
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TMP96CO081F

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 O is selected.

et N B R T B e I
PGOO (P60) b4 b0 b7 3 b6 ]b2 bs b1
PGO1 (P61) bs o ba b0 [67 b3 b6 ez
PGO02 (P62) b6 l b2 bs b1 b4 b0 b7 b3
PGO3 (P63) b7 b3 b6 [v2 b5 b1 b4 b0

t

Initial value PGOREG « 11001000

Note: bn denotes the initial value PGOREG « b7 b6 b5 b4 b3 b2 bl b0

Trigger signal

®  Normal Rotation

from timer n n j n n n rl
‘ba
PG00 (P60) :b b1 bs b2 | b6 b3 b7 1Lvo
pGo1 P61y +25 b2 b6 b3 b7 | eo b4 b1
poo2(P62) | b6 b3 b7 | b0 b4 b1 bs b2
PGO3 (P63)  : 7 ] vo b4 b1 bs b2 b6 b3
Initial value PGOREG ¢« 10001100
Reverse Rotation

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation
(Normal Rotation and Reverse Rotation)

MCUS00-552
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TLCS-900 16-bit Microcontroller

TMP96CO081F

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

By rearranging the initial value “b7 b6 b5 b4 b3 b2
b1 b0” to “b7 b3 b6 b2 b5 b1 b4 bQ”, 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 1s and O’s of the initial value should be inverted. For

Shifter alternate

¥

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 (SAQ) 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

PGO1CR <CCWO0>.
Figure 3.10 (12) shows the block diagram.

PGO Output

PGO3 —— PGO3 (P63)

41

register
b7
L ﬁ“
[ saos |
“1b6
3
L0

PGO02 —> PG02 (P62)

Internal
o
wv

Ty

PGO1 ——> PGO1(P61)

i1

¥

PG00 — PGOO (P60)

A L isshowing to shift the signal at therising

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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TLCS-900 16-bit Microcontroller

Setting example: To drive channel 0 (PGO) by 4-phase 1-2

step excitation (normal rotation) when

7 6 5 4 3 2 1 0
TRUN  « - x - - - - =10
™MD « O 0 x x - - 0 1
TFFCR  « x X X 0 1 0 1 0
TREGD « * . * * * * * *
P6BCR & - - - - 1 1 1 1
P6FC - - - - -1 1 1 1
PGOICR « - - - - 0 0 1 1
PGOREG « 1 1 0 0 1 0 0 0
TRUN  « 1 X - - - - 1

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

timer O is selected, set each register as follows:

Stop timer 0, and clears it to zero.

Set 8-bit timer mode and selects ¢T1 as the input clock of timer 0.
Clear TFF1 to zero and enables the inversion trigger by timer 0.
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 0.

(8)  Trigger Signal From Timer not equal to the trigger signal of timer flip-flop (TFF1,
TFF4, TFF5, and TFF6) and differs as shown in Table
The trigger signal from the timer which is used by PG is 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 <TFF11S> 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*23 + TREGO)
PPG output mode When the up-counter value matches with both TREGO and TREG1. | 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 T4FFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a
timer Timer 4/Timer 5. In this case, the PG shift trigger trigger is generated when the value in UC4 and the
signal from the 16-bit timer is output only when the up- value in TREGS5 match. When using a trigger signal
counter UC4/UC5 value matches TREGS5/TREG?. from Timer 5, set TSFFCR <EQ7T6> to 1. Generates a
When using a trigger signal from Timer 4, set either tr igger: when the value in UC5 and the value in TREG7
match.
MCU900-554 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Application of PG and Timer Output

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.

To drive a stepping motor, in addition to the value of
each phase (PG output), synchronizing signal is often
required at the timing when excitation is changed over.
In this application, port 6 is used as a stepping motor
control port to output a synchronizing signal to the
TO1 pin (shared by P71).

TREG1
TO1(P71) n n
-] |-
TREGO [ |
PG00 (P60)
PGO1 (P61)

PGO2 (P62) I

PGO3 (P63) J l

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

Setting example:
7 6 &5 4 3 2 1 0
TROIN < - x - - - - 0 0
TMOD « 1 0 x x x x 0 f
TFFCR  « x X X 0 0 1 1 X
TREGO « * * . M - N . -
TREG!  « * . " * . * N N
P7CR  « x X X x - - 1 -
P7FC «— X X X x - - 1 X
PBCR « - - - - 1 1 1 1
P6FC « - - - - 1 1 1 1
PGOICR « - - - - 0 0 0 1
PGOREG « * . M N N N N N
TRUN  « 1 X - - - -1 1
Note: x;dontcare  —; no change

Stop timer 0, and clears it to zero.

Set timer 0 and timer 1 in PPG output mode and selects ¢T1 as the input clock.
Enable TFF1 inversion and sets TFF1 to “1".

Set the duty of TO1 to TREGO.

Set the cycle of TO1 to TREG1.

) Assign P71 as TON.

) Assign P60 - 63 a5 PGO.

Set PGO in 4-phase 1-step excitation mode.
Set an initial value.
Start timer 0 and timer 1.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-555
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3.11 Serial Channel as well as for I/O extension.
TMP96C141/TMP9BCMA40/TMPIBPMAO contains two serial I/ The serial channel has the following operation modes:
O channels for full duplex asynchronous transmission (UART)

@ |/O interface mode Mode O: To transmit and receive I/O data as well as
(channel 1 only) the synchronizing signal SCLK for extending 1/0.
Mode 1:  7-bit data
@ Asynchronous transmission —E Mode 2: 8-bit data
(UART) mode (channel 0 and 1) Mode 3:  9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in
3 has wake-up function for making the master controller start each mode.
slave controllers in serial link (multi-controller system).

* Mode O (/O interface mode)

<— Transfer direction

* Mode 1 (7-bit UART mode)

000000
OO0 00 0T

* Mode 2 (8-bit UART mode)

N0 000005
O 00000000

¢ Mode 3 (9-bit UART mode)

PON0 0000005
D KR 6D €3 €3 € €3 63 00 X L

When bit8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

Figure 3.11 (1). Data Formats

MCU900-556 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CO081F

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 any one
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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

detected to be normal at least twice in three samplings.

When the transmission buffer becomes empty and
requests the CPU to send the next transmission data, or when
data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs.
Besides, if an overrun error, parity error, or framing error occurs
during receiving operation, flag SCOCR/SC1CR <OERR,
PERR, FERR> will be set.

The serial channel 0/1 includes a special baud rate 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-bit/16-bit timer) by the value 2 to 16.

In 1/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.

MCU900-557
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MCUS900-558

7 i 6 s | a 3 2 1 o
bit Symbol 7808 CTSEO RXEQ Wuo SMO1 SMO00 $CO1 $C00
$COMOD Read/Write RW
(0052H) T T T
After reset 0 0 0 0 0 0 [ 0
Transfer ;Hand  :Receiving i Wakeup Serial tr i Serial tr
data ishake  iFunction :Function imode clock (UART)
Bit8 [0: Receive 00: Cannot be used i00: TOO Trigger
. . Rocae.0: disable 01: 7-bit UART  01: baud rate
Function i1: Receive )
0:CTS i enable :1: Enable i10: 8-bit UART generator
disable | 11: 9-bit UART i10: Internal clock &1
irers 11: don't care
i enable
1 1
Serial transmission clock (UART)
00 | Timer 0 match detect signal
01 N g_aud rate generator -
10 |Internal clock &1
11 |don't care
‘——> Serial transmission mode
00 |Can not be used
01 7-bit length
10 |UART 8-bit length
1" 9-bit length
‘———— Wake-up Function
9-bit UART Other mode
0 |Interrupt when
data are received don't care
1 |interrupt only
whenRB8 =1
'——————————— Receiving Function
0 |Receive Disable
1 |Receive Enable
Hand shake function (CT$ Pin) enable
0 |Disable (always Transferable)
1 |Enable
Transmission data bit 8

Note: Thereis SCIMOD (56H) in Channell

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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7 . 6 i s 4 i 3 i 2 ) 0
R bitSymbol | RB0O8 i EVENO i PEO OERRO | PERRO : FERRO @ SCLKO 10C0
(3§2$H) Read/Write R RW R ( cleared to Zero when read) RW
After reset 0 0 0 i o i o [ 0
Received : Parity Parity 0: SCLKO :0:
data :0:0dd :addition 1. error (J_) Baud Rate
Bit8 :i1:Even :0: Disable . i Generator
Function 11:Enable : H 1: SCLKO :1: SCLKO
i i Overrun  : Parity i Framing
H H H (—L) Pin input
L 1 1 1 1 1 1 1 )

E: Select /O interface input clock (Notet)

0 |Baud rate generater
1 |SCLKO Pin input

Edge selection in SCLK pin input mode

Transmits and receives ( _§ )
data at raise edge of SCLK

0

Transmits and receives( ~ y__)
data at fall edge of SCLK

L——»Framing error flat
9 9 Cleared to Zero

————>Parity error flag ‘when read.

Overrun error flag

\—————————> Enable parity addition

0 |Prohibition (disable)

1 |Permission (enable)

Additi

/ check of even parity
0 |Odd parity

1 |Even parity

Receving 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 (3). Serial Control Register (Channel, SCOCR)
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7 6 s 4 i 3 2 1 [
BROCR | bit Symbol - BROCK1 | BROCKO i BROS3 : BROS2 : BROS1 ; BROSO
(0053H Read/Write W
After reset 0 0 0 I 0 0 0
Fixat “0”
: 00: ¢70 (f/d)
Function 01: ¢T2(fc/16) Setting of the Divided frequency
H 10: T8 (f/64)
11: ¢T32 (f0/256)
[

Setting of the divided frequency
of baud rate generator

0000 |16 divisions

0001 |Don‘tset

0010 |2to 15 divisions
§
111

L——————> Selecting the input clock of
baud rate generator

00 |Internal clock ¢TO (fc/4)

01 [internal clock ¢T2 (fc/16)
10 |internal clock ¢T8 (fc/64)
11 |Internal clock ¢T32 (fc/256)

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

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

7 6 5 4 3 2 1 0
[1807 806  TBOS | TBO4 | TB03 | TBO2:TBO1:TBOO | (Transmission)

SCOBUF
(508 7 6 S5 4 3 2 1 0
| RBO7 { RBO6 ; RBOS ; RBO4 : RBO3 | RBO2; RBO1 | Rsoo] (Receiving)

Note: When setting the serial transfer mode to “9-bit length UART mode”, transfer data “TB08”
is written to bit7 of SCOMOD register, and received data “RB08” is read from bit7 of

SC)CR register.

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

1818

— i RXEl

wu1 SM11

SM10 SC11

SC10

$C1IMOD Read/Write

RW

(0056H)

After reset

0

0 : 0

0 0

0 0

Function

Transfered
data
88

Fixat “0" ERe:eiving
éFunttion

0: Receive
disable
Receive
Enable

Serial

Wake up Serial Tr
Function :mode
0: disable :00: VOini

1: enable mode

01: 7-Bit UART
10: 8-Bit UART
11: 9-Bit UART

clock
terface

(UART)

00: TOO Trigger

01: Baud rate
generator

10: Internal dock @1

11: don't care

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD)

Serial transmission clock (For UART)

00

Timer 0 match detect signal

0

Baud rate generator

1

o

Internal clock ®1

1

don't care

——> Serial

| transmission mode

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

00

1/0 interface mode

7-Bitlength

UART mode : g.Bit length

9.Bit length

‘——— Wake up Function

9.Bit UART

Other mode

o

Interrupt when
data are received

Interrupt only
whenRB8 = 1

don‘t care

Recei

iving control

0

Receive disable

Receive enable

data bit 8

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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7 06 s i 4 3 i 2 1 0
SCICR bit Symbol RB18 | EVEN1 PE1 OERR1 PERR1 FERR1 SCLK1 10C1
(0055H) Read/Write R RW R (clear to Zero when read) RW
After reset 0 0 0 H [ 0 0 [
Received : Parity Parity 0: SCLK1 :0:
data :0:0dd :addition 1: error —\ i gaud rate
Bit8 i1:Even :0:Disable (-J )
Function ‘l Enable Overrun Parity Framing 1: SCLK1 l SFLK)
H H H Pin input
L)
L 1 1 Il 1 1 | | J

Select /O interface input clock (Note1)

0 [Baud rate generate

1 |SCLK1 Pininput
Note1: For channel 0, fix this bitto “0"

Edge selection in SCLK pin input mode

Transmits and receives ( __}_ )
data at raise edge of SCLK

0

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

L—— Framing error flag Cleared to Zero
> Parity error flag when read
‘> Overrun error flag

\w————————————> Enable parity addition
0 |[Disable

1 |Enable

Addition/ check of even parity
0 |Odd Parity

1 |Even Parity

Receiving data bit 8

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

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR)
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7 i 6 i s 4 i 3 2 1 0
BRICR | bit Symbol — i BRICK1 | BRICKO : BR1S3 : BRIS2 : BRIS1 : BRISO
(0057H)| readrwrite H RW
After reset 0 H 0 H 0 H 0 H 0 0 o
Fix at 0" : ; :
‘ § 00: ¢T0 (f/d)
) i 01: ¢T2(fU16) Setting of the Divided frequency
Function H
§ 10: ¢T8(fc/64)
11: 732 (f/256)

l Setting of the divided frequency of baud rate
generator

0010
§ 2to 5divisions
1mn

L Selecting the input clock of baud rate generator

00 |internal clock ¢ TO (fc/4)
01 |Internal clock ¢ T2 (fc/16)
10 |Internal clock $T8 (fc/64)

11 |Internal clock ¢T32 (fc/256)

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

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

7 6 5 4 3 2 1 0
[1817 7816 7815 814 7813 7812 {1811 T810] (Transmission)

SC1BUF
(0054H)

6 S5 4 3 2 1 0
IRB17§RB165R815?RB14§RB13§RB12§R811%RBiOI(Receiving)

Note: When setting the serial transfer mode to “9-bit length UART mode”, transfer data “TB18” is
written to bit7 of SCIMOD register, and received data “RB18” is read from bit7 of SCICR

register.

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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7 i 6 | s i 4 3 2 1 0
poFC | bitSymbol PISF PO3F P92F POOF
(001DH)| Readwrite R w w w
o0 0 0 0
0: PORT : 0: PORT | 0: PORT 0: PORT
1:SCLK1 1: TxD1 § 1: SCLKO 1: TxDO
Prohibit Read
modify write
Setting P90 as TxDO output
0 |Port output
1 |TxDO (channel 0) output

———> Setting P93 as TxD1 output

0 IPort output

TxD1 (channel 1) output

Setting P95 as SCLK output

0 |Port output

1 ]SCLK1 (channel 1) output

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

7 6 5 4 3 2 1 V]
ODE bit Symbol ODE1 ODEO
(0058H)| read/write RW
[ []
P93 P90
:0: CMOS  :0: CMOS

1: OPEN i1: OPEN
Drain Drain

E Setting P90 as Open-drain output

0 |CMOS output

Open-drain output

—> Setting P93 as Open-drain
0 |CMOS output

1 {Open-drain output

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration
Figure 3.11 (12) shows the block diagram of the serial channel 0.

--------- Serial clock g ion circuit

I
|
s BROCR<BROCK1,0>  TOOTRG (Timer 0 comparator output)
'
'

! '
B0 i

SIOCLK

Selector

]
'
'
'
'
'
H
- [}
e H
16T2(fc16) 4 T H
e '
T8 (f/6a) -3 '
14732 (f0256) +>{ :
E 2 K] g
! +- Baudrate ---- $SCOMOD :
181 (fa2) <sC1,0> H
1 1
H H
' i
1 1
[ INTRXO INTTXO
© Receive SCOMOD Serial channel Transmission
counter <WU> —+|interrupt counter
(+16) control (=16)
RXDCLK § 4 TXOCLK § }
SCOMOD N —
< RXE> - Receive N T
control |) control
SCOCR
<PE> <EVEN>
Parity control Thereisn'tin
RxD0 (09| Recewve butferi(shift register) channel 1
(Shared by P91)
[ re8 [reconebutterzisconv | [ errortiag | [ 188 Jreansmussion butter scosur) |—=D1Tx00
T T (Shared by P90)
COCR
<OERR> <sP RR> <FERR>
q Internal bus 5

Figure 3.11 (12). Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

MCU900-566

------ Serial clock generation circuit

BR1CR<BR1CK1,0>

TOOTRG (Timer 0 comparator output)

-
H
'
I
'
L i :
H
' UART ° !
W10 (fca) : 2 i slocLk
i$T2(fd16) ! Y ;
1#78(f/6a) — i o !
' ' "
1732 (f256) ' ' E
! H H :
' \._Baudrate ___) '
1 generator ’ SCiMOD sciMoD |
181 (fg2) <SC1,0> <SM1,0> |
H '
. . I
H +2 2 i
' & [ VOinterface mode H
SCLK1 O+ a E
input ! |
(Shared ! ¥ '
L I R ——ed
SCIMOD
e o _<1oc>
Output INTRX1 INTTX1
(Shared
by
y P95) Receive SCIMOD] Serial channel Transmission
counter WU>-> interrupt counter
(UART only + 16) control (UART only +16)
RXDCLK § 4 T T TXDCLK | [}
SCIMOD Receive Trar
<RXE>=  control control
SCICR
<PE> <EVEN>
Parity control
RxDO 9% Recewve buffer1(Shift register)
(Shared by P94)

L RB8 Jiuewe buffer2 (SC1BUF) J Error flag

l 88 ITrammissmnbu"ﬂ(SC!BUF)—}‘"UTXDO

(Shared by P93)
SCICR
<OERR> <PERR> <FERR>
Y iy
L Internal bus S

Figure 3.11 (13). Block Diagram of the Serial Channel 1
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@ Baud Rate Generator One of these input clocks is selected by the baud rate
generator control register BROCR/BR1CR <BROCK,

Baud rate generator comprises a circuit that generates 0/BR1CK1, 0>.

transmission and receiving clocks to determine the The baud rate generator includes a 4-bit frequency
transfer rate of the serial channel. divider, which divides frequency by 2 to 16 values to
The input clock to the baud rate generator, ¢TO (fc/4), determine the transfer rate.
@¢T2 (fc/16), ¢T8 (fc/64), or ¢T32 (fc/256) is generated How to ca!culate a transfgr rate when the baud rate
by the 9-bit prescaler which is shared by the timers. generator is used is explained below.
o UART mode
Transfer rate = Input clock of baud rate generator +16

Frequency divisor of baud rate generator
® /O interface mode

Transfer rate = Input clock of baud rate generator
Frequency divisor of baud rate generator

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

#T0= fo/d
#T2 = fc/16
#T8 = fc/64

¢T32 = fc/256
Accordingly, when source clock fc is 12.288 MHz, input clock is ¢T2 (fc/16), and frequency divisor is 5, the transfer rate
in UART mode becomes as follows:

Transfer rate = fc/16 .
~5 16

= 12.288 x 10%/16/5/16 = 9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.
Also with 8-bit timer O, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using

timer O.
Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)
Unit (kbps)
Input Clock
¢ (Mha] — ¢T0 T2 o18 ¢132
(fc/4) (fe/16) (fc/64) (fc/256)
Divisor
9.830400 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
) 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

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 ¢T1) is Used)

Unit (Kbps)
TREGO fe 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 192 96
8H 12 96 5
AH 96 28
10H 6 48 3
14H 48 24

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

T———(When timer O (input clock ¢T1) is used)

Transfer rate = fc
TREGOx8x 16
Input clock of timer O
oT1= /8
¢T4 = /32

éT16= /128

Note:  Timer O match detect signal cannot be used as the transfer clock in /O interface mode.

@ Serial Clock Generation Circuit

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

1) 1/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 SC1CR <SCLKC> regis-
ter to generate the basic clock.

2) Asynchronous Communication (UART) mode

According to the setting of SCOCR and
SC1CR <SCH1, 0>, the above baud rate gen-
erator clock, internal clock ¢1 (500 Kbps @ fc
= 16 MHz), or the match detect signal from
timer O will be selected to generate the basic
clock SIOCLK.

® Receiving Counter

The receiving counter is a 4-bit binary counter used in
asynchronous communication (UART) mode and
counts up by SIOCLK clock. 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”
is evaluated that the received data is “0”.

@ Receiving Control

1) /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 SC1CR <lOC> =“1", RxD1 signal will be
sampled at the rising edge or falling edge of
SCLK input according to the setting of
SC1CR <SCLKS> register.
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2) Asynchronous Communication (UART) mode

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

Data being received 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/SC1BUF), generating an interrupt INTRX0/
INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the
receiving buffer 2 (SCOBUF/SC1BUF), the received
data can be stored in the receiving buffer 1. However,

unless the receiving buffer 2 (SCOBUF/SC1BUF) is
read before all bits of the next data are received by the
receiving buffer 1, an overrun error occurs. If an 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> SC1CR <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>/SC1MOD <WU> to “1", and interrupt INTRX0/
INTRX1 occurs only when SCOCR <RB8>/SC1CR
<RB8> is set to “1”.

® Transmission Counter

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

soc JLILN LN N N A AT | |||
1516T1]2345678910111213141516,’12
H]

TXDCLK 'u

Figure 3.11 (14). Generation of Transmission Clock

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

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

In SCLK input mode with the setting SC1CR <lOC> =
“1", the data in the transmission buffer are output bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

by bit to TxD1 pin at the rising edge or falling edge of
SCLK input according to the setting of SC1CR
<SCLKC> register.

2) Asynchronous Communication (UART) 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.

MCUS900-569
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Handshake function ated, requests the next send data to the CPU.

Though there is no RTS pin, a handshake function can
Serial channel 0 has a CTSO0 pin. Using this pin, data be easily configured by setting any port assigned to the
can be sent in units of one frame; thus, overrun errors RTS function. The BRTS should be output “High” to
can be avoided. The handshake function is enabled/ request data send halt after data receive is completed
disabled by SCOMOD <CTSE>. 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
TxD RxD
cTs RTS (any port)
Sender Receiver

Figure 3.11 (15). Handshake Function

Timing to write J_-IJ( 2
tr ion buffer £
- Send is suspended £
CTs Tlrom(l)m(z). <£\
0] 13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK 0 LN -4 Linni
i . n

TxDCLK —4f;

I\
TxD v \ start bit A bit0

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/SC1BUF) shifts to and
sénds 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
INTTXO/INTTX1 interrupt.

® Parity Control Circuit

When serial channel control register SCOCR <PE>/
SC1CR <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>/SC1CR <EVEN> register, even (odd)
parity can be selected.

For transmission, parity is automatically generated
according to the data written in the transmission buffer
SCBUF, and data are transmitted after being stored in
SCOBUF <TB7>/SC1BUF <TB7> when in 7-bit UART
mode while in SCMOD <TB8>/SCMOD <TB8> when
in 8-bit UART mode. <PE> and <EVEN> must be set
before transmission data are written in the 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/SC1BUF), and then com-
pared with SCOBUF <RB7>/SC1BUF <RB7> when in

@ Generating Timing

1) UART mode

Receiving

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

® 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.

Mode 9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt timing

Framing error timing

Parity error timing Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit
Center of stop bit
Center of stop bit

Overrun error timing Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit

Note: Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary

to wait for 1 bit period of transfer rate.

Transmitting

Mode 9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt timing Just before last bit is transmitted.

« «
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2) /O Interface mode

SCLK output mode

Immediately after rise of last SCLK signal. (See figure 3.11 (19))

Transmission interrupt timin,
P ¢ 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 received data to data receive buffer 2 (SC1BUF); that is, immediately after
last SCLK. (See Figure 3.11 (21))

Receiving interrupt timing
SCLK input mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
SCLK. (See Figure 3.11 (22))

3.11.3 Operational Description

(1) Mode 0 (/O interface mode)

This mode is used to increase the number of I/0 pins

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

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

Output Input
extension extension
TMP96C081 Shiftregister A —» TMP96C081 Shiftregister Al «—
B — B| =
TxD N| C|— RxD QH C| -—
D| — D| -
SCLK SCK E|— SCLK CLOCK E| =—
F| — F| =
Port RCK G| — Port S/t G| -
H| — H| =
TC74HC595 or TC74HC165 or
the like the like

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

Output port Input port
extension extension

TMP96C081 Shiftregister A | — TMP96C081 Shiftregister A| <«

B| — B| -

TxD Sl Cc| — RxD QH C| =

D| — D| =

SCLK SCK E| —> SCLK CLOCK E| =—

F| — F| -

Port RCK G| — Port s/t G| -

H| — H| =

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

Flgure 3.11 (18). Example of SCLK Input Mode Connection
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® Transmission time the CPU writes data in the transmission buffer. When
all data is output, INTES1 <ITX1C> will be set to generate

In SCLK output mode, 8-bit data and synchronous clock INTTXT interrupt.

are output from TxD pin and SCLK pin, respectively, each

Timing to write
transrgission n\ 4
data

\ Ly
SCLK output ~—t_4 L_A L‘,..A LA L4

TxD A_bito X bit1 X Y X bité X bit7 X
TXDSFT M Nn 5 I N M
ITX1C (INTTX1 " |

interrupt request) w

Figure 3.11 (19). Transmitting Operation in I/0 Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD1 When all data are output, INTES1 <ITXIC> will be set
pin when SCLK input becomes active while data are to generate INTTX1 interrupt.
written in the transmission buffer by CPU.

séé'fé’é‘l“& Rising edge mode) L_"A L—‘A L‘&"‘A L-—A I—A
ety oy
SCLK input
(SCLKC = 1: Falling edge mode)
TxD X _bito X bit1 )Q\ bit5 X bit6 X bit7 X
TXDSFT M ﬂ"(' n M
ITX1C (INTTX1 4§ [

interrupt request)

Figure 3.11 (20). Transmitting Operation in I/0 Interface Mode (SCLK Input Mode)
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@ Receiving <IRX1C> is cleared by reading the received data.
When 8-bit data are received, the data will be trans-
ferred in the receiving buffer 2 (SC1BUF) at the timing
shown below, and INTES1 <IRX1C> 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 I ~ £« {
AN ' A
SCLK ~—~t A LA LA LA LK
RxD bit 0 X bit1 it bit 6 bit7
Timing to shift datain Generate
the receiving buffer 2 INTRX1

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

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

ing the received data. When 8-bit data is received, the

s I e I IRV B B W
S w00 e 200 e 200 e 2

SCLK input
(SCLKC = 1: Falling edge mode) «
RxD bito X bit1 Yoitz ! X bite X bit7 Y
s
Timing to shift data Generate
inthegreceiving INTRX1 n
buffer2

Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode)

Note:  For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “17)
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(2) Mode 1 (7-bit UART Mode) and even parity or odd parity is selected by SCOCR
<EVEN>/SC1CR <EVEN> when <PE> is set to “1”

The 7-bit mode can be set by setting serial channel (enable).

mode register SCOMOD <SM01,00>/SC1MOD

<SM11,10> to “01”. Setting example: ~ When transmitting data with the

In this mode, a parity bit can be added, and the addi- following format, the control

tion of a parity bit can be enabled or disabled by serial registers should be set as described
channel control register SCOCR <PE>/SC1CR <PE>, below. Channel O is explained here.

- e
start 7 Kparity stop

«——— Direction of transmission (tr ission rate: 9600 bps @ fc = 12.288 MH2)

7 6 5 4 3 2 1 0
P9CR — x x - - - - -1 )Sel + P90 25 the TxD o
P9FC « x x - x - x x 1 ectFhasthe b pin.
SCOMD « x 0 - x 0 1 0 1 Set 7-bit UART mode.
SCOCR  « x 1 1 x x x 0 0 Add an even parity.
BROCR « 0 x 1 0 0 1 0 1 Set transfer rate at 2400 bps.
TRUN «— 1 X - - = - - Start the prescaler for the baud rate generator.
INTESO « 1 1 o 0o - - - - Enable INTTXO interrupt and sets interrupt level 4.
SCOBUF  « ~ * o o * * Set data for transmission.
Note: x; don'tcare —; nochange
(3)  Mode 2 (8-bit UART Mode) SC1CR <PE>, and even parity or odd parity is selected
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is
The 8-bit UART mode can be specified by setting set to “1” (enable).
SCOMOD <SM01,00>/SC1MOD <SM11,10> to “10”. B ‘
In this mode, parity bit can be added, the addition of a Setting example: ~ When receiving data with the
parity bit is enabled or disabled by SCOCR <PE>/ following format, the control register

should be set as described below.

.
start 7 Aparity stop

<«—— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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Main setting
7 6 5 4 3 2 1

PICR « x x - - - 0 Select P91 (RxD) as the input pin.
SCOMD « - 0 1 x 1 0 0 Enable receiving in 8-bit UART mode.
SCOCR « X 0 1 X X X 0 Add an odd parity.
BROCR « 0 X 0 1 0 1 0 Set transfer rate at 9600 bps.
TRUN « 1 X - - = - Start the prescaler for the baud rate generator.
INTESO - - - - - 1 1 0 Enable INTTXO interrupt and sets interrupt level 4.
Interrupt processing ) Check for rror.

Acc « SCOCR and 00011100

If Acc = 0 then ERROR

Acc « SCOBUF Read the received data.

Note: x; don'tcare -; no change

@)  Mode 3 (9-bit UART Mode)

The 9-bit UART mode can be specified by setting
SCOMOD <SM01,00>/SC1MOD <SM11,10> to “11”.
In this mode, parity bit cannot be added
For transmission, the MSB (9th bit) is written in SCMOD
<TB8>, while in receiving it is stored in SCCR <RB8>.
For writing and reading the buffer, the MSB is read or
written first, then SCOBUF/SC1BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCOMOD <WU>/
SC1MOD <WU> to “1”. The interrupt INTRX1/INTRXO
occurs only when <RB8> = 1

TxD

Master

RxD

TxD

RxD

Slave 1

TxD

RxD TxD RxD

Slave 2 Slave 3

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

MCUS00-576

Figure 3.11 (23). Serial Link Using Wake-Up Function
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Protocol ® The master controller transmits one-frame data

. including the 8-bit select code for the slave control-
@ Select the 9-bit UART mode for master and slave Iersl.JThg MSB (bilt 8) <TB8> is set to “1 ? contro
controllers. :

@ Set SCOMOD <WU>/SC1MOD <WU> bit of each
slave controller to “1” to enable data receiving.

PO 000000007
N/

Select code of slave controller 1"

@ Each slave controller receives the above frame, and ® The master controller transmits data to the specified
clears WU bit to “0” if the above select code matches i'\‘/’\‘/ﬁ:%?tt"dler whose SCOMOD <WU>/SC1MOD
its own select code. is cleared to “0.” The MSB (bit 8) <TB8> is cleared to

‘0.

POO000 000
N

Data “0

® The other slave controllers (with the <WU> bit remain- The slave controllers (WU = 0) can transmit data
ing at “1”) ignore the receiving data because their to the master controller, and it is possible to indicate
MSBs (bit 8 or <RB8>) are set to “0” to disable the the end of data receiving to the master controller by
interrupt INTRXO/INTRX1. this transmission.
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Setting Example:  To link two slave controllers serially

with the master controller, and use

the internal clock ¢1 (fc/2) as the transfer clock.

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

e Setting the master controller

Main setting

P9CR « x x - - = =0 1
P9FC « X X - X - X X
INTESO  « 1 1 0 0 1 1 0 1
SCOMOD «~ 1 0 1 0 1 1 1 0
SCBUF « 0 0 o0 o0 0 o0 0 1

INTTXO interrupt
SCOMOD
SCOBUF

|
o

«—

¢ Setting the slave controller 2

Main setting
P9CR

P9FC

ODE
INTESO
SCOMOD

O 4 x X x
o = x x =
>

— < X
>
- o x X
-
o o = a4

-
-
-
-
-

INTRXO interrupt
Acc « SCOBUF
If Acc = Select Code
Then SCOMOD4

MCU900-578

same way, channel O is used for the purposes of explanation.

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

Enable INTTX0 and sets the interrupt level 4.

Enable INTRX0 and sets the interrupt level 5.

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

Set TB81to “0".
Set data for transmission.

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

Enable INTRX0 and INTTXO.

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

Clear <WU>to “0".
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con-
The TMP96CO81F contains a high-speed analog/digital con-  Verter. 6-channel analog input pins (ANS to ANO) are shared by
verter (A/D converter) with 6-channel analog input that features input-only P5 and so can be used as input port.

10-bit successive approximation.

Internal bus

AJD converter mode register (ADMQD) —————————————

A/D channel select register (ADBS)
EOCF ADBF KE'PET SCAN ADCS ADS
}

ADCH , ¢

repeat yscan yspeed ystart
[>| Decoder

end |busy

Analog input

ANS (P55) [
AN4(pPs4) O—

AN3(P53) O Multiol L

AN2 (P52) OF ultiplexer

AN1(PS1) O—
ANO (P50) (O

A/D converter |, INTAD
control circuit interrupt

Channel select

AJD conversion result register
(ADREGO to ADREG3)

Vegr ————————————>
Agvo OF——|

D/A converter

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

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

Note 2: In order to reduce power supply currency in IDLE or STOP mode, the A/D converter enters standby mode even if the internal comparator remains in
the enable state depending on the timing. Stop the A/D converter before executing the HALT command. Since the ladder resistor between Vger -
Agnp cannot be stopped internally, Ige is transmitted regardless of a mode.
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MCU900-580

ADMOD
(00SEH)

7 ;6 5 . 4 3 2 1 0
bit Symbol EOCF : ADBF REPET SCAN ADCS ADS ADCH1 : ADCHO
Read/Write R : RIW
After reset 0 ¢ o { o i o 0 0 [

ap A iRepeat iscan Y] A Analog Input
conversion conversion imode  imode conversion : conversion Channel Select
EndFlag  :BUSYFlag H Speed stant
H Single : 1 Set hannel
. . H N ets input channels
Function 1: END mode O Fixed 0: High conversion : together with the
Repeat: channel speed  ;Start i <ADCH2> bit setting
mode mode mode i 1n ADBS register
I Channel : 1: Low Always
Scan speed ireadas
mode mode :"0" :
t T t -+

Note)

Always “0” when data is read.

L A/D conversion speed selection

0 | A/D High speed conversion mode: 160 states = 16,5 (@20MHz)

AJ/D Low speed conversion mode : 320 states = 32,5 (@20MHz)

Analog input channel select (with ADCH2 = 0)

L Specification of A/D scan mode

0 | Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

—> Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

l——————» A/D conversion busy flag

0 | A/D conversion not busy

1 | A/D conversion busy

L— —— » A/Dconversion end flag

0 | A/D conversion not ended nor started

1 | A/D conversion ended

Analog input channel select (with ADCH2 = 0)

Normal Scan mode Normal Scan mode
00 ANO ANO 00 AN4 AN4
B v I o e
e e R
e e

Figure 3.12 (2). A/D Control Register
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7 6 5 4 3 2 1 0
ADREGOAL [
t Symbol ADR041 ADR4
(0060H) bit Sym ‘o 0 0
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for ANO or AN4 are stored.
7 6 5 4 3 2 1 0
Az)%%ﬁ%“ bit Symbol ADR049 ADR048 ADRO47 ADR046 ADRO45 ADR044 ADR043 ADRO42
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for ANO or AN4 are stored.
7 6 5 4 3 2 1 0
ADREG15L [
bit Symbol ADR151 ADR150
(0062H) |0
Read/Write R
After reset Undefined 1 1 I 1 1 1
Function Lower 2 bits of A/D result for AN1 or ANSare stored.
7 6 5 4 3 2 1 0
ADREGSH it Sympol ADR159 ADR158 ADR157 ADR156 ADR155 ADR154 ADR153 ADR152
(0063H) -
Read/Write R
Adter reset Undefined
Function Upper 8 bits of A/D result for AN1 or ANS are stored.

Figure 3.12 (3-1). A/D Conversion Result Register (ADREG04, 15)
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7 P 6 s i a4 i 3 1 2 1 0
/?8SGEAGI-{2)L bitSymbol | ADR21 | ADR20 : ; :
Read/Write R
After reset Undefined 1 © 1 i ¢ i ¢ i o1 1 9

Function | Lower 2 bits of A/D result for AN2 are stored.

7 6 Poos i o4 i3 i 2 i 0
A(%gg?&)'" bitSymbol | ADR29 : ADR28 | ADR27 : ADR26 : ADR25 i ADR24 i ADR23 i ADR22
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN2 are stored.

7 i 6 i s i a 3 2 1 0
A(Q&E‘S})L bitSymbol | ADR31 : ADR30 . i
Read/Write R
After reset Undefined R
Function | Lower 2 bits of A/D result for AN3 are stored.
7 i 6 i s 4 3 2 1 0
,btlggE?Gg)H bitSymbol | ADR39 i ADR38 i ADR37 : ADR36 ADR35 ADR34 ADR33 ADR32
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3)

G283, [bitsymool
Read/Write
After reset

Function

(. Analog input channel select

Normal Scan mode
0 ANO~3 ANO—AN1-AN2—AN3
1 AN4~5 AN4—ANS

Figure 3.12 (3-3). A/D 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
AGND pin.

The reference voltage between VREG and AGND is
divided by 1024 using ladder resistance, and com-
pared with the analog input voltage for A/D conversion.

Analog Input Channels

Analog input channel is selected by ADMOD <ADCHT,
0>. However, which channel to select depends on the
operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by
ADMOD <ADCH1, 0> among four pins: ANO to AN3.
In analog input channel scan mode, the number of
channels to be scanned from ANO is specified by
ADMOD <ADCHT1, 0>, such as ANO — AN1, ANO —
AN1 — AN2, and ANO — AN1 — AN2 — ANS.

When reset, A/D 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.

Starting A/D Conversion

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

A/D Conversion Mode

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

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

In scan repeat mode, scanning from ANO, - — AN3 is
executed repeatedly.

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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A/D Conversion Speed Selection

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

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

A/D Conversion End and Interrupt

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

Storing the A/D Conversion Result

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

ADREGO to ADREGS are read-only registers.
Reading the A/D Conversion Result

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

Setting example: ~ When the analog input voltage of the
AN3 pin is A/D converted and the
result is stored in the memory
address FF10H by A/D interrupt
INTAD routine.
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Main setting
INTEOAD « 1 1 0 0 - - - -
ADMOD “—- X X 0 0 0 1 1 1

INTAD routine
WA «  ADREG3
WA > > 6

| (QOFF10H) « WA

Enable INTAD and sets interrupt level 4.

Specify AN3 pin as an analog input channel and starts A/D 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 A/D converted in high speed conversion channel scan repeat mode.

INTEOD & 1 0 0 - - - - -
ADMOD « x x 1 1 0 1 10

Note: x;don’tcare -; no change

3.13 Watchdog Timer (Runaway Detecting Timer)
The TMPO6CO81F is containing watchdog timer of Runaway
detecting.

The watchdog timer (WDT) is used to return the CPU to
the normal state when it detects that the CPU has started to
malfunction (runaway) due to causes such as noise. When the

MCU900-584

Disable INTAD.

Start the A/D 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 WDTOUT to
notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin
internally forces a reset.
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3.13.1 Configuration
Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

¢ (fd2)—

fcf216
fcf218
fcf220
fef222

Watchdog timer

22-stage binary counter

Q

R

S

Reset.
HALT

reset ? — : Reset
WDMOD

<WDTE >|

(Stop or idle mode)

4EH BIH
Write Write

Watchdog timer
control register

Internalbus

Figure 3.13 (1). Block Diagram of Watchdog Timer
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woTOoUuT > 0 WoTouT
< >
1 out control
<W:¥:r0°: :: Selector enable ? r
fva  Reset
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The watchdog timer is a 22-stage binary counter which
uses ¢ (fc/2) as the input clock. There are four outputs from the
binary counter: 2¢/fc, 218/fc, 220/fc, and 22%/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.

Since the watchdog timer out pin (WDTOUT) outputs “0”
due to a watchdog timer overflow, the peripheral devices can

WDT Counter

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 internally. In this case, the watchdog timer out pin
(WDTOUT) outputs O at 8 to 20 states (800ns to 2.0us @
20MHz) and resets itself.

f——

«
)
Clear code of write

WDT Interrupt I I
WDT Clear
(Soft ware)
WDTOUT l

£
7
(-

w

Figure 3.13 (2). Normal Mode

Over flow

WDT Counter n %

I

1

WDT Interrupt

)

I

WDTOUT
(internal Reset)

]

Figure 3.13 (3). Reset Mode

MCUS00-586
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3.13.2 Control Registers

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

)

I

Watchdog Timer Mode Register (WDMOD)

@ Setting the detecting time of watchdog timer
<WDTP>

This 2-bit register is used to set the watchdog timer
interrupt time for detecting the runaway. This register is
initialized to WDMOD <WDTP1, 0> = 00 when reset, and
therefore 2'6/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.

e Disable control

WDMOD « 0 - - - - - x X
WDCR « 1 0 1 1 0 0 0 1

¢ Enable control
Set WDMOD <WDTE> to “1".

WDCR « 0 1 0 0 1 1 1 0

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

To disable, it is necessary to clear this bit to “0” and
write the disable code (B1H) in the watchdog timer control
register WDCR. This makes it difficult for the watchdog
timer to be disabled by runaway.

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

® Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the
watchdog timer with RESET terminal, internally. Since
WDMOD <RESCR> is initialized to O 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).
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7 6 | 5 | a I 0
bitSymbol | WDTE | WDTP1 i WDTPO | WARM : HALTMO | HALTMO | RESCR DRVE
WDMOD - write RW . .
(005CH) H - T T
After reset 1 [ 0 H 0 H [ 0 0 0
WOT Select detecting time éWarming iStandby mode 1 1
H {Uptime
control - i0: 216/kc :PUME 00: RUN mode interally e the
Function i01: 218/fc 01: STOP mode connects :pinevenin
1: Enable 510: 220/fc ‘0: J1aygc 107 IDLE mode {WDToutto :STOP mode
11 222/f¢ 126 MV Don‘tcare ithe reset pin
- T

T 7 ]

L DRVE (explanation by stop mode)

Watchdog timer out control
0 |—

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‘tcare

‘—————> Select the detecting period of watchdog
timer

0 | 214/fc (approx. 1.0ms @16MHz)

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

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

218/fc (approx. 16ms @16MHz2)
10 | 220/fc (approx. 66ms @16MHz)
11 | 222/f¢c (approx. 262ms @16MHz)

Watchdog timer Enable / Disable control
0

Disable

=)
8

ie

1 |Enable

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

l——-v Disable/clear WOT

B1H Disable code

4EH Clear code

Others |—

Figure 3.13 (5). Watchdog Timer Control Register
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3.13.3 Operation ation by an anti-malfunction program. By connecting the

The watchdog timer generates interrupt INTWD after the watchdog timer out pin to peripheral devices’ resets, a CPU
detecting time set in the WDMOD <WDTP1, 0> register and malfunction can also be acknowledged to other devices.
outputs a low level signal. The watchdog timer must be zero- The watchdog timer restarts operation immediately after
cleared by software before an INTWD interrupt is generated. If ~ resetting is released.

the CPU malfunctions (runaway) due to causes such as noise, The watchdog timer stops its operation in the IDLE and
but does not execute the instruction used to clear the binary STOP modes. .

counter, the binary counter overflows and an INTWD interrupt The watchdog timer stops when a bus is released or

is generated. The CPU detects malfunction (runaway) due to internal DMAC is operating.

the INTWD Interrupt and it is possible to return to normal oper-

Example: @ Clear the binary counter
WDCR « 0 t 0 0 1 1 1 0 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/c
WOMOD « 1 0 1 - - - x X

® Disable the watchdog timer

WDMOD ¢« 0 - - - - - X X Clear WDTE to “0".
WDCR « 1 0 1 1 0 0 0 1 Write disable code (B1H).

@ Set IDLE mode

WOMOD « 0 - - - 1 0 x x Disables WDT and sets IDLE mode.
WCR « 1t 0 1 1 0 0 0 1
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 2'6/c)

WMOD & - - - 1 0 1 x x Set the STOP mode.
Executes HALT command 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 external I/Os 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:

¢ increment/decrement of transfer source and destination
address

e accesses necessary for the DMAC built into the MCU, such
as access to fixed addresses and access in /O 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 20MHz:
Single address transfer:
external memory — external I/0, 5M bytes (words)/s
external memory — internal /O, 5M bytes/s
internal memory — external /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 1/Os
¢ Independent auto-initialization for each channel

¢ Programmable address increment/decrement/fixed 1/0
mode

e 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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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.

8 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.

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

6 IORD*

Read signal used for external I/Os.

(7 TOWR*
Write signal used for external I/Os.
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[<«—— INTAD
Request Control [«——— INTTO
re—— INTT2
[e———— INTT!
Block je—— INTRX0/1
[-—— INTTX0/1
> DACKRX0/1
> DACKTX0/1
———> DACKADUH
[«——— DREQO~3
> DACKO0~3
c ———> BUSRQ
RD
Address DMA Control Block WR
p——
1 | control — :8\'I‘VDR
block ———> AEl
address count [ MATCH
incrementer —>T¢C
decrementer ‘__’——> ERROR
28 a6 INTDO~3
28bit bus
—
24bit bus [16bit bus match comparater
16bit bus
— T
gase base base ;‘"""‘“ " current count data data mode status
posiiied ;%‘é'r‘:“ counter S ;%‘é',‘:ss register match buffer command | register
register register register register register register
(24x8) (2ax4) (16x4) (16 4) (16x ) (16) (16x4) (16) (axa) (8x4)
Internal BUS
A0~A23

MCU900-592

Figure 3.14 (1). DMAC Block
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3.14.4 DMA Operation

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

(1)  Address Specification Methods

¢ Single address transfer

ALE

ADO~15

1-byte or 1-word transfer in 1-bus cycle. Simultaneous
read and write from/to memories and internal/external
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 SIO0, SIO1, and A/D among

internal peripheral circuits.

K
A
N\
-
— M
x A0~15_ X )(: Din_
; \ —
Case (1)
.. Internal wiite timing
: |-
\_
Case (2)
\ anml

Single address transfer

Case (1) memory —> internal peripheral circuit (e.qg. serial channels)
Case (2) memory — external I/O

Figure 3.14 (1). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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I VA WAL NIV WA WAL W 2

ClK(note) — | I\ / "\

a16~23 X

Cs0~Csa

ADO~15 x AO—TS. X : ¢ _Dout

=i
~

o
Qj

i ", Internakread timing

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

Figure 3.14 (2). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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CLK (note) ___/ ’ \

2
o
!
N
w
oy

W
ol
]
%4
B
—-

9l
>
[a)
Py
[=]
!
o
>
0
Pl
wi
=

E
Ll

-]
m
N7

I

ADO~15 )(_%071'51( X o

WR \_
TORD 3 "\

Single address transfer
External /0 — memory

Figure 3.14 (3). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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® Dual address transfer

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

X1
CLK
A16~23

CS0~C54

DACKO~DACK3

MCU900-596

cuit is accessed, a wait may automatically be inserted
to adjust the clock phase.

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

/ \ / \
X
N\
N\
—
X A0~1 X_Din §
X a0~15 X Dout §
\ | &

Figure 3.14 (4). Dual Address Transfer Timing
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AN AW AN AW WA AV aWaWal'y

read

ADO~15 Xz X| X oim X

ADO~15 A0~15 Dout A0~15 Dout

write

ARWE T \

Transfer data from 16 bit size to 8 bit size

Figure 3.14 (5). Dual Address Transfer Timing

SN AVAWVAVAN AV AWAN avYavaVa
CLK / : (_\- : ;\(—\'r\/—

-~

A16~23 X

co~4

RW

ALE /‘—\ TN\

ADO~15 XA%Q} X_DiniX| Xao~15s X| X_Din

read

ADO~15 : Xa0~15X___ Dout

write

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
DREQ (DMA request input) is sensed. If DREQ is
active, bus mastership is re-captured to resume DMA
transfer; if DREQ 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 DREQ
by one DMA request. Transfer ends when DREQ
becomes inactive.

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

(8) DMA Transfer Start and Stop Methods

o Start

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

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

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

3. Software request
Setting the DSREQ* 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
DMAC stop.

2. End of process signal input by external circuit (End of

process: EOP)

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.

DMA Transfer Start and Stop Methods

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

. 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:
DMASAA/B/C* and DMADAA/B/C (* = channel num-
ber).

3. Decrement mode:

Used to sequentially decrement addresses set in the
transfer source and destination address registers:
DMASAA/B/C* and DMADAA/B/C (* = channel num-
ber).

4. /0 mode:

Used to access 2-byte data repeatedly. Useful for
accessing internal peripheral circuits
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Conversion result by A/D converter

Address 000060H lower 2 bits
61H upper 8 bits

DMAC setting contents
® Transfer source : ADREG04 L/H

Transfer destination : memory
® Address updata method :

Transfer destination (memory)
lower 2 bits 007000H
upper 8 bits 01H

{ lower 2 bits 02H

upper 8 bits 03H
lower 2 bits 04H
< upper 8 bits 0SH
lower 2 bits 06H
< upper 8 bits 07H

transfer source : I/0 mode and transfer destination : INC mode

® Counter: 8 bytes

Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to I/0 Mode

Transfer Error Generation

The DMAC can notify the CPU that a transfer is
accepted by setting O in the count register. When O 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 (8), DMA transfer will not be performed.

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-
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)

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.

Channel Priority Setting

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

Fixed method

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

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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®

MCU900-600

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.

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

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

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.

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 O 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 /no connection |address DACK DACK
DMA MODA MODA MODA mMoDs address output
startsource | bit7 bit3 bit2 bitd
0:nooutput {0:10 >M | 0:Dual |[0:no SA : Transfer O: O:
1 output 1:M-=I0 1:5ng! | connection source output output
1: connection |DA : destination
0 0 0 0 SA/DA x x
1 0 0 0 SA/DA x (@)
0 0 1 0 DA x o
External 1 0 1 0 DA x O
DREQ ] 1 0 0 SA/DA x x
1 1 0 (] SA/DA x (@]
0 1 1 0 SA x o)
1 1 1 0 SA x O
0 0 0 1 SA/DA x X
1 0 0 1 SA/DA x o]
0 0 1 1 DA O X
Internal 1 0 1 1 DA (@) (@)
DREQ 0 1 0 1 SA/DA X X
1 1 0 1 SA/DA x O
0 1 1 1 SA @] x
1 1 1 1 SA (@) ®)
0 0 0 0 SA/DA x X
1 0 0 0 SA/DA x (@]
0 0 1 0 DA x (@]
Software 1 0 1 0 DA x O
request 0 1 0 0 SA/DA X x
1 1 0 0 SA/DA x (@]
0 1 1 0 SA x O
1 1 1 0 SA x Q
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 SIO0 send request, SIO0 receive request, SIO1
send request, SIO1 receive request, and A/D conversion end.
® To start the DMA by an external DREQ or software request, set the internal connect bit (bit 4
in the mode B register) to 0.
® Do not set <PAFC> for DREQ function with software request start.
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3.14.5 DMAC Control Registers (1)
The TMP96CO081F 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
TMP96C081F must be in DMA disable state (bit DMAEN* in
the DMACR* command register = 0).

DMASAA* (Transfer source address : lower 8 bits)

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.

Register name 87 B6 BS B4

B3 B2 B1 BO

DMASAA* | sp07* | sA06* | SAOS* | SA04*

SA03* | SA02* | SAO01* | SA00*

DMASAB* (Transfer source address : middle 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMASAB* SA15* | SA14* | SA13* | SA12*

SA11* | SA10* SA09* | SA08*

DMASAC* (Transfer source address : upper 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 B0

DMASAC* | gap3+ | sa22* | sa21* | sA20*

SA19* | SA18* SA17* | SA16*

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

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

DMADAA* (Transfer destination address : lower 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMADAA* | pag7+ | DAOG* | DAOS* | DAO4*

DAO3* | DAO2* | DAO1* | DAOO*

DMADAB* (Transfer destination address : middle 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMADAB* DA15* | DA14* | DA13* | DA12*

DA11* | DA10* | DAO9* | DAO8*

DMADAC* (Transfer destination address : upper 8 bits)

Register name B7 86 BS B4

B3 B2 B1 BO

DMADAC* | paz3+ | DA22* | DA21* | DA20*

DA19* | DA18* | DA17* | DA16*
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(3)  Count Register, Common to All Channels (* = Channel transfer or the number of words for 16-bit DMA transfer.
Number) If the data width of the transfer source differs from the
transfer destination, the data width of the transfer
Used to specify the number of bytes for 8-bit DMA source is used for counting data.

DMACTA* (Count register : lower 8 bits)
Register name 87 86 BS B4 83 B2 B1 80
DMACTA* | c1o7+ | cTose* | cTos* | cToa* | cTo3* | cro2* | cTo1* | croo*

DMACTB* (Count register : upper 8 bits)
Register name 87 86 85 B4 B3 B2 B1 80
DMACTB* | cT1s* | ¢T1a* | cT13* | cT12* | cT11* | cTi0* | cro9* | cros*

(4)  Match Register, Common to All Channels (* = Channel bit to 8-bit transfer, the upper 8-bits are not compared
Number) but ignored.
If the data width of the transfer source differs from the
Used to specify data for stopping DMA transfer if the transfer destination, the data width of the transfer
specified data is accessed during DMA transfer. For 8- source is used for counting data.

DMAMAA* (Match data : lower 8 bits)
Register name B7 B6 BS B4 B3 B2 B1 BO
DMAMAA* [ pMAg7* | MAO6* | MADS* | MAO4* | MAO3* | MA02* | MAO1* | MAOO*

DMAMAB* (Match data : upper 8 bits)
Register name B7 86 BS B4 83 B2 81 BO
DMAMAB* | \a15% | MA14* | MA13* | MA12* | MA11* | MA10* | MAD9* | MAOS*
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(6) Mode Register A, Common to Channels 0 to 2; whether to output DACK to request source at DMA
Excluding Channel 3 ~ transfer by an external DREQ. With channel 3, bit 7 is
used to specify channel priority specification method
Used to specify transfer mode, data width, and transfer for the DMAC; that is, DACK output cannot be set.

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

Channels 0 to 2 (» : channel number)

B7 B6 : BS B4 i B3 | B2 B1 80
omamopa | bit Symbol | DACKs Lv+ § BUSI* | BUSOx i DIR* i SD+ i MODIx | MODO«
Read/Write W
After reset 0 0 o i o [ 0 o i o
ISets outputiSets DREQ :Sets transfer source and Sets Sets DMA Sets DMA transfer
. destination data width
Function |PACK detect 0 ¢ transfer  itransfer mode
. SACKO: 0: Bbits for transfer sourceiy: o b1 q
{0: NoDACK:0: Detects 'and Bbits for transfer c!-rectuon inimethod  :00: Byte fnode
output i DREQ byigestination single 0: Dual  01: Continue mode
1: DACK level 01 16bits for transfer address address :10: Demand mode
output :1: Detects :our:: av;dlsbmfor transfer transfer :11: Not defined
DREQ byitransfer destination 0: /10 1: Single
10: 8bits for transfer source
Pulse % 16bis for transter SMEM | address
destination 1: MEM transfer
11: 16bits for transfer -0
‘source and Bbits for transfer
:destination

E—: Sets DMA transfer mode

00_| Byte mode

1_| Continue mode

0 _{ Demand mode

11_| Not defined

> Sets DMA transfer method
[0 T Oual address tranfer ]
1 _]single address transfer |

Sets transfer directionin single
address transfer (Note 1)

[0 [voSMEm ]
1 [MEM—U0 ]
Sets transfer source and
destination data width (Note 2)
00 ] 8bits for transfer source and destination data width

01| 16bits for transfer source and 16bits for tranfer d
10 _| 8bits for transfer source and 16bits for transfer
11_| 16bits for transfer source and 8bits for transfer d \

Sets DREQ detect by level or pulse

[0 [Detects DREQ by level ]

|1 [ DetectsDREQ by pulse |

Sets whether to output DACK (Note 3)

[0 [No DACK output |
[ 1| DACK output

(Note1) The DIR* bit s sighificant only when single address transfer is specified in the SD* bit below.

(Note2) Operations depend on transfer mode. For details, see Table 3.14(7), DMAC register setting and address/DACK 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 I/O (including internal /O in single address transfer). Set the transfer data width to
8bits.

(Noted)Set the transfer source and destination data widths o same as those when single address transfer is specified.
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Channels 3
87 86 BS B4 B3 B2 : B1 BO
omamopa3 | bit Symbol | PRI Lv3 BUS13 | BUSO3 DIR3 s03 MOD13 | MODO3
Read/Write RW
After reset 0 o i o i o 0 o i o i o
— et
pecifies :Sets DREQ Sets transfer source and Sets Sets DMA Sets DMA transfer
Function [channel idetect ~ Hestratondatawidth = transfer transfer mode
priority  0: Detects ‘,",’.;, ::l:‘,o"":":""“,:’°"'“;dire<tion inimethod  00: Byte mode
0: Fixes  : DREQ by:gestination single 0: Dual  01: Continue mode
channel : level  01: 16bits for transfer ‘address address Demand mode
priority :1: Detects :source and 16bits for transfer transfer 11: Not defined
1: Rotates : DREQ bytransfer distination 0: VO 1: Single |
channel | pulse 'O 8bwsforuanstersource:  _ppeng i agdress
P :and 16bits for transter H
priority distination transfer
: 11: 16bits for transfer
source and Bbits for transfer :
Jisunation H
: Sets DMA transfer mode
00 | Byte mode

01_| Continue mode

10 | Demand mode

11_| Not defined

- —> Sets DMA transfer method

[0 TDual address tranfer

e s

[_1_]single address transfer

Sets transfer direction in single
address transfer (Note 1)

[0 [wvooMem

[ [memoio

1

Sets transfer source and

distination data width (Note 2)

00_| 8bits for transfer source and disti data width
01_] 16bits for transfer source and 16bits for tranfer d

10 _|8bits for transfer source and 16bits for transfer desti
11_| 16bits for transfer source and 8bits for transfer desti

Sets DREQ detect by level or

[0 [Detects DREQ by level

[ 1| Detects DREQ by pulse

Specifies channel priority

0] Fixes channel priority : ch0>ch1>ch2>ch3

[
[

| Rotates channel priority : chO—ch1—ch2—ch3 |

(Note1) The DIR* bitis 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 CS/W controller.

When transferring data

to/from internal memory mapped I/0 (including internal /O in single address transfer), set the transfer data width to

8bits.
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(6) Mode Register B, Common to All Channels internal I/O and DMA start request; also, the method
for updating transfer source and destination address.

Used to control connection between the TMP96C081

B7 : B6 i BS i B4 83 B2 : Bl : BO

omamooge | bit Symbol | IDRQ2* : IDRQ1* : IDRQO* i IDRQE* ; DAI* i DAO* i SA1*  SAO*
Read/Write RW H

Afterreset| 0 ¢ o0 :{ o { o ! o : o o i o

[Specifies internal /0 and DREQ connection :Specifies Sets update‘ method  Sets update mdethod

) |000: Requests at SIO0 send end (by pulse) H

Function [001: Requests at SIO0 receive en:{by level, specified by : fOF transfer source  ifor transfer source

released by SCOBUF read) eabove3 :00: Fixed mode :address

1010: Requests at SIO1 send end (by pulse) ‘bits and DREQ:01: Increment mode  :00: Fixed mode

O e :,i'f;d"by";"c',;‘c,d, read) 10: Decrementmode (01: Increment mode
connect :11: /O mode 10: Decrement mode

internal (2 bytes, repeated :11: /O mode

100: Requests at A/D conversion end (by
level, released by ADREGOAH read)
101: Requests at 8-bit timer 0 time out (by

pulse) DREQ access) i (2bytes, repeated
110: Requests to8-bit PWM timer 2 time Connect i access)
out (by pulse) internal H
111: Requests at 16-bit timer 4 time out ( 10 to
puise) DREQ
Sets update method for transfer source
s
00 | Fixed mode
01_|Increment mode
10 _| Decrement mode
11 | /O mode (2 bytes, rep d access)
Sets update method for transfer source
address
00 | Fixed mode
01_}Increment mode
10_| Decrement mode
11_| /O mode (2 bytes, repeated access)
pecifies internal I/O specified by the above 3
0 | Does not connect internal I/O to DREQ
[ 1 [Connectinternal I/0 to DREQ
Specifies i | /O DREQ connection (Note)
B7 B6 BS |Specifiesinternal I/0 and DREQ connection Internal DACK
0 0 O | Requests at 5100 send end (by pulse) Yes
0 0 1| Requests at SIO0 receive end (by level, released by SCOBUF read) Yes
0 1 0 at SI01 send end (by pulse) Yes
0 1 1 | Requests at SIO1 receive end (by level, released by SC1BUF read) Yes
1 0 0 | Requests at A/D conversion end (by level, released by ADREGO4H read) Yes
1 0 1 q at 8-bit timer 0 time out (by pulse) No
1 1 0 at 8-bit PWM timer 2 time out (by pulse) No
1 1 1| Requests at 16-bit timer 4 time out (by pulse) No

(Note) For arequest by puise, set the LV* bitin the DMAMODA* register to 1 ; for a request by level, to 0.
Since DACK for A/D conversion end is connected to CHO, use CHO for DMA transfer.
ANO and AN4 of A/D converter, use ANO or AN4 for DMA transfer . (selectable using ADBS register)
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@)

Command Register, Common to All Channels

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

DMACR*

tion, or software request.

B7 | 86 85 B4 83 B2  B1 : B0
bit Symbol MTr e IEP* IER* MAT* RLD* DSREQ* DMAEN*
Read/Write RW i
After reset [ 0 o : 0 [ o i o
Sets interrupt enable/disable for the interrupt -‘:30“:'"‘5'2’ h:ﬂ’;"‘b':’ "“‘3“‘? Sets DMA
1§ H :disable match disable auto :transfer H
Function [source specified by each bit. idetect imtialization isoftware 4 istart
ibetween  D:Disables  0:Doesnot :0: Disables
I0: Disable :MA transfer: auto- ! request DMA
. idata and data: initialization, DMA
1 Enable inmatch  f:Enables | transferby : Start
iregister i auto i software nables
B7: Datamatch i0: Oisables : initiahizationil:Requests DMAE
: . i omatch : DMA
B6: Terminal count D detect | wansterby | Start
B85: Compulsory stop 1: Enables : software
B4: Error request i match :
detect
Sets DMA START
[0 TpDisablesDMAstart |
[__1_[Enables DMAE start |
Sets DMA transfer by soft ware

[0 TDoes not request DMA transfer by software |

[l

| Requests DMA transfer by software

> Sets

ble/disable auto initiali 1 (Note)
[ o ]Disables aut iali
|1 _[Enables aut ]

Sets enable/ disable match detect between
DMA transfer data an inm register

0 [ Disables match detect

1| Enables match detect

]

Sets interrupt enable/disable
for thei pt source

specified by each bit.

[ o Tpisable

L1 _|Enable

L1

(Note) When auto-initialization s set, start of auto-initiahzation can be selected depending on the interrupt source. (More than

one interrupt source can be specified)

For interrupt source for which auto-initialization is enabled, to disable interrupts, sets Os in bits 7 to 4 in the DMACR* ;
for interrupt source for which auto-initialization is disabled, to enable interrupts, set 1s
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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.

B7 B6 B5 B4 83 B2 B1 BO
DMACR* | bit Symbol EN* EOP* MAT* T ERR*
Read/Write RW ;
After reset o i o | o 0 o i o i o0 0
H Displays  :Displays whether DMA transfer Displays
Function iwhether istop source is generated iwhether
DMA sstart : ‘error is
sourceis 0 Stop source not generated igenerated
i0: Error
11 Stop source generated i not
generat
ed
1: Error
. generat
i ed
* (Write function is abailable only in bit clear mode) l
Displays whether error is
generated

[0 JpisablesDMAstart |
[[_[Enable DMAE start |

Displays whether DMA transfer

stop source is generated
[0 Tstop source not generated |
|3 Tstop source generated

Displays

DMA start
source is held

0_| Error not generated ]
1 [Errorgenerated |

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

(a) Initial setting

LD sP
MAX

L0 (BICSL ),
) (BICSH ),
) (P4CR ),
LD (P4FC ),
LD (P10CR ),
Lo (P10FC ),
L0 (P11CR ),
LD (P11FC ),
) (INTOMAO),
EI 6

0200H Sets stack pointer to 200H
Sets maximum mode
93H CS/CAS ENABLE, 8bit Bus & 0 wait
00H Addresses 100H to 7FFFH
1FH output set
1FH CS/CAS set
02H output set
03H DACKO, DREQO set
10H output set
1FH TORD, IOWR, TC EOP, AEN set
06H Sets DMAC ch0 interrupt request level to 6

Sets CPU interrupt receive level to6

(b) Single address transfer start at completion of SIO0Tx

MSB
7

DMASAAD « X
DMASABO « X
DMASACO « X
DMACTA0 «
DMACTBO «
DMAMAAQ  «
DMAMABO  «
DMAMODEAO«

DMAMODEBO« 0
DMACRO  « X

-3 DX 3 XX M X X O
© X X > X X > X O,
O > > > X X > > &

> o

> o

-

Ll T S S )
O3 3 > X X X X N
O 3 > > X X >X X

>x o

LSB

Sets transfer source address

Sets number of transfers

} Sets data to be mached

Pulse detect, transfer source : 8 bits — transfer destination
: 8 bits, memory — /0, single address transfer, byte mode
Requests at completion of SI00Tx

Does not set software request

0
X
X
X
X
X
X
X
0

[N
>x o
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(c) Single address transfer at completion of A/D conversion and continue mode start

MSB LS8

76543210
DMADAAD « X X X X X X X X
DMADABO « X X X X X X X X Sets transfer source address
DMADACO « X X X X X X X X
OMACTA0 « 00000010 }Sets number of transfers to 2
DMACTBO « 00000000
DMAMAAD « X X X X X X X X }Setsdatatobematched
DMAMABO « X X X X X X X X
DMAMODEAO+- X 0 0 0 0 1 0 1 Level detect, transfer source : 8 bits — transfer destination :

8 bits, I/0 — memory, single address transfer, continue mode

DMAMODEBO- 1 0 0 1 000 1 Requests at completion of A/D conversion

DMACRO ¢ X X X X X X 0 X Does not set software request

(d) Dual address transfer at completion of A/D conversion and continue mode start
(update method : /0O mode)

MSB LSB
76543210

DMASAA0 « 01100000

DMASABO « 00000000 }SetsA/D register address

DMASACO « 00000000

DMADAAD « X X X X X X X X

DMADABO « X X X X X X X X }Setstransferdestination address

DMADACO « X X X X X X X X

DMACTAO « 00000010 }Se(s number of transfers to 2. (Even number must be set

DMACTBO « 00000000 because ADREGO4L and ADREGO4H must be read in two
bytes.)

DMAMARD « X X X X X X X }Setsdata to be matched

DMAMABD « X X X X X X X

DMAMODEAO+ X 0 0 0 X 0 O Level detect, transfer source : 8 bits — transfer destination : 8
bits, dual address transfer, continue mode

DMAMODEBO« 1 0 0 1 X X 1 1 Requests at completion of A/D conversion. Transfer source :
1/0 mode

DMACRO ¢ X X X XX X0 X Does not set software request
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(e) 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

MSB

DMASAAD « X
DMASABO « X
DMASACO « X
DMADAAO « 0
DMADABO « 0
DMADACO « 0
DMACTA0 « X
DMACTBO « X
DMAMAAOD  « X
DMAMABO « X
DMAMODEAO+ X

DMAMODEBO+«

-

DMACRO ~ « X

Note : In this case, CS at the transfer source must be set to 16 bits.

LSB
6543210
XXXXXXX
XXXXXXX }Setstransfersource address
XXXXXXX
0110000
0000000 }Sets timer register address
0000000
XXXXXXX }Setsnumberoftransfers
XXXXXXX
KX XX XXX }Setsdata to be matched
XXXXXXX
111X000 Pulse detect, transfer source : 16 bits — transfer destination :

8 bits, byte mode

1111101 Starts at 16-bit timer 4 time out.

Transfer source : /O mode
Transfer destination : increment mode

XXXXX0X Does not set software request

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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DMA Cycle Timing state dummy cycle may insert to bus cycle.
When bus cycle return to CPU cycle from DMA cycle, 2

DREQ timing, common to single and dual address transfers

A A A A A A A A A AT AT

ak _ XXX ) G G G B B N BB

Busa Y cu | cPy X _ccu X oma  Xomaiceu X ( ):inbyte
mode
susB X cu [ CPU X v v X oma X ]
ORED 1
A B -
DACK \ 5 Omitted in byte
mode
AEN fouerenn. ; ]
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DREQ release : _single address transfer, byte mode
I N N N R W W W W AW AW AW AW

ak A XX _ XX IX ) SN (D G G N BB 6

BusA S oma J cu ) DMA X v X v f cpu feru
BusB S oma X cu [ DM, X ceu X oma X e Jeru
o \
DR [...;

AT

TC I \ T
DREQ release : _single address transfer, demand and continue modes
N A aaY
CLK X X X X A ) D O O D O O |
Busa _X _oma J oma X DMA X v X cru X cru Xcru
Bus8 X oma S oma [ _DMA Y oma X cu X cu Ycru
,:::f:t‘; Y oma ) £;MA ) & DMA Y oma Y oma ) oma ) cru
DREQ [...;
A 8
BK-C‘K I --------- J'
AEN R R
Tc —\ o peven
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X SN\

CLK

X

CLK

BUSA
Demand

mode BUSB

Continue mode
S

MCU900-614

DREQ release : _dual address transfer, byte mode

/B VY WY Y Y W VY WY Y

) S O O O | [ X ) S G O G O O
cPy DMA (RD) X _DMA (WR) X _eeu X ey X ceu X cpu
X v Yomarp X DMA(WR)\ _L_cru__ X oma(ro) X omawr) X
[

- \ / L
__f \ :

SAVY VYAV AN

DREQ release :

dual address transfer, demand and continue modes

YA VY LNV Y QWY [ WY J WY L WY Y W

X X X C X ) I G O D O D G
Y oma wr) | oma o) X DMA (WR) X v L ov v X
X oma wr) X oma ro) DMA (WR) X oma ro) Xomawr X__ceu X
Yomawr {omawo) | omawe) X oma (ro) Y oma wr) { oma ko) X omawr { ceu X
= —

mode
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End of process (EOP) : _single address transfer

A A A A S A AT ATATATATATAAS

ak XX XTIXXXXXFIIJ
BytemodeBUS A _J__oma X Py X oma X v X v N v )
oemand guse Y oma wr) ) OMA (RD) Xomawm X ceu X cru )

DREQ

oAk \___ [l L/

o S —

EOP

End of process (EOP) : _dual address transfer

M ANAWNL

CLK XX ) Sl ) SN G G D B
Byte mode BUSA _ J OMA(RD) X omawr) | X _cu X ceu L v [
oimand  BUS B J_oma wr) X DMA (RD) Xomawn X v L v X
DREQ
DACK \ o 8
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MATCH (second byte is used for match) : _single address transfer

G L Y VY WY/ Y Y W WY Y WY A WY

ak X X X X X X XX

—
BytemodeBUS A (J ceu X oma Y e X oma X v Y

oemand/ gysg X ceu X oma X oma X oma [ cu fcru
continue mode
DREQ  \
A

oack — \ [\ [
N e —\

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

LI [ VY VY WY WY A Y Y QAT A WY [ WY WY ALY Y

ak X X X X X X X X X X X _Xx_ X
Byte mode BUS A \':X cru_ Y oma(ro) [ omawr X cru_ X oma(ro) X oma(wr) X cru

oemand/ gysg [ cpu X omA(RD) X oma(wr) X oma(rp) K omawr) X cpu X cpu

continue mode

DREQ |
pAck — \ A[B———-\ reeeaas —
AEN r AB. .........

MCU900-616 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CO081F

Auto initialization (TC =1 or 2, match or no match) :

single address transfer

LI VY VY J WY Y A Y W WY VYA Y QWY QA WY WY

CLK i Gl D OB B N B B B D A A B BB
BREQ |,
Y
BytemodeBUS X ceu X oma [ cru ) X cu J oma ) Te=1,
no match
TC \ [\ [\
(mochameasanBUS X cru N_oma X _cru X X oma [ ceu ) TC=2,
first byte) match
detected in
TC first byte
demand/  Bys X' cpy X oma X cru [ X_cu X _oma ) TC=1
continue mode y
no match
TC / \ J \ I—\_ -
conmuamede BUS N cPu_ )| OwA DMA DMA DMA TC=2,
(match detected in match
festbyte) detected in
TC / \ /_-\_ first byte
e
cmmvemode  BUS _X__cru_X_oma Y oma ) Y cu  oma ) TC=2,
(match detected in match
first and second bytes) detected in
TC ’ \ furst and
= second bytes

Auto initialization (TC=1):

dual address transfer

LI [ WY WY WY VY WY QY QLY S VYA WY A WY A WY

CLK

) I G D B O

X

) D G O |

Byte mode BUS X

CPU rDMA(RD) x DMA (WR) l CPU ‘ DMA (RD) x DMA (WR) x

demand/ BUS x

cru X oma(ro) f oma (wr) X

X oma (o) { oma (wr) X

continue mode
DREQ —\4‘

TC

[\

[T\

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CO081F

TLCS-900 16-bit Microcontroller

Internal timing when an interrupt occurred

S AVAVAVAWAWAWAWAWAWAN
CLK X X Y Y
Sirtlvgalrfs?grd Bus ooy X DMA Y U Y
TC _____J
MATCH I |
eop__f
?r:?,ls?grd Brfjsff ) { DMA (RD) X DMA (WR) ) =
TC ’
MATCH |
EOP {
BUS cPy ) cPy X U
DREQ \,,
ERR ,

MCU900-618
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TLCS-900 16-bit Microcontroller

TMP96CO081F

Priority order when transferring in byte mode (D Rotate mode, @ Fixed mode)

DAEQD |\

DAEQT \_

DACKD /L

DACK1 \ T
AEN ' \ ' \

BUS @ cPu_ [CPUJomad(CPUYoma cPUY

BUS®@ CPU Y cPUJomad(CPU Yomag cPu X

T
\

Priority order when transferring in demand and continue mode
(Auto initialization ) Rotate, @ Fixed mode, when TC = 1)

o g

Y ) M el
(when dema’r:{ (@ when
-\V mode) Xemand mode)

DAEQO

DAEQT _-\ c(i?mv;::nmode)
DACKO v/ L

DACKi |

BUS® CcPU__ JCPUJomadbmad(cpuYomalf

BUS@ cPU__ ) cPU)omagbmaof CPUYomad

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CO081F TLCS-900 16-bit Microcontroller

Priority order between BUSRQ and DREQ when transferring in byte mode

o PP
NN A

BUSRQ

BASACK

DREQ

DACK

AEN

BUS A CPU  Jrrerercesensnsaisanisionnscnnsscenes DMA

BUSB [V { CPU YOMAY: - cevveranennnn

If BUSRQ and DREQ are generated at sampling, BUSRQ has the
priority over DREQ

MCU900-620 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller TMP96C081F

Priority order between BUSRQ and DREQ when transferring in demand or continue mode

ax X X X XX X
BUSRQ i( B ﬁ__—_
BASACK A [ ..
o - —

AEN / \

BUSA CPU  Jreccerececccncecenesscssanssnnasesns DMA

BUSB [TV { CPU Yoma\ oma }-----

End of transfer

Priority order between BUSRQ and other channel’s DREQ when transferring DMA

el el A
LK DF:X:X:

— :F_A‘\ ....... ke K d

BASACK \ o /

DREQD _ /[ \ \ \
DREQT
]

DACK
DACK1 _
AEN \ ’
BUSA omao X DMAO ) ZEERERR PP PP PP @
BUSB omao DMAOQ “YCPU) e OMA1

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-621




TMP96CO081F

TLCS-900 16-bit Microcontroller

4. Electrical Characteristics

4.1 Absolute Maximum (TMP96C081F)

Symbol Parameter Rating Unit
Vee Power Supply Voltage -05-~6.5 \
VIN Input Voltage 05~V +05 v
zI0L Output Current (total) 100 mA
ZI0H Output Current (total) -100 mA

PD Power Dissipation (Ta = 70°C) 600 mw

T SOLDER Soldering Temperature (10s) 260 °C
TS1G Storage Temperature -65 ~ 150 C
TOPR Operating Temperature 20-~70 c

MCU900-622
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TLCS-900 16-bit Microcontroller TMP96CO081F
4.2 DC Characteristics (TMP96C081F) . .
Vee =5V +10%, Ta=-20 ~ 70 C (Typical values are for Ta = 25 C and V¢ = 5V)
Symbol Parameter Min Max Unit Test Condition

ViL Input Low Voltage (AD0-15) -0.3 08 v
Vitt P2, P3, P4, P5, P6, P7, P8, P9, PA, PB -03 0.3Vge Vv
ViL2 RESET, NMI, INTO (P87) 03 025V, v
ViL3 AMB8/T6 03 03 v
ViL4 X1 -0.3 0.2V¢, \
VIH Input High Voltage (ADO- 15) 22 Ve +0.3 v
VIH1 P2, P3, P4, P5, P6, P7, P8, P9, PA, PB 0.7V Ve +0.3 v
VIH2 RESET, NMI, INTO (P87) 0.75Vge Ve +03 v
VIH3 AMB8/T6 Ve -03 Ve +03 v
VIH4 X1 0.8V, Ve +03 v
VoL Output Low Voltage 045 V | I0L=16mA
V OH Output High Voltage 24 V | IOH=-400pA
V OH1 0.75V; V | 10H=-100pA
V OH2 0.9V, V |I10H=-20pA
LU ot iy 10 35 | ™ el
ILI Input Leakage Current 002 (Typ) s pA 00< Vin <V
L0 Output Leakage Current 0.05 (Typ) +0 PA 1025V SV -02

%;ieEratlng Current (RUN) 2 (TyD) ?g m fosc = 16MHz
oo STOP (Ta = -20 - 70°C) o gggg 50 WA {025V, SV -02

STOP (Ta= 0~ 50°C) ’ 10 A 022V <V -02
e | o | v |
RRST RESET Pull Up Register 50 150 )
cio Pin Capacitance | ' 10 pF | tosc = TMHz
VH %n%ﬂ - (p87) 04 10(Typ) v
RK Pull Down/Up Register 50 150 KQ

Note: |-DAR is guaranteed for a total of up to 8 ports.
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-623




TMP96CO081F

TLCS-900 16-bit Microcontroller

4.3 AC Electrical Characteristics (TMP96CO081F) V.. = 5V+10%, Ta=-20 ~ 70°C (4MHz ~ 20MHz)

Variable 16MHz 20MHz
No. Symbol Parameter Unit
Min Max Min Max Min Max

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

2 tax | CLKwidth 2x-40 85 60 ns

3 tak A0 - 23 Valid—CLK Hold 0.5x-20 1 5 ns

4 ta CLK Valid—A0 - 23 Hold 15%-70 24 ns

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

6 ta ALE fall—A0 - 15 Hold 0.5¢-15 16 10 ns

7 t ALE High width x-40 23 10 ns

8 te ALE fall—RD/WR fall 0.5x-30 1 -5 ns

9 toL RD/WR rise—ALE rise 0.5x-20 11 5 ns
10 tac. | AD- 15 Valid—RD/WR fall x-25 38 % ns
11 tach | AO-23 Valid—RD/WR fall 1.5%- 50 44 % ns
12 tcx | RDWRTrise—AO - 23 Hold 0.5x-20 1 5 ns
13 to. | AO-15Valid—D0 - 15 input 30x-45 143 105 ns
14|ty | AO-23Valid—D0- 15 input 3.5x-65 154 110 ns
15 to RD fall—D0 - 15 input 2.0x - 50 75 50 ns
16 the RD Low width 2.0x- 40 85 60 ns
17 i RD rise—D0 - 15 Hold 0 0 0 ns
18 thae RD rise—A0 - 15 output x-15 48 35 ns
19 tww WR Low width 2.0x-40 85 60 ns
20 tow DO - 15 Valid—WR rise 2.0x- 50 75 50 ns
21 twp WR rise—DO0 - 15 Hold 0.5x-10 21 15 ns
2 e | AO-23Valid—WAIT input (IWAIT + n mode) 35x-90 129 85 ns
2| taww | AO-15Valid—WAIT input (IWAIT + n mode) 3.0x-80 108 70 ns
24 tew RD/WR fall>WAIT Hold (IWAIT + n mode) 2.0x+0 125 100 ns
25|  tapy | AO-23Valid—PORT input 25x-120 80 36 ns
26| tpnp | AO-23Valid—PORT Hold 2.5+ 50 206 175 ns
27 tp WR rise—PORT Valid 200 200 200 ns
28| taw | AO-23Valid—RAS fall 1.0x- 40 23 10 ns
29| tagm | AO-15Valid—RAS fall 0.5x-15 16 10 ns
30 tac | RASfall»D0 - 15 input 25x-70 130 86 ns
31 tray RAS fall—A0 - 15 Hold 05x-15 16 10 ns
32 tas | RAS Low width 20x-40 85 60 ns
33 tap RAS High width 2.0x- 40 85 60 ns
34 thst | CASfall>RAS rise 1.0x-35 28 15 ns
35| tasc | RAStise—CASrise 0.5x-25 6 0 ns
36| thep | RASfall-CAS fall 1.0x- 40 3 10 ns
37 tcac | CAS fall—DO - 15 input 1.5x-65 2 10 ns
38 toas CAS Low width 1.5x-30 64 45 ns

AC Measuring Conditions
e Qutput Level: High 2.2V

* Input Level: High 2.4V

/Low 0.8V, CLS0pF o _
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2)
/Low 0.45V (ADO ~ AD15)

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

MCUS00-624
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TLCS-900 16-bit Microcontroller TMP96CO081F
(1) Read Cycle
~—tosc—*
4
" \ \ \ \_/
tck |
'S X
X
~tak ! ! tKA
A0~23 }‘ $<:
X '
cso~4 N a
N 4
RW A \
_/ TAWH tew—]
WAIT
Portinput = =f= == : ==
~—tASRH—> —tpp
AL tRSH T e
RAS N~ tRAS ™7/ |~
‘ASRL; ] tRAC—+ tRsC
N T | tcas—
CAS0~4 ~—trcp~H—N—tcac M
tADH ~tcA—
L * =\ 1~
RD tACH : tRR Y tRAE—™]
[—tacL—" K tHR
Lt : ‘RgL
- H A
ADO~15 o fmme _g AD~15 ————————— —Z DO~15 >-—-
: ~taL ™| [~tia— :
: I“QCL—"EP_
AL ZV 3 {
E e (T e |
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TMP96CO81F

TLCS-900 16-bit Microcontroller

(2) Write Cycle

X1

CLK
A0~23

¢s0~4

ALE

MCU900-626

)

tcp

tww

\DW

D0O~15
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TLCS-900 16-bit Microcontroller TMP96CO081F
4.3.2 Serial Channel Timing - I/O Interface Mode
Voo =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 1 5 ns
2 tko CLK valid—DACK hold 1.5x-70 24 5 ns
3 taek AEN valid—CLK hold 0.5x-20 1 5 ns
4 tkae CLK valid—AEN hold 1.5x-70 24 5 ns
5 e ALE fall—IORD/IOWR fall 0.5x-30 1 5 ns
6 ok TORD/IOWR rise—ALE rise 0.5x-20 11 5 ns
7 o AO - 15 valid—IORD/IOWR fall x-25 38 25 ns
8 tk | AO- 23 valid—TORD/IOWR fall 15x-20 4 25 ns
9 tae | IORD/OWR rise—AO - 23 hold 0.5x-20 1 5 ns
10 tic 10RD fall—DO0 - 15 input 2.0x-50 75 50 ns
1 tiacL IOWR low—spulse width 2.0x- 40 85 60 ns
12 tacy | IORD rise—DO - 15 hold 0 0 0 ns
13 trae | IORD fall—A0 - 15 output x-15 48 35 ns
14 tww | IOWR low—pulse width 2.0x- 40 85 60 ns
AC Measuring Conditions
« Qutput Level: High2.2v  /Low 0.8V, CL50pF
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, IORD, IOWR, CLK, AEN, DACKO ~ DACK3)
* Input Level: High2.4Vv  /Low0.45V (ADO ~ AD15)
High 0.8Vce /Low 0.2Vcce (Except for ADO ~ AD15)
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCUS900-627
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TLCS-900 16-bit Microcontroller

(1) DMA Cycle

X1

CLK
A0~23

¢so~2

AEN

WAIT

a8

ADO~15

ALE

MCU900-628

X C
_;;\“tDK—“ tKD !/"‘
_/ ~tAEK> tKAE “\_
|<tica—
= —
YACH ACL ny YRR = / YRAE™
|<-t“_c—> : tRD tiHR
----- L A0~15  >--e—-e-e- DO~15 [--
\ . I"tlcr*

1
HMVVVY

Y T

D0~15
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TLCS-900 16-bit Microcontroller TMP96C081F
4.4 A/D Conversion Characteristics (TMP96C081F)
Vee=5V+10% TA=-20 ~ 70°C
Symbol Parameter Min Typ Max Unit
Vier Analog reference voltage Vee-15 Vee Vee
Asnp Analog reference voltage Vss Vss Vs v
Van Analog input voltage range Ves Vee
lper Analog current for analog reference voltage 05 15 mA
Total error 40
Error (TA=25°C, Vi = Vper = 5.0V) ’
(Quantize error of
105 LSB not include) | 2 & 50 LS8
4.5 Serial Channel Timing - I/O Interface Mode
Vee =5V+10% TA = -20 ~ 70°C
(1) SCLK Input Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle 16x 1 0.8 [
toss Output Data—rising edge of SCLK tscy/2 - 5% - 50 137 100 ns
toHs SCLK rising edge—output data hold 5x-100 212 150 ns
tusr SCLK rising edge—sinput data hold 0 0 0 ns
tsro SCLK rising edge—effective data input tsoy - 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 08 409.6 us
toss Output Data—rising edge of SCLK tsoy - 2x - 150 725 550 ns
tous SCLK rising edge—output data hold 2-80 45 20 ns
thsr SCLK rising edge—input data hold 0 0 0 ns
tspo SCLK rising edge—effective data input tsoy - 2x- 150 725 550 ns
4.6 Timer/Counter Input Clock (T10, Ti4, TI5, Ti6, TI7)
Voo =5V+10% TA = -20 ~ 70°C
Variable 16MHz 20MHz .
Symbol Parameter Unit
Min Max Min Max Min Max
tvck Clock cycle 8x +100 600 500 ns
tyckL Low level clock pulse width 4x+40 290 240 ns
tyckH High level clock pufse width 4x + 40 290 240 ns
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-629




TMP96CO081F

TLCS-900 16-bit Microcontroller

4.7 Interrupt Operation

Ve = 5V+10% Ta = -20 ~ 70°C

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tiNTAL NMI, INTO Low level pulse width 4x 250 200 ns
tinTAH NMI, INTO High level pulse width 4x 250 200 ns
tinTaL INT4 ~ INT7 Low level pulse width 8x +100 600 500 ns
tinteH INT4 ~ INT7 High level pulse width 8x +100 600 500 ns
MCU900-630 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TLCS-900 16-bit Microcontroller

TMP96CO081F

4.8 Timing Chart for I/0 Interface Mode

cLK I P R A B

' toss tOHs|
OUTPUT DATA I~
TxD
¢ X 1 X : X : X
tsrD I | tHsr
INPUT DATA 1

RxD X VAUD)<

X vaup X X vaup X X vaup )C
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TMP96CO081F TLCS-900 16-bit Microcontroller

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

{Note 1)
ac o X3E X X3 X KA
|l teRC = t8rC
BUSRQ
_\LA 45 iy / teaan
BUSAK e 3 —
A 4% /]
taBA ‘_LBAA

ADO~AD1S % SRR ¢ SRS <
A16~A23 SS \ qqMNoted /‘_

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tare BUSRQ setup time for CLK 120 120 120 ns
[ CLK—BUSAK falling edge 1.5x+120 245 220 ns
toaan CLK—BUSAK rising edge 0.5x + 40 n 65 ns
tasa Floating time to BUSAK fall 0 80 0 80 0 80 ns
taaa Floating time to BUSAK rise 0 80 0 80 0 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle.
Note 2: The built-in programmable pull-down register is always provided.
Note 3: The built-in programmable pull-up register is always provided.
Although CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release.
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TMP96CO081F

4.10 DMAC
Variable 16MHz 20MHz
Number Symbol Parameter Unit
Min Max Min | Max | Min | Max

1 toRw DREQ low—Pulse width (input) 2 250 100 ns

2 toRc CLK valid—DREQ fall (input) 80 ns

3 tocH CLK valid—DREQ rise (input) 0 0 ns

4 toorc | DREQ fall (input)—CLK valid 0 0 ns
(Receiving DREQ in demand mode)

5 toocH CLK valid—DREQ rise (input) 0 0 ns
(Receiving DREQ in demand mode)

6 tooaH DREQ rise (input)—CLK valid 0 0 ns
(Canceling DREQ in demand mode)

7 tonac CLK valid—DREQ high hold (input) 0 0 ns
(Canceling DREQ in demand mode)

8 tar CLK valid—TC rise (output) x-25 38 25 ns

9 trg CLK valid—TC fall (output) 1.5x-70 24 5 ns

10 teoc CLK valid—EOP fall (input) 40 40 ns

11 teow | CLK valid—EQP rise (input) 0 0 ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-633
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TLCS-900 16-bit Microcontroller

4.10 DMA Timing Chart
o L
(- T~ T~ |
LK 4 X ) & ) & C
ALE \ \ \ [
ADO-15 X DMA cycle )
torw
DREQU-3 (pulse tooQH tooqc
torc DCH_ | - e S
DREQ (level) AT
“toore e tD;;H
DACKO-3
AEN
ORD | W S i
TOWR e \_'_T'?x_/_ i
TC teoc L
- = ol
FoP y o
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TMP96CO081F

(SFR; Special Function Register)

5. Table of Special Function Registers

The special function registers (SFRs) include the I/0 ports
and peripheral control registers allocated to the 128-byte
addresses from 000000H to 00007 FH.

Configuration of the table

(1) /O port

(2) VO port control

(3) Timer control

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

(7) A/D converter control

(8) Interrupt control

(9) Chip Select/Wait Control

Symbol Name

Address

7 N/ 1:0
I > bit Symbol
I\ ~Read / Write
n : ~+Initial value afrer reset
J/ : -+Remarks

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

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

Address Address Name Address Name Address Name

000000H 20H | TRUN 40H | TREG6L 60H | ADREGOL
1H 21H 41H | TREG6H 61H | ADREGOH
2H 22H | TREGO 42H | TREG7L 62H | ADREG1L
3H 23H | TREG1 43H | TREGTH 63H | ADREG1H
4H 24H | TMOD 44H | CAP3L 64H | ADREG2L
5H 25H | TFFCR 45H | CAP3H 65H | ADREG2H
6H | P2 26H | TREG2 46H | CAPAL 66H | ADREG3L
TH| P3 27H | TREG3 47H | CAP4H 67H | ADREG3H
8H | P2CR 28H | POMOD 48H | TSMOD 68H | BOCSL
9H | P2FC 29H | PIMOD 49H | T5FFCR 69H | BICSH
AH | P3CR 2AH | PFFCR - 4AH | B4CSL 6AH | BICSL
BH | P3FC 2BH 4BH | B4CSH 6BH | BICSH
CH | P4 2CH 4CH | PGOREG 6CH | B2CSL
DH | P5 2DH 4DH | PG1REG 6DH | B2CSH
EH | P4CR 2EH 4EH | PGO1CR 6EH | B3CSL
FH 2FH 4FH 6FH | B3CSH
10H | P4FC 30H | TREGAL 50H | SCOBUF 70H | INTEOAD
11H 31H | TREG4H 51H | SCOCR 71H | INTE45
12H | P6 32H | TREG5L 52H | SCOMOD 72H | INTE67
13H | P7 33H | TREGSH 53H | BROCR 73H | INTET10
14H | P6CR 34H | CAPIL 54H | SC1BUF 74H | INTEPW10
15H | P7CR 35H | CAP1H 55H | SC1CR 75H | INTET54
16H | P6FC 36H | CAP2L 56H | SCIMOD 76H | INTET76
17H | PTFC 37H | CAP2H 57H | BR1CR 77H | INTESO
18H | P8 38H | TAMOD 58H | ODE 78H | INTESt
19H | P9 39H | TFFACR 59H 79H [ INTDMAO
1AH | P8CR 3AH | T45CR 5AH 7AH | INTDMA1
1BH | P9CR 3BH 5BH 7BH | IMC
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

MCU900-636
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TLCS-900 16-bit Microcontroller

TMP96CO081F

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

Address Name Address Name Address Name Address | Name
000080H | DMASAAD AOH | DMASAA2 COH EOH
81H | DMASABO A1H | DMASAB2 C1H EtH
82H | DMASACO A2H | DMASAC2 C2H E2H
83H A3H C3H E3H
84H | DMADAAD A4H | DMADAA2 C4H E4H
85H | DMADABO ASH | DMADAB2 C5H E5H
86H | DMADACO A6H | DMADAC2 C6H E6H
87H ATH C7H E7H
88H | DMACTAO A8H | DMACTA2 C8H E8H
89H | DMACTBO A9H | DMACTB2 C9H E9H
8AH | DMAMAAD AAH | DMAMAA2 CAH EAH
8BH | DMAMABO ABH | DMAMAB?2 CBH EBH
8CH | DMAMODEAO ACH | DMAMODEA2 CCH ECH
8DH | DMAMODEBO ADH | DMAMODEB2 CDH EDH
8EH | DMACRO AEH | DMACR2 CEH EEH
8FH | DMASTO AFH | DMAST2 CFH EFH
90H | DMASAAT BOH | DMASAA3 DOH FOH
91H | DMASAB1 B1H | DMASAB3 D1H FiH
92H | DMASAC1 B2H | DMASAC3 D2H F2H
93H B3H D3H F3H
94H | DMADAA1 B4H | DMADAA3 D4H F4H
95H | DMADAB1 B5H | DMADAB3 D5H F5H
96H | DMADAC1 B6H | DMADAC3 D6H F6H
97H B7H D7H F7H
98H | DMACTA1 B8H | DMACTA3 D8H F8H
99H | DMACTB1 B9H | DMACTB3 D9H F9H
9AH | DMAMAA1 BAH | DMAMAA3 DAH FAH
9BH | DMAMAB1 BBH | DMAMAB3 DBH FBH
9CH | DMAMODEA1 BCH | DMAMODEA3 DCH FCH
9DH | DMAMODEB1 BDH | DMAMODEB3 DDH FDH
9EH | DMACR1 BEH | DMACR3 DEH FEH
9FH | DMAST1 BFH | DMAST3 DFH FFH
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-637




TMP96CO081F TLCS-900 16-bit Microcontroller

(1) /O Port (1/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P2t P20
P2 PORT2 06H R
Input mode
0 0 0 0 0 0 0 0
P37 P36 P35 P34 P33 P32 P31 P30
P3 PORT3 O7H R
Input mode
1 1 1 1 1 1 1 1
P44 P43 P42 P41 P40
RW
P4 PORT4 0CH e
0 1 1
P55 P54 P53 P52 P51 P50
P5 PORT5 0DH R
Input mode
P67 P66 P65 P4 P63 | P2 | Pl | PO
RW
P6 PORT6 12H erp—
1 1 1 1 1 1 1 1
P73 P72 P71 P70
RW
P7 PORT? 13H ot mode
1 1 1 1
P87 P86 P85 P84 P83 P82 P8t P8o
RW
P8 PORT8 18H oot mode
1 1 1 1 1 1 1 1
P95 P94 P93 P92 Po1 P90
RW
P9 PORTY 19H
Input mode
1 1] 1 1 1 1
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(1) 1/O Port (2/2)

Symbol Name Address 7 6 5 4 3 2 1 [1}
P107 P106 P105 P104 P103 P102 P101 P100
RW
PA PORT8 18H
Input mode
1 1 1 1 1 1 1 1
P117 P116 P115 P114 P113 P112 P11 P110
PB PORT9 19H W
Input mode
I I

Note:  Clearing the output latch register RDFC tgLO" 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 output only when the external address is accessed.

Either read or write is possible

Read/Write RW
R

w

(2) IO Port Control (1/3)

Prohibit RWM ;

Only read is possible
Only write is possible

Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction)

Symbol Name Address 7 6 5 4 3 2 1 0
P27C P26C P25C P24C P23C P22C P21C P20C
08H W
PICR PORT2
Control | (Prohibit o | o ] o ] o ] o [ o ] o [ 0
RMW) <<Refer to the “P2FC">>
ParF | P6F | PpsF | PdF | PBF | P2F [ PAF | PF
09H m
POFC PORT2
Function | (prohibit o [ o [ o [ o T o ] o [ o [ o0
RMW) P2FC/P2CR =00 IN, 01: OUT, 10 : A7 -0, 11: A23- 16
Pa7C | PsC | psC | Pac | PaC | PRC | [
OAH
w
Control (Prohibit o [ o [ o [ o [ o [ o | |
RMW) 0:IN1:0UT
PatF | PF [ PsF | P3| | pF | PF | P3OF
0BH w
PORT3
PaFe Function o 0 0 0 0 0 0 0
(Promibit ™" pORT | 0:PORT | 0:PORT | 0:PORT O:PORT [ 0:PORT [ 0:PORT
RMW) 1:RAS | 1:RW | 1:BUSAK | 1:BUSRQ 1:FWR | 1:WR 1:7D
P44C P43C P42C P41C P40C
OEH W
P4CR PORT4
Control (Prohibit o [ o [ o T o T o
RMW) 0:IN1:0UT
Pir | PasF | PoF | PatF [ PAOF
10H W
PAFC PORT4
Function (Prohibit 0 | 0 { 0 ] 0 ' 0
RMW) 0: PORT 1: CS/CAS
Note:  With the TMPI6C141/TMPI6C141A/TMPI6C041A, which requires an external ROM, PORTO functions as ADO to AD7; PORT1, AD8 to AD15; P30,

the RD signal; P31, the WR signal, regardless of the values set in POCR, P1CR, P1FC, P30F and P31F.
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TMP96C081F

TLCS-900 16-bit Microcontroller

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

Symbol Name Address 7 6 5 4 3 2 1 0
P67C P66C P65C P6AC P63C P62C P61C P60C
144
PECR PORT6 w
Control (Prohibit 0 0 0 0 o [ o [ o T o
RMW) 0:IN 1:0UT
prsc | prc | pric [ proc
PORT? o w
P7CR
Control (Prohibit 0 ] 0 1} | 0
RMW) ~0:IN 1:0uT
PTF Pe6F PG5F P64F Pk | PeF | PBIF [ PBOF
16H
PORTG w
P6FC
Function | (pronibit 0 0 0 0 o [ o [ o T o
RMW) 0:IN :0UT 0: PORT 1:PGO - OUT
PF | PTF | PIFF
PORT7 17 w
PTFC , 0 0 0
Function "
(Prohibit 0:PORT | O:PORT | 0:PORT
RMW) 1:703 1:702 1:701
P87C P86C P85C P84c Pe3c P82C P8IC P8OC
1AH
w
Control (Prohibit 0 0 o | o | o | o [ o ] o
RMW) 0:IN 1:0UT
PsC | Poac | pmc | Pec [ PIIC | P90C
1BH
w
PORTY
PICR
Control (Prohibit o | o ] o [ o | o ] o0
RMW) 0:IN 1:0UT
P86F P3F P82F
PORT 1CH w w w
pere Function » 0 0 0
(Prohibit 0: PORT 0:PORT | 0:PORT
RMW) 1:706 1:105 1:704
POSF PO3F PO2F PYOF
PORTo 1DH W w w w
POFC Function » 0 0 0 0
(Prohibit 0: PORT 0:PORT | 0:PORT 0: PORT
RMW) 1:SCLK1 1:T01 | 1:SCLKO 1:TxD0
PATC PAGC PASC PAAC PA3C PA2C PAIC PAOC
3CH W
PACR PORTA
Control (Prohibit 0 ' 0 I 0 L 0 r 0 | 0 l 0 I 0
RMW) 0:IN 1:0UT
| | | pear [ PeF | PRF | PBIF | PBIF
3DH W
PRCR PORTS -
Control | (Pronibit 1 | [ o [ o | | o | o
RMW) 0:IN 1:0UT

MCU900-640
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TLCS-900 16-bit Microcontroller TMP96C081F

(2) 1/0 Port Control (3/3)

Symbol Name Address 7 6 5 . 4 3 2 1 0
PA7F PAGF PASF PA4F PA3F PA2F PA1F PAOF
PORTA 3EH w
PAFC Function . 0 0 0 0 0 0 0
ﬁmb” 0:PORT | O:PORT | O:PORT | O:PORT | O:PORT | O:PORT | O:PORT | 0O:PORT
) 1:DACK3 | 1:DREQ3 1:DACK2 [ 1:DREQ2 | 1:DACK1 1:DREQ1 1:DACKO [ 1:DREQO
PB4F PB3F PB2F PB1F PBOF
PORTB 3 w
PBFC Function . 0 0 0 0 0 0 0
(Prohibit 0:PORT | O:PORT | O:PORT | O:PORT | O:PORT
RMW) 1:10WR 1:10RD 1:TC 1:EOP 1:AEN
(3) Timer Control (1/4)
Symbol Name Address 7 6 5 4 3 2 1 0
PRRUN T5RUN T4RUN P1RUN PORUN TIRUN TORUN
RW RW
N | e 20H 0 o [ o [ o [ o 0 0
Prescaler and Timer Run/Stop CONTROL
0: Stop and Clear
1: Run (Count up)
22H -
8bit Timer w
TREGO Register 0 (Prohibit -
RMW) Undefined
23H —
8bit Timer M
TREGT Register 1 (Prohibit -
RMW) Undefined
TioMt | TioM0 | PwMM1 [ PWMMO [ TICLKI | TICLKO [ TOCLKI [ TOCLKD
8bit Ti 24H w
it Timer
TMOD | Source CLK 0 I 0 0 I 0 0 l 0 0 | 0
and MODE 00-: 8bit Timer 00: - 00: TOOTRG 00: TIO Input
(Prohibit 01 : 16bit Timer 01:25-1 PWM 01: ol 01: ¢T
RMW) 10: 8bit PPG 10:27 -1 10: ¢T16 10: ¢T4
11: 8bit PWM 11:28-1 11: ¢T256 11: ¢T16
DBEN | TFFICI | TFFICO | TRFIE | TFFIIS
RW W RW
8bit Timer 0 o | o 0 0
TFFCR Fé"’r;{'gf 25H 1: Double 00 Invert TFF1 1.TFF | 0: Inverted
ontr Buffer 01 Set TFF1 Invert by
Enable 10 : Clear TFF1 Enable Timer 0
11: Don't care
TREG2 | PWM Timer 26H (RYW (Can read double buffer values.)
Register 2 -
Undefined
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TMP96C081F TLCS-900 16-bit Microcontroller
(3) Timer Control (2/4)
Symbol |  Name Address 7 | 6 | 5 | 4 | 3 | 2 1 | 0
TREG3 P%mg?;' 2TH (RYW (Can read double buffer values.)
Undefined
FF2RD | DB2EN | PWMOINT | PWMOM | T2CLKI [ T2CLko | PWMOST | PWMOSO
R W
POMOD | PWMO MODE i ~ 0 0 0 0| o 0 | o
TFF2 output | 1:Double | 0: Overflow |0:PWM 00: @P1(fc/4) 00:26-1
N value Buffer Interrupt Mode 01: @P4(fc/16) 01:27-1
(Prohibit Enable | 1: Compare/ | 1:Timer 10 : ¢P16(1c/64) 10:28-1
RMW) Match Mode 11: Don't care 11: Don't care
Interrupt
FF3RD DB3EN PWM1INT PWM1IM T3CLK1 | T3CLKO PWM1S1 ] PWM1S0
R w
oo | pwnrivo 29H - 0 0 0 o [ o o [ o
. M DE TFF3 output | 1:Double | 0: Overflow | 0:PWM 00: ¢ P1(fc/4) 00:25-1
o value Buffer Interrupt Mode 01: ¢ P4(fc/16) 01:27-1
(Prohibit Enable | 1:Compare/ | 1: Timer 10 : ¢P16(fc/64) 10:28-1
RMW) Match Mode 11 : Don't care 11: Don't care
Interrupt
- FF3C1 FF3C0 FF3TRG1 FF3TRGO FF2C1 T FF2C0 FF2TRG1 I FF2TRGO
] RW W RW
0 0 o | o o [ o o [ o
PFFCR FIFi,[\)A-mp 2AH 00 : Don't care 00 : Prohibit TFF3 00 : Don't care 00 : Prohibit TFF2
Control 01:Set TFF3 Inverted 01: Set TFF2 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 _
16bit Timer (Prohibit
TREGAL Register 4L RMW) W_
Undefined
31H _
16bit Timer (Prohibit
TREG4H W
Register 4H RMW) -
Undefined
32H _
16bit Timer (Prohibit W
TREGSL Register 5L RMW) -
Undefined
33H _
16bit Timer (Prohibit
T
REGEH Register 5SH RMW) W.
Undefined
CApiL | Capture 34H R
Register 1L -
Undefined
CAPIH | _Capure H R
Register 1H % -
Undefined

MCU900-642
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(3) Timer Control (3/4)

Symbol | Name | Address 7 | 6 | 5 ] 4 L 3 | 2 | 1 [ 0
Capture
CAP2L Register 2L 36H R
Undefined
Capture
CAP2H Register 2H 37H R
Undefined
CAP2T5 | EQsT5 | CAPIN [ CAPI2MI | CAPI2MO | CLE | T4CLK1 | TACLKO
RW W RW
16bit Timer 4 o | o 0 o [ o 0 0 0
T4MOD Cslf)Kurced 38H TFF5 INV TRG 0: Soft- Capture Timing 1:UC4 Source Clock
MOS’E 0: TRG Disable Capture | 00: Disable Clear 00:T14
1: TRG Enable 1:Dontcare [ 01:T14 TT15 T Enable 01: ¢T1
10:T14 T T4 10: ¢T4
M:TFR T TFR 11:¢716
TFFSCT | TFRSCO | CAP2T4 | CAPIT4 | EQsT4 EQ4T4 | TFR4CT | TFF4CO
w RW w
16bit Timer 4
TAFFCR | Flip-flop 30H o [ o0 0o | o | o ]| o o [ o
Control 00 : Invert TFF5 TFF4 Invert Trigger 00 : Invert TFF4
01: Set TFF5 0: Trigger Disable 01: Set TFF4
10 : Clear TFF5 1 : Trigger Enable 10 : Clear TFF4
11: Don't care 11: Don't care
- PGIT PGOT | DB4EN
RW RW
0 0 0 | o
T45CR | T4, T5 Control 3AH PGTshil PGO shi © Doutle
Fix at “0" trigger trigger 'Buffer
0:Timer0,1 | O: Timer 0,1 Enable
1:Timer5 | 1:Timer 4
40H —
16bit Timer (Prohibit
TREGGL Register 6L RMW) W
Undefined
41H -
16bit Timer (Prohibit
TREGGH Register 6H RMW) W
Undefined
42H -
16bit Timer (Prohibit
TREGTL Register 6L RMW) W
Undefined
43H -
16bit Timer (Prohibit
TREGTH Register 6H RMW) i
Undefined
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TMP96CO081F

TLCS-900 16-bit Microcontroller

(3) Timer Control (4/4)
Symbol |  Name Address 7 6 | 5 L 4 ] 3 2 ( 1 ( 0
Capture
CAPSL Register 3L 4 R
Undefined
Capture
AP3H
CAP Register 3H 4o R
Undefined
Capture
P
CAPAL Register 4L 46H R
Undefined
Capture
CAP4H Register 4H 47H R
Undefined
CAP3IN CAP34M1 | CAP34MO CLE T5CLK1 T5CLKO
W RW
16bit Timer 5 0 o [ o 0 0 0
ToMOD CSLO;;C: f 48t 0: Soft- Capture Timing 1:UC5 Source Clock
MODE Capture 00 : Disable Clear 00:Ti6
1:Dontcae | 01:T16 T T17 T Enable 01: ¢
10:T16 T 116 { 10: ¢T4
1:TFF T TFF 119716
CAP4TE CAP3T6 |  EQ7T6 EQ6T6 TFF6C1 | TFF6CO
RW W
16bit Timer 5 0 0 0 0 0 0
T5FFCR Flip-flop 49H |
Control TFF6 Invert Trigger 00 Invert TFF6
0: Trigger Disable 01: Set TFF6
1 : Trigger Enable 10 : Clear TFF6
11: Don't care
(4) Pattern Generator
Symbol Name Address 7 6 5 4 3 2 1 0
4ACH PG03 PGO2 PGO1 PG00 SA03 SA02 SAO1 SA00
PGOREG | PGO Register (Prohibit W RIW
RMW) 0 0 0 0 Undefined
4DH PG13 PG12 PG11 PG10 SA13 Sm2 [ sait [ sAl0
PGIREG | PG1Register | (Prohibit w RW
RMW) 0 0 0 0 Undefined
PAT1 ccwt PGIM PGITE PATO CCWo | PGOM | PGOTE
RW
4EH 0 0 0 0 0 0 0 0
PGO1CR | PGO, 1 Control 0 : Normal PG1 trigger 0 : Normal PGO trigger
0 : 8bit write Rotation | 0: 4bit Step | input 0 : 8bit write Rotation | 0: 4bit Step | input
1:4bitwrite | 1:Reverse | 1:8bitStep | enable 1:4bitwrite | 1:Reverse | 1:8bitStep | enable
Rotation 1:Enable Rotation 1:Enable

MCU900-644
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(5) Watch Dog Timer

Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
RW
Wo Watch D 1 0 0 0 0 0 0 0
- atch Dog -
MOD | Timer Mode 5CH 00: 2'%/1c Warming up Stapdby Mode 1: Connect |, .0
. 18 ) 00 : RUN Mode internally -
1:WDT 01:2"%¢c Time : the pin
1020 old 01: STOP Mode WDT out .
Enable 10:2%/fc 0:2"%c 10+ IDLE Mod . in STOP
11:22fc 1:2'8/ic +IDLE Mode pinto 1 Moge
) 11: Don't care Reset Pin
Watch Dog v_v
Timer
WDCR 5DH
Coqtrol Undefined
Register BIH : WDT Disable Code  4EH : WDT Clear Code
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TMP96CO081F

TLCS-900 16-bit Microcontroller

(6) Serial Channel (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
) RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TBS TB4 B3 TB2 TB1 TBO
SCOBUF C?&?;I 0 50 R (Receiving)/W (Transmission)
Undefined
RB8 BVEN [ PE OFRR | PERR | FERR R
Seril R RW R (Cleared to 0 by reading) RW
SCOCR | Chamel0 |  5tH 0 0 0 o [ o [ o0 0 0
el Recsivng | %ok |1:Paiy L Fixat 0" |Fixat'0"
data bit 8 1+ Even Enable Overrun Parity Framing
B8 CTSE RXE WU SM1 SMo SC1 SCo
RW
Serial 0 0 0 0 o | o o [ o
SCo-
MOD Ch&‘m 0 52H 00 : Unused 00 : TOO Trigger
Transmission | 1: CTS 1:Receive | 1:Wakeup 01 : UART 7bit 01 : Baud rate generator
data bit 8 Enable Enable Enable 10 : UART 8bit 10 : Internal clock ¢1
11 : UART 9bit 11: Don't care
- BROCK1 BROCKO BR053 | BR052 BR051 | BR050
RW RW
0 0 0 0 0 0 0
BROCR | P ace 53H l | | |
ontrol 00: @0 (fc/4) .
. Set frequency divisor
. 01: ¢t2 (fc/16)
Fixat"0 10: @8 (c/6d) or %hfmed)
11 :9432 (1¢/256) p
RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TBS TB4 TB3 B2 TB1 TBO
SC1BUF Ch;&?g‘ M R (Receiving)/W (Transmission)
Undefined
RBS EVEN PE OERR | PERR | FERR sclks | 10c
R RW R (Cleared to 0 by reading) RW
i 0 0 o [ o ] o 0 0
erial ;
SCICR | Channel 1 55H 1 Error
i 0: SCLKO
Contro Receiving ga‘rg)é d 1: Parity i 1:Input
data bit 8 1 Even Enable Overrun Parity Framing '(55*'-5’) SCLK1 pin
B8 - RXE wu SM1 SMO SC1 SCO
RW
SC1- Serial 0 0 0 0 0 0 o [ o
MOD C“ﬁ';’;‘;' ! S6H 00 /0 Interface 00 T00 Trigger
Transmission Fixat ‘0" 1:Receive | 1:Wakeup 01 : UART 7bit 01 : Baud rate generator
data bit 8 X Enable Enable 10 : UART 8-bit 10 Internal clock ¢1
11 : UART 9bit 11: Don't care

MCU900-646
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(6) Serial Channel (2/2)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Symbol Name Address 7 5 4 3 2 1 0
- BR1CK1 BR1CKO BR153 BR152 BR151 BR150
RW RW
0 0 0 0 0 0 0
BRICR | ool STH 0 a(] (tc/4) | |
: Set frequency divisor
- 01: ¢t2 (fc/16)
Fixat 0 10 918 (ic/64) o OF
11 432 (16/256) (“1” prohibited)
Z ODEt | ODEO
Special RW
0DE Open Drain 58H 0 0
Enable 1:P93 1:P90
Open-drain|  Open-drain
MCU900-647




TMP96CO081F

TLCS-900 16-bit Microcontroller

(7) A/D Converter Control (1/2)

MCU900-648

Symbol | Name | Address 7 6 : 5 P4 i3 : 2 : 1 )
EOCF ADBF REPET SCAN ADCS ADS ADCH1 i ADCHO
AID R i RW RW RIW : RIW.
Converter 0 : 0 H 0 0 : 0 0 : 0 ]
ADMOD Mode SEH 1: END i1:BUSY [1:Repeat: 1:Scan {1:Slow 1:START Analog input
Register : Mode Mode Mode Channel Select
Set Set : :
AD — — H — H —_ H — H — — ADCH2
ADCH |Control Rw
SFH H 0
Select T
Register : ;0:ANO-3
H i1:AN4~5
AID ADR041 _: ADR040 : i
AD Result 60H R
REGO4L|Register Undefined
CHO, 4 (L) Lower 2 bits of AD conversion result for ANO or AN4 are stored.
AD AD ADRO49 : ADR048 : ADR047 : ADRO46 : ADR045 : ADRO44 : ADR043 : ADR042
Result R
REGO4H Register 61H Undefined
CHO, 4(H) Upper 8 bits of AD conversion result for ANO or AN4 are stored.
AD ADR151 i ADR1S0 : : : :
AD Resxflt 62H R.
REG15L|Register Undefined
CH1,5(L) Lower 2 bits of AD conversion result for AN1 or ANS are stored.
AD ADR159 : ADR158 : ADRI57 : ADR1S6 : ADR155 : ADR154 : ADR153 i ADR152
[AD Result 63H R
REG15H| Register Undefined
CH1,5(H) Upper 8 bits of AD conversion result for AN1 or ANS are stored.
AD ADR21 _: ADR20 : : : : i
AD Result 64K R
REG2L| Register Undefined
CH2 (L) Lower 2 bits of AD conversion result for AN2 are stored.
AD ADR29 _ ADR28 ADR27  ADR26 : ADR25 : ADR24 : ADR23 : ADR22
AD Result 65H R
REG2H|Register Undefined
CH2 (H) Upper 8 bits of AD conversion result for AN2 are stored.
AD ADRO31 : ADRO30 : : ; H :
AD ReSl:lll 66H R.
REG3L|Register Undefined
CH3 (1) Lower 2 bits of AD conversion result for AN3 are stored.
A0 AD ADR039 : ADR038 : ADR037 : ADRO36 : ADR035 : ADR034 : ADR033 i ADR032
Result R
REG3H Register 67H Undefined
CH3 (H) Upper 8 bits of AD conversion result for AN3 are stored.
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(8) Interrupt Control (1/2)

Symbol | Name | Address 7 1 6 T s T 4 3 2 | 1+ T o
INTAD INTO
INTE- 'E'\g;’l'e“p' 70H IADC IADM2__IADM1__:_IADMO 10C oM2__©__Iom1 10M0
oap | PN | (pronibit [ Rw ™ RW W
RMW) 0 o o 0 0 0 o0 0
INTS INT4
NTEdS 'E'::l)'l':p‘ 71H 5C_ T ismz 5w 15M0 1aC M2 iam1 14M0
&s (Prohibit RW w RW w
RMW) o 0 o 0 0 0 o0 0
INT7 INT6
NTES? 'E'\:;;'I':m 72H i7C M2 TV 17M0 16C 6M2__: I6M1 16MO
67 (Prohibit RW W RW W
RMW) 0 0 0 0 0 0o o 0
INTerrupt INTT1 (Timer 1) INTTO (Timer 0)
INTET10| Enatle 7n [Tmc TIMZ_;_ITIM1 TIMO IToC ToM2_: IToM1 1ToM0
Timer 1/0 (Prohibit RW ] W RIW W
RMW) 0 o T o T o 0 0 [ 0
INTerrupt INTT3 (Timer 3/PWM1) . INTT2 ﬁmgr 2/PWMO) .
INTE. | T 7aH PWIC_L IPWIM2 | IPWIMI . IPWIMO | IPWOC_ IPWOM2 . IPWOM1 | IPWOMO
pwio | 282 | (prohibit [ Rw w RAW w
RMW) 0 0o o 0 0 0o o 0
INTerrupt INTTRS (TREGS) INTTRA (TREGA)
INTETS4 | Enotie 7sn [ imsc TSM2_: (T5M1 1T5MO ITac TaM2 ;. IT4M1 ITamo
Treg 5/4 (Prohibit RW w RW W
RMW) ) 0 0 0 0o 0 _ o
INTerrupt INTTR7 (TREG7) INTTRE (TREGE) __
INTET76 | Emare 7en [ 1m7c TIM2__E IT7MT IT7M0 IT6C 1T6M2__:IT6M1 IT6MO
Treg 7/6 (Prohibit RIW w RW W
RMW) 0 0. o0 0 0 0o o
INTerrupt INTTXO INTRXO
INTESO |Enable 770 [IXOC_ TTXOM2 I ITXOMT { ITXOMO | IRXOC [ IRXOM2 { IRXOM1 [ IRXOMO
oo | Pronibit [ RW w W w
RMW) 0 0 o 0 0 o1 o 0
INTerrupt INTTX] INTRX1 _
INTEs1 | Enabte 78i [IXIC_T mXiMz I (IXIMI L MXIMO | IRXIC | IRXIM2 i IRXIMI  IRXIMO
Serial 1 (Prohibit RW Y RW W
RMW) 0 0o o 0 0 o1 o 0
DMAT DMAO
INT- 'E":‘:'I'e“p‘ 79H iD1C iDIM2__|_IDIM]1 IDTMO 1DOC IDOM2__:_IDOM1 1DOMO
omao | S o | (rohibit [ RW w RIW w
RMW) 0o o0 o 0 0 0 o 0
INTerrupt DVA3 DVA2
T (T 7AH 1D3C iD3M2_._1D3M1___ID3MO 1D2C ID2M2_©_ID2M1__{_ID2MO
omat | e | ronibit [ RW W RW w
RMW) 0o o 0 0 0 0 0 0
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TMP96CO081F

TLCS-900 16-bit Microcontrolier

(8) Interrupt Control (2/2)

MCUS00-650

Symbol | _Name | Address 7 6 5 4 3 | 2 T 1 T 0
DMAO £#DMAQ start vector
DMAOV | request 7CH DMAOV8 | DMAOV7 i DMAOV6 : DMAOVS i DMAOV4
Vector (Prohibit ' W . ‘
RMW) 0 0 i 0o i o i o
DMA 1 i uDMM start vector ]
DMA1V | request 7DH DMA1V8 i DMA1V7 : DMA1IV6 : DMAIVS | DMA1V4
Vector (Prohibit W
RMW) (] 0 H 0 : 0 : 0
DMA 2 _ #DMA?2 start vector .
DMAV | request 7EH DMA2V8 | DMA2V7 : DMA2V6 | DMA2V5 | DMA2v4
Vector (Prohibit W
RMW) 0 0 : 0 : 0 : 0
DMA3 . uDMAJ start vector _
DMA3V | request 7FH DMA3V8 i DMA3V7 | DMA3V6 : DMA3VS i DMA3V4
Vector (Prohibit W
RMW) 0 ] 0 [) 0
10IE 10LE NMIREE
W W w
0 0 0
::teurlrupt 1: INTO 0: INTO 1: Operate
imc [P 78H input edge evenat
e enable mode NMi rise
Contorol 1 INT0 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 B7 86 BS B4 B3 B2 81 BO
BOCSL | BlockO 68H BOE BOSYS BOCAS B80BUS - BOW2 BOW1 BOW1
CSAWAIT w w w w w w w
Control 0 0 0 0 0 0 0
Register 1: CS/CAS |1: System |0: 0: 16 bit Wait Control
L } | 000: 2Wait
ow Enable Only /CS0 ' Bus 001: 1wait
1 1:8bit 010: 1Wait+n
ICASO Bus 011: OWait
100: 0~2 Wait
101: 0~1Wait

110: Reserved
111: Reserved

BOCSH |Block0 69H BOM3 BOM2 B8OM1 BOMO BOA3 B0A2 BOA1 BOAO
CS/WAIT 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 : 7FOOH~7FFFH
1:Mask Other : Compare A23~A20
B1CSL  {Block1 6AH BI1E B1SYS B1CAS B1BUS — B1W2 BIW1 B1WO
CS/WAIT w w w W w w w
Control 0 0 0 0 0 0 0
Register 1: CS/CAS | 1: System |0: 0: 16 bit Wait Control
000: 2Wait
Low Enable Only ) (1] o Bus 001: 1wait
1 1:8bit 010: 1Wait+n
ICAS1 Bus 011: OWait
100: 0~2Wait
101: 0~1Wait

110 : Reserved
111: Reserved
Reserved

B1CSH |Block1 68H B1M3 B81M2 B1M1 B1MO B1A3 B1A2 B1A1 B1A0
CS/WAIT 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 : 0080H~7FFFH
1: Mask Other : Compare A23~A20
B2CSL  |Block2 6CH B2E B2SYS B2CAS B2BUS _ B2w2 B2w1 B2W0
CS/WAIT w w w w w w w
Control 1 0 0 0 0 0 0
Register 1: CS/CAS | 1: System |0: 0: 16 bit Wait Control
000: 2Wait
Low Enable Only /€S2 ) Bus 001 1wait
1 1: 8 bit 010: 1Wait+n
ICAS2 Bus 011: OWait
100: 0~2Wait
101: 0~1Wait

110: Reserved
111: Reserved

B2CSH  |Block2 6DH B2mM3 B2M2 B2M1 B2M0 B2A3 B2A2 82A1 B2A0
CS/WAIT 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 : 8000H~3FFFFFH
1: Mask Other : Compare A23~A20
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-651




TMP96C081F TLCS-900 16-bit Microcontroller

(9) Chip Select/Wait Controller (2/2)

Symbol | Name | Address B7 86 BS B4 B3 82 81 :[1]
B3CSL  [Block3 6EH B3E B3sYS B3CAS B3BUS e B3w2 83wi B3w1
CS/WAIT w W w w w w w
Control 0 ] 0 0 0 [ 0
Register 1: CS/CAS [ 1: System |0: 0: 16 bit Wait Control
Lo 000: 2Wait
ow Enable Only } /CS3 o Bus 001: 1wait
I 1: 8 bit 010: 1Wait+n
1CAS3 Bus 011: 0Wait
100: 0~2Wait
101: 0~1Wait
110: Reserved
111: Reserved
B3CSH |Block3 6FH B3M3 B3Mm2 B3M1 B3MO B3A3 B3A2 B3A1 B3A0
CSIWAIT 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) Comparison
High 0 : Non-Mask 0000 : Address areas are not specified
1: Mask Other : Compare A23~A20
B4CSL  |Blockd 4AH B4E B4SYS B4CAS B4BUS - B4A2 B4A1 B4AO
CSIWAIT w w w w w w w
Control 0 0 0 0 0 0 []
Register 1: CS/CAS | 1: System |0: 0: 16 bit W%iao Conztwl
: ait
Low Enable Only ) /Cs4 ) Bus 001 1Wait
1 1:8bit 010: 1Wait+n
ICAS4 Bus 011: 0Wait
100: 0~2Wait
101: 0~1Wait
110: Reserved
111: Reserved
B4CSH  |Block4 4BH Bam3 B4M2 B8amM1 B84m0 B4A3 B4A2 B4A1 B4AO
CS/IWAIT w wW w w w w W w
Control 0 0 0 0 0 0 0 ]
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0 : Non-Mask 0000 : Address areas are not specified
1: Mask Other : Compare A23~A20
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TLCS-900 16-bit Microcontroller

TMP96CO081F

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]

The dedicated signal is described below.

 ADO ~ AD7, AD8 ~ 15, A8 ~ 15, P2 (A16 - 23, AD ~7)

vCC

Output Data ——— P-ch

Output Enable :‘D_l/ [« N-ch
STOP

Input Data ' W— 1 - _:(:j o
>0l N-ch ! Programmable
e 5 Pull Down

i Resistance
------------- + (only PORT2)

Input Enable

vcc

Output Data

STOP o

o P32 ~ 37, P40 ~ 41, P43 ~ 44

vCC

Output Data

frmmmmmommomnn , Programmable
1 VCC i Pull Up
Output Enable 1 -'—(>o-|' -
sTOP T [— ! i

Input Data ’_ﬂﬁ W EI Vo]

Input Enable

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

! Resistance

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 [DRIVE] is set to “1”, however, STP remains at “0”.

series ¢ The input protection resistor ranges from several tens of

’ ohms to several hundreds of ohms.

MCU900-653




TMP96C081F TLCS-900 16-bit Microcontroller

e P42 (CS2, CAS?)

vcc

[

Output Enable
sTor

Input Data W J AR - {Jvo
1 Programmable
¢ Pull Down
! Resistance

Output Data

Input Enable t-.--._ZZZ__.

* P5(ANO ~ 5)

Analog input _._.____Do__.l

channg! select

Analog input D Input

N
Input Data
Input Enable

e P87 (INTO)

vee

Output Data [‘i
Output Enable [«
STOP

Input Data ‘—OQ_I_(’@' Wy Jlj o
Schmitt
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TLCS-900 16-bit Microcontroller TMP96C081F

e P90 (TXDO), P93 (TXD1)

vce
Output Data
Open Drain

Enable -
STOP

Input Data <———o<]—oC(:‘_W"’— —Jwo
Input Enable
o PO6 (XT1), P97 (XT2)
clock
Input Enable

Joscillator
Input Data 3
-] P97(xT2)
Output Data :gj__‘ -
Output Enable

P X <
Input Enable

Input Data |

Output Data :3:)__‘ 1
Output Enable i ..................

sTOP FD.‘
low frequency

oscillation enable

{1 P96 (XT1)

NMI o< ——W——————{ ] Input

Schmitt
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TMP96CO081F TLCS-900 16-bit Microcontroller

e WDTOUT

WDTOUT >o—1> —] out

e CLK

Output Enable ———m —— vcC vCC

internal CLK { P‘Ch% _‘;
{7 out
sToP [«
N-ch
internal reset —{>o

Test circuit

e CSEL, AM8/16

ﬁw"———'—ﬂ Input

e ALE

vCcC

internal ALE P-ch

out

Output Enable = N-ch
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TLCS-900 16-bit Microcontroller TMP96CO081F

e RESET
100kQ vccC
typ‘\
internal reset Input
Schmitt
WDTOUT
reset enable
* X1, X2
clock
peeooooooOscillator % .
i : M- D X2
: P-ch JN-ch i
High frequency | I_| T E
oscillation enable.: .?
s i AW D X1
e VREF, AGND

mP-ch
D VREF
L

N-ch
VREFON L———:
.$ Ladder
! Resistance
A /D Converter AGND
GND E] G
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TLCS-900 16-bit Microcontroller

7. Guidelines and Restrictions

()

@

MCU900-658

Special Expression

@ 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
2/20MHz = 100ns = 1 state

Guidelines

® CESL, AM8/16 pin

Fix these pins Vg 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 uDMA (DRAM refresh mode)

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

® Programmable Pull 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.

@ 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.

® A/D 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.

® CPU (High Speed uDMA)

Only the “LDC cr, r", “LDC r, cr” instruction can be
used to access the control register like transfer source
address register (DMASN) in the CPU.
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