MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M50734SP is a microcomputer designed with CMOS
sillicon gate technology. It is housed in a 64-pin shrink
plastic molded DIP (flat package type also available) . This
microcomputer is useful for business equipment and other
consumer applications.

In addition to its simple instruction sets, the ROM, RAM,
and I/0 addresses are placed on the same memory map to
enable easy programming.

The differences between the M50734SP-10 and the
M50734SP are noted below.

3 Type name maximum value of clock generating frequency
M50734SP 8MHz
M50734SP-10 10MHz

The differences between the M50734SP and the
M50734FP, and M50734SP-10 and M50734FP-10 are the
package outline, the voltage input pins for A-D, and power
dissipation ability (absolute maximum ratings).

FEATURES

® Number of basic instructions: s 69

® Memory size (internal memories are not provided)
Memory area programmable memory ===+ 64K bytes
data memory ««-ceerrrr s 64K bytes

® Instruction execution time (minimum instructions)
--------------------- 1us (at 8MHz frequency M50734SP)
----------- 0.8us (at 10MHz frequency, M50734SP-10)
@ Single power supply e 5vE10%

® Power dissipation

normal operation mode (at 8MHz frequency) - 30mW
(at 10MHz frequency) ---- 35mW
® Subroutine nesting «rer-ereee e 128 levels (Max.)

® Interrupt:oceeeeeeee 11 types, 5 vectors
® Timers
16-bit timer/event counter {general purpose) ---------- 1
8-bit timer (general purpose) -------------------------------- 3
8-bit timer (watchdog timer) - «---eorrrerreeeeees 1
8-bit timer (strobe timer) «+recrmrermrmrrmrmr e 1

8-bit timer (baud rate timer)--«+-rrerrrrresee

8-bit counter (control for stepper motor) -
® Stepper motor control circuit

----------------------------- 1 channel for the X or Y direction

® Programmable I/0 ports (Ports PO, P1, P2, P3) - 32
@ INpUL POrt (POrt P4) roeresrssissersemssimssnssse e 4
® Serial 1/0
8-Dbit ClOCK SYNCRrONOUS «-++rwrerrrsss s 1
8Dt UART - errreerrmmmssmssmmsssssmsiin st 1

Baud rate (at 7.37MHz frequency)--- 75bps~57600bps
(at 9.83MHz frequency) -+ 75bps~76800bps

® A-D converter--:r-mceereee 8-bit successive approximation
@ PWM fUNCHON -vvorrerermrsrsmmmmesssssessss s 1
® Multiplex-type bus
Address bus ...................................................... 16
Data bus {multiplexed with fower address bus)----" 8

PIN CONFIGURATION (TOP VIEW)

{P0L/STBour ++ (] Voo
/0 port | POs/DME -] s PO,/BUSYour |
PO | B 7] s
L Pog/TxD 3] POJONTR || oo
| Po,/RxD [ «PO/INT, |
P1o+[E] [63] <+ POLANT, ‘
p1, ~ 6] —» WDgr Watchdog timer
overflow output
‘ Ply+ E > Ao/Dy ‘
1/Q Port P1 Py~ [E] -~ A,/Dy
p1, 5] <« Ay/D,
P15+ [ - A/Ds |
Plg QE e AJD. \‘ Address /data bus
p1, + 2] ~ As/Ds |
|
P2y/Hg «+ [ E z = Ag/Ds |
pemp- @ ~ A/D, |
w O . Address laich
P2;/Hg 0E g, - a ALE enable signal output
170 Port P2 | P2;/Hg ~~ [ ° o [~ As
P2./Va [ 3 ] — A
‘st/\/b"‘E 5] — Ao |
P2e/Vg + [ B~ A |
~ P2,/Vg ...@ E — A, | Address bus
P3o/PWMoyr + 1] ] - A i
P3,/Seuk + 22 [E—a. |
P3,/S0 + 23] & — A |
Synchronous
170 Port P3y E E — SYNC signal output
P P3, + E — ¢ Timing output

P35+ 39 — WR  Write signal output
P3g ++ E — RD Read signal output
P3; > E *~ Vage
Reset input  RESET — (%] — P4:/AN;
Clock input X — E — Pay/AN, | '
t
Clock output Xyt +— E +— P4,/AN, ‘ nput port P4
Vss [35] — Pao/AN, |
WDour — —RD
PO/INT, + [5) — Vaer
PO, /INT, = [60] = P43/AN;
PO,/CNTR « [&] +— P4,/AN;
P03/BUSYour + 82 — P4,/AN,
Avee M50734FP  Pay/AN,
Vee AVsgg
Vss or Vss
Vss M50734FP-1 Vss
P0./STBoyr +* 5073 0 — Xour
POs/DME — X
PO/ TxD += (5] ] «— RESET
PO;/RxD = > P3;
Plg+ ++ P3g
P1, - ~ P3g
ARDBERHOE b k|
R R R R R R R R R R AR
QoS IPeE8O00DS0OT 5 X050
ZEEuuauEEEEEEEEEﬁQQEZ
I R PI DR %
SeSPIfTIsse
iy
&
LS
Outline 72P6
NC : No connection

Printer/plotter, Electronic typewriter, PPC, FAX, Portable
word processor, Robotics
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50734SP

and M50734SP-10

Parameter Functions
Number of basic instructions 69
. M50734SP 1us (minimum instructions, at 8MHz frequency)

Instruction tion time

M50734SP-10 0.84s (minimum instructions, at 10MHz frequency)

MS50734SP 8MHz
Clock frequency

M50734SP-10 10MHz
Memory size 64K bytes (up to 128k bytes with DME signal)

PO, P1, P2, P3 /0 8-bitX4 (all pins of PO, P2, and part of P3 have double functions)
input/output ports " N N N

P4 input 4-bitX 1 (P4 is in common with analog input)
UART M50734SP 1 (built-in baud rate generator 75~57600bps)

M50734SP-10 1 (built-in baud rate generator 75~76800bps)
Clock synchronized serial /O 8-bitX1

Timer X 16-bitX1

Timer 1 8-bitX 1 (with 8-bit prescaler)

Timer 2 8-bitX 1 {with 8-bit prescaler)
Timers )

Timer 3 8-bitX 1 (with 8-bit prescaler)

Timer S 8-bitX1 (with 1/4 frequency divider)

Timer W 8-bitX 1 (with 1/1024 trequency divider)

A-D converter

Four analog inputs, 8-bit successive approximation

Subroutine nesting

128 levels (max.)

Three external interrupts, four timer interrupts

Interrupt Two counter interrupts, one UART interrupt
Clock generating circuit Built-in )
(externally ted to a £ of a quartz crystal resonator)

Supply voltage 5v+10%

at normal operation 30mW (M50734SP)  35mW (M50734SP-10)
Power dissipation at wait mode 5mw

at stop mode S5uW
Operating temperature range —10~70C

Device structure

CMOS sillicon gate process

M50734SP, M50734SP-10

64-pin shrink plastic molded DIP

Package

M50734FP, M50734FP-10

72-pin piastic molded QFP

KR
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MITSUBISHI MICROCOMPUTERS

MS50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name (I)nupt;ﬁt Functions

Vee, Vss | Supply voltage Power supply inpuls 5V 10% to Vec, and Vsg

AVce, Voltage input for A-D This is the power supply input pin for the A-D converter. For M50734SP and M50734SP-10, this is not pro-

AVsg vided.

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

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2xs (under normal Vcc
conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main-
tained for the required time,

Xin Clock input {nput ! These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
external ceramic or a quartz crystal oscillator is connected between the X,y and Xour pins. It an external

XouT Clock output Output clock is used, the clock source should be connected the Xin pin the Xour pin should be left open.

¢ Timing output Output This is the timing output pin. Clock oscillating frequency f(Xn) divided by 4 signal is outputed.

SYNC Synchronous signal Output Synchronous signal is outputed when the op code is fetched, and is used to control the program's single-

output step operation.

RD Read signal output Output | Control signal for read access to ROM, RAM and peripherals.

WR Write signal output Qutput Control signal for write access to RAM and peripherals.

ALE Address latch Output Address latch signal for address Ag~A;

enable signal output

Ays~Ag Address bus Output The contents of the high-arder 8 bits of the address bus are output (CMOS output).

A;/Dy~ Address/Data bus (e The contents of the lower-order 8 bits of the address bus and 8 bits of the address bus are output {(CMOS

Ap/Ag output).

WDgout Watchdog timer Output When the watchdog timer overflows, this pin is set to “H". Cleared only at reset.

overflow output

PCy~PO; 170 port PO 170 Port PO is an 8-bit I/0 port with CMOS tri-state output. Each port has double function, and can switch by
software.

INT,(PO,) Interrupt input Input i This is an interrupt input pin.

INT,(PO,) Interrupt input input This is an interrupt input pin.

CNTR(PO,) | Timer I/O 10 This is an output pin for the timer X.

BUSYour(P03)| Busy signal output Output | When the falling edge is inputed to INT, pin, this port is set by hardware.

STBour(P04) | Strove pulse output Output | This pin is used for the strobe input to the external driver IC.

DME(PO;) | Datamemory enable output | Output - This pin is used for external memory expansion.

TxD(PQs) | Transmission output Output ! This is an output pin for UART.

RxD(PQ;) | Receive input Input This is an input pin for UART,

Pty ~ P1; | I/O port P1 170 Port P1 is an 8-bit 170 port with CMOS tri-state output. It is also used as “latch input” to read data when a

. low level signal is inputed to INT, pin.

P2, ~ P2; | 1/0 port P2 7{e] Port P2 is an 8-bit |70 port with CMOS tri-state output. By software selection, it can also be used as an out-
put port for the decoder logic of a stepper motor control circuit.

P3y ~ P3; | 170 port P3 170 Port P3 is an 8-bit I/0 port with CMOS tri-state output. The function of the P3,~ P3, can be selected by

i software.
P4o/ANg~ | Input port P4/ Input Port P4 is a 4-bit input port, and is used as a 4-bit analog input port for A-D converter.
P4,/AN; Analog input
port AN
2—828 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS The zero page address area is contained between 00006
MEMORY and 00FF,s. Addresses within this area can be accessed
A memory map of the M50734SP is shown in Figure 1. with 1 byte. Frequently accessed addresses, such as in
Since the M50734SP contains no internal memory, the ROM RAM, input/output ports and timers, are allocated to the
and RAM must be connected externally. The addressable zero page area.

memory space is 64K bytes however, by using the DME Addresses 0100, to 01FF,¢ are used mainly as the stack,
signal, up to 128K bytes can be accessed. and addresses 0200, to FEFF,z are used memories for the
The special address area is contained between addresses program and data.

FF00,¢ to FFFF,s By using this special page addressing
mode, subroutines located in this area can be called with
only 2 bytes. The reset and interrupt vector addresses are
contained within addresses FFF4,¢ to FFFFy6. .

T T Bl Decimal
oo LT (FET) _
[ome="r] —l : _ - “"00DAq | Timer X (lower byte)
-
I | - 00DB,5 | Timer X (higher byte)
Zero I -
page oooom'l [ 00DCy6 Prescaler 1
Reserved area (Note 2}
00DA,s ,4|' 000D, Timer1
P
Special function register | 00DEq | Proscaler 2
DOFF|5I | 256 00DFys | Timer 2
00EQ,¢ ] Prescaler 3
\ ! g,
: : \| 00E1,4| Timer3
00E2,5| Horizontal count
[ Stack area | } b ol coute!
| ’\ 00E3,4 | Vertical counter
; | i \ 00E4, | Transmit shift register
0200,5 '_ _________ -l | \ 00ES,s | Receive bulier register
) Iy 008, | UART control register
| ' ‘ \ 00E7,5 | UART status register
| | : \ 0DOEB,, | Serial 1/ register
| | | \ 00E9,¢] A-D control register
I 00EA, 4| A-D register
I
i [ \ 00EB, [) [ Por Painput
i | 1 \ 00EC,, | Vertical phase [Horizontal phase|
| counter counter
| | \ 00ED, | Port P2 port P3 function register
| | || \ O0EE,, | Port P3
| ! | \ 00EF,, | Port P3 directionat register
[ i !
| \ 00F0, | Port P2
| : | \ 00F1,5| Port P2 directional register
FFOO‘si—- ________ _1 | \ 00F2,¢| Port P1 latch input
i | ) \ 00F3,4| Port P1
| | : \ 00F4,¢| Port P1 directional register
\ 00F 545 Port PO functi
| | 16 unction register
I | \\ 00F6,4| Port PO
Special : | | \ 00F7,|Port PO directional register
:Joarge | I : \ 00F8,s | Stepper motor control register H
. _ \ 00F9,¢§ Stepper motor control register V
su::l')lutlne Rl =7 Ramelr T Jl :TX, CNTR, or BRK 1\ 00FA,| Strobe timer (Timer S)
b= — RdaessL~ \
E—— Address B _ __ B | HE or VE | 007 Bad rato gonorater (Timer 8)
~Address T : ) )
|m:;:;2: N Agg;g:g I*_‘._ 1 )Tlmer 1, Timer 2, or Timer 3 \  0OFC.s| Watchdog timer (Timer W)
area ;_ o Addresshi__ | IRLorINT, \  00FD,e| interrupt control register 3
—— Addemn 14 INT, \' 00FE o] Interrupt control register 2
FRFF b — — Eg;::i _—— J55535RESET \0OFF 5] Interrupt control register 1
: Include this area
Fm———— A
| | Area not included
|
Note 1 : When the DME signal is “L", an additional memory space of 64K bytes can be obtained. However the space can be used only for data
memory such as ROM, RAM or peripherals.
2 : This area is reserved for system expansion.

Fig.1 Memory map
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure 2.

ACCUMULATOR (A)
The 8-bit accumutator (A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, etc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

in the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set to “17, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)
The index register Y is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real
address.

7 0 7 0
A Accumulator Nilv|T|B|D|!|[Z]|C Processor status register
0
7 l—— Carry flag
X Index register X
Zero flag
7 0 Interrupt disable flag
Y Index register Y
Decimal mode flag
7 0
Break flag
s Stack pointer
Index X mode flag
7 0
13 Overflow flag
PCy PCL Program counter
Negative flag
Fig.2 Register structure

2—830
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack pointer is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

When an interrupt occurs, the higher 8 bits of the program
counter is pushed onto the stack first, the stack pointer is
decremented by one, and then the lower 8 bits of the prog-
ram counter is pushed onto the stack. Next the contents of
the processor status register is pushed onto the stack. As
each byte is pushed onto the stack. When the return from
interrupt instruction (RTI) is executed, the program counter
and processor status register data is pulled off the stack in
reverse order from above.

The Accumulator is never pushed onto the stack automati-
cally, so a Push Accumulator instruction (PHA) is provided
to execute this function. Restoring the Accumulator to its
previous value is accomplished by the Puil Accumulator in-
struction (PLA). It is executed in the reverse order of the
PHA instruction.

The contents of the Processor Status Register (PS) are
pushed and pulled to and from the stack with the PHP and
PLP instructions, respectively.

During a subroutine call, only the program counter is
pushed onto the stack. Therefore, any registers that should
not be destroyed should be pushed onto the stack manual-
ly. To return from a subroutine call, the RTS instruction is
used.

PROGRAM COUNTER (PC)

The 16-hit program counter consists of two 8-bit registers
PCy and PC.. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overflow flag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting and
clearing this flag.

2. Zero flag (2)
This flag is used to indicate if the immediate operation
generated a zero result or not. If the result is zero, the zero

flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0".

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from interfering until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0”, the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
If the BRK instruction caused the interrupt, the break flag
will be “1”, otherwise it will be “0”.

6. Index X mode flag (T)

When the T flag is “1", operations between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumuiator
are executed when the T flag is “0” (ie., operation results
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the index X mode flag, respec-
tively.

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overflow flag. The overflow flag is reset by
the CLV instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is set to “1”). Whenever
the BIT instruction is executed, bit 7 of the memory location
is input to the negative flag. There are no instructions for
directly setting or resetting the negative flag.

2l Ty
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

INTERRUPTS Table 1. Interrupt vector address and priority
The M50734SP can be interrupted from 11 sources. The in- Interrupt source Priority | Vector address
terrupts are vector interrupts, and their priorities and vector RESET 1 | FFFFi FFFEs
table is shown in Table 1. When the interrupt enable bit is INT, 2 | FFFDe FFFC1o
set to “1”, the interrupt request bit is set to “1” and the in- RIOrINT, _ 2 : F’::FF?G, EEEQ'G
terrupt disable flag to “0”, all interrupts except the reset H:”'"\:‘;rzo'“mers ; . EFW‘S' FFF616
. . or i 16+ 16
n i !

and BRK |nstruct|ohs are acknowleded. The reset is treated Timer X, CNTR or BRK _ 6 | FFF5,¢ FFF4,¢
as a nonmaskable interrupt of the highest priority.
This is shown in Figure 3.

7 0

I I ] l l I ] I l Interrupt control register 1 (address 00FF,¢)

:j Bit 7 ! Vertical counter empty request bit
Bit 6 ! Vertical counter empty enable bit
. Bit 5 | Horizontal counter empty request bit
——G: Bit 4  Horizontal counter empty enable bit
Bit 3 ! INT, pin interrupt request bit
G Bit 2 : INT, pin interrupt enable bit

Bit1 ! INT, pin interrupt request bit

Bit0 © INT, pin interrupt enabie bit

0
l Interrupt control register 2 (address 00FE,q)

Bit5 ! Timer 3 interrupt request bit

Bit 4 ! Timer 3 interrupt enable bit

Bit 3 . Timer 2 interrupt request bit

Bit 2 : Timer 2 interrupt enable bit

Bit 1 . Timer 1 interrupt request bit

Interrupt
request

Bit0 ! Timer 1 interrupt enable bit
0
’ T
Interrupt disable flag | I | l I [ I Interrupt control register 3 (address 00FD;g)

Bit 7 . Counter pin interrupt request bit

Bit 6 { Counter pin interrupt enable bit
@ Bit 5 : Timer X interrupt request bit
Bit 4 . Timer X interrupt enabie bit

Bit 3 . Counter pin interrupt polarity flag

Bit 2  Timer X count stop bit

Bit1:
7 4 0BIt0: }Ti"‘e’ X mode bits
[ [ [ [ [ [ [ | |]uArTcontrol register (address 00E6:s)
Bit4 . UART receiver buffer full interrupt
7 0 enable bit
I l ] ] I I I L ] UART status register (address 00E7,¢)

] Bit 0 ! UART receiver buffer full interrupt
request bit

Fig.3 Interrupt control

MITSUBISHI
2-832 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BiT CMOS MICROCOMPUTER

TIMER (VCU)

The M50734SP provides a versatile control unit consisting
of the timers and counters shown in Figure 4.

Each of the timers is described blow.

1. Timer X

The 16-bit timer X consists of timers Xy, X_ and their retoad
latches. This timer has four modes which are selected by
bit 0 and bit 1 (timer X operation mode bits) of the interrupt

control register 3 (address 00FD,s) . Figure 5 shows the
structure of timer X and Figure 6 shows the structure of the
interrupt control register 3.

Timer X can select the count source, either the oscillation
frequency divided by 16 or the event clock which is input
from the CNTR pin.

The timers are of the countdown type and the frequency
ratio is 1/(n+1)(n:0~65535, decimal).

Horizontal counter

8
———o0
Bt (=1(Xin)/16) 1/4 R Timer S | One shot strobe pulse
_____—j 16
Timer X |——————= General timer/counter
8 8
Prescaler 1 - Timer 1 Timer interrupt
8 8
Prescaler 2 - Timer 2 Timer interrupt
PWM
8 8 generating|—3 PWM output
circuit
Prescaler 3 Timer 3 Timer interrupt
8 [
Horizontal

>

hase counter|

Phase decoder

Vertical counter

Stepper motor
control output

Vertical
jphase counter]

I |

Fig.4 Structure of versatlle control unit

CNTR pin

CNTR interrupt request

internal data bus

]

1
TXG
Connect by “0"
Disable by “1"

Reset
STP instruction

¢|°(='(X|N)/16)

48 ]
WTX,, WTX,
|reicad iatch He)l Reload ratcn Us)
1 |
RTX: | RTX. } TXR -
T imer
- . o
IO—DI Timer X{8) | Timer X8} l—-— interrupt request
02,¢ 0046
TXR Clear
Reset
CNTRour
(n=0~65535)

Frequency division ratio=1/(n+1)

XMO ———

Fig.5 Block diagram of timer X (0200, is written to timer X

automatically, after reset to stop instruction.)

LR
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MITSUBISH!I MICROCOMPUTERS

MS0734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

Interrupt control register 3 (address 00FD;g)

Timer X mode bit
00 : Timer mode
01 ! Putse output mode
10 © Event count mode

11 : Pulse width measurement mode

Timer X count stop bit
0 ! Count start
1 : Count stop

Count pin interrupt polarity flag

0 2 Count pin falling edge interrupt selection
(CNTR “H” width measurement)

1 Count pin rising edge interrupt selection
({CNTR “L” width measurement)

Timer X interrupt enable bit

0 : Timer interrupt disable

1 I Timer interrupt enabie

Timer X interrupt request bit
0 ! No timer X interrupt request

1 1 Timer X interrupt request

Count pin interrupt enable bit
0 : Count pin interrupt disable

1 ¢ Count pin interrupt enabie

Count pin interrupt request bit
0 I No count pin interrupt request

1 Count pin interrupt request

Fig.6 Structure of interrupt control register 3

The four modes of timer X are described below. the interrupt request bit is set to “1”. At the next cycle,

(1) Timer mode (00) the contents of the timer latch are reloaded and the
In this mode the oscillation frequency, divided by 16, is count continues. After resetting, this mode is set auto-
counted. When the contents of the timer reaches “0”, matically.

KR



MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

(2

Pulse output mode (01)

Every time the contents of the timer reach “0”, the out-
put signal from the P0,/CNTR pin changes polarity.

If this mode is used, bit 2 of port PO function register
and bit 2 of the port PO directional register must be set
to*1”.

Event counter mode (10)

The operation is the same as in the timer mode except
that the input signal from pin P0,/CNTR is counted.
However, if this mode is used, bit 2 of port PO direction-
al register must be set to “0”. The counter pin interrupt
request bit is set by the event input signal. Therefore
the counter pin interrupt enable bit must be set to “0”
to prevent an interrupt.

Pulse width measurement mode (11)

The oscillation frequency, divided by 16, is counted
while the leve! of pin PO,/CNTR is either low or high.
The level of pin PO,/CNTR is selected by interrupt
control register 3, bit 3.

When the contents of the timer X reach “0”, the inter-
rupt request bit is set to “1”. At the next cycle, the
latches contents are reioaded and counting continues.
If this mode is used, the counter pin interrupt must be
enabled and the timer X interrupt prohibited.

2. Timer 1, Timer 2, Timer 3

Timer 1, timer 2 and timer 3 each consist of an 8-bit prescal-
er, an 8-bit timer, a prescaler reload latch and a timer re-
load latch. The structure of timer 1, timer 2 and timer 3 is
shown in Figure 7.

The count source for timer 1, timer 2 and timer 3 is the
oscillation frequency divided by 16. These timers are of the
countdown type and the frequency, ratio of the prescaler
and timer is 1/(n+1)(n:0~255, decimal).

Timer 1 and timer 3 are also used to determine the step
rate by connecting with the stepping motor control circuit
and as timers for the PWM pulse output signal.

Internal data bus

hY

t WPRE 1 4

WT 1

IReloao prescaler latch'8 1 Feload timer latch & h
RPRE 1 RT1

TiR
,——-—I Prescaler 1(8; Timer 118; IS a Timer 1 interrupt request
R T1R clear
Reset
‘——— > V counter
VPH counter
A)
' WPRE 2 T W12

[Raload prescaler latch‘8

RPRE 2 l RT 2 l

4
I Aeload timer latch '8

__>| Prescaler 2(8;

Timer 2(8; _}_

4 WPRE 3 I WT3

b
4

IReload prescaler latch 8|

I Reload timer laich '8, ]—4

RPRE 3 RT3

_>I Prescaler 3(8)

Timer 3(8) ‘—

#to (=1(Xin)/16)

T2R
S q Timer 2 interrupt request
R
‘ T 2R clear
Reset
\) PWM
S
T3R
Timer 3 interrupt request
T3Rclear
Reset

‘-——o————a H counter
HPH counter

Fig.7 Block diagram of timer 1, timer 2 and timer 3

2l Ty
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3. Timer S

The structure of timer S is shown in Figure 8. Timer S has
no reload latch. Whether or not a 1/4 frequency divider
should be put before the timer, is determined by bit 2 of the
port P2 and port P3 function register (P2P3FR).

If the 1/4 frequency divider is bypassed, the clock pro-

duced by dividing the oscillation frequency by 16 becomes
the count source for timers S. If it is built in, the oscillation
frequency, divided by 16, (then divided by 4 once more),
becomes the clock. This timer is of the countdown type and
the frequency ratio is 1/{s+1)(s:0~255, decimal).

S internal data bus \

$to(=1{Xn)/16) 1/4

x

(Bit 2 of address 00ED ;)

STBou1/P0, pin

(Address 00FAq) ——O

Timer Si8'

Fig.8 Structure of timer S

WATCHDOG TIMER

As shown in Figure 9, the watchdog timer is composed of a
10-bit prescaler and 8-bit timer counter. Timer W can be
read from or written to by software. After a reset, this timer
is set to FFs. Every timer the prescaler overflows, timer W

is decremented. When the contents of timer W (Ny)
changes “00”, the WDqyr pin changes from “L" to "H".

If the oscillation frequency is 8MHz, the time (Ty) until the
timer W underflows can be set by the following equation:
Tw=16/f(X;n) X 1024 X {Ny+1/2) (1<Ny =255, decimal)

§ Internal data bus 1

(Address 00FC )

b1o(=t(Xn)/16)—]  Prescalerid }—— = Timer W8’ ]—O

WDour pin

Fig.9 Structure of the watchdog timer

2—836
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STEPPER MOTOR CONTROL CIRCUIT phase counter (HPHC) and vertical phase counter (VPHC)

Two identical circuits for the control of two stepper motors are both 3-bit binary counters and perform phase decoding.
{for a horizontal and vertical direction) are built in to the The two stepping motor control registers are 4-bit registers
M50734SP and can operate independently. The block dia- controlling, start/stop, single-step, direction and 2-2 or 2-1
gram is shown in Figure 10. phase drive. The functions of these registers and the rela-
The horizontal and vertical counters are both 8-bit binary tion between the phase counter and the phase output sig-
counters which contain the number of steps. The horizontal nals are shown in Figure 11.

Internal data bus \
8] 8% 8] 8t ts HE ‘1
[Reload prescaler latch!g) l Reloed timer latch (8) interrupt P2, (4)
I l HC (8} ﬁ request:_.: I
— " HE clear] ]
Prescaler 3(8) Timer 3(8) Timer 3
I l_ interrupt s L Reset 4
request *
3 H L o P2,
T3Rclear SMCONH L ;
Reset ry - 5 |
Y 3 3 '
2 af— P2
L 8 18 L 8 18 8 ° 3
] 2 £ b= P2,
Iﬁalmd prescaler fatch(8) I Reload timer Jatch 8; VE 3 & H
interrupt] & 5 |
‘ i R | request i L !
I Prescater 1(8) Timer 1(8) VEclear
— P2
interrupt l ) CL reser v 7
312 1 VPHC (3
request J 3 A
SMCONV [ 1o ||
T 1R clear 3
Reset 4
b P2, (4)
48
786 4
Port P2 port P3 function register
~
P2y~P2,
P2,~P2;

Fig.10 Structure of stepper motor control circuit (Two identical circuits for horizontal and vertical direction.)
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3 0
I | 1 ] | Stepper motor control register H (Address 00EC )
0 2-2 phase action mode
1 1-2 phase action mode
[} HPHC increment
1 HPHC decrement
0 | T3non link (HALT)
1 T3 link (RUN)
0 tnvalidity
1 Single shot
0 1 2 3 4 5 6 7
HPHG | I I I I I T I |

P2y/Ha
\ ’ \ 2-2 phase drive
P2,/Hb __I——‘_—_-,—_—\——
P2;/Hc -——-J l———-‘ \
P2;/Hd ——‘—I——-\—/—

P2y,/Ha \
1-2 phase drive

P2;/Hb ———I \
P2,/He [ \
P2;/Hd -—\ l———-

Fig.11

Bit functions of the stepper motor control register and relation between horizontal phase counter and phase
output signals
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PWM (Pulse width modulation) W3 is the time interval (time from reload to zero) of timer 3
The M50734SP includes a control circuit which generates and W2 the time interval of timer 2.

pulses of various duty cycles utilizing timer 2 and 3.The

PWM signal is internally generated as shown in Figure 12.

w2
—

__—{ Prescaler 2(8) I—r Timer 2(8)

PWM

9]

.,__Wscaler 3(8) I——[ Timer 3(8)

~—
pfo (=1(Xi}/16) w3

w2

w3

Fig.12 PWM signal generation
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UART

The M50734SP has an 8-bit duplex UART. The block dia-
gram is shown in Figure 13, and the bit structure of the
UART control register and UART status register is shown in
Figure 14. The UART control register can be read from or
written to by software, but the UART status register can
only be read.

Transmit/receive character length and parity addition are

set by bit 0, 1 and 2 of the UART control register.

_ The four possible transmit/receive formats are as follows:

(1) 7-bit (no parity)

(2) 7-bit + parity (odd or even selectable)

(3) 8-bit (no parity).

(4) 8-bit + parity (odd and even selectable)

Each bit of the UART control register and UART status reg-
ister is described in detail below.

5 . Internal data bus \
8 UACON
(Xin) ° ( - :
f(Xin) / DB1 (USAR)
'3 [reTre D re T2 leen[ 1]
8 8/321-0P) L
MUX| r— TR WTR l l ! & ! 1
— TE
f<XIN)/o n Transmit v r I
clock f 3 i i
MUX 8/32 TE eneratin ]Trlansmn shift reglstlerl I O TxD pin
circun
7N
Tow | BRLLZ 2777 ]
Ti 9 Parity
EP/OP —] generator
RSHIF clear UASR
R U B o T Y A A START pulse detection
xo pin Start . DBO
pulse 'U—‘_ﬂ )
detection DB 4
RxD sP7N ] 8 T DB3
R ive buff
e f—1t-a ] I pe 2
Parity
o dela EP/OP —a] 16K
PEN
RE
8 RE
WRB
PE | FE |QE|RI
‘ internal data bus

Fig.13 UART (timer B frequency ratio . 1/(B+1))
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7 0
MuX JEP/ CH
RE | TE RIE 8/32I OP PEN 7/8
7 4 0
OE |FE J PE| T Rl

UART control register (Address 00E6,s)

Character length selection bit
0 : Character length 7 bit

1 ! Character length 8 bit
Parity enabie bit

0 ! Parity disable

1 I Parity enable

Even or odd parity selection bit
0 Even

1:0dd

Multiplexer control bit

0 : Timer B 1(X,y)/8 selection
1 Timer B f(X,y)/32 selection
Recive interrupt request enable bit
0 ' Rl request disable

1 ! Rl request enable
Transmit enable bit

0 ! Transmit disable

1 ! Transmit enable

Receive enable bit

0 : Receive disable

1 ! Receive enable

UART status register (Address 00E7,¢)

Receive interrupt request bit
0 No Rl request

1 R! request

Transmit empty bit

0 © Now transmitting

1 : Transmission completed
Parity error bit

0 : No parity error

1 : Parity error

Framing error bit

0 : No framing error

1 ! Framing error

Overrun error bit

0 No overrun error

1 : Overrun error

Fig.14 Bit structure of UART control register and UART status register

AL
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Character length selection bit (CH7/8)
If this bit is “0”, the 7-bit character mode is selected;
If it is set to “1”, the 8-bit character mode is selected.
It can be read from and written to by software.

Parity enable bit (PEN)

If this bit is “1”, parity is added to the characters of the sig-
nal being transmitted or received.If this bit is to “0”, parity
is not added, and in the receive state a parity error can not
occur.

If can be read from or written to by software.

Even or odd parity select bit (EP/OP)

If this bit is “0”, even parity is selected, if set to “1”, odd
parity is selected. It can be read from or written to by soft-
ware.

Multiplexer control bit (MuX 8/32)

This bit selects the count source of timer B. If it is “0”, the
oscillation frequency, divided by 8, is selected; if it is “1”,
the oscillation frequency divided by 32 is selected.

It can be read from or written to by software.

Receive interrupt request enable bit
(RIE)

If this bit is “1”, the receive interrupt request flag (RI) can
be set; if it is cieared to “0”, interrupts are inhibited. Even
if the interrupts are inhibited, the Rl flag remains as is.

It can be read from or written to by software.

Transmit enable bit (TE)

If this bit is “0”, the transmit clock goes “H”, the transmit
interrupt bit is cleared “0” and goes to the initial state.
When set to “1”, transmission will start. It can be read from
or written to by software.

Receive enable bit (RE) v

if this bit is “0”, the receive interrupt request bit (R1) parity
error bit (PE), framing error bit (FE) and overrun error bit
(OE) are cleared to the initial state. If it is “1”, it will be in
the receive enable state, and when the start bit is input into
the P0;/RxD pin, the receive operation will start.

This bit can be read from or written to by software.

Receive interrupt request bit (RI)

This bit is set to “1” when a receive interrupt request
occurs. |t is cleared to “0” when the receive enable bit
(RE) is set to “0” or when data is written to the receive
buffer register.

Transmit empty bit (TI)

This bit is cleared to “0” when the transmit enable bit (TE)
is set to “0” or when data is written to the transmit shift
register (TR). When the transmission is completed, it is set
to “1”.

Parity error bit (PE)

This bit is set to “1” when the parity odd or even selection
bit is “0” and the number of is in the received data is even,
or the parity odd or even selection bit is set to “1” and the
number of “1™s in the receive data is odd.

It is cleared to “0” when the receive enable bit (RE) is set
to “0” or data is written to the receive buffer register.

Framing error bit (FE)

This bit is cleared to “0” when the receive enable bit (RE)
is set to “0” or data is written to the receive buffer register.
When a framing error occurs, this bit is set to “1”. A fram-
ing error occurs when transmitting data from the receive
shift register to the receive buffer register and the stop bit
of the receive data does not exist.

Overrun error bit (OE)

This bit is cleared to “0” when the receive enable bit is set
to “0” or data is written to the receive buffer register. When
an overrun error occurs, this bit is set to “1”.

An overrun error occurs when the next data is transmitted
from the receive shift register to the receive buffer register
while the receive interrupt request bit (RI) is “1”.

The receive and transmit operations are shown in Figure 15
and Figure 16.

2—842
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Receive data START (0dd)

\ ] (s8] \ /

RCLK

(16X BRG)

ent vageer ¥ ¥y v v ¥ I I I I ¥

RI

Data transmit

signal to
receive buffer ;

RE

Fig.15 Receive operation (8-bit+1 parity mode)

(Each receive data bit is read by a master slave flip-flop latched. When the start bit “0” (which is latched first)

when the Rc.k signal is “L”. When the Rgk signal goes overflows from the last bit of the 11 bit shift register, it is
from “L” to “H”, it is transferred to the stave flip-flop and detected as the stop bit and the Rl bit is set.)

WTR I ‘

TCLK

Transmit data ff

Tt

TE

Fig.16 Transmit operation (8-bit+1 parity mode)

(When the Tc.x signal goes from “L” to “H”, the transmit

set to “1” The Tl bit is cleared when TE is set to “0” or
data is shifted. After the stop bit is transferred, the Tl bit is

when data is written to the transmit shift register (TR).)




MITSUBISHI MICROCOMPUTERS

MS50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

CLOCKED SERIAL 1/0

The M50734SP has one 8-bit clock serial 1/0. Its structure
and transmit/receive operation are shown in Figure 17.
Data is transferred at a transmit speed of 1/4 the oscillation

frequency.
Data is transferred and received beginning at the most sig-
nificant bit.
\ Internal data bus \
¢ (=1(xw)/4) ‘ W (Address 00E8,¢)

LsB SIOR(8] sE S pin

Clock control Direction :
circuit MUX
* (Bit 2 of address OOEF‘G)———J :

Serial counter (3) ScLk pin

Writing to serial 1/0 register
mMsB LSB

P3,/S10

P31/Scik

Fig.17 Clocked serial /0O and transmit or receive data
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A-D CONVERTER

The A-D conversion circuit is shown in Figure 18. With the
A-D analog input pins P4g/ANg ~ P43/ANg are in common
with the input pins of the data bus. The A-D control register
(address 00E9,¢) is a 3-bit register. One of four analog in-

put pins is selected by bit 0 and 1. The relation between bit
0, 1 and the selected analog input pin is shown in Figure
19. The A-D conversion speed is 36us (at 8MHz
frequency) with an absolute conversion precision of =+
3LSB.

( ‘\«

N Internal data bus

1 )
A-D control register (Address 00EAg)

(Address 00E9,)
(Address O0EB;s) 0 ] 2 Control logic
—

P4, pin O A Compartor A-D register (8)

P4, pin O /

Analog Switch tree
Multiplexer 4
Papin () _
g Resistance ladder E
P45 pin i )
*P C} b Vgs pin Vgee pin

Fig.18 A-D conversion circuit

0
[j A-D control register (Address 00E9,s)

Input port P4 selection bits

biloo] Selected port
glo P4y/ANg
0111 P4,/AN,
10§ P4,/AN;
1]1] P4s/ANg

A-D status bit
X| A-D start Write
1 A-D complete

Read

(=]

A-D incomplete

A-D conversion time is 36us (at 8BMHz frequency)

Fig.19 Structure of A-D control register
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RESET CIRCUIT

The M50734SP is reset according to the sequence shown
in Figure 20. It starts the program from the address formed
by using the content of address FFFF,s as the high order
address and the content of the address FFFF, as the low
order address, when the RESET pin is held at “L" level for
more than 2us while the power voltage is in the recom-

mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 22.
An example of the reset circuit is shown in Figure 21.

When the power on reset is used, the RESET pin must be
held “L” until the oscillation of X,y-Xout becomes stable.

wxo UL ML

} == —

S [y I U I B

RESET —'

[ 1

SYNC
ADy, AD,
Address x ? x ? x01,SX)1,S—X)1,S—2XFFFEXFFFF
Reset address from
the vector tablie
Data X 2 X 2 X 2 X 2 X 2 X a0 X a0 X

6~9 clock cycles

Note 1 :

The relationship between f(Xy) and ¢ is f{(X;y)=4+ ¢
2 I The mark“ ? " means that the address is changeable depending
on the previous state.

Fig.20 Timing diagram at reset

Reset input voltage

Power on
M50734SP L
4 4.5V
RESET Vee Supply
29 64 voltage
+ /_
- 0.6V
ov L

M50734SP
RESET Voc
29 54 1‘/Supply voltage detection circuit

Fig.21 Example of reset circuit
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Address
(1) Port PO directional register (F74) [ 004 J
(2) Port P1 directional register (Fhe) I 004 J
(3) Port P2 directional register (Fhe) l 0046 J
(4) Port P3 directional register (EFi6) I 0016 ]
(5) Interrupt control register 1 (FFis D) [ 0016 J
(6) Interrupt control register 2 (FEss ) I 0046 l
(7) Interrupt control register 3 (FDw) [ 0045 J
(8) Timer X 0246 [ 0016 |
(DBys, DAss)

(9) Watchdog timer (FCie) [ FFis J
(WDour pin is “L" level)

40 Port PO function register (F516) F 0046 J
) Port P2 port P3 function register (EDus) I 0 I 0 DW 0 I 0 J_OJ

12 A-D control register (5915) I><I>®<]><]><] 1 DM

13 UART control register (EG,;,) I 0016 J

(14 Processor status register (ps) r] l I l l 1 ' ] J

(Only interrupt disable flag is set)
(15 Program counter (PC) I Contents of address FFFFs J

(pCL) r Contents of address FFFE,g l

Fig.22 Register state initiated by RESET
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/O PORTS (6) WDoyry pin

(1) Port PO This pin is set after the contents of the watchdog timer
Port PO is a CMOS three state 8-bit input/output port. W resetting. It can not be cleared by software, only by
As shown in the memory map of Figure 1, it is located reset.
at address 00FB,5 on the zero page. Port PO has a (7) ¢ pin
directional register (address 00F7,4) to program each The oscillation frequency, divided by 4, is output from
individual bit either for input or output. Those pins set this pin.
to “1” are for output and those programmed to “0” are  (8) Address bus and data bus
for input. The 8 high order bits of the address bus are output
This port also has a double function which can be directly from A;s~ Ag. Addresses and data of A,/D;~
selected for individual bits by the port PO function reg- Ao/Dg are multiplexed. When ¢ is “H”, the 8 low order
ister (address 00F5,). If the contents of the port PO bits are output, and when ¢is “L”, data can be trans-
tunction register are “0”, this port is used as a normal ferred between A;/D; ~ Ay/Dy and external memory.
port; if they are “1”, this port is used as a special port The 8 low order address bits must be latched in an ex-
for functions such as interrupt input, UART input/output ternal latch with the ALE signal.
etc. (9) RD pin
The structure of the port PO function register is shown While RD is “L”, the M50734SP can read external
in Figure 23. memory.

(2) Port P1 (10 WR pin
Port P1is a CMOS tri-state 8-bit input/output port. The While WR is “L”, the M50734SP can write to external
I/0 function can be selected in the same way as for memory.
port PO. An 8-bit input latch (address 00F2,¢) of the (1 ALE pin
transparent type, is built into port P1. Therefore, port The ALE pin outputs the ALE signal to latch the low
P1 can be used either. by reading address 00F3,, for order address bits. The ALE signal is always generated
non-latched data, or address Q00F2,g, for latched data. once during a every machine cycle.

(3) Port P2 The 8 low order bits of the address bus start output
This port is a CMOS three state 8-bit input/output port. when ALE signal changes from low to high. A transpa-
It can be set to input/output in the same way as port rent latch is used to allow an address set-up time. The
PO. By software 2 channels (1 channel=4-bit) from the address is latched when the ALE signal changes from
stepping motor control circuit can be output simul- high to low.
taneously. Four-phase outputs can be selected by bit 6 (12 SYNC pin
and bit 7 of the port P2 port P3 function register The SYNC signal controls single step operation of the
(address 00EDyg). The structure of the port P2 and P3 M50734SP. It is synchronized with the ¢ signal and is
function register is shown in Figure 24. output when an op code is fetched.

(4) Port P3 (13 Vger pin
Port P3 is an 8-bit CMOS three state input/output port. Vger serves as reference voltage for the A-D converter.
The pins of port P3 can be set to input/output in the
same way as port PO. Ports P3, P3, and P3; have dou-
ble functions, which are determined by bits 0 and 1 of
the port P2 and port P3 function register (address
00ED;).

(5) Port P4
Port P4 is a 4-bit input port. It can be used not only a as
4-bit digital input port, but also as an analog input port
for the A-D converter.
If it is used as a digital input port, the contents of
address 00EB, are read.
The 4 high-order bits of address 00EB,¢ are usually “0”.
If port P4 is used as analog input, the ports are muiti-
plexed by the A-D control register and A-D conversion
is executed. When digital input is performed during A-
D conversion, care is necessary as the precision of A-
D conversion can sometimes be affected.
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Port PO function register { Address 00F5,¢)

PO,/CNTR pin selection bit

ol PO,

1| CNTR

P0,/BUSY oy pin selection bit

ol POs

BUSYour

-

PQ,/STBoyr pin selection bit

0] POs

1] sTBour

P0s/DME pin selection bit

0f POs

11 DME

POg/TxD pin selection bit

0| POg

1| T™xD

Fig.23 Structure of Port PO function register

0
| l l><|><]><l l I J Port P2 port P3 function register (Address 00ED+s)

P3o/PWMgyr pin selection bit

0] P3,

1] PWMour

P3,/ScLk pin selection bit

ol P3,

1] Scik

Timer S count source selection bit

£(X,n) /64 (with 1/4 divider)

o

(X,n) /16 (without 1/4 divider)

-

Port P2 selection bit

b7fos] P2,~P23 P2,~P2;
gjo P2_ P2y
of1 H P24
110 P2, V'
1|1 H Y]

Fig.24 Structure of Port P2 and P3 function register

2 Y
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RPO,D RPO,D
; T : J
WPG,D —{on) _ weep—e? Port PO, /INT,
fEs O Port POo/INT, RES — -0
55 j,
weo,—t 7 |
DB, —
a
Ca+ SO+
= reo, RPO,
N, < T, <
RPOLO RPO,D
g ;T ; j
WP0,0—2a ) %D’J [WPo,0 —en] Port PO,/
oES +—OPort PO,/CNTR  RES BUSYo,
ouT
O 1>
N TR - T a4
RPOFR J WPOFR
Q
WPOFR 8 RPOFR
i et E
P -
Ta—1l s, R
CNTR *{ ARG EDGE DETECTION CIRCOT }—— INT,
RPO,D
RPOsD
4
Twpo,.0—1Es ?@ 3 j
4 3
HES ]»‘—o Port PO/STBour WP0;D = Port PO,/
e RES DME
WPO, TSQ jr D Q r_o
TIMS POFRBit4 WP0; Ef 3,7
3 f DME >
WPOFR RPOFR qﬁ T .
RPOFR [ D Q
ﬁO‘ WPOFR 1_;1_]
DBs T
q
—— RPQ, AT!
RPO,D e
} I RPO,D
| 'wpo.D ) S J
s ig }—F—o Port POg/TyD TWro,0 N ] Port PO;/R¢D
D Q
WPOg ol Q 37 [_O
TxD —b 37
RPOFR
b [+
WPOFR |
et
I RPO,
Ta—l RxD -

Fig.25 Biock diagram-1 of input/output pins
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]

]
%.;%—‘——O Port P2

RES -———
5o+ "DDJi
e
DB ——
V ; t#
Q p _
oct INT,
RPIL
RP2D
4
tWp2D 2]
RES
D Q] .b
>
(HPHD) szﬂ
VPHD -
RP2P3FR _Qﬂ T
1 [+
WP2P3FR £
DB
a4

Port Pt
RP1

Tag—

«—— RP2
RP3,D RP3,D
: ] : J
Weao—e ] %D’J Port P&,/PWMoyr | WPBD——len ] Port P3,/Soix
i [~ - S
DQ
w7, W 1
PWM N Seux N
RP2P3FR T RP2P3FR
WP2P3FR en] WP2P3FR 1]
DB, . ﬁ& DB, T t
— <t
%i—— RP3q, — RP3,
RP3,D
4 j RP3D
4 |
Wrap—2] q T
FES ’—Do—"— +—O Port P3;/Sio F35
p D_Qf RES
WP3, il RES ——t o pa
4 5.
Sour —P> P3,, P3,
RP2P3FR
DB, 1 o
WP2P3FR £R
. . ot
q
Ea—1 e,
Sin
Fig.26 Block diagram-2 of input/output pins
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+—C
DBo~DB, Port P4
P4RD
ﬁ
ANg~AN;
[ #, ALE, WR, RD, SYNC, Ag~Aq5
Timer W

Terminal count
Pulse S Q
WDour

Reset —R

o@ O
RESET

ABy,~AB;

v

A;/D7~Ao/Dy

4
—
!

DBy~DB;

ADEN OE

2

Fig.27 Block diagram-3 of input/output pins
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8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The built-in clock generating ciruit is shown in Figure 28.
When a STP instruction is executed, the oscillation stops at
the “H” state of the internal clock ¢. Moreover, timer X is
set to 0200, and the oscillation output divided by 16 is
connected to timer X. This connection is cleared when tim-
er X overflows, or by resetting as discussed in the timer
section.

The oscillation restarts after an interrupt is accepted, but
the internal clock ¢ remains at “H” until timer X overflows.
This is necessary because the oscillation needs a set-up
period if a ceramic or a crystal oscillator is used. When the
WIT instruction is executed, the internal clock ¢ stops at
“H” but the oscillator will not stop. This wait state is
cleared after an interrupt is accepted. Since the oscillation

does not stopp, the following instruction will be executed
immediately and not after a fixed time as for the STP in-
struction. The corresponding interrupt enable bit must be
set to “1” before the STP or WIT instruction is executed.
When the STP state is cleared, timer X counts the oscilla-
tion frequency divided by 16. Therefore, timer X count stop
bit (bit 2 of address 00FD,s) must be set to “0” before the
STP instruction is executed.

An example of ceramic oscillation (or quartz crystal
oscillation) is shown in Figure 29. The value of the capaci-
tance differs depending on the oscillator. Therefore, adjust
the value as recommended by the each oscillator manufac-
tures. An example where the clock signal is supplied from
outside is shown in Figure 30. X,y is the clock input, and
Xour is open.

Interrupt request

Interrupt disable flag | s

Reset

STP instruction

Reset
S Q Q S

WIT instruction - R rl-sTP
instruction

1/2

_tD——* internal clock bus

BliE

Overflow
w 1z Timer X
o ] Prescaler 1 Timer 1
Xin Xout
r— - - N
! Ceramic |
| ,__{ D'_ | Prescaler 2 Timer 2
[ = n |
| |
L " External girouit " _
Prescaler 3 Timer 3

Fig.28 Block diagram of the oscillation and clock generating circuit
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M50734SP

Xin Xour

30 3 M50734SP
Rf

XIN XOUT

3
Open

A
$
'——_' l—_—‘ Vee
External
== Cw Cour == oscillation circuit
l Ves
777

Fig.29 External ceramic resonator circuit Fig.30 External clock input circuit
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STANDBY MODE

The M50734SP can stop oscillation, preserving the contents
of all registers, input/output ports and so on except timer X.
Therefore, it can begin operation again in the same state as
before it stopped; power dissipation is greatly reduced.
The STP instruction is used to stop the oscillation. When
the STP instruction is executed, it stops at the address
fetch state of the next instruction. After RESET or an INT;,
INT, or CNTR interrupt is accepted, the oscillation starts
again. Therefore, before the STP instruction is executed,

one of the above interrupts must be enabled and the TXG
(interrupt control register 3 (ICON 3), pin 2) must be
cleared.

After the oscillation has been restarted by any means other
than RESET, the internal clock will start after timer X has
counted 8208 cycles. When a ceramic oscillator is used,
this time is needed to avoid instability at the oscillation rise.
The block diagram of the standby mode is shown in Figure
31.

Interrupt request

Interrupt disabie flag Reset S

Reset

STP instruction R

XIN XOUT
| i S hl
| i
Ceramic
!I D oscillator :
| & I
L _ _ _Extemalcirout ]

TXG 1
1/2 1/8 \o—r Timer X .

When the STP instruction is executed,
this initial value is set

Reset
s Q Q Sﬂf—j

wIT - R
instruction

STP instruction

Internal clock bus

020046

Fig.31 Block diagram of standby mode
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PROGRAMMING NOTES

(1) The frequency ratio of the timer and the prescaler is
1/{n+1).

(2) Even though the BBC and BBS instructions are ex-
ecuted after the interrupt request bits are modified (by
the program), those instructions are only valid for the
contents before the modification. Also, at least one in-
struction cycle must be used (such as a NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

{3) When the timer X is used at event counter mode, the
contents of the timer X must be read after the TXG flag
is cut off. If the TXG flag is not cut off, the plural read-
ing data of the contents of the timer X must be com-
pared and used as real data of the timer X.

When the timer X at the other modes, other timers and
prescalers are used, the contents of data can be read
at optional time.

{4) After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a NOP)
is needed before the SEC, CLC, SED, or CLD instruc-
tions are executed.

(5) A NOP instruction must be used after the execution of
a PLP instruction.

(6) Notes on the stepper motor control circuit

@ The single-shot must not be used while the horizontal
or vertical counter and the phase counter are linked
with timers, because they can not rewrite data.

@ When the stepper motor control register is set and
reset, the bit set and bit reset instructions must be
used.

{7) The area of addresses 00D0;s ~ 00D9,s can not be
used, because those area are reserved for system ex-
pansion.

(8) When the port PO function register is set and reset,
CLB, SEB, and STA instructions must be used.

(9) When using the M50734SP/FP-10 at 10MHz clock fre-
quency, the SFR ICON1 (address 00FF,s) should be
read using the LDA ICON1 instruction in zero page
addressing mode.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
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8-BIT CMOS MICROCOMPUTER

M50734SP ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter | Conditions Ratings 4 Unit
*VCC Supply voltage B 777—0.3~7r o ”7\/7 1
vV, Input voitage, RESET, Xiv B —0.3~7 v
Veer Input voltage, POy~ P07, P15~P17, P2o~P27, P3,~P3;, With respect to Vss. —0.3~Voo40.3 v
Pag~ P43, ADg~AD7, Vier
— Output transistors are at “off” state. e
Onput voltage, POe~P07, P1p~P17, P2g~P2;, P3;~P37,
Vo ADo~ADy7, Ag~Ass, RD, WR, ¢, —0.3~Vce+0.3 v
SYNC, ALE, WDgur, Xour
Pd Power dissipatin;n Ta=25C 1000 mw |
Topr Operating temperature —10~70 T
Tstg Storage temperature —40;\T2% ‘C ]
Note 1 : 300mW for QFP types.
RECOMMENDED OPERATING CONDITIONS
(Voc = 5VE10%, Vgs = OV, Ta = —10~70°C, #{X) = 8MHz, unless otherwise noted)
Symbol Parameter  — T Limits J Unit
Min. Typ. Max.
Vce Supply voltage a5 5 5.5 \
Vss Supply voltage 0 v ]
“H” input voltage, POy~ P07 (During using as a port), ]
Vim P1g~P17, P2g~P2;, P3~P3;, 2.0 Vee+0.3 \
P4y~P4;, ADo~ADy
Vi “H" input voltage, RxD, CNTR, INT;, INT,, RESET, 0. 8Ves Voort0.3 v i
Xin
“L” input voltage, POo~P0; (During using as a port), ]
Vi P1p~P17, P25~P2;, P3g~P37, —0.3 0.8 v
Pdg~P4s, ADy~AD;
Vio “L” input voltage, RxD, CNTR INT;, INT -0.3 0.2Vee v
\" “L” input voltage, RESET —0.3 0.12Vee VA
ViL “L” input voltage, Xin o —0.3 0.16Vee \%
Vaer Standard voltage input 0. 5V¢ge Vce \
Via Analog input voltage, P4;~P4; —0.3 Veet0. 3 \"
“L" peak output current, PO~ P07, P1g~P17, P2g~P27,
low(perk P3o~P3;, ADg~AD7, Ag~Ass, 5 mA
RD, WR, ¢, SYNC, ALE, WDour
“L" average output current (Note1), POo~P07, P1o~P17,
P2y~P2;, P3y~P3;, i
loLcavg) ADg~AD7, Ag~Ass, 2 mA
RD, WR, ¢, SYNC
ALE, WDour
“H" peak output current, POo~P07, ADo~AD7, Ag~Aus, _
lon(peak): RD, WR, ¢, SYNC, ALE, WDour ° mA
lon(peakiz| "H" peak output current, POp~P0;, P2o~P2;, P3;~P3; —10 mA
“H" average output current, (Note1) POy~P07, ADg~ADy7.,
lon(avg) Ag~Aqs, RD, WR, 4, -2 mA
SYNC, ALE, WDout
“H” average output current, (Note1) P1p~P1;, P2p~P2y,
loncavg)e Pa~P3; 1 —10 ‘ mA
Note 1 ! loiavg) loncavg is the average current in 100ms. -
21 The total of lo(peak): Of POo~ POz, ADo~AD;, Ag~ A5, RD, WR, ¢, SYNC, ALE and WDour
should be 80mA max
The total of loL(peak)- of P1g~P1,, P2;~P2; and P3;~P3; should DLBOmA max
The total of lon(peak). of PO~ P0;, ADg~ AD; and A~ A5, RD, WR, #, SYNC, ALE and WDour
should be —60mA max
The total of lon(peak): of P1g~P1;, P2;~P2; and P3,~P3; should be —80mA max
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Voc =5Vt10%, Vss = 0V, Ta =—10~707C, f(Xy) = 8MHz, unless otherwise noted)

Symbol Parameter Test conditions - Limits T Unit
Min. Typ. Max.
- _ lon = ~2001A 2.4
Von “H" output voltage all output pin except Xoyr pin Ton = —100A Voo—0.7 \"
VoL “H" output voltage all output pin except Xour pin lo = 1.6mA 0.5 \
1 Input leak current, Py~P45, RESET Ves < Vi = Veo —5 5 A
loz Three state leak current, all input/output pin Vs + 0.5V = Vo = Vge — 0.5V -5 5 uA
Vr+=—Vy_ | Hysteresis width, INT,, INT2, CNTR, RyD, RESET When used as function except porl 0.6 i v
lon “H" output current, P2,~P2; Von = 1.5V —1 —10 ! mA
During operating (Output transistors cut-off) 6 15 ‘:
lce Supply current Wait mode (Output transistors cut-off) 1 31 mA
Stop mode (Output transistors cut-off) 1 20 I LA
lacc A/D supply current During executing A/D convert 6 ; mA
TIMING REQUIREMENTS (Voo =5v+10%, Ta =—10~707C, uniess otherwise noted)
[ I Limits ]
Symbol : Parameter Test conditions - Unit
| | Min. ‘ Typ. } Max.
ﬂt‘;u (D-® . Data input set-up time o 80 L.
tsu (po. | Port POinput set-up time B 250 ns
tsu (P1-#) Port P1 input set-up time 250 ns |
tsu (P2-#) Port P2 input set-up time S 250 | _...hs
tsu (pa-# : Port P3 input sél-up time o 250 ns
tsu (p:_;: ‘ Port P4 input set-up time ) 250 ns
tsu (p1.imT;) | Port P1 latch input set-up time T | 250 ___ns
tsu (s-seu | Serial input set-u}) time _ 250 ns
th (o) Data input hold time ! 0 | ns |
th (sroy Port PO input hold time 50 ~ ns
th (s-P1) Port P1 input hotd time Fig32 759‘ - ns |
th (e-p2) Port P2 input hold time 50 ns
th (p-p3) Port P3 input hold time i | 50 _ns
th (s-Pa) Port P4 input hold lime; 50 ns |
th (iNTy-P1) Port P1 latch input hold time 50 ! nS
| th (sci-sp | Serial input hold time o 50 : ns
twi (iNTD) INT, input “L” pulse width | 250 : ns
twi N7y INT; input “L" pulse width o 1 us |
twL (cNTR) CNTR input “L" pulse width ] 1 MS
twh (NT INT, input “H" pulse width o L us
twH (NTS) INT; input “H" pulse width 1 us |
twh (cNTR) CNTR input “H" pulse width L 1 ~ “S
ic (XINTM | Externa clock input cycle time - o 125 ns
twi Oy Externai clock input “L” pulse width 45 __ns
twh () External clock input “H" pulse width 45 ns |
tw (RESET) RESET input “L" pulse width 2 “S
The pin to be
measured

C.

CL ! In case of Ag/Dy~A;/Dy, Ag~A,s. POo—P0;, RD and WR, is 100pF
In case of P1o~P1;, P2,~P2;, P3,~P3,, ALE and ¢, is 50pF

Fig.32 Measurement circuit diagram
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8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTER'ST'CS (Vee =5VE10%, Ta = —10~70°C, unless otherwise noted)

Symbol Parameter Test conditions Limits *‘ Unit
Min Typ. Max. |

Mt (8 Cycle time (Note 6) 500 ; ns
Ftwh (8 $ clock pulse width (High level) (Note 2) 220 ns |
) 4 clock pulse width (Low level) (Note 2) 220 N ns
tr (0 ¢ clock rising edge time 30 ns
1 (o) ¢ clock falling edge time 30 ns ]
"*td(,,_M_E) Address strobe pulse delay time {Note 4) 60 ns
* tW(ALE) Address strobe pulse width (Note 3) 100 ns
tad(A-ALE) Address-ALE delay time 30 : ns
tv(ALE-A) Address effective time after ALE 30 ! ns
td1 (s> Address delay time 1 130 ns
Ftd2 () Address delay time 2 (Note 1) 150 ns
tv (en) Address effective time after ¢ ) 10 ns
*tw (RD) RD, WR pulse width (Note 2) Fig32 220 ns
td (sRD) RD, WR delay time 20 | ns
ty (aAD) RD, WR effective time after ¢ 10 ns
td (az-rD) address floating-ﬁ delay time 0 ns
td (¢.0) Data delay time (write cycle) 150 ns
*tv (o0) Data effective time atter ¢ (Note 5) 40 ns
td (s-Po) Port PG data output delay time 250 ns
td (s-P1) Port P1 data output delay time 250 ns
td (s-pP2) Port P2 data output delay time 250 ns
td (e-pPa) Port P3 data output delay time 250 ns
td (s-sc0 Serial clock delay time 60 | ns
tv (ssc K0 Serial clock effective time after ¢ 40 ns
td (sg-soup | Serial output delay time 150 ns
ty (see-soup | Serial output effective time after serial clock 0 ns
td(iNT;-msy) | Busy output delay time 250 ns

% This timing is changed by tc(X), The timing of this list is the value in to(Xn) = 125ns

Note 1 : This value is defined as follows

2 © This value is defined as follows : tw(RD)=tc(¢)/2—30

DN W

. This value is defined as follows : tw(ALE)=t¢(4)/4—25
. This value is defined as follows
This value is defined as follows :
This value is defined as follows : te(#)=4tc(Xw)

*tgz{¢—A)=1c(#)/8+8.75

ttg(¢—ALE)=tc(9)/8—2.5
ty(¢—D)=tc(¢)/8—22.5

A-D CONVERTER CHARACTERISTICS (Voc=5V£10%, Vss=0V, Ta=—10~70T, {(Xin)=8MHz, unless

otherwise noded)

ELECTRIC

Symbol Parameter Test conditions - imits - Unit
Min. Typ. Max
- Resolution 8 Bits
— Absolute accuracy Vee=Vaer=b. 12V +1 1/2| =3 LsB
Riapper | Ladder resistance value 1 K
tconv Conversion time 36 y713
licap) Input current in A-D convert 0= V= Vger 50 A
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M50734SP TIMING DIAGRAM

Bus timing diagram

ALE

A5~ Ag
CME

RD or WR

ADy~AD;
CPU Read

ADy~AD;
CPU Write

te
twhig) ttia
= lrie) tice:
(Z.OV N\ Z
0.8v o ] /
tdip-aLE) twiaLe)
troaLe tiiaLe
4 2.0v N
7Z 0.8v \L
tdi(s —a) -
2.0v
K 0.8v Address valid *
'V(¢ —RD'
tdre —rp;
\ twiro)
38V
td(az—ro; "
=0
tdia—aLe:
td2(s —a) tviate—a) tsuip—s )
— 8 3 24v
S'% Address valid — bata valid
- > .
tdcs —o) | tvis —o1
3 . N
— 0 i ov _ #
%gY/X‘ Address valid : g_SV Data valid
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8-BIT CMOS MICROCOMPUTER

Port P1 latch input timing diagram

twiconTry twh(cNTR)
) twiLanT,) ) twHONT,)
CNTR 0.8Vee
INT2 0.2Vee
| twH(NT,) twLinT)
0.8Vee Z
INT1 02Vee "N g
th(m‘ﬂ’ﬂ

tsutpr—INTy)
2.4V .
- Data valid
P1,~P1; 0.4V

td(inT;~BSY)

2.0v
BUSYour

Xin, RESET input timing diagram

( tw(ReSET)
RESET
0.12Vee
\ toixy)
0.8V
X cc /
0.16Vec 7
twhOgn) twiLOay
[l
MITSUBISHI
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Port PO~P4 input/output, serial }/O timing diagram

[2.0V ‘\ 4
b _A o _ /
L tsuipo-¢) th“"”‘)'l
PO~P4 2.4V .
INPUT 0.4V Data valid
tdg -po)
PO~P3 2.0V
OUTPUT 0.8V
tvis —scux tdis —sc )
Seik ____.\
2.0V
LO.BV .
tsu(sin—scux) thisg k-sin}
4V
Sin X (2,4\/ Data valid
tdiseik—sour) tviscik—Ssour)
2.0v
Sout 0.8V Data valid
2—862 MITSUBISHI
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M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

M50734SP-10 ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Suppi;\;oltage ) 777? o —0. 3;77777 \Y
2 Input voltage, RESET, X ] —0.3~7 v ]
| A PR PP PR PR o, Cosveetos | v

—— - s Output transistors are at “off” state. R
Onput voltage, POy~P07, P1o~P1;, P2,~P2;, P3;~P3;,
Vo ADo~AD7. Ag~Ass. RD, WR, 4, | —0.3~Ve+0.3 v
SYNC, ALE, WDour. Xout
Pd Power ari‘s‘svi;ation B ‘ Ta=254C' 10067” o 77477};;& T
i Tobr ) ‘Wbprera!ing tempera'turrrer ] L 7””;77 —10~70 c
L Tstg Storage temperature ' —40~125 C
RECOMMENDED OPERATING CONDITIONS
{(Vee = 5VE10%, Vg = OV, Tg = —10~707C, 1(X)y) = 10MHz, unless otherwise noted)
T
Symbol ‘ Parameter - ﬁﬂ"‘j - Unit
N Min. Nom. Max. o
Vee Supply voltage o o 7 4.5 5 55 v
Ves Supply voltage o T | 7 0 v
“H" input voltage, POy~ P0; { During using as a port}, i
Vin P1g~P1;, P2g~P2;, P3y~P3;, 2.0 Vee+0. 3! v
Pdy~P4;, ADg~AD; i ‘
Vi “H" input voltage, RxD, CNTR, INT;, INT,, RESET, 0. BV ;Vcc+0- 3 v
Xin :
i R input voltage, POg~P0; (Du;ing using as a port), ' ' |
Vil f Plg~P1y, P2y~P2;, P3g~P3;, —0.3 0.8 v
P4o~P4;, ADy~AD; ; :
Vi " input voltage, ReD, CNTR INT,, INT; L —0.3! 0. 2Vee v
Vo “Lr inpu'lrvoltage,rw h I —0.3 0.12Vee Vv
Vi “L" input voltage, X - ' —0.3 0.16Vee v
VRer Standard voltage input 0.5Vee Vece \
Via Analog input vollége, P4y~P4; T —0.3 7 *VVC;{:O. 3 \
“L" peak output current, POg—P0;, P1g~P1s, P2~P2;, | ! ]
lou(perk) P3~P3;, ADo~AD7, Ag~Ass, i 5 mA
RD, WR, ¢, SYNC, ALE, WDoyr - !
“L” average output current (Note1), POg~P0;, P15~P1y, |
| P2y~P2;, P3y~P3;,;
loLcavg) | ADg~AD7, Ay~Ass, | 2 mA
RD, WR, ¢, SYNC, !
ALE, WDoyr L - ]
“H" peak output current, POg~P0;, ADg~AD7, Ag~Aqs, }
lontpealos RD, WR, ¢, SYNC, ALE, WDour | - mA
) . 9 . . our_l . .
lon(peak)2| “"H" peak output current, POg~P0;, P2,~P2;, P3,~P3; —10 mA
“H" average output current, (Note1) POg~P0;7, ADo~AD;, ! -
loncavg)t As~Ars, RD, WR, 4, —2 mA
SYNC, ALE, WDour
"H" average output curre>nt. (Note1) P1y~P1y, P20~P;7, ; T
loncavgrz Pag~P3, J —10 mA
Note 1 loccavg). loncavg) is the average current in 100ms. o
2 . The total of lov (peak) - of POg~ P0;, ADg~ AD;, Ag~ A5, RD, WR, ¢, SYNC, ALE and WDgy+
should be 80mA max
The total of loLcpeak) of P1,~P1;, P2,~P2; and P3,~P3; should biBOmA max
The total of lon(peak). of PO;~P0Q;, ADy~AD; and Ag~A,s, RD, WR, ¢, SYNC, ALE and WDgyr
should be —60mA max
The total of lonpeak: of P13~P1;, P2,~P2; and P3,~P3; should be —80mA max
* ITSUBISH
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (voc =5V£10%, Vs = 0V, T3 =—10~70C, f(X,) = 10MHz, unless otherwise noted)

. Limits .
Symbot Parameter Test conditions in. Tvp. Max. Unit
. . loy = —200uA 2.4 '
Von “H” output voltage all output pin except Xoyr pin lon = —100A Voo—0.7 A\
Voo “H” output voltage all output pin except Xour pin lo. = 1. 6mA 0.5 \%
I Input leak current, Po~P43, RESET Vgs & Vi = Ve -5 5 177
loz Three state leak current, all input/output pin Vs + 0.5V < Vo < Vee — 0.5V —5 5 uA
Vr+—Vr_ | Hysteresis width, INTy, INT,, CNTR, RxD, RESET When used as function except port 0.6 \'
lon “H" output current, P2,~P2; Vou = 1.5V —1 —10 mA
During operating { Output transistors cut-off) 7 18
lce Supply current Wait mode {Output transistors cut-off) 1 4 mA
Stop mode (Output transistors cut-off) 1 20 J A
lacc A-D supply current During executing A-D conversion 6 { mA
TIMING REQUIREMENTS (vcc =5v+10%, T4 =—10~70C, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
tsu (p-® Data input set-up time 60 ns
tsu (Po-¢) Port PO input set-up time 250 ns
tsu (P1-¢) Port P1 input set-up time 250 ns
tsu (p2-¢) Port P2 input set-up time 250 ns
tsu (P3-#) Port P3 input set-up time 250 ns
tsu (Pa-¢) Port P4 input set-up time 250 ns
tsy (p1-iTy) | Port P1latch input set-up time 250 : ns
tsu (sp-Seue | Serial input set-up time 250 ‘ ns
th (&) Data input hold time 0 ns
th (¢-Po) Port PO input hold time 50 ns
th (e-p1) Port P1 input hold time Fig.33 50 ns
th (e-p2) Port P2 input hold time 50 ns
th (¢-Pa) Port P3 input hold time 50 ns
th (s-pPa) Port P4 input hold time 50 ns
th (INT;-P1) Port P1 latch input hold time 50 nS
th (sc-spy) | Serial input hoid time | 50 ns
twL (WD INT, input "L" pulse width ™ 280 ns
twe GiRTy) INT input “L” pulse width 1 us
twe (cntr) | CNTR input “L” pulse width 1 “s
twe (INTD INT; input “H” pulse width 1 us
twe (iNTp) INT; input "H" pulse width 1 us
twh (eNTR) CNTR input “H" pulse width 1 us
tc (xpe External clock input cycle time 100 ns
twi ) External clock input “L” pulse width 35 ns
twh O External clock input “H" pulse width 35 ns
tw (RESET) RESET input “L" pulse width 2 “s
The pin to be
measured
CL
Cy " In case of Ay/Dg~A;/D;, Ag~A,s, POy P0;. RD and WR, is 100pF
In case of P1,~P1;, P2,~P2;, P3,~P3;, ALE and ¢, is 50pF

Fig.33 Measurement circuit diagram
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voo =5v£10%, Ta

= —10~70C, unless otherwise noted}

Symbol : Parameter Test conditions le]ts*y e Unit
, Typ. | Max I
(# Cycle time {(Note 6 ! ns
wr; (;, "4 clock pulse width (H@H level) (Note 2) B [ E T hs
FtwL (#) # clock pulse width (Low level) (Note 2) g i ‘ ns
tr(pm | #clock rising edge time ] T | 301 ns |
tf (o) ¢ clock falling edge time ; . 3Q _ns
I “Xtd(ﬁ—ALE) T;ddres:sitr;);};dlrse délay time (Note 4) }’77 ”4‘ B 47.5 ns )
Ftwiae) | Address strobe pulse width (Note 3) T o7 ns |
I (d(A,A,;é Address-ALE delay time - 10 i - s 1
_twtare) | Address effective time after ALE L0 [ ns
i (pa) ’ Address delay time 1 B o Hiﬁ%ﬁ ]29 _.ns__ |
#tda (s.a) | Address delay time 2 (Note 1) : 140 ns
tion | Adaross siecive tme afer ¢ Fig 33 BT s
“twao) | RD. WR pulse width (Note 2) ] 170 | ns
td (#-mD) ‘ RD, WR delay time N R %4#77 B ‘ Y ns
| tv (¢-RD) RD, WR effective time after ¢ - | : 10 ns
| d (az-mo) LAddress floating-RD delay timq ] C 7077 P ns
td (¢-D) | Data delay time (write cycle) - o ‘ I 150 ns
| Fty o) Data effective time after 4 (Note 5) B o _oer I ns
(p-po) ____ Port PO data output delay time L 250 ns
d (pp1) | Port P1 dala output delay time i | 250 ns
td (p-p2) i Port P2 data output delay time 250 ns ]
.tdr (VQ,_p:;) . Port P3 data outﬁut delay time o 250 ns N
| M iescno Serial clock delay time o 60 ns
|ty (ssq0 ;Egrial clock effective time after ¢ o L 40 ! ns
| ta (SCLK'SOUT)‘ Serial output delay time - 150 : ns
ty (sgik-Sour) ' Serial output effectivertjnle after serial clock - 0 j ns
td(nv,-ssv) | Busy output delay time | | 250 ns

¥ This timing is changed by tc(Xi), The timing of this list is the value in tc(X)y) = 100ns

Note 1

This value is defined as foliows

[ NS, I GERY N}

This value is defined as follows !

This value is defined as follows :
This value is defined as follows :
L tg(¢—ALE)=1c(¢)/8—2.5
This value is defined as follows
This value is defined as follows :

tats—a =tc( #)/8+77.5 (tc(#) = 500ns)
tdacs—ar=140ns (400ns< tc(¢) < 500ns)
tw(RD)=tc(¢)/2—30
tw(ALE)=tg(¢)/4-25

ty(¢—D)=tc($)/8—22.5
tol @)=4tc(Xin)

A-D CONVERTER CHARACTERISTICS (Vcc=5VE10%. Vss=0V, Ta=—10~70C, f(Xi)=10MHz, unless otherwise noded)

ELECTRIC

I \ Limits ]
Symbot Parameter Test conditions : in. Tvo. Mo —1 Unit
— Resolution I8 Bits
T Absolute accuracy Veo=Vree=5. 12V +11/2] +3 LSB
Riapper | Ladder resistance value 1 K
tconv Conversion time ; 36 uSs
li(aD) Input current in A-D convert | 0=Vi<Veer | 50 uA
MITSUBISHI 2—865



MITSUBISHI MICROCOMPUTERS

M50734SP/FP
M50734SP/FP-10

8-BIT CMOS MICROCOMPUTER

M50734SP-10 TIMING DIAGRAM

Bus timing diagram

v

tc
twiis) twiig)
= tr(s) tice)
P { 20v \\  S—
0.8v N ,z
tdie—ace) twiaLe)
trcae) tiace)
4 2.0v N
ALE 72 0.8V \L
!
tdics—a) tyip —-a)
Ars~Asg 2.0V _
SHiE X 08V Address vatid
)
| tvs—ro)
tds —rD)
el
RD or WR \| fwino)
K 0.8V
tdiaz—ro) this o)
tdia—aLe) e
tdacs ~a) tyiaLe—a)
ADy~AD, 2 ovyf B 2.4V
ot ' Address valid Data valid
CPU Read < 08V /) 2 0.4v
tvis~0)
™\
ADy~AD; 2.0v ; Data valid

CPU Write @\ Address valid J

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50734SP/FP
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8-BIT CMOS MICROCOMPUTER

Port P1 latch input timing diagram

twiicnTR) twH(cNTR)
twianTy) twH(ONT)
!
CNTR 0.8Vec
INT2 0.2Vee
‘ twHONT() twianT, s
|
0.8Vee *
INTY 02Vee "N A \
|
_ [ g
tsutpr—INTy) ‘}J““"’P”
ol )1\
2.4V .
P1o~P1 Data valid
o 0.4v
tdanT, —Bsv:
20V
BUSYour
X, RESET input timing diagram
tw(Resen)
RESET
0.12Vee
toixn)
M 08Vec /
" 0.16Vcc A
twhixy) twiongy)
=1 ™=

ELECTRIC 2-867
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M50734SP/FP
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8-BIT CMOS MICROCOMPUTER

Port PO~ P4 input/output, serial 1/0 timing diagram

@ 2.0v /
_)Z‘ZO.BV ;Z
tsupo—¢) thip -po;
PO~P4 2.4V
INPUT 4 ' Data valid
! 0.4V
|

PO~P3
OUTPUT

(s -sj._.o tdie -—sei)

Scix ‘ } 2.0V
: 0.8v .

\ tsucsin—scu th(sg k- sin)

24v Data valid
i ata vail
Sin 0.4V

tdiseik—sour?

tiscix—Sout)
e ————————

Sourt 2 ZV Data valid
0.8V } :

_ MITSUBISHI
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