15~A8 8 Input Memory address of program P17~P10
A16 1 Input P33
D7~D0 8 le} Memory data of pfogram P07~P00
CE 1 Input | Chip enable P32
OE 1 Input | Output control P30
PGM 1 Input Program control P31
Power —
VPP 1 supply 12.75V/5V (Power supply of program) EA
Power
vee 2 supply |6.25V/5V vee
Power
VSS 3 supply |0V VSS
. . . Input/ . .
Pin function |Pin number Output Disposal of pin
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
P95~P94,
3 Input Fix to high level
VREF
AGND 1 Input ov
P37~P35
P42~P40
P53~P50
P67~P60
P73~P70 36 110 open
P87~P80
NMI,
WDTOUT
P93~P90
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3.

3.1
m

@

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 [7. Care Points and Restriction of TMP96C141 | because of the Care
described. Regarding the function of TMP96PM40 (not described), see the part of
TMP96C141.

MCU mode
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 of TMP96CM40.

Memory Map

The memory map of TMP96PM40 is same as that of TMP96CM40.
Figure 3.1 shows the memory map of TMP96PM40, and the accessing area by the
respective addressing mode.
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Memory Map
Figure 3.1 is a memory map of the TMP96CM40.

00000CH | f
000080H Direct.area (n)
000100H | |
000480H
64K-byte area
008000H (nn)
008200H
010000H |
16M-byte area
External memory (R)
(16M-byte) (-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

=Internal area)

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

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 TC571000D)

Size : 1Mbit (128K X 8bit) VPP : 1275V TPW: 0.lms

Figure 3.2 shows the setting of pins PROM mode.

VPP (12.75V/5V)

\_/ vee
T—» EA VCC 4————T
P30 |«——— OF
P32 j«——CE
P31 [<—— PGM
P33
P17 P07 D7
§ g <:> g
AJG E> P10 POO DO
AO P2$7
P20 RESET
CLK
__|l X1 % Use the 10MHz
! é oVeC resonator in case of
I T P95 programming and
'—_I X2 Po4 verification by a general
AN EPROM programmer.
AGND P34 |<— SECURITY

Figure 3.2 PROM Mode Pin Setting

MCU900-256



TOSHIBA TMP96PMI40

(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 (0.1ms pulse is required).
General programming procedure of an EPROM programmer is as follows,

® Write a data to a specified address for 0.1ms.
® 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=Vcc=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

Vee=6.25V £0.25V
Vpp=12.75V £ 0.25V

!

ADDRESS = START ADDRESS |

PROGRAM 0.1ms PULSE I

ADDRESS = ADDRESS + 1 I
[ NO

LAST ADDRESS?

Vee=5V
Vpp =5V

READ ALLBYTE
OK

FAIL

:

Figure 3.3 Flow chart
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(3) Security Bit
The TMP96PMA40 has a Security Bitin PROM cell.
If The Security Bit is programmed to “0”, the content of the PROM is disable to be read
in PROM mode.

How to program the Security Bit.

1) Set the PROM mode.

2) Set the security pin (Port34) to “1”.

3) Set programming address to “000000H”.
4) Set programming data to “FEH”.
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4, ELECTRICAL CHARACTERISTICS
4.1  Absolute Maximum
Symbol Parameter Rating Unit
Vcc Power Supply voltage -0.5~6.5 Y
VIN Input voltage -0.5~Vcc+0.5 \
>10L Output Current (total) 100 mA
SI10H Output Current (total) -100 mA
PD Power Dissipation (Ta=70C) 500 mw
T SOLDER Soldering Temperature (10's) 260 T
TSTG Storage temperature -65~150
TOPR Operating temperature -40~85 c
4.2 DC Characteristics

Vee=5V110%, TA= —20~70C (4~20MHz) TA= -40~85C (4~16MHz)
(Typical values are for Ta=25C and Vcc=5V.)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (AD0O - 15) | —0.3 0.8 )
ViLY P2,P3, P4, P5,P6, P7, P8, P9 -0.3 0.3Vcc vV
VIL2 RESET,NMI,INTO(P87) -0.3 0.25Vcc vV
VIL3 EA -0.3 0.3 \
VIL4 X1 -0.3 0.2Vcc \Y%
VIH Input High Voltage (ADO - 15) 2.2 Vee+0.3 v
VIH1 P2,P3, P4, P5,P6, P7, P8, P9 0.7Vcc Vec+0.3 \Y
VIH2 RESET, NMI, INTO (P87) 0.75Vcc Vee+0.3 \Y%
VIH3 EA Vee-0.3 Vec+0.3 i
ViH4 X1 0.8Vce Vee+0.3 \Y)
VOL Output Low Voltage 10OL=1.6mA
VOH Output High Voltage 2.4
V OH1 0.75Vcc
V OH2 0.9Vcc
I DAR Darlington Drive Current -1.0
(8 Output Pins max.)
Ll Input Leakage Current 0.02 (Typ)
1LO Output Leakage Current 0.05 (Typ)
lcc Operating Current (RUN) 30 (Typ) |60 mA | fc=20MHz
IDLE 2.0 (Typ) |10 mA
STOP (Ta= -20~707C) 0.2 (Typ) |50 #A 10.2=Vin=Vec-0.2
STOP (Ta=0~507C) 10 #A [0.2=Vin=Vcc-0.2
VSTOP |Power Down Voltage 2.0 6.0 V |VIiL2=0.2Vcc,
(@STOP, RAM Back up) VIH2 =0.8Vcc
RRST RESET Pull Up Registor 50 150 ke
clio Pin Capacitance 10 pF |fc=1MHz
VTH schmitt Width 0.4 1.0 (Typ) vV
RESET, NMI, INTO (P87) )
R K Pull Down/Up Registor 50 150 13

Note: I-DARis guaranteed for a total of up to 8 ports.
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4.3 AC Electrical Characteristics

Vee=5V £10% TA = -40~85T (4~16MHz), TA = - 20~70°C (4~20MHz)

No. |Symbol Paramerer - Variable ?GMHZ ,ZOMHZ Unit
Min Max Min | Max | Min | Max

1| tosc | Osc. Period (=x) 50 250 62.5 50 ns

2| tak | CLK width 2x - 40 85 60 ns

3| tak AQ-23 Valid— CLK Hold 0.5x =20 11 5 ns

4| tka | CLK Valid— A0-23 Hold 1.5x =70 24 5 ns

5] taL A0-15 Valid— ALE fall 0.5x - 15 16 10 ns

6| tia ALE fall—> A0-15 Hold 0.5x - 15 16 10 ns

71t ALE High width x -40 23 10 ns

8| tiLc ALE fall-> RD/WR fall 0.5x-30 "1 -5 ns

9|ty |RDAWR rise— ALE rise 0.5x - 20 11 5 ns
10| tacL | A0-15 Valid— RDAWR fall x—25 38 25 ns
11| tacH |A0-23 Valid— RD/WR fall 1.5x =50 44 25 ns
12| tca | RD/WR rise— A0-23 Hold 0.5x - 20 11 5 ns
13| tapL* [A0-15 Valid— D0-15 input 3.0x-55 133 95! ns
14| tapH |A0-23 Valid— D0-15 input 3.5x-65 154 110 | ns
15| tap__ |RDfall = DO0-15 input 2.0x-50 75 50 | ns
16| tRg |RD Low width 2.0x -40 85 60 ns
17| tur | RDrise— D0-15 Hold 0 0 0 ns
18| trae_ | RDrise— A0-150utput x—15 43 35 ns
19 tww |WRLlow width 2.0x-40 85 60 ns
20| tpw |DO-15 Valid— WRrise 2.0x - 50 75 50 ns
21| twp  |WRrise -D0-15 Hold 0.5x-10 21 15 ns
22| tagn |AD0-23 Valid—> WAIT input (WAT ) 3.5x - 90 129 85 | ns
23| tawi |A0-15Valid— WAIT input (\WAT ) 3.0x - 80 108 70 | ns
24| tcw | RDAWR fall->WAIT Hold WAl s )| 2.0x+0 125 100 ns
25| tapH_|A0-23 Valid— PORT input 2.5x-120 36 51| ns
26| tapH2 |A0-23 Valid— PORT Hold 2.5x + 50 206 175 ns
27| tcp WR rise— PORT Valid 200 200 200 | ns
28| tasrH | A0-23 Valid— RAS fall 1.0x - 40 23 10 ns
29| tasre |A0-15 Valid— RAS fall 0.5x-15 16 10 ns
30/ trac_|RASfall—>DO0-15 input 2.5x-70 86 55 | ns
31| tran | RAS fall- A0-15 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 1 ns
34| trsy | CAS fall-> RAS rise 1.0x - 35 28 15 ns
35| trsc | RAS rise— CAS rise 0.5x - 25 6 0 ns
36| trep | RAS fall—> CAS fall 1.0x - 40 23 10 ns
37| tcac | CAS fall> DO0-15 input 1.5x = 65 29 10 | ns
38| tcas |CASLow  width 1.5x - 30 64 40 ns

*  tapLvalueisdifferent from TMP96C141/TMPI6CM40.
AC Measuring Conditions
® OQutputlevel : High2.2V /Low0.8V ,CL50pF
(However CL = 100pF for ADO~AD15, ADO~AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO~CAS2)
e Input Level : High2.4V /Low0.45V (ADO~AD15)

High 0.8Vcc /Low 0.2Vcee (Except for ADO~AD15)
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(1) Read Cycle
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(2) Write Cycle

WR,FWR \L tWww— /
? : : ; twp

tDW

ADO~15 'é‘""< A§O~15 >< D0~15§ DS

ALE

MCU900-263



TOSHIBA

TMP96PM40

4.4 A/D Conversion Characteristics

Vee=5V+10%

TA = -40~85°C (4~16MHz) TA = -20~70°C (4~20MHz)

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-1.5 Vee
Aanp Analog reference voltage Vss Vss \Y
Vain Analog input voltage range Vss Vee
Irer Anlog current for analog reference voltage 0.5 1.5 mA
Total Low change mode +15 +4.0
error(Quantize | 4=fc=16MHz —
errorof * 0.5 High change mode +3.0 +6.0 s
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 - /O Interface Mode

(@)] SCLK Input Mode Vec =5V + 10% TA = -40~85°C(4~16MHz) TA= -20~70°C (4~20MHz)
Symbol Parameter - Variable ,16MHZ ?OMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle 16X 1 0.8 ©s
toss Output Data —> Rising edge of SCLK tscy/2—5X-50 137 100 ns
tons | SCLK rising edge— Output Data hold 5X-100 212 150 ns
tusr | SCLK rising edge— Input Data hold 0 0 0 ns
tsrp | 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)
Symbol Parameter - Variable ‘16MHZ ?OMHZ Unit
Min Max Min | Max | Min | Max
tscy SCLK cycle (programmable) 16X 8192X 1 512 0.8 |409.6 us
toss Output Data = SCLK rising edge tscy —2X-150 725 550 ns
tons | SCLK rising edge— Output Data hold 2X - 80 45 20 ns
tysr | SCLK rising edge— Input Data hold Q 0 0 ns
tspp | SCLK rising edge— effective data input tscy —2X - 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, Ti4, TIS, Ti6, TI7)

Vee=5V:10% TA= -40~85°C (4~16MHz) TA = —20~70°C (4~20MH2z)
Variable 16MHz 20MHz X
Symbol Parameter - Unit
Min Max Min | Max | Min | Max
tyek | Clock Cycle 8X + 100 600 500 ns
tvckL | Low level clock Pulse width 4X + 40 290 240 ns
tyCKH High level clock Pulse width 4X + 40 290 240 ns
4.7 Interrupt Operation
Vee=5VE10% TA = - 40~85°C (4~16MHz) TA = -20~70°C (4~20MHz)
Variable 16MHz 20MHz R
Symbol Parameter - - - Unit
Min Max Min | Max | Min | Max
tntaL [ NMI, INTO Low level Pulse width 4x 250 200 ns
tintaH | NMI, INTO High level Pulse width 4x 250 200 ns
tintL | INT4~INT7 Low level Pulse width 8X + 100 600 500 ns
tinteH | . INT4~INT7 High level Pulse width 8X + 100 600 500 ns
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4.8 Timing Chart for I/O Interface Mode
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49 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(note 1)

XSS

X

X

ac X X X

< tBRC

- BRC

X

—|
BUSRQ |e——
tcaL —_— tcBAH
BUSAK -
{5 /
> tBAA
ADO~AD15, AO~A23, ——\ taBA (Note 2) —
CS0~CTS2, RAW, RAS, el a it ittt ~
CASO~CAS2 —d] e
—_— Note 2 e
RD, WR, AWR 7 R WNoted _._____ﬂ
ALE < C L \
1R
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min | Max [ Min | Max

tgre | BUSRQ set-up time for CLK 120 120 120 ns

tepar | CLK—BUSAK falling edge 1.5x + 120 214 195 ns

tcean | CLK— BUSAK rising edge 0.5x + 40 71 65 ns

tasa | Output Bufferis off to BUSAK ¥ 0 80 0 80 0 80 ns

tsaa |BUSAK_§  to OutputBufferison. 0 80 0 80 0 80 ns

(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): 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 busis

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
TA = -40~85°C Vcc=5V+10%

Symbol Parameter Condition Min Max Unit
Vpp Vpp Read Voltage - 4.5 5.5 \Y
ViH1 Input High Voltage (A0~A16, CE, OE, - 0.7xVee| Vec+0.3 \Y
PGM)

Vi1 Input Low Voltage (A0O~A16, CE, OE, - -0.3 0.3x Vce Y,
PGM)

tacc Address to Output Delay CL =50pF - 2.25TCYC-+a| ns

TCYC=400ns (10MHz Clock)
«=200ns

4.11 Programming Operation (PROM Mode)

DC Characteristic, AC Characteristic
TA=25#%5°C Vcc=6.25V +£0.25V

Symbol Parameter Condition Min Typ Max Unit
Vpp Programing Supply Voltage - 12.50 12.75| 13.00 \"
VK Input High Voltage (D0~D7) - 0.2Vcc+ 1.1 Vec+0.3] VvV
ViL Input Low Voltage (D0~D7) - -03 0.2Vcc-0.1 V
VM1 Input High Voltage (A0~A16, CE, OE, PGM) - 0.7Vcce Vec+0.3 Vv
Vi1 Input Low Voltage (A0~A16, CE, OE, PGM) - -0.3 0.3Vce Vv
Icc Vce Supply Current fc=10MHz - 50 | mA
lpp Vpp Supply Current Vpp =13.00V - 50 mA
tpw PGM Program Pulse Width CL=50pF 0.095 0.1 0.105 ms
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4.12 Read Operation Timing Chart (PROM Mode)

AD-A16 X v X
SN LI
NN LT

’////////I///////// LM

tacc

D0~D7 (//m DATA OUTPUT )@————
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4.13 Programming Operation Timing Chart (PROM Mode)
High Speed Program Writing.

AQ-A16 X X

mj

EERNNNNNNNN I,

“___/ NI o

o007 mwown S omamstaai

G ")/

\

4

S
o

NOTE

1. The power supply of Vpp (12.75V) must be set power-on at the same time or the later time for a
power supply of Voc and must be clear power-on at the same time or early time for a power
supply of V.

2. The pulling up/down device on condition of Vpp=12.75V suffer a damage for the device.

3. The maximum spec of Vpp pin is 14.0V. Be carefull a overshoot at the program writing.
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4.14 Typical Characteristics
Vee=5V, Ta=25°C, Unless otherwise noted.

Vee (V) lec (mA)
6 30 -
5
20 pd

11

3 pd
2
5 10 15 20 25 5 10 15 20 25
) fosc (MHz) fosc (MHz)
Figure 5.1  Vcc~-Tfosc TYPICAL CURVE Figure 5.2 fosc-Ilcc TYPICAL CURVE S
Icc (mA)
40
fosc = 20MHz
20 ]
L fosc = 10MHz
0 - |
0 !
3 4 5 6
Figure 5.3  Icc—Vcc TYPICAL CURVE Vee (V)
lot (MA) 0 1 2 3 4 5 Vour (V)
40

30 /
e -20 //

20 / /
-30
10
o -40 :
1 2 3 4 5 Vour (V) lon(mA)
Figure 5.4 Voyt-loL TYPICAL CURVE Figure 5.5 Vouyt~Ilon TYPICAL CURVE
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5. TMP96C141/TMP96CM40/TMP96PMA40 Different Points

TMP96C141/TMP96CM40/TMP96PM40 have much the same function but they are
different from following points.

Parameter TMP96C141 TMP96CM40 TMI596PM40
Internal ROM not exist Mask ROM32K-byte PROM32K-byte
P00 to PO7
‘ After reset POQ to PO7
ADO 1o ADY Only ADO to AD7
P10to P17,
AD8to AD15, Only AD8 to AD15 After reset P10 to P17
A8to A15
P30,RD OnlyRD After reset P30
P31, WR Only WR After reset P31
TMP96C141 does not | TMP96CM40/TMP36PM40 have the SCLKO
have the SCLKO function.
P92, CTS0, SCLKO funlctlon. Serial chanel 0 have the I/O interface mode.
Serial chanel 0 does
not have the I/0
interface mode.
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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 (X1 and X2).

Table 1 Ceramic Resonator (Murata Manufacturing Co., Ltd)

Frequency Product No. C1=Cy Rd
4MHz CSA4.00MG 30pF 0 ko
4MHz CST 4.00MGW (Built-in 30pF) 0 ko
8MHz CSA8.0MT 30pF 0 kQ
8MHz CST 8.0MT (Built-in 30pF) 0 kO

12MHz CSA12.0MT 30pF 0 kO
12MHz CST 12.0MT (Built-in 30pF) 0 ko
16MHz CSA 16.00MX040 5pF 0 ko

220192

Table 2 Ceramic Resonator (KYOCERA CORPOLATION)

Figure1l. Resonator Connection

Frequency Product No. Cq C2 Rd
4MHz KBR-4.0MSA 33pF 82pF 0 ko
10MHz KBR-10.0M 33pF 33pF 0 ko
12MHz KBR-12.0M 33pF 33pF 0 ko
220192
X1 - X2
il Rd
al el
777 777 030289
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(3) Recommended Circuit for External Clock Input

A ®
1 X1 '
TC74HCUO4P N N L,
- - < : sTOP
1 1
! N-ch P-ch!
| A |
| Feedback Resistance
B
X2
(The internal circuit of TLCS-900)

Condition : Duty of point A 5015%(@ Vcc/2)

CL =50pF (max) of pointA, 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

The internal circuit of TLCS-900
180890
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TAGSHIBA PACKAGE

100 pin MFP (Mini Flat Package)
PACKAGE NAME : QFP100-P-1414 Unit: mm
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