Notice: These are not a final specification. Some
parametric limits are subject to change.

MITSUBISHI MICROCOMPUTERS

MS50957-XXXSP/FP,M50958-XXXSP/FP
PRELIMINARY (msosss-xxxse/rr) MIS0959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M50957-XXXSP, the M50958-XXXSP and the M50959-
XXXSP are single-chip microcomputers designed with
CMOS silicon gate technology. All are housed in a 64-pin
shrink plastic moided DIP (flat package type also
available}. These single-chip microcomputers are useful for
business equipment and other consumer applications.

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

The differences among MS50957-XXXSP, M50958-XXXSP
and M50959-XXXSP are noted below. The following ex-
planations apply to the M50957-XXXSP. Specification varia-
tions for other chips are noted accordingly.

Type name ROM size
M50957-XXXSP 10240bytes
M50958-XXXSP 12288bytes
M50959-XXXSP 16384bytes

The differences between the M50957-XXXSP and the
Mb50957-XXXFP are the package outline and the power dis-
sipation ability (absolute maximum ratings).

FEATURES
® Number of basic instructiong:«=«o«oreeeeemeer e 69
® Memory size ROM - 10240 bytes (M50957-XXXSP)
12288 bytes (M50958-XXXSP)
16384 bytes (M50959-XXXSP)
RAM - reeemreerieivenaciii s 256 bytes
® Instruction execution time
~~~~ 1.9xs (minimum instructions at 4.2MHz frequency)
® Single power supply 4.0~55V  (at f(X,y)=4.2MHz)
3.0~5.5V (below f(X;)=1.0MHz)
® Power dissipation
normal operation mode, at 4.2MHz frequency - 20mW
low speed operation mode,

at 32kHz frequency for clock function «--------- 0.3mwW
® Subroutine nesting e 96 levels (Max.)
@ Interrupt--:ororeee e 7 types, 5 vectors
® 8-bit timer 3 (2 when used as serial 1/0)
® Programmable [/0 (Ports P2, P3, P6) «+oorreeerrmeeeennes 22
® Input ports (Port PSPy ) -+ rrererrrmrsri 6
® High-voltage output ports
(Ports PO, P1, P4, P5g, P5;) reormrerrereeieecnenes 26
@ Serial I/0 (8-bit) ..................................................... 1
. PWM fumtlon .............................................. 14_b|t><1
6-bitX2

® Two ciock generator circuits {One is for main clock, the
other is for clock function)

® Comparator ............................................................ 1

® Generating function for clock input of EAROM

APPLICATION
Office automation equipment
VCR, Tuner, Audio-visual equipment

PIN CONFIGURATION (TOP VIEW)

Voo — [ - P4,
Pgg - E — P4,
P63 — P4,

/0 port P6 PG;/PWMS “E — P4 High-voltage
P6,/PWM2 « [5] —+ P4, [outout port P4
P6,/PWM1 - [E] — pag

P6o/T == E — Pdg

P2; = [E] — P4,

P2+~ [2] — PO,

P25+ [ — PO,

P2, + |11

/O potPz, -* [ — PO,
P25+ E — PO; | High-voltage
P2, + [13] — PO, [output port PO

P2, E 5 5 cgn — PO,

P @ 8 8 [E-ros

o [$2]
P3;/Skoy +* [1§] (ID Q gQ ‘i} — PO,
i )
P3:/CLK ++ X X X — P1,
X X X

P3s/Sour ++ [18] €,<) > 4 — P1,

170 port P3 P./Sw Dy 3 ('g g @,
P33/AN )y~ — P1; | High-voltage
P3,/CNTR« —e p1, | output port P1

P3, = — Pty

P3y — P1g

P53/INT, — — P1,

Input port P§

P5/INT, — — P8 | High-voltage
CNVgs — P5, output port P5
Reset input  RESET — -V, Pull-dwn
voltage input
Clock input Xin — — P5,
Clock output Xoutr = +— P5; Input port PS
Clock input for . -
clock function Xew PS¢ l
Clock output for Xeour +— — P5,
clock function Vgg— — ¢ Timing output

MS0957-XXXFP
or

M50958-XXXFP
or

M50959-XXXFP

Outline 72P6

NC ! No connection
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISH! MICROCOMPUTERS

MS50957-XXXSP/FP,M50958-XXXSP/FP

MS0959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50957-XXXSP

Parameter Functions
Number of basic instructions 6%
Instruction execution time 1. 9u¢ (minimum instructions, at 4. 2MHz frequency)
Clock frequency 4. 2MHz
. ROM 10240bytes (12288bytes for M50958 and16384bytes for M50959)
Memory size
RAM 256bytes
PO, P1, P4 Output 8-bitX3 (high-voltage P-channel open drain; Voe—38V) B
P2, P3 170 8-bitX2 (P3 can partially be used as among serial I/0, clock input
for timer 3 and normal i/0.)
input/output ports PSo, P5; Qutput 2-bitX1 (high-voltage P-channel open drain; Vee—38V)
P52, P5; Input 2-bitX1 {can be used as an input for either INT, or INT,.)
P54~P5; Input 4-bitX1
P6 [I{e] 6-bitX1 (can be used as T/ output or PWM output.) R
Serial 170 8-bitX1
Timers B-bit timerX3 (X2, when used as serial 1/0)

Subroutine nesting

96levels (max.)

Interrupt

Two externat interrupts, three internal timer interrupts
(or timerX2, serial I/0X1)

Clock generating circuit

Two built-in circuits (externally connected ceramic or quartz crystal oscillator)

at f( Xin) =4, 2MHz

4.0~5,5v

Supply voltage
PPlY 9 below 1(X;y)=1.0MHz

3.0~5.5v

at high-speed operation

20mW (clock frequency X =4. 2MHz)

Power dissipation at low-speed operation

0.3mwW (clock frequency Xcin=>32kHz)

at stop mode

5uW (when clock is stopped)

Input/Output voltage

12V (input/output P2, P3, P5,, P5; except P33}

Vcc—38V (PO, P1, P4, P5, P5)

—0,3V~Vcc+0. 3V (input/output P6)

tnput/Output characteristics

Output current

10mA (P2, P3 . N-channel open drain)

—18mA (PO, P1 : high-voltage P-Channe! open drain)

—12mA (P4, P5;, P5, : high-voltage F-Channe! open drain)

0.5~—0,.5mA (P8 : CMOS tri-states)

Memory expansion

Possibe

Operating temperature range

—10~70C

Device structure

CMOS silicon gate process

MS50957-XXXSP, M50958-XXXSP, M50959-XXXSP

64-pin shrink plastic moided DIP

Package

M50957 -XXXFP, M50958-XXXFP, M50959-XXXFP

72-pin plastic molded QFP
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

. Input/ )
Pin Name Functions
Output

Vee, Supply voltage Power supply inputs 4,0~5.5V at f(Xin)=4.2MHz and 3. 0~5.5V below 1(Xn)=1.0MHZ to V¢e, and OV to

Vss Vss.

CNVgs CNVss This is usually connected to Vss.

Ve Pull-down voltage Input This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, PSg and PS5y,

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under norma! Vec
conditions).
If more time is needed for the crystal osciliator to stabilize, this “L" condition should be maintained for the
required time.

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the Xy and Xour pins. If an external ciock is used, the clock

XouT Clock output Output source should be connected the Xy pin and the Xour pin should be left open.

@ Timing output Output This is the timing output pin.

Xain Clock input for clock Input This is the 1/0 pins of the clock generating circuit for the clock function. To control generating frequency,

function an external ceramic or a quartz crystal oscillator is connected between the Xcv and Xcoyr pins. If an exter-

nal clock is used, the clock source should be connected to the Xgin pin and the Xcour pin should be left

XecouT Clock cutput for Output open. This clock can be used as a program controlled the system clock.

clock function

P0Oo~ P07 | Output port PO Qutput Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A puli-down transistor
is built in between the Vp pin and this port.
At reset, this port is setto a “L” level.

P1,~P1; | Output port P1 QOutput Port P1 is an 8-bit output port and has basically the same functions as port P0.

P2o~P2; | 1/0 port P2 170 Port P2 is an 8-bit I/O port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode.
The output structure is N-channel open drain.

P3,~P37 | 170 port P3 1/0 Port P3 is an 8-bit 170 port and has basically the same functions as port P2. When serial 1/0 is used, P3y,
P3g, P3s, and P34 work as Sepy, CLK, Sour, and Si pins, respectively. P3; works as an analog input for
comparator, and P3; works as a clock input for timer 3.

P4g~P4; | Output port P4 Output Port P4 is an 8-bit output port and has basically the same functions as port P2.

P5q, P5¢ Output port P5 Output Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO.

P5,/INT,, | Input port P5 Input Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs.

PS3/INT,

P5,~P5; Input Bit 4~7 of port P5 are 4-bit input port.

P6o~ P67 | 170 port P6 [74¢] Port P6 is a B-bit /O port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. The output structure is CMOS tri-state output. P6y, P6y, P62, P63 can be programmed to
function as timer output pin (T), PWM output pins (PWM1, PWM2, and PWM3), respectively.
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

MS0959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50957-XXXSP is shown in Figure
1. Addresses D800,s to FFFFg are assigned to the built-in
ROM area which consists of 10240 bytes.

Addresses D000, to FFFF,; are the ROM address area
assigned to the M50958-XXXSP.

Addresses C000,¢ to FFFF4 are the ROM address area
assigned to the M50959-XXXSP.

Addresses FF00,s to FFFF,s are a special address area
(special page) . By using the special page addressing
mode of the JSR instruction, subroutines addressed on this

page can be called with only 2 bytes. Addresses FFF4,5 to
FFFF,s are vector addresses used for the reset and inter-
rupts (see interrupt chapter). Addresses 000046 to 0OFF 4
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/O port, timer,
etc,, are assigned to this area.

Addresses 0000;; to 00BFys and 01005 to 013F, are
assigned to the built-in RAM and consist of 256 bytes of
static RAM. In addition to data storage, this RAM except
the area in the page 1 is used for the stack during sub-
routine calls and interrupts.

Decimal
( 0000+ 0 7 00E06| Port PO
7
RAM e 00E1,¢
4
(192 bytes) L 00E2:] Port P1
7
00BF, 4 191 . 00E3,¢
e
Zero page s 00E4,¢{ Port P2
7/ directional
Not used o 00E5,¢] Port P2 registe'”a
4 00ES,¢
00EQs 00E7,¢
00FF,q 255 00EBys} Port P3
¥
directional
(64R$y'\t/les) \ 009, Port P3 register
013F e ) 00EA,s| Port P4
!
\ 00EB;¢
\ ]
\ 00EC 5| Port PS5
C00046 Not used \
\ 00ED;s
, DO00,s \
. GOEE, 5| Port P6
= ]
D800 ' 00EF 5| Port P6 psictional
\ —_—
v 00F0,s { PWM1-H register
v
\ 00F1,6| PWMI1-L register
\\ 00F2,6] PWM?2 register
| 00F3,, | PWM3 register
ROM FF00s | 00Fd4
21638‘; (R]g;ga ‘\ 00F5,6 ) PWM output mode register
ytes
tor | bytes) ] ROM \‘ 00F81c Serial 170 mode register
M50959 Mgggse (10240 bytes) \ 00F7.s | Serial 1/0 register
= XXX . - "
SP -XXXSP for ) ' 00F8,¢
M50957-XXXSP| Special \ - -]
page for FFFa \\ 00F9,¢
subroutine * Address L INT:  \ 0OFAq| Timer 1
ca Address L . \ 5
Address H S1/Q or Timer 1 \ 00FB,¢| Comparator register
N Timer2 \  OOFCq|Timer2
A
Address K Timer3  \ O00FDsf Timer3
:gg::::lg INT, ' 00FE, | Interrupt control register
v L
A R n A
FEFF. Agg",;_:; h 65535 RESET \\ 00FF, ] Timer control register

Fig.1 Memory map

2—18

ol T




MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 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 accumulator (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 “1”, 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 N|VIT|B|D{! Z|C Processor status register
O L
. Carry flag
X index register X
Zero tiag
7 0
Interrupt disable flag
Y Index register Y
Decimal mode flag
7 0
Break flag
S Stack pointer
Index X mode flag
15 7 0
Overflow flag
PCh PC, Program counter
Negative flag
Fig.2 Register structure
MITSUBISHI 2—119
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

MS50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack pointer (S) 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 automaticalty initialized after reset and should be initial-
ized by the program using the TXS instruction.

The contents of the stack pointer is XX,4, the stack address
is set to 00XX;s. When using this microcomputer in the
single-chip mode, the stack pointer should be set at the
bottom address of the internal RAM.

When an interrupt occurs, the higher 8 bits of the program
counter are pushed into the stack first, and then the lower 8
bits of the program counter are pushed into the stack. After
each byte is pushed into the stack, the stack pointer is de-
cremented by one. Next, the contents of the processor sta-
tus register are pushed into the stack. When the return from
interrupt instruction (RTH) is executed, the program counter
are processor status register data is pulied off the stack in
reverse order from above.

The Accumulator is never pushed into the stack automati-
cally. A Push Accumulator instruction (PHA) is provided to
execute this function. Restoring the Accumulator to its pre-
vious value is accomplished by the Pull Accumulator in-
struction (PLA). It is executed in reverse order of the PHA
instruction.

The contents of the Processor Status Register (PS) are
pushed (pulled) to (from) the stack with the PHP and PLP
instructions, respectively. Only the program counter is
pushed into the stack during a subroutine call. Therefore,
any registers that should not be destroyed should be
pushed into the stack manually. The RTS instruction is
used to return from a subroutine.

PROGRAM COUNTER (PC)

The 16-bit 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 arithmetic can be per-
formed only with the ADC and SBC instructions. Decimal
correction is automatically executed. The SED and CLD in-

structions 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 accumulator
are executed when the T flag is “0” (i.e., operation results
between memories 1 and 2 are stored in the accumuiator).
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,

2—120
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a singed 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.

INTERRUPT

The M50957-XXXSP can be interrupted from seven souces;
INT,, timer 3, timer 2, timer 1/serial 170, or INT,/BRK in-
struction.

The value of bit 2 of the serial I/0 mode register (address
00F6,5) determine whether the interrupt is from timer 1 or
from seriai 1/0. When bit 2 is “0” the interrupt'is from timer
1, and when bit 2 is “1” the interrupt is from serial [/0O. Also,
when the bit 2 is “1”, parts of port P3 are used for serial I/
O. These interrupts are vectored and their priorities are
shown in Table 1. Reset is included in this table since it
has the same functions as the interrupts.

When an interrupt is accepted, the contents of certain reg-
isters are pushed into specified locations, (as discussed in
the stack pointer section) the interrupt disable flag | is set,
the program jumps to the address specified by the interrupt
vector, and the interrupt request bit is cleared automatical-

Table 1. Interrupt vector address and. priority ’ i A
ly. The reset interrupt is the highest priority interrupt and
'R"te's“E"f; P”;’”'y Fvem‘" addrefg can never be inhibited. Except for the reset interrupt, all in-
E FFF.g, FFF s s . R .
18 18 terrupt are inhibited when the interrupt disable flag | is set
INT, 2 FFFD1e FFFO1s to “1”. All of the other interrupts can further be controlled
Timer 3 3 FFFB,o FFFAs .0 ! . 0. e 0. er interrupts can .U er pe c9n 0 e
Timer 2 4 FFFO,0 FFF8.0 |nd|V|d}1aIIy via the interrupt control regls_ter shown in Flgur?
Timer 1 or serial 170 5 FFF7.6 FFF61s 3. An interrupt is accepted when the interrupt enable bit
INT2( BRK) 6 EFF5,6 FFFa:e and the interrupt request bit are both “1” and the interrupt
disable flag is “0”.
7 0
| i I l | l | ] Interrupt control register { Address 0OFE,g)
:] Bit 7: INT, pin interrupt request bit
Bit 6: INT, pin interrupt enable bit
Bit5: Timer 2 interrupt request bit
'_Cl:—_——— Bit 4: Timer 2 interrupt enable bit
Bit 3: Timer 1 interrupt or serial input/output interrupt
request bit
Bit 2: Timer 1 interrupt or serial input/output interrupt
enable bit
Bit 1: INT; pin interrupt request bit
Bit 0: INT, pin interrupt enable bit
0
] [ l l I Timer control register { Address 00FFie)
Bit 7: Timer 3 interrupt request bit
N Bit 6 Timer 3 interrupt enable bit
Interrupt request Interrupt disable flag |
Bit5: Timer 2 count stop bit
Reset
Bit 4 Timer 3 count source selection bit
Bit 3: Timer 2 count source selection bit
Bit2: Timer 1 count source selection bit
Bit1:
} Processor mode bits
Bit0:
Fig.3 Interrupt control
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS0957-XXXSP/FP,M50958-XXXSP/FP

MS50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

The interrupt request bits are set when the following condi-

tions occur:

(1) When the level of pins INT, and INT, change.

(2) When the contents of timer 3, timer 2, timer 1 (or the
serial I/0 counter) go to “0”

These request bits can be reset by the program but cannot

be set by the progream. However, the interrupt enable bit

can be set and reset by the program.

The change in level at which the INT pins generate a inter-

rupt varies according to the content of bits 4 and 5 of the

PWM output mode register (address 00F5,5). When these

bits are “0”, the interrupt request is generated when INT

changes from high-level to low-level. When these bits are

“1”, the interrupt request is generated when INT changes

from low-level to high-level. Bits 4 (PM,) and 5 (PMs) cor-

respond to INT, and INT, respectively.

Since the BRK instruction and the INT, interrupt have the

same vectored address, the contents of the B flag must be

checked to determine if the BRK instruction caused the in-

terrupt or if INT, generated the interrupt.

TIMER

The M50957-XXXSP has three timers; timer 1, timer 2, and
timer 3. Since P3 (in serial i/O mode) and timer 1 use
some of the same architecture, they cannot be used at the
same time (see serial I/0 section). The count source for
each timer can be selected by using bit 2, 3 and 4 of the
timer control register (address 00FF,¢), as shown in Figure
5.

A block diagram of timer 1 through 3 is shown in Figure 4.
All of the timers are down count timers and have 8-bit
latchs. When a timer counter reaches “0”, the contents of
the reload latch are loaded into the timer at the next clock
puise. The division ratio of the timers is 1/{n+1), where n
is the contents of the timer latch.

The timer interrupt request bit is set to “1” at the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses O0FE;s and
O0FF,¢, respectively (see Interrupt section). The starting/
stopping of timer 2 can be controlled by bit 5 of the timer
control register. If bit 5 (address 00FF,g) is “0", the timer
starts counting and when bit 5 is “1”, the timer stops. The
count source of timer 3 can be controlled by bit 4 of the
timer control register. If bit 4 (address O0FF,¢) is “17, the
timer counts from the P3,/CNTR pin.

When the STP instruction is executed, or after reset, the
timer 2 and timer 3 latch are set to FF,s and 0745, respec-
tivery.

After a STP instruction is executed, timer 2, timer 3, and the
clock (¢ divided by 4) are connected in series (regardiess
of the status of bit 2 through 4 of the timer control register).
This state is canceled if the timer 3 interrupt request bit is
set to “1”, or if the system is reset. Before the STP instruc-
tion is executed, bit 5 of the timer contral register {timer 2

7 0

CLITiT11]

Timer control register {Address G0FF,s)

Processor mode bits
00 : Single-chip mode
01 . Memory expanding mode
10 Microprocessor mode
11 Eva-chip mode

Timer 1 count source selection bit
0 : 1/4timing ¢
1 Timer 3 overflow signal

Timer 2 count source selection bit
0:1/4timing ¢
1. Clock for the ciock function (Xcn)

Timer 3 count source selection bit
0 : Timer 2 overflow signal
1 Clock input for timer (CNTR)

Timer 2 count stop bit
0 : Count start
1 . Count stop

Timer 3 interrupt enable bit
0 : Interrupt disable
1 ! Interrupt enable

Timer 3 interrupt request bit
0 . No interrupt request
1 7 Interrupt request

Fig.4 Structure of timer control register

count stop bit) and bit 4 of the interrupt control register
{timer 2 interrupt enable bit) must be set to “0". For more
details on the STP instruction, refer to the oscillation circuit
section.
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Reset
STP instruction

to timer 2 interrupt request bit

to timer 3 interrupt request bit

to timer 1 or serial 1/0 interrupt

request bit

. Timer control register (Address 00FF )
* Serial 1/0 mode register (Address 00F6,¢)
. PWM output mode register (Address 00F5,4)

»(?e

colored side at reset.

Data bus
\F_'LB_—
Xcin Oﬁ Timer 2 latch (8) —
T
FFis
¢ /4 Timer 2(8)
TM, (Address 00FC,g)
TMs
s
Internat clock
(Normally 1/4 Xi)
8
( 7
Timer 3 latch (8)
P3,/CNTR 8 { i 0746
O—@———- Timer 3(8)
™. (Address 00FD;s)
L s
7
\ 8
Timer 1 latch (8)
8
{ SM,
Timer 1(8) 0
™, (Address 00FA,;)
I
P6y latch
172
P6o/T
SM,, SM,
SM,
00, 01 : External clock
CLK Qozi/zumen,nn/w
P3¢
Sync. circuit p—
Serial input/output
counter (3)
SM, SM,
SOUT
m@_ﬁ
SM, ™
S MSB ial input/ SM
P3AO N Serial II.'Ipu output
register (8) LSB PM
SM, 1 ,
P37C Srovy 5 8

Selection gate : Connected to black

Fig.5 Block diagram of timer 1, timer 2, timer 3
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SERIAL O

A block diagram of the serial 170 is shown in Figure 6.

In the serial 170 mode the receive ready signal (Sgoy), Syn-
chronous input /output clock {CLK), and the serial I/0 pins
(Sout, Sin) are used as P3;, P3g, P35, and P3,, respectively.
The serial I/O mode register (address 00F6,s) is 8-bit reg-
ister. Bits 1 and 0 of this register is used to select a syn-
chronous clock source.

When these bits are (00) or (01}, an external clock from
P3; is selected. When these bits are (10], the overflow sig-
nal from timer 1, divided by two, becomes the synchronous
clock. Therefore, changing the timer period will change the
transfer speed. When the bits are (11], timing ¢ divided by
4, becomes the clock.

Bit 2 and 3 decide whether parts of P3 will be used as a
serial I/0 or not. When bit 2 is a “1”, P3¢ becomes an |/0O
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3g. If an exter-
nal synchronous clock is selected, the clock is input to P3g
and P3; will be a serial output and P34 will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3, to “0”. For more information on
the directional register, refer to the I/0 pin section.

To use the serial 170, bit 2 needs to be set to “1”, if it is “0”
P3¢ will function as a normal 1/0O. Interrupts will be gener-
ated from the serial I/O counter instead of timer 1. Bit 3
determines if P3; is used as an output pin for the receive
data ready signal (bit 3=1, Sroy) or used as normal 1/0 pin

Timing Divider

(O H =

Sov from 1/4 timing ¢
P37O ~J or timer 3 Timer 1(8)
Divider (Address 00FA,g)
| 1/2 ] to timer 1 or
]_.I serial 1/Q

interrupt request bit

circuit >—| Serial 170 counter (3) |l

N - 1 Sync.

CLK

P3GO
- Transmission clock
A

SOUY /1
Pas () A

s
P:LO L ‘{MSB Serial 1/0 register (8)  LSB

{Address 00F7,) II

[ Data bus

] Serial 1/0 mode register {Address 00F6,4)

lower 4 bits

Sync. clock selection bit
00:
01!
10 : 1/2 timer 1 frequency
11 1/4 timing ¢

External clock

Serial I/0 port selection bit (P35, P3,)
0 : Parallel port

1 ! Serial input/output port

Sapvy sighal output selection bit (P3,)
0 ! Paraliel port
1 Spoy signal output pin

Fig.6 Block diagram of serial 170
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(bit 3=0). The serial 170 function is discussed below. The
function of the serial I/0 differs depending on the clock
source; external clock or internal clock.

Internal clock—The Sgpy signal becomes “H” during trans-
mission or while dummy data is stored in the serial I/0 reg-
ister (address 00F7¢). After the falling edge of the write
signal, the Sppy signal becomes low signaling that the
M50957-XXXSP is ready to receive the external serial data.
The Sgpy signal goes “H” at the next falling edge of the
transfer clock. The serial I/Q counter is set to 7 when data
is stored in the serial 1/O register. At each faliing edge of
the transfer clock, serial data is output to P3;. During the
rising edge of this clock, data can be input from P3, and

the data in the serial 1/O register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial I/0 register will be empty
and the transfer clock will remain at a high level. At this
time the interrupt request bit will be set.

External clock — If an external clock is used, the interrupt
request will be sent after the transfer clock has counted 8
times but transfer clock wil! not stop.

Due to this reason, the external clock must be controlied
from the outside. The external clock should not exceed
250kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 7. An example of communication between
two M50957-XXXSPs is shown in Figure 8.

Sync. clock

Transmission clock

Serial I/0 register n t

gigigigigigigigigigigigiglin

4

|
I

Write signal

*

\

Serial 1/0 output

output Sgyr

|
2B ) 0 9 9 £

Serial 170 input

input Sy

) D A G D D G

X
X
Receivable signal

— ] -] - -

Interrupt request bit set

Fig.7 Serial 170 timing

Sending side Receiving side
Serial |/0 mode register Serial 1/0 mode register
P3, P3,
Bit3 Bit0 Bit3 Bit0
(o[ [ ]o] [ [ e ]
The direction register for pin P3; Sync clock The direction register for pin P34
should be set to input mode. P3e P3g should be set to input mode.
Serial data
P3, P3,
Fig.8 Example of serial I/0O connection
MITSUBISHI 2175
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PWM OUTPUT CIRCUIT

1)

Introduction

The M50957-XXXSP is equipped with one 14-bit PWM
and two 6-bit PWMs. The 14-bit resolution gives PWM1
the minimum resolution bit width of 500ns (for X,y =
4MHz) and a repeat period of 8192us. PWM2 and
PWMS3 have a 6-bit resolution with minimum resolution
bit width of 16us and repeat period of 1024.s.

Block diagram of the PWM is shown in Figures 9 and
10.

The PWM timing generator section applies individual
control signals to PWM 1~ 3, using clock input X,y di-
vided by 2 as a reference signal.

There are six different pulse types configured from bits
0~5 representing the significance of each bit. These
are output within one period in the circuit internal sec-
tion. Refer to Figure 11(a).

Six different pulses can be output from the PWM.
These can be selected by bits 0 through 5. Depending
on the content of the 6-bit PWM latch, pulses from 5~0
is selected. The PWM output is the difference of the
sum of each of these pulses. Several examples are
shown in Figure 11(b). Changes in the contents of the
PWM latch allows the selection of 64 lengths of high-
level area outputs varying from 0/64 to 63/64. An
length of entirely high-level output cannot be output,

(2) Data setting i.e. 64/64.
The output pins PWM1, PWM2 and PWMS3 are in com-  (5) 14-bit PWM operation
mon with pins P6,, P6, and P63 of port P6 (i.e. for PWM The timing diagram of the 14-bit PWM1 is shown in Fi-
output, PM1~PM3 of the PWM control register and the gure 11. The 14-bit PWM divides the data within the
P6 directional register D6, ~ D865 should be set). When PWM latch into the lower 6 bits and higher 8 bits,
PWM1 is used for output, first set the higher 8-bit of A high-level area within a length N times T is output ev-
the PWM1-H register (address 00F0,¢), then the lower ery short area of t=256 7 =128xs as determined by
6-bit of the PWM1-L register (address 00F1,¢). In case data N of the higher 8 bits. (Refer to PWM output @ in
of M50958-XXXSP and M50959-XXXSP, if the low-order the lower part of Figure 12 and 13.)
6 bits are the same, this is also possible by changing Thus, the time for the high-level area is equal to the
the H register only. When either PWM2 or PWM3 is time set by the lower 8 bits or that plus 7 . As a result,
used for output, set the 6-bit in the PWM2 (address the short-area period t{= 128us, approx. 7.8kHz) be-
00F2,6) or PWM3 (address 00F3,5) register, respec- comes an approximately repetitive period.
tively. Note that the higher 2 bits of these 8-bit regis- (6] Output after reset
ters are ignored when used 6-bit register. At reset the output of port P6 is in the high impedance
(3) Transferring data from registers to latches state and the contents of the PWM register and latch
The data written to the PWM registers is transferred to are undefined. Note-that after setting the PWM regis-
the PWM latches at the repetition of the PWM period. ter, its data is transferred to the latch.
The signals output to the PWM pins correspond to the
contents of these latches. When data at addresses Table 2. Relation between the 6 lower-order bits
00F0,¢ ~ 00F3,5 is read, data in these latches has of data and the space set by the ADD bit
already been re_ad allowing the dat? output_ by Fhe 6 lower-order bits of data |  Area longer by T than that of other tm(m =0 ~63)
PWM to be confirmed. When the 6-bit latch is being 00000% | Nothing
read, the upper 2 bits of the register becomes unde- 000001 |m=3
fined. However, bit 7 of the PWM1-L register indicated 000010 |m=1648
the completion of the data transfer from the PWM1 reg- 000100 | m=8,24,40,56
ister to the PWM?1 latch. If bit 7 is “0”, the transfer has 001000 m= 4,12, 20, 28, 36, 42, 50,58
been completed, if bit 7 is “1”, the transfer has not yet 010000 |m=2,6,10,14,18, 22 26 30, 34, 38, 42, 46, 50, 54, 58, 62
begun. 100000 [m=1,3,5,7, 57,59, 61,63
(4) Operation of the 6-bit PWMs
The timing diagram of the two 6-bit PWMs (PWM2 and
PWMB3)} is shown in Figure 10. One period (T) is com-
posed of 64 (2%) segments.
212 MITSUBISHI
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PWM1-L (Address 00F1,6)

"‘5” Setection gate: connected to black

Set ?egister colored side when
et to - - - reset.
PWMI-H ( when wri!e) [bit?]l b"sl [ l ID"GI
Pass gate
(Address 00F0;6) T ~
reasefu] [ [ | [ 1 T é%q
PWM1 latch (14-bit)
Pl [ [ DD T ] [ [ [T [
. I\ 7
j
Y
8 14 6 P6, D6,
J J
| j
P6,/PWM1
PWM1
14-bit PWM circuit
PM1
Xin 1
(4MHz)
P6
(8192us period) ) 2, O
172 Timing generator
for PWM
(2MHz) (10245 period)
PMO
6,/ PWM2
e 1o
PM2 j'
§-bit PWM circuit 6-bit PWM circuit PWM3
76 h PM3 j PB/PWM3
& ~ PWM2 latch PWM3 latch
(6 bit) (6-bit)
piss | | sy = [ e
PWM2 e j
(Address 00F2,4)
wgistor LBl 1 | ot sl [ [ | [ow]
P6; D6s
PWM3
6 register (A
, 9 (Address 00F3,q) PM : PWM output mode register (Address O0F5,5}
6
D6 : Port P6 directional register (Address D0EF )
L | P6 : Port P¢ register (Address 00EE)
data bus

Fig.9 Block diagram of the PWM circuit (M50957-XXXSP)
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Register

PWM1- L (Address 00F1;¢)

( set to 1

PWMI

{address 00F0,q)

PWM1 latch (14-bit)

when wme |b|t7" bith oitd I

-H

A’é—) Selection gata: connected to
black colored

Pass gate

=

R

IEEE

Xin

{4MHz
Timing generator
1/2 for PWM
2MHz)

14-bit PWM circuit

PWMI

6, /PWM!I

(8192us period)

side when reset.
06,

P6, D6,

J—UTU—ep

(1024us period)
PM, [
PG,/ PWM2
PWM?2
NS
PM, j’
6-bit PWM circuit 6-bit PWM circuit PWM3
3 A PM, j PG,/ PWM3
3 ~ PWM2 latch PWM3 latch
(6-bit) (6-bit)
= | lse] = ) 1
fos] | | o] fos] | | on]
PWM2 (address OOFZ,G)J P6;, D6
- PWM3 (address 00F3,¢)
6 register register
" PM | PWM output mode register (Address 00F5,¢)
D6 : Port P directional register (Address OOEF )
- P6  : Port P6 register (Addresss 00EEg)
data bus

Fig.10 Block diagram of the PWM circult (M50958-XXXSP and M50959-XXXSP)
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Bit5

Bit 3

012345678

g nnpinnininhippippninnt
e LI LALLM nnmnitirl

16 20 24 28 32 36 40 44 48 52 56 60 63

I

M

I I N 1 [ M

Bit2

Nl

Bit 1

Bit0

o

Contents
of the latch

When 004¢

(a) Pulses showing the weight of each bit

When 0145

(24)

(40)

wrenzs,s | [ LML LU LUU U™ U0 Uy Ui UL

When 3B,4 —U
U I I I~ L
When 3F,¢ .-U
(63) ' -
L
T = 64t j
.
When output is lower 6 bits of PWM1 t=128us T=2819%2xus
When output is PWM2 and PWM3 t= 16us T=1024us
When (X ) =4MHz
(b} Exampte of 6-bit PWM output
Fig.11 6-bit PWM timing diagram
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Data in address 00F0,s is #6A¢ Data in address 00F0,6 is B 7B,¢
PWMI1-H . 7
register e l o l N Brs
Data in address Q0F 1, is # 24,5 Bit7 reset after transter Data is address Q0F 1,4 is ¥ 355
PWMI-L T T
register 1316 | Adyg }/ 244¢ }‘~ I 355
Register to latch tranfer B5g Register to latch tranfer
PWMI 'a(‘]°4"bit) ! 1653, 1AAdyg | 1AAd; N 1EFS5,¢
L When bit 7 of PWM1-L is “0" register
T=281%us .
to latch transfer will not occur.
) (6412815} 7]\
— t=128us CTT—

6B 6A 6B 6B 6B 6A [6B 6A

6B 6A 6B 6B 6B 6A 6B 6A

(Example 1) 6A |68 6A 6B 6A 6B 6B 6B 6A 6B

PWM1 output
®

lower 6 bits
output
(When H: 6A,
L: 24,5) 6B, - 36 times 6A 8 @ —>
(107) (106) times

(Example2) ¢, |on 6a 6A 6B GA 6B 6A 6B 6A 6A GA 6B GA 6B 6A 6B 6A GA
PWM!1 output

lower 6 bits
output 3 | I 4 |
(When H:BAw, | oo oge o pa ———5m 106X 64+-24
L:1846)
e
T T = 10 T
i (2560, 5us) T

Minimum bit resolution width | r =0, Sus

4 T T 1 T ¥ T A T g T T T
PWM! output 6BJ6A 16968 67 — 10201 6A 169 {68 !67! — ;oz;oyl
@ ADD ADD
. T T T T ) T T T L ¥ T T T L T T Ll L T T T
8-bit counter 1021 01! 00 [FFIFE'FDIFC! — 197196195 — 102101100 |FF(FE!FDIFC! — 971961951 —
J L | i A A L A 4 l 1 I L i . | 1 A1 A n A A

/ )

High/low-level of the ADD | High-level area output, the length

section is determined by of which is specified PWM-H
the data contained in M /]
th it.

e lower 6 bit 256  (128us) standard

Fig.12 14-bit PWM timing diagram {(M50957-XXXSP)
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Data in address 00F0,5 is # 6A,s Data in address 00F0g is ¥ 7By
PWMI-H
register 5915 J’\ A [\ 7By¢
Data in address 00F0,q is % 244, Bit 7 reset after transter Data is address 00F 1,4 is ¥ 354
PWMI-L > r
register 13:6 n Adyg e ! 24, }u\ l 5.,
K ] Register to latch tranfer B5g ey Register to latch tranter
PWM1 latch ™% N ng
RV 1155316[ 1493, 1AAD [1AA4‘5‘ 1EE4y, x.{ 1EF5.,
_ A When bit 7 of PWM1-L is “0" register
T = 8192us | to latch transfer will not occur.
] 64X 128:s N
. —
— — t=128us —
/‘
{Example 1*  BA
PWMI output
i
lower 6 oits
output 5 513 : 5
{When H: 6A;.
L. 24, 6B,s 36 times BA 28 —_———
(167 (1063 tmes
{ le 2}
Example 6A |6A BA 6A 6B GA 6B 6A 6B 6A 6A 6A 6B 6A 6B BA 6B 6A BA
PWMI output I I
lower € bits
output
P 3 4
‘When T ?g‘s‘ 6B,y 24times 6As  52times > 106X 64124
16
e
T T e 8 T
— {256X0.5,5) —
Minimum bit resolution width | r =0, 5,5
— -~
7 T T T T T T T T Ly T T T
PWMI output 65}3!\:69:68"67: — :02:01 6A:69:68:57: — :OZ:OII
¢ ADD ADD '
8-bit counter Yoot o1t 'FELEDIFC | 1971 i 1021 011 FE FD(EC! 1971 96 1 9F |
021 011 00[FFIFEIFDIFC! ~ 197196195! — 102101100 |FF FEIFDIFCI — 1971961951 —
M )
High/low-level of the ADD High-level area output, the length
section is determined by of which is specified PWM-H
the data contained In N
the | 6 bit
owers b 256 7 (128us) standard

Fig.13 14-bit PWM timing

diagram (M50958-XXXSP and M50959-XXXSP)
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| PWM output mode register

i

| (Address 00F5.,)
PWM1, PWM2, PWM3 count source

i selection bit
| 0 ° Supply
| 1. Stop
oo
. ——— P6,/PWM1 output selection bit
0 | Parallel port

| 11 PWM1 output

P6,/PWM2 output selection bit
0 : Parallel port
1. PWM2 output

P63/PWM3 output selection bit
0 . Parallel port
1 . PWM3 output

L—— INT, input reverse bit

0:INT (leading-edge interrupt request)
1 7 INT (trailing-edge interrupt request)

INT; input reverse bit
0 ! INT {leading-edge interrupt request)
11 INT {trailing-edge interrupt request)

P6o/T output selection decision bit
(reading only)

0 : Parallel port

1 Qutput is 1/2 that of timer 1

0

| ]

| | | Serial 7O mode register

; (Address 00F6,,)

|
- 'LSync clock selection bit

00/01  External clock

10 1 1/2 timer 1

11 1/4 internal clock ¢
1/16 of the X,y osciliation frequency
during normal operation.
1/8 of the X¢y oscillation frequency
during low speed operation

L—Serial 1/Q port selection bit
(P35, P3g)
0 : Parallel port
1 ! Serial I/0 port
Snoy Signal output selection bit (P3;)
Q ! Parallel port
1. Saoy signal output pin

P6o/T output selection bit
0 © Paraliel port
1! Output is 1/2 timer 1

P6y/T output function selection bit
0 ! Sync. mode
(EAROM clock input signal generation
1 Asynchronous mode

Clock (Xiy—Xour) stop bit
0 . Oscillate
1 Stop

Internal system clock generation selection
0 X;n— Xour selection {normal mode)
1! Xcin— Xcour selection

(iow-speed mode)

Fig.14 Structure of PWM output mode register

Fig.15 Structure of serial 170 mode register
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PORT P6y/TIMER 1 OUTPUT

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when
bit 4 of the serial I/0 mode register {address 00F6,¢) is
changed. The output switching can be accomplished with
either of two procedures, synchronous mode or asynchro-
nous mode, depending on the setting of bit 5 (SMs) of the
serial I/0 mode register.

When SMs is set to “0” the synchronous mode is set. In
such a case, after SM4 has been changed, synchronization
is set to the 1/2 frequency of timer 1 and switching be-
tween the port latch and timer takes place. It is possible to
ascertain whether switching actually .occurred by reading
the value of bit 6 (PMg) of the PWM output mode register.

From the time that the contents of SM, was changed to the
point where switching completes, the contents of neither
SM, nor P6; may be changed. Use of the synchronous
mode prevents the generation of a pulse shorter than the
timer output during switching. Figure 16 (a) gives an exam-
ple of timing in the synchronous mode. Use of the synchro-
nous mode allows generation of an EAROM clock input sig-
nal through the use of a simple program.

When SM;s is set to “1”, the asynchronous mode is set. In
this case, the output switching occurs directly after SM, has
been changed. Figure 16 (b) gives an example of timing in
the asynchronous mode.

PR I I

P6y/T output

|
[
R/W | l |
?
_ |
SM, {
l

| | l

T I ' I
{
|
[
1/20f T1 J ! I
| (Note 1)
PMg I
Latch output \L Timer output

|
|
P&, latch ;
|
!
|
!

(a)  Synchronous mode (SMs=0)

SM,

S

|
)
/20t T1 |
|
|

PMe —_]

Timer output

P6g latch

PBo/T output | I

Note 1 :

signal when the value of the PB; latch is “1”.

(b} Asynchronous mode (SMs=1)
Output switching occurs at the trailing edge of timer 1 divided signal when

the value of the P6g latch is “0” and at the leading edge of timer 1 divided

Fig.16 P6,/T switching timing diagram
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COMPARATOR CIRCUIT

The comparator circuit is shown in Figure 17. The compara-

Table 3. Relationship between the contents of
comparator register and internal voltage

tor circuit consists of the switch tree, ladder resistor, com- Comparatqr register
R R . - - - . Internal analog voltage
parator, comparator control circuit, comparator register bit3 | bit2 | bit1 bit 0
(address 00FB,g), and analog signal input pin (P3a/ANy). Y 0 Y 1 1/18Vge—1/32Vcc
The analog input pin is common with the digital input/out- 0 0 ! 0 2/16Vgo—1/32Vge
put terminal to the data bus. 0 0 ! ! 3/16Vge—1/32Vee
The 5-bit comparator register can generate 1/16V¢c-step 0 ! ° 0 4/16Vee—1/32Voc
. . . Q 1 0 1 5/16Vec—1/32Vcc
internal analog voltage, based on the settings of bits 0 to 3. 0 » 1 0 6/16Vea—1/32Vee
Table 3 gives the relation between the descriptions of com- 0 1 ] ; 7/16Vee—1/32Vee
parator register bits 0 to 3 and the generated internal ana- 1 0 0 0 8/16Voo—1/32Voo
fog voltage. The comparator result of the analog input vol- 1 0 0 1 9/16Voc—1/32Vac
tage and the internal analog voltage is stored in the compa- 1 0 ] 0 10/16Vee—1/32Vee
rator register, bit 4. 1 0 1 1 11/16Vec—1/32Vcc
The data is compared by setting the directional register 1 1 0 0 12/16Veec—1/32V¢e
corresponding to port P3; to “0” (port P3; enters the input 1 1 o 1 13/16Vgc—1/32vee
mode), to allow port P3,/AN,, to be used as the analog in- ! 1 ! 0 14/16Voc—1/32Vec
put pin. The digital value corresponding to the internal ana- ! L ! ! 15/16Vec—1/32Veg
log voltage to be compared is then written in the compari-
sion register (address 00FB.s), bits 0 to 3. The voltage
comparision starts as soon as the writing is completed. 4-
cycle (required for comparating) later, the result of com-
parison is stored in the comparator register, bit 4. Bit 4 is
“1" when analog input voltage > internal analog voltage
and “0” when analog input voltage < internal analog vol-
tage.
When voltage is compared to by setting bits 0 to 3 of the
comparator register “0”, bit 4 of the comparator register be-
comes “1” regardless of the analog input voltage.
S Data bus 5
(Address Q0E8,s) (c)s::;rzftor ”
result

Comparator control

*l Ladder resistor

Comparator register

circuit (Address 00FB,g)
P3 -
Analog input  fano, gita| Bit3|Bit2 | Bit1] sito
voltage
N J
{4
o]
Switch t
Internal analog voltage L i

O

VSS VCC
Fig.17 Comparator Circuit
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RESET CIRCUIT

The M50957-XXXSP is reset according to the sequence
shown in Figure 18. 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 FFFE,¢ as the
low order address, when the RESET pin is held at “L” level
for no less than 2 us while the power voltage is between 4

and 5.5V and the crystal oscillator oscillation is stable and
then returned to “H” level. The internal initializations follow-
ing reset are shown in Figure 19.

An example of the reset circuit is shown in Figure 20. The
reset input voltage must be kept below 0.6V until the supp-
ly voltage surpasses 4.0V.

N 11| - -yt

SR I U o I S I O

RESET

tnternal RESET

[ 1

8~12 clock cycles

SYNC
Address X > X> 00,5 X00,5-1 @@@
Reset address retlr]ileved
from the vector table

Note 1 : The relationship of frequency between (Xw) and ¢ is normally
(X =4 ¢
2 T A question mark (?) means that the address is changable de -

pending on the previous state.

Fig.18 Timing diagram at reset

Address

(1) Pon G register (PO;(EO) 00,

(2} Port register {P1)(E2,)

(3) Port P2 directional (D 2} (E 5 ,¢)
register

@) PortP3 arectonal (D31 (E Ie)
register )

(5) Port4 register (PA)IEA 00,

(6) Ports register ipsitece | | 1] 1] [ofe]

(7} Port P6 directional (D6)(EF, - 006
register

(8] PWM output mode (P MJ {F5.6) .Eﬂﬂﬂﬂﬂ 0
register

(9) Senal 170 mode (SMi{F 64!
register ,

10 Comparator register  (CR)  (FByg) l.llanu 0

1) Timer2 (T2)(FC) FF.

a2 Timer3 ‘T 3)(FD,g 07

(13) nteerupt control
register
(W) Timer control register { TM) (F F g}

(1 M) (FE,; 006

i

(15 Pracessor status register Ps ) |
(only the interrupt disable
ftag 1s set.)
{6 Program Gounter (PCh SomrentF PR
(pc Soaens FREE

Since the contens of both registers other than those fisted above

(including timer 1 and the serial 170 registers! and the RAM are un-
defined at reset, it 1s necessary to set imtial vaiues

Fig.19 Internal state of the microcomputer at reset

Power on
MB0957-XXXSP b
Ya1ov
4.0v
RESET Ve ov
27 1
vl
;I; oV ——p—"|
M50957-XXXSP
RESET V.
;;ESET clc Supply voltage
—t detection circuit
-
| |
! |
! |
} {
|
| I
I
| i
| |
| I
|
I J

Fig.20 Example of reset circuit

o T
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/O PORTS

(1)

Port PO

Port PO is an 8-bit output port with high-breakdown vol-
tage P-channel open drain outputs featuring a break-
down voltage of Vgc-36V. Each pin contains a pull-
down resistor making Vp a negative power source. As
shown in the memory map in Figure 1, port PO is used
on the zero page at address 00EQ,¢ in memory.
Depending on the content of the processor mode bit
(bits 0 and 1 of address 00FF,q), four modes can be
selected, single-chip mode, memory expanding mode,
microprocessor mode, memory expanding mode, mic-
roprocessor mode, and eva-chip mode. Modes other
than the single-chip mode also have functions as
address output pins besides their original functions. For
details, refer to the section on the processor mode.
Port P1

Port P1 has the same functions as port PO in the single-
chip mode. In modes other than the singte-chip mode,
functions vary slightly. For details, see the section on
the processor mode.

Port P2

Port P2 is an 8-bit 170 port with N-channel open drain
outputs As shown in Figure 1, port P2 is used at
address 00E4,5 in the memory.

Port P2 has a data direction register (address 00E5;g
on zero page) and programming can be undertaken for
an individual bit to use the port for input or output. The
pins where the data direction register is programmed
to "“1” are for output and those where the register is
programmed to “0” are for input.

The data written into the pin programmed as an output
pin are written into the port latch and supplied directly
to the output pin. When reading the data from a pin
programmed as an output pin, it is not the output pin
contents which are read but the port latch contents.
Consequently, since an LED or other similar part is
driven directly, the value output previously can be read
correctly even if the low-level output voltage goes high.
The pin programmed as an input pin remains floating,
so external signals can be read. When data is written,
it is written into the port latch only and the pin remains
floating.

This port has the same functions as port PO except for
the single-chip mode. For details, see the section on
the processor mode.

Port P3

Apart from the fact that part of the pins are also used
as serial input/output pins, analog input pin and timer 3
clock input pin, its functions are the same as those of
port P2 in the single-chip mode. This port has the same
functions as port PO except in the single-chip mode.
For details, see the section on the processor mode.

{5)

Port P4

Port P4 has the same functions as port PO in the single-
chip mode. The functions of this port do not change re-
gardless of though the processor mode.

Port P5

Bits 0 and 1 of port P5 have the same functions as port
P4.

Bits 2 and 3 are exclusively used as inputs for mutual
use as interrupt inputs. These pins feature hysteresis
characteristics. These pins can also be used for fetch-
ing inputs even when being used as interrupt inputs. .
The interrupt request bits (bit 7 and 1 of address
00FE.; = INT, and INT,, respectively) are set to “1”
when the inputs of ports P5; (INT;) and P5, (INT.)
change. Depending on the contents of bits 4 and 5 of
the PWM output mode register PM (address 00F5;),
either a raising-edge interrupt or a falling-edge inter-
rupt may be selected as the interrupt source. {Refer to
Figure 14.)

Since interrupt input and normal input ports are used
together in the M50957-%XXSP, unwanted noise may
mistakenly cause interrupts. This problem can be over-
come by programming.

When changing either bit 4 (PM,) or bit 5 (PMs) of the
PWM output mode register, it is necessary for the in-
terrupt request enable bit (either bit 6 or 0 of address
00FE.s) to be set to the interrupt disable condition
(*0”). If this is not done, an interrupt will be generated
when either PM, or PMs is changed.

Bits 4 through 7 of port PS5 is a 4-bitinput port.

Port P6

Port P6 is a 6-bit 1/0 port having the same functions as
Port P2. The output is CMOS three-state. Bit 0 is used
in common with the timer output. Bits 1~3 are used in
common with PWMs 1~3.

The functions of this port do not change, being the
same as in the single-chip mode, even though the pro-
cessor mode may change.

A block diagram of ports PO through P6 are shown in
Figure 21.

Clock ¢ output pin

The clock frequency, divided by four, is output {Xi) .
However, in the low-speed mode 1/2 the clock fre-
quency for timer {Xen) is output.
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High voltage P—channel open drain

*
Data bus ———————1 Port latch b——DO—lj {with pull-down resistors)

Ports PO, P1, P4, P5,, PS5,

N-channel open drain output
Direction register

1

Ports P2, P3

Data bus —— Port latch :17

Note . P3 may also be used as a serial

input/output pin.

CMOS Tri-state output

Direction register JD_‘jj

Data bus ——1 Port latch
Port6
Note . Bits 0~3 may also be used as timer

outputs and PWM output pins.

[

A SAN

Schmit input

Data bus

INT Ports P5;, P53

PWM mode register

Input

CMOS output
Data bus —&——O
Ports P5,~P5; :

* High voltage P-channel transistor

Fig.21 Block diagram of port PO~P6 (single-chip mode) and output format of ¢
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PROCESSOR MODE

By changing the contents of the processor mode bit (bit 0
and 1 at address Q0FF,s), four different operation modes
can be selected; single-chip mode, memory expanding
mode, microprocessor mode and evaluation chip (eva-
chip) mode. In the memory expanding mode, microp-
rocessor mode and eva-chip mode, ports PO~ P3 can be
used as multiplexed 1/0O for address, data and control sig-
nals, as well as the normal functions of the 1/0 ports.

Figure 23 shows the functions of ports PO~P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 22.

By connecting CNVggs to Vgs, all four modes can be
selected through software by changing the processor mode
bits. Connecting CNVss to Ve automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVgs places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFF,
Y
Interanl ROM
(Note 1)
D800,
N o BSONONNNY
01404 Internal RAM
Timer, port | T
00E8 gf———{----- - e
ey I I NN ii
00C0, R A\ \
Internal RAM
0000,
Memory expanding Eva-chip mode Microprocessor
mode mode
Note 1 : D000,¢ for M50958-XXXSP and C00046 for M50959-XXXSP
The shaded area is external memory area

Fig.22 Example memory area in processor mode

(1) Single-chip mode (00)
The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgg. Ports PO~ P3 will work as original 1/0
ports.

(2) Memory expanding mode (01)
The microcomputer will be placed in the memory ex-
panding mode when CNVgs is connected to Vgg and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient.
The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original output functions.
Port Pt’s higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original output functions. Port P2 re-
tains its original output functions while ¢is at the “H”
state, and works as a data bus of D;~ D, (including in-
struction code) while at the “L” state. Pins P3, and P3,
output the SYNC and R/W control signals, respectively
while ¢is in the “H" state. When in the “L" state, P3;
and P3; retain their original 170 function.
The R/W output is used to read/write from/to the out-
side. When this pin is in the “H" state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.

(3) Microprocessor mode [10)
After connecting CNVgg to V¢ and initiating a reset,
the microcomputer will automaticalty default to this
mode.
In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the data bus (D;~D,) and loses
its normal output functions. Port P3, and P3, become
the SYNC and R/W pins, respectively and the normal 1/
O functions are lost.

(4) Eva-chip mode (11)
When 10V is supplied to CNVgg pin, the microcomputer
is forced into the eva-chip mode. The main purpose of
this mode is to evaluate ROM programs prior to mask-
ing them into the microcomputer’s internal ROM.
In this mode, the internal ROM is inhibited so the ex-
ternal memory is required.
This mode has almost the same function as the mem-
ory expanding mode except that it needs to attach all
program memories to the outside.
The relationship between the input level of CNVgg and
the processor mode is shown in Table 2.
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TM, 0 0 1 1
l TMg 0 1 1 0
Mode
Port Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode
@ I | l [ I | | @ i | |
Port PO Ports PO;~ PO Ports P0;~P0, Same as left Ports P0;~PQg
Address Address
Port P Ports P1;~P1, Ports P1,~P1, Same as left Ports P1;~P1o
Address Address
X__vopen (R oee)
¢ | I I [ I | I [ I I I
Port P2 Ports P2;~P2g Ports P2,~P2, Same as left Ports P2;~P2¢
Output Data e Data -
Yo >
Ports P3;~P3, Ports P3,~P3, Ports P3;~P3z
x 1/0 port * 1/0 port x 170 port
Port P3 Port P3, Same as left Port P3,
Port P3g Port P3p
x R/W X 170 port X: R/W

Fig.23 Processor mode and functions of ports PO~P3

Table 4. Relationship between CNVsg pin input level and processor mode

CNVsg Mode Explanation
Vss * Single-chip mode The single-chip mode is set by the reset.
» Memory expanding mode All modes can be selected by changing the processor mode bit with the program.
+ Eva-chip mode
« Microprocessor mode
Vece « Eva-chip mode The microprocessor mode is set by the reset.
* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.
10V « Eva-chip mode Eva-chip mode only.

2l
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CLOCK GENERATING CIRCUIT

The M50957-XXXSP has two internal clock generating cir-
cuits. Figure 26 shows a block diagram of the clock gener-
ating circuits. Normally, the frequency applied to the ciock
input pin X,y divided by four is used as the internal clock
(timing output) #. Bit 7 of serial 170 mode register can be
used to switch the internal clock ¢ to 1/2 the frequency ap-
plied to the clock input pin Xcn.

Figure 24 shows a circuit example using a ceramic (or
crystal) oscillator. Use the manufacturer's recommended
values for constants such as capacitance which will differ
depending on each oscillator. When using an external clock
signal, input from the X (Xoin) pin and leave the Xour
(Xcout) Pin open. A circuit example is shown in Figure 25.
The M50957-XXXSP has two fow power dissipation modes;
stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator (both
Xy clock and Xgn clock) stops with the internal clock ¢
held at “H” level. In this case timer 2 and timer 3 are forc-
ibly connected and ¢/4 is selected as timer 2 input. When
restarting oscillation, FF,g is automatically set in timer 2 and
074 in timer 3 in order to enable the oscillator to stabilize.
Before executing the STP instruction, the timer 2 count stop
bit must be set to supply (“0”), timer 2 interrupt enable bit
and timer 3 interrupt enable bit must be set to disable (“0"),
and timer 3 interrupt request bit must be set to no request
(“0").

Oscillation is restarted (release the stop mode) when INT,,
INT,, or serial 1/0 interrupt is received. The interrupt en-
able bit of the interrupt used to release the stop mode must
be set to “1”. When restarting oscillation with an interrupt,
the internal clock ¢ is held “H” until timer 3 overflows and
is not supplied to the CPU. When oscillation is restarted by
reset, “L” level must be kept to the RESET pin until the
oscillation stabilizes because no wait time is generated.
The microcomputer enters a wait mode when the WIT in-
struction is executed. The internal clock ¢ stops at “H”
level, but the oscillator does not stop. ¢ is re-supplied (wait
mode release) when the microcomputer is reset or when it
recieves an interrupt.

Instructions can be executed immediately because the
oscillator is not stopped. The interrupt enable bit of the in-
terrupt used to reset the wait mode must be set to “1” be-
fore executing the WIT instruction.

Low power dissipation operation is also achieved when the
Xy clock is stopped and the internal clock ¢ is generated
from the Xcin clock (200uA or less at f(Xew)=32kHz). Xin
clock oscillation is stopped when the bit 6 of serial 1/0
mode register (address 00F8,5) is set and restarted when
it is cleared. However, the wait time until the oscillation sta-
bilizes must be generated with a program when restarting.
An “L” level must be kept to the RESET pin unit the oscilla-
tion stabilizes when resetting while the X,y clock is stop-
ped. Figure 27 shows the transition of states for the system
clock.

M50957-XXXSP

X Xour Xew  Xeour
28 29 30 3
1M Rf Rd

0 i
}Cm ;_COUT ,;Ccm I;CCOUT

Fig.24 Example ceramic resonator circuit

M50957-XXXSP

Xin  Xout Xcin Xcout

128 0pen23  30Fopen 31
External oscillating External oscillating circuit
circuit or externai pulse

v VR U T 1T v I e I
Vsg Vss

Fig.25 Example clock input circuit

2—140

LR



MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CM0S MICROCOMPUTER

Xeiw Xcour

Xin Xour

TM;

1/2 *{)” 1/2 1/4 % Timer2 |— Timer3
Int | systern Timer 2 count scurce
nternal syste selection TM
Sysu:m CbI(:CK clock source 3
stop bl selection SM,
— SMe
|- sm, D}— Timing ¢

(internal clock)

r 4
—1Q S S Q Q S
Reset

R STP WIT —4R R STP instruction
instruction | instruction

Reset

[O—— Interrupt disable flag | j|— INT, interrupt enable

r— INT, interrupt request

|— Timer 3 interrupt enable

— Timer 3 interrupt request

|— Timer 2 interrupt enable

|- Timer 2 interrupt request

— Timer 1 interrupt enable

[~ Timer 1 interrupt request
(or serial 1/0)

[— INT; interrupt enable
— INT; interrupt request

Fig.26 Block diagram of clock generating circuit

z MITSUBISH 2141
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

WIT instruction

4MHz oscillation -

32kHz oscillation
#=stop(high-level)
Timer operation

—_—
Interrupt

External INT
Timer interrupt
Ls1/0 interrupt

WIT instruction

4MH2z oscillation -—

32kHz oscillation
¢ =stop
Timer operation{Note 3)

——
Interrupt
[Externai INT
Timer interrupt
LS 1/0 interrupt

WIT instruction
e

4MHz stop
32kHz oscillation
¢ =stop

Timer operation(Note 3}

—_—

Interrupt
External INT '!
Timer interrupt
S1/0 interrup(J

Note 1

The above example assumes that signals of 4dMHz and 32kHz are being applied to pins X,y Xy respectively. ¢ signifies the internal clock.

STP instruction
—— -

4MHz oscillation 4MHz stop
32kHz oscillation 32kHz stop
$=1MHz $=stop
Interrupt{Note 1)
TExternal INT

LS 170 interrupt
SM,=0

SM,=1

STP instruction

4MHz oscillation = 4MHz stop
32kHz cscillation 32kHz stop
¢ =16kHz ¢=stop

Interrupt(Note 2)
rExternal INT
\-S 1/G interrupt
SMg=0
it is necessary to program a
latency period sufficient to aliow
the 4MHz oscillation to stabilize.
SMe=1

STP instruction

4MHz stop — = 4MHz stop
32kHz oscillation 32kHz stop
¢=16kHz ¢ =stop
Interrupt( Note 2)
External INT

S1/0 interrupt

Appreximately 8ms of latency time are automatically generated upon release

from the STP instruction due to connections of timer 2 and 3.

2  Approximately 500ms of latency time exists after the release of the STP instruction.

3 ! When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz.

Fig.27 Transition of states for the system clock
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< An example of flow for system>

Operation on the clock

Normal operation

RAM backup function Return from clock function function only

Return from RAM backup function

Power on reset
Clock X and clock for clock function X oscillation

Internal system clock start (X —1/4— ¢)

Program start fron'; RESET vector

Normal program «-QOperating at 4 MHz

§

Internal clock ¢ source switching X( 4 MHz)—Xc(32. 768kHz)(SMy :

Clock X halt(X¢ inl operation)
Internal clock halt{WIT instruction)
Timer 3 (clock count)overflow

Internal clock ope{ation start (WIT instruction released)

TClock processing routine <~ Operating at 32. 768kHz

Internal clock halt (WIT instruction)

Interrupts from IN'{1, timer 2, timer 1 or serial 1/0, INT,
Internal clock opelration start (WIT instruction released)
Program start from interrupt vector

Clock X oscillatior1 start

rOscillation rise time routine (software) <+<—QOperating at 32. 768kHz

Internal clock ¢ source switching (Xc—~X)(SM7 1 1 —0)
§

Normal program —Operating at 4AMHz

STP instruction preparation (pushing registers)

i
Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IMs=0, TMg=0, TM;=0)

Timer 2 count stop bit resetting (TMs =0)

o0—1)

Clock )§ and clock for clock function X¢ halt (STP instruction)

RAM backup statuﬂ

Interrupts from INT,, serial /0, INT,
Clock X and clock for clock function Xc oscillation start

Timer 3 overfiow (X/16 or Xc/8—timer 2 —timer 3)
(Automatically connected by the hardware)

Internal system clock start {(X—~1/4—¢)

Program start |‘roms interrupt vector

Normal program

§

MITSUBISHI
ELECTRIC
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PROGRAM 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 ¢/4 or it divided by timer are used as clock for

timer, the contents of the timer can be read at volun-
tary timing.
However, when an other clock (except above clocks)
is input to timer, read the contents of timer either while
the input of the timer is not changing or after timer
count is stopped.

(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, or CLD instructions
are executed.

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

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

(1) mask ROM confirmation form

(2) mark specification form

(3) ROM data ~«---rrrememerenreime EPROM 3 sets
Write the following option on the mask confirmation form

(1) ¢ output stop option
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions i Ratings [ Unit
Vce Supply voltage i —0.3~7 \Y
Ve Pull-down input voltage Vee—40~Vee+0. 3 v |
v, Input voltage, P2g~P2;, P3g~P3;, P3,~P3;, —0.3-13 v

CNVss, P52/INT2, P53/INTy
\"2 input voltage, RESET, X, Xcin With respect to Vss. ! —0.3~7 v
vV, Input voltage, Py~ P65, P33 Qutput transistors cut-off. —0.3~Vge+0.3 \"
V, Input voltage, P5,~P5; —0.3~13 \
Vo Output voltage, P2g~P2;, P3;~P3;, P3,~P3; —0.3~13 A\
Vo Output voltage, P6o~P6s, Xour, Xcour, . P33 —0.3~Vee+0.3 \
Vo Cutput voltage, POy~P0;, P1o~P1;, P4g~P4;, PS5, P5, Vee—40~Vee10.3 \'
P4 Power dissipation Ta=25C 1000(Note 1 ) mw
Topr Operating temperature —10~70 C
Tstg Storage temperature i —40~125 I C

Note 1 . 600mW for QFP types.

RECOMMENDED OPERATlNG COND|T|ONS (Veg=5V£10%, Ta=—10~70C, unless otherwise noted)

Limits | _
Symbol Parameter - Unit
Min. Typ. Max.
Voo Supply voliage iixm):lt 2MHz 4 5 5.5 v
f(Xin)=less thanl MHz 3 5 5.5 \
Ve Pull-down supply voltage Vee—38 Ve \
Vss Supply voltage 0 \%
“H” input voltage P2y~ P2;, P3g~P3;, CNVss(Note 2 ),
Vin ’ ’ PSZ/INT:. P:/INT:, P60~SFS’65 0. 75Veo Veo v
ViH “H" input voltage RESET, X, Xcin 0.8Vee Vee \"
Vi “H” input voltage P5,~P5; 0.4Vee Vee Vv ]
“L” input voltage P2p~P2;, P3;~P3;, CNVss,
Vi ’ ? P5:/INT:, P5:/INT,7, P60~S;65 0 0. 28Veo v
Vio “L" input voltage RESET 0 0.12V¢c v
Vi “L" input voltage Xin, Xcin 0 0. 16Vec v
Vi “L” input voltage P5;~P5; 0 0.12V¢c v
lontsum> “H" sum ocutput current POg~P07, P1p~P1;, P4g~P4z, 120 mA
P5g, P54
lon(sumy | “H” sum output current P6o~P6s —5 mA i
loLcsum) | “L” sum output current P2o~P27, P3y~P3; 50 mA
foL(sum) | “L" sum output current P8y~P6s 5 mA
lon(peak)| “H" peak output current POy~ PO, —40 mA
lon(peak)| “H" peak output current POs~P07, P1o~P1; —30 mA
lonpeak)| “H” peak output current Pdg~P4;, P5o, PS5, —30 mA
lon(peak)| "H" peak output current PGy~ P6g —3 mA
lou(peak) | "L peak output current P2y~P2;, P3p~P3; 15 mA
loL(peak) “L” peak output current P6o~ P65 3 mA
lon(avg) | "H" average output current PGy~P04 —18 mA
loncavg) | “H” average output current POs~PQ;, P15~P1; —18 mA
loncavg) | "H” average output current Pay~P4;, P5q, PS4 —12 mA
loncavgy | “H" average output current P8y~ P65 —1.5 mA
locavg) | “L” average output current P2o~P2;, P3y~P3;, P6o~PBs 10 mA
loL(avg) | "L" average output current Po~P6s 1.5 mA
Timer 3 counter clock input (X ) =4. 2MHz 500
ftrayenTr) oscillation frequency (Note 3) | f(X)=1MHz 100 kHz
f(Xin) Clock input oscillating frequency (Note3, 4, 6) 4.2 MHz
H{ Xeimn) Clock oscillating frequency for clock function 500 kHz

Note 2 ! High-level input voitage of up to +12V may be applied to permissible for ports P25~ P27, P3g~
P3,, P3,~P3;, CNVgs, P5; and P5;.

Oscillation frequency is at 50% duty cycle.

© When used in the low-speed mode, the timer clock input frequency shouid be f(Xiy) < f(Xiu)/3.
. The average output current lo cavg) and lonavg) are in period of 100ms.

. When external clock input is used, the timer clock input frequency should be f(Xcin) = 50kHz.
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MITSUBISHI MICROCOMPUTERS

MS50957- XXXSP/FP M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Voc =5V+10%, Ves = 0V, T4 = 25C, f(Xs) = 4MHz, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
Von “H” output voltage P6q~ P65 lon=—0.5mA Vee—0.4 \'
Von “H" output voltage ¢ lon=—2.5mA Vee—2 v
Von “H" output voltage POy~ P0;, P1;~P1; lon==—18mA Voc—2 v
Vou “H" output voltage P4,~P4;, PS5y, P5, loy=—12mA Vee—2 A"
VoL “L” output voltage P2y~P2;, P3,~P3; lo,=10mA 2 v
VoL “L” output voitage P8;—P6s lo.=0. 5mA 0.4 v
Voo “L” output voltage ¢ loc=2.5mA 2 v
V1+—Vy— | Hysteresis P52/INT, P53/INT, 0.3 1 \
Vry—Vr_ | Hysteresis RESET 0.5 0.7 \
Vr4+—Vr— | Hysteresis P3; When used as CNTR input 0.3 1 A"
Vi4+—Vr_ | Hysteresis P3g When used as CLK input 0.3 1 : v
he "L" input current P2,~P2;, P3;~P3; Vi=0v —5 . A
he “L” input current P8y~ P6; Vi=0v -5 HA
he “L” input current P5,~P5; V=0V : —5 A
I “L” input current RESET, X, Xcin V=0V : —5 uA
e “L" input current PSo/INT,, P53/INT, V=0V —5 LA
P2y~P2;, P3s~P3; V=5V 5
I “H"” input current A
P2y~P27, P3y~P3y, P3,~P3; | Vi=12V 12
ik “H" input current P&y~ P6s V|=5V 5 uA
] Vi=5V 5
[ “H" input current P5,~P5; p—" ! 1 A
i “H* input current RESET, Xin, Xoin V=5V ; 5 A
. =5V 5
I “H" input current P5,/INT,, P55/INT, V=12V 12 ©A
lLoap POg~Plz, Plg~P17, Pdg~P4y, P5y, P5;| Vp=Vc—36V, VoL=Vce 150 500 900 “A
“L" output current 1
lLeak POg~P07, Plg~P17, Pdg~P47, PSq, P51| Vp=V(c—38Y, Vo =Vcc—38V 30 ©A
VRAM RAM retention voltage at clock stop 2 5.5 v
Output pins open (output OFF) 1
Vp=Veg, Vp=Vss Input and 170 pins all at Vgg 4 8
Xin=4MHz (system operation) | mA
ditto (at comparator mode) 5 10
ditto {at wait mode) 1
lee Supply current Xin— Xour stop
Xcin=232kHz (at system operation) all other 60 200
conditions same as above.
ditto (at wait mode) 40 HA
Oscillation ait stopped. | Ta=25T 1
(at STOP mode) Ta=70C 10
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

COMPARATOR CHARACTERISTICS (Voo=5V£10%, Vco=0V, Ta=25T. f{Xy)=4MHz)

[ Limits
Parameter Unit
i Min. Typ. Max.
Resolution — — (1/16)Vee \Y
internal analog voltage error — —  |£(1/16lVee Y
Analog input voitage 0 — Vece v
N
C, Y
X cc
X~ RESET J
C,&R, Ve
== Xour X;=4MHz ceramic oscillator
[o Input pin X,=32. 768kHz quartz crystal
- X, Xem Cy=C,=30pF oscillator
C.&=R; x R=1MQ
] cout C,=10pF
CNV
Rs 55 C.,=30pF
Vss R,=10MQ
-+ R;=100k
Qutput pins are open
Fig.28 Supply current test circuit
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP

M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Single-chip mode (Voo = 5V£10%, Vs =0V, Tq = 25C, f(Xy) = 4MHz, unless otherwise noted)

Symbol Parameter Limits 1 Unit
Min. Typ. Max.
tsu (P2D-2) Port P2 input setup time 270 ns
tsu (P3D-¢) Port P3 input setup time 270 ns
tsu (PsD-¢) Paort P5,/INT3, P63/INT; input setup time 270 ns
tsu (PsD-¢) Port P5,~P5; input setup time 270 ns
tsu (P6D-4) Port P6 input setup time 270 ns
th (&.p2D) Port P2 input hold time 20 ns
th (spP3>) Port P3 input hold time 20 ns
th (s-Psp) Port P5,/INT,, P53/INTy input hold time 20 ns
th (s~Psp) Port P5,~P5; input hold time 50 ns
th (e-PeDy Port P input hold time 20 ns
toigy External clock input cycle time {Xy input) 235 ns
twixpy) External clock input puise width (X)y input) 75 ns
toixen) External clock input cycle time (Xgin) 2.0 ms
() External clock input pulse width { Xc) 1.0 ms
te External clock rise time 25 ns
1 External clock fall time 25 ns
Memory expanding mode and eva-chip mode
(Vec =5VE10%, Vss =0V, T3 =25C, f(Xy) = 4MHz, unless otherwise noted)
Symbol Parameter - Limits Unit
Min. Typ. Max
tsu (P2D-¢) Port P2 input setup time 270 ns
th (4.P2D) Port P2 input hold time 20 ns
Microprocessor mode (Voo =5VE10%, Vss =0V, Ta= 25T, K(X,) = 4MHz, unless octherwise noted)
Symbol Parameter Limits Unit
Min Typ. Max.
tsu (P2o-¢) Port P2 input setup time 270 ns
th (s-P2D) Port P2 input hold time 20 ns
2—148 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

SWITCHING CHARACTERISTICS
Single-chip mode (Vec =5VEi10%, Vgg =0V, Ta = 25C, f(X) = 4MHz, unless otherwise noted)

‘ Limits
Symbol Parameter | Test conditions T T Unit
Min. 1' Typ. Max.

tq( ¢-Poa) Port PO data output delay time Fio 30 230 ns
. iq. >

td(ep1Q) Port P1 data output delay time s 230 ns
td(¢-p20) Port P2 data output delay time Fig. 29 230 ns

ig. —
td(s-paa) Port P3 data output delay time 230 ns
td(e-pac) Port P4 data output delay time Fiq. 30 230 ns
— — — ig. —

td( s-psa) Port P5 data output delay time ; i 230 ns
td(s-peq) | Port P6 data output delay time Fig. 29 ‘ [ ‘ 230 ns

Memory expanding mode and eva-chip mode
(Voo = 5VE10%, Ves = 0V, Ta =257, 1(Xiy) = 4MHz, unless otherwise noted)

Symbol ‘ Parameter Test conditions Limits Unit
Min. Typ. Max,
td( s poa) Port PO address output delay time ' 250 ns
td( s-POAF) Port PO address output delay time e 250 ns
td(s-Poa) Port PO data output delay time 200 ns
td(spoar) Port PO data output delay time 200 ¢ ns
tdisp1a) Port P1 address output delay time 250 ns
tdcsprae) Port Pt address output delay time 250 ns
tdcopic) Port P1 data output delay time 200 ns
td(s-PraF) Port P1 data output delay time 200 ns
tq(p-P2Q) Port P2 data output delay time Fig.29 300 ns
td(p-r20F) Port P2 data output delay time Fig.30 300 ns
td(a-RAW) R/W signal output delay time 250 ns
td(sr/wWE) R/W signal output delay time 250 ns
taig-paga) Port P3, data output delay time 200 ns
td(apagar) | Port P3, data output delay time 200 ns
td(s-sYNG) SYNC signal output delay time 250 ns
tdcssvnce | SYNC signal output delay time 250 ns
td(e-pay@) Port P3; data output delay time 200 ns
td(spra,qF) | Port P3 data output delay time 200 ns

Microprocessor mode (Ve =5vE£10%, Vss =0V, Tg = 25T, f(Xn) = 4MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
td(¢ -PoA) Port PO address output delay time 250 ns
td( s -P1a) Port P1 address output delay time 250 ns
td(s -p2q) Port P2 data output delay time Fig.29 300 ns
td(¢ -p2aF) Port P2 data output delay time Fig.30 300 ns
td(s -mm) R/W signal output delay time 250 ns
to(s -sync) | SYNC signal output delay time 250 ns
“ Vee
21k
P2 PO
P3[— — ]
P& - P4
= 100pF P5 =100pF £ k0
/e Vi
eb—- — — < sp—r——0
=100pF J‘mOpF
- +
Fig.29 Port P2, P3, P6 test circuit Fig.30 Port PO, P1, P4, P5 test circuit
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MITSUBISHI MICROCOMPUTERS

MS50957-XXXSP/FP,M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS
# 4 N\ ¢—

In single-chip mode

td (4—~roo)
Port PO output
e—>{ td (4—p10)
Port P1 output
td (¢—p2a)
Port P2 output
tsu (pep—¢)
Port P2 input 4
th (4—pon)
o (o~pag)

Port P3 output

tsy (pap—¢

Port P3 input /*

th (s—pam)
td (¢—paq)
Port P4 output
td (s—pso
Port P5 output
tsu (psp—0)
Port P5 input
|¥--1 th (- pso)
td (s—prsa)
Port P6 output
| tsu ‘rep—a:
Port P6 input
[ th ¢-pep
o) O toixon: |
twix OF twixcn)
(X, /
IN) A y
or
f{(Xom)

> 150 AMTSLBBH
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and

Eva-chip mode - | —
¢ / AN /
td (s—ron) td (¢—roar) td (¢—PoaF)
Port PO output
tsu (PoD—#)
td (¢—roQ)
Port PO input
—t——=-th (s—roD)
td (e—pP1a) td (s—p1aF) td (4—p1aF)
Port P1 output
tsu (P1D—¢)
td (¢—P1Q)
Port P1 input
9-4# th (¢—p10)
td (p—pP2a2 td (p—p2oF)
Port P2 output X
! tsu (P2D—#)
—
Port P2 input 4
’tl th (¢—p20)
td (4—r/w) -—’i td (e—r/wE) td (¢~ pPagar:
Port P3, output (R/W)
‘——*{ td (s~ P30
(—’l td (4—sYNC) td (¢—syneE) td (¢—pa,QF)
Port P3, output (SYNC)
td (6—p3,Q)
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MITSUBISHI MICROCOMPUTERS

M50957-XXXSP/FP,M50958-XXXSP/FP
M50959-XXXSP/FP

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

In microprocessor mode

—

¢ A N\, /

td (¢—poa)
Port PO output X

td (s—p1a)
Port P1 output
td (s—p2) td (¢—paar)
Port P2 output X Floating

tsu (P20~ ¢}
Port P2 input
th (#—p20)

td (/W)
Port P3, output (R/W) X

td (s—s¥ynC)

Port P3, output {SYNC)




