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The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties 
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic 
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ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life   (atomic energy control, spaceship, traffic signal, combustion control, all types 
of safety devices, etc.). TOSHIBA cannot   accept   liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA. 

 

(3) External memory expansion
• Can be expanded up to 16M-bytes (for both programs and 

data).
• External data bus width selection pin (AM8/16)
• Can mix 8- and 16-bit external data buses.

 

…

 

Dynamic data bus sizing
(4) 8-bit timer: 2 channels
(5) 16-bit timer: 2 channels
(6) Pattern generator: 4 bits, 2 channels
(7) Serial interface: 2 channels
(8) 8-bit A/D converter: 4 channels
(9) DRAM controller
(10) Watchdog timer
(11) Chip select/wait controller: 4 blocks
(12) Interrupt functions
• 3 CPU interrupts

 

…

 

 

 

…

 

SWI instruction, privileged violation, 
and Illegal instruction

• 12 internal interrupts
• 9 external interrupts
(13) I/O ports: 37 pins
(14) Standby function : 3 HALT modes (RUN, IDLE, STOP)

7-level priority can be set.

 

CMOS 16-bit Microcontrollers

TMP96C031N/TMP96C031F

1. Outline and Device Characteristics

 

The TMP96C031 are high-speed advanced 16-bit microcon-
trollers developed for controlling medium to large-scale equip-
ment. TMP96C031N comes in a 64-pin shrink DIP; the 
TMP96C031F, in a 64-pin flat package. 

(1) Original 16-bit CPU
• TLCS-90 instruction mnemonic upward compatible.
• 16M-byte linear address space
• General-purpose registers and register bank system
• 16-bit multiplication/division and bit transfer/arithmetic 

instructions
• High-speed micro DMA

- 4 channels (1.6

 

µ

 

s/2 bytes @ 20MHz)
(2) Minimum instruction execution time

- 200ns @ 20MHz
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Figure 1. TMP96C031F Block Diagram
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2. Pin Assignment and Functions

 

2.1  Pin Assignment

 

Figure 2.1 shows pin assignment of TMP96C031N.

 

Figure 2.1 (1). Pin Assignment (64-SDIP)

 

Figure 2.1 (2) shows pin assignment of TMP96C031F.

 

Figure 2.1 (2). Pin Assignment (64QFP)
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2.2 Pin Names and Functions

 

The names of input/output pins and their functions are described below.

 

Note: The internal I/O of this device cannot be accessed using the external DMA controller.

 

Table 2.2. Pin Names and Functions

 

Pin Name Number 
of Pins I/O Functions

 

AD0 ~ AD7 8 Tri-state Address/data (lower): 0 - 7 for address/data bus

AD8 ~ AD15
A8 ~ A15 8 Tri-state

Output
Address data (upper): 8 - 15 for address/data bus
Address: 8 to 15 for address bus

P20 ~ P27
A0 ~ A7
A16 ~ A23

8
I/O

Output
Output

Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor)
Address: 0 - 7 for address bus
Address: 16 - 23 for address bus

P30
TO5
HWR

1
I/O

Output
Output

Port 30: Output port (with pull-up register)
Timer output 5: Timer 4 output pin
High write: Strobe signal for writing data on pins AD8 - 15

P31
TI0
WAIT

1
I/O

Output
Output

Port 31: Output port (with pull-up register)
Timer output 0: Timer 0 input
Write: Pin used to request CPU bus wait

P32
BUSRQ 1 I/O

Input

Port 32: I/O port (with pull-up register)
Bus request: Signal used to request high impedance for AD0 - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0, 
CS1, and CS2 pins. (For external DMAC)

P33
BUSAK 1 I/O

Input

Port 33: I/O port (with pull-up register)
Bus acknowledge: Strobe indicating that AD0 - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2 
pins are at high impedance after receiving BUSRQ.

P34
R/W
NMI 1

I/O
Output
Input

Port 34: I/O (with pull-up register)
Read/write: 1 represents read or dummy cycle 0, write cycle.
Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising 
edge by program.

P35
RAS
INT7

1
I/O

Output
Input

Port 35: I/O (with pull-up register)
Row address strobe: Outputs RAS strobe for DRAM.
Interrupt request pin 7: Interrupt request pin with rising edge.

P40
CS0 1 Output

Output
Port 40: I/O port 
Chip select 0: Outputs 0 when address is within specified address area.

P41
CS1

1 Output
Output

Port 41: Output port
Chip select 1: Outputs 0 if address is within specified address area.

P42
CS2 1 Output

Output
Port 42: Output port
Chip select 2: Outputs 0 if address is within specified address area.

P43
CS3
CAS

1
Output
Output
Output

Port 43: Output port
Chip select 3: Outputs 0 if address is within specified address area.
Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area.

P50 ~ P53
AN0 ~ AN3
INT1 ~ INT3 4

Input
Input
Input

Port 50 ~ 53: Input port
Analog input: Input to A/D converter
Interrupt request pin 0: Interrupt request pin with programmable level/rising edge.
Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge.
Interrupt request pin 2 ~ 3: Interrupt request pin with rising edge.

P60
TxD0
PG00

1
I/O

Output
Output

Port 60: I/O port
Serial send data 0
Pattern generator port 00

P61
RxD0
PG01

1
I/O

Output
Output

Port 61: I/O port
Serial receive data 0
Pattern generator port 01
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Note: Pull-up/pull-down resistor can be released from the pin by software.

 

Pin Name Number 
of Pins I/O Functions

 

P62
CTS0
PG02

1
I/O

Output
Output

Port 62: I/O port
Serial data send enable 0 (Clear to Send)
Pattern generator port 02

P63
RFSH
PG03

1
I/O

Output
Output

Port 63: I/O port
Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle.
Pattern generator port 03

P64
PG10 1 I/O

Output
Port 64: I/O port
Pattern generator port 10

P65
PG11 1 I/O

Output
Port 65: I/O port
Pattern generator port 11

P66
INT6
PG12

1
I/O

Input
Output

Port 66: I/O port
Interrupt request pin 6: Interrupt request pin with rising edge.
Pattern generator port 12

P67
WDTOUT
PG13

1
I/O

Output
Output

Port 71: I/O port
Watchdog timer output pin
Pattern generator port 13

P70
TO1
TO4

1
I/O

Output
Output

Port 70: I/O port 
Timer output 1: Timer 0 or 1 output pin
Timer output 4: Timer 4 output pin

P71
T03
DMUX

1
I/O

Output
Output

Port 71: I/O port 
Timer output 3: Timer 2 or Timer 3 output pin
DRAM address multiplexor: This pin outputs row address, column address, and selector select signal.

P72
INT4
TI4

1
I/O

Input
Input

Port 72: I/O port
Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge.
Timer input 4: Timer 4 count/capture trigger signal input

P73
INT5
TI5

1
I/O

Input
Input

Port 73: I/O port 
Interrupt request pin 5: Interrupt request pin with programmable rising edge.
Timer input 5: Timer 4 count/capture trigger signal input

P74
TxD1 1 I/O

Output
Port 74: I/O port 
Serial send data 1

P75
RxD1 1 I/O

Input
Port 75: I/O port 
Serial receive data 1

P76
SCLK1 1 I/O

I/O
Port 76: I/O port 
Serial clock I/O 1

CLK 1 Output Clock output: Outputs    X1

 

÷

 

 4    clock. Pulled-up during reset.

RD 1 Output Read: Strobe signal for reading external memory.

WR 1 Output Write: Strobe signal for writing data on pins AD0 - 7.

AM8/16 1 Input Address mode: External data bus width selection pin. Set to “0” for fixed external 16-bit bus or for mixed 
external 8/16 bit bus and to “1” for fixed external 8-bit bus.

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

ALE 1 Output Address latch enable

X1/X2 1 I/O Oscillator connecting pin

VCC 1 Power supply pin (-5V)

VSS 1 GND pin (0V)
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3. Operation

 

This section describes in blocks the functions and basic opera-
tions of the TMP96C031F device.

Check the chapter Guidelines and Restrictions for proper 
care of the device.

 

3.1 CPU

 

The TMP96C031F device has a built-in high-performance 16-
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Manual Architecture User Manual.)

This section describes CPU functions unique to 
TMP96C031F that are not described in the previous section.

 

3.1.1 Reset

 

To reset the TMP96C031F, the RESET input must be kept at 0 
for at least 10 system clocks (10 states: 1

 

µ

 

s with a 20MHz 
system clock) within an operating voltage range and with a sta-
ble oscillation.

When reset is accepted, the CPU sets as follows:
• Program counter (PC) to 8000H.
• Stack pointer (XSP) for system mode to 100H.
• SYSM bit of status register (SR) to 1. (Sets to system mode.)
• IFF2 to 0 bits of status register to 111. (Sets mask register to 

interrupt level 7.)
• MAX bit of status register to 0. (Sets to minimum mode.)
• Bits RFP2 to 0 of status register to 000. (Sets register banks 

to 0.)

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed.

When reset is accepted, processing for built-in I/Os, 
ports, and other pins is as follows:

• Initializes built-in I/O registers as per specifications.
• Sets port pins (including pins also used as built-in I/Os) to 

general-purpose input/output port mode (sets I/O ports to
input ports).

• Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.)

• Pulls up the CLK pin to 1.
• Sets the ALE pin to 0.

 

3.1.2 External Data Bus Width Selection Pin (AM8/16)

 

The TMP96C031F automatically operates in 8-bit bus/16-bit 
bus mode after reset depending on how the AM8/16 pin is set.

The TMP96C031F have altogether the following 23 inter-
rupt sources:

• For mixed external 8/16-bit data bus or fixed 16-bit data bus 

Set this pin to “0”. Then the AD8 to 15/A8 to 15 pins are 
fixed to functions AD8 to 15. 
The external data bus width is set by the chip select/wait 
control register described in section 3.6.1.

• For fixed external 8-bit data bus 

Set this pin to “1”. Then the AD8 to 15/A8 to 15 pins are 
fixed to functions A8 to 15. 

The value of chip select/wait control register bit 4 
(<B0BUS>, <B1BUS>, <B2BUS>, <B3BUS>) described in 
Section 3.6.1 is ignored and the bus is fixed external 8-bit data 
bus.
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3.2 Memory Map

 

Figure 3.2 is a memory map of the TMP96C031F.

 

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

 

Figure 3.2. Memory Map
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3.3 Interrupts

 

TLCS-900 interrupts are controlled by the CPU interrupt mask 
flip-flop (IFF2 to 0) and the built-in interrupt controller.

TMP96C031F have altogether the following 24 interrupt 
sources:

• Interrupts from the CPU

 

…

 

3
(Software interrupts, privileged violations, and Illegal (undefined) instruction execution)

• Interrupts from external pins (NMI, INT0, and INT0 to 7)

 

…

 

9

• Interrupts from built-in I/Os

 

…

 

12
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A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also be 
assigned to each maskable interrupt. Non-maskable interrupts 
have a fixed priority of 7.

When an interrupt is generated, the interrupt controller 
sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta-
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU.

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg-
ister (IFF2 to 0) can be changed using the EI instruction (con-
tents of the EI num/IFF <2:0> = num). For example, 
programming EI 3 enables acceptance of maskable interrupts 

with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The DI instruction (IFF 
<2:0> = 7) operates in the same way as the EI 7 instruction. 
Since the priority values for maskable interrupts are 0 to 6, the 
DI instruction is used to disable maskable interrupts to be 
accepted. The EI instruction becomes effective immediately 
after execution. (With the TLCS-90, the EI instruction becomes 
effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed 

 

µ

 

DMA pro-
cessing mode. High-speed 

 

µ

 

DMA is a mode used by the CPU 
to automatically transfer byte or word data. It enables the CPU 
to process interrupts such as data saves to built-in I/Os at high 
speed.

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing.
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Figure 3.3 (1). Interrupt Processing Flowchart
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3.3.1 General-Purpose Interrupt Processing

 

When accepting an interrupt, the CPU operates as follows:

(1) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter-
rupt request.

(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer).

(3) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to 0> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment.

(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode.

(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine.

The table below shows the number of execution states 
for the above processing times.

To return to the main routine after completion of the inter-
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers.

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter-
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to 0>. 
The CPU mask register <IFF2 to 0> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter-
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed.

Resetting initializes the CPU mask registers <IFF2 to 0> 
to 7; therefore, maskable interrupts are disabled.

The addresses 008000H to 0081FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area.

 

Bus Width of Stack Area
Interrupt Processing State Number

MAX mode Min mode

8-bit 23 19

16-bit 17 15
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Table 3.3 (1) TMP96C031F Interrupt Table

 

Default Priority Type Interrupt Source Vector Value
“V” Start Address

High-Speed 
Micro DMA 

Start to Vector

 

1

Non-
Maskable

Reset , or SWI0 instruction 0 0 0 0 H 8 0 0 0 H –

2 INTPREV: Privileged violation, or SWI1 0 0 1 0 H 8 0 1 0 H –

3 INTUNDEF: Illegal instruction, or SWI2 0 0 2 0 H 8 0 2 0 H –

4 SWI 3 Instruction 0 0 3 0 H 8 0 3 0 H –

5 SWI 4 Instruction 0 0 4 0 H 8 0 4 0 H –

6 SWI 5 Instruction 0 0 5 0 H 8 0 5 0 H –

7 SWI 6 Instruction 0 0 6 0 H 8 0 6 0 H –

8 SWI 7 Instruction 0 0 7 0 H 8 0 7 0 H –

9 NMI Pin 0 0 8 0 H 8 0 8 0 H 08H

10 INTWD: Watchdog timer 0 0 9 0 H 8 0 9 0 H 09H

11

Maskable

INTO pin 0 0 A 0 H 8 0 A 0 H 0AH

12 INT4 pin 0 0 B 0 H 8 0 B 0 H 0BH

13 INT5 pin 0 0 C 0 H 8 0 C 0 H 0CH

14 INT6 pin 0 0 D 0 H 8 0 D 0 H 0DH

15 INT7 pin 0 0 E 0 H 8 0 E 0 H 0EH

- (Reserved) 0 0 F 0 H 8 0 F 0 H 0FH

16 INTT0: 8-bit timer 0 0 1 0 0 H 8 1 0 0 H 10H

17 INTT1: 8-bit timer 1 0 1 1 0 H 8 1 1 0 H 11H

18 INTT2: 8-bit timer 2/PWM0 0 1 2 0 H 8 1 2 0 H 12H

19 INTT3: 8-bit timer 3/PWM1 0 1 3 0 H 8 1 3 0 H 13H

20 INTTR4: 16-bit timer 4 (TREG4) 0 1 4 0 H 8 1 4 0 H 14H

21 INTTR5: 16-bit timer 4 (TREG5) 0 1 5 0 H 8 1 5 0 H 15H

22 (Reserved) 0 1 6 0 H 8 1 6 0 H 16H

23 (Reserved) 0 1 7 0 H 8 1 7 0 H 17H

24 INTRX0: Serial receive (Channel.0) 0 1 8 0 H 8 1 8 0 H 18H

25 INTTX0: Serial send (Channel.0) 0 1 9 0 H 8 1 9 0 H 19H

26 INTRX1: Serial receive (Channel.1) 0 1 A 0 H 8 1 A 0 H 1AH

27 INTTX1: Serial send (Channel.1) 0 1 B 0 H 8 1 B 0 H 1BH

28 INTAD: A/D conversion completion 0 1  C 0 H 8 1 C 0 H 1CH

29 INT1 pin 0 1 D 0 H 8 1 D 0 H 1DH

30 INT2 pin 0 1 E 0 H 8 1 E 0 H 1EH

31 INT3 pin 0 1 F 0 H 8 1 F 0 H 1FH

 

3.3.2 High-Speed 

 

µ

 

DMA

 

In addition to the conventional interrupt processing, the TLCS-
900 also has a high-speed 

 

µ

 

DMA function. When an interrupt 
is accepted, in addition to an interrupt vector, the CPU receives 
data indicating whether processing is high-speed 

 

µ

 

DMA mode 
or general-purpose interrupt. If high-speed 

 

µ

 

DMA mode is 
requested, the CPU performs high-speed 

 

µ

 

DMA processing.

The TLCS-900 can process at very high speed com-
pared with the TLCS-90 

 

µ

 

DMA because it has transfer param-
eters in dedicated registers in the CPU. Since those dedicated 
registers are assigned as CPU control registers, they can only 
be accessed by the LDC (privileged) instruction.
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(1) High-Speed 

 

µ

 

DMA Operation

 

High-speed 

 

µ

 

DMA operation starts when the accepted inter-
rupt vector value matches the 

 

µ

 

DMA start vector value set in 
the interrupt controller. The high-speed 

 

µ

 

DMA has four chan-
nels so that it can be set for up to four types of interrupt 
source.

When a high-speed 

 

µ

 

DMA interrupt is accepted, data is 
automatically transferred from the transfer source address to 
the transfer destination address set in the control register, and 
the transfer counter is decremented. If the value in the counter 
after decrementing is other than 0, high-speed 

 

µ

 

DMA process-
ing is completed. If the value in the counter after decrementing 
is 0, general-purpose interrupt processing is performed. In 
read-only mode, which is provided for DRAM refresh, the value 
in the counter is ignored and dummy read is repeated.

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A 16M-byte space is available 
for the high-speed 

 

µ

 

DMA. Also in normal mode operation, the 
all address space (in other words, the space for system mode 
which is set by the CS/WAIT controller) can be accessed by 
high-speed 

 

µ

 

DMA processing.

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
between I/O and memory and between I/Os. For details of 
transfer modes, see the description of transfer mode registers.

The transfer counter has 16-bit, so up to 65536 transfers 
(the maximum when the initial value of the transfer counter is 
0000H) can be performed for one interrupt source by high-
speed 

 

µ

 

DMA processing.
After transferring data using the high-speed 

 

µ

 

DMA and 
the transfer counter has been decremented to 0, the program 
goes to a general-purpose interrupt processing. Note that after 
interrupt processing, when an interrupt for the same channel is 
generated, if the system requires resetting the transfer counter 
starts from 65536.

The following section illustrates the high-speed 

 

µ

 

DMA 
cycle when the transfer destination address is in INC mode. 
(MIN mode, 16-bit bus for all address areas, 0 wait).

Interrupt sources processed by high-speed 

 

µ

 

DMA pro-
cessing are those with the high-speed 

 

µ

 

DMA start vectors 
listed in Table 3.3 (1).
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(2) Register Configuration (CPU Control Register)
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(3) Transfer Mode Register Details

 

Execution time: When 16-bit bus width and 0 wait are set for the transfer destination/source address.

Note: n: corresponds to high-speed 

 

µ

 

DMA channels 0 - 3.
DMADn +/DMASn + : Post-increment (Increments register value after transfer.)
DMADn -/DMASn - : Post-decrement (Decrement register value after transfer.)

 

All address space (the space for system mode) can be 
accessed by high-speed 

 

µ

 

DMA. Do not use undefined codes 
for transfer mode control.
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3.3.3 Interrupt Controller

 

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit.

Each interrupt channel (total of 20 channels) in the inter-
rupt controller has an interrupt request flip-flop, interrupt prior-
ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to 0 at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes 0 in the clear bit of the interrupt priority setting 
register).

For example, to clear the INT0 interrupt request, set the 
register after the DI instruction as follows.

INTE0AD

 

←

 

---- 0 --- Zero-clears the INT0 Flip Flop.

The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel.

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTE0AD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing 0 or 7 as the interrupt priority dis-

ables the corresponding interrupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen-
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority).

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to 0> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR <IFF2 to 0>. Inter-
rupt requests where the priority value equals or is higher than 
the set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RETI instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR <IFF2 to 0>.

The interrupt controller also has four registers used to 
store the high-speed other 

 

µ

 

DMA start vector. These are I/O 
registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 

 

µ

 

DMA processing (see Table 3.3 (1)), enables the correspond-
ing interrupt to be processed by 

 

µ

 

DMA processing. The values 
must be set in the 

 

µ

 

DMA parameter registers (e.g., DMAS and 
DMAD) prior to the 

 

µ

 

DMA processing.
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Figure 3.3.3 (1). Block Diagram of Interrupt Controller
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(1) Interrupt Priority Setting Register
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(2) External Interrupt Control

Setting of External Interrupt Pin Functions

 

Interrupt Pin Name Mode Setting Method

 

NMI P34 Falling edge IIMC <NMIREE> = 0

Rising and falling edge IIMC <NMIREE> = 1

INT0 P50
Rising edge IIMC <I0LE> = 0, <I0IE> = 1

Level IIMC <I0LE> = 1, <I0IE> = 1

INT1 P51
Rising edge IIMC <I1EM> = 0

Falling edge IIMC <I1EM> = 1

INT2 P52 Rising edge IIMC <I2EM> = 1

INT3 P53 Rising edge IIMC <I3EM> = 1

INT4 P72
Rising edge T4MOD <CAP12M1, 0> = 0, 0 or 0, 1 or 1, 1

Falling edge T4MOD <CAP12M1, 0> = 1, 0

INT5 P73 Rising edge –

INT6 P66 Rising edge IIMC <I6IIE> = 1

INT7 P35 Rising edge IIMC <I7IIE> = 1
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(3) High-Speed 

 

µ

 

DMA Start Vector

 

When the CPU reads the interrupt vector after accepting an 
interrupt, it simultaneously compares the interrupt vector with 
each channel’s 

 

µ

 

DMA start vector (bits 4 to 8 of the interrupt 
vector). When both match, the interrupt is processed in 

 

µ

 

DMA 

mode for the channel whose value matched.
If the interrupt vector matches more than one channel, 

the channel with the lower channel number has a higher prior-
ity.

 

(4) Notes

 

The instruction execution unit and the bus interface unit of this 
CPU operate independently of each other. Therefore, if the instruc-
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 
execute the fetched instruction to clear the interrupt request flag

while reading the interrupt vector after accepting the inter-
rupt. If so, the CPU would read the default vector 00A0H 
and start the interrupt processing from the address 
80A0H.

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the DI instruction.
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Note 1: When releasing standby setting INT0 to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt process-
ing cannot be started correctly.

 

7 6 5 4 3 2 1 0

 

Bit Symbol WDTE WDTP1 WDTP0 WARM HALTM1 HALTM0 RESCR DRVE

Read/Write R/W

After reset 1 0 0 0 0 0 0 0

Function

1 : WDT
        Enable

00 : 2

 

16

 

 / fc
 01 : 2

 

 18

 

 / fc
10 : 2
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/ fc
11 : 2

 

22/ fc
Detection time

Warming up 
time

0 : 216 /fc
1 : 218 /fc

Standby mode
   00 : RUN mode
   01 : STOP mode
   10 : IDLE mode
   11 : Don’t care

1: Connects 
    watchdog 
    timer
    output to 
    RESET pin 
    internally.

1: Drive pin 
    even in 
    STOP 
    mode.

Standby Release by Interrupt

Interrupt Level
Standby Mode

Interrupt Mask (IFF2 to 0)
≤ Interrupt Request Level

Interrupt Mask (IFF2 to 0)
> Interrupt Request Level

RUN
Can be released by any interrupt.
After standby mode is released, interrupt processing starts.

Can only be released by INT0 pin.
Processing resumes from address next to HALT instruction.

IDLE Can only be released by NMI or INT0 pin. After standby mode 
is released, interrupt processing starts. ↑

STOP ↑ ↑

WDMOD
(005CH)

3.4 Standby Function
When the HALT instruction is executed, the TMP96C031 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register.

(1) RUN: Only the CPU halts; power consumption remains 
unchanged.

(2) IDLE:  Only the built-in oscillator operates, while all other 
built-in circuits halt. Power consumption is 

reduced to 1/10 or less than that during normal 
operation.

(3) STOP:  All internal circuits including the built-in oscillator 
halt. This greatly reduces power consumption.

The states of the port pins in STOP mode can be set as 
listed in Table 3.4 (1) using the I/O register WDMOD <DRVE> 
bit.

When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm-
ing up set by the warming-up counter fro stabilizing the built-in 
oscillator. To release STOP mode by reset, it is necessary to 

allow the oscillator to stabilize.
To release standby mode, a reset or an interrupt is used. 

To release IDLE or STOP mode, only an interrupt by the NMI or 
INT0 pin, or a reset can be used. The details are described 
below:
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–: Input for input mode/input pin is invalid; output mode/output pin is at high impedance.
Input: Input enable state
Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant.
Output: Output state
PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set.
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.
*: Input gate disable state. No through current even if the pin is set to high impedance.

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., TO1) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only.

Table 3.4 (1) Pin States in STOP Mode

Pin Name I/O DRVE = 0 DRVE = 1

AD0 ~ AD7 AD0 ~ 7 – –

AD8 ~ AD15 AD8 ~ 15
A8 ~ 15

–
–

–

P20 ~ P27 Input mode
Output mode/A16 ~ 23

PD*
PD*

PD
Output

P30 ~ P33 Input mode
Output mode

PD*
PD*

PD
Output

P34 (R/W/NMI)
Input mode
Output mode

PU*
PU*

PU
Output

NMI Input Input

P35 (RAS/INT7)
Input mode
Output mode
RAS

PU*
PU*

Output

PU
Output
Output

P40 ~ P42 (CS0 ~ CS2) Output PU* Output

P43 (CS3/CAS) Output 
CAS

PU*
Output

Output
Output

P50 (AN0/INT0) Input
INT0

–
Input

Input
Input

P51 ~ P53 Input – Input

P60 ~ P66 Input mode
Output mode

–
–

Input
Output

P67 (P13/WDTOUT)
Input mode
Output mode
WDTOUT

–
–

Output

Input
Output
Output

P70 ~ P76 Input mode
Output mode

–
–

Input
Output

ALE Output “0” “0”

CLK Output – “1”

RESET Input Input Input

WR Output – “1” Output 

RD Output – “1” Output 

AM8/16 Input Input Input

X1 Input – –

X2 Output “1” “1”
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Table 3.5 (1) Port Function

Port Name Pin Name Number of 
Pins Direction R Direction Setting Unit Pin Name for Built-in Function

Port2 P20 to P27 8 Input/Output ↓ Bit A0 to A7/ A16 to A23

Port3 P30
P31
P32
P33
P34
P35

1
1
1
1
1
1

Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output

↑
↑
↑
↑
↑
↑

Bit
Bit
Bit
Bit
Bit
Bit

TO5/HWR
TI0/WAIT
BUSRQ
BUSAK
R/W/RAS
RAS/INT7

Port4 P40
P41
P42
P43

1
1
1
1

Output
Output
Output
Output

↑
↑
↑
↑

(Fixed)
(Fixed)
(Fixed)
(Fixed)

CS0
CS1
CS2
CS3/CAS

Port5 P50 to P53 4 Input – (Fixed) AN0 ~ AN3

Port6 P60
P61
P62
P63
P64
P65
P66
P67

1
1
1
1
1
1
1
1

Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output

–
–
–
–
–
–
–
–

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

PG00/TxD0
PG01/RxD0
PG02/CTS0
PG03/RSFH
PG10
PG11
PG12/INT6
PG13/WDTOUT

Port7 P70
P71
P72
P73
P74
P75
P76

1
1
1
1
1
1
1

Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output

–
–
–
–
–
–
–

Bit
Bit
Bit
Bit
Bit
Bit
Bit

TO1/TO4
TO2/DMUX
INT4/TI4
INT5/TI5
TxD1
RxD1
SCLK1

3.5.1 Programmable Pull-up/Pull-down
PORT2 has a built-in pull-down resistor and PORT3 and 
PORT4 have a built-in pull-up resistor. Normally, their load can 
be turned on or off from software by setting the value of the 
output latch (registers P2, P3, and P4) during input mode. 

They can also be set in stand-by (STOP) mode and the load 
can be turned on or off when the immediately preceding set-
ting is the value of output latch in input mode or is the value of 
output data in output mode.

Table 3.5 (2) Pull-up/down Function Setting

Pull-up/down

Programmable Setting

Output latch
Output data ON/OFF Normal Standby (STOP) mode

PORT2 (I/O) Pull-down
0 ON Setting enabled only in 

input mode
Setting enabled in input/
output mode1 OFF

PORT3 (I/O) Pull-up
0 ON

↑ ↑
1 OFF

PORT4 (Output) Pull-up
0 ON

Setting disabled Setting enabled only in 
output mode1 OFF

(R: ↑  = With programmable pull-up resistor
↓  = WIth programmable pull-down resistor)

3.5 Port Functions
The input/output ports of the TMP96C031F consist of a total 
of 37 bits. 

In addition to general purpose input/output port func-

tions, these port pins also function as input/outputs for internal 
CPU and built-in I/O. Table 3.5 (1) shows the function of each 
port pin.
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Figure 3.5 (2) shows the external bus interface when the 
bus release function is in use. The internal I/O of this device 

cannot be accessed when the bus is released.

3.5.2 Bus Release Function
The pull-up/down function explained in section 3.5.1 is also 

used to stabilize bus control signal at bus release.
Table 3.5 (2) shows pin states at bus release (BUSAK = 0).

Pin Name
Pin state at bus release

Port mode Function mode

AD0 - AD15
AD0 - AD7
(A8 ~ A15)

– Becomes high impedance.

P20 - P27
(A16 ~ 23)

No status change.
(Does not become high impedance.)

First sets all bits to low, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value.

RD
WR – First sets all bits to high, then sets them to high impedance.

P30 (HWR)
P34 (R/W)

No status change.
(Does not become high impedance.)

First sets all bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value.

P40 (CS0)
P41 (CS1)
P42 (CS2)
P43 (CS3)

No status change.
(Does not become high impedance.)

First sets all bits to high, then sets output buffer to off. 
Internal pull-down is added regardless to output latch 
value.

P71 (DMUX)
P63 (RFSH)

No status change.
(Does not become high impedance.) First sets all bits to high, then sets them to high impedance.

P35 (RAS)
P43 (CAS)

No status change.
(Does not become high impedance.)

No status change. 
(Does not become high impedance.)

Figure 3.5 (1). External bus interface example when bus release function is in use
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3.5.3 Port 2 (P20 - P27)

 

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2CR and function register 
P2FC. Resetting resets all bits of output latch P2, control regis-
ter P2CR and function register P2FC to 0. It also sets Port 2 to 

input mode and connects a pull-down resistor.
In addition to functioning as a general-purpose I/O port, 

Port 2 also functions as an address bus (A16 to 23).

 

Figure 3.5 (2). Port 2
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Figure 3.5 (3). Registers for Port 2
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3.5.4 Port 3 (P30 - P35)

 

Port 3 is a 6-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P3CRL and P3CRH. Resetting sets 
all bits of P3 to 0; P30 to P35 to input mode and connects a 

pull-up resistor. In addition to functioning as a general-pur-
pose I/O port, port 3 is also used for CPU control/status signal 
interrupt input, and timer I/O.

 

Figure 3.5 (4). Port 3 (P30)
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Figure 3.5 (5). Port 3 (P31, P32)
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Figure 3.5 (6). Port 3 (P33, P35)



 

30

 

TOSHIBA CORPORATION

 

TMP96C031N/F

 

(1) P34/NMI/R/W

 

Port 34 is a general-purpose I/O port, shared with non-
maskable interrupt input pin (NMI). The NMI pin is selected by 
the control register P3CRH <P34C1,P34C0>. By setting 
<P34C1,P34C0> = <0,0>, it turns to the NMI input pin. Since 

the NMI pin is specified only once, the NMI pin cannot be 
switched to the general-purpose port. The <P34C1,P34C0> 
should be initialized to “0” by resetting in order to switch to the 
general-purpose I/O port mode. Port3 register (P34) is set to 
be “1” when the pull-up resistor is attached.

 

Figure 3.5 (6). Port 3 (P33, P34)
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Figure 3.5 (8). Port 3 Registers

 

Note: There is no port/function switch register for pin P31 (TIO/WAIT). For example, if pin P31 is used as an input port, data are input to 8-bit timer 0. If pin 
P31 is used as the WAIT pin, set P3CRL <P31C1,0) > to 00, and bits 3 and 2 <BXW1,0> in the chip select/wait control register to 10.
If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH <P35C1,0) to 00 and <171E> to 1.
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3.5.5 Port 4 (P40 - P43)

 

Port 4 is a 4-bit output dedicated port. Port 4 is also used for 
chip select CS0 - CS3 outputs and column address strobe 
CAS (CS3 only) output. To select the function to be used, use 

function register P4FC. Resetting sets the output register for 
P40, P41, and P42 to 1; the output register for P42 to 0; all bits 
in the function register to 0. P40, P41, and P43 are set to out-
put ports for outputting 1; P42 to output port for outputting 0.

 

Figure 3.5 (9). Port 4 (P40, P41, P43)
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Figure 3.5 (10). Port 4 (P42)

Figure 3.5 (11). Registers for Port 4 

 

P4FC is disabled for read-modify-write.
Note: To select the function to be used for P43, use the B3CS register for the chip select/wait controller.



 

34

 

TOSHIBA CORPORATION

 

TMP96C031N/F

 

3.5.6 Port 5 (P50 - P53)

 

Port 5 is a 4-bit input dedicated port which is also used for 
analog inputs or external interrupts.

 

Figure 3.5 (11). Port 5 (P50, P51, P52, P53)

Port 5 Register

Figure 3.5 (12). Register for Port 5
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3.5.7 Port 6 (P60 - P67)

 

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to 
functioning as an I/O port, pins P60 to P67 function as follows:
P60 - P63/P64 - P67: pattern generate PG0/PG1 output
P60: serial channel TxD0 output pin and programmable 

open drain function.
P61: serial channel RxD0 output pin
P62: serial channel CTS0 output pin

P63: DRAM controller refresh signal pin
P66: external interrupt request input INT6 pin
P67: watchdog timer WDT output pin. Set using port 6 con-

trol registers. P6CRL and P6CRH.

Resetting sets control registers P6CRL and P6CRH to 0; all 
bits to input mode.

 

Figure 3.5 (13) Port 6 (P60, P67)
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Figure 3.5 (14). Registers for Port 6 (P61, P62, P66)

Figure 3.5 (15). Port 6 (P63, P64, P65)
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Figure 3.5 (16). Registers for Port 6
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3.5.8 Port 7 (P70 - P76)

 

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bit by 
bit using control registers P7CRL and P7CRH. Resetting sets 
all bits in P7 to 1; control registers P7CRL and P7CRH to 0; 

P70 - P76 to input mode. In addition to functioning as a gen-
eral-purpose I/O port, port 7 as follows: interrupt input, timer 
I/O, DRAM address multiplex, serial channel send/receive 
(TXD1 and RXD1), and transfer clock input (SCLK1) pin.

 

Figure 3.5 (17). Port 7 (P70, P71)
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Figure 3.5 (18). Port 7 (P72, P73, P75)

 

Figure 3.5 (19). Port 7 (P74)
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Figure 3.5 (20). Port 7 (P76)
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Figure 3.5 (21). Registers for Port 7
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3.6 Chip Select/Wait Control

 

The TMP96C031F has a built-in chip select/wait controller 
used to control chip select (CS0 - CS3 pins), wait (WAIT pin), 
and data bus size (8 or 16 bits) for any of the three block 
address areas.

The select pin (AM8/16) is used to select the width of the 
external data bus. (See section 3.1.2, External data width 
select pin.)

 

3.6.1 Control Registers

 

Table 3.6 (1) shows control registers
The block address areas is controlled by corresponding 

CS/wait control register (B0CS, B1CS, B2CS, B3CS) and start 
address register/address mask register (explained in section 
3.6.2, Address area).

Registers can be written to only when the CPU is in sys-
tem mode. (There are two CPU modes: system and normal.) 
The reason is that the settings of these registers have an 
important effect on the system.

 

Table 3.6 (1) Chip Select/Wait Control Register
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(1)  Enable

Control register bit 7 (B0E, B1E, B2E, and B3E) is a 
master bit used to specify enable “1”)/disable “0” of 
the setting.
Resetting sets B0E, B1E, and B3E to disable “0” and 
B2E to enable “1”.

(2)  System only specification

Control register bit 6 (B0SYS, B1SYS, B2SYS, and 
B3SYS) is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor-
mal). Setting this bit to 0 enables setting (Address 
space for CS, Wait state, Bus size, etc.) regardless of 
the CPU operating mode; setting it to 1 enables setting 
in system mode but disables setting in normal mode.
Resetting clears bit 6 to 0.
Bit 6 is mainly used when external memory data 
should not be accessed in normal mode (i.e., for sys-
tem mode only memory data for the operating system).

(3)  Address area specification

Control register bit 5 (B0ARE, B1ARE, B2ARE, and 
B3ARE) is used to specify the target address space. 
When this bit is set to “0” after reset, CS0 is set to 
addresses 7F00H to 7FFFF, CS1 is set to address 80H 
to 7FFFH, and CS2 is set to addresses 8000H to 
3FFFFF. CS3 is undefined. (See 3.6.3 Default Address 
Space Specification.) When this bit is set to “1”, the 
target address is the address space is the address 
space specified by the memory start address register 
MSAR and memory start address mask register 
MAMR. (See 3.6.2 Address Space Specification.)

(4)  Data bus width select

Control register bit 4 (B0BUS, B1BUS, B2BUS, 
B3BUS) is used to specify the data bus width. When 
this bit is set to “0”, memory is accessed in 16-bit data 
bus mode. When this bit is set to “1”, memory is 
accessed in 16-bit data bus mode. However, this bit is 
valid only in 16-bit bus mode (AM8/16 pin = “0”). In 8-
bit bus mode (AM8/16 pin = “1”), all address space is 
accessed in 8-bit data bus mode regardless of the 
value of this bit. (See 3.1.2 External Data Bus Width 
Selection Pin.)
The changing data bus width according to the address 
to be address to be accessed is referred to dynamic 
bus sizing. Table 3.6 (2) shows the details of the bus 
operation.
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Table 3.6 (2) Dynamic Bus Sizing

 

xxxxx:  During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active.

 

Operand
Data Size

Operand
Start Address

Memory
Data Size CPU Address

CPU Data

D15 - D8 D7 - D0

 

8-bit
2n + 0

(even number)
8-bit 2n + 0 xxxxx b7 - b0

16-bit 2n + 0 xxxxx b7 - b0

2n + 1
(odd number)

8-bit 2n + 1 xxxxx b7 - b0

16-bit 2n + 1 b7 - b0 xxxxx

16-bit

2n + 0
(even number)

8-bit 2n + 0
2n + 1

xxxxx
xxxxx

b7 - b0
b15 - b8

16-bit 2n + 0 b15 - b8 b7 - b0

2n + 1
(odd number)

8-bit 2n + 1
2n + 2

xxxxx
xxxxx

b7 - b0
b15 - b8

16-bit 2n + 1
2n + 2

b7 - b0
xxxxx

xxxxx
b15 - b8

32-bit

2n + 0
(even number)

8-bit

2n + 0
2n + 1
2n + 2
2n + 3

xxxxx
xxxxx
xxxxx
xxxxx

b7 - b0
b15 - b8
b23 - b16
b31 - b24

16-bit 2n + 0
2n + 2

b15 - b8
b31 - b24

b7 - b0
b23 - b16

2n + 1
(odd number)

8-bit

2n + 1
2n + 2
2n + 3
2n + 4

xxxxx
xxxxx
xxxxx
xxxxx

b7 - b0
b15 - b8
b23 - b16
b31 - b24

16-bit

2n + 1
2n + 2
2n + 4

b7 - b0
b23 - b16

xxxxx

xxxxx
b15 - b8
b31 - b24


