M37704M2 XXXFP,M37704M2AXXXFP
M37704SI.FP M37704S1AFP

SINGLE-CHIP IG-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION
The MB37704M2-XXXFP, M37704M2AXXXFP, M37704S1FP

and M37704S1AFP are single-chip microcomputers de-
signed with high-performance CMOS silicon gate technolo-
gy. These are housed in a 80-pin plastic molded QFP.
These single-chip microcomputers have a large 16M bytes
address space, three instruction queue buffers, and two
data buffers tor high-speed instruction execution. The CPU
is a 16-bit parallel processor that can also be switched to
perform 8-bit parallel processing. These microcomputers
are suitable for office, business, and industrial equipment
controller that require high-speed processing of large data.
Also, the incorporated motor control circuit makes these
microcomputers suitable for control of equipment that re-
quires motor controf.

The differences between M37704M2-XXXFP, M37704M2A
XXXFP, M37704S1FP and M37704S1AFP are the ROM size
and the external clock input frequency as shown below.
Therefore, the following descriptions will be for the
M37704M2-XXXFP unless otherwise noted.

Type name ROM size | External clock input freq
| M37704m2-xxxFP | 16K bytes | 8 MHz
M37704M2AXXXFP| 16K bytes 16MHz
| M37704S1FP __ External 8 MHz
M37704S1AFP Externai 16MHz

DISTINCTIVE FEATURES

Number of basic instructions:««««-scco-rovvveniin, 103

Memory size ROM ++16K bytes
RAM 512 bytes

Instruction execution time

M37704M2-XXXFP, M37704S1FP

(The fastest instruction at 8 MHz frequency) +---- 500ns

M37704M2AXXXFP, M37704S1AFP

(The fastest instruction at 16 MHz freguency)- -+ 250ns

Single power supply ..................................... 5v:t1o%

Low power dissipation {at 8 MHz frequency)

........................... 30mW‘(Typ.)

Interrupts ......................................... 19 types 7 'eve's

Multiple function 16-bit timer -++---+reeerrenniiinn 5+3

(Three-phase motor drive waveform or pulse motor

drive waveform can be output.)

UART (may also be sypchronous) ............................. 2

8-bit A-D converter «--orooenn 8-channel inputs

12-bit watchdog timer

Programmable input/output

(ports PO, P1, P2, P3, P4, P5, P, P7, P8) -+-woeervene. 68

PIN CONFIGURATION (TOP VIEW)
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*: Used in the evaluation chip mode only

APPLICATION

Control devices for office equipment such as copiers, prin-
ters, typewriters, facsimiles, word processors, and personal
computers

Control devices for industrial equipment such as ME, NC,
general purpose inverter and measuring instruments.
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0S MICROCOMPUTER

FUNCTIONS OF M37704M2-XXXFP

Parameter

Functions

Number of basic Instructions

103

instruct on t M37704M2-XXXFP, M37704S1FP 500ns (the fastest instructions, at 8MHz frequency)
nstruction me
M37704M2AXXXFP, M37704S1AFP 250ns (the fastest instructions, at 16MHz frequency)
ROM 16K bytea
Memory size R
RAM 512 bytes
Input/Outout ports PO~P2, P4~P8 8-bitX 8
n u -
put/Butput p P3 4onx 1
TAO, TA1, 16-bitX &
Multl-function timers pa—
TBO, TB1, 16-btX 3
Serlal 10 o (UART or clock synchronous seriat 110} X2
A-D converter B -bitX 1 (8 channels)
Watchdog timer 12-bitX 1
Dead-time timer 8-bitX 3

Interrupts

3 external types, 16 internal types
(Each interrupt can be set the priority levelsto 0~ 7.)

Clock gene—rallng circuit Buitt-In( dtoa ! or quartz crystal resonator)
Supply voltage 5v+10%
Power dissipation - 30mW(at external 8 MHz frequency)
Input/Output characteristic Input/Output voftage A
Output current 5 mA
Memory expansion Maximum 16M bytes
Operating temperature range —10~70C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP
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‘ MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0S MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Qutput Functions

Vee. Power supply Supply 5V+10% to Vcc and 0V 1o Vss.

Vg

CNVgs CNVgs input Input This pin controls the processor mode. Connect ta Vgg for single-chip mode, and to Ve for external ROM
types.

RESET Reset input input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required
time.

Xin Clock input Input These are |/O pins of i i clock g ing clreuit. C ta ic or quartz crystal resonator be-
tween X,y and Xour. When an external clock s used, the clock source should be connected to the Xy pin

Xout Clock output Output and the Xoyr pin should be left open.

E Enable output Output Data or instruction read and data write are performed when output trom this pin is “L".

BYTE Bus width sselaction input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H" signal Inputs.

AVce Analog supply input Power supply for the A-D converter. Connect AVcc to Voe and AVss to Vg externally.

AVss

VRer Reterence voltage input Input This is reference voltage input pin for the A-D converter.

POy~PO; 170 port PO 110 In singte-chip mode, port PO becomes an 8-bit 1/O port. An 170 directionat register is available so that each
pin can be programmaed for input or output. These ports are In Input mode when reset .

Address(A;~Ag)is output in memory expansion mode or microp! mode.

P1y~P1, (70 port P1 110 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin Is set to “L" In
memory expansion mode of microprocessor mode and external data bus is 16-bit width, high-order data
(Dys~Da)is input or output when E output is "L” and an address (Ais~As) is output when E output Is *H".

H the BYTE pin is "H" that is an external data bus Is B-bit width, only address(A,s~Ag)is output.

P2,~P2, 170 port P2 170 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-
rocessor mode low-order data(Dy~ Do) is Input or output when E output Is “L" and an address(As~Ajs)is
output when E output is *H",

P3o~P33 170 port P3 10 In single-chip mode , these pins have the same functions as port P0O. In memory expansion mode or mic-
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output.

Pé4y~P4, 170 port P4 110 in single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode, P4y and P4, become HOLD and RDY input pin respectively. Functions of other pins are the
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4, can be programed
for ¢4 output pin divided the clock to X,y pin by 2. In microprocessor mode, P4, always has the function as
¢ output pin,

PSg~P5; 1/0 port P5 1o in addition to having the same functions as port PO in single-chip mode, these pins alsa function as /0
pins for timer AO, timer A1, timer A2 and limer A3. P5y to P5g aiso have the function as motor control output
pins.

P6o~P6; 110 port P6 170 In addition to having the same functions as poﬂ PO in alnqle chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input |NT¢, INT. and INT; pins, and Input pins for timer BO, timer B1 and
timer B2. P§q and P6; also have the function as motor control cutput pins.

1

P7o~P7; 11O port P7 {I{e] in addition to having the same functions as port PO in single-chip mode, these pins aiso function as analog
input ANg~AN; input pins. P7; also has an A-D conversion trigger input function.

P8y~P8; 170 port P8 170 In addition to having the same functions as port PO in single-chip mode, these pins aiso function as RxD

TxD, CLK, CTS/RTS pins for UART 0 and UART 1.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37704M2-XXXFP contains the following devices on a
single chip: ROM and RAM for storing instructions and
data, CPU for processing, bus interface unit (which controls
instruction prefetch and data read/write between CPU and
memory), timers, UART, A-D converter, and other peripher-
al devices such as I/0 ports. Each of these devices are de-
scribed below.

MEMORY

The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 0,¢ to FFFFFFs. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 0Oy¢ to FFyg.

Built-in ROM, RAM and control registers for bulit-in
peripheral devices are assigned to bank 0.

The 16K bytes area from addresses C000,s to FFFF,, Is the
built-in ROM. Addresses FFD6;¢ to FFFF,s are the RESET
and interrupt vector addresses and contain the interrupt
vectors, Refer to the section on interrupts for details.

The 512 bytes area from addresses 80,¢ to 27F,s contains
the buiit-in RAM. In addition to storing data, the RAM s
used as stack during a subroutine call, or interrupts.
Assigned to addresses 0 to 7F;¢ are peripheral devices
such as I/0 ports, A-D converter, UART, timer, and inter-
rupt control registers.

A 256 bytes direct page area can be allocated anywhere in
bank O using the direct page register DPR. In direct page
addressing mode, the memory in the direct page area can
be accessed with two words thus reducing program steps.

0000005

Bank 0.¢

00FFFF ¢
01000015

Bank 1,4 \
1 \
01FFFFys \

. \

v s 2 s 2 s s o
1
/¢
s
—

FEQ000;s

Bank FE,q \

FEFFFF, \
FF0000:¢ \

Bank FFyq

FFFFFFis

\ 00027F)g

Peripheral devices
~ control ragisters
Internal RAM ~

512b \\ see Fig. 2 for
ytes further information

rps

Interrupt vector table

A-D conversion
/ UART1 transmission
UART1 receive
/[ UARTO transmission
/ UARTO receive
Timer B2
/ Timer B1
/ Timer B0

OOFFD6ys
\

Q0FFFFyq

/ Timer A4
/ Timer A3
Timer A2

/ Timer A1
Timer AQ

Internal ROM /
/ NT;
16K bytes =
/ N,
N
d

/ To
Watchdog timer

BRK Instruction
Zero divide

RESET

Fig. 1 Memory map




MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notation) Address {Hexadecimal notation)
000000 000040 Count start flag
000001 000041
000002 Port PO 000042 One shot start flag
000003 Port P1 000043
000004 | Port PO data direction regist 000044 Up-down flag
000005 Port P1 data direction register ‘ , 000045
000006 Port P2 000048 Timer AD
000007 Port P3 000047
000008 Port P2 data direction register 000048 Timer At
000009 Port P3 data direction register 000049
00000A Port P4 00004A Timer A2
000008 | Port P 000048
00000C | Port P4 data direction register 00004C Timer A3
00000D | Port P5 data direction register 00004D
00000E Port P6 00004E Timer A4
00000F Port P7 00004F
000010 Port P data direction register 000050 Timer BO
000011 Port P7 data directlon register 000051
000012 Port P8 000052 Timer B1
000013 000053
000014 Port P8 data direction regist 000054
000015 ooooss | T'mer B2
000016 000056 Timer A0 mode register
000017 000067 | Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
00001A 00005A Timar A4 mode register
000018 000058 | Timer BO mode register
00001C 00005C Timer B1 mode register
000010 000060 - | Timer B2 mode register
00001E A-D control register 00005E P mode register
00001F A-D sweep pin selection regist, 00005F
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency seiection fla
000022 A-D register 1 000062 Wavetorm output mode register
000023 000083 Dead-time timer
000024 A-D register 2 000064 Pulse output data register 1
000025 000085 Pulse output data register 0
000026 A-D register 3 0000668
000027 000067
000028 A-D register 4 000068
000029 000069
00002A A-D register 5 00006A
000028 000068
00002C | A-D register & 00006C
00002D 00006D
00002E A-D register 7 00006E
00002F 00006F
000030 UART 0 transmit/receive mode regist 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator 000071 UARTO' lssion Interrupt control regist
000032 000072 UARTO receive Interrupt control register
000033 UART 0 transmission bufter register 000073 UART1 transmlasionﬁ_e}:rum control register
000034 UART 0 transmit/receive control register 0 000074 UART1 receive Interrupt control register
000035 UART 0 transmit/receive control register 1 000075 Timer AQ Interrupt control register
000038 000076 Timer A1 interrupt control register
000037 UART 0 recelve bufter register 000077 Timer A2 interrupt control relgl ster
000038 UART 1 transmit/receive mode register 000078 Timer A3 interrupt control register
000039 UART 1 bit rate generator 000079 Timer A4 Interrupt control register
00003A N - - 00007A Timer BO interrupt control regist
000038 UART 1 bulter reg 000078 Timer B1 interrupt control register
00003C | UART 1 it/receive contro register 0 00007C | Timer B2 interrupt control register
00003D UART 1 t it/recel | register 1 00007D | INT, interrupt control register
00003E 00007E INT, interrupt control register
00003F UART 1 receive bufler register 00007F | INT; interrupt control regiter

Fig.2 Location of peripheral devices and interrupt control registers
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)
The CPU has ten registers and is shown in Figure 3. Each
of these registers is described below.

ACCUMULATOR A (A)

Accumulator A is the main register of the microcomputer. it
consists of 16 bits and the lower 8 bits can be used separ-
ately. The data length flag m determines whether the regis-
ter is used as 16-bit register or as 8-bit register. It is used
as a 16-bit register when flag m is “0” and as an 8-bit reg-
ister when flag m is “1”. Flag m is a part of the processor
status register (PS) which is described later.

Data operations such as caiculations, data transfer, input/
output, etc., is executed mainly through the accumulator.

ACCUMULATOR B (B)

Accumulator B has the same functions as accumulator A,
but the use of accumulator B requires more instruction
bytes and execution cycles than accumutator A.

INDEX REGISTER X (X)

Index register X consists of 16 bits and the lower 8 bits can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x is
“0" and as an 8-bit register when flag x is “1”. Flag x is a
part of the processor status register (PS) which is de-
scribed later.

In index addressing mode, register X is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a block transfer instruction MVP or
MVN, the contents of index register X indicates the low-
order 18 bits of the source data address. The third byte of
the MVP and MVN is the high-order 8 bits of the source
data address.

INDEX REGISTER Y (Y)

Index register Y consists of 16 bits and the lower 8 blits can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-blt register. It is used as a 16-bit register when flag x “0"
and as an 8-bit register when flag x is “1”. Flag x is a part
of the processor status register (PS) which Is described
later.

In Index addressing mode, register Y is used as the index
register and the contents of this address is added to obtain
the real address. )
Also, when executing a block transfer instruction MVP or
MVN, the content of index register Y indicates the low-
order 16 bits of the destination address. The second byte of
the MVP and MVN is the high-order 8 bits of the destina-
tion data address.

15 7 0

| Ay, [ A ] Accumutator A

15 7 0

[ By l B, | Accumulator B

15 7

r Xu | X, ] Index register X

15 7 0

| Yy [ Yo I Index register Y

15 0
7 0 I 8 | stack pointer S
Program bank register PG 15 ‘ o
7 0 l PC I Program counter PC
Data bank register DT 15 4]

I DPR l Direct page register DPR

15 z 1]
[oToToJo o rufrtrdn] vim[x D[ 1 ] Z[C] Processor status register PS

Carry flag

Zero fiag

interrupt disable flag
Decimal mode flag

index register length flag
Data length flag
Overflow tiag

Negative flag

Processor interrupt priority level IPL

Fig. 3 Reglster structure
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

Stack pointer (S) is an 16-bit register. it is used during a
subroutine call or interrupts. It is also used during stack,
stack pointer relative, or stack pointer relative indirect in-
dexed Y addressing mode.

PROGRAM COUNTER (PC)

Program counter (PC) is a 16-bit counter that indicates the
low-order 16 bits of the next program memory address to
be executed. These is a bus interface unit between the
program memory and the CPU, so that the program mem-
ory Is accessed through bus interface unit. This is de-
scribed later.

PROGRAM BANK REGISTER (PG)

Program bank register is an 8-bit register that indicates the
high-order 8 bits of the next program memory address to
be executed. When a carry occurs by incrementing the
contents of the program counter, the cotents of the program
bank register (PG) is incremented by 1. Also, when a carry
or borrow occurs after adding or subtracting the offset
value to or from the contents of the program counter (PC)
using branch instruction, the contents of the program bank
register (PG) is incremented or decremented by 1 so that
programs can be written without worrying about bank
boundaries.

DATA BANK REGISTER (DT)

Data bank register (DT) is an 8-bit register. With some
addressing modes, a part of the data bank register (DT) is
used to specify a memory address. The contents of data
bank register (DT) is used as the high-order 8 bits of a 24-
bit address. Addressing modes that use the data bank reg-
ister (DT) are direct indirect, direct indexed X indirect,
direct indirect indexed Y, absolute, absolute bit, absolute
indexed X, absolute indexed Y, absolute bit relative, and
stack pointer relative indirect indexed Y.

DIRECT PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. its contents
is used as the base address of a 256-byte direct page
area. The direct page area is allocated in bank 0, but when
the contents of DPR is FFO1,¢ or greater, the direct page
area spans across bank 0 and bank 1. All direct addressing
modes use the contents of the direct page register (DPR)
to generate the data address. If the low-order 8 bits of the
direct page register (DPR) is “00,¢", the number of cycles
requlréd to generate an address is minimized. Normally the
low-order 8 blits of the direct page register (DPR) Is set to
“004¢".

PROCESSOR STATUS REGISTER (PS)
Processor status register (PS) is an 11-bit register. It con-
sists of a flag to indicate the result of operation and CPU
interrupt levels.

Branch operations can be performed by testing the flags C,
Z,V, and N.

The details of each processor status register bit are de-
scribed below.

1. Carry flag (C)

The carry flag contalns the carry or borrow generated by
the ALU after an arithmetic operatlon. This flag Is' also
affected by shift and rotate Instructions. This flag can be set
and reset directly with the SEC and CLC instructions or
with the SEP and CLP instructions.

2. Zero flag (Z2)

This zero flag is set if the result of an arithmetic operation
or data transfer is zero and reset if It is not. This flag can
be set and reset directly with the SEP and CLP instructions.

3. Interrupt disable flag (1)

When the interrupt disable flag is set to “1", all interrupts
except watchdog timer, DBC, and software interrupt are
disabled. This flag is set to “1" automatically when these is
an interrupt. It can be set and reset directly with the SEI
and CLI Instructions or SEP and CLP instructions.

4. Decimal mode flag (D)

The decimal mode flag determines whether addition and
subtraction are performed as binary or decimal. Binary
arithmetic is performed when this flag is “0”. If It is “1", de-
cimal arithmetic is performed with each word treated as
two or four digit decimal. Arithmetic operation is performed
using four digits when the data length flag m is “0" and with
two digits when it Is “1”. (Decimal operation is possible
only with the ADC and SBC instructions.) This flag can be
set and reset with the SEP and CLP instructions.

- MITSUBISHI
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5. Index register length flag (x)

The index register length flag determines whether index
register X and index register Y are used as 16-bit registers
or as 8-bit registers. The registers are used as 16-bit regis-
ters when flag x is “0” and as 8-bit registers when it Is “1",
This flag can be set and reset with the SEP and CLP in-
structions.

6. Data length flag (m)

The data length flag determines whether the data length is
16-bit or 8-bit. The data length is 16-bit when flag m is “0”
and 8-bit when it is “1”. This flag can be set and reset with
the SEM and CLM instructions or with the SEP and CLP in-
structions.

7. Overflow flag (V)

The overflow flag has meaning when addition or subtraction
is performed a word as signed binary number. When the
data length flag m is “0", the overflow flag is set when the
result of addition or subtraction is outside the range be-
tween —32768 and + 32767. When the data length flag m
is “1", the overflow flag is set when the resuit of addition or
subtraction is outside the range between —128 and +127.
It is reset in all other cases. The overfiow flag can also be
set and reset directly with the SEP, and CLV or CLP in-
structions.

8. Negative flag (N)

The negative flag is set when the result of arithmetic op-
eration or data transfer is negative (If data length flag m is
“0", when data bit 15 is “1”. If data length flag m Is “1",
when data bit 7 is “1".) It is reset in all other cases. it can
also be set and reset with the SEP and CLP instructions.

9. Processor interrupt priority level (IPL)
The processor interrupt priority level (IPL) consists of 3 bits
and determines the priority of processor interrupts from
level 0 to level 7. Interrupt is enabled when the interrupt
priority of the device requesting interrupt (set using the in-
terrupt control register) is higher than the processor inter-
rupt priority. When interrupt is enabled, the current proces-
sor interrupt priority level is saved In a stack and the pro-
cessor Interrupt priority level is replaced by the interrupt
priority level of the device requesting the interrupt. Refer to
the section on interrupts for more details.

BUS INTERFACE UNIT

The CPU operates on an internal clock frequency which is
obtained by dividing the external clock frequency f(x,) by
two. This frequency is twice the bus cycle frequency. In
order to spead-up processing, a bus interface unit is used
to pre-fetch instructions when the data bus is idle. The bus
interface unit synchronizes the CPU and the bus and pre-
fetches instructions. Figure 4 shows the relationship be-
tween the CPU and the bus interface unit. The bus inter-
face unit has a program address register, a 3-byte instruc-
tion queue buffer, a data address register, and a 2-byte
data buffer.

The bus interface unit obtains an instruction code from
memory and stores it in the instruction queue .buffer,
obtains data from memory and stores it in the data buffer,
or writes the data from the data buffer to the memory.

D'ys~D7y Dys~Dg

D;~D' R D;~Dg
— V)

A'p~A'g Ag3~Ay

CcPU

— —

Bus interface BHE

unit R/W
E
Control signat ALE
™ BYTE
HOLD
Fig. 4 Relationship between the CPU and the bus interface unit
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The bus interface unit operates using one of the waveforms
(1) to (8) shown in Figure 5. The standard waveforms are
(1) and (2).

The ALE signal is used to latch only the address signal
from the multiplexed signal containing data and address.
The E signal becomes “L” when the bus interface unit
reads an instruction code or data from memory or when it
writes data to memory. Whether to perform read or write is
controlled by the R/W signal. Read is performed when the
R/W signal is “H" state and write is performed when it is
“L" state.

Waveform (1) in Figure 5 is used to access a single byte or
two bytes simultaneously. To read or write two bytes simul-
taneously, the first address accessed must be even. Furth-
ermore, when accessing an external memory area in mem-
ory expansion mode or microprocessor mode, set the bus
width selection input pin BYTE to “L*. (external data bus
width to 16 bits} The internal memory area is always tre-
ated as 16-bit bus width regardless of BYTE.

When performing 16-bit data read or write, if the conditions
for simultaneously accessing two bytes are not satisfied,
waveform (2) is used to access each byte one by one.
However, when prefetching the instruction code, it the
address of the instruction code is odd, waveform (1) is
used, and only one byte is read in the instruction queue
buffer.

The signals A, and BHE In Figure 5 are used to control
these cases: 1-byte read from even address, 1-byte read
from odd address, 2-byte simultaneous read from even and
odd addresses, 1-byte write to even address, 1-byte write
to odd address, or 2-byte simultaneous write to even and
odd addresses. The A, signal that is the address bit 0 is
“L” when an even number address I8 accessed. The BHE
signal becomes “L" when an odd number address is
accessed.

The bit 2 of processor mode register (address 5E;g) is the
walt bit. When this bit is set to “0”, the ALE signal and E
signal are extended and the access time is doubled when
accessing an external memory area In- memory expansion
mode or microprocessor mode. However, these signals are
not extended when an internal memory area is accessed.
When the walt bit Is “1”, the access time Is not extended
for any access. Waveform (3) Is an expansion of waveform
(1). waveform (4),(5), and (6) are expansion of the entire
waveform (2), first haif of waveform (2), and the last half of
waveform (2) respectively.

Instruction code read, data read, and data write are de-
scribed below.

internat ctook ¢ LJ LI LI L L LML

Port P2 (AXD) ‘
& ‘
m J
ALE [
o

E
o [ TS R S

ALE! n r]
o
Port P2 )( A X D X
@l L
ALE: l l
=

potP2__ X A XD Xat1 X_0 X_
w{ L I
ALE [ ] 1

Port P2

CE X o X

E

® I S U
ALE I l r]

[ J
e 1

ponP2__ X AXD ) At X_ o X
@ L S
ALE [ ' L

-
-

r

A Address
D ! Data

These waveforms are at the memory expansion mode and
the microprocessor mode.

Access

Access 2-byte| Access even | Access odd
Signal simultaneously| address 1-byte | address 1-byte

Ao “on - I
m uLIl uHu “ Ln

Fig. 5 Reiationship between access method and
signals Ag and BHE
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Instruction code read will be described first.

The CPU obtains instruction codes from the Iinstruction
queue buffer and executes them. The CPU notifies the bus
interface unit that it is requesting an instruction code during
an instruction code request cycle. If the requested Instruc-
tion code is not yet stored in the instruction queue buffer,
the bus interface unit halts the CPU until it can store more
instructions than requested in the instruction queue buffer.
Even if there is no instruction code request from the CPU,
the bus interface unit reads instruction codes from memory
and stores them in the instruction queue buffer when the
instruction queue buffer is empty or when only one Instruc-
tion code is stored and the bus is idle on the next cycle.
This is referred to as instruction pre-fetching.

Normally, when reading an instruction code from memory, if
the accessed address is even the next odd address is read
together with the instruction code and stored in the instruc-
tion queue buffer.

However, in memory expansion mode or microprocessor
mode, if the bus width switching pin BYTE is “H", external
data bus width is 8 bits and the address to be read is in ex-
ternal memory area is odd, only one byte is read and
stored in the instruction queue buffer. Therefore, waveform
(1) or (3) in Figure 5 is used for instruction code read.

Data read and write are described below.

The CPU notifies the bus interface unit when performing
data read or write. At this time, the bus interface unit haits
the CPU if the bus interface unit is already using the bus or
if there is a request with higher priority. When data read or
write is enabled, the bus interface unit uses one of the
waveforms from (1) to (8) in Figure 5 to perform the opera-
tion.

During data read, the CPU waits until the entire data is
stored in the data buffer. The bus interface unit sends the
address received from the CPU to the address bus. Then it
reads the memory when the E signal is “L” and stores the
result in the data buffer.

During data write, the CPU writes the data in the data buf-
fer and the bus interface unit writes it to memory. There-
fore, the CPU can proceed to the next step without waiting
for write to complete. The bus interface unit sends the
address received from the CPU to the address bus. Then
when the E signal is “L", the bus interface unit sends the
data in the data buffer to the data bus and writes it to
memory.
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INTERRUPTS

Table 1 shows the interrupt types and the corresponding
interrupt vector addresses. Reset is also treated as a type
of interrupt and is discussed in this section, too.

DBC is an interrupt used during debugging.

Interrupts other than reset, DBC, watchdog timer, zero di-
vide, and BRK instruction all have Interrupt control regis-
ters. Table 2 shows the addresses of the interrupt control
registers and Figure 6 shows the bit configuration of the in-
terrupt control register.

The interrupt request bit is automatically cleared by the
hardware during reset or when processing an interrupt.
Also, interrupt request bits other than DBC and watchdog
timer can be cleared by software.

INT, to INT, are external interrupts and whether to cause
an interrupt at the input level (level sense) or at the edge
(edge sense) can be selected with the level sense/edge
sense selection bit. Furthermore, the polarity of the inter-
rupt input can be selected with polarity selection bit.

Timer and UART interrupts are described in the respective
section.

The priority of interrupts when muitiple interrupts are
caused simultaneously Is partially fixed by hardware, but, It
can also be adjusted by software as shown in Figure 7. The
hardware priority is fixed the following: )
reset > DBC > watchdog timer > other interrupts

Table 1. Interrupt types and fhe interrupt vector

addresses
interrupts Vector addresses
A-D conversion O00FFD8,s 00FFD7,¢
UART1 transmit 00FFD8,s OQOFFD9yq
UART1 receive 00FFDA,s OQOFFDB,s
UARTO transmit 00FFDC,s OOFFDDq
UARTO receive O0FFDE,s; OOFFDF,q
Timer B2 O00FFEQ;s  OOFFE1l,s
Timer B1 00FFE2,¢  OOFFE3s
Timer BO O00FFE4,,  OOFFESys
Timer Ad 00FFE6,s OOFFE7,q
Timer A3 O0FFE8;s  OOFFES,s
Timer A2 OOFFEA;s OOFFEBye
Timer Al 00FFEC,s OOFFED,q
Timer AO OOFFEE,y OOFFEF,q
INT, external interrupt 00FFF0,y  OOFFF1,,
INT, external Interrupt 00FFF2,,  OOFFF3,,
iNT, external Interrupt 00FFF4,,  OOFFF5,,
Watchdog timer OOFFFBig  OOFFF74
DBC (unuseble) OOFFF8,,  OOFFF9,4
Break instruction 00FFFA,s OOFFFB;q
Zero divide OOFFFC,q OOFFFD,s
Reset O0FFFE,, O0FFFF g

Interrupt priority

0 : Nointerrupt
1 Interrupt

~

7 65 43210

t— interrupt priority

0 : No Interrupt

1 ! Interrupt
Polarity sel.

0 ' Edge sense
1 . Level sense

Interrupt request bit

Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2

interrupt request bit

tion bit
0 ! Set Interrupt request bit at “H" level for level sense and when changing from “H” to “L"
level for edge sense.
1 : Set Interrupt request bit at “L" level for level sense and when changing from “L" to “H”
level for edge sense.
Level sense/edge sense selection bit

Interrupt control register configuration for INT,~INT.

Fig. 6 Interrupt control register configuration
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Table 2. Addresses of Interrupt control registers

Interrupt control registers Addresses
A-D conversion interrupt control register 000070
UARTO it interrupt controt register 0000719
UARTO receive interrupt control register 000012,;
UART1 transmit interrupt control register 000073,¢
UART1 receive interrupt control register 000074,¢
Timer A0 interrupt control register 0000754
Timer A1 interrupt controt register 000076,¢
Timer A2 interrupt control register 00007744
Timer A3 interrupt control register 000078,
Timer A4 intarrupt control register 0000794s
Timer BO interrupt control register 00007Ag
Timer B1 interrupt control register 00007B,¢
Timer B2 interrupt control register 00007C s
INT, interrupt control reglster 000070y
INT, interrupt control register 00007E,s
INT, interrupt control register 00007F g

Interrupts caused by a BRK instruction and when dividing
by zero are software interrupts and are not included in this
list.

Other interrupts previously mentioned are A-D converter,
UART, Timer, INT interrupts. The priority of these interrupts
can be changed by changing the priority level in the cor-
responding Interrupt control register by software.

Figure 8 shows a diagram of the interrupt priority resolution
circuit. When an interrupt is caused, the each interrupt de-
vice compares its own priority with the priority from above
and if its own priority is higher, then it sends the priority be-
low and requests the interrupt. If the priorities are the
same, the one above has priority.

This comparison is repeated to select the interrupt with the
highest priority among the interrupts that are being re-
quested. Finally the selected interrupt is compared with the
processor interrupt priority level (IPL) contained In the pro-
cessor status register (PS) and the request is accepted if it
is higher than IPL and the interrupt disable flag | is “0". The
request is not accepted If flag | is “1". The reset, DBC, and
watchdog timer interrupts are not affected by the interrupt
disable flag |.

When an Interrupt is accepted, the contents of the proces-
sor status register {PS) is saved to the stack and the Inter-
rupt disable flag | is set to “1".

Furthermore, the interrupt request bit of the accepted inter-
rupt Is cleared to "0" and the processor interrupt priority
level (IPL) in the processor status register (PS) is replaced
by the priority level of the accepted interrupt.

Therefore, multi-level priority interrupts are possible by re-
setting the interrupt disable fiag | to “0” and enable further
interrupts.

For reset, ﬁé, watchdog timer, zero divide, and BRK in-
struction interrupts, which do not have an interrupt control
register, the processor interrupt level (IPL) is set as shown
in Table 3.

Priority resolution is performed by latching the interrupt re-
quest bit and interrupt priority level so that they do not
change. They are sampled at the first half and latched at
the last half of the operation code fetch cycie.

Because priority resolution takes some time, no sampling
pulse is generated for a certaln interval even if it is the next
operation code fetch cycle.

Priority is determined by hardware

@ [€) @ ®
R |
-
L e - - - - - 1

A-D converter, UART, Timer, INT interrupts

Priority can be changed with software inside @

Fig. 7

Interrupt priority

Level 0

A-D conversion

Interrupt request| UART1 transmit
UART1 receive

Fig. 8 Interrupt priority resolution
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As shown in Figure 9, there are three different interrupt
priority resolution time from which one is selected by soft-
ware. After the selected time has elapsed, the highest
priority is determined and is processed after the currently
executing instruction has been completed.

The time is selected with bits 4 and 5 of the processor
mode register (address S5E) shown In Figure 10. Table 4
shows the relationship between these bits and the number
of cycles. After a reset, the processor mode register is in-
itialized to “00,¢" and therefore, the longest time is
selected.

However, the shortest time may be selected by software.

Table 3. Value set in processor interrupt level (IPL)
during an interrupt

interrupt types Setting value
Reset - [
DBC 7
Watchdog timer 7
Zero divide Not change vaiue of IPL.
BRK Instruction Not change value of IPL.

Table 4. Relationship between priority level evaluation
time selection bit and number of cycles

Priority level time selection bit Number of cycles
Bit 5 Bit 4
0 0 7 cycles of ¢
0 1 4 cycles of ¢
1 0 2 cycles of ¢

¢ . Internal clock

Internal clock ¢

Operation code fetch cycle

Sampling pulse

Priority resofution time
Select from 0 to 2 with bits

4 and 5 of the processor
mode register

Fig. ® Interrupt priority resclution time

7 6 5 4 3 2 1 0

L1

l I Processor mode register(SEq)

'—l— Processor mode bits

‘L————————— Software reset bit

0 0 ! Single-chip mode
0 1 : Memory expansion mode
1 0 : Microprocessor mode
1 1 ! Evaluation chip mode
Wait bit
Q0 Wait
1 I No wait

The processor is reset when this bit is set to “1".

Priority lution time selection bit
0 0 : Select 0 in Figure 9
0 1 : Select 1 in Figure 9
1 0 : Select 2 in Figure 9
Test mode bit
Must be "0"
Clock ¢, output selection bit
0 ! No ¢, output
1 ¢, output

Fig. 10 Processor mode reglister configuration
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TIMER

There are eight 16-bit timers. They are divided by type into
timer A(5) and timer B(3).

The timer 170 pins are shared with 170 pins for port P5 and
P6. To use these pins as timer input pins, the data direction
register bit corresponding to the pin must be cleared to “0"
to specify input mode.

Using this timer, confirm the function as this timer is diffe-
rent a little from M37700M2-XXXFP's.

TIMER A

Figure 11 shows a block diagram of timer A

Timer A has four modes; timer mode, event counter mode,
one-shot pulse mode, and pulse width modulation mode.
The mode is selected with bits 0 and 1 of the timer Al
mode register (i=0 to 4). Each of these modes is de-
scribed below.

(1) Timer mode (00)

Figure 12 shows the bit configuration of the timer Ai mode
register during timer mode. Bits 0, 1, and 5 of the timer Ai
mode register must always be “0” In timer mode.

Bit 3 is Ignored If bit 4 is “0”. -

Bits 8 and 7 are used to select the timer counter source.
The counting of the selected clock starts when the count
start flag Is “1” and stops when it is “0".

Figure 13 shows the bit configuration of the count start flag.
The counter is decremented, an interrupt is caused and the
interrupt request bit in the timer Ai interrupt control register
s set when the contents becomes 0000,,. At the same
time, the contents of the reload register Is transferred to the
counter and count is continued.

'512
bus {odd) {
L 7] s
Clock source selection U(Lower 8 bits) L (Higher 8 bits}
f, —o * Timer 4
* One-shot Reload register(16) ]
te —O \Q * Pulse width modulation T -
S |
fes —C
. Timer{gate function) b
512
© j ) © Counter(16) I'—
’ Addresses
O Po:arity Event counter Up/Down Timera0 47,, 4.
Thin selaction Count start flag Always decremented TimerAl 49,5 43,4
. except in event count mode
(i=0~4) _ (40,9 P un TimerA2 48,q dAs
L= External trigger
Down count TImerA3 4Dy 4Ce
TimerAd 4F, 4€g
Up-downﬂag
(“]a)
2e)
Pulse output
O_J 4< IL l' Toggle flip-tiop LI
TAioyr
(i=0~4)
Fig. 11 Block dlagram of timer A
MITSUBISHI
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When bit 2 of the timer Ai mode register is “1", the output
is generated from TAigyy pin. The output is toggled each
time the contents of the counter reaches to 0000,¢. When
the contents of the count start flag is “0Q", “L” is output from
TAiOUT pin.

When bit 2 is “0”, TAigyy can be used as a normal port pin.
When bit 4 is “0”, TAiy can be used as a normal port pin.
When bit 4 is “1", counting is performed only while the in-
put signal from the TAiy pin is “H" or “L"” as shown in Fi-
gure 14, Therefore, this can be used to measure the puise
width of the TAly input signal. Whether to count while the
input signal is “H” or while it is “L" is determined by bit 3. If
bit 3 is “1”, counting is performed while the TAiy pin input

signal is “H” and if bit 3 is “0”, counting is performed while
itis "L

Note that the duration of “H” or “L" on the TAi,y pin must be
two or more cycles of the timer count source.

When data is written to timer Ai register with timer Ai
halted, the same data is also written to the reload register
and the counter. When data is written to timer Ai which is
busy, the data is written to the reload register, but not to
the counter. The counter is reloaded with new data from
‘the reload register at the next reload time. The contents of
the counter can be read at any time.

When the value set in the timer Ai register is n, the timer
frequency dividing ratio is 1/(n +1).

Addresses
Timer A0 mode register 56,6

Timer At mode register 5716
Timer A2 mode register 5816
Timer A3 mode register §9¢
Timer A4 mode register 5A,p

0 0 : Alwaya "00" in timer mode

0 : No pulse output { TAigyr is normal port pin)

1 . Pulse output

0 X ! No gate function { TAiy is normal port pin}
1 0 : Count only while TAi input is "L"

1 1 : Count only while TAi, input is “H"

0 : Always “0" in timer mode

Clock source selection bit
0 0 : Selectf,
01 ! Selectf
1 0 . Select fg

11 :Select ts2

Fig. 12 Timer Al mode register bit configuration during timer mode
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7 6 5 4 3 2 1 0 Count start flag Address
r 1 ]7 l I [ —l l ' (Stop at *0", Start at “1") 40,4
l

Timer AD 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

Fig. 13 Count start flag bit configuration

Selected clock source f;

w0 L] L

Timer mode register
Bit 4 Bit 3

L i Il

Timer mode register

Bit 4 Bit 3

Fig. 14 Count waveform when gate function Is avallable
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(2) Event counter mode (01)

Figure 15 shows the bit configuration of the timer Al mode
register during event counter mode. In event counter mode,
the bit 0 of the timer Al mode register must be “1" and bit 1
and 5 must be “0".

The input signal from the TAily pin is counted when the
count start flag shown in Figure 13 is “1” and counting is
stopped when it is “0".

Count is performed at the fall of the input signal when bit 3
is “0” and at the rise ot the signal when it is “1"..

In event counter mode, whether to increment or decrement
the count can be selected with the up-down flag or the in-
put signal from the TAlgyr pin.

When bit 4 of the timer Al mode register is “0", the up-
down flag is used to determine whether to increment or de-
crement the count (decrement when the flag is “0” and in-
crement when It is “1"). Figure 16 shows the bit configura-
tion of the up-down flag.

When bit 4 of the timer Ai mode register Is “1”, the input
signal from the TAigyr pin Is used to determine whether to
increment or decrement the count. However, note that bit 2
must be “0” if bit 4 is “1” because if bit 2 is “1", TAigyr pin
- becomes an output pin with pulse output.

The count is decremented when the input signal from the
TAioyur pin is “L” and incremented when it is “H". Deter-
mine the level of the input signal from the TAigyr pin be-
fore valid edge is input to the TAi,y pin.

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set
when the counter reaches 0000,s (decrement count) or
FFFF,¢ (increment count). At the same time, the contents
of the reload register is transferred to the counter and the
count is continued.

When bit 2 is “1” and the counter reaches 00004
(decrement count) or FFFF,g (increment count), the wave-
form reversing polarity Is output from TAigyy pin.

if bit 2 Is “0", TAigyr pin-can be used as a normal port pin.
However, f bit 4 Is “1” and the TAigyy pin is used as an
output pin, the output from the pin changes the count direc-
tion. Therefore, bit 4 should be “0" unless the output from
the TAiour pin is to be used to select the count direction.

Addresses
Timer A0 mode register 56.¢

Timer A1 mode register 570
Timer A2 mode register 58y¢
Timer A3 mode register 59

6 5 1
XX 0 0 Timer A4 mode register SAse
LL o,

. Always “01" in event counter mode

0 I No pulse output
1 : Pulse output

0 : Coumt at the falling edge of input signal
1 :'Count at the rising edge of input signal

: Increment or decrement according
to up/down flag

1 | Increment or decrement according

to TAigyr pin input signal level

Q : Always “0" in event counter mode

XX ! Not used in event counter mode

Fig. 15 Timer Al mode register bit configuration
during event counter mode

Address

76543210
44,4

Up-down flag

Timer A0 up-down flag

Timer A1 up-down flag

Timer A2 up-down flag,

Timer A3 up-down flag

Timer A4 up-down fiag

Timer A2 two-phase pulse signal
processing selection bit
0 : Two-phase pulse signal processing
disabled
1 : Two-phase pulse signal processing
mode

Timer A3 two-phase pulse signal
processing selection bit
0 . Two-phase pulse signal processing
disabled
1 ! Two-phase pulse signal processing
mode

Timer A4 two-phase pulse signal
processing selection bit
0 : Two-phase pulss signal processing
disabled
1 Two-phase pulse signal processing
mode )

Fig. 16 Up-down fiag bit configuration
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Data write and data read are performed in the same way as
for timer mode. That is, when data I8 written to timer Al
halted, it is also written to the reload register and the coun-
ter. When data is written to timer Ai which is busy, the data
Is written to the reload register, but not to the counter. The
counter is reloaded with new data from the reiload register
at the next reload time. The counter can be read at any
time. ‘

In event counter mode, whether to increment or decrement
the counter can also be determined by supplying two-
phase pulse input with phase shitted by 90° to timer A2, A3,
or A4, There are two types of two-phase pulse processing
operations. One uses timers A2 and A3, and the other uses
timer A4. In either processing operation, two-phase pulse is
input in the same way, that is, pulses out of phase by 90'
are input at the TAjoyr (j=2 to 4) pin and TAjy pin.

When timers A2 and A3 are used, as shown in Figure 17,
the count |s incremented when a rising edge Is input to the
TAky pin after the level of TAkoyr (k=2, 3) pin changes
from “L" to “H”, and when the falling edge Iis ingerted, the
count is decremented.

For timer A4, as shown in Figure 18, when a phase related
pulse with a rising edge input to the TA4,y pin is input after
the level of TAdgyr pin changes from “L" to “H", the count
is incremented at the respective rising edge and falling
edge of the TAdqyr pin and TA4,y pin.

When a phase related pulse with a falling edge input to the
TA4gyy pin is input after the level of TA4)y pin changes
from “H" to “L", the count is decremented at the respeactive
rising edge and falling edge of the TAd,y pin and TAdg,r
pin. When performing this two-phase pulse signal proces-

sing, timer Aj mode register bit 0 and bit 4 must be set to
“1* and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are_
ignored. Note that bits 5, 6, and 7 of the up-down flag reg-
ister (44,5) are the two-phase pulse signal processing
selection bit for timer A2, A3, and A4 respectively. Each
timer operates in normal event counter mode when the cor-
responding bit is “0" and performs two-phase pulse signai
processing when it is “1".

Count Is started by setting the count start fiag to “1”. Data
write and read are performed in the same. way as for nor-
mal event counter mode. Note that the direction register of
the input port must be set to input mode because two-
phase pulse signal Is input. Also, there can be no pulse
output in this mode.

Addresses
Timer A2 mode register 5844

Timer A3 mode register 58y

oo,
—]
o|w

10 Timer A4 mode register  5A,s
0]1

L 0 1 : Always “01" in event counter mode

0100 : Always “0100” when processing
two-phase puise signal

xXj~
x|
ol r

XX : Not used in event counter mode

Fig. 19 Timer A} mode register bit configuration when
performing two-phase pulse signal procenlng
in event counter mode

TAkour ’I ‘

L

mey LS L
(k=2, 3)

Up-count Up-count  Up-count

L] L

Down-count Down-count Down-count

Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3

R

L

Up-count at each edge

Vown-count at each edge

]

L

TA4)y

Up-count at each edge

B
Down-ceunt at each edge

Fig. 18 Two-phase pulase processing operation of timer A4
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(3) One-shot pulse mode (10)
Figure 20 shows the bit configuration of the timer Ai mode
register during one-shot pulse mode. In one-shot pulse
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must
be “1".
The trigger is enabled when the count start tlag is “1". The
trigger can be generated by sofiware or it can be input
from the TAiy pin. Software trigger is selected when bit 4
is “0” and the input signal from the TAiy pin Is used as the
trigger when it is “1”.
Bit 3 is used to determine whether to trigger at the fall of
the trigger signal or at the rise. The trigger is at the fall of
the trigger signal when bit 3 is "0" and at the rise of the
trigger signal when it is “1”.
Software trigger is generated by setting the bit in the one-
shot start flag corresponding to each timer.
Figure 21 shows the bit configuration of the one-shot start
flag. Bit 7 of the one-shot start flag must always be “0".
As shown in Figure 22, when a trigger signal is received,
the counter counts the clock selected by bits 6 and 7.
if the contents of the counter is not 00006, the TAlgyy pin
goes “H” when a trigger signal Is received. The count
directlon is decrement.
When the counter reaches 00014, The TAlgyy pin goes “L”
and count is stopped. The contents of the reload register is
transferred to the counter. At the same time, an interrupt
request signal is generated and the interrupt request bit in
the timer Ai interrupt control register is set. This is repe-
ated each time a trigger signal is received. The output
pulse width is
1
pulse frequency of the selected clock
X (counter's value at the time of trigger).
It the count start flag is “0", TAlgut goes “L”". Therefore, the
value corresponding to the desired pulse width must be
written .to timer Ai before setting the timer Al count start
flag. '
As shown In Figure 23, a trigger signal can be received be-
fore the operation for the previous trigger signal is com-
pleted. In this case, the contents of the reload register is
transferred to the counter by the trigger and then that value
is decremented.
Except when retriggering while operating, the contents of
the reload register is not transferred to the counter by trig-
gering.
When retriggering, there must be at least one timer count
source cycle before a new trigger can be issued.
Data write is performed to the same way as for timer mode.

When data is written in timer Al halted, it is also written to

the reload register and the counter.

When data is written to timer Al which is busy, the data is
written to the reload register, but not to the counter. The
counter is reloaded with new data from the reload register
at the next reload time. .

Undefined data is read when timer Al is read.

Ad&resses
Timer A0 mode register 56,¢

Timer A1 mode register 5718
Timer A2 mode register 58y¢
Timer A3 mode register 58,
Timer A4 mode register 5As6

. Always 10" in one-shot pulse mode

. Always “1” in one-shot pulse mode

0 X ! Software trigger
1 0 : Trigger at the falling edge of TAiy
input

11 : Trigger at the rising edge of TAi,
input

0 Al

ys “0” in one-shot pulse mode

Clock source selection
0 0 : Select {,
01 ! Sefectiyg
10 : Select fg,

11 Selectts,,

Fig. 20 Timer Al mode register bit configuration during
one-shot pulse mode

Address
765 43210

050 | One-shot start flag 42,6

Timer A0 one-shot start flag

L——— Timer At one-shot start flag

Timer A2 one-shot start flag

Timer A3 one-shot start flag

Timer A4 one-shot start flag

Must be *0".
It is set to “0" after a reset operation.

Fig. 21 One-shot start flag bit contiguration

PR
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Selected clock
source fj

TAiy

(in case of the
rising edge) R

TAiour

Example when the contents of the relcad register is 00034

Fig. 22 Pulse output exampie when external rising sdge is selected

Selected clock
source f;

uuuuyuuriryryyuuyy

TAiy

(in case of the
rising edge)

TAioyr

Example when the contents of the reload register is 0004,

Fig. 23 Example when trigger Is re-issued during pulse output
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(4) Puilse width modulation mode (11)
Figure 24 shows the bit configuration of the timer Ai mode
register during puise width modulation mode. In pulse
width modulation mode, bits 0, 1, and 2 must be set to “1".
Bil 5 is used to determine whether to perform 16-bit length
p’liiie width modulator or 8-bit length pulse width modula-
tor. 16-bit length puise width modulator is performed when
bit 5 is “0” and 8-bit length pulse width modulator is per-
formed when it is “1”. The 16-bit length pulse width mod-
.ulator is described first.
The pulse width modulator can be started with a software
trigger or with an input slgnal from a TAin pin {external
trigger).
The software trigger mode is selected when bit 4 is “0".
Pulse width modulator is started, and pulse is output from
TAigyr when the timer Al start flag is set to “1".
The external trigger mode is selected when bit 4 is “1".
Puise width modulator starts when a trigger signal is input
from the TAiy pin when the timer Ai start flag is “1”.
Whether to trigger at the fall or rise of the trigger signal is
determined by bit 3. The trigger is at the fall of the trigger
signal when bit 3 is “0" and at the rise when it is “1".
When data Is written to timer Ai with the pulse width mod-
ulator halted, it is written to the reload register and the
counter. ’
JThen when the time Al start flag is set to “1” and a software
trigger or an external trigger is issued to start modulation,
the waveform shown in Figure 25 is output continuously.
Ohce modulation is started, triggers are not accepted. It
the value in the reload register is m, the duration “H” of
pulse is
1
selected clock frequency
and the output pulse period is
1
selected clock frequency
An interrupt request signal is generated and the interrupt
request bit in the timer Al interrupt control register is set at
each fall of the output pulse.
~ The width of the output pulse is changed by updating timer
data. The update can be performed at any time. The output
pulse width is changed at the rise of the pulse after data is
written to the timer.
The contents of the reload register are transferred to the
counter just before the rise of the next pulse so that the
pulse width is changed from the next output pulse.
Undefined data is read when timer Al is read.
The 8-bit length pulse width modulator is described next.
The 8-bit length pulse width modulator Is selected when
the timer Ai mode register bit § is “1".
The reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a prescaler and the high

Xm

X(2'%—1),

order 8 bits functinn as the 8-bit length pulse width modula-
tor. The prescaler counts-thg clock selected by bits 6 and
7. A pulse is generated when the counter reaches 00004
as shown in Figure 26. At the same time, the contents of
the reload reglster is transferred to the counter and count is
continued.

Addresses

Timer A0 mode register 56,

Timer A1 mode register 574

Timer A2 mode register 58,5

76543210 Timer A3 mode register 59
1] Timer A4 mode register  5A.g

11 I Always 11" in pulse width modulation
mode

’Z Always "1" in pulse width modulation
mode

0 X : Software trigger

1.0 : Trigger at the falling of TAiy, input
11 X Trigger at the rising of TAi input

0 : 16 bit pulse width modulator
1 ! 8 bit pulse width modulator

Clock source selection bit

00 :Selectf,
01 : Selectf,,
1 0 : Select fg,

17 ! Select fg,

Fig. 24 Timer Al mode register bit configuration during
pulse width modulation mode

MITSUBISHI
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Therefore, if the low order 8-bit of the =/load register is n,  the length is 8 bits. If the high order 8-bit of thenlm rog~
the period of the generated | ".c 18 ister is m, the duration "H" of pulse Is

1 1 %
T L ey nt1)X m.
selected clock frequency X(n+1). selected clock trequency (n+1)

The high order 8-bit function as an 8-bit length pulse width And the output pulse period is

rising edge)

modulator using this pulse as input. The operation Is the 1 X (n+1) X (2=1).
same as for 16-bit length pulse width modulator except that selected clock frequency
- 1/6X(2'8=1) N
|
|
Selected clock r-a ,..,‘ i
[ (]
source fj J : : L
[ ,
] ' :
A | N !
(in case of the | |\ This trigger is not accepted |
‘ |
!

i .
16X (m) .
TAioyt l ‘ . .

Example when the contents of the reload register is 0003,4

Fig. 256 16-bit length pulse width modulator output pulse example

/X (n+1)X(2%—1)

Selected clock (a7 |
source fj : j “ !

-
—_—1_

TAin

(in case of the falling edge) }

I
!
|
[
|
|
T
)

|
|
|
[
i
|
I
— X (a4 )

et T T T

8-bit length pulse
width modutater ______ ¢ -

output

(when m =2)

Fig. 26 8-bit length pulse width modulator output pulse example
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TIMER B

Figure 27 shows a block diagram of timer B.

Timer B has three modes; timer mode, event counter mode,
and pulse period measurement/pulse width measurement
mode. The mode is selected with bits 0 and 1 of the timer
Bi mode register (i =0 to 2). Each of these modes is de-
scribed below.

(1) Timer mode (00)

Figure 28 shows the bit configuration of the timer Bi mode
register during timer mode. Bits 0, and 1 of the timer Bi
mode register must always be “0” in timer mode.

Bits 6 and 7 are used to select the clock source. The
counting of the selected clock starts when the count start
flag “1” and stops when “0". ‘

As shown in Figure 13, the timer Bi count start flag is at the
same address as the timer Ai count start flag. The count is
decremented, an interrupt occurs, and the interrupt request
bit in the timer Bi interrupt control register is set when the
contents becomes 0000,¢. At the same time, the contents of
the reload register is stored in the counter and count is
continued.

Timer Bi does not have a pulse output function or a gate
function like timer A.

When data is wrltten to timer Bi halted, it is written to the
reload register and the counter. When data is written to
timer Bi which is busy, the data is written to the reload reg-
ister, but not to the counter. The counter is reloaded with
new data from the reload register at the next reload time.
The contents of the coéunter can be read at any time.

f Data bas{odd} - S
f T Data bus(even) - - 1
Clock source selection ‘ (( Lower 8 bits) (Higher 8 bits)
¢ Timer b o
fz o * Pulse period measurement/pulse r Reload register(16) |
te —O width measurement < >
\‘r o}
foes —0 .
1 S - Addresses
2 Counter(16) I Timer BO Sty 508
- Polarity selection Event counter Timer B1 53,4 5244
e ( )—| and edge puise —0
(i==0~2) gengratpor Count start flag Timer B2 55,5 544a

(40,6)

Counter reset

circuit

Fig. 27 Timer B biock diagram

MITSUBISHI 2—115
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(2) Event counter mode (01)

Figure 29 shows the bit configuration of the timer Bi mode
register during event counter mode. In event counter mode,
the bit 0 in the timer Bi mode register must be “1” and bit 1
must be “0”.

The input signal from the TBiy pin is counted when the
count start flag is “1” and counting is stopped when it is “0".
Count is performed at the fall of the input signal when bits
2, and 3 are “0" and at the rise of the input signal when bit
3is “0” and bit 2 is “1".

When bit 3 is “1” and bit 2 is “0", count I8 performed at the
rise and fali of the input signal.

Data write, data read and timer interrupt are performed in
the same way as for timer mode.

(3) Pulse period measurement/pulse width
measurement mode (10)
Figure 30 shows the bit configuration of the timer Bi mode
register during pulse period measurement/puise width
measurement mode.
In pulse period measurement/pulse width measurement
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and counting stops
when it is “0".
The pulse period measurement mode is selected when bit
3 is “0”. In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBijy pin to the next fall or at the rise
of the input signal to the next rise and the result Is stored in
the reload register. In this case, the reload register acts as
a buffer register.
When bit 2 is 0", the clock is counted from the fall of the
input signal to the next fall. When bit 2 is 1", the clock is
counted from the rise of the input signal to the next rise.
In the case of counting from the fall of the input signal to
the next fall, counting is performed as follows. As shown in
Figure 31, when the fall of the input signal from TBl,y pin is
detected, the contents of the counter is transferred to the
reload register. Next the counter is cleared and count is
started from the next clock. When the fall of the next input
signal is detected, the contents of the counter is transferred
to the reload register once more, the counter is cleared,
and the count is started. The period from the fall of the in-
put signal to the next fall is measured in this way.

Addresses
Timer BO mode register 5B,q

7654 0 Timer 81 mode register 5C,q
0

3 21
X|X|0 Timer B2 mode register 5Dyq

-0 0 : Always “00” in timer mode

XX . Not used in timer mode and
may be any

Timer Bi overfiow flag

Clock source selection bit
0 0 : Select i,

01 : Select f,4
10 : Select fg,

11 ! Select 4y,

Fig. 28 Timer Bl mode register bit configuration during
timer mode

Addresses
Timer BO mode register 58,4

543 2 0 Timer B1 mode register §C,q
1

i

Timer B2 mode register 50,4

0 1 : Always “01" in event counter
mode

0 0 : Count at the falling edge of
input signal

0 1 : Count at the rising edge of
input signal

1 0 : Count at the both falling edge
and rising edge of input signal

Timer B overflow flag

XX ! Not used in event counter mode

Fig. 20 Timer Bl mode reglster bit configuration during
event counter mode

Addresses
Timer BO mode register 5B.,¢

Timer B1 mode register 5C,e

Timer B2 mode register 5D

10 : Always "10" in puise period
measurement/pulse width
measurement mode

0 0 : Count from the falling edge ol
input signal to the next falling one

01 ! Count from the rising edge of
input signal to the next rising one

1 0 : Count from the falling edge of
Input signal to the next rising one
and from the rising edge to the
next falling one

Timer Bi overfiow flag

Clock source selection bit

00 : Selectt;

01 :Selectf,

10 Select fy,

1 1. Select tz)

Fig. 30 Timer Bl mode register bit configuration during

puise period measurement/puise width
measurement mode

76543210
1Jo
Ll
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After the contents of the counter is transferred to the reload
register, an interrupt request signal is generated and the
interrupt request bit in the timer Bi interrupt control register
is set. However, no interrupt request signal is generated
when the contents of the counter is transferred first time to
the reload register after the count start flag Is set to “1”.

When bit 3 is “1", the pulse width measurement mode is
selected. Pulse width measurement mode Is similar to
puise period measurement mode except that the clock is
counted from the fall of the TBi;y pin Input signal to the next
rise or from the rise of the input signal to the next fall as

shown in Figure 32.

When timer Bi is read, the contents of the reload register is
read.

Note that in this mode, the Interval between the fall of the
TBi,n pin input signat to the next rise or from the rige to the
next fall must be at least two cycles of the timer count
source.

Timer Bl overflow filag which is bit 5 of timer Bi mode regis-
ter is set to “1” when the timer Bi counter reaches 0000,¢.
This flag is cleared by writing to corresponding timer Bi
mode register. . ‘

Selected clock
source fj

TBin

Reload register «— counter

%

E

Counter+—Q

:r___:

Count start flag !

interrupt request signal

TITPT

Fig. 31
next falling one)

Pulse perlod measurement mode operation (example of measuring the Interval between the falling edge to

Selected clock
source fj

TBiw

g

Reload register «— Counter

%

B
—1

:'____:

Counter—0

Count start flag

Interrupt request signal

e =i e
—
—

Fig. 32 Pulse width measurement mode operation

Ammsm
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Timer B can detect phase difference by using timer B1 and
timer BO. The phase detection mode is explained below.
Figure 33 shows a block diagram of the phase detection
mode. In the phase detection mode, timer B1 and timer BO
are used. Set timer B1 to the timer mode and timer B0 to
the pulse period measurement/pulse width measurement
mode. For selection of the phase detection mode, set bit 4
of the timer B0 mode register (58,4 address) to “1”. Bit § of
timer B0 mode register functions as phase detection flag
by setting bit 4 to “1". Figure 34 shows the bit configuration
of the timer BO mode register and the timer B1 mode regis-
ter in the phase detection mode.

Figure 35 shows an exampie of operation in the phase de-
tection mode. First, each time the counter of timer B1 is set
to 0000,5 in the timer mode of timer B1, a signal reversing
polarity is generated as a reference signal. Next an exter-
nal signal is input from the TBO,y pin. By setting bit 4 of the
timer BO mode register to “1”, timer BO measures the pulse
width of the logical sum (AND) signal of the reference sig-
nal generated from timer B1 and the external input signal
from the TBOQ,, pin. The bit 5 (phase detection flag) of the
timer B0 mode register indicates whether the phase of the
signal from the TBO,y pin is ahead or behind with respect to
the reference signal. The phase detection flag gets the In-
put level from the TBO,y pin at the rising from “L" to “H" of
the reference signal. “0” of phase detection flag indicates
that the phase of the input signal from the TBOy pin is be-
hind with respect to the reference signal. “1” indicates that
the phase of the input signal from the TBO,y pin is ahead
with respect to the reference signal.

To detect the phase difference between the reference sig-
nal and the input signal of the TBOy pin, advance the
phase of the input signal from the TBO\ pin with respect to
the reference signal. In this state, the phase difference be-
tween the reference signal and the input signal from the

TBO,y pin can be detected by measuring the puise width by
timer BO.

7 6 5 4 131 2 Address

10
I—[ rl ] I 1 l 0 Ll lo Timer 80 mode register 58,¢

1 0 @ Always “10" in phase
detection mode
1 0 : Always “10" in phase
detection mode
1 ! Always “1” in phase
detection mode

Phase detection flag
Clock lection bit
00 : Selectt,

01 ! Selectfys
10 : Select fs
11 I Select {52

i 4.3 2 10 Address

6§ 5
l I l X N X l X l 0 ITJ] Timer B1 mode register 5C,s

0 0 : Always “00" in phase
detection mode

Not used in phase

detection mode

Clock source selection bit
0 0 : Select t,

01 Selectf

10 : Select g,

11 :Select ts2

Fig. 34 Timer BO and B1 mode register bit contigura-
tion during phase detection mode

Phase detection flag (bit 4 of 6Bss address)

Phase detection
mode bit

o |
|

T8O input O

Toggle

I .
}
L ! KO—:— Timer B0 measuring pulse

’ |
: “r
L _J

—

Timer B1 (16) flip-flop

Fig. 33 Block diagram of phase detection mode
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Toggte tlip-flop
output by timer B1
(Reference signal)

| f |

_| I

TBO,y input

Measuring the pulse | l
width by timer B0

e

Phase detection flag

In case the input signal from the TBO, is ahead with respect to the reference signal

Fig. 35 Example operation of the phase detection mode

Timer function for motor control
Three-phase motor drive waveform and puise motor drive
waveform can be output using more than one incorporated
timer A and timer B. The waveform output modes are ex-
plained below.

Three-phase motor drive waveform output
mode (three-phase waveform mode)

The three-phase waveform mode in which four timers A0,
A1, A2, and B3 are used is selected when bit 2 of the
waveform output mode register shown in Figure 36 is set to
“1” and, bits 1 and 0 are set to “0". In this mode, bits 3, 4,
and 5 of the waveform output mode register are insignifi-
cant because they are ignored. As shown in Figure 37, tim-
ers A0, A1 and A2 must be set by the respective timer
mode registers to the rising edge of external trigger signal
in one-shot pulse mode is valid, and timer B2 must be set
to the timer mode by the timer B2 mode register.

Figure 38 shows a block diagram in the three-phase wave-
form mode. In the three-phase waveform mode, six wave-
torms, positive waveforms (U phase, V phase, and W
phase) and negative phase waveforms (U phase, V phase,
and W phase) are output from ports PSs, P54, P53, P52, P5,
and P5; with “L" level active. Among the timers used in this
mode, timer A2 controls the waveforms of U and U phases,
timer A1 controls the waveforms of V and V phases, and
timer AO controls the waveforms W and W phases, and tim-

er B2 controls the period of the one-shot pulse output of
timers A2, A1 and AO.

In the waveform output, a short circuit‘prevention time can
be set to prevent “L” level of three-phase waveform out-
puts (U phase, V phase, and W phase) from overtapping
with “L” leve! of their negative-phase waveform outputs (u
phase, V phase, and W phase). The short circuit prevention
time is set by three eight-bit dead-time timers that share
the reload register. The dead-time timers operéte as one-
shot timers. The dead-time timers can use both the rising
and falling edge or only the falling edge of one-shot pulse
generated by timer A2, A1 or AD as the start trigger. The
start trigger is selected by the bit € of the waveform output
mode register (62,5 address). The start trigger is both the
rising and falling edge when bit 6 is “0" and only the falling
edge when bit 6 is “1".

When a value Is written to the dead-time timer (634
address), it is written to the reload register shared by the
three dead-time timers. The dead-time timer puts the value
of the reload register in the counter when the start trigger
arrives from the corresponding timers, and decrements the
count in f, (signal with source oscillation frequency divided
by 2). This timer can accept the trigger again before com-
pletion of operation by the preceding trigger. In this case,
after the contents of the reload register is transferred to the
dead-time timer by the trigger, the value is decrement.

MITSUBISH!
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The dead-time timer operates as a one-shot puise timer.
When a trigger arrives, the dead-time timer starts pulse
output, and when the value of the timer reaches 00, It ter-
minates pulse output, stops operation, and walits for the
next trigger.

The output polarity of three-phase waveform depends on
the output polarity setting toggle flip-flops. When the con-
tents of the output polarity toggle flip-flops is “0", the posi-
tive phase waveform is output at “H” level, and when “1", |t
is output at “L" level (three-phase waveform is output using
negative logic).

The output polarity setting toggle flip-flops each have out-
put polarity setting bufters shown in Figure 39. When the
contents of timer B2 counter reaches 0000, the contents
of output polarity setting buffers is set in the output polarity
setting toggle flip-flops. After this, the output polarity setting
toggte flip-flops have polarity reversed for each termination
of one-shot pulse of timer (timer A2, A1 or AO) correspond-
ing to each phase.

An example of U phase waveform is shown in Figure 40 to
explain waveform output operation. Writing “0" to the U
phase Wwaveform start level sefting bit (bit 1 of 644
address) and actuating timer B2 makes the three-phase
waveform mode effective. When the contents of timer B2
counter reaches 0000,4, timer A2 starts one-shot pulse out-
put. At this time, the contents ("0” in this case) of U phase
output polarity setting buffer is set in the output polarity set-
ting toggle flip-flop 2. At termination of one-shot pulse out-
put of timer A2, the contents of the output polarity setting
toggle flip-flop 2 changes from “0” to “1" and a one-shot
pulse of the eight-bit dead-time timer is output to set a
fime so that the “L" level of U phase waveform and U
phase waveform with the negative phase of U phase wave-
form does not overlap.

76 54 3210 Address

I l l I I I I LJWave!orm output mode register 62,

Waveform output selection bit

0 0 0 : Paraltel port

001 :RTP1{ selected

0 10 : RTPO selected

0 11 :RTP1 and RTPO setected

1 0 0 : Three-phase waveform mode

Polarity selection bit
0 ! Positive polarity
1 Negative polarity

Puise width modulation selection bit by
timer A1

0 : Not modulated

1 ! Modulated

Pulse width modulation selection bit by

timer A3

0 ! Not modulated

1 ! Modutated

Dead-time timer trigger selection bit

0 : Both edge of one-shot pulse

1 . Only the falling edge of one-shot
pulse

Waveform output control bit
0 : waveform output inhibited
1 : waveiorm output enabled

76 54 3210 Address
Timer A0 mode register 56,¢
I I ]°| '] ‘I'I’ LOI [Timer A1 mode register 57.,]

Timer A2 mode register 58,

Always “10” in three-phase
wavetorm mode

Always “0111” in three-phase
waveform mode

Clock lection bit
0 0 : Select f;

01 : Select iy

10 : Select fg,

11 : Select {52

76 543210

l I IXI;(leXlDIOI

Address
Timer B2 mode register 5D1e

Always 00" in three-phase
waveform mode

Not used in three-phase
wavetorm mode

Clock source selection bit
0 0 : Select!,
01 : Select f1e
1 0 : Select fes

11 . Select 52

Fig. 3¢ Waveform output mode register bit configura-
tion

Fig. 37 Timer AQ, A1, A2 mode register and timer B2

mode register bit configuration
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Fig. 38 Block diagram In three-phase waveform mode
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The U-phase waveform output that began at “H” level re-
mains at “H” leve! until termination of the one-shot pulse
output of the dead-time timer, even when the contents of
the output polarity setting toggle flip-flop 2 changes from
“0” to “1” due to one-shot pulse nutput of timer A2. At ter-
mination of the one-shot pulse output of the dead-time tim-
er, “1" of the output polarity setting toggle flip-fiop 2
already reversed becomes effective and the U-phase
waveform changes to “L” level. Next write “1” again to the
U-phase output polarity setting buffer (bit 1 of 64
address) before the counter of timer B2 reaches 0000g.
When the counter of timer B2 reaches 0000,4 the one-shot
pulse output of timer B2 begins to operate. At the same
time, “1" written to the U-phase output polarity setting buf-
fer is set in the output polarity setting toggle flip-flop 2 and
the U-phase waveform output remains at “L” level. At ter-
mination of the one-shat pulse output of timer A2, the con-
tents of the output polarity setting toggle flip-flop 2 changes
from “1” to “0" and the one-shot pulse output of the dead-
time timer begins to operate. The U-phase waveform out-
put, when the contents of the output polarity setting toggle
flip-flop changes from “1” to “0", changes form “L" to “H"
without waiting for termination of the one-shot pulse output
of the dead-time timer.

U-phase waveform is generated by repeating the above
operation. U-phase waveform with the negative phase of U-
phase waveform is generated in the same way as U-phase
waveform, except that the signal contents of the output
polarity setting toggle flip-flop 2 is the very reverse of that
in U-phase waveform. In this way, U-phase waveform and
U-phase waveform with the negative phase are generated
from the pins so that the “L" level does not overlap.

2 1 0

SOSOZOXEI El I ppereul

ol ol data register 1 .
L—v

-phase output polari

setting buffers P Y
0 : "H" output
1 1 “L" output
U-phase output polarity
setting buffers
0 : “H" output
1 :*L" output
Not used in three-phase
waveform mode

7 6 5 4 3 2 1 0
Pulse output Address
X | X | X| data register 0 5.0

Not used in three-phase
wavelorm mode
W-phase output polarity
setting buffers

0 “H" output

1 . “L" output

Fig. 30 Pulse output data register 0, 1 In three-phase
waveform mode

The width of “L” level can be changed by changing the
vatue of timer B2 and the value of timer A2. This technique
for generating waveforms with “L” level not overlapping Is
also applicable to V phase, W phase, and their negative
phases, V phase and W phase, by using corresponding
timers. ’

The above explanation is for an example of generating
three-phase waveform by the triangular wave modulation
(called double edge modulation), but three-phase wave-
form by the saw-tooth-wave modulation (called signal edge
modulation) can also be generated by fixing the start level
of each phase.

Output signal at each time .I -I
when timer 82

1 1

reaches 0000

One-shot pulse output
by timer A2

b

The contents of the
output polarity setting toggle
flip-flop 2

Reversed pulse output signal {

by dead-time timer

U-phase
waveform output

_.,__r__.l_.

U-phase
waveform output

}

Fig. 40 Example of U-phase waveform output (three-phase waveform by triangular wave modulation)
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Three-phase waveforms (U phase, V phase, and W phase)
generated in this way and their negative-phase waveforms
(U phase, V phase, and W phase) are output from each
port by setting the waveform output control bit {bit 7) of the
waveform output mode register to “1”. Setting this bit to “0"
places a port Into floating states. This bit can be set to “0”
by instructions, by inputting a falling edge to the INT, input
pin of external interrupt, or reset.

Pulse output port mode

Figure 41 shows a block diagram for pulse output port
mode. In the pulse output port mode, two pairs of four-bit
pulse output ports are used. Whether using puise output
port or not can be selected by waveform output selection
bit (bit 0, bit 1, bit 2) of waveform output mode register
(62,4 address) shown in Figure 36. When bit 2 of waveform
output selection bit is set to “0” and bit 0 is set to “1”, ports
P60, P5¢, P55 and PS5, are used as pulse output ports (RTP1
selected), and when bit 2 of wavetorm output selection bit
is set to 0" and bit 1 is set to 1", ports P5;, P5,, P5,, and
P5, are used as pulse output ports (PTPO selected). When

bit 2 of waveform output selection bits is set to “0” and bits
1 and O are set to “1”, ports P6,, P5s, P55, and P5,, and
ports P5;, PS5, P5; and P5, are used as pulse output ports
(RTP1 and RTPO selected).

The ports not used as pulse output ports can be used as
normal paralle! ports or timer input/output.

In the pulse output port mode, set timers A2 and AQ to tim-
or mode as timers A2 and AD are used. Figure 42 shows
the bit configuration of timer A0, A2 mode registers in pulse
output port mode.

Data can be set in each bit of the pulse output data regis-
ter corresponding to four ports selected as pulse output
ports. Figure 43 shows the bit configuration of the pulse
output data register. The contents of the puise output data
register 1 {low-order four bits of 64,5 address) correspond-
Ing to ports P6;, PSg, P55 and P5, is output to the ports
each time the counter of timer A2 becomes 0000,¢. The
contents of the pulse output data register 0 (low-order four
bits of 65,4 address) corresponding to ports P54, P5,, P5,,
and P5, is output to the ports each time the counter of tim-
or A0 becomes 0000;,. .

Pulse width modulation selection bit
(Bit 4, § of 62,5 address)

Pulse width modulation output
by timer A3 —| >0—

I Timer A2 |
Pulse output dat
register 1 (84,5 addreu)

Pulse width modulation output
by timer A1

Waveform output controf bit
(Bit 7 of 62,4 address)

> ' a —) &L O re, (RTP1,)
b o — 1 O Psq (RTP1,)
b o —) O s, (RTP1,)
b o P5, (RTP1,)
Dy, D Q P53 (RTPO,)
M| Do Q ‘ PDO— PS5, (RTPO,)
D, Q ] DO— P5, (RTPO,)
= & Ds D ;O O— P5, (RTPO,)
- Puise ata 0
rog I:ler 0 (85., address)
Polarity selection bit
I I (Bit 3“{:( 62,4 address)
Fig. 41 Block diagram for pulse output port mode
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When “0" is written to a specified bit of the pulse output
data register, “L” level is output to the corresponding pulse
output port when the counter of corresponding timer be-
comes 0000,¢, and when “1” is written, “H” level is output to
the pulse output port.

Pulse width modulation can be applied to each pulse out-
put port. Since pulse width modulation involves the use of
timers A3 and A1, activate these timers in pulse width mod-
ulation mode. When a certain bit of the pulse output regis-
ter is “1”, pulse width modulation is output from the pulse
output port when the counter of the corresponding timer
becomes 0000.

Ports P6;, PS¢, P55 and P5, are applied pulse width mod-
ulation by timer A3 by setting the pulse width modulation
selection bit by timer A3 (bit 5) of the waveform output
mode register to "1".

Ports PS5, P5,, P5, and P5, are applied pulse width mod-
ulation by timer A1 by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output
mode register to “1”.

The contents of the pulse output data register 0 can be re-
versed and output to pulse output ports P55 PS5, P5, and
P5, by the polarity selection bit (bit 3) of the waveform out-
put mode register. When the polarity selection bit is “0”,
the contents of the pulse output data register 0 is output
unchangeably, and when “1", the contents of the puise out-
put data register 0 is reversed and output. When pulse
width modulation is applied, likewise the polarity reverse to
pulse width modulation can be selected by the polarity
selection bit.

Figure 44 shows example of waveforms in pulse output port
mode.

Ports selecting the pulse output port mode can control out-
put as in the three-phase wavefrom mode by the waveform
output control bit (bit 7) of the waveform output mode reg-
ister (62,5 address).

When the waveform output control bit is set to “1”, a wave-
form is output from the port. When this bit is set to “0",
waveform output from the port is stopped and the port is
placed in floating state.

This bit can be set to “0” by instructions, by inputting a fall-
ing edge to the INT, pin, or reset.

Address

76 54 32 10 {TimerAO mode register 55u]

fofof>] [o[0]

Timer A2 mode register 6810

Always “100" in pulse output
port mode

Not used in pulse cutput port mode

Always "00" in pulse output port mode

Clock source selection bit

00 : Selectf,

01 : Selectfg
1 0 ! Select fg,
11 ! Select 152

Fig. 42 Timer A0, A2 mode register bit contiguration in
pulse output port mode

76 543 219 Address

m_l—l—ﬂ Pulse output data register 1 64,4

[— Pulse output data bit of port P5,

Pulse output data bit of port P55

Pulse output data bit of port P5g

Pulse output data bit of port PGy
76543210 Address

WT]_H Pulse output data register 0 655

[—_ Pulse output data bit of port P§,

Puise output data bit of port P5,

Puise output data bit of port P5,

Pulse output data bit of port P5,

Fig. 43 Pulse output data register bit configuration
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Example of pulse output port (port P8o, PSe, P55, P5,)
QOutput signal at each time

when timer A2 becomes 0000.e. f} n I ] 1] N N |
Port P6 l I

Port P5q I I

Port P5; ' I |

Pon P5, | |

Example of pulse output port (port PBg, P5, PSg, P5,)} when pulse width modulation is applied by timer A3.
Output signal at each time

when timer A2 becomes 0000:e [ N n fl N | || | fl

Port P§, _J]_MHMUL”_“
Port PS5, ”””””” Il”“
Port P55 ””””””“”“
Port PS5, ” Il ” " ” ” ” " "

Example of pulse output port (port P5;~P5,) when pulse width modulation is applied
by timer A1 with polarity setection bit="1".

Output signal at each time

when timer AO becomes 0000,, I fi n N N LN ﬂ__

Port PS, ”””“””””II
e, [y
e, LUy
s U

Fig. 44 Example of waveforms in pulse output port mode
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SERIAL /0 PORTS

Two independent serial 1/0 ports are provided. Figure 45
shows a block diagram of the serial 1/0 ports.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Recelve
mode register shown in Figure 46 are used to determine
whether to use port P8 as paralle! port, clock synchronous
serial 1/0 port, or asynchronous (UART) serial I/0 port us-

ing start and stop bits.

Figures 47 and 48 show the connections of receiver/trans-
mitter according to the mode.

Figure 49 shows the bit configuration of the UARTI transmit/
receive control register.

Each communication method is described below.

0 0 0 : Parallei port
0 1 : Clock synchronous
0 0 © 7-bit UART
01 : 8-bit UART
110 © 9-bit UART
e -~ Internal clock/External clock selection bit
0 : Internal clock
1 ! External clock
— Stop bit length selection bit
0 : 1 stop bit
1 2 stop bits
Even/Odd parity selection bit
0 ! Odd parity
1 Even parity
"7 T'Parity enable selection bit
G ! No parity
1 With parity
- Sleep selection bit
0 ! No sieep
| . Sleep

Data bus(odd)
{ 3
it
§ ~ : 3
H Data bus{even) ﬂ
0{0/0/0[0[0[0DsD;/Dg|Ds[D.[DsID2|D,[D,] Receive butter register
[ UARTO(37,5, 361)
RxO;j | UART1(3F,g, 3E,¢)
Or 1 Receive register |
UART receive,
— 0 Pacelws | Receive clock
Bit rate Clock synchronous—o | il
generator UART transmisal
Clock source'seifgoﬂ UARTO(31,5) © X, [Travarieeron Transmission clock
o UART1(39,,)  |Clock synchronous o oy
"6 Internal Clock synchronous TxD;
'5‘ © {internal clogk) L_Transmission register }—")
512 —O
) 9
External Clock synchronous Clock synchronous
(internal clock) (Esternal clock) Transmissi
SPTe S AN N
UARTO(33,4, 32,6)
CTSi/RTSI UART1(3B,g, 3A6)
Data bus
(odd)
b 3
|
7
Data bus(even)
Fig. 45 Serlal 1/0 port block dlagram
Addresses
7654321 UART 0 Transmit/Receive mode register  30,¢
{ l I [ W UART 1 Transmit/Receive mode register 38,
! i -- 4 -— Serial communication method selection bit

Fig. 46 UART | Transmit/Receive mode register bit configuration
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§ _Data bus{odd) Y

{ - Data bus(even) ]

[0 [ ol o o] o o] o [00][0 ] 0 [ 0] 0] 0o 05 0 [ Do roomt

2 stop bt Parity

Receive

register
Synchronous
Fig. 47 Recelver block diagram
g Data bus{odd) {
§ Diata bus{even) ]
x T o
ransmission
I Ds ” 0, ] Ds l 051 D. I Ds | D2 | O, I Do butter register

Transmission register
1 stop bi Synchronous
“g”

Fig. 48 Transmitter block diagram

7 65 4 3 2 1 0 Addresses

Wﬁl“’“l“' ]cs"l UART 0 Transmit/Receive control register 0 34
UART 1 Transmit/Receive control register 0  3Cyq

Clock source selection bit

00 :Selectt,

01 :Selectf

1 0 : Select (g,

11 ! Select f5;,

CTS, RTS Selection bit

0 ! Select CTS
1 ! Select RTS
Tr iggion register empty bit
7 65 4 3 2 10 Addresses

UART 0 Transmit/Receive controf register 1 354
{UART 1 Transmit/Receive control register 1 3Dy
Transmit enable flag
Transmit buffer empty flag
Receive enable flag
Receive completion flag

lsum[?inlrenlosn] Al | RE ] n ITE

Ove error flag
Framing error flag
Parity error flag
Error sum flag

Fig. 49 UARTI Transmit/Recelve control register bit configuration
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CLOCK SYNCHRONOUS SERIAL
COMMUNICATION

A case where communication is performed between two
clock synchronous serial 1/0 ports as shown in Figure 50
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be dencted by
subscript k.)

Bit 0 of the UARTj transmit/receive mode register and
UARTk transmit/receive mode register must be set to “1"
and bits 1 and 2 must be “0". The length of the transmission
data is fixed at 8 bits.

Bit 3 of the UART| transmit/receive mode register of the
clock sending side is cleared to “0” to select the internal
clock. Bit 3 of the UARTk transmit/receive mode register of
the clock receiving side is set to “1" to select the external
clock. Bits 4, 5 and 6 are ignored in clock synchronous
mode. Bit 7 must always be "0".

The clock source is selected by bit 0 (CSy) and bit 1
(CS,) of the clock sending side UART] transmit/receive
control register 0. As shown in Figure 45, the selected
clock is divided by (n +1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLK|. Therefore, when the selected clock is fi,

Bit Rate=fi/ | (n +1)X2}

On the clock recelving side, the CS, and CS, bits of the
UARTK transmit/receive control register are ignored be-
cause an external clock is selected.

The bit 2 of the clock sending side UART]| transmit/receive
control register is clear to “0"to select CTSj input. The bit 2
of the clock receiving side is set to “1” to select RTSk out-
put. CTS, and RTS signals are described later.

Transmission

Transmission is started when the bit 0 (TEj flag) of UART]
transmit/receive control register 1 is “1”, bit 1 is (TIj flag)
of one is “0", and CTSj input is “L". As shown in Figure 51,
data is output from TxDj pin when transmission clock CLKj
changes from “H" to “L". The data is output from the least
significant bit.

The Tlj flag indicates whether the transmission butfer regis-
ter is empty or not. It is cleared to “0” when data is written
in the transmission buffer register and set to “1” when the
contents of the transmission buffer register is transferred to
the transmission register. :
When the transmission register becomes empty after the
contents has been transmitted, data is transferred automati-
cally from the transmission buffer register to the transmis-
sion register if the next transmission start condition is satls-
fied. If the bit 2 of UART] transmit/receive control register 0
is “1”, CTSj input is ignored and transmission start is con-
trolled only by the TEj flag and Tlj flag. Once transmission
has started, the TEj flag, Tlj flag, and CTSj signals are
ignored until data transmission completes. Therefore, trans-

mission Is not interrupt when CTSj input is changed to “H"

. during transmission.

The transmission start condition indicated by TEj flag, Tlj
fiag, and CTSj is checked while the Tengj signal shown in
Figure 51 is “H". Therefore, data can be transmitted con-
tinuously if the next transmission data Is written in the trans-
mission buffer register and Tij flag is cleared to “0" before
the Tenpj signal goes “H”.

The bit 3 (TXEPTYj flag) of UART] transmit/receive control
register 0 changes to “1” at the next cycle after the Teno|
signal goes “H" and changes to “0" when transmission
starts. Therefore, this flag can be used to determine
whether data transmission has completed.

When the Tlj flag changes from “0" to “1*, the interrupt re-
quest bit in the UART] transmission interrupt control regis-
ter is set to “1".

Receive

Recelve staris when the bit 2 (REx flag) of UARTK trans-
mit/receive control register 1 is set to “1”.

The RTSk output is “H" when the REk flag is “0" and goes
“L" when the REk flag changed to “1". It goes back to “H”
when receive starts. Therefore, the RTSK output can be
used to determine whether the receive register is ready to
receive. It is ready when RTSk output is “L".

The data from the RxDk pin is retrieved and the contents of
the receive register is shifted by 1 bit each time the trans-
mission clock CLK| changes from “L” to"H". When an 8-bit
data is received, the contents of the recelve register is
transferred to the receive buffer register and the bit 3 (Rlk
flag) of UARTy transmit/recelve control register 1 is set to
“1". In other words, the setting of the Rl flag indicates that
the receive buffer register contains the received data. At
this point, RTS] output goes “L” to indicate that the next
data can be received. When the Rl flag changes from “0”
to “17, the interrupt request bit in the UARTK recelve inter-
rupt control register is set to “1”. Bit 4 (OERk flag) of
UART transmit/receive control register is set to “1” when
the next data Is transferred from the receive register to the
receive buffer register while Rl flag is “1”, and Indicates
that the next data was transferred to the receive register
before the contents of the receive buffer register was read.
Rix and OERk flags are cleared automatically to “0” when
the low-order byte of the recelve buffer register is read.
The OERK flag is also cleared when the REk flag is
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7
(SUM flag) are ignored in clock synchronous mode.

As shown in Figure 50, with clock synchronous serial com-
munication, data cannot be received unless the transmitter
is operating because the receive clock is created from the
transmission clock. Therefore, the transmitter must be oper-
ating even when there is no data to be sent from UARTK to
UART].
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1 TxDj TxDg f
UART; tr ission regist UART) transmission register
i I g
UART; transmission
I 1 Fhatier register ] I UART transmission register I
| UART; receive butfer register I I UARTY receive buffer register l
RxD;j RxDy
: iat, 1 ]
I UART| receive reg | —-I UARTK receive register I
UART; Transmit/Recelve mode regisier UARTK Transmit/Receive mode register
[olx[x[xfofofo]t] Lo [xIx[x]i]ofe]n]
CLK| CLKy
UART; Transmit/Receive control UARTg Transmit/Receive control
register 0 register 0
DX ] 0 Jesifesd RECOEIER
, oS, ATSK
UART; Transmit/Receive control ! UARTY Transmit/Receive control
register 1 register 1
ISUMIPER]FENIOER] L1 FE I T TE | ISUM PENIFERIOERI RI I RE I Tt l YEI

Fig. 50 Clock synchronous serlal communication

e ——f 1/ (1) X2
Transmission

TE| N ] |
e Ny 5

Write in transmission buffer register Transmission register— Transmission buffer register

oy T L
——t— 11X (n+1)X2
CLKj

Tenoi 1 [1 M

i D DD DO DD G G DD CH .0 O
TEPTY, T | ] N |

I

Stopped because TEj= "0"”

Fig. 51 Clock synchronous serlal I/0O timing
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ASYNCHRONOUS

SERIAL COMMUNICATION

Asynchronous serial communication can be performed us-
ing 7-, 8-, or 9-bit length data. The operation is the same
for all data lengths. The following is the description for 8-bit
asynchronous communication.

With 8-bit asynchronous communication, the bit 0 of UARTI
transmit/receive mode register is “1”, the bit 1 is “0", and
the bit 2 is “1".

Bit 3 is used to select an internal clock or an external
clock. If bit 3 is “0”, an internal clock is selected and if bit 3
is “1”, then external clock is selected. If an internal clock is
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTI transmit/
receive control register 0 are used to select the clogk
source. When an internal clock is selected for asynchro-
nous serial communication, the CLK pin can be used as a
normatl 1/0 pin.

The selected Internal or external clock is divided by (n+1),
then by 16, and passed through a control clrcuit to create
the UART transmission clock or UART receive clock.
Therefore, the transmission speed can be changed by
changing the contents n of the bit rate generator. if the
selected clock Is an Internal clock fi or an external clock
fexT

Bit Rate =(fj or fexr)/ { (n+1)X16 }

Bit 4 is the stop bit length selection bit to select 1 stop bit
or 2 stop bits.

The bit § is a selection bit of odd parity or even parity.

In the odd parity mode, the parity bit is adjusted so that the
sum of the 1's in the data and parity bit is always odd.

In the even parity mode, the parity bit is adjusted so that
the sum of the 1's in the data and parity bit is always even.

e (17 of Vi) X (n+1)X16

Transmissionclocklll“ “Illlll“”ll“ll””Illl“ll'lll”lll |||||||I|

Write in transmission buffer regisger

CTS; ]

Transmission register ~—Transmission

| I —

butfer register (

Tenoi n

U

TxEPTY;

I [

Start bit Parity it Stop bit Stopped because TEj= “0"
O, STADXD XD XD AL XXDNEXE Y 5 \S AL XOCXONOXXPY 5P STADXD)

I

Fig. 52 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected

Transmission clock

st (175, o Vtexr) X (n+1)X16

TE; _]
O Tl

Write in fransmission buHer register
Tenoi

Tranamission register—Transmission

L

butfer register

Start bit
TxD;

TxEPTY; ‘ I

Stop Bit Stop Bit

0o

Fig. 53 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits Is selected
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Bit 6 is the parity bit selection bit which indicates whether
to add parity bit or not.

Bits 4 to 6 should be set or reset according to the data for-
mat of the communicating devices.

Bit 7 is the sleep selection bit. The sleep mode is de-
scribed later.

The UART; transmit/recelve control regisger 0 bit 2 is used
to determine whether to use CTS; input or RTS| output.
CTS; input used if bit 2 is “0” and RTS; output is used if bit
2is “1".

it CTSj input is selected, the user can control whether to
stop or start transmission by external CTS; input. RTSj will
be described later.

Transmission

Transmission is started when the bit 0 (TEi flag) of UART;
transmit/receive control register 1 is “1”, the bit 1 (Tij flag)
shown in Figure 52 and 53, data is output from the TxDj pin
with the stop bit and parity bit specified by the bits 4 to 6 of
UART| transmit/receive mode register bits. The data is out-
put from the least signlificant bit.

The Tij flag indicates whether the transmission butter is
empty or not. it is cleared to “0" when data is written in the
transmission buffer and set to “1” when the contents of the
transmission buffer register Is transferred to the transmis-
sion register.

When the transmission register becomes empty after the
contents has been transmitted, data is transferred automati-
cally form the transmission buffer register to the transmis-
sion register if the next transmission start condition is satis-
fied.

Once transmission has started, the TE; flag, Tij flag, and
CTSj signal (it CTS| input is selected) are ignored until
data transmission is completed.

Therefore, transmission does not stop until it completes
even If the TE;j flag Is cleared during transmission.

The transmission start condition indicated by TEj flag, Tl
flag, and CTSj Is checked while the Teypi signal shown in
Figure 52 is “H". Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission butter register and Tl flag is cleared to 0 before:
the Tenoi signal goes “H".

The bit 3 (TxEPTY;| flag) of UART; transmit/receive control
register 0 changes to “1” at the next cycle after the Tenpi
signal goes “H” and changes to “0" when transmission
starts. Therefore, this flag can be used to determine
whether data transmision Is completed.

When the Tij flag changes from “0" to “1”, the interrupt re-
quest blt in the UART] transmissoin interrupt control regis-
ter is set to “1”.

Receive

Receive is enabled when the bit 2 (RE; flag) of UART;
transmit/receive control register 1 is set. As shown in Fi-
gure 54, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived.

AE; J
Stop bit Start bit
RxD; Start o1t £ B ) QT | |

Check to be “L”
Receive e 'L level

Clock

Starting at the faliing
edge of start bit

RI;

Get data

RTS; I |

Fig. 54 Recelve timing example when B-bit asynchronous communication with no parifty and 1 stop bit Is selected
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If RTSi output is selected by setting the bit 2 of UART|
transmit/receive control register G to “17, the RTSI output s
“H” when the RE; flag is "0". When the RE;j flag changes to
“1", the RTSi output goes “L" to indicate receive ready and
returns to “H” once receive has started. In other words,
RTS; output can be used to determine externally whether
the receive register is ready to receive.

The entire transmission data bits are received when the
start bit passes the final bit of the receive block shown in
Figure 33. At this point, the contents of the receive register
is transferred to the receive buffer register and the bit 3 of
UART; transmit/receive control register 1 is set. In other
words, the Rl;j flag indicates that the receive buffer register
contains data when it is set. If RTS; output is selected, RTS;
output goes “L" to indicate that the register is ready to re-
ceive the next data.

The interrupt request bit in the UART; receive interrupt
control register is set when the RIj flag changes from “0” to
“1”.

The bit 4 (OER; flag) of UART; transmission control register
1 is set when the next data is transferred from the recelve
register to the receive buffer register while the Rl flag’is
“1". In other words when an overrun error occurs. If the
OER;j flag is “1”, it indicates that the next data has been
transferred to the receive butfer register before the con-
tents of the receive butter register has been read.

Bit 5 (FER; flag) is set when the number of stop bits is less
than required (framing error).

Bit 6 (PER; flag) is set when a parity error occurs.

Bit 7 (SUM; flag) is set when either the OER; flag, FER;
flag, or the PER;j flag is set. Therefore, the SUM; flag can
be used to determine whether there is an error.

The setting of the Rij flag, OER;j flag, FER; flag, and the
PERi flag is performed while transferring the contents of
the receive register to the receive buffer register. The Rlij
OER;, FER|, PERj, and SUM;j flags are cleared when the
low order byte of the receive buffer register is read or
when the RE; flag is cleared.

Sleep mode

The sleep mode is used to communicate only between cer-
tain microcomputers when multiple microcomputers are
> connected through serial 1/0.

The sleep mode is entered when the bit 7 of UART; trans-
mit/receive mode register is set.

The operation of the sleep mode for an 8-bit asynchronous
communication is described below.

When sleep mode is selected, the contents of the receive
register is not transferred to the receive buffer register if
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if
9-bit asychronous communication) of the received data is
“0". Also the Rlj, OER;, FER;, PER;, and the SUM; flag are
unchanged. Therefore, the interrupt request bit of the
UART; recelive interrupt control register is also unchanged.

Normal receive operation takes place when bit 7 of the re-
ceived data is “1”.

The following is an example of how the sleep mode can be
used.

The main microcomputer first sends data with bit 7 set to
“1" and bits 0 to 6 set to the address of the subordinate
microcomputer which wants to communicate with. Then all
subordinate microcomputers receive the same data. Each
subordinate microcomputer checks the recelved data,
clears the sleep bit if bits 0 to 6 are its own address and
sets the sleep bit if not. Next the main microcomputer
sends data with bit 7 cleared. Then the microcomputer with
the sleep bit cleared will receive the data, but the micro-
computer with the sleep bit set will not. In this way, the
main microcomputer is able to communicate with only the
designated microcomputer.
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A-D CONVERTER

The A-D converter is an 8-bit successive approximation
converter.

Figure 55 shows a block diagram of the A-D converter and
Figure 56 shows the bit configuration of the A-D control
register. The frequency of the A-D converter operating
clock ¢.0 is selected by the bit 7 of the A-D control regis-
ter. When bit 7 is “0”, ¢ .p is the clock frequency divided by
8. That is, gap=1(Xin)/8. When bit 7 is “1*, $p is the clock
frequency divided by 4 and ¢.p is=f(X,y)/4. The ¢ .o dur-
ing A-D conversion must be 250KHz minimum because the
comparator conslsts of a capacity coupling amplifier.

The operating mode is selected by the bits 3 and 4 of A-D
contral register. The available operating modes are one-
shot, repeat, single sweep, and repeat sweep.

The bit of data direction register bit corresponding to the
A-D converter pin must be “0” {input mode) because the
analog Input port is shared with port P7.

The operation of each mode is described below.

7 6543210 Address
FEPT T T T T ] ADcontroiregister 1 16,

Analog input selection bit
00 0 : Selact ANy
001 :Select AN,
010 : Select AN,

11 Select AN,

0 ' Select AN,

1 : Select ANs

0 : Seiect ANg

1 . Select AN,
operation mode selection bit
0

1

0

10
10
1
1"

A

. One-shot mode
. Repeat mode
1 0 ! Single sweep mode
1 1 : Repeat sweep mode
Trigger selection bit
0 : Software trigger
| . ADrna input trigger
A-D conversion start flag
0 : Stop A-D conversion
1 ! Start A-D conversion
Fraquency selection flag
0 : Select {{X,)/ 8

1 : Select {{X,)/ 4

-D
0
0

Fig. 56 A-D control register bit configuration

A-D conversion speed selection

¢
fou O— 172 |—"—{ 1/2 |—1:| 1/2 j—o: Ae

Vaer O—
Vret
Ladder network
AVss O—
nbudaag
Successive approximation register - '_r [ —l I l 1 l_l

| Addresses A-D control register[ 1 |
(1Eqq)

A-D register 0 (20,5)

A-D register | (22,,)

A-D reglster 2 (24,4)

A-D register 3 (26,¢)

.| Decoder

A-D register 4 (28,4)

A-D register 5 (2A,s)

A-D register 6 (2C,s)
A-D register 7 (2€,q)

Comparator

!
Data bus (even)
ANy O —0 o—
AN, O —0 oo
AN, O —o0 “o—
AN, O —0 ™0
AN, O -0 oA
AN; O © oo
ANg O —0 Ot
AN; O —0 “o—o
ADtra Selectar

Fig. 56 A-D converter block dlagram
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(1) One-shot mode (00)

The A-D conversion pins are selected with the bit 0 to 2 of
A-D control register. A-D conversion can be started by a
software trigger or by an external trigger.

A software trigger is selected when the bit 5 of A-D control
register is “0" and an external trigger is selected when it is
“1”,

When a software trigger is selected, A-D conversion is
started when bit 6 (A-D conversion start flag) is set. A-D
conversion ends after 57 ¢, cycles and an interrupt re-
quest bit is set in the A-D conversion interrupt control reg-
ister. At the same time, A-D control register bit 6 (A-D con-
version start flag) is cleared and A-D conversion stops. The
result of A-D conversion is stored in the A-D register cor-
responding to the selected pin.

It an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1” and the ADyggqg in-
put changes from “H"” to “L". In this case, the pins that can
be used for A-D conversion are ANy to AN because the

The operation is the same as with software trigger except
that the A-D conversion start flag is not cleared after A-D
conversion and a retrigger can be available during A-D
conversion.

(2) Repeat mode (01)

The operation of this mode is the same as the operation of
one-shot mode except that when A-D conversion of the
selected pin is complete and the result is stored in the A-D
register, conversion does not stop, but is repeated. Also, no
Iinterrupt request is issued in this mode. Furthermore, If
software trigger is selected, the A-D conversion start flag Is
not cleared. The contents of the A-D register can be read
at any time.

(3) Single sweep mode (10)

In the sweep mode, the number of analog input pins to be
swept can be selected. Analog input pins are selected by
bits 1 and 0 of the A-D sweep pin selection register (1Fyg
address) shown in Figure 57. Two pins, four plns, six pins,
or eight pins can be selected as analog input pins, de-
pending on the contents of these bits.

A-D conversion is performed only for selected input pins.
After A-D conversion is performed for input of AN, pin, the
conversion result is stored in A-D register 0, and in the
same way, A-D conversion is performed for selected pins
one after another. After A-D conversion is performed for all
selected pins, the sweep is stopped.

A-D conversion can be started with a software trigger or
with an external trigger input. A software trigger is selected
when bit 5 is “0” and an external trigger is selected when it
is “1”.

When a software trigger is selected, A-D conversion is
started when A-D control register bit 6 (A-D conversion
start flag) is set. When A-D conversion of all selected pins
end, an interrupt request bit is set in the A-D conversion in-

terrupt control register. At the same time, A-D control regis-
ter bit 6 (A-D conversion start flag) is cleared and A-D
conversion stops.

When an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1" and the ADypg in-
put changes from “H" to “L". In this case, the A-D conver-
slon result of the trigger input itself is stored in the A-D
register 7 because the ADgq pin is shared with AN, pin.
The operation is the same as done by software trigges ex-
cept that the A-D conversion start flag is not cleared after
A-D conversion and a retrigger can be available during A-D
conversion.

(4) Repeat sweep mode (11)

The ditterence with the single sweep mode is that A-D
converslon does not stop after converting from the AN, pin
to the selected pins, but repeats again from the AN, pin.
The repeat is performed among the selected pins. Aiso, no
interrupt request is generated. Furthermore, if software trig-
ger is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.

Address

| A-D sweep pin
1Fe

lection r

: ANp, AN, (2 pins)

. ANg~AN, (4 pins)
: ANg~AN5 (6 pins)
 ANg~ANj; (8 pins)

—_ 0 O
-0 = O

Fig. 57 A-D sweep pin selection register configuration
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WATCHDOG TIMER

The watchdog timer is used to detect unexpected execu-
tion sequence caused by software run-away.

Figure 58 shows a block diagram of the watchdog timer.
The watchdog timer consists of a 12-bit binary counter.

The watchdog timer counts the clock frequency divided by
32 (f32) or by 512 (f5,2). Whether to count f3; or fgy; is de-
termined by the watchdog timer frequency selection flag
shown in Figure 59. 15, is selected when the flag Is “0” and
132 is selected when it is “1”. The flag is cleared after reset.
FFF,g is set in the watchdog timer when “L” or 2V is ap-
plled to the RESET pin, STP instruction is executed, data is
written to the watchdog timer, or the most significant bit of
the watchdog timer become “0".

After FFF,g is set In the watchdog timer, the contents of
watchdog timer is decremented by one at every cyle of
selected frequency fs; or fsy2, and after 2048 counts, the
most signiticant bit of watchdog timer become “0", and a
watchdog timer interrupt request bit Is set, and FFFys is
preset in the watchdog timer.

Normally, a program is witten so that data is written in the
watchdog timer before the most significant bit of the watch-
dog timer become “0”. If this routine is not executed due to
unexpected program execution, the most significant bit of
the watchdog timer become eventually “0” and an interrupt
is generated.

The processor can be reset by setting the bit 3 (software
reset bit) of processor mode register described In Figure
10 in the interrupt section and generating a reset pulse.
The watchdog timer stops its function when the RESET pin
voltage is raised to double the V¢ voltage.

The watchdog timer can aiso be used to recover from when
the clock is stopped by the STP Instruction. Refer to the
section on clock generation circuit for more detalls.

The watchdog timer hold the contents during a hold state
and the frequency is stopped to input.

Watchdog timer
frequency selection {connection forced to 13, during
STP instruction execution)

Watchdog timer

Hold (60,¢)
Write to watchdog timer
Set FFFy¢
RESET e
circult

STP Instruction S Q

=

Fig. 58 Watchdog timer block dlagram

Address
6146

7 6 5 4 3 2 1 0
W —I Watchdog timer

frequency selection

0 : Select ig»

1 ! Selectfy,

Fig. 59 Watchdog timer frequency selection flag
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RESET CIRCUIT

Reset occurs when the RESET pin is returned to “H” level

after holding it at “L" level when the power voltage is at 5V M37704M2-XXXFP e Power on
+10%. Program execution starts at the address formed by

setting the address pins Ay~ A 10 00,5 Ass~ Ag 10 the o 4.5v
contents of address FFFF.q, and A;~ A, to the contents of RESET Vee ov

address FFFEg. 28 AN 69

Figure 60 shows the status of the internal registers when a —p—

reset occurs.

Figure 61 shows an example of a reset circuit. The reset in-
put voltage must be held 0.9V or lower when the power vol-

tage reaches 4.5V.

(v — 0.9v

Fig. 81 Example of a reset circuit (perform careful
evaluation at the system design level before using)

(3C.e) XX

Address
(1) Port PO data directional register {04,5)
(2) Port P1 data directional register {(05,6) -
{3) Port P2 data directional register {08,¢):- [
{4) Port P3 data directional register (09,s)
(5) Port P4 data directlonal register (0Cig) -
(6) Port P5 data directional register (0D;g)
(7) Port P6 data directional register (10,6)-"
(8) Port P7 data directional register (11,4}
(9) Port P8 data directional register (14,g)--
10 A-D control register (1Eg) -
1) A-D sweep pin selection register (1Fq)-
(12 UART 0 Transmit/Recetve mode register (304)""
(1) UART 1 Transmit/Receive mode register (3846)""
() UART 0 Transmil/Receive control register 0 (34,4) -
(15 UART { Transmit/Receive controf register 0
(18 UART 0 Transmit/Receive control register 1~ {35,¢) -
(41} UART 1 Transmit/Receive control register 1 (3Dq)
(18 Count start flag (404g)
(19 One-shot start flag (42,g)
@200 Up-down flag (4d,6)
@1 Timer A0 mods register (56,g)
@2 Timer A1 mode register (5746}
29 Timer A2 mods register (58,6}
@4 Timer A3 mode register (595)
@5 Timer A4 mode register (5A8)
26 Timer BO mode register (5B,g)-
@0 Timer B1 mode register (5Cq)"
28 Timer B2 mode register (5Dqg)

Address )
l 00,6 % Processor mode register (5Eyq)-+
[ 00w | tm watchdog timer (60,0) | FFFys |
T 00y 01 Walohdog e requency selecton ey (610) | | | [ ] [ ] Jo

- Nwmnnnn (2 Waveform output mode register  (624) 004¢
{ ';E @3 A-D conversion interrupt cortrol register  (7044) - }X{}X{}X{}X{unuu
[ 001 B0 UART 0 bansmisson iferuptconval register (71 1g)-- ofo]o]o]
(HVL—OO_“—— (35 UART 0 receive inlerrupt control register (7248) oj0|O0f0
fiir*oo,,_ (36)  UART 1 transmission interrupt control register (7348)+ o|0j|0(0
[;”7 004e (37) UART 1 raceive interrupt control register (744¢)- olofo|0
[o[o]o]ofo[2]2[2] tm Timer a0 Interupt convol register  (7514)-- olofo]o
1|1] % Timer A1 interrupt control register (7646)* cjo 0’0
[f»_ 00, 0 Timer A2 interrupt control register (7716) 0100 OI
[W'W_OO,, @1) Timer A3 interrupt control register (784¢) - 000 3]
Yol 1 DIOIOJ 2 Timer A4 interrupt control register (79y9) - olojojo
1 OJOIOI (1] Tlmeréolnterrupt control register (TAsg) ojo{ofo
[OL(;]J o[ofo[1]o] @0 Timer B1 intemupt control register (78, o[o[o]o]
[o]o]o[o]o[0]1]o] 4a TimerBzintempt contral register  (7C1e)--- [X] oJo]o]o]
r_; 00 46 INT O interrupt control register  (7Dy)- OIO—IOMOIEI
annnnn 40 INT 1 interrupt control register  (7E.g)- OJOIOE] OTﬂ
L 7 004¢ ) INT 2 interrupt control register  (7F,g)++ MOM&IE]
{ ; 004 %) Processor status register PS WW
r 00, 56 Program bank register PG
T 00,5 {51 Program counter PC,
004 63 Program coun;er PC,
00,6 53 Direct page register DPR [ 00004 J

B 0040 60 Data bank register DT

Contents of other registers and RAM are not initialized and should be in-
l 1 N0]0]0[0] iialized by software.

Fig. 60 Microcomputer Internal status during reset
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INPUT/OUTPUT PINS

Ports P8 to PO all have a data direction register and each
bit can be programmed for input or output. A pin becomes
an output pin when the corresponding data direction regis-
ter is set and an input pin when it is cleared.

When pin programmed for output, the data is written-to the
port latch and it is output to the output pin. When a pin is
programmed for output, the contents of the port latch is
read instead of the value of the pin. Therefore, a previously
output value can be read correctly even when the output
“L" voltage is raised due to reasons such as directly driving
an LED.

A pin programmed for input is floating and the value input
to the pin can be read. When a pin is programmed for in-
put, the data is written only in the port latch and the pin
stays floating.

If an input/output pin is not used as an output port, clear
the bit of the corresponding data direction register so that
the pin become input mode.

Figure 62 shows a block dlagram of ports P8 to PO in sing-
le-chip mode and the E pin output.

In memory expansion mode, microprocessor mode, and
evaluation chip mode, ports P4 to PO are also used as
address, data, and control signal pins.

Refer to the section on processor modes for more details.
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* Port PO;~P0g. P1;~P1y, P2;~P2;, P33~P3, P4g~P4, (inside dotted-line not included)
Port Pag, P4,, P4;, P5;, P6,~P6,, P8,, P8, (Inside dotted-line included, but P8,, P8, are without hysterisis)

ata dlrection
register

I = I

V r )
* Port P7,~P7, (Inside dotted-line not included) ! a !

* Port P7, (Inside dotted-line included)

—-«l Data direction l-
register.

—I Port latch } ’ II O

Data bus

Data bus

—<]
Analog Input —m==——=4

i

|

* Port P8, P8; (Inside dotted-line not included)
Port P§,~P5e, P6y (Inside dotted-line included)

_{ Data direction }.
register “1"—o
»—4 o | j’
'

j
~N
“yrg
Data direction
Braqlsler "0"-0\?—0
o |
1

Output

o tus ——{Former } o

* Port P8, P8,, P8, P8,

_E

Fig. 62 Block diagram for ports P8 to PO In single-chip mode and the E pin output
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PROCESSOR MODE

The bits 0 and 1 of processor mode register as shown in Fi-
gure 63 are used to select any mode of single-chip mode,
. memory expansion mode, microprocessor mode, and eva-
luation chip mode.

Ports P3 to PO and a part of port P4 are used as address,
data, and control signal 1/0O pins except in single-chip
mode. ’

Figure 64 shows the functions of ports P4 to PO in each
mode.

The external
changes.
Figure 65 shows the memory map for each mode.

Refer to Figure 1 for the memory map of the single-chip
mode. The external memory area can be accessed except
In single-chip mode. The accessing of the external memory
is affected by the BYTE pin and the bit 2 (wait bit) of pro-
cessor mode register . These will be described next.

memory area changes when the mode

eBYTE pin ‘

When accessing the external memory, the level of the
BYTE pin is used to determine whether to use the data bus
as 8-bit width or 16-bit width.

The data bus width is 8 bits when the level of the BYTE pin
is “H" and port P2 becomes the data {/0 pin.

The data bus width Is 16 bits when the level of the BYTE
pin is “L" and ports P1 and P2 become the data |/0 pins.
When accessing the internal memory, the data bus width is
always 16 bits regardless of the BYTE pin level.

An exclusive mode in the evaluation chip mode allows the
BYTE pin level to be set to 2-Vgc. In this case, the opera-
tion is slightly different from the above. This Is described In
the evaluation chip mode section.

7 6 5 4 3 2 1 0

LIT T T T[]

Wait bit
0 @ wait
1 I No Wait

Test mode bit

Processor mode register SEe

Processor mode bit

0 0 : Single-chip mode

0 1 : Memory expansion mode
1 0 : Microprocessor mode

1 1 : Evaluation chip mode

Software reset bit

Reset occurs when this bit is set to 1

Interrup priority resolusion time selection bit
0 0 : Select 1/H{X) X4
01 : Select 1/f{X) X 8

10 : Select 1/6{Xn) X 4

This bit must be 0"

Clock ¢, output selection bit

0 : No ¢, output
1 @ ¢, output

Address

Fig. 83 Prc r mode register bit configulation

LR
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N CM, 0 0 1 [
\ CM, 0 1 0 1
. Mode )
e Single-chip Mode Memory Expansion Mode Microprocessor Evaluation Chip Mode
Port . Mode
y L i I
Port PO PO, PO, Same as left Same as loft
PO, PO,
( E l B E | l
Ais~As
BYTE= “L” P1, Same as left Same as left
et
o
P1, =
E
[ P1;
§ PI Address A,s~Ag Data{ 6dd )
or2:V, 1
. ce ¢ Same as left { Port P4, P5 and their direction
C;E"Uﬁ"z“ registers are treated as 16-bit wide
onllp )m° e bus. f BYTE=2-Vcc, the internal
y . ROM area is also treated as 16-bit
wide bus.
£ | I E _| r
BYTE= “L” P2, Az Same as left Same as left
I Address .
o P2, P2, even
: i LI G —]
S | avre= “nr| P? E | I E A
v ob, P2 —
chip mode (even, odd) Same as for Port P1
only.)
; J ; —
P3, HLDA
P3; .
Ponea | ) P [me same as loit Same as et
0
P
P3 AW ‘
£ E ] '_ E I l
— O
P4, P4,
o 170 Port o) 140 Port P X vea X )
(] 2
D 2 G
Port P4 * When processor mode P4, RDY Pd. X acL L
0 3
* When processor mode P4
R B o s o ) B
P4
P4, ' 4, I , l I | P4, I & I I I l I Same as leftin| ROY
splte of proce- —
asor mode re- | P4 HOLD
Same as above except P4, Same as above except P4, gister bit 7
*  When processor mode register * When processor mode register
bit 7 =*1" bit 7 = 1"

Fig. 64 Processor mode and ports P4 to PO functions
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e Walt bit

As shown in Figure 66, when the external memory area is
accessed with the processor mode register bit 2 (wait bit)
cleared to “0”, the access time becomes twice the access
time than the wait bit is “1” (no wait) . The walt bit is
cleared during reset.

The accessing of internal memory area is performed in no
wait mode regardless of the wait bit.

The processor modes are described below.

Memory expansion
mode

Microprocessor
mode

Evaluation chip
mode

216 2,4

9 9
A

16|

80,4

AAM RAM RAM
27F,¢

C000,¢
ROM

FFFF,q

FFFFFF,q

The shaded area is the external memory area.

Fig. 85 Externali memory area for each processor
mode

tnternal clocks [T L LI LML
Port P2 (__Xoma) )

Addrass Address

Wait bit
g

m}

ALE I M

Port P2 XAddress {__Data_Y_Address
Wait bit | _

o JE N T
ALE [ ] —

Fig. 66 Relationship between walt bit and access time

(1) Single-chip mode (00)

single-chip mode Is entered by connecting the CNVgg pin
to Vgs and starting from reset. Ports P4 to PO all function as
normal /0 ports. Port P4, can be the ¢, output pin divided
the clock to Xy pin by 2 by setting bit 7 of processor mode
register to “1”

{2) Memory expansion mode [01)

Memory expansion mode is entered by setting the proces-
sor mode bits to “01” atter connecting the CNVgg pin to Vgg
and starting from reset.

Port PO becomes an address output pin and loses its 1/0
port function.

Port P1 has two functions depending on the level of the
BYTE pin.

When the BYTE pin level is “L", port P1 functions as an
address output pin while E is “H” and as an odd address
data I/0 pin while E is “L". However, if an internal memory
is read, external data is ignored while E is “L". In this case
the 1/0 port function is lost.

When the BYTE pin level “H”", port P1 functions as an
address output pin and loses its 1/0 port function.

Port P2 has two functions depending on the level of the
BYTE pin.

When the BYTE pin level is “L", port P2 functions as an
address output pin while E is “H" and as an even address
data 170 pin while E is "L". However, if an internal memory
is read, external data is ignored while E is “L".

When the BYTE pin level is “H", port P2 functions as an
address output pin while E is "H” and as an even and odd
address data 1/0 pin while E is “L". However, it an internal
memory is read, external data is ignored while Eis “L". In
this case the I/O port function is lost. )
Ports P3,, P3;, P3;, and P3; become R/W, BHE, ALE, and
HLDA output pin respectively and lose their I/0 port func-
tions.

R/W is a read/write signal which indicates a read when it
Is “H” and a write when it is “L".

BHE is a byte high enable signal which indicates that an
odd address is accessed when it is “L".

Therefore, two bytes at even and odd addresses are
accessed simultanéously If address A, is “L” and BHE is
‘L.

MITSUBISHI
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ALE is an address latch enable signal used to latch the
address signal from a multiplexed signal of address and
data. The latch is transparent while ALE is “H" to let the
address signal pass through and held while ALE is “L".
HLDA is a hold acknowledge signal and is used to notify
externally when the microcomputer receives HOLD input
and enters Into hold state.

Ports P4, and P4, become HOLD and RDY input pin re-
spectively and lose their output pin function, but the Input
pin function remains.

HOLD is a hold request signal. It is an input signal used to
put the microcomputer in hold state. Ports PO, P1, P2, Péo.
and P3; are floating while the microcomputer stays In hold
state.

RDY is a ready signal. Hf this signal goes “L", the internal
clock ¢ stops at “L". When ¢, output from port P4; is
selected by setting bit 7 of processor mode register to “1”,
¢, output keeps on. RDY is used when slow external mem-
ory is attached.

(3) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVgg
pin to Vg and starting from reset. It can also be entered by
programming the processor mode bits to “10” after con-
necting the CNVgg pin to Vsg and starting from reset. This
mode is similar to memory expansion mode except that in-
ternal ROM is disabled and an external memory is re-

quired, and ¢ from port P4, is always output in spite of bit _

7 of processor mode register.

(4) Evaluation chip mode (11)]

Evaluation chip mode is entered by applying voltage twice
the V¢ voltage to the CNVgg pin. This mode is normally
used for evaluation tools.

The functions of ports PO and P3 are the same as in mem-
ofy expansion mode.

Port P1 functions as an address output pin while E is “H"
and as data 170 pin of odd addresses while E is “L" re-
gardless of the BYTE pin level. However, if an Internal
memory is read, external data is ignored while Eis "L".

Port P2 function as an address output pin while Eis “H"
and as data I/0 pin of even addresses while E is “L" when
the BYTE pin level is “L". However, if an internal memory is
read, external data is ignored while E is “L".

When the BYTE pin level is “H” or 2-V¢¢, port P2 functions
as an address output pin white E is “H" and as data I/Q pin
of even and odd addresses while E is “L". However, if an
internal memory is read, external data is ignored while E Is
“Le.

Port P4 and its data direction register which are located at
address 0A,s and 0C,g are treated differently in evaluation
chip mode. When these addresses are accessed, the data
bus width is treated as 16 bits regardless of the BYTE pin
level, and the access cycle is treated as internal memory
regardless of the wait bit.

When a voltage twice the V¢ voltage is applied to the

BYTE pin, the addresses corresponding to the internal
ROM area are also treated as 16-bit data bus.

The functions of ports P4; and P4, are the same as in
memory expansion mode.

Ports P4, to P4s become ¢,, MX, QCL, VDA, and VPA out-
put pins respectively. Port P4; becomes the DBC input pin.
¢1 from port P4, divided the clock to X,y pin by 2 is always
output in spite of bit 7 of processor mode register.

The MX signal normally contains the contents of flag m, but
the contents of flag x is output if the CPU is using flag x.
QCL is the queue buffer clear signal. It becomes “H" when
the instruction queue buffer is cleared, for example, when a
jump instruction is executed.

VDA Is the valid data address signal. It becomes “H” while
the CPU Is reading data from data buffer or writing data to
data buffer. it also becomes “H" when the first byte of the
instruction (operation code) is read from the instruction
queue buffer.

VPA is the valid program address signal. It becomes “H”
while the CPU is reading an instruction code from the in-
struction queue buffer.

DBC is the debug control signal and is used for debugging.
Table 5 shows the relationship between the CNVsg pin in-
put levels and processor modes.

Table 5. Relationship between the CNVgsg pin input
levels and processor modes

CNVgs _Mode Description
. Single—cﬂtp Single-chip mode upon start-
* Memory expansion | ing after reset. Other modes
Vss * Microprocessor can be selected by changing

« Evaluation chip the processor mode bit by

o szottwara

'M}cvoprocessor Microprocessor mode upon

* Evaluation chip starting after reset. Evaluation

Veo chip mode can be selected
by changing the processor

__| mode bit by software.

] { * Evaluation chip mode only.

i Evguélion éhi;;r
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CLOCK GENERATING CIRCUIT

Figure 67 shows a block diagram of the clock generator.
-When an STP instruction is executed, the internal clock ¢
stops oscillating at “L" level. At the same time, FFF5 is M37704M2-XXXFP
written to watchdog timer and the watchdog timer input
connection is forced to f3,. This connection is broken and Xon Xour
connected to the input determined by the watchdog timer » TV ”
frequency selection flag when the most significant bit of the A
watchdog timer is cieared or reset. = Ry
Oscillation resumes when an interrupt Is received, but the I[l |
internal clock ¢ remains at “L” level until the most signifi- 1 | [ 4
cant bit of the watchdog timer is cleared. This is to avoid ;L 71;
the unstable interval at the start of oscillation when using a

ceramic resonator.

When a WIT instruction is executed, the internal clock ¢
stops at “L" level, but the oscillator does not stop. The
clock is restarted when an interrupt is received. Instructions
can be executed immediately because the oscillator is not
stopped.

The stop or wait state is released when an interrupt is re- M37704M2-XXXFP
ceived or when reset is issued. Therefore, interrupts must
be enabled before executing a STP or WIT instruction. Xin Xour
Figure 68 shows a circuit example using a ceramic (or 29 30
quartz crystal) resonator. Use the manufacturer's recom- Open
mended values for constants such as capacitance which
differ for each resonator. Figure 69 shows an example of
using an external clock signal.

e unnr

AAM

Fig. 68 Circuit using a ceramic resonator

External clock source

Fig. 69 External clock input circuit

Interrupt request L Q

STP instruction—— R

Reset
s Q a s—q

wiT instruc'ion# R R} STP instruction

Watchdog
timer
Internal clock ¢

f2 fis faz fea
1

/Ll——{ 12 1/24'—-[ 1/8 -

/2

Xin Xour

Fig. 67 Block diagram of a clock generator
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ADDRESSING MODES

The M37704M2-XXXFP has 28 powerful addressing modes.
Refer to the Series MELPS 7700 addressing mode descrip-
tion for the details of each addressing mode.

MACHINE INSTRUCTION LIST

The M37704M2-XXXFP has 103 machine instructions. Refer
to the Series MELPS 7700 machine instruction list for de-
tails.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) M37704M2-XXXFP mask ROM order confirmation form
(2) Mark specification form for 80PEN

{(3) ROM data (EPROM 3 sets)

2-144 & T



MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol ~ Parameter Condltions Ratings
Vee Supply valtage —0.3~7
AVee Analog supply voltage 0.3~ 7
v Input voltage RESET, CNVss, BYTE o312

Input voltage POo~P07, P1o~P1;, P2g~P2;, P3p~FP3,,
Vi P4o~P4;, PS~PS5;, PBg~P6y7, PTg~P7;, ~0.3~Vce+0.3 Y]
P8o~P87, Vaer. Xin J SR
Output voitage POy~P0;, P1o~P1;, P2p~P2;, P3g~P3s,
Vo Pdo~Pd;, PSo~P5;, Pée~P8;, P7y~P7s, —0.3~Vcc+0.3 Y
P8y~P8;, Xour, € |
Py Power dissipation Ta=25C 300 [ mw |
Topr Operating temperature —10~70 1 T
Tstg Storage temperature —40~125 T K
RECOMMENDED OPERATING CONDITIONS (vco=5v£10%, Ta=—10~70T, unless otherwise noted)
Limits
Symbol Parameter Unit
Min. Typ. Max.
Ve Supply voltage 4.5 5.0 5.5 \2
AVece Analog supply valtage Vece \"
Vss Supply voltage 0 v
AVgg Analog supply voltage 0 v
High-tevel input voltage POy~ P0;, P3p~P3,, P4,~P4;,
P5o~P5;, PBy~P6;, P7o~PT;,
Vim P:~P8:, ;:‘D RESET, CNves, |0 BVeo Voo |V
BYTE
High-ievel input voltage P1g~P1;, P24~P2,
Vin ’ i ’ (in single-ch‘l'p mo::ie) 0.8Vee Veo v
High-level input voltage Pip~P1;, P2;~P2;
Vin (in memory expansion mode and | 0. 5V Vee v
microprocessor mode)
Low-level input voltage PO~ P0;, P3g~P33, P4g~P4;,
PSo~PS;, PBy~P6y, PTo~PTs.
Vie P::~P8:, ;6: RES7ET, ::st;. 0 0.2Veo| V
BYTE
Low-level input voltage P1o~P1;, P2,~P2;
Vi i ? (in slngla-c::p mode) 0 0.2Vco v
Low-level input valtage P1g~P1;, P2p~P2;
Vie (in memory expansion mode and 0 0. 16Vee v
microprocessor mode)
High-tevel peak output current POp~P0;, Pig~P1z, P2g~P2;,
lonipeak) P39~P3y, Pdg~P4;, PSg~PS7, —10 mA
PBg~PB7, P1o~P77, Pig~P8;
High-level average output current POg~P0;, P1g~ P1y, P2o~P2;,
loncavg) P3g~P33, Pdo~P47, PSo~P5;, -5 mA
Po~P6;, P7o~P77, PBy~P8;
Low-level peak output current POg~PQ;, P1p~P1;, P2g~P2;,
loL(peak) P3g~P3y, P4o~P4;, PSe, PS7, 10 mA
P8o~PE;, P7¢~P7;, PBy~P8;
IMak) Low-leve! peak output current P5~PSs 20 mA
Low-level average output current POg~P0;, P1g~P1;, P2y~P2;,
lovcavg) P3g~P3y, Pdo~P4;, P, P57, 5 mA
P8~ P67, PTo~P7;, P8g~P8;
lowiayg) | Low-level average output current PS~PSg 1% mA
: . M37704M2-XXXFP, M37704S1FP 8
%) ook Hoaueney ot [ MZAKKXFP, WATTISIAFP | 6 | M2
Note 1. Average output current is the average value of a 100ms interval.
2. The sum of lo (peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lon(peak: for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lo.(peak: for ports P4, P5, P, and P7 must be 110mA or less, and
the sum of lon(peak) for ports P4, PS, P8, and P7 must be 80mA or less.
MITSUBISHI I—1as
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M37704M2-XXXFP
ELECTRICAL CHARACTERISTICS (vcc=5V, Vss™0V, Ta=25C, f(X,y)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit

Min. Typ. Max,

" High-lavel output voltage PO~PO;, P1o~P1;. P2y~P2r,
P3g, P3y. P3;, P4g~P4y,

Vo PSg~PSy, Phg~PBy, PTg~PT;, | oM T 10MA 3 v
. PePE L S
Von High-leve! output voltage :g:~p2?7p20~ P1y, P2g~P2;, ton=—400u A 4.7 v
T o on=—Tl0ma ) 3.1
Vor High-levet output voltage P3; 'OH___T-'—“" e e a8 v
| o T 7 low=—10mA R 3.4
Von High-level output voltage E o= — 400 A 8 \"

‘Low-level output voltage POg~P0y, P1g~P1;, P2g~P2y,
P30, P3y, P3a, Pdg~Pdy,

Vor PSe, P5y, Pho~P6y, PTo~PT;, | 101 1OMA ] 2 v

toL=20mA o 2

VoL P, P3,, P, lo.=2mA 0.45
1 lo.=10mA T 1.9
Voo Low-level output voltage P3, loum2mA = 0.43 v
T tou™=10mA o 1.6
Voo Low-tevel output voltage E Momzma T T ) v
" Vyy—v,_ | Hystorosis HOLD, RDY, TAON~TA4y, TBON~TB2. I AP :
INTy~INT;, ADtrc. CTSo. CT§_|, 9,L§9;9LK' I
| vri—Vvyr_ | Hysteresis RESET 1 ez 0.5 | V
LMVL ] Hyste@gbﬁ_;_d; o ,,,:, ) | oa 0.3 Vv
High-level input current POg~PO;. Plg~P1s, P2o~P2s. 1
P3g~P3, Pdo~Pd;, P5g~ P57, _— , s | ua

I P6g~~ P67, PTg~PT;, P8y~ P8y,

X, RESET, CNVgs, BYTE

T 1 Low-level input current PO,~P0;, Plo~P17. P2Za~P21,

P3g~P3,, Pdg~P4;, PSo~PS5;,

he P6y~P6;, P7g~P7;, PBy~PB;. Vim0V =S uh
X, RESET, CNVss, BYTE

Vaam RAMholdvotege When clock Is stopped. .2 v

1(Xin ) =8MHz,

In single-chip mode | square waveform

output only pin Is Ta=25T when clock

open and other pins | | stopped.

lce Power supply current

are Vss during reset. [ 1,—=70C when clock 10 HA
is stopped.
A-D CONVERTER CHARACTERISTICS (Vco=5V. Vag=0V, Tg=25TC. f(Xy)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
R S Min. Typ. Max.
| - Resolution L ] Vaer™Vec 8 Bits
— Absolute accuracy o Vaer=Vcc ) ) +3 LSB
Riapper | Ladder resistance o Vagr=Vce ) 2 10 kQ
tconv Conversion time o 28.5 us
Vaer Refarence voltage L 2 Vece v
Via Analog input voitage 0 Vagr A
2146 MITSUBISHI
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TIMING REQUIREMENTS (Voc=5V10%, Vss=0V, Ta=25TC, f(X\y)=8MHz, uniess otherwise noted)
External clock input

Limits
Symbol Parameter Test condltions Unit
Min. Typ. Manx.
tc | External clock input cycle time | 125 ns
twir) External clock input high-level pulse width - 50 ns
twiLy External clock input low-level pulse width . 50 ng J
ty | Externat clock rise time ) T - 20 ns
t External clock fall time B 1 20 ns
Single-chip mode
Symbol Parameter Tast conditions . Limits T Unit
o Min. Typ Max.
tgu(popo—e) | Port PO input setup time o T 200 ns
teutrio—e) | Port P1 input setup time o 200 | ns
tsu(p2o—e) | Port P2 input setup time 200 ns
tsucrap—e) | Port P3 input setup time T o WZEOA“ ns
tguipan—e) | Port P4 input setup time ) 200 T ns
tguipso—g) | Port P5 input setup time ) b 200 | | ns
tguireo—e) | Port P6 Input setup time ' 200 | ns
tgu(pro—e) | Port P7 Input setup time ) o 200 ns
tsutpap—e) | Port P8 input setup time 7 B 200 ns
thee—pooy | Port PO input hold time ) ) ‘ o T ns
th(e—p1D) Port P1 input hold time 7 0 ns |
thee—p2oy | Port P2 input hold time N 0 ) ns
th(e—pan) Port P3 input hold time ) 4, 0 ns
th(e—paD) Port P4 input hold time Q ns
thee—eso) | Port P5 input hold time I o ns
thee—paoy | Port P6 input hold-time - ) ns
thee—rroy | Port P7 input hold time - o | ns
thie—p80) .4..‘;0" P8 input hold time 7 h 0 T T ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions Limits Unlt
Min. Typ. Max.
tgu(pio—e) | Port P1input setup time 60 ns
tgu(pzo—e) | Port P2 input setup time 60 ns
tsu(rov—g,) | RDY Input setup time 70 ns
thie—p1D) Port P1 Input hold time 0 ns
thie—e2D) Port P2 Input hold time 0 ns
thig,_mpy) | RDY Input hold time B 0 ns
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Timer A input (Count input in event counter mode)

Symbol Paramet Teat conditi Limits Unit
arameter est conditions ni
o Min. Typ. Max.
teira) TAiw input cycle time . 250 ns
twiTan) TAi input high-level pulse width 125 ne
twiTaL) TAiw input low-level pulse width 125 ns
Timer A lnput (Gating input in timer mode)
Symbot P t Test conditions Limtts Unit
m arameter
Y Min. Typ. Max. )
to(ta) TAiw Input cycle time 1000 ns
tw(TAM) TAi Input high-level pulse width 500 ns
twitaL) TAiw input Jow-tevel pulse width 500 ne
Timer A input (Exteral trigger input in one-shot pulse mode)
Limits
Symbol Parameter Tent diti Unit
N B Min. Typ. Max, '
teira) TAiw input cycle time o 500 ns’
tw(TAH) TAlLy input high-level pulse width 250 ns
twiTaL) TAin Input low-level pulse width 250 ns
Timer A Input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
| Min, Typ. Max.
-t
tw(TAM) TAiw Input high-level pulse width 250 ns
twiraL) TAhy Input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbot Parameter Test conditions Unit
Min. Typ. Max.
to(up) TAigyr input cycle time 5000 ns
twiupH) TAigyr input high-leve! pulse width 2500 ns
twiurL) TAloyr Input low-level pulse width 2500 ns
tsuup-Ty) TAigyr Input setup time 1000 ns
th(Tyy-uP) TAigyr input hotd time 1000 ns

S
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Timer B Input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min, Typ. Max.
tc(re) TBiw Input cycle time (one edge count) 250 ns
twiten) TBlin input high-level pulse width (one edge count) 125 ns
twiTeL) TBhy Input low-level pulse width (one edge count) 125 ns
te(ra) TBiy input cycle time (both edges count) 500 ns
twiTeH) TBly input high-level pulse width (both edges count) 250 ns
tw(Tel) TBiw input low-level puise width (both edges count) 250 ns
Timer B Input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max,
tc(re) TBin input cycle time 1000 ns
twiTeH) TBhy Input high-level puise width 500 ns
twiTeL) TBij input low-level puise width 500 ns
Timer B input (Puise width measurement mode)
Limits
Symbol Parameter Test condltions i, Typ. Max. Unit
tc(Te) TBhw input cycle time 1000 ns
twiTeM) TBiy input high-level pulse width 500 ns
twitsL) TBiy input low-level pulse width 500 ns
A-D trigger Input
Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
to(ap) ADrrg Input cycte time (minimum allowable trigger) 2000 ns
twiADL) ADrra Input low-lavel pulse width 250 ns
Serial 110
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(cx) CLKi input cycle time 500 ns
tw(cKH) CLKI input high-leve! pulse width 250 ns
twickL) CLKI input low-ievel pulse width 250 ns
tdic—a) TxDi output delay time 150 ns
thic—-o TxDi hold time 30 ns
tsuto—c> RxDi Input setup time 60 ns
thic—0) RxDi input hold time 90 ns
External interrupt INTI input
Limits
Symbol Parameter Test condltions Unit
Min. Typ. Max.
tw(inH) INTI input high-level pulse width 250 - ns
twiinw) INTI input low-level pulse width 250 ns
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SWITCHING CHARACTERISTICS (Vcc=5v110%, Vas=0V, Ta=25C, {(Xu)}=BMHz, uniess otherwise noted)
Single-chip mode

Limits
Symbol Parameter Test conditions i, Tve. Max. Unit
ot o | Port PO aote ouput delay tme 200 | s
td(e—_p1Q) Port P1 data output delay time 200 ng
td(e—_p20) Port P2 da-l;butpul delay !Ime;;;‘ - 200 ns
tdie_pagy | Port P3 data output delay time I 200 ns
td(e—pPsq) Paort P4 da};»oAutput delay timpt Flgure 70 L 200 ne
(e _rer | Port P5 dsta output delay time - 200 | s
tdce_peq) | Port P6 data output delay time - 200 ns
tde—rray | . F 200 ns
td(e_rea) 200 ns
Memory expansion mode and microprocessor mode (when wait it = 1)
Limits
Symbol Parameter Test diti Unit
Min. Typ. Max.
td(poa—£g) Port PO address output delay time 100 ns
td(e—P1Q) _Port Pt data output detay time (BYTE="L") 120 ns
texz(e—~p12z) | Port P1 floating start delay time (BYTE="L") 5 ns
_ld_(pm_g) Port P1 address output delay tl;e o | 100 ns
td(e_rac) | Port P2 data output delay time 120 ns
texz(e_raz) | Port P2 floating start delay time - 5 ns
td(p2a—&) Port P2 address output delay time T 100 ns
td(e_mipa) | HLDA output delay time . T 100 ns
tdiaLE—E) ALE output delay time 4 ns
twiaLE) ALE pulse width 100 ns
td(eHE—E) BHE output delay time 100 ns
td(n/w—e) R/W output delay time 100 ns
Figure 70
tde—ep) #1 output delay time 0 30 ns
thie—roa) Port PO address hold time 50 ns
th(aLe—ria) | Port P1 address hold time (BYTE="L") 9 ne
thie—_p1a) Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
thie—p1a) ‘Port P1 address hotd time (»BYTE=“H") I " 50 ns
thiaLe—epza) | Port P2 address hold time - 9 ns
th(e—rzq) Port P2 data hoid time 50 ns
tezx(e_p2z) | Port P2 ficating release delay time 50 ns
th(e—eme) | BHE hold time 20 ns
th(e—_am) | R/W hold time 20 ns
twiEL) E pulse width 220 ns
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Memory expansion mode and microprocessor mode (when wait bit = *¢*, and external memory area is accessed)

Limits
Symbol Parameter Test condltions Unit
Min. Typ. Max.

td(poA—E) Port PO address output delay time 350 ns
tde—p1a) Port P1 data output delay time (BYTE=="L") 120 ns
texz(e—p1z) | Port P1 fiocating start delay time (BYTE="L") 5 ns
td(P1A—E) Port Pt address output delay time 350 ns
td(e—r2q) Port P2 data output delay time 120 ns
texz(E—p2z) | Port P2 floating start delay time 5 ns
td(p2a—e) Port P2 address output delay time ' 350 ns
tdie—nLoa) | HLDA output delay time 100 ns
td(ALE—E) ALE output delay time 4 ns
twiaLe) - ALE pulse width 350 ns
td(ame—e) | BHE output delay time 350 ns
tdcrw—E) | R/W output delay time Figure 70 350 ns
tde—ey ¢4 output delay time -0 30 ns
thie—pPoA) Port PO address hold time 50 ns

thiaLe—p1a) | Port P1 address hold time (BYTE="L")
thie—_pioy | Port Pt data hold time (BYTE=<L") ns
tezx(e_p1z) | Port P1 lioating release delay time (BYTE="“L") ns

9 ns
50
50
th(e—p1a) Port P1 address hold time (BYTE="H") 50 ns
9
50
50

th(aLE—pP2a) | Port P2 address hold time ne

the—p2q) Port P2 data hold time e
tezx(e—p22) | Port P2 floating release delay time ns
th(e—BHE) BHE hold time ' 20 -
th(e—aw) | R/W hold time 2 -~
bw(ew) E pulse width 220 o~
PO
O
P1
P2
100pF
P3 00p
P4
P5
P6
P7
P8
L2
E

Fig. 70 Testing circuit for ports PO~P8, ¢,
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SINGLE-CHIP 16-BIT CMO0S MICROCOMPUTER

M37704M2AXXXFP i
ELECTRICAL CHARACTERISTICS (Vcc=5V. Vss=0V, Tg=25T, 1(Xin)=16MHz, unless otherwlse noted)
Symbol Parameter Test condltions Limits Unit

Min. | Typ. | Max.

High-lavel output voltage POg~PQ;, P1g~P1;, P2g~P2;,
P3y, P3,, P3a, Pdp~P4,,
P5¢~P5;, P6o~P8;, P7o—~P77,
PEpE;

High-level output voltage POy~P0;, P1o~P1;, P2,~P2;,

Von low=—10mA 3 v

Vou i P3g, P3,, PL o lon=—400uA 4.7 v
v High-levet t voltage P3. low=—10mA 3.1 v
OH gh-levetl output voltag y —y s
5 low™ —10mA 3.4
Von High-level output voitage E : v
lon=—400,A 4.8
oo

Low-level output voltage POg~PQ;, P1g~P1;, P2g~P2;,
P3y, P3y, P3y, Pdy—~Pdy,

Vor PSe, PSy, PBy~Ply, PTo~PTy, | 1710 o
PBy~P8;

VoL Low-level output voltage PSy~P5s lo,=~20mA 2

Vou Low-level output voltage ::;Z?T‘PZONPM P2p~P2;, loL=2mA 0.45

Voo Low-lsvel output voitage P3; loy =10mA ‘ 1.9 v
loL=2mA 0. 43

Vou Low-level output voitage E :::;?n':‘ :)i v’

Ves—y_ | PyHeresis TOLD. Y. TADw~TAts, To0~To2 0.4 v

INTo~INT2, ADyng. CTSg, CTS;, CLKg, CLK,
Vr4+—Vy— | Hysteresls RESET 0.2 0.5 Y

Vy+—Vy— | Hysteresls Xy 0.1 0.3 v
High-level input current POy~PO;, P1o~P1;, P2o~P2;, .
~P3s, Pdy~P4;, P5,~P5;,
et xw:: P;:~P7:. p::~ps,7, Vi85V 5 | uA
Xn, RESET, CNVgs, BYTE
Low-leve! input cufrent POg~P0;, P1o~P1;, P29~P2;,
~P3;, Pdg~P4;, P5o~P5;,
he :w::. P;:~P7:. P:~P::. v=ov I e
Xin, RESET, CNVgg, BYTE
VRam RAM hold voltage When clock s stopped. 2 v
X)) =16MHz2,
In singie-chip mode | square waveform
output only pin Is Tg=25T when clock
open and other pins | |a stopped.

lcc Power supply current

are Vgg during reset. [ 7,70 when clock 0 e
is stopped.
A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vag=0V, Ta=25, (X4 )=16MHz, uniess otherwise noted)
Limits
Symbol Parameter Test condltiona Unit
Min. Typ. Max.
- Resolution Vrer™=Voc \ 8 Bits
= Absolute accuracy Vaer=Vce +3 LSB
Ruappen | Ladder resistance Veer=Voc 2 10 K0
tconv Conversion time 14. 25 us
Vaer Reference voitage 2 Vece v
Via Analog input voitage - ) 0 Vrer \4
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SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

TIMING REQUIREMENTS (Vcc=5V10%, Vss=0V, Ta=25T, {(X,y) =16MHz, unless otherwise noted)

External clock input

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc External clock input cycle time 62 ns
twin) External clock input high-levet pulse width 25 ns
tw(L) External clock input low-level pulse width 25 ns
tr External clock rise time 10 ns
tf External clock fall time 10 ns
Single-chip mode
Limits
Symbol Parameter Test conditions ﬂ Unit
Min. Typ Max.
“tsu(po,_-,_e) Port PO inhul setup time B 100 ns
tsu(pin—e) | Port P1 input setup time 100 ns
t;;u(.,m_;) Port P2 input setup time 100 ns
‘tsu(pao_g) Port P3 input setup time 100 B ns
tsucpap—e) | Port P4 input setup time 100 ns
tsu(psp_e) | Port P5 input setup time 100 ns
vtsu(pw; 7 7F:oﬁ7Pﬁiin}:ut>rselup time 100 ns
| “tsuirro_e) | Port P7 input setup time 100 ns
tsu(pep—g) | Port PB input setup time 100 ns
th(e—roo) Port PO input hold time - 0 ns
thie_rso) | Port P1 input hold time 0 ns
th(e—pr20) Port P2 input hold time 0 ns
th(e—pan) Port P3 input hold time 0 ns
thie—raD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
| thee_reoy | Port PB input hold time 0 ns
thie—p7o) Port P7 input hold time 0 ns
th(e—pPeD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tsutpip—e) | Port P1 input setup time 45 ns
tgucpzo—g)r | Port P2 input setup time 45 ns
tau(roy—s,) | RDY input setup time (when wait bit = *1") 60 ns
thie—e10) Port Pt Input hold time 0 ns
th(e_p20) Port P2 input hold time ] | ns
th(s,_roy) | RDY input hold time ] 0 |1 ns
MITSUBISHI 2153
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits -
Symbol Parameter Test conditions Unit
Min. Typ. Max.
to(ta) TAiN input cycle time 12% ns
twiTar) TAin input high-level pulse width - 62 ns
tw(TaL) TAin input low-level pulse width 62 ns

Timer A Input (Gating input in timer mode)

Symbot Parameter Teat condltions Limits Unit
Min, Typ. Max.
toita) TAin Input cycle time 500 -
twitar) TAiw Iinput high-level pulse width . 250 ns
twiTaL) TAi input low-levet pulse width ) 250 ns
Timer A Input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
oo | TAminp eyciaime -5 —
—!\;(_7;;) : TAi input high-level pulse width 126 ns
tw(TAL) TAhx input iow-level pulse width ) o 125 ns
Timer A Input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
_ Min. Typ. Max.
twirary | TAh input high-level pulse width - 125 o
[ twerars | TAiw Input Iow-level pulse width 125 ns
Timer A input (Up-down input in event counter mode)
Symbol Parameter Test conditions Limita Unit
Min. Typ. Max.
toiup) TAloyr input cycle time 2500 ns
twiupH) TAlgyr input high-level pulse width 1250 ns
twiupL) TAigyr input low-level pulse width 1250 ns
tsuup-Ty) | TAlour input setup time 500 -
thery-ue) TAlour input hold time 500 -
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B il'lput (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
teire) T8I Input cycle time (one edge count) 125 ns
tw(TBH) TBii input high-level pulse width (one edge count) 682 ns
twiTBL) .| TBim input low-level pulse width (one edge count) 62 ns
tcite) TBiw Input cycle time (both edges count) 250 ns
twiTeH) T8I\ input high-levet pulse width (both edges count) 125 ns
tw(TBL) TBiy input tow-level pulse widih (both edges count) 125 ns
Timer B Input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(re) TBin input cycle time 500 ns
tw(Ten) TBiw input high-leve! pulse width 250 ns
twiTeL) TBii input low-level pulde width 250 ns
Timer B input (Puise width measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tecre) TBi Input cycle time 500 ns
twiTen) TBiw Input high-level pulse width 250 ns
twiTe) TBi Input low-leve) pulse width 250 ns
A-D trigger input
Limits
Symbol Parameter Test cc Unit
1 Min. Typ. Max.
teian) ADrag Input cycie time (minimum allowable trigger) 1000 ns
twaoL) ADrng input low-level pulse width 125 T ns
Serial 1/0
Limis .
Symbol Parameter Test conditions Unit
Min. Typ. Max.
teick) CLKi Input cycle time 250 ns
twickH) CLKi input high-level pulse width 125 ns
tw(ckL) CLKi input iow-levet pulss width 125 ns
td(c—a) TxDi output delay time . 90 ns
thic—a) TxDi hold time 30 ns
tsu(p—c) RxDI input setup time ) 30 ns
thic—o) RxDI input hold time 90 ns
External interrupt INTI input
: Limits
Symbol Paramater Test conditions Unit
Min. Typ. Max.
twOnH) INTI input high-level pulse width 250 ns
twNL) INTi input low-level pulse width 250 ns

MITSUBISHI _
ELECTRIC 2155



MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
" M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0S MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vco=5vt10%, Ves=0V, Tam25C, 1(Xin)=16MHz, unless otherwise noted)
Single-chip mode

Limits
Symbol Parameter Test conditions i, Tvp. Max. Unit
tdie—roq) Port PO data output delay lime B ﬁ N i 100 ns
tdte—m1ay | Port P1 data output delay time B 100 ns
tdie—r20) Port P2 data output delay fime - 100 ns
tdie—raq) Port P3 data output delay time | 100 ns
tdie_racy | Port P4 data output delay time Figure 70 100 ns
tdie_psoy | Port P5 data output delay time - 100 ns
jd(E_FGQ) | Port P6 data output delay time 100 ns
—_td(E_p7Q) Port P7 data output delay time 100 ns
I td(e--p8Q) Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when walt bit = *1")
Limits
Symbol Parameter Teat conditions Unit
Min. Typ. Max.
td(roa—g) Port PO address output delay time 30 ns
tdie—r1a) Port P1 data output delay time (BYTE="L") 80 ns
texz(E_p1z) | Port P1 fioating start delay time (BYTE="L") B 5 ns
tdpra—e) Port P1 address output deiay time 30 ns
td(e—p2a) Port P2 data output delay time 80 ns
texz(e—p2z) | Port P2 fioating start delay time . 5 ns
tdcr2a—g) Port P2 address output detay time 30 : ns
td(e—nLpa) | HLDA output delay time 50 ns
td(aLe—g) ALE output delay time 4 ns
tw(aLe) ALE pulse width - 40 ns
td(ane—e) BHE output delay time - 30 s
tdirrw—e) | R/W output delay time Figurs 70 30 ns
tde—e,) 1 output delay time 0 20 ns
th(e—roa) Port £0 address hold time 25 ns
th(aLe—~p,1a) | Port P1 address hold time (BYTE="L") 9 ns
thie—,1a) Port Pt data hold time (BYTE="L"} 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE==“L") 25 ns
thie—e1a) Port P1 address hold time (BYTE=*“H") 25 ns
th(aLE—P2a) | Port P2 address hold time 9 ns
thce—p2q) Port P2 data hoid time 25 ns
tezx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—enEy BHE hold time 20 o
thie—r:w) R/W hold time 20 ns
twiew) E pulse width 95 ns
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SINGLE-CHIP 16-BIT CM0S MICROCOMPUTER

Memory expansion mode and microprocessor mode (when wait bit = 0, and external y area is d)
Limite
Symbol Parameter Test conditions Unit
Min. Typ. Max.
td(poa—g) Port PO address output delay time 155 ns
td(e—P1a) Port P1 data output detay time (BYTE="L") 80 ns
texz(e—pi1z) | Port P1 ficating atart delay time (BYTE="L") 5 ns
tdip1a—e) Port P1 address output delay time 155 ns
td(e—p2q) Port P2 data output delay time 80 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—e) Port P2 address output delay time 155 ns
td(e—nLpa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time 4 ns
twiaLe) ALE puise width 165 ns
td(ene—e) | BHE output delay time 185 ns
tatrw—e) | R/W output delay time Figure 70 155 ns
tde—¢p ¢4 output delay time 0 20 ns
th(e-roa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
the—_p1a) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p12z) | Port P1 floating release delay time (BYTE="L"} 25 ns
thie—P1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address nold time 9 ns
th(e—ezq) Port P2 data hold time 25 ns
tezx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—ane) | BHE hold time 20 ns
thie—rw) | R/W hold time 20 ns
twiEL) E pulse width 220 ns
* MITSUBISHI 2157
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM U] Y t
Single-chip mode twir) twiw
1 Xin)
E \ 4
e tdte—poc
Port PO output
tsucpon—€)
Port PO input Fl thee-rops
fe—! ldie—pra)
Port P1 output X
tgutpio~e)
Port P1 input Fj\ thie—rio)
la—n! td(E—p2a)
Port P2 output
tsutp20—E)
Port P2 input 1 thie—p20)
> tdie—roa)
Port P3 output X
tsu(rao—e)
Port P3 input j\ th(e-pap)
fo—|  td(E—paa)
Port P4 output
tautpan—s)
Port P4 input Fj\ thie-pap)
[~ tde~rsar
Port P5 output X
tgucpso—e)
Port P5 input 3 thee-rsp)
] ;d(E-PeQ)
Port P6 output X
tsu(rep—e)
Port P8 input Fj\ th(e—rep)
je—=1 1d(e-rra)
Port P7 output X
{sutrro—s)
Port P7 input Fl thie—er0)
[* tdie—rac)
Port P8 output
fsutreo-e) |
Port P8 input ' /, ...4\ thie~rep)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

\L
TAiy input /

TAioyr input / N
A

teira)

twitan)

twitaL

tciue)

S

S

twiupn)

/N

twiupy)

TAigyr input
(Up-down input)

)ﬁ

In Event counter mode

CLKi

TxDi

RxDi

TAin input

(When count by falling) l‘h(rm—um tsuup- TIN’\

TAiw input \ 4
(When count by rising) \__/
Tetre
twiten)
'
TBiy input / \
twiteu)
|
tcian)
twiaoL)
ADqrg input \ F \Y /
teick)
twickn
/ /
—/ N
twicke!
thic—a)
tdic-a)
| tsuio—c) thic-0)
twiing

INTi input

twinm)

S
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode (When wait bits=*1")

1y i te
twiw) twir
ge—4,) tde-9,)
i |
thie—mox) "'I | tdipor—e)
Port PO output X Addreas X Address X
(Ag~A7)
thiae-Piatd-» th(e-p1a) texz(e—p12) trzx(e—p1z)
Port P1 output X Addross || X' Data Address | W-—————- L_ 1 Address
(Ag~A,5/Dg~Dys) 4
(BYTE="L") = [
tdipia-£)
thi-ria)
Port P1 output X Address Address X
(Aa"’Als) | L
(BYTE="H") tsucpio—e) thie-r1p)
Port P1 input 4 _\
thiaLe~r2a) l‘h(e—m) texz.€—r22) tezxte—p22)
Port P2 output X Address Daia Address | W — e — — — - Address
(Are~Az/Do~D;) Oe_rr (P— tsu(pzo—€) .
| (E—p20)
Y
Port P2 input A |\—_
"‘{ tdie-nLoa)
Port P3, output *
(HLDA)
twiae)
tace-e)
Port P3; output J’ ‘ ’ N
(ALE) N
Idasee) [**1 the—ane)
Port P3, output ( 4 X
(BHE)
tdinw—e L’I"‘“""W’
\
Port P3, output A
(R/W)
tsutnov~s )| this-nov)
Port P4, input \
(RDY)
Test conditions
* Vee= 5 VE10%
+ Output timing voltage : Vo, ==0. 8V, Vo =2. 0V
« Ports P1,P2 input DV =0,8V, V=25V
« Port P4, input TVL=1.0V, V=4, 0V
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SINGLE-CHIP 16-BIT CM0S MICROCOMPUTER

Memory expansion mode and microprocessor mode(when wait bit="0", and external memory area is accessed)

1(Xn)

(3

Port PO output
(Ag~A;)

Port P1 output
(Ag~A,5/Dg~Dis)
(BYTE="L")

Port P1 output
(Aa~Ass)
(BYTE="H")

Port P1 input

Port P2 output
(A1g~Az3/Do~D;)

Port P2 input

Port P3; output
(HLDA)

Port P3; output
(ALE)

Port P3, output
(BHE)

Port P3, output
(R/W)

Port P4, input
(RDY)

tc
tde—¢ )™ > tdie—sy
twiew) ] \ P
/
tdipoa—e)
thieron)
X Address Address X
|
thiace—pia) -sai thie-p1a) lexzie-p1z) tezxe—piz!
X Address Data Address | W ————— r— Address
A
ke tgie—pio)
tdiea—p
thee—p1a)]
4
X Address Address
|
'Su[mo—s)' _\ thie—r10.
) A
thiaLe—p28) -.—,‘ :h(i-"w’ toxzie_paz M3 tozxie—poz.
X Address % Data Address | Wy —m———— -t - Address
td(e—p20) [ td(pza-¢) .
tsu(p2p—€) thee—p20;
/ *
td(e—nioa)
twiace)
tdiace-€)
/ A / \
tdtane—e) ‘_I thie-swe!
= BHI
X X X
tdtaw_e) b-| thie—rw:
A
\
tsu(ADY—4,) thie ;~ROY)
L

Test conditions
*Vee=5VX10%

* Output timing voitage : Vo, =0. 8V, Vou=2. 0V

+ Ports P1,P2 input P vy =0.8V, v\, =2.5v

- Port P4, input =10V, V=40V
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