MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37700M2-XXXFP, M37700M2AXXXFP, M37700SFP,
and M37700SAFP 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 for 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.
The differences between M37700M2-XXXFP, M37700M2A
XXXFP, M37700SFP, and M37700SAFP are the ROM size
and the external clock input frequency as shown below.

Therefore, the following descriptions will be for the
M37700M2-XXXFP unless otherwise noted.

Type name ROM size 1 External Clock Input Frequency
M37700M2-XXXFP 16K bytes 8 MHz
M37700M2AXXXFP 16K bytes 16MHz
M37700SFP External 8 MHz
M37700SAFP External [ 16MHz

FEATURES

® Number of basic instructiong:-----«--+--sorerrrereeanes 103

® Memory size ROM «oveermrneriinnienn 16K bytes
RAM .................................. 51 2 bytes

® Instruction execution time
M37700M2-XXXFP, M37700SFP
(The fastest instruction at 8 MHz frequency) -+ 500ns
M37700M2AXXXFP, M37700SAFP
(The fastest instruction at 16 MHz frequency)----- 250ns

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

® Single POWET SUPPIy - orrrrerrreeesreieiieenn 5VvE10%
® Low power dissipation (at 8 MHz frequency) APPLICATION

------------------------------------------------------------ 30mw (Typ.) Control devices for office equipment such as copiers, prin-
@ [nterrupts «ooeeereereee e 19 types 7 leveis ters, typewriters, facsimiles, word processors, and personal
® Multiple function 16-bit timer -------orrererreeerrens computers
® UART (may also be synchronous) Control devices for industrial equipment such as ME and
® 8-bit A-D converter --«-ororrirereieeees NC, communication, and measuring instruments.
® 12-bit watchdog timer
® Programmable input/output

(ports PO, P1, P2, P3, P4, PS5, P6, P7, P8) -+ -cvvreees 68
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

FUNCTIONS OF M37700M2-XXXFP

Parameter Functions
Number of Basic Instructions 103
. M37700M2-XXXFP, M37700SFP 500ns (the fastest instructions, at 8MHz frequency)
Instruction Execution Time -
M37700M2AXXXFP, M37700SAFP 250ns (the fastest instructions, at 16MHz frequency)
ROM 16384 bytes
Memory Size
RAM 512 bytes
Input/Outout Port PO~P2, P4~P8 8 -bitX 8
nput/Output Ports
pulybue P3 4 pitX 1
TAO, TA1, TA2, TA3, TA4 16-bitX 5
Mutti-function Timers
T80, 7B1, TB2 16-bitX 3
Serial I/0 (UART or clock synchronous serial 1/0) X2
A-D Converter 8 -bitX 1 (8 channels)
Watchdog Timer 12-bitX 1

3 external types, 16 internal types

Interrupts (each interrupt can be set the priority levels to 0~ 7.)
Clock Generating Circuit Built-in(externally connected to a ceramic resonator or quartz crystal resonator)
Supply Voltage 5v+10%
Power Dissipation 30mw(at external 8 MHz frequency)

Input/Output Voltage 5V
Input/Output Characteristic

OQutput Current 5mA
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

M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Veo Power supply Supply 5V10% to Vee and OV to Vss.

Vss

CNVsgs CNVsg input Input This pin control the processor mode. Connect to Vgg for single-chip mode, and must be connected to Ve
for the M37700SFP and M37700SAFP.

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 1/0O pins of internat clock generating circuit. Connect a ceramic or quartz crystal resonator be-
tween Xy and Xour. When an external clock is used, the clock source should be connected to the Xy pin

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

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

BYTE Bus width selection input Input When 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 Ve and AVss to Vss externally.

AVss

Vrer Reference voltage input Input This is reference voltage input pin for the A-D converter.

PG~ P0; 1/O port PO 170 In single-chip mode, port PO becomes an 8-bit 170 port. An I/O directional register is availabe so that each
pin can be programmed for input or output. These ports are in input mode when reset .

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

P1g~P1; 170 port P1 1/0 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 or microprocessor mode and external data bus is 16-bit width, high-order data
(D1s~Dg)is input or output when E output is “L” and an address {A;s~Ag) is output when E output is “H".
1f the BYTE pin is “H” that is an external data bus is 8-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 P0. in memory expansion mode or microp-
rocessor mode low-order data{D;~Dy) is input or output when E output is “L” and an address(Az;~Ase)is
output when E output is “H”.

P3y~P3; 170 port P3 170 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic-
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output.

P4y~P4, 1/0 port P4 /0 In single-chip mode, these pins have the same functions as port PO. 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. P4, works as ¢ output pin by program.

P5¢~P5; 170 port P5 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A0, timer A1, timer A2, and timer A3.

P6o~P6; /0 port P6 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INTo, INT;, and INT; pins, and input pins for timer B0, timer B1,
and timer B2.

P7¢~P77 170 port P7 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANy~ AN input pins. P77 also has an A-D conversion trigger input function.

P8y~P8; 1/0 port P8 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD,

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

M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37700M2-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 0,6 to FFFFFF,s. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 0 to FF.

The 16K bytes area from addresses C000,¢ to FFFF,g is the
built-in ROM. Addresses FFD6,¢ to FFFF,¢ 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 80,6 to 27F,4 contains
the built-in RAM. In addition to storing data, the RAM is
used as stack during a subroutine call, or interrupts.
Assigned to addresses 045 to 7F4¢ are peripheral devices
such as 1I/0 ports, A-D converter, UART, timer, and inter-
rupt control registers.

A 256 bytes direct page area can be allocated anywhere in
bank 0 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.

Built-in ROM, RAM and control registers for built-in
peripheral devices are assigned to bank 0.
0000001 T T 000000, T 7000000,
00007F ;¢
00008045 \
\ Control registers
bank 0 R
internal RAM \ for built-in peripheral
512 bytes \ devices such as port,
g?;gggls \ \ A-D converter
6 .
\ 00027F)s \ see Fig. 2 for
\ further information
\
\ \
bank 1 < \
\ \
01FFFF1g \ \
' \ 00007F
‘ \
! \
! \
' \
| = b \ b
, \
| 00FFD61s
| \ /
| \ /
\ /
\ /
FE0000ys OO\COOO'G / Interrupt vector table
\ // <see Table 1 for >
bank FE \ / further information
\ internal ROM /
FEFFFFg \ 16K bytes /
FFO00016 \ // A
bank FF 00FFDG1e\ — — :
00FFFDis {+0 vector
FFFFFFie 00FFFFi6 ___ OOFFFFy reset vector
Fig. 1 Memory Map
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

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 register 000044 Up-down flag
000005 Port P1 data direction register 000045
000006 Port P2 000046 Timer AQ
000007 Port P3 000047
000008 Port P2 data direction register 000048 Timer A1
000009 Port P3 data direction register 000049
00000A Port P4 00004A Timer A2
00000B Port P§ 00004B
00000C Port P4 data direction register 00004C Timer A3
00000D Port PS5 data direction register 00004D
00000E Port P6 00004E Timer Ad
00000F Port P7 00004F
000010 Port P6 data direction register 000050 Timer BO
000011 Port P7 data direction register 000051
000012 Port P8 000052 Timer B1
000013 000053
000014 Port P8 data direction register 000054 Timer B2
000015 000055
000016 000056 Timer A0 mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
00001A 00005A Timer A4 mode register
00001B 000058 Timer BO mode register
00001C 00005C Timer B1 mode register
00001D 00005D Timer B2 mode register
00001E A-D control register 00005E Processor mode register
00001F 00005F
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 A-D register 1 000062
000023 000063
000024 A-D register 2 000064
000025 000065
000026 A-D register 3 000066
000027 000067
000028 A-D register 4 000068
000029 000069
00002A A-D register 5 00006A
00002B 00006B
00002C A-D register 6 00006C
00002D 00006D
00002E A-D register 7 00006E
00002F 00006F
000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator 000071 UARTO transmission interrupt control register
000032 . , 000072 UARTO receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART1 transmission interrupt 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
000036 . ’ 000076 Timer A1 interrupt control register
000037 UART 0 receive buffer register 000077 Timer A2 interrupt control register
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 o . 00007A Timer BO interrupt control register
000038 UART 1 transmission butfer register 00007B Timer B1 interrupt control register
00003C UART 1 transmit/receive control register 0 00007C Timer B2 interrupt control register
00003D UART 1 transmit/receive control register 1 00007D | INT, interrupt control register
00003E . . 00007E INT, interrupt control register
ooooar | UART 1 receive buffer register 00007F | INT; interrupt control regiter

Fig. 2. Location of Ports, A-D Registers, UART, Timer, Interrupt Control
Registers, and Peripheral Devices
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

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 calculations, 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 accumulator 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 16 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 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 “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

I Ay I AL ] Accumulator A

15 7 0

l By | B, "] Accumutator B

15 7 0

l Xu | X. ] Index register X

15 7 0

L Yu l Yo ] Index register Y

15 0
7 0 [ s | stack pointer s
Program bank register PG T 5
7 0 I PC | Program counter PC
Data bank register DT 15 0

I DPR ]Direct page register DPR

15 7 0
lO l 0 l 0 [0 ] 0 |PLz]lPL1¥Pu{N[ v]ml X [ D] 1 I z I CI Processor status register PS

Carry flag

Zero flag

Interrupt disable fiag
Decimal mode flag

Index register length flag
Data length flag
Overflow tlag

Negative flag

Processor interrupt priority level IPL

Fig.3 Register Structure
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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 contents of the prog-
ram 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 FF01,4 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
required to generate an address is minimized. Normally the
low-order 8 bits of the direct page register (DPR) is set to
“0046".

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 contains the carry or borrow generated by
the ALU after an arithmetic operation. 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 (2)

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.
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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 result of addition or
subtraction is outside the range between —128 and +127.
It is reset in all other cases. The overflow 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 “17,
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 speed-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-
fatches 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.

cpPU

control signal

D’ys~D’s > D1s~Ds [
D3~D'y > D7~Do :
A'3~Ao > Aga~Ay

Bus interface| gHE
unit

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 regardiess 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, if 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 O is
“L” when an even number address is accessed. The BHE
signal becomes “L” when an odd number address is
accessed.

The bit 2 of processor mode register (address 5E,¢) is the
wait 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 wait bit is “1”, the access time is not extended
for any access. Waveform (3) is an expansion of waveform
(1). waveform (4),(5), and (8) are expansion of the entire
waveform (2), first half of waveform (2), and the last half of
waveform (2) respectively.

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

Internal clock m

E
0 L

ALE 11
[PA—

(A X b X+XD)

Port P2

ALE I I m

Iy

1

Port P2 XAaXo X A+T X b__X
(6) E 1 | ]
[ 1

ALE ﬂ
(-

1

A : Address
D ! Data

These waveforms are at the memory expanding mode and
the microproseor mode.

Access
method|ACcess 2-byte| Access even | Access odd
simultaneously| address 1-byte | address 1-byte

Signai
Ao “or “r “H”
m uLn an uLn

Fig.5 Relationship between Access Method and
Signals A; and BHE
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Instruction code read will be described first.

The CPU obtains instruction codes from the instruction
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 halts
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 (6) 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.

MITSUBISHI n
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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 automaticaily 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 ﬁ 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 multiple interrupts are
caused simultaneously is partially fixed by heardware, 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 the Interrupt
Vector Addresses

Interrupts Vector addresses
A-D conversion 00FFD6,6 00FFD7,¢
UART1 transmit 00FFD8:s  00FFD9¢
UART1 receive 00FFDA;s 00FFDB,g
UARTO transmit O00FFDC:s OOFFDD;g
UARTO receive 00FFDE;s OOFFDF
Timer B2 O00FFEQ,¢  OOFFE14¢
Timer B1 00FFE2,4  OOFFE3,¢
Timer BO 00FFE4,;  OOFFE5s
Timer A4 00FFE6,s  OOFFE7,¢
Timer A3 O0FFE8,s  OOFFE9e
Timer A2 00FFEAs OOFFEB,
Timer A1 O0FFEC;s OOFFED;s
Timer AQ OOFFEE.; O00FFEF,¢
INT, external interrupt 00FFFQ,¢ 00FFF14¢
INT, external interrupt O00FFF2,¢ 00FFF34¢
INT, external interrupt 00FFF4,¢ 00FFF5,¢
Watchdog timer 00FFF6,6  OOFFF74¢
DBC (unusable) O0FFF8,,  OOFFF9,,
Break instruction 00FFFA;s  OOFFFB,g
Zero division O00FFFC,s  OOFFFD,g
Reset OOFFFE,;  OOFFFF,4

7 654 3 210

Interrupt priority

Interrupt request bit
0 : No interrupt
1 ! Interrupt

76543210
[ 111 1]
R

Interrupt priority

Interrupt request bit
0 : Nointerrupt

1 I linterrupt
Polarity selection bit

0 ! Edge sense
1 ! Level sense

Interrupt control register configuration for A-D converter, UARTQ, UART1, timer A0 to timer A4, and timer BO to timer B2

0 ! Set interrupt request bit at “H" level for level sense and when changing from “H" to “L”
level for edge sense.
1 I 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

Priority resolution is performed by latching the interrupt re-
quest bit and interrupt priority level so that they do not

Interrupt control registers Addresses
A-D conversion interrupt control register 00007046 change. They are sampled at the first half and latched at
UARTO transmit interrupt control register 00007146 the last haif of the operation code fetch cycle.
UARTO receive interrupt control register 00007246 Because priority resolution takes some time, no sampling
UART1 transmit interrupt control register 000073, pulse is generated for a certain interval even if it is the next
UART1 receive interrupt control register 00007446 operation code fetch cycle.
Timer AO interrupt control register 00007544
Timer A1 interrupt control register 0000766
Timer A2 interrupt control register 00007746 Priority is determined by hardware
Timer A3 interrupt control register 00007846 A
Timer A4 interrupt control register 0000796 @ ® @ ®
Timer BO interrupt control register 00007A¢ I |
Timer B1 interrupt control register 00007B,¢ : D—D~ ——— —-I : w‘:}fn'fFH DAB?HRGSG{I
Timer B2 interrupt control register 00007C,¢ Lo 1
INT, interrupt control register 00007D+ . .
—— - A-D converter, UART, Timer, INT interrupts
INT, interrupt control register 00007E¢
INT interrupt control register 00007F1¢ Priority can be changed with software inside @
Interrupts caused by a BRK instruction and when dividing Fig. 7 Interrupt Priority
by zero are software interrupts and are not included in this
list. Level 0
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- Interrupt request
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- V;
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 : \7/
same, the one above has priority.
This comparison is repeated to select the interrupt with the Y
highest priority among the interrupts that are being re- \/
quested. Finally the selected interrupt is compared with the 7/
processor interrupt priority level (IPL) contained in the pro-
cessor status register (PS) and the request is accepted if it N/
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 Y
disable flag I. INT, \/
When an interrupt is accepted, the contents of the proces- — \7/
sor status register (PS) is saved to the stack and the inter- INT,
rupt disable flag | is set to “1”. Y
Furthermore, the interrupt request bit of the accepted inter- \V
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. Fig.8 Interrupt Priority Resolution
Therefore, multi-level priority interrupts are possible by re-
setting the interrupt disable flag | to “0” and enable further
interrupts.
For reset, DBC, 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.
MITSUBISHI 13
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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 5E,¢) 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 “004¢” 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 Seting value
Reset 0
DBC 7
Watchdog timer 7

Zero division
BRK instruction

not change value of IPL.
not change value of IPL.

Table 4. Relationship between Priority Level Evaluation
Time Selection Bit and Number of Cycles

Priority level resolution time selection bit
- - Number of cycles
Bit5 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 resolution time
Select from 0 to 2 with bits

4 and 5 of the processor

mode register

Fig.9 Interrupt Priority Resolution Time

7 6 5 4 3 2 1 0

LL LT

‘ [ l_l Processor mode register(5E,g)

L

Processor mode bits
0 0 : Single-chip mode
0 1 : Memory expansion mode
1 0 : Microprocessor mode
1 1 : Evaluation chip mode
Wait bit
0 © Wait
1 No wait
Software reset bit
The processor is reset when this bit is set to “1".

Priority resolution 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”

Internal clock (¢) output selection bit
0 : No output
1  Output

g.10 Processor Mode Register 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 |I/0 pins are shared with {/0 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.

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 Ai
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 § of the timer Ai
mode register must always be “0” in timer mode.

Bit 3 is ignored if bit 4 is “0”.

Bits 6 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
is set when the contents becomes 0000,s. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

f2 f1s fa2 foa fs12
to—| 172 |—1—| 1/8 ,—l—{ 1/2 |—L—| 1/2 |—LL 1/8 |——J
q Data bus (odd) {
-« '
q Data bus (even) {
S
Ctock source selection (Lower 8 bits) (Higher 8 bits)
f, o * Timer h NE
* One-shot Reload register(16) |
fig—O * Pulse width modulation
\o —0
fea —O
Timer(gate function) J <
forz :D Counter(16) —I»—
e Addresses
O Polarity Event counter | Up/Down Timerad 47is 41
™ selection Count start flag Always decremented TimerAl 49,5 48,
-_'g 4) except in event count mode||_.
(i=0~ (40,6) TimerA2 4B, 4Aq
L= External trigger .
Down count ——oO TimerA3 4Dy 4C.q
TimerAd4 4Fys 4Eyq
Up-downflag o ‘o_J
(44:6)
1o}
Pulse output
O__< } 1' Toggle flip-flop ll
TAiour
(i=0~4)
Fig.11 Block Diagram of Timer A
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When bit 2 of the timer Ai mode register is “1”, the output
is generated from TAioyr pin. The output is toggled each
time the contents of the counter reaches to 0000,¢. When
the contents of the count start flag is “0”, “L" is output from
TAioyr pin.

When bit 2 is “0”, TAigyr can be used as a normal port pin.
When bit 4 is “0”, TAi,y 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 pulse
width of the TAiy 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 TAi,y 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 TAiy pin must be
two or more cycles of the timer count source.

When data is written to timer Ai register, the same data is
also written to the reload register and the counter. The
count start flag corresponding to the written timer is
cleared to “0” and count is stopped. 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 AG mode register 564¢
Timer A1 mode register 5716
Timer A2 mode register 58:¢
Timer A3 mode register 5%
Timer A4 mode register 5Aq¢

0 0 : Always “00” in timer mode

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

1 : Puise output

0 X : No gate function (TAiy is normal port pin)
1 0 : Count only while TAi\y input is “L”

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

0  Always “0" in timer mode

Clock source selection bit
00 : Selectf,
01 . Selectfg
10 :Select feq

11 :Selectts2

Fig.12 Timer Ai Mode Register Bit Configuration during Timer Mode
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7 6 5 4 3 2 1t 0 Count start flag Address
40
l ‘ I L J l l [ I (Stop at “0”, Start at “1”) e

L

Timer AQ 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 fj ||||||||||||||||H||||||||H||||I||||||||||||||||||

TAin

Timer Mode Register
Bit 4 Bit 3

K Uiy il

Timer Mode Register
Bit 4 Bit 3

g 111 1

Fig.14 Count Waveform when Gate Function is Available
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(2) Event counter mode (01)

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

The input signal from the TAin 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 of 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 TAigyr pin.

When bit 4 of the timer Ai 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.

Also, the increment or decrement count interval must be at
least two cycles of the timer count source.

The count is decremented when the input signal from the
TAioyr pin is “L” and incremented when it is “H”.

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,¢ (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.

At decrement count, if bit 2 is “1”, the output is generated
from the TAigyr pin. The output is toggled each time the
counter reaches 0000,¢. At increment count, If bit 2 is “1”,
the output is generated from the TAioyr pin. The output is
toggled each time the counter reaches FFFF,¢.

If bit 2 is “0", TAigyr pin can be used as a normal port pin.
However, if bit 4 is “1” and the TAigyr 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 TAioyy pin is to be used to select the count direction.

Addresses
Timer AQ mode register 56+¢

Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 595

Timer A4 mode register S5A6

0 1 : Always “01” in event counter mode

0 : No puise output
. Pulse output

0 : Count at falling edge of input signa!
1 : Count at rising edge of input signal

0 : Increment or decrement according
to up/down flag

1 * Increment or decrement according
to TAioyr pin input signal level

0 @ Always “0” in event counter mode

XX ! Not used in event counter mode

Fig. 15 Timer Ai Mode Register Bit Configuration
for Event Counter Mode

Address
Up-down flag 44,6

T—— Timer A0 up-down flag

Timer A1 up-down flag
Timer A2 up-down flag
Timer A3 up-down flag
Timer A4 up-down flag

76543210

Timer A2 two-phase puise signal
processing selection bit

0 : Two-phase puise signal processing
disabled

1 . Two-phase pulse signal processing
mode

L

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 pulse signal processing
disabled

1 : Two-phase pulse signal processing
mode

Fig.16 Up-down flag 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 is written to timer Aj, it is
also written to the reload register and the counter. Then the
count start flag corresponding to the written timer is
cleared to “0” and the count is stopped. 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 shifted by 90° to timer A2, A3,
or Ad. A reference pulse is supplied to TAjoyur {j =2, 3, 4)
and a pulse shifted by 90° is supplied to TAjy. The count is
incremented when a rising edge is input to TAjy and is de-
cremented when a falling edge is input after TAjoyr has
changed from “L” to “H". When performing this two-phase
pulse signal processing, 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 register (44,¢) are the two-phase pulse sig-
nal processing selection bit for timer A2, A3, and A4 re-
spectively. Each timer operates in normal event counter
mode when the corresponding bit is “0” and performs two-
phase pulse signal processing when it is “1”.

Count is started by setting the count start flag 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 58y

Timer A3 mode register 591

0 Timer A4 mode register SAqg
1

U— 0 1 : Always “01” in event counter mode

0100 : Always “0100" when processing
two-phase pulse signal

XX ! Not used in event counter mode

Fig.17 Timer Aj Mode Register Bit Configuration
when Performing Two-Phase Pulse Signal
Processing in Event Counter Mode

(3) One-shot pulse mode (10)
Figure 18 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 flag is “1”. The
trigger can be generated by software or it can be input
from the TAiy pin. Software trigger is selected when bit 4
is “0” and the input signal from the TAi,y 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 19 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 20, 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 TAigyr pin
goes “H” when a trigger signal is received. The count
direction is decrement.
When the counter reaches 000146, The TAioyt 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 (count at the time of trigger).
If the count start flag is “0", TAiour goes “L”. Therefore, the
value corresponding to the desired pulse width must be
written to timer Ai before setting the timer Ai count start
flag.
As shown in Figure 21, 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.

MITSUBISHI 19
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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 Ai, it is also written to the re- 765432
1

load register and counter. The count start fiag correspond-

Addresses
Timer A0 mode register 56,6

Timer A1 mode register 5716
Timer A2 mode register 5846
Timer A3 mode register 59,6

Timer A4 mode register S5A6

ing to the written timer Ai is cleared to “0” and count is
stopped.

 Always “10” in one-shot puise mode

1 I Always “1” in one-shot pulse mode

0 X : Software trigger

1 0 ! Trigger at the falling edge of TAi,y
input

11 I Trigger at the rising edge of TAin
input

0 : Always “0" in one-shot pulse mode

Clock source seiection
00 :Selectf,
01 :Selectfg
1 0 : Select fg,

11 : Select fsy,

Fig.18 Timer Ai Mode Register Bit Configuration

during One-shot Pulse Mode

0

76543210

Address

One-shot start flag 426

T—- Timer AQ one-shot start flag

Timer A1 one-shot start flag

Timer A2 one-shot start flag

Timer A3 one-shot start flag

Timer A4 one-shot start flag

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

Fig.19 One-shot Start Flag Bit Configuration
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Selected clock

source fj IIIIIIIIIll||l|||||||||||||||||||||||||

TAiN

(in case of rising }
edge)

TAiour

Example when the contents of the reload register is 00034

Fig.20 Pulse Output Example when External Rising Edge Is Selected

Selected clock

source fj |||||||||||||||||||||||||||l|||||l|||||
TAing /1

(in case of rising

edge)

TAioyr

Example when the contents of the reload register is 0004,

Fig.21 Example when Trigger is Re-issued during Pulse Output
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(4) Pulse width modulation mode (11)
Figure 22 shows the bit configuration of the timer Ai mode
register during pulse width modulation mode. In pulse
width modulation mode, bits 0, 1, and 2 must be set to “1”.
Bit 5 is used to determine whether to perform 16-bit iength
pulse width modulator or 8-bit length pulse width modula-
tor. 16-bit length pulse 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 signal from a TAiy 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 Ai start flag is set to “1”.
The external trigger mode is selected when bit 4 is “1”.
Pulse 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”.
If data is written in timer Ai when the timer Ai start flag is
“0” (that is when pulse width modulator is halted), the data
is written in the reload register and the counter. Then when
the time Ai start fiag is set to “1” and a software trigger or
an external trigger is issued to start modulation, the wave-
form shown in Figure 23 is output continuously. Once mod-
ulation is started, triggers are not accepted. If the value in
the reload register is m, the duration “H” of pulse is

1

selected clock frequency Xm
and the output pulse period is
1
X(2'%—1).

selected clock frequency
An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set at
each fall of the output pulse.
To change the pulse width, write the data during the time
after the pulse falls but before the rise of the next pulse. In
contrast to the timer mode, data is written in the reload reg-
ister only and not in the counter. Furthermore, the timer Ai
start flag is unaffected and the counter is not stopped.
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.
To read the timer Ai is performed from the reload register
instead of the counter.
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 5 is “1".
The reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a pre-scaler and the high

order 8 bits function as the 8-bit length pulse width modula-
tor. The pre-scaler counts the clock selected by bits 6 and
7. A pulse is generated when the counter reaches 000044
as shown in Figure 24. At the same time, the contents of
the reload register is transferred to the counter and count is
continued.

Addresses
Timer AO0 mode register 5646
Timer A1 mode register 5716
Timer A2 mode register 5846
Timer A3 mode register 596

76543210

[T 111 Timer A4 mode register  5Aqs

11 © Always “11” in pulse width moduiation
mode

1 : Always “1” in pulse width modulation
mode

0 X : Software trigger
1 0 ! Trigger at the falling of TAi input
11 [ Trigger at the rising of TAi\ input

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

Clock source selection bit

00 : Selectt,
0 1 ! Select fy¢
10 . Select fgq

11 . Select fs12

Fig.22 Timer Ai Mode Register Bit Configuration
during Pulse Width Modulation Mode
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg-

the period of the generated pulse is

1

1
selected clock frequency X{n+1).

modulator using this pulse as input. The operation is the

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

1

same as for 16-bit length pulse width modulator except that

selected clock frequency

ister is m, the duration “H” of pulse is

X{n4+1)X m.

X{n+1)X(28—1).

]

= 1/iX(2'8—1)
[

Selected clock A
] [}
source fi H ,

| |

|
|
TAin | \
(in case of I I\ This trigger is not accepted
rising edge) | |
— fe— 1/6iX(m)
TAiour

————

|
I
|
I
l
|

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

]
|

t

]

L

Fig.23 16-bit Length Pulse Width Moduiator Output Pulse Example

(in case of falling edge) +

| o
Lo
| Ly
Thin | Ly
I [
| |
T ]
| |

— H— 16X (n+1)
|
Pre-scaler output '
(when n =2) U U U U I_I | |
|
|
—>{I l«—]/f,X(n+1)X(m)
|
|
8-bit length pulse | I
width modulator
output
(when m =2)

;
e 1/6X (n+1)X (28-1)
|
|

Selected clock ) lr: :
source fi (YR

Fig.24 8-bit Length Pulse Width Modulator Output Pulse Example
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TIMER B

Figure 25 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 26 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 0000,5. 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 written to timer Bi register, the same data is
written to the reload register and the counter. The count
start flag of the corresponding to the written timer is
cleared to “0” and count is stopped. The contents of the
counter can be read at any time.

clock source selection
* Timer
f, —oO

fie —Ox

fea —O

width measurement
O

fs512 —O

Polarity selection Event counter

TBin O_ and edge pulse -0
(i=0~2) generator

* Pulse period measurement/pulse

Count start flag

(4016)

Data bus{odd) g
Data bus{even) {
J ] [( Lower 8 bits)L (Higher 8 bits)
I Reload register(16) —I
J 4 ] [ L' ﬂ Aqgresses
Counter(16) ITimer BO 51,6 504

Timer B1 534 526

Timer B2 55,5 5446

Counter reset
Circuit

Fig.25 Timer B Block Diagram
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(2) Event counter mode (01)
Figure 27, 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 is performed at the
rise and fall 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 28 shows the bit configuration of the timer Bi mode
register during pulse period measurement/pulse 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 puise period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBiyy 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 29, when the fall of the input signal from TBiy 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

76 543 2 Timer B1 mode register 5Cqg

1 0
L1 XIXIxix]o]o]
L-L— 0 0 : Always “00" in timer mode

Timer B2 mode register 5D,

XX © Not used in timer mode and
may be any

Clock source selection bit
00 : Selectf,

01 ! Select g
1 0 : Select fg4

11 ! Select f5

Fig.26 Timer Bi Mode Register Bit Configuration
during Timer Mode

Addresses
Timer BO mode register 5B,q

766543210 Timer B1 mode register 5C;¢

[X]x | 10[1] LTimer B2 mode register 5D
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
XX © Not used in event counter mode

Fig.27 Timer Bi Mode Register Bit Configuration
during Event Counter Mode

Addresses
Timer BO mode register 5B.¢

76543210

Ll

Timer B1 mode register 5C;g

Timer B2 mode register 5D,¢

1 0 : Always “10” in pulse period
measurement/pulse width
measurement mode

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

0 1 ! 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 failing one

Clock source selection bit
00 : Selectf,
01 ! Selectfyg
1 0 : Seiect fg,

11 . Select fgy0

Fig.28 Timer Bi Mode Register Bit Configuration dur-
Ing Pulse Period Measurement/Pulse Width
Measurement Mode
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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
pulse period measurement mode except that the clock is

counted from the fail of the TBiyy pin input signal to the next
rise or from the rise of the input signal to the next fall as
shown in Figure 30.

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
TBiy pin input signal to the next rise or from the rise to the
next fall must be at least two cycles of the timer count
source.

Selected Clock
Source fj

TBin

Reload Register «— Counter

Counter+—0

____]“__:1

Count Start Fiag I

Interrupt Request Signal

=R

to next falling one)

Fig.29 Pulse Period Measurement Mode Operation (example of measuring the interval between the falling edge

!
|
|
[l
|
l

t
|
|

Reload Register «— Counter

Selected Clock
Source fj HIII|II_II.JL‘UUUUUULIUUI—|UI—|UI—I
! l
|
|
TBiy t ‘ “ } I
|
|
i

1

Il
|
:
Counter+—0 n

Count Start Flag _l

Interrupt Request Signat

]
I 1
1

Fig.30 Pulse Width Measurement Mode Operation
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SERIAL 1O PORTS ing start and stop bits.

Two independent serial 1/O ports are provided. Figure 31 Figures 33 and 34 show the connections of receiver/trans-
shows a block diagram of the serial I/0O ports. mitter according to the mode.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive Figure 35 shows the bit configuration of the UARTi transmit/
mode register shown in Figure 32 are used to determine receive control register.

whether to use port P8 as parallel port, clock synchronous Each communication method is described below.

serial 1/0 pont, or asynchronous (UART) serial /O port us-

Data Bus(odd)
§ 3
it
L )
Data Bus(even)

[oToToTolo[0] 0]DalD,|De[Ds|D4|DsD2[D:[D6] Receive Butter Register
[ UARTO(37,6, 3645)

RxD; UART1(3F,g, 3E,6)
> 1 Receive Register |
UART Receive .
° Contro ] Receive Clock
Bit Rate Ciock Synchronouso | Circuit
Generator —
Clock Source Selection — UART Transmission .
f, —o UARTO(31,¢) o \&h_'— Transmission Clock
e o UART1(39;6)  [Clock Synchronous[—o M’ﬂw
': - Internal Clock S({ntcmor:a:s o TxDj
fo12—o o e coc: | Transmission Register )
° z
External Clock Synchronous Clock Synchronous
} _—
) ™ (Internal clock) (External clock Transmission
cki O Y [DGID7|DSIDSID:|?3|02]D'[DEI Buffer Register
e UARTO(33,4, 32,¢)
CTSi/RTSi UART1(3B,g, 3A6)
O Data Bus
(odd)
: I
g :

Data Bus(even)

Fig.31 Serial I/0 Port Block Diagram

7 6 Addresses
[ l 15 [4 l 3 12 I ! l 0] UART 0 Transmit/Receive Mode Register 3046
UART 1 Transmit/Receive Mode Register 38:g

S

0

0

1

1

erial Communication Method Selection Bit
0 0 : Parallel port
0 1 : Clock Synchronous
0 0 . 7-bit UART
0 1 : 8-bit UART
110 :9-bit UART
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
Parity Enable Selection Bit

0 . No parity

1 © With parity
Sleep Selection Bit

0 . No sleep
1 . Sleep
Fig.32 UART i Transmit/Receive Mode Register Bit Configuration
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Y ﬁ Data Bus(odd) 3
{ Data Bus(even) J
[ 0 l 0 l 0 J 0 ‘ 0 l 0 J 0 l Ds ” D; l Dg I Ds l D, l D3 l D; l D, ] DTI I:ch?sl::r Buffer

8 bit
9 bit

7oit Synchronous

RXDi 2 stop bit Parity 8 bit

O Receive
Register
Synchronous
Fig.33 Receiver Block Diagram
§ Data Bus{odd) It
¢ Data Bus(even) j

I Dy “ D?g] Ds l Ds[ D4 ] D, I D: ] D J Do gL?j:ni;?gi;?s:er
bit
9 bit

2 stop bit Synchronous

B, . c
o o
3
> 2o
arlty 8bit | 7bit )
Transmission Register
Synchronous

“gr

1 stop bit

Fig. 34 Transmitter Block Diagram

7 65 4 3 2 1 0 Addresses

W#’IR/CICS‘ ICSO_I [UART 0 Transmit/Receive Control Register 0 3416J

UART 1 Transmit/Receive Control Register 0 3Cq¢

Clock Source Selection Bit
00  Selectf;

01 ! Select fig

1 0 : Select fg,

11 7 Select f5y;,
CTS, RTS Selection Bit

0 : Select CTS

1 ! Select RTS
Transmission Register Empty Bit

7 6 54 3 2 10 Addresses
UART 0 Transmit/Receive Control Register 1 354
[SUM[PERIFERIOERJ R [ Re I I TTE UART 1 Transmit/Receive Control Register 1 3D,

Transmit enable flag
Transmit buffer empty flag
Receive enable flag
Receive completion flag

Overrun error flag
Framing error flag
Parity error flag
Error sum flag

Fig.35 UARTI Transmit/Receive Control Register Bit Configuration
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CLOCK SYNCHRONOUS SERIAL
COMMUNICATION

A case where communication is performed between two
clock synchronous serial 1/0O ports as shown in Figure 36
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be denoted 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]j 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 (CS;) and bit 1
(CS,) of the clock sending side UART]j transmit/receive
control register 0. As shown in Figure 31, the selected
clock is divided by (n +1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLK;j. Therefore, when the selected clock is fi,

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

On the clock receiving 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 “17 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 “17, bit 1 is (Tj flag)
of one is “0”, and CTSj input is “L". As shown in Figure 37,
data is output from TxDj pin when transmission clock CLK;j
changes from “H" to “L". The data is output from the least
significant bit.

The Tlj flag indicates whether the transmission buffer 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 satis-
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-

v

mission is not interrupt when CTSj input is changed to “H”
during transmission.

The transmission start condition indicated by TEj flag, Tlj
flag, and 6178‘1 is checked while the Tenpj signal shown in
Figure 37 is “H". Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission buffer register and Tlj flag is cleared to “0” before
the Tenpj signal goes “H”.

The bit 3 (TXEPTY] flag) of UART] transmit/receive control
register 0 changes to “1” at the next cycle after the Teyp;j
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]j transmission interrupt control regis-
ter is set to “1”.

Receive

Receive starts when the bit 2 (REk 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 CLKj changes from “L” to"H". When an 8-bit
data is received, the contents of the receive register is
transferred to the receive buffer register and the bit 3 (Rl
flag) of UARTK transmit/receive control register 1 is set to
“1”_ In other words, the setting of the Rlk 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 Rlk flag changes from “0”
to “1”, the interrupt request bit in the UARTK receive inter-
rupt control register is set to “1”. The bit 4 (OER flag) of
UARTK transmission control register 1 is set when the next
data is transferred from the receive register to the receive
buffer register while the Rlk flag is “1”. In other words
when an overrun error occurs.

The OER flag is automatically cleared to “0” when the low
order byte of the receive buffer register is read. In other
words, the OERk flag indicates that the next data is trans-
ferred to the receive buffer register prior to receive buffer
register is read. The OERk flag is also cleared when the
REk flag is cleared. Bit 5 (FER flag), bit 6 {PERk flag),
and bit 7 (SUM flag) are ignored in clock synchronous
mode.

As shown in Figure 31, 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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TxDj TxDy
|
| UART; Transmission Register '——

I UART; Transmission I

—[ UARTy Transmission Register I

Buffer Register L UARTK Transmission Register I

LUART; Receive Buffer Register I l UARTY Receive Buffer Register ]
RxDj RxDg - -

I UART; Receive Register ]<— —>| UART Receive Register l
UART; Transmit/Receive Mode Register UARTY Transmit/Receive Mode Register
Lolx[x[x[o]ofo]1] Lo IxIx[x[ 1 oo V]
CLK| CLKy
UART; Transmit/Receive Control UARTK Transmit/Receive Control
Register 0 Register 0
XXX 0 [osi[esd DD 1] ] x]

. . . CTSI' RTSK
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Fig.36 Clock Synchronous Serial Communication
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Fig.37 Clock Synchronous Serial /0 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 (CSy) and bit 1 (CS,) of UARTI transmit/
receive control register 0 are used to select the clock
source. When an internal clock is selected for asynchro-
nous serial communication, the CLK pin can be used as a
normal 1/0 pin.

The selected internal or external clock is divided by (n+1),
then by 16, and passed through a control circuit 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 fex7)/ {(n+1)X 16}

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

The bit 5 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.

—= | (1/f; or 1/fexy) X (n+1)X16

Transmission Clock

TE; __l

m | ,7

Write in transmission buffer regisger
CTS;j |

4\_——1

Transmission Register «-Transmission

| I

Bufter Register (

Tenoi l—l

n

I I

TxEPTY;j

Stant Bit Parity Bit Stop Bit Stopped because TE= 0"
™0 STADXDXDXOX XXX Y5 \STALKD XD XOKOXPNXPKONK Y 5P ST0oX0y)

1

Fig.38 Transmit Timing Example when 8-bit Asynchronous Communication with Parity and 1 Stop Bit is Selected

Transmission Clock

= b= (/8 or 1/fexr) X (n+1)X16

TEj _]

N

L

Write in transmission buffer register

Transmission Register«—Transmission

Tenoi Buffer Register
Start Bit Stop Bit Stop Bit topped because | .,
TxDj
TxEPTY; l | |
Fig.39 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/receive control regisger 0 bit 2 is used
to determine whether to use CTSj input or RTS; output.
ﬁéﬁ input used if bit 2 is “0" and RTS; output is used if bit
2is“1".

If CTS. input is selected, the user can control whether to
stop or start transmission by external CTS;j input. RTS; 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 (Tl; flag)
is “0”, and CTSj input is “L” it CTSj input is selected. As
shown in Figure 38 and 39, 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 significant bit.

The Ti; 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, Tlj flag, and
CTSj signal (if CTSj input is selected) are ignored until
data transmission is completed.

Therefore, transmission does not stop until it completes
even if the TE; flag is cleared during transmission.

The transmission start condition indicated by TE; flag, Tl;
flag, and Eﬁ is checked while the Tgypj signal shown in
Figure 38 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 Tenpi signal goes “H”.

The bit 3 (TXEPTY; flag) of UART; transmit/receive control
register 0 changes to “1” at the next cycle after the Tgnpi
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 TI; flag changes from “0” to “1”, the interrupt re-
quest bit in the UART; transmissoin interrupt control regis-
ter is set to “1”.

RECEIVE

Receive is enabled when the bit 2 (REj flag) of UART;
transmit/receive control register 1 is set. As shown in Fi-
gure 40, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived.

AmnAUUYUTuiY

RE; J
Stop Bit Start bit
RxD; Start 81 K By ) ET T __
Ch t “Lr Get data
Receive eck to be “L” level o
Clock —_— L—J ;—
Starting at the falling
edge of start bit
Rlj |

RTS; |

Fig. 40,
and 1 Stop Bit Is Selected

Receive Timing Example when 8-bit Asynchronous Communication with No Parity
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If RTS| output is selected by setting the bit 2 of UART;
transmit/receive control register 0 to “1”, the RTSi output is
“H” when the RE;j 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,
RTSj 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 t is set. In other
words, the Rl; 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 Rlj flag changes from “0” to
“qr

The bit 4 (OER;| flag) of UART;| transmission control register
1 is set when the next data is transferred from the receive
register to the receive buffer register while the Rl flag is
“1”. In other words when an overrun error occurs. If the
OER; flag is “1”, it indicates that the next data has been
transferred to the receive buffer 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; flag is set. Therefore, the SUM; flag can
be used to determine whether there is an error.

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

SLEEP MODE

The steep mode is used to communicate only between cer-
tain microcomputers when multiple microcomputers are
connected through serial /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 RIj, OER;j, FERj, PER;, and the SUM; flag are
unchanged. Therefore, the interrupt request bit of the
UART; receive 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 received 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 sieep 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.

MITSUBISHI 13
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A-D CONVERTER

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

Figure 41 shows a block diagram of the A-D converter and
Figure 42 shows the bit configuration of the A-D control
register. The frequency of the A-D converter operating
clock ¢ap 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, #ap="F(x,)/8. When bit 7 is “1”, $ o5 is the clock
frequency divided by 4 and ¢ ap is=f(x,)/4. The ¢ op during
A-D conversion must be 250KHz minimum because the
comparator consists of a capacity coupling amplifier.

The operating mode is selected by the bits 3 and 4 of A-D
control 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 65 4.3 21 Address
T T 1T T F T 1] ADcontrol Register 1E

Analog Input Selection Bit

0 00 : Seiect AN,
. Select AN,
. Select AN,
. Select AN,
: Select AN,
. Select AN;
. Select ANg
. Select AN,
peration Mode Selection Bit
* One-shot mode
. Repeat mode
. Single sweep mode
. Repeat sweep mode
Trigger Selection Bit
0 : Software trigger

0
0
0
1
1
1
1
A-

—‘O—'OO—O—'O—'O‘

1
1
0
0
1
1
D
0
0
1

1

1 ! ADrag input trigger
A-D Conversion Start Flag

0 : Stop A-D conversion

1 I Start A-D conversion
Frequency Selection Flag

0 Select f(x,/ 8

1 : Select frx,,)/ 4

Fig.42 A-D Control Register Bit Configuration

A-D Conversion Speed Selection

¢
f(xm) /2 ]/2 l—o AD
Vaer O—

Vref
Ladder Network

AVss O—

N

LLIITIT[F
Successive Approximation Register r[ | [ ] I 1]

| Addresses A-D Con(troEI R)eglsterl IR

A-D Reglster 0(204¢)
A-D Register 1(22,¢)
A-D Register 2(24,¢)
A-D Register 3 (26,) Decoder
A-D Register 4 (28,¢)
A-D Register 5(2A¢)
A-D Register 6(2C,5) Comparator
A-D Register 7(2E )
{ U 9

Data Bus (even)

ANo O 0

AN, O— o

AN, O °

AN O °

AN, O— —o

ANs O °

ANg O ©

AN; O

ADrag Selector
Fig.41 A-D Converter Block Diagram
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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 ¢.p 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.

If an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1” and the AD+gg in-
put changes from “H” to “L”. In this case, the pins that can
be used for A-D conversion are ANy to ANg because the
AD+yrg pin is shared with the analog voltage input pin AN;.
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
interrupt 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)

First the A-D conversion result of input from ANy pin is
stored in A-D register 0, next the A-D conversion result of
input from AN, pin is stored in register 1. This is repeated
up to AN; pin and then conversion stops. In other words,
A-D conversion is performed by incrementing the bit 0, 1,
and 2 of A-D control register by 1 starting from “000".

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. A-D conversion up to AN, pin ends after
456¢ op cycles and then an interrupt request bit is set in the
A-D conversion interrupt control register. At the same time,
A-D control register 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 ADygg in-
put changes from “H" to “L”. In this case, the A-D conver-

sion result of the trigger input itself is stored in the A-D
register 7 because the ADrgrg pin is shared with AN; pin.
The operation is the same as done by software trigger 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 difference with the single sweep mode is that A-D
conversion does not stop after converting the AN; pin, but
repeats again from the AN, pin. Also, no interrupt request is
generated. Furthermore, if software trigger is selected, the
A-D conversion start flag is not cleared. The A-D register
can be read at any time.
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WATCHDOG TIMER

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

Figure 43 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 (f51,). Whether to count fs, or sy, is de-
termined by the watchdog timer frequency selection flag
shown in Figure 44. 5, is selected when the flag is “0” and
f32 is selected when it is “1”. The flag is cleared after reset.
FFF,¢ is set in the watchdog timer when “L" or 2V¢c is ap-
plied 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,¢ is set in the watchdog timer, the contents of
watchdog timer is decremented by one at every cyle of
selected frequency fs, or fsy,, and after 2048 counts, the
most significant bit of watchdog timer become “0", and a
watchdog timer interrupt request bit is set, and FFFqg 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 also be used to recover from when
the clock is stopped by the STP instruction. Refer to the
section on clock generation circuit for more details.

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

Watchdog Timer
Frequency Selection (connection forced to ts, during
STP instruction execution)

Watchdog Timer

Hold (6046)

Write to watchdog timer

Set FFF¢
RESET Voo
O— Detection
Circuit

STP Instruction

Fig.43 Watchdog Timer Block Diagram

7 6 5 4 3 2 1 ¢
Watchdog Timer 6146

Frequency Selection
0 : Selectts,,

1 ! Select fa

Fig. 44 Watchdog Timer Frequency Selection Flag

36 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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
+10%. Program execution starts at the address formed by
setting the address pins A,;~ Ay to 0046, Ay~ Ag to the
contents of address FFFFs, and A;~ A, to the contents of
address FFFE .

Figure 45 shows the status of the internal registers when a
reset occurs.

Figure 46 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.

M37700M2-XXXFP

RESET Vv,
cc ov
28| —AAN————4 69 /—
T 0 v_ﬂ/ 0.9v

s

Fig.46 Example of a Reset Circuit (perform careful
evaluation at the system design level before using)

ELECTRIC
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Fig. 45 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, thé 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 47 shows a block diagram 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;~P1,, P2;~P24, P35~P3,, P4g~P4, (Inside dotted-line not included)
Port P4o, P44, P4;, P5,, P55, P55, P5;, P6;~P6,, P8,, P8, (Inside dotted-line included, but P8,, P8, are without hysterisis)

<t 7
—E:H}}«@
AL

data bus

@ I
* Port P7¢~P7, (Inside dotted-line not included) ! !
« Port P7; {Inside dotted-line included)
Data Direction
Register
—l Port Latch U ' JD)-‘} :}—"—O

Data bus

~N
Analog tnput —=————— -

* Port P83, P8; (Inside dotted-line not included)
Port P5g, P5,, P54, P56, P6; (inside dotted-line included)

Data Direction
Register 17—
< e

Output

.- }+-O

data bus

* Port P8, P8,, P8,, P85
. “ro
Data Direction
Register. “o" o \i—o
j ©
Output

o s —|— oo - 10

<

~N _@_

1

Fig.47 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 48 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 /O pins except in single-chip
mode.

Figure 49 shows the functions of ports P4 to PO in each
mode.

The external memory area changes when the mode
changes.

Figure 50 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.

- BYTE 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 1/0 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 I/O 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-Vcc. In this case, the opera-
tion is slightly different from the above. This is described in
the evaluation chip mode section.

Wait Bit
0 . Wait
1 I No Wait

Test Mode Bit

1 1 ¢ output

Processor Mode Register 5Es

Processor Mode Bit

0 0 ' Single-chip Mode

0 1 : Memory expansion mode
1 0 . Microprocessor mode

11 : Evaluation chip mode

Software Reset Bit

Reset occurs when this bit is set to 1

Interrup Priority Resolusion Time Selection Bit
0 0 : Select 1/1(Xy) X 14
01 ISelect 1/f(Xn)X 8
10 : Select 1/f(X,y)X 4

This bit must be 0

Internal Clock ¢ Output Selection Bit
0 : NO ¢ output

Address

Fig.48 Processor Mode Register Bit Configulation
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CM, 0 1 1
CM, 0 1 0 1
Mode . R .
Singte-chip Mode Memory Expansion Mode Microprocessor] Evaluation Chip Mode
Port Mode
; | ¢ L1
Port PO PO, PO, Same as left Same as left
{ 170 Port ! Address A;~Ag
POg PO,
E l I E | I
Ass~Ag,
BYTE= “L” P1, Same as left Same as left
l Address XData(odd
P, = _
E
§ BYTE= “H” Pi 1/0 Port I I £ Ais~Ag |_,
o P1,
o ! Address Ays~Ag Data(odd )
or2:V, P1,
ce Same as left | Port P4, P5 and their direction
(E:‘aluanon registers are treated as 16-bit wide
(:)nllp ;node bus. If BYTE=2+V¢c, the internal
y. ROM area is also treated as 16-bit
wide bus.
; L] y L]
BYTE= “L” pp, A e Same as left Same as left
z =
- P2, P2,
g l 1/0 Port =
3 _ wm| P2 z E
3 IBYTE= “H E I I Apa~A
23 16
P2 Az3~Ass P2,
(Evaluation P2, ddress - P2 (even, odd)
chip mode (even, odd) '
only.) Same as for Port P1
: LI | |
P35 HLDA
P3;
Port P3 P:IB 1/0 Port P3; ALE Same as left Same as left
0
P3, R/W
E E E | I
— — e o)
P4, P4,
P4
Processor Pio 170 Port Piz 1/0 Port e -
Mode
P4 VDA
e . )
JiBit 7= "0 RDY
g P4, RDY Same as left | F4 X QcL X
v —
a0 I i Y
Processor P4, RDY
Mode
Register | P4, | ¢ l | | I | P4, | ¢ | I | I l P4, HOLD
Bit7=“1"
Same as above except P4, Same as above except P4,

Fig.49 Processor Mode and Ports P4 to PO Functions
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- Wait bit

As shown in Figure 51, 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 wait 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.

Evaluation chip

Memory expansion Microprocessor

mode mode mode
24 21
96 96
Ayg
Cig
804¢
RAM RAM RAM
27Fs
C000,¢
ROM
FFFFyq
FFFFFF,q

The shaded area is the external memory area.

Fig.50 External Memory Area for Each Processor
Mode

Internal clocks [ L LML LI
Port P2 ___Xoaa )X Xoan)

. ‘ Address Address
Wait bit |

i g
J\ALE 1 11
Port P2 jiddress X_Data Y Address
W?g.,bit ié 1 I
| ALE [ L I
Fig.51 Relationship between Wait Bit and Access
Time

(1) Single-chip mode (00)

single-chip mode is entered by connecting the CNVgs pin
to Vgs and starting from reset. Ports P4 to PO all function as
normal 1/0 ports.

(2) Memory expansion mode [(01)

Memory expansion mode is entered by setting the proces-
sor mode bits to “01” after connecting the CNVgg pin to Vss
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 1/0 pin while E is “L". However, if an internal memory
is read, external data is ignored while E is “L”. In this case
the 170 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 I/0 pin white 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, if an internal
memory is read, external data is ignored while E is “L”. In
this case the 1/0 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 simultaneously if address A is “L” and BHE is
“L”,
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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, P3,,
and P3, are floating while the microcomputer stays in hold
state.

RDY is a ready signal. If this signal goes “L", the internal
clock ¢ stops at “L”. RDY is used when slow external mem-
ory is attached. .

(3) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVgg
pin to Vgc and starting from reset. It can also be entered by
programming the processor mode bits to “10” after con-
necting the CNVgg pin to Vgg 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.

(4) Evaluation chip mode [(11)

Evaluation chip mode is entered by applying voltage twice
the Vee voltage to the CNVgs pin. This mode is normally
used for evaluation tools.

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

Port P1 functions as an address output pin while E is "H”
and as data 1/0 pin of odd addresses while E is “L" re-
gardiess 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 E is “H"
and as data 1/0O 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 Eis “L".

When the BYTE pin level is “H" or 2+ V¢, port P2 functions
as an address output pin while E is “H” and as data 1/0 pin
of even and odd addresses while E is “L". However, if an
internal memory is read, external data is ignored while Eis
“L”.

Port P4 and its data direction register which are located at
address 0Aqs and 0C,¢ 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 Vg 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 P4 become ¢, MX, QCL, VDA, and VPA out-
put pins respectively. P4, becomes the DBC input pin.

¢ is an internal clock. The internal clock ¢ output can also
be obtained in other modes by setting the bit 7 of proces-
sor mode register to “1”.

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

Table 5. Relationship between the CNVgg Pin Input
Levels and Processor Modes

CNVss Mode Description
* Single-chip 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
software.
* Microprocessor Microprocessor mode upon
* Evaluation chip starting after reset. Evaluation
Vee chip mode can be selected
by changing the processor
mode bit by software.
2+ Vge * Evaluation chip + Evaluation chip mode only.

4
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CLOCK GENERATING CIRCUIT

Figure 52 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, FFFg is
written to watchdog timer and the watchdog timer input
connection is forced to f;,. This connection is broken and
connected to the input determined by the watchdog timer
frequency selection flag when the most significant bit of the
watchdog timer is cleared or reset.

Oscillation resumes when an interrupt is received, but the
internal clock ¢ remains at “L” level until the most signifi-
cant bit of the watchdog timer is cleared. This is to avoid
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-
ceived or when reset is issued. Therefore, interrupts must
be enabled before executing a STP or WIT instruction.
Figure 53 shows a circuit example using a ceramic (or
quartz crystal) resonator. Use the manufacturer's recom-
mended values for constants such as capacitance which
differ for each resonator. Figure 54 shows an example of
using an external clock signal.

M37700M2-XXXFP

Xin Xoutr

iMQ

AL
0

i it

29 30

Fig. 63

Circuit Using a Ceramic Resonator

M37700M2-XXXFP

Xin Xour

Open

External Clock Source

Fig. 54

External Clock Input Circuit

Interrupt  Request i s Q L S Q

STP Instruction R WIT Instruction{ R

Reset
e o+

R|— STP Instruction

Watchdog
Timer

O
Internal Clock ¢
f2 e fa2 fes
1/2 1/8 H 1/2 2 | s for

O

Xin Xour

Fig. 52 Block Diagram of a Clock Generator
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ADDRESSING MODES

The M37700M2-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 M37700M2-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) M37700M2-XXXFP mask confirmation sheet
(2) Mark specification sheet for 80P6

(3) ROM data (EPROM 3 sets)

46
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ABSOLUTE MAXIMUM RATINGS

P8o~P87, Vrer, Xin

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.3~7 \
AVce Analog supply voltage —0.3~7 v
v, Input voltage RESET, CNVss, BYTE —0.3~12 Y

input voltage POy~ PQ;, P1g~P17, P2g~P2;, P3;~P3;
V, P4y~P4;, P54~P5;, P6¢~P67, P7q~P7; —0.3~Vge+0.3 \

Output voitage POy~P0;, P1g~P1;, P2q~P2;, P3;~P3;

Vo P4,~P4;, P50~ES7, P6o~ P67, P7o~P7; —0.3~Vge+0.3 \"
P8¢~P87, XouT, E

Pd Power dissipation Ta=25C 300 mw

Topr Operating temperature —10~70 T

Tstg Storage temperature —40~125 C

RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—10~70C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min. Nom. Max.
Vee Supply voitage 4.5 5.0 5.5 \
AVcco Analog supply voitage Vece \
Vss Supply voltage 0 \"
AVgs Analog supply voltage 0 v
High-level input voltage PQOq~P07, P3o~P33, P4g~P4;
P5¢~P5;, P6o~P67, P7o~P7;
Vin P8)~P8;, Xi, RESET, CNVss 0.8Vee Vee v
BYTE
High-leve! input voitage P1y~P1;, P2,~P2;
Vin ’ i (in single-chip mode) 0-8Vee Vee M
High-level input voltage P1o~P1;, P2p~P2;
Vin (in memory expansion mode and | 0. 5Vee Vee \
microprocessor mode)
Low-level input voltage POo~PQ7, P3o~P33, P4;~P4;
P5¢~P5;, P6~P6;7, P74~P77
Vie P8~P8;, Xy, RESET, CNVsg 0 0.2Vee| V
BYTE
Low-level input voltage P1g~P1;, P2,~P2;
Vie i (in single-chip mode) 0 0-2Vee v
Low-level input voltage P1o~P1;, P2p~P2;
Vi (in memory expansion mode and 0 0.16Vce \Y
microprocessor mode)
High-level peak output current POo~P07, P1o~P17, P2g~P2;
lon(peak) P3g~P3, P4g~P4;, PSo~P57 —10 mA
P6o~P67, P7g~P77, PBo~P87
High-level average output current POg~P07, P15~P1y, P25~P2;
lontavg) P3o~P33, P4g~P4;, PSo~P57 —5 mA
P6o~P6;, P7g~P77, P8~P8;
Low-level peak output current PGo~P0;, P1g~P1;, P25~P2;
loutpeak) P3g~P33, P4g~Pd7, P5~P5; 10 mA
P6y~P6, P7o~P77, P8¢~P8;
Low-level average output current POg~P07, P1g~P1;, P2g~P2; mA
IOL(an) P3,~P33, P4g~P4;, P5,~P5; 5
P6o~P6;, P7o~P7;, P8y~P8;
M37700M2-XXXFP, M37700SFP 8
f(xm) External clock frequency input MHz
M37700M2AXXXFP, M37700SAFP 16

Note 1. Average output current is the average value of al00ms interval.

2. The sum of loL(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 loL(peak) for ports P4, PS5, P6, and P7 must be 80mA or less, and
the sum of lon(peak) for ports P4, PS5, P6, and P7 must be 80mA or less.
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ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25T, fix) =8MHz, unless otherwise noted)
Limits |
Symbol Parameter Test conditions Unit
Min. Typ. Max.
High-level output voltage POy~P0;, P1g~P1;, P2,~P2;
P3g, P34, P33, P4g~P4;
\ lon=—10mA
on PSo~PS7, Po~PBy, P7g~P7; | O 3 v
P8y~ P8;
High-level output voltage P0y~P0;, Pto~P1;, P2;~P2;
\ lon=—4001A .
on P3o, P3;, P3, o “ 4.7 v
V. High-level output voltage P3 lon=—10mA 3] v
igh-level output voltage
oH 9 P 98 P fon=—400, A 4.8
_ lon=—10mA 3.4
Vou High-level output voltage E o v
lon=—400uA 4.8
Low-levei output voltage POg~PO0;, P1g~P1;, P2;~P2;
P3y, P34, P33, P4;~P4;
\ lor=10mA
oL PSq~P5;, PBo~P6;7, P7g~P7; oL Em 2 v
P8¢~P8;
Low-level output voltage POy~PO0;, P1o~P1;, P2g~P2;
\ lo,=2mA .
oL P3y, P3,, P33 oL em 0.45 v
V. Low-level output voltage P3 lou=10mA 1.9 %
ow-level output voltage
oL P ge F lor=2mA 0.43
% Low-level output voltage E lou=10mA 1.6 v
ow-level output voltage
oL p 9 loL=2mA 0.4
Hysteresis HOLD, RDY, TAQN~TA4)y, TBON~TB2
Vs —Vr_ y oL, RU N TASN IN IN 0.4 1 v
INT~INT2, ADtrg, CTSp, CTSy, CLK,, CLK;
Vy+—Vr— | Hysteresis RESET 0.2 0.5 \
Vr+—Vr— | Hysteresis X 0.1 0.3 \%
High-level input current POg~P07, P1o~P1;, P2o~P2;
P3g~P33, Pdg~P47, P5,~P5;
1 V=5V
I PBy~P6;, PT~P7;, P8y~P8; : S| uA
Xin, RESET, CNVgg, BYTE
Low-level input current POo~P0;, P1o~P1;, P2;~P2;
P3¢~P33, P4g~P4;, P5,~P5;
] V=0V —
I PBo~P67, PTo~P77, P8o~P8; ! 5 | mA
Xin, RESET, CNVgs, BYTE
Veam RAM hold voltage When clock is stopped. 2 \
f =8MHz,
_ ‘ i 6 12 | mA
In single-chip mode | square waveform
output only pin is Ta=25C when clock
! Power supply current a
ce upply cu open and other pins | js stopped. ! “A
are Vgs during reset. Ta=70C when clock
) 10 uA
is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(x,y=8MHz, unless ctherwise noted)
Test conditi Limits Unit
t est conditions ni
Symbol Parameter Min. Typ. Max.
— Resolution Vrer=Vce 8 Bits
— Absolute accuracy Vaer=Vce +3 LsB
RiLapper | Ladder resistance Veer=Vcc 2 10 kQ
tconv Conversion time 28.5 us
Vaer Reference voltage 2 Veo v
Via Analog input voltage 0 VRer \
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TIMMING REQUIREMENTS (Voc=5V10%, Vss=0V, Ta=25T, f(x,)=8MHz, unless otherwise noted)
External clock input

Limits

Symbol Parameter Test conditions . Unit

Min. Typ. Max.
tc External clock input cycle time 125 ns
twr) External clock input high-level pulse width 50 ns
twL) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tf External clock fall time 20 ns

Single-chip mode

Symbol Parameter Test conditions . Limits Unit

Min. Typ. Max.
tsu(PoD—E) Port PO input setup time 200 ns
tsu(pinpe) | Port P1 input setup time 200 ns
tsu(p2p—e) | Port P2 input setup time 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsu(pso—e) | Port P5 input setup time 200 ns
tsu(pso—e) | Port P6 input setup time 200 ns
tsu(pro—e) | Port P7 input setup time 200 ns
tsu(psp—e) | Port P8 input setup time 200 ns
th(e—proD) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—pab) Port P3 input hold time 0 ns
th(e—paD) Port P4 input hold time 0 ns
th(e—esp) Port P5 input hold time ] ns
th(e—preD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—prsD) Port P8 input hold time 0 ns

Memory expansion mode and microprocessor mode

Symbol Parameter Test conditions - Limits Unit

Min. Typ. Max.
tsucpiD—E) Port P1 input setup time 60 ns
tsupao_e) | Port P2 input setup time 60 ns
tsucrov—e) | RDY input setup time 190 340 ns
th(e—piD) Port P1 input hold time [¢] ns
th(e—p2D) Port P2 input hold time 0 ns
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Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
teira) TAin input cycle time 250 ns
tw(TaH) TAi input high-level pulse width 125 ns
tw(TaL) TAiw input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(Ta) TAin input cycle time 2000 ns
tw(TaH) TAi input high-level pulse width 1000 ns
twiTaL) TAin input low-level pulse width 1000 ns
Timer A input (External trigger input in one-shot puise mode)
Limits
Symbol Parameter Test conditions - Unit
Min, Typ. Max.
tcita) TAin input cycle time 500 ns
twi(tan) TAin input high-level pulse width 250 ns
tw(TaL) 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.
twitan) TAi input high-level pulse width 250 ns
tw(TaL) TAin input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tecue) TAioyr input cycle time 2000 ns
tw(uprH) TAiour input high-level pulse width 1000 ns
twiupL) TAigyr input low-level pulse width 1000 ns
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Timer B input (Cont input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tctte) TBiin input cycle time 500 e
twitan) TBi\y input high-level pulse width 250 ns
twireL) TBiy input low-level pulse width 250 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
teors) TBiy input cycle time 2000 ns
twiteH) TBiy input high-level pulse width 1000 ns
twiTeL) TBi input low-level pulse width 1000 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(re) TBin input cycle time 2000 ns
twiTeH) TBiy input high-level pulse width 1000 ns
twiTeL) TBi input low-level pulse width 1000 ns
A-D trigger input
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
te(ap) AD7rc input cycle time {minimum allowable trigger) 2000 ns
twiaoL) AD1pg input low-level pulse width 250 ns
UART clock input
Limits i
Symbol Parameter Test conditions Unit
Min. Typ. Max.
toick) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
twickL) CLKi input low-level pulse width 250 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tw(INH) INTi input high-level pulse width 250 ns
tw(nw) INTi input low-level pulse width 250 ns
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M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vce=5v+i0%, Vss=0V, Ta=25C, f(x,)=8MHz, uniess otherwise noted)
Single-chip mode

Symbol Parameter Test conditions li Limits Unit
Min. Typ. Max.

td(e_proa) Port PO data output delay time 200 ns
tde—p1a) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time 200 ns
td(e_paa) Port P3 data output delay time 200 ns
tdie_paa) Port P4 data output delay time Figure 55 200 ns
td(e_psa) Port P5 data output detay time 200 ns
td(e_pPsq) Port P6 data output delay time 200 ns
tdie—prra) Port P7 data output delay time 200 ns
td(e—~paa) Port P8 data output delay time 200 ns

Memory expansion mode and microprocessor mode (when wait bit is *17)

Limits ‘
Symbol Parameter Test conditions - Unit
Min. Typ. Max.

td(poa—g) Port PO address output delay time 100 ns
td(e—p1a) Port P1 data output delay time (BYTE="L") 120 ns
tpxz(e~p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(pia_e) Port P1 address output delay time 100 ns
td(e—p2a) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a—e) Port P2 address output delay time 100 ns
td(e_nipa) | HLDA output delay time 100 ns
tdcaLe—e) ALE output delay time —10 ns
twiaLe) ALE pulse width 100 ns
td(eHE—E) BT-E output delay time Figure 55 100 ns
td(r/w—_g) R/W output delay time 100 ns
th(e—proa) Port PO address hold time 20 ns
th(e—_r1a) Port P1 address hold time (BYTE="L") 20 ns
th(e—r1Q) Port P1 data hold time (BYTE="L") 20 ns
tezx(e—p12) | Port P1 floating release delay time (BYTE="L") 20 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 20 ns
th(e—pza) Port P2 address hold time 20 ns
th(e—p2a) Port P2 data hold time 20 ns
tezx(e—pzz) | Port P2 floating release delay time 20 ns
th(e—eHE) BHE hold time 20 ns
thee—rw) R/W hold time 20 ns
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M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Fig. 55 Testing Circuit for Ports PO~P8

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
td(roa—E) Port PO address output delay time 350 ns
td(e—p1q@) Port P1 data output delay time (BYTE="L") 120 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
tdpia—£) Port P1 address output delay time 350 ns
td(e—p2q) Port P2 data output delay time 120 ns
tpxz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a-—g) Port P2 address output delay time 350 ns
td(e—HLpa) | HLDA output delay time 100 ns
td(aLE—E) ALE output delay time —10 ns
twaLE) ALE puise width 350 ns
td(BHE—E) WE output delay time Figure 55 350 ns
td(rw—g) R/W output delay time 350 ns
th(e—proa) Port PO address hold time 20 ns
th(e—p1a) Port P1 address hold time (BYTE="“L") 20 ns
th(e—piaQ) Port P1 data hold time (BYTE="L") 20 ns
tezx(E_p1z) | Port P1 floating release delay time (BYTE="L") 20 ns
th(e—pia) Port P1 address hold time (BYTE="H") 20 ns
th(e—p2a) Port P2 address hold time 20 ns
th(e_e2a) Port P2 data hold time 20 ns
tpzx(e_p2z) | Port P2 floating release delay time 20 ns
th(e—BHE) BHE hold time 20 ns
thie—a/w) R/W hold time 20 ns
PO
O
Pt
P2
P3 100pF
P4
P5
P&
P7
P8
E
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37700M2AXXXFP
ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25T, f(x,,;=16MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ. Max
High-level output voltage P0Og~P07, P1g~P1;, P2;~P2;
P3g, P3, P3,, Pdg~P4
Von P52~P;7, P;°~;67, P;0~P77 low=—=10mA 3 v
P8y~ P8;
Vo High-level output voltage ::TPZ?T,PZ:ONPM P2o~P2; low=—4004 A 47 v
Vou High-level output voltage P3;, low=—10mA 3.1 v
lon=—400uA 4.8
Vou High-level output voltage E low=""10mA 3.4 v
lon=—400u A 4,8
Low-ievel output voltage POy~P0;, P15~P1;, P2;~P2;
P3yp, P3;, P33, P4;~P4.
Vou P:Z~P;7, P:so~|:s7, P;0~P77 o =10mA 2 v
P8y~P8;
Vo Low-level output voltage E(;:T'PF;?T.PZ:U~P17, P2,~P2; lou=2mA 0.45 v
Vou Low-level output voltage P3; lo=10mA 1.9 \;
lor=2mA 0.43
_ loc=10mA 1.6
VoL Low-level output voltage E o =2mA 0.2 v
Hysteresis HOLD, RDY, TAO~TAd, TBOw~TB2
Vi+—Vr- — J— 0.4 1 v
INTg~{NT2, ADrrg, CTSp, CTSy, CLKg, CLK,
Vr+—Vr- | Hysteresis RESET 0.2 0.5 v
Vi4—Vr— | Hysteresis Xy 0.1 0.3 v
High-level input current POq~P0;, P1o~P1;, P2,~P2;
ey P3g~P33, P4g~P4;, P5)~P5; Vim5V 5 LA
P8y~P867, P7,~P7;, P8;~P8;
Xin, RESET, CNVgg, BYTE
Low-level input current POg~P0;, P1o~P1;, P2;~P2;
e P3¢~P3;, P4s~P4;, P5,~P5; — —5 “A
P6y~P67, P7q~P77, P8y~P8;
XN, RESET, CNVgs, BYTE
VRam RAM hold voltage When clock is stopped. 2 \'
f =16MHz,
In single-chip mode s(t)::l:;re waveform 12 2 mA
lee Power supply current output only pin is' Ta=25C when clock : A
open and other pins | is stopped.
are Vgs during reset. Ta=70"C when clock
is stopped. 10 HA
A-D CONVERTER CHARACTERISTICS (Vec=5V, Ves=0V, Ta=25T, f(x,)=16MHz, unless otherwise noted)
Limits .
Symbol Parameter Test conditions Min Ty, Max, Unit
- Resolution Veer=Vcc 8 Bits
- Absolute accuracy Vaer=Vcc +3 LSB
RLapper | Ladder resistance Veer=Vec 2 10 kQ
tconv Conversion time 14.25 y753
Veer Reference voltage 2 Vee v
Via Analog input voltage 0 VRer \
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M37700M2-XXXFP,M37700M2A X XXF P
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, T3=25C, f(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
tw) External clock input high-level pulse width 25 ns
twiL) 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 - Unit
Min. Typ. Max.
tsu(pob—e) | Port PO input setup time 100 ns
tsu(P1D-E) Port P1 input setup time 100 ns
tsu(pap—e) | Port P2 input setup time 100 ns
tsu(papo—e) | Port P3 input setup time 100 ns
tsu(pao—e) | Port P4 input setup time 100 ns
tsu(psp—e) | Port P5 input setup time 100 ns
tsucpeo—e) | Port P6 input setup time 100 ns
tsu(pP7o—E) Port P7 input setup time 100 ns
tsu(pep—e) | Port P8 input setup time 100 ns
th(e—pPoD) Port PO input hold time 0 ns
th(e—p10) Port P1 input hold time 0 ns
th(e—p20) Port P2 input hold time 0 ns
th(e—p3p) Port P3 input hold time 0 ns
th(e—paD) Port P4 input hold time (o} ns
th(e—psD) Port P5 input hold time 0 ns
th(e—pe6D) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tsu(pio—e) | Port P1input setup time 45 ns
tsu(p2zp—g) | Port P2 input setup time 45 ns
tsu(roy—g) | RDY input setup time 15 160 ns
th(e—p1D) Port P1 input hoid time 0 ns
th(e—p20) Port P2 input hold time 0 ns
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M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

. Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
te(ra) TAin input cycle time 125 ns
twiTaH) TAin input high-level pulse width 62 ns
tw(TaL) TAiw input low-level pulse width 62 ns
Timer A input (Gating input in timer mode)
Limits ;
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
teita) TAin input cycle time 1000 ns
twitan) TAin input high-ievel pulse width 500 ns
twiTaL) TAin input low-level pulse width 500 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tecra) TAi input cycle time 250 ns
tw(Tan) TAi\y input high-level pulse width 125 ns
tw(TAL) TAi input low-level puise width 125 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tw(TaH) TAi input high-level pulse width 125 ns
twiTaL) TAin input low-level pulse width 125 ns
Timer A input (uUp-down input in event counter mode)
Limits
Symbol Parameter Test conditions Unit
Min Typ. Max
tccur) TAiour input cycle time 1000 ns
tw(upPH) TAiour input high-level pulse width 500 ns
twurPL) TAiour input low-ievel pulse width 500 ns
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ. Max
tcire) TBiw input cycle time 250 ns
twiTsn) TBiw input high-level pulse width 125 ns
tw(TeL) TBin input low-level pulse width 125 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(te) TBiin input cycle time 1000 ns
twiTer) TBiin input high-level pulse width 500 ns
twirteL) TBiw input low-level pulse width 500 ns
Timer B input (Pulse width measurement mode)
Limits
Symboi Parameter Test conditions Unit
Min. Typ. Max.
te(te) TBi input cycle time 1000 ns
twiteH) TBi input high-level pulse width 500 ns
twiTeL) TBin input low-level pulse width 500 ns
A-D trigger input
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tccan) ADrrg input cycle time {minimum allowable trigger) 1000 ns
tw(abpL) ADrgg input low-level pulse width 125 ns
UART clock input
Symb P t Test conditi Limits Unit
| arameter est conditions i
ymbe Min. Typ. Max
teick) CLKi input cycle time 250 ns
twi(ckH) CLKi input high-level pulse width 125 ns
twickl) CLKi input low-level puise width 125 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tw(inm) INTi input high-level pulse width 250 ns
twiiny) INTi input low-level pulse width 250 ns
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M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voc=5V£10%, Vss=0V, T,=25T, fix)=16MHz, unless otherwise noted)
Single-chip mode

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
td(e—roq) Port PO data output delay time 100 ns
td(e—pi1q) Port P1 data output delay time 100 ns
td(e—pP2a) Port P2 data output delay time 100 ns
td(e—Paa) Port P3 data output delay time 100 ns
td(e—Paq) Port P4 data output delay time Figure 55 100 ns
td(e—psa) Port P5 data output delay time T 100 ns
td(e—psa) Port P6 data output delay time 100 ns
td(e—p7q) Port P7 data output delay time 100 ns
td(e—psaq) Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when wait bit is *1*)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
td(poa—e) Port PO address output delay time 30 ns
td(e—p1q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(p1a—E) Port P1 address output delay time 30 ns
tdie—p2a) Port P2 data output delay time 80 ns
texz(e—p2z) | Port P2 floating start defay time 40 ns
td(p2a—e) Port P2 address output delay time 30 ns
td(e—nioa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time —10 ns
twiaLe) ALE pulse width 30 ns
tdcene—e) | BHE output delay time ! 30 ns
— Figure 55

td(r/w_g) R/W output delay time 30 ns
th(e—poa) Port PO address hold time 20 ns
th(e—p1a) Port P1 address hold time (BYTE=“L") 20 ns
the—p1Q) Port P1 data hold time (BYTE="L") 20 ns
tezx(e—p1z) | Port P1 floating release delay time (BYTE="L") 20 ns
thie—p1a) Port P1 address hold time (BYTE="H") 20 ns
th(e—prz2a) Port P2 address hold time 20 ns
th(e—p2q) Port P2 data hold time 20 ns
tezx(e—p2z) | Port P2 floating release delay time 20 ns
thce—ene) | BHE hold time 20 ns
thie—rw) R/W hold time 20 ns
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M37700M2-XXXFP,M37700M2A XX XFP
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MemOI'y expansion mode and microprocessor mode (when external memory area is accessed, and wait bit is “0")

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
td(poa_g) Port PO address output delay time 155 ns
tde—p1aQ) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(p1a—e) Port P1 address output delay time 155 ns
td(e—p2a) Port P2 data output delay time 80 ns
texz(e_p2z) | Port P2 floating start delay time 40 ns
td(p2a—g) Port P2 address output delay time 155 ns
td(e—nipa) | HLDA output delay time 50 ns
td(ALE—E) ALE output delay time —10 ns
twiALE) ALE pulse width 155 ns
td(BHE—E) BHE output delay time . 155 ns
- N Figure 55

td(r/w—E) R/W output delay time 155 ns
th(e_roa) Port PO address hold time 20 ns
th(e—P1A) Port P1 address hold time {BYTE="L") 20 ns
the—pri1@) Port P1 data hold time (BYTE=*L") 20 ns
tezx(e—p1z) | Port P1 floating release delay time (BYTE="L") 20 ns
thie—p1a) Port P1 address hold time (BYTE=“H") 20 ns
th(e—p2a) Port P2 address hold time 20 ns
th(e—p2a) Port P2 data hold time 20 ns
tezx(e—p2z) | Port P2 floating release delay time 20 ns
th(e—_eHe) BHE hold time 20 ns
th(e—r/wW) R/W hold time 20 ns
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M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM

Single-chip mode tr ff fe—tc twk) twiv

foxin)

mi

7

ke td(e~poq)
s

Port PO output

tsucroo—e)

Port PO input :—j\ﬂws—mm

e tdie—r1a)

:j\ thie—p10)

el tde—p2a)

Port P1 output

tsupio-e)

~

Port P1 input

Port P2 output

tsu(p2n—e)

th(e—r20)

B

Port P2 input

e td(e—p3a)

Port P3 output ><

L th(e—p3p)

te—>] td(e—paq)

Aih(s—mn)

e~ td(e—psa)

tsutrap—e)

Port P3 input

~

Port P4 output

tsu(pan—e)

Port P4 input

~

Port P5 output

tsu(psp—E)
Port P5 input 1 th(e—psp)
ke—> td(e—pea)
Port P6 output X
tsutren—E) F:v
Port P6 input 3\ th(e—peD)
le—> td(e—p70)
Port P7 output X
tsu(p7o—€) : ~
Port P7 input A thie—p70)
< tde—rsa)

Port P8 output

tsu(rep—e)

Port P8 input

<

A thie—-reo)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

tecra)
tW(TAH/
v\
TAin input / * {
| twitaw) I
toiur)
twiueH)
TAioyt input / \+ r \
tw(upL)
I ~1
teors
twirar
oo / \
TBiy input / {
| twiteL) ]
+ .|
lcan) "1
twiaoL) '
ADrgg input \ ‘f /
—tecy
twickr)
CLKi input . /
twickL)
L‘* twanw) ;
INTi input w
; [ twiinm) !
MITSUBISHI 61

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

t

tr

twi) twin) tc
o w
. | | |
th(e—poa) tdiroa—e)
Port PQ output X Address Address X
(Ao~A7)
thie—p1a) ‘_'1 thie-r1a) texz(e—p12) tezx(e—P12)
Port P1 output X Address Data Address | W —— —— — - Address
(Ag~A15/Dg~D;5)
tdie—
(BYTE="L") > tdie—rma
thie—p1a) tdpia—g)
Port P1 output x Address Address X
(Ag~Ass)
(BYTE="H") tsutpio—g) th(e—p1D)
Port P1 input
thie—p2a) e-i thie—r20) texz e—_F2z) tezx(e—p2z)
Port P2 output x Address } Data Address | H—————— - L Address
(A15~A23/Dg~D7) td(e_pacy) 1 I e e,
Port P2 input tsutr20_e)
td(e—riLDA)
Port P3; output
(HLDA)
twiaLe)
e e td(ace-e)
Port P3, output
(ALE)
td(eHE—E) __‘ thie—sHe)
y
Port P3, output |
(BHE)
tdrw—e) thie—rw)
Port P3, output
(R/W)
tsutrov—e)
Port P4, input
(RDY)
Test conditions
* Vee=5VX10%
* Qutput timing voltage : Vo =0. 8V, Vou=2. 0V
« Ports P1,P2 input SV =0.8V, V)y=2.5V
+ Port P4, input V=10V, V=40 0v
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SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

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

fo
. . | A
th(e—poa) td(poa—€)
Port PG output 4X7 Address Address X
(Ag~A;)
thie—p1a) "’1 thie—r1a) texzie—miz) tpzx(e—p1z!
Port P1 output x Address Data Address | fr——=—7 1 Address
(Ag~A15/Dg~Dss)
(BT le— tde—_p1a)
thie—p1a) tdpra-e)
Port P1 output x Address Address Xﬁ
(Ag~Ays)
(BYTE="H") tsutpio—g) thie—pio:
Port P1 input
th(e—p2a) -—-‘ thie—r20) toxz(e—p2z tozx(e—P2z:
Port P2 output f Address Data Address | fr————— - Address
(A16~A23/DO~D7) N
tdie_poo: [ tdp2a—g) thie—r20)
tsucp20—g)
Port P2 input
tdie—HLDA)
Port P3; output
(HLDA)
t )
WiALE le— tdtace—e)
Port P3, output
(ALE)
td(ere—e) "'1 thie—eHE)
Port P3, output ){
(BHE)
td(rw—-g) thie—rw)
Port P3, output
(R/W)
tsu(rov—E)
Port P4, input
(RDY)
Test conditions
*Vee=5VE10%
« Output timing voltage : Vo, =0. 8V, Vor=2.0V
- Ports P1,P2 input DV=0.8V, Vjy=2.5V
- Port P4, input V=10V, Vig=4.0v
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NJ 08854, U.S.A.

Telephone: {201) 981-1001
Facsimile: (201) 981-1218

SOUTH ATLANTIC
Mitsubishi Electronics America, Inc.
6575 The Corners Parkway

Suite 100
Norcross, GA 30092, U.S.A.
Twx: 910-380-9555

Telephone: (404) 662-0813
Facsimile: (404) 662-5208

SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Executive Center

6100 Glades Road #210

Boca Raton, FL 33433, U.S.A.

Twx: 510-953-7608
Telephone: (305) 487-7747
Facsimile: (305) 487-2046

WEST GERMANY

Mitsubishi Electric Europe GmbH
Headquarters:

Gothear Str. 6

4030 Ratingen 1, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: (02102) 486-115

Munich Office:

Arabellastralie 31

8000 Miinchen 81, West Germany
Telex: 5214820

Telephone: (089) 919006-09
Facsimile: (089) 9101399

FRANCE

Mitsubishi Electric Europe GmbH
55, Avenue de Colmar

92563 Rueil Malmaison Cedex
Telex: 632326

Telephone: 47087871

Facsimile: 47513622

ITALY

Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza I-Milano
Telephone: (039) 636011
Facsimile: (039) 6360120

SWEDEN
Mitsubishi Electric Europe GmbH
Lastbilsvagen 6B

5-19149 Sollentuna, Sweden
Telex: 10877 (meab S)
Telephone: {08) 960468
Facsimile: (08) 966877

UK.

Mitsubishi Electric (U.K)) Ltd.
Travellers Lane

Hatfietd

Herts AL10 8X B, England, U.K.
Telephone: (0044) 7072 76100
Facsimile: (0044) 7072 78692

AUSTRALIA

Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ryde,
P.O. Box 1567, Macquarie Centre,
N.S.W., 2113, Australia

Telex: MESYD AA 26614
Telephone: (02) (888) 5777
Facsimile: (02) (887) 3635

© 1988 MITSUBISHI ELECTRIC CORP.
H-L4436-A KI-8808 Printed in Japan (ROD)
New publication, effective AUG. 1988,

é)7 Specifications subject to change without notice.
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES
“T-4a0-20
TYPE 68P0 68-PIN MOLDED PLASTIC LEADED CHIP CARRIER Dimensiog in mm
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' T-90-20
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