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Preface 

Preface 
This manual describes the hardware of the Mitsubishi 
CMOS 16-bit microcomputers M37732 group and 
M37730 group. After reading this manual, the user 
should be able to fu!IY utilize the functions of the 
microcomputers of M37732 group and M37730 group. 

For details concerning the software for the M37732 
group and M37730 group, refer to the MELPS 7700 
SOFTWARE MANUAL. For details concerning the 
development support tools (assembler, option boards), 
refer to the respective operation manuals. 
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For using this manual 

This manual defines following items. 

•f(X1N) 
f(X1N) means external clock input frequency. 

•Internal clock <fJ 

Internal clock <fJ means operating clock of this microcomputer. It is obtained by dividing the input 
clock to X1N pin by 2 ( = 1(X1N)/2). 

·Clock ¢1 
Clock ¢1 means the internal clock <fJ output from <{!1 pin. 

•Bit attribute 
Bit attributes are described in the figure of register structure. 
The following abbreviations are used to indicate the attributes. 

b7 b6 b5 b4 b3 b2 b1 bO 

R R w W R/W R/W 

R/W : Possible to read and write 

'--------- W : Possible only to write 

R : Possible only to read 

Nothing allocated, undefined at reading 

•Overflow and Underflow of timers 
Overflow of the timer means that the counter content reaches FFFF16 ~ reload value "n". 
Underflow of the timer means that the counter content reaches 000016 ~ reload value "n". 

"n" : Value set in reload register 
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DESCRIPTION 

The M37732 group is an external ROM version 16-bit microcomputer designed with high-performance silicon 
gate CMOS technology. It is housed in an 80-pin plastic molded OFP. 
This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data 
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can be also switched 
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial 
equipment controllers that require high-speed processing of large amounts of data. 
M37732 group is also equipped with low supply voltage version that is suitable for application of portable 
equipment controller. 

M37730 group is a microcomputer housed in a 64-pin package. M37730 group has the same functions as 
M37732 group except for a few parts. Therefore, the differences between M37730 group and M37732 group 
are mainly described in "CHAPTER 8. M37730 GROUP''. 

Photo of M37732S4LHP Chip 
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DESCRIPTION 
1.1 M37732 group 

1.1 M37732 group 
The M37732 group consists of chips shown in Table 1.1.1 with the M37732S4FP as the base chip. The 
M37732S4LGP and the M37732S4LHP are the low supply voltage version microcomputers that have character­
istics of low supply voltage and a small package. Except for low supply voltage version, the difference between 
the other chips is only the operating clock frequencies. Hereafter, the M37732 group microcomputers will be 
referred to simply as the M37732S4FP unless there is a specific difference by version. 
Low supply voltage version is described in "CHAPTER 7. LOW SUPPLY VOLTAGE VERSION''. 

Table 1.1.1 M37732 group 
ROM RAM Clock 

Package 
Type name size size frequency Remarks 

(bytes) (bytes) (MHz) outline 

M37732S4FP 8 

M37732S4AFP 16 80P6N-A High-speed version of M37732S4FP 

M37732S4BFP External 2048 25 Super high-speed version of M37732S4FP 

M37732S4LGP 8 80P6S-A Low supply voltage version and small 

M37732S4LHP 8 80P6D-A package of M37732S4FP 
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DESCRIPTION 
1.2 Performance overview 

1.2 Performance overview 
Table 1.2.1 shows the performance overview of the M37732S4FP. 

Table 1.2.1 M37732S4FP performance overview 

Parameters Functions 

Number of basic instructions 103 

Instruction execution time M37732S4FP 500ns (the fastest instruction at 8MHz frequency) 

M37732S4AFP 250ns (the fastest instruction at 16MHz frequency) 

M37732S4BFP 160ns (the fastest instruction at 25M Hz frequency) 

Operating clock frequency M37732S4FP 8MHz (maximum) 

M37732S4AFP 16MHz (maximum) 

M37732S4BFP 25MHz (maximum) 

Memory size ROM External 

RAM 2048 bytes 

Input/Output ports Ports P5-P8 8 bits x 4 

Port P4 5 bits x 1 

Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits x 5 

TBO, TB1, TB2 16bitsX3 

Serial 1/0 (UART or clock synchronous serial 1/0) x 2 

A-D converter 8 bits x 1 (8 channels) 

Watchdog timer 12 bits x 1 

Interrupts 3 external, 16.internal (priority levels Oto 7 can 

be set for each interrupt with software) 

Clock generating circuit Built-in (externally connected to a ceramic or 

crystal resonator) 

Supply voltage 5V±10% 

Power dissipation 30mW (operating clock frequency = 8MHz ) 

Input/Output characteristics Input/Output voltage 5V 

Ou~t current 5mA 

Memory expansion Maximum 16M bytes 

Operating temperature range -20 to 85°C 

Device structure High-performance silicon gate CMOS process 

Package 80-pin plastic molded OFP 
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DESCRIPTION 

1.3 Pin configuration 
Figure 1.3.1 shows the M37732S4FP pin configuration. 

P7o/ANo .._. 1 
P61ffB21N .._. 2 
P6sffB1 IN.._. 3 
P6sffB01N .._. 4 
P64/INT2 .._. s 
P63/INT1 .._. s 
P62/INTo .._. 7 

P61ff A41N .._. a 
P6off A4our .._. g 

P51ffA31N/RTP13 .._. 10 
P5s/TA3our/RTP12 .._. 11 

P5s/TA21N/RTP11 .._. 12 
P54/TA2our/RTP1o .._. 13 

P53/TA11N/RTP03 .._. 14 
P52/TA1our/RTP02 .._. 1s 

P51/TA01N/RTP01 .._. 1s 
P5o/TAOour/RTPOo .._. 17 

Outline 80P6N-A 

Fig. 1.3.1 M37732S4FP pin configuration (top view) 

1.3 Pin configuration 

P84/CTS1/RTS1 
P85/CLK1 ... P8s/RxD1 ... P87/TxD1 _. Ao _. A1 _. A2 _. A3 _. A4 _. As _. As _. A7 ... Aa!Da ... Ag/09 ... A10/D10 
A11/D11 
A12/D12 
A13/D13 
A14/D14 
A1s/D1s 
A1s/Do 
A17/D1 
A1B/D2 
A19/D3 
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DESCRIPTION 
1.4 Pin description 

1.4 Pin description 
Table 1.4.1 shows the pin description. 

Table 1.4.1 Pin description (1) 

Pin Name lnQut/OutQ_ut Functions 
Vee Vss Power supp_!y_ Supp!Y_ 5V±10% to Vee and OV to Vss. 
CNVss CNVss ir12_ut Input Connect to Vee. 
RESET Reset input Input The microcomputer is reset when this pin is set to "L" 

level. 
X1N Clock input Input These are the 1/0 pins of the internal clock generating 

circuit. Connect a ceramic or crystal resonator between 
Xour Clock output Output X1N and Xour. When an external clock is used, the clock 

source should be connected to the X1N pin and the Xour 
pin should be left open. 

E Enable output Output Data or instruction read and data write are performed 
when output from this En is "L" level. 

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-
bit width or 16-bit width. The width is 16 bits when the 
signal level is "L" and 8 bits when the signal level is "H". 

AVee, AVss Analog supply input Power supply for the A-D converter. Externally connect 
AVee to Vee and AVss to Vss. 

VREF Reference voltage input Input This is a reference voltage input pin for the A-D con-
verter. 

~1 C.lock output Output This pin outputs the clock~1 which is divided the clock to 
X1N pin by 2. 

ROY Ready input Input The microcomputer .is in Ready state while "L" level is 
input to this En. 

HOLD Hold input Input The microcomputer is in Hold state while "L" level is input 
to this En. 

HLDA Hold acknowledge output Output This pin outputs "L" level when microcomputer is in Hold 
state. 

R/W Read/Write output Output The read/write signal indicates the data bus state. The 
data bus state is read when this signal is "H" level and 
write when "L" level. 

BHE Byte high enable output Output "L" level is output when an odd-numbered address is 
accessed. 

ALE Address latch enable output Output This is used to obtain only the address from address and 
data multiplex signals. 

Arj-A1 Address bus low-order ou!e_ut Output Low-order 8 bits (Arj-A1) of the address bus are output. 
Aa/Ds-A1s/D1s Address bus middle-order output/ 1/0 •When the external bus width is 16 bits. (The BYTE pin 

Data bus high-order 1/0 is at "L" level.) High-order 8 bits (Ds-D1s) of the data 
bus are input or output when the E output is "L" level. 
Middle-order 8 bits (As-A1s) of the address bus are 
output when E output is "H" level. 

•When the external bus width is 8 bits. (The BYTE pin is 
at "H" level.) Middle-order 8 bits (As-A1s) of the address 
bus are output. 

A1s/Do-A23/01 Address bus high-order output/ 1/0 Low-order 8 bits (Do-D1) of the data bus are input or 
Data bus low-order 1/0 output when the E output is "L" level. High-order 8 bits 

(A1B-A23) of the address bus are output when the E output 
is "H" level. 
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DESCRIPTION 
1.4 Pin description 

Table 1.4.1 Pin description (2) 

Pin Name Input/Output Functions 
P43-P41 1/0 port P4 110 Port P4 is a 5-bit CMOS 1/0 port. This port has a data 

direction register and each pin can be programmed for 
input or output. 

P5o-P51 1/0 port P5 1/0 Port P5 is an 8-bit CMOS 1/0 port. This port has a data 
direction register and each pin can be programmed for 
input or output. These pins also function as 1/0 pins for 
timers AO-A3. 

P60-P61 1/0 port P6 1/0 This port is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as 1/0 pins for timer 
A4, external interrupt input pins for INTe>-INT2, and input 
pins for timers B0-82. 

P7o-P71 1/0 port P7 1/0 This port is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as analog input 
pins AN0-AN1. P71 also functions as the ADrRG input pin 

1110 port PB 
- for an A-D conversion tr_!gg_er. 

P80-P81 1/0 This port is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 
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DESCRIPTION 
1.5 Block diagram 

1.5 Block diagram 
Figure 1.5.1 shows the M37732S4FP block diagram. 

AddreHBue 

lncrementer(24) 

lnaemenler/Deaemenler(24) 

Program Counter PC(16) 

Program Bank Register PG(S) 

Data Bank Register DT(B) 

Stack Pointer S(16) 

Index Register Y(16) 

Index Register X(16) 

Accumulator 6(16) 

Accumulator A(16) 

Fig. 1.5.1 M37732S4FP block diagram 
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FUNCTIONAL 
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2.8 Timer B 
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2.1 O Serial 1/0 
2.11 A-D converter 
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2.13 Hold function 
2.14 Ready function 



FUNCTIONAL DESCRIPTION 
2.1 Central processing unit 

2.1 Central processing unit (CPU) 
The MELPS 7700 CPU has ten registers as shown in Figure 2.1.1. Each of these registers is described 
below. 

2.1.1 Accumulator (Ace) 
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary. 

(1) Accumulator A (A) 
Accumulator A is the main register of the microcomputer. Data operations such as calculations, dat1 
transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits and thi 
low-order 8 bits can be used separately. The data length flag (m) determines whether the register i 
used as a 16-bit register or as an 8-bit register. It is used as a 16-bit register when flag m is "O" an 
as an 8-bit register when flag m is "1 ". Flag m is a part of the processor status register (PS) whic 
is described later. When an 8-bit register is selected, the low-order 8 bits of the accumulator A ar 
used and the contents of the high-order 8 bits are unchanged. 

(2) Accumulator B (B) 
Accumulator B has the same functions as accumulator A. The MELPS 7700 instructions can us 
accumulator B instead of accumulator A, but the use of accumulator B requires more instruction byte 
and execution cycles than accumulator A. Accumulator B is also controlled by the data length flag r 

2.1.2 Index register X (X) 
Index register X consists of 16 bits and the low-order 8 bits can be used separately. The index regist 
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is US( 

as a 16-bit register when flag x is "O" and as an 8-bit register when flag x is "1 ". Flag x is a part of ti 
processor status register (PS) which is described later. When an 8-bit register is selected, the low-ord 
8 bits of the index register X are used and the contents of the high-order 8 bits are unchanged. 
In addressing mode in which the index register X is used as the index register, the contents of this regis1 
is added to obtain the real address. 
Also, when executing the block transfer instruction MVP or MVN, the contents of the index register 
indicate the low-order 16 bits of the source data address. The third byte of the MVP or MVN instructi 
is the high-order 8 bits of the source data address. 

2.1.3 Index register Y (Y) 
Index register Y is a 16-bit register with the same function as index register X. As with index register 
the index register length flag (x) determines whether this register is used as a 16-bit register or as an 
bit register. Also, when executing the block transfer instruction MVP or MVN, the contents of index regi~ 
Y indicate the low-order 16 bits of the destination data address. The second byte of the MVP or M' 
instruction is the high-order 8 bits of the destination data address. 
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FUNCTIONAL DESCRIPTION 
2.1 Central processing unit 

b7 

I 
b23 

b7 

b15 ---

0 0 

b15 b8 b7 bO 

I AH I AL Accumulator A 

b15 b8 b7 bO 

i BH I BL Accumulator B 

b15 b8 b7 bO 

XH XL Index register X 

b15 b8 b7 bO 

I YH I YL Index register Y 

b15 b8 b7 bO 

SH I SL Stack pointer S 

bO 

DT Data bank register OT 

b16 b15 b8 b7 bO 

PG PCH PCL Program counter PC 

~ bO 
: .................................................................................. Program bank register PG 

0 0 0 

b15 b8 b7 bO 

I DPRH I DPRL Direct page register DPR 

b15 b8 b7 bO 

I PSH I PSL I Processor status register PS 

' ' ' ' ' ' ' ' ' ' b10 b9 b8 b7 b6 b5 b4 b3 b2 bO : 

IPL N v m x D I 

'----- Interrupt disable flag 
---- Decimal mode flag 

-----Index register length flag 

'------- Data length flag 

------- Overflow flag 
'--------Negative flag 

--------- Processor interrupt priority level 

=ig. 2.1.1 CPU registers structure 
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FUNCTIONAL DESCRIPTION 
2.1 Central processing unit 

2.1.4 Stack pointer (S) 
Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is also used during 
addressing modes using the stack. The contents of the stack pointer S indicate the address (stack area) 
for storing registers during subroutine calls and interrupts. The bank 01a must be designated for the stack 
area (refer to section "2.3 Addressable memory space"). Normally, the stack area is reserved in internal 
RAM. 
When an interrupt request is accepted, the contents of the program bank register PG is stored at the 
address indicated by the contents of the stack pointer S, and the contents of the stack pointer S are 
decremented by 1. Then the contents of the program counter PC and the processor status register PS are 
stored with the high-order bytes and the low-order bytes (PCH, PCL, PSH, PSL) in that order. The contents 
of the stack pointer S after accepting an interrupt request are equal to the contents of the stack pointer 
S before the accepting of interrupt request decremented by 5. 
Figure 2.1.2 shows the stored registers when an interrupt request is accepted. 
When returning to the original routine after processing the interrupt service routine, the registers stored in 
the stack area are restored to the original registers in the reverse sequence and the contents of the stack 
pointer are returned to the state before the accepting of interrupt request. 
The same operation is performed during a subroutine call, but the contents of the processor status register 
PS are not stored (the contents of the program bank register PG may not be stored either depending on 
the addressing mode). 
The user is responsible for storing registers other than those described above by program during interrupts 
or subroutine calls. 
In addition, the stack pointer S must be initialized at the beginning of the program because its contents 
are undefined at reset. Normally, the stack pointer is initialized with the highest address of the internal 
RAM. The contents of the stack area change when subroutines are nested or when multiple interrupt 
requests are accepted. Therefore, make sure necessary data in the internal RAM are not destroyed when . 
nesting subroutines. 

Memory 

S-4 Processor status register low-order byte (PSL) 

S-3 Processor status register high-order byte (PSH) 

S-2 Program counter low-order byte (PCL) 

S-1 Program counter high-order byte (PCH) 

S Program bank register (PG) 

* S is the first address that the stack pointer indicates at 
accepting an interrupt request. 

Fig. 2.1.2 Stored registers when an Interrupt request is accepted 
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FUNCTIONAL DESCRIPTION 
2.1 Central processing unit 

2.1.5 Program counter (PC) 
Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory 
address (24 bits) to be executed. The contents of the high-order program counter (PCH) become "FF1e", and 
the low-order program counter (PCL) become "FE1s" at reset. The contents of the program counter PC 
become the contents of the reset vector address (addresses FFFE1s, FFFF1e) after removing reset state. 
Figure 2.1.3 shows the program counter PC and the program bank register PG. 

b23 b16b15 b8 b7 bO 

PG PCH PCL 

b7 bO 

Fig. 2.1.3 Program counter PC and program bank register PG 

2.1.6 Program bank register (PG) 
Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the next progr;.:i.m 
memory address (24 bits.) tr) be executed. When a carry occurs after adding the contents of the program 
counter PC, the contents of the program bank register PG are incremented by 1. Also, when a borrow 
occurs after subtracting the contents of the program counter PC, the contents of the program bank register 
PG are decremented by 1. Therefore, programs can be written without considering bank boundaries, 
usually. 
This register is cleared to "0016" at reset. 
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2.1. 7 Data bank register (DT) 
Data bank register DT is an 8-bit register. With some addressing modes using the data bank register DT, 
the contents of this register are used as the high-order 8 bits (bank) of a 24-bit address. 
Use the LDT instruction to set the value in this register. This register is cleared to "001s" at reset. 

* Refer to "MELPS 7700 SOFTWARE MANUAL" for the addressing modes. 

2.1.8 Direct page register (DPR) 
Direct page register DPR is a 16-bit register. The contents of this register indicate whether the direct page 
area is allocated in bank 01s or spans across banks 016 and 11s. This area can be accessed with two bytes 
by using the direct page addressing mode. 
The contents of the DPR are the base address (lowermost address) of the direct page area which extends 
256 bytes above this address. The DPR can contain a value from 00001s to FFFF1s. If it contains a value 
equal to or greater than "FF011s", the direct page area spans across banks 016 and 116. If the low-order 8 
bits of the DPR is "001s", the number of cycles required to generate an address is minimized. Therefore, 
the low-order 8 bits of the DPR should normally be set to "0016". 
This register is cleared to "000016" at reset. Figure 2.1.4 shows the setting example of the direct page with 
the direct page register (DPR). 

Bank 01s 

FFFF1s 

DPR area when DPR=00001s 

DPR area when DPR=012316 
(Note 1) 

•
-FF1016] 

11000016 
I 1000F16 

DPR area when DPR=FF101s 
(Note 2) 

Bank 116 

Note 1: The number of execution cycles is incremented by 1 when the low-order 8 bits of the 
DPR are not "0016". 

Note 2: The direct page spans across banks 01s and 11s when the DPR is "FF0116" or greater. 

Fig. 2.1.4 Setting example of direct page with the direct page register (DPR) 
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2.1.9 Processor status register (PS) 
Processor status register is an 11-bit register. It consists of flags to indicate the result of operation and 
processor interrupt priority level. The flags C, Z, V, and N are tested by branch instructions. 
Figure 2.1.5 shows the register structure of the processor status register. 
The details of the processor status register bits are described below. 

b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bO 

I O I O I O I O I O I IPL I N I V I m I x I D I I I Z I C I 
Note: Bits 11 to 15 always are "O" when the contents of the processor status register are read. 

Fig. 2.1.5 Processor status register structure 

(1) Carry flag (C) 
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow bit 
from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected by shift 
and rotate instructions. This flag can be SAt with the SEC or SEP instruction and cleared with the CLC 
or CLP instruction. 

(2) Zero flag (Z) 
The zero flag is assigned to bit 1 of the processor status register. It is set to "1" if the result of an 
arithmetic operation or data transfer is zero, and cleared to "O" if otherwise. This flag can be set with 
the SEP instruction and cleared with the CLP instruction. 
Note: This flag has no meaning in decimal mode addition (the ADC instruction). 

(3) Interrupt disable flag (I) 
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable 
interrupts (interrupts other than watchdog timer, the BAK instruction, and zero division). Interrupts are 
disabled when this flag is "1 ". When an interrupt request is accepted, it is set to "1" automatically to 
prevent multiple interrupts. This flag can be set with the SEI or SEP instruction and cleared with the 
CLI or CLP instruction. This flag is set to "1" at reset. 

(4) Decimal mode flag (D) 
The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether 
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when this 
flag is "O". If it is "1", decimal arithmetic is performed with each word treated as two or four digit 
decimal (determined by the data length flag m). Decimal adjust is performed automatically. Decimal 
operation is possible only with the ADC and SBC instructions. This flag can be set with the SEP 
instruction and cleared with the CLP instruction. This flag is cleared to "O" at reset. 

(5) Index register length flag (x) 
The index register length flag is assigned to bit 4 of the processor status register. It determines 
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The 
register is used as a 16-bit register when flag x is "O" and as an 8-bit register when it is "1 ". This flag 
can be set with the SEP instruction and cleared with the CLP instruction. This flag is cleared to "O" 
at reset. 

•l• When transferring between different bit lengths, the data is transferred with the length of the destination 
register, but except for the TXA, TVA, TXB, and TYB instructions. Refer to "MELPS 7700 SOFTWARE 
MANUAL". 

15 
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(6) Data length flag (m) 
The data length flag is assigned to bit 5 of the processor status register. It determines whether to treat 
data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is "O" and as 8-bit when it is "1 ". 
This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP instruction. 
This flag is cleared to "O" at reset. 

* When transferring between different bit lengths, the data is transferred with the length of the destination 
register, but except for the TXA, TVA, TXB, and TVB instructions. Refer to "MELPS 7700 SOFTWARE 
MANUAL". 

(7) Overflow flag (V) 
The overflow flag is assigned to bit 6 of the processor status register. It Is used when adding or 
subtracting a word as signed binary. In case the data length flag m is "O", the overflow flag is set to 
"1" when the result of addition or subtraction is outside the range between -32768 and +32767, and 
cleared to "O" in all other cases. In case the data length flag m is "1 ", the overflow flag is set to "1" 
when the result of addition or subtraction is outside the range between -128 and +127, and cleared 
to "O" in all other cases. The overflow flag can be set with the SEP instruction and cleared with the 
CLV or CLP instructions. 
Note: This flag has no meaning in decimal mode. 

(8) Negative flag (N) 
The negative flag is assigned to bit 7 of the processor status register. It is set when the result of 
arithmetic operation or data transfer is negative (data bit 15 is 1 when data length flag m is "O", or 
data bit 7 is 1 when data length flag m is "1"). It is cleared in all other cases. It can be set with the 
SEP instruction and cleared with the CLP instruction. 
Note: This flag has no meaning in decimal mode. 

(9) Processor interrupt priority level (IPL) 
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The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status 
register. These three bits determine the priority level of processor interrupts from level O to level 7. 
Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the interrupt 
control register) is higher than IPL. When an interrupt request is accepted, the IPL is stored in the 
stack and IPL is replaced by the interrupt priority level of the accepted interrupt request. This simplifies 
control of multiple interrupts. 
There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL 
on the stack and updating the processor status register with the PUL or PLP instruction. 
The contents of the IPL are cleared to "000" at reset. 
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2.2 Internal bus interface 
A bus interface unit (BIU) is provided between the CPU and the internal bus. 

2.2.1 Internal bus Interface overview 
Transfer of data between the CPU and memory or 1/0 device is always performed through the BIU provided 
between the CPU and the internal bus. When the CPU reads data from memory or 1/0 device, it sends the 
address to be read to the BIU The BIU reads the data from the specified address and the CPU receives 
the data from the BIU. Similarly, the CPU sends the address to be written to the BIU when writing data. 
Thus the BIU controls the transfer of data between the CPU and bus. 
Figure 2.2.1 shows the block diagram of the bus interface unit. 

fl BIU ... 
;:;~:::::::::::::;:;:::::! Internal RAM 

1. 

CPU t Peripheral 
<;:;:;1 ::::::·:::::·:·:·:·:·:~::; 

Bus interface unit devi~s 

I I , ............ 
External 
memory 

Even address data bus (8 bits) 

Odd address data bus (8 bits) 

Address bus (24 bits) 

Fig. 2.2.1 Bus interface unit block diagram 

2.2.2 Bus interface unit functions 
The M37732 group uses the internal clock <fl (=f(X1N)/2) as the standard clock. The CPU also uses internal 
clock <fl as the standard clock. However, since the CPU clock may be extended due to CPU wait under 
certain conditions, it is referred to as ljJcPu to distinguish it from clock <fl. 
The M37732 group internal bus (address bus and data bus) operates at timing E which is slower than internal 
clock <fl. The operating clock of the CPU is different from the bus cycle because timing E is normally f(X1N)/ 
4. Therefore, the BIU is provided between the CPU and bus to synchronize the transfer of data to and from 
memory and 1/0 device. The BIU enables the CPU to transfer data to and from memory through the bus 
without decreasing the instruction execution speed. 
The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 shows the functions of each 
register of BIU and buffer. 

Table 2.2.1 Functions of BIU registers and buffers 

Name 
Program address register 
Instruction queue buffer 
Data address register 
Data buffer 

Function 
Indicates the address that stores the next instruction to prefetch in the instruction queue buffer. 
A three-byte buffer for temporarily holding instruction prefetched from memory. 
Indicates the address to be read from or to be written to memo~~ or 1/0. 
A two-byte buffer for temporarily holding data read from memory or 1/0 device 
by the BIU or data written to memory or 1/0 device by the CPU. 

17 
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b23 bO 

PA Program address register 

b7 bO 

Oo 

01 Instruction queue buffer 

02 

b23 bO 

DA Data address register 

b15 bO 

DBL Data buffer 

Fig. 2.2.2 BIU registers 

18 

The BIU performs the following operations. 

1. Prefetches an Instruction code from the program memory (area where the program Is stored) 
and stores It In the Instruction queue buffer. 
Normally, a program is exeeuted sequentially in ascending order of address. Therefore, if the next 
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions 
simply by obtaining the instruction code from the instruction queue buffer. This will eliminate the time 
needed by the CPU to access the memory. 
When the CPU is not using the bus (for example when performing register to register operation), the 
BIU reads an instruction code from the program memory (area where the program is stored) and 
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the 
instruction queue buffer is three bytes long. Refer to section "2.2.4 Data read/write operations" for 
more information concerning instruction code prefetch. 

2. Reads data at the specified address Into the BIU when the CPU requests data In memory and 
transfers It to' the CPU. 
When executing instructions that processes data in memory or 1/0 device, the CPU must access the 
address assigned to the memory or 1/0 device and read the data. Because the operating clock of the 
CPU and bus are different, the CPU reads the data through the data buffer of the BIU. 

3. Writes the data obtained from the CPU to the specified address In memory. 
When writing data to a specific address, the CPU sends the address and data to the BIU. And after 
that, the CPU continues to execute the next instruction extracting from the instruction queue buffer, 
because actual writing to memory or 1/0 device is performed by the BIU. 

4. Controls read of word data from odd number address and outputs the control signals required 
to access external memory In byte unit. 
The transfer of data between the CPU and BIU is always performed through a 24-bit address bus 
and 16-bit data bus. This is also true between the BIU and internal area or 110 device. The BYTE 
pin (external bus width selection input pin) determine these data widths, in addition, the wait bit 
determine the access timing only when an external memory is accessed. 
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2.2.3 Bus Interface unit operations 
Figure 2.2.3 shows the operating waveforms of the bus interface unit. The M37732 group BIU always 
operates at one of the waveforms shown in Figure 2.2.3. 
The meaning of signals ALE and E in Figure 2.2.3 are as follows: 

eALE (Address Latch Enable) 
Signal used to latch only address signals from Table 2.2.2 Data bus state according to E and R/W 
multiplex signals containing data and address. 

eE 
Signal set to "L" level when the bus interface unit 
reads instruction code or data from memory or 
when it writes data to memory. Table 2.2.2 shows 
the data bus state according to E and R/W signals. 

(1) Basic operation 

E 
H 
H 
L 
L 

R/W Data bus state 
H Not used 
L Not used 
H Read 
L Write 

Waveform (a) is the bus interface operating waveform under the following conditions: 

•When a one byte internal area and external memory is accessed. 
•When two bytes iii ir1tarna! «rea are accass&d together (siariing on an even address). 
•When two bytes in external memory are accessed together (starting on an even address when the 

BYTE pin is at "L" level). 
ewhen the instruction code is obtained from memory into the instruction queue buffer. 

Waveform (b) is the bus interface operating waveform when accessing in byte unit under the following 
conditions: 

eWhen two bytes in internal area and external memory are accessed together (starting on an odd 
address). 

ewhen two bytes in external memory are accessed together with the BYTE pin at "H" level. 

Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always 
used when accessing the internal area. 
When accessing the external memory area, the BIU operating waveform changes according to the wait 
bit. 

(2) Effect of the wait bit 

With the M37732 group, the external memory access time can be 1.5 times as long (the "L" level width 
of E signal becomes twice) by clearing the wait bit (bit 2) to "O" in the processor mode register 
(address 005E1s). This enables external expansion of slow memories and peripheral LSls. 
Note: Internal memory access is not affected by the wait bit. 

Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the 
waveform when an external memory area is accessed under the conditions for waveform (a) with the 
wait bit cleared to "O". 
Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the conditions 
for waveform (b) with the wait bit cleared to "O". The entire waveform is affected by the wait bit for 
waveform (d) and the first half or the last half is affected respectively for waveforms (e) and (f). 
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eA: Address 
eo: Data 

(a) 

(b) 

(c) 

(d) 

(e) 

Internal clock ; 

Al/DJ~ 

e ----i__r­

A LE _rL__ 
I< >I 

Al/Di~ 

e 
ALE _..n___ 

I< )j 

I< 

I< >I 

eAi/D1: Multiplex 1/0 pins containing data and address. 

Fig. 2.2.3 Bus Interface unit operating waveform 
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2.2.4 Data read/write operations 
(1) Instruction code read 

The CPU reads instruction codes from the instruction queue buffer of the BIU and executes them. The 
CPU notifies the BIU that an instruction code is needed during the instruction code fetch cycle. At this 
point, the operation depends on whether the instruction queue buffer contains an instruction code or 
not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU. If there is 
no instruction code in the instruction queue buffer, or if the amount of data in the instruction queue 
buffer is less than the necessary instruction code, the BIU halts the CPU until a sufficient amount of 
instruction codes is stored in the instruction queue buffer. 
Even when there is no request for instruction code from the CPU, if the instruction queue buffer is 
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU does 
not use the bus at the next cycle), the BIU reads instruction codes from memory and stores them in 
the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first address 
accessed when reading an instruction code from memory is even, then the data at the next odd 
number address is also read and stored in the instruction queue buffer. If the first accessed address 
is odd, only one byte is read and stored in the instruction queue buffer. However, if the instruction 
code is read from external memory with the BYTE pin at "H" level (8-bit external bus width), only one 
byte is read regardless of the accessed address. 
Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch or 
a jump or subroutine call instruction or an interrupt is executed, the contents of the instruction queue 
buffer are cleared and a new instruction code is read from the new address. 

(2) Data read/write 
The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when 
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher priority 
request, the CPU is made to wait until the BIU becomes ready. When the bus is available for data 
read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3. 

eData read 
When the CPU requests data from the BIU, it waits until the data becomes complete data in the data 
buffer. The BIU sends the address received from the CPU to the address bus, reads the contents of 
memory when E signal is "L" level, and stores it in the data buffer. 

•Data write 
The CPU sends address (address in which the data is written) and data to BIU. 
The address is written in the BILI data address register and the data is written in the data buffer. The 
actual writing in memory is performed by BILI and the CPU can proceed to the next step without waiting 
for the BIU to complete writing data in memory. The BIU sends the address received from the CPU 
to the address bus, sends the contents of the data buffer to the data bus, and writes it in memory when 
E signal is "L" level. 
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2.3 Addressable memory space 
The M37732 group allocates internal RAM, external memory, 110, and various control registers in the same 
memory space. Therefore, data transfer and operation can be performed with the same instruction without 
distinguishing memory and 110 area. 
Program counter (PC) consists of 16 bits. It is used. together with an 8-bit program bank register (PG) to 
directly access a 16M-byte address space from 016 to FFFFFF16. 
Figure 2.3.1 shows the addressable memory space. 

2.3.1 Banks 
Address space is divided into 64K-byte blocks called banks. The M37732 group can access 256 banks from 
bank 016 to bank FF16 (255). 
The high-order 8 bits of the 24-bit address indicate the bank and the contents of the program bank register 
(PG) or the data bank register (DT) indicate the bank to be used. 
If the program counter overflows at a bank boundary, the contents of the program bank register are 
incremented by 1. If a borrow occurs in the program counter, the contents of the program bank register 
are decremented by 1. Therefore, programs can be written without considering the bank boundaries, 
usually. The banks can be accessed efficiently by using an addressing mode that uses the data bank 
register. 
SFR area in bank 016 (addresses 016 to FFFF16) contains timers, interrupts, and internal 110 control registers. 
Addresses FFD616 to FFFF16 are allocated to an interrupt vector table containing the start address of 
interrupt service routines. Interrupt vector table area must be allocated in ROM. 

2.3.2 Direct page 
By using the direct page register (DPR), bank 01e or a 256-byte space spanning across bank 01e and bank 
116 can be accessed with fewer instruction cycles by using direct page addressing mode. This area is 
referred to as the direct page and is normally used for frequently accessed information. 
The direct page area can be specified by setting the lowermost address of the required area in the direct 
page register (refer to section "2.1.8 Direct page register"). 
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87F1s 

FFD61e 

FFFF1s 
100001e 

2000016 

FE00001e 

FF00001e 

FFFFFF1e 

D: Internal area 

r--···1 : External area 
,,.,,,.,.,.,,1 

Special function registers 

Internal RAM 

Fig. 2.3.1 Addressable memory space 

2.3 Addressable memory space 

i 
Bank 01s 
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2.4 Memory allocation 
SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 01s. ROM must be 
connected to the external memory area because the M37732 group is an external ROM version. 
Figure 2.4.1 shows the memory map. 

2.4.1 SFR (Special Function Registers), Internal RAM and external memory area 
The allocated SFR, internal RAM and external memory area are described below. 

(1) SFR area 
Addresses 00001e to 007F1e of bank 01e are the SFR (Special Function Registers) area. This area 
contains the control registers of internal peripheral devices, 1/0 ports, timers, and so on. Internal 
peripheral devices can be accessed through these registers. Figure 2.4.2 shows the memory map of 
the SFR area. 
Each bit in the register can be either read-only, write-only, or read/write bit. 
Refer to each block description for the register function in the SFR area. 
Refer to section "3.1.2 Internal registers state at reset" for the state of the SFR at reset. 

(2) Internal RAM area 
A 2048-byte static RAM is allocated at addresses 00801e to 087F1e of bank 01e. In addition to storing 
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore, 
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not 
destroyed. 

(3) External memory area 

24 

External memory can be set to a 16M-byte space of banks 01s to FF16 excluding SFR area (addresses 
000016 to 007F16) and internal RAM area (addresses 008016 to 087F16). 
The interrupt vector table allocated to addresses FFD616 to FFFF1e of bank 01e must be set in ROM. 
This area contains the start address of the interrupt service routine for each interrupt source and reset. 
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00000016 

SFR area 
- Refer to Figure 2.4.2 for SFR area memory map. 

00007F1s t------------1 
/FFD61s 00008016 

OOFFFF1s 

Internal RAM 
2048 bytes 

r:::J :Internal area 
, ........ ,,,.(r_ 

L .. J :External area 

1 
I 
; FFD81s 
J J FFDA1s 

I ; FFDC1s : 
I 

FFDE1s : 
I : FFE01a 
I : FFE21e J : FFE41a : 

I 
I FFE61d 
' ; 
I FFE81s 
I 
I FFEA1s 
I 
I FFEC16 I : 

I FFEE16 : : FFF01s 
I : FFF21a J 

J 
I FFF41s 

' J ~ I FFF61s 
~ l 
'J u FFF81s p 
'I ~l FFFA1a 
~: 
~ FFFC1s 

FFFE1s 
.,,,.,,.,.,,,,,,,,.,,.,,,,.,.,.,,,.,,, 

Interrupt vector table 

A-D conversion 

UART 1 transmission 

UART 1 reception 

UART O transmission 

UART O reception 

Timer 82 

Timer 81 

Timer BO 

Timer A4 

Timer A3 

Timer A2 

Timer A1 

Timer AO 

INT2 

INT1 

INTo 

Watchdog timer 

D8C (Note) 

BAK instruction 

Zero Division 

RESET 

Note: DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, 
usually. 

Fig. 2.4.1 Memory map 
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Address (Hexadecimal notation) 

000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
000008 
000009 
OOOOOA 
000008 
000000 
000000 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
000013 
000014 
000015 
000016 
000017 
000018 
000019 
00001A 
000018 
000010 
000010 
00001E 
00001F 
000020 
000021 
000022 
000023 
000024 
000025 
00002S 
000027 
000028 
000029 
00002A 
000028 
000020 
000020 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
00003S 
000037 
000038 
000039 
00003A 
000038 
000030 
000030 
00003E 
00003F 

Port P4 !!9.[ster 
Port P5 feglster 
Port P4 direction ~ster 
Port P5 direction rE!ll]ster 
Port PS !!9.[ster 
Port P7.r@g!ster 
Port PS direction rE!ll]ster 
Port P7 direction rE!ll]ster 
Port PS rl!Qlster 

Port PS direction ~ster 

A-0 control ~ster 
A-D swee....1!..El.n selection rE1Qister 
A·O register o 

A-0rE!ll]ster1 

A-0 rE!ll]ster 2 

A·O rlHl!ster 3 

A-0 r~ster4 

A-0 rE!ll]ster 5 

A-0 r~ster S 

A-0 r~ster 7 

UART O transmiVreceive mode n!9]ster 
UART O baud rate r~ster 

UART 0 transmission buffer register 

UART O transmiVreceive control rE!ll]ster O 
UART 0 transmiVreceive control rE!ll]ster 1 

UART O receive buffer register 

UART 1 transmiVreceive mode rE!ll]ster 
UART 1 baud rate rE!ll]ster 

UART 1 transmission buffer register 

UART 1 transmiVreceive control r~ster 0 
UART 1 transmiVreceive control r~ster 1 

UART 1 receive buffer register 

Fig. 2.4.2 SFR area memory map 
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Address (Hexadecimal notation) 

000040 
000041 
000042 
000043 
000044 
000045 
00004S 
000047 
000048 
000049 
00004A 
000048 
000040 
000040 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
00005S 
000057 
000058 
000059 
00005A 
000058 
000050 
000050 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
00006S 
000067 
000068 
000069 
OOOOSA 
000068 
oooosc 
ooooso 
OOOOSE 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
00007S 
000077 
000078 
000079 
00007A 
000078 
000070 
000070 
00007E 
00007F 

Count start fl~ 

One-shot start fll!9,. 

Uj>-down fllMI_ 

Timer AO register 

Timer A 1 reg Isler 

Timer A2 register 

Timer A3 register 

Timer A4 register 

Timer BO register 

Timer 81 register 

Timer 82 register 

Timer AO mode rE!ll]ster 
Timer A 1 mode !!S]ster 
Timer A2 mode r419ister 
Timer A3 mode ~ster 
Timer A4 mode ~ster 
Timer BO mode rE!ll]ster 
Timer 81 mode !!9.[ster 
Timer 82 mode !!9.[ster 
Processor mode rt!gjster 

Walchd.Q!t timer 
Watchc;!Qg_timer f~ue~selection fll!9,. 
Waveform o\!!2_ut mode rE1Qlster 

Pulse ouwut data rl!Qlster1 
Pulse ouwut data rE!ll]sterO 

A-0 conversion interru_m control ~ster 
UART O transmission interrl!Q! control ~ster 
UART O receive interrl!Q! control ~ster 
UART 1 transmission interr\!E! control r~ster 
UART 1 receive interrl;!2! control !!S]ster 
Timer AO intem:!E! control rE!gister 
Timer A 1 interrupJ control ~ster 
Timer A2 interrlJQI control ~ster 
Timer A3 interrlJQI control ~ster 
Timer A4 lntem:!fil control !!9Jster 
Timer BO lnterrl;!2! control !!9Jster 
Timer 81 interrl;!2! control !!9Jster 
Timer 82 interrupJ control rE!Qister 

llilTci interruJ>! control !!9Jster 
lRTi interru_m control !!9Jsler 
lm2 interrl!Q! control !!9Jster 
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2.4.2 Processor mode 
M37732 group can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to any 
area (except for SFR and internal RAM area) within a 16M-byte addressable memory space. 
Figure 2.4.3 shows the structure of the processor mode register. Refer to section "3.3 Software reset" for 
software reset bit and section "2.6.6 Interrupt priority level detection time" for interrupt priority detection 
time selection bits. Wait bit is described next section "2.4.3 External memory area bus control". 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W w R/W R/W R/W Processor mode register (address 5E1s) 

Fix this bit to "O". 

'--------tFix this bit to "1". 

~----- Wait bit 

O : Wait during external c:ccess 
1 : No wait 

~------- Software reset bit 

1 : Software reset activated by writing "1" 

'---~--------- Interrupt priority detection time selection bits 

00 : 7 cycles at internal clock </! 

01 : 4 cycles at internal clock </! 

10 : 2 cycles at internal clock </! 

11 : This is not available. 

'-----------------1Fix this bit to "O". 

Note: Bit 7 is undefined at reading. 
Bits O and 2 to 6 are cleared to "O" at reset. 
Bit 1 is set to "1" at reset. 

Fig. 2.4.3 Processor mode register structure 
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2.4.3 External memory area bus control 
The BYTE pin and the wait bit provided to simplify access to external memory area are described below. 
The BYTE pin and the wait bit are valid only when accessing external memory area and have no effect 
when accessing internal RAM or SFR. 
If external memories are connected to the area overlapping with internal area, the data in internal area is 
read into the CPU when reading. In this case the data in external memory is not read into the CPU. When 
writing data, the data is written to both internal and external area. 

(1) BYTE pin (external bus width selection pin) 
When accessing the external memory, the input level to the BYTE pin is used to select whether 8-bit 
data bus or 16-bit data bus (refer to section "2.5.3 (2) Data bus"). 
The external bus width becomes 16 bits when the BYTE pin is at "L" level. In this case, data read/ 
write to the external area is always performed in 16-bit (1-word) unit. And the pins A1e/Do-A23/D1 
become the data 1/0 pins for the low-order byte (even address data: Do-D1) of a 16-bit data and the 
pins Ae/Ds-A1s/D1s become the data 1/0 pins for the high-order byte (odd address data: Ds-D1s) of a 
16-bit data. 
The external bus width becomes 8 bits when the BYTE pin is at "H" level. In this case, data read/write 
to the external area is always performed in 8-bit (1-byte) unit. And the pins A1e/Do-A23/D1 become the 
data (Do to D1) 1/0 pins. The use of 8-bit peripheral ICs is simplified by setting the bus width for 
external area to 8-bit. 
The data width is always 16 bits when accessing the internal memory area regardless of the BYTE 
pin level. 

(2) Wait bit 
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The wait bit (bit 2 at address 5E1a) is used to simplify access to external memory or 110. When the 
wait bit is "O", a wajt for external area access is enabled (one-wait mode) and bus operation is 
performed at the speed of 2/3 of the bus cycle (bus cycle=f(X1N)/4) during no wait. When the wait bit 
is "1 ", bus operation becomes no wait mode and bus cycle is f(X1N)/4. 
The wait bit is cleared to "O" at reset and the system starts in one-wait mode. Internal area access 
is always performed at no wait because this bit is ignored. 
Figure 2.4.4 shows the effect of the wait bit for external area access. 
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(a) Waveform when the external memory area is accessed with the wait bit is "1". 

Internal clock IP 

Ar:r-A1 

Ae/De-A11;/01& 
A1e/Dr:r-A23/D1 

E 

ALE 

: : 

* This waveform is always used when accessing the internal area. 

{b) Waveform when the external memory area is accessed with the wait bit is "O". 

Internal clock IP 

Ar:r-A1 

Ae/Da-A1s/D15 
A 1 e/Dr:r-A23/D1 

ALE 

: : : 
~--+!~I ~__.n~~__.I 
____ H n __ _ 

*Waveform (a) is used for internal area access even when the wait bit is "O". 

Fig. 2.4.4 Effect of wait bit for external area access (when BYTE pln="L"level) 
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2.5 Input/Output pins 
The M37732 group has 37 programmable 1/0 pins (ports P4-P8). Ports P5-P8 also function as 110 pins for 
internal peripheral devices. 
Programmable 1/0 ports and the pin functions are described below. 

2.5.1 Programmable 1/0 pons 
Each of the programmable 110 ports (ports P4-P8) has a direction register and a port register. The direction 
registers and the port registers are allocated in the SFR area of bank 01e. The direction register is used 
to select the input/output mode by one bit. Input level of port is read from the pin selecting input mode by 
reading the port register. The data written to the port register is output from the pin selecting output mode. 
Figure 2.5.1 shows the memory allocation of the direction registers and the port registers. 

Address 
A16 

816 

C16 

016 

E16 

F16 

1016 

1116 

1216 
1316 

1416 

Port P4 register 
Port P5 register 

Port P4 direction register 

Port P5 direction register 
Port P6 register 
Port P7 register 

Port P6 direction register 
Port P7 direction register 

Port PS register 

Port PS direction register 

Fig. 2.5.1 Memory allocation of direction registers and pon registers 
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(1) Direction register 
Direction of each port can be selected by setting the direction registers. Each bit of the direction 
register corresponds to a pin. Figure 2.5.2 shows the structure of the port Pi (i .. 4 to 8) direction 
registers. 
The port is set to input mode (input pin) when the corresponding bit is "O", and to output mode (output 
pin) when the corresponding bit is "1". 
The direction registers are cleared to "001e" at reset. Therefore, !/O ports are set to input mode. 
If 1/0 ports are not used as output pins, set the corresponding direction register bit to "O" for input 
mode. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port Pl direction registers (1=4 to 8) 

Port direction selection bits 

O : Input mode (the corresponding pin is an input pin) 
1 : Output mode (the corresponding pin is an output pin) 

Bit b7 b6 b5 b4 b3 b2 b1 bO 
Corresponding pin Pi7 Pis Pis Pi4 Pi3 Pi2 Pi1 Pio 

Note: There are no pins corresponding to the low-order 3 bits of port P4 direction register. 
These registers are cleared to "001e" at reset. 

Fig. 2.5.2 Port Pl (1=4 to 8) direction registers structure 
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(2) Pon reg lster 
The port register is used to transfer data with external devices through the 1/0 ports. Figure 2.5.3 
shows the relationship between the port registers and the pins. 
To output data from a port set to output mode, the data must be written to the corresponding bits of 
the port register. This data is written in the port latch and is output from the port set to output mode. 
If a bit of the port register corresponding to a pin programmed for output is read, the state of the output 
pin is not read but the contents of the port latch are read. Therefore, the previously output value can 
be read correctly even if the output "H" voltage drops or "L" voltage rises due to external load (refer 
to "Figure 2.5.4 Port peripheral circuits"). 
A port programmed for input is floated and the value input to the pin can be read by reading the 
corresponding bit of the port register. If a value is written to a bit of the port register corresponding 
to a port programmed for input, it is written in the port latch and the pin remains floating. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Pon Pl registers (1=4 to 8) 

Port Pio 
....__ ___ Port Ph 

....__ _____ Port Pi2 

~------- Port Pis 
~---------Port Pi4 

~----------- Port Pis 

~------------- Port Pie 
~---------------Port Pi1 

Note: Data input/output is performed by reading or writing the corresponding bit to the pin. 
There are no pins corresponding to the low-order 3 bits of port P4 register. 
These registers are undefined at reset. 

Fig. 2.5.3 Relatlonshlp between pon registers and pins 
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2.5.2 Ports P4-P8 functions 
Ports P5-P8 (32 pins) have the special functions such as 1/0 pins for external interrupt, timer, A-D 
converter and serial 1/0 as well as programmable 1/0 port function. Port P4 functions as only a programmable 
1/0 port. Refer to the section on each function for ports P5-P8 function as 1/0 pins for peripheral devices. 
Ports P4-P8 function as programmable 1/0 ports after removing reset. 
Figure 2.5.4 shows the port peripheral circuits. Table 2.5.1 shows the function of ports P4-P8. Refer to 
section "2.5.1 Programmable 1/0 ports" for information concerning functions of the programmable 1/0 ports. 
Ports P5-P8 are forced to output mode when used as output pin for internal peripheral devices, but when 
used as input pin for internal peripheral devices, the direction register must be set to input mode because 
the contents of the port direction register has higher priority. 

Table 2.5.1 Function of ports P4-P8 

Pin Function 1 Function 2 
Port P4 Programmable 1/0 port 
(P43-P41) 
Port P5 Programmable 1/0 port TAOour/RTPOo (P5o) :Timer .AO 1/0 pin I RTPOo output pin 
(P5o-P51) TA01N/RTP01 (P51) :Timer AO input pin I RTP01 output pin 

TA1our/RTP02 (P52):Timer A1 1/0 pin I RTP02 output pin 
TA11NIRTP03 (P53) :Timer A1 input pin I RTP03 output pin 
* RTPOn (n=O to 3) output pin is available when RTPO function 

is selected. 
TA2our/RTP1o (P54):Timer A2 1/0 pin I RTP1o output pin 
T A21N/RTP 11 ( P5s) :Timer A2 input pin I RTP11 output pin 
TA3our/RTP12 (P5s):Timer A3 1/0 pin I RTP12 output pin 
TA31N/RTPb (P51) :Timer A3 input pin I RTPb output pin 
~* RTP1 n (n=O to 3) output pin is available when RTP1 function 

is selected. 
Port P6 Programmable 1/0 port TA4our (P6o) :Timer A4 1/0 pin 
(P60-P61) TA41N (P61) :Timer A4 input pin 

INTo (P62) :INTo interrupt signal input pin 
INT1 (P63) :INT1 interrupt signal input pin 
INT2 (P64) :INT2 interrupt signal input pin 
TB01N (P6s) :Timer BO input pin 
TB11N (P6s) :Timer 81 input pin 
TB21N (P61) :Timer 82 input pin 

Port P7 Programmable 1/0 port ANo-ANs (P7o-P7s) :Analog input pin 
(P7o-P71) AN1/ADrRa (P71) :Analog input pin when AN1 function is selected 

External trigger input pin when ADrna function is 
selected 

Port PB Programmable 1/0 port CTSo/RTSo (P8o) :UARTO transmit enable signal input pin when 
(P80-P81) CTSo function is selected 

UARTO receive enable signal output pin when 
RTSo function is selected 

CLKo (P81) :UARTO transmit/receive clock 1/0 pin 
RxDo (P82) :UARTO receive data input pin 
TxDo (P83) :UARTO transmit data output pin 
CTS1/RTS1 (P84) :UART1 transmit enable signal input pin when 

CTS1 function is selected 
UART1 receive enable signal output pin when 
RTS1 function is selected 

CLK1 (PBs) :UART1 transmit/receive clock 1/0 pin 
RxD1 (P8s) :UART1 receive data input pin 
TxD1 (P81) :UART1 transmit data output pin 
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Ports P4:i-P4a 
(dotted area not included) 

Ports P41, P61-P61, P82, PBe 
(dotted area included, however no 
hysteresis for P82 and PBs) 

Ports P7o-P7e (dotted area not included) 

Port P71 (dotted area included) 

Ports P83, P81 
(dotted area not included) 

Ports P5o-P51, P6o 
(dotted area included) 

Ports PBo, P81, P84, P8s 

E output pin 

Fig. 2.5.4 Port peripheral circuits 
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Data bus 

Dlrec:tlon register 

2.5 Input/Output pins 

Analog Input 

r ...... ............ , 
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' ' ·----------· 
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r·------- "' . . 
' . ' ...................... 
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2.5.3 Pin functions 
The functions of each pin are described below. 

(1) Address bus (pins Ao-A1, pins Aa/Ds-A1s/D1s, pins Aie/Do-A2a/D1} 
Pins Ao-A1 output the low-order 8 bits of the address signal. 

A23 

Pins As/Ds-A1s/D1s output the middle-order 8 bits of the address signal. Pins A1e/Do-A23/D1 output the 
high-order 8 bits of the address signal. 
Pins As/Ds-A1s/D1s and pins A1e/Do-A23/D1 function as data 110 pins as the same time. Therefore, pins 
As/Ds-A1s/D1s and pins A1e/Do-A23/D1 perform time division multiplexing of address output and data 
input/output. 
The M37732 group allows direct access to 16M-byte space from addresses 0000001s to FF FF FF 1s. 
Therefore, 24 address signals are output externally. 
Figure 2.5.5 shows the relationship between the address bus and the output pins. 

High-order address 

• 
Middle-order address • low-order address 

• 
A7 As As A4 A3 A2 A1 Ao 

Al-Ao 

Output 
pins 

Fig. 2.5.5 Relatlonshlp between address bus and output pins 

(2) Data bus (pins Aa/Da-A1s/D1s, pins A1e/Do-A23/D1} 
In addition to address signal (high-order and middle-order address bus) output pin function, pins As/ 
Ds-A1s/D1s and pins A1e/Do-A23/D1 also function as data 1/0 pins. The level of the BYTE pin can be 
used to select between 8-bit and 16-bit data bus width. 

eWhen the BYTE pin Is at "L" level (16-blt external bus width) 
When the BYTE pin is at "L" level, the external bus width is 16 bits and even address data and odd 
address data are output simultaneously. Pins As/Ds-A1s/D1s and pins A1e/Do-A23/D1 are used as 
address bus and data bus, and multiplex signals (address signal and data signal) are output from 
these pins. 
Pins Aa/Ds-A1s/D1s perform time division multiplexing of address (As-A1s) output and data input/ 
output in odd address (high-order byte of 16-bit data). Middle-order address is output while E signal 
is at "H" level, and data input/output in odd address is performed while E signal is at "L" level. 
Similarly, pins A1e/Do-A2a/D1 perform time division multiplexing of address (A1s-A23) output and data 
input/output in even address (low-order byte of 16-bit data). High-order address is output while E 
signal is at "H" level, and data input/output in even address is performed while E signal is at "L" level. 
Figure 2.5.6 shows the relationship between the data bus and the 1/0 pins (when BYTE pin="L" 
level). Figure 2.5.7 shows the bus timing when external bus width is 16 bits. 
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D1s 014 013 012 011 010 09 Os 01 De Os 04 03 02 01 Do Data 

Data in odd address 

* 
Data in even address 

* 110 pins A2i A2'i A1f/ .__ _______ ....___.__ __ __.__-t 07 Os Do 
.....___. _ __._ _ _.__......__....___. _ __._ _ _. 

Fig. 2.5.6 Relatlonshlp between data bus and 110 pins (when BYTE pln:"L" level) 

E 

A(}-A1 ===><~-------Lo_w_-o_r_de_r_a_dd_r_es_s ______ ___.C 
As/Da-A1s/D1s Middle-order address Data in odd address 

A1s/Do-A23/D1 ===x..___H_ig_h_-o_~_de_r_a_dd_r_es_s _ __,X,_ __ o_a_ta_i_n _ev...,.e_n ....... a_dd_r_es_s __ C 
Fig. 2.5.7 Bus timing when external bus width Is 16 bits (when BYTE pln="L" level) 
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ewhen the BYTE pin Is at "H" level (8·blt external bus width) 
When the BYTE pin is at "H" level, the external bus width is 8 bits and pins A1e/Do-A23/D1 perform 
time division multiplexing of address (A1e-A23) output and data input/output. 
Address is output while E signal is at "H" level, and 8-bit data is input/output when E signal is at "L" 
level. 
Figure 2.5.8 shows the relationship between the data bus and the 1/0 pins (when BYTE pin="H" 
level). Figure 2.5.9 shows the bus timing when external bus width is 8 bits. 

I D1 I Os I Ds I 04 I 03 I 02 I D1 I Dl I Data 

******** r~3' l~w 1~1 l~a I~&' I~&/ 1~:71 ~&/I 110 pins 

A23'D7-A 1 e/Dl 

Fig. 2.5.8 Relatlonshlp between data bus and 1/0 pins (when BYTE pln="H" level) 

E 

Ao-A1 =:)(....._ _______ Lo_w_-_or_de_r_a_d_dr_es_s ______ ~C 

Aa/D A s/D s --Y Middle-order address V---a- 1 1 __/\.....__ __________________ __../\__ 

A1e/Do-A23/D1 =:)(.....__H_i_gh_-o_r_de_r_a_dd_r_ess __ __,X'-____ o_at_a ___ ___.C 
Fig. 2.5.9 Bus timing when external bus width Is 8 bits (when BYTE pln:"H" level) 
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(3) Vee, Vss pins 
These are microcomputer power voltage supply pins. Supply 5V±10% to Vee pin and GND (OV) to Vss 
pin. 

(4) CNVss pin 
Connect to Vee pin. 

(5) AVcc, AVaa pins 
These are A-D converter power voltage input pins. Connect AVec pin to Vee pin and AVss pin to Vss 
pin. 

(6) VAEF Input pin 
This pin Is used to Input the reference voltage during A-D conversion. A·D conversion can be performed 
for analog input voltage from Vss level up to the level of this pin. It Is avallable to supply the optional 
voltage up to the Vee level. 

(7) X1N, Xour pins 
These are clock Input and output pins for the Internal oscillator circuit. Connect a ceramic resonator 
or a crystal resonator between X1N and Xour pins. When using an external clock, connect the clock 
source to X1N pin and leave Xour pin open. The maximum clock input frequency of the M37732S4FP, 
M37732S4AFP, and M37732S4BFP is 8MHz, 16MHz, and 25MHz respectively. 

(8) RESET Input pin 
This pin is used to input the reset signal. The microcomputer is reset state when "L" level is input to 
this pin. Reset state is removed and a program starts from the address set in the reset vector when 
this pin is returned to "H" level. Refer to "CHAPTER 3. RESET" for details. 

(9) R/W output pin 
This pin is used to output the read/write signal indicating the data bus state. This pin is at "H" level 
when the data bus is read, and it is at "L" level when data is written to the data bus. This signal Is 
used for external memory input/output requests. 

(10) BHE output pin 
This pin is used to output the byte high enable signal. This pin is at "L" level when an odd address 
is accessed. This signal is used to connect the 8-bit memory and 1/0 when the external bus is used 
at 16-blt width. 
Refer to section "CHAPTER 9. APPLICATION" for memory and 1/0 connection method. 

(11) ALE output pin 
This pin outputs the ALE signal to obtain only address signal from the multiplex signals of pins As/ 
Da-A15/D1s and pins A1e/D~A23/D1. A latch is opened externally when the ALE signal is at "H" level 
to obtain the address data, and the latched contents are held while the ALE signal Is at "L" level. 

(12) HOLD Input pin 
This pin is used to input the Hold request signal. The microcomputer becomes Hold state while this 
pin is at "L" level. When this pin is returned to "H" level, the Hold state is removed. 
Refer to section "2 .13 Hold function" for details. 

(13) HLDA output pin 
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This pin is used to output the Hold acknowledge signal. The Hold acknowledge signal externally 
indicates that "L" level is input to the HOLD pin and the microcomputer is in Hold state. "L" level is 
output from this pin while the microcomputer is in Hold state. 
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(14) ROY Input pin 
This pin is used to input the Ready signal. The bus cycle E can be stopped (Ready state) when "L" 
level is input to this pin. The port and bus state at inputting "L" level to the ADY pin is maintained 
in Ready state. 
Refer to section "2.14 Ready function" for details. 

{15) E output pin 
This pin is used to output the enable signal. Data input/output is performed when the output of this 
pin is at "L" level. This signal controls the time division multiplexing of address and data. 

(16) BYTE pin 
This pin is used to select the external bus width. The input level to this pin determines whether the 
external memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at "L'', the 
data width is 16 bits. When the BYTE pin input level is at "H", the data width is 8 bits. Refer to section 
"2.5.3 (2) Data bus" for details. However, the data width is always 16 bits regardless of the BYTE 
pin level when accessing an internal area. 

(17) Clockcf>1 output pin 
This pin outputs the clock cf>1 which is divided the clock to X1N pin by 2. 
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2.6 Interrupts 
The suspension of the current operation in order to perform another operation due to a certain event is 
referred to as an "interrupt''. Interrupt is used when there is a request to execute a higher priority routine 
or when an operation must be performed at a certain timing. 

2.6.1 Interrupt functions 
The M37732 group has 19 different sources of interrupts. When an interrupt is occurred, a branch is made 
to the address (branch address) corresponding to the source. The branch address must be stored in the 
interrupt vector table. The interrupt vector table is allocated at addresses FFD61e to FFFF1s in bank 01s. When 
writing programs, branch must be made to the address jn the jnterrupt vector table correspondjng to each 
interrupt (interrupt vector address). The branch address is the start address of the jnterrupt processjng 
routines (interrupt service routine). Figure 2.6.1 shows the interrupt mechanism. 

Executing routine 

Interrupt service routine i Processing Interrupt 
Accepting interrupt request__.. 

Suspend operation 

Resume processing i Aett.Jrn to . 
ongina1 

routine 

End of processing interrupt 

RTI instruction 

Fig. 2.6.1 Interrupt mechanism 
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When an interrupt request is accepted, the contents of the following registers before the interrupt are 
stored automatically to the stack area in the order ©---+®---+@. 

© Program bank register (PG) 

® Program counter (PCL, PCH) 

@ Processor status register (PSL, PSH) 

The procedure of storing these registers depends on whether the contents of the stack pointer S are even 
or odd. When the contents of the stack pointer S are even, the contents of the program counter PC and 
processor status register PS are stored in 16-bit unit. When the contents of the stack pointer S are odd, 
they are stored in 8-bit unit. Figure 2.6.2 shows the state of the stack area when an interrupt request is 
accepted. 
When interrupt processing completes, the control must be returned to the original routine to resume 
processing. Therefore, the RTI instruction is used to return to the original routine and the above registers 
stored to the stack area are restored in the order of @---+®---+© to resume operation. 
Only the above registers © to @ are stored automatically when an interrupt request is accepted. The user 
is responsible for storing other necessary registers by program. 

Memory 

Address 

S-4 Low-order byte of processor status register (PSL) 

S-3 High-order byte of processor status register (PSH) 

S-2 Low-order byte of program counter (PCL) 

S-1 High-order byte of program counter (PCH) 

S Program bank register (PG) 

*Sis the first address that the stack pointer indicates at accepting 
an interrupt request. 

Fig. 2.6.2 State of the stack area when an Interrupt request Is accepted 
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2.6.2 Sources of interrupts 
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the start address 
of the interrupt service routine at the vector address shown in this table by program. 

Table 2.6.1 Interrupt sources and vector address 

Vector address 
Interrupt source High-order Low-order Remarks 

address address 
Reset (Note 1) OOFFFF1s OOFFFE1s Non-maskable 
Zero division OOFFFD1s OOFFFC1s Non-maskable software interru_m 
BRK instruction OOFFFB1s OOFFFA1s Non-maskable software intern~~ 
DBC (Note 2) OOFFF91s OOFFF816 Not used normally 
Watchdog timer OOFFF71s OOFFF61s Non-maskable interrupt 
IN To OOFFF51a OOFFF41s External interru_m due to INTo ~n in2._ut s_!g_nal 
INT1 OOFFF31s OOFFF21s External interrupt due to INT1 pin input signal 
INT2 OOFFF11s OOFFF01s External interrupt due to INT2 pin input signal 
Timer AO OOFFEF1s OOFFEE1B Timer AO internal interrupt 
Timer A1 OOFFED1s OOFFEC1s Timer A1 internal interrupt 
Timer A2 OOFFEB1s OOFFEA1s Timer A2 internal interru_m 
Timer A3 OOFFE91s OOFFE81s Timer A3 internal interru~ 
Timer A4 OOFFE71s OOFFE61s Timer A4 internal interrupt 
Timer BO OOFFE51s OOFFE41s Timer BO internal interru_m 
Timer B1-, OOFFE31s OOFFE21s Timer B1 internal interru~ 
Timer B2 OOFFE11s OOFFE01s Timer B2 internal interrupt 
UARTO rece_mion OOFFDF1s OOFFDE16 Valid only when the UARTO function is selected. 
UARTO transmission OOFFDD1s OOFFDC16 
UART1 reception OOFFDB1s OOFFDA16 Valid only when the UART1 function is selected. 
UART1 transmission OOFFD916 OOFF0816 
A-D conversion OOFFD71s OOFFD61s Internal interrupt due to com pie lion of A-D conversion 

Note 1: Reset is included in this table. 
Note 2: The DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, usually. 
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Each interrupt source is described below. 

(1) Internal Interrupt 
Table 2.6.2 shows the sources of internal interrupt request. 

Table 2.6.2 Internal Interrupt request sources 
Interrupt I Interrupt request sour"e u 

Zero division Occurs when 0 is specified as the divisor for the DIV instruction. 
(Refer to "MELPS 7700 SOFTWARE MANUAL") 

BRK instruction Occurs when the BRK instruction is executed. 
_(_Refer to "MELPS 7700 SOFTWARE MANUAL1 

Watchdog timer Occurs when the topmost bit of the 12-bit watchdog timer becomes "O". 
(Refer to section "2.12 Watchdog timer'} 

Timer Ai Occurs when timer Ai (i=O to 4) underflows or overflows. 
_(_Refer to section "2.7 Timer A1 

Timer Bi Occurs when timer Bi (i=O to 2) underflows or overflows. 
(Refer to section "2.8 Timer Bl 

UARTi reception Occurs during UARTi (i=0, 1) receive. (Refer to section "2.10 Serial 1/0") 

UARTi transmission Occurs during UARTi (i=O, 1) transmit. (Refer to section "2.1 O Serial 110") 
- • + .. " - I " 1 Occurs when_ A D convers1~n compl~tes. (Refe, .o sec.ion 2.11 A D Con 1erter) A-D conversion 

(2) External Interrupt (INTo to INT2 Interrupts) 
M37732 group has three external interrupts (INTo to INT2). These interrupt requests are occurred by 
input level or input edge to pins INTo-INT2. The interrupt request sources can be selected by using bits 
4 and 5 of the INT; (i=O to 2) interrupt control register shown in Figure 2.6.4. Table 2.6.3 shows the 
sources of INT1 interrupt requests. 
Pins INT0-INT2 are shared with ports P62-P64. Therefore, the corresponding bit in the port P6 direction 
register must be cleared to "O" in order to use these pins as external interrupt input pins. If the INT1 
interrupts are not used, the INT1 interrupt priority level (refer to next section) should be set to O because 
the INT1 interrupts always monitor the state of ports P62-P64 to raise interrupt requests. 
The input signal to the INT1 pins must have pulse width greater than 250ns at "H" level or "L" level 
regardless of the external clock input frequency f(X1N). 

Table 2.6.3 INT1 Interrupt request sources 

b5 b4 lnterru_E! re_g_uest source 
0 0 lnterru_l)t reg_uest occurs when fallit!9. ed_9_e of the sig_nal irJQ_ut to the INT; _e!n. 
0 1 Interrupt request occurs when rising edge of the signal input to the INT; pin. 
1 0 Interrupt request occurs when the INT; pin level becomes "H". 
1 1 lnterru..E_t rl!9_uest occurs when the INT1 _E!n level becomes "L". 
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2.6.3 Interrupt control 
The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level, 
processor interrupt priority level (IPL), and interrupt disable flag (I) (excluding non-maskable interrupts). 
The interrupt disable flag and the processor interrupt priority level are assigned to the processor status 
register (PS). The interrupt request bit and the interrupt priority level selection bits are assigned to the 
jnterrupt control regjster of the respective interrupt. Figure 2.6.3 shows the memory map of the interrupt 
control register and Figure 2.6.4 shows the structure. However, there is no interrupt control register for non­
maskable interrupts such as zero division interrupt, the BRK instruction interrupt, and watchdog timer 
interrupt. 

eNon-maskable interrupt: An interrupt that branches to the interrupt service routine regardless of 
the interrupt disable flags. 

eMaskable interrupt: An interrupt that can be disabled with the interrupt control flags. 

Address 

7016 

7116 

7216 

7316 

7416 

7516 

7616 

7716 

7816 

7916 

7A10 

7816 

7C16 

7010 

7E16 

7F16 

A-D conversion interrupt control register 

UARTO transmission interrupt control register 

UARTO receive interrupt control register 

UART1 transmission interrupt control register 

UART1 receive interrupt control register 

Timer AO interrupt control register 

Timer A1 interrupt control register 

Timer A2 interrupt control register 

Timer A3 interrupt control register 

Timer A4 interrupt control register 

Timer BO interrupt control register 

Timer 81 interrupt control register 

Timer 82 interrupt control register 

INTo interrupt control register 

INT1 interrupt control register 

INT2 interrupt control register 

Fig. 2.6.3 Interrupt control register memory map 
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eA-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO to A4, timers BO to B2 
interrupt control ·registers 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W (addresses 70u io 7C1ej 

.._____..____~-- Interrupt priority level selection bits 

..____ _______ Interrupt request bit 

Note: Bits 4 to 7 are undefined at reading. 
Bits O to 3 are cleared to "O" at reset. 

O : No interrupt request 

1 : Interrupt request 

Use the SEB and CLB instructions when setting each interrupt control register. 

elNTo to INT2 interrupt control registers 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W (addresses 7011 to 7F1e) 

..____~..____~-- Interrupt priority level selection bits 

..____ _______ Interrupt request bit 

0 : No interrupt request 

1 : Interrupt request 

..____ _________ Level/Edge selection bit 

0 : Set interrupt request bit at "H" level for level 

sense and the falling edge for edge sense. 
: Set interrupt request bit at "L" level for level 

sense and the rising edge for edge sense . 

..____ ___________ Level sense/Edge sense selection bit 

0 : Edge sense 
1 : Level sense 

Note: Bits 6 and 7 are undefined at reading. 
Bits 0 to 5 are cleared to "O" at reset. 
Use the SEB and CLB instructions when setting each interrupt control register. 

Fig. 2.6.4 Interrupt control register structure 
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The interrupt control bits are described below. 

(1) Interrupt disable flag (I flag) 
The interrupt disable flag (I flag) is assigned to the processor status register bit 2. This flag can be 
used to disable all maskable interrupts. All maskable interrupts are disabled when the I flag is set to 
"1" and enabled when it is cleared to "O". This flag is set to "1" at reset and must be cleared to "O" 
if interrupts are to be enabled. 

(2) Interrupt request bit 
When an interrupt request occurs, the interrupt request bit which is bit 3 of the corresponding interrupt 
control register is set to "1 ". The interrupt request bit remains set until the interrupt request is accepted, 
and is cleared to "O" when the interrupt request is accepted. 
This bit is used to indicate that an interrupt request has occurred. This bit can also be set or cleared 
by program. Use the SEB and CLB instructions when setting interrupt request bit. 
The INT1 interrupt request bit's function is not available when used in level sense mode. 

(3) Interrupt priority level and processor Interrupt priority level (IPL) 
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An interrupt priority level between O and 7 can be assigned to each interrupt by using the interrupt 
priority level selection bits which are assigned to bits O to 2 of each interrupt control register. Use the 
SEB and CLB instructions when setting interrupt priority level selection bits. When an interrupt request 
occurs, this priority level is compared with the processor interrupt priority level in the processor status 
register. 

Interrupt priority level > Processor Interrupt priority level (IPL) 

An interrupt is enabled when the above condition is satisfied. Therefore an interrupt can be disabled 
by settjng jts prjorjb leyel to 0. 
The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of each 
other and do not affect each other. An interrupt is occurred only when all of these bits are properly 
set. These bits can be used to control interrupt priorities in a variety of ways by program. 
Table 2.6.4 shows the setting of interrupt priority levels and Table 2.6.5 shows the interrupt enable 
levels corresponding to IPL setting. 
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Table 2.6.4 Setting of Interrupt priority levels 

Interrupt control re_gister Interrupt priority level 
b2 b1 bO 
0 0 0 Level 0 (Interrupt disabled) 
0 0 1 Level 1 
0 1 0 Level 2 --------·--
0 1 1 Level 3 
1 0 0 Level 4 
1 0 1 Level 5 
1 1 0 Level 6 
1 1 1 Level 7 

Table 2.6.5 Interrupt enable levels corresponding to IPL setting 
IPL2 IPL1 IPLo 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 --T-+---· 

1 0 
1 1 1 

2.6.4 Interrupt priority level 

Enabled interrupt priority level 
Enable level 1 and above interrupts. 
Enable level 2 and above interrupts. 
Enable level 3 and above interr~ts. 
Enable level 4 and above interrupts. 
Enable level 5 and above interrupts. 
Enable level 6 and above interrupts 

- Enable level? interrupts. - · 
Disable all maskable interrupts. 

IPLo: Processor status register bit 8 
I PL 1: Processor status register bit 9 
I PL2: Processor status register bit 10 

Priority 

-
Low 

I 

i 
H.!2_h 

·--

All interrupts have an assigned priority level. When more than one interrupt request occurs during the same 
sampling timing (timing in which interrupt requests are checked) while accepting all interrupt requests are 
enabled, the one with the highest priority level is accepted. 
The 16 interrupt sources of all 19 sources except for software interrupts (zero division and the BRK 
instruction interrupt) and watchdog timer interrupt can be set by program using the interrupt priority level 
selection bits in the interrupt control register. Reset (highest priority level) and watchdog timer interrupt 
priority levels are set by the hardware. Figure 2.6.5 shows the hardware controlled interrupt priority levels. 

--------------, 

!D<DDDD<D:< Wa~~!'' <B 
I A-D conversion, UART interrupt, and so on Priority levels determined by hardware 
L ____________ _ 

Interrupt priority levels inside of the dotted line are user settable 

Fig. 2.6.5 Hardware controlled Interrupt priority levels 

2.6.5 Interrupt priority level detection circuit 
The M37732 group is equipped with an interrupt priority level detection circuit to select the highest priority 
level when more than one interrupt request occurs during the same sampling timing. Figure 2.6.6 shows 
the interrupt priority level detection circuit. 
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lnterrunt nrlo!'.!!Y. level r--::c·=---1 
A·D conversion 

UART1 transmission 

UART1 reception 

UARTO transmission 

UARTO reception 

TimerB2 

Timer B1 

Timer BO 

Level zero 
(Initial value) lnterrunt nrlorltv level r.--:c.·=='--1 

TlmerA4 

TlmerA3 

TlmerA2 

Timer A1 

Timer AO 

2.6 Interrupts 

The highest priority level interrupt~ IPL 
-- Processor Interrupt priority level 

~-- The accepting of interrupt request 

Reset--_. 

Fig. 2.6.6 Interrupt priority level detection circuit 
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Interrupt source Y 

+x Time 

~ 
Comparator 
(Priority level 
detection) 

f z 

2.6 Interrupts 

X: The highest priority level at this point 
Y: Priority level of interrupt source Y 
Z: The highest priority level at this point 

e If ~Y then Z=X 

e If X<Y then Z=Y 

[ Relation when the software set priority levels are same ] 

INTo < INT1 < INT2 <Timer AO <Timer A1 <Timer A2 < Timer A3 < Timer A4 <Timer BO< Timer B1 
< Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D 
conversion 

Fig. 2.6.7 Interrupt priority level detection model 

The operation of the interrupt priority level detection circuit shown in Figure 2.6.6 is described with interrupt 
priority level detection model shown in Figure 2.6.7. 
The priority level of the requested interrupt (Y in Figure 2.6. 7) is compared with the priority level of the 
upstream interrupt (X in Figure 2.6. 7) (initial priority level is O) in the order shown in Figure 2.6.6 and the 
higher level interrupt is sent downstream for comparison with next interrupt (Zin Figure 2.6.7). Unrequested 
interrupts are not compared and upstream interrupt is passed unchanged to downstream. If the prjorjty levels 
are egual. the upstream interrupt is selected. Therefore, the following relation exists if the software set 
priority levels are the same. 

INTo < INT1 < INT2 < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 < 
Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D 
conversion 

When there are multiple interrupts during the same sampling timing, the interrupt with the highest priority 
level is selected as the result of this comparison. Then, that interrupt request is accepted and its interrupt 
service routine is executed if its interrupt priority level is higher than the processor interrupt priority level 
(IPL) and the interrupt disable flag is "O". 
The detection of interrupt priority level is synchronized with the sampling pulse occurred during the operation 
code fetch cycle of CPU. While the interrupt priority level is being checked, the interrupt request bit and 
the interrupt priority level are latched so that they do not change. They are sampled at the first half of the 
operation cc;ide fetch cycle and latched from the second half to the end of the level detection. Note that 
while the priority level is being checked, no sampling pulse is occurred even when it is the operation code 
fetch cycle. (Refer to Figure 2.6.8.) 
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2.6.6 Interrupt priority level detection time 
With the M37732 group, the time which it takes for the interrupt priority level detection circuit to determine 
the level of an interrupt can be set by program. Figure 2.6.8 shows the interrupt priority level detection 
time. The detection time can be set to 7, 4, or 2 cycles according to the contents of the interrupt priority 
detection time selection bits (bits 4, and 5 at address 5E1s) in the processor mode register. The interrupt 
priority detection time selection bits are cleared to "00" at reset and the 7 cycles at internal clock ip are 
selected for interrupt priority level detection time. Normally, use these bits set to "1 O". 

(1) Interrupt priority detection time selection bits 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W W R/W R/W R/W Processor mode register (address 5E1s) 

I Fix this bit to "O". 

'-----!Fix this bit to "1". 

~----- Wait bit 

.__ _______ Software reset bit 

Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock ip ( (a) in (2) ) 

01 : 4 cycles at internal clock ip ( (b) in (2) ) 
1 O : 2 cycles at internal clock ip ( (c) in (2) ) 
11 : This is not available. 
Note: 1 cycle= ip : f(X1N)/2 

~-------------1 Fix this bit to "O". 

~---------------This bit is undefined at reading. 

(2) Priority level detection time 

Internal clock r/> 

Operation code fetch cycle 

n r--, 
Sampling pulse 1 1 (Note 1) 

~~--' --~~~~~~-·---·~~~~~~~~~~~~~~ 

(a) 7 cycles 

Priority 
level (b) 4 cycles 

detection 
time 

(c) 2 cycles 

Note 1: Pulse exists if 2 cycles is selected for priority level detection time. 

Fig. 2.6.8 Interrupt priority level detection time 
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2.6.7 Interrupt processing sequence 
The sequence of events from the receiving of interrupt request in the main routine to the start of the 
interrupt service routine is referred to as the interrupt processing sequence. 
When an interrupt request is accepted, interrupt processing starts from the next cycle of the instruction at 
the time of the accepting interrupt request. Figure 2.6.9 shows the interrupt processing sequence. 
After execution of an instruction at the time of the accepting interrupt request completes, an INTACK 
(Interrupt Acknowledge) sequence is executed and control is passed to the beginning of the interrupt 
service routine allocated in bank 01e. The INTACK sequence operates as follows. 

© The contents of the program bank register (PG) just before the INTACK sequence are stored to stack. 
® The contents of the program counter (PC) just before the INTACK sequence are stored to stack. 
® The contents of the processor status register (PS) just before the INTACK sequence are stored to 

stack. 
© The interrupt disable flag is set to "1 ". 
® The interrupt request bit of the accepted interrupt is cleared to "O". 
® The interrupt priority level of the accepted interrupt is set in IPL. 
<7> The contents of the program bank register (PG) are set to "001e" and the interrupt vector address is 

loaded in the program counter (PC). 

The INTACK sequence requires a minimum 13 cycles (1 cycle=~f(X1N)/2). Figure 2.6.10 shows the 
l!'JTACK sequence timing. 

The interrupt service routine is started after completing the INTACK sequence. 

Interrupt request is accepted. 

Interrupt request occurs. ~ 

~ @ _...Time 

lnstrucuon INTACK sequence lnstrucUons In Interrupt service routine 

Interrupt processing sequence 

@ : Interrupt priority level detection 

Fig. 2.6.9 Interrupt processing sequence 
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~u 

DATA 

00 

0000 

Notuaed 

~u : CPU standard clock 
A•: High-order B bits of the CPU internal address bus 

AHAL: Low-order 16 bits of the CPU internal address bus 
DATA: CPU internal data bus 

I: Interrupt disable flag 

Fig. 2.6.10 INTACK sequence timing 

(1) Change In IPL 

00 

FFXX11 

Notuaed 

00 

ADH,ADL 

ADH,ADL Operation 
code 

When an interrupt request is accepted, the IPL in the processor status register is replaced by the 
interrupt priority level of the accepted interrupt. 
If the interrupt is a reset, watchdog timer, or software interrupt, the value shown in Table 2.6.6 is set 
in the IPL. This operation is meaningful when multiple interrupts are used (refer to section "2.6.9 
Multiple interrupts"). 

Table 2.6.6 Change In IPL 
Interrupt source Change in processor interrupt priority level 

Reset 0 (0002) 
Watchd~ timer 7 (1112) 
Zero division No cha1!9_e 
BRK instruction No change 
Other interrupts Interrupt priority level of the accepted interrupt request 
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(2) Storing registers 
The register storing operation performed during INTACK sequence depends on whether the contents 
of the stack pointer S at the time of the accepting interrupt request are even or odd. 
When the contents of the stack pointer S are even, the contents of the program counter PC and 
processor status register PS are stored as 16-bit simultaneously at each other. When the contents of 
the stack pointer S are odd, they are stored in 8-bit unit. Figure 2.6.11 shows the register storing 
operation. 
In the INTACK sequence, only the contents of the program bank register PG, program counter PC, 
and processor status register PS are stored to stack area. Other registers must be stored by program 
at the beginning of the interrupt service routine as necessary. 
The M37732 group provides the PSH instruction which stores all CPU registers except for the stack 
pointer with a single instruction. 

(1) Stack pointer S is even 

Address 

S-4 (even) Processor status register PSL (low-order byte) 
~~-~------

S-3 (odd) Processor status register PSH (high-order byte) 

S-2 (even) Program counter PCL (low-order byte) 

S-1 (odd) Program counter PCH (high-order byte) 

S (even) Program bank register PG 

(2) Stack pointer S is odd 

Address 

S-4 (odd) Processor status register PSL (low-order byte) 

S-3 (even) Processor status register PSH (high-order byte) 

S-2 (odd) Program counter PCL (low-order byte) 

S-1 (even) Program counter PCH (high-order byte) 

S (odd) Program bank register PG 

Store order 

~ ...-J ®Store simultaneously 

:J ®Store simultaneously 

~ <D 

Storing completes for 3 cycles. 

Store order 

....__ ® 

~ @ 

~ ® Store by each 8 bits 

....__ ® 

~ <D 

Storing completes for 5 cycles. 

* S is the first address that the stack pointer indicates at accepting an interrupt request. 

Fig. 2.6.11 Register storing operation 
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2.6.8 Returning from an Interrupt service routine 
The RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine 
and continue processing. The RTI instruction restores the contents of the program bank register PG, the 
program counter PC, and the processor status register PS stored before entering the interrupt service 
routine to their original registers. 
The registers stored within the interrupt service routine must be restored with the PUL instruction before 
executing the RTI instruction. When they are restored with the PUL instruction, use the same data/register 
length as they were stored. The state of other interrupt request bits are retained after branching to the 
interrupt service routine. Therefore, if these interrupts are to be disabled after returning, these interrupt 
request bits must be cleared to "O" before executing the RTI instruction. 

2.6.9 Multiple Interrupts 
The interrupt disable flag I is set to "1" in order to 
disable further interrupts and the interrupt request 
bit of the accepted interrupt is cleared to "O" when 
a branch is made to an interrupt service routine. 
However, if there are multiple interrupt requests, 
the interrupt request bit of the interrupt that was 
rejected by the interrupt priority level detection circuit 
remains set to "1 ". 
The IPL (processor interrupt priority level) in the 
processor status register changes to the priority level 
of the accepted interrupt. Therefore, if the interrupt 
disable flag I is cleared to "O" in the interrupt service 
routine for the accepted interrupt, interrupt request 
with priority level higher than the current interrupt 
can be accepted as long as IPL is unchanged. This 
is referred to as multiple interrupts. 
Figure 2.6.12 shows the multiple interrupt mechanism. 
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Main routine 

Multiple Interrupt 

I 

i----- ........... ---- -------
' 

,,,,,,,:)<::};/,:·. j ( Interrupt 3 ) 

RTI instruction 

' 
: IPL=1 .... ---- --........................... .. 
Interrupt 3 request 
cannot be accepted 
because the priority 
level of interrupt 3 is 
lower than interrupt 1 's. 

II IJ : They are set automatically. 

C=:J : Set by program. 

Fig. 2.6.12 Multiple Interrupt mechanism 



FUNCTIONAL DESCRIPTION 
2.6 Interrupts 

2.6.10 Interrupt response time and Interrupt delay time 
When an interrupt request occurs, the priority level must be checked and the INTACK sequence must be 
executed before interrupt service routine can start. The interval between the interrupt request and the start 
of the interrupt service routine is referred to as the interrupt response time. This is shown in Figure 2.6.13. 
Interrupt priority level detection is performed at the beginning of each instruction and during the INTACK 
sequence. This is performed in parallel with the instruction execution. Therefore, the interrupt response 
time is the sum of <.D through @ as follows (in Figure 2.6.13): 

<D The interval from the occurrence of the interrupt request until the instruction being executed completes. 

® The interval from the start of the next instruction (start of interrupt priority level detection) until the end 
of the instruction being executed at the end of priority level detection. 

@Time required to execute the INTACK sequence (13 cycles minimum, 15 cycles maximum). 

If registers are stored at the beginning of the interrupt service routine, the time required for this operation 
(context switching time) must also be added. The sum of the interrupt response time and the context 
switching time is the interrupt delay time (refer to Figure 2.6.13). This is the time required for the interrupt 
processing program to start after an interrupt request occurs. The interrupt delay time is expressed by the 
following equation. 

Interrupt delay time= (time required to execute Instruction 1) +(time required to execute Instruction 
2) - 0.5cp + (INTACK sequence Interval) + (context switching time) 

Interrupt request is accepted. 

Interrupt request occurs. m 

n ' 
' © 

~Time 

Instructions in interrupt service 
Instruction 1 Instruction 2 INT ACK sequence :gplliliil:::rn:.1 routine 

:;lB.rnP.9t1oog 
@ 

Interrupt response time 

Interrupt delay time 

© : Interrupt priority level detection 

Fig. 2.6.13 Interrupt response time and interrupt delay time 
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[Precautions when using Interrupts] 
1. Use the SEB and CLB instructions for setting each interrupt control register (addresses 701e to 7F1e). 
2. When the INT1 interrupt is used in level sense mode, the INT1 interrupt request bit's function is not 

available. 
The interrupt request is not retained when changing from valid level to invalid level if interrupt request 
is not accepted during valid level. Figure 2.6.14 shows the INT1 interrupt during level sense mode. 
If the level of the INT1 pin is valid (did not change from valid level to invalid level) when returning to the 
original routine after processing an interrupt, INT1 interrupt is occurred as shown in Figure 2.6.15. 

·1 ·(disable) 
Interrupt disable flag I 

INTi pin level 

·o· (enable) 

Valid 

Invalid 

Interrupt enable interval 

This interrupt request is not retained because INli 
pin returns to invalid level before accepting the 
interrupt request. 

Fig. 2.6.14 INT1 Interrupt during level sense mode 

Interrupt request is accepted. 

Return to main routine 

Main routine 14-----•+4f-----•+4f------ll~ - - _..,.. 

First interrupt service Second interrupt 
routine service routine 

Fig. 2.6.15 Repeating INT1 Interrupt (level sense) 
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Third interrupt 
service routine 

Main routine 
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3. To change the INT1 interrupt from level sense to edge sense, set the INT1 interrupt control register in the 
sequence shown in Figure 2.6.16 (1). 
To change the lNTi interrupt polarity, set the INT1 interrupt control register in the sequence shown in Figure 
2.6.16 (2). 

(1) Switching flow (from level sense to edge sense) 

Set the interrupt priority level to level O 
( Disable INTI interrupt) 

Set the Level sense/Edge sense selection bit to "O" 
( Select edge sense ) 

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

Clear the interrupt request bit to "O" 

Set the interrupt prioritY. level to level 1 to 7 
( Enable the accepting of INTi interrupt request ) 

' ' ' ' 
' 

' 

(2) Polarity changing flow 

Set the interrupt priority level to level O 
( Disable INTI interrupt ) 

(Set the Level/Edge selection bit ) 

Clear the interrupt request bit to "O" 

Set the interrupt priority level to level 1 to 7 
( Enable the accepting of INTi interrupt request) 

' ' ' ' ' ' 

' * Use the SEB and CLB instructions for setting INTi interrupt control registers. 

Fig. 2.6.16 INTI Interrupt control register setting flow 
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2.7 Timer A 
Timer A consists of five 16-bit timers (timers AO to A4). External output Is the main function of these timers. 
Timers AO to A4 operate independently and each can operate in one of four different modes. 

2.7.1 Timer A description 
Timer Ai (i=O to 4) has four operating modes as described below. These timers have identical functions 
except the two-phase pulse signal processing function in event counter mode. 
The timer 110 pins are shared with ports P5o-P51, P6o, and P61. 

•Timer mode 
This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Ai interrupt request occurs when the contents of the counter 
reach 00001e -+ reloaded value "n" (hereafter referred to as underflow). 
Gate function (control count operation with the input signal to the TAhN pin) and pulse output function 
(output from the TAiour pin, a signal that changes polarity each time the counter underflows) are avail­
able and can be selected by program. 

•Event counter mode 
This mode counts the external clock input to the TAhN pin. The counter can be incremented (add 1 to 
the contents of the counter with each clock input) or decremented (subtract 1 from the contents of the 
counter with each clock input) by program or with an external signal. In case used as an increment 
counter*1, a timer Ai interrupt request occurs when the counter reaches FFFF1s -+ reloaded value "n" 
(hereafter referred ,to as overflow). In case used as a decrement counter-, a timer Ai interrupt request 
occurs when the counter underflows. 
In addition, the pulse output function (output from the TAiour pin, a signal that changes polarity each 1 

time the counter underflows or overflows) can be selected by program. Timers A2, A3, and A4 also have 
two-phase pulse signal processing function which controls the counter increment/decrement by inputting 
two-phase pulse with phase shifted by 90 degrees. 

Increment counter*1 .................. The counter can be incremented (add 1 to the contents of the counter with 
each clock input) 

Decrement counter- .............. The counter can be decremented (subtract 1 from the contents of the counter 
with each clock input) 

eone-shot pulse mode 
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In this mode, the timer is driven by an internal or external trigger and "H" level is output from the TAiour 
pin for an arbitrary interval. 

•Pulse width modulation (PWM) mode 
In this mode, an arbitrary pulse width signal is output repeatedly from the TAiour pin. PWM output is 
started by an internal or external trigger. 
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2.7.2 Block description 
Figure 2.7.1 shows the block diagram of timer Ai. It is followed by the description of timer Ai related 
registers. 

Count source 
1 2 select!on bits 

I 16---c 

164---c 

1512---<> (High-order 8blts) 

TAi1N 

Timer mode 
One-shot pulse mode 
PWMmode 

Timer (gate function) 

Event counter mode 

External trigger 
Decrement count -L 

!up-down 11agr 

Pulse output 

lncremenVDecrement 
selection (always 
decrement except for 
event counter mode) 

TAi ouru-------+---....u------1Toggle1-------------' 
F.F. 

Fig. 2.7.1 Timer Al block diagram 

Interrupt 
request bit 
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(1) Counter and reload register (timer Al register) 
Timer Ai counter and reload register consist of 16 bits. The counter counts the selected count source 
and its contents are decremented by 1 each time a count source is input. In event counter mode, it 
can also function as an increment counter and its contents are incremented by 1 each time a count 
source is input. The reload register is used to store the initial value of the counter. The contents of 
the reload register are reloaded into the counter when the counter underflows (or when it overflows 
in case used as an increment counter in event 
counter mode). Table 2.7.1 Timer Al register memory allocatlon 
The contents of the counter change each time 
a count source is input, but the contents of the 
reload register remain unchanged. 
Values are stored in the counter and reload 
register by writing to the timer Ai register. 
Table 2.7.1 shows the memory allocation of 
timer Ai register. 
The value written in timer Ai register when the 

Timer Ai register 
]mer A]. re])ster 
Timer A 1 register 
Timer A2 register 
Timer A3 register 
Timer A4 register 

High-order byte Low-order byte 
~dress 4716 Aadress 4616 
Address 4916 Address 4816 
Address 481e Address 4A16 
Address 4016 Address 4C16 
Address 4F1e Address 4E16 

timer is not operating is stored in the counter and reload register. The value written in timer Ai register 
when the timer is operating is stored only in the reload register. In this case, the updated value is 
transferred to the counter during next reload. If the timer Ai register is read, the result depends on the 
operating mode. Table 2.7.2 shows the results of the timer Ai register read and write. 
The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload 
register must be initialized when using timer Ai. 

Table 2.7.2 Timer Al register read and write 

Mode Read Write 
Timer mode 

Read timer counting value 
<Timer operating> 

Event counter mode Write to reload register 
One-shot pulse mode 

Read undefined value 
<Timer halted> 

Pulse width modulation mode Write to reload register and counter 
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(2) Count start flag 
The count start flag (address 401e) separately controls starting/stopping of each timer. Each bit cor­
responds to one of the timers. 
When this flag is set to "1 ", a count source is input to the counter. When this flag is set to "0", a count 
source input to the counter is disabled. 
Figure 2.7.2 shows the structure of the count start flag. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Count start flag (address 401i) 

Timer AO count start flag 
~---Timer A1 count start flag 

'-------Timer A2 count start flag 
~-------Timer A3 count start flag 

'-----------Timer A4 count start flag 
'-------------Timer BO count start flag 

'-----------------Timer 81 count start flag 
'------------------Timer B2 count start flag 

Note: This register is cleared to "001e" at reset. 

Fig. 2.7.2 Count start flag register structure 

(3) One-shot start flag 
The one-shot start flag (address 421s) controls the occurrence of an internal trigger used in one-shot 
pulse mode. When a corresponding one-shot start flag to each timer is set to "1" in case internal 
trigger is selected, an internal trigger starting one-shot pulse output is occurred. Refer to section "2.7.5 
One-shot pulse mode" for more information. One-shot start flag is a write-only flag. 
Figure 2.7.3 shows the structure of the one-shot start flag. 

b7 b6 b5 b4 b3 b2 b1 bO 

W w W w w One-shot start flag (address 4211) 

Timer AO one-shot start flag 
~---Timer A1 one-shot start flag 

~-----Timer A2 one-shot start flag 
'---------Timer A3 one-shot start flag 

'-----------Timer A4 one-shot start flag 

Note: Bits 5 to 7 are undefined at reading. 
Bits 0 to 4 are cleared to "O" at reset. 

Fig. 2.7.3 One-shot start flag register structure 
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(4) Up·down flag 
The up-down flag (address 441s) is a register consisting of up-down flags and two-phase signal 
processing selection bits used in event counter mode. 
Figure 2.7.4 shows the structure of the up-down flag register followed by a description of each bit. 

b7 b6 b5 b4 b3 b2 b1 bO 

W w W R/W R/W R/W R/W R/W Up-down flag (address 4411) 

Timer AO up-down flag 
~---Timer A1 up-down flag 

~-----Timer A2 up-down flag 
'---------Timer A3 up-down flag 

'-----------Timer A4 up-down flag 

'---------------Timer A2 two-phase signal processing selection bit 
'---------------Timer A3 two-phase signal processing selection bit 

'----------------- Timer A4 two-phase signal processing selection bit 

Note: This register is cleared to "001s" at reset. 
Use the LDM and STA instructions when writing to bits 5 to 7. 

Fig. 2.7.4 Up·down flag register structure 

•Timer Al up-down flags (bits o to 4) 
These flags are valid in event counter mode when the count up-down flag is selected for up-down 
switching factor of counter. When this flag is "O", the counter of the corresponding timer is decremented. 
When this flag is "1 ", the counter of the corresponding timer is incremented. 

•Two-phase signal processing selection bits (bits 5 to 7) 
In event counter mode, these bits select the two-phase pulse signal processing function which controls 
the counter using two-phase pulse with their phases shifted by 90 degrees. This is a write-only bit. The 
corresponding timer operates with the two-phase pulse signal processing when this bit is set to "1 ". 
This bit must be set to "O" when the two-phase pulse signal processing function is not used and in 
modes other than event counter mode. It is cleared to "O" at reset. 
Use the LDM and ST A instructions to write to this bit. Do not use the SEB and CLB instructions. 

(5) Timer Al m0de register 
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The timer Ai mode register (addresses 561s to 5A1s) consists of operating mode selection bits, count 
source selection bits, and timer function selection bits. 
Figure 2.7.5 shows the structure of the timer Ai mode register. The operating mode selection bits and 
count source selection bits are described below. The functions of bits 2 to 5 depend on the operating 
mode and are described under the description of each operating mode. 
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b7 b6 b5 b4 b3 b2 b1 bO Timer AO mode register (address 5611) 
Timer A1 mode register (address 5718) 

R/W R/W R/W R/W R/W R/W R/W R/W Timer A2 mode register (address 581&) 
~~~~~~~~~~~~~-~--.----' Timer A3 mode register (address 5911) 

Timer A4 mode register (address 5A1e) 

Operating mode selection bits 
00 : Timer mode 

01 : Event counter mode 

1 O : One-shot pulse mode 
11 : Pulse width modulation (PWM) mode 

~-~-~-~-------1 These bits' functions depend on operating mode. 

'----~--------------Count source selection bits 

00 : External clock input frequency divided by 2 (fa) 

01 : External clock input frequency divided by 16 (f1e) 

1 O : External clock input frequency divided by 64 (f64) 

11 : External clock input frequency divided by 512 (f512) 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.5 Timer Al mode register structure 

•Operating mode selection bits (bits o and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.7.3 shows the 
relationship between the operating mode selection bits and the timer operating modes. 

Table 2.7 .3 Relationship between operating mode selec· 
tlon bits and operating modes 

b1 bO 02._eratin_g_ mode 
0 0 Timer mode 
0 1 Event counter mode 
1 0 One-shot 2._ulse mode 
1 1 Pulse width modulation (PWM) mode 

ecount source selection bits (bits 6 and 7) 
The count source selection bits are u~ed to select the count source. Table 2.7.4 shows the relationship 
between the count source selection bits and the timer count sources. 
These bits are ignored in event counter mode. 

Table 2.7.4 Relatlonshlp between count source selection bits and count sources 

b7 b6 Timer count source 
Input clock to the counter 

f(X1N)=8MHz f(X1N)=16MHz f(X1N)=25MHz 
0 0 External clock in2_ut fre_g_uen~ divided ~ 2 J!& 4MHz SM Hz 12.5MHz 
0 1 External clock il!Q!lt fr~uen~ divided ~ 16 J!1~ 500kHz 1MHz 1.5625MHz 
1 0 External clock input frequency divided by 64 (164) 125kHz 250kHz 390.625kHz 
1 1 External clock input frequency divided by 512 (f512) 15625Hz 31250Hz 48.8281kHz 

f(X1N) : External clock input frequency 
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(6) Timer Al Interrupt control register 
The timer Ai interrupt control register (addresses 751s to 791s) consists of interrupt priority level se­
lection bits and interrupt request bit. Figure 2. 7.6 shows the structure of the timer Ai interrupt control 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Ai interrupt control register. Refer to section "2.6 Interrupts" for more information. 

b7 b6 b5 b4 b3 b2 b1 bO Timer AO Interrupt control register (address 7511) 
---,---,.----....-----, Timer A1 Interrupt control register (addre$s 7611) 
R/W R/W R/W R/W Timer A2 Interrupt control register (address 7711) 

--.~-.-----"'--..--.___,,..--' Timer A3 Interrupt control register (address 7811) 
Timer A4 Interrupt control register (address 7911) 

.___._____._ __ Interrupt priority level selection bits 

000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 
010 : Level 2 
011 : Level 3 
100 : Level 4 
101 : Level 5 
110 : Level 6 
111 : Level 7 High 

Priority 

.__ _______ Interrupt request bit 

Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to "O" at reset. 

O : No interrupt request 
1 : Interrupt request 

Use the SEB and CLB instructions when setting the timer Ai interrupt control register. 

Fig. 2.7.6 Timer Al Interrupt control register structure 
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•Interrupt priority level selection bits (bits o to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag I must be "O"). Set these bits to "000" 
(level 0) to disable only timer Ai interrupt. 

•interrupt request bit (bit 3) 
This bit is set to "1" when a timer Ai interrupt request occurs. The interrupt request bit set to "1" is 
cleared to "O" when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(7) Ports PS and P6 direction registers 
The 1/0 pins of timers AO to A3 are shared with port PS and the 110 pins of timer A4 are shared with 
port P6. When using these ports as timer input pins, the corresponding bit in the direction register 
must be set to "O" (input mode). When using these ports as timer output pins, these ports function as 
timer output pins regardless of the contents of the direction register. 
Figure 2.7.7 shows the relationship between port PS direction register (address OD1e) and port P6 
direction register (address 101e) and timer pins. 

b7 b6 bS b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port PS direction register (address 0011) 

TAOour pin 
~---TA01N pin 

'-------TA four pin 
'---------TA11N pin 

'-----------TA2our pin 

'-------------TA21N pin 
.___ ____ ----------TA3our pin 

'-----------------TA31N pin 

b7 b6 bS b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port P6 direction register (address 101e) 

TA4our pin 
~---TA41N pin 

INT pins, Timer B pins 

Note: These registers are cleared to "001s" at reset. 

Fig. 2.7.7 Relationship between port P5 and P6 direction registers and timer pins 

6S 



FUNCTIONAL DESCRIPTION 

2.7 Timer A 

2.7.3 Timer mode [timer Al mode register bits 1, 0:"00"] 
The timer mode is selected by setting the timer Ai mode register bits 1 and O to "00". When this mode is 
selected, bit 5 of the timer Ai mode register must be fixed to "O". Figure 2.7.8 shows the structure of the 
timer Ai mode register in timer mode. 
In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the 
counter underflows (the contents of the counter reach 00001s--.. reloaded value "n"). The timer dividing ratio 
is expressed as follows: 

Timer dividing ratio = 1/(n+1) 
n: Value set in counter 

(value between 00001s and FFFF1s) 

The following functions can be selected with the timer Ai mode register. 

•Gate function 
Controls count with the input signal to the TAi1N pin. 

•Pulse output function 
Outputs from the TAiouT pin, a signal that changes polarity each time the counter underflows. 

Timer mode of timers AO and A2 is also used in pulse output port mode. Refer to section "2.9 Pulse output 
function" for more information. 

(1) Timer mode operation 
First, select the operating mode, pulse output 
function, gate function, and count source with 
the timer Ai mode register. Next, write an ar­
bitrary value "n" ("n"=00001s to FFFF1s) in the 
timer Ai register to specify the timer dividing 
ratio. At the same time, the value "n" is stored 
in the counter and the reload register. When 
the count start flag is set to "1" (count enabled), 
the selected count source is input to the counter 
and starts the count operation. 
Figure 2.7.9 shows the setting example of the 
timer mode related registers. 
The contents of the counter are decremented 
by 1 each time the count source is input. When 
the counter underflows, the contents of the re­
load register are reloaded into the counter and 
the interrupt request bit is set to "1 ". 
Count operation continues in this manner. The 
interrupt request occurs and the interrupt re­
quest bit is set to "1" each time the counter 
underflows. Therefore, an interrupt request 
occurs at every "n+1" count of the count source. 
Interrupts must be enabled before they can be 
used. Refer to section "2.6 Interrupts" for more 
information. The interrupt request bit remains 
"1" set until the interrupt request is accepted 
or it is cleared by program. 

Set timer Ai mode register 
eSet the operating mode selection bits (bit1, 0) to "00" 
eSelect pulse output !unction 
eSelect gate function 
eSet bit 5 to "O" 
eSelect count source 

Specify timer dividing ratio 
eSet value to the timer Ai register . 

:- Selecting gate function·L- --- --- --- - -- --- --- -: 

' ' 
: Set the port diredion registers 
• eSet the corresponding bit to T AhN pin to "O" 

' ' ' "---............................ --- ....... , ...................... --- --- .................. . 
' ' 

Set the count start flag to "1" 

Count starts. 

• H the gate function is selected, count starts when the effective 
level is input to the TAit1 pin after the above setting. 

Fig. 2.7.9 Setting example of the timer mode re· 
lated registers 

The contents of the counter can be read at any timing by reading the contents of the timer Ai register 
but the contents of the reload register can not be read. In order to change the timer dividing ratio wher 
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register 
This value is stored in the reload register, and reloaded into the counter at the next reload timing afte 
writing to timer Ai register. 
Figure 2. 7.10 shows the timer mode operation diagram (neither pulse output nor gate function). 
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b7 b6 b5 b4 b3 b2 b1 bO 

0 0 o Timer Al mode register (In timer mode) 

._______. __ Operating mode selection bits 

00 : Timer mode 

~----- Pulse output function selection bit 

0 : No pulse output (TAiour pin functions as nor­
mal 1/0 port.) 

1 : Pulse output from TAiour pin. 

~-~-------Gate function selection bits 

ox : No gate function (T Ai1N pin functions as 
normal 1/0 port.) 

1 o : Count while T Ai1N input level is "L" 
11 : Count while T Ai1N input level is "H" 

I I ~-----------ii Fl• .~:::· .:'..~'. ") 
~-~------------- Count source selection bits 

00 : External clock input frequency divided by 2 (fa) 

01 : External clock input frequency divided by 16 (f1s) 

1 O : External clock input frequency divided by 64 (f64) 

11 : External clock input frequency divided by 512 (f512) 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.8 Timer Al mode register structure In timer mode 
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n•reloaded value 
FFFF1e /Count start 

"' 'E n 

Count stop 

~ Underflow 8 
-~ 

~ ' ··: 
::I ' 0 

Underflow 
--~ 

' ··: 
' 

(.) 

000016 
' i Time 
' 

Set the count Clear the count Set the count i 

Count start flag 

start flag to "1" start flag to "O" start flag to "1" i 

~: ~'!!!! iffill!m!TI!li'il~'ilillln liHIWrnrw%M~ rnli~l!!!!!@~J!~m!TI 
' ' ' 

' ' 

Timer~!~~=~~~! :~: ilfil I j , ! :110 

t t 
Cleared by accepting the interrupt request or by program 

Fig. 2.7.10 Timer mode operation diagram (neither pulse output nor gate function) 

[Selectlon function] 
Program selectable gate function and pulse output function are described below. These functions can be 
used together. 

•Gate function 
The gate function is selected by setting the gate function selection bits of the timer Ai mode register 
to "1 O" or "11 ". The gate function controls the starting and stopping of the timer count by the level of 
the input signal to the TAiiN pin. Table 2.7.5 shows the relationship between the gate function selection 
bits and the count effective level. 
When using the gate function, the corresponding port direction register bit to the T Ai1N pin must be set 
to "O" for input mode. 

Table 2.7.5 Relatlonshlp between gate function selection bits and effective level 
Gate function 
selection bits Effective level 
b4 b3 
1 0 Count while the in_e.ut level to the TAiiN 2)n is "L" 
1 1 Count while the in_e.ut level to the TAiiN pin is "H" 
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When the gate function is selected, counting is performed when count source is input to the counter 
while the input level to the TAllN pin is effective and the count start flag is "1". No count source is input 
and the count stops while the input level is not effective. The contents of the counter are preserved 
when the TAi1N pin input level changes from effective to non-effective. Therefore, counting can resume 
when the input level returns to an effective level. 
The pulse width of the TAhN pin input signal during count interval and count halt interval must be at 
least 2 cycles of the selected count source. 
Figure 2. 7.11 shows the timer operation example when the gate function is selected. 

I 
8 

I 
8 

n=reloaded value 

FFFF11 /Count start 

n --------------- --- --- --------------------- -- ---- ------

-·: 
' --: : ,. Count stop .,. l 

: 
' 

Underflow 

··: . ... 
: 

Fig. 2.7.11 Timer operation example when the gate function Is selected 

... . . 
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•Pulse output function 
The pulse output function is selected by setting the pulse output function selection bit to "1". When the 
pulse output function is selected, a signal that changes polarity each time the counter underflows is 
output from the TAiour pin. The TAiour pin is shared with ports PS and P6. When the pulse output 
function is selected, the corresponding port is forced to output mode and functions as the TAiour pin 
regardless of the contents of the port direction register. It can be used as a programmable 110 port 
once the pulse output function selection bit is set to "O". 
When selecting the pulse output function, "L" level is output from the T Aiour pin while the count start 
flag is "O" and count halted. Therefore, the initial level of the pulse output is always "L". 
Figure 2.7.12 shows the timer operation example when the pulse output function is selected. 

FFFF11 
n=reloaded value 

Count start 

/ 
., Underflow 

.. , 
' 

I 

' ' ' Set the count : 
start flag to "1 " : 

.. , 
' 

Time 

Count start flag ::a8' ··················· .. ····~····••••<• ········ ·•t•• •.•.••.••..•• ·r······· ...................... ·······I········· ........................ ··~···· ••t·•·• 
: : : : 
I I I I 

: : : : 

Pulse o~~~~~:~ :~: ., ! ! ! • !-
' ' : : 

: 

' t I 
Cleared by accepting the interrupt request or by program 

Fig. 2.7.12 Timer operation example when the pulse output function Is selected 
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[Precautions when using timer mode] 
1. The value of the counter while operating can be read at any timing by reading the timer Ai register. 

However, if it is read at the reload timing shown in Figure 2.7.13, "FFFF1e" is read instead of the reloaded 
value. The reloaded value is read if it is read after the timer Ai register is set during timer halted and 
before the count source is input and count started. 

Reload 

' Counter contents I I I 
(hexadecimal notation) _+--2-+--__.,__o~..._n~,_n_-_1-1-

: : : 
' ' ' -------Read value 

(hexadecimal notation) __ 2 ___ 1 __ 0_ 

n=reloaded ~alue Time ... 

Fig. 2.7.13 Reading the timer Al register 
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2.7.4 Event counter mode [timer Al mode register bits 1, 0="01"] 
The event counter mode is selected by setting the timer Ai mode register bit 1 to "0" and bit 0 to "1 ". When 
this mode is selected, bit 5 of the timer Al mode register must be fixed to "O". Figure 2. 7.14 shows the 
structure of the timer Ai mode register in event counter mode. 
In event counter mode, the external clock input to the TAhN pin is counted. The counter can be either an 
increment counter or a decrement counter according to the up-down flag or the input level to the TAiou1 
pin. Figure 2.7.15 shows the structure. of the up-down flag register. 
In increment counter, an interrupt request occurs when the counter overflows (the contents of the counter 
reach FFFF18 --+ reloaded value "n"). In decrement counter, an interrupt request occurs when the counter 
underflows (the contents of the counter reach 000018 --+ reloaded value "n"). The timer dividing ratio is 
expressed as follows: 

etncrement counter Timer dividing ratio= 1/(FFFF1e-n+1) 

•Decrement counter Timer dividing ratio = 1/(n+1) 
n: Value set in counter 

(value between 000018 and FFFF1e) 

In addition, in this mode, the pulse output function and two-phase pulse signal processing function can be 
selected by program. Two-phase pulse signal processing function is available only with timers A2, A3, and 
A4. 
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•Pulse output furictlon 
A signal that changes polarity is output from the TAiou1 pin each time the counter underflows (dec­
rement counter) or overflows (increment counter). 

•Two-phase pulse slgnal processing function (timers A2 to A4) 
Whether to increment or decrement the counter is selected by inputting two-phase pulse with phase 
shifted 90 degrees. 
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b7 b6 b5 b4 b3 b2 b1 bO 

[ x 1 x 1 O 1 I 1 1 ~ I I ] Timer Al mode reglsler (In event counter mode) 

~-~-Operating mode selection bits 

01 : Event counter mode 

.__ _____ Pulse output function selection bit 

O : No pulse output 

1 : Pulse output from T Aiour pin 

~-------Count polarity selection bit 

O : Count at the falling edge of the input signal 

1 : Count at the rising edge of the input signal 

.__ _________ Up-down switching factor selection bit 

0 : Contents of the up-down flag 

1 : Input signal to the TAiour pin 

'---------------<1 Fix this bit to "O". J 
.__ _ _.__ ____________ ---11 These bits are ignored (may be "O" or "1").J 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.14 Timer Al mode register structure In event counter mode 

b7 b6 b5 b4 b3 b2 b1 bO 

lwJwj W j Rtwj R/W l R/W j R/W l R/W j Up-down flag (address 441&) 

l L_ Timer AO up-down flag 

Timer A 1 up-down flag 

Timer A2 up-down flag 

Timer A3 up-down flag 

Timer A4 up-down flag 

O : Decrement count 

1 : Increment count 

Timer A2 two-phase signal processing selection bit 

Timer A3 two-phase signal processing selection bit 

Timer A4 two-phase signal processing selection bit 

O : Two-phase pulse signal processing function disabled 

(TAiour pin functions as normal 1/0 port.) 

1 : Two-phase pulse signal processing function enabled 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.15 Up-down flag register structure 
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(1) Event counter mode operation 
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First, select the operating mode, count polarity, pulse output function, and up-down switching factor 
with the timer Ai mode register. Next, write an arbitrary value "n" ("n"=00001e to FFFF1e) in the timer 
Ai register to specify the timer dividing ratio. At the same time, the value "n" is stored in the counter 
and the reload register. Also set the port direction register bit corresponding to the TAi1N pin to "O" 
(input mode). 
When the count start flag is set to "1" (count enabled), the external clock input to the TAhN pin is input 
to the counter. The counter operates at the falling edge (when the count polarity selection bit is "O") 
or rising edge (when the count polarity selection bit is "1 ") of the input clock. 
Whether to increment or decrement the counter can be selected with the up-down flag or the level of 
the input signal to the T Aiour pin. The contents of the up-down flag are used if the up-down switching 
factor selection bit is "O", and the level of the input signal to the TAiour pin is used if it is "1". 
Figure 2.7.16 shows the setting example of the event counter mode related registers. 

•When switching with the contents of the up­
down flag 
When the corresponding bit to the up-down flag 
is set to "O", the counter is decremented. When 
the corresponding bit to the up-down flag is set 
to "1 ", the counter is incremented. 

ewhen switching with the Input signal to TAlour 
pin 
When the input level to the T Aiour pin is "L", the 
counter is decremented. When the input level 
to the T Aiour pin is "H", the counter is 
incremented. 
The TAiour pins are shared with port pins. 
Therefore, the direction register of the corre­
sponding port pin must be set to "O" (input mode) 
when the input level of the TAiour pin is used to 
control increment/decrement. 
The pulse output function described later can­
not be used when the input signal to the T Aiour 
pin is used to control increment/decrement. 

/"Set timer Ai mode register 
eset the operating mode selection bits (bit 1, O) to "01" 
e5elect pulse output function 
e5elect count polarity 
e5elect up-down switching factor 
•Set bit 5 to ·o· 

'- / 

Set the up-down flag 
e5elect up/down count (when the up-down switching 

factor selection bit is "O") 
'-e5elect two-phase pulse signal processing function 

Specify timer dividing ratio 
e5et value to the timer Ai register 

/"Set the port direction registers 
eset the corresponding bit to TAit1 pin to "O" 
•Set the corresponding bit lo TAiour pin to "O" {when 

the up-down switching factor selection bit or the 
two-phase signal processing selection bit is "1 ") 

~ . . 
Set the count start flag to "1" 

Count starts. 

Fig. 2.7.16 Setting example of the event counter 
mode related registers 
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The count direction can be changed while counting. The count direction changes when the next 
effective edge of the count source is input after the contents of the up-down flag change if the up­
down flag is used for up-down switching factor, and after the input level to the TAiour pin changes if 
the input signal to the T Aiour pin is used for up-down switching factor. 
Count operation continues and the counter underflows (decrement count) or overflows (increment 
count) at which time an interrupt request occurs and an interrupt request bit is set to "1 ". Interrupts 
must be enabled before they can be used. Refer to section "2.6 Interrupts" for more information. The 
interrupt request bit remains "1" set until the interrupt request is accepted or it is cleared by program. 
The contents of the counter can be read at any timing by reading the contents of timer Ai register, 
but the contents of the reload register cannot be read. In order to change the timer dividing ratio while 
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register. 
This value is stored in the reload register, and reloaded into the counter at the next reload timing after 
writing to timer Ai register. 
Figure 2.7.17 shows the event counter mode operation diagram (neither pulse output nor two-phase 
pulse signal processing function). 

n=reloaded value 
FFFF10 • • --- - - --- ----- - -- - --- - - - --- - - - -- - - -- --- - ·- -- - --- -· - - - - --- -·- - -

Count start 

I / 
8 

~ 
8 

t I 
Cleared by accepting the interrupt request or by program 

*This opreation diagram selects the up-down flag for up-down switching factor. 

Time 

Fig. 2.7.17 Event counter mode operation diagram (when up-down switching factor selection bit Is "O") 
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[Selection function] 
Pulse output function and two-phase pulse signal processing function can be selected by program. How­
ever, only timers A2, A3, and A4 can use the two-phase pulse signal processing function. The pulse 
output fuhction and the two-phase pulse signal processing function both use the TAiour pin. Therefore, 
only one of these functions can be used for each timer at any one time. 

•Pulse output function 
Pulse output function is selected when the pulse output function selection bit is set to "1 ". When this 
function is selected, a signal that changes polarity each time the contents of the counter underflow 
(decrement count) or overflow (increment count) is output from the TAiour pin. 
The TAiour pin is shared with ports PS and P6. When the pulse output function is selected, the 
corresponding port is forced to output mode and functions as the TAiour pin regardless of the contents 
of the port direction register. It can be used as a programmable 110 port once the pulse output function 
selection bit is set to "O". 
"L" level is output from the TAiour pin while the count start flag is "O" and count disabled. Therefore, 
the initial level of the pulse output is always "L". 

•Two-phase pulse slgnal processing function (Timers A2 to A4) 
Two-phase pulse signal processing function is selected for timers A2 to A4 when the two-phase signal 
processing selection bit is set to "1 ". When this function is selected, set the pulse output function 
selection bit to "O", the count polarity selection bit to "O", and the up-down switching factor selection 
bit to "1 ". Figure 2. 7 .18 shows the timer Aj mode register (j=2 to 4) when two-phase pulse signal 
processing function is selected. 
The TAjour pin is used in input mode and the corresponding port direction register bit must be set to 
"O". 

b7 b6 b5 b4 b3 b2 b1 bO 

x x 0 0 0 0 Timer Aj mode register (j=2 to 4) 

.____.....__ _____________ May be "O" or "1" 

Fig. 2.7.18 Timer AJ mode register (J=2 to 4) when two-phase pulse slgnal processing function Is selected 
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A timer with two-phase pulse signal processing function selected controls the counter by two-phase 
pulse with phase shifted by 90 degrees. There are two types of two-phase pulse signal processing 
operation; one for timers A2 and A3 and another for timer A4 (quadruple processing). 

<Timers A2 and A3> 
The counter is incremented when the rising edge is input to the TAk1N (k=2, 3) pin and decremented 
when the falling edge is !nput to the TAk1N pin a!ter the level of the TAkour pin changes from "L" to 
"H". (Refer to Figure 2.7.19) 

<Timer A4> 
The counter is incremented at every rising and falling edge of the TA4our and the TA41N pins when 
a phase related pulse with the rising edge input to the TA41N pin is input after the level of the TA4our 
pin changes from "L" to "H". 
The counter is decremented at every rising and falling edge of the TA4our and the TA41N pins when 
a phase related pulse with the falling edge input to the TA4our pin is input after the level of the TA41N 
pin changes from "H" to "L". (Refer to Figure 2.7.20) 

'H" 
TAk1N 

(k=2, 3) "L" 
Increment Increment Increment Decrement Decrement Decrement 

count count count count count count 
' ' 

+1 +1 +1 -1 -1 -1 

Fig. 2.7.19 Timers A2 and A3 two-phase pulse signal 
processing operation 

"H" 
TA4our -OdJd 

Ill''~ 

' ' ' 
µLf}_ 

I I , I I 

Increment count at each edge Decrement count at each edge 
I I I I I 

+1 +1 +1 +1 +1 
I I I I I 

..:1 ..:1 ..:1 ..:1 ....'.1 

"H" 
TA41N ~~f 

Ill" 

lncre~ent '.counj at e'.ach ~ge 
UJ---0-

De~reme~t co~nt at:each'. edge 
I I I I I 

+1 +1 +1 +1 +1 ~1 ~1 ~1 ~1 ~1 

Fig. 2.7.20 Timer A4 two-phase pulse signal processing 
operation (quadruple processing) 
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[Precautions when using event counter mode] 
1. The value of the counter while operating can be read at any timing by reading the timer Ai register. 

However, if it is read at the reload timing shown in Figure 2.7.21, "FFFF1e" is read at underflow and "00001e" 
is read at overflow instead of the reloaded value. The reloaded value is read if it is read after the timer 
Ai register is set during timer halted and before the count source is input and count started. 

( 1 ) Decrement count ( 2 ) Increment count 
Reload Reload 

' ' Counter contents I I I 
(hexadecimal no1ation) ---"~2__. ___ 0-+_n _...._n _-_1 +-- Counter contents I I I I I I (hexadecimal no1ation) _+-F_F_FD...,1-F-FF_E-1_F_FF_F-+_n __ n _+_1+-

: : 1 : : : : : : 

(hexadec:f~0:~~~ __ IF_F_Fo~l_F_FF_E~l~F-FF_F_I_: _9_,,_·l _n _+_1~1-
Ti~ 

n=reloaded value n=reloaded value 

Fig. 2.7.21 Reading the timer Al register 

2. All of the following functions uses the TAiour pin. Only one of these functions can be selected for each 
timer at any one time. 

ecount control using input signal to TAiour pin 

•Pulse output function 

eTwo-phase pulse signal processing function (timers A2 to A4) 

3. The phase difference of the two-phase pulse used for two-phase pulse processing function (input clocks 
to TAjour and TAj1N pins) must be the characteristics shown in Figure 2.7.22. 

T1 

t---

TAjlN c~ T1 T2,T3 

- frequency (Min.) (Min.) 

BM Hz 2µs 500ns 
16MHz 1µs 250ns 

l TAjOUT 25MHz BOOns 200ns 

T2 T3 

Fig. 2.7.22 The characteristics of the two-phase pulse signal 

78 



FUNCTIONAL DESCRIPTION 
2.7 Timer A 

2.7.5 One-shot pulse mode [timer Al mode register bits 1, 0="10"] 
The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to "1" and bit Oto "O". When 
this mode is selected, the timer Ai mode register bit 5 must be fixed to "O" and bit 2 must be fixed to "1 ". 
Figure 2.7.23 shows the structure of the timer Ai mode register in one-shot pulse mode. 
In one-shot pulse mode, "H" level is output for an arbitrary interval from the TAiour pin after a trigger. 
The trigger can be either an internal trigger or an external trigger. The internal trigger is occurred by writing 
'T' into the one-shot start flag shown in Figure 2.7.24. The external trigger is occurred by the effective edge 
of the input signal to the T Ai1N pin with count start flag set to "1 ". 
Counting starts with a trigger and at the same time, "H" level is output from the TAiour pin. The contents 
of the counter are decremented by 1 each time a count source is input. When the contents of the counter 
reach "000116" 4 reloaded yalue "n", the output level from the TAiour pin changes to "L" and counting stops. 
At this point, an interrupt request occurs. 
The width of the output pulse ("H" level width) can be expressed as follows: 

"H" level width of pulse output = n/f1 [s] 
f1: Selected count source frequency 
n: Value set in counter 

(000016 to FFFF16 during count halted) 
(000116 to FFFF16 during count operating) 
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b7 b6 b5 b4 b3 b2 b1 bO 

0 o Timer Al mode register (In one-shot pulse mode) 

._____..___Operating mode selection bits 

10 : One-shot pulse mode 

'---'---------Trigger selection bits 

OX : Writing operation to the one-shot start flag 

(T AhN pin functions as normal 1/0 port.) 
10 : Falling edge of the input signal to TAi1N pin 
11 : Rising edge of the input signal to TAi1N pin 

(X="O" or "1 ") 

._____..__ _____________ Count source selection bits 

00 : External clock input frequency divided by 2 (f2) 
01 : External clock input frequency divided by 16 (f1s) 

10 : External clock input frequency divided by 64 (f64) 
11 : External clock input frequency divided by 512 (fs12) 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.23 Timer Al mode register structure In one-shot pulse mode 

b7 b6 b5 b4 b3 b2 b1 bO 

W W W W W One-shot start flag (address 421&) 

Timer AO one-shot start flag 
~----< Timer A 1 one-shot start flag 

Timer A2 one-shot start flag 
'-----------i Timer A3 one-shot start flag 

Timer A4 one-shot start flag 

Note: Bits 5 to 7 are undefined at reading. 
Bits O to 4 are cleared to "O" at reset. 

Internal trigger is occurred when "1" is written to 
this flag. 

Fig. 2.7.24 One-shot start flag register structure 
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(1) One-shot pulse mode operation 
First select the operating mode, trigger occurrence factor, and count source with the timer Ai mode 
register. The TAiour pin starts to output "L" level when one-shot pulse mode is selected with the 
operating mode selection bits. Next, write an arbitrary value "n" ("n"=00001e to FFFF1e) in the timer Ai 
register to set the pulse output width. At this point, "n" is stored in the counter and the reload register. 
Count is enabled when the count start flag is set to "1 ", and then count starts when a trigger js occurred 
If bit 4 of the timer Ai mode register is "O", an internal trigger is occurred by setting the corresponding 
bit to each timer in the one-shot start flag to "1 ''. II bit 4 of the timer Ai mode register is "1 ", an external 
trigger is selected. When selecting an external trigger, if bit 3 is "O", a trigger is occurred at the falling 
edge of the TAi1N pin input signal and if bit 3 is "1", a trigger is occurred at the rising edge of the TAi1N 
pin input signal. When using an external trigger, the corresponding port direction register bit to the 
TAilN pin must be set to "O" (input mode). 
Figure 2.7.25 shows the setting example of the one-shot pulse mode related registers. 

Set timer Ai mode register 
•Set the operating mode selection bits (bit 1, 0) to "1 O" 
•Set bit 2 to "1" 
eSelect trigger occurrence factor 
eSet bit 5 to "O" 
•Select count source 

Set pulse output width 
•Set value to the timer Ai register 

' 
Selecting external trigger : Selecting internal trigger -.......... ·----- ...................................... --- ....................................... . . ' . ' . ' 

Set the port direction :egister ( Set the count s'.tart flag to "1 • 
•Set the corresponding bit to T Ai1N pin to "O" 

( Set the count start flag to ·1 • ) 

Writing ·1 ·to the one-shot start flag 

Trigger is occurred. 

l Effective edge input to TAi1N pin I 
+ Count starts. 

Trigger is occurred. 

+ Count starts. 

Fig. 2.7.25 Setting example of the one-shot pulse mode related registers 

) 
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When triggered, counting starts and "H" level is output from the TAiour pin. (However, if the timer Ai 
register contains "000016", the TAiour pin level remains at "L" and counting does not start.) The counter 
is decremented by 1 each time a count source is input. When the contents of the counter reach 000116 
-+ "n" , the T Aiour pin level changes to "L" and counting stops. The "H" width of the output pulse from 
the TAiour pin is (count source cycle) x n. 
An interrupt request occurs and the interrupt request bit is set to "1" when the T Aiour pin level changes 
from "H" to "L". Interrupts must be enabled before they can be used. Refer to section "2.6 Interrupts" 
for more information. The interrupt request bit remains "1" set until the interrupt request is accepted 
or it is cleared by program. 
If a value is written in the timer Ai register while the counter is operating ("H" level is output from the 
T Aiour pin), this value is only set in the reload register. It is reloaded into the counter at the n~xt reload 
timing. Values other than 000016 can be written while the counter is operating. 
If the value of timer Ai register is read, the result is undefined. 
Figure 2.7.26 shows the one-shot pulse mode operation diagram (when an external trigger is selected). 

FFFF16 n=reloaded value Count start 

/_ _________________ ;unt sto; Cou~t restart 

1---...----,~ n 

Set the count 
start flag to 

Timer Ai interrupt 
request bit 

--· ' ' --. . 
Reload 

t 

--· ' ' 

Cleared by accepting the interrupt request or by program 

Reload 

* This operation diagram selects the external trigger (rising edge) for trigger occurrence factor. 

Count stop 

~ 

Time 

Fig. 2.7.26 One-shot pulse mode operation (when external trigger Is selected) 
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The counter stops after completing one cycle of output, and repeats the same operation when the next 
trigger is occurred. When the count start flag is "O" (count disabled), "L" level is output from the TAiour 
pin. 
If another trigger is occurred while counting, the contents of the reload register are transferred to the 
counter and decrement continues from that value. In this case, the TAiour pin level becomes "L" at n+1 
count after the trigger. The contents of the reload register are transferred to the counter only when 
a trigger is occurred while counting. At least one cycle of the timer count source should elapse before 
retriggering. 

[Precautions when using one-shot pulse mode] 
1. If the count start flag is set to "O" while counting, counting stops and the output level of the TAiour pin 

becomes "L". At the same time an interrupt request occurs and the interrupt request bit is set to "1". 

2. Values between 000118 and FFFF1e can be written in the timer Ai register while the counter is operating 
(While "H" level is output from the TAiour pin). 

3. When an external trigger is selected, there may be a time lag between the time the effective edge is input 
to TAhN pin and the time one-shot pulse is output. This is because the output of one-shot pulse is 
synchronized with the internal operating clock. 

4. When the operating mode is switched described below, the interrupt request bit in timer Ai inteirupt 
control register is set to "1 ". 

ewhen one-shot pulse mode is selected after removing reset. 
•When the operating mode is switched from timer mode to one-shot pulse mode. 
•When the operating mode is switched from event counter mode to one-shot pulse mode. 

Therefore, the interrupt request bit must be cleared to "O" after above switching modes when using timer 
Ai interrupt or the interrupt request bit. 
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2.7.6 Pulse width modulation (PWM) mode [timer Al mode register bits 1, 0="11"] 
Pulse width modulation mode (hereafter referred to as PWM) is selected by setting the timer Ai mode 
register bits 1 and 0 to "11" and timer Ai functions as a pulse width modulator. When this mode is selected, 
bit 2 of the timer Ai mode register must be fixed to "1 ". 
Figure 2.7.27 shows the structure of the timer Ai mode register in PWM mode. 
In PWM mode, when a trigger occurs, an arbitrary pulse width signal is output continuously from the TAiour 
pin. A 16-bit PWM mode or an 8-bit PWM mode can be selected by program. 

e16-blt PWM mode 
The counter functions as a 16-bit pulse width modulator. 

•S-blt PWM mode 
The reload register and the counter are both divided into 8-bit. halves. The high-order 8 bits of the 
counter function as a pulse width modulator and the low-order 8 bits function as a prescaler. 

PWM mode of timers A1 and A3 is also used when modulating the pulse width in pulse output port mode. 
Refer to "2.9 Pulse output function" for more information. 
The trigger is either an internal trigger occurred when the count start flag shown in Figure 2.7.28 is set to 
"1" or an external trigger occurred when the effective edge signal is input to the TAi1N pin with the count 
starJ flag set to "1 ''. When a trigger occurs, the pulse width modulator starts and pulses are output from 
the T Aiour pin. 
An interrupt request occurs and the interrupt request bit is set to "1" each time the level of the pulse output 
changes from "H" to "L",. 
When the pulse width modulator starts operation with a trigger, the next trigger is not accepted (pulses are 
output continuously). 

b7 b6 b5 b4 b3 b2 b1 bO 

l R/W 1R/W1R/W1 R/W l RIW l R/W 1 R/W l R/W J Count start flag (address 401a) 

l L Timer AO count start flag 
Timer A 1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag· 
In case this flag is set to "1 ", an internal trigger is 
occurred. 

Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 

Note: This register is cleared to "001e" at reset. 

Fig. 2.7.28 Count start flag register structure 
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b7 b6 b5 b4 b3 b2 b1 bO 

Timer Al mode register (In PWM mode) 

~~--Operating mode selection bits 

I I 
11 : PWM mode 

~------1 Fix this bit to "1 ". 

~-~-------Trigger selection bits 
ox : Count start flag 

(T AhN pin functions as normal 1/0 port) 

10 : Falling edge of the input signal to TAi1N pin 
11 : Rising edge of the input signal to T Ai1N pin 

(X="O" or "1 ") 

~----------- 16/8-bit PWM mode selection bit 

o : 16-bit PWM mode 
1 : 8-bit PWM mode 

~-~------------- Count source selection bits 

00 : External clock input frequency divided by 2 (fa) 

01 : External clock input frequency divided by 16 (f16) 

1 O : External clock input frequency divided by 64 (f64) 

11 : External clock input frequency divided by 512 (f512) 

Note: This register is cleared to "001s" at reset. 

Fig. 2.7.27 Timer Al mode register structure In PWM mode 
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(1) PWM mode operation 

86 

First, select the operating mode, trigger occurrence factor, 16/8-bit PWM mode, and count source with 
the timer Ai mode register. The T Aiour pin outputs "L" level when PWM mode is selected with the 
operating mode selection bits. Next, write an arbitrary value "n" in the timer Ai register to set the pulse 
output width. At this point, "n" is set in the counter and the reload register. Then when a trigger is 
occurred, the pulse width modulator starts and pulses are output from the TAiour pin. 
When bit 4 of the timer Ai mode register is "O", an internal trigger is occurred each time the corre­
sponding bit to each timer in the count start flag is set to "1 ". If bit 4 of the timer Ai mode register 
is "1 ", an external trigger is selected. When selecting an external trigger, if bit 3 is "O", the trigger is 
occurred at the falling edge of the input signal to the TAi1N pin with count start flag set to "1" and if 
bit 3 is "1", the trigger is occurred at the rising edge of the input signal to the TAitN pin with count start 
flag set to "1 ". When using an external trigger, set the corresponding port direction register' bit to the 
TAilN pin to "O" (input mode). 
A pulse width modulator continuously outputs pulses when it starts operation. An interrupt request 
occurs and the interrupt request bit is set to "1" each time the level of the pulse output changes from 
"H" to "L". Interrupts must be enabled before they can be used. Refer to "2.6 Interrupts" for more 
information. The interrupt request bit remains "1" set until an interrupt request is accepted or it is 
cleared by program. 
If a value is written in the timer Ai register while the counter is operating, the value is set only in the 
reload register. It is reloaded into the counter next time the level of the pulse output changes from "L" 
to "H". 
If the value of the timer Ai register is read, the result is undefined. 
In order to stop the pulse width modulator, count start flag must be cleared to "O". At the same time, 
the output level of TAiouT pin becomes "L". 
The 16-bit PWM mode and 8-bit PWM mode operations are described below. 
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[16·blt PWM mode] 
16-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to "0". In this mode, the 
period and width of the pulse output from the TAiour pin can be expressed as follows: 

Pulse output period = (1/fi) x (211-1) [s] 
Pulse output "H" width = (1/fi) x n [s] 

f1: Frequency of selected count source [Hz] 
n: Value set in counter 

(value between 00001s and FFFE1s) 

Figure 2.7.29 shows an example of an output waveform in 16-bit PWM mode. An interrupt request occurs 
and the interrupt request bit is set to "1" each time the level of the pulse output signal changes from "H" 
to· "L". 
The "H" level width of the pulse output can be changed while the pulse width modulator is operating 
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload 
register and reloaded into the counter next time the level of the pulse output changes from "L" to "H". 
Therefore, the pulse width changes from the pulse peried following the pulse period being output when 
the value was written. 

1 /f1 X(:216 -1) (s] 
~ ~ 
' ' 

Selected count n n ri n n n n n r·; r·; ri n n n n n n 
source f1 I LI LI U LI LI U LI L . . .J U LI LI U LI LI I 

: : : : 

lnpu~~i~Ne~~~ ::J·••••••••••••••-•••••••••l••-~•••·••l•••••••·•i.••••·•~•••·•••••·i•i•ii••••••••s•j~l.s•]•~·s:~~••ii•sl·•···•••••••·•~•• ::•:•:•:•:·•·••••:•:•••:•••··.::·::·1•·••·•·•••• .·•·••·•.••:.:•:··••r• : i A trigger is not occurred with this signal. 
' ' ' ' ' 
, : 1 /f1 X (n) [s] i · 

Pulse 
0~~i~~~~~ ::.:-······· ···························•••••I•••········· ·························l••···· ··························•1.111•11•11••111•1••·· •j••••··············• .. '.:• ••. -.I••·· ::-.:•••·•••· ... ••::.:·::•••• 
* This is an output example in case the contents of the reload register are 00031& and the external 

trigger (rising edge) is selected for trigger occurrence factor. 

Fig. 2.7.29 16-blt PWM mode output waveform example 

[8-blt PWM mode] 
8-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to "1". In this mode, the 
reload register and the counter are divided into 8-bit halves. The high-order 8 bits of the counter function 
as an 8-bit pulse width modulator and the low-order 8 bits function as a prescaler. 
The prescalar counts the clock selected with the count source selection bit. The prescalar is decremented 
and an underflow signal is occurred when its contents reach 001s ~ "m" ("m" = value set in low-order 8 
bits of the reload register). The contents of the reload register are reloaded into the prescalar and 
counting continues. The pulse width modulator (high-order 8 bits of the counter) counts the underflow 
signal occurred by the prescalar. The period and width of the pulse output from the TAiour pin can be 
expressed as follows: 

Pulse output period = (1/fi) X (m+1) X (28-1) [SJ 
Pulse output "H" width = (1/fi) x (m+1) x n [s] 

f1 : Frequency of selected count source [Hz] 
n : Value in the high-order 8 bits of the counter 

(Value between 001s and FE1s) 
m: Value in the low-order 8 bits of the counter 

(Value between 001s and FF1s) 
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Figure 2.7.30 shows an output waveform example in 8-bit PWM mode. In 8-bit PWM mode, when a trigger 
occurs, pulse output starts at the set pulse period after "L" level with the width equal to the "H" level of 
the set pulse is output. 
An interrupt request occurs and the interrupt request bit is set to "1" each time the level of the pulse output 
changes from "H" to "L". 
The "H" level width of the pulse output can be changed while the pulse width modulator is operating 
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload 
register and reloaded into the counter next time the level of the pulse output changes from "L" to "H". 
Therefore, the pulse width changes from the pulse period following the pulse period being output when 
the value was written. 

Selected count source !1 

: : 
11 

'' 

1 /11 X(m+1) x (28 -1) [s) 
I 

·lJlJlJ111Jinruu 
' ' I 
I 

' 11 I I 

I : : : : 

"H "rrrrJi:·:::.:<·:-: :·:·:·:·:.:·:·:·:-:-:->:·:·:.:-:-:·:.:·:·:·:<· :·: :·:·: : : ~:·:~·: ·:·:·:·:·:·:·:~·:·:·:· ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .:.:.:.:.:.:.~.:.:.:.i.:.:.:.:.:.:.~.r.:.~.:.~.:.:.:.~.:.:.:~ .. ::.:.:,i.~.:.~.:.~.:.:.:~ .. :.:.~.:.~.:.;.:.:.:.:.:.:.~·.•.~.:.:·.•.:.:.:.i.:.:.;.:.~.:~ .. : .. ·.:.::.•.:.:.:~ .. :.:: ... :.~.:.:.::.~:.::.n: 
Input level to TAi1N pin "L" Jj~H }: j !r [I @fil@@G J w··· 

Underflow signal "H" ? ..... 1•..•.••. I 
from prescaler "L" ? r 

~j j~ 11;r1x(m+1) [s) 
I 11 I 

-.;-----.-1 /f1X(m+1)X(n) [s) 
' ' ' I o o 

Pulse o~~i~~~r~~ :::.· i} 1 I t I rn ill ill ill £ I II 
* The setting conditions of this output example are as follows: 

•High-order 8 bits of counter=021s 
•Low-order 8 bits of counter=021s 
•Trigger occurrence factor: External trigger (falling edge) 

Fig. 2.7.30 8-bit PWM mode output waveform example 

[Precautions when using PWM mode] 
1. If the count start flag is set to "O" while counting (pulse width modulator is operating), counting stops and 

the output level of the TAiour pin becomes "L". At the same time an interrupt request occurs and the 
interrupt request bit is set to "1 ". 

2. When the operating mode is switched described below, the interrupt request bit in timer Ai interrupt 
control register is set to "1 ". 
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•When PWM mode is selected after removing reset. 
eWhen the operating mode is switched from timer mode to PWM mode. 
eWhen the operating mode is switched from event counter mode to PWM mode. 

Therefore, the interrupt request bit must be cleared to "O" after above switching modes when using timer 
Ai interrupt or the interrupt request bit. 



FUNCTIONAL DESCRIPTION 
2.8 Timer B 

2.8 Timer B 
Timer B consists of three 16-bit timers (timers BO to B2). Timers BO to B2 operate independently and each 
can operate in one of three different modes. 

2.8.1 Timer B description 
Timer Bi (i=O to 2) has three operating modes as described below. These timers have identical functions. 
The input pins (TBi1N) of these timers are shared with ports P6s-P61. 

•Timer mode 
This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Bi interrupt request occurs when the contents of the counter 
reach 00001e ~ reloaded value "n" (hereafter referred to as underflow). 

•Event counter mode 
This mode counts the external clock input to the TBhN pin. The counter is decremented by 1 each time 
a clock is input and a timer Bi interrupt request occurs when the counter underflows. 

•Pulse period/pulse width measurement mode 
In this mode, the period or the pulse width of the input signal to the TBi1N pin is measured. 

VU Block description 
Figure 2.8.1 shows the block diagram of timer Bi. It is followed by the description of the timer Bi related 
registers. 

TBi1N 

Count source selection bits 
12----0 

l1s---0 
f04----o 
f512----o 

Polarity switching 
and edge pulse 

generating circuit 

Timer mode 
Pulse period/pulse width 
measurement mode 

Event counter mode 

(Low-order 8 bits) 

Reload register (16) 

~-------!Counter reset circuit 1---~ 

Fig. 2.8.1 Timer Bl block diagram 

(High-order 8 bits) 

Overflow 
flag 
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(1) Counter and reload register (timer Bl register) 
Timer Bi counter and reload register consist of 16 bits. The counter counts the selected count source. 
In timer mode and event counter mode, the contents of the counter are decremented by 1 each time 
a count source is input. The reload register is used to store the initial value of the counter. The 
contents of the counter change each time a count source is input, but the contents of the reload 
register remain unchanged. The contents of the reload register are reloaded into the counter when the 
counter underflows. In pulse period/pulse width measurement mode, the contents of the counter are 
incremented by 1 each time a count source is input to the counter. The result of measuring the pulse 
signal is transferred to the reload register. Values are stored in the counter and the reload register 
by writing to the timer Bi register. 
Table 2.8.1 shows the memory allocation of the timer Bi register. 

Table 2.8.1 Timer Bl register memory allocation 
Timer Bi r~ster H!g_h-order byte Low-order byte 
Timer BO re]!ster Address 51 is Address 501s 
Timer B1 register Address 531s Address 521s 
Timer B2 register Address 551s Address 541s 

In timer mode and event counter mode, the value written in the timer Bi register when the timer is not 
operating is stored in the counter and reload register. The value written in the timer Bi register when 
the timer is operating is stored only in the reload register. In this case, the updated value is transferred 
to the counter during next reload. When the timer Bi register is read, the counting value (value in the 
counter) is read. When the timer Bi register is read in pulse period/pulse width measurement mode, 
the pulse width or the pulse period measurement result is read. 
The value of the timer Bi register is undefined at reset. Therefore, at first the counter and the reload 
register must be initialized when using timer Bi in timer mode or event counter mode. 

(2) Count start flag 
The count start flag (address 401s) separately controls starting/stopping of each timer. Each bit cor­
responds to one of the timers. 
When this flag is set to "1 ", a count source is input to the counter. When this flag is set to "O", a count 
source input to the counter is disabled. 
Figure 2.8.2 shows the structure of the count start flag. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Count start flag (address 401&) 

Timer AO count start flag 
'------Timer A1 count start flag 

'--------Timer A2 count start flag 
'----------Timer A3 count start flag 

'------------Timer A4 count start flag 
'--------------Timer BO count start flag 

'----------------Timer B1 count start flag 
'------------------Timer B2 count start flag 
Note: This register is cleared to "001s" at reset. 

Fig. 2.8.2 Count start flag register structure 
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(3) Timer Bl mode register 
The timer Bi mode register (addresses 5B1e to 5D1e) consists of operating mode selection bits, count 
source selection bits and bits that have different function by operating modes. 
Figure 2.8.3 shows the structure of the timer Bi mode register. The operating mode selection bits and 
count source selection bits are described below. The function of bits 2, 3 and 5 depend on the 
operating mode and are described under the description of each operating mode. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W A 
Timer BO mode register (address 5B1e) 

R/W R/W R/W R/W Timer B1 mode register (address 5C11) 
~~~,..........___~.___.,.._.. Timer B2 mode register (address 5D1e) 

.____._ __ Operating mode selection bits 

00 : Timer mode 
01 : Event counter mode 
10 : Pulse period/pulse width measurement mode 

,___......_ ____ ----1 These bits' functions depend on operating mode. 

'-------------This bit is used in the pulse period/pulse width 

measurement mode (refer to Figure 2.8.11 ) . 

.____......_ _____________ Count source selection bits 

Note: Bit 4 is undefined at reading. 

00 : External clock input frequency divided by 2 (fa) 

01 : External clock input frequency divided by 16 (f1e) 
10 : External clock input frequency divided by 64 (fe4) 
11 : External clock input frequency divided by 512 (f512) 

Bits o to 3 and bits 6 and 7 are cleared to "O" at reset. 
Bit 5 is set to "1" at reset. 

Fig. 2.8.3 Timer Bl mode register structure 

91 



FUNCTIONAL DESCRIPTION 
2.8 Timer B 

•Operating mode selection bits (bits o and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.8.2 shows the 
relationship between the operating mode selection bits and the timer operating modes. 

Table 2.8.2 Relationship between operating mode selection 
bits and operating modes 

b1 bO 0_£_eratin_g_ mode 
0 0 Timer mode 
0 1 Event counter mode 
1 0 Pulse 1'_eriod/pulse width measurement mode 

•Count source selection bits (bits 6 and 7) 
The count source selection bits are used to select the count source. Table 2.8.3 shows the relationship 
between the count source selection bits and the timer count sources. 
These bits are ignored in event counter mode. 

Table 2.8.3 Relationship between count source selection bits and count sources 

b7 b6 Timer count source 
Input clock to the counter 

f~N}=8MHz [X1~=16MHz [X1~=25MHz 
0 0 External clock i~t frequen<2Y._ divided ~ 2 J!1 4MHz 8MHz 12.SMHz 
0 1 External clock in2_!.1t fr~uenq divided ~ 16 ]1~ SO Ok Hz 1MHz 1.5625MHz 
1 0 External clock i~t fre_g_uenq divided ~ 64 J!s~ 125kHz 250kHz 390.625kHz 
1 1 External clock input frequen<2Y._ divided ~ 512 lfs12} 15625Hz 31250Hz 48.8281kHz 

f(X1N} : External clock input frequency 

92 



FUNCTIONAL DESCRIPTION 
2.8 Timer B 

(4) Timer Bl Interrupt control register 
The timer Bi interrupt control register (addresses 7 A1e to 7C1e) consists of interrupt priority level se­
lection bits and interrupt request bit. Figure 2.8.4 shows the structure of the timer Bi interrupt control 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Bi interrupt control register. 
Refer to section "2.6 Interrupts" for more information. 

b7 b6 b5 b4 b3 b2 b1 bO 
Timer BO Interrupt control register (address 7A11) 

R/W R/W R/W R/W Timer B1 Interrupt control register (address 7B1a) 
Timer B2 Interrupt control register (address 7C1e) 

.____...____...____ Interrupt priority level selection bits 

000 : Level O (interrupt disabled) 

Note: Bits 4 to 7 are undefined at reading. 
Bits O to 3 are cleared to "O" at reset. 

001 : Level 1 Low 

010 : Level 2 
011 : Level 3 
100 : Level 4 
101 : Level 5 

110 : Level 6 
111 : Level 7 High 

Interrupt request bit 
O : No interrupt request 
1 : Interrupt request 

Priority 

Use the SEB and CLB instructions when setting timer Bi interrupt control register. 

Fig. 2.8.4 Timer Bl Interrupt control register structure 

e1nterrupt priority level selection bits (bits o to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Bi interrupt. When an interrupt request occurs, this level is compared with lhe 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag I must be "O"). Set these bits to "000" 
(level 0) to disable only timer Bi interrupt. 

•Interrupt request bit (bit 3) 
This bit is set to "1" when a timer Bi interrupt request occurs. The interrupt request bit set to "1" is 
cleared to "O" when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(5) Port P6 direction register 
Timers BO to 82 input pins are shared with port PS. When using these ports as timer input pins, the 
corresponding bit in the direction register must be set to "0" (input mode). 
Figure 2.8.5 shows the relationship between the port PS direction register (address 101e) and timer 
pins. 

b7 bS b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W Port P6 direction register (address 1011) 

TA4our pin 
'-----TA41N pin 

......_-----INTo pin 
'--------INT1 pin 

'----------INT2 pin 
'------------TB01N pin 

'--------------TB11N pin 
......_--------------TB21N pin 

Note: This register is cleared to "001e" at reset. 

Fig. 2.8.5 Relationship between port P6 direction register and timer pins 
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2.8.3 Timer mode [timer Bl mode register bits 1, 0="00"] 
Timer mode is selected by setting the timer Bi mode register bits 1 and o to "00". When this mode is 
selected, bits 2 and 3 may be "O" or "1" because they are ignored. Bit 5 is also ignored. It cannot be written 
and is undefined at reading. Figure 2.8.6 shows the structure of the timer Bi mode register in timer mode. 
In timer mode, the selected internal qlock is decremented and an interrupt request occurs each time the 
counter underflows (the contents of the counter reach 00001s-+ reloaded value "n"). The timer dividing ratio 
is expressed as follows: 

Timer dividing ratio = 1/(n+1) 
n: Value set in counter 

(value between 00001s and FFFF1s) 

b7 b6 b5 b4 b3 b2 b1 bO 

x x x 0 O Timer Bl mode register (In timer mode) 

Operating mode selection bits 
00 : Timer mode 

...___.,__ ____ ---1These bits are ignored (may be "O" or "1"). 

This bit is ignored (this bit cannot be written and 
is undefined at reading) . 

.___.,__ _____________ Count source selection bits 

Note: Bit 4 is undefined at reading. 

00 : External clock input frequency divided by 2 (f2) 

01 : External clock input frequency divided by 16 (fie) 

1 0 : External clock input frequency divided by 64 (f64) 

11 : External clock input frequency divided by 512 (fs12) 

Bits 0 to 3 and bits 6 and 7 are cleared to "O" at reset. 
Bit 5 is set to "1" at reset, however, it is undefined at reading when operating in the timer 
mode. 

Fig. 2.8.6 Timer Bl mode register structure In timer mode 
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(1) Timer mode operation 
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First, select the operating mode and count source with the timer Bi mode register. Next, write an 
arbitrary value "n" ("n"=00001e to FFFF1e) in the timer Bi register to specify the timer dividing ratio. At 
the same time, the value "n" is stored in the counter and the reload register. 
When the count start flag is set to "1" (count enabled), the selected count source is input to the 
counter and starts the count operation. · 
Figure 2.8.7 shows the setting example of the -----------------­
timer mode related registers. 
The contents of the counter are decremented 
by 1 each time the count source is input. When 
the counter underflows, the contents of the re­
load register are reloaded into the counter and 
the interrupt request bit is set to "1 ". 
Count operation continues in this manner. The 
interrupt request occurs and the interrupt re­
quest bit is set to "1" each time the counter 
underflows. Therefore, an interrupt request 
occurs at every "n+ 1" count of the count source. 
Interrupts must be enabled before they can be 
used. Refer to section "2.6 Interrupts" for more 
information. The interrupt request bit remains 
"1" set until the interrupt request is accepted 
or it is cleared by program. 
The contents of the counter can be read at 
any timing by reading the contents of the timer 
Bi register, but the contents of the reload reg­
ister can not be read. In order to change the 
timer dividing ratio when the timer is operating, 
a 16-bit update value must be written simulta­

Set timer Bi mode register 
eSet the operating mode selection bits (bit 1, 0) ID '00' 
•Select coi.lnt source 

Specify timer dividing ratio 
eSet value to the timer Bi register 

Set the count start flag ID '1' 

Count starts. 

Fig. 2.8.7 Setting example of the timer mode re· 
lated registers 

neously in the timer Bi register. This value is stored in the reload register, and reloaded into the 
counter at the next reload timing after writing to timer Bi register. 
Figure 2.8.8 shows the timer mode operation diagram. 
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FFFFie~n=reloaded value 
/ Count start 

n ! Underflow 
-, 

I .. -, 
I 

., 
I 

Underflow 

.. -, 
I 

Count stop 

~ -..... --- ................................. -
: : Count restart 

:----. 

2.8 Timer B 

... 
I 

000011.__ ..... ~~~~~-"--t~~~~~~ ...... -+-~-+~--~~~~ ...... -+-~~~ 

Fig. 2.8.8 Timer mode operation diagram 
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2.8.4 Event counter mode [timer Bl mode register bits 1, 0="01 '1 
The event counter mode is selected by setting the timer Bi mode register bit 1 to "O" and bit 0 to "1 ". When 
this mode is selected, bits 6 and 7 may be "O" or "1" because they are ignored. Bit 5 is also ignored. It 
cannot be written and is undefined at reading. Figure 2.8.9 shows the structure of the timer Bi mode 
register in event counter mode. 
In event counter mode, the external clock input to the TBiiN pin is counted. The counter is decremented 
each time an effective edge is input and an interrupt request occurs when the counter underflows (the 
contents of the counter reach 00001e -+ reloaded value "n"). 
The timer dividing ratio is expressed as follows: 

Timer dividing ratio = 1/(n+1) 
n: Value set in counter 

(value between 00001e and FFFF1e) 

b7 b6 b5 b4 b3 b2 b1 bO 

x x x 0 1 Timer Bl mode register (In event counter mode) 

.____....___ Operating mode selection bits 
01 : Event counter mode 

Count polarity selection bits 
00 : Count at the falling edge of the input signal 
01 : Count at the rising edge of the input signal 
10 : Count at both edges of the input signal 

This bit is ignored (this bit cannot be written and 
is undefined at reading). 

'---'----------------1These bits are ignored (may be ·o· or "1"). 

Note: Bit 4 is undefined at reading. 
Bits 0 to 3 and bits 6 and 7 are cleared to "O" at reset. 
Bit 5 is set to "1" at reset, however, it is undefined at reading when operating in the event 
counter mode. 

Fig. 2.8.9 Timer Bl mode register structure In event counter mode 
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(1) Event counter mode operation 
First, select the operating mode and the effective edge of the count source with the timer Bi mode 
register. Next, write an arbitrary value "n" ("n"=00001e to FFFF1e) in the timer Bi register to specify the 
timer dividing ratio. At the same time, the value "n" is stored in the counter and the reload register. 
Also, set the corresponding port P6 direction register bit to TBi1N pin to "O" (input mode). When the 
count start flag is set to "1" (count enabled), the effective edge of the input signal to TBi1N pin is detected 
and count operation starts. 
Table 2.8.4 shows the relationship between the count polarity selection bits and the effective edge of 
the count. Figure 2.8.1 o shows the setting example of the event counter mode related registers. 

Table 2.8.4 Relationship between count polarity 
selection bits and effective edge 

b3 
0 
0 
1 

b2 Count effective edge 
0 Fallin_[ ed_[e of input s!.g_nal 
1 Rising edge of input signal 
0 Both edges of input s!2_nal 

The contents of the counter are decremented by 1 each time an effective edge is input. When the 
counter underflows, the contents of the reload register are reloaded into the counter and the interrupt 
request bit is set to "1". The count operation continues in this manner and an interrupt request occurs 
and the interrupt request bit is set to "1" each time the counter underflows. Therefore, a timer Bi 
!ntern..!pt request occurs at eve;y "n+ 1" count 
of the count source. Interrupts must be enabled 
before they can be used. Refer to section "2.6 
Interrupts" for more information. The interrupt 
request bit remains "1" set until the interrupt 
request is accepted or it is cleared by pro­
gram. 
The contents of the counter can be read at 
any timing by reading the contents of timer Bi 
register, but the contents of the reload register 
can not be read. 
In order to change the timer dividing ratio when 
the timer is operating, a 16-bit update value 
must be written simultaneously in the timer Bi 
register. This value is stored in the reload reg­
ister, and reloaded into the counter at the next 
reload timing after writing to timer Bi register. 
The operation in event counter mode is iden­
tical to that of the timer mode except that an 
external clock input to the TBi1N pin is counted. 
Refer to "Figure 2.8.8 Timer mode operation 
diagram" about an operation diagram. 

Set timer Bl mode register 
•Set the operating mode selection bits (bit 1, 0) to '01" 
•Select count polarity 

Specify timer dividing ratio 
•Set value to the timer Bl register 

Set the port P6 direction register 
•Set the corresponding bit to TBiiN pin to •o• 

Set the count start nag to ·1 • 

Count starts. 

Fig. 2.8.10 Setting example of the event counter 
mode related registers 
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2.8.5 Pulse period/pulse width measurement mode [timer Bl mode register bits 1, 0="10") 
The pulse period/pulse width measurement mode is selected by setting the timer Bi mode register bit 1 to 
"1" and bit 0 to "O". The difference between pulse period measurement and pulse width measurement is 
the effective edge of the input signal determining the count term. 

•Pulse period measurement 
Pulse period is measured by counting during the period between the falling edge and the next falling 
edge or between the rising edge and the next rising edge of the input signal to the TBi1N pin. 

•Pulse width measurement 
Pulse width is measured by counting during the period between the falling edge and the next rising edge 
or between the rising edge and the next falling edge of the input signal to the TBiiN pin. 

Figure 2.8.11 shows the structure of the timer Bi mode register in pulse period/pulse width measurement 
mode. 

(1) Pulse period /pulse width measurement mode description 
First, select the operating mode, whether to measure the pulse period or width, and count source with 
the timer Bi mode register. Set the corresponding port P6 direction register bit to TBi1N pin to "O" (input 
mode). When the count start flag is set to "1" (count enabled), the selected count source is input to 
the counter and count operation starts. The counter is incremented by 1 each time a count source is 
input. 
The contents of the counter are transferred to the reload register when an effective edge is input to 
the TBhN pin. Then the counter is cleared to 00001e. The count operation continues and the contents 
of the counter are transferred to the reload register again when the next effective edge is input to the 
TBilN pin. Then the counter is cleared to 00001e. At the same time, an interrupt request occurs and the 
interrupt request bit is set to "1 ". The measured result can be obtained by reading the timer Bi register 
because the contents of the reload register are read. An interrupt request does not occur and an 
undefined value is transferred to the reload register at the first effective edge after setting the count 
start flag to "1 ". 
The interval between the falling edge and the rising edge or between the rising edge and the falling 
edge of the input signal to the TBi1N pin must be at least 2 cycles of the selected count source. When 
measuring the pulse width of a signal other than 50% duty, whether the result (contents of the reload 
register) is "H" level width or "L" level width must be determined with program. 
Table 2.8.5 shows the relationship between measurement mode selection bits and measured intervals. 

Table 2.8.5 Relationship between measurement mode selection bits and measured Intervals 
b3 b2 Measurement mode Measured intervals 
0 0 

Pulse period 
Between the falling_ ed9e and the fallil}g_ edg_e of the in..e_ut signal 

0 1 Between the rising edge and the rising edge of the input signal 

1 0 Pulse width 
Between the falling edge and the rising edge, and between the rising 
edge and the falling edge of the input signal 
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In this mode, an interrupt request also occurs when the contents of the counter reach FFFF1e ~ 00001e 
(hereafter referred to as overflow) in addition to the effective edge. The timer Bi overflow flag is used 
to determine the cause of interrupt in pulse period/pulse width measurement mode whether an over­
flow of the counter or an effective edge. When an overflow occurs, the timer Bi overflow flag is set 
to "1 ". Therefore, the cause of interrupt request must be determined in the interrupt service routine 
by checking the timer Bi overflow flag. 
The timer Bi overflow flag set to "1" js cleared to "O" when writing to the timer Bi mode regjstsr while 
correspondjng count start flag js "1 ". This flag is a read-only flag and set to "1" at reset. 
The timer Bi overflow flag must be used to determine the cause of interrupt request and must not be 
used to detect the overflow timing of the counter. Interrupt request bit must be used to detect the 
overflow timing of the counter. 
Interrupts must be enabled before they can be used. Refer to section "2.6 Interrupts" for more infor­
mation. The interrupt request bit remains "1" set until the interrupt request is accepted or it is cleared 
by program. 
Figure 2.8.12 shows the pulse period/pulse width measurement mode operation diagram in pulse 
period measurement mode. Figure 2.8.13 shows the pulse period/pulse width measurement mode 
operation diagram in pulse width measurement mode. 

b7 b6 b5 b4 b3 b2 b1 bO 

i i • o I !.~:~,:! ;:r~~d~:~~:~e~!dth measurement mode) iiiiiiiiiiiiiii .l_ l J_ J , .. 

l l Operating mode selection bits 

10 : Pulse period/pulse width measurement mode 

Measurement mode selection bits 
00 : Pulse period measurement mode (between the falling 

edge and the falling edge of the input signal) 

01 : Pulse period measurement mode (between the rising 

edge and the rising edge of the. input signal) 

10 : Pulse width measurement mode (between the falling edge 

and the rising edge, and between the rising edge and 

the falling edge of the input signal) 

Timer Bi overflow flag 

0 : No overflow 

1 : Overflow 

Count source selection bits 

00 : External clock input frequency divided by 2 ('2) 

01 : External clock input frequency divided by 16 (f1e) 

10 : External clock input frequency divided by 64 (f64) 

11 : External clock input frequency divided by 512 (fs12) 
Note: Bit 4 is undefined at reading. 

Bits 0 to 3 and bits 6 and 7 are cleared to "O" at reset. 
Bit 5 is set to "1" at reset. The bit 5 set to "1" is cleared to "O" when writing to this register 
while corresponding count start flag is "1 ". 

Fig. 2.8.11 Timer Bl mode register structure In pulse period/pulse width measurement mode 
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Selected count 
source~ 

2.8 Timer B 

Timer Bi ·1·., ,.,,, .,., :':::t: .,,, :f :''':':''':':':':'::::::::. ,,,,, ,,, ........... :,::: ·''':::::::::'::::::::':{':':;::::'''''''"''':': 
overflow flag -o•.,.':::':"'?""·:::.,.:::,,,, ... ,,,,,,,.,.,,,,,, ... ,,,,, __ .... ,,,,,.,,...,,,., .... ,,,,,,,,...,,,., .... ,.,,,., ... ,.,,., .... ,,,,, .. _:':::,..r::': ... :::::':.,.':':::: ... :::::'· ... ,,::: ... ,:;::: ... ::,::': ... ::::::: ... ':': ... ''':''' ... :':':':.,.,,,:,:,..'''''''""'''':'--

This operation diagram measures between the falling edge and the falling edge of the Input signal. 

Fig. 2.8.12 Pulse period/pulse width measurement mode operation diagram In pulse period measurement mode 

Selected count 
source f1 

Cleared timing of 
Counter+- "00001s" 

t t 
Cleared by accepting the interrupt request or by program 

Tl Bi ·1· 
overflo':riag "()" ::;::::::::::::::::rn:::::::::::::::::::::i::::::::;::::i:::::::::Il:;::::::::::;::::i::::::rn:::::::::rn:::rn:::::::::m:::::;:::i::::::::;:::::i::;::::::::::::::::::::Irn::::::i; 

Fig. 2.8.13 Pulse period/pulse width measurement mode operation diagram In pulse width measurement mode 
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[Precautions when using timer BJ 
1. The value of the counter while operating in timer mode or event counter mode can be read at any timing 

by reading the timer Bi register. However, if it is read at the reload timing shown in Figure 2.8.14, "FFFF1e" 
is read instead of the reloaded value. The reloaded value is read if it is read after the timer Bi register 
is set during timer halted and before the count source is input and count started. 

Reload 

' Counter contents ---------0--,-n-... 
1
-n---1-

1
-

(hexadecimal 2 . . . 
notation) ------+---,1-, --+-: _ __,,:_ . ' . 

(h::::~:~ ---2----0-l""E-·•·~-m-.~ .... 1-n-_-1 ... l-
notation) _...__.....__~-------"-

n=reloaded value Time 
... 

Fig. 2.8.14 Reading the timer Bl register 

2. lnterrupi requesi occurs by two causes in pulse period/pulse width measurement mode. These interrupts 
use the same interrupt vector address of timer Bi. 
Two factors are follows. 

•Completing the measurement of the pulse period/pulse width 
•Overflow of the counter 

3. The timer Bi overflow flag of the timer Bi mode register in pulse period/pulse width measurement mode 
must be used to determine the cause of interrupt. Interrupt request bit of the timer Bi interrupt control 
register must be used to detect the overflow timing of the counter. 
The timer Bi overflow flag set to "1" is cleared to "O" when writing to the timer Bi mode register while 
corresponding count start flag is "1 ". This flag is set to "1" at reset. 

4. In pulse period/pulse width measurement mode, an undefined value is transferred to the reload register 
at the first effective edge after setting the count start flag to "1" and count starts. An interrupt request 
does not occur at the first effective edge. 
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2.9 Pulse output function 
The M37732 group is equipped with a pulse output function using timer A. The mode using the pulse output 
function is called the pulse output port mode. Pulse output port mode controls two 4-bit pulse output ports 
using timers AO and A2. 
The pulse output function of M37730 group is different from it of M37732 group described this section in 
points of the pulse output pins structure and pulse output control. Refer to "CHAPTER 8. M37730 GROUP" 
for more information. 

2.9.1 Pulse output function overview 
Pulse output port mode is divided into two waveform output modes: RTPO which controls a 4-bit pulse 
output port with timer AO and RTP1 which controls it with timer A2. 
When using a pulse output port mode, timers AO and A2 must be operated in timer mode. The pulse output 
pins (RTPOo--RTP03) for RTPO are shared with ports P5o--P53 and the pulse output pins (RTP1o--RTP13) for 
RTP1 are shared with ports P54-P51. Set the output data in pulse output data registers 0 and 1. When the 
control timers AO and A2 underflow (contents of counter change from 00001s ~ reloaded value n), the 
contents of pulse output data registers O and 1 at that point are output from pulse output pins. 
Pulse width modulation can be performed for RTPO using timer A 1 and for RTP1 using timer A3. In 
addition, for RTPO, the contents of pulse output data register O can be selected to output inverted (negative 
polarity pulse) by program. 
Table 2.9.1 shows the overview of pulse output function. 

Table 2.9.1 Pulse ou~t function overview 
Pulse output port mode 

Waveform ou!E!Jt mode RTPO RTP1 
Control timer Timer AO Timer A2 
Pulse output pin RTPOo--RTP03 (ports P5o--P53) RTP1o--RTP13 (ports P54-P51) 
Register for setting_ pulse data Pulse output data register O Pulse out_Qut data register 1 
Pulse width modulation Possible (timer A1 is used) Possible (timer A3 is used) 
Negative polarity pulse output function Possible Impossible 
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2.9.2 Block description 
Figure 2.9.1 shows the block diagram for the pulse output port mode. The pulse output port mode related 
registers are described below. 
Figure 2.9.2 shows the port PS output control circuit. 

Pulse width modulation selection bits 
(address 621e bits 4, 5) 

Timer A3 pulse width 
modulation output 

Timer AO 

Fig. 2.9.1 Pulse output port mode block diagram 

P57(RTP13) 

P56(RTP12) 

P5s(RTPi1) 

PS• (RTP1o) 

P53(RTP03) 

PS2(RTP02) 

P51 (RTP01) 

PSo(RTPOo) 

RTPO polarity selection bit 
(address 621s bit 3) 
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e P5o/T AOovr/RTPOo, P52'T A 1 ovr/RTP02, P54'T A2our/RTP1 o, P5e/T A3our/RTP12 

Timer Ai mode register (addresses 561e to 591e) bit 2 (Note 2) 

~;~-~u~t-) 
Direction register 1------<'~; ' 

r------., 
I N 1H I 

Pulse output-+-o l 
Timer A outpu ' 

Port latch 

Input 

Waveform output mode register (address 621e) bits o, 1 (Note 1) 
(RTP1, RTPO selection) 

• P51/T A01N/RTP01, P5:i/T A 11NIRTP03, P5s/T A21NIRTP11, P51/T A31NIRTPh 

Waveform output mode register bits 0, 1 (Note 1) 
/ (RTP1, RTPO selection) 

D;f--1 
' ~--;------------, Direction register .,_ ___ _._.o 

Pulse output-----. 

Port latch ' ' ' I "O" J 
L------J 

Input 

Note 1: P5o-P53 are bit 1, P54-P51 are bit o. 
Note 2: Timer Ai mode register bit 2 corresponding to each port. 

Fig. 2.9.2 Port P5 output control circuit 
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(1) Counter and reload register (timer AO to A3 registers) 
In pulse output port mode, timers AO and A2 must be used in timer mode to control the pulse output. 
When modulating these pulse outputs, timers A1 and A3 must be used in pulse width modulation 
mode. 
Timer Ai (i=O to 3) counter and reload register consist of 16 bits. The counter counts the selected 
count source and its contents are decremented by 1 each time a count source is inpt.!t. The reload 
register is used to store the initial value of the 
counter. The contents of the reload register are Table 2.9.2 Timer Al register memory allocation 
reloaded into the counter when the counter 
underflows. 
The contents of the counter change each time 
a count source is input, but the contents of the 
reload register remain unchanged. 
Values are stored in the counter and reload 

Timer Ai register 
Timer AO r~ster 
Timer A1 r~ster 
Timer A2 register 
Timer A3 register 

H!_g_h-order byte Low-order byte 
Address 471e Address 461s 
Address 491s Address 481s 
Address 4B1s Address 4A1s 
Address 4D1e Address 4C1s 

register by writing to the timer Ai register. Table 2.9.2 shows the memory allocation of timer Ai 
register ;The value written in timer Ai register when the timer is not operating is stored in the counter 
and reload register. The value written in timer Ai register when the timer is operating is stored only 
in the reload register. In this case, the updated value is transferred to the counter during next reload. 
If the timer Ai register is read, the result depends on the operating mode. Table 2.9.3 shows results 
of timer Ai register read and write. 
The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload 
register must be initialized when using timer Ai. 

T bl 2 9 3 Tl a e .. mer Al r~ ster rea d d an wrte 
Mode Read Write 

Timer mode (timers AO and A2) Read timer counting value 
<Timer operating> 

Write to reload register 
Pulse width modulation mode <Timer halted> 

(timers A1 and A3) Read undefined value Write to reload register and counter 

(2) Count start flag 
The count start flag (address 401s) separately controls the starting/stopping of each timer. Each bit 
corresponds to one of the timers. 
When this flag is set to "1 ", a count source is input to the counter. When this flag is set to "O", a count 
source input to the counter is disabled. 
Figure 2.9.3 shows the structure of the count start flag register. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Count start flag (address 401s) 

Timer AO count start flag 
~--- Timer A 1 count start flag 

Timer A2 count start flag 
~------- Timer A3 count start flag 

Timer A4 count start flag 

Timer BO count start flag 
'------------------Timer 81 count start flag 

'--------------------Timer 82 count start flag 

Note: This register is cleared to "001s" at reset. 

Fig. 2.9.3 Count start flag register structure 
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(3) Timer Al mode register 
Timer Ai mode register (addresses 561e to 591e) consists of operating mode selection bits, count source 
selection bits, and timer function selection bits. The function of the timer Ai mode register depends 
on the operating mode of the timer. 
In pulse output port mode, timers AO and A2 must be used in timer mode. Figure 2.9.4 shows the 
structure of the timer AO and A2 mode registers (in pulse output port mode). 
When modulating the pulse output, timers A1 and A3 must be used in pulse width modulation mode 
(PWM mode). Figure 2.9.5 shows the structure of the timer A1 and A3 mode registers (when using 
pulse width modulation in pulsE! output port mode). 
Bit 2 of the timer A 1 and A3 mode registers must be fixed to "1" even when the pulse output is not 
modulated. Figure 2.9.6 shows the structure of the timer A1 and A3 mode registers (when not using 
pulse width modulation in pulse output port mode). When pulse width modulation is not used in pulse 
output port mode, timers A1 and A3 can be used in timer mode. Howev~r. the gate function cannot 
be selected because the TA11N pin and TA31N pin function as pulse output pins. Therefore, bit 4 must 
be set to "O". 
When using RTPO, bit 2 of the timer AO and A 1 mode registers must be set to "1 ". When using RTP1, 
bit 2 of the timer A2 and A3 mode registers must be set to "1 ". 
This is because pins RTPOo, RTP02, RTP1o, and RTP12 are shared with timer A output pins and pulse 
output is selected by setting timer Ai mode register bit 2 to "1" as shown in Figure 2.9.2. 

b7 b6 b5 b4 b3 b2 b1 bO 

0 0 x 0 0 
Timer AO mode register (address 5611) 
Timer A2 mode register (address 5811) 

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

Operating mode selection bits 
00 : Timer mode 

!Fix these bits to "00". I 
.________ Pulse output function selection bit 

1 : Pulse output 

!Fix this bit to "1 ". I 
This bit is ignored (may be "O" or "1 "). 

!Fix these bits to "00". I 
.____....__ _____________ Count source selection bits 

Note: This register is cleared to "001e" at reset. 

00 : External clock input frequency divided by 2 ('2) 

01 : External clock input frequency divided by 16 (f1e) 

1 O : External clock input frequency divided by 64 (f64) 
11 : External clock input frequency divided by 512 ('512) 

Fig. 2.9.4 Timer AO, A2 mode registers structure (In pulse output port mode) 
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b7 b6 b5 b4 b3 b2 b1 bO 

0 x I Timer A1 mode register (address 571&) 
Timer A3 mode register (address 5916) 

'---,r----''--..---''----,.----'----.--'---...--'---...--'----...--'--r~ 

I I 

I I 

Note: This register is cleared to "001a" at reset. 

Operating mode selection bits 
11 : PWM mode 

I Fix these bits to "11 ". I 
Pulse output function selection bit 
1 : Pulse output 

I Fix this bit to "1 ". I 
This bit is ignored (may be "O" or "1 "). 

!Fix this bit to "0". I 
16/8-bit PWM mode selection bit 
0 : 16-bit PWM mode 
1 : 8-bit PWM mode 

Count source selection bits 
00 : External clock input frequency divided by 2 (fa) 

01 : External clock input frequency divided by 16 (f10) 
1 O : External clock input frequency divided by 64 (fa4) 

11 : External clock input frequency divided by 512 (f512) 

Fig. 2.9.5 Timer A1, A3 mode registers structure (using pulse width modulation In pulse output port mode) 
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b7 b6 b5 b4 b3 b2 b1 bO 

0 0 x 

2.9 Pulse output function 

Timer A1 mode register {address 571s) 
Timer A3 mode register {address 591e) 

Operating mode selection bits 

00 : Timer mode 

Pulse output function selection bit 
1 : Pulse output 

I Fix this bit to "1 ". I 
This bit is ignored (may be "O" or "1 "). 

!Fix this bit to "O". I 

~-~------------- Count source selection bits 

Note: This register is cleared to "001a" at reset. 

00 : External clock input frequency divided by 2 (fa) 

O 1 : External clock input frequency divided by 16 (fia) 

10 : External clock input frequency divided by 64 (fa4) 

11 : External clock input frequency divided by 512 (fs12) 

Fig. 2.9.6 Timer A1, A3 mode registers structure (not using pulse width modulation in pulse output port mode) 
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(4) Waveform output mode register 
The waveform output mode register (address 621s) consists of waveform output mode selection bits, 
RTPO polarity selection bit, and pulse width modulation selection bit. Figure 2.9.7 shows the structure 
of the waveform output mode register. Each bit is described below. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W Waveform output mode register (address 621&) 

Waveform output mode selection bits 

00 : Programmable 1/0 port 

01 : RTP1 selected 

1 O : RTPO selected 
11 : RTPO and RTP1 selected 

~------- RTPO polarity selection bit 

O : Positive polarity 

1 : Negative polarity 

RTPO pulse width modulation by timer A 1 selection bit 
O : Not modulated 

1 : Modulated 

RTP1 pulse width modulation by timer A3 selection bit 

O : Not modulated 

1 : Modulated 

Note: Bits 2, 6, and 7 are undefined at reading. 
Bits 0, 1, and 3 to 5 are cleared to "O" at reset. 

Fig. 2.9.7 Waveform output mode register structure 
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•Waveform output mode selection bits (bits O, 1) 
The waveform output mode selection bits are 
used to select the waveform output mode in Table 2.9.4 Relatlonshlp between waveform output mode 
pulse output port mode. Table 2.9.4 shows the selectlon bits and waveform output mode 
relationship between the waveform output mode 
selection bits and the waveform output mode. 
When these bits are set to "00", port PS func­
tions as a programmable 1/0 port or timer 1/0 
pin. When they are set to "11 ", RTPO pulse and 
RTP1 pulse can be output. 

eRTPO polarlty selection bit (bit 3) 

b1 
0 
0 
1 
1 

bO Waveform outp_ut mode 
0 Pro_grammable 1/0 j>_Ort 
1 RTP1 selected 
0 RTPO selected 
1 RTPO and RTP1 selected 

The RTPO polarity selection bit is used to select the RTPO pulse output polarity. When this bit is "O", 
data is output according to the contents of the pulse output data register 0 (refer to (5) Pulse output 
data register 1, 0). When this bit is "1 ", the inverse data (negative polarity pulse) of the contents of 
the pulse output data register O is output. 

eRTPO pulse width modulation by timer A1 selection bit (bit 4) 
The RTPO pulse width modulation by timer A1 selection bit is used to select pulse width modulation 
for RTPO pulse output. When this bit is "1 ", pulse output from RTPO is modulated. When this bit is "O", 
pulse output from RTPO is not modulated. 

eRTP1 pulse width modulation by timer A3 selection bit (bit 5) 
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The RTP1 pulse width modulation by timer A3 selection bit is used to select pulse width modulation 
for RTP1 pulse output. When this bit is "1", pulse output from RTP1 is modulated. When this bit is "O", 
pulse output from RTP1 is not modulated. 



FUNCTIONAL DESCRIPTION 
2.9 Pulse output function 

(5) Pulse output data registers 1, o 
Pulse output data registers 1 and 0 (addresses 641s, 651s) are used to set output data for RTP1 and 
RTPO respectively. The contents of the pulse output data register j (j=O, 1) are output from the pulse 
output pins each time timer AO and timer A2 underflow respectively. 
"L" leyel js output from the pulse output pjn correspondjng to the pulse output data bjt set to "O" and 
''H'' level js output from the pulse output pin correspondjng to the pulse output data bit set to "1" 
However, when the RTPO polarity selection bit in the waveform output mode register is "1 ", the inverse 
data (negative polarity pulse) of the contents of the pulse output data register O is output from pins 
RTPOa-RTP03. In this case, "H" level is output from the pulse output pin corresponding to the pulse 
output data bit set to "O" and "L" level is output from the pulse output pin corresponding to the pulse 
output data bit set to "1 ". 
Figure 2.9.8 shows the relationship between pulse output data register j and pulse output pins. This 
is a write-only register. Use the LDM and STA instructions when settjng the pulse output data bjts. 
Do not use read-modify-write instruction such as the CLB and SEB instructions. 

b7 b6 b5 b4 b3 b2 b1 bO 

w w w w Pulse output data register 1 (address 641s) 

RTP1o pulse output data bit 

RTP11 pulse output data bit 

RTP12 pulse output data bit 

RTP13 pulse output data bit 

b7 b6 b5 b4 b3 b2 b1 bO 

w w w w Pulse output data register o (address 651s) 

RTPOo pulse output data bit 

RTP01 pulse output data bit 

RTP02 pulse output data bit 

RTP03 pulse output data bit 

Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are write only bits and are undefined at reset. 
Use the LDM and STA instructions when setting the pulse output data registers 1,0. 

Fig. 2.9.8 Relationship between pulse output data register j and pulse output pins 
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(6) Timer Al Interrupt control register 
The timer Ai interrupt control register (addresses 7516 to 7816) consists of interrupt priority level se­
lection bits and interrupt request bit. Figure 2.9.9 shows the structure of the timer Ai interrupt control 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Ai interrupt control register. Refer to section "2.6 Interrupts" for more information. 

b7 b6 b5 b4 b3 b2 b1 bO 

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

Timer AO Interrupt control register (address 7516) 
Timer A1 Interrupt control register (address 7611) 
Timer A2 Interrupt control register (address 7711) 

---.~--,r--'~.--.___,,........ Timer A3 Interrupt control register (address 7811) 

~-~-~- Interrupt priority level selection bits 

000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 
010 : Level 2 
011 : Level 3 
100 : Level 4 
101 : Level 5 
110 : Level 6 

Priority 

111 : Level 7 High 

~-------Interrupt request bit 

O : No interrupt request 
1 : Interrupt request 

Note: Bits 4 to 7 are undefined at reading. 
Bits O to 3 are cleared to "O" at reset. 
Use the SEB and CLB instructions when setting the timer Ai interrupt control register. 

Fig. 2.9.9 Timer Al Interrupt control register structure 

•Interrupt priority level selection bits (bits o to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag I must be "O"). Set these bits to "000" 
(level 0) to disable only timer Ai interrupt. 

•Interrupt request bit (bit 3) 
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This bit is set to "1" when a timer Ai interrupt request occurs. The interrupt request bit set to "1" is 
cleared to "O'' when the interrupt request is accepted. 
This bit can also be set or cleared by program. 
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2.9.3 Operation description 
The waveform output modes RTPj (j=O, 1) have identical functions and operate in the same manner except 
that RTPO allows selection of pulse output polarity. 
Timer Ak (k=O, 2) for pulse output control must be operated in timer mode. With timer mode used in pulse 
output port mode, the timer Ak mode register bit 2, which functions as pulse output function selection bit 
in normal timer A timer mode, must be fixed to "1" to select "pulse output". Similarly, bit 4 of the gate 
function selection bits must be fixed to "O" to select "no gate function". 
Fix timer Ah (h=i, 3) mode register bit 2 to ;'i" regardiess of whether puise width modulation is used or 
not. By setting timer Ai mode register bit 2 to "1", the ports P5o (RTPOo), P52 (RTP02), P54 (RTP1o), and 
P5e (RTP12) are shared with timer A output pins function as pulse output pins. 
Table 2.9.5 shows the waveform output mode. 
Figure 2.9.1 o shows the structure of pulse output pins and pulse output data register j. 

Table 2.9.5 Waveform output mode 
Pulse output port mode 

Waveform outQut mode RTPO 
Control timer Timer AO 
Pulse output pin RTPOo-RTP03 (ports P5o-P53) 
Register for setting pulse data Pulse ou!2_ut data register 0 
Pulse width modulation Possible (timer A 1 is used) 
Negative polarity pulse output function Possible 

RTP1 
Timer A2 
RTP1o-RTP13 (ports P54-P51) 
Pulse output data register 1 
Possible (timer A3 is used) 
Impossible 

RTP13/P51 

RTP1:i/P5e 

RTP11/P5s 

RTP1o/P54 

RTP031P53 

RTPO:i/Pfu 

RTPOo/P5o 

RTP1 output 

RTPO output 

Fig. 2.9.10 Pulse output pins and pulse output data register J structure 
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, (1) RTPj operation description (not modulated, RTPO positive polarity) 
The following is the description of RTPj operation. 
First set the pulse output port mode related registers in the following sequence. 

<D Timer Al mode register 

eTlmer AO, A2 mode registers 
Select a count source and fix bits 2 to 0 to "100" and bits 5 and 4 to "00". 

•Timer A1, A3 mode registers 
Fix bit 2 to "1 ". 

@ Waveform output mode register 
Select waveform output mode, RTPO polarity, and pulse width modulation. 

@ Pulse output data register j 
Write data to be output. 

© Timer Ak (k=0,2) register 
Write a value n (n=00001e to FFFF1e) and set the timer dividing ratio. 

® Count start flag 
Timer corresponding to the bit set to "1" is started. 
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Set the timer Ai mode regjster as descrjbed aboye and then set the waveform output mode regjster 
If the waveform output mode register is set (to waveform output mode) before setting the timer Ai 
mode register (to pulse output), the contents of port latch are output because ports P5o, P52, P54, and 
P5e have the circuit structure shown in Figure 2.9.2. 
When setting the above registers, the timer Ai mode regjster and waveform output mode regjster must 
be set when the correspondjng count start flag js "O" (durjng tjmer halted). 
For timer Ak (k=0,2) operated in timer mode, when the corresponding count start flag is set to "1", the 
selected count source is input to the counter and starts the count operation. The contents of the 
counter are decremented by 1 each time a count source is input. When the counter first underflows 
(contents of the counter change 00001s ~ reloaded value n), the contents of the pulse output data 
register j at that time are output from RTPj pin. At the same time, a timer Ak interrupt request occurs. 
The RTPi pin output leyel js undefined durjng the jnterval from the time BTPj js selected until the first 
tjme the counter underflows. 
Timer Ak dividing ratio is expressed as follows: 

Timer Ak dividing ratio = 1/(n+1) 
n: Value set in counter 

(value between 00001e and FFFF1e) 

The counter continues to operate and the pulse output continues at the state of the first underflow. 
When the counter underflows for the second time, the contents of the pulse output data register j at 
the time of the second underflow are output as pulse output. The counter continues to operate and 
pulse output continues in the same manner. 
Therefore, when the contents of the pulse output data register j are changed during pulse output, the 
updated data is output next time the counter underflows after writing to the pulse output data register 
j. Figure 2.9.11 shows the pulse output example for RTPO (positive polarity, not modulated). 
Refer to section "2.7.3 Timer mode" for the operation description of timer Ak in timer mode. 



FUNCTIONAL DESCRIPTION 
2.9 Pulse output function 

n : reloaded value 

FFFF11 Start pulse output 

~ n 1:t- ---~ ----:~; ~n~~~I:~ 
under-'-1 L ""-
flow -, 

I 

--· I, 
'-i. _ 

1 
3rd underf" '-i. _ 

1 
4th underfl' 

I I --· --, 
I I 

000016 ,___..__ ________ _._ _________ .__ ________ ~---

1Time 
I 

Contents of pulse output --0-(-00-0-02-l--.X 7 (Ol l fa) X 8 (l0002) X g (1001 2) 

data register o , · -· ------,,--. -· -------,,.-----· ----..,,--
I I I I 

RTPOa output :~: .,,~,.,,.,.,.,..,.,. ::@:J:Jii@::JiJJtfJ:i:tJi@:::::@@f.t:@::::@t::•tt::tt::@t::J::::ttJJjjjft:ij]if]i]•:j:]l]i:::\j\jW\#m:\jj\j\!f \l\i]i]i\m\!•\]l]} 
I I I I 

RTP02 output :: "?M?@Jf.,.,..,.,.,,, .... tt••t: ••••••• :: •••tt••ttt•t••mt•tlt••rn•••: ::::.:::::•:••:.•:•······························Jrn• :•1w11::::tt••••t•••@m:::::tm:::::;:::t•••••:•:••••••t•%t••!IIm•······ 
I I I I 

RTP01 output :: ... ~ ............. ""'i•il•••f ••••\I.•••::?1 ····· :;;· ..... I•••@i• .:·····•·:·••:•:•:•:·•·•·············.rt:::::: ·····.r+t:: ...............• :::r2\2::::nt::m::•1:1:w::1m1::::::;::;;rn:: 
I ! I I 

RTPOo output :: ~J ••••t• :••<t I ••• . ?? 11•••11 ···· ·················· ···························· rn:t•••ltl :::: :1::•::1••········•••lt••••:t•••······•••;:::::1:101 
I I I I 

Contents of RTPO I x·, ,.----------x·, ,.--------~. 9 
output Und;fi""n8d"'K .... ____ o ___ ---J. . 7 . . a ~ 

I I I I 

~~~~;s~~i~nterrupt ::: .. .:: rm:::ttlilll•lt:••:: ·•••• •::n:1:::::1t:•:::t::t:::1m11:::::tmt:::::::tt•••t:t::::tt:t•:::flllrnt:t@ft:::::::::::::1:••••:::::::1:1r::::m~ 

" / " Cleared by acx:epting the interrupt 
request or by program 

Cleared by accepting the interrupt 
request or by program 

Fig. 2.9.11 RTPO pulse output example (positive polarity, not modulated) 
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(2) RTPj operation description (modulated, RTPO positive polarity) 
The following is the description of RTPj operation with pulse width modulation selected. 
Timer Ah (h=1,3) used for pulse width modulation must be operated in pulse width modulation (PWM) 
mode. With the PWM mode used for pulse output port mode, only the internal trigger occurred by 
setting the count start flag can be used. Except for this, the function is the same as with normal timer 
A in PWM mode. 
Pulse width modulation set with timer Ah is performed while "H" level is output from the respective pins 
RTPjo-RTPj3. 
First set the pulse output port mode related registers in the following sequence. 

CD Timer Al mode register 

8Tlmer AQ, A2 mode registers 
Select a count source and fix bits 2 to 0 to "100" and bits 5 and 4 to "00". 

8Tlmer A1, A3 mode registers 
Select 16/8-bit PWM mode, select count source, fix bits 2 to 0 to "111" and bit 4 to "O". 

® Waveform output mode register 
Select waveform output mode, RTPO polarity, and pulse width modulation. 

@ Pulse output data register j 
Pulse from the pulse output pin corresponding to the bit set to "1" is modulated. 

© Timer Al register 

8Tlmer AO, A2 registers 
Write a value n (n=00001e to FFFF1e) and set the timer dividing ratio. 

8Tlmer A1, A3 registers 
Write a value and set "H" level width of the PWM signal. 

@ Count start flag 
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Timer corresponding to the bit set to "1" is started. 

Set the timer Ai mode regjster as described above and then set the waveform output mode register. 
If the waveform output mode register is set (to waveform output mode) before setting the timer Ai 
mode register (to pulse output), the contents of port latch are output because ports P5o, P52, P54, and 
P5e have the circuit structure shown in Figure 2.9.2. 
When setting the above registers, the timer Ai mode register and waveform output mode regjster must 
be set when !he corresponding count start flag js "O" (during timer halted), 
When Timer Ai operation starts, pulse width modulation is performed while "H" level is output from 
pins RTPjo-RTPj3. 
When 16-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are ex­
pressed as follows: 

[16-blt PWM mode] 

Pulse output period = (1/fi) x (216-1) [s] 
Pulse output "H" level width = (1/fi) x n [s] 

fi: Selected count source frequency 
n: Value set in timer A 1, A3 counter 

(value between 00001e and FFFE1e) 
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When 8-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are expressed 
as follows: 

[8-blt PWM mode] 

Pulse output period = (1/fl) x (m+1) x (28-1) [s] 
Pulse output "H" level width = (1/fl) x (m+1) x n [s] 

fi: Selected count source frequency 
n: Value set in high-order 8 bits of timer A1. A3 counter 

(value between 001e and FE1s) 
m: Value set in low-order 8 bits of timer A1. A3 counter 

(value between 001s and FF1s) 

An interrupt request of timer Ak (k=0,2) occurs each time the counter underflows. An interrupt request 
of timer Ah (h=1,3) occurs each time the PWM signal level changes from "H" level to "L" level. 
Figure 2.9.12 shows the pulse output example for RTPO (positive polarity, modulated). 
Refer to section "2.7.6 Pulse width modulation (PWM) mode" for the operation description of timer Ah 
in PWM mode. 
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8 000010 
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' I - -, 
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Cleared by accepting the interrupt 
request or by program 

Cleared by accepting the interrupt 
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Fig. 2.9.12 RTPO pulse output example (positive polarity, modulated) 
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(3) RTPO operation description (negative polarity selected) 
When the RTPO polarity selection bit of the waveform output mode register is set to "1 '', the inverse 
data (negative polarity pulse) of the contents of the pulse output data register 0 is output from RTPO. 
In this case, "H" level is output from the pulse output pin corresponding to the pulse output data bit 
set to "O" and "L" level is output from the pulse output pin corresponding to the pulse output data bit 
set to "1 ". 
When pulse width modulation is performed with negative polarity selected, the output pulse is inverse 
of the case when pulse width modulation is performed with positive polarity. 
Figure 2.9.13 shows the pulse output example for RTPO (negative polarity, modulated). 
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" / " Cleared by accepting the interrupt 
request or by program 

Cleared by accepting the interrupt 
request or by program 

Note: This is an example where the RTPO polarity selection bit is set to "1" under the condition 
for pulse output example in Figure 2.9.12. 

Fig. 2.9.13 RTPO pulse output example (negative polarity, modulated) 
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[Precautions when using pulse output function {pulse output port mode)] 
1. Fix timer AO to A3 mode registers bit 2 to "1" in order to use ports P5o (RTPOo), P52 (RTP02), P54(RTP1o), 

and P5e (RTP12) as pulse output pin. 

ewhen using RTPO: Fix timer AO, A1 mode registers bit 2 to "1". 
eWhen using RTP1: Fix timer A2, A3 mode registers bit 2 to "1 ". 

2. When pulse width modulation is not performed, timers A1 and A3 can be used in timer mode. In this case, 
bit 4 must be fixed to "O" because the gate function cannot be used. Bit 5 must be also fixed to "O". 
Therefore, timer A 1, A3 mode registers can be only used to select the count source. 
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2.1 O Serial 110 
Serial 1/0 consists of UARTO and UART1 that have same functions. These serial 110 can operate either as 
clock synchronous serial 110 port or asynchronous serial 1/0 (UART) port. 

2.10.1 Serlal 110 description 
UARTO and UART1 can operate either as clock synchronous serial 110 port or asynchronous serial 1/0 
(UART) port. These two serial 1/0 ports are independent, but have identical functions. Each serial 110 port 
has a transfer clock generation timer (baud rate generator referred to BAG) and can be set a variety of 
data transfer rate. 
Figure 2.10.1 shows the serial 1/0 operating modes. 
Each serial 110 has four operating modes. The following modes are available: 

ec1ock synchronous serlal 1/0 
In this mode, both the transmission side and receiving side use the same clock to transfer data. The 
data (character) length is 8 bits. 

e7-blt UART 
In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length 
is 7 bits. 

e8-blt UART 
This mode is identical to 7-bit UART except that the data length is 8 bits. 

e9-blt UART 
This mode is identical to 7-bit UART except that the data length is 9 bits. 

Clock synchronous serial 110 

Serial 110 

Clock asynchronous serial 1/0 (UART) 7-bit UART 

8-bit UART 

9-bit UART 

Fig. 2.10.1 Serial 1/0 operating modes 
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2.10.2 Block description 
Figure 2.10.2 shows the block diagram of serial 1/0. The function of each related registers are described 
below. 

UARTI receive 
......,'---'...._.__. ......... _._ ................ -L-........ ....,_..._.._..._......., buffer register 

RxDi 1 }'----------------------------1 UARTi receive register 

BAG count source selection bits 
lz ---o 

f11 ---0 

, .. --0 BRG 
1/(n+1) 

Receive conrol 
drcut 

Tr111smlt 
control drcut 

Receive clock 

Transmission clock 

UARTi transmission registeri----< 1 TxDi 

Clock synch'onous (Internal dock) 

CLKl1r---..--<~-------------+---' 

Fig. 2.10.2 Serial 1/0 block diagram 
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(1) UARTI transmit/receive mode register (1=0, 1) 
The UARTO transmit/receive mode register (address 3011) and the UART1 transmit/receive mode register 
(address 381e) consist of bits to set serial 1/0 modes, transferring data format. 
Figure 2.10.3 shows the structure of the UARTi transmit/receive mode register. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W UARTO transmit/receive mode register (address 3011) 
R/W UART1 transmit/receive mode register (address 3811) 

~~~~~~~~~~~~~~~-.---' 

Serial 1/0 mode selection bits 

000 : Programmable 110 port (Serial 110 prohibited) 

001 : Clock synchronous serial 1/0 
1 00 : 7-bit UART 

101 : 8-bit UART 

11 0 : 9-bit UART 

._________ Internal/External clock selection bit 

0 : Internal clock 

1 : External clock 

Stop bit length selection bit (in UART mode) 

o : One stop bit 

1 : Two stop bits 

Odd/Even parity selection bit (in UART mode) 

O : Odd parity 

1 : Even parity 

Parity enable bit (in UART mode) 

O : Parity disabled 

1 : Parity enabled 

~--------------- Sleep function selection bit (in UART mode) 

o : Sleep function disabled 

1 : Sleep function enabled 

Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be fixed to "0° when using clock synchronous mode. 
This register is cleared to "001s" at reset. 

Fig. 2.10.3 UARTI transmit/receive mode register structure 
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eserlal 1/0 mode selection bits (bits o to 2) 
These bits are used to select serial 1/0 modes. 
Table 2.10.1 shows the relationship between the serial 1/0 mode selection bits and serial 1/0 modes. 
When bits 2 to O are set to "000", serial 1/0 is disabled and ports P8o-P83, and P84-P81 function as 
programmable 1/0 ports. When one of the serial 1/0 modes is selected, port PB has the function shown 
in Table 2.10.2 and loses its programmable 1/0 port function {except for some pins in UART mode). 

Table 2.10.1 Relationship between serial i/O mode selection bits and serial i/O modes 
b2 b1 bO Serial 1/0 mode selection bits 
0 0 0 Pr~ammable 1/0 _p_ort iserial 1/0 ~ohibitedl 
0 0 1 Clock ~nchronous serial 1/0 
0 1 0 Not available 
0 1 1 Not available 
1 0 0 7-bit UART 
1 0 1 8-bit UART 
1 1 0 9-bit UART 
1 1 1 Not available 

Table 2.10.2 Function of port PS when serial 1/0 Is selected 
Using UARTO Using UART1 Function 

P8o P84 CTS/RTS ~ransmission control s_!_g_nal 1/0 _£inl 
P81 PSs CLK (transfer clock 1/0 pin~ (Note 1) 
P82 P8s \ RxD (serial data input pin) 
P83 P81 I TxD (serial data output pin) (Note 2) 

Note 1: This depends on the internal/external clock selection bit as follows: 
When an external clock is selected : Clock input pin 
When an internal clock is selected : •Clock output pin in clock synchronous mode 

•Normal 1/0 port in UART mode 
Note 2: TxD pin starts to output "H" level when one of serial 1/0 modes is selected. 

------------
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elnternal/External clock selection bit (bit 3) 
[Clock synchronous mode] 
This bit is used to select either an internal clock or an external clock as the synchronous clock (shift 
clock) for data transfer. 
When this bit is set to "O" to select an internal clock, the divided clock by 2 which the later described 
baud rate generator (BRG) generates is used as the shift clock. In addition, the CLKi pin becomes the 
output pin and the shift clock is output from this pin. 
When this bit is set to "1" to select an external clock, the CLKi pin becomes the input pin and data 
transfer is synchronized with the clock input to this pin. 

[UART mode] 
This bit is used to select either an internal clock or an external clock as the input clock to the BRG 
which is described later. 
When this bit is set to "O" to select an internal clock, the clock selected with the later described BRG 
count source .selection bits in the UARTi transmit/receive control register 0 becomes the BRG input 
clock. In this case, the CLKi pin (ports P81, P8s) can be used as a programmable 1/0 port. 
When this bit is set to "1" to select an external clock, the CLKi pin becomes the clock input pin and 
the clock input to this pin becomes the BRG input clock. 

•stop bit length selection bit (bit 4) 
[Clock synchronous mode] 
This bit is ignored. It can be either "O" or "1 ". 

[UART mode] 
This bit is used to select between 1 and 2 bits as the stop bit to indicate the end of data. 
1 stop bit is selected when this bit is "O". 2 stop bits are selected when this bit is "1". 

eOdd/Even parity selection bit (bit 5) 
[Clock synchronous mode] 
This bit is ignored. It can be either "O" or "1 ". 

[UART mode] 
This bit is used to select between even parity and odd parity. Odd parity is selected when this bit is 
"O", and even parity is selected when this bit is "1 ". 
This bit is valid if the parity enable bit (bit 6) is set to "1" (enabled). 

•Parity enable bit (bit 6) 
[Clock synchronous mode] 

This bit is ignored. It can be either "O" or "1 ". 

[UART mode] 
This bit is used to specify whether to add a parity bit at the end of transmitted data or not (whether 
to perform parity check of received data or not). Whether to use odd parity or even parity is specified 
with bit 5. 
When this bit is "1 ", a parity is added at transmitting, and parity check is performed at receiving. 

es1eep function selection bit (bit 7) 
[Clock synchronous mode] 
This bit must be fixed to "O". 

[UART mode] 
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This bit is used to enable or disable the sleep function. If this bit is set to "1" to enable the sleep 
function, the data is ignored when the most significant bit (MSB) of the received data is "O". 
This function is used when multiple microcomputers are connected through the serial 110 port. Refer 
to section "2.10.5 Sleep mode". 
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(2) UARTI transmit/receive control register o 
The UAATO transmit/receive control register 0 (address 341s) and the UAAT1 transmit/receive control 
register o (address 3C1s) consist of bits to select the BAG count source and CTS/ATS function, and a 
flag that indicates the UAATi transmission register state. 
Figure 2.10.4 shows the structure of the UAATi transmit/receive control register 0. 

eeRG count source selection bits (bits o and 1} 
This bit is used to select the count source of the BAG when an internal clock is selected. Table 2.10.3 
shows the relationship between the BAG count source selection bits and the count source. 

Table 2.10.3 Relatlonshlp between BRG count source selection bits and count source 

b1 bO BAG count source 
0 0 f2 selected which is [X1~ divided b_y_ 2 
0 1 fie selected which is f(X1N) divided by 16 
1 0 f54 selected which is f(X1rQ. divided by 64 
1 1 fs12 selected which is f(X1N) divided by 512 

f(X1N): External clock input frequency 

ecTS/RTS function selection bit (bit 2) 
This bit is used to select CTS and ATS function. Port P8o functions as CTS/ATS pin for UAATO, port 
P84 as CTS/RTS pin for UARTi. 
When this bit is "O'', CTS function is selected. Port P8o or P84 functions as the CTS input pin. This pin 
must be at "L" level in order for transmission to start. 
When this bit is "1 ", ATS function is selected. Port Pao or P84 functions as the ATS output pin. "H" level 
is output when receive is disabled (the receive enable bit in UARTi transmit/receive control register 
1 is "O"). "L" level is output when receive is enabled (the receive enable bit is "1"). It returns to "H" 
level when receive starts and "L" level is output when receive completes. 

eTtransmlsslon register empty flag (bit 3) 
This flag is set to "O" when the contents of UAATi transmission buffer register are transferred to the 
UAATi transmission register. It is set to "1" when transmission completes and the UAATi transmission 
register becomes empty. This flag is a read-only flag and set to "1" at reset. 
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b7 b6 b5 b4 b3 b2 b1 bO 

R R/W R/W R/W UARTO transmit/receive control register o (address 3411) 
UART1 transmit/receive control register O (address 3C11) 

...__~-- BAG count source selection bits 

00 : fa selected 

01 : '16 selected 

1 o : f64 selected 

11 : f512 selected 

...__ ____ CTS/RTS function selection bit 

o : CTS function selected 

1 : RTS function selected 

...________ Transmission register empty flag 

Note: Bits 4 to 7 are undefined at reading. 
Bits O to 2 are cleared to "O" at reset. 

o : Data in transmission register (transmitting) 

1 : No data in transmission register (transmit complete) 

Bit 3 is a read-only bit and set to "1" at reset. 

Fig. 2.10.4 UARTI transmit/receive control register o structure 
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(3) UARTI transmit/receive control register 1 
The UARTO transmit/receive control register 1 (address 351s) and the UART1 transmit/receive control 
register 1 (address 3D1s) consist of serial 1/0 enable bits, serial 1/0 state flags, and serial 1/0 error 
flags. Figure 2.10.5 shows the structure of the UARTi transmit/receive control register 1. 

b7 b6 b5 

R R R 

b4 b3 b2 b1 

R R R/W R 

bO 
R/W UARTO transmit/receive control register 1 (address 3511) 

UART1 transmit/receive control register 1 (address 3011) 
~~~~~~~~~~~~~~~~~ 

Transmit enable bit 

o : Transmission disabled 
1 : Transmission enabled 

~--- Transmission buffer empty flag 

0 : Data in transmission buffer register 

1 : No data in transmission buffer register 

Receive enable bit 

O : Receive disabied 

1 : Receive enabled 

Receive completion flag 

O : No data in receive buffer register 
1 : Data in receive buffer register 

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

O : No overrun error 

1 : Overrun error 

Framing error flag (in UART mode) 

0 : No framing error 

1 : Framing error 

Parity error flag (in UART mode) 

O : No parity error 

1 : Parity error 

Error sum flag (in UART mode) 

0 : No error 
1 : Error 

Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Bit 0 and bits 2 to 7 are cleared to "O" at reset. 
Bit 1 is set to "1" at reset. 
Receive completion flag and each error flag are cleared to "O" when the low-order byte of 
receive buffer register is read or the receive enable bit is cleared to "O". 

Fig. 2.10.5 UARTI transmit/receive control register 1 structure 
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enransmlt enable bit (bit O) 
Serial 1/0 transmission is enabled when this bit is set to "1 ". If this bit is set to "O" during transmitting, 
serial 1/0 transmission is disabled after the current transmission completes. 

•Transmission buffer empty flag (bit 1) 
This flag indicates the state of the transmission buffer register. This bit is set to "1" when the contents 
of the transmission buffer register are transferred to the transmission register. This flag is automati­
cally cleared to "O" when data is written in the transmission buffer register. 

•Receive enable bit (bit 2) 
Serial 1/0 reception is enabled when this bit is set to "1". If the RTS function is selected, th~ RTS pin 
becomes "L" level when this bit is set to "1 ". 

•Receive completion flag (bit 3) 
This flag is set to "1" when the data in the receive register is transferred to the receive buffer register 
(receive completion). This flag is cleared to "O" when the low-order byte of the receive buffer register 
is read or when the receive enable bit is set to "O" (receive disabled). 

•Overrun error flag (bit 4) 
This flag is set to "1" when receiving of the next data completes and the contents of the receive buffer 
register are updated while there is data remaining in the receive buffer register (before the contents 
of the receive buffer register are read). 
This flag is cleared to "O" when the low-order byte of the receive buffer register is read or when the 
receive enable bit is set to "O" (receive disabled). 

•Framing error flag (bit 5) 
[Clock synchronous mode] 
This flag is ignored. 

[UART mode] 
This flag is set to "1" when the number of stop bits is not the number specified with stop bit length 
selection bit (bit 4) of the UARTi transmit/receive mode register. This flag is cleared to "O" when the 
low-order byte of the receive buffer register is read or when the receive enable bit is set to "O" (receive 
disabled). 

•Parity error flag (bit 6) 
[Clock synchronous mode] 
This flag is ignored. 

[UART mode] 
This flag is set to "1" when the parity odd/even is not the one specified. This flag is cleared to "O" when 
the low-order byte of the receive buffer register is read or when the receive enable bit is set to "O" 
(receive disabled). 

•Error sum flag (bit 7) 
[Clock synchronous mode] 
This flag is ignored. 

[UART mode] 
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This flag is set to "1" when either an overrun error, a framing error, or a parity error occurs. This fla~ 
is cleared to "O" when the low-order byte of the receive buffer register is read or when the receivE 
enable bit is set to "O" (receive disabled). 
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(4) UARTI transmission register and UARTi transmission buffer register 
The UARTO transmission buffer register (addresses 321s, 331s) and the UART1 transmission buffer 
register (addresses 3A16, 3B1s) are registers to set data output from TxDi pin. 
When transmit conditions are satisfied, the transmit data written in the UARTi transmission buffer 
register is transferred to the UARTi transmission register, and is synchronously transmitted from the 
TxDi pir. with the specified clock. 
In clock synchronous mode and 7 or 8-bit UART mode, only the low-order byte of the UARTi trans­
mission buffer register is used. In 9-bit UART mode, bit 8 of the transmit data is written in bit 0 of the 
high-order byte, and the remaining O to 7 bits are written in the low-order byte. · 
The UARTi transmission buffer register becomes empty after the data is transferred to the UARTi 
transmission register. Therefore, the next transmit data can be written during transmission. 
The contents of UARTi transmission buffer register can not be read because it is a write-only register. 
Figure 2.10.6 shows the block diagram of serial 1/0 transmission. 

Data bus (odd) 

Data bus (even) 

I UARTi transmission buffer register 

D6 Ds 04 Do 

TxDi 

Fig. 2.10.6 Serial 110 transmission block diagram 

(5) UARTI receive register and UARTI receive buffer register 
The UARTi receive register converts serial data input to the RxDi pin to parallel data. The RxDi pin 
input level is moved bit by bit to the UARTi receive register synchronized with the rising edge of the 
synchronous clock. 
The UARTO receive buffer register (addresses 361s, 371s) and the UART1 receive buffer register 
(addresses 3E16, 3F16) are registers to read the received data. The contents of UARTi receive register 
are automatically transferred to the UARTi receive buffer register when data receive completes. 
The bits 1 to 7 of the high-order bytes (addresses 371s, 3F16) of the UARTi receive buffer register are 
always fixed to "O" at reading. The same data as the MSB (most significant bit) of effective receive 
data can be read from the unused bits of the low-order 9 bits as follows: 

eD1 and Da in 7-bit UART mode. 
eDa in 8-bit UART mode and clock synchronous mode. 

Note that the contents of UARTi receive buffer register will be updated if the next receive data 
becomes available before the UARTi receive buffer register is read (overrun error occurs). 
Figure 2.10. 7 shows the block diagram of serial 1/0 receive. 
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RxDi 

Fig. 2.10.7 Serlal 110 receive block diagram 

(6) UARTI baud rate register 
The baud rate generator (referred to BRG) is the 8-bit timer exclusively for serial 1/0 equipped with 
a reload register. 
The BRG divides the input clock by (n+1), where "n" is the value set in the UARTO baud rate register 
(address 311a) and the UART1 baud rate register (address 391e). This register can contain a value 
between 001a and FF1a. 
In clock synchronous serial 1/0 mode, the BRG becomes effective when an internal clock is selected 
and the BRG output divided by 2 becomes the synchronous clock for transmit/receive. 
In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by 16 
becomes the transmit/receive clock. 
The contents of the UARTi baud rate register can not be read because it is a write-only register. This 
register is undefined at reset. 
Figure 2.10.8 shows the block diagram of shift clock generation. 

•Clock synchronous mode 

f; BRG 
Transmission control circuit 

fEXT Receive control circuit 

eUARTmode 

Transmission control circuit 

BRG 

Receive control circuit 

fi: Internal clock selected with the BRG count source selection bits 
fEXT: External clock input to the CLKi pin 

~-~ Transmission clock 

1---..- Receive clock 

1---~ Transmission clock 

1---~ Receive clock 

Fig. 2.10.8 Shift clock generation block diagram 
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(7) UARTI transmission Interrupt control register and UARTI receive Interrupt control register 
Transmit interrupt and receive interrupt can be used when the serial 110 mode is selected. Each 
interrupt has an interrupt control register. Interrupt control register consists of interrupt priority level 
selection bits and interrupt request bit. Figure 2.10.9 shows the structure of UARTi transmission 
interrupt control register and UARTi receive interrupt control register and each bit is described below. 
Use the SEB and CLB instructions when setting each interrupt control register. 
Refer to section "2.6 Interrupts" for more information. 

e1nterrupt priority level selection bits (bits o to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using serial 1/0 interrupts. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS). The interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag I must be "0"). Set these bits to "000" 
(level 0) to disable an interrupt. 

•Interrupt request bit (bit 3) 
The transmit interrupt request bit is set to "1" when data is transferred from the UARTi transmission 
buffer register to the UARTi transmission register for data transmission. 
The receive interrupt request bit is set to "1" when data receive completes and data is transferred from 
the UARTi receive register to the UARTi receive buffer register. 
The interrupt request bit set to "1" is cleared to "O" when the interrupt request is accepted. This bit 
can be set or cleared by program. 

b7 b6 b5 b4 UARTO transmission Interrupt control register (address 7111) 
UARTO receive Interrupt control register (address 7211) 

__,____,..__..---~,.._~........... UART1 transmission Interrupt control register (address 7311) 
UART1 receive Interrupt control register (address 7411) 

b3 b2 b1 bO 

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

..______,..______, __ Interrupt priority level selection bits 

000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 
010 : Level 2 
011 : Level 3 

100 : Level 4 
101 : Level 5 

Priority 

110 : Level 6 
111 : Level 7 High 

..__ _______ Interrupt request bit 

o : No interrupt request 
1 : Interrupt request 

Note: Bits 4 to 7 are undefined at reading. 
Bits O to 3 are cleared to "O" at reset. 
Use the SEB and CLB instructions when setting each interrupt control register. 

Fig. 2.10.9 UARTI transmission Interrupt control register and UARTI receive Interrupt control register structure 

133 



FUNCTIONAL DESCRIPTION 
2.1 O Serial 110 

(8) Port PB direction register 
Serial 1/0 input/output pins are shared with port PS. Port PS function is selected by the serial 1/0 mode 
selection bits of the UARTi transmit/receive mode register. When using port PS as serial 1/0 input pins, 
the corresponding bit in the direction register must be set to "0" (input mode). When using port PS as 
serial 110 output pins, it functions as serial 110 output pins regardless of the direction register. 
Figure 2.10.10 shows the relationship between the port PS direction register (address 141e) and the 
serial 1/0 pins. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port PS direction register (address 141e) 

CTSo input/RTSo output pin 
.__ ___ CL Ko 1/0 pin 

....__ _____ RxDo input pin 

TxDo output pin 
.__ _________ CTS1 input/RTS1 output pin 

'-------------CLK1 1/0 pin 
....__ _____________ RxD1 input pin 

----------------TxD1 output pin 

Note: This register is cleared to "001e" at reset. 

Fig. 2.10.10 Relationship between port PS direction register and serial 1/0 pins 
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2.10.3 Clock synchronous serial 110 
Table 2.10.4 shows the performance overview of the clock synchronous serial 110 mode. 

Table 2.10.4 Clock synchronous serial 1/0 performance overview 

Parameter Function 
Data format 8 bit fixed, LSB• first 
Transfer rate Internal clock BRG output divided by 2 

External clock 2Mbps maximum (at f(X1N)=8MHz) 
4Mbps maximum (at f(X1N)=16MHz) 
5Mbps maximum (at f(X1N)=25MHz) 

TransmiVreceive control CTS input or ATS output can be selected by program. .. '* LSB=Least S1gnif1cant Bit 

(1) Synchronous clock (shift clock) 
The serial 110 data transfer rate is determined by the synchronous clock (shift clock). The M37732 
group can .select whether to generate this clock internally or to use an external input clock as the 
synchronous clock. The synchronous clock is generated internally when the UAATi transmit/receive 
mode register bit 3 is set to "O", and externally when it is set to "1 ". 
In clock synchronous mode, the synchronous clock used for data transfer is generated by activating 
ihe iransmitiet. Theieiore, the transmitter must be aciiyated even when performing rnceiye only 

eusJng Internal generation clock as synchronous clock 
When the internal/external clock selection bit is set to "0", the BAG output divided by 2 is used as the 
synchronous clock. In this case, the CLKi pin becomes output mode and the transmit/receive syn­
chronous clock is output from the CLKi pin. 
The BRG is a serial 110 timer which has an 8-bit structure and is used as a frequency divider to 
generate the desired frequency. The BAG divides the clock selected with bits 0 and 1 in the UARTi 
transmiVreceive control register 0 by (n+1). The synchronous clock is the divided clock by 2 which has 
been divided by (n+1) with the BAG. "n" is the value set in the UAATi baud rate register. It can be 
set a value between 001a and FF1a. 

Synchronous clock frequency •..•..•....•• f; I (2(n+1)) 
f;: BAG input frequency (i=2, 16, 64, 512) 

8 synchronous clocks are generated by activating the transmitter. 

euslng external Input clock as synchronous clock 
When the internal/external clock selection bit is set to "1 ", the external clock is used as the synchro­
nous clock. 
When an external clock is selected, the clock input to the CLKi pin becomes the synchronous clock. 
Set the port PB direction register bit 1 (CLKo) and bit 5 (CLK1) to "O" ,to select input mode. 
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(2) Serial data transmission 
The data transmission method in clock synchronous serial 1/0 mode is described below. 

[Setting the control registers] 
Set each serial 1/0 control register for transmission. 

eUARTI transmit/receive mode register 
•Serial 1/0 mode selection bits 
Set the bits 2 to O to "001 ". 

•Internal/External clock selection bit 
Set the bit 3 to "O" when an internal clock is selected, or "1" when an external clock Is selected. 

•Setting the bit 7 to "O" (disable sleep mode) 

eUARTI transmit/receive control register O 
•BRG count source selection bits 

Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous 
clock. 

•CTStRTS function selection bit 
Set the bit 2 to "O" when using CTS function, and to "1" when not use. 

eUARTI baud rate reg lster 
•Dividing ratio 

Set the BRG dividing ratio between 001e and FF1a when an internal clock is selected for synchronous 
clock. 

•Port PS direction register 
•Port direction selection bits 

Set the corresponding bit to "O" when the CTS function is selected and an external clock is selected. 

eUARTI transmission Interrupt control register 
•Interrupt priority level selection bits 

When using UARTi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 

eUARTI transmission buffer register 
•Transfer data 

Set a transfer data to the low-order byte of UARTi transmission buffer register. The transmission buffer 
empty flag of UARTi transmit/receive control register 1 is cleared to "O" at the same time. 

eUARTI transmit/receive control register 1 
•Transmit enable bit 
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Set the bit 0 to "1" to enable transmitting. 

Figure 2.10.11 shows the setting example of clock synchronous serial 110 related registers at trans­
mitting. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 38i6) 
b7 bO 

0 0 0 1 

Internal/External clock selection bit 
O : Internal clock 
1 : External clock 

Fix to "O". 

UARTO transmit/receive control register O (address 3416) 
UART1 transmit/receive control register O (address 3C16) 
b7 bO 

I I I I I 
I l_L 

L 
BRG ci:w~! s!:lurce selection bi 
00 : f2 selected 
01 : f1 s selected 
1 O : f645elected 
11 : 1512 selected 

CTS'RTS function selection bit 
0 : CTS function selected 
1 : ATS function selected (CTS 

function disabled) 

UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 

bO b7 

I I I I I 
Set a value between 0016 and FR 6. 

Necessary only to select internal clock. 

Port PS direction register (address 1416) 
b7 bO 

0 0 0 

Corresponding to CTSo pi 

Corresponding to CLKo pin 

Corresponding to CTSi pi 

Corresponding to CLK1 pin 

•----------------

2.1 O Serial 1/0 

.............. , 

UARTO transmission interrupt control register (address 7116) 
UART1 transmission interrupt control register (address 7316) 
b7 bO 

I I I I 
Interrupt prK>rity level selectK>n bits 
Set to level 1 to 7 WMn using 
interrupts. 

UARTO transmission buffer register (address 3216) 
UART1 tr~nsmission buffer register (address 3A1sj 
b7 bO 

I I I I 
Set a transmit data. 

UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3016) 
b7 bO 

.__.I l__.__.__.___.__--'---'-r-'I 2 
Transmit enable bit 
O : Transmission disabled 
1 : Transmission enabled 

Transmitting operations start. 

Transmitting operations start when the following conditions are satisfied : 
•Transmission is enabled (the transmit enable bit is "1 "). 
•Transmit data is available in the UARTi transmission buffer register 

(the transmission buffer empty flag is "O"). 
eCTS1 pin input level is "L" (in case of selecting CTS function). 

Fig. 2.10.11 Setting example of clock synchronous serial 1/0 related registers at transmitting 
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[Transmit operation] 
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The transmission of serial data starts when the following conditions are satisfied : 

© Transmission is enabled (the transmit enable bit is "1 "). 
® Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 

flag is "O"). 
@ CTSi pin input level is "L". 

(Note: This condition is ignored if the CTS function is not selected.) 

When the above three (©to @ ) conditions are satisfied (two (© and®) if CTS function is not selected), 
the following operations are performed automatically at the same time : 

•Transfer the contents of UARTi transmission buffer register to the UARTi transmission register. 
•Generate 8 shift clocks. 
es et the transmission buffer empty flag to "1 ". 
•Clear the transmission register empty flag to "O". 
eUARTi transmission interrupt request occurs and set the interrupt request bit to "1" . 

Interrupts must be enabled before they can be used. Refer to section "2.6 Interrupts" for more infor­
mation. 
The shift clock is jnput to the transmit control cjrcujt through the CLKi pin. The data in the UARTi 
transmission register is transmitted bit by bit from the TxDi pin (starting at the low-order bit) at each 
falling edge of shift clock (LSB first). When the 1-byte data transmission is completed by the 8 shift 
clocks, the transmission register empty flag is set to "1 ". Figure 2.10.12 shows the cldck synchronous 
serial 1/0 transmit operation. 
The synchronous clock is generated continuously if the conditions for the next data are satisfied when 
the transmission completes. Therefore, to transmit data continuously, the next data must be written in 
the UARTi transmission buffer register while data is being transmitted (when the transmission register 
empty flag is "O"). If the conditions to transmit the next data are not satisfied, the synchronous clock 
halts at "H" level. 
Figure 2.10.13 shows the timing diagram of clock synchronous serial 1/0 at transmitting (internal clock 
is selected as synchronous clock, CTS function is selected). 
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UARTi transmission buffer register 

Shift clock 

• • • • • 

UARTi transmission register 

b7 

Transmit data 

Os 04 

Os Os 

07 Os 
• • • • • 

bO 

Oa 02 

04 03 

Os 04 03 Q02 

QD7 

Fig. 2.10.12 Clock synchronous serial 1/0 transmit operation 

Transmit 
clock 

Transm1t"1" 
enableblt .. 0 .. 

Transmission"1" 
buffer empty 

flag"O" 

_"H" 
CT Si 

"L" 

CLKi 

TEND 

TxDi 

Write in UARTi transmission 
buffer register. 

I 

Trans~~rs~e~"1"---i 11 n I 
emptyflag"O" IL_----------'· '-· ----------'· '-· ---------'· 

Conditions : Internal clock is selected as sychronous clock. 
CTS function is selected. 

f; : Selected internal clock frequency 
TEND: Next transmit condition is checked when this signal becomes "H" level. 

(TEND is an internal signal and can not be observed externally.) 
n : Value set in UARTi baud rate register 

Fig. 2.10.13 Clock synchronous serial 1/0 timing diagram at transmitting (selecting Internal clock) 

139 



FUNCTIONAL DESCRIPTION 
2.1 O Serial 1/0 

(3) Serial data receive 
The data receive method in clock synchronous serial 1/0 mode is described below. 

[Setting the control registers] 
Set each serial 1/0 control register for receive. 

eUARTI transmit/receive mode register 
•Serial 1/0 mode selection bits 
Set the bits 2 to o to "001 ". 

•Internal/External clock selection bit 
Set the bit 3 to "O" when an internal clock is selected, or "1" when an external clock is selected. 

•Setting the bit 7 to "O" (disable sleep mode) 

eUARTI transmit/receive control register O 
•BRG count source selection bits 
Select the BRG count source with bits O and 1 when an internal clock is selected for synchronous 
clock. 

•CTS/RTS function selection bit 
Set the bit 2 to "1" when using RTS function, and to "O" when not use. 

eUARTI baud rate register 
•Dividing ratio 
Set the BRG dividing ratio between 001s and FF1e when an internal clock is selected for synchronous 
clock. 

•Port PB direction register 
•Port direction selection bits 
Set the corresponding bit to "O" to the CLKi pin in case that an external clock is selected and RxDi 
pin is selected. 

eUARTI receive Interrupt control register 
•Interrupt priority level selection bits 
When using UARTi receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 

eUARTI transmission buffer register 
•Dummy data 
Set a dummy data to the low-order byte of UARTi transmission buffer register in order to activate a 
transmitter. The transmission buffer empty flag of UARTi transmit/receive control register 1 is cleared 
to "O" at the same time. 
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eUARTI transmit/receive control register 1 
•Transmit enable bit 
Set the bit 0 to "1" in order to enable transmitting. 

•Receive enable bit 
Set the bit 2 to "1" in order to enable receiving. 

Figure 2.10.14 shows the setting example of clock synchronous serial 1/0 related registers at receiving. 
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( UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 
b7 bO 

0 0 0 1 

lnternaJ/External clock selection ~t 
O : Internal clock 
1 : External clock 

Fix to ''O". 

UARTO transmit/receive control register O (address 3416) 
UART1 transmit/receive control register O (address 3C1 s) 

b7 bO 

I I I 121 
L BRG count source selection bits 

00 : f2 selected 
01 : h 6 selected 
1 O : 164 selected 
11 : 1512 selected 

CTS'RTS function selection ~t 
0 : CiS function selected (RTS 

function disabled) 
1 : RTS function selected 

UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 

b7 bO 

I I I I 
Set a value between 0016 and FF16. 

Necessary only to select internal clock. 

Port PS direction register (address 1416) 
b7 bO 

0 0 

Corresponding to CLKo pin 
~--- Corresponding to RxDo pin 

~-------- Corresponding to CLK1 pin 
~--------- Corresponding to RxD1 pin 

2.1 O Serial 1/0 

..............•• 

UARTO receive interrupt control register (address 7216) 
UART1 receive interrupt control register (address 7416) 

b7 bO 

I I I I 
I Interrupt priority level selection bRs 

Set to level 1 to 7 when using 
interrupts. 

UARTO transmission buffer register (address 3216) 
UARTi transmission buffer register (addre9s 3A~e} 
b7 bO 

I I I I 
Set a dummy data. 

UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3016) 

b7 bO 

Transmit enable ~t 
0 : Transmission disabled 
1 : Transmission enabled 

~--- Receive enable bit 
0 : Receive disabled 
1 : Receive enabled 

Receiving operations start. 

Receil.1ng operations start when the following conditions are satisfied : 
eReception is enabled (the receive enable ~tis "1 "). 
•Transmission is enabled (the transmit enable bit is "1 "). 
eDummy data is available in the UARTi transmission buffer register 

(the transmission buffer empty flag is "O"). 

Fig. 2.10.14 Setting example of clock synchronous serial 1/0 related registers at receiving 
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[Receive operation] 
The reception of serial data starts when the following conditions are satisfied : 

<D Reception is enabled .(the receive enable bit is "1 "). 
® Transmission is enabled (the transmit enable bit is "1"). 
@ Dummy data is available in the UARTi transmission buffer register (the transmission buffer empty 

flag is "O"). · 

Serial data receive is enabled by enabling transmission and setting the receive enable bit to "1". When 
the receive enable bit is set to "1 '', the RTSi pin becomes "L" level to indicate externally that the mi­
crocomputer is ready to receive serial data (in case that RTS function is selected). The transmit and 
receive timing can be synchronized by connecting the RTSi output pin to the CTSi input pin on the 
transmit side. Figure 2.10.15 shows the connecting example of clock synchronous serial 1/0. When RTS 
function is selected, if receiving operations start, RTSi pin level becomes ''H". 
When receiving operations start, the RxDi pin level is used to establish the most significant bit of the 
UARTi receive register at the rising edge of the shift clock (the clock input to the CLKi pin when an 
external clock is selected), and the contents of the UARTi receive register are shifted by 1 bit to the 
right. This operation is repeated each time a rising edge is input. When 1-byte data is accumulated in 
the UARTi receive register after 8 shift clocks, the contents of UARTi receive register are transferred 
to the UARTi receive buffer register. At the same time, the receive completion flag is set to "1 ". In case 
RTS function is selected, RTSi pin level becomes "L" at the same time. When the receive completion 
flag is set to "1 ", UARTi receive interrupt request occurs and the interrupt request bit is set to "1 ". 
Interrupts must be enabled before they can be used. Refer to section "2.6 Interrupts" for more infor­
mation. 
The receive completion flag is cleared to "O" when the UARTi receive buffer register is read. 
Figure 2.10.16 shows the clock synchronous serial 1/0 receive operation and Figure 2.10.17 shows the 
timing diagram at receiving (external clock is selected, ATS function is selected). 

Transmit side Receive side 

Fig. 2.10.15 Connecting example of clock synchronous serial 1/0 
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MSB 
UARTi receive register 

LSB 

Shift clock 

LI 01 ¢ 

LfLf D2 ¢ 

LflfLf 03 ¢ 
• • • • • • • MSB • LSB • • 

1~1~1~1~1~1~1~1~1 
b7 

UARTi receive buffer register 

Fig. 2.10.16 Clock synchronous serial 1/0 receive operation 

Receive "1" 
enable bit .. 0 .. 

Transmit 

• bO 

Receive data 

"1"_J 
enable bit "O" 

I Write dummy data in UARTi 

Transmission "1" 
buffer empty 1 

flag"O" 1 

i transmission buffer register. 

-----------~ UARTi transmission register 
I I 

RTS; "H"I I..------------. 
"L" L...f LJ 

CLK; 

RxD; 

Receive "1" 

completion flag "O"----------------' 

Conditions : External clock is selected as sychronous clock. 

RTS function is selected. 

~ UARTi transmission buffer register 

Read UARTi receive v buffer register. 

F; : External clock frequency 

Fig. 2.10.17 Clock synchronous serlal 1/0 timing diagram at receiving (selecting external clock) 
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[Precautions during clock synchronous serial 110 receive] 
1. With clock synchronous serial 110, shift clocks are generated by operating a transmitter. Therefore, trans­

mission operations (setting for transmission) must be performed even if only receive is necessary. Also 
note that dummy data is externally output from the TxDi pin (transmit pin) during receive. 

2. In case that an internal clock is selected, a shift clock is generated when the transmit enable bit is set 
to "1" (transmit enabled) and a dummy data is set in the UARTi transmission buffer register. 
In case that an external clock is selected, a shift clock is generated when the transmit enable bit is set 
to "1 ", a dummy data is set in the UARTi transmission buffer register, and external clock is input to the 
CLKi pin. 

3. When receiving data continuously, an overrun error occurs and bit 4 (overrun error flag) in the UARTi 
transmit/receive control register 1 is set to "1" if the next receive data becomes available in the UARTi 
receive register while the receive completion flag is "1" (before reading the contents of the UARTi receive 
buffer register). In this case, the UARTi receive buffer register contains the next data. Therefore, the 
transmit and receive programs must make arrangements to re-transmit the previous data when an overrun 
error occurs, 
The interrupt request bjt js not set to "1" when an overrun error occurs. 

4. When continuously receiving data, a dummy data must be set in the low-order byte of the UARTi trans­
mission buffer register as each receive. 
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2.10.4 Clock asynchronous serlal 110 (UART) 
Table 2.10.5 shows the serial 1/0 performance overview in UART mode. 

Table 2.10.5 UART performance overview 

Parameter Function 
Data format Start bit 1 bit 

Data bit (character length) 7 bits, 8 bits, or 9 bits 
Parity bit O bit or 1 bit (Odd or even can be selected.) 
Stop bit 1 bit or 2 bits 

Baud rate Internal clock BAG output divided by 16 
External clock 125Kbps maximum (f(X1N)=8MHz) 

250Kbps maximum (f(X1N)=16MHz) 
312.5Kbps maximum (f(X1N)=25MHz) 

Error detection 4 types (overrun, parity, framing, error sum) 
(Error sum can be used to check existence of error.) 

In UART mode, the baud rate*1 and the transfer data format must be set beforehand. The setting of the 
baud rate and the transfer format are described below. 

Baud rats*1 : Frequency of the clock used tor transmission and receive. 

(1) Baud rate 
The serial data transfer rate is determined by the baud rate. The baud rate is set by the UARTi baud 
rate register. The BAG is a frequency divider that has an 8-bit structure. The BAG input clock can be 
either an internal clock or an external clock input to the CLKi pin with the internal/external clock selection 
bit. 
When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(X1N) is selected with the BAG 
count source selection bits. When an external clock is selected, the clock input to the CLKi pin is input 
to the BAG. 
The clock input to BAG is divided by (n+ 1) and then by 16 to obtain the baud rate. 
Table 2.10.6 shows the baud rate selection table. 
If the required baud rate is B (bps). use the following equation to determine the value "n" set in the 
UARTi baud rate register. 

"n" = F1 /(16XB) - 1 "B"=the required baud rate, 
"F1"=the clock frequency input to the BAG 
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Table 2.10.6 Baud rate selection table (1) 
Baud rate (bps) f(X1N)=8MHz f(X1N)=16MHz 

Rated Actual f1 n• f1 n• 
75 75.12 f512 12 (OC1s) f512 25 (191s) 

110 110.04 fe4 70 (461e) f64 141 (801~ 

134.5 134.70 f64 571391~ f94 1151731~ 

150 150.24 f94 51 _l331~ f64 103 (671~ 

300 300.48 fe4 25 (191e) fe4 51 (331e) 

600 600.96 f94 121oc1~ fs4 25 l19Je) 

1200 1201.92 f1e 25 (191&) f1e 51 (331&) 

2400 2403.85 f1e 12 (OC1e) f1e 25 (191e) 

4800 4807.69 fa 511331~ fa 1031671~ 

9600 9615.39 fa 25 (191s) fa 51 (331e) 

19200 19230.77 fa 12 (OC1e) fa 25 (191e) 

31250 31250.00 fa 7 (071s) f2 15 (OF1e) 

62500 62500.00 f2 3 (031e) f2 7 (071s) 

125000 125000.00 fa 1 (011e) fa 3 (031e) 

250000 250000.00 fa 0 (001s) f2 1 (011s) 

500000 500000.00 fa - f2 0 (001s) 

n• : UARTi baud rate register value 

Table 2.10.6 eaud rate selection table (2) 

Baud rate f(X1N)=20MHz f(X1N)=25MHz 

(bps) f1 n• Actual (bps) f1 n• Actual (bps) 

150 fe4 129 (811e) 150.24 fs4 162 (A21e) 149.78 

300 f64 64 (401s) 300.48 fa4 80 (551e) 301.41 

600 f1s 129 (811a) 600.96 f1s 162 (A21e) 599.12 

1200 f1s 64 (401e) 1201.92 f1a 80 (551e) 1205.63 

2400 f1a 32 (201s) 2367.42 f1e 40 (281e) 2381.86 

4800 fa 129 (811s) 4807.69 fa 162 (A21e) 4792.94 

9600 fa 64 (401s) 9615.38 fa 80 (551e) 9645.06 

19200 fa 32 (201s) 18939.39 f2 40 (281e) 19054.88 

31250 fa 19 (131s) 31250.00 fa 24 (181e) 31250.00 

n• : UARTi baud rate register value 
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(2) Transfer format 
The format of the transfer data is set with the UARTi transmit/receive mode register. 
Data can be transferred in the following format shown by Figure 2.10.18. 

ST 
DATA 

SP 
UART mode 1--1 eansmisslon dat~ 1--1 PAR 

t--1 (Start bit) (character) (Parity bit) (Stop bit) 

7-bit UART mode 1ST ?DATA 1SP 

1ST ?DATA 2SP 

1ST ?DATA 1PAR 1SP 

1ST ?DATA 1PAR 2SP 

8-bit UART mode 1ST H 8DATA 1SP 

1ST 8DATA 2SP 

1ST 8DATA 1PAR 1SP 

1ST 8DATA 1PAR 2SP 

9-bit UART mode 1ST 9DATA 1SP 

1ST 9DATA 2SP 

1ST 9DATA. 1PAR 1SP 

1ST 9DATA 1PAR 2SP 

Fig. 2.10.18 Data format for transfer 
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Figure 2.10.19 shows the data format for example and Table 2.10.7 shows the transmission data in 
UART mode. 

Example of 8-bit UART mode 1ST 8DATA 1PAR 

_..Time 
!------Transmission data-------~·::) The next transmission data 
! a-bit data i (during continuous O!Jtput) 
: : : 

"H"--1 ST iLssl IMsslPARI SP 1_1 s_T __ _ 

Fig. 2.10.19 Data format example 

Table 2.10.7 Transmission data In UART mode 
Item 

ST 
(Start bit) 
DATA 

(Character) 
SP 
(Stop bit) 
PAR 
(Parity bit) 
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Function 
This bit indicates the start of data transmission. A 1 ·bit "L" signal is appended in front 

of the transmission data. 
This is the transmission data written iri the UARTi transmission buffer register. 

This bit appends after the data (or after the parity bit if it is included) to indicate the end 

of transmission. A 1 or 2·bit "H" signal is output as a stop bit. 
This bit appends to the end of data to improve the reliability of data. This bit is appended 
by the contents of the odd/even parity selection bit so that the number of 1 s in the data 
including the parity bit is always even or odd. 
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(3) Serial data transmission 
The data transmission method in UART mode is described below. 

[Setting the control registers] 
Set each serial 1/0 control register for transmission. 

eUARTI transmit/receive mode register 
•Serial 1/0 mode selection bits 
Select the data length with the bits O to 2. 

Table 2.10.8 Setting of UART mode 
b2 
1 
1 
1 

b1 bO Serial 1/0 mode selection bits 
0 0 7-bit UART mode 
0 1 8-bit UART mode 
1 0 9-bit UART mode 

•Transfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 

•Internal/External clock selection bit 
Set the bit 3 to "O" when an internal clock is selected, or "1" when an external clock is selected as 
the BAG count source. 

•Sleep function selection bit 
Set the bit 7 to "1" when enable the sleep function, and to "O" when disable it. 
(Refer to "2.10.5 Sleep mode" for details of sleep mode.) 

eUARTI transmit/receive control register o 
•BAG count source selection bits 
Select the BAG count source with bits O and 1 when an internal clock is selected for BAG input clock. 

•CTS/RTS function selection bit 
Set the bit 2 to "O" when using CTS function, and to "1" when not use. 

eUARTI baud rate register 
•Dividing ratio 

Set the baud rate register value between 001s and FF1s to determine the baud rate. 

•Port PB direction register 
•Port direction selection bits 

Set the corresponding bit to "O" when the CTS function is selected and an external clock is selected. 

eUARTI transmission Interrupt control register 
•Interrupt priority level selection bits 
When using UARTi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 

eUARTI transmission buffer register 
·Transmission data 

Set a transmission data to the UARTi transmission buffer register. The transmission buffer empty flag 
of UARTi transmit/receive control register 1 is cleared to "O" at the same time. 

eUARTI transmit/receive control register 1 
•Transmit enable bit 
Set the bit 0 to "1" to enable transmitting. 
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Figure 2.10.20 shows the setting example of UART related registers at transmitting. 

UARTO transmlllrecelve mode register (addreaa 3011) 
UART1 transmlllrecelYe mode register (addreaa 3818) 
b7 bO 

I I I I I I I l J 
l l 1 Serial VO mode selecllon bits 

100: 7·blt UART 
101 : 8-blt UART 
110: II-bit UART 

Internal/External clac:k Hlectlon bit 
o : Internal clock 
1 : External clock 

Stop bit length selection bit 
o : One atop bit 
1 : Two stop bits 

Odd/Even parity Hlecllon bit 
0 : Odd parity . 
1 : Even parltj 

Parity enable bit 
o : Parity disabled 
1 : Parity enabled 

Sleep function Hlectlon bit 
o : Sleep function dlaabled 
1 : Sleep function enabled 

UARTO transmlt/remlve control register O (address 3411) 
UART1 transmit/receive control register o (addre88 3C18) 
b7 bO 

BAG count source Hlecllon bits 
00 ; tl Hlected 
01 : he eelected 
10 : 184 Hlected 
11 : 1512 Hlected 

"--- CTS'RTS function eelecllon bit 
o : C'i'S function Hlected 
1 : RTS function Hlected (CTS 

function disabled) 

UARTO baud rate register (addr888 3118) 
UART1 baud rate register (address 3918) 
b7 bO 

I I I I 
~~---~ ~----/ v 

Set a value between 0018 and FF18. 

I 
I 

r••••••••••••••• 
I 

0 0 

Corresponding 111 CTsO pin 

Corresponding to CL.Ko pin 

.__ _____ Corresponding to CTS1 pl 

------- Corresponding to CLK1 pin 

UARTO transml11lon Interrupt control register (addreaa 7118) 
UART1 transmlHlon Interrupt control register (address 7318) 
b7 bO 

I I I I 
I lnllrrupl prtarlty leYel 881ecdon bill 

Sat to leYel 1 to 7 whan using 
INtllupta. 

UARTO transml11lon buffer register (address 3218. 331s) 
UART1 tranamlsslon buffer regliter (addr888 3A11, 3818) 

bO b7 bO 

DI I 11 
Set a transmit data. 

UARTO transmit/receive control register 1 (address 3518) 
UART1 transmit/receive control register 1 (address 3018) 
b7 bO 

I I 12 
-----------.-Transmit enable bit 

o : TransmlHlon dlaabled 
1 : Transmlsalon enabled 

Transmitting operations start. 

I ••••••••••••••••• 
Transmitting operations stert when the following conditions are aatisfted : 
•Transmission Is enabled (the transmit enable bit ls •1i • 
•Transmit data Is avallable In the UARTI transmission buffer register 

(the transmission buffer empty ftag Is -oi. 
eCTSi pin Input level Is "l" (In case of selecting~ function). 

Fig. 2.10.20 Setting example of UART related registers at transmitting 

150 



FUNCTIONAL DESCRIPTION 
2.1 O Serial 1/0 

[Transmit operation] 
The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transferred 
data. The low-order byte of the UARTi transmission buffer register is used for 7-bit and 8-bit UART. The 
low-order byte and bit 0 of the high-order byte is used for 9-bit UART. 
The transmission of serial data starts when the following conditions are satisfied : 

© Transmission is enabled (the transmit enable bit is "1"). 
® Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 

flag is "O"). 
@ CTS1 pin input level is "L". 

(Note: This condition is ignored if the CTS function is not selected.) 

When the above three ( © to @ ) conditions are satisfied (two ( © and ® ) if CTS function is not se­
lected), the following operations are performed automatically at the same time : 

•Transfer the contents of UARTi transmission buffer register to the UARTi transmission register. 
eset the transmission buffer empty flag to "1 ". 
eClear the transmission register empty flag to "0". 
eUARTi transmission interrupt request occurs and set the interrupt request bit to "1 ". 

Interrupts must be enabled before they can be used. Refer to section "2.6 Interrupts" for more infor­
mation. 
Data transmission starts from the TxDi pin when the data is transferred to the UARTi transmission 
register. When transmission starts, data is output from the TxDi pin in the format specified by the UARTi 
transmit/receive mode register. The data is output bit by bit in the order; 

ST -+DATA(LSB)-+ ... -+DATA(MSB)-+PAR...+SP. 

After the stop bit has been output, the transmission register empty flag is set to "1" to indicate that the 
transmission has completed. If the next data is available when transmission completes, a start bit· is 
generated following the stop bit and the next data is transferred. In order to continuously transfer data, 
the next transmission data must be set in the UARTi transmission buffer register during transmitting 
operations (when the transmission register empty flag is "O"). If the transmit conditions for the next data 
is not satisfied, "H" level is output from the TxDi pin. 
Figure 2.10.21 shows the timing diagram of 8-bit UART at transmitting (with parity bit, 1 stop bit and 
CTS function). Figure 2.10.22 shows the timing diagram of 9-bit UART at transmitting (with 2 stop bits, 
no parity bit and no CTS function). 
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Transmit 
clock 

Transmit '1' 
enablebll 'O" 

Transmission •1 • 
buffer empty 

flag 'O" 

~· 
Ci'Si 

"L" 

TENDi 

TxDI 

Wrile In UARTI transmission 
buffer register. 

UARTI transmission register 
+- UARTI transmission buffer register 

SP 

2.10 Serial 1/0 

Trais:o~~: ·1.____, n 
errptyllag 'O" I._,-------------'· '"· -------------' 

Conditions : with parity bit 
with 1 stop bit 
CTS fundion Is selected 

Ii : Seleded Internal clock frequency 
!EXT : Seleded external clock frequency 

TENDi : Next transmit condition Is checked when this signal becomes "H" level. 
(TENDi Is an Internal signal and cannot be observed externally.) 

n: Value set in UARTi baud rate register 

Fig. 2.10.21 S·blt UABT timing diagram at transmitting (with parity and 1 stop bit) 

Transmit 
clOc:k 

Transmit "1" 
enable bit "O' 

Transmission •1" 
buffer empty 

flag "O" 

TENDi 

TxDi 

Write in UARTi transmission 
buffer register. 

UARTi transmission register 
+- UARTi transmission buffer register 

Tran~:i~~·1.___, n n 
empty flag "O" '"· --------------'· '-· -------------...... ... -----

Conditions : wtthout parity bit 
with 2 stop bits rn fundion is disabled. 

Ii : Seleded Internal clock frequency 
!EXT : Seleded external clock frequency 

TENDi : Next transmit condition is checked when this signal becomes 'H" level. 
(TENDi is an internal signal and cannot be observed externally.) 

n : Value set in UARTi baud rate register 

Fig. 2.10.22 9·blt UART timing diagram at transmitting (no parity and 2 stop bits) 
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(4) Serlal data receive 
The data receive method in UART mode is described below. 

[Setting the control registers] 
Set each serial 1/0 control register for receive. 

eUARTI transmit/receive mode register 
Match the format wjth the transmjttjng sjde. 
•Serial 1/0 mode selection bits 
Select the data length with the bits 0 to 2. 

Table 2.10.9 Setting of UART mode 

b2 
1 
1 
1 

b1 bO Serial 1/0 selection bits 
0 0 7-bit UART mode 
0 1 8-bit UART mode 
1 0 9-bit UART mode 

•Transfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 

~lnternaliExternal clock selection bit 
Set the bit 3 to "O" when an internal clock is selected, or "1" when an external clock is selected as 
the BAG count source. 

•Sleep function selection bit 
Set the bit 7 to "1" when enable the sleep function, and to "O" when disable it. 
(Refer to "2.10.5 Sleep mode" for details of sleep mode.) 

8UARTI transmit/receive control register o 
•BAG count source selection bits 
Select the BAG count source with bits O and 1 when an internal clock is selected for BAG input clock. 

•CTS/RTS function selection bit 
Set the bit 2 to "1" when using RTS function, and to "O" when not use. 

8UARTI baud rate register 
•Dividing ratio 
Set the baud rate register value between 001a and FF1s to determine the baud rate. 

8Port PS direction register 
•Port direction selection bits 
Set the corresponding bit to "O" to the CLKi pin when an external clock and the RxDi pin is selected. 

8UARTI receive Interrupt control register 
•Interrupt priority level selection bits 
When using UARTi receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 

8UARTI transmit/receive control register 1 
•Receive enable bit 
Set the bit 2 to "1" to enable receiving. 

Figure 2.10.23 shows the setting example of UART related registers at receiving. 
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UARTO transmit/receive mode register (address 3018) 
UART1 transmit/receive mode register (address 3818) 
b7 bO 

Serial VO mode selectlon bits 
100 : 7-blt UART 
101 : 8-blt UART 
110 : 9-blt UART 

lnternaVExternal dock salectlon bit 
o : Internal clock 
1 : External clock 

Stop bit length selection bit 
o : One stop bit 
1 : Two stop bits 

Odd/Even parity selection bit 
0 : Odd parity 
1 : Even parity 

Parity enable bit 
o : Parity disabled 
1 : Parity enabled 

Sleep functlon selection bit 
o : Sleep function disabled 
1 : Sleep function enabled 

Match the format with transmitting side. 
I 

UARTO transmit/receive control register O (address 3416) 
UART1 transmit/receive control register o (address 3C1s) 
b7 bO 

BAG count source selection bits 
00 : 12 selected 
01 : he selected 
1 o : 164 selected 
11 : 1512 selected 

CTS'RTS function selectlon bit 
o : CTS function selected (ATS 

function disabled) 
1 : RTS function selected 

UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 

b7 bO 

I I I I 
Set a value between 001e and FF1e. 

~ •.•............ 

2.1 O Serial 1/0 

................. 
I 

Port PS direction register (address 1416) 
b7 bO 

0 0 

Corresponding to CLKo pin 

Corresponding to RxDo pin 

Corresponding to CLK1 pin 

'----------- Corresponding to Rx01 pin 

UARTO receive Interrupt control register (address 7216) 
UART1 receive Interrupt control register (address 7416) 
b7 bO 

I I I I I I 
Interrupt priority level selection bllS 
Setto level 1 to 7 when using 
Interrupts. 

UARTO transmit/receive control register 1 (address 351&) 
UART1 transmit/receive control register 1 (address 3D1e) 

b7 bO 

I I I 1 I I I 
I Receive enable bit 

a : Receive disabled 
1 : Receive enabled 

Receiving operations start. 

Receiving operations start when the following conditions are satisfied : 
•Reception is enabled (the receive enable bit is "1'). 
•Detect the start bit. 

Fig. 2.10.23 Setting example of UART related registers at receiving 
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[Receive operation] 
The reception of serial data starts when the following conditions are satisfied : 

© Reception is enabled (the receive enable bit is "1 "). 
® Detect the start bit. 

Serial data receive is enabled by setting the receive enable bit to "1 ". When the receive enable bit 
is set to "1", the RTSi pin becomes "L" level to indicate externally that the microcomputer is ready 
to receive serial data (in case that RTS function is selected). The transmit and receive timing can 
be synchronized by connecting the RTSi output pin to the CTSi input pin on the transmit side. Figure 
2.1 O .24 shows the connecting example of UART. 
When the RxDi pin detects a start bit, a receive clock is generated and data receive starts. At the 
same time, the RTS1 pin returns to "H" level if RTS function is selected. The RxDi pin level is used 
to establish the most significant bit of the UARTi receive register at the rising edge of the receive 
clock and the contents of UARTi receive register are shifted by 1 bit to the right. This operation is 
repeated to receive the entire data from ST to SP. Then the contents of UARTi receive register are 
transferred to the UARTi receive buffer register. At the same time, the receive completion flag is set 
to "1 ". When the receive completion flag is set to "1" by detecting SP, the UARTi receive interrupt 
request occurs and the interrupt request bit is set to "1 ". In case RTS function is selected, RTSi pin 
level becomes "L" at the same time. Interrupts must be enabled before they can be used. Refer to 
section "2.6 Interrupts" for more information. The receive completion flag is cleared to "O" when the 
IJARTi receive buffer register !s read. 
Figure 2.10.25 shows the timing diagram of 8-bit UART at receive (no parity bit, with 1 stop bit and 
RTS function). 
When receiving data continuously, an overrun error occurs and the bit 4 (overrun error flag) in the 
UARTi transmit/receive control register 1 is set to "1" if the next receive data becomes available in 
the UARTi receive register while the receive completion flag is "1" (before reading the contents of 
the UARTi receive buffer register). In this case, the next data is written in the UARTi receive buffer 
register. Therefore, if an overrun error occurs, the transmit and receive programs must make ar­
rangements to re-transmit the previous data. The interrupt request bit is not set to "1" when an 
overrun error occurs. 

Transmit side Receive side 

Fig. 2.10.24 Connecting example of UART 
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Selaeled 
internal clock 

or 
utemal clodl 

Receive "1" ..----------------

2.1 O Serial 1/0 

.fUIJUUlilJlJUUU 
enable bit "O" 

Rx DI 
Stop bit 

'----9i-----'"----=7r---.n.D-....;.1 :::~ 

···~ 

: 
' 

Receive clock 

Start at the falling edge of start bit 
Receive "tf' ! 

completion , llag"L"-...;:r----------------
.. H. •r------------------------; 

RTS; "L" u ....__ _ ___.! 
Conditions : without parity bit 

with 1 stop bit 
m'S function is selected. 

Fig. 2.10.25 B·blt UART timing diagram at receiving (no parity and 1 stop bit) 

[Error flag] 
During UART mode operation, transfer data errors can be detected using four error flags. These errors 
are detected when transferring data from the UARTi receive register to the UARTi receive buffer 
register. The error'flags set to "1" are cleared to "O" when the low-order byte of the UARTi receive buffer 
register is read or when the receive enable bit is set to "O". 

•Overrun error 
An overrun error occurs and the overrun error flag is set to "1" when the next receive data becomes 
available in the UARTi receive register and transferred to the UARTi receive buffer register while the 
receive completion flag is "1" (data exists in UARTi receive buffer register), that is to say, the next 
receive data becomes available before the contents of the UARTi receive buffer register are read. 

•Framing error 
A framing error occurs and the framing error flag is set to "1" when there is insufficient number of stop 
bits. 

•Parity error 
A parity error occurs and the parity error flag is set to "1" when parity checking is enabled and the 
number of 1 s in the data including the parity bit conflicts with the parity specified by the odd/even 
parity selection bit. 

esum error 
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2.10.s Sleep mode 
Sleep mode is used for communication between certain microcomputers when multiple microcomputers are 
connected through serial 1/0. · 
Sleep mode is entered by setting the UARTi transmit/receive mode register bit 7 to "1". In sleep mode, the 
contents of UARTi receive register are not transferred to the UARTi receive buffer register when the most 
significant bit (MSB: bit 8 if 9-bit UART mode, bit 7 if 8-bit UART mode, and bit 6 if 7-bit UART mode) of 
the received data is "0". In this case, the receive completion flag and the error flags remain unchanged and 
no receive interrupt request occurs. Normal receive operation is performed only when the most significant 
bit of the received data is "1 ". 
The following is a description of sleep mode usage in 8-bit UART mode. The main microcomputer first 
transmits a data with bit 7 set to "1" and the remaining bits O to 6 forming the address of the destination 
microcomputer. Then all subordinate microcomputers receive the same data. E.ach subordinate microcom· 
puter checks the received data and sets the sleep function selection bit to "O" if the address matches its 
own address and to "1" if otherwise. Next the main microcomputer starts transmitting data with bit 7 set 
to "0". Then only the microcomputer with the sleep function selection bit set to "O" will receive this data. 
This enables communication between the main microcomputer and a specific subordinate microcomputer. 
Figure 2.10.26 shows the sleep mode. 

r--------,-----
1 I 

.! 
Sub 

microcomputer 
A 

Fig. 2.10.26 Sleep mode 

Sub 
microcomputer 

B 

The main microcomputer can 
communicate only a specific 
microcomputer of multiple 
suboridinate microcomputers 
connected through serial 1/0 
by specifying the destination 
microcomputer. 

--------1 
I 

J_ 

Sub 
microcomputer 

'D 
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2.11 A·D converter 
The M37732 group has a built-In 8-bit A-D converter that performs successive approximation to convert 
analog values input from pins AN~AN1 to digital values. 
The A-D converter provides four selectable conversion modes. 

2.11.1 A·D convener overview 
Table 2.11.1 shows the performance overview of the A-D converter. 

Table 2.11.1 A·D convener performance overview 

A-D conversion mode 

The A-D converter provides the following four conversion modes. 

eone·shot mode .............. The Input voltage to one selected analog input pin Is converted. After cohver­
slon, the result Is stored in the corresponding A-D register and an A-D con­
version interrupt request occurs. 

•Repeat mode ................. The Input voltage to one selected analog input pin is repeatedly converted. 
The result is stored In the corresponding A-D register each time the conver­
sion completes, but no A-D conversion interrupt request occurs. 

eSlngle sweep mode ....... The analog input pins to be converted can be selected with the A-D sweep pin 
selection register. The selected pins are converted in the order ANo, AN1, ... and 
an A-D conversion interrupt request occurs when the last pin is converted. 
The result Is stored In the corresponding A-D register when each pin is con­
verted. 

•Repeat sweep mode ....... This is similar to single sweep mode except that conversion is repeated in 
order from the ANo pin without an A-D conversion interrupt request after con­
verting the last pin. 
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2.11.2 Block description 
Figure 2.11.1 shows the block diagram of the A-D converter. The A-D converter related registers are 
described below. 

VREF o--1 
Ladder Vref 

AVss ~ 
resistance 

IIIIIIII 
l 1 l l 1 l l L 

Success Ive approxlmatl~ ~ I I I I I I 
register A·D control register III 

A·O register o (address 2016) _{_address 1 E 1 e}_ 

A·O register 1 (address 221e) 
A-0 register 2 (address 241s) 
A-0 register 3 (address 2616) 

:[>-Decoder A-0 ~ster 4 (address 281sL 
A·O ~ster 5 (address 2A1s) 
A·O register 6 (address 2C1s) 

Comparat A·O register 7 (address 2E1s) or 

_:fL ~:· 

E+nmoata bUs-ceven>HMhill 

AN1/~ 

ANo '"! 
_,... 

·:_ ;_ 
AN1..,,- ~~ ~ 
AN2-::: 

-~ -AN3 '::! - .;. 
AN.4 '"! ~ ;_ 
ANs..,,- ,., 

~ ANs ..,- ,., ;_ 
TRG..,,- -..., -..,,-

Selector 

Fig. 2.11.1 A·D convener block diagram 
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(1) A·D control register 
The A·D control register (address 1 E11) consists of bits that control the A·D converter. Figure 2.11.2 
shows the structure of the A·D control register followed by description of each bit. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W A·D control register (address 1 E11} 

.___..._ ..... ...__ Analog Input selection bits 

000 : ANo pin selected 
001 : AN1 pin selected 
01 O : AN2 pin selected 
011 : ANs pin selected 
100 : AN" pin selected 
101 : ANs pin selected 
11 O : ANe pin selected 
111 : AN1 pin selected (Note) 

----------A·D conversion mode selection bits 
00 : One-shot mode 
01 : Repeat mode 
1 O : Single sweep mode 
11 : Repeat sweep mode 

------------Trigger selection bit 

O : Software trigger (internal trigger) 
1 : ADTRG input trigger (external trigger) 

'---------------A-D conversion start flag 
o : Stop A-D conversion 
1 : Start A·D conversion 

----------------A-D conversion frequency (~) selection flag 
0 : External clock input frequency divided by 8 (fa) 
1 : External clock input frequency divided by 4 (f") 

Note: AN1 pin (port P71) functions as ADTRG input pin when an external trigger is selected. 
Bits O to 2 are undefined at reset. 
Bits 3 to 7 are cleared to ·o· at reset. 

Fig. 2.11.2 A·D control register structure 

160 



FUNCTIONAL DESCRIPTION 

•Analog Input selection bits (bits o to 2) 
The analog input selection bits are used to select 
one analog input pin in one-shot mode and re­
peat mode. Table 2.11.2 shows the relationship 
between the analog input selection bits and 
analog input pins. The selected analog input 
pin remains unchanged when the mode is 
switched between one-shot mode and repeat 
mode. These bits are ignored in single sweep 
mode and repeat sweep mode. If an external 
trigger is selected with the trigger selection bit 
(described later), port P71 functions as ADrRo 
pin and cannot be used as AN1 pin. 
Pins not selected as analog input pin can be 
used as normal 1/0 ports. 

2.11 A·D converter 

Table 2.11.2 Relationship between analog Input selection 
bits and analog Input pins 

b2 b1 bO Anal~ in_£.ut _p!n 
0 0 0 ANo pin selected 
0 0 1 AN1 pin selected 
0 1 0 AN2 pin selected 
0 1 1 ANs pin selected 

---

1 0 0 AN4 pin selected 
1 0 1 ANs pin selected 
1 1 0 ANe pin selected 
1 1 1 AN1 pin selected 

•A·D conversion mode selection bits (bits 3, 4) 
The A-D conversion mode selection bits are used to select one of the four available conversion modes. 
Table 2.11.3 shows the relationship between the A·D conversion mode selection bits and the conver­
sion modes. 

Tabla 2.11.3 Relationship between A·D ccnvers!cn mcdt 
selection bits and conversion modes 

b4 b3 A-D conversion mode 
0 0 One-shot mode 
0 1 Repeat mode 
1 0 __§irBi[e swe~ m~e 
1 1 Re~eat swe~ mode 

•Trigger selectlon bit (bit 5) 
The trigger selection bit is used to select the trigger occurrence factor which start an A-D conversion 
operation. An internal trigger or an external trigger is available for the trigger. An internal trigger 
(software trigger) is selected when this bit is "0" and an external trigger (input signal to ADrRo pin) is 
selected when this bit Is "1". 

clnternal trigger> 
A trigger is occurred and A-D conversion starts when the A-D conversion start flag (described later) 
is set to "1 ". 

<External trigger> 
A trigger is occurred when the level of the input signal to the ADrRo pin changes from "H" to "L" (falling 
edge) while the A-D conversion start flag is "1 ". When an external trigger is selected, a retrigger is 
available during A-D conversion. In this cases, the conversion is restarted from the beginning. 
The ADrRo pin is shared with the AN1 pin (port P71). Therefore, the AN1 pin cannot be used as the 
analog input pin when an external trigger is selected. 
When an external trigger is selected in each A-D conversion mode, the port P7 direction register bit 
7 must,be set to "O" (input mode). 
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•A·D conversion start flag (bit 6) 
The A·O conversion start flag is used to start or stop A-0 conversion. 

<Internal trigger> 
An internal trigger is occurred and A-0 conversion starts when the A-0 conversion start flag is set to 
"1 •. A-0 conversion stops when it is cleared to "O". This bit is automatically cleared to "O" after A-0 
conversion In one-shot mode and single sweep mode. It is not cleared in other modes and conversion 
continues until It Is cleared to "O". 

cExternal trigger> 
The A-0 conversion start flag must be set to "1 • before the falling edge is input to the AOrRG pin. If 
an external trigger is selected, this flag is retained "1" after conversion. 

•A·D conversion frequency selectlon flag (bit 7) 
This flag is used to select the A-D converter operating clock (ljlo\o). When this flag is "O", the external 
clock input frequency f(X1N) divided by 8 is selected. When this flag is "1", the external clock input 
frequency f(X1N) divided by 4 is selected. 
In one-shot mode and repeat mode, A-D conversion completes after 57 x "'° cycles from the be­
ginning of A-0 conversion. In single sweep and repeat sweep mode, one A-0 conversion completes 
after 57 X number of selected pins x ljlo\o cycles from the beginning of A-D conversion. 
The A-0 converter operating clock q,,.o during A-D conversion must be no less than 250kHz because 
the comparator in the A-D conversion circuit consists of capacity coupling amplifiers. 
Table 2.11.4 shows the relationship between the A-D conversion frequency selection flag and the A­
D converter operating clock and conversion time. 

Table 2.11.4 Relationship between A·D conversion frequency 
selection flag and A·D converter operating clock 
and conversion time 

A-D conversion fr~uenq selection II~ ·o· ·1· 

A-D converter operating clock "'°=~ 8 'AD=~ 4 
Conversion time !{.X1~=8MHz 57.0 ~ 28.5 J!.S 

(Note) f(X1H)=16MHz 28.5 µs 14.25 µs 
f(X1N)=25MHz 18.24 µs 9.12 µs 

Note: Conversion time per one analog input pin. 
F(X1N): External clock input frequency · 
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(2) A·D sweep pin selection register 
The A·D sweep pin selection register (address 1 Fie) is used to select the analog input pins in single 
sweep mode and repeat sweep mode. Figure 2.11.3 shows the structure of the A·D sweep pin 
selection register. 
The number of analog input pins can be selected among either 2, 4, 6, or 8 pins with bits o and 1 
(A·D sweep pin selection bits). Table 2.11.5 shows the relationship between the A·D sweep pin 
selection bits and the number of the analog input pins. Pins AN0-AN1 (8 pins) are selected for analog 
input pins because the A·D sweep pin selection bits are set to "11" at reset. 
The analog Input pjns myst be selected before occyrrjng the trjgger and A-D conyersjon starts, 
Pins not selected as analog input pin can be used as normal 1/0 ports. 

Table 2.11.s Relatlonshlp between A·D sweep pin selec· 

b1 
0 
0 
1 
1 

tlon bits and number of analog Input pins 
bO A·D sweep _E!n selection bits 
0 ANo, AN1 (2 pins) 
1 ANo-AN3 .14 _E!ns) 
0 ANo-ANs Ia _£ins} 
1 AN0-AN1 (8 pins) 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W A·D sweep pin selection register (address 1 F1e} 

'------'---A-D sweep pin selection bits 
00 : ANo, AN1 (2 pins) 
01 : ANo-AN3 (4 pins) 
10 : ANo-ANs (6 pins) 
11 : AN0-AN1 (8 pins) 

Note: Bits 2 to 7 are undefined at reading. 
Bits O and 1 are set to "1" at reset and pins AN0-AN1 (8 pins) are selected for analog input pins. 

Fig. 2.11.3 A·D sweep pin selection register structure 
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(3) A·D register I (l=O to 7) 
The A-0 register i (addresses 201s to 2E1s) are 8-blt read-only registers. The conversion results 
(contents of successive approximation register) are stored in these registers. A-0 register i corre­
sponds to each analog input pin. The contents of the A·O register i can be read during A-0 conversion. 
However, if the A-0 register i corresponding to the analog input being converted is read, the conversion 
result completed before reading is obtained. 
Table 2.11.6 shows the relationship between the analog input pin and A-0 register i and Figure 2.11.4 
shows the structure of A·D register i. 

Table 2.11.6 Relatlonshlp between analog Input pin and A·D register I 

Anal~ il}Q_ut J?_in Re_g_ister containin_g_ the result Address 
ANo]Jn A·D re:IDster 0 ~16 
AN1..Q.in A·D re_gjster 1 2218 
AN2J?_in A·D re_gister 2 2416 
AN3 pin A-D register 3 261& 
AN4_Q_in A·D re_gister 4 2816 
AN5.£!n A·D re_2!ster 5 2A16 
ANsj)jn A-D re_gister 6 2C1e 
AN1 pin A·D register 7 2E1e 

b7 b6 b5 b4 b3 b2 b1 bO 

R R R R R R R R A·D register I (1=0 to 7) 

...__,___..___..___....___...___....__...._---1 A-0 conversion result 

Note: This register is undefined at reset. 

Fig. 2.11.4 A·D register I structure 

(4) Comparator and successive approximation register 
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The compare reference voltage Vrot and analog input voltage V1N are compared for bits 7 to 0 of successive 
approximation register and the result is set in each bit. Comparison starts from bit 7 and the contents 
of this register (conversion result) are transferred to the A-D register i after comparing bit o. The 
contents of the successive approximation register change according to the comparison result of each 
bit. Therefore, the compare reference voltage Vref also changes according to the contents of the suc­
cessive approximation register. The analog input voltage V1N is selected by the decoder (refer to section 
"2.11.3 Successive approximation conversion"). 
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(5) A·D conversion Interrupt control register 
The A-D conversion interrupt control register (address 701e) consists of interrupt priority level selection 
bits and interrupt request bit. Figure 2.11.5 shows the structure of the A-D conversion interrupt control 
register followed by description of each bit. Use the SEB and CLB instructions when setting the A­
D conversion interrupt control register. Refer to section "2.6 Interrupts" for more information concern­
ing interrupts. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W A·D conversion Interrupt control register (address 701s) 

~-~-~- Interrupt priority level selection bits 

000 : Level 0 (interrupt disabled) 

001 : Level 1 Low 
010 : Level 2 
011 : Level 3 
100 : Level 4 
101 : Level 5 
11 O . Level 8 \ 1 

111 : Level 7 High 

~------- Interrupt request bit 

Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to "O" at reset. 

0 : No interrupt request 
1 : Interrupt request 

Priority 

Use the SEB and CLB instructions when setting the A-D conversion interrupt control regis­
ter. 

Fig. 2.11.5 A·D conversion Interrupt control register structure 

•Interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using an A-D conversion interrupt. When an interrupt request occurs, this level is compared 
with the processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt 
is allowed only when this level is higher than IPL (interrupt disable flag I must be "O"). Set these bits 
to "000" (level 0) to disable only A-D conversion interrupt. 

•Interrupt request bit (bit 3) 
This bit is set to "1" when an A-D conversion interrupt request occurs. The interrupt request bit set to 
"1" is cleared to "O" when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(6) Port P7 direction register 
The analog input pin is shared with port P7. When using these ports as analog input pins or using port 
P71 as external trigger input pin, the corresponding bit in the port P7 direction register must be set 
to "O" (input mode). 
Figure 2.11.6 shows the relationship between the port P7 direction register (address 111s) and analog 
input pins. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port P7 direction register (address 1111) 

ANo pin 
~---AN1 pin 

------AN2 pin 
'----------AN3 pin 

'-----------AN4 pin 
'-------------ANs pin 

--------------ANs pin 
----------------AN1 pin I ADTRa pin 

Note: This register is cleared to "001e" at reset. 

Fig. 2.11.6 Relationship between port P7 direction register and analog Input pins 
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2.11.3 Successive approximation conversion 
A-0 conversion starts when an internal or an external trigger is occurred. 
A-0 conversion is performed by successive approximation. When A-0 conversion starts, the following 
operations are performed automatically to convert analog values to digital values. 

©Initialization of successive approximation register 
The successive approximation register is cleared to "0016". 

®Setting the most significant bit (bit 7) 
The successive approximation register bit 7 is set to "1 ". Then the compare reference voltage v,., is 
compared with the analog input voltage V1N and bit 7 changes as follows: 

Unchanged if Vrar < V1N 
Cleared to "O" if Vrer > V1N 

The reference voltage input to VREF pin must be set between AVss and AVcc. 
The compare reference voltage Vrer depends on the value in the successive approximation register. Table 
2.11.7 shows the relationship between Vrer and the value in the successive approximation register. 

Table 2.11.7 Relationship between successive approximation register and v,., 
Contents of successive approximation register I 0 I 1 to 255 

Compare reference voltage Vrer (V) 
VREFi256 X (n-0.5) 

o n : The contents of the successive approximation 
register 

Step ® above is repeated for all bits from bit 7 to bit O and the value in the successive approximation 
register (digital equivalent of the analog input voltage) is transferred to the A-0 register i when comparison 
of bit 0 completes. 
Table 2.11.8 shows the change in the successive approximation register and the compare reference 
voltage during A-0 conversion. 
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A-D conversion successively convert the analog input voltage V1N in the process of comparison shown in 
Table 2.11.8. Therefore, conversion results become meaningless values if the input voltage of the analog 
input pin changes during the A-D conversion. In order to avoid the cases, the analog input voltage must 
be controlled externally without changing during A-D conversion. A-D conversion interval is l/JAo x 57 cycles 
(l/JAo is f(X1N)/8 or f(X1N)/4) per pin. 

Table 2.11.8 Change In successive approximation register and compare reference voltage during 
A·D conversion 
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Conversion start 

+ First comparison 

+ Second comparison 

+ Third comparison 
m 
·~· .. '.'o!t 

r"'• 
""' 

i' 
Eighth comparison 

+ 
Conversion completed 

Successive approximation register 

b7 bO 

I o I o I o I o I o I o I o I o I 

I 1 I o I o I o I o I o I o I o I 

0 0 0 0 0 0 

0 0 0 0 0 

2nd comparison result 
i:::::I 

i:::::I 

i:::::I 

i:::::I 

Compare voltage Vref 

0 [VJ 

VREF + VREF - VREF (VJ 
2 - 4 512 

VREF + VREF + VREF - VREF [VJ 
2 - 4 - 8 512 
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2.11.4 A·D conversion mode 
Four different A-D conversion modes can be selected with the A-D conversion mode selection bits. In each 
mode, the trigger selection bit is used to determine whether to use a software trigger (internal trigger) or 
an external input signal (external trigger). 
Conversion operating of each A-D conversion mode is described below for cases selecting an internal 
trigger and an external trigger. 

(1) One-shot mode [A·D control register bits 4, 3="00"] 
In one-shot mode, the input voltage to the one analog input pin selected with the analog input 
selection bits is converted and an A-D conversion interrupt request occurs when conversion completes. 
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input 
pin can be used as normal 1/0 ports. 

eWhen an internal trigger is selected to start A·D conversion 
When the A-D conversion start flag is set to "1 ", an internal trigger is occurred and A-D conversion 
starts. After 57 cycles of </JAo, A-D conversion completes, the contents of the successive approximation 
register (converted result) are transferred to the A-D register i. At the same time, the A-D conversion 
interrupt request occurs and the interrupt request bit is set to "1 ". Then the A-D conversion start flag 
is cleared to "O" and A-D converter operation stops. 

ewhen an external trigger is selected to start A·D conversion 
A-D conversion starts when the input level of the ADrnG pin changes from "H" to "L'" (falling edge) while 
the A-D conversion start flag is set to "1 ". When A-D conversion completes afte; 57 cycles oi </JAo, the 
contents of the successive approximation register (converted result) are transferred to the A-D register 
i. At the same time, the A-D conversion interrupt request occurs and the interrupt request bit is set to 
"1 '". At this point, the A-D conversion start flag retains "1 ". Therefore, A-D conversion can be repeated 
by occurring another trigger. 
A retrigger can be also occurred during A-D conversion. In this cases, comparison stops when occur­
ring retrigger, and then comparison restarts from bit 7 of the successive approximation register. 

(2) Repeat mode [A·D control register bits 4, 3:"01 "J 
In repeat mode, the input voltage to the one analog input pin selected with the analog input selection 
bits is repeatedly converted. No interrupt request occurs and the A-D conversion start flag is not 
cleared to "O" automatically. The A-D conversion of the selected analog input pin is repeated while the 
A-D conversion start flag is "1'". 
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input 
pin can be used as normal 1/0 ports. 

ewhen an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to "1 '", an internal trigger is occurred and A-D conversion 
starts. Each time an A-D conversion completes, the contents of the successive approximation register 
(converted result) are transferred to the A-D register i. The A-D converter does not stop at this point 
and conversion is repeated. 

ewhen an external trigger is selected to start A·D conversion 
A-D conversion starts when the input level of the ADrnG pin changes from "H" to "L'" (falling edge) while 
the A-D conversion start flag is set to "1 ". Each time an A-D conversion compietes, the contents of the 
successive approximation register (converted result) are transferred to the A-D register i. The A-D 
converter does not stop at this point and conversion is repeated. 
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(3) Single sweep mode [A·D control register bits 4, 3="10"] 
In single sweep mode, multiple analog input pins can be converted. The number of analog input pins 
are selected with the A-D sweep pin selection register. The number of analog input pins can be 
selected among either 2, 4, 6, or 8 pins with the A-D sweep pin selection bits of the A-D sweep pin 
selection register. The analog input pins must be selected before occurring the trigger. 
A-D conversion is performed only for the input voltage of the selected input pins. An A-D conversion 
interrupt request occurs and the interrupt request bit is set to "1" when all selected pins are converted. 
The analog input selection bits in the A-D control register are ignored in this mode. 
Pins not selected as analog input pin can be used as normal 1/0 ports. 

•When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to "1 ", an internal trigger is occurred and A-D conversion of 
the ANo pin starts. After the ANo pin is converted, the selected analog input pins are converted in 
sequence. The converted result is transferred from the successive approximation register to the cor­
responding A-D register i each time a pin is converted. When all selected pins are converted, an A­
D conversion interrupt request occurs and the interrupt request bit is set to "1 ". At this point, the A­
D conversion start flag is cleared to "O" and the A-D converter stops. 

•When an external trigger is selected to start A·D conversion 
The selected pins are converted in order starting from the ANo pin similar to selecting an internal trigger 
when the input level of the ADrnG pin changes from "H" to "L" (falling edge) while the A-D conversion 
start flag is set to "1 ". The converted result is transferred from the successive approximation register 
to the corresponding A-D register i each time a pin is converted. When all selected pins are converted, 
an A-D conversioh interrupt request occurs and the interrupt request bit is set to "1 ". At this point, the 
A-D conversion start flag retains "1". Therefore, A-D conversion can be repeated from the ANo pin by 
occurring another trigger. 
A retrigger can be also occurred during A-D conversion. In this cases, executing pin conversion stops 
when occurring retrigger, and then conversion restarts from ANo pin. 

(4) Repeat sweep mode [A·D control register bits 4, 3="11 "] 
In repeat sweep mode, the A-D sweep pin selection register can be used to select multiple analog 
input pins to be converted as with single sweep mode. Conversion is performed in order from the ANo 
pin. After converting all selected pins, A-D converter does not stop, but repeats conversion from the 
ANo pin. No interrupt request occur when all selected pins are converted. 
The analog input selection bits in the A-D control register are ignored in this mode. 
Pins not selected as analog input pin can be used as normal 1/0 ports. 

•When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to "1", an internal trigger is occurred and A-D conversion 
starts from the ANo pin. After the ANo pin is converted, the selected analog input pins are converted 
in sequence. The converted result is transferred from the successive approximation register to the 
corresponding A-D register i each time a pin is converted. 
When all selected pins are converted, conversion is repeated from the ANo pin. Conversion is repeated 
until the A-D conversion start flag is cleared to "O". 

•When an external trigger is selected to start A·D conversion 
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The selected analog input pins are converted in order starting from the ANo pin similar to selecting an 
internal trigger when the input level of the AD1RG pin changes from "H" to "L" (falling edge) while the 
A-D conversion start flag is set to "1 ". The converted result is transferred from the successive approxi­
mation register to the corresponding A-D register i each time a pin is converted. Conversion is re­
peated until the A-D conversion start flag is cleared to "O". 
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[Precautions when using A·D converter] 
1. Analog input pins must be selected (with analog input selection bits of A-D control register and A-D sweep 

pin selection register) before an internal or an external trigger is occurred. 

2. The port P7 direction register bit corresponding to the pin selected as analog input pin and external trigger 
input pin (port P71) must be set to "O" (input mode). 

3. When an external trigger is selected, port P71 functions as ADrRG pin. If at the same time, AN1 pin is selected 
as the analog input pin, the external trigger inp1,.1t signal is converted and the converted result is trans­
ferred to A-D register 7. 

4. Analog input selection bits of A-D control register must not be written during A-D conversion in single 
sweep mode and repeat sweep mode. 
The contents of analog input selection bits change to pins during A-D conversion. 
Pins to convert are forced to change while converting if analog input selection bits are written during A­
D conversion. 

5. When not usjng A-D converter, set the AVee pin, AVss pin and VREF pin as follows. 

eAVee pin .............................. Connect to Vee pin. 
eAVss pin and VREF pin ....... Connect to Vss pin. 

* Refer to "Appendix 5. Setting example of unused pins". 

171 



FUNCTIONAL DESCRIPTION 
2.12 Watchdog timer 

2.12 Watchdog timer 
The watchdog timer is a 12-bit timer that is used to detect unexpected execution sequence caused by 
software run-away. It is also used to stabilize the oscillator when returning from the STP instruction. Figure 
2.12.1 shows the block diagram of the watchdog timer. 

Watchdog timer frequency selection flag (forced to f32 during the STP instruction execution) 

f32--0 

--- Watchdog timer 
r---.....L __ .I 

(Address 601e) 

FFF1e is set. 

Writing to watchdog timer -------. 

2Vcc 
RESET c }--...... ,detection 

circuit 

STP 
instruction a 

Fig. 2.12.1 Watchdog timer block diagram 
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2.12.1 Operation description 
The watchdog timer (address 601s) consists of 12 bits and its contents are decremented by 1 each time 
the clock selected with the watchdog timer frequency selection flag (bit 0 at address 611s) is input to the 
watchdog timer. 
The watchdog timer frequency selection flag is cleared to "O" at reset, and f512 (external clock input 
frequency f(X1N) divided by 512) is selected as the watchdog timer count source after reset. It can be also 
set to fa2 (external clock input frequency !(X1N) divided by 32) by setting the watchdog timer frequency 
selection flag by software. Figure 2.12.2 shows the structure of the watchdog timer frequency selection 
flag. 
When there is a reset, "FFF1s" is set in the watchdog timer. Then the count source f512 is counted after 
removing reset. The contents of the watchdog timer are decremented by 1 each time a clock is input. An 
interrupt request occurs when the most significant bit of the watchdog timer becomes "O" after 2048 counts. 
The watchdog timer interrupt is a non-maskable interrupt with the highest priority. Processor interrupt 
priority level (IPL) is set to level 7 when accepting the interrupt request. 
An arbitrary value cannot be set in the watchdog timer. A value "FFF1s" is automatically set in the watchdog 
timer when there is a reset, when the STP instruction is executed, or when a writing operation is performed 
in the watchdog timer. The watchdog timer is a write-only register and its contents are undefined at 
reading. 
The watchdog timer is in Hold state and the clock input of the watchdog timer is disabled while "L" level 
is applied to the HOLD pin (in Hold state). 
When using the watchdog timer to detect a software run-away, a dummy data must be .written to the 
'lJa1chdog timer by softwaie before the most sign!f!cant bit of the watchdog !!mer becomes "O". Then if this 
code is not executed due to a software run-away, the most significant bit of the watchdog timer becomes 
"O" and an interrupt occurs. Thereafter, the control should be passed to the interrupt service routine. 
To restart from reset after detecting a software run-away, bit 3 of the processor mode register (software 
reset bit) must be set to "1" in the watchdog timer interrupt service routine. In this way, a run-away software 
can be automatically reset and returned to normal routine. 
In addition to detecting a software run-away, the watchdog timer is also used as a return timer from a stop 
mode (halting of oscillating circuit with the STP instruction). When the STP instruction is executed, the 
watchdog timer count source is forced to '32 and "FFF1s" is set in the watchdog timer. Then when the 
watchdog timer is started with an external interrupt and when the most significant bit of the watchdog timer 
becomes "O" after 2048 counts, a supply of internal clock q, starts. This is because some time is required 
for the oscillator to stabilize. In case that watchdog timer is used as a return timer from a stop mode, 
watchdog timer interrupt does not occur. Refer to section "4.2 Clock generating circuit" for more detail 
concerning the stop mode. 
In order to stop the watchdog timer (disable its function), twice of the Vee voltage must be applied to the 
RESET pin. During this time, the watchdog timer stops with "FFF1s" set. 

b7 b6 b5 b4 b3 b2 b1 bO 

Note: Bits 1 to 7 are undefined at reading. 
Bit O is cleared to "O" at reset. 

Watchdog timer frequency selectlon flag (address 611s) 

Watchdog timer frequency selection flag 

0 : f512 selected 
1 : fa2 selected 

Fig. 2.12.2 Watchdog timer frequency selection flag structure 

173 



FUNCTIONAL DESCRIPTION 
2.13 Hold function 

2.13 Hold function 
The microcomputer is in Hold state while "L" level is input to the HOLD pin. Table 2.13.1 shows the state 
of the microcomputer during Hold. 
The HOLD input ("L" level input) to the HOLD pin is accepted at the falling edge of the internal clock ip from 
"H" to "L" level while the bus is unused. 
When the HOLD input is accepted, ip cPu (CPU operating clock: f(X1N)/2) stops at "L" level, and the output level 
of E pin becomes "H" after completing the executing bus cycle. In addition, "L" level is output from the HLDA 
pin to indicate externally that the microcomputer is in Hold state. Address/data bus (pins Ao-A1, As/D&-A15/ 
015, A1e/Do-A2:i/D1), R/W pin and BHE pin are floated during Hold. These pins are floated after one cycle of 
the internal clock ip later than the HLDA pin changes from "H" to "L" level. 
Only ip cPu is stopped during Hold. The oscillator remains operating so that internal peripherals can be 
operated. However, the watchdog timer is stopped. 
Hold state can be removed by returning the HOLD pin to "H" level. In this case, HOLD input ("H" level input) 
is also accepted at the falling edge of the internal clock ip from "H" to "L" level while the bus is unused. At 
the removing of Hold state, these ports are removed from Hold state after one cycle of the internal clock 
ip later than the HLDA pin changes from "L" to "H" level. 
Figure 2.13.1 shows the timing example when the Hold. 

Table 2.13.1 Microcomputer state during Hold 
Parameter State during Hold 

Oscillator Operating 
Internal clock ip Operating 
Clock !P1 Output 
ip CPU Stopped at "L" level 
E pin Stopped at "H" level 
Pins Ao-A1, 
Ae/Ds-A15/D15, 

Floating A1e/Do-A2:i/D1, 
R/W pin, BHE pin 
ALE pin, HLOA pin Stopped at "L" level 
Ports P4:r-P41, 

Retain the state at inputting "L" level to the HOLD pin P5, P6, P7, PB 
Watchdog timer Stopped 
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(a) HOLD input is performed when the bus is unused 

clock t/>1 

t/>CPU 
(Note 1) 

HOLD 

HLDA 

'L' level of HOLD input is accepted. 

The bus is opened. 

(b) HOLD input is performed when the bus is used 

</>CPU 
(Note 1) 

E I _J_ 

HOLD 

'H" level of HOLD input is accepted. 
'L1 level of HOLD input is accepted. (Note 2) ..------d...__1----'1--

The bus is opened. 

Note 1: t/>CPU is an internal signal and cannot be observed externally. 
Note 2: E output is "L" level at this point, however, HOLD input is accepted 

because the bus is unused internally. 

Fig. 2.13.1 Timing example when the Hold 
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2.14 Ready function 
The microcomputer is in Ready state while "L" level is input to the ROY pin. Table 2.14.1 shows the state 
of the microcomputer during Ready. 
The Ready function is used when externally connecting slow memory. 
The ROY input ("L" level input) to the ROY pin is accepted at the falling edge of the internal clock q, from 
"H" to "L" level. When the ROY input is accepted, internal clock q, and q, cPu (CPU operating clock:f(X1N)/2) 
stop at "L" level. Address/data bus (pins Ao-A7, As/Ds-A1s/D1s, A1s/Do-A23/D7), R/W pin, BHE pin, ALE pin and 
ports P4-P8 retain the state at inputting "L" level to the ROY pin. 
During Ready state, the internal clock q, and q, cPu are stopped, but the oscillator remains operating so that 
internal peripherals can be operated. 
Ready state can be removed by returning the ROY pin to "H" level. In this case, ROY input ("H" level input) 
is also accepted at the falling edge of the internal clock I/I from "H" to "L" level. 
Figure 2.14.1 shows the timing example when the Ready. 

Table 2.14.1 Microcomputer state during Ready 

Parameter State duri'!Q_ Read__}'_ 
Oscillator O_Q_erati'!Q_ 
Internal clock~ Stopped at "L" level 
Clock_J2! Ou!Q_ut 

}!CPU Stopped at "L" level 
E_Qjn Stopped at either "H" level or "L" level 
Pins Ao-A1, 
Ae/Ds-A15'D1s, 
A1s/Do-A23/D1, -
R/W pin, BHE pin, Retain the state at inputting "L" level to the ROY pin 
ALE pin, 
ports P43-P41, 
P5-P8 
Watchdog timer Operating 

(a) When wait bit="1" 

Clockq,1 

E --, 
~---~ 

(b) When wait bit="O" 

Clockq,1 

E 

RDY 

Fig. 2.14.1 Timing example when the Ready 
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3.1 Reset 
3.2 Reset circuit 
3.3 Software reset 



RESET 
3.1 Reset 

3.1 Reset 
The CPU becomes reset state when "L" level is applied to the RESET pin. Reset state is removed and program 
execution starts from address set in the reset vector table when "H" level is then applied to the RESET pin. 

3.1.1 Reset operation 
The CPU becomes reset state when "L" level is applied to the RESET pin in case the supply voltage is 5V±10%. 
When oscillation is stable, the "L" level must be applied for at least 2µs. 
Apply "L" level to the RESET pin for sufficient interval (approximately 1 Oms) before returning to "H" level if 
sufficient time is required for the oscillator to stabilize such as reset during stop mode entered with the STP 
instruction. Reset state is removed if "H" level is applied to the RESET pin while in reset state. 
When reset state is removed, program execution starts from the address formed by using the contents of 
address FFFF16 at bank 016 as high-order and address FFFE16 at bank 016 as low-order. Figure 3.1.1 shows 
the internal processing sequence after removing reset state. 

</> 

</>cPu 

AP 

AHAL 

DATA 

E 

R/W"H" 

~~n~ __ n__ 

=>< 0016 ~ 
~---------A__ 

____ 0_00_0_1s ___ ~X FFFE1B =>< x ADH,ADL ><== 
Not used ADH,ADL 

IPL, Vector address 

LJ 

</J CPU: CPU standard clock 

AP: High-order 8 bits of the CPU 
internal address 

AHAL: Low-order 16 bits of the CPU 
internal address 

DATA: CPU internal data bus 

Fig. 3.1.1 Internal processing sequence after removing reset state 
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3.1.2 Internal registers state at reset 
Figure 3.1.2 shows the state of internal registers at reset. 

OJ Undefined at reset l:i·::::::·::::I Not allocated and undefined at reset 

Address Register contents 

C1s I 0 0 0 I 0 I 0 ~ Port P4 direction register (Note 1) 

D1s I 
101s I 
1116 I 00 16 

1416 00 16 

1 Eis 0 I 0 I 0 I 0 I 0 I ? I ? 

1 F 16 I:: '::::::::::1:::;:\:::'::,!'l::\:'::.::::::::::l:::,::::::1::1::11::1:::::,:::::;'\'\\l,\:\l':i;\\1:::1:::::\fill 1 

Port PS direction register 

Port P6 direction register 

Port P7 direction register 

Port PS direction register 

? A-D control register 

1 A-D sweep pin selection register 

301s l .... _______ 0_0_1_s ______ ____. UARTO transmit/receive mode register 

3416 :.j:. I '·:: :::l::::::,::::'::;m 1 0 0 O UARTO transmit/receive control register O 

3516 o I o I o I o I o 0 1 O UARTO transmit/receive control register 1 

3816 UART1 transmit/receive mode register 

3C 1 6 1;;;;;,;1 :l~\ .'l::I l~l~\~~ ::;;:1;;;::::::::: I 1 0 0 0 UART1 transmit/receive control register 0 

3 D 1 6 I 0 I 0 I 0 I 0 I 0 0 1 0 UART1 transmit/receive control register 1 

401sl ~-------0_0_1_s ______ ___, Count start flag 

0 O One-shot start flag 

4416 Up-down flag 

Timer AO mode register 

5716 Timer A 1 mode register 

5816 l.__ _______ 0_0_1_s ______ ___, Timer A2 mode register 

Note 1: There are no pins corresponding to the low-order 3 bits of port P4. direction register. 

Fig. 3.1.2 Internal registers state at reset (1) 
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RESET 
3.1 Reset 

Address Register contents 

5916 Timer A3 mode register 
'----~~~~~~~~~~~~~~~ 

5A16 
'----~~~~~~~~~~~~~~~ 

Timer A4 mode register 

5B16 o 1 o 

5C16 0 I 0 

5016 o I o 

5E16 1·::::::::::::::::::1 0 

1 

1 

1 

0 

1:::::1:::.:::::·::::1 

1::1:·::1:::::::::::·:::1 

li:::::i1:::::1:1::::::::1 

I 0 I 
FFF 1 6 

0 0 0 0 Timer BO mode register 

0 0 0 0 Timer B1 mode register 

0 0 0 0 Timer B2 mode register 

0 0 1 0 Processor mode register 

Watchdog timer 

6116 :: !.I 1:.:::::\:jj\:!l!!!l:\j:!::::::::::.!.l:::i!!::::::::::m:::::::::\j\j\l::l::::::~::::I 0 Watchdog timer frequency selection flag 

621s 1:: !:l:!.11 .. :: : I 0 I 0 I . 0 ii::::::::::::: O O Waveform output mode register 

7016 1:::.:.:.:::::1:::::::::::.1::::::::::::::1:::1::::::::::::::::::::1 0 0 0 0 A-D conversion interrupt control register 

7116 l:::·::::::::::.1.:::.:::: ·1:::::::::::::::::1::::::::::1:::::·:::1 0 0 0 0 UARTO transmission interrupt control register 

7216 1 ·:.·:·::1 : 1·.::::::::::1::1::.::::::::::·:.·1 0 0 0 0 UARTO receive interrupt control register 

7316 I I I .:·J:I: . : I o o o 0 UART1 transmission interrupt control register 

7416 I :·:I: I :::::::::::::1::::::::::: I o o o 0 UART1 receive interrupt control register 

7516 1 : : ·r ::::.1 :::::m::::f::::::::::::::::::::::::.1 o o o 0 Timer AO interrupt control register 

7616 I ::::::::1 .. : '.: 1::':::::::::::::::::1:::::::::::::::,::::::1 o o o 0 Timer A 1 interrupt control register 

7716 I ::::::::1. ~ : :::::::::::::1::::::::::::::::::·::1 o o o 0 Timer A2 interrupt control register 

7816 I : I I :::::::::l:::::;:::::i::I o o o 0 Timer A3 interrupt control register 

7916 I : .: : .. I I ·.: :::::::;1::::::::::::::::.::·I o o o 0 Timer A4 interrupt control register 

7A16 I ; .: :.::.1· . I :::::::::1:::::.::: ::.::::1 0 0 0 0 Timer BO interrupt control register 

7B1s I: ::I ·.1 ·:·::::::::::1::·::::::·::·:·.·I o o o 0 Timer B1 interrupt control register 

7C1s I ::1 ·:l!!!':!!:!!:!!!li!:i!l:!l:i:I 0 0 0 0 Timer B2 interrupt control register 

Fig. 3.1.2 Internal registers state at reset (2) 
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RESET 
3.1 Reset 

Address Register contents 

7D16 1:1;::::::1~1ll!llf!!ii::::::@!I 
7E16 I );!::;:::11::::1~1:::1;:;;:::=:;:::::::\il 
7F1s I l!0:!1;rn:1:::;:.j;jj!.j:;il 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 I 1NT0 interrupt control register 

0 0 I 1NT1 interrupt control register 

0 0 I 1NT2 interrupt control register 

Register contents 

~-------0_0_1s ______ ~I Program bank register PG 

.___c_o_n_t_e_n_t_s_o_f _a_d_d_r_e_s_s_F_F_F_F_1_s _ __,I Program counter (high-order) PCH 

~-C_o_n_t_e_n_t_s_o_f _a_d_d_r_e_s_s_F_F_F_E_1_s_~I Program counter (low-order) PCL 

0016 I Data bank register DT 
~--------------~ 

~-------0_0_1s ______ ~I Direct page register (high-order) DPRH 

.__ _______ 0_0_1s ______ ____.I Direct page register (low-order) DPRL 

b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bO 
~-~-~~-~---.---.---.---.-.--......---~ Processor status register PS 
._I _o_._ l_o_..._~_o.,........_l _?__.__?_.....I _o_.....l _o__._l _o__._l _1___,_I_?_ ........ I_?___,. I (Bits 11 to 15 are "O" at reading) 

L IPL ~ N V m x D I Z C 

Note 2: The contents of registers other than those described in Figure 3.1.2 and RAM are 
undefined at reset. 

Fig. 3.1.2 Internal registers state at reset (3) 

3.1.3 Bus state during reset 
Table 3.1.1 shows the state of the address bus, data bus, and control bus during reset ("L" level is applied 
to RESET pin). 

Table 3.1.1 Bus state during reset 

Pin 

Aa-A1, As/Ds-A15/D15, 
A16/Do-A2:i/D1 
E R/W 
BHE 
ALE 
Clock ¢1 

Bus state during reset 

Address output ("H" or "L" level) 

"H" level output 
"H" or "L" level ou!Qµt J_deQ_ends on address ou!Q!Jtl_ 
"L" level output 
Operating (output) 

181 



RESET 
3.2 Reset circuit 

3.2 Reset circuit 
The reset circuit must be designed so that the reset input voltage is 0.9V or lower when the supply voltage 
reaches 4.5V as shown in Figure 3.2.1. 
Figure 3.2.2 shows the example of power-on reset circuit using a system reset IC M51957AL. 

/Power-on 

Vee 

RESET 

Fig. 3.2.1 Power-on reset condition 

5V 

1 M51957AL 
.·.···. v~~ 

27k'1 

---2'-in't ouTµs~......_-----nmmm··• ·.<))(/{~:./n 

10k'1 
4 47'2 

• Delay capacity 1--_ _, 

GNb 

* In case of Cd=0.033µF, the dalay time Id is about 11 ms. 

td=0.34XCd [ µs), Cd: [ pF ] 

Fig. 3.2.2 Power-on reset circuit example 
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RESET 
3.3 Software reset 

3.3 Software reset 
The M37732 group can be reset internally by program. Software reset occurs by writing "1" to the software 
reset bit of the processor mode register (bit 3 of address SE1s). Figure 3.3.1 shows the structure of the 
processor mode register. 
Software reset is the same as hardware reset (when the RESET pin level is returned to "H" after applying 
"L" level) except that the contents of the internal RAM are preserved. Therefore, the contents of each 
register just after software reset is initialized to values shown in Figure 3.1.2 except for internal RAM. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W W R/W R/W R/W Processor mode register (address 5E1s) 

Fix this bit to "O". 

'------1Fix this bit to "1 ". 

'-------Wait bit 

0 : Wait during external access 
1 : No wait 

~------- Software reset bit 

1 : Software reset activated by writing "1" 

'---~---------- Interrupt priority detection time selection bits 

00 : 7 cycles at internal clock IP 
01 : 4 cycles at internal clock IP 
10 : 2 cycles at internal clock IP 
11 : This is not available. 

'-----------------4 Fix this bit to "O". 

Note: Bit 7 is undefined at reading. 
Bits O and 2 to 6 are cleared to "O" at reset. 
Bit 1 is set to "1" at reset. 

Fig. 3.3.1 Processor mode register structure 
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RESET 
3.3 Software reset 

MEMORANDUM 
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OSCILLATING CIRCUIT 
4.1 Oscillating circuit 

4.1 Oscillating circuit 
The M37732 group is equipped with an oscillating circuit to generate the necessary clock. The frequency 
input to the clock input pin X1N is divided in half to obtain the internal clock ,P. This ,p is further divided in 
half to obtain the bus cycle. Either a ceramic resonator or a crystal resonator can be connected externally 
to the internal oscillating circuit. 

4.1.1 Circuit using a ceramic resonator or a crystal 
resonator 

Figure 4.1.1 shows the circuit example using a ce­
ramic resonator and Figure 4.1 .2 shows the circuit 
example using a crystal resonator. An oscillating 
circuit is formed by connecting the resonator be­
tween X1N pin and Xour pin as shown in the figures. 
The circuit constants such as R1, Rd, C1N, and CoiJT 
must be set to the resonator manufacturer's recom­
mended values. 

4.1.2 External clock input circuit 
An external clock signal can be supplied to the internal 
oscillating circuit. Figure 4.1.3 shows the circuit 
example of external clock input. Note that the ex­
ternal clock must be input from X1N pin, and Xour pin 
must be left open. 

186 

M37732S4FP 

X1N Xour 

Jr Cour 

Fig. 4.1.1 Oscillating circuit using a ceramic resonator 

M37732S4FP 

Xour 

R1 

____.....D-Jr Cour 

Fig. 4.1.2 Oscillating circuit using a crystal resonator 

M37732S4FP 

Xour 

Open 

External oscillating circuit 

Vee I rl rl I"' 
Vss L.J L..J LJ 

Fig. 4.1.3 External clock Input circuit 



OSCILLATING CIRCUIT 
4.2 Clock generating circuit 

4.2 Clock generating circuit 
The oscillating circuit consists of oscillating gate which functions as an amplifier to obtain the necessary gain 
and oscillation control flip-flop to control this amplifier. Therefore, oscillation can be stopped and restarted 
as necessary. The clock generating circuit shown in Figure 4.2.1 is built in the M37732 group. 
When the STP instruction is executed, the internal clock ¢stops oscillation at the "L" level. At the same time, 
FFF1s is set in the watchdog timer and the input to the watchdog timer is connected to 132. This connection 
is cancelled and connected to the input determined by the contents of the watchdog timer irequency selection 
flag when the most significant bit of the watchdog timer becomes "O" or when there is a reset. Oscillation 
is resumed when an interrupt is accepted, but the internal clock ¢ remains at "L" level until the most sig­
nificant bit of the watchdog timer becomes "O". This is done to avoid the initial unstable interval when using 
a ceramic resonator. 
When the WIT instruction is executed, the internal clock ¢stops at the "L" level, but the oscillator does not 
stop. Therefore, the timer, serial 110, and A-D converter can be used. The stopping of internal clock ¢ is 
cancelled when an interrupt is accepted. An instruction can be executed immediately because the oscillator 
does not stop. 

Refer to "Appendix 3. Stop, wait, one-wait, Ready, Hold state" and "MELPS 7700 SOFTWARE MANUAL" for 
information concerning the STP and WIT instructions. 

Interrupt 
5 a L Reset 

request " 

STP R WIT R R STP 
instruction instruction instruction 

at ch dog 
timer 

f16 f32 f64 
1/2 1/2 1/2 1/8 f512 

X1N XouT 

Fig. 4.2.1 Clock generating circuit block diagram 
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OSCILLATING CIRCUIT 
4.2 Clock generating circuit 

MEMORANDUM 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

5.1 Electrical characteristics 

5.1.1 Absolute maximum ratings 

Absolute maximum ratings 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3 to 7 v 
AVee Anal@.: supp!}'._ volt@_e -0.3 to 7 v 
V1 Input volt~e RESET, CNVss, BYTE -0.3 to 12 v 
V1 Input voltage As/Ds-A23/D1, P43-P41, P5o-P51, -0.3 to Vee+0:3 v 

P60-P61, P7irP77, P8o-P87, VREF, X1N, 
HOLD, ROY 

Vo Output voltage AirA1, Aa/Da-A2:i/D1, P43-P41, P5irP57, -0.3 to Vee+0.3 v 
P61rP61, P7o-P71, P80-P81, Xour, E, 
c/)1, HLDA, ALE, BHE, R/W 

Pd Power dissipation Ta=25°C 300 mW 
Topr 0...2_erati~ tem...2_erature -20 to 85 oc 
Tstg Stor1!9_e tem...2_erature -40 to 150 oc 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

5.1.2 Recommended operating conditions 

Recommended operating conditions (Vee=5V±10%, Ta=-20 to 85°C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit Min. T..i'E.: Max. 
Vee Supply voltage 4.5 5.0 5.5 1 v 

- ----
AVee Analog supply voltage Vee v 
Vss Supp.!1'_ volt~e 0 v 
AVss Analog supply voltage 0 v 
V1H High-level input voltage P43-P41, P5<r-P51, P6<r-P67, 0.8Vee Vee v 

P7<r-P71, P8<r-P81, X1N, RESET, 
CNVss, BYTE, HOLD, ADY 

V1H Hl9._h-level i~ut volt~e As/Ds-A23/D1 0.5Vee Vee v 
V1L Low-level input voltage P43-P41, P5<r-P51, P6<r-P61, 0 0.2Vee v 

P7<r-P71, P8<r-P81, X1N, RESET, 
CNVss, BYTE, HOLD, ADY 

V1L Low-level input voltage As/Ds-A23/D1 0 0.16Vee v 
loH (peak) High-level peak output current Ao-A1, As/Ds-A23/D1, P43-P41, -10 mA 

P5o-P51, P6<r-P67, P7<r-P71, 
P8<r-P81, ¢1, HLDA, ALE, BHE, 
R/W 

High-ievei average output current· Ao-A1, As/Ds-A23/01, P43-P41, 
···---i- ·-

-5 mA loH (avg) 

P5<r-P51, P6<r-P67, P7<r-P71, 
P8<r-P81, ¢1, HLDA, ALE, BHE, 
R!W 

IOL (peak) Low-level peak output current Ao-A1, As/Ds-A23/D1, P43-P41, 10 mA 
P5o-P51, P6<r-P61, P7o-P71, 
P8<r-P81, ¢1, HLDA, ALE, SHE, 
R!W 

IOL (avg) Low-level average output current Ao-A1, As/Ds-A23/01, P43-P41, 5 mA 
P5<r-P51, P6o-P67, P7<r-P71, 
P80-P81, ¢1, HLDA, ALE, SHE, 
RtW 

f(X1N) External clock input frequency M37732S4FP 8 MHz 
M37732S4AFP 16 

M37732S4BFP 25 

Note 1: Average output current is the average value of a 1 OOms interval. 
2: The sum of loL (peak) for A<r-A1, As/Ds-A23/01, HLDA, ALE, SHE, RNll, and port P8 must be 80mA of less, 

the sum of loH (peak) for A<r-A1, As/Ds-A23/D1, HLDA, ALE, BHE, R!W, and port P8 must be 80mA or less, 
the sum of loL (peak) for ports P4, P5, P6, P?, and ¢1 must be 80mA or less, and the sum of loH (peak) for 
ports P4, P5, P6, P?, and c/>1 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

5.1.3 Electrical characteristics and A·D converter characteristics 

M37732S4FP 
Electrical characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=8MHz, unless otherwise noted) 

Symbol Parameter Test conditions Limits 
Unit Min. ~ Max. 

VoH High-level output voltage Ao-A1, Aa/Ds-A23/D1, loH=-10mA 3 v 
P43-P41, P5o-P57, P60-P61, 
P7o-P71, P80-P81, q,,, 
HLDA,BHE, RiW 

VoH High-level output voltage Ao-A1, As/Ds-A23/D1, q,1, IOH=-400µA 4.7 v 
HLDA,BHE, RiW 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
loH=-400@ 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-400µA 4.8 

VOL Low-level output voltage Ao-A1, As/Ds-A23/D1, loL=10mA 2 v 
P43-P41, P5o-P51, P60-P61, 
P7o--P71, P80-P81, </Ji, 
HLDA,BHE,RiW 

VoL Low-level output voltage Ao-A1, Aa/Ds-A23/D1, <Jn, loL=2mA 0.45 v 
HLDA,BHE,RiW 

VoL Low-level output voltage ALE loL=1 OmA 1.9 v 
loL=2mA 0.43 

VoL Low-level output voltage E loL=1 OmA 1.6 v 
loL=2mA 0.4 

VT+-VT- Hysteresis HOLD, RDY, T A01N-T MN, TB01N-TB21N, 0.4 1 v 
INT0--INT2, ADrnG, CTSo, CTS1, CLKo, CLK1 

VT+-VT- ljy_steresis RESET 0.2 0.5 v 
VT+-VT- ljy_steresis XiN 0.1 0.3 v 
liH High-level input current As/Ds-A23/D1, P4J-P41, V1=5V 5 µA 

P5o-P51, P6o-P67, P7o-P71, 
P80-P81, X1N, RESET, CNVss, 
BYTE,HOLD,RDY 

l1L Low-level input current AslDB-A237lJ7, P43-P41, V1=0V -5 µA 
P5o-P5r, P60--P61, P7o-P7r, 
P80-P81, X1N, RESET, CNVss, 
BYTE, HOLD, ROY 

VRAM RAM hold voltage When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=BMHz, 6 12 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re- clock is stopped. 
set. Ta=85°C when 20 

clock is stoeeed. 

A·D converter characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=8MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
- Resolution VREF=Vee 8 Bits 
- Absolute accuracy VREF=Vee ±3 LSB 

RLADDER Ladder resistance VREF=Vee 2 10 kn 
teoNv Conversion time 28.5 ~ 
VREF Reference voltage 2 Vee v 
V1A Analog input voltage 0 VREF v 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

M37732S4AFP 
Electrical characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N}=16MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
VoH High-level output voltage Ao-A1, Aa/Da-A2:i/D1, loH=-10mA 3 v 

P43-P41, P5o-P51, P60-P61, 
P?o-P?1, P80-P81, ¢1, 
HLDA,BHE, RiW 

VoH High-level output voltage Ao-A1, Aa/Da-A23/01, </J1, loH=-400µA 4.7 v 
HLDA,BHE, RiW 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
loH=-4001!:_A 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-40~ 4.8 

Vol Low-level output voltage Ao-A1, Aa/Da-A23/D1, lol=10mA 2 v 
P43-P41, P5o-P51, P60-P61, 
P7o-P71, P80-P81, </J1, 
HLDA, BHE, R/l/V 

Vm Low-level output voltage Ao-A1, Aa/Da-A23/D1, </J1, lol=2mA 0.45 v 
HLDA,BHE, RiW 

Vol Low-level output voltage ALE lol=1 OmA 1.9 v 
!OL,,,2mA 0.43 

Vol Low-level output voltage E lm=10mA 1.6 v 
lol=2mA 0.4 

VT+-VT- Hysteresis HOLD, RDY, TA01N-TMN, TB01N-TB21N, 0.4 1 v 
INT0-INT2, ADrnG, CTSo, CTS1, CLKo, CLK1 

VT+-VT- H~teresis RESET 0.2 0.5 v 
VT+-VT- Hysteresis X1N 0.1 0.3 v 
!iH High-level input current Aa/Da-A23/01, P43-P41, V1=5V 5 µA 

P5o-P5i, P6o-P67, P7o-P71, 
P80-P81, XtN, RESET, CNVss, 
BYTE,HOLD,RDY 

ltl Low-level input current Aa/Da-A23/D1, P43-P41, V1=0V -5 µA 
P5o-P51, P60-P61, P7o-P71, 
P80-P81, X1N, RESET, CNVss, 
BYTE,HOLD,RDY 

VRAM RAM hold voltage When clock is stopped. 2 v 
Ice Power supply current Output only f(XtN)=16MHz, 12 24 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re- clock is stopped. 
set. Ta=85°C when 20 

clock is stopped. 

A·D converter characteristics (Vcc=5V, Vss=OV, Ta=25°C, t(X1N)=16MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
- Resolution VREF=Vcc 8 Bits 
- Absolute accuracy VAEF=Vcc ±3 LSB 

RlADDER Ladder resistance VREF=Vcc 2 10 kn 
!CONY Conversion time 14.25 J:l:..S 
VREF Reference voltage 2 Vee v 
V1A Analog input voltage 0 VREF v 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

M37732S4BFP 
Electrical characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. T_lE: Max. 
VoH High-level output voltage Ao-A1, As/Ds-A23/D1, loH=-10mA 3 v 

P4J-P41, P5o-P51, P6o-P6?, 
P7o-P71, P80-P81, qn, 
HLDA, BHE, RiW 

VoH High-level output voltage Ao-A1, As/Ds-A23/01, </'1, loH=-400µA 4.7 v 
HLDA,BHE,R!W 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
IOH=-400J!:.A 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-400~ 4.8 

Vm Low-level output voltage Ao-A1, As/Ds-A23/D1, lol=10mA 2 v 
P43-P41, P5o-P51, P6o-P6?, 
P7o-P71, P80-P81, </J1, 
HLDA, BRE, RiW 

Vol Low-level output voltage Ao-A1, As/Ds-A23/D1, <Jn, lm=2mA 0.45 v 
HLDA, EfffE, R/W 

Vol Low-level output voltage ALE lol=1 OmA 1.9 v 
lol=2mA 0.43 

Vol Low-level output voltage E lol=10mA 1.6 v 
lol=2mA 0.4 

Vr.-Vr- Hysteresis HOLD, RDY, TA01N-TMN, TB01N-TB21N, 0.4 1 v 
INT0-INT2, ADTRG, CTSo, CTS1, CLKo, CLK1 

Vr.-Vr- Hysteresis RESET 0.2 0.5 v 
Vr+-Vr- Hysteresis X1N 0.1 0.3 v 
iiH High-level input current As/Da-A23/D1, P43-P41, V1=5V 5 µA 

P5o-P51, P6o-P6i, P7o-P71, 
P80-P81, X1N, RESET, CNVss, 
BYTE,HOLD,RDY 

ill Low-level input current As/Da-A23/D1, P43-P41, V1=0V -5 µA 
P5o-P51, P60-P61, P7o-P71, 
P80-P81, X1N, RESET; CNVss, 
BYTE,HOLD,RDY 

VRAM RAM hold voltage When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=25MHz, 19 38 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re- clock is stopped. 
set. Ta=85°C when 20 

clock is stopped. 

A-D converter characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit 
Min. ~ Max. 

- Resolution VREF=Vcc 8 Bits 
- Absolute accuracy VREF=Vcc ±3 LSB 

RlADDER Ladder resistance VREF=Vcc 2 10 kQ 
tcONV Conversion time 9.12 J.lS 
VREF Reference voltage 2 Vee v 
VIA Analog input voltage 0 VREF v 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

5.1.4 Timing requirements 

Timing requlements (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock Input 

Symbol Parameter 

tc External clock input C}'_cle time 
tw(H) External clock input high-level pulse width 
tw(l) External clock input low-level pulse width 
tr External clock rise time 
ti External clock fall time 

Microprocessor mode 

Symbol Parameter 

tsu(DH-El Data hjg_h-order input setl!.Q_ time 
tsu(DL-El Data low-order iQQ_ut setu_e_ time 
tsu(P4D-El Port P4 input setup time 
~PsD-El_~rt P5 input setup time 

tsu(PSD-El Port P6 ir:!Q_ut setu_e_ time 
tsu(P7D-El Port P7 input setup time 
tsu(PBD-El Port PS input setu_e_ time 
tsu(RDY-.,) ADY ir:!Q_Ut set~ time 
tsu(HOLD-1>) HOLD i~ut set~ time 
!h(E-DHl Data high-order input hold time 
th(E-DLl Data low-order i~ut hold time 
th(E-P4Dl Port P4 input hold time 
th(E-Pso) Port PS i~ut hold time 
th(E-PGD) Port P6 ir1Qut hold time 
th(E-P7Dl Port P7 i~ut hold time 
th(E-Pao) Port PS i~ut hold time 
th(~·-Rov1 ADY input hold time 
!h(~·-HOLDl HOLD input hold time 

8MHz 
Min. Max. 
125 
50 
50 

20 
20 

SM Hz 
Min. Max. 
60 
60 

200 
200 
200 
200 
200 
70 
70 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Limits 
16MHz 

Min. Max. 
62 
25 
25 

10 
10 

Limits 
16MHz 

Min. Max. 
45 
45 
100 
100 
100 
100 
100 
60 
60 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25MHz 
Min. Max. 
40 
15 
15 

s 
s 

25MHz 
Min. Max. 
30 
30 
60 
60 
60 
60 
60 
55 
55 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Unit 

ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

Timer A input (count input in event counter mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) T Ai1N input cy_cle time 250 125 80 ns 
tw(TAH) TAilN in_Q_ut h_!g_h-level.£!.flse width 125 62 40 ns 
tw(TAL) T Ai1N input low-level pulse width 125 62 40 ns 

Timer A Input (gating input in timer mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) T AilN in_Q_ut 9'._cle time 1000 500 320 ns 
tw(TAH) TAilN in_2!.lt high-level pulse width 500 250 160 ns 
tw(TAL) TAilN in_e_ut low-level pulse width 500 250 160 ns 

Timer A Input (external trigger input in one-shot pulse mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) T AilN input cycle time 500 250 160 ns 
tw(TAH) TAi1N in_e_ut high-level_e_ulse width 250 125 _6_0 ns 
tw(TAL) TAi1N input low-level pulse width 250 125 80 ns 

Timer A Input (external trigger input in pulse width modulation mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tw(TAH) TAilN input high-level pulse width 250 125 80 ns 
tw(TAL) TAilN input low-level pulse width 250 125 80 ns 

Timer A Input (up-down input in event counter mode) 
T Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(UP) T Aiour input cycle time 5000 2500 2000 ns 
tw(UPH) TAiour input high-level pulse width 2500 1250 1000 ns 
tw(UPL) TAiour input low-level pulse width 2500 1250 1000 ns 
tsu(UP-ToN) T Aiour input setup time 1000 500 400 ns 
th(To,....UP) TAiour input hold time 1000 500 400 ns 

Timer B input (count input in event counter mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TB) TBilN input cycle time (one edge count) 250 125 80 ns 
tw(TBH) TBilN input high-level pulse width (one edge count) 125 62 40 ns 
tw(TBL) TBi1N input low-level pulse width (one edge count) 125 62 40 ns 
tc(TB) TBi1N input cycle time (both edges count) 500 250 160 ns 
tw(TBH) TBilN input high-level pulse width (both edges count) 250 125 80 ns 
fw(TBL) TBiiN input low-level pulse width (both edges count) 250 125 80 ns 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

Timer B Input (pulse period measurement mode) 

Limits 
Symbol Parameter BM Hz 16MHz 25MHz Unit 

Min. Max. Min. Max. Min. Max. 
tc(TB) TBirN il]:>_ut cycle time 1000 500 320 ns 
tw(TBH) TBi1N il]:>_ut h_!g_h-level_J:>_ulse width 500 250 160 ns 
tw(TBL) TBirN il'![ut low-level...E_Ulse width 500 250 160 ns 

Timer B Input (pulse width measurement mode) 
Limits 

Symbol Parameter BM Hz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TB) ffiiiN input cycle time 1QM _SQQ_ -320_ ns 
tw(TBH) TBirN input high-level pulse width 500 250 160 ns 
tw(TBL) TBirN input low-level pulse width 500 250 160 ns 

A·D trigger Input 
Limits 

Symbol Parameter BM Hz 16MHz 25MHz Unit 
Min. tv1ax. Min. Max. Min. Max. 

lc(AD) ADrRa lr!Qut cycle time}minimum allowable trigge_'1 2000 1000 1000 ns 
ITw(ADL) ADTRG i~ut low-level_E.ulse width 250 125 125 ns 

Serial 110 
Limits 

Symbol Parameter BM Hz 16MHz 25MHz· Unit 
Min. Max. Min. Max. Min. Max. 

to(CK) CLK1 ir!Qut cycle time 500 250 200 ns 
tw(CKH) CLK1 ir!Qut ~h-leve~ulse width 250 125 100 ns 
tw(CKL) CLK1 input low-level_Qulse width 250 125 100 ns 
td(C-0) TxD1 ou~ut del~ time 150 90 80 ns 
th(C-0) TxD1 hold time 30 30 30 ns 
tsu(D-C) RxD1 input set~ time 60 30 20 ns 
th(C-D) RxD1 in_Qut hold time 90 90 90 ns 

External Interrupt INT1 Input 
Limits 

Symbol Parameter BM Hz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tw(INH) INTl inj>_ut h_!g_h-level_Q_ulse width 250 250 250 ns 
tw(INL) INTl il]:)_ut low-level_:e_ulse width 250 250 250 ns 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 

5.1.5 Switching characteristics 

Switching characteristics (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

Microprocessor mode (when wait bit is "1 ") 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

td(AL-E) Address low-order ou.!E..ut del~ time 100 30 12 ns 
td(E-OHQ) Data high-order ou!2_ut delq time (BYTE="LJ_ 110 70 45 ns 
tpxz(E-OHZ) Floating start delay time (BYTE="L") 5 5 5 ns 
td(AM-E) Address middle-order output delay time 100 30 12 ns 
td(AM-ALE) Address middle-order ou!E>_ut del~y_ time 80 24 5 ns 
td(E-OLQ) Data low-order ou!Qut delay time 110 70 45 ns 
tpxz(E-DLZ) Floating start delay time 5 5 5 ns 
td(AH-E) Address h![h-order ou!2_ut delay time 100 30 12 ns 
td(AH-ALE) Address hjg_h-order ou!2_ut delay time 80 24 5 ns 
td(;.-HLDA) HLDA ou!E>_ut del~ time 100 50 50 ns 
td(ALE-E) ALE output delciy_ time 4 4 4 ns 
tw(ALE) ALEpulse width 90 35 22 ns 
td(BHE-E) BHE ouJ~_ut delay time 100 30 20 ns 
td(RIW-E) R/W ou,!2.ut del~ time 100 30 20 ns 
td(E-.,) ~ ou!2_ut del~ time 0 30 0 20 0 18 ns 
th(E-AL) Address low-order hold time 50 25 18 ns 
th(ALE-AM) Address middle-order hold timejBYTE="L1 9 9 9 ns 
th(E-DHQ) Data high-order hold time (BYTE="L") 50 25 18 ns 
tpzx(E-DHZ) Floating release delay time (BYTE="L") 95 36 18 ns 
th(E-AM) Address middle-order hold time ]BYTE="HJ. 50 25 18 ns 
th(ALE-AH) Address high-order hold time 9 9 9 ns 
th(E-DLQ) Data low-order hold time 50 25 18 ns 
tpzx(E-DLZ) Floatiri_g_ release del~ time 95 36 18 ns 
th(E-BHE) BHE hold time 18 18 18 ns 
th(E-RIW) R/W hold time 18 18 18 ns 
td(E-P40) Port P4 data ou!Q_ut del~ time 200 100 80 ns 
td(E-PSC) Port PS data output delay time 200 100 80 ns 
td(E-P6Q) Port P6 data output delay time 200 100 80 ns 
td(E-P7Q) Port P7 data ou~ut delay time 200 100 80 ns 
td(E-PSQ) Port P8 data output delay time 200 100 80 ns 
tw(EL) E _pulse width 220 95 50 ns 
Note: Test conditions are shown in Figure 5.1 .1. 
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5.1 Electrical characteristics 

Microprocessor mode (when wait bit= "O", and external memory area is accessed) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

td(Al-E) Address low-order output delay time 100 30 12 ns 
td(E-DHQ) Data high-order output delay time (BYTE="L") 110 70 45 ns 
foxz(E-DHZ) Floati@: start del~ time].BYTE="L") 5 5 5 ns 
td(AM-E) Address middle-order output delay time 100 30 12 ns 
td(AM-ALE) Address middle-order output delay time 80 24 5 ns 
td(E-DLQ) Data low-order output delay time 110 70 45 ns 
tpxz(E-DLZ) Floati~ start del~ time 5 5 5 ns 
td(AH-E) Address high-order output delay time 100 30 12 ns 
td(AH-ALE) Address high-order ou!2_ut del<!t_ time 80 24 5 ns 
td(.,-HLDA) HLDA ou!2_ut del~ time 100 50 50 ns 
td(ALE-E) ALE output delay time 4 4 4 ns 
tw(ALE) ALE pulse width 90 35 22 ns 
td(BHE-E) BHE ou!Q_ut del<!t_ time 100 30 20 ns 
td(R/W-E) R/W output delay time 100 30 20 ns 
td(E_.,) lfn ou!2_ut del<!t_ time 0 30 0 20 0 18 ns 
th(E-AL) Address low-order hold time 50 25 18 ns 
th(ALE-AM) Address middle-order hold time]BYTE="L} 9 9 9 ns 
th(E-DHQ) Data high-or9er hold time (BYTE="L") 50 25 18 ns 
tpzx(E-DHZ) Floating release delay time (BYTE="L") 95 36 18 ns 
th(E-AM) Address middle-order hold timeJBYTE="HJ_ 50 25 18 ns 
th( ALE-AH) Address high-order hold time 9 9 9 ns 
th(E-DLQ) Data low-order hold time 50 25 18 ns 
tpzx(E-DLZ) Floating release delay time 95 36 18 ns 
th(E-BHE) BHE hold time 18 18 18 ns 
th(E-RIW) R/W hold time 18 18 18 ns 
td(E-P4Q) Port P4 data output delay time 200 100 80 ns 
td(E-P5Q) Port P5 data output delay time 200 100 80 ns 
td(E-PSQ) Port P6 data output delay time 200 100 80 ns 
td(E-P7Q) Port P7 data output delay time 200 100 80 ns 
td(E-PSQ) Port PB data output delay time 200 100 80 ns 
tw(EL) E pulse width 470 220 130 ns 
Note: Test conditions are shown in Figure 5.1.1. 

Ao-A7 
-0 Aa/Da-A23/D1 

...... 

P4 l 100pF P5 
P6 

~ P7 
PS 

HLDA 
ALE 
BHE 
R/W 

q11 

E 

Fig. 5.1.1 Testing circuit for ports 
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ELECTRICAL CHARACTERISTICS 
5.1- Electrical characteristics 

5.1.6 Equations for calculating the parameters 
Table 5.1.1 shows the equations for calculating the following parameters. Use the equations corresponding 
to the external clock input frequency f(XIN). 

tw(ALE) ....................... ALE pulse width td(R/W-E) ................... R/W output delay time 

tw(EL) .......................... E pulse width tpzx(E-DLZ/DHZ) ....... Floating release delay time 

td(AUAMIAH-E) ......... Address output delay time th(E-AUAM) ............... Address hold time 

td(AMtAH-ALE) .......... Address output delay time th(E-DLatDHQ) ......... Data hold time 

td(BHE-E) ................... BHE output delay time 

Table 5.1.1 Equations for calculating parameters 

------- M37732S4FP M37732S4AFP M37732S4BFP 

f(XIN) f(XIN) ~ 8MHz 8MHz < f(XIN) ~ 16MHz 16MHz < f(XIN) ~ 25MHz 

tw(ALE) 1 x 109 
- 35 

1 x 109 
- 27.5 

1 x 109 

- 18 
f(XIN) f(XIN) f(XIN) 

tw(EL) 2 x 109 

Wait bit= "1" f(XIN) - 30 

----- ~-------------------------------tw(EL) 4 x 109 

Wait bit = "0" f(XIN) - 30 

td(AUAM/AH-E) 1 x 109 

12 + f(XIN) 
- 40 

100 + 
1 x 109 

- 125 30 + 
1.2 x 109 

- 75 
td(BHE-E) f(XIN) f(XIN) 2 x 109 

td(R/W-E) 20 + f(XIN) - 40 

tpzx(E-DLZ/DHZ) 1 .x 109 1 x 109 1 x 109 

f(XIN) 
- 30 

f(XIN) 
- 26 

f(XIN) 
- 22 

th(E-AL/AM) 1 x 109 1 x 109 1 x 109 

th(E-DLQ/DHQ) 2 X f(XIN) - 12·5 2 X f(XIN) - 6·25 2 X f(XIN) - 2 

td(AM/AH-ALE) 1 x 109 
- 45 

1 x 109 1 X 109 
- 35 

f(XIN) f(XIN) - 38.5 f(XIN) 

Unit : ns 
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5.1.7 Timing diagram 

Timing diagram 

f(X1N) 

E 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 

5.1 Electrical characteristics 
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TAilN input 

T Aiour input 

TAiour input 
(Up-down input) 

In event counter 
mode T Ai1N input 

r~~, 

r~~\ 

(When count by falling) 

TAilN input 
(When count by rising) 

TBiiN input 
r~~., 

ADTRG input {'-"{ 
._ tw(CKH) 

J 
CL Ki Ji ~ 

TxD; 

tc(TA) 

tw(TAL) 

tc(UP) 

tw(UPL) 

x 
v 

lh(T1N--UP) \ lsu(UP-T1N) 

~ v 
_/ 

!c(TB) 

!w(TBL) 

lc(AD) 

!c(CK) 

tw(CKL) 

) 
._ 1d(C-Q) 1su(D-C) 

RxD; x 

5.1 Electrical characteristics 

J \ 

J \ 

J \ 

t I 

1h(C--0) 

~ 
I.._ .J 1h(C-D) 

i 
INTI input t '"""' ~-< ---'-!w(l-'-NH) ----+!)~! 

202 
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5.1 Electrical characteristics 

Microprocessor mode 

(When wait bit="1 ") 

ADY input 

(When wait bit="O") 

ADY input 

I 
I 

r---------------------------------· 

tsu(RDY-• 1) 1111, 1-RDYJ 

I 
I 

r---------------------------------· 

,!:u(RDY-•11 th(~1-RD'i 

(When wait bit="1" or "O" in common) 

lsu(HOLD-9 1 I 

HOLD input 

HLDA output 

Test conditions 
•Vcc=5V±10% 
•Input timing voltage 
•Output timing voltage 

th(• 1-HDLD) 

td(¢1-HLDA) 

: V1L=1.0V, V1H=4.0V 
: VoL=0.8V, VoH=2.0V 
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Microprocessor mode (When wait bit="1 ") 

Ao-A1 output 

Aa/De-A1s/D15 
output 
(BYTE="L") 

Ae-Ais output 
(BYTE="H") 

De-D1 s input 

A1 e/Do-A23/D1 
output 

Do-D1 input 

ALE output 

BHE output 

R/W output 

Test conditions 
• Vcc=5V±10% 

!d(BHE-E) 

!d(RNl-EJ 

•Output timing voltage: VoL=0.8V, VoH=2.0V 
• Do-D1s input : V1L=0.8V, V1H=2.5V 
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5.1 Electrical characteristics 

Microprocessor mode (When wait blt="O", and external memory area Is accessed) 

f(X1N) 

Ao-A1 output 

Aa/Oa-A,,;t01• 
output 
(BYTE="L") 

As-A1• output 
(BYTE="H") 

Oe-015 input 

A 1 a/Oo-A23/01 
output 

Oo-07 input 

ALE output 

BHE output 

R/Woutput 

Test conditions 
• Vcc=5V±1 0% 

!d(BHE-E) 

!d(R/W-E) 

•Output timing voltage : VoL=0.8V, VoH=2.0V 
• Do-015 input : V1L=0.8V, V1H=2.5V 

th(E-BHE) 

!h(E-RIW) 
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MEMORANDUM 
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STANDARD CHARACTERISTICS 
6.1 Standard characteristics 

6.1 Standard characteristics 
The data described in this chapter are characteristic examples for M37732S4BFP. The data is not guaran­
teed value. Refer to "Chapter 5. Electrical characteristics" for rated values. 

6.1.1 Standard port characteristics 

(1) Programmable 1/0 port (CMOS output) P channel loH-VoH characteristics 

Supply voltage Vcc=SV 
P channel 

50.01---+--l--+--+--l---+-+--+--+-----l 

t-----i ---·· t--.. - .... ---+---+---+-----+----+----+--! 

40.01---+---- t---t-·---+---11----+--+----+--+---t 

- 1--1 .. ·-1 - .... i-...... 
§_ 3o.o . --+· .. Ta=85~-~ ..... I""-,-+-"--+----+--'-~ 
.§ , ........ ~ 

~~ 20.01----+--i--+---+-+---+-_N.,...,.,..:....-+---t---i 

~ 10.01--+-+--+-+-t---+-+--+~~_, 

"'~ 
O'-.....__...._.....__.___. _ _..___..__...,.._....._~~ 

1.0 2.0 3.0 4.0 5.0 

VoH(VJ 

(2) Programmable 1/0 port (CMOS output) N channel loL-VoL characteristics 

208 

Supply voltage Vcc=5V 

< .s _, 
..Q 

N channel 

50.01---+---+----+--+--l---+--+---+--+---I 

1--··--- ----- -· - -+-r=a-=·_,_2s--·_..-i-c1:::+===t===t===i 
40.0t---t---+--t-+~f-"""'=+-+---t-+-; 

I y 

~--+-1 t--t---- .. V:-+----·-+---+----+--+----t 

r--t-# ---t----+--
r-~--- ---f---+---+--+-----t--+-----1 

30.0 

20.0 

10.0 

0 1.0 2.0 3.0 4.0 5.0 

VoL[VJ 
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6.1 Standard characteristics 

6.1.2 lcc-f(X1N) standard characteristics 

(1) lcc-f(X1N) characteristics on operating and at reset 

Measurement condition (Vcc=SV, Ta=25°C, f(XIN): square wave input, microprocessor mode) 

5 10 15 20 25 30 
f(XIN) (MHz] 

(2) lcc-f(X1N) characteristics during wait 

Measurement condition (Vcc=SV, Ta=25°C, f(XIN): square wave input, microprocessor mode) 

:cc .s 4.0 r------t-----r---b9'"---t------t----t 
(,J 

.!:! 

o.___ _ __._ __ _,_ __ ...._ __ .__ _ _.. __ _, 
5 10 15 20 25 30 

f(XIN) (MHz] 
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6.1 Standard characteristics 

6.1.3 A·D converter standard characteristics 
The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code from 
001e to 011e should occur at ANi=10mV, but the measured value is 5mV. Therefore, the measured point of 
change is 10+5=15mV. 

The lin~s at the top of the graph indicate the input voltage width for which the output code is constant. For 
example, the measured input voltage width for which the output code is OF1e is 22mV. Therefore, the differential 
non-linear error is 22-20=2mV (0.1 LSB). 

[Measurement condition] 
• Vee= 5.12V 
• VREF = 5.12V 
e X1N = 25MHz 
• Temp. = 25°C 
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LOW SUPPLY VOLTAGE VERSION 
7.1 Description 

7.1 Description 
The M37732S4LGP and M37732S4LHP are low supply voltage versions of the M37732S4FP. In addition to 
lowering the supply voltage to 2.7-5.5V, they feature a wide operating temperature range between -40 and 
85°C, and small packages with pin pitches of 0.65mm and 0.5mm. 
These microprocessors are suitable for controlling battery driven portable equipment and small office equipment 
that must process large amounts of data using low power . 

7.1.1 Low supply voltage version 
The low supply voltage version of the M37732 group is available in two types as shown in Figure 7.1.1. 
These types feature low supply voltage, small package, and wide operating temperature range. Only the 
containing package is different between the two types. Therefore, the description in this chapter is focused 
on the M37732S4LGP unless noted otherwise. 
Figure 7.1.1 shows the pin configuration of the M37732S4LGP. 

Table 7 .1.1 Low supply voltage version 

Supply ROM RAM Clock 
Type name voltage size size frequency Package 

(V) (bytes) (bytes) (MHz) 
M37732S4LGP 801?.)n 2.)astic molded QFP J_80P6S-Al 
M37732S4LHP 2.7 to 5.5 -- 2048 8 80-pin plastic molded fine-pitch QFP 

(80P6D-A) 
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P6s!TB 11N - 1 
P6s!TB01N - 2 

P6•/INT2 - 3 
P63/INT1 - • 
P62ilNTo - s 

P61/TA41N - s 
P6o/TA4our - 7 

P57!TA31N/RTP13 - e 
P5s!TA3our/RTP12 - 9 

P5s!TA21N/RTP11 - 10 
P541TA2our1RTPio - 11 

P53!TA11N/RTP03 - 12 
P52/TA1our/RTP02 - 13 

P51/TA01N/RTP01 - 14 
P5o!TAOour/RTPOo - 1s 

p4, - 16 

P4s 

s:: s:: 
c.:> c.:> 
-...J -...J 
-...J -...J 

~~ 
c.:> 
f\) 
(J) 

~ ~ 
r r 
I G) 
""'{) ""'{) 

Outline M37732S4LGP • • • • • • 80P6S-A 
Outline M37732S4LHP • • • • • • 80P6D-A 

-P8s/RxD1 -P87/TxD1 -Ao 
-A1 
-A2 
- A3 
- A• 
- As 
- As 
-A7 
~ Ae/De 
- As/Ds 
- A10/D10 
- A11/D11 
- A12/D12 -A13/D13 -A14/D1• -A1s/D1s -A1s/Do 

A17/D1 

li' The pin allocation of M37732S4LGP and M37732S4LHP is shifted by two pins compared 
with that of M37732S4FP. 

Fig. 7.1.1 M3773254LGP pin configuration (top view) 
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7 .1 Description 

7 .1.2 Performance overview 
Table 1: 1.2 shows the performance overview of the M37732S4LGP. 

Table 7.1.2 M37732S4LGP performance overview 

Parameters Functions 

Number of basic instructions 103 

Instruction execution time 500ns (the fastest instruction at 8MHz frequency) 

Operating clock frequency 8MHz (maximum) 

Memory size RAM 2048 bytes 

Input/Output ports Ports P5-P8 8 bits x 4 

Port P4 5 bits x 1 

Multi-function timers TAO, TA1, TA2, TA3, TA4 16bitsX5 

TBO, TB1, TB2 16 bits x 3 

Serial 1/0 (UART or clock synchronous serial 1/0) x 2 
A-D converter 8 bits x 1 (8 channels) 

Watchdog timer 12 bits x 1 

Interrupts 3 external, 16 internal (priority levels O to 7 can 

be set for each interrupt with software) 
Clock generating circuit Built-in (externally connected to a ceramic or 

crystal resonator) 

Supply voltage 2.7 to 5.5V 

Power dissipation (Typ.) 12mW (at 3V supply voltage, 8MHz frequency) 

30mW (at 5V supply voltage, 8MHz frequency) 

Input/Output characteristics Input/Output voltage 5V 

Output current 5mA 

Memory expansion 16M bytes (maximum) 
Operating temperature range -40 to 85°C 
Device structure High-performance silicon gate CMOS process 

Package M37732S4LGP 80-pin plastic molded QFP 

180P6S-A: lead_Qitch 0.65mml 

M37732S4LHP 80-pin plastic molded fine-pitch QFP 

(80P6D-A: lead pitch 0.5mm) 
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7.1.3 Pin description 
Table 7.1.3 shows the pin description. 

Table 7.1.3 Pin description (1) 

Pin Name l~ut/Ou!.e_ut Functions 
Vee, Vss Power sup_Q!y_ ---·--··-----

Supp_!y 2.7-5.5V to Vee and OV to Vss. 
CNVss CNVss i~ut input Connect to Vee. 
RESET Reset input -111Pu-t The microcomputer is reset when this pin is set to "L" 

level. -·-----·------·-

X1N Clock input Input These are the 1/0 pins of the internal clock generating 
___ circuit. Connect a ceramic or crystal resonator between 

XouT Clock output Output I X1N and XouT. When an external clock is used, the clock 
source should be connected to the X1N pin and the XouT 
pin should be left open. 

-----· 

E Enable output Output Data or instruction read and data write are performed 
when output from this pin is "L" level. 

BYTE Bus width selection input Input tills pm determines wf1ether the external data bus is a-
bit width or 16-bit width. The width is 16 bits when the 
signal level is "L" and 8 bits when the signal level is "H". 

·-

AVee, AVss Analog supply input Powersu-pp-lyforHie A~b converter. Externally connect 
AVee to Vee and AVss to Vss. ----- ------·------------·--

VA!:i= Reference voUage inpui Input This is a reference voltage input pin for the A-D con-
verter. 

c/11 Clock output Output I This pin outputs the clock c/J1 which is divided the clock to 
X1N pin by 2. 

RDY Ready input Input Tf1emicrocomputer Is Tn Ready state while "L" level is 
inputto this pin. 

HOLD Hold input Input The microcomputer is in Hold state while "L" level is input 
to this pin. 

HLDA Hold acknowledge output Output This pin outputs "L" level when microcomputer is in Hold 
state. 

R/W Read/Write output Output -the read/write signafindicates the data bus state. The 
data bus state is read when this signal is "H" level and 
write when "L" level. --· - ______ ,. 

BHE Byte high enable output Output "L" level is output when an odd-numbered address is 
accessed. ·-------- ----------

ALE Address latch enable output Output This is used to obtain only the address from address and 
data multiplex signals. 

Ao-A1 Address bus low-order outE!Jt Output J=oi':o:r.ci€1r]" bit~J:~~A1fof the address bus are output. 
Ae/De-A1s/D1s Address bus middle-order output/ 1/0 ewhen the external bus width is 16 bits. (The BYTE pin 

Data bus high-order 1/0 is at "L" level.) High-order 8 bits (De-Dis) of the data 
bus are input or output when the E output is "L" level. 
Middle-order 8 bits (As-A1s) of the address bus are 
output when E output is "H" level. 

eWhen the external bus width is 8 bits. (The BYTE pin is 
at "H" level.) Middle-order 8 bits (As-A1s) of the address 
bus are output. 

A16/Do-A23/D1 Address bus high-order output/ 1/0 Low-order 8 bits (Do-=o~) of the data bus are input or 

Data bus low-order 1/0 output when the E output is "L" level. High-order 8 bits 
(A1s-A23) of the address bus are output when the E output 
is "H" level. 
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Table 7 .1.3 Pin description (2) 
Pin Name Input/Output Functions 

P43-P41 110 port P4 110 Port P4 is a 5-bit CMOS 110 port. This port has a data 
direction register and each pin can be programmed for 

--~W~J-fsu~pnu~-blfCMOS 110 port. This port has a data P5o-P57- 110 port P5 110 
direction register and each pin can be programmed for 
input or output. These pins also function as 110 pins for 
timers AO-A3. 

P60-P61 110 port P6 1/0 This port Is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as 1/0 pins for timer 
A4, external interrupt input pins for INT0-INT2, and input 
pins for timers 80-82. 

P7o-P71 1/0 port P7 1/0 This port is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as analog input 
pins AN0-AN1. P71 also functions as the ADrRG input pin 
for an A-D conversion trigger. 

P80-P81 1/0 port PB 110 This port is an 8-bit 1/0 port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 
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7.1.4 Block diagram 
Figure 7.1.2 shows the M37732S4LGP block diagram. 

lncrementer1Decrementer(24) 

, Program Counter PC(16) 

, Program Bank Register PG(S) 

Data Bank Register DT(8) 

Stack Pointer S(16) 

Index Register Y(16) 

I 

~I~+-p: 

Inda• Register X( 16) 

Accumulator 8(16) 

I 
-"S 
~&1w 
wil 

Accumulator A(16) 

ii· 
~ 
G 
O> 

0 £ 
1ij 

tis 5 I G~~ Cl 

8 
G 

~i~ 

Fig. 7 .1.2 M37732S4LGP block diagram 
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7 .2 Functional description 
The function of the M37732S4LGP is identical to the M37732S4FP. However, the reset voltage condition is 
different. Therefore, this section describes about reset. It also describes the oscillating circuit for low supply 
voltage operation. 
For information concerning other functions, refer to "CHAPTER 2. FUNCTIONAL DESCRIPTION." 

7.2.1 Reset 
The CPU becomes reset state when "L" level is applied to the RESET pin while the supply voltage is 
between 2.7 and 5.5V. Only the reset voltage condition and the reset circuit are different from M37732S4FP. 
The reset operation, internal registers state at reset, and software reset of M37732S4LGP are identical to 
M37732S4FP. Therefore refer to "CHAPTER 3. RESET" for details. 
The reset circuit is described below. 

( 1) Reset circuit 
The reset circuit must be designed so that the reset input voltage is 0.55V or lower when the supply 
voltage reaches 2. 7V as shown in Figure 7 .2.1. 
Figure 7.2.2 shows the example of a power-on reset circuit using the system reset IC M62003L/FP. 

Vee 

ov 

ov 

/Power on 

2.?V 

Fig. 7.2.1 Power-on reset condition 
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M37732S4LGP 

M62003L 

Vee 

INT 1--------1 
(Interrupt signal) 

RESET (Reset signal) 
GND 

'" In case of Cd=0.07µF, the delay time Id is about 1 Oms. 

ld"'0.152Cd [ µs], Cd: [ µF] 

Fig. 7.2.2 Power-on reset circuit example 
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7.2.2 Oscillating circuit 
The M37732S4LGP has the same internal oscillating circuit as M37732S4FP. The frequency input to the 
clock input pin X1N is divided in half to obtain the internal clock cp. This cp is further divided in half to obtain 
the bus cycle. 
Either a ceramic resonator or a crystal resonator can be connected externally to the internal oscillating 
circuit. An external clock signal can be supplied to the internal oscillating circuit. The circuit examples using 
these resonators and external clock are identical to M37732S4FP. 
Figure 7.2.3 shows the oscillating circuit example using a ceramic resonator. 
The circuit constants such as R1, Rd, C1N, and CouT must be set to the resonator manufacturer's recom­
mended values. 

M37732S4LGP 

XouT 

.J,. CouT 

Fig. 7.2.3 Oscillating circuit example using a ceramic resonator 
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7 .3 Electrical characteristics 

7.3.1 Absolute maximum ratings 

Absolute maximum ratings 
Symbol Parameter Conditions Ratings Unit we- Suppfyvoltage -0.3 to 7 v 

AVcc Anal~ supp!Y_ volt<!.9_e -0.3 to 7 v 
V1 Input voltage RESET, CNVss, BYTE -0.3 to 12 v 
V1 Input voltage Aa/Da-A23/Q7, P43-P47, P5o-P57, -0.3 to Vcc+0.3 v 

P6o-P67, P7o-P77, P8o-P87, VREF, X1N, 
HOLD, ROY 

Vo Output voltage Ao-A7, Aa/Da-A23/07, P43-P47, P5o-P57, -0.3 to Vcc+0.3 v 
P6o-P67, P7o-P77, P8o-P87, Xour, E, 
</11, HLDA, ALE, BHE, R/W 

Pd Power dissipation Ta=25°C 300 (Note) mW 
Topr O_Q_eratirig_ tem_e_erature -40 to 85 oc 
Tstg Stora_g_e tem_e_erature -65 to 150 oc 

Note: In case of M37732S4LHP, the rating of power dissipation is 200mW. 
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7.3.2 Recommended operating conditions 

Recommended operating conditions (Vee=2.7 to 5.5V, Ta=-40 to B5°C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit Min. ~ Max. 
Vee Sup_21y_ voltage 2.7 5.5 v 
AVee Analog sup_..e!y voltage Vee v 
Vss Supp~ voltag_e 0 v 
AVss Analog supply voltage 0 v 
V1H High-level input voltage P43-P47, P5o-P51, P60-P61, 0.BVee Vee v 

P7o-P71, PB0-PB1, X1N, RESET, 
CNVss, BYTE, HOLD, ADY 

V1H H.!g_h-level i~t volt~e Aa/Da-A23/01 0.5Vee Vee v 
V1L Low-level input voltage P43-P47, P5o-P51, P60-P61, 0 0.2Vee v 

P7o-P71, PB0-PB1, X1N, RESET, 
CNVss, BYTE, HOLD, ADY 

V1L Low-level input voltage Aa/Da-A23/01 0 0.16Vee v 
loH (peak) High-level peak output current Ao-A1, Aa/Da-A23/Q7, P43-P41, -10 mA 

P5o-P57, P6o-P67, P7o-P71, 
PBo-PB7, ¢1, HTDA, ALE, SHE, 
R/W 

loH (avg) High-level average output current Ao-A;, Aa/Da-A23/D1, P43-P47, -5 mA 
P5o-P57, P6o-P67, P7o-P71, 
P8o-PB7, ¢1, HLDA, ALE, B-HE, 
RiW 

loL (peak) Low-level peak output current Ao-A?, Aa/Da-A23/Q7, P43-P47, 10 mA 
P5o-P57, P6o-P67, P7o-P71, 
PBo-P87, ¢1, i{L[)A, ALE, BHE, 
R/W 

loL (avg) Low-level average output current Ao-A7, Aa/Da-A23/01, P4:i-P41, 5 mA 
P5o-P57, P6o-P67, P7o-P71, 
P8o-P87, ¢1, RLDA, ALE, BHE, 
R/W 

f(X1N) External clock frequency i~ut B MHz 

Note 1: Average output current is the average value of a 1 OOms interval. 
2: The sum of IOL (peak) for Ao-A?, Aa/Da-A23/D?, HLbA, ALE, BHE, RNJ, and port PB must be BOmA or less, 

the sum of loH (peak) for Ao-A?, Aa/Da-A23/D7, Hl..DA, ALE, BHE, Rff.J, and port PB must be BOmA or less, 
the sum of IDL (peak) for ports P4, P5, P6, P?, and ¢1 must be BOmA or less, and the sum of loH (peak) for 
ports P4, P5, P6, P?, and ¢1 must be 80mA or less. 
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7.3.3 Electrical characteristics and A·D converter characteristics 

Electrical characteristics (Ta=25°C, f(X1N)=8MHz, unless otherwise noted) 

Symbol Parameter Test conditions Limits 
Unit Min. ~ Max. 

VoH High-level output voltage Ao-A7, Aa/Da-A23/07, Vcc=5V, loH=-10mA 3 v 
P4J-P41, P5ir-P51, P6o-P67, 
P7ir-P71, P80-P81, ¢1, Vcc=3V, loH=-1mA 2.5 
HLDA, BHE, Rfill 

VoH High-level output voltage Ao-A7, As/Da-A23/07, ¢1, Vcc=5V, loH=-400µA 4.7 v 
• HLDA, BHE, Rfil 

VoH High-level output voltage ALE Vcc=5V, loH=-10mA 3.1 v 
Vcc=5V, loH=-400µA 4.8 
Vcc=3V, loH=-1mA 2.6 

VoH High-level output voltage E Vcc=5V, loH=-10mA 3.4 v 
Vcc=5V, loH=-40Qg_A 4.8 
Vcc=3V, loH=-1mA 2.6 

VoL Low-level output voltage Ao-A7, Aa/Ds-A23fD7, Vcc=5V, loL=10mA 2 v 
P4J-P41, P5o-P51, P6o-P67, 
P7ir-P77, P81r-P81, ¢1, 
HLDA, BRE, RfN 

Vcc=3V, loL=1 mA 0.5 

VoL Low-!evel output voltage Ao-A7, As/Ds-A2>/D1, ¢1, Vcc=5\/, loL=2m.A. 0.45 v 
HLDA, BHE, R/W 

VoL Low-level output voltage ALE Vcc=5V, loL=10mA 1.9 v 
Vcc=5V, loL=2mA 0.43 
Vcc=3V, loL=1mA 0.4 

VoL Low-level output voltage E Vcc=5V, loL=1 OmA 1.6 v 
Vcc=5V loL=2mA 0.4 
Vcc=3V, loL=1 mA 0.4 

VT+-VT- Hysteresis ri·oLo, Fiov, TA01N-TMN, rno1N-TB21N, Vcc=5V 0.4 1 v 
INfir-fNf2, ADTRG, CfSo, CfS1' CLKo, CLK1 Vcc=3V 0.1 0.7 

Vr+-VT- Hysteresis RESET Vcc=5V 0.2 0.5 v 
Vcc=3V 0.1 0.4 

VT+-VT- Hysteresis X1N Vcc=5V 0.1 0.3 v 
Vcc=3V 0.06 0.2 

iiH High-level input current As/Ds-A23/07, P4J-P41, Vcc=5V, V1=5V 5 µA 
P5ir-P51, P6ir-P67, P7ir-P71, 
P81r-P81, X1N, RE-SEf, CNVss, Vcc=3V, V1=3V 4 
BYTE, HOLD, ADY 

Ill Low-level input current As/Ds-A23fD7, P4J-P41, Vcc=5V, V1=0V -5 µA 
P5ir-P51, P6ir-P67, P7ir-P71, 
P81r-P81, X1N, RESEt, CNVss, Vcc=3V, V1=0V -4 
BYTE, ROLD, RDY 

VRAM RAM hold volt~e When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=8MHz, l V cc=5 V 6 12 mA 

pin is open square waveform jVcc=3V 4 8 
and other pins Ta=25°C 1 µA 
are Vss during when clock is stopped. 
reset. Ta=85°C 20 

when clock is stopped. 
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A·D converter characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=BMHz, unless otherwise noted} 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
- Resolution VREF=Vcc 8 Bits 
- Absolute accuracy_ VREF=Vcc ±3 LSB -

A LADDER Ladder resistance VREF=Vcc 2 10 kQ 
tcDNV Conversion time 28.5 J!.S 
VREF Reference volt~e 2.7 Vee v 
V1A Analog input voltage 0 VREF v 

7.3.4 Timing requirements 

Timing requlements (Vcc=2.7 to 5.5V, Vss=OV, Ta=25°C, f(X1N}=8MHz, unless otherwise noted} 

External clock Input 

Symbol Parameter Limits 
Unit Min. Max. 

----~·--

le External clock input cycle time 125 ns 
tw(H) External clock i~t h!g_h-level~lse width 50 ns 
!w(L) External clock i~t low-level_Qulse width 50 ns 
Ir External clock rise time 20 ns 
11 External clock fall time 20 ns 

Microprocessor mode 

Symbol Parameter Limits 
Unit Min. Max. 

lsu(DH-E) Data high-order input setup time 80 ns 
-

tsu(DL-E) Data low-order input setup time 80 ns 
lsu(P40--E) Port P4 input setup time 300 ns 

----lsu(P50--E) Port P5 input setup time 300 ns 
tsu(P60--E) Port P6 input setup time 300 ns 
lsu(P70--E) Port P7 input setup time 300 ns 

Tsu(P80--E) Port P8 input setup time 300 ns 
tsu(RDY~) RITT' input setup time 90 ns 
tsu(HOLD-4") HOLD input setup time 90 ns 
th(E-DH) Data high-order input hold time 0 ns 
th(E-DL) Data low-order input hold time 0 ns 
th(E-P4D) Port P4 input hold time 0 ns 
th(E-P5D) Port P5 input hold time 0 ns 
th(E-PSD) Port P6 input hold time 0 ns 

----·-·-----
th(E-P7D) Port P7 input hold time 0 ns 

---
th(E-P8D) Port PB input hold time 0 ns 
\h(~-RDY) ROY i~t hold time 0 ns 
th(~-HOLD) HOLD input hold time 0 ns 
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Timer A Input (count input in event counter mode) 

Symbol Parameter Limits Unit 
Min. Max. 

tc(TA) T Ai1N input cycle time 250 ns 
tw(TAH) TAi1N input high-level pulse width 125 ns 
tw(TAL) TAi1N input low-level pulse width 125 ns 

Timer A Input (gating input in timer mode) 

Symbol Parameter Limits 
Unit Min. Max. 

tc(TA) T AiiN input cycle time 1000 ns 
!w(TAH) TAi1N in_QUt hig_h-level_QUlse width 500 ns 
tw(TAL) TAi1N input low-level pulse width 500 ns 

Timer A input (external trigger input in one-shot pulse mode) 

Symbol Parameter 
Limits 

Unit Min. Max. 
tc(TA) T Ai1N il'!E_ut '2i'._Cle time 500 ns 
tw(TAH) TAi1N il'!E_ut h.!g_h-level_e_ulse width 250 ns 
tw(TAL) TAi1N i'!e_ut !ow-!eve!_2!1!se width 250 ns 

Timer A input (external trigger input in pulse width modulation mode) 

Symbol Parameter 
Limits 

Unit 
Min. Max. -----· ·----

tw(TAH) TAi1N input high-level pulse width 250 ns 
tw(TAL) TAi1N input low-level pulse width 250 ns 

Timer A input (up-down input in event counter mode) 

Symbol Parameter Limits 
Unit 

Min. Max. 
!c(UP) T Aiour il'!E_ut cycle time 5000 ns 
tw(UPH) TAiour input high-level pulse width 2500 ns 
!w(UPL) T Aiour input low-level pulse width 2500 ns 
tsu(UP-TiN) T Aiour input setup time 1000 ns 
th(T,N-UP) T Aiour input hold time 1000 ns 

Timer B input (count input in event counter mode) 

Symbol Parameter 
Limits 

Unit Min. Max. 
tc(TB) TBi1N i'!e._ut <2'._Cle time (one ed_g_e count) 250 ns 
tw(TBH) TBi1N input high-level pulse width (one edge count) 125 ns 
tw(TBL) TBi1N input low-level pulse width (one edge count) 125 ns 
tc(TB) TBi1N input cycle time (both edges count) 500 ns 
tw(TBH) TBi1N input high-level pulse width (both edges count) 250 ns 
tw(TBL) TBi1N input low-level pulse width (both edges count) 250 ns 
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Timer B input (pulse period measurement mode) 

Symbol Parameter Limits Unit Min. Max. 
tc(TB) TBi1N input cycle time 1000 ns 
tw(TBH) TBi1N input high-level pulse width 500 ns 
tw(TBL) TBiiN input low-level pulse width 500 ns 

Timer B input (pulse width measurement mode) 

Symbol Parameter 
Limits 

Unit Min. Max. 
tc(TB) TBiiN input cycle time 1000 ns 
tw(TBH) TBiiN input high-level pulse width 500 ns 
tw(TBL) TBiiN in.£.Ut low-level pulse width 500 ns 

A·D trigger input 

Symbol Parameter 
Limits 

Unit Min. Max. 
tc(AD) ADrnG in.£!.Jt cycle time (minimum allowable trig_g__er) 2000 ns 
tw(ADL) ADrRG input low-level pulse width 250 ns 

Serial 1/0 

Symbol Parameter 
Limits 

Unit Min. Max. 
tc(CK) CLK; input cycle time 500 ns 
tw(CKH) CLK1 input h_ig_h-level pulse width 250 ns 
tw(CKL) CLK1 input low-level pulse width 250 ns 
td(C-Q) TxD1 ou!E_ut del~ time 170 ns 
th(C-0) TxD1 hold time 30 ns 
lsu(D-C) RxD1 i~t setu.£. time 80 ns 
!h(C-D) RxD1 i~t hold time 100 ns 

External interrupt INT; input 

Symbol Parameter 
Limits 

Min. Max. Unit 

tw(INH) INTi input high-level pulse width 250 ns 
tw(INL) INTi input low-level pulse width 250 ns 
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7.3.5 Switching characteristics 

Switching characteristics (Vcc=2.7 to 5.5V, Vss=OV, Ta=25°C, f(X1N)=8MHz unless otherwise noted) 

Microprocessor mode (when wait bit is "1 ") 

Symbol Parameter Test conditions Limits 
Unit Min. Max. 

td(Al-E) Address low-order output delay time 50 ns 
!d(E-DHQ) Data high-order output delay time (BYTE="L") 130 ns 
tpxz(E-DHZ) Floating start delay time (BYTE="L") 10 ns 
td(AM-E) Address middle-order output delay time 50 ns 
td(AM-ALE) Address middle-order output delay time 40 ns 
td(E-DLQ) Data low-order output delay time 130 ns 
tpxz(E-DLZ) Floating start delay time 10 ns 
td(AH-E) Address high-order output delay time 50 ns 
!d(AH-ALE) Address high-order output delay time 40 ns 
ld(~'-HLDA) HLDA ou!e_ut delay time 120 ns 
td(ALE-f) ALE ou!e_ut delciy_ time 4 ns 
tw(ALE) ALE pulse width 60 ns 
td(BHE-E) BHE ou!e_ut delay time 50 ns 
td(RIW-E) R/W output delay time 50 ns 
td{E-~} ¢1 cu~~t de!av time 0 40 _ ns_--i 
th(E-AL) Address low-order hold time Fig. 7.3.1 50 ns 
th(ALE-AM) Address middle-order hold time (BYTE="L") 9 ns 
th(E-DHQ) Data hig_h-order hold time (BYTE="L") 50 ns 
tpzx(E-DHZ) Floating release delay time (BYTE="L") 95 ns 
th(E-AM) Address middle-order hold time (BYTE="H") 50 ns 
lh(ALE-AH) Address high-order hold time 9 ns 
!h(E-DLQ) Data low-order hold time 50 ns 
tpzx(E-DLZ) Floating release delay time 95 ns 
th(E-BHE) SHE hold time 18 ns 
th(E-RIW) R/W hold time 18 ns 
td(E-P4Q) Port P4 data output delay time 300 ns 
td(E-P5Q) Port PS data output delay time 300 ns 
td(E-PBC) Port P6 data output delay time 300 ns 
!d(E-P70) Port P7 data output delay time 300 ns 
td(E-PSQ) Port PB data output delay time 300 ns 
tw(El) E pulse width 210 ns 
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Microprocessor mode (when wait bit= "O", and external memory area is accessed) 

Symbol 

td(AL-E) 
td(E-DHQ) 

I lpxz(E-DHZ) 
td(AM-E) 
td(AM-ALE) 
td(E-DLO) 
tpxz(E-DLZ) 
td(AH-E) 
td(AH-ALE) 
td('1-HLDA) 
td(ALE-E) 
tw(ALE) 

[Td(BHE-E) 
td(R/W-E) 
td(E-'1) 

[Th(E-AL) 
th(ALE-AM) 
th(E-DHQ) 
tpzx(E-DHZ) 
th(E-AM) 
th(ALE-AH) 
th(E-DLO) 
tpzx(E-DLZ) 
th(E-BHE) 
th(E-R/W) 
td(E-P4Q) 
td(E-P50) 
td(E-P60) 

fTd(E-P7Q) 
td(E-PSQ) 
tw(EL) 
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Parameter Test conditions 

Address low-order ou!QUt delel}'_ time 
Data 1!!9:h-order output delq time (BYTE="LJ. 
Floating start delay time{BYTE="L") 
Address middle-order ou![ut del~ time 
Address middle-order output delay time 
Data low-order ou!E_Ut del~ time 
Floating start delay time 
Address hJg_h-order ou!Q_ut delel}'_ time 
Address hJg_h-order ou!Q_ut delel}'_ time 

I HLDA output delel}'_ time 
ALE output del~ time 
ALE pulse width 
~ ou!E?_ut del~ time 
R/W ou_ti:>_ut delel}'_ time 
qn output delay time 
Address low-order hold time 
Address middle-order hold time]BYf E;,;'·LJ_ 

Fig. 7.3.1 

Data h_igh-order hold time (BYTE="L") 
Floating release delay time (BYTE="L") 
Address middle-order hold time (BYTE="H") 
Aadress ~o!Q.er _n_o~ time 

·····---
Data low-order hold time 
Floating release delay time 
·eHE hold time 
R/W hold time 
Port P4 data ou.!P_ut delay time 
Port P5 data ou~ut del~ time 
Port P6 data output delay time 
Port P7 data ou.!e_ut del~ time 

........... 
_ .. 

Port PB data ou!E_ut delq time 
'Epulse width 

Ao-A? 
Aa/Da-A23/D1 r----p----u 

P4 
PS 
P6 
P7 
PB 

HLDA 

ALE 
BHE 
R/W 

¢1 

E 

;;; 100pF 

Fig. 7 .3.1 Testing circuit for ports 

Limits 
Unit Min. Max. 

50 ns 
130 ns 
10 ns 

50 ns 
40 ns 

130 ns 
10 ns 

50 ns 
40 ns 

120 ns 
4 ns 

60 ns 
50 ns 
50 ns 
0 40 ns 

50 ns 
9 ns 
50 ns 
95 ns 
50 ns 
9 ns 

50 ns 
95 ns 
18 ns 
18 ns 

300 ns 
300 ns 
300 ns 
300 ns 
300 ns 

460 ns 
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7.3.6 Equations for calculating the parameters 
Table 7.3.1 shows the equations for calculating the following parameters. 

tw(ALE) ...................... ALE pulse width 

tfi(EL) .... . ................. E pulse width 

td(ALIAM/AH-E) ......... Address output delay time 

td(AM/AH-ALE) .......... Address output delay time 

td(BHE-E) .................. BHE output delay time 

Table 7.3.1 Equations tor calculating parameters ----- M37732S4LGP, M37732S4LHP 

f(XIN) 

tw(ALE) 

f(XIN) :s; 8MHz 

1 x 109 

f(XIN) - 65 
------+-------------' ··-
tw(EL) 2 X 109 

Wait bit= "1" i(XIN) - 40 

-----~-------------
tw(EL) 4 X 109 
Wait bit = "O" f(XIN) - 40 

td(AL/AM/AH-E) 

td(BHE-E) 
td(R/W-E) 

1 x 109 

50 + f(XIN) - 125 

tpzx(E-DLZ/DHZ) 

!h(E-AL/AM) 
th(E-DLO/DHQ) 

ld(AM/AH-ALE) 

1 x 109 

f(XIN) - 30 

1 x 109 

2 X f(XIN) - 12·5 

1 x 109 

f(XIN) - 85 

Unit : ns 

td(R/W-E) ................... R/W output delay time 

tpzx(E-DLZ/DHZ) ....... Floating release delay time 

th(E-AL/AM) ............... Address hold time 

th(E-DLO/DHO) ......... Data hold time 
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7.3.7 Timing diagram 

Timing diagram 
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f(XIN) 

E 

Port P4 output 

Port P4 input 

Port PS output 

Port PS input 

Port P6 output 

Port P6 input 

Port P7 output 

Port P7 input 

Port PB output 

Port PB input 

7 .3 Electrical characteristics 
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TAiiN input 

TAiour Input 

~ lc(TA) 1 
-----{ !~~> \------lw-(TA_L_) ----'~----,..._ _____ _ 

t !c(UP) 1 ----f ~~ \ '"~" ~.-----,'------
T Aiour input 
(Up-down input) ) 

In event counter 
mode T AiiN input 

(When count by falling) v 'J 
th(T1N-UP) tsu(UP-T1N) 

TAiiN input 
(When count by rising) 

TBilN Input 

~ tc(TB) 1. -----f ,.,ra"' \~----tw-(TB_L_) ----~----, .... _____ _ 

ADrna input 

t lc(AD) l 
-i'·"~' { i-----1-

..._ tc(CK) ...... 
tw(CKH) 

--:1 
CLK1 .J1 1 

tw(CKL) 

~ 
lh(C-Q) ...... 

TxD1 :x K 
RxD1 

~ td(C-0) 

1r."'-
tsu(D-C) 

->jth(C-0) 

1 i 
INTI input r··~ l-~ __ tw_(INH_l __ )--1 
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Microprocessor mode 

(When wait bit="1 ") 

1/11 

ADY input 

(When wait bit="O") 

ADY input 

I 
I 

7 .3 Electrical characteristics 

r-·--·----·-·----------····---··--· 

!su(RDY-•1) th(•1-RDY) 

I 
I 

r··-------------------------------· 

(When wait bit="1" or "O" in common) 

232 

HOLD input 

HLDA output 

Test conditions 
•Vcc=2.7 to 5.5V 
•Input timing voltage 
•Output timing voltage 

(d(•1-HLDA) 

: V1L=0.2Vcc, V1H=0.8Vcc 
: VoL=0.8V, VoH=2.0V 

td(•1-HLDA) 
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Microprocessor mode (When wait bit="1 ") 

1/11 

Ao-A1 output 

As/Os-A1s/015 
output 
(BYTE="L") 

As-A15 output 
(BYTE="H") 

Os-015 input 

A11;/0o-A:dD1 
output 

Oo-01 input 

ALE output 

BHE output 

R/W output 

Test conditions 
• Vcc=2.7 to 5.5V 

!h(ALE-AM) 

Address 

!d(AM-ALE) 

!d(R1W-E1 

•Output timing voltage : VoL=0.8V, VoH=2.0V 
• Do-D1s input : V1L=0.16Vcc, V1H=0.5Vcc 

lw(EL) 

!h(E-AL) ld(AL-E) 

lh(E-AM) !d(AM-E) 

7 .3 Electrical characteristics 

Address 
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Microprocessor mode (When wait bit="O", and external memory area is accessed) 

I (X1N) 

Ao-A1 output 

Aa/Oa-A15'015 
output 
(BYTE="L") 

Aa-A1s output 
(BYTE="H") 

Os-01s input 

A rn/Oo-A2:i/ 01 
output 

Oo-01 input 

ALE output 

BHE output 

R/W output 

Test conditions 
• Vcc=2.7 to 5.5V 

!d(BHE-E) 

•Output timing voltage : VoL=0.8V, VoH=2.0V 
• Do-D1s input : V1L=0.16Vcc, V1H=0.5Vcc 
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7 .4 Standard characteristics 
The data described in this section are characteristic examples for M37732S4LHP. The data is not guaran­
teed value. Refer to section "7.3 Electrical characteristics" for rated values. 

7.4.1 Standard port characteristics 

(1) Programmable 1/0 port (CMOS output) P channel !oH-VoH characteristics 

Supply voltage Vcc=3V 
P channel 

25.01---+---t---+--+--+---+---t---+--+--+---+-----< 

20.0 +---+---+---+----+--+---+---+---+----+--+---+-----< 

Ta=-40°C 

10.or-Ta-as0 c 

5.0f---···1 -r---i--+1--+-Y- - ~~--
O'---'---'-~-'---'----'~~---"-~"---'----'-~~~~ 

0.5 1 .0 1.5 2.0 2.5 3.0 

VoH [VJ 

(2) Programmable 1/0 port (CMOS output) N channel loL-VoL characteristics 

Supply voltage Vcc=3V 
N channel 

25.01---+-+---+----+--+---+--+-·---+---+-·-+--·--+-----1 

5.0 ff 
oJt:: 

0.5 1.0 1.5 

VoL[VJ 

Ta=-40°C 

2.0 2.5 3.0 
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7.4.2 lcc-f(X1N) standard characteristics 

(1) lcc-f(X1N) characteristics on operating and at reset 

Measurement condition (Vcc=3V,Ta=25°C, f(X1N): square wave input, microprocessor mode) 

6.0 On operating 

< I .E. 4.0 

~ 

2.0 

0 5 10 15 

f(X1N) [MHz] 

(2) lcc-f(X1N) characteristics during wait 

Measurement condition (Vcc=3V,Ta=25°C, l(X1N): square wave input, microprocessor mode) 

_.. 2.0 l-----+---+-----4---l-----+----i 
<t: 
.E. 
~ 

O'--~--'"~~-'-~~~~~'--~--'"~~--' 

5 10 15 
f(X1N) [MHz] 
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7.4.3 A·D converter standard characteristics 
The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code from 
0416 to 051s should occur at ANi=52.7mV, but the measured value is 2.9mV. Therefore, the measured point 
of change is 52.7+2.9=55.6mV. 

The lines at the top of the graph indicate the input voltage width for which the output code is constant. For 
example, the measured input voltage width for which the output code is OF1s is 12.4mV. Therefore, the 
differential non-linear error is 12.4-11.7=0.7mV (0.06LSB). 

[Measurement condition] 
e Vee = 3V 
• VREF = 3V 
e X1N = 8MHz 
• Temp. = 2s0 c 

11 I ...,~,.P..l..""""'1<!=\.f/\.:>.o!'-Ab¥ .......... ~-uW-'1>-'-""'"f-...--"".o.,j,.A-""'t--..f.O."+-d-"""'-f---..6."""'tv--"f''---t-"""('"J.J.l-t-.o.o...-t'17'........, 117 + 1 LSB 
.7 rr-v rv -v CT ]!__ ~ ' v v v :y_ Iv 

h 

16 14 32 40 48 

11.J ~ I'\. 

~ 

v. 

-11.7 1-- -- -- -- -- --

56 64 
STEP NO. 

72 80 88 96 104 111 110 118 

..0.., l'I. .,...,. 
·~ 

..o...A vf/'t """ l.p..., 'V ~ 
v 11.7 

h 1-M'M ....r;:;:w_ 
y 1-"-' ''f::'.: 

-- -- -- -- -- -- -- -- -- -- -11.7 

128 136 144 152 160 168 176 184 192 200 208 216 214 232 240 248 256 
STEP NO 

+lLSB 

~ 
"' ~ 
! 
-lLSB 
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MEMORANDUM 
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8.1 Description 

8.1 Description 
The M37730 group is an external ROM version 16-bit microcomputer designed with high-performance silicon 
gate CMOS technology. It is housed in an 64-pin plastic molded QFP or 64-pin shrink plastic molded DIP. 
This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data 
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also be switched 
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial 
equipment controllers that require high-speed processing of large amounts of data. 
M37730 group has the same functions as M37732 group except for a few parts. Therefore, the differences 
between M37730 group and M37732 group are mainly described in this chapter. M37730 group has the 
same functions as M37732 group except for the functions described in this chapter. Therefore, refer to 
"CHAPTER 2. FUNCTIONAL DESCRIPTION" for them. 

8.1.1 M37730 group 
The M37730 group consists of chips shown in Table 8.1.1 with the M37730S2FP as the base chip. The 
differences between these chips are the operating clock frequencies and the package outlines. Hereafter, 
the M37730 group microcomputers will be referred to simply as the M37730S2FP unless there is a specific 
difference by version. 

Table 8.1.1 M37730 group 
ROM RAM Clock 

Type name size size frequency Package Remarks 
_ib_yte~ ltwesl (MHz) 

M37730S2FP 8 
M37730S2AFP 16 64P6N-A High-speed version of M37730S2FP 
M37730S2BFP 

External 1024 
25 Super high-speed version of .M37730S2FP 

M37730S2SP 8 
M37730S2ASP 16 64P4B High-speed version of M37730S2SP 
M37730S2BSP 25 Super high-speed version of M37730S2SP 

240 



M37730 GROUP 
8.1 Description 

8.1.2 Performance overview 
Table 8.1.2 shows the performance overview of M37730S2FP. 

Table 8.1.2 M37730S2FP performance overview 
Parameters Functions 

Number of basic instructions 103 

Instruction execution time M37730S2FP, M37730S2SP 500ns (the fastest instruction at BMHz frequency) 

M37730S2AFP, M37730S2ASP 250ns (the fastest instruction at 16MHz frequency) 

M37730S2BFP, M37730S2BSP 160ns (the fastest instruction at 25MHz frequency) 

Operating clock frequency M37730S2FP, M37730S2SP 8MHz (maximum) 

M37730S2AFP, M37730S2ASP 16MHz (maximum) 

M37730S2BFP, M37730S2BSP 25MHz (maximum) 

Memory size RAM 1024 bytes 

Input/Output ports Ports P5, P6 8 bits x 2 

Port P4 5 bits x 1 

Port PS 4 bits x 1 

Multi-function timers TAO, TA1, TA2,TA3, TA4 16 bits x 5 

TBO 16 bits x 1 
·-~~-~--~"-~ 

Serial 1/0 (UART or clock synchronous serial 1/0) x 1 

Watchdog timer 12 bits x 1 

Interrupts 3 external, 11 internal (priority levels 0 to 7 can be 

set for each interrupt with software) 

Clock generating circuit Built-in (externally connected to a ceramic or 

crystal resonator) 

Supply voltage 5V±10% 

Power dissipation 30mW (operating clock frequency= 8MHz) 

Input/Output characteristics Input/Output voltage 5V 

Output current 5mA 
Memory expansion Maximum 16M bytes 

Operating temperature range -20 to 85°C 

Device structure High-performance silicon gate CMOS process 

Package M37730S2FP/AFP/BFP 64-pin plastic molded QFP 
M37730S2SP/ASP/BSP 64-pin shrink plastic molded DIP 
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8.1.3 Pin configuration 
Figure 8.1.1 shows the M37730S2FP pin configuration and figure 8.1.2 shows the M37730S2SP pin configuration. 

1~ ti: 
z z 1(5 0 0 0 

:!1~1f'.=1~ &l en ~ o o 
1-_JX>< 

I::::~~~ ';i; u~~~~ ..... C\J ""M-;;, <DI'-
W<.oc.DWWWW <..>a:>CX>a:>a> o ..- NM 
~~~~~~~>~~~~<<<< 

+++++++ + i + + t t t t 

P6offA4our/RTP13 ._. 1 - A4 
P51ffA31N ._. 2 - A5 

P561TA3our/RTP12 ._. 3 - As 
P55!TA21N/RTP1 i ._. s:: - A1 

P54ffA2our/RTP1o .... w - Aa/Da 
P53ff A 1 IN/RTP03 ._. s -...J - Ag/Dg 

P52ffA1our/RTP02 ._. 7 -...J - A10/D10 
r'51ffA01N/RTP01 ._. w - An/D11 

P5off AOouriRTPOo ._. 0 - A12iD12 
P47._ CJ) - A13/D13 
P46._ 11 I\) - A14/D14 
P4s._ "TI - A1s/D1s 
P44._ -a - A16/Do 
p43- -A11/D1 
.pi- - A1a/D2 

RDY--+ - A19/D3 

ttttti+ iiii++i+ 
lo w "'It- ;;;; >- iw "'I< w lw IS: "' "' "' "' ~~~wx5 ~o~I~ 0 eee 
O zen x ~<co ~!iic;;!i: 
ICD(.)~ I <<<< 

Outline 64P6N-A 

Fig. 8.1.1 M37730S2FP pin configuration (top view) 
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Vee 
P67++ 

P6s++ 

P65/TBOIN ++ 

P641TNi'2 ++ 

P63/INT1 ++ 

P62/INT0 ++ 

P61/T A41N ++ 

P6o/TA4ouT/RTP13 ++ 

P56/TA3our/RTP12 ++ 11 

P551TA21N/RTP1 i ++ 12 

P54/TA2our/RTP1o ++ 13 

P53/TA11N/RTP03 ++ 14 

P52/T A 1 OUT/RTP02 ++ 15 

P51/TA01N/RTP01 ++ 16 

P5o/TAOOUT/RTPOo ++ 17 

Vss 

Outline 64P4B 

Fig. a.1.2 M37730S2SP pin configuration (top view) 

8.1 Description 
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8.1.4 Pin description 
Table 8.1.3 shows the pin description. 

Table 8.1.3 Pin descr~tlon (1) 
Pin Name Input/Output - Functions 

Vee, Vss Power supp!)'_ Supp.!l.:5V±10% to Vee and OV to Vss. 
CNVss CNVss input Input Connect to Vee. 
RESET Reset input Input The microcomputer is reset when this_ pin is set to "L" 

level. 
X1N Clock input Input These are the 1/0 pins of the internal clock generating 

circuit. Connect a ceramic or crystal resonator between 
Xour Clock output Output X1N and Xour. When an external clock is used, the clock 

source should be connected to the X1N pin and the Xour 
pin should be left open. 

E Enable output Output Data or instruction read and data write are performed 
when output from this pin is "L" level. 

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-
bit width or 16-bit width. The width is 16 bits when the 
s.!g_nal level is "L" and 8 bits when the s_!g_nal level is "H". 

l/J1 Clock output Output This pin outputs the clock l/J1 which is divided the clock to 
X1N~n by_2. 

ADY Ready input Input The microcomputer is in Ready state while "L" level is 
in..E._ut to this _E!n. 

HOLD Hold input Input The microcomputer is in Hold state while "L" level is input 
to this~n. 

HLDA Hold acknowledge output Output This pin outputs "L" level when microcomputer is in Hold 
state. 

R/W Read/Write output Output The read/write signal indicates the data bus state. The 
data bus state is read when this signal is "H" level and 
write when "L" level. 

BHE Byte high enable output Output "L" level is output when an odd-numbered address is 
accessed. 

ALE Address latch enable output Output This is used to obtain only the address from address and 
d~ta multiQ_lex s.!g_nals. 

Ao-A1 Address bus low-order ou~t Ou!E>_ut Low-order 8 bits (Ao-Atl_ of the address bus are ou!E>_ut. 
Ae/Ds-A1s/D1s Address bus middle-order output/ 1/0 •When the external bus width is 16 bits. (The BYTE pin 

Data bus high-order 1/0 is at "L" level.) High-order 8 bits (Ds-D1s) of the data 
bus are input or output when the E output is "L" level. 
Middle-order 8 bits (As-A1s) of the address bus are 
output when E output is "H" level. 

•When the external bus width is 8 bits. (The BYTE pin is 
at "H" level.) Middle-order 8 bits (As-A1s) of the address 
bus are output. 

A16'Do-A23'D1 Address bus high-order output/ 1/0 Low-order 8 bits _(Do-D1) of the data bus are mput or 
Data bus low-order 1/0 output when the E output is "L" level. High-order 8 bits 

(A11i-A23) of the address bus are output when the E output 
is "H" level. 
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Table 8.1.3 Pin description (2) 
Pin Name Input/Output Functions 

P4J-P41 1/0 port P4 1/0 Port P4 is a S-bit CMOS 1/0 port. This port has a data 
direction register and each pin can be programmed for 
input or output. 

P5o-P51 170port PS 1/0 Port P5 is an 8-bit CMOS 1/0 port. This port has a data 
direction register and each pin can be programmed for 
input or output. These pins also function as 1/0 pins for 
timers AO-A3. 

P6o-P67 1/0 port P6 1/0 This port is an 8-bit 1/0 port with the same function as 
PS. These pins can be programmed as 1/0 pins for 
timer A4, external interrupt input pins for INT0--INT2, and 
input pin for timer BO. 

P8o-P83 1/0 port PB 1/0 This port is an 4-bit 1/0 port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO. 
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8.1.5 Block diagram 
Figure 8.1.3 shows the M37730S2FP block diagram. 

Address Bus 
lncrementer (24) 

Data Bank Register DT (8) 

Input Butter Register IB (16) 

Dlrecl Page Reg~tOf DPR (t6) 

Slack Pointer S (16) 

Index Register Y (16) 

Index Register X ( 16) 

Accumulator B ( 16) 

Accumulator A ( 16) 

Fig. 8.1.3 M37730S2FP block diagram 
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8.2 Functional description 
The functions of the M37730S2FP are described below. The differences between the M37730S2FP and 
M37732S4FP are mainly described in this section. M37730S2FP has the same functions as M37732S4FP 
except for the functions described in this section. Therefore, refer to "CHAPTER 2. FUNCTIONAL DESCRIPTION" 
for them. 
Table 8.2.1 shows the differences between M37730 group and M37732 group. 

Table 8.2.1 Differences between M37730 group and M37732 group 
Functions M37730 Jl"OUp M37732 Jl"O~ 

Memory_ size RAM ...... 1024 twes RAM ...... 2048 twes 
Interrupts 14 sources 19 sources 

External 3 sources 3 sources 
Internal 11 sources 16 sources 

1/0 ports 25 37 
Port P4 5 bits 5 bits 
Port P5 8 bits 8 bits 
Port P6 8 bits 8 bits 
Port P7 s bits 
Port PS 4 bits 8 bits 

Timer 16 bits x 6 16 bits x 8 
Timer A 16 bits X 5 (Timer AO to A<[ 16 bits x 5 lTimer AO to A-0. 
Timer B 16 bits x 1 (Timer BO) 16 bits x 3 (Timer BO to 82) 

Pulse output function 2 (It is possible to control pulse output 2 
(enable/disable) by setting of register or 
external in_Q_ut signal.) 

Serial 1/0 1 2 
UARTO Clock asynchronous/synchronous Clock asynchronous/synchronous 
UART1 Clock asynchronous/synchronous 

A-D converter One 8-bit resolution 
8-channel analog input pin 

Package 64-pin plastic molded QFP (64P6N) 80-pin plastic molded QFP (80P6N-A) 
64-pin shrink plastic molded DIP (64P4B) 80-pin plastic molded QFP (80P6S-A) 

80-pin plastic molded fine-pitch QFP (80P6D-A) 
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8.2.1 Addressable memory space 
The M37730S2FP allocates internal RAM, external memory, 1/0, and various control registers in the same 
memory space. Therefore, data transfer and operation can be performed with the same instruction without 
distinguishing memory and 1/0 area. 
Program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank register (PG) to 
directly access a 16M-byte address space from 01s to FFFFFF1s. 
Figure 8.2.1 shows the addressable memory space. Internal RAM size, SFR memory allocation and interrupt 
vector table memory allocation are different from M37732S4FP. 

?F16 
8016 

47F16 

FFDC1s 

FFFF16 
1000016 

2000016 

FE000016 

FF000016 

FFFFFF16 

D: Internal area 

r"l"j: External area 
.1> ....... .,,. .. .,4 

Special function registers 

Internal RAM 

Fig. 8.2.1 Addressable memory space 
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Bank 016 

Bank FF1s 
(Bank 255) 
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8.2.2 Memory allocatlon 
SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 016. ROM must 
be connected to the external memory area because the M37730S2FP is an external ROM version. 
Figure 8.2.2 shows the memory map. 

(1) SFR (Special Function Registers), Internal RAM and external memory area. 
The allocated SFR, internal RAM and external memory area are described below. 

• SFR area 
Addresses 000016 to OO?F16 of bank 016 are the SFR (Special Function Registers) area. This area 
contains the control registers of internal peripheral devices, 110 ports, timers, and so on. Internal 
peripheral devices can be accessed through these registers. Figure 8.2.3 shows the memory map of 
the SFR area. 
Each bit in the register can be either read-only, write-only, or read/write bit. 
Refer to each block description for the register function in the SFR area. 
Refer to section "8.2.9 Reset" for the state of the SFR at reset. 

• Internal RAM area 
A 1024-byte static RAM is allocated at addresses 008016 to 047F16 of bank 016. In addition to storing 
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore, 
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not 
destroyed. 

• External memory area 
External memory can be set to a 16M-byte space of banks 016 to FF16 excluding SFR area (addresses 
000016 to OO?F16) and internal RAM area (addresses 008016 to 047F16). 
The interrupt vector table allocated to addresses FFDC16 to FFFF16 of bank 016 must be set in ROM. 
This area contains the start address of the interrupt service routine for each interrupt source and 
reset. 
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00000016 

SFR area 

00007F1s t------------1 
0000801s 

Internal RAM 
1024 bytes 

c:J :Internal area 
, ............ .._ 

: i :External area 
...... .!. 

8.2 Functional description 

.. Refer to Figure 8.2.3 for SFR area memory map. 

Interrupt vector table 

UART O transmission 

UART O reception 

Note: DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, 
usually. 

Fig. 8.2.2 Memory map 
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Address (Hexadecimal notation) 

000000 
000001 
000002 
000003 
000004 
000005 
000006 
000007 
OOOOOB 
000009 
OOOOOA 
OOOOOB 
oooooc 
000000 
OOOOOE 
OOOOOF 
000010 
000011 
000012 
0000.13 
000014 
000015 
000016 
0000i7 
00001B 
000019 
00001A 
00001B 
00001C 
000010 
00001E 
00001F 
000020 
000021 
000022 
000023 
000024 
000025 
000026 
000027 
00002B 
000029 
00002A 
00002B 
00002C 
000020 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
00003B 
000039 
00003A 
00003B 
00003C 
000030 
00003E 
00003F 

Port P4 register 
Port P5 reglster 
Port P4 direction r~ster 
Port _£._5 direction r~ster 
Port P6 register 

Port P6 direction r~ster 

£!>rt PB r~ster 

Port PB direction register 

UART 0 transmit/receive mode r@!ster 
UART O baud rate register 

UART o transmission buffer register 

UART O transmit/receive control register O 
UART O transmit/receive control register 1 

UART 0 receive buffer register 

Fig. 8.2.3 SFR area memory map 

-"---·-· 

8.2 Functional description 

Address (Hexadecimal notation) 

000040 
000041 
000042 
000043 
000044 
000045 
000046 
000047 
00004B 
000049 
00004A 
00004B 
00004C 
000040 
00004E 
00004F 
000050 
000051 
000052 
000053 
000054 
000055 
000056 
000057 
000058 
000059 
00005A 
00005B 
00005C 
000050 
00005E 
00005F 
000060 
000061 
000062 
000063 
000064 
000065 
000066 
000067 
000068 
000069 
00006A 
00006B 
00006C 
000060 
00006E 
00006F 
000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
000078 
00007C 
000070 
00007E 
00007F 

-

Count start fl~ 

One-shot start fl~ 

Up-down flag 

Timer AO register 

Timer A 1 register 

Timer A2 register 

Timer A3 register 

Timer A4 register 

Timer BO register 

Timer AO mode register 
Tim&r A 1 mode r~ster 
Timer A2 mode r~ster 
Timer A3 mode register 
T1merA4 mode register 
Timer BO mode r@!ster 

Processor mode register 

Watchd~timer 
Watchd~_Umer frequen~ selection fl@: 
Waveform output mode r~ster 

Pulse output data register1 
Pulse output data r~sterO 

UART 0 transmission interrupt control ~ster 
UART o receive interrupt control r~ster 

Timer AO interrupt control register 
Timer A 1 interrupt control r@_!ster 
Timer A2 interrupt control ~ster 
Timer A3 interrupt control r~ster 
Timer A4 interrupt control register 
Timer BO interrupt control register 

iITTO Interrupt control r~ster 
iITT1 interrupt control register 
INT2 interrupt control r~ster 
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(2) Processor mode 
M37730S2FP can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to 
any area (except for SFR and internal RAM area) within a 16M-byte addressable memory space. 
Figure 8.2.4 shows the structure of the processor mode register. Bits 2 to 5 of the processor mode 
register have the same function as the M37732S4FP. Therefore, refer to section "2.4.3 External 
memory area bus control" for wait bit, section "2.6.6 Interrupt priority level detection time" for interrupt 
priority detection time selection bits and section "3.3 Software reset" for software reset bit. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W W R/W R/W R/W Processor mode register (address 5E1&) 

Fix this bit to "O". 

~-----<Fix this bit to "1" . 

.___ _____ Wait bit 

O : Wait during external access 
1 : No wait 

~-------Software reset bit 

1 : Software reset activated by writing "1" 

'---~----------Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock tfJ 

01 : 4 cycles at internal clock tfJ 

1 O : 2 cycles at internal clock tfJ 

11 : This is not available. 

'-----------------1Fix this bit to "O". 

Note: Bit 7 is undefined at reading. 
Bits o and 2 to 6 are cleared to "O" at reset. 
Bit 1 is set to "1" at reset. 

Fig. 8.2.4 Processor mode register structure 
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8.2.3 Input/Output pins 
The M37730S2FP has 25 programmable 1/0 pins: ports P4-P6, and P8. Ports PS, P6, and PB also function 
as 1/0 pins of the internal peripheral devices. The programmable 1/0 port and pin function are described 
below. 

(1) Programmable 1/0 port 
Each of the programmable 1/0 ports P4-P6 and P8 has a direction register and a port register in the 
SFR area of bank 01s. The direction register can be used to program the port for input mode or output 
mode by one bit. Figure 8.2.5 shows the memory allocation of the direction registers and port registers. 
The differences with M37732S4FP are that the M37730S2FP does not have ports P7 and P84-PB1. 
Therefore, there are no port P7 direction register nor port P7 register and the structure of the port PB 
direction register and port P8 register is different. Figure 8.2.6 shows the register structure of the port 
P4-P6 and P8 direction registers and Figure 8.2. 7 shows the relationship between port P4-P6 and P8 
registers and pins. 

Address I 
B16 

916 

Ais 

B1s 

C16 

016 

Eis 

Fis 

10i6 

11 i6 

12i6 

1316 

141s 

15is 

16i6 

Port P4 register 

Port P5 register 

Port P4 direction register 

Port P5 direction register 

Port P6 register 

Port P6 direction register 

Port PB register 

Port PB direction register 

Fig. 8.2.5 Memory allocation of direction registers and port registers 
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b7 b6 b5 b4 b3 b2 b1 bO 

IR/WI R/W IR/WI R/W IR/WI R/W IR/WI R/W I Port P4-P6, PB direction registers 

I I I I I I I I Port direction selection bits 

O : Input mode (the corresponding pin is an input pin) 
1 : Output mode (the corresponding pin is an output pin) 

Bit b7 b6 b5 b4 b3 b2 b1 bO 
Corresponding pin Pi7 Pis Pis . Pi4 Pi3 Pi2 Pi1 Pio (i=4 to 6, S) 

Note: These registers are cleared to "001s" at reset. 
There are no pins corresponding to the low-order 3 bits of port P4 direction register. 
There are no pins corresponding to the high-order 4 bits of port PS direction register. 

Fig. B.2.6 Port P4-P6, PB direction registers structure 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port P4-P6, PB registers 

Port Pio 
.___ ___ Port Ph 

"---------Port Pi2 
.___ _______ Port Pb 

'------------ Port Pi4 
.___ ___________ Port Pis 

"----------------- Port Pis 
'------------------ Port Pi1 

Note: These registers are undefined at reset. 

(i=4 to 6, S) 

Data input/output is performed by reading or writing the corresponding bit to the pin. 
There are no pins corresponding to the low-order 3 bits of port P4 register. 
There are no pins corresponding to the high-order 4 bits of port PS register. 

Fig. B.2.7 Relatlonshlp between port P4-P6, PB registers and pins 
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(2) Ports P4-P6, PS function 
In addition to the programmable 1/0 port function, the 20 pins of ports P5, P6, and PS also function 
as the 1/0 pins for external interrupt, timer, and serial 1/0. Port P4 functions only as programmable 
1/0 port. Refer to the respective section for the peripheral device 1/0 pin function of ports P5, P6, and 
PB. 
Ports P4-P6 and PS all function as programmable 110 port after removing reset. 
Figure 8.2.8 shows the port peripheral circuit ana Table 8.2.2 shows the functions of ports P4-P6, and 
PS. 
When ports P5, P6, and PS are used as output pins for internal peripheral device, they are forced to 
output mode. To use them as input pins for internal peripheral device, set the port direction register 
to input mode because the contents of the port direction register has higher priority. 

(3) Function of each pin 
The function of each pin is identical to M37732S4FP. Refer to "2.5.3 Pin functions" for details. However, 
pins AVcc, AVss, VREF, ANo-ANs, and AN1/ADrnG do not exist because the M37730S2FP is not equipped 
with an A-D converter. 
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Ports P43-P4s 
(dotted area not included) 

Ports P47, P57, P61-P67, P82 
(dotted area included, however no 

hysteresis for P82) 

Port P83 
(dotted area not included) 

Ports P5o-P5s, P6o 
(dotted area included) 

Ports P8o, P81 

E output pin 

Fig. 8.2.8 Port peripheral circuit 
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Data bus __ __,......, 
~---~ 

Direction register 

Data bus ___ .._.., Port latch 
~---~ 

Data bus---.-
~------' 

r-------- l 
' ' -----------

"1~ 
QJlplll_!~ 

r-·------- ., 
' -i,r--<;jll'"-~: 

-----------
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8.2 Functional description 

Table 8.2.2 Function of ports P4-P6, PB 
Pin Function 1 Function 2 

Port P4 Programmable 1/0 ports 
(P43-P41) 
Port PS Programmable 1/0 ports TAOour/RTPOo (P5o) :Timer AO 1/0 pin I RTPOo output pin 
(P5o-P57) TA01N/RTP01 (P51) :Timer AO input pin I RTP01 output pin 

TA 1our/RTP02 (P52) :Timer A1 1/0 pin I RTP02 output pin 
TA11N/RTP03 (P53) :Timer A1 input pin I RTP03 output pin 
*~ RTPOn (n=O to 3) output pin is available when RTPO function 

is selected. 
TA2our/RTP1o (P54) :Timer A2 1/0 pin I RTP1o output pin 
TA21N/RTP11 (P55) :Timer A2 input pin I RTP11 output pin 
TA3our/RTP12 (P5s) :Timer A3 1/0 pin I RTP12 output pin * RTP1m (m=O to 2) output pin is available when RTP1 function 

is selected. 
TA31N (P51) :Timer A3 input pin 

Port P6 Programmable 1/0 ports TA4our/RTP13 (P6o). :Timer A4 1/0 pin I RTP13 output pin 
(P60-P61) *~ RTP13 output pin is available when RTP1 function is selected. 

TA41N (P61) :Timer A4 input pin 
INTo (P62) :INTo interrupt signal input pin 
INT1 (P63) :INT1 interrupt signal input pin 
INT2 f P64) :INT2 interrupt signal input pin 
TB01~JP6s} :Timer BO inp_ut pjn 

Port PB Programmable 1/0 ports CTSo/RTSo (P8o) :UARTO transmit enable signal input pin when 
(P8o-P83) CTSo function is selected 

UARTO receive enable signal output pin when 
RTSo function is selected 

CLKo (P81) :UARTO transmit/receive clock 1/0 pin 
RxDo (P82) :UARTO receive data input pin 
TxDo (P83) :UARTO transmit data output pin 
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8.2.4 Interrupts 
M37730S2FP has 14 sources of interrupts (3 external and 11 internal). 
The function and operation of the interrupts are identical to M37732S4FP. The structure of each interrupt 
control register is also identical to M37732S4FP. Use the SEB and CLB instructions when setting each 
interrupt control register. 
Figure 8.2.9 shows the memory map of the interrupt control registers. Table 8.2.3 shows the sources of 
interrupts and the corresponding vector address. 

Address 
7016 

7116 

7216 

7316 

7416 

7516 

7616 

7716 

7816 

7916 

7A16 

7816 

7C16 

7016 

7E16 

7F16 

UARTO transmission interrupt control register 

UARTO receive interrupt control register 

Timer AO interrupt control register 

Timer A 1 interrupt control register 

Timer A2 interrupt control register 

Timer A3 interrupt control register 

Timer A4 interrupt control register 

Timer BO interrupt control register 

INTo interrupt control register 

I NT 1 interrupt control register 

INT2 interrupt control register 

Fig. 8.2.9 Interrupt control registers memory map 
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Table 8.2.3 Interrupt sources and vector address 
Vector address 

Interrupt source High-order Low-order Remarks 
address address 

Reset J.Note 11 OOFFFF1a OOFFFE1a Non-maskable 
Zero division OOFFFD1s OOFFFC1s Non-maskable software interrupt 
BRK instruction OOFFFB1s OOFFFA16 Non-maskable software interrupt 
DBC (Note 2) OOFFF91s OOFFF816 Not used normally 
Watchd~ timer OOFFF71s OOFFF616 Non-maskable interrlJ21 
IN To OOFFF51s OOFFF41s External interrupt due to INTa pin input signal 
INT1 OOFFF31s OOFFF216 External intern~_ill due to INT1 pin input signal 
INT2 OOFFF11s OOFFF01s External interrupt due to INT2 pin input signal 
Timer AO OOFFEF1s OOFFEE1s Timer AO internal interrupt 
Timer A1 OOFFED1s OOFFEC1s Timer A 1 internal interrupt 
Timer A2 OOFFEB1s OOFFEA1s Timer A2 internal interrupt 
Timer A3 OOFFE916 OOFFE81s Timer A3 internal interrupt 
Timer A4 OOFFE716 OOFFE616 Timer A4 internal interru_Q_t 
Timer BO OOFFE51s OOFFE41s Timer BO internal interrupt 
UARTO rece_mion OOFFDF1s OOFFDE1s Valid only when the UARTO function is selected. 
UARTO transmission OOFFDD1s OOFFDC1s 
Note 1: Reset is included in this table. 
Note 2: The DBC is an inte;;upt for the exclusive use of the debug control interrupt and is not used, usually. 
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8.2.5 Timer A, timer B 
Timer A of M37730S2FP consists of five 16-bit timers (timer AO to A4). Timer B consists of one 16-bit timer 
(timer BO). 
The function and operation of each timer are identical to M37732S4FP. Refer to "2.7 Timer A" and "2.8 
Timer B" for details. The difference with the M37732S4FP is described below. 

CD The timer 81 and 82 related control registers available with M37732S4FP do not exist in M37730S2FP. 
Figure 8.2.1 O shows the memory map of timer related control registers. 

Address 

3916 

4016 

4116 

4216 

4316 

4416 

4516 

4616 

4716 

4816 

4916 

4A16 

4B16 

4C16 

4016 

4E16 

4F16 

5016 

5116 

5216 

5316 

5416 

5516 

5616 

5716 

5816 

5916 

5A16 

5B16 

5C16 

Count start flag 

One-shot start flag 

Up-down flag 

Timer AO register 

Timer A1 register 

Timer A2 register 

Timer A3 register 

Timer A4 register 

Timer BO register 

Timer AO mode register 

Timer A1 mode register 

Timer A2 mode register 

Timer A3 mode register 

Timer A4 mode register 

Timer BO mode register 

Fig. 8.2.10 Memory map of timer related control registers 
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® The structure of port P6 direction register is different from M37732S4FP. Figure 8.2.11 shows the 
relationship between port P6 direction register and timer pins. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port PS direction register (address 101s) 

TA4our pin 
~---TA4tN pin 

'------- INTo pin 

'---------INT1 pin 
'-----------INT2 pin 

'-------------TBOtN pin 

'---~-------------The pins corresponding to these bits function as 
programmable 1/0 ports. 

Note: This register is cleared to "001s" at reset. 

Fig. 8.2.11 Relationship between port P6 direction register and timer pins 

@ The structure of count start flag is different from M37732S4FP. Figure 8.2.12 shows the structure of 
count start flag. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W Count start flag (address 4016) 

Timer AO count start flag 
~---Timer A 1 count start flag 

'-------Timer A2 count start flag 
'---------Timer A3 count start flag 

'-----------Timer A4 count start flag 

'-------------Timer BO count start flag 

Note: Bits 6 and 7 are undefined at reading. 
Bits O to 5 are cleared to "O" at reset. 

Fig. 8.2.12 Count start flag register structure 
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8.2.6 Pulse output function 
The pulse output function (pulse output port mode) of M37730S2FP allows pulse output control (enable/ 
disable) in addition to the functions of M37732S4FP. The pulse output operation is identical to M37732S4FP. 
However, pulse output pins for RTP1 are slightly different. 
Therefore, the register structure and settings of some control registers are different from M37732S4FP. 
Figure 8.2.13 shows the block diagram of pulse output port mode. The differences are described below. 

Pulse width modulation selection bits 
(address 621s bits 4, 5) 

Timer A3 pulse width 
modulation output 

Timer A1 pulse width 
modulation output 

4 5 

Waveform output control bit 
(address 621s bit 7) 

DQ 

R INTo 

RESET-,._/-~ 

P6o (RTP13) 

PSs (RTP12) 

P5s(RTP11) 

P54 (RTP1o) 

P53 (RTP03) 

l----+===!J--l::=:lJD---f>----0 PS2 (RTP02) 

PS1 (RTP01) 

PSo (RTPOo) 

RTPO polarity selection bit 
(address 621s bit 3) 

Fig. 8.2.13 Pulse output port mode block diagram 
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(1) Pulse output pin 
The pulse output pin for the RTP13 of the M37730S2FP is shared with port P6o (TA4our). The structure 
of other pulse output pins is identical to M37732S4FP. 
Figure 8.2.14 shows the structure of the pulse output pins and pulse output data registers 0 and 1. 

Pulse output data register 1 
(address 6416) 

Pulse output data register 0 
(address 6516) 

bit3 

bit 2 

bit 1 

bit 0 

bit3H·· 
bit2 

bit 1 

""'0~ 

RTP13/P6o 

RTP12/P56 

RTP11/P5s 

RTP1o/P54 

RTP03/P53 

RTP02/P52 

RTP01/P51 

RTPOo/P5o 
} 

Fig. 8.2.14 Pulse output pins and pulse output data register 0, 1 structure 

RTP1 output 

RTPO output 
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(2) Pulse output control 
Figure 8.2.15 shows the relationship between port P6 direction register and pins. Figure 8.2.16 shows 
the structure of the waveform output mode register. 
Pulse output is controlled by the waveform output control bit (bit 7 at address 621a) of the waveform 
output mode register. Pulse output is enabled when the waveform output control bit is set to "1 ". When 
it is "O", pulse output is disabled and the pulse output pin becomes floating state. 
When "L" level signal is input to INTo pin (P62), the waveform output control bit is cleared to "O" and 
pulse output is disabled. Refer to page 266 for the enabling procedure after it is disabled. When using 
the pulse output port mode (pulse output function) disabling function with input signal to INTo pin, set 
to input mode by setting bit 2 of the port P6 direction register (address 101e) to "O". When the pulse 
output port mode disabling function with input signal to INTo pin is not used, set to input mode by 
setting bit 2 of the port PS direction register to "O" and pull up externally. 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port P6 direction register (address 1011) 

TA4our pin 
'-----T A41N pin 

'------- INTo pin 

'---------- INT1 pin 
'----------- INT2 pin 

'-------------TB01N pin 

'---'---------------The pins corresponding to these bits function 
as programmable 1/0 ports. 

Note: This register is cleared to "001s" at reset. 

Fig. 8.2.15 Relationship between port P6 direction register and pins 
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b7 b6 b5 b4 b3 b2 b1 bO 

R/1/1/ R/1/1/ R/1/1/ R/W R/W Waveform output mode register (address 6211) 

'---'----1/1/aveform output mode selection bits 

00 : Programmable 110 port 

01 : RTP1 selected 

1 o : RTPO selected 

11 : RTPO and RTP1 selected 

.__ _______ RTPO polarity selection bit 

O : Positive polarity 
1 : Negative polarity 

'----------- RTPO pulse width modulation by timer A1 selection bit 

O : Not modulated 

1 : Modulated 

.__ ___________ RTP1 pulse width modulation by timer A3 selection bit 

0 : Not modulated 

1 : Modulated 

'------------------- Waveform output control bit 

Note: Bits 2 and 6 are undefined at reading. 

0 : Waveform output disabled 

1 : Waveform output enabled 

Bits 0, 1, 3 to 5, and 7 are cleared to "O" at reset. 

Fig. 8.2.16 Waveform output mode register structure 
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When pulse output is disabled and pulse output pin becomes floating state with "L" level input to INTo 
pin during pulse output, pulse output is resumed when the waveform output control bit is set to "1" 
after returning the INTo pin to "H" level. Pulse output is not resumed by simply returning the INTo pin 
to "H" level. Furthermore, pulse output is not resumed when the waveform output control bit is set to 
"1" while the INTo pin is set to "L" level. Figure 8.2.17 shows how to resume pulse output after disabling 
it with INTo input signal. 
The waveform output control bit is cleared to "O" when "L" level is applied to the RESET pin or when 
a software reset is executed. 

Writing "1" 

INTo pin 

Contents of pulse output Outputdata >-· 
Fig. 8.2.17 How to resume pulse output after disabling it with INTo Input signal 

(3) Timer AO-A4 mode registers 
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When using RTPO of the M37730S2FP, the setting contents and setting method of the timer AO and 
A 1 mode registers are identical to M37732S4FP. 
When using RTP1, the setting contents of the timer A2 mode register are identical to M37732S4FP. 
However, the RTP13 pin of M37730S2FP is shared with the TA4our pin and the TA31N pin does not 
function as pulse output pin. Therefore, the operation and setting contents of the timer A3 and A4 
mode registers are different from those of M37732S4FP. 



M37730 GROUP 
8.2 Functional description 

•Timer A3 
When performing pulse width modulation for RTP1, the setting contents of the timer A3 mode register 
are identical to M37732S4FP. 
When pulse width modulation is not performed for RTP1, timer A3 can be used in timer mode or event 
counter mode. Regardless of whether timer A3 is used or not, bit 2 of the timer A3 mode register must 
be fixed to "1" in order to use port P5s as RTP12 pin. 
When operating in timer mode, the gate function can be selected, Figure 8.2.18 shows the structure 
of the timer A3 mode register in timer mode (not using pulse width modulation for RTP1 ). 

b7 b6 b5 b4 b3 b2 b1 bO 

0 0 o Timer A3 mode register (address 591s) 

~-~- Operating mode selection bits 

00 : Timer mode 

~----- Pulse output function selection bit 

1 : Pulse output 

I.Fix this bit to "1".I 

~-~-------Gate function selection bits 

ox : No gate function (TA31N pin functions as 

normal 1/0 port.) 

1 O : Count while TA31N input level is "L" 

11 : Count while TA31N input level is "H" 

(X="O" or "1 ") 

~------------1Fix this bit to "O". 

~-~-------------Count source selection bits 

00 : External clock input frequency divided by 2 ('2) 

O 1 : External clock input frequency divided by 16 (f1s) 

1 0 : External clock input frequency divided by 64 (fs4) 

11 : External clock input frequency divided by 512 (fo12) 

Note: This register is cleared to "001s" at reset. 

Fig. 8.2.18 Timer A3 mode register structure In timer mode (not using pulse width modulation for RTP 1) 
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When operating in event counter mode, only the contents of the up/down flag are used to switch the 
up/down factor. Therefore, bit 4 of the timer A3 mode register must be fixed to "O". Figure 8.2.19 
shows the structure of the timer A3 mode register in event counter mode (not using pulse width 
modulation for RTP1 ). 

b7 b6 b5 b4 b3 b2 b1 bO 

x x 0 0 0 Timer A3 mode register (address 591a) 

~-~- Operating mode selection bits 
01 : Event counter mode 

~----- Pulse output function selection bit 
1 : Pulse output 

I Fix this bit to "1 ".I 
~-------Count polarity selection bit 

O : Count at the falling edge of the input signal 
1 : Count at the rising edge of the input signal 

'------------1Fix this bit to "O". 

~------------iFix this bit to "0". 

'---'----------------1These bits are ignored (may be "O" or "1"). 

Note: This register is cleared to "001s" at reset. 

Fig. 8.2.19 Timer A3 mode register structure In event counter mode (not using pulse width modulation for RTP1) 
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•Timer A4 
When RTP1 is selected, timer A4 can be used in timer mode or event counter mode. Regardless of 
whether timer A4 is used or not, bit 2 of the timer A4 mode register must be fixed to "1" in order to 
use port P6o as RTP13 pin. 
The function and operation of timer A4 are identical to timer A3 when pulse width modulation is not 
performed for RTP1. Therefore, the structure of the timer A4 mode register when operating in timer 
mode is identical to Figure 8.2.18. The structure of the timer A4 mode register when operating in 
event counter mode is identical to Figure 8.2.19. 
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8.2. 7 Serial 1/0 
The serial 1/0 of the M37730S2FP consists of one UARTO. UARTO can operate as clock synchronous or 
asynchronous (UART) type. 
The function and operation of UARTO are identical to M37732S4FP. The following are different from 
M37732S4FP. 

© M37730S2FP does not have UART1 related control registers. 
® The structure of port PS direction register is different. 

Figure 8.2.20 shows the memory map of the serial 1/0 related control registers and Figure 8.2.21 shows 
the relationship between port PB direction register and serial 110 pins. 

Address 

3016 

3116 

3216 

3316 

3416 

3516 

3616 

3716 

UARTO transmit/receive mode register 

UARTO baud rate register 

t-- UARTO transmission buffer register -

UARTO transmit/receive control register o 
UARTO transmit/receive control register 1 

1--- UARTO receive buffer register -

Fig. 8.2.20 Memory map of serial 1/0 related control registers 

b7 b6 b5 b4 b3 b2 b1 bO 

R/W R/W R/W R/W R/W R/W R/W R/W Port PB direction register (address 1411) 

CTSo input I RTSo output pin 
...__ ___ CLKo 1/0 pin 

...__ _____ Rx Do input pin 

'---------TxDo output pin 
'---~-~-~---------There are no pins corresponding to these bits. 

Note: This register is cleared to "001s" at reset. 

Fig. 8.2.21 Relationship between port PB direction register and serial 1/0 pins 
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8.2.8 Watchdog timer, Hold, Ready function 
Refer to "CHAPTER 2. FUNCTIONAL DESCRIPTION" for watchdog timer, Hold function and Ready func­
tion because their functions are identical to M37732S4FP. 

8.2.9 Reset 
The function and operation of reset are identical to M37732S4FP. Figure 8.2.22 shows the internal reg­
isters state at reset of M37730S2FP. 

~ Undefined at reset Not allocated and undefined at reset 

Address Register contents 

C1e 0 0 0 I 0 I 0 ~~ Port P4 direction register (Note 1) 

D1e 0016 Port P5 direction register 

101& 0016 Port P6 direction register 

111e 0016 Port P7 direction register 

141e~~O I 0 0 0 Port PB direction register (Note 2) 

0016 UARTO transmit/receive mode register 

341& 1 0 0 0 UARTO transmit/receive control register O 

351e I 0 0 0 0 0 0 1 0 UARTO transmit/receive control register 1 

-4016 ···»X • "• 0 0 0 0 0 0 Count start flag 

421e--ll ,. . .._ ~~ .. :·: ~ .... 0 0 0 0 0 One-shot start flag 

4416 0016 Up-down flag 

5616 0016 Timer AO mode register 

571e 0016 Timer A1 mode register 

581e 0016 I Timer A2 mode register 

591e 0016 I Timer A3 mode register 

5A1e 0016 I Timer A4 mode register 

581e 0 0 1 0 0 0 0 Timer BO mode register 

Note 1: There are no pins corresponding to the low-order 3 bits of port P4 direction register. 

Note 2: There are no pins corresponding to the high-order 4 bits of port PS direction register. 

Fig. 8.2.22 Internal registers state at reset (1) 
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Address Register contents 

5E1e • 0 0 I 0 I 0 I 0 I 1 0 I Processor mode register 

6016 I FFF1e I Watchdog timer 

6"116 0 Watchdog timer frequency selection flag 

0 0 0 I Waveform output mode register 

0 0 0 0 I UARTO transmission interrupt control register 

0 0 0 0 UARTO receive interrupt control register 

0 0 0 0 I Timer AO interrupt control register 

0 0 0 0 Timer A1 interrupt control register 

7716 i•mt•t111~:~lli1i!lll 0 0 0 0 I Timer A2 interrupt control register 

7816 0 0 0 0 Timer A3 interrupt control register 

791e 0 0 0 0 Timer A4 interrupt control register 

7A16 •~:IE!~tll;a.~11:m~1rn111 0 0 0 0 Timer BO interrupt control register 

701e Jmlf8"'l :,·~.,:,: ~::t$.i·;mi 0 0 0 0 0 0 INTO interrupt control register 

7E1s G=f.t~M~ •ffff%1 :.!S:l •: "· •• ·:·:w.w 
0 0 0 0 0 0 INT1 interrupt control register 

7F1s it!liiljji!~iill 0 0 0 0 0 0 INT2 interrupt control register 

0016 Program bank register PG 

Contents of address FFFF16 Program counter (high-order) PCH 

Contents of address FFFE16 Program counter (low-order) PCL 

0016 Data bank register OT 

0016 Direct page register (high-order) DPRH 

0016 Direct page register (low-order) OPAL 

b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bO 

0 0 3 ? ? 0 0 0 1 ? ? (Bits 11 to 15 are "O" at reading) I ~ ~ I I I I I I I I I Processor status register PS 

IPL N V m x D I Z C 

Note 3: The contents of registers other than those described in Figure 8.2.22 and RAM are 
undefined at reset. 

Fig. 8.2.22 Internal registers state at reset (2) 
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8.3 Electrical characteristics 

8.3.1 Absolute maximum ratings 

Absolute maximum ratings 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3 to 7 v 
V1 l~utvolt~e RESET CNVss BYTE -0.3 to .12 v 
V1 Input voltage As/D,,.,.Aa3'D1, P4:i-P41, P5o-P51, -0.3 to Vcc+0.3 v 

P6o-P61, P8o-P83, HOLD, ROY 
Vo Output voltage h-A1, As/01?r-A2'J/D1, P4:i-P41, P5o-P57, -0.3 to Vcc+0.3 v 

P6o-P61 1 P8o-P83, Xour, E, rp1, HLDA, 
ALE,BHE R/W 

Pd Power dissipation Ta=25°C 300 (Note) mW 
Tapr Operati".!9_ temperature -20 toes oc 
Ta1g Sto~e tem..£_erature -40to150 oc 
Note: In case of shrink DIP package, the rating of power dissipation is 1000mW. 
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8.3.2 Recommended operating conditions 

Recommended operating conditions (Vee=SV±10%, Ta=-20 to SS°C, unless otherwise noted) 

Symbol Parameter 
Limits 

Unit Min. ~ Max. 
Vee Supplyvolt~e 4.S 5.0 5.5 v 
Vss Supp.!}'_ volt~e 0 v 
V1H High-level input voltage P4:i-P41, P5o-P51, P60-P61, 0.SVee Vee v 

PSo-PS3, X1N, RESET, CNVss, 
BYTE, HOLD, ROY 

V1H Hjg_h-level i~t volt~e Aa/Da-A23/D1 0.5Vee Vee v 
V1L Low-level input voltage P4:i-P41, PS0-PS1, P60-P61, 0 0.2Vee v 

PSo-PS3, X1N, RESET, CNVss, 
BYTE HOLD ROY 

V1L Low-level i~ut volt~e Aa/Da-A23/D1 0 0.16Vec v 
loH (peak) High-level peak output current Ao-A1, Aa/Da-A23/D1, P4:i-P41, -10 mA 

PS0-PS1, P60-P61, PSo-PS3, 
~,HLDA,ALE,BHE,RiW 

loH (avg) High-level average output current Ao-A1, Aa/Da-A23'D1, P4:i-P41, -5 mA 
PSo-P57, P60-P61, PSo-PS3, 
<fn, HLDA, ALE, BHE, RiW 

loL (peak) Low-ievei peak output CUiient Ao-A1, Aa!De-J\2:i!D1, P4:i-P41, iO mA 
PS0-PS1, P6o-P67, PSo-PS3, 
<fn, HLDA, ALE, BHE, RiW 

loL (avg) Low-level average output current Ao-A1, Aa/Da-A23/D1, P4:i-P41, 5 mA 
PS0-PS1, P60-P61, PSo-PS3, 
<fn, HLDA, ALE, BHE, RiW 

f(X1N) External clock frequency input M37730S2FP,M37730S2SP s MHz 
M37730S2AFP, M37730S2ASP 16 
M37730S2BFP, M37730S2BSP 2S 

Note 1: Average output current 1s the average value of a 1 OOms interval. 
2: The sum of loL (peak) for Ao-A1, Aa/Da-A23'D1, HLDA, ALE, BHE, RN/, and port PS must be SOmA or less, 

the sum of loH (peak) for Ao-A1, Aa/Da-A23/D1, HLDA, ALE, BHE, RiW, and port PS must be SOmA or less, 
the sum of loL (peak) for ports P4, PS, P6, and <1>1 must be SOmA or less, and the sum of loH (peak) for 
ports P4, PS, P6, and q,, must be SOmA or less. 
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8.3.3 Electrical characteristics 

M37730S2FP 
Electrical characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=8MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
VoH High-level output voltage ArrA1, AJJ/De-A23/D11 IOH=-10mA 3 v 

P4:i-P41, P5o-P51, P6o-P61, 
P8o-P83, ipi, HLDA, BHE, 
RiW 

VoH High·level output voltage ArrA1, AJJ/De-A23'D1 1 411, IOH=-400µA 4.7 v 
HLDA BHE,RiW 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
IOH=-40~ 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-40~ 4.8 

VoL Low-level output voltage Ao-A1, As/De-A23/D1, loL=10mA 2 v 
P4:i-P41, P5o-P51, P60-P61, 
P8o-P83, ipi, HLDA, BHE, 
RiW 

VoL Low-level output voltage Ao-A1, AJJ/Ds-A23'D1, ~1, 
HLDA,BHE,R!W 

loL=2mA 0.45 v 

VoL Low-level output voltage ALE loL=10mA 1.9 v 
loL=2mA 0.43 

VoL Low-level output voltage E loL=10mA 1.6 v 
loL=2mA 0.4 

Vr+-Vr- Hysteresis HOLD, ROY, TA01tt-TA41N, TB01N, INT o-INT21 0.4 1 v 
CTSo, CLKo 

Vr+-Vr- ~teresis RESET 0.2 0.5 v 
Vr+-VT- HEteresis X1N 0.1 0.3 v 
llH High-level input current As/De-A23/D1, P4:i-P41, V1=5V 5 µA 

P5o-P51, P60-P61, P8o-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD,RDY 

llL Low-level input current As/Ds-A23'D1, P43-P41, V1=0V -5 µA 
P5o-P51, P60-P61, P8o-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD, ROY 

VRAM RAM hold volt~e When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=8MHz, 6 12 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re· clock is stopped. 
set. Ta=85°C when 20 

clock is stopped. 
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M37730S2AFP 
Electrlcal characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=16MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. Typ. Max. 
VoH High-level output voltage ArrA1, Aa/Da-A23/D1, loH=-10mA 3 v 

P43-P41, P5o-P51, P6o-P67, 
P8o-P83, ¢1, HLDA, BHE, 
R/W 

VoH High-level output voltage ArrA1, Aa/Da-A23/D1, l/'1, loH=-400µA 4.7 v 
HLDA, BHE, RiW 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
loH=-400g_A 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-400µA 4.8 

VoL Low-level output voltage ArrA1, Aa/Da-A23/D1, loL=1 OmA 2 v 
P43-P41, P5o-P51, P60-P61, 
P8o-P83, qn, HLDA, BHE, 
R/W 

VoL Low-level output voltage ArrA1, Aa/Da-A23/D1, </Ji, loL=2mA 0.45 v 
HLDA, BHE, RiVll 

VoL Low-level output voltage ALE loL=1 OmA 1.9 v 
loL=2mA 0.43 

~ .. 
VOL Low-level output voltage E loL=1 OmA 1.5 v 

loL=2mA 0.4 
Vr+-Vr- Hysteresis HOLD, ROY, TA01N-T MN, TB01N, INT0-INT2, 0.4 1 v 

CTSo, CLKo 
Vr+-Vr- Hysteresis RESET 0.2 0.5 v 
Vr+-Vr- Hysteresis X1N 0.1 0.3 v 
llH High-level input current Aa/Da-A23/D1, P4J-P41, V1=5V 5 µA 

P5o-P57, P6o-P67, P8o-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD,RDY 

iiL Low-level input current As/Da-A23/D1, P4J-P41, V1=0V -5 µA 
P5o-P51, P60-P61, P8o-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD, ROY 

VRAM RAM hold voltage When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=16MHz, 12 24 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re- clock is stopped. 
set. Ta=85°C when 20 

clock is st~ed. 
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M37730S2BFP 
Electrlcal characteristics (Vcc=5V, Vss=OV, Ta=25°C, f(X1N)=25MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Unit Min. ~ Max. 
VoH High-level output voltage Ao-A1, As/Drr-A23/D1, loH=-10mA 3 v 

P43-P41, P5o-P51, P6o-P67, 
P8o-P83, ¢1, HLDA, BHE, 
RtW 

VoH High-level output voltage Ao-A1, As/Ds-A23/D1, rp1, loH=-40QµA 4.7 v 
HLDA,BHE,RiW 

VoH High-level output voltage ALE loH=-10mA 3.1 v 
loH=-40~ 4.8 

VoH High-level output voltage E loH=-10mA 3.4 v 
loH=-400J:!.A 4.8 

Vol Low-level output voltage Ao-A1, As/Drr-A23/D1, lol=10mA 2 v 
P43-P41, P5o-P51, P60-P61, 
P8o-P83, ¢1, HLDA, BHE, 
RiW 

Vol Low-level output voltage Ao-A1, As/Ds-A23/D1, rp1, lol=2mA 0.45 v 
HLDA,BHE, R!W 

Vol Low-level output voltage ALE lol=10mA 1.9 v 
lol=2mA 0.43 

Vol Low-level output voltage E lol=10mA 1.6 v 
lol=2mA 0.4 

Vr+-Vr- Hysteresis HOLD, ROY; TA01N-TA41N, TB01N, INT0-INT2, 0.4 1 v 
CTSo, CLKo 

Vr+-Vr- H_rsteresis RESET 0.2 0.5 v 
Vr+-Vr- ~teresis X1N 0.1 0.3 v 
llH High-level input current As/Ds-A23/D1, P43-P41, V1=5V 5 µA 

P5o-P51, P60-P61, PBo-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD, ROY 

ill Low-level input current As/Ds-A23/D1, P43-P41, V1=0V -5 µA 
PS0-PS1, P60-P61, P8o-P83, 
X1N, RESET, CNVss, BYTE, 
HOLD, ROY 

VRAM RAM hold voltage When clock is stopped. 2 v 
Ice Power supply current Output only f(X1N)=25MHz, 19 38 mA 

pin is open and square waveform 
other pins are Ta=25°C when 1 µA 
Vss during re- clock is stopped. 
set. Ta=B5°C when 20 

clock is st~d. 
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8.3.4 Timing requirements 

Timing requiements (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

External clock Input 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

le External clock input cycle time 125 62 40 ns 
fw(H) External clock input high-level pulse width 50 25 15 ns 
fw(L) External clock input low-level pulse width 50 25 15 ns 
!r External clock rise time 20 10 8 ns 
!1 External clock fall time 20 10 8 ns 

Microj!rocessor mode 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tsu(DH-E) Data hl9_h-order input setup time 60 45 30 ns 
tsu(DL-E) Data low-order input setup time 60 45 30 ns 
tsu(P4D-E) Port P4 input setup time 200 100 60 ns 
tsu(PSD-E) Port P5 input setup time 200 100 60 ns 
tsu(P6D-E) Port P6 in_2_ut setup ihne 200 100 60 ns 
!su(P7D-E) Port P7 input setup time 200 100 60 ns 
!su(P8D-E) Port P8 in~t setu_e_ time 200 100 60 ns 
!su(RDY-~,) RDY i~t setup time 70 60 55 ns 
tsu(HOLD-~) HOLD il'!e_ut setu_e_ time 70 60 55 ns 
\h(E-DH) Data high-order input hold time 0 0 0 ns 
th(E-DL) Data low-order in_e_ut hold time 0 0 0 ns 
th(E-P4D) Port P4 input hold time 0 0 0 ns 
th(E-PSD) Port P5 il'!e_ut hold time 0 0 0 ns 
th(E-PGD) Port P6 i~t hold time 0 0 0 ns 
lh(E-PSD) Port P8 i~t hold time 0 0 0 ns 
!h(~'-RDY) ADY i~t hold time 0 0 0 ns 
fh(~-HOLD) HOLD input hold time 0 0 0 ns 
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Timer A Input (count input in event counter mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) TAi1N i~t ~cle time 250 125 80 ns 
tw(TAH) TAi1N iriput hig_h-levelj>_ulse width 125 62 40 ns 
tw(TAL) TAiiN input low-level pulse width 125 62 40 ns 

Timer A Input (gating input in timer mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) T AiiN in:_[ut ~cle time 1000 500 ~20 ns 
tw(TAH) TAiiN input high-level pulse width 500 250 160 ns 
tw(TAL) TAiiN input low-level pulse width 500 250 160 ns 

Timer A input (external trigger input in one-shot pulse mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TA) T Ai1N input cycle time 500 250 160 ns 
tw(TAH) TAi1N input high-level pulse width 250 125 80 ns 
tw(TAL) TAilN input low-level pulse width 250 125 80 ns 

Timer A input (external trigger input in pulse width modulation mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tw(TAH) T AilN input high-level pulse width 250 125 80 ns 
tw(TAL) TAilN input low-level pulse width 250 125 80 ns 

Timer A Input (up-down input in event counter mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(UP) TAiour input cycle time 5000 2500 2000 ns 
tw(UPH) T Aiour input high-level pulse width 2500 1250 1000 ns 
tw(UPL) TAiour input low-level pulse width 2500 1250 1000 ns 
tsu(UP-T1N) TAiour input setup time 1000 500 400 ns 
th(T1N-UP) TAiour input hold time 1000 500 400 ns 

Timer B Input (count input in event counter mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TB) TB01N input cycle time (one edge count) 250 125 80 ns 
tw(TBH) TB01N input high-level pulse width (one edge count) 125 62 40 ns 
tw(TBL) TB01N input low-level pulse width (one edge count) 125 62 40 ns 
tc(TB) TB01N input cycle time (both edges count) 500 250 160 ns 
tw(TBH) TB01N input high-level pulse width (both edges count) 250 125 80 ns 
tw(TBL) TB01N input low-level pulse width (both edges count) 250 125 80 ns 
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Timer B Input (pulse period measurement mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TB) TB01N irlf>.!Jt ~cle time 1000 500 320 ns 
tw(TBH) TB01N input high-level pulse width 500 250 160 ns 
tw(TBL) TB01N in_E_Ut low-level pulse width 500 250 160 ns 

Timer B Input (pulse width measurement mode) 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tc(TB) TB01N irlf>.!Jt ~cle time 1000 500 _.3._2_Q_ ns 
tw(TBH) TB01N input high-level pulse width 500 250 160 ns 
tw(TBL) TB01N input low-level pulse width 500 250 160 ns 

Serial 110 
Limits 

Symbol Parameter BM Hz 16MHz 25MHz Unit 
Min. Max. Min. ~liax. Min. Max. 

fc(CK) CLKo input ~cle time 500 250 200 ns 
tw(CKH) CLKo irlf>.!Jt h!g_h-level_e_ulse width 250 125 100 ns 
tw(CKL) CLKo input low-level pulse width 250 125 100 ns 
td(C-Q) TxDo output delay time 150 90 80 ns 
\h(C-0) TxDo hold time 30 30 30 ns 
tsu(D-C) Rx Do input setup time 60 30 20 ns 
th(C-D) RxDo input hold time 90 90 90 ns 

External interrupt -ir;rn input 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

tw(INH) INTi input high-level pulse width 250 250 250 ns 
tw(INL) fNTi input low-level pulse width 250 250 250 ns 
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8.3.5 Switching characteristics 

Switching characteristics (Vcc=5V±10%, Vss=OV, Ta=25°C, unless otherwise noted) 

Microprocessor mode (when wait bit is "1 ") 
Limits 

Symbol Parameter 8MHz 16MHz 25MHz Unit 
Min. Max. Min. Max. Min. Max. 

td(AL-E) Address low-order output delay time 100 30 12 ns 
td(E-DHQ) Data high-order output delay time (BYTE="L") 110 70 45 ns 
tpxz(E-DHZ) Floating start delay time (BYTE="L") 5 5 5 ns 
td(AM-E) Address middle-order output delay time 100 30 12 ns 
td(AM-ALE) Address middle-order output delay time 80 24 5 ns 
td(E-DLQ) Data low-order output delay time 110 70 45 ns 
tpxz(E-DLZ) Floating start delay time 5 5 5 ns 
td(AH-E) Address high-order output delay time 100 30 12 ns 
td(AH-ALE) Address h_!g_h-order ou!E!Jt delay time 80 24 5 ns 
td(!>,-HLDA) HLDA output delay time 100 50 50 ns 
td(ALE-E) ALE output delay time 4 4 4 ns 
tw(ALE) ALE _E_ulse width 90 35 22 ns 
td(BHE-E) BHE output delay time 100 30 20 ns 
td(RiW-E) R/W output delay time 100 30 20 ns 
td(E-11•) <111 ou!e_ut delay time 0 30 0 20 0 18 ns 
th(E-AL) Address low-order hold time 50 25 18 ns 
th(ALE-AM) Address middle-order hold time 1BYTE="L1 9 9 9 ns 
th(E-DHQ) Data high-order hold time (BYTE="L") 50 25 18 ns 
tpzx(E-DHZ) Floating release delay time (BYTE="L") 95 36 18 ns 
th(E-AM) Address middle-order hold time J:BYTE="Hl 50 25 18 ns 
th(ALE-AH) Address high-order hold time 9 9 9 ns 
th(E-DLQ) Data low-order hold time 50 25 18 ns 
tpzx(E-DLZ) Floating release delay time 95 36 18 ns 
th(E-BHE) BHE hold time 18 18 18 ns 
th(E-R/W) R/W hold time 18 18 18 ns 
td(E-P4Q) Port P4 data output delay time 200 100 80 ns 
td(E-P5Q) Port P5 data output delay time 200 100 80 ns 
td(E-PGQ) Port P6 data output delay time 200 100 80 ns 
td(E-PBQ) Port PS data output delay time 200 100 80 ns 
tw(EL) E pulse width 220 95 50 ns .. Note: Test cond1t1ons are shown in Figure 8.3.1. 
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Microprocessor mode (when wait bit= "O'', and external memory area is accessed) 

Symbol Parameter 

td(Al-E) Address low-order output delay time 
td(E-DHQ) Data hl2_h-order output delay time (BYTE="L") 
lpxz(E-DHZ) Floati119_ start delC!}'_ time ]BYTE="L'l 
td(AM-E) Address middle-order output delay time 
td(AM-ALE) Address middle-order output delay time 
td(E-DLQ) Data low-order output delay time 
tpxz(E-DLZ) Floati119_ start delC!}'_ time 
td(AH-E) Address high-order output delay time 
td(AH-ALE) Address hjg_h-order output delay time 
td( ... -HLDA) HLDA output delay time 
td(ALE-E) ALE output delay time 
tw(ALE) ALE _£!.Ilse width 
td(BHE-E) BHE output delay time 
td(AIW-E) R/W output delay time 
td(E-¢•1 ¢1 output delay time 
th(E-AL) Address low-order hold time 
th(ALE-AM) Address middle-order hold time (BYTE="LJ. 
!h(E-DHQ) Data ti~h-order ho!d time (BYTE="l") 
tpzx(E-DHZ) Floating release delay time (BYTE="L") 
th(E-AM) Address middle-order hold time ]BYTE="H'J. 
th(ALE-AH) Address high-order hold time 
th(E-DLQ) Data low-order hold time 
tpzx(E-DLZ) Floating release delay time 
th(E-BHE) SHE hold time 
th(E-RIW) R/W hold time 
td(E-P4Q) Port P4 data output delay time 
td(E-P5Q) Port PS data output delay time 
!d(E-P6Q) Port P6 data output delay time 
!d(E-PSQ) Port PB data output delay time 
tw(EL) E pulse width 

.. 
Note: Test cond1t1ons are shown in Figure 8.3.1. 
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As/Ds-A23/07 
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95 
18 
18 

200 
200 
200 
200 

470 

100pF 

Fig. 8.3.1 Testing circuit for ports 

Limits 
16MHz 25MHz Unit 

Min. Max. Min. Max. 
30 12 ns 

70 45 ns 
5 5 ns 

30 12 ns 
24 5 ns 

70 45 ns 
5 5 ns 

30 12 ns 
24 5 ns 

50 50 ns 
4 4 ns 
35 22 ns 
30 20 ns 
30 20 ns 
0 20 0 18 ns 
25 18 ns 
9 9 ns 

25 18 ns 
36 18 ns 
25 18 ns 
9 9 ns 
25 18 ns 
36 18 ns 
18 18 ns 
18 18 ns 

100 80 ns 
100 80 ns 
100 80 ns 
100 80 ns 

220 130 ns 
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8.3.6 Equations for calculating the parameters 
Table 8.3.1 shows the equations for calculating the following parameters. 

tw(ALE) ....................... ALE pulse width td(R/W-E) ................... R/W output delay time 

tw(EL) .... . . ........... E pulse width tpzx(E-DLZ/DHZ) ....... Floating release delay time 

td(AUAMtAH-EJ ......... Address output delay time th(E-AL/AM) ............... Address hold time 

td(AM/AH-ALE) ........ Address output delay time th(E-DLQ/DHQ) ......... Data hold time 

td(BHE-E) ... , ............... BHE output delay time 

Table 8.3.1 Equations for calculating parameters 

----- M37730S2FP/SP M37730S2AFP/SP M37730S2BFP/SP 

l(XIN) l(XIN) ::; 8MHz 8MHz < l(XIN) ::; 16MHz 16MHz < l(XIN) ::; 25MHz 

tw(ALE) 1 x 109 
- 35 

1 x 109 
- 27.5 

1 x 109 
- 18 

l(XIN) l(XIN) f(XIN) 

tw(EL) 2 x 109 

Wait bit= "1" l(XIN) 
- 30 

----- ~-------------------------------tw(EL) 4 x 109 

Wait bit = "O" l(XIN) - 30 

td(AUAM/AH-E) 
1 x 109 1.2 x 109 1 x 109 

td(BHE-E) 100 + 
l(XIN) 

- 125 30 + 
l(XIN) 

- 75 12 + f(XIN) 
- 40 

td(R/W-E) 

tpzx(E-DLZ/DHZ) 
1 x 109 1 x 109 1 x 109 

l(XIN) 
- 30 

f(XIN) 
- 26 

f(XIN) 
- 22 

th(E-AL/AM) 
1 x 109 1 1 x 109 1 x 109 

th(E-DLQ/DHQ) 2 X f(XIN) - . 2 ·5 2 X l(XIN) - 6 ·25 2 X f(XIN) - 2 

td(AM/AH-ALE) 1 x 109 1 x 109 1 x 109 

l(XIN) 
- 45 

f(XIN) 
- 38.5 

f(XIN) 
- 35 

Unit : ns 
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8.3.7 Timing diagram 

Timing diagram 

f(X1N) 

E 

Port P4 output 

Port P4 input 

Port P5 output 

Port P5 input 

Port P6 output 

Port P6 input 

Port PS output 

Port PS input 

----------------------------------+r-x-'~ld-(E--P-4-0)--------------------­
!su(P40-E)l.~I 

------------------------------l ~-th_IE_-P_4D_I ____________________ _ 

------------------------------------~~X~t-d<E---Ps-01 ____________________ _ 

1.u 1Pso-E11~1 · 

------------------------------l i..->\-.th_!E_-P_s_o1 ____________________ _ 

----------------------------------+F"X~~!-d(E---P6-0)---------------------
lsu(P60-E)I~. 1 

______________________________ / ~-~ ...... th_!E_-P_s_o1 ____________________ _ 

-----------------------------------=~-X~!-d(E---PB-0)--------------------­
lsu (PBD-E)i~. 

~------------------------------l ~->\-.th_!E_-P_a_o1 ____________________ _ 
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TAilN input 

tc(TA) l --f •·rr~' l'--: ----.t~w(TA~L) --: ---.\\.__ __ _ 

TAiour input 

tc(UP) d 
- . ~ '"'°'" ~: 1 /~ tw(UPL) 

TAiour input 
(Up-down input) 

In event counter 

mode TAiiN input . 
(When count by falling) 

TAiiN input .. 
(When count by ns1ng) 

TB01N input { 
~ 

CL Ko J -
-

TxDo 

Rx Do 

tw(TBH) 

\ 
tw(CKH) 

1 

)( 

~ v 
th(T1N-UP) tsu(UP-T~ 

't--.. v 
..J 

tc(TB) 

tw(TBL) 

!c(CK) -
..J 

tw(CKL) -
) 

td(C-0) !su(D-C) 

x 

\'-----

th(C-0) 
~ r-

K 
I 

1h(C-D) 

1- -

INT; input 
----t '•'"" ~k_< _~tw:'.'.'..:(INH~) -~J,._____/ 
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Microprocessor mode 

(When wait bil="1 ") 

ADY input 

(When wait bit="O") 

</n 

ADY input 

r---------------------------------· , , 

tsu(RDY- ¢1) th(¢1-RDY) 

, , 
r---------------------------------· 

lsu(RDY-¢1) th(¢1-RDY) 

(When wait bil="1" or "O" in common) 

ljn 

tsu(HOLD-¢ 1) 

HOLD input 

HLDA output 

Test conditions 
•Vcc=5V±10% 
•Input timing voltage 
•Output timing voltage 

!h(¢1-HOLD) 

---++--_,__Id(¢ 1-HLDA) 
!d(¢ 1-HLDA) 

: V1L=1.0V, V1H=4.0V 
: VoL=0.8V, VoH=2.0V 
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Microprocessor mode (When wait blt="1 ") 

l(X1N) 

Ao-A1 output 

Ae/De-A1 s/D1 s 
output 
(BYTE="L") 

Aa-A1 s output 
(BYTE="H") 

Da-D1 s input 

A1 s/Do-A2a/D1 
output 

Do-07 input 

ALE output 

BHE output 

R/W output 

Test conditions 
• VCC=5V±10% 

. 1d(BHE-E) 
~---

td(RIW-E) 
f.---'.'.------

•Output timing voltage: VoL=0.8V, VoH=2.0V 
• Do-D1s input : V1L=0.8V, V1H=2.5V 
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i.c->j th(E-BHE) 

I I 

~>j th(E-RIW) 
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Microprocessor mode (When wait bit="O", and external memory area is accessed) 

I (X1N) 

Ao-A1 output 

As/Oa-A1 s/01 s 
output 
(BYTE="L") 

Aa-A1s output 
(BYTE="H") 

Os-015 input 

A 1 s/Oo-A2:i/01 
output 

Oo-07 input 

ALE output 

BHE output 

R/W output 

tw_'tt-
1

" ~ I 

----------1 11-------r-1-~- !d(ALE-E) 

-----------[" j ~ ThH'< 

ld(R/W-E): 

-------------. ,~->i ~/ lh(E- RiW) 

\~ ___ ..if 

Test conditions 
• Vcc=5V±10% 
•Output timing voltage : VOL=0.8V, VoH=2.0V 
• Do-015 input : V1L=0.8V, V1H=2.5V 

x~--
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MEMORANDUM 
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APPLICATION 
9.1 Memory connection 

9.1 Memory connection 
The M37732 group's external memory connections are described below. The low supply voltage version 
(M37732S4LGP/HP) is described in section "9.3 Low supply voltage version applications". This section 
describes the M37732 group. However, the same memory connections are available with the M37730 group. 
The application examples described in this chapter may not be applicable to all types in the M37732 group 
depending on the settings. Therefore the applicable type will simply be referred to as "M37732" in this 
chapter. 

9.1.1 Memory connection model 
The memory can be connected by using the external bus width selection pin (BYTE pin). Four external 
memory connection models shown in Table 9.1.1 are available. 

(1) Minimum model 
External memory area within the 64K-byte memory space is accessed using an 8-bit external data bus 
width. No external address latch is necessary. This is the most cost effective connection model for 
externally adding an 8-bit element. 

(2) Medium model A 
Memory space beyond 64K bytes is accessed using an 8-bit external data bus width as same as the 
minimum model. An n-bit (n~B) address latch is required to latch the address from the high-order 8 
bits (A23-A1e) of the address bus multiplexed with the data bus, but the accessible memory space is 
expanded up to 16M bytes. 

(3) Medium model B 
This connection model limits memory space to within 64K bytes, but provides optimum speed. The 
external data bus width is 16 bits, and connected memory area can be accessed as fast as internal , 
area if no wait (one-wait mode nor Ready function due to the ADY input) is used. This connection 
model requires an 8-bit address latch to latch the address because the middle-order 8 bits (A1s-Aa) 
of the address bus are multiplexed with the data bus. 

(4) Maximum model 
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This connection model uses 16-bit external data bus width to access up to 16M-byte memory space. 
An 8-bit latch to latch the middle-order 8 bits (A15-Aa) of the address bus and an n-bit (n~8) latch to 
latch n bits of the high-order 8 bits (A2J-A16) are required. 
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Table 9.1.1 Memory connection model 
Access space 

External bus width 

8-bit 

BYTE="H" 

Within 64K bytes 

M37732 
BYTE 

16 

AO-A7 ...-i----· 
AS-A15 

8 A16/0o.-A23107 ,.. __ ,__. 

Ao-A1s 

Do-D1 

Memory oonnection model Minimum model 

M37732 

BYTE 

16-bit APJ08-A15/015 

A16 /00-A23107 
BYTE="L" 

ALE 

Memory connection model Medium model B 

9.1 Memory connection 

Beyond 64K bytes 

M37732 
16+n 

BYTE AO-A7 l-,_ __ _,..,.. .. Ao--A1s+n 

As-A15 

A 16 /Dl>-A23/D7 

ALE 

Memory oonnedion model 

M37732 

Memory oonnection model 

Medium model A 

Maximum model 

r------------------------------------------------------------1 
1 M37732 group has 37 1/0 ports. However, port expansion must be performed together with memory connection 1 

: for applications that use many ports. Port expansion is described in section "9.2 1/0 expansion". : 
1 Be sure to low the Vss line impedance of the M37732 group during memory connection and 110 expansion because 1 

1 the address bus is used at 24 bits (refer to section "Appendix 7. System development precautions"). 1 
L------------------------------------------------------~-----~ 
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9.1.2 Memory access time calculation 
This section describes how to calculate the memory access time necessary to satisfy the memory connection 
timing requirements. · 
Figure 9.1.1 shows the bus timing. 
The memory access time ta(AD> is obtained from the following equation ©. However, in the minimum model, 
there Is no need to consider the address latch delay time in equation © because the ALE signal is not used. 

ta(AD) : td(AUAM/AH-E)+tw(EL)-tau(DUDK-E) 

-{address decode tlme+address latch delay time*} ..... Ci) 

~ Address latch delay time is not necessary for minimum model. 

td(AUAMIAH-E> in equation © represents either td(AL-E>, td(AM-E> or td(AH-E> and tsu(ouoH-E> represents either t1u<DL-E> or 
tsu(OH-E). 
td<AL/AM1AH-E> and tw(EL> in equation © are parameters that depend on the external clock input frequency and 
are calculated by the equations shown in Table 9.1.2. tou(ouoH-E> is a constant that depends on the external 
clock input frequency (8, 16, or 25MHz). Address decode time is the time required to decode the address 
and make the chip select signal valid. 
The data setup time t•u<D> for write is obtained from the following equation ®. 

tau(D) : lw(EL)-td(E-DLQ/DHQ) "'" @ 

td(E-DLa10Ha1 In equation ® represents either td<E-0La1 or td(E-0Ha1. 
If the setup time requeste~ the device do not satisfy these values, waits must be inserted in the bus 
cycle with the wait bit or ADY input. 

T I 9 2 P abe .1. arameter equat on an d h constants depending on t e external clock lnl_Ut requen~ 

~ 
8MHz version 16MHz version 25MHz version 

p M37732S4FP M37732S4AFP M37732S4BFP 
f(X1N) f(X1N) S 8MHz 8MHz < f(X1N) s 16MHz 16MHz < f(X1N) s 25MHz 
td(AL-E) 

1X1D9 9 1X109 
td(AM-E) 100 + f(XiN) - 125 30 + 1.2X10 _ 75 12 + f(X1N) - 40 
td(AH-E) f(X1N) 
tw(EL) 2X109 _ 30 

f(X1N) f- f-

r··················· • • - •••• " - - - "9" • - - •• " - - ............................................ ............................................ 
• Under the one-wait mode 4X10 _ 30 f-
: (the wait bit = "O") f(X1N) f-

t1u(OL-E) 
60 45 30 tsu(OH-E) 

td(E-DLQ) 
110 70 45 

t~-OHQ!_ 

(Unit : ns) 
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BYTE="H'' (when external bus wjdth js 8 bits) 

ALE 

Ao-A7 

Aa-A1s 

A16/Do­
A23/D7 

lw(ALE) 

ld(ALE-E) 

Low-order address 

lw(EL) 

Low-order address 

Middle-order address 

High-order 
address Data 

--1---td(E-DLQ) 

*'~' 
At data reading \ At data writing J -·---

BYTE="L" (when external bus wjdth js 16 bjts) 

ALE 

Ao-A7 

Ae/Da­
A1s/D1s 

A16/Do­
A2.3107 

R/W 

Fig. 9.1.1 Bus timing diagram 

lw(ALE) 
lw(El) 

ld(ALE-E) 

Low-order address 

lw(El) 

Low-order address 

Middle-order 
address High-order data 

Low-order data 

--1----ld(E-DLQ) 

t#.i\lijJ 
At data reading \ .... _______ 11._1 _da_ta_w_r_itin_g _ __,f 
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Figure 9.1.2 shows the relationship between the memory access time ta<AD> and external clock input fre­
quency f(X1N). The graph in Figure 9.1.2 shows the memory access time ignoring the address decode time 
and address latch delay time In equation ©. Therefore, the actual memory access time is the value of the 
graph minus the address decode time and address latch delay time. 
Figure 9.1.3 shows the relationship between the data setup time tsu<D> for write and the external clock input 
frequency. 

[ns) 
6 

6 

50 

-

&MHz 
version 

5~ 

~J30 so-
-.i;10 

1 BMHz version 25MHz version 

_[-- Nowait 
\._ • • • · Software one-wait 

0 '•, 

·457 - "· 

2 

'•400 
00 

50 
"·::::i 2 

313 "··.313 

oo....l Mao '!:, -.. 280 

···-•.. 251 50 ~35 ··- 225-224 . ~00 --~----~--~6 189 ....,. 
170 1::-:15 162 p--..._ 146 .... 150 

50 J ~---:;:; ·-1-129 ----;26 . -- . • .•. 120 11 

00 
~08 93 99 ~a_I_J ~ 1---~· 

-;o~ 69 e2 54 J8 !. I• I 
50-t-~t--t~-j-~t--t~-r~i----t~t--i~-r~t--r====t---,~=;42===~3~7=:ll32 
o-+-~+--;.~-+-~+--+~-+-----,1----+-~+---t~-+-~+--;.~-+-~+--;.~-+---1 

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

External clock input frequency f(X1N) [MHz] 

* Except for address decode time and address latch delay time 

Fig. 9~ 1.2 Relatlonshlp between memory access time and external clock Input frequency 
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[ns) 
450 

400 

e: 350 

~ 
300 

()) 
E 250 
;I 

g. 200 

i 150 

~ 0 100 

50 

BM Hz 
version 

431 Jo \ 
\ .'.:· J 

3a0····.,,:J44 

16MHz version 

"····..:}00 

·····-?~~ ·- -.;33 
··-.?,07 

145 150 

No 122 Noo 
~1 
~53 

I I 

25MHz version 

--.- Nowait l 
· • • - · Software one-wait ..r 

•;JS5----l-175 
• ·-•• 166 ~ 160 

• ··-.1 ()'··· ..• ~47 -135-
···1125 

···1·-~ 106 98 91 ---~ 

33-L42-36-I-l 
t:1·-J 42 

2l> 25 I I 

85 

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
[MHz] 

External clock input frequency f(X1N) 

Fig. 9.1.3 Relationship between data setup time for write and external clock Input freque'1CY 
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9.1.3 Memory connection precautions 
Figure 9.1.4 shows the memory data read timing. When setting E signal to "L" level and reading the data 
on the bus, the "M37732" has an address hold time (tpxz(e-oHZtoLz>) of up to 5ns. When the E signal becomes 
"H" level and data on the bus is read, at minimum the floating time (tpzx(E-oHZtoLz>) shown in Table 9.1.3 is 
reserved before the next address is output. Therefore, when using devices that output data on the data bus 
within 5ns from the fall of the E signal (ten(OE>S5ns) or output data on the data bus for more than tpzx(E-oHv 
oLz> at the rise of the E signal, considerations must be made to prevent bus contention between the address 
output by the "M37732" and the data output by the device. 
When using devices with ten(OE> that does not satisfy tpxz(E-oHvoLz>, generate the device read signal OE with 
only the leading edge of the fall of the E signal delayed for few nanoseconds. 
When using devices with toF and tdls(OE> that do not satisfy tpzx(E-oHvoLzi, delete the data output by the device 
using a bus buffer for example. Figures 9.1.5 and 9.1.6 show examples of using a bus buffer. Table 9.1.4 
shows Mitsubishi memories that can be connected to the "M37732" without bus buffer. When requesting 
memory with specifications shown in Table 9.1.4, specify "toF 15ns version, microcomputer' kit". 

Table 9.1.3 Address hold time and data floating time 

p ~e 
f(X1N) 
tpxz(E-OHZ) 
tpxz(E-OLZ) 
tpzx(E-OHZ) 
tpzx(E-OLZ) 

Peripheral device OE 
(Read signal) 

8MHz version 
M37732S4FP 
f(X1N) S SM Hz 

5 

1X109 
- 30 f(X1N) 

Address output · • • Address 

Peripheral device 
data output 

Fig. 9.1.4 Memory data read timing 
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16MHz version 25MHz version 
M37732S4AFP M37732S4BFP 

8MHz < f(X1N) s 16MHz 16MHz < f(X1N) s 25MHz 

5 

1X10 9 

f(X1N) 

tpxz(E-OHZ) 
tpxz( E-DLZ) 

- 26 

___ tpzx(E-DHZ) 

tpzx(E-DLZ) 

Address 

tdis(OE), tDF 

5 

1X10 9 
- 22 f(X1N) 

(Unit : ns) 
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Table 9.1.4 Usable memory without bus buffer 
Memo~ !Y.e_e TuE_e name toF/tdl1 (OE) Conditions 
EPROM M5M27C256AK-85/-101-12/-15 15ns f(X1N)S20MHz (Note) 

or equivalent OTP component 
M5M27C512AK-10/-12/-15 

or equivalent OTP component 
M5M27C1 OOK-12/-15 
M5M27C101 K-12/-15 
M5M27C102K-12/-15 

SAAM M5M5256BP-70/-85/-101-12/-15 15ns f(X1N)S20MHz (Note) 
or equivalent L, LL types 

M5M5178P-35/-45/-55 
Note: M74F32 or equivalent component 1s required for read signal generation when using at 16MHz fre­

quency or greater. 

M37732S4FP/S4AFP 

BYTE 

I+-+---~ Data bus (even) 

*Available gate examples 

E o----;------~ ~N) Ga BM Hz 16MHz 

ALS32* OR ALS32 ALS32 r---------1 
3-STATE ALS245A F245 
BUFFER ALS1245A 

X1N Xour 
ALS32 

Circuit conditions : 8MHz with no wait 
16MHz with software one-wait 

8/16MHz 

Fig. 9.1.5 Bus buffer usage example (1) 
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M37732S4AFP 

BYTE 

ALS245A 
Ae/Ds­
A1s/D1s i..-&-1~--...i .. ___ _. Data bus (odd) 

x.. XoUT 

16MHz 

Ao t----H:l__~ 
, __ --- - - - -

ALS32 

--- Circuit to extend the 
r-t-<--~ write hold time by 

F32 

quickening the write 
RD signal rise timing by 

1/2 <;t clock 
WO 

WE 

Circuit condition : 16MHz with software one-wait 

Fig. 9.1.6 Bus buffer usage example (2) (connection to device that requests long hold time during write) 

9.1.4 Connection to devices that request long access time 
Waits can be inserted in the bus to extend the access time when connecting to devices that request long 
access time. Wait can be inserted by software one-wait method which sets the wait bit of the processor 
mode register bit 2 to "O'; and inserts waits for 1 cycle of the clock <1>1 during the "L" level cycle of the E 
signal, or by hardware using ROY input to insert any number of wait cycles. Figure 9.1.7 shows an Ready 
generating circuit example for one-wait insertion by hardware. Hardware wait by R5Y input can generate 
wait for internal area access as well. Therefore, this circuit example uses a chip select signal to specify 
the area for inserting a wait. If the external clock input frequency is 14.9MHz or greater, this circuit cannot 
be used because the setup time of the ·RDY input at the fall of the clock <1>1 is insufficient. Refer to section 
"9.1.5 (5) Memory connection example at 25MHz using software one-wait and Ready function" for the use 
of Ready function when ROY input setup time is insufficient. 
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M37732S4AFP 

Aa-A23 
(0<>-015) ~-... -------• Data bus 

F04 

1----•CS1 

t--<>---• CS2 

' Insert wait due to 
Ready function only 
in area accessed by 
CS2 

Circuit condition : f(X1N) s 14.9MHz, No wait 

Fig. 9.1.7 Ready generating circuit example 

9.1.5 Memory connection examples 
Memory connection examples are described below. 

(1) Minimum model memory connection example 

9.1 Memory connection 

ROY signal input timing 

Interval extended by ROY input 

Figure 9.1.8 shows a minimum model memory connection example with only ROM externally con­
nected and Figure 9.1.9 shows a minimum model memory connection example with ROM and RAM 
externally connected. 
With the minimum model, R/W signal and E signal are normally used to generate the read signal RD 
and write signal WR for memory access. The SHE pin is left open because the SHE signal is not used. 
In Figure 9.1.8, A1s and R/W signals are used to generate the CE signal in order to select the external 
ROM when addresses 80001a to FFFF1a are read because only ROM is externally connected. In this 
case, OE control can be performed with the E signal. This enables an EPROM with address access 
time of 1 OOns to be used at external clock input frequency 25MHz with software one-wait. 
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M37732S4BFP 

BYTE M5M27C256AK· 10 

CE 

Ao-A14 1----1----_., Ao-A14 

Oo-07 14---i----_., Oo-01 

OE 

BHE \Open 

R/Wi-----' 
ei-----------' 

25MHz Circuit condition : Software one-wait 
m- m-

Fig. 9.1.8 Minimum model memory connection example (1) 

M37732S4FP 

BYTE Ais 1--------------, M5M5256BP-15 

s 

001-0Qa 

BHE Open 

R/W 

E 

X1N Xour HC32 

8MHz 
m- m-

Fig. 9.1.9 Minimum model memory connection example (2) 
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Memory map 
000016 SFR area 
008016 

Internal RAM area 
088016 

Unused area 

800016 

External ROM area 

FFFF10 

000016 
008016 

088016 

800016 

FFFF1s 

(M5M27C256AK) 

Memory map 

SFR area 

Internal RAM area 

External RAM area 
(M5M5256BP) 

External ROM area 
(M5M27C256AK) 
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(2) Maximum model memory connection example 
Figure 9.1.1 O shows a maximum model memory connection example. In maximum model, the memory 
write signal must be separated the write signal into WE for even address and WO for odd address 
because the external data bus width is used as 16 bits. The write signals for even address and odd 
address are separated by using Ao of the address and the BHE signal. The read signal need not be 
separated because the microcomputer selectively inputs the data during read. 

M37732S4AFP 

BYTE 

A&IDa 
-At&ID15 

AWDo 

Address bus 

Data bus odd 

RIW t-----i ~a----. 

M5M27C256AK· 15 

Ao-At4 

DQ1-DQa 

OE W 

E ---- -~--;;-----------+--------~ -

XIN XOUT 

D _16MHz 
-m -m 

.-­
' 

ALS32 

Circuit condition : Software one-wait 

'~The delay time is 19ns (max.) when 
using an ALS29843 as address latch. 

Fig. 9.1.10 Maximum model memory connection example 

(3) Memory connection example at 20MHz using software one-wait 

M5M52568P-15 

DQ1-DQs 

Oe w 

---------" I 
____ ___J 

Memory map 
000016 SFR area 
008016 

Internal RAM are 

088016 

External ROM area 
(M5M27C256AKX2) 

FFFF1e 
1000016 

External RAM area 
(M5M52568PX2) 

1FFFF16 .__ ___ __, 

Figure 9.1.11 shows a memory connection example at 20MHz using software one-wait (maximum 
model). No bus buffer is required in this example because M5M27C102K-12 is used as an external 
ROM (refer to Table 9.1.4). 

(4) Memory connection example at 25MHz using software one-wait 
Figure 9.1.12 shows a memory connection example at 25MHz using software one-wait (medium model 
8). This example requires a bus buffer to prevent bus contention on the data bus. 
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M37732S4BFP MSM27C102K-12 

BYTE A1-A1 

Aa/Da-
A1SID1s 

A181Do 

ALE 

D1-D1 1+----•Da;;;;ta;;.;b;;;.u•"-i!~~=-....,~IDo-D1S 
5E CE 

E 
F04 

RiW 

9.1 Memory connection 

000016 
008016 

Memory map 
SFR area 

Internal RAM area 
087F16 1-------1 

088016 
External ROM area 
(M5M27C102K) 

Bus buffer is unnecessary. 1 FFFF16 ------

XIN XOUT 

Cl 20MHz 

m- m- Circuit condition : Software one-wait 

Fig. 9.1.11 Memory connection example at 20MHz using software one-wait 

M37732S4BFP 
MSM27C256AK-85 MSM5256BP-85 

BYTE A1-A1 r---".:::::---,"'"".'--:::::::::::::::~::::::::::::::::~:Z::::::~::::~::::::::~::::~~-~\ 
A8/De­
A1SID1s 

Do-07 

Ao r----;<, .....__, , 
·-A°Ls32-" 

XIN XOUT 

Cl 25MHz 

m- m-

F32 

Circuit condition : Software one-wait 

Fig. 9.1.12 Memory connection example at 25MHz using software one-wait 
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9.1 Memory connection 

(5) Memory connection example at 25MHz using software one-wait and Ready function 
Figure 9.1.13 shows a memory connection example at 25MHz using software one-wait and Ready 
function (medium model A). In this example, two waits which consist of a software one-wait and a 
hardware one-wait by Ready function are inserted during ROM access. 

M37732S4BFP 

Ao-Al5 
BYTE 

M5M27C512AK-15 

Ats/Do 
Ao-Ats 

Ar>-A15 

ALE 
Data bus 

Ot-07 1+_.,-----+----+--+IDo-01 

5E Memory map 
F04 

AIW 
00001s SFR area 
008016 

E 087F1s 
Internal RAM area 

Unused area 

800016 

FFFF1s External ROM are~ 
(M5M27C512AK) 

XIN XOUT 17FFF1s 

D 25MHz Circuit condition : Software one-wait 
m- m-

ROY signal input timing 

<P 1 

1Q 

Fig. 9.1.13 Memory connection example at 25MHz using software one-wait and Ready function 

303 



APPLICATION 
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(6) Memory connection example using M66800SP/FP 
Figures 9.1.14 to 9:1.16 show memory connection examples using the M66800Sf:>/FP (hereafter re­
ferred to as "M66800"). The "M66800" is a memory control IC that can be connected to either word 
bus or byte bus of the "M37732". It is equipped with an internal address decode circuit, read/write 
signal generating circuit, and an Ready generating circuit. 

(Precautions When connecting memory using the "M66BOO"J 
Reenforce the GND lines of the "M37732" and "M66800" in order to prevent errors due to noise. Also add 
an 80pF capacitor between the ALE signal line and GND line for safety. 

Figure 9.1.14 shows an example of adding a 64KB EPROM (M5M27C512AK-10) and a 32KB SRAM 
(M5M5256BP-10) with no wait to the "M37732" that has an 8-bit external bus width and operates at 
12.288MHz. The ROY output pin of the "M66800" is open because it operates at no wait. 
Figure 9.1.15 shows an example of adding a 64KB EPROM (M5M27C512AK-15) and a 8KB high­
speed SRAM (M5M5178P-45) to the "M37732" that has an 8-bit external bus width and operates at 
15MHz. The 8KB high-speed SRAM is no wait and one-wait is inserted with Ready function for the 
EPROM. cs-5 (EPROM chip select signal) is input as the wait request input (WRO) to the "M66800" 
in order to limit the area in which the Ready function is valid. 
Figure 9.1.16 shows an example of adding a 128KB EPROM (M5M27C102K-15) and two 32KB SRAMs 
(M5M5256BP-10) to the "M37732" that has a 16-bit external bus width and operates at 12.288MHz. 
The SRAM is no wait and one-wait is inserted with Ready function for the EPROM. Similar to Figure 
9.1.15, an EPROM chip select signal is used to limit the area in which the Ready function is valid. 

M37732S4AFP 

CNVssli 
_... -M66800SP/FP 

BYTE A8-A15 
_... BYTE ~ -

Ao--A7 Ao 
AO A16-A23 

PS -- ~~ .. 
Aa-A1s AD8-AD15 _ - 28000-2FFFF 

A1e/Do ....... CS9 J M5M27C512AK·10 L5M5256BP-10 
P6 -A23/07 - ~ AD16-AD23- 8000-17FFF CE s - -.. css 

ALE JJ -!-- _... ALE .~ AO-Ats ~ Ao-At4 - A0-A1s EPROM AO-A14 RAM - .. P7 (64K) (32K) 

BHE 
.;+;- ,.... D<>-D1 ... DOt-DOa 

PB BHE OE OE W - -.. E E :I _J J RD 
Rfil _... RiW -_... WR P4 ¢1 ¢ 

~ s- ADY WRQ 

,t WAIT~~ • XIN XOUT 

1lo~ 
12.288MHz 

Fig. 9.1.14 Memory connection example using "M66800" (1) 
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-- ----
-- _... 

-- --
-- _... 

_.. 
~ ~ 

M37732S4AFP ti_ 
CNVss 
BYTE 

P5 

P6 

P7 

PS 

P4 

Ao-A7 

Aa-A1s 

A18/Do 
-A23/D1 

ALE 

BHE 

e 
RiW ,, 
ROY 

XIN XOUT 

4o~ I 

16MHz 

--

--

AO _.. 
..... 
~ 

....... --
~ -;I;" ~ 

:;;;. 

~ 
~ 

_... 

M66800SP/FP 
..... 

BYTE" A8-A15 ~ 

AO 
_.. 

A16-A23 -
A08-AD15 _ 2000-3FFF 

CS1 ! M5M27C512AK-15 'GM5M5178P-45 
A016-A023_ 800Jl-17FFF CE S 

CS5 

ALE 
.~ Ao-A15 ~ Ao-A12 

AC>-A1S EPAOM M-A 12 RAM 
(64K) (SK) 

~ Do-07 ~ 001-00a 
SHE OE .a w 
'E 1 J - Ro 
R/W WR 
qi 

WRO 1--' 
ROY 

WAITl"";1 ' , 

Fig. 9.1.15 Memory connection example using "M66800" (2) 

M37732S4AFP w _... 
"\ 

M66800SP/FP 
CNVss ..... 
BYTE 
~ 

BYTE A8-A15 ..... --
Ao-A7 Ao _.. 

AO 
_.. 

___... A16--A23 -..... P5 AS/De-
A15/D1s -- - A08-A015 _ 2800G-37FFF 

CS9 J, M5M27C102K u5M5256BP-10 wM:M5256BP-1 --- P6 A18/Do _.. 
A016--A023css 8000-27FFF -- -A23/D7 - ~CE S 

ALE 
Ao-A16 ~ Ao-A14 A1~ Ao-A14 

-- -~ 
ALE A1--A17 EPROM A1-A15 RAM RAM 

~ P7 (129K (32K) (32K) 
~ Oo-016 ~ 001-DQa ~ 001-DOa 

---- PS BHE SHE OE OE W ~w -- e 'E Ro l I I 

J 
- J --- R/W RiW WRE 

~ P4 ¢1 

~ 
<P WRO .. WRO 1--' 

ROY ROY 
WAITl"";1_ 

XIN XOUT ' '( 1 

YD~ ,~ ' 12.2S8MHz 

Fig. 9.1.16 Memory connection example using "M66800" (3) 
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9.2 1/0 expansion 
110 expansion is described below. 

9.2.1 1/0 expansion model 
Similar to memory connection, 1/0 expansion for the "M37732" can be performed for the four models shown 
in Table 9.1.1. Memory mapped 1/0 is used for 110 expansion. The expansion methods and precautions 
are the same as for memory connection. 

9.2.2 1/0 expansion examples 
110 expansion examples are described below. 

(1) Port expansion example using M5M82C55AP·2/FP·2 

306 

Figure 9.2.1 shows a port expansion example using two M5M82C55AP-2/FP-2s. This is an expansion 
example for a medium model B, and one M5M82C55AP-2/FP-2 is connected to the even number port 
side and the other is connected to the odd number port side of the "M37732" data bus to expand the 
1/0 port to 48. The device reset signal is supplied from port P43. 
When using "M37732" at SMHz or less, bus buffers such as ALS245A become unnecessary and direct 
bus connection is possible. In this case, F32 or TC74ACT32P can be used for RD separation gate, 
and the circuit condition is no wait. 
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M3773254AFP CSo 
CS2 
CS3 

A1-A1 Address bus 

CNVss 

BYTE MSM82C55AP-2/FP-2 

cs Porte II • 
ALE PortB 

ALS245A Port A 
Ae/De-
A15/D1s Data bus (odd) Do-D7 WR 

RESET 'Ff!) 

A16/Do- Data bus (even) 

A231D7 cs Porte 

I Port B 

p43 -
Port A 

E 
Do-D7 

RESET 

' L.---- --- --
ALS32 

F32 

Circuit condition : Software one-wait 
16MHz 

Fig. 9.2.1 Port expansion example using M5M82C55AP·2/FP·2 
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9.2 1/0 expansion 

(2) Port expansion example using M66500SP/FP 
Figure 9.2.2 shows a port expansion example using M66500SPIFP. This is an expansion example for 
a minimum model which adds 24 1/0 ports, 16 high voltage output ports, and 4-bit input ports. 
When using "M37732" at 8MHz or less, bus buffers such as ALS245A become unnecessary and direct 
bus connection is possible. In this case, F32 or TC74ACT32P can be used for RD separation gate, 
and the circuit condition is no wait. 

M37732S4AFP ,--------cso 
,------- CS2 
~----CS3 

Ao-A? ... ___________ ....... _.,.. __ ~ Address bus 

CNVss 

BYTE M66500SP/FP 
A15 

Ae-A1s ... ------~ 
cs 

Port A 

A1 Ai 
AO Ao 

ALS245A 
Data bus A1e/Do­

A23/D1 .... ------~ 
Port C 

Do-D1 
Port E 

Port F 

PortG ~ 
RESET 

RD WR 

: RD 

RfW1----.-----~.-a 
L---------' 

X1N Xour 

Circuit condition : Software one-wait 

16MHz 

Fig. 9.2.2 Port expansion example using M66500SP/FP 
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(3) Port expansion example using M37451 M4·XXXFP 
Figure 9.2.3 shows an expansion example using an 8-bit single-chip microcomputer M37451 M4-XXXFP. 
This is an expansion example for a minimum model and the host bus interface function of the M37451 M4-
XXXFP is used. 

M37732S4AFP CSo 
CS2 
CS3 

Ao-A1 Address bus 

CNVss 

BYTE 

Aa-A1s M37451M4-XXXFP 

cs Port PO 

Ao 
Data bus 

Port P1 
A16/Do-
A23/07 

DB0-DB1 
Port P2 

INTo PRDY Port P3 

E E 
RIW RIW Port P4 

Bus interface Port P6 

p43 RESET 

! X1N Xour 

Circuit condition : No wait 

Fig. 9.2.3 Port expansion example using M37451M4-XXXFP 
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9.3 Low supply voltage version applications 
The external memory connections of the M37732S4LGP/HP (hereafter referred to as "M37732L") are de­
scribed below. 

9.3.1 Memory connection 
The memory connection model, memory access time calculation method, bus timing, and memory connec­
tion method of the "M37732L" are the same as for "M37732". However, some calculation equations and 
constants for parameters that depend on the external clock input frequency are different. Equation <D shows 
how to calculate the memory access time ta(ADI and equation ® shows how to calculate the data setup time 
lsu(O). 

ta(AD) = td(AUAM/AH-E)+tw(EL)-tau(Dl/DH-E) 

-{address decode tlme+address latch delay time*} ..... <D 
'I~ Address latch delay time is not necessary for minimum model. 

tau(D) : tw(EL)-td(E-DLQ/DHQ) "" • @ 

In equation <D, td(AL/AMIAH-Ei represents either td(AL-E1, td<AM-EJ, or td(AH-EJ and tsu(DLIDH-E> represents either tau(DL-E> 
or tsu(DH-E). In equation ®, td(E-0Lo10HoJ represents either td(E-oLoJ or td<E-DHOJ. 
Table 9.3.1 shows the calculation equations and constants for parameters of "M37732L" that depend on 
the external clock input frequency. 
Figure 9.3.1 shows the relationship between memory access time ta(ADJ and external clock input frequency 
f(X1N) and Figure 9.3.2 shows the relationship between data setup time tsu(DJ for write and external clock 
input frequency. Similar to the graph for "M37732", the graph in Figure 9.3.1 shows the memory access 
time when address decode time and address latch delay time are not taken into consideration. Therefore, 
these values must be subtracted from the data in the graph to obtain the actual memory access time. 
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Table 9.3.1 Parameter equation and constants depending 
on the external clock Input frequency 

Pa ~ 2.7 to 5.5V 

f(X1N} f(X1N) :5 8MHz 
td(AL-E) 

1X109 
td(AM-E) 50 + f(XiN) - 125 
td(AH-E) 

tw(ALE) 
1X109 _ 65 
f(X1N) 

tw(EL) 
2X10 9 _ 40 
f(X1N) 

~ ----. -....... - .. ----. -.. -.. ·······-----------------------
: Under the one-wait mode 4X10 9 _ 40 
: (the wait bit = "O") f(X1N) 

lsu(OL-E) 

lsu(OH-E) 80 

\d(E-OLQ) 

td(E-DHOi 130 

ld(ALE-E) 4 
lpxz(E-OLZ) 

lpxz(E-DHZ) 10 

tpzx(E-DLZ) 
1X109 _ 30 tpzx(E-DHZ) 
f(X1N) 

(Unit : ns) 
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(ns) 
25002305 

*c ·· .. 
.s. 2000 

... 
.Ill - Nowait 
Q) ·--•-- Software one-wait 
-~ 
I/) 
I/) 

~ 1000 

~ 
0 
E 500 
Q) 

::!: 

471 430 
--,-~., 

205 180 

0 

2.5 3.5 4.5 5.5 6.5 7.5 8 

External clock input frequency f(X1N) [MHz] 

*Address decode time and address latch delay time are not considered. 

Fig. 9.3.1 Relationship between memory access time and external clock Input frequency 

[ns] 

c 
'5' 
!!! 

Q) 

·~ 
Q. 
:> 
Qi 

"' IQ 

1il 
Cl 

2000,~--..---....,...--.,...----..---,----r---r----ir----r---..-----.-----, 

1600 

1400 

1200 

1000 

800 

'•, ·1972 __ .___-t---+----+--+----+----t-----lr---1 
830 "· .... 830 

600 

400 

~ -=-.. -r:-718 
30 "J:··· 630 • "·:..: 557 

1-I-----' .... -==-- 495· __ ,__ __ 1+----r--~~ ·~1- 495-
.............:: ......... 445 

1-1---t---+t--_c=.4·0-1 ==- 330- __j_" ..•• .:.!_..... 401 363_ 33 
274 230 I I T ~-., ........ , 

200 

2.5 3.5 

193 163 137 115 96 

I I 

4.5 
I I 

5.5 

l 
I 

External clock input frequency f(X1N) 

I 
6.5 

..1 
I 

7 

J.. 
I 

7.5 

80 

J 
I 

[MHz] 

Fig. 9.3.2 Relationship between write data setup time and external clock Input frequency 
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(1) Minimum model memory connection example 
Figure 9.3.3 shows the memory connection example for a minimum model without external RAM and 
Figure 9.3.4 shows the memory connection example for a minimum model with external RAM. These 
examples use Atmel Corporation EPROM (AT27LV256R) as external ROM. 
The examples in Figure 9.3.3 and 9.3.4 access the external memory with software one-wait. To use 
these circuits with no wait, lower the external clock input frequency to 5.SMHz or less. 

M37732S4LGP/HP 

BYTE AT27L V256R-3001 

CE 

Ao-A14 1---.....,1-----.i Ao-A14 

Oo-07 1+--.....,1-----.i Oo-07 

BHE \Open 

RIW1-----' 
E1----------' 

X1N Xour 

BM Hz 
ifr ifr 

Circuit condition : Software one-wait 

Vee= 3.0 to 5.5V 

000016 

008016 

088016 

800016 

FFFF1e 

Memory map 

SFR area 

Internal RAM area 

Unused area 

!---

External ROM area 
(AT27LV256R) 

Fig. 9.3.3 Minimum model memory connection example (without external RAM) 
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M3773254LGP/HP 

BYTE 

TC74AC32 

TC74AC04 AT27L V256R-3001 
~-+----ICE 

Ao-A14 i-------1-----,1~1Ao-A14 

Do-07 ... ---+-+-----l~I00-07 

BHE \Open 

TC74AC04 
RIW 

' 

001-00s 

CS2 

5EWE 

El--1--~~_._...,-"'"').~:w'-'-'-'R'--~~~~~~~~ 

X1N Xour TC74AC32 

'SM Hz 
m- m- Circuit condition : Software one-wait 

V cc= 3.0 to 5.5V 

000016 
008016 

088016 

800016 

FFFF16 

Fig. 9.3.4 Minimum model memory connection example (with external RAM) 
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Memory map 

SFR area 

Internal RAM area 

External RAM area 
(M5M51008AFP) 

External ROM area 
(AT27LV256R) 
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(2) Maximum model memory connection example 
Figure 9.3.5 shows the memory connection example for a maximum model. This example uses Atmel 
Corporation EPROM (AT27LV256R) as external ROM. 
This example accesses the external memory with software one-wait. To use this circuit with no wait, 
lower the external clock input frequency to 5.8MHz or less. 

M37732S4LGP/HP 

BYTE 
A1-A7 

Aa/Oa 
-At!JD1s 

:wo 
BHE t----~:'"'.""'."I ............ 

XIN XOUT 

D SMHz 

.;,:;. .;,:;. 

Vee= 3.0 to 5.5V 

TC74AC32 c__-----------~ 

Circuit condition : Software one-wait 

*The delay time is 1B.2ns (max.) when using an 
TC74AC573 as address latch. 

Fig. 9.3.5 Maximum model memory connection example 

M5M51008AFP-15VLL 

A1s 

Memory map 
00000016 

SFR area 
00008016 

Internal RAM area 

00088016 
External ROM area 

OOFFFF16 
(AT27LV256RX2) 

Unused area 

02000016 
External RAM area 
(M5M51008AFPX2) 

03FFFF1s 
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(3) Ready generating circuit example 
In connection examples shown in Figures 9.3.3 to 9.3.5, use Ready function if wait is to be inserted 
only for a certain area (ROM area for example). Figure 9.3.6 shows an example of a Ready generating 
circuit. 

M37732S4LGP/HP 

Aa-A2s I+-_________ ., Data bus 

(Do-D1s) 

e l---*---1 

'1 ,-----, .... ~--, 

,____ __ ..,cg; 

t--<t---•CE 

' Insert wait due to 
Ready function only 
in area accessed by 
CE 

ROY signal input timing 

Interval extended by ROY input 

Fig. 9.3.6 Ready generating circuit example 
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9.4 Power saving 
Described in this section are power dissipation conserving (power saving) of system (hereafter refers to the 
entire system including the microcomputer as system unless specified otherwise) and internal HAM back­
up application examples using wait mode (entered by executing a WIT instruction) and stop mode (entered 
by executing an STP instruction). 
When a WIT instruction is executed, the wait mode is entered and the internal clock qi stops at "L" level 
state. The oscillator does not stop however. When an STP instruction is executed, the stop mode is entered 
and oscillation stops with the internal clock qi at "L" level state. 
In wait mode, the power dissipation is approximately 20% compared to normal operation. The power saving 
for wait mode is slightly less than that for stop mode. However, wait mode has the advantage in that an 
instruction can be executed immediately when the mode is removed. 
In stop mode, normal operation cannot restore immediately at removing stop mode because some time is 
necessary for the oscillation to stabilize. However, power is conserved considerably because oscillation is 
stopped and power dissipation is a minimal 1µA (Ta=25°C). Therefore, this mode is suitable for battery 
driven portable products. 
Refer to section "Appendix 3 Stop, wait, one-wait, Ready, and Hold state" for information on wait mode and 
stop mode state. 

9.4.1 Walt mode 
In wait mode, the system power is conserved while supplying power to the entire system. 
If wait mode is entered with an external memory selected, the entire system power cannot be conserved 
because ihe power dissipaiion of ihe selected memory does not decrease. Therefore, be sure to deactivate 
the chip select signal before entering the wait mode (the method differs for each system). 
One method to deactivate the chip select signal is to execute a WIT instruction in the internal RAM area. 
Figure 9.4.1 shows an example of a WIT instruction execution circuit and Figure 9.4.2 shows an example 
of a WIT instruction execution program. In this program example, a WIT instruction is transferred to internal 
RAM from external ROM with an MVN instruction and executed in internal RAM. When a WIT instruction 
is executed in internal area, the chip select signals (CE and cs1 in Figure 9.4.1) are deactivated and no 
external memory is selected (do not allocate external memory at the same address as the internal RAM 
area jn whjch the WIT instruction js executed). 
In addition to the chip select signal, ports must also be externally deactivated. 
In wait mode, peripheral devices such as watchdog timer are still operating. When using the watchdog 
timer, the chip select signal must be deactivated by the above procedure when terminating the watchdog 
timer interrupt and returning to wait mode with a WIT instruction. 
In the program example shown in Figure 9.4.2, if a watchdog timer interrupt occurs while in wait mode, 
writing to watchdog timer is performed in the interrupt routine and a WIT instruction is re-executed in the 
internal RAM area. If a watchdog timer interrupt occurs outside the wait mode, program runaway is assumed 
and a software reset occurs. The wait mode is removed with timer AO interrupt. 
In addition to the above, measures such as stopping the operation of timers, serial 1/0, and A-D converter, 
or externally separating VREF with cut-off transistor or analog switch can be taken to further conserve power 
(the method differs from system to system). 

[Precaution during wait mode] 
When executing a write instruction just before a WIT instruction, insert some NOP instructions after the write 
instruction to make sure the write instruction completes before the WIT instruction is executed (refer to section 
"Appendix 3. Stop, wait, one-wait, Ready, and Hold state" for the number of instructions to be inserted). 
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M37732S4AFP 

BYTE 

A8/0a 
-Auf/01s 

A1GIOO 
-A17101 

Oala bus (odd) 

ce 
~ 
~ 
~ 
~ 
~ 

DHJ1s "' 
Do--07 

5E 

9.4 Power saving 

'CE 
~ 

Ao-A,. ~ 
A1-At5 Cl 

~ 
~ 00-07 "' 00-07 OOHXla 

OE 

02-01~~--~~------~~~ ..... ~~ ... ~~~-+-~~~~~ ..... ~ot-~-' 
AlW 1--~o--\t"-... 

[1--~=::-:t-:-!I.." 

000001& 
Memory map 

SFRarea 
0008016 

0087F1s 
lntemal RAM area 

TC74ACT32 
BHe t---r-c...~ 

XIN XOUT 

Unused area 
0800016 

CJ 15MHz 
m- m- Circuit condition : Software one-wait 

External ROM area 
(M5M27C256AKX21 

17FFF1s 
Unused area 

200001& 
External RAM aiea 

ill External memory is allocated in the area 
which does not overlap with internal RAM area. 

(M5M5256BPX2) 
2FFFF1s 

Fig. 9.4.1 Example of WIT instruction execution circuit 
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282 ;---- -------------............... ':" ____ --------------- .............. ---
283 Example of WIT instruction execution program = 
284 -------------------------------·------·-·------------
286 
288 008021 E224 SEP 1,1 
287 008023 •848000 L Lllit.B IOOOOOOOOB ,PLG ; Bit o:wait mode restore flag 
288 ; Bit 1 :JJT instruction execution flag 
289 008028 16458C4 L LD'it.B 11 lOOOlOOB, TAOMR ; Set timer AO 
290 008029 D8 CLM 
291 00802A •8'46FPPF L LD'U IOPPPPH, TAO 
292 00802E F8 SEM 
293 00802P •14750P L CLB.B IOOOOIJI 18, TAOIC ; Clear timer AO interrupt request bit 
294 008032 *047501 L SEB.B IOOOOOOOIB, TAO IC ; Enable timer AO interrupt (level I) 
295 008035 68 CL! ; Enable interrupt 
298 008086 •8'400 I L LOM.B IOOOOOOOlB, TAB SR ; Start count 
297 
298 008039 ROM_I: 
299 008039 C210 CLP x ; 
300 008038 A24880 L LOX.W IRIXU ; Transfer source address (external ROM) 
301 00803E AOOOOl L LOY.W IRAM ; Transfer destination address (Internal RAM) 
302 008041 A912 LOA.B A,112H ; Transfer bYte count 
303 008043 540000 MVN o.o ; Transfer data 
304 008046 4C0001 L JMP RAM ; Jump to RAM area 
305 
306 008049 ROIU: 
307 008049 80FE L BRA ROM_2 
308 
309 00804B ROM_3: 
310 008048 F8 SEM 
311 00804C C210 CLP x 
312 00804E •048002 L SBB.B IOOOOOOIOB,FLG ; Set JIT instruct! on execution flag 
313 008051 EA NOP 
314 008052 ROM_4: 
315 008052 CB WIT ; Execute WIT instruction 
318 008053 *348001FB L BBC.B 10000000 l B, FLG , ROM-4 ; Restore from wal t llOde ? 
317 ; Not restore --> Execute WIT instruction again 
318 008057 •148003 L CLB.B 1000000118 ,FLG ; Restore --> Clear WIT Instr.action execution flag 
319 ; Clear wait 11<1de restore flag 
320 00805A 4C4980 L JMP ROM_2 ; Retern to ROM area 
321 
322 
323 .ORG 9000H 
324 ---- ------------- .............................. ------------------------
325 Example of interrupt processing progr1111 
328 ----................................................................................. -·----------- .. -
327 . 
328 009000 INT_TAO: ; *** Interrupt routine for restoring frOll wait llOde 
329 009000 F8 SEM 
330 009001 •048001 L SBB.B IOOOOOOOlB,FLG ; Restore from wal t llOde 
331 009004 (.() RT! 
332 
333 
334 009005 INT_WOT: ; *** Watchdog timer Interrupt· routine 
335 009005 F8 SEM 
338 009008 l24800203 L BBS.B IOOOOOOlOB,PLG , IDT_ l 
337 00900A *045B08 L SEB.B IOOOOlOOOB, PMR ; PrOKl'lll runawaU)' 
338 --> Software reset 
339 009000 WDT_l: 
340 009000 118680 L STA A,WDT ; IDT interrupt 
341 --> Wrltlllll to watchdog timer 
342 00900F 40 RT! 

Fig. 9.4.2 Example of WIT Instruction execution program 
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9.4.2 Stop mode 
When oscillation is stopped by executing an STP instructio'n, the current dissipation of the "M37732" itself 
can be conserved considerably to 1 µA (Ta=25°C). Furthermore, when the external bus wjdth js 8 bjts (BHE 
open) and no wajt (or if software one-wait is available for external memory, by transferring the STP 
instruction to internal RAM and executing it in internal RAM just as in a WIT instruction), power to the 
entire system except the "M37732" can be stopped by supplying power to only the "M37732" from a 
secondary battery such as a Lithium battery. In this case, the internal RAM is preserved (internal RAM 
back-up). 
Figure 9.4.3 shows an example of an STP instruction execution program. 
When an STP instruction is executed, "M37732" stops with "H" level output from some address pins 
because the oscillation stops after accessing the addresses in ROM near the STP instruction is allocated 
to. When power supply to external CMOS memory and CMOS gate is stopped in this state, the system 
power dissipation cannot be conserved because current flows to these devices from the "H" level ports of 
the "M37732" due to the diode effect. Therefore, this program example makes .sure the address/data bus, 
ALE, R/W, and E output stop with "L" level state when executing the STP instruction (NOP instructions are 
not inserted between the STP instruction and write instruction because the oscillation is stopped in the 
middle of a write operation). 
Stop mode is removed with a hardware reset or an accepting external interrupt. If a ceramic resonator is 
used, return the RESET pin to "H" level after applying "L" level to the RESET pin for an interval longer than 
the time required for the oscillation to stabilize when returning by hardware reset. 
Figure 9.4.4 shows an example of power-on reset circuit for internal RAM back-up using a system reset 
IC M62003. 
Note that in the back-up circuit example, circuit and circuit constants must be adjusted according to the 
actual usage condition of the power supply system. 
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296 
298 
297 
298 
289 OOC022 DA 
300 OOC023 8tl:201 
801 
802 OOC028 C280 
303 OOC028 A20000 
804 OOC02B 8001 
305 [RlXi!+ 1 ][RAM+O] 
808 OOC02J! 
w:T1 OOC02B BEPFFPOOOO 
303 OOC033 DB 
809 
310 
311 
312 
313 
314, 
315 

L 

PHX Store the contents of X resister to stack 
LDT IOIH Set bank other than O 
.OT OIR 
CLP X,M Data lensth, resister lensth 18 bits 
LOU IOOOOH 
BRA lab 
.K\IEN Adjust to even address 

lab: 
Wt.I IOOOOH,DT:OPPPFH,X 
STP Execute STP instruction 

; Retern data bank resister, data lensth and so on to the former state. 
; And then restore the contens which stored to stack. 

Fig. 9.4.3 Example of STP Instruction execution program for memory back-up 

Power supply 

5.SV 

Smoothing 
condenser 

Back-up power 3V 

+ 
Vee 

(Interrupt signal) 

M62003 
sup~y 1 

Cd RESET 1-----...i RESET 
(Reset signal) 

Delay GND 

condenser ;J!O?µF 
M37732S4L 

*In this circuit example, a 0.07µF delay condenser is used because the rise of the reset signal 
is delayed approximately 10ms. 

Fig. 9.4.4 Example of power-on reset circuit for Internal RAM back-up 
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9.5 Pulse motor control application 
This section describes the case of stepping motor 1-2 excitation (without pulse width modulation) control as 
an application example using the basic functions of the pulse output port mode of the M37732 group. 
Figure 9.5.1 shows the procedure for setting the pulse output port mode and Figure 9.5.2 shows an example 
of initialization for stepping motor control. Figure 9.5.3 shows an example of updating the pulse output data 
and output timing, Figure 9.5.4 shows the output waveform example when using these programs, and Figure 
9.5.5 shows the RTPOo-RTP13 output control block diagram. 
In this example, RTP1 is used to update pulse output data registers 1 and timer A2 in the timer A2 interrupt 
service routine during motor control. 

Set timer A2 and A3 mode registers 
(Pulse output port mode) 

Set waveform output mode register 
(RTP1 selected, without pulse width modulation) 

,i 

Set pulse output data register 1 

,i 

I initialization output I 
,i 

I Set T A2 initial value I 
j. 

Start T A2 count 

I Enable interrupt I 

J · · · · · (Note 1) 

· · · · · (Note 2) 

Note 1: If RTP1 is selected with the waveform output mode register before timer A2 and A3 mode 
registers are set to "pulse output", the contents of the corresponding port latch is output from 
pins RTP1o (P54) and RTP12 (P5s), which are shared with the timer A output pins, independ­
ent of the port P5 direction register. In order to prevent this, set timer A2 and A3 mode 
registers to "pulse output" before selecting RTP1 with the waveform output mode register. 
Ports P54-P57 function as programmable 1/0 ports until timer A2 and A3 mode registers are 
set to "pulse output''. 

Note 2: The pulse output data register 1 is undefined at reset. Therefore, undefined data is output 
from pins RTP1o-RTP13 after RTP1 is selected with the above procedure. The initial value 
set in pulse output data register 1 is initially output when timer A2 underflows for the first 
time. Therefore, initial output (dummy output) must be performed before starting pulse output. 

Fig. 9.5.1 Pulse output port mode setting procedure 
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~ ·----. 
293 lnltlallzatlon for stepping 10tor control 
294 ·----. 
295 
298 OOC027 SUB_PU: 
297 OOC027 78 SE! ; Disable interrupt 
298 
299 .DATA 8 
300 OOC028 P8 SEM 
301 OOC029 •I UCJ04. L CLB IOOOOOIOOB, TABSR ; Stop ti1er A2 count 
302 OOC02C *6468« L mt IOIOOOIOOB, TA2MR ; Ti1er IOde, enable pulse output, disable gate function 
303 OOC02P ll645904 L mt IOOOOOIOOB, TA3MR ; Enable pulse output (set P68 to output) 
804 OOC032 *848201 L mt IOOOOOOOIB, IOUTMR ; Disable pulse width IOdulatlon, select RTPI 
305 OOC036 *8lll404 L LIXll IOOOOOIOOB,POUTDRI ; Set Initial value of pulse output data resister I 
808 OOC038 •U770P L CLB IOOOOl 1118, TA2 IC ; Clear timer A2 i nterrUPt request bl t 
307 OOCOSB l047701 L SEB IOOOOOOOIB,TA2IC ; Enable timer A2 interrupt (level I) 
308 
309 .DATA 18 
310 OOCOSE 08 WI 
311 OOCOSP *844A0200 L mt I0002H,TA2 ; In! tlal output of tiller A2 
312 
313 .DATA 8 
314 OOC043 P8 SEM 
315 OOC044 •044004 L SEB IOOOOOIOOB, TABSR ; Start tl11er A2 count 
SIB OOC047 LOOP_!: 
317 OOC047 *347708PC L BBC IOOOOIOOOB,TA2IC,LOOP_I ; Initial output COIPlete? 
318 OOC04B •144004 L CLB IOOOOOIOOB, TABSR ; Stop count 
319 
320 .DATA 18 
321 OOC04E 08 CL/If 
322 OOC04P lfl4'A204E L mt i'll20B, TA2 ; Set tlaer A2 In! tlal value (per1od:20000 /JS at IBMHz) 
323 
~ .DATA 8 
325 OOC053 P8 SEM 
328 OOC064 •1'7708 L CLB I000010008,TA2IC ; Clear tiaer A2 i nterruPt request bit 
327 OOC057~ L SEB IOOOOOIOOB, TABSR ; Start ti11er A2 count 
328 OOC05A 58 CL! ; Enable interrupt 
329 
330 OOC05B SO RTS 

Fig. 9.5.2 Example of initialization for stepping motor control 
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388 :====-===== ============ 
38' Timer A2 interrupt 
336 rulldatilll! Of pulse output data and 
338 output tiling (timer A2 data) J = 
837 :== -============== 
338 
339 OOC06C INT_TA2: 
340 .DATA 18 
3(.1 OOC06C 08 CLM 
3(.2 
3(.3 OOC06D 48 PHA : Store resisters 
3(.4 

345 
349 .DATA 8 
3(.7 OOCOSE PS Sl!M 
348 
349 OOC05P •ADOOCO L LOA A, PLS_DATA : Chanse pulse output data resister 1 
350 OOC062 *8684 L STA A,POUTDRl 
351 
352 .DATA 18 
353 OOC084 08 CLM 
354 
356 OOC085 •ADOOCO L LOA A,TA2_DATA : Change timer A2 data 
358 OOC:OBS *854A L STA A,TA2 
867 
868 ; Next PLS_DATA, TA2_DATA caluculatlon 
369 : and so on 
380 
381 
382 OOCOBA 88 PLA : Restore registers 
ass OOCOBB 40 RT! 

Fig. 9.5.3 Example of updating pulse output data and output timing for stepping motor control 

Timer A2 
underflow 

signal 

RTP11 
(P5s) 

Fig. 9.5.4 Example of output waveform for stepping motor 1·2 excitation (without pulse width modulation) 
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P5o/T AOouT/RTPOo, P521TA 1 ouT/RTP02, P54/T A2ouf)80.l\1o, P5elTA3oJiMfP12 

Pulse output 

y '~?:~~~~ ~~~~tion J ~T~!--~-~~~~i~r 
LJ~ Pulse output\ i~ Selected l 

..-D-ir_e_ct-io_n_r-eg-i-st_e_r-:--------;'Vh_J/ 
RTPj selection '~No puls~ output! i[ Not selected \ 

i's~.i~~ted .. \ L ..... -.w ..... ·············--J 

ki~+~I 
Pulse output 

Timer A output 

---Po-rt-la-tc_h _ __, . . ·~t'i,_ ---------1 
'• No pulse output i 
:: ... ·.···············"·'·'•'-'·'•'•'•'•'-'-'·:; 

P51/TA01NIRTP01, P53/TA 11N/RTP03, P5s/T A21N/RTP11, P51/T A3iN/Ft'fP13 

LTPj selection 

._D_i_ra_c_tio_n_r_e_g_is_te_r_:----------<~ 
Pulse output --i •• ; 

L_ ___ J Selected 

1---------Cd Port latch ._ _____ __. 
:: ......... •.•.-.•.•.·.•.•,•,•,•,•.•.•,·.•.•.-:: 

Input 

Input 

*The waveform output mode register is used for RI PJ selection and the timer Ai mode reigster 
is used for pulse output function selection. 

Fig. 9.5.5 RTPOo-RTPh output control block diagram 

[Note] 
With the M37730 group, the RTP13 pin is shared with P6o/TA4ouT pin rather than P51/TA31N pin. In addition, 
with the M37730 group, pulse output can be enabled/disabled with the waveform output control bit (bit 7 at 
address 621a) and INTo input (refer to section "CHAPTER 8. M37730 GROUP" for information on M37730 
group). 
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Host computer 

Interface 

SCSI.PC/AT Interlace 
----"--~ HOC 

~ ~ ~ •Read/Write 
~ formatcontrol 

C h memory • ECC generation/ 
as Check ..._ ____ __, 

Encoder/ 
Decoder 

:-:.:-:-:.:-:.:-:-:-:·:1·=·=·=·=~-:-:-:-:-:-:-x-:-:-:-:-:.:-:-. ;(.: .......... ·.···· ······················::;·:·:-:···:· 
·-:::-· ;:~;::. 

loTP~oMI 
Program memory 

M37730S2BFP 

Pulse peak 
detector 

VCM driver 
a HDC controi 
• Motor control I 

...__ _____ _J-----.i., SPM driver 

Hard disk 

R/W amplifier 

Disk media 

___ .,_,,_..,,.._,,_....,. __ ~~,.:-x-;>-·«-;>;.;.··~:-;;;:::::;;; ·9'<:···:;;1;::~;;·;;i»n~;:;;;: ;::::::::;::::;::1:;1 

Fig. 9.6.2 Hard disk (HOD) 

Pulse output ~ Local sound 

M37732S4 pin 

(;ersonal 
computer 

Address bus/Data bus 

lo ROM RAM 
--

Key matrix I (/C'3L/55 78) 
~ RS-232C LCDpanel l LCD V.110 

Controller 
...._ t....... Driver 

Display caller phone driver 
Rate adapter 

~ /Receiver number and toll charge 

Handset 
I Sch 

.-. ..... i.... ~ 
Speaker 

Analog CODEC 
LAPD SIT Bus 

l/F Controller interface ~ Och !-+-

t J Sch 
2S+D I 

[ Trans 

@ @ 
Fig. 9.6.3 ISDN digital telephone 

J 
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PA 
cont. 

Receiver 

Transmitter 

Fig. 9.6.4 Cellular phone 
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Expander Speaker 
l/F 

'-+.....i Level sensor 

System control 
microcomputer 

M37732S4LHP 

External memory 

EPROM 
SAAM 
EE PROM 

Compressor 
MIC. 
l/F 

LCD 

LCD 
Generator 

Key matrix 
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9.7 Program examples 
The program examples listed below are shown in the following pages. These program examples show how 
to set various registers when using each function. When using any of these program examples in actual 
application, be sure to modify it according to the type of application and evaluate the result carefully. 

9.7.1 Hardware definition examples 

9.7.2 Initialization examples 

9.7.3 Timer setting examples 
(1) Timer A ..... Timer mode (without pulse output) 
(2) Timer A ····· Timer mode (with pulse output) 
(3) Timer A ..... Event counter mode 
(4) Timer A ..... Event counter mode (two-phase pulse signal processing function) 
(5) Timer A ..... One-shot pulse mode (Internal trigger) 
(6) Timer A ..... One-shot pulse mode (external trigger) 
(7) Timer A ..... PWM mode (16·blt PWM) 
(8) Timer A ..... PWM mode (8·blt PWM) 
(9) Timer B ..... Pulse period measurement mode 
(10) Timer B ··· Pulse width measurement mode 

9.7.4 Pu!se output port mode setting examples 
(1) Without pulse width modulation (2) With pulse width modulation 

9.7.5 Serial 1/0 modes setting examples 
(1) 8·blt UART (1·byte receive) 
(2) 8·blt UART (1·byte transmit) 
(3) 8·blt UART (n·byte transmit) 
(4) Clock synchronous (1·byte receive) 

(5) Clock synchronous (1-byte transmit) 
(6) Clock synchronous (n·byte transmit) 
(7) Error processing 

9.7.6 A·D conversion modes setting examples 
(1) One-shot mode (3) Single sweep mode 
(2) Repeat mode (4) Repeat sweep mode 

9.7.7 Interrupt processing examples 
(1) Interrupt setting examples 
(2) Interrupt processing example (When memory space Is 64K bytes or less.) 
(3) Interrupt processing example (When memory space exceeds 64K bytes.) 

9.7.8 Watchdog timer setting examples 
(1) Watchdog timer write routine 

9.7.9 Software timer setting examples 

9.7.10 Interrupt vector setting example 

(2) Watchdog timer Interrupt processing example 
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9.7.1 Hardware definition examples 
This is a setting example for a program that defines SFR (refer to page 24 for information on SFR) . 

Sl!Q. LOC. OBJ. 

330 

12 
13 
14 
15 
16 
17 
18 
19 OOOOOA 
20 {OOOOOA) 
21 {000008) 
22 
23 oooooc 
24 {OOOOOC) 
25 {000000) 
26 
27 000001! 
26 {000001!) 
29 {OOOOOF) 
30 
31 000010 
32 {000010) 
33 {000011) 
34 
35 {000012) 
36 
37 {000014) 
38 

• • • ·*· ••• I.,,·*·., .2.,, ·*· ••• SOURCE STATl!MllNT •••• 5 ••• ·*· ••• 6 ••• ·*· ... 7 ••• ·*· ... 8 ••• ·*· ... 9 ... ·*· .. 
.SECTION SFR_ARl!A 

I ; 
I :- -- -=== 
1 ; Port resisters 
1 :===------------------==== 
I ; 
1 .ORG OOOOOAll 
1 P45: ; Port P4, P6 resisters 

IH BYTE 1 P4: .BLKB ; Port P4 register 
1H BYTE 1 P5: .BLXB ; Port P5 resister 

1 ;---- ------------------------------------
! P45D: ; Port P4, P5 direction registers 

1H BYTE I P4D: .BLKB ; Port P4 direction resister 
1H BYTI! 1 P5D: .BLKB ; Port P6 direction resister 

I ;---- ------------------------- -----------
! PB7: ; Port PS, P7 res! sters 

1H BYTE I PB: .BLKB ; Port PB resister 
1H BYTE 1 P7: .BLKB ; Port P7 register 

I ;---- ------------------------- -----------
! PB7D: ; Port PS, P7 direction resisters 

18 BYTE I PSD: .BLKB ; Port PS direction resister 
1H BYTE 1 P7D: .BLKB ; Port P7 direction resister 

I ;---- ------------------------- -----------
28 BYTE I PS: .BLKB 2 ; Port P8 resister 

I ;---- ------------------------- -----------
IH BYTE 1 PSO: .BLKB 1 ; Port PS direction register 

I ; 
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SEQ. LOC. 

'1 
'2 
'3 

" '6 
'8 COOOOIB) 
'7 (OOOOIP) 
'8 
'9 (000020) 
60 
61 (000022) 
52 
68 (00002') 
M 
66 (000028) 
68 
67 (000028) 
68 
&II (00002A) 
BO 
Bl (00002C) 
62 
63 (000028) 
64 
66 
BB 
67 
68 
69 000030 
70 (000030) 
71 (000031) 
72 
73 000032 
7' (000032) 
76 (000033) 
78 
TT 00003& 
78 (00003&) 
79 (000036) 
80 
81 000038 
82 (000038) 
83 (000037) 
8' 
86 
88 
87 
88 
89 000033 
90 (000038) 
91 (000039) 
92 
93 00003A 
9' (00003A) 
96 (000038) 
99 
97 00003C 
98 (00003C) 
99 (000030) 

100 
101 000038 
102 (000031!) 
108 (00003P) 
10& 

OBJ. 

IH BYTI! 
IK BYTI! 

211 BYTI! 

2D BYTE 

2R BYTI! 

211 BYTI! 

211 BYTE 

211 BYTI! 

211 BYTI! 

211 BYTI! 

ID BYTE 
IH BYTI! 

ID BYTE 
ID BYTE 

IH BYTI! 
ID BYTI! 

ID BYTI! 
1H BYTI! 

1H BYTI! 
1H BYTI! 

1K BYTE 
IH BYTI! 

1K BYTE 
IH BYTE 

IK BYTE 
IH BYTE 

9.7 Program examples 

......... I ••• ·*· ... 2 ••• ·*· ... SOURCI! STATEMENT •••• 6 ••• ·*· ... e ......... 7 ••• ·*· ... 8 ••• ·* .... 9 ••• ·*· .. 
=========·=====----

A-D conversion resisters = 

I; 
I .ORG 000011!11 
I ADCON: .BLICB I : A-D control resl ster 
I ADSPS: .BLKB I : A-D sweep Pin se lectlon resister 
I :---- --------------------·-·---·-·--·--·-
! ADO: .BLICB 2 : A-D resister 0 
I ;---· ·----·-------··-----·-··· -·--·---··· 
I ADI: .BLKB 2 : A·D resister I 
I :-··· ·-------·--·-··-······---·--·-·-·---
1 ADZ: .BLICB 2 : A·D resister 2 
I :---------········-··--------------------
1 ADS: .BLKB 2 : A·D resister 8 
I :-·-· -----------·-·····------------·-···· 
I AD&: .BLKB 2 : A·D resister ' 
I ;--·· ····-··------------······ .......... . 
I AD&: .BLKB 2 ; A·D resister 6 
I ;----····--·-·-··-··--········ .......... . 
I ~: .BLKB 2 : A·D resister B 
I :--···········-··--·--·-················· 
I AITl: .BLKB 2 : A·D resister 7 
I; 
I : =================·===========---
I : Serial I /O o resisters = 
I :====--===-----====== 
I : 
1 SOM1B: 
1 SOO!: .BLICB 
I SOBRG : .BLKB 

: UARTO tra11S111t/recei ve lllOde resister 
: UARTO baud rate resister 

I :----····-·--·············-··--···-·····-
1 SOTB: : UARTO tra11S11lssl on buffer resister 
I SOTBL: .BLICB : UARTO trallSlliSSi on buffer resister (low-order) 
I SOTBK: .BLJCB : UARTO transllissi on buffer resister (hlsh·order) 
I :----·······-···-····-········ ·······--·· 
I soc: : UARTO transml t/recel ve control resister 
I SOCL: .Bl.KB : UARTO transmit/receive control resister O 
I SOCK: .BLKB : UARTO transml t/recel ve control resister I 
I :---------········------················· 
I SORB: : UARTO receive buffer resister 
1 SORBL: .Bl.KB : UARTO receive buffer resister (low-order) 
I SORBH: .Bl.KB : UARTO receive buffer resister (hlsh·order) 
1: 
1 •================ ===---========== 
1 : Serial 1/0 I resisters = 
1 :=== --===== 
1 : 
1 SIMxB: 
I SIMR: .BLKB 
1 SIBRG: .Bl.KB 

: UART! trallSllit/receive llOde resister 
: UART! baud rate resister 

I :----·············-·-········· .......... . 
I SITB: : UART! transmission buffer resister 
1 SITBL: .BLKB : UART! transmission buffer resister (101r·order) 
I SITBH: .BLKB : UART! transmission buffer resister (hlSh·order) 
I :--·· ·····---------······--·-·-----------
1 SIC: ; UART! transmit/receive control resister 
1 SlCL: .BLKB : UART! trallSlllt/receive control resister O 
1 SICB: .BLKB : UART! trallS/li t/recel ve control resister 1 
I :--·· ·-··-··············-·-··· ··········-
! SIRB: UART! receive buffer resister 
1 S1RBL: .BLKB UART! receive buffer resister (low-order) 
1 SIRBK: .BLKB UART! receive buffer resister (hlSh·order) 
I : 
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SEQ, LOC. OBJ. 

107 
108 
108 
110 
111 (0000&0) 
112 
118 (000°'2) 
11& 
116 (00004&) 
118 
117 OOOIMB 
118 (OOOIMB) 
118 (000047) 
120 
121 OOOIMB 
122 (000048) 
128 (000048) 
124 
126 00004A 
128 (00004A) 
127 (000048) 
128 
128 00004C 
130 (00004C) 
131 (000040) 
182 
188 000048 
13' (000048) 
136 (00004P) 
188 
137 000060 
188 (000060) 
188 (000061) 
140 
m 000062 
1'2 (000062) 
1'3 (000068) 
14' 
146 00006& 
148 (00006&) 
1'7 (000066) 
148 
148 000068 
160 (000058) 
161 (000067) 
162 
163 000068 
16& (000068) 
166 (000068) 
168 
167 00006A 
168 (00006A) 
169 (000068) 
160 
181 OOOOliC 
182 (00005C) 
188 (00005D) 
184. 

332 

9.7 Program examples 

••• ,1 •••• 1 •••• 1 •••• 2 •••• 1 •••• SOURCB STATl!MBNT .... 6 •••• 1 .... 8 ••• ,1, ••• 7 ••• ·*• ••• 8 ••• ,1 •••• 9 ••• ,1, •• 

1 ;==== === - ==== 
1 ; Tl1181' resisters = 
li= mm --I; 

2H BYTE I TABSR: .Bl.KB 11 ; Count start flas 
I ;----------------------------- -----------

28 BYTE I OHSP: • Bl.KB 2 ; One-shot start fl as 
I :----------------- ------------ -----------

211 BYTE I UDP: .Bl.KB 2 ; Up•down flag 
I ;-------------------------------·-······· 
I TAO: : Ti1er AO resister 

IH BYTll I TAOL: .Bl.KB I i Ti1er AO resister (low-order) 
IH BYTI! I TAOH: .Bl.KB I j Tiler AO resister (h!Bh·order). 

I :----------------------------------------
1 TAI: j Tiler Al resister 

18 BYTI! I TAIL: .Bl.KB I ; Timer Al resister (low-order) 
lH BYTE I TAIH: .Bl.KB I ; Tl1er Al resister (high-order) 

I :----------------------------------------
1 TA2: : Tiler A2 ret!lster 

IB BYTll I TA2L: .Bl.KB I : Tl1er A2 resister (low-order) 
IH BYTB I TA2H: .Bl.KB I i Tiler A2 resister (bigb·order) 

I ;----------------------------------------
! TAB: ; Timer A8 resister 

IH BYTll I TASL: .BLKB I ; Timer A8 resister (low-order) 
1H BYTI! I TASH: .BLKB I ; Tl.mer A8 resister (bllh·order) 

I ;----................................... . 
I TM: : T11er M resister 

IH BYTI! I TML: .Bl.KB I ; Tiler A& resister (low-order) 
18 BYTI! I TMB: .Bl.KB I ; Tier M register (h!Sh·order) 

I :----------------- ------------ -----------
1 TBO: ; Ti1er BO resister 

IH Bm I TBOL: .Bl.KB I ; Timer BO resister (low-order) 
1H BYTll I TBOH: .Bl.KB I i Timer BO resister (bish-order) 

I ;-----------------------················· 
I TB!: ; Timer Bl resister 

IB Bm I TBIL: .Bl.KB I ; Titer Bl resister (low-order) 
IH BYTB I TBIH: .Bl.KB I ; Timer Bl resister (bish·order) 

I ;----------------------------- ----······· 
I THI!: i Timer Bl! resister 

IH Bm I T82L: .BLKB I ; Timer Bl! resister (low-order) 
IH BYTll I T82H: .Bl.KB I ; Timer Bl! resister (bllh·order) 

I ;----------------------------------------
! TAOIMR: i Timer AO, Al llOde resisters 

IH BYTI! I TAOMR: .BLKB I ; Timer AO mode resister 
IR BYTB I TAIMR: .BLKB I ; Ti1er Al mode resister 

I ;---- ------------------------------------
1 TA28MR: ; Tiler All, A3 lode registers 

lH Bm I TA2MR: .Bl.KB I ; Ti1er A2 mode resister 
18 BYTll I TASMR: .Bl.KB I ; Timer A8 mode resister 

I ;----------------------------- -----------
! TMBOMR: ; Tiller M, BO llOde resisters 

1H Bm 1 TMMR: .BLKB I ; Timer M mode resister 
IH BYTI! 1 TBOMR: .Bl.KB I ; Tiler BO llOde resister 

I ;----·····-------------------------------
1 TBll!MR: Tiler Bl, B2 llOde resisters 

1B BYTll I TBIMR: .Bl.KB Timer Bl mode resister 
1H BYTI! I TB2MR: .Bl.KB Tiler 82 mode resister 

I ; 
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Sl!Q. LOC. OBJ. 

187 
188 
189 
170 
171 (00005!!) 
172 
178 
174 
176 
178 
177 (000000) 
178 (000081) 
178 
180 
181 
182 
183 
184 (000082) 
186 (000084) 
188 (000086) 
187 
188 
189 
190 
191 
192 
198 000070 
194 (000070) 
196 (000071) 
198 
197 000072 
1118 (000072) 
199 (000078) 
200 
201 000074 
202 (000074) 
208 (000076) 
204 
206 000078 
209 (000078) 
207 (000077) 
208 
209 000078 
210 (000078) 
211 (000078) 
212 
213 00007A 
214 (00007A) 
21& (000078) 
218 
217 00007C 
218 (00007C) 
219 (000070) 
220 
221 00007E 
222 (00007E) 
223 (000071') 
22' 
226 

9.7 Program examples 

•••• 1 •••• I •••• 1 •••• I! •••• • •••• SOURCE STATliMl!NT .... 6 •••• 1 •••• 8 •••• 1 •••• 7 •••• 1 •••• 8 •••• 1 •••• 9 •••• 1 ••• 

I ;--------------=--= 
I : Processor IOde resister = 
I :============:==========•========= 
I ; 

211 BYTI! I PMR: • BLKB 2 : Processor llOde realster 
I; 
1 : =======================-
! : latchdos tllllll' resisters = 
1 ;============--=======---========---=== 
I; 

IH BYTB I IDT: .BLKB I : latchdos tl1181' 
IH BYTB I 100: .BLKB I ; Watchdog tl11er frequenef selection fill 

I; 

2H BYTI! 
1H BYTI! 
IB BYTI! 

I :======----------------==== 
I ; Pulse output port IOde re&lsters = 
1 ;=======----====--================= 
I ; 
I IOUTMR: .Bl.KB 2 
I POUTDRI: .Bl.KB I 
I POUTDRO: .Bl.KB I 
I ; 

; Waveform output llOde resister 
: Pulse output data resister I 
: Pulse output data resister 2 

1: =========----== 
I : Interrupt control real !l*..ers 
1 :-
1 : 
I .ORG 0000708 
I AllxSOTIC: 

18 BYTI! I ADIC: .BJ.KB I ; A-D conversion Interrupt control rclster 
18 BYTI! I SOTIC: .BLKB I ; UARTO tran111111 on Interrupt control realster 

I ;---- ------------------------------------
! SORllSITIC: 

IB BYTI! I SORIC: .Bl.KB I ; UARTO receive interrupt control resister 
18 BYTI! I smc: .BJ.KB I ; UART! transmlnlon Interrupt control realster 

I :----------------------------------------
! SIRxTAOlC: 

IH BYTB I SIRIC: .BLKB I ; UART! receive Interrupt control register 
lH BYTI! I TAOlC: .BLKB I ; Tiler AO interrupt control register 

I :----------------- ------------ -----------
! TAlxTA21C: 

1H BYTI! I TAllC: .BLKB I : Tiler Al Interrupt control realster 
1H BYTI! I TA21C: .BLKB I ; Ti1er A2 Interrupt control realster 

I ;----------------------------------------
! TABxTMIC: 

IH BYTI! I TABIC: .BLKB I ; Timer AS interrupt control resister 
1H BYTI! I TMIC: .BLKB I ; Timer M interrupt control resister 

I ;----------------------------------------
! TBOxTBllC! 

IH BYTI! I TBOIC! .BLKB I ; Timer BO interrupt control res11ter 
IH BYTI! I TBllC: .BLKB I : Tiler Bl Interrupt control resister 

I ;---- ------------------------------------
! TB2xl NTOIC: 

IB BYTI! I TB21C: .Bl.KB I ; Ti1er 82 interrupt control resister 
IB BYTI! I INTOIC: .Bl.KB I ; INTO Interrupt control resister 

I ;----------------------------------------
! INTlx INT2IC: 

IB BYTI! I INTllC: .BLKB I ; INTI interrupt control resister 
1H BYTI! I INT21C: .Bl.KB I ; INT2 Interrupt control resister 

I ;----------------------------------------
! : 

333 
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9.7.2 lnltlallzatlon examples 
This is a setting example for a program that clears RAM and initializes stack pointer, direct page register, 
and data bank register. 

334 

Sl!Q, LOC. OBJ. .. •• a .... 1 .... a .... 2 .... a .... SOURCI! STATl!Ml!llT .... 6 •••• a .... B .... a .... 7 .... a .... 8 .... a .... e .... a ... 

2'2 
248 
2" 
246 
2'11 
2'7 
2'8 
248 
260 
261 
262 
263 
26' 
266 
268 
267 
268 
268 
280 
281 
282 
283 
28(. 

286 
2BB oocooo 
287 oocooo 78 
288 OOCOOI C238 
288 
270 oocooa A27P08 
271 OOCOOB BA 
272 OOC007 A80000 
278 OOCOOA 5B 
27, OOCOOB 8IK:200 
276 OOCOOB~O L 
278 
277 
278 
278 
280 
281 
282 OOC012 A27B08 
283 OOC015 A90000 
28(. OOC018 
286 OOC018 *8500 
288 OOCOIA CA 
287 OOCOIB CA 
288 OOCOIC B07li00 
288 OOCOIP DOP7 L 
280 
281 
292 
293 
29, 
296 
2BB 
297 OOC021 P8 
2BB 
299 
900 OOC022 200000 L 
801 OOC026 
802 OOC026 80PB L 
803 

:===:==========:======-===·============== 
Inlt.ializaiton routine = 

;--1--'"'======•=="""...,==•=============-2 mrms 

:-------------------------------------·--
Allllellbler declarat.IOllB = 

; ----------------------------------------
These are -bier declarat.10111. 
PlllS and resisters used 
In t.be Pl'Oll'lll IU8t 11tch 
these declarat.10111. 

.SECTION PROGRAM 

.ORG OCOOOB 

.DATA 18 

.INDEX 18 

.DP 00008 

.OT OOH 

i Sect.Ion na1e 
i Start address 
: Data lensth 
; Illlex resister lenatb 
; Direct page 
; Data bank 

;-----------------------------......................... ... 
Initialize resist.ere and flal!S = 

;----------------------------------------
INITIAL: 

SHI i Disable interrupt 
CLP 1,x,D ; Set data and index resister lenstb to IB bi ts 

; Binary operation IOde 
LOX I087PH 
TIS ; Stack PGinter=tbe bishest. address of RAM 
LOA A,IO 
TAD ; Direct page=OH to PPB 
LDT IO ; Data bank=bank o 
LDM I0022ll,PMR ; lnterrUPt Priori t1 detection t111F'2 ~ C)lcles 

; Microprocessor mode 

;----------------------------------------
Clear RAM 

;----------------------------------------
LOX I087BB ; 
LOA A,IO ; Set initial value (OH) in accumulator A 

RAM_CLR: 
STA A,o,x ; Ir! te contents of accumulator A to specified 
DBX ; RAM area in 18-bit units 
DBX 
CPX I07BB 
BNE RAM_CLR 

;----------------------------------------
Change resister model = 
(if necessar~) = 

;----------------------------------------
.DATA 8 ; Data lensth 
SBM : Data lensth 8 bi ts 

JSR SUB_TU ; lni tlalizatlon of timer and so on 
IUOOP: 

BRA l!_LOOP ; Main routine 



APPLICATION 
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9.7.3 Timer setting examples 
(1) Timer A ..... Timer mode (without pulse output) 

This is a setting example for a program that sets the interrupt request bit to "1" every 500µs using 
timer AO (refer to page 66 for information on timer mode) . 

SEQ. LOC. OBJ. 

328 
327 
328 
329 
330 
331 
332 
333 
334 
336 
338 OODOOO 
337 
338 OODOOO E224. 
339 OOD002 •144001 
340 OOD005 1845800 
341 
342 
348 OODOOl! !.l8 
344 OOD009 184'8CF07 
346 
348 OODOOD P8 
347 OODOOE • l '760F 
348 OODOll •047607 
349 OODOl4 *°'4001 
350 OODOl7 58 
351 
352 
353 
854 OODOl8 80 

• • • • 1 ••• • 1 ••• ,1, •• • 2 ••• • 1 ••• • SOURCE STATEMENT •••• 6 ••• ,1, •. • 8 ••• • 1 •..• 7 ••• ·*· ... 8 ••• • 1 •.. • 9 •.• • 1 ... 

I;======= -====--======= 
I ; l'limer A: Ti11er 1ode J 
1 ; Without pulse output 
I ;=====--==--====--- - -========== 
I ; Timer : Tiller AO 
I Mode : Ti11er •ode 
I Pulse output : Disabled 

Gate function: Disabled 
Count source : f(XIN)/2 

I ; 
I SUB_Tl_l: 
I .DATA 8 
1 SEP 

LI CLB 
LI L!X11 

1,I 
IOOOOOOOIB, TABSR 
IOOOOOOOOB, TAOMR 

.DATA 18 
I 

LI 
I 
I 

LI 
LI 
LI 

I 
I ; 

,. ... 
~ ... 
LDll 12000-1, TAO 
.DATA 8 
Sl'l'il 
CLB 
SEB 
SEB 
CLI 

I000011118, TAOIC 
IOOOOOlllB,TAOIC 
IOOOOOOOIB, TABSR 

; Data length 8 bi ts, disable interrupt 
; Stop timer AO count 
; Ti1er lode, disable pulse output and gate function 
; Count source=f(XIN)/2 

; Data length 16 bits 
; Set counter value (per1od:600 11.s at SMHz) 

; Data length 8 bi ts 
; Clear timer AO interrupt request bit 
; Enable timer AO interrupt (level 7) 
; Start timer AO count 
; Enable interrupt 

I ; *Hereafter, interrupt request bit is set to "1 • every time timer AO underflows. 
I 
I RTS 

335 
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(2) Timer A ..... Timer mode (with pulse output) 

336 

This is a setting example for a program that outputs the pulse of inverse phase every SOOµs from the 
TAOour pin using timer AO (refer to page 66 for information on timer mode) . 

SllQ. LOC. OBJ, .. • • a .... I •••• a •••• 2 •••• a •••• SOURCI! STATl!MliNT., •• 6 ••• ,a, ••• 8 •••• a •••• 7 •••• a •••• 8 •• , .a •••• 8 .... a ••• 

858 I; ==== = 
367 I; llilllll' A! Tl1181' llOdeJ • 
868 I; With 11Ulse outPUt " 
368 I; -= 
380 I; Ti1181' : Ti1181' AO 
881 I; Mode : Tilllll' •ode 
882 I; Pulse output : l!nabled 
8113 I; Gate fUnct.ion! Di•bled 
38' I ; Count source : f(IIN)/2 
886 I ; 
388 000018 I SUB.Tl.2! 
887 I .DATA 8 
388 000018 PB I SBM ; Data length 8 bi ts 
888 OODOIA •1&&001 LI CLB IOOOOOOOlB, TABSR ; Stop timer AO count 
870 000010 ll&68CM LI WI IOOOOOIOOB,TAOMR ; Tl•er mode, enable pulse outpgt, diable sate function 
871 I ; Count source=f(XIN)/2 
872 I .DATA 18 
373 00003) D8 I CLM ; Data length IB bi ts 
874 000021 '8448CF07 LI WI l2000-1, TAO : Set counter value (period!600 us at BMBz) 
876 I .DATA B 
878 000026 PB I SBM ; Data length 8 bi ts 
877 000028 1U,760P LI CLB IOOOOll llB.TAO IC ; Disable tiser AO interrupt 
373 000028 llOMOOI LI SBB IOOOOOOOIB, TABSR ; Start timer AO count 
878 I 
380 I * Hereafter, Phase of outllUt pgJse inverts every ti• tllllll' AO underflows. 
381 I 
382 OOD02C BO I RTS 
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(3) Timer A ····· Event counter mode 
This is a setting example for a program that sets the interrupt request bit to "1" for every 100 count 
of external clock input to the TA11N pin (refer to page 72 for information on event counter mode) . 

Sl!Q. LOC. OBJ. . . •.•... . !. ...•.... 2 ......... SOURCE STATl!lltENT •••• 5 ••••••••• e ....•.... 7 ......... 8 ••••••••• e ....•... 
387 1 :=---==============-- ===-====--=== 
388 I ; !'Timer A: Event counter mode J = 
389 I·=--========---===--======--== 
390 I 
391 I Timer : Timer Al 
392 Mode : Event counter llOde 
393 Pulse output : Disabled 
394 Count p0lari w: Pall 
395 Up/down switch: Contents of up/down flag 
398 
397 OOD02D I SUB_T2: 
398 I .DATA 8 
399 000020 1!22' I SEP •• 1 ; Data length 8 bi ts, disable interrupt 
400 OOD02F •140008 LI CLB IOOOOIOOOB,P5D ; Set P53/TAllN Pin to input 1ode 
401 000032 •144002 LI CLB 1000000108 I TABSR ; Stop timer Al count 
402 000035 .a45701 LI LllM IOOOOOOOIB,TAIMR ; Event counter 10de, disable pulse output 
403 I ; Select falling edge count, up/dom flag 
404 OOD038 •144402 LI CL8 1000000108,UDP ; Set to decrement count 
405 I .DATA IB 
408 000038 08 I CL/II ; Data length 18 bits 
407 OOD03C -S448B300 LI LllM 1100-1,TAI ; Set counter value 
408 I .DATA 8 
409 000040 FB I SEM ; Data length 8 bi ts 
410 OOD041 •147BOP LI CLB 1000011118, TAI IC ; Clear timer Al interrupt request bit 
411 000044 •047603 LI SEB 1000000118, TAllC ; Enable timer Al interruPt (level 3) 
412 OOD04 7 •044002 LI SEB IOOOOOOIOB, TABSR ; Start timer Al count 
413 00004A 58 I CL! ; Enable interrupt 
414 I 
416 I *Hereafter, interrupt request bit is set to •1 • at every 100 count. 
418 
417 000048 80 RTS 
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(4) Timer A ..... Event counter mode (two-phase pulse signal processing function) 

338 

This is a setting example for a program that increments the count of the rising edge input to the TA21N 
pin and decrements the count of the falling edge input to the TA21N pin while the TA2our pin level is 
"H" (refer to page 72 for information on event counter mode) . 

SEQ. LOC. OBJ. 

422 
423 
424 
428 
427 
428 
429 
430 00004C 
431 
432 00004C F8 
433 000040 •140030 
434 000050 •144004 
435 000053 *845811 
436 000056 *644420 
437 
438 000059 D8 
439 00005A a644A0080 
440 
441 00005E F8 
442 00005F •14770F 
443 000062 •044004 
44' 
445 
446 
447 
448 000065 60 

. . . ·* .... J ••••••••• 2 ....... :'.SOURCE STATEMENT •••• 5 ••••••••• B ••••••••• 7 ••••••••• a ..••••... a .••.•••• 
1 ;==========--=============--=================--= 
1 ; !Timer A: Two-phase pulse signal processing function J = 
1 ;==================================== 
1 ; Timer: Timer A2 
I ; Mode : Event counter mode 
1 ; 
1; 

(two-phase pulse signal processing function) 

1 SUB_T3: 
I .DATA 8 
I SEM 

LI CLB 
LI CLB 
LI LDM 
LI LDM 
I .DATA 

CLM 

1001100008, P5D 
IOOOOOIOOB,TABSR 
I00010001B,TA2MR 
1001000008, UDP 
16 

I 
LI 
1 
1 

LI 
LI 

LDM 180008, TA2 

1; 

.DATA 8 
SEM 
CLB 
SllB 

I000011118,TA2IC 
1000001008, TABSR 

; Data length 8 bi ts 
; Set P54/TA20UT, P55/TA2IN pins to input mode 
; Stop tiaer A2 count 
; Event counter mode 
; Select two-phase pulse signal processing function 

; Data length 16 bi ts 
; Set counter value 

; Data length 8 bi ts 
; Disable timer A2 interrupt 
; Start tiaer A2 count 

1 ; *Hereafter, the counter ls incrlllllented when rising edge is input to TA2IN Pin and 
1 ; decremented when fallillt! edge is input to TA2IN Pin while TA20UT Pin level ls 11• • 
I ; 
1 RTS 
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(5) Timer A ..... One·shot pulse mode (Internal trigger) 
This is a setting example for a program that outputs a 500µs width "H" level pulse for 1 pulse period 
from the TA3our pin when a trigger (internal trigger) is generated with a one-shot start flag (refer to 
page 79 for information on one-shot pulse mode) . 

SEQ. LOC. OBJ. 

452 
453 
454 
455 
458 
457 
458 
459 
480 
481 
462 000068 
463 
484 000086 F8 
485 000087 • 144008 
488 OOOOOA •645908 
487 
488 
'89 OOllOBO 08 
470 00006E 1844C0007 
m 
472 000072 F8 
473 000073 •14780P 
474 000078 •044008 
475 000079 •644208 
478 
477 
478 
478 00007C BO 

. . . ·*· ... I. ... 11 •••• 2 •••• 1 •••• SOURCE STATEMENT .••• 5 ••• ·*· ... S ••• ·*· ... 7 •••• ! .... 8 •••• ! .... 9 .•• ·*· .. 
I ;==========--======================= 
I ; rTimer A: One-shot pulse modeJ 
I ; When Internal trigger Is selected = 
I :================--========= 
I ; Timer : Timer A3 
I ; Mode : One-shot pulse llOde 
I ; Trigger : One-shot start flag 
I ; (Internal trigger) 
I ; Count source: f(XIN)/2 
I ; 
I SU8_TU: 
I .DATA 8 
I SEM 

LI CLB 1000010008, TABSR 
LI L1»I IOOOOOll08, TASMR 

I 
LI 
I 
I 

LI 
LI 
LI 
1 ; 

.DATA 18 
CLM 
LDM 
.DATA 
SEM 
CLB 
SEB 
L1»I 

12000,TAS 
8 

1000011118, TASIC 
1000010008, TABSR 
1000010008,0NSP 

; Data length 8 bi ts 
; Stop t111er AS count 
; One-shot pulse •ode, internal trigger 
; Count source=f(X!N)/2 

; Data length 18 bits 
; Set counter value (500 Jls at SMHz) 

; Data length 8 bi ts 
; Disable timer A3 interrupt 
; Start timer AS count 
; Generate timer AS one-shot trigger 

I ; *Hereafter, "II" level pulse with the specified width (500 Jls at 8Mllz) Is output. 
I; 
I RTS 

339 
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(6) Timer A ····· One-shot pulse mode (external trigger) 
This is a setting example for a program that outputs a 500µs width "H" level pulse for 1 pulse period 
from the TA3our pin when a falling edge (external trigger) is input to the TA31N pin (refer to page 79 
for information on one-shot pulse mode). 

SEQ. LOC. OBJ. .. • ,1, ... 1 ... ,1, ... 2 .... • .... SOURCli STATliMl!NT, ••• 6 ••• ,1, ••• B .... • .... 7 ••• ·'· ••• 8, .. ·* .... 9 .... • ... 

482 
483 
w 
'85 
488 
'8'1 
488 
488 
490 
'91 
492 000070 
'98 
'94 000070 P8 
'96 000071! •1,0080 
488 000081 •1,4008 
'8'1 00008, 18&6918 
488 
488 
500 000087 08 
601 000088 •8'4Cll007 
602 
503 OODOBC P8 
604 000080 •1,780P 
506 000080 11()44008 
608 
607 
608 
609 
610 000098 80 

340 

1;=== == 
I; 
1; 

!'Timer A: One-shot. pulse IOdeJ 
lhen BlCtemll triuer is selected 

= 
= 

l ;===========================--==========--======== 
1; Ti1181' : Timer AB 
1 ; Mode : One-shot PUise 110de 
1; Triuer : Fallin& edge of TABIN 
1 ; (External triuer) 
1 ; Count source: f(XIN)/2 
1; 
1 SU8.n.2: 
1 
1 

LI 
LI 
LI 
1 
1 
1 

LI 
I 
I 

LI 
LI 
I ; 

.DATA 
SliM 
CLB 
CLB 
WI 

.DATA 
CLM 
LDM 
.DATA 
SliM 
c:LB 
SliB 

8 

l100000008,P6D 
1000010008, TABSR 
1000101108, TASMR 

18 

12000,TAS 
8 

1000011118, TAS JC 
IOOOOIOOOB, TABSR 

: Data lonsth 8 bi ts 
; Set P67/TA31N Pin to inPUt 1ode 
: Stop timer A3 count 
: One-shot. pulse 1ode, external triuer 
: Count source=f(XIN)/2 

: Data lonsth IB bits 
: Set counter value (600 PB at BMHz) 

: Data length 8 bi ts 
: Disable timer AS interrupt 
: Start timer A3 count 

I : !ii Hereafter, .,.. level pulse with the specified width (600 PB at 8Mllz) is output 
I ; when fallill8 edge is input to TABIN Pin. 
I ; 
1 RTS 
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(7) Timer A ..... PWM mode (16·bit PWM) 
This is a setting example for a program that outputs a 16.3ms period 500µs width "H" level pulse from 
TA4ouT pin using timer A4 (refer to page 84 for information on PWM mode) . 

SEQ. LOC. OBJ. 

515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
626 
626 OOD094 
527 
528 OOD094 F8 
529 OOD095 •144010 
630 OOD098 •646A07 
631 
632 
633 OOD09B 08 
634 OOD09C •644ED007 
636 
636 OODOAO F8 
637 OODOAI •14790F 
638 OODOA4 •044010 
639 
640 
541 
542 
543 OODOA7 60 

. . . ·* .... !. .. ·*· ... 2 ••• ·*· ... SOURCE STATEMENT •••• 6 ••• ·*· ... 6 ... ·*· ... 7 ••• ·*· ... 8 .... • •••• 9 •••• 1 ... 

I ;=============================== 
I ; rTimer A: PWM mode J 
I ; 16-bi t PWM 
I ;===================--================= 
I ; Timer : Timer M 
I Mode : PWM mode 
I Trigger : Count start flag 

(lnterna 1 tr Jgger) 
PWM mode : 16-bi t PWM mode 
Count source: f(XIN)/2 

I ; 
I SUB_T6_1: 
I .DATA 8 
I SEM 

LI CLB 1000100008, TABSR 
LI LDM 1000001118, TA4MR 
I 

I 
LI 

LI 
LI 
I 

.DATA 16 
CLM 
Ll»I l2000,TA4 
.DATA 8 
SEM 
CL8 
SE8 

1000011118, TA41C 
1000100008, TABSR 

; Data length 8 bi ts 
; Stop timer A4. count 
; 18-bit PWM mode, internal trigger 
; Count source=f(XIN)/2 (period:IB.311S at 8MHz) 

; Data iength 16 iii ts 
; Set counter value ( "II• pulse width:500 P.s at 8MHz) 

; Data Length 8 bi ts 
; Disable timer A4 interrupt 
; Start PWM output 

*Hereafter, the set pulse is output. The pulse width of "II• level can be changed bl' 
modiffing the counter value of timer A4. 

RTS 
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(8) Timer A .. .. . PWM mode (B·blt PWM) 
This is a setting example for a program that outputs a 12.sms period SOOµs width "H" level from the 
TA4our pin using timer A4 (refer to page 84 for information on PWM mode). 

SEQ. LOC. OBJ. . .. ·* .... I ... ·*· ... 2 .... • .... SOURCE STATl!Ml!llT, ••• 5 •.. ·*·, .. B .... a .... 7 ... ·*· ... 8 ... • a ... . 9 .... • ••• 

546 
547 
548 
549 
550 
661 
552 
553 
554 
665 
556 
667 OODOA8 
568 
669 OODOA8 P8 
580 OODOAB •144010 
561 OODOAC •645A27 
582 
583 OODOAP •644EC7 
564 OODOB2 •644POA 
565 OODOB5 •14790P 
566 OODOB8 .044010 
567 
588 
589 
570 
571 OODOBB 80 
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I ;======= ====- =====--= 
I; 
I ; 

rTimer A: PWM llOdeJ 
8-blt PWM 

= 
= 

l ;======--===============--==== 
I ; Timer : Timer A4 
I ; Mode : PWM mode 
I ; Trigger : Count start flag 
I ; (Internal trigger) 
I ; PWM mode : 8-blt PIM llOde 
I ; Count source: f(X!N)/2 
I ; 
I SUB_T5_2: 
I .DATA 8 
I Sl!M 

LI CLB 
LI 
I 

LI 
LI 
LI 
LI 
I ; 

LDM 

LDM 
LDM 
CLB 
SEB 

IOOOIOOOOB, TABSR 
IOOIOOll 18, TMMR 

1200-1,TML 
110,TMH 
1000011118, TMIC 
1000100008, TABSR 

; Data length 8 bl ts 
; Stop timer A4 count 
; 8-blt PWM mode, internal trigger 
; Count source=f(XIN)/2 
; Set prescaler value (period:I2.811s at SMHz) 
; Set counter value ( .,.,. pulse widtb:500 /'8 at BMHz) 
; Disable timer A4 Interrupt 
; Start PIM output 

I ; *Hereafter, the set pulse Is output. The pulse width of '11" level can be changed bf 
I ; modlfYlnB the counter value (bisn-order 8 bits) of ti11er A4. 
I; 
I RTS 
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(9) Timer B ····· Pulse period measurement mode 
This is a setting example for a program that measures the input signal pulse period by counting the 
interval from the falling edge to the falling edge of the signal input to the TB11N pin using timer 81 
(refer to page 100 for information on pulse period measurement mode) . 

SEQ. LOC. OBJ. 

578 
577 
578 
579 
580 
581 
582 
583 
584 
586 
586 
587 OOOOBC 
588 
589 OODOBC PS 
590 OODOBD •141040 
591 OODOCO 1144040 
592 ooooca •B45C82 
693 
594 OODOCS •147BOP 
596 
596 OODOC9 *044040 
597 
598 
599 
600 OODOCC 
601 OODOCC •34 7B08FC 
802 
603 000000 DB 
604 OODODI •A552 
605 
606 OODOD3 F8 
607 
608 OOD004 60 

. . . ·* .... I ••• ·*· ... 2 ••• ·*· ... SOURCE STATl!MllNT •••• 6 ••. ·*· ... B ••• ·*· ... 7 ••• ·*· ... 8 •••• • •••• 9 ••• ·*· .. 
I ;= 
I ; 
I ;=--­
! ; 
I ; 
I ; 
I; 
I ; 
I ; 
I; 
I; 
I SUB_T6: 

'=======,---- ----= 
!'Timer B: Pulse period measurement modeJ = ---------------

Timer : Timer Bl 
Mode : Pulse period measurement mode 

(between fa! !ins edge and fa! ling edge) 
Count source: f(XIN)/84 

*Timer Bl overflow period is assumed to be sufficiently 
lonser than measured pulse period. 

I .DATA 8 
SEM I ; Data length 8 bi ts 

LI ; Set P66/TBllN Pin to input 1ode CLB IO I OOOOOOB, PBD 
LI ; Stop timer Bl count CLB IOIOOOOOOB, TABSR 
LI ; Pulse period measurement mode, fallins edge is effective LDM II OOOOOIOB, TBIMR 

I ; Count source=f(XIN)/84 
LI ; Clear timer Bl interrupt request bit CLB IOOOOll llB, TB! IC 
I ; Disable timer Bl interrupt 

LI ; Start timer Bl count SEB IOIOOOOOOB, TABSR 

*Hereafter, the counter is incremented. And the contents of the counter is transferred 
I ; 
I ; 
I; to the reload register and the counter is cleared when fallins edge is Input to TBIIN Pin. 
I Ll_TB: 

LI 
I 
I 

LI 

BBC IOOOOIOOOB, TB! JC,LLT6 ; Timer Bl interrupt request bit= •1 • ? 
.DATA 16 
CLM ; Data lensth 16 bits 
LDA A, TB! ; Read measurement result in accumulator A 
.DATA 8 
SEM ; Data length 8 bi ts 

RTS 
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(10) Timer B ..... Pulse width measurement mode 

344 

This is a setting example for a program that measures the input signal pulse width by counting the 
interval from the falling edge to the rising edge and rising edge to the falling edge of the signal input 
to the TB21N pin using timer 82 (refer to page 100 for information on pulse width measurement mode) . 

SEQ. LOC. OBJ. .. .. • .... 1 .... • •••• 2 .... • .... SOURCE STATl!MllNT .... 6 .... • .... B .... • .... 7 ......... 8 .. .. a .• .. 9 ... ·*· .. 
812 1 ;====--======---=====-============--====---=========== 
813 1 ; 1'fi11er 8: Pulse Width llllllSU1"8118nt IOdeJ = 
m I;=======--=====----=========== 
816 I ; Timer : Timer 82 
BIB I ; Mode : Pulse width measurement IOde 
817 I ; Count source: f(XIN)/84 
818 I ; 
819 I ; *This Program is a measurement example of the signal '11" pulse width 
820 I ; input to the TB2IN. The timer B2 overflow period is assumed to be sufficiently 
821 I; longer than measured pulse width. 
822 I ; 
823 OOD006 I SUB_T7: 
824 I .DATA 8 
826 OODOD6 F8 I SEM ; Data length 8 bi ts 
828 OODODB •141080 LI CLB 11 OOOOOOOB, PBD ; Set P67/T82IN Pin to input mode 
827 OODOD9 •144060 LI CLB llOOOOOOOB, TABSR ; Stop timer 82 count 
828 OODODC •646D8A LI LDM llOOOIOIOB, TB2MR ; Pu! se width measurement mode 
829 I ; Count source=f(X!N)/64 
630 OODODF •147COF LI CLB IOOOOl111B,TB21C ; Clear timer 82 interrupt request bit 
631 I ; Disable timer B2 interrupt 
632 OODOH2 •044080 LI SEB llOOOOOOOB,TABSR ; Enable timer 82 count 
833 OODOE6 I Ll_T7: 
634 OODOE6 •240E80FC LI BBS llOOOOOOOB,PB,Ll_T7 ; TB2IN= 't"? 
636 OODOEB I L2_T7: 
638 OODOEB •340E80PC LI BBC 11 OOOOOOOB, PB, L2_ T7 ; TB2IN= '11"? 
637 OODOED •147C08 LI CLB IOOOOIOOOB,TB2IC ; Clear interrupt request bit 
638 OODOFO I L3_T7: 
639 OODOFO *34 7C08PC LI BBC IOOOOIOOOB,T82IC,L3_T7 ; Interrupt request bit= •1 •? 
640 OODOP4 •147C08 LI CLB IOOOOIOOOB, TB2IC ; Clear interrupt request bit 
641 I .DATA 16 
642 OODOP7 08 I CLM ; Data length 16 bi ts 
643 OODOF8 •A664 LI LOA A,T82 ; Read measurement result 
644 .DATA 8 
646 OODOFA PS SEM ; Data length 8 bi ts 
648 I ; 
647 OODOPB BO I RTS 
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9.7.4 Pulse output port mode setting examples 
(1) Without pulse width modulation 

mi. 

862 
863 
864 
866 
868 
867 
868 
869 
890 
BBi 
882 
883 
B84 
666 
BBB 
887 
888 
BBB 
870 
871 
872 
873 
874 
875 
878 
877 
878 
879 
680 
881 
882 
883 
884 
886 
888 
887 
888 
889 
890 
891 
892 
893 
894 
896 
898 
897 
898 
899 

This is a setting example for a program that outputs the contents set in pulse output data register 1 
from RTP1 (P54, P5s, P5e, P51) each time timer A2 underflows (refer to page 104 and section "9.5 
Pulse motor control application" for information on pulse output port mode). 

LOC. OBJ. • •• ,a •••• 1. .. ,a, ... 2 .... a .... SOURCI! STATBMBNT .... 6 •••• a .... 8 •••• a •••• 7 ••• ,a .... 8 .... a •••• 9,. ,,a,,, 

I ;=-------------------=== 
I ; ll'ulse output port 10de J = 
I ; Without pulse width IOdulatlon = 
I ; 
I; Pulse output port: RTPI (ports P6,,P66,P68,P67) 
I; Tiller : Tlaer A2 
I ; Mode : Tlaer IOde 
I ; Count source : f(XIN)/2 
I ; 

OODOPC I SUB_Pl_I: 
OODOPC 78 I SI!! ; Disable interrupt 

I 
I .DATA 8 

OODOPD P8 I Sl!M 
OODOPI! •144004 LI CLB IOOOOOIOOB, TABSR ; Stop tl11er A2 count 
000 IOI sM5804 LI LDM IOOOOOIOOB, TA2MR ; Timer IOde, enable pulse output, disable sate function 
OOD i 04 aB,5904 LI Ll»i iOOOOOiOOB, ift3MK ; i!nabie pulse output. (set P!i!! to output) 
OOD I 07 IM820 I LI LDM IOOOOOOOIB,IOUTMR ; Disable pulse width IOdulation, select RTPI 
OODIOA ~p LI LDM IOOOOllllB,POUTDRI ; Set initial value of pulse output data resister I (P6',P66,P68,P67) 
OODIOD al,770P LI CLB IOOOOl lllB, TA21C ; Clear timer A2 interrupt request bit 
OODllO *°'7701 LI Sl!B IOOOOOOOIB,TA21C ; Enable timer A2 interrupt (level I) 

I 
I .DATA 18 

000113 08 I ClJll 
OOD 114 IBUA0200 LI LDM I0002ll, TA2 ; lni tial output of tiser A2 

I 
I .DATA 8 

000118 P8 I Sl!M 
000119 *°"°°' LI Sl!B IOOOOOIOOB, TABSR ; Start timer A2 count 
OODllC I LOOP_!: 
OODllC *347708PC LI BBC IOOOOIOOOB, TA2IC,LOOP _I ; Initial output complete? 
OODl20 •144004 LI CLB 1000001008, TABSR ; Stop count 

I 
I .DATA 18 

OOD123 D8 I ClJll 
OOD 124 a844APPOO LI LDM IOOFPR,TA2 ; Set timer A2 lnl tial value (per1od:32 l's at l!lMHz) 

I 
I .DATA 8 

OOD128 P8 I Sl!M 
000129 •147708 LI CLB IOOOOlOOOB, TA21C ; Clear timer A2 interrupt request bit 
OOD12C .044004 LI Sl!B 1000001008, TABSR ; Start timer A2 count 
OOD12F 68 1 CL! ; Enable interrupt 

1 ; *Hereafter, the contents of the pulse output data resister is output to port each tile 
1 ; timer A2 underflows. The contents of pulse output data resister and tiaer A2 resister are 
I ; updated while process ins the ti1er A2 interrupt. 
1 

000180 BO 1 RTS 
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(2) With pulse width modulation 

346 

This is a setting example for a program that applies pulse width modulation by timer A3 to the contents 
in pulse output data register 1 and outputs the result to RTP1 (P54, P5s, P5s, P51) each time timer A2 
underflows. Pulse width modulation is performed for pulse output when the contents of the pulse 
output data register 1 is "1" (refer to page 104 and section "9.5 Pulse motor control application" for 
information on pulse output port mode). 

SEQ. LOC. OBJ. 

703 
704 
705 
708 
707 
708 
709 
710 
711 
712 
713 OODl31 
714 OOD 131 78 
715 
718 
717 OOD 132 P8 
718 
719 OOD 183 •14400C 
720 OOD 138 *845804 
721 OODl38 *845927 
722 OODl3C *846221 
723 OODl3F *84840F 
724 
725 OOD 142 •14770P 
728 OOD145 •14780P 
727 OOD 148 *047701 
728 
729 
730 OOD 14B D8 
731 OODl4C •B44A0200 
732 
783 
734 OOD 150 P8 
735 OOD 151 •046004 
738 OODl54 
737 OOD 154 *347708PC 
738 OOD158 •144004 
739 
740 
m OODl5B DB 
742 OOD 15C *844AFP07 
743 OOD 180 *844C007P 
744 
m 
748 
747 OOD 164 P8 
748 OODl85 •147708 
749 OOD 188 S04400C 
750 OODl8B 58 
751 
752 
753 
754 
755 
768 OOD !BC 80 

. .. ·* .... I ••• ·*· ... 2 .... • •••• SOURCE STATllMl!NT .... 5 ••• ·*· ... 8 ••• ·*· ... 7 •••• • .... 8 ••• ·* .... 9 ••• •*· .. 
I :=======-=-=====•=================== 
I ; !Pulse output p0rt IOde J 
I ; lith pulse width IOdulation = 
I ;- -==========•=======•========== 
I ; 
I ; 
I ; 
I ; 
I ; 
I ; 

Pulse output p0rt: RTPl (p0rts P54,P55,P68,P57) 
Tillel' : Ti1er A2, A3 
Mode : Ti1er IOde (tillel' A2) 

: Pulse width IOdulation mode (tiser AS) 
Count source : f(XIN)/2 

I SUB_Pl_2: 
I SEl 
I 
I 
I 
I 

.DATA 8 

LI 
LI 
LI 
LI 
LI 
1 

LI 
LI 
LI 

I 
I 

LI 
I 

Sl!M 

CLB 
LDM 
LDM 
LDM 
LDM 

CLB 
CLB 
SEB 

.DATA 
CLM 
LDM 

IOOOOUOOB,TABSR 
IOOOOOIOOB,TA2MR 
IOOIOOl11B,TA3MR 
IOOIOOOOIB,IOUTMR 
IOOOOl111B,POUTDRI 

1000011118, TA2 IC 
1000011118, TA3 IC 
IOOOOOOOIB, TA2 IC 

IB 

I00028,TA2 

1 .DATA 8 
I Sl!M 

LI SEB IOOOOOIOOB, TABSR 
I LOOP _2: 

; Disable interrupt 

; Stop tiser A2 and tillel' A3 count 
; Ti1er mode, enable pulse output, disable gate function 
; Pulse width IOdu lation IOde (8-bit length) 
; Enable pulse width modulation, select RTPI 
; Set initial value of pulse output data register I 
; (P54,P55,P56,P57) 
; Clear timer A2 interrupt request bit 
; Disable timer A3 interrupt 
; Enable timer A2 interrupt (level I) 

; lni tial output of timer A2 

; Start timer A2 count 

LI BBC IOOOOIOOOB,TA2IC,LOOP_2 ; Initial output complete? 
LI 
I 
I 
I 

LI 
LI 
I 
I 
I 
I 

LI 
LI 
I 
I 
I 
I 
I 
I 

CLB IOOOOOlOOB, TABSR ; Stop count 

CIJil 
LDM 
LDM 

.DATA 18 

I07PPH,TA2 
17FOOH,TA3 

.DATA 8 
Sl!M 
CLB 
SEB 
CL! 

1000010008, TA2IC 
I00001100B, TABSR 

; Set timer A2 initial value (i>eriod:255 lls at 16Mllz) 
; Set timer A3 initial value (period:31.8 lls at 16Mllz, 
; "II• Pulse width: 15.8 lls at 18MHz) 

; Clear timer A2 interrupt request bit 
; Start timer A2 and timer A3 count 
; Enable interrupt 

*Hereafter, the results of pulse width modulation by timer A3 is output to p0rt each time 
timer A2 underflows. The contents of pulse output data reBister and each timer register are 
updated while processing the timer A2 interrupt. 

RTS 
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9.7.5 Serial 1/0 modes setting examples 
(1) B·blt UART (1-byte receive) 

This is a setting example for a program that receives 1 byte at 8-bit UART of UART1 (refer to page 
122 for information on serial 110). 

SEQ. LOC. OBJ. 

779 
777 
778 
779 
780 
781 
782 
783 
78' 
786 
789 
7ffl 
788 
789 
790 
791 
792 
793 
794 
795 
799 
797 OODBOO 
798 
799 OODBOO PB 
800 OOD801 •141440 
801 OOD804 *843805 
802 
803 OOD807 •B43C04 
804 
805 OOD80A *843919 
809 OODBOD *843004 
807 
808 
809 
810 
811 000810 
812 000810 *343DOBPC 
813 000814 •34308003 
814 000818 20BAD8 
815 000818 
818 00081 B •A53E 
817 000810 •143004 
818 000820 80 
819 

.. ....... I ......... 2 ......... SOURCE STATEMENT .... 5 ... ·* .... a ........ . 1 •• .. * .... 8 ••••••••• a ....... . 
I:=========--===--============ 
I ; rs-bit UART (1-bYte recelve)J 
I :=--==·-- ------== 
I ; Channel : UART! 
I ; Mode : 8-bl t UART 
I ; Stop bit length: I bit 
I ; Parity : None 
I ; Clock : Internal (9800bps) 
I ; Sleep function : Disabled 
I ; 
I ; 8-blt UART (1-bYte receive) prosr11111111ing model 
1; M37732 
I ; +-------+ 
I ; I 

I ; DATA ---------->I RxDI 
I ; 
1 ; <-------- --~ ! RTSl 
I ; I 

1 : +-------+ 
I ; 9600bPB 
I ; 
I SUB.SI: 
I 
I 

LI 
LI 
I 

LI 
I 

LI 
LI 
I ; 

.DATA 
SEM 
CLB 
LDM 

LDM 

LDM 
LDM 

8 

10 IOOOOOOB, PBD 
1000001018,SIMR 

IOOOOOIOOB,SICL 

125,SlBRG 
1000001008,SICH 

Data length 8 bl ts 
Set PBB/RXDI Pin to Input 1ode 
8-blt UART, Internal clock, I stop bit 
No parity, disable sleep mode 
BRG count source=f(XlN)/2 
Select RTS function 
Set value in baud rate register (9815bPB at BMHz) 
Enable recel ve 

I ; * Receive starts when RTS output becomes 'L • (recel ve enabled) and 
I ; a start bit ls detected. 
I ; 
I Ll_SI: 

LI BBC 
LI BBC 
LI JSR 

I L2_SI: 
LI LDA 
LI CLB 

RTS 
I ; 

1000010008,SICH,Ll_SI 
llOOOOOOOB,SICH,L2.SI 
SUB_ERRO 

A,SIRB 
IOOOOOIOOB,SICH 

; Receive complete (receive completion flag= "I")? 
; Check error (error sum flag) 
; Jump to UART rec el ve error processing rout I ne 

; Read receive buffer 
; Disable receive 
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(2) 8·bit UART (1·byte transmit) 

348 

This is a setting example for a program that transmits 1 byte at 8-bit UART of UARTO (refer to page 
122 for information on serial 1/0) . 

SEQ. LOC. OBJ. . . . ·*· ... I ••• ·*· ... 2 ••• ·*· ... SOURCE STATEMENT •••• 5 ••. ·*· ... 6 ••• ·*· ... 7 ••• ·*· ... 8 ••• ·* .... 9 ••• ·*· .. 
822 I :================================ 
823 I; rs-bit UART (I-byte transmit) J 
824. I ;================--========= 
825 I ; Channel : UARTO 
826 I; Mode : 8·bit UART 
8'l7 I ; Stop bit lent!th: I bit 
828 I ; ParitY : None 
829 I ; Clock : Internal (9600bps) 
830 I; Sleep function : Disabled 
831 I ; 
832 I ; 8·bit UART (1-bYte transmit) programming model 
833 I ; M37732 
834 I ; .... ------+ 
835 I ; I 
838 I ; TxOO 1-·········> DATA 
837 I ; 
838 I ; I CTSO I<····--+ 

839 I; I I 

840 I ; ·+- GND 
841 I ; +-------+ 
842 I ; 9600bps 
843 I ; 
844 OOD821 I SU8.S2: 
845 I .DATA 8 
848 OOD821 F8 I SEM ; Data length 8 bi ts 
847 OOD822 •141401 LI CLB IOOOOOOOIB, P8D ; Set P80/CTSO Pin to input mode 
848 OOD825 •648005 LI LDM 1000001018,SOMR ; 8-bit UART, internal clock, I stop bit 
849 I ; No parity, disable sleep mode 
850 000828 •643400 LI LDM 1000000008, SOCL ; 8RG count source=f(XIN)/2 
851 I ; Select CTS function 
852 OOD828 •643119 LI LDM l25,S08RG ; Set value in baud rate register (9615bps at SMHz) 
853 OOD 82E •643501 LI LDM 1000000018,SOCH ; Enable transmit 
854 OOD831 •A582 I LOA A, T.DATA ; Read transmit data CT .DATA) 
855 000838 •8532 LI STA A,SOTB ; Transmit data-otransmission buffer 
858 OOD835 •143501 LI CLB 1000000018,SOCH ; Disable transmit 
857 OOD838 BO I RTS 
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(3) 8-bit UART (n-byte transmit) 
This is a setting example for a program that transmits n bytes at 8-bit UART of UARTO (refer to page 
122 for information on serial 1/0) . 

SEQ. LOC. OBJ. 

881 
862 
883 
884 
885 
888 
887 
888 
889 
870 
871 
872 
873 
874 
876 
876 
877 
878 
879 
880 
881 
882 
883 
884 
886 
888 
887 
888 
889 
890 
891 
892 
893 
894 
896 
898 
897 
898 
899 
900 
901 
902 
903 
904 
906 
906 
907 
908 
909 
910 
911 
912 
913 
914 
916 
918 

OOD839 

OOD839 E230 
OOD83B •141401 
OOD83E •643006 

OOD841 •643400 

OOD844 •643119 
OOD847 •643501 

OOD84A A200 
OOD84C 
OOD84C •B582 
OOD84E •8532 
000850 
000860 *343602FC 
000854 E8 
000865 •E480 
OOD857 DOF3 

917 OOD869 •143601 
918 
919 OOD86C 80 

.. .. • .... I .... • .... 2 .... • .... SOURCE STATEMENT .... 6 ... ·*· ... 8 .... • .... 7 .... • .... 8 •••• • •••• 9 •••• • ••• 

I ;============--================= 
1 ; rs-bit UART (n-bYte trallSlli t) J 
I;===========--============ 
I ; Channel : UARTO 
I ; Mode : 8-bit UART 
I ; Stop bit length: 1 bit 
I ; Parity : None 
I ; Clock : Internal (9800bPB) 

Sleep function : Disabled I ; 
I ; 
1 ; 
I ; 
I ; 
I ; 
I; 
I; 
I; 
I ; 
I; 

8-bit UART (n-byte trallSllit) prosramill8 model 
M37732 

+-------+ 
I 

I TxDO I·-··---> DATA 

I 

CTSO I<------- RTS 

1 ; +-·-----+ 
I ; 9600bps 
I ; 
I ;----------------------------- -----------
! ; Prepare transmit = 
I ;---- ------------------------- -----------
I; 
I SUB_S3: 
I .DATA 8 
I .INDEX 8 
I SEP m,x ; Data lensth, index resister lensth 8 bits 

LI CLB 100000001 B, P8D ; Set P80/CTSO Pin to input mode 
LI LDM IOOOOOIOIB,SOMR ; 8-bit UART, internal clock, 1 stop bit 
I ; No parity, disable sleep mode 

LI LDM 1000000008,SOCL ; BRG count source=f(XIN)/2 
I ; Select RTS function 

LI LDM 126,SOBRG ; Set value in baud rate resister (9616bPB at 8MHz) 
LI LDM 1000000018,SOCH ; Enable transmit 
I ; 
I ;---- ------------------------- ----------· 
I ; Operate transmit 
1 ;---· ------------- -----·--······--·------
! ; 
I LDX 10 
I Ll_S3! 
1 LOA A, T_DATA,X ; Read transmit data 

LI STA A,SOTB ; Transmit data-+transmission buffer 
I L2_S3: 

LI BBC IOOOOOOIOB,SOCH,L2_S3 ; Tra11S11ission buffer empty flas= •1 • ? 
INX 

I CPX DAT_CNT ; Compare with transfer data count (DAT_CNT) 
LI BNE LLS3 ; Continue data transmit? 
I; 
I ;----·-·--··········------------·-··-···· 
I ; Complete transmit 
I ;---- -- -- -----··-. ···--··· .... ··-·· ·----. 
I; 

LI CLB 1000000018,SOCH ; Disable transmit 
1; 
1 RTS 
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(4) Clock synchronous (1·byte receive) 
This is a setting example for a program that receives 1 byte at clock synchronous of UART1 (refer 
to page 122 for information on serial 1/0). 

SEQ. LOC. OBJ. . .. ·* .... I ••••••••• 2 ••• ·*· ... SOURCE STATEMENT •••• 5 ••• ·*· ... a •.. ·*· ... 7 ••• ·*· ... 8 ••• ·*· ... 9 •••••••• 

924 
926 
928 
927 
928 
929 
930 
931 
932 
933 
934 
936 
936 
937 
938 
939 
940 
941 
942 000850 
943 
944 000860 PB 
945 OOD85E •141460 
948 000861 *643809 
947 000864 •643C04 
948 000 867 •643A55 
949 
950 
951 
952 
953 OOD86A •643005 
954 
955 
958 
957 
958 000860 
959 000860 •343D08FC 
960 000871 •34301003 
961 000875 20CID8 
962 000878 
963 000878 •A53E 
964 OOD87A •143005 
965 
966 000870 60 

350 

I ;======================================== 
I ; relock synchronous (I -byte recel ve) J = 
I :==================--=================== 
I ; Channel : UART! 
I ; Mode : Clock synchronous 
I ; Clock : External 
I ; 
I ; Clock synchronous (!·byte receive) Programming model 
I ; M37732 
I ; +·······+ 
I ; RxDI I<······· 
I; I 

I ; I CLKI I<······· CLOCK 
I; I 

I ; RTSI I·······> CTS 
I; 
1 ; +------.. + 
I; 
I SUB.S4: 
I .DATA 8 
I 

LI 
LI 
LI 
LI 
I; 

SEM 
CLB 
LDM 
LDM 
LDM 

1011 OOOOOB, P8D 
1000010018,SIMR 
#000001008,SICL 
#55H,SITB 

; Data length 8 bi ts 
; Set P86/RXDI, P85/CLKI Pins to input mode 
; Select clock synchronous, external clock 
; Se! ect RTS funct l on 
; Set transmit dummy data 

I ; *With clock synchronous serial 1/0, the transmitter 
I ; must be operated even if only receive Is performed. 
I; 

LI 
I ; 
I ; 
I; 
I ; 
I Ll.S4: 

LI 
LI 
LI 
I L2.S4: 

LI 
LI 
I 
I 

LDM IOOOOOIOJB,SICH ; Enable receive/enable trans1lt 

*Hereafter, receive operation starts when synchronous clock 
ls input to CLKI Pin. 

BBC 
BBC 
JSR 

LOA 
CLB 

RTS 

IOOOOIOOOB,SICH,Ll.S4 
IOOOIOOOOB,SICH ,L2.S4 
SUB.ERR! 

A,SIRB 
IOOOOOIOIB,SICH 

; Receive completion flag= •1 •? 
; Overrun error? 
; Jump to clock synchronous error processing routine 

; Read received result 
; Disable receive/disable transmit 
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(5) Clock synchronous (1-byte transmit) 
This is a setting example for a program that transmits 1 byte at clock synchronous of UARTO (refer 
to page 122 for information on serial 1/0). 

SEQ. LOC. OBJ. 

971 
972 
973 
97' 
976 
979 
!m 
978 
979 
980 
981 
982 
983 
98' 
986 
989 
987 
988 
989 
890 
991 OOD87E 
992 
993 OOD87E P8 
994 OOD87P •141401 
996 OOD882 a943001 
996 000885 a943400 
997 
998 000888 a943100 
989 000888 a843601 

1000 OOD88E •A582 
1001 000890 a8532 
1002 000892 •143501 
1003 
1004 000896 BO 

.. •. a .. .. 1 .. .. a ... • 2 ... • a •.• . SOURCE STATEMENT .... 5 •••• • .... B .... a .... 7 .... • .... 8 .. .. a ... . 9 .... • ... 

l ;========--------- --- ----- -- -========= 
1 ; relock synchronous (!-byte transmit) J = 
1 ;==--==================--======= 
1 ; Channel: UARTO 
1 ; Mode : Clock synchronous 
I ; Clock : Internal (2Mbps) 
1; 
I; 
1; 

Clock synchronous (I-byte transmit) programming model 
M37732 

1 ; +-------+ 
1; I 

1 ; I TxDO 1--·--·-> DATA 
I; I 

I ; CLICO 1-------> CLOCK(2Mbps) 
I; 
1 ; CTSO I<····-·+ 
I; I I 

I ; ·+- GND 
1 : +-... ·----+ 
I; 
I SUB.SS: 
I 
I 

LI 
LI 
LI 
I 

LI 
LI 
I 

LI 
LI 
I; 
I 

.DATA 
SEM 
CLB 
LDM 
LDM 

LDM 
LDM 
LOA 
STA 
CLB 

RTS 

8 

IOOOOOOOIB,P8D 
IOOOOOOOIB,SOMR 
1000000008,SOCL 

10,SOBRG 
1000000018,SOCH 
A,T.DATA 
A,SOTB 
10000000 IB ,SOCH 

; Data length 8 bi ts 
; Set P80/CTSO Pin to input mode 
; Clock synchronous, internal clock 
; BRG count source=f(XIN)/2 
; Select CTS function 
; Set value in baud rate register (2Mbps at 8MHz) 
; Enable trans11 t 
; Read transmit data CT .DATA) 
; Transmit data->transmission buffer 
; Disable transml t 
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(6) Clock synchronous (n-byte transmit) 
This is a setting example for a program that transmits n bytes at clock synchronous of UARTO (refer 
to page 122 for information on serial 1/0) . 

SEQ. LOC. OBJ. 

1008 
1009 
1010 
1011 
1012 
1013 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
1024 
1025 
1026 
1027 
1026 
1029 
1030 
1031 
1032 
1033 
1034 
1035 
1038 
1037 
1038 
1039 
1040 
l°'l 
1°'2 
10'3 
I°" 

000898 

OOD896 E230 
000898 •141401 
000898 *643001 
OOD89E *6'3400 

OOD8Al •643100 
OOD8A4 •643501 

1°'5 OOD8A7 A200 
1°'8 OOD8A9 
1047 OOD8A9 •8582 
1°'8 OODSAB •8532 
1M9 OOD8AD 
1050 OOD8AD *343502PC 
1051 OOD8BI EB 
1052 OOD882 •E'80 
I 053 OOD884 OOF3 
105' 
1055 
1058 
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1057 
1058 
1059 OOD886 •1'3501 
1060 
1061 OOD889 60 

. .. . s .... I .... • .... 2 .... • .... SOURCE STATEMENT .... 6 ••• • 1 ... • B .... • .... 7 .. .. s .. .. 8 •• .. 1 ... • 9 .. .. 1 ... 

1 :=====================================-===== 
I ; relock s:rncbronous (n·b:rte tra!ISlll t) J = 
I:======================== 
I ; Channel : UARTO 
I ; Mode : Clock s:rncbronous 
I ; Clock : Internal (2Jllbps) 
I; 
I; 
I; 
I; 

Clock s:rnchronous (n·b:rte transatt) programing model 
M37732 

+-------+ 
· I ; TxDO 1-------> DATA 
I; I 

I ; CLKO 1-------> CLOCK(2Mbps) 
I; I 
1 ; I CTSO I<------- RTS 
1; 
1 ; +-------+ 
1; 
I ;---- ------------- -----------------------
! ; Prepare transmit 
I ;---- ------------------------- -----------
1; 
I SU8_se: 
I .DATA 8 
I .INDEX 8 

SEP x,a ; Data length, index register length 8 bits 
LI CLB 1000000018,PSD ; Set P80/CTSO Pin to input mode 
LI LDM IOOOOOOOIB,SOMR ; Clock s:rnchronous, internal clock 
LI LDM 1000000008,SOCL ; 8RG count source=f(XIN)/2 
I ; Select CTS function 

LI LDM IO,S08RG ; Set value in baud rate register (2Mbps at 8MHz) 
LI LDM IOOOOOOOIB,SOCH ; Enable trans11i t 
I; 
I ;---- ------------------------------------
! ; Trans11i t data 
I ;---- ----------------------·-- -·---------
1; 
I 
I Li_SB: 
I 

LI 
I L2_SB: 

LI 
I 
I 

LI 
I; 

LDX 

LDA 
STA 

BBC 
INX 
CPX 
BNE 

10 

A,T_DATA,X 
A,SOTB 

IOOOOOOIOB ,SOCH ,L2_SB 

DAT_CNT 
Ll_SB 

; Read trans111i t data 
; TrallSli t data-+trans1lssion buffer 

; Transaission buffer e11pt:r flag= "I• ? 

; Compare with transfer data count (DAT.CNT) 
; Continue data transmit? 

I ;----------------------------------------
1 ; Complete transmit 
1 ;---- ------------------------- -----------
!; 

LI CLB I000000018,SOCH ; Disable trans11i t 
I 
I RTS 
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(7) Error processing 
This is a setting example for a program that clears the error flag by setting the receive enable bit to 
"O" (receive disabled) after error processing for UART receive or clock synchronous receive and then 
enables the reception again (refer to page 122 for information on serial 1/0) . 

SEQ. LOC. OBJ. 

1066 
1088 
1067 
1068 
1089 
1070 
1071 
1072 
1073 OODBBA 
1074 
1076 
1078 
1077 
1078 
1079 
1080 OOD88A •143004 
1081 
1082 000880 •043004 
1083 OODSCO 80 
1084 
1086 
1088 
1087 
1088 
1089 OOD8Cl 
1090 
1091 
1092 
1093 
1094 
1086 
1098 
1097 
1098 
1088 

0008CJ •143004 

OOD8C4 •043004 

OOD8C7 80 

.. .. ~ .... I. ... * .... 2 .... • .... SOURCE STATEMENT .... 5 ••. ·*· ... B .... • .... 7 .... • .... S .... • .... 9 .... • ... 

I ; ==== ======================================= 
1 ; l'Error process Ing J 
I ; ===============•========================== 
1 ; 
I ;---- ------------------------- -----------
1 ; UART receive error processing = 
1 ;---- ------------------------- -----------
1 j 

I SU8_ERRO: 
1 ; 
I; 
Ii 
I; 
I ; 
I ; 

LI 
I 

LI 
I 
I ; 

CLB 

SEB 
RTS 

1000001008,SlCH 

1000001008,SJCH 

; Check error type 
i (overrun, framing, parity) 
; Each error processing 

; Disable receive 
; (Clear error flag) 
; Enable receive 

I ;---- -- ----------- ------------ --- --- -- --- ---- ---- -- - -
I ; Clock synchronous rece Ive error Processing = 
I ;---- ------------------------- -----------------------
!; 
I SU8_ERRI: 
I ; 
I ; ; Overrun error processing 
1 ; 
I; 
I ; 

LI CL8 IOOOOOIOOB,SICH Disable receive 
I (Clear error flag) 

LI SE8 IOOOOOIOOB,SICH Enable receive 
I ; 
I RTS 
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9.7.6 A·D conversion modes setting examples 
(1) One-shot mode 

SEQ. 

1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
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This is a setting example for a program that performs an A-D conversion of input voltage to the analog 
input pin ANo with an internal trigger which is generated by setting the A-D conversion start flag to 
"1" (refer to page 158 for information on A-D converter) . 

LOC. OBJ. 

OOEOOO 

OOEOOO P8 
OOEOOI •1(.1101 
OOE004 *641E80 

OOE007 •14700F 
OOEOOA •041E40 

OOEOOD 
OOEOOD •347008FC 
OOEOll •147008 
OOEOl4 •A520 
OOEOl6 60 

. . . ·* .... I ••• ·*· ... 2 ••• ·*· ... SOURCE STATEMENT •••• 6 ••• ·*· ... 8 ••• ·*· ... 7 ••• ·*· ... 8 .... • .... 9 .... • ••• 

I ;=======================--============ 
I i rA-D conversion (one-shot mode) J 
I i================================== 
I ; A-D conversion mode : One-shot node 
I i Analog input Pin : ANO 
I ; Trigger : Internal trigger 
I i A-D conversion frequency: f(XIN)/4 
Ii 
I SUB_ADI: 
I .DATA 8 
I SEM 

LI CLB 
LI LDM 
I 

LI 
LI 
I; 

CLB 
SEB 

IOOOOOOOIB,P7D 
11 OOOOOOOB ,ADC ON 

1000011118,ADIC 
1010000008,ADCON 

i Data length 8 bi ts 
i Set P70/ANO Pin to input mode 
; One-shot mode, internal trigger, 
; A-D conversion frequencY=f(XIN)/4 
i Clear A-D interrupt request bit, disable A-D interrupt 
; Start A-D conversion 

I ; * Interrupt request bit is set to "I" when A-D conversion of ANO pin eo11pletes. 
I ; 
I L_ADI: 

LI BBC 
LI CLB 
LI LDA 
I RTS 

1000010008,ADI C,L_ADI 
1000010008,ADI C 
A,ADO 

A-D conversion complete (interrupt request bit= "l" )? 
Clear A-D interrupt request bit 
Read conversion result (A-D register 0) 
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(2) Repeat mode 
This is a setting example for a program that repeatedly performs A-D conversion of input voltage to 
the analog input pin AN1 with an internal trigger which is generated by setting the A-D conversion start 
flag to "1" (refer to page 158 for information on A-D converter) . 

SBQ. LOC. OBJ, 

1141 
1142 
1143 
1144 
1145 
1148 
1147 
1148 
1149 OOB017 
1150 
1151 OOB017 F8 
1152 OOE018 •141102 
1153 OOEOIB •641E89 
1154 
1155 OOEOlE .041E40 
1156 
1157 
1158 
1159 
1160 OOE021 60 

. .. ·* .... !. ... • .... 2 .. , .• .... SOURCE STATEMENT, ... 5 ••• ·*·, .. B., •• a .... 7 •• , ·*·, .. 8 .... • .... 9 ... ·*· .. 
I ; ==== =========================================== 
I fA-D conversion (repeat mode) J 
1 ; ==== ======================================== 
1 ; A-D conversion mode : Repeat mode 
1 ; Analog Input Pin : ANl 
I ; Trigger : Internal trigger 
I ; A-D conversion frequency: f(XIN)/4 
1; 
I SUB_AD2: 
I .DATA 8 
I SEM 

LI CLB 
LI 
I 

LI 

LDM 

SEB 

#00000010B,P7D 
II 00010018, ADC ON 

#0 I 0000008 ,ADC ON 

; Data length 8 bi ts 
; Set P71/AN1 Pin to input mode 
; Repeat mode, internal trigger, 
; A-D conversion frequencY=f(XIN)/4 
; Start A-D conversion 

*After the time for A-D conversion (28.5 µs at 8MHz), the latest 
conversion ,,esult. can be obtained by reading A .. D register l at ;ny ti11i11,g. 

RTS 

355 



APPLICATION 
9.7 Program examples 

(3) Single sweep mode 
This is a setting example for a program that sequentially performs A-D conversion of input voltage to 
the analog input pins ANcr-ANs, starting from ANo, with an external trigger which is generated by changing 
the input level to ADrRa pin from "H" to "L" with the A-D conversion start flag set to "1". A-D conversion 
is stopped when all selected pins (ANcr-ANs) are converted (refer to page 158 for information on A­
D converter). 

SEQ. LOC. OBJ. 

1183 
1184 
1185 
1188 
1187 
1188 
1189 
1170 
1171 OOE022 
1172 
1173 OOEOZZ P8 
1174 OOEOZS •1'118F 
1175 OOEOZB •841FOZ 
1178 OOEOZB *841 EBO 
1177 
1178 OOEOZC •1'700F 
1179 OOEOZF •041E40 
1180 
1181 
1182 
1183 OOE032 
1184 OOE032 *347008FC 
1185 OOE03B 1147008 
1188 
1187 
1188 
1189 
1190 
1191 
1192 OOE039 BO 
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. .. ·*· ... I ..... • .... z ... • 1 .. .. SOURCE STATEMENT .... 6 •••• 1 .. , .B .... 1 .... 7 ... ·*· ... 8 ... ,1 .... 9 .... 1 ... 

I :==================================== 
I ; rA·D conversion (single sweep mode) J = 
I ; ========================================== 
I ; A·D conversion mode : Single sweep mode 
I ; Analog input Pin : ANO·AN5 
I ; Trigger : External trigger 
I ; A·D conversion frequen01: f(XIN)/4 
I ; 
I SUB.ADS: 
I .DATA 8 
I SEM ; Data length 8 bi ts 

LI CL8 l!OllllllB,P7D 
1000000108,ADSPS 
1101100008,ADCON 

; set ANO·AN5, ADTRG pins to input mode 
; Select ANO-AN6 Pin for sweep LI LDM 

LI LDM : Single sweep mode, external triuer, 
; A·D conversion frequency=f(XIN)/4 I 

LI 
LI 
I ; 
I ; 
I : 
I L.ADS: 

LI 
LI 
I : 
I; 
I; 
I; 
I; 
I; 
I 

CL8 
SE8 

1000011118,ADIC 
1010000008 I ADC ON 

; Clear A-D interrupt request bit, disable A·D interrupt 
; Enable A·D conversion 

* A·D conver~ion starts at falling edge input to ADTRG Pin. 

BBC IOOOOI0008,ADIC,L.AD3 ; Sweep complete (Interrupt request bit= •1 • )? 
CLB IOOOOIOOOB,ADIC ; Clear A-D interrupt request bit 

*Conversion result can be obtained by reading A·D resisters 0·5. 
Then A·D conversion is resumed when falling edge is input to ADTRG Pin. 
Clear A·D conversion start flag to "O" if reconversion ls not 
necessary. 

RTS 
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(4) Repeat sweep mode 
This is a setting example for a program that sequentially performs A-D conversion of input voltage to 
the analog input pins ANo-AN7, starting from ANo, with an internal trigger which is generated by setting 
the A-D conversion start flag to "1" (refer to page 158 for information on A-D converter). 

SEQ. LOC. OBJ. 

1196 
1196 
1197 
1198 
1189 
1200 
1201 
1202 
1203 OOE03A 
1204 
1205 OOE03A F8 
1206 OOE03B •641100 
1207 OOE03E •641F03 
1208 008041 •641E98 
1209 
1210 OOE044 •041E40 
1211 
1212 
1213 
1214 
1216 
1216 OOE047 60 

. .. ·* .... I. .. ·*· ... 2 ••• ·*· ... SOURCE STATEMENT •••• 5 ••• ·*· ... 6 ... ·*· ... 7 ••• • 1 ... • 8 ••• ·*· ... 8 ••• ·*· .. 
; ==== ========================================== 

I ; rA-D conversion (repeat sweep mode) J = 
l :============================================== 
I ; A-D conversion mode : Repeat sweep mode 
I ; Analog input pin : ANO-AN? 
I ; Trigger : Internal trigger 
I ; A-D conversion frequency: f(XIN)/4 
I; 
I SUB_AD4: 
1 .DATA 8 
I 

LI 
LI 
LI 

I 
LI 

I 

SEM 
LDM 
LDM 
LDM 

SEB 

#OOH,P?D 
#00000011 B, ADS PS 
#100110008,ADCON 

#0 I 0000008, ADC ON 

; Data length 8 bi ts 
; Set ANO-AN7 Pins to input mode 
; Select ANO-AN? Pin for sweep 
; Repeat sweep mode, internal tri8ger, 
; A-D conversion frequency=f(XIN)/4 
; Start A-D conversion 

* After the f!rat A-D !!ll'OOP {228 Its at SMHz), the latest 
conversion result can be obtained by reading A-D registers 0-7 
at any timing. 

RTS 
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9.7.7 Interrupt processing examples 
(1) Interrupt setting example 

SEQ. 

1229 
1280 
1281 
1232 
1288 
1284 
1286 
1288 
1287 
1238 
1239 
12'° 
1241 
1242 
.12'8 
1244 
1245 
1246 
1247 
1248 
1249 
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This is a setting example for a program that generates an INT1 interrupt request when a falling edge 
is input to INT1 pin (refer to page 40 for information on interrupts). 

LOC. OBJ. 

OOEBOO 78 

OOE801 F8 
OOE802 •1'1008 
00E805 •147EOF 
OOE808 •04 7E02 
OOE808 58 

. .. ·* .... I. •• ·*· ... 2 ••• ·*· ... SOURCE STATEMENT •••• 5 ••. ·*· ... 6.,. ·*• ••• 7 ••• ·*· ... 8 ••• ·* .... 9 ••• ·*· .. 
I ; ========================================== 
I : Interrupt settins example = 
I :=============================--========= 
I; 
I ; In order to execute an interrupt, the I flag 
I ; must be cleared within the main routine and 
I : interrupt Priority level 1ust be set to level I 
I : or sreater in each interrupt control resister. 
I; 
I 
I; 
I; 

SEI ; The 1 flag is initialized to "l •after reset. 

I .DATA 8 
I 

LI 
LI 
LI 
I 

SEM 
CLB 
CLB 
SEB 
CLI 

1000010008,PBD 
1001111118, INTllC 
1000000108,INTIIC 

; Set PBS/INTI Pin to input mode 
; Clear INTI interrupt request bit, falling edge is effective 
; Set INTI interrupt PrioritY level to level 2 
; Enable interrupt 

*Hereafter, INTI interrupt request bit is set to "I• with falling 
edge of input sisnal to INTI Pin. 
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(2) Interrupt processing example (when memory space is 64K bytes or less.) 
This is an example of a program that must be executed within an interrupt service routine. The 
contents of each register is stored to stack in 16-bit length before starting interrupt processing. When 
returning from the interrupt processing to the main routine, the stored registers are restored in 16-bit 
length before executing the RTI instruction (refer to page 40 for information on interrupts) . 

SEQ. LOC. OBJ. 

1253 
1254 
1255 
1256 
1257 
1258 
1259 OOESOC 
1260 
1261 
1262 
1263 
1264 
1265 
1266 OOE80C C230 
1267 OOE80E EBOD 
1268 
1269 
1270 
1271 OOE810 E230 
1272 
1273 
1274 
1275 
1276 
1277 
1278 
1279 
1280 
1281 
1282 
1283 OOE812 C230 
1284 OOE814 FBOD 
1285 
1286 
1287 
1288 
1289 
1290 OOE816 40 
1291 
1292 
1293 

. .. ·*· ... I. ... • .... 2 .... • .... SOURCE STATEMENT •••• 5 •.. ·*· ... 6 .... • .... 7 ... ·*· ... 8 ••• ·* .... 9 ••• ·*· .. 
; === ========================================= 

' 1; 
I; 

Interrupt routine processing example 1 
When memory space is BU bytes or less 
(When data bank need not be changed) 

1 ; ==== ============================================ 
1; 
1 INTERRUPT_!: 
I ;---- ------------------------- -----------
! ; Store registers 
1 ---- ------------- ------------ -----------

.DATA 16 ; Register model declaration 

1; 
1; 

.INDEX 
CLP 
PSH 

.DATA 

.INDEX 
SEP 

18 
m,x ; Data length, index register length 16 bits 
X,Y,A ; Store registers 

8 ; Change register model 
8 
m,x ; Data length, index resister length 8 bits 

; Interrupt Processing 

1 ;---- ------------- ------------ -----------
1 ; Restore registers 
I ;---- ------------------------- -----------
1; 
1 .DATA 16 ; Change register model 
1 • INDEX 16 
1 CLP m,x ; Data length, index resister length 16 bits 

PUL X,Y,A ; Restore registers X, Y, A 
I; 
1 ;---- ------------------------- -----------
1 ; Return from interrupt processing = 
I - --- ---- -- -- - ---- - - -------- -- -----------
1 

RT! ; Return to processing before interrupt 

*The PS, PG, and PC are restored automatically to their values 
before the interrupt with the RT! instruction. 
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(3) Interrupt processing example (when memory space exceeds 64K bytes.) 
This is an example of a program that must be executed within an interrupt service routine. When the 
memory space exceeds 64K bytes, data bank register must also be stored, set, and restored in 
addition to the processing for "(2) when memory space is 64K bytes or less" (refer to page 40 for 
information on interrupts). 

SEQ. LOC. OBJ. 

1286 
1297 
1298 
1299 
1300 
1301 
1302 OOE817 
1303 
1304 
1305 
1306 
1307 
1308 
1309 OOE817 C230 
1310 OOE819 EBOD 
1311 OOE81B SB 
1312 
1313 
1314 OOESIC E230 
1315 
1316 OOE81E 89C212 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 
1326 
1327 
1328 
1329 
1380 
1381 
1332 
1383 
1334 
1335 

OOE821 AB 

OOE822 C230 
OOE824 FBOD 

1336 OOE826 40 
1337 
1338 
1338 

360 

. .. ·* .... 1. .... • .... 2 ••• ·*· ... SOURCE STATEMENT •••• 5 ••• ·*· ... 6 ••• ·*· ... 7 ••• ·*· ... 8 ... ·* .... 9 ••• ·*· .. 
1 :======================================= 
I ; Interrupt routine processing example 2 
1 ; When memory space exceeds 64K bytes 
1 ; (When data bank is changed) 
I ; ========================================== 
I; 
I INTERRUPT_2: 
1 ;---- ------------------------- -----------
1 ; Store registers 
l ;---- ------------------------------------
1; 
1 
1 
1 

1; 
1; 
1; 
1; 
1; 

.DATA 

.INDEX 
CLP 
PSH 
PHT 
.DATA 
.INDEX 
SEP 
.OT 
LDT 

16 
16 
m,x 
X,Y,A 

8 
8 
m,x 
012H 
I012H 

; Register model declaration 

; Data length, index register length 16 bits 
; Store registers 
; Store data bank register 
; Change register lllOdel 

; Data length, index register length 8 bits 
; Declare data banks used for interrupt processing 
; Set data bank register used for interrupt processing 

Interrupt processing 

1 ;---- ------------------------- -----------
1 ; Restore registers 
1 ;---- ------------------------- -----------
I; 
l PLT 

.DATA 

.INDEX 
CLP 
PUL 

1; 

16 
16 
m,x 
X,Y,A 

; Restore data bank register 
; Change register model 

; Data length, index register length 16 bits 
; Restore registers X, Y, A 

1 ;---- ------------------------- -----------
1 ; Return from interrupt processing = 
1 ;---- ------------- ------------ -----------
I; 
1 
1 
1 
1 

RT! ; Return to processing before interrupt 

*The PS, PG, PC are restored automatically to their values 
before the interrupt with the RT! instruction. 
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9.7.8 Watchdog timer setting examples 
(1) Watchdog timer write routine 

SEQ. 

1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
1364 
1365 
1388 
1367 
1368 

This is a setting example for a program that sets "FFF rn" in watchdog timer when there is a write 
operation to the watchdog timer. This is used to detect program runaway (refer to page 172 for 
information on watchdog timer) . 

LOC. OBJ. .. . ·* .... I ... ·*· ... 2 ... ·*· ... SOURCE STATEMENT •••• 5 •.• ·*· ... 6 •••• • .... 7 ... ·*· ... 8 ••• ·* .... 9 .... • ... 

I ; ==== =========================================== 
I ; rwatchdog timer write routineJ 
I ; ==== ============================================ 

OOFOOO I WDT_SET: 
OOFOOO 08 I ~ ;ft~~ 

OOFOO! F8 I SEM ; Data length 8 bi ts (Note) 
OOF002 *8560 LI STA A,WDT ; Write to watchdog timer 
OOF004 28 PLP ; Restore PS 
OOF005 60 RTS 

I ; Note: The address following the watchdog timer 
I ; contains the watchdog timer frequency 
I ; selection flag, Therefore, be careful not 
I ; to change the value when accessing the 
I ; watchdog timer in IB-bit unit. 
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(2) Watchdog timer interrupt processing example 
This is a setting example for a program that performs a software reset when a watchdog timer interrupt 
occurs {refer to page 172 for information on watchdog timer) . 

SEQ. LOC. OBJ. 

1371 
1372 
1373 
1374 OOFOOB 
1375 
1376 OOFOOB FS 
1377 OOF007 •045E08 
1378 OOFOOA 40 
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. .. ·* .... I. ... • .... 2 .... • .... SOURCE STATEMENT •••• 5 .... • .... B .... • .... 7 .... 1 .... 8 .. .. 1 .. .. 9 .... • ... 

I ; ============================================ 
I ; Watchdog timer interrupt processing example = 
I ; ============================================== 
1 WATCH_DOG: 
I .DATA 8 
1 

LI 
SEM 
SEB 
RT! 

10000 I 0008, PMR 
. 
; Software reset 
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9.7.9 Software timer setting examples 
This is a setting example of a program that generates 1 Oµs and 50µs waits without using a timer. These 
waits depend on the external clock input frequency and the address/data bus usage. This example assumes 
BMHz external clock input frequency, 16-bit external bus width, and no wait. 

SEQ. LOC. OBJ. 

1398 
1388 
1400 
1401 
1402 
1403 
1404 
1405 
1408 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
i4!5 
1416 
1417 
1418 
1419 
1420 

OOPSOO 

OOFSOO 
OOP801 

OOF804 

OOF804 
OOF805 

PS 
884920 

PS 
8949CO 

• ... • .... l ... ·*· ... 2 .... • .... SOURCE STATEMENT, ... G ••• ·*· ... 6 •••• 1 .... 7 •• ,,li<, ... 8 ... ·* .. , .9 •• , ·*·,, 
1 ; ============================================ 
1 ; 10 lls wait routine = 
I ; ============================================= 
1 ; f(XIN)=SMHz 1 ¢eye=250ns 
1; 
1 wmo: 
1 .DATA 8 
1 SBM 2 ¢eye 
1 RLA #32 8+32 ¢eye ................. ______ 

; Total 40 ¢eye 
I ; 
1 ; ============================================ 
I ; 50 µs wait routine 
I ; ============================================= 
I ; f(XIN)=BMHz I ¢eye=250ns 
I ; 
I WIT50: 
I .DATA 8 
I SBM 

RLA #192 
2 ¢eye 

6+1S2 ¢eye 
; .............................. .. 
; Total 200 ¢eye 
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9.7.10 Interrupt vector table setting example 
Interrupt vector setting examples are shown below. Set the branch address of appropriate interrupt at the 
interrupt vector address (refer to page 40 for information on interrupts) . 

SEQ. LOC. OBJ. . .. . • .... !. ... • .... 2 .... • .... SOURCE STATEMENT .... 6 •••• • .... 8 .... • ... ~ 7 .... • .... 8 •••• • .... 9 .... • ... 

1464 :====================================================== 
1466 Interrupt vector table = 
1468 ; ===================================================== 
1467 
1468 .SECTION VECTOR .AREA 
1469 .ORG OFFD8H 
1480 OOFFDB 0000 L .WORD INT.AD ; A-D conversion interrupt vector 
1461 OOFFD8 0000 L .WORD INT.SIT ; UART! transmission interrupt vector 
1462 OOPPDA 0000 L .WORD INT.SIR ; UART! receive interrupt vector 
1483 OOFFDC 0000 L .WORD INT.SOT ; UARTO transmission interrupt vector 
1464 OOFFDE 0000 L .WORD INT.SOR ; UARTO receive interrupt vector 
1466 OOFFEO 0000 L .WORD INT.TB2 ; Timer B2 interrupt vector 
1466 OOPFE2 0000 L .WORD INT.TB! ; Timer Bl interrupt vector 
1487 OOFFE4 0000 L .WORD INT.TBO ; Timer BO interrupt vector 
1468 OOPPEB 0000 L .WORD INT.TA4 ; Timer M interrupt vector 
1469 OOPPE8 0000 L .WORD INT.TA3 : Ti mer A3 i nterru Pt vector 
1470 OOPFEA 0000 L .WORD INT.TA2 : Timer A2 interrupt vector 
1471 OOFPEC 0000 L .WORD INT.TAI ; Timer Al interrupt vector 
1472 OOPFEE 0000 L .WORD INT.TAO ; Timer AO interrupt vector 
1473 OOPFFO 0000 L .WORD INT2 ; INT2 Interrupt vector 
1474 OOFPF2 0000 L .WORD INTI ; INTI Interrupt vector 
1476 OOFFP4 0000 L .WORD INTO ; INTO interrupt vector 
1478 OOFFPB 0000 L .WORD INUDT : Watchdog timer interrupt vector 
1477 OOPPF8 0000 L .WORD RESERVED ; (Reserved area) 
1478 OOFPPA 0000 L .WORD INT.BRK : BRK instruction interrupt vector 
1479 OOPPFC 0000 L .WORD INT.DIVO ; Zero divide interrupt vector 
1480 OOPPFE cooo L .WORD INITIAL ; Reset vector 
1481 
1482 .END 
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Appendix 1. SFR area memory map 
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Address 
(Hexadecimal notation) 

Registers 

000000 
000001 
000002 

000003 
000004 

000005 
000006 

000007 

000008 

000009 
OOOOOA 

000008 

oooooc 
000000 
OOOOOE 

OOOOOF 

000010 
000011 

000012 
000013 

000014 

000015 

00001 
00001 

00001 

00002 

00002 
00002 

00002 

00002 

00002 

0 
E 

F 

0 

1 

2 

3 

4 

5 

Port P4 register 

Port P5 register 

Port P4 direction register 

Port P5 direction register 

Port P6 register 

Port P7 register 

Port P6 direction register 

Port P7 direction register 

Port PS register 

Port PS direction register 

A-0 control register 

A-D sweep pin selection register 

A-0 register O 

A-0 register 1 

A-0 register 2 

i-- --

Access 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

-· 
RO 

RO 

RO 

Appendix 1. SFR area memory map 

RO ... Read only 
WO ... Write only 

RW .. · Read/Write 
? ....... Impossible to write, 

and undefine at reading 
o ...... · Impossible to write, 

and fixed to "O" at reading 

} M37730 group dose not have this register. 

} M37730 group dose not have this register. 

I~ 

b7 b6 bS b4 b3 b2 b1 bO 

I ? I ? I ? I ? I ? I ? IRwjRwl 

,,. M37730 group dose not have these registers. 

v 
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Address 
(Hexadecimal notation) 

Registers 

....... 
6 

7 

8 

00002 

00002 

00002 

00002 

00002 

00002 

00002 

00002 

00002 

00002 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

00003 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

0000 

9 

A 

B 

c 
D 

E 

F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 
30 

3E 

3F 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

A·D register 3 

A-D register 4 

A-D register 5 

A-D register 6 

A-D register 7 

UARTO transmit'receive mode register 

UARTO baud rate register 

UARTO transmission L .................... 
buffer register H 

UARTO transmit'receive control register O 

UARTO transm1t'receive control register 1 

L 
·UARTO receive buffer register · · H 

UART1 transmit/receive mode register 

UART1 baud rate register 

.UART1 transmission .••..•.• -~ 
buffer register H 

UART1 transmit/receive control register O 

UART1 transmit'receive control register 1 

L 
·UART1 receive buffer register ··H 

Count start flag 

One-shot start flag 

Up-down flag 

L 
·Timer AO register········ ····i-i 

L 
·Timer A 1 register············ H 

i.---

Access 

----RO 

1 
RO 

r 
RO 

RO 

RO 

RW 

WO 

WO 

-· 
-~ 

RO ................ 
• 

RW 
WO 

WO 

-· -· 
RO ............... 

• 
RW i!i 1 

-· 
-> 

RW 

RW 

v 
i!i1: The contents of M37730 group's count start flag 

are described on the rihgt. 

Appendix 1. SFR area memory map 

M37730 group dose not have these registers. 

b7 b6 b5 b4 b3 b2 b1 bO 

? ? ? ? RO RW RW RW 

RO RO RO RO RO RW RO RW 

b7 b6 b5 b4 b3 b2 b1 bO 

0 0 0 0 0 0 0 I Roi 

M37730 group dose not have these registers. 

b7 b6 b5 b4 b3 b2 b1 bO 

? ? ? ? RO RW RW RW 

RO RO RO RO RO RW RO RW 

b7 b6 b5 b4 b3 b2 b1 bO 

I 0 I 0 I 0 I 0 I 0 I 0 I 0 I RO I 

b7 b6 b5 b4 b3 b2 b1 bO 

I ? I ? I ? lwolwolwolwolwol 

b7 b6 b5 b4 b3 b2 b1 bO 

I wol wol wol Awl Awl Awl RW IRw I 

b7 b6 b5 b4 b3 b2 b1 bO 

? I ? IRwlRwlRwlRwlRwlRwl 

367 



APPENDIX 

Address 
(Hexadecimal notation) 

Registers 

,,.,, 
A 00004 

00004 

00004 
00004 

00004 

00004 

00005 
00005 

00005 

00005 

00005 

00005 

00005 

00005 

00005 

00005 
00005 

00005 

00005 

00005 

00005 

00005 

00006 

00006 

00006 

00006 

00006 

0000 

0000 

B 

c 
D 

E 

F 

0 
1 

2 

3 

4 

5 

6 

7 

8 

9 
A 

B 

c 
D 

E 

F 

0 

1 

2 

3 
4 

65 

66 

·Timer A2 register ••• •• • •• • • ~. • 
H 

·Timer A3 register ••• ••• ••• • ~- • 
H 

·Timer A4 register •••••••••• ~ •• 
H 

·Timer BO register ••• ••• • •• • ~- • 
H 

·Timer 81 register·········-~·· 
H 

·Timer 82 register •••••••••• ~ •. 
H 

Timer AO mode register 

Timer A 1 mode register 
Timer A2 mode register 

Timer A3 mode register 

Timer A4 mode register 

Timer BO mode r~ster 
Timer 81 mode register 

Timer 82 mode register 

Processor mode register 

Watchdog timer 

Watchdog timer frequency selection flag 

Waveform output mode register 

Pulse output data register 1 

Pulse output data register o 

Access 

___,_.. 
RW 

RW 

RW 

RW 

} 
RW 

RW 

RW 

RW 
RW 

RW 

RW 

--t 

--t 

--t 

--t 

WO 
--t 

--t 

--t 

--t 

Appendix 1. SFR area memory map 

M37730 group dose not have these registers. 

b7 b6 b5 b4 b3 b2 b1 bO 

RW RW RO ? RW RW RW RW 

RW RW RO ? RW RW RW RW } M37730 group 
dose not have 

RW RW RO ? RW RW RW RW these registers. 

? RW RW RW WO RW RW RW 

b7 b6 b5 b4 b3 b2 b1 bO 

? ? ? ? ? ? ? RW 

? ? RW RW RW ? RW RW '1~2 

b7 b6 b5 b4 b3 b1 

? ? ? ? 

? ? ? ? 

_.i...-- v 
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'1~2: The contents of M37730 group's waveform 
output mode register are described on the rihgt. 

b7 b6 b5 b4 b3 b2 b1 bO 

lRwl ? lRwlRwlRwl ? lRwlRwl 
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Address 
(Hexadecimal notation) 

Registers 

....._, 

0 
1 

2 

3 

4 

5 

6 

00007 
00007 

00007 

00007 

00007 
00007 

00007 
00007 

00007 

00007 
00007 

00007 

00007 

7 

00007 
00007 

00007 

00008 

8 

9 
A 

B 

c 
D 
E 

F 

0 

A·D conversion interrupt control regiser 

UARTO transmission interrupt control regiter 

UARTO receive interrupt control register 

UART1 transmission interrupt control reg1ter 

UART1 receive interrupt control register 

Timer AO interrupt control register 

Timer A 1 interrupt control register 

Timer A2 interrupt control register 

Timer A3 interrupt control register 

Timer A4 interrupt control register 

Timer BO interrupt control register 

Timer B 1 interrupt control register 

Timer 82 interrupt control register 

INTo interrupt control register 

INT1 interrupt control register 

INT2 interrupt control register 

Internal RAM 

Access 

_......, 
b7 

..... ? 

..... ? 

..... ? 

..... ? 

..... ? 

..... ? 

..... ? 
..... ? 
..... ? 
..... ? 
..... ? 
..... ? 
..... ? 
..... ? 
..... ? 
..... ? 

Appendix 1. SFR area memory map 

b6 b5 b4 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? ? ? 

? RW RW 

? RW RW 

? RW RW 

b3 b2 b1 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW AW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW RW RW 

RW pu.1 
I tfY RW 

RW RW AW 

AW AW AW 

bO 

AW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

RW 

AW 

AW 

M37730 group 
} dose not have 

this register. 

} 
M37730 group 
dose not have 
these registers . 

} 
M37730 group 
dose not have 
these registers. 
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Appendix 2. Control registers 
The register structure of each control register allocated in the SFR area of M37732 group are shown on the 
following pages. Each table shows the bit names, functions, contents when reset is removed, and bit 
attributes. 

• Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following 
abbreviations are used to indicate the attribute. 
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R : Read 
W: Write 
0 : Possible to read or write 
x : Impossible to read or write 
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[M37732 Group] 

1.Port Pl direction registers (1=4 to 8) 

b7 b6 b5 b4 b3 b2 b1 bO 

l l l l l l l 1 J Port Pl direction reltster 
(Addresses OC1s, 0 is, 101s, 111s, 141s) 

Bit Bit name Functions At rese1 R w 
'-- 0 Port Pio direction selection bit o : Input mode 0 0 0 

'---- 1 Port Pii direction selection bit 1 : Output mode 0 0 0 
2 Port Pi2 direction selection bit 0 0 0 
3 Port Pi3 direction selection bit 0 0 0 
4 Port Pi4 direction selection bit 0 0 0 
5 Port Pis direction selection bit 0 0 0 
6 Port Pie direction selection bit 0 0 0 
7 Port Pi? direction selection bit 0 0 0 

Note: There are no pins corresponding to the low-order 3 bits of port P4 
direction register. 

2.A·D control register 

b7 b6 b5 b4 b3 b2 b1 bO 

l l l l l l I I J A-D control register (Address 1E1s) 

Bit Bit name Functions At resat R w 
Analog input selection bits b2b1b0 

'---i 0 0 0 0 : ANo pin selected lkldellned 0 0 
1-- 0 0 1 : AN1 pin selected 

O 1 O : AN2 pin selected 
'-----1 1 0 1 1 : AN3 pin selected lkldellned 0 0 

1--
1 0 0 : AN4 pin selected 
1 0 1 : ANs pin selected 

2 1 1 0 : ANe pin selected lkldellned 0 0 1 1 1 : AN? pin selected (Note) 

A-D conversion mode selection bits b4b3 
0 0 3 0 0 : One-shot mode 0 

1-- 0 1 : Repeat mode 
1 0 : Single sweep mode 

4 1 1 : Repeat sweep mode 0 0 0 

5 
Trigger selection bit 0 : Software trigger (internal trigger) 

0 0 1 : ADrRG input trigger (external trigger) 0 

6 
A-0 conversion start flag 0 : Stop A-D conversion 

1 : Start A-D conversion 0 0 0 
A-0 conversion frequency (¢Ao) 0 : ff X1N)/8 (le) 

0 0 7 selection flag 1 : f X1N)/4 (f4) 0 

Note: AN? pin cannot be used as analog voltage input pin when an external 
trigger is selected. 

371 



APPENDIX 
Appendix 2. Control registers 

3.A·D sweep pin selection register 

b7 b6 b5 b4 b3 b2 b1 'bO 

m®l*~l!M!ll!WllW A-D sweep pin selection register (Address 1 Fis) 

Bit Bit name Functions At reset R w 
A-D sweep pin selection bits b1b0 

0 '-I 0 0 0 : ANo, AN1 (2 pins) 1 0 
~ 

0 1 : ANo to AN3 (4 pinsl 
1 o : ANo to ANs is pins .____ 1 1 1 : ANo to AN1 8 pins 1 0 0 

2 These bits cannot be written and are undefined at reading. Undefir.>d x x 
~ x x ~ Undefir.>d 

x x 4 Undeflr.>d 
~ x x 5 Undo fir.id 
t---1 x x 6 Undefir.>d 
t---1 x x 7 Undefir.>d 

4.UARTI transmit/receive mode registers (1:0, 1) 

b7 b6 bS b4 b3 b2 b1 bO 
[ I I l l l l l J UARTO transmit/receive mode register ~Address 301s) 

UART1 transmit/receive mode register Address 381s) 

Bit Bit name Functions At reset R w 
Serial 1/0 mode selection bits b2b1b0 

'--I 0 0 0 0 : Serial 1/0 prohibited 0 0 0 
I-

0 0 1 : Clock synchronous serial 1/0 
0 1 0 : This is not available. 

~1 0 1 1 : This is not available. 0 0 0 
t--

1 0 0: 7-bit UART 
1 0 1 : 8-bit UART 

2 1 1 0 : 9-bit UART 0 0 0 
1 1 1 : This is not available. 

Internal/External clock selection bit 0 : Internal clock 
0 0 3 1 : External clock 0 

4 
Sto5 bit length selection bit 
(in ART mode) 

O : One stop bit 
1 : Two stop bits 0 0 0 

5 
Odd/Even parity selection bit 
(in UART mode) 

0 : Odd parity 
1 : Even parity 0 0 0 

6 
Parity enable bit 
(in UART mode) 

0 : Parity disabled 
1 : Parity enabled 0 0 0 

7 
Siem function selection bit 
(in ART mode) 

0 : Sleep function disabled 
1 : Sleep function enabled 0 0 0 

Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be fixed to "O" when using clock synchronous mode. 
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5.UARTI baud rate register 

b7 b6 b5 b4 b3 b2 b1 bO 

r T T I T I I 1 J UARTO baud rate register iAddress 3116l 
UART1 baud rate register Address 3916 

Bit Bit name l Functions 
'-- 0 When an internal clock is selected in clock synchronous serial 1/0 

L--~ mode, set a value between 0016 and FF16 to set the BAG count 
source deviding ratio. 

2 
I--

In UART mode, set a value between 0016 and FF16 regardless of an 3 

7 internal clock or external clock to set the BAG count source dividing 
I-- ratio. 

5 
I-- The BRG divides an input clock by (n+ 1 ). 6 

n: a value set in the UARTi baud rate register 7 

6.UARTI transmit/receive control register O (l=O, 1) 

b7 b6 b5 b4 b3 b2 b1 bO 1-•:1m I J l J UARTO transmit'receive control register o ~Address 3416) 
UART1 transmit'receive control register 0 Address 3C16) 

Bit Bit name Functions 
BRG count source selection bits b1b0 

L-- 0 o 0 : f(X1N)/2 (t!) selected 

t-- o 1 : f(X1N)/16 (f15) selected 
1 0 : f(X1N)/64 (f64) selected 

"----- 1 1 1 : f(XiN)/512 (f512) selected 

CTS/RTS function selection bit 0 : CTS function selected 
2 1 : RTS function selected 

Transmission register empty flag O : Data in transmission register 
(transmitting) 

3 1 : No data in transmission register 
(transmit complete) 

4 These bits cannot be written and are undefined at reading. 
I--

5 
I--

6 
t--

7 

At reset R W 
Undeftned x 0 
Undefined x 0 
Undeftned x 0 
Undetll10d x 0 
Undeftned x 0 
Undefined x 0 
Undeftned x 0 
Undefined x 0 

At reset R W 

0 0 0 

0 0 0 

0 0 0 

1 0 x 

Undeftned x x 
Undefined x x 
Undefined x x 
Undefined x x 
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7.UARTI transmit/receive control register 1 (1=0, 1) 

b7 b6 bS b4 b3 b2 b1 bO 

[ I I I I I I I J UARTO transmit/receive control register 1 (Address 351e) 
UART1 transmit/receive control register 1 (Address 3D1e) 

Bit Bit name Functions Al reset R w 
0 

Transmit enable bit 0 : Transmission disabled 
0 0 0 '-- 1 : Transmission enabled 

L--- 1 
Transmission buffer empty flag 0 : Data in transmission buffer register 1 0 x 1 : No data in transmission buffer ~ster 

2 
Receive enable bit 0 : Receive disabled 

0 0 0 1 : Receive enabled 

3 
Receive completion flag O : No data in receive buffer register 

0 0 x 1 : Data in receive buffer register 

4 
Overrun error flag 0 : No overrun error 

0 0 x 1 : Overrun error 

5 
Framin~ error flag 
(in UA T mode) 

0 : No framing error 
1 : Framing error 0 0 x 

6 Parity error flag 
(in UART mode) 

0 : No parity error 
1 : Parity error 0 0 x 

7 
Error sum flag 0: No error 

0 0 x (in UART mode) 1 : Error 

Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Receive completion flag and each error flag are cleared to "O" when the 
low-order byte of receive buffer register is read or the receive enable bit 
is cleared to "O". 

8.Count start flag 

b7 b6 bS b4 b3 b2 b1 bO 

[IIIIIII J Count start flag (Address 401s) 

Bit Bit name Functions A1 reset R w 
'---- 0 Timer AO count start flag 0 : Count stop 0 0 0 

..____ 1 Timer A 1 count start flag 1 : Count start 0 0 0 
2 Timer A2 count start flag 0 0 0 
3 Timer A3 count start flag 0 0 0 
4 Timer A4 count start flag 0 0 0 
5 Timer BO count start flag 0 0 0 
6 Timer 81 count start flag 0 0 0 
7 Timer 82 count start flag 0 0 0 
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9.0ne-shot start flag 

b7 b6 b5 b4 b3 b2 b1 bO 

(Mi!#Jl:MIT I I I I J One-shot start flag (Address 4216) 

Bit Bit name Functions At reset R w 
'--- 0 Timer AO one-shot start flag 1 : One-shot start 0 x 0 

'----- 1 Timer A1 one-shot start flag 0 x 0 
2 Timer A2 one-shot start flag 0 x 0 
3 Timer A3 one-shot start flag 0 x 0 
4 Timer A4 one-shot start flag 0 x 0 
5 These bits cannot be written and are undefined at reading. Undoftned x x 

1--1 x x 6 Undoftned 
1--1 x x 7 Undefined 

10.Up-down flag 

b7 b6 b5 b4 b3 b2 b1 bO 

[ I I I I I I I J Up-down flag (Address 4416) 

Bit Bit name Functions At reset R W 
~ 0 Timer AO up-down flag 0 : Decrement count 0 0 0 

'------- 1 Timer A 1 up-down flag 1 : Increment count 0 0 0 
2 Timer A2 up-down flag 0 0 0 
3 Timer A3 up-down flag 0 0 0 
4 Timer A4 up-down flag 0 0 0 

Timer A2 two-rehase signal O : Two-phase ~ulse signal x 0 5 processing se action bit ~recessing unction disabled 0 
1 : we-phase ftulse signal 

6 
Timer A~ two-feh~se si$nal processing unction enabled 

0 x 0 processing se ect1on bit 

7 
Timer A4 two-rehase signal 
processing se action bit 0 x 0 

Note: Data must be written using LDM and STA instructions for bits 5 to 7. 
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11.Tlmer Al mode registers (1=0 to 4) 

b7 b6 bS b4 b3 b2 b1 bO 

l l l l l l l l J Timer Ai mode register (Addresses S61s to SA1s) 

Bit Bit name Functions At resat R w 
Operating mode selection bits b1b0 .___., 0 o o : Timer mode 0 0 0 

t-- 0 1 : Event counter mode 
1 o : One-shot pulse mode 

'----1 1 1 1: PWM mode 0 0 0 
2 These bits' functions depend on operating mode. 0 0 0 

t--
0 0 3 0 

t--
0 0 4 0 

t--
0 0 5 0 

Count source selection bits b7b6 
6 0 0 : f(X1N)/2 (fu) 0 0 0 

1--i 
0 1 : f(X1N)/16 (f1s) 
1 0 : f(XIN)/64 (fs4) 

7 1 1 : f(XIN)/512 (f512) 0 0 0 

Note: In event counter mode, bits 6 and 7 are ignored. 

(1 )Timer mode 

b7 b6 b5 b4 b3 b2 b1 bO 

l l 1°1 l l l O l OJ Timer Ai mode register <Timer mode> 

Bit Bit name Functions 
~ 0 Operating mode selection bits b1b0 

'1"1 O O : Timer mode 
'---

2 
Pulse output function selection bft 0: No pulse output 

1 : Pulse output from TAiour pin 

3 
Gate function selection bits b4b3 

OX: No gate function ..._, 1 0: Count while TAilN input level is "L" 
4 1 1 : Count while TAilN input level is "H" 

5 
This bit must be fixed to "O". 

6 
Count source selection bits b7b6 

0 0 : f(X1N)/2 (fa) 
t---' 0 1 : f!XINl/16 !f1sl 

7 1 0 : f X1N /64 f54 
1 1 : f_{X1N}/s 12 lfs1tl_ 
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(2)Event counter mode 

b7 b6 b5 b4 b3 b2 b1 bO 

[x} xJ oJ l l Jo 11 J Timer Ai mode register <Event counter mode> 

Bit 
~ 0 
~ 

~1 

2 

3 

4 

5 

6 
t--! 

(3)0ne-shot pulse mode 

b7 b6 b5 b4 b3 b2 b1 bO 

7 

Bit name Functions 
Operating mode selection bits b1b0 

O 1 : Event counter mode 

Pulse output function selection bit 0 : No pulse output 
1 : Pulse output from TAiour pin 

Count polarity selection bit O : Count at the falling edge of the input signal 
1 : Count at the rising edge of the input signal 

Up-down switching factor selection bit O : Contents of the up-down flag 
1 : Input signal of the TAiour pin 

This bit must be fixed to "O". 

These bits are ignored (may be "O" or "1 "). 

l l lol l J 1 J 1 lo J Timer Ai mode register <One-shot pulse mode> 

Bit Bit name Functions 

'-1 0 Operating mode selection bits b1b0 
1-- 1 0 : One-shot pulse mode 

'----1 1 

2 
This bit must be fixed to "1 ". 

Trigger selection bits b4b3 
3 0 X : Writing operation to the one-shot start flag 

t---1 
1 0 : Falling edge of the input signal toTAilN pin 
1 1 : Rising edge of the input signal to T AilN pin 

4 

5 
This bit must be fixed to "O". 

Count source selection bits b7b6 
6 0 0 f(X1N)/2 (fa) 
~ 0 1 f(X1N)/16 (116) 
7 1 0 f(X1Nl/64 (164) 

1 1 f(XiN/512(1512) 
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(4)PWM mode 

b7 b6 b5 b4 b3 b2 b1 bO 

l I I I I I 1 J 1 J 1 J Timer Ai mode register <PWM mode> 

Bit Bit name Functions 
'-- 0 Operating mode selection bits b1b0 
~ 1 1: PWM mode 

'--- 1 

2 
This bit must be fixed to "1 ". 

Trigger selection bits b4b3 
3 0 X : Count start flag 

t--1 
1 O : Falling edge of the input signal to TAilN pin 
1 1 : Rising edge of the input signal to TAi1N pin 

4 

5 
16/8-bit PWM mode selection bit O : 16-bit PWM mode 

1 : 8-bit PWM mode 

Count source selection bits b7b6 
6 0 0 f(XIN}/2 (fa) 

1-- 0 1 f(X1N}/16 (f1s) 
7 1 0 f(X1N}/64 (f64) 

1 1 f(X1N)/512 (fs12) 
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12.Tlmer Bl mode registers (1=0 to 2) 

b7 b6 bS b4 b3 b2 b1 bO 

l l l ]t1 l l l J Timer Bl mode register (Addresses SB1e to SD1e) 

Bit Bit name Functions At 18881 R w 
Operating mode selection bits b1b0 

0 0 '-- 0 o O : Timer mode 0 

1-- o 1 : Event counter mode 
1 o : Pulse period/Pulse width 

._____, 1 measurement mode 0 0 0 
1 1 : This Is not available. 

2 These bits' functions depend on operating mode. 0 0 0 t--
0 0 3 0 

4 This bit cannot be written and is undefined at reading. Unddned x x 
5 

This bit's function depends on operating mode. 
1 0 x ,..., 

Count source selection bits b7b6 
6 0 0: f( XIN /2 (f2~ 0 0 0 

t-- 0 1 : f( X1N /16 ~ 16l 
1 0: f X1N /64 f64 

7 1 1 : f X1N /512 (f512) 0 0 0 

Note: In timer mode and event counter mode, bit 5 is ignored and undefined 
at reading. 

(1 )Timer mode 

b7 b6 b5 b4 b3 b2 b1 bO 

l 1 1 x Jll xJ x JO Jo J Timer Bi mode register <Timer mode> 

Bit Bit name Functions 
......., 
~ 

Operating mode selection bits b1b0 

'---------1 1 
O O : Timer mode 

~ 
These bits are ignored (may be "O" or "1 "). 

3 

4 This bit cannot be written and is undefined at reading. 

5 This bit is ignored and undefined at reading. 

6 
Count source selection bits b7b6 

0 0 : f(X1N)/2 (f:!) 
f--

0 1 : IBX1~16 ~f1el 
7 1 0 : f X1N /64 f64 

1 1 : f X1N /512 _{f512}_ 
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(2)Event counter mode 

b7 b6 b5 b4 b3 b2 b1 bO 

Appendix 2. Control registers, 

LxJxix I IO J 1 J Timer Bl mode register <Event counter mode> 

Bit Bit name Functions 
'--- 0 Operating mode selection bits b1b0 

~ 0 1 : Event counter mode 
'---

2 
Count polarity selection bits b3b2 

O O : Count at the falling edge of the input signal 
t-1 0 1 : Count at the rising edge of the input signal 

3 1 0 : Count at both edges of the Input signal 
1 1 : This Is not available. 

4 This bit cannot be written and Is undefined at reading. 

5 This bit is ignored and undefined at reading. 

~ 
7 

These bits are ignored (may be "O" or "1"). 

(3)Pulse period/Pulse width measurement mode 

b7 b6 bS b4 b3 b2 b1 bO 

[ I I _m g I 

380 

I 1 Io J Timer Bi mode register <Pulse period/Pulse width measurement mode> 

'Bit Bit name Functions 
'--- 0 Operating mode selection bits b1b0 

1--1 1 0 : Pulse period/Pulse width measurement mode 
"--- 1 

Measurement mode selection bits b3b2 
2 0 0 : Pulse period measurement mode (between lhe 

falling edge and the falling edge of the input signal) 
1--1 O 1 : Pulse period measurement mode (between the 

3 
rising edge and the rising edge of the input signal) 

1 0 : Pulse width measurement mode 
1 1 : This is not available. 

4 This bit cannot be written and is undefined at reading. 

Timer Bi overflow flag O : No overfolw 
5 1: Overflow 

Count source selection bits b7b6 
6 0 0 : f(XtN)/2 (fa) 

I-- 0 1 : f(XtN)/16 (f1sl 
7 1 0 : f!XtNl/64 (f64 

1 1 : I X1N /512 (f512) 

Note: The timer Bi overflow flag which is set to "1" is cleared by writing 
to this register with the count start flag is "1 ". 
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13.Processor mode register 

b7 b6 b5 b4 b3 b2 b1 bO 

01 l l l J 1 lo J Processor mode register (Address 5E1s) 

Bit Bit name Functions 

This bit must be fixed to "O". ,__ 0 

This bit must be fixed to "1 ". 
'--- 1 

Wait bit O : Wait during external access 
2 1 : No wait 

Software reset bit Software reset activated by writing ·1 •. 
3 

Interrupt priority detection b5b4 
4 time selection bits 0 0 : 7 cycles at internal clock ip 

1-- 0 1 : 4 cycles at internal clock ip 

5 1 0 : 2 cycles at internal clock ip 
1 1 : This is not available. 

This bit must be fixed to "O". 
6 

7 
This bit cannot be written and is undefined at reading. 

14.Watchdog timer frequency selection flag 

Watchdog timer frequency selection flag (Address 611s) 
"'1"'"¥ ........ -' 

\. 

Bit Bit name 
Watchdog timer frequency 

0 selection flag 

Functions 
0 : f(XiN)/512 (fs12) 
1 : f(X1N)/32 (132) 

These bits cannot be written and are undefined at reading. 

At 18981 R w 

0 0 0 

1 0 0 

0 0 0 

0 x 0 

0 0 0 

0 0 0 

0 0 0 

Unclellnod x x 

Atreset R W 

0 00 

Undefined XX 
Unclellnod XX 
Unclellnod XX 
Unclellnod XX 
Unclellnod XX 
Unclellnod XX 
Unclellned xx 
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15.Waveform output mode register 

b7 b6 b5 b4 b3 b2 b1 bO 

11 JD:D Waveform output mode register (Address 621e ) 

Bit Bit name Functions At reset R w 
Waveform output mode selection bits b1b0 

'----' 0 0 0 : Pro~rammable 1/0 port 0 0 0 
1-- O 1 : RT 1 selected 

1 0 : RTPO selected 
'---- 1 1 1 : RTPO and RTP1 selected 0 0 0 

2 
This bit cannot be written and Is undefined at reading. 

Undellnod x x 
3 

RTPO polarity selection bit O : Positive polarit).' 
1 : Negative polarity 0 0 0 

RTPO pulse width modulation 0 : Not modulated 
0 0 4 by timer A 1 selection bit 1 : Modulated 0 

RTP1 pulse width modulation O : Not modulated 
0 0 5 by timer A3 selection bit 1 : Modulated 0 

6 These bits cannot be written and are undefined at reading. Undoftnod x x 
1--i x x 7 Uncfoftnod 

16.Pulse output data register I (l:O, 1) 

b7 b6 b5 b4 b3 b2 b1 bO 

llJf.f.J,ifjJ@l l l l ] Pulse output data register 1 !Address 641al 
Pulse output data register o Address 651s 

Bit Bit name Functions At reset R w 
'--I 0 RTPio output data o : "L • level output Undefined x 0 

'----I 1 RTPi1 output data 1 : "H" level output Undefined x 0 
2 RTPi2 output data Undefined x 0 
3 RTPi:i output data Undefined x 0 
4 These bits cannot be written and are undefined at reading. Undefined x x 

f--
5 Undefined x x 

1-- x x 6 Undolned 
1-- x x 7 Undefined 

Note: Data must be written using LDM and ST A instructions for bits 0 to 3. 
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17.A·D conversion, UART o and 1 transmission, UART o and 1 receive, timers AO to A4, 
timers BO to B2 Interrupt control registers 

b7 b6 b5 b4 b3 b2 b1 bO 

fil>lJWIM~~I I I I J A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO to A4, 
timers BO to 82 interrupt control registers (Addresses 701a to 7C1s) 

Bit Bit name Functions At resat 

Interrupt priority level b2b1b0 
'--1 0 selection bits o o o : Level o (Interrupt disabled) 0 

1-- o o 1 : Level 1 
0 1 O: Level 2 

,_________. 1 0 1 1 : Level 3 0 

1---i 
1 O o: Level 4 
1 0 1 : Level 5 

2 1 1 0: Level 6 0 
1 1 1 : Level 7 

3 
Interrupt request bit o : No interrupt request 

1 : Interrupt request 0 

~ 
These bits cannot be written and are undefined at reading. Undeftned 

5 Undeftned 
1---i 

6 Undaftnod 
1---i 

7 Undollnod 

R w 

0 0 

0 0 

0 0 

0 0 

x x 
x x 
x x 
x x 

Note: Use the SEB and CLB instructions when setting each interrupt control 
register. 

18.INTo to IN'f2 Interrupt control registers 

b7 b6 b5 b4 b3 b2 b1 bO 

mrmtm . ~:. 11 l I I J INTo to INT2 interrupt control registers (Addresses 7D1s to 7F1s) 

Bit Bit name Functions At reset R w 

'--1 0 
Interrupt priority level 
selection bits 

b2b1b0 
O 0 0 : Level 0 (Interrupt disabled) 0 0 0 

1-- O 0 1 : Level 1 
0 1 O:Level2 

'----- 1 0 1 1 :Level3 0 0 0 
.........., 1 0 0: Level 4 

1 o 1 :Levels 
2 11 O:Level6 0 0 0 1 1 1 :Level7 

3 
Interrupt request bit O : No interrupt request 

1 : Interrupt request 0 0 0 
Level/Edge selection bit O : Set Interrupt request bit at 'H' level 

for level sense and the falling edge 

4 
for edge sense. 

0 0 0 1 : Set Interrupt request bit at 'L' level 
for level sense and the rising edge 
for~sense. 

5 
Level sense/Edge sense selection bit O : Edge sense 

1 : Level sense 0 0 0 

..!., These bits cannot be written and are undefined at reading . Undefined x x 
x x 7 Undofinod 

Note: Use the SEB and CLB instructions when setting each interrupt control register. 
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[M37730 Group] 
For M37730 group, the following two resisters are different from M37732 group. 

1.Count start flag 

b7 b6 b5 b4 b3 b2 b1 bO 

l L l l l J Count start flag (Address 401s) 

Bit Bit name Functions At111181 R w 
...___, 0 Timer AO count start flag O : Count stop 0 0 0 

'----I 1 Timer A 1 count start flag 1 : Count start 0 0 0 
2 Timer A2 count start flag 0 0 0 
3 Timer A3 count start flag 0 0 0 
4 Timer A4 count start flag 0 0 0 
5 Timer BO count start flag 0 0 0 
~ These bits cannot be written and are undefined at reading. Undelned x x 

x x 7 Undelnod 

2.Waveform output mode register 

b7 b6 b5 b4 b3 b2 b1 bO 

l I 11 _DWI_ l J Waveform output mode register (Address 621a ) 

Bit Bit name Functions At 111181 R w 
Waveform output mode selection bits b1b0 

0 0 '--- 0 o o : Pr~rammable 1/0 port 0 ._., o 1 : RT 1 selected 
1 o : RTPO selected 

.____ 1 1 1 : RTPO and RTP1 selected 0 0 0 

2 
This bit cannot be written and is undefined at reading. 

Undelned x x 
3 

RTPO polarity selection bit O : Positive polarit)'. 
1 : Negative polarity 0 0 0 

4 
RTPO pulse width modulation O: Not modulated 

0 0 by timer A 1 selection bit 1 : Modulated 0 

5 
RTP1 pulse width modulation O : Not modulated 

0 0 0 by timer A3 selection bit, 1 : Modulated 

6 
This bit cannot be written and is undefined at reading. 

Undefined x x 
7 

Waveform output control bit O : Waveform output disabled 
0 0 0 1 : Waveform output enabled 
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Appendix 3. Stop, wait, one-wait, Ready, Hold state 

1. Stop, wait, one-wait, Ready, Hold state 
Table 1 shows the stop, wait, one-wait, Ready, and Hold state. 
The following are some notes for items in Table 1. 

(1) Osclllatlon 
Timer A, timer B, serial 1/0, and A-D converter can be used when the oscillator is operating. 

(2) STP Instruction 
Table 2 shows the external interrupts used to remove the state (stop mode) after executing the STP 
instruction. 
If these external interrupts are used to remove the stop mode, enable the interrupts before entering 
the stop mode. 

Table 2 External lnterru..Q.ts used to remove sto..Q. mode 
External interrupt 

External input signal 

Serial 110 using external clock 

(clock synchronous/asynchronous) 

Timer interrupts in event counter mode 

Interrupt source 

INTo, INT1, INT2 

UARTO reception, UARTO transmission 

UART1 reception, UART1 tr~nsmission 
·~~~~~~~~~~ 

Timer AO, Timer A1, Timer A2, Timer A3, Timer A4, 

Timer BO, Timer B1, Timer 82 

Note: M37730 group does not have UART1, Timer B1 and Timer B2. 

(3) STP, WIT Instructions 
The reset used to remove the state (stop mode) after executing the STP instruction or the state (wait 
mode) after executing the WIT instruction is a hardware reset. If a hardware reset is used to remove 
a stop mode or wait mode, the contents of the internal RAM are the contents before executing these 
instructions. The state of the other internal registers are the same as described in section "3.1.2 
Internal registers state at reset". The contents of the internal RAM is not retained if a hardware reset 
is performed in cases other than stop mode or wait mode. 
If STP or WIT instruction is to be executed after writing to internal RAM, SFR, external memory, or 
peripheral IC, insert NOP instructions in front of these instructions. Table 3 shows the number of NOP 
instructions to insert. 

Table 3 Number of NOP instructions to insert 
Condition 

After writing to internal RAM and SFR 

After writing to external memory and peripheral IC when the wait bit (bit 

2 at address 5E16) is "1" 
After writing to external memory and peripheral IC when the wait bit is "O" 

(one-wait mode) 

NOP instructions 

3 
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Table 1 Stop, wait, one-wait, Ready, Hold state 

---------- Source STP instruction 
Parameter------- (stop mode) 

WIT instruction 
(wait mode) 

Wait bit ROY input HOLD input 

(one-wait model (Read_y_ state) (Hold statel 
Oscillator 
f1 output 

Stopped Operating Operating Operating Operating 
------+=st-0£:~at-·-L·-1-ev_e_I ---t-,o""~-ra~tin~g~---·---+=O~pe-ra-ti-~~------r-,o""pe-ra~ti~~-----+-,,o'"'""pe-r-at-i~~----

t output Stop at "H" or 'L' level Stop at 'H' or 'L' level 'L' pulse width becomes Stop at 'H" or 'L' level Stop at 'H' level 
twice at external access. 

Bus state 
Port state 

CPU 
Timer 
Serial 1/0 
A-0 converter 
Watchdog timer state 

Retain bus and port state Retain bus and port state 
when STP instruction is when WIT instruction is 
executed executed 

Stopped Stopped Operati~ 
Stopped Operating Operating 

Operating Operating Stopped (set 'FFF1s" in 
watchdog timer and 
select count source fa&_ 

-Re_m_o_v-in-g -o-f s-ta-te __ .,...H_a-rd_w_a-re-r-es_e_t o-r-~--+-H-ar-d-wa_r_e-res--et ___ o_r -----1 Set processor mode 

accepting external accepting interrupt register bit 2 to ·1 •. 
interrupt 

Note: M37730 group does not have port P7. 

386 

Retain bus and port state Bus, R/W pin, BHE pin are 
when 'L' level is applied floating. ALE pin, HLDA 

pin stop at 'L" level. 

Stopped 
Operating 

Operating 

Return ROY input to "H' 
level. 

Ports P4:i-P41, PS, P6, 
P7, PS retain state when 
'L' level is ~ied. 

Operating 

Stopped 

Return HOLD input to 'H' 
level. 
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Appendix 4. Package outlines 
80P6N-A 

El AJ Packa e Code JEDEC Code Wei ht 
* FPOBO-P-1420 1.58 

Scale : 2/1 
Ho 

~ 0 y 

80P6S-A 
EIAJ Packa e Code JEDEC Code Wei ht( ) 
* QFPOBO-P-1414 1.11 

Scale : 2.5/1 
Ho 
D 

CD 

w w I 

® ® 

® @ 

w 

Appendix 4. Package outlines 

Plastic SO pin 1 4 X 20mm body QFP 

Mo 

~~ oo:::::t::=o 
-<=>- I = 
I ! ! ! -<=>- I = 

t+-·---H ~ 
N~'' I '' .D I 0 I I 

I I I I I 

12 0 oo:::::t::=o = 

Recommended Mount Pad 

Symbol 

A 

Dimension in Millimeters 
Min Norn Max 

3.05 
0.1 0.2 
2.8 

0.3 0.35 0.45 
0.13 0.15 0.2 

118 14.0 14.2 
19.8 20.0 20.2 

:~~ 
11.1 
23.1 

0.8 

0.1 
10' 

0.8 
16.5 16.8 
22.5 22.8 

0.4 0.6 
1.4 

{) 

b2 0.5 
Detail F 12 1.3 

Mo 146 
ME 20.6 

Plastic 80pin 1 4 X 1 4mm body QFP 

Mo 

@j~ oo:::::t::=o 
-E:::3- I c:::::::J 

f! I F! 
N~t-t--·1--ti ~ 

_D I I I I 

I I , I I 

12 D oo:::::t::=o = 
Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
A1 0 0.1 0.2 
A2 2.8 
b 0.25 0.3 0.4 
c 0.13 0.15 0.2 
D 13.8 14.0 14.2 
E 13.8 14.0 14.2 
~ 0.65 

L1 Ho 16.5 16.8 17.l 
HE 16.5 16.8 17.1 
L 0.4 0.6 0.8 

L1 1.4 
0.1 

e o· 10' 
b2 0.35 
12 1.3 

Mo 14.6 
ME 14.6 
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80P6D-A Plastic 80pin 12X 1 2mm body QFP(FP) 
EIAJ Packa e Code JEDEC Code Wei ht( ) 
* FPBO-P-1212 0.44 Mo 

~~ oo:::::t::=o 
: 1' ~ ! ! ! ! 
H--·--+-i ~ 

N~·' I '' .0 I I I I 

bd I bd 
J{lJ oo:::::t::=o 

Scale : 2.5/ 1 
Ho 

D 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 1.7 
At 0 0.1 0.2 
A2 1.4 

lJ 
b 0.13 0.18 0.28 
c 0.105 0.125 0.175 
D 11.9 12.0 12.1 
E 11.9 12.0 12.1 

Lt [QJ 0.5 
Ho 13.8 14.0 14.2 
HE 13.8 14.0 14.2 
L 0.3 0.5 0.7 ~~ L1 1.0 

~ 11 ·. 9 0.1 
fl O' 10° 

.<t: L b2 0.225 
12 1.0 

Detail F Mo 12.4 
ME 12.4 

64P6N-A Plastic 64pin 14X 14mm body QFP 
EIAJ Packa e Code JEDEC Code Wei ht 
* FP064-P-1414 1.11 

Mo 

Scale : 2.5/ 1 
Ho 

D 

Recommended Mount Pad 

Symbol 
Dimension in Millimeters 
Min Norn Max 

A 3.05 
At 0 0.1 0.2 
A2 2.8 
b 0.3 0.35 0.45 
c 0.13 0.15 0.2 
D 13.8 14.0 14.2 
E 13.8 14.0 14.2 

Lt [QJ 0.8 
Ho 16.5 16.8 17.1 
HE 16.5 16.8 171 
L 0.4 0.6 0.8 
Lt 1.4 

0.1 
() 10 

b2 0.5 
12 1.3 

Mo 14.6 
ME 14.6 
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64P48 Plastic 64pin 750mil SDIP 
EIAJ Packa e Code JEDEC Code Wei ht 

SDIP064-P-0750 7.9 

Scale : 1.5/1 

~ @ 
u 

D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O . .Cu1Ct ., _u 

0 0 w 

'-fl-

@ 
-.., 

"' 
Symbol 

Dimension in Millimeters 
Min Norn Max 

D A 5.08 
Al 0.38 
A2 3.8 
b 0.4 0.5 0.6 

bJ 0.9 1.0 1.3 
b2 0.65 0.75 1.05 

0.2 0.25 0.32 
b2 56.2 56.4 56.6 

16.85 17.0 17.15 
1.778 

SEATING PLANE 19.05 
2.8 
a· is· 
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Appendix 5. Setting example of unused pins 

Table 4 Setting example of unused pins 

Pin Setting 

Ports P4:i-P41, P5-P8 

SHE (Note 1), ALE (Note 2), 

Set to input mode and connect to Vss through a resistor (pull-down). --------·· -···-- -- '···--·--·-·. '-·- -_____ ,,_ ..... _, __ . __ 
Open. 

HLDA, Xour (Note 3) 

HOLD, R_D_Y ______ -+-C-~nnectJ_~~ee throu~~-·- ~-~~_s_is_to_r_(~p_ul_l-_up~)_. ------------· 
A Vee Connect to Vee. 

-+------------·---···,.·-···-----.. -~·-----
AVss, VREF Connect to Vss. 

Note 1: When BYTE="H". 
Note 2: When BYTE="H" and address space is 64K bytes. 
Note 3: When external clock is input to X1N pin. 
Note 4: M37730 group dose not have port P7, AVee pin, AVss pin and VREF pin. 

Fig. 1 Setting example of unused pins 
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Ports P43-P47, 
P5-P8 

(input mode) 

BHE 

s:: HLDA 
(...;) ALE 
'-l Xouf 
'-l 
(...;) 
I\) HOLD 
CJ) ADY 
~ .,, AVee 
-u AVss 

VREF 

Open 

Vee 

Vss 
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Appendix 6. Print foot pattern examples 
Examples of target board print foot pattern and the IC sockets are described below. 
The prjnt loot patterns are presented as examples. The user should consjder the mounting condition and 
the standard when specifying the dimension for mass production board. 

1. M37732S4/S4A/S4BFP (package: 80P6N-A) 

(1) Print foot pattern example 
Figure 7 shows the print foot pattern example for the 80P6N package. This pattern can mount the 
80P6N package, and IC61-0804-034 and IC61-0804-046 sockets provided by YAMAICHI ELEC­
TRONICS Co., Ltd. which are described in "(2) IC socket". 

28.4±0 1 

Dimension in mm 

Fig. 2 Print foot pattern example for 80P6N package 
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(2) IC socket 
The following IC sockets provided by YAMAICHI ELECTRONICS Co., Ltd. can be connected to the 
M37732 group support pod M37732T-HPD of the MELPS 7700 emulator PC4816. 

esO-pin LCC socket provided by YAMAICHI ELECTRONICS Co., Ltd. 

Type name 
Type name 

IC61-0804-034 
IC61-0804-046 

The profile of IC61-0804-046 is higher than IC61-0804-034. IC61-0804-046 is an exclusive use of 
mounting on printed circuit board and easy to solder. 

INDEX-1 

c 
0 
:~ 

~ 
M ~" 

Q_ 

" '" "! ·t N 

'" c;J 
N 

~ .. 
0 
N 

20.0::03 

15.0 (connective position) 

0.8 x 15 =12.0:-0 !5 

O.B±o 1 

lC extraction notch (two positions 
(depth 3.8) 

~ 

;3.00 hole 

N 

'}_ 

¢ 11.0 (Be non-prominence in this circle} 

0 
N 

0f=:=:I::::r---'-llHHHIHl!1IHITlit+lti!HIHltilHIHIHlf-'--i::::i' 

0.8 x 15=12.0.:025 

17.4~5 

19.6+0.S 

SEC. X·X 
( s.1011 l 

~ 'ii 
0 

gj .,; 
N 

Dimension in mm 

Fig. 3 IC socket (type name IC61-0804-034) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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20.0,0.3 

is.a•'" 

14.9 (connective position) 

0.8 x 15·12.0±0.16 

INDEX·1 O.B±<l.1 

c ~ 
.2 

~ 

~ 
:.oi ; <'d 
1'i 'Ii ,JI 

c N 
c x 
!!. "! 
"' 0 

!ii 

0.8:':(115 

Appendix 6. Print foot pattern examples 

~3.00 hole 

Ii: 
't. 

ti> 11.0 (Be non·prominence in this circle) 

SEC. X·X 
(S·10/1) 

~ 

~ 
c:i 

Ill 

! ~ 

~ ~ {:;; x ., 
c:i 

Dimension in mm 

Fig. 4 IC socket (type name IC61-0804-046) by YAMAICHI ELECTRONICS Co., Ltd. outline 

393 



APPENDIX 
Appendix 6. Print foot pattern examples 

2. M37732S4LGP (package: 80P6S-A) 

(1) Print foot pattern example 
Figure 10 shows the print foot pattern example for the 80P6S package. This pattern can mount the 
80P6S package, and the 80P6-80P6S conversion adapter which is described in "(2) Conversion 
adapter''. 

0 35 

~~~~~~~~00~~~~~~~~~ 
~ 

I 
' 

I 
' 

I 
' 

- -----t------ -

' 

I ~1 ' 

I 
' +=- -a==f 

~~~~~~~~~~~~~~~~~~ 
14.6 1.3 -- --

Dimension in mm 

Fig. 5 Print foot pattern example for 80P6S package 
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(2) Conversion adapter 
The 80P6-80P6S conversion adapter shown in Figure 11 converts an 80LCC connector to 80P6S 
pattern. 
The tips of the M37732 group support pod M37732T-HPD of the MELPS 7700 emulator PC4816 can 
be connected to the 80LCC connector on this adapter to perform emulation in the range of 5V±5%. 
Note that emulation cannot be performed outside the voltage range of 5V±5% (3V for example). 

1 ... 
35mm 

ff DJ 
Connection image 

M37732S4LGP 

E 
E 
0 
C'l 

M37732T-HPD 

.....-- SOLCC support connector 

80P6--80P6S 

~ 
\ I 
/' .-- 80P6S pattern ,.,,. 

Fig. 6 80P6-BOP6S conversion adapter 
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3. M37732S4LHP (package: 80P6D-A) 

(1) Print foot pattern example 
Figure 12 shows the print foot pattern example for the 80P6D package. This pattern can mount the 
80P6D package. 

0 225 

~~~~~~~~~~~~~~~~~~~ 
I 
I 

I 
I 

I 
I 

-'" L_ _____ t-------' L 

I 

I Ill 
I ci 

I 
I -

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

' 

-- 12.4 _., -- 1.0 

Dimension in mm 

Fig. 7 Print foot pattern example for 80P6D package 

(2) Conversion adapter 

396 

Conversion adapter 80LCC-OSD for converting 80LCC connector to 80P6D pattern is also available. 
This conversion adapter can also be used to perform emulation similar to the conversion adapter 
80P6-80P6S described on the previous page. For more information on conversion adapters, contact 
the address at the end of this manual. 
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4. M37730S2/S2A/S2BFP (package: 64P6N-A) 

(1) Print foot pattern example 
Figure 13 shows the print foot pattern example for the 64P6N package. This pattern can mount the 
64P6N package, and IC61-0644-052 socket provided by YAMAICHI ELECTRONICS Co., Ltd. which 
is described in "(2) IC socket". 

04 
~ ~ 

~~~~~~rn~~~~~~~ 
I 
' 

I 
I 

_£ I ___ _j _____ _c; '--
' 

I co 
I 0 

I 
1 

+:±---S 
' -

~~~~~~~~~~~~~~~ 
~ 

14.4 4.3 - ~ 

Dimension in mm 

Fig. 8 Print foot pattern example for 64P6N package 

397 



APPENDIX 
Appendix 6. Print foot pattern examples 

(2) IC socket 
The following IC socket provided by YAMAICHI ELECTRONICS Co., Ltd. can be connected to the 
M37730 group support pod M37730T-HPD of the MELPS 7700 emulator PC4816. 

es4-pin LCC socket provided by YAMAICHI ELECTRONICS Co., Ltd. 

Type name : IC61-0644-052 

Cut crack for polarity 

"' ~o 

~ 'ii 
~ ~ 

D 

IC extraction notch 
(two positions) 

(depth 3.8) 

20.0±0.3 

D 15. 1±0. 15 (connective position} 

0.8 x 15·0 12.0±0.15 

0.8±0.1 

(9.4) 

0.8±0.15 

0.8 x 15-12.0±0.25 

19.0o0.5 

22.0±0.5 

~ 
!2!. 

4- ~3.0 hole 

"' ~ 
gj 

Fig. 9 IC socket (type name IC61-0644-052) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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Appendix 7. System development precautions 
When developing an M37732 group or M37730 group system, be sure to low the Vss line impedance (Vss 
line reinforced). This is necessary to drive the address bus at 24 bits. 
Figures 15 and 16 show the print foot pattern examples with the Vss line reinforced. 

Fig. 10 Print foot pattern example (parts view) 

Fig. 11 Print foot pattern example (solder view) 
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Appendix 8. M66800SP/FP 

1. Overview 
The M66800SP/FP is a 16M-byte external memory control IC for the M37732 group. It uses a MAST 
(Mitsubishi Advanced Schottky TTL) process to enable fast operation. 

2. Features 
• Supports no wait operation of the M37732 group under the following conditions: 

(1) Using 120ns (Max.) access time memory at external clock input frequency of 12MHz 
(2) Using 100ns (Max.) access time memory at external clock input frequency of 13MHz 

• Internal read/write control circuit with independent read/write output 
• Two internal octal latch circuits for address 
• Internal chip selectable circuit that can fully decode 16M bytes 
• Internal Ready signal generating circuit 
• Pin assignment that facilitates connection to M37732 group 
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A13- Vee 

A\2- -A14 

A11- -A15 

A10- -A16 

A9-
AS-

ADO-+ 
ADS-+ 

AD9-+ 

-+CS2 

AD15-+ -+CS3 

AD16-+ 4 -cs4 
GND 

AD19-+ -css 

AD20-+ -cs? 
AD21-+ 

4 ___... csro 

Outline 64P4B 

~ i~ c I~ :o Cl 

~I~ 
w 1<§ w 

~:a: I~ "" z \;: 
w !:f _, 

u ,;: 'S: G al "" 
t + i t t t i t + + + + 

CS13 BHE 

CS12 RiW 

csn AD23 

CS10 - AD22 

CS9 - AD21 

css - AD20 

CS7 - s: AD19 

CSB - O'l AD1S 

CS5 +- O'l AD17 

GND CXl AD16 

CS4 
0 AD15 0 

CS3 ,, AD14 

CS2 -0 AD13 

CS1 AD12 

cso A011 

A23 A010 

A22 AD9 

A21 ADS 

A20 - ADO 

+ i + i + + + + + + + + 
"'"'"' "' "' .. ~ MN -

0 "'"' 
~ < < < < < < < < < <C < 

Outline 64P6W 

Fig. 12 M66800SP/FP pin configuration {top view) 
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Appendix 9. Machine instructions 

MACHINE INSTRUCTIONS 
Addressing mode 

Symbol Function Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n #op n # op n #op n # op n #op n # op n #op n # op n #op n # 

ADC Acc,C - Acc+M+c Adds the carry, the accumulator and the memory contents. 69 2 2 65 4 2 75 5 2 72 6 2 61 7 2 71 8 2 
(Note 1,2) The result is entered Into the accumulator. When the D 

~ ~ ~ flag Is "O", binary additions Is done, and when the D flag is 42 8 3 42 9 3 4210 3 
"1", decimal addltion is done. 69 65 75 72 61 71 

AND Acc-AccAM Obtains the logical product of the contents of the accumu- 29 2 2 25 4 2 35 5 2 32 6 2 21 ) 2 31 8 2 
(Note 1,2) later and the contents of the memory. The result is en-

~ ~ ~ tared into the accumulator. 42 8 3 42 9 3 42 10 3 
29 25 35 32 21 31 

ASL m=O Shifts the accumulator or the memory contents one bit to OA 2 1 06 ) 2 16) 2 
(Note 1) [g~o the left. "O" is entered into bit 0 of the accumulator or the 

~ 
m=l 

memory. The contents of bit 15 (bit 7 when them flag is 

[g~-o 
"1") of the accumulator or memory before shift is entered OA 
into the C flag. 

BBC Mb=O'? Tests the specified bit of the memory. Branches when all 
(Note3,5) the contents of the specified bit is MO". 

BBS Mb=1 '? Tests the specified bit of the memory. Branches when all 
(Note3,5) the contents of the specified bit is ~1". 

BCC C=O'? Branches when the contents of the C flag is "O". 
(Note3) 

BCS C=1'? Branches when the contents of the C flag is "1". 
(Note 3) 

BEQ Z=l? Branches when the contents of the Z flag is 'T'. 
(Note 3) 

BMI N=l"? Branches when the contents of the N flag is "1". 
(Note 3) 

BNE Z=O'? Branches when the contents of the Z flag is ''O". 
(Note 3) 

BPL N=O'? Branches when the contents of the N flag is "O" 
(Note3) 

BRA PC+-PC±offset Jumps to the address indicated by the program counter 
(Note4) PG-PG+l plus the offset value. 

(carry occured) 

! PG-PG-1 
(borrow occured) 

--
BRK PC-PC+2 Executes software interruption. Oil 15 2 

M(S)-PG 
s-s-1 
M(S)-PCH 
s-s-1 
M(S)-PC, 
s-s-1 
M(S)-PSH 
s-s-1 
M(S)--PS, 
s-s-1 
1-1 

PCL--ADL 
PCH--ADH 
PG--001s 

eve v=o·? Branches when the contents al the V flag is "O''. 
(Note 3) 

BVS V=l ·? Branches when the contents of the V flag Is "1 ". 
(Note 3) 

CLB Mb-0 Makes the contents al the specified bit in the memory "O". 14 8 3 
(Note 5) 

CLC c-o Makes the contents of the C flag "O". 18 2 1 

CLI 1-0 Makes the contents of the I flag "O" 58 2 1 

CLM m-0 Makes the contents of them flag "O". DB 2 1 

CLP PSb-0 Specifies the bit position in the processor status register by the bit C2 4 2 
pattern of the second byte in the instruction, and sets "O" in that bit. 

CLV V-0 Makes the contents of the V flag "O" B8 2 1 

CMP Acc-M Compares the contents cl the accumulatOI' with the contents cl C9 2 2 Co 4 2 05 5 2 D2 6 2 Cl 7 2 DI 8 2 
(Note 1,2) i the memory. 

\\tti ~tstT ~ 42 8 3 42 9 3 4210 3 i C9 Co 05 D2 Cl DI 
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. Addressing mode Processor status register 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 8 7 6 5 4 3 2 I 0 

op n #op n # op n #op n # op n #op n # op n #op n # op n # op n # op n #op n # op n #op n # op n #op n # op n #op n # IPI. N y 
m ' D I z c 

~710 2 77 11 2 60 4 3 70 6 3 79 6 3 6F 6 4 7F 7 4 63 5 2 73 8 2 N y • z c 

14212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
~7 77 60 70 79 6F IF 63 73 

~710 2 37 11 2 20 4 3 30 6 3 39 6 3 2F 6 4 3F 7 4 23 5 2 33 8 2 N • z 

14212 3 42 13 3 ]4216 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 pi 37 2D 30 39 2F 3F 23 33 

OE 7 3 IE 8 3 • N • z c 

34 7 4 3C 8 5 

24 7 4 2C 8 5 

90 4 2 

BO 4 2 

FO 4 2 

30 4 2 

DO 4 2 

10 4 2 

80 4 2 

la2t-4i3 

50 4 2 

JO 4 2 

IC 9 4 

0 

0 

0 

Specified flag be-
comes "O" 

0 

C710 2 07 11 2 FD 4 3 lo~ 6 3 09 6 3 CF 6 4 DF 7 4 C3 5 2 D 3 8 2 N • z c 

14212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
Cl 07 FD DD 09 CF OF C3 D3 
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Addressing mode 

Symbol Function Details IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n #op n # op n #op n # op n #op n # op n #op n # op n #op n # 
CPX X-M Compares the contents of the index register X with the EO 2 2 E4 4 2 
(Note 2) contents of the memory. 

CPY Y-M Compares the contents of the Index register Y with the co 2 2 C4 4 2 
(Note 2) contents of the memory. 

DEC Acc-Acc-1 or Decrements the contents of the accumlator or memory by lA 2 1 cs 7 2 06 7 2 
(Note 1) M-M-1 1. 

~ 
lA 

DEX x-x-1 Decrements the contents of the index register X by 1. CA 2 1 

DEY Y-Y-1 Decrements the contents of the Index register Y by 1. 88 2 1 

DIV A(quotlent)-B,A/M Thenumerallhatplacestiecootertsr:l~BtoUlehlghefcwderandlhe 89 27 3 89 29 3 8930 3 8931 3 89 32 3 8933 3 
(Note2,10) B(remainder) COltenls daccum.Jlala Atclhe Mt crderis dMded bythecootents cl the memay. 29 25 35 32 21 31 

The qurberl: Is ertered illo8XIJ'l'1'atcr A and the remainder intoacci.mulal« B 

EOR Acc-AccYM Logical exclusive sum ls obtained ot the contents of the 49 2 2 45 4 2 55 5 2 52 6 2 41 7 2 51 8 2 
(Note 1,2) accumulator and the contents of the memory. The result is 

~ ~ l4zl713 placed into the accumulator. 42 8 3 42 9 3 42 10 3 
49 45 55 52 41 51 

INC Acc--Acc+ 1 or Increments the contents of the accumulator or memory by 3A 2 1 E6 7 2 F6 7 2 
(Note 1) M-M+l 1. 

~ 
3A 

INX x-x+1 Increments the contents of the index register X by 1 Ei 2 1 

INY v-v+1 Increments the contents of the index register Y by 1. C8 2 1 

JMP ABS Places a new address into the program counter and jumps 
PCL --AOL to that new address. 
PCH --ADH 

ABL 
PCL .... AOL 
PCH .... ADH 
PG--ADa 

(ABS) 
PC, -(ADH, AD,) 
PCH-(ADH,Ao,+l) 

L(ABS) 
PC, -(ADH, AD,) 
PCH --(ADH, ADL+l) 
PG -(ADH, AOL +2) 

(ABS, X) 
PC, -(ADH, AO, +xi 
PC" -(Ao", Ao,+x 

+1) 

JSR ABS Saves the contents of the program counter (also the con-
M(S)-PCH tents of the program bank register for ABL) Into the stack, 
s-s-1 and jumps to the new address. 
M(S)-PC, 
s-s-1 
PCL .... AOL 
PCH .... ADH 

ABL 
M(S)-PG 
s-s-1 
M(S)-PCH 
s-s-1 
M(S)-PC, 
s-s-1 
PCL .... AOL 
PCH--AOH 
PG-ADo 

(ABS, X) 
M(S)-PCH 
s-s-1 
M(S)- PC, 
s-s-1 
PC, -(ADH, AD, +XI 
PCH -(ADH, AO,+ X 

+ll 
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Addressing mode Processor status register 

L(OIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 8 7 6 5 4 3 2 1 0 

op II #op n # op n #op n # op n #op n # op n #op ~T# op n #op n # op n #op n # op n # op n # op n # op n 1! op n # op n 1! IPL N V m ' D I z c 

EC 4 3 N • z c 

c 4 3 N • z c 

CE 7 3 DE 8 3 N • z 

N • z 
N • z 

~9 35 3 89 36 3 8929 4 8931 4 89 31 4 89 31 5 89 32 5 89 30 3 89 33 3 N V z c 
27 37 20 30 39 2F JF 23 33 

~710 2 57 11 2 40 4 3 50 6 3 59 6 3 4F 6 4 SF 7 4 43 5 2 53 8 2 N • z 

14212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 ,3 42 10 3 

~7 57 40 50 59 4F 5F 43 53 

EE 7 3 FE 8 3 • N • z 

I 
N • z 
N • z 

4C 2 3 5C 4 4 6C 4 3 DC 8 3 7C 6 3 

20 6 3 22 8 4 FC 8 3 i 
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Addressing mode 

Symbol Function Detalls IMP IMM A DIR OIR,b OIR,X OIR,V (DIR) (DIR,X) (DIR),Y 

qi n #"' n # qi n #"' n # qi n #"' n # qi n #"' n # Ill> n #op n # 

LOA Acc-M Enters the contents of the memory Into the accumulator. A9 2 2 Ill 4 2 es 5 2 S2 6 2 Al 7 2 Bl 8 2 
(Noto 1,2) 

42~ '42fe+3 ~ 42 B 3 42 9 3 4210 3 
A9 IJ B5 S2 Al Bl 

LCM M-IMM Enters the Immediate value Into the memory. 64 4 3 74 5 3 
(Note 5) 

LOT OT-IMM Enters the Immediate value Into the data bank register. 89 5 3 
C2 

LOX 
(Nolo2) 

X-M Enters the contenta of the memory Into ln~ex register X. A2 2 2 A9 4 2 B6 5 2 

LOY V-M Enters the contents cl the memory Into Index register Y. llJ 2 2 A4 4 2 Bl 5 2 
(Note2) 

LSR m-o Shifts the contents of the accumulatot or the contents of 4A 2 1 45 7 2 55 7 2 
(Note 1) o~c the memory one bit to the right. The bit 0 of the acoumula-

'42 4 "21 
m-1 

tor or the memory la entered Into the C flag. "O" Is entered 

o~c 
Into bit 15 (bit 7 when them flag la "1".) 4A 

MPV B, A-A•M Multlpllea the contents of accumulator A and the contents or the mem- 8916 3 8918 3 8919 3 8920 3 89 21 3 ~922 3 
(Note2,11) ory. The higher order ol the result cl operation are entered Into accu· 09 06 15 12 01 11 

mulator 8, and the lower order Into accumulator A. 

MVN Mn+1-Mm+1 Transmits the data block. The transmission la done from 
(Note8) the lower order address or the block. 

MVP Mn-1-Mm-1 Transmits the data block. Transmission Is don~ form the 
(Note9) higher order address of the data block. 

NOP PC-PC+l Advances. the program counter, but performs nothing else. EA 2 1 

ORA Acc-AccVM Logical sum per bit of the contents of the accumulator and 09 2 2 06 4 2 15 5 2 12 6 2 01 7 2 11 8 2 
(Note1,2) the contents ol the memory Is Obtained. The result Is en-

~ ~ ~ tared Into the accumulator. 42 8 3 ~2 9 3 ~210 3 
jos_ ~ 15 12 ~1 11 

PEA M(S)-IMM2 The 3rd and the 2nd bytes of the Instruction are saved Into 
s-s-1 the stack, In this order. 
M(S)-IMM1 
s-s-1 

PEI M(S)-M((DPR)+IMM Specifies 2 sequential bytes In the direct page In the 2nd 
+1) byte of the instruction, and saves the contents Into the 

s-s-1 stack. 
M(S)-M((DPft)+IMM) 
s-s-1 

PER EAR-PC+IMM2,IMM1 Regards the 2nd and 3rd bytes of the Instruction as 16-blt 
M(S)-EARH numerals, adds them to the program counter, and saves 
s-s-1 the result Into the stack. 
M(S)-EAR, 
s-s-1 

PHA m=O saves the contents of accumulator A into the stack. 
M(S)-AH 
s-s-1 
M(S)-A, 
s-s-1 

m•l 
M(S)-A, 
s-s-1 

PHB m=O Saves the contents o1 accumulator B into the stack. 
M(S)-BH 
s-s-1 
M(S)-e, 
s-s-1 

, 
m-1 
M(SJ-e, 
s-s-1 

406 



APPENDIX 
Appendix 9. Machine instructions 

Address!~g mode Processor status register 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DIR,b,R ABS,b,R SR (SR),Y BLK 10 9 8 7 6 5 4 3 2 I 0 

op n #op n # op n #op n # op n #op n # co n #op n # op n #op n # op n #op n # op n #op n # op n #op n # op n # op n # IPL N V m x D I z c 
Al 10 2 Bl II 2 AD 4 3 BO 6 3 B9 6 3 AF 6 4 BF 7 4 A3 5 2 B3 8 2 N • z • 

fi212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
Al Bl AD BO B9 AF BF Al B3 

9C 5 4 9E 6 4 

AE 4 3 BE 6 3 N • z 

AC 4 3 BC 6 3 N • z 

4E 7 3 5E 8 3 0 z c 

~9 24 3 B9 25 3 8918 4 8920 4 89 20 4 89 20 5 89 21 5 8919 3 89 22 3 • N z. 0 
~7 17 OD ID 19 OF IF 03 13 

541+13 

' 2X? 

44r~3 
2X7 

~710 2 17 11 2 OD 4 3 ID 6 3 19 6 3 OF 6 4 IF 7 4 03 5 2 13 8 2 • N • z 

14212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
~7 17 OD ID 19 OF IF 03 13 

F4 5 3 

04 6 2 

i 

.f J ' 
62 5 3 .!. 

l 
48 4 I 

l 
42 6 2 
48 

l 
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Addressing mode 

Symbol Function Oetalls IMP IMM A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n # op n # op n #op n # op n #op n # op n #op n # op n #op n # 

PHO M(S)-DPRH Saves the contents of the direct page register Into the 
s-s-1 stack. 
M(S)-DPRc 
s-s-1 

PHG M(S)-PG Saves the contents of the program bank register Into the 
s-s-1 stack. 

PHP M(S)-PSH Saves the contents of the program status register into the I s-s-1 stack. 
M(S)-PSc 
s-s-1 

PHT M(S)-DT Saves the contents of the data bank register into the 
s-s-1 stack. 

PHX x=O Saves the contents of the Index register X into the stack. 
M(S)-XH 
s-s-1 
M(S)-Xc 
s-s-1 

x=l 
M(S)-X, 
s-s-1 

PHY x=O Saves the contents of the inde11. register Y into the stack. 
M(S)-YH 
S--S-1• 
M(S)-Y, 
s-s-1 

x=l I M(S)-Yc 
s-s-1 

PLA m=O Restores the contents of the stack on the accumulator A. 
s-s+1 
A,-M(S) 
s-s+1 
AH-MIS) 

m=l 
s-s+1 
A,-M(S) 

PLB m=O Restores the contents of the stack on the accumulator 8. 
s-s+1 
B,-M(S) 
s-s+1 
BH-M(S) 

m=l 
s-s+1 
B,-M(S) 

PLC s-s+1 Restores the contents of the stack on the direct page reg· 
DPR,-M(S) ister. 
s-s+1 
DPRH-M(S) 

PLP s-s+1 Restores the contents of the stack on the processor status 
PS,-M(S) register. 
s-s+1 
PSH-M(S) 

PLT s-s+1 Restores the contents of the stack oo the data bank reg-
DT-M(S) ister. 

PLX x=O Restores the contents of the stack on the index register X. 
s-s+1 
X,-M(S) 
s-s+1 
XH-M(S) 

x=l 
s-s+1 
X,-M(S) 
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Addressing mode Processor status reglater 

L(DIR) L(DIR),Y ABS ABS,b ABS,X ABS,Y ABL ABL,X (ABS) L(ABS) (ABS,X) STK REL DIR,b,R ABS,b,R SR (SR),Y BLK ID 9 8 7 6 5 4 3 2 I 0 

op n #op n # op n #op n # op n #op n # opTn #op n # op ~f# op n #op n # op n #op n # op n #op n # op n # op n # op n # IPL N V m x D I z c 
OB 4 I 

4B 3 I 

OB 4 I 

BB 3 I 

DA 4 I 

5A 4 I 

68 5 l N z 

! 
42 7 2 N z 
68 

28 5 l 

2B 6 I Value saved in stack. 

AB 6 I N z 

FA 5 I N z 
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Symbol 

PLY 

PSH 
(Notes) 

PUL 
(Note 7) 

ALA 
(Note 13) 

AOL 
(Note 1) 

ROA 
(Note 1) 

RTI 

RTL 

ATS 

Function 

x=O 
s-s+1 
Y,-M(S) 
s-s+1 
YH-M(S) 

x=l 
s-s+1 
v,-M(S) 

M(S)-A, B, X ... 

A, B, X .. ·-M(S) 

m=O 
n bit rotate left 

~ 
m=1 
n bit rotate left 

~] 

m=O 

m=l 

m=O 

m=l 

s-s+1 
PS,-M(S) 
s-s+1 
PSH-M(S) 
s-s+1 
PC,-M(S) 
s-s+1 
PCH-M(S) 
s-s+1 
PG-M(S) 

s-s+1 
PC,-M(S) 
s-s+1 
PCH-M(S) 
s-s+1 
PG-M(S) 

s-s+1 
PC,-M(S) 
s-s+1 
PCH-M(S) 

Appendix 9. Machine instructions 

Details IMP IMM 

Restores the contents of the stack on the Index register Y 

Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack 

Restores the contents of the stack to the registers among 
accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the Instruction. 

Rotates the contents of the accumulator A, n bits to the 
left. 

Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit. 

Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit. 

Returns from the interruption routine. 4011 1 

Returns from the subroutine. The contents of the program GB 8 1 
bank register are also restored. 

Returns from the subroutine. The contents of the program 60 5 1 
bank register are not restored. 

89 6 3 
49+ 

I 

Addressing mode 

A DIR DIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

2A212672 

t.#4+2 
2A 

6A216672 

4214f2 
6A 

36 7 2 

76 7 2 

SBC Acc. C-Acc-M-C Subtracts the contents of the memory and the borrow from E9 2 2 E5 4 2 F5 5 2 F262El72Fl82 

~ ~ 
(Note 1,2) the contents of the accumulator. 

~ 428 3429 342103 
E9 E5 F5 F2 El Fl 
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Appendix 9. Machine Instructions 

Addressing mode Processor status register 

L(DIR) L(DIR),Y ABS ABS.b ABS,X ABS,V ABL ABL,X (ABS) L(ABS) (ABS.Xi STK REL DIR,b.R ABS,b,R SR (SR),V BLK 10 9 8 7 6 5 4 3 2 1 0 

op n #op n # op n #op n # op n #op n # op n #op n # op n #op n # op n #op n # op " #op n # op n #op n # op n # op n # IPL N V m x D I z c 
IA 5 1 N • z 

EB 12 2 
+ 

211+12 

FB 14 2 If restored the contents of PS, 
+ It becomes Its value. And the 

311+412 
other case Is no change. 

I 

2E 7 3 3E 8 3 N • z c 
i 

6E 7 3 7E 8 3 N • z c 

I 
Value saved in stack. 

E? 10 2 F7 II 2 ED 4 3 FD 6 3 F9 6 3 EF 6 4 FF 7 4 E3 5 2 F3 8 2 N V z c 

14212 3 42 13 3 42 6 4 42 8 4 42 8 4 42 8 5 42 9 5 42 7 3 42 10 3 
E7 F7 EO FO Fl EF FF E3 Fl 

411 



APPENDIX 
Appendix 9. Machine instructions 

Addressing mode 

Symbol Function Details IMP IMM A DIR OIR,b DIR,X DIR,Y (DIR) (DIR,X) (DIR),Y 

op n #op n # op n #op n # op n #op n # op n #op n # op n #op n # 

SEB Mb-1 Makes the contents of the specified bit In the memory "1". 04 B 3 
(Note 5) 

SEC c-1 Makes the contents of the C flag "1''. 38 2 I 

SEI 1-1 Makes the contents of the I flag "1". 7B 2 I 

SEM m-1 Makes the contents of them flag "1". F8 2 I 

SEP PSb-1 Set the specified bit of the processor status register's low~ E2 3 2 
er byte (PS,) to "1", 

STA M-Acc Stores the contents of the accumulator into the memory. B5 4 2 95 5 2 92 7 2 Bl 7 2 91 7 2 
(Note 1) 

~ '4iti 42 9 3 42 9 3 42 9 3 
B5 95 92 Bl 91 

STP Stops the osclllatlon of the osclllator. DB 3 I 

STX M-X Stores the contents of the Index register X Into the memory. B6 4 2 96 5 2 

STY M-Y Stores the contents of the Index register Y Into the memory. B4 4 2 94 5 2 

TAD OPR-A Transmits the contents of the accumulator A to the direct SB 2 I 
page register. 

TAS S-A Transmits the contents ol the accumulator A to the stack pointer. IB 2 I 

TAX X-A Transmits the contents of the accumulator A to the Index AA 2 I 
register X. 

TAY Y-A Transmits the contents of the accumulator A to the lndex ~ 2 I 
register Y. 

TBD OPR-B Transmits the contents of the accumulator B to the direct 42 4 2 
page register. SB 

TBS s-e Transmits the contents of the accumulator B to the stack 42 4 2 
pointer. IB 

TBX x-e Transmits the contents of the accumulator B to the Index 42 4 2 
register X. AA 

TBY Y-e Transmits the contents of the accumulator B to the index 42 4 2 
register Y. ~ 

TOA A-DPR Transmits the contents of the direct page register to the 7B 2 1 
accumulator A. 

TOB B-DPR Transmits the contents of the direct page register to the 42 4 2 
accumulator B. 7B 

TSA A-S Transmits the contents of the stack pointer to the accumulator A. 3B 2 I 

TSB e-s Transmits the contents of the stack pointer to the accumu- ~2 4 2 
latOI" B. 3B 

TSX x-s Transmits the contents of the stack pointer to the index BA 2 I 
register X. 

TXA A-X Transmits the contents of the Index register X to the accu- BA 2 1 
mulator A. 

TXB e-x Transmits the contents of the index register X to the accu- 42 4 2 
mulator B. 6A 

TXS s-x Transmits the contents ot the Index register X to the stack 9A 2 I 
pointer. 

TXY Y-X Transmits the contents ot the index register X to the index 9B 2 I 
register Y. 

TVA A-Y Transmits the contents ot the Index register Y to the accu- 98 2 1 
mutator A 

TYB e-Y Transmits the contents of the Index register Y to the accu- 42 4 2 
mulator B. 98 

TYX x-Y Transmits the contents ot the Index register Y to the Index BB 2 I 
register X. 

WIT Stops the Internal clock. ~B 3 I 

XAB A!;B Exchanges the contents of the accumulator A and the con- B9 6 2 
tents ot the accumulator B. 2B 
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Appendix 9. Machine instructions 

Addressing mode Processor status register 

L(DIA) L[OIR),Y ABS ABS,b ABS,X ABS.Y ABL ABL,X (ABS) L(ABS) [ABS,X) STK REL OIR,b,R A8S,b,R SR (SR),Y BLK 10 9 8 6 5 4 3 2 1 0 

~710 2 9711 2 so 5 

14212342133427 
~7 97 so 

SE 5 

SC 5 

oc 9 4 

905 3995 3SF6 49F7 83529382 

427 4427 4428 5429 5 42 7 3 4210 3 
90 99 SF 9F 83 93 

0 I Z C 

Specified flag be· 
comes "1" 

N • z • 

N • 

N z 

N 

N 

N 

N z 
N z 

N z 

N 

N z 

N z 

N z 

N z 

N z 

N 
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Appendix 9. Machine Instructions 

Symbols In machine Instructions table 
Symbol Description Symbol Description 

IMP Implied addressing mode y Exclusive OR 

IMM Immediate addressing mode - Negation 

A Accumulator addressing mode - Movement to the arrow direction 

DIR Direct addressing mode Ace Accumulator 

DIR, b Direct bit addressing mode AccH Accumulator's upper 8 bits 

DIR, X Direct Indexed X addressing mode AccL Accumulator's lower 8 bits 

DIR, Y Direct Indexed Y addressing mode A Accumulator A 

(DIR) Direct Indirect addressing mode AH Accumulator A's upper 8 bits 

(DIR, X) Direct Indexed X Indirect addressing mode AL Accumulator A's lower 8 bits 

(DIR), Y Direct Indirect Indexed Y addressing mode B Accumulator B 

L(DIR) Direct Indirect long addressing mode BH Accumulator B's upper 8 bits 

L(DIR), Y Direct Indirect long Indexed Y addressing mode BL Accumulator B's lower 8 bits 

ABS Absolute addressing mode x Index register X 

ABS, b Absolute bit addressing mode XH Index register X's upper 8 bits 

ABS, X Absolute Indexed X addressing mode XL Index register X's lower 8 bits 

ABS, Y Absolute Indexed Y addressing mode y Index register Y 

ABL Ab.solute long addressing mode YH Index register Y's upper 8 bits 

ABL, X Absolute long Indexed X addressing mode YL Index register Y's lower 8 bits 

(ABS) Absolute Indirect addressing mode s Stack pointer 

L(ABS) Absolute indirect long addressing mode PC Program counter 

(ABS, X) Absolute Indexed X Indirect addressing mode PCH Program counter's upper 8 bits 

STK Stack addressing mode PCL Program counter's lower 8 bits 

REL Relative addressing mode PG Program bank register 

DIR, b, REL Direct bit relative addressing mode OT Data bank register 

ABS, b, REL Absolute bit relative addressing mode DPR Direct page register 

SR Stack pointer relative addressing mode DPRH Direct page register's upper 8 bits 

(SR), Y Stack potnter relatlve Indirect Indexed Y addressing DPRL Direct page register's lower 8 bits 
mode PS Processor status register 

BLK Block transfer addressing mode PSH Processor status register's upper 8 bits 
c Carry flag 

PSL Processor status register's lower 8 bits 
z Zero flag 

PSb Processor status register's b·th bit 
I Interrupt disable flag M(S) Contents of memory at address indicated by stack 
D Decimal operation mode flag pointer 

x Index register length selection flag Mb b-th memory location 

m Data length selection flag AD a Value of 24-blt address's upper 8-bit (A23-A16 ) 

v Overllow flag ADH Value of 24-blt address's middle 8-blt (A15-Aa) 

N Negative flag AOL Value of 24-blt address's lower 8-blt (A,-A0) 

IPL Processor Interrupt priority level op Operation code 

+ Addition n Number of cycle 

- Subtraction i* Number of byte 

* Multlpllcatlon i Number of transfer byte or rotation 

/ Division i,, i2 Number of registers pushed or pulled 

/\ Logical AND 

v Logical OR 
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The number of cycles shown In the table Is described In case of the fastest mode for each Instruction. The number of cycles shown In the table is 
calculated for DPRL-o. The number of cycles In the addressing mode concerning the DPR when DPRL*O must be Incremented by 1. 
The number of cycles shown In the table differs according to the bytes fetched Into the Instruction queue buffer, or according to whether the memory 
read/write address Is odd or even. It also differs when the external region memory Is accessed by BYTE="H". 

Note 1 , The operation code at the upper row Is used for accumulator A, and the operation at the lower row Is used for accumulator B. 

Note 2. When setting flag m=O to handle the data as 16-bit data in the Immediate addressing mode, the number of bytes increments by 1. 

Note 3. The number of cycles Increments by 2 when branching. 

Note 4. The operation code on the upper row Is used for branching in the range of -128-+127, and the operation code on the lower row Is used for 
branching In the range of -32768-+32767. 

Note 5 . When handling 16-bit data with flag m=O, the byte In the table is incremented by 1. 

A B x y DPR DT PG PS 
2 1 

The number of cycles corresponding to the register to be pushed are ·added. The number of cycles when no pushing is done is 12. i1 indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while i2 indicates the number of registers among OT and PG to be saved. 

Note 7. 

A B x y DPR DT PS 
4 3 

The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. 11 indicates the 
number of registers among A, B, X, Y, OT, and PS to be restored, while i2=1 when OPR is to be restored. 

Note 8 . The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

7+ (1/2) X7+4 

Note that, (i/2) shows the integer part when i is divided by 2. 

Note 9. The number of cycles ls the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 

s+ (i/2) X7+5 

Note that, (i/2) shows the integer part when i is divided by 2. 

Note 10. The number of cycles is the case in the 16-bi1+8-bit operation. The number of cycles is incremented by 16 for 32-bit+16-bit operation. 

Note 11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X16-bit operation. 

Note 12. When setting flag x=O to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 

Note 13. When flag m is 0, the byte in the table is incremented by 1. 
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Appendix 10. Instruction code table 

INSTRUCTION CODE TABLE·1 

~'·-~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 

xadeclmal 
2 3 4 6 7 8 notation 0 1 5 

ORA ORA SEB ORA ASL ORA 
0000 0 BRK PHP 

A,(DIR,X) A,SR DIR,b A,DIR DIR A,L(DIR) 

ORA ORA ORA CLB ORA ASL ORA 
0001 1 BPL CLC 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,b A,DIR,X DIR,X A,L(DIR),Y 

JSR AND JSR AND BBS AND AOL AND 
0010 2 PLP 

ABS A,(DIR,X) ABL A,SR DIR,b,R A.DIR DIR A,L(DIR) 

AND AND AND BBC AND AOL AND 
0011 3 BMI SEC 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,b,R A,DIR,X DIR,X A,L(DIR).Y 

EOR EOR EOR LSR EOR 
0100 4 RTI Note 1 MVP PHA 

A,(DIR,X) A,SR A,DIR DIR A,L(DIR) 

EOR EOR EOR EOR LSR EOR 
0101 5 BVC MVN CLI 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DIR).Y 

ADC ADC LDM ADC ROA ADC 
0110 6 ATS PER PLA 

A,(DIR,X) A,SR DIR A,DIR DIR A,L(DIR) 

ADC ADC ADC LDM ADC ROR ADC 
0111 7 BVS SEI 

!----· 
A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,X A,L(DIR),¥ 

BRA STA BRA STA STY STA STX STA 
1000 8 DEY 

REL A,(DIR,X) REL A,SR DIR A,DIR DIR A,L(DIR) 

STA STA STA STY STA STX STA 
1001 9 BCC TYA 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,Y A,L(DIR),Y 

LOY LOA LOX LOA LOY LOA LOX LOA 
1010 A TAY 

IMM A,(DIR,X) IMM A,SR DIR A.DIR DIR A,L(DIR) 

LOA LOA LOA LOY LOA LOX LOA 
1011 8 BCS CLV 

A,(DIR),Y A,(DIR) A,(SR),Y DIR,X A,DIR,X DIR,Y A,L(DIR),Y 

CPY CMP CLP CMP CPY CMP DEC CMP 
1100 c INY 

IMM A,(DIR,X) IMM A,SR DIR A.DIR DIR A,L(DIR) 

CMP CMP CMP CMP DEC CMP 
1101 D BNE PEI CLM 

1----
A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DIR), 

CPX SBC SEP SBC CPX SBC INC SBC 
1110 E INX 

IMM A,(DIR,X) IMM A,SR DIR A.DIR DIR A,L(DIR) 

SBC SBC SBC SBC INC SBC 
1111 F BEQ PEA SEM 

A,(DIR),Y A,(DIR) A,(SR),Y A,DIR,X DIR,X A,L(DIR~ 

Note 1 : 4216 specifies the contents of the INSTRUCTION CODE TABLE-2. 
About the second word's codes, refer to the INSTRUCTION CODE TABLE-2. 

2 : 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word's codes, refer to the INSTRUCTION CODE TABLE-2. 
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1001 1010 1011 1100 1101 1110 1111 

9 A B c D E F 

ORA ASL SEB ORA ASL ORA 
PHO 

A,IMM A ABS,b A,ABS ABS A,ABL 

ORA DEC CLB ORA ASL ORA 
TAS 

A,ABS,Y A ABS,b A,ABS,X ABS,X A,ABL,X 

AND AOL BBS AND AOL AND 
PLO 

A,IMM A ABS,b,R A,ABS ABS A,ABL 

AND INC BBC AND AOL AND 
TSA 

A,ABS,Y A ABS,b,R A,ABS,X ABS,X A,ABL,X 

EOR LSR JMP EOR LSR EOR 
PHG 

A,IMM A ABS A,ABS ABS A,ABL 

EOR JMP EOR LSR EOR 
PHY TAD 

A,ABS,Y ABL A,ABS,X ABS,X A,ABL,X 

ADC ROA JMP ADC ROA ADC 
RTL 

A,IMM A (ABS) A,ABS ABS A,ABL 

ADC JMP ADC ROR ADC 
PLY TOA 

A,ABS,Y (ABS,X) A,ABS,X ABS,X A,ABL,X 

STY STA STX STA 
Note2 TXA PHT 

ABS A,ABS ABS A,ABL 

STA LDM STA LDM STA 
TXS TXY 

A,ABS,Y ABS A,ABS,X ABS,X A,ABL,X 

LOA LOY LOA LOX LOA 
TAX PLT 

A,IMM ABS A,ABS ABS A,ABL 

LOA LOY LOA LOX LOA 
TSX TYX 

A,ABS,Y ABS,X A,ABS,X ABS,Y A,ABL,X 

CMP CPY CMP DEC CMP 
DEX WIT 

A,IMM ABS A,ABS ABS A,ABL 

CMP JMP CMP DEC CMP 
PHX STP 

A,ABS,Y L(ABS) A,ABS,X ABS,X A,ABL,X 

SBC CPX SBC INC SBC 
NOP PSH 

A,IMM ABS A,ABS ABS A,ABL 

SBC JSR SBC INC SBC 
PLX PUL 

A,ABS,Y (ABS.XI A,ABS,X ABS,X A,ABL,X 
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Appendix 10. Instruction code table 

INSTRUCTION CODE TABLE-2 (The first word's code of each instruction Is 421s) 

l§"·-~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

xadeclmal 0 i 2 3 4 5 6 7 8 9 A B c D E F 
~notation 

ORA ORA ORA ORA ORA ASL ORA ORA 
0000 0 

B,(DIR.X) B,SR B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

ORA ORA ORA ORA ORA ORA DEC ORA ORA 
0001 1 TBS 

B,(DIR),Y B,(DIA) B,(SA),Y 18,DIA,X B,L(OIR),Y B,ABS,Y B B,ABS,X B,AB~ 
AND AND AND AND AND ROL AND AND 

0010 2 
B,(DIR,X) B,SA B,DIR B,L(DIR) B,IMM B B,ABS B,ABL 

AND AND AND AND AND AND INC AND AND 
0011 3 TSB 

B,(OIRl,Y B,(DIA) B,(SR),Y :B,DIA,X B,L(DIR), B,ABS,Y 8 B,ABS,X B,ABL,X 

EOR EOR EOR EOR EOR LSA EOR EOA 
0100 4 PH8 

I B,(DIR,X) B,SR B,DIA B,L(DIR) 8,IMM 8 8,ABS 8,A8L 

EOR EOR EOR EOR EOR EOR EOR EOR 
0101 5 TBD 

B,(OIR),Y B,(DIA) B,(SR),Y 8,DIR,X B,L(DIR),~ B,ABS,Y B,ABS,X B,ABL,X 

ADC' ADC ADC ADC ADC ROR ADC ADC 
0110 6 PLB 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM B B.ABS B.ABL 

ADC ADC ADC ADC ADC ADC ADC ADC 
0111 7 TDB 

B,(DIR),Y B,(DIR) B,(SR),Y B,DIR,X B.LIDIRI.~ B,ABS,Y B,ABS,X B,ABL,X 

STA STA STA STA STA STA 
1000 8 TXB 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,ABS B,ABL 

STA STA STA STA STA STA STA STA 
1001 9 TYB 

B,(OIR),Y B,(DIR) B,(SR).Y B,DIA,X B,L(DIRl.'rj B,ABS,Y B,ABS,X B,ABL,X 

LOA LOA LOA LOA LOA LOA LOA 
1010 A TBY TBX 

B,(DIR,X) B,SR B,DIR B,L(DIR) B,IMM 8,ABS B,ABL 

LOA LOA LOA LOA LOA LOA LOA LOA 
1011 B 

B,(DIA),Y B,(DIR) B,(SR),Y B,DIR,X B,L(OIRl.'rj B,ABS,Y B,ABS,X B,ABL,X 

CMP CMP CMP CMP CMP CMP CMP 
1100 c 

B,(OIA,X) B,SA B,DIR B,L(OIR) B,IM~ B,ABS B,ABL 

CMP CMP CMP CMP CMP CMP CMP CMP 
1101 D 

B,(DIR),Y B,(DIA) B,(SR),Y B,DIA,X B,L(DIR)j B,ABS,Y B.ABS,X B,ABL,X 

SBC SBC SBC SBC SBC SBC SBC 
1110 E 

B,(OIR,X) B,SA B,DIR B,L(DIR) B,IMM B.ABS B,ABL 

SBC SBC SBC SBC SBC SBC SBC SBC 
1111 F 

B,(OIR),Y 8,(DIR) B,(SA),Y B,DIR,X B,L(DIR~ B,ABS,Y B,ABS,X B,ABL,X 
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Appendix 10. Instruction code table 

INSTRUCTION CODE TABLE-3 (The first word's code of each Instruction Is 8918) 

~~-~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

xadeclmal 
0 1 2 3 4 5 6 7 8 9 A B c D E F ndallon 

MPV MPV MPV MPV MPV MPV MPV 
0000 0 

(DIA,X) SA DIA L(DIA) IMM ABS ABL 

MPV MPV MPV MPV MPV MPV MPV MPV 
0001 1 

(DIA),V (DIA) (SA),V DIA,X L(DIR),Y ABS,V ABS,X ABL,X 

DIV DIV DIV DIV DIV DIV DIV 
0010 2 XAB 

(DIA,X) SA DIA L(DIR) IMM ABS ABL 

DIV DIV DIV DIV DIV DIV DIV DIV 
0011 3 

(DIR),V (DIA) (SR),V DIR,X L(DIR),Y ABS,V ABS,X ABL,X 

ALA 
0100 4 

IMM 

0101 5 

0110 6 

0111 7 

1000 8 

1001 9 

1010 A 

1011 B 

LDT 
1100 c 

IMM 

1101 D 

1110 E 

1111 F 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 
JAPAN============ 
Overseas Marketing Division 
Electronics Products 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03) 3218-2863 
Facsimile: (03) 3218-2852 

Overseas Marketing Manager 
Kita-ltami Works 
4-1, Mizuhara, ltami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG======== 
Mitsubishi Electric (H.K.) Ltd. 
41st fl., Manulife Tower, 169, 
Electric Road, North Point, Hong Kong 
Telex: 60800 MELCO HX 
Telephone: 510-0555 
Facsimile: 510-9830, 510-9822, 

510-9803 

SINGAPORE========== 
MELCO SALES SINGAPORE PTE, 
LTD. 
307 Alexandra Road # 05-01102 
Mitsubishi Electric Building 
Singapore 0315 
Telex: RS 20845 MELCO 
Telephone: 4732308 
Facsimile: 4738944 

TAIWAN========== 
MELCO-TAIWAN CO., Ltd. 
1st fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO­

TAIWAN" 

U.S.A.=========== 
NORTHWEST 
Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SAN DIEGO 
Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92128 
Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 

DENVER 
Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 
Telephone: (303) 740-6775 
Facsimile: (303) 694-0613 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
991 Knox Street 
Torrance, CA 90502 
Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 
Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 

NORTHERN 
Mitsubishi Electronics America, Inc. 
15612 Highway 7 # 243 
Minnetonka, MN 55345 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 
Mt. Prospect, IL 60056 
Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 

NORTHEAST 
Mitsubishi Electronics ft.merica, Inc. 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 

SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 300 
Morrisville. NC 27560 
Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 

CANADA========== 
Mitsubishi Electronics America, Inc. 
6185 Ord an Drive, Unit # 110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 

Mitsubishi Electronic Sales Canada, 
Inc. 
340 March Road, Suite 502 
Kanata, Ontario, Canada K2K 2E4 
Telephone: (613) 591-3348 
Facsimile: (613) 591-3948 

GERMANY========= 
Mitsubishi Electric Europe GmbH 
Headquarters 
Gothaer Sir. 8 
4030 Ratingen 1, Germany 
Telephone: 2102-486-0 
Facsimile: 2102-486-367 

Mitsubishi Electric Europe GmbH 
Munich Office 
Fraunhoferstr. 9 
8045 lsmaning, Germany 
Telephone: 89-96 07 94 30 
Facsimile: 89-96 07 94 11 

Mitsubishi Electric Europe GmbH 
Stuttgart Office 
Zettachring 12 
7000 Stuttgart 80, Germany 
Telephone: 711-728 74 70 
Facsimile: 711-72 47 21 

Mitsubishi Electric Europe GmbH 
Frankfurt Office 
(Power Semiconductors) 
Prome Madenstr. 16 
W. 6140 Bonsheim 
Telephone: (06251 )62097 /98 
Facsimile: (06251 )62099 

FRANCE============ 
Mitsubishi Electric France S. A. 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47. 51. 36. 22 

ITALY=========== 
Mitsubishi Electric Europe GmbH 
Milano Branch Office 
Centro Direzionale Colleoni 
Palazzo Perseo 2 
20041 Agrate Brianza 
Milano, Italy 
Telephone: 39-605 31 
Facsimile: 39-605 32 12 

SWEDEN============= 
Mitsubishi Electric Europe GmbH 
Stockholm Office 
Lastbilsvagen Sb 
19149 Sollentuna, Sweden 
Telephone: 8-96 04 60 
Facsimile: 8-92 76 97 

U.K.======================== 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 
Hatfield 
Herts AL10 BX B, England, U.K. 
Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 

AUSTRALIA=========== 
Mitsubishi Electric Australia Ply. Ltd. 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 
Facsimile: (02) 638-7072 
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