






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TMP96C081F TLCS-900 16-bit Microcontroller 

® 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. 

MCU900-552 

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

PGOO(P60) 
~ b4 bO /b7 b3 b6 Ib2 bS 

PGOt (P6t) 
, bS bt b4 bO I b7 b3 b6 

PG02 (P62) ~b2 bS bl b4 bO /b7 

PG03 (P63) , b7 b3 b6 I b2 bS bl b4 

Initial value PGOREG if- 11001000 

Note; bn denotes the initial value PGOREG <-- b7 b6 b5 b4 b3 b2 bi bO 

Q) Normal Rotation 

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

PGOO (P60) 
, b4 bl bS b2 Ib6 b3 b7 

PGOt (P6t) 
bS b2 I b6 b3 b7 I bO b4 

PG02 (P62) 
, b6 b3 b7 I bO b4 bl bS 

PG03 (P63) T7(bO b4 bt bS b2 I b6 

Imtlal value PGOREG if- 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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TLCS-900 16-bit Microcontroller TMP96C081F 

The initialization for 4-phase 1-2 step excitation is as 
follows: 

By rearranging the initial value "b7 b6 b5 b4 b3 b2 
b1 bO" to "b7 b3 b6 b2 b5 b1 b4 bO", the consecutive 3 
bits are set to "1" and other bits are set to "0" (positive 
logic). 

For example, if b7, b3, and b6 are set to "1 ", the ini­
tial value becomes "11001000", obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set val­
ues 1 sand O's of the initial value should be inverted. For 

:J 

.0 

"' c 

c 

Shifter alternate 
register 

~7 

~I SA03 1J1.. 

b6 

~I SA02 1J1.. 

~5 

~I SA01 1J1.. 

, 

, 

, 

example, to change the output waveform shown in Fig­
ure 3.10 (11) into negative logic, change the initial value 
to "00110111". 

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

shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 
PG01 CR <CCWO>. 

Rgure 3.10 (12) shows the block diagram. 

PGOOutput 

I .fl.. 
PG03 PG03 (P63) 

3 

JL 

PG02 PG02 (P62) 

t 

JL 

PG01 PG01 (P61) 

+ 

JL 

~4 --I PGOO PGOO (P60) 

~I SAOO 

• 
JJ1.. 

t 

JL IS shOWing to shl ft 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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TMP96C081F TLCS-900 16-bit Microcontroller 

Setting example: To drive channel a (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 

7 6 5 4 3 2 

TRUN f-

TMaD f- a 0 a 

TFFCR f- a a 

TREGO f-

P6CR f-

P6FC f-

PG01CR f- 0 1 

PGOREG f- 0 0 0 0 

TRUN f-

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

(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is 

0 

0 

1 

0 

1 

0 

timer a is selected, set each register as follows: 

Stop timer 0, and clears it to zero. 

Set 8-bit timer mode and selects t/lT1 as the input clock of timer a. 

Clear TFF1 to zero and enables the inversion trigger by timer O. 

Set the cycle in timer register. 

Set P60 - P63 bits to the output mode. 

Set P60 - P63 bits to the PG output. 

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

Set an initial value. 

Start timer O. 

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 

TFF1 Inversion PG Shift 

8-bit timer mode Selected by TFFCR <TFF1IS> when the up-counter value matches • 
TREGO or TREG1 value. 

16-bit timer mode When the up-counter value matches with both TREGO and TREG1 .. 
values. (The value of up-counter = TREG1*;>il + TREGO) 

PPG output mode When the up-counter value matches with both TREGO and TREG 1. When the up-counter value matches TREG1 value (PPG cycle). 

PWM output mode When the up-counter value matches TREGO value and PWM 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 Timer 4fTimer 5. In this case, the PG shift trigger 
signal from the 16-bit timer is output only when the up­
counter UC4/UC5 value matches TREG5fTREG7. 
When using a trigger signal from Timer 4, set either 

T4FFCR <EQ5T4> orT4MOD <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 Timer 5, set T5FFCR <EQ7T6> to 1. Generates a 
trigger when the value in UC5 and the value in TREG7 
match. 

MCU900-554 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(4) Application of PG and Timer Output 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 
TOl pin (shared by P7l). 

As explained in "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. 

n TREGI n n r TOI (P71) -----.J 1 _____ --' L..-____ --' ... _____ ..... 

-11-
TREGO PGOO(P60) ________ --' 

PGOI (P61) L 
PG02 (P62) --, r ~.I ____________________________ ---' 

PG03 (P63) ---.J 

Figure 3.10 (13). Output Waveforms of 4-Phase i-Step Excitation 

Setting example: 

7 6 5 4 3 2 1 0 
TRUN ~ 0 0 Stop timer 0, and clears it to zero. 
TMOO ~ 0 x x 0 Set timer 0 and timer 1 in PPG output mode and selects~T1 as the input clock. 
TFFCR ~ 0 0 x Enable TFFl inversion and sets TFFl to "1". 
TREGO ~ Set the duty of TOl to TREGO. 
TREGl ~ Set the cycle of TOl to TREG1. 
P7CR ~ x 

) Assign P71 as T01. P7FC ~ x 
P6CR ~ 

) Assign P60 - 63 as PGO. P6FC ~ 

PG01CR ~ 0 0 0 Set PGO in 4-phase 1-step excitation mode. 
PGOREG ~ Set an initial value. 
TRUN ~ x Start timer 0 and timer 1. 

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

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU90Q-5SS 



TMP96C081F TLCS·90016·bit Microcontroller 

3.11 Serial Channel 
TMP96C141 ITMP96CM40ITMP96PM40 contains two serial II 
o channels for full duplex asynchronous transmission (UARl) 

as well as for 1/0 extension. 
The serial channel has the following operation modes: 

• I/O interface mode 
(channel 1 only) 

----------- Mode 0: To transmit and receive I/O data as well as 
the synchronizing signal SCLK for extending 1/0. 

• Asynchronous transmission 
(UARl) mode (channel 0 and 1) 

-f Mode 1: 7 -bit data 
Mode 2: 8-bit data 
Mode 3: 9-bit data 

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. 

MCU900·556 

• Mode 0 (1/0 interface mode) 

___ Transfer direction 

• Mode 1 \I-bit UART mode) 

• Mode 2 (8-bit UART mode) 

• Mode 3 (9-bit UART mode) 

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

Figure 3.11 (1). Data Formats 
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TLCS-900 16-bit Microcontroller TMP96C081F 

The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans­
mitted 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 anyone 
port must be controlled by software), it is possible to halt data 
send until 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 SCOCRlSC1 CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen­
erator, which can set any baud rate by dividing the frequency 
of four clocks (¢TO, ¢T2, ¢T8, and ¢T32) from the internal pres­
caler (shared by 8-bitl16-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 three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-557 



TMP96C081F 

MCU900-558 

seOMOD 
(OO52H) 

-------bitSvmbol 

ReadlWrite 

After reset 

Function 

7 

TBOB 

Transfer 

data 
BitS 

TLCS-900 16-bit Microcontroller 

• 
CTSEO 

Hand 

shake 

eTS 
diWlble 

1: CTS 
enable 

RXEO WUO SMOI SMOO seOI SCOO 

RIW 

o 
Receiving ~ Wake up [Serial transmission 

Function : Function !mode 
0: Receive~ ~oo: Can not be used 

~erial transmission 
klock (UART) 

1: :~:!~:i 0: disable [01 : 7-bit UART 
enable ~ 1: Enable"!10: S-bit UART 

»0: TOO Trigger 

!Ol: baud rate 
, generator 

. :11: 9-bit UART ;'0: Internal clock Itt 1 

pl: don't care 

I 
L Serial transmission clock (UART) 

00 . :~~~~.~.':1:'.~~~~.~~~~~.~.~i.?~~.I ... 

01 . ~~~~.~~~.~.~.~~~~~~.~.~,. .. 
10 Internal dock 4J 1 

11 don't care 

L--... Serial transmission mode 

00 Can not be used 

01 ~ ?~~i.~.I.~.~.~.~~ ... _. 
10 UART ~ .~~i~ .I.e.~~.~~ .. . 
11 [ 9-bit length 

Wake-up Function 

9~bitUART 

Interrupt when 

data are received 

1 Interrupt only 

when RB8= 1 

Receiving Function 

Receive Disable 

1 Receive Enable 

Other mode 

don'teare 

Hand shake function (CfS Pin) enable 

L-_____________ ..... Transmission data bit 8 

Note: There i.SClMOn (56H) in Channell 

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(OO51H) 

---------
bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

RB08 EVE NO 

Received Parity 

data 0: Odd 
BitS t: Even 

PEO OERRO PERRO FERRO SCLKO lOCO 

~ R (cleared to Zero when read) 

Parity 
addition . 1: error I:IO(:SC~) '0: 

.....!t . :a..udRlte 

; Gener.,tor 0: Disablei .. 

1: Enable ~ Overrun Parity Frammg SCLKO '1: SCLKO 

. (l.-)Pin input 

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

. .~.~~~. ~.~~.~ .. ~~~~~ ~~~~. 
1 selKO Pin input 

--.. Edge selection in SClK pin input mode 

Transmits and receives ( -1 
data at raise edge of SCLK 

Transmits and receives ( ~) 
data at fan edge of SCLK 

L-..-..Framing error flag} 
-Parity error flag ~~:~e!~~~ero 

Overrun error flag 

Enable parity addition 

I 0 Prohibition (disable) ...................... , .................... . 
1 Permission (enable) .. J 

Addition I check of even parity 

.... HI 

L-_____________ • Receving data bitS 

Note: As all error nags 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) 

TMP96C081F 
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TMP96C081F 

MCU9OG-560 

--BRoeR bit5vmbol 
(OOS3H ReadIWrite 

Aft.rreset 

Fixal"O· 

Function 

TLCS-900 16-blt Microcontroller 

: BROCK I : BROCKO j BROS3 BROS2 BROS 1 BROSO 

o j 

i 00: ~TO (fcl4) 

01: ~T2 (fclI6) 

10: ~TB (fc/64) 

11: ~T32(fcl2S6) 

Setting of the Divided frequency 

I 
L Setting of the divided frequency 

of baud rate generator 

0000 16 divisions 

0001 Don't set 

0010 2to 15 divisions 
I 

1111 

'----_ Selecting the input clock of 

baud rate generator 

.... OCJ ..... '.~!r~~I.~!~.~.~!~.(!c:/4!. .................... . 

.... O.~ ..... '.~.~!r~~!.~!~~~.!!~.(!c:/'.6! ................... . 

.... '.~ ..... '.~!~~~I.~!~~}~.(!~) .................. .. 
II Intern.' clock ~T32 (fc/2S6) 

Note: As all error nags are cleared after reading, do not teat only a single bit with a bit-teating 
instruction. 

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

seOBUF 
(SOH) 

7 6 S 4 3 2 1 

TB07 : TB06: TaOS: TB04! TB03 : TB02: TBOI ! TBOO (Transmission) 

7 6 S 4 3 2 I 0 

I RB07 ! RB06 ! RBOS ! RB04! RB03 : RB02 ! RBOI ! RBOO I (Receiving) 

Note: When setting the serial transfer mode to ''9-bit length UART mode", transfer data "TBOS" 
is written to bit7 ofSCOMOD register, and received data "RBOS" is read from. bit? of 
SC)CR register. 

Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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----bit Symbol 
SC1MOD ReadlWrite 
(OO56H) 

After,eset 

Function 

TLCS-900 16-bit Microcontroller 

TBIB RXEI WUI SMII SMIO SCI I SCIO 

RIW 

0 0 

Tran,ferH j Fix at "0· )Receiving l Wake up jserial Transmission ~erial Transmission 
data jFunction j function lmode iclock (UART) 
alta . 0: Receive. 0: disable loa: I/O mterface 

disable i 1: enable 1 mode 
h: Receivel ~1: 7·BitUART 

!Do: TOO Trigger 

~1: Baud rate 
generator 

; Enable j l10: a..sit UART rl: 9·BitUART 

il0: Internal clock 4It 1 

!II: don't core 

J I 
L... Serial transmission clock (For UART) 

.. ~ .. !!~~~.~.~.~.~~.~!~~.~.~.~~~.I .. 

.. ~.~ .. ~~~~.~~.~.~!~~~~~~! ........... . 
10 Internal clock 4> I 

11 don't care 

Note: The clock lelection tor the I/O interrace 
mode i. controlled by t.he serial control 
.oKia ... r (SCleR). 

t....-. Serial transmission mode 

00 110 interface mode .................................................. 
01 l!:~it.I~~~ .. . 

.. !~ .. UART mode l~~~~.~~~t~ .. . 
II j 9-Bitlength 

-----. Wake up Function 

9-BitUART 

o Interrupt when 

data are received 

Interrupt only 

whenR88.1 

Receiving control 

.,.,., ...... 
don't care 

.~ ... ::::·::::···························1 
'------------- Transmission data bit 8 

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCi MOD) 
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TMP96C081F 

MCU900-562 

TLCS-900 16-bit Microcontroller 

SClCR b;tSymbol RB18 EVENl PEl OERRl PERRl FERRl SCLKl 10Cl 

(0055H)~R.~.~d~AN~'~;t~.+-~~-+ __ ~-=RAN~ ____ ~ __ ~R~('="';'~to~z=.'~OW~h='~"'~'=.d~)~~ ____ ~RAN~~ __ ~ 
After reset 

Function 

Received Parity Parity 

data 0: Odd addition 
Bit8 1: Even 0: 

1: Enable 

. 

1: error .
.. 0: SCLKl :0: 
CJ-) ~8aUd,ate 

:generator 

Overrun Parity Framing 1: SCLK 1 i 1: SCLK 1 

• ("L) IPin input 

. ' 

---.J~~I ~I 
L. Select I/O interface input dock (Note') 1 

.. ~ ... ~~~~.~.~~.~.~.~~~~~~.~. 
1 SCLK 1 Pin input 

Note': For channel 0, fix this bitta "0" 

L......,. Edge selection in SCLK pin input mode, 

Transmits and receives ( j 
data at raise edge of SCLK 

Transmits and receives ( ~) 

data at fall edge of SClK 

~ FramingerrorfJag 

Parity error flag 

'---------- Overrun error flag 

Enable parity addition 

} 
Cleared to Zero 
when read 

·····1 
Addition I check of even parity 

.. t?~~.~.~.~i.~~. 
1 Even Parity 

L _____________________________ Receiving data bit 8 

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

Figure 3.11 (7). Serial Control Register (Channel 1, SC1 CR) 
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TLCS-900 16-bit Microcontroller 

BR 1 CR bot Symbol 

(0057H) R •• dlW';te 

After reset 

Function 

Fixal "0": 

: BR1CKl BRICKO, BR1S3 BR1S2 BR1Sl BR1S0 

, 00: ;TO(fel4) 

, 01: ;T2(felI6) 

, 10: ;T8(fel64) 

f 11: ;T32 (fel2S6) ~ 

PJW 

Setting of the Divided frequency 

I 
L Setting of the divided frequency of baud rate 

generator 

0000 16 divided 

0001 Don't set 

0010 

S 2 to 5 divisions 

1111 

Selecting the input clock of baud rate generator 

00 ... I.~.~~~~~~.~!~~.~ .. ~.~~.~~~~~ 
01 .. , .I.~.:~~~~~.~!~~.~ .. ~!~.~~~~.~.}. 
10 I~.~~nal dock ;T8 (f':'64) 

11 Internal clock ;T32 (fcl256) 

Note: To use baud rate generator, set TRUN <PRRUN>to "1", putting tbe prescalerin RUN 
mode. 

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

7 4 0 

ITB17 TB16 TB15 'TB14 TB13 fTB12 fTB11 : TB 10 I (Transmission) 

SCIBUF 
(OO54H) 

7 6 4 2 0 

IRB17 RB16 RB15 RBI4: RBB fRB12 :RB11 : RB 1 0 I (Receiving) 

Note: When setting the serial transfer mode to "9-bit lengtb UART mode", transfer data "TB18" is 
written to bit7 of SelMOn register, and received data "RBIS" is read from hit7 of seIeR 
register. 

TMP96C081F 

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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TMP96C081F 

MCU900-564 

P9FC bit ~ymbol ---
(OOlDH) R •• dlW,it. 

Prohibit Read 
modify write 

TLCS-900 16-bit Microcontroller 

~, P9SF 

w 
o 

0: PORT: 

1: ~CLKI : 

P93F 

W 

• 
P92F 

W 

o 
0: PORT : 0: PORT 

I:TxDl 1:~CLKO 

P90F 

W 

o 
: 0: PORT 
: I:TxDO 

I 

Setting P93 as TxDl output 

1;/:::';~~:~~~;·li~~;~~~"··1 
L ___________ Setting P95 as SCl.K output 

HI ::~~;"':~~:~~il·i~~;~~tl 

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

6 3 

ODE bit ~ymbol 
(0058H) R •• dlW,it. 

ODEI ODEO 

RIW 

P93 P90 

'0: CMOS iO: CMOS 

i1: OPEN :1: OPEN 
Drain l Drain 

I 
l Setting P90 as Open-drain output 

1·;:·1 ~;::;;:::UL~~~·; ..... 
__ ...J 

.. ~.~.?~.?~.~~~~ ... 
1 Open-drain output 

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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TLCS-900 Hi-bit Microcontroller 

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

r-------- Senal doc:k generation circuit 

BROCR<BROCK 1.0> TOOTRG (Timer 0 comparator output) 

:~TO(fcl4) ~ 
l~T2 ('c/16) If 

:t'T8 (fe/64) : 
!"T32 (fcJ25ij) 
, 
, 
!~ 1 (fcJ:2}----==='-_--' 
, , 
, , 
~ - -_ ............ -- - - -- -- - - -- - - - -_ ... - -- - - - - - --- ----.----------- - .... .! 

Figure 3~ 11 (12). Block Diagram of the Serial Channel 0 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

Figure 3.11 (13) shows the block diagram of the serial channel 1. 

MCU900-566 

;--~----- Senal clock generation circuit -----------------------i 

: BR1CR<BR1CK1.0> TOOTRG(TlmerOcomparatoroutput): 
: ~--H---------~ : 
:,TO (fd4) ~' , ' UART 0 : 
:,a2 (fell 6) : ~ ~ 
:;T8{fcl64) : ~ GJ 

:;132 (fcl256) I 11\ V'I . ' . ' 
~ __ Baud rate 

I generator SCl MOD 
:~1 (fC/2) <SM1.0> 

1/0 interface mode 

SClKl 01, .:: , 
input 

~yh;~;~ ~ _____ ______ ______________ __ ---t----------- _________ . ___ J 

SCLKI 
Output 
(Shared 
by P9S) 

SIOCLK 

Figure 3.11 (13). Block Diagram ofthe Serial Channel 1 
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TLCS-900 16-bit Microcontroller TMP96C081F 

CD Baud Rate Generator 

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

One of these input clocks is selected by the baud rate 
generator control register BROCRlBR1CR <BROCK1, 
0/BR1CK1,0>. 

The input clock to the baud rate generator, 4'TO (fc/4), 
4'T2 (fc/16), 4'T8 (fc/54), or 4'T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers . 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 
How to calculate a transfer rate when the baud rate 
generator is used is explained below. 

• UARTmode 

Transfer rate = 

• I/O interface mode 

Transfer rate = 

Input clock of baud rate generator + 16 
Frequency divisor of baud rate generator 

Input clock of baud rate generator +2 
Frequency divisor of baud rate generator 

The relation between the input clock and the source clock (fc) is as follows: 
I/>TO = fc/4 
I/>T2 = fc/16 
I/>T8 = fc/54 

I/>T32 = fc/256 

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

Transfer rate = fc/16 + 16 
5 

= 12.288 x 106/16/5/16 = 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 3.11 (2) shows an example of baud rate using 

timerO. 

Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 

Unit (kbps) 

~ I/>TO I/>T2 I/>T8 I/>T32 Ic [Mhz] Frequency (lcf4) (lc/16) (lc/64) (lc/256) 
Divisor 

9.830400 2 76.800 19.200 4.800 1.200 

i 4 38.400 9.600 2.400 0.600 

i 8 19.200 4.800 1.200 0.300 

i 0 9.600 2.400 0.600 0.150 

12.288000 5 38.400 9.600 2.400 0.600 

i A 19.200 4.800 1.200 0.300 

14.745600 3 76.800 19.200 4.800 1.200 

i 6 38.400 9.600 2.400 0.600 

i C 19.200 4.800 1.200 0.300 

Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock I/IT1) is Used) 

Unit (Kbps) 

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

1H 96 76.8 62.5 48 
2H 48 38.4 31.25 24 

3H 32 31.25 16 

4H 24 19.2 12 

5H 19.2 9.6 

8H 12 9.6 6 

AH 9.6 4.8 

10H 6 4.8 3 

14H 4.8 2.4 

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

Transfer rate = fc 
TREGOx8x16 

iL--___ (When timer 0 Onput clock I/IT1) is used) 

Input clock of timer 0 
I/IT1 = IC/8 
I/IT4 = IC/32 

I/IT16 = IC/128 
Note: Timer 0 match detect signal cannot be used as the transfer clock in VO interface mode. 

® 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 set­
ting of SC1CR <IOC> = "0", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SClK input mode with the 
setting of SC1CR <IOC> = "1 ", the rising 
edge or falling edge will be detected accord­
ing to the setting of SC1 CR <SClKC> regis­
ter to generate the basic clock. 

2) Asynchronous Communication (UARl) mode 

According to the setting of SCOCR and 
SC1 CR <SC1, 0>, the above baud rate gen­
erator clock, intemal clock 1/11 (SOO Kbps @fc 
= 16 MHz), 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 (UAR!) mode and 
counts up by SIOClK clock. Sixteen pulses of SIOClK 
are used for receiving one 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 n 

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 SC1CR <IOC> = "0", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SClK pin. 

When in SCLK input mode with the set­
ting SC1 CR <IOC> = "1", RxD1 signal will be 
sampled at the rising edge or falling edge of 
SClK input according to the setting of 
SC1 CR <SCLKS> register. 

MCU90G-S68 TOBHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

2) Asynchronous Communication (UARl) 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 is also evaluated by 
the rule of majority. 

® Receiving Buffer 

To prevent overrun error, the receiving buffer has a 
double buffer structure. 
Received data is stored one bit by one bit in the receiv­
ing buffer 1 (shift register type). When 7 bits or 8 bits of 
data are stored in the receiving buffer 1 , the stored 
data is transferred to another receiving buffer 2 
(SCOBUF/SC1 BUF), generating an interrupt INTRXOI 
INTRX1 . The CPU reads only receiving buffer 2 
(SCOBUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SCOBUF/SC1 BUF), the received 
data can be stored in the receiving buffer 1. However, 

SIOClK 

unless the receiving buffer 2 (SCOBUF/SC1 BUF) is 
read before all bits of the next data are received by the 
receiving buffer 1, an overrun error occurs. If an over­
run error occurs, the contents of the receiving buffer 1 
will be lost, although the contents of the receiving 
buffer 2 and SCOCR <RB8> SCi CR <RB8> are 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>/SC1 MOD <WU> to "1", and interrupt INTRXOI 
INTRX1 occurs only when SCOCR <RB8>/SC1 CR 
<RB8> is set to "1". 

® Transmission Counter 

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

15 16 ,~ 2 

TXDClK ---til 3 4 5 6 7 8 9 10 11 12 13 14 15 16 :~ w----

Figure 3.11 (14). Generation of Transmission Clock 

tV Transmission Controller 

1) 1/0 interface mode (channel 1 only) 

In SClK output mode with the setting of SCi CR 
<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 SC1CR <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 SCi CR 
<SClKC> register. 

2) Asynchronous Communication (UARl) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the ris­
ing edge of the next TxDClK, generating a transmis­
sion shift clock TxDSFT. 
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Handshake function 

Serial channel 0 has a CTSO pin. Using this pin, data 
can be sent in units of one frame; thus, overrun errors 
can be avoided. The handshake function is enabled/ 
disabled by SCOMOD <CTSE>. 

ated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can 
be easily configure9J2Y. 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. 

When the CTSO pin goes high, after completion of the 
current data send, data send is halted until the CTSO 
pin goes low again. The INTTXO Interrupts are gener-

96C081 qo;cnR 1 

; TC~TDS ~. '" 
-<-------"1 RTS (any port) 

'------' 
Receiver Sender 

Figure 3.11 (15). Handshake Function 

r-l .\-______________________ ~~~------------------
Timing to write -...I L.4 ; 

trammission buffer . ~ 

Send IS ~~~p,:~ded.t \~ _______________ 'Ij\-(; -------------------
CTS from(1)to(2). ~ 

13 14 IS 16 1 2 3 14 15 16 I 2 3 

~~~ SIOCLK 

~' 
n II n TxDCLK j ,i 

---..J,' /.. bitO TxD j 
\ start bit 

II 

Note 1: If the CTS signal falls during transmission, the next data is not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls. 

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

Transmission buffer (SCOBUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order. using transmis­
sion shift clock TxDSFT which is generated by the 
transmission control. When all bits are shifted out. the 
transmission buffer becomes empty and generates 
INTIXO/INTIX1 interrupt. 

® Parity Control Circuit 

When serial channel control register SCOCR <PE>I 
SC1 CR <PE> is set to "1". 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>/SC1 CR <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 dB7>/SC1 BUF dB7> when in 7 -bit UART 
mode while in SCMOD dB8>/SCMOD <TB8> when 
in 8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmis­
sion buffer. 
For receiving. data is shifted in the receiving buffer 1. 
and parity is added after the data is transferred in the 
receiving buffer 2 (SCOBUF/SC1 BUF). and then com­
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 

(jJ) Generating Timing 

1) UARTmode 

Receiving 

7 -bit UART mode and with SCOMOD <RB8>/ 
SC1 MOD <RB8> when in 8-bit UART mode. If they 
are not equal. a parity error occurs. and SCOCR 
<PERR>/SC1 CR <PERR> flag is set 

@> Error Flag 

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

1. Overrun error <OERR> 

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

2. Parity error <PERR> 

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

3. Framing error <FERR> 

The stop bit of received data is sampled 
three times around the center. If the majority 
is "0". a framing error occurs. 

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 

9 Bit 8 Bit + Parity 8 Bit. 7 Bit + Parity. 7 Bit 

Interrupt timing Just before last bit is transmitted. 
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2) 1/0 Interface mode 

SCLK output mode Immediately after rise of last SCLK signal. (See figure 3.11 (19)) 
Transmission interrupt timing 

SCLK input mode Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode. 
(See Figure 3.11 (20)) 

SCLK output mode 
Timing used to transfer reoeived data to data receive buffer 2 (SCl BUF); that is, immediately after 
last SCLK. (See Figure 3.11 (21)) 

Receiving interrupt timing 
Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 

SCLK input mode SCLK. (See Figure 3.11 (22)) 

3.11.3 Operational Description for transmitting or receiving data to or from the external 
shifter register. 

(1) Mode 0 (1/0 interface mode) This mode includes SCLK output mode to output syn­
chronous clock SCLK and SCLK input mode to input 
external synchronous clock SCLK. This mode is used to increase the number of 110 pins 

Output 
extension 

TMP96C081 

TxD 

SCLK 

Port 

Shift register 

f--- SI 

r--
I----' 

SCK 

RCK 

TC74HC595 or 
the like 

A 
B 
C 
D 
E 
F 
G 
H 

Input 
extension 

TMP96C081 

RxD 

SCLK 

Port 

i-

----

Shift register 

QH 

CLOCK 

siC 

TC74HC165 or 
the like 

Figure 3.11 (17). Example of SCLK Output Mode Connection 

Output port 
extension 

TMP96C081 

TxD 

SCLK 

Port 

Shift register 

-SI 

...... .-- SCK 

- - RCK 

A 
B 
C 
D 
E 
F 
G 
H 

Input port 
extension 

TMP96C081 

RxD 

SCLK 

Port 

Shift register 

-- QH 

-- CLOCK 

- :- Sir 

A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
F 
G 
H 

TC74HC595 or TC7 4HC 165 or 

External cloci<-- the like External clock _ the like 

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

In SCLI< output mode, 8-bit data and synchronous clock 
are output from TxD pin and SCLI< pin, respectively, each 

time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <1lX1 C> will be set to generate 
INTTX1 interrupt. 

TxO _____ ..IX bit 0 X bit 1 bit6 bit 7 X,-__ _ 
TXOSFT _______ ---InL.._---i "-----'nL.._---In .... __ 

IT)oe (INTTX1= ____________ --\I" .... _______ ....... 
interrupt request) 

Figure 3.11 (19). Transmitting Operation in 1/0 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 <ITXlC> will be set 
to generate INTTX1 interrupt. 

SelKinput 
(SelKe = 0: Rising edge mode) 

5elK input 
(SeLKe = 1: Falling edge mode) 

TxO ___ --IX bit 0 X bit 1 X$JiliLX bit 6 x:::EIX __ _ 
TxOSFT ____________ ~n~~~~ n~ ____ _ 

ITX1C (lNTTX1-:-:------------I',\\_-------....... 
interrupt request) 

Figure 3.11 (20). Transmitting Operation in VO Interface Mode (SCLK Input Mode) 
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@ Receiving <IRX1 C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans­
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <IRX1 C> will be set again 
to generate INTRX1 interrupt. 

In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 

IRX1C 

SCLK 

RxD ___ .....:;b,;,;:it..:;O ___ --'X bit1 ~~ 
Timing to shift data in Generate "'r, 
the receiving buff~e:...:r2,--__________________ ...:I...:NT...:R~X...:1:.-....J L-

Figure 3.11 (21). Receiving Operation in 1/0 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 <lRX1 C> is cleared by read­
ing the received data. When 8-bit data is received, the 

data will be shifted in the receiving buffer 2 (SC1 BUF) at 
the timing shown below, and INTES1 <IRX1 C> will be set 
again to generate INTRX interrupt. 

SCLK input ---, ~ rI. ,-, ,-, ; 
(SCLKe = 0: Rising edge mode) L..--3' ~ Yl-'" L-..f. L....J 

SCLKinput ~--,,-.r~----It __ _ 
(SCLKC=l:::~ing'dg,-e_m_Od_'I_~b""it-::-O""""~~ 

Timing to shift data 
in the receiving 
buffer 2 

Generate _ 
INTRXl nL __ _ 

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

Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = "1") 

MCU900-574 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

(2) Mode 1 (7 -bit UART Mode) 

The 7 -bit mode can be set by setting serial channel 
mode register SCOMOD <SM01 ,OO>/SC1 MOD 
<SM11, 10> to "01 ". 
In this mode, a parity bit can be added, and the addi­
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1 CR <PE>, 

and even parity or odd parity is selected by SCOCR 
<EVEN>/SC1CR <EVEN> when <PE> is set to "1" 
(enable). 

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

~ Direction 01 transmission (transmission rate: 9600 bps @ Ic = 12.288 MHz) 

7 6 5 4 3 2 

P9CR f- X X 

P9FC f- x x X x 

SCOMOD f- 0 0 0 

SCOCR f- x x 0 

BROCR f- 0 0 0 0 

TRUN f-

INTESO f- 0 0 

SCOBUF f-

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

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

The 8-bit UART mode can be specified by setting 
SCOMOD <SM01 ,OO>/SC1 MOD <SM11 ,10> to "10". 
In this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>I 

0 

0 

) Select P90 as the TxD pin. 

Set 7-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Set data for transmission. 

SC1 CR <PE>, and even parity or odd parity is selected 
by SCOCR <EVEN>/SC1 CR <EVEN> when <PE> is 
set to "1" (enable). 

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

~ Direction 01 transmission (transmission rate: 9600 bps @fc= 12.288 MHz) 
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Main setting 

6 

P9CR ~ 

SCDMOD ~ 0 

SCDCR ~ 0 

BROCR ~ 0 

TRUN ~ 

INTESO ~ 

Inlerrupt processing 

Acc ~ SCOCR and 00011100 

If Acc * 0 then ERROR 

Acc~SCOBUF 

5 4 3 2 

0 

0 0 

1 x 0 

0 0 0 

0 

) Check for error. 

Read the received data. 

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

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

The 9-bit UART mode can be specified by setting 
SCOMOD <SM01,OO>/SC1 MOD <SM11,l 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/SCl BUF. 

f T 
TxD RxD TxD RxD 

Master Slave 1 

0 

0 

1 

0 

TxD 

Select P91 (RxD) as the input pin. 

Enable receiving in a-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU>I 
SCl MOD <WU> to "1", The interrupt INTRX1/1NTRXO 
occurs only when <RB8> = 1 

T 

I 1 
RxD TxD RxD 

Slave 2 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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Protocol 

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

® Set SCOMOD <WU>/SC1 MOD <WU> bit of each 
slave controller to "1" to enable data receiving. 

Select code of slave controtler 

@) Each slave controller receives the above frame, and 

clears WU bit to "0· if the above select code matches 

its own select code. 

@ The other slave controllers (with the <WU> bit remain­
ing at "1 ") ignore the receiving data because their 
MSBs (bit 8 or <RB8» are set to "0· to disable the 
interrupt INTRXO/INTRX1. 

@ The master controller transmits one-frame data 
including the 8-bit select code for the slave control­
lers. The MSB (bit 8) <TB8> is set to "1". 

@ The master controller transmits data to the specified 
slave controller whose SCOMOD <WU>/SC1 MOD 
<WU>bit 
is cleared to "0." The MSB (bit 8) <TB8> is cleared to 
"0". 

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 the internal clock 1/11 (fc/2) as the transfer clock. 
with the master controller, and use 

.J 

t 1 1 
TxD RxD TxD RxD TxD RxD 

Master Slave 1 Slave 2 

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 setting 

P9CR f- x x 

P9FC f0- x x 

INTESO f- 0 

SCOMOD f- 0 

SCOBUF f- 0 0 0 

INTIXO interrupt 

SCOMOD f- 0 

SCOBUF f-

• Setting the slave controller 2 

Main selling 

P9CR f- x 
P9FC f-

ODE f-

INTESO f-

SCOMOD f- 0 

INTRXO interrupt 

Ace f- SCOBUF 

II Ace = Select Code 

Then SCOMOD4 

x 

0 

0 

0 

0 

0 0 

x 

0 ) Select P90 as TxD pin and P91 as RxD pin. 
X x 

0 Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

0 Set 1/11 (lc/2) as the transmission clock in 9-bit UART mode. 

0 0 Set the select code for slave controller 1. 

Set TBBto "0". 

Set data for transmission. 

o ) Select P91 as RxD pin and P90 as TxD pin (open drain output). 
x x 
x 1 

o 

o Enable INTRXO and INTTXO. 

o Set <WU> to "1" in the 9-bit UART transmission mode with transfer 
clock 1/11 (fc/2). 

Clear <WU> to "0". 
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3.12 Analog/Digital Converter 
The TMP96C081 F contains a high-speed analog/digital con­
verter (AID converter) with 6-channel analog input that features 
1o-bit successive approximation. 

Figure 3.12 (1) shows the block diagram of the AID con­
verter. 6-channel analog input pins (AN5 to ANO) are shared by 
input-only P5 and so can be used as input port. 

Internal bus 

AID converter mode register (ADMOO) -------, 
NO channel select register CADeS) 

Analog input INTAD 
interrupt 

'-'="=='--L_y----.J 

AN] (PS]) 0--
AN2 (P52) 0--- Multiplexer 

ANI (PSI) 0---
ANO (PSO) 0--

VREf 0-------1 

AGND 01--------1 

(ADREGO to AOREG3) 

DlA converter 

Figure 3.12 (1). Block Diagram of AID Converter 

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

Note 2: In order to reduce power supply currency in IDLE or STOP mode. the AID converter enters standby mode even ~ the internal comparator remains in 
the enable state depending on the timing. Stop the AID converter before executing the HALT command. Since the ladder resistor between VREF -
AQND cannot be stopped internally. IREF is transmitted regardless of a mode. 
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, 
M Symbol EOCF ADBF REPel SCAN ADCS ADS ADCHI ADCHO 

ADMOD '""R::.'""'.-':dlW='':'it'-.t-==--:---'-'='--'-'=::..:...-'-...:.:=-'-....:==-:-RlW"-:-:-..:..:::.::...--'-.:..::=..:...cc...::==-I 
(005EH)t-7A~ft'-.,-,'-.s'-.'-tt-~0~~--~--'------~----~----....:~-----,----~-------I 

AID 'AID 

: (onvenlon 

End Flag : BUSY Flag 

" END ~ 1: BUSY 
Function 

: Repeat ~Scan :A/O :A/O Analog Input 
jmode :mode ; conversion ; cOnversion Channel Select 

:~eed : Start 
io: Single :1: Sets '"put channels 

mode :0: Fixed :conveulon ~ 0: High together with the i 1: Repeat; channel speed 'Start <ADCH2> bit settmg 
mode mode mode In ADDS register 

i 1: Channel i1: low 1 Always 
Scan speed ~ read as 
mode mode '·0· 

~ 

...--J I I 
L AID conversion start 

f···;+:;;;;;~~~~;~;;;~~: ·1 
Note) Always "0" when data is read. 

'-----+- AID conversion speed selection 

H···f Z~~~~;;:~:d~'::~:;z:ZZ;·~::::::::j~~::::~j···l 
~ Specification of AID scan mode 

1··;···1 ::::;~::::::~:~:;:;::~::'. . ...... j 
Selecting AID repeat mode 

AID conversion busy flag 

······1 
AID conversion end flag 

f··;· 1 z: :::::::::::::::~.~. ~o'.st.'t.d ... ·····1 

Analog input channel ~ele(t (with AOCH2 = 0) Analog input channel select (with AOCH2 == 0) 

Normal Scan mode Normal Scan mode 

00 ANO ANO 00 AN4 AN4 ........................ 
01 ANI ANO~ANl 01 ANS AN4-fANS 

... ..... 

10 AN2 ANO-+AN 1-+AN2 10 

11 AN3 ANO-.AN 1-+AN2-fAN3 11 

Figure 3.12 (2). AID Control Register 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



ADREG04L 
(0060H) 

ADREG04H 
(0061 H) 

ADREG15L 
(0062H) 

ADREG15H 
(0063H) 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

TLCS-900 16-bit Microcontroller TMP96C081F 

7 6 5 4 I 3 2 1 0 

ADR041 I ADR40 r -----J ____ r------- J ------J~J ----
R 

Undefined I j I ! I I j I ! I , 
Lower 2 bits of ND result for ANO or AN4 are stored. 

7 6 5 4 ! 3 2 1 ! 0 i , 
ADR049 1 ADR048 1 ADR047 1 ADR046 1 ADR045 1 ADR044 1 ADR043 1 ADR042 

R 

Undefined 

Upper 8 bits of ND result for ANO or AN4 are stored. 

7 6 5 4 , 3 2 1 I 0 
i 

ADRI51 1 ADRI50 1 ----.1 -----J ------J ------.1 ------.1 -----
R 

Undefined I I 1 1 I , I 1 1 

Lower 2 bits of NO result for ANI or AN5are stored. 

7 6 5 ! 4 3 2 1 ~ 0 , i i 

ADRI59 1 ADRI58 1 ADRI57 1 ADRI56 1 ADRI55 1 ADRI54 1 ADRI53 1 ADRI52 

R 

Undefined 

Upper 8 bits of NO result for ANI or AN5 are stored. 

Figure 3.12 (3-1). AID Conversion Result Register (ADREG04, 15) 
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ADREG2 
(0064H) 

L 

ADREG2H 
(0065H) 

ADREG3L 
(0066H) 

ADREG3H 
(0067H) 

~ 
bitSymboJ 

ReadlWrite 

After reset 

function 

-----=-=--bit Symbol 

ReadlWrite 

After reset 

Function 

-----bit Symbol 

ReadlWrite 

After reset 

function 

-----bit Symbol 

ReadfWrite 

After reset 

Function 
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7 6 . 5 4 3 2 1 0 

ADR21 
, 

ADR20 

' ----- ---- ----- : ----- ' ----- . -----R 

Undefined 1 1 1 1 1 1 

Lower 2 bits of AID result for AN2 are stored. 

7 6 5 4 3 2 1 0 

ADR29 ADR28 : ADR27 ADR26 ADR2S ADR24 ADR23 ADR22 

R 

Undefined 

Upper 8 bits of AID result for AN2 are stored. 

7 6 5 4 3 2 1 
, 

0 

ADR31 ADR30 

-----
:---.-, . ----- . ----- . ----.: ----. R 

Undefined 1 1 1 1 1 1 

lower 2 bits of AID result for AN3 are stored. 

7 6 5 4 3 2 1 0 

ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32 

R 

Undefined 

Upper 8 bits of AID result for AN3 are stored. 

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

ADBS 
(OOSFH) -----

7 6 5 
. 

4 3 2 1 0 

bit Symbol ---- ---- ----- ---- ----- ----- ---- : 
ADCH2 

ReadIWrite 
,. 

RIW 

After reset :- 0 

Function 

• 
• 

• • 

'O:ANO-3 

.1:AN4-S 

I 
L. Analog input channel select 

I I Normal I Scan mode 

I 0 I ANO-3 I ANO.-+AN1-+AN2-+ANl 

I 1 I AN4-S I AN4->AN5 

Figure 3.12 (3-3). AID Channel Select Register 
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3.12.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGNDpin. 
The reference voltage between VREG and AGND is 
divided by 1024 using ladder resistance, and com­
pared with the analog input voltage for AID conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1, 
0>. However, which channel to select depends on the 
operation mode of the AID converter. 
In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1, 0> among four pins: ANO to AN3. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1, 0>, such as ANO ~ AN1, ANO ~ 
AN1 ~ AN2, and ANO ~ AN1 ~ AN2 ~ AN3. 
When reset, AID conversion channel register will be ini­
tialized to ADMOD <ADCH1 , 0> = 00, so that ANO pin 
will be selected. 
The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting AID Conversion 

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

(4) AID Conversion Mode 

Both fixed AID conversion channel mode and AID 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 
In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 
In scan repeat mode, scanning from ANO, ... ~ AN3 is 
executed repeatedly. 
AID conversion mode is selected by ADMOD <REPET, 
SCAN>. 

(5) AID Conversion Speed Selection 

There are two AID conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 
When reset, ADMOD <ADCS> will be initialized to "0,» 
so that high speed conversion mode will be selected. 

(6) AID Conversion End and Interrupt 

• AID conversion single mode 
ADMOD <EOCF> for AID conversion end will be 

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

• AID conversion repeat mode 
For both fixed conversion channel mode and con­

version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
"000," that disables the interrupt request. 

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

(7) Storing the AID Conversion Result 

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

(8) Reading the AID Conversion Result 

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

Setting example: When the analog input voltage of the 
AN3 pin is AID converted and the 
result is stored in the memory 
address FF10H by AID interrupt 
INTAD routine. 
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Main setting 

[ INTEOAO 

ADMOD 

INTAD routine 

[:~ ~ 
(OOFF10H) r 

ADREG3 

> 6 
WA 

o 
o 

o 
o o 

Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog input channel and starts NO conversion in high speed 
mode. 

Read ADREG3L and ADREG3H values and writes to WA (16 bit). 

Right-shifts WA six times and writes 0 in upper bits. 

Writes contents of WA in memory at FF10H. 

When the analog input voltage of ANO - AN2 pins is NO converted in high speed conversion channel scan repeat mode. 

INTEOAD r 1 0 0 Disable INTAO. 

ADMOD x o o 

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

3.13 Watchdog Timer (Runaway Detecting Timer) 
The TMP96C081 F is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WOl) 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 

Start the NO conversion of analog input channels ANO - AN2 in the high-speed 
scan repeat mode. 

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 WOTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
intemally forces a reset. 
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3.13.1 Configuration 
Rgure 3.13 (1) shows the block diagram of the watchdog timer (WDl). 

RESET 
WOMOO<RESET> 

<W~~~~~=I Selector 11 .. ~.::·:::na::b::.:I.'--__ _ 

; (lcl2)- Watchdog timer 
22-stage binary counter 

Reset 
~-"""'--WDMOD 

<WDTE 

Reset 
HALT~--"t----t--------~ 

(Stop or Idle mode) 
4EH B1H 

Write Write 

IcJ4 Reset 

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

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 reg· 
ister). 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 intemally. In this case, the watchdog timer out pin 
(WDTOU1) outputs 0 at 8 to 20 states (8oons to 2.01lS @ 

20MHz) and resets itself. 
Since the watchdog timer out pin (WDTOU1) outputs "0" 

due to a watchdog timer overflow, the peripheral devices can 

WDT Counter _n:.:.--_-J~'--___\~,;i---'x 0 

WDT Interrupt ____ ---'rI .. ______ ~_:__-\"'I--------
clearcodeofwri~e ~ 

WDTClear 

(Soft w;:~OUT -----.L-. _________ -I:I-: __ ---oJ 

Figure 3.13 (2). Normal Mode 

Overflow 
WDTCounter --'.:.-______ S=a.-_______ -II,I-\ ______ _ 

WDT Interrupt ____ ---Jr-1 .. _______ --I'.",i-______ _ 

Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 
Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

<D 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/fc is set. (The number of states is approxi­
mately 32,768). 

® Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to "1" 
enable the watchdog timer. 

• Disable control 

[ 
WDMOD 

WDCR 

~ 0 
~ 0 

• Enable control 
Set WDMOD <WDTE> to "1". 

WDCR ~ 0 o 0 

x 

000 

o 

To disable, it is necessary to clear this bit to "0' and 
write the disable code (81 H) 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 retum from the disable 
state to enable state by merely setting <WDrE> to "1". 

@ Watchdog timer out reset connection <RESCR> 

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

(2) Watchdog Timer Control Register (WDCR) 

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

Clear WDMOD <WDTE> to ·'0'. 

Write the disable code (B1H). 

• Watchdog timer clear control 
The binary counter can be cleared and resume 

counting by writing clear code (4EH) into the WDCR reg­
ister. 

Write the clear code (4EH). 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-587 



TMP96C081F 

MCU900-588 

TLCS-900 16-bit Microcontroller 

• bit Symbol wore WDTPI WDTPO WARM! HALTMO! HALTMO RESCR DRVE 
WDMOD ReadlWrite RIW 
(005CH)~A~tt~er~r~e,~e~tt-~~,,~~~~~~~~~~~~~~~~-,~~~~~~~ 

Function 

WDT 

control 

1: Enable 

iselect detecting time lwarming jStandby mode 1: 1: 

JOD: 2'6/fc 

~Ol: 218/fc 

:10: 220/fc 

j 11: 221ftc 

[Uptime 
[00: RUN mode :lntern;,lIy : Drive the 

i01: STOP mode : connects : pin even in 

=0: 214/fc 
~10: IDLE mode :WDToutto : sroP mode 

! 1: 216/fc 
h,: Don'teare j the ,eset pinj 

,---lr;::::=====-I_~I I 
I C DRVE (explanation by ,top mode) 

L WatchdoQ timer out control 

o -
Connects WDT out to a reset 

~ _ Select the standby mode HALT instruction 

00 RUN mode (Only the CPU stops) 

01 STOP mode (All circuits stop) 

10 IDLE mode (Only the oscillator operates) 

11 Don't care 

Select the detecting period of watchdog 
timer 

o 2 14/1c(approx.1.0ms@16MHz) 

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

Select the detectil1.Q time of watchdoo timer 

00 216/fc (approx. 4.1ms@16MHz) 

01 218/fc(approx.16ms@16MHz) .................................... 
10 220ffc (approx. 66ms@16MHz) 

............................................... 
11 222ftc (approx. 262ms@16MHz) 

Watchdog timer Enable I Disable control 

Disable 

Enable 

Figure 3.13 (4). Watchdog Timer Mode Register 
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bit Symbol 

WDCR ReadlWrite W 
W05DH)~~~~--------------------~~------------------~ 

After reset 

B 1 H : WOT dis.able code 

4EH : WOT clear code 
Function 

L Disable/dearWOT 

81H Disable code 

4E H Clear code 

Others 

Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 
The watchdog timer generates interrupt INlWD 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 INlWD 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 INlWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INlWD Interrupt and it is possible to return to normal oper-

Example: CD Clear the binary counter 

WOCR (- 0 o 0 

ation by an anti-malfunction 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 restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. 

The watchdog timer stops when a bus is released or 
intemal DMAC is operating. 

o Write clear code (4EH). 

® Set the watchdog timer detecting time to 218/fc 

MCU90D-S90 

WOMOO (- 1 0 

@ Disable the watchdog timer 

WOMOO (- 0 

WOCR (- 1 0 

@ Set IDLE mode 

WOMOO (- 0 

WOCR (- 1 0 

Executes HALT command 

x x 

x x 
000 

o x 
000 

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

WOMOO (- - o x 

Executes HALT command 

Clear WOTE to "0". 

Write disable code (81 H). 

Oisables WOT and sets IOLE mode. 

Set the standby mode 

Set the STOP mode. 

Execute HALT instruction. Set the standby mode. 
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3.14 Direct Memory Access Controller (DMAC) 

3.14.1· Outline 

The Direct Memory Access Controller (DMAC) is a peripheral 
circuit used to directly access memory in more than one 
mode. The DMAC enables direct data transfer between the 
internal and the externaillOs of the TMP96C081 without inter­
fering with the CPU operation, thus contributing to system effi­
ciency. 

The DMAC has four independent built-in channels. Pro­
grammable channel control registers support three transfer 
modes and two address specification methods. Auto-initializa­
tion is also supported. This enables repeated DMA transfers, 
by automatically returning the values previously set in the regis­
ters at the completion of one data transfer. 

Also supported are: 

• incremenVdecrement of transfer source and destination 
address 

• accesses necessary for the DMAC built into the MCU, such 
as access to fixed addresses and access in 1/0 mode (see 
3.14.4 (4) Address specification). 

Channels have the following capabilities: 

maximum number of transfer blocks: 64K words 
maximum address area: 16M bytes 

3.14.2 Features 

• Four independent DMA channels 
• Transfer speed at 20M Hz: 

Single address transfer: 
extemal memory ~ external 1/0, 5M bytes (words)/s 
extemal memory ~ internal 1/0, 5M bytes/s 
internal memory ~ external 1/0, 3.3M bytes/s 

Dual address transfer: 
8 ~ 8 or 16~ 16 bit transfer, 2.5M bytes (word)/s 
8 ~ 16 or 16~ 8 bit transfer, 3.3 M bytes (word)/s 

• Three transfer modes; byte, demand, and continuous 
• Transfer between memories or between memories and II0s 
• Independent auto-initialization for each channel 
• Programmable address incremenVdecremenVfixed 1/0 

mode 
• Control of enable/disable for each DMA request 
• Three methods of ending transfers: completion of specified 

number of transfers, end of process by external circuit, and 
data match detect 

• DMA request by software 
• Report of transfer end to CPU by interrupt 
• Channel priority can be rotated 
• Transfer between ROM and RAM in different bus sizes 

3.14.3 Circuit Configuration and Related Pins 
The circuit configuration 

Note: An asterisk* next to the pin name represents a 
channel number. 

(1) DREQ* 
Input pin used for DMA start requested by an external 
circuit. 

(2) DACK* 
Output pin used respond to DMA start requested by 
an external circuit. 

(3) TC* 
Output signal pin used to indicate DMA completion. 
The specified number of DMA transfers in response to 
a DMA request is ended. 

(4) EOP* 
Input pin used to request DMA transfer ended by an 
external circuit. 

(5) AEN* 
Output signal used to externally notify DMA in opera­
tion. 

(6) 10RD* 
Read signal used for externall/Os. 

(7) 10WR* 
Write signal used for externall/Os. 

TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-591 



TMP96C081F 

MCU900-592 

TLCS-900 16-bit Microcontroller 

Request Control 

Block 

INTAD 
INTIO 
INTT2 
INTIS 
INTRXO/I 
INTIXo/' 
DACKRXO/' 
DACKTX0l1 
DACKADUH 
DREQO-3 
DACKO-3 

L-___ .-___ ->--_ BUSRQ 

DMA Control Block 
RD 
WR 
lORD 
IOWR 
AEN 
MATCH 
TC 
ERROR 
INTDO-3 

L-____ .-__ -,_~~---EOP 

register 

(16) 

AO-A,2] 

match 
register 

Figure 3.14 (1). DMAC Block 

mode 
command 

register 
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3.14.4 DMA Operation 

This section describes address specification methods, transfer 
modes, start/stop methods, and interrupt generation. 

1-byte or 1-word transfer in 1-bus cycle. Simultaneous 
read and write from/to memories and internal/extemal 
peripheral circuits. When an internal peripheral circuit is 
accessed, a wait may automatically be inserted to 
adjust the clock phase. Note that single address trans­
fer is enabled only for SIOO, SI01 , and ND among 
internal peripheral circuits. 

(1) Address Specification Methods 

• Single address transfer 

Xl 

Al6-23 

CSO-CS4 - '--;--t-----+----+--;..--f~ 
-I~~ __ ~~--~~--+_~~V--

t<= RMI -
~~_+--~~~--;V-ALE -

ADO-1S AO-1S Y. • x.. ,-...,-.::;D:.:.:i n...,---,X. 

flO ,'--+--;----+---1 
HWR.WR 

[ORO 

iOWR 

• RD 

WR 

• 
Case (2) 

lORD 

10WR ,'--+----'---+---1 
Single address transfer 

Case (1) memory ~ internal peripheral circuit (e.g. serial channels) 
Case (2) memory ~ external 1/0 

Figure 3.14 (1). Single Address Transfer Timing 

Note: elK output is not necessarily the same as the above phase. 
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X1 

CLK (note) \'-+--+--+-
A16-23 

-CS'O-CS4 

O-ACKO-O-ACK3 - f--

RrW --
ALE -

ADO-15 

RD 

HWR.WR: 
j,.---

. \y-----+--{/ 

fORD 

IOWR 

Single Address Transfer 
Internal peripheral circuit (e.g. serial channels) ~ memory 

Figure 3.14 (2). Single Address Transfer Timing 

Note: eLK output is not necessarily the same as the above phase. 
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Xl 

ClK {n.;;o.;.;te:.rl _-'-.J' \ 
A16-23 ----,~r-~~--~--~--+---~--~--~---4r--

CSO-CS4 -- V-­
~~--~--~~--~--~--~-; 

DACKO-DACK3 -- r 
RNil -- r-
ALE -- ~ __ -+ __ ~~~ __ ~r­

ADO-15 

RD 

WR 

lORD 

IOWR 

1\ AO-15 )C ~ J\''-'"T""..::D~i n~---,Xr' 

. \'--+---i---+----.:t/ 

~ \'--+----'_-+_.J1 

Single address transfer 
External 1/0 ~ memory 

Figure 3.14 (3). Single Address Transfer Timing 

Note: elK output is not necessarily the same as the above phase. 
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• Dual address transfer cuit is accessed, a wait may automatically be inserted 
to adjust the clock phase. 

1-byte or 1-word transfer in 2-bus cycle consisting of 
read and write cycles. When an internal peripheral cir-

Note that DACKO to DACK3 signals are output only 
when DACK output is enabled. For details, see (10) 
DACK output enable bit. 

X1 -V\.-V\-.f\-f\-V""\..~ 
: : : ; : : : : 

elK '/ j \'+-+-r--
A16-23 I)( IX 

eso-eS4 --~~-~~4-~-+~-r-~~~-+~--r-7-;~ 
--~-+~~~+-~~-+~-r~~~;--

RIW lc 

Figure 3.14 (4). Dual Address Transfer Timing 
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Xl - V\..~0-0-0-V)-0-0-r:-0-0-0-V-
CLK - --t.J: ~ : ; i : \: 1 / i :\.~'7"': -+--

A 16-23 -r"+-+-!-+'7"+"';"'-r'-~+--4-+-.l...-.j--i--fl-i---,h~--i.....J.....l~L-

Transfer data from 16 bit size to 8 bit size 

Figure 3.14 (5). Dual Address Transfer Timing 

Xl~~~r\-n.r 
ClK -1-+1. ~ ; , , : \! : /' i \,+-;...! -+-

A16-23 DC! DC ! DC ! DC 

QO-4-+ __ -r-!-~-!-~-!-4-"';"'+-~~+-+-.l...-~~~~~~~-4 __ 

ADO-15 

HWR.WR 

Transfer data from 8 bit size to 16 bit size 

Figure 3.14 (6). Dual Address Transfer Timing 
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(2) Transfer Modes 

The DMAC supports the following three transfer 
modes. 

• Byte mode 

In this mode, bus mastership is released after each 
transfer in response to a DMA request and when 
DREO (DMA request input) is sensed. If DREO is 
active, bus mastership is re-captured to resume DMA 
transfer; if DREO is inactive, DMA transfer ends. 

• Continue mode 

In this mode, the specified number of DMA transfers is 
executed by one DMA request. 

• Demand mode 

In this mode, DMA transfers continue as long as DREO 
by one DMA request. Transfer ends when DREO 
becomes inactive. 

(Note) When starting DMA transfer using a built-in peripheral 
circuit which can be connected intemally, the DREO 
detect method (pulse or level) must be set depending 
on the output waveform of the interrupt signal to be 
connected. 

(3) DMA Transfer Start and Stop Methods 

• Start 

The DMAC can be started using any of the following 
three methods: 

1. DREO input by extemal peripheral circuit 
Inputting DREO to the external DREO pin correspond­
ing to a channel starts DMA transfer. 

2. DREO input by internal peripheral circuit 
Selecting the internal DREO input corresponding to a 
channel and ending the anticipated operation starts 
DMA transfer. 

3. Software request 
Setting the DSREO* DMA start request bit in the 
DMACR* command register for a channel starts trans­
fer. 

• Stop 

The DMAC can be stopped in any of the following 
three methods: 

1. Completion of a set number of DMA transfers (terminal 
count: TC) 
When the number of data transfers set in the count 
register for a channel is completed, the DMAC 
releases bus mastership and outputs the TC signal. 
Interrupt generation and setting the TC* (* = channel 
number) bit in the status register notify the CPU of 
DMACstop. 

2. End of pr~s signal input by extemal circuit (End of 
process: EOL 
Inputting the EOP signal to a channel in DMA transfer 
ends transfer and releases bus mastership. Interrupt 
generation and setting the EOP* (* = channel number) 
bit in the status register notify the CPU of DMAC stop. 

3. Data match detected (match: MATCH) 
Detecting a match between the data set in the match 
register for a channel and the data to be transferred 
ends transfer. Interrupt generation and setting the 
MAT* (* = channel number) bit in the status register 
notify the CPU of DMAC stop. 

(4) DMA Transfer Start and Stop Methods 

The DMAC supports four methods for updating the 
transfer source and destination address: 

1. Fixed mode: 
Used to access address set in the transfer source and 
destination address registers. 

2. Increment mode: 
Used to sequentially increment addresses set in the 
transfer source and destination address registers: 
DMASAAIB/C* and DMADAAlB/C (* = channel num­
ber). 

3. Decrement mode: 
Used to sequentially decrement addresses set in the 
transfer source and destination address registers: 
DMASAAIB/C* and DMADAAlB/C (* = channel num­
ber). 

4. I/O mode: 
Used to access 2-byte data repeatedly. Useful for 
accessing intemal peripheral circuits 
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Transfer destination (memory) 

Conversion result by AID converter { 
~}~-{ 

Address 000060H 

61H 

lower 2 bits 

upperS bits 

lower 2 bits 

upperS bits 

007000H 

01H 

02H 

03H 

04H 

OSH 

06H 

07H 

DMAC setting contents 

• Transfer source: ADREG04 UH 
Transfer destination: memory 

• Address updata method: 

{ 
{ 

lower 2 bits 

upper8bits 

lower 2 bits 

upper S bits 

transfer source: I/O mode and transfer destination: INC mode 

• Counter: 8 bytes 

Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to VO Mode 

(5) Transfer Error Generation 

The DMAC can notify the CPU that a transfer is 
accepted by setting 0 in the count register. When 0 is 
set in the count register, accepting a transfer request 
causes an error to occur in the DMAC. In this case, the 
DMAC does not perform DMA transfer. It generates an 
interrupt and sets the ERR' bit (* = channel) in the sta­
tus register. After an error occurred in the DMAC, DMA 
transfer can be enabled by the following steps: 
(1) set a value other than 0 in the count register. 
(2) reset the error bit in the status register. 
(3) set the DMA enable bit. 
However, if the DMA request source disappears during 
step (1) to (3), DMA transfer will not be performed. 

(6) Auto-initialization 

When DMA transfer stops (explained in (3), DMA trans­
fer start and stop methods), and RLD', the auto-initial­
ization bit in the DMACR* command register for a 
channel is set, the pre-transfer data is returned to the 
registers. One of the advantages of auto-initialization is 
that it eliminates the need to set the DMA control regis­
ters when the same address is repeatedly accessed. 
Auto-initialization is used for count registers, and trans-

fer source and destination address registers. 
Usually, the DMAEN* bit in the DMACR* command 
register is cleared after a channel ends transfer. How­
ever, if RLD is set and DMA transfer stops due to inter­
rupt disable (set in the DMACR command register), the 
DMAEN* bit will not be cleared. In this case, when a 
DMA request is generated, DMA transfer restarts with­
out setting DMA enable again. 

(7) Channel Priority Setting 

The DMAC supports the following two methods for 
setting channel priority. Priority is set in the PRI bit of 
the DMAMODA3 mode A register. 

1. Fixed method 
Used to assign fixed priorities to four channels. Chan­
nel 0 has the highest priority: next highest is channel 1, 
then channel 2, and channel 3 has the lowest priority. 

2. Rotate mode 
Used to change the priorities of four channels. In this 
mode, when DMA transfer ends for a channel, the pri­
ority of that channel becomes the lowest, then the next 
channel has the highest priority. 
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(8) Interrupt Generation 

The DMAC can notify the CPU of an event such as 
transfer end by generating an interrupt. The DMAC 
supports the following four interrupt sources. It can set 
interrupt generation enable/disable using the DMACR* 
(* = channel number) command register. 

1. Match (MATCH) 
Data set in the match register matched the data being 
transferred. 

2. Terminal count (TC) 
Number of transfers set in the count register has 
ended. 

3. End of process (EOP) 
Transfer ended by end of process input externally. 

4. Error (ERROR) 
DMA start request is generated with Os in the count 
register and an error has occurred in the correspond­
ing channel. 

When an interrupt is generated, this is reflected in the 
DMAST* status register. Thus, writing 1 in DMAST* 
clears the status. 

(9) DACK Output Enable Bit 

Bit 7 in the DMACR* command register for channels 0 
to 2 is used to set whether to send a response (DACK) 
when a DMA request (DREQ) is input to a channel. 
DACK Signal output can be classified as shown in the 
table below, depending on the combination of address 
specification method and transfer mode. 
Bit 7 in the DMAC3* command register for channel 3 is 
used to set DMAC channel priority. Thus. DACK signal 
output cannot be set for channel 3. Instead. channel 3 
supPOrts DACK output using 0 set in bit 7 of other 
channels. 
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Table 3.14 (7) DAMC Register Setting and Address and DACK Output 

DACK MIO/IOM Sng/Dual Internal 
output connection Output Internal External 
select Ino connection address DACK DACK 

DMA MODA MODA MODA MODB address output 

start source bit7 bit3 bit2 bit4 

0; nooutput 0: 10-+M 0: Dual 0: no SA: Transfer 0: 0: 
1 : output 1: M-+IO 1: Sngl connection source output output 

1 : connection OA: destination 

0 0 0 0 SAiDA X X 
1 0 0 0 SAIDA X 0 
0 0 1 0 DA X 0 

External 1 0 1 0 DA X 0 
DREQ 0 1 0 0 SA/DA X X 

1 1 0 0 SAiDA X 0 
0 1 1 0 SA X 0 
1 1 1 0 SA X 0 
0 0 0 1 SAiDA X X 
1 0 0 1 SAiDA x 0 
0 0 1 1 DA 0 X 

Internal 1 0 1 1 DA 0 0 
DREQ 0 1 0 1 SA/DA x X 

1 1 0 1 SAiDA x 0 
0 1 1 1 SA 0 X 

1 1 1 1 SA 0 0 
0 0 0 0 SA/DA X X 
1 0 0 0 SA/DA X 0 
0 0 1 0 DA x 0 

Software 1 0 1 0 DA x 0 
request 0 1 0 0 SA/DA x X 

1 1 0 0 SA/DA X 0 
0 1 1 0 SA x g 
1 1 1 0 SA x 

Notes: • Internal DREQ signal is used by the peripheral circuit specified by bits 7 to 5 in the mode B 
register. Internal DACK signal is only output at SIOO send request, SIOO receive request, SIOl 
send request, SIOl receive request, and AID conversion end. 

• To start the DMA by an external DREQ orsoftware request, set the internal connect bit (bit 4 
in the mode B register) to O. 

• Do not set <PAFC> for DREG function with software request start. 
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3.14.5 DMAC Control Registers 
The TMP96C081 F has four built-in independent channels, 
each of which has 14 registers belonging to eight register 
groups. Channel functions are almost the same. Channel-spe­
cific functions specific to channels are also explained below. 

When setting the following (1) to (8) registers, the 
TMP96C081 F must be in DMA disable state (bit DMAEN* in 
the DMACR* command register = 0). 

(2) Destination Address Register, Common to All Channels 
(* = Channel Number) 

(1) Source Address Register, Common to All Channels 
(*: channel number) 

Used to specify the start address of the data trans­
ferred by the DMAC, and memory-mapped I/O register 
addresses. To transfer 16-bit data, specify even-num­
bered addresses. 

Used to specify the transfer destination address. To 
transfer 16-bit data, specify even-numbered 
addresses. 
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(4) 

TLCS-900 16-bit Microcontroller TMP96C081F 

Count Register, Common to All Channels (* = Channel 
Number) 

Used to specify the number of bytes for 8-bit DMA 

DMACTA* (Count register: lowerS bits) 

Match Register, Common to All Channels (* = Channel 
Number) 

Used to specify data for stopping DMA transfer if the 
specified data is accessed during DMA transfer. For 8-

DMAMAA' (Match data: lower S bits) 

DMAMAS* (Match data: upper 8 bits) 

transfer or the number of words for 16-bit DMA transfer. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 

bit to 8-bit transfer, the upper 8-bits are not compared 
but ignored. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 
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(5) Mode Register A, Common to Channels 0 to 2; 
Excluding Channel 3 

whether to output DACK to request source at DMA 
transfer by an external DREQ. With channel 3, bit 7 is 
used to specify channel priority specification method 
for the DMAC; that is, DACK output cannot be set. Used to specify transfer mode, data width, and transfer 

direction. With channels 0 to 2, bit 7 is used to specify 

OMAMODA 

ChannelsOto 2 (*: channel number) --bit Symbol 

ReadIWrite 

After reset 

Function 

87 86 85 84 83 82 81 80 

DACK- LV- 8US1- BUSO* DIR* SO- MOOt- MODO-

rvw 
0 0 

~utPut:'Set5DRCQ ;Sets.tra~sfersour~.nd fSeu ~Set5DMA iSeUDMAtransfer 
DACK ;detect ~estlna~n data Width :transfer ;transfer lmode 
~: NoDACKjO: Detects :~~ ::~:sf~r::::5~~~r source~irection injmethod iDa: Byte .mode 

output: DftilbYiclestination lSingle ~O: Dual ;01: Continue mode 
1: DACK : level :01: 16bltsfortransfer :address : address :10: Demand mode 

output ~1: Detects ~urcllilnd16bibfor itransfer ~ transfer 1,1: Notdefined 
. OREQ by~rlnsf.~de'tinltlOn ;0: I/O 11: Single : 

pulse ~'o: 8b1ts fOl transfer source: -tMEM' address 
~:tl~~~:::ortrln5ter 11: MEM transfer 
l1': 16b1utortrlnsier i -tol/O 
;50urce Ind 8biU for transfer : 
:destlnltlon 

L.._ Sats DMA transfer mode 
00 8vtemode 
01 Continue mode 
10 Demand mode 
11 Not defined 

'--- Set. OMA tran.f.r method 

o Dual address trlnfer 
Sinale address transfer 

L.... ____ ....;~ :::r:s~~~~s1!~(~~~ i~ single 

I 0 I VO .... MEM 
1 MEM-+VO 

L-___________ ~:~i~:ili!~d=r~~:t~d(Note2) 

00 Sbits for transfer source and destination data width r 01 16bits for transfer source and 16bits for tranf., destination 
[10 Sbits for transfer source and 16bits for transfe, destination 

11 16bits for transfer source and 8biU for transfer destination 

L ______________ Set. DliR!dotect by level or pulse 

o Detects ORE I bv level 
1 Detect. DIfEQ bv Dulse 

L ________________ ....; .. Seu whether to output DAtK"(Noto 3) 

I 0 I No DACK output 
1 tsACR output 

(Note1)The OIR* bit is sighificant only when single address transfer is specified in the 50* bit below. 
(Note2)Operations depend on transfer mode. For details, see Table 3.14 (7), DMAC register setting and addressiDACK output. 
(Note3) Set the transfer source and destination data widths to same as those in the CS/w controller. When transferring data 

to/from internal memory mapped VO (including internal VO in single address transfer). Set the transfer data width to 
Sbits. 

(Note4)Set the transfer source and destination data widths to same as those when single address transfer is specified. 
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Chilnneis 3 

OMAMOOA3 bi l Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

B7 B6 B5 B4 B3 : B2 , B1 BO 

PRI lV3 'BU513 BU503 DIR3 SD3 MOD13 MOD03 

RIW 

. 
~pecifie5 ;5et5DREQ ;Setstranlfer source and :Sets :Sets DMA :Sets DMA transfer 

hannel ;detect :destmat'on dilte wIdth itransfer !transfer ~mode 
priority 0: Detects ;00: Bbltlfortra"'ter,our(e~irection in:method ~OO: Byte mode 
0: Fixes : DREQ bY~:::t!~:~~~r transler ~sjngle jO: Dual ~O 1: Continue mode 

channel: level ~1: lftb!tsfortranster :address . address ho: Oemand mode 
priority ~1: Detects ~sour(e and 16bies for !transfer ~ transfer ;11: Not defined 

1: Rotates' OREQ by~transfer dl5tmatton :0: 1/0 ;1: Single : 
channel pulse i~~~ 186b~::/:r~~an::::rsour(e; -JMEM: address: 
priority :dlltlnatlon :,: MEM transfer: 

:11: 16bltsfortran5fer ; ..... 110 
:source and 8blts for transfer: 
:dlstlOatlOo 

L. Sets DMA transfer mode 

00 Byte mode 
01 Continue mode 
10 Demand mode 
11 Not defined 

-----. Sets DMA transfer method 

o Dual address tranfer 
Single address transfer 

'------..... !~~r~:s~~:~s1!~~~~~ \~ single 

j a jl/O-oMEM 

Sets transfer source and 
'------------ distination data width (Note 2) 

00 8bits for transfer source and distination data width 
01 16bits for transfer source and 16bits fortranferdestination 
10 8bits for transfer source and 16bits for transfer destination 
11 16bits for transfer source and 8bits for transfer destination 

Sets DREQ detect by level or 

o Detects DREQ by level 
Detects OREQ by puis. 

Specifies channel priority 

o Fixes channel priority: chO>chl >ch2>ch3 
Rotates channel priority: chO-"'chl-+<h2-+<hl 

(Notel )The DIR· bit is sighificant only when single address transfer is specified in the SD bit below. 
(Note2)Set the transfer source and destination data widths to same as those in the CSM/ controller. When transferring data 

to/from internal memory mapped I/O (including internal 110 in single address transfer), set the transfer data width to 
8bits. 
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(6) Mode Register B, Common to All Channels internal 1/0 and DMA start request; also, the method 
for updating transfer source and destination address. 

Used to control connection between the TMP96C081 

MCU900-606 

DMAMODB· --bit Symbol 

ReadlWrite 

Afterres.t 

Function 

87 B6 85 B4 B3 B2 BI 80 

IDRQ2* IDRQI* IDRQO* IDRQE* OA1· DAO· SAI* SAO* 

RIW 

0 

~~~::::~:,~~~~:~~ c;;;:~~n j~:,~~~sllO ~ets update method :sets update mdethod 
~1: Requests at 5100 receive end(by ,,"vel, ;specified by : for t~ansfer source 110r transfer source 

relNstd by SCOBUf r •• d) :the above] :00: Filled mode !address 
10: Requedl at SI011.nd end (by pulle) 1bib and.DREQjo1: Increment mode ~OO: Fixed mode 
,,::yql=~::;~~~':;;~:~reR) ~~n~=~ 110: Decrementmode 101: Increment mode 
'OO:ReqUnh.tAlOcon~o".ndCby : «tnned :11: I/O mode :10: DKrementmode 

level,"IUS9db,ADREG~Hfe.d) 1 Int.rnal: (2 bytes, repeated ~11: UOmode 
101::::iltlat8oblttimerOtlmeout(by! ~:Q access) i (2byte5,repeated 
110: Itequeststoa·bIt PWMtllMr2tlme :1: Connect access) 

out (by pulse) i Int.,-n.' 
111 : Requesh at 16-bit timer" time out (by: 110 to 

pulse) . DREQ 

L !~J,~!".te method 'o't,.".'e, source 

00 Fixed modi 
01 Increment mode 
10 Decrement mode 
11 110 mode (2 bytes repeated access 

L-...., ~;rupdate method for transfer source 

00 Fixed mode 
01 Increment mode 
10 Decrement mode 
II 1/0 mode 2 bytes. ,epeated ICCess) 

'-----_ ~r.~~~s~~1':;~~~~:~::'ied by the above 3 

o Ooes not connect intern.llla to DREQ 
1 Connect internal 110 to DREQ,,"-__ ..J 

'----.. Specifies internal 110 DREQ connection (Note) 

87 86 85 Specifies internal 110 and ORE connection Intern.1 DACK 
0 0 0 Reauests at 5100 send end (bv Dulse) Ves 
0 0 I Reauestsat 5100 receive end (~y level, released by SCOBUF read) Ves 
0 I 0 ReQuests at 510 1 send end (bv pulse) Ves 
0 I I RequestsatSlat ree,iv.end (by level released bySC18UF read Ve, 
I 0 0 Requests at AID conversion end (by level, released by AOREG04H read) Ves 
I 0 I Requests at 8-bit timer 0 time out (by pulse) No 
I 1 0 Requests at 8-bit PWM timer 2 time out bY~\Jlse) No 
I 1 I Requests at 16-bit timer 4 time out (by pulse) No 

(Note) Fora request by pulse, set the LV- bit inthe DMAMODA- register to 1; fora request by level, toO. 
Since OACK for AID conversion end is connected to CHO, use (HO for DMA transfer. 
ANO and AN4 of AID converter, use ANO Dr AN4 for OMA transfer. (selectable using AOBS register) 
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Command Register, Common to All Channels tion, or software request. 

Used to control interrupt enable/disable, auto-initializa-

B7 B6 

DMACR* bit Symbol IMP : ITe'" 

ReadMfrite 

After reset 

Function 

0: DIsable 
1: Enable 

87: Data match 
86: Terminal count 
65: Compulsory stop 
84: Error request 

BS B4 

IEP'" IER· 

• 

B3 

MAT'" 

R/W 

dete(t 
1: En.ables 
. match 

detect 

82 BI BO 

DSREQ* : DMAEN* 

tr,lluferby 
wftwilfe 

start 

.--J I 
L Sets OMA START 

o Disables OMA start 
Enables DMAE start 

- Sets DMA transfer by soft ware 

Does not reQuest OMA transfer bVsoftware 
ReQuests OMA transfer by software 

Sets enable/disable auto initialization (Note) 

o Disables auto-initialization 
Enables auto-initialization 

'---- ~ets:.~~~'~(I)~~~~'e ~!~C:t~f~~~~:~"::~i~t"r 
o Disables match detect 

Enables match detect 

Sets interrupt enable/disable 
'---------------_ for the interrupt source 

specified by each bit. I 0 I Disable 
Enable 

(Note) When autO-Initialization I~ set, start of auto-initialization can be selected dependmg on the interrupt ~our(e. (More than 
one Interrupt source can be specified) 
For mterrupt source for which Cluto-mitlalizatlon IS enabled, to disable interrupts, sets Os 10 bits 7 to 4 in the DMACR* ; 
for Interrupt source for which autO-Initialization is disabled, to enable interrupts, set 15 
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(8) Status Register B, Common to All Channels 
(* = Channel Number) 

Used to display DMA stop source or error generation, 
or whether there are any sources held for internal/ 
external DREQs. 

Writing 1 in the EOP*, MAT*, TC*, or ERR* bit clears 
the DMA transfer stop source. Once EN* bit is latched. 
it is held until the status is cleared or reset. When 
DREQ is detected by level (by setting the LV bit in the 
mode A* register), the EN* bit must be cleared in order 
to determine the current DMA request before the sta­
tus register. 

DMACR" -------
87 86 

bit Symbol 

ReadlWnte 

After reset 
• 

Function 

85 ~ 84 B3 B2 : B1 

EN" MAP Te" 

RIW 

:Oisplays :Displays whether DMA transfer 
:whether jstop source is generated 
~DMAstart ; 
;50Ufce is 
:held 
:0: Start 

:0: Stop source not generated 

: 1: Stop source generated 
source , 
not held: 

11: Start 
source 
held 

BO 

:Oisplays 
~whether 
~error is 
:generated 
[0: Error 

not 
generat 
ed 

:1: Error 
generat 
ed 

* (Write function is abailable only in bittleaf mode) I 
L Displays whether error is 

generated 
o Disables OMA start 

Enable DMAE start 

L-__________ Displays whether DMA start 
source is held 
o Error not enerated 
1 Error generated 

(Note) This bit does not influence software requests. 
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Examples of program settings using DMAC 

(a) Initial setting 

LD SP OlOOH 

MAX 

LD ( B1CSL ). 93H 

LD ( B1CSH ). OOH 

LD (P4CR ). 1FH 

LD (P4FC ). 1FH 

LD ( P10CR ). OlH 

LD (P10FC ). 03H 

LD ( PllCR ). 1DH 

LD ( P11FC ). 1FH 

LD (INTDMAO) • 06H 

EI 

Sets stack pointer to 200H 

Sets maximum mode 

CS/CAS ENABLE, Sbit Bus & 0 wait 

Addresses 100H to 7FFFH 

output set 

CS/CAS set 

output set 

DACKO, DREQO set 

output set 

lORD, 10WR, TC EOP, AEN set 

Sets DMAC chO interrupt request level to 6 

Sets CPU interrupt receive level toG 

(b) Single address transfer start at completion of SIOOTx 

MSB LSB 
76543210 

DMASAAO .. X X X X X X X X 

DMASABO .. X X X X X X X X 

DMASACO .. X X X X X X X X 

DMACTAO .. X X X X X X X X 

DMACTBO .. X X X X X X X X 

DMAMAAO .. X X X X X X X X 

DMAMABO .. X X X X X X X X 

DMAMODEAO" X 1 0 0 1 1 0 0 

DMAMODEBO" 0 0 0 0 0 1 0 

DMACRO .. X X X X X 0 X 

} Sets transfer source address 

} Sets number of transfers 

} Sets data to be mached 

Pulse detect, transfer source: S bits --> transfer destination 

: 8 bits, memory --> 1/0, single address transfer, byte mode 

Requests at completion of SIOOTx 

Does not set software request 
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(c) Single address transfer at completion of AID conversion and continue mode start 
MSB LSB 

76543210 

OMAOAAO +- X X X X X X X 

OMAOABO +- X X X X X X X X 

OMAOACO +- X X X X X X X X 

OMACTAO +- 0 0 0 0 0 0 1 0 

OMACTBO +- 0 0 0 0 0 0 0 0 

OMAMAAO +- X X X X X X X X 

OMAMABO +- X X X X X X X X 

OMAMOOEAO+- X 0 0 0 

OMAMOOEBO+- 1 0 0 1 0 0 0 

OMACRO +- X X X X X X 0 X 

} Sets transfer source address 

} Sets number of transfers to 2 

} Sets data to be matched 

Level detect. transfer source: 8 bits -to transfer destination: 

8 bits, 110 -> memory, single address transfer, continue mode 
Requests at completion of AID conversion 
Does not set software request 

(d) Dual address transfer at completion of AID conversion and continue mode start 
(update method: 110 mode) 

MSB LSB 
76543210 

DMASAAO +-01100000 

DMASABO +- 0 0 0 0 o 0 0 0 

DMASACO +- 0 0000000 

DMADAAO +- X XXXXXXX 

DMADABO +- X XXXXXXX 

DMADACO +-XXXXXXXX 

DMACTAO +-00000010 

DMACTBO +-00000000 

DMAMAAO +-XXXXXXXX 

DMAMABO +-XXXXXXXX 

OMAMODEAO+- X 0 o 0 X 0 0 

OMAMODEBO+- 1 0 0 1 X X 1 

OMACRO +- X X X X X X 0 X 

} Sets AID register address 

} Sets transfer destination address 

} Sets number of transfers to 2. (Even number must be set 
because ADREG04L and ADREG04H must be read in two 
bytes.) 

} Sets data to be matched 

Level detect, transfer source: 8 bits -> transfer destination: 8 

bits, dual address transfer, continue mode 
Requests at completion of AID conversion. Transfer source: 

110 mode 
Does not set software request 
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(el DMA start at 16-bit timer 4 time out, and overwrite of timer register 
Dual address transfer, transfer source: 16 bits .... transfer destination: 8 bits 

Note: In this case, CS at the transfer source must be setto 16 bits. 
MSB lSB 

76543210 
OMASAAO +-XXXXXXXX 
DMASABO +-XXXXXXXX 

DMASACO +- X X X X X X X X 

DMADAAO +-00110000 

DMADABO .. 0 0 0 0 0 0 0 0 

DMAOACO .. 0 0 0 0 0 0 0 0 

DMACTAO .. X X X X X X X X 

DMACTBO "XXXXXXXX 

DMAMAAO "XXXXXXXX 
DMAMABO .. X X X X X X X X 

DMAMOOEAO" XII X 0 0 0 

DMAMODEBO<- 1 1 1 1 1 1 0 1 

DMACRO .. X X X X X X 0 X 

} Sets transfer Source address 

} Sets timer register address 

} Sets number of transfers 

} Sets data to be matched 

Pulse detect, transfer source: 16 bits .... transfer destination: 
8 bits, byte mode 

Starts at 16-bit timer 4 time out. 
Transfer source: I/O mode 
Transfer destination: increment mode 

Does not set software request 
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DMA Cycle Timing state dummy cycle may insert to bus cycle. 
When bus cycle retum to CPU cycle from DMA cycle, 2 

X1 

eLK 

BUSB 
~---v-----t----'>r""---'"V"--",",,---v--l ~;;" ... BUSA 

r ........ '. I Omitted in byte 
,..-__ -..-_____ mode 

AEN _____________ -" .......... ;' 
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lJREQ release: 

AAAAAAJ 
ClK 

BUSA OMA 

BUSB OM 

DilEQ -----------!A· ... , 
DAtK ,'--_-J 

AEN .J , 
TC __________ --' 

. . 
•••••••••• 1 

DREQ: release: single address transfer. demand and continue modes 

CPU 

CPU 

Xl J\AAA~AAAAAAJ 
ClK I I 

I OMA I OMA OMA I CPU I CPU I CPU CPU 
-. ... [

BUSA 

- BUSB 

Continue 
mode BUS 

I 

I 

OMA I 

OMA 1 

OMA OMA OMA 

OMA I OMA OMA 

\ 
I .... ; 
A 

DACK ______________ -..&' ......... .. 
AEN 

TC _________ -J! 

, .......... . 
r··· .. . 

CPU 1 CPU 

OMA I OMA 
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TMP96C081F 

Xl 

ClK 

BUSA 

BUS B 

DRHJ 

DACK -1 

TLCS-900 16-bit Microcontroller 

. . 
" ••••••••••••••••••• J 

AEN \\.. __ --' 

TC __________ --l 

DREQ release: dual address transfer. demand and continue modes 

Xl ~AAA~AAAAAAAA~ 
CLK 

Demand [
BUSA 

mode BUS B 

Continue mode 
BUS 

AEN 

1 1 1 I II I I I I I I I 

I DMA (WR) I DMA (RD) I DMA(WR) I CPU I CPU I CPU I cpu I 

I DMA (WRjJ. DMA (RD) 1 DMAtWR) I DMA (RD) I DMA (WR I cpu I cpu 

DMA(WR) DMA(RD) DMA(WR) I DMA (RO) I OMA WR) OMA (RO) I DMA (WR) I 
~ 

A 

---------_____ --" ..................... ~ .............. ...... : 
\' .................... ~ .................... ~ 

TC __________ --' 
,. ..... 

, , 

MCU900-614 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TLCS-900 16-bit Microcontroller 

Xl.J\A 
ClK 

Byte mode BUS A 

Demandl BUS B 
(OntlOl,lemod. 

Xl 

ClK 

Byte mode BUS A 

Oem"ndl BUS B 
continue mode 

CPU 

OMA(RO) 

__________ -+-..J. ......... JB 

CPU 

AEN ------------+~~._._ .. _._ .. _._.~~~ _______ __ 
rop 
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TMP96C081F 

MCU900-616 

TLCS-900 16-bit Microcontroller 

MATCH (second byte is used for match): single address transfer 

Xl J\.r\.r\.r\.r\.r\.r\.r\.r\.r\.r\.,. 
CLK 

Byte mode BUS A :~ CPU DMA CPU DMA X CPU ~ 
Demandl BUSB :x CPU X DMA DMA X DMA X CPU ~ con'mull!' mod. 

DitEO' 

A 
DACK \ I~ ......... \ 

B •••••••••• 

/ AEN A\ \ 

MATCH (second byte is used for match) : dual address transfer 

CLK 

\\I-v Byte mode BUS A .,.A 

Demandl BUS B :::J 
continue mode 

cPU 

CPU 

I DMA (RD) I DMA (WR) I CPU X DMA(RO) I DMA (WR) X~ 

X DMA (RD) X DMA (WR) X DMA (RD) X DMA (WR) I CPU ~ 

DREO''--____________________ _ 

bACK ~ ________ ~A/~~.-.-•. -.. -.• ·.\ : ......... , 
r-__________ ..... B 

AEN _____ -oJ A\" ......... / L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Auto initialization eTC = 1 or 2, match or no match) : single address transfer 

Xl J\.I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\... 
CLK 

DRlO""\, , 
Byte mode BUS :::x CPU OMA CPU X DMA X CPU X OMA C::] TC= " 

no match 

TC n n 1'L-
8~.mOd. 

J X X C::] TC=2, 
(mdtchdrtetted,n BUS CPU DMA CPU CPU DMA CPU 

'"slbylel match 

TC detected in 
first byte 

demandl BUS :x CPU DMA CPU DMA X CPU 
DMA C::] TC= " cont'nue mode 

no match 
TC n n 1'L-

demandl :x continue mode BUS CPU DMA DMA I CPU DMA 
DMA C] :~\'c~ (m.tth detected In 

t,rnbyte) 

n 1'L- ~etected in 
TC first byte 

demand! :x cont,nue mode BUS CPU DMA DMA CPU CPU OMA C] ::.:.2, (match deuKtH In 
',rst andlecond bytes) 

n detected "' 
TC f,rst and 

se<ondbyt .. 

Auto initialization eTC = 1) : dual address transfer 

Byte mode BUS :x CPU X OMA (RO) X OMA (WR! X CPU X OMA (RO! X OMA (WR! c:: 
demdndl BUS :x CPU I OMA(RO) I OMA(WR! I CPU I OMA (RO) X OMA (WR) c:: 

continue mode 

Diri:-Q ""\' , 
TC n 1'L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-617 

~-----"""'=-'-"'"'---'-'-----~----~---~------------= 



TMP96C081F 

MCU900-618 

TLCS-900 16-bit Microcontroller 

XI 

CLK 

Single address "DMA> I 
transfer BUS ~ __ ....:;:D:.::M:::.A __ ..J\. .. __ -=CP,""U'--__ 

TC 

MATCH 

EOP ---1 

Dual address 
transfer BUS 

TC 

MATCH 

EOP 

BUS 

DREO 

ERR 

:l __ ~DM~A~(~RD~) __ A-_~D~M~A~(W~R~} __ ~ 

CPU CPU CPU 

~.~\-------------------

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Priority order when transferring in byte mode «j) Rotate mode. ~ Fixed mode) 

Xl 

~Q~ CLK 

DAEQO 

DAEOI 

DACKO L.J .... " 
DACKf c.::.r-

AEN ~ 
BUS Q) CPU • CPU IOMA« CPU IOMA'. CPU X 

BUS!21 CPU CPU OMA CPU OMA CPU 

AEN 

BUSQ) CPU 

BUS~ CPU CPU MA MA CPU MA 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90D-619 



TMP96C081F 

MCU900-620 

TLCS-900 16-bit Microcontroller 

Priority order between lfiJSRQ and PREQ when transferring in byte mode 

Xl 

ClK 

li'USRQ 

ilASACK 

OREQ 

bACK 

AEN 

BUSA 

BUSB 

. " ..... L ________________________ ._ .. _.~. ____ __J,___ 
CPU _-=:...=-..J). .................................... -( DMA 

CPU _....;;.;~....J\I ___ c"_p.::..U __ ..... I3_· ............. . 

If ilUSRQ and OREQ are generated at sampling. BUSRQ has the 
priority over OifEQ 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS·900 16·bit Microcontroller 

Priority order between BUSRQ and :i:)jffiQ when transferring in demand or continue mode 

Xl fIJ\.,fV\JL 
eLK -+-A----A--.A..-~:=J c 

BUSRQ 

BASACK 

DREQ 

Mel< \\.... __ --.J1 
AEN L 

BUSA CPU _~::.._..J}- ................................... -{ DMA 

BUSB CPU DMA }- •••• 

L End of transfer 

Priority order between BlJSRQ and other channel's DREQ when transferring DMA 

L 
~ ___ ...J'-

_--=-;,;;;.;;;-A __ =.::....._--I} . .................. {OMAi 

_~c..;;,..JI.._~c..;;,._-..J@- •.•.••...•••. -{DMAl 

Because other channel's DREQ is sampled at the DMA last transfer cycle, BUSRQ has the 
priority even if BU5RQ is generated after other channel's DREQ is generated. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C081 F) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5 -6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

l:IOL Output Current (total) 100 rnA 
l:IOH Output Current (total) -100 rnA 

PO Power Dissipation (Ta = 70·C) 600 mW 

T SOLDER Soldering Temperature (105) 260 °C 

TSTG Storage Temperature -65 -150 ·C 

TOPR Operating Temperature -20-70 ·C 

MCU900-622 TOBHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit MicrocontrolJer TMP96C081F 

4.2 DC Characteristics (TMP96C081F) 
Vee = 5V ± 10%, Ta = -20 - 70DC (Typical values are for Ta = 2SDC and Vee = 5V) 

Symbol Parameter Min Max Unit Test Condition 

VIL Input Low Voltage (ADO-1S) -0.3 O.S V 

V ILl P2, P3, P4, PS, P6, P7, PS, P9, PA, PB -0.3 0.3Vcc V 

VIL2 RESET. NMI, INTO (PS7) -0.3 0.25Vee V 

VIL3 AMSif6 -0.3 0.3 V 

V IL4 Xl -0.3 0.2Vcc V ...................................................................................................................... __ ........................................................................................................................................................................................................................... . 
V IH Input High Voltage (ADO - lS) 2.2 Vee + 0.3 V 

V IHl P2, P3, P4, PS, P6, P7, PS, P9, PA, PB O.7Vee Vee + 0.3 V 

V IH2 RESET. NMI, INTO (PS7) O.7SVcc Vee + 0.3 V 

V IH3 AMSif6 Vee - 0.3 Vee + 0.3 V 

VIH4 Xl O.SVee Vee + 0.3 V ........................... . ........................................................................................................................................................................................................ .. 
V OL Output Low Voltage 0.4S V I Ol = 1.6rnA 

............................................................................................................................................................................................................................................................................................................................................................ 
V OH Output High Voltage 2.4 V I DH =-40Ctu\ 
VOHl 

VOH2 

O.7SVee V IOH=-l00jJA 

0.9Vee V I OH = - 20pA 
............................................................................................................................................................................................................................................................ 

I DAR 

III 

I LO 

V STOP 

R RST 

CID 

Darlington Drive Current 
(S Output Pins max.) 

Input Leakage Current 

Output Leakage Current 

Operating Current (RUN) 
IDLE 
STOP (Ta = -20 - 70"C) 
STOP (Ta = 0 - SO"C) 

Power Down Voltage 
(@STOP, RAM Back up) 

RESET Pull Up Register 

Pin Capacitance 

-1.0 

0.02 (Typ) 

O.OS (Typ) 

26 (Typ) 
1.7 (Typ) 
0.2 (Typ) 

2.0 

SO 

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

VTH 

RK 

Schmitt Width 
RESET. NMI, INTO (PSl) 

Pull Down/Up Register 

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

0.4 

50 

-3.S 

:!5 

±10 

50 
10 
50 
10 

6.0 

150 

10 

1.0 (Typ) 

lS0 

A V EXT =1.SV 
m R EXT = 1.1kn 

tlA 0.0 S Vln S Vee 

tlA~:~~Yln ~Vcc~ O:~ 
rnA lose = 16MHz 
rnA 
tlA 0.2 S Vln S Vee - 0.2 
tlA 0.2 S Vin S Vee - 0.2 

V 

KQ 

~ .. _.'""_ .... " ........ -- .. "." .. _ ..... ---- .. . 

V 1L2 = 02Vee, 
V IH2=0.SVcc 

pF tosc = 1 MHz 

V 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-623 



TMP96C081F TLCS-900 16-bit Microcontroller 

4.3 AC Electrical Characteristics (TMP96C081F) Vee = 5V±10%, Ta = -20 - 70°C (4MHz - 20MHz) 

Variable 16MHz 20M Hz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

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

2 tClK CLKwidth 2x - 40 85 60 ns 

3 tAl< AO - 23 Valid.-,CLK Hold 0.5x - 20 11 5 ns 

4 tKA CLK Valid.-,AO - 23 Hold 1.5x - 70 24 5 ns 

5 tAL AO-15 Val id.-,ALE fall 0.5x -15 16 10 ns 

6 tLA ALE fall.-,AO -15 Hold 0.5x -15 16 10 ns 

7 tll ALE High width x - 40 23 10 ns 

8 tlc ALE fall.-,RD/WR fall 0.5x - 30 1 -5 ns 

9 tCl RD/WR rise.-,ALE rise 0.5x - 20 11 5 ns 

10 tACl AO -15 Valid.-,RD/WR fall x - 25 38 25 ns 

11 tACH AO - 23 Valid.-,RD/WR fall 1.5x - 50 44 25 ns 

12 tCA RD/WR rise.-,AO 23 Hold 0.5x - 20 11 5 ns 

13 tAol AO -15 Valid.-,DO -15 input 3.0x - 45 143 105 ns 

14 tAOH AO - 23 Valid.-,DO -15 input 3.5x - 65 154 110 ns 

15 tRO RD fall.-,DO -15 input 2.0x - 50 75 50 ns 

16 tRR RD Low width 2.0x - 40 85 60 ns 

17 tHR RD rise.-,DO - 15 Hold 0 0 0 ns 

18 tRAE RD rise.-,AO -15 output x -15 48 35 ns 

19 tww WRLow width 2.0x - 40 85 60 ns 

20 tDw DO -15 Valid.-,WR rise 2.0x - 50 75 50 ns 

21 two WR rise.-,DO - 15 Hold 0.5x -10 21 15 ns 

22 tAEH AO - 23 Valid.-,WAIT input (lWAIT + n mode) 3.5x - 90 129 85 ns 

23 tAWl AO -15 Valid.-,WAIT input (lWAIT + n mode) 3.0x - 80 108 70 ns 

24 tcw RD/WR fall.-,WAIT Hold (lWAIT + n mode) 2.0x + 0 125 100 ns 

25 tAPH AO - 23 Valid.-,PORT input 2.5x-120 80 36 ns 

26 tAPH2 AO - 23 Valid.-,PORT Hold 2.5x+ 50 206 175 ns 

27 tcp WR risHPORT Valid 200 200 200 ns 

28 tASRH AO - 23 Valid.-,RAS fall 1.0x-40 23 10 ns 

29 tASRl AD - 15 Valid.-,RAS fall 0.5x -15 16 10 ns 

30 ~AC RAS fall.-,DO - 15 input 2.5x - 70 130 86 ns 

31 tRAH RAS fall.-,AO - 15 Hold 0.5x-15 16 10 ns 

32 tRAS RAS Low width 2.0x - 40 85 60 ns 

33 tRP RAS High width 2.0x- 40 85 60 ns 

34 tRSH CAS fall.-,RAS rise 1.0x - 35 28 15 ns 

35 tRSC RAS rise.-,CAS rise 0.5x - 25 6 0 ns 

36 tRCD RAS fall.-,CAS fall 1.0x - 40 23 10 ns 

37 tCAC CAS fall.-,DO -15 input 1.5x - 65 29 10 ns 

38 tCAS CAS Low width 1.5x - 30 64 45 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow 0.8\1, Cl50pF 

(However CL = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, Rfiii, ClK, RAS, CASO - CAS2) 
• InpU1 level: High 2.4V flow 0.45V (ADO - AD15) 

High O.8Vcc flow 0.2Vcc (Except for ADO - AD15) 

MCU900-624 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(1) Read Cycle 

Xl 

elK 

AO-23 

e50-4 "\ • 

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

Port Input 

RAS 

eASO-4 

if 0 

ADO-15 

ALE 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(2) Write Cycle 

XI 

ClK X X 
AO-23 )< K 
CSO-4 J\ r 

RMi J\ r 
WAIT \\ ~ L 

Port Output 

liAs 

CASO-4 

WR.HWR tww 

tow 
ADO-IS DO-15 

ALE ...I " V 
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TLCS·900 16·bit Microcontroller TMP96C081F 

4.3.2 Serial Channel Timing· I/O Interface Mode 
Vee = 5V±10% TA = ·20 - 70°C (4MHz - 20MHz) 

Variable 16MHz 20MHz 
Number Symbol Parameter Unit 

Min Max Min Max Min Max 

1 tOK DACK valid-.ClK hold 0.5x - 20 11 5 ns 

2 tKO ClK valid-.DACK hold 1.5x - 70 24 5 ns 

3 tAEK AEN valid-.ClK hold 0.5x - 20 11 5 ns 

4 tKAE ClK valid-.AEN hold 1.5x-70 24 5 ns 

5 tllC ALE fall-.IDRD/IDWR fall 0.5x - 30 1 -5 ns 

6 tOK IORD/IOWR rise-.AlE rise 0.5x - 20 11 5 ns 

7 tKD AO - 15 valid-.IORD/IOWR fall x - 25 38 25 ns 

8 tAEK AO - 23 valid-.IORD/IOWR fall 1.5x - 20 44 25 ns 

9 tKAE IORD/IOWR risHAO - 23 hold 0.5x - 20 11 5 ns 

10 tile lORD fall-.DO - 15 input 2.0x - 50 75 50 ns 

11 tlACl IOWR low-.pulse width 2.0x - 40 85 60 ns 

12 tlACH lORD rise-.DO - 15 hold 0 0 0 ns 

13 tlRAE lORD fall-.AO - 15 output x-15 48 35 ns 

14 tlww IOWR low-.pulse width 2.0x - 40 85 60 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow o.av, Cl5QpF 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, ALE, lORD, IOWR, ClK, AEN, DACKO - DACK3) 
• Input level: High 2.4V flow 0.45V (ADO - AD15) 

High o.avec flow O.2Vec (Except for ADO - AD15) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900·627 



TMP96C081F TLCS-900 16-bit Microcontroller 

(1) DMA Cycle 

Xl 

CLK · j( '---;. __ --.;..._-'x 
..... 

AO-23 -> ~~--~--~---4:K 
<:50-2 ~ :Ir 

· ~ i 

OACKO-j ""\ -tOK- ....J.-tKO----i r 
. 

· AEN Y ... tAEK+-

WAIT 

AOO-15 

ALE 

iOwil i .... --"'" ..... -_ -_ -_ -_tIWW_:.:.:.:.:.-=t 

AOO-15 - - - - - -< AO-'5 X,---,-__ D_O_-_'_5 ...... ____ --c'>-
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4.4 AID Conversion Characteristics (TMP96C081 F) 
Vee = 5V±10% TA = ·20 - 70°C 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vee -1.S Vee Vee 

AuND Analog reference voltage Vss Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 rnA 

Total error 
:!A.O Error (TA = 25°C, Vcc = VREF = 5.0V) 

(Quantize error of Total error :!B.O LSB 
:±D.S LSB not included) 

4.5 Serial Channel Timing· 110 Interface Mode 
Vee = 5V±10% TA = ·20 - 70°C 

(1) SCLK Input Mode 

Variable 16MHz 20M Hz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle 16x 1 0.8 lIS 

toss Output Data-+rising edge of SCLK tsCy/2 - Sx - SO 137 100 ns 

tOHS SCLK rising edge-+output data hold 5x -100 212 150 ns 

tHSR SCLK rising edge-+input data hold 0 0 0 ns 

tSRD SCLK rising edge-+effective data input tSCY - 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 0.8 409.6 lIS 

toss Output Data-+rising edge of SCLK tSCY - 2x -150 725 550 ns 

tOHS SCLK rising edge-+output data hold 2x -80 45 20 ns 

tHSR SCLK rising edge-+input data hold 0 0 0 ns 

tSRD SCLK rising edge-+effective data input tSCY - 2x -150 725 550 ns 

4.S Timer/Counter Input Clock (TIO, T14, T15, TIS, T17) 
Vee = 5V±10% TA = ·20 - 70°C 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock cycle 8x+ 100 600 SOD ns 

tVCKL Low level clock pulse width 4x + 40 290 240 ns 

tVCKH High level clock pulse width 4x + 40 290 240 ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-629 



TMP96C081F TLCS-900 16-bit Microcontroller 

4.7 Interrupt Operation 
Vee = 5V±10% Ta = -20 - 70°C 

Variable 16MHz 20M Hz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level pulse width 4x 250 200 ns 

tiNTAH NMI, INTO High level pulse width 4x 250 200 ns 

tlNTBL INT4 -INT7 Low level pulse width 8x+ 100 600 SOO ns 

tlNTBH INT 4 - INT7 High level pulse width 8x + 100 600 SOO ns 

MCU900-630 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit Microcontroller 

4.8 Timing Chart for 110 Interface Mode 

elK 

SClK 

OUTPUT DATA 
T.D 

I 
\. 

. 
I 

toss 

tSCY . 
I 

tOHsl 

0 1 

tSRO I ItHSR 

TMP96C081F 

I I I 

2 3 

INPUT DATA 

R.D ________________ ~~ ____ ~~ ____ ~~ ____ ~~ 
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TMP96C081F TLCS-900 16-bit Microcontroller 

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

elK ~
Note 1) .t-----' 

.... __ tSRe 

-tCBAL 

----------------~\'~j --------,~I 

ADO-ADI5 

AI6-A23 

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

------~\r-----~-r----~~~~~~-------------

Variable 16MHz 
Symbol Parameter 

Min Max Min 

tBRC BUSRQ setup time for ClK 120 120 

tCBAL ClK~BUSAK falling edge 1.5x+ 120 

ICBAH ClK~BUSAK rising edge 0.5x+40 

IABA Floating time to BUSAK fall 0 80 0 

taM Floating time 10 BUSAK rise 0 80 0 

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0' durtng 'Wait' cycle. 
Note 2: The built-in programmable pull-down register Is always provided. 
Note 3: The bui~-in programmable pull-up register is always provided. 

Max 

245 

71 

80 

80 

20MHz 

Min Max 

120 

220 

65 

0 80 

0 80 

Mhough CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release. 

MCU900-632 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

4.10 DMAC 

Variable 16MHz 20MHz 
Number Symbol Parameter Uni! 

Min Max Min Max Min Max 

1 tORW DREQ low-7Pulse width (input) 2x 250 100 ns 

2 tORC CLK valid-7DREO fall (input) 80 ns 

3 tOCH CLK valid-7DREO rise (input) 0 0 ns 

4 tOORC DREO fall (input)-7CLK valid 0 0 ns 
(Receiving DREQ in demand mode) 

5 tOOCH CLK valid-7DREO rise (input) 0 0 ns 
(Receiving DREQ in demand mode) 

6 tOOOH DREQ rise (input)-7CLK valid 0 0 ns 
(Canceling DREQ in demand mode) 

7 tDDOC CLK valid-7DREQ high hold (input) 0 0 ns 
(Canceling DR EO in demand mode) 

8 tKT CLK valid-7 TC rise (output) x - 25 38 25 ns 

9 tTK CLK valid-7 TC fall (output) 1.5x - 70 24 5 ns 

10 tEOC CLK valid-7EOP fall (input) 40 40 ns 

11 tEOH CLK valid-7EOP rise (input) 0 0 ns 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-633 



TMP96C081F TLCS-900 16-bit Microcontroller 

4.10 DMA Timing Chart 

Xl IL: ~ ~ ~ r-
~ ----....-- --...- ---ClK X X 

~ ~ r-- i\ r-
-ALE 

ADO-IS I I DMAcycie 

tDRW 

- (Pul,el t .J- tDDQr tiDQC 
tDRC !QQj..1 -I I- - «-

DREQ( level) ~ - ~ .. tJ;H tDDRC 
Ir-

AEN 1-

r r--
IOWR \ F I--

f.lli-I 
TC tEDC T 

-I I-
tEDHr-

.\ 
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TLCS-900 16-bit Microcontroller 

5. Table of Special Function Registers 
(SFR; Special Function Register) 

The special function registers (SFRs) include the 1/0 ports 
and peripheral control registers allocated to the 128-byte 
addresses from OOOOOOH to 00007FH. 

ConfiQuration of the table 

Symbol Name Address 7 6 

(1) 1/0 port 
(2) 1/0 port control 
(3) Timer control 
(4) Pattern Generator control 
(5) Watch Dog Timer control 
(6) Serial Channel control 
(7) AID converter control 
(8) Interrupt control 
(9) Chip SelectlWait Control 

I 
\ 
\ g:1:0 

: : -bit Symbol 

: : -Read/Write 

! ~ +-Initial value afrer reset 

: : +-Remarks 
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TMP96C081F TLCS-900 16-bit Microcontroller 

Table 5 1/0 Register Address Map (1/2) 

Address Name Address Name Address Name Address Nama 

OOOOOOH 20H TRUN 40H TREG6L 60H ADREGOL 

1H 21H 41H TREG6H 61H ADREGOH 

2H 22H TREGO 42H TREG7L 62H ADREG1L 

3H 23H TREG1 43H TREG7H 63H ADREG1H 

4H 24H TMOD 44H CAP3L 64H ADREG2L 

5H 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 T5MOD 68H BOCSL 

9H P2FC 29H P1MOD 49H T5FFCR 69H B1CSH 

AH P3CR 2AH PFFCR 4AH B4CSL 6AH B1CSL 

BH P3FC 2BH 4BH B4CSH 6BH B1CSH 

CH P4 2CH 4CH PGOREG 6CH B2CSL 

DH P5 2DH 4DH PG1REG 6DH B2CSH 

EH P4CR 2EH 4EH PG01CR 6EH B3CSL 

FH 2FH 4FH 6FH B3CSH 

10H P4FC 30H TREG4L 50H SCOBUF 70H INTEOAD 

11H 31H TREG4H 51H SCOCR 71H INTE45 

12H P6 32H TREG5L 52H SCOMOD 72H INTE67 

13H P7 33H TREG5H 53H BROCR 73H INTET10 

14H P6CR 34H CAPlL 54H SC1BUF 74H INTEPW10 

15H P7CR 35H CAP1H 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 INTDMAO 

1AH P8CR 3AH T45CR 5AH 7AH INTDMA1 

1BH P9CR 3BH 5BH 7BH IIMC 

1CH P8FC 3CH PACR 5CH WDMOD 7CH DMAOV 

1DH P9FC 3DH PBCR 5DH WDCR 7DH DMA1V 

1EH PA 3EH PAFC 5EH ADMOD 7EH DMA2V 

1FH PA 3FH PBFC 5FH ADBS 7FH DMA3V 
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TLCS-900 16-bit Microcontroller TMP96C081F 

Table 5 1/0 Register Address Map (212) 

Address Name Address Name Address Name Address Name 

0OOO80H DMASMO AOH DMASM2 COH EOH 

81H DMASABO A1H DMASAB2 C1H E1H 

82H DMASACO A2H DMASAC2 C2H E2H 

83H A3H C3H E3H 

84H DMADMO MH DMADM2 C4H E4H 

85H DMADABO A5H DMADAB2 C5H E5H 

86H DMADACO A6H DMADAC2 C6H E6H 

87H A7H C7H E7H 

8BH DMACTAO ABH DMACTA2 C8H EBH 

89H DMACTBO A9H DMACTB2 C9H E9H 

BAH DMAMMO MH DMAMM2 CAH EAH 

8BH DMAMABO ABH DMAMAB2 CBH EBH 

BCH DMAMODEAO ACH DMAMODEA2 CCH ECH 

BDH DMAMODEBO ADH DMAMODEB2 CDH EDH 

8EH DMACRO AEH DMACR2 CEH EEH 

BFH DMASTO AFH DMAST2 CFH EFH 

90H DMASMl BOH DMASAA3 DOH FOH 

91H DMASABl B1H DMASAB3 D1H F1H 

92H DMASACl B2H DMASAC3 D2H F2H 

93H B3H D3H F3H 

94H DMADMl B4H DMADAA3 D4H F4H 

95H DMADABl B5H DMADAB3 D5H F5H 

96H DMADACl B6H DMADAC3 D6H F6H 

97H B7H D7H F7H 

98H DMACTAl B8H DMACTA3 DBH FBH 

99H DMACTBl B9H DMACTB3 D9H F9H 

9AH DMAMMl BAH DMAMAA3 DAH FAH 

9BH DMAMABl BBH DMAMAB3 DBH FBH 

9CH DMAMODEAl BCH DMAMODEA3 DCH FCH 

9DH DMAMODEBl BDH DMAMODEB3 DOH FDH 

9EH DMACRl BEH DMACR3 DEH FEH 

9FH DMAST1 BFH DMAST3 DFH FFH 
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TMP96C081F TLCS-900 16-bit Microcentroller 

(1) VO Port (1/2) 

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

P27 P26 P25 P24 P23 I P22 I P21 P20 

P2 PORT2 06H 
R!W 

Input mode 

0 0 0 0 0 I 0 I 0 0 

P37 P36 P35 P34 P33 I P32 I P31 P30 

P3 PORT3 07H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P44 P43 I P42 I P41 P40 

P4 PORT4 OCH 
R!W 

Input mode 

I 0 I 1 1 

P55 P54 P53 I P52 I P51 P50 

P5 PORT5 ODH R 

Input mode 

P67 P66 P65 P64 P63 I P62 I P61 P60 

P6 PORT6 12H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P73 I P72 I P71 P70 

P7 PORT7 13H 
R!W 

Input mode 

1 1 1 I 1 1 

P87 P86 P85 P84 P83 I P82 I P81 POO 

P8 PORT8 18H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P95 P94 P93 I P92 I P91 P90 

P9 PORT9 19H 
R!W 

Input mode 

1 1 1 I 1 I 1 1 
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TLCS·900 16·bit Microcontroller TMP96C081F 

(1) 1/0 Port (2/2) 

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

P107 P106 P105 I P104 I P103 I P102 I P101 I P100 

RI'N 
PA PORT8 18H 

Input mode 

1 1 1 I 1 I 1 I 1 I 1 I 1 

P117 P116 P115 I P114 I P113 I P112 I P111 I P110 

PB PORT9 19H 
RI'N 

Input mode 

1 I 1 I 1 I 1 I 1 I 1 

Note: Clearing the output latch register RDFC to "G" outputs the RD strobe from RD pin for PSRAM, even when the internal address is accessed, If the out­
put latch register RDFC remains "1", the RD strobe is oU1put only when the external address is accessed. 

ReadMirite RMI Either read or write is possible 
R Only read is possible 
W Only write is possible 
Prohibit RWM Prohibit Read Modify Write. (Prohibit RES/SETITSET/CHGlSTCF/ANDCF/ORCFIXORCF Instruction) 

(2) I/O Port Control (1/3) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P27C P26C P25C P24C P23C P22C P21C P20C 
08H W PORT2 P2CR 

Control 0 0 0 0 0 0 0 0 (Prohibit 
RMW) «Refer to the "P2FC"» 

P27F P26F P25F P24F P23F P22F P21F P20F 
09H W 

P2FC PORT2 
Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) P2FC/P2CR = 00: IN, 01 : OUT, 10: A7 - 0,11 : A23 -16 

P37C P36C P35C P34C P33C P32C 
OAH W PORT3 P3CR 

0 0 0 0 0 0 Control (Prohibit 
RMW) 0: IN 1 : OUT 

P37F P36F P35F P34F P32F P31F P30F 

aBH W 
P3FC PORT3 

0 0 0 0 0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 : RAS 1: RiW 1 : BUSAK 1 : BUSRQ 1 :HWR 1 :WR 1: RD 

P44C P43C P42C P41C P40C 
OEH W PORT4 P4CR 

Control 0 (Prohibit 0 0 0 0 

RMW) 0: IN 1: OUT 

P44F P43F P42F P41F P40F 
10H W 

P4FC PORT4 
Function (Prohibit 0 0 0 a 0 

RMW) o : PORT 1 : Cs/CAS 

Note: With the TMP96C1411TMP96C141A1TMP96CG41 A, which requires an external ROM. PORTO functions as ADG to AD?; PORT1, ADS to AD15; P3G, 
the RD signal; P31, the WR signal, regardless of the values set in POCR, P1CR, P1 FC, P3GF and P31 F. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(2) 1/0 Port Control (213) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P67C PG6C P65C P64C P63C P62C P61C P60C 
14H W 

PGCR PORT6 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN 1:0UT 

P73C P72C P71C P70C 
15H W 

P7CR PORT7 
Control (Prohibit 0 0 0 0 

RMW) 0: IN 1: OUT 

P67F P66F P65F PG4F P63F P62F P61F P60F 
16H W 

P6FC PORT6 
Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN : OUT 0: PORT 1 :PGO-OUT 

P73F P72F P71F 

17H W 
P7FC PORT? 

0 0 0 Function 
(Prohibit 0: PORT o :PORT 0: PORT 
RMW) 1 :T03 1 :T02 1 :T01 

P87C P86C P85C P84C P83C P82C P81C PBOC 
1AH W 

P8CR PORT8 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P95C P94C pg3C pg2C pg1C pgOC 
1BH W 

P9CR PORT9 
Control (Prohibit 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P86F P83F P82F 

1CH W W W 
P8FC PORT8 

0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 
RMW) 1: T06 1 :T05 1 :T04 

pg5F P93F pg2F P90F 

1DH W W W W 
pgFC PORT9 

0 0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 :SCLK1 1 : TxD1 1: SCLKO 1 : TxDO 

PA7C PA6C PA5C PA4C PA3C PA2C PA1C PADC 
3CH W 

PACR PORTA 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) O:IN 1:0UT 

P84F P83F P82F P81F PBOF 
3DH W 

PBCR PORT8 
Control (Prohibit 0 0 0 0 0 

RMW) O:IN 1 : OUT 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(2) I/O Port Control (3/3) 

Symbol Name Address 7 6 5 4 3 2 1 0 

PA7F PA6F PASF PA4F PA3F PA2F PA1F PAOF 

3EH W 
PAFC PORTA 

0 Function 0 0 0 0 0 0 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1: DACK3 1: DREQ3 1: DACK2 1: DREQ2 1 :DACK1 1 :DREQ1 1: DACKO 1: DREQO 

PB4F PB3F PB2F PB1F PBOF 

3FH W 
PBFC PORTB a 0 a a 0 0 a Function 

(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 :IOWR 1 : lORD 1 :TC 1: EOP 1 :AEN 

(3) Timer Control (1/4) 

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

PRRUN T5RUN T4RUN P1RUN I PORUN nRUN TORUN 

R/W R/W 

TRUN 
Timer 

20H a 0 0 a I 0 a a 
Control Prescaler and Timer Run/Stop CONTROL 

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

22H -
TREGO 8bit Timer W 

Register a (Prohibit 
Undefined RMW) 

23H -
TREG1 8bitTimer W 

Register 1 (Prohibit 
Undefined RMW) 

nOM1 nOMO PWMM1 PWMMO nCLK1 I nCLKO TOCLK1 TOCLKO 

W 
8bitTimer 24H a a 0 0 I 0 a a TMOD Source CLK a 
and MODE 00 BbitTimer 00: - 00: TOOTRG 00 : TIO Input 

(Prohibit 01 16bitTimer 01 : 26 -1 PWM 01: t/ln 01: t/ln 
RMW) 10 8bit PPG 10:i -1 10: t/ln6 10: t/lT4 

11 BbitPWM 11 :~-1 11: t/lT256 11: t/ln6 

DBEN TFF1C1 I TFF1CO TFF11E TFF11S 

R/W W R/W 
8bitTimer 0 0 I 0 a a 

TFFCR Flip-flop 25H 1: Double 00 : Invert TFF1 1 : TFF1 0: Inverted 
Control Buffer 01: SetTFF1 Invert by 

Enable 10 : Clear TFF1 Enable Timer a 
11 : Don't care 

-

TREG2 PWMTimer 26H {R)/W (Can read double buffer values.) 
Register 2 

Undefined 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-641 



TMP96C081F TLCS-900 16-bit Microcontroller 

(3) Timer Control (2/4) 

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

-
TREG3 PWMTimer 27H (R)fW (Can read double buffer values.) 

Register 3 
Undefined 

FF2RD DB2EN PWMOINT PWMOM T2ClKl I T2ClKO PWMOSl I PWMOSO 

R W 
28H - 0 0 0 0 I 0 0 I 0 

POMOD PWMOMODE 
TFF2 output 1 : Double 0: Overflow O:PWM 00: 1/JI'1(fcf4) 00: 26 -1 

value Buffer Interrupt Mode 01: 1/JI'4(fcf16) 01 : 27 -1 
(Prohibit Enable 1: Compare/ 1 : Timer 10: 1/JI'16(fc/64) 10:28 -1 
RMW) Match Mode 11 : Donl care 11 : Don't care 

Interrupt 

FF3RD DB3EN PWMllNT PWM1M T3ClKl I T3ClKO PWM1Sl I PWM1S0 

R W 
29H - 0 0 0 0 I 0 0 I 0 

P1MOD PWMl MODE 
TFF3 output 1: Double 0 Overflow O:PWM 00 : I/J Pl (fcf4) 00:26-1 

value Buffer Interrupt Mode 01 : I/J P4(fc/16) 01 : 27 -1 
(Prohibil Enable 1 : Compare/ 1 : Timer 10 : I/JP16(fc/64) 10: 28 -1 
RMW) Match Mode 11 : Don't care 11: Don't care 

Interrupt 

I FF3Cl FF3CO FF3TRGl FF3TRGO FF2Cl I FF2CO FF2TRGl J FF2TRGO 

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

PWM 
PFFCR Flip-flop 2AH 00 : Don't care 00 : Prohibit TFF3 00 : Don't care 00 : Prohibit TFF2 

Control 01 : SetTFF3 Inverted 01: SetTFF2 Inverted 
10 : Clear TFF3 01 : Invert if matched 10: Clear TFF2 01 : Invert if matched 
11 : Don't care 10: Set if matched; 11 : Don't care 10 : Set if matched; 

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

set if overflowed set if overflowed 

30H -
TREG4l 16bitTimer (Prohibit W 

Register 4l RMW) 
Undefined 

31H -

TREG4H 16bitTimer (Prohibit W 
Register 4H RMW) 

Undefined 

32H -
TREG5l 16bit Timer (Prohibit W 

Register 5l RMW) 
Undefined 

33H -
TREG5H 16bitTimer (Prohibit W 

Register 5H RMW) 
Undefined 

-

CAPll Capture 34H R 
Register 1 l 

Undefined 

-
CAP1H Capture 35H R 

Register 1 H 
Undefined 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(3) Timer Control (314) 

Symbol Name Address 7 6 5 4 3 2 1 0 

-
CAP2l Capture 36H R 

Register 2l 
Undefined 

-
CAP2H Capture 37H R 

Register 2H 
Undefined 

CAP2TS EQSTS CAP11N CAP12M1 CAP12MO CLE T4ClK1 T4ClKO 

R/W W R/W 
16bitTimer 4 0 0 0 0 0 0 0 0 

T4MOO Source 3SH 
TFFSINVTRG o : Soll- Capture Timing 1: UC4 Source Clock 

ClK and 0: TRG Disable Capture 00: Disable Clear 00 :T14 
MODE 1:TRG Enable 1 : Don't care 01 :T14 ins i Enable 01: /fIT1 

10: T14 i T14 J. 10: /fIT4 
11 : TFF1 i TFF1 J. 11 :/fIT16 

TFFSC1 TFFSCO CAP2T4 CAP1T4 EQST4 EQ4T4 TFF4C1 TFF4CO 

W R/W W 
16bitTimer 4 

0 0 0 0 0 0 0 0 T4FFCR Flip-flop 39H 
Control 00 : Invert TFFS TFF41nvert Trigger 00 : Invert TFF4 

01: SetTFFS o : Trigger Disable 01: SetTFF4 
10: Clear TFFS 1 : Trigger Enable 10 : Clear TFF4 
11 : Don't care 11 : Don't care 

- PGH PGOT DB4EN 

R/W R/W 
0 0 0 0 

T45CR T4, TS Control 3AH 
PG1 shift PGOshift 
trigger trigger 1: Double 

Fix at "0" Buffer o : Timer 0, 1 o : Timer 0,1 Enable 
1 : Timer S 1: Timer 4 

40H -

TREG6l 16bitTimer (Prohibit W 
Register 6l RMW) 

Undefined 

41H -
TREG6H 16bitTimer (Prohibit W 

Register6H RMW) 
Undefined 

42H -

TREG7l 16bitTimer (Prohibit W 
Register 6l RMW) 

Undefined 

43H -

TREG7H 16bitTimer (Prohibit W 
Register6H RMW) 

Undefined 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(3) Timer Control (4/4) 

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

-

CAP3L Capture 44H R 
Register 3L 

Undefined 

-

CAP3H Capture 45H R 
Register 3H 

Undefined 

-

CAP4L Capture 46H R 
Register 4L 

Undefined 

-
CAP4H Capture 47H R 

Register4H 
Undefined 

CAP31N CAP34M1 I CAP34MO CLE T5CLK1 T5CLKO 

W R/'W 
16bitTimer 5 0 0 I 0 0 0 0 

T5MOD Source 4SH 
0: Soft- Capture Timing 1: UC5 Source Clock 

CLKand 
MODE 

Capture 00: Disable Clear 00: Tl6 
1 : Don't care 01: T16 im i Enable 01: 4>T1 

10 :T16 i T16 .j. 10: 4>T4 
11 : TFF1 i TFF1 .j. 11 :4>T16 

CAP4T6 CAP3T6 I E07T6 E06T6 TFF6C1 TFF6CO 

R/'W W 
16bitTimer 5 

0 0 I 0 0 0 0 T5FFCR Flip-flop 49H 
Control TFF6 Invert Trigger 00 : Invert TFF6 

o : Trigger Disable 01 SetTFF6 
1 : Trigger Enable 10 CiearTFF6 

11 Don'teare 

(4) Pattern Generator 

Symbol Name Address 7 6 5 4 3 2 1 0 

4CH PG03 PG02 PG01 PGOO SA03 SA02 SA01 SAOO 

PGOREG PGO Register (Prohibit W R/'W 
RMW) 0 0 0 0 Undefined 

4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10 

PG1REG PG1 Register (Prohibit W R/'W 
RMW) 0 0 0 0 Undefined 

PAT1 CCW1 PG1M PG1TE PATO CCWO PGOM PGOTE 

R/'W 

4EH 0 0 0 0 0 0 0 0 
PG01CR PGO, 1 Control 

0: Normal PG1 trigger 0: Normal PGOtrigger 
o : Sbit write Rotation 0: 4bit Step input o : Sbit write Rotation 0: 4bitStep input 
1 : 4bit write 1 : Reverse 1 : Sbit Step enable 1 : 4bit write 1 : Reversa 1 : Sbit Step enable 

Rotation 1: Enable Rotation 1: Enable 

MCU900-644 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

(5) Watch Dog Timer 

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

WDTE WDTP1 I WDTPO WARM HALTM1 J HALTMO RESCR DRVE 

R/W 

1 0 1 0 0 0 1 0 0 0 
WD- Watch Dog 

5CH Standby Mode 1 : Connect MOD Timer Mode 00: 216/fc Warming up 1: Drive 
1 :WDT 01 : 218/fc Time 00: RUN Mode internally 

the pin 
Enable 10: 22O/fc 0: 214/fc 01 : STOP Mode WDTout in STOP 

11 : 222/fc 1 : 216/fc 10 : IDLE Mode pin to 
Mode 11 : Don't care Reset Pin 

-
Watch Dog 

Timer W 
WDCR 5DH Control Undefined 

Register 
81 H : WDT Disable Code 4EH : WDT Clear Code 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(6) Serial Channel (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

RB7 RB6 RBS RB4 RB3 RB2 RBl RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TBl TBO 

SCOBUF Channel 0 SOH 
R (Receiving)/W (Transmission) Buffer 

Undefined 

RB8 EVEN PE OERR PERR FERR - -
R R/W R (Cleared to 0 by reading) R/W 

Serial 
SCOCR Channel 0 SlH a a a 0 a a a a 

Control 
Receiving Parity 

1: Parity 1 : Error 
0: Odd Fixat "0" Fix at "0" 

data bit 8 1: Even Enable Overrun Parity Framing 

TB8 CTSE RXE WU SMl SMO SCl SCO 

R/W 

SCO-
Serial 0 0 0 0 0 0 0 0 

MOD 
Channel 0 52H 

00: Unused 00 : TOO Trigger 
Mode 

Transmission 1: CTS 1 : Receive 1: Wake up 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable Enable 10 : UART 8bit 10: Internal clock ¢1 

11 :UART9bit 11 : Don't care 

- BROCKl BROCKO BR053 BROS2 BROSl BROSO 

R/W R/W 

Baud Rate 0 0 0 0 0 0 0 
BROCR Control S3H 

00: ¢to (fc/4) Set frequency divisor 
Fix at "0" 01 : ¢l2 (fc/16) O-F 10: ¢la (fc/64) ("1" prohibited) 

11 :¢l32 (fc/2S6) 

RB7 RB6 RBS RB4 RB3 RB2 RBl RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TBl TBO 

SC1BUF Channell S4H R (Receiving)/W (Transmission) 
Buffer 

Undefined 

RBa EVEN PE OERR PERR FERR SCLKS 10C 

R R/W R (Cleared to 0 by reading) R/W 

0 0 0 0 0 0 0 
Serial 1 : Error 

SC1CR Channell 5SH 
Control Parity 0: selKO 

Receiving 
0: Odd 

1 : Parity C.F) 1: Input 
data bit a 1 : Even 

Enable Overrun Parity Framing 1(~) SCLK1 pin 

TB8 - RXE WU SMl SMO SC1 SCO 

R/W 

SC1- Serial 0 0 0 0 0 0 0 0 

MOD 
Channell S6H 00 : I/O Interface 00 : TOO Trigger 

Mode 
Transmission Fix at "0" 

1 : Receive 1: Wake up 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable 10 : UART 8-bit 10 : Internal clock ¢1 

11 : UART 9bit 11 : Don't care 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(6) Serial Channel (2/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

- BR1CKl BR1CKO BR153 BR152 BR151 BR150 

R/W R/W 

Baud Rate 0 0 0 0 0 0 0 
BR1CR Control 57H 

00: tfXO (fel4) 
Set frequency divisor 

Fix at "0" 01 : t/f2 (fel16) O-F 
10: 1fJ18 (fc!64) ("1" prohibited) 
11 :1fJI32 (fc/256) 

- ODEl ODEO 

Special R/W 
ODE Open Drain 58H 0 0 

Enable 
1 :P93 1: P90 
Open-drain Open-drain 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(7) AID Converter Control (1/2) 

Symbol Name Address 7 6 S 4 3 2 1 0 
EOCF ADBF REPEl SCAN ADCS ADS ADCH1 ADCHO 

AID R RIW RIW RIW RIW 

ADMOD 
Converter 

SEH 
0 0 0 0 0 0 0 0 

Mode 1: END ' 1: BUSY : 1 : Repeat: 1: Scan '1 : Slow :1: START Analog Input 
Register Mode ~ Mode: Mode ~ Channel Select 

Set ~ Set ~ 

AID 
- - - - - - - ADCH2 

ADCH Control 
, RIW 

Select 
SFH 0 

'0: ANO-3 
Register 

:1 :AN4-S 

AID ADR041 , ADR040 

AD Result 
60H 

R 
REG04L Register Undefjned 

CHO, 4 (L) Lower 2 bits of AD conversion result for ANO or AN4are stored. 

AD 
AID ADR049 : ADR04B ADR047 : ADR046 , ADR04S : ADR044 ADR043 ADR042 

REG04H 
Result 

61H 
R 

Register Undefined 
CHO,4(H) Upper 8 bits of AO conversion result for ANO or AN4are stored. 
AD ADR151 ' ADR150 

AD Result R 

REG1SL Register 
62H 

Undefined 

CH1, S(L) lower 2 bits of AO conversion result for ANl or ANS are stored. 
AD ADR1S9 : ADR1SB ADR157 : ADR156 ' ADR1SS ~ AOR154 ADR1S3 ADR1S2 

AD Result R 

REG1SH Register 
63H 

Undefined 
CH1, S(H) lJpper ~ bits of AD ',onversion fe,5ult for AN1.or AN5 are 5:tored. 
AD ADR21 ADR20 

AD Result 
64H 

R 

REG2L Register Undefined 
CH2 (L) lower 2 bits of AD conversion result for AN2 are stored. 

AD ADR29 ADR28 ADR27 ADR26 ADR2S ADR24 ADR23 ADR22 

AD Result R 

REG2H Register 
6SH 

Undefined 

CH2(H) Upper 8 bits of AD conversion result for AN2 are stored. 

NO ADR031 ' ADR030 
AD Result R 

REG3L Register 
66H 

Undefined 
CH3 (L) Lower 2 bits of AD conversion result for AN3 are stored. 

AID ADR039 : ADR03B : ADR037 : ADR036 : ADR035 , ADR034 ADR033 : ADR032 
AD 

Result R 
REG3H 

Register 
67H 

Undefined 

CH3IH) Upper 8 bits of AD conversion result for AN3 are stored. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(8) Interrupt Control (1/2) 

Svmbol Name Address 7 6 S 4 3 2 1 0 

INTerrupt INTAD INTO 
INTE· 

Enable 
70H lADe IADM2 tADM1 IADMO IOC 10M2 10Ml IOMO 

OAO 
O&A/O 

(Prohibit R/W W R/W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INT5 INT4 

INTE4S Enable 
71H ISC ISM2 15M1 ISMO ,'C 14M2 14Ml 14MO 

4IS 
(Prohibit R/W W R/W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INT7 INT6 

INTE67 Enable 
72H 17C 17M2 17M1 17MO 16C 16M2 16M1 16MO 

617 
(Prohibit R/W W R/W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INITl Timer 1 INTTO Timer 0 

73H ITlC ITlMl IT1M1 ITlMO ITOC ITOM2 ITOMI ITOMO 
INTETIO Enable 

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

RMW) 0 0 0 0 0 0 0 0 

INTerrupt INTH Timer 3/PWM 1 INTI2 Tim.,l/PWMO 
INTE· 74H IPWIC IPW1M2 IPW1Ml IPWIMO IPWOC IPWOM2 IPWOMl IPWOMO 
PW10 

Enable 
(Prohibit R/W R/W W W PWml/0 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTTRS TREGS INTTR4 TREG4 

7SH ITSC IT5M2 ITSMl ITSMO IT4C IT4M2 IT4Ml IT4MO 
INTET54 Enable 

(Prohibit R/W R/W 
Tre95/4 

W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
lNTTR7 TREG7 INTTR6 TREG6 

76H IT7e IT7M2 IT7M1 ITlMO IT6C IT6M2 IT6M1 
, 

IT6MO 
tNTET76 Enable 

, 
Treg 7/6 

(Prohibit R/W W R/W W 
RMW) 0 0 0 0 0 0 0 

INTerrupt 
INITXO INTRXO 

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

(Prohibit R/W R/W 
Serial 0 

W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTTXl INTRXI 

78H ITX1C ITX1M2 ITX1Ml ITX1MO IRX1C IRX1M2 IRX1Ml IRX1MO 
INTE51 Enable 

(Prohibit R/W R/W W 
Serial 1 

W 
RMW) 0 0 0 0 0 0 0 0 

DMAl OMAO 
INT· 

INTerrupt 
79H IDle 1D1M2 IOlMl ID1MO loDe 100M2 IOOM1 IOOMO 

DMAO 
Enable 

(Prohibit R/W R/W W 
OMAC 110 

W 
RMW) 0 0 0 0 0 0 0 0 

OMA3 OMA2 
INT-

INTerrupt 
7AH ID3C 103M2 ID3Ml ID3MO ID2e 102M2 I02Ml I02MO 

OMAl 
Enable 

(Prohibit R/W R/W W W 
OMAC3/2 

RMW) 0 0 0 0 0 0 0 0 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(8) Interrupt Control (212) 

Symbol Name Address 7 6 5 4 3 2 1 0 

DMAO DMAO start vector 
7CH DMAOV8 ; DMAOV7 ; DMAOV6 ; DMAOVS DMAOV4 

DMAOV request 
(Prohibit W Vector 

RMW) 0 0 0 0 0 

DMAI ~DMA 1 start vector 
7DH DMA1V8 ; DMA1V7 DMA lV6 ; DMA lVS DMA1V4 

DMAIV request 
(Prohibit W 

Vector 
RMW) 0 0 0 0 0 

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

DMA2V request 
(Prohibit W 

Ve<tor 
RMW) 0 , 0 0 0 0 

DMA3 
DMA3 start vector 

7FH DMA3V8 ; DMA3V7 DMA3V6 ; DMA3VS ; DMA3V4 
DMA3V request 

(Prohibit W 
Vector 

RMW) 0 0 0 0 0 , 
IOlE 

, 
IOLE 

, 
NMIREE , , , W W 

, W 
0 0 0 

Interrupt , , 

I 
:1: INTO ~O: INTO p: Operate 

liMe 
Input 

78H 

I :::. 
edge even at 

Mode l mode NM'irise 
Contorol 

!1: INTO edge 
(Prohibit 

~ 
level 

RMW) mode 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(9) Chip Select/Wait Controller (1/2) 

Symbol Name Address 87 86 85 84 83 82 81 BO 
80eSl SlockO 68H 80E 80SYS 80CAS 808US - 80W2 BOWl BOWl 

eSiWAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register I: eSleAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only leso 8u. 000 : 2 Wait 

I: 1: Rbit 
001 : 1 Wait 
010 : tWait ... n 

ICASO 8u. 011 : OWait 
100: 0-2 Wait 
101 : 0-1 Wait 
110 : Reserved 
111: Reserved 

80CSH RlockO 69H 80M3 80M2 80Ml 80MO BOA3 BOA2 80Al BOAD 
CSiWAIT W W W W W W W W 
Control a a a 0 0 a 0 0 
Register Address (A23-A20) Mask Set Address (A23-A20) Comparision 
High 0: Non-Mask 0000: 7fOOH-7fFfH 

1 : Mask Other: Compare A13-A1O 
81eSL Block1 6AH 81E BISYS 81eAS 81BUS - 81W2 81Wl BIWO 

CSIWAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register I: CSICAS 1: System 0: 0: 16 bit Wait Control 
Low Enable Only leSI Bu. 000 : 2Wait 

I: 1: Sbit 
001 : 1 Wait 
010 : 1Wait ... n 

lCASI Bu. all: aWait 
100: 0-1 Wait 
101 : 0-1 Wait 
110: Reserved 
111 : Reserved 

BICSH Block! 6BH BIM3 BIM2 81MI SIMO SIA3 SIA2 BIAI BIAO 
eSIWAIT W W W W W W W W 

Control 0 a a 0 a 0 0 0 
Register Addre .. (A23-AIO) Mask Set Address (A23-A20) Comparision 
High 0: Non-Mask 0000: 00BOH-7fffH 

1: Mask Other: Compare A23-A20 

B2eSL Block2 6CH B2E B2SYS B2CAS B2BUS - B2W2 B2WI B2WO 
CS/WAIT W W W W W W W 

Control 1 0 0 0 0 a 0 
Register I: CS/CAS 1: System 0: 0: 16 bit Wait Control 
Low Enable Only ICS2 Bu. 000: 2 Wait 

001 : 1 Wait 
I: 1: 8bit 010: 1 Wait+ n 

lCAS2 Bus all: OWait 
100 : 0-2Wait 
101 : 0-1 Wait 
110: Reserved 
111 : Reserved 

B2CSH Block2 6DH B2M3 B2M2 B2Ml 82MO B2A3 B2A2 B2Al BIAO 

CSANAIT W W W W W W W W 
Control 0 0 0 0 0 0 0 0 
Register Address (A23-A20) Mask Set Address (A23-A20) Comparision 
High 0: Non·Mask 0000: BOOOH-3fffffH 

1: Mask Other: Compare A23-A20 
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TMP96C081F TLC5-900 16-bit Microcontroller 

(9) Chip SelectJWait Controller (212) 

Symbol Name Address B7 B6 BS B4 B3 B2 Bl BO 
B3C5L Block] 6EH B3E B3SYS B3CAS B3BUS B3W2 B3Wl 83Wl 

C5/WAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register 1: CS/CAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only 1C53 Bus 000: 2Wait 

001 : 1 Wait 
1: 1: Bbit 010: lWait+" 

ICAS3 Bus 011: OWait 
100: 0-2Wait 
101: 0-1 Wait 
110: Reserved 
111: Reserved 

B3CSH Block3 6FH B3M3 B3M2 B3Ml B3MO B3A3 B3A2 8lAl BlAO 
C5/WAIT W W W W W W W -' W 
Control 0 0 0 0 0 0 0 0 
Register Address (Al3-A20) Mask set Address (Al3-A20) Comparison 
High 0: Non-Mask 0000 : Address .r •• s are not specified 

1 : Mask Other: Compare A23-AlO 
B4CSL Block4 4AH B4E B4SYS B4CAS B4BUS - B4A2 B4Al B4AO 

C5/WAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register 1: CS/CAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only 1CS4 Bus 000: 2Wait 

001 : lWait 
1: 1: 8 bit 010: lWalt+" 

ICAS4 Bus 011: OWait 
100: 0-2Walt 
101: 0-1 Wait 
110: Reserved 
111: Reserved 

B4CSH Block4 4BH B4M3 B4M2 B4Ml B4MO B4A3 B4A2 B4Al B4AO 
CSfWAIT W W W W W W W W 
Control 0 0 0 0 0 0 0 0 
Register Address (Al3-AlO) Mask Set Addre .. (A23-A20) Comparison 
High 0: Nan-Mask 0000 : Address areas are not specified 

1 : Mask Other: Comp.re Al3-A20 
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TLCS-900 16-bit Microcontroller TMP96C081F 

6. Port Section Equivalent Circuit Diagram 
• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 
The dedicated signal is described below. 

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

• RD, WR 

Output Data ~-;::+:::;:=t:=J 

Output Enable 
STOP 

Input Data 

Input Enable 

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

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

vee 

I/O 
------ ------, 

L----+-C>o-I- N-ch i ~~~Ig~~~r;:able 
: Resistance 

-------------" (only PORT2) 

vee 

Output Data ---;=+~=;::::j 'L 
"o,-J ~i ~o", 

• P32 - 37, P40 - 41 , P43 - 44 

Output Data 

Output Enable 
STOP 

Input Data 

Input Enable 

vee 

r-------------, Programmable 
: vee : Pull. Up ; i Resistance 
L ____________ .J 

I/O 
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TMP96C081F 

• P42 (CS2. CAS2) 

• P5 (ANO - 5) 

• P87 (INTO) 

MCU900-6S4 

TLCS-900 16-blt Microcontroller 

Output Data 

Output Enable 
STOP 

Analog input 
channel select 

Analog input ----1----4 

Input Data 

vee 

Input Enable 

vee 

Output Data ~ 

Output Enable I ~_ STOP~ 

110 

Input 

Input Data 110 

_-----' Schmitt 
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• P90 (TXDO), P93 (TXD1) 

• P96 (XT1), P97 (XT2) 

TLCS-900 16-bit Microcontroller 

vee 

Output Data ~ 

Open Drain 
Enable _ 

STOP 

Input Data __ ---c<l--c(I=-::-W.-~----__t 

Output Data 
Output Enable 

Input Data 

STOP 

Input Enable 

Input Enable 

clock 

oscillator ------------- ... , , , 

, '-.--------------_ ... 

low frequency 
oscillation enable 

• NMI 

NMI -·----~~r---~D Input 

Schmitt 

1/0 

P97(XT2) 

P96(XT1) 
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TMP96C081F TLCS-900 16-bit Microcontroller 

• WDTOUT 

WDTOUT -----1[>0--[>-------0 OUT 

• ClK 

Output Enable ------, vee vee 

internal elK -----F1r=====3-: 
OUT 

STOP 

internal reset -------[>c-------'-'-'---' 

Test circuit 

• CSEl, AM8/16 

~~-----o Input 

• ALE 

vee 

,""m'"'' Lb:~ 
0""""",'', J ±'" ~ om 
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• RESET 

• X1. X2 

• VREF. AGND 

TLCS-900 16-bit Microcontroller 

. '1::;:l 0 
internal reset ~ Input 

Schmitt 

WDTOUT 
reset enable 

clock 

r- ----- --- ~_s_cil!~!'!~ - ---- --

High frequency : 
oscillation enable: . . . .. _____ - ___ - _____________ -------..1 

±~
P-Ch 

N-ch 
VREFON -------1-----' 

• Ladder 

VREF 

A I 0 Converter 
GND 

• 

~ Resistance 

-------1-------0 AGND 

X2 

X1 

TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

7. Guidelines and Restrictions 

(1) Special Expression 

(j) Explanation of a built-in I/O register: Register 

Symbol <Bit Symbol> 

ex) TRUN < TRUN> ... 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) INC1, (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 

® 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz 

2I20MHz = 100ns = 1 state 

(2) Guidelines 

(j) CESL, AM8/16 pin 

Fix these pins Vee or GND unless changing voltage. 

® Standby Mode (IDLE1) 

When the IDLE1 mode (operates only oscillator) is 
used, set TRUN <PRRUN> to "0" to stop prescaler 
before "HALT" instruction is executed. 

® Warming-up Counter 

The warming-up 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 jillMA (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 I1DMA 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 out­
put ports, they cannot be selected ON/OFF by pro­
gram. 

® Bus Releasing Function 

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

(J) Watch Dog 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. 

® Watch Dog Timer 

When the Bus is released, the watch dog timer cannot 
be operated. 

® ND Converter 

The ladder resistor between VREF and AGND pin can 
be cut by program to reduce the power consumption. 
When the standby mode is used, cut by program 
before "HALT" instruction is executed. 

®I CPU (High Speed I1DMA) 

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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