M37732$4FP M37732S4AFP

MITSUBISHI MICROCOMPUTERS

M37732S4BFP

16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37732S4FP is a single-chip microcomputer designed
with high-performance CMOS silicon gate technology. This
is housed in a 80-pin plastic molded QFP. This single-chip
microcomputer has 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 para-
ltel processing. This microcomputer is suitable for office,
business, and industrial equipment controller that require
high-speed processing of large data. '
The differences between M37732S4FP, M37732S4AFP and
M37732S4BFP are the external clock input frequency as
shown below. Therefore, the following descriptions will be
for the M37732S4FP unless otherwise noted.

Type name ROM size External clock input frequency
M3773284FP External 8 MHz
M37732S4AFP External 16MHz
M37732S4BFP External 25MHz

FEATURES
. Number of basic instrucﬁons .................................. 103
. Memory size RAM ................................ 2048 by(es

® Instruction execution time

M37732S4FP

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

M37732S4AFP

(The fastest instruction at 16MHz frequency)----- 250ns

M37732S4BFP ’

(The fastest instruction at 25MHz frequency)------ 160ns
Y Single power supply .......... R RERG LT LLLPRE s5v+10%
® Low power dissipation (at 8MHz frequency)

........................... 30mwW (Typ.)

® Interrupts -c:ccoerereorrerrareniee, 19 types 7 levels
® Multiple function 16-bit timer <<« -eceoreremienaaiieiiiii 5+3
® UART (may also be synchronous) ............................. 2
® 8-bit A-D converter ««-«ssrerereeerneneiies 8-channel inputs
® 12-bit watchdog timer
® Programmable input/output

(ports P4, P5, P6, P7, PB) -r:+torrreerrisssssssinniiiiseinnes 37
® Pulse output port:«---:----ee -+ 4-bitX2

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

APPLICATION

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

Control devices for industrial equipment such as ME, NC,
communication and measuring instruments.

PRy

This Materi al

Copyrighted By Its Respective Manufacturer



MITSUBISHI MICROCOMPUTERS

M37732S4FP,M37732S4AFP

M37732S4BFP
16-BIT CMOS MICROCOMPUTER

snQq sseippy

¥d wod Sd wod 9d kod 2d wod 8d bod
snq eleq/snq :2%« ndino/ndu) Indino/induj seao\sas s&:o\sas ndino/induj

Data Bus(Even)

:
2 [(8)1018m003 a-v] (GoLavn ] [(s1)0m1s0uns ] [(a1)ovLseuns |
o
s | (6yawvn ] [sniersewnn] [(gnvisew ] | sevaene
3 [enzaiieuns | [teneviewis | v !
—.os_» mou;o.&i _ (91)EVL s0Ui) _
(91)pv4 sowyy
pl r [l
~ll= s11E e glls 218IE 3 Zlle ~lls — )
2= §llst}e NIHIE sz E 2 HIHIRIElE8lE
1 sllafle Stleqle g 3 ] IHIEISIRELE .
I I HIE HH I HEHIHEIEIERIE L
slie g H =1ie csllell s g Y I ENE L LB 8
g 1 2 g211= 3 & H slELE Bl 2l 18]S % Z
EE 3 8 £z ill: § H 1K HIHILE ES X
o 13- 5|5 L © £ H HIAIEIEIEIEIE £
slls FRIEAIE 3 Ellell® a ] Elh x| | = all3 <
I R HIHIT 11k IHIHERE HTHIETEIE B E:
a HIHIE gl |z HIHIE £ HIHIKIEIE
ﬁ , A ]
& | | 1& : |
ET | ! X X )
IRV VI I VIR VIR g VRV VERVE VI LY
[ X ] !
(8) 1918169 uonoNAsy| nou0 Bunesauan 001D

31Ad AQY
nduy voydejes ndug

wpmsng  ApEol  jsenbel pOH  elM/PBSY

I N S S

ndyy ndino

ybiy apkg  UDIE| S8SIPPY  gBpajmouyde 2oueISjey

S S S S . IéTI.@Tll@lel@l!mT.i@tl@lllL@il@ll

a10H MWH 3HE Eal YA1H A Dpy SSAY  SSAND SSp 997 1383 inoy  Niy

sigeus siquue joubis dujobewon  (AG) (A0) (AS) (A0) (AS) ndu) 538 5&8 ndino  ndul
esey  ogeuz ‘¢ W00 0| H0ID

WYHOVIA XMOO078 dd4vSTELLEN

POH

2—238

Copyrighted By Its Respective Manufacturer

This Materi al



MITSUBISHI MICROCOMPUTERS

- M37732S4FP ,M37732S4AFP

M37732S4BFP

16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37732S4FP

Parameter Functions

Number of basic instructions 103

M37732S4FP 500ns (the fastest instructions, at 8MHz frequency)
Instruction execution time M37732S4AFP 250ns (the fastest instructions, at 16MHz frequency)

M37732S4BFP 160ns (the fastest instructions, at 25MHz frequency)
Memory size RAM 2048 bytes

P5~P8 8 -bitX 4
Input/Output ports Pa 5 oitx 1

TAQ, TA1, TAZ, TA3, TA4 16-bitX 5
Multi-function timers

TBO, TB1, TB2 16-bitX 3

Serial /0

(UART or clock synchronous serial 170) 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( toa i or quartz crystal resonator)
Supply voltage 5Vv+10%
Power dissipation 30mw(at external 8 MHz frequency)
o Input/Output voltage 5v

Input/Output istic

. Qutput current 5mA
Memory expansion 16M bytes
Operating temperature range —20~85C

Device structure

CMOS high-performance silicon gate process

.Package

80-pin plastic molded QFP

A%‘l 2—239
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M37732$4FP,M37732$4AFP
M37732S4BFP

16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions
’ Ve, Vss Power supply Supply 5V=%10% to Vcc and 0V to Vss.

CNVgs CNVgs input input Connect to Vce.

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

Xin Clock input Input These are /O pins of clock g g circuit. C: a 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

Xour Clock output Output | and the Xour pin should be left open.

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

BYTE Bus width selection input Input This pin hether the data bus is 8-bit width or 16-bit width. The width is 16 bits when
“t" signal inputs and 8 bits when “H” signal inputs.

AVcc, AVss | Analog supply input Power supply for A-D converter. Connect AVcc to Ve, and AVss to Vss extemally.

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

#1 Clock output Output This pin outputs the clock ¢, which is divided the clock to X,y pin by 2.

RDY Ready Input This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L".

HOLD Hold request input input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signat is
“L".

HLDA Hold acknowledge output | Output This is an output pin for HLDA signal, indicates the hold state.

R/W Read/Write output Output “H” indicates the read status and “L” indicates the write status.

BHE Byte high enable output| Output “L” is output when an odd bered add is d

ALE Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal.

output
Ag~A7 Address (low-order) Output | Address (A;~Ap) is output..
output
As/Dg~ Address (middle-order) 170 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dys~Dg) is input or
Ays/Dqs output/Data {high-order) output when E output is “L” and an address (A1s~As) is output when E output is “H”. In case the BYTE pin
170 is “H” and an external data bus is 8-bit width, only address (A;s~Ag) is output.
Aye/Do~ Address (high-order) (7o) Low-order data (D;~Dg) is input or output when E output is “L", and an address (Az~Ag) is output when
Az/Dy output/Data (low-order) E output is “H".
170

P4,~P4; 1/0 port P4 170 Port P4 is a 5-bit 170 port. This port has an data direction register and each pin can be programmed for in-
put or output. This port is in input mode when reset.

P5¢~P5; 1/0 port P5 170 Port P5 is a 8-bit 170 port. This port has an data direction register and each pin can be programmed for in-
put or output. This port is in input mode when reset.

These pins also function as 1/0 pins for timer AQ, timer A1, timer A2 and timer A3.

P69~ P67 170 port P6 7{e) in addition to having the same functions as port P5, these pins' also function as 1/0 pins for timer A4, exter-
nal interrupt input INTo, INT, and INT, pins, and input pin for timer BO, timer B1 and timer B2.

; P7¢~P7; 170 port P7 170 Port P7 is a 8-bit 170 port. This port has an data direction register and each pin can be programmed for in-
i put or output. This port is input mode when reset. These pins also function as analog mput AN~ AN input
pins. P7; also has an A-D conversion trigger input function.

P8o~P8; 170 port P8 74¢] Port P8 is a 8-bit 170 pbnA This port has an data direction register and each pin can be programmed for in-
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS
pins for UARTO and UART1.
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MITSUBISHI MICROCOMPUTERS

M37732S4FP,M37732S4AFP
M37732S4BFP

16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37732S4FP contains the following devices on a sing-
le chip: RAM for storing instructions and data, CPU for pro-
cessing, bus interface unit {which controls instruction pre-
fetch and data read/write between CPU and memory), tim-
ers, UART, A-D converter, and other peripheral devices
such as I/0 ports. Each of these devices are described
below. '

MEMORY

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

Built-in RAM and control registers for built-in peripheral de-
vices are assigned to bank 0yc.

Addresses FFD6,¢ to FFFF,s are the RESET and interrupt
vector addresses and contain the interrupt vectors. Use
ROM for memory of this address. Refer to the section on
interrupts for details.

The 2048 bytes area from addresses 80,4 to 87F,¢ 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 0,6 to 7F,s are peripheral devices
such as I/0 ports, A-D converter, UART, timer, and inter-
rupt control registers.

A 256 bytes direct page area can be allocated anywhere in
bank 0,6 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.

00000016 T 7 00000046 T 7 000000,
00007F;¢ Peripheral devices
. 00008016 ~ ~ control registers
Bank 0463 H H ANy
Fig. 2 for
1 | \\ < see Fig
Internal RAM i i
OOFFFF,s ;_ _____ _; 2048 bytes \7\ further information
01000016 00007Fs
i i\
i I
Bank 1,¢ | I 00087F 15
1 | A | i
1
OIFFFF ,  _ _ _ _ \ | I
) “ 1 | [
. | I | |
. i | \ | | 00FFD6 Interrupt vector table
: | o | "Vt A-D conversion |
. . P ! /Y UARTH transmission
. F s 3 + _UARTI receive
. | T \ I i /  (UARTO fransmission
: \ . i /| _UKRTOreceive |
. | ! _ JimerB2 _
J ] \ | ! / F Timer B1 5
L b \ : : / F = Timerso ~ |
0000 | } T TTimer A%
F /  p _ _JYimerA4
F0000:s ! ! Voo I / P~ Trimeras ~
\ | 1 _ _JimerA2
Bank FEqq | ! Vo | / :: _ _TimerAt j
. | | \ | ] / - Timer A0 .
_ PR L, A
FEFFFF | 1 v 1/ [ ] S
F———— — INT.
Frooee | | L 1/ = i
. | Vo V/ ' TWallhdog timer
Bank FFqg | ( O0FFD6i; — — — — — — ‘4 F— __DBC __ _ 4
\ | BRK instruction 4
| | \ i = :ZE"Z"@’E : -
FFFFFF | J OOFFFFie \_ _ _ _ _ —i_ _ _ _OOFFFE.e T TRESET _ _
D . Internal
C = 3 :External
Fig. 1 Memory map
S
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16-BIT CMOS MICROCOMPUTER

Address (Hexadecimai notation) Add t decimal notation)
000000 000040 Count start flag
. 000001 000041
000002 000042 One shot start flag
000003 000043
000004 000044 Up-down flag
000005 000045
000046 .
000006 Timer AO
000047
000007
000048 y
000008 Timer A1
000048
000009 00004A
00000A Port P4 R 000048 Timer A2
000008 Port P5 . 00004C
00000C Port P4 data direction register _ 00004D Timer A3
00000D Port PS data direction regi 00004E
00000E Port P6 00004F Timer A4
00000F Port P7 000050
000010 Port P6 data direction register Timer BO
— - 000051
000011 Port P7 data direction register 000052
000012 Port P8 Timer B1
000053
000013 000054
000014 Port P8 data direction register 000055 Timer B2
0000:2 000056 Timer A0 mode regist
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode regi
000019 000059 Timer A3 mode register
00001A 00005A Timer A4 mode regist
00005B Timer BO mode register
00001B - "
1C 00005C Timer B1 mode regist:
000050 | Timer B2 mode regi
000010 00005E Pr mode regist
00001E | A-D control register 00005F = =
00001F A-D swgep pin selection register 000060 Walchdog timer
000020 A-D register 0 " 3 - oot
. 000021 000061 g timer freq Y S flag
000022 A-D register 1 000062 Waveform output mode register
000023 000063
000024 AD ister 2 000064 Puise output data register 1
= 000065 Pulse output data register 0
000025
— 000066
000026 A-Dr 3
0000 = 000067
27 000068
000028 A-D register 4
000069
29 00006A
00002A A-D register 5§
000068
000028 00006C
00002C | A-D register 6
00006D
00002D
— 00006E
‘ 00002E A-D reg 7
| 00002F 00006F
; 000030 UART O e ive mode regist 000070 A-l:converslgn !nle_rmpt control reglst‘er
000031 | UARTO bit rate T 000071 | UARTO terrupt control reg
000032 = 000072 UARTO receive interrupt control register
UART 0 transmission buffer register 000073 UART1 transmission interrupt control register
000033 000074 UART1 ive interrupt control
°°°°n o0 o; 3::13 transmit/teceive 23::;' fegister ? 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

000078 Timer A3 interrupt control register
000079 Timer A4 interrupt control register

000038 UART 1 transmit/receive mode register
000039 UART 1 bit rate generator

00003A 00007A | Timer BO interrupt control register
00003B UART 1 ission buffer regist 000078 Timer B1 interrupt control i
00003C | UART 1 transmit/receive control register 0 00007C | Timer B2 interrupt control register
00003D UART1 — e control ister 1 000070 INT, interrupt control register
00003E = - - 00007E | INT, interrupt control register
00003F UART 1 receive buffer register 00007F INT, interrupt control regiter

Fig. 2. Location of peripheral devices and interrupt control registers
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M37732S4FP,M37732S4AFP
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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 accumutator.

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 [4]

| Ay | A | Accumulator A

15 7 g

L By ] B, ] Accumulator B

15 7 v}

| Xn | X0 | index register x

15 7 0

L A" ] Yo _] Index register Y

10 0 .
7 0 l s ]Slack pointer S
Program bank register PG 5 3 -
7 0 L - PC ] Program counter PC
Data bank register DT 15 0

| DPR ]Direct page register DPR

s

15

7 Q
- Jojo]o{o]o frfrfrdniv]m] x| o] 1| z]c] Processor status register Ps

Carry flag

Zero flag

Interrupt disable flag
Decimat mode flag

Index regi length flag
Data lengtn flag
Overflow tlag

Negative flag

Processor interrupt priority level {PL

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 durinQ stack,
stack pointer relative, or stack pointer relative indirect in-
dexed Y addressing mode.

PROGRAM COUNTER (PC)

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

PROGRAM BANK REGISTER (PG)

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

DATA BANK REGISTER (DT)

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

DIRECT PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. Its contents
is used as the base address of a 256-byte direct page
area. The direct page area is allocated in bank 0, but when
the contents of DPR is FF01,¢ 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
“004¢".

PROCESSOR STATUS REGISTER (PS)
Processor status register (PS) is an 11-bit register. It con-
sists of a flag to indicate the resuit 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, m. and software interrupt are
disabled. This flag is set to “1” automatically when there 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.

PR
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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”7, 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 “1”,
when data bit 7 is “1”.) It is reset in all other cases. It can
also be set and reset with the SEP and CLP instructions.

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

BUS INTERFACE UNIT

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

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

D'is~D's > Dy5~Dsg
< D';~D’ > D;~Dg
A'~Ao Azz~Ao

)

CPU

Control signal

Bus interface| gRE
unit R/W

ALE

ke

™ BYTE

fe—

HOLD

Fig. 4 Relationship between the CPU and the bus interface unit
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The bus interface unit operates using one of the waveforms

(1) to {6) shown in Figure 5. The standard waveforms are psprralgligigigigigigigigh

(1) and (2). AUDI

The ALE signai is used to latch only the address signal /Di
from t_he multiplexed signal containing data and address. m E g - |

The E signal -becomes “L” when the bus interface unit

reads an instruction code or data from memory or when it ALE M

writes data to memory. Whether to perform read or write is e

controlled by the R/W signal. Read is performed when the

R/W signal is “H” state and write is performed when it is A/Dj
“L” state. : @ E

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, set the

ml M
e
" bus width selection input pin BYTE to “L”. (external data Ai/Dj
J SN |
M
fe———i
(A0 a0 )

bus width to 16 bits) The internal memory area is always @ E
treated as 16-bit bus width regardiess of BYTE.
When performing 16-bit data read or write, if the conditions ALE
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 Ai/Dj
address of the instruction code is odd, waveform (1) is —
used, and only one byte is read in the instruction queue
buffer. ALE
The signals Ag and BHE in Figure 5 are used to control
these cases: 1-byte read from even address, 1-byte read

—_—
M
= >
from odd address, 2-byte simultaneous read from even and ani —_XaX_o
odd addresses, 1-byte write to even address, 1-byte write E ——l_'—‘_.[_
. . (5)

to odd address, or 2-byte simultaneous write to even and

odd addresses. The A, signal that is the address bit 0 is ALE I '

“L” when an even number address is accessed. The BHE [ >
signal becomes “L” when an odd number address is

accessed. Ai/Dj (A XD )at X D )

The bit 2 of processor mode register (address 5E;g) is the — —‘_L'__
wait bit. When this bit is set to “0”, the “L” width of E signal 6 €

is 2 times as long when accessing an external memory ALE [ M

area. However, the “L” width of E signal is not extended e— o

when an internal memory area is accessed. When the wait
bit is “1”, the “L" width of E signal is not extended for any
access. Waveform (3) is an expansion of the “L” width of E
signal in waveform (1). Waveform (4),(5), and (6) are ex-
pansion of each “L™ width of E signal in waveform (2), first

A [ Address
D : Data
Ai/Dj indicates multiplex 1/0 pin with address data and data.

h re- Access
half o.f waveform (2), and the last half of waveform (2) re movs| Access 2-byte| Access even | Access odd
spectively. Signal simultaneously| address 1-byte | address 1-byte
A R - Ve
m “Ln qu) “L"

Fig. 5 Relationship between access method and
signals A, and BHE

S R
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Instruction code read, data read, and data write are de-
_scribed below.
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, if the bus width switching pin BYTE is “H”, exter-
nal data bus width is 8 bits and the address to be read is in
external 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.
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INTERRUPTS Table 1. interrupt types and the interrupt vector
Table 1 shows the interrupt types and the corresponding addresses
interrupt vector addresses. Reset is also treated as a type . Interrupts Vector addresses
of interrupt and is discussed in this section, too. A-D conversion 00FFD6g  00FFD7.¢
DBC is an interrupt used during debugging. UART1 i O00FFD8,s OOFFD9,¢
Interrupts other than reset, DBC, watchdog timer, zero di- UART1 receive O00FFDA,s 00FFDB,¢
vide, and BRK instruction ali have interrupt control regis- UARTO i OOFFDC,s  OOFFDDys
ters. Table 2 shows the addresses of the interrupt control UARTO receive O0FFDE,s _ OOFFDFq
registers and Figure 6 shows the bit configuration of the in- Timer B2 OOFFEOis  OOFFE1 s
terrupt control register. Timer B1 OOFFE2, _ QOFFE3:s
. . . Timer BO OOFFE4,s  OOFFE5,q
The interrupt request bit is automatically cleared by the Timer Ad 00FFE6.,  OOFFET7
hardware during reset or when processing an interrupt. Timer A3 OOFFES,;  OOFFES,
Also, interrupt request bits other than DBC and watchdog Timer A2 OOFFEA;;  OOFFEB,q
timer can be cleared by software. Timer A1 OOFFEC,s  OOFFEDqs
INT, to INT, are external interrupts and whether to cause Timer AO OOFFEE,;  OOFFEF,q
an interrupt at the input level (level sense) or at the edge INT; external interrupt O00FFF0,s  OOFFF1,q
(edge sense) can be selected with the level sense/edge INT, extemnal interrupt 00FFF2,s  O00FFF3,q
sense selection bit. Furthermore, the polarity of the inter- INT, external interrupt 00FFF4,s  OOFFF5:6
rupt input can be selected with polarity selection bit. Watchdog timer 00FFF6,s  OOFFF7:6
Timer and UART interrupts are described in the respective DBC (unusable) OOFFF8is  OOFFF9:6
section. Break instruction 00FFFA,s OOFFFB,¢
iori ; . . Zero divide 00FFFC.  OOFFFD4¢
The priority of interrupts when multiple interrupts are Reset ] OOFFFE,,  OOFFFF,q

caused simultaneously is partially fixed by hardware, but, it
can also be adjusted by software as shown in Figure 7. The
hardware priority is fixed the following:

reset > DBC > watchdog timer > other interrupts

7 g ; 4 3 2 10
Interrupt priority

Interrupt request bit
0 : Nointerrupt
1 interrupt
Interrupt control register configuration for A-D converter, UART0O, UART1, timer A0 to timer A4, and timer B0 fo timer B2

7.6 5 4 3 210

[ -

interrupt priority

Interrupt request bit
0 : No interrupt
1 I iInterrupt
Polarity selection bit
0 ! Set interrupt request bit at “H" level for level sense and when changing from "H" to “L"
level for edge sense.
1 ! Set interrupt request bit at “L" level for level sense and when changing from “L" to “H”
level for edge sense.
- . ;
Level sense/edge sense selection bit
0 : Edge sense

1 : Level sense

Interrupt control register configuration for INT,~INT,:

Fig. 6 Interrupt control register configuration

ot e
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Table 2. Addresses of interrupt control registers

Interrupt control registers Addresses
A-D conversion interrupt control register 0000706 ~
UARTO it i upt control reg 000071,¢
UARTO receive interrupt control register 0000726
UART1 it interrupt control register 0000734¢
UART{ ive i pt control register 0000746
Timer AQ interrupt control register 000075,¢
Timer A1 interrupt control register 000076,¢
Timer A2 interrupt control register 0000774¢
Timer A3 interrupt control register 000078,¢
Timer A4 interrupt control register - 000079,¢
Timer BO interrupt control register 00007A,¢
Timer Bt interrupt control register 0000786
Timer B2 interrupt control register 00007C¢
INT, interrupt control register 00007D,¢
INT, interrupt control register 00007E¢
INT, interrupt control register 00007F ¢

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

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

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

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

When an interrupt is accepted, the contents of the proces-
sor status register (PS) is saved to the stack and the inter-
rupt disable flag | is set to “1”. '
Furthermore, the interrupt request bit of the accepted inter-
rupt is cleared to “0” and the processor interrupt priority
level (IPL) in the processor status register (PS) is replaced
by the priority level of the accepted interrupt.

Therefore, multi-level priority interrupts are possible by re-
setting the interrupt disable 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. ‘

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

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

Priority is determined by hardware

@ 3 @ 3T
r - - - T —_—/
! atchd —
[CH - Hoec Hresel
L L e |
A-D converter, UART, Timer, INT interrupts
Priority can be changed with software inside 4.
Fig. 7 lntgrmpt prl_orlty
Level 0

A-D conversion

Interrupt request| UART1 transmit
UART1 receive

DBC

Watchdog
timer

Interrupt disable flag {

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

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

However, the shortest time may be selected by software.

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

Interrupt types Setting value
Reset o
DBC 7
Watchdog timer 7
Zero divide Not change value of IPL.
BRK instruction Not change value of 1PL.

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

Priority l%vel N time : bit Number of cycles
Bit5 Bit 4
0 0 7 cycles of ¢
V] 1 4 cycles of ¢
1 0 2 cycles of ¢

¢ : internal ciock

Internal clock ¢

Operation code fetch cycle

Sampling pulse

Priority resolution time
Select from 0 to 2 with bits

L

4 and 5 of the processor
mode register

L1

Fig. 9 Interrupt priority resolution time

3

LT

2 _ 1 0
] l l 1 l I Processor mode register(5€,g)

Processor mode bits
0  Microprocessor mode
1 : Evaluation chip mode
Must be “1”
(It is set to “1” after a reset)
Wait bit
0 © Wait
1 I No wait
Software reset bit
The processor is reset when this bit is set to “1”.

Priority 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"

Fig. 10 Processor mode register configuration

N
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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 |1/0 pins are shared with 170 pins for port P5 and
P6. To use these pins as timer input pins, the data direction
register bit corresponding to the pin must be cleared to “0”
to specify input mode.

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;,. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

17 fie f22 fee 512
txw) 172 }—l——| 1/8 ]——L| 1/2 |-—l—f 1/T|——l——| /8 ]—J
¢ “Data bus {odd) . R e
"Data bus (even) CC 3
Clock source selection (Lower 8 bits) (Higher 8 bits)
f, o * Timer i V-4
* One-shot Reload register(16) ]
e —O  Pulse width modulation
o b .
fee —O
. Timer(gate function) b
512 O
Count I——
ounter(16) Addresses
Potarity Event counter Up/Down TimerA0 47, 46,6
A selection Count start flag Always decremented ] TimerAl 49, 48,6
t i it t mod
(1=0~4) o) except in event count modefl . 1Byt
L= External trigger
Down count  ———o TimerA3 4Dys 4Css
TimerA4 4F5 4E\g
Up-downflag o
(44,¢)
o
Puise output
O ' II 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 0000,6. When
the contents of the count start flag is “0”, “L” is output from
TAiour pin.
When bit 2 is “0", TAigyr can be used as a normal port pin.
When bit 4 is “0”, TAijy 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 TAin pin must be
two or more cycles of the timer count source.

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

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

Addresses
Timer A0 mode register 5616

Timer A1 mode register 574
Timer A2 mode register 5846
Timer A3 mode register 596
Timer A4 mode register S5A¢

0 0 : Always “00” in timer mode

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

0 X : No gate function (TAi, is normal port pin).
1 0 : Count only while TAi, input is “L”
1 1 : Count only while TAi, input is “H"

0 : Always “0" in timer mode

Clock source selection bit
00 : Selectf,
01 :Selectfys
1 0 : Select fg(

11  Selectfss,

Fig. 12 Timer Al mode register bit configuration during timer mode
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.7 6 5 4 3 2 1 0 Count start flag Address
4
[ l ] ] l I l l I (Stop at 0", Start at “1”) 016

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 fi mmmmﬂmﬂmﬂﬂ[mmu

Timer mode register
Bit 4 Bit 3

T I n

Timer mode register
Bit 4 Bit3

s 11 11

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 TAiy 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 TAioyt 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”, TAioyr pin
becomes an output pin with pulse output.

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

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set
when the counter reaches 00004¢ (decrement count) or
FFFF;s (increment count). At the same time, the contents
of the reload register is transferred to the counter and the
count is continued.

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

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

Addresses
Timer A0 mode register 56,6

Timer A1 mode register 576
Timer A2 mode register 58:¢
Timer A3 mode register 596

Timer A4 mode register S5Ase

* Always “01” in event counter mode

0 : No pulse output
: Pulse output

-

 Count at the falling edge of input sig_nal
- Count at the 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 Al mode register bit configuration
during event counter mode

76543210 “"‘:;“s
Up-down flag e

Timer AO up-down flag

Timer A1 up-down flag

-Timer A2 up-down flag

Timer A3 up-down flag

Timer A4 up-down flag

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

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

Timer A4 two-phase pulse signal
processing selection bit
0 : Two-phase pulse signal processing
disabled :
1 : Two-phase pulse signat 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 Ai
halted, it is also written to the reload register and the coun-
ter. When data is written to timer Ai which is busy, the data
is written to the reload register, but not to the counter. The
counter is reloaded with new data from the reload register
at the next reload time. The counter can be read at any
time.

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

When timers A2 and A3 are used, as shown in Figure 17,

the count is incremented when a rising edge is input to the

TAk,y pin after the level of TAkoyr (k=2, 3) pin changes
from “L” to “H"”, and when the falling edge is inserted, the
count is decremented.

For timer A4, as shown in Figure 18, when a phase related
pulse with a rising‘edge input to the TA4,y pin is input after
the level of TAdgyr pin changes from “L” to “H”, the count
is incremented at the respective rising edge and falling
edge of the TA4oyr pin and TA4, pin.

When a phase related puise with a falling edge input to the
TA4our pin is input after the level of TA4, pin changes
from “H” to “L”, the count is decremented at the respective
rising edge and falling edge of the TA4,y pin and TAdgur
pin. When performing this two-phase pulse signal proces-

16-BIT CMOS MICROCOMPUTER

sing, timer Aj mode register bit 0 and bit 4 must be set to
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are
ignored. Note that bits 5, 6, and 7 of the up-down flag reg-
ister (44,¢) are the two-phase pulse signal processing
selection bit for timer A2, A3, and A4 respectively. Each
timer operates in normal event counter mode when the cor-
responding bit is “0” and performs two-phase pulse signal
processing when it is “17.

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. Aiso, there can be no pulse
output in this mode.

. Fig. 19 Timer A} mode regist

Addresses
Timer A2 mode register 58

Timer A3 mode register 596
o Timer A4 mode register 5A¢

L 0 1 I Always "01" in event counter mode

010 0 : Always “0100" when processing
two-phase pulse signal

X X : Not used in event counter mode

bit configuration when
performing two-phase pulse signal processing
in event counter mode

war [ ] L] L] L] L

(k=2, 3)

Up-count Up-count  Up-count

we - LS L L] L

Down-count Down-count Down-count

Fig. 17 Two-ph puise prc

ing operation of timer A2 and timer A3

Up-count at each edge

TA4)y

Up-count at each edge

Down-count at each edge

B O D o

Down-count at each edge

Fig. 18 Two-phase pulse processing operation of timer A4
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(3) One-shot pulse mode (10)
Figure 20 shows the bit configuration of the timer Ai mode
register during one-shot pulse mode. In one-shot pulse
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must
be “1".
The trigger is enabled when the count start flag is “1”. The
trigger can be generated by software or it can be input
from the TAi pin. Software trigger is selected when bit 4
is “0” and the input signal from the TAi,, pin is used as the
trigger when it is “1”.
Bit 3 is used to determine whether to trigger at the fall of
the trigger signal or at the rise. The trigger is at the fall of
the trigger signal when bit 3 is “0” and at the rise of the
trigger signal when it is “1”.
Software trigger is generated by setting the bit in the one-
shot start flag corresponding to each timer.
Figure 21 shows the bit configuration of the one-shot start
flag.
As shown in Figure 22, when a trigger signal is received,
the counter counts the clock selected by bits 6 and 7.
If the contents of the counter is not 0000, the TAioyr pin
goes “H" when a trigger signal is received. The count
direction is decrement.
When the counter reaches 00015, The TAiour pin goes “L”
and count is stopped. The contents of the reload register is
transferred to the counter. At the same time, an interrupt
request signal is generated and the interrupt request bit in
the timer Ai interrupt control register is set. This is repe-
ated each time a trigger signal is received. The output
pulse width is
1
pulse frequency of the selected clock
X (counter's value at the time of trigger).
If the count start flag is “0", TAioyr 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 23, a trigger signal can be received be-
fore the operation for the previous trigger signal is com-
pleted. In this case, the contents of the reload register is
transferred to the counter by the trigger and then that value
is decremented.
Except when retriggering while operating, the contents of
the reload register is not transferred to the counter by trig-
gering.

When retriggering, there must be at least one timer count

source cycle before a new trigger can be issued.

Data write is performed to the same way as for timer mode.
When data is written in timer Ai halted, it is also written to
the reload register and the counter.

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

Undefined data is read when timer Ai is read.

Addresses
Timer A0 mode register 56,46

Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 596
: g Timer A4 mode register S5Aq¢

LL 1 0 : Always “10" in one-shot pulse mode

1 Always “17 in one-shot pulse mode

| —

0 X : Software trigger
1 0 : Trigger at the falling.edge of TAi,,
input

1.1 : Trigger at the rising edge of TAi,
input

0 : Always “0" in one-shot pulse mode

Clock source selection

0 0 : Selectf,
01 :Select f,g
10 : Select tg

11 : Select s,

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

Address
76543210
One-shot start flag 42,6

Timer AO one-shot start flag

Timer A1 one-shot start flag

Timer A2 one-shot start flag

Timer A3 one-shot start flag

Timer A4 one-shot start flag

Fig. 21 One-shot start flag bit configuration

This Materi al

Copyrighted By Its Respective Manufacturer



MITSUBISHI MICROCOMPUTERS

‘M37732S4FP,M37732S4AFP

M37732S4BFP

16-BIT CMOS MICROCOMPUTER

Selected clock
source f;

TAin
(in case of the
rising edge)

TAiouyr

4 1

i1

1

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

Fig. 22 Pulse output exampie when external rising edge Is selected

Selected clock
source f;

TAin

(in case of the
rising edge)

TAiour

REQRER R R AR R AR R AR RR RN RRY

t I

| I

Example when the contents of the reload register is 0004,

Fig. 23 Example when trigger is re-issued during puise output
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(4) Pulse width modulation mode (11)
Figure 24 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 length
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 TAi, pin (external
trigger).
The software trigger mode is selected when bit 4 is “0".
Puise width modulator is started and pulse is output from
TAioyr 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”.
When data is written to timer Ai with the pulse width mod-
ulator halted, it is written to the reload register and the
counter. ]
Then when the time Ai start flag is set to “1” and a software
trigger or an external trigger is issued to start modulation,
the waveform shown in Figure 25 is output continuously.
Once modulation is started, triggers are not accepted. If
the vaiue in the reload register is m, the duration “H” of
pulse is
1

selected clock frequency

and the output pulse period is
1

selected clock frequency
An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set at
each fail of the output pulse.
The width of the output pulse is changed by updating timer
data. The update can be performed at any time. The output
pulse width is changed at the rise of the pulse after data is
written to the timer.
The contents of the reload register are transferred to the
counter just before the rise of the next pulse so that the
pulse width is changed from the next output pulse.
Undefined data is read when timer Ai is read.
The 8-bit length pulse width modulator is described next.
The 8-bit length pulse width modulator is selected when
the timer Ai mode register bit 5 is “1”.
The reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a prescaler and the high

Xm

X(2'¢—1).

order 8 bits function as the 8-bit length pulse width modula-
tor. The prescaler counts the clock selected by bits 6 and
7. A pulse is generated when the counter reaches 0000,¢
as shown in Figure 26. At the same time, the contents of
the reload register is transferred to the counter and count is
continued.

Addresses
Timer A0 mode register 5616
Timer A1 mode register 5716
Timer A2 mode register 586
76543210 Timer A3 mode register 59,6
(ERED! Timer A4.mode register . 5A¢
11 : Always “11" in pulse width modulation
mode
1 [ Always “1" in pulse width modulation
mode
0 X : Software trigger

1 0 : Trigger at the falling of TAix input
1 1 I Trigger at the rising of TAi, input

0 ! 16 bit pulse width modulator

1 : 8 bit puise width modulator

Ciock source selection bit

0 0 : Selectt,
0t
1 0 : Select fg,

. Select g

11 : Select sy,

Fig. 24 Timer Al 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 period of the generated pulse is
1
selected clock frequency X(n+1).
The high order 8-bit function as an 8-bit length pulse width
modulator using this pulse as input. The operation is the
same as for 16-bit length pulse width modulator except that

the length is 8 bits. If the high order 8-bit of the reload reg-
ister is m, the duration “H” of pulse is

. 1
~ selected clock frequency X(n+1)Xm.
And the output pulse period is
. N
selected clock frequency

X(n+1)X(25-1).

14X (2'%=1)

. N

Selected clock

A
(] 1
i
-4 0

mmﬂmm

===
r-_a

source fj
!
|
. l
TAiN | N
(in case of the | |\ This trigger is not accepted
rising edge) | I
1/1iX(m)
TAiour | I

I

Example when the contents of the reload register is 00036

Fig. 25

16-bit length pulse width modulator output puise example

/65X {(n+1)X(22-1)

Selected clock
source fj

i
|
|
TAin :
|
l

i
| |
| |
| |
| 1

(in case of the falling edge) } : :

' T
|

‘—‘I—"“—1/'nx(n+l)

Prescaler output

UUUU

(when n =2)

!
|

output

(when m =2)

—’:—+‘_ 16X (n4+1)X (m)
8-bit length pulse
width modulator  ___ V@ e e - o ——

ruv U

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

Figure 27 shows a biock diagram of timer B.

Timer B has three modes; timer mode, event counter mode,
and pulse period measurement/pulse width measurement

mode. The mode is selected with bits 0 and 1 of the timer -

Bi mode register (i =0 to 2). Each of these modes is de-
scribed below.

(1) Timer mode (00)

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

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

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

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

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

Clock source selection .
* Timer

(Higher 8 bits)

| (Lower 8 bits)

S

fz —0O * Pulse period measurement/pulse I Reload register(16) I
te —O \c width measuren:m [ S
fo J [ F M
Addresses
f -—0
=2 Counter(16) Timer BO 51,6 5046
i Polarity selection Event counter Timer B1 63,6 5246
TBin (O—] and edge puise o) )
(i=0~2) generator Count start flag Timer B2 55,6 5446

(40,6)

Counter reset
circuit

Fig. 27 Timer B block diagram

2—260

KRy

This Material Copyrighted By Its Respective Manufacturer



MITSUBISH! MICROCOMPUTERS

M37732S4FP,M37732S4AFP

M37732S4BFP

16-BIT CMOS MICROCOMPUTER

(2) Event counter mode (01)

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

The input signal from the TBiw 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 30 shows the bit configuration of the timer Bi mode

register during pulse period measurement/pulse width
measurement mode.

In pulse period measurement/puise width measurement
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and counting stops
when it is “0”.

The pulse period measurement mode is selected when bit
3 is “0”. In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBi,y pin to the next fall or at the rise
of the input signal to the next rise and the result is stored in
the reload register. In this case, the reload register acts as
a buffer register.

When bit 2 is “0”, the clock is counted from the fall of the
input signal to the next fall. When bit 2 is “1”, the clock is
counted from the rise of the input signal to the next rise.

In the case of counting from the fall of the input signal to
the. next fall, counting is performed as follows. As shown in
Figure 31, when the fall of the input signal from TBii 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,¢

Timer B1 mode register 5C,¢

Timer B2 mode register 5D,¢

I—L 0 0 : Always “00” in timer mode

XX ! Not used in timer mode and
mayvbe any

Timer Bi overflow flag

Clock source selection bit
0 0 - Selectf,

01 : Select fig

1 0 ! Select fg,

11 : Selectfs,,

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

Addresses
Timer BO mode register 5B,¢

0 Timer B1 modé register 5C,¢
1

6 1
XIXI X[ [ o ] Timer 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

Timer Bi overfiow flag

XX : Not used in event counter mode

Fig. 29 Timer Bi mode register bit configuration during
event counter mode

Addresses
Timer BO mode register 5B,¢

76543210

(IIX 1ol

Timer B1 mode register 5C,q

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 falling one

Timer Bi overflow flag

Ciock source selection bit

00 : Selectf;

01 I Selectiyg

1 0 : Select fg,

1 1 : Select fs12

Fig. 30 Timer Bi mode register bit configuration during

puise period measurement/puise 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 “17, 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 fall of the TBiy pin input signal to the next
rise or from the rise of the input signal to the next fall as

shown in Figure 32.

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

Note that in this mode, the interval between the fall of the
TBi 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.

Timer Bi overflow flag which is bit 5 of timer Bi mode regis-
ter is set to “1” when the timer Bi counter reaches 0000,6.
This flag is cleared by writing to corresponding timer Bi
mode register. This bit is set to “1” at reset.

TBin

Reload register « counter

Selected clock

source fj -
11

1

1ot

{ I { I *l 1

[}

Vo

[

[

Counter—0

-F—_‘-—-—:

Count start flag I

Interrupt request signal

Il
e
{f——

next falling one)

Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to

Selected clock
source fj

T8in

Reload register — Counter

E%

—
-]

Counter—0

:j__-_:J

Count start flag

Interrupt request signat

J L5

:

Fig. 32 Pulse width measurement mode operation
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Pulse output port mode

Figure 33 shows a block diagram for pulse output port
mode. In the pulse output port mode, two pairs of four-bit
pulse output ports are used. Whether using pulse output
port or not can be selected by waveform output selection
bit (bit 0, bit 1) of waveform output mode register (624
address) shown in Figure 34. When bit 0 of waveform out-
put selection bit is set to “1”, ports P5;, PS¢, P55 and P54
are used as pulse output ports (RTP1 selected), and when
bit 1 of waveform output selection bit is set to “1”, ports
P53, P55, P5;, and P5, are used as pulse output ports
(RTPO selected). When bits 1 and 0 of waveform output
selection bit are set to “1”, ports P5;, P5¢, P55, and P5,, and
ports P53, P5,, P5, and P5, are used as pulse output ports
(RTP1 and RTPO selected).

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

in the pulse output port mode, set timers A2 and AO to tim-
er mode as timers A2 and AO are used. Figure 35 shows
the bit configuration of timer A0, A2 mode registers in pulse
output port mode.

Data can be set in each bit of the pulse output data regis-

ter corresponding to four ports selected as pulse output
ports. Figure 36 shows the bit configuration of the pulse
output data register. The contents of the puise output data
register 1 (low-order four bits of 64,6 address) correspond-
ing to ports P5;, P5s, P55 and P54 is output to the ports
each time the counter of timer A2 becomes 0000,s. The
contents of the pulse output data register 0 (low-order four
bits of 65,¢ address) corresponding to ports P53, P5,, PS5,
and P5, is output to the ports each time the counter of tim-
er A0 becomes 00004s.

When “0” is written to a specified bit of the puise output
data register, “L” level is output to the corresponding pulse
output port when the counter of corresponding timer be-
comes 0000,¢, and when “1” is written, “H” level is output to
the pulse output port.

Pulse width modulation can be applied to each pulse out-
put port. Since pulse width modulation involves the use of
timers A3 and A1, activate these timers in pulse width mod-
ulation mode. When a certain bit of the pulse output regis-
ter is “1”, pulse width modulation is output from the pulse
output port when the counter of the corresponding timer
becomes 0000;6.

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

Pulse width modulation output
by timer A3 —Do——

l Timer A2
Pulse output data
. register 1 (64, address)

Pulse width modulation output :
by timer At 4

—D——H PS, (RTP1,)

- O Pss (RTP1,)

>—q‘ )——-l >———O PS (RTP1,)

(O PS5 (RTP1,)

A"/

_—"D——_)D—D——O PS5 (RTPO,)

— |
—D—D———O 5. (rTPO,)

———O——F—p—P>—O rs (rrroy)

’ Pulse output data
register 0 (65, address)
| Timer AO

Ds D ' a
rDz_- D Q
D, D Q
Do D Q L/
D Q
D Q
Dy D Q
ol o

——D——1p P> O s ey

Polarity selection bit
(Bit 3 of 62, address)

Fig. 33 Block diagram for pulse output port mode
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Ports PS;, P5e, P55 and P5, are applied puise width mod-
ulation by timer A3 by setting the pulse width modulation

Address
selection bit by timer A3 (bit 5) of the waveform output
mode register t0 “1”. 76 5432 10 [TimerAO mode register 5Gm]
Ports P53, PS,, P5, and P5, are applied puise width mod- l ]°| olxl ‘[ °l °I Timer A2 mode register 581
ulation by timer A1 by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output Ahways (100" in puise output

port m

mode register to “1”.

The contents of the puise output data register 0 can be re-
versed and output to pulse output ports P5; P5,, P5, and
PS5, by the polarity selection bit (bit 3) of the waveform out-

Not used in pulse output port mode

Always “00" in pulse output port mode

put mode register. When the polarity selection bit is 0", Clock lection bit
the contents of the puise output data register 0 is output 00 : Selectf,
unchangeably, and when “1”, the contents of the pulse out- 01 :Selectf,g
put data register 0 is reversed and output. When pulse 10 : Select fes
width-modulation is applied, likewise the polarity reverse to 11 : Select Is;
dth modulation can be selected by th olari
pulse ,WI N y the p ty Fig. 35 Timer A0, A2 mode register bit configuration in
selection bit. ) puise output port mode
Figure 37 shows example of waveforms in puise output port
mode.
76 543 2 Address
M l l l ] Pulse output data register 1 64,
Pulse output data bit of port P5,
7 6 543210 Address
Weveform output mode register 62,6 . —— Puise output data bit of port PS
L L waveform output selection bit i
00 : Parallel port Pulse output data bit of port PS,
0 1 : RTP1 selected

< 1 0 : RTPO selected ——————— Pulse output data bit of port P5;

11 I RTP1 and RTPO selected
765 4321090

Potarity selection bit Address
ari i )
0 : Positive polarity m—l—l_l Pulse output data register 0 65¢

1 ! Negative polarity
Pulse width modulation selection bit Pulse output data bit of port P5,
by timer A1

0 : Not modulated . ——— Pulse output data bit of port PS,

1 ! Moduiated .

P h N . .
bny:l‘si:‘ :rIdAta modulation selection bit '————— Puise output data bit of port PS,

0 : Not modulated

1 : Modulated Pulse output data bit of port PS,

. Pulse output data register bit confi
Fig. 34 waveform output mode register bit configura- Flg. 36 utp 9 onfiguration

tion

This Material Copyrighted By Its Respective Manufacturer



MITSUBISHI MICROCOMPUTERS

M37732S4FP,M37732S4AFP
M37732S4BFP

16-BIT CMOS MICROCOMPUTER

Qutput signal at each time

Port P5;

Port P5¢

Port P55

Port P54

Output signal at each time

Port P5;

Port P5¢

Port P5¢

Port P5,

Qutput signal at each time

Port PS,

Port P5,

Port P5,

Port PS5,

Example of pulse output port (ports P5;~P5,)

when timer A2 becomes 0000,¢ n N N n N L N JL—

| I

| L

Example of pulse output port {ports P5;~P5,) when pulse width modulation is applied by timer A3.

when timer A2 becomes 0000,¢ n . n " L " n " “

_ U
UL UL
UL
I

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

when timer A0 becomes 0000:¢ n “ n n “ n " - L

Lty
LTy
U
L

Fig. 37 Example of waveforms in pulse output port mode
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SERIAL /O PORTS

Two independent serial I/O ports are provided. Figure 38
shows a block diagram of the serial 170 ports.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive
mode register shown in Figure 39 are used to determine
whether to use port P8 as parallel port, clock synchronous
serial 1/0 port, or asynchronous (UART) serial 1/0 port us-

ing start and stop bits.

Figures 40 and 41 show the connections of receiver/transmitter
according to the mode.

Figure 42 shows the bit configuration of the UARTi transmit/
receive control register.

Each communication method is described below.

RxDj

Data bus(odd)
£ ¥ A = RS
LY -
< R D S R T
Data bus(even)

0{0]0{0/0/[0]0|DefD;{Ds|Ds|D.4|D4D-|D,[Do] Receive bufter register
UARTO(37.¢, 36:6)
UART1(3F,q, 3E,5)

&

Receive register ]

| -

Bit rate
generator

Clock source selection
UARTO(31,¢)

Receive clock

Transmission clock

TxD;

| Transmission register m

Transmission

CTSIi/RTSi

f, —o °
2 UART1(39,4) Clock synchronous
16 -0 6
e Internal Clock synchronous
fea —o (Internal clock)
tsi2—o o
O
Clock synchronous CGlock synchronous
) External )1 4 (internal clock) (External clock)
CLki () <d

5.'07 Dg[Ds[D4 D; D2)D4[Dy butfer

UARTO(33,¢. 32;6)
UART1(3B,¢, 3As6)

O

Data bus
{odd)

3
-5

11

Data bus(even)

Fig. 38 Serlal 170 port biock diagram

7654321

Ll

UART 0 Transmit/Receive mode register
UART 1 Transmit/Receive mode register
rial communication method selection bit
0 0 : Parallel port
0 1 : Clock synchronous
0 0 : 7-bit UART
0 Z 8-bit UART
110 :9-bit UART
Internal clock/External clock selection bit
0 : Internal clock
1 : Externat 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 1 With parity
Sleep selection bit
0 I Nosleep
1 _: Sleep

Sel
0
0
1
1

—_—o =0

Addresses

3046
38,6

Fig. 39 UARTI Transmit/Receive mode register bit configuration
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lFleceive buffer
0

register

1 stop bit

Synchronous

Receive
register

Fig. 40 Receiver block diagram

<

. | os [ 0. [ o [ Do

Transmission
bufter regist

8 bit I
9 bit
Synchronous

o
P —
Transmission register
1 stop bit: Synchronous

“g”
Fig. 41 Transmitter block diagram
7 65 4 3 2 1 0 Addresses
T e oo oo UARTO T it/Receive control register 0 34;6
UART 1 T it/R ive control regi 0 3C6
Clock source selection bit
00 :Selectf,

0 1 ! Selectfyg
1 0 : Select fgq
11 ISelectfs;;

CTS. RTS Selection bit

0 : Select CTS
1 : Select RTS
Tr ission register empty bit
2 10 Addresses
7 6543 T UART 0 Transmit/Receive control register 1 3515 1
fsumleen]renfoes] w | re] e LUART 1T it/Receive control register 1 3Dss

| — 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. 42 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 I/0O ports as shown in Figure 43
will be described. (The transmission side will be denoted
by subscript | and the receiving side will be denoted by
subscript k.)

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

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

The clock source is selected by bit 0 (CS,) and bit 1
(CS,) of the clock sending side UART] transmit/receive
control register 0. As shown in Figure 38, the selected
clock is divided by (n +1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLK]. Therefore, when the selected clock is fi,

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

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

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

Transmission

Transmission is started when the bit 0 (TEj flag) of UARTj
transmit/receive control register 1 is “1”, bit 1 is (TIj flag)
of one is “0”, and CTS;j input is “L". As shown in Figure 44,
data is output from TxDj pin when transmission clock CLKj
changes from “H” to “L". The data is output from the least
significant bit.

The Tlj flag indicates whether the transmission 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, TIj flag, and CTSj signals are
ignored until data transmission compietes. Therefore, trans-

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

The transmission start condition indicated by TEj flag, Tij
flag, and CTSj is checked while the Tenpj signal shown in
Figure 44 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 Tenoj
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 Tij 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 (Rik
flag) of UARTK transmit/receive control register 1 is set to
“17. In other words, the setting of the Rl flag indicates that
the receive buffer register contains the received data. At
this point, RTSj output goes “L” to indicate that the next
data can be received. When the Rlk flag changes from “0”
to “17, the interrupt request bit in the UARTK receive inter-
rupt control register is set to “1”. Bit 4 (OERk fiag) of
UARTK transmit/receive control register is set to “1” when
the next data is transferred from the receive register to the
receive buffer register while Rik flag is “17, and indicates
that the next data was transferred to the receive register
before the contents of the receive buffer register was read.
Rlk and OERk flags are cleared automatically to “0” when
the low-order byte of the receive buffer register is read.
The OERk flag is also cleared when the REk flag is
cleared. Bit 5 (FERk flag), bit 6 (PERK flag), and bit 7
(SUMK flag) are ignored in clock synchronous mode.

As shown in Figure 38, 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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Fig. 43 Clock synchronous serial communication
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Fig. 44 Clock synchronous serial 170 timing
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ASYNCHRONOUS

SERIAL COMMUNICATION

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

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

Bit 3 is used to select an internal clock or an external
clock. If bit 3 is “0”, an internal clock is selected and if bit 3
is “1”, then external clock is selected. If an internal clock is
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTI transmit/
receive control register 0 are used to select the clock
source. When an internal clock is selected for asynchro-
nous serial communication, the CLK pin can be used as a
normal 170 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

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

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

The bit 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.

— | (1/8 or V/iexr) X (n+1)X16

Transmission

mememesen ) [ MU Uyvyyuyuyuyy T yuyuL

TEj J
Th 1

Write in transmission buffer regisger
CTS;

—

l ; 5 l
—

gister ~T
buffer register {

Tenoi n

n

TXEPTY;

I M

' Start bit Parity bit Stop bit opped because TEj= “0”
X0; \STLBXRXCXOXOXLXOXONXE Y 5r \STARXDXRXDHOXOXOXRXEY s \sT X |

N

Fig. 45 Transmit timing examplie when 8-bit asynchronous communication with parity and 1 stop bit Is selected

Transmission
clock

= (1/1, or 1/fexr) X (n+1)X16

TE; _]
L B

1

I I

Write in tr ion buffer regist Tr issi gi T ission
Tenoi I I bufter register
Stop Bit Stop Bit causs
TxDj
TxEPTY;j I r_.l

Fig. 46 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 tater.

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

If CTSj 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 “17, the bit 1 (Tl; flag)
is “0”, and CTS;j input is “L” if CTS; input is selected. As
shown in Figure 45 and 46, 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 Tlj 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
CTS; signal (if CTS; input is selected) are ignored until
data transmission is completed.

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

The transmission start condition indicated by TEj flag, Tl;
flag, and ﬁ—s_i.is checked while the Tgnpi signal shown in
Figure 45 is “H”. Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission butter register and Tij 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 Tenpi
signal goes “H” and changes to “0” when transmission
starts. Therefore, this flag can be used to determine
whether data transmision is completed.

When the Tlj 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 47, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived.

worter UARANAMAANAAAAVUIMMAIANL  AAAMARALUUIILAL
RE; J
Stop bit Start bit
RxD; Start bit e s x:Dz: : : [273
Check t “L” Get data

Receive eck to be “L” level L
Clock L m

Starting at the falling

edge of start bit
RI; r———
RTS; | [

Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected
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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; flag is “0”, When the RE; flag changes to
“17, 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 40. At this point, the contents of the receive register
is transferred to the receive buffer register and the bit 3 of
UART; transmit/receive control register 1 is set. in other
words, the Rlj 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

“1",

The bit 4 (OER; flag) of UART;j transmission control register
1 is set when the next data is transferred from the receive
register to the receive buffer register while the RI; flag is
“1”. In other words when an overrun error occurs. If the
OER; flag is “17, 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 RIlj flag, OER; flag, FER; flag, and the
PERi flag is performed while transferring the contents of-
the receive register.to the receive buffer register. The Rl;
OER;j, FERj, PERj, 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 sleep mode is used to communicate only between cer-
tain microcomputers when multiple microcomputers are
connected through serial 170.

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

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

When sleep mode is selected, the contents of the receive
register is not transferred to the receive buffer register if
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if
9-bit asychronous communication) of the received data is
“0". Also the Rlj, OERj, 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 sleep bit cleared will receive the data, but the micro-
computer with the sleep bit set will not. In this way, the
main microcomputer is able to communicate with only the
designated microcomputer.

2—272

Ry

This Material Copyrighted By Its Respective Manufacturer



MITSUBISHI MICROCOMPUTERS

M37732S4FP,M37732S4AFP
M37732S4BFP

16-BIT CMOS MICROCOMPUTER

A-D CONVERTER

The A-D converter is an 8-bit successive approximation 76543210 Address
converter. F T T T 1L 1] ] ] ADcontolregister 1 16,
Figure 48 shows a block diagram of the A-D converter and Analog input selection bit
Figure 49 shows the bit configuration of the A-D control 00 0 : Select AN,
register. The frequency of the A-D converter operating 001 : Select AN,

clock #p is selected by the bit 7 of the A-D control regis- 1) S AN

ter. When bit 7 is “0”, ¢ ap is the clock frequency divided by 1.0 0 : Select AN,

8. That is, ¢ sp=F(Xx)/8. When bit 7 is “1”, ¢ .p is the clock 101 : Select ANs
frequency divided by 4 and ¢.p is=1(X,y)/4. The ¢ p dur- ]1 ‘, (,) 2::2: ::j

ing A-D conversion must be 250kHz minimum because the A-D operation mode selection bit
comparator consists of a capacity coupling amplifier. g ? g:e;i’:‘:‘no’“dfe

The operating mode is selected by the bits 3 and 4 of A-D 10: Si"zle sweep mode
control register. The available operating modes are one- 11 : Repeat sweep mode
shot, repeat, single sweep, and repeat sweep. —————————Trigger selection bit

The bit of data direction register bit corresponding to the 0 : Software trigger
A-D converter pin must be “0” (input mode) because the 1 - ADrag input trigger

A-D conversion start flag

analog input port is shared with port P7. 0 : Stop A-D conversion
The operation of each mode is described below. 1 : Start A-D conversion
Freq lection flag

0: éeloct (Xis)/ 8
1 - Select f(X,)/ 4

Fig. 49 - A-D control register bit configuration

A-D ion speed
» f. [4
) O—f 172 }—=——1 12 ]—le 2 Jo i
VRer
: Vref
Ladder network
AVss O—
HREEEENE
(I II11]
| Addresses A-D con(t:oel re)gister{
A-D register 0 (20,5) e
et —————————————
|__A-Dregister ]| (22,¢)
A-D register 2 (24,5)
A-D register 3 (26,6) Decoder
A-D register 4 (28,¢)
A-D register 5 (2A,¢)
ekl SRl 1
A-D register 6 (2C1¢) Comparator
A-D register 7 (2E,¢)
ey
Data bus (even}
AN, O
AN, O °
AN O ©
AN, O ©
AN, O
ANs O °
AN O °
AN: O —o
ADryrg Selector -

Fig. 48 A-D converter biock 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 ADygg 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
ADyrg 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 resuit 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)

In the sweep mode, the number of analog input pins to be
swept can be selected. Analog input pins are selected by
bits 1 and 0 of the A-D sweep pin selection register (1Fg
address) shown in Figure 50. Two pins, four pins, six pins,
or eight pins can be selected as analog input pins, de-
pending on the contents of these bits.

A-D conversion is performed only for selected input pins.
After A-D conversion is performed for input of AN, pin, the

~ conversion result is stored in A-D register 0, and in the

same way, A-D conversion is performed for selected pins
one after another. After A-D conversion is performed for all
selected pins, the sweep is stopped.

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

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

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

When an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1” and the 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 ADyrg 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 from the ANy pin
to the selected pins, but repeats again from the ANy pin.
The repeat is performed among the selected pins. Aiso, no
interrupt request is generated. Furthermore, if software trig-
ger is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.

A-D sweep pin  Address
selection register 1F¢

: ANg, AN, (2 pins)

. ANo~AN; (4 pins)
: ANg~AN; (6 pins)
: ANg~AN; (8 pins)

- O
-0 —- O

Fig. 50 A-D sweep pin selection register configuration
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WATCHDOG TIMER

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

Figure 51 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 (f33) or by 512 (fsy,). Whether to count fa, or 155, is de-
termined by the watchdog timer frequency selection flag
shown in Figure 52. {5, is selected when the flag is “0” and
32 is selected when it is “1”. The flag is cleared after reset.
FFF,6 is set in the watchdog timer when “L” or 2V 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 cycle of
selected frequency f3, or 155, and after 2048 counts, the
most significant bit of watchdog timer become “0”, and a
watchdog timer interrupt request bit is set, and FFF¢ is
preset in the watchdog timer.

Normally, a program is written 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 Fighre
10 in the interrupt section and generating a reset puise.
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
freq y selection ( tion forced to 3, during
fa2 —O STP instruction execution)
fs12—o
Watchdog timer
Hold (6046)
Write to watchdog timer
. Set FFF,g
RESET Vo,
circuit

STP instruction S Q

=

Fig. 51 Watchdog timer block diagram

7 6 5 4 3 2 1 0
Address

XXX ] Watchdog timer g1

frequency selection

0 : Select fs,,

1 : Select f5;

Fig. 52 Watchdog timer l‘re‘quoncy selection flag

e
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RESET CIRCUIT

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

after holding it at “L” level when the power voltage is at 5V —

+10%. Program execution starts at the address formed by M3773284FP

setting the address pins Az~ As 10 0046, Ays~ Ag to the . 4.5v

contents of address FFFF,s, and A;~ Ag to the contents of RESET Vee ov

address FFFE,s. 8L an—469

Figure 53 shows the status of the internal registers when a +—p—

reset occurs. ;I; ov

Figure 54 shows an example of a reset circuit. The reset in-

put voltage must be held 0.9V or lower when the power voi-

tage reaches 4.5V. Fig. 54 Example of a reset circuit (perform careful

evaluation at the system design level before using)

0.9v

Address Address

(1) Port P4 data directional register (0Cg)-+* 0046 (8) Wavefom output mode register (62:6)~ XX 0] o]0 [X]0]o0]
(2) Port P5 data directional register (OD,s)--a (9 AD conversion intemupt conkrol register  (7046)++- o[o]o[o]

(3) Port PG data directional register (1046)-- (0 UART O bansmission itempt contrl regisler (7149 o[o]o]o]
(4) Port P7 data directional register (11,6 () UART Oreceive intemupt corol register (7246 oofofo
(5) Port P8 data directional register (144g)--* (32)  UART 1 tranamission intermupt control register (7346) ojo0{o|0
(6) A-D control register (1w [0]0]oJo]o]2[2]?] 69 uART1recee imemptcontaregister  (74ye)- olofofo
(7) A-D p pin selection register (1Fsg)-- 1[1] o0 Timer A0 interupt contro register  (7516)- olololo
(8) UART 0 TransmivReceive made register  (30,6)+ 0046 B9 Timer At interrupt control register  (764)--- olofo]o]
(8) UART 1 Transmit/Receive mode register  (381) - 0056 G Timer A2 interrupt control register  (77+)- ojolo]o]
(1) UART 0 Transmit/Receive controlregister 0 (34;6)-+- 10[of0] @n Timer A3 intemupt control register (7816)- olojofo
(1) UART 1 Transmit/Receive control register 0 (3Ce)-++. [ X 1]ofofo| @0 Timer A4 interrupt controf register  (79,0)--- olofo]o]
(1) UART 0 Transmit/Receive control register 1~ (35.¢)- (0|0 [0, 0|0 (0|1 o] @39 Timer BO interrupt control register (7TAre)-- ojo|o ﬂ
(9 UART 1 Transmit/Receive contol egister 1 (3D1e)-~~ [0] 0] 000 0] 1]0] 40 Timer B1 intemrupt contro register  (78y6)-- ofofo]o]
(M) Count start flag (40,6) @) Timer B2 interrupt control register ©  {7Cag) olofofo
(19 One-shot start flag (424)-+- m}x‘ﬁnunun @2 INT, interrupt control register (7Dye) " o|o|ofo|of0
(19 Up-down flag (8446)-- 49 INT, interrupt control register  (7Eg)-- olofoofolo
(1 Timer AO mode register (5646)+ @) TNT interrupt control register  (7Fyg)-+ ojo[o]o]o]0
(19 Timer A1 mode register (5740) 49 Processor status register s [0]0[0[2]2[o0[0[1]2]?]
(19 Timer A2 mode register (5846)- ) Program bank register PG
20 Timer A3 mode register (594¢)-* 47) Program counter PCy Content of FFFFg

1) Timer A4 mode register (S5A6)"* 00,6 “® Program counter PC

(22 Timer BO mode register (5Byg): [0 I 0] 1 OI 0] 1] I OJ @9 Direct page register DPR I 00006 J
23 Timer B1 mode register (5C1e) | OI OI 1 ojo|o ] o| 0 Data bank register DT
@4 Timer B2 mode register (5040 [0]0]1]X[0]0] 0] 0]

@5 Processor mode register (5Eqg)+ }x‘nnnnnn

_I!

8
@7 Watchdog timer frequency selection flag (6146) ﬁﬂ}x‘}x‘}x‘m}x‘

Watchdog timer (60,¢) - I FFFig

Contents of other registers and RAM are not initialized and should be in-
itialized by software.

Fig. 63 Microcompi.lter internal status during reset
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16-BIT CMOS MICROCOMPUTER

INPUT/OUTPUT PINS

Ports P8 to P4 all have a data direction register and each
bit can be programmed for input or output. A pin becomes
an output pin when the corresponding data direction regis-
ter is set and an input pin when it is cleared.

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

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

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

Figure 55 shows a block diagram of ports P8 to P4 and the
E pin output.

In evaluation chip mode, port P4 is also used as control sig-
nal pins.

Refer to the section on processor, modes for more details.

4  MITSUBISH _
"\ascmc- 2=27

~
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* Ports P4s~P4; (Inside dotted-line not included)
Ports P4, P5;, P6;~P86,, P8,, P8¢ (Inside dotted-line included, but P8,, P8 are without hysterisis)

register
<+
—| Port latch I ' J—D‘ J —O

Data bus

* Ports P7¢~P7, (Inside dotted-line not included) !
* Port P7; (Inside dotted-line included)

r——i Data direction |~
register
Data bus —vr—{ Port latch |l ' II 14O

\17

Analog input —m==—=——=9,
I
i

* Ports P8;, P8; (Inside dotted-line not included)
Ports P5,~PSg, P6, (Inside dotted-line included)

___.l Data direction |—

register. “"—o
»-4 o |
Output .

_ ]
Pont latch }+O
!

<1

e

~ r——-

— ur_o
Data direction
register “Q"-o \Lo
D
[

Data bus

* Ports P8, P8,, P8,, P8;

Output

30

Data bus

i
1

Fig. 55 Block diagram for ports P8 to P4 and the E pin output
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16-BIT CMOS MICROCOMPUTER

PROCESSOR MODE

The bit 0 of processor mode register as shown in Figure 56
is used to select either, microprocessor mode, or evaluation
chip mode.

Figure 57 shows the functions of Ag to A; pins, Ag/Dg to Azs/
D, pins, and port P4 in each mode.

The external memory area changes when the mode
changes.

‘Figure 58 shows the memory map for each mode.

The accessing of the external memory is affected by the
BYTE pin and the bit 2 (wait bit) of processor mode regis-
ter . 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 A4e/Dg to A3/D; become the data 1/0 pin.

The data bus width is 16 bits when the level of the BYTE
pin is “L” and A4e/Dg to A3/D; pins and Ag/Dg to As/Dys
pins become the data 1/0 pins.

When accessing the internal memory, the data bus width is
always 16 bits regardless of the BYTE pin level.

Wait bit
0 : Wait
1 : No Wait

Test mode bit

Processor mode register 5E:s

0
I— Processor mode bit

0 : Microprocessor mode

1 : Evaluation chip mode

This bit must be “1” (It is set to “1” after a reset)

e reset bit

Reset occurs when this bit is set to 1

Interrup priority resolusion time selection bit
0 0 : Select 1/f(Xy)X14
01 :Select 1/6{Xin) X 8

1 0 : Select 1/H{ X)X 4

This bit must be “0”

Address

Fig. 56 Processor mode register bit configulation

KRy
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16-BIT CMOS MICROCOMPUTER

CM, 1 1
CM,o 0 - 1
Mode '
Microprocessor Mode, Evaluation Chip Mode
Port .
E I I
Ao~A;. Ao Same as left
§ Address A;~Aq
A;
g —_I_J._
Ad/D, Ais~Ag
BYTE="L" s Same as left
:
) Ay5/Dys
Ag/Dsg

E
§ . . Ais~Ag l_.l
e — e =
BYTE="H" Ae/Ds Ars/Dis
s
A|5/D15

Ports P4, P5 and their direction regis-
ters are treated as 16-bit wide bus.

E I I
) Ass/Do Azz ~ Ase
BYTE = *L” S Data Same as left
A16/Do

§ E E
Az3/D7 Ave/Dq Axs~Aqg | I A/D, Az~ A l—_l
— wpyn § . 16/ Ug

BYTE="*“H Data Data

Same as Ag/Dg 10 A;s/Dys

P4z DBC

" Yoo )

|

Fig. 57 Processor mode and A, to A; pins, Ag/Ds to Ass/D; pins and port P4 functions

om0 | KR
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e Wait bit

As shown in Figure 59, when the external memory area is
accessed with the processor mode register bit 2 (wait bit)
cleared to “0”, the “L” width of E signal becomes twice
compared with no wait (the wait bit is “1”). The wait bit is
cleared during reset. R

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

The processor modes are described below.

Microprocessor Evaluation chip
mode mode

244

956

A|6

C,

|

RAM i

|

|

%

The shaded area is the external memory area.

FFFFFFq

Fig. 58 External memory area for each processor
mode

Internal clock¢

AI/Dj OO
Address Address

Wait bit
“r

me M

Address Address

AI/Dj o oate_Y_

Waj‘t)"biﬁ E —_— M N
ALE m n

Fig. 59 Relationship between wait bit and access time

(1) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVsgs
pin to V¢c and starting from reset.

Ag/Ds to Ay5/Dys pins have two functions depending on the
level of the BYTE pin.

When the BYTE pin level is “L”, Ag/Dsg t0 A,,/D4s pins func-
tion 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".
When the BYTE pin level “H”, Ag/Dg to Ass/D4s pins func-
tion as an address output pjn.

Ae/Dg to Az/D; pins have two functions depending on the
level of the BYTE pin.

When the BYTE pin level is “L”, A¢/Do~Az/D; pins func-
tion as an address output pin while E is “H” and as an even
address data I/0 pin while E is “L". However, if an intemal
memory is read, external data is ignored while E is “L".
When the BYTE pin level is “H”, A;g/Do~ Azs/D; pins func-
tions as an address output pin while E is “H" and as an
even and odd address data I/0 pin while E is “L". Howev-
er, if an internal memory is read, external data is ignored
while E is “L".

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 itis “L”. .
Therefore, two bytes at even and odd addresses are
accessed simultaneously if address Ag is “L” and BHE is
“L".

This Materi al
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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.

HOLD is a hold request signal. It is an input signal used to
put the microcomputer in hold state. HOLD input is
accepted when the internal clock ¢ falls from “H” level to
“L" level while the bus is not used. A, to A; pins, Ag/Dg to
A/D; pins, R/W pin and BHE pin are floating while the
microcomputer stays in hold state. These ports are fioating
after one cycle of the internal clock ¢ later than HLDA sig-
nal changes to “L” level. At the removing of hold state,
these ports are removed from floating state after one cycle
of ¢ later than HLDA signal changes to “H” ievel.

RDY is a ready signal. If this signal goes “L”, the internal
clock ¢ stops at “L". ¢, output from clock ¢, output pin
doesn’t stop. RDY is used when slow external memory is
attached.

(2) Evaluation chip mode (11)

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

As/Dg to A,s/D,5 functions as an address output pin while E
is “H” and ‘as data I/O pin of odd addresses while E is “L"
regardiess of the BYTE pin level. However, if an internal
memoty is read, external data is ignored while E is “L".
A16/Dg to Ay3/D; function as an address output pin while E
is “H” and as data 170 pin of even addresses while E is “L"
when the BYTE pin level is “L”. However, if an internal
memory is read, external data is ignored while E is “L".
When the BYTE pin level is “H”, A;¢/Dg to Ay3/D; 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 E is
“L".

Port P4 and its data direction register which are located at
address 0A,¢ 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.

Ports P43 to P4g become MX, QCL, VDA, and VPA output
pins respectively. Port P4, becomes the DBC input pin.

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

VDA is the valid data address signal. It becomes “H” while
the CPU is reading data from data buffer or writing data to
data buffer. it also becomes “H” when the first byte of the

instruction (operation code) is read from the instruction
queue buffer.

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

DBC is the debug controt 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 CNVss pin input
levels and processor modes

CNVgg Mode Description
* Micropr Microp mode upon
» Evaluation chip starting after reset. Evaluation
Vee chip mode can be selected
by changing the processor
mode bit by 3
2 Vee * Eval chip . chip mode only.
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CLOCK GENERATING CIRCUIT

Figure 60 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, FFF,q is
written to watchdog timer and the watchdog timer input
connection is forced to fs;. 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 restartéd when an interrupt is received. Instructions
can be executed immediately because the oscillator is not
stopped.

M37732S4FP
xIN XDU‘I’
1IMQ
29 o 3

<

0

] 4

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 61 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 62 shows an example of
using an external clock signal.

ADDRESSING MODES

The M37732S4FP has 28 powerful addressing modes.
Refer to the MELPS 7700 addressing mode description for
the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37732S4FP has 103 machine instructions. Refer to
the MELPS 7700 machine instruction list for details.

M37732S4FP

External clock source

wnnnr
Vss

Fig. 61 Circuit using a ceramic resonator
?

Fig. 62 External clock input circuit

Interrupt  request —L s Q L S Q

STP instruction—— R wIT instruction% R

Reset
a s —C(;

R|— STP instruction

O
internal clock ¢
fvs
1/8 172 H f512

O

Xin Xour

Fig. 60 Block diagram of a clock generator
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 \'
AVce Analog supply voltage —0.3~7 \
v, Input voltage RESET, CNVss, BYTE —0.3~12 v
Input voltage Ag~A;, As/Dg~Az3/D;7,
v, P43~P4,, P&NPﬁy,mPGLPh“'Ph, —0.3~Vce+0.3 \"%
P89~P8;, Vger, Xin, HOLD, RDY
Output voitage Ag~A;7, Ag/Ds~Az/D7,
Vo ’ Pds~P4y, P8~ P57, PGo~P6;, P7g~P77, ~0.3~Vec+0.3 v
P8~P87. Xou, E, $1, HLDA, ALE, BHE, R/W
Pd Power dissipation Ta=25C © 300 mw
Topr Op ] p —20~-85 C
Tstg Storage temperature —40~150 T

RECOMMENDED OPERATING CONDITIONS (Voo=5V+10%, Ty=—20~85T, unless otherwise noted)

Limits
Symbol Parameter Unit
Min. Typ. Max.
Vce Supply voitage 4.5 5.0 5.5 v
AVce Analog supply voitage Vee \4
Vss Supply voitage 0 v
AVss Analog supply voltage 1] v
High-level input voltage Pd43~P4;, P5,~P5;, P6y~P6;,
Vin P7o~P77, PBo~P87, X;n, RESET, |0.8Vce Vee v
CNVss, BYTE, HOLD, RDY
Vin High-ievel input voitage Ag/Dg~Az/D; 0.5Vee Vee v
Low-level input voltage P43~P4;, P5,~PS;, P6g~ P67,
Vi P79~P7;7, P8y~P87, Xin, RESET, 0 0.2vce v
CNVss, BYTE, HOLD, RDY
Vi Low-level input voltage Ag/Dg~Az/D; 0 0.16Vee v
High-ievel peak output current Ag~A;, As/Ds~Az/D;,
lon(peak) P43~P4;,.PSo~P5;, P6y~P67, —10 mA
PTo~P77.P8~PEy, b1
) HLDA, ALE, BHE, R/W
i High-level average output current Ag~Az, Ag/Dg~Az3/D7,
lon(avg) Pd3~Pé7, PSo~PS7, Pbg~P67, —5 mA
P7~P7;,P8g~P87, $4, B
HLDA, ALE, BHE, R/W
Low-level peak output current Ag~A;, Ag/Dg~Az3/D7,
loutpeak) Pdy~P47, P5y~PS;, Po~PSy, 10 mA
PlaPT1Pa~P81, b1
HLDA, ALE, BHE, R/W
Low-level average output current Ag~A;, Ag/Dg~A2/D7,
locavg) PA3~Pdy, PSo~P57, Plo~P67, 5 mA
P70~P7;,P8y~P8;, ¢:,
HLDA, ALE, BHE, R/W
M37732S4FP 8
f(Xin) External clock frequency input | M37732S4AFP 16 MHz
M37732S4BFP 25
Note 1. Average output current is the average value of a 100ms interval.

2. The sum of loLtpeak) for ports Ao~ A;, Ag/Dg~ A»3/D;, HLDA, ALE, BHE, R/W, V, and P8 must be
80mA or less, the sum of lon(peak) for ports Ag~A;7, Aa/Dg~Az/D;, HLDA, ALE, BHE, R/W, and P8
must be 80mA or less, the sum of loL(peak) for ports P4, PS, P6, P7, ¢, must be 80mA or less, and
the sum of lon(peak) for ports P4, P5, P6, P7, $, must be 80mA or less.
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M37732S4FP
ELECTRICAL CHARACTERISTICS (vcc=5YV, Vss=0V, Ta=25T, {(Xin)=8MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions " Unit
Min. Typ. Max.
High-level output voltage Ag~A7, Ag/Dg~Az2/D7,
P43~P4;, P59~P5;, P6o~P67,
~ | loy=—10mA
Von P7g~PT7, P8o~P8, o 3 v
#,, HLDA, BHE, R/W
High-level output voltage Ag~A7, Ag/Dg~Az/D7,
e = —400, 3
Von ¢, HLDA, BHE, R/W fow A 4.7 v
V. High-level output vottage ALE lou=10mA 3.1 v
-level uf e
on igl output voitag low=—A400A 2.8
V. High-level output voltage E o —10mA 3.4 v
Igh-levi uf
on 9 put voltag Ton=—4002A 2.8
Low-level output voltage Ag~A;, Ag/Dg~Az3/Ds,
P4;~P4;, PS5o~P5;, P6~P6;,
lor=10
VoL P7g~PT;, P8o~PE7, o =10mA 2 v
1, HLDA, BHE, R/W
Low-level output voltage Ao~A;, As/Dg~A23/D7, i
= = =2mA .
Vou #,. HLDA, BHE, R/W lov=2m, 0.45 v
v Low-level output voltage ALE lou=10mA 1.9 v
ow-level Ut Vi e
oL P 9 lou=2mA 0.43
v “Low-level output voitage E lo=1 1.6 v
oL ow-level output votlage loL=2mA 0.4
Vs —Vo_ Hysteresis HOLD, RDY, TAON~TA4, TBON~TB2w, 0.4 1 v
INTo~INT2, ADtra, CTSo, CTS:, CLKo, CLK,
Vr4+—Vy_ | Hysteresis RESET 0.2 0.5 v
Vr4+—Vr— | Hysteresis Xy 0.1 0.3 v
High-level input current Ag/Dg~A2/Dy7,
P43~P4;, PSg~P57, P6o~P67,
V=5V 5 A
h PTo~P7y, Py~PBy, X, RESET, | V0 "
CNVss, BYTE, HOLD, RDY
Low-level input current Ag/Dg~Az3/D7,
. P4;~P4;, P5g~P5;, P6g~P67,
Al v, =0 —
e P7g~P7;, PBy~P8;, Xin, RESET, =V ° uh
CNVss, BYTE, HOLD, RDY ~
Vaam RAM hold voltage When clock is stopped. 2 A"
=8M
$X)=BMaHz, 6 12 | ma
square waveform
Output only pin is T.=25C wh Tock
lcc Power supply current open and other pins | 2 when cloc 1
are Vgg during reset. s stopped. uA
Ta=85T when clock 20
is stopped.
A-D CONVERTER CHARACTERISTICS (Vco=5V, Vss=0V, Ta=25T, #(Xiw) =8MHz, unless atherwise noted)
P: Test diti Lirits Unit
Symbol arameter ‘est conditions i, v, Max
— Resolution Vrer=Vcc 8 Bits
— Absolute accuracy Veer=Vce *3 LSB
Riappenr | Ladder resistance Vrer=Vcc 2 10 kQ
tconv Conversion time 28.5 #S
VRefF Reference voitage 2 Vee v
Via Analog input voltage 0 Vaer \'Z
KR -
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BRES 16-BIT CMOS MICROCOMPUTER
M37732S4AFP )
ELECTRICAL CHARACTERISTICS (Vec=5V. Vss=0V, Ta=25T, {(X,s)=16MHz, unless. ofherwise noted)
Symbol Parameter Test conditions Min. L;_'::s Max. Unit

High-level output voltage Ag~A;, Ag/Dg~Az/D;,
P4;~P4;, PSo~P5;, P6g~P67,

Vou P7o~P1y, P8y~P8;, on="10mA 3 v
#. HLDA, BHE, R/W i
Vou High-level output voltage :%,%—A:]{;, low=—400 A a7 : v
on=—10mA 3.1 ;
. Vou High-level output voltage ALE on=—A4002A 28 i A"
Vou High-level output voltage E on=—10mA 3.4 v
lon=—400uA 4.8
Low-level output voltage Ag~A;, Ag/Dg~Az3/Dy,
P43~P4;, PSg~P5;, Py~ P6y, :
VoL p;:~p::, P::‘~PB:, Pea~Pe; loe=10mA 2 v
#., HLDA, BHE, R/W
-
Vo Low-level output voltage :::'TD:G/BDTBEIE:%)? lou=2mA 0.45 v
lot=10mA 1.9
VoL Low-level output voitage ALE lov=2mA 0.43 \"
— lor=10mA . 1.6
VoL Low-level output voitage E o =2mA 0.4 v
Vyomy,_ | Hysteresis HOLD, RDY, TAON~TAdw, TBOW~TB2, 0.4 1
INTg~INT2, AD1rg, CTSy, CTS, CLK,, CLK, N )
Vr4+—Vy_ | Hysteresis RESET 0.2 0.5 v
Vy4+—Vr- | Hysteresis Xy 0.1 0.3 \4

High-level input current Ag/Ds~Az/D7,

Pd3~P4;, PSg~P5;, P6o~P67,
| — V=5V A
iH P7o~P77, PBy~P8;,Xy, RESET, ! . > “
) CNVss, BYTE, HOLD, RDY
Low-level input current Ag/Dg~Az3/D7,

P4;3~P4;, PSo~P5;, P6y~P6;, :

— Vi=0v —

0 P70~P7;, P8y~P87, Xin, RESET, | °' - S mA
CNVgs, BYTE, HOLD, RDY

Vaam RAM hold voltage When clock is stopped. 2 \"

1l =16MHz,
() : 12 24 | ma
square waveform

Output only pin is e

Icc " | Power supply current open and other pins _Ta—zs when clock 1

are Vgs during reset. is stopped. A
Ta=85TC when clock 20
is stopped.

A-D  CONVERTER CHARACTERISTICS (Vco=5V, vss=0V, Ta=25T, f(X,)=16MHz, unless otherwise noted)

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

-_ Resolution Veer=Vece 8 Bits

— Absolute accuracy Vrer=Vce *+3 LS8
Riapoer | Ladder Vaer=Vee 2 10 kO
tcony Conversion time 14.25 x3
VReer Reference voltage 2 Vee \"
Via Analog input voltage 0 Vrer v

MITSUBISHI
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M37732S4BFP

16-BIT CMOS MICROCOMPUTER

M37732S4BFP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25T, f(X)=25MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
. Min. Typ. Max.
High-level output voltage Ag~A7, As/Ds~Az/D7,
Pé4g~Pd;, PSg~P5;, PBg~P67, —
Vou DT PT.. Poerply. low=—10mA 3 V.
#. HLDA, BHE, R/W
High-level ocutput voitage Ag~A7, As/Ds~Azs/D7, __
Vou ¢,, ALDA, BHE, R/W lo=—400uA 4.7 v
Vv High-level output voltage ALE o= —10mA 3.1 v
-leve v
OoH igh-level outpu ] lon——4007A 4.8
V. High-level output voltage E lou==—10mA 3.4 v
-level output v
OH g P g ton——A4001A 4.8
Low-level output voltage Ag~A;7, Ag/Ds~Az/Dy7,
P4y~P4;, P5~P5;, P6g~P67,
=1
VoL P7o~P75, PBy~PB1, lor=10mA 2 v
#. HLDA, BHE, R/W
Low-level output voltage Ag~ A7, As/Ds~Az3/D7, -
Vou &, HLDA, BHE, R/W for=2mA 0.45 v
v, Low-level output voltage ALE low=10mA 1.9 v
ow-levi v
oL 9 loL=2mA 0.43
— lo.=10mA 1.6
V, Low-I | output volta E
oL ow-level put voitage Tor—=2mA 0.4 v
Vep—V. Hysteresis HOLD, RDY, TAOi~TA4dy, TBOW~TB2i, 0.4 1 v
Y INTo~INT;, ADrag, CTSo, CTS1, CLKa, CLK; )
‘ Vr4+—Vy— | Hysteresis RESET 0.2 0.5 v
Vy4—Vr— | Hysteresis Xy 0.1 0.3 v
High-level input current Ag/Dg~A2/D7,
P43~P4;, PSg~P5;, P6p~ P67, _
i PTo~PT7, PBy~PBy, Xy, RESET, | V' o7 51 uA
CNVgg, BYTE, HOLD, RDQY
Low-level input current Ag/Da~A23/D7,
P43~Pd;, P5o~P5;, P6o~ P67, _ _
. PTo~PT;, PBo~PBy, X, RESET, | 0" S e
CNVgs, BYTE, HOLD, RDY
Veam RAM hold voitage When clock is stopped. 2 v
1 - Hz,
() =25MHz, 19 3 | ma
. square waveform
Output only pin is 25
lce Power supply current open and other pins Ta when clock 1
are Vss during reset. is stopped. uA
Ta=85T when clock 20
is stopped.
A-D CONVERTER CHARACTERISTICS (Voo=5V. Vss=0V, Ta=25T, f(Xi)=25MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
. Min. Typ. Max.
- Resolution Veer=Vcc 8 Bits
— A accuracy Vaer=Vec +3 LSB
Ryapoer | Ladder Vrer=Vcc 2, 10 k2
tconv Conversion time 9.12 us
Vgrer Reference voitage 2 Vee \4
Via Analog input voltage (4] VRer \'
-
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M37732$4FP M37732S4AFP
: M37732S4BFP

16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Voc=5V+10%, Ves=0V, Ta=25T, unless otherwise noted)
External clock input

Limits
_ Symboi Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. “Min. Max. Min. Max.
te External clock input cycle time 125 62 40 ns
twiH) External clock input high-levei pulse width 50 25 15 ns
twir) E> clock input low-level pulse width 50 25 15 ns
tr External clock rise time 20 10 8 ns
t¢ External clock fall time 20 10 8 ns
Microprocessor mode
Limits
Symbol Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.

tsu(DH—E) Data high-order input setup time - 60 45 30 ns
tsu(pL—e) Data low-order input setup time 60 45 30 ns
tsu(pap—e) | Port P4 input setup time 200 100 60 ns
tsu(Psp—e) Port P5 input setup time 200 100 60 ns
tsu(pep—e) | Port P8 input setup time 200 100 60 ns
tsu(pro—e) | Port P7 input setup time 200 100 60 ns
tsu(pso—e) | Port P8 input setup time . 200 100 60 ns
tsu(rov—g ) | RDY input setup time 70 60 55 ns
tsu(HoLD—¢ )| HOLD input setup time 70 60 55 ns
th(e—pn) | Data high-order input hold time 4] 0 0 ns
th(e—bL) Data low-order input hoid time 0 o] 0 ns
th(e—rap) Port P4 input hold time 0 0 0 ns
th(e—psp) Port P5 input hold time 0 0 0 ns
th(e—preD) Port P6 input hold time [¢] 0 0 ns
thie—p70) Port P7 input hold time 0 0 0 ns
th(e—rsp) Port P8 input hold time 0 0 0 ns
th(g,—rov) | RDY input hold time 0 0 0 ns
th(s—roLp) | HOLD input hold time 0 0 0 ns

2‘-—288 AM"
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16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max, Min. Max.
te(Ta) TAij input cycle time 250 126 80 ns
twiTar) TAin input high-level puise width 125 62 40 ns
tw(TAL) TAin input low-level pulse width 125 62 40 ns
-Timer A input (Gating input in timer mode)
Limits
Symbol Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
te(Ta) TAiy input cycle time 1000 500 320 ns
tw(TaH) TAii input high-level pulse width 500 250 160 ns
tw(TaL) TAi input low-level pulse width 500 250 160 ) ns
Timer A input (External trigger input in one-shot pulse mode)
. Limits
Symbol Parameter 8 MHz 16MH2 25MHz Unit
Min. Max Min. Max Min, Max,
te(ta) TAin input cycle time 500 250 160 ns
tw(TAH) TAiy input high-level pulse width ) 250 125 80 ns
twiTaL) TAb input low-level pulse width 250 125 80 ns
Timer A input (External trigger input in pulse width modulation mode)
. X Limits
Symbol Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max
twiTaH) TAiyy input high-level pulse width 250 125 80 ns
tw(TAL) TAin input low-level pulse width 250 125 80 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
toup) TAioyr input cycle time 5000 2500 2000 ns
twiupH) TAiour input high-level pulse width 2500 1250 1000 ns
tw(uPL) TAigyr input low-level pulse width 2500 1250 1000 ns
tsuupr-Ty) TAiour input setup time 1000 500 400 ns
" thiTy-ur) TAioyy input hold time ) 1000 500 400 ns
}\amnc"" o 229
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16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode )}

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
to(re) TBiw input cycle time {one edge count) : 250 125 80 ns
twiren) TBim input high-level puise width (one edge count) 125 62 . 40 ns
twitew) TBiw input low-level pulse width (one edge count) 125 62 40 ns
tere) TBii input cycle time (both edges count) 500 250 160 ns
tw(TBH) TBiw Input high-level pulse width (both edges count) 250 125 80 ns
twiTeL) TBiw input low-level pulse width (both edges count) 250 125 80 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol ' Parameter 8MHz 16MH2z 25MHz Unit
Min. Max. Min. Max. Min. Max.
tc(re) TBi input cycle time 1000 500 320 ns
twiTen) TBiw input high-level pulse width ’ 500 250 160 ns
tw(TeL) TBiw input low-level pulse width 500 250 160 ns
Timer B input (Putse width measurement mode)
Limits
Symbolt Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
te(re) TBiw input cycle time 1000 500 320 ns
tw(ren) TBiy input high-level pulse width 500 250 160 ns
twiTeL) TBin input low-level pulse width ) 500 250 160 ns
A-D trigger input
. Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
. ) Min. Max. Min. Max. Min. Max.
te(an) ADme input cycle time {mini trigger) 2000 1000 1000 ns
twiADL) ADraa input low-ievel puise width 250 125 125 ns
Serial /O
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max Min. Max Min. Max
teiex) CLK; input cycle time 500 250 200 ns
twickn) CLK; input high-level pulse width 250 125 100 ns
twickL) CLK; input low-level pulse width 250 125 100 ns
tdic—a) TxDj output delay time 150 20 80 ns
thic—a) TxDj hold time 30 30 30 ns
tsu(p—c) RxDj input setup time 60 30 20 ns
th(c—pb) RxDj input hold time 90 90 90 ns
External interrupt INT; input
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
tw(ine) INT; input high-level pulse width 250 250 250 ns
twinw INT; input low-level pulse width 250 250 250 ns

gy 9 mTSUBISH
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) ' ) . 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vco=5V*10%, Vss=0V, Ta=25T, unless otherwise noted)
Microprocessor mode (when wait bit = “17)

Limits
Symbol Parameter Test conditions 8 MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
td(aL—E) Address low-order output delay time 100 30 12 ns
td(e—pHa) Data high-order output delay time (BYTE="L") 110 70 45 ns
toxz(e—pnz) | Floating start delay time (BYTE="L") 5 5 5 ns
tdam—e) Address middle-order output delay time 100 30 12 ns
td(am—aLe) | Address middie-order output delay time 80 24 5 ns
td(e—oLQ) Data low-order output delay time 110 70 45 ns
texz(e—pLz) | Floating start delay time 5 5 5 ns
td(AH—E) Address high-order output delay time 100 30 12 ns
td(au—aLe) | Address high-order output delay time 80 24 5 ns
td(s,—nLoa) | HLDA output delay time 100 50 50 ns
td(aLe—e) ALE output delay time 4 4 4 ns
twiaLE) ALE puise width ’ 90 35 22 ns
td(BHE—E) BHE output delay time 100 30 20 ns
td(r/w—E) R/W output delay time 100 30 20 ns
tde—¢yp ¢, output delay time 0 30 0 20 0 18 ns
th(e—aL) Address low-order hoid time Fig. 63 50 25 18 ns
th(aLE—am) | Address middle-order hold time (BYTE="L") 9 9 9 ns
th(e—oHa) Data high-order hold time (BYTE="L") 50 25 18 ns
tpzx(E—DHz) | Floating release delay time (BYTE="L") 50 25 18 ns
th(e—am) Address middie-order hoid time (BYTE="H") 50 25 18 ns
th(aLe—an) | Address high-order hold time 9 9 9 ns
th(e—bLQ) Data low-order hold time 50 25 18 ns
tpzx(e—pLz) | Floating release delay time 50 25 18 ns
th(e—eneg) | BHE hold time 1 18 18 ns
the_rmw) | R/W hold time 1 18 18 ns
td(E—Pa) Port P4 data output delay time 200 100 80 ns
td(e—psa) Port P5 data output delay time 200 100 80 ns
td(e—psq) Port P6 data output delay time 200 100 80 ns
td(e—p7Q) Port P7 data output delay time 200 100 80 ns
td(e—p8Q) Port P8 data output delay time 200 100 80 ns
twieL) E puise width 220 95 50 ns
’
2—291
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Microprocessor mode (when v.nait bit = “0", and external memory area is accessed)

Limits
Symbot Parameter Test conditions 8 MHz 16MHz 25MHz Unit
Min. Max. Min Max Min Max
tdcaL—e) Address low-order output delay time 100 30 12 ns
td(e—pHQ) Data high-order output delay time (BYTE="L") 110 70 45 ns
tpxz(e—pHz) | Floating start delay time (BYTE="L") 5 5 5 ns
td(Am—E) Address middle-order output delay time 100 30 12 ns
td(am—aLe) | Address middle-order output delay time 80 24 5 ns
td(e—pLQ) Data {ow-order output delay time 110 70 45 ns
texz(e—pLz) | Floating start delay time 5 5 5 ns
td(AH—E) Address high-order output delay time 100 30 12 ns
td(an—aLe) | Address high-order output delay time 80 24 5 ns
td(g,—riLoa) | HLDA output delay time 100 50 50 ns
td(aLe—E) ALE output delay time 4 4 4 ns
twiaLE) ALE pulse width 90 35 22 ns
td(ene—e) | BHE output delay time 100 30 20 ns
td(rRw—E) R/W output delay time 100 30 20 ns
tde—ep #1 output delay time [} 30 0 20 0 18 ns
th(e—aL) Address low-order hold time Fig.63 50 25 18 ns
th(aLe—am) | Address middle-order hold time (BYTE="L") 9 9 9 ns
th(e—oHQ) Data high-order hold time (BYTE="L") 50 25 18 ns
tezx(E—pHz) | Floating release delay time {BYTE="L") 50 25 18 ns
th(E—am) Address middie-order hold time (BYTE="H") 50 25 18 ns
th(aLe—an) | Address high-order hold time 9 9 g ns
th¢e—oLa) Data low-order hold time 50 25 18 ns
tpzx(e—pLz) | Floating release delay time 50 25 18 ns
th(e—BHE) BHE hold time 18 18 18 ns
th(e—rw) | R/W hold time 18 18 18 ns
td(e—raa) Port P4 data output delay time 200 100 80 ns
td(e—psq) Port PS5 data output delay time 200 100 80 ns
td(e—pea) Port P8 data output delay time 200 100 80 ns
td(e—pra) Port P7 data output delay time 200 100 80 ns
tde—psa) .| Port P8 data output delay time 200 100 80 ns
twier) E puise width 470 220 130 ns
Ao~A;
Aa/Dg~A2s/D; ©
P4
PS5 100pF
P6
P7
P8
HLDA
ALE
BHE
R/W
¢ 1
E
v
Fig. 83 Testing circuit for each terminat
22 R
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16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM vy

twir) tww)
()

: |
. f—»| td(e—rea)
Port P4 output
tsu(pan—e)
Port P4 input j\ thie—rao)
-—"l td(e—prsa)
Port P5 output X
'w(m—zF
Port P5 input l thie—ps0)
» l—>] td(e—rpe)

Port P6 output N

tsu(reo—€)
Port P6 input 1 thie—rs0)

fe—>| tde-r7a)

Port P7 output

. . tsupro—E)
Port P7 input 1 thie_rror

= tde—rea)

Port P8 output
tsucran—e) |
4
Port P8 input / * thie-reo)
]
x _MITSUBISH! p—203
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16-BIT CMOS MICROCOMPUTER

tora)

twiran)

)

TAi input /

tw(taw)
|
teie)
twiupr)
TAiour input / ( \
twiupL)
-
TAioury input 4
(Up-down input)
tn Event counter mode
TAi input
(When count by talling) l"h(rm—up) tsucup—T)
TAin input —_— /
(When count by rising) \ /

Tcare)

tw(ren)

4 \
TBiy input . / *
] tw(rL)

tc(an) |

. twum.)
AD+ypg input 1

teicr)

twickw)

CLK; / /
twicku) ]
TxDj y

tdic—a)

thic-a)

l tsuto—c) thic—p)

Ve \

twany)

INT;j input
twiinm)

2 AR
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16-BIT CMOS MICROCOMPUTER

Microprocessor mode
(When wait bit = “1")

N\ S L
~_/ 0/

ADY input ' /
\

tsu(rpy—#y)| th(si—roY)

mi

{When wait bit = “0")

NS S\ S
o e —

mi

RDY input \\

tsu(rov—e)|  thts—rov)

(When wait bit = “1" or “0" in common)

# "N\ / \ [/ '—\_/_\_
tSu(HOLD—#y) this—noLo)
—
HOLD input L
td(#—-HLOA) td(#,—nLOA)
— —

HLDA output

Test conditions

* Vec=5V10%

« Input timing voltage . V, =1.0V, V,,=4.0V

= Output timing voitage : Vo, =0. 8V, Vgou=2.0V
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16-BIT CMOS MICROCOMPUTER

Microprocessor mode (When wait bit = “17)

Y te

twiw twin)

1(Xm)
| v .
td(e~¢,) tde—s,,
E _ twie ! —
- [
thie—an) I‘_“_E__
Ac~A; output x Address Address X
- i
thiaLe—am) b){ th(e-pwa) texz(e—onz) tozx(e—omz)
As/Da~A15/D1s x Address Data | Address | - —————— t— Address
output
(BYTE="L") td(am—aLe) td(e~oma)
td(am—e)
the—am) /
Ag~A;s output 1 Address Address X
(BYTE="H") | -
tsuton—e) thie—ow
Dg~D;5 input
th(aLe—an) 1&){ :’“E‘Dl—m texz(e—oL2) tezx(e—pL2)
Ay6/Do~Az3/D; N Address X Data Address | W — — — — — - L Address
t, 1
output ’ Q-5 'Su(oL—E) )
tdian—ace) | [tde—oLa thie—ov)
Do~D; input A'
twiaLe)
; tdare—e)
ALE output A’ \ / 1
tdcene—e) "
[~ (E~BHE)
BHE output 4 ( x
¥,
tdrw—e) "-l n
(E—R/W)
R/W output W\ 1
Test conditions
* Vee=5V+10%
* Output timing voltage : Vo, =0. 8V, Vo,,=2. 0V
* Do~D;5 input P V=0.8V, V\=2.5v
2-2% Aa.acruci's
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16-BIT CMOS MICROCOMPUTER

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

tc

# BV A WV A VY AN N / (N WY A VY A N |

|

tdte—¢p td(e—9p
twi(eL)

mi
-

td(aL—g)
the—aL) <>

Ao~A7 output X Address X Address X

thiaLe—am) r-s—)‘ th(e —oHa) -—hl (—)l texz(e—bHz)
Ag/Dg~Aq5/Dis |
output Address N Data y Address }- ________ -

tpzx(e—bHZ)

Address

eTE A ‘_’I td(e—pHa) tdam—g)

Ag~Aqs output th(e—am) ‘—‘1

(BYTE="H") X Address | Address X Address
tsuton—e) th(e—ow)

Dg~D,5 input / X

thiace—an) > thie—oLa) <-—)| | texz(e—oL2)
A4e/Dp~Az3/Dy
output ) Address u Data N Address — - ——  ——— ——
tdcan—aLe)| { tdte—oLe) td(an—g)

tezx(e—oL2)

th(e—oL)

' tsutoL—e)
Do~D; input P \
tw(aLe) <— tdae-e)
ALE output \

~

tdcere—€) e 03]

BHE output ), . K x

. td(rw—e) ‘—’1 thee—rw)
R/W output ,{

Test conditions

* Vee=5V+10%

* Output timing voltage : Vo, =0. 8V, Vou=2. 0V
* Do~D;s input IV, =0.8V, V;y=2.5V
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