MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTERA

DESCRIPTION

The M37710S4BFP is a microcomputer designed with high-
performance CMQOS silicon gate technology. This is housed
in a 80-pin plastic molded -QFP. This microcomputer has a
large 16M bytes address space, three instruction queue
buffers, and two data butfers for high-speed instruction ex-
ecution. The CPU is a 16-bit parallel processor that can
also be switched to perform 8-bit paraliel processing. This
microcomputer is suitable for office, business, and industrial
equipment controller that require hlgh speed processing of
large data.

FEATURES

Number of basic instructions:«--=-------ssrrererine 03
® Memory size RAM «osreerreriiiiiiiniaa. 2048 bytes
@ Instruction execution time

The fastest instruction at 25MHz frequency eeeaee 160ns
@ Single power supply -+« ARRRRRRRALELELE SRS 5vE10%
® Low power dissipation (at 25MHz frequency)

........................... 95mwW (Typ.)

[ ) |nterrupts ......................................... 19 types 7 |eve|s
@ Muitiple function 16-bit timer -reeseeeeeeernrie e 543
(Pulse motor drive waveform can be output.)
®  UART (may also be Synchronous) ««-«-sseovsvesceesecnns 2
® 10-bit A-D converter::--------oroeeennsen 8-channel inputs
® 8-bit D-A converter «+-rerrrrenenees 2-channel outputs
® 12-bit watchdog timer - ‘
® Programmable input/output
(ports p4’ P5, pﬁ, p7, P8) ................ ereerereriaateretas 37
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 com-
munication and measuring instruments

NOTE
Refer to “Chapter 56 PRECAUTIONS” when using this mic-
rocomputer.

PIN CONFIGURATION (TOP VIEW)

Outline 80P6N-A

% : Used in the evaluation chip mode only
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16-BIT' CMO0S MICROCOMPUTER

Data Bus(Odd)

Data Bus(Even)
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MITSUBISH]I MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37710S4BFP

Watchdog timer

Parameter Functions
Number of basic instructions 103
Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency)
Memory size RAM 2048 bytes '
P5~P8 8 -bitxX' 4
input/Output ports
P4 5-bitX 1
; TAD, TA1, TA2, TA3, TA4 16-bitX &
Multi-function timers
TBO, TB1, TB2 16-bitX 3
Seriai 170 (UART or clock synchronous serial 1/0)X2°
A-D converter 10-bitX 1 ( 8 channels)
D-A converter 8 -hitX 2
12-bitX 1

Interrupts

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

Clock generating circuit

Built-in(exlernally connected to a ceramic resonator or quartz crystal resonator)

Supply voitage

5vE10%

Power dissipation

95mW(at external clock 25MHz frequency)

. Input/Output voltage 5V
Input/Output characteristic
Output current 5 mA
Memory expansion Maximum 16M bytes
Operating temperature range —20~-85C

Device structura

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP
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PIN DESCRIPTION

Pin Name input/Qutput Functions

Voo, Vss Power supply Supply 5V+10% to Voc and 0V to Vss.

CNVgs CNVgs input Input Connect to Vge.

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

Xin Clock input Input These are 1/O pins of internal clock generating circuit. Gonnect a ceramic or guartz crystal resonator be-
tween X and Xour. When an external clock is used, the clock source should be connected 1o the Xy pin

Xour Clock output Output and the Xpyut 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 determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when
“L” signal inputs and 8 bits when “H" signal inputs.

AVge, AVss | Analog supply input Power supply for A-D converter. AVgg is also used for D-A converter. Connect AVec 10 Vg, and AVss to Vss
externally.

Veer Reference voltage input Input This is reference voltage input pin for A-D converter and D-A converter.

@4 Clock output Qutput | This pin outputs the clock ¢, which is divided the clock to Xy 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 signa! is “L".

HOLD Hold request iﬁput Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal 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-numbered address is accessed.

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

output

Ag~Ar Address {low-order) output{ Output | Address (A;~Ap) is output.

Aa/Dg~ Address (middle-order) 110 In case the BYTE pin is “L" and an external data bus is 16-bit width, high-order data (Ds5~Dg) is input or

As/Dis output/Data {high-order) output when E output is “L” and an address (Ajs~Ag) 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 (Aqs~Ag) is output.
Ass/Dp~ Address (high-order) 170 Low-order data (D;~Dyg) is input or output when E output is “L", and an address (Ax~Asg) is output when
Ag/Dy output/Data { low-order) E output is "H".
Qe

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

P5o~P57 170 port P5 1/0 Port PS5 is a 8-bit I/0 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 170 pins for timer AD, timer A1, timer A2 and timer A3. P5, to P5g aiso function
as output pins for pulse motor drive waveform.

P&y~ P6; 1/Q port P& 170 In addition to having the same 1/0 functions as port P5, these pins also function as 170 pins for timer A4,
external interrupt input INTg, INT( and INT; pins, and input pin for timer BO, timer B1 and timer B2. P8, also
functions as an output pin for pulse motor drive waveform.

P7o~P7; 170 port P7 110 These pins also function as analog input ANg~ ANz input pins in addition to having the same 1/0 functions
as port P5. P7; alsc has an A-D conversion t‘rigger input function.

P8y~ P38; 170 port P8 110 These pins also function as RxD, TxD, CLK, CTS/RTS pins for UARTO and UARTT in @dition tbl Aawifg ihe
same /0 functions as port P5.
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BASIC FUNCTION BLOCKS v

The M37710S4BFP contains the following devices on a
single chip: RAM for storing instructions and data, GPU for
processing, bus interface unit (which controls instruction
prefetch and data read/write between CPU and memory),
timers, UART, A-D converter, D-A converter, and other
peripheral devices such as I/Q ports. Each of these de-
- vices are described below.

MEMORY :

The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 0,4 to FFFFFF,4. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 0¢ to FFys.

Built-in RAM and contral registers for built-in peripheral de-
vices are assigned to bank Gy

Addresses FFD6,4 to FFFF,¢ 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,5 contains
the built-in RAM. In addition to storing data, the RAM is
used as stack during a subroutine call, or interrupts.
Assi’gned to addresses 0, to 7F,¢ are peripheral devices
such as 1/O ports, D-A converter, A-D converter, UART,
timer, and interrupt controf registers.

A 256 bytes direct page area can be allocated anywhere in

bank 045 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.

000000, T 000000;5 7 7 000000,
00007F,¢ . Peripheral devices
S
4 000080s¢ ~ . control registers
Bank 0y i | , \'\
I | . \\ ( see Fig. 2 for )
Internal RAM - ]
ooFFFF | | 2048 bytes |\ turther information J}
0100006 [ —I\ 00007F}6
] |
! I\
Bank 1164 i I 00087F s
! I\ 1
01FFFFig ll_ _____ _1' \ I
. \ I
. | | \ l Interrupt vector table
. | | \ I 00FFD6we ™ 73 5 conversion |
: ! LA ! / UK s
. & * \ L UARTT receive
T T N MUARTO fransmissio
: | | \ T / l_UARE) EgrEmEsi_on
X \ ! [ p VARTrecehe |
. I I \ — TimerB2. _
: A T 1
I | \ | / p— Jimer81 _
l— —I Timer BO
U \ F— = —
FE000O1s | I ' / Lo _qimerAt
\ I / F— _Tir_ner_AS__ _|
| ' \ ! | Trimeraz _
Bank FEqq ¢ b ! \ | / L _JimerAl 7
| l \ I / ]_ — __Tiﬂ'n&LAﬂ —
FEFFFF | | \ |/ INTe 4
FFO000, I~ — ———— — \ |/ Ny,
I I 1 / _— 'ET.D_ — —
| I | _Watchdog timer
Bank FFyg _ I I 00FFD6rg b — — — — — —l/ F— _bBC _ |
v 1 . BRK instruction
‘ I I I I C _ Zerodivide
FREEFFs | _ _ 00FFFFis L _ _ _ _ _ —d__ __OOFFFEwe T TRESET _ _ |
E ¢ Internal
C :: ! External

Fig. 1 Memory map
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1

Address (Hexadecimal notation) Address ( Hexadecimai notation)
000000 000040 | Count start flag
000001 000041
000002 ' 000042 One-shot start flag
Q00003 000043
000004 : 000044 Up-down flag
000005 000045
000006 000046 .
000007 . *ooopar | mer A0
000008 . 000048 .
000009 000049 | TImer Al
00000A Port P4 00004A ’
000008 | Port P5 ooop4B | Timer A2
00000C Port P4 data direction register 00004C Timer A3
00000D | Port P5 data direction register 00040
0000CE Port P& 0D004E .
00000F | Port P7 goog4F | Timer Ad
000010 Port P8 data direction register i 000950 Timer BO
000011 Port P7 data direction register 000051
000012 Port P8 000052 Timer BA
000013 000053 |-
000014 Port P8 data direction register : 000054 Timer B2
000015 000055 - :
000016 . 000056 Timer AG mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 ~ . 000058 Timer A3 mode register
00001A D-A register 0 00005A Timer A4 mode register
000018 ‘ 00005B | Timer BO mode register
00001C | D-A register 1 . y 00005C | Timer B1 mode register
00001D 00005D Timer B2 mode register
00001E | A-D control register 0 00005E Processor mode register 0
00001F A-D control register 1 00005F Processor mode register 1
000020. 000060 Watchdog timer

000021 A-D register 0 000061 Watchdog timer frequency selection flag

000022 A-D register 1 000062 Waveform output mode register

000023 000063

000024 " 000064 Pulse output data register 1

oooozs | A°D register 2 000065 | Pulse output data register 0

000028 |-, ' era 000066 | Reserved area (Note)

000027 9 . 000067 -

000028 . 000068

ooozo | AD register 4 000069

00002A ) | 00006A

oooozg | AD register S 100068

00002C . 00006C

oogozp | A°D register 6 00006D

00002E ] ' 00006E

opoper | A°D register 7 . 00006F

000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator © 000071 UARTO transmission interrupt control register
000032 . . 000072 UARTO receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART1 transmission intetrupt eontrol register
Q00034 UART @ transmit/receive contral register 0 000074 UART1 receive interrupt control register
000035 UART ¢ transmit/receive control register 1 000075 Timer AQ interrupt control register
000036 . . 000076 Timer A1 interrupt controf register
000037 UART( receive buffer register 000077 Timer A2 interrupt control register
000038 UART 1 transmit/receive mode register 000078 | Timer A3 interrupt contral register .
000039 UART 1 bit rate generator 000079 Timer A4 interrupt control register
00003A . ) 00007A | Timer BO interrupt control register
000038 UART 1 transmission buffer register 00007B Timer B interrupt control register
00003C UART 1 transmit/receive control register 0 00007C | Timer B2 interrupt contro| register
00003D UART 1 transmit/receive control register 1 © Q007D INT, interrupt control register

00003E R . : 00007E INT, interrupt control register

opoozF | UART 1 receive buffer register " 00007F | INT; interrupt control register

Note : Do not write to this address.

Fig. 2. Location of peripheral devices and interrupt control registers
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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 “17. Flag m is a part of the processor
status register (PS) which is described later.

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

ACCUMULATOR B (B)

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

INDEX REGISTER X (X)

Index register X consists of 16 bits and the lower 8 bits can
"~ be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x is
“0” and as an 8-hit 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 indicate 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 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 Y is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a biock transfer instruction MVP or
MVN, the contents of index register Y indicate 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 o
| Ay | AL | Accumutator A
15 7 g
| - Bu | B, | Accumulator B
15 7 0
I K I X, | Index register x
15 7 0
I Yy [ Yo ] index register Y
15 0
z g ' | 5 | stack pointer s
Program bank register PG T =
7 0 ‘ [ PC ] Program counter PG
Data bank register DT 15 0 ‘
: [ DPR v] Direct page register DPR

15 7 . 0
Io l 0 Io io [ 0 lreafecileig N v] m| x || 1| z]c| Processor status register PS

Carry flag

Zero flag

Interrupt disable flag
Decimal mode flag

Index register length flag
Data iength flag

* Overflow tlag

Negative flag

Processor interrupt priority level IPL

Fig. 3 Register structure
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STACK POINTER (S)

Stack pointer (S) is a 16-bit register. It is used during a
subroutine call or interrupts. it is also used during stack,
-stack painter relative, or stack pointer relative indireét 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 pregram memory address to

be executed. There 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 wdorrying 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 06 but

when the contenis of DPR is FF01,5 or greater, the direct
page area spans across bank 0,5 and bank 1. All direct
addressing modes use the contents of the direct page reg-
ister (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 “00,¢".

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

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

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

1. Carry flag (C)
The carry flag contains the carry or borrow generated by -
the ALU after an arithmetic operation. This flag is also
affected by shift and rotate instructions. This flag can be set
and reset directly with the SEC and CLC instructions or
with the SEP and CLP instructions. :

2. Zero flag (2)

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

3. Interrupt disable flag (1)

When the interrupt disable flag is set to “1”, all interrupts
except watchdeg timer, -Iﬁ, 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.
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- 8. 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 “C” and as 8-bit registers when it is “1”.

This flag can be set and reset with the SEP and CLP in-

structions._

6. Data length flag (m)

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

7. Overflow flag (V)

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

8. Negative flag (N)

The negative flag is set when the result of arithmetic op-
eration or data transfer is negative (If data length flag m is
“0”, when data bit 15 is “1”. If data length flag m is “17,
when data bit 7 is “1".) It is reset in all other cases. It can
also be set and reset with the SEP and CLP instructions.

9. Processor interrupt priority level (IPL)
The processar 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 intefrupt
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 thé'date_l buffer to the memary.

D'4s~D’s Dis~Ds .
o 1 (oo
i il o]

- "’ = —
Ags~As > Agg~Ag
—

CPU

Control signal

Bus interface BHE
unit RIW

l———

ALE

> BYTE

HOLD

Fig. 4 Relationship between the CPU and the bus. interface unit
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The bus interface unit operates using one of the waveforms
(1) to (10) shown in Figure 5. The standard waveforms are
(1) and (2). -

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

Waveform (1) in Figure 5 is used to access a single byte or
two bytes simuitaneously. 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
bus width selection input pin BYTE to “L”. {external. data
bus width to 16 bits) The internal memory area is always
treated as 16-bit bus width regardless of BYTE.

Internalclock¢||||]|||||||||'|||||
wiroj _— XAXDX

E Lt
K ALE 1
D —
Access term
Ai/Dij
E | I |
(2) ALE M M
Access term
A _XAX_D X
E | I |
U1 e M
Accessvterm
Ai/Dj XA XD Yo X
E i L I
(4) e l‘|_| M ..
) Accessterm. -
Ai/Dj (A X_ D XatiXD)
E. L1 L1
T e n_

Access term

Ai/Dj (A XD Xa+X_ D5
A N B R
el ALE 1 !

!
™~ 1

Access term

Internalclock¢l||||f|||||||||||||

AiDj . X_ A X D X
ET I
%)) .
ALE I l .
e
Access term
Al XA X0 X AFi X o X

ALE I I I I
e -
Access term
arDp __ XA X D

Access term

AirDj __ XAXDXati XTB XC
E L I
M1

|3

oo
ALE

Y

Access term

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

Access
Temed| Access 2-byte| Access even | Access odd
Sigral simultaneously| address 1-byte | address 1-byte
AD “L” - L" (IH"
@E uLn 'uHu uLn

Fig. 5

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

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

The bit 2 of processor mode register 0 (address 5E;¢) is
the wait bit. When external memory area is accessed with
this bit set to “0”, the width of E signal is extended and ac-
cess time can be extended.

There are two ways to extend the access time and they are
selected with the processor mode register 1 (address
5F1s) bit 0.

When this bit is set to “1”, the “L.” width of E signal in (1)
becomes twice as long as in (3) and the access time ‘be-
comes 1.5 times (wait 1). When this bit is set to “0”, the
ALE signal in {1) and E signal are extended as in (7) and
the access time is doubled {wait Q).

However, these signals are not extended when accessing
internal memory area.

When the wait bit is set to “1”, these sngnais are not ex-
tended when accessing either memory area regardless of
the value of processor mode register 1 bit 0.

Waveform (4), (5), and (6) show the entire waveform, first
half, and last half respectively of waveform (2) for wait 1.
Waveform (8), (9), and (10) show the entire waveform, first
half, and last haif respectively of waveform (2) for wait Q.
Instruction code read, data read, and data write are de-
scribed below.

Instruction code read will be described first.

The GCPU 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 nct 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 buifer.

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
externai memory area is odd, only one byte is read and
stored in the instruction queue buffer. Therefore, waveform
(1), (8) or (7) in"Figure 5 is used for instruction code read.

- Data read and write are described below. |

The CPU notifies the bus interface unit when perfarming
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 (10) in Figure 5 to perform the op-
eration. '
During data read, the CPU waits until the entire data is
stored in the data buffer. The bus interface unit sends the
address recelved 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
irterrupt vector addresses. Reset is also treated as a type Interrupts Vector addresses
of interrupt and is discussed in this section, too. A-D conversion O00FFD6;;  OOFFD74¢
DBC is an interrupt used during debugging. UART1 transmit 00FFD8s  OOFFD9;4
Interrupts other than reset, DBC, watchdog timer, zero di- UART1 receive . O00FFDA;¢  OQFFDBg
vide, and BRK instruction all have interrupt control regis- UARTO transmit 0OFFDCic  OOFFDDyg
ters. Table 2 shows the addresses of the interrupt control UARTO receive OOFFDEys _ Q0FFDF1e
registers and Figure 6 shows the bit configuration of the in- Timer B2 OOFFEQis  0OFFE1ss
: : Timer B1 00FFE2,s ~ OOFFE3,s
terrupt control register. -
Use the SEB and CLB instruct h i b inter Timer BO O0FFE4;s  OOFFES,s
se the ar-\ instructions when setting each inte —— DOFFEG,,  OOFFE7,
rupt control register. . Timer A3 OFFEB,,  OOFFE9,
The interrupt request bit is automatically cleared by the Timer A2 O0OFFEA;;  OOFFEB.
hardware during reset or when processing an interrupt. Timer A1 DOFFEC;;  OOFFED,q
Also, interrupt request bits other than DBC and watchdog Timer A0 DOFFEE,s  OOFFEF,q
timer can be cleared by software. INT, external interrupt 00FFF0;g  OOFFF1.4
INT, to INT, are external interrupts and whether to cause INT, external interrupt 00FFF2i¢  OOFFF3.¢
an interrupt at the input level (level sense) or at the edge iNT, external interrupt 00FFF4.e  O00FFFS5,g
(edge sense) can be selected with the level sense/edge Watchdog timer O0FFF6is  00FFF7s6
sense selection bit. Furthermore, the polarity of the inter- DBC (unusable) O0FFF8,s  0OFFFS.q
. . . . . Break instruction 00FFFAs  OOFFFBg
rupt input can be selected with polarity selection bit. —
Ti d UART int ts are described in the respective Zero divide QOFFFCre  O0FFFD:
'mer an interrup © P < Reset (00FFFE¢  OOFFFFyq

section.

The priority of interrupts when multiple interrupts are
caused simultaneousiy 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 > cther interrupts

7 6 54 3 2 10

t Interrupt priority

Interrupt request bit
0 7 Nainterrupt
1 . Interrupt
Interrupt control register configuration for A-D converter, UARTQ, UARTI, timer AQ to timer A4, and timer BO to timer B2

765 4 3 214

T— Interrupt priority

Interrupt request bit
0  Nointerrupt

1 1 interrupt
Poiarity selection bit
Q0 : Set interrupt request bit at “H” leve! for level sense and when changing from “H" to “L”
level for edge sense. .
1 Setinterrupt 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
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Table 2. Addresses of interrupt control registers

Interrupt control registers Addresses
A-D conversion interrupt control register 0000704
UARTQ transmit interrupt control register Q0007144
UARTO receive interrupt control register 00007244
UART1 fransmit interrupt controi register 000073
UART1 receive interrupt contro! register 00007444
Timer AQ-interrupt control register 00007544
Timer A1 interrupt control register 0000764
Timer A2 interrupt control register 0000774
Timer A3 interrupt control register Q00007844
Timer A4 interrupt control register 00007944
Timer BO interrupt control register 00007A,¢
Timer B1 interrupt control register - 0000785
Timer B2 interrupt control register 00007C;s
INT, interrupt contro register 00007Dy¢ -
INT, interrupt contral register 00007E,¢
INT, interrupt control register 00007F ¢

Interrupts caused by a BRK instruction and when dividing
by zero are software interrupts and are nat 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. It the priorities are the
same, the one abave 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
interrubts.

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 &

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

® @ @ O

iy | ,

| | Watchdog) [—
(I e | [
[

A-D converter, UART, Timer, INT interrupts

Priority can be changed with scftware inside @

Fig. 7 = interrupt priority

Level 0

A-D conversion
Interrupt request| UART1 transmit
UART1 receive

UARTO transmit

UARTO receive
Timer B2
Timer B1
Timer BO
Timer A4
Timer A3
Timer A2
Timer A1

Timer AQ

<K< I

=
—
~

|

z
by

z
purt
o

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 éldapsed, the highest
priority is determined and is procésseéd aftér the currently
executing instruction has been completed.

The time is selected with bits 4 and 5 of the processoér
mode register 0 {address 5Eg) 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,s" and therefore, the longest time is
selected.

However, the shortest time should be selected by software.

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

Interrupt types Setting value
Roset ) ) Q.
_DBC _ 7
Watchdog timer ) 7
Zero divide Not change value of IPL.
BRK instruction Not change value of IPL.

Table 4. Relationship between priority level resolution
time seiection bit and number of cycles

Priority level resolution time selgction bit
Bit5 Bita Number of cycles
0 Q 7 cycles of ¢
[4] 1 4 cycles of ¢
1 0 2 cycles of ¢

¢ © internal clock

Internal clack ¢

Operation code fetch cycle

Sampling pulse I |

Pricrity resolution time

Select from 0 to 2 with bits
4 and 5 of the processar

mode register ¢

Fig. 9 Interrupt priority resolution time

7 8 5 4

2 1 0
[ 1

SOERN

[ ] Pracessor mode register 0(5€¢)

Processor mode bits
0 : Microprocessor mode
1 : Evaluation chip mode

Must be “1"
Wait bit
0 : Wait
1 I No wait
Software reset bit
The processor is reset when this bit is set to “1".

Priority resolutioﬁ time selection bit
0 0 ! SelectQin Figure §
01 :Select1in Figure 9
1 0 : Select 2 in Figure 9
Test mode bit
Must be “0”

Fig. 10 Processor mode register 0 configuration



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMO0OS MICROCOMPUTER

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 I/O 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 5 of the timer Al
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 ftag.
The counter is decremented, an interrupt is caused and the
interrupt request bit in the timer Ai interrupt control register
ls 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.

t he £73

t(Xm)*‘L'J—i /8 |—L{ 1/2

1/2

Clock source selection

[, —o * Timer
+ One-shat
te —O \C,L * Pulse width modulatico)n
{64 —O .
Timer(gate function)
to7—0 ;D———o

Polarity Event counter

fs12

1/8

I Reload register{15) ]
Counter(16) ]_ Addresses
Up/Down TimerAD 47,5 46y

O_

T~ selection Gount start ﬂagj Always decremented TimerAl 0,5 48,4
A except in event count mode [l ]
(i=0~4) (40.4) TimerA2 4B, 4
L= External trigger .
Down count o TimerA3 4D 4Cys

TimerA4 4F,g 4Eq5

Up-downflag I__Q o—

(44,6)

Pulse output

L Togglle flip-flop —Il

o<
TAiour
li=0~4)

Fig. 11 Block dilagram of timer A
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When bit 2 of the timer Ai mode register is "17, the outpdt
is generated from TAigyr pin. The output is toggled each
time the contents of the counter reaches to 0000,,. When
the contents of the count start flag is “0”, “L” is output from

TAigur pin.

When bit 2 is “0", TAigyr pin can be used as a normal port
pin. '

When bit 4 is “0”, TAijy pin 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 input signal to TAiy pin. Whether to count
while the input signal is “H” or while it is “L" is determined

by bit 3. If bit 3 is “1”, counting is performed while the TAiy
pin input signat is "H” and if bit 3 is “0”, counting is per-
formed while it is “L".

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

When data is written to timer Ai register with timer Ai
halted, the same data is also written to the reload register
and the counter. When data is written to timer Ai which is
busy, the data is written to the reload register, but not to
the counter. The counter is relcaded 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 AQ mode register 56,6
Timer A1 mode register 576
Timer A2 mode register 5846

Timer A3 mode register 596
Timer A4 mode register 7.
00 U Always "00" in timer mode

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

1 ! Pulse output

0 X : Mo gate function (TAi,y pin is normal port pin}
1.0 = Count only while TAiw pin input is i
1 1 I Count only while TAiy pin input is “H”

0 : Always “0” in timer mode

Clock saurce selection bit
00 :Selectfy
01 : Selectfis
10 . Select fgu

11 ! Select 15z

Fig. 12 Timer Al mode register bit configuration during timer mode
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7 8 5 4 3 2 1 0 Count start flag Address

4016
L

{Stop at-“0”, Start at “1")

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 f; |”||”||||||||”||””Hll””Hl”l”l”ll””||,

TAiy

Timer mode register
Bit 4 Bit 3

1

Timer mode register
Bit 4 Bit 3

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

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

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set
when the counter reaches 00005 (decrement count) or
FFFF,¢ (increment count). At the same time, timers AQ and
At transfer the contents of the reioad register to the coun-
ter and continue counting.

Timers A2, A3, and ‘A4 transfer the contents of the reload
register to the counter and continue count when bit 6 of the
corresponding timer Ai mode register is “0”, but when bit 6
is “1”, they continue counting without transferring the con-
tents of the reload register to the counter.

When bit 2 is “17, the waveform reversing polarity is output
from TAiour pin each time the counter reaches 0000,g
(decrement count) or FFFF,g (increment count). If bit 2 is
“0", TAigyr pin can be used as a normal port pin. However,
if bit 4 is "1 and the TAigyr pin Is used as an output pin,
the output from the pin changes the count direction. There-
fore, bit 4 must be “0” unless the output from the TAigyr pin
is not to be used to select the count direction.

Data write and data read are performed in the same way as
for timer mode. That is, when data is written to timer Ai
which is 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 and continues counting. For timer

Addresses
Timer A0 mode register 564

Timer A1 mode register 574¢
Timer A2 mode register 586
Timer A3 mode register 59¢
765 432

1
[TTo T TTo1]
Ll

0 Timer A4 mode register 5A4s
‘I .

1 : Always “01” in event counter mode
0 : No pulse output
1
0

. Pulse output
. Gount at the falling edge of input
signal
. Count at the rising edge of input
. signal :
0 | Increment or decrement according
to up/down flag
1 ! Increment or decrement according
to TAigyr pin input signal level |
0 @ Always “0” in event counter mode
This bit is available for timers A2, A3, ]
and A4.
0 ' Relcad
1 ! No reload
This bit is available for timer A3.
0 : Two-phase pulse signal processing
in the same manner as timer A2
1 I Two-phase pulse signal pracessing
in the same manner as timer A4

—_

Fig. 15 Timer Ai mode register bit configuration during
avent counter mode

76543210

LTI TTTH

Address
Up-down flag 44,6

Timer AQ 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 puise signal
processing selection bit
0 : Two-phase pulse signal processing
disabled
1 : Two-phase pulse signal processing
mode

Fig. 16 Up-down flag bit configuration
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A2, A3, and A4, the contents of the reload register are not
reloaded. in the counter when bit 6 of the corresponding

timer Ai mode register is “1”. The contents of the counter’

can be read at any time.

- Furthermore, in event counter mode, whether to increment
or decrement the counter can also be determined by sup-
plying two-phase pulse input with phase shifted by 90° to
timer A2, A3, or A4. There are two types of two-phase pulsé
processing operations. One uses timer A2 and the cther
uses timer A4. Timer A3 can select one of these two opera-
tions with bit 7 of the timer A3 mode register. In either pro-
cessing operation, two-phase pulse is input in the same
way, that is, puises out of phase by 90° are input at the
TAjour (j = 2 10 4) pin and TAj pin.

When timer A2 is used, as shown in Figure 17, the count is
incremented when a rising edge is input to the TA2,, pin
after the tevel of TA2qyr pin changes from “L” to “H", and
when the falling edge is input, 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,, pin is input after
. the level of TAdgyr pin changes from “L” to “H”", the count
is incremented at the respective rising edge and falling
edge of the TAdqyr pin and TA4,y pin. When a phase re-
lated pulse with a falling edge input to the TAdoyr pin is-in-
put 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 TA4qr pin.

When performing this two-phase puise signal processing,
timer Aj mode register bit 0 and bit 4 must be set to “1”
and bits 1, 2, 3, and 5 must be set to “0” as shown in Figure
19, ' ‘

Bit 7 is used to select whether to perform two-phase pulse
signal processing for timer A3 in the same manner as timer
A2 or as timer A4. When this bit is “0”, two-phase pulse
signal processing for timer A3 is performed in the same
manner as timer A2 and when it is “17, it is performed in
the same manner as timer A4. This bit is ignored for timer
A2 and A4.

Note that bits 5, 6, and 7 of the up-down flag (address
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 corresponding 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 puise signal is input. Also, there can be no pulse
output in this mode,

TA20ur I l I l I I I I ' l
TAZ I | I | | | | l I |

Increment  increment Increment Decrement Decrement Decrement
count count count count count count

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

—_— T = G
Increment count at each edge Decrement count at each edge

TA4y I l l I I | I I I l

Decrement count at each edge

Increment count at each edge

Fig. 18 Two-phase pulse processing operation of timer
Ad

Addresses
Timer A2 mode register 58,4
Timer A3 mode register 59,
Timer A4 mode register S5Aqg

76543210
| lofifofojof1]

01 : Always “01” in event counter mode

0100 : Always “0100" when processing
two-phase pulse signal
0 . Reload
1 ! Noreload

This bit is available for timer A3

0 : Two-phase puise signal processing
in the same .manner as timer A2

1 : Two-phase pulse signal processing
in the same manner as timer A4

F|g 19 Timer Aj mode register bit configuration when
performmg two-phase pulse signal processing
in event counter mode ‘
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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 TAiy pin. Software trigger is selected when bit 4
is “0” and the input signal from the TAi,y pin is used as the
trigger when it is “1".

Bit 3 is used to determine whether to trigger at the fall of
the trigger signal or at the rise. The trigger is at the falf 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 TAigyur pin
goes “H” when a trigger signal is received. The count
direction is decrement.

When the counter reaches 0001,¢, The TAigyr 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”, TAigyr goes “L". Therefore, the
value corresponding to the desired puise 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
transferréd 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 ¢an 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 ¢ounter.

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 Al is read.

Addresses
Timer AQ mode register 5646

Timer A1 mode register 5716
Timer A2 mode register  58¢

Timer A3 made register 586
7654321 )

CLlel T 1]

I Tlmer A4 mode register S5Ag

’:

. Always "10" in one-shot pulse mode

1 : Always “1” in one-shot pulse mode

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

1 1 . Trigger at thé rising edge of TAi,
input

0 : Always *0" in one-shot pulse mode

Glock source selection
00 ' Selectf,
01 :Select fg
10 ! Select fgy

11 [ Select fgq2

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

Address
76543210

L1111

One-shot start flag 42,4

Timer AD one-shot start tlag

Timer A1 one-shot start flag

Timer A2 one-shat start flag

Timer A3 one-shot start flag

Timer A4 one-shat start flag

Fig. 21 One-shot start flag bit conflguration
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Selected 7
clock source f; e .

TAiN
(in case of
the rising edge)

TAiour

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

Fig. 22 Pulse output example when external rising edge is selected

Selected
clock source fj '
TALN

(in case of
the rising edge)

TAigur

Example when the contents of the reload register is 0004,

Fig. 23 Example when trigger is re-issued during pulse output
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(4) 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 modulater 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 modulater can be started with a-software
trigger or with an input signal from a TAiy pin (external
trigger). ‘

The software trigger mode is selected when bit 4 is “0”.
Pulse width modulator is started and pulse is output from
TAigur when the timer Ai start flag is set to "1”.

The external trigger mode is selected when bit 4 is "17.
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 timer Al start flag is set to “1” and -a soft-
ware trigger or an external trigger is issued to start modula-
tion, the waveform shown in Figure 25 is output continuous-
ly. Once modulation is started, triggers are not accepted. If
the value in the reload register is m, the duration “H"” of
pulse is

1

selected clock frequency X_ m »
and the outiput 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 fall of the output pulse.. . :
The width of the output putse 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 puise width modulator is described next.
The .8-bit length pulse width moduiator is selected when
the timer Ai mode register bit 5 is “17.
Thé reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a prescaler and the high

X{21%—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 00006
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 AQ mode register 565

Timer A1 mode register 57
Timer A2 mode register 58

7654 3 Tlmer A3 mode register 596

—_|
— O

Timer Ad.mode register 5Aqg

11 7 Always "11" in pulse width modulation
mode

1 I Always “1" in pulse width modulation
mode

Q0 X . Software trigger

1 0 : Trigger at the falling of TAi,, input
11 D Trigger at the rising of TAi, input

0 16 bit pulse width modulator
1 18 bit pulse width modulatar

Clock source selection bit

00 :Selectf;
01 : Selectiyg
10 : Select fgq

11 ! Select s

Fig. 24 Timer Ai mode register bit configuration during
pulse width modulation mode
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Therefore, it the low order 8-bit of the reload register is n,
the period of the generated pulse is

;
selcted clock frequency < (" T1)-

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 moduiator except that

'16-BIT CMOS MICROCOMPUTER

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)X m.
And the output pulse period is
1

selected clock frequency

X{n41)X(28—1).

1/4iX(2'%~1)

]
o ’
[ | .

| |

i |
\ [
|™ This trigger is not accepted A

| |

|

|-
I
|
Selected clock e
1o
source f J‘ :
l
l
TAi * I
(in case of the i
rising edge) |
1/4iX(m)
TAigur

Example when the contents of the reload register is 000344

Fig. 26 16-bit length pulse width modulator output pulse example

/X (n+1)X{2°~1)

Selected clock
source f;

TAiN

(in case of the falling edge) ;

1k

Prescaler output - r
(when n =2) - U U
!
i
|
{
I
I
I

8-bit length pulse
width modulator

R
=

:

) output'

{when m =2)

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

Figure 27 shows a block diagram of timer B.

Timer B has three modes; timer mode, event counter mode,
and pulse period measurement/pulse width measurement
mode. The mode is selected with bits 0 and 1 of the timer

Bi mode register (i =0 to 2). Each of these mades 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
6ounting of the selected clock starts when the count start
flag is "1 and stops when “0".

As shown in Figure 13, the timer Bi count start flag is at the
same address as the timer Ai count start flag. The count is
decremented, an interrupt occurs, and the interrupt request
bit in the timer Bi interrupt contro! register is set when the
contents becomes 0000,5. At the same time, the contents of
the reload register is stored in the counter and count is
continued.

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

When data is written to timer Bi halted, it is written to the
reload register and the counter. When data is written to
timer Bi which is buéy, 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

/| (Higher 8 bits)

« Timer

fa o + Pulse period measurement/pulse I |

fg ~—O \o— width measurem‘oent

les —0O

fora i Addresses

Counter{16) I Timer BO 5145 504

. Polarity selection Event counter Timer B1 .53, 521;;
TBin O_ and edge puise -0
(i=0~2) generator Count start fiag | Timer B2 55.5 5415

(40,¢)

Counter reset

circuit

Fig. 27 Timer 8 block diagram
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(2) Event counter mode {01)
Figure 29 shows the bit configuration of the timer Bi mode
register during event counter mode. In event counter mode,
the bit 0 in the timer Bi mode register must be “1" and bit 1
must be “0”.
The inputl signal from the TBiy pin is counted when the
count start flag is “1” and counting is stopped when it is “0”.
Count is performed at the fall of the input signal when bits
2, and 3 are “0” and at the rise of the input signal when bit
3is “0" and bit 2 is “17.
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/puise 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 puise pericd measurement/pulse width measurement
mode, bit 0 must be “0” and bit 1 must be “1”, Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and countmg stops
_when it is "0”.
The pulse period measurement mode is selected when bit
3 is “0". In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBijy pin to the next fall or at the rise

of the input signal to the next rise and the result is stored in -

the reload register. In this case, the reload register acts as
a buffer register.

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

in the case of counting from the fall-of the input signal to
the next fall, counting is performed as follows. As shown in
Figure 31, when the fall of the input signal from TBi,y pin is
detected, the contents of the counter is transferred to the
reload register. Next the counter is cleared and count is
started from the next clock. When the fall of the next input
signal is detected, the contents of the counter is transferred
to the reload register once more, the counter is cleared,
and the count is started. The period from the fall of the in-
put signal to the next fall is measured in this way.

After the contents of the caunter 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 signel 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 made 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 fram the rise of the input signal to the next fail 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
TBijy 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,

This flag is cleared by writing to corresponding timer Bi
mode register. This bit is set to “1” at reset.

- Addresses
Timer BO mode register 5B,

76543219 Timer B1 mode register 5G4’

[x[o]x/x]0]0]

Timer B2 mode register 5D,

0 0 ' Always "00” in timer mode

XX I Not used in timer mode and
-may be any

0 ° Always “0” in timer mode
(timer BO) 7

X I Not used in timer mode
(timers B1, B2)

e — X 1 Not used in timer mode

Clock source selection bit
00 ! Selectf,

01 ! Select fyg
1 0 : Select fg,

11 Selectfs,

Flg. 28 Timer Bl mode register bit conflguratlon during

timer mode
. Addresses
Timer B0 made register 5Bg
765 4 3' 2 0 Timer B1. mode register 5Cqg

1
P<[xIx] o] [0]1] LTimer B2 mode register 5D,

E

: Always "01” in event counter

mode

0 0 : Count at the falling edge of
input signal .

0 1 I Count at the rising edge of
input signal

10 > Count at the both falling edge
and rising edge of input signal
- Always “0” in event counter ‘
mode (timer BO)
X . Not used in event counter
made (timers B1, B2)

XXX ! Not used in event @itivitds rata

Fig. 29 Timer Bl mode register bit configuration during

Aviant Anintne e da
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76543210 Timer B1 mode register 5Cg

Addresses
Timer BO mode register 58,4

Ll

I

1 0 I l l 1M Timer B2 mode register 50,

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 I Céunt from the falling edge of
input signal to the next rising one
and from the rising edge o the
next falling one

0 | Always “0" in pulse period

measurement/pulse width
measurement mode (timer B0)

X @ Not used in pulse period
measurement/pulse width
measurement mode
(timers B1, B2)

Timer Bi overtlow flag
Clock source selection bit

0 0 : Selectt;

01 :Selectiy
10 : Selectig,
11 Select sy,

Fig. 30 Timer Bi mode register bit configuration during

pulse period measurement/pulse width
measurement mode :

Selected clock ‘ '
source fj - :

TBiny

Reload register—Counter

H
i
[
I
L

Counter+0

. :_,..__,__:

Count start flag I

Interrupt request signal

@
h
§
!

Fig. 31

Pulse period measurement mode operation (example
next falling one)

of measuring the interval between the falling edge to
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Selected '
- clock source fj

Reload register—Counter

JE— ,
Cou.r!ter'-O h ' !_' , ﬂ | rL

Count start
flag . I

' Interrupt T
request signal U i , U

Fig. 32 Pulse width measurement mode operation
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PULSE OUTPUT PORT MODE

"The M37710 can use several built-in timer As to output
pulse motor drive waveform. This mode is described below.
Figure 33 shows a block diagram for pulse output port
mode. In the pulse output port mode, two pairs of 4-bit
pulse output ports are used. There are three combinations
of pulse output ports. When bit 0 of the waveform ‘output
selection bit in waveform output mode- register {address
62,5) shown in Figure 34 is set to “1" and bit 1 is set to “0",
RTP15, RTP1; RTP1,;, and RTP1, become pulse output
ports. When bit 1 of waveform output selection bit in wave-
form output mode register is set to 1" and bit 0 is set to
“0”, RTPOs;, RTPQ,, RTP0Q,, and RTPO; become puise output

ports. The ports not used as pulse output ports can be used
as normal paralle! ports or timer I/O pins. When bit 0 and
bit 1 of pulse output selection bit are set to “1”, the two
four-line sets RTP1,3, RTP1,, RTP14, and RTP1, and RTPO3,
RTPQ,, RTPO,, and RTP0, become pulse output pors.

In the pulse output port mode, set timers A2 and A0 to tim-
er mode as timers A2 and A0 are used. In addition, set bit 2
of the corresponding timer Ai mode register to “1” when us-
ing RTPQ,, RTPO,, RTP1,, RTP1, and RTP1; as pulse out-
put port because they are shared with TAigyr (i = 0to 4)
pins. Figure 35 shows the bit configuration of timer AQ, A2
mode registers in pulsé output port mode.

45
Pulse width modulation selection bit

(Bit 4, 5 of 62,5 address)

Timer A3 pulse width modulation output —Do—

Timer A1 pulse width modulation output —DO—_D_

Wavetorm output control bit 1
(Bit 7 of 62,5 address) ~

Pulse output data register 1
{64, address)

Reset
Ds b'Q D, I O ?;::)3
o o @ D I O rsu
D, D Q —D I © ?:5?)1
Do D Q ——_D | O ?:E:)o

Waveform ocutput control bit 0
(Bit 6 of 62,5 address)

Pulse output data register 0
(6545 address)

Data bus
(even)

Data bus
(odd)

| Reset
Dy, D Q I } oy RTPO;
(P53)
oo [ o1 e
2
il il D s
3 1
Dg D Q I ,‘ oy RTPOo
T (P5,)

Polarity selection bit
(Bit 3 of 62,¢ address)

Fig. 33 Block diagram for pulse output port mode
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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 pulse output data register 1 {low-order
four bits of address 644¢) corrésponding to ports RTP1g,
RTP1,, RTP14, and RTP1, are 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
address 65,5} corresponding to ports RTP0,, RTPO,, RTPO,,
and RTPQ, are output to the ports each time the -counter of
timer AQ becomes 0000,¢.

Each timer starts counting when the content of the corres-
ponding timer count start flag (address 40,5} is set to “1”
and stops counting when it is set to “0”. When “0" is written
to a specified bit of the puise output data ragister, “L” level
is output to the corresponding pulse output port when the
counter of corresponding timer becomes 0000,4, and when
“17 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 000044. :
‘Ports RTP1;, RTP1,, RTP1,, and RTP1, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A3 (bit 5) of the waveform output
mode register to “17.

Ports RTPO;, RTPO,, RTPO;, and RTPQ, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output
maode register to “1”.

When outputting to pulse output ports RTPQ;, RTPO,,
RTPQ,, and RTPO,, the cutput data can be reversed by the
polarity selection bit (bit 3) of the waveform output mode
register. When the polarity selection bit is “0”, the contents
of the pulse output data register 0 is output unchanged
When the polarity selection bit is “1”, the reversed data of
the contents of the pulse output data register 0 is output.
When pulse width modulation is applied, likewise the polar-
ity reverse to pulse width modulation can be selected by
the polarity selection bit. Figure 37 shows example of
" waveforms in pulse output port mode.

Ports selecting pulse output port mode can control the out-
put of RTPO; RTPO;, RTPO,, and RTPQ, with the waveform
output control bit 0 (bit 6) and the output of RTP1;, RTP1,,
RTP1,,"and RTP1, with waveform output.control bit 1 (bit
7). When the waveform output control bit is set to “17,
waveform is output from the corresponding port. When it is
set to “0”, the waveform output from the corresponding port
is stopped and the port becomes floating. These bits can
be cleared with an instruction and cleared by reset.

765432110 . Address
LI T T T To[T] waveform output mode register 6246

Waveform oulpl.it selection bit
0 0 : Parallel port
0 1 I RTP1;~RTP1,y selected
1 0 ! RTP0;~RTPO, selected
11 . RTP13~RTP1,4 and RTPQ;~RTPQ,
selected
0 : Always “0"
(“0” at reset)
Polarity selection bit
(available for RTPO;~RTPO,)
0 ! Positive polarity
1 *Negative polarity _
Pulse width modulation selection bit by
timer A1 (available for RTPOz~RTP0,)
0 . Not modulated
1 : Modulated
— Pulse width modulation selection bit by
timer A3 (available for RTP1,;~RTP1,)
0 ! Not modulated
1 Modulated
Pulse output control bit 0
0 : RTPO;~RTPO, waveform output
inhibited :
1 . RTPQO;~RTPQ, waveform output
enabled
Pulse cutput controi bit 1
0 * RTP13~RTP1, waveform output
inhibited
-1 . RTP13~RTP1, waveform output
enabled

Fig. 34 Waveform output mode register bit configuration

Address

76 54 32 10 [TimerAU mode register 56.3]

=
o
%
o
L=

Timer A2 mode register 5845

100 : Always "100” in pulse
output port mede

"X ¢ Not used in pulse output
port mode

0 0 : Aways “00™ in pulse output
port mode

Clock source selection bit

00 : Selectf,

01 : Selecttyg
10 . Select {54
11 Select 5,

Fig. 35 Timer A0, A2 mode register bit configuration in
pulse output port mode
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76643210 " Address

XD T T [ ] Pulse output data register 0 6546

RTPG, output data
RTPG, output data
RTPQ, output data
RTPO; output data

76543210 Address
[o]o]xX{o] | | | | Puiseoutput data register 1 64,4

RTP1; output data

RTP1, cutput data

RTP1; output data

RTP1; output data

0 : Always “0" in pulse output port mode
X © Not used in pulse output port mode
00 : Always “00" in pulse output port mode

Fig. 36 Pulse output data register bit configuration
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Example of pulse output port (RTP1,, RTP1,, RTP1,, RTP1,)

Output signal at each
time when timer

A2 becomes 0000, M ‘ | fl ] 1 . ] N 1

RTP1;
{Port P8,)

RTP1,
{Port P5;)

RTP1,
(Port P5s)-

RTP1, ’ — ‘ L
(Port P5,) ) ‘ : ‘

Exampie of the above pulse output port when pulse width moduiation is applied by timer A3.

Output signal at each

time when timer '

A2 becomes 00004 ﬂ H ﬂ ﬂ ﬂ I-L ” . H__
RTP1;

(Port P8,) . .
RTP1, ' :

" (Port P5,) _ ' || || i ‘ I
RTP1; ’

(Port P5g) ) l[ l||| I l
(POl‘t P54)

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

Qutput signal at each t

time when timer

AD becomes D000 n ﬂ n H_ ﬂ ﬂ H ﬂ_
(Port P5;)

RTPQ, B

{(Port PSZ)

RTPO,

(Port P5,)

(Port P5,) _ g . ‘

Fig. 37 Example of waveforms in pulse output port mode
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SERIAL IO PORTS ing start and stop bits. ‘

Two independent serial 1/0 ports are provided. Figure 38 Figures 40 and 41 show the connections of receiver/trans-
shows a block: diagram of the serial I/0 ports. mitter according to the mode. .

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive Figure 42 shows the bit configuration of the UARTI transmit/
mode register shown in- Figure 39 are used to determine receive control register.

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

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

Data bus(cdd)

Data bus(even)

(olo]olo] o]0 0]DsDs|De[Ds|Da]DsD2[D1[Dg| Receive bufter register
[ UARTO(37,6, 361¢)

'y

RxD; ‘ UART1{3F ¢, 3E,¢)
O 1 Receive register |
UART receive -
0 Recei | Receive clock
Bit rate Tb‘ Cirguit
i generator
Clock sourcefselfgon UARTO(31,4) o Transmission clock
e UART1(39,s)  |Clock synchranous g
;s - Internal Clock 5Y"‘(°;":°"°"5 o — TxDj
: f“ - Er o i Dividerl——nf!iﬂco | Transmission register I———O
512 —C ~0 4
—
External Ciock synchronous Clock synchronous
(Internal clock) {External clock) Transmission
CLKi O {1 pEIDiDSIDE‘[D‘@D?‘IDZID’IDDI buffer register
; | UARTO(33,q, 32,¢)
CTSi/RTSi | UART1(3Bs 3A;5)

Data bus
(odd)

~ Data bus(even)

Fig. 38 Serial 170 port block diagram

7 6 Addresses
15 14 [ 3 | 2 I ] IQ] UART G Transmit/Receive mode register 304
] | [ UART 1 Transmit/Receive mode register 384
S
0
0
1
1

erial communication method selection bit
0 ! Parailel port

1 : Clock synchronous

0 . 7-bit UART

1 2 8-bit UART

110 :9-bit UART

L—— —Internal clock/External clock selection bit
0 :Internal clock -

1 . External clock
Stop bit length selection bit

0 . 1 stop bit

1 12 stop bits
Even/Qdd parity selection bit

0 1-Odd parity

1 © Even parity
Parity enable selection bit

0 . No parity

1 1 With parity
Sleep selection bit

0 ' Nosleep

1 . Sleep

Flg; 3% UART i Transmit/Receive mode register bit configuration

0
0
0
0
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Receive buffer

register
RxDj
Receive
1 register
1 stop bit T b-it 7 hitg
- Synchranous *
Synchronous

Fig. 40 Receiver biock diagram

Transmission
buffer register

2 siop bits

Transmission register

Fig. 41 Transmitter block diagram

7 65 4 3 2 1 0 ’ Addresses

l><|><|><l IEP;:[“’C lcs' ‘CSO] UART 0 Transmit/Receive control register 0 34,6
UART 1 Transmit/Receive control register 0 3Cy4

Clock source selection bit
00 . Selectt,

01 ! Select t6
10 ! Select fg,
11 Select ts5y5

CTS, RTS selection bit
0 . Select CTS
1 ! Select RTS

Transmission register empty bit
CTS, RTS enable bit

0: Enable CTS, RTS
1 : Disable CTS, RTS

7 6 5 4 3 2 10 . ) _ Addresses
- UART 0 Transmit/Receive control register 1 . 3545
ISUMIPERIFEFJOER[ " | Re l o ITE_] [UART 1 Transmit/Receive contral register 1 3Dy
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 1/0 ports as shown in Figure 43
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be denoted by
subscript k.)

- Bit 0 of the UART] transmit/receive mode register and
UARTK transmit/receive mode register must be set to “1”
and bits 1 and 2 must be “0”. The length of the transm|SS|on
data is fixed at 8 bits.

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

The clock source is selected by bit 0 (CSy) and bit 1
(CS4) of the clock sending side UART] transmit/recelve
control register 0. As shown in Figure 38, the selected

clock is divided by (n 41}, then by 2, passed through a .

transmisson control circuit, and output as transmisson clock
CLKj. Therefore, when the selected clock is fi,

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

On the clock receiving side, the CS; ‘and CS; bits of the
UARTK transmit/receive control register are ignored be-
cause an external clock is selected. o
The bit 2 of the clock sending side UART]| transmit/receive
control register 0 is cleared to “0" to select CTS; input. The
bit 2 of the clock receiving side is set to “1” to select RTSk
output.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive contral register 0. Set bit
4 to “0” when CTS and RTS signals are used, and to “1"
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the

case when the CTS and RTS signals are used. if CTS and

RTS signals are not used, the CTSj input condition is un-
necessary and there is no RTSk output.

Transmission

Transmission is started when the bit 0 (TEj ﬂag) of UART]
transmit/receive control register 1 is “1”, bit 1 {Tlj flag) of
one is “0”, and CTSj input is “L”. As shown in Figure 44,
data is output from TxDj pin when transmission clock CLK]
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]j transmit/receive control register 0
is “1”7, CTSj input is ignored and transmission start is con-
trolled only by the TEj flag and TIj flag. Once transmission
has started, the TEj flag, Tlj flag, and CTSj signals are
ignored until data transmission completes. Therefore, trans-
mission is not interrupt when CTSj input is changed to "H”
during transmission.

The transmission start condition indicated by TEj flag, Tij
flag, and ET_S—] is checked while the Teypj 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 Tewpj
signal goes “H” and changes to “0" when transmission
starts. Therefore, this flag can be used to deterniine
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 contro! regis-
teris setto “1".

Receive

_Receive starts when the bit 2 (REk flag) of UART 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 RxDj pin is retrieved and the contents of

the receive register is shifted by 1 bit each time the trans-

mission clock CLKj changes from “L" to“H". When an 8-bit
data is received, the contents of the receive register is
transferred to the receive buffer register and the bit 3 (Rl
flag) of UARTK transmit/receive control register 1 is set to
“1”, In cther words, the setting of the Rlk flag indicates that
the receive buffer register contains the received data. At
this point, RTS] output goes “L” to indicate that the next
data can be received. When the Rl flag changes from “0”
to “1", the interrupt request bit in the UARTK receive inter-
rupt control register is set to “1”. Bit 4 (OERk flag) of
UARTY transmit/receive control register is set to “1" when
the next data is transferred from the receive register to the
receive buffer register while Rlk flag is “1”, and indicates
that the next data was transferred to the receive register
before the contents of the receive buffer register was read.
Rlk and OERk flags are cleared automatically to “0” when
the low-order byte of the receive buffer regisieniisStead.
The OERk flag is also cleared when the REk flag is
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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 reteive 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].

- . TxDj
L UART]| transmission register IL )

UART; transmission
buffer register

l UART; receive buffer register ] ’

RxDj

L UART] receive register _= '

UART] Transmit/Receive mode register
oo 1]

UARTj Transmit/Receive control

CLK;j

TxDg

{ UARTY transmission register I

hJARTk transmission buffer régisterl

uARTk receive buffer register ]

RxDy
-;{ UARTY receive register | ]

UARTK Transmit/Receive mode register

Lo [x[x[x[ ofo]1]

=
EPTY

register 0
0 [csijcsy|

DD

UART;| Transmit/Receive control

CT8 j

CLKg
UARTy Transmit/Receive control
register 0
XXX e Jim]  Tx]x]
RTS

register 1

Pl [ ]7]

UARTy Transmit/Receive control
© register 1 .

e [ [ ]]

Fig. 43 Clock synchronous serial communication

. e 1/ X2
Transmission oo

. Glock

TE; I l

SO N ey SRR

Write in transmission buffer register Transmission register—Transmission buffer register

T L -
e 1/X(nH1}X2

CLKi

TEND] rl

B ,

Stopped because TEj= “0"

M . n

TEPTY] T | ' |

o B EEHEEEE BEEEEEEE  EEEEEEEE

[ —

Fig. 44 Clock synchronous serial 1/0 timing



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

ASYNCHRONOUS

SERIAL. COMMUNICATION

Asynchronous serial communication can be performed us-
ing 7-, 8-, or 9-bit tength 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 CLKi pin can be used as a
normal 1/0 pin.

The selected internal or external clock is divided by (n+1),
then by 16, and passed through a control circuit to create
the UART transmission clock or UART receive clock.

Therefore, the transmission speed can be changed by
changing the contents n of the bit rate generator. If the
selected clock is an internal clock fi or an external clock

fEXT!
Bit Rate =(f; of fexr)/ | (n4+1) X116

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.

—=| e (1/f; or Higa) X{n+1) X156

mansmission soce. | L[ [T U U U UUUU Y UudyL

TE; 1

- L

Write in transmission bufter regisger
CTg; I :

N

Transmission register —Transmission

L S
[ —

buffer register (

Tenoi ﬂ

ol

Start bit Parity bit Stop bit ‘ Stopped because TEj= “0"
T \STARXRXEIEKOXNRIBXE Y sp\ST XX HRHONCHOXEY sp — — \STARHDX

TXEPTY;

l M l |

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

st (14 o Vtexr) X (n+1) X 16

Transmissionclockl I lllll”,lllllllll ||l||||||||||| llll Ill Ill Illllllll
TE;{ _J ) I J

T A k1 \ [
Write in transmission butfer register Transmission register=—Transmissian
buffer register

Tenoi

. Stopped because

Start bit Stop Bit Stop Bit TE= “0"

TXD; STARX XD X2 O OKDHKEXD) 5P SP\STADXD NP XDHDHDHONONPsY 'SP 5P
TREPTY, T ] . ﬂ [_|

Fig. 46 Transmit timing example when 9-blt asynchronous communication with no parity and 2 stop bits is selected
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Bit 6 is the parity bit selection bit which indicates whether
to add parity bit or not.

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

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

The UART; transmn/recewe control regisger 0 bit 2 is used
to determine whether to use CTSj input or RTS. output.
CTSj input is used if bit 2 is “0” and RTS; output is used if
bit 2 is “1”.

If CTS;j input is selected, the user can control whether to
stop or start transmission by external ﬁs‘, input.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive control register 0. Set bit
4 to "0” when CTS and RTS signals are used and to “1”
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the
case when the CTS and RTS signals are used. if CTS and
RTS signals are not used, the CTS; input condition is un-
necessary and there is no RTSj output. -

Transmission

Transmission is started when the bit 0 (TEi flag) of UART;
transmit/receive control register 1 is “17, the bit 1 (Tj flag)
is “0”, and CTS| input is “L” if CTSj 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. The data is output
from the least significant bit.

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

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

Once transmission has started, the TEj flag, Tlj flag, and
CTSj signal (if CTSj input is selected) are ignored until
data transmission is completed.

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

The transmission start condition indicated by TEj flag, Tij
flag, and CTS; is checked while the Teypi 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 Tl flag is cleared to 0 before
the Tgnpi signal goes “H”.

The bit 3 (TXEPTY; flag) of UART;| transmit/receive contral

register 0 changes to “1” at the next cycle after thé Tgypi

signal goes “H” and changes to “0” when transmission
starts. Therefore, this flag can be used to determlne
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 reéeiving end
begin to work when a start bit is arrived and the data is re-
ceived.

orter - ILAAUUAUNILAULULAANS

LRI

RE; _’
Stop bit Start bit
o Y Start bit I Dy . Xl B W
‘ Check to be “L" level Get data ' ’ :
Receive ' _—
Clock —_—— m
Starting at the falling
edge of start bit
Rij l

RTS; L |

1

Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected
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It RTSj output is selected by setting the bit 2 of UART;
transmit/receive control register 0 to “1", the RTSi output is
“H” when the REj flag is “0”. When the RE; flag changes to
«1”_the RTSi output goes “L” to indicate receive ready and
returns to “H” once receive has started. In cther words,
RTS; output can be used to determine externally whether
the receive register is ready to receive. :

The entire transmission data bits are received when the
start bit passes the final bit of the receive block shown in
Figure 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 Rij flag changes from “0” to
"

The bit 4 {OER; flag) of UART; transmissicn control register
1 is set when the next data is transferred from the receive
register to the receive buffer register while the Rlj flag is
“1”, In other words when an overrun error occurs. If the

OER;j 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 ocours.

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

The setting of the Rl 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‘i'

OER;, FER;, PER;, 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 commumcate only between cer-
tain microcomputers when multiple microcomputers are
connected through serial 1/0.

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

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

When sleep mode is selected, the contents of the receive
register is not transferred to the receive buffer register if
bit 7 {bit 6 if 7-bit asynchronous communication and bit 8 if
9-bit asychronous communication) of the received data is
“p”, Also the Rl;, OER;, FERj, PER;j, 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 “17.
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.
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A-D CONVERTER
The A-D converter is a 10-bit successive approximation
converter.

Figure 48 shows a block diagram of the A-D converter and

Figure 49 shows the configuration of the A-D control regis-
ter 0 (address 1E.s) and A-D control register 1 (address
1Fi5).

The frequency of the A-D converter operating clock ¢ .p Is
selected by bit 7 of the A-D control register 0. When bit 7
.is “0", ¢ ap is the clock frequency divided by 8. That is, éap

=f(X)n)/8..When bit 7 is “1”, ¢, is the clock frequency di-

vided by 4 and ¢ op=Ff(Xn)/4.

The ¢ap during A-D conversion must be 250kHz minimum
because the comparator consists of a capacity coupling
. amplifier. ’
Bit 3 of A-D control register 1 is used to select whether to

use the conversion result as 10 bits or as 8 bits. The con-
version result is used as 10 bits when bit 3 is “1” and as 8

bits when bit 3 is “0”.

When the conversion result is used as 10 bits, the low-
order 8 bits of the conversion result is stored in the even
address of the corresponding A-D register and the high-
order two bits are stored in bits 0 and 1 of the odd address
of the corresponding A-D register. Bits 2 to 7 of the. A-D
register odd address return “000000," when read.

When the conversion result is used as 8 bits, the high-order
8 bits of the 10-bit A-D conversion are stored in even
address of the corresponding A-D register. In this case, the
A-D register odd address returns “00,5” when read.

The operating mode is selected by the bits 3 and 4 of A-D
control register 0 and bits 1 and 2 of A-D control register 1.
The available operating modes are one-shot, repeat, single
sweep, repeat sweep 0, and repeat sweep. 1.

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

The operation of each mode is described below.

A-D conversion sp

o O—f 12 |2 T

Veer

1/2

Ladder network

eed. selection

o— $ap

Vref

AVss

P2t 4§ 13

¥
Ll LT T T T

l—
I«

Successive approximation register | |

A-D control register 1 (1F4)

A-D contral register 0 (1E,5)

Address

Address

A-D register 0 (21+g)

A-D register 0 (20,g)

A-D register 1 (23¢)

A-D register 1 (22,¢)

A-D register 2 (25,4)

A-D register 2 (24,)

A-D register 3 (274)

A-D register 3 (26,¢)

A-D register 4 {29,¢)

Cecoder

A-D register 4 (28,4)

A-D register 5 (2B.g)

A-D register 5 (2A5)

A-D register 6 {2D,5)

Comparatar

A-D register 6 (2C¢)

A-D register 7 (2Fs6)

A-D register 7 (2Eq¢)

ANg O

AN O
AN; O

AN; O
AN, O—

ANs O
ANe O—

AN;/ADyre O o

Selector

Fig. 48 A-D converter block diagram
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(1) One-shot mode

One-shot mode is selected when bits 3 and 4 of A-D con-
trol register 0 are "0” and bit 2 of A-D contra! register 1 is
“0". The A-D conversion pins are selected with bits 0 to 2
of A-D control régister 0. A-D conversion can be started by
a software trigger or by an external trigger.’

A software trigger is selected when bit 5 of A-D control
register 0 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.
When bit 3 of A-D contral register 1 is “1”, A-D conversion
ends after 59 ¢, cycles and an interrupt request bit of the
A-D conversian interrupt control- register is set. At the same
time, A-D control register 0 bit 6 (A-D conversion start flag)
is cleared and A-D conversion stops. The result of A-D
conversion is stored in the A-D register corresponding 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 ADtgrg in-

put changes from “H” to “L". In this case, the pins that can
be used for A-D conversion are AN, to ANg because the
ADqre pin is shared with the analog voitage 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 c¢an be available during A-D
conversion.

(2) Repeat mode _

Repeat mode is selected when bit 3 of A-D control register
0is “1”, bit 4 is “0” and bit 2 of A-D control register 1 is “0”.
The operation of this. mode is the same as the operation of
one-shot mode except that when A-D conversion of the
selected pin is complete and the result is stored in the A-D
register, conversion does not stop, but is repeated.

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.

Address
A-D control register 0 1Eg

_J l_l_l‘ Analog input selection bit |

00 0 : Select ANg
1 | Select AN,
0 ' Select AN,
1 : Select AN,
0  Select AN,
1

0
1

. Select ANg
Select ANg
 Select ANy
eration mode selection bit 0
! One-shot mode
* Repeat mode
. Single sweep mode

—_—— = O DO

0
i
1
0
0
i
1
A-D op
0Q
01
10
1 1 : Repeat sweep mode ¢
Repeat sweep mode 1
Trigger selection bit
@ . Software trigger
1 ! ADyge input trigger
A-D conversion start flag
Q0 . Stop A-D conversion

1 . Start A-D conversion
Frequency selection flag

0 : Select f(X,n)/8
1 : Select f(x|N)/4

76543210 Address
IXIXDJol T | | | A-Docontrol register 1 1Fys
—I A-D sweep pin selection bit
When single sweep or repeal sweep
made 0 is selected
00 : AN, AN, {2 pins)
01 I ANg~ANg {4 pins)
10 I ANg~ANs (6 pins)
1 1. I ANg~AN; (8 pins)
When repeat sweep mode 1 is selected
00 I ANg (1 pin}
01 D ANg, AN, (2 pins)
10 IANg~AN; {3 pins)
11 :ANg~AN; {4 pins)

A-D operation mode selection bit 1
0 : Other than repeat sweep mode 1
1 : Repeat sweep mode 1

8/10-bit mode selection bit

0 : 8-bit mode
1 :10-bit mode
0 . Always “0”

Not used for A-D converter

Fig. 49. A-D control reglster bit configuration
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(3) Single sweep mode

Single sweep mode is selected when bit 3 of A-D control
register 0 IS “0”, bit 4 is “1” and bit 2 of A-D control reglster
1is “0".

In the single 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 control register 1
(address 1Fy6) . Two pins, four pins, six pins, or eight pins
can be selected as analog input pins, depending 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 ancther. 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 § 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 0 bit 6 (A-D conversion
start flag) is set. When A-D conversion of all selected pins
end, an interrupt request bit of the A-D conversion interrupt
control register is set. At the same time, A-D conversion
start flag is cleared and A-D conversion stops.

When an external trigger is selected, A-D conversion starts
_when the A-D conversion start flag is “1” and the ADypg in-
put changes from “H" to “L”. In this case, the A-D conver-
sion result which is stored in the A-D register 7 becomes
invalid because the ADyrg pin is shared with AN, pin.

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

(4) Repeat sweep mode 0

Repeat sweep mode 0 is selected when bit 3 of A-D con-
trol register 0 is “17, bit 4 is “1” and bit 2 of A-D control
register 1.is "0".

The difference with the single sweep mode is that A-D

conversion does not stop after converting from the AN, pin

to the selected pins, but repeats again from the AN, pin.
The repeat is performed among the selected pins. Also, no
interrupt request is generated. Furthermore, if software trig-
ger Is selected, the A-D conversion start fiag is not cleared.
The A-D register can be read at any time.

(5) Repeat sweep mode 1

Repeat sweep mode 1 is selected when bit 3 of A-D con-
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control
register 1 is “1".

The difference with the repeat sweep mode 0 is that A-D
conversion of one unselected pin is performed and A-D

conversion is repeated once again from AN, pin after A-D -

conversion of selécted pins is performed in sequence from
AN pin. The number of analog input pins to be swept is
also different.

The analog input pins for repeat sweep are selected with
bits 1 and 0 of A-D control register 1. The contents of these
pins are used to select one pin, two pins, three pins, or four
pins.

The unselected pins are converted in sequence after the
conversion of pins selected as repeat sweep pins. No inter-
rupt request is generated. Furthermore, if software trigger
is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.
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D-A CONVERTER

The D-A converter is an 8-bit R-2R method D-A converter.
Two independent D-A converters are built in. Figure 50
shows the bleck diagram of the D-A converter and Figure
51 shows the bit configuration of A-D control register 1.

D-A conversion is performed by writing a value in the cor-
responding D-A register. The conversion result is output by
bits 6 and 7 of A-D control register 1 (address 1F.g). When

bit 7 is “1”, the conversion result is output from DAy pin. .

“When bit 6 is “17, the conversion result is output from DA,
pin. o
The output analog voltage V is determined from the value n
{decimal) set in the D-A register.

V = Vpee X n/256 {n = 0 to 255)
Veer - Reference voltage

The D-A output enable bit is cleared to “0" at reset. An ex-
ternal buffer should be connected when connecting to a
low impedance load because there is no built-in D-A output
buffer.

76543210 Address

il

DAX]X[X]%]x] A-D controf register 1 1Fy¢

- Not used for D-A converter

D-A, output enabie bit
0 : Disable output
1 : Enable cutput

D-Ag output enable bit
0 : Disable output
1 : Enable output

Fig. 51

A-D control register 1 bit configuration

D-A register 0

(1A4g)

Veer O—

R-2R ladder network

AVsg O—

D-Aq output
enable bit

DA, pin

Vaer

AVgg

D-A register 1

(1Cy¢)

O—

o

R-2R ladder network

D-A,; cutput
enable bit

DA, pin

Fig. 50 D-A converter block diagram
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WATCHDOG TIMER

The watchdog timer is used o detect unexpecied execu-

tion sequence caused by software run-away.

Figure 52 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 (f5;) or by 512 (f515). Whether to count fs, or s, is de-
termined by the watchdog timer frequency selection flag
shown in Figure 53. f5,, is selected when the flag is "0” and
fs; is selected when it is “1”. The flag is cleared after reset.
FFF,s is set in the watchdog timer when “L” or 2-Vc 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,s is set in the watchdog timer, the contents of
watchdog timer is decremented by one at every cycle of
selected frequency f;; or fs51p, and after 2048 counts, the
most significant bit of watchdog timer become “0”, and a

watchdog timer interrupt request bit is set, and FFFy;5 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 0 described In Figure
10 in the interrupt section and generating.

Watchdog timer
frequency selection {connection forced to fs, during
f32 —o STP instruction execution)
fs)z—o
‘ Watchdog timer |——‘
Hold B (60,5)
Write to watchdog timer ————
7 Set FFFyq |
RESET 7 Vor
O etection
circuit
STP instruction S Q
=
Fig. 52 Watchdog timer block diagram
7 6 5 4 3 2 1 40
XD ] w Pl
Watchdog timer 611
frequency selection f
0 . Select f5,, -
1 : Select fy,

Fig. 53 Watchdog timer frequency selsction flag
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RESET CIRCUIT
Reset occurs when the RESET pin is returned to “H” level
- after holding it at “L” fevel when the power voltage is at 5V
+10%. Program execution starts at the address formed by
setting the address pins Ay~ A to 00;5, A5~ Ag t0 the
contents of address FFFF,; and A;~ Aq to the contents of
address FFFE;s.
Figure 54 shows the status of the internal registers when a
reset occurs.
Figure 55 shows an example of a reset circuit. The reset in-
put voltage must be held 0.9V or lower when the power vol-
tage reaches 4.5V.

Power on
M37710S4BFP e
—

Ve / 4.5y _

RESET v
cC ov

28 " 69

RESET /_

i oV "1 0.9V

Fig. 556 Example of a reset circuit (perform careful
evaluation at the system design level before using)

Address Address

(1) Port P4 data direction register - (0Cqg)- | 0046 l @7 Watchdog timer (804g)- ’ FFFig ’
{2) Port P5 data direction register  (0D;g)- | 0046 ‘ (28 Walchdog timer frequency selection flag (61,5) Wﬂ
(3) Port P6 data direction register  (10,¢)-~ | 0046 1 9 Waveform output mode register  (8245)- L 00+ —|
(4) Port P7 data direction register  {11,5)- | 00:¢ ‘ (38  Reserved area (Do not write o his address) (B64g) [ 00y I
(6) Port P8 data direction register  {14,¢)--- | 004 ‘ @1 A-D conversion imemupt control register ‘(7015)'" W 0 [ 0 | 0 l Q ]
(6) A-D control register 0 (1E4g) | 0 | 0 | 0 | 0 [ 0 | ? \ ? ’ ? ‘ 182 UART 0 transmissio inferrupt conlrol register (7146) NN)Q}(] 0 ‘ 0 i 0 | 0 |
(7) A-D contral register 1 (1Fyg) - I 0 | 0 |><] 0 l 0 | 0 ‘ 1 ’ 1J {33 UART 0 receive interrupt control register (724g) W 0 | 0 [ 0 | 0|
{8) UART 0 Transmit/Receive mode register ~ (30,g) | ) 0046 ‘ {39  UART 1 transmission interrupt control register (7346)- 0000
{9) UART 1 Transmit/Receive mode register ~ (38,q) | 0046 l {35  UART 1 receive inlerrupt control register (7446) W 0 ‘ 0 [ 0]0—|
{I0)  UART D Transmit/Receive controf register 0 (3d4g) W 0 l 1 l 0 ‘.0 ' ol (36) Timer A0 interrupt control register {75:5) W 0 ‘ 0 (G—IFI
(1) UART 1 Transmit/Receive control register 0 (3C,¢)-- W 0 | 1 I 0 ‘ 0 ‘ 0 ' 30 Timer>A1 interrupt control register {7615) W 0 ' a ’ 0 ' 0|
(1) UART 0 Transmit/Receive control register 1~ (35,¢) ‘ 0 | 0‘ OI 0 | 0 [ 0 ‘ 1 ‘ 0 | (38 Timer A2 interrupt control register (T7g) " W 0 ] 0' 0 ‘ 0|
(13 UART 1 Transmit/Receive control register 1 (3Dyg) -+ ’ 0 1 0 ‘ O] 0 | 0 I 0 ‘ 1 ‘ 1] 1 @9 Timer A3 interrupt control register (784g) W 0 l 0 ; [J—IFI
(14 Count start flag (40|6)-~-‘ 00;¢ l (4!)) Timer A4 interrupt control register (7946)- W 1] l 0 0] 0[
(9 One-shot start flag (42,5) W 0|0|o|o‘o{ @) Timer BO interrupt control register  (7A6)+ [><l><[><]><| o[o]o]o]
(1 Up-down flag (4445) ‘ 0044 ‘ #2 Timer B1 interrupt control register {7Byg) - D@W 0 | 0 | 0 m
07 Timer AD mode register (E64g) ' 0044 J #3)  Timer B2 interrupt control register (7C1g) - W 0 I 0 I Om

. (18 Timer A1 made register (57,5) i 0046 ‘ 9 INT g interrupt control register (7D4g) D<j><| 0‘ D | 0 | 1] | om
(19 Timer A2 mode register {58,5)--- } 0046 ‘ #3 TNT, interrupt control registar ~ (7E.4) - M 0 ‘ 0 | 0 | 0 I 0 ‘ 0 |
@) Timer A3 mode register (59,5) L 0046 ‘ @8 INT , interrupt control register {7Fy5)- M 0 ‘ 0 | 0 | 0 } 0 ’ Ol
@) Timer A4 mode register (5A6) ' 0046 ; ‘ @) Processor status register PS ‘ 1] l 0 l 0 I ? I ? ‘ 01 0 I 0 | 1 ! ? m
22 Timer BO mode register (580>~ |0]0]1]0]a]o]o]o] 4 Program bank register PG L 0016 ‘
@) Timer B1 mode register (6C+g) |0 } 0 1 1 N 0 | 0 I 0 ’ ol @9 Program counter PCy ' l Content of FFFF,g ]
) Timer B2 mode register (5D1g)~ ‘ 0 I 0,1 1 N 0 | 0 I 0 TO‘ 60 Program counter PC,_ | Cantent of FFFE g |
@5 Processor mode register 0 (5Eqq) 0 l 0 | 0 l 0 | 0 ’ 1 ‘ 0. 51 Direct page register DPR J 000046 —l
@8 Processor mode register 1 (8Fg) m%w 0 l (52 Data bank register DT | 004 |

Contents of other registers and RAM are not initialized_and should bsg in-
itialized by software. )
Fig. 564 Microcomputer internal status during reset
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INPUT/OUTPUT PINS

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

When pin programnied for output, the data is written to the
port latch and it is output 1o 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 cutput port, clear
the bit of the corresponding data direction register so that
the pin become input mode.
Figures 56 and 57 show block diagrams of ports P8 to P4
and the E pin output. :
In evalyation chip mode, ports P4 is also used as control
signal pin.

_Refer to the section on processor modes for more details,
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* Port P4;~P4; (inside dotted-line not included)
Port P4,, P5;, P6;~P8;, P8, P8¢ (Inside dotted-line included)

Data direction register
< I————<i

Data bus

>—| Port latch }

J

* Port P7,~P7; (Inside dotted-line not included)
* Port P7; (Inside dotted-line inciuded)

Data direction register

1%%.'

Data bus —-»———l Port latch I

~

Analog input

* Port P8, P8; (Inside dotted-line not included)
Port P5,~ PS5, PB; (Inside dotted-line included)

Data direction register| wqn

Data bus — Port latch
<

4

Flg.

56 Block diagram for ports P8 to P4 and the E pin output (1)
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* Port P8,, P8,

- iy
Data qgirection register 1
uou“o Y
4

O

‘ Output
o Oata bvs —4— [ Partaen “i 10
‘ ’ & 1 :

Analog output —o—5-J
) D-A output enable

d Pﬂn P81,.P85

uypr

Data direction register .
“g"—o

. Output —Q ] j
Data bus ———{ Portiaich 10

=3

<

—gq—

.
mi

it

Fig. 57 Block diagram for ports P8 to P4 and E pin output (2) )
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PROCESSOR MODE

The bit 0 of processor mode register 0 as shown in Figure
58 is used to select which mode of microprocessor mode,
and evaluation chip mode. _

Figure 59 shows the functions of Ay to A; pins, Ag/Dy to Agg/
D; pins, and ports P4 in each mode.

The external memory area also changes when the mode
changes.

Figure 60 shows the memory map for each mode.

The accessing of the external memory is affected by the
BYTE pin, the bit 2 (wait bit) of processor mode register 0,
and bit 0 (wait selection bit) of processor mode register 1.
These will be described next. ‘

eBYTE pin

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

The data bus width is 8 bits when the level of the BYTE pin
is “H” and A;g/Dj to Ay/D7 pins become the data 170 pins. '
The data bus width is 16 bits when the level of the BYTE
pin is “L" and both A5/Dg to Az3/D; pins and As/Dg to Ass/
Dis pins become the data I/0 pins.

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

An exclusive mede in the evaluation chip mode allows the

" BYTE pin level to be set to 2-V¢c. In this case, the opera-

tion is slightly different from the above. This is described in
the evaluation chip mode section.

7 6 5 4.3 2 10
[ l ‘1| I Processar mode register 0

5Eig

Processor mode bit
0 ! Microprocessor mode

1 . Evaluation chip mode

This bit must be “1”

{becomes “1" after reset release)

Wait bit

0 : wait
1 ! No Wait
Software reset bit

00 : Select H/i{Xy) X14
01 :Select 1/f{X)X 8
1.0 @ Select 1/1(X) X 4

Test mode bit
This bit must be “0"

Address

Reset occurs when this bit is set to “1"

interrup priority resolusion time selection bit

Address
Processor mode register 1 5Fg

Wait selection bit
0 wait0
1 > Wait 1

Fig. 588 Processor mode register bit configulation
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CM;y 1 1
CMp ] 1
Mode
Microprocessor Mode Evaluation Chip Mode
Port :
E L
Ag~Ar Ao Same as left
§ Address A;~Ag
A;
P
1577 Rg Yy,
= Ag/D. Same as left
BYTE="L", T Address { P2t
odd
Ays/Disg
{ : 157~ Ag
- Ag/Dyg Data
e N e
BYTE="H" Ag/Dg 15/ D15 ‘
5 x Address A5~ Ag x
A1s/Dis ) Ports P4, P5 and their direction regis-
- ters are treated as 16-bit wide bus.
E | l
Ais/Dg Ags ~ Asg .
Address _ :
A4s/Do
§ £ E ‘
Az3/Dy As/Da Azz~Ag | I Avo/De Ags ~ Ags L — l
=y § Dala Data
Same as Ag/Dg to Ay5/Dy5
N
) | I P4 DBC
0
P4, P4
D ST s o )
P4
3 e T Yoo )

Fig. 59 Processqr mode and Aq to A; pins, Az/Dsg to Az3/D; pins and pornt P4 functions
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o Wait bit

As shown in Figure 61, when the external memory area is
accessed with the processor mode register 0 (address
5Eg) bit 2 {wait bit) cleared to “0", the access time can be
extended compared with no wait (the wait bit is “1").

The access time is extended in two ways and this is
selected with bit 0 (wait selection bit) of processor mode
register 1 (address 5F,¢). ’

When this bit is “17, the access time is 1.5 times compared
to that for no wait. When this bit is “0”, the access time is
twice compared to that for no wait. .

At reset the wait bit is “0” and bit 0 of processor mode reg-
ister 1 is “Q". '
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
mode chip mode
216 ) 216 7////
915 //// 916
Ass
C 16 PZZZ777Z,
804¢ 8046
RAM ’ RAM.
87Fig 87Fiq
I
\
FFFFFFg FFFFFFyg
The shaded area is the external memory area.

Fig. 60 External memory area for each processor mode

Internal clock¢
Address Data Address Data
Ai/Dj
Wwait bit “1” E L L]
ALE M M
fe——
Access term
Address Data Address Dala
Ai/Dj XX XX
Wait bit “0” = _I I_I
I' 1] E
{wait 1)
ALE M M
fe—————————;
Access term !
AI/Dj W Adaress Y oata W Address W
Wait bit 0" E '—l_l_‘_
(wait 0} '
ALE 1 [ 1
Access term
Fig. 61 Relationship between wait bit, wait selection bit,

and access time

(1) Microprocéssor mode (10]

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

Ag t0 A; pins become address output pins.

Ag/Og to Ay5/Dy5 pins have two functions depending on the

" level of the BYTE pin.

When the BYTE pin level is “L”, Ag/Dg to A45/D45 pins func-
tion as an address output pin while E is “H” and as an odd
address data 1/Q 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 Ays/Dy5 pins func-
tion as an address output pin.

Ay5/Dy to Ags/D7 pins have two functions depending on the
level of the BYTE pin. ‘
When the BYTE pin level is “L”, As/Dp to Ass/D; pins func-
tion as an address output pin while E is “H” and as an even
address data I/0 pin while Eis "L". However, if an internal
memory is read, external data is ignored while E is “L".
When the BYTE pin level is “H”, A /Dy to Az3/D7 pins func-
tion as an address output pin while E is “H" and as an even
and odd address data /O pin while Eis “L". However, if an
internal memory is read, external data is ignored while E is
B )

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

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

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



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16l-_BIT CMOS MICROCOMPUTER

ALE i$ an address latch enable sigﬁal 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".
¢4 outputs Xy clock divided by 2.

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. Ag to A; pins, Ag/Ds to
Az3/D; pins, R/W pin, and BHE pin are floating while the
microcomputer stays in hold state. These pins are floating
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 signatl changes to “H” level.

'RDY is a ready signal. If this signal goes “L", the internal
clock ¢ stops at “L”. However, ¢, output from clock ¢, out-
put pin does not stop. RDY is used when slow external
memory is attached. '

(2) Evaluation chip mode (11)
Evaluation chip mode is entered by applying voltage twice
the Voo voltage to the CNVgg pin. This mode is normally
used for evaluation tools. '

Ag/Dg to A45/Dys pins function as address output pins while
E is “H” and as data 1/O pin of odd addresses while E is
“L” regardiess of the BYTE pin level. However, if an inter-
nal memory is read, external data is ignored while E is “L.
A45/Dp to Azz/D7 pins function as address output pins while
E is “H” and as data 1/O pin of even addresses while E is
“L" when the BYTE pin level is “L". However, if an internal
memory is read, external data is ignored while Eis“L". -

~ When the BYTE bin level is “H” or 2-Vge, port P2 functions

as an address output pin while E is “H” and as data 170 pin .

of even and odd addresses while E is “L”. However, if an

internal memory is read, external data is ignored while Eis -

“L

Part P4 and its data direction register which are located at
address 0As 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 P4; 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. )t becomes “H”
while the CPU is reading an instruction code from the in-
struction queue buffer. :
DBC is the debug control signal and is used for debugging.
Table 5 shows the relationship between the CNVge pin in-
put levels and processor modes.

Table 5. Relationship between the CNVgg pin inp}ut
levels and processor modes

CNVgg Mode Description

* Microprocessor Microprocessor mode upon

» Evalyation chip starting after reset. Evaluation
Vee chip mode can be selected
i by changing the processor

mode bit by software.
Evaluation chip mode only.

2+ Vec » Evaluation chip
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CLOCK GENERATING CIRCUIT
Figure 62 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,¢ is " M37710S4BFP
written to watchdog timer and the watchdog timer input
connection is forced to fyp. This connection is broken and

connected to the input determined by the watchdog timer 2:‘” M0 XO;{;
frequency selection flag when the most significant bit of the ‘ A

watchdog timer is cleared or reset. . ' ?Hd
Oscillation resumes when an interrupt is received, but the 1M1

internal clock ¢ remains at “L" level until the most signifi- | T j_

cant bit of the watchdog timer is cleared. This is to avoid ’

the unstable interval at the start of oscillation when using a ;[7 j;
ceramic resonator.

When a WIT instruction is executed, the internal clock ¢
stops at “L"” level, but the oscillator does not stop. The
clock is restarted when an interrupt is received. Instructions
can be executed immediately because the oscillator is not
stopped. _
The stop or wait state is released when an interrupt is re- M37710S4BEP
ceived or when reset is issued. Therefore, interrupts must )
be enabled before executing a STP or WIT instruction. Xu ' Xour
Figure 63 shows a circuit example using a ceramic (or . - 30
quartz crystal) resonator. Use the manufacturers recom- Open
mended values for constants such as capacitance which
differ for each resonator. Figure 64 shows an example of
using an external clock signal.

Fig. 63 Circuit using a ceramic resonator

External clock source

Fig. 64 External clock input circult

Interrupt  request —

R
I——S a ‘ a S*@ eset

STP instruction WIT instruction{ R

X

— STP instruction

Watchdog -
’:D-— Internal clock ¢ ’ : timer :

fz . f1s fa2 fea

1/2 /8 1/2 1/2 - 1/8

f512

O

xIN XOUT

Fig. 62 Block diagram of a clock generator
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ADDRESSING MODES

The M37710S4BFP has 28 powerful addressing modes. Re-
fer to the 7700 Family addressing mode description for the
details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37710S4BFP has 103 machine instructions. Refer to
the 7700 Family machine instruction list for details. '
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —0.3~7 \
AVee Analcg supply voitage —0.3~7 \Y
Vi Input voltage RESET, CNVgs, BYTE —0.3~12 v

Input voltage Ag~ Az, Ag/Dg~Azs/D7,
Vi P43~ P47, PSg~P5;, P6y~P67, PTo~P77, —0. 3~Vge10.3 v
_ P8q~P8;, Vrer, X, HOLD, RDY
Output voltage Ag~As, Ag/Da~Asa/Dy,
Vo P4y~Pdy, P5o~P8;, P6y~P6;, P7o~P7;, —qQ. 3~VC0+0- 3 v
P8y~P8;, Xour, E, #1, HLDA, ALE, BHE, R/W
Pd Power dissipation Ta=25C 300 mw
Topr Operating temperature —20~85 C
Tstg Storage temperature —40~150 T
RECOMMENDED- OPERATING CONDITIONS (Vco=5V£10%, Ta=—20~85TC, unless olherwise noted)
Limits™
Symbol Parameter Unit
Min. Typ. Max.
Vce Supply voltage 4.5 5.0 5.5 \'4
AVise Analog supply voltage Vee \'4
Vss Supply voltage 0 tY;
AVgg Analog supply volmge 0 A"
High-fevel input voltage P4;~P4;, PSy~P5;, P60~P67.
Vig P7o~P7;, P8y~P8;, Xiy, RESET, |0.8Vsg Vee \%
CNVgg, BYTE, HOLD, RDY
Vin High-level input voltage As/Ds~Az/Dr 0.5Vee Voe v
Low-level input voltage P43~P47, PS¢~P5;, P6y~P6;, .
ViL P7y~PT77, P8y~PB8;, Xy, RESET, 0 0.2Vecf V
CNVss, BYTE, HOLD, RDY
VL Low-level input voltage Ag/Dg~Az/D; 0 0. 16Vee v
High-level peak output current Ag~A;z, Ag/Dg~Azs/Dy7,
lontpeak) P4g~P47, PE¢~P57, P6o~P67, —10 mA
P7o~P7;,P8g~P8;, ¢y,
HLDA, ALE, BHE, R/W
High-level average dutput current Ag~Az, Ag/Da~Azs/Ds,
loHtavg? Pdy~P4;, PSg~P37, Py~Ply, —5 mA
P7oq~P77,P8u~P8, ¢,
. HLDA, ALE, BHE, R/W
Low-level peak output current- Ag~ Az, Ag/Dg~Azs/Dy,
loL(peak) ‘ Pdg~Pdy, Py~PSy, P6g~Pér, 10 | ma
PTQ“’PT?.PB‘]"PB]. ¢1, .
HLDA, ALE, BHE, R/W
Low-level average output current Ag~Az, Ag/Dg~Aza/Dy,
loLiavg? Pdy~~Pdz, P5g~PS;, PBo~P67, 5 mA
P7o~P7;P8g~P8;, ¢4,
HLDA, ALE, BHE, R/W
{ Xin) External clock frequency input 25 MHz

Note 1. Average output current is the average value of a 100ms interval.
2. The sum of loL(peak) for ports Ag~ Ay, Ag/Da~~ Az:/Dr, HLDA, ALE, BHE, R/W, and P8 must be
80mA or less, the sum of low(peaky for ports Ag~-Ay, Ag/Dg~Ags/Dy, HLDA, ALE, BHE, R/W, and P8

must be 80mA or less, the sum of loL(peak) for ports P4, PS5, P6, P7, ¢, must be 80mA or less, and

the sum of |0H(peakJ for ports P4, P5, P8, P7, ¢, must be 80mA or less.
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16-BIT CM0OS MICROCOMPUTER

ELECTRICAL CHARACTER'ST'CS (Vee=5V, vss=0v; Ta-=25"C, (X, )=25MHz, uniess otherwise noted)

Symbol Parameter Test conditions Limits - Unit
Min. Typ. Max. .
High-level output voltage Ag~As7, Ag/Da~~Axs/Ds,
Pd3~Pd;, P5g~P5;, PBa~P67,
Von P7§~ 7 P8§~P8:, T tow=-10ma 3 v
¢1, HLDA, BHE, R/W
Von High-level output voltage :(:NHAz_DI:a/;:EA;/V_!\)J;  loy=—400x A 4.7 v
. I°H=—10mA 3.1
Von High-level output voltage ALE lon— —4002A 4.8 A"
Vaou High-level output voltage E lon=—10mA 3.4 v
) lon=—400u A 4.8
‘Low-level oui:put voltage Ag—~Az, Ag/Dg~~Ag/D7,
‘ P43~P4;, P5g~P5;, Péig~Péy, .
Vou P7Z~P7:, 982~ Psz, T e=toma 2 v
#1, HLDA, BHE, R/W
Vo Low-level output voltage :q:, %ﬁ/%f\;;;/%1 lou=2mA 0. 45 v
lo.=10mA 1.9
VaL Low-level output voltage ALE loL=2mA 0.43 \%
. . — loL=10mA 1.6
VoL Low-levelal output voltage E o —ZmA 0.4 v
Hysterasls HOLD, RDY, TAOn~TA4y, TBON~TB2y,
Ve~ Vr- iNTy~INT;, ADrrc, CT8y, CTSy, GLKy, OLKy o4 1
Vr+—V_ | Hysteresis RESET 0.2 0.5 )"/
Vr4—Vy— | Hysteresis Xy 0.1 0.3 \4
High-leve! input current Ag/Dg~Az3/Dy,
Pds~P4;, P5g~P5;, P8~ P87,
i P72~P7:. P82~P8:. Xu: fS?ET, vimsv 51 #A
CNVgs, BYTE, HOLD, RDY
Low-level input current Ag/Dg~Aza/D7,
Pd3~Pd;, P5g~P5;, Py~ P67,
e P7q~P77, P8y~P8;, Xin, RESET, vi=ov > #A
CNVss, BYTE, HOLD, RDY _
VRam RAM hold voitage When clock is stopped. 2 Vv
(X ) =25MHz,
. squl:re waveform 18 38 mA
Qutput only pin is :
loe Power supply current open and other pins | 18— 20 C When clock i
are Vs during reset. |'°.510pPed. 2A
Ta=85C when clock 20
is stopped. i
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A-D CONVERTER CHARACTERISTICS (Voo=AVoo=5V, Vess=AVss=0V, Ta=25°c,f(_x.N)=25MHz. unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
—_ Resolution Vrer=Vee 10 Bits
—_ "| Absolute accuracy Vrer=Vce +3 1.SB
RLapper | Ladder resistance Veer=Vee 5 : 20 k(2
toony Conversion time 9. 44 S
Vaer Reference voltage - 2 Vee v
Via Analog input voltage 0 Vaer \
D-A CONVERTER CHABRACTERISTICS (Voc=5V, Ves=AVgs=0V, Ta=25C, f{(X)=25MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
. Min. Typ. Max.
— Resolution ' 8 Bits
— Absolute accuracy ‘ 1.0 %
tou- Set time 3 “s
Ro Output resistance : . 1 2.5 4 kQ
lvrer Referénce power input current (Note) 32 mA

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “004¢".
Current that flows to the ladder resistance of A-D converter is excluded.
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TIMING REQUIREMENTS (Vee=5Vt10%, Vss=0V, Ta=25C, H{X;y) =25MHz, unless otherwise noted)
External clock input o

Symbol Parameter - Limits Unit
. Min. Max.
te External clock input cycle time 40 ns
twir) External clock input high-level pulse width 15 i ns
tw(L) External clock input low-level pulse width 15 ns
ir External ciock rise time 8 ns
tf External clock fall time 8 ns
Microprocessor mode
Symbo! Parameter - Limits Unit
. : Min. Max.

tsu(DH—E) Data high-order input satup lime 30 ns
tsulpL—Eg) Data low-order input setup time 30 ns
tsu(pan—e) | Port P4 input setup time 60 ns
tsu(eso—e) | Port PS input setup time 60 ns
tsutpsn—e) | Port P6 input setup time 60 ' ns
tsutpro—e) | Port P7 input setup time 60 ns
tsu(psp—g) | Port P8 input setup time 60 ns
tsutRDY—s .} RDY input setup time 55 ns
tsyroLn—_g,)| HOLD input setup time 55 ns
th(e—omn) Data high-order input hold time 0 ns
th(e-oL) Data low-crder input hold time 0 ns
thiE—PaD) Port P4 input hold time 0 ns
thie—pso) Port P5 input hold time 0 ns
th(e—Pep) Port P8 input hold time ] ns
th(e—p7e) Port P7 input hold time Q ns
thte—psn) Port P8 input hold time 0 ns
th(g,—rov) | RDY input hold time 0 ns
th(#,—HoLD) HOLD input hold time Y .ns
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16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event caunter mode)

Limits .
Symbol Parameter - Unit
. Min. Max.
tooray TAin input cycle time 80 ns
b (TAH) TAiy input high-level pulse width 40 ns
twiTaw) TAin input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits )
Symbol Farameter - Unit
Min. Max.
tecra) TAin input cycie time 320 ns
tw(Tar) TAiw input high-level pulse width 160 ns
twiTaL) TAi input low-level pulse width 160 ns
Timer A input { External trigger input in one-shot pulse mode)
Limits
Symbol . Parameter N Unit
Min. Max.
teorar TAiy input cycle time 160 ns
W (TAH) TAi inpul high-level pulse width 80 ns
twiraL) Thiw input low-level pulse width 80 ns
Timer A input (External trigger input in'pulse width modulation mode)
Limits
Symbol Parameter - Unit
Min. Max.
tw(ran) TAip input high-level pulse width ' 80 ns
tw(TaL) TAin input low-level pulse width 80 ns
Timer A input {Up-down input in event counter mode)
Limits
Symbol Parameter - Urit
Min. Max.
teiur) TAigyt input cycle time 2000 ns
twiurH) TAioyt input high-level pulse width 1000 - ns
twiueL) TAigur input low-level pulse width 1000 ns
tsu(up,-r[ ) TAioyt input setup time 400 ns.
th(TJN—UP) TAlgur input hold time 400 ns
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16-BIT CMOS MICROCOMPUTER

“Timer B input (Count input in event counter modg)

Symbol Parameter Linits Unit
Min: Max.
tocray TBiw input cycle time (one edge count) 80 ns
twiTeH) TBiw input high-level pulse width (one edge count) 40 . ns
twiTeL) TBiw input low-level pulse width (one edge count) 40 ns
tacre) TBiw input cycle time {both edges count) 160 ns
twiren) TBiy input high-level pulse width (both edges count) 80 ‘ ns
twiTew) TBiw input low-level pulse width (both edges count) 80 ) ns
Timer B input (Pulse period measurement mode)
Symbol Parameter Limits Unit
Min. Max.
teore: TBiw input cycle time 320 ns
twiten) TBiw input high-level pulse width 160 nhs
twiTeL) TBiw input low-level pulse width 160 . ns
Timer B input (Pulse width measurement mode)
Symbal Parameter Limits Unit
Min. Max.
totra TBi input cycle time 320 ‘ns
tw(Tan) TBiw input high-level pulse width 160 ns
twitew) TBiw input low-level pulse width 160 ns
A-D trigger input -
Symbol ' Parameter Limits Unit
Min. Max.
teiam) ADrre input cycie time (minimum allowable trigger) 1000 ns
twiapDL) ADrrg input low-level pulse width 125 s
Serial I/0
Symbol “ Parameter - Limits Unit
Min. Max.
toccord CLK; input cycle time 200 ' ns
twickH) CLK; input high-levei pulse width 100 ns
twickL) CLK; input tow-level pulse width 100 ns
tdic—a) TxDj output delay time 80 ns
thic—a TxDj hold time 0 ns
tsu(o—c? RxDj input setup time - 30 ns
thic—o) RxD; input hold time 90 ns .
External interrupt INT; input
Symbol Parameter - Limits Unit
. Min. Max.
tw(INR) INT; input high-level pulse width 250 . ns
twiinw) INT; input low-level pulse width - 250 ns
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16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTER|ST|CS {Voo=5VE10%, Ves=0V, Ta=257C, f(X)=25MHz, unless otherwise noted)

Microprocessor mode (when wait bit=“1")

Symbol Parameter Test conditions Limits Unit
Min. Max.

tdiaL—E) Address low-order output delay time ; 12 ns
tdte—pHa) Data high-order autput delay time {(BYTE="L") 45 ns
toxz(e—pnz) | Floating start delay time (BYTE="L"} 5 ns
tdiam—g) Address middle-order output delay time 12 ns
tdtam—aLe) | Address middle-order cutput delay time 5 ns
td(e—oLa) Data low-order output delay time 45 ns
tpxz(e~-pLz) | Floating start delay time 5 ns
td(AH—E) Address high-order output delay time 12 ns
tdtan—aLe). | Address high-order output delay time ns
td(#,—nLpa) | HLDA outpul delay time 50 ns
tdtaLe—~e) ALE output delay time 4 ns
tw(ALE) ALE pulse width 22 ns
tdteme—e; | BHE output delay time 20 ns
tdarw—_g) R/W output delay time 20 ns
td(e—g ) $1 output delay time 0 18 ns
thie—ar) Address low-order hold time : 25 ns
thiaLe—am) | Address middle-crder hold time (BYTE="L") Fig. 65 9 ns
th(e—ona) | Data high-order hold time (BYTE="|") 25 ns
tpzx(e—pHz) | Floating release delay time (BYTE="L") 25 ns
thie—am) Address middle-order hold time (BYTE="“H") 26 ns
th¢aLe—an) | Address high-order hold time 9 ns
thie—bLa) Data low-order hold time 25 ns
tpzxte—pLz) | Floating release delay time 25 ns
thie—sue) | BHE hotd time 18 ns
thie—rw) R/W hold time 18 ns
td(e—pac) Port P4 data output delay time 80 ns
tdie—Psa) Port P5 data output delay time 80 ns
tdie—peq) Port PG data output delay time 80 ns
tdce—pra) Port P7 data output delay time 80 ns
td(e—pPaa) Port P8 data output delay time 80 ns
tw(eL) E pulse width 50 ns
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16-BIT CMOS MICROCOMPUTER

Microprocessor mode (when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

Symbol Parameter Test conditions Limits Unit
: Min. Max. -
td(aL—E) Address low-~order output delay time 12 ns
tde_png) | Data high-order output delay time {BYTE="L") . 45 ns
tpxz(E—pHz) | Floating start delay time (BYTE="L") 5 ns
tdiam—e) Address middle-order output delay time 12 ns )
td(am—aLe) | Address middle-order output delay time 5 ns
tde—oLa) Data low-order output delay time 45 ns
texz(e—pLz) | Floating start delay time 5 " ns
tacan—e) Address high-order output delay time 12 ns
td(an—aLe) | Address high-order output delay time 5 ns
tei(#,—rLpa) | HLDA output delay time 50 ns
tdcaLe—e) ALE output delay time 4 ns
hiviaLe) ALE puise width 22 ns
tdcene—e) | BHE output delay time - 20 ns
tdaw—e) | R/W output delay time 20 ns
tae—s,) $4 output delay time 0 18 " ns
thee—aL) Address low-order hald time Fig. 65 25 ns
theaLE—am) | Address middle-order hold time (BYTE=*L") 9 ns
thie—pHa) Data high-order hold time (BYTE="L")} 25 ns
tpzx(e_pHz) | Floating release deiay time (BYTE=="") 25 ns
thie—am) Address middle-order hold time {BYTE="H") 25 ns’
thcaLe—an) | Address high-order hold time 9 ns
thee—orLen Data low-order hold time 25 ns
tezx(e_prz) | Floating release delay time 25 ns
th(e—ene) | BHE hoid time 18 ns
thie—ravy | R/W hold time 18 ns
tde—_pPac) Port P4 data output delay time 80 ns
td(E—p5Q) Port PS data output delay time 80 ns
td(E—rsa) Port P6 data-output delay time 80 ns
 tdce—pren Port P7 data output delay time 80 ns
tde_rsa) Port P8 data output delay time . 80 ns
twiewy | E pulse width 130 ns
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16-BiT CMOS MICROCOMPUTER

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

. Limits
Symbol Parameter Test conditions ) ’ - - Unit
: Min. Max,

td(aL—g) Address low-order output delay time 92 ns
tdie—ona) | Data high-order output delay time (BYTE="L") 45 ns
texz(e—onz) | Floating start delay time (BYTE="L") 5 ns
tdcam—e) Address middle-order output delay time 92 ns
tdcam—aLe) | Address middle-order output delay time 70 ns
tde—_bLa) Data low-order output delay time 45 ns
texz(e—oLz) | Floating start delay tinme ) ) 5 ns
td(aH—E) Address high-order output defay time 92 ns
tacan—aLe) | Address high-order output delay time 70 ns
tei(s,_nipa) | HLDA output delay time . : 50 ns
tdiaLe—e) ALE output delay time 15 ns
twiaLe) ALE pulse-width 62 ns
tdiene—e) | BHE output delay time 100 ns
tdtrw—e) | R/W output delay time - 100 ns
tdie—s,) . | #1 output delay time 0] 18 ns
thie—aL) - Address low-order hold time ) Fig. 65 25 ns
thiaLe—am) | Address middie-arder hold time {BYTE="L") 20 ns
thie—oHa) Data high-order hold time (BYTE="L") 25 ns
tezx(e—ptiz) | Floating release delay time {BYTE="L") . 25 ns
thie—am) Address middle-order hold time (BYTE="H") 25 ns
thiaLe—au} | Address high-order hold time : : : : 20 ns
th(e—bLG) Data low-order hold time 25 ns
tpzxie—pLz) | Floating release delay time . 25 ns
thie—ene) | BHE hold time 18 ns
thie—rsw) | R/W hold time 18 ns
td(e—paq) | Port P4 data output delay time 80 ns
tdie—psa) Port P5 data autput delay time : - 80 ns
tdie—rsa) Port P6 data output delay time 80 ns
tdte—_pra) Port P7 data output delay time 80 ns
td(e—paq) Port P8 data output delay time 80 ns
twieL) E pulse widih : . 130 ' ns

Ag~A;

Ag/Dy~Aszs/D; O
" Pa
P5 100pF

P6

P7

P8

HLDA

ALE

BHE

R/W

#s

E

.Fig. 65 Testing circuit for each teminal
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16-BIT CMO0S MICROCOMPUTER

TIMING DIAGRAM BT B
Microprocessor mode

(X}

E.

ke ld(e~pac)

Port P4 output

tsucpao—e

<

A thie-ran)

=—> td(e—pso)

Port P4 input

Port PS5 autput

tsutrso—e)

Port P5 input N\ thie—pso}

\Tf
LS L)

td(e—pre)

:X thie—rep)

[ ‘td(E—P?Q)

Port P6 output

tsutpeD—~E)

Port P6 input

i

Port P7 output

tsutpzo—e)
Port P7 input

=

:}& thie—prp)

le—=  id(e—paq)

Port P8 output X

A th(e—rsp) B

tsu(rep—e)

=

Port P8 input
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toira)
twitam)
TAiy input . /
twiTaL)
|
toiue
1w(UPH)
TAigur input / \
twiuepL)
|
TAigyr input

{Up-down input)
In Event counter mode

TAi input

(When count by talling)

" TAi input

X

I ([ T tsucuep—TY

-\

{When count by rising)

toirel
tw(ram
—
TBiyy input . / { \
twiTeL) |
tecan)
twiapL)
ADrrg input \ N\ /
toiex)
twickn)
CLK; J’ N y
twickL)
thic—a)
TxDj y
tgc-o
| tsuto—ci thic-o) |
RxD; f \
twanes
INT; input

twiine) p .
-1 .
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Me

‘ocessor mode
{When walit bit="1")

# _/w m
- ST T T T e e, — e, ——.— - —— -———
E ' /
L
RDY input \\ /
tsucrov—gy)|  thisi—rov)

(wWhen wait bit="0")

* ' _/_\_/_\_/_\\_./_\_/—\_/_\_/_\ '
- _ e e —— o
E \ /
yi
RDY input /
tsutrov—ep)|  this1—rov)
I

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

thts,—noLo;

> _/_\_/
tsutHoLD—¢y3
=
HOLD input
et s —HLDA)
—

HLDA output

tdm~HLDA)

Test conditions
» Voo = 5VE10%
- Input timing voltage : Viu = 1.0V, V; = 4.0V

* Qutput timing voltage | VoL =0.8V, Vo = 2.0V
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Microprocessor mode (When wait bit = *1")

(X)

#1

Ap~A;z output

Ag/Dg~Ars/Ds
output
{BYTE="L")

Ag~~Ays output
(BYTE="H")

Dg~D,s input

Aqa/ Do~ Agy/D7
cutput

Do"‘ D; inpul

ALE output

BHE output

R/W output

SN

tdie-oy) die—¢y)
twen) \ / ,
tdia—e
thie—aL)
4
x Address \ Address X
thiaLe—am 4 thie—pHa) tpxz(e—Dhz) Ypzxte—pH2Z)
Address Data Address | W — — — — — o F— Address
tdiam—aLe) | <1 td(e—ona)
tdiam—e)
thie—am)
Fe
X Address L Address X
tsu(on—g) thie—-om)
thiaLe=AH) ;.-;‘ thie—oLa) exz{e—pLz) tezx(e-DLZ)
Address X Data Address [ »—————- - [< Address
fe—» tdan—e) fsutoL—g) :
thie—ow

td(an—aLe)

td(e—pLa)

twiaLes
e tdiaLe—g)
tdteme—€) 'f’l th )
E—BHE
' X X
\,
tdcasw—e)

Test conditions

M Vcc=5Vi10%

Dy to D15 input

thie—rw:

+ Output timing voltage : Vg =0, 8V, Vou=2. 0V

V=0 8V, Viy=2.5V
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Microprocessor mode

(When wait bit = “0", wait selection bit = *1”, and external memory area is accessed)

(%)
VA ValaWal
td(e— ¢ =
£ twied) Idee-s)
£ | \ [
hie—an) e tdcan-e
Ay~ A7 output X Address x Address
1 - thie— e texz(e—pHz) t -
Ag/Dg~A15/Dys hiaLe “M’IT‘1 h(e—oHa) q PZX(E DHZl)
output Addres Data Address, Address
{BYTE="L") /i
<> td(e~oHo)
td(Am—aLE) - )
. thie—am) [<™ Itdam—g)
Ag~A,s output " D
(BYTE="H") X Address Address X
. tsu(DH—E)i‘ thee—pn) -
Da""D15 input F \
1 \
) tntaLe—an) j-= thie~nra) = texz(e—pL2) he—a teonce—pLz)
A‘§/Df~A23/DT Address X Data Addr ss% - { Address
outpu tsutbL—g)
- td(AH—E) I th(E—DL)
tdian—are) td(e—pra)
Dg~D; input \
'W(AILE)
te—tdtace—€)
ALE outbut
tdteHE—8) )
et thie— sme)
BHE output ) X
tdtrw—g) :
thie- rrw)
R/W output

Test conditions -
M Vcc=5vi10%
« Qutput timing voltage . Vo =0. 8V, Vou=2.0V

* Do to D,5 input L VL=0.8V, V,,=2.5V
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Memory expansion mode and microprocessor mode

(When wait bit = “0", wait selection bit = 0", and external memory area is accessed)

tc

tdee—gy)

twiew )
= Y
E |
teita—e)
thie—AL) ‘_’I |
-Ag~A; output B ) X Address X Address X
Ag/Dg~Ays/Dis thiaLe—am) - "’1 thie—pHa) texzie—pH2) trzx(z—on2)
output ):Address X Data Address et Address
(BYTE="L") . : I td(e—pHa) .
tdtam—aLe) tdtam—e)
thee—am) "“I

Ag~Aqs oUtpUL

- Address Address
(BYTE="H") X X

tsulpH—e) thte—om)

Da~ D15 fnput

. th(|ALE—AH) | the—pLa) texz(E~oLz)
Aq6/ Do~ Ass/D -
o:;pu: 237 X Address # Data . Address | = — ———— - Address
: . tdte-oLa) L—“MMN tsutoL—e) thie—ou)

tpzxie—oLZ)

: tdian—aLE)
Dy~ D; input
t,
) e < tdtae—e)
ALE output \
tdigHe—E)

> thie—sne)

BHE output - ) ( : X

tdtrw—E)

thie—rw}

R/W output

Test conditions

* Vee=5vE10%

. Oufput timing voltage : Vo, =0.8V, Vgu=2.0V . -
* Dp to Dys5 input TV, =0.8V, Vjy=2.5V
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FLASH MEMORY CARDS

8/16-bit Data Bus [ MF84M1-G1EATXX ]

Flash Memory Card

Connector Type

Two-piece 68-pin

e
DESCRIPTION

The MF84M1-G1EATXX is a flash memory card
which uses sixteen two-megabit flash electrically
erasable and programmable read only memory

IC’s.

FEATURES APPLICATIONS

m68 pin JEIDA/PCMCIA = Note book computers ® Printers
m 8 /16 controllable data bus width m industrical machines

m Buffered interface

® TTL interface level

m Program/erase operation by software command
control

s Program/erase voltage 12V

w 10, 000 program/erase cycles

8 Write protect switch

PRODUCT LIST

Item Memory Data bus Access time Connector Number of Qutline
Type name capacity width (bits) (ns) type pins drawing

MF84M1-G1EATXX 4 MB 8/18 250 Two-plece 68 68P-002
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FLASH MEMORY CARDS

PIN ASSIGNMENT

PNLn Symbol Function 1“ Symbol Function
1 GND Ground 35 GND Ground
2 D3 3 | CD1 Card detect 1
3 D4 37 D11
4 D5 Data I/0 38 | D12
5 D6 39 | Di3 Data 1/0
6 Dt 40 D14
1 |CE1 Card enable 1 41 | D15
3 | A0 Address input 42 |CE2 Card enable 2
9 |OE Output enable 43 | NC
10 Al 44 NC No connection
11 A9 45 NC
12 A8 Address input 46 AlT
13 Al3 47 A18
14 | Al4 43 | A9 Address input
15 |WE Write enable 49 | A20
16 NC No connection 50 | A21
17 Vee Power supply voltage 51 Vce Power supply voltage
18 | Vppl Programming supply voltage 1 52 |Vpp2 Programming supply voltage 2
19 Al6 53 NC
20 Al5 54 NC
21 Al12 55 NC
gg g; :g :g No connection
24 | AS Address input 58 NC
25 Ad 58 NC
26 A3 60 NC
21 | A2 61 | REG Attribute memory select
28 Al 62 BvD2 Battery voltage detect 2
29 |AD 63 |BvDI1 Battery voltage detect 1
30 Do 64 D8
31 D1 Data /0 65 D9 Data 1/0
32 D2 66 D10
3 | WP Write protect §7 |CD2 Card detect 2
34 | GND Ground 68 | GND Ground
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FUNCTIONAL DESCRIPTION

The operating mode of the card is determined by
five active low control signals (REG, CE!, CEZ2,
OE, WE), three supply voltages (Vcc, Vpel,
Vpp2) and control registers located in each mem-
ory IC.

Common memory function
When the REG signal is set to a high level commaon
memory is selected,

Read only mode

When the voltages applied to both Vppl and Vpp2
are less than the voltage applied to Ve (i.e Vpp=
0V to V¢e), the control registers of each memory
IC are set to read only mode.

Operation of the card then depends on the four
possible combinations of CE1 and CE2 (note/WE
should be set to a high leve! when the device s in
read only mode except during combination (4)
where it’s condition 1s unimportant) :

(1) F CE1is set to a low level and CE2 is set to a
high level, the card will work as an eight bit data
bus width card, Data can be accessed via the lower

half of the data bus {D0to D7).

(2) If both CE1 and CEZ2 are set to a low level, data
will be accessible via the full sixteen bit data bus
width of the card. In this mode LSB of address bus

(AD) is ignored.

(3) 1f CE1is set to a high level and CE2 is set to a
low level the odd bytes (only) can be accessed
through upper half of the data bus (D8 to D15).

This mode is useful when handling the odd
(upper) bytes in a sixteen bit interface system,

Note that A0 is also ignored in this operating
condition.

(4) If CE1 and CE2 are set to a high level, the card
will be in standby mode where it consumes low
power. The data bus is kept high impedance.

When OE is set to a low level data can be read from
the card, depending on the address applied and the
setting of CE1 and CE2 as mentioned above, except
under combination (4).
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When OE is set to a high level and WE is set to a
high tevel the card is in an output disable mode and
the data bus will be in a high impedance state
regardless of the condition of CE1 and CEZ2, .

Read/write mode

When a programming voltage (VppH) is applied to
either or both of Vppl and Vpp2, read/write mode
is enabled for the corresponding banks of memory
IC's inside the card. Vpp1l enables the Even Byte
bank and Vpp2enables the 0dd Byte bank.

By using the 4 combinations of CE1 and CE2 as
descibed under Read only mode above the appro-
priate Data Out and Command/Data In bus selec-
tion can be made.

If OF is set to a high level and WE set to a low level,
the control register will latch command data
applied at the rising edge of the WE signal. Note
that more than one bus cycle may be required to
latch the command and/or the related data —
please refer to the Command Definition table.

If OE is set to a low level and WE is set to a high
level the card data can be read from the card
depending on the condition of the control register,

After |latching the command data, the card will go
into programming, erasure or other operation
mode. For details please refer to the Command
Definition table, each individual c¢ommand’s
definition and the programming and erasure algo-
rithms.

Attribute memory
When REG is set to a low level attribute memory is
selected.

The card then outputs FFh on the lower half of the
data bus (D0 to D7) when the following conditions
are applied :

(1) CE1 : low level, CE2 : high level, OF : low level,
WE : high level, AD: low level

(2) CE1 : low level, CE2: low level, OE : low level,
WE : high level.

Write protect mode

The card has a write protect switch on the opposite
edge to the connector edge. When it is switched
on, the card will be placed into a write protect
mode, where data can be read from the card but it
cannot be written to it. The WP output pin is set to
a high level when the card is in write protect mode
and Vcc is applied. When the card is not in write
protect mode the WP output pin is set to a low level
when Vg is applied. By reading the state of the
WP output the host system can easily check whether
the card is in write protect mode or not.



