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Preface 

The TLCS 900 microcontroller family of products is described in 
the following documents: 

TLCS 900 Series CPU Ar.chitecture 
The TLCS 900 user manual describes the 16-bit micro­

controller TLCS 900 series system architecture. The scope of 
this document includes common topics to all derivitives of this 
family of products, such as CPU core operating modes, regis­
ter organization, addressing modes, instruction set, timings 
and differences between the TLCS 90 and TLCS 900 series. 

In addition, several databooks are available that cover the 
device specific topics such as package specifications and 
electrical characteristics. Depending on the TLCS 900 LSI 
device selected, the appropriate databook should be used in 
conjunction with the user manual. At the time of print, the fol­
lowing data books are available: 

TLCS 900 MCU Series (1) 

describes: TMP96C041~ 
TMP96CM40F 
TMP96PM40F 
TMP96C031 N/F 
TMP96C081F 

TLCS 900/L MCU Series (2) 
describes: TMP93M40F 

TMP93M40AF 
TMP93M41F 
TMP93M41AF 
TMP96CS40F 
TMP96PS40F 

TLCS 900/H MCU Series (3) 
describes: TMP95C061 F 
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TOSHIBA 

CMOS 16-bit Microcontroller 

TMP96C141AF 

1. Outline and Device Characteristics 

The TMP96C141AF is high-speed advanced 16-bit microcon­
troller developed for controlling medium to large-scale equip­
ment. 

The TMP96C141 AF is housed in an 80-pin flat package. 
Device characteristics are as follows: 

(1) Original 16-bit CPU 
• TLCS-90 instruction mnemonic upward compatible. 

• 16M-byte linear address space 
• General-purpose registers and register bank system 

• 16-bit multiplication/division and bit transfer/arithmetic 
instructions 

• High-speed micro DMA 
- 4 channels (1 .6Jls/2 bytes @ 20M Hz) 

(2) Minimum instruction execution time 
- 200ns @ 20MHz 

(3) Intemal RAM: 1 K byte 

TMP96C141AF 

Intemal ROM: None 
(4) Extemal memory expansion 

• Can be expanded up to 16M bytes (for both programs and 
data). 

• Can mix 8- and 16-bit extemal data buses . 
.. Dynamic data bus sizing 

(5) 8-bit timers: 2 channels 
(6) 8-bit PWM timers: 2 channels 
(7) 16-bit timers: 2 channels 
(8) Pattem generators: 4 bits, 2 channels 
(9) Serial interface: 2 channels 
(10) 1 O-bit NO converter: 4 channels 
(11) Watchdog timer 
(12) Chip selecVwait controller: 3 blocks 
(13) Interrupt functions 

• 3 CPU interrupts'" '''SWI instruction, privileged violation, 
and Illegal instruction 

• 14 intemal interrupts ] 7 -level priority can be set. 
• 6 extemal interrupts 
(14) I/O ports 
(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-1 
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Figure 1. TMP96C141AF Block Diagram 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of input/output pins for TMP96C141 AF, their 
name and outline functions are described below. 

Figure 2.1 shows pin assignment of TMP96C141 AF. 

(ANO)P50 73---------, 
(AN1)P51 74--------, 
(AN2)P52 75=====::::;l 
(AN3)P53 76 

vee 77-----, 
VREF 7S----, 

AGND 79 
VSS SO 

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

(TlO)P70 9 
(T01)P71 10 
(T02)P72 II 
(T03)P73 12 

(INT4fT14)PSO 13 
(lNT5fT15)PSl 14 

(T04)P82 15 
(T05)P83 16 

(lNT6fT16)PS4 17 
(INT7fT17)P85 18 

(T06)P86 19 
(lNTO)P87 20 

iliMl 21 
WDTOUT 22 

RESET 23 
CLK 24 

VSS 25 
Xl 26 
X227----' 
Ell 28-----' 

(TXDO)P90 29------' 
(RXDO)P91 30-------' 
(eTSO)P92 31--------' 
(TXD1)P93 32-------...l 

.---------72 P42(eS2/eAS2) 
.--------71 P41(eSlfeAS1) 

.-------70 P40(eSOfeASO) 
69 P37(RAS) 

.-----68 P36(BmL 
,----67 P35(BUSAK 

66 P34 BUSR ) 
65 P33(WAIT) 

64 P32(flW1i) 
63 P31(WR) 
62 P30(RD) 
61 P27(A7fA23) 
60 P26(A6fA22) 
59 P25(A5fA21) 
58 P24(A4fA20) 
57 P23(AlfA 19) 
56 P22(A2fA 18) 
55 P21(AlfAI7) 
54 P20(AOfA 16) 
53 VSS 
52 P17(AD15fA15) 
51 P16(ADI4fA14) 
50 P15(AD13fA13) 

P14(ADI2fAI2) 
P13(ADI If A 1 I) 
P12(AD10fAl0) 
P I1(AD9fA9) 
Pl0(AD8fA8) 
P07(AD7) 
P06(AD6) 
P05(AD5) 
P04(AD4) 

P03(AD3) 
P02(AD2) 
P01(AD1) 
POO(ADO) 
vee 
ALE 
P95(SeLK1) 
P94(RXD1) 

Note: Because the TMP96Cl4lAF has an external ROM, POO to Pl7 pins are fixed to ADO 
to ADI5; P30 to RD; and P31 to WR. 

Figure 2.1 Pin Assignment (SO-pin QFP) 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

2.2 Pin Names and Functions 

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

Pin Name Number I/O Functions 01 Pins 

POO - P07 
8 

I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO - A07 Tri-state Address / data (lower): 0 - 7 for address / data bus 

P10 - P17 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
ADa -A015 8 Tri-state Address data (upper): 8 -15 for address / data bus 
A8 - A15 Output Address: 8 to 15 for address bus 

P20 - P27 I/O Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
AO-A7 8 Output Address: 0 - 7 for address bus 
A16 - A23 Output Address: 16 - 23 for address bus 

P30 1 
Output Port 30: Output port 

RO Output Read: Strobe signal for reading external memory 

P31 1 
Output Port 31: Output port 

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

P32 1 I/O Port 32: I/O port (with pull-up resistor) 
HWR Output High write: Strobe signal for writing data on pins A08 -15 

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

P34 
I/O 

Port 34: I/O port (with pull-up resistor) 
BUSRQ 1 Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, RfjJ, RAS, eso, 

Input CS1, and CS2 pins. (For external DMAC) 

P35 
I/O 

Port 35: I/O (with pull-up resistor) 
BUSAK 1 Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, RfjJ, RAS, CSO, CS1, and CS2 

Output pins are at high impedance after receiving BUSRQ. (For external DMAC) 

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

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

P40 I/O Port 40: I/O port (with pull-up resistor) 
CSO 1 Output Chip select 0: Outputs 0 when address is within specified address area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in I/O cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name Number 1/0 Functions 01 Pins 

P41 110 Port 41: 110 port (with pull-up resistor) 
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CAS1 Output Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 I/O Port 42: I/O port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50 - P53 4 Input Port 5: Input port 
ANO - AN3 Input Analog input: Input to ND converter 

VREF 1 Input Pin for reference voltage input to ND converter 

AGND 1 Input Ground pin for ND converter 

P50 - P53 
4 I/O Ports 50 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PGOO- PG03 Output Pattern generator ports: 00 - 03 

P54 - P57 4 I/O Ports 54 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PG10 - PG13 Output Pattern generator ports: 10 -13 

P70 1 I/O Port 70: I/O port (with pull-up resistor) 
T10 Input Timer input 0: Timer 0 input 

P71 
1 I/O Port 71 : I/O port (with pull-up resistor) 

T01 Output Timer output 1: Timer 0 or 1 output 

P72 1 I/O Port 72: I/O port (with pull-up resistor) 
T02 Output PWM output 2: 8-bit PWM timer 2 output 

P73 1 I/O Port 73: I/O port (with pull-up resistor) 
T03 Output PWM output 3: 8-bit PWM timer 3 output 

P80 I/O Port 80: I/O port (with pull-up resistor) 
TI4 1 Input Timer input 4: Timer 4 count/capture trigger signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 I/O Port 81 : I/O port (with pull-up resistor) 
TI5 1 Input Timer input 5: Timer 4 count/capture trigger Signal input 
INT5 Input Interrupt request pin 5: Interrupt request pin with rising edge 

P82 1 I/O Port 82: I/O port (with pull-up resistor) 
T04 Output Timer output 4: Timer 4 output pin 

P83 1 I/O Port 83: I/O port (with pull-up resistor) 
T05 Output Timer output 5: Timer 4 output pin 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

Pin Name Number I/O Functions of Pins 

P84 I/O Port 84: 110 port (with pull-up resistor) 
Tl6 1 Input Timer input 6: Timer 5 couni/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 

P85 110 Port 85: I/O port (with pull-up resistor) 
TI7 1 Input Timer input 7: Timer 5 couni/capture trigger signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 
1 I/O Port 86: I/O port (with pull-up resistor) 

T06 Output Timer output 6: Timer 5 output pin 

P87 
1 I/O Port 87: I/O port (with pull-up resistor) 

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

P90 
1 110 Port 90: I/O port (with pull-up resistor) 

TXDO Output Serial send data 0 

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

P92 
1 I/O Port 92: I/O port (with pull-up resistor) 

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

P93 1 110 Port 93: I/O port (with pull-up resistor) 
TXD1 Output Serial send data 1 

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

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

SCLK1 I/O Serial clock I/O 1 

WDTOUT 1 Output Watchdog timer output pin 

NMI 
1 Input 

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

ClK 1 Output Clock output: Outputs rX1 + 4J clock. Pulled-up during reset. 

EA 1 Input External access: 0 should be inputted with TMP96C141AF 
1, with TMP96CM40F/TMP96PM40F. 

ALE 1 Output Address latch enable 

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

X1/X2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 
This section describes in blocks the functions and basic oper­
ations of the TMP96C141AF device. 

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

3.1 CPU 
The TMP96C141 AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TlCS-9oo CPU in the 
book Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C141 AF that are not described in that manual. 

3.1.1 Reset 
To reset the TMP96C141 AF, the RESET input must be kept at 
o for at least 10 system clocks (10 states: 1 J.IS with a 20MHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 
• Program counter (PC) to 8000H. 

• Stack pointer (XSP) for system mode to 1OOH. 
• 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 O. (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 8oo0H. CPU intemal 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 W"'""'D""T"'O""'U=T pin to O. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the ClK pin to 1. 
• Sets the ALE pin to O. 
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3.2 Memory Map 
Figure 3.2 is a memory map of the TMP96C141 AF. 

MCU900·8 

OOOOOOH 

OOOOBOH 1-, ---''''' 

000100H 

0004BOH 

OOB200H 

010000H 

External memory 
(16M-byte) 

Direct area (n) 

t 

64K-byte area 
(nn) 

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

FFFFFFH '-_______ --' _________ -'-_ 

(I '.' : <·r:\! = Internal area) 

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

Figure 3.2 Memory Map 
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3.3 Interrupts 
The TLCS-900 interrupts are controlled by the CPU interrupt 
mask flip-flop (IFF2 to 0) and the built-in interrupt controller. 

The TMP96C141 AF have altogether the following 23 
interrupt sources: 

• Interrupts from the CPU"'3 

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 inter­
rupts have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 

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

• Interrupts from extemal pins (NMI, INTO, and INT4 to 7)"'6 

• Interrupts from built-in I/Os"'14 

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 rr 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 01 instruction 

(IFF<2:0> = 7) operates in the same way as the EI 7 instruc­
tion. Since the priority values for maskable interrupts are 0 to 6, 
the 01 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 micro OMA 
processing mode. High-speed micro OMA 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 II0s 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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MCU900-10 

General-purpose 
interrupt processing 

PUSH 
PUSH 

TLCS-900 16-bit Microcontroller 

PC 
SR 

SR<IFF2-0><-- Accepted 
interruput 

level + 1 

RETI Instruction 

( POP SR) 
POP PC 

NO 

MicroDMA 
processing 

Note1: In read-only mode. 
always branches to NO 

without conditional 
branch. 

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. 

In minimum mode, all the above processing is completed 
in (1.5118 @ 20M Hz). In maximum mode, it is com-
pleted in 17 states. 

Bus Width of Stack Interrupt Processing State Number 
Area MAX mode Min mode 

8 bit 23 19 

16 bit 17 15 

To retum to the main routine after completion of the inter­
rupt processing, the REll 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 0081 FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C141AF Interrupt Table 

Vector Value High·Speed 
Default Priority Type Interrupt Source UV" Start Address Micro DMA 

Start Vector 

1 Reset , or SW1 0 instruction 00 0 0 H 8 0 0 0 H -
2 INTPREV: Privileged violation, or SWl1 o 0 1 0 H 8 0 1 0 H -
3 INTUNOEF: Illegal instruction, or SWI2 o 0 2 0 H 8 0 2 0 H -
4 SWI 3 Instruction 00 3 0 H 8 0 3 0 H -
5 Non- SWI4 Instruction o 0 4 0 H 8 0 4 0 H -
6 Maskable SWI5 Instruction o 0 5 0 H 8 0 5 0 H -
7 SWI 6 Instruction 00 60 H 8 0 60 H -
8 SWI 7 Instruction o 0 70 H 8 0 70 H -

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

10 INTWO: Watchdog timer o 0 9 0 H 8 0 9 0 H 09H 

11 INTO pin o 0 A 0 H 8 0 A 0 H OAH 

12 INT4 pin o 0 B 0 H 8 0 B 0 H OBH 

13 INT5 pin o 0 C 0 H 8 0 C 0 H OCH 

14 INT6 pin o 0 DOH 8 0 0 0 H OOH 

15 INT? pin o 0 E 0 H 80 E 0 H OEH 

- (Reserved) o 0 F 0 H 80 F 0 H OFH 

16 INTIO: 8-bit timer 0 o 1 0 0 H 8 1 0 0 H 10H 

17 INTT1: 8-bit timer 1 o 1 1 0 H 8 1 1 0 H llH 

18 INTI2: 8-bit timer 2/PWMO o 1 20 H 8 1 2 0 H 12H 

19 INTI3: 8-bit timer 3/PWMl o 1 3 0 H 8 1 3 0 H 13H 

20 INTIR4 16-bit timer 4 (TREG4) o 1 4 0 H 81 40 H 14H 

21 
Maskable 

16-bit timer 4 (TREG5) INTIR5: o 1 SOH 8 1 5 0 H 15H 

22 INTIR6: 16-bit timer 5 (TREG6) o 1 6 0 H 8 1 60 H 16H 

23 INTIR7: 16-bit timer 5 (TREG7) o 1 7 0 H 8 1 7 0 H 17H 

24 INTRXO Serial receive (ChanneI.O) o 1 8 0 H 8 1 8 0 H 18H 

25 INTIXO: Serial send (ChanneI.O) o 1 9 0 H 8 1 9 0 H 19H 

26 INTRX1: Serial receive (Channel.l) o 1 A 0 H 8 1 A 0 H lAH 

27 INTIX1: Serial send (Channel.l) o 1 B 0 H 8 1 B 0 H lBH 

28 INTAD: A /0 conversion completion o 1 C 0 H 8 1 C 0 H lCH 

- (Reserved) OlD 0 H 8 1 0 0 H lDH 

- (Reserved) OlE 0 H 8 1 E 0 H lEH 

- (Reserved) o 1 F 0 H 8 1 F 0 H lFH 

3.3.2 High-Speed Micro DMA 
In addition to the conventional interrupt processing, the TLCS-
900 also has a high-speed micro DMA function. When an 
interrupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 

The TLCS-900 can process at very high speed com­
pared with the TLCS-90 micro DMA because it has transfer 
parameters 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 Micro DMA Operation 
High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro 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 
micro DMA processing 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 micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 

(Note 1) (Note 2) 

mode which is set by the CSNVAJT controller) can be 
accessed by high-speed micro 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 
betweenllO and memory and between liDs. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans­
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high­
speed micro DMA processing. 

A the data transferred by the ~DMA function, the transfer 
nter was decreased. 

When this counter is "O"H, the processor operates gen­
eral interrupt processing. At this time if the same channel of 
interrupt is required next interrupt, the transfer counter starts 
from 65536. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 

(Note 3) (Note 3) ~I ~ 

Xl 

ALE 

OMl OM2 OM3 OM4 OMS OM6 OM7 OMS OM9 OM10 OMll OM12 OM13 OM14 

AOO-1S r--o.~~-t--~~--~~~~~F=~~~~~~~=:~~~~~~~~~~~~~~ 
A16-23 ~===¥====~===f====~==~~~~==~~==~===Du~m~y==~==~~----~==~~~~==~~~~ 

RO r 
WR,HWR r------t--------+------+--------+-----~==~+---, 

Xl 

ALE 

High·Speed pOMA cycle (COUNT* 0) 

AOO-1SI __ -o.~~_t--~~--~~~~~F=~~~~--~~~f===g§~~~~~~~~~~~ 
A16-23~1===+~=9~==~~~~ff==~==~~==~~~~~==~~~~~~~~~~~= 

RO I WR,HWR r-----~--------+-----_+--------~----~==~~ ___ 

Xl 

ALE 

AOO-1SI_-n~~_{==~~==~==~~=9~~{:~~~~~~~~~ 
A16-23 Y ~====F===~===9====~==~~==~~~==~~_.~==~~_.J 

RO I-____ _+--------~----_ WR,HWR 
High-Speed pOMA cycle (COUNT = 0) 

(Note 1) This is added 2 states the case of the bus width of source address 
area is Sbit 

(Note2) This is added 2 states the case of the bus width of destination 
address area is 8bit 

(Note3) This may be a dummy cycle with instruction queue buffer. 
(Note4) ~~~~irs ~i1;d 2 states the case of the bus width ofstack address 
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The following timing chart is a high-speed IIDMA cycle of 
the Transfer Address Increment mode (the other mode exe-

cept the Read-only mode is same as this) 
(Condition: MIN mode, 16bit Bus width for 16M Byte, 0 wait) 

(2) Register Configuration (CPU Control Register) 

I 
I 

Channel2 

DMAS2 

DMAD2 

I 
Channel3 

~ 

DMAC2 

~ 

Transfer counter register 0 

Transfer mode register 0 

Transfer mode register 1 

Transfer source address register 2 

Transfer destination address register 2 

Transfer counter register 2 

Transfer mode register 2 

DMAS3 Transfer source address register 3 
~--------------------~ 

DMAD3 Transfer destination address register 3 
~-------.--------~ I DMAC3 Transfercounterregister 3 

~ Transfer mode register 3 

1-16~-==1 
1"""-----32 bit ~ 

These Control Registers cannot be set only "LCD cr, r" instruction. 

(1-65536) 
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(3) Transfer Mode Register Details 

(OMAMO-3) 

000 

TLCS-900 16-bit Microcontroller 

Mode 
I I 

Note: When specifying values for this 
register, set the upper 4 bits to O. 

r Z· 0 byte transfer 1 word transfer 
execution time (Min.) @20MHz 

= = 

0 0 0 Z Transfer destination address INC mode . for 1/0 to memory 
(OMAOn + ) +- (OMASn) 
OMACn+-OMACn - 1 
if OMACn = 0 then INT. 

0 0 1 Z Transfer destination address OEC mode for I/O to memory 
(OMAOn - ) .... (OMASn) 
OMACn .... OMACn - 1 
if OMACn = 0 then INT. 

0 1 0 Z Transfer source address INC mode for I/O to memory 
(OMADn) +- (OMASn + ) 
OMACn+-OMACn - 1 
if DMACn = 0 then INT. 

0 1 1 Z Transfer source address OEC mode for I/O to memory 
(OMADn) .... (OMASn -) 
OMACn .... OMACn - 1 
if OMACn = 0 then INT. 

1 0 0 Z Fixed address mode I/O to I/O 
(OMADn) +- (OMASn) 
OMACn .... OMACn - 1 
if OMACn = 0 then INT. 

1 0 1 0 Read-only mode. for DRAM refresh 
Oummy .... (OMASn) Reads 4 bytes. 
OMASn+-OMASn + 4 Increments lower word only. 
OMACn .... OMACn - 1 

1 0 1 1 Counter mode. for interrupt counter 
OMASn .... OMASn + 1 
OMACn .... OMACn - 1 
if DMACn = 0 then INT. 

This condition is 16-bit bus width and 0 wait of source/destination address space. 

Note: n: corresponds to high-speed IJDMA channels 0 - 3. 
DMADn +/DMASn + : Post -increment (Increments register value after transfer.) 
DMADn -IDMASn - : Post-decrement (Decrement register value after transfer.) 

All address space (the space for system mode) can be 
accessed by high-speed IlDMA. Do not use undefined codes 

for transfer mode control. 

~ 
16 states 

(1.6ps) 

16 states 

(1.6ps) 

16 states 

(1.6ps) 

16 states 

(1.6ps) 

16 states 

(1.6ps) 

14 states 

(1.4pS) 

11 states 

(Ups) 

(1 state = lOOns) 
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<Usage of read only mode (DRAM refresh» 
When the hardware configuration is as follows: 

DRAM mapping size: 1 M8 
DRAM data bus size: 8 bits 
DRAM mapping address range: = 100000H to 

1FFFFFH 

Set the following registers first; refresh is performed 
automatically. 

(j) Register initial value setting 

LD 
LDC 
LD 
LDC 

XIX, 100000H 
DMASO,XIX 
A,000010108 
DMAMO,. 

® Timer Setting 

"'mapping start address 

A"read only mode (for 
DRAM refresh) 

Set the timers so that interrupts are generated at 
inteNals of 62.51JS or less. 

@ Interrupt controller setting 

Set the timer interrupt mask h other interrupt mask. 
Write the above timer interrupt vector value in the 
High-Speed I1DMA start vector register, DMAOV. 

(Operation description) 
The DRAM data bus is an 8-bit bus and the micro 

DMA is in read-only mode (4 bytes), so refresh is per­
formed four times per interrupt. 

When a 512 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the micro DMA is 
started every 15.6251JS x 4 = 62.41JS or less, since the 
timing is 15.625J1S1refresh. 
(Overhead) 

Each processing time by the micro DMA is 1.81JS (18 
states) @ 20M Hz with an 8-bit data bus. 

In the above example, the micro DMA is started every 
62.51JS, 1.8J1S162.51JS = 0.029; thus, the overhead is 
2.9%. 

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 
registe~. 

For example, to dear the INTO interrupt request, set the 
register after the . as follows. 

INTEOAD~---- 0 --- Zero-clears the INTO Rip-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., INTEOAD, 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>. Interrupt 
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 RET! 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 micro other DMA start vector. These are II 
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 . 
micro DMA processing (see Table 3.3 (1 )), enables the corre­
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing .. 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

Interrupt controller CPU 

HM' 
RESET 

'NTWO -t-o.~==~===I=====y~iti:i-J 

tNT. 

INT4 

INTS 

INT6 
INT7 
.NIT. 
INTTI 

INTT2 
INTTl 

INTTR4 

INTTR5 
INTTR6 

INTTR1 

INTRXO 
INTTXO 

INTRXI 

INTTXT 
INTAD 

V=AOH 
V=BOH 
V=eOH 
V=DOH 
V=E H 

V= 100H 
V=110H 
V=l H 
V= 130H 
V= 140H 
V= 150H 
V=l60H 

• V= 170H 

• V=l H 

• V= 190H 

• V= lAOH 

• V=lBOH 

• V.leOH 
INTO 

NM. 

Interrupt request 
.igna' 

)-______________ r-__ ~~~ ______________ ~Hi~~~::~ 

Figure 3.3.3 (1) Block Diagram of Interrupt Controller 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(1) Interrupt Priority Setting Register 

L 

L...o-

I 
I 

MCU900-18 

Symbol 

INTEOAD 

INTE4S 

INTE67 

INTEnO 

INTEPWIO 

INTET54 

INTET76 

INTESO 

INTES' 

IxxM2 

0 
0 
0 
0 , , 
I , 

hexC 

0 I , I 

(Read-modify-write prohibited.) 

Address 7 6 S 4 3 2 
, 

I 
, 

0 
INTAD INTO 

0070H 
lADe ' IADM2 ' IADMI ' IADMO loe 10M2 IOMI IOMO 
R/W 

, 
W R/W W ._---_.,-

0 0 0 0 0 0 
, 

0 0 

INTS INT4 
Ise 15M2 15M' ISMO 14e 14M2 14M. 14MO 

0071H 
R/W R/W W W 

0 0 0 0 0 0 0 0 

INH INT6 
17e 17M2 17M. 17MO 16e 16M2 16M I 16MO 

0072H 
R/W R/W W W 
0 0 0 0 0 0 0 0 

INTTliTimerl INTTO TimerO 
IT1C ~ ITlM2 ITiMI ITiMO ITOe ITOM2 ITOMI ITOMO 

0073H 
R/W R/W W W 

0 0 0 0 0 0 0 0 
INTT3 Timer3/PWM 1 INTT2 Timer2/PWMO 

IPWle :tPWIM2 'IPWIMI :tPWIMO IPWoe ,'PWOM2dPWOM' 'IPWOMO 
0074H 

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

INnR5 TREGS INTTR4 TREG4 
ITSe , 

IT5M2 IT5MI : ITSMO IT4e 
, 1T4M2 . IT4Ml IT4MO 

0075H 
R/W W R/W W 

0 0 0 0 0 0 0 
, 

0 

INTTRWREGZL INTTR6 (TREG6) 
IT7e IT7M2 IT7M, IHMO 1T6e IT6M2 ' IT6M' IT6MO 

0076H 
R/W R/W W W 

0 0 0 0 0 0 0 0 

INTTXO INTRXO 
ITXoe ~ ITXOM2 ' ITXOM' ~ ITXOMO IRXOe ~ IRXOM2 ' IRXOM' ~ IRXOMO 

0077H 
R/W R/W W W 

0 0 0 0 0 0 0 0 

INTTX, INTRXI 
ITXlC ~ ITX'M2 ' ITX'M' ~ ITX'MO IRXlC ~ IRX,M2 ~ IRX'M, ~ IRX'MO 

0078H 
R/W R/W W W 

0 0 0 0 0 0 0 0 

~ 

IxxMl IxxMO Function (Write) 

0 0 Prohibits interrupt request. 
0 , Sets interrupt request level to "1". 
I 0 Sets interrupt request level to "2". , I Sets interrupt request level to "r. 
0 0 Sets interrupt request level to "4·. 
0 , Sets interrupt request level to "5". 
I 0 Sets interrupt request level to "6". , , Prohibits interrupt request. 

Function (Read) 1 Function (Write) J 
Indicates no Interrupt request I Clears interrupt request flag I 
Indicates interrupt request. I • -. - - Don't care- - - .. I 

HnterruJ)t source 
+-bit Symbol 
+-Read/Write 
if-Afterreset 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 

(2) External Interrupt Control 

IIMC 
(007BH ) 

---bit Symbol 

ReadlWrite 

After reset 

Function 

7 

---.......... 

Interrupt Input Mode Control Register 
6 5 4 3 2 

---.......... ---.......... ---.......... ---.......... 10lE 

W 

0 

1: INTO 
input 
enable 

1 0 
IOLE NMIREE 

W W 

0 0 

0: INTO 1: Can be 
edge operated 
mode inNMi 

1: INTO rising 
level edge. 
mod. 

ify-writeis Read-mod 
prohibited C 

I T I 
INTO input enable (Note) L NMi rising edge enable 

I 0 I INTO disable (P87function only) I 0 Interrupt request generation at 
I 1 Iinputenable I 'ailing edge 

1 Interrupt request generation at 

Nol . : The INTO pin can also be used. ror standby release as described later. risinglfalling edge 
Even ifthe pin is not used tor standby release, seLling this register Lo 
"0" maintains the port function during standby mode. 

L-- INTO level enable 

I 0 Rising edge detect interrupt 

11 High level interrupt 

Setting of External Interrupt Pin Functions 

Interrupt Pin name Mode Setting method 

L Falling edge IIMC(NMIREE) =0 
NMI - ~ Rising and 'ailing 

edges IIMC(NMIREE) = 1 

.F Rising edge IIMC(IOlE) = 0, (IOIE> = 1 
INTO PS7 

J'C level IIMC(IOlE) = 1, (IDlE) = 1 

.F Rising edge T4MOC<CAPI2Ml,0> = 0,0 orO, lor 1,1 
INT4 PSO 

L Falling edge T4MOO(CAPI2Ml, D) = 1, 0 

INT5 PSI .F Rising edge --
.F Rising edge TSMOC<CAP34Ml,O> = O,OorO,1 or 1,1 

INT6 P84 
L Falling edge TSMOO(CAP34Ml, D) = 1,0 

INT7 P8S .F Rising edge --

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(3) High-Speed Micro DMA Start Vector 
When the CPU reads the interrupt vector after accepting an inter­
rupt, it simultaneously compares the interrupt vector with each 
channel's micro OMA start vector (bits 4 to 8 of the interrupt vec-

OMAOV 
(OO7CH) 

OMA1V 
(0070H) 

OMA2V 
(007EH) 

DMA3V 
(007FH) 

(4) Notes 

Micro DMAO Start Vector 

---- 7 ! 6 5 I i 

bit Symbol 

------
1 

----- ----J 
Read/Write 

After reset 1 I 
Micro DMA 1 Start Vector 

---- 7 I 6 5 I 
bit Symbol ---- 1 ----- -----J 
Read/Write 

After reset I , 
I i 

Micro DMA2 Start Vector 

---- 1 
, 

I 7 1 6 I 5 

bit Symbol ----- _: ______ ! _____ J 
Read/Write 

After reset ! I 
Micro DMA3 Start Vector 

~ 7 T 6 5 I 
bit Symbol ~ ! =::::::::: 1-------' 
Read /Write 

After reset ! I 

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 

tor). When both match, the interrupt is processed in micro 
OMA mode for the channel whose value matched. 

If the interrupt vector matches more than one chan­
nel, the channel with the lower channel number has a 
higher priority. 

(read-modify-wrrte is not possible) 

4 I 3 i 2 1 0 

DMAOV8 i DMAOV7 i DMAOV6 DMAOV5 DMAOV4 

W 

0 0 j 0 0 0 
(read-modify-write is not possible.) 

4 3 2 
1 I 1 0 

DMA1V8 DMA1V7 DMA1V6 DMA1V5 i DMA1V4 

W 

0 0 0 0 0 

(read-modlfy-wrlte IS not possible.) 

I 
I 

I 

I 
I 

I 
1 

4 ! 
i 

3 I 2 1 0 l 
DMA2V8 ! DMA2V7 1 DMA2V6 DMA2V5 DMA2V4 l 

W 

0 0 j 0 0 0 
(read-modlfy-wnte IS not possible.) 

4 
! 

3 I 2 1 i 0 

DMA3V8 
. 

DMA3V7 I DMA3V6 DMA3V5 ! DMA3V4 

W 

0 i 0 I 0 0 i 0 

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

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the 01 instruction. 

I 

I 
I 

I 
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3.4 Standby Function 
When the HALT instruction is executed, the TMP96C141 AF 
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 

WDMOD 
(D05CH) 

-----Bit Symbol 

Read/Write 

After reset 

Function 

7 

WDTE 

1 

1 :WDT 
Enable 

6 : 5 

WDTP1 L WDTPO 

0 0 

00: 216 /fc 
01 :2 18 /fc 
10 : 22°/ fc 
11 : 222/fc 

Detection time 

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 bulit-in 
oscillator. To release STOP mode by reset, it is necessary to 

(3) STOP 

4 

WARM 

R/W 
0 

other built-in circuits halt. Power consump­
tion is reduced to 1/10 or less than that dur­
ing normal operation. 

: All intemal circuits including the built-in oscil­
lator halt. This greatly reduces power con­
sumption. 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. 

3 2 1 0 

HALTM1 HALTMO RESCR DRVE 

0 0 0 0 

Warming up Standby mode 1: Connects 1: Drive pin 
time 00: RUN mode watchdog even in 

0: 216 /fc 01: STOP mode timer STOP 
1 : 218 /fc 10: IDLE mode output to mode. 

11 : Don't care RESET pin 
internally. 

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 
INTO pin, or a reset can be used. The details are described 
below: 

Standby Release by Interrupt 

~I Interrupt Mask (IFF2to 0) Interrupt Mask (IFF2to 0) 
Standby Mode :5 Interrupt Request Level > Interrupt Request Level 

Can be released by any interrupt. Can only be released by INTO pin. 
RUN After standby mode is released, interrupt processing starts. Processing resumes from address next to HALT instruction. 

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

STOP i (Note) i 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

Table 3. 4 (1) Pin States in STOP Mode 

96C141AF 
Pin Nama I/O 

DRVE=O 

PO Input mode/ADO - 7 -
Output mode x 

P1 Input mode/ADB - 15 -
Output mode/AS -15 x 

P2 Input mode PO' 
Output mode/AD - 7, A16 - 23 PO' 

P30 (fill), P31 (\Wi) I Output 

P32 - P37 
Input mode PU 
Output mode PU 

P40, P41 Input mode PU' 
Output mode PU' 

P42 (CS2/CAS2) Input mode PD' 
Output mode PD' 

P5 Input 

P6 
Input mode PU' 
Output mode PU' 

P7 Input mode PU' 
Output mode PU' 

P80- PBS Input mode PU' 
Output mode PU' 

PB7 (INTO) 
Input mode PU 
Output mode PU 

P9 
Input mode PU' 
Output mode PU' 

NMT ~ut 
W5'f5[ff Output . Output 

ALE Output "0" 

elK Output 

RESET Input 

EX Input Input 

X1 -,"put 

X2 I Output "1" 

Input for input modelinput pin is invalid; output mode/output pin is at high impedance. 
_ Input enable state 
Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 
Output: Output state 

-
x 
-
x 

PO' 
Output 

"1" Output 

PU 
Output 

PU 
Output 

PO 
Output 

PU 
Output 

PU 
Output 

PU 
Output 

PU 
Output 

PU 
Output 

Output 

"0" 

"1" 

Input 

"1" 

96CM40/96PM40 

DRVE.1 

- -
- Output 

- -
- Output 

PO' po" 
PO" Output 

Output 

E-

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. 
x: Cannot set. 

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., T01) 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. 
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3.5 Functions of Ports 15, RD, and WR. 
The TMP96CM40FITMP96PM40F has 65 bits for 1/0 ports. 
The TMP96C141AF, TMP96C041AF has 47 bits for 1/0 ports 
because PortO, Port 1 , P30, and P31 are dedicated pins for 
ADO to 7, ADS to 

These port pins have 1/0 functions for the built-in CPU 
and internal II0s as well as general-purpose 1/0 port func­
tions. Table 3.5 lists the function of each port pin. 

(R: i = With programmable pull-up resistor 
.j. = With programmable pull-down 

Table 3.5 Functions of Ports 

Pori Name Pin Name Number of Direction R Direction Selling Unit Pin Name for Buill·in Function Pins 

PortO POO . PO? a I/O 

~ 
Bit I ADO . AD? 

Port1 P10 . P17 a I/O Bit I ADa .I\D15/ AS :1\15 

Port2 P20 . P2? B I/O Bit I AO· A?/ A16 . A23 

Port 3 P30 1 Output - (Fixed) ~iiii 
P31 1 Output - (Fixed) WR 
P32 1 I/O i Bit HWR 
P33 1 I/O i Bit WAIT 
P34 1 I/O i Bit BUSRQ 
P3S 1 I/O i Bit BUSAK 
P36 1 I/O i Bit R7W 
P3? 1 I/O i Bit RAS 

Port4 P40 1 I/O 

~ 
Bit ~/"Q@ 

P41 1 I/O Bit CS1 / CAS1 
P42 1 I/O Bit CS2/ CAS2 

PortS P50 . PS3 4 Input (Fixed) ANO.~ 

Portfi P60 P6? a I/O i Bit PGOO· PG03, PG10 PG13 

Port? P?O 1 I/O i Bit T10 
P?1 1 I/O i Bit T01 
P?2 1 I/O i Bit T02 
P?3 1 I/O i Bit T03 

Port8 PBO 1 I/O i Bit T14/INT4 
P81 1 I/O i Bit T15/INTS 
P82 1 I/O i Bit T04 
PB3 1 I/O i Bit T05 
PB4 1 I/O i Bit T16/1NT6 
PBS 1 I/O i Bit T17 / INT? 
PB6 1 I/O i Bit T06 
P8? 1 I/O i Bit INTO 

Port9 P90 1 I/O i Bit TXDO 
P91 1 I/O i Bit RXDO 
P92 1 I/O i Bit CTSO 
P93 1 I/O i Bit TXD1 
P94 1 I/O i Bit RXD1 
P95 1 I/O i Bit SCLK1 
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Resetting makes the port pins listed below function as 
general-purpose 1/0 ports. 

1/0 pins programmable for input or output function as 
input ports. 

To set port pins for built-in functions, a program is 
required. 

Since the TMP96C141 AF has an external ROM, some 
ports are permanently assigned to the CPU. 

Pin Name 

• POO - PO? 
• P10-P1? 

• P30 
• P31 

~ADO-AD? 

~AD8-AD15 

~RD 

~WR 

Bus release function 
The TMP96C141 AF has the internal pull-up and pull­

down resistors to fix the bus control signals at bus release. 
Table 3.5 (1) shows the pin condition at bus release 

(BUSAK) = "L"). 

Pin state at bus release 

Port mode Function mode 

POO - P07 
(ADO-AD7) No status change (these pins are not "Hz") These pins are "Hz". P10 - P17 
(AD8-AD1S) 

P30 (RD) i 
P31 (WR) 

P32(HWR) 
P37 (RAS) i 

P36(RIW) 
P40 (CSO/CASO) i 
P41 (CS1/CAS1) 

P42 (CS2!CAS2) i 
P20 - P27 
(A16 - A23) i 

P42 (CS2!CAS2) 

(*) P42 has the resistor of programmable pull-down, but 
when the bus are released, P42 pin is added a resistor of pull­
up. 

That is, when it is used for bus release (BUSAK = "0"), the 
pins of below need pull-up or pull-down resistor for an external 
circuit. 

POO - PO? (ADO?) 

TMP96C141AF 

POO·P07 
(ADO·7) 

Pl0·P17 
(ADa-1S) 

These pins are "Hz'. 
("Hz" status after these pins are driven to high leveL) 

The output buffer is "OFF" after these pins are drinen high. 
These pins are added in the internal resistor of pull-up. It's 
no relation for the value of output latch. 

i 

(*)i 

The output buffer is "OFF" after these pins are drinen high. 
These pins are added in the internal resistor of pull-down. 
It's no relation for the value of output latch. 

P10 - P17 (AD8 - AD15) 
P30 (RD) 
P31 (WR) 
When the bus is released, both internal memory and 

internal 1/0 cannot be accessed. But the internal 110 continues 
to run. Therefore, be careful about releasing time and set the 
setection time WDT. 

Address/Data bus (AOO·15) 

(Internal 
pull-down) 

P20-P27 
(A16-23) 1-----./ High.r addr." bus (A 16-23) 

Vee 

P30(!lQJ } 
P31 (WR) r-----V 

P32 (HWiI)) 
(Internal pull-up) ~; ~ 

P40m r-----,,' 
~:~~ 

Figure 3.5. Example of external bus interface using bus release function. 
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3.5.1 Port 0 (POO - P07) 
Port 0 is an a-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register POCR to 0 and sets Port 0 to 
input mode. 

In addition to functioning as a general purpose I/O port, 
Port 0 also functions as an address data bus (ADO to 7). To 
access external memory, Port 0 functions as an address data 
bus (AD 0 to 7) and all bits of the control register POCR are 
cleared to O. 

With the TMP96C141 AF/TMP96C041 AF, which comes 
with an external ROM, Port 0 always functions as an address 
data bus (ADO to 7) regardless of the value set in control regis­
ter POCR. 

Reset 

t 
POCRwrite 

Output buffer 

PO read 

Figure 3.5 (1). Port 0 

PortO 
POO-P07 

(ADO-AD7) 

3.5.2 Port 1 (P10 - P17) 
Port 1 is an a-bit general-purpose VO port. I/O can be set on a 
bit basis using control register P1 CR and function register 
P1 FC. Resetting resets all bits of output latch P1 , control reg­
ister P1 CR, and function register P1 FC to 0 and sets Port 1 to 
input mode. 

In addition to functioning as a general purpose I/O port, 
Port 1 also functions as an address data bus (ADa to 15) or an 
address bus (A8 to 15). 

With the TMP96C141AF/TMP96C041AF, which comes 
with an external ROM, Port 1 always functions as an address 
data bus (ADa to 15) regardless of the value set in control reg­
isterP1CR. 

Reset 

PI read 

Figure 3.5 (2). Port 1 

Port 1 
PIO-P17 

(AD8-ADI5IA8-AI5) 
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MCU900-26 

PO 
(OOOOH 

POCR 
{0002H 

Pl 
{OOOlH 

P1CR 
{0004H 

P1FC 
{0005H 

-------bit Symbol 

) ReadlWrite 

After reset 

-------bit Symbol 

ReadlWrite 

After reset 

function 

-----bit Symbol 

ReadlWrite 

After reset 

--------bit Symbol 

ReadlWrite 

After reset 

Function 

----bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

Port 0 Register 

7 6 S 4 ) 2 1 0 

P07 P06 POS P04 PO) P02 POI POO 

R/W 

Input mode (Output latch register becomes undefined,) 

Port 0 Control Register 

7 6 S 4 3 2 1 0 

P07e P06e pose P04e POK P02e POle 
, 

POoe 

W 

0 0 0 0 0 0 0 0 

0: IN 1 ;OUT (At external access, Port 0 becomes AD7 - 0 and POeR is cleared to 0.) 

c= Port 0 1/0 setting 

P t 1 R or eglster 
Ihil~~::~ih h. ·1 

7 6 S 4 3 2 1 0 

P17 • P16 P1S P14 P13 P12 P11 Pl0 

R/W 

Input mode (Output latch register is cleared to "0".) 

Port 1 Control Register 

7 6 S 4 3 2 1 0 

P17e P16e Plse P14e Pl)e Plle P11C Pl0C 

W 

0 0 0 0 0 0 0 0 

< <See PI Fe below. > > 

Port 1 Function Register 

7 6 S 4 3 2 1 0 

P17F P16F P15F P14F P13F P12F PllF Pl0F 

W 

0 0 0 0 0 0 0 0 

P1FClPlCR=00: IN,OI :OUT,10:AD1S-8,11 :A1S-8 

Read-modify-write is 
prohibited (or registers poeR, 
PieR. and PHC 

L Port 1 function setting 

P1CR ~ 0 1 
<PIXC> 

0 Input port Address data bus 
(AD 1 S-8) 

1 Output port Address bus 
(A1S-8) 

'----
Note; <P1XF> is bit X in register PlfC; <PIXC>, in registerP1CR. 

Figure 3.5 (3). Registers for Ports 0 and 1 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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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 O. It also sets Port 2 to 

'" c: 

Reset 

P2FC write 

P2write 

input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write 1 in the output latch. 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address data bus (AO to 7) and an 
address bus (A 16 to 23). 

( programmable) 
pull-down 

Port 2 
P20-P27 
(AO-A7/A16-A23) 

P2 read 

Figure 3.5 (4). Port 2 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-27 



TMP96C141AF TLCS-900 16-bit Microcontroller 

Port 2 Register -- 4 

P2 bit Symbol P27 P26 P2S P24 P23 P22 P21 P20 

(OOO6H) ReadJWrite R/W 

After reset Input mode (Output latch register is cleared to "0· .) 

Port 2 Control Register 

----P2CR bit Symbol P27C P26C P2SC P24C P23C P22C PllC P20C 
(OOO8H) ReadlWrite W 

After reset 

Function «SeeP2FCbelow.» 

Port 2 Function Register 

----
4 

P2FC bit Symbol P27F 
(OOO9H) 

ReadlWrite 

P26F P25F P24F P23F P22F P21F P20F 

W 

After reset o o 
Function P2FC/P2CR=OO: IN,OI :OUT,10:A7-0,11 : Al3-16 

Read·modify-write is 
prohibited for registers 
P2CR and P2FC. 

L Port 2 function setting 

~ P2CR 0 1 
<P2XC> 

0 Input address bus 
(A7-0) 

1 Output addreubus 
(Al3-1i) 

Note: <P2XF> 15 bit X in register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23-l6, set P2FC after setting PleR. 

Figure 3.5 (5). Registers for Port 2 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

3.5.4 Port 3 (P3D - P37) 
Port 3 is an 8-bit general-purpose I/O port. 

I/O can be set on a bit basis, but note that P30 and P31 
are used for output only. I/O is set using control register P3CR 
and function register P3FC. Resetting resets all bits of output 
latch P3, control register P3CR (bits 0 and 1 are unused), and 
function register P3FC to o. Resetting also outputs 1 from P30 
and P31, sets P32 to P37 to input mode, and connects a pull­
up resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 3 also functions as an I/O for the CPU's control/status sig­
nal. 

With the TMP96C141AF, when P30 pin is defined as RD 
signal output mode «P30F> = 1.1..Elearing the output latch 
register <P3D> to 0 outputs the RD strobe (used for the 
pseudo static RAM) from the P30 pin even when the internal 
address area is accessed. 

If the output latch register <P3D> remains 1, the RD 
strobe signal is output only when the external address area is 
accessed. 

With the TMP96C141AFrrMP96C041AF, which comes 
with an external ROM, Port 30 outputs the RD signal; P31, the 
WR signal, regardless of the values set in function registers 
P30F and P31 F. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-29 



TMP9SC141AF 

MCU900-30 

;; 
.D 

! .. 
" .. 
c 
;;; 
~ 

c 

" .D 

TLCS-900 1S-bit Microcontroller 

Reset 
ForTMP96C141AF mode 

t 

Output buffer 

RD,WR: 

P3 read 

Reset 

Output buffer 

P3 read 

P30(RD) 
P31(WR) 

p_ch(programmable ) 
pull-up 

P32(HWR) 
P35(BUSAK) 
P36(RiW) 
P37(RAS) 

Figure 3.5 (S). Port 3 (P30, P31, P32, P35, P36, P37) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



~ 

" ..Q 

., ... ., 
." 

., 
c 
;;; 

TLCS-900 16-bit Microcontroller 

Reset 

P-ch (programmable ) 
pull-up 

1--.--+--'----1 )--~r__--n P33 (WAIT) 

~ 1 .... ------<1----.J 

., 
c 
~ 

" ... 
c 

Internal._---_P_3_r_ea_d _____ ---.J 
WAIT 

Reset 

P-ch (programmilble ) 
pull-up 

P34~ 

Internal P3 read 
BUSRQ _---_____ ---1 

Figure 3.5 (7). Port 3 (P33, P34) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C141AF 

P3 
(0007H) ----bit Symbol 

ReadM'rite 

After reset 

7 

P37 

, 

P3CR bit 5ymbol P37C 

(OOOAH) Re.dlWrite 

. 

TLCS·900 16·bit Microcontroller 

Port 3 Register 

6 5 4 3 2 1 0 

P36 P35 P34 P33 P32 
, 

P31 P30 

rvw 
Input mode (pulled-up) Output mode , 1 1 

. 
1 1 1 1 

Port 3 Control Reg ister 

P36C : P35C P34C P33C P32C : ________ ' ________ 

W 

Afterreset f------'----'---~----'-----'-----'---_;_---_l 

P3FC 
(OOOBH) ----bit Symbol 

ReadlWrite 

After reset 

Function 

dify-writeis Read-mo 
prohibite 
P3CR and 

d for registers 
P3FC. 

7 6 

P37F P36F 

0 0 

0, PORT '0: PORT 

1 :RAS ~1 : RiW 

0: IN 1 :OUT 

I 1/0 setting 

P t3F or unc Ion , f Reg'ster 
I 0 Iinput 

l' Output 

5 4 3 2 1 0 

P35F P34F ~. P32F P31F P30F 

W 

0 0 0 0 0 

~O: PORT '0 ' PORT :0: PORT ~o: PORT :0: PORT 

:,: BUSAK :,: BUSRQ : :, :HWR 
-- :, : lID ;l:WR 

d",,~;, 
~ I 
! L.. P30(RD) function setting 

:s: 0 1 

I P3FC <P34F> I 1 I 
0 "0· output "1" output 

I P3CR <P34C> I 0 I 
AlwaysRD RO o~tput only 

~ sUsAi< setting 1 output (for for external 
pseudo SRAMJ acc~ss 

1 mc <P35F> J '.1 
~ P31 (WR) function setti~~ 1 P3CR <P3SC> I ' 1 

I~ - 0 1 
RlWsettlng 

1 mc <P36F> _L ' J 0 "0" output "1" output 

1 P3CR <P36C> -.l 1 J 1 WR output only for 
external access 

RASsetting 
t-... HWR setting 

1 P3FC <P37F>. 1 ' J 
1 PlCR <P37C> -.l ' J 

P3FC <P32F> I 1 I 
I P3CR < P32C> I 1 I 

Note. When P33IWAIT pin is used as a WAIT pin, set P#CR <P33C> to "0" and Chip Select/Wait control register, 

Figure 3.5 (8). Registers for Port 3 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

3.5.5 Port 4 (P40 - P42) 
Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a 
bit basis using control register P4CR and function register 
P4FC. Resetting does the following: 

- Sets the P40 and P42 output latch registers to 1 . 

- Resets all bits of the P42 output latch register, the control 
register P4CR, and the function register P4FC to o. 
- Sets P40 and P41 to input mode and connects a pull-up 
resistor. 

- Sets P42 to input mode and connects a pull-down resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 4 also functions as a chip select output signal (CSO to 
CS2 or CASO to CAS2). 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-33 



TMP96C141AF 

MCU900-34 

~ 

" .a 

'" ... 
'" ." 

'" c: .. ... 
c: 

~ 

" .a 

'" ... .. 
." 

Reset 

Reset 

TLCS-900 16-bit Microcontroller 

P-ch (programmable ) 
pull-up 

Output buffer 
P40 ~/CASli). 
P41 (CSf1CASf) 

P4read 

P4 read 

Figure 3.5 (9). Port 4 
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TLCS-900 16-bit Microcontroller 

Port 4 Register 

P4 bit Symbol ---.......... ---.......... : __ :~ :--...... P42C P41C P40C 

(OOOCH) Re.dlWrit. R/W 

After reset I---__ -'---__ -;..... __ -i-__ -+ __ --.;. __ ---,I;.:np::.;u:.:.t ;.:m:;od:.:o,..-_----l 
(Pull-downl j 1 (Pull-up) ~ 1 (PuU-upl 

Port 4 Control Register 

P4CR bit Symbol ____ ____ ____, ____ :............... P42C P41C P40C 

(OOOEH)~R:.:.e.:.:.d~NV:.:.r:;it:.:.el----~~-~~-~~-~~-~~-'---~-'----'---:.:.w~~:.:.:.:.~~ 

After reset I-----+----;.....----i----'-------'--=---'----'---:.:.:.:.----'-------l 

P4FC 
(0010H -----

7 

bit Symbol --) ReadlWrite 

After reset 

Function 

Read-modify-write is not 
possible for P4CR or P4FC. 

Port 4 Function Register 

6 5 4 , 3 

-.......:-....... :-....... i-""'" 
, 

, 

Note: To output chip select signal (CSQlCASO to CS2/CAS2). set the corresponding 
bits of the control register P4CR and the function register to P4FC. 
The BOCS. Bl CS. and B2CS registers of the chip selecVwait controller are used 
to select the Cs/CAS function. 

0: IN I: OUT 

VOsetting 

I 0 Iinput 

2 I 0 

P42F P41F P40F 

W 

0 0 0 

0: PORT I: CS/CAS 

...::=J I 
C I 0 IPort(P40) 

I I I m/CASO 

___ I 0 IPort(P41) 

I I ICST/CAST 

0 Port (P42) 
'------+ 1,1m/em 

Figure 3.5 (10). Registers for Port 4 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TMP96C141AF 

I 

I 

I 

I 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

3.5.6 Port 5 (P50 - P53) 
Port 5 is a 4-bit input port, also used as an analog input pin. 

P5 
(OOODH) 

~ 
bit Symbol 

Read/Write 

After reset 

r--

'" " J:I 

IV Port S read ~ 

IV 
"0 

-;;; 
C 

:; 
Conversion ~ 

ADt 
AID Channel c result t--- converter selector 

register 

'"'-

Figure 3.5 (11). Port 5 

Port 5 Register 

7 I 6 5 4 3 _____ 1---- ---- ----- P53 

I 

! 

Note: The input channel selection of AID Converter is set by AID Converter mode register ADMOD2. 

Figure 3.5 (12). Registers for Port 5 

( 

PortS 

PSO-P53 
ANO-AN3) 

1 2 

P52 
1 
R 

Input mode 

MCU900-36 TOSHIBA AMII5RICA ELECTRONIC COMPONENTB, INC. 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

3.5.7 Port 6 (P60 - P67) 
Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch to 1. In 
addition to functioning as a general-purpose I/O port, Port 6 
also functions as a pattern generator PGOIPG1 output. PGO is 

Reset 

T 
~ 

r-- I Direction (ontfol-1 

I (on bit basis) r 
t 

P6CRwrite .. 
~ 

_I Function (ontrol I ~ 

~ . I (on bit basis) I 
~ 

P6FC~rite ~ 

~ 

~ + 
- I s 
~ 

Output c -I ~ latch . 
t ~ 

c P6write - PGO,l . 

1 
h... 

P6 read 

. 

assigned to P60 to P63; PG1, to P64 to P67. Writing 1 in the 
corresponding bit of the port 6 function register (P6FC) 
enables PG output. Resetting resets the function register 
P6FC value to 0, and sets all bits to ports. 

r;-S'---
Selector 

• :c 
5 "I_ 

Selector 

A 
L---

-I' 

,! P·ch 

(pro grammable) 
pull-up 

(PG 

Port 6 

P60-P67 
OO-PG13) 

Figure 3.5 (13). Port 6 
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MCU900-38 

TLCS-900 16-bit Microcontroller 

Port 6 Register 

---P6 bit Symbol P67 P66 P6S P64 P63 P62 P61 P60 

(0012H) ReadIWrite RIW 

Input mode (Pull·up) 
After reset 

Port 6 Control Register 

---- 4 

P6CR bit Symbol P67C P66C P6SC P64C P63C P62C P61C P60C 

(0014H) ReadIWrite W 

After reset 0 

Function 0: IN 1 : OUT 

• Port 6110 setting 

Port 6 Function Register 

----P6FC bit Symbol P67F P66F P6SF P64F P63F P62F P61F P60F 

(0016H) ReadlWr;t. W 

After reset o 
Function 0: PORT 1: PGl·0UT 0: PORT l:PG~UT 

Read-modify-write is 

prohibited for registers 

P6tR and P6FC. 

I Port 6 function setting 

I 0 I General-purpose port 

1
1 I Steppi~ motor control I Pattern 

I generatlQn port 

Figure 3.5 (14). Registers for Port 6 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

3.5.8 Port 7 (P70 - P73) 
Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port and connects a 
pull-up resistor. In addition to functioning as a general-purpose 
I/O port, Port 70 also functions as an input clock pin TlO; Port 

r- r-iet 

- I Direction control -I (on bit basis) 

t 
~~rite 

, S -I Output latch I 

71 as an 8-bit timer output (TO 1 ), Port 72 as a PWMO output 
(T02), and Port 73 as a PWM1 output (T03) pin. Writing 1 in 
the corresponding bit of the Port 7 function register (P7FC) 
enables output of the timer. Resetting resets the function regis­
ter P7FC value to 0, and sets all bits to ports. 

~ ~1~P'Ch 
rammable) 
ull·up (pr~ 
P70 
(TIO) 

~ 

, 
r----S-sl-p7w~te 

" " .. 
~ .. 
'0 

.. 
c: 
~ .. 
~ 

c: 

h.. 

p7r~d 
Selector 

A 
TIO 

r-4et 

. I Direction (ontrol I 
-I (on bit basis) 

• ~write 

.1 Function control ~ 
-, (on bit basis) 

~~rite 
.1 S .... b-P'Ch(p 
-, Output latch , .... A S 

P7write I' Selector 

Timer FIF OuT . , B 

COl' Timer 1 ) 
T02: Timer 2 B 
103: Timer 3 

<I- Selector 
P7 read 

S A 

~ 

Figure 3.5 (15). Port 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

rogrammable) 
pull·up 

P71-P73 
(T01-T03) 

MCU900-39 



TMP96C141AF 

MCU900-40 

P7 
(0013H 

~ 
bit Symbol 

) ReadlWrite 

After reset 

----bit Symbol 

TLCS-900 16-bit Microcontroller 

Port 7 Register 
7 6 S 4 3 2 1 0 

............... ............... ~ -.............. . PH P72 P71 P70 

RNV 

Input mode (Pull-up) , 
1 1 1 1 

Port 7 Control Register 

7 6 5 4 3 2 1 0 

-..............- -.............. .---. ; -.............. P73C P72C P71C P70C P7CR 
(0015H ) ReadJWrite 

, 
w 

P7FC 
(0017H 

After reset 0 0 0 0 

Function 
• 

0: IN 1 :OUT 

L-----. Port 7 VO setting 

Port 7 Function Reg"ster I 

I Input 
Output 

~ 7 : 6 S 4 3 2 1 
, 

0 

bit Symbol -.............. ----------. ---.. ------- " 

P73F P72F P71F ............... 
) ReadIWrite : 

• 

: 
W 

After reset 
• : 0 0 0 

• 

.0: PORT :0 : PORT ;0 : PORT 
Function '1 :T03 ;1: T02 .1 :TOI 

Read-modify-write is ~s.tting P71 as TOI 
prohibited for registers I P7FC <P71F> 11 I 
P7eR and PlFC. I P7CR <P71C> 11 I 

~ Setting P72 as T02 

I P7FC <P72F> [1 I 
I P7CR < P72C > I 1 I 
SeW n9 P73 as T03 

I P7fC <P73f> 11 I 
I P7CR < P73C > ~ lJ 

Note: P70/TIO pin does not have a regIster changing PORT/FUNCTION. 
Forexample, when it is used as an input port (P70), the input signal for P70 is inputted to Sbit Timer 0 
as a timer input 0 (TIO). 

Figure 3.5 (16). Registers for Port 7 
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3.5.9 Port S (PSO - PS3) 

Port 8 is an 8-bit general-purpose liD port. liD can be set on a 
bit basis. Resetting sets Port 8 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch register 
P8 to 1. In addition to functioning as a general-purpose liD 
port, Port 8 also functions as an input for 16-bit timer 4 and 5 

(1) P80 - P86 

Reset 

r- r--1 
, [ Di .. ction control) 

(on bit basis) 

• ~write 

• 5 

clocks, an output for 16-bit timer F/F 4, 5 and 6 output, and an 
input for INTO. Writing 1 in the corresponding bit of the Port 8 
function register (P8FC) enalbles those functions. Resetting 
resets the function register P8FC value to 0, and sets all bits to 
ports. 

,,J 
\I P-ch 

(progr. 
pul 

mmable) 
I~up 

-l Output tatchJ 

.I. r-S--Sl_ 
PBO (Tl4JINT4) 
PBI (TIS/INTS) 
PB4 (TI6/INT6) 
PBS (Til/INT7) . 

0 

~ 

~ 

~ 

~ 

~ 

-
~ 

c , . 
~ 

c 
-

h.. 

P8wr~ 
Selector 

par~ad A 
T14. TIS 
T16. TI7 Reset 

r--i 
r Direction control! 

-I (on bit basis) ! 
.\ 

~wrjte 

.IFunctioncontrol ~ -l (on bit baSIS) 

t 
~trite 

l p.c{pro I 5 -I Output latch 

t -A-r-
P8 wnte 

~ Selector 

Timer F/F OUT , B 

C··Tlmer4 ) 
105: T!mer 5 81-
J06: Timer 6 /1 

ps;:ad 
Selector 

S A 

~ 

Figure 3.5 (17). Port S (PSO - PS6) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

grammabJe) 
pull-up 

PB2 (T04) 
PB3 (TOS) 
PB6 (T06) 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(2) P87 (INTO) an INTO pin for external interrupt request input. 

Port 87 is a general-purpose I/O port, and also used as 

MCU900-42 

Reset 

P8CRwrite 

P8write 

1------< f---..., Selector 

PB read 

INTO interrupt 

IIMC<IOIE> IlMC<IOlE> 

,-~::>:>+---iI"P·'h 

(programmable ) 
\full-up 

P87 (iNTO) 

Figure 3.5 (18). Port 87 
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Function 

Read-modify-write is 

prohibited for registers 

P8CR and P8FC. 

:0: PORT 

'1 :T06 

:0: PORT jO: PORT 

h :T05 '1 :T04 

L SeuingP82as T04 

I P8FC <P82F> 

I PBCR <PB2C> 

Setting P83 as T05 

11 I 
11 I 

I P8FC <PB3F> -.l 1 J 
I PBCR <P83C> I 1 I 

Setting P84 as T06 

I P8FC <P86F> 11 I 
I P8CR < P86C > 11 I 

Note: P8O/T14. P811T1S. P841T16. PSSlTI7 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P7OJTIO pin. 
When P8711NTO pin is used asan INTO pin. set P8CR< P87C > to "0· and IIMC<JOIE> to ",., 

Figure 3.5 (19). Registers for Port 8 
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3.5.10 Port 9 (P90 - P95) 
Port 9 is a 6-bit general-purpose I/O port. I/Os can be set on a 
bit basis. Resetting sets Port 9 to an input port and connects a 
pull-up resistor. It also sets all bits of the output latch register to 
1. 
In addition to functioning as a general-purpose I/O port, Port 9 
can also function as an I/O for serial channels 0 and 1. Writing 
1 in the corresponding bit of the port 9 function register (P9FC) 
enables this function. 

P9FCwrite 

Resetting resets the function register value to 0 and sets 
all bits to ports. 

(1) Port 90 and 93 (TXDOfTXD1) 

Ports 90 and 93 also function as serial channel TXD 
output pins in addition to I/O ports. 
They have a programmable open drain function. 

P·ch 

( programmable) 
pull-up 

Selector f-+--+--"" >--+--1 P90 (TXDO) 
P93 (TXD1) 

MCU900-44 

P9write 

TxDO, TxD1 -----+., B 

5 Bi~---' 

Open drain 
possible 

ODE<ODE1.0> 

I------<}-----j Selecto( 

P9 read Ai-----------

Figure 3.5 (20). Ports 90 and 93 
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(2) 

(3) 

TLCS-900 16-bit Microcontroller 

Ports 91 and 94 (RXDO, 1) input pins for serial channels. 

Ports 91 and 94 are I/O ports, and also used as RXD 

P9wnte 

,--1X>+---lII-P-ch (Programmable) 
\pull-up 

P91 (RXDO) 
P94(RXD1) 

.. 
c: t-----<..i-----i Selector 

P9 read AI.--------1 

RxDO, RxOl _-----------------' 

Figure 3.5 (21). Ports 91 and 94 

TMP96C141AF 

Port 92 (CTS/SCKLO) for serial channelO; additionally, the CTSO pin, and also 
as a SCKLO I/O pin. 

Port 92 is an I/O port. It is also used as a CTS input pin 

---iet 

Direction 

I Cb?ttb~lsf~n I 
+ 

~write 

~ I Direction I ~ 
.0 control (on I 
'" 

I bit Dasis) 

~P.Ch ~ • '" ~write ." 

- ~rogr 
'" S ,r---r-- ulf-u c: I Output latch A S .. 
~ P9~rite selector 
c: 

P92 (CTSljISCLKO) 

-
SClKO OUT . B 

~ 
. ')1- Selector 

SClKOIN 
P9 Read ~ 

(lSO 

Figure 3.5 (22). Port 92 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(4) Port 95 (SCll<) an SClK 1/0 pin for serial channel 1. 

Port 95 is a general-purpose 1/0 port. It is also used as 

MCU900-46 

.. 
" ..,I----+~I 

'" ... 
'" ." r--r:x>l-~~P·ch 

(Programmable ) 
\tUIl-up 

P9write 
Selector 1-.f---4---r"::--+---4 P95 (SCLK1) 

SCLKOUT ..... -----.~I B 

S BI---..J 

I ...... -----<;J Selector 

P9read AI ...... --------4 

SCLKIN ..... ______________ ......J 

Figure 3.5 (23). Port 95 
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TLCS-900 16-bit Microcontroller 

Port 9 Reg ister --P9 bit Symbol -.............! -.............: P95 P94 P93 P92 P91 P90 

(0019H) R •• dlWrit. RIW 

Input mode 
After reset t----:----i----,-------,----'--:----,-------,----i 

Port 9 Control Register 

P9CR bit Symbol ............... : -............. P95C P94C P93C P92C P91C P90C 

(001 BH) R •• dlWrite 

P9FC 
(OO1DH 

After reset 

Function 

----bit Symbol 

) ReadlWrite 

Afterre,et 

Function 

0:1N 

I 

Port 9 Function Register 

7 6 
, 

5 4 3 

-.............: -.............! P95F '-............. P93F 

W W 

0 0 

:0: PORT iO: PORT 

!1 : 5ClKl i1: T_Ol , 

W 

I :OUT 

Port 91/0 setting 

I 0 I,nput 
Output 

2 I 0 

P92F !-............. P90F 

W 
, 

W , 
0 0 

!O: PORT :0: PORT , 
!1: SClKO 'I :T_OO , 

I No teo Only the 
TMP96CM40fl'MP96PM40/ ~ pgO TxDO output setting (N 
TMP96Cl4lAtrMP96C04lA I P9FC <P90F> I I I 
have register P92F, That is, I P9CR <P90C> I I I SCLKO cannot be specified for 

ote) 

the TMP96Cl41. P93 Tx01 output setting (N ate) 

I P9FC <P93F> I I I 
I P9CR <P93C> I I I 

P95 seue: output setting 

I P9FC <P95F> I I I 
I P9CR < P95C> I I I 

Note: To set theTxD pin to open drain, write lin bitO (forTxDO pin) orbit 1 (forTxDl pin) ofthe 
ODE register, 
P9l/RXDO, P94/RXDl pins do not have a register changing PORT/FUNCTION, 
Therefore this is the same as P70fl'1O pin. 

Figure 3.5 (24). Registers for Port 9 
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3.6 Chip SelectIWait Control 
TMP96C141AF has a built-ins select/wait controller used 
to control chip select (CSO - CS2 pins), wait (WAIT pin), and 
data bus size (8 or 16 bits) for any of the three block address 
areas. 

3.6.1 Control Registers 
Table 3.6 (1) shows control registers 

One block address areas are controlled by i-byte CS/ 
WAIT control registers (BOCS, B1CS, and B2CS). Registers 
can be written to only when the CPU is in system 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. 

(1) Enable 

Control register bit 7 (BOE, B1 E, and B2E) is a master 
bit used to specify enable (1 )/disable (0) of the setting. 

Resetting BOE and B1 E to disable (0) and B2E to 
enable (1). 

(2) System only specification 

Control register bit 6 (BOSYS, B1 SYS, and B2SYS) is 
used to specify enable/disable of the setting depend­
ing on the CPU operating mode (system or normal). 
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 sys­
tem mode but disables setting in normal mode. 
Resetting clears bit 6 to O. 
Bit 6 is mainly used when external memory data should 
not be accessed in normal mode (Le., for system mode 
only memory data for the operating system). 

(3) CS/CAS Waveform select 

Control register bit 5 (BOCAS, B1 CAS, and B2CAS) is 
used to sp~ waveform mode output from the chip 
select pin (CSO/CASO - CS2/CAS2). Setting this bit to 
o specifies CSO to CS2 waveforms; setting it to 1 
specifies CASO to CAS2 waveforms. 

Resetting clears bit 5 to O. 

(4) Data bus size select 

Bit 4 (BOBUS, B 1 BUS, and B2BUS) of the control reg-

ister is used to specify data bus size. Setting this bit to 
o accesses the memory in 16-bit data bus mode; set­
ting it to 1 accesses the memory in 8-bit data bus 
mode. 
Changing data bus size depending on the access 
address is called dynamic bus sizing. Table 3.6 (2) 
shows the details of the bus operation. 

(5) Wait control 

Control register bits 3 and 2 (BOW1, 0; B1W1, 0; B2W1, 
0) are used to specify the number of waits. Setting these 
bits to 00 inserts a 2-state wait regardless of the WAIT 
pin status. Setting them to 01 inserts a i-state wait 
regardless of the WAIT status. Setting them to 10 
inserts a i-state wait and samples the WAIT pin status. 
If the pin is low, inserting the wait maintains the bus 
cycle until the pin goes high. Setting them to 11 com­
pletes the bus cycle without a wait regardless of the 
WAIT pin status. 
Resetting sets these bits to 00 (2-state wait mode). 

(6) Address area specification 

Control register bits 1 and 0 (BOC1, 0; B1 C1, 0; B2C1, 
0) are used to specify the target address area. Setting 
these bits to 00 enables settings (CS output, Wait 
state, Bus size, etc.) as follows: 

* CSO setting enabled when 7FOOH to 7FFFH is 

accessed. 
* CS1 setting enabled when 480H to 7FFFH is 

accessed. 
* CS2 setting enabled when 8000H to 3FFFFFFH is 

accessed, for the TMP96C141 , which does not have a 

built-in ROM. 

CS2 setting enabled when 10000H to 3FFFFFH is 
accessed for the TMP96CM40ITMP96PM40, which 
has built-in 
ROM/PROM 
Setting bits to 01 enables setting for all CS's blocks 
and outputs a low strobe signal (CSO/CASO - CS2I 
CAS2) from chip select pins when 400000H to 
7FFFFFH is accessed. Setting bits to 10 enables them 
800000H to BFFFFFH is accessed. Setting bits to 11 
enables them when COOOOOH to FFFFFFH is 
accessed. 
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Code 

BOCS 

B1CS 

B2CS 

Name 

BlockO 
CS/WAIT 
control 
register 

Blockl 
CS/WAIT 
control 
register 

Block2 
CS/WAIT 
control 
register 

TLCS-900 16-bit Microcontroller 

Table 3.6 (1) Chip SelectlWait Control Register 

Address 7 6 5 4 3 

0068H 

0069H 

006AH 

Note: With only block 2, enable (16-bit data bus, 2-wa~ mode) after reset. 
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Table 3.6 (2) Dynamic Bus Sizing 

Operand Operand Memory CPU Data 
CPU Address Data Size Start Address Data Size 015·08 07·00 

2n+O 8 bits 2n+O xxxxx b7 -bO 
8 bits (even number) 16 bits 2n+O xxxxx b7 -bO 

2n + 1 8 bits 2n+ 1 xxxxx b7 -bO 
(odd number) 16 bits 2n+ 1 b7 - bO xxxxx 

8 bits 2n+O xxxxx b7 - bO 
2n+O 2n+ 1 xxxxx b15 - b8 

(even number) 16 bits 2n+O b15 - b8 b7 - bO 

16 bits 8 bits 2n+ 1 xxxxx b7 - bO 
2n+ 1 2n+2 xxxxx b15 - b8 

(odd number) 2n+ 1 b7 -bO xxxxx 16 bits 
2n+2 xxxxx b15 - b8 

2n+O xxxxx b7 - bO 
2n+ 1 xxxxx b15 - b8 

2n+O 8 bits 2n+2 xxxxx b23 - b16 

(even number) 2n+3 xxxxx b31 - b24 

16 bits 2n+O b15 - b8 b7 - bO 
2n+2 b31 - b24 b23 - b16 

32 bits 
2n+ 1 b7 - bO xxxxx 
2n+2 xxxxx b15 - b8 

2n + 1 8 bits 2n+3 xxxxx b23- b16 

(odd number) 2n+4 xxxxx b31-b24 

2n+ 1 b7-bO xxxxx 

16 bits 2n+2 b23 - b16 b15 - b8 
2n+4 xxxxx b31-b24 

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. 
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3.6.2 Chip Select Image 
An image of the actual chip select is shown below. Out of the 
whole memory area, address areas that can be specified are 
divided into four parts. Addresses from OOOOOOH to 3FFFFFH 
are divided differently: 7FOOH to 7FFFH is specified for CSO; 
480H to 7FFFH, for CS1; and 8000H to 3FFFFFH, for CS2. 
The reason is that a device other than ROM (Le., RAM or I/O) 
might be connected extemally. 

The addresses 7FOO to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to extemall/O. 

The addresses 480H to 7FFFH (approximately 31 K 

CSO 

OOOOOOH 

7FOOH 

8000H 

400000H 

800000H 

COOOOOH 

FFFFFFH 

(Mainly for 1/0) 

bytes) for CS1 are mapped there mainly for possible exten­
sions to extemal RAM. 

The addresses BOOOH to 3FFFFFFH (approximately 
4Mbytes) for CS2 are mapped mainly for possible extensions 
to extemal ROM. After reset, CS2 is enabled in 16-bit bus and 
2-wait. With the TMP96C141 AF, which does not have a built­
in ROM, the program is externally read at address 8000H in 
this setting (16-bit bus, 2-wait). With the TMP96CM40F/ 
TMP96PM40F, which has a built-in ROM, addresses from 
8000H to FFFFFH are used as the intemal ROM area; CS2 is 
disabled in this area. After reset, the CPU reads the program 
from the built-in ROM in 16-bit bus, O-wait mode. 

(Mainly for RAM) 

Supplement 1: Access priority is highest for built-in 1/0. then built-in memory, and lowest for the chip selecVwait controller. 
Supplement 2: External areas other than GSO to GS2 are accessed in 16-b~ data bus (0 wa~) mode. 

When using the chip selecVwait controller, do not specify the same address area more than once. (However, when addresses 7FOOH - 7FFFH 
for GSO and 480H - 7FFFH for GS1 are specified, in other words, specifications overlap. only the GSO setting/pin is active.) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-51 



TMP96C141AF TLCS-900 16-bit Microcontroller 

3.6.3 Example of Usage 
Figure 3.6 (1) is an example in which an external memory is con-

nected to the TMP96C141 AF. In this example, a ROM is con­
nected using 16-bit Bus; a RAM is connected using 8-bit Bus. 

7~3 

TMP96C141 
~D Of--

n-:tJ. 
Address bus 

6 -l J 6 -l J. 6 -l J. LE 

(SO 0-

I cs rs I Ie cs . II CSSbitBUS 

J (Sl 0---
~D 

Upper byte Lower byte B bot Bus 

(S2 0---.:. o I" ill ROM - ROM IE J!.£<M 1/0 
E WE illYE 

ALE 

~ ~ H AD8 
) 

AD15 

ADO 
) 

AD7 

RD 
WR 

Figure 3.6 (1). Example of External Memory Connection (ROM = 16 bits, RAM and 1/0 = 8 bits) 

Resetting sets pins csa to CS2 to input port mode. csa 
and CS1 are set high due to an internal pull-up resistor; CS2, 

low due to an internal pull-down resistor. The program used to 
set these pins is as follows: 

P4CR EQU OEH 

P4FC EQU 10H 

BOCS EQU 68H 

B1CS EQU 69H 

B2CS EQU 6AH 

LD (BOCS),90H ; CSO = 8 bits, 2WAIT, 7FOOH - 7FFFH 

LD (B1CS), 9CH ; CS1 = 8 bits, OWAIT, 480H - 7EFFH 

LD (B2CS), 84H ; CS2 = 16 bits, 1WAIT, OOOOH - 3FFFFFH 

LD (P4CR), 07H ) CSO, CS1, CS2 output mode setting 
LD (P4FC), 07H 
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3.6.4 How to Start with an 8-Bit Data Bus 
Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 

B2CS EQU 

ORG 

LOX 

6AH 

8000H 

(B2CS),9CH 

After reset, the program reads the LOX (B2CS), 9CH 
instruction in 16-bit data bus mode, LOX is a 6-byte instruc­
tion: the 2nd, 4th and 6th bytes are handled as dummies O.e., 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro­
gram so that the LOX instruction is executed and the block 2 

mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 

; CS2 register address 

; RESET address 

; CS2 8-bit, OWAIT, 8OO0H -

area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

The above program does not include setting the P421 
CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 

Address latch EPROM 
TLC5·900 

(TMP96C141) A15 
Operation after reset 

TLC5·900 

A08-15 
80aOH F7 F7 
8001H 71 -11 00 

G 
8002H 6A 6A 
8003H 11 -71 00 

07 8004H 9C 9C 
ADO-7 I 800SH 11 ..... 11 00 

ALE DO 

lID OE 11 : don'tcare 

C52 CS 
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3.7 8·bit Timers 
The TMP96C141 AF contains two 8-bit timers (timers 0 and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim­
ers. 

• 8-bit interval timer mode (2 timers) 
• 16-bit interval timer mode (1 timer) 
• 8-bit programmable square wave pulse generation (PPG : 

variable duty with variable cycle) output mode (1 timer) 
• 8-bit pulse width modulation (PWM: variable duty with con-

stant cycle) output mode (1 timer) 
Figure 3.7 (1) shows the block diagram of 8-bit timer 

(timer 0 and timer 1). 
Each interval timer consists of an 8-bit up-counter, 8-bit 

comparator, and 8-bit timer register. Besides, one timer flip­
flop (TFF1) is provided for pair of timer 0 and timer 1 . 

Among the input clock sources for the interval timers, the 
internal clocks of I/J T1 , I/J T 4, I/JT16, and I/JT256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
andTRUN. 
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~ 
~ 
TREG-WR • 

TLCS-900 i6-bit Microcontroller 

TRUN<TORUN> TRUN<T1RUN> 

., Set 
·2 Clear 
·3 

TFFCR<TFF1I5> 
; T1 -+- Selector 
;T16 
"T256-

MMl > 

Intemalbus 

,-_-'--'-_-, ~TMOD<TlOM1.0> 
INTTI 

Figure 3.7 (1). Block Diagram of B-Bit Timers (Timers 0 and 1) 
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CD Prespaler 

This 9-bit prescaler generates the clock input to the 8-
bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 
Among them, 8-bit timer uses four types of clock: 

In~ 
clock 

,IT1 (8Ifc) 

pT4 (321fc) 

pT16 (128/le) 

pT256 (2048/lc) 

Cycle 

16MHz 

0.51'5 

2.01'5 

8.0pS 

128pS 

I{lT1, I{lT4, I{lT16, and I{lT256. 
This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1", while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN> is set to "0". Resetting clears <PRRUN> to 
"0", which clears and stops the prescaler. 

20MHz 

0.4pS 

1.6pS 

6.41'5 

1021'S 

o 1 234 5 678 

9-bit prescaler 

B:~ t run/stop & clear 

TRUN <PRRUN> 
(System clock) 

Figure 3.7 (2). Prescaler 

@ Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 
The input clock of timer 0 is selected from the external 
clock frorn T10 pin and the three internal clocks I{l T1 
(8/fc), I{l T 4 (321fc), and I{lT16 (12B1fc), according to the 
set value of TMOD register. 
The input clock of timer 1 differs depending on the 
operation mode. When set to 16-bit timer mode, the 
overflow output of timer 0 is used as the input clock. 
When set to any other mode than 16-bit timer mode, 
the input clock is selected from the internal clocks I{l T1 
(Blfc) , I{l T16 (128/fc), and I{lT256 (2048/fc) as well as 
the comparator output (match detection signal) of 
timer 0 according to the set value of TMOD register. 

Example: When TMOD <T10M1, 0> = 01, the over 
flow output of timer 0 becomes the input 
clock of timer 1 (16 bit timer mode). 
When TMOD <T1 OM1, 0> = 00 and TMOD 
<T1 CLK1, 0> = 01, I{l T1 (8/fc) becomes 
the input of timer 1 (8 bit timer mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 M1, 0> = 00 
whereby the up-counter is placed in the 8-bit timer 
mode. 
The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 
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® Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 
Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 
The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 

Up-counter 

n 
I Comparator (CPO) , 

I Timer registers 0 (TREGO) , 

Shift trigger 

I Reg ister buffers 0 I 
Write • 

TREGO should be enabled or disabled. It is disabled 
when <DBEN> = 0 and enabled when they are set to 
1. 
In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis­
ter when the 2n-1 overflow occurs in PWM mode, or at 
the PPG cycle in PPG mode. Therefore, during timer 
mode, the double buffer cannot be used. 
When reset, it will be initialized to <DBEN> = 0 to dis­
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1, and write 
the following data in the register buffer. 

--<J I Selector 

• 

I I 

: 
. 

Matching detection of PPG 
cycle 
2n - 1 overflow of PWM 

TREGOWR 

r 
TFFCR<DBEN> 

Internal bus 

Figure 3.7 (3). Configuration of Timer Register 0 

Note: Timer register and the register buffer are allocated to the same 
memory address. When <DB EN> = 0, the same value is written in 

The memory address of each timer register is as fol­
lows. 

TREGO: 00OO22H 
TREG1: 00OO23H 

All registers are write-only and cannot be read. 

@ Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1) is generated. If the timer 

the register buffer as well as the timer register, while when <DBEN> 
= 1 only the register buffer is written. 

flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 

® Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 
A timer F/F is provided for a pair of timer 0 and timer 1 
and is called TFF1. TFF1 is output to T01 pin. 
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------bit Symbol TRUN 
(0020H ) ReadlWrite 

Afterreset 

Function 

MCU900-58 

7 

PRRUN 

RIW 

0 

TLCS-900 16-bit Microcontroller 

6 

-------- : : 

5 4 3 , 2 1 0 

TSRUN T4RUN PIRUN , PORUN TlRUN TORUN , 
RIW 

0 0 
, 

0 
, 

0 
, 

0 0 , 
Prescaler & Timer Run/Stop CONTROL 

o : Stop & Clear 

1 : Run (Count up) 

'--_____ Count Operation 

PRRUN 

TSRUN 

T4RUN 

P1RUN 

PORUN 

T1RUN 

TORUN 

~ .... ; ...... ::-:~:~~.~I~~.r ........................ .. 
Operation of prescaler 

Operation of 16-bit timer (timerS) 

Operation of 16-bit timer (timer4) 

Operation of PWM timer (PWM l/timer3) 

Operation of PWM timer (PWMO/timer2) 

Operation of 8-bit timer (timerl) 

Operation of 8-bit timer (timerO) 

Figure 3.7 (4). Timer Operation Control Register (TRUN) 
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TMOD 
(0024H) 

TLCS-900 16-bit Microcontroller TMP96C141AF 

------
7 6 4 3 0 

bit Symbol nOMl nOMO : PWMMI PWMMO: T1CLKl nCLKO TOCLKI TOCLKO 

ReadIWrite W 

Afterreset 0 0 0 0 0 0 0 0 

Operation mode PWMcycie Source dock of timer1 Source clock of timerO 

00: 8bit Timer 00: - 00: TOOTRG 00: TID 
Function 01: 16bil Timer 01: 26-1 01: ~n 01: ,n 

10: 8bit PPG 10: 27_1 10: ~T16 10: ~T4 

11: 8bitPWM 11: 28-1 , 11: ~T256 11: ;116 

T I I 

Prohibit Read 
Modify Write 

L-inputciockoftimero 

00 Externallnput (TlO) 

(Prescaler) 01 pT1 

10 pT4 

11 pT16 

(Prescaler) 

(Prescaler) 

Input clock oftimer 1 

TMOO<T10M1.0>~Ol ~~~~Ml.O> =01 

00 Comparator output 0 v e r flo W 

of timer 0 output of timer 
...................... 0 

01 Internal clock .. l1 

Internal clock .. T16 

11 Internal clock .T256 

(16-bit timer 
mode) 

~----------~rS_e_le_c,t_p_W_M __ c~y_cl~e ________________ , 

00 

01 26 - 1 

10 27 - 1 

11 28 - 1 

Set the operation mode of 
~------------------------~timerOand 1. 

r---~----------------------. 

00 Two 8-bit timers 
(timer 0 and timer 1) .. ...... ............ . ......... . 

01 16-bit timer 

10 8-bit PPG output 

11 ·8~bitPWjijjO·utp~tttimerOi· 
+ 8-bit timer (timer 1) 

Figure 3_7 (5). Timer Mode Control Register (TMOD) 
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TMP9SC141AF 

TFFCR 
(0025H) 

MCU900-S0 

-----bit Symbol 

Read/Write 

After reset 

Function 

, 

-------

TLCS-900 1S-bit Microcontroller 

-------
-............. ' OBEN TFF1Cl TFFICO 

R/W W 

j Double • 00: Invert TFFl 

: buffer 01: Set TFFl 
0: Disable 

; 10: Clear TFFl 
: 1: Enable 

11: don't care 

. '" Always read as "1,· 

I I 

r------JI I 

• 

TFFllE TFFlIS 

R/W 

~TFFl ; TFFl 
jlnversion llnversion 
~ trigger source 
10: Disable jO: Timer 0 

j,:Enable ~l:Timerl 

I 

I 
I Select inverse signal ottimer FIFI 
L------. ("Don't care" except in 8-bit timer mode) 

0 

TMOO<T10Ml,O 
>=00 

Inversion by 
timerO match 
signal 

Inversion by 
timerl match 
signal 

01 

16-bit timer mode 

Inversion by 

match signal 

- Inversion of Timer FIFI (TFF1) 

o Disable invert 

Enable invert 

'----- Control ofTimer FIFI (TFF1) 

00 .. l~;fi~~~.;r;~~;~;~Y~' 
01 SetTFFlto "1". 

10 ClearTFFl to "0". 

11 Don't care 

'------ Double 8uffer Control ofTREGO 

Disable double Buffer 

Enable double Buffer 

10 

PPG mode 

Inversion by 

match signal of 

each timer 0 and 
timer 1 

11 

PWMmode 

Inversion by 

match and 
overflow signal 

oftimerO 

Figure 3.7 (S). Timer Flip-Flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: 

TRUN 

TMOD 

TREG1 

(1) 8-bit timer mode 

Two interval timers 0, 1, can be used independently as 
8-bit interval timer. All interval timers operate in the 
same manner, and thus only the operation of timer 1 
will be explained below. 

MSB LSB 

6 5 3 2 1 0 

f- 0 

f- 0 0 0 

f- 0 0 0 0 0 0 

INTET10 f- 0 

TRUN f-

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

Use the following table for selecting the input clock. 

(j) Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable interrupt INTT1 and 
start the counting of timer 1. 

Example: To generate timer 1 interrupt every 40 

microseconds at fc = 16 MHz, set each 

register in the following manner. 

Stop timer 1, and clear it to "0". 

Set the a-bit timer mode, and select I/IT1 (O.5J,l'i @ fc = 16M Hz) as the input clock. 

Set the timer register at 40J,l'i 4>T1 = 50H. 

Enable INTT1, and set it to "Level 5". 

Start timer 1 counting. 

Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 

Input Clock Interrupt Cycle Resolution 
Interrupt Cycle Resolution (at Ic = 16MHz) (atlc = 20M Hz) 

I/IT1 (B/fc) O.5J,l'i -12BJ,l'i O.5J,l'i O.4J,l'i -102.4J,l'i O.4J,l'i 

I/IT4 (32/fc) 2J,l'i - 512J,l'i 2J,l'i 1.6J,l'i - 409.6J,l'i 1.6J,l'i 

I/IT16 (128/fc) 8J,l'i-2.048ms 8J,l'i 6.4J,l'i -1.638ms 6.4J,l'i 

I/IT256 (204B/fc) 12BJ,l'i - 32.70Bms 12BJ,l'i 102.4J,l'i - 2.621ms 12BJ,l'i 

Note: The input clock of timer 0 and timer 1 are different from as follows: 

Timer 0: T10 input, \,>T1, \,>T 4, \,>T16 

Timer 1: Match Output of Timer 0, \,>T1, \lT16, \lT256 
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TRUN 

TMOD 

TREG1 

TFFCR 

PlCR 

PlFC 

@ Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter­
vals, and its status is output to timer output pin (T01). 

Example: To output a 3.011S square wave pulse from 

6 4 2 1 0 

~ 0 

~ 0 0 0 

~ 0 0 0 0 0 

~ 0 

T01 pin at fc = 16MHz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example uses 
timer 1. 

Stop timer 1, and clear it to "0". 

Set the 8-bit timer mode. and select q,T1 (0.5J.lS @ fc = 16MHz) as the input clock. 

Set the timer register at 3.OJJS +q,T1 +2 = 3. 

Clear TFF1 to "0". and set to invert by the match detect signal from timer 1. 

x 
) Select Pl1 as T01 pin. 

TRUN ~ Start timer 1 counting. 

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

MCU900·62 

¢Tl 

TRUN 
<T1RUN> -.J 

BIT7-2 ____________________ ~~-----------------------------------
Up-
counter BIT1 ______ --' 

BITOI ___ O=--...J 
Comparator 
timing _____ ...J 

Comparator output 
(matching det.;..e~c-'t) ________ _f'-' 

INnl _________________ ~\ 

UCciear--------------+~'~-------~I~,---------...J 
, , 

TFF1 .+--------.1: r-_______________ ~ ~,---------...J 

TOl --------------------~V 
: 1.5ps@fc=lGMHz :.. -

, , 

~""'------I~ , , ): 

Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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@ Making timer 1 count up by match signal from timer 
o comparator 

Comparator output 
(Timer 0 match) 

Timer 0 up-counter 
(when TREGO = 5) 

Timer 1 up-counter 
(when TREGl = 2) 

Timer 1 match output 

n 

X 

Set the 8-bit timer mode, and set the comparator out­
put of timer 0 as the input clock to timer 1 . 

n 

2 X 

n 
Figure 3_7 (8). Timer 1 Count Up by Timer 0 

® Output inversion with software 

The value of timer flip-flop (TFF1) can be inverted, inde­
pendent of timer operation. 
Writing "00" into TFFCR dFF1 C1 , 0> (memory 
address: 000025h of bit 3 and bit 2) inverts the value of 
TFF1. 

® Initial setting of timer flip-flop (TFF1) 

The value of TFF1 can be initialized to "0" or "1 ", inde­
pendent of timer operation. 
For example, write "10" in TFFCR < TFF1 C1 , 0> to 
clearTFF1 to "0", while write "01" in TFFCR dFF1C1, 
0> to set TFF1 to "1 ". 

Note: The value of timer register cannot be read. 

(2) 16-bit timer mode 

A 16-bit interval timer is configured by using the pair of 
timer 0 and timer 1 . 
To make a 16-bit interval timer by cascade connecting 
timer 0 and timer 1, set timer O/timer 1 mode register 
TMOD d10M1, 0> to "0, 1". 
When set in 16-bit timer mode, the overflow output of 
timer 0 will become the input clock of timer 1, regard­
less of the set value ofTMOD d1 CLK1 , 0>. Table 3.7 
(2) shows the relation between the cycle of timer (inter­
rupt) and the selection of input clock. 

Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 

Input Clock Interrupt Cycle Resolution Interrupt Cycle 
Resolution (at Ic = 16MHz) (at Ic ,,20MHz) 

t/>T1 (8/te) O.51JS - 32.786ms O.51JS O.41JS - 26.214ms O.41JS 

t/>T4 (32/te) 21JS - 131.072ms 216 1.616 -104.857ms 1.616 

t/>T16 (128/tc) 816 - 524.288ms 816 6.416 - 419.430ms 6.416 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-63 



TMP96C141AF TLCS-900 16-bit Microcontroller 

The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG 1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem­
porarily, and the comparator is restarted by writing 
data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.5 seconds at fc = 16M Hz, set the 
following values for timer registers 
TREGO and TREG: 

When counting with input clock of 
iflT16 (81JS @ 16MHz) 

0.5 sec + 8J.1S = 62500 = F424H 

Therefore, set TREG 1 = F4H and 
TREGO = 24H, respectively. 

The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 
With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com­
parators of timer 0 and timer 1, the up-counters UCO 
and UC1 are cleared to "0", and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 

Example: When TREG1 = 04H and TREGO = SOH 

Value of uf-counter 
(UC1, UCO OOOOH OOSOH 01S0H 02S0H 03S0H 04S0H 

Timer 0 comparator 
match detect signal 

Interrupt INTIl 

Timer output TOl X Inversion 

Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 

(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 and timer 1. The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 
Timer 0 outputs pulse to T01 pin (also used as P70). 
In this mode, a programmable square wave is gener­
ated by inverting timer output each time the 8-bit up-

counter (UCO) matches the timer registers TREGO and 
TREG1. 
However, it is required that the set value of TREGO is 
smaller than that of TREG1. 
Though the up-counter (UC1) of timer 1 is not used in 
this mode, UC1 should be set for counting by setting 
TRUN <T1 RUN> to 1. 
Figure 3.7 (11) shows the block diagram for this mode. 
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TREGO and UCO match 
(Interrupt INTTO);----,tJL------......,JL--------

TREG 1 and UCO match ---t----flL---+----.,LIL.---­
(Interrupt INTT1) 

TOl 
-----I 

TREGO • 
TREGl 

Figure 3.7 (10). 8-Bit PPG Output Waveforms 

T01 

TIOpin _ TRUN<TORUN> 

¢T1 -8- B-bit ¢T4 _ Selector 
---l _ TFFCR<TFF1IE> = 1 

¢T16 _ up-counter (UCO) 

t t 
TMOD <TOClK1, 0> 

,-----1 f------+-----~+--_INTTO 

L~~~~?--_1>----4---INTTl 

Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this 
mode, the value of register buffer will be shifted in TREGO each 
time TREG1 matches UCO. 

Use of the double buffer makes easy handling of low duty 
waves (when duty is varied). 

Match with TREGO n n 
and up-Counter __ ....,... __ -I.I.L.-_....,...._.....,,,..,... __ ,.J._'--...,.,...-___ _ 

(Up-counter = 01) (Up-counter = 02) . 

Match with TREG 1 -------------tJl~L::;_:_;~---:-::--~~. 
TREG 0 01 (1 Shift from rd;ister buffer 

(Value to be compared) -----.::..!....-------J,-1t~---.::..i.---

( TREG~ (register buffer) 
write 

Registe buffer 

Figure 3.7 (12). Operation of Register Buffer 

Example: Generating 1/4 duty 50KHz pulse@fc= 16MHz) 

• Calculate the value to be set for timer register. 

TRUN 

TMOD 

TREGO 

TREGl 

TFFCR 

P7CR 

P7FC 

TRUN 

Note: 

To obtain the frequency SOKHz, the pulse cycle t 
should be: t = 1150KHz = 20j.lS. 
Given rfJ T1 = O.SliS @ 16MHz), 

20j.lS + O.Sj.lS = 40 
Consequently, to set the timer register 1 (TREG1) to 

7 6 5 4 3 2 0 

E- O 0 

E- O x X 0 

E- O 0 0 0 0 1 0 

E- O 0 0 0 0 0 

E- O 1 x 
y 

E-

E- x x 

E-

x; don't care -; no change 

TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 

20j.lS x 1/4 = SliS 
SliS + O.SliS = 10 

Therefore, set timer register 0 (TREGO) to TREGO = 10 
=OAH. 

Stop timer 0, and clear it to "0", 

Set the 8-bit PPG mode, and select q,T1 as input clock. 

Write "OAH". 

Write "28H". 

Sets TFFl and enables the inversion and double buffer enable, 

• Writing "10" provides negative logic pulse. 

) Set P71 as TOl pin, 

Start timer 0 and timer 1 counting. 
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(4) 8-bit PWM Output mode 

This mode is valid only for timer O. In this mode, maxi­
mum 8-bit resolution of PWM pulse can be output. 

PWM pulse is output to T01 pin (also used as P71) 
when using timer O. Timer 1 can also be used as 8-bit 
timer. 
Timer output is inverted when up-counter (UCO) 
matches the set value of timer register TREGO or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD <PWM01 , 

0» counter overflow occurs. Up-counter UCO is 
cleared when 2n - 1 counter overflow occurs. For 
example, when n = 6, 6-bit PWM will be output, while 
when n = 7, 7 -bit PWM will be output. 
To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) «Set value of 2n - 1 

counter overflow) 

(Set value of timer register * 0) 

TREGO and UCO match _____ -fJI ______ ....,tJL-_____ --..JIL-__ _ 

2n-l 
overflow (interrupt INnO) _____ I-____ ---,£..IL+-_____ .,QL ____ _ 

TOl 

Figure 3.7 (13). 8-Bit PWM Waveforms 
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Figure 3.7 (14) shows the block diagram of this mode. 

.---------,-.:IN <TORUN> 

8-bit up-counter 

control 

TMOO 
<nOMI, 0> = II 
TMOO 
<PWMMI,O> 

Overflow 

TOI 

TFFCR 
<TFFICI,O, 

FFlIE, TFFlIS> 

r--------~ ~-----~---------~-~ INITO 

Selector 1-::-:-:-:--:---1 
TREGO-WR-

TFFCR <OBEN> 

C=:==:::::":====:=J 
Internal bus 

Figure 3.7 (14). Block Diagram of 8·Bit PWM Mode 

In this mode, the value of register buffer will be shifted in 
TREGO if 2n - 1 overflow is detected when the double buffer of 
TREGO is enabled. 

Use of the double buffer makes the handling of small duty 
waves easy. 

__ ~~~n~~ ____________ ~~n~~ ____ ___ 
Up-counter = Q, Up-counter = Q2 

Match with TREGO 

2n - I overflow ~ 
______ -=-______ ...:ltr\Shift into TREGO 02 

TREGO 01 __ 
(value to be compared) ------..;;:,:.---------1 ft 

Register buffer 02 X 03 
------~--------------'C TREGO (register buffer) write 

Figure 3.7 (15). Operation of Register Buffer 

Example: To output the following PWM waves to T01 pin at fc = 16MHz. 

To realize 63.5!1S of PWM cycle by I/lT1 = 0.5118 (@ fc = 
16MHz), 

~~ ___ ~r-l~ ___ ~r-l~ ___ ___ 
I" 36/15 -I .1 

63.5118 + 0.5118 = 127 = 27 - 1 

II 63.5,us 

MCU900-68 

Consequently, n should be set to 7. 
As the period of low level is 36118, for I/lT1 = 0.5118, set the 

following value for TREGO: 

36118 + 0.5118 = 72 = 48H 
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MSB LSB 

7 6 5 4 3 2 0 

TRUN t- O Stop timer 0, and clear it to "0". 

TMOD t- O 0 Set 8-bit PWM mode (cycle: i -1) and select ,T1 as the input clock. 

TREGO t- O 0 0 0 0 0 Write "48H". 

TFFCR t- x x 0 x Clears TFF1, enables the inversion and double buffer. 

P7CR t- x 
) Set P71 as the T01 pin. 

P7FC t- x x x 

TRUN t- Start timer 0 counting. 

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

Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 

PWM Cycle (@ Ie =16MHz) PWM Cycle (@ Ie • 20 MHz) 

,T1 .T4 .T16 .T1 ,T4 .T16 

26-1 31.511"ec (31.7kHz) 126msec (7.9kHz) O.~ec (1.9kHz) 25.211"ec (39.0kHz) 100l1"ec (10.0kHz) 0.40msec (2.4kHz) 
27_1 63.511"ec (15.7kHz) 254msec (3.9kHz) 1.Q1jJSec (0.98kHz) 50.811"ec (19.7kHz) 20311"ec (4.9kHz) 0.81 msec (1.2kHz) 

il-1 12711"ec (7.8kHz) 510msec (1.9kHz) 2.04jJSec (0.49kHz) 102jJSec (9.80kHz) 408I1"ec (2.4kHz) 1.63msec (0.61 kHz) 

(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 

Register Name TMOO TFFCR 

Name 01 Function In T10M PWMM T1CLK TOCLK TFF11S 

Function Timer Mode PWMOCycle Upper Timer Lower TImer Timer F/F Invert 
Input Clock Input Clock Signal Select 

External clock, 
16-bit timer mode 01 - - .T1, I,6T4, ,T16 -

(00,01,10,11) 

Lower timer match: External clock, 
0: Lower timer output 

8-bit timer x 2 channels 00 - .T1, .T16, I,6T256 1,6T1, .T4, 1,6T16 1 : Upper timer output (00,01,10,11) (00,01,10,11) 

External clock, 
8-bit PPG x 1 channel 10 - - .T1, .T4, ,T16 -

(00,01,10,11) 

External clock, 

8-bit PWM x 1 channel 11 
il-1,i -1,28_1 

- ,T1, .T4, 1,6T16 -(01,10,11) (00,01,10,11) 

8-bit ti mer x 1 channel 11 - ,T1, 1,6T16, I,6T256 - Output disabled (01, 10, 11) 

Note: -: don't care 
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3.8 8-Bit PWM Timer 
The TMP96C141AFfTMP96CM40FfTMP96PM40F has two 
built-in 8-bit PWM timers (timers 2 and 3). 

They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty at fixed 
interval) output mode 

• 8-bit interval timer mode 

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim­
ers 2 and 3). 

PWM timers consist of an 8-bit up-counter, 8-bit com­
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks t/>P1, 1fJP4, and 1fJP16 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con­
trolled by four control registers (POMOD, Pi MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 

~Pl ;P4 "P16 
(fel4) (fel16) (fel64) 

TRUN <PORUN> 

Internal bus 

POM~D <PWMOM> 
PWM2-DUT 

(T02) 

PFFCR <FF2Cl. 0> 

PFFCR <FF2TRG1.0> 

INTT2 

POMOD <PWMOINT> 

Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer 0 (Timer 2) 
Note: Block diagram for 8-b~ PWM timer 1 (timer 3) is the same as the above diagram. 
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CD Prescaler 

Generates input clocks dedicated to PWM timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen­
dently. 

The PWM timer uses three input clocks: q..'Pi, q..'P4, 
and I/J/Pi6. 
Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to 0 zero-clears and stops counting. Resetting clears 
<PRRUN> to 0, which clears and stops the prescaler. 

Dedicated Prescaler Cycle 

16MHz 20MHz 

rpPi (4/fc) 250ns 200ns 

rpP4 (16/fc) 1J.1S BOOns 

rpP16 (64/fc) 4J.1S 3.2J.1Sc 

Oscillator 

circuit 

o 234 &- Prescaler 
L-__ ~ __________ ~ 

elK ____ -' 

fel2 

¢Pl 

¢P4 

t run/stop & clear 
TRUN <PRRUN> 

Figure 3.8 (2). Prescaler 

@ Up-counter 

An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POMOD 
or P1MOD). 
The input clock for the PWMO/PWMi is selected from 
the internal clocks qiPi, qiP4, and qiPi6 (PWM dedi­
cated prescaler output) depending on the value set in 
the POMOD/P1 MOD register. 
Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWMOM> = 0 and Pi MOD <PWM 1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up­
counter is cleared when a 2n - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 

match. 
Count/stop and clear of the up-counter can be con­
trolled for each PWM timer using the timer operation 
control register TRUN. Resetting clears all up-counters 
and stops timers. 

® Timer registers 

Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 
Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
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TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1 MOD 
<DB3EN>: disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1. 
Data is transferred from register buffer to timer when a 
2n - 1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 

Up-counter 

in double buffer enable state, unlike timer mode for 
timers 0 and 1. 
At reset, <DB2EN>/<DB3EN> is initialized to 0 to dis­
able double buffer. To use double buffer, write the data 
in the timer register at first, then set <DB2EN>/ 
<DB3EN> to 1 , and write the following data in the reg­
ister buffer. 

8-bit match detect 
PWM2n-loverflow 

1 .. '>----1Ir--- TREG2/3 WR 

Internal bus <OB2EN>I<OB3EN> 

Figure 3.8 (3). Structure of Timer Registers 2 and 3 

Note: The timer register and register buffer are allocated to the same 
memory address. When <DB2EN>I<DB3EN> = D, the same value 
is written to both register buffer and timer register. When <DB2EN>/ 
<DB3EN> = 1, the value is written to the register buffer only. 

Memory addresses of the timer registers are as follows: 

TREG2: 0OO026H 

TREG3: 0OO027H 

Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 

® Comparator 

Compares the value in the up-counter with the value in 
the timer register (TREG2ITREG3). When they match, 

the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM 1 NT> of the mode register (POMOD/P1 MOD) is 
set to 1. In timer mode, the comparator clears the up­
counter to 0 at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 

@ Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
or 2n - 1 overflow. The value can be output to the timer 
output pin T02IT03 (also used as P721P73). 
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--------POMOD bit Symbol 
(0028H) 

ReadIWrite 

After reset 

Function 

Read-modify-write is 

prohibited. 

MCU900-74 

FF2RD 

R 

Flip-flop 

(FIF2) 

output 

data 

: 

TLCS-900 16-bit Microcontroller 

DB2EN 

0 

1: Double 

Buffer2 

Enable 

4 

PWMOINT: PWMOM 

0 0 

0: 2n-l O:PWM 
overflow mode 
mterrupt 

1: Timer 
1: compare mode 

8 match 

interrupt . 

3 o 
T2CLKl T2CLKO : PWMOS 1 ' PWMOSO 

W 

o o o o 
00: ~ Pl (fcl4) 

01: jlP4(fcl16) 

10: jlP16 (fcl64) 

11 : Don't care 

00: 26-1 

01: 27_1 

10: 28-1 

11 : Don't care 

I 
L- Select PWMO cycle 

00 26-1 

01 27-1 

10 28-1 

11 Don't care 

L-__ • Select PWMO input clock 

00 </> P1 (fd4) 

01 </> P4 (fd16) 

10 </>P16(fd64) 

11 Don't care 

'--------_ select PWMO mode 

o PWMmode 

8-bit timer mode 

L-____________ select PWMO interrupt 

o Overflow interrupt 
.................. 
Compare and match 
interrupt 

control double buffer 

o Disable 

Enable 

L-__________________ PWM timer Flip-flop2 (TFF2) 

output value (T02) 

Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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--- 7 6 4 2 o 
P1MOD bit Symbol FF3RD DB3EN : PWM1INT: PWM1M nCLKl HCLKO : PWM1Sl : PWM1S0 

(0029 H) ReadlWrite R W 

After reset 

Function 

Read-modify-write is 

prohibited. 

o o o 
Flip-flop : 1: Double 0: 2n-l ,0: PWM 

; overflow: mode 
(F/F3) Buffer3 'ntor,up. 1: Timer 

output Enable 1: Compare mode 
data and 

o o 
00: ;Pl (fd4) 

01: ;P4 (fd16) 

10: ;P16 (fd64) 

11 : Don't care 

a 
00: 26-1 

01: 27_1 

10: 28-1 

11 : Don't care 

I 

o 

L Select PWM 1 cycle 

00 26-1 

01 27-1 

10 28-1 

11 Don't care 

'----.- Select PWM 1 input clock 

00 .p P1 (fd4) 

01 ; P4(fd16) ................................................ , ... 
10 ; P16 (fd64) 

11 Don't care 

Select PWM 1 mode 

o PWMmode 

8-bit timer mode 

'--------------- Select PWM 1 interrupt 

o Overflow interrupy 

Compare and match 
interrupt 

L--________________ Control double buffer 

o Disable 

enable 

'------------------_ PWM timer Flip-flop3 (TFF3) 
output value (T03) 

Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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TMP96C141AF 

-----.. 
PFFCR bit Symbol 
(002AH) 

ReadlWrite 

Afterreset 

Function 

MCU90Q-76 

TLCS-900 16-bit Microcol'ltroller 

7 6 

FF3C1 Ff3CO 

W 

0 0 

00: Don't care 

01: Set TFf3 

10: Clear TFf3 

11: Don't care 

4 

: Ff3TRG 1 : Ff3TRGO 

RIW 

o o 
100 : Disable TFF3 inverted. 

~Ol : Invert by match. 

~ 10 : Set by match; 

clear by overflow. 

l: 11 : Clear by matth; 
set by overflow. 

3 2 o 
FF2C1 FF2CO: FF2TRG1 : FF2TRGO 

W RIW 

o 
00: Don'tcare 

01: SetTFF2 

10: Clear TFF2 

11 : Don't care 

I 

o o o 
~oo: OisableTfF2inverted. 

;01 : Invert by match. 

j 10: Set by match; 
~ clear byoverflow. 

l11 : Clear by match; 
1 set by overflow. 

I 
Lselect PWM timer F/F2 (TFF2) trigger 

::...:.....-.., 
00 Disable TFF2 trigger. 

01 Invert by compare and match. 

1 0 ~;;a~~~o;~~:v:~::tch . 
.................................................................. 

11 
Clear by compare and match. 
Set by 2n -1 overflow. 

1.-____ Control PWM timerF/F2 (TFF2) ---=--....., 
00 Don't care 

01 SetTFF2to "1". 

10 CiearTFF2 to ·0·. 

11 Don't care 

Select PWM timer 
'--------_ F/F3 (TFF3) trigger 

00 Disable TFF3 trigger. 

01 Invert by compare and match. 

Set by compare and match. 
10 Clearby2n- 1 overflow. 

11 
Clear by compare and match. 

Set by 2n - 1 overflow. 

1.-______________ Control PWM timerF/F2 (TFF2) 

00 Don't care 

01 SetTFF3 to·1 u; 

10 ClearTFF3to "0·. 

11 Don't care 

Figure 3.8 (6). 8-Bit PWM F/F Control Register 
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------TRUN bit Symbol 
(OO20H) 

ReadlWrite 

After reset 

Function 

PRRUN 

RIW 

0 

TLCS-900 16-bit Microcontroller TMP96C141AF 

6 5 4 3 0 

............... TSRUN T4RUN P1RUN PORUN T1RUN TORUN 

RIW 

0 0 0 0 0 0 

Prescaler 80 Timer RunlStop CONTROL 

0: Stop 80 Clear 

1: Run (Count up) 

J I I 
L. 8-bit timer (timerO) operation 

----, 
o Stop & clear 

Count 

_ 8-bit timer (timerl) operation 
----, 

o Stop & clear 

Count 

'-----_ 8-bit PWM timer (PWMOItimer2) operation 

o Stop & clear 

Count 

'--_____ ---;~ 8-bit PWM timer (PWMOItimer2) operation 

o Stop & clear 

Count 

'---------_~ 16-bit timer (timer4) operation 
---..., 

o Stop & clear 

Count 

'--____________ 16-bit timer (timerS) operation 
---.., 

o Stop & clear 

Count 

I ________________ -;.~ Prescaler operation 

o Stop & clear 

Count 

Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

The following explains PWM timer operations. 

(1) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 
PWM output changes under the following two condi­
tions. 

Condition 1: 
• TFF2 is cleared to 0 when the value in the up­
counter (UC2) and the value set in the TREG2 
match. 
• TFF2 is set to 1 when a 2n - 1 counter overflow (n 
= 6, 7, or 8) occurs. 

PWMtiming 

PWM counter m-1 X m 

Condition 2: 
• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 
• TFF2 is cleared to 0 when a 2n - 1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2n - 1 counter 
overflow. 
The PWM timer can output 0% - 100% duty pulses 
because a 2n - 1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to 0 due to overflow (PFFCR 
<FF2TRG1, 0> = 1,0) must be set and 2n - 1 (value for 
overflow) must be set in TREG2. To obtain 100% out­
put (always high), the mode must be changed: PFFCR 
<FF2TRG 1, 0> = 1,1 then the same operation is 
required. 

~~ 2'-1 )(2n\ 0 A 01 

Timing in l n Match detect _______ --1 
detail 

Overall 
timing 
(Note) 

n ~~~1~~~r:I~:' __________________ -' 

(~ (~ (~ l Match detect 

20 -1overflow ___ -+ __ .....,.L..... __ + __ ...,.. ___ + __ ~i.-.------

Timer F/F output ____ ..... 

(T02IT03) 

Figure 3.8 (8). Output Waves in PWM Timer Mode 

Nole: The above waves are obtained in a mode where the F/F is sel by a match with the timer register (TREG) and reset by an overflow. 
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TLCS-900 16-bit Microcontroller 

Rgure 3.8 (9) is a block diagram of this mode. 

fC/2 

POMOO<T2CLK1.0> 

B 

8-bit up-counter 

(UC2) 

Selcto~ I:=~~~:IJ __ ., 
TREG2WR _A S 

t 
POMOO<DB2EN> 

Internal bus 

Clear 

T02 

INTT2 

t 
POMOD<PWMOINT> 

Figure 3_8 (9). Block Diagram of PWM Timer Mode (PWMO) 

TMP96C141AF 

In this mode, enabling double buffer is very useful. The 
register buffer value shifts into TREG2 when a 2n -1 overflow 
is detected, when double buffer is enabled. 

Using double buffer makes handling small duty waves 
easy. 

Match with TREG2 

2n-1 
overflow 

TREG2 
(Compared value) 

Register buffer 

n n 
(Up-counter = Q1) (Up-counter = Q2) 

~;ft 'om ~.~~' boff" 

Figure 3.8 (10). Register Buffer Operation 
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TMP96C141AF TLCS-900 16-bit Mlcrocontroller 

Example: To output the following PWM waves to T02 pin using PWMO at fc = 16MHz. 

To implement 31. 75j1S PWM cycle by ~ P1 = 0.25j1S (@fc 
= 16MHz) 

I !l!-_--Ir--
I ~ 15#5" .1 

31.75pS , 

31.75j1S+ 0.25j1S= 127=27 -1. 

Consequently, set n to 7. 

Since the low level cycle = 15j1S; for ~ P1 = 0.25j1S 

15j1S + 0.25 = 60 = 3CH 

set the 3CH in 1REG2. 

7 6 5 4 3 2 0 

TRUN ~ - x 0 Stops PWMO and clears it to O. 

POMOD ~ 0 0 0 0 0 0 Sets PWM (i -1) mode, input clock /fIP1. overflow interrupt, and disables double buffer, 

TREG2 ~ 0 0 1 0 0 Wriles3CH. 

POMOD ~ - 0 0 0 0 0 Enables double buffer. 

PFFCR ~ - 0 Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow. 

P7CR ~ x x x x -
) Sets P72 as the T02 pin. 

P7FC ~ x x i< x 
TRUN ~ x Starts PWMO counting. 

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

Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 

16MHz 20MHz 
t---- Formula 

t/lI'1 t/lI'4 qJP16 1/11'1 t/lI'4 1/11'16 

26-1 2"-1 - /fIPn 15.8169C 63.0~c 252~ 12.6169C 50.4~c 201~ 
(63kHz) (16kHz) (3.9kHz) (79kHz) (20kHz) (4.9kHz) 

i-1 27-1-/fIPn 31.816ec 127.0~c 508~c 25.4l6ec 101.6~ 406~c 
(31kHz) (7.9kHz) (1.9kHz) (39kHz) (9.8kHz) (2.5kHz) 

28-1 28-1-/fIPn 63.~ec 255.0I6ec 1020~ 51.0~c 204.0~ 81~c 
(16kHz) (3.9kHz) (O.98kHz) (20kHz) (4.9kHz) (1.2kHz) 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

(2) 8-bit timer mode 

TRUN 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 

7 6 5 2 0 

~ 0 

POMOO ~ 0 0 0 

TREG2 ~ 0 0 0 0 0 0 

INTEPW10 ~ 0 0 

TRUN ~ 

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

Select an input clock using the table below. 

(j) Generating interrupts at a fixed interval 

To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper­
ating mode, input clock, and interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 

Example: To generate a timer 2 interrupt every 40lJS 

at fc = 16M Hz, set registers as follows: 

Stops PWMO and clears it to O. 

Sets 8-bit timer mode and selects tPJ'1 (O.25~) and compare interrupt. 

Sets 40~/0.25~ = AOH in timer register. 

Enables INTT2 and sets interrupt level 4. 

Starts PWMO counting. 

Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 

Input Clock Interrupt Cycle Resolution Interrupt Cycle Resolution (aile = 16MHz) (at Ie .. 20M Hz) 

I/JP1 (4/fc) 0.25~-64~ 0.25~ 0.2J.1'l- 51.2J.1'l 0.2J.1'l 

I/JP4 (16/fc) 1~-256J.1'l 1~ 0.8J.1'l- 204.8J.1'l 0.8J.1'l 

I/JP16 (64/fc) 4~-1024~ 4~ 3.2J.1'l- 819.2J.1'l 3.2J.lS 

Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01 NT>/<PWM1 NT> of POMOD/P1 MOD) must be set to 1. 
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TMP96Ci4i AF TLCS-900 i6-blt Microcontroller 

® Generating a 50% square wave value to the timer output pin (T02). 

To generate a 50% square wave, invert the timer flip­
flop at a fixed interval and output the timer flip-flop 

Example: To output a 3.0!Js square wave at fo = 
16MHz from T02 pin, set register as fol-

lows: 

6 5 4 3 2 0 
TRUN +- x 0 Stops PWMO and clears it to O. 
POMOD +- 0 0 0 Sets 8-bit timer mode and selects 1/JI'1 (O.2SjJS) as the input clock. 

TREG2 +- 0 0 0 0 0 1 0 Sets 3.D!sIO.2SjlS/2 = 6 in the timer register. 
PFFCR +- 0 0 ) Clears TFF2 to 0 and inverts using comparator output. 
P7CR +- x Sets P72 as the T02 pin. 

P7FC +- x x x 
TRUN +- X 

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

<l>P1 

TRUN ---.J 
Up-cou nter __ ~O..!.1 _-A~;J":::':'....A.=JI..~-"-':::'::'..A...~:A.,;::':;"'.A..::'::"'A...:;::""A...:;';""'''-'I,;"";,I\,,,,;;;;;..J'--_ 

Comparator 

MCU900-82 

timing ___ ....... 

Match 
detect 

UC clear _____________ -\-....... L. ________ .... L ____ _ 

TFF2 ____________ ...... 

T02 --------------1(..1.51-'5 (@fc=16MHz) ~~-----
,~------------------·I 

Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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TLCS·900 16·bit Microcontroller 

This mode is as shown in Figure 3.8 (12) below. 

fel2 Prescaler 

~P1~¢P4~?P16~ 

Clock control 

t t 
OD<T2CLK1,0>1 POM 

P1M OD<T3CLK1,0> 

~B 

8-bit up counter I_clear 

(UC21 UC3) 

8-bit comparator Match 

(CP21 CP3) 

11 
8-bit 

timer register 
(TREG2ITREG3) 

TMP96C141AF 

Timer F/F 

f- l02IT03 

control 

1 f P!FtR<FF 
PFFCR<F 

2C1,0>1 
F3Cl,0> 

PFFCR< FF2TRG 1 ,0>1 
1,0> PFFCR<FFlTRG 

Selector Y 
Shilttriaaer 11 -

TREG2/3 WR A S 

t Register buffer 

POMOD<D82EN>1 
PIMOD<D83EN> j'i 

Register write ) ) 
Internal bus 

Figure 3.8 (12). Block Diagram of 8·Bit Timer Mode 

Interrupt 

control 

t 

-- INTT2 
IINTT3 

POMOD<PW MOINl>1 
MlINT> P1MOD<PW 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

3.9 16-Bit Timer 
The TMP96C141 AF has two (timer 4 and timer 5) multifunc­
tional16-bit timer/event counter with the following operation 
modes. 
• 16-bit interval timer mode 
• 16-bit event counter mode 
• 16-bit programmable pulse generation (PPG) mode 
• Frequency measurement mode 
• Pulse width measurement mode 
• Time differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con­
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis­
ters: T4MODIT5MOD, T4FFCRlT5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 
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TFF1---' 

TI4 
Capture 
control 

TIS 

T4MOD 
<CAP12Ml. MO> 

Tl4 

~ ... ...... 
zz 

TLCS-900 16-bit Microcontroller 

Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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TMP96C141AF 

T4MOO< CAP2TS. EQSTS> 
T4FFCR 

~T04 
~T05 

MCU900-85 



TMP96C141AF 

TFF1-.... 

TI6 

TIS 

TSMOD 
<CAP34M1, MO> 

TI 

.... '" ........ 
zz 

MCU900-86 

TLCS-900 16-bit Microcontroller 

TSFFCR 

~T06 

/---------1 Selector 

TREG6-WR 

t 
T4SCR<DB6EN> 

Upper byte lower byte 

Internal bus 

Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 
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T4MOD 
(0038H ) 

TLCS-900 16-bit Microcontroller TMP96C141AF 

--- 7 6 5 4 3 2 1 0 

bit Symbol CAP2T5 EQ5T5 CAPliN • CAP12Ml : CAP12MO : CLE T4CLKI T4CLKO 

ReadIWrite R/W W R/W , R/W R/W 

Afterreset 0 0 1 0 0 0 0 , 0 

TFF5 invert trigger '0: 50ft- :Capture timing .1: UC4 Timer 4 source clock 
Capture. 00: Disable Clear 

00:T14 0: Disable trigger 
:1: don't 

INT4 occurs at nse edge. Enable 
Function I: Enable trigger 

care ,01: Tl4t T\5t 01: ~T1 
INT 4 occurs at rise edge. 10: ~T4 Invert Invert '10: TI4t TI4. 

when the when the 11: ~T16 
UC value is up-counterl 

INT40ccursat fall edge. 

11: TFFlf TFFl • 
loaded to matches INT4 occurs at rise edge. : CAP2 TREG5 

Timer 4 input clock 

00 External clock (T14) 

01 ,m (8/fc) 

10 ;T4 (32ffc) 
........................ , ........................................... , .......... . 

11 ;T16 (128ffc) 

Clearing the up-counter UC4 

o Clear disable 

Clear by match with TREG5. 

Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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TMP96C141AF 

T4MOD 
{0038H ) 

MCU900-88 

-------bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

7 6 5 4 3 2 1 0 

CAP2TS EQSTS CAPliN ; CAP12Ml ; CAP12MO ; CLE T4CLKl T4CLKO 

R/W W R/W R/W R/W 

0 0 1 0 , 0 0 0 
: 

0 , 
TFFS invert trigger ;0: Soft- 'Capture timing ,1 UC4 Timer 4 source clock 

Capture '00: Disable Clear 
0: Disable trigger Enable 00: TI4 

;1: don't : INT4 occurs at rise edge. 

1: Enable trigger care ;01: TI4t Tlst 01: ,T1 
: ~ INT4 occurs at rise edge. 10: ,T4 Invert Invert 

when the when the ; 10: Tl4t Tl4.1 11: ,T16 
UC value is up-counter, INT4 occurs at faU edge. 

,11: TFFl t TFF1 .I loaded to matches 
CAP2 TREGS INT4 occurs at rise edge. ~ , 

I 

L Capture timing of timer4 

CAP2TS 

EQSTS 

Capture control 

00 Capture disable 
." ........ ............................. , .. .......... 

CAP1 at Tl4 rise 
01 

CAP2 at TIS rise 
........... ............................... ........... 

CAP1 at TI4 rise 
10 

CAP2 at TI4 fall ......... ............................. ...... . ..... 
CAP1 atTFF1 rise 

11 
CAP2 atTFF1 fall 

INT4con trol 

Interrupt oc curs 

at the rise e dge -1 
Tl) of TI4 (IN 

input. 
·liiiefiiipf"CiC" curS"":::;:···· 

dge '­
Tl) 

at the fall e 
of TI4 (IN 

in.p.l!.t: .............. 
Interrupt oc curs 

dge 
Tl) 

at the rise e 
of TI4 {IN 
inout. 

Software capture 

0 The up-counter4 value is loaded to C AP1 

(software capture) . 
........... ...... , .... ,., ... . ....................... .......................... 

1 Always read as "1". 

Timerfli -flo 5 p p ( TFFS invert tri gg er 

o r.ri.$!l.~r.~.isalll~.(lnvert..P.r.o.hibition) 
Trigger enable (Invert permission) 

Invert when the up-counter value is loaded to CAP2 

Invert when the up-counter matches TREGS 

Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (212) 
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T4FFCR 
(0039H) -----bit Symbol 

ReadIWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller TMP96C141AF 

7 6 

TFFSCI TFF5CO 

W 

0 0 

00: Invert TFF5 

01 : Set TFF5 

10: Clear TFF5 

11: don't care 

Alwaysread as "11". 

5 4 3 2 1 0 

CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4Cl TFF4CO 

RIW RIW RIW RIW W 

0 0 : 0 0 : 0 0 

; TFF4 invert trigger iOO: Invert TFF4 

: 0: Disable trigger :01: Set TFF4 

: 1: Enable trigger : 10: Clear TFF4 

jnvert when ~In\lert when ~In\lert when 
: 11 : don't care 

Invert when 

~he uc value the UC value :the UC :the UC : * Always read as 

h loaded to is loaded to ~matche$ :matches "11" 

(:AP2 CAPl :TREG5 :TREG4 

I I 

,.----J I 
l Timer flip-flop 4 (TFF4) control 

00 Inverts the TFF4 value (software inver sion). 
... ....... ........................ " ...... ..... . ....... ....................... 

01 Sets TFF4 to "1". 
... . ................................ .... . .... ............... ....... 

10 Clear TFF4 to "0". 
........... ..•.........••••••.....••••...•....... ....................... ........ 

11 Don't care (Always read as "1' ") . 

~ Timer flip-flop 4 (TFF4) invert trigger 

CAP2T4 : 
CAP1T4 : 
EQ5T4 : 
EQ4T4 : 

0 Trigger disable (Invert prohibition) 
........ ..•.........••••.•.....••••........•...........•••........ , Trigger enable (Invert permission) 

Invert when the up-counter value is loaded t 
Invert when the up-counter value is loaded t 
Invert when up-counter matches TREG5 
Invert when up-counter matchesTREG4 

Timerflip-flop 5 (TFFS) control 

a CAP2 
o CAP' 

00 Inverts the TFFS value (software inversion). 

0' SetTFF5 to ",". 

'0 CiearTFF5to "0". 

" Don't care (Always read as ",,".) 

Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 
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TMP9SC141 AF TLCS-900 1S-bit Microcontroller 

7 6 4 3 o 
TSMOD bit Symbol ~ ~ 
(0048H) ReadlWrite 

CAP31N : CAP34M 1 ~ CAP34MO ~ 

w R/W 

CLE 

R/W 

TSCLK 1 TSCLKO 

R/W 

MCU900-90 

After reset 

Function 

100 ·0 0 0 

-:0: Soft- ~Capturetiming : 1: UCS : Timer 5 source clock 
Clear : Capture ~OO: Disable 
Enable 00: TI6 

01: ¢Tl 

10: ¢T4 

11: ¢T16 

: don't 
care 

. lNT6 oc.curs at rise edge 

~01:Ti61 TI71 
~ INT6 occurs at rise edge. 

:1O:Ti61 Ti6~ 
INT6 occurs at fall edge. 

: 11 : TFF1 1 TfF1 ~ 
INT4 occurs at me edge 

I 

~ Timer 5 input clock 

00 External clock (TI4) 

01 ;lTl (8Ife) 

10 ;lT4 (32/fc) 

11 ;lT16 (128Ife) 

Clearing the up-counter UCS 

o Clear disable 

I 

Clear by match with TREG7 

Figure 3_9 (S). 1S-Bit Timer Mode Control Register (T5MOD) (1/2) 
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TSMOD 
(0048H ) 

-----., 
bit Symbol 

ReadlWrite 

Afterreset 

7 6 

-------- --------

TLCS-900 16-bit Microcontroller TMP96C141AF 

5 4 3 2 1 0 

CAP31N ~ CAP34Ml : CAP34MO : CLE T5CLKI T5CLKO 

W R!W R!W R!W 

1 0 0 0 0 0 

~O: Soft· ~Capturetimin9 :1 UC5 Timer 5 source clock 
Capture :00: Disable Clear 

00: TI6 
1: don't 

care 

~ 

INT6 occurs at risE' edge. Enable 
:01: Tl6t 01: ~Tl TI7t 
: INT6 occurs at rise e-dge. 10: ~T4 
: 10: TI6T T16! 

11: ¢T16 
~ INT6 occurs at fall edge. 

: 11 : TFf1 T TFF1! 
j INT4 occurs at me edge. j ~ 

I 

LTimer 5 Capture timing 

Capture control INT4 Co ntrol 

00 Capture disable 
....... ............................... ............ 

CAP3 atTI6 rise 
01 

CAP4 at TI7 rise 
....... ... .............. ......... ,. ..... 

CAP3 at Tl6 rise 
10 

CAP4 at TI6 fall 
... ..... ....... ....... ............. ........... 

CAP3 at TFF1 rise 
11 

CAP4 at TFF1 fall 

Software capture 

Interrupt oc curs 
at the rise e dge 

T6)F of TI6 (IN 

input. 
Inferf'uproc ("urs··········· 

dge '­
T6) L 

at the fall e 
of TI6 (IN 
input. 
liiteri:upf"oc' c·urs .. ··· .. ···· 

dge ~ 
T6) ...J' 

at the rise e 
of TI6 (IN 
input. 

o The up-counter 5 value is loaded to CAP3. 

Always read as "1 " . 

Figure 3.9 (7). 16-Bit Timer Control Register (T5MOD) (212) 
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TMP96C141 AF 

---T5FFCR bit Symbol 

(0049H) ReadlWrite 

After reset 

Function 

MCU900-92 

TLCS-900 16-bit Microcontroller 

7 6 4 3 0 

-------- : -------- : 
CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6Cl TFF6CO 

RIW RIW 

0 0 

'TFF6 invert trigger 

'0: Disable trigger 

, 1: Enable trigger 

RIW 

0 

RIW W 

0 0 0 

:00: Invert TFF6 

:01: Set TFF6 

'10: Clear TFF6 

.. ,,11 : don't care 
~Invertwhen ~Invertwhen j Invert when : Invert when : 

~the uc value ~the uc value i the UC : the UC ! * Always read as 
: is loaded to ~is loaded to ~ matches : matches . "11 If 

'CAP4 

I 

:CAP3 : TREG7 :TREG6 

I 

I 
L Timer flip-flop 6 (TFF6) control 

00 Inverts the TFF4 value (software inversion). 

0' Sets TFF6 to ",". 

'0 Clear TFF6 to "0". 

" Don't care (Always read as ",,") . 

- Timer flip-flop 6 (TFF6) invert trigger 

CAP4T6 

CAP3T6 

E07T6 

E06T6 

o Trigger disable (Invert prohibition) 

Trigger enable (Invert permission) 

Invert when the up-counter value is loaded to CAP4 

Invert when the up-counter value is loaded to CAP3 

Invert when up-counter matches TREG7 

Invert when up-counter matches TREG6 

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5FFCR) 
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--T45CR bit Symbol 

(003AH) ReadlWrite 

Afterreset 

RIW 

o 
Fix at '0' , 

TLCS-900 16-bit Microcontroller TMP96C141AF 

4 3 2 o 
PGlT PGOT OB6EN OB4EN 

RIW 

o o o o 
~PG1 shift lpGO shift 
~Trigger ;1n9ge, 
lO:8 b;' :0:8 b;, 10: Oisable 
~ Timer Trigge,1TimerTriggerj 1: Enable 
1(T;me.O.l) : (Time. 0. 1) !-, O-o-u-b-le-"":-O-o-ub-I-.---1 
:1:. 16b;t 11: 16b;\ : buffer of ibufferof 
;Tlme, Trlgge';Timer Trigger~ TREG6 to:: TREG4 
;(Timer 5) :(Tlmer 4) : 

~ ~ ~ 
I 

I 
l Double buffer'countrol 

I····~·· .. l~~::~········ .. · ....... ··· ......................... ·· .... ······· .. · ...... ·· .. 1 
DB6EN : Double buffer of TREG6 

DB4EN : Double buffer of TREG4 

Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 

TRUN bit Symbol 

(0020H) ReadlWrite 

Alter reset 

PRRUN 

RIW 

o 

6 4 3 

T5RUN T4RUN PIRUN PORUN 

RIW 

o o o o 
Prescaler & Timer RunlStop CONTROL 

0: Stop & Clear 

1: Run (Count up) 

TlRUN 

o 

L Operation of 16·bittimer (timer4) 

o 
TORUN 

o 

I""~""'I':::~:'~~'~!~~'~""""'''''''''''''''''''''''''''''''''''''''''''''''''',,·1 
'----. Operation of 16·bit timer (timerS) 

1·<""·I·:::~:·~~·~!~~·r"""·""""""""""""""""·"''''''''''''''''''1 
'-----------_ Operation of prescaler 

Ir"-"O-i-·""I-::-·~-·:-.. :-.. n-d-... -cl-~.-ar-,,.-... -... --"'-"'-"'-"-"'-'''-''-'''-'''-''-'''-''-'''-'''-''-'''-'''1 

Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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CD Up-counter (UC4/UC5) 

UC4/UC5 is a 16-bit binary counter which counts up 
according to the input clock specified by T 4MOD 
<T4CLK1, 0> or T5MOD <T5CLK1, 0> register. 

As the input clock, one of the intemal clocks ¢ T1 (8/ 
fe), ¢ T 4 (32/fc), and ¢ T16 (128/fc) from 9-bit presealer 
(also used for 8-bit timer), and external clock frorn TI4 pin 
(also used as P80/lNT 4 pin) or TI6 (also used as P841 
INT6 pin) can be selected. When reset, it will be initialized 
to <T4CLK1, 0>/<T5CLK1, 0> = 00 to select Tl4m6 
input mode. Counting or stop and clear of the counter is 
controlled by timer operation control register TRUN 
<T4RUN, T5RUN>. 

When clearing is enabled, up-counter UC4/UC5 will 
be cleared to zero each tirne it coincides rnatches the 

TREG4 

Upper 8 bits Lower 8 bits 

0OOO31H 0OOO30H 

TREG6 

Upper 8 bits I Lower 8 bits 

0OOO41H 0OOO40H 

TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The tirner 
control register T 45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled or 
disabled. : disabled when <DB4EN, DB6EN> = 0, while 
enabled when <DB4EN, DB6EN> = 1. 

When the double buffer is enabled, the timing to 
transfer data frorn the register buffer to the timer register 
is at the match between the up-counter (UC4/UC5) and 
timer register TREG5ITREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> 
= 0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1, and then write the following data 
in the register buffer. 

CAP 1 

Upper 8 bits I Lower 8 bits 

0OOO35H 0OOO34H 

CAP3 

Upper 8 bits Lower 8 bits 

0OOO45H 0OOO44H 

® Capture Input Control 

This circuit controls the timing to latch the value of 
up-counter UC4/UC5 into (CAP 1 , CAP2}/(CAP3, CAP4}. 

timer register TREG5, TREG7. The "clear enable/disable" 
is set by T 4MOD <CLE> and T5MOD <CLE>. 

If clearing is disabled, the counter operates as a free­
running counter. 

@ Timer Registers 

These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator match 
detect signal will be active. 

Setting data for timer register (fREG4, TREG5, 
TREG6 and TREG7) is executed using 2 byte date trans­
fer instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 

TREG5 

Upper 8 bits Lower 8 bits 

000033H 000032H 

TREG7 

Upper 8 bits Lower 8 bits 

000043H 000042H 

TREG4, TREG6 and register buffer are allocated to 
the same memory addresses 000030H/Ooo031 HI 
0000400H/OOOO41 H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1, the value is 
written into only the register buffer. 

® Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2-
byte data load instruction or two 1-byte data load instruc­
tion, from the lower 8 bits followed by the upper 8 bits. 

CAP 2 

Upper 8 bits I Lower 8 bits 

00OO37H 00OO36H 

CAP 4 

Upper 8 bits Lower 8 bits 

000047H 000046H 

The latch timing of capture register is controlled by regis­
ter T4MOD <CAP12M1, 0>IT5MOD <CAP34M1, 0> . 

• When T 4MOD <CAP12M1 , O>IT5MOD 
<CAP34M1, 0> = 00 

Capture function is disabled. Disable is the 
default on reset. 
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• When T4MOD <CAP12Ml, 0>/r5MOD 
<CAP34Ml, 0> = 01 

Data is loaded to CAPl , CAP3 at the rise edge 
of TI4 pin (also used as P80/INT 4) and Tl6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of Tl5 pin (also used as 
P81/1NT5 and TI7 pin (also used as P85I1NT7) input. 
(Time difference measurement) 

• When T4MOD <CAP12Ml, 0>/r5MOD 
<CAP34Ml, 0> = 10 

Data is loaded to CAPl at the rise edge of Tl4 
pin input and to CAP3 at the rise edge of Tl6, while 
to CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/1NT6 occurs at fall edge. (Pulse width 
measurement) 

• When T4MOD <CAP12Ml, 0>/r5MOD 
<CAP34Ml, 0> = 11 

Data is loaded to CAPl , CAP3 at the rise edge 
of timer flip-flop TFF1, while to CAP2, CAP4 at the 
fall edge. 

Besides, the value of up-counter can be loaded 
to capture registers by software. Whenever "0" is 
written in T4MOD <CAPIN>, T5MOD <CAP31 N> the 
current value of up-counter will be loaded to capture 
register CAPl ICAP3. It is necessary to keep the 
prescaler in RUN mode (fAUN <PRRUN> to be "1 H). 

@ Comparator 
These are 16-bit comparators which compare the 

up-counter UC4IUC5 value with the set value of (fAEG4, 
TREG5)/(TREG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTT5)1(INTT6, 1NTT7) respectively. The up­
counter UC4IUC5 is cleared only when UC4IUC5 

7 6 5 4 3 2 

TRUN +- x 0 

INTET54 +- 0 0 0 a 

T4FFCR +- 1 1 0 0 a 0 

T4MOD +- 0 0 0 0 1 

(** =01,10,11) 

TREG5 +-

TRUN +-

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

(2) 16-bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer can be 
used as an event counter by selecting the extemal clock (Tl41 
Tl6 pin input) as the input clock. To read the value of the 

0 

a 

matches TREG5ITREG7. (The clearing of up-counter 
UC4/UC5 can be disabled by setting T 4MOD <ClE>1 
T5MOD <CLE> = 0.) 

® Timer Flip-Flop (TFF4/rFF6) 
This flip-flop is inverted by the match detect signal 

from the comparators and the latch signals to the cap­
ture registers. Disable/enable of inversion can be set for 
each element byT4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>/r6FFCR <CAP4T6, CAP3T6, EQ7T6, EQ6T6>. 
TFF4ITFF6 will be inverted when "00" is written in 
T4FFCR <TFF4Cl, 0>/r6FFCR <TFF6Cl, 0>. Also it is 
set to "1" when "10" is written, and cleared to "0" when 
"10· is written. The value of TFF4ITFF6 can be output to 
the timer output pin T04 (also used as P82) and T06 
(also used as P86). 

<Z> Timer Flip-Flop (TFF5) 
This flip-flop is inverted by the match detect Signal 

from the comparator and the latch signal to the capture 
register CAP2. TFF5 will be inverted when "00" is written 
in T4FFCR <TFF5Cl, 0>/r6FFCR <TFF6Cl, 0>. Also it is 
set to "1" when "10" is written, and cleared to ·0" when 
"10" is written. The value of TFF5 can be output to the 
timer output pin T05 (also used as P82). 
Note: This flip-flop (TFF5) is contained only in the 16-btt timer 4. 

(1) 16-bit Timer Mode 

Timer 4 and 5 operate independently. 
Since both timers operate in exactly the same way, timer 

4 is used for the purposes of explanation. 
Generating interrupts at fixed intervals: 
In this example, the interval time is set in the timer register 

TREG5 to generate the interrupt INTTR5. 

Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disables 

INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 

Set the interval timer (16 bits). 

Start timer 4. 

counter, first perfonnn "software capture" once and read the 
captured value. 

The counter counts at the rise edge of Tl4m6 pin input. 
TI4m6 pin can also be used as P80/INT4 and P8411NT6. 
Since both timers operate in exactly the same way, timer 

4 is used for the purposes of explanation. 
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6 543 2 o 
TRUN f­

P8CR f­

INTET54 f-

T4FFCR f- 1 1 

T4MOD f- 0 0 

TREG5 f-

TRUN f-

o 

o 0 
a 

000 

a 0 a a 1 

o 0 a 0 

Note: When used as an event counter, set the prescaler in RUN mode. 

(3) 16-bit Programmable Pulse Generation (PPG) Output 
Mode 

TRUN 

TREG4 

TREG5 

T45CR 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 
The PPG mode is obtained by inversion of the timer 

7 6 5 4 3 2 0 

f- 0 

f-

f-

f- 0 

T4FFCR f- 0 0 0 0 

T4MOD f- a a 0 0 1 

(" = 01,10,11) 

Stop ti mer 4. 

Set PBO to input mode. 

Enable INTTR5 and sets interrupt level 4, while 

disables INTTR4. 

Disable trigger. 

Select TI4 as the input clock. 

Set the number of counts (16 bits). 

Start timer 4. 

Stop timer 4. 

flip-flop TFF4 that is to be enabled by the match of the 
up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

(Set value of TREG4) < (Set value of TREG5) 

Set the duty (16 bits). 

Set the cycle (16 bits). 

Double buffer of TREG4 enable. 

(Changes the duty and cycle at the interrupt tNTTR5) 

Set the mode to invert TFF4 at the match with 

TREG4{TREG5, and also sets TFF4 to "0". 

Select internal clock for input and disables the capture function. 

P8CR f- ) Assign P82 as T04. 
P8FC f-

TRUN f- Start Ii mer 4. 

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

Match with TREG4 
(interrupt INTTR4) __ --,~ .... __ ....1 .... __ ...J .... __ ....1 .... __ ..J L ____ _ 

Match with TREG5 
(interrupt INTIR5) ----\-...;---+1 L-._---' L-._---' L..-_---I L-. ____ _ 

T04 pin 

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 

at match with TREG5. This feature makes easy the handling of 
low duty waves. 

Match with TREG4 

Match with TREG5 

TREG4 
(value to be 
compared) 

Register buffer 

~~n~~ ______ ~ __ ~n~~ __ __ 
Up-counter = 0, Up-counter = 02 

_____ Q-, ____ ....I(n~h;" ;0'. 'h. TR~: 
1t 

________ 0_2 ___________ ~X~ ____ Q_3 __ __ 

Write into the TREG4 

Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagram of this mode. 

TRUN<T4RUN> T04 (PPG output) TOS 

TREG4 

I 
Selector 

TREG4-WR _ 

'----.tc----' 
T4SCR<DB4EN> 

Internal bus 

Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function <D One-Shot Pulse Output from External Trigger Pulse 

The loading of up-counter (UC4) values into the cap­
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter­
rupt function, they can be applied in many ways, for 
example: 

<D One-shot pulse output from external trigger pulse 
@ Frequency measurement 
® Pulse width measurement 
® Time difference measurement 

Set the up-counter UC4 in freE/-running mode with the 
internal input clock, input the extemal trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T 4MOD <CAP12M1, 0> = 01. 
When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREGS (= c + d + pl. 
When the interrupt INT4 occurs the T4FFCR <EQST4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREGS. When interrupt INTTRS occurs, this 
inversion will be disabled. 

( Set the counter in free-running mode . 

MCU900-98 

Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG4 

Match with TREG5 

.JUlJIJlIlIL ___ _ JUUUUl __ JUUUl _____ _ 
c c+d c+d+p 

-!~ Load the up-counter value into Capture 
: Register 1 (CAP1) INT4 occurred 
: , 

L-, , , , 
: 

Inversion 
enable 

r I NTTR5 occ~rred 

Disables inversion 
caused by loading 

, 
: 

:J' ~!I~:i~i~(~~~~r Timer output pin T04 --~=.:;.:.:.:.:;::..;:;:;;:..:..;...~ 

: ' , Delay time : Pul,e width 
:.:.0-------.-1 : .... !---~ 

(d) (p) 

Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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Setting Example: To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to 114 pin. 

1 
: Keep counting (Free-running). 

Main setting I Count with qln. 

T4MOD t- - 0 0 
I • Load the up-counter value into CAPl at the rise edge of TI4 pin input. 

T4FFCR t- O 0 0 0 0 
I I • Clear TFF4 to zero . 

Disable TFF4 inversion. 

PBCR t-
) Select PB2 as the T04 pin. 

PBFC t- x x 

INTE45 t- - 0 0 Enable INT 4, and disables INTTR4 and INTTR5. 

INTET54 t- O 0 0 0 0 0 

TRUN t- x Start timer 4. 

Setti ng of INT 4 

1-
t- CAPl + 3mstqln 

TREG5 t- TREG4 + 2mstqln 

T4FFCR t- -
.. Enable TFF4 inversion when the up-counter value matches TREG4 or 5 . 

INTET54 t- O 0 Enable INTTR5. 

Setting of INT5 

LOT~ ~ - 0 0 

I Disable TFF4 inversion when the up-counler value matches TREG 4 or 5. 

INTET54 t- O 0 0 Disable INTTR5. 

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

When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAPl value (c) plus the one-shot pulse 
width (P) to TREG5 when the interrupt INT4 occurs. The TFF4 

inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTIR5. 
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Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG5 

Timer output pin T04 

Enables inversion caused 
by loading of the up· 

counter value into CAPt. 

k~g~s}~? lurcf,.'f,~r.t~~Yf'J':,~~~~~e~I"Pture load the up-counter value into 
Capture Register 2 (CAP2). 

(p) 

"'INTIRS 
occurred 

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

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

® Frequency Measurement into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), 
and into CAP2 at its fall edge. 

The frequency of the external clock can be measured 
in this mode. The clock is input through the T14 pin, and 
its frequency is measured by the 8-bit timers (Timer 0 and 
Timer 1) and the 16-bit timer/event counter (Timer 4). 

TheTl4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 

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

Count clock --1lIlJlJUUL __ 
(internal clock) 

__ JUlIUl _____ _ 
F------., C2 

TFFI 

loading UC16 into CAPI +_iL.::C~l ______ ~ ______ -II..:C:..:.l ______ +-_ 
q q 

loading UC16 into CAP2 --Ir-,I-------...J,!L.::;...-----~, -------~,I --

\h h n L TNTTOIiNTTl ~I'__ ______ J.I.'__ ______ .J_:.'__ _____ __l 

Figure 3.9 (16). Frequency Measurement 

For example, if the value for the level "1" width of 
TFF1 of the 8-bit timer is set to 0.5 sec. and the differ-

ence between CAP1 and CAP2 is 100, the frequency will 
be 100/0.5 [sec.] = 200 [Hz]. 
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@ Pulse Width Measurement 

This mode allows measuring the "H" level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the Tl4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 

external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of Tl4. 

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

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

Count clock 
(internal clock) ~---
TI4pin 
(external pulse) 

Loading UC16 into CAP 1 

C2 

Cl 

Loading UC16intoCAP2 ---------'l:~~~--------_!I-----

INT4 

Figure 3.9 (17). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4MOD <CAPI2Ml, 0> ~ 10), external interrupt INT4 occurs at the falling edge ofTI4 pin input. In other 
modes, it occurs at the rising edge. 

The width of "L" level can be measured from the dif­
ference between the first C2 and the second C1 at the 
second INT4 interrupt. 

® Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 andTl5. 

Keep the 16-bit timer/event counter (Timer 4) count­
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to T14. Then the interrupt INT4 is generated. 

Similariy, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to Tl5, generating the inter­
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-counter value into CAP1 and CAP2 
has been done. 
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Count clock 
(internal clock) 

TI4 pin input 

TIS pin input 

Loading UCI6 into CAPI 

Loading UCI6 into CAP2 

INT1 

INT2 

TLCS-900 16-bit Microcontroller 

-.lUlIUlll __ _ __.JUUUUL ____ _ 
CI C2 

, 
_-LTi!!!m!!;:e.!!.diwff!!;jer!.!i:e!.!!nc.!le __ • : 

: 

Figure 3.9 (18). Time Difference Measurement 

(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase can be 
outputted by free-running up-counter UC4. 

When the value in up-counter UC4 and the value in 
TREG4 (TREG5) match, the value in TFF4 (TFF5) is inverted 
and output to T04 (r05). 

This mode can only be used by l6-bit timer 4. 

Match with TREG4 

Match with TREGS 

T04 

TOS 

Figure 3.9 (19). Phase Output 

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

,pT1 

,pT4 

,pT16 

16MHz 

1.024msec 

4.096msec 

16.38 msec 
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3.10 Stepping Motor Control/Pattern Generation Port 
The TMP96C141AF has two channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattem generation (herein 
after called PG) which actuate in synchronization with the (8-
bitl16-bit) timers. The PG (PGO and PG1) are shared in 8-bit 1/ 
o ports P6. 

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

The PG ports are controlled by control registers 
(PG01 CR) and can select either stepping motor control mode 
or pattem generation mode. Each bit of the P6 can be used as 

('0 t 
b7 PG03 

1-2 excitation + , 112 excit. 

~I 5A03 I 
+ 

b6 PG02 

+ 
! 

£~I 5A02 I 
T 

~ 
c 

b5 ~ PGOl 
C + 

f 
~I 5AOl I 

~ 
t 

b4 PGOO I 
+ 

f 
~I 5AOO I 

h.. + 

the PG port. 
PGO and PG 1 can be used independently. 
All PG operate in the same manner except the following 

points, and thus only the operation of PGO will be explained 
below. 

on 

Differences between PGO and PG 1 

0 P62/PG02 
(P66/PG12) 

0 P61/PGOl 
(P65/PGll) 

o P60/PGOO 
(P64/PG10) 

~ 
c 

~o .~ e·-
H 0 
" " 

Figure 3.10 (1). Port S/PG Circuit 
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PG01CR 
(004EH) 

MCU900-104 

---bit Symbol 

Readiwrite 

After reset 

Function 

7 

PAT 1 

0 

PGl write 
mode 

0: Bbit 
write 

1: 4blt 
write 

TLCS-900 16-bit Microcontroller 

6 
, 

5 4 3 2 1 0 

CCWl PG1M 
, 

PGlTE PATO CCWO PGOM PGOTE 

R/W R/W 

0 
, 

0 
, 

0 
, 

0 0 0 , 0 

'PGl ,PGl mode 'PGl ,PGOwrite :PGO ,PGO mode ,PGO 
;Rotaing :(excitation):trigger :mode : Rotaing :(excitation):trigger 
~djrectjon ~O: leJ(cjtation~input '0: Bbit jdirection jO: 1excitat,o~input 

0' ;enable 0' enable 
'0: Normal write O' Normal 
. .: 2excltCltlon:O d' bl ~ rotatlon~l: ~~;Cltatlo10: disable : rotatlon: 1, 1-2 :: Isa e :1: 4bit 
'1: Reverse' . :1: enable 

excitation write 
,1: Reverse: : 1 : enable 
. .: excitation: 

rotation ~ rotation: : 

I I I I 

1 I 

L PGOTrigger input enable 

I. 0 1- Trigger input disable to PGO .............................................................................. 

1 Trigger input enable to PGO 

Set the operation mode of PGO 

I: 0-[.1 or 2 excitation (full step) ............................................................................... 
. 1 1-2 excitation (half step) I PG mode 

I 

PGO (stepping motor control) 
Rotaing direction control 

0 1: Normal rotation I PG mode ...... ........ 
1 Reverse rotation 

Selectin g PGO write mode 

o 8-bit write 

4-bit write I PG mode 
(Only shifter alternate register can be 

written.) 

Figure 3.10 (2a). Pattern Generation Control Register (PG01 CR) 
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PGOlCR 
(OO4EH) 

-----bit Symbol 

ReadlWrite 

After reset 

Function 

PAn 

0 

PGl write 
mode 

0: Bbit 
write 

1: 4bit 
write 

TLCS-900 16-bit Microcontroller 

6 4 o 
CCWI PG1M PGlTE PATO CCWO PGOM PGOTE 

RIW RIW 

o o o o o 
'PGl ,PGl mode 'PGl :PGOwrite ,PGO ,PGO mode ,PGO 
'Rotaing :(excitation)lrigger 
~direction ~O: 1e)(Citatjon~input 

'mode ,Rotaing '(excitation)! trigger 

~O: Normal' or ~enable 
rotation 2excitation: O' d' ble 

~O: 8bit ~direction :0: 1excitatioriinput 

write '0: Normal: 0' . . : enable 
~ rotatjon~l' ~~;c.ltatlo~o: disable 
'1: Reverse, . .' 1: enable 
. rotation i e)(citatlon: 

l' '.2 ' . lSa : 1: 4bit 
~ 1 : Reverse . eXCitation: 1: enable write 

rotation: 

I I I I 

.. PG 1 trigger input enable 

I 0 .[.Trigger inputdisableto PGl .............................................. , ................................ . 
1 Trigger input enable to PGl 

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

TMP96C141AF 

1"·~·"·f··:~:r.~::i::i:i::·«(:~:::::~i·PG'~~d~"""'''''''''''' __ ....l 

'--_______ PG 1 (stepping motor control) 
Rotaing direction control 

1····~····I··~:~·::~·~::::i:~·'·~~··~~·~~········· 
L-___________ Selecting PGl write mode 

o 8-bit write 

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

written.) 

Figure 3.10 (2b). Pattern Generation Control Register (PG01CR) 
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TMP9SC141AF 

PGOREG 
(004CH) ------bit Symbol 

ReadJWrite 

After reset 

Function 

.. 
Prohibit Read 
modify write 

PG1REG 
(004DH) ------bit Symbol 

ReadJWrite 

After reset 

Function 

.. 
Prohibit Read 
modify write 

MCU900-10S 

TLCS-900 1S-bit Microcontroller 

7 6 5 4 3 i 
! 

2 I 1 0 

PG03 PG02 PG01 PGOO SA03 I SA02 I SA01 SAOO 

W RJW 
0 0 0 0 Undefined 

Pattern Generation 0 (PGO) output latch register Shift alternate register 0 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

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

7 : 6 5 4 3 ! 2 I 1 0 i 

PG13 PG12 PG11 PG10 SA13 SA12 I SA11 SA10 

W RJW 
0 ! 0 0 0 Undefined 

Pattern Generation 1 (PG1) output latch register Shift alternate register 1 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

Figure 3.10 (4). Pattern Generation 1 Register (PG1 REG) 
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T45CR 
(OO3AH) 

--bit Symbol 

ReadlWrite 

After reset 

Function 

7 

R/W 

0 

Fix at ·0· 

li{ Always 
read as 
·0· 

TLCS-900 16-bit Microcontroller TMP96C141AF 

6 4 2 o 
PGH PGOT DB6EN DB4EN 

R/W 

o o o o 
PG 1 Shift :PGO Shift : Double buffer 
~rigger ~trigger ~ 0: Disable 
0: 8·bit time' ~O:8.bittimer ~ 1: Enable 
l trigger j trigge, ;...~ ----:----1 
: (time,O.I) : (time,O,I); Double : Double 
~: 16.bittime,: 1 : 16bittime,: buffer of : buffer of 
: t,igge, i t,igge, : TREG6 :.'. TREG4 
~ (timerS) : (timer4) ~ 

I I I 

....---_----ll I 

L Double buffer control 

I· .. ·~ .... -I-·~~~:~; .. · ...................... · .... · ................................. · .... I 
DB6EN : Double buffer ofTREG6 
DB4EN: Double bufferofTREG4 

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

I. 0 ls.bittimertrigger<timerO,l) ................................................... :., ......................................... . 
1 16-bit timer trigger (timer 4) 

'--------- Selecting PGl shift trigger 

1 ···~····I .. ~~b.it.~il11.e.r.~~i.9.~.e.~.~~~I11.e.~ .. ?.' .. ~.~ ........................... .. 
1 T 16·bittimertrigger(timerS) 

L--_________ .....,~ Write HOH to this bit. when this register is modified. 

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

16-Bit timer 4 

I 16-Bit timer 5 

Figure 3.10 (S). Connection of Timer and Pattern Generator 

(1) Pattern Generation Mode 

PG functions as a pattern generation according to the setting 
of PG01 CR <PAT1 >/PATO>. In this mode, writing from CPU is 
executed only on the shifter alternate register. Writing a new 
data should be done during the interrupt operation of the timer 
for shift trigger, and a pattern can be output synchronous with 
the timer. 

In this mode, set PG01 CR <PGOM> and <PG1 M> to 1, 
and PG01 CR <CCWO> and <CCW1> to O. 

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

Figure 3.10 (7) shows the block diagrarn of this rnode. 

Example of pattern generation mode 
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r'-
Shift alternate register 

I 
• • SA03 I BUS3 

I 

OIl 

" I 
.0 

I • BUS2 • L 
SA02 

- I .. 
c 
... 
41 ... 
c I - • SA01 I • BUS1 

I 

I 
• • SAOO I BUSO 

"- 1 

I 

l 

I 

I 

t 
PG03 

I 
I 

PG02 l 
J 

I 
PG01 I 

PGOO I 
I 

t 

0 PG03 
CP63} 

PG02 
(P62) 

P ort 

0 

PG01 
(P61) 

PGOO 
(P60) 

Shift due to the shift trigger from timer 

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

In this pattern generation mode, only writing the output 
latch is disabled by hardware, but other functions do the same 
operation as 1-2 excitation in stepping motor control port 

mode. Accordingly, the data shifted by trigger signal from a 
timer must be written before the next trigger signal is output. 
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(2) Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output 
waveforms of 4-phase 1 excitation and 4-phase 2 excita­
tion, respectively when channel 0 (PGO) is selected. 

Note: 

(j) 4-phase 1-Step/2-Step Excitation 

Trigger signal 
from timer ----1l n n n n i.--........ n fL 

: b4 b7 Ib6 I bS b4 
PGOO{P60) L 

: b5 b4 
PG01 (P61) 

b7 I b6 I b5 ~ __________ ~r-
PG02 (P62) ~b5 b4 b7 I b6 

PG03 (P63) ~b6 I b5 b4 b7 

i 
Initial value of PGOREG .... 0100 x x x x 

bn indicates the in~ial value of PGOREG .... b 7 b6 b5 b4 x x x x 

(j) Normal Rotation 

Trigger signal 
from timer ,.-----Jl n n n n 

: b4 bS I b6 I b7 b4 
PGOO (P60) 

~b6 Ib7 b4 b5 
PGOl (P61) 

PG02 (P62) ~b7 b4 bS Ib6 

PG03 (P63) 
; b7 b4 bS I b6 I b7 ~ ____________ ~r--
i 

Initial value of PGOREG .... 0100 x x x x 

@ Reverse Rotation 

Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer ~ n n n n n 
PGOO(P60) ~b7 b6 I bS b4 

PGOI (P61) 
: bS b4 Ib7 b6 IbS 

PG02 (P62) ~bS b4 Ib7 b6 

PG03 (P63) : b7 b6 I bS b4 Ib7 

t 
Initial value of PGOREG <- 0100 x x x x 

Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 

The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01 CR 
<CCWO>: Normal rotation (PGOO ~ PG01 ~ PG02 ~ 
PG03) when <CCWO> is set to "0"; reverse rotation 
(PGOO f- PG01 f- PG02 f- PG03) when "1". Four-phase 

Shift alternate Register 

b7 • 
b3 SA03 :l 

..0 
b6 

'" 
b2 

SA02 
c 

bS 
<II 

c bl SAOl 

• b4 

bO SAOO 

1-step excitation will be selected when only one bit is set 
to "1" during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1 ". 

The value in the shift alternate registers are ignored 
when the 4-phase 1-step/2-step excitation mode is 
selected. 

Figure 3.10 (10) shows the block diagram. 

OPG03 (P63) 

OPG02 (P62) 

OPGOl (P61) 

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

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 
(Normal Rotation) 
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® 4-Phase 1-2 Step Excitation phase 1 -2 step excitation when channel 0 is selected. 

Figure 3.10 (11) shows the output waveforms of 4-

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

b4 
PGOO(P60) 

bO Ib7 b3 b6 Ib2 bS 

PG01 (P61) 
: b5 b1 b4 bO Ib7 b3 b6 

PG02 (P62) ~b2 bS b1 b4 bO Ib7 

PG03 (P63) , b7 b3 b6 Ib2 b5 b1 b4 

t 
Initial value of PGOREG <- 11001000 

Note: bn denotes the initial value of PGOREG <- b7 b6 b5 b4 b3 b2 bl bO 

MCU900-112 

CD Normal Rotation 

Trigger signal 
from timer ---.11 n n n n n 

PGOO (P60) 
: b4 b1 bS b2 Ib6 b3 b7 

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

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

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

t 
Initial value of PGOREG <- 100011 00 

® Reverse Rotation 

Figure 3.10 (11). Output Waveforms of4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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b1 

~ 

b3 

bO 

I"L 
~ 

b1 

b2 

b3 
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The initialization for 4-phase 1-2 step excitation is as 
follows: 

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

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

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

., 
c 

., 
c 

b7 
• 

b3 

b6 • 

b2 

b5 • 

b1 

b4 
• 

bO 

Shifter alternate 
register 

L SA03 JJ1.. 

• 

./ SA02 (L 
t. 

L SA01 /1-
+ 

SAOO JJ"L 
l 

,.I 

" 

,.I 

,I 

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 altemate register (SAO) for Pattem 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 
PG01CR <CCWO>. 

Figure 3.10 (12) shows the block diagram. 

PGOOutput 

In 
PG03 PG03 (P63) 

~ 

J"L 
I 

PG02 PG02 (P62) 
4 

J"L 
PG01 PG01 (P61) 

4 

J"L 

PGOO PGOO (P60) 

4 

J"L is showing to shift the signal at the rising 
edge of trigger signal from the timer. 

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 

6 5 4 3 2 

TRUN f-

TMOD f- 0 0 0 

TFFCR f- 0 0 

TREGO f-

P6CR f-

P6FC f- 1 

PG01CR f- 0 0 1 

PGOREG f- 0 0 0 0 

TRUN f-

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

(3) Trigger Signal From Timer 

The trigger signal from the timer which is used by PG is not 

0 

0 

1 

0 

1 

0 

timer 0 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 O. 

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

Set the cycle in timer register. 

Set P60 - P63 bits to the output mode. 

Set P60 - P63 bits to the PG output. 

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

Set an initial value. 

Start timer O. 

equal to the trigger signal of timer flip-flop (TFF1, TFF4, TFFS, 
and TFF6) and differs as shown in Table 3.10 (1) depending on 
the operation mode of the timer. 

Table 3.10 (1) Select of Trigger Signal 

TFF1 Inversion PG Shift 

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

16-bit timer mode When the up-counter value matches with both TREGO and TREG1 • values. (The value of up-counter = TREG1*t + 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 
timer Timer 4!Timer S. In this case, the PG shift trigger signal 
from the 16-bit timer is output only when the up-counter UC41 
UCS value matches TREGS!TREG7. 

When using a trigger signal from Timer 4, set either 

T4FFCR <EOST4> orT4MOD <EOSTS> to "1" and a trigger is 
generated when the value in UC4 and the value in TREGS 
match. When using a trigger signal from Timer S, set TSFFCR 
<E07T6> to 1. Generates a trigger when the value in UCS and 
the value in TREG7 match. 
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(4) Application of PG and Timer Output PPG mode will be explained below. 

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 

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 synchro­
nizing signal to the TOl pin (shared by P71). 

!; TREGI ani n r 
TOI (P71) ----.J 11..-____ ........ L. _____ -..i L. _____ ..... 

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

PGOI (P61) L 
PG02 (P62) ---, r 

~. --------------------------------' 
PG03 (P63) ---.J 

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

Setting example: 

7 6 5 4 3 2 1 0 

TRUN ~ - 0 0 Stop timer 0, and clears it to zero. 

TMOD ~ 0 x 0 Set timer 0 and timer 1 in PPG output mode and selects,pT1 as the input clock. 

TFFCR ~ x 0 0 1 Enable TFF1 inversion and sets TFF1 to "1". 

TREGO ~ Set the duty of T01 to TREGO. 

TREG1 ~ Set the cycle of T01 to TREG1. 

P7CR ~ x x 
) Assign P71 as T01. 

P7FC ~ x x x 
P6CR ~ - 1 1 

) Assign P60 - 63 as PGO. 
P6FC ~ - 1 1 1 

PG01CR ~ - 0 0 0 Set PGO in 4-phase 1-step excitation mode. 

PGOREG ~ Set an initial value. 

TRUN ~ x Start timer 0 and timer 1. 

Note: x; don't care -; no change 
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3.11 Serial Channel 
The TMP96C141 AF contains two serial 110 channels for full 
duplex asynchronous transmission (UARl) 

as well as for liD extension. 
The serial channel has the following operation modes: 

• I/O interface mode 
(channel 1 only) 

----------- Mode 0: To transmit and receive liD data as well as 

Note: TMP96C 141 AFITMP96C041 AFI 
TMP96CM40FITMP96PM40F with 
Channel 0 and 1. 

the synchronizing signal SCLI< for extending liD. 

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

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

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

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

MCU900-116 

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

_ Transfer direction 

• Mode' (7·bit UART mode) 

• Mode 2 (B· bit UART mode) 

• Mode 3 (9·bit UART mode) 

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

Figure 3.11 (1). Data Formats 
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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 1/0 interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes hatf-duplex. 

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

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

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 

detected to be normal at least twice in three samplings. 
When the transmission buffer becomes empty and 

requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SCOCRlSC1 CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen­
erator, which can set any baud rate by dividing the frequency 
of four clocks (q,TO, q,T2, q,T8, and q,T32) from the intemal pres­
caler (shared by 8-biV16-bit timer) by the value 2 to 16. 

In 1/0 interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by extemal 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. 
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-----bit Symbol 
SCOMOD 

ReadlWrite 
(OO52H) 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

7 6 

TB8 CTSE 

0 0 

Transfer Hand 

data shake 

Bit8 

0: CTS 

disable 

1: cn 
enable 

4 3 0 

RXE WU SMl SMO SCl SCO 

RIW 

0 0 0 0 0 0 

Receiving Wake up jSerial transmission 

Function Function :mode 

jserial transmission 
iclock (UART) 

0: Receive ~OO: Can not be used iCO: TOO Trigger 

:01: baud rate disable O. d· bl :01: 7-bit UART 
1: Receive . Isa e: 

. generator enable 1: Enable :10: 8-bit UART 
:11: 9-bit UART ~10: Internal clock II> 1 

~11: don't care 

I I 
L Serial transmission clock (UART) 

00 Timer 0 match detect signal 
.................................................... 

01 Baud rate generator ....... . ....................... . 
10 Internal clock II> 1 

11 don'Hare 

'----- Serial transmission mode 

00 Can not be used .................................... , ............... . 
01 ! 7-bitlength 

: ...................... . 
10 UART : 8-bit length 

: ....................... . 
11 ! 9-bit length 

'-----~ Wake-up Function 

9-bit UART 

o Interrupt when 

data are received 

Interrupt only 

when RBB= 1 

Receiving Function 

o Receive Disable 

Receive Enable 

Other mode 

don't care 

·····················1 
Hand shake function (CTS Pin) enable 

o Disable (always Transferable) .1 
••• ,." ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0. 

1 Enable 

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

Note: There is SCl MOD (56H) in Channell 
Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SCOCR 
(0051 H) 

bit Symbol 

ReadlWrite 

After reset 

Function 

I 

7 6 

RBB EVEN PE 

R 

o 
Received Parity 

data Odd 
BitS 1: Even 

RIW 

o 
! Parity 
addition 

! 0: Disable: .. 

4 3 2 o 
OERR PERR FERR 

R ( cleared to Zero when read) RIW 

o o o o o 
! Fix at ·0· Fix at ·0· 

1: error 

.. , ... ~ 
, 1 : Enable ' O.wun Parity j Framing 

I I I I I I 

~Framingerrorflag } 
L---'-Parity error flag CI~ared t~ Zero 

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

Enable parity addition 

f.~ .. I :::::~;:~n;~d~::;~;) .................. ~ 
Addition I check of even parity 

I. ··;··I~:~::a:;;;; ............................... ··1 
L-_______________ Receving data bitS 

Note: Serial control register for channell is SCl CR (55H). 
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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BRoeR 
(0053H ) ----bit Symbol 

ReadIWrite 

Afterreset 

Function 

7 

-

° Fix at "0· 

TLCS-900 16-bit Microcontroller 

6 5 4 3 2 1 0 

BROCKl BROCKO : BROs3 : BROS2 BROSl : BROSO 

RJW 
: : 

° ° ° 0 : 0 ° : 
00: ~TO (fc/4) 

01: ~T2 (fcJ16) Setting ofthe Divided frequency 
10: ~T8 (fcJ64) 

11: ~ T32 (fcJ256) : 
I L Setting of the divided frequency 

of baud rate generator 

0000 16divisions .............. .................... . ................ 
0001 Don't set ............ ................... ............. . .... 
0010 2to 1Sdivisions 

I 

1111 

Selectin the in g p ut clock of 

baud rate generator 

.... 00 ..... 1.~.t~r~~I.cl()c.k .. ~ ~~. (!~4) .................. . 

.. . 0.' ..... 1.?te.~~~I.cl()c.k .. ~ ~~. (!~ '.6) ................... . 

10 .. 1.n.t~r~~I .. cl()~kF~.(!~6.4) .................. . 
11 Internal clock ~T32 (fcJ256) 

Note: As ali 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) 

? 6 5 4 3 2 1 0 

TB? TB6 TB5 TB4 TB3 TB2 TB1 TBO I (Transmission) 

SCOBUF 
(50H) ? 6 5 4 3 2 1 0 

RB? RB6 RB5 RB4 RB3 RB2 RB1 RBO I (Receiving) 

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

---bit Symbol 

Read/Write 

After reset 

Function 

.---------_._.- -----_ .. __ ... _ .. 

TLCS-900 16-bit Microcontroller 

7 6 4 2 0 

TB8 RXE WU SMI SMO sel seo 
R/W 

0 0 0 0 0 0 0 0 

Tramfered ~ Fix at "0· ~Receiving ~ Wake up ~erjal Transmission ~erial Transmission 
data j jFunction ~ Function jmode ~clock (UART) 
B.tB' :0: Receive: 0: disable :00: I/O interface :00: TOO Trigger 

:;.0 I: Baud rate 

I 

; disable: I: enable: mode 

: I: Receive: ~I: 7·Bit UART generator 

I 

Enable !, ~I 0: 8·Bit UART 
~11: 9·Bit UART 

~IO: Internal clock ~I 

III: don't care 

I I I 

I I 
L Serial transmission clock (For UART) 

00 Timer 0 match detect signal ................................................... 
. ~.I ... ~~~~:~~.~.~~~~~~~.~~"""" .. " 
10 Internal clock ~I 

11 don't care 

TMP96C141AF 

I 

Note: The clock selection for the 110 interface 
mode is controlled by the serial control 
register(SCICR). 

'----- Serial transmission mode 

00 I/O interface mode .................................................. 
01 ~ 7·Bit length 

:. .................... . 
10 UART mode : B.Bit length 

., ..... ~ .................... . 
11 : 9·Bit length 

Wake up Function 

9·Bit UART 

o Interrupt when 

data are received 

Interrupt only 

when RBB= 1 

Receiving control 

Other mode 

don't care 

o Receive disable .1 .. , ...................................................... . 
1 Receive enable 

L.. _____________ • Transmission data bit 8 

Figure 3.11 (6). Serial Mode Control Register (Channel 1 , SC1 MOD) 
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6 5 432 0 

bit Symbol RB8 EVEN PE OERR PERR FERR SClKS 10C 
SC1CR Read/Write R R/W R (cle.rlo Ze<o when read) R/W 
(0055H)~A~h~e~rr~e~se~t1---~~----O---'---O--~---O~-----O------~0--~---O--~----O--; 

Function 

I 

Received, Parity 
data :0: Odd 

Bit8 : 1: Even 

I 

: Parity 

'addition : 
:0: Disable: .. 

1: error 
0: SClKl :0: 

(s)jBaudrate 

: 1: Enable: Overrun : Parity : Framing 

: generator 

I:SClKl !1:SClKl 

C"t-) :Pin input 

I I I 

I I 
L. Select I/O interface input clock (Nol.') 

o B~~~.'~t.~ .. g~~~r~~.e .................... . 
SClK 1 Pin input 

Note1: For channel 0, fix this bit to ·0· 

~ Edge selection in SClK pin input mode 

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

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

~ Framing error flag 
Parity error flag 
Overrun error flag 

Enable parity addition 

I··~···I·~~:!;~················ 

}
Cleared to Zero 
when read 

··· .. ··· .. 1 

Addition I check of even parity 

o Odd Parity 

Even Parity 

Receiving data bit B 

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

Figure 3.11 (7). Serial Control Register (Channel 1, SC1 CR) 
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---- 6 4 o 

BR1CR bit Symbol BRICKI BRICKO ~ BRIS3 BRIS2 BRISI BRISO 
(OO57H) ReadlWrite RIW 

After reset 0 

Fix at "0" : 

Function 

o o o o o o 
: 

00: ~TO (f<l4) 

01: ~T2 (f<l16) Setting of the Divided frequency 

10: fTB (f<l64) 

II: f T32 (fc/2S6) 
: : 

I 

L Setting of the divided frequency of baud rate 

generator 

0000 16 divided 

0001 Don't set 

0010 

\ 2 to 5 divisions 

1111 

Selecting the input dock of baud rate generator 

00 .. 1.n.t~r~~I .. cl()~.kfT~y~~) ...... . 

01 .1.".te.r~a.lcl()c.k~.:~(f~I.6) .. . 

10 .1.n.t~r~~I.~I()~.k .. ~~~.(f~~.4! ................... . 
11 Internal dock ;T32 (1<1256) 

Note: To use baud rate generator, set TRUN <PRRUN> to "1 ", pulling the prescaler in RUN mode. 

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

7 6 5 4 2 0 

I TB7 TB6 TB5 TB4 TB3 TB2 TBl TBO I (fransmission) 

SC1BUF 
(OO54H) 7 6 4 3 2 0 

RB7 RB6 RB5 RB4 RB3 RB2 RBl RBO I (Receiving) 

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1 BUF) 
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----- 7 6 5 4 : 3 2 I 0 

P9FC bit Symbol ---- -- P95F ---- P93F P92F ----: P90F 
(OO1DH ) Read/Write W W W W 

0 
: l 0: PORT : 

Prohibit Read 
modify write 

: : I:SClKI 

Not.e: The TMP96CM40 and TMP96PM40 

have regist.er P92F, The TMP96C141 

does noL. (In other wordes, SCLK 0 

cannot be specified.) 

0 0 0 

0: PORT 0: PORT l 0: PORT 
I: ToOl I: SClKO: : I:ToOO 

I 

[ Setting P90 as ToOO output 

1"~"I~~:~~~~:~~'I'~i'~~~~'~~""""1 
L... ____ Setting P93 as ToOl output 

l·~··I::;-;~~:;~~·I··;i·~~~·~~~······j 
Setting P95 as SClK output 

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

7 6 4 2 o 
OOEI OOEO ODE bit Symbol 

(0058H) Read/Write R/W 

MCU900-124 

o 
P93 

:0: CMOS 

:1: OPEN 

o 
l P90 
lo: CMOS 

!I: OPEN 

Setting P90 as Open-drain output 

.. ~ .. ~.~.'?s..~~~p.~~ ........................ . 
I Open-drain output 

Setting P93 as Open-drain 

.. ~ .. ~.~.'?s..o.~~p.~~ ........................ . 
I Open-drain output 

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 

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

• ---- ----. Serial clock generation circuit .----------------------j , , 
: BROCR<BROCK1.0> TOOTRG (Timer 0 comparator output) : 
I ---------., I , , , , ' , 
:,sTO (fC/4) , : 

:;T2 (fC/16) 

:;TS (fc/64) 
:,sT32 (fC/256) 
, , , , , 
:~11'~'ll.------~~==~----~ 
, , , , 

SCOMOD 
<SC1,O> 

~ _____________________________________________________ __ J 

SIOCLK 

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

MCU900-126 

; - - ----. - Serial clock generation circuit ----.----- ----------- --~ 

: BR1CR<BR1CK1.0> TOOTRG (Timer 0 comparator output) 1 

1;r0(fd4) I:--~t---~-----i UART 0 i SIOCLK 

:;T2(fcl16) It;: :a: t--t---.., 

1:;~;f(~~~6) :. ~ ~ l ~ , , , , , , 
: ~ __ Baud rate ___ J 
I generator 
i+ I (fd2)'----''-;::===:t-

SCI MOD 
<SCI.O> 

SC1MOD 
<SM1,0> 

: ~ I/O interface mode 

:o[ ~ 
, , 

:",::: L ______________________________ ~ ________________________ J 
SC1MOD 

Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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<D Baud Rate Generator 

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

of these input clocks is selected by the baud rate genera­
tor control register BROCRIBRl CR <BROCK1, 0/ 
BR1CK1,O>. 

The input clock to the baud rate generator, rpTO (fel 
4), rpT2 (fel16), rpT8 (fc/64), or rpT32 (fel256) is generated 
by the 9-bit prescaler which is shared by the timers. One 

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

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

• UARTmode 

Transfer rate = 

• 1/0 interface mode 

Transfer rate = 

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

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

The relation between the input clock and the source clock (fc) is as follows: 
rpTO = fel4 
rpT2 = fel16 
rpT8 = fel64 

rpT32 = fel256 

Accordingly, when source clock fc is 12.288 MHz, input clock is rpT2 (fel16), and frequency divisor is 5, the transfer rate 
in UART mode becomes as follows: 

Transfer rate = fel16 + 16 
5 

= 12.288 x 106/1615116 = 9600 (bps) 

Table 3.11 (1) shows an example of the transfer rate in UART mode. 
Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 

timerO. 

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

Unit (kbps) 

~ l/lTO rpT2 1/118 1/1132 fe [Mhz) Frequency (fC/4) (fe/16) (feJ64) (fe/256) 
Divisor 

9.830400 2 76.800 19.200 4.800 1.200 

i 4 38.400 9.600 2.400 0.600 

i 8 19.200 4.800 1.200 0.300 

i 0 9.600 2.400 0.600 0.150 

12.288000 5 38.400 9.600 2.400 0.600 
i A 19.200 4.800 1.200 0.300 

14.745600 3 76.800 19.200 4.800 1.200 
i 6 38.400 9.600 2.400 0.600 

i C 19.200 4.800 1.200 0.300 

Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock ¢T1) is Used) 

Unit (Kbps) 

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

1H 96 76.8 62.5 48 

2H 48 38.4 31.25 24 

3H 32 31.25 16 

4H 24 19.2 12 

5H 19.2 9.6 

8H 12 9.6 6 

AH 9.6 4.8 

10H 6 4.8 3 

14H 4.8 2.4 

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

Transfer rate = fc 
TREGOx8x 16 

tL---(When timer 0 (input clock ¢T1) is used) 

Input clock of timer 0 
¢T1 = fC/8 
¢T4 = fC/32 

¢T16 = fC/128 
Note: Timer 0 match detect signal cannot be used as the transfer clock in 110 interface mode. 

@ Serial Clock Generation Circuit 

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

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

When in SCLK output mode with the set­
ting of SC1 CR <lOC> = "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 SC1 CR <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 (UAR1) mode 

According to the setting of SCOCR and 
SC1 CR <SC1 , 0>, the above baud rate gen­
erator clock, internal clock ¢1 (500 Kbps @ fc 
= 16 MHz), or the match detect signal from 
timer 0 will be selected to generate the basic 
clock SIOCLK. 

® Receiving Counter 

The receiving counter is a 4-bit binary counter 
used in asynchronous communication (UAR1) 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) I/O interface mode (channel 1 only) 

When in SCLK1 output mode with the 
setting of SC1 CR <IOC> = "0", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

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

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

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

@ Receiving Buffer 

To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the 
receiving 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 (SCOBUFI 
SC1BUF), generating an interrupt INTRXO/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 

SIOCLK 

the receiving buffer 1. However, unless the receiving 
buffer 2 (SCOBUF/SC1 BUF) is read before all bits of the 
next data are received by the receiving buffer 1, an over­
run error occurs. If an overrun error occurs, the contents 
of the receiving buffer 1 will be lost, although the contents 
of the receiving buffer 2 and SCOCR <RB8> SC1 CR 
<RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1 CR <RBS>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1", and interrupt INTRXOI 
INTRX1 occurs only wihen SCOCR <RBS>/SC 1 CR 
<RBS> is set to "1". 

® Transmission Counter 

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

:~ 
TXDCLK --~ i----------------------ltU-

Figure 3.11 (14). Generation of Transmission Clock 

(J) Transmission Controller 

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

In SCLK output mode with the setting of 
SC1 CR <IOC> = "0", the data in the trans­
mission 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 
SC1 CR <IOC> = "1 ", the data in the trans­
mission buffer are output bit by bit to TxD1 

pin at the rising edge or falling edge of SCLK 
input according to the setting of SC1 CR 
<SCLKC> register. 

2) Asynchronous Communication (UARl) mode 

When transmission data is written in the 
transmission buffer sent from the CPU, trans­
mission starts at the rising edge of the next 
TxDCLK, generating a transmission shift 
clock TxDSFt 
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Handshake function 

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

When the CTSO pin goes high, after 
completion of the current data send, data 
send is halted until the CTSO pin goes low 

96(141 

TxD 

CTS 

Sender 

again. The INTlXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a hand­
shake function can be easily co~red by 
setting an.l.E!?rt assigned to the RTS func­
tion. The RTS should be output "High" to 
request data send halt after data receive is 
completed by a software in the RXD interrupt 
routine. 

96(141 

RxD 

RTS (any port) 

Receiver 

Figure 3.11 (15). Handshake Function 

Timing to write ~'I-\ ------------~I~\-----------
transmission buffer \ 

Send issuspended1'I..... ________ ~I}\-----------
CTS from (1)to(2). ® 

ill 13 14 1S 16 

SIO(LK 

2 3 14 1S 16 1 2 3 

~ 

TxDCLK 
n --.,,}-\ -------' I' j n 

\ start bit I' ~ bitO 
j 

TxD --I,\-\ -----__ 

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

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

Transmission buffer (SCOBUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis­
sion control. When all bits are shifted out, the transmis­
sion buffer becomes empty and generates INTTXOI 
INTTX1 interrupt. 

® Parity Control Circuit 

When serial channel control register SCOCR <PE>l 
SC1 CR <PE> is set to "1", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in ? -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 dB?>/SC1 BUF dB?> when in ? -bit UART 
mode while in SCMOD <TB8>/SCMOD dB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SCOBUF/SC1 BUF), and then com­
pared with SCOBUF <RB?>/SC1 BUF <RB?> when in ?-

@ Generating Timing 

1) UARTmode 

Receiving 

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

ID Error Flag 

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

1. Overrun error <OERR> 

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

2. Parity error <PERR> 

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

3. Framing error <FERR> 

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

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

Transmitting 

9-Bit 8-Bit + Parity 8-Blt, Hit + Parity, 7·Blt 

Interrupt Ii ming Just before last bit is transmitted. 
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2) I/O Interface mode 

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

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

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

Receiving interrupt timing 
Timing used to transfer received data to data receive buller 2 (SCl BUF); that is, immediately after 

SCLK input mode 

3.11.3 Operational Description 

SCLK (See Figure 3.11 (22)). 

This mode is used to increase the number of VO pins for trans­
mitting or receiving data to or from the extemal shifter register. 

(1) Mode 0 (I/O interface mode) This mode includes SCLK output mode to output syn­
chronous clock SCLK and SCLK input mode to input external 
synchronous clock SCLK. 

MCU900-132 

Output 
extension 

TMP96C141 

TxD 

SCLK 

Port 

--
r--
r--

Shift register A 
B 

SI C 
D 

SCK E 
F 

RCK G 
H 

----
---

Input 
extension 

TMP96C141 

RxD 

SCLK 

Port 

Shift register A 
B 

1-- QH C 
D 

I--- CLOCK E 
F 

r-- Sir G 
H 

TC74HC595 or 
the like 

TC74HC165 or 
the like 

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

Output port 
extension 

TMP96C141 

TxD 

5CLK 

Port 

I---

!--

- -

Shift register A 
B 

51 C 
0 

5CK E 
F 

RCK G 
H 

TC74HC595 or 

--------

Input port 
extension 

TMP96C141 

RxD 

SCLK 

Port 

Shift register 

1-- QH 

I--r- CLOCK 

'--- Sir 

TC74HC165 or 
External clock-- the like 

External clock _ the like 

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

TOSHISA AMERICA ELECTRONIC COMPONENTS,INC. 

A 
B 
C 
D 
E 
F 
G 
H 

--------

--------



TLCS-900 16-bit Microcontroller TMP96C141AF 

<D Transmission 

In SCLK output mode, 8-bit data and synchronous clock 
are output from T xD pin and SCLK pin, respectively, each 

time the CPU writes data in the transmission buffer. When 
all data is output, IN1ES1 dTX1 C> will be set to generate 
INTTX1 interrupt. 

Figure 3.11 (19) Transmitting Operation in 1/0 Interface Mode (SCLK Output Mode) 

In SCLK output mode, 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 

When all data are output, INTES1 <ITXIC> will be set 
to generate INTTX1 interrupt. 

SCLKinput ' LJ~----' . rLJ~ 
(SeLKe = 0: Rising edge mode) I' Y'r-'I' 

_-----'n---.J1.-r~~ 
SCLK input 
(SeLKe = 1: Falling edge mode) 

TxD ~~ 

TxDSFT ~r---fl---ll--

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

Figure 3.11 (20). Transmitting Operation in 1/0 Interface Mode (SCLK Input Mode) 
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® Receiving 

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 

<IRX1 C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans­
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 

RxD ___ .::.bi;.:.tO=--__ .JX bit! >@~ 

Timing to shift data in Generate '=-r, 
IhereC.ivingbuff!:::er~2 ________________ ..:I:.NT~R::X:.:.l_...J L-

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

In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <IRX1 C> is cleared by read­
ing the received data. When 8-bit data is received, the 

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

selKinpUI ~.---, rr ,----, .---. .---­
(SeLKe. 0: Rising edge mode) L.....J' L.....Io L...\r-J L.....Io L.....Io 

SelKinpul ~~~ 
(SelKe. 1: Fallingedg:-e_mo...;.d.:.;.e)---..,_----. 

__ ---.!b~it.::O~~~ RxD 

Timing to shift data Generate -.... 
h"uVt':/;ceiving INTRX1 nL-__ 

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

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

MCU900-134 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C141AF 

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

The 7 -bit mode can be set by setting serial channel 
mode register SCOMOD <SM1, 0> ISCl MOD <SM1, 
0> to "01". 
In this mode, a parity bit can be added, and the addi­
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE> ISCl CR <PE>, 

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

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

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

7 6 5 4 3 2 0 

P9CR ~ 1 

P9FC ~ x x x x 

SCOMOD ~ x 0 x 0 0 1 

SCOCR ~ x x x x 0 0 

BROCR ~ 0 x 0 0 0 

TRUN ~ x 

INTESO ~ 0 0 

SCOBUF ~ 

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

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

The 8-bit UART mode can be specified by setting 
SCOMOD <SM1, 0> I SCl MOD <SM1, 0> to "10". In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE> I 

) Select P90 as the TxD pin. 

Set ?-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Set data for transmission. 

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

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

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

7 6 5 4 2 1 

P9CR ~ x 0 

SCOMOD ~ 0 0 0 

SCOCR ~ 0 1 0 

BROCR ~ 0 0 0 0 

TRUN ~ 

INTESO ~ 0 

Interrupt processing 

Acc ~ SCOCR and 00011100 ) 

If Acc '" 0 then ERROR 
Check for error. 

Acc~SCOBUF Read the received data. 

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

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

The 9-bit UART mode can be specified by setting 
SCOMOD <SM1, 0> ISC1 MOD <SM1, 0> to "11 ". In 
this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RBS>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1 BUF. 

t I 
TxD RxD TxD RxD 

Master Slave 1 

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

0 

1 

0 

0 

TxD 

Select P91 (RxD) as the input pin. 

Enable receiving in a-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 

Enable INTIXO interrupt and sets interrupt level 4. 

Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> I 
SC1 MOD <WU> to "1". The interrupt INTRX111NTRXO 
occurs only when <RB8> = 1 

T 

! ! 
RxD TxD RxD 

Slave 2 Slave 3 

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

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

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

Select code of slave controller 

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

Data 

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

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

"1" 

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

"0· 

The slave controllers ryvU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially 
with the master controller, and use 

the internal clock 1/11 (fC/2) as the 
transfer clock. 

t 
TxD RxD 

Master 

! 
TxD RxD 

Slave 1 

Select code 
00000001 

1 
TxD RxD 

Slave 2 

Select code 
00001010 

,T 

Since serial channels 0 and 1 operate in exactly the 
same 

way, channel 0 is used for the purposes of explanation. 

• Setting the master controller 

Main setting 

P9CR f-

P9FC f-

INTESa f- a 

scaMOD f- 1 a 1 

scaBUF f- a a a 

INTIXa interrupt 

SCaMOD f- a 

scaBUF f-

• Setting the slave controller 2 

Main setting 

P9CR f-

P9FC f-

ODE f-

INTESO f-

SCOMOD f-

INTRXO interrupt 

Acc f- SCOBUF 

II Acc = Select Code 

Then SCOMOD4 

x 

1 1 0 

o 0 

a 

a a 

a 1 

a a a a 

o 
x 

a 

) Select P9a as TxD pin and P91 as RxD pin. 

Enable INTIXa and sets the interrupt level 4. 

Enable INTRxa and sets the interrupt level 5. 

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

o 
o 

Set the select code lor slave controller 1. 

Set TB8 to "0". 

Set data lor transmission. 

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

Enable INTRXO and INTIXa. 

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

Clear <WU> to "0". 
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3.12 Analog/Digital Converter 
The TMP96C141AF contains a high-speed analog/digital con­
verter (AID converter) with 4-channel analog input that features 
10-bit successive approximation. 

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

Internal bu, 

AID converter mode regi,ter (ADMOD) --------, 

ADCH 1-0 
EOCF ADBF REPET SCAN 

Analog input 

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

AN1(P51) 0-
ANO(PSO) 0-

VRH 0--------1 

AGND O~-------+I 
D/A converter 

ADS 

INTAD 
interrupt 

AID conversion result register 

(ADREGO to ADREG3) 

Figure 3.12 (1). Block Diagram of AID Converter 

Note: This AID converter does not have a built-in sample and hold circuit. Therefore, when AID converting high-frequency Signals, connect a sample and 
hold circuit externally. 
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7 6 542 0 

ADMOD t-=b::.;it:.:S~ym=b.::ol+.....:.EO::.C:::F~,--:..:A:::D.::B:.F --'-....:.:.RE::P-=E~T....i........:S.::CA=N:.:....i......::.A:::D:.:CS~.i........:::.A::::D:..S-..ic....:A:.::D:::C::.:H~l....i....::.A:::D:.:C:::H~0-1 
(005EH)~Re7a~dNV~r~ite~ ____ -, __ ~~~ ____ ,-____ ,, ____ RNV~ ____ ~ ______ o-__ ~ 

MCU900-140 

Afterreset 0 0 0 0 0 0 o o 

Function 

AI[) 

conversion 

End Flag 

1: END 

AI[) 

conversion 
BUSY Flag 

1: BUSY 

: Repeat 

Imode 
iScan 
'mode 

~AI[) 
1 conversion 

;::spe'" 

~ conversion 

~ Start 

:1: 

Analog Input 
Channel Select 

.:: 0: Single 
mode : 0: Fi.od i 0: High 

f 1: Repeat f ::;., ~ ::: 

~ conversion 

: Start 

mode i 1 :Channel i 1: Low 

~:e I ::: 
I 

iAlways 
iread as 
: ·0· 

J 
..- Analog input channel select 

I 
Normal Scan mode 

00 ANO ANO 

01 ANI ANO--+ANI 

10 AN2 ANO--+AN1--+AN2 

11 AN3 ANO--+AN1--+AN2--+AN3 

~ AID conversion start 

···i··· ·:·~·AiD~~~~~·;~i~~:··············1 
Note) Always ·0· when data is read. 

~ AID conversion speed selection 

o AID High speed conversion mode: 160 states = 20pS (@16MHz) 

AID Low speed conversion mode: 320 states = 40l's (@16MHz) 

L.. ____ • Specification of AID scan mode 

.. ~ ... :~:;:;:.::e:~::~::~::~1e·············l 
Selecting AID repeat mode 

... ; ... ::·~:~::::·:~·:::~·:~::d:························l 
AID conversion busy flag 

.. ~ ... ::. ::~.::::.:~.::.::.~.~~ ............................. ··1 

'-----------------_.. AID conversion end flag 

o AID conversion not ended nor started 

AID conversion ended 

Figure 3.12 (2). AID Control Register 
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ADREGOL 
(0060H) 

ADREGOH 
(0061 H) 

ADREG1L 
(0062H) 

ADREG1H 
(0063H) 

------bit Symbol 

Read/Write 

After reset 

Function 

------bit Symbol 

Read/Write 

After reset 

Function 

------bit Symbol 

Read/Write 

After reset 

Function 

------bit Symbol 

Read/Write 

After reset 

Function 

TLCS-900 16-bit Microcontroller TMP96C141AF 

7 6 I 5 4 3 
, I 
I 2 ! 1 0 
I 

ADR01 I ADROO I ----- J ---- J -------- J ----- J ____ J --------R 

Undefined I 1 1 1 I 1 : 1 1 1 
Lower 2 bits of ND result for ANO are stored. 

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

ADR09 I ADR08 I ADRO? I ADR06 I ADR05 J ADR04 I ADR03 I ADR02 

R 

Undefined 

Upper 8 bits of ND result for ANO are stored. 

7 6 i 5 I 4 3 ; 2 i 1 0 
! I 

ADR11 I ADR10 1 ----- 1 ----.1 ----.1 ----- 1 ~ 1 ____ 
R 

Undefined ! 1 i 1 I 1 I 1 i 1 1 

Lower 2 bits of ND result for AN1 are stored. 

7 6 j 5 ! 4 3 
1 

2 ! 1 ! 0 ; ! 

ADR19 I ADR18 I ADR1? I ADR16 I ADR15 1 ADR14 I ADR13 I ADR12 

R 

Undefined ! 
Upper 8 bits of ND result for AN1 are stored. 

Figure 3.12 (3-1). AID Conversion Result Register (ADREGO, 1) 
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ADREG2L 
(OO64H) 

ADREG2H 
(0065H) 

ADREG3L 
(OO66H) 

ADREG3H 
(0067H) 

----bit Symbol 

ReadIWrite 

After reset 

Function 

----bit Symbol 

ReadIWrite 

After reset 

Function 

----. bit Symbol 

ReadlWrite 

After reset 

Function 

----bit Symbol 

ReadlWrite 

After reset 

Function 

MCU900-142 

TLCS-900 16-bit Microcontroller 

7 i 6 I 5 I 4 
! 

! 3 I 2 I 1 I 0 

ADR21 I ADR20 I --- J. ___ J --- J --- J =::::..--.... J ---
R 

Undefined i 1 I 1 I 1 ! 1 I 1 1 1 

Lower 2 bits of NO result for AN2 are stored. 

7 i 6 I 5 I 4 I 3 ! 2 ! 1 I 0 ! 
ADR29 I ADR28 I ADR2? I ADR26 1 ADR25 J ADR24 J ADR23 1 ADR22 

R 

Undefined I 
Upper 8 bits of NO result for AN2 are stored. 

7 i 6 i 5 i 4 I 3 2 ! 1 I 0 

ADR31 I ADR30 I --- J :::::....-.... J :::::....-.... J ............... 1:::::""-"" 1 ~ 
R 

Undefined I 1 I 1 I 1 I 1 I 1 1 1 

Lower 2 bits of NO result for AN3 are stored. 

! 

6 I 5 i 4 I 7 i 3 i 2 I 1 I 0 

ADR39 I ADR38 I ADR3? I ADR36 I ADR35 1 ADR34 1 ADR33 1 ADR32 

R 

Undefined I 
Upper 8 bits of ND result for AN3 are stored. 

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

(1) Analog Reference Voltage 

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

(2) Analog Input Channels 

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

(3) Starting ND Conversion 

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

(4) ND Conversion Mode 

Both fixed ND conversion channel mode and ND 
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. 
ND conversion mode is selected by ADMOD <REPET, 
SCAN>. 

(5) AID Conversion Speed Selection 

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

(6) ND Conversion End and Interrupt 

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

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

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

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

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

(7) Storing the ND Conversion Result 

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

(8) Reading the ND Conversion Result 

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

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

[INTEOAD ~ 0 0 Enable INTAD and sels interrupt level 4. 

ADMOD ~ 0 0 0 Specify AN3 pin as an analog input channel and starts NO conversion in high speed 
mode. 

INTAD routine 

[WA ~ ADREG3 Read ADREG3L and ADREG3H values and writes to WA (16 bit). 

WA > > 6 Right-shifts WA six times and writes 0 in upper bits. 

(OOFF10H) ~ WA Writes contents of WA in memory at FF10H. 

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

INTEOAD ~ 1 0 0 Disable INTAD. 

ADMOD x o o 

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

3.13 Watchdog Timer (Runaway Detecting Timer) 
The TMP96C141 AF is containing watchdog timer of Runaway 
detecting. 

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

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

watchdog timer detects a malfunction, it generates a non­
maskable interrupt to notify the CPU of the malfunction, and 
outputs 0 externally from watchdog timer out pin WOTOUT to 
notify the peripheral devices of the malfunction. 

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

WOTOUT " 
~ ~WDMOD<RESET> I v 

RESET.~ 
INTWD • I . .. Watchdog timer 

out control 

enable W 

<WD 
DMOD-I 

TP1,0>---' Selector ,. 
1 t 

fd4 Reset 
'" .. o N - - N N 

N N N N -... -... 0- -... 
v v v ----

Watchdog timer 
Q 

sl 22-stage binary counter 
R 

; (fd2)-

r1 L.Reset ,J"~ WOMOD 

<WOTE> 

Reset 
HALT 

(Stop or Idle mode) 
4EH B1H 

Write Write 

Watchdog timer 
control register 

it 
Interna bus 

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

Since the watchdog timer out pin (WDTOUl) outputs "0" 
due to a watchdog timer overflow, the peripheral devices can 

be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writing a clear code 4EH in the WDCR 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 
(WDTOUl) outputs a at 8 to 20 states (BOOns to 2115 @ 

20M Hz) and resets itself. 

WDTCounter n )wU~~ :~ X 0 

WDT Interrupt II \' j 
Clear code of write 

T WDTCleaj 

:: 
(Soft ware 

WDTOUT 

Figure 3.13 (2). Normal Mode 

Overflow 

WDTCounter n • II 
WDT Interru pt II I' j 

WDTOUT 

I I (Internal Reset) 
II 

I- -I 

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

(1) Watchdog Timer Mode Register (WDMOD) 

CD Setting the detecting time of watchdog timer 
<WDTP> 

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

® Watchdog timer enable/disable control register 
<WDTE> 

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

• Disable control 

[ 
WOMOO 

WOCR 

~ 0 

~ 0 

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

• Watchdog timer clear control 

000 

The binary counter can be cleared and resume 

WOCR ~ 0 o 0 o 

(2) 

To disable, it is necessary to clear this bit to "0" and 
write the disable code (81 H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 
However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to "1". 

® Watchdog timer out reset connection <RESCR> 

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

Watchdog Timer Control Register (WDCR) 

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

Clear WOMOO <WOTE> to "0'. 

Write the disable code (B1H). 

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

Write the clear code (4EH). 
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6 4 2 o 
RESCR DRVE bit Symbol WDTE WDTP1 WDTPO WARM: HALTMO: HALTMO 

WDMOD ReadlWrite RIW 
(005CH)~A~ft=er~r~es~e=t+-----~---0--~---0------0---'---0---:---0---:---0--:---0---1 

Function 

MCU900-148 

WDT 

(ontrol 

iSelect detecting time: Warming :Standby mode 

~oo: 2'6/1e 

:01: 218/fc 

,: Enable i,o: 220/fc 
,": 222/fc 

i Up time '00: RUN mode 

i01: STOP mode 

ho: IDLE mode 
i O: 214/fc ~,,: Don'teare 
: 1: 216/1e 

jlnternally ~ Drive the 

i connects ~ pin even in 

i WOT out to ! STOP mode 

~ the reset pin ~ 

I I 
l DRVE (explanation by stop mode) 

__ Watchdoo timer out control 

o -
Connects WDT out to a reset 

I 

~. Select the standby mode HALT instruction 

00 RUN mode (Only the CPU stops) 

01 STOP mode (All circuits stop) 

10 IDLE mode (Only the oscillator operates) 

11 Don't care 

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

o 2'4/lc (approx. 1.0ms@16MHz) 

2'6/le (approx. 4.1 ms@16MHz) 

Select the detecting time 01 watchdoQ. timer 

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

01 2'8/le (approx. 16ms@16MHz) 
............................................................ 

10 220/fe(approx.66ms@16MHz) 
................................................................... 
11 222/lc (approx. 262ms@16MHz) 

Watehdoa timer Enable / Disable control 

o Disable 

Enable 

Figure 3.13 (4). Watchdog Timer Mode Register 
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o 

L Disable/ciearWDT 
B 1 H Disable code 

4EH Clear code 

Others 

Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 
The watchdog timer generates interrupt INTWD after the 
detecting time set in the WDMOD <WDTP1, 0> register and 
outputs a low level signal. The watchdog timer must be zero­
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to retum to normal oper-

Example: (j) Clear the binary counter 

WDCR f- 0 o 0 

ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

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

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

o Write clear code (4EH). 

® Set the watchdog timer detecting time to 218/1c 

MCU900·150 

WDMODf-l0 -xx 

@ Disable the watchdog timer 

WDMOD f- 0 - - - - x x 

WDCR f- 1 0 0 0 0 

@ Set IDLE mode 

WDMOD f- 0 0 X x 

WDCR f- 1 0 0 0 0 

Executes HALT command 

@ Set the STOP mode (warming up time: 2161fc) 

WDMOD f- -

Executes HALT command 

o x x 

Clear WOTE to '0'. 

Write disable code (B1H). 

Disables WDT and sets IDLE mode. 

Set the slandby mode 

Sel the STOP mode. 

Execute HALT instruction. Set Ihe standby mode. 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C141AF) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -O.S - 6.S V 

VIN Input Voltage -O.S - Vec t O.S V 

};IOL Output Current (total) 100 mA 

LIOH Output Current (total) -100 mA 

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

T SOLDER Soldering Temperature (10s) 260 °C 

TSTG Storage Temperature -6S -1S0 'c 
TOPR Operating Temperature -20 - 70 'c 

4.2 DC Characteristics (TMP96C141AF) 
Vee = 5V ± 10%, Ta = -20 - 70'C (Typical values are for Ta = 25'C and Vee = 5V) 

Symbol Parameter Min Max Unit Test Condition 

V IL 

V 1L1 

V IL2 

V IL3 

V IL4 
............................. 
VIH 

VIH1 

V IH2 

V IH3 

V IH4 

VOL 

VOH 

VOH1 

VOH2 

I DAR 

III 

ILO 

Input Low Voltage (ADO-1S) 

P2, P3, P4, PS, P6, P7, PB, P9 

RESET, NMI, INTO (PB7) 

Vi 
X1 

Input High Voltage (ADO-1S) 

P2, P3, P4, PS, P6, P7, PB, P9 

RESET, NMI, INTO (PB7) 

Vi 
X1 

Output Low Voltage 
............. 

Output High Voltage 

Darlington Drive Current 
(B Output Pins max.) 

. Input Leakage Current 

Output Leakage Current 
I······ .... ···· .. ···· I .... ·· .......... ~ ....... 

Operating Current (RUN) 
IDLE 
STOP (Ta = -20 - lO°C) 
STOP (Ta = 0 - SO°C) 

··· .. ··········· .. · .... ··1 .. ·········· 

V STOP 

R RST 

CIO 

VTH 

RK 

Power Down Voltage 
(@STOP, RAM Back up) 

RESET Pull Up Register 

Pin Capacitance 

Schmitt Width 
RESET, NMI, INTO (PBl) 

Pull Down/Up Register 

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

-0.3 

-0.3 

-0.3 

-0.3 

-0.3 

2.2 

O.7Vee 

O.7SVee 

Vee- O.3 

O.BVec 

2.4 

O.7SVee 

0.9Vee 

-1.0 

0.02 (Typ) 

O.OS (Typ) 

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

2.0 

SO 

0.4 

SO 

O.B 

0.3Vee 

0.2SVec 

0.3 

0.2Vee 

V 

V 

V 

V 

V 

Vee t 0.3 V 

VcctO.3 V 

VeetO.3 V 

VectO.3 V 

Vee to.3 V ........................................................................................................... , .... , ..... , .. 
O.4S V I OL = 1.6mA 

-3.S 

±5 

±10 

SO 
10 
SO 
10 

6.0 

1S0 

10 

1.0 (Typ) 

1S0 

. ............................... . 
V I OH = -400!JA 

V IOH=-1001JA 

V IOH=-201JA 

V EXT -1.SV 
mA R EXT = 1.11<0 

mA t osc = 16MHz 
mA 
IJA 
IJA 

V 

1<0 

0.2 ~ Yin ~ Vee - 0.2 
0.2~Vin~Vec-0.2 

, •••• w." .".""" .••• __ _ 

V IL2 = O.2Vee, 
V IH2 = O.BVee 

pF tosc = 1 MHz 

V 
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TMP96C141 AF TLCS-900 16-bit Microcontroller 

4.3 AC Electrical Characteristics (TMP96C141AF) Vee = 5V±10%, Ta = -20, - 70"C (4MHz - 20MHz) 

Variable 16MHz 20M Hz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

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

2 tClK ClKwidth 2x -40 85 60 ns 

3 tAl( AO - 23 Valid~CLK Hold 0.5x - 20 11 5 ns 

4 tKA ClK Valid~AO - 23 Hold l5x - 70 24 5 ns 

5 tAL AO-l 5 Valid~AlE fall 0.5x -15 16 10 ns 

6 tlA ALE fall~AO -15 Hold 0.5x -15 16 10 ns 

7 tll ALE High width x - 40 23 10 ns 

8 tlC ALE fall~RD/WR fall 0.5x - 30 1 -5 ns 

9 teL RD/WR rise~ALE rise 0.5x - 20 11 5 ns 

10 tACl AO - 1 5 Valid~RD/WR fall x - 25 38 25 ns 

11 tACH AO - 23 Valid~RD/WR fall l5x - 50 44 25 ns 

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

13 tADl AO -15 Valid~DO -15 input 3.0x - 45 143 105 ns 

14 tADH AO - 23 Valid~DO -15 input 3.5x - 65 154 110 ns 

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

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

17 tHR RD rise~DO - 15 Hold 0 0 0 ns 

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

19 tww WR Low width 2.0x - 40 85 60 ns 

20 tow DO -15 Valid~WR rise 2.0x - 50 75 50 ns 

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

22 tAEH AO - 23 Valid~WAIT input (1 WAIT + n mode) 3.5x - 90 129 85 ns 

23 tAWl AO -15 Valid~WAIT input (1 WAIT + n mode) 3.0x - 80 108 70 ns 

24 tcw RD/WR fall~WAIT Hold (1 WAIT + n mode) 2.0x + 0 125 100 ns 

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

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

27 tcp WR rise~PORT Valid 200 200 200 ns 

28 tASRH AO - 23 Valid~RAS fall lOx - 40 23 10 ns 

29 tASRl AO -15 Valid~RAS fall O.Sx -15 16 10 ns 

30 tRAC RAS fall~DO -15 input 2.5x - 70 130 86 ns 

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

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

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

34 tRSH CAS fall~RAS rise lOx - 35 28 15 ns 

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

36 tRCO RAS fall~CAS fall 1.0x-40 23 10 ns 

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

38 tCAS CAS low width 1.5x - 30 64 40 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow O.Sv, Cl50pF 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, RflJ, ClK, RAS, CASO - CAS2) 
• Input level: High 2.'4V flow O.45V (ADO - AD15) 

High O.SVcc flow O.2Vcc (Except for ADO - AD15) 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

(1) Read Cycle 

Xl 

CLK 

AO-23 ~---;-----------!"'-----'["":K 
C50-2 " :V-

RiW 

Port Input 

ADO-15 

ALE 

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

y� .... ;------.--ttAWH_-_-_-~~~T:-;~-.tcw-
1----:---ttAWL 

r-;----------it--

\\~~-\~r---,+/~------~-
~ I---~--~.~.APH-~--~.~I-----.I 

• tAPH2 _~ --A .. -;..----,...--.;.----- .~ -------..;--
• ---tA5RH --.l. "F----.....;;'f 

---tRSH~ 11-------+-1:RP~1 
~N ... ~--~~+---tRA5~ ___ 1\ 
tA5RL· tRAC--+ tRSC 

-tRAH-1 ...;..+--+-...;..+.!IlI.i!l..+I--\lI----~tCAS-:'+--.. 1 J.r-=----+-
~RCD~-~~CAC-----t 

1-----j----i---tADH-J-+-;...-------+1 ..-tCA-.i. 

-:t~~.==~tA~C:H==~:====~.:r~I ... ~--;RR----~r-4~~~~t-HR-_~l:tRAEl 
~ACL---' ~=t==~~====~--~ 

• I--tLC- I..... RD ~ 
.J~==~·~==~~-_~i-_-_~·_IAD_L ___ .~.~ ~ 

- - - - :. AU-15 ~ DO-15 ~. --

~ __ -t_A_L --.J~I -tLA ~I I~CL-4 
~LL -~~ ____ ~ _____ ~ _____ ~ 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(2) Write Cycle 

Xl 

ClK X ~ ____ -+ __ ~x~~ ____ ~i_ 
AO-23 )( ----~----~---+--------~ 

C50-2 l ( 
RiW l r 

WAIT ~----~~\\~~~\~~/_~----~ 
Port Output 

-~------------~------~ ~ Xi 

RA5 

CA50-2 J 

WR,HWR 't1 ... t---:-----ttwW--.--·~i.1 

11 ... >-t"---1tDW----;--~1 ~I 
ADO-15 ----- ~'o-15 DO-15 ~ 

I 

ALE J \~--~----------_/ 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

4.4 AID Conversion Characteristics (TMP96C141AF) 
Vee = 5V±10% TA = -20 - 70°C 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vee -1.5 Vee Vee 

~ND Analog reference voltage Vss Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 mA 

Low speed conversion mode ±1.5 (TBO) i4.0 
Error 4sfc High speed conversion mode B.O (TBO) :ffi.0 

(Quantize error of s 16MHz LSB 
:!D.5 LSB not included) Low speed conversion mode ±1.5 (TBO) i4.0 

16sfc High speed conversion mode i4.0 (TBO) :±B.O 
s 20MHz 

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 

tSCY SCLK cycle 16x 1 0.8 ~ 

toss Output Oata~rising edge of SCLK tsCy/2 - 5x - 50 137 100 ns 

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

tHSR SCLK rising edge~input data hold 0 0 0 ns 

tSRD SCLK rising edge~effective data input tSCY - 5x -100 587 450 ns 

(2) SCLK Output Mode 

Variable 16MHz 20M Hz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tsCY SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 ~ 

toss Output Oata~rising edge of SCLK tSCY - 2x -150 725 550 ns 

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

tHSR SCLK rising edge~input data hold 0 0 0 ns 

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

4.6 Timer/Counter Input Clock (TIO, T14, T15, T16, TI7) 
Vee = 5V±10% TA = -20 - 70°C 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock cycle 8x + 100 600 500 ns 

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

tVCKH High level clock pulse width 4x + 40 290 240 ns 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

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

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAl NMI. INTO Low level pulse width 4x 250 200 ns 

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

~NTBl INT 4 - INT7 Low level pulse width 8x+ 100 600 500 ns 

tlNTBH INT 4 - INT7 High level pulse width 8x+100 600 500 ns 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

4.8 Timing Chart for 1/0 Interface Mode 

ClK 

SClK 
_____ -;1- tsCY -I 

toss 
OUTPUT DATA 

TxD -------.------4--... ,-----+---.. r--------,. ,._------.... 
o 

tSRD tHSR 

INPUT DATA 
RxD _____________ ~~ ___ ~~ ____ ~~ ___ ~ 
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TMP96C141AF TLCS-900 1S-bit Microcontroller 

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

Symbol 

tBRC 

tCBAl 

tCBAH 

tABA 

tBAA 

elK 

ADO-AD15, AO-A23, 
eso-egJ0N, RAS, 
eASO-CAS2 

(note) 

----. 
tCBAL ----11-----J -tCBAH 

.-
tABA 

----~r-----------------

----~r-----------------

ALE --------~\I~, ________________ ~~~_ 

Variable 16MHz 20MHz 
Parameter 

Min Max Min Max Min Max 

BUSRQ setup time for ClK 120 120 120 

ClK--7BUSAK falling edge 1.5x+ 120 214 195 

ClK--7BUSAK rising edge 0.5x + 40 71 65 

Output buffer is off to BUSAK ~ 0 80 0 80 0 80 

BUSAK .-.J output buffer is on . 0 80 0 80 0 80 

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

Unit 

ns 

ns 

ns 

ns 

ns 

Note 2: This line only shows the output buffer is off-states. They don't indicate the signal levels are fixed. After the bus is released, the signal level is kept 
dynamically before the bus is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing, 
the design must be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the 
internal signal. 
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TLCS-900 16-bit Microcontroller 

4.10 Interrupt Operation 

Vee = 5Y, Ta = -25°C, unless otherwise noted 

VcclV) ICC (mA) 

.--V 

30 

// 
/ 

V 
20 

10 

.... !--- .. " 

10 15 20 25 
losdMHz.) 

Figure 5.1 Vee - f05e TYPICAL CURVE 

10 15 20 25 

ICC (mA) 

40 

~ 
IOSC=20MH~ ,...... 

30 

20 ........... 
~ 

-::::: osc.=;4MHz 

10 

IOl(mA) 

40 

30 

20 

J 
5 

Figure 5.3 Icc - Vee TYPICAL CURVE 

/' 
/ 

10 I 
/ 

3 VourlV) 

Figure 5.4 VOUT -IOL TYPICAL CURVE 

Figure 5.2 f05e -IcC TYPICAL CURVE lose (MHz) 

VourlV) 

-10 / 
/ 

/ 
../ " 

.--' 

-20 

-30 

-40 

IOH(mA) 

Figure 5.5 VOUT -IOH TYPICAL CURVE 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

5. Table of Special Function Registers 
(SFRs) 
(SFRj Special Function Register) 

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

Configuration of the table 

Symbol Name Address 7 6 

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

1 

I 

II 
I} 

0 

"bit Symbol 

-Read I Write 

-Initial value afrer reset 

-Remarks 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

Table 5 1/0 Register Address Map 

Address Name Address Name Address Name Address Name 

OOOOOOH PO 20H TRUN 40H TREG6L 60H ADREGOL 

1H P1 21H 41H TREG6H 61H ADREGOH 

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

3H 23H TREG1 43H TREG7H 63H ADREG1H 

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

5H P1FC 25H TFFCR 45H CAP3H 65H ADREG2H 

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

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

8H P2CR 28H POMOD 481-1 T5MOD 68H BOCS 

9H P2FC 29H P1MOD 49H T5FFCR 69H B1CS 

AH P3CR 2AH PFFCR 4AH 6AH B2CS 

BH P3FC 2BH 4BH 6BH 

CH P4 2CH 4CH PGOREG 6CH 

DH P5 2DH 4DH PG1REG 6DH 

EH P4CR 2EH 4EH PG01CR 6EH 

FH 2FH 4FH 6FH 

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

11H 31H TREG4H 51H SCOCR 71H INTE45 

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

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

14H P6CR 34H CAP1L 54H SC1BUF 74H INTEPW10 

15H P7CR 35H CAP1H 55H SC1CR 75H INTET54 

16H P6FC 36H CAP2L 56H SC1MOD 76H INTET76 

17H P7FC 37H CAP2H 57H BR1CR 77H INTESO 

18H P8 38H T4MOD 58H ODE 78H INTES1 

19H P9 39H TFF4CR 59H 79H 

1AH P8CR 3AH T45CR 5AH 7AH 

1BH P9CR 3BH 5BH 7BH IIMC 

1CH P8FC 3CH 5CH WOMOO 7CH OMAOV 

10H P9FC 30H 50H WOCR 70H OMA1V 

1EH 3EH 5EH AOMOD 7EH OMA2V 

1FH 3FH 5FH 7FH OMA3V 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

(1) 110 Port 

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

POT P06 P05 P04 P03 P02 P01 I POD 

PO PORTO OOH 
RNI 

Input mode 

Undefined 

P17 P16 P15 P14 P13 P12 P11 I P10 

P1 PORT1 01H 
RNI 

Input mode 

a a a a a a a I a 

P2T P26 P25 P24 P23 P22 P21 I P20 

P2 PORT2 06H 
RNI 

Input mode 

a 0 a 0 a 0 a I 0 

P3T P36 P35 P34 P33 P32 P31 I P30 

P3 PORT3 OTH 
RNI 

Input mode Output mode 

1 1 1 1 1 1 1 I 1 

P42 P41 I P40 

P4 PORT4 OCH 
RNI 

Input mode 

D 1 I 1 

P53 P52 P51 I PSO 

P5 PORT5 OOH R 

Input mode 

P6T P66 P65 P64 P63 P62 P61 I P60 

P6 PORT6 12H 
RNI 

Input mode 

1 1 1 1 1 1 1 I 1 

PT3 P72 PT1 I PTa 

PT PORTl 13H 
RNI 

Input mode 

1 1 1 I 1 

P8T P86 PBS P84 P83 P82 P81 I P8D 

P8 PORT8 18H 
RNI 

Input mode 

1 1 1 1 1 1 1 I 1 

P95 P94 P93 P92 P91 I P90 

P9 PORT9 19H 
RNI 

Input mode 

1 1 1 1 1 I 1 

Note: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register P30 to "0" outputs the RD strobe from P30 pin for 
PSRAM, even when the internal address is accessed. n the output latch register P30 remains "1", the R5 strobe is output only when the external 
address is accessed. 

Read/Write RIW Either read or write is possible 
R Only read is possible 
W Only write is possible 
Prohibit RWM Prohibit Read Modify Write. (Prohibit RESlSETfTSET/CHGlSTCF/ANDCF/ORCFIXORCF Instruction) 
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TLCS-900 16-bit Microcontroller TMP96C141AF 

(2) 110 Port Control (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P07C P06C P05C P04C P03C P02C P01C PODC 
02H W 

POCR PORTO (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 

o : IN 1 : OUT (When external access, set as AD7 - 0 and cleared to "0'.) 

P17C P16C P15C P14C P13C P12C P11C P10C 
04H W 

P1CR PORn (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 

«Refer to the 'P1FC"» 

P27F P26F P25F P24F P23F P22F P21F P20F 
05H W 

P1FC PORn (Prohibit 
Function RMW) 0 0 0 0 0 0 0 0 

P1FC/P1CR=OO:IN,01 : OUT, 10:AD15-8, 11 :A23-16 

P27C P26C P25C P24C P23C P22C P21C P20C 
08H W 

P2CR PORT2 (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 

«Refer to the "P2FC"» 

P27F P26F P25F P24F P23F P22F P21F P20F 
09H W 

P2FC PORT2 (Prohibit 
Function RMW) 0 0 0 0 0 0 0 0 

P2FCI P2CR = 00: IN, 01 : OUT, 10 : A7 - 0,11 : A23 -16 

P37C P36C P35C P34C P33C P32C 
OAH W 

P3CR PORT3 (Prohibit 
Control RMW) 0 0 0 0 0 0 

0:IN1 : OUT 

P37F P36F P35F P34F P32F P31F P30F 

OBH W 
P3FC PORT3 (Prohibit 0 0 0 0 0 0 0 Function RMW) 

0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
1 :RAS 1: RJW 1: BUSAK 1: BUSRQ 1 :HWR 1:WR 1: RD 

P42C P41C P40C 
OEH W 

P4CR PORT4 (Prohibit 
Control RMW) 0 0 0 

0:IN1 : OUT 

P42F P41F P40F 
10H W 

P4FC PORT4 (Prohibit 
Function RMW) 0 0 0 

o : PORT 1 : CS/CAS 

Note: Wrth the TMP96C141AffMP96C141 AffMP96C041 A, which requires an external ROM, PORTO functions as ADO to AD?; PORT1, ADa to AD15; P30, 
the R5 signal; P31, the WR signal, regardless of the values set in POCR, P1CR, P1FC, P30F and P31F. 
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TMP96C141AF TLCS-900 16-bit Microcontroller 

I/O Port Control (212) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P67C P66C P6SC P64C P63C P62C P61C P60C 
14H W 

P6CR PORT6 (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 

O:IN 1 : OUT 

P73C P72C P71C P70C 
1SH W 

P7CR PORT7 (Prohibit 
Control RMW) 0 0 0 0 

0: IN 1: OUT 

P67F P66F P6SF P64F P63F P62F P61F POOF 
16H W PORT6 (Prohibit P6FC 

Function 0 0 0 RMW) 0 0 0 0 0 

o : PORT 1 : PG1 - OUT o : PORT 1 : PGO - OUT 

P73F P72F P71F 

17H W 
P7FC PORT7 (Prohibit 0 0 Function 0 

RMW) 
0: PORT o :PORT 0: PORT 
1 :T03 1 :T02 1 :T01 

P87C P86C P8SC P84C P83C PB2C PB1C PBOC 
1AH W 

PBCR PORT8 (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 

0: IN 1: OUT 

P9SC P94C P93C P92C P91C P90C 
1BH W 

P9CR PORT9 (Prohibit 
Control RMW) 0 0 0 0 0 0 

O:IN 1:0UT 

P86F P83F P82F 

1CH W W W 
P8FC PORT8 (Prohibit 0 0 0 Function RMW) 

0: PORT 0: PORT 0: PORT 
1 :T06 1 :TOS 1: T04 

P9SF P93F P92F P90F 

1DH W W W W 
P9FC PORT9 (Prohibit 0 0 0 0 Function RMW) 

0: PORT 0: PORT 0: PORT 0: PORT 
1: SCLK1 1 : TxD1 1: SCLKO 1 : TxDO 
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(3) Timer Control (1/4) 

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

PRRUN T5RUN T4RUN P1RUN I PORUN T1RUN TORUN 

R/W R/W 

TRUN 
Timer 

20H 0 0 0 0 J 0 0 0 
Control Prescaler and Timer Run/Stop CONTROL 

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

22H -
TREGO 8bitTimer (Prohibit W 

Register 0 RMW) 
Undefined 

23H -

TREG1 8bitTimer (Prohibit W 
Register 1 RMW) 

Undefined 

T10M1 Tl0MO PWMMl PWMMO T1ClKl I T1ClKO TOClK1 TOClKO 

W 
8bitTimer 24H 

0 0 0 0 0 I 0 0 0 TMOD Source ClK (Prohibit 
and MODE RMW) 00: 8-bit Timer 00: - OO:TOOTRG 00 : TIO Input 

01 : 16-bitTimer 01 :~-1 PWM 01: I/ITl 01: I/In 
10: 8-bit PPG 10: 27 -1 10: I/IT16 10: I/IT4 
11 : 8-bit PWM 11 : 28-1 11: I/IT256 11:I/IT16 

DBEN TFF1C1 I TFF1CO TFF11E TFF11S 

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

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

Enable 10 : Clear TFF1 Enable Timer 0 
11 : Don1 care 

-

TREG2 PWMTimer 26H (R)fN (Can read double buller values.) 
Register 2 

Undefined 

-

TREG3 PWMTimer 27H (R)fN (Can read double buller values.) 
Register 3 

Undefined 

FF2RD DB2EN PWMOINT PWMOM T2ClKl I T2ClKO PWMOS1 PWMOSO 

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

POMOD PWMOMODE (Prohibit 
TFF2 output 1: Double 0: Overflow O:PWM 00: 1/lP1(fc/4) 00:~-1 RMW) 

value Buller Interrupt Mode 01: l/lP4(fc/16) ol:i -1 
Enable 1: Compare! 1 : Timer 10: 1/lP16(fC/64) 10:~-1 

Match Mode 11 : Don1 care 11 : Don't care 
Interrupt 

FF3RD DB3EN PWMllNT PWM1M T3ClK1 I T3ClKO PWM1S1 PWM1S0 

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

P1MOD PWMl MODE (Prohibit 
TFF3 output 1: Double 0: Overflow O:PWM 00: 1/1 P1(fc/4) OO:~-l RMW) 

value Buffer Interrupt Mode 01 : 1/1 P4(fC/16) 01:27_1 
Enable 1: Compare/ 1 : Timer 10: 1/lP16(fC/64) 10:~-1 

Match Mode 11 : Don't care 11 :Don't care 
Interrupt 
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Timer Control (214) 

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

FF3C1 I FF3CO FF3TRG1 FF3TRGO FF2C1 mco FF2TRG1 FF2TRGO 

W R!W W R!W 
0 I 0 0 0 0 0 0 0 

PWM 
00 : Don't care 00 : ProhibitTFF3 00 : Don't care 00: Prohibit TFF2 PFFCR Flip-flop 2AH 

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

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

set if overflowed set if overflowed 

30H -

TREG4L 16-bit Timer (Prohibit W 
Register 4L RMW) 

Undefined 

31H -

TREG4H 16-bit Timer (Prohibit W 
Register 4H RMW) 

Undefined 

32H -

TREG5L 16-bit Timer (Prohibit W 
Register 5L RMW) 

Undefined 

33H -

TREG5H 16-bitTimer (Prohibit W 
Register 5H RMW) 

Undefined 
-

CAP1L Capture 34H R 
Register 1L 

Undefined 

-

CAP1H Capture 35H R 
Register 1H 

Undefined 

-

CAP2L Capture 36H R 
Register 2L 

Undefined 
-

CAP2H Capture 37H R 
Register 2H 

Undefined 

CAP2T5 I EQ5T5 CAP11N CAP12M1 CAP12MO CLE T4CLK1 T4CLKO 

RfW W R!W 
16-bit Timer 4 0 I 0 0 0 0 0 0 0 

T4MOD Source 38H 
TFF51NVTRG 0: Soft- Capture Timing 1: UC4 Source Clock 

ClK and 
MODE 

0: TRG Disable Capture 00: Disable Clear 00: Tl4 
1: TRG Enable 1 : Don't care 01: T14 iT15 i Enable 01: fjlT1 

10: T14 i T14 .J, 10: fjlT4 
11 : TFF1 i TFF1 .J, 11 :fjlT16 
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Timer Control (314) 

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

TFF5C1 TFF5CO CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 I TFF4CO 

W RJW W 
16bit Timer 4 

0 0 0 0 0 0 0 I 0 T4FFCR Flip-flop 39H 
Control 00 : Invert TFF5 TFF4 Invert Trigger Source Clock 

01: SetTFF5 o : Trigger Disable 00 : Invert TFF4 
10 : Clear TFF5 1 : Trigger Enable 01: SetTFF4 
11 : Don't care 10 : Clear TFF4 

11 : Don't care 

- PGH PGOT DB6EN I DB4EN 

R!W RJW 
0 0 0 0 I 0 

T45CR T 4, T5 Control 3AH 
PG1 shift PGOshift 
trigger trigger 1: Double 

Fix at "0' Buffer o : Timer 0, 1 0: Timer 0, 1 Enable 1 : Timer 5 1 : Timer 4 

40H -
TREG6L l6bitTimer (Prohibit W 

Register 6L RMW) Undefined 

41H -
TREG6H 

16bitTimer (Prohibit W 
Register6H RMW) Undefined 

42H -

TREG7L 16bitTimer (Prohibit W 
Register 7L RMW) Undefined 

43H -
TREG7H 

16bitTimer (Prohibit W 
Register 7H RMW) Undefined 

-

CAP3L 
Capture 44H R 

Register 3L 
Undefined 

-

CAP3H 
Capture 

45H R Register 3H 
Undefined 

-

CAP4L 
Capture 

46H R Register 4L 
Undefined 

-

CAP4H 
Capture 

47H R Register 4H 
Undefined 

CAP31N CAP34M1 I CAP34MO CLE T5CLK1 I T5CLKO 

RJW W 
l6bit Timer 5 0 0 0 0 I 0 0 0 I 0 

T5MOD Source 48H 
Capture Timing Source Clock CLKand 

MODE 
o : Soft- 00: Disable 1 :UC5 00 : Invert TFF6 

Capture 01 :T16 im i Clear 01: SetTFF6 
1 : Don't care 10: T16 i T16 .J. Enable 10: Clear TFF6 

11 : TFFl i TFF1 .J. 11 : Don't care 
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Timer Control (4/4) 

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

CAP4T6 I CAP3T6 I E07T6 I E06T6 TFF6Cl I TFF6CO 

RfW W 
16bitTimer 5 0 I 0 I 0 I 0 0 I 0 

T5FFCR Flip-flop 49H 
Control TFF61nveri Trigger 00 : Invert TFF6 

01: SetTFF6 o : Trigger Disable 
10: Clear TFF6 1 : Trigger Enable 
11 : Don't care 

(4) Pattern Generator 

Symbol Name Address 7 6 5 4 3 2 1 0 

4CH PG03 PG02 PGOl PGOO SA03 SA02 SAOl SAOO 

PGOREG PGO Register (Prohibit W RfW 
RMW) 0 0 0 0 Undefined 

4DH PG13 PG12 PGll PG10 SA13 SA12 SAll SAl 0 

PG1REG PGl Register (Prohibit W RfW 
RMW) 0 0 0 0 Undefined 

PATl CCWl PG1M PGlTE PATO CCWO PGOM PGOTE 

RfW 
4EH 0 0 0 0 0 0 0 0 

PG01CR PGO, 1 Control (Prohibit 
0: Normal PGl trigger 0: Normal PGO trigger RMW) o : 8bit write Rotation 0: 4bit Step input o : 8bit write Rotation 0: 4bitStep input 

1: 4bitwrite 1 : Reverse 1 : 8bit Step enable 1 :4bitwrite 1 : Reverse 1 : 8bit Step enable 
Rotation 1 : Enable Rotation 1 : Enable 

(5) Watch Dog Timer 

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

WDTE WDTPl I WDTPO WARM HALTMl I HALTMO RESCR DRVE 

RfW 
1 0 I 0 0 0 I 0 0 0 

WO- Watch Dog 5CH Standby Mode 1 : Connect MOD Timer Mode 00: 216/fc Warming up 1: Drive 
1 :WDT 01 : 21B/fc Time 

00: RUN Mode internally 
the pin 

Enable 10: 220/fc 0: 214/fc 01 : STOP Mode WDTout 
in STOP 

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

Watch Dog 
Timer W 

WDCR 
Control 

5DH 
-

Register 
Bl H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

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

SCOBUF Channel 0 SOH R (Receiving)JW (Transmission) 
Buffer 

Undefined 

RBB EVEN PE OERR PERR FERR - -

R RJW R (Cleared to 0 by reading) RJW 

Serial 0 0 0 0 0 0 0 0 

SCOCR Channel 0 SlH 1: Error 
Control 

Receiving 
Parity 

1: Parity 0: 5CLKO 1: Input 
0: Odd (_r) SClKO pin 

data bit B 
1: Even 

Enable Overrun Parity Framing 
1(~j (Note) 

TBB CTSE RXE WU SMl SMO SCl SCO 

RJW 

SCO-
Serial 0 0 0 0 0 0 0 0 

MOD 
Channel 0 52H 00: Unused 00 : TOO Trigger 

Mode 
Transmission 1: CTS 1 : Receive 1: Wakeup 01 : UART 7bit 01 : Baud rate generator 

data bit B Enable Enable Enable 10 : UART Bbit 10: Internal clock 1/11 
11 : UART 9bit 11: Don1 care 

- BROCKl BROCKO BR053 BR052 BR051 BR050 

RJW RJW 

Baud Rate 0 0 0 0 0 0 0 
BROCR Control 

53H 
00: tfJIO (fC/4) Set frequency divisor 

Fix at "0" 01 : tfA2 (fc!16) O-F 
10: I/lIB (fC/64) ("1" prohibited) 
11 :/flI32 (fC/256) 

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

SC1BUF Channell 54H R (Receiving)JW (Transmission) 
Buffer 

Undefined 

RBB EVEN PE OERR PERR FERR SClKS 10C 

R RJW R (Cleared to 0 by reading) RJW 
0 0 0 0 0 0 0 

Serial 1: Error 
SC1CR Channell 55H 

Control Parity 0: 5CLKI 
Receiving 

0: Odd 
1: Parity (S) 1 : Input 

data bit B 1: Even 
Enabfe Overrun Parity Framing lC1L) SClKl pin 

TBB - RXE WU SMl SMO SCl SCO 

RJW 

SC1- Serial 0 0 0 0 0 0 0 0 

MOD Channell 56H 00 : I/O Interface 00 : TOO Trigger 
Mode 

Transmission Fix at "0" 
1 : Receive 1: Wakeup 01 : UART 7bit 01 : Baud rate generator 

data bitB Enable Enable 10 : UART 8-bit 10 : Internal clock 1/11 
11 : UART 9bit 11 : Don't care 
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Serial Channel (212) 

Symbol Name Address 7 6 5 4 3 2 1 0 

- BR1CK1 BR1CKO BR153 BR152 BR151 BR150 

R/W R/W 

Baud Rate 0 0 0 0 0 0 0 
BR1CR 

Control 57H 
00: tfJtO (fc/4) Set frequency divisor 

Fix at "0" 01 : tfJt2 (fc/16) 
O-F 10: IfJt8 (fc/64) ("1" prohibited) 11 :tfJt32 (fC/256) 

- ODE1 ODEO 

Special R/W 
ODE Open Drain 58H a a 

Enable 
1: P93 1: P90 
Open-drain Open-drain 

(7) AID Converter Control 

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

EOCF ADBF REPEl SCAN ADCS ADS ADCH1 I ADCHO 

R R/W 
AD- NO Converter 
MOD Mode reg 5EH a a a a a a a I a 

1: End 1 : 1 : Repeat 1 : Scan 1 : Slow 1: START Analog Input Channel Series 
Busy mode mode mode 

*1) ADR01 ADROO I 
AD Result 

60H R AD Reg a low 
REGal Undefined 1 1 1 1 1 I 1 

ADR09 ADR08 ADR07 ADR06 ADR05 ADR04 ADR03 I ADR02 
AD Result 

61H R AD Reg a high 
REGOH Undefined 

*1) ADR11 ADR10 I 
AD Result 62H R AD Reg 1 low 

REG1l Undefined 1 1 1 1 1 I 1 

ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 I ADR12 
AD Result 

63H R AD Reg 1 high 
REG1H Undefined 

*1) ADR21 ADR20 I 
AD Result 

64H R AD Reg 2 low 
REG2l Undefined 1 1 1 1 1 I 1 

ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 I ADR22 
AD Result 

65H R AD Reg 2 high 
REG2H Undefined 

*1) ADR31 ADR30 I AD Result 
AD Reg 310w 66H R 

REG3l Undefined 1 1 1 1 1 I 1 

ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 I ADR32 
AD AD Result 

67H R REG3H Reg 3 high 
Undefined 

*1 : Data to be stored in NO Conversion Result Reg Low are the lower 2 bits of the conversion result The contents of the lower 6 bits of this register are 
always read as "1 ", 
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(8) Interrupt Control (1/2) 

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

INTerrupt INTAD INTO 
INTE· 

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

OAD 
O&A/D 

(Prohibit RIW W RIW W 
RMW) a a a a a a a a 

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

: 
14M2 14Ml 14M a INTE45 Enable 

41S 
(Prohibit RIW W RIW W 

RMW) a a a a 0 : a : a : a 
INTerrupt INT7 INT6 

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

6/7 
(Prohibit RIW W RIW W 

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

INTerrupt 
INTTl (Timer 1) INTTO (Timer 0) 

73H ITlC ITlM2 ITlMI : ITlMO ITOC ITOM2 ITOMI ITOMO 
INTET10 Enable 

Timer 110 
(Prohibit RIW W RIW W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTH (Timer 3IPWM1) INTT2 (Timer 21PWMO) 

INTE· 74H IPW1C IPWIM2 IPW1MI IPW1MO IPWOC : IPWOM2 : IPWOMI lPWOMO 
PW10 

Enable 
(Prohibit : : RIW W RIW W PWml10 

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

INTerrupt 
INTTRS (TREGS) INTTR4 (TREG4) 

INTETS4 Enable 
7SH ITSC ITSM2 ITSMI ITSMO IT4C IT4M2 IT4Ml : IT4MO 

(Prohibit : 
Treg 514 

RIW W RIW : W 
RMW) a 0 : 0 0 0 : 0 : a 0 : 

INTerrupt 
INTTR7 (TREG7) INTTR6(TREG6t 

76H IT7C IT7M2 1T7Ml IT7MO IT6C IT6M2 IT6Ml IT6MO 
INTET76 Enable 

(Prohibit RIW 
Treg 716 W RIW w 

RMW) a a a 0 a 0 0 

INTerrupt INTTXO INTRXO 

INTESO Enable 
77H ITXOC ITXOM2 ITXOMI ITXOMO IRXOC IRXOM2 IRXOMI IRXOMO 

(Prohibit RIW W RIW : W 
Serial a 

RMW) 0 0 0 0 0 0 a 0 

INTerrupt 
INTTXl INTRXI 

7BH ITX1C ITX1M2 : ITX1MI ITXIMO IRXIC IRXIM2 IRX1Ml IRXIMO 
INTESI Enable 

(Prohibit 
Serial 1 

RIW W RIW W 
RMW) 0 0 0 0 0 0 0 0 

I II II II I 

I 
L IxxM2 IxxMI IxxMO Function (Write) 

0 0 0 Prohibit interrupt request. 
0 0 1 Set interrupt request level to "I". 
0 1 0 Set interrupt request level to "2". 
0 1 1 Set interrupt request level to "3". 
1 a 0 Set interrupt request level to "4". 
1 0 1 Set interrupt request level to "5". 
1 1 0 Set interrupt request level to "6". 
1 1 1 Prohibit interrupt request. 

'--- IxxC Function (Read) Function (Write) 

0 Indicate no interrupt request. Clear interrupt request flag. 

1 Indicate interrupt request. • - -_. Don'tcare·· ---
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Interrupt Control (2/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

tJl)MAO start vector 
DMAO 7CH DMAOV8 DMAOV7 DMAOV6 DAMOV5 DMAOV4 

DMAOV request (Prohibit 
W Vector RMW) 

0 0 0 0 0 

tJl)MA 1 start vector 
DMAt 7DH DMAOtV8 DMA1V7 DMAlV6 DAMlV5 DMA1V4 

DMAlV request (Prohibit 
W Vector RMW) 

0 0 0 0 0 

tJl)MA2 start vector 
DMA2 7EH DMA2V8 DMA2V7 DMA2V6 DAM2V5 DMA2V4 

DMA2V request (Prohibit 
W Vector RMW) 

0 0 0 0 0 

tJl)MA3 start vector 
DMA3 7FH DMA3V8 DMA3V7 DMA3V6 DAM3V5 DMA3V4 

DMA3V request (Prohibit 
W Vector RMW) 

0 0 0 0 0 

IOIE 10LE NMIREE 

W W W 

0 0 0 

Interrupt Input 7BH 
0: INTO IlMC Mode Control 

(Prohibit 
edge 1 : Operate RMW) 1 : INTO mode even at input 

1:INTO NMlrise enable level edge 
mode 
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(9) Chip SelectlWait Controller 

Symbol Name Address 7 6 5 

BOE BOSYS BOCAS 

W W W 
Block a 

CSIWAIT 
68H a 0 a 

BOCS 
control 

(Prohibit 

register 
RMW) 

1 • CS 1 • SYSTEM O. CSO 
Enable only LCASO 

B1E B1SYS B1CAS 

W W W 
Block 1 

CSIWAIT 
69H 0 0 0 

B1CS 
control 

(Prohibit 

register 
RMW) 

1 CS 1 • SYSTEM O. CSl 
Enable only l' CASl 

B2E B2SYS B2CAS 

W W W 
Block 2 

6AH 
CSIWAIT a 0 0 

B2CS control (Prohibit 

register 
RMW) 

1 .CS 1 • SYSTEM O. CS2 
Enable only LCAS2 

Note 1: After reset, only "Block 2" is set to enable. 
-7 After reset, the program starts in 16-bit data bus, 2-wait state. 

Note 2: These registers can be accessed •••••• 

Note 3: TMP96C141A for internal RAM less is 80H - 7FFFH. 

4 

BOBUS 

W 

a 

a 16bit Bus 
1. 8bit Bus 

B1BUS 

W 

0 

0 16bit Bus 
1. 8bit Bus 

B2BUS 

W 

0 

0 16bit Bus 
1. 8bit Bus 

3 2 

BOWl BOWO 

W W 

a 0 

00.2WAIT 
01.lWAIT 
10 lWAIT t n 
11 .OWAIT 

B1Wl B1WO 

W W 

0 0 

00.2WAIT 
01.lWAIT 
10.lWAITtn 
11.0WAIT 

B2W1 B2WO 

W W 

a 0 

00.2WAIT 
01.1WAIT 
10.lWAITtn 
11.0WAIT 
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1 0 

BOCl BOCO 

W W 

0 a 
00 • 7FOOH - 7FFFH 
01 . 400000H -
10 • 800000H -
11 • COOOOOH -

B1Cl B1CO 

W W 

0 0 

00 • 480H - 7FFFH 
01 • 400000H -
10 • 800000H -
11 • COOOOOH -

B2C1 B2CO 

W W 

0 0 

00 8000H -
01 • 400000H-
10 • 800000H-
11 • COOOOOH -

MCU90o-173 



TMP96C141AF TLCS·900 16·bit Microcontroller 

6. Port Section Equivalent Circuit Diagram 
• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 
The dedicated signal is described below. 

• PO (ADO - AD?), P1 (AD8 - 15, A8 - 15), P2 (A2 - 23, AO -7) 

• P30 (RD), P31 (WR) 

Output Data ..... -;:::+:::;::=:[~ 

Output Enable 
STOP 

Input Data 

Input Enable 

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

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

vee 

1/0 
r------ ------, 

1----........ '-1>0-1 .. N·ch i ~~llgb~~~able 
I : Resistance ,-------------j (only PORTZ) 

vee 

Output Data ---;::+~:::;:= IL 
''0' -J ~i ~ 0"' 

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

Output Data 

Output Enable 
STOP 

Input Data 

Input Enable 

vee 

, _____________ , Programmable 
: vee : pun Up 
: ! Resistance 
, , 
L ____________ .J 

1/0 
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TMP96C141AF 

• P42 (CS2, CAS2) 

• P5 (ANO -3) 

• P87 (INTO) 

• P90 (TXDO), P93 (TXD1) 

TLCS-900 16-bit Microcontroller 

Output Data ---;0----" 

Output Enable 
STOP 

Analog input 
channel select 

Analog input .----1----+ 

Input Data 

vee 

Input Enable 

Output Data --;:=1=;:::[::) 

Output Enable 
STOP 

Input Data 

Output Data ---;:=l==3> 

Open Drain 
Enable 

vee 

vee 

STOP ---\---' 
L---------~~--~~H~ 

Input Data .-__ -o<}-..,(r=:--'&--4=='1'===j 

Input Enable 

I/O 

Input 

Programmable 
Pull Up 
Resistance 

I/O 

Programmable 
Pull Up 
Resistance 

110 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90D-175 



TMP96C141AF TLCS-900 16-bit Microcontroller 

• NMI 

NMI •• ------+---wv~--~O Input 

Schmitt 

• WDTOUT 

WDTOUT ----[>o--{)>--------IO OUT 

• elK 
vee vee 

internal elK _------, __ -1, 

OUT 

STOP 

internal reset _>_+----II>o--------.:..;:.:...J 

Test circuit 

• EA, AMS/16 

~------IO Input 

• ALE 

vee 

~r-_Ch internal ALE OUT 

... N-ch 

• RESET 

. ':::~J 0 
reset ~ Input 

Schmitt 

WDTOUT 
reset enable 
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• X1, X2 

• VREF, AGND 

TLCS-900 16-bit Microcontroller 

A I D Converter 
GND 

clock 

r---------1D VREF 

~ """ ! Resistance 

-.~f-------D AGND 

TMP96C141AF 

X2 

Xl 
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7. Care Points and Restriction 

(1) Special Expression 

CD 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, (fRUN) ... 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 20M Hz. 

(2) Care Points 

CD EA, pin 

Fix these pins VCC or GNO unless changing voltage. 

® 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 warrning up tirne 
from inputting the releasing request to outputting the 
systern clock. 

® High Speed J.1DMA (DRAM) refresh rnode) 

When the bus is released (BUSAK = "0") for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high speed J.1DMA is generated by an 
interrupt. 

® Prograrnmable 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 

When the bus is released, both internal memory and 
internal I/O cannot be accessed. But internal I/O 
cantinues to operate. So, the watch dog timer contin­
ues to run. Therefore, be carefull about the bus releas­
ing time and set the detection timer of watch dog 
timer. 

('j) Watch Dog Timer 

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

@ CPU (High SpeedJ.1DMA) 

Only the "LOC cr, rn , "LOC r, crn instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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TOSHIBA 

CMOS 16-bit Microcontrollers 

TMP96C041AF 

1. Outline and Device Characteristics 
The TMP96C041 AF are high-speed advanced 16-bit micro­
controllers developed for controlling medium to large-scale 
equipment. The TMP96C041 AF has the improved bus release 
function, serial interface and RAMless for TMP96C141AF. Oth­
erwise, the devices function in the same way. 

The TMP96C041 AF is housed in an 80-pin flat package 
and is pin compatible with TMP96C141 F except the P92 
(CTSO/SCLKO). Device characteristics are as follows: 

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

instructions 
• High-speed micro DMA 

- 4 channels (1.6~s/2 bytes @ 20M Hz) 
(2) Minimum instruction execution time 

- 200ns @ 20MHz 
(3) Intemal RAM: None 

Intemal ROM: None 

1MP96C041AF 

(4) Extemal memory expansion 
• Can be expanded up to 16M bytes (for both programs and 

data). 
• Can mix 8- and 16-bit extemal data buses. 
(5) 8-bit timers: 2 channels 
(6) 8-bit PWM timers: 2 channels 
(7) 16-bit timers: 2 channels 
(8) Pattem generators: 4 bits, 2 channels 
(9) Serial interface: 2 channels 
(10) 10-bit AID converter: 4 channels 
(11) Watchdog timer 
(12) Chip select/wait controller: 3 blocks 
(13) Interrupt functions 
• 3 CPU interrupts··· .. -SWI instruction, privileged violation, 

and Illegal instruction 

• 14 intemal interrupts ] 7 -level priority can be set. 
• 6 extemal interrupts 
(14) I/O ports 

- 47pins 
(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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TMP96C041AF 

MCU900-180 

(ANO) P50 
(AN 1) PSI 
(AN2) P52 
(AN3) P53 

VREF 
AGND 

(TXDO) P90 
(RXDO)P91 

(SCLKOJCTSO) P92 

(TXD1) P93 
(RXD1) P94 

(SCLK1) P95 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P6S 
(PG 12) P66 
(PG 13) P67 

(TIO) P70 

(T01) P71 

-to-
-to-
=~ 

:~ 
.. f. 

:~ .. 
.. ... ... 
: .. .. 
.. ~ 
..... 

, .. ~ (T02) P72 

, .. ~ (T03) P73 

(INT4IT14) PSO 
(INT51T15) PSI 

(T04) PS2 
(T05) PS3 

(INT6fT16) PS4 
(lNT7fT17) PS5 

(T06) PS6 

(INTO) P87 

.. .. .. ~ 
:~ 

-f. 

TLCS-900 16-bit Microcontroller 

.. f-
CPU .. f-

100BIT 4CH XWA W A 

~r: IVD XSC OSC 

CONVERTER XDE 
, 

Lf. 
XHL H 
XIX IX 
XIV IV 
XIZ I 

SERIAL 110 XSP SP .. f-
(CH.O) .... 32bit -. .. f-

SRD1] -r. 
SERIAL 110 I ~ ~ I 

(CH.l) 

I'NTERRUPT t I .. f-
CONTROLLER 

PATIERN 
GENERATOR 

(CH.O) !WATCH-DOG I f. 
TIMER 

PATIERN 
GENERATOR 

1 PORTO I .. r. (CH.1) 

881TTlMER B .. f. (TIMER 0) 

881TTIMER B .. f. (TIMER 1) 

SBITPWM 
(TIMER 2) f. 
8BITPWM I .. ~ 
(TIMER 3) PORT 3 !:~ 

I .. f. 
16BITTIMER i:~ 

(TlMER4) 

16BITTIMER 
(TIMERS) CSIWAIT ~ CONTROLLE 

(3-SLOCK) f. 

VCC (2J 
VSS (3J 

XI 
X2 

CLK 

EA 
RESET 
ALE 

POO-P07 
(ADO-AD7) 

Pl0-P17 
(AD8-ADl51AB-A 15J 

P20-P27 
(AO-A7/AI6-A23) 

P30(RD) 
P31(WR) 
P32(RWR) 
P33(WAIn 
P34(BUSRQ) 
P35(BUSAK) 
P36(RiW) 
P37(RAS) 

P40(CSO/CASO) 
P41(CS 1/CAST) 
P42(CS2/CASZ) 

Figure 1. TMP96C041AF Block Diagram 
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TLCS-900 16-bit Microcontroller TMP96C041AF 

2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of inpuVoutput pins for TMP96C041 AF, their 
name and outline functions are described below. 

Rgure 2.1 shows pin assignment of TMP96C041 AF. 

(ANO)P50 73 72 
(AN1)P51 74 71 
(AN2)P52 75 70 
(AN3)P53 76 69 

vee 77 68 
VREF 78 67 

AGND 79 66 
VSS 80 65 

(PGOO)P60 64 P32(HWR) 

(PG01)P61 • 63 P31(WR) 

(PG02)P62 3 62 P30(iID) 

(PG03)P63 61 P27(A7/A23) 

(PG10)P64 60 P26(A6IA22) 

(PG11)P65 6 59 P25(A5/A21) 

(PG12)P66 7 58 P24(A4IA20) 

(PG13)P67 8 57 P23(A3/A 19) 

(TIO)P70 9 56 P22(A2/A 18) 

(T01)P71 10 55 P21(Al/Al7) 

(T02)P72 11 54 P20(AO/A 16) 

(T03)P73 12 Top View 53 VSS 

(lNT4IT14)P80 13 QFP80 52 P17(AD15/A15) 

(INTSlTI5)P81 14 51 P16(ADl41A14) 

(T04)P82 15 50 P15(AD13/A13) 

(T05)P83 16 49 P14(ADl21A 12) 

(lNT61T16)P84 17 48 P13(ADll/A 11) 

(lNT71T17)P85 18 47 P12(AD10/Al0) 

(T06)P86 19 46 Pll (AD9/A9) 

(lNTO)P87 20 45 Pl0(ADBlA8) 

NMI21 44 P07(AD7) 

WDTOUT 22 43 P06(AD6) 

RESET 23 42 P05(AD5) 

elK 24 41 P04(AD4) 

VSS 25 40 P03(AD3) 
Xl 26 39 P02(AD2) 
X2 27 38 P01(AD1) 
EA 28 37 POO(ADO) 

(TXDO)P90 29 36 vee 
(RXDO)P91 30 35 ALE 

(SelKO/CTSO)P92 31 34 P95(SCLK1) 
(TXD1)P93 32 33 P94(RXD1) 

Note: Because theTMP96C041AF basan external ROM, POO toP17 pins are fixed to 
ADO to AD15; P30 to RD; and P31 to WR. 

Figure 2.1. Pin Assignment (80-pin QFP) 
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TMP96C041AF TLCS-900 16-bit Microcontroller 

2.2 Pin Names and Functions 
The names of inpuVoutput pins and their functions are described below. 

Table 2.2. Pin Names and Functions 

Pin Name Number 110 Functions 01 Pins 

POO - P07 
B I/O Port 0: I/O port that allows I/O to be selected on a bit basis 

ADO - AD7 Tri-state Address I data (lower): a -7 for address I data bus 

P10-P17 I/O Port 1: 110 port that allows 110 to be selected on a bit basis 
ADa - AD15 a Tri-state Address data (upper): B -15 for address / data bus 
AB - A15 Oulput Address: a to 15 for address bus 

P20- P27 I/O Port 2: I/O port that allows selection 011/0 on a bit basis (with pull-down resistor) 
AO-A7 B Output Address: 0 - 7 for address bus 
A16 - A23 Output Address: 16 - 23 for address bus 

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

P31 
1 

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

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

P33 
1 I/O Port 33: I/O port (with pull-up resistor) 

WAIT Input Wait: Pin used to request CPU bus wait 

P34 
I/O 

Port 34: I/O port (with pull-up resistor) 
BUSRa 1 Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, Rffj, RAS, CSO, 

Input CS1, and CS2 pins. (For external DMAC) 

P35 
I/O 

Port 35: I/O (with pull-up resistor) 
BUSAK 1 Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, RNi, RAS, CSO, CS1, and CS2 Output 

pins are at high impedance after receiving BUSRa. (For external DMAC) 

P36 1 I/O Port 36: I/O port (with pull-up resistor) 
R7W Output Read/write: 1 represents read or dummy cycle; 0, write cycle. 

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

P40 I/O Port 40: I/O port (with pull-up resistor) 
CSO 1 Output Chip select 0: Outputs 0 when address is within specified address area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in 110 
cannot be accessed using the BUSRQ and i'ilJSi'i.K pins. 
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TLCS-900 16-bit Microcontroller TMP96C041 AF 

Pin Name Number 110 Functions 01 Pins 

P41 I/O Port 41: 1/0 port (with pull-up resistor) 
CSl 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CASl Output Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 I/O Port 42: I/O port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50- P53 4 Input Por15: Input port 
ANO -AN3 Input Analog input: Input to NO converter 

VREF 1 Input Pin for reference voltage input to NO converter 

AGND 1 Input Ground pin for NO converter 

POO- P63 4 I/O Ports 60 - 63: I/O ports that allow selection of VO on a bit basis (with pull-up resistor) 
PGOO - PG03 Output Pattern generator ports: 00 - 03 

P64- P67 4 I/O Ports 64 - 67: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PGl0- PG13 Output Pattern generator ports: 10 -13 

P70 1 I/O Port 70: I/O port (with pull-up resistor) 
no Input Timer input 0: Timer 0 input 

P71 1 I/O Port 71: I/O port (with pull-up resistor) 
TOl Output Timer output 1 : Timer 0 or 1 output 

P72 1 I/O Port 72: I/O port (with pull-up resistor) 
T02 Output PWM output 2: 8-bit PWM timer 2 output 

P73 1 I/O Port 73: I/O por1 (with pull-up resistor) 
T03 Output PWM output 3: 8-bit PWM timer 3 output 

P80 I/O Port 80: I/O port (with pull-up resistor) 
TI4 1 Input Timer input 4: Timer 4 counVcapture trigger Signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 I/O Port 81: I/O port (with pull-up resistor) 
TIS 1 Input Timer input 5: Timer 4 counVcapture trigger signal input 
INT5 Input Interrupt request pin 5: Interrupt request pin with rising edge 

P82 1 I/O Port 82: I/O port (with pull-up resistor) 
T04 Output Timer output 4: Timer 4 output pin 

P83 1 I/O Port 83: I/O port (with pull-up resistor) 
T05 Output Timer output 5: Timer 4 output pin 

Note 1: Case 01 the settable CS2 and CAS2; when TMP96C041AF is bus release. this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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TMP96C041AF TLCS-900 16-bit Microcontroller 

Pin Name Number I/O Functions 01 Pins 

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

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

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

P87 
1 I/O Port 87: I/O port (with pull-up resistor) 

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

P90 
1 I/O Port 90: I/O port (with pull-up resistor) 

TXDO Output Serial send data 0 

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

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

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

P94 
1 I/O Port 94: I/O port (with pull-up resistor) 

RXD1 Input Serial receive data 1 

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

WDTOUT 1 Output Watchdog timer output pin 

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

ClK 1 Output Clock output: Outputs rx1 + 4 Jclock. Pulled-up during reset. 

EA 1 Input External access: 0 should be inputted with TM P96C041 AF. 

ALE 1 Output Address latch enable 

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

X1/X2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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TLCS-900 16-bit Microcontroller TMP96C041AF 

3. Operation 
This section describes in blocks the functions and basic oper­
ations of the TMP96C041 AF device. 

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

3.1 CPU 
The TMP96C041 AF device has a built -in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Architecture User Manual.) 

3.2 Memory Map 
The TMP96C041 AF has two register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; in this mode, the area 
of the program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data mem­
ory area 16M bytes maximum. 

That is, the program memory can locate OH - FFFFFFH 
in maximum mode. 

(1) Internal 10 Devices 

The TMP96C041 AF uses the address space of 128 
bytes for the internal 1/0 devices area. This area is 
located to OH - 7FH. 
The CPU can access the internaii/O devices area with 
using short instruction code of direct addressing 
mode. 
Check the access area of each addressing mode and 
the memory map in Fig. 3.2 (1). 
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TMP96C041AF TLCS·900 16·bit Microcontroller 

3.2 Memory Map 
Figure 3.2 is a memory map of the TMP96C041 AF. 

OOOOOOH 

000080H 

000100H 

008000H 

008200H 

010000H 

FFFFFFH 

1B11IM' ..... "WOh :~Ct:l 

------------ ---- --------

m:~~rr:se;1~ ~~;~ 

External memory 
(16M·byte) 

t 
Direct area (n) 

t 

64K·byte area 
(nn) 

16M·byte are 
(R) 

a 

(-R) 
(R+) 
(R +R8I16) 
(R+d8l16) 
(nnn) 

I 
ck':+< 1=lnternal area) 

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to l00H. 

Figure 3.2. Memory Map 
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TLCS-900 16-bit Microcontroller TMP96C041AF 

(2) CS1 Area (Chip SelectIWait Controller) 

The TMP96C04l AF is expanded the part of the 

TMP96C141AF 

OOOOOOH m 

000480H 

007FFFH 

400000H 

81Cl,O= '01" 

800000H 

81Cl,O="10' 

COOOOOH 

81Cl,Oa"11' 

FFFFFFH 

address area for CS1 (only 81 Cl.0 = "00"). Show the 
address area of CSl in Fig. 3.2 (2). 

TMP96C041AF·16 

OOOOOOH m 
0OOO80H 

007FFFH 

400000H 

81Cl,O."01" 

800000H 

81Cl, 0= "10" 

COOOOOH 

81Cl,O="11" 

FFFFFFH 

Fig, 3.2 (2). CS1 Address Area 

3.3 Bus Release Function 
The TMP96C041 AF has the internal pull-up and pull down 
resistors to fix the bus control signals at bus release. 

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

Table 3.3 Pin Condition at Bus Release (BUSAK = "L") 

Pin state at bUI ralease 
Pin Name 

Port Mode Function Mode 

POO - P07 
(ADO -AD7) 

The status is no-change (these pins are not "Ht) These pins are 'Hz". PlO- P17 
(ADS -15/ADS -15) 

P30@ l' P31 (WR) 

P32(HWR) 
P37 (RAS) l' 

P36@Y)_ 
l' P40~CASO) 

P4l (CS1/CAS1) 

P20- P27 
(A16- A21L l' 

P42 (CS2/CAS2) 

P20- P27 
(A16 - A23) l' 

That is, when it is used for bus release (8USAK = 0), the 
pins of below need pull-up or pull-down resistor for an external 
circuit. 

POO - PO? (ADO AD?) 
Pl0 - Pl? (AD8AD15) 

These pins are "Hz". 
('Ht stays after these pins driven high level) 

The output buffer is 'OFF" after these pins driven high. 
These pins are added the internal resistor of pull-up. It's no 
relation for the value of output latch. 

l' 

(*) l' 

The output buffer is "OFF" after these pins driven low. 
These pins are added the internal resistor of pull-up. Irs no 
relation for the value of output latch. 

P30m 
P31 (lNR) 

(j P42 has the resistor of programmable pull-down, but 
when the bus are released, P42 pin is added a resistor of pull­
up. 
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TMP96C041AF TLCS-900 16-bit. Microcontroller 

For the bus release function; show a sample of external 
bus interface in the Figure 3.3 (1). 

When the bus is released, both internal memory and 
intemail/O cannot be accessed. But the intemalllO continues 

TM P96C041 AF 

(Internal 
pull-down) 

POO-P07 
(ADO-7) 

Pl0-P17 
(ADS-1S) 

P2D-P27 
(A16-23) 

P301RID } 
P31 (WR) 

P32 (HW!i)} 
P36 BllJJ 

(Internal pull-up) P37 a P4D(1 
P41 1 
P42 C 

to run. So, the watchdog timer also continues to run. There­
fore, be careful about bus releasing time and set the detection 
timeofWDT. 

Vee 

AddresslOata bus (ADO-1S) 

Higher address bus (A 16-23) 

Vee 

Figure 3.3 (1). Example of the Interface Circuit (Bus Releasing Function) 

3.4 Serial Function 
The TMP96C041 AF has two Serial 110 devices. But channel 0 
and channel 1 are same function except the handshake (CTSO 

pin) function of the channel 0 and can use 110 interface mode. 
Show the part of TMP96C41 AF in detail. 
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TLCS-900 16-bit Microcontroller TMP96C041AF 

4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C041AF) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5 - 6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

l:IOL Output Current (total) 100 mA 

l:IOH Output Current (total) -100 mA 

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

T SOLDER Soldering Temperature (lOs) 260 °C 

TSTG Storage Temperature -65 -150 ·C 

TOPR Operating Temperature -20 -70 ·C 
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TMP96C041AF TLCS-900 16-bit Microcontroller 

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

Symbol 

V IL 

V IL1 

V IL2 

V IL3 

Parameter 

Input Low Voltage (ADO-1S) 

P2, P3, P4, P5, P6, Pl, PB, pg 

RESET, NMI, INTO (PBl) 

EA 
V IL4 X1 

Min Max 

-0.3 O.B 

-0.3 0.3Vee 
-0.3 0.2SVee 

-0.3 0.3 

-0.3 0.2Vee 

Unit 

V 

V 

V 

V 

V 

Test Condition 

.... v ..... -... ------.. ---.-... - ..... --'m""'ww'm,",'~""'" "",~"".,,~_ •••••••. ".'''.'''' •• ~''''.,. 

V IH Input High Voltage (ADO-1S) 2.2 Vee + 0.3 

V IH1 P2, P3, P4, PS, P6, Pl, PB, pg 

V IH2 RESET. NMI, INTO (PBl) 

O.7Vee Vee + 0.3 

O.7SVee Vee + 0.3 

V 

V 

V IH3 EA Vee - 0.3 Vee + 0.3 V 

V IH4 X1 O.BVee Vee + 0.3 V 
f~ .. · .......... · ............ - ........ ·-.. ~ .... · .. · ...... ·-.... · .. · ...... ···I·· .. ··· ................... ..:.: .............. + ...... - .... ---.. -.-.-.... ---...... - .. -----.---

V OL Output Low Voltage O.4S V I OL = 1.6rnA 
f---............. _ ... _ ... _ .................................................................. _ ................. - ................... - ................................... -_ ... - .. --:-----. __ -------.. ---
V OH Output High Voltage 2.4 V I OH = -4~ 

V OH1 O.7SVee V I OH = -100~ 

III 

I LO 

Input Leakage Current 

Output Leakage Current 
........................................... . 

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

Power Down Voltage 
V STOP (@STOP, RAM Back up) 

••• < .................................................. . 

TBD (Typ) 

TBD (Typ) 

TBD (Typ) 
TBO (Typ) 
TBD (Typ) 

2.0 

:t5 ~ O.O:S; Vin:S; Vee 

±10 ~ 0.2:s; Vin:s; Vee - 0.2 
................................................................................................. , ........................................................ , ............. . 

TBD rnA t DSC = 20MHz 
10 rnA 
SO ~ 
10 ~ 

6.0 V 

0.2:s; Vin :s; Vee - 0.2 
0.2:s; Vin:S; Vee - 0.2 

.............. , ....................................................................................... . 

V IL2 = 0.2Vee, 
V IH2 = O.BVee 

~· .. ·· .. ······-.... ····f ................. -....... ~ ..... -.................. -.............. ~ ... _ .......... -......... ~ ............................... -~-........ - ~ ................... __ ...... - ..... _--_ .. __ .. __ .... _ .. 
R RST 

CIO 

VTH 

RESET Pull Up Register SO 1S0 Kn 

Pin Capacitance 

Schmitt Width 
0.4 

.......................................... - ............................. _ .... _ .. _ ......... _---_ .. _ ........ __ .......... . 
10 pF tosc = 1 MHz 

TBD (Typ) V 
RESET, NMI, INTO (PB7) 

......... - ... ~ ..... _ ... - ........ ..- .... -............................ - ......................................... _ ................... -....................... ~ ............ - .. - ...... -foo-.... - ..... I---.-~~.-..... ~--.. --.. ~ 
Pull Down/Up Register SO 1S0 Kn RK 

Note: I-DAR is guaranteed for a total of up to 8 ports. 
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TLCS-900 16-bit Microcontroller TMP96C041AF 

4.3 AC Electrical Characteristics (TMP96C041AF) 
Vee = 5V±10% TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4MHz ~ 20M Hz) 

Variable 16MHz 20MHz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

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

2 tClK CLKwidth 2x-4O 85 60 ns 

3 tAl( AO - 23 Valid~CLK Hold 0.5x- 20 11 5 ns 

4 tKA CLK Valid~AO - 23 Hold 1.5x - 70 24 5 ns 
5 tAL AD-l 5 Valid~ALE lall 0.5x -15 16 10 ns 

6 tLA ALE lall~AD -15 Hold 0.5x -15 16 10 ns 

7 tll ALE High width x-4O 23 10 ns 

8 tlC ALE lall~RD/WR fall 0.5x - 30 1 -5 ns 

9 IcL RD/WR rise~ALE rise 0.5x - 20 11 5 ns 

10 tACl AD - 15 Valid~RD/WR lall x-25 38 25 ns 

11 tACH AD - 23 Valid~RD/WR fall 1.5x - 50 44 25 ns 

12 teA RD/WR risHAO - 23 Hold 0.5x-20 11 5 ns 

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

14 tADH AO - 23 Valid~DO -15 input 3.5x-65 154 110 ns 

15 tRo RD fall~DO - 15 input 2.0x-50 75 50 ns 

16 ~R RD Low width 2.0x- 40 85 60 ns 

17 tHR RD rise~DO -15 Hold 0 0 0 ns 

18 !RAE RD rise~AO -15 output x-15 48 35 ns 

19 tww WRLow width 2.0x- 40 85 60 ns 
20 tow DO -15 Valid~WR rise 2.0x - 50 75 50 ns 

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

22 tAEH AD - 23 Valid~WAIT input (lWAIT + n mode) 3.5x-90 129 85 ns 
23 tAWl AO -15 Valid~WAIT input (lWAIT + n mode) 3.0x-80 108 70 ns 

24 lew RD/WR lall~WAIT Hold (lWAIT + n mode) 2.0x+0 125 100 ns 

25 tAPH AD - 23 Valid~PORT input 2.5x -120 80 36 ns 
26 tAPH2 AD - 23 Valid~PORT Hold 2.5x+50 206 175 ns 

27 tcp WR rise~PORT Valid 200 200 200 ns 

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

29 tASRl AO -15 Valid~RAS fall 0.5x -15 16 10 ns 

30 tRAC RAS fall~DO -15 input 2.5x - 70 130 86 ns 
31 ~ RAS fall~AO -15 Hold 0.5x -15 16 10 ns 

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

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

34 ~SH CAS lall~RAS rise 1.0x-35 28 15 ns 

35 ~SC RAS rise~CAS rise 0.5x-25 6 0 ns 

36 tRCo RAS fall~CAS fall l.Ox-4O 23 10 ns 

37 leAC CAS fall~DO -15 input 1.5x - 65 29 10 ns 
38 tCAS CAS Low width 1.5x - 30 64 40 ns 

39 tos DO -15 valid ~CAS fall 0.5x -15 16 10 ns 

AC Measuring Conditions 
• Output level: High 2.2V /Low O.BY, Cl50pF 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, RiW, ClK, RAS, CASO - CAS2) 
• Input level: High 2.4V flow O.45V (ADO - AD15) 

High O.BVec /Low O.2Vec (Except for ADO - AD15) 
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TMP96C041 AF TLCS-900 16-bit Microcontroller 

(1) Read Cycle 

Xl 

CLK 

AO-23 
lKA--~'O;-!KI 

iV-

RfW 

Port Input 

1'---~r---~--1'ADH-4-+~--------~1 

---tACH i ':1 'RR -' i tRAEt --rtACL- . 
, 1--11 r- ,'RD ~ • tHR. 1 , 
: , 'ADL---t~ k-_..J:==;t.~1 

- ---~ A{)-15 :}-- -------~ 00-15~ 
~AL~ -tLA-1 'I' 

~ _____ ~ I I~CL~ 

~LL~'~ _________ ~~ ____________ ~ ____________ ~ 

ADO-15 

ALE 
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(2) Write Cycle 

X1 

ClK 

AO-23 

C50-2 

RiW 

WAIT 

Port Output 

RA5 

CA50-2 

WR, HWR 

ADO-15 

ALE 

TLCS-900 16-bit Microcontroller 

X 
J< ______ ----~--~----~K 
J\ 
J\ 

-----

.J 

r 

X: 
~--------~---~~~ I'I~ 

rt(p'" : 

/ 

\"1-----;---ttww'--;"'--'~'YI : 

1.1 •• ~-~tDW-~-~1 ~I 
~--;----..... 

AO-15 00-15 • J> 
'---~-----'~ I~----------~----~--~ 

\~--~----~----~I 
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TMP9SC041AF TLCS·900 1S·bit Microcontroller 

4.4 AID Conversion Characteristics (TMP96C041AF) 
Vee = 5V±10%, TA = ·40 - 85°C (4 - 1SMHz) TA = ·20 - 70°C (4 - 20MHz) 

Symbol Parameter Min Typ Max 

VREF Analog reference voltage Vcc -1.5 Vee 

At.ND Analog reference voltage Vss Vss 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage TBD 1.5 

High speed conversion mode TBD ±4.0 
Error 4::; fc::; 16MHz Low speed conversion mode TBD :1£.0 

(Quantize error of 
High speed conversion mode TBD ±4.0 :!D.5 LSB not included) 

16::; fc::; 20M Hz Low speed conversion mode TBD :!B.O 

4.5 Serial Channel Timing· I/O Interface Mode 
Vee = 5V±10%, TA = -40 - 85°C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 

(1) SCLK Input Mode 

Variable 16MHz 20MHz 
Symbol Parameter 

Min Max Min Max Min 

tSCY SCLKcycie 16x 1 

toss Output Data~Rising edge of SCLK tscy/2 - 5x - 50 137 

tOHS SCLK rising edge~Output Data hold 5x -100 212 

tHSR SCLK rising edge~lnput Data hold 0 0 

tSRD SCLK rising edge~effective data input tSCY - 5x -100 587 

Vee = 5V±10%, TA = -40 - 85°C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 
(2) SCLK Output Mode 

0.8 

100 

150 

0 

Max 

450 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16x 8192x 1 512 o.a 409.6 

toss Output Data~Rising edge of SCLK tSCY - 2x -150 725 550 

toHs SCLK rising edge~Output Data hold 2x - ao 45 20 

tHSR SCLK rising edge~lnput Data hold 0 0 0 

tSRD SCLK rising edge~effective data input tsCy-2x-150 725 550 

4.S Timer/Counter Input Clock (TIO, T14, T15, TIS, T17) 
Vee = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = ·20 - 70°C (4 - 20MHz) 

Variable 16MHz 20MHz 
Symbol Parameter 

Min Max Min Max Min Max 

tVCK Clock cycle ax + 100 600 500 

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

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

mA 

LSB 

Unit 

J.LS 

ns 

ns 

ns 

ns 

Unit 

J.LS 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



TLCS·900 i6·bit Microcontroller TMP96C04iAF 

4.7 Interrupt Operation 
Vee = 5V±10%, TA =·40 - 85°C (4 - i6MHz) TA = ·20 - 70DC (4 - 20MHz) 

Variable i&MHz 2DMHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

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

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

tlNTBL INT 4 - INT7 Low level pulse width 8x+1oo 600 500 ns 

tlNTBH INT 4 - INT? High level pulse width 8x+ 100 600 500 ns 
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TMP96C041AF 

4.8 Timing Chart for VO Interface Mode 

eLK 

SClK 

OUTPUT DATA 
TxD 

I 

I. toss 

\ 0 

TLCS-900 16-bit Microcontroller 

tSCY 

I I I I 

• tOHsl 

1 2 3 

tSRD 
INPUT DATA 

RxD 

I-j~ 
--------------------~------~~-----~~----~~ 
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TLCS-900 16-bit Microcontroller 

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

Symbol 

tBRC 

tCBAL 

tCBAH 

tABA 

tBAA 

CLK ~N~ ... tBR~~L '--' 
~ __ J 

ADO-AD15 

A16-A23 \ 
RD,WR \ 

\ 

Parameter 

BUSRQ setup time for ClK 

ClK-)BUSAK falling edge 

ClK-)BUSAK rising edge 

Output buffer is off to BUSAK ~ 
BUSAK ~ output buffer is on. 

.. 
tABA 

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

(Note 2) 

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

------~~-----------------
(Note 3) 

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

Variable 16MHz 

Min Max Min Max 

120 120 

1.5x+120 245 

0.5x+ 40 71 

0 80 0 80 

0 80 0 80 

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0" during 'Wait" cycle. 
Note 2: The internai programmable pull-up/pull-down resistance is added. 

The internal programmable pull-up/pull-up resistance is added. 

TMP96C041AF 

20M Hz 
Unit 

Min Max 

120 ns 

220 ns 

65 ns 

0 80 ns 

0 80 ns 

But the CS2ICAS2 pin does not have the internal programmable pull-up resistor. And in the condition of release, this pin is added the internal pull-up 
resistor. 
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TMP96C041AF TLCS-900 16-bit Microcontroller 

5. Differences Between TMP96C141AF and 
TMP96C041 AF 

Parameter 

Internal RAM 

Pin condition at bus release 

Mapping area of CSl default setting 
(Bl ClIO: 00) 

The devices TMP96C141AF and TMP96C041AF have much 
the same function, but they are different from following points. 

TMP96C141AF TMP96C041AF 

1 K byte Does not exist 

TMP96C141AF TMP96C041AF 
see Figure 3.3 see Figure 3.3 

4BOH - 7FFFH BOH - 7FFFH 
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TOSHIBA 

CMOS 16-bit Microcontrollers 

TMP96CM40F 

1. Outline and Device Characteristics 

The TMP96CM40F are high-speed advanced 16-bit micro­
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141 AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96CPM40F has a built-in OTP of 32K-byte. 
TMP96CM40F is housed in an SO-pin flat package. 

Device characteristics are as follows: 

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

instructions 
• High-speed micro DMA 

- 4 channels (1.6Jlsl2 bytes @ 20M Hz) 
(2) Minimum instruction execution time 

- 200ns @ 20M Hz 
(3) Intemal RAM: 1 Kbyte 

1MP96CM40F 

Internal ROM: 32Kbyte 
(4) External memory expansion 
• can be expanded up to 16M bytes (for both programs and 

data). 
• Can rnix 8- and 16-bit extemal data buses. 
(5) 8-bit timers: 2 channels 
(6) 8-bit PWM timers: 2 channels 
(7) 16-bit timers: 2 channels 
(8) Pattern generators: 4 bits, 2 channels 
(9) Serial interface: 2 channels 
(10) 10-bit NO converter: 4 channels 
(11) Watchdog timer 
(12) Chip selecVwait controller: 3 blocks 
(13) Interrupt functions 
• 3 CPU interrupts'" .. 'SWI instruction, privileged violation, 

and Illegal instruction 

• 14 internal interrupts ] 7 -level priority can be set. 
• 6 external interrupts 
(14) I/O ports 

- 65 pins 
(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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TMP96CM40F 

MCU900-200 

TLCS-900 16-bit Microcontroller 

-~ 10-BIT4CH 
- AID 

(ANO)P50 
(ANI)P51 
(AN2) P52 
(AN3) P53 

VREF 
AGND 

- :: CONVERTER -

(TXDO) P90 
(RXDO) P91 

(SClKO/CTSO) P92 

(TXDI) P93 
(RXDI) P94 

(SClKI) P95 

. 
:~ 
~ 

::: 

SERIAL 110 
(CH.O) 

SERIAL 110 
(CH.I) 

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

... ... 1= GENERATOR 
(CH.O) 

:~ 
.~ 

(TlO) P70 I ... ~ 

(T01)P7 , ... 

(T02) P7 2~ 

(TOJ)P7 3'" 

... f.. ... 
(INT4ITI4) P80 
(INT5IT1S) P81 

(T04) P82 
(T05) P83 .... 

, ... (INT6/T16) P84 .... (INT7/TI7) P85 
(T06) P86 

(INTO) P87 ''''r--

PATTERN 
GENERATOR 

(CH.l) 

8BITTIMER 
(TIMER 0) 

8BITTIMER 
(TIMER 1) 

8BITPWM 
(TIMER 2) 

BBITPWM 
(TIMER 3) 

16BITTIMER 
(TIMER 4) 

16BITTIMER 
(TIMER 5) 

CPU 

XWA W A 
XBC 
XDE 
XHl H 
XIX IX 
XIY IY 
XIZ I 
XSP SP 
~ 32bit----.. 

SRDIl 

I ~ C I 

IKBRAM 

32KB ROM 

.f-

.f-

05C ~ f-
~ 

VCC(2! 
VSS!3! 

Xl 
X2 

L ClK .. ' 
~f-Eft; 

RESET 
ALE 

~f--

INTERRUPT II'" 
CONTROLLER 

WATCH-DO~ 
TIMER 

E} 
B· 
B ... 

~ 

-

I-

1-\ POO-P07 
ADO-AD7) 

PIO-P17 
AD8-ADI5IA8-AI5) 1-\ 

1-( P20-P27 
AO-A7/A 16-A23) 

1-1 
r--

PORTJ I:~' 

P30(RD) 
P31(WR) 
P32(HWR) 
P33(WAIT) 
P34(BUSRQ) 
P3S(BUSAK) 
P36(RiW) 
P37(RAS) 

C5IWAIT 
CONTROLlE 

(3-BlOCK) 

r-- I 

I:~' 
r--

I-P 40(CSOtCASO) 
41(CSlICAS1) 
4Z(CS2tCAS2) 

r-- P 
I-P 

Figure 1. TMP96CM40F Block Diagram 
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TLCS-900 16-bit Microcontroller TMP96CM40F 

2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of input/output pins for TMP96CM40F, their 
name and outline functions are described below. 

Figure 2.1 shows pin assignment of TMP96CM40F. 

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

vee 77-------, 
VREF 78----, 

AGND 79 
VSS 80 

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

r--------72 P42(eS2ICAS2) 
0;======71 P41(ffiICAS1) I 70 P40(CSii/USO) 

r-----69 P37(R@ 

r-;===68 P36(RNV) 
67 P35(BUSAK) 
66 P34!B US'W) 
65 P33 WAI 

64 P32(HWR) 
63 P31(WR) 
62 P30(Ril) 

(TI0)P70 9 
(T01)P71 10 
(T02)P72 11 
(T03)P73 12 

(INT4IT14)P80 13 
(lNT5fT15)P81 14 

(T04)P82 15 
(T05)P83 16 

(INT6fT16)P84 17 

Top View 
QFP80 

61 P27(A7/A23) 
60 P26(A6IA22) 
59 P25(A5/A21) 
58 P24(A4IA20) 
57 P23(A3/A19) 
56 P22(A2/A 18) 
55 P21(Al/AI7) 
54 P20(AO/A16) 
53 VSS 
52 P17(AD15/A15) 
51 P16(ADI41A 14) 
50 P15(AD13/AI3) 
49 PI4(ADI21AI2) 
4B PI3(AD11JAll) 
47 PI2(AD10/Al0) 
46 Pll(AD9/A9) 
45 Pl0(AD8/A8) 
44 P07(AD7) 

(INT7fT17)P85 18 
(T06)P86 19 
(INTO)P87 20 

NMi 21 
WDTOUT 22 

REseT 23 
CLK 24 

VSS 25 
Xl 26 
X227---
EA 281-====~ (TXDO)P90 29-

(RlillQ)P91 301------' 
(SeLKO/CTSO)P92 31-=======-_ 

(TXD1)P93 32-

43 P06(AD6) 
42 P05(AD5) 
41 P04(AD4) 

40 P03(AD3) 
39 P02(AD2) 

'----38 P01(AD1) 

L~===37 POO(ADO) 
36 vee 

'------35 ALE 

L--=======34 P9S(SCLK1) 33 P94(RXD1) 

Kot.e: Because Lhe 1'MP96CM40 has anexLernal nOM, ruo La P17 pins are fixed La ADO LoADIS; P30to RD;8nd P31 to WIt. 

Figure 2.1. Pin Assignment (SO-pin QFP) 
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TMP96CM40F TLCS·900 16·bit Microcontroller 

2.2 Pin Names and Functions described below. 

The names of input/output pins and their functions are 

Table 2.2. Pin Names and Functions 

Pin Name Number 
I/O Functions 01 Pins 

POD - P07 8 I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO - AD7 Tri-state Address / data (lower): 0 - 7 for address/data bus 

Pl0-P17 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
AD8 - AD15 8 Tri-state Address data (upper): 8 -15 for address/data bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20 - P27 I/O Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
AO-A7 8 Output Address: 0 - 7 for address bus 
A16 - A23 Output Address: 16 - 23 for address bus 

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

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

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

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

P34 
I/O 

Port 34: I/O port (with pull"up resistor) 
BUSRO 1 Input Bus request: Signal used to request high impedance for ADO -15, AD - 23, RD, WR, HWR, RiW. RAS, CSO, 

CS1, and CS2 pins. (For external DMAC) 

P35 
I/O 

Port 35: I/O (with pull-up resistor) 
BUSAK 1 Output Bus acknowledge: Signal indicating that ADO -15, AD - 23, RD, WR, HWR, p,fiJ, RAS, CSO, CS1, and CS2 

pins are at high impedance after receiving BUSRO. (For external DMAC) 

P36 1 I/O Port 36: I/O port (with pull-up resistor) 
R7W Output Read/Write: 1 represents read or dummy cycle; 0, write cycle. 

P37 1 
110 Port 37: I/O port (with pull-up resistor) 

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

P40 I/O Port 40: I/O port (with pull-up resistor) 
CSO 1 Output Chip select 0: Outputs 0 when address is within specified address area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

Note: With the external DMA controller, this device's built-in memory or built-in 110 
cannot be accessed using the BUSRQ and BUSAK pins. 
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TLCS-900 16-bit Microcontroller TMP96CM40F 

Pin Name Number 1/0 Functions of Pins 

P41 I/O Port 41: I/O port (with pull-up resistor) 
CSl 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CASl Output Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 I/O Port 42: I/O port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50 - P53 4 
Input Port 5: Input port 

ANO - AN3 Input Analog input: Input to ND converter 

VREF 1 Input Pin for reference voltage input to AID converter 

AGND 1 Input Ground pi n for ND converter 

P60 - P63 4 110 Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PGOO- PG03 Output Pattern generator ports: 00 - 03 

P64- P67 
4 I/O Ports 64 - 67: 110 ports that allow selection of 110 on a bit basis (with pull-up resistor) 

PG10 - PG13 Output Pattern generator ports: 10 -13 

P70 
1 110 Port 70: 110 port (with pull-up resistor) 

Tl0 Input Timer input 0: Timer 0 input 

P71 1 I/O Port 71: 110 port (with pull-up resistor) 
TOl Output Timer output 1 : Timer 0 or 1 output 

P72 
1 I/O Port 72: 110 port (with pull-up resistor) 

T02 Output PWM output 2: 8-bit PWM timer 2 output 

P73 1 I/O Port 73: I/O port (with pull-up resistor) 
T03 Output PWM output 3: 8-bit PWM timer 3 output 

P80 110 Port 80: 110 port (with pull-up resistor) 
TI4 1 Input Timer input 4: Timer 4 counVcapture trigger signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 

P81 I/O Port 81: I/O port (with pull-up resistor) 
TI5 1 Input Timer input 5: Timer 4 counVcapture trigger signal input 
INT5 Input Interrupt request pin 5: Interrupt request pin with rising edge 

P82 1 I/O Port 82: I/O port (with pull-up resistor) 
T04 Output Timer output 4: Timer 4 output pin 

P83 1 I/O Port 83: I/O port (with pull-up resistor) 
T05 Output Timer output 5: Timer 4 output pin 

Note 1: Case of the settable CS2 and CAS2; when TMP96CM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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TMP96CM40F TLCS-900 16-bit Microcontroller 

Pin Name Number 1/0 Functions of Pins 

P84 1/0 Port 84: I/O port (with pull-up resistor) 
TI6 1 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 

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

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

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

P90 
1 I/O Port 90: I/O port (with pull-up resistor) 

TXDO Output Serial send data 0 

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

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

P93 
1 I/O Port 93: I/O port (with pull-up resistor) 

TXD1 Output Serial send data 1 

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

P95 1 I/O Port 95: I/O port (with pull-up resistor) 
SClK1 I/O Serial clock 1/01 

WDTOUT 1 Output Watchdog timer output pin 

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

ClK 1 Output Clock output: Outputs rX1 + 4J clock. Pulled-up during reset. 

EA 
1 Input External access: 0 should be inputted with TMP96C041AF. 

1. with TMP96CM40F/TMP96PM40F. 

ALE 1 Output Address latch enable 

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

X1/X2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software (except the RESET pin). 
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TLCS-900 16-bit Microcontroller TMP96CM40F 

3. Operation 
This section describes in blocks the functions and basic oper­
ations of the TMP96CM40F device. 

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

3.1 CPU 
The TMP96CM40F device has a built-in high-performance 16-
bit CPU. (For CPU operation, see TLCS-900 CPU in the book 
Core Architecture User Manual.) 

3.2 Memory Map 
The TMP96CM40F has two register modes. One is minimum 
mode; in this mode, the area of program memory is 64K bytes 
maximum. The other is maximum mode; in this mode, the area 
of the program memory is 16M bytes maximum. 

Both minimum and maximum modes are the data mem­
ory area 16M bytes maximum. 

That is, the program memory can locate OH - FFFFFFH 
in maximum mode. 

(1) Internal ROM 

The TMP96CM40 has the ROM of 32K bytes. This 
RAM is located to 80H - FFFFH. After the RESET 
operation, instruction execution starts from address 
8000H. A part of the internal ROM area (8000H -
81 FFH) is interrupt entry area. 

(2) Internal RAM 

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

(3) Internal 10 Devices 

The TMP96CM40 uses the address space of 128 
bytes for the internal 1/0 devices area. This area is 
located to OH - 7FH. 
The CPU can access the internal I/O devices area with 
using short instruction code of direct addressing 
mode. 
Check the access area of each addressing mode and 
the memory map in Fig. 3.1. 
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TMP96CM40F TLCS-900 16-bit Microcontroller 

3.2 Memory Map 
Figure 3.2 is a memory map of the TMP96CM40F. 

OOOOOOH 

000080H 

000100H 

000480H 

external memory 
(16M·byte) 

64K·byte area 
(nn) 

16M·byte area 
(R) 
(-R) 
(R+) 
(R + R8I16) 
(R +d8l16) 
(nnn) 

FFFFFFH L-_______ -' _________ ...:1L-
(I .. ·::: .. ·/",:·1 = Internal area) 

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 1 DOH. 

Figure 3.2. Memory Map 

MCU900-206 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96CM40F 

4. Electrical Characteristics 

4.1 Absolute Maximum 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5 - 6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

:EIOL Output Current (total) 100 rnA 

:EIOH Output Current (total) -100 rnA 

PD Power Dissipation (Ta = 85°C) 500 rnW 

T SOLDER Soldering Temperature (lOs) 260 °C 

T STG Storage Temperature -65 -150 °C 

TOPR Operating Temperature -40 - 85 °C 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. MCU900-207 



TMP96CM40F 

4.2 DC Characteristics 

Symbol 

V IL 

V IL1 

V IL2 

V IL3 

V IL4 

VIH 

V IH1 

V IH2 

V IH3 

V IH4 

VOL 

VOH 

I DAR 

III 

ILO 

Parameter 

Input Low Voltage (ADO-15) 

P2, P3, P4, P5, P6, Pl, P8, pg 

RESET, NMI, INTO (P8l) 

Eii 
X1 

Input High Voltage (ADO-15) 

P2, P3, P4, P5, P6, Pl, P8, pg 

RESET, NMI, INTO (P8l) 

Eii 
X1 

Output Low Voltage 

Output High Voltage 

Darlington Drive Current 
(8 Output Pins max,) 

Input Leakage Current 

Output Leakage Current 

TLCS-900 16-bit Microcontroller 

Vee = 5V ± 10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 
(Typical values are for Ta = 25°C and Vee = 5V) 

Min 

. -0,3 

-0.3 

-0.3 

-0.3 

-03 

2,2 

O.7Vee 

0.75Vee 

Vee -O.3 

0,8Vee 

2.4 

-10 

Max 

0,8 

0,3Vee 

0.25Vee 

0.3 

0,2Vee 

Vee + 0.3 

Vec +0,3 

Vee + 0.3 

Vee + 0,3 

Vee + 0.3 

0,45 

-3,5 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V I OL= 1.6mA 

V I OH=-40~ 

V IOH=-100~ 

V 10H= -20~ 

mA 
V EXT -1.5V 
R EXT = 1.11<0 

0,02 (Typ) ±5 ~ 00 ~ Yin ~ Vee 

Test Condition 

0,05 (Typ) ±10 ~ 0,2 ~Vin ~ Vee - 0.2 
.............................................................................................................................................................................. 

Operating Current (RUN) 
IDLE 
STOP (Ta = -20 - lO°C) 
STOP (Ta = 0 - 50a C) 

Power Down Voltage 
V STOP (@STOP, RAM Back up) 

I"······ .. ,, .. I .... ········ 
R RST RESET Pull Up Register 

C 10 Pin Capacitance 
I·········,········ +Sc ··h··'m····i·tt····W·····i·d···t·h····················· ................... . 

V TH RESET, NMI, INTO (P8l) 
.. 
RK Pull Down/Up Register 

Note: I·DAR is guaranteed for a total of up to 8 ports, 

30 (Typ) 50 mA fc = 20M Hz 
2,0 (Typ) 10 mA 
0.2 (Typ) 50 ~ 0.2 ~ Yin ~ Vee - 0.2 

2,0 

50 

0,4 

50 

10 ~ O.2~Vin~Vee-O.2 .......................................................... 
6,0 V V 1L2 = O.2Vee, 

V IH2 = 0,8Vee 

150 

10 pF tosc=1MHz 

1,0 (Typ) V 

150 1<0 

MCU900-208 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TLCS·900 16·bit Microcontroller TMP96CM40F 

4.3 AC Electrical Characteristics 
Vee = 5V±10% TA = ·40 - 85°C (4 - 16MHz) TA = ·20 - 70°C (4MHz - 20MHz) 

Variable 16MHz 20MHz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

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

2 tClK CLK width 2x- 40 85 60 ns 

3 tAK AO - 23 Valid-4CLK Hold 0.5x - 20 11 5 ns 

4 tKA CLK Val id-4AO - 23 Hold 1.5x - 70 24 5 ns 

5 tAL AO-15 Val id-4ALE fall 0.5x - 15 16 10 ns 

6 tLA ALE fall-4AO -15 Hold 0.5x -15 16 10 ns 

7 h ALE High width x - 40 23 10 ns 

8 tLc ALE lall-4RD/WR lall 0.5x - 30 1 -5 ns 

9 tCL RD/WR rise-4ALE rise 0.5x - 20 11 5 ns 

10 tACL AO -15 Valid-4RD/WR fall x- 25 38 25 ns 

11 tACH AO - 23 Valid-4RD/WR lall 1.5x - 50 44 25 ns 

12 tCA RD/WR rise-4AO - 23 Hold 0.5x - 20 11 5 ns 

13 tAOL AO -15 Valid-4DO -15 input 3.0x - 45 143 105 ns 

14 tAOH AO - 23 Valid-4DO -15 input 3.5x - 65 154 110 ns 

15 tRO RD lall-4DO -15 input 2.0x - 50 75 50 ns 

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

17 tHR RD rise-4DO - 15 Hold 0 0 0 ns 

18 tRAE RD rise-4AO - 15 output x-15 48 35 ns 

19 tww WR Low width 2.0x - 40 85 60 ns 

20 tow DO -15 Valid-4WR rise 2.0x - 50 75 50 ns 

21 two WR rise-4DO - 15 Hold 0.5x -10 21 15 ns 

22 tAEH AO - 23 Valid-4WAIT input (1WAIT + n mode) 3.5x - 90 129 85 ns 

23 tAWL AO -15 Valid-4WAIT input (1 WAIT + n mode) 3.0x - 80 108 70 ns 

24 tcw RD/WR fall-4WAIT Hold (1 WAIT + n mode) 2.0x+ 0 125 100 ns 

25 tAPH AO - 23 Valid-4PORT input 2.5x -120 80 36 ns 

26 tAPH2 AO - 23 Valid-4PORT Hold 2.5x+ 50 206 175 ns 

27 fcp WR rise-4PORT Valid 200 200 200 ns 

28 tASRH AO - 23 Valid-4RAS lall 1.0x - 40 23 10 ns 

29 tASRL AO -15 Valid-4RAS fall 0.5x -15 16 10 ns 

30 tRAC RAS lall-4DO -15 input 2.5x - 70 130 86 ns 

31 tRAH RAS lall-4AO - 15 Hold 0.5x -15 16 10 ns 

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

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

34 tRSH CAS lall-4RAS rise 1.0x - 35 28 15 ns 

35 tRSC RAS rise-4CAS rise 0.5x - 25 6 0 ns 

36 tRCD RAS fall-4CAS fall 1.0x - 40 23 10 ns 

37 tCAC CAS lall-4DO -15 input 1.5x - 65 29 10 ns 

38 tCAS CAS Low width 1.5x-30 64 40 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow O.8V, Cl50pF 

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

High O.8Vcc flow O.2Vcc (Except for ADO - AD15) 

TOSHIBA AMERleA ELECTRONIC COMPONENTS, INC. MCU900·209 



TMP96CM40F TLCS-900 16-bit Microcontroller 

(1) Read Cycle 

X1 

elK 

AO-23 

~+-~tKA---------'~;I~ 

:, 

RiW 

Port Input 

ADO-1S 

ALE 

MCU900-210 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 1(i-bit Microcontroller TMP96CM40F 

(2) Write Cycle 

X1 

CLK X 
AO-23 )< ~ __ ~ ____ ~ __ ~ _____ K 
C50-2 J\ V-

RtW J\ r 
WAIT ~------~~~\~~\~~/_~-----~ 

Port Output 

_-' ______ ...;.. ___ _.. r-L-

)(~ 
_~ ____ ~---J 

+~:.-
RA5 

CA50-2 / 

WR,HWR 

1-;....---ttIDW--+--.... ·~·11 ~I 
ADO-15 ----- A,U-15 00-15 D 

I 

ALE .Y \~--~----~--~V 
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TMP96CM40F TLCS-900 16-bit Microcontroller 

4.4 AID Conversion Characteristics 
Vee = 5V±10%, TA = -40 - 85°C (4 -16MHz) TA = -20 - 70°C (4 - 20MHz) 

Symbol Parameter Min Typ Max 

VREF Analog reference voltage Vee -1.5 Vee 

AcJND Analog reference voltage Vss Vss 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 

Low change mode ±1.5 :l4.0 
Error 4 sfc s 16MHz High change mode ±B.O :1£.0 

(Quantize error of 
±D.5 LSB not included) Low change mode ±1.5 :l4.0 

16 s fc s 20MHz High change mode :l4.0 ::t£.0 

4.5 Serial Channel Timing - I/O Interface Mode 
Vee = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 

(1) SCLK Input Mode 

Variable 16MHz 20MHz 
Symbol Parameter 

Min Max Min Max Min 

tSCY SCLK cycle 16x 1 

toss Output Data.-?rising edge of SCLK tsCy/2 - 5x - 50 137 

tOHS SCLK rising edge.-?output data hold 5x -100 212 

tHSR SCLK rising edge.-?Input data hold 0 0 

tSRD SCLK rising edge.-?effective data input tSCY - 5x -100 587 

Vee = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 
(2) SCLK Output Mode 

0.8 

100 

150 

0 

Max 

450 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

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

toss Output data.-?rising edge of SCLK tscv- 2x - 150 725 550 

tOHS SCLK rising edge.-?output data hold 2x- 80 45 20 

tHSR SCLK rising edge.-?input data hold 0 0 0 

tSRD SCLK rising edge.-?effective data input tSCY - 2x -150 725 550 

4.6 Timer/Counter Input Clock (TIO, TI4, Tl5, TI6, T17) 
Vee = 5V±10%, TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 

Variable 16MHz 20MHz 
Symbol Parameter 

Min Max Min Max Min Max 

tVGK Clock cycle 8x + 100 600 500 

tVGKL Low level clock pulse width 4x + 40 290 240 

tVGKH High level clock pulse width 4x + 40 290 240 

MCU900-212 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

Unit 

V 

mA 

LSB 

Unit 

J.lS 
ns 

ns 

ns 

ns 

Unit 

J.lS 
ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



TLCS-900 i6-bit Microcontroller TMP96CM40F 

4.7 Interrupt Operation 
Vee = SV±10%, TA = -40 - 8S'C (4 - i6MHz) TA = -20 - 70°C (4 - 20M Hz) 

Symbol Parameter 

tlNTAL NMI, INTO Low level pulse width 

tiNTAH NMI, INTO High level pulse width 

tlNTBL INT4 -INT? Low level pulse width 

tlNTBH INT4 -INT? High level pulse width 

4.8 Timing Chart for 1/0 Interface Mode 

CLK 

SCLK 

OUTPUT DATA 
TxD 

I 

\ 

,-
I 

toss 

0 

Min 

4x 

4x 

8x + 100 

8u 100 

tSCY -, 
l 

tOHS! 

tSRD 

Variable 16MHz 20MHz 
Unit 

Max Min Max Min Max 

250 200 ns 

250 200 ns 

600 500 ns 

600 500 ns 

L I I 

1 2 3 

INPUT DATA 
RxD 

I-U~ 
------------------~~------~~~-----~-------~ 
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TMP96CM40F TLCS-900 16-bit Microcontroller 

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

ClK 
(~Ntel) 

__ tBRe 

+----+-

1'----- tCBAL ---I\----J 

ADO-AD15.~0-A23, 
CSO-C&.B...IW, RAS, 
CASO-CAS2 

RD,WR, HWR 

---..:.I. t:;A (Note 2) --

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

(Note 3) 

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

tCBAH 

ALE --------~\~\ --------------[}~~ 

Variable 16MHz 
Symbol Parameter 

Min Max Min 

tBRC BUSRQ setup time for ClK 120 120 

tCBAl ClK~BUSAK falling edge 1.5x+ 120 

tCBAH ClK~BUSAK rising edge 0.5x+ 40 

tABA Output buffer is off to BUSAK ~ 0 80 0 

tBAA BUSAK ~ output buffer is on. 0 80 0 

Note 1: The Bus will be released after the 'iiiiAFf request is inactive, when the BUSRQ is set to "0" during 'Wart" cycle. 
Note 2: This line only shows the output buffer is off-state. 

They don't indicate the signal level is fixee. 

Max 

214 

71 

80 

80 

After the bus is releasee, the signal level is kept dynamically before the bus is released by the external capacitance. 

20MHz 

Min Max 

120 

195 

65 

0 80 

0 80 

Unit 

ns 

ns 

ns 

ns 

ns 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be delayee. 
The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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TLCS-900 16-bit Microcontroller 

4.10 Typical Characteristics 

Vee = 5V±10%, Ta = 25°C unless otherwise noted. 
VccCV) l(c(mA) 

0 

20 

---
..,./ 

10 

... , ~ 

10 15 20 25 
fosc(MHz) 

Figure 5.1 Vee- lose TYPICAL CURVE 

1(((mA) 

40 

30 ~ 
losc= 20MHY--...--- ~ --- fosc=4MHz 

20 

10 

I 

Figure 5.3 lee - Vee TYPICAL CURVE Vcc(V) 

IOL(mA) 

40 

30 

20 
/r-

V 

10 L 
II 

VOUT(V) 

Figure 5.4 VOUT -IOl TYPICAL CURVE 

-10 

-20 

-30 

-40 

loH (mA) 

// 
/ 

V 
.'" 

10 15 20 25 

Figure 5.2 lose -lee TYPICAL CURVE losc (MHz) 

Vour(V) 

/ 
./ 

V 

-- /V 

Figure 5.5 VOUT -loH TYPICAL CURVE 
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TMP96CM40F TLCS-900 16-bit Microcontroller 

5. Differences Between TMP96C141 AF, 
TMP96CM40F, and TMP96PM40F 

Parameter TMP96C141AF 

Internal ROM Does not exi st 

POD to PO?, ADO to AD? Only ADO to AD? 

P10 to P1?, ADS to AD15, AS to A15 Only ADS to AD15 

P30, RD Only RD 

P31, WR Only WR 

The devices TMP96C141 AF, TMP96CM40F and 
TMP96PM40F have much the same function but they are dif­
ferent from following points. 

TMP96CM40F I TMP96PM40F 

Mask ROM 32K byte I PROM 32K byte 

After reset POD - PO? 

After reset P10 - P1? 

After reset P30 

After reset P31 

MCU900-216 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 

CMOS 16-bit Microcontrollers 

TMP96PM40F 

1. Outline and Device Characteristics 

The TMP96PM40F are high-speed advanced 16-bit micro­
controllers developed for controlling medium to large-scale 
equipment. The TMP96C141AF does not have a ROM, the 
TMP96CM40F has a built-in ROM of 32K-byte, and the 
TMP96PM40F has a built-in OTP of 32K-byte. 

It is possible to do write/verify of program data with using 

Product Name ROM 

1MP96PM40F 

an adapter socket and general purpose EPROM writer 
(TC571 000 mode). 

TMP96PM40F is pin compatible with TMP96CM40F 
(mask ROM type). 

TMP96CM40F is housed in an SO-pin flat package. 

RAM Package Adapter Socket Name 

TMP96PM40F 
OTP type 

1KxBbit 8O-FP BM1139A 32K x 8bit 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-217 



TMP96PM40F 

MCU900-218 

(ANO)PSO 
(ANI)PSI 
(AN2) PS2 
(AN3) PS3 

VREF 
AGND 

(TXDO) P90 
(RXDO) P91 

(SCLKOICTSO) P92 

(TXDI) P93 
(RXDI)P94 

(SCLKI) P95 

(PG 00) P60 
(PG 01) P61 
(PG 02) P62 
(PG 03) P63 
(PG 10) P64 
(PG 11) P6S 
(PG 12) P66 
(PG 13) P67 

-fo-
+-
-fo-
-fo-

.fo-
* 
*fo-
* 
:~ 

*fo-
:fo-
*fo-
:~ 

(TIO) P70 *foo-

(TOI)P71 .foo-

,.r.-(T02) P72 

,. (T03) P73 

(lNT4IT14) P80 
(INTSITIS) P81 

(T04) P82 
(TOS) P83 

(lNT61T16) P84 
(lNT71T17) P8S 

(T06) P86 

(INTO) P87 

:~ 
* 

:~ 

.~ 

TLCS-900 16-bit Microcontroller 

CPU 

10-BIT 4CH 

~. AID XBC 

CONVERTER XDE E 
XHL 
XIX IX 
XIY Y 
XIZ 

SERIAL I/O XSP SP 
(CH.O) ~ 32bit-.. 

SR[]]] 

SERIAL 110 I P ~ I 
(CH.I) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.I) 
IKBRAM 

BBITTIMER 
(TIMER 0) 

8BITTIMER 
(TIMER I) 

8BITPWM 
(TIMER 2) 

BBITPWM 
(TIMER3) 

32KBPROM 

16BITTIMER 
(TIMER 4) 

16BITTIMER 
(TIMER S) 

*r- VCC 12l 
VSS 13l *r-

I ~~ OSC 
XI 
X2 

L CLK r--. 

*1-Ell 
RESET 
ALE 

*1-
-foo-

INTERRUPT t 1* 
CONTROLLER 

WATCH-DOG I 
TIMER 

[~~} 
B* 

B .. 

PORT3 

I, CSIWAIT 
CONTROLLE 

(3-BLOCK) 

r- l'iMI 

r--

foo-( POO-P07 
ADO-AD7) 

c.( PIO-PI7 
AD8-ADI5/A8-AIS) 

P20-P27 
AO-A7IAI6-A23) +( 

.. 
: 
+, 

P30(RD) 
P31(WR) 
P32(HW"R) 
P33(WAIT) 
P34(BUSRQ) 
P3S(BUSAK) 
P36(RIW) 
P37IRAS) 

:; .. .. 
foo-I P40(CSOICASO) 

P41(cSfICAs·O 
P42(CS2/CAS2) :: 

Figure 1. TMP96PM40 Block Diagram 
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TLCS-900 16-bit Microcontroller TMP96PM40F 

2. Pin Assignment and Functions 2.1 Pin Assignment 

The assignment of input/output pins for TMP96PM40F, their 
name and outline functions are described below. 

Figure 2.1 shows pin assignment of TMP96PM40F. 

(ANO)P50 73--------'-., 
(AN1)P51 74-----------, 
(AN2)P52 75=====:;-] 
(AN3)P53 76 

vee 77-----, 
VREF 78----, 

AGND 79 
VSS 80 

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

.--------72 
,-------71 
.------70 
.-----69 

r-;====68 I 67 66 
6S 

64 P32(FiWR) 
63 P31(WR) 
62 P30(iID) 
61 P27(A7/A23) 
60 P26(A6IA22) 

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

(INT4fT14)P80 13 
(INT5fT15)P81 14 

(T04)P82 15 
(T05)P83 16 

(lNT6fT16)P84 17 

Top View 

QFP80 

P25(A5/A21) 
P24(A4IA20) 
P23(A3/A 19) 
P22(A2IA 18) 
P21(Al/A17) 
P20(AO/A 16) 
VSS 
PI7(ADI5/AI5) 
PI6(ADI4/AI4) 
PI5(ADI3/AI3) 
PI4(ADI2/A 12) 
P13(ADll/All) 
PI2(AD10/Al0) 
Pll(AD9/A9) 
Pl0(ADB/AB) 
P07(AD7) 
P06(AD6) 
P05(AD5) 
P04(AD4) 

(INT7fT17)P85 18 
(T06)P86 19 
(lNTO)P87 20 

NMI21 
WDTOUT 22 

R-ESEl 23 
ClK 24 

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

(TXDO)P90 29------' 
(RXDO)P9130-----------' 

(SeU<0/CTSO)P92 31--------' 
(TXD1)P93 32----------J 

P03(AD3) 
P02(AD2) 
P01(AD1) 
POO(ADO) 
vee 
ALE 
P95(SCLK1) 
P94(RXD1) 

Note: Because the TMP96P;\'40F has an external H.OM, POD Lo P17 pins are fixed LuAOO loAD15; P30 to RD; a.nd P31 to Wli. 

Figure 2.1. Pin Assignment (SO-pin QFP) 
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TMP96PM40F TLCS-900 16-bit Microcontroller 

2.2 Pin Names and Functions The names of inpuVoutput pins and their functions are 
described below. The TMP96PM40F has MCU mode and PROM mode. 

(1) MCU Mode 

Table 2.2. (1) Pin Names and Functions 

Pin Name Number liD Functions of Pins 

POO - P07 
S 

I/O Port 0: I/O port that allows I/O to be selected on a bit basis 
ADO- AD7 Tri-state Address / data (lower): 0 - 7 for address/data bus 

Pl0 - P17 I/O Port 1: I/O port that allows I/O to be selected on a bit basis 
ADS -AD15 S Tri-state Address data (upper): S -15 for address/data bus 
AS-A15 Output Address: S to 15 for address bus 

P20 - P27 I/O Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
AO-A7 S Output Address: 0 - 7 for address bus 
A16 - A23 Output Address: 16 - 23 for address bus 

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

P31 
1 

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

P32 
1 I/O Port 32: I/O port (with pull-up resistor) 

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

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

P34 
I/O 

Port 34: I/O port (with pull-up resistor) 
BUSRa 1 Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, RiW, RAS, csa, 

Input 
CS1, and CS2 pins. (For external DMAC) 

P35 
I/O 

Port 35: I/O (with pull-up resistor) 
BUSAK 1 

Output 
Bus acknowledge: Signal indicating that ADO -15, AO - 23, RD, WR, HWR, RiW, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRa. (For external DMAC) 

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

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

P40 I/O Port 40: I/O port (with pull-up resistor) 
CSO 1 Output Chip select 0: Outputs 0 when address is within specified address area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

Note: With the external DMA controller, this device's built·in memory or bui~-in I/O 
cannot be accessed using the BUSRQ and BUSAK pins. 
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Pin Name Number 
110 Functions 01 Pins 

P41 110 Port 41: 110 port (with pull-up resistor) 
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CAS1 Output Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 

P42 I/O Port 42: I/O port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

P50 - P53 4 Input Port 5: Input port 
ANO - AN3 Input Analog input: Input to NO converter 

VREF 1 Input Pin for reference voltage input to NO converter 

AGND 1 Input Ground pin for NO converter 

P60 - P63 4 I/O Ports 60 - 63: I/O ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PGOO - PG03 Output Pattern generator ports: 00 - 03 

P64 - P67 
4 I/O Ports 64 - 67: 110 ports that allow selection of I/O on a bit basis (with pull-up resistor) 

PG10 - PG13 Output Pattern generator ports: 10 -13 

P70 1 I/O Port 70: I/O port (with pull-up resistor) 
T10 Input Timer input 0: Timer 0 input 

P71 
1 I/O Port 71: I/O port (with pull-up resistor) 

T01 Output Timer output 1: Timer a or 1 output 

P72 1 I/O Port 72: 110 port (with pull-up resistor) 
T02 Output PWM output 2: 8-bit PWM timer 2 output 

P73 1 I/O Port 73: 1/0 port (with pull-up resistor) 
T03 Output PWM output 3: 8-bit PWM timer 3 output 

P80 I/O Port 80: I/O port (with pull-up resistor) 
TI4 1 Input Timer input 4: Timer 4 counl/capture trigger signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable risinglfalling edge 

P81 I/O Port 81: I/O port (with pull-up resistor) 
TI5 1 Input Timer input 5: Timer 4 counl/capture trigger signal input 
INT5 Input Interrupt request pin 5: Interrupt request pin with rising edge 

P82 1 I/O Port 82: 110 port (with pull-up resistor) 
T04 Output Timer output 4: Timer 4 output pin 

P83 1 1/0 Port 83: I/O port (with pull-up resistor) 
T05 Output Timer output 5: Timer 4 output pin 

Note 1: Case of the settable CS2 and CAS2; when TMP96PM40F is bus release, this pin is not added the internal pull-down resistor but is added the internal 
pull-up resistor. 
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Pin Name Number I/O Functions 01 Pins 

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

P8S I/O Port 85: I/O port (with pull-up resistor) 
TI7 1 Input Timer input 7: Timer 5 counVcapture trigger signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

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

P87 
1 

I/O Port 87: I/O port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 

P90 
1 I/O Port 90: I/O port (with pull-up resistor) 

TXDO Output Serial send data 0 

P91 
1 I/O Port 91: I/O port (with pull-up resistor) 

RXDO Input Serial receive data 0 

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

P93 
1 I/O Port 93: I/O port (with pull-up resistor) 

TXD1 Output Serial send data 1 

P94 
1 

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

P95 
1 

I/O Port 95: I/O port (with pull-up resistor) 
SClK1 I/O Serial clock 1/01 

WDTOUT 1 Output Watchdog timer output pin 

NMI 
1 Input 

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

ClK 1 Output Clock output: Outputs rx1 + 4Jclock. Pulled-up during reset. 

EA 
1 Input 

External access: 0 should be inputted with TMP96C041AF. 
1, with TMP96CM40F/TMP96PM40F. 

ALE 1 Output Address latch enable 

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

X1/X2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+ 5V) 

VSS 3 GND pin (OV) 

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

Table 2.2. (2) Pin Name and Function of PROM Mode 

Pin Name Pin Inpull Function Pin Name (MCU Mode) Number Output 

A7 -AD 8 Input P27 - P20 

Ai5 - A8 8 tnput Memory address of program Pi7 - Pi0 

Ai6 1 Input P33 

07 - DO 8 I/O Memory data of program P07 - POD 

CE 1 Input Chip enable P32 

DE 1 Input Output control P30 

PGM 1 Input Program control P3i 

VPP 1 Power Supply i2.75V/5V (Power supply of program) EA 

VCC 2 Power Supply 6.25V/5V VCC 

VSS 3 Power Supply OV VSS 

Pin Name Pin Inpul! Disposal of Pin Number Output 

P34 1 Input Fix to low level (security pin) 

RESET 1 Input 
Fix to low level (PROM mode) 

ClK 1 Input 

ALE 1 Output Open 

Xi 1 Input 

X2 1 Output 
Crystal 

P95 - P94, 3 Input Fix to high level 
VREF 

AGNO 1 Input OV 

P37 - P35 
P42 - P40 
P53 - P50 
P67 - P60 
P73 - P70 36 I/O Open 
P87 - P80 
NMI, 

WOTOUT 
P93 - P90 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-223 



TMP96PM40F TLCS-900 16-bit Microcontroller 

3. Operation 
This section describes in blocks the functions and basic opera­
tions of TMP96PM40F device. TMP96PM40F is exchanged 
mask ROM of TMP96CM40F for PROM. The other specifica­
tions and functions are the same as TMP96CM40F. 

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

Memory Map 
Figure 3.1 is a memory map of the TMP96PM40F. 

External memory 
(16M-byte) 

3.1 MCU Mode 

(1) Mode-setting and Function 

The MCU mode is set by opening the ClK pin (Output 
status). 
In the MCU mode, the operation is same as that of 
TMP96CM40F. 

(2) Memory Map 

The memory map of TMP96PM40F is same as that of 
TMP96CM40F. Figure 3.1 shows the memory map of 
TMP96PM40F, and the accessing area by the respec­
tive addressing mode. 

Direct area (n) 

t 

64K-byte area 
(nn) 

16M-byte area 
(R) 
( -R) 
(R+) 
(R + R8116) 
(R +d8116) 
(nnn) 

FFFFFFH L-______ ---' ________ -"1<--
(L>'xi = Internal area) 

Note: The start address after reset is BOOOH. Resetting sets the stack painter (XSP) on the system mode side to l00H. 

Figure 3.1. Memory Map 
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3.2 PROM Mode 

(1) Mode Setting and Function 

PROM mode is set by setting the RESET and ClK pins 
to the "l" level. The programming and verification for 
the intemal PROM is achieved by using a general 

VPP(12.75V/5V) r---~ 

L---. EA 

P17 

A16 \ 
\ Pl0 

EPROM programmer with the adapter socket. The 
device selection (ROM type) use following conditions 
(Set ROM type to TC571 OOOD) 

Size: 1 Mbit (128K x 8bit) VPP: 12.75V TPW: 0.1 ms 

Figure 3.2 shows the setting of pins in PROM mode. 

\,VCC 
vcc ..---J 

P30 _DE 

P32 -IT 
P31 -PGM 

T } Jl---1\ 0\7 
POO '\r--V DO 

{ 

P33 

AO c=> P2\7 

P20 RESET I 
CLK~ 

~Xl :=JVCC 

X2 P95 

VSS P94 

L A_G_N_0 ____ -'-P.::;34::..J- SECURITY 

'" Use the lOMHz 
resonator in case of 
programming and 
verification by a general 
EPROM programmer. 

Figure 3.2. PROM Mode Pin Setting 

(2) Programming Flow Chart 

The programming mode is set by applying 12.5V (pro­
gramming voltage) to the VPP pin when the following 
pins are set as follows, 
(VCC: 6. 25V, RESET: "l" level, ClK: "l" level.) After the 
address and data have been fixed, the data on the 
Data Bus is programmed when the CE pin is set to "L' 
level (0.1 ms pulse is required). General programming 
procedure of an EPROM programmer is as follows, 

• Write a data to a specified address for 0.1 ms 
• Verify the data. If the readout data does not match the 

expected data, another writing is performed until the correct 
data is written (Max. 25 times). 

Then, verify the data and increment the address. The 
verification for all data is done under the condition of 

Vpp = Vee = 5 all data were written. 
Figure 3.3 shows the programming flow chart. 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-225 



TMP96PM40F TLCS-900 16-bit Microcontroller 

High Speed Program Writing 
FlowChart 

ADDRESS = ADDRESS + 1 

(~ __ FA_'L _~) 

Figure 3.3. Flow Chart 

(3) Security Bit 

The TMP96PM 40 has a security bit in PROM cell. If 
the Security Bit is programmed to "0", the content of 
the PROM is disable to be read in PROM mode. 

How to Program the Security Bit 

1) Set the PROM mode. 
2) Set the security pin (Port34) to "1 ". 
3) Set the programming address to "OOOOOOH". 
4) Set programming data to "FEH". 
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4. Electrical Characteristics 

4.1 Absolute Maximum 

Symbol Parameter Raling Unit 

Vee Power Supply Voltage -0.5 - 6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

~IOL Output Current (total) 100 mA 

~IOH Output Current (total) -100 mA 

PD Power Dissipation (Ta = 70°C) 500 mW 

T SOLDER Soldering Temperature (10s) 260 °C 

TSTG Storage Temperature -65 -150 °c 

T OPR Operating Temperature -40 - 85 °c 
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TMP96PM40F TLCS-900 16-bit Microcontroller 

4.2 DC Characteristics 
Vee = SV ± 10%, TA = -40 - 8SoC (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 
(Typical values are for Ta = 2SoC and Vee = SV) 

Symbol 

V IL 

V IL1 

V IL2 

V IL3 

V IL4 

VIH 

V IH1 

V IH2 

V IH3 

VIH4 

Parameter 

Input Low Voltage (ADO-1S) 

P2, P3, P4, P5, P6, Pl, PB, P9 

RESET, NMI, INTO (PBl) 

Eli 
X1 

........ " ............ _ .......... _ .. ,,- ...... 
Input High Voltage (ADO-1S) 

P2, P3, P4, PS, P5, Pl, PB, P9 

RESET, NMI, INTO (PBl) 

Eli 
X1 

Min 

-0.3 

-0.3 

-0.3 

-03 

-03 

2.2 

07Vee 

07SVee 

Vee - 03 

O.BVec 

Max 

O.B 

0.3Vee 

O.2SVee 

0.3 

O.2Vee 

Vee + 0.3 

Vee+ 0.3 

Vee+ 0.3 

Vee + 0.3 

Vee + 0.3 

0.45 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V I OL= 1.6rnA 

Test Condition 

V OL Output Low Voltage 
I· ........ · .... · .... I .. · ...................... .. 
V OH Output High Voltage 

............................................................................. ~ .... ~~ .. -·· .. · ........ ·~·· .......... ·+·····.·.· .. f· .... ~~~~···· .................... --................... ~ ........... ~~ ... 
2.4 V I OH = -40D!JA 

V OH1 07SVee V IOH=-100~ 

V OH2 O.9Vee V I OH = -20~ I .. · .. · ........ · ...... I .. · .. · .. · .... ··· ...... · .... · .... ·~ .......................... · .... ·· .... ·· ........ 1·· ...... ··· .. · ........ • .. · ........ · .. · ·I· .. ~ ........ · .. · .................... ~· .. ·+· .......... · I· .. ··· .. - .... ·· ...... · .... ·~ ................ .. 

I DAR 
[ .......... · .............. 1 
III 

ILO 

I ee 

V STOP 

Darlington Drive Current -1.0 -3.S V EXT -1.SV 
(B Output Pins max.) rnA R EXT = 1.1Kg 

Input Leakage Current 

Output Leakage Current 

Operating Current (RUN) 
IDLE 
STOP (Ta = -20 .. lO°C) 
STOP (Ta = 0 .. SO°C) 

Power Down Voltage 
(@STOP, RAM Back up) 

............................................. 
0.02 (Typ) 15 ~ OO~Vin~Vee 

005 (Typ) ±10 ~ 0.2 ~ Yin ~ Vee - 0.2 .............................................................................................................................................................................................................. 

30 (Typ) 
20 (Typ) 
0.2 (Typ) 

50 mA fc = 20MHz 
10 mA 
SO ~ 
10 ~ 

0.2 ~ Yin ~ Vee - 0.2 
0.2 ~ Yin ~ Vee - 0.2 

2.0 6.0 V IL2 = 0.2Vee, 
V IH2 = O.BVee 

iR RST 
....... .:cc::: .......... · .. :· .. ·•· .... ··· .... ··· .... · .............. ··· .......... ···I···· ...... ···· .... S··O· ............. ·+ ...... ·········· .. ·· .. · .. 1 .. ·S····0·· .. · ...... ·· ........ j ..... KQ. .. ........... _ ........................................................... .. 

iRESET Pull Up Register 
I 

CIO Pin Capacitance 10 pF fc=1MHz 

VTH 
Schmitt Width 
RESET, NMI, INTO (PBl) 0.4 

I················· I·.···········.·······································............................................. ,..................................... ...+........................................... ..+ 
V 1.0 (Typ) 

IRK Pull Down/Up Register SO 1S0 Kg 

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

MCU900-228 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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4.3 AC Electrical Characteristics 
Vee = 5V±100/0 TA = -40 - 85°C (4 - 16MHz) TA = -20 - 70°C (4MHz - 20MHz) 

No. Symbol Parameter 

1 tosc Osc. Period (= x) 

2 tCLK CLK width 

3 tAK AO - 23 Valid-)CLK Hold 

4 tKA CLK Valid-)AO - 23 Hold 

5 tAL AO-15 Valid-)ALE fall 

6 tLA ALE fall-)AO -15 Hold 

7 tLL ALE High width 

8 tLc ALE fall-)RO/WR fall 

9 tCL RO/WR rise-)ALE rise 

10 tACL AO - 15 Valid-)RO/WR fall 

11 tACH AO - 23 Valid-)RO/WR fall 

12 tCA RO/WR rise-)AO - 23 Hold 

13 tAOL AO -15 Valid-)OO -15 input 

14 tAOH AO - 23 Valid-)OO -15 input 

15 tRo RO fall-)OO -15 input 

16 tRR RO Low width 

17 tHR RO rise-)OO -15 Hold 

18 tRAE RO rise-)AO - 15 output 

19 tww WR Low width 

20 tow DO -15 Valid-)WR rise 

21 two WR rise-)OO - 15 Hold 

22 tAEH AO - 23 Valid-)WAIT input (IWAIT + n mode) 

23 tAWL AO -15 Valid-)WAIT input (IWAIT + n mode) 

24 tcw RO/WR fall-)WAIT Hold (1 WAIT + n mode) 

25 tAPH AO - 23 Valid-)PORT input 

26 tAPH2 AO - 23 Valid-)PORT Hold 

27 tcp WR rise-)PORT Valid 

28 tASRH AO - 23 Valid-)RAS fall 

29 tASRL AO -15 Valid-)RAS fall 

30 tRAC RAS fall-)OO -15 input 

31 tRAH RAS fall-)AO -15 Hold 

32 tRAS RAS Low width 

33 tRP RAS High width 

34 tRSH CAS fall-)RAS rise 

35 tRSC RAS rise-)CAS rise 

36 tRco RAS fall-)CAS fall 

37 tCAC CAS fall-)OO -15 input 

38 tCAS CAS Low width 

*tADL value is different from TMP96C141 rrMP96CM40. 
AC Measuring Conditions 

• Output Level: High 2.2V fLow O.8V, CL50pF 

Variable 16MHz 

Min Max Min Max 

50 250 62.5 

2x - 40 85 

0.5x - 20 11 

1.5x - 70 24 

0.5x -15 16 

0.5x -15 16 

x - 40 23 

0.5x - 30 1 

0.5x - 20 11 

x - 25 38 

1.5x - 50 44 

0.5x - 20 11 

3.0x - 55 133 

3.5x - 65 154 

2.0x - 50 75 

2.0x - 40 85 

0 0 

x -15 48 

2.0x - 40 85 

2.0x - 50 75 

0.5x -10 21 

3.5x - 90 129 

3.0x - 80 108 

2.0XtO 125 

2.5x -120 36 

2.5x + 50 206 

200 200 

1.0x - 40 23 

0.5x -15 16 

2.5x - 70 130 

0.5x -15 16 

2.0x - 40 85 

2.0x - 40 85 

1.0x - 35 28 

0.5x - 25 6 

1.0x - 40 23 

1.5x - 65 29 

1.5x-30 64 

(However CL = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, RIW, CLK, RAS, CASO - CAS2) 
• Input Level: High 2.4V fLow 0.45V (ADO - AD15) 

High O.BVcc fLow O.2Vcc (Except for ADO - AD15) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

20M Hz 
Unit 

Min Max 

50 ns 

60 ns 

5 ns 

5 ns 

10 ns 

10 ns 

10 ns 

-5 ns 

5 ns 

25 ns 

25 ns 

5 ns 

95 ns 

110 ns 

50 ns 

60 ns 

0 ns 

35 ns 

60 ns 

50 ns 

15 ns 

85 ns 

70 ns 

100 ns 

5 ns 

175 ns 

200 ns 

10 ns 

10 ns 

86 ns 

10 ns 

60 ns 

60 ns 

15 ns 

0 ns 

10 ns 

10 ns 

40 ns 
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(1) Read Cycle 

Xl 

ClK J; 
, ~AK-'~--~--------~-------

AO-23 )l'--~-------i--~~:( 
~ :r 

Port Input 

-tRCD-I ... ,-t--rON':'CAC tCAS ; 

ADO-15 

ALE 
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(2) Write Cycle 

Xl 

ClK X 
AO-23 ]X ______ ----~----~--~K 
CSO-2 J\ r 

RfW J\ 
WAIT 

Port Output 

RAS 

CASO-2 / 

WR,HWR ~11--.~--1tWW--~--··IA 
~ ¥. 
11~·~----~lDW--~----·11 ~I 

ADO-15 ----- 1\0-15 DO-15 
I 

ALE .Y \~--~----~----~/ 
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4.4 AID Conversion Characteristics 
Vee = 5V±10%, TA = -40 - 85°C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 

Symbol Parameter Min Typ Max 

VREF Analog reference voltage Vee -1.5 Vee Vee 

~ND Analog reference voltage Vss Vss Vss 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 

Low change mode ±1.5 14.0 
Error 4 $ fc $16MHz High change mode ±'l.0 :!B.O 

(Quantize error of 
±D.5 LSB not included) Low change mode ±1.5 14.0 

16 $ fc $ 20M Hz High change mode 14.0 :!B.O 

4.5 Serial Channel Timing - 110 Interlace Mode 
Vee = 5V±10%, TA = -40 - 85°C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 

(1) SCLK Input Mode 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

tSCY SCLKcycie 16x 1 

toss Output Data-.rising edge of SCLK tscy/2 - 5x - 50 137 

tOHS SCLK rising edge-. output data hold 5x -100 212 

tHSR SCLK rising edge-.input data hold 0 0 

tSRD SCLK rising edge-.effective data input tSCY - 5x -100 587 

Vee = 5V±10%, TA = -40 - 85'C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 
(2) SCLK Output Mode 

0.8 

100 

150 

0 

450 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

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

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

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

tHSR SCLK rising edge-.input data hold 0 0 0 

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

4.S Timer/Counter Input Clock (TIO, T14, T15, TIS, T17) 
Vee = 5V±10%, TA = -40 - 85°C (4 - 1SMHz) TA = -20 - 70°C (4 - 20MHz) 

Variable 16MHz 20M Hz 
Symbol Parameter 

Min Max Min Max Min Max 

tVCK Clock cycle 8x+ 100 600 500 

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

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

V 

mA 

LSB 

Unit 

IJS 
ns 

ns 

ns 

ns 

Unit 

IJS 
ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 



TLCS-900 16-bit Microcontroller TMP96PM40F 

4.7 Interrupt Operation 
Vee = SV±10%, TA = -40 - 8SoC (4 - 16MHz) TA = -20 - 70°C (4 - 20MHz) 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

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

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

tlNTBL INT4 -INT? Low level pulse width 8x+ 100 600 500 ns 

tlNTBH INT 4 - INT? High level pulse width 8x+l00 600 SOO ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-233 



TMP96PM40F TLCS-900 16-bit Microcontroller 

4.8 Timing Chart for 1/0 Interface Mode 

ClK 

SClK 
____________ ~~I·~--~~~CyL-----,1 

OUTPUT DATA 
TxD -----------"""r--------+--... ,--------+---,. ,--------------,. ,-------------. 

I. toss 

tSRD tHSR 
INPUTDATA _________ _ 

RxD ___________ ~~ ___ ~~ ___ ~~ ___ ~ 
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4.~ Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 

ClK 
(~Nte1) 

.- tBRe -1'----- tCBAL ---II----J 

ADO-AD15, AO-A23, 
CSO-C~iW, RAS, 
CASO-LAS2 

RD,WR, HWR 

----,L. t;';;A (Note 2) .... 

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

(Note 3) 

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

TMP96PM40F 

.tSAA 

ALE --------~\'~j ------------~~~~ 

Variable 16MHz 
Symbol Parameter 

Min Max Min 

tSRC BUSRQ setup time for ClK 120 120 

tCSAL ClK4BUSAK falling edge 1.5x+ 120 

tCBAH ClK4BUSAK rising edge 0.5x+ 40 

tABA Output buffer is off to BUSAK ~ 0 80 0 

tSM BUSAK ----.J output buffer is on. 0 80 0 

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0' during 'Wait" cycle. 
Note 2: This line only shows the output buffer is off-state. 

They don't indicate the signal level is fixed. 

Max 

214 

71 

80 

80 

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance. 

20MHz 
Unit 

Min Max 

120 ns 

195 ns 

65 ns 

0 80 ns 

0 80 ns 

Therefore, to fix the signal level by an external resistance under the bus is releasing, the design must be carefully because of the level fix will be 
delayed. 
The internal programmable pull-up/pull-up resistance is switched active/non-active by the internal signal. 
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4.10 Read Operation (PROM Mode) 
DC Characteristic, AC Characteristic TA = -40 - 85°C, Vee = 5V±100/0 

Symbol Parameter Condition Min Max 

Vpp Vpp Read Voltage - 4.5 5.5 
VH1 Input High Voltage (AO - A 16,g,.Q.E, PGM) - 0.7 x Vee Vee + 0.3 
V1L1 Input Low Voltage (AO - A 16, CE, DE, PGM) - -3.0 0.3 x Vee 

tAee Address to Dutput Delay CL= 50pF - 2.25TCYC +<X 

4.11 Programming Read Operation (PROM Mode) 
DC Characteristic, AC Characteristic 

TCYC = 400ns (1 OMHz Clock) 
ex = 200ns 

TA = 25±5°C, Vee = 6.25V±0.25V 

Symbol Parameter Condition Min Typ 

Vpp Programming Supply Voltage - 12.50 12.75 
VH Input High Voltage (DO - 07) - 0.2Vee + 1.1 

Max 

12.75 
Vee + 0.3 

V1L Input Low Voltage (DO - 07) - -03 0.2Vee - 0.1 
VH1 Input High Voltage (AO - A 16,g,.Q.E, PGM) - O.7Vee Vee + 0.3 
V1L1 Input Low Voltage (AO - A 16, CE, DE, PGM) - -3.0 0.3Vec 
Icc Vee Supply Current fe = 10MHz - 50 
Ipp Vpp Supply Current Vpp = 13.00V - 50 

tACC PGM Program Pulse Width CL = 50pF 0.095 0.1 0.105 
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4.12 Read Operation Timing Chart (PROM Mode) 

AO-A16 11'------IX'-----
IT ~""'"~~~"<"'<"'\ ~m~""'\'\ ///1//1 //III I!! II!/; 

I 
!III 11////11 I///I!! J/;i 

WII///// II //I JI/ 
,. IACC I 

----__ ~-D-AM-UTPUT-~~-
~ '\\\'\ \\\\\\\\\\\\W 

00-07 

4.13 Programming Operation Timing Chart (PROM Mode) 

AO-A16 __ ~X~ ________________ -JX~ __ _ 

1///11/11////// 

--~/ \"--~/ 

00-07 UNKNOWN H DATA IN STABLE )----( OATAOUTVALID )>-----

PGM 

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

the same time or early time for a power supply of Vee. 
2. The pulling up/down device on condition of Vpp = 12.75V suffer a damage for the device. 
3. The maximum spec of Vpp pin is 14.0V. Be careful a overshoot at the program writing. 
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4.14 Typical Characteristics 

MCU900·238 

Vee = Sv, Ta = 2SoC unless otherwise noted. 
Vce (V) 

IcdmA) 

40 

30 

IcdmA) 

0 

20 

,......,.. .,/ 10 

.... ~ 

10 15 20 25 
lo,dMHz) 

Figure 5.1 Vee - f05eTYPICAl CURVE 

~ 
fO'C=20MH~ ...-20 

V .~ 
I--::::: fosc=4MHz 

10 

I 
5 

Figure 5.3 Icc - Vee TYPICAL CURVE VcdV) 

l 10 (mAl 

40 

30 

20 ./' 
/ 

10 / 
/ 

VOUTIV) 

Figure 5.4 VOUT -IOL TYPICAL CURVE 

-10 

-20 

-30 

-40 

IOH(mA) 

/V 
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/ 
/ 
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Figure 5.2 fose -ICC TYPICAL CURVE lose (MHz) 

VOUr!V) 

! 
/ 

V 

-'" 
V ..... 

Figure 5.5 VOUT -IOH TYPICAL CURVE 
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5. Differences Between TMP96C141AF, 
TMP96CM40F, and TMP96PM40F 

Parameter TMP96C141AF 

Internal ROM Does not exist 

POO to PO?, ADO to AD? Does not exist 

P1D to P1?, AD8 to AD15, A8 to A15 Only AD8 to AD15 

P3D, RD OnlyRD 

P31, WR DnlyWR 

The devices TMP96C141 AF, TMP96CM40F, and 
TMP96PM40F have much the same function, but they are dif­
ferent from following points. 

TMP96CM4DF I TMP96PM4DF 

Mask ROM 32K-byte I PROM 32K-byte 

After reset POD to PO? 

After reset P1 D to P1? 

After reset P3D 

After reset P31 
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Notes 
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TOSHIBA 

CMOS 16-bit Microcontrollers 

TMP96C031 NlTMP96C031 F 

1. Outline and Device Characteristics 

The TMP96C031 are high-speed advanced 16-bit microcon­
trollers developed for controlling medium to large-scale equip­
ment. TMP96C031 N comes in a 64-pin shrink DIP; the 
TMP96C031 F, 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 (1.6J.lsl2 bytes @ 20MHz) 

(2) Minimum instruction execution time 
- 200ns @ 20MHz 

1MP96C031N 
1MP96C031F 

(3) Extemal memory expansion 

• Can be expanded up to 16M-bytes (for both programs and 
data). 

• Extemal data bus width selection pin (AM8/16) 

• Can mix 8- and 16-bit extemal data buses . 
.. -Dynamic data bus sizing 

(4) 8-bit timer: 2 channels 
(5) 16-bit timer: 2 channels 
(6) Pattem generator: 4 bits, 2 channels 
(7) Serial interface: 2 channels 
(8) 8-bit AID converter: 4 channels 
(9) DRAM controller 
(10) Watchdog timer 
(11) Chip selecVwait controller: 4 blocks 
(12) Interrupt functions 

• 3 CPU interrupts'" .. 'SWI instruction, privileged violation, 
and Illegal instruction 

• 12 intemalinterruptsJ711..be . - - eve pnority can set. 
• 9 extemallnterrupts 
(13) I/O ports: 37 pins 
(14) Standby function : 3 HALT modes (RUN, IDLE, STOP) 
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MCU900·242 

TLCS·900 16·bit Microcontroller 

'=~ (ANO/INTO) P50 
(AN1!INTi) PSI 
(AN2IINT2) P52 
(AN3/INT3) P53 

'-r-
VREF 

-~ '-r-

(TXDI) P7. 
(RXDI) P75 

(SClKI) P76 

(TXDO/PGOO) P60 
(RXDOIPGOI)P61 
(CTSOIPG02) P62 

:: ...... 
...... ... ... 
... 

8-81T 4CH 
AID 

CONVERTER 

SERIALI/O 
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SERIALI/O 
(CH.l) 
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~)P71 
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... 8-8ITTlMER 
(TIMER I) 
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XDE 
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I f ~ I 

.r-
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Xl 
X2 
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- ... 
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(NMI/R/W) P34 
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TIMER 

(WDroITf/PG 13) 

~~. 
-~l 
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WR 
RD 

... ~ AD15-ADBlA15-A8 

B· ~P ( 20-P27 
A16-A23) 
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CS/WAIT 
CONTROllE 

(4-BlOCK) 

I--P 30 (HWRrr05) 
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32(BUSRQ) 
33(BU5Al<) 
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Block Diagram 

Figure 1. TMP96C031 F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 
Rgure 2.1 shows pin assignment of TMP96C031 N. 

VREF 
(ANDnNTO)P50 
(ANlnNT1)P51 
(AN2nNT2)P52 
(AN3nNT3)P53 

(PGOOlTxDO)P60 
(PGOllRxDO)P61 7 
(PG02/CT5O)P62 8 
(PG03iRFSH)P63 9 

(PG10)P64 
(PG11)P65 

(PGl21INT6)P66 
(PG 13MiD'i'Oii'f')P67 

REID 
(A16)P20 15 
(A17)P21 16 
(A18)P22 17 
(A19)P23 18 
(A20)P24 19 
(A21)P25 20 
(A22)P26 21 
(A23)P27 22 

ADO 23 
ADI 24 
AD2 
AD3 
A04 
AD5 
AD6 
AD7 
ALE 
VSS 

64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 

43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 

vee 
P43(ID1i:AS) 
P42(m) 
P41(ffi) 
P4O(Gij) 
P35(l1)W1NT7) 
P34(iIIW/NMl) 
P330i\EAK) 
P32(1lK1iO) 
P31(T10IWAif) 
P30(TD5IRWJi) 
P76(SClKl) 
P75(RxDl) 
P74(TxDl) 
P73(1NTSlTI5) 
P72(INT4IT14) 
P71(T0311:i1iilUX) 
P70(T01IT04) 
Wii 
JiIj 

elK 
AD15(A15) 
AD14(A14) 
AD13(A13) 
AD12(A12) 
ADll(Alll 
AD10(Al0) 
AD9(A9) 
AD8(A8) 
AM8/"j"g 
X2 
Xl 

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

Figure 2.1 (2) shows pin assignment of TMP96C031 F. 

(RlWllrMi) P34 

(RMlINT7) P3S 
(i:sli)P40 

(ffi)P41 

(i:S2)P42 

(CS3JCAS) P43 

vee 
VREF 

IANOIINTO) PSO 

(ANIfINT1) PS1 

(AN2IINT2) P52 

(AN1/INT3) PS3 

(PGOO/TkDOI P60 

Figure 2.1 (2). Pin Assignment (64QFP) 

A010CAIO) 

A09(A9) 

AD8(AB) 

AM8/~ 

X2 
XI 

V55 

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

Table 2.2. Pin Names and Functions 

Pin Name Number I/O Functions of Pins 

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

AD8 - AD15 
8 

Tri-state Address data (upper): 8 -15 for address/data bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20 - P27 I/O Port 2: I/O port that allows selection of I/O on a bit basis (with pull-down resistor) 
AO - A7 8 Output Address: 0 - 7 for address bus 
A16 - A23 Output Address: 16 - 23 for address bus 

P30 I/O Port 30: Output port (with pull-up register) 
T05 1 Output Timer output 5: Timer 4 output pin 
HWR Output High write: Strobe signal for writing data on pins ADS -15 

P31 I/O Port 31: Output port (with pull-up register) 
TIO 1 Output Timer output 0: Timer 0 input 
WAIT Output Write: Pin used to request CPU bus wait 

P32 I/O 
Port 32: I/O port (with pull-up register) 

BUSRO 
1 Input Bus request: Signal used to request high impedance for ADO -15, AO - 23, RD, WR, HWR, RM, RAS, CSO, 

CS1, and CS2 pins. (For external DMAC) 

P33 I/O 
Port 33: I/O port (with pull-up register) 

BUSAK 
1 Input 

Bus acknowledge: Strobe indicating that ADO -15, AO - 23, RD, WR, HWR, RM, RAS, CSO, CS1, and CS2 
pins are at high impedance after receiving BUSRO. 

P34 I/O Port 34: I/O (with pull-up register) 
Rm 1 Output Read/write: 1 represents read or dummy cycle 0, write cycle. 
NMI Input Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising 

edge by program. 

P35 I/O Port 35: I/O (with pull-up register) 
RAS 1 Output Row address strobe: Outputs RAS strobe for DRAM. 
INT? Input Interrupt request pin 7: Interrupt request pin with rising edge. 

P40 1 Output Port 40: I/O port 
CSO Output Chip select 0: Outputs 0 when address is within specified address area. 

P41 
1 

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

P42 1 Output Port 42: Output port 
CS2 Output Chip select 2: Outputs 0 if address is within specified address area. 

P43 Output Port 43: Output port 
CS3 1 Output Chip select 3: Outputs 0 if address is within specified address area. 
CAS Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 

PSO - P53 Input Port 50 - 53: Input port 
ANO - AN3 Input Analog input: Input to NO converter 
INTl -INT3 4 Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge. 

Interrupt request pin 1: Interrupt request pin with programmable rising/failing edge. 
Interrupt request pin 2 - 3: Interrupt request pin with rising edge. 

P60 I/O Port 60: I/O port 
TxDO 1 Output Serial send data 0 
PGOO Output Pattern generator port 00 

P61 I/O Port 61: I/O port 
RxDO 1 Output Serial receive data 0 
PGOl Output Pattern generator port 01 

Note: The internal I/O of this device cannot be accessed using the external DMA controller. 
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Pin Name Number 
I/O Functions 01 Pins 

P62 I/O Port 62: I/O port 
CTSO 1 Output Serial data send enable 0 (Clear to Send) 
PG02 Output Pattern generator port 02 

P63 I/O Port 63: I/O port 
RFSH 1 Output Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle. 
PG03 Output Pattern generator port 03 

P64 1 I/O Port 64: I/O port 
PG10 Output Pattern generator port 10 

P6S 1 I/O Port 65: I/O port 
PG11 Output Pattern generator port 11 

P66 I/O Port 66: I/O port 
INT6 1 Input Interrupt request pin 6: Interrupt request pin with rising edge. 
PG12 Output Pattern generator port 12 

P67 I/O Port 71: I/O port 
WDTOUT 1 Output Watchdog timer output pin 
PG13 Output Pattern generator port 13 

P70 I/O Port 70: I/O port 
T01 1 Output Timer output 1: Timer a or 1 output pin 
T04 Output Timer output 4: Timer 4 output pin 

P71 I/O Port 71: I/O port 
T03 1 Output Timer output 3: Timer 2 or Timer 3 output pin 
DMUX Output DRAM address multiplexor: This pin outputs row address, column address, and selector select signal. 

P72 I/O Port 72: I/O port 
INT4 1 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge. 
TI4 Input Timer input 4: Timer 4 counVcapture trigger signal input 

P73 I/O Port 73: I/O port 
INT5 1 Input Interrupt request pin 5: Interrupt request pin with programmable rising edge. 
TIS Input Timer input 5: Timer 4 counVcapture trigger signal input 

P74 1 I/O Port 74: I/O port 
TxD1 Output Serial send data 1 

P7S 1 I/O Port 75: I/O port 
RxD1 Input Serial receive data 1 

P76 1 I/O Port 76: I/O port 
SClK1 I/O Serial clock I/O 1 

ClK 1 Output Clock output: Outputs 1J<1+ 4 Jclock. 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 ADO - 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 external8-bit bus. 

RESET 1 Input Reset: Initial izes 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 (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 
This section describes in blocks the functions and basic opera­
tions of the TMP96C031 F device. 

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

3.1 CPU 
The TMP96C031 F 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 
TMP96C031 F that are not described in the previous section. 

3.1.1 Reset 
To reset the TMP96C031 F, the RESET input must be kept at 0 
for at least 10 system clocks (10 states: 1!JS 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 8OOOH. 
• 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 O. (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 SOOOH. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in II0s, 
ports, and other pins is as follows: 

• Initializes built-in 1/0 registers as per specifications. 
• Sets port pins (including pins also used as built-in I/0s) to 

general-purpose inpuVoutput port mode (sets 1/0 ports to 
input ports). 

,..,.,;,=~ 
• Sets the WDTOUT pin to O. (Watchdog timer is set to enable 

after reset.) 
• Pulls up the ClK pin to 1 . 
• Sets the ALE pin to O. 

3.1.2 External Data Bus Width Selection Pin (AM8/16) 
The TMP96C031 F automatically operates in S-bit bus/16-bit 
bus mode after reset depending on how the AMS/16 pin is set. 

The TMP96C031 F 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 ADS to 15/ AS to 15 pins are 
fixed to functions ADS to 15. 
The external data bus width is set by the chip selecVwait 
control register described in section 3.6.1. 

• For fixed external 8-bit data bus 

Set this pin to "1". Then the ADS to 15/AS to 15 pins are 
fixed to functions AS to 15. 

The value of chip select/wait control register bit 4 
«BOBUS>, <B1 BUS>, <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 TMP96C031 F. 

OOOOOOH 

000080H 

000100H 

008000H 

010000H 

64K-Byte area 
Inn) 

16M-Byte area 
IR) 
I-R) 
IR+) 
IR+RBlI6) 
IR+dBlI6) 
Innn) 

FFFFFFH '-_______ ....J __________ 1'--_ 
I Wi/if! = Intemal area) 

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to 1 DOH. 

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. 

• Interrupts from the CPU"'3 

TMP96C031 F have altogether the following 24 interrupt 
sources: 

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

• Interrupts from extemal pins (NMI, INTO, and INTO 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 11 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 nurnliFF <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 01 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 
01 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 J!OMA pro­
cessing mode. High-speed IJOMA 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 vas at high 
speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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General·purpose 

interrupt processing 

TLCS-900 16-bit Microcontroller 

PUSH PC 
PUSH SR 
SR<IFF2-0> ..... Accepted 

inte"uput 
level +1 

RETI Instruction 

( POP SR) 
POP PC 

Figure 3.3 (1). Interrupt Processing Flowchart 

pDMA 
processing 

Note1: In r •• d·only mode. 
alw.ys branch., to NO 
without conditional 
branch. 
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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. 

Bus Width of Stack Area 
Interrupt Processing State Number 

MAX mode Min mode 

8-bit 23 19 

16-bil 17 15 

To return to the main routine after completion of the inter­
rupt processing, the RETl 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 OOSOOOH to 0081FFH (512 bytes) of the 
TLCS-9OO are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C031F Interrupt Table 

Default Priority Type Vector Value High·Speed 
Interrupt Source 

"V" Start Address Micro DMA 
Start to Vector 

1 Reset , or SWIO instruction o 0 0 0 H 8 0 0 0 H -

2 INTPREV: Privi leged violation, or SWI1 a a 1 0 H 8 0 1 a H -

3 INTUNOEF: Illegal instruction, or SWI2 a 0 2 a H 8 0 2 a H -

4 SWI 3 Instruction o 0 3 0 H 8 0 3 0 H -

5 Non- SWI 4 Instruction o 0 4 0 H 8 0 4 a H -
6 Maskable SWI 5 Instruction o 0 5 0 H 8 a 5 0 H -

7 SWI 6 Instruction o 0 6 0 H 8 0 60 H -
8 SWI 7 Instruction a a 7 a H 8 0 7 0 H -

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

10 INTWO: Watchdog timer o a 9 0 H 8 0 9 0 H 09H 

11 INTO pin o 0 A 0 H 8 0 A 0 H OAH 

12 INT4 pin o aBO H 8 0 BaH aBH 

13 INT5 pin o 0 C 0 H 8 0 C 0 H OCH 

14 INT6 pin o a 0 a H 8 0 0 0 H OOH 

15 INT? pin o 0 E a H 8 0 E 0 H OEH 

- (Reserved) o 0 F a H 8 0 F a H OFH 

16 INDO: 8-bit timer 0 a 1 0 0 H 8 1 0 0 H 10H 

17 INTI1: 8-bittimer 1 a 1 1 a H 8 1 1 0 H 11H 

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

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

20 INDR4: 16-bit timer 4 (TREG4) a 1 4 0 H 8140 H 14H 
Maskable 

21 INDR5: 16-bit timer 4 (TREG5) a 1 5 a H 8 1 5 0 H 15H 

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

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

24 INTRXO: Serial receive (ChanneI.O) o 1 8 0 H 8 1 8 0 H 18H 

25 INTTXa: Serial send (ChanneI.O) o 1 9 0 H 8 1 9 0 H 19H 

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

27 INTTX1: Serial send (Channel.1) o 1 BaH 8 1 BaH 1BH 

28 INTAO: NO conversion completion a 1 C 0 H 8 1 C 0 H 1CH 

29 INTi pin o 1 0 0 H 8 1 0 a H 1DH 

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

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

3.3.2 High-Speed I!DMA 
In addition to the conventional interrupt processing, the TLCS-
900 also has a high-speed I!DMA function. When an interrupt 
is accepted, in addition to an interrupt vector, the CPU receives 
data indicating whether processing is high-speed ~MA mode 
or general-purpose interrupt. If high-speed I!DMA mode is 
requested, the CPU performs high-speed I!DMA processing. 

The TLCS-900 can process at very high speed com­
pared with the TLCS-90 I!OMA 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 LOC (privileged) instruction. 
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(1) High-Speed ~DMA Operation 
High-speed ~DMA operation starts when the accepted inter­
rupt vector value matches the ~DMA start vector value set in 
the interrupt controller. The high-speed ~DMA has four chan­
nels so that it can be set for up to four types of interrupt 
source. 

When a high-speed ~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 ~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 ~DMA. Also in normal mode operation, the 
all address space (in other words, the space for system mode 
which is set by the CSIWAIT controller) can be accessed by 
high-speed ~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 
OOOOH) can be performed for one interrupt source by high­
speed ~DMA processing. 

After transferring data using the high-speed ~MA 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 ~MA 
cycle when the transfer destination address is in INC mode. 
(MIN mode, 16-bit bus for all address areas, ° wait). 

Interrupt sources processed by high-speed ~MA pro­
cessing are those with the high-speed ~DMA start vectors 
listed in Table 3.3 (1). 

~I ~ (Note3) (Note3) (Note3) 

OMl OM2 OM3 OM4 OMS OM6 OM7 OMS 

Xl 

ALE 

AOO-1S 

A 16-23 t::~$~::~:::g~~~::~~~~f~~~l~~~=~~~~t:~~~~::t::~*~=~J::~~~I:~~:~~~~~5 
REi I 

VVR.HWR r----t----~----r_---+--~4====-~~ 

Xl 

ALE 

ADO-15 

A 16-23 K::~l~~:~::~~~~::~~~~f~~~l~~~~~~~~t:~~~~::t::~~~=~~~:~~~I=;l::~*~~: 
RO I 

WR. HWR 1----+----+----+----+-----"=1===-1----. 

Xl 

ALE 

AOO-1S 1--C~~-1r=~~~~~~~==~~~~~~~~~~~~~ 
A16-23~ r===¥====f====f====~==~~==~;;~==~~--~b:~~2-~ 

RO 
WR. HWR f---I----i----. 

High-speed pOMA cycle (COUNT = 0) 

Note 1: If an 8-bit bus is used for the source address area, two states are 
added. 

Note 3: A dummy cycle may be generated depending on the instruction 
queue buffer states. 

Note 2: If an 8·bit bus is used for the destination address area, two states 
are added. 

Note 4: If an 8-bit bus is used for the stack area, two states are added. 
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(2) Register Configuration (CPU Control Register) 

MCU900-2S4 

ChannelO 

1--------------1 Transfer source address register 0 Juse only lower 24-bit.) 
L.. _____ -,-______ -I Transfer destination address register 0 

Transfer counter register 0 

Transfer mode register 0 

Channell 

I DMASI Transfer source address register 1 

I DMADI Transfer destination address register 1 

I DMACI Transfer counter register 1 

~ Transfer mode register 1 

Channel2 

I DMAS2 Transfer source address register 2 

I DMAD2 Transfer destination address register 2 

I DMAC2 Transfer counter register 2 

~ Transfer mode register 2 

Channel3 

I DMAS3 Transfer source addiess register 3 

11------D-M-A-D-3------I Transfer destination address register 3 

1L-__ D_M,Ar C_3 __ -I Transfer counter register 3 

~ Transfer mode register 3 

I l-S·bit .... 

_16-bit_ 

i------32-bit-----i 

Only the LDCcr.r instruction can set data in those control registers. 

(1-65536) 
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(3) Transfer Mode Register Details 

(OMAMO-3) 

10 0 0 0 Mode 
I 

TLCS-900 16-bit Microcontroller 

Note: When specifying values for this 
register, set the upper 4-bit to O. 

r Z· 0 byte transfer 1 word transfer 
execution time (Min. 20MHz) 

= E 

0 0 0 Z Transfer destination address INC mode . for I/O to memory 
(OMAOn + ) ..... (OMASn) 
OMACn ..... OMACn - 1 
if OMACn = 0 then INT. 

0 0 1 Z Transfer destination address OEC mode ...... for I/O to memory 
(OMAOn - ) ..... (OMASn) 
OMACn ..... OMACn - 1 
if OMACn = 0 then INT. 

0 1 0 Z Transfer source address INC mode . for I/O to memory 
(OMAOn) ..... (OMASn + ) 
OMACn ..... OMACn - 1 
ifOMACn =Othen INT. 

0 1 1 Z Transfer source address DEC mode . for I/O to memory 
(OMAOn) ..... (OMASn - ) 
OMACn ..... OMACn - 1 
if OMACn = 0 then INT. 

1 0 0 Z Fixed address mode ........ . .. . .. .... . ........ . I/O to I/O 
(OMAOn) ..... (OMASn) 
OMACn ..... OMACn - 1 
if OMACn = 0 then INT. 

1 0 1 1 Counter mode .. for interrupt counter 
OMASn ..... OMASn + 1 
OMACn ..... OMACn - 1 
if OMACn = 0 then INT. 

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

Note: n: corresponds to high-speed JillMA channels 0 - 3. 
DMADn +IDMASn + : 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 lillMA. Do not use undefined codes 

for transfer mode control. 

• 16 states 

(2pS@16MHz) 

16 states 

(2"s @16MHz) 

16 states 

(2"s@16MHz) 

16 states 

(2,,5 @16MHz) 

16 states 

(21'5 @16MHz) 

11 states 

(1.375"s@16MHz) 

(1 states = lOOns) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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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 OMA 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 INTO interrupt request, set the 
register after the 01 instruction as follows. 

INTEOAOt----- 0 --- Zero-clears the INTO Rip Rop. 

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., INTEOAO, 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-

abies 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 RET! 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 J1DMA start vector. These are I/O 
registers; unlike other OMA registers (DMAS, OMAD, OMAM, 
and OMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
J1DMA processing {see Table 3.3 (1 )), enables the correspond­
ing interrupt to be processed by J1DMA processing. The values 
must be set in the J1DMA parameter registers (e.g., OMAS and 
OMAD) prior to the JlOMA processing. 
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Interrupl controller 

v= 

TMP96C031 NIF 

CPU 

l(~'" y -.-. 
,-----' 

~HALTret.._ 
v= 

• V=lBOH 

J RE~ 
INTO 

• 

Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 

MCU900-258 

Svmbal Add, ... 

INTEOI 0070H 

INTE23 0071H 

INTE4S 0072H 

INTE67 0073H 

INTETIO 0074H 

INTET32 0075H 

INTETS4 0076H 

INTESO 0077H 

INTESI 0078H 

INTEAD 0079H 

L IxxM2 luM1 

(Read-modify-write prohibited.) 

6 S 4 , 2 1 0 

INTI INTO 
11C 11M2 IIMI liMO 10C 10M2 10MI IOMO 
rvw W rvw W 

0 0 0 0 
INTl INT2 

13C 13M2 13Ml 13MO 12C 12M2 12Ml 12MO 
rvw W rvw w 

0 0 0 0 
INTS INT4 

ISC 15M2 ISMI ISMO 14C 14M2 14Ml 14M0 
rvw W rvw w 

0 0 0 0 
INT7 INT6 

17C 17M2 17Ml 17MO 16C 16M2 16Ml 16MO 
rvw W RIW W 

0 0 0 0 
INTI1 Timer 1 INTTO Timer 0 

IT1C , ITIM2 IT1Ml ITiMO ITOC ,ITOM2 ITOMI ,ITOMO 

rvw W rvw w 
0 0 0 

INTH Timer 3 INTT2 Timer 2 
IT1C iT3M2 ITlMI ,ITlMO IT2C ,1T2M2 IT2Ml IT2MO 

rvw W RIW W 
0 0 0 a 

INTTRS TREG5 INTTR4 TREG4 
ITSC IT5M2 IT5Ml ITSMO IT4C IT4M2 ,174Ml IT4MO 

rvw W RIW W 
0 0 0 

INTTXO INTRXO 
ITXOC ' ITXOM2 ' ITXOMI ' ITXOMO IRXOC IRXOM2 : IRXOMI : IRXOMO 
rvw W rvw w 

0 0 
INTTXl INTRXI 

ITX1C 'ITX1M2 , ITX1MI 'ITX1MO IRX1C 'IRX1M2 'IRX1MI : IRX1MO 
rvw w rvw w 

0 0 0 

INTAD 
IADC : IADM2 : IADMI ,IADMO --- -- --- ---rvw W 

0 

IxxMO Function (Write) 

Prohibits interrupt request. 
Sets interrupt request level to "1-. 
Sets interrupt request level to "2-. 
Sets interrupt request level to "3". 
Sets interrupt request level to "4". 
Sets interrupt request level to "5·. 
Sets interrupt request level to "6·. 
Prohibits interrupt request. 

~~_'~"~C~_4-______ ~Fu~n~ct~;o~n~(_R.~.~d)~ ____ ~I _______ F~u_n_ct~io_n~~ __ ';_t.~)~ _____ il 
Indicates no interrupt request. I Clears interrupt request flag. ..1 
Indicates interrupt request. I -----Don't (are - - - _. J 
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Hnterrupt source 
_,Symbol 

t-RladlWrite 
f-After reset 



------------

TLCS-900 16-bit Microcontroller TMP96C031 N/F 

(2) External Interrupt Control 

Interrupt 

NMI 

INTO 

INT1 

INT2 

INT3 

INT4 

INT5 

INT6 

INT7 

IIMeo 
(007AH) 

---bit Symbol 

ReadlWrite 

After reset 

Function 

Read·mod 
prohibite 

ify-writeis 
d_ 

Interrupt Input Mode Control Register 0 

7 6 5 4 3 2 1 0 

141E 131E 121E IIiE 11EM IDlE IDLE NMIREE 

W 

0 0 , 0 0 0 0 0 0 

1: INT4 
. 

: l' INTl . 1: INn 1'INT2 ~ 0: INTt - 1: INTO ' 0: INTO : l:Canbe 
Input :Input ~lnput ~Input ~rjsing Input ~edge j operated 
enable ;enabJe jenable ~enable :edge :enable ;mode :inNMi 

'I: INTO ' 1:INTI ~ rising 
:faJling :level 

~ edge. 
~edge ~mode 

I J 
L...... NMI rising edge enable 

L- INTn Input enable 0 Interrupt request generation at 

I 0 IINTn Input disable I falling edge 

I 1 IINTn Input enable I 1 Interrupt request generation at 
risinglfalling edge 

Note: Th 
Ev 
"0 

e INTO pin can also be used for standby release us described lal(~r. ~ INTO level enable 
en if the pin is not used for standby release, setting < IOIE > to I 0 Rising edge detect interrupt 
"maintains the port. function during standby mode. 

IIMCl 
(007BH) 

---bit Symbol 

ReadlWrite 

After reset 

Function 

ify-writeis Read·mod 
prohibite d 

Pin Name 

P34 

P50 

P51 

P52 

P53 

P72 

P73 

P66 

P35 

1 High le"el interrupt 

INn level enable 

0 Rising edge detect interrupt 

1 Falling edge detect interrupt 

Interrupt Input Mode Control Register 1 

7 6 5 4 3 2 1 0 

171E 161E 151E 

, , W 

• 
0 0 0 

1: INT7 • 1: INT6 : 1: INT5 

Input !Input jlnput 
enable !enable jenable 

I 
L- INTn Input enable 

I 0 IINTn Input disable 

I 1 IINTn Input enable 

Setting of External Interrupt Pin Functions 

Mode Seiling Method 

'- Falling edge IIMC <NMIREE> = 0 
-~ Rising and falling edge IIMC <NMIREE> = 1 

J Rising edge IIMC <IDLE> = 0, <IDlE> = 1 

J--c Level IIMC dOLE> = 1, dOlE> = 1 

J Rising edge IIMC <11EM> =0 

'- Falling edge IIMC d1 EM> = 1 

J Rising edge IIMC <12EM> = 1 

J Rising edge IIMC d3EM> = 1 

J Rising edge T4MOD <CAP12M1, 0:>=0, 0 orO, 1 or 1,1 

'- Falling edge T4MOD <CAP12M1, 0:> = 1,0 

J Rising edge -

J Rising edge IIMC d6111:> = 1 

J Rising edge IIMC d711E> = 1 
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I 

I 

I 

MCU900-259 



TMP96C031 N/F TLCS-900 16-bit Microcontroller 

(3) High-Speed IlDMA Start Vector mode for the channel whose value matched. 
When the CPU reads the interrupt vector after accepting an 
interrupt, it simultaneously compares the interrupt vector with 
each channel's flDMA start vector (bits 4 to 8 of the interrupt 
vector). When both match, the interrupt is processed in J.!OMA 

If the interrupt vector matches more than one channel, 
the channel with the lower channel number has a higher prior­
ity. 

(4) Notes 

pDMAO Start Vector (read modify-write is not possible.) 

DMAOV' bit Symbol -...........;-........... 

(007CH) R.adIW,it. 

-.............. DMAOV8' DMAOV1 DMAOV6; DMAOVS ; DMAOV4 

W 

After reset 

Function When b,t,4 t08 allhe interrupt 'lector match bluO t04 of DMAOV, t'ugh·speed pDMA channel 0 IS processed. 

DMA 1V bit Symbol 

(007DH) R.ad/W,it. 

After reset 

I,DMA 1 Start Vector (read-modify-write IS not possible.) 

5 4 

~ DMA1V8: DMA1V1 : DMA1V6 • DMAIVS i DMA1V4 

W 

Fundion When blu 4 108 of the Interrupt Vettol matth b,tsOto 4 of OMAO\!, high-speed ... DMA (".nneilis processed. 

DMA2V bit Symbol 

(007EH) R.adIW,it. 

After reset 

Function 

DMA3V bit Symbol 

(007FH) R.adIW,it. 

JlDMA2 Start Vector (read-modify-write IS not possible) 

............... , ~; ~ DMA2V8; OMAN1 : DMA2V6 i OMA2VS : DMA2V4 

When bots 4 to 8 of the mterillpt vector match b.UOto 4 of DMAQV, olgnospeed,uDMAcnanneI2'I procened 

pDMA3 Start Vector (read-modify-write IS not possible) 

-...............~ DMA3V8 : OMA3V1 i DMA3V6 i DMA3VS • DMA3V4 

. w 

.. A_f_t._'_'e_'._t+. ____ .• ___ -'-. __ ~.-.-'-----'----'-'---'----f 
Function V;h~n b,t~ 4 to& 0' tht mterrupt ~e(tor match b,ts() 104 of DMAOV, hIgh-speed pDMAchannel3 IS proceued 

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 OOAOH 
and start the interrupt processing from the address 
80AOH. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the DI instruction. 
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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 

WDMOD 
(005CH) 

------Bit Symbol 

Read/Write 

After reset 

Function 

7 

WDTE 

1 

1 :WDT 
Enable 

6 5 

WDTP1 WDTPO 

0 0 

OO:216 /fc 
01 :2 18 /fc 
10: 22O/fc 
11 : 222/fc 

Detection time 

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 

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 1/0 registerWDMOD <DRVE> 
bit. 

4 ! 3 2 I 1 0 
i I 

WARM I HALTM1 HALTMO i RESCR DRVE 

R/W 

0 i 0 0 I 0 0 

Warming up Standby mode .! 1: Connects 1: Drive pin 
time 00: RUN mode watchdog even in 

o : 216 Ifc 01: STOP mode I timer STOP 
1 : 218 Ifc 10: IDLE mOde! output to mode. 

11 : Don't care RESET pin 

J internally. 

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 
INTO pin, or a reset can be used. The details are described 
below: 

Standby Release by Interrupt 

~el Interrupt Mask (IFF2to 0) Interrupt Mask (IFF2to 0) 
Standby Mode ~ Interrupt Request Level > I nlerrupt Request Level 

Can be released by any interrupt. Can only be released by INTO pin. 
RUN After standby mode is released, interrupt processing starts. Processing resumes Irom address next to HALT instruction. 

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

STOP i i 

Note 1: When releasing standby setting INTO to high level input mode. keep ~ high until interrupt processing starts. If the level drops to low, interrupt process­
ing cannot be started correctly. 
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Table 3.4 (1) Pin States in STOP Mode 

Pin Name I/O 

AOB- A015 

P20 - P27 Input mode 
Output mode/A16 - 23 

P30- P33 Input mode 
Output mode 

Input mode 
P34 (RiW/NMI) Output mode 

NMI 

Input mode 
P35 (RAS/INTl) Output mode 

RAS 

P60 - P66 
Input mode 
Output mode 

Input mode 
P67 (P13/WOTOUT) Output mode 

WOTOUT 

P70 - P76 
Input mode 
Output mode 

Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
_ Input enable state 

Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 
Output: Output state 

DRVE.O 

PO" 
PO" 

PO" 
PO" 

PU" 
PU" 

PU" 
PU" 

Output 

PU" 
Output 

Input 

Output 

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. 

DRVE .1 

PO 
Output 

PO 
Output 

PU 
Output 

PU 
Output 
Output 

Output 
Output 

Input 
Input 

Input 
Output 

Input 
Output 
Output 

Input 
Output 

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., r01) 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. 
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3.5 Port Functions 
The inpuVoutput ports of the TMP96C031 F consist of a total 
of 37 bits. 

In addition to general purpose inpuVoutput port func-

tions, these port pins also function as inpuVoutputs for internal 
CPU and built-in I/O. Table 3.5 (1) shows the function of each 
port pin. 

(R: l' = With programmable pull-up resistor 
Table 3.5 (1) Port Function J. = With programmable pull-down resistor) 

Port Name Pin Name Number of Direction Pins 

Porl2 P20 10 P27 8 InpuVOulput 

Porl3 P30 1 InpuVOutput 
P3l 1 InpuVOutput 
P32 1 InpuVOutput 
P33 1 InpuVOutput 
P34 1 InpuVOutput 
P35 1 InpuVOutput 

Porl4 P40 1 Output 
P4l 1 Output 
P42 1 Output 
P43 1 Output 

Port5 P50to P53 4 Input 

.Port6 P60 1 InpuVOutput 
P61 1 InpuVOutput 
P62 1 InpuVOutput 
P63 1 InpuVOutput 
P64 1 InpuVOutput 
P65 1 InpuVOutput 
P66 1 InpuVOutput 
P67 1 InpuVOutput 

Port7 P70 1 InpuVOutput 
P7l 1 InpuVOutput 
P72 1 InpuVOutput 
P73 1 InpuVOutput 
P74 1 InpuVOutput 
P75 1 InpuVOutput 
P76 1 InpuVOutput 

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. 

R 

J, 

l' 
l' 
l' 
l' 
l' 
l' 
l' 
l' 
l' 
l' 
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-

Direction Seiling Unit Pin Name lor Buill-In Function 

Bit AD to A7/ A16 to A23 

Bit T05/HWR 
Bit TIO/WAIT 
Bit BUSRQ 
Bit BUSAK 
Bit RfFiIRAS 
Bit RASlINT7 

(Fixed) CSO 
(Fixed) CSl 
(Fixed) CS2 
(Fixed) CS3/CAS 

(Fixed) ANO-AN3 

Bit PGOO/TxDO 
Bit PG01/RxDO 
Bit PG02/CTSO 
Bit PG03/RSFH 
Bit PG10 
Bit PGll 
Bit PGl2/INT6 
Bit PGl3/WDTOUT 

Bit TOl/T04 
Bit T02/DMUX 
Bit INT4/T14 
Bit INT5/T15 
Bit TxDl 
Bit RxDl 
Bit SCLKl 

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 

Programmable Seiling 
Pull·up/down Output latch 

Output data ON/OFF Normal Standby (STOP) mode 

PORT2 (VO) Pull-down 
0 ON Setting enabled only in Setting enabled in inpuV 
1 OFF input mode output mode 

PORT3 (VO) Pull-up 
0 ON 

l' 
1 OFF 

l' 

PORT4 (Output) Pull-up 
0 ON Setting enabled only in 
1 OFF 

Setting disabled 
output mode 
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TMP96C031 N/F TLCS-900 16-bit Microcontroller 

3.5.2 Bus Release Function used to stabilize bus control signal at bus release. 
The pull-up/down function explained in section 3.5.1 is also Table 3.5 (2) shows pin states at bus release (BUSAK = 0). 

Pin state at bus release 
Pin Name 

Port mode Function mode 

ADO - AD15 
ADO - AD? - Becomes high impedance. 
(AB - A15) 

P20 - P27 No status change. First sets all bits to low. then sets output buffer to off. 

(A16 - 23) (Does not become high impedance.) 
Internal pull-down is added regardless to output latch 
value. 

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

-

P30(HWR) No status change. First sets all bits to high, then sets output buffer to off. 

P34 (Rfii) (Does not become high impedance.) 
Internal pull-down is added regardless to output latch 
value. 

P40 (CSO) First sets all bits to high, then sets output buffer to off. 
P41 (CS1) No status change. 
P42 (CS2) (Does not become high impedance.) 

Internal pull-down is added regardless to output latch 

P43 (CS3) 
value. 

P71 (DMUX) No status change. First sets all bits to high, then sets them to high impedance. 
P63 (RFSH) (Does not become high impedance.) 

P35 (RAS) No status change. No status change. 
P43 (CAS) (Does not become high impedance.) (Does not become high impedance.) 

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. 

Vee 
TMP96C031F 

POO-P07 
(ADO-7) 

AD bus 

P10·P17 
(ADS-1S) 

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

Vee 

P30(Bm } 

} 
P31 (Y'!BL 
P63 (RFSH) 
P71 (DMUX 

System control 

(Internal pull 
down) 

Figure 3.5 {1}. External bus interface example when bus release function is in use 
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TLCS-900 16-bit Microcontroller TMP96C031 NIF 

3.5.3 Port 2 (P20 - P27) input mode and connects a pull-down resistor. 
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 O. It also sets Port 2 to 

Reset 

" .Sl 

.. 

.. .., 

.. 
c 

.. 
c P2write 

In addition to functioning as a general-purpose I/O port, 
Port 2 also functions as an address bus (A 16 to 23). 

P2 read 

Port 2 
P20-P27 
(A16-A23) 

Figure 3.5 (2). Port 2 
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TMP96C031 N/F 

MCU900-266 

P2 
(0006H) 

P2CR 
(0008H ) 

P2FC 
(0009H) 

TLCS-900 16-bit Microcontroller 

Port 2 Register 

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

btt Symbol P27 P26 P25 P24 P23 P22 P21 

ReadlWrite R/W 

After reset Input mode (Output latch register is cleared to HO~.) 

Port 2 Control Register 

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

bit Symbol P27C P26C P25C P24C P23C P22C P21C 

ReadlWrite W 

After reset 0 0 0 0 0 0 0 

Function < < Pair P2CR with P2FC. See P2fC below.> > 

Port 2 Function Register 

~ 7 6 5 4 3 2 1 

bit Symbol P27F P26F P25F P24F P23F P22F P21F 

ReadlWrite W 

After reset 0 0 0 0 0 0 0 

Function P2FClP2CR. 00 : IN,Ol:0UT,10: -,l':A23-'6 

Note: When using as an address bus, set 
P2CR first, then P2FC 

L Port 2 function setting 

~ 
Read-modify-wnte is 
prohibited for registers 
P2CR and P2FC. 

P2CR 
<P2XC> 

0 

1 

0 

Input 

Output 

0 

P20 

0 

P20C 

0 

0 

P20F 

0 

1 

-
address bus 

(A23-16) 

Note: <P2XF> is bit X in register P2FCj <P2XC>; In reglsterP2CR. 

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. 

::> 

.. 

.. 
C 

Q/ 

C 

Reset 

Write Selecror 

'--_ J'--+---4--I-- P3 Read 

T05 

HWR 

Figure 3.5 (4). Port 3 (P30) 

P-ch ( Programmable ) 
Pull-up 

P30 (TOSlHWR) 
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MCU900-268 

TLCS-900 16-bit Microcontroller 

Reset 

Internal 
WAIT +-----------------------~ 

TIO 

Reset 

Internal 
BUSRQ ~----------------------~ 

Figure 3.5 (5). Port 3 (P31, P32) 

P31 (WAITfTlO) 

P32 (BUSRQ) 
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" D 

.. 

.. 
c: 

.. 
c: 

TLCS-900 16-bit Microcontroller 

Internal 
BUSAK 

Reset 

INT7 
Interrupt 

Selector 

P3Read 

IIMC<17IE> 

Figure 3.5 (6). Port 3 (P33, P35) 

P33 (BUSAK) 

P-ch (programmable ) 
pull-up 

P3 S(RASJI NT7) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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(1) P34/NMI/RJW 
Port 34 is a general-purpose ..![Qport, shared with non­
maskable interrupt input pin (NMI). The NMI pin is selected by 
the control register P3CRH <P34C1 ,P34CO>. By setting 
<P34C1 ,P34CO> = <0,0>, it tums to the NMI input pin. Since 

Reset 

the NMI pin is specified only once, the NMI pin cannot be 
switched to the general-purpose port. The <P34C1 ,P34CO> 
should be initialized to "0" by resetting in order to switch to the 
general-purpose 1/0 port mode. Port3 register (P34) is set to 
be "1" when the pull-up resistor is attached. 

P34(NfiiIl/RiW) 

I~-------<}--H~Y A~~------~ 

MCU900-270 

NMI 
Interrupt 

Figure 3.5 (S). Port 3 (P33, P34) 
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TLCS-900 16-bit Microcontroller 

Port 3 Register 

P3 bit Symbol __ : ~ P3S P34 P33 P32 P31 P30 
(0007H)~R~e-ad~NV~r~ite-r--~~~--~~~~--~~~~--~--RNV~~~-i--::~~~~~ 

After reset 

Function 

-----bit Symbol P3CRL 
(OOOAH ) ReadlWrite 

P3CRH 
(OOOBH ) 

After reset 

Function 

-----bit Symbol 

ReadJWrite 

After reset 

7 6 

P33Cl P33C0 

W 

0 0 

00: PORT input 

01: PORT output 

10: BUSAK 

11:-

7 6 

RDEN --W 

0 

Input mode (Pulled~up) 

Port 3 Control Register L 

S 4 3 2 

, P32Cl P32CO P31Cl P31CO 

W W 

0 0 0 0 

~ 00: PORT input i 00: PORT input 
~ 01: PORT output 01: PORT output 

: 10: BUSRQ 10:-

: 11:- 11:-

: 
Port 3 Control Register H 

S 4 3 
, 

2 , 
............. ' =-------- P3SCI P3SCO 

W 

0 0 

1: pseudo i : , ! 00: PORT input 
Function SRAM 01: PORT output 

odify-write is Read-m 
prohibi ted for re isters 
P3CR and P3FC. 

EN 

I 
10: RAS 

: 11: -

L--RO function setting 

RD output only when externally accessed 

1 Always RD output (for pseudo SRAM) 

Setting P3CRH<RDEN> to 1 outputs RD strobe (for 
pseudo static RAM) even when accessing the internal 
address area. Resetting to 0 outputs RO strobe only 
when the external area is accessed. 

Figure 3.5 (8). Port 3 Registers 

I 0 

P30Cl P30CO 

W , , 0 0 i 00: PORT input 
01: PORT output 

10: TOS 

11: HWR 

: 

1 0 

P34Cl P34CO 

W 

0 0 

i 00: PORT input 
01: PORT output 

110:N~ 
11: R/W 

TMP96C031 N/F 

Note: There is no porVfunction switch register for pin P31 (TIO/wAI1). For example, if pin P31 is used as an input port, data are input to 8-b~ timer O. If pin 
P31 is used as the WAIT pin, set P3CRL <P31 C1 ,0) > to 00, and bits 3 and 2 <BXW1 ,0> in the chip selecVwa~ control register to 10. 
If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH <P35C1 ,0) to 00 and <171 E> 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 CSO - CS3 outputs and column address strobe 
CAS (CS3 only) output. To select the function to be used, use 

" .0 

.. 

.. 

Reset 

P4FCWrite 

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 O. P40, P41, and P43 are set to out­
put ports for outputting 1; P42 to output port for outputting o. 

P40 (CSli) 
P41 (CST) 
P43 (C53/CAS) 

Figure 3.5 (9). Port 4 (P40, P41, P43) 
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" .c 

'" 
'" 

'" c 

Reset 

TLCS-900 16-bit Microcontroller 

• P4F(Write 
'-----, 

R 
Output 

latch >------{I P42 «(52) 

P4..trite 

P4 Read 

Figure 3.5 (10). Port 4 (P42) 

P4 
(OOO(H ) 

-------bit Symbol 

ReadlWrite 

After reset 

Function 

7 6 

-............. -............. 

Port 4 Register 

5 4 3 

-............. ! -........... P43 

I 

Port 4 Function Register 

P4F( bi' Symbol BUS WDT : -........... -........... -...........! P43F 

(OOI0H) Read/Wri'. W 

After reset 

2 I 0 

P42 P41 P40 

RJW 

0 I I 

Output mode 

o 
P42F P41F P40F 

W 

0; BUSRQ! lo; PORT lo; PORT :0; PORT 0; PORT 

P4FC is disabled for read-modify-write. 

Function DIS ! 
I: BUSf«:l' 

EN 

!'; CS3 :.: C52 :'; CSI I: CSO 

ICAS 

'------_ Explained in section 3.12. Watchdog timer. 

P4F( is disabled for read-modify-write. 

Figure 3.5 (11). Registers for Port 4 

Note: To select the function to be used for P43. use the B3CS register for the chip select/wait controller. 
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TMP96C031 NIF TLCS-900 16-bit Microcontroller 

3.5.6 Port 5 (P50 - P53) analog inputs or external interrupts. 
Port 5 is a 4-bit input dedicated port which is also used for 

MCU900-274 

Port 5 
P50-P53 
(lNTO-INT3/ANO-AN3) 

c: 

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

Port 5 Register 

P5 bit Symbol ~'~'::=:::::-:' 
(OOODH) ReadlWrite 

............. i P53 P50 P52 P51 

Function Input mode 

Note: There is no input switch register for ANO-3/INTO-3; data are input to both. 
When port 5 is used for INTO-5. set interrupt input mode (ontrol registers 0 and 
1,IIMCO and 1 < 101E-131E>, to 1. 
When port 5 is used as the input channel for the AID converter, set the AID 
converter mode register, ADMOD. 

Figure 3.5 (12). Register for Port 5 
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3.5.7 Port S (PSO - PS7) P63: DRAM controller refresh signal pin 

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: 

P66: external interrup~est input INT6 pin 

P60 - P631P64 - P67: pattern generate PGO/PG1 output 
P60: serial channel TxDO output pin and prograrnrnable 

P67: watchdog tirner WDT output pin. Set using port 6 con­
trol registers. P6CRL and P6CRH. 

open drain function. 
P61: serial channel RxDO output pin 
P62: serial channel CTSO output pin 

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

Reset 

r- r--i 
1----+--' P6CRLJH If------_...---r--... l (Upper bit) I ;:L>-

f 

r-----+ 
f---+ ... -II P6CRLJH If-----~-I-' -I (Lower bit) I 

f 

'---l 

: f---... "I! OUtPU~I.tcJu: OO-f-+--I-+-"'---l~ 
; PGJj'" L ,~e- .:i;~:-~~-e)--t 
.: 1- ODE<ODEO> 
~ l ___ !J-
~ 

.: 
-

PGOO. PG13 

TxDO. WDTOUT. RFSH 

/1 I-------C~~--~y 

P6 Read 

Figure 3.5 (13) Port S (PSO, PS7) 
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P63 (PGOIRFSH) 

P67(PGI31WDT) 
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MCU900-276 

r-

~ 

" .0 

'" ~ 
'" "0 

-
'" c 
~ 

'" ~ 
c 
-

h... 

TLCS-900 16-bit Microcontroller 

Reset 

r----1 
1 P6CRUH 1 

-I (Upper bit) 1 r-!----i----' 
wJ.te 

1+ 
1 P6CRUH ~ -I (lower bit) 

~te 
I outP~ latch ~r;:-s'--

t Selector 
P6Write 

PG01, PG02, PG12 B 

~ 
/1 

Selector 
l' 

P6 Read ~ 
RxDO,CrSO 

INT6 

liMe <16IE> 

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

Reset 

P6Write 

PG03,PG10,PG11----.. '·l!.B-==::L~ 

Al.------+--------~ 

I_-----<~----j Selector 

P6 Read 

Figure 3.5 (15). Port 6 (P63, P64, P65) 

P61 (PGO lIRxDO) 

P62 (PG02lCTSO) 

P66 (PG 12JINT6) 

P64(PG10) 

P65 (PG11) 
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P6 
(0012H) 

P6CRl 
(0014H) 

P6CRH 
(0016H) 

TLCS-900 16-bit Microcontroller 

Port 6 Register 

---bit Symbol P67 P66 P65 P64 P63 P62 P61 P60 

ReadlWrite RIVV 

After reset Input mode 

Function 

Port 6 Control Register L 

----bit Symbol P63Cl P63C0 P62Cl P62CO P61Cl P61CO P60Cl P60CO 

ReadlWrite W W W W 

After reset 

00: PORT input 100: PORT input lOO: PORT input 100: PORT input 
Function 01: PORT output ~Ol: PORT output 101: PORT output 101: PORT output 

10: PG03 '10: PG02· 11O: PGOI :,0: PGOO 

11: RFS"H !11: - ill: - :11: TXDO 

Port 6 Function Register H 

--- 0 

bit Symbol P67Cl P66CO P66Cl P66CO P65Cl P65CO P64Cl P64CO 

ReadlWrite W W W W 

After reset 

00: PORT input 100: PORT input 100: PORT input 100: PORT input 
Function 01: PORT output lOI: PORT output ~Ol: PORT output :01: PORT output 

10: PG13 ilO:PG12 :'0: PGll '10: PGl0 

11: WOTOUT i": - :":- :11: -

Read-modify-write is prohibited for registers P6CR and P6FC. 

Note: To set the TXDO pin to open drain output, write 1 in bit O<ODEO> in the ODE register. 
There is no port/function switch register for pin P61IRXDO. If pin PS1 is used as an input port, 
data are input as serial receive data to 510. When pin P661PG12J1NT6 is used for INT6, set 
P6CRH<P66C1,0> to 00 and IIMC1 < l61E> to 1. 

Figure 3.5 (16). Registers for Port 6 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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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. 

MCU900-278 

Reset 

"1---+ .. , 
., 
., 

., 
c: 

.. 
c: 

P7Write ~02 

TOI. T03 ~ r 03 
Selector 

T04.0MUX A 
B 

1------<\---1 Selector 

P7 Read 

Figure 3.5 (17). Port 7 (P70, P71) 

TOSHIBA AMERICA ELECTRONICcCOMPONENTB, INC. 
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TLCS-900 16-bit Microcontroller 

P7Write A.I~------~---------1 

J ...... ----------<f-------! Selector 

c 

P7 Read 

TI4, TIS. RxD I 

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

Reset 

Write 

Selector /-----+--.,---+-1 >--...,---1 

TXOI ---.r- B 

P74 (Open drain 
setting enabled) 
OOE<OOEI > 

s AI.-----~I--------~ 

J-+-----------<J-------l Selector 

P7 Read 

Figure 3.5 (19). Port 7 (P74) 
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P72 (T14I1NT4) 

P73 (TI5/INT5) 

P75 (RxOl) 

P74(TXOI) 
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Reset 

r- I-i 
1 P7CRH I -, (bitS) I ~ 

t 

~ --. 
" P7CRH 
.Il 

I (bit4) .. 
~ 

f .. '--t .., 
- .1 5 ,r-.. IOUtputiatch AS-

" f ~ 
Selector P76 (SCLK1) .. P7Wnte 

~ 
SCLK OUT J~ 

" - ~ 
/I Selector 1" 

P7 Read '-----'!. 

...... SCLKIN 

Figure 3.5 (20). Port 7 (P76) 
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P7 
(0013H 

P7CRL 

) 

(OO15H) 

P7CRH 
(OO17H) 

-----bit Symbol 

ReadlWrite 

After reset 

Function 

-----bit Symbol 

ReadlWnte 

After reset 

Function 

-----bit Symbol 

ReadNl/rite 

After reset 

function 

TLCS·900 16·bit Microcontroller 

7 6 

~: P76 

, 

1 

, 

P73Cl P73CO 

W 

00: PORT input 

OL PORT output 

10: 

11: 

-- --

Port 7 Register 

5 • 3 2 

P75 P7' P73 P72 

R/W 

Input mode 

1 1 1 1 

Port 7 Control Register L 

P72Cl P72CO 

w 

~oo; PORT input 

~Ol: PORT output 

'10' 

:11:-

P71Cl P71CD 

w 

!oa; PORT input 

j01; PORT output 

'10: T03 
;11:0MUX 

Port 7 Control Register H 

j 
P76C1 P76CO P75C1 P75CO 

; W w 

:00: PORT input ioo: PORT input 

;01' PORT output ~O 1: PORT output 

;10: SClK1 '10:-

11: :11: -

Read-modify-write is prohibited for registers P7CR and P7FC. 

1 0 

P71 P70 

1 1 

P70Cl P70CO 

w 

)00; PORT input 

~Ol: PORT output 

'10: T01 

:11: TO' 

P7.C1 P7.CO 

w 

'00: PORT input 

'01: PORT output 

:10: T,I(OI 

:11: -

Note :To set the TxD1 pin to open drain output, write 1 in the 1 <ODE1 > in the ODe 
register. 
There is no port/function switch register for pin P75/RXD1. If pin P75 is used as 
an input port, data are input as serial receive data to SIO. There is no 
port/function switch register for pin P721T14/1NT4 or pin P731T15/1NT5. If pin P72 
or P73 is used as an input port, data are input to the 16-bit timer. When pin 
P72/P73 is used for INT4/5, set P7CRL<P73C1,O> to 00 and 
11MCO<141E>/11MC1 <151E> to 1. 

Figure 3.5 (21). Registers for Port 7 
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3.6 Chip SelectJWait Control 3.6.1 Control Registers 
The TMP96C031 F has a built-in c~lectlwait controller 
used to control chip select (CSO - CS3 pins), wait ryvAIT pin), 
and data bus size (8 or 16 bits) for any of the three block 
address areas. 

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

CS/wait control register (80CS, 81 CS, 82CS, 83CS) and start 
address register/address mask register (explained in section 
3.6.2, Address area). The select pin (AM8I16) is used to select the width of the 

external data bus. (See section 3.1.2, External data width 
select pin.) 

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. 

MCU900-282 

Table 3.6 (1) Chip SelectJWait Control Register 

80es bit Symbol BOE BOSYS BOARE BOBUS BOWl BOWO BEXWI BEXWO 

(0068H) ReadlWrito W 

After reset 

0: GO ~ I: SYSTEM 0: 7FOOH :0: 16BIT 00: 2WAIT 
01: IWAIT DIS 

Function 
I: CSi! I EN 

81es bit Symbol BIE 

(0069H) ReadlWrito 

After reset 

ONLY -7FFFH;I: BBIT 
1: addreisj 

area 
specifi~ 1 
cation 1 

10: IWAIT+n 
11: OWAIT 

BISYS BlARE BIBUS BIWI BIWO 

W 

O:m 
DIS 

Function 1: CST 
EN , 1 

0: BOH 
-7FFFH! 

1: address: 
area 

speeifi- ~ 
cation 

82es bit Symbol B2E 

(006AH) R •• dlWrito 

After reset 

Function 

0: C52 ~ 

DIS 
I:m 

EN 

B2SYS B2ARE B2BUS B2WI 

W 

o i Undefined ~ 

0: BOOOH 
- 3FFFFFH! 
1: addreH: 

area 
specifi­
cation 

B3CS bit Symbol B3E B3SYS BlARE 83BUS B3WI 

BlWO 

B3WO 

o 
00: lWAlT 

01: IWAIT 
10; 1WAIT+" 

II:OWAIT 

! 
B3CAS SRFC 

(0068H)~R~0'~dIW~r~ito~ ____ ,-____ ,-____ ,-____ ~W~ __ ~ ____ ~ ____ ~ ____ -4 
After reset 0 

o:i3M 
0001 

function 1; WI 
mEN 

0: Un-

defined 

1: address 
area 

specifi­

cation 

O:m O:Solf 
output refresh 

1 : tASI execu-
output tion 

1: Release 
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(1) Enable 

Control register bit 7 (BOE, B 1 E, B2E, and B3E) is a 
master bit used to specify enable "1 ")/disable "0" of 
the setting. 
Resetting sets BOE, B1 E, and B3E to disable "0" and 
B2E to enable "1 ". 

(2) System only specification 

Control register bit 6 (BOSYS, B1SYS, B2SYS, and 
B3SYS) is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor­
mal). Setti!J£Lthis 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 O. 
Bit 6 is mainly used when extemal 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 (BOARE, B1ARE, B2ARE, and 
B3ARE) is used to specify the target address space. 
When this bit is set to "0" after reset, CSO is set to 
addresses 7FOOH 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 (BOBUS, B1 BUS, 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 

Operand Operand Memory CPU Data 
CPU Address Data Size Start Address Data Size D15 - DB D7 - DO 

2n+O 8-bit 2n+0 xxxxx b7 - bO 
8-bit (even number) l6-bit 2n + 0 xxxxx b7 - bO 

2n+ 1 8-bit 2n+ 1 xxxxx b7 -bO 
(odd number) l6-bit 2ntl b7 - bO xxxxx 

8-bit 2n+0 xxxxx b7 - bO 
2n+0 2n + 1 xxxxx b15 - b8 

(even number) l6-bit 2n+0 b15 - b8 b7 - bO 

16-bit 8-bit 2n+ 1 xxxxx b7 -bO 
2n+ 1 2n+2 xxxxx b15 - b8 

(odd number) 2n+ 1 b7 - bO xxxxx 
l6-bit 

2n+2 xxxxx b15 - b8 

2n+0 xxxxx b7 - bO 
2n + 1 xxxxx b15 - b8 

2n+0 8-bit 2nt2 xxxxx b23 - b16 

(even number) 2nt3 xxxxx b3l - b24 

l6-bit 2n+0 b15 - b8 b7 - bO 
2n+2 b3l- b24 b23 - b16 

32-bit 
2n+ 1 b7 - bO xxxxx 
2n+2 xxxxx b15 - b8 

2n+ 1 8-bit 20+3 xxxxx b23 - b16 

(odd number) 20+4 xxxxx b31 - b24 

2n+ 1 b7 - bO xxxxx 

l6-bit 
2n+2 b23-b16 b15 - b8 
20+4 xxxxx b3l - b24 

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. 
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(5) Wait control 

Control register bits 3 and 2 (BOW1, 0; B1 W1 , 0; B2W1, 
0; B3W1 , 0) are used to specify the number of waits. 
Setting these bits to 00 inserts a 2-state wait regard­
less of the WAIT pin status. Setting them to 01 inserts 
a 1-state wait regardless of the WAIT status. Setting 
them to 10 inserts a 1-state wait and samples the 
WAIT pin status. If the pin is low, inserting the wait 
maintains the bus cycle until the pin goes high. Setting 
them to 11 completes the bus cycle without a wait 
regardless of the WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 

Note: If there ia a contention between DRAM access 
and refresh when using DRAM, the refresh 
cycle is added to the specified wait. 

(6) CS/CAS waveform select 

The B3CS register bit 1 <B3CAS> is used to specify 
the mode of the waveform output from the chip select 
pin (CS3/CAS) pin. When this bit is set to "0", CS3 
waveform is output. When it is set to "1", CAS wave­
form is output. This bit is cleared to zero after reset. 

(7) Self refresh control 

(described in section 3.13.1 Refresh Controller.) 

(8) Wait control outside space CSO to CS3 

This bit is used to specify the number of waits when 
BOCS register bits 1 and a <BEXW1, 0> or space out­
side CSO to CS3 is accessed. 
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3.6.2 Address Space Specification (BOCS to B3CS 
< BOARE to B3ARE> = "1 ") 

The address space is specified with the start address register 
(MSARO, MSAR1, MSAR2, and MSAR3) and address mask 
register (MAMRO, MAMR1, MAMR2, and MAMR3). For each 
bus cycle, the chip select controller compares the address on 

the bus and value of this start address register. The value of 
the address mask register is used to ignore result of this 
address comparison. When there is a match, the specified 
space is assumed to be accessed and a low strobe si~s 
output from the corresponding chip select pin (CSO to CS3) if 
it is enabled (SOE to S3E = "1 "). 

Figure 3.6 (1). Chip Select (CSO to CS3) Operation Timing 
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AS-A23 
°A23 

A22 

TLCS-900 16-bit Microcontroller 

12531;21;,12501,591,5sl,571,561 
BOCS <BOE> 

Start address mask register Start address register 

Figure 3.6 (2). CSO Address Decode Block Diagram 

AS-A23 
A23 
A22 
A2' r;lik A20 
A'9 ~ 
A'S ~~ 
A'7 ~:-2lffi A'6 
A'5-9 
AS I 0-

" " !~!~!,~!,~!,~!,~! ,1,1 ~! !253!252!25,!;0!,59!,5s!,57!,56! 
B1CS <B1E > 

Start address mask register Start address register 

Figure 3.6 (3). CS1 Address Decode Block Diagram 
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AS-A23 
.I. 

A23 

A22 
A21 

A20 

A19 

A1S 

A17 

A16 

A15 

TLCS-900 16-bit Microcontroller 

6lk ~ 0-

I ~ 
~ 

1:21~1~1~I:sl~I:61~1 12531;21;11;01159115sI15711561 

Start address mask register Start address register 

P-

B2e5 <B2E 
83e5 <B3E 

> 
> 

Figure 3.6 (4). CS2, CS3 Address Decode Block Diagram 

(1) Memory start address register Memory start address register 

Table 3.6 (3) Memory Start Address Register 

Memory start address register (eSO to fi3) 

-=-----
MSARO I MSARl bit symbol 523 522 521 

(0040H) (0042H) ReadIWrite 

MSAR2j M5AR3 After reset 
(0044H) (0046H) 

Function 

520 519 518 517 516 

R/W 

Set start addresses A23 to A 16 

L Set start address for BO to C53 

MCU900-288 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 

Table 3.6 (4) Memory Start Address Mask Registers 

Memory start address mask register «(SO) 

--=:::::::::::: 
bit symbol V20 VI9 

MAMRO ReadlWrite 

(0041 H) A(terreset 

Function 

Memory start address mask register (cST) 

~ 
bit symbol V21 V20 

MAMRl Read/Write 

(0043H) Afterre!et 

Function 

Memory start address mask register (m. C53) 

-..::.::::.::: 
bit symbol V22 V21 

MAMR2/ MAMR3 ReadlWrite 
(0045H) (0047H) After reset 

Function 

VIS VI7 VI6 VIS V14-9 va 

RIW 

o : Compare enabled 1: Compare disabled 

VI9 VIS 

L Control comparison of m addresses AS 
'DA20 

VI7 V,6 VIS-9 VS 

RIW 

0: Compare enabled 1: Compare disabled 

V20 V'9 

L Control comparison of CS 1 
add resses A8 to A21 

V'S V'7 V,6 

RIW 

V,s 

0: Compare enabled 1: Compare disabled 

L Control comparison of ill to m 
addresses A 15 to A22 
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MSARO to 3 < S23> to <S16> correspond to addresses 
A23 to A 16 and S15, S14 to 9, and 8B corresponding to 
addresses A 15, A 14, to 9, and AB are "0" by default. MAMRO 
<V20> to <VB> enable/disable comparison of value set with 
MSARO and address and <V20> to <VB> correspond to 
<S20> to <S16>, S15, 814 to 9, and SB. In addition, V21, 
V22, and V23 corresponding to <S21 >, <S22>, and <S23> 
are "0" by default and comparison is always enabled. 

Example of enabling/disabling comparison 
(eSO registers MSARO and MSAMRO) 
When comparison is disabled by setting <V16> = 1 , the 

comparison of the value of <S16> and address A 16 is dis­
abled and the value of <S16> becomes invalid. 

When comparison is enabled by setting <V16> = 0, the 
comparison of the value of <S16> and address A 16 is 
enabled and eso is enabled only when they match. 

eS1, eS2, and eS3 can be used in the same manner. 

(2) How to the Start Address 
The address decoder is output by specifying the start address 
for es output and the space size. 

The start address is set every 64K-byte because it is 
decoded by A 16 to A23 as shown in the block diagram. 

In other words, the DRAM start address is set to one of 
the 64K-byte intervals after "OOOOOOH". 

However, note that the start address may be changed 
due to the value of the MAMR. 

Start address Start address register value (MSARO to 3) 

MCU900-290 

Address 
OOOOOOH 

64K·byte f 
unit , 1-------1 

-OOOOOOH ......... 

-010000H ......... 

-020000H ......... 

_030000H ......... 

_040000H ......... 

-050000H ......... 

-060000H ......... 

5 
_FFOOOOH ......... 

OOH 

01H 

02H 

03H 

04H 

OSH 

06H 

5 
FFH 

Figure 3.6 (5). Where to Set Start Address 
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(3) How to Set the Address Space 

The address space is specified by setting the memory start 
address mask register (MAMRO to 3). 

~ CS 
256 512 32K 64[< 

e50 0 0 0 0 
CS1 0 0 0 
CS2 0 0 
CS3 0 0 

128K 

0 
0 
0 
0 

As shown in the address decoder block diagram (Figures 
3.6 (2) to (4)), CSO, CS1, or CS2/CS3 can specify the address 
area for which the chip select signal can be output depending 
on whether to compare the address A8 to A20, A8 to A21, or 
A 15 to A22 respectively. 

256K 512K 1M 2M 4M 8M 

0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

Figure 3.6 (6). Chip Select and Space Size 

(4) Start Address/Address Space Setting Procedure 

CD Set memory start address mask register (MAMR) 
(Set address space) 

@ Set memory start address register (MSAR) 
(Set area start add ress) 

@ Check the identical address bit of MAMR and MSAR 

Example: Check the value of (CSO) MAMRO <V16> 
and MSARO <S16> 

® If the bits at identical address are "1" and "1 ", MSAR bit 
is treated as "0". <-The start address changes. 

Example: If (CSO) MAMR <V16> = 1 and MSAR 
<S 16> = 1 , comparison of address A 16 
and <S 16> is disabled and address A 16 is 
selected regardless of whether the value is 
"1" or "0" and the start address is replaced 
by the value in MSAR. 

® If it is OK for the start address to change, end the set­
ting procedure. If not, change the value to MSAR. 

@ Reset MSAR and re-verify (retum to step 3). 

(Setting Example) 

When address space is 128K-byte and start address is 
30000H (area 30000H t04FFFFH). 

Set 

MAMR = OFH address space 128K-byte 
MSAR = 03H start address 30000H 

MAMR <V16> and MSAR <S 16> are" 1 " and" 1 " and the 
start address changes to 2000H. (space 20000H to 
3FFFFH). 
If this is not desired, change the start address. 
Change the start address to 40OOH. (space 40000H to 
5FFFFH). 

MAMR=OFH 
MSAR=04H 

The bits at identical address of MAMR and MSAR are not 
"1" and "1" and the start address remains unchanged. 
Therefore, a 128K-byte space starting at address 
40000H can be decoded. 
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(Setting example 1) (GSa) chip select output is as shown in the following memory map. 

When MSAR is set to 02H and MAMR is set to OFH, the 

523 522 521 520 519 518 517 516 515 514-9 58 MSAR setting 
I 0 0 0 0 I 0 0 0 r~~~~==j[==~===!==~=::J 

default '0· 

MAMR setting vn V22 V21 V20 V19 V18 V17 V16 VIS V14-9 

[==~ ==! = =~ = == 1== ~===] 0 0 0 0 I 1 I 1 I 
default ·0· 

S23 to S 17 are valid because V23 to V17 = "a" and S 16 are invalid because V16 to VB = "1". 

MCU900-292 

FFFFFFH '--___ ---' 

} 
Chip select output space 
(128K-byte) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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(Setting example 2) (GSO) chip select output is as shown in the following memory map. 

When MSAR is set to 01 Hand MSAR is set to 04H, the 

MSAR setting 523 522 521 520 

I 0 0 0 

MAM R setti n9 V23 V22 V21 V20 

[~::o:::j[::p:~:X::~:::] 0 

default "0" 

The values of S23 - S16, and S14-S8 become valid 
because V23 to V16 = o and V14 - V8 = O.The value of S15 

03FFFFH 

I 

519 

0 

V19 

0 

FFFFFFH L-___ --' 

518 517 51ti 515 514-9 58 
0 0 I [~~~o:~~I:~:O:::j[::E:::] 

default '0· 

V18 V17 Viti V15 V14-9 
0 0 I 0 I 1 I 0 I 

becomes invalid because V15 = 1. 

} 
Chip select output space 
(128K-byte) 

V8 

0 
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(Setting example 3) (GSO) MAMR (excerpt). 

Space where chip select is output by values set in MSAR and 

~MR 
MSAR 

00 01 03 04 

0000 0000 0000 0000 8000 

00 
1 1 I I I 

OOFF 01FF 7FFf DOFF SOFF 
(256·byte) (512·byte) (32K·byte) 256·byte x 2) 

10000 10000 10000 10000 18000 

01 I I I I I 
I DOFF 10lFF 17FFF 100FF 180FF 

(256·byt.) (512·byt.) (32K·byte) (2S6·byte x 2) 

20000 20000 20000 20000 28000 

02 I I I I I 
200FF 20lFF 27FFF 200FF 280FF 

(2S6·byte) (512·byte! (32K·byt.) (2S6·byt. x 2) 

30000 30000 30000 30000 38000 

03 
I I I 1 I 

300FF 30lFF 37FFF 300FF 380FF 
(2S6·byte) (SI2·byte) (32K·byte) (2S6·byte x 2) 

~R 
MAMR 

03 07 OF IF 3F 7F FF 

40000 40000 40000 40000 00000 

04 
I I I I I 

47fFf 4FFFF SFFFF 7FFFf 7FFFF 
(32K·byte) (64K·byte) (128K·byte) (256K·byt.) (512K·byte) 00000 

I 
80000 80000 80000 80000 80000 FFFFF 000000 

08 
1 I I I I (IM·byte) I 

87FFF 8FFFF 9FffF BFFFF FFFff 
(32K·byt.) (64K·byte) (128K·byt.) (2S6K·byte) (SI2K·byt.) lFFFFF 

(2M-byte) 
100000 100000 100000 100000 100000 100000 

10 
I I I I I 1 

107FFF 10fFFF I1FFFF 13FFFF 17FFFF 1ffFFf 
(32K-byte) (64K·byte) (128K-byte) (2S6K·byte) (SI2K-byte) (1M-byte) 

200000 200000 200000 200000 200000 200000 200000 

20 
I I I I I I 1 

207FFF 20FFFF 21FFFF 23FfFF 27FFFF 2FFFfF 3FFFFF 
(32K·byte) (64K·byte) (128K·byte) (2S6K·byte) (SI2K-byte) (1M-byte) (2M·byte) 

400000 400000 400000 400000 400000 400000 400000 

40 
I I I 1 I 1 I 

407FFF 40fFFf 41FFfF 43fFFF 47fFFf 4FFFFF SfffFF 
(32K-byte) (64K·byte) (128K·byte) (2S6K-byte) (SI2K-byte) (1M-byte) (2M-byte) 

BOOOOO 800000 800000 800000 800000 800000 800000 

80 
I I I I I I I 

807FfF 80FFFF 8tFFFF 83FfFf 87FFFF 8FFfFF 9FFFFF 
(32K-byte) (64K·byte) (128K·byte) (2S6K·byte) (SI2K·byte) (1 M·byte) (2M·byte) 
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3.6.3 Default Address Space Specification (BOCS to 
B2CS < BOARE to B2ARE> = "0") 

The following figures show the actual chip select image. CSO 
can specify 7FOOH to 7FFFH, CS1 can specify 80H to 7FFFH, 
and CS2 can specify 8000H to 3FFFFFH. This is because 
external connection of devices (such as RAM or 1/0) other than 
ROM is considered. 

The area 7FOO to 7FFFH (256-byte space) for CSO is 

CSO 

7FOOH BOH 

8000H BOOOH 

FFFFFFH FFFFFFH 

(Mainly for 110) 

mapped in this space mainly due to external I/O expansion 
consideration. 

The area 80H to 7FFFH (approximately 32K-byte space) 
for CS1 is mapped in this space mainly due to external RAM 
expansion consideration. 

The area 8000H to 3FFFFFH (approximately 4M-byte 
space) for CS2 is mapped in this space mainly due to external 
ROM expansion consideration. 

CS1 CS2 

OOOOH 

3FFFFFH 

FFFFFFH 

(Mainly for RAM) (Mainly for ROM) 

Supplement 1: The access priority is in the order of built-in I/O and chip select/wait controller. 
Supplement 2: Wait for spaces other than eso to eS3 is set with BOeS register <BEXWI ,0> and the data bus width is fixed to 16-bit if the AMS/f6 pin is "a" 

and to S bits if it is "I". 

Note: When using the chip select/wait controller, do not assign multiple definitions to the same address area. (However, if eso is set to 7FOOOH to 
7FFFH and eSl is set to SOH to 7FFFH, only the eso setting/pin is active in the overlapped address space 7FOOH to 7FFFH.) 
When the bus is opened (BUSAK = "a"), eso to eS3 pins are also opened (output buffer OFF). Refer to the note on bus open in section "3.5 
Port Functions" for the pin status at this point. 
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3.6.4 Example of Usage 

(1) Connection example 1 

Figure 3.6 (6) is an example (1) in which an extemal 
memory is connected to the TMP96C031 F. In this 
example, a ROM is connected using 16-bit Bus; a 
RAM is connected using 8-bit Bus. 

GND 

eso 
(51 
(52 
(53 
ALE 
ADS 

) 
AD1S 

A\O~====~=======;====~~==~~~~~~==~~~ 
AD7 

AMSif6" 
RDb~----------------~----~------~-+----~4---~ 
WR~--------------------------------~------~-----­

L-_--l 

Figure 3.6 (7). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = a-bit) 

After a reset, the CSO - CS3 pins ~et to out~rt 
mode; 1 is output from csa, CS1, and CS3; a from CS2. 

The program used to set these pins is as follows: 
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P4FC EOU 10H 

BOCS EOU 68H 

B1CS EOU 69H 

B2CS EOU 6AH 

B3CS EOU 6BH 

MSAR3 EOU 46H 

MAMR3 EOU 47H 

LD (BOCS), 10010000B GSO = 8-bit. 2WAIT, 7FOOH - 7FFFH, 2WAIT other than in CSO - CS3 areas 

LD (B1CS), 100111XXB GS1 = 8-bit, OWAIT, 80H - 7FFFH 

LD (B2CS), 100001XXB ; CS2 = 16-bit, 1 WAIT, 8000H - 3FFFFFH 

LD (B3CS), 10111100B ; CS3 = 8-bit. OWAIT, address area specification (400000H - 407FFFH) 

LD (MSAR3), 01000000B ; CS3 start address: 400000H 

LD (MAMR3), OOOOOOOOB ; CS3 area = 32K-byte 

LD (P4FC), XXXX1111B ; GSO - CS3 output mode 

Note: X: don't care 

(2) Connection example 2 

Figure 3.6 (7) is an example (2) in which an external 

memory is connected to the TMP96C031. In this 
example, the ROM, RAM, and 1/0 are connected with 
8-bit width. 

TMP96(031 I 
Address bus 

A .!.J (SO p-..... 

~> 
A .!. j. A .!. j. 

(S1 

~ CS . rs . rs . rSS'bitBU. I (52 I S·bltSu. fl..bltBus 8·blt Bus 
o Q ROM RAM EW~/O _--'lAM (53 P-- E EW 

ALE I' L AS 
) 

A15 

ADO 
) v-t AD7 

AMSilL 
RD 

WR 

Figure 3.6 (8). Example of External Memory Connection (ROM = 16-bit, RAM and 1/0 = 8-bit) 
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After a reset, the csa -CS3 pins ~et to out~ort 
mode; 1 is output from csa, CS1, and CS3; a from CS2. 

The program used to set these pins is as follows: 

P4FC EOU 10H 

BOCS EQU 68H 

B1CS EQU 69H 

B2CS EOU 6AH 

B3CS EQU 6BH 

MSAR3 EQU 46H 

MAMR3 EQU 47H 

LD (BOCS), 10010000B CSO = 8-bit, 2WAIT, 7FOOH - 7FFFH, 2WAIT other than in CSO - CS3 areas 

LD (B1CS), 100111XXB CS1 = 8-bit, OWAIT, 80H - 7FFFH 

LD (B2CS), 100001XXB ; CS2 = 16-bit, 1WAIT, 8000H - 3FFFFFH 

LD (B3CS), 10111100B ; CS3 = 8-bit, OWAIT, address area specification (400000H - 407FFFH) 

LD (MSAR3), 01000000B ; CS3 start address: 400000H 

LD (MAMR3), OOOOOOOOB ; CS3 area = 32K-byte 

LD (P4FC), XXXX1111B ; CSO - CS3 output mode 

Note: X: don't care 
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3.6.5 How to Start with an 8-Bit Data Bus 

(with AM8/16 = "0") 

Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 
mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 

B2CS EOU 

ORG 

LOX 

6AH 

8000H 

(B2CS),9CH 

; CS2 register address 

; RESET address 

; CS2 8-bit, OWAIT, 8000H -

After reset, the program reads the LOX (B2CS), 9CH 
instruction in 16-bit data bus mode. LDX is a 6-byte instruc­
tion: the 2nd, 4th and 6th bytes are handled as dummies (Le., 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro­
gram so that the LDX instruction is executed and the block 2 

Address latch ROM 
TLCS-900 

(TMP96C031) A15 

AD8-15 

ADO-7 

ALE 

RD OE 

C52 CS 

area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

The above program does not include setting the P421 
CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 

Operation after reset 

TLC5-900 ROM 
8000H F7 F7 
8001H 11 -11 00 
8002H 6A 6A 
8003H 11 -71 00 
8004H 9C 9C 
8005H 17 -+-11 00 

11 = don't care 
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3.7 8-bit Timers 
TMP96C031 F contains four 8-bit timers (timers 0, 1 2, and 3), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as two 16-bit tim­
ers. The following four operating modes are provided for the 8-
bit timers. 

• 8-bit interval timer mode (4 timers) )Either two S-bit buses or 

• 16-bit interval timer mode (2 timers) one 16-bit bus can be used. 

• 8-bit programmable square wave pulse generation (PPG: 
variable duty with variable cycle) output mode (2 timers) 

• 8-bit pulse width modulation (PWM: variable duty with con­
stant cycle) output mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer ° and timer 1). 

Timers 2 and 3 have the same circuit configuration as 
timers ° and 1. However, timer ° has an extemal clock, pin TIO, 
whereas timer 2 does not. 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Timer flip-flop (TFE1) is 
provided for timers ° and 1 ; TFE3 timer 2 and 3. 

Among the input clock sources for the interval timers, the 
intemal clocks of I/J T1 , I/J T 4, I/JT16, and I/JT256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers T01 MOD, 
T23MOD, TFFCR, TRUN, and TRDC. 
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-1 Set 
-2 Clear 
*3 Invert 

TRUN<TORUN> TRUN<T1RUN> 

Software trigger -I TFf 1 

TRDC<TRODE> 

;T1 
;T16 
.T256 

-+ Selector 

TFFCR<FF1IE> 

TFFCR<FF1IS> 

INno 

,..-_...L......L..._-. ~ T01MOO<T10Ml,O> 

INn! 

Internal bus 

Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1) 
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CD Prescaler 

TLCS-900 16-bit Microcontroller 

Among them, 8-bit timer uses 4 types of clock: 
¢T1, ¢ T 4, ¢T16, and ¢T256. 

This 9-bit prescaler generates the clock input to the 
8-bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock (fc) 
after it has been divided by 4 (fc/4). 

This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1 ", while the prescaler is 
cleared to zero, and stops operation when <PRRUN> is 
set to "0". Resetting clears <PRRUN> to "0", which 
clears and stops the prescaler. 

MCU900-302 

Cycle 

In?--Z 20MHz 
clock 

jlTl (8/fe) 400ns 

jlT4 (32/fc) 1.6"s 

jlT16 (128/fe) 6.4"s 

¢T256 (2048/fe) 102"s 

.TO .T1 ,n .pT4 ,T8 .T16,T32 ,64 ,128,T2S6 

gl. 
~.1 
~,2 

4 5 678 

9-bit presealer 

t run/stop & clear 

TRUN <PRRUN> 

Figure 3.7 (2). Prescaler 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS·900 16·bit Microcontroller TMP96C031 N/F 

@ Up-counter 

This is an 8-bit binary counter counted by an input 
clock specified by mode register T01 MOD for timers 0 
and 1, or mode register T23MOD for timers 2 and 3. 
Input clocks for timer 0 or 2 can be selected from intemal 
clocks rp T1 , rp T 4, and rpT16 depending to the value set in 
the TIO pin can also be selected. 

The input clock of timer 1 or 3 depends on the oper­
ation mode; in 16-bit timer mode, timer 0/2 overflow out­
put is used as the output clock. When set to any other 
mode than 16-bit timer mode, the input clock is selected 
from the internal clocks rp T1 , rp T16, and rpT256 as well 
as the comparator output (match detection signal) of 
timer 0 according to the set value of T01 MOD register or 
T23MOD. 

Example: When T01 MOD <T01 M1 ,0> = 01, the over 
flow output of timer 0 becomes the input 
clock of timer 1 (16-bit timer). 
When T01 MOD?, 6 = 00, T01 MOD3, 2 = 
01, rp T1 (8/fc) becomes the input of timer 
1 (8-bit timer). 

Operation mode is also set by T01 MOD register and 
T23MOD register. When reset, it is initialized to T01 MOD 
<T01 M1, 0> = 00, T23MOD <T23M1, 0> = 00 whereby 
the up-counter is placed in the 8-bit timer mode. 

The counting and stop and clear of up-counter can 
be controlled for each interval timer by the timer opera­
tion control register TRUN. When reset, all up-counters 
will be cleared to stop the timers. 

@ Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1 , 
TREG2, TREG3 matches the value of up-counter, the 
comparator match detect signal becomes active. If the 
set value is OOH, this signal becomes active when the up­
counter overflows. 

Timer register TREGOITREG2 is of double buffer 
structure, each of which makes a pair with register buffer. 

TREGOITREG2 is used to control enable/disable of 
the double buffers according to the timer register double 
buffer control register, TRDC <TRODE, TR2DE>. It is dis­
abled when <TRODE>/<TR2DE> = 0 and enabled when 
they are set to 1 . 

In the condition of double buffer enable state, the 
data is transferred from the register buffer to the timer 
register when the 2n - 1 overflow occurs in PWM mode, 
or at the PPG cycle in PPG mode. 

When reset, it will be initialized to <TRODE>/ 
<TR2DE> = 0 to disable the double buffer. To use the 
double buffer, write data in the timer register, set 
< TRODE>/ <TR2DE> to 1, and write the following data in 
the register buffer. 
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Up-counter 

TLCS-900 16-bit Microcontroller 

Matching detection of PPG 
1_--f""7---cyde 

2" - 1 overflow of PWM 

1--,.--- TREGO WR 

<TRODE>I<TR2DE> 

Figure 3.7 (3). Configuration of Timer Register 0/2 

Note: Timer register and the register buffer are allocated to the same memory address. When <TRODE>/<TR2DE> = 0, the same value is written in the reg­
ister buffer as well as the timer register, while when <TRODE>/ <TR2DE> = 1 only the register buffer is written. 

The memory address of each timer register is as fol­
lows. 

TREGO: 00OO22H 
TREG1: 00OO23H 

TREG2: 000026H 
TREG3: 000027H 

All registers are write-only and cannot be read. 
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TOIMOD 
(0024H ) 

--bil5ymbol 

ReadlWrite 

After reset 

function 

TLCS-900 16-bit Microcontroller 

7 6 5 , 4 

TOIMI TOIMO PWMOI 
, 

PWMOO 

RIW RIW 

0 0 0 0 

00: 8--bit Timer 00: -
01: 16-bit Timer 01:26- I PWM 
10: B·bil PPG 10: 27 -1 cycle 
11: 8-bit PWM 11: 28-1 

3 2 1 0 

T1CLKl , TlCLKO TOCLKI TOCLKO 

RIW RIW 

0 0 0 

00: TOOTRG 00: TlO 
01: ~TI 01: ~Tl 
10: ~Tl6 10: ~T4 
I 1: ~T256 11: ~Tl6 

~ I 
L Input clock of timer 0 

00 External clock TIO 

01 Internal clock ;I T1 

10 Internal clock ,,14 

11 Internal clock ;ln6 

L.....,. Input clock of timer 1 

T01MOD7.6"01 

00 
Comparator output of 

timerO 

01 Internal clock flT1 

10 Internal clock fST16 

11 Internal clock flT256 

Select PWM cycle 

0 

TOI MOD7.6z01 

o.erf1 ow output of 
o timer 

(16·bi t timer mode) 

("Don't care- except in PWM mo de) 

00 -
01 26_1 

10 27_1 

11 28-1 

Set the operation mode of timer 0 an d 1 

00 Two 8-bittimers 
(timer 0 and timer 1) 

01 16-bittimer 

10 8-bit PPG output 

11 8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 

Figure 3.7 (4). Timer 0,1 Mode Register (T01MOD) 
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MCU900-30S 

T2lMOD 
(0028H ) 

-----bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 1S-bit Microcontroller 

7 6 5 4 

T2lMl T2lMO PWM21 PWM20 

RlW RlW 

0 0 0 0 

00: 8-bit Timer 00: -
01: 16-bit Timer 01: 26 -1 PWM 
10: 8-bit PPG 10: 27 - 1 cycle 
11: 8-bitPWM 11: 28_ 1 

, 
1 2 1 0 

nClKl HClKO T2ClKl T2CLKO 

RlW RlW 

0 0 0 0 

00: T02TRG 00: -
01: ,m 01: flT1 

10: "T16 10: "T4 
11: "T256 11: "T16 

~ I 

L Inputclock of timer 2 

00 -
Ot Internal dock;T1 

10 Internal dock ;T4 

11 Internal dock tln6 

~ Inputclockoftimer3 

T01MOD7,6*01 TO IMOD7,6=01 

00 
Comparator output of 

timer2 
Overt low output of 

2 timer 
01 Internal clock,n 

(16-b it timer mode) 
10 Internal ciock ,T16 

11 Internal dQck ;T2S6 

Select PWMl cycle 

("Oon'teare" except in PWM mo de) 

00 -
01 26_1 

10 27 -1 

II 28-1 

Set the operation mode of timer 2 an dl 

00 Two 8-bit timers 
(timer 2 ana timer 3) 

01 16-bit timet 

10 8-bit PPG output 

11 8-bit PWM output (timer 2) 
• a-bit timer (timer 3) 

Figure 3.7 (5). Timer 2,3 Mode Register (T23MOD) 
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bit Symbol 

TFFCR ReadlWrite 

(0025H) After reset 

Function 

TLCS-900 1S-bit Microcontroller 

TFF3 TFFI 

TFF3CI TFF3CO TFF31E TFF3IS, TFFICI , TFFICO TFF1IE TFFIIS 

w 

00: Invert TFF3 
01: Set TFF3 
10: CI •• r TFF3 
11: Don't care 

0 

I: 

TFF3 

Invert 

Enable 

R/W W R/W 

0 

0: 

Inversion 

of8-bit 
timer 2 

I: I' Inversion 

of timer 3 

- o 0 

00: Invert TFFl 
01: Set TFFI iTFFI Inversion 

10: Clear TFf 1 ifnvert 
: Enable 

!ofll .. bit 

11: Don't care 

I 

:timerQ 

iI: 
~Inversion 
lottimer1 

c: Select inverse signal of timer f/F (TFF1) 
("Don't care· except in 8-bit timer mode) 

a Inversion of timer 0 

1 Inversion of timer 1 

'-----' Inversion of Timer F/f (TFF1) 

I 0 I Disable 
1 Enable 

Control of Timer F/F (TFF I) 

00 Invert the value of TFFI 
(software inversion) 

01 SetTFFI to "t", 

10 CI •• rTFFt to "0", 

11 Don't Care (Always read as H 1'·) 

':------ 511ect inverse signal of timer F/F (TFF3) 
'''Don't care· exc~t in 8-bit timer mode) 

o Inversion ohimer 2 

1 Inversion of timer 3 

Inversion of Timer F/F (TFF3) 

I 0 IDisabl' 
I Enable 

Control of Timer F/F (TFF3) 

00 Invert the value of TFF3 
(software inversion) 

01 SetTFF3to"I", 

to aearTFF3to "0", 

11 Oon"tCare(Alwaysreadas H 11-) 

Figure 3.7 (S). 8-Bit Timer Flip-Flop Control Register (TFFCR) 
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MCU900-308 

--bitSymboi 

TRUN R •• dJWrite 
(OO20H) Aft ...... t 

Function 

TLCS-900 16-bit Microcontroller 

16-bitTimer 
i 

a-.bitTimer 

o 
PRRUN T4RUN T3RUN T2RUN TIRUN TORUN 

R/W 

o o 
Presealer II Timer Run /Stop Control 

0: Stop" Clear 
1: Run (Count up) 

I LOpera,ion 01 tirner 0 

I"'~"I'~~~:'~'~""~""""""'''''''''''''''''''''''I 
~Operationoftimer t 

I'''~'''I'~~~:'~'~'''~~'''''''''''''''''''''''''''''''''''I 
L-.,..Operation of timer 2 

I'''~'''I'=:~:'~'~~~~'''''''''''''''''''''''''''''''''''I 
Operation of timer 3 

I"'~"'I'::~:~'~'~~~~"""""""""""""""""'I 
Operation of 16-bit timer (timer 4) 

I"';"'I'~~:~:~~~~'~~'''''''''''''''''''''''''''''''''''I 
Operation of prescal ... 

\. ··;·l~~:~:~·d.~I."~~" .............................. "'1 

Figure 3.7 (7). Timer Operation Control Register (TRUN) 
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TRoe 
(0029H ) 

------
7 

bit Symbol 

------ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

6 5 4 3 2 , 0 

------ -----
----.... 

----
:----.., TR2DE TRODE 

RfW 

0 0 

0: Dubie Buffer 
Disable 

1: Dubie Buffer 
Enable 

I I 
LDoUbie Buffer Control of Timer Register 0 

I 0 I Disable I 
I ' I Enable I 

~Double Buffer Control of Timer Register 2 
.--,-----, 

Figure 3.7 (8). Timer Register Double Buffer Control Register (TRDC) 
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® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTIO, INTI1, INTI2, INTI3) is gener­
ated. If the timer flip-flop inversion is enabled, the timer 
flip-flop is inverted at the same time. 

® Timer flip-flops (timer F/F) 

The timer flip-flops are inverted according to the 
interval timer match detect signal (comparator output). 
The Signal can output a value to the timer output pins 
T01 (also used as P70) and T03 (also used as P71). 

There are two timer flip-flops: TFF1 for timers ° and 
1; TFF3 for timers 2 and 3. TFF1 is output to the T01 pin; 
TFF3 to the T03 pin. 

T03 (also used as P71) is multiplexed using the 
DMUX pin; setting must be done using the port 7 control 
registers (P7CRL and P7CRH). 

MSB 

6 5 4 3 2 

TRUN ~ 

T01MOD ~ 0 0 x 0 

TREG1 ~ 0 1 0 0 

INTET10 ~ 0 

TRUN ~ 

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

Use the following table for selecting the input clock. 

0 

0 

The operation of 8-bit timers will be described below: 

(1) 8-bit timer mode 

Four interval timers 0, 1, 2, 3, can be used indepen­
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 

(j) Generating interrupts in a fixed cycle 

LSB 

0 

0 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTI1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to T01 MOD and 
TREG1 register, respectively. Then, enable interrupt 
INTI1 and start the counting of timer 1. 

Example: To generate timer 1 interrupt every 40 
microseconds at fc = 16M Hz, set each 
register in the following manner. 

Stop timer 1, and clear it to "0". 

Set the 8-bit timer mode, and select 1{>T1 

(0.511" @ fc = 16M Hz) as the input clock. 

Set the timer register at 40!Js I{>T1 = SOH. 

Enable INm, and set it to "LevelS". 

Start timer 1 counting. 

Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 

Input Clock Interrupt Cycle Resolution 
(at Ic = 20M Hz) 

1{>T1 (8!fc) 0.41JS -102.41JS 0.41JS 

I{>T4 (32/fc) 1.61JS - 409.61JS 1.611" 

I{>T16 (128/fc) 6.41JS - 1.638ms 6.41JS 

I{>T256 (2048{fc) 102.41JS - 2.621ms 102.41JS 
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® Generating a 50% duty square wave pulse 

The timer flip-flop is inverted at constant intervals, and 
its status is output to timer output pin (Tal). 

MSB LSB 

7 6 5 4 3 2 0 

~ 0 

Example: To output a 2.411S square wave pulse from 
Tal pin at fc = 20MHz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example uses 
timer 1. 

Stop timer 1, and clear it to "0". 

T01MOD ~ 0 0 x 0 Set the 8-bit timer mode, and select /fIT1 as the input clock. 

TREG1 ~ 0 0 0 0 0 0 Set the timer register at 2.4il'> +/fIT1 +2 = 3. 

TFFCR ~ 1 0 Clear TFF1 to "0", and set to invert by the match detect signal from timer 1. 

P7CRL ~ 0 Select P71 as T01 pin. 

TRUN ~ x Start timer 1 counting. 

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

Up-counter BITl _____ ..... 

BITO_--"-O--, 
C;o,!,parator 
tlmmg ___ --' 
Comparator output 
(matching det::;e~ct,,-) ---------,f-J 

INn' ________ --,,, '-I'-------.J 

UCciear----------1:---l!-------..J!-, _______ IL-__ 

, 
TFF' __________ --'~------~I;-------..Jr----

~ r-
_~t~.2e.eS~@:.:.:fcc==-"20""M"'H:!..z _~. : 

T01 ___________ ~ 

Figure 3.7 (9). Square Wave (50% Duty) Output Timing Chart 
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® Making timer 1 count up by match signal from timer 
o comparator 

Comparator output 
(Timer 0 match) 

Timer a up-counter 3 4 
(when TREGO = 5) 

Timer 1 up-counter 
(when TREG 1 = 2) 

Timer 1 match output 

5 

n 

X 

Set the 8-bit timer mode, and set the comparator out­
put of timer 0 as the input clock to timer 1 . 

n 
3 4 5 1 

X 

n 

Figure 3.7 (10). Timer 1 Count Up by Timer 0 

@l Output inversion with software 

The value of timer flip-flop (Timer F/F) can be inverted, 
independent of timer operation. 
Writing "00" into TFFCR dFF1 C1, 0> inverts the value 
of TFF1 , writing "00" into TFFCR <FF3C1, 0> inverts 
the value of TFF3. 

@ Initial setting of timer flip-flop (Timer F/F) 

The value of TFF1 can be initialized to "0" or "1 ", inde­
pendent of timer operation. 
For example, write "10" in TFFCR dFF1 C1, 0> to 
clear TFF1 to "0", while write "01" in TFFCR dFF1 C1, 
0> to set TFF1 to "1 ", 

Note: The value of timer register and timer flip-flop cannot be read. 

(2) 16-bit timer mode 

A 16-bit interval timer is configured by combining tim­
ers 0 and 1, or timers 2 and 3. 
Timers 0 and 1 combined function the same as timers 
2 and 3. A combination of timers 0 and 1 is used for 
explanation here. 
To configure a 16-bit timer by cascade-connecting tim­
ers 0 and 1, set the mode register, T01 MOD 
d10M1 ,0>, to 00. 
Setting 16-bit timer mode the input clock for timer 1 to 
timer 0 overflow output regardless of the value set in 
the clock control register, TCLK. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 

Input Clock 

I/IT1 (8/te) 

I/IT4 (32/te) 

I/IT16 (128/tc) 

The lower 8-bit of the timer (interrupt) cycle are set by the 
timer register TREGO, and the upper 8 bits are set by TREG1. 
Note that TREGO always must be set first. (Writing data into 
TREGO disables the comparator temporarily, and the compar­
ator is restarted by writing data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.4 seconds at fc = 20M Hz, set the 
following values for timer registers 
TREGO and TREG1: 

When counting with input clock of 
¢T16 (8~ @ 16MHz) 0.4 sec + 4~ 
= 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 

TimerO 

INTTO TOl 

16·bit timer mode Interrupt Output enable 

( (ounts up timer 1 bY) generation 

tImer 0 overflow. 

8-bit timer mode Interrupt Output 

Counts up timer 1 bY) generation enabled 
timer 0 match G"ither timer) 

Oar 1 

Interrupt Cycle Resolution (at Ic .20MHz) 

O.4!lS - 26.214ms O.4!lS 

1.6!lS - 104.857ms 1.6!lS 

6.4!lS - 419.430ms 6.4!lS 

The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where the 
up-counter UCO is not to be cleared. 

INTO is not to be generated at this time, either. 
With the timer 1 comparator, the match detect signal is 

output at each comparator timing when up-counter UC1 and 
TREG1 values match. When the match detect signal is output 
simultaneously from both comparators of timer 0 and timer 1 , 
the up-counters UCO and UC1 are cleared to "0", and the 
interrupt INTT1 is generated. If inversion is enabled, the value 
of the timer flip-flop TFF1 is inverted. 

Timer 1 

Match value INTT1 TOl Match value 

TREGO Interrupt Output enable TREG 1.2' 

('ount,up ) generation + TREGO 
even at (full 16-bit) 

match 

TREGO Interrupt Output TREG1· 

(clears at ) generation enabled TREGO 
match (either timer) (multiPlied ) 

Oorl value 

Example : When TREGI =04H and TREGO=80H 

Value of up-counter 
(UCI. UCO) 

Timer 0 comparator 
match detect signal 

Interrupt INTTl 

Timer output TOl 

OOOOH 
OOOOH OOSOH 01S0H 02S0H 03S0H OOSOH 

~--~~~--~~,~~~~--~~~-

r 
__________________ -'x Inversion 

Figure 3.7 (11). Output Timer by 16-Bit Timer Mode 
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(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 or timer 1 and timer O. The output 
pulse may be either low-active or high-active. In this 

mode, timer 1 cannot be used. 
With timer 0, data are output to the T01 pin (also used 
as P70); with timer 2, to the T03 pin (also used as 
P71). 

Timer 0 is explained here because operation is the same as timer 2. 

TIO pin 
.T1 
.T16 
.T256 

TREGO and UCl match 
{Interrupt INTIO);---,aL..------,.L..-------

TREGl and UCl match --+----fJL---t----f'.----­
(Interrupt INTI1) 

TOl 
----' 

TRUNO TOt 

1----1---''+--- INTTO 

t-+--....... -- 1NTTt 

TREGO·WP 

Internal bus 

Figure 3.7 (12). Block Diagram of 8-Bit PPG Output Mode 
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When the double buffer of TREGO is enabled in this 
mode, the value of register buffer will be shifted in TREGO each 
time TREG1 matches UCO. 

Match with TREGO 
(Up-counter = 0,) 

Match with TREG 1 

Use of the double buffer makes easy handling of low duty 
waves (when duty is varied). 

(Up-counter = 0,) 

TREGO 
(Value to be compared) -------------''-----------

Register buffer 
_____________ Q_2 ____________ ~X 03 

(. . b II 

Example: Generating 1/4 duty 62.5kHz pulse @fc = 20MHz) 

• Calculate the value to be set for timer register. 
To obtain the frequency 62.5kHz, the pulse cycle t 
should be: t = 1 /62.5kHz = 16J.1S. 
Given I{! T1 = 0.4J.1S @ 20MHz), 

16J.1S + 0.4J.1S = 40 

Write to regISter u er 

Consequently, to set the timer register 1 (TREG1) to 
TREG1 = 40 = 28H and then duty to 1/4, t x 1/4 = 
16J.1S x 1/4 = 4J.1S 

4J.1S + 0.4J.1S = 10 
Therefore, set timer register 0 (TREGO) to TREGO = 10 
=OAH. 
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MSB 
7 6 

TRUN 

LSB 
4 3 2 1 0 

o 0 
T01MOD ~ 

TFFCR 

TREGO ~ 0 

TREGl ~ 0 

P7CRL ~ 

TRUN ~ 

Note: x; don't care 

o 

0 0 0 

0 0 

-; no change 

x 

o 

0 

0 

1 

0 

(4) 8-bit PWM Output mode (Pulse Width Modulation) 

Mode used for timers 1 and 3. Up to 2 PWMs with a 
resolution of 8-bit (PWMl and PWM3) pulse can be 
output. 

• 

With timer 1, PWM is output to the TOl pin (also used 
as P70); with timer 3, to the T03 pin (also used as 
P71). 
Timer 0 or 2 is used as an 8-bit timer. 
Timer 1 (PWM1) is explained here because the opera­
tion is the same as timer 3. 
Timer output is inverted when up-counter (UC1) 

0 

0 

0 

Stop timer 0, and clear it to "0". 

Set the 8-bit PPG mode, and select 1fIT1 as input clock. 

Sets TFFl and enables the inversion and double buffer enable . 

Writing "10" provides negative logic pulse. 

Write "OAH". 

Write "2BH". 

Set P70 as the TOl pin. 

Start timer 0 and timer 1 counting. 

matches the set value of timer register TREG or when 
2n - 1 (n = 6, 7, or 8; specified by TOl MOD) counter 
overflow occurs. Up-counter UCl is cleared when 2n -
1 counter overflow occurs. For example, when n = 6, 
6-bit PWM will be output, while when n = 7, 7 -bit PWM 
will be output. 
To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2n - 1 
counter overflow) 

(Set value of timer register *' 0) 
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B-bit PWM waveforms 

TMOD 
<TlOM1, 0> = 11 
TMOD 
<PWMM'.O> 

TO' 

Figure 3.7 (13). Block Diagram of 8-Bit PWM Waveforms 

<TFF1Cl,O, 
FFlIE, TFF1IS> 

INTTO 

In this mode, the value of register buffer will be shifted in 
TREGO if 2n - 1 overflow is detected when the double buffer of 
TREGO is enabled. 

Use of the double buffer makes the handling of small 
duty waves easy. 

Match with TREGO n nL~ __ __ 
--"'"""(U,-p-.,-ou..Jn,.Lr-=-Q'=""',)--------""'(u""p-.'-o-u-'nt.r = Q,) 

2n - 1 overflow ~~ 
______ -:-______ .l,{,.;5h;lt Irom reg;"er b

O
ul

2
1er 

TREG 0 Q, .. 
(value to be compared) ------"-'---------' fr 

Regi,ter buffer ______ .:::Q~2 ____________ X 03 

C Write to register buffer 

Operation of Register buffer 
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Example: To output the following PWM waves to T01 
pin at fc = 20M Hz. 

~~ __ ~rlL __ ~rlL __ __ 
I: 36p s ,I I 

SO.8p s. • 

MSB 

7 6 5 4 3 2 

TRUN t- x 

T01MOD t- O 

TFFCR t- O 

TREGO t- O 0 0 

P7CRL t- -
TRUN t-

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

0 

To realize 50.8118 of PWM cycle by I/>T1 = 0.4118 (@ fc = 
20MHz). 

50.8118 + 0.4118 = 127 = 2n - 1 

Consequently. n should be set to 7. 
As the period of low level is 36118. for I/>T1 = 0.4118. set the 

following value for TREGO: 

36118 + 0.4118 = 90 = 5AH 

LSB 

0 

0 Stop timer 0, and clear it to ·0". 

Set 8-bit PWM mode (cycle: i -1) 

and select I{In as the input clock. 

x Clears TFF1, enables the inversion and double buffer. 

0 Write "5AW. 

0 Set P70 as the T01 pin. 

Start timer 0 counting. 

Table 3.7 (3) PWM Cycle and the Setting of 2R - 1 Counter 

PWM Cycle (@ Ic • 20 MHz) 

I{IT1 I{IT4 I{Im 

26-1 25.21fiec (39.0kHz) 100IfiBC (10.0kHz) 4.03msec (2.4kHz) 

27 -1 50.8J.L'lec (19.7kHz) 2031fi6c (4.9kHz) 812msec (1.2kHz) 

28-1 102J.L'lec (9.80kHz) 408Ifi6C (2.4kHz) l.63msec (0.61 kHz) 

MCU900-318 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-blt Microcontroller TMP96C031 NIF 

(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 

Timer Mode Mode PWMO Upper Input Lower Input Invert Select 

(8-bit timer x 2channel) T01M (PWM2) T1CLK TOCLK FF11S 
(T23M) (T3CLK) (T2CLK) (FF3IS) 

16-bittimer (External clock, 
(Full 16-bit) x 1 channel 01 

-
1/IT1, 4, 16) --

8-bittimer 
(External clock, 0: Lower timer (8-bit x 8-bit mode x 1channel) 00 

(Comparator output from the lower timer is 00 - I/IT1,4,16) 1 : Upper timer 

input to the upper timer.) 

8-bit timer x 2channel 00 (1/IT1, T16, T256) 
(External clock, 0: Lower timer - 1/IT1, 4, 16) 1 : Upper timer 

8-bit PPG x 1channel 10 - - (External clock, -
1/IT1,4,16) 

8-bit PWM x 1channel (Lower) 
11 PWM cycle (1/IT1, T16, T256) (External clock, -8-bit timer x 1channel (Upper) 1/IT1,4,16) 

Note: -: don't care 
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3.8 16-Bit PWM Timer 
The TMP96C031 F contains one (timer 4) multifunctional 16-bit 
timer/event counter with the following operation modes. 

• 16-bit interval timer mode 
• 16-bit event counter mode 
• 16-bit programmable pulse generation mode 
• Frequency measurement mode 
• Pulse width measurement mode 
• lime differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (One of 
them applies double-buffer), two comparators, capture input 
controller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by 4 control registers: 
T4MOD, T4FFCR, TRUN and T45CR. 

Figure 3.8 (1) shows the block diagram of 16-bit timer/ 
event counter (timer 4). 
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T4MOD 
<CAP12Ml, MO> 

Tl4 

~ .. ........ 
zz 

TLCS·900 16·bit Microcontroller 

f------j Selector 

-TREG4·WR 

t 
T4SCR<OB4EN> 

TMP96C031 N/F 

T4MOO<CAP2TS, EQSTS> 
T4FFCR 

.. ~ 
0:0: 

shift ....... 
trigg.r~~ 

~T04 
~TOS 

Upper byte Lower byte 

Internal bus 

Figure 3.8 (1). Block Diagram of 16·Bit Timer (Timer 4) 
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MCU900-322 

-- o 
T4MOD bit Symbol CAP2T5 EQ5TS CAPliN : CAPI2MI : CAPI2MO : CLE 

R/W 

T4CLKI T4CLKO 

(0038H) ReadIWrite R/W w R/W R/W 

Aherreset 

Function 

TFF5 invert trigger 10: 5oft- :Capture timing 
l Capture ~OO: Disable 

I:UC4 
Clear 
Enable 

Timer 4 source clock 
OO:TI4 0: Disable trigger II : don't 

f.:'c.: .:::En~a~b:::le:..:t::rig!!!g!::e::.r_--i care 
Invert llnvert 
when the lwhen the ~ 
UC value is :up-counter: 
loaded to imatches . 
CAP2 ~TREGS 

~ INT4occurutriseedge. 
:01: Tl4t TI51 

INT4 occurut rise edge. 
:10: TI4T TI4l 

INT4 occurs.t 'ilil edge. 
11:TFF1T TFF1J. 

INT4 O"Uf5 at rile edge. 

J 

[ "m,,';"~""" 

01: ~T1 

10: ~T4 
11: _T16 

00 External clock (T14) 

01 ;Tl (8Ifc) ........................................................................ 
10 \,sT4 (32Ifc) 

11 ,sT16 (1281fc) 

Clearing the up-counter UC4 

o Clear disable 

Clear by match with TREGS. 

Figure 3.8 (2). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



T4MOD 
(0038H ) 

-----bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

7 6 
• 

5 4 3 2 1 0 

CAP2T5 EQ5T5 CAPllN ' CAP12Ml 'CAPI2MO. CLE T4CLKI T4ClKO 

rvw W rvw rvw rvw 
0 0 1 0 0 0 0 0 

TFFS invert trigger ~O: Soft· :Capturetiming jl: UC4 f Tlmer4sourceclock 
Capture :00; Disable Clear 

0: Disable trigger 
j1: don't 

1 tNT4 o(cursat rise edge. Enable 00: TI4 
1: Enable trigger 1°1: Tl4t 01: "TI ml 

Invert : Invert . 
when the ! when the ! 
UC value is; up+countei: 
loaded to : matches 
CAP2 : TREGS 

care 
rNT4 occurSiit rise edge. 10: ;T4 

10: Tl4 t TI4J. 
11: "Tl6 

: INT4 occurs It hili edge. 

:11: TFFl t TFFl J. 
INT4 occurs at rise edge 

• 

'L ,,~"re 'm'~' ","m .. ' 
Capture control 

00 Capture disable .. 
CAP1 at TI4 rise 

01 
CAP2 at TIS rise 

I· 
CAP 1 at TI4 rise 

10 
CAP2 at Tl4 fall ........... ....... 
CAP1 atTFF1 rise 

11 
CAP2 at TFF1 fall 

INT4 con trol 

Interrupt oc 
at the rise e 
of TI4 (IN 
input. 

curs 
dge .i­
T1) 

Interiiip'Cocc urs~" 
dge '­
T1) 

at the fall e 
of TI4 (IN 
i~.p'~.t, ............... 
Interrupt ace urs 

dge 
T1) 

at the rise e 
of Tl4 (IN 
inDut. 

"--_ Software capture 

0 The up-counter4 value is loaded to C 
(software capture). 

1 Always read as "1". 

_ Timerflip-flop 5 (TFFs) invert trigger 

.~ri9.gerdisable.(I~ve.r:t.Pr()~.i.~iti.on) ... 

Trigger enable (Invert permission) 

AP1 

CAP2T5 : Invert when the up-counter value is loaded to CAP2 
EQSTS Invert when the up-counter matches TREG5 

Figure 3.8 (3). 16-Bit Timer Mode Controller Register (T4MOD) (212) 
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MCU900-324 

T4FFCR bi' Symbol TFF5Cl TFF5CO CAP2T4 CAP1T4 EQ5T4 

R/W 

EQ4T4 

R/W 

TFF4Cl TFF4CO 

(0039H) R.adlVil,i'. W R/W R/W W 

Afterre§et 

Function 

00: Invert TFFS 

01:50' TFFS 
10: Clear TFF5 
11 : don't care 

Always read as "11". 

~ TFF4 invert trigger 

[0: Disable trigger 

:00: Invert 
[01: Set 
=10: Clear 

TFF4 
TFF4 
TFF4 

;!-,I..c: ..cEnc:ac::b.:.:lo.:.:'"'ig"'g,,O,,'_--,-___ .,-__ --i: 11 : don't care 
}n .. ert when Invert when ~In\le't when ~Invert when 

~he UC value the UC value ~the UC ;the UC t 1.( Always read as 

~s loaded to 15 loaded to ~matchel ~matche~ '" t 1 • 

CAP1 :TREG4 

J 
l Timer flip-flop 4 (TFF4) control 

00 Inverts the TFF4 value (software inversion). 

01 Sets TFF4 to ·1·. 

10 CiearTFF4to ·0·. 

11 Don't care (Always read as ·11·) . 

~ Timer flip-flop 4 (TFF4) invert trigger 

CAP2T4 : 
CAP1T4 : 
EQST4 
EQ4T4 : 

o Trigger disable (Invert prohibition) 

Trigger enable (Invert permission) 

Invert when the up-counter value is loaded to CAP2 
Invert when the up-counter value is loaded to CAPI 
Invert when up-counter matches TREG5 
Invert when up-counter matches TREG4 

Timer flip-flop 5 (TFF5) control 

00 Inverts the TFF5 value (software inversion). 

01 SetTFFS to ·1·. 

10 Clear TFFS to ·0·. 

11 Don't care (Always read as ·11·.) 

Figure 3.8 (4). 16-Bit Timer 4 F/F Control (T4FFCR) 
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T45CR bit Symbol 

(003AH) ReadIWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

; ---........... ________; ~ 1 PG 1T PGOT: ________; DB4EN 

R/W R/W R/W 

Fixat "0" 

• 

• 

iPG1 shift ;PGOshift 
!T,igger ;Tr;99.' 

jo:a-bit. :o:a-bit : 
: Timer TrIgger: Timer Trigge,; 
!(TimerO, I) ~(T.merO.l) 

I~,:::;",·ri:;:;::;,,·r; 

L Double buffer (ountrol 

1· ... ~ .. ··I~~::i~·· 
DB4EN: Double buffer of TREG4 

:Double 
!bufferof 
;TREG4 
;0: Disable 
1: En .. ble 

Figure 3.8 (5). 16-Bit Timer (Timer 4) Control Register (T45CR) 

TRUN 
(0020H ) 

-------bit Symbol 

ReadlWrite 

After reset 

Function 

7 6 

16 bit timer 8 bittimer 
I I 

5 4 3 2 1 0 

PRRUN T4RUN TlRUN T2RUN TlRUN TORUN 

R/W 

0 0 0 0 0 0 

Prescaler & Timer Runl Stop Control 

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

.. I 

I Operation of 16-bit timer (timer4) 

l·il~~!;;:·".~~I~ar. .... · .. ·· .. 1 

Operation of pres(aler 

............ 1 

Figure 3.8 (6). Timer Operation Control Register (TRUN) 
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CD Up-counter 

UC4 is a 16-bit binary counter which counts up 
according to the input clock specified by T 4MOD 
<T4CLK1 ,0> register. 
As the input clock, one of the intemal clocks ¢T1 (8/ 
fc), ¢T 4 (32/fc), and ¢T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and extemal clock from TI4 
pin (also used as P72/INT4 pin) can be selected. 
When reset, it will be initialized to <T4CLK1 ,0> = 00 
to select TI4 input pin mode. Counting or stop and 
clear of the counter is controlled by timer operation 
control register TRUN <T 4RUN> . 
When clearing is enabled, up-counter UC4 will be 
cleared to zero each time it coincides matches the 

TREG4 

Upper a-bit I Lower 8-bit 

000031 H 000030H 

TREG4 timer register is of double buffer structure, 
which is paired with register buffer. The timer control 
register T45CR <DB4EN> controls whether the dou­
ble buffer should be enabled or disabled. : disabled 
when <DB4EN> = 0, while enabled when <DB4EN> 
= 1. 
When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer regis­
ter is at the match between the up-counter (UC4) and 
timer register TREG5. 
When reset, it will be initialized to <DB4EN> = 0, 
whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN> = 1 , and then write the following data in the 

CAP1 

Upper 8-bit I Lower 8-bit 

000035H 000034H 

timer register TREG5. The "clear enable/disable" is set 
by T 4MOD <CLE>. 
If clearing is disabled, the counter operates as a free­
running counter. 

@ Timer registers 

These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4 matches the 
set value of this timer register, the comparator match 
detect signal will be active. 
Setting data for timer register (TREG4 and TREG5) is 
executed using 2-byte data transfer instruction or 
using 1-byte data transfer instruction twice for lower 
8-bit and upper 1-bit in order. 

TREG 5 

Upper 8-bit I Lower a-bit 

000033H 000032H 

register buffer. 
TREG4 and register buffer are allocated to the same 
memory addresses 0OOO30H/000031 H. When 
<DB4EN> = 0, same value will be written into only the 
register buffer. 

@ Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 
Data in the capture registers should be read by a 2-
byte data load instruction or two 1-byte data load 
instruction, from the lower 8-bit followed by the upper 
8-bit. 

CAP2 

Upper a-bit I Lower a-bit 

000037H 000036H 
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@ Capture Input Control 

This circuit controls the timing to latch the value of up­
counter UC4 into (CAP1, CAP2). The latch timing of 
capture register is controlled by register T 4MOD 
<CAP12M 1, 0>fT5MOD <CAP34M1 ,0>. 

• When T4MOD <CAP12M 1, 0> = 00 
Capture function is disabled. Disable is the default on 
reset. 

• When T4MOD <CAP12M1 , 0> = 01 
Data is loaded to CAP1 at the rise edge of Tl4 pin 
(also used P8O/INT4) input, while data is loaded to 
CAP2 at the rise edge of TI5 pin (also used as P81/ 
INT5) and input. Crime difference measurement) 

• When T4MOD <CAP12M1, 0> = 10 
Data is loaded to CAP1 at the rise edge of TI4 pin 
input, while to CAP2 at the fall edge. Only in this set­
ting, interrupt INT4 occurs at fall edge. (Pulse width 
measurement) 

• When T4MOD <CAP12M1, 0> = 11 
Data is loaded to CAP1 at the rise edge of timer flip­
flop TFF1 , while to CAP2 at the fall edge. 

Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever "0" is written 
in T 4MOD <CAP1IN> the current value of up-counter 
will be loaded to capture register CAP1. It is neces­
sary to keep the prescaler in RUN mode (TRUN 
<PRRUN> to be "1 H). 

® Comparator 

These are 16-bit comparators which compare the up­
counter UC4 value with the set value of (TREG4, 
TREG5) to detect the match. When a match is 
detected, the comparators generate and interrupt 
(INTI4, INTI5) respectively. The up-counter UC4 is 
cleared only when UC4 matches TREG5. (The clear­
ing of up-counter UC4 can be disabled by setting 
T4MOD <CLE> = 0.) 

® Timer flip-flop (TFF4) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the 
capture registers. Disable/enable of inversion can be 
set for each element by T 4FFCR <CAP2T 4, CAP1T 4, 
EQ5T4, EQ4T4>. TFF4 will be inverted when "00" is 
written in T4FFCR <TFF4C1 ,0>. Also it is set to "1" 
when "10" is written, and cleared to "0· when "10" is 
written. The value of TFF4 can be output to the timer 
output pin T04 (also used as P70). 

\lJ Timer flip-flop (TFF5) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the cap­
ture register CAP2. TFF5 will be inverted when "00" is 
written in T4FFCR <TFF5C1 ,0>fT6FFCR 
<TFF6C1 ,0>. Also it is set to "1" when "10· is written, 
and cleared to "0" when "10· is written. The value of 
TFF5 can be output to the timer output pin T05 (also 
used as P82). 
T05 (also used as P30) is multiplexed using the HWR 
pin; setting must be done using the port 3 control reg­
ister, P3CRL. 

Note: T05 (also used as P30) is mu~iplexed with HWR; setting 
must be done using the P3SR. 
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(1) 16-Bit Timer Mode 

Generating interrupts at fixed intervals 

7 6 4 3 2 0 

TRUN ~ 0 

INTET54 ~ 0 0 0 0 

T4FFCR ~ 1 1 0 0 0 

T4MOD ~ 0 0 0 0 1 

(** = 01,10,11) 

TREG5 ~ 0 0 0 0 0 

TRUN ~ 

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

(2) 16-Bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer 
can be used as an event counter be selecting the 

7 6 4 3 2 

TRUN ~ 0 

P7CR ~ 0 0 

INTET54 ~ 0 0 0 0 

T4FFCR ~ 0 0 0 

T4MOD ~ 0 0 0 0 0 

TREG5 ~ 

TRUN ~ 

0 

0 

0 

Note: When used as an event counter, set the prescaler in RUN mode. 

In this example, the interval time is set in the timer reg­
ister TREG5 to generate the interrupt INTIR5. 

Stop timer 4. 

Enable INTTR5 and sets interrupt level 4. Disable INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 

Set the interval time (16-bit). 

Start timer 4. 

extemal clock (T14 pin input) as the input clock. To read 
the value of the counter, first perform the "software 
capture" once and read the captured value. 
The counter counts at the rise edge of TI4 pin input. 
TI4 can also be used as P72/1NT4. 

Stop timer 4. 

Set P72 to input mode. 

Enable INTTR5 and sets interrupt level 4, while disable INTTR4. 

Disable trigger. 

Select TI4 as the input clock. 

Set the number of counts (16-bit). 

Start ti mer 4. 
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l6-Bit Programmable Pulse Generation (PPG) Mode up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P70). In this 

The PPG mode is obtained by inversion of the timer mode, the following conditions must be satisfied. 

flip-flop TFF4 that is to be enabled by the match of the 

(Set value of TREG4) < (Set value of TREG5) 

7 6 S 4 3 2 0 

TRUN f- x 0 Stop timer 4. 

TREG4 f- Set the duty. (16-bit). 

TREGS f- Set the cycle. (16-bit). 

T4SCR f- Double Buffer of TREG4 enable 

(Change the duty and cycle at the interrupt INTTRS). 

T4FFCR f- 0 0 0 0 Set the mode to invert TFF4 at the match with 

TREG4/TREGS, and also set the TFF4 to "0". 

T4MOD f- 0 0 0 0 1 0 0 Select the internal clock for the input, and disable the 

(**=01,10,11) capture function. 

P7CR f- Assign P70 as TD4. 

TRUN f- x Start timer 4. 

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

MatchwithTREG4~ (interrupt INTIR4) , 
Match with TREG5 i 
(interruPtINTIR5)~ '-___ _ 

T04 pin ....----

Figure 3.8 (7). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 at 

match with TREG5. This feature makes easy the handling of 
low duty waves . 

Match with TREG4 

Match with TREGS 

TREG4 
(value to be 
compared) 

Register buffer 

.---ll n 
up.counter:-=-;Q:;-I--------;-u;:p-:.c::::o:::un::t~er= L-::Q~2 -----

-----Q-l----"i:1~,;ft;-'"".:, 
1l' 

____________ Q2 ____________ ~X~ ___ Q_3 __ _ 

Write into the TREG4 

Figure 3.8 (8). Operation of Register Buffer 

Shows the block diagram of this mode. 

T04 (PPG output) TOS 

match 

Internal bus 

Figure 3.8 (9). Block Diagram of 16·Bit PPG Mode 
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(4) Application Examples of Capture Function 

The loading of up-counter (UC4) values into the cap­
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CPS, and the output of the TFF4 status to 
T04 pin can be enabled or disabled. Combined with 
interrupt function, they can be applied in many ways, 
for example; 

CD One-shot pulse output from the extemal trigger 
pulse 

® Frequency measurement 
® Pulse width measurement 
® Time difference measurement 

CD One-Shot Pulse Output from the Extemal Trigger 
Pulse 

Set the up-counter UC4 in free-running mode with the 
intemal input clock, input the extemal trigger pulse 
from TI4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the T14 pin. 
Then set T 4MOD <CAP12M1 , 0> = 01. 
When the interrupt INT4 is generated at the rise edge 
of the T14 pin, set the CAP1 value (c) plus a delay time 
(d) to TREGS (= c + d), and set the above set value (c + 
d) plus a one-shot pulse width (P) to TREGS (= c + d + 
pl. When interrupt INT4 occurs the T4FFCR <EQST4, 
EQ4T4> register sgould be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREGS. When interrupt INTTRS occurs, this 
inversion will be disabled. 

( Set the counter in free-running mode . 

Count clock 
(internal clock) 

TI4 pin input 
(external trigger pulse) 

.JUlIUIJUL ____ JUUUUl __ JUUUL _ JlflJUL __ 
c+d c+d+ 

Load the up-counter value into Capture , 
Register I (CAPI) INT4 occurred i 

Match with TREG4 _-+ ____ ~"'L------~---
r INTTR5 occirred 

Inversion 
enable 

Match with TREGS --+""O"'i."".b""I.-":-.nY-.""rsi,...on-\-i---..,£J'-----l--­
caused by loading 
of the up-counter 

Timer output pin 104 _~, :.,;Y:::al:.::::ue..:in:::t::,;o CA:::;::;.,Pl:,;..~, 

I Delay time : Pulse width 
:.: '--(:"-d)---' :. (p) 

Figure 3.S (10). One-Shot Pulse Output (with Delay) 
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Setting example: To output 2ms one-shot with 3ms delay to the external trigger pulse to T14 pin. 

MCU900-332 

Main setting r-;::==::::' Keep counting (Free-runnig) 
,.L1 Count with ~T1. 

T4MOD .. o 1 0 0 1 
L load the up-counter value into CAPI at the rise edge 

T4FFCR .. 1 0 0 0 0 1 0 ofTI4 pin input. T L-, ClearTFF4tozero. 
- - Disable TFF4 inversion. 

P7CRL .. - - 1 

INTE45 .. - 1 1 0 0 

INTET54" 1 0 0 0 1 0 0 0 

TRUN .. X X 1 1 - - - -

Setti ng of I NT 4 

TREG5 .. 

T4FFCR .. lTREG4 .. CAP1+3msl ~T1 
TREG4+2msl ~T1 

1 1 - -
'-r' 

INTET54" 1100----

Setting of INT5 

[

T4FFCR" --

INTET54.. 1 0 0 0 

o 0 
T' 

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

Select P70 as the T04 pin. 

Enable INT4. and disable INTTR4 and INTTR5. 

Start timer 4. 

Enable TFF4 inversion when the up-counter value 

matches TREG4 or 5. 

Enable INTTRS. 

Disable TFF4 inversion when the up-counter value 

matches TREG4 or S. 

Disable INTTRS. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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When delay is unnecessary. invert timer flip-flop TFF4 
when the up-counter value is loaded into capture register 1 
(CAP1). and set the CAP1 value (c) plus the one-shot pulse 
width (P) to TREG5 when the interrupt INT4 occurs. The TFF4 

inversion should be enabled when the up-counter (UC4) value 
matches TREG5. and disabled when generating the interrupt 
INTTR5. 

Count clock nnnnnn nnnnn nnnnn 
(interna' clock) ....JU~UUUL - - ....J~~UUL- - - - --'UUUU~ - - • 

TI4 pin input 
(ext.rnal trigger pulse) 

Match with TREG5 

Timer output pin T04 

Enables inversion caused 
by loading of the up­

counter value into CAP'. 

(p) 

,.INTTR5 
occurred 

LoIId the up-counter value into 
capture Rogi,te, 2 (CAP2). 

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

Figure 3.8 (11). One-Shot Pulse Output (without Delay) 

@ Frequency Measurement 

The frequency of the external clock can be measured 
in this mode. The clock is input through the 114 pin. and 
its frequency is measured by the 8-bit timers (Timer 0 
and Timer 1) and the 16~bit timer/event counter (Timer 4). 

The 114 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 
into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1). 
and into CAP2 at its fall edge. 

The frequency is calculated by the difference 
between the loaded values in CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 
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Count clock --111UUlfUL __ JUUlIl _____ _ 
(internal clock) (1 - - 0 

TfFl 

Loading UC16 into CAPl +--11.::C .... 1 ____ -+ _____ --II..::C:.:..1 -----4-
Loading UC16 into CAP2 4-l-_____ -!L.:::C2:...... ____ .!..-_____ JL.::C2=_. 

TNTTOJINTTI ~L..... ____ --ln,L..... ____ __InL..... _____ L 

Figure 3.8 (12). Frequency Measurement 

For example, if the value for the level "1" width of 
TFF1 of the 8-bit timer is set to 0.5 s. and the difference 

between CAP1 and CAP2 is 100, the frequency will be 
100/0.5[s] = 2oo[Hz]. 
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@ Pulse Width Measurement 

This mode allows measuring the "H" level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 

Count clock 
(internal clock) 

TI4pin 
(external pulse) 

loading ue16 into CAPl 

external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of 114. 

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

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

Cl 

loading UCl6intoCAP2 -------~--f'----------~L.:.;.....---

INT4 

Figure 3.8 (13). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (T4MOD <CAP12M1. 0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 

The width of "L" level can be measured from the dif­
ference between the first C2 and the second C1 at the 
second INT4 interrupt. 

@ Time Difference Measurement 

This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 andTl5. 

Keep the 16-bit timer/event counter (Timer 4) count­
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to T14. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to 115, generating the inter­
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-counter value into CAP1 and CAP2 
has been done. 
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Count clock 
(internal clock) 

Tl4 pin input 

TIS pin input 

Loading UC16 into CAP1 

Loading UC16 into CAP2 

INT1 

INT2 

TLCS-900 16-bit Microcontroller 

__ JIflfl1\Jl ____ _ 
C2 

, 

,I ~,'L ________________________ __ 

Time difference 
!4-'---"""""'-'=:=--+J : 

Figure 3.8 (14). Time Difference Measurement 

(5) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free-running up-counter UC4. 

When the value in up-counter UC4 and the value in 
TREG4 (fREG5) match, the value in TFF4 (fFF5) is 
inverted and output to T04 (f05). 
This mode can only be used by l6-bit timer 4. 

Counter 
(free-running) 

Match with TREG4 

Match with TREGS 

T04 

TOS 

Figure 3.8 (15). Phase Output 

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

4'T1 

4'T4 

4'T16 

16MHz 

32.768ms 

131.072ms 

524.288ms 

MCU900-336 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 

2DMHz 

26.214ms 

104.856ms 

419.424ms 



TLCS·900 16·bit Microcontroller TMP96C031 N/F 

3.9 Stepping Motor Control/Pattern Generation Port 
The TMP96C031 F contains 2 channels (PGO and PG1) of4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the 
(8-bitl16-bit) timers. The PG (PGO and PG 1) are shared in 8-bit 
I/O ports P6. 

Channel 0 (PGO) is synchronous with 8-bit timer 0 or 
timer 1, 16-bit timer 4, channel 1 (PG 1) is synchronous with 8-

Difference between PGO and PG 1 

--------

bit timer2 or timer3, 16-bit timer4, to update the output. 
The PG ports are controlled by control registers 

(PG01 CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 
the PG port. 

Channel 0 (PGO) and channel 1 (PG1) operate indepen­
dently. 

Except in the following case, both channels operate the 
same. Thus, channel 0 (PGO) is explained here. 

PGO PG1 

Timer trigger signal 8·bit timerO, 1 8-bit timer2, 3 

"'- b7 

1-2 excitation 
; 

~I SA03 J 
+ 

~ b6 
::> 

.0 

f 
~~I SA02 I 
c: 
~ 

'" bS 
~ 

c: 
- f 
r-£l-..I SAOl I 

+ 
b4 

f 
~I SAOO I 

"- + 

16-bittimer4 

_1. 
PG03 

j 

1-2 
excitation 

PG02 

• 

..l 
PGOl 

• 
i. 
PGOO I 

t 1 

1 6-bit timer4 

0 P63/PG03 
(P67/PG13) 

0 P62/PG02 
(P66/PG12) 

0 P61/PG01 
(P65/PGll) 

o P60/PGOO 
(P64/PG10) 

< 
0 

~~ 

~: 
00 
zo: 

Figure 3.9 (1). Pattern Generator/Stepping Motor Control Block Diagram 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 

~ ~~ 

>~ 

~o 

MCU900·337 



TMP96C031 NIF 

PG01CR 
(OO4EH) 

MCU900-338 

--bit Symbol PATI 

ReadlWrite 

After reset 

PGlwrite 
mode 

0: B-bit 
Function write 

1: 4-bit 
write 

TLCS-900 16-bit Microcontroller 

CCWI PGIM PGITE PATO CCWO PGOM PGOTE 

R/W R/W 

o 
~PGl :PG1 mode :PGl :PGOwrite :PGO :PGOmode :PGO 
; Rotaing j(ex(itation)jtrigger ~mode ~Rotaing ~(excitationi.trjgger 
idirection :0: I@Kltiltlon:input ~o: 8-bit idirection :0: 1excltation:input 

~O: Normal: . ~enable : write ;0: Normal; . lenable 
~ rotatiDn~" ~e;C;:ltiitlOn1o: disable l,. 4-bit j rotation;,. !:"itatlO~O: disable 
~ 1: Reverse ~ . ;xdtation P : enable ~, . write : 1 : R,otaevet','oen .;. • excitation :,~ 1: enable 

rotation~ 

I I I 

.---------.Ji I 

L PGO Trigger input enable 

o .. r.r.i.9.~.~r.i.".p.~t.~.i~.~.?I.~ .. t~ .. ~~.o. .............................. . 
Trigger input enable to PGD 

~ Set the operation mode of PGD 

o 1 or 2 excitation (full step) 

1-2 excitation (half step) I PG mode 

~ _____ PGO (stepping motor control) 
Rotaing direction control 

o Normal rotation I PG mode 

Reverse rotation 

Selecting PGO write mode 

o 8-bit write 

4-bit write I PG mode 
(Only shifter alternate register can be 

written.) 

Figure 3.9 (2a). Pattern Generation Control Register (PG01 CR) 
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--- 4 

PGO 1 CR bit Symbol PA T1 eCWl PG1M PG1TE PATO ecwo PGOM PGOTE 

(004EH) R •• dlWrit. R/W R/W 

After reset o o 
PGlwrite ~PGl :PGl mode :PGI :PGOwrite lPGO ~PGOmode jPGO 
mode ~Rotaing [(excitation); trigger ~mode ~Rotaing ;(excitationftrigger 
0: 8.bit ~direction ~O: lf1t'lt.tIOn~ input 10: a.bit ~dire(tion i(l: lex(m.tlo~input 

Function write :0: Normal: ; enable : write [0: Normal 1 or ienable 
1: 4.bft ; rotation~" ~~211[it.tIOn: 0: disable ~,. 4-bit j rotation:,. ~e;cit.ti~O: disable 

I 

write ~ 1: ~:~~~~ t .•• c,t.tion: 1: enahle: . write i 1: ~:tYa~~~~ ~ . ~.Cit.tion 1': enable 

I 1 l J 

C. PG 1 trigger input enable 

a Trigger input disable to PG 1 

Trigger input enable to PG 1 

Set the operation mode of PG 1 

a 1 or 2 excition (full step) 

1-2 excitation (half step) I PG mode 

1-_______ PG 1 (stepping motor control) 
Rotaing direction control 

o Normal rotation I PG mode 

Reverse rotation 

Selecting PG 1 write mode 

o 8-bit write 

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

Figure 3.9 (2b). Pattern Generation Control Register (PG01CR) 
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PGOREG 
(004CH) -----bit Symbol 

Read/Write 

After reset 

Function 

.. 
Prohibit Read 
modify write 

PG1REG 
(004DH) ------bit Symbol 

Read/Write 

After reset 

Function 

.. 
Prohibit Read 
modify write 

MCU900·340 

TLCS-900 16-bit Microcontroller 

7 
• 

6 5 4 3 i 2 i • 0 , 
PG03 

, 
PG02 PG01 PGOO SA03 i SA02 l SA01 SAOO 

W R/W 

0 i 0 0 0 Undefined 

Pattern Generation 0 (PGO) output latch register Shift alternate register 0 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

Figure 3.9 (3). Pattern Generation 0 Register (PGOREG) 

. 4 3 ! 2 
I 

1 0 7 6 5 I 
PG13 PG12 PG11 PG10 SA13 i SA12 1 SA11 i SA10 

-
W R!W 

0 a a a Undefined 

Pattern Generation 1 (PG1) output latch register Shift alternate register 1 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

Figure 3.9 (4). Pattern Generation 1 Register (PG1REG) 
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T45CR 
(003AH) 

----bit Symbol 

ReadlWrite R/W 

After reset 

Fixat "'0" 

* Always 
read as 

Function "0· 

TLCS-900 16-bit Microcontroller 

_______ ~: ~: PGIT PGOT _________ i OB4EN 

. rvw 

f'GI Shift [PGOShllt 

'rigger : trigger 

~:8.blttlmer jO:S.blttlmer 

tngger ~ trigger 

(trmer2.3) : {tlmerO,1) 

:,: 16'blttlmerj 1: 16b.t timer 

trigger tr'9ger 
(tlmer4) (tlmer4) 

I I 

L Double buffer control 

1···~····I·~~s:~~ ... 
DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Selecting PGO shift trigger 

Selecting PGl shift trigger 

rvw 

~ Double 
~ buffer of 
, TREG4 
:O:Disable 
~1:Enable 

I 0 [S-bittimertrigger(timer2,3) ..................................................................... 
1 16-bit timer trigger (timer 4) 

TMP96C031 N/F 

· .. ·· .. ······· .. ··1 

'-------------;~ Write "0" to this bit, when this register is modified. 

Figure 3.9 (5). 16-bit Timer Trigger Control Register (T45CR) 
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8·Bit timer 1-1 .... ___ I 
(timer 0, 1) . 

1 6-Bittimer 4 

L_B~-_Bi_tt_im~e~r_~r' ______ 1 (timer 2, 3) . 

<PG1T> 

Figure 3.9 (6). Connection of Timer and Pattern Generator 

(1) Pattern Generation Mode 

PG functions as a pattern generation according to the 
setting of PG01 CR <PAT1>I<PATO>. In this mode, 
writing from CPU is executed only on the shifter alter­
nate register. Writing a new data should be done during 
the interrupt operation of the timer for shift trigger, and 
a pattern can be output synchronous with the timer. 

In this mode, set PG01 CR <PGOM> and <PG1 M> to 
1, and PG01 CR <CCWO> and <CCW1> to O. 
The output of this pattern generator is output to port 6; 
since port and functions can be switched on a bit basis 
using port function control register P6CRUP6CRH, any 
port pin can be assigned to pattern generator output. 
Figure 3.9 (7) shows the block diagram of this mode. 

ShlftaltE,>rIlate register output -~:+,,"V"""''''---+--V'---:--+-",\j-----:-\-,}---
(SA03-00) n +3 

MCU900-342 

Pattern generator register 

output (PG03-00) 

Figure 3.9 (7). Pattern Generation Mode Timing Example 
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Figure 3.9 (7). Pattern Generation Mode Block Diagram (PGO) 

In this pattern generation mode, only writing the output 
latch is disabled by hardware, but other functions do the same 
operation as 1-2 excitation in stepping motor control port 

mode. Accordingly, the data shifted by trigger signal from a 
timer must be written before the next trigger signal is output. 
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(2) " Stepping Motor Control Mode Figure 3.9 (8) and Figure 3.9 (9) show the output wave­
forms of 4-phase 1 excitation and 4-phase 2 excita-

CD 4-phase 1-Step/2-Step Excitation tion, respectively when channel 0 (PGO) is selected. 

MCU900-344 

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

PGOO(P60) 
~ b4 b7 Ib6 Ib5 b4 

PGOI (P61) 
~ b5 b4 b7 Ib6 Ib5 

PG02 (P62) ~b5 b4 b7 Ib6 

PG03 (P63) ~b6 I b5 b4 b7 

Initial value PGOREG 4- 0100x x x x 

Note: bn indieat.esthe init.ial valueofPGOREG .... b7 b6 b5 b4X X X X 

<D Normal Rotation 

Trigger signal 
from timer ,.---ll n n n n n 

PGOO (P60) 
; b4 bS I b6 Ib7 b4 

~b6 I b7 b4 b5 
PGOl (P61) 

PG02 (P62) ~b7 b4 b5 Ib6 

PG03 (P63) 
, b7 b4 bS Ib6 I b7 

Initial valuePGOREG 4- 0100)()()( x 

® Reverse Rotation 

Figure 3.9 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer ~ n n n n n L 
PGOO (P60) 

~b7 b6 I bS b4 L 
PGOI (P61) 

bS b4 Ib7 b6 I bS 

PG02 (P62) ~bS b4 Ib7 b6 

PG03 (P63) ; b7 b6 IbS b4 I b7 I 

Initial value PGOREG +-1100 )( x )( x 

Figure 3.9 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 

The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01 CR 
<CCWO>: Normal rotation (PGOO ~ PG01 ~ PG02 ~ 
PG03) when <CCWO> is set to "0"; reverse rotation 
(PGOO ~ PG01 ~ PG02 ~ PG03) when "1 ". Four-phase 

Shift alternate Register 

b7 

~ b3 
SA03 :l 

.c 
• b6 

'" 
b2 

SA02 
c: 

bS 

c: bl SAOI 

l b4 

bO SAOO 

1-step excitation will be selected when only one bit is set 
to "1" during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1". 

The value in the shift a1temate registers are ignored 
when the 4-phase 1-step/2-step excitation mode is 
selected. 

Rgure 3.9 (10) shows the block diagram. 

DpG03(P63) 

DpG02 (P62) 

DPGOI (P61) 

DpGOO (P60) 

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

Figure 3.9 (10). Block Diagram of 4-Phase 1-Step Excitationl2-Step Excitation 
(Normal Rotation) 
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@ 4-Phase 1-2 Step Excitation Figure 3.9 (11) shows the output waveforms of 4-
phase 1 -2 step excitation when channel 0 is selected. 

MCU900-346 

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

PGOO(P60) 
i b4 bO I b7 b3 bS Ib2 b5 

PGOI (PSI) 
i b5 bl b4 bO I b7 b3 bS 

PG02 (P62) ~b2 b5 bl b4 bO Ib7 

PG03 (PS3) ; b7 b3 b6 Ib2 b5 bl b4 

Initial valuePGOREG f- 11001000 

Note: bn denotes the initial value PGOREG - b7 b6 b5 b4 b3 b2 bl bO 

Q) Normal Rotation 

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

PGOO(P60) 
: b4 bl b5 b2 1b6 b3 b7 

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

PG02 (P62) 
; b6 b3 b7 I bO b4 bl b5 

PG03 (P63) tb7!bO b4 bl b5 b2 I b6 

Initial value PGOREG f- 10001100 

® Reverse Rotation 

Figure 3.9 (11). Output Wavefonns of 4-Phase 1-2 Step Excitation 
(Nonnal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1-2 step excitation is as 
follows: 

By rearranging the initial value "b 7 b6 b5 b4 b3 b2 
b1 bO" to "b7 b3 b6 b2 b5 b1 b4 bO", the consecutive 3 
bits are set to "1" and other bits are set to "0" (positive 
logic). 

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

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

:J 

..c 

'" c: 

c: 

Shifter alternate 
register 

~7 

~l SA03 (L 
+ 

~6 

~I SA02 IJL 

?5 

~I. SAO 1 IJL 

?4 

~I SAOO IJL 

. 

. 

. 

. 

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

Figure 3.9 (12) shows the block diagram. 

PGOOutput 

In 
PG03 PG03 (P63) 

• 
JL 

PG02 PG02 (P62) , 

JL 

PGOl PGOl (P61) 

+ 

JL 

PGOO PGOO(P60) 

+ 

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

Figure 3.9 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 

7 6 5 4 3 2 

TRUN ~ 

TMOD ~ 0 0 0 

TFFCR ~ 0 0 

TREGO ~ 

P6CRl ~ 0 0 0 

PG01CR ~ 0 0 

PGOREG ~ 0 0 0 0 

TRUN ~ 

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

(3) Trigger Signal From Timer 

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

0 

0 

1 

0 

0 

1 

0 

timer 0 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 O. 

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

Set the cycle in timer register. 

Set P60 - P63 bits to PG output. 

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

Set an initial value. 

Start timer O. 

not equal to the trigger signal of timer flip-flop (TFF1 , 
TFF4, TFF5, and TFF6) and differs as shown in Table 
3.9 (1) depending on the operation mode of the timer. 

Table 3.9 (1) Select of Trigger Signal 

TFF1 Inversion PG Shift 

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

16-biI timer mode When the up-counter value matches with both TREGO and TREG1 . 
val ues. (The value of up-counter = TREG1*i! + 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 <TFF11E> must be set to "1" to enable TFF1 inversion. 

Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4. In this case, the PG shift trigger signal 
from the 16-bit timer is output only when the up­
counter UC4 value matches TREG5. 

When using a trigger signal from Timer 4, set either 
T 4FFCR <EQ5T 4> or T 4MOD <EQ5T5> to "1" and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. 
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(4) Application of PG and Timer Output To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
required at the timing when excitation is changed over. 
In this application, port 6 is used as a stepping motor 
control port to output a synchronizing signal to the 
T01 pin (shared by P70). 

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

n TREGI n n r 
TOI (P70) ----I 1 _____ --' '-_____ .... '--____ --' 

-11-
TREGO PGOO(P60) ________ -1 

PGOI (P61) L 
PG02 (P62) IL.. ___________________ ---Ir 
PG03 (P63) ----1 

Figure 3.9 (13). Output Waveforms of 4-Phase 1-Step Excitation 

Setting example: 

6 5 4 3 2 0 

TRUN ~ 0 0 Stop timer 0, and clears it to zero. 

TMOD ~ 0 0 Set timer 0 and timer 1 in PPG output mode and selects t/lT1 as the input clock. 

TFFCR ~ 0 0 Enable TFF1 inversion and sets TFF1 to "1". 

TREGO ~ Set the duty of T01 to TREGO. 

TREG1 ~ Setthe cycle of T01 to TREG 1. 

PlCR ~ 0 Assign PlO as T01. 

P6CRL ~ 0 0 0 Assign P60 - 63 as PGO. 

PG01CR ~ 0 0 Set PGO in 4-phase 1-step excitation mode. 

PGOREG ~ Set an initial value. 

TRUN ~ Start timer 0 and timer 1. 

Note: x; don't care -; no change 
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3.10 Serial Channel 
The TMP96C031 F contains 2 serial I/O channels for full duplex 

asynchronous transmission (UAR1) as well as for I/O exten­
sion. 

The serial channel has the following operation modes. 

• I/O interface mode 
(channel 1 only) 

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

• Asynchronous transmission 
(UAR1) mode (channel 0 and 1) 

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

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

Figure 3.10 (1) shows the data format (for one frame) in 
each mode. 

MCU900-350 

• Mode 0 (1/0 interface mode) 

__ Transfer direction 

• Mode 1 (7-bit UART mode) 

• Mode 2 (a-bit UART mode) 

• Mode 3 (9-bit UART mode) 

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

Figure 3.10 (1). Data Formats 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 N/F 

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

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

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

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

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 

detected to be normal at least twice in three samplings. 
When the transmission buffer becomes empty and 

requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTI)( or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, orframing error occurs 
during receiving operation, flag SCOCRlSC1 CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen­
erator, which can set any baud rate by dividing the frequency 
of four clocks (¢TO, ¢T2, ¢T8, and ¢T32) from the intemal pres­
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

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

3.10.1 Control Registers 
The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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seOMOD 
(OO52H) 

--------bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

TBB CTSE RXE WU SMI SMO SCI SCO 

R/W 

Transfer Hand ~Receiving iWake up ~erial transmission 
=Function 1 Function ~mode 

;Serial trilnsmission 
!clock (UART) data shake 

BitS fanction ~O: Receivei :cO: Can not be used 

control 11: :=:~~:io: disable~t: 7·bitUART 

~OO: TOO Trigger 

~l: baud rate 

0: CTS . enable; 1: Enable 110: 8·bit UART generator 
disable j . :11: 9-bit UART ho: Internal clock ~1 

h 1: don't care 1: CTS 
enable] 

I 
L... Serial transmission clock (UART) 

.. ~ .. !~~~~.~.~.~.~~~.~~~~~~~~~I ... 
01 . ~~~~.~.~~.~.~~~~~~.~.~ .. 
1 a Internal clock ~ 1 

11 don't care 

L-...... _ Serial transmission mode 

00 Can not be used ............... ' ........................ . 
01 j 7·bit le.~~.~~ 
10 UART 

11 

~ . ....-.~.i.~ .I.~.':'~~~ ..... 
~ 9-bit length 

Wake-up Function 

9-bit UART Other mode 

Interrupt when 

data are received don't care 

Interrupt only 

when RBB= 1 

Receiving Function 

Receive Disable 

1 Receive Enable 
... j 

Hand shake function (en Pin) enable 

Disable (always ~~~~s(erable) 

, Enable 

'---------.--------- Transmission data bit 8 

Note: There is SCIMOD (5GB) in Channell 

Figure 3.10 (2). Serial Mode Control Register (Channel 0, SCOMOD) 
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SeOeR 
(OO51H) 

---bit Symbol 

ReadlWrile 

Afterr.set 

Function 

TLCS-900 16-bit Microcontroller 

RBB EVEN PE OERR PERR FERR 

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

0 

1: error 
Received Parity Parity 

data 0; Odd addition 
~ Fix at "0" Fix at "0" 

8it8 1: Even 0: Disable; ........ . 
1: Enable: 

: ()yerrun ~ P.rity 

~I 

~framing error flag} 
------Parity error flag ~~:~e!!:~ero 

L_-.... 'Overrun error flag 

Enable parity addition 

H···I::::;;::·i::;~:!··········1 
Addition I check of even parity 

L ____________ --l~ Recevingdatabit8 

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

testing instruction. 

Figure 3.10 (3). Serial Control Register (Channel, SCOCR) 
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BRoeR bit Symbol 
(0053H) ReadlWrite R/W 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

; BROCKI : BROCKO; BROS3 BROS2 BROSI BROSO 

00: ;TO(fd4) 

01: ;T2(fe/16) 

10: ;TB (fe/64) 

! 11: ;T32 (fd2S6) 

R/W 

Setting of the Divided frequency 

L Setting of the divided frequency 
of baud rate generator 

0000 16divisions 

0001 Don't set 

0010 2to 1S divisions 

1111 

'-----_ Selecting the input clock of 
baud rate generator 

00 .. '.~:o>r~~I.cl .. ~kfT~.(f~4J. .................... . 

...• O.~ .... . '.n.t~r~~I.cl .. c.kP~.(f~I.6J. ................. . 

.... ~~ ..... '.n.~~.~~~I.c! .. ~.k .. ~!~.(!~~4) ................... . 
11 Internal clock tfT32 (fcl256) 

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

Figure 3.10 (4). Serial Channel Control (Channel 0, BROCR) 

6 5 4 3 2 0 
TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO I (Transmission) 

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

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

Figure 3.10 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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---------bit Symbol 
SC1MOD 

Read/Write 
(OO56H) 

After reset 

Function 

TBB 

Tr~nsfered 

Blt8 

TLCS-900 1S-bit Microcontroller 

: Fix at "0" 

• 

RXE wu SMl SMO SC1 seo 
R/W 

Receiving Wake up :Serial Transmission 

function Function !mode 

;Serial Transmission 

;clock (UART) 

0: Receive 0: disable ;00: 110 interface ;00: TOOTrigger 

jOl: Baud rate disable 1: enable: mode 

1: Receive 

Enable 

;01: 7-Bit UART 

~10: 8-Bit UART 

~11: 9·Bit UART 

generator 

h 0: Internal dock <1> 1 

11 1: don't care 

I I 
L Serial transmission clock (For UART) 

00 Timer 0 match detect signal 

01 Baud rate generator 

10 Internal clock $1 

11 don't care 

Note: The clock selection for the 110 interface 
mode is controlled by the serial control 

register (SeIeR). 

""----+- Serial transmission mode 

00 1/0 interface mode 

11 : 9·Blt length 

~ Wake up Function 

9-BitUART 

Interrupt when 

data are received 

1 Interrupt only 

when RB8= 1 

Re<ei vi n9 <ontrol 

Receivedisable 

1 Receive enable 

Ottlermode 

don't care 

L ____________ ..... ~ Transmission data bit 8 

Figure 3.10 (S). Serial Mode Control Register (Channel 1, SC1MOD) 
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TLCS-900 16-bit Microcontroller 

bit Symbol RBB EVEN PE OERR PERR FERR SCLKS 10C 

SC1CR ReadIWrite R RIW R(deartoZerowhenread) R/W 
(0055H) r==.:."'-=-t---"----+-::---,-------:-----i--"'-;:,---:--,----':--i---:-,------=----1 

After reset 0 

Function 

Rece;vHi Parity 

data 0: Odd 
8it8 1: Even 

Parity 

addition 

0: Disable 

1: error 
0: SCLKI io: 
(..s-) l Baud rate 

. ~!Jfnerator 

t: enable Overrun ; Parity Framing 
I:SCLKI ~1:SCLKI 

C~)iPin input 

I J I 
L.. _ Select va interface input clock (Notel) 

.. ~ .... ~~~~.~~~.~.~~~~~~~.~." ................ . 
1 SCLK1 Pin input 

Notel: For channel O. fix this bit to "0· 

~ _ Edge selection in SCLK pin input mode 

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

Transmits and receives ( L.) 
data at fall edge of SCLK 

~ framing error flag 

'----.. Parity error flag 

'-----.. Overrun error flag 

Enable parity addition 

In·;I:~::;~e ................. . 

} 
Cleared to Zero 
when read 

nl 
L ___________ Addition/check of even parity 

....... ?~~.~~~,j.~~ .. 
1 Even Parity 

Receiving data bit 8 

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

Figure 3.10 (7). Serial Control Register (Channel 1, SC1 CR) 
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--BR1CR bit Symbol 

(OO57H) ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

rvw 

"-
Fix at "0" 

6. 4 

BR1CKl BRlCKO' BR1S3 BR1S2 BR1S1 BR1S0 

00: ,TO (fd4) 

.01:,T2(fd16) 

10: ,T8 (fd64) 

11: ,T32 (fcJ256) 

rvw 
o • 

Setting of the Divided frequency 

I 
L Setting of the divided frequency of baud rate 

generator 

0000 16divided 

0001 Don't set 

0010 

I 2 to 5 divisions 

111' 

Selecting the input clock of baud rate generator 

00 .. '.~.~~~~~~.~~~~~f~.~.~~<!~) ". 
01 ... I.~.~~~~~~ .~~~~.~ .. ~.~.~. ~~~ ~.~} .. 
10 ... I.~:~.~~~~.~!?~.~ .. ~.:~.~!~~.~.) .. 
11 Internal clock; T32 (fcJ256) 

Note: To use baud rate generator, setTRUN <PRRUN>to "1", putting the prescaler in RUN 
mode. 

Figure 3.10 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 

7 6 4 3 2 0 

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

SC1BUF 
(0054 H) 6 5 4 3 2 0 

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

TMP96C031 N/F 

Figure 3.10 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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P6CRl 
(OO14H) 

P7CRH 
(0017H) 

TLCS·900 16·bit Microcontroller 

----bit Symbol 

ReadMlrite 

After reset 

Function 

P63(1 P63(0 

W 

00: PORT input 

01: PORT output 

10, PG03 

11; 

Prohibit Read 
modify write 

---- 7 6 

bit Symbol 

------- ' --------ReadlWrite 

After reset 
, 

Function 

. 

Prohi bi tRead 
modify write 

Port 6 Control Register l 

P62(1 P62(0 P61(1 . P61(0 P60(1 P60(0 

. W w w 

'00: PORT input '00: PORT input ioo: PORT input 
:01: PORT output '01: PORT output ~O': PORT output 

,10:PG02 :10: PGOl "0: PGOO 

'11:- ~11; - fl1: TXDO 

Lsett;ng P60 as TxDO output 

00 Portinpul 

01 Port output 

10 PGOO output 

11 TXDO (channelc) output 

Port 7 Control Register H 

S 4 3 2 1 0 

P76(1 P76(0 P7S(1 P75(0 P74CI P74(0 

W W W 

0 0 0 0 0 0 

'00: PORT input iOO : PORT input ~oo: PORT input 

:01: PORT output :01: PORT output :01: PORT output 

; 10: 5ClKI '10:- ,10: TXDl 

~11: - ~11: - : 11: -
! 

I 
I • Setting P74 Txd 1 output 

00 Port input 

01 Portoulpul 

10 TXDI (channell) output 

Setting P76 as SCLKI output 

00 Port input 

01 Port output 

10 SClK l{channel 1)output 

Figure 3.10 (10). Port 6, 7 Control Registers 
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ODE bit Symbol ---... ---... ---... ---... ---..., ~ ____ OOEI ODEO 

(0058H) R •• dlWrit. R/W 

After reset 

Function 

P74 : P60 

:0: CMOS ~O: CMOS 
:1: OPEN \ OPEN 

; Drain Drain 

I 
L Setting P6G as Open-drain output 

1'~'I~:~:;:;~~L~~u';"""'''''''''' 
~ Setting P74 as Open-drain 

~ ... C.I\II.~s..o.".tput 
1 Open-drain output 

Port 3.10 (11). Serial Open Drain Enable Register (ODE) 
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3.10.2 Configuration 

Figure 3.10 (12) shows the block diagram of the serial channel O. 

f----- -- _. Serial clock generation circuit .--------- ----- ------ --: 

1 BROCR<BROCK1,O> TOOTRG (Timer o comparator output) ! 
1 ------.. I 
o 0 0 
o 0 0 

:;TO (fC/4) or 0 I SIOClK 
:¢Tl(fC/16) ~ 
:;T8 (f,/64) III 

:¢T32 (f<1256) '" 

;01 (fd2) __ -"=="'-__ ...J 

Figure 3.10 (12). Block Diagram ofthe Serial Channel 0 
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Figure 3.10 (13) shows the block diagram of the serial channel 1. 

:. --- - --- Serial clock generation circuit - ---- - --- - ---- - --- --- - -~::,' 

BRl CR<BR lCK 1,0> TOOTRG (Timer 0 comparator output) 
r--a·-- -- -----~ 

;~TO (fcJ4) : ~ ~ UART ~ I SloelK 

:~T2(fcl16} : ~ I--!---'==..., 
:;T8 (fcl64) , 

i;T32 (fd256) : 

SC1MOO , i; 1 (fcl2) <SM1,0> : 

: 110 interface mode I 

:'SCLK1 :::qH:; :,-------------1 ~ : 
' input 

~yh;;:f l. --____ --________ . ________ -__ -1---__________________ -__ J 
SCI MOD 

SClKl .C} _______ ~---~<-IO-C->------------~---_. 
Output 

"(Shared' 
by P76) 

( There isn't in 
channel 0 

Figure 3.10 (13). Block Diagram of the Serial Channel 1 
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CD Baud Rate Generator 

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

One of these input clocks is selected by the baud rate 
generator control register BROCRlBR1 CR <BROCK1, 
0/BR1CK1,O>. 

The input clock to the baud rate generator, ¢TO (fc/4), 
¢T2 (fc/16), ¢T8 (fc/64), or ¢T32 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers . 

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

• UARTmode 

Transfer rate = 

• I/O interface mode 

Transfer rate = 

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

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: 
¢TO = fc/4 
¢T2 = fc/16 
¢T8 = fc/64 

I/>T32 = fc/256 

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

Transfer rate = fc/16 
5 

= 12.288 x 106/16/5/16 = 9600 (bps) 

Table 3.10 (1) shows an example of the transfer rate in UART mode. 
Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.10 (2) shows an example of baud rate using 

timerO. 

Table 3.10 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 

Unit (Kbps) 

~ I/lT32 Ic [MHz] Frequency 
I/lTO I/lT2 I/lT8 

Divisor 
(lc/4) (lc/16) (lc/64) (lc/256) 

9.830400 2 76.800 19.200 4.800 1.200 

i 4 38.400 9.600 2.400 0.600 

i 8 19.200 4.800 1.200 0.300 

i 0 9.600 2.400 0.600 0.150 

12.288000 5 38.400 9.600 2.400 0.600 

i A 19.200 4.800 1.200 0.300 

14.745600 3 76.800 19.200 4.800 1.200 

i 6 38.400 9.600 2.400 0.600 

i C 19.200 4.800 1.200 0.300 

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 3.10 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock 4>T1) is Used) 

Unit (Kbps) 

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

1H 96 76.8 62.5 48 

2H 48 38.4 31.25 24 

3H 32 31.25 16 

4H 24 19.2 12 

5H 19.2 9.6 

8H 12 9.6 6 

AH 9.6 4.8 

10H 6 4.8 3 

14H 4.8 2.4 

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

Transfer rate = fc 
TREGO x 8 x 16 

t (When timer 0 (input clock 4>T1) is used) 

Input clock of timer 0 
4>T1 = fC/8 

4>T4 = fC/32 
4>T16 = fC/128 

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

cv Serial Clock Generation Circuit 

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

• I/O interface mode (channel 1 only) 

When in SClK output mode with the setting of 
SC1CR dOC> = "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 SC1 CR <IOC> = "1", the rising edge or falling 
edge will be detected according to the setting of SCi CR 
<SClKC> register to generate the basic clock. 

• Asynchronous Communication (UART) mode 

According to the setting of SCOCR and SCi CR 
<SCi, 0>, the above baud rate generator clock, internal 
clock 4>1 (500Kbps @ fc = 16 MHz), or the match detect 
signal from timer 0 will be selected to generate the basic 
clock SIOClK. 

@ Receiving Counter 

The receiving counter is a 4-bit binary counter used 
in asynchronous communication (UART) mode and 
counts up by SIOClK clock. 16 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 evalu­
ated 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 
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data is evaluated as "1". The sampled data "0", "0" and 
"1" is evaluated that the received data is "0". 

® Receiving Control 

• 1/0 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 setting SC1 CR 
<lOC> = "1", RxD1 signal will be sampled at the rising 
edge or falling edge of SCLK input according to the set­
ting of SC1CR <SCLKS> register. 

• 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 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 
(SCOBUF/SC1 BUF), generating an internupt INTRXOI 
INTRX1. The CPU reads only receiving buffer 2 
(SCOBUF/SC1 BUF). Even before the CPU reads the 
receiving buffer 2 (SCOBUF/SC1 BUF), the received data 
can be stored in the receiving buffer 1 . However, unless 
the receiving buffer 2 (SCOBUF/SC1 BUF) is read before 
all bits of the next data are received by the receiving 
buffer 1, an overnun error occurs. If an overrun error 
occurs, the contents of the receiving buffer 1 will be lost, 
although the contents of the receiving buffer 2 and 
SCOCR <RB8> SC1 CR <RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1 CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1 ", and internupt INTRXOI 
INTRX1 occurs only when SCOCR <RB8>/SC1 CR 
<RB8> is set to "1 ". 

® Transmission Counter 

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

:~ 2 

r----------------------~ 

Figure 3.10 (14). Generation of Transmission Clock 
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IJ) Transmission Controller 

• I/O interface mode (channel 1 only) 

In SClK output mode with the setting of SC1 CR 
<IOC> = "0", the data in the transmission buffer are out­
put 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 SC1 CR dOC> 
= "1 ", the data in the transmission buffer are output bit by 
bit to TxD1 pin at the rising edge or falling edge of SClK 
input according to the setting of SC1 CR <SClKC> regis­
ter. 

• Asynchronous Communication (UART) mode 

When transmission data is written in the transmission 
buffer sent from the CPU, transmission starts at the rising 

91;Qlll 

TxD 

CTS 

Sender 

edge of the next T xDClK, generating a transmission shift 
clock TxDSFT. 

Handshake function 

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

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

Though there is no RTS pin, a handshake function 
can be easily configure..£..l2y setting any port assigned to 
the RTS function. The RTS should be output "High" to 
request data send halt after data receive is completed by 
a software in the RXD interrupt routine. 

96C031 

RxD 

RTS (any port) 

Receiver 

Figure 3.10 (15). Handshake Function 
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Timingtowrite ~~_---______ --JII\-\ ---------
trammission buffer 

SendjS~ \~ 
from (1}~:C;)~u~~, 

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

~~~ SIOCLK 

~' n It n I I TxDCLK 

~\ 
\ start bit It /.. bitO 

i 

TxD 

Notel: 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 3.10 (16). Timing of CTS (Clear to Send) 

® Transmission Buffer 

Transmission buffer (SCOBUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis­
sion control. When all bits are shifted out, the transmis­
sion buffer becomes empty and generates INn/(01 
INTfX1 interrupt. 

® Parity Control Circuit 

When serial channel control register SCOCR <PE>I 
SC 1 CR <PE> is set to "1 ", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7 -bit UART or B-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 dB7>/SC1 BUF dB7> when in 7-bit UART 
mode while in SCMOD dBB>/SCMOD dBB> when in 
S-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (SCOBUF/SC1 BUF), and then com-

pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7-
bit UART mode and with SCOMOD <RB8>/SC1 MOD 
<RBS> when in S-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1 CR 
<PERR> flag is set 

@J Error Flag 

Three error flags are provided to increase the reliabil­
ity 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. 
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@ Generating Timing 

1) UARTmode 

Receiving 

Transmitting 

9-Bil 8-Bil + Parily 8-Bit, 7-Bil + Parity, 7-Bil 

Interrupt timing Just before last bit is transmitted. 

2) 110 Interface mode 

Transmission interrupt tim-
SCLK output mode Immediately after rise of last SCLK signal. (See figure 3.10 (19).) 

ing SCLK input mode Immediately after rise of last SCLK signal (rising mode), or immediately after fall in 
falling mode. (See figure 3.10 (20» 

SCLK output mode Timing used to transfer received data to data receive buffer 2 (SC1 BUF); that is, 
immediately after last SCLK. (See figure 3.10 (21» 

Receiving interrupt timing 
Timing used to transfer received data to data receive buffer 2 (SC1 BUF); that is, SCLK input mode 
immediately after SCLK. (See figure 3.10 (22» 
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3.10.3 Operational Description for transmitting or receiving data to or from the external 
shifter register. 

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

MCU900-368 

Output 
extension 

TMP96C031 

TxD 

SClK 

Port 

Shift register 

-51 

-- SCK 

- RCK 

A 
B 
C 
D 
E 
F 
G 
H 

Input 
extension 

TMP96C031 

RxD 

SClK 

Port 

Shift register 

1-- QH 

I---- CLOCK 

-- Sil 

TC74HC595 or 
the like 

TC74HC165 or 
the like 

Figure 3.10 (17). Example of SCLK Output Mode Connection 

Output port 
extension 

TMP96C031 Shift register 

TxD --51 

SCLK --,. SCK 

Port -I- RCK 

TC74HC595 or 

External clock--- the like 

A 
B 
C 
D 
E 
F 
G 
H 

Input port 
extension 

TMP96C031 

RxD 

SCLK 

Port 

1-

I .... r---

r---~ 

External clock_ 

Shift register 

QH 

CLOCK 

Sil 

TC74HC165 or 
the like 

Figure 3.10 (18). Example of SCLK Input Mode Connection 
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CD Transmission 

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

time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <lTX1 C> will be set to generate 
INTTX1 interrupt. 

Timing to writ~ 
Y:t~smission "'\-----------\\\1------------
SClKoutput ~~rJ~L-.J 

TxD ~~ 
TXDSFT ________ --' L __ ..... 

!~~~r~u~~iJtJe;;::st.,.)-------------\I:ljr----------' 

Figure 3.10 (19). Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 

In SCLK output mode, 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 

When all data are output, INTES1 <ITXIC> will be set 
to generate INTTX1 interrupt. 

SClK Input U~--, - ~----r--.1 
(SCLKC = 0 R .. ong edge mode) ~ y~ 

___ JL_rl_Y~~ 
5ClK input 
(SelKe = 1: Falling edge mode) 

TxD 

TxDSFT 

ITXlC (lNTTX1...,,----------_\'i',r---------.... 
interrupt request) 

Figure 3.10 (20). Transmitting Operation in 1/0 Interface Mode (SCLK Input Mode) 
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@ Receiving <iRX1 C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans­
ferred in the receiving buffer 2 (SC1 BUF) at the timing 
shown below, and INTES1 <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 

RxD ___ -'b"-it;..;O'--__ ~X bitl ~~ 
riming to shifl data In INTRXl Generate~ 
there(eivingbufr~e:...:r2,--___________________ _ 

Figure 3.10 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 

In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <iRX1 C> is cleared by read­
ing the received data. When 8-bit data is received, the 

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

SCCK input ---,.--, \I.!---' ,---, .. 
(SCLKe = O. Rising edge mode) L-...!I' L--..t. Y'J--'I' L-J. L-....f. 

SCLKmput ~_11~~ __ _ 
(SelKe = 1: Failing edge mode) 

:=====~b!-,iC:-t~O~:~~ RxD 

!imlng to~h,ftdala 
In the receiving 
buffer 2 

Generate ........ 
INTRXl nL. __ _ 

Figure 3.10 (22). Receiving Operation in 1/0 Interface Mode (SCLK Input Mode) 

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

MCU900-370 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 N/F 

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

The 7 -bit mode can be set by setting serial channel 
mode register SCOMOD <SM1, 0> ISC1 MOD <SM1, 
0> to "01". 
In this mode, a parity bit can be added, and the addi­
tion of a parity bit can be enabled or disabled by serial 
channel control register SCOCR <PE>/SC1 CR <PE>, 

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

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

- Direction 01 transmission (transmission rate: 2400 bps @Ic= 12.288 MHz) 

7 6 4 3 2 0 

P9CRL (-

SCOMOD (- 0 0 0 1 

SCOCR (- 0 0 

BROCR (- 0 0 0 0 

TRUN (- 1 

INTESO (- 0 0 

SCOBUF (-

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

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

The 8-bit UART mode can be specified by setting 
SCOMOD <SM1, 0> I SC1MOD <SM1, 0> to "10". In 
this mode, parity bit can be added, the addition of a 
parity bit is enabled or disabled by SCOCR <PE>I 

Select P60 as the TxD pin. 

Set 7 -bit UART mode. 

Add an even parity. 

Set transler rate at 2400 bps. 

Start the prescaler lor the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Set data lor transmission. 

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

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

_ Direction oftransmission (transmission rate: 9600 bps@lc= 12.288 MHz) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-371 

~~~~~--.---....... -.-.. - .... --........... , .... -.-.. 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

Main setting 

7 6 5 4 3 2 

P9CRL f- 0 0 

SCOMOD f- a x 0 0 

SCOCR f- x a 1 x x 0 

BROCR f- 0 x a 0 0 

TRUN f- x 
INTEsa f- a 

Interrupt processing 

Acc f- SCOCR and 00011100 ) Check for error. 
if Acc '" 0 then ERROR 

Acc f- SCOBUF Read the received data. 

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

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

9-bit UART mode can be specified by setting 
SCOMOD <SM1, 0> ISC1 MOD <SM1, 0> to "11 ". In 
this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<IB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1 BUF. 

f I 

0 

0 

0 

TxO RxD TxD RxD 

Master Slave 1 

TxD 

Select P61 (RxD) as the input pin. 

Enable receiving in 8-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXa interrupt and sets interrupt level 4. 

Wake-up function 

In 9-bit UART mode, the wake-up function of slave 
controllers is enabled by setting SCOMOD <WU> I 
SC1 MOD <WU> to "1 ". The interrupt IN1RX1/INTRXO 
occurs only when <RB8> = 1 

T 

! 1 
RxD TxD RxD 

Slave 2 Slave 3 

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

Figure 3.10 (23). Serial Link Using Wake-Up Function 
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Protocol 

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

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

Select code of ~Iave controller 

® Each slave controller receives the above frame, and 

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

its own select code. 

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

® The master controller transmits one-frame data 
including the 8-bit select code for the slave control­
lers. The MSB (bit 8) <1B8> is set to "1". 

"1" 

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

The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially 
with the master controller, and use 

t 
TxO RxO 

Master 

Since serial channels 0 and 1 operate in exactly the 
sarne 

• Setting the rnaster controller 

Main setting 

P6CRL ~ 

INTESO ~ 

SCOMOD ~ 

SCOBUF ~ 

INTTXO interrupt 

SCOMOD ~ 

SCOBUF ~ 

o 
o 

o 

o 

o 

• Setting the slave controller 2 

Main setting 

P6CRL ~ 

ODE ~ 

INTESO ~ 

SCOMOD ~ 0 

INTRXO interrupt 

Acc ~ SCOBUF 

If Acc = Select Code 

Then SCOMOD4 

1 

o 

o 

o 
o 

o 

o 

o 

o 

1 

o 

1 

o 

o 

o 

o 

o 
o 

the internal clock ifJ1 (fc/2) as the transfer clock. 

1 I 
TxO RxO TxO RxO 

Slave 1 Slave 2 

Select code 
00000001 

Select code 
00001010 

way, channel 0 is used for the purposes of explanation. 

Select P60 as TxD pin and P61 as RxD pin. 

Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

Set 1/J1 (fc/2) as the transmission clock in 9-bit UART mode. 

Set the select code for slave controller 1. 

Set T88 to "0". 

Set data for transmission. 

) 
Select P61 as RxD pin and P60 as TxD pin. 

Enable INTRXO and INTTXO. 

Set <WU> to "1" in the 9-bit UART transmission mode with transfer 
clock 1/J1 (fc/2). 

Clear <WU> to "0". 
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3.11 Analog/Digital Converter 
The TMP96C031 F contains a high-speed analog/digital con­
verter (AID converter) with 4-channel analog input that features 
1O-bit successive approximation. 

Rgure 3.11 (1) shows the block diagram of the AID con­
verter. The 4-channel analog input pins (AN3 to ANO) are 
shared by input-only P5 and so can be used as input port. 

Internal bus 

AID (onverter mode register (AOMOD) -------, 

Analog input 

AN3 (PS3) 0--
AN21p52) D---+- Multiplexer 

AN' (PS,) 0--
ANO (PSO) 0--L-__ --' 

V.H 0)--------1 
D/A (onverter 

'NTAD 
interrupt 

(ADREGO to ADREG3) 

Figure 3.11 (1). Block Diagram of AID Converter 

Note1: This AID converter does not have a built-in sample and hold circuit. Therefore, when AID converting high-frequency signals, connect a sample and 
hold circuit externally. 

Note2: The lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in 
enable state. Thus, stop AID conversion before executing the HALT instruction. 

The ladder resistor between VREF- GND cannot be disconnected internally. Therefore, IREF will flow regardless of the mode. 
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3.11.1 Control Register 

MCU900-376 

ADMOD 
(OOSEH ) 

~ 7 

bit Symbol EOCF 

ReadlWrite 

After reset 0 

Function 
1: END 

TLCS-900 16-bit Microcontroller 

6 

ADBF 

R 

0 

'1: BUSY 

5 4 3 2 1 0 

REPET , SCAN ADCS ADS ADCH1 ADCHO 

R/W 
, 

R/W R/W R/W 

0 . 0 0 0 0 0 

~ 1: Repeat :" Scan 
11: low .1: START ' Analog Input 

jMode Set : Mode Set ! speed Channel Select 

mode 
• 

r---' I J J 
'- Analog input channel select 

Normal Scan mode 

00 ANO ANO 

01 AN1 ANO-)oANl 

10 AN2 ANO~AN1~AN2 

11 AN3 ANO-JoAN ' .... AN2 .... AN3 

'---. AID conversion start 

0 -
HJ 1 Start AID conversion, 

Note) Always "0" when data is read. 

'-- AID conversion speed selection 

0 AID High speed conversion mode: 9S states = 9.5 I" (@20MHl) 

9p' (@20MHll 
........ ...... ... ..... .... . ... 

1 AID low speed conversion mode: 190 states = 1 

'-- Specification of AID scan mode 

0 Fixed AID conversion channel mode 

-J ........ 
1 AID conversion channel scan mode 

Selecting AID repeat mode 

0 AiD conversion single mode .......... HJ ........ ... 
1 AID conversion repeat mode 

AID conversion busy flag 

0 AID conversion not busy ........ H ... H .. j ....... ............... 
1 AID conversion busy 

AID conversion end flag 

0 AJD conversion not ended nor started J ......... 
1 AID (onversion ended 

Figure 3.11 (2). AID Converter Mode Register (ADMOD) 
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ADREGO 
(OO60H) 

ADREG1 
(OO61H) 

ADREG2 
(OO62H) 

ADREG3 
(0063H) 

----------
bttSymbol 

ReadlWrite 

After re~et 

Function 

-----------
bit Symbol 

Read/Wnte 

After reset 

Function 

--------bit Symbol 

ReadlWrite 

After reset 

Function 

---------bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

• 
. 

Undefined 

Channel 0 of AID (onvenlon result register is stored. 

Register for saving an AJD switch value for ANO 

Undefined 

Channell of AID converSion result register is stored. 

Register for saving an AID switch value for ANt 

Undefined 

Channel 2 of AID conversion result register is stored. 

Register for saving an AID switch value for AN2 

7 6 5 4 3 
. 

2 
• 

1 0 

-
R 

Undefined 

Channel 3 of AID conversion result register is stored. 

Register for saving an AJD switch value for AN3 

Figure 3.11 (3). Register for Saving an AID Switch Value (ADREGO - 3) 
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3.11.1 Operation 

(1) Analog Reference Voltage 

High analog reference voltage is applied to the VREF 
pin. 
The reference voltage between VREG and AGND is 
divided by 256 using ladder resistance, and compared 
with the analog input voltage for AID conversion. 

(2) Analog Input Channels 

Analog input channel is selected by ADMOD <ADCH1, 
0>. However, in fixed analog input mode, one channel 
is selected by ADMOD <ADCH1, 0> among four pins: 
ANOto AN3. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1, 0>, such as ANO -7 AN1, ANO-7 
AN1 -7 AN2, and ANO -7 AN1 -7 AN2 -7 AN3. 
When reset, AID conversion channel register will be ini­
tialized to ADMOD <ADCH1, 0> = 00, so that ANO pin 
will be selected. 
The pins which are not used as analog input channel 
can be used as ordinary input port P5. 

(3) Starting AID Conversion 

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

(4) AID Conversion Mode 

Both fixed AID conversion channel mode and AID con­
version 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, ... -7 AN3 is 
executed repeatedly. 
AID conversion mode is selected by ADMOD <REPET, 
SCAN>. 

(5) AID Conversion Speed Selection 

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

(6) AID Conversion End and Interrupt 

• AID conversion single mode 

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

(7) Storing the AID Conversion Result 

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

(8) Reading the AID Conversion Result 

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

Setting example: <D When the analog input volt­
age of the AN3 pin is AID 
converted and the result is 
stored in the memory 
address 'FF1 OH by AID 
interrupt INTAD routine. 
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Main setting 

[ INTEOAD 

ADM DO 

INTAD routine 

A 

[ (FF10H) 

f- ADREG3 

f- A 

o 
o 

o 
o o 

Setting example: ® When the analog pin voltage of 
ANa - AN2 pin is AID converted in 

INTEOAD 

ADMOD 

f- OOxxx 

f- X 0 

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

3.12 Watchdog Timer (Runaway Detecting Timer) 

x 

o 

The TMP96C031 F is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (\NOl) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 
watchdog timer detects a malfunction, it generates a non-

Enable INTAD and sets interrupt level 4. 

Specify AN3 pin as an analog input channel and starts 

NO conversion in high speed mode. 

The value of ADREG3 is read into the accumulator. Then the accumulator 

value is stored into memory at FF10H. 

Disable INTAD. 

high speed conversion channel scan repeat 
mode, 

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

maskable interrupt to notify the CPU of the malfunction, and 
outputs a extemally from watchdog timer out pin WOTOUT to 
notify the peripheral devices of the malfunction. 

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

A built-in function is used to stop the WOT count at bus 
release request (8USRQ). 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-379 
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3.12.1 Configuration 
Figure 3.12 (1) shows the block diagram of the watchdog timer (WD1). 

MCU900-380 

r-______ ~~~------------W~D~TO~U~T~--_r----{>o--{]WDTOOf 

REset D--{'~>---l.../ 
WDMOD<RESET> 

Watchdog timer 
out control INTWD *.----~------__ ------------------~I 

WDMOD~I 
<WDTP1,0>-' Selector 

enable 

• (fel2) 

o ;:: 

Watchdog timer 
22-'.itage binary counter 

Reset 
"----+----'WDMOD 

<WDTE> 

Reset 
HAlT~--~'~------~-----+--------~ 

(Stop or Idle mode) 
4EH B1H 

Write Write 

1 1 
fel4 Reset 

Figure 3.12 (1). Block Diagram of Watchdog Timer 
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LD (WDCR), 4EH 
SET 7, (WDMOD) 

TMP96C031 N/F 

; writes clear code 
; enables watchdog 
timer again. 

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

In other words, the WDTOUT keeps outputting "0" until 
the clear code is written. 

Since the watchdog timer out pin (WDTOUl) outputs "0" 
due to a watchdog timer overflow, the peripheral devices can 
be reset. 

Clearing the watchdog timer (by writing the clear code 
(4EH) to the WDCR) after disabling it sets 0 to output to 1 (Pro­
gram example). 

The watchdog timer out pin can also be connected to the 
reset pin internally. In this case, the watchdog timer out pin 
(WDTOUl) outputs 0 at 8 to 20 states (8oons to 2.0J,J.s @ 
20MHz) and resets itself. 

The WDTOUT (also used as P67) is multiplexed with pin 
PG13; setting must be done using the port 6 control register, 
P6CRH (WDTOUT pin is set after reset). 

LDW (WDMOD),OB1OOH ; disables 
watchdog timer 

WDTCounter --.:n.:...-__ .....J~='-__ --\:\~ __ .....JX .... _--"-o __ 

WDT Interrupt -------II1L------:---:--I"I--------
clearcodeofwri~e ~ 

WDTClear 
(Software) ----------------\ ••••• ~: -

WDTOLif '. 

Figure 3.12 (2). Normal Mode 

Overflow 
WDTCounter -..!.n:...-__ ...J-Y<~ ________ .\ .. \-. ______ _ 
WDTlnterrupt ____ ....JI"lL. _______ ....J\\I-'. ______ _ 

WimiUI' 
(Internal Reset) -----,1 I'. 1 

~'~'111;.I·lii4iiiiiiiiiiiiiiilliir=~" 

Figure 3.12 (3). Reset Mode 
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3.12.2 Control Registers 
Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

(j) Setting the detecting time of watchdog timer 
<WDTP> 

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

@ Watchdog timer enable/disable control register 
<WDTE> 

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

• Disable control 

~ 0 

(2) 

To disable, it is necessary to clear this bit to "0" and 
write the disable code (81 H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 
However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to "1 ". 

® Watchdog timer out reset connection <RESCR> 

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

Watchdog Timer Control Register (WDCR) 

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

[ 
WOMOO 

WOCR ~ 0 000 

Clear WOMOO <WOlE> to "0". 

Write the disable code (B1 H). 

• Enable control 

Set WDMOD <WDTE> to "1 ". 

woeR ~ 0 1 0 0 1 o 

• Watchdog timer clear control 

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

Write the clear code (4EH). 

MCU900·382 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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7 4· 2 

bit Symbol WOTE' WOTP1 WOTPO WARM-,-HAlTM1. HAlTMO· REseR ORVE 
VVDMOD~R.~.~dNV~r~i,~.+-~~~~~~~~~~~~7RNV~~~~~~~~~~~~~-i 

(DOSCH) I-'A.::f:::'.::.:,,'"'.,"'.,+----------,------=-.--,--,-,---,--:---:--:---1 

Function 

WOT 

(ontrol 

:Select detecting time ~ Warming :Standby mode 

'00: 216/fe : Up time :00: RUN mode ! InterniilUy ~ Orive the 

01: 218/f, 

I: Enable 10' 220ff, 
: 11: 222/fc 

:01: STOP mode 

:0:2 14/fc ~10: IDLE mode 
Don't care 

: [Onnect5 ; pin ellen In 

: WDT out to : STOP mode 

: the ,es.t pm: 
: 1: 216/te 

---1~=J====J~1 
I C DRVE (explanation by stop mode) 

L WatchdC)9Jimer out control 

Connects WOT out to a reset 

~~Sele't the standbv 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'teare 

Select the detecting period of watchdog 
timer 

o 2'4ffc (approx. a.8ms@20MHz) 

2'6ffc (appro)!.. 3,3ms@20MHz) 

Select the detectinjttime of watchd.QQ. timer 

00 2'6ffc (approx. 3.3ms@20MHz) 

01 2'8ffc{approx.13.1ms@20MHz) 

10 220/fc (approx. S2.4ms@20MHz) 

11 222ffc (approx. 209ms@20MHz) 

Watchdoa timer Enable I Disable control 

Disable 

Enable 

Figure 3.12 (4). Watchdog Timer Mode Register 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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l -.. Disable/clear wor 
B 1 H Disable code 

4EH Clear code 

Others 

Figure 3.12 (5). Watchdog Timer Control Register 

X1 

ClK 

AO-23 

C50-2 " :Ir 
~~----~--------~------~------~~ 

RNJ 

Port Input 

MCU900-384 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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3.12.3 Operation 
The watchdog timer generates interrupt IN1WD after the 
detecting time set in the WDMOD <WDTPl , 0> register and 
outputs a low level signal. The watchdog timer must be zero­
cleared by software before an IN1WD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an IN1WD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the IN1WD Interrupt and it is possible to return to normal oper-

Example: CD Clear the binary counter 

WDCR +- 0 o 0 

ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

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

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

o Write clear code (4EH). 

® Set the watchdog timer detecting time to 218/fc 

WDMOD +- 1 0 

® Disable the watchdog timer 

WDMOD +- 0 

WDCR +- 1 0 

@ Set IDLE mode 

WDMOD +- 0 

WDCR +- 1 0 

Executes HALT command 

x 

x 

o 0 0 

o x x 
000 

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

WDMOD +- -

Executes HALT command 

o 

2) Writing 1 to the P4FC <BUSWDT> register halts count by 
the WDT binary counter at bus release due to the bus 

x x 

Clear WDTE to ·0'. 

Write disable code (B1 H). 

Disables WDT and sets IDLE mode. 

Set the standby mode 

Set the STO P mode. 

Execute HALT instruction. Set the standby mode. 

request signal, BUSRQ. 
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3.13 Dynamic RAM (DRAM Controller DRAM, an access circuit to perform read/write, and an 
address decoder. The TMP96C031 F consists of a control circuit to refresh 

Figure 3.13 (1) shows a block diagram of the DRAM controller. 

Xl 

CLK 

AO-23 

C50-2 

RIW 

WAIT 

3.13.1 Control Register 

CLK 

5CLK 

OUTPUT DATA 
TxD 

X ~ ______ ~ __ ~x~~ ____ ~_ 
)( ~ __ ~ __ ~ ____ ~ __ ~K 
"""\ r 
~ r 
~----~~\~~~:~~/_~--~-

Figure 3.:13 (1). DRAM:Controlier 

I- tSCY 

I I I I 

I- toss • tOHS! 
~ 0 1 2 

tSRD 1 -U. tHSR 
INPUT DATA 

RxD _______________ ~~ ___ ~~ ____ ~~ ____ )( 

Figure 3.13 (2). Chip Select Wait Control Register (S3CS) 
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eLK 
(n~te) 

+- tBRe ---/'----- tCBAl ---I \-__ ....J 

ADO-AD1S. AO-A23. 
00:-CS5,B.iW. RAS. 
CASQ-CAS2 

---...;.,Lt:SA 
----~~-----------------

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

TMP96C031 N/F 

ALE ________ ~\~\--------------[1~~ 

Figure 3.13 (3). Port 4 Function Register 
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MCU900-388 

TLCS-900 16-bit Microcontroller 

OMI RSZ R51 .5. RW, ow. RWO ftC 

DREFCR~A~R~~t;W~,,~.:~:~~~~--~-,~~,-~~R~IW~~-,--~-,~O~-'--~--~ 
(0048H)~==+-~---'---'~--'--~-'---~-!-~---'-'-..!!..---'---.!~-+~-~ 

Dummr ~Aefresh ty<le Insertion Interval iRelresh cycle WIdth :RefrlSh c.ytle 
Fun(tlon (yell! : 000: , 5 ltates : 000: 2 states ; 0: Not 

0: Prohibit ~ 001: 31 states 001: J states . ~ inserted 

1: Exetute :~~: ~::::: :!~~ ::::: ~ 1: Inserted 

100: 97stiltes 100: 6states 
101: 109st.tes 101: htlltes 
110: 124 states 110: Bstates 
111: 154 states 111: 'states 

I 

LRefresh cy<le control 

I 0 00 not insert refresh cycle 

I 1 Insert refresh cycle 

I----..Refresh cycle width control 

RW2 RWI RWO Refresh cycle width 

2 states 

1 states 

4 states 

Sstales 

6 states 

7 states 

8 states 

gstates 

'------------------Refresh cycle insertion interval 

SeeTable3.13f21. 

Dummy cycle control 

o I Prohibit dummy cycle 

1 I Execute dummy cycle 

Figure 3.13 (4). Refresh Control Register 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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3.13.2 Operation Description 

(1) ReadlWrite Control 

The read/write controller outputs valid signals RAS and 
CAS to DRAM when address space specifie<!!2Y. the 
internal address decoder (chip select 2 CS3/CAS) is 

T1 T2 

eLK -W 
ALE 1,.- 1,-

- I'--t--II--{ 

ADO-15 -~~Hf---+--+-
AO- 23 -l..D(,.--+--+-+-t.D(~ 

ADO-15 -+--+--1--{~ r-
ADO-15 -+-+-C~D~o~ut~j}-

-J 

-
-
-
-

T1 

IU ""\.... 
W 
1,--

~-3 

Rm -L'--+--+-+-~D(~ 
-I( 

RDMlR: -+--+->\ If- \ 

RAS -+--+->\ If- \ 

CAS -t--t-f-ILr---I,-

oMUx -+-+-,1 1,-
~-+-~ 

accessed. 
In addition, a DMUX signal is output for row address/ 
column address switching. 

Figure 3.13 (6) shows the RAS, CAS, and DMUX out­
put timing diagram during memory access cycle. 

TW TW T2 

""\.... ""\.... ""\.... ""\.... ""\.... ""\.... ""\ 
\ I \ 

,-

~ }-A 
Dout }-

I -

I -

\ 
r-

r-

a) AtOWait b) At 2·wait cycle 

Figure 3.13 (5). Memory Access Cycle Timing 
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How to set the registers is described next. 

CD Setting the RAS, CAS, DMUX, and RFSH output 

(!'lAS) P35 

(DMUX) P71 

(RF5H) P63 

(CS3/CAS) P43 

to CPU 

RAS 

DMUX 

RFSH 

CAS 

Figure 3.13 (2) shoes the structure of the chip select 
wait control register 83CS. 83CS <83E> can be used to 
control the output of CS3/CAS and 83CS <83CAS> can 
be used to control CAS selection. 

DRAM CS3 
controller 

83es register 

Figure 3.13 (6). Relationship Between Address Decoder and DRAM Controller 

The RAS, CAS, DMUX, and RFSH signals must be 
set with the corresponding port control register because 
they are multiplexed with P35, P43, P71, and P63 
respectively. 

® Inserting WMT 

WAlT insertion during read/write control can be set 
with the register 83CS <83W1, 0>. 

MCU900-390 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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(2) Refresh Controller 

The TMP96C031 F can output RAS/CAS used to 
refresh in DRAM. At the same time the state signal 
RFSH which indicates a refresh cycle is output. 
DRAM can be refreshed easily because RAS/CAS out­
put frequency and pulse width are programmable. 
The refresh controller has the following features. 

• Refresh mode: CAS before RAS interval refresh 
mode 
CAS before RAS self refresh mode 

• Refresh interval: 15 to 154 states (programmable) 

• Refresh cycle width: 2 to 9 states (programmable) 

• Dummy cycle can be generated 

Xl 

RAS 

CAS 

RFSH 

2 states wide 

I I I 
a) When the refresh cycle width 

is set to 2 states 

• Refresh cycle is asynchronous with CPU operation 
cycle. 

i) CAS before RAS interval refresh mode 

The refresh interval and refresh width for CAS before 
RAS interval refresh mode depends on the DRAM 
being used. 
Therefore, TMP96C031 F enables the CAS before RAS 
output to be set with the refresh controller register 
value according to the system clock and DRAM that 
are being used. 
Rgure 3.13 (2) shows a timing example for CAS before 
RAS refresh cycle. 

3 states wide 

b) When the refresh cycle width 
is set to 3 states 

Figure 3.13 (7). Refresh Cycle Timing Example 

How to set the register is described next. 
Figure 3.13 (4) shows the bit structure of the refresh con­

trol register DREFCR. 

(j) Refresh cycle insertion interval 

The insertion interval is set with the three bits DREFCR 
<RS2 to 0> according to the system clock being used. 

Example: When the system clock is 20MHz and the 
DRAM refresh cycle is to be 16J1S, set these 
bits to "111". 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-391 
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Table 3.13 Refresh Cycle Insertion Interval 

Refresh Cycle Insertion 
Interval 

RS2 RSl RSO (states) 4MHz 8MHz 

0 0 0 15 7.5 3.75 

0 0 1 31 GID 7.55 

0 1 0 62 31.0 GD 
0 1 1 78 39.0 

1 0 0 97 48.5 

1 0 1 109 54.5 

1 1 0 124 62.0 

1 1 1 154 77.0 

(2) The three bits DREFCR <RW2 to 0> can used to 
change the refresh cycle width (RAS, CAS output). (2 
to 9 states) 

@ Refresh cycle control 

The refresh cycle can be disabled/enable with the bit 
DREFCR <RC>. 

19.5 

24.25 

27.25 

31.0 

38.5 

Frequency (fose) 

10MHz 
12.SMH 

14MHz 16MHz 20MHz 
z 

3.0 2.4 2.14 1.88 1.5"s 

6.2 4.96 4.43 3.88 3.1 

12.4 9.92 8.86 7.75 6.2 

GD 12.48 11.14 9.75 7.8 

19.4 @D 13.86 12.13 9.7 

21.8 17.44 C15.ft> 13.63 10.9 

24.8 19.84 17.72 GID 12.4 

30.8 24.7 22.0 19.3 1(15.4) 

(Unit. "s) 

ii) CAS before RAS self refresh mode 

This mode is used when CPU or DRAM control is 
halted with a HALT (I DEL, STOP) instruction while 
refreshing with CAS before RAS interval refresh mode 
(hereafter referred to as interval mode). 
However, RFSH is not output. ("1" is output.). 

Figure 3.13 (8) shows the self refresh mode timing dia­
gram. 

:: + __ +......,~-II---I--\JO' ",,, t-"_"'"_"'_H, .. ./-+--t---+-"'-_~+-........Jr-+---t 
HALT (STOP) 

Inte,val mode 

-----I··~----------- Self mode Interval mode 

Figure 3.13 (8). Self Refresh Cycle Timing 

This mode is executed as follows. First, the settings are 
made for normal interval mode Then, B3CS <SRFC> is 
set to "0" just before a HALT instruction .!2£erform one 
normal refresh. Then, the CAS pin and RAS pin are 
kept at low level and self refresh mode is entered. Set 

B3CS <SRFC> to "1" to cancel this mode and return 
to normal CAS before RAS refresh mode. (The first 
CAS before RAS refresh is performed immediately after 
cancellation because the refresh counter is cleared.) 

MCU900 .. 392 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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(3) DRAM initialize 

The DRAM controller can generate consecutive CAS 
before RAS dummy cycles necessary when using 
DRAM. This is executed by setting DREFCR <DMI> bit 

Xl 

elK 

Wfi 

liAS 

.. ~ 
_J. 

IL IL 
X 

I 

IL IL IL IL 
X X 

\ 

I\... 

to "1" and cancelled by setting it to "0". (The <RC> bit 
need not be changed.) 
The dummy cycle width is fixed to 4 states. 
Figure 3.13 (9) shows the CAS before RAS dummy 
cycle timing. 

""'l..J ""'l..J ""'l..J ""'l..J ""'l..J ""'l..J ~ ~ h-
X X X X Y 

I \ 

r f---., 

Figure 3.13 (9). CAS before RAS Dummy Cycle Timing (Fixed to 4 states) 

3.13.4 Priority 
The DRAM refresh cycle may overlap with the DRAM read! 
write cycle because it is not synchronized with the CPU oper­
ating cycle. In this case, the DRAM controller gives priority to 

the cycle that starts operation first. If the priority is given to the 
refresh cycle, a wait is automatically inserted in the memory 
access cycle. Figure 3.13 (8) shows the timing in this case. 
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T1 I T2 T1 T2 T1 T2 

XI ~ V Iv ~ ~ Iv V IV IV IV V \..J IV -
eLK X X X X X X 

ALE - V--~ V--
ADO-IS - r-c !---.. ~ r--. 

f--J '--f--J 
AO-23 -I( I( I( 

I 

\ I \ I \ r r 

\ r--\ I \ "r 
Tout f\ 

oMux j" 

RFSH ~ 

Memory access cycle Refresh cycle Memory access cycle . . . .. , 

Figure 3.13 (101). Timing Diagram when Refresh Cycle is Inserted in Memory Access Cycle 
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3.13.4 Connection Example 

TMP96e031 
L- vee e52 

e51 r-­
(SO r-

~3 I 
~ ~A~1=5-;A~8~====~==~====~==~====~==~==~ _DQhA~ ,1 1 

LE ~ .Xi" ""Xi' , ""Xi' t "".J...l} 
es address es addressll:es address, I lies address, I 

:" D Q High-order byte ROM ~,o'der byte ROM 8·bit width SRAM a-bit width SRAM 

OE data OE data OEWE data OE WE data 
A17-16~ 

ALE r­

AD15-8~~ 
AD7-0~ ~ 

L-__ G_ND-.Jh 

~ r----+------I ~ ~ 
~~======~"r-_______ ~l ____ ~ 

lb 1101-8 

WR 
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4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C031 F) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5-6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

1:IOL Output Current (total) 100 mA 

1: IOH Output Current (total) -100 mA 

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

T SOLDER Soldering Temperature (10s) 260 °C 

TSTG Storage Temperature -65 -150 °c 

TOPR Operating Temperature -20 - 70 °c 

MCU900-396 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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4.2 DC Characteristics (TMP96C031 F) 
Vee = 5V ± 10%, Ta = -20 - 70°C (Typical values are for Ta = 25°C and Vee = 5V) 

Symbol 

V IL 

V IL1 

V IL2 

V IL3 

V IL4 

V IH 

VIH1 

V IH2 

V IH3 

V IH4 

VOL 

Parameter 

Input Low Voltage (ADO-1S) 

P2, P3, P4, PS, P6, P7, PB, pg 

RESET, NMI, INTO (PB7) 

AM8/EA 

X1 

Input High Voltage (ADO-1S) 

P2, P3, P4, PS, P6, P7, PB, pg 

RESET, NMI, INTO (PB7) 

EA 

X1 

Output Low Voltage 

Min 

-0.3 

-0.3 

-0.3 

-0.3 

-03 

2.2 

O.7Vee 
O.7SVee 

Vee - 0.3 

O.BVee 

.......................................................................................................................................................................... 
V OH Output High Voltage 2.4 

VOH1 

V OH2 

I DAR 

illl 

ILO 

.......................... . ............ . 
Darlington Drive Current 
(B Output Pins max.) 

Input Leakage Current 

Output Leakage Current 

O.7SVee 

0.9Vee 

-1.0 

0.02 (Typ) 

O.OS (Typ) 

Max 

O.B 

0.3Vee 

0.2SVee 

0.3 

O.2Vec 

Vee + 0.3 

Vee + 0.3 

Vee + 0.3 

Vee + 0.3 

Vee + 0.3 

O.4S 

-3.S 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V I OL= 1.6mA 

Test Condition 

....................... " .................................. , . 
V I OH = -40QllA 

V I OH = -1001lA 

V IOH= -201lA 
...................................................................... 

mA ~~~~~ .. ;~ 

IlA 0.2 S Yin S Vee - 0.2 

:±5 

±10 

60 
10 
SO 
10 

........................................................................................ -... ~ ........... . 
Operating Current (RUN) 

Icc 
IDLE 
STOP (Ta = -20 - 70°C) 
STOP (Ta = 0 - SO°C) 

.. 

V STOP Power Down Voltage 
(@STOP, RAM Back up) 

R RST RESET Pull Up Register 
...................... 

CIO Pin Capacitance 

VTH 
Schmit! Width 
RESET, NMI, INTO (PSO) 

....................................... 
R K Pull Down/Up Register 

30 (Typ) 
2.0 (Typ) 
0.2 (Typ) 

·················11 .. ········ ................................................. ~ ... 

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

2.0 

SO 

6.0 

1S0 

10 

1.0 (Typ) 

mA tose = 20MHz 
mA 
IlA 
IlA 

V 

Kn 

0.2sVin SVee - 0.2 
0.2 S Yin S Vee - 0.2 

"" .. ~.~~" .. ,,-.~~ ..... ---
V IL2 = 0.2Vee, 
V IH2 = O.BVee 

pF tose = 1 MHz 

V 0.4 

SO 1S0 Kn 

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90D-397 



TMP96C031 N/F TLCS-900 16-bit Microcontroller 

4.3 AC Electrical Characteristics (TMP96C031F) Vee = 5V±100f0, Ta = -20 - 70°C (4MHz - 20M Hz) 

Variable 16MHz 20M Hz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

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

2 tClK ClK width 2x- 40 85 60 ns 

3 tAK AO - 23 Valid~ClK Hold 0.5x - 20 11 5 ns 

4 tKA ClK Valid~AO - 23 Hold 1.5x - 70 24 5 ns 

5 tAL AO-15 Valid~AlE fall 0.5x -15 16 10 ns 

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

7 tll ALE High width x - 40 23 10 ns 

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

9 tCl RD/WR rise~AlE rise 0.5x - 20 11 5 ns 

10 tACL AO -15 Valid~RD/WR fall x- 25 38 25 ns 

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

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

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

14 tADH AO - 23 Valid~DO -15 input 3.5x - 65 154 110 ns 

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

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

17 tHR RD rise~DO - 15 Hold 0 0 0 ns 

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

19 tww WR low width 2.0x - 40 85 60 ns 

20 tow DO -15 Valid~WR rise 2.0x - 50 75 50 ns 

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

22 tAEH AO - 23 Valid~WAIT input (1WAIT + n mode) 3.5x - 90 129 85 ns 

23 tAWl AO -15 Valid~WAIT input (1WAIT + n mode) 3.0x - 80 108 70 ns 

24 tcw RD/WR fall~WAIT Hold (1WAIT + n mode) 2.0x + 0 125 100 ns 

25 tAPH AO - 23 Valid~PORT input 2.5x -120 36 5 ns 

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

27 tcp WR rise~PORT Valid 200 200 200 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow O.8V, Cl50pF 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, ClK, CSO - CS3) 
• Input level: High 2.4V flow 0.45V (ADO - AD15) 

High O.8Vcc flow O,2Vcc (Except for ADO - AD15) 

MCU900-398 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 N/F 

(1) Read Cycle 

X1 

eLK 

AO-23 

WAif 

Port Input 

ilD 

ADO-15 

ALE 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-399 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

(2) Write Cycle 

X1 

CLK ~ __ ~x~~ ____ ~ __ ~x~~ ____ ~_ 
AO-23 ::::x------.......... ---r-----K 
CSii-:i~ _~. >--__ -'-__ -+ ___ -+-___ +L_ 
WMr ~ ____ ~~\c=T\L~·~~/_~ __ ~-

Port Output 

WR,HWR 

1'-1~--... :::::;t-D-W-:-:-:-:-------··"'I1 ~ 
ADO-15 DO-15 

ALE 

MCU900-400 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 i6-bit Microcontroller 

4.4 DRAM Control AC Characteristics (TMP96C03i F) 
V 5V+i0o/. TA 20 70°C (4MHz 20MHz) .,,,,= - 0 =- - -

No. Symbol Parameter 

1 tRC RAS cycle time 

2 tRAC RAS fall -) data input 

3 tCAC CAS fall -) data input 

4 tRp RAS high pulse width 

5 tRAS RAS low pulse width 

6 tRSH CAS fall -) RAS rise 

7 tCSH RAS fall -) CAS rise 

8 tCAS CAS low pulse width 

9 tRco RAS fall -) CAS fall 

10 tCRP CAS rise -) RAS rise 

11 tRAH RAS fall -) AO - 15 hold 

12 tASRL Ao -15 valid -) RAS fall 

13 tASRH Ao-23valid -) RAS fall 

14 tRWL WR fall -) RAS rise 

15 tcwL WR fall -) CAS rise 

16 tos Data output -) CAS fall setup 

17 tOH CAS fall -) data output hold 

18 tOHR RAS fall-) data output hold 

19 twcs WR fall -) CAS fall setup 

20 tWCH CAS fall -) WR hold 

21 tRoM RAS fall-) DMUX fall 

22 tCoM DMUX fall -) CAS fall 

23 tCHW1 RAS fall -) CAS rise 

24 tRPC' RAS rise -) CAS fall 

25 tcp' CAS high pulse width 

26 tCSA" CAS fall -) RAS fall 

27 tRASS'2 RAS low pulse width 

28 tRPS'2 RAS precharge time 

29 tCHS'2 CAS hold time 

30 tCFL' RFSH fall -) CAS fall 

31 tCFH' CAS rise -) RFSH rise 

'1 CAS before RAS interval refresh mode 
'2 CAS before RAS self-refresh mode 
, Both refresh modes 

AC Measuring Conditions 
• Output level: High 2.2V flow O.S\/, Cl50pF 

Variable 

Min Max 

4x -10 

2x- 20 

1x- 25 

2x -30 

2x -10 

1x -25 

2x -20 

1.5x -10 

1x -15 

1.5x - 50 

0 

1x -10 

1.5x -10 

2x -50 

2x -50 

1x- 30 

1.5x-50 

2.5x - 50 

1x -30 

1x- 30 

0.5x -10 

0.5x -10 

2x- 50 

1.5x + 0 

1.5x +0 

0.5x -10 

2000x 

4x- 20 

0 

1x-10 

0.5x -10 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, RD, WR, HWR, RiifJ RAS) 
• Input level: High 2.4V flow 0.45V (ADO - AD15) 

High O.SVcc/low O.2Vcc (Except for ADO - AD15) 

16MHz 

Min 

240 

95 

115 

38 

105 

84 

48 

44 

0 

53 

84 

75 

75 

33 

44 

106 

33 

33 

21 

21 

75 

64 

64 

21 

125 

230 

0 

53 

21 

Max 

105 

38 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TMP96C03i N/F 

20M Hz 
Unit 

Min Max 

190 ns 

80 ns 

25 ns 

70 ns 

90 ns 

25 ns 

80 ns 

65 ns 

35 ns 

25 ns 

0 ns 

40 ns 

65 ns 

50 ns 

50 ns 

20 ns 

25 ns 

75 ns 

20 ns 

20 ns 

15 ns 

15 ns 

50 ns 

45 ns 

45 ns 

15 ns 

100 ns 

180 ns 

0 ns 

40 ns 

15 ns 

MCU900-401 



TMP96C031 N/F TLCS-900 16-bit Microcontroller 

(1) ReadlWrite Access Cycle 

Xl 

RAS 

CAS 

AO-23 AO-23 

ADO-15 < AO-15 ) 

ADO-15 < DATA OUT 

ALE 

-+twcs ltWCH -

bMlJx 

RD.WR 

RIW 

(2) CAS before RAS Interval Refresh Cycle 

_tRP_ 

RAS 
....- tRPC ---.. t 
-- tcp - ~---- tCHR -Jr-----... 

CAS 
---' 

RFSH 
~ __ tCFL -+ 

(3) CAS before RAS Self-Refresh Cycle 

- RP_I_tR ASs __ tRPS_ 

RAS 
____ tRPC ---+- t l' 
_tcp_~ 

MCU900-402 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 NJF 

4.5 AID Conversion Characteristics (TMP96C031F) 
Vee = 5V±10% TA = -20 - 70°C 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vee -1.5 Vee 

I\;ND Analog reference voltage Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 mA 

Error Total error 
1.0 (Quantize error of (TA = 25°C, Vcc = VREF = 5.0V) LSB 

::!D.5 LSB not included) Total error 2.5 

4.6 Serial Channel Timing - 1/0 Interface Mode 
Vee = 5V±10% TA = -20 - 70°C 

(1) SCLI< Input Mode 

Variable 16MHz 2DMHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tsCY SCLKcycie 16x 1 0.8 J.1S 

toss Output Oata-+rising edge of SCLK tsCy/2 - 5x - 50 137 100 ns 

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

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

tSRD SCLK rising edge-+effective data input tsCY - 5x -100 587 450 ns 

(2) SCLI< Output Mode 

Variable 16MHz 2DMHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tsCY SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 f.IS 

toss Output Data-+fising edge of SCLK tsCY - 2x -150 725 550 ns 

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

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

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

4.7 Timer/Counter Input Clock (TIO, TI4, T15) 
Vee = 5V±10% TA = -20 - 70°C 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock cycle 8x+ 100 600 500 ns 

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-403 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

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

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

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

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

tlNTBL INT1 - INT? Low level pulse width Sx+ 100 600 500 ns 

tlNTBH INT1 -INT? High level pulse width Sx + 100 600 500 ns 

MCU900-404 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS·900 16-bit Microcontroller TMP96C031 NIF 

4.9 Timing Chart for 1/0 Interface Mode 

ClK 

SClK 

OUTPUTDAT 
TxD 

INPUT DATA 
RxD 

tSCY 

I I I I I 

I· toss ·~I A 

\ 0 1 2 3 

tSRO I I tHSR 

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

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-405 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

4.10 Timing Chart for Bus Request/BUS Acknowledge 

~
Notel) 

eLK 

__ .... taRe 
iWSRQ -+1---+-

--------r---~~-----J 
HUSAK -----1I-----.L 

ADO-AD15 
------~~-----------------

A16-AH ____ -J\G (Note 2) 

------4~------------------
DMUX. 

RD.WR ------~~------------------

csa-ts3/cAS \ ------4~-----------------(Note 3) RtW. RAS. ____ -J_ 

Variable 16MHz 
Symbol Parameter 

Min Max Min 

tBRC BUSRQ setup time for ClK 120 120 

tCBAl ClK-?BUSAK falling edge 1.5x+ 120 

tCBAH ClK-?BUSAK rising edge 0.5x+ 40 

tABA Output buffer is off to BUSAK L 0 80 0 

tBM BUSAK .J- output buffer is on. 0 80 0 

Note 1: The Bus will be released after the WAFf request is inactive. when the BUSRQ is set to "0' during "Wa~' cycle. 
Note 2: An internal programmable pull-down resistor must be connected. 
Note 3: An internal programmable pull-up resistor must be connected. 

Max 

214 

71 

80 

80 

MCU900-406 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

• taM 

20M Hz 
Unit 

Min Max 

120 ns 

220 ns 

65 ns 

0 80 ns 

0 80 ns 



TLCS-900 16-bit Microcontroller 

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

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

Configuration of the table 

Symbol Name Address 7 6 

(1) liD port 
(2) liD port control 
(3) Timer control 
(4) Pattern Generator control 
(5) Watch Dog Timer control 
(6) Serial Channel control 
(7) AID converter control 
(8) Interrupt control 
(9) Chip Select.NVait Control 
(10) DRAM Control 

f 
\ g.l'O 

, : -bit Symbol 

ii-Read I Write 

: : -Initial value afrerreset 

: • -Remarks 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 

TMP96C031 NIF 
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TMP96C031 NIF TLCS-900 16-bit Microcontroller 

Table 5 I/O Register Address Map 

Address Name Address Name Address Name Address Name 

OOOOOOH 20H TRUN 40H MSARO 60H ADREGO 

lH 21H 41H MAMRO 61H ADREGl 

2H 22H TREGO 42H MSARl 62H ADREG2 

3H 23H TREGl 43H MAMR1 63H ADREG3 

4H 24H TOHMOD 44H MSAR2 64H 

5H 25H TFFCR 45H MAMR2 65H 

6H P2 26H TREG2 46H MSAR3 66H 

7H P3 27H TREG3 47H MAMR3 67H 

8H P2CR 28H T23MOD 48H 68H 

9H P2FC 29H TRDC 49H 69H BOCS 

AH P3CRl 2AH 4AH 6AH B1CS 

BH P3CRH 2BH 4BH DREFCR 6BH B2CS 

CH P4 2CH 4CH PGOREG 6CH B3CS 

DH P5 2DH 4DH PG1REG 6DH 

EH 2EH 4EH PG01CR 6EH 

FH 2FH 4FH 6FH 

10H P4FC 30H TREG4l 50H SCOBUF 70H INTEOl 

l1H 31H TREG4H 51H SCOCR 71H INTE23 

12H P6 32H TREG5l 52H SCOMOD 72H INTE45 

13H P7 33H TREG5H 53H BROCR 73H INTE67 

14H P6CRl 34H CAPll 54H SC1BUF 74H INTEnD 

15H P7CRl 35H CAP1H 55H SC1CR 75H INTET32 

16H P6CRH 36H CAP2l 56H SC1MOD 76H INTET54 

17H P7CRH 37H CAP2H 57H BR1CR 77H INTESO 

18H 38H T4MOD 58H ODE 78H INTESl 

19H 39H TFF4CR 59H 79H INTEAD 

lAH 3AH T45CR 5AH 7AH IIMCO 

lBH 3BH 5BH 7BH IIMCl 

lCH 3CH 5CH WDMOD 7CH DMAOV 

1DH 3DH 5DH WDCR 70H OMA1V 

lEH 3EH 5EH ADMOD 7EH DMA2V 

1FH 3FH 5FH 7FH DMA3V 

MCU900-408 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



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

TLCS-900 16-bit Microcontroller 

(1) 110 Port 

Symbol Name 

P2 PORT2 

P3 PORT3 

P4 PORT4 

P5 PORT5 

P6 PORT6 

P7 PORT7 

Read/Write 

Address 

R/W 
R 
W 

06H 

07H 

OCH 

OOH 

12H 

13H 

7 6 5 

P27 P26 P25 

0 0 0 

P35 

1 

P67 P66 P65 

1 1 1 

P76 P75 

1 1 

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

4 3 

P24 P23 

R/W 
Input mode 

0 0 

P34 P33 

1 1 

Input mode (Pulled-up) 

P43 

1 

P53 

P64 PB3 

R/W 
1 1 

Input mode 

P74 P73 

R/W 
1 1 

Input mode 

TMP96C031 NJF 

I 2 I 1 I 0 

I P22 I P2l I P20 

I 0 I 0 I 0 

I P32 I P3l I P30 

R/W 

I 1 T 1 T 1 

I P42 T P41 1 P40 

R/W 

I 0 T 1 1 1 

Output mode 

I P52 I P51 I PSO 

R 

Input mode 

I P62 I P6l I POO 

I 1 I 1 I 1 

I P72 I P71 I P70 

I 1 I 1 I 1 

Prohibit RWM Prohibit Read Modify Write. (Prohibit RES/SETITSET/CHGlSTCF/ANDCF/ORCFIXORCF Instruction) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-409 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

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

Symbol Name Address 7 6 5 4 3 2 1 0 

P27C P26C P25C P24C P23C P22C P21C P20C 
OSH W 

P2CR PORT2 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) «Refer to the "P2FC"» 

P27F P26F P25F P24F P23F P22F P21F P20F 
09H W PORT2 P2FC 

Function 0 0 0 0 0 0 (Prohibit 0 0 
RMW) P2FC/ P2CR: 00 : IN, 01 : OUT, 10 : -, 11 :A23-16 

P33C1 P33CO P32C1 P32CO P31C1 P31CO P30C1 P30CO 
OAH W 

P3CRL PORT3 
Control (Prohibit 0 0 0 0 0 0 0 0 

Low RMW) 00 : PORT input 00 : PORT input 00 : PORT input 00 : PORT input 
01 : PORT output 01 : PORT output 01 : PORT output 01 : PORT output 
10:BUSAK 10: BUSRO 10 :- 10: T05 
11 :- 11 :- 11 :- 11 :HWR 

RDEN P35C1 P35CO P34C1 P34CO 

OBH W W 
P3CRH PORT3 

0 0 0 0 0 Control 
High (Prohibit 1 : pseudo 00 : PORT input 00 : PORT input 

RMW) SRAM 01 : PORT output 01 : PORT output 
EN 10: RAS 10: NMI 

11 :- 11: R!W 
BUSWDT BUDRM P43F P42F P41F P40F 

10H W W W 
P4FC PORT4 

Function (Prohibit 0 0 0 0 0 0 

RMW) 00: BUSSRO O:ON 00: PORT 00: PORT 00: PORT 00: PORT 
DIS 1: OFF 01 : CS3/CAS 01: CS2 01: CS1 01: CSO 

01 : BUSRQ 
EN 

MCU900-410 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 NlF 

1/0 Port Control (212) 

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

P63C1 P63CO P62C1 I P62CO P61C1 I P61CO P60C1 P60CO 
14H W 

P6CRL PORT6 
Control (Prohibit 0 0 0 I 0 0 I 0 0 0 

Low RMW) 00 : PORT input 00: PORT input 00 : PORT input 00 : PORT input 
01 : PORT output 01 : PORT output 01 : PORT output 01 : PORT output 
10: PG03 10: PG02 10: PG01 10: PGOO 
11 : RFSH 11: - 11: - 11: TxDO 

P67C1 P67CO P66C1 I P66CO P65C1 I P65CO P64C1 P64CO 
15H W PORT6 P6CRH 

Control 0 a 0 I a 0 I 0 a 0 (Prohibit 
High RMW) 00 : PORT input 00: PORT input 00: PORT input 00 : PORT input 

01 : PORT output 01 : PORT output 01 : PORT output 01 : PORT output 
10: PG13 10: PG12 10 :PG11 10: PG10 
11 : WDTOUT 11: - 11: - 11: -

P73C1 P73CO P72C1 I P72CO P71C1 I P71CO P70C1 P70CO 
16H W PORT7 P7CRL 

Control 0 0 a I a 0 I a 0 0 (Prohibit 
Low RMW) 00 : PORT input 00 : PORT input 00 : PORT input 00 : PORT input 

01 : PORT output 01 : PORT output 01 : PORT output 01 : PORT output 
10:- 10 :- 10: T03 10:T01 
11 :- 11: - 11 :DMUX 11: T04 

P76C1 J P76CO P75C1 I P75CO P74C1 P74CO 
17H W 

P7CRH PORT7 
Control (Prohibit 0 -' 0 a 1 0 a 0 

High RMW) 00: PORT input 00: PORT input 00 : PORT input 
01 : PORT output 01 : PORT output 01 : PORT output 
10: SCLK1 10 :- 10: TxD1 
11 :- 11 :- 11: -

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-411 



TMP96C031 NIF TLCS-900 16-bit Microcontroller 

(3) Timer Control (1/3) 

Symbol Name Address 7 6 5 4 3 2 1 0 

T5RUN T4RUN P1RUN PORUN T1RUN TORUN 

R!W 

TRUN 
Timer RUN 

20H 0 0 0 0 0 0 
Controt Prescaler and Timer Run/Stop CONTROL 

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

22H -

TREGO 8bitTimer (Prohibit W 
Register 0 RMW) 

Undefined 

23H -
TREG1 8bitTimer (Prohibit W 

Register 1 RMW) 
Undefined 

T10M1 T10MO PWMM1 PWMMO T1ClK1 T1ClKO TOClK1 TOClKO 

W 
8bitTimer 

T01TMOD Source ClK 
24H 

0 0 0 0 0 0 0 0 

and MODE 00: 8-bitTimer 00: - OO:TOOTRG 00 : TIO Input 
(Prohibit 01 : 16-bitTimer 01 :~-1 PWM 01 : q,T1 01: q,T1 
RMW) 10: 8-bit PPG 10:i -1 Cycle 10: q,T16 10: q,T4 

11 : 8-bit PWM 11 :~-1 11: q,T256 11: q,T16 

TFF3C1 TFF3CO TFF31E TFF31S TFF1C1 TFF1CO TFF11E TFF11S 

W R!W W R!W 
8bitTimer - 0 0 - 0 0 

TFFCR Flip-flop 25H 00 : Invert TFF3 1 :TFF3 0: Timer 2 00 : InvertTFF1 1 :TFF1 o : Timer 0 
Control 01: SetTFF3 Invert 1 : Timer 3 01: SetTFF1 Invert 1 : Timer 1 

10: Clear TFF3 Enable 10 : Clear TFF1 Enable 
11 : Donl care 11 : Don't care 

-

TREG2 PWMTimer 26H W 
Register 2 

Undefined 

-

TREG3 PWMlimer 27H W 
Register 3 

Undefined 

T23M1 T23MO PWM21 PWM20 T3ClK1 l3ClKO T2ClKO l2ClKO 

R!W 

Timer 2, 3 
28H 0 0 0 0 0 0 0 0 

T23MOD Hade Reg. 00: a-bit Timer 00: - 00 : T02TRG 00 : TIO Input 
01 : 16-bitTimer 01 : 26-1 PWM 01 : q,T1 01: q,T1 

(Prohibit 10: 8-bit PPG 10:i -1 Cycle 10: q,T16 10: q,T4 
RMW) 11: 8-bit PWM 11 : 28-1 11: q,T256 11: q,T16 

TR2DE TRODE 

R!W 

Timer Reg. 0 0 
lRDC Double Buffer 29H Tmer Reg. 

Control Reg. Double Buffer Control 
o : Double Buffer Disable 
1 : Double Buffer Enable 

MCU900-412 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C031 NlF 

(3) Timer Control (213) 

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

30H -

TREG4L 16bit Timer (Prohibit W 
Register 4L RMW) 

Undefined 

31H -
TREG4H 16bitTimer (Prohibit W 

Register 4H RMW) 
Undefined 

32H -

TREG5L 16bitTimer (Prohibit W 
Register 5L RMW) 

Undefined 

33H -

TREG5H 16bitTimer (Prohibit W 
Register 5H RMW) 

Undefined 

-

CAP1L Capture 34H R 
Register 1L 

Undefined 

-

CAP1H Capture 35H R 
Register 1H 

Undefined 

-
CAP2L Capture 36H R 

Register 2L 
Undefined 

-

CAP2H Capture 37H R 
Register 2H 

Undefined 

CAP2T5 I EQ5T5 CAP11N CAP12M1 I CAP12MO CLE T4CLK1 T4CLKO 

R/W W RNJ 

16bit Timer 4 0 I 0 0 0 I 0 0 0 0 
T4MOD Source 38H 

TFF51NVTRG o : Soft- Capture Timi ng 1 :UC4 Source Clock 
CLK and o : TRG Disable Capture 00: Disable Clear 00 :T14 
MODE 1: TRG Enable 1 : Don't care 01 :T14 i TI5 i Enable 01: rpT1 

10 :T14 i T14 i 10: rpT4 
11 : TFF1 i TFF1 J.. 11: rpT16 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-413 



TMP96C031 N/F TLCS-900 16-bit Microcontroller 

(3) Timer Control (3/3) 

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

TFFSC1 TFFSCO CAP2T4 CAPH4 EQST4 EQ4T4 TFF4C1 1 TFF4CO 

W RfIN W 
16bitTimer 4 

T4FFCR Flip-flop 39H 0 0 0 0 0 0 0 1 0 

Control 00 : Invert TFFS TFF4 Invert Trigger Source Clock 
01 Set TFFS o : Trigger Disable 00: Invert TFF4 
10: Clear TFFS 1 : Trigger Enable 01 : Set TFF4 
11 : Don't care 10 : Clear TFF4 

11 : Don't care 

- PGH PGOT ----I DB4EN 

RfIN R(IN 

0 0 0 1 0 
T4SCR T4, TS Control 3AH 

PG1 shift PGO shift 
trigger trigger 1 : Double 

Fix at "0" Buffer 0: Timer 0, 1 0: Timer 2,3 
Enable 1 : Timer 4 1: Timer 4 

(4) Pattern Generator 

Symbol Name Address 7 6 5 4 3 2 1 0 

4CH PG03 PG02 PG01 PGOO SA03 SA02 SA01 SAOO 

PGOREG PGO Register (Prohibit W R(IN 

RMW) 0 0 0 0 Undefined 

4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10 

PG1REG PG1 Register (Prohibit W R(IN 

RMW) 0 0 0 0 Undefined 

PAT1 CCW1 PG1M PGHE PATO CCWO PGOM PGOTE 

RfIN 

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

0 Normal PG1 trigger 0: Normal PGOtrigger 
0 8-bit write Rotation o : 4-bit Step input o : 8-bit write Rotation o : 4-bit Step input 
1 : 4-bit write 1 : Reverse 1 : 8-bit Step enable 1 : Hit write 1 : Reverse 1 : 8-bit Step enable 

Rotation 1 : Enable Rotation 1 : Enable 

(5) Watch Dog Timer 

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

WDTE WDTP1 1 WDTPO WARM HALTM1 1 HALTMO RESCR DRVE 

RfIN 

1 0 1 0 0 0 1 0 0 0 
WD- Watch Dog 
MOD Timer Mode SCH 

00 216/fc Warming up Standby Mode 1 : Connect 1: Drive 
1 :WDT 01 : 218/fc Time 

00: RUN Mode internally 
the pin 

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

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

-
Watch Dog 

Timer W 
WDCR 

Control SOH 
Undefined 

Register 
B1H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

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

SCOBUF Channel 0 50H 
R (Receiving)/W (Transmission) Buffer 

Undefined 

RB8 EVEN PE OERR PERR FERR - -

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

SCOCR Channel a 51H a a a a 0 0 0 

Control 
Receiving Parity 

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

data bit 8 
1 : Even 

Enable Overrun Parily Framing 

TB8 CTSE RXE WU SMl SMa SCl SCO 

R/W 

SCO- Serial 0 0 0 0 a a 0 0 

MOO 
Channel a 52H 

00 Unused 00 : TOO Trigger 
Mode 

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

11 : UART 9-bit 11 : Don't care 

- BROCK1 BROCKO BR053 BR052 BR051 BR050 

R/W R/W 

Baud Rate 0 0 0 a 0 0 0 
BROCR Control 53H 

00: tfJIO (fc/4) Set frequency divisor 
Fix at "0" 01 : tfJI2 (fc/15) O-F 

10: tfJI8 (fc/54) ("1" prohibited) 
11 : tfJI32 (fc/255) 

RB7 RB6 RB5 RB4 RB3 RB2 RBl RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TBl TBO 

SC1BUF Channell 54H R (Receiving)/W (Transmission) 
Buffer 

Undefined 

RB8 EVEN PE OERR PERR FERR SCLKS 10C 

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

Serial 
1 : Error SC1CR Channell S5H 

Control Parity 0: selKO 
Receiving 0: Odd 1: Parity C-T) 1: Input 
data bit 8 1 : Even 

Enable Overrun Parity Framing \~) SCLK1 pin 

TB8 - RXE WU SMl SMO SCl SCO 

R/W 

SC1-
Serial a a 0 a 0 0 0 0 

MOD Channell S5H 
00 : I/O Interface 00 : TOO Trigger Mode 

Transmission Fix at "0" 1 : Receive 1: Wake up 01 : UARTl -bit 01 : Baud rate generator 
data bit 8 Enable Enable 10 : UART 8-bit 10: Internal clock 1/>1 

11 : UART 9-bit 11 : Don't care 
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(6) Serial Channel (2/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

- BR1CK1 BR1CKO BR153 BR152 BR151 BR150 

R/W RIW 

Baud Rate 0 0 0 0 0 0 0 
BR1CR 

Control 57H 
00: 1jlt0 (fc/4) 

Set frequency divisor 
Fix at "0" 01 : 1jlt2 (fc/16) 

O-F 10: 1jlt8 (fc/64) 
("1" prohibited) 11 :1jlt32 (fc/256) 

ODE1 ODEO 

Special RIW 
ODE Open Drain 58H 0 0 

Enable 
1: P74 1: POO 
Open-drain Open-drain 

(7) AID Converter Control 

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

EOCF ADBF REPET SCAN ADCS ADS ADCH1 I ADCHO 

R R/W RIW RIW R/W 
ADMOD 

ND Converter 
5EH 0 0 0 0 0 0 0 I 0 Mode Reg. 

1 : END 1 : BUSY 
1 : Repeat 1 : Scan 1 : Slow 

1: START Analog Input Channel Select 
mode set mode mode 

-

ADREGO 
AD Result 60H R Reg. 0 

Undefined 

-
AD Result 

61H R 
ADREG1 Reg. 1 

Undefined 

-
ADREG2 

AD Result 
62H R Reg. 2 

Undefined 

-
ADREG3 

AD Result 
63H R Reg. 3 

Undefined 
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(8) Interrupt Control (1/2) 

Svmbol Name Address 7 6 S 4 3 2 1 0 

INTerrupt INn INTO 

INTEO! Enable 
70H IIC 11M2 11Ml liMO IOC 10M2 IOMI IOMO 

OJI 
(Prohibit RJW W RJW W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTl INT2 

71H 13C 13M2 13M 1 13MO 12C 12M2 12Ml , 12MO INTE23 Enable 
(Prohibit RJW 

2/3 
W RJW W 

RMW) 0 0 0 
, 

0 0 0 
, 

0 0 

INTerrupt INTS INT4 
72H ISC ISM2 ISMI ISMO 14C 14M2 14Ml 14MO 

INTE4S Enable 
(Prohibit RJW RJW 41S W W 

RMW) 0 0 0 0 0 0 
, 

0 0 

INTerrupt 
INT7 INT6 

73H 17C 17M2 17Ml 17MO 16C 16M2 16M 1 
, 

16MO 
Enable 

, 
INTE67 

(Prohibit RJW W RJW 
6/7 W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt INTTI timer 1 INTTO timer 0 
74H ITiC ITlM2 IT1MI ITIMO ITOC ITOM2 ITOMl ITOMO 

INTETIO Enable 
(Prohibit RJW W RJW W 

Timer 1/0 
RMW) 0 

, 
0 

, 
0 

, 
0 0 

, 
0 0 0 

INTerrupt 
INTH timer 3 INTI2 (timer 2 

7SH IT3C ITlM2 ITlMI ITlMO IT2C IT2M2 , IT2MI IT2MO 
INTETl2 Enable 

(Prohibit RJW RJW 
Timer 2/3 W W 

RMW) 0 0 0 0 0 0 0 0 
I--

INTTRS TREGS INTTR4 TREG4 
INTerrupt 

76H ITSC ITSM2 IT5Ml 1T5MO IT4C IT4M2 IT4Ml 1T4MO 
INTETS4 Enable 

(Prohibit RJW RJW W W 
Treg 5/4 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTTXO INTRXO 

77H ITXOC ITXOM2 ITXOMI ITXOMO IRXOC 
, 

IRXOM2 IRXOMI IRXOMO 
INTESO Enable 

(Prohibit RJW RJW W 
SenalO 

W 
RMW) 0 0 0 0 0 0 0 

INTerrupt 
INTTXl INTRXI 

78H ITX1C ITX1M2 ITX1MI 
, 

ITX1MO IRX1C IRX1M2 IRX1MI 
, 

IRX1MO , 
INTE51 Enable 

(Prohibit RJW W RJW W 
Serial 1 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTAD 

79H IADC IADM2 IADMI IADMO 
, 

tNTEAD Enable 
(Prohibit 1-- RJW NO W 

RMW) 0 0 0 0 

~ -~ J 
[, hocM2 IXltMl Ix.MO Function (Write) 

0 0 0 Prohibit interrupt request. 
0 0 I Sel interrupt request level to "1". 
0 I 0 Set interrupt request level to "2", 
0 1 I Set interrupt request level to "3". 
I 0 0 Set interrupt request level to "4", 
I 0 I Set interrupt request level to "5", 
I 1 0 Set interrupt request level to "6". 
I I I Prohibit interrupt request. .--

C- Ixxe Function (Read) Function (Write) 

0 Indicate no interrupt request. Clear interrupt request flag. 
------ t-

I Indicale interrupt request. ..... Don't care····· 
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(8) Interrupt Control (212) 

Symbol Name Address 7 6 5 4 3 2 1 0 

J.IOMAO start vector 
DMAO 7CH DMAOV8 DMAOV7 DMAOV6 DAMOVS DMAOV4 

DMAOV request (Prohibit 
Vector RMW) W 

0 0 0 0 0 

J.IOMA1 start vector 
DMA1 7DH DMA01V8 DMA1V7 DMA1V6 DAM1VS DMA1V4 

DMA1V request (Prohibit 
Vector RMW) W 

0 0 0 0 0 

J.IOMA2 start vector 
DMA2 7EH DMA2V8 DMA2V7 DMA2V6 DAM2VS DMA2V4 

DMA2V request (Prohibit 
Vector RMW) W 

0 0 0 0 0 

J.IOMA3 start vector 
DMA3 7FH DMA3V8 DMA3V7 DMA3V6 DAM3VS DMA3V4 

DMA3V request (Prohibit 
W Vector RMW) 

0 0 0 0 0 

141E 131E 121E 111E 11EM IDlE IDLE NMIREE 

W 
7AH 0 0 0 0 0 0 0 0 

Interrupt Input 
0: INTO 0: tNTO IIMCO Mode rising edge 1 : Operate 

Control 0 (Prohibit 1 : INT4 1: INT3 1 : INT2 1 : INT1 edge 1: INTO mode even at RMW) input input input input 
1: INT1 

input 
1: INTO NMI rise 

enable enable enable enable falling enable level edge 
edge mode 

IlIE 16LE ISlE 
7BH W 

Interrupt Input 
0 0 0 IIMC1 Mode 

Control 1 (Prohibit 1: INT7 1: INT6 1: INT5 
RMW) input input input 

enable enable enable 
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(9) Chip SelectlWait Controller (1/2) 

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

BOE BOSYS BOARE BOBUS BOWl I BOWO BOCl BOCa 

W 
Block a 68H a a a a a I a 0 a 

BOCS CSM'AIT 
0:7FOO-control (Prohibit 7FFF 00:2WAIT OO:2WAIT 

register RMW) 0: CSO DIS 1 : SYSTEM 1 : Address a : 16-bit Bus 01 : 1 WAIT 01: 1WAIT 
1 :CSOEN only 1 : 8-bit Bus 10: 1WAIT + n 10: 1 WAIT + n area 11 :OWAIT 11: OWAIT specification 

B1E B1SYS BlARE B1BUS B1W1 I B1WO 

W 
Block 1 69H a a a a a I a 

B1CS CSM'AIT 
0:80-control (Prohibit 7FFF register RMW) 0: CSl DIS i 1 : Address i i 1 : CS1 EN - -

area 
specification 

B2E B2SYS B2ARE B2BUS B2W1 I B2WO 

W 
Block 2 6AH 1 0 0 Undefined 0 I a 

B2CS 
CSM'AIT 

0:8000-control (Prohibit 3FFFFF register 0: CSO DIS RMW) 
1 :CSOEN 

i 1: Address i i - -
area 

specification 

B3E B3SYS B3ARE B3BUS B3W1 I B3WO B3CAS SRFC 

68H W 
Block 3 

CSM'AIT 0 0 0 0 0 I 0 0 0 
B3CS control (Prohibit 0: CS3/CAS o : Undefined 0: CS3/CAS a : Self 

register RMW) DIS i 1 : Address i i DIS refresh 
1 : CS3/CAS area 1 : CS3/CAS execution 

EN specification EN 1 : Release 

S23 S22 S21 S20 S19 I S18 S17 S16 
Memory AM' 

Start 40H 
MSARO Adrress 1 1 1 1 1 I 1 1 1 

Reg. a A23 -A16 
Memory start address selting 

Memory 
V20 V19 V18 V17 V16 I V15 V14-9 V8 

Start AM' 
MAMRO Adrress 41H 1 1 1 1 1 I 1 1 1 

Mask 
0: Address A8-A20 comparison is valid. Reg. a 
1 :AddressA8-A20comparison is invalid. (Specification bit bybit). 

S23 S22 S21 S20 S19 I S18 S17 S16 
Memory AM' 

Start 
MSARl Adrress 42H 1 1 1 1 1 I 1 1 1 

Reg. 1 A23-A16 
Memory start address selti ng 
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(9) Chip SelectIWait Controller (212) 

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

Memory 
V21 I V20 I V19 I V18 I V17 I V16 I V15-9 I V8 

Start R!W 
MAMR1 Adrress 43H 1 I 1 I 1 I 1 I 1 l 1 I 1 I 1 

Mask 
Reg 1 0: Address A8 - A21 comparison is valid. 

1: Address A8 - A21 comparison is invalid. (Specification bit by bit). 

S23 I S22 I S21 I S20 I S19 I S18 I S17 I S16 
Memory R!W 

Start 
MSAR2 

Adrress 
44H 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 

Reg. 2 A23 - A16 
Memory start address setting 

Memory 
V22 I V21 l V20 I V19 I V18 I V17 I V16 I V15 

Start R!W 
MAMR2 Adrress 45H 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 

Mask 
0: Address A 15 - A22 comparison is valid Reg. 2 
1: Address A15 - A22 comparison is invalid. (Specification bit by bit). 

S23 I S22 I S21 I S20 I S19 L S18 I S17 I S16 
Memory R!W 

MSAR3 
Start 

46H I I I I I I I Adrress 1 1 1 1 1 1 1 1 

Reg.3 A23 - A16 
Memory start address setting 

Memory 
V22 I V21 I V20 I V19 I V18 I V17 I V16 I V15 

Start R!W 
MAMR3 Mask 46H 1 I 1 I 1 I 1 I 1 I 1 I 1 l 1 

Adrress 
0: Address A15 - A22 comparison is valid Reg. 3 
1: Address A 15 - A22 comparison is invalid. (Specification bit by bit). 
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(10) DRAM Control 

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

DMI RS2 I RS1 I RSO RW2 I RW1 I RWO RC 

RJIN 
0 0 I 0 I 0 0 I 0 I 0 0 

Refresh cycle insertion interval Refresh cycle insertion interval 
Refresh 000 : 15 states 000 : 2 states 

DREFCR Control 48H 001 : 31 states 001 : 3 states 
Reg. Dummy cycle 010 : 62 states 010 : 4 states Refresh cycle 

0: Prohibit 011 : 78 states 011 : 5 states 0: Prohibit 
1 : Execute 100 : 97 states 100 : 6 states 1 : Execute 

101 : 109 states 101 : 7 states 
110: 124 states 110: 8 states 
111: 154 states 111: 9 states 
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6. Port Section Equivalent Circuit Diagram 
• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 
The dedicated signal is described below . 

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

• RD, WR 

Output Data ~-;:::+:::;::::[::J 

Output Enable 
STOP 

Input Data 

Input Enable 

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

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

vee 

vee 

110 

Programmable 
Pull Down 
Resistance 
(only PORT2) 

Output Data ---... ~-........, 'L 
"0' -J ~i -0", 

• P30 - 33, P35 

MCU900-422 

Output Data ---:=l=;:::C:J 

Output Enable 
STOP 

Input Data -",-,<--r-<'\. 

Input Enable 

vee 

Programmable 
Pull Up 
Resistor 
(not exi,t in 
PORTA) 

110 
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TLCS-900 16-bit Microcontroller 

• P61 - P67, P70 - P73, P75 - P76 

• P50 (ANO/INTO) 

• P51 - P53 (AN1 - 3/1NT1 - 3) 

Output Data --;----f------, 

Output Enable 
STOP 

Analog Input 
Channel Select 

Input Enable 

Analog Input -+---+--1 

vee 

1/0 

Input 

Input Data -----o<:}--<<:]:=:r:::~~-o(}- Input Enable 

INTO -----<>(:J~~~~-o(}-- INTO Enable 

Analog Input 
Channel Select 

Analog Input ---+--1 Input 

Input Data -+------o<:}--<<:]:=:r:::~=---o(}- Input Enable 

INTn -+------<>(:J~~:t:~---,o<}_ INTn Enable 
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• P60 (TXDO). P74 (TXD1) 

• P34 (NMI/R/W) 

TLCS-900 16-bit Microcontroller 

vee 

Output Data -1'===4=:::::::3) 

Open Drain 
Output Enable 

STOP ---t--' 
L--------=~_H~~~ 

Input Data _---c><1-o(It::-.\NIi---I...:.::.=~,c--t 

Input Enable 

vee 

Output Data -----;:=r::::;=:[:: 

Output Enable 
STOP 

NMI C]:::=:~~---- NMI Enable 

• P40- P43 (CSa - CS3/CAS) 

vee 

Output Data -,=F===fJ 

Open Drain 
Output Enable 

STOP ---+--' 
L-______ ~L-_+~~ 

Input Data 

Input Enable 

VO 

Programmable 
Pull Up 
Resistor 

1/0 

1/0 
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• elK 

• AM8I16 

• RESET 

• X1, X2 

• VREF 

TLCS-900 16-bit Microcontroller 

Output Enable ------, vee vee 
Internal ClK ------i==f==::3J 

STOP 

Internal Reset _ .... -_-{>o-______ ...:..:.:.....l 

Test Circuit 

~ ...... -----0 Input 

reset 

WDTOUT --..---­
reset enable ---l..-..; 

STOP , , 
, , 

clock 

, , 
L __ w _ ------ _ --- --- ---- ---- _ ----~ 

IREF = O.SmA typo 
- OVREF 

Output 

Input 

X2 

Xl 

A I 0 Converter 
GND 

L~., 
-i'-' Note: In case stand by mode. 

IREF currents go on flowing. 
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7. Guidelines and Restrictions 

(1) Special Expression 

<D 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, (fRUN) ... 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) Oscillation frequency is 20MHz 

2120MHz = 100ns = 1 state 

(2) Guidelines 

<D AM8I16 pin 

Rx these pins VCC or GND unless changing voltage. 

® 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. 

® 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. 

® CPU (High Speed IIDMA) 

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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TOSHIBA 

CMOS 16-bit Microcontrollers 

TMP96C081F 

1. Outline and Device Characteristics 

The TMP96C081 F are high-speed advanced 16-bit microcon­
trollers developed for controlling medium to large-scale equip­
ment. 

The TMP96C081 F are housed in a 100-pin flat package. 
Device characteristics are as follows: 

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

instructions 
• High-speed micro DMA 

- 4 channels (1.611s12 bytes @ 20M Hz) 
(2) Minimum instruction execution time 

- 200ns @ 20M Hz 

1MP96C081F 

(3) Intemal DMAC: 4 channels 
(4) Extemal memory expansion 
• Can be expanded up to 16M bytes (for both programs and 

data). 
• AM8I16 pin (select the extemal data bus width) 
• Can mix 8- and 16-bit extemal data buses. 

.. 'Dynamic data bus sizing 
(5) 8-bit timers: 
(6) 8-bit PWM timers: 
(7) 16-bit timers: 
(8) Pattem generators: 
(9) Serial interface: 
(10) 10-bit AID converter: 
(11) Watchdog timer 

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

(12) Chip select/wait controller: 5 blocks 
(13) Interrupt functions 
• 3 CPU interrupts'" . "SWI instruction, privileged violation, 

and Illegal instruction 

• 18 intemal. interrupts ] 7 -level priority can be set. 
• 6 extemallnterrupts 
(14) I/O ports: Maximum 64 pins 
(15) Standby function : 3 halt modes (RUN, IDLE, STOP) 
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TMP96C081F 

MCU900-428 

TLCS-900 16-bit Microcontroller 

(ANq) PSO 
...L?===,---------------~-VCC{3] 

"f-VSS(3] 
,----, 

{ANI)PSI -[+ 
(AN2) PS2 :~ {AN3)P53 
(AN4) P54 -+ 
{AN5)P5S : VREF 

Avec :~ AGND 

(TXDO) P90 :~ {RXDO)P91 
(CTSCISCLKO) P92 .. [+ 

(TXDI) P93 :~ (RXD') P90 
(SCLKI) P9S ~[+ 

(PGOO) P60 
(PGO') P6' ~ 
(PG02) P62 ~ 
(PG03) P63 
(PGIO) P64 ~t-
(PGII) P6S ~ 
(PGI2) P66 ~t-
(PG'3) P67 

(TIO) P70 ~j:..-

{TO I) P71 j:..-

i 
(T02) P72 ..1-

I 
; 

(TOl) P73 T 
i 

(INT4/Tl4) PSO T 
(INTS/TIS) PBl 3: (TO') P82 

(TOS) PB3 
I 

(:NT6/TI6) ?84 :j: (IN,7/TI7) PB, 
(T06) PB6 "'1'"-

(IN70) P87 --r--

10-BIT6CH 
AJD 

CONVERTER 

SERIALI/O 
(eKO) 

SERIALUO 
(CH.I) 

PATTERN 
GENERATOR 

(CH.O) 

PATTERN 
GENERATOR 

(CH.I] 

8BITTIMER 
{TIMER 0) 

BBIT TIMER 
{TIMER I) 

BBITPWM 
{TIMER 2) 

BBITPWM 
(TIMER3) 

16BIT TIMER 
(TIMER4) 

16BIT TIMER 
(TIMERS) 

CPU 

XWA ~ A ~II 
XBC f--I-'~!,+~llluU 
XDE ..£. 
XHL .H. 
XIX IX 
XIY Y 
XI2 12 
XSP SP 

.... 32bit -+ 

SRCill 

I P C I 

OSC ~~~~ 
Lf.- CLK 

"f-CSEL 

"f-AM8J16 
.. t-RESE'f 
-~ALE 

IINTERRUPT I~ t- NMi 
CONTROLLER I 

IWATCH-DOG f- ~ WOToUr 
TIMER -I 

~f.- ADB-ADISIAB-AIS 

~_~{P20-P27 
~ AI6-A23) 

PORT 3 

:~R 
+P32{HWR) 
:"-P33{WAIT) 

I" :..- P34{BUSRQ) 
:..- P3S{BUSAK) 
~P36{R/W) 

,-_________ --, '--__ -'I .. ~P37{RAs) 

DMA 

CHO Gil CH2 CH3 

H ••••• 

,-----...J.. P40{CSO/CASO) 
CS/WAIT 

CONTROLLER 
(S-BLOCK) 

f.P4I(CSI/CASI) 
i--P42(CSZ/CAS2) 

P43(CS3/cAS3) '--__ .....J, P44(CS4IcAS4) 

Figure 1. TMP96C081F Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of input/output pins for TMP96C081 F, their 
name and outline functions. 

Figure 2.1 shows pin assignment of TMP96C081 F. 

AND P50 91 90 PB4(10WR) 
(AN1) P51 92 89 PB3 (lORD) 
(AN2) P52 93 88 PB2 (ITL 
(AN3) P53 94 87 PB1 (EOP) 
(AN4) P54 95 86 PBO (AEN) 
(AN5) P55 96 85 vee 

Avec 97 84 PA7(DAeK3) 
VREF 98 83 PA6(DRE 3 

AGND 99 82 PA5 (DAeK2 
VSS 100 81 PA4(DREQ2) 

(pGOO) P60 1 80 PA3(DAeK1) 
(PG01) P61 2 79 PA2 (i5REQT) 
(PG02) P62 3 78 PAl (DAeKO) 
(PG03) P63 4 77 PAO (DREQO) 
(PG10) P64 5 76 eSEL 
(PG11) P65 6 75 P44 (eS4/CAS4) 
(PG12) P66 7 74 P43 (CS3/CAS3) 
(PG13) P67 8 73 P42 (eS2/CAS2) 

(TlO) P70 9 72 P41 (eS1/CAS1) 
(Tal) P71 10 71 P40 (eso/eASO) 
(T02) P72 11 70 vee 
(T03) P73 12 69 P37 (RAS) 

(lNT4fT14) pao 13 68 P36 (RiW) 
(lNT5fT15) P81 14 67 P35 (BUSAK) 

(T04) P82 15 66 P34(BUSRQ) 
(T05) P83 16 65 P33(WAIT) 

(lNT6fT16) P84 17 64 P32 (RWR) 
(INT7fT17) P85 18 63 WR 

(T06) P86 19 62 RD 
(INTO) P87 20 61 P27 (A7/A23) 

NMI 21 60 P26 (A6/A22) 
WbTOUT 22 59 P25 (A5/A21) 

RESET 23 58 P24 (A4/A20) 
elK 24 57 P23 (A3/A 19) 
VSS 25 56 P22 (A2/A 18) 
Xl 26 55 P21 (Al/A17) 
X2 27 54 P20 (AO/A 16) 

AM8/16 28 53 vss 
(TXDO) P90 29 52 AD15/A15 
(RXDO) P91 30 51 AD14/A14 

(SeLKO/CTSO) P92 31 50 AD13/A13 
(TXD1) P93 32 49 AD12/A12 
(RXD1) P94 33 48 ADll/A11 

(SeLK 1) P95 34 47 AD10/Al0 
ALE 35 46 AD09/A9 
vee 36 45 AD08/A8 
ADO 37 44 AD7 
AD1 38 43 AD6 
AD2 39 42 ADS 
AD3 40 41 AD4 

Figure 2.1. Pin Assignment (100-pin QFP) 
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TMP96C08iF TLCS-900 i6-bit Microcontroller 

2.2 Pin Names and Functions 
The names of inpuVoutput pins and their functions are described below. 

Table 2.2. Pin Names and Functions 

Pin Name 
Number I/O Functions 01 Pins 

ADO - AD7 8 Tri-state Address/data (lower): 0 - 7 for addressldata bus 

AD8- AD15 
8 

Tri-state Address data (upper): 8 -15 for addressldata bus 
A8-A15 Output Address: 8 to 15 for address bus 

P20- P27 I/O Port 2: 110 port that allows selection of 110 on a bit basis (with pull-down resistor) 
AO-A7 8 Output Address: 0 - 7 for address bus 
A16-A23 Output Address: 16 - 23 for address bus 

RD 1 Output Read: Strobe signal for reading external memory 

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

P32 1 110 Port 32: 110 port (with pull-up reSistor) 
HWR Output High write: Strobe signal for writing data on pins AD8 -15 

P33 1 110 Port 33: 110 port (with pull-up resistor) 
WAIT Input Wait: Pin used to request CPU bus wait 

P34 110 Port 34: 110 port (with pull-up resistor) 
BUSRO 1 Output Bus request: Signal ~ to request high impedance for ADO -15, AO - 23, RD. WR, HWR, RiW, RAS, csa, 

Input CS1, CS2, CS3 and CS4 pins. (For external DMAC) 

P35 110 Port 35: 110 port (with pull-up resistor) 

BUSAK 1 Output Bus acknowledge: Strobe indicating that ADO - 15, AO - 23, RD, WR, HWR, RiW, RAS, csa, CS1, CS2, CS3 
and CS4 pins are at high impedance after receiving BUSRO. (For external DMAC) 

P36 1 I/O Port 36: 110 port (with pull-up resistor) 
RiW Output Read/write: 1 represents read or dummy cycle 0, write cycle. 

P37 
1 I/O Port 37: I/O port (with pull-up resistor) 

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

P40 110 Port 40: 110 port (with pull-up resistor) 
CSO 1 Output Chip select 0: Outputs 0 when address is within specified address area. 
CASO Output Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 

P41 I/O Port 41: 110 port (with pull-up resistor) 
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CAS1 Output Column address strobe 1: Outputs CAS strobe for DRAM when address is within specified address area. 

P42 I/O Port 42: I/O port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address ~ithin speCified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM when address is within specified address area. 

P43 I/O Port 43: I/O port (with pull-up resistor) 
CS3 1 Output Chip select 3: Outputs 0 if address is within specified address area. 
CAS3 Output Column address strobe 3: Outputs CAS strobe for DRAM if address is within specified address area. 

P44 I/O Port 43: I/O port (with pull-up resistor) 
CS4 1 Output Chip select 3: Outputs 0 if address is within specified address area. 
CAS4 Output Column address strobe 4: Outputs CAS strobe for DRAM if address is within specified address area. 

Note: The internal I/O of this device cannot be accessed using the external DMA controller. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

Pin Name Number I/O Functions 01 Pins 

P50 - P53 
6 

Input Port 5: Input port 
ANO-AN5 Input Analog input: Input to AID converter 

VREF 1 Pin for reference voltage input to AID converter 

AVeC 1 Power supply pin lor AID converter 

AGND 1 Ground 

P60-63 4 I/O Port s 60 - 63: 110 ports that allow selection of I/O on a bit basis 
PGOO-03 Output Pattern generator ports: 00 - 03 

P64-67 
4 I/O Port s 64 - 67: I/O ports that allow selection of I/O on a bit basis 

PG10-13 Output Pattern generator ports: 10 - 13 

P70 1 110 Port 70: I/O port 
TID Input Timer input 0: Timer 0 or 1 output 

P71 1 I/O Port 71 : 110 port 
T01 Output Timer output 1: Timer 0 or 1 output 

P72 
1 I/O Port 72: 110 port 

T02 Output PWM output 2: 8-bit PWM timer 2 output 

P73 
1 

110 Port 73: I/O port 
T03 Output PWM output 3: 8-bit PWM timer 3 output 

PSO 110 Port SO: I/O port 
TI4 1 Input Timer output 4: Timer 4 counl/capture trigger signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable riSing/failing edge. 

P81 110 Port 81: 110 port 
TI5 1 Input Timer output 5: Timer 4 counl/capture trigger signal input 
INT5 Input Interrupt request pin 5: Interrupt request pin with programmable rising edge. 

P82 1 110 Port 82: I/O port 
T04 Output Timer output 4: Timer 4 output pin 

P83 1 110 Port 83: I/O port 
T05 Output Timer output 5: Timer 4 output pin 

Note: Pull-up/pull-down resistor can be released from the pin by software. 
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Pin Name 
Number I/O Functions of Pins 

P84 110 Port 84: 110 port 
Tl6 1 Input Timer input 6: Timer 5 counVcapture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 

P85 I/O Port 85: I/O port 
TI7 1 Input Timer output 7: Timer 5 counVcapture trigger signal input 
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge 

P86 1 I/O Port 86: 110 port 
T06 Output Timer output 6: Timer 5 output pin 

P87 1 I/O Port 87: 110 port 
INTO Input Interrupt request pin 0: Interrupt request pin with programmable levellrising edge 

P90 1 110 Port 90: I/O port 
TXOO Output Serial send data 0 

P91 1 I/O Port 91: I/O port 
RXOO Input Serial receive data 0 

P92 1 I/O Port 92: I/O port 
CTSO Input Serial data send enable 0 (Clear to Send) 

P93 1 110 Port 931/0 port 
TXDl Output Serial send data 1 

P94 1 I/O Port 94: 110 port 
RXD1 Input Serial receive data 1 

P95 1 I/O Port 95: 110 port 
SCLK1 110 Serial clock 110 1 

PAO 1 110 Port AO: 110 port 
DREaO Input DMA request 0: DMA channel 0 request pin 

PAl 1 I/O PortAl: I/O port 
DACKO Output DMA acknowledge 0: DMA channel 0 acknowledge signal 

PA2 1 110 Port A2: 110 port 
DREQ1 Input DMA request 1 : DMA channell request pin 

PA3 1 I/O Port A3: I/O port 
DACK1 Output DMA acknowledge 1: DMA channel 1 acknowledge signal 

PA4 1 I/O Port A4: 110 port 
DREQ2 Input DMA request 2: DMA channel 2 request pin 

Note: Pull-up/pull-down resistor can be released from the pin by software. 
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Pin Name Number 
I/O Functions of Pins 

PAS 
1 I/O Port AS: I/O port 

DACK2 Output DMA acknowledge 2: DMA channel 2 acknowledge signal 

PA6 1 I/O Port A6: I/O port 
DREQ3 Input DMA request 3: DMA channel 3 request pin 

PA7 
1 I/O Port A7: I/O port 

DACK3 Output DMA acknowledge 3: DMA channel 3 acknowledge signal 

PBO 1 I/O Port BO: I/O port 
AEN Output Address enable: Enabled when internal DMA has bus mastership 

PBl 1 I/O Port Bl: I/O port 
EOP Input DMA acknowledge 3: DMA channel 3 acknowledge signal 

PB2 1 I/O Port B2: I/O port 
TC Output Terminal count: Output signal to indicate transfer completion. 

PB3 
1 I/O Port B3: I/O port 

lORD Output I/O read Signal: Strobe signal for reading external I/O when DMA is in signal address mode. 

PB4 1 I/O Port B4: I/O port 
10WR Output I/O write signal: Strobe signal for writing external I/O when DMA is in signal address mode. 

WDTOUT 1 Output Watchdog timer output pin 

NMI 
1 Input 

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

ClK 1 Output Clock output: Outputs L Xl + 41 clock. Pulled-up during reset. 

AMB/16 Address mode: Selects external Data Bus width. 
1 Input "0" should be input with fixed 16 bit Bus width or 16 bit Bus interfaced width 8bit Bus. 

"1" should be input with fixed 8 bit Bus width. 

CSEl 1 Input CPU slect: Signal used for emulation. Fix either "0" or "1". 

ALE 1 Output Addres latch enable 

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

Xl/X2 2 I/O Oscillator connecting pin 

VCC 2 Power supply pin (+5V)pin 

VSS 2 GND pin (OV) 

Note: Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 
This section describes in blocks the functions and basic oper­
ations of the TMP96C081 F device. 

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

3.1 CPU 
The TMP96C081 F 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 
TMP96C081 F that are not described in the previous section. 

3.1.1 Reset 
To reset the TMP96C081 F, the RESET input must be kept at 0 
for at least 10 system clocks (10 states: 1 !IS with a 20MHz 
system clock) within an operating voltage range and with a 
stable 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 O. (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 intemal 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 inpuVoutput port mode (sets I/O ports to 
input ports). 

• Sets the """W-=D'-:T""O""U=T pin to O. (Watchdog timer is set to enable 
after reset.) 

• Pulls up the ClK pin to 1 . 
• Sets the ALE pin to O. 
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3.2 Memory Map 
Figure 3.2 is a memory map of the TMP96C081 F. 

000000 H 
Internal.1I0 '.§", t 
1256B~te) Direct area In) 

..... -- ..... __ .......... _----- .......... ! 000100H 

External memory 
132K· 128 Byte) 

64KByte area 
Interrupt entry area Inn) 

__ 1}1!.!'_lJ.trj~~~_1 ~ _b.Y.teJ ___ 
008000H 

008200H 

Interrupt entry area 
(32K Byte) 

010000H 

16MByteare 
External memory (R) 

(16M - 64K Byte) (-R) 
(R+) 

a 

(R + R8I16 
(R +d8/16 
(nnn) 

FFFFFFH 
j 

(C:=J = Internal area) 

Note: The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the system mode side to l00H. 

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. 

• Interrupts from the CPU"'3 

The TMP96C081 F has altogether the following 27 inter­
rupt sources: 

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

• Interrupts from extemal pins (NMI, INTO, and INT4 to 7)"'6 

• Interrupts from built-in I/Os"'18 

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/lFF <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 01 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 
01 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 micro OMA 
processing mode. High-speed micro 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 II0s 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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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 BOOOH + interrupt vector, 
then starts the interrupt processing routine. 

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

Bus Width of Stack Area 
Interrupt Processing State Number 

MAX mode Min mode 

8-bit 23 19 

16-bit 17 15 

To retum to the main routine after completion of the inter­
rupt processing, the RET! 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 interrupt request with a priority higher than the 
accepted now interrupt during the CPU is processed above (1 ) 
- (5) is accepted before the 1 'st instruction in the interrupt pro­
cessing routine, causing interrupt processing to nest. This is 
the same case of over lapped each Non-maskable interrupt 
(level "7").) 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 00B1 FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C081 F Interrupt Table 

Vector Value High-Speed 
Default Priority Type Interrupt Source IIvn Start Address Micro DMA 

Start Vector 

1 Reset , or SW10 instruction o 0 0 0 H 8 0 0 0 H -
2 INTPREV Privileged violation, or SWI1 a a 1 a H 8 a 1 a H -
3 INTUNDEF: Illegal instruction, or SWI2 o a 2 0 H a 0 2 0 H -
4 SWI 3 Instruction o 0 3 a H a a 3 a H -
5 Non- SWI 4 Instruction o a 4 a H a a 4 a H -
6 Maskable SWI 5 Instruction o a 5 a H a a 5 a H -
7 SWI 6 Instruction a a 6 a H a a 6 a H -
8 SWI 7 Instruction o a 7 a H a a 7 a H -
9 NMI Pin a 0 a a H 8 a a a H aaH 

10 INTWD: Watchdog timer a 0 9 0 H a a 9 a H a9H 

11 INTO pin a a A a H a a A a H aAH 

12 INT4 pin a 0 BaH a a BaH aBH 

13 INT5 pin a a C a H a 0 C a H aCH 

14 INT6 pin a 0 D a H a a D a H aDH 

15 INT? pin a 0 E 0 H 8 0 E 0 H OEH 

32 INTAD: ND conversion completion a a Fa H a a F a H aFH 

16 INTTO: a-bit timer a a 1 a a H a 1 a a H 1aH 

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

1a INTT2: a-bit timer 2/PWMO o 1 2 a H a 1 2 a H 12H 

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

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

21 
Maskable 

INTTR5: 16-bit timer 4 (TREG5) a 1 5 a H a 1 5 a H 15H 

22 INTTR6: 16-bit timer 5 (TREG6) a 1 6 a H a 1 6 a H 16H 

23 INTTR7: 16-bit timer 5 (TREG7) a 1 7 a H a 1 7 a H 17H 

24 INTRXO: Serial receive (ChanneL a) o 1 a a H 8 1 a a H laH 

25 INTTxa: Serial send (ChanneL a) a 1 9 a H a 1 9 a H 19H 

26 INTRX1: Serial receive (ChanneL1) a 1 A a H a 1 A a H 1AH 

27 INTTX1 Serial send (ChanneL1) a 1 B 0 H 8 1 BaH 1BH 

28 DMAO: DMA channel 0 a 1 C 0 H 8 1 C a H 1CH 

29 DMA1: DMA channel 1 o 1 DOH 8 1 D a H 1DH 

30 DMA2: DMA channel 2 a 1E 0 H a 1 E a H 1EH 

31 DMA3: DMA channel 3 o 1F a H a 1F a H 1FH 
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3.3.2 High-Speed Micro DMA 
In addition to the conventional interrupt processing, the TLCS-
900 also has a high-speed micro DMA function. When an inter­
rupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 

The TLCS-9oo can process at very high speed com­
pared with the TLCS-90 micro DMA because it has transfer 
parameters 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. 

(1) High-Speed Micro DMA Operation 
High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt source. 

When a high-speed micro 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 
micro DMA processing 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-9oo has 
only 24 address pins for output. A 16M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 
mode which is set by the CSIWAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer sourceldestinationaddress after transfer can be done 
in both modes. Therefore data can easily be transferred 
between 1/0 and memory and between I/0s. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans­
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high­
speed micro DMA processing. 

After transferring data using the high-speed micro DMA 
and the transfer counter has been decremented to 0, the pro­
gram 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 trans­
fer counter starts from 65536. 

For the source and destination address registers, please 
reset the register number when specifying a particular register 
number. Otherwise, the register number is counted in order. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 

The following timing chart shows a high-speed micro DMA 
cycle of the transfer address in increment mode (all modes 
except the Read-only mode operate similarly). (Condition: MIN 
mode, 16-bit Bus width for 16M Byte, 0 wait) 
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ALE 

AOO-15 

A16-23 

ifl5 

~I 
OMl OM2 OM3 

TLCS-900 16-bit Microcontroller 

(Note 1) (Note 2) (Note 3) 
~ 

OM4 OMS OM6 OM7 OMS OM9 OM10 OMll OM12 

WR.HWR ~---+----~----r----+----=F==~+---, 

Xl 

ALE 

High-Speed I'DMA cycle (COUNT'" 0) 

TMP96C081F 

(Note 3) (Note 3) 

OM13 OM14 DM15 DM16 

ADO-15 ~~~----~~~----~==~~==~~~5ffi~~--~~--~==~~==~==~~~~r-~~--­
A16-23 ~===¥====~==~====~==~~~~==~~==~====F===~===r~--~===f~~~~==9==== 

ffo 
WR.HWR ~---+----~----+---~----=F==~+---~ 

Xl 

ALE 

AOO-15 ~~~ ____ ~==~~==~~==~;===~~~~==~~~~==~~==~ 
A16-23 ~===¥====~===f====~===9====~===9~=;~~-r~~ft~-r+ 

RD 
WR. HWR ~--~-----+------

High-Speed I'DMA cycle (COUNT = 0) 

(Notel) This is added 2 states the case ofthe bus width ofsouree address 
area is Sbit 

(Note2) This is added 2 states the case of the bus width of destination 
address area is Sbit 

(Note3) This may be a dummy cycle with instruction queue buffer. 
(Note4) This is added 2 states the case of the bus width of stack address 

area is Sbit 
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(2) Register Configuration (CPU Control Register) 

ChannelO 

I DMASO Transfer source address register 0 Jcuse only lower 24 bits.) 

I 
DMADO Transfer destination address register 0 

I DMACO Transfer counter register 0 (1-65536) 

IDMAMO Transfer mode register 0 

Channell 

I 
DMASl Transfer source address register 1 

I DMADl Transfer destination address register 1 

I DMACl Transfer counter register 1 

~ Transfer mode register 1 

Channel2 

I 
DMAS2 Transfer source address register 2 

I DMAD2 Transfer destination address register 2 

I DMAC2 Transfer counter register 2 

IOMAM2 Transfer mode register 2 

Channel3 

I OMAS3 Transfer source address register 3 

I OMA03 Transfer destination address register 3 

I 
OMAC3 Transfer counter register 3 

IOMAM3 Transfer mode register 3 

I l-Sbit-

_16bit __ 

32bit 

This Control Register cannot be set only "LOC cr, r" instruction. 
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TLCS-900 16-bit Microcontroller 

(3) Transfer Mode Register Details 

(DMAMO-3) 

o 0 0 0 Mode 
I 

Note; When specifying values for this 
register, set the upper 4 bits to O. 

0 

0 

0 

0 

1 

1 

1 

, z· 0 byte transfer 1 word transfer 
execution time (Min.) 

= = ~ 
0 0 Z Transfer destination address INC mode for I/O to memory 16 states 

(DMADn +) <-- (DMASn) 
DMACn+-DMACn - 1 (1.61'.) 
if DMACn = 0 then INT. 

0 1 Z Transfer destination address DEC mode for I/O to memory 16 states 
(DMADn - ) <-- (DMASn) 
DMACn<--DMACn - 1 (1.6}'s) 
if DMACn = 0 then INT. 

1 0 Z Transfer source address INC mode for 1/0 to memory 16 states 
(DMADn) <- (DMASn +) 
DMACn<--DMACn - 1 (1.6I's) 
if DMACn = 0 then INT. 

1 1 Z Transfer source address DEC mode for I/O to memory 16 states 
(DMADn) <-- (DMASn - ) 
DMACn ..... DMACn - 1 (1.6},s) 
if DMACn = 0 then INT. 

0 0 Z FIxed address mode IIOto 110 16 states 
(DMADn) <- (DMASn) 
DMACn ..... DMACn - 1 (1.6l's) 
if DMACn = 0 then INT. 

0 1 0 Read-only mode for DRAM refresh 14 state. 
Dummy<- (DMASn) ; Reads 4 bytes. 
DMASn<--DMASn + 4 Increments lower word only. (l.4l's) 
DMACn<-DMACn - 1 

0 1 1 Counter mode for interrupt counter 11 states 
DMASn<-DMASn + 1 
DMACn<--DMACn - 1 (1.11'.) 
if DMACn = 0 then INT. 

(1 states = lOOns @20MHz) 

Note; n; corresponds to high-speed I,DMA channels 0-3. 
DMADn +1 DMASn + ; Post-increment (Increments register value after 
transfer.) 
DMADn -I DMASn - : Post-decrement (Decrement register value after transfer.) 
Excution time: Indicates when the destination/source address space is 16-bit bus 

width and is set to 0 WAlT. 

TMP96C081F 

All address space which is can be accessed by high­
speed ~DMA is the space for system mode, specified chip 

selecVwait controller. Do not use undefined codes for transfer 
mode control. 
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(4) Example for High-Speed Micro DMA Operation 

< Example for usage of read only mode (DRAM refresh» 

When the hardware configuration is as follows: 
DRAM mapping size: = 1 MB 
DRAM data bus size: = 8 bits 
DRAM mapping address range: = 1000000H to 

1FFFFFFH 
Set the following registers first; refresh is performed auto­

matically. 

(j) Register initial value setting 

LD XIX, 1000000H 
LDC DMASO, XIX ... mapping start address 
LD A,00001010B 
LDC DMAMO, A ... read only mode (for DRAM 

refresh 

@ Timer setting 

Set the timers so that interrupts are generated at inter­
vals of 62.5115 or less. 

® Interrupt controller setting 

Set the timer interrupt above level at the other desired 
interrupt request level. Write the above timer interrupt 
vector value in the micro DMA start vector register, 
DMAOV. 

(Operation description) 

The DRAM data bus is in an 8-bit bus and the high­
speed IillMA is in read-only mode (4 bytes), so refresh 
is performed for four times per interrupt. 
When a 512 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the high-speed 
IlDMA is started every 15.625115 x 4 = 62.4115 or less, 
since the timing is 15.625IJS/refresh. 

(Overhead) 

Each processing time by the high-speed /lDMA is 
1.8115 (18 states) @ 20M Hz with an 8-bit data bus. 
In the above example, the micro DMA is started every 
62.5115, 1.8/lS1'62.5115 = 0.0288; thus, the overhead is 
2.88%. 

(Note) 

Please be aware that a refresh is ineffective at a bus 
release which an interrupt is in a wait state, because 
the high-speed micro DMA is started by an interrupt. 

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 INTO interrupt request, set the 
register after the DI instruction as follows. 

INTEOADf----- 0 --- Zero-clears the INTO Rip 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., INTEOAD, 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 micro DMA start vector. These are 1/ 
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 
micro DMA processing (see Table 3.3 (1)), enables the corre­
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 

MCU900-444 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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Interrupt controller CPU 

tnterruptrequenfhpf10p 

RESET~~ Q I 
Interrupt . '---
vector V read 

V=80H !nteHuptenable RESET 

'NTWD -t---f-______ -"---__ ::---:-_V'_.~90~H'_11""1 "'''''p' <eq"«' 

Do ~r'~f~'t SE'ttm register ~~ Pno"tyencoder Slgnalto~U 
flaonepUsl~ 

INTO 

INT4 
tNTS 

INT6 
tNTl 
INTAD 

INTTO 
INTT! 

INTT2 
INTT3 
INTTR.II 

INTTRS 

INTTR6 
INTTR7 
INTRXO 
INTTXO 
INTRXl 

lNTTXl 

OMAO 
DMAI 
OMA2 
DMA3 

IFF2-0 .. \:11-7 

On. 1 __ 0 Q : ~~ 1 (1 '-.. 

Dn.2 -- CLR C Y4 ~ ~ :;~~~~ :1\ 3 INTR02-0 1\ 
V<j Interrupt V Interrupt 

:~~e~~~f;'F --!!-~t-" ; I .. velseleet ( vetorread 

D' 

DO 

-+~+--"-IE-T~+-1 S OJ 'f Do. 3 Dl 

! c::: Iflt:rrUPf ,eq~::;~~~~; ~:q:~~t flip flop read (H,gh.,tp"or,ly " 1) ~~ 
Interrupt request V read V,. ADM F== 20 r--~ 04 

r-
t----
~ 

-~ 
--
-

V .. BOH Interrupt ~ {>---+- 05 
V .. (OH vectOr rr- [:>--.. 06 

~:~~}=::: generatIOn Ii ~ 07 

L---lt--rv- D8 V .. FOH 
V.l00H 
V-ll0H 
Vzl20H 
v= 130H 
V .. l40H 
V .. 1S0H 
V.160H 
V.170H 
V_1aOH 
V_190H 
V_IAOH 
VtlBOH 
V_leOH 
V .. lDOH 
V .. lEOH 
V",IFOH NMI 

PDMA~r~:."~~,:;"q,, ,"" ~r=lI-_-I-'I~~4G!n ut)O_' _______ f-_~~I--------_ HI~h~:~:::I:o 
00_ '"--------' ;'0 

I A ?--_-__ --I---_~-------+-_ High-speedmicro 
RESET DMAOV ~ 2 B OMAchannel 

DMA 1 V 3 speCification 

DMA2V High-speed m!(ro OMA ,hannel 
DMA3V pnontyen(oder 

(H'ghe$tptlorlfy" chOl 

Figure 3.3.3 (1). Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 

(Read-modify-write prohibited.) 

Svmbol Address 6 5 J) 
INTAD INTO .-Interruptsou,ce 

INTEOAD 70H IADC , IADM2 , !ADM 1 ,IADMO IOC 10M2 IOMl IOMO <-bit Symbol 
RIW W RIW W +-R.eadlW'rite 

0 0 0 .... After rnet 
INTS INT4 

INTE4S 71H ISC 15M2 15Ml 15MO 14C 14M2 14Ml 14MO 
RIW W RIW W 

0 0 0 0 
INT7 INT6 

INTE67 72H 17C 17M2 17Ml 17MO 16C 16M2 16Ml 16MO 
RIW W RIW W 

0 0 0 
INTTl Timerl INTro TimerO 

INTETIO 73H ITIC IT1M2 , ITlMI ITIMO ITOC ' ITOM2 , ITOM 1 ITOMO 
RIW W RIW W 
.il. l! 0 0 0 

INTT3 imer Ml I TI2 Tim r PWM 

INJEPW10 74H IPWIC 'IPW1M2 'IPW1Ml dPW1MO IPWOC dPW 2' IPWOMI 'IPWOMO 
RIW W RIW W 

0 .Il ~ 
INTTRs TREGs INTTR4 TREG4 

INTET54 75H IT5C IT5M2 IT5Ml IT5MO IT4C IT4M2 : IT4Ml IT4MO 
RIW W RIW W 

0 0 0 0 0 , 0 0 
INTTR7 TREG7 INTTR6 TREG6 

INTET76 76H IT7C IT7M2 IT7Ml IT7MO IT6C IT6M2 ' I16Ml IT6MO 
RIW W RIW W 

0 0 0 0 0 
INTTXO INTRXO 

INTEsO 77H ITxJlC : ITXOM2 , ITXOM 1 : ITXOM IRX C ' IRXOM2 , IRXOM 1 : IRX M 
RIW W RIW W 

0 0 0 0 : 0 
INTTXl INTRXI 

INTESI 78H ITX1C : ITX1M2 'ITX1Ml : ITX1MO IRXIC : IRX1M2 'IRX1Ml ,IRXIMO 
RIW W RIW W 

0 0 , 0 
DMAl DMAO 

INTDMAO 79H IDIC : ID1M2 . ID1Ml IDIMO IDOC : IDOM2 : IDOM 1 : IOOMO 
RIW W RIW W 

0 0 
DMA3 DMA2 

INTOMAl 7AH ID3C ' 103M2 ' ID3Ml ' ID3MO ID2C : ID2M2 : ID2Ml : I02MO 
RIW W RIW W 

0 0 0 

'---r--I I 

L IxxM2 IxxMl IxxMO Function (Write) 

Prohibits interrupt request. 
Sets interrupt request level to "1". 
Sets interrupt request level to "2" . 

1 Sets interrupt request level to "3". 
0 Sets interrupt request level to "4". 
0 Sets interrupt request level to "5". 

Sets interrupt request level to "6". 
Prohibits interrupt request. 

'---- hcxe Function (Read) Function (Write) I 
Indicates no interrupt request. Clears interrupt request flag. I 
Indicates interrupt request. _ •• - - Don't care - - - -- I 
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TLCS-900 16-bit Microcontroller 

(2) External Interrupt Control 

IIMC 
(007BH ) 

---bit Symbol 

ReadlWrite 

After reset 

Function 

7 

:::::-::::", 

Interrupt Input Mode Control Register 
6 S 4 3 2 

:::::-::::", :::::-::::", ............... ~ 10lE 

W 

0 

1: INTO 

input 
enable 

1 0 

10LE NMIREE 

W w 
0 0 

0: INTO 1: Can be 
edge operated 
mode inNMi 

1: INTO rising 
level edge. 

mode 

dify-writeis Read-ma 
prohibit. 

I I d. L INTO input enable (Note) L NMi rising edge enable 

D I INTO disable (P87 function only) I 0 Interrupt request generation at 

1 J Input enable I falling edge 

1 Interrupt request generation at 

:':Ol c; 'rhe I N1'O pin con also be used tor standby release as de&cribcd later. rising/falling edge 
gvcn ifLhc pin is noL used tor standby release, seLting this register La 
"0" maintains the port function during standby mode. 

~ INTO leyel enable 

I 0 I Rising edge detect interrupt 

I 1 I High level interrupt 

Setting of External Interrupt Pin Functions 

Interrupt Pin name Mode Setting method 

'-- Falling edge IIMC(NMIREE) = 0 
riiMi - ~ Rising and falling 

e~. 
IIMC(NMIREE) = 1 

J Rising edge IIMC(IOLE) = 0, (IDlE) = 1 
INTO P87 -r-c Level IIMC(IOLE) = 1, (IDlE) = 1 

J Rising edge T4MOC<CAP12M1,O> = 0,0 orO,1 or 1,1 
INT4 P80 

'-- Falling edge T4MOO(CAP12M1, D) = 1, 0 

INT5 PB1 J Rising edge --
J Rising edge T5MOC<CAP34M1,O> = O,OorO,1 or 1,1 

INT6 P84 

'-- Falling edge TSMOO(CAP34M1, D) = 1, 0 

INT7 P85 J Rising edge --

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

(3) High-Speed Micro DMA Start Vector 
When the CPU reads the interrupt vector after accepting an 
interrupt, it simultaneously compares the interrupt vector with 
each channel's micro DMA start vector (bits 4 to 8 of the inter­
rupt vector). When both match, the interrupt is processed in 

Micro DMAO Start Vector 

------ 7 ! 6 5 I 
DMAOV 
(007CH) 

bit Symbol ___ .1 
----- i ---J 

DMA1V 
(007DH) 

DMA2V 
(007EH) 

DMA3V 
(007FH) 

(4) Notes 

ReadlWrite 

After reset I 
, 

1 
Micro DMA1 Start Vector 

------
7 ! 6 ! 5 I 

bit Symbol ~ ~ 1----1 
ReadlWrite 

After reset 1 I 1 
Micro DMA2 Start Vector 

------ 7 1 6 I 5 I 
bit Symbol ~r~J ____ J 
ReadlWrite 

After reset 1 ; 
1 

Micro DMA3 Start Vector 

----- 7 I 6 ! 5 I 
bit Symbol 

____ I 

-----
i ____ J 

ReadlWrite 

After reset -I 1 

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 

micro DMA mode for the channel whose value matched. 
If the high-speed IIDMA vector matches more than one chan­
nel, the channel with the lower channel number has a higher 
priority. 

(read-modify-wr~e is not possible ) 

4 I 3 ! 2 ! 1 I 0 l 
DMAOV8 1 DMAOV7 i DMAOV6 DMAOV5 ! DMAOV4 1 

W 

0 
, 

0 0 0 
, 

1 ! ; 0 
(read-modify-write is not possible.) 

4 I 3 I 2 ! 1 1 0 I 
DMA1V8 ! DMA1V7 DMA1V6 ! DMA1V5 DMA1V4 

W 

0 , 0 0 ! 0 0 1 
(read-modify-wrlte IS not possible.) 

4 l 3 1 2 ! ! 1 i 0 l 
DMA2V8 DMA2V7 1 DMA2V6 ! DMA2V5 1 DMA2V4 , 

W 

0 ! 0 0 0 0 
(read-modify-wrlte IS not possible.) 

4 ! 3 I 2 i 1 I 0 
; 

, 

DMA3V8 
J 

DMA3V7 I DMA3V6 DMA3V5 ! DMA3V4 

W 

0 0 I 0 0 0 

while reading the interrupt vector after accepting the inter­
rupt. If so, the CPU would read the default vector OOAO 
and start the interrupt processing from the address BOAO. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the DI instruction. 

1 

1 

, 

I 
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3.4 Standby Function 
When the HALT instruction is executed, the TMP96C081 F 
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 

WDMOD 
(OO5CH) 

-----Bit Symbol 

Read/Write 

After reset 

Function 

7 

WDTE ! 

1 i 

1 :WDT 
Enable 

6 5 

WDTP1 WDTPO 

0 1 0 

00: 216 Ilc 
01:2 18 /fc 
10: iO/lc 
11 :2'22llc 

Detection time 

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 bulit -in 
oscillator. (same the external oscillator) To release by a reset, it 
is necessary to allow a reset time long enough to allow the 
oscillator to stabilize. 

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. 

4 3 i 2 1 I 0 

WARM HALTM1 ! HALTMO RESCR ! DRVE 

R!W 
0 0 0 0 0 

Warming up Standby mode 1: Connects ! 1: Drive pin 
time 00: RUN mode watchdog 

I 

even in 
0: 216 Ilc 01 : STOP mode timer STOP 
1 : 218 /lc 10: IDLE mode output to mode. 

11 : Don't care RESET pin 
internally. 

To release standby mode, a reset or an interrupt is used. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 

Standby Release by Interrupt 

~vel Interrupt Mask (IFF2 to 0) Interrupt Mask (IFF2to 0) 
Standby Mode S Interrupt Request Level > Interrupt Request Level 

Can be released by any interrupt Can only be released by INTO pin. 
RUN After standby mode is released, interrupt processing starts. Processing resumes lrom address next to HALT instruction. 

(Note 1) 

IDLE Can only be released by NMI or INTO pin. After standby mode 
is released, interrupt processing starts. i 
(Note 1) 

STOP i (Note 1) i 

Note 1: When releasing standby selling INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt 
processing cannot be started correctly. 
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Table 3.4 (1) Pin States in STOP Mode (1/2) 

Pin Name 110 

PO Input mode/ADO - 7 
Output mode 

P1 
Input mode/ADS -15 
Output mode /AS -15 

P2 Input mode 
Output mode/AO - 7, A16 - 23 

illli,WR t Output 

P32 - P37 
Input mode 
Output mode 

P40, P41, P43, P44 Input mode 
Output mode 

P42 (CS2/CAS2) 
Input mode 
Output mode 

P50 . P53 Input 

P54 Input mode 
Output mode 

P60 . P63 Input 

P64 
Input mode 
Output mode 

P7 Input mode 
Output mode 

PSO - PS3 
Input mode 
Output mode 

PS6 (NMI) Input mode 
PS7 (INTO) Output mode 

P90 
Input mode 
Output mode 

P91 - P93 Input mode 
Output mode 

PA Input mode 
Output mode 

PB 
Input mode 
Output mode 

I ViiDTIiDT Output 

I ALE Output 

Input for input mode/input pin is invalid; output mode/output pin is at high impedance. 
III Input enable state 
Input: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 
Output: Output state 

DRVE = 0 

-
-
-
-

PD* 
PO' 

PU 
PU 

PU* 
PU* 

PO' 
PO' 

Input 
-

Input 
-
-
-
-
-

PU* 
PU' 

-
-

-
-
-
-

.~ut~u~ 
"0" 

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. 
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DRVE =1 

-
Output 

-
Output 

PD* 
Output 

Output 

PU 
Output 

PU* 
Output 

PO' 
Output 

Input 
Ouput 

~ 
Input 

Output 

Input 
Output 

Input 
Output 

~ 
PU' 

Output 

Input 
Output 

Input 
Output 

Input 
Output 

~~ut 
"0" 
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Table 3. 4 (1) Pin States in STOP Mode (1/2) 

Pin Name I/O DRVE.O 

Output 

-: Input for input modelinput pin is invalid; output mode/output pin is at high impedance. 
_ Input enable state 
'IiiPUi: Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant. 
Output: Output state 

ov 

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. 
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TMP96C081F 

3.5 Functions of Ports 
The TMP96C081 F has 64 bits for 1/0 ports. 

TLCS·900 16·bit Microcontroller 

internal I/Os as well as general-purpose 1/0 port functions. 
Table 3.5 (1) lists the function of each port pin. 

These port pins have I/O functions for the built-in CPU and 

(R: i = With programmable pull-up resistor 
Table 3.5 (1) Functions of Ports .j, = With programmable pull-down resistor 

Port Name Pin Name Number 01 Direction R Direction Setting Unit Pin Name lor Built·in Function Pins 

Port2 P20 to P27 8 I/O J. Bit AO to NA16 to A23 

Port3 P32 1 I/O i Bit HWR 
P33 1 I/O i Bit WAIT 
P34 1 I/O i Bit BUSRQ 
P35 1 I/O i Bit BUSAK 
P36 1 I/O i Bit RNJ 
P37 1 I/O i Bit RAS 

Port4 P40 1 I/O i Bit CSO/CASO 
P41 1 I/O i Bit CS1/CAS1 
P42 1 I/O Bit CS2/CAS2 
P43 1 I/O i Bit CS3/CAS3 
P44 1 I/O i Bit CS4/CAS4 

Port5 P50 to P55 6 Input - (Fixed) ANO-AN5 

Port6 POO to P67 8 I/O i Bit PGOO - PG03. PG10 - PG13 

Port7 P70 1 I/O - Bit TIO 
P71 1 I/O - Bit T01 
P72 1 I/O - Bit T02 
P73 1 I/O - Bit T03 

Port8 P80 1 I/O - Bit Tl4/INT4 
P81 1 I/O - Bit TI5/INT5 
P82 1 I/O - Bit T04 
P83 1 I/O - Bit T05 
P84 1 I/O - Bit TI6/INT6 
P85 1 I/O - Bit TI7/INT7 
P86 1 I/O - Bit T06 
P87 1 I/O - Bit INTO 

Port9 P90 1 I/O i Bit TxDO 
P91 1 I/O - Bit RxDO 
P92 1 I/O - Bit ClSO/SClKO 
P93 1 I/O i Bit TxD1 
P94 1 I/O - Bit RxD1 
P95 1 I/O - Bit SClK1 

PortA PAO- PA7 8 I/O - Bit DREQO - 3, DACKO - 3 

PortB PAO 1 I/O - Bit AEN 
PA1 1 I/O - Bit EOP 
PA2 1 I/O - Bit lC 
PA3 1 I/O - Bit lORD 
PM 1 I/O - Bit 10WR 
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Resetting makes the port pins listed below function as 
general-purpose I/O ports. 

110 pins programmable for input or output are set to input 
ports. 

To set port pins for built-in functions, a program is 
required. 

* Note about the Bus Release and programmable pull-up/ 
down 110 ports. 

When the bus is released (BUSAK = "0"), the output 

Pin Name 

buffer for ~DO - AD15, AO - A23, control signal (RD, WR, 
HWR, RNV, RAS, CSO/CASO - CS4/CAS4) is off and their 
state become high-impedance. 

However, the output of bUilt-in programmable pull up/ 
down resistors are kept before the bus is released. These pro­
grammable pull up/down resistors can be selected ON/OFF by 
programmable when they are used as the input ports. 

They are used as the output ports, they cannot be 
selected ON/OFF by programmable. 

The following in the pin state when the bus is released 
(BUSAK = "0"). 

Pin slale al bus release 

Used as Ihe port Used as Ihe function 

POO to P07 becomes high-impedance (HZ). 
AD8 to 15/AB to 15 

-

RD becomes high-impedance (HZ); 
-

WR ("Hz" status after these pins are driven to high level.)) 

P32 (HWR) The state is not changed. 
The output buffer is "OFF". 

P37 (RAS) These pins are added to theinternal resistor of pull-up. I 
(does not become high-impedance (HZ).) t's no relation for the value of output latch. 

P36(RIW)_ 
P40 (CSO/CASO) The state is not changed. 

The output buffer is "OFF". 
P41 (CS1/CAS1) (does not become high-impedance (HZ).) These pins are added to theinternal resistor of pull-up. 
P42 (CS3/CAS3) It's no relation for the value of output latch. 
P42 (CS4/CAS4) 

P42 (CS2/CAS2) 
The state is not changed. 

The output buffer is "OFF". 
These pins are added to theinternal resistor of pull-up. I 

(does not become high-impedance (HZ).) t's no relation for the value of output latch. 

P20 - P27 
The state is not changed. 

The output buffer is "OFF". 
(A16 - A23) These pins are added to theinternal resistor of pull-down. 

(does not become high-impedance (HZ).) It's no relation for the value of output latch. 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-453 
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The following are the example of the interface circuit 
about above the pins the case of the bus releasing function is 
used. 

When bus is released, both intemal memory and internal 

P35 (BUSAK) 1------«;7 

1/0 can be aocessed. But the internal 110 continues to operate. 
So, the watchdog timer also continues to run. Therefore, 

be careful about bus releasing time and set the detection time 
ofWDT. 

several kn 

P42{CS2) } 

P30 (RD) } f----l...------"-.. System control bus P31 (iliiR) 
P32 (HVIf.R) 
P36{RIW) 
P37 (RAS) 
P40 (CSO) 
P41 «(51) 

P2? (A 16)"-1--_______ ...... 

P27{A23») 
Address Bus (A23-A 16) 

Example of the interface circuit (Using bus releasing function) 

The above circuit is necessary to fix the signal level the 
case of the bus is released. 
_ Resetting sets RD, WR to output, P40 ~ 1, P43, P44 
(CSO, CS1, CS3, CS4), P32 (HWR), P36 (RIW), P37 (RAS) , 
and P35 (BUSAK) to input pull up resistor, P42 (CS2) and P20 
- 27 (A 16 - 23) to input with pull down resistor. 

The above circuit is necessary to fix the signal level after 
reset because of the extemal pull up resistor collisions with the 
internal pull down resistor. 

The value of this external pull up resistor must be several 
kQ (The value of the internal pull down resistor is about 50 -
150kQ). 

P20 - P27 (A 16 - 23) also needs circuit like P42 (CS2) to 
fix the signal level. 

But for the P20 - P27 (A 16 - 23) which does not have 
the means ("L" is active), add pull down directly like above cir­
cuit. 

MCU900-454 TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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3.5.1 Port 2 (P20 - P27) 
Port 2 is an 8-bit general-purpose 1/0 port. 1/0 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 O. It also sets Port 2 to 

" .0 

.. 

.. 
c 

GO 

c 

Reset 

input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write "1" in the output latch. 

In addition to functioning as a general-purpose 1/0 port, 
Port 2 also functions as an address bus (HJ to 7 and A 16 to 
23). 

( Programmable 
pull-down 

Port 2 
P20-P27 
(AO-A7/A16-A23) 

P2 read 

Figure 3.5 (1). Port 2 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-455 
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MCU900-456 

P2 
(0006H) 

P2CR 
(0008H ) 

P2FC 
(0009H) 

-- 7 

bit Symbol P27 

ReadfWrite 

After reset 

-----
7 

bit Symbol P27C 

ReadlWrite 

After reset 0 

Function 

-----
7 

bit Symbol P27F 

ReadlWrite 

After reset 0 

Function 

Read-modify-write is 
prohibited for registers 
PleR and P2FC. 

. 

• 

TLCS-900 16-bit Microcontroller 

Port 2 Register 
6 5 4 3 2 1 0 

P26 P25 P24 P23 P22 P2l P20 

R/W 

Input mode (Output latch register is cleared to "0" ,) 

Port 2 Control Register 
6 5 4 3 

, 
2 1 0 

P26C P2SC 
• 

P24C P23C P22C P21C P20C 

W 

0 0 0 0 0 0 0 

«SeeP2FCbelow.» 

Port 2 Function Register 
6 5 4 3 2 1 0 

P26F P25F P24F 
, 

P23F P22F P21F P20F 

W 

0 0 0 0 0 0 
, 

0 

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

L Port 2 function setting 

~> P2CR 0 1 
<P2XC> 

0 Input address bus 
(A7-0) 

1 Output address bus 
(A23-16) 

Note: <P2XF> is bitX in register P2FC; <P2XC>; in register PleR. 
To set as an address bus A23-16. set P2FC after setting P2eR. 

Figure 3.5 (2). Registers for Port 2 
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3.5.2 Port 3 (P32 - P37) 
Port 3 is a 6-bit general-purpose 1/0 port. 

1/0 is set using control register P3CR and function regis­
ter P3FC. Resetting resets all bits of output latch P3; control 
register P3CR (bits 0 and 1 are unused), and function register 

Reset 

P3FC to O. Resetting sets P32 to P37 to input mode, and 
connects a pull-up resistor. 

In addition to functioning as a general-purpose 1/0 port, 
Port 3 also functions as an 1/0 for the CPU's controVstatus 
signal. 

P.ch (programmable ) 
pull-up 

P32(HWR) 
P35(BUSAK) 
P36(R/iiiI) 
P37(RAS) 

P3 read 

Figure 3.5 (3). Port 3 (P32, P35, P36, P37) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-457 
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MCU900-458 

... 
" J:l .. .. .. 

"t> 

.. 
c 
~ 

TLCS-900 16-bit Microcontroller 

Reset 

P~ch (programmable ) 
pull-up 

P33 (WAiT) 

~ I------<f--I 

Internal,_-___ P3_re_a_d ____ --.J 

WAIT 

'"'- Reset 

• 
I---H D~~~'iigln I 

(on bit ~asis) I 
t 

P3CRwrite 

• ... H F~nnC:igr I " J:l f--
(on ~it ~asis) I .. .. t _ .. 

'1><"( .... · "0 P3FCwrlte 
-

I 
pull-up .. t 

~~I 
S I I' Output 

latch I 

mmable ) 

P34(BUSRQ) 

-
P31rite 

A 

~ 
.A 

~ 7 

'"'- Internal P3 read 9 
BUSRQ 

Figure 3.5 (4). Port 3 (P33, P34) 
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P3 
(0007H 

P3CR 
(OOOAH 

) 

) 

P3FC 
(OOOBH ) 

------bit Symbol 

ReadfWrite 

After reset 

--bit Symbol 

ReadlWrile 

After reset 

------bit Symbol 

ReadlWrite 

After reset 

Function 

dify-writeis Read-mo 
prohibite 
P3eR and 

d for registen 
P3FC 

7 

P37 

1 

7 

P37e 

0 

I 

7 

P37F 

0 

0 : PORT 

1: RAS 

TLCS-900 16-bit Microcontroller 

Port 3 Register 

· 6 S 4 
• 

3 
• 

2 1 0 

P36 P3S P34 P33 P32 ! --......... ROPC 

RNI 

Input mode (pulled-up) : Input mode 

• 
1 · 1 1 1 1 1 1 

Port 3 Control Register ~ 

6 
· 

S 4 3 2 1 0 

P36e · P3Se P34e P33e P32e 

--......... : --------W 

• 0 0 0 0 0 

0: IN 1 :OUT 

I 
I 

, 110 setting 

I 0 Iinput I 

Port 3 Function Register I 1 I Output I 
6 5 4 3 2 1 0 

P36F P35F P34F --......... . P32F --......... :----. 
W 

0 0 0 0 

'0 : PORT 0: PORT '0: PORT . .0 : PORT 

'1: RJW 1 :iiUSAK ., : BUSRQ ! 
.' :HWR 

d",,,,,. L RD function setting 

P3<RDFC> 

0 1 
I mc <P34F> 1 1 J AlwaysRD A:boulput0 
I P3CR <P34C> 1 0 J output (for for extt'rniJl 

pseudo SRAM) access 
L---..p. BOSAK setting 

I P3FC <P3SF> I 1 I 

Ip3CR<P3SC> I 1 I 

Rf.N setting 

I P3FC <P36F> I 1 I 

IP3CR<P36C> I 1 J 
RAS setting 

I P3FC <P37F> I 1 I 
~_ HWRsetling 

I P3FC <P32F> I 1 I 
I P3CR <P37C> I 1 I I P3CR <P32C> I 1 

Note) When P33N\(AIT pin is used as a WAIT pin, set P3CR<P33C>to '0' 
and bits 3 and 2 <Bnwl, 0>01 Chip SelectlWAIT control register to '010', 'laO', '101'. 

Figure 3.5 (5). Registers for Port 3 
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3.5.3 Port 4 (P40 - P42) 
Port 4 is a 5-bit is a general-purpose I/O port. I/O can be set on 
a bit basis using control register P4CR and function register. 
Resetting does the following: 

• Sets the P40, P41, P43 and P44 output latch registers to 1. 
• Resets all bits of the P42 output latch register, the control 

register P4CR, and the function register P4FC to O. 
• Sets P40, P41, P43 and P44 to input mode and connects a 

pull-up resistor. 
• Sets P42 to input mode and connects a pull-down resistor. 

To disconnect the resistors, write 0 in the output latch 
(for pull-down). 

In addition to functioning as a general-purpose I/O port, 
Port 4 also functions as a chip select output Signal (CSO to 
CS4 or CASO to CAS4). 

MCU900-460 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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" 

TLCS-900 16-bit Microcontroller 

Reset 

Reset 

• P4Fe write 

I-_+_A~ ~ 

p_ch(programmable ) 
pull-up 

B '" Output buffer 
P40 (eSO/CASO). 
P41 (eS1ICAS1) 
P43 (CS3/eAS3) 
P44 (eS4ICAS4) 

P4 read 

P42 (eS2ICAS2) 

Figure 3.5 (6). Port 4 
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TLCS-900 16-bit Microcontroller 

Port 4 Register 

----P4 bit Symbol ............... --- ------ : 
P44 P43 P42 P41 P40 

(OOOCH) ReadlWrite RIW 

Input mode 
After reset 

1 (Putl-up) 1 (Pull-up) :O(Pulldownl 1 (Pull-up) 1 (Pull-up) 

Port 4 Control Register 

--- 4 0 

P4CR bit Symbol -.............. -.............. :-.............. P44C P43C P42C P41C P40C 
(OOOEH) ReadIWrite W 

After reset 
0: IN 1 :OUT 

VOsetting I 0 Iinput 
Output 

Port 4 Function Register 

----
7 6 5 4 

: 
3 2 1 

, 
0 

bit Symbol -.............. -.............. -.............. P44F 
, 

P43F P42F , P41F , P40F P4FC 
(0010H ) ReadlWrite W 

AfterreSoet 0 0 
, 

0 0 0 

Function 0: PORT 1: CSiCAS 

Read·modify-write is not I I ,---J I 
possible for P4CR or P4FC. 

I L I 0 I Port (P40) I 0 I Port (P43) I 
1 ' 1m/CAll I I 1 I Gii/CASO 

I 0 I Port (P44) I 
L--. I 0 I Port (P4U 

I 1 I CS4/CAS4 I 
I 1 I c51/CASI 

I 0 I Port (P42) 

-- I 1 I c521cAs2 

Note: '1'0 output chip seiectsignai (CSll/CAffii to CS4/C1\S4), set the corresponding bits of the 

control register P4CR and the function register P4FC. 
The BOCSL, BICSL, B2CSL, B3CSL and B4CSL registers of the chip select I wait 
controller are used to select the CS/CAS function. 

Figure 3.5 (7). Registers for Port 4 
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TLCS·900 16·bit Microcontroller 

3.5.6 Port 5 (P50 • P55) 
Port 5 is a 6-bit input port, also used as an analog input pin. 

P5 

(OOODH) 
---bit Symbol 

Read/VVri te 

After reset 

r--

; 
.0 .. .. 
'0 

-.. 
c:: 
;;; 
~ 

h.. 

7 
. 

---------

Port 5 read 

<jJ-
Conversion 

AID Channel 
result 

converter selector register 
AD read 

Figure 3.5 (8). Port 5 

Port 5 Register 
6 5 4 3 2 1 

---------
P55 P54 P53 P52 P51 

R 

• Input mode 

I--

0 

P50 

( 

Port 5 

P50-P55 
ANO-AN5) 

Note) The input channel selection of AID Converter is set by AID Converter mode register ADMOD2. 

Figure 3.5 (9). Registers for Port 5 
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3.5.5 Port 6 (P60 - P67) 
Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port. It also sets all 
bits of the output latch to 1. In addition to functioning as a gen­
eral-purpose I/O port, Port 6 also functions as a pattern gener-

Reset 
T 
l .......... I Direction (ontrol l -, (on bit basis) r 
+ 

P6CRwrite 

~ r Function control-I , 
D , (onbitbilsis) r 
~ 

P6Fc~rite ~ 

~ 

~ --~ 

- r s .. 
Output c -I - latch . 

t ~ 

c P6write - PGO. I . 

1"' 
h...-

P6 read 

ator PGOIPG1 output! PGO is assigned to P60to P63; PG1, to 
P64 to P67. Writing 1 in the corresponding bit of the port 6 
function register (p6FC) enables PG output. Resetting resets 
the function register P6FC value to 0, and sets all bits to ports. 

'A~ 
Selector . 8 

+ 81_ 
Selector 

A 
-

.1' 

(PG 

Port 6 

P60-P67 
OO-PG13) 

Figure 3.5 (10). Port 6 
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P6 
(0012H 

P6CR 

) 

(OO14H) 

P6FC 
(OO16H) 

TLCS-900 16-bit Microcontroller 

Port 6 Register 

--- 7 6 5 
, 

4 3 
, 

2 I D 

bit Symbol P67 P66 P65 P64 
, 

P63 P62 P61 
, 

P60 

ReadlWrite 1IJW 

Input mode (Output latch register sets to "1-) 
After reset 

I I I 
, 

I I I 
, 

I I 

Port 6 Control Register 

--- 4 

bit Symbol P67C P66C P65C P64C P63C P62C P61C P6DC 

ReadIWrite w 

After reset 

Function D: IN I :OUT 

• Port 6110 setting 

Port 6 Function Register 

I 0 Iinput 
1 Output 

--- o 
bit Symbol P67F P66F P65F P64F P63F P62F P61F P60F 

ReadlWrite w 
......... _---~ .. --.---~-.------,..---I 

Aherreset o 
Function D: PORT I: PGI·OUT 0: PORT I :PGO·OUT 

Read-modify-write is 

prohibited for regislers 

P6CR and P6FC. 

I Port 6 function setting 

I 0 I General·purpose port 

1
1 I St.ppin~ motor control J Pattern 

I generation port 

Figure 3.5 (11). Registers for Port 6 
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3.5.6 Port 7 (P70 - P73) 
Port 7 is a 4-bit general-purpose 1/0 port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port. In addition to 
functioning as a general-purpose 1/0 port. Port 70 also func­
tions as an input clock pin TIO; Port 71 as an 8-bit timer output 

(f01). Port 72 as a PWMO output (f02). and Port 73 as a 
PWM1 output (f03) pin. Writing 1 in the corresponding bit of 
the Port 7 function register (P7FC) enables output of the timer. 
Resetting resets the function register P7FC value to O. and sets 
all bits to ports. 

r-

~ 

" ~ 
... ... 
... 
'C 

-... 
c: 
~ .. ... 
c: 

e--. 

MCU900-466 

~et 

I Direction control 

1 (on bit basis) 

+ 
~write 

~ • s 
~I Output latch! r-h:J t, 

p7w~te 

Selector 
P7 read 

A 

TIO 

~et 

1 Direction (ontrol I 
-I (on bit basis) 

~ 
~write 

~ I Function control I--
-, (on bit basis) 

+ 
~write 

J S 
~I Output latch 

..... r;;:-S'---t 
P7write ~ Selector 

1 Timer F/F OUT . . B 

GOl ,Timer 1 ) 
T02: Timer 2 B 
T03: Timer 3 /I 

Selector 
P7 read 

~ 

Figure 3.5 (12). Port 7 
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TLCS-900 16-bit Microcontroller 

Port 7 Register 

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

bit Symbol 

............... - ---------- --------- . ............... P73 P72 P71 P70 P7 
(0013H ) Read/Write R/W 

P7CR 
(0015H ) 

P7FC 
(0017H ) 

• 
• 

~Input mode (Output latch register sets to Nt") 
Aflerresel 

I I I I 

Port 7 Control Register 

-------
7 6 5 4 ] 2 I 0 

bit Symbol 

--------
-------------. --------- . :-.-----.... 

P73C . P72C P71C P70C , 
ReadlWrite · W 

After reset 
• 

0 0 0 0 

Function 0: IN I: OUT 

~}ort 71/0 setting I Input 

P t 7F Or unc Ion glS er f Re' t Output 

---------

7 
• 

6 5 , 4 ] 2 I 0 

bit Symbol ............... ............... --------- . ............... 
P73F P72F P71F .L~ 

ReadNVrite . W 

After reset 0 0 0 

· 0: PORT ~O: PORT ~O: PORT 
Function ;, :T02 

, 
I : TO] ,1 :TOI 

· 

Read-modify-write is ~.ttin9P7IaSTOI 
prohibited for registers 

P7eR and P7FC 
Lp7FC <P7IF> 

I P7CR <P7IC> 

~_Setting P72 as T02 

I P7FC <P72F> 

I P7CR <P72C> 

Setting P73 as T03 

I P7FC <P73F> 

Ip7CR <P7lC> 

Note) P70fTIO pin does not have a register changing PORT/FUNCTION. 
For example. when it is used as an input port (P70). the input 
signal for P70 is inputted to 8 bit Timer 0 as a timer input O(TIO). 

Figure 3.5 (13). Registers for Port 7 
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TMP96C081F TLCS-900 16-bit Microcontroller 

3.5.7 Port 8 (P80 - P87) 
Port 8 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 8 as an input port. It also sets all 
bits of the output latch register P8 to 1. In addition to function­
ing as a general-purpose I/O port, Port 8 also functions as an 

input for 16-bit timer 4 and 5 clocks, an output for 16-bit timer 
F/F 4, 5, and 6 output, and an input for INTO. Writing 1 in the 
corresponding bit of the Port 8 function register (P8FC) 
enables those functions. Resetting resets the function register 
P8FC value to 0, and sets all bits to ports. 

(1) P80 - P86 

r-

. , 
~ 

~ 

~ 

~ 

~ 

~ 

c 
" . 
~ 

c 
-

""'-

MCU900-468 

Reset 

r--1 
_I Direction control 

{on bit basis} I 
• 

~~rite 

5 

.... 1 Outputlatch I I 1-1 
r-h 

PB w~ite 
<1-- Selector 

P8 read 
TI4, Tl5 
Tl6. TI7 rit 

r Direction control I 
-I (on bit basis) I 

• ~write 

I Function control ~ 
-I (on bit basis) 

+ 
~rrjte 

5 

-I Output latch 

P8w~te A S 

f' Selector 

I Timer F/F OUT . . B 
(TOO: Timer 0 ) --
,,105: TimerS B 

T06: Timer 6 
Selector 

P8 read 
5 A 

~ 

Figure 3.5 (14). Port 8 (P80 - P86) 
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P80(Tl4IINT4) 
P81 (T1sIINTs) 
P84 (T16I1NT6) 
P8S (TI7I1NT7) 

P82 (T04) 
P83 (TOs) 
P86(T06) 



(2) P87 (INTO) 

TLCS-900 16-bit Microcontroller TMP96C081F 

Port 87 is a general-purpose 1/0 port, and also used 
as an INTO pin for external interrupt request input. 

Reset 

I-----+------<r----f ::::-~-[J P87 (INTO) 

P8write s BI_--~ 
I-----<J----i Selector 

INTO interrupt 

IIMC<IOIE> IIMC<IOlE> 

Figure 3.5 (15). Port 87 
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MCU900-470 

PB 
(OOlBH) 

------bit Symbol 

Read/Write 

After reset 

----bit Symbol PBCR 
(OOlAH ) ReadNJrite 

After reset 

Function 

7 

P87 

, 

7 

P87C 

0 

TLCS-900 16-bit Microcontroller 

Port 8 Register 
6 S 4 3 2 , 0 

P86 P8S P84 
, 

P83 P82 P8' P80 

rvw 

Input mode (Output latch register sets to "1") , , , 1 
, , , 1 

Port 8 Control Register 

6 S 4 3 2 , 0 

P86C P8SC P84C P83C P82C P8'C P80C 

W 

0 0 0 0 0 0 0 

0, IN , :OUT 

L Port 8110 setting 

PBFC 
(OOlCH ) -----

7 6 

bit Symbol ---........ . P86F 

ReadNYrite W 

After reset 0 

,0, PORT 
Function '1 :T06 

ead-modify-write is 

rohibited for registers 

SeR and P8FC 

Port 8 Function Register 

S 4 3 

--------- ---------
P83F 

W 

0 

• 

'0, PORT 

:, :TOS 

I Input 

2 , 0 

P82F ---........ 
---------W 

0 

,0, PORT 

" ,T04 

L Setting P82 as T04 

I P8FC <P82F> ~, I 
,P8CR <P82C> I' I 

Setting P83 as TOS 

I P8FC < P83F > I' I 
I P8CR < P83C > I' I 

_ SettingP84asT06 

I P8FC < P86F > I' I 
I P8CR < P8GC > I t I 

Note) P80fTI4, P8lfTIS, P84fT16, P8SfTl7 pins do not have aregister changing PORT/FUNCTION. 
Therefore this is the same as P70fTIO pin. 
When PB711NTO pin is used as an INTO pin. set P8CR<P87C>to '0' and IIMC<IOIE >to'1'. 

Figure 3.5 (16). Registers for Port 8 
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3.5.8 Port 9 (P90 • P95) 

Port 9 is a 6-bit general-purpose I/O port. I/O can be set on bit 
basis. 

Resetting resets the function register value to 0, and sets 
all bits to ports. 

Resetting sets Port 9 to an input port. (1) P80 - P86 (TXOOrrx01) 
It also sets all bits of the output latch register to 1 . 
In addition to functioning as a general-purpose I/O port, 

Port 9 can also function as an I/O for serial channels a and 1 . 
Writing 1 in the corresponding bit of the port 9 function register 
(P9FC) enables is function. 

Ports 90 and 93 also function as serial channel TXO 
output pins in addition to I/O ports. 
They have a programmable open drain function. 

P9FCwrite 
P·ch 

( programmable) 
pull·up 

Selector 1--1---+---1 ';:>---+-1 pgO(TXDO) 
pg3(TXD1) P9write 

TxDO, TxOl ------.~I 8 

s 8�----' 

Open drain 
possible 

ODE<ODE1.0> 

I------<;j-----I Seledor 

P9 read A.I---------~ 

Figure 3.5 (17). Ports 90 and 93 
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TMP96C081F 

(2) Ports 91 and 94 (RXDO, 1) 

(3) Port 92 (CTS/SCLKO) 
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TLCS-900 16-bit Microcontroller 

P9write 

Ports 91 and 94 are I/O ports, and also used as RXD 
input pins for serial channels. 

P91 (RXDO) 
P94(RXD1) 

~ 1-----< f---~ Selector 

" 
P9 read AI.---------4 

RxDO. RxDl ._-----------_____ --' 

Figure 3.5 (18). Ports 91 and 94 

Port 92 is an 1/0 port, and also used as CTS input pins 
for serial channels. 

r-iet 

I ~~~~~~n I I (on bit basir.) I 
• ~write 

I FcUo~tt;~t" I 
-I (on bit basis) I 

t 
~rite 

Sr--'-I Output latch A S 

P9w~ite Selector P92 (CTS I SelKO) 

SCLKOOUT . .~ 

S B . 
'T1 Selector 

P9 read ~ 

CTS . 
SCLKO IN 

Figure 3.5 (19). Port 92 
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(4) Port 95 (SCLK1) 

TLCS-900 16-bit Microcontroller TMP96C081F 

Port 95 is a general-purpose I/O port. It is also used as 
an SCLK I/O pin for serial channel 1. 

:> 
-,,1----1-1 

Selector 1-+-----,..---; >--"1"""-1 P95 (SCLK1) 
P9write 

SClK1 louT'~'------'~1 B 

---'fJ Selector 

P9 read A.I.---------------1 

SCLKllN •• ------------------------' 

Figure 3.5 (20). Port 95 
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TMP96C081F 

MCU900-474 

TLCS-900 16-bit Microcontroller 

Port 9 Register 
6 4 o 

P9 bit Symbol ~ .............. : P95 
(0019H) R •• dIW,it. 

P93 P92 P94 P91 P90 

RIW 

After reset I-__ + __ -+ ___ .,:In:..:p:,:u.:.t m=od:,:.;..:(O:..u:.:t:::.pu:.:t:..:I.::;tc:..h:.:.' • .:;9:;:i':..:t.::.'::;, .. :,:t':..:t:..O_·,:.,.·:,.) .,...-__ -1 

Port 9 Control Register 

---- 4 

P9CR bit Symbol ............... ..............' P95C P94C P93C P92C P91C P90C 
(OOIBH) R.adIW,it. w 

After reset 

function 0: IN 1 : OUT 

I Port 9110 setting I 0 llnput 
Output 

Port 9 Function Register 

P9FC bit Symbol .............. ..............: P95F 
(0010H) ReadlW,it. W 

After reset 

Function 
:0: PORT 
'1: SCLKI 

4 

.............. : P93F 

W 

P92F : ............... 

W 

o 
P90F 

W 

:0: PORT :0: PORT 
[I : TxOl ~1 :SCLKO 

~O: PORT 
[I : TxOO 

.I I 
L-.. l'9O ToDD output .otting (Note) 

I P9FC < P90F > ~ 1 J 
I P9CR <P9OC> I 1 I 

- P92 SCLKD outpul.etting 

I P9FC <P92F> I 1 I 
I P9CR <P92C> I 1 I 

P93 ncD1 output setting (Note) 

I P9FC <P93F> I 1 I 
I P9CR <P93C> I 1 I 

P95 SCLK 1 output setting 

I P9FC <P95F> I 1 I 
I P9CR <P95C> I 1 I 

Note: To set the TxD pm to open dram, wrote 1 in bit 0 (for TxOO pin) or bit 1 (forTxOl pin) of the 
ODE register. 
P91/RXDO, P941RXDI pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70fTIO pin. 

Figure 3.7 (21). Registers for Port 9 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

3.5.9 Port A (PAO - PA7) 

Port A is an 8-bit general-purpose 1/0 port. 1/0 can be set on 
bit basis. Resetting sets Port A as an input port. It also sets all 
bits of the output latch register PA to 1 . In addition to function­
ing as a gener~ose 1/0 port, Port A also functions as an 
1/0 for DREOIDACK of DMAC. Writing "1" in the correspond­
ing bit of the Port A function register (PAFC) enables those 
functions. Resetting resets the function register PAFC value to 
"0", and sets all bits to ports. 

(1 ) Port AO, A2, A4, A6 (DREQO, DREQ1, DREQ2, 
DREQ3) 

Ports AOI A21 A4 and A6 also function as DREQ input 
pins of DMAC in addition to 1/0 ports. 

• PACRwrite 

PAwrite s al-----' 
1------<.. f-------l Selector 

PAread 

DREQO. DREQI 
OREQ2. OREQ3 

AI_------~ 

Figure 3.5 (22). Ports AO, A2, A4, A6 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(2) Port A1, A3, A5, A7 (DACKO, DACK1, DACK2, 
DACK3) 

Ports A 1, A3, A5 and A7 also function as DACK output 
pins of DMAC in addition to I/O ports. 

MCU900-476 

DACKO. OAtK-' 
ffA"CK2, BACK3 

PAwrite 

---r--------

l 
Selector 

• B 

81-+----' 

1------------<fJ- Selector 

PAread S A .... +--------" 
L-

Figure 3.5 (23). Ports A 1, A3, A5, A7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

PAl (OACKO) 
PA3(DACKl) 
PAS (DACK2) 
PA7(DACK3) 



PA 
(001EH) 

PACR 
(003CH ) 

PAFC 
(003EH) 

TLCS-900 16-bit Microcontroller TMP96C081F 

Port A Register 

--------
i 7 : 6 S 4 ] 2 1 0 

bit Symbol PAl PA6 PAS PA' PAl PA2 PAl PAO 

ReadlWrite RIW 

Input mode (Output latch register sets to .. , .. ) 
After reset 

1 1 1 1 1 1 1 1 

Port A Control Register 

---- 1 
• 

6 S 4 ] 2 1 0 

bit Symbol PA7e : PA6C PASC PA4C PA]C PA2C PAte PAOC 

ReadlWrite W 

After reset 0 0 0 0 0 
• 

0 0 0 

FunctIon 0: IN 1 : OUT 

I I/Osetteing 

IlnpUl 

Port A Futtion Register 

bit Symbol PAlF PA7F PA7F PA4F PA]F PA2F PAH PAOF 

ReadlWrite w 
After reset 

0: PORT 0 : PORT :0: PORT :0: PORT : PORT 0: PORT '0: PORT :0: PORT 
Function 1: DACK3 " : ORECj] .,: DACK2 .,: DREQ2 1: DACKI 1: DREQI :,: DACI(O·,: l5iiEQO 

Setting PAO. A2, A4 and AS as tfR'EQ pins. 

PAFC <PAOF> <PA2F><PA4F><PA6F> 

PACR <PAoe> <PA2e> <PA4C> <PA6C> 

Selting PAt, A3, AS and A7 as DAtI( pins 

PAFC <PAlf><PA3F><PASF><PA7F> 

PACR <PA 1(> <PA3e> <PASC> <PA7e> 

Not.: Read.modify·write is prohibited for registers PACR and PAFC. 

Figure 3.5 (24). Registers for Port A 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-477 



TMP96C081F TLCS-900 16-bit Microcontroller 

3.5.10 Port B (PBO - PB4) 
Port B is a 5-bit general-purpose 1/0 port. I/O can be set on bit 
basis. Resetting sets Port B as an input port. It also sets all bits 
of the output latch register PB to 1. In addition to functioning 
as a general-purpose 1/0 port, Port B also functions as TC, 
EOP, etc., of DMA. Writing "1" in the corresponding bit of the 
Port B function register (PBFC) enables those functions. Reset­
ting resets the function register PBFC value to "0", and sets all 
bits to ports. 

(1) Port B1 (EOP) 

Port B1 also functions as EOP input pin of DMAC in 
addition to 1/0 port. 

1----j------r-----1 >--..,..--10 PBl CEOP) 

PB write 
5 81 __ ----' 

1-----< 1------1 Selector 

PB read A 

eop _____________ ..J 

Figure 3.5 (25). Port B1 

MCU900-478 TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

(2) Port BO, B2, B3, B4 (AEN, TC, lORD, IOWR) lORD and IOWR pins of DMAC in addition to VO ports. 

Ports BO, B2, B3 and B4 also functions as AEN, TC, 

FCwrite 

. 
c 

Selector PBO(AEN) 
AC.TC 

write PB2~ , B PB3 I IORO.IOWR PB4 

B 

'Tl Selector 

read S A 

Figure 3.5 (26). Ports BO, B2, B3, B4 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90D-479 



TMP96C081F 

MCU900-480 

PB 
(OOlEH ) 

-----bit Symbol 

ReadNVrite 

After reset 

::::::::----" 
bit Symbol PBCR 

(003CH ) ReadfWrite 

PBFC 
(003EH) 

After reset 

Fun(tion 

--bit Symbol 

ReadlWrite 

After reset 

Function 

I 

TLCS-900 16-bit Microcontroller 

PortS Register 

7 .1. 6 ~ 5 4 3 2 1 0 

-.............. -.............. .~ PB4 PB3 
• 

PB2 PBl PBO 

R!W 

• Input mode (Output latch regIster set to ~ I") 

• 

1 1 1 

PortS Control Register 

7 6 J. 5 4 3 2 

------- . -------- -------
PB4C PB3e PB2e 

• 

W 

0 0 0 

~ 1 0: IN 

II 110 setting 

I Input 

PortS Function Register 

7 6 5 4 3 2 
-

~. =:::::::::::,- =:::::::::::,' PB4F PB3F PBlF 

. '. 
• 

W 

0 0 
• 

0 

·0: PORT 0 : PORT :0: PORT 

.,:IOWR '1: lORD " : Te .. 

Setting pea. 82, B3 and 84 asAEN. Te. lORD and fOWR pins. 

PBFC <PBOF> <pe2F> <PB3F> <PB4F> 

PBeR <PBOC><P82C><PB3C><PB4C> 

Figure 3.5(27). Port BRe.gister 

1 1 

1 • 0 

PBle PBDe 

0 0 

1 :OUT 

1 0 

pelF PBOF 

0 0 

0: PORT 0: PORT 

1: EOP 1 :AEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, .INC. 
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TLCS-900 16-bit Microcontroller TMP96COB1F 

3.6 Chip SelectIWait Control, AMB/16 pin 
The TMP96COS1 F has a built-in c~elecVwait controller 
used to control chip select (CSO - CS4 pins), wait (WAIT pin), 
and data bus size (S or 16 bits) for any of the five block 
address areas. 

And there is an AMS/16 which selects external data 
width for TMP96COS1. 

3.6.1 AMB/16 pin 
(1) (1-1) 16-bit bus width internalized with S bit width or fixed 

16 bit bus 

Set this pin to "0". Then ADS - 15 or AS - 15 are fixed 
to ADS - 15 function compulsorily. 
The bus width when the CPU accesses an external 
area is set by Chip SelectlWait Control Register 
described at 3.6.2. 
However, the bus width of program memory only after 
reset must be 16 bit bus width in this case. 

(1-2) Fixed S-bit bus width 

Set this pin to "1 ". Then ADS - 15 or AS - 15 function 
compulsorily. 
The value of bit 4: <BOBUS>, <B1 BUS>, <B2BUS>, 
<B3BUS> or <B4BUS> described at 3.6.2 are 
ignored and the bus width is fixed to S bit. 

3.6.2 Control Registers 
Table 3.6 (1) shows control registers 

One block address areas are controlled by 1-byte CS/ 
WAIT control register (BOCSL to B4CSL and BOCSH and 
B4CSH). These registers can be written to only when the CPU 
is in system mode. 

(1) Enable 

Control register bit 7 <BOE to B3E> is a master bit 
used to specify enable ("1 ")/disable ("0") of the setting. 
Resetting sets BOE, B1 E, B3E and B4E to disable ("0") 
and B2E to enable ("1 "). 

(2) System only specification 

Control register bit 7 (BOSYS, B1 SYS, B2SYS, and 
B4E> is used to specify enable/disable of the setting 
depending on the CPU operating mode (system or nor­
mal). Setti!2(L 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 O. 
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) CS/CAS Waveform select 

Control register bit 5 (BOCAS to B4CAS) is used to 
~ify waveform mode output from the chip select pin 
1Q§9ICASO-CS4/CAS4). Setting this bit to 0 specifies 
CSO to CS4 waveforms; setting it to 1 specifies CASO 
to CAS4 waveforms. 
Resetting clears bit 5 to O. 

(4) Data bus width select 

Bit 4 (BOBUS to B4BUS) of the control register is used 
to specify data bus size. Setting this bit to 0 accesses 
in the memory in 16-bit data bus mode; setting it to 
"1", memory is accessed in S-bit data bus mode. 
Changing data bus depending on the access address 
is called dynamic bus sizing. Table 3.6 (2) shows the 
details of the bus operation. 
This bit is changed by the state of AMS/16 pin. 

(5) Wait control 

Control register bits 2 to 0 (BOW2, 1,0 to B4W2, 1,0) are 
used to specify the number of waits. Setting these bits 
to 010 inserts a 1-state wait and samples the WAIT pin 
status. If the pin is low, inserting the wait maintains the 
bus cycle until the pin goes to high. Setting these bits 
to 100 or 101 inserts a 0-2-state wait 0-1-state wait 
according to the WAIT pin status. 
Resetting sets these bits to 000 (2-state wait mode). 

(6) Address area specification 

Bits 3 to 0 in the BOCSH to B4CSH control register are 
used to specific the corresponding address areas. If 
0000 is set in those four bits (same value after reset), 
the setting is enable and l~trobe signal is output 
from the chip select pins (CSO/CASO to CS4/CS4) 
when the following address are accessed; 7FOOH to 
7FFFH by CSO, OOSOH to 7FOOH to 7FFFH by CS1 
and SOOOH to 3FFFFFH by CS2. If other than 0000 is 
set in those four bits, the chip select pin compares the 
setting with that in A23 to A20. If the setting match, the 
chip select pin outputs a low strobe signal. Bit 7 to 4 
are used to mask bits 3 to O. Setting 1 in the four bits 
compares address A23 to A20 with the masked 
address bits and detects match. Setting 1 in the four 
bits determines match regardless of setting. 
Unlike CSO to CS2, CS3 and CS4 do not have an 
address area assigned in advance after reset. Thus 
address area of 1 M byte can be freely set using 
B3CSH or B4CSH. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-4B1 



TMP96C081F 

MCU900-482 

AD-A23 

A23 

An 
A2l 

A20 

TLCS-900 16-bit Microcontroller 

Xl 

elK -t-J.'--I--t-.,,-+--+­
ALE 

ADo-AD7 

As-A22 

RDiWR 

CSO-3 

Figure 3.6 (1). Chip select (CSO ... CS4) 

B3CSH (upper 4 bits) B3CSH (lower 4 bits) 

Figure 3.6 (2). CS3 Address Decoder Block Diagram 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Table 3.6 (3) Chip SelectlWait Control Register (1/2) 

Code _Name Address B7 B6 85 B4 ~ B2 a1 BO 
BOE BOSYS BO :AS BOBUS - . BO""l BOW' BOWO 
W W W W W W 
0 0 0 0 0 0 

RlockO 
citCAS ~~tem I ~:g:ro O:I6b~:s Wait ;;;~oI2 Wait 

CSiWAIT 
BOCSL Control 6BH Enable only 1:8bit 001 : 1 Wait 

Register Bus 010: lWait+" 
Low 011 : OWait 

100 : 0-2 Wait 
101 : 0-1 Wait 
110 : Reserved 
111: Reserved 

BlockO 
BOM, BOM2 BOMI BOMO BOA3 BOA2 BOA 1 BOAO 

CSIWAIT 
W W W W W W W W 

BOCSH Control 69H 0 0 0 0 ,0, 0 ,0, 

Register )MaskSet Addr~~~3-~~~.~~"!~~.,:"" 
High 

1 Mask oth~; 
BIE BISYS BICAS BIBUS - B1W2 B1Wl BIWO 
W W W W W W W 
0 0 0 0 0 0 0 

Blockl 1: 1: I~:~ 0:16bit Wait ~~!'trol. 
CSIWAIT CSlCAS System Bus 000: 2 Wait 

B1CSL Control 6AH Enable only I:Bbi! 001 : 1 Wait 

Register Bu, 010: lWait+" 
Low 011 : OWait 

100 : D-2Wait 
101 : D-1Wait 
110 : Reserved 
111 Reserved 

Block' 
,Bl~ ~IM2, !llMI BIMO B1A3 Bl~ BIA BIAO 

CSlWAIT 
W W W W W W W W 

BICSH Control 6BH 0 0 0 0 0 0 0 

Register 

L,_~ 
ask Set 

;.:~ 
!"~~m.!!'!~.s.on 

High ,.u.n-
.". nn 

B2SYS B2CAS B2BUS - B;W; B2W' B2WO 
:;;'1 W W W W W 

0 0 0 0 (), 

Block2 1: O:~ 10:16bit W'il;;~~roI2Wait 
CSIWAIT System I:CAS2 Bus 

B2CSL Control 6CH only I:Bbit 001 : tWait 

Register Bus 010: lWait+" 

Low 011 : o Wait 
100: 0-2 Wait 
101 : 0-1 Wait 

: : ~ : =:::;::: 
Block2 

B2M2 B2Ml B2MO B2A3 B2A; B2A' B2AO 

CSIWAIT 
W W W W W W W _YI 

B2CSH Control 60H 0 0 0 0 0 0 0 0 

Register I Mask Set 15om~~~.n 
High 

1 Mask other Compare A23-AlO 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-483 



TMP96C081F TLCS-900 16-bit Microcontroller 

Table 3.6 (3) Chip Select/Wait Control Register (212) 

Code Name Address 87 86 85 84 83 82 81 80 
B3E B3SVS B3CAS B3BUS B3W2 B3Wl B3WO 
W W W W W W W 
0 0 0 0 0 0 0 

Block3 1: 1: 0:CS3 0: 16bit Wait Control 

CSlWAIT CSiCAS System 1:CAS3 Bus 000: 2Wait 
83CSL Control 6fH Enable only 1:8bit 001 : 1 Wait 

Register Bus 010 : lWait+n 

low 011 : aWait 
100 : 0-2 Wait 
101 : 0-1 Wait 
110 : Reserved 
111 : Reserved 

Block3 
B3M3 B3M2 83M1 B3MO B3A3 B3A2 S3Al B3AO 

Cs/wAIT 
W W W W W W W W 

B3CSH Control 6'H 
0 0 0 0 0 0 0 0 

Register Address (Al3-A20) Mask Set Address (Al3-A20) Comparison 

High 0: Non·Mask 0000 Address areas are not specified 
1: Mask other Compare Al3-A20 

B4f B4SVS B4CAS B4BUS - 84W2 B4Wl B4WO 
W W W W W W W 
0 0 0 0 0 0 0 

Block4 1: 1: 0:(54 O:16bit Wait Control 

(S/wAIT CS/CAS System 1:CAS4 Bus 000: 2 Wait 

B4CSl Control 4AH Enable only 1:8bit 001 ; 'Wait 
Register Bus 010: 1Wait+n 

low 011 : aWait 
100 : 0-2Wait 
101 : 0-1 Wait 
110 : Reserved 
111 : Reserved 

Block4 
B4M3 84M2 B4Ml 84MQ B4A3 B4A2 84Al B4AO 

W W W W W W W W CSIWAIT 
0 0 0 0 0 0 0 0 B4CSH Control 4BH 

Register Address (A23-A20) Mask Set Address (A23-A20) Comparison 

High 0: Non-Mask 0000 : Address areas are notspeclfied 
1: Mask other : Compare A23-A20 

Note: Only block 2 is enable the CSiCAS after reset. 

Table 3.6 (4) Dynamic Bus Sizing 

Operand Operand Memory CPU Data 
CPU Address Data Size Start Address Data Size D15· DB D7· DO 

2n+O 8 bits 2n+O xxxxx b7 - bO 
8 bits (even number) 16 bits 2n+O xxxxx b7 - bO 

2n + 1 8 bits 2n + 1 xxxxx b7 - bO 
(odd number) 16 bits 2n+ 1 b7 - bO xxxxx 

8 bits 2n+O XXXXX b7 - bO 
2n+O 2n+ 1 xxxxx b15 - b8 

(even number) 16 bits 2n+O b15 - b8 b7 - bO 

16 bits 
8 bits 2n + 1 xxxxx b7 - bO 

2n+1 2n+2 xxxxx b15 - b8 
(odd number) 2n+ 1 b7 - bO xxxxx 16 bits 

2n+2 xxxxx b15 - b8 

2n+O xxxxx b7 - bO 
2n+ 1 xxxxx b15 - b8 

2n+O 8 bits 2n+2 xxxxx b23 - b16 

(even number) 2n+3 xxxxx b31 - b24 

16 bits 2n+O b15 - b8 b7 - bO 
2n+2 b31 - b24 b23 - b16 

32 bits 
2n + 1 xxxxx b7 - bO 
2n + 2 xxxxx b15 - b8 

2n+ 1 8 bits 2n+3 xxxxx b23 - b16 

(odd number) 2n + 4 xxxxx b31 - b24 

2n + 1 b7 - bO xxxxx 

16 bits 2n+2 b23 - b16 b15 - b8 
2n + 4 xxxxx b31 - b24 

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. 

MCU900-484 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

3.6.3 Chip Select Image 
Address areas from 01 OOH to FFFFFFH can be specified for 
1M, 2M, 4M, SM, 16M bytes. 

The chip select control/er compares an address on a bus 
and values of bit 3 to 0 of BOCSH to B4CSH at every cycle. 
When the values of bit 3 to 0 are "0000", the chip select con­
troller compares the address and the address value which has 
already been defined to each block. 

If the result of the comparison matches, the specified 
address area is assumed to be accessed. If channels BOE to 
B4E are set to enable, a chip select pin (CSO to CS4) corre­
sponding to these channels outputs a low strobe signal. 

When comparing addresses, a compared result of a par­
ticular address can be ignored by setting the values of bit 7 to 
4 of BOCSH to B4CSH. Consequently, and address area size 
can be specified. 

Note 1: 

OOOOOOH 

7FOOH 

8000H 

OFFFFFFH 

(Mainly for I/O) (Mainly for RAM) 

Access priority is built-in I/O then the chip select controller. 

An image of the actual chip select is shown below. After 
reset (when bits 3 to 0 of BOCSH to B4CSH set 0000), 7FOOH 
to 7FFFH is specified for CSO; OOSOH to 7FFFH, for CS1; 
SOOOH to 3FFFFFFH, for CS2. 

The reason is that a device other than ROM (i.e., RAM or 
1/0) might be connected externally. 

The addresses 7FOOH to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to external 1/0. 

The addresses 01 OOH to 7FFFH (approx. 32K bytes) for 
CS1 0 are mapped there mainly for possible extensions to 
external RAM. 

The addresses SoooH to 3FFFFFFH (approx. 4M bytes) 
for CS2 are mapped mainly for possible extensions to external 
ROM. After reset, CS2 is enable in 16-bit bus and 2-wait. The 
program is externally read at address. 

The address SOOOH in this setting (16-bit bus, 2-wait). (If 
AMS/16 pin is "1", CS2 is enable in S-bit bus.) 

(Mainly for ROM) 

Note 2: External areas other than GSa to GS4 are accessed in 16-bit data bus (0 wait) mode. 

Note 3: 

When using the chip select/wait controller and specifying the same address area more than once, the priority is GSa, GS1, GS2. 
CS3. GS3. and CS4. (However. when address 7FOOH to 7FFFH for CSO and 100H to 7FFFH for GS1 are specified. in other words. 
specification overlap. only the GSa setting pin is active.) 

When the bus is released (BUSAK = "a"). GSa - CS4 pins are also (the output buffer is OFF). 
Refer to L Note about the bus release 1 in 3.5 Function of Ports about the state of pins. 

Table 3.6 (5) Specified the address areas of B3CSH 

B3CSH Specified the Address Areas 

0000 0001 10DOOOH - 1 FFFFFH 
0001 0011 20DOOOH - 3FFFFFH 
0011 0111 400000H - 7FFFFFH 
0111 1000 800000H - FFFFFH 
1111 1000 1 DOH - 1 FFFFFH 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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Area Size 

1M Bytes 
2M Bytes 
4M Bytes 
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3.6.4 Example of Usage 

Figure 3.6 (6) is an example in which an external memory is 
connected to the TMP96C081 F. In this example, a ROM is 

connected using 16 bit Bus; a RAM and an I/O are connected 
using 8 bit Bus. 

Figure 3.6 (6). Example of External Memory Connection (ROM = 16 bits, RAM and 1/0 = 8 bits) 

MCU900-486 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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Resetting se~ns csa, CS1, CS2, CS3 to CS4 to 
input port mode. csa, CS1 , CS3, and CS4 are set high due 
to an internal pull-up resistor; CS2, low due to an internal 

pull-down resistor. The program used to set these pins is as 
follows: 

P4CR EQU 

P4FC EQU 

BOCSL EQU 

B1CSL EQU 

B2CSL EQU 

LD (BOCS), 

LD (B1CS), 

LD (B2CS), 

LD (P4CR), 

LD (P4FC), 

(2) Example Usage-2 

OEH 

10H 

6BH 

6AH 

6CH 

0090H 

0093H 

OOB1H 

07H 

07H 

; CSO = B bits, 2WAIT, 7FOOH - 7FFFH 

; CS1 = B bits, OWAIT, 0080H - 7FFFH 

; CS2 = 16 bits, 1WAIT, BOOOH - 3FFFFFH 

) CSO, CS1, CS2 output mode setting 

connected to the TMP96Ca81 F. In this example, a ROM, a 
RAM, and 1/0 are connected using 8 bit Bus. 

Figure 3.6 (7) is an example in which an external memory is 

TMP96(081F Address Bus 

A ~ J ), ~ J. ), .L J. 
0--

~ 
(so 

I cs IlrcS ll,cS abitBu. J (51 0+- 8 bit Bus 8 bit Bus 
o Q ROM RAM IE_ wJ.IO (-52 0--- OE -- w-

ALE 

=:J:: AB 

\ 
A15 

ADO 

\ 

I 
L 

AD7 
AMB/f6 

RD 
WR 

Figure 3.6 (7). Example of External Memory Connection (ROM and RAM and 110 = 8bits) 
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Resetting se..!§..J2!ns csa, CS1, CS2, CS3 and CS4 to 
input port mode. csa, CS1, CS3, and CS4 are set high due 
to an internal pull-up resistor; CS2, low due to an internal 

P4CR EQU OEH 

P4FC EQU 10H 

BOCSL EQU 68H 

BOCSH EQU 69H 

BICSL EQU 6AH 

BICSH EQU 6BH 

B1CSL EQU 6CH 

B2CSH EQU 60H 

LO (BOCSL) • lX010000B 

LD (BOCSH) • oOOOOOOOB 

LD (81CSL). lX0100llB 

LD (B1CSH) • OOOOOOOOB 

LD (B2CSL) , lXOOOOOlB 

LD (B2CSH). OOOOOOOOB 

LD (P4CR). XXXXXll18 

LD (P4FC) • XXXXXll1B 

Note)X: don't care 

When AM8/16 Pin is set to high level, all address area are 

) 
) 
) 

pull-down resistor. The program used to set these pins is as 
follows: 

eso; 8bits, 2WAIT, 7FOOH-7FFFH 

(51; 8bits, aWAIT, 80H-7FFFH 

(52; 16bits, 1WAIT, 8000H-3FFFFFH 

} (SO, (S 1, ill output moce setting 

fixed to 8-bit data bus regardless of CS area statuses. 

MCU900-488 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS·900 16·bit Microcontroller TMP96C081F 

3.6.5 How to Start with an 8·Bit Data Bus 

(with AM8/16 pin sets "O") 

Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 
mode. To start in S-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 

82CS EQU 6AH ; CS2 register address 

ORG 

LDX 

8000H ; RESET address 

(B2CSL),9CH ; CS2 8bit, OWAIT, 8000H-

After reset, the program reads the LOX (B2CSL), 93H 
instruction in 16-bit data bus mode. LOX is a 6-byte instruc­
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., 
only codes in the 1 st, 3rd and 5th bytes are actually used). 
Even if starting in S-bit data bus mode, it is possible to pro­
gram so that the LOX instruction is executed and the block 2 

Address latch ROM 

TMP96C081 A15 

B= 
I 

A8 

A7 
AD8-15 o Q I 

AO 
G 

07 

AOO-7 I 

ALE 
DO 

RO bE 

C52 CS 

area (SOOOH - 3FFFFFH) is accessed in S-bit data bus mode 
without any problem. 

The above program does not include setting the P421 
CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 

Operation after reset 

TLC5-900 ROM 
8000H F7 F7 
8001H 17 -?? 00 
8002H 6C 6C 
8003H 1? -71 00 
8004H 93 93 
8005H 71 -11 00 

?? = don't care 
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3.7 8-bit Timers 
The TMP96C081 F contains two 8-bit timers (timers 0 and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim­
ers. 

• 8-bit interval timer mode (2 timers) 
• 16-bit interval timer mode (1 timer) 
• 8-bit programmable square wave pulse generation (PPG: 

variable duty with variable cycle) output mode (1 timer) 
• 8-bit pulse width modulation (PWM: variable duty with con­

stant cycle) output mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer 0 and timer 1). 

Each interval timer consists of an 8-bit up counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip­
flop (TFF1) is provided for timer 0 and timer 1 

Among the input clock sources for the interval timers, the 
internal clocks of I/J T1, I/J T 4, I/JT16, and I/JT256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 

MCU900-490 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TRUN<TORUN> 

nOp;n -E} 
,sTl(8JfcJ --- Selector 

:~~~~~~2fc) = '--,-,---'1 

~ 
PWMTRG 

TREG-WR • 

t t 

TLCS-900 16-bit Microcontroller 

;T1 -.. Selector 
"T16 
;T256-

WMM1 > 

INTTO 

Internal bus 

TRUN<T1RUN> 

*1 Set 
"'2 Clear 
*3 

TFFCR < TFF liS > 

,-...,...,-'-:"-_-, ~TMOD<T10MI.o> 
INTTI 

Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1) 
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CD Prescaler ¢T1, ¢T4, ¢T16, and ¢T256. 

This 9-bit prescaler generates the clock input to the 8-
bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 

This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN> is set to "1", while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN> is set to "0". Resetting clears <PRRUN> to 
"0", which clears and stops the prescaler. Among them, 8-bit timer uses 4 types of clock: 

MCU900·492 

Cycle 

I~ clock 
20MHz 

1T1 (8Ife) O.4ps 

¢T4 (32/fe) 1.6ps 

¢T16 (128/fe) 6.4ps 

¢T256 (2048/fe) 1021'S 

;TO "T1 ,n ,T4 ,T8 "T16 "n2 ;T256 

2 3 4 567 8 

9-bit prescaler 

~,,1 
~,.2 
(System dock) 

t run/stop & dear 

TRUN <PRRUN> 

Figure 3.7 (2). Prescaler 
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@ Up-counter 

This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 

The input clock of timer 0 is selected from the extemal 
clock TIO pin and three internal clocks tfJT1 (8/fc), tfJT4 
(32/fc), and tfJT16 (128/fc), according to the set value of 
TMOD register. 

The input clock of timer 1 differs depending on the 
operation mode. When set in 16-bit timer mode, the 
overflow output of timer 0 is used as the input clock. 
When set to any other mode than 16-bit timer mode, the 
input clock is selected from the internal clocks tfJT1 (8Itc), 
tfJT16 (128/fc), and tfJT256 (2048/fc) as well as the com­
parator output (match detection signal) of timer 0 accord­
ing to the set value of TMOD register. 

Example: When TMOD <T10M1 ,0> = 01, the over­
flow output of timer 0 becomes the input 
clock of timer 1 (16-bit timer mode). 

When TMOD <T10M1 ,0> = 00 and 
TMOD <T1 CLK1 ,0> = 01, tfJT1 (8Itc) 
becomes the input of timer 1 (8bit timer 
mode). 

Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01 M1, 0> = 00, 
whereby the up-counter is placed in the 8-bit timer 
mode. 

The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 

@ Timer register 

This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 

The timer flip-flop control register TFFCR <DBEN> bit 
controls whether the double buffer structure in the 
TREGO should be enabled or disabled. It is disabled 
when <DBEN> = 0 and enabled when they are set to 
1. 
In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis­
ter when the 2n - 1 overflow occurs in PWM mode, or 
at the PPG cycle in PPG mode. 

When reset, it will be initialized to <DBEN> = 0 to dis­
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1 , and write 
the following data in the register buffer. 
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Up-counter 

Matching detection of PPG 
--cJ::::=::: cycle 

S I t 2" - 1 overflow of PWM 
e ec or 

I-----...--~ TREGO WR 

TFFCR<OBEN> 

Figure 3.7 (3). Configuration of Timer Register 0 

Note: Timer register and the register buffer are allocated to the same memory address. When <DBEN> = 0, the same value is written in the register buffer as 
well as the timer register, while when <DBEN> = 1 only the register buffer is written. 

The memory address of each timer register is as fol­
lows. 

TREGO: 00OO22H 
TREG1: 00OO23H 

All registers are write-only and cannot be read. 

® Comparator 

A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 

interrupt signal (INTTO, INTT1) is generated. If the timer 
flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 

@ Timer flip-flop (timer F/F: TFF1) 

The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
T01 (also used as P71). 
A timer F/F is provided for a pair of timer ° and timer 1 
and is called TFF1. TFF1 is output to T01 pin. 

MCU900-494 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TRUN 
(0020H ------

7 

bit Symbol PRRUN 

) ReadNVri te RIW 

After reset 0 

Function 

TLCS-900 16-bit Microcontroller 

6 

-----
5 4 3 2 1 0 

T5RUN T4RUN . PIRUN PORUN TlRUN TORUN 

RIW 

0 0 0 0 0 0 

Prescaler & Timer Run/Stop CONTROL 
o : Stop & Clear 

1 : Run (Count up) 

'-___ .. , Count Operation 

PRRUN 

TSRUN 

T4RUN 

PI RUN 

PORUN 

TIRUN 

TORUN 

Stop and dear 

Count 

Operation of prescaler 

Operation of 16-bit timer (timerS) 

Operation of 16-bit timer (timer4) 

Operation of PWM timer (PWM lItimer3) 

Operation of PWM timer (PWMOltimer2) 

Operation of 8-bit timer (timerl) 

Operation of 8-bit timer (timerO) 

Figure 3.7 (4). Timer Operation Control Register (TRUN) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TMP96C081F 

MCU900-495 



TMP96C081F 

MCU900-496 

TMOD 
(0024H) 

TLCS·900 16·bit Microcontroller 

---...... 7 6 

bit Symbol nOMl TlOMO 

ReadIWrite 

After reset 0 0 

Operation mode 

00: 8bit Timer 
Function 01 : 16bil Timer 

10: 8bitPPG 

11 :8bitPWM 

I 

Prohibit Read 
Modify Write 

5 4 , 3 2 1 0 

; PWMM 1 : PWMMO : T1CLKl TlCLKO TOCLKI TOCLKO 

W 

0 0 0 0 0 0 

: PWMcycie Source (Jock of timer I Source clock 01 timerO 

00: - : 00: TOOTRG 00: Tl0 

01: 26.1 

10; 27_1 

~ 11:28·1 

I I 

01: .TI 01: flTl 

10: .Tl6 10: .T4 

11: .T256 11: ,Tl6 

I I 

J l 
L--. Input clock of timer 0 

00 External Input (TIO) 

01 1T1 (Prescaler) 

10 1T4 (Prescaler) 
........... 

11 ¢T16 (Prescaler) 

Input clock of timer 1 
TM");> 

TMOD<Tl0Ml,O> "01 <T10Ml.O> ,,01 

00 Comparator output Overflow 

oftimerO 
output of timer 

.. 0 

01 Internal dock ,n 

10 Internal clock ,T16 (16·bit timer ... 
mode) 

11 Internal clock; T256 

Select PWM cycle 

00 -- ....... 
01 26 -1 

10 27 -1 

11 28-1 

Set the operation mode of 
timer 0 and 1. 

00 Two B·bit timers 
(timer.O an~ t.i",~~I) 

01 16·bittimer 

10 B·bit PPG output 

11 .. ·8:t;it PWM output (ti';erO,H 
+ 8-bit timer (timer 1) 

Figure 3.7 (5). Timer Mode Control Register (TMOD) 
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TFFCR b,' Symbol ___________~. ~ 

(0025H) Re.dlWrile 

OBEN 

RIW 

TFF1Cl TFFICO TFFIIE TFFllS 

After reset 

Function 

W RIW 

Double 00: Invert TFFl :TFFl ' TFF1 
buffer 

01: Set TFFt 
ilnversion ~ Inversion 

'0: Disable ~ trigger source 

~, : Enable 
10:CtearTFFl :0: Disable :0: TimerO 
11 ; don't care ~ 1: Enable fl:Timerl 

. ". ~~f~YS read as 

I I I L J 

I I I 
I Select inverse signal of timer FIF1 
~ ("Don't care" except in 8-bit timer mode) 

10 

Inversion by t6·bit timer mode PPG mode 
timerQ match Inversion by 

f-_+-,i.:.gn_._I ___ --lmatch signal 

I nversion by 
timer1 match 
signal 

- Inversion of Timer F/F1 (TFF1) 

o Disable invert 

Enable invert 

'---- Control of Timer F/F1 (TFF1) 

00 Invert the value of TFFl 
(~~!~.~a~~ ~~~.~.r.~j?n~ .. LJ 01 SetTFF1to"1". 

1 0 Clear TFF 1 to "0". 

~~Ub:OBn~:f:::ontrOI of TREGO 

Disable double Buffer 

Enable double Buffer 

Inversion by 
match signal of 
each timer 0 and 
timer 1 

11 

PWM mode 

Inversion by 
match and 
overflow signal 

oftimerO 

Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR) 
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The operation of 8-bit timers will be described below: 

(1) 8-bit timer mode 

Two interval timers 0, 1, 2, 3, can be used indepen­
dently as 8-bit interval timer. All interval timers operate 
in the same manner, and thus only the operation of 
timer 1 will be explained below. 

MSB 

6 4 3 2 

TRUN (-

TMOD (- 0 0 x 0 

TREG1 (- 0 0 0 0 

INTET10 (- 0 

TRUN (-

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

Use the following table for selecting the input clock. 

LSB 

1 0 

0 

0 0 

CD Generating interrupts in a fixed cycle 

To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable interrupt INTT1 and 
start the counting of timer 1 . 

Example: To generate timer 1 interrupt every 40 
microseconds at fc = 20MHz, set each 
register in the following manner. 

Stop timer 1, and clear it to "0". 

Set the 8-bit timer mode, and select ¢T1. 

(0.4~ @ Ic = 20M Hz) as the input clock 

Set the timer register at 4~ ¢T1 = 100H (64H). 

Enable INm, and set it to "Level 5". 

Start timer 1 counting. 

Table 3.7 (1) a-Bit Timer Interrupt Cycle and Input Clock 

Input CLock 

¢T1 (8/fc) 

¢T4 (32/lc) 

¢T16 (128/fc) 

¢T256 (2048/fc) 

Note: The input of timer ° and timer 1 are different 
from as follows: 

Interrupt Cycle Resolution (at Ic = 20MHz) 

0.4~ -102.4~ 0.4~ 

1.6~ - 409.6~ 1.61JS 

6.4~ - 1.638ms 6.~ 

102.4~ - 2.621ms 102.4~ 

Timer 0: TlO input, 0T1, 0T4, 0T16 

Timer 1: match output of Timer 0, 0T1, 0T16, 0T2566 
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@ Generating a 50% duty square wave pulse 

The timer flip-flop (TFF1) is inverted at constant inter­
vals, and its status is output to timer output pin (TO 1 ). 

MSB 

TRUN ~ 

TMOO ~ 0 

TREGl ~ 0 

TFFCR ~ 

P7CR ~ 

P7FC ~ 

TRUN ~ 

Note: x; don't care 

6 

0 

0 

LSB 

5 4 321 0 

o 
o 

o 0 0 0 

1 0 

-; no change 

Example: To output a 2.41J.S square wave pulse from 
T01 pin at fc = 20M Hz, set each register in 
the following procedures. Either timer 0 or 
timer 1 may be used, but this example 
uses timer 1. 

Stop ti mer 1 , and clear it to "0". 

Set the 8-bit timer mode, and selectl/lTl as the input clock. 

Set the timer register at 3.D!J,s + 1/lT1 +2 = 3. 

Clear TFFl to "0", and set to invert by the match detect signallrom timer 1. 

) Select P71 as TOl pin. 

Start timer 1 counting. 
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Up-counter BITl _____ ---' 

BITO, __ O,,--, 

~orpparator timing ___ --' 
Comparator output 
(matching det:;e"'c;,.t) _______ _+' 

INTTl _________ -f\ LJ---------' 

UC c1ear---------+...J~---------If.---------"--

TFFl __________ --I I; r-
TOl ________ -! ,..-----"1~'-----_-'r-

1.2/fs@fc = 20MHz 
. 

.; 

Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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® Making timer 1 count up by match signal from timer 0 
comparator 

Comparator output 
(Timer 0 match) 

Timer 0 up-counter 
(when TREGO = 5) 

Timer 1 up-counter 
(when TREG 1 = 2) 

Timer 1 match output 

n 

X 

Set the 8-bit timer mode, and set the comparator out­
put of timer 0 as the input clock to timer 1 . 

n 

X 

n 

Figure 3.7 (8). Timer 1 Count Up by Timer 0 

® Output inversion with software 

The value of timer flip-flop (TFF1) can be inverted, inde­
pendent of timer operation. 

Writing "00" into TFFCR < TFF1 C1 ,0> (memory 
address: 000025H of bit 3 and bit 2) inverts the value 
ofTFF1. 

@ Initial setting of timer flip-flop (Timer F/F) 

The value of TFF1 can be initialized to "0" or "1", inde­
pendent of timer operation. 
For example, write "10" in TFFCR <TFF1 C1 ,0> to clear 
TFF1 to "0", while write "01" in TFFCR <TFF1 C1 , 0> to 
setTFF1 to "1". 

Note: The value of timer register and timer flip-flop cannot be read. 

(2) 16-bit timer mode 

A 16-bit interval timer is configured by using the pair of 
timer 0 and 1. 
To make a 16-bit interval timer by cascade connecting 
timer 0 and timer 1, set timer O/timer 1 mode register, 
TMOD <T10M1,0> to "0,1". 
When set in 16-bit timer mode, the overflow output of 
timer 0 will become the input clock of timer 1, regard­
less of the set value TMOD < T1 CLK1 ,0>. Table 3.7 (2) 
shows the relation between the cycle of timer (inter­
rupt) and the selection of input clock. 
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 

Input Clock 

¢T1 (B/fe) 

¢T4 (32/fe) 

¢T16 (12B/fe) 

The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG 1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem­
porarily, and the comparator is restarted by writing 
data into TREG1.) 

Setting example: To generate an interrupt INTT1 every 
0.4 seconds at fc = 20M Hz, set the 
following values for timer registers 
TREGO and TREG1: 

When counting with input clock of 
¢T16 (6.4!JS @ 20MHz)0.4 sec + 
6.4!lS = 62500 = F424H 

Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 

, 6 -Bit Timer Mode tounts Timer 1 upward) 

when TlmerO I~ 

'Ierflowed 

INTTO 

GeneratlOI! 01 

an Interrupt 

TimerO 

TOI 

OIS<lbleto 

Output 

Interrupt Cycle Resolution (at Ic = 20MHz) 

O.4~ - 26.214ms O.~ 

1.6~ -1 04.857ms 1.~ 

6.4~ - 419.430ms 6.4~ 

Value of 
comparison 

The comparator match signal is output from timer 0 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 
With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com­
parators of timer 0 and timer 1, the up-counters UCO 
and UC1 are cleared to "0", and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 

Timer 1 

INTTI TOI 
Valueof 

comparison 

TREGO GeneratlOf! of D'I"bleto TAEGl-2' 

(C'''"'' J '" ,"to""" upwilrd eyen 

when matChed 

output + TREGO 

(16bitfull) 

En~.bletool.lt.P)ut TREG1. 

Wimer 0 TREGO 

Of Value of 
Tlm"",l (MUltiPlier ) 

, ("~'bI'" '""")"" (":GO ) G," .... ,ooo' Timer 0 Cleared an Interrupt 
or when 

Timer 1 matched 
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Example: When TREG1 = 04H and TREGO = SOH 

rJt~~ ~t~rcounter OOOOH OOSOH OISOH 02S0H 03S0H 04S0H 

~~~~ ~~~~r:i9~~r 

Interrupt INTTI ___________ --....PIL. __ _ 

Timer output TOI ____________ n....,;;,ln;.;.ve,;;,"=ion 

Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 

(3) 8-bit PPG (Programmable Pulse Generation) Output 
mode 

Square wave pulse can be generated at any frequency 
and duty by timer 0 and timer 1 . The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 
Timer 0 outputs pulse to T01 pin (also used P70). 
In this mode, a programmable square wave is gener-

TREGO and UCO match 
(Interrupt INTIO) 

ated by inverting timer output each time the 8-bit up­
counter (UCO) matches the timer registers TREGO and 
TREG1. 
However, it is required that the set value of TREGO is 
smaller than that of TREG1. 
Though the up-counter (UC1) of timer 1 is not used in 
this mode, UC1 should be set for counting by setting 
TRUN <T1 RUN> to 1. 
Figure 3.7 (1) shows the block diagram for this mode. 

TREG 1 and UCO match ----,I-----fIL----j---(JL----
(Interrupt INTI1) 

TOI 

Figure 3.7 (10). Block Diagram of 8-Bit PPG Output Mode 
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TOt 

_ TfFCR<TFF1IE> = 1 

f------l----H--�NTTO 

L~~~~f·--t--------.INTT1 

Internal bus 

Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode 

When the double buffer of TREGO is enabled in this 
mode, the value of register buffer will be shifted in 
TREGO each time TREG1 matches UCO. 

Use of the double buffer makes easy handling of low 
duty waves (when duty is varied). 

TOt 

I------l----H--INTTO 

L~~~~-~·--t_--------+INTTt 

In lernal bus. 

Figure 3.7 (12). Operation of Register Buffer 
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Example: Generating 1/4 duty 62.5kHz pulse @fc = 
20MHz) 

• Calculate the value to be set for timer register. 
To obtain the frequency 62.5kHz, the pulse cycle t 

7 6 5 4 3 2 

TRUN +- 0 

TMOD +- 1 0 x 0 

TREGO +- 0 0 0 0 0 1 

TREGl +- 0 0 0 0 1 0 0 

TFFCR +- 0 

P7CR +-

P7FC +-

TRUN +-

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

(4) 8-bit PWM Output mode 

0 

0 

1 

0 

0 

This mode is valid only for timer O. In this mode, maxi­
mum 8-bit resolution PWM pulse can be output. 
PWM pulse is output to TOl pin (also used as P71) 
when using timer O. Timer 1 can also be used as 8-bit 
timer. 
Timer output is inverted when up-counter (UC1) 
matches the set value of timer register TREG or when 
2n - 1 (n = 6, 7, or 8; specified by T01 MOD 

.. 

should be: t = 1/62.5kHz = 16115. 
Given if! Tl = 004115 @ 20MHz), 

16115 + 0.4115 = 40 
Consequently, to set the timer register 1 (TREG1) to 
TREGl = 40 = 28H and then duty to 1/4, t x 1/4 = 

16J.lS x 1/4 = 4J.lS 
4115 + 004115 = 10 

Therefore, set timer register 0 (TREGO) to TREGO = 10 
=OAH. 

Stop timer 0, and clear itto "0". 

Set the 8-bit PPG mode, and select cf>T1 as input clock. 

Write "OAH". 

Write "28H". 

Sets TFFl and enables the inversion and double buffer enable. 

Writing "10" provides negative logic pulse . 

) Select P71 as TOl pin. 

Start timer 0 and timer 1 counting. 

<PWM01 ,07) counter overflow occurs. Up-counter 
UC1 is cleared when 2n - 1 counter overflow occurs. 
For example, when n = 6, 6-bit PWM will be output, 
while when n = 7, 7 -bit PWM will be output. 
To use this PWM mode, the following conditions must 
be satisfied. 

(Set value of timer register) < (Set value of 2n - 1 

counter overflow) 

(Set value of timer register) * 0 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-505 
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Figure 3.7 (13). 8-Bit PWM Waveforms 

Figure 3.7 (14) shows the block diagram of this mode. 

MCU900-50S 

TIO_r---­
~1,Tl_ 

~~T4--.. 

if. 116 -'--;.--.--' 

TFFCR <DBEN [>====='::====:::::3 
Internal bus 

TOI B FFCR 
TFF <TFF1Cl.0, 

FFlIE. TFF liS > 

TMOD 
<T10Ml. 0> = 11 
TMOD 
<PWMMI,O> 

Overflow 

Invert 

INITO 

Figure 3.7 (14). Block Diagram of 8-Bit PWM Waveforms 
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In this mode, the value of register buffer will be shifted in 
TREGO if 2n - 1 overflow is detected when the double buffer of 
TREGO is enabled. 

Use of the double buffer makes the handling of small 
duty waves easy. 

M.Jl(hWJlhTREGO n n 
----u~p-.co-u~nteL,-=~Ql--------------~u~p.-co-un~~'~.~Q~,-------

2n - 1 overflow ~ 
_______ ~=----------l(~Sh;ft ;nto TREGO Q2 

TREGO Q, _. 
(value to be compared) ----------:~----------..J\..2t::--------~-------

to TREGO (,eg~:e, buffer) write 
Register buffer 

Figure 3.7 (15). Operator of Register Buffer 

Example: To output the following PWM waves to T01 pin at fc = 20MHz. 

To realize SO.81JS of PWM cycle by q,T1 = O.41JS (@ fc = 
20MHz), 

50.81JS + O.41JS = 127 = 27 - 1 

MSB LSB 

7 6 5 4 3 2 0 

TRUN t- x 0 

TMOD t- 1 1 0 0 1 

TREGO t- O 0 0 1 0 

TFFCR t- x 0 

P7CR t- x 

P7FC t- x x 

TRUN t-

Note: x: don1 care -: no change 

Consequently, n should be set to 7. 
Iv3 the period of low level is 361JS, for q,T1 = OAIJS, set the 

following value for TREGO: 

361JS + O.41JS = 90 = 5AH 

Stop timer 0, and clear it to "0". 

Set 8-bit PWM mode (cycle: i -1) and select /fin as the input clock. 

Wrile"5AH". 

Clears TFF1, enables the inversion and double buller. 

) Set P71 as TOl pin. 

Start timer 0 counting. 
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Table 3.7 (3) PWM Cycle and the Setting of 2n -1 Counter 

PWM Cycle (@ Ie = 20 MHz) 

1/IT1 I/IT4 I/IT16 

26-1 25.2!JSllc (39.0kHz) 100J.lSec (10.0kHz) 0,40msec (2.4kHz) 
27_1 50.8J.lSec (19.7kHz) 203J.lSec (4.9kHz) 0.81 msec (1.2kHz) 

28-1 102J.lSec (9.80kHz) 408J.lS6C (2.4kHz) 1.63msec (0.61 kHz) 

(5) Table 3.7 (4) shows the list of 8-bit timer modes. 

Table 3.7 (4) Timer Mode Setting Registers 

Register Name TMOD TFFCR 

Name 01 Function In Register T10M PWMM T1CLK TOCLK TFF11S 

Function Timer Mode 
PWMO Upper Timer Lower Timer Timer F/F Inverl 
Cycle Input Clock Input Clock Signal Select 

External clock, 
16-bit timer mode 01 - 1/IT1, I/IT4, 1/IT16 -- (00,01,10,11) 

Lower timer match, External clock, 0: Lower timer output 
8-bit timer x 2 channels 00 - 1/IT1,16,256 1/IT1, I/IT4, 1/IT16 1 : Upper timer output (00,01,10,11) (00,01,10,11) 

External clock, 
8-bit PPG x 1 channel 10 - - 1/IT1, I/IT4, 1/IT16 -

(00,01,10,11) 

26-1,i -1,28-1 
External clock, 

8-bit PWM x 1 channel 11 - 1/IT1, I/IT4, 1/IT16 -
(01,10,11) (00,01,10,11) 

8-bit timer x lchannel 11 - (1/IT1, T16, T256) - Output disabled 
(01,10,11) 

Note: Don't care 
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3.8 8-Bit PWM Timer 
The TMP96C081 F has two built-in 8-bit PWM timers (timers 2 
and 3). 

They have two operating modes. 

• 8-bit PWM (pulse width modulation: variable duty fixed inter­
val output mode 

• 8-bit interval timer mode 

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim­
ers 2 and 3). 

PWM timers consist of an 8-bit up-counter, 8-bit com­
parator, and 8-bit timer register. Two timer flip-flops (fFF2 for 
timer 2 and TFF3 for timer 3) are provided. 

Input clocks rpP1, rpP4, and rpP16 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con­
trailed by four control registers (POMOD, P1 MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 

f<lL-

,IP1 ~P4 ¢P16 

(fd4) (feI16) (!e/64) 
TRUN <PORUN> 

Internal bus 

POMOO <PWMOM> 
t 

PWM2·0UT 
(T02) 

PffCR <FF2Cl, 0> 

PFFCR <ff2TRG1, 0> 

INTT2 

POMOO <PWMOINT> 

Figure 3.8 (1). Block Diagram of 8-Bit Timer 0 (Timer 2) 

Note: Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram, 

MCU900-510 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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(j) Prescaler 

Generates input clocks dedicated to PWM timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen­
dently. 

The PWM timer uses three input clocks: qlP1, qlP4, 
and ¢/P16. 
Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to 0 zero-clears and stops counting. Resetting clears 
<PRRUN> to 0, which clears and stops the prescaler. 

Dedicated prescaler cycle 

20M Hz 

~Pl (4/fc) 200ns 
~P4 (16/fc) BOOns 
fP1 6 (64/fc) 3.2ps 

"PI ;P4 ;P16 

Oscillator 

cirCUit ~ Prescaler 
"----,------' t run/stop & clear 

TRUN <PRRUN> 

eLK ___ --' 

fC/2 

"Pl 

"P4 ____________ --' 

Figure 3.8 (2). Prescaler 

@ Up-counter 

An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (PO MOD 
or P1MOD). 
The input clock for the PWMO/PWM1 is selected from 
the intemal clocks ¢P1, I{>P4, and ¢P16 (PWM dedi­
cated prescaler output) depending on the value set in 
the POMOD/P1 MOD register. 
Operating mode is also set by POMOD and P1 MOD 
registers. At reset, they are initialized to POMOD 
<PWMOM> = 0 and P1 MOD <PWM1 M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up­
counter is cleared when a 2n - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 
match. 
CounVstop and clear of the up-counter can be con­
trolled for each PWM timer using the timer operation 
control registerTRUN. Resetting clears all up-counters 
and stops timers. 

@ Timer registers 

Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect Signal of the comparator becomes active. 
Timer registers TREG2 and TREG3 are each paired 
with register buffer to make a double buffer structure. 
TREG2 and TREG3 are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1 MOD 
<DB3EN>: disabled when <DB2EN>I<DB3EN> = 0, 
enabled when <DB2EN>/<DB3EN> = 1. 
Data is transferred from register buffer to timer when a 
2n - 1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 
in double buffer enable state, unlike timer mode for 
timers 0 and 1. 
At reset, <DB2EN>I<DB3EN> is initialized to 0 to disable 
double buffer. To use double buffer, write the data in the 
timer register at first, then set <DB2EN>I<DB3EN> to 1 , 
and write the following data in the register buffer. 
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Up-counter 

Internal bus 

8-bit match detect 
PWM2n-loverflow 

L-,....Jr-T-- TREG2I3WR 

<OB2EN>I<OB3EN> 

Figure 3.8 (3). Structure of Timer Registers 2 and 3 

Note: The timer register and register buffer are allocated to the same memory address. When <DB2EN>I<DB3EN> = 0, the same value is written to both 
register buffer and timer register. When <DB2EN>1 <DB3EN> = 1 , the value is written to the register buffer only. 

Memory addresses of the timer registers are as fol­
lows: 

TREG2: 0OO026H 

TREGS: 0OOO27H 

Both timer registers are write only; however, register 
buffer values can be read when reading the above 
addresses. 

@ Comparator 

Compares the value in the up-counter with the value in 
the timer register (TREG2fTREGS). When they match, 
the comparator outputs the match detect signal. A 
timer interrupt (INTT2IINTTS) is generated at compare 
and match if the interrupt select bit <PWM01 NT>/ 
<PWM1 NT> of the mode register (pOMODIP1 MOD) is 
set to 1. In timer mode, the comparator clears the up­
counter to 0 at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 

@ Timer flip-flop 

The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval 
timer or 2n - 1 overflow. The value can be output to the 
timer output pin T02ITOS (also used as P721P7S). 
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POMOD b;\ Symbol 

(0028H) ReadlWr;\e 

After reset 

Function 

Read-modify-write is 

prohibited. 

TLCS-900 16-bit Microcontroller 

7 6 5 . 0 3 

FF2RD 
. 

DB2EN : PWMOINT ~ PWMOM T2CLKI T2CLKO : PWMOS 1 PWMOSO 

R W 

- . 0 0 0 0 
. 

Fhp-flop 'I; Double :0.2"-1 ,0. PWM • 00; "PI (ldO) 

(F/F2) Buffer2 ~nVt:::I: ~ode 01: ;P4(fcl16) 

output Enable ,ompiI,e ~~:; 10: ,sP16 (fcl64) 

data & miluh • 11 : Don't care 
Interrupt 

o 0 

, 00; 2'-1 

01; 27-1 

10: 28., 

11 : Don't (are 

I 
~_ Select PWMO cycle 

00 26-1 

01 27-, 

10 28-1 

1 1 Don't care 

- Select PWMO input clock 

00 ~ Pl (fel4) 

01 ~ P4 (fell 6) 

10 ;. P16 (fel64) 
....... ................. . .... . 

" Don't care 

select PWMO mode 

o PWMmode 

1 8-bittimer mode 

select PWMO interrupt 

o Overflow interrupt 
1 . ·c~·~·pa;~···a~·d···~~·tch· 

interrupt 

control double buffer 

o Disable 

, Enable 

L-________________ .... PWM timer Flip-flop2 (TFF2) 

output value (T02) 

Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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MCU900-514 

TLCS-900 16-bit Microcontroller 

4 o 
PIMOD bit Symbol FF3RD Da3EN : PWMIINT i PWMIM : T3CLKI TlCLKO: PWM151 : PWM150 

(0029H) R •• d/Write 

Aflerresel 

Function 

Read-modify-write IS 

prohibited. 

flip-flop 

(F/f3) 

output 

data 

o 
1: Double ~O: 2"-1 10: PWM 

: overflow: mode 
Buffer3 ~ Interrupt; 1: Timer 
Enable [1: Comp.,e· mode 

"d 

tn1erru t ; 

W 

00: ~PI (fcf4) 

01: ~P4(fcfI6) 

10: _PI6(fcl64) 

11 : Don't care 

00:2&·' 

01: 21·1 

10:28.1 

11 : Don't care 

I 
L Select PWMI cycle 

00 26·1 

01 27·1 

10 28-1 

11 Don't care 

- SelectPWMl input clock 

00 ~ Pl (fel4) 

01 "P4 (fel16) .............................. 
10 1> P16(fel64) ............................................... 
11 Don't care 

SelectPWMl mode 

o PWMmode 

8·bit timer mode 

Select PWM 1 interrupt 

o Overflow interrupy 

Compare and match 
interrupt 

Control double buffer 

o Disable 

enable 

L-_________________ PWM timer Flip·flop3 (TFF3) 

output value (T03) 

Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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PFFCR 
(002AH) ---bit Symbol 

ReadIWrite 

After reset 

function 

TLCS-900 16-bit Microcontroller 

FF3CI FF3CO 

W 

0 

00: Don't ear. 

01: SetTFF3 
10: Clea, TFF3 

1 1 : Don't care 

: FF3TRGI : FFJTRGO: FF2CI FF2CO i FF2TRG I : FF2TRGO 

R/W w R/W 

o o o o 
~oo : DiNble TFFJ inverted. ~ 00: Don't car. 
~Ol : Invert by match. 01: SetTFF2 

~oo : DIYbt. TFF2 invertltd. 

;01 : Invertby_t(h. 

:'0: Set by match; 
cle.r by ovtfflow. 

111 ! CI •• rbymatch; 
set by overflow. 

10: CiearTFF2 i II: Don't care 

J 

ltO : Set by mauh: 
1 (In, by overflow, 

1'1: CI •• rbymMch; 
: set by OVI',now. 

I 
Lselect PWM timer FIF2 (TFF2) trigger 

00 Disable TFF2 trigger. 

01 I"ven by compare and match. 

Set by compare and match . 

.... ~~ ... ~~~~.~.~~.~.'.!.~~.~.~: .................. . 
11 

Clear by COMPfire and match. 

Set by 2" -1 overflow. 

L.. ___ .- Control PWM timerF/F2 (TFF2) 

00 Don't care 

01 SetTFF2to ·1·, 

10 Clear TFF2 to ·0·, 

11 Don't care 

Select PWM timer 
FIF3 (TFF3) trigger 

00 Disable TFF3 trigger . ................................................................. 
01 Invert by compare and match. 

, .............................................................. .. 
Set by compare and match. 

10 Clearby2n- 1 overflow. 
cie~;·bY·~;;,·P;;e·~~d·;~i~h:·········· 

11 Set by 2"-1 overflow. 

L ______________ Control PWM timerF/F2 (TFF2) 

00 Don't care 

01 SetTFF3 to .,., 

10 ClearTFF3to ·0·. 

11 Don't care 

Figure 3.8 (6). 8-Bit PWM F/F Control Register 
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TRUN bit Symbol 

(0020H) R •• dlW,it. 

After reset 

Function 

PRRUN 

RIW 

TLCS-900 16-blt Microcontroller 

__ : TSRUN T4RUN P1RUN PORUN T1RUN TORUN 

RIW 

o 
·Presealer & Timer Run/Stop CONTROL 

0: Stop & Clear 

1: Run (Count up) 

I I I 
L.. 8-bit timer (timerO) operation 

---, 

1·<····I·~:~:~:·~·I.~a.'. .............................. . 
'---- 8-bit timer (timerl) operation 

---, 

1·~····I~~:~:·~·I~a.'. .............................. . 
1-____ 8-bit PWM timer (PWMDltimer2) operation 

I. 0 .1.:Stop & clear ................................................................. 
1 Count 

'-______ 8-bit PWM timer (PWMOItimer2) operation 

I. 0 -j-:Stop & clear ................................................................. 
1 Count 

L-________ 16-bit timer (timer4) operation 
---, 

I····~····-I-~::~~·~I.~a.'. .............................. . 
L-___________ 16-bit timer (timerS) operation 

---, 

1····~···I·~::~:·cl.~~'. .............................. . 

'-_______________ Prescaleroperation 

Stop & clear 

Count 

Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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The following explains PWM timer operations. 

(1) PWM timer mode 

Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 

PWM output changes under the following two condi­
tions. 

Condition 1 : 

• TFF2 is cleared to 0 when the value in the up­
counter (UC2) and the value set in the TREG2 

match. 

• TFF2 is set to 1 when a 2n - 1 counter overflow (n 
= 6, 7, or 8) occurs. 

PWMtiming 

[ 
PWM counter m·l X m 

Timing in Match detect 
detail 

2n-1overflow 
counter clear 

Match detect 

(~ Overall 
timing [ "'_'CO_ (Note) 

Timer f/F output 
(T02IT03) 

Condition 2: 
• TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 
• TFF2 is cleared to 0 when a 2n - 1 counter over 
flow (n = 6, 7, or 8) occurs. 

The up-counter (UC2) is cleared by a 2n - 1 counter 
overflow. 

The PWM timer can output 0% - 100% duty pulses 
because a 2n - 1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to 0 due to overflow (PFFCR 
<FF2TRG 1 , 0> = 1 , 0) must be set and 2n - 1 (value for 
overflow) must be set in TREG2. To obtain 100% out­
put (always high), the mode must be changed: PFFCR 
<FF2TRG 1, 0> = 1 ,1 then the same operation is 
required. 

~~ 2"-1 )(""20\ 0 J. 01 

n 
n 

(~ (~ 
Figure 3.8 (8). Output Waves in PWM Timer Mode 

Note: The above waves are obtained in a mode where the F IF is set by a match with the timer register [rREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 

fel2 

8·bit up-counter Clear 

POMOO<T2CLK1.0> 

T02 

lNTT2 

t 
POMOO<PWM01NT> 

Internal bus 

Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 

In this mode, enabling double buffer is very useful. The 
register buffer value shifts into TREG2 when a 2n -1 overflow 
is detected, when double buffer is enabled. 

Using double buffer makes handling small duty waves 
easy. 

MCU900-S18 

Match with TREG2 
2n., 

overflow 

TREG 2 
(Compared value) 

Register buffer 

n n 

0, 

(Up·counter = 02) 

~ift from reg~:er buffer 

(Up-counter = 01) 

it 
0, 

Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to T02 
pin using PWMO at fc = 20M Hz. 

39.68~ + 0.25~ = 127 = 27 -1. 

Consequently, set n to 7. 

TMP96C081F 

Since the low level cycle = 18.75~; for tfJP1 = 0.312~ 

I "'!--_.....Ir-I : 18.7Sps I ./ 
39.68ps 

18.751JS + 0.312 =60 = 3CH 

set the 3CH in TREG2. 

To implement 39.681JS PWM cycle by tfJ P1 = 0.312~ (@ 
fc=20MHz) 

7 6 5 4 3 2 0 

TRUN r- - x 0 Stops PWMO and clears it to O. 

POMOD r- - 0 0 0 0 0 0 Sets PWM (i -1) mode, input clock,pP1, overflow interrupt, and disables double buffer. 

TREG2 r- 0 0 1 1 1 0 0 Writes3CH. 

POMOD r- - 0 0 0 0 0 Enables double buffer. 

PFFCR r- - 0 Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow. 

P7CR r- x x x 
) Sets P72 as the T02 Pin: 

P7FC r- x x x x 

TRUN r- x Starts PWMO counting. 

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

Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 

2DMHz 
r-- Fomula 

,pP1 .,4 ,pP16 

26-1 26-1 - ,pPn 12.6j1'1ec 50.~ec 201j1'1eC 
(79kHz) (20kHz) (4.9kHz) 

i-1 27-1 -,pPn 25.4Jfiec 101.6j1'IeC 406j1'IeC 
(39kHz) (9.8kHz) (2.5kHz) 

28-1 28-1 -,pPn 51.0j1'leC 204.0j1'lec 816j1'1eC 
(20kHz) (4.9kHz) (1.2kHz) 
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(2) 8-bit timer mode 

Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 

7 6 5 4 3 2 

TRUN r x 0 

POMOO r 0 0 0 

TREG2 r 0 0 0 0 

INTEPW10 r 1 1 

TRUN r 

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

Select an input clock using the table below. 

0 

0 0 

0 0 

(j) Generating interrupts at a fixed interval 

To generate timer 2 interrupt (IN1T2) at a fixed interval 
using PWMO timer, first stop PWMO, then set the oper­
ating mode, input clock, and interval in the POMOD 
and TREG2 registers. Next, enable IN1T2 and start 
counting PWMO. 

Example: To generate a timer 2 interrupt every 32J1S 
at fo = 20M Hz, set registers as follows: 

Stops PWMO and clears it to O. 

Sets 8-bit timer mode and selects tW1 (0.2~) and 

compare interrupt. 

Sets 32!JS/O.2~ = AOH in timer register. 

Enables INTI2 and sets interrupt level 4. 

Starts PWMO counting. 

Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 

MCU900-520 

Inpul Clock Inlerrupl Cycle Resolulion (allc .20MHz) 

tW1 (4/fc) 0.215 - 51.215 0.2~ 

tW4(16/fc) 0.815 - 204.815 0.815 

tW16 (64lfc) 3.215 - 819.215 3.215 

Note: To generate interrupts in 8-bit timer mode. bit 5 Qnterrupt control bit <PWM01 NT>/<PWM1 NT> of 
POMODIP1 MOD) must be set to 1. 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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@ Generating a 50% square wave value to the timer output pin (T02). 

To generate a 50% square wave, invert the timer flip­
flop at a fixed interval and output the timer flip-flop 

Example: To output a 2.4f1S square wave at fc = 
20M Hz from T02 pin, set register as follows: 

6 5 3 2 0 
TRUN f- 0 Stops PWMO and clears it to O. 
POMOO f- 0 0 0 Sets 8-bit timer mode and selects tPf'1 (O.2J.lS) as the input clock. 

TREG2 f- 0 0 0 0 0 1 1 0 Sets 2.4IJS/O.2J.lS/2 = 6 in the timer register. 
PFFCR f- 0 0 Clears TFF2 to 0 and inverts using comparator output. 
P7CR f-

) Sets P72 as the T02 pin. 
P7FC f-

TRUN f- Starts counting PWMO. 

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

II)Pl 

TRUN --.l 
Up-counter _--....:O~l~-.J...:!.!..J...:::.::.-.A.::.~L.::.::...JI..=-~~II....:::::...J\-""'...A...::..::....JI..::.:::....,r.'-"':..:A.-==-.A..._ 

Comparator 
timing __ _ 

ite~~~~ -------------:1~ I..-f-------' 1... ____ _ 

UC clear --------------4;---' '--______ --' 1...-___ _ 

TFF2 ____________ ...J 

T02 ------------....,(.1.21'5 (@fC=16MHZ),r'-------

Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90Q-S21 
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TMP96C081F TLCS-900 16-blt Mlcrocontroller 

This mode is as shown in Rgure 3.8 (12) below. 

fd2 

MCU900-522 

TREG2I3WR 

Register write 

8·bit up (ounter 

(UC2/UO/ 

Internal bus 

attar 

TimerFJF 
~':':';"'-+--+I T02ITOl 

control 

1 t P!FtR<FF2Cl.0>1 
PFFCR<FFlCl.0> 

PFFCR<FF2TRGI.0>1 
PFFCR<FFlTRG1.0> 

Interrupt 

control 

t 

INTT2 
IINTT] 

POMOO<PWMOINT>I 
PIMOO<PWMIINT> 

Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC.' 
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3.9 16-Bit Timer 
The TMP96C081 F contains two (timer 4 and timer 5) multi­
functional 16-bit timer/event counter with the following opera­
tion modes. 

• 16-bit interval timer mode 
• 16-bit event counter mode 
• 16-bit programmable pulse generation (PPG) mode 
• Frequency measurement mode 
• Pulse width measurement mode 

• Time differential measurement mode 

Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con­
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis­
ters: T4MODIT5MOD, T4FFCR!T5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-S23 



TMP96C081F 

T4MOD 
<CAP12Ml, MO> 

114 

MCU900·524 

TLCS·900 16·bit Microcontroller 

Figure 3.9 (1). Block Diagram of 16·Bit Timer (Timer 4) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

T4MOD<CAP2TS. EQ5TS> 
T4FFCR 

8--T04 

~TOS 



TSMOD 
<CAP34Ml. MO> 

T16 

~'" 
1-1-
ZZ 

TLCS-900 16-bit Microcontroller 

T5FFCR 

Timer 

F/F 

f.-------J Selector 

...- TREG6·WR 

t 
T45CR<DB6EN> 

Upper byte Lower byte 

Internal bus 

Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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MCU90D-S26 

TLCS-900 16-bit Microcontroller 

T4MOD bit Symbol CAP2TS fQSTS CAPliN i CAP12Ml : CAP12MO : Clf 

RIW 

T4ClKl T4ClKO 

(0038H) ReadlWrite RIW w RIW RIW 

After reset o 
TFFSinverttrigger 10: Soft· :Capturetiming ~1: UC4 ! Timer4sourceclock 

0: Disable trigger l Capture ;OO:N~!S::~~.triH!edge. ;~:a~le 00: TI4 

1-"c:.:.::.En:::a::b::.:le:.:t::.:ri9",9",er,,-----<;1: ~:~'t :01: TI~T Tl51' 01: ~T1 
Invert ~Invert INT4occursatrlleedge. 10: ~T4 

whenthe :whenthe '101:N~::curS::f~lIedge. 11; ,,116 

~~;:d::s~~~~~e:terJ 11: TFFI t TFF1, 

CAP2 ~TREG5' INT4 occurut nse IIdge. 

Function 

I 

[ ;;mo,' ;0'" , •• 
00 External clock (T14) 

0' ~T1 (Slfc) 

'0 tlT4 (32Ifc) 

11 tlT16 (1281fc) 

Clearing the up-counter UC4 

o Clear disable 

Clear by match with TREGS. 

Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



T4MOD 
(0038H) -------

bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

CAP2T5 EQ5T5 CAPliN ~ CAP12Ml ,CAP12MO CLE T 4CLK 1 T 4CLKO 

R/W w R/W R/W R/W 

TFF5 invert trigger :0: Soft- :Capturetiming ;1: UC4 Timer 4 source clock 

00: Tl4 0: Disable trigger 
Capture :00: Disable Clear 

1: Enable trigger 01: ,Tl :1: don't : INTC occurs"t rJS~ edge. 

:01: Tl4f liST 

Enable 

Invert : Jnvert : 
when the : when the : 
UC value is: up-counter: 
loaded to ~ matches . 
CAP2 :TREG5 

care 
10: .. T4 

11: .. T16 

tNT4 occurs at TlSe edge 

:10: 114f T14.1 

~ INT4oc:curutf.U edge 

:11: TH'1 TfflJ. 
INT4oCCUfU't tlSe edge. : 

~'~"m ... 
00 

01 

10 

11 

Capture control 

Capture disable 

CAPl atTI4 rise 

CAP2 at TI5 rise 

INT4 control 

Interrupt occurs 
..... at the rise edge ..J­

of TI4 (INT1) 
input . 

CAP 1 atTI4 rise 
.. ... ... ··Iii"teiri..ipt"occi.ii$··~···· 

at the fall edge '­
of TI4 (INTl) 
input. CAP2 at TI4 fall 

CAPl at TFFl rise 

CAP2 at TFFl fall 

~~tth~U~i!~ii~~~; ..J 
of Tl4 (INT1) 
inDut. 

L--., Software capture 

a The up-counter4 value is loaded to CAPl 
(software capture). 

Always read as "1". 

'--------_ Timer flip-fiop 5 (TFF5) invert trigger 

... Tr.i.!l!1.er~.isa.~I~.(lnver~Prohibitio.n} 
Trigger enable (Invert permission) 

CAP2TS : Invert when the up-counter value is loaded to CAP2 
EQ5T5 : Invert when the up-counter matches TREG5 

Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (2/2) 

TMP96C081F 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-S27 
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MCU900-528 

TLCS-900 16-bit Microcontroller 

T4FFCR bit Symbol TFFSCI TFF5CO 

(0039H) Re.dIW,ito W 

Aherreset 

Function 

00: Invert TFf5 

01: Set TFF5 

10: Cle., TFF5 

11: don't ear. 

o 

Always read as .. , , •. 

4 

CAP2T4 CAP1T4 EQ5T4 

rvw 
o 

EQ4T4 

rvw 
TFF~Cl TFF4CO 

rvw rvw W 

o 
tTfF4inverttrigger 100: Invert TfF4 

10: Disable trigger ~Ol : Set TFF4 

11: Enabietrioger j10: Clear TFF4 
;-.----:-=--.,----,----i;,1: don't ear. 
~nvertwhen ; Invert when ;Invertwhen ~nvertwhen 

the uC val.,. : the UC value ;the UC ~the UC ~,. Always read as 

~s loaded to is ICNded to lmatches lmat(hel ~ .". 

(APl : CAP 1 ;TREG5 ;YREG4 

I 
. l Timer flip-flop 4 (TFF4) control 

00 Inverts the TFF4 value (software inversion). 

01 Sets TFF4 to "1". 

10 Clear TFF4 to "0". 

11 Oon't care (Always read as "II") . 

...... Timer flip-flop 4 (TFF4) invert trigger 

CAP2T4 : 
CAP1T4 : 
EQ5T4 
EQ4T4 : 

o Trigger disable (Invert prohibition) 

Trigger enable (Invert permission) 

Invert when the up-counter value is loaded to CAP2 
Invert when the up-counter value is loaded to CAPI 
Invert when up-counter matches TREG5 
Invert when up-counter matches TREG4 

Timer flip-flop 5 (TFF5) control 

00 Inverts the TFF5 value (software inversion). 

01 SetTFF5 to "I". 

10 CiearTFF5to ·0". 

11 Don't care (Always read as "II".) 

Figure 3.9 (5), 16-Bit Timer 4 F/F Control (T4FFCR) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



T5MOD 
(OO48H) 

TLCS-900 1S-bit Microcontroller TMP9SC081F 

----bit Symbol ---............ .---...... 
ReadlWrite 

After reset 

Function 

• 

CAP31N , CAP34M 1 ~ CAP34MO , elE TSCLK 1 TSClKO 

W fVW fVW fVW 

)0: Soft- :Capture timing 
Capture iOO: Disable 

Timer 5 source clock 

00: Tl6 
don't 
care 

. INT60ctun at rise edge 

~O,: T16t TI1t 
: INT60ccurs at me edge. 
:10: Tl6t Tl61 
~ INT6 ottun at faU edge 
~ 11 : TFF 1 t TFf 1 L. ~ 
: INT4oc(urutriseedge. i 

Enable 

I 

[ ,;~,' moo' ,",' 

01: +T1 

10: 1T4 

111: +T16 

00 External clock (Tl4) 

01 ¢T1 (8Ifc) 

10 ¢T4 (32/fc) 

11 ¢T16 (128/fc) 

Clearing the up-counter UC5 

o Clear disable 

Clear by match with TREG7 

Figure 3.9 (S). 1S-Bit Timer Mode Control Register (T5MOD) (1/2) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-529 
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MCU900-530 

TLCS-900 16-bit Microcontroller 

TSMOD bit Symbol _________ __ 

(0048H) Re.dlW"te 

After reset 

CAP31N : CAP34M 1 : CAP34MO ' CLE 

RIW 

T5CLK 1 T5CLKO 

w RIW RIW 

:0: Soft- : Capture timing ~1: ucs 1 TimerS source clock 

Capture iOO I:N~~S:,~~~s at rI~e edge. ~~:a~le 00: TI6 
1: don't :Ol:Tl6t T17t 01:;T1 

INT6 occurs at me edge 
'10: TI6t T16! 
: INT6 occur, at fall edge 

: 11: TFFI f TFFq . 
i INT4 occurs iJt "S(~ litdge. • 

2:",."m'~ 
10: ;T4 

11: .T16 

Capture control INT4 Control 

00 Capture disable Interrupt occurs 
.......... 

at the rise edge 
CAP3 at TI6 rise 

0' of TI6 (INT6) ...J 
CAP4 at TI7 rise input. 

rtiteri"upro'ffuYS'" 
CAP3 at TIG rise at the fall edge L 

10 of TI6 (INT6) 
CAP4 atTI6 fall input. ........... Interrupt··oec·u,,· 
CAP3 at TFF' rise at the rise edge 

11 
CAP4 atTFF 1 fall 

of TI6 (INT6) 
input. 

_ Software capture 

The up-counter 5 value is loaded to CAP3. 

Always read as ., •. 

Figure 3.9 (7). 16-Bit Timer Control Register (T5MOD) (212) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



T5FFCR 
(0049H) --bit Symbol 

ReadlWrite 

After reset 

Function 

~ 

TLCS-900 16-bit Microcontroller 

.............. CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6CI TFF6CO 

RIW RIW RIW RIW W 

~ TFF6 invert trigger 100: Invert TFF6 

~O:Disabletrigger ~Ol:Set TFF6 

~1: Enabletrigger ;'0: Clear TFF6 
~==:":;':~::""-.,----,-,----i; 11: don'teart 
:Invert when ;Invert when ; Invert when : Invert when : 

~the UC value !the UCv.lue :the UC jth .. UC :* Always read as 

: islo.ded to ~i5 loaded to : mat(hes ; mat(hes "1'" 

=CAP4 :CAP3 : TREGT : TII.EG6 

CAP4T6 : 
CAP3T6 : 
EQ7T6 
EQ6T6 

I 
l Timer flip-flop 6 (TFF6) control 

00 Inverts the TFF4 value (software inversion). 

01 SetsTFF6to·1". 

10 Clear TFF6 to ·0·. 

" Don't care (Always read as .".). 

~ Timer flip-flop 6 (TFF6) invert trigger 

Trigger disable (Invert prohibition) 

Trigger enable (Invert permission) 

Invert when the up-counter value is loaded to CAP4 
Invert when the up-counter value is loaded to CAP3 
Invert when up-counter matches TREG7 
Invert when up-counter matches TREG6 

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (T5FFCR) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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MCU900-532 

TLCS-900 16-bit Microcontroller 

4 

T4SCR bit Symbol ,__ ___ -........... PG1T PGOT DB6EN DB4EN 

(003AH) ReadlW,ite RIW 

Afterreit!t 

Fixat "0" 

RIW 

o o 
jPG 1 shift ;PGOshift 
~Trlgg.r !Trigger 
~:8bit ~O:8bit ~o: Disable 
! Timer Trigger!Tlmer TmjJge,i 1: Enable 
~(TlmerD. 1) l{TimerO. 1) ;,-~ Do---:ub-:-Ie-"'~ O-o-u'"'bl-.-I 
;1: 1iblt. p: 16M lbufferof ibufferof 
; Time, TlIgge'~Time, Tngverj TREG6 : TREG4 
~(Timer5) timer4) . 

I 
l Double buffer countrol 

I .. ··~· .. l;~:~: .... · .. · .. ·· ...... · .... · .. · .... · .......... ··· .... · .. ···· .. · .. · .... · .. ·1 
DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 

Figure 3.9 (9). 16-Bit Timer (Timer 4,5) Control Register (T45CR) 

4 o 
TRUN bit Symbol PRRUN -........... T5RUN T4RUN P1RUN PORUN TlRUN TORUN 

(0020H) ReadlW,ito RIW RIW 

After reset 

Presealer & Timer Run/Stop CONTROL 

0: Stop & Clear 

1 : Run (Count up} 

L Operation of 16-bit timer (timer4) 

I"'~""l~:o:~:~,~,~!~~,~"""",,,,,,,,,,,,,,,,,,,,,,,,, ·· .... · .... · .. ·· .. · .... ·1 
L. __ • Operation of 16-bit timer (timerS) 

I····~····I·~::~:~·~·~I~~.'....· .... · ...... ·· .. ·· .... · .. · .... ·I 
Operation of prescaler 

Figure 3.9 (10). Timer Operation Control Register (TRUN) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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(j) Up-counter (UC4IUC5) 

UC4/UC5 is a 16-bit binary counter which c9unts up 
according to the input clock specified by T 4MOD 
<T4CLK1, 0> or T5MOD <T5CLK1, 0> register. 
As the input clock, one of the internal clocks 4J Tl (81 
fc), 4J T4 (32/fc), and 4J T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from Tl4 
pin (also used as P80/INT4 pin) or Tl6 (also used as 
P84/INT6 pin) can be selected. When reset, it will be 
initialized to <T4CLK1, 0>/<T5CLK1, 0> = 00 to select 
Tl4m6 input mode. Counting or stop and clear of the 
counter is controlled by timer operation control register 
TRUN <T4RUN, T5RUN>. 
When clearing is enabled, up-counter UC4/UC5 will be 
cleared to zero each time it coincides matches the 

TREG4 

Upper 8 bits I Lower 8 bits 

0OOO31H 0OOO30H 

TREG6 

Upper 8 bits I Lower 8 bits 

000041H 0OOO40H 

TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled 
or disabled. : disabled when <DB4EN, DB6EN> = 0, 
while enabled when <DB4EN, DB6EN> = 1. 
When the double buffer is enabled, the timing to trans­
fer data from the register buffer to the timer register is 
at the match between the up-counter (UC4/UC5) and 
timer register TREG5ITREG7. 
When reset, it will be initialized to <DB4EN, DB6EN> = 
0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1, and then write the following 
data in the register buffer. 
TREG4, TREG6 and register buffer are allocated to the 

timer register TREG5, TREG7. The "clear enable/dis­
able" is set by T4MOD <CLE> and T5MOD <CLE>. 
If clearing is disabled, the counter operates as a free­
running counter. 

® Timer Registers 

These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4IUC5 matches 
the set value of this timer register, the comparator 
match detect signal will be active. 
Setting data for timer register (TREG4, TREG5, TREG6 
and TREG7) is executed using 2 byte date transfer 
instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 

TREG5 

Upper 8 bits I Lower 8 bits 

0OOO33H 00OO32H 

TREG7 

Upper 8 bits I Lower 8 bits 

0OOO43H 0OOO42H 

same memory addresses 000030HlOOOO31 HI 
0000400H/OOOO41 H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1, the value 
is written into only the register buffer. 

® Capture Register 

These 16-bit registers are used to hold the values of 
the up-counter. 
Data in the capture registers should be read by a 2-
byte data load instruction or two l-byte data load 
instruction, from the lower 8 bits followed by the upper 
8 bits. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-533 
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TMP96C081F TLCS-900 16-bit Microcontroller 

CAP 1 

Upper 8 bits Lower 8 bits 

0OOO35H 0OOO34H 

CAP 3 

Upper 8 bits Lower 8 bits 

0OOO45H 0OOO44H 

@) Capture Input Control 

This circuit controls the timing to latch the value of up­
counter UC4/UC5 into (CAP1 , CAP2)/(CAP3, CAP4). 
The latch timing of capture register is controlled by reg­
isterT4MOD <CAP12M1, 0>1T5MOD <CAP34M1, 0>. 

• When T4MOD <CAP12M1, 0>1T5MOD 
<CAP34M1, 0> = 00 

Capture function is disabled. Disable is the 
default on reset. 

• When T4MOD <CAP12M1 , 0>1T5MOD 
<CAP34M1, 0> = 01 

Data is loaded to CAP1 , CAP3 at the rise edge 
of TI4 pin (also used as PSO/INT 4) and TI6 pin (also 
used as PS4/1NT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge ofTI5 pin (also used as 
PS1/1NT5 and TI7 pin (also used as PS5IlNT7) input. 
(Time difference measurement) 

• When T4MOD <CAP12M 1, 0>1T5MOD 
<CAP34M1, 0> = 10 

Data is loaded to CAP1 at the rise edge of TI4 
pin input and to CAP3 at the rise edge of T16, while to 
CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT41lNT6 occurs at fall edge. (Pulse width 
measurement) 

• When T 4MOD <CAP12M1 , 0>1T5MOD 
<CAP34M1, 0> = 11 

Data is loaded to CAP1 , CAP3 at the rise edge of timer 
flip-flop TFF1 , while to CAP2, CAP4 at the fall edge. 
Besides, the value of up-counter can be loaded to 
capture registers by software. Whenever "0" is written 
in T4MOD <CAPIN>, T5MOD <CAP31 N> the current 
value of up-counter will be loaded to capture register 
CAP1/CAP3. It is necessary to keep the prescaler in 
RUN mode (TRUN <PRRUN> to be "1 "). 

CAP 2 

Upper 8 bits Lower 8 bits 

0OOO37H 0OOO36H 

CAP 4 

Upper 8 bits Lower 8 bits 

0OOO47H 0OOO46H 

® Comparator 

These are 16-bit comparators which compare the up­
counter UC4/UC5 value with the set value of (TREG4, 
TREG5)/(TREG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTI4, INTI5)/(INTI6, INTT7) respectively. The up­
counter UC4/UC5 is cleared only when UC4/UC5 
matches TREG5ITREG7. (The clearing of up-counter 
UC4/UC5 can be disabled by setting T 4MOD <CLE>I 
T5MOD <CLE> = 0.) 

® Timer Flip-Flop (TFF4ITFF6) 

This flip-flop is inverted by the match detect signal from 
the comparators and the latch signals to the capture 
registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>1T6FFCR <CAP4T6, CAP3T6, EQ7T6, 
EQ6T6>. TFF4ITFF6 will be inverted when "00" is writ­
ten in T4FFCR <TFF4C1, 0>1T6FFCR <TFF6C1, 0>. 
Also it is set to "1" when "10" is written, and cleared to 
"0" when "10" is written. The value of TFF4ITFF6 can 
be output to the timer output pin T04 (also used as 
PS2) and T06 (also used as PS6). 

\l) Timer Flip-Flop (TFF5) 

This flip-flop is inverted by the match detect signal from 
the comparator and the latch signal to the capture reg­
ister CAP2. TFF5 will be inverted when "00" is written 
in T4FFCR <TFF5C1, 0>1T6FFCR <TFF6C1, 0>. Also it 
is set to "1" when "10" is written, and cleared to "0" 
when "10" is written. The value of TFF5 can be output 
to the timer output pin T05 (also used as PS2). 

Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4. 

MCU900-534 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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(1) 16-bit Timer Mode 

Timers 4 and 5 operate independently. 
Since both timers operate in exactly the same way, 

6 5 4 3 2 

TRUN ~ 0 

INTET54 ~ 0 0 

T4FFGR ~ 0 0 0 0 

T4MOD ~ 0 0 0 0 1 

(**=01,10,11) 

TREG5 ~ 

TRUN ~ 

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

(2) 16-bit Event Counter Mode 

In 16-bit timer mode as described in above, the timer 
can be used as an event counter by selecting the 
external clock (T14fT16 pin input) as the input clock. To 
read the value of the counter, first perform "software 
capture" once and read the captured value. 

7 6 4 3 2 

TRUN ~ 0 

P8GR ~ 

INTETS4 ~ 0 0 0 

T4FFGR ~ 1 0 0 0 0 

T4MOD ~ 0 0 0 0 

TREGS ~ 

TRUN ~ 

0 

0 

0 

0 

0 0 

1 

0 0 

timer 4 is used for the purposes of explanation. 
Generating interrupts at fixed intervals: 

In this example, the interval time is set in the timer reg­
ister TREG5 to generate the interrupt INTIR5. 

Stop timer 4. 

Enable INTTRS and sets interrupt level 4. Disables 

INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 

Set the interval timer (16 bits). 

Start timer 4. 

The counter counts at the rise edge of TI4fTI6 pin 
input. 
TI4fTI6 pin can also be used as P80/lNT4 and P841 
INT6. 
Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 

Stop timer 4. 

Set P80 to input mode. 

Enable INTTRS and sets interrupt level 4, while 

disables INTTR4. 

Disable trigger. 

Select Tl4 as the input clock. 

Set the number of counts (16 bits). 

Start timer 4. 

Note: When used as an event counter, set the prescaler in RUN mode. 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-535 
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(3) 16-bit Programmable Pulse Generation (PPG) Output 
Mode 

The PPG mode is obtained by inversion of the timer 
flip-flop TFF4 that is to be enabled by the match of the 
up-counter UC4 with the timer register TREG4 or 5 
and to be output to T04 (also used as P82). In this 
mode, the following conditions must be satisfied. 

Since both timers operate in exactly the same way, 
timer 4 is used for the purposes of explanation. 

(Set value of TREG4) < (Set value of TREG5) 

6 5 4 3 2 0 

TRUN (- 0 Stop timer 4. 

TREG4 (- Set the duty (16 bits). 

TREG5 (- Set the cycle (16 bits). 

T45CR (- 0 Double buffer of TREG4 enable. 

(Changes the duty and cycle at the interrupt INTIR5) 

T4FFCR (- 0 0 0 0 Set the mode to invert TFF4 at the match with 

TREG4/TREG5, and also sets TFF4 to "0". 

T4MOD (- 0 0 0 0 1 Select internal clock for input and disables the capture function. 

(**=01,10,11) 

P8CR (-
) Assign P82 as T04. 

P8FC (- x 
TRUN (- Start timer 4. 

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

MatchwlthTREG4 ~ 

;~~~;;;~:;~~---.... : : '-~~~~~:-----
T04pin _ r 

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 

MCU900-536 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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When the double buffer of TREG4 is enabled in this 
mode, the value of register buffer 4 will be shifted in TREG4 

at match with TREG5. This feature makes easy the handling of 
low duty waves. 

Match with TREG4 

Match with TREGS 

TREG4 
(value to be 
compared) 

Register buffer 

n n 
~u~p-~c~0~un~teLr=-Q~,------------~U~p--c-o-u-n~ter=~~Q-2---------

--------Q--, --------~~ "'" ;, .. ~. ":' 
1l' 

_________________ Q2 __________________ -JX~ ____ Q_3 ___ _ 

Write into the TREG4 

Figure 3.9 (12). Operation of Register Buffer 

Shows the block diagram of this mode. 

T04 (PPG output) TOS 

Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-537 
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(4) Application Examples of Capture Function (j) One-Shot Pulse Output from External Trigger Pulse 

The loading of up-counter (UC4) values into the cap­
ture registers CAP1 and CAP2. the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CP5. and the output of TFF4 status to T04 
pin can be enabled or disabled. Combined with inter­
rupt function. they can be applied in many ways. for 
example: 

Set the up-counter UC4 in free-running mode with the 
internal input clock. input the external trigger pulse 
from T14 pin. and load the value of up-counter into 
capture register CAP1 at the rise edge of the TI4 pin. 
Then set to T 4MOD <CAP12M1 • 0> = 01. 
When the interrupt INT4 is generated at the rise edge 
of TI4 input. set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d). and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREG5 (= c + d + pl. 
When the interrupt INT4 occurs the T4FFCR <EQ5T4. 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREG5. When interrupt INTTR5 occurs. this 
inversion will be disabled. 

(j) One-shot pulse output from external trigger pulse 

® Frequency measurement 

@ Pulse width measurement 

® Time difference measurement 

MCU900-538 

( Set the counter in free-running mode. 

(ou nt cI ock .JlIlJIllIlfL 1IIUIflIL J\flflJl 1lflIUl 
(internal clock} c ---- c+d -- c+d+p-- ---

TI4 pin input ---J L--
(external trigger pulse) .~ Load the up-counter value into Capture • ! Register 1 (CAP1) INT4 occurred ~ 

Match with TREG4 --:------,£.IL-------f---
Inversion r INTTRS occlrred 

enable 
Match with TREGS --+-:O'"'"is"".b-:"I.-S i,.-nv-.-:rsi'"on4-i----+lL----·I----

caused by loading 
: of the up-counter 

Timer output pin T04 _..;:;;."....;v"'.I"'u."'ln""to:.;C:;.;A:;..Pl:.;..---l 

Delay time : Pulse width :...:1---'---_1 :_.--~ 
(d) (p) 

Figure 3.9 (14). One-Shot Pulse Output (with Delay) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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Setting Example: To output 2ms one-shot pulse with 3ms delay to the extemal trigger pulse to T14 pin. 

Main setting 

T4MOD f-

T4FFCR f-

PBCR f-

P8FC f-

INTE4S f-

INTETS4 f-

TRUN f-

Setting of INT 4 

[:;iR : 
bTET54 f-

Setting of INTS 

~4FFCR f-

bTET54 f-

a 
I 

a a 
I 

a a a 

CAP1 + 3msll/lT1 

TREG4 + 2ms!</lT1 

a a 

a a a 

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

: Keep counting (Free-running). 

I I Count with </lT1. 

a a 
" Load the up-counter value into CAP1 at the rise edge of Tl4 pin input. 

a a 
I I " Clear TFF4 to zero. 

Disable TFF4 inversion. 

) Select P82 as the T04 pin. 

a a Enable INT 4. and disables INTTR4 and INTTRS. 

a a a 
Start ti mer 4. 

'-----'------" Enable TFF4 inversion when the up-counter value matches TREG4 or S. 

a a 

Enable INTTRS. 

Disable TFF4 inversion when the up-counter value matches TREG 4 or S. 

Disable INTTRS. 

When delay time is unnecessary, invert timer flip-flop 
TFF4 when the up-counter value is loaded into capture register 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse 
width(p) to TREG5 when the interrupt INT4 occurs. The TFF4 

inversion should be enabled when the up-counter (UC4) value 
matches TREG5, and disabled when generating the interrupt 
INTTR5. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-539 
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Count dock 
(internal ciock) 

TI4 pin input 
(external trigger pulse) 

Match with TREG5 

Timer output pin T04 

Enables inversion (aused 
by loading of the up­

counter value into CAPl 

TLCS-900 16-bit Microcontroller 

.JJlUlIlIUL __ JUIIIJl _ _ _ -.llIlllJIll __ _ 
c c+ 

"INTIRS 
occurred 

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

, ~,------------7----------, ' 
l_---~----- .... I 
I (p) .1 Disables inversion caused by loading of 

the up-counter value into CAP2. 

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

@ Frequency Measurement of Timer 4. The value of the up-counter is loaded into 
the capture register CAP1 at the rise edge of the timer 
flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1). and 
into CAP2 at its fall edge. 

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

Countclo(k ~ 
{Internal clock} (1 --

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

__ JUUUl _____ _ 
C2 

,."",",,, ",,:::: 4L..::C':"'1 ____ .;..\:i -C2-----rfL..!:C.!...1 ____ .;...~,i -C2-
lo,dong UC16 ,nlo CAP2 ~.....l,.....;.,------------~IL..:::"---______ ""';_:"-__________ ---l~ 

TNTTOIINTT1 ~ n h L 

Figure 3.9 (16). Frequency Measurement 

For example, if the value for the level "1" width of TFF1 
of the 8-bit timer is set to 0.5 sec. and the difference 

between CAP1 and CAP2 is 100. the frequency will be 
100/0.5[s] = 200[Hz]. 

MCU900-S40 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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@ Pulse Width Measurement 

This mode allows measuring the "H" level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is input through the TI4 pin. 
Then the capture function is used to load the UC4 val­
ues into CAP1 and CAP2 at the rising edge and falling 

edge of the external trigger pulse respectively. The 
interrupt INT4 occurs at the falling edge of T14. 
The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the inter­
nal clock cycle. 
For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, 
the pulse width will be 100 x 0.8 = 80 microseconds. 

Count clock 
(Internal dock) 

-.lIflIIIUL __ _ 
Cl ,...-_____ C.,2 

=:j" .r¢=J,:~~" ~ 
TI4pin 
(external pulse) 

loadingUC16intoCAP2 --------":~-iIL---------~L..----
n n 

loading UC16 into CAPt 

INT4 

Figure 3.9 (17). Pulse Width Measurement 

Note: Only in this pulse width measuring mode (f 4MOD <CAP12M1 , 0> = 10), external interrupt INT 4 occurs at the falling edge of TI4 pin input. In other 
modes, it occurs at the rising edge. 

The width of "L" level can be measured from the differ­
ence between the first C2 and the second C1 at the 
second INT 4 interrupt. 

@ Time Difference Measurement 

This rnode is used to measure the difference in time 
between the rising edges of external pulses input 
through TI4 and T15. 
Keep the 16-bit timer/event counter (Timer 4) counting 

(free-running) with the internal clock, and load the UC4 
value into CAP1 at the rising edge of the input pulse to 
T14. Then the interrupt INT4 is generated. 
Similarly, the UC4 value is loaded into CAP2 at the ris­
ing edge of the input pulse to T15, generating the inter­
rupt INT5. 
The time difference between these pulses can be 
obtained from the difference between the time counts 
at which loading the up-counter value into CAP1 and 
CAP2 has been done. 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. MCU900-541 
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Count dock 
(internal clock) 

TI4 pin input 

TIS pin input 

Loading UC16 into CAP1 

Loading UC16 into CAP2 

INn 

INn 

TLCS-900 16-bit Microcontroller 

_JIJIJIJIJL __ _ _ JlflJIJIJL ____ _ 
C1 C2 

, 

j • Time difference r 

Figure 3.9 (18). Time Difference Measurement 

(S) Different Phased Pulses Output Mode 

In this output mode, signals with any different phase 
can be outputted by free-running up-counter UC4. 

When the value in up-counter UC4 and the value in 
TREG4 (TREGS) match, the value in TFF4 (TFFS) is 
inverted and output to T04 (TOS). 
This mode can only be used by 16-bit timer 4. 

Counter 
(free-running) 

Match with TREG4 

Match with TREG5 

T04 

T05 

Figure 3.9 (19). Phase Output 

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

1/IT1 

1/IT4 

1/IT16 

MCU900-S42 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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3.277ms 
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3.10 Stepping Motor Control/Pattern Generation Port 
TMP96C1411TMP96CM401TMP96PM40 contains 2 chan­
nels (PGO and PG1) of 4-bit hardware stepping motor controV 
pattern generation (herein after called PG) which actuate in 
synchronization with the (8-biV16-bit) timers. The PG (PGO 
and PG1) are shared in 8-bit I/O ports P6. 

0- b7 
t 

PG03 
1·2 excitation 

• 1/2 excita 

~I SA03 I • t 
b6 PG02 

f 
+ 

~~I SA02 I 
~ t 

! b5 PGOI 
c 

+ 
t 

~ SAOI I 
t, 

b4 PGOO I 

• 
~I SAOO I 

"'" 

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

The PG ports are controlled by control registers 
(PG01 CR) and can select either stepping motor control mode 
or pattem generation mode. Each bit of the P6 can be used as 
the PG port. 

0 
on 

0 

0 

P63/PG03 
(P67/PG13) 

P62/PG02 
(P661PGI2) 

P61/PGOI 
(P65/PGll) 

P601PGOO 
(P641PG10) 

Figure 3.10 (1). PG Block Diagram 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-543 
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PG01CR 
(OO4EH) 

MCU900-544 

-----bit Symbol PArt 

ReadlWrite 

After reset 

PGlwrite 
mode 

0: 8bit 
Function write 

1: 4bit 
write 

TLCS-900 16-bit Microcontroller 

C(WI PG1M PGHE PATO CCWO PGOM PGOTE 

R/W R/W 

iPG1 ~PGl mode fPGl ~PGOwrite ~PGO :PGOmode :PGO 
:Rotaing ~(excitatjonrtrigger imode ~Rotaing l(exdtationY:trigger 
jdirection :0: lexcltation:input 10: Sbit ldirection ;0: lexcitatloriinput 

:0: Normal i ienable write ~O: Normal: ienable 
. rotation· 2e)l(ltllltlo~O: disable rotation 1 2excitatio~O: disable 
j':Reverse~1:1'2 :':enable ~1:4bit 11:Reverse ;1·2 :,: enable 

rotation ~ elicItatIon: write rotation ~ excItation: 

I I I I 

L PGO Trigger input enable 

o Trigger input disable to PGO 

Trigger input enable to PGO 

'---- Set the operation mode of PGO 

o 1 or 2 excitation (full step) 

1-2 excitation (halfstep) I PG mode 

L-____ • PGO (stepping motor control) 
Rotaing direction control 

o Normal rotationJ PG mode 

Reverse rotation 

Selecting PGO write mode 

OS-bit write 

4-bit write I PG mode 
(Only shifter alternate register can be 

written.) 

Figure 3_10 (2a). Pattern Generation Control Register (PG01 CR) 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



PG01CR 
(OO4EH) 

-----bit Symbol PATl 

Read/Write 

After reset 

PGlwrite 
mode 

0: Sbit 
Function write 

1: 4bit 
write 

TLCS-900 16-bit Microcontroller 

CCWI. PG1M PG1TE PATO CCWO PGOM PGOTE 

R/W • R/W 

:PGOwrite :PGO :PGO mode :PGO 
:mode fRotaing f(excitationf:trigger 

'PGl ;PG 1 mode ?G 1 
~Rotaing ~(excitationrtrigger 
:direction :0: l~ltc'tat!on:lnput 
~O: Normal : !enable write 

;0: Sbit idirection ~O: '.If(ltat,o~input 

:1: 

• 

I 

rotation: 1_ 
Reverse ~ . 
rOlation: 

I 

;0: Normal· :enable 
2ellcitatlOn:O: disable 
1·2 ~l:enable ~1:4bit 

write 

: rotation!,_ !e;"tatlo~o; disable 
~1: Reverse: . - :1: enable 

rotation ~ .)lcll.t,on: 

I I 

'- PG1 trigger input enable 

o Trigger input disable to PG1 

Trigger input enable to PG 1 

Set the operation mode of PG 1 

o 1 or 2 excition (full step) 

1-2 excitation (half step) I PG mode 

L.... ______ ... PG1 (stepping motor control) 
Rotaing direction control 

o Normal rotation I PG mode 

Reverse rotation 

Selecting PG1 write mode 

o 8-bit write 

4-bit write I PG mode 
(Only shifter alternate register can be 

written.) 

Figure 3.10 (2b). Pattern Generation Control Register (PG01 CR) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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PGOREG 
(004CH) --------bit Symbol 

Read/Write 

After reset 

Function 

, , 
Prohibit Read 
modify write 

PG1REG 
(004DH) --------bit Symbol 

Read/Write 

After reset 

Function 

, . 
Prohibit Read 
modify write 

MCU900-546 

TLCS-900 16-bit Microcontroller 

7 6 5 4 3 2 1 0 
~ 

PG03 
• 

PG02 PG01 PGOO SA03 • SA02 SA01 SAOO 

W R!W 
0 

, 
0 0 : 0 Undefined 

Pattern Generation 0 (PGO) output latch register Shift alternate register 0 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

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

7 ! 6 5 4 3 : 2 I 1 0 

PG13 
• 

PG12 PG11 PG10 SA13 ! SA12 
• 

SA11 SA10 

W R!W 
0 

• 

0 0 i 0 Undefined 

Pattern Generation 1 (PG1) output latch register Shift alternate register 1 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 

Figure 3.10 (4). Pattern Generation 1 Register (PG1 REG) 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



T45CR 
(003AH) 

----bit Symbol 

ReadlWrite R/W 

After reset 

Fill at "0· 

* Always 
read as 

Function "0' 

TLCS-900 16-bit Microcontroller 

~ __ -..............' PGIT PGOT DB6EN D84EN 

R/W 

?G15h1ft lPG05hift ~ Double buffer 
~rlgger :tr19ge, ~ 0: Disable 
9:B-bittlmer :O:8-b,ttlme, j 1: Enable 

; ;;:!~:~. 1) : :;:!~%. 1) ~'":D::-o'-u"'"b"I.-:-i O=-o'-u"'"b"le-l 
~:16-blttimer:l:16bittimer: buffer of : buffer of 

[trigger : tflgger ~ TREG6 ; TREG4 
(timerS) (tlmer4) 

.--------'1 I 
L Double buffer control 

Ip;p·[r~s:~~p, 

DB6EN : Double buffer ofTREG6 
DB4EN : Double buffer ofTREG4 

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

1····;····I·;.~~:i:~~::~~:;::~~7~:~·~;)····· 
Selecting PG 1 shift trigger 

· .. · .... 1 

L.. __________ • Write "0" to this bit, when this register is modified. 

Figure 3.10 (5). 16-bit Timer Trigger Control Register (T 45CR) 

TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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8-Bil timer 
:(timerO, 1) 

, 16-1!it timer 4 

116-8it timer 5 

~,~elect ,'_,', []: PGO,· EJc:J: Port60-63 

t 
PGOT 

PGlT 

Figure 3.1 0(6).. Connection of Timer and Pattem Generator 

(1) Pattern Generation Mo.de 

PG functions asa pattern generatien according to the 
setting o.f PG01CR <PAT1 >/PATO>.ln this mede, writ­
ing from CPU is executed only on the shifter alternate 
register. Writing a new data should be dene during the 
interrupteperatien o.f the timer for shift trigger, and a 
pattern can be o.utput synchronous with the timer. 

In this mede, set PG01CR <PGOM> and <PG1M> to 
1, and PG01CR <CCWO> and <CCW1> to. O. 
The o.utput o.f this pattern generator is output to. port 6; 
since port and functions can be switched on a bit basis 
using port function co.ntrol register P6fC, any port pin 
can be assigned to. pattern generator output. 
Figure 3.10 (7) shows the bleck diagram o.f this mode. 

:~:::tem.ne feglste" _"':':';'++-.J\ __ '-!'!'_;-\-...J\ __ !!.Z...!-;4-...J\ __ !!.Z.=-;4-..J\._n~'~" 3~ 

15A03-60') 

Example of pattern generation mode 

MCU900-548 TOSHIBA AMERICA ELECTRONIC COMPONENTS, lNC. 
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f 

Shift alternate register I PG03 
I Dr~~~ I 

BUs31 5A03 I 
I 

I PG02 
I PG02 
I (P62) 

I 

~BUs21 5A02 I port 

.. I 
c:: 

r I PGOI 
PGOI I (P61) 

c:: 

-BUslI SA01 I 
I 

I PGOO 
PGOO I (P60) 

I 

BUsilI 5AOO I 
1 

Shift due to the shift trigger from timer 

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

In this pattern generation mode, only writing the output 
latch is disabled by hardware, but other functions do the same 
operation as 1-2 excitation in stepping motor control port 

mode. Accordingly, the data shifted by trigger signal from a 
timer must be written before the next trigger signal is output. 

TOBHIBA.AMERICA ELECTRONIC COMPONI!!NTS, INC. MCU900-549 
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(2) Stepping Motor Control Mode 

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

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

MCU900-550 

Trigger signal 
from timer ~ n n n n n 

PGOO(P60) 
: b4 b7 1b6 Ib5 b4 

PGOI (P61) 
: b5 b4 b1 Ib6 Ib5 

PG02(P62) r;--]b5 b4 b1 Ib6 

PG03(P63) ~b6 Ib5 b4 b1 

Initial value PGOREG .... 0100)C x )( x 

Note; bn indicale. the initial value .rPGOREG ... b7 b6 b5 b4 X X X X 

Q) Normal Rotation 

Trigger lignal 
from timer ,-.--Jl n n n n n 

PGOO(P6D) 
: b4 b5 1b6 Ib7 b4 

PGDI (P61) ~b6 Ib1 b4 b5 

PGD2(P62) ~b7 b4 bS 1b6 

PGD3(P63) 
, b1 b4 b5 Ib6 Ib1 

Initial value PGOREG .... 0100 x x x x 

@ Reverse Rotation 

Figure 3.10 (8). Output Wavefonns of 4-Phase 1-Step Excitation 
(Nonnal Rotation and Reverse Rotation) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 
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Trigger signal 
from timer ~ n n n n n rL. 

~b7 b6 IbS b4 L PGOO (P60) 

. bS b4 I b7 b6 I bS 
PGOI (P61) 

PG02 (P62) ~b5 b4 Ib7 b6 

PGOJ (P6J) :b7 b6 I bS b4 I b7 I 

Initial value PGOREG ~ 1100 )( x x x 

Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 

The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PG01 CR 
<CCWO>: Normal rotation (PGOO ~ PG01 ~ PG02 ~ 
PG03) when <CCWO> is set to "0"; reverse rotation 
(PGOO f- PG01 f- PG02 f- PG03) when "1". Four-phase 

Shift aiternate Register 

b7 

~ bJ 
SA03 

:J 

.!l b6 

b2 SA02 

bS 

c bl SA01 

b4 

bO SAOO 

1-step excitation will be selected when only one bit is set 
to "1" during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 
set to "1". 

The value in the shift altemate registers are ignored 
when the 4-phase 1-step/2-step excitation mode is 
selected. 

Figure 3.10 (10) shows the block diagram. 

OPG03 (P63) 

OPG02 (P62) 

OPG01 (P61) 

OPGOO(P60) 

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

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 
(Normal Rotation) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-551 
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® 4-Phase 1-2 Step Excitation Figure 3.10 (11) shows the output waveforms of 4-
phase 1 -2 step excitation when channel 0 is selected. 

MCU900-552 

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

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

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

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

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

Initial value PGOREG if- 11001000 

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

Q) Normal Rotation 

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

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

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

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

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

Imtlal value PGOREG if- 10001100 

® Reverse Rotation 

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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TLCS-900 16-bit Microcontroller TMP96C081F 

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

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

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

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

:J 

.0 

"' c 

c 

Shifter alternate 
register 

~7 

~I SA03 1J1.. 

b6 

~I SA02 1J1.. 

~5 

~I SA01 1J1.. 

, 

, 

, 

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

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

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

Rgure 3.10 (12) shows the block diagram. 

PGOOutput 

I .fl.. 
PG03 PG03 (P63) 

3 

JL 

PG02 PG02 (P62) 

t 

JL 

PG01 PG01 (P61) 

+ 

JL 

~4 --I PGOO PGOO (P60) 

~I SAOO 

• 
JJ1.. 

t 

JL IS shOWing to shl ft the signal at the rising 
edge of trigger signal from the timer. 

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel a (PGO) by 4-phase 1-2 
step excitation (normal rotation) when 

7 6 5 4 3 2 

TRUN f-

TMaD f- a 0 a 

TFFCR f- a a 

TREGO f-

P6CR f-

P6FC f-

PG01CR f- 0 1 

PGOREG f- 0 0 0 0 

TRUN f-

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

(3) Trigger Signal From Timer 

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

0 

0 

1 

0 

1 

0 

timer a is selected, set each register as follows: 

Stop timer 0, and clears it to zero. 

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

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

Set the cycle in timer register. 

Set P60 - P63 bits to the output mode. 

Set P60 - P63 bits to the PG output. 

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

Set an initial value. 

Start timer O. 

not equal to the trigger signal of timer flip-flop (TFF1 , 
TFF4, TFF5, and TFF6) and differs as shown in Table 
3.10 (1) depending on the operation mode of the timer. 

Table 3.10 (1) Select of Trigger Signal 

TFF1 Inversion PG Shift 

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

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

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

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

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

Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4fTimer 5. In this case, the PG shift trigger 
signal from the 16-bit timer is output only when the up­
counter UC4/UC5 value matches TREG5fTREG7. 
When using a trigger signal from Timer 4, set either 

T4FFCR <EQ5T4> orT4MOD <EQ5T5> to "1" and a 
trigger is generated when the value in UC4 and the 
value in TREG5 match. When using a trigger signal 
from Timer 5, set T5FFCR <EQ7T6> to 1. Generates a 
trigger when the value in UC5 and the value in TREG7 
match. 

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

(4) Application of PG and Timer Output To drive a stepping motor, in addition to the value of 
each phase (PG output), synchronizing signal is often 
required at the timing when excitation is changed over. 
In this application, port 6 is used as a stepping motor 
control port to output a synchronizing signal to the 
TOl pin (shared by P7l). 

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

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

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

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

PG03 (P63) ---.J 

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

Setting example: 

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

) Assign P71 as T01. P7FC ~ x 
P6CR ~ 

) Assign P60 - 63 as PGO. P6FC ~ 

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

Note: x; don't care -; no change 
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3.11 Serial Channel 
TMP96C141 ITMP96CM40ITMP96PM40 contains two serial II 
o channels for full duplex asynchronous transmission (UARl) 

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

• I/O interface mode 
(channel 1 only) 

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

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

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

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

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

MCU900·556 

• Mode 0 (1/0 interface mode) 

___ Transfer direction 

• Mode 1 \I-bit UART mode) 

• Mode 2 (8-bit UART mode) 

• Mode 3 (9-bit UART mode) 

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

Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans­
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

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

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

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

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 

detected to be normal at least twice in three samplings. 
When the transmission buffer becomes empty and 

requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SCOCRlSC1 CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen­
erator, which can set any baud rate by dividing the frequency 
of four clocks (¢TO, ¢T2, ¢T8, and ¢T32) from the internal pres­
caler (shared by 8-bitl16-bit timer) by the value 2 to 16. 

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

3.11.1 Control Registers 
The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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MCU900-558 

seOMOD 
(OO52H) 

-------bitSvmbol 

ReadlWrite 

After reset 

Function 

7 

TBOB 

Transfer 

data 
BitS 

TLCS-900 16-bit Microcontroller 

• 
CTSEO 

Hand 

shake 

eTS 
diWlble 

1: CTS 
enable 

RXEO WUO SMOI SMOO seOI SCOO 

RIW 

o 
Receiving ~ Wake up [Serial transmission 

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

~erial transmission 
klock (UART) 

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

»0: TOO Trigger 

!Ol: baud rate 
, generator 

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

pl: don't care 

I 
L Serial transmission clock (UART) 

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

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

11 don't care 

L--... Serial transmission mode 

00 Can not be used 

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

Wake-up Function 

9~bitUART 

Interrupt when 

data are received 

1 Interrupt only 

when RB8= 1 

Receiving Function 

Receive Disable 

1 Receive Enable 

Other mode 

don'teare 

Hand shake function (CfS Pin) enable 

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

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

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

---------
bit Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

RB08 EVE NO 

Received Parity 

data 0: Odd 
BitS t: Even 

PEO OERRO PERRO FERRO SCLKO lOCO 

~ R (cleared to Zero when read) 

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

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

; Gener.,tor 0: Disablei .. 

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

. (l.-)Pin input 

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

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

--.. Edge selection in SClK pin input mode 

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

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

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

Overrun error flag 

Enable parity addition 

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

Addition I check of even parity 

.... HI 

L-_____________ • Receving data bitS 

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

Figure 3.11 (3). Serial Control Register (Channel, SCOCR) 

TMP96C081F 
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MCU9OG-560 

--BRoeR bit5vmbol 
(OOS3H ReadIWrite 

Aft.rreset 

Fixal"O· 

Function 

TLCS-900 16-blt Microcontroller 

: BROCK I : BROCKO j BROS3 BROS2 BROS 1 BROSO 

o j 

i 00: ~TO (fcl4) 

01: ~T2 (fclI6) 

10: ~TB (fc/64) 

11: ~T32(fcl2S6) 

Setting of the Divided frequency 

I 
L Setting of the divided frequency 

of baud rate generator 

0000 16 divisions 

0001 Don't set 

0010 2to 15 divisions 
I 

1111 

'----_ Selecting the input clock of 

baud rate generator 

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

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

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

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

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

seOBUF 
(SOH) 

7 6 S 4 3 2 1 

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

7 6 S 4 3 2 I 0 

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

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

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

After,eset 

Function 

TLCS-900 16-bit Microcontroller 

TBIB RXEI WUI SMII SMIO SCI I SCIO 

RIW 

0 0 

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

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

!Do: TOO Trigger 

~1: Baud rate 
generator 

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

il0: Internal clock 4It 1 

!II: don't core 

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

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

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

11 don't care 

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

t....-. Serial transmission mode 

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

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

-----. Wake up Function 

9-BitUART 

o Interrupt when 

data are received 

Interrupt only 

whenR88.1 

Receiving control 

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

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

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SCi MOD) 
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MCU900-562 

TLCS-900 16-bit Microcontroller 

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

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

Function 

Received Parity Parity 

data 0: Odd addition 
Bit8 1: Even 0: 

1: Enable 

. 

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

:generator 

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

• ("L) IPin input 

. ' 

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

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

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

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

Transmits and receives ( j 
data at raise edge of SCLK 

Transmits and receives ( ~) 

data at fall edge of SClK 

~ FramingerrorfJag 

Parity error flag 

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

Enable parity addition 

} 
Cleared to Zero 
when read 

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

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

L _____________________________ Receiving data bit 8 

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

Figure 3.11 (7). Serial Control Register (Channel 1, SC1 CR) 
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BR 1 CR bot Symbol 

(0057H) R •• dlW';te 

After reset 

Function 

Fixal "0": 

: BR1CKl BRICKO, BR1S3 BR1S2 BR1Sl BR1S0 

, 00: ;TO(fel4) 

, 01: ;T2(felI6) 

, 10: ;T8(fel64) 

f 11: ;T32 (fel2S6) ~ 

PJW 

Setting of the Divided frequency 

I 
L Setting of the divided frequency of baud rate 

generator 

0000 16 divided 

0001 Don't set 

0010 

S 2 to 5 divisions 

1111 

Selecting the input clock of baud rate generator 

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

11 Internal clock ;T32 (fcl256) 

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

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

7 4 0 

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

SCIBUF 
(OO54H) 

7 6 4 2 0 

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

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

TMP96C081F 

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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MCU900-564 

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

Prohibit Read 
modify write 

TLCS-900 16-bit Microcontroller 

~, P9SF 

w 
o 

0: PORT: 

1: ~CLKI : 

P93F 

W 

• 
P92F 

W 

o 
0: PORT : 0: PORT 

I:TxDl 1:~CLKO 

P90F 

W 

o 
: 0: PORT 
: I:TxDO 

I 

Setting P93 as TxDl output 

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

HI ::~~;"':~~:~~il·i~~;~~tl 

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

6 3 

ODE bit ~ymbol 
(0058H) R •• dlW,it. 

ODEI ODEO 

RIW 

P93 P90 

'0: CMOS iO: CMOS 

i1: OPEN :1: OPEN 
Drain l Drain 

I 
l Setting P90 as Open-drain output 

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

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

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

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

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

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

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

Figure 3~ 11 (12). Block Diagram of the Serial Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 

MCU900-566 

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

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

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

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

1/0 interface mode 

SClKl 01, .:: , 
input 

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

SCLKI 
Output 
(Shared 
by P9S) 

SIOCLK 

Figure 3.11 (13). Block Diagram ofthe Serial Channel 1 
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CD Baud Rate Generator 

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

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

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

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

• UARTmode 

Transfer rate = 

• I/O interface mode 

Transfer rate = 

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

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

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

I/>T32 = fc/256 

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

Transfer rate = fc/16 + 16 
5 

= 12.288 x 106/16/5/16 = 9600 (bps) 

Table 3.11 (1) shows an example of the transfer rate in UART mode. 
Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 

timerO. 

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

Unit (kbps) 

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

9.830400 2 76.800 19.200 4.800 1.200 

i 4 38.400 9.600 2.400 0.600 

i 8 19.200 4.800 1.200 0.300 

i 0 9.600 2.400 0.600 0.150 

12.288000 5 38.400 9.600 2.400 0.600 

i A 19.200 4.800 1.200 0.300 

14.745600 3 76.800 19.200 4.800 1.200 

i 6 38.400 9.600 2.400 0.600 

i C 19.200 4.800 1.200 0.300 

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-567 



TMP96C081F TLCS-900 16-bit Microcontroller 

Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock I/IT1) is Used) 

Unit (Kbps) 

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

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

3H 32 31.25 16 

4H 24 19.2 12 

5H 19.2 9.6 

8H 12 9.6 6 

AH 9.6 4.8 

10H 6 4.8 3 

14H 4.8 2.4 

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

Transfer rate = fc 
TREGOx8x16 

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

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

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

® Serial Clock Generation Circuit 

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

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

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

2) Asynchronous Communication (UARl) mode 

According to the setting of SCOCR and 
SC1 CR <SC1, 0>, the above baud rate gen­
erator clock, intemal clock 1/11 (SOO Kbps @fc 
= 16 MHz), or the match detect signal from 
timer 0 will be selected to generate the basic 
clock SIOCLK. 

® Receiving Counter 

The receiving counter is a 4-bit binary counter used in 
asynchronous communication (UAR!) mode and 
counts up by SIOClK clock. Sixteen pulses of SIOClK 
are used for receiving one bit of data, and the data bit 
is sampled three times at 7th, 8th and 9th clock. 
With the three samples, the received data is evaluated 
by the rule of majority. 
For example, if the sampled data bit is "1", "0' and "1" 
at 7th, 8th and 9th clock respectively, the received data 
is evaluated as "1". The sampled data "0', "0" and "1 n 

is evaluated that the received data is ·0'. 

@ Receiving Control 

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

When in SClK1 output mode with the 
setting of SC1CR <IOC> = "0", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SClK pin. 

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

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

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

® Receiving Buffer 

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

SIOClK 

unless the receiving buffer 2 (SCOBUF/SC1 BUF) is 
read before all bits of the next data are received by the 
receiving buffer 1, an overrun error occurs. If an over­
run error occurs, the contents of the receiving buffer 1 
will be lost, although the contents of the receiving 
buffer 2 and SCOCR <RB8> SCi CR <RB8> are still 
preserved. 
The parity bit added in 8-bit UART mode and the most 
significant bit (MSB) in 9-bit UART mode are stored in 
SCOCR <RB8>/SC1CR <RB8>. 
When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1 MOD <WU> to "1", and interrupt INTRXOI 
INTRX1 occurs only when SCOCR <RB8>/SC1 CR 
<RB8> is set to "1". 

® Transmission Counter 

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

15 16 ,~ 2 

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

Figure 3.11 (14). Generation of Transmission Clock 

tV Transmission Controller 

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

In SClK output mode with the setting of SCi CR 
<IOC> = "0", the data in the transmission buffer are 
output bit by bit to TxD1 pin at the rising edge of shift 
clock which is output from SClK1 pin. 
In SClK input mode with the setting SC1CR <IOC> = 
"1", the data in the transmission buffer are output bit 

by bit to TxD1 pin at the rising edge or falling edge of 
SClK input according to the setting of SCi CR 
<SClKC> register. 

2) Asynchronous Communication (UARl) mode 

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

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

ated, requests the next send data to the CPU. 

Though there is no RTS pin, a handshake function can 
be easily configure9J2Y. setting any port assigned to the 
RTS function. The RTS should be output "High" to 
request data send halt after data receive is completed 
by a software in the RXD interrupt routine. 

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

96C081 qo;cnR 1 

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

'------' 
Receiver Sender 

Figure 3.11 (15). Handshake Function 

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

trammission buffer . ~ 

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

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

~~~ SIOCLK 

~' 
n II n TxDCLK j ,i 

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

II 

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

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

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

® Parity Control Circuit 

When serial channel control register SCOCR <PE>I 
SC1 CR <PE> is set to "1". it is possible to transmit 
and receive data with parity. However. parity can be 
added only in 7 -bit UART or 8-bit UART mode. With 
SCOCR <EVEN>/SC1 CR <EVEN> register. even (odd) 
parity can be selected. 
For transmission. parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF. and data are transmitted after being stored in 
SCOBUF dB7>/SC1 BUF dB7> when in 7 -bit UART 
mode while in SCMOD dB8>/SCMOD <TB8> when 
in 8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmis­
sion buffer. 
For receiving. data is shifted in the receiving buffer 1. 
and parity is added after the data is transferred in the 
receiving buffer 2 (SCOBUF/SC1 BUF). and then com­
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 

(jJ) Generating Timing 

1) UARTmode 

Receiving 

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

@> Error Flag 

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

1. Overrun error <OERR> 

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

2. Parity error <PERR> 

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

3. Framing error <FERR> 

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

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

Transmitting 

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

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

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

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

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

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

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

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

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

Output 
extension 

TMP96C081 

TxD 

SCLK 

Port 

Shift register 

f--- SI 

r--
I----' 

SCK 

RCK 

TC74HC595 or 
the like 

A 
B 
C 
D 
E 
F 
G 
H 

Input 
extension 

TMP96C081 

RxD 

SCLK 

Port 

i-

----

Shift register 

QH 

CLOCK 

siC 

TC74HC165 or 
the like 

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

Output port 
extension 

TMP96C081 

TxD 

SCLK 

Port 

Shift register 

-SI 

...... .-- SCK 

- - RCK 

A 
B 
C 
D 
E 
F 
G 
H 

Input port 
extension 

TMP96C081 

RxD 

SCLK 

Port 

Shift register 

-- QH 

-- CLOCK 

- :- Sir 

A 
B 
C 
D 
E 
F 
G 
H 

A 
B 
C 
D 
E 
F 
G 
H 

TC74HC595 or TC7 4HC 165 or 

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

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

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

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

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

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

Figure 3.11 (19). Transmitting Operation in 1/0 Interface Mode (SCLK Output Mode) 

In SCLK output mode. 8-bit data are output from TxD1 
pin when SCLK input becomes active while data are 
written in the transmission buffer by CPU. 

When all data are output. INTES1 <ITXlC> will be set 
to generate INTTX1 interrupt. 

SelKinput 
(SelKe = 0: Rising edge mode) 

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

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

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

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

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

IRX1C 

SCLK 

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

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

In SCLK input mode, the data is shifted in the receiving 
buffer 1 when SCLK input becomes active, while the 
receive interrupt flag INTES1 <lRX1 C> is cleared by read­
ing the received data. When 8-bit data is received, the 

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

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

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

Timing to shift data 
in the receiving 
buffer 2 

Generate _ 
INTRXl nL __ _ 

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

Note: For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = "1") 
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(2) Mode 1 (7 -bit UART Mode) 

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

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

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

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

7 6 5 4 3 2 

P9CR f- X X 

P9FC f- x x X x 

SCOMOD f- 0 0 0 

SCOCR f- x x 0 

BROCR f- 0 0 0 0 

TRUN f-

INTESO f- 0 0 

SCOBUF f-

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

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

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

0 

0 

) Select P90 as the TxD pin. 

Set 7-bit UART mode. 

Add an even parity. 

Set transfer rate at 2400 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Set data for transmission. 

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

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

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

6 

P9CR ~ 

SCDMOD ~ 0 

SCDCR ~ 0 

BROCR ~ 0 

TRUN ~ 

INTESO ~ 

Inlerrupt processing 

Acc ~ SCOCR and 00011100 

If Acc * 0 then ERROR 

Acc~SCOBUF 

5 4 3 2 

0 

0 0 

1 x 0 

0 0 0 

0 

) Check for error. 

Read the received data. 

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

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

The 9-bit UART mode can be specified by setting 
SCOMOD <SM01,OO>/SC1 MOD <SM11,l 0> to "11". 
In this mode, parity bit cannot be added 
For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SCl BUF. 

f T 
TxD RxD TxD RxD 

Master Slave 1 

0 

0 

1 

0 

TxD 

Select P91 (RxD) as the input pin. 

Enable receiving in a-bit UART mode. 

Add an odd parity. 

Set transfer rate at 9600 bps. 

Start the prescaler for the baud rate generator. 

Enable INTTXO interrupt and sets interrupt level 4. 

Wake-up function 

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

T 

I 1 
RxD TxD RxD 

Slave 2 Slave 3 

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

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

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

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

Select code of slave controtler 

@) Each slave controller receives the above frame, and 

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

its own select code. 

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

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

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

The slave controllers (WU = 0) can transmit data 
to the master controller, and it is possible to indicate 
the end of data receiving to the master controller by 
this transmission. 
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Setting Example: To link two slave controllers serially the internal clock 1/11 (fc/2) as the transfer clock. 
with the master controller, and use 

.J 

t 1 1 
TxD RxD TxD RxD TxD RxD 

Master Slave 1 Slave 2 

Select code Select code 
00000001 00001010 

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

• Setting the master controller 

Main setting 

P9CR f- x x 

P9FC f0- x x 

INTESO f- 0 

SCOMOD f- 0 

SCOBUF f- 0 0 0 

INTIXO interrupt 

SCOMOD f- 0 

SCOBUF f-

• Setting the slave controller 2 

Main selling 

P9CR f- x 
P9FC f-

ODE f-

INTESO f-

SCOMOD f- 0 

INTRXO interrupt 

Ace f- SCOBUF 

II Ace = Select Code 

Then SCOMOD4 

x 

0 

0 

0 

0 

0 0 

x 

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

0 Enable INTTXO and sets the interrupt level 4. 

Enable INTRXO and sets the interrupt level 5. 

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

0 0 Set the select code for slave controller 1. 

Set TBBto "0". 

Set data for transmission. 

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

o 

o Enable INTRXO and INTTXO. 

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

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

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

Internal bus 

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

Analog input INTAD 
interrupt 

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

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

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

VREf 0-------1 

AGND 01--------1 

(ADREGO to AOREG3) 

DlA converter 

Figure 3.12 (1). Block Diagram of AID Converter 

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

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

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

AID 'AID 

: (onvenlon 

End Flag : BUSY Flag 

" END ~ 1: BUSY 
Function 

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

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

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

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

~ 

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

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

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

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

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

AID conversion busy flag 

······1 
AID conversion end flag 

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

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

Normal Scan mode Normal Scan mode 

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

... ..... 

10 AN2 ANO-+AN 1-+AN2 10 

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

Figure 3.12 (2). AID Control Register 
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ADREG04L 
(0060H) 

ADREG04H 
(0061 H) 

ADREG15L 
(0062H) 

ADREG15H 
(0063H) 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

---------bit Symbol 

Read/Write 

After reset 

Function 

TLCS-900 16-bit Microcontroller TMP96C081F 

7 6 5 4 I 3 2 1 0 

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

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

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

R 

Undefined 

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

7 6 5 4 , 3 2 1 I 0 
i 

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

Undefined I I 1 1 I , I 1 1 

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

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

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

R 

Undefined 

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

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

L 

ADREG2H 
(0065H) 

ADREG3L 
(0066H) 

ADREG3H 
(0067H) 

~ 
bitSymboJ 

ReadlWrite 

After reset 

function 

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

ReadlWrite 

After reset 

Function 

-----bit Symbol 

ReadlWrite 

After reset 

function 

-----bit Symbol 

ReadfWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

7 6 . 5 4 3 2 1 0 

ADR21 
, 

ADR20 

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

Undefined 1 1 1 1 1 1 

Lower 2 bits of AID result for AN2 are stored. 

7 6 5 4 3 2 1 0 

ADR29 ADR28 : ADR27 ADR26 ADR2S ADR24 ADR23 ADR22 

R 

Undefined 

Upper 8 bits of AID result for AN2 are stored. 

7 6 5 4 3 2 1 
, 

0 

ADR31 ADR30 

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

Undefined 1 1 1 1 1 1 

lower 2 bits of AID result for AN3 are stored. 

7 6 5 4 3 2 1 0 

ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32 

R 

Undefined 

Upper 8 bits of AID result for AN3 are stored. 

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

ADBS 
(OOSFH) -----

7 6 5 
. 

4 3 2 1 0 

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

ReadIWrite 
,. 

RIW 

After reset :- 0 

Function 

• 
• 

• • 

'O:ANO-3 

.1:AN4-S 

I 
L. Analog input channel select 

I I Normal I Scan mode 

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

I 1 I AN4-S I AN4->AN5 

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

(1) Analog Reference Voltage 

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

(2) Analog Input Channels 

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

(3) Starting AID Conversion 

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

(4) AID Conversion Mode 

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

(5) AID Conversion Speed Selection 

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

(6) AID Conversion End and Interrupt 

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

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

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

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

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

(7) Storing the AID Conversion Result 

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

(8) Reading the AID Conversion Result 

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

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

[ INTEOAO 

ADMOD 

INTAD routine 

[:~ ~ 
(OOFF10H) r 

ADREG3 

> 6 
WA 

o 
o 

o 
o o 

Enable INTAD and sets interrupt level 4. 

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

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

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

Writes contents of WA in memory at FF10H. 

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

INTEOAD r 1 0 0 Disable INTAO. 

ADMOD x o o 

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

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

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

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

watchdog timer detects a malfunction, it generates a non­
maskable interrupt to notify the CPU of the malfunction, and 
outputs 0 externally from watchdog timer out pin WOTOUT to 
notify the peripheral devices of the malfunction. 

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

RESET 
WOMOO<RESET> 

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

; (lcl2)- Watchdog timer 
22-stage binary counter 

Reset 
~-"""'--WDMOD 

<WDTE 

Reset 
HALT~--"t----t--------~ 

(Stop or Idle mode) 
4EH B1H 

Write Write 

IcJ4 Reset 

Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses I/J (fc/2) as the input clock. There are four outputs from the 
binary counter: 216/fc, 218/fc, 220/fc, and 222/fc. Selecting one 
of the outputs with the WDMOD register generates a watch­
dog interrupt, and outputs watchdog timer out when an over­
flow occurs. 

be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writing a clear code 4EH in the WDCR reg· 
ister). In other words, the WDTOUT keeps outputting "0" until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin intemally. In this case, the watchdog timer out pin 
(WDTOU1) outputs 0 at 8 to 20 states (8oons to 2.01lS @ 

20MHz) and resets itself. 
Since the watchdog timer out pin (WDTOU1) outputs "0" 

due to a watchdog timer overflow, the peripheral devices can 

WDT Counter _n:.:.--_-J~'--___\~,;i---'x 0 

WDT Interrupt ____ ---'rI .. ______ ~_:__-\"'I--------
clearcodeofwri~e ~ 

WDTClear 

(Soft w;:~OUT -----.L-. _________ -I:I-: __ ---oJ 

Figure 3.13 (2). Normal Mode 

Overflow 
WDTCounter --'.:.-______ S=a.-_______ -II,I-\ ______ _ 

WDT Interrupt ____ ---Jr-1 .. _______ --I'.",i-______ _ 

Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 
Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 

(1) Watchdog Timer Mode Register (WDMOD) 

<D Setting the detecting time of watchdog timer 
<WDTP> 

This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WDMOD <WDTP1 , 0> = 00 when reset, and 
therefore 216/fc is set. (The number of states is approxi­
mately 32,768). 

® Watchdog timer enable/disable control register 
<WDTE> 

When reset, WDMOD <WDTE> is initialized to "1" 
enable the watchdog timer. 

• Disable control 

[ 
WDMOD 

WDCR 

~ 0 
~ 0 

• Enable control 
Set WDMOD <WDTE> to "1". 

WDCR ~ 0 o 0 

x 

000 

o 

To disable, it is necessary to clear this bit to "0' and 
write the disable code (81 H) in the watchdog timer control 
register WDCR. This makes it difficult for the watchdog 
timer to be disabled by runaway. 

However, it is possible to retum from the disable 
state to enable state by merely setting <WDrE> to "1". 

@ Watchdog timer out reset connection <RESCR> 

This register is used to connect the output of the 
watchdog timer with RESET terminal, intemally. Since 
WDMOD <RESCR> is initialized to 0 at reset, a reset by 
the watchdog timer will not be performed. 

(2) Watchdog Timer Control Register (WDCR) 

This register is used to disable and clear the binary 
counter of the watchdog timer function. 

Clear WDMOD <WDTE> to ·'0'. 

Write the disable code (B1H). 

• Watchdog timer clear control 
The binary counter can be cleared and resume 

counting by writing clear code (4EH) into the WDCR reg­
ister. 

Write the clear code (4EH). 
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• bit Symbol wore WDTPI WDTPO WARM! HALTMO! HALTMO RESCR DRVE 
WDMOD ReadlWrite RIW 
(005CH)~A~tt~er~r~e,~e~tt-~~,,~~~~~~~~~~~~~~~~-,~~~~~~~ 

Function 

WDT 

control 

1: Enable 

iselect detecting time lwarming jStandby mode 1: 1: 

JOD: 2'6/fc 

~Ol: 218/fc 

:10: 220/fc 

j 11: 221ftc 

[Uptime 
[00: RUN mode :lntern;,lIy : Drive the 

i01: STOP mode : connects : pin even in 

=0: 214/fc 
~10: IDLE mode :WDToutto : sroP mode 

! 1: 216/fc 
h,: Don'teare j the ,eset pinj 

,---lr;::::=====-I_~I I 
I C DRVE (explanation by ,top mode) 

L WatchdoQ timer out control 

o -
Connects WDT out to a reset 

~ _ Select the standby mode HALT instruction 

00 RUN mode (Only the CPU stops) 

01 STOP mode (All circuits stop) 

10 IDLE mode (Only the oscillator operates) 

11 Don't care 

Select the detecting period of watchdog 
timer 

o 2 14/1c(approx.1.0ms@16MHz) 

1 216/fc (approx. 4.1ms@16MHz) 

Select the detectil1.Q time of watchdoo timer 

00 216/fc (approx. 4.1ms@16MHz) 

01 218/fc(approx.16ms@16MHz) .................................... 
10 220ffc (approx. 66ms@16MHz) 

............................................... 
11 222ftc (approx. 262ms@16MHz) 

Watchdog timer Enable I Disable control 

Disable 

Enable 

Figure 3.13 (4). Watchdog Timer Mode Register 
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bit Symbol 

WDCR ReadlWrite W 
W05DH)~~~~--------------------~~------------------~ 

After reset 

B 1 H : WOT dis.able code 

4EH : WOT clear code 
Function 

L Disable/dearWOT 

81H Disable code 

4E H Clear code 

Others 

Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 
The watchdog timer generates interrupt INlWD after the 
detecting time set in the WDMOD <WDTP1, 0> register and 
outputs a low level signal. The watchdog timer must be zero­
cleared by software before an INlWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INlWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INlWD Interrupt and it is possible to return to normal oper-

Example: CD Clear the binary counter 

WOCR (- 0 o 0 

ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices' resets, a CPU 
malfunction can also be acknowledged to other devices. 

The watchdog timer restarts operation immediately after 
resetting is released. 

The watchdog timer stops its operation in the IDLE and 
STOP modes. 

The watchdog timer stops when a bus is released or 
intemal DMAC is operating. 

o Write clear code (4EH). 

® Set the watchdog timer detecting time to 218/fc 

MCU90D-S90 

WOMOO (- 1 0 

@ Disable the watchdog timer 

WOMOO (- 0 

WOCR (- 1 0 

@ Set IDLE mode 

WOMOO (- 0 

WOCR (- 1 0 

Executes HALT command 

x x 

x x 
000 

o x 
000 

@ Set the STOP mode (warming up time: 216/fc) 

WOMOO (- - o x 

Executes HALT command 

Clear WOTE to "0". 

Write disable code (81 H). 

Oisables WOT and sets IOLE mode. 

Set the standby mode 

Set the STOP mode. 

Execute HALT instruction. Set the standby mode. 
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3.14 Direct Memory Access Controller (DMAC) 

3.14.1· Outline 

The Direct Memory Access Controller (DMAC) is a peripheral 
circuit used to directly access memory in more than one 
mode. The DMAC enables direct data transfer between the 
internal and the externaillOs of the TMP96C081 without inter­
fering with the CPU operation, thus contributing to system effi­
ciency. 

The DMAC has four independent built-in channels. Pro­
grammable channel control registers support three transfer 
modes and two address specification methods. Auto-initializa­
tion is also supported. This enables repeated DMA transfers, 
by automatically returning the values previously set in the regis­
ters at the completion of one data transfer. 

Also supported are: 

• incremenVdecrement of transfer source and destination 
address 

• accesses necessary for the DMAC built into the MCU, such 
as access to fixed addresses and access in 1/0 mode (see 
3.14.4 (4) Address specification). 

Channels have the following capabilities: 

maximum number of transfer blocks: 64K words 
maximum address area: 16M bytes 

3.14.2 Features 

• Four independent DMA channels 
• Transfer speed at 20M Hz: 

Single address transfer: 
extemal memory ~ external 1/0, 5M bytes (words)/s 
extemal memory ~ internal 1/0, 5M bytes/s 
internal memory ~ external 1/0, 3.3M bytes/s 

Dual address transfer: 
8 ~ 8 or 16~ 16 bit transfer, 2.5M bytes (word)/s 
8 ~ 16 or 16~ 8 bit transfer, 3.3 M bytes (word)/s 

• Three transfer modes; byte, demand, and continuous 
• Transfer between memories or between memories and II0s 
• Independent auto-initialization for each channel 
• Programmable address incremenVdecremenVfixed 1/0 

mode 
• Control of enable/disable for each DMA request 
• Three methods of ending transfers: completion of specified 

number of transfers, end of process by external circuit, and 
data match detect 

• DMA request by software 
• Report of transfer end to CPU by interrupt 
• Channel priority can be rotated 
• Transfer between ROM and RAM in different bus sizes 

3.14.3 Circuit Configuration and Related Pins 
The circuit configuration 

Note: An asterisk* next to the pin name represents a 
channel number. 

(1) DREQ* 
Input pin used for DMA start requested by an external 
circuit. 

(2) DACK* 
Output pin used respond to DMA start requested by 
an external circuit. 

(3) TC* 
Output signal pin used to indicate DMA completion. 
The specified number of DMA transfers in response to 
a DMA request is ended. 

(4) EOP* 
Input pin used to request DMA transfer ended by an 
external circuit. 

(5) AEN* 
Output signal used to externally notify DMA in opera­
tion. 

(6) 10RD* 
Read signal used for externall/Os. 

(7) 10WR* 
Write signal used for externall/Os. 
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Request Control 

Block 

INTAD 
INTIO 
INTT2 
INTIS 
INTRXO/I 
INTIXo/' 
DACKRXO/' 
DACKTX0l1 
DACKADUH 
DREQO-3 
DACKO-3 

L-___ .-___ ->--_ BUSRQ 

DMA Control Block 
RD 
WR 
lORD 
IOWR 
AEN 
MATCH 
TC 
ERROR 
INTDO-3 

L-____ .-__ -,_~~---EOP 

register 

(16) 

AO-A,2] 

match 
register 

Figure 3.14 (1). DMAC Block 

mode 
command 

register 
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3.14.4 DMA Operation 

This section describes address specification methods, transfer 
modes, start/stop methods, and interrupt generation. 

1-byte or 1-word transfer in 1-bus cycle. Simultaneous 
read and write from/to memories and internal/extemal 
peripheral circuits. When an internal peripheral circuit is 
accessed, a wait may automatically be inserted to 
adjust the clock phase. Note that single address trans­
fer is enabled only for SIOO, SI01 , and ND among 
internal peripheral circuits. 

(1) Address Specification Methods 

• Single address transfer 

Xl 

Al6-23 

CSO-CS4 - '--;--t-----+----+--;..--f~ 
-I~~ __ ~~--~~--+_~~V--

t<= RMI -
~~_+--~~~--;V-ALE -

ADO-1S AO-1S Y. • x.. ,-...,-.::;D:.:.:i n...,---,X. 

flO ,'--+--;----+---1 
HWR.WR 

[ORO 

iOWR 

• RD 

WR 

• 
Case (2) 

lORD 

10WR ,'--+----'---+---1 
Single address transfer 

Case (1) memory ~ internal peripheral circuit (e.g. serial channels) 
Case (2) memory ~ external 1/0 

Figure 3.14 (1). Single Address Transfer Timing 

Note: elK output is not necessarily the same as the above phase. 
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X1 

CLK (note) \'-+--+--+-
A16-23 

-CS'O-CS4 

O-ACKO-O-ACK3 - f--

RrW --
ALE -

ADO-15 

RD 

HWR.WR: 
j,.---

. \y-----+--{/ 

fORD 

IOWR 

Single Address Transfer 
Internal peripheral circuit (e.g. serial channels) ~ memory 

Figure 3.14 (2). Single Address Transfer Timing 

Note: eLK output is not necessarily the same as the above phase. 
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Xl 

ClK {n.;;o.;.;te:.rl _-'-.J' \ 
A16-23 ----,~r-~~--~--~--+---~--~--~---4r--

CSO-CS4 -- V-­
~~--~--~~--~--~--~-; 

DACKO-DACK3 -- r 
RNil -- r-
ALE -- ~ __ -+ __ ~~~ __ ~r­

ADO-15 

RD 

WR 

lORD 

IOWR 

1\ AO-15 )C ~ J\''-'"T""..::D~i n~---,Xr' 

. \'--+---i---+----.:t/ 

~ \'--+----'_-+_.J1 

Single address transfer 
External 1/0 ~ memory 

Figure 3.14 (3). Single Address Transfer Timing 

Note: elK output is not necessarily the same as the above phase. 
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• Dual address transfer cuit is accessed, a wait may automatically be inserted 
to adjust the clock phase. 

1-byte or 1-word transfer in 2-bus cycle consisting of 
read and write cycles. When an internal peripheral cir-

Note that DACKO to DACK3 signals are output only 
when DACK output is enabled. For details, see (10) 
DACK output enable bit. 

X1 -V\.-V\-.f\-f\-V""\..~ 
: : : ; : : : : 

elK '/ j \'+-+-r--
A16-23 I)( IX 

eso-eS4 --~~-~~4-~-+~-r-~~~-+~--r-7-;~ 
--~-+~~~+-~~-+~-r~~~;--

RIW lc 

Figure 3.14 (4). Dual Address Transfer Timing 
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Xl - V\..~0-0-0-V)-0-0-r:-0-0-0-V-
CLK - --t.J: ~ : ; i : \: 1 / i :\.~'7"': -+--

A 16-23 -r"+-+-!-+'7"+"';"'-r'-~+--4-+-.l...-.j--i--fl-i---,h~--i.....J.....l~L-

Transfer data from 16 bit size to 8 bit size 

Figure 3.14 (5). Dual Address Transfer Timing 

Xl~~~r\-n.r 
ClK -1-+1. ~ ; , , : \! : /' i \,+-;...! -+-

A16-23 DC! DC ! DC ! DC 

QO-4-+ __ -r-!-~-!-~-!-4-"';"'+-~~+-+-.l...-~~~~~~~-4 __ 

ADO-15 

HWR.WR 

Transfer data from 8 bit size to 16 bit size 

Figure 3.14 (6). Dual Address Transfer Timing 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-597 



TMP96C081F TLCS-900 16-bit Microcontroller 

(2) Transfer Modes 

The DMAC supports the following three transfer 
modes. 

• Byte mode 

In this mode, bus mastership is released after each 
transfer in response to a DMA request and when 
DREO (DMA request input) is sensed. If DREO is 
active, bus mastership is re-captured to resume DMA 
transfer; if DREO is inactive, DMA transfer ends. 

• Continue mode 

In this mode, the specified number of DMA transfers is 
executed by one DMA request. 

• Demand mode 

In this mode, DMA transfers continue as long as DREO 
by one DMA request. Transfer ends when DREO 
becomes inactive. 

(Note) When starting DMA transfer using a built-in peripheral 
circuit which can be connected intemally, the DREO 
detect method (pulse or level) must be set depending 
on the output waveform of the interrupt signal to be 
connected. 

(3) DMA Transfer Start and Stop Methods 

• Start 

The DMAC can be started using any of the following 
three methods: 

1. DREO input by extemal peripheral circuit 
Inputting DREO to the external DREO pin correspond­
ing to a channel starts DMA transfer. 

2. DREO input by internal peripheral circuit 
Selecting the internal DREO input corresponding to a 
channel and ending the anticipated operation starts 
DMA transfer. 

3. Software request 
Setting the DSREO* DMA start request bit in the 
DMACR* command register for a channel starts trans­
fer. 

• Stop 

The DMAC can be stopped in any of the following 
three methods: 

1. Completion of a set number of DMA transfers (terminal 
count: TC) 
When the number of data transfers set in the count 
register for a channel is completed, the DMAC 
releases bus mastership and outputs the TC signal. 
Interrupt generation and setting the TC* (* = channel 
number) bit in the status register notify the CPU of 
DMACstop. 

2. End of pr~s signal input by extemal circuit (End of 
process: EOL 
Inputting the EOP signal to a channel in DMA transfer 
ends transfer and releases bus mastership. Interrupt 
generation and setting the EOP* (* = channel number) 
bit in the status register notify the CPU of DMAC stop. 

3. Data match detected (match: MATCH) 
Detecting a match between the data set in the match 
register for a channel and the data to be transferred 
ends transfer. Interrupt generation and setting the 
MAT* (* = channel number) bit in the status register 
notify the CPU of DMAC stop. 

(4) DMA Transfer Start and Stop Methods 

The DMAC supports four methods for updating the 
transfer source and destination address: 

1. Fixed mode: 
Used to access address set in the transfer source and 
destination address registers. 

2. Increment mode: 
Used to sequentially increment addresses set in the 
transfer source and destination address registers: 
DMASAAIB/C* and DMADAAlB/C (* = channel num­
ber). 

3. Decrement mode: 
Used to sequentially decrement addresses set in the 
transfer source and destination address registers: 
DMASAAIB/C* and DMADAAlB/C (* = channel num­
ber). 

4. I/O mode: 
Used to access 2-byte data repeatedly. Useful for 
accessing intemal peripheral circuits 
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Transfer destination (memory) 

Conversion result by AID converter { 
~}~-{ 

Address 000060H 

61H 

lower 2 bits 

upperS bits 

lower 2 bits 

upperS bits 

007000H 

01H 

02H 

03H 

04H 

OSH 

06H 

07H 

DMAC setting contents 

• Transfer source: ADREG04 UH 
Transfer destination: memory 

• Address updata method: 

{ 
{ 

lower 2 bits 

upper8bits 

lower 2 bits 

upper S bits 

transfer source: I/O mode and transfer destination: INC mode 

• Counter: 8 bytes 

Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to VO Mode 

(5) Transfer Error Generation 

The DMAC can notify the CPU that a transfer is 
accepted by setting 0 in the count register. When 0 is 
set in the count register, accepting a transfer request 
causes an error to occur in the DMAC. In this case, the 
DMAC does not perform DMA transfer. It generates an 
interrupt and sets the ERR' bit (* = channel) in the sta­
tus register. After an error occurred in the DMAC, DMA 
transfer can be enabled by the following steps: 
(1) set a value other than 0 in the count register. 
(2) reset the error bit in the status register. 
(3) set the DMA enable bit. 
However, if the DMA request source disappears during 
step (1) to (3), DMA transfer will not be performed. 

(6) Auto-initialization 

When DMA transfer stops (explained in (3), DMA trans­
fer start and stop methods), and RLD', the auto-initial­
ization bit in the DMACR* command register for a 
channel is set, the pre-transfer data is returned to the 
registers. One of the advantages of auto-initialization is 
that it eliminates the need to set the DMA control regis­
ters when the same address is repeatedly accessed. 
Auto-initialization is used for count registers, and trans-

fer source and destination address registers. 
Usually, the DMAEN* bit in the DMACR* command 
register is cleared after a channel ends transfer. How­
ever, if RLD is set and DMA transfer stops due to inter­
rupt disable (set in the DMACR command register), the 
DMAEN* bit will not be cleared. In this case, when a 
DMA request is generated, DMA transfer restarts with­
out setting DMA enable again. 

(7) Channel Priority Setting 

The DMAC supports the following two methods for 
setting channel priority. Priority is set in the PRI bit of 
the DMAMODA3 mode A register. 

1. Fixed method 
Used to assign fixed priorities to four channels. Chan­
nel 0 has the highest priority: next highest is channel 1, 
then channel 2, and channel 3 has the lowest priority. 

2. Rotate mode 
Used to change the priorities of four channels. In this 
mode, when DMA transfer ends for a channel, the pri­
ority of that channel becomes the lowest, then the next 
channel has the highest priority. 
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(8) Interrupt Generation 

The DMAC can notify the CPU of an event such as 
transfer end by generating an interrupt. The DMAC 
supports the following four interrupt sources. It can set 
interrupt generation enable/disable using the DMACR* 
(* = channel number) command register. 

1. Match (MATCH) 
Data set in the match register matched the data being 
transferred. 

2. Terminal count (TC) 
Number of transfers set in the count register has 
ended. 

3. End of process (EOP) 
Transfer ended by end of process input externally. 

4. Error (ERROR) 
DMA start request is generated with Os in the count 
register and an error has occurred in the correspond­
ing channel. 

When an interrupt is generated, this is reflected in the 
DMAST* status register. Thus, writing 1 in DMAST* 
clears the status. 

(9) DACK Output Enable Bit 

Bit 7 in the DMACR* command register for channels 0 
to 2 is used to set whether to send a response (DACK) 
when a DMA request (DREQ) is input to a channel. 
DACK Signal output can be classified as shown in the 
table below, depending on the combination of address 
specification method and transfer mode. 
Bit 7 in the DMAC3* command register for channel 3 is 
used to set DMAC channel priority. Thus. DACK signal 
output cannot be set for channel 3. Instead. channel 3 
supPOrts DACK output using 0 set in bit 7 of other 
channels. 
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Table 3.14 (7) DAMC Register Setting and Address and DACK Output 

DACK MIO/IOM Sng/Dual Internal 
output connection Output Internal External 
select Ino connection address DACK DACK 

DMA MODA MODA MODA MODB address output 

start source bit7 bit3 bit2 bit4 

0; nooutput 0: 10-+M 0: Dual 0: no SA: Transfer 0: 0: 
1 : output 1: M-+IO 1: Sngl connection source output output 

1 : connection OA: destination 

0 0 0 0 SAiDA X X 
1 0 0 0 SAIDA X 0 
0 0 1 0 DA X 0 

External 1 0 1 0 DA X 0 
DREQ 0 1 0 0 SA/DA X X 

1 1 0 0 SAiDA X 0 
0 1 1 0 SA X 0 
1 1 1 0 SA X 0 
0 0 0 1 SAiDA X X 
1 0 0 1 SAiDA x 0 
0 0 1 1 DA 0 X 

Internal 1 0 1 1 DA 0 0 
DREQ 0 1 0 1 SA/DA x X 

1 1 0 1 SAiDA x 0 
0 1 1 1 SA 0 X 

1 1 1 1 SA 0 0 
0 0 0 0 SA/DA X X 
1 0 0 0 SA/DA X 0 
0 0 1 0 DA x 0 

Software 1 0 1 0 DA x 0 
request 0 1 0 0 SA/DA x X 

1 1 0 0 SA/DA X 0 
0 1 1 0 SA x g 
1 1 1 0 SA x 

Notes: • Internal DREQ signal is used by the peripheral circuit specified by bits 7 to 5 in the mode B 
register. Internal DACK signal is only output at SIOO send request, SIOO receive request, SIOl 
send request, SIOl receive request, and AID conversion end. 

• To start the DMA by an external DREQ orsoftware request, set the internal connect bit (bit 4 
in the mode B register) to O. 

• Do not set <PAFC> for DREG function with software request start. 
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3.14.5 DMAC Control Registers 
The TMP96C081 F has four built-in independent channels, 
each of which has 14 registers belonging to eight register 
groups. Channel functions are almost the same. Channel-spe­
cific functions specific to channels are also explained below. 

When setting the following (1) to (8) registers, the 
TMP96C081 F must be in DMA disable state (bit DMAEN* in 
the DMACR* command register = 0). 

(2) Destination Address Register, Common to All Channels 
(* = Channel Number) 

(1) Source Address Register, Common to All Channels 
(*: channel number) 

Used to specify the start address of the data trans­
ferred by the DMAC, and memory-mapped I/O register 
addresses. To transfer 16-bit data, specify even-num­
bered addresses. 

Used to specify the transfer destination address. To 
transfer 16-bit data, specify even-numbered 
addresses. 

MCU900-602 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



(3) 

(4) 

TLCS-900 16-bit Microcontroller TMP96C081F 

Count Register, Common to All Channels (* = Channel 
Number) 

Used to specify the number of bytes for 8-bit DMA 

DMACTA* (Count register: lowerS bits) 

Match Register, Common to All Channels (* = Channel 
Number) 

Used to specify data for stopping DMA transfer if the 
specified data is accessed during DMA transfer. For 8-

DMAMAA' (Match data: lower S bits) 

DMAMAS* (Match data: upper 8 bits) 

transfer or the number of words for 16-bit DMA transfer. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 

bit to 8-bit transfer, the upper 8-bits are not compared 
but ignored. 
If the data width of the transfer source differs from the 
transfer destination, the data width of the transfer 
source is used for counting data. 
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(5) Mode Register A, Common to Channels 0 to 2; 
Excluding Channel 3 

whether to output DACK to request source at DMA 
transfer by an external DREQ. With channel 3, bit 7 is 
used to specify channel priority specification method 
for the DMAC; that is, DACK output cannot be set. Used to specify transfer mode, data width, and transfer 

direction. With channels 0 to 2, bit 7 is used to specify 

OMAMODA 

ChannelsOto 2 (*: channel number) --bit Symbol 

ReadIWrite 

After reset 

Function 

87 86 85 84 83 82 81 80 

DACK- LV- 8US1- BUSO* DIR* SO- MOOt- MODO-

rvw 
0 0 

~utPut:'Set5DRCQ ;Sets.tra~sfersour~.nd fSeu ~Set5DMA iSeUDMAtransfer 
DACK ;detect ~estlna~n data Width :transfer ;transfer lmode 
~: NoDACKjO: Detects :~~ ::~:sf~r::::5~~~r source~irection injmethod iDa: Byte .mode 

output: DftilbYiclestination lSingle ~O: Dual ;01: Continue mode 
1: DACK : level :01: 16bltsfortransfer :address : address :10: Demand mode 

output ~1: Detects ~urcllilnd16bibfor itransfer ~ transfer 1,1: Notdefined 
. OREQ by~rlnsf.~de'tinltlOn ;0: I/O 11: Single : 

pulse ~'o: 8b1ts fOl transfer source: -tMEM' address 
~:tl~~~:::ortrln5ter 11: MEM transfer 
l1': 16b1utortrlnsier i -tol/O 
;50urce Ind 8biU for transfer : 
:destlnltlon 

L.._ Sats DMA transfer mode 
00 8vtemode 
01 Continue mode 
10 Demand mode 
11 Not defined 

'--- Set. OMA tran.f.r method 

o Dual address trlnfer 
Sinale address transfer 

L.... ____ ....;~ :::r:s~~~~s1!~(~~~ i~ single 

I 0 I VO .... MEM 
1 MEM-+VO 

L-___________ ~:~i~:ili!~d=r~~:t~d(Note2) 

00 Sbits for transfer source and destination data width r 01 16bits for transfer source and 16bits for tranf., destination 
[10 Sbits for transfer source and 16bits for transfe, destination 

11 16bits for transfer source and 8biU for transfer destination 

L ______________ Set. DliR!dotect by level or pulse 

o Detects ORE I bv level 
1 Detect. DIfEQ bv Dulse 

L ________________ ....; .. Seu whether to output DAtK"(Noto 3) 

I 0 I No DACK output 
1 tsACR output 

(Note1)The OIR* bit is sighificant only when single address transfer is specified in the 50* bit below. 
(Note2)Operations depend on transfer mode. For details, see Table 3.14 (7), DMAC register setting and addressiDACK output. 
(Note3) Set the transfer source and destination data widths to same as those in the CS/w controller. When transferring data 

to/from internal memory mapped VO (including internal VO in single address transfer). Set the transfer data width to 
Sbits. 

(Note4)Set the transfer source and destination data widths to same as those when single address transfer is specified. 
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Chilnneis 3 

OMAMOOA3 bi l Symbol 

ReadlWrite 

After reset 

Function 

TLCS-900 16-bit Microcontroller 

B7 B6 B5 B4 B3 : B2 , B1 BO 

PRI lV3 'BU513 BU503 DIR3 SD3 MOD13 MOD03 

RIW 

. 
~pecifie5 ;5et5DREQ ;Setstranlfer source and :Sets :Sets DMA :Sets DMA transfer 

hannel ;detect :destmat'on dilte wIdth itransfer !transfer ~mode 
priority 0: Detects ;00: Bbltlfortra"'ter,our(e~irection in:method ~OO: Byte mode 
0: Fixes : DREQ bY~:::t!~:~~~r transler ~sjngle jO: Dual ~O 1: Continue mode 

channel: level ~1: lftb!tsfortranster :address . address ho: Oemand mode 
priority ~1: Detects ~sour(e and 16bies for !transfer ~ transfer ;11: Not defined 

1: Rotates' OREQ by~transfer dl5tmatton :0: 1/0 ;1: Single : 
channel pulse i~~~ 186b~::/:r~~an::::rsour(e; -JMEM: address: 
priority :dlltlnatlon :,: MEM transfer: 

:11: 16bltsfortran5fer ; ..... 110 
:source and 8blts for transfer: 
:dlstlOatlOo 

L. Sets DMA transfer mode 

00 Byte mode 
01 Continue mode 
10 Demand mode 
11 Not defined 

-----. Sets DMA transfer method 

o Dual address tranfer 
Single address transfer 

'------..... !~~r~:s~~:~s1!~~~~~ \~ single 

j a jl/O-oMEM 

Sets transfer source and 
'------------ distination data width (Note 2) 

00 8bits for transfer source and distination data width 
01 16bits for transfer source and 16bits fortranferdestination 
10 8bits for transfer source and 16bits for transfer destination 
11 16bits for transfer source and 8bits for transfer destination 

Sets DREQ detect by level or 

o Detects DREQ by level 
Detects OREQ by puis. 

Specifies channel priority 

o Fixes channel priority: chO>chl >ch2>ch3 
Rotates channel priority: chO-"'chl-+<h2-+<hl 

(Notel )The DIR· bit is sighificant only when single address transfer is specified in the SD bit below. 
(Note2)Set the transfer source and destination data widths to same as those in the CSM/ controller. When transferring data 

to/from internal memory mapped I/O (including internal 110 in single address transfer), set the transfer data width to 
8bits. 
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(6) Mode Register B, Common to All Channels internal 1/0 and DMA start request; also, the method 
for updating transfer source and destination address. 

Used to control connection between the TMP96C081 

MCU900-606 

DMAMODB· --bit Symbol 

ReadlWrite 

Afterres.t 

Function 

87 B6 85 B4 B3 B2 BI 80 

IDRQ2* IDRQI* IDRQO* IDRQE* OA1· DAO· SAI* SAO* 

RIW 

0 

~~~::::~:,~~~~:~~ c;;;:~~n j~:,~~~sllO ~ets update method :sets update mdethod 
~1: Requests at 5100 receive end(by ,,"vel, ;specified by : for t~ansfer source 110r transfer source 

relNstd by SCOBUf r •• d) :the above] :00: Filled mode !address 
10: Requedl at SI011.nd end (by pulle) 1bib and.DREQjo1: Increment mode ~OO: Fixed mode 
,,::yql=~::;~~~':;;~:~reR) ~~n~=~ 110: Decrementmode 101: Increment mode 
'OO:ReqUnh.tAlOcon~o".ndCby : «tnned :11: I/O mode :10: DKrementmode 

level,"IUS9db,ADREG~Hfe.d) 1 Int.rnal: (2 bytes, repeated ~11: UOmode 
101::::iltlat8oblttimerOtlmeout(by! ~:Q access) i (2byte5,repeated 
110: Itequeststoa·bIt PWMtllMr2tlme :1: Connect access) 

out (by pulse) i Int.,-n.' 
111 : Requesh at 16-bit timer" time out (by: 110 to 

pulse) . DREQ 

L !~J,~!".te method 'o't,.".'e, source 

00 Fixed modi 
01 Increment mode 
10 Decrement mode 
11 110 mode (2 bytes repeated access 

L-...., ~;rupdate method for transfer source 

00 Fixed mode 
01 Increment mode 
10 Decrement mode 
II 1/0 mode 2 bytes. ,epeated ICCess) 

'-----_ ~r.~~~s~~1':;~~~~:~::'ied by the above 3 

o Ooes not connect intern.llla to DREQ 
1 Connect internal 110 to DREQ,,"-__ ..J 

'----.. Specifies internal 110 DREQ connection (Note) 

87 86 85 Specifies internal 110 and ORE connection Intern.1 DACK 
0 0 0 Reauests at 5100 send end (bv Dulse) Ves 
0 0 I Reauestsat 5100 receive end (~y level, released by SCOBUF read) Ves 
0 I 0 ReQuests at 510 1 send end (bv pulse) Ves 
0 I I RequestsatSlat ree,iv.end (by level released bySC18UF read Ve, 
I 0 0 Requests at AID conversion end (by level, released by AOREG04H read) Ves 
I 0 I Requests at 8-bit timer 0 time out (by pulse) No 
I 1 0 Requests at 8-bit PWM timer 2 time out bY~\Jlse) No 
I 1 I Requests at 16-bit timer 4 time out (by pulse) No 

(Note) Fora request by pulse, set the LV- bit inthe DMAMODA- register to 1; fora request by level, toO. 
Since OACK for AID conversion end is connected to CHO, use (HO for DMA transfer. 
ANO and AN4 of AID converter, use ANO Dr AN4 for OMA transfer. (selectable using AOBS register) 
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Command Register, Common to All Channels tion, or software request. 

Used to control interrupt enable/disable, auto-initializa-

B7 B6 

DMACR* bit Symbol IMP : ITe'" 

ReadMfrite 

After reset 

Function 

0: DIsable 
1: Enable 

87: Data match 
86: Terminal count 
65: Compulsory stop 
84: Error request 

BS B4 

IEP'" IER· 

• 

B3 

MAT'" 

R/W 

dete(t 
1: En.ables 
. match 

detect 

82 BI BO 

DSREQ* : DMAEN* 

tr,lluferby 
wftwilfe 

start 

.--J I 
L Sets OMA START 

o Disables OMA start 
Enables DMAE start 

- Sets DMA transfer by soft ware 

Does not reQuest OMA transfer bVsoftware 
ReQuests OMA transfer by software 

Sets enable/disable auto initialization (Note) 

o Disables auto-initialization 
Enables auto-initialization 

'---- ~ets:.~~~'~(I)~~~~'e ~!~C:t~f~~~~:~"::~i~t"r 
o Disables match detect 

Enables match detect 

Sets interrupt enable/disable 
'---------------_ for the interrupt source 

specified by each bit. I 0 I Disable 
Enable 

(Note) When autO-Initialization I~ set, start of auto-initialization can be selected dependmg on the interrupt ~our(e. (More than 
one Interrupt source can be specified) 
For mterrupt source for which Cluto-mitlalizatlon IS enabled, to disable interrupts, sets Os 10 bits 7 to 4 in the DMACR* ; 
for Interrupt source for which autO-Initialization is disabled, to enable interrupts, set 15 
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(8) Status Register B, Common to All Channels 
(* = Channel Number) 

Used to display DMA stop source or error generation, 
or whether there are any sources held for internal/ 
external DREQs. 

Writing 1 in the EOP*, MAT*, TC*, or ERR* bit clears 
the DMA transfer stop source. Once EN* bit is latched. 
it is held until the status is cleared or reset. When 
DREQ is detected by level (by setting the LV bit in the 
mode A* register), the EN* bit must be cleared in order 
to determine the current DMA request before the sta­
tus register. 

DMACR" -------
87 86 

bit Symbol 

ReadlWnte 

After reset 
• 

Function 

85 ~ 84 B3 B2 : B1 

EN" MAP Te" 

RIW 

:Oisplays :Displays whether DMA transfer 
:whether jstop source is generated 
~DMAstart ; 
;50Ufce is 
:held 
:0: Start 

:0: Stop source not generated 

: 1: Stop source generated 
source , 
not held: 

11: Start 
source 
held 

BO 

:Oisplays 
~whether 
~error is 
:generated 
[0: Error 

not 
generat 
ed 

:1: Error 
generat 
ed 

* (Write function is abailable only in bittleaf mode) I 
L Displays whether error is 

generated 
o Disables OMA start 

Enable DMAE start 

L-__________ Displays whether DMA start 
source is held 
o Error not enerated 
1 Error generated 

(Note) This bit does not influence software requests. 
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Examples of program settings using DMAC 

(a) Initial setting 

LD SP OlOOH 

MAX 

LD ( B1CSL ). 93H 

LD ( B1CSH ). OOH 

LD (P4CR ). 1FH 

LD (P4FC ). 1FH 

LD ( P10CR ). OlH 

LD (P10FC ). 03H 

LD ( PllCR ). 1DH 

LD ( P11FC ). 1FH 

LD (INTDMAO) • 06H 

EI 

Sets stack pointer to 200H 

Sets maximum mode 

CS/CAS ENABLE, Sbit Bus & 0 wait 

Addresses 100H to 7FFFH 

output set 

CS/CAS set 

output set 

DACKO, DREQO set 

output set 

lORD, 10WR, TC EOP, AEN set 

Sets DMAC chO interrupt request level to 6 

Sets CPU interrupt receive level toG 

(b) Single address transfer start at completion of SIOOTx 

MSB LSB 
76543210 

DMASAAO .. X X X X X X X X 

DMASABO .. X X X X X X X X 

DMASACO .. X X X X X X X X 

DMACTAO .. X X X X X X X X 

DMACTBO .. X X X X X X X X 

DMAMAAO .. X X X X X X X X 

DMAMABO .. X X X X X X X X 

DMAMODEAO" X 1 0 0 1 1 0 0 

DMAMODEBO" 0 0 0 0 0 1 0 

DMACRO .. X X X X X 0 X 

} Sets transfer source address 

} Sets number of transfers 

} Sets data to be mached 

Pulse detect, transfer source: S bits --> transfer destination 

: 8 bits, memory --> 1/0, single address transfer, byte mode 

Requests at completion of SIOOTx 

Does not set software request 
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(c) Single address transfer at completion of AID conversion and continue mode start 
MSB LSB 

76543210 

OMAOAAO +- X X X X X X X 

OMAOABO +- X X X X X X X X 

OMAOACO +- X X X X X X X X 

OMACTAO +- 0 0 0 0 0 0 1 0 

OMACTBO +- 0 0 0 0 0 0 0 0 

OMAMAAO +- X X X X X X X X 

OMAMABO +- X X X X X X X X 

OMAMOOEAO+- X 0 0 0 

OMAMOOEBO+- 1 0 0 1 0 0 0 

OMACRO +- X X X X X X 0 X 

} Sets transfer source address 

} Sets number of transfers to 2 

} Sets data to be matched 

Level detect. transfer source: 8 bits -to transfer destination: 

8 bits, 110 -> memory, single address transfer, continue mode 
Requests at completion of AID conversion 
Does not set software request 

(d) Dual address transfer at completion of AID conversion and continue mode start 
(update method: 110 mode) 

MSB LSB 
76543210 

DMASAAO +-01100000 

DMASABO +- 0 0 0 0 o 0 0 0 

DMASACO +- 0 0000000 

DMADAAO +- X XXXXXXX 

DMADABO +- X XXXXXXX 

DMADACO +-XXXXXXXX 

DMACTAO +-00000010 

DMACTBO +-00000000 

DMAMAAO +-XXXXXXXX 

DMAMABO +-XXXXXXXX 

OMAMODEAO+- X 0 o 0 X 0 0 

OMAMODEBO+- 1 0 0 1 X X 1 

OMACRO +- X X X X X X 0 X 

} Sets AID register address 

} Sets transfer destination address 

} Sets number of transfers to 2. (Even number must be set 
because ADREG04L and ADREG04H must be read in two 
bytes.) 

} Sets data to be matched 

Level detect, transfer source: 8 bits -> transfer destination: 8 

bits, dual address transfer, continue mode 
Requests at completion of AID conversion. Transfer source: 

110 mode 
Does not set software request 
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(el DMA start at 16-bit timer 4 time out, and overwrite of timer register 
Dual address transfer, transfer source: 16 bits .... transfer destination: 8 bits 

Note: In this case, CS at the transfer source must be setto 16 bits. 
MSB lSB 

76543210 
OMASAAO +-XXXXXXXX 
DMASABO +-XXXXXXXX 

DMASACO +- X X X X X X X X 

DMADAAO +-00110000 

DMADABO .. 0 0 0 0 0 0 0 0 

DMAOACO .. 0 0 0 0 0 0 0 0 

DMACTAO .. X X X X X X X X 

DMACTBO "XXXXXXXX 

DMAMAAO "XXXXXXXX 
DMAMABO .. X X X X X X X X 

DMAMOOEAO" XII X 0 0 0 

DMAMODEBO<- 1 1 1 1 1 1 0 1 

DMACRO .. X X X X X X 0 X 

} Sets transfer Source address 

} Sets timer register address 

} Sets number of transfers 

} Sets data to be matched 

Pulse detect, transfer source: 16 bits .... transfer destination: 
8 bits, byte mode 

Starts at 16-bit timer 4 time out. 
Transfer source: I/O mode 
Transfer destination: increment mode 

Does not set software request 
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DMA Cycle Timing state dummy cycle may insert to bus cycle. 
When bus cycle retum to CPU cycle from DMA cycle, 2 

X1 

eLK 

BUSB 
~---v-----t----'>r""---'"V"--",",,---v--l ~;;" ... BUSA 

r ........ '. I Omitted in byte 
,..-__ -..-_____ mode 

AEN _____________ -" .......... ;' 
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lJREQ release: 

AAAAAAJ 
ClK 

BUSA OMA 

BUSB OM 

DilEQ -----------!A· ... , 
DAtK ,'--_-J 

AEN .J , 
TC __________ --' 

. . 
•••••••••• 1 

DREQ: release: single address transfer. demand and continue modes 

CPU 

CPU 

Xl J\AAA~AAAAAAJ 
ClK I I 

I OMA I OMA OMA I CPU I CPU I CPU CPU 
-. ... [

BUSA 

- BUSB 

Continue 
mode BUS 

I 

I 

OMA I 

OMA 1 

OMA OMA OMA 

OMA I OMA OMA 

\ 
I .... ; 
A 

DACK ______________ -..&' ......... .. 
AEN 

TC _________ -J! 

, .......... . 
r··· .. . 

CPU 1 CPU 

OMA I OMA 
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Xl 

ClK 

BUSA 

BUS B 

DRHJ 

DACK -1 

TLCS-900 16-bit Microcontroller 

. . 
" ••••••••••••••••••• J 

AEN \\.. __ --' 

TC __________ --l 

DREQ release: dual address transfer. demand and continue modes 

Xl ~AAA~AAAAAAAA~ 
CLK 

Demand [
BUSA 

mode BUS B 

Continue mode 
BUS 

AEN 

1 1 1 I II I I I I I I I 

I DMA (WR) I DMA (RD) I DMA(WR) I CPU I CPU I CPU I cpu I 

I DMA (WRjJ. DMA (RD) 1 DMAtWR) I DMA (RD) I DMA (WR I cpu I cpu 

DMA(WR) DMA(RD) DMA(WR) I DMA (RO) I OMA WR) OMA (RO) I DMA (WR) I 
~ 

A 

---------_____ --" ..................... ~ .............. ...... : 
\' .................... ~ .................... ~ 

TC __________ --' 
,. ..... 

, , 
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TLCS-900 16-bit Microcontroller 

Xl.J\A 
ClK 

Byte mode BUS A 

Demandl BUS B 
(OntlOl,lemod. 

Xl 

ClK 

Byte mode BUS A 

Oem"ndl BUS B 
continue mode 

CPU 

OMA(RO) 

__________ -+-..J. ......... JB 

CPU 

AEN ------------+~~._._ .. _._ .. _._.~~~ _______ __ 
rop 
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TMP96C081F 

MCU900-616 

TLCS-900 16-bit Microcontroller 

MATCH (second byte is used for match): single address transfer 

Xl J\.r\.r\.r\.r\.r\.r\.r\.r\.r\.r\.,. 
CLK 

Byte mode BUS A :~ CPU DMA CPU DMA X CPU ~ 
Demandl BUSB :x CPU X DMA DMA X DMA X CPU ~ con'mull!' mod. 

DitEO' 

A 
DACK \ I~ ......... \ 

B •••••••••• 

/ AEN A\ \ 

MATCH (second byte is used for match) : dual address transfer 

CLK 

\\I-v Byte mode BUS A .,.A 

Demandl BUS B :::J 
continue mode 

cPU 

CPU 

I DMA (RD) I DMA (WR) I CPU X DMA(RO) I DMA (WR) X~ 

X DMA (RD) X DMA (WR) X DMA (RD) X DMA (WR) I CPU ~ 

DREO''--____________________ _ 

bACK ~ ________ ~A/~~.-.-•. -.. -.• ·.\ : ......... , 
r-__________ ..... B 

AEN _____ -oJ A\" ......... / L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Auto initialization eTC = 1 or 2, match or no match) : single address transfer 

Xl J\.I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\I'\... 
CLK 

DRlO""\, , 
Byte mode BUS :::x CPU OMA CPU X DMA X CPU X OMA C::] TC= " 

no match 

TC n n 1'L-
8~.mOd. 

J X X C::] TC=2, 
(mdtchdrtetted,n BUS CPU DMA CPU CPU DMA CPU 

'"slbylel match 

TC detected in 
first byte 

demandl BUS :x CPU DMA CPU DMA X CPU 
DMA C::] TC= " cont'nue mode 

no match 
TC n n 1'L-

demandl :x continue mode BUS CPU DMA DMA I CPU DMA 
DMA C] :~\'c~ (m.tth detected In 

t,rnbyte) 

n 1'L- ~etected in 
TC first byte 

demand! :x cont,nue mode BUS CPU DMA DMA CPU CPU OMA C] ::.:.2, (match deuKtH In 
',rst andlecond bytes) 

n detected "' 
TC f,rst and 

se<ondbyt .. 

Auto initialization eTC = 1) : dual address transfer 

Byte mode BUS :x CPU X OMA (RO) X OMA (WR! X CPU X OMA (RO! X OMA (WR! c:: 
demdndl BUS :x CPU I OMA(RO) I OMA(WR! I CPU I OMA (RO) X OMA (WR) c:: 

continue mode 

Diri:-Q ""\' , 
TC n 1'L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-617 

~-----"""'=-'-"'"'---'-'-----~----~---~------------= 



TMP96C081F 

MCU900-618 

TLCS-900 16-bit Microcontroller 

XI 

CLK 

Single address "DMA> I 
transfer BUS ~ __ ....:;:D:.::M:::.A __ ..J\. .. __ -=CP,""U'--__ 

TC 

MATCH 

EOP ---1 

Dual address 
transfer BUS 

TC 

MATCH 

EOP 

BUS 

DREO 

ERR 

:l __ ~DM~A~(~RD~) __ A-_~D~M~A~(W~R~} __ ~ 

CPU CPU CPU 

~.~\-------------------

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Priority order when transferring in byte mode «j) Rotate mode. ~ Fixed mode) 

Xl 

~Q~ CLK 

DAEQO 

DAEOI 

DACKO L.J .... " 
DACKf c.::.r-

AEN ~ 
BUS Q) CPU • CPU IOMA« CPU IOMA'. CPU X 

BUS!21 CPU CPU OMA CPU OMA CPU 

AEN 

BUSQ) CPU 

BUS~ CPU CPU MA MA CPU MA 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU90D-619 



TMP96C081F 

MCU900-620 

TLCS-900 16-bit Microcontroller 

Priority order between lfiJSRQ and PREQ when transferring in byte mode 

Xl 

ClK 

li'USRQ 

ilASACK 

OREQ 

bACK 

AEN 

BUSA 

BUSB 

. " ..... L ________________________ ._ .. _.~. ____ __J,___ 
CPU _-=:...=-..J). .................................... -( DMA 

CPU _....;;.;~....J\I ___ c"_p.::..U __ ..... I3_· ............. . 

If ilUSRQ and OREQ are generated at sampling. BUSRQ has the 
priority over OifEQ 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS·900 16·bit Microcontroller 

Priority order between BUSRQ and :i:)jffiQ when transferring in demand or continue mode 

Xl fIJ\.,fV\JL 
eLK -+-A----A--.A..-~:=J c 

BUSRQ 

BASACK 

DREQ 

Mel< \\.... __ --.J1 
AEN L 

BUSA CPU _~::.._..J}- ................................... -{ DMA 

BUSB CPU DMA }- •••• 

L End of transfer 

Priority order between BlJSRQ and other channel's DREQ when transferring DMA 

L 
~ ___ ...J'-

_--=-;,;;;.;;;-A __ =.::....._--I} . .................. {OMAi 

_~c..;;,..JI.._~c..;;,._-..J@- •.•.••...•••. -{DMAl 

Because other channel's DREQ is sampled at the DMA last transfer cycle, BUSRQ has the 
priority even if BU5RQ is generated after other channel's DREQ is generated. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

4. Electrical Characteristics 

4.1 Absolute Maximum (TMP96C081 F) 

Symbol Parameter Rating Unit 

Vee Power Supply Voltage -0.5 -6.5 V 

VIN Input Voltage -0.5 - Vee + 0.5 V 

l:IOL Output Current (total) 100 rnA 
l:IOH Output Current (total) -100 rnA 

PO Power Dissipation (Ta = 70·C) 600 mW 

T SOLDER Soldering Temperature (105) 260 °C 

TSTG Storage Temperature -65 -150 ·C 

TOPR Operating Temperature -20-70 ·C 

MCU900-622 TOBHIBA AMERICA ELECTRONIC COMPONENTB, INC. 



TLCS-900 16-bit MicrocontrolJer TMP96C081F 

4.2 DC Characteristics (TMP96C081F) 
Vee = 5V ± 10%, Ta = -20 - 70DC (Typical values are for Ta = 2SDC and Vee = 5V) 

Symbol Parameter Min Max Unit Test Condition 

VIL Input Low Voltage (ADO-1S) -0.3 O.S V 

V ILl P2, P3, P4, PS, P6, P7, PS, P9, PA, PB -0.3 0.3Vcc V 

VIL2 RESET. NMI, INTO (PS7) -0.3 0.25Vee V 

VIL3 AMSif6 -0.3 0.3 V 

V IL4 Xl -0.3 0.2Vcc V ...................................................................................................................... __ ........................................................................................................................................................................................................................... . 
V IH Input High Voltage (ADO - lS) 2.2 Vee + 0.3 V 

V IHl P2, P3, P4, PS, P6, P7, PS, P9, PA, PB O.7Vee Vee + 0.3 V 

V IH2 RESET. NMI, INTO (PS7) O.7SVcc Vee + 0.3 V 

V IH3 AMSif6 Vee - 0.3 Vee + 0.3 V 

VIH4 Xl O.SVee Vee + 0.3 V ........................... . ........................................................................................................................................................................................................ .. 
V OL Output Low Voltage 0.4S V I Ol = 1.6rnA 

............................................................................................................................................................................................................................................................................................................................................................ 
V OH Output High Voltage 2.4 V I DH =-40Ctu\ 
VOHl 

VOH2 

O.7SVee V IOH=-l00jJA 

0.9Vee V I OH = - 20pA 
............................................................................................................................................................................................................................................................ 

I DAR 

III 

I LO 

V STOP 

R RST 

CID 

Darlington Drive Current 
(S Output Pins max.) 

Input Leakage Current 

Output Leakage Current 

Operating Current (RUN) 
IDLE 
STOP (Ta = -20 - 70"C) 
STOP (Ta = 0 - SO"C) 

Power Down Voltage 
(@STOP, RAM Back up) 

RESET Pull Up Register 

Pin Capacitance 

-1.0 

0.02 (Typ) 

O.OS (Typ) 

26 (Typ) 
1.7 (Typ) 
0.2 (Typ) 

2.0 

SO 

.......................................................................................................................................................... 

VTH 

RK 

Schmitt Width 
RESET. NMI, INTO (PSl) 

Pull Down/Up Register 

Note: I-DAR is guaranteed for a total of up to 8 ports. 

0.4 

50 

-3.S 

:!5 

±10 

50 
10 
50 
10 

6.0 

150 

10 

1.0 (Typ) 

lS0 

A V EXT =1.SV 
m R EXT = 1.1kn 

tlA 0.0 S Vln S Vee 

tlA~:~~Yln ~Vcc~ O:~ 
rnA lose = 16MHz 
rnA 
tlA 0.2 S Vln S Vee - 0.2 
tlA 0.2 S Vin S Vee - 0.2 

V 

KQ 

~ .. _.'""_ .... " ........ -- .. "." .. _ ..... ---- .. . 

V 1L2 = 02Vee, 
V IH2=0.SVcc 

pF tosc = 1 MHz 

V 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-623 



TMP96C081F TLCS-900 16-bit Microcontroller 

4.3 AC Electrical Characteristics (TMP96C081F) Vee = 5V±10%, Ta = -20 - 70°C (4MHz - 20MHz) 

Variable 16MHz 20M Hz 
No. Symbol Parameter Unit 

Min Max Min Max Min Max 

1 tosc Osc. Period (= x) 62.5 250 62.5 50 ns 

2 tClK CLKwidth 2x - 40 85 60 ns 

3 tAl< AO - 23 Valid.-,CLK Hold 0.5x - 20 11 5 ns 

4 tKA CLK Valid.-,AO - 23 Hold 1.5x - 70 24 5 ns 

5 tAL AO-15 Val id.-,ALE fall 0.5x -15 16 10 ns 

6 tLA ALE fall.-,AO -15 Hold 0.5x -15 16 10 ns 

7 tll ALE High width x - 40 23 10 ns 

8 tlc ALE fall.-,RD/WR fall 0.5x - 30 1 -5 ns 

9 tCl RD/WR rise.-,ALE rise 0.5x - 20 11 5 ns 

10 tACl AO -15 Valid.-,RD/WR fall x - 25 38 25 ns 

11 tACH AO - 23 Valid.-,RD/WR fall 1.5x - 50 44 25 ns 

12 tCA RD/WR rise.-,AO 23 Hold 0.5x - 20 11 5 ns 

13 tAol AO -15 Valid.-,DO -15 input 3.0x - 45 143 105 ns 

14 tAOH AO - 23 Valid.-,DO -15 input 3.5x - 65 154 110 ns 

15 tRO RD fall.-,DO -15 input 2.0x - 50 75 50 ns 

16 tRR RD Low width 2.0x - 40 85 60 ns 

17 tHR RD rise.-,DO - 15 Hold 0 0 0 ns 

18 tRAE RD rise.-,AO -15 output x -15 48 35 ns 

19 tww WRLow width 2.0x - 40 85 60 ns 

20 tDw DO -15 Valid.-,WR rise 2.0x - 50 75 50 ns 

21 two WR rise.-,DO - 15 Hold 0.5x -10 21 15 ns 

22 tAEH AO - 23 Valid.-,WAIT input (lWAIT + n mode) 3.5x - 90 129 85 ns 

23 tAWl AO -15 Valid.-,WAIT input (lWAIT + n mode) 3.0x - 80 108 70 ns 

24 tcw RD/WR fall.-,WAIT Hold (lWAIT + n mode) 2.0x + 0 125 100 ns 

25 tAPH AO - 23 Valid.-,PORT input 2.5x-120 80 36 ns 

26 tAPH2 AO - 23 Valid.-,PORT Hold 2.5x+ 50 206 175 ns 

27 tcp WR risHPORT Valid 200 200 200 ns 

28 tASRH AO - 23 Valid.-,RAS fall 1.0x-40 23 10 ns 

29 tASRl AD - 15 Valid.-,RAS fall 0.5x -15 16 10 ns 

30 ~AC RAS fall.-,DO - 15 input 2.5x - 70 130 86 ns 

31 tRAH RAS fall.-,AO - 15 Hold 0.5x-15 16 10 ns 

32 tRAS RAS Low width 2.0x - 40 85 60 ns 

33 tRP RAS High width 2.0x- 40 85 60 ns 

34 tRSH CAS fall.-,RAS rise 1.0x - 35 28 15 ns 

35 tRSC RAS rise.-,CAS rise 0.5x - 25 6 0 ns 

36 tRCD RAS fall.-,CAS fall 1.0x - 40 23 10 ns 

37 tCAC CAS fall.-,DO -15 input 1.5x - 65 29 10 ns 

38 tCAS CAS Low width 1.5x - 30 64 45 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow 0.8\1, Cl50pF 

(However CL = 1 OOpF for ADO - AD15, ADO - AD23, ALE, RD, WR, HWR, Rfiii, ClK, RAS, CASO - CAS2) 
• InpU1 level: High 2.4V flow 0.45V (ADO - AD15) 

High O.8Vcc flow 0.2Vcc (Except for ADO - AD15) 

MCU900-624 TOSHIBA AMERICA ELECTRONIC COMPONENTB, INC. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(1) Read Cycle 

Xl 

elK 

AO-23 

e50-4 "\ • 

~~----~--------------------~-

Port Input 

RAS 

eASO-4 

if 0 

ADO-15 

ALE 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-625 



TMP96C081F TLCS-900 16-bit Microcontroller 

(2) Write Cycle 

XI 

ClK X X 
AO-23 )< K 
CSO-4 J\ r 

RMi J\ r 
WAIT \\ ~ L 

Port Output 

liAs 

CASO-4 

WR.HWR tww 

tow 
ADO-IS DO-15 

ALE ...I " V 
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TLCS·900 16·bit Microcontroller TMP96C081F 

4.3.2 Serial Channel Timing· I/O Interface Mode 
Vee = 5V±10% TA = ·20 - 70°C (4MHz - 20MHz) 

Variable 16MHz 20MHz 
Number Symbol Parameter Unit 

Min Max Min Max Min Max 

1 tOK DACK valid-.ClK hold 0.5x - 20 11 5 ns 

2 tKO ClK valid-.DACK hold 1.5x - 70 24 5 ns 

3 tAEK AEN valid-.ClK hold 0.5x - 20 11 5 ns 

4 tKAE ClK valid-.AEN hold 1.5x-70 24 5 ns 

5 tllC ALE fall-.IDRD/IDWR fall 0.5x - 30 1 -5 ns 

6 tOK IORD/IOWR rise-.AlE rise 0.5x - 20 11 5 ns 

7 tKD AO - 15 valid-.IORD/IOWR fall x - 25 38 25 ns 

8 tAEK AO - 23 valid-.IORD/IOWR fall 1.5x - 20 44 25 ns 

9 tKAE IORD/IOWR risHAO - 23 hold 0.5x - 20 11 5 ns 

10 tile lORD fall-.DO - 15 input 2.0x - 50 75 50 ns 

11 tlACl IOWR low-.pulse width 2.0x - 40 85 60 ns 

12 tlACH lORD rise-.DO - 15 hold 0 0 0 ns 

13 tlRAE lORD fall-.AO - 15 output x-15 48 35 ns 

14 tlww IOWR low-.pulse width 2.0x - 40 85 60 ns 

AC Measuring Conditions 
• Output level: High 2.2V flow o.av, Cl5QpF 

(However Cl = 1 OOpF for ADO - AD15, ADO - AD23, ALE, lORD, IOWR, ClK, AEN, DACKO - DACK3) 
• Input level: High 2.4V flow 0.45V (ADO - AD15) 

High o.avec flow O.2Vec (Except for ADO - AD15) 

TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. MCU900·627 



TMP96C081F TLCS-900 16-bit Microcontroller 

(1) DMA Cycle 

Xl 

CLK · j( '---;. __ --.;..._-'x 
..... 

AO-23 -> ~~--~--~---4:K 
<:50-2 ~ :Ir 

· ~ i 

OACKO-j ""\ -tOK- ....J.-tKO----i r 
. 

· AEN Y ... tAEK+-

WAIT 

AOO-15 

ALE 

iOwil i .... --"'" ..... -_ -_ -_ -_tIWW_:.:.:.:.:.-=t 

AOO-15 - - - - - -< AO-'5 X,---,-__ D_O_-_'_5 ...... ____ --c'>-
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4.4 AID Conversion Characteristics (TMP96C081 F) 
Vee = 5V±10% TA = ·20 - 70°C 

Symbol Parameter Min Typ Max Unit 

VREF Analog reference voltage Vee -1.S Vee Vee 

AuND Analog reference voltage Vss Vss Vss V 

VAIN Analog input voltage range Vss Vee 

IREF Analog current for analog reference voltage 0.5 1.5 rnA 

Total error 
:!A.O Error (TA = 25°C, Vcc = VREF = 5.0V) 

(Quantize error of Total error :!B.O LSB 
:±D.S LSB not included) 

4.5 Serial Channel Timing· 110 Interface Mode 
Vee = 5V±10% TA = ·20 - 70°C 

(1) SCLK Input Mode 

Variable 16MHz 20M Hz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle 16x 1 0.8 lIS 

toss Output Data-+rising edge of SCLK tsCy/2 - Sx - SO 137 100 ns 

tOHS SCLK rising edge-+output data hold 5x -100 212 150 ns 

tHSR SCLK rising edge-+input data hold 0 0 0 ns 

tSRD SCLK rising edge-+effective data input tSCY - 5x -100 587 450 ns 

(2) SCLK Output Mode 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tSCY SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 lIS 

toss Output Data-+rising edge of SCLK tSCY - 2x -150 725 550 ns 

tOHS SCLK rising edge-+output data hold 2x -80 45 20 ns 

tHSR SCLK rising edge-+input data hold 0 0 0 ns 

tSRD SCLK rising edge-+effective data input tSCY - 2x -150 725 550 ns 

4.S Timer/Counter Input Clock (TIO, T14, T15, TIS, T17) 
Vee = 5V±10% TA = ·20 - 70°C 

Variable 16MHz 20MHz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tVCK Clock cycle 8x+ 100 600 SOD ns 

tVCKL Low level clock pulse width 4x + 40 290 240 ns 

tVCKH High level clock pulse width 4x + 40 290 240 ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-629 



TMP96C081F TLCS-900 16-bit Microcontroller 

4.7 Interrupt Operation 
Vee = 5V±10% Ta = -20 - 70°C 

Variable 16MHz 20M Hz 
Symbol Parameter Unit 

Min Max Min Max Min Max 

tlNTAL NMI, INTO Low level pulse width 4x 250 200 ns 

tiNTAH NMI, INTO High level pulse width 4x 250 200 ns 

tlNTBL INT4 -INT7 Low level pulse width 8x+ 100 600 SOO ns 

tlNTBH INT 4 - INT7 High level pulse width 8x + 100 600 SOO ns 
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TLCS-900 16-bit Microcontroller 

4.8 Timing Chart for 110 Interface Mode 

elK 

SClK 

OUTPUT DATA 
T.D 

I 
\. 

. 
I 

toss 

tSCY . 
I 

tOHsl 

0 1 

tSRO I ItHSR 

TMP96C081F 

I I I 

2 3 

INPUT DATA 

R.D ________________ ~~ ____ ~~ ____ ~~ ____ ~~ 
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TMP96C081F TLCS-900 16-bit Microcontroller 

4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 

elK ~
Note 1) .t-----' 

.... __ tSRe 

-tCBAL 

----------------~\'~j --------,~I 

ADO-ADI5 

AI6-A23 

----~~-----------------

------~\r-----~-r----~~~~~~-------------

Variable 16MHz 
Symbol Parameter 

Min Max Min 

tBRC BUSRQ setup time for ClK 120 120 

tCBAL ClK~BUSAK falling edge 1.5x+ 120 

ICBAH ClK~BUSAK rising edge 0.5x+40 

IABA Floating time to BUSAK fall 0 80 0 

taM Floating time 10 BUSAK rise 0 80 0 

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to "0' durtng 'Wait' cycle. 
Note 2: The built-in programmable pull-down register Is always provided. 
Note 3: The bui~-in programmable pull-up register is always provided. 

Max 

245 

71 

80 

80 

20MHz 

Min Max 

120 

220 

65 

0 80 

0 80 

Mhough CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

4.10 DMAC 

Variable 16MHz 20MHz 
Number Symbol Parameter Uni! 

Min Max Min Max Min Max 

1 tORW DREQ low-7Pulse width (input) 2x 250 100 ns 

2 tORC CLK valid-7DREO fall (input) 80 ns 

3 tOCH CLK valid-7DREO rise (input) 0 0 ns 

4 tOORC DREO fall (input)-7CLK valid 0 0 ns 
(Receiving DREQ in demand mode) 

5 tOOCH CLK valid-7DREO rise (input) 0 0 ns 
(Receiving DREQ in demand mode) 

6 tOOOH DREQ rise (input)-7CLK valid 0 0 ns 
(Canceling DREQ in demand mode) 

7 tDDOC CLK valid-7DREQ high hold (input) 0 0 ns 
(Canceling DR EO in demand mode) 

8 tKT CLK valid-7 TC rise (output) x - 25 38 25 ns 

9 tTK CLK valid-7 TC fall (output) 1.5x - 70 24 5 ns 

10 tEOC CLK valid-7EOP fall (input) 40 40 ns 

11 tEOH CLK valid-7EOP rise (input) 0 0 ns 
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TMP96C081F TLCS-900 16-bit Microcontroller 

4.10 DMA Timing Chart 

Xl IL: ~ ~ ~ r-
~ ----....-- --...- ---ClK X X 

~ ~ r-- i\ r-
-ALE 

ADO-IS I I DMAcycie 

tDRW 

- (Pul,el t .J- tDDQr tiDQC 
tDRC !QQj..1 -I I- - «-

DREQ( level) ~ - ~ .. tJ;H tDDRC 
Ir-

AEN 1-

r r--
IOWR \ F I--

f.lli-I 
TC tEDC T 

-I I-
tEDHr-

.\ 

MCU900-634 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller 

5. Table of Special Function Registers 
(SFR; Special Function Register) 

The special function registers (SFRs) include the 1/0 ports 
and peripheral control registers allocated to the 128-byte 
addresses from OOOOOOH to 00007FH. 

ConfiQuration of the table 

Symbol Name Address 7 6 

(1) 1/0 port 
(2) 1/0 port control 
(3) Timer control 
(4) Pattern Generator control 
(5) Watch Dog Timer control 
(6) Serial Channel control 
(7) AID converter control 
(8) Interrupt control 
(9) Chip SelectlWait Control 

I 
\ 
\ g:1:0 

: : -bit Symbol 

: : -Read/Write 

! ~ +-Initial value afrer reset 

: : +-Remarks 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

Table 5 1/0 Register Address Map (1/2) 

Address Name Address Name Address Name Address Nama 

OOOOOOH 20H TRUN 40H TREG6L 60H ADREGOL 

1H 21H 41H TREG6H 61H ADREGOH 

2H 22H TREGO 42H TREG7L 62H ADREG1L 

3H 23H TREG1 43H TREG7H 63H ADREG1H 

4H 24H TMOD 44H CAP3L 64H ADREG2L 

5H 25H TFFCR 45H CAP3H 65H ADREG2H 

6H P2 26H TREG2 46H CAP4L 66H ADREG3L 

7H P3 27H TREG3 47H CAP4H 67H ADREG3H 

8H P2CR 28H POMOD 48H T5MOD 68H BOCSL 

9H P2FC 29H P1MOD 49H T5FFCR 69H B1CSH 

AH P3CR 2AH PFFCR 4AH B4CSL 6AH B1CSL 

BH P3FC 2BH 4BH B4CSH 6BH B1CSH 

CH P4 2CH 4CH PGOREG 6CH B2CSL 

DH P5 2DH 4DH PG1REG 6DH B2CSH 

EH P4CR 2EH 4EH PG01CR 6EH B3CSL 

FH 2FH 4FH 6FH B3CSH 

10H P4FC 30H TREG4L 50H SCOBUF 70H INTEOAD 

11H 31H TREG4H 51H SCOCR 71H INTE45 

12H P6 32H TREG5L 52H SCOMOD 72H INTE67 

13H P7 33H TREG5H 53H BROCR 73H INTET10 

14H P6CR 34H CAPlL 54H SC1BUF 74H INTEPW10 

15H P7CR 35H CAP1H 55H SC1CR 75H INTET54 

16H P6FC 36H CAP2L 56H SC1MOD 76H INTET76 

17H P7FC 37H CAP2H 57H BR1CR 77H INTESO 

18H P8 38H T4MOD 58H ODE 78H INTES1 

19H P9 39H TFF4CR 59H 79H INTDMAO 

1AH P8CR 3AH T45CR 5AH 7AH INTDMA1 

1BH P9CR 3BH 5BH 7BH IIMC 

1CH P8FC 3CH PACR 5CH WDMOD 7CH DMAOV 

1DH P9FC 3DH PBCR 5DH WDCR 7DH DMA1V 

1EH PA 3EH PAFC 5EH ADMOD 7EH DMA2V 

1FH PA 3FH PBFC 5FH ADBS 7FH DMA3V 

MCU900-636 TOSHISA AMERICA ELECTRONIC COMPONENTS, INC. 



TLCS-900 16-bit Microcontroller TMP96C081F 

Table 5 1/0 Register Address Map (212) 

Address Name Address Name Address Name Address Name 

0OOO80H DMASMO AOH DMASM2 COH EOH 

81H DMASABO A1H DMASAB2 C1H E1H 

82H DMASACO A2H DMASAC2 C2H E2H 

83H A3H C3H E3H 

84H DMADMO MH DMADM2 C4H E4H 

85H DMADABO A5H DMADAB2 C5H E5H 

86H DMADACO A6H DMADAC2 C6H E6H 

87H A7H C7H E7H 

8BH DMACTAO ABH DMACTA2 C8H EBH 

89H DMACTBO A9H DMACTB2 C9H E9H 

BAH DMAMMO MH DMAMM2 CAH EAH 

8BH DMAMABO ABH DMAMAB2 CBH EBH 

BCH DMAMODEAO ACH DMAMODEA2 CCH ECH 

BDH DMAMODEBO ADH DMAMODEB2 CDH EDH 

8EH DMACRO AEH DMACR2 CEH EEH 

BFH DMASTO AFH DMAST2 CFH EFH 

90H DMASMl BOH DMASAA3 DOH FOH 

91H DMASABl B1H DMASAB3 D1H F1H 

92H DMASACl B2H DMASAC3 D2H F2H 

93H B3H D3H F3H 

94H DMADMl B4H DMADAA3 D4H F4H 

95H DMADABl B5H DMADAB3 D5H F5H 

96H DMADACl B6H DMADAC3 D6H F6H 

97H B7H D7H F7H 

98H DMACTAl B8H DMACTA3 DBH FBH 

99H DMACTBl B9H DMACTB3 D9H F9H 

9AH DMAMMl BAH DMAMAA3 DAH FAH 

9BH DMAMABl BBH DMAMAB3 DBH FBH 

9CH DMAMODEAl BCH DMAMODEA3 DCH FCH 

9DH DMAMODEBl BDH DMAMODEB3 DOH FDH 

9EH DMACRl BEH DMACR3 DEH FEH 

9FH DMAST1 BFH DMAST3 DFH FFH 
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TMP96C081F TLCS-900 16-bit Microcentroller 

(1) VO Port (1/2) 

Symbol Name Address 7 6 5 4 3 I 2 I 1 0 

P27 P26 P25 P24 P23 I P22 I P21 P20 

P2 PORT2 06H 
R!W 

Input mode 

0 0 0 0 0 I 0 I 0 0 

P37 P36 P35 P34 P33 I P32 I P31 P30 

P3 PORT3 07H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P44 P43 I P42 I P41 P40 

P4 PORT4 OCH 
R!W 

Input mode 

I 0 I 1 1 

P55 P54 P53 I P52 I P51 P50 

P5 PORT5 ODH R 

Input mode 

P67 P66 P65 P64 P63 I P62 I P61 P60 

P6 PORT6 12H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P73 I P72 I P71 P70 

P7 PORT7 13H 
R!W 

Input mode 

1 1 1 I 1 1 

P87 P86 P85 P84 P83 I P82 I P81 POO 

P8 PORT8 18H 
R!W 

Input mode 

1 1 1 1 1 I 1 I 1 1 

P95 P94 P93 I P92 I P91 P90 

P9 PORT9 19H 
R!W 

Input mode 

1 1 1 I 1 I 1 1 
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TLCS·900 16·bit Microcontroller TMP96C081F 

(1) 1/0 Port (2/2) 

Symbol Name Address 7 6 5 I 4 I 3 I 2 I 1 I 0 

P107 P106 P105 I P104 I P103 I P102 I P101 I P100 

RI'N 
PA PORT8 18H 

Input mode 

1 1 1 I 1 I 1 I 1 I 1 I 1 

P117 P116 P115 I P114 I P113 I P112 I P111 I P110 

PB PORT9 19H 
RI'N 

Input mode 

1 I 1 I 1 I 1 I 1 I 1 

Note: Clearing the output latch register RDFC to "G" outputs the RD strobe from RD pin for PSRAM, even when the internal address is accessed, If the out­
put latch register RDFC remains "1", the RD strobe is oU1put only when the external address is accessed. 

ReadMirite RMI Either read or write is possible 
R Only read is possible 
W Only write is possible 
Prohibit RWM Prohibit Read Modify Write. (Prohibit RES/SETITSET/CHGlSTCF/ANDCF/ORCFIXORCF Instruction) 

(2) I/O Port Control (1/3) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P27C P26C P25C P24C P23C P22C P21C P20C 
08H W PORT2 P2CR 

Control 0 0 0 0 0 0 0 0 (Prohibit 
RMW) «Refer to the "P2FC"» 

P27F P26F P25F P24F P23F P22F P21F P20F 
09H W 

P2FC PORT2 
Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) P2FC/P2CR = 00: IN, 01 : OUT, 10: A7 - 0,11 : A23 -16 

P37C P36C P35C P34C P33C P32C 
OAH W PORT3 P3CR 

0 0 0 0 0 0 Control (Prohibit 
RMW) 0: IN 1 : OUT 

P37F P36F P35F P34F P32F P31F P30F 

aBH W 
P3FC PORT3 

0 0 0 0 0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 : RAS 1: RiW 1 : BUSAK 1 : BUSRQ 1 :HWR 1 :WR 1: RD 

P44C P43C P42C P41C P40C 
OEH W PORT4 P4CR 

Control 0 (Prohibit 0 0 0 0 

RMW) 0: IN 1: OUT 

P44F P43F P42F P41F P40F 
10H W 

P4FC PORT4 
Function (Prohibit 0 0 0 a 0 

RMW) o : PORT 1 : Cs/CAS 

Note: With the TMP96C1411TMP96C141A1TMP96CG41 A, which requires an external ROM. PORTO functions as ADG to AD?; PORT1, ADS to AD15; P3G, 
the RD signal; P31, the WR signal, regardless of the values set in POCR, P1CR, P1 FC, P3GF and P31 F. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(2) 1/0 Port Control (213) 

Symbol Name Address 7 6 5 4 3 2 1 0 

P67C PG6C P65C P64C P63C P62C P61C P60C 
14H W 

PGCR PORT6 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN 1:0UT 

P73C P72C P71C P70C 
15H W 

P7CR PORT7 
Control (Prohibit 0 0 0 0 

RMW) 0: IN 1: OUT 

P67F P66F P65F PG4F P63F P62F P61F P60F 
16H W 

P6FC PORT6 
Function (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN : OUT 0: PORT 1 :PGO-OUT 

P73F P72F P71F 

17H W 
P7FC PORT? 

0 0 0 Function 
(Prohibit 0: PORT o :PORT 0: PORT 
RMW) 1 :T03 1 :T02 1 :T01 

P87C P86C P85C P84C P83C P82C P81C PBOC 
1AH W 

P8CR PORT8 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P95C P94C pg3C pg2C pg1C pgOC 
1BH W 

P9CR PORT9 
Control (Prohibit 0 0 0 0 0 0 

RMW) 0: IN 1: OUT 

P86F P83F P82F 

1CH W W W 
P8FC PORT8 

0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 
RMW) 1: T06 1 :T05 1 :T04 

pg5F P93F pg2F P90F 

1DH W W W W 
pgFC PORT9 

0 0 0 0 Function 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 :SCLK1 1 : TxD1 1: SCLKO 1 : TxDO 

PA7C PA6C PA5C PA4C PA3C PA2C PA1C PADC 
3CH W 

PACR PORTA 
Control (Prohibit 0 0 0 0 0 0 0 0 

RMW) O:IN 1:0UT 

P84F P83F P82F P81F PBOF 
3DH W 

PBCR PORT8 
Control (Prohibit 0 0 0 0 0 

RMW) O:IN 1 : OUT 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(2) I/O Port Control (3/3) 

Symbol Name Address 7 6 5 4 3 2 1 0 

PA7F PA6F PASF PA4F PA3F PA2F PA1F PAOF 

3EH W 
PAFC PORTA 

0 Function 0 0 0 0 0 0 
(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1: DACK3 1: DREQ3 1: DACK2 1: DREQ2 1 :DACK1 1 :DREQ1 1: DACKO 1: DREQO 

PB4F PB3F PB2F PB1F PBOF 

3FH W 
PBFC PORTB a 0 a a 0 0 a Function 

(Prohibit 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
RMW) 1 :IOWR 1 : lORD 1 :TC 1: EOP 1 :AEN 

(3) Timer Control (1/4) 

Symbol Name Address 7 6 5 4 3 I 2 1 0 

PRRUN T5RUN T4RUN P1RUN I PORUN nRUN TORUN 

R/W R/W 

TRUN 
Timer 

20H a 0 0 a I 0 a a 
Control Prescaler and Timer Run/Stop CONTROL 

o : Stop and Clear 
1 : Run (Count up) 

22H -
TREGO 8bit Timer W 

Register a (Prohibit 
Undefined RMW) 

23H -
TREG1 8bitTimer W 

Register 1 (Prohibit 
Undefined RMW) 

nOM1 nOMO PWMM1 PWMMO nCLK1 I nCLKO TOCLK1 TOCLKO 

W 
8bitTimer 24H a a 0 0 I 0 a a TMOD Source CLK a 
and MODE 00 BbitTimer 00: - 00: TOOTRG 00 : TIO Input 

(Prohibit 01 16bitTimer 01 : 26 -1 PWM 01: t/ln 01: t/ln 
RMW) 10 8bit PPG 10:i -1 10: t/ln6 10: t/lT4 

11 BbitPWM 11 :~-1 11: t/lT256 11: t/ln6 

DBEN TFF1C1 I TFF1CO TFF11E TFF11S 

R/W W R/W 
8bitTimer 0 0 I 0 a a 

TFFCR Flip-flop 25H 1: Double 00 : Invert TFF1 1 : TFF1 0: Inverted 
Control Buffer 01: SetTFF1 Invert by 

Enable 10 : Clear TFF1 Enable Timer a 
11 : Don't care 

-

TREG2 PWMTimer 26H {R)/W (Can read double buffer values.) 
Register 2 

Undefined 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(3) Timer Control (2/4) 

Symbol Name Address 7 6 5 4 3 I 2 1 I 0 

-
TREG3 PWMTimer 27H (R)fW (Can read double buffer values.) 

Register 3 
Undefined 

FF2RD DB2EN PWMOINT PWMOM T2ClKl I T2ClKO PWMOSl I PWMOSO 

R W 
28H - 0 0 0 0 I 0 0 I 0 

POMOD PWMOMODE 
TFF2 output 1 : Double 0: Overflow O:PWM 00: 1/JI'1(fcf4) 00: 26 -1 

value Buffer Interrupt Mode 01: 1/JI'4(fcf16) 01 : 27 -1 
(Prohibit Enable 1: Compare/ 1 : Timer 10: 1/JI'16(fc/64) 10:28 -1 
RMW) Match Mode 11 : Donl care 11 : Don't care 

Interrupt 

FF3RD DB3EN PWMllNT PWM1M T3ClKl I T3ClKO PWM1Sl I PWM1S0 

R W 
29H - 0 0 0 0 I 0 0 I 0 

P1MOD PWMl MODE 
TFF3 output 1: Double 0 Overflow O:PWM 00 : I/J Pl (fcf4) 00:26-1 

value Buffer Interrupt Mode 01 : I/J P4(fc/16) 01 : 27 -1 
(Prohibil Enable 1 : Compare/ 1 : Timer 10 : I/JP16(fc/64) 10: 28 -1 
RMW) Match Mode 11 : Don't care 11: Don't care 

Interrupt 

I FF3Cl FF3CO FF3TRGl FF3TRGO FF2Cl I FF2CO FF2TRGl J FF2TRGO 

W R/W W R/W 
0 0 0 0 0 I 0 0 I 0 

PWM 
PFFCR Flip-flop 2AH 00 : Don't care 00 : Prohibit TFF3 00 : Don't care 00 : Prohibit TFF2 

Control 01 : SetTFF3 Inverted 01: SetTFF2 Inverted 
10 : Clear TFF3 01 : Invert if matched 10: Clear TFF2 01 : Invert if matched 
11 : Don't care 10: Set if matched; 11 : Don't care 10 : Set if matched; 

Clear if overflowed Clear if overflowed 
11 : Clear if matched; 11 : Clear if matched; 

set if overflowed set if overflowed 

30H -
TREG4l 16bitTimer (Prohibit W 

Register 4l RMW) 
Undefined 

31H -

TREG4H 16bitTimer (Prohibit W 
Register 4H RMW) 

Undefined 

32H -
TREG5l 16bit Timer (Prohibit W 

Register 5l RMW) 
Undefined 

33H -
TREG5H 16bitTimer (Prohibit W 

Register 5H RMW) 
Undefined 

-

CAPll Capture 34H R 
Register 1 l 

Undefined 

-
CAP1H Capture 35H R 

Register 1 H 
Undefined 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(3) Timer Control (314) 

Symbol Name Address 7 6 5 4 3 2 1 0 

-
CAP2l Capture 36H R 

Register 2l 
Undefined 

-
CAP2H Capture 37H R 

Register 2H 
Undefined 

CAP2TS EQSTS CAP11N CAP12M1 CAP12MO CLE T4ClK1 T4ClKO 

R/W W R/W 
16bitTimer 4 0 0 0 0 0 0 0 0 

T4MOO Source 3SH 
TFFSINVTRG o : Soll- Capture Timing 1: UC4 Source Clock 

ClK and 0: TRG Disable Capture 00: Disable Clear 00 :T14 
MODE 1:TRG Enable 1 : Don't care 01 :T14 ins i Enable 01: /fIT1 

10: T14 i T14 J. 10: /fIT4 
11 : TFF1 i TFF1 J. 11 :/fIT16 

TFFSC1 TFFSCO CAP2T4 CAP1T4 EQST4 EQ4T4 TFF4C1 TFF4CO 

W R/W W 
16bitTimer 4 

0 0 0 0 0 0 0 0 T4FFCR Flip-flop 39H 
Control 00 : Invert TFFS TFF41nvert Trigger 00 : Invert TFF4 

01: SetTFFS o : Trigger Disable 01: SetTFF4 
10: Clear TFFS 1 : Trigger Enable 10 : Clear TFF4 
11 : Don't care 11 : Don't care 

- PGH PGOT DB4EN 

R/W R/W 
0 0 0 0 

T45CR T4, TS Control 3AH 
PG1 shift PGOshift 
trigger trigger 1: Double 

Fix at "0" Buffer o : Timer 0, 1 o : Timer 0,1 Enable 
1 : Timer S 1: Timer 4 

40H -

TREG6l 16bitTimer (Prohibit W 
Register 6l RMW) 

Undefined 

41H -
TREG6H 16bitTimer (Prohibit W 

Register6H RMW) 
Undefined 

42H -

TREG7l 16bitTimer (Prohibit W 
Register 6l RMW) 

Undefined 

43H -

TREG7H 16bitTimer (Prohibit W 
Register6H RMW) 

Undefined 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(3) Timer Control (4/4) 

Symbol Name Address 7 6 5 4 I 3 2 1 0 

-

CAP3L Capture 44H R 
Register 3L 

Undefined 

-

CAP3H Capture 45H R 
Register 3H 

Undefined 

-

CAP4L Capture 46H R 
Register 4L 

Undefined 

-
CAP4H Capture 47H R 

Register4H 
Undefined 

CAP31N CAP34M1 I CAP34MO CLE T5CLK1 T5CLKO 

W R/'W 
16bitTimer 5 0 0 I 0 0 0 0 

T5MOD Source 4SH 
0: Soft- Capture Timing 1: UC5 Source Clock 

CLKand 
MODE 

Capture 00: Disable Clear 00: Tl6 
1 : Don't care 01: T16 im i Enable 01: 4>T1 

10 :T16 i T16 .j. 10: 4>T4 
11 : TFF1 i TFF1 .j. 11 :4>T16 

CAP4T6 CAP3T6 I E07T6 E06T6 TFF6C1 TFF6CO 

R/'W W 
16bitTimer 5 

0 0 I 0 0 0 0 T5FFCR Flip-flop 49H 
Control TFF6 Invert Trigger 00 : Invert TFF6 

o : Trigger Disable 01 SetTFF6 
1 : Trigger Enable 10 CiearTFF6 

11 Don'teare 

(4) Pattern Generator 

Symbol Name Address 7 6 5 4 3 2 1 0 

4CH PG03 PG02 PG01 PGOO SA03 SA02 SA01 SAOO 

PGOREG PGO Register (Prohibit W R/'W 
RMW) 0 0 0 0 Undefined 

4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10 

PG1REG PG1 Register (Prohibit W R/'W 
RMW) 0 0 0 0 Undefined 

PAT1 CCW1 PG1M PG1TE PATO CCWO PGOM PGOTE 

R/'W 

4EH 0 0 0 0 0 0 0 0 
PG01CR PGO, 1 Control 

0: Normal PG1 trigger 0: Normal PGOtrigger 
o : Sbit write Rotation 0: 4bit Step input o : Sbit write Rotation 0: 4bitStep input 
1 : 4bit write 1 : Reverse 1 : Sbit Step enable 1 : 4bit write 1 : Reversa 1 : Sbit Step enable 

Rotation 1: Enable Rotation 1: Enable 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(5) Watch Dog Timer 

Symbol Name Address 7 6 I 5 4 3 I 2 1 0 

WDTE WDTP1 I WDTPO WARM HALTM1 J HALTMO RESCR DRVE 

R/W 

1 0 1 0 0 0 1 0 0 0 
WD- Watch Dog 

5CH Standby Mode 1 : Connect MOD Timer Mode 00: 216/fc Warming up 1: Drive 
1 :WDT 01 : 218/fc Time 00: RUN Mode internally 

the pin 
Enable 10: 22O/fc 0: 214/fc 01 : STOP Mode WDTout in STOP 

11 : 222/fc 1 : 216/fc 10 : IDLE Mode pin to 
Mode 11 : Don't care Reset Pin 

-
Watch Dog 

Timer W 
WDCR 5DH Control Undefined 

Register 
81 H : WDT Disable Code 4EH : WDT Clear Code 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(6) Serial Channel (1/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

RB7 RB6 RBS RB4 RB3 RB2 RBl RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TBl TBO 

SCOBUF Channel 0 SOH 
R (Receiving)/W (Transmission) Buffer 

Undefined 

RB8 EVEN PE OERR PERR FERR - -
R R/W R (Cleared to 0 by reading) R/W 

Serial 
SCOCR Channel 0 SlH a a a 0 a a a a 

Control 
Receiving Parity 

1: Parity 1 : Error 
0: Odd Fixat "0" Fix at "0" 

data bit 8 1: Even Enable Overrun Parity Framing 

TB8 CTSE RXE WU SMl SMO SCl SCO 

R/W 

SCO-
Serial 0 0 0 0 0 0 0 0 

MOD 
Channel 0 52H 

00: Unused 00 : TOO Trigger 
Mode 

Transmission 1: CTS 1 : Receive 1: Wake up 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable Enable 10 : UART 8bit 10: Internal clock ¢1 

11 :UART9bit 11 : Don't care 

- BROCKl BROCKO BR053 BROS2 BROSl BROSO 

R/W R/W 

Baud Rate 0 0 0 0 0 0 0 
BROCR Control S3H 

00: ¢to (fc/4) Set frequency divisor 
Fix at "0" 01 : ¢l2 (fc/16) O-F 10: ¢la (fc/64) ("1" prohibited) 

11 :¢l32 (fc/2S6) 

RB7 RB6 RBS RB4 RB3 RB2 RBl RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TBl TBO 

SC1BUF Channell S4H R (Receiving)/W (Transmission) 
Buffer 

Undefined 

RBa EVEN PE OERR PERR FERR SCLKS 10C 

R R/W R (Cleared to 0 by reading) R/W 

0 0 0 0 0 0 0 
Serial 1 : Error 

SC1CR Channell 5SH 
Control Parity 0: selKO 

Receiving 
0: Odd 

1 : Parity C.F) 1: Input 
data bit a 1 : Even 

Enable Overrun Parity Framing 1(~) SCLK1 pin 

TB8 - RXE WU SMl SMO SC1 SCO 

R/W 

SC1- Serial 0 0 0 0 0 0 0 0 

MOD 
Channell S6H 00 : I/O Interface 00 : TOO Trigger 

Mode 
Transmission Fix at "0" 

1 : Receive 1: Wake up 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable 10 : UART 8-bit 10 : Internal clock ¢1 

11 : UART 9bit 11 : Don't care 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(6) Serial Channel (2/2) 

Symbol Name Address 7 6 5 4 3 2 1 0 

- BR1CKl BR1CKO BR153 BR152 BR151 BR150 

R/W R/W 

Baud Rate 0 0 0 0 0 0 0 
BR1CR Control 57H 

00: tfXO (fel4) 
Set frequency divisor 

Fix at "0" 01 : t/f2 (fel16) O-F 
10: 1fJ18 (fc!64) ("1" prohibited) 
11 :1fJI32 (fc/256) 

- ODEl ODEO 

Special R/W 
ODE Open Drain 58H 0 0 

Enable 
1 :P93 1: P90 
Open-drain Open-drain 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(7) AID Converter Control (1/2) 

Symbol Name Address 7 6 S 4 3 2 1 0 
EOCF ADBF REPEl SCAN ADCS ADS ADCH1 ADCHO 

AID R RIW RIW RIW RIW 

ADMOD 
Converter 

SEH 
0 0 0 0 0 0 0 0 

Mode 1: END ' 1: BUSY : 1 : Repeat: 1: Scan '1 : Slow :1: START Analog Input 
Register Mode ~ Mode: Mode ~ Channel Select 

Set ~ Set ~ 

AID 
- - - - - - - ADCH2 

ADCH Control 
, RIW 

Select 
SFH 0 

'0: ANO-3 
Register 

:1 :AN4-S 

AID ADR041 , ADR040 

AD Result 
60H 

R 
REG04L Register Undefjned 

CHO, 4 (L) Lower 2 bits of AD conversion result for ANO or AN4are stored. 

AD 
AID ADR049 : ADR04B ADR047 : ADR046 , ADR04S : ADR044 ADR043 ADR042 

REG04H 
Result 

61H 
R 

Register Undefined 
CHO,4(H) Upper 8 bits of AO conversion result for ANO or AN4are stored. 
AD ADR151 ' ADR150 

AD Result R 

REG1SL Register 
62H 

Undefined 

CH1, S(L) lower 2 bits of AO conversion result for ANl or ANS are stored. 
AD ADR1S9 : ADR1SB ADR157 : ADR156 ' ADR1SS ~ AOR154 ADR1S3 ADR1S2 

AD Result R 

REG1SH Register 
63H 

Undefined 
CH1, S(H) lJpper ~ bits of AD ',onversion fe,5ult for AN1.or AN5 are 5:tored. 
AD ADR21 ADR20 

AD Result 
64H 

R 

REG2L Register Undefined 
CH2 (L) lower 2 bits of AD conversion result for AN2 are stored. 

AD ADR29 ADR28 ADR27 ADR26 ADR2S ADR24 ADR23 ADR22 

AD Result R 

REG2H Register 
6SH 

Undefined 

CH2(H) Upper 8 bits of AD conversion result for AN2 are stored. 

NO ADR031 ' ADR030 
AD Result R 

REG3L Register 
66H 

Undefined 
CH3 (L) Lower 2 bits of AD conversion result for AN3 are stored. 

AID ADR039 : ADR03B : ADR037 : ADR036 : ADR035 , ADR034 ADR033 : ADR032 
AD 

Result R 
REG3H 

Register 
67H 

Undefined 

CH3IH) Upper 8 bits of AD conversion result for AN3 are stored. 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(8) Interrupt Control (1/2) 

Svmbol Name Address 7 6 S 4 3 2 1 0 

INTerrupt INTAD INTO 
INTE· 

Enable 
70H lADe IADM2 tADM1 IADMO IOC 10M2 10Ml IOMO 

OAO 
O&A/O 

(Prohibit R/W W R/W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INT5 INT4 

INTE4S Enable 
71H ISC ISM2 15M1 ISMO ,'C 14M2 14Ml 14MO 

4IS 
(Prohibit R/W W R/W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INT7 INT6 

INTE67 Enable 
72H 17C 17M2 17M1 17MO 16C 16M2 16M1 16MO 

617 
(Prohibit R/W W R/W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INITl Timer 1 INTTO Timer 0 

73H ITlC ITlMl IT1M1 ITlMO ITOC ITOM2 ITOMI ITOMO 
INTETIO Enable 

(Prohibit R/W R/W 
Timer 1/0 W W 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt INTH Timer 3/PWM 1 INTI2 Tim.,l/PWMO 
INTE· 74H IPWIC IPW1M2 IPW1Ml IPWIMO IPWOC IPWOM2 IPWOMl IPWOMO 
PW10 

Enable 
(Prohibit R/W R/W W W PWml/0 

RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTTRS TREGS INTTR4 TREG4 

7SH ITSC IT5M2 ITSMl ITSMO IT4C IT4M2 IT4Ml IT4MO 
INTET54 Enable 

(Prohibit R/W R/W 
Tre95/4 

W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
lNTTR7 TREG7 INTTR6 TREG6 

76H IT7e IT7M2 IT7M1 ITlMO IT6C IT6M2 IT6M1 
, 

IT6MO 
tNTET76 Enable 

, 
Treg 7/6 

(Prohibit R/W W R/W W 
RMW) 0 0 0 0 0 0 0 

INTerrupt 
INITXO INTRXO 

77H ITXOC ITXOM2 ITXOMl ITXOMO IRXOC IRXOM2 IRXOMl IRXOMO 
INTESO Enable 

(Prohibit R/W R/W 
Serial 0 

W W 
RMW) 0 0 0 0 0 0 0 0 

INTerrupt 
INTTXl INTRXI 

78H ITX1C ITX1M2 ITX1Ml ITX1MO IRX1C IRX1M2 IRX1Ml IRX1MO 
INTE51 Enable 

(Prohibit R/W R/W W 
Serial 1 

W 
RMW) 0 0 0 0 0 0 0 0 

DMAl OMAO 
INT· 

INTerrupt 
79H IDle 1D1M2 IOlMl ID1MO loDe 100M2 IOOM1 IOOMO 

DMAO 
Enable 

(Prohibit R/W R/W W 
OMAC 110 

W 
RMW) 0 0 0 0 0 0 0 0 

OMA3 OMA2 
INT-

INTerrupt 
7AH ID3C 103M2 ID3Ml ID3MO ID2e 102M2 I02Ml I02MO 

OMAl 
Enable 

(Prohibit R/W R/W W W 
OMAC3/2 

RMW) 0 0 0 0 0 0 0 0 
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TMP96C081F TLCS-900 16-bit Microcontroller 

(8) Interrupt Control (212) 

Symbol Name Address 7 6 5 4 3 2 1 0 

DMAO DMAO start vector 
7CH DMAOV8 ; DMAOV7 ; DMAOV6 ; DMAOVS DMAOV4 

DMAOV request 
(Prohibit W Vector 

RMW) 0 0 0 0 0 

DMAI ~DMA 1 start vector 
7DH DMA1V8 ; DMA1V7 DMA lV6 ; DMA lVS DMA1V4 

DMAIV request 
(Prohibit W 

Vector 
RMW) 0 0 0 0 0 

DMA2 .uDMA2 start vector 
7EH DMA2V8 DMA2V7 ' DMA2V6 ; DMA2VS DMA2V4 

DMA2V request 
(Prohibit W 

Ve<tor 
RMW) 0 , 0 0 0 0 

DMA3 
DMA3 start vector 

7FH DMA3V8 ; DMA3V7 DMA3V6 ; DMA3VS ; DMA3V4 
DMA3V request 

(Prohibit W 
Vector 

RMW) 0 0 0 0 0 , 
IOlE 

, 
IOLE 

, 
NMIREE , , , W W 

, W 
0 0 0 

Interrupt , , 

I 
:1: INTO ~O: INTO p: Operate 

liMe 
Input 

78H 

I :::. 
edge even at 

Mode l mode NM'irise 
Contorol 

!1: INTO edge 
(Prohibit 

~ 
level 

RMW) mode 
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TLCS-900 16-bit Microcontroller TMP96C081F 

(9) Chip Select/Wait Controller (1/2) 

Symbol Name Address 87 86 85 84 83 82 81 BO 
80eSl SlockO 68H 80E 80SYS 80CAS 808US - 80W2 BOWl BOWl 

eSiWAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register I: eSleAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only leso 8u. 000 : 2 Wait 

I: 1: Rbit 
001 : 1 Wait 
010 : tWait ... n 

ICASO 8u. 011 : OWait 
100: 0-2 Wait 
101 : 0-1 Wait 
110 : Reserved 
111: Reserved 

80CSH RlockO 69H 80M3 80M2 80Ml 80MO BOA3 BOA2 80Al BOAD 
CSiWAIT W W W W W W W W 
Control a a a 0 0 a 0 0 
Register Address (A23-A20) Mask Set Address (A23-A20) Comparision 
High 0: Non-Mask 0000: 7fOOH-7fFfH 

1 : Mask Other: Compare A13-A1O 
81eSL Block1 6AH 81E BISYS 81eAS 81BUS - 81W2 81Wl BIWO 

CSIWAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register I: CSICAS 1: System 0: 0: 16 bit Wait Control 
Low Enable Only leSI Bu. 000 : 2Wait 

I: 1: Sbit 
001 : 1 Wait 
010 : 1Wait ... n 

lCASI Bu. all: aWait 
100: 0-1 Wait 
101 : 0-1 Wait 
110: Reserved 
111 : Reserved 

BICSH Block! 6BH BIM3 BIM2 81MI SIMO SIA3 SIA2 BIAI BIAO 
eSIWAIT W W W W W W W W 

Control 0 a a 0 a 0 0 0 
Register Addre .. (A23-AIO) Mask Set Address (A23-A20) Comparision 
High 0: Non-Mask 0000: 00BOH-7fffH 

1: Mask Other: Compare A23-A20 

B2eSL Block2 6CH B2E B2SYS B2CAS B2BUS - B2W2 B2WI B2WO 
CS/WAIT W W W W W W W 

Control 1 0 0 0 0 a 0 
Register I: CS/CAS 1: System 0: 0: 16 bit Wait Control 
Low Enable Only ICS2 Bu. 000: 2 Wait 

001 : 1 Wait 
I: 1: 8bit 010: 1 Wait+ n 

lCAS2 Bus all: OWait 
100 : 0-2Wait 
101 : 0-1 Wait 
110: Reserved 
111 : Reserved 

B2CSH Block2 6DH B2M3 B2M2 B2Ml 82MO B2A3 B2A2 B2Al BIAO 

CSANAIT W W W W W W W W 
Control 0 0 0 0 0 0 0 0 
Register Address (A23-A20) Mask Set Address (A23-A20) Comparision 
High 0: Non·Mask 0000: BOOOH-3fffffH 

1: Mask Other: Compare A23-A20 
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TMP96C081F TLC5-900 16-bit Microcontroller 

(9) Chip SelectJWait Controller (212) 

Symbol Name Address B7 B6 BS B4 B3 B2 Bl BO 
B3C5L Block] 6EH B3E B3SYS B3CAS B3BUS B3W2 B3Wl 83Wl 

C5/WAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register 1: CS/CAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only 1C53 Bus 000: 2Wait 

001 : 1 Wait 
1: 1: Bbit 010: lWait+" 

ICAS3 Bus 011: OWait 
100: 0-2Wait 
101: 0-1 Wait 
110: Reserved 
111: Reserved 

B3CSH Block3 6FH B3M3 B3M2 B3Ml B3MO B3A3 B3A2 8lAl BlAO 
C5/WAIT W W W W W W W -' W 
Control 0 0 0 0 0 0 0 0 
Register Address (Al3-A20) Mask set Address (Al3-A20) Comparison 
High 0: Non-Mask 0000 : Address .r •• s are not specified 

1 : Mask Other: Compare A23-AlO 
B4CSL Block4 4AH B4E B4SYS B4CAS B4BUS - B4A2 B4Al B4AO 

C5/WAIT W W W W W W W 
Control 0 0 0 0 0 0 0 
Register 1: CS/CAS 1: System 0: 0: 16bit Wait Control 
Low Enable Only 1CS4 Bus 000: 2Wait 

001 : lWait 
1: 1: 8 bit 010: lWalt+" 

ICAS4 Bus 011: OWait 
100: 0-2Walt 
101: 0-1 Wait 
110: Reserved 
111: Reserved 

B4CSH Block4 4BH B4M3 B4M2 B4Ml B4MO B4A3 B4A2 B4Al B4AO 
CSfWAIT W W W W W W W W 
Control 0 0 0 0 0 0 0 0 
Register Address (Al3-AlO) Mask Set Addre .. (A23-A20) Comparison 
High 0: Nan-Mask 0000 : Address areas are not specified 

1 : Mask Other: Comp.re Al3-A20 
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TLCS-900 16-bit Microcontroller TMP96C081F 

6. Port Section Equivalent Circuit Diagram 
• Reading The Circuit Diagram 

Basically, the gate singles written are the same as 
those used for the standard CMOS logic IC [74HCXX] 
series. 
The dedicated signal is described below. 

• ADO - AD7, AD8 - 15, A8 - 15, P2 (A16 - 23, AO -7) 

• RD, WR 

Output Data ~-;::+:::;:=t:=J 

Output Enable 
STOP 

Input Data 

Input Enable 

STOP: This signal becomes active "1" when the hold mode 
setting register is set to the STOP mode and the CPU 
executes the HALT instruction. When the drive enable 
bit [DRIVEl is set to "1", however, STP remains at "0". 

• The input protection resistor ranges from several tens of 
ohms to several hundreds of ohms. 

vee 

I/O 
------ ------, 

L----+-C>o-I- N-ch i ~~~Ig~~~r;:able 
: Resistance 

-------------" (only PORT2) 

vee 

Output Data ---;=+~=;::::j 'L 
"o,-J ~i ~o", 

• P32 - 37, P40 - 41 , P43 - 44 

Output Data 

Output Enable 
STOP 

Input Data 

Input Enable 

vee 

r-------------, Programmable 
: vee : Pull. Up ; i Resistance 
L ____________ .J 

I/O 
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TMP96C081F 

• P42 (CS2. CAS2) 

• P5 (ANO - 5) 

• P87 (INTO) 

MCU900-6S4 

TLCS-900 16-blt Microcontroller 

Output Data 

Output Enable 
STOP 

Analog input 
channel select 

Analog input ----1----4 

Input Data 

vee 

Input Enable 

vee 

Output Data ~ 

Output Enable I ~_ STOP~ 

110 

Input 

Input Data 110 

_-----' Schmitt 
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• P90 (TXDO), P93 (TXD1) 

• P96 (XT1), P97 (XT2) 

TLCS-900 16-bit Microcontroller 

vee 

Output Data ~ 

Open Drain 
Enable _ 

STOP 

Input Data __ ---c<l--c(I=-::-W.-~----__t 

Output Data 
Output Enable 

Input Data 

STOP 

Input Enable 

Input Enable 

clock 

oscillator ------------- ... , , , 

, '-.--------------_ ... 

low frequency 
oscillation enable 

• NMI 

NMI -·----~~r---~D Input 

Schmitt 

1/0 

P97(XT2) 

P96(XT1) 
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TMP96C081F TLCS-900 16-bit Microcontroller 

• WDTOUT 

WDTOUT -----1[>0--[>-------0 OUT 

• ClK 

Output Enable ------, vee vee 

internal elK -----F1r=====3-: 
OUT 

STOP 

internal reset -------[>c-------'-'-'---' 

Test circuit 

• CSEl, AM8/16 

~~-----o Input 

• ALE 

vee 

,""m'"'' Lb:~ 
0""""",'', J ±'" ~ om 
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• RESET 

• X1. X2 

• VREF. AGND 

TLCS-900 16-bit Microcontroller 

. '1::;:l 0 
internal reset ~ Input 

Schmitt 

WDTOUT 
reset enable 

clock 

r- ----- --- ~_s_cil!~!'!~ - ---- --

High frequency : 
oscillation enable: . . . .. _____ - ___ - _____________ -------..1 

±~
P-Ch 

N-ch 
VREFON -------1-----' 

• Ladder 

VREF 

A I 0 Converter 
GND 

• 

~ Resistance 

-------1-------0 AGND 

X2 

X1 

TOBHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TMP96C081F TLCS-900 16-bit Microcontroller 

7. Guidelines and Restrictions 

(1) Special Expression 

(j) Explanation of a built-in I/O register: Register 

Symbol <Bit Symbol> 

ex) TRUN < TRUN> ... Bit TORUN of Register TRUN 

® Read, Modify and Write Instruction 

An instruction which CPU executes following by one 
instruction. 

1 . CPU reads data of the memory. 

2. CPU modifies the data. 

3. CPU writes the data to the same memory. 

ex1) SET 3, (TRUN) ... set bit3 of TRUN 
ex2) INC1, (100H) ... increment the data of 100H 

• The representative Read, Modify and Write 
Instruction in the TLCS-900 

SET imm,mem, RES imm,mem 
CHG imm,mem, TSET imm,mem 
INC imm,mem, DEC imm,mem 
RLD A,mem, ADD imm, reg 

® 1 state 

One cycle clock divided by 2 oscillation frequency is 
called 1 state 

ex) The case of oscillation frequency is 20MHz 

2I20MHz = 100ns = 1 state 

(2) Guidelines 

(j) CESL, AM8/16 pin 

Fix these pins Vee or GND unless changing voltage. 

® Standby Mode (IDLE1) 

When the IDLE1 mode (operates only oscillator) is 
used, set TRUN <PRRUN> to "0" to stop prescaler 
before "HALT" instruction is executed. 

® Warming-up Counter 

The warming-up counter operates when the STOP 
mode. is released even the system which is used an 
external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 

@ High Speed jillMA (DRAM refresh mode) 

When the Bus is released (BUSAK = "0") for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high-speed I1DMA is generated by an 
interrupt. 

@ Programmable Pull Up/Down Resistance 

The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out­
put ports, they cannot be selected ON/OFF by pro­
gram. 

® Bus Releasing Function 

Refer to the "Note about the Bus Release" in 3.5 Func­
tions of Ports because the pin state when the bus is 
released is written. 

(J) Watch Dog Timer 

The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 

® Watch Dog Timer 

When the Bus is released, the watch dog timer cannot 
be operated. 

® ND Converter 

The ladder resistor between VREF and AGND pin can 
be cut by program to reduce the power consumption. 
When the standby mode is used, cut by program 
before "HALT" instruction is executed. 

®I CPU (High Speed I1DMA) 

Only the "LDC cr, r", "LDC r, cr" instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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