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MITSUBISHI MICROCOMPUTERS H
M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP
SINGLE-CHIP 8-BIT CMO0S MICROCOMPUTER
DESCRIPTION
IGURATION (TOP VIEW
The M50754-XXXSP, M50954-XXXSP and the M50955- PIN CONFIGU ON ( )
XXXSP are single-chip microcomputers designed with v - / ] — P4, |
- . . cC

CMOS silicon gate technology. All are housed in a 64-pin ) P6, —[Z] = — P4, ‘
shrink plastic molded DIP (flat package type also ; pe, + 2] 52 — P4,
available). These single-chip microcomputers are useful for 10 port P P65/ PWM3 — [] 5]~ P4:  gnvoiage
business equipment and other consumer applications. P6,/PWM2 « [E] [60] — P4, | output port P4
In addition to their simple instruction sets, the ROM, RAM, P6,/PWM1 = [5] 53] — P4
and I/0O addresses are placed on the same memory map to P6o/T + 1] 58] — P4,
enable easy programming. |P2 "% %_‘ ’:g?
The differences among the M50754-XXXSP, M50954- :Bﬁlﬁ = i
XXXSP and the M50955-XXXSP are noted below. The fol- ° '

i i ly to the M50754-XXXSP. Speci vopon 2| P2 A~ oz
Iownl*lg explanations apply 9 e - P. peci- P2, +» [ 5] — PO, lH‘gh_vonage
fication variations for other chips are noted accordingly. p2, + 3] 5] — PO, | output port PO

; p,— T Z Z[F]-Po,

Type name l ROM size ‘ RAM size P2y ++ E (CJ; CCJ'; (Oﬂ El ~ PO, ‘
M50754-XXXSP ‘ 6144bytes 16Cbytes | P3, /Sy~ [ o o 3 5 PO, |
M50954-XXXSP Blg2bytes = 192bytes P3,/CLK ++ [T i Q ; e TR e, |
M50955-XXXSP 10240bytes = 192bytes oSy d X X ; - b1,

- 0w W P
The di he M50754-XXXSP and the vopones) PlsSw-[ G G GE~Pr.

e ditferences between the - an P3, ~ [ ]~ Pl | Highvattage
M50754-XXXFP are the package outline and power dis- P3, « 2] 7] — P1, | output port P1
sipation ability (absolute maximum ratings). And the differ- P3, = [2Z] 3] — p1s
ences between the M50754-XXXFP and the M50754- P3, + [ [22] —~ P1,

XXXGP are only the package outline. ot port b5 | P5Y/INTr — 2 (] - P1,
| PS,/INT, — 2] [ — P5, | Hign-votage.
CNV 3 %) — P5 output port P.
DISTINCTIVE FEATURES aatALE & = It
@ Number of basic instructions: - oo 69 Clock i ‘ P yoltage input
ock input X — 28 E — P5, '
® Memory size ROM - 6144 bytes (M50754-XXXSP) Clock autput Xy — [ 5 - s,
8192 bytes {M50954-XXXSP) C'Ioc:'inpu‘t‘ for Xem _.@ .E —ps, Input port P5
clocK function
10240 bytes (M50955-XXXSP) Clock outout for Xeour +— 1 - EHers
RAM - -ovoeeees 160 bytes (M50754-XXXSP) clock function Vee T B — ¢ Timing output
192 bytes {M50954-XXXSP, ]
® |nstruction execution time
1.94s { minimum instructions, at 4. 2MHz frequency)
® Single power supply 4.0~5.5V(at f(X,y)=4.2MHz)
3.0~5.5V(below (X, )=1.0MHz) ® Two clock generator circuits (One is for main clock, the
® Power dissipation other is for clock function)
normal operation mode, at 4MHz frequency---- 156mwW ® Generating function for clock input of EAROM
low speed operation mode,
at 32kHz frequency for clock function -+ -+vo 0.3mwW APPLICATION

® Subroutine nesting - 80 levels {max.) (M50754-XXXSP) Office automation equipment
96 levels (max.) (M50854-XXXSP, VCR, Tuner, Audio-visual equipment
M50955-XXXSP)

o 'n‘errupl .......................................... 7 types’ 5 Vecie!’s
® B-bit timer oo 3 (2 when used as serial 1/0)
® Programmable 1/0 (Ports P2, P3, PE) rwrereereereees 22
o Input ports (POI"t p52~p57) ....................................... 6
® High-voltage output ports
(POFtS PO, P1, P4, P5,, p51) ................................. 26
® Serial I/0 (8-bit) ..................................................... 1
. PWM function .............................................. 14_bitx1
6-bitX 2
9—208 MITSUBISHI
] ELECTRIC

www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/ FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MS50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

MS0955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50754-XXXSP

Parameter - Functions
Number of basic |nstruct|ons e 69
Instruction execution time Sus \mmlmum instructions, at 4. 2MHz 1requency)
- - [kt . R
Clock frequency - ‘ 4. 2MHz
M ) ROM 6\44bytes (8192bytes for M50954- XXXSP 10240 bytes for M50955 XXXSP\
emory size i P — —_— - e e —
Y RAM 60bytes {192bytes for M50954- XXXSP and M50955 XXXSP\

PO, P1, P4 Output 8 bitX3 (High voltage P- channel open drain; VCC—BSV\

P2 P3 ) 170 B-bitX2 (P3 can partlally be used as both serla\ f{e] and normal I/O J

P5¢, P5, QOutput " 2.-BitX1 {High voltage P-channel  open drain; Voc—38V)
Input/Output ports - - A -

P5;, P53 2-bitX1 {Can be used as an input for enher INT; or INT,.) |

P5,~P5; ~4-bitX]

. P& ) B-bitX (Can be used as T, output or PWM output.’
Serial 1/0 8 anl
Timers B bit tlmerXB X2, when used as serial mpm/output)
Subroutine nesting BOleveIs \max) (96 levels for M50954- XXXSP and M50955- XXXSP\
\ Two external interrupts, three internal timer interrupts
Interrupt
‘ (or t|rner>(2 serial mput/outputXU
Clock generating circuit * Two bu«lt in cwcults (externally connected ceramic or quartz crystal oscNIator/
SuDDIY Vot at f{Xiy)=4.2MHz 4.0~5.5v
u voltage - t — E— —-
pelY ¢ below f(Xw}=1.0MHz 3.0~5.5V
, at high-speed operation 15mwW (clock frequency Xin=4kHz)

Power dissipation at low-speed operation

0. 3mwW {clock frequency XCN 32kHz)

at stop mode

5#A (when clock is stopped)

Input/Qutput voltage

1 12V (Input/Cutput P2, P3, P5;~P5;)
;vcc 38V (PO, P1, P4, P5p, PSy)
| —0 3v~V40. 3V (input/Output P6)

Input/Qutput characteristics —

" Output current

L 10mA {P2, P3 : Nch open drain)
—leA ’PO‘ P1 : high voltage P-ch open drain)
—12mA (P4, P5,. P5, : high voltage P-ch open drain)

0.5~—0.5mA (P6 : CMOS tri-states)

Memory expansion

Possibe

Operating temperature range

~10 70C

Device structure

. CMOS SIchon gate process

| M50754-XXXSP/M50854-XXXSP/M50955-XXXSP

64-pin shrink plastic molded DIP

Package M50754- XXXFP/M50954-XXXFP/MS0955-XXXFP

72-pin plastic moldeerFP

M50754-XXXGP/MS50954-XXXGP/M50855- XXXGP

64-pin plastic molded QFP
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

, SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

PIN DESCRIPTION

’ Input/ .
Pin Name Functions
Qutput
Veao i Supply voltage Power supply inputs 4. 0~5.5V at #{X,)=4.2MHz and 3.0~ 5.5V below 1{Xy)=1.0MHz to Vce, and OV to
Vss Vss.
CNVgs CNVgs | This is usuaily connected to Vgs.
Ve Pull-down voltage . Input This is the input voltage pin for the pull-down transistor of ports PO, P1, P4, P5y and P5,.
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for more than 2uxs (under normal Vec
. conditions).
If more time is needed for the crystal oscillator 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 clock 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 cutput pin.
\
Xeain 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 of a quartz crystal oscillator is connected between the Xcw and Xcour pins. If an exter-
nat clock is used, the clock source should be connecled to the Xgw pin and the Xcour pin should be left
Xeoour Clock output for Output | open. This clock can be used as the program controlled system clock.

clock function

P0g~ PO, | Output port PO Qutput Port PO is an 8-bit output port. Output structure is high-voltage P-channel open drain. A pull-down transistor
is built in between the Vp pin and this port.
At reset, this port is sei to a "L” level.

P1y~~P1; | Cutput port P1 Output Port P1 is an 8-bit output port and has basically the same functions as port PO.

P2o~P2; | I/0 port P2 : 1710 Port P2 is an 8-bit I/O port with directional registers allowing each |/0O 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.

P3y~P3; | /0 port P3 i 170 Port P3 is an 8-bit 170 port and has basically the same functions as port P2, When serial 1/0 is used, P3;,
P3g, P35, and P3, work as Srov, CLK, Sour, and Sy pins, respectively.

P4y~P4,; | Output port P4 Output  Port P4 is an 8-bit output port and has basically the same functions as port PO.

P5,, P54 Qutput port P5 Qutput Bit 0 and 1 of port P5 are 2-bit output port and has basically the same functions as port PO. |
P52/INT, Input port PS5 Input Bit 2 and 3 of port P5 are 2-bit input port and are in common with interrupt inputs.

P53/INT,

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

PBy—~—P6; | 10 port P6 1/Q Port P6 is a 6-bit /0O 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, P64, P6;, P63 can be programmed to
function as timer output pin (T} , PWM output pins (PWM,, PWM,, and PWM3), respectively.
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50754-XXXSP is shown in Figure
1. Addresses E800,¢ to FFFFg are assigned to the built-in
ROM area which consists of 6144 bytes.

Addresses E000,¢ to FFFFy4 are the ROM address area
assigned to the M50954-XXXSP.

Addresses D800, to FFFF,s are the ROM address area
assigned to the M50955-XXXSP.

Addresses FF0Q0,s to FFFF. 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. Addreeses FFF4,4 to

FFFF,s are vector addresses used for the reset and inter-
rupts (see interrupt chapter}. Addresses 00005 to 00FF¢
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/0 port, timer,
etc., are assigned to this area.

Addresses 0000,¢ to 009F,¢ are assigned to the built-in
RAM and consist of 160 bytes of static RAM. Addresses
0000,¢ to 00BF,5 are the RAM address area assigned to the
M50954-XXXSP and M50955-XXXSP. In addition to data
storage, this RAM is used for the stack during subroutine
calls and interrupts.

Decimal
r 00005 0 ,
» 00EQ¢| Port PO
RAM ‘ RAM . / 00E1,¢
I
(192 bytes) (160 bytes) , 00E2,¢] Port P1
for for , s
ME50954-XXXSP | M50754-XXXSP ggg?s PR 00E3,g |
Zero page { M50955-XXXSP ' p 00E4,¢| Port P2
Ve n
Not used K 00ES, | Port P2 Jrectional
/ 00EB
G0EQ,¢ 6
00E7+4
00E8:s] Port P3
Q0FF g £ 00Es.. | Port p3 drectional
\ i register
1 00EA,¢| Port P4
A
DB80O,6 Not used ) 00EBs
. 00EC ;| Port P5
E0OQ '
* . GOED
E800 | O0EE, ;| Port P&
* ) 00EF | Port P6 Fuis St
. 00F0,¢| PWM1-H register
| 00F1,5| PWM1-L register
|- R R ]
| 00F2,6| PWMZ register
! 00F3,¢| PWM3 register
FF00.¢ .
' 00F4,¢
\\ 00F5,5 | PWM output mode register
ROM RCM ROM ' 00F6,5| Serial {/O mode register
Y .
(10240 bytes)| (8192 bytes) | (6144 bytes) \ 00F7,5| Serial 170 register
for for for . \ 00F8,;
M50955 M50954 | M50754-XxXsp | Special \
-XXXSP -XXXSP pagefor | pre, ) 00F9.
subroutine Address L :
call Address H INT, \\ 00FA,¢| Timer
Address L S1/0 or Timer! ', 00FBis
Agdress L, Timerz 1 00FCig| Timer2
233$§§§ h Timer 3 , O0OFDss| Timer 3
hadress 1 INT, \\ 00FE;¢ | Interrupt control register
Address L i - -
FFEF,q Address H RESET \\ Q0FF,¢ | Timer control register
65535
Fig.! Memory map
MITSUBISHI -
ELECTRIC

www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

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/Qut-
put, etc., are executed mainly through accumulator.

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.

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 itse!f becomes the address
for the second OPERAND.

7 0 7 0
A Accumulator Njv | T|B]|D]I |Z]|C Processor status register
7 0
Carry flag
X Index register X
Zero flag
7 0
Interrupt disabie flag
Y Index register Y
Decimal mode flag
7 0
Break flag
s Stack pointer
Index X mode tlag
15 7 0
Overflow flag
PCy, PC, Program counter
Negative flag
Fig.2 Register structure
o734 MITSUBISHI
ELECTRIC
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

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 automatically initialized after reset and should be initial-
ized by the program using the TXS instruction.

The contents of the stack pointer is XX, 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 tower 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 (RT!) is executed, the program counter
are processor status register data is pulled 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 PCL. 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 disabie 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 accumulator
are executed when the T flag is “0” (i.e., 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.
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a signed binary number. When the resuit 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.

Table 1 Interrupt vector address and priority
Interrupt ] Priority Vector address
RESET R FFFFio FFFE |
INT, 2 FFFD,s, FFFCiq
Timer3 3 FFFBis, FFFAyq
| Timer2 | 4 FFF9e. FFF8:6
| Timer 1 or serial 10 5 FFF7.6, FFF61s |
INT(BRK) | 6 { FFF5,s, FFF4;e

INTERRUPT

The M50754-XXXSP can be interrupted from seven souces;
INT,, timer 3, timer 2, timer 1/serial I/O, or INT,/BRK in-
struction.

The value of bit 2 of the serial 170 mode register (address
00F6,¢) determine whether the interrupt is from timer 1 or
from serial 1/0. When bit 2 is “0” the interrupt is from timer
1, and when bit 2 is “1” the interrupt is from serial /0. 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 cerain 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-
ly. The reset interrupt is the highest priority interrupt and
can never be inhibited. Except for the reset interrupt, all in-
terrupt are inhibited when the interrupt disable flag | is set
to “1”. All of the other interrupts can further be controlled
individually via the interrupt control register shown in Figure
3. An interrupt is accepted when the interrupt enable bit
and the interrupt request bit are both “1” and the interrupt
disable flag is “0”.

0

l l ] I Interrupt control register {Address 00FE,g)

Bit 7: INT, pin interrupt request bit

Bit6: INT, pin interrupt enable bit

Bit5: Timer 2 interrupt request bit

Bit 4: Timer 2 interrupt enable bit

Bit3: Timer 1 interrupt or serial input/output interrupt

request bit

J Bit 2: Timer 1 interrupt or serial input/output interrupt

enable bit

Bit1: INT, pin interrupt request bit

Bit 0: INT, pin interrupt enable bit
0

l I I Timer control register (Address 00FFs)

Interrupt request Interrupt disable flag |

Reset

Bit 7: Timer 3 interrupt request bit

Bit &: Timer 3 interrupt enable bit

Bit5: Timer 2 count stop bit

Bit 4: Timer 3 count source selection bit
Bit 3: Timer 2 count source selection bit
Bit 2: Timer 1 count source selection bit
Bit1:

} Processor mode bits
Bit 0:

Fig.3 Interrupt control

MITSUBISHI

2—236

ELECTRIC www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-

XXXSP/FP/GP

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 170 counter) go to “0”

These request bits can be reset by the program but can not

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,¢). 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-levei. 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 M50754-XXXSP has three timers; timer 1, timer 2, and
timer 3. Since P3 (in serial /O mode) and timer 1 use
some of the same architecture, they cannot be used at the
same time (see serial 1/O 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
pulse. 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 00FE,s and
00FF.¢, 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.

When the STP instruction is executed, or after reset, the
timer 2 and timer 3 latch are set to FF,5 and 07,4, respec-
tivery.

After a STP instruction is executed, timer 2, timer 3, and the
clock (¢ divided by 4) are connected in series (regardless
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
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.

L

Timer control register (Address 00FF,g}

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 overfiow signal

Timer 2 count source selection bit
0:1/4timing ¢
1 Clock for the clock function (Xcin)

Timer 3 count source seiection bit
0 ' Timer 2 overflow signal
1 : Clock for the clock function (X¢ )

Tirmer 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 | Interrupt request

Fig.4 Structure of timer control register
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Data bus
8

S

' Reset
O Timer 2 latch (8) —
STP instruction

Xein 8¢

FFie

¢ 1/4 Timer 2(8) to timer 2 interrupt request bit
™, (Address 00FCq)
™
: 8
Internal clock 4

{Normally 1/4 X,)

I

Timer 3 latch (8)

8{ f 0746

40._ Timer 3(8) to timer 3 interrupt request bit

™., {Address 00FD,¢)

8
SO

Timer 1 latch (8)

z

SM,
to ti 1 i
Timer 1(8) O imer .or serial 170 interrupt
request bit

™, (Address 00FA;s)

N
PG, latch

1/2
Pﬁo/TO =

SM,, SMy
SM,
00, 01 | External clock
CLK Qo:wzumem,n:uw
P3s
Sync. circuit f—
Serial input/output
counter (3)
SM, SM;
SOUT
P35
SM, TM I Timer control register (Address 00FF,g)
o3 O Sin MSB | Serial input/output SM . Serial IO mode register (Address 00F6,,)
4 .
register (8) Lse PM 1 PWM output mode register { Address 00FS, )
- SM, L;) Selection gate . Connected to black
Sroy 8 ‘ colored side at reset.
P3; g

Fig.5 Block diagram of timer 1, timer 2, timer 3
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SERIAL 1/O0

A block diagram of the serial 1/0 is shown in Figure 6.

In the serial I/0 mode the receive raady signal (Sgpy), Syn-
chronous input /output clock (CLK), and the serial 1/0 pins
(Sout. Sin) are used as P3;, P3g, P35, and P3,, respectively.
The serial I/0 mode register (address 00F6,;) 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 1/0 or not. When bit 2 is a “1", P3g becomes an 1/0O
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P34 If an exter-
nal synchronous clock is selected, the clock is input to P3g
and P35 will be a serial output and P3, 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 17, if it is “0”
P3; will function as a normal 1/0. Interrupts will be gener-
ated from the serial 1/0 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, Spoy) or used as normal /O pin

Timing Divider

o

S from 1/4 timi
P37© Srov A.] N or :?mér ;lmlng ¢ Timer 1(8)
W Divider (Address 00FAg)
|_1 to timer 1 or
T
1 /2 | serial 1/0
interrupt request bit
~ ] Sme Serial I/O counter (3)4}—1~

P3EC\I CLK

L )

Transmission clock

P, : Sour 41

MSB

Pa.(} S

Serial /0 register (8) LsB

(Address 00F7,5) ﬁ

y | L

Data bus

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

lower 4 bits

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

: ] External clock

Serial 1/0 port selection bit (P35, P3g)
0 Parallel port

1 : Serial input/output port

Srov Signal output selection bit (P3;)
0 ! Parallel port
1 . Sppv signal cutput pin

Fig.6 Block diagram of serial I/0
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(bit 3=0). The serial I/0 function is discussed below. The
function of the serial 1/0 differs depending on the clock
source; external clock or internal clock.

Internal clock—The Sppy signal becomes “H* during trans-
mission or while dummy data is stored in the serial I/0 reg-
ister (address 00F7.5). After the falling edge of the write
signal, the Spoy signal becomes low signaling that the
M50754-XXXSP is ready to receive the external serial data.
The Sppy Signal goes “H” at the next falling edge of the
transfer clock. The serial /O counter is set to 7 when data
is stored in the serial I/O register. At each falling edge of
the transfer clock, serial data is output to P3s. During the
rising edge of this clock, data can be input from P3, and

the data in the serial 1/0 register will be shifted 1 bit.

Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial /0 register will be empty
and the transfer clock will remain at a high level. At this
time the interrpt 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 will not stop.

Due to this reason, the external clock must be controlled
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 M50754-XXXSPs is shown in Figure 8.

Sync. clock

Transmission clock

Serial I/0 register

M

Write signal
Serial I/O output Syt

output Seur

Serial 170 input S,

X Do& D, XD;‘X o, X o. X 0, Xo. X0

input S|y

) D G G N0 (I O O

Receivable signal

S , L

—_—mw -]~

Interrupt request bit set

Fig.7 Serial I/0 timing

Sending side Receiving side
Serial I/0 mode register P3, Sany P3, Serial I/0 mode register
Bit 3 Bit0 Bit3 Bit0
[ 0 1 l 1 0 1 I 0 X
The direction register for pin P3; P3¢ Sync clock P3s The direction register for pin P3,
should be set to input mode. should be set to input mode.
P3, Serial data P3,

Fig.8 Example of serial I/0 connection
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PWM OUTPUT CIRCUIT

()

Introduction

The M50754-XXXSP is equipped with cne 14-bit and
two 6-bit PWMs. The 14-bit resolution gives PWM1 the
minimum resolution bit width of 500ns (far X;y=4MHz}
and a repeat period of 8192us. PWM2 and PWM3 have
a 6-bit resolution with minimum resolution bit width of

is selected. The PWM output is the difference of the
sum of each of these pulses. Several examples are
shown in Figure 10{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.
i.e. 64/64.

16us and repeat period of 1024us. (5) 14-bit PWM operation

Block diagram of the PWM is shown in Figure 9. The timing diagram of the 14-bit PWM1 is shown in Fi-
The PWM timing generator section applies individual gure 11. The 14-bit PWM divides the data within the
control signals to PWM 1~3, using clock input X di- PWM latch into the lower 6 bits and higher 8 bits.
vided by 2 as a reference signal. A high-level area within a length N times 7 is output ev-

(2) Data setting ery short area of t=256 = =128us as determined by
The output pins PWM1, PWM2 and PWM3 are in com- data N of the higher 8 bits. (Refer to PWM output 2. in
mon with pins P6,, P6, and P6; of port P6 (i.e. for PWM the lower part of Figure 11.)
output, PM1~PM3 of the PWM control register and the Thus, the time for the high-level area is egual to the
P6 directional register D6, ~ D63 should be set). When time set by the lower 8 bits or that plus 7 . As a result,
PWM1 is used for output, first set the higher 8-bit of the short-area period t (= 128us, approx. 7.8kHz) be-
the PWM1-H register (address 00F0;), then the lower comes an approximately repetitive pericd.
6-bit of the PWMi-L register (address Q0F1,5). When  (6) Output after reset
either PWM2 or PWMS3 is used for output, set the B-bit At reset the output of port P6 is in the high impedance
in the PWM?2 (address O0F2,5) or PWM3 {address state and the contents of the PWM register and latch
00F3,s) register, respectively. Note that the higher 2 are undefined. Note that after setting the PWM regis-
bits of these 8-bit registers are ignored when used 6- ter, its data is transferred to the tatch.
bit register.

(3) Transferring data from registers to latches Table 2 Relation between the 6 lower-order bits
The data written to the PWM registers is transferred to of data and the space set by the ADD bit
the PWM latches at the repetition of the PWM period, 6 lower-order bits of d dala‘ __Area longer by © than that of other tm! {m=0~63;
The signals output to the PWM pins correspond to the 00000 5 thmg
contents of these latches. When data at addresses 000001 m=3
00F0,; ~ 00F3,5 is read, data in these latches has B o00010 | m=ls 48 -
already been read allowing the data output by the [ 000100 m=8,20405
PWM to be confirmed. When the 6-bit latch is being 001000 ° —4'12 20,28, 36, 42,50, 58
read, the upper 2 bits of the register becomes unde- [ 010 0730 __ m=2, §,1, 14 18,22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
fined. However, bit 7 of the PWM1-L register indicated 100000 m=1,3,57 57,59, 61,63
the completion of the data transfer from the PWM1 reg-
ister to the PWM1 latch. If bit 7 is “0”, the transfer has
been completed, if bit 7 is “1”, the transfer has not yet
begun.

(4) Operation of the 6-bit PWMs
The timing diagram of the two 6-bit PWMs (PWM2 and
PWM3) is shown in Figure 10. One period (T) is com-
posed of 64 (2°) segments.

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 10(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
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PWM1-L (Address 00F1,¢)
Regist Selection gate: connected tc black
ot 1 ]egls er colored side when
et to ) - - reset.
PWMI1-H ( when write Lb‘ﬁ] I [ ]b'tol Pass gate
(Address 00F0,,) —
Registe Wl [ l [ [ Imﬂ (ﬁé)_]
PWM1 latch (14-bit)
wel [ [ 1T L1 [ [ ] 1]
Ny TaN
J
& 6 P, D6,
) J ) m
7 j
3)7 PG,/PWMI
PWM1
14-bit PWM circuit
PM1
Xin Ll
(4MH2z)
5 P6; Db
(8192us period) J Z <
1/2 Timing generator
for PWM
(2MHz) (1024us period)
PMO
P6,/PWM2
N
PWM? 3—0
PMZ j
6-bit PWM circuit 6-bit PWM circuit PWM3
3 h PM3 j P63/ PWM3
5 ~ PWM2 latch PWM3 latch
(6 bit) (6-bit)
IMSBI ’ ] ILSB] IMSB[ I l LsB
PWM2 ' j,
S
(Address 00F2,5) -
O = I T I I
P63 083
PWM3
4] register (Ad
9 (Address 00F3;s) PM © PWM output mode register (Address 00F5,5)
8
D6 : Port P6 directional register { Address 00EF,,)
L P6 : Port PG register (Address 0OEE,s)
Data bus

Fig.9 Bloock diagram of the PWM circuit
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012345678 12 16 20 24 28 32 36 40 44 48 52 56 50 63
Bit5

YU I I o T T
s T Tl N M 1 I 1 n_
n n i M

M n

BitO j

iat Pulses showing the weight of each bit

Contents
of the latch

When 004 -
When 01,5 | M

(40)

When 3B, | I L
(59) T U u U LI ;
When 3F,¢ | I L

(63}
it
T =64
- = S
When output is lower 6 bits of PWM1 t=128us T =8192us
When output is PWM2 and PWM3 t= 16us T =1024us

When f:x,=4MHz

b Example of 6-bit PWM output

Fig.10 8-bit PWM timing diagram

MITSUBISHI 2—243
ELECTRIC
. www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Data in address 00F0,¢ is T6A,¢

Data in address Q0F0,s is T 7B.¢

(Example 1)  BA

PWM1 output
4N

6B 6A 6B CA GB 6B 6B 6A 6B

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

PWM]1-H
register S ] ol ] " [Be
Data in address 00F 1,4 is 24,4 Bit 7 reset after transfer Data in addressQ0F1 4 is = 35,
PWMI-L T T
register 1316 I Adss :/ 21 l.\ | B
Register to latch tranfer 85‘6} Register to {atch tranfer
PWM1 latch
14 bit) | 1653, 1AAd, 6 ] 1AAd g N 1EF5,
B A_ When bit6 of PWMI-L is “0” register
T=18132us | to latch transfer will not occur.
(64X 128x5) 'J\
/_ / t= ]28,’13 ) T N \
/’ ; \

68 6A 6B 6B 6B 6A

the lower 6 bit

256 T (128us) standard

lower € bits
output | 5 5.3,5
(When H:BA,,
L: 24,g) 6Bg 36 times 6A 8
(107) {106} times
(Example2)  ox loa 6A 6o 6B A 68 6A 68 6A GA BA 6B GA 63 GA 6B BA 6A BA 6B 6A 6B 6A 6B
PWM1 output | |
tower 6 bits - i
output
—_ 3 LTS
(When *E ?g"e)- BBys - - 24 times BA - 52 times > 106X64+24
. 16
pg—
T s T —
" (256X0. 5.5 B
Minimum bit resolution width| ¢ =0.5.s
—a
e T : 1 Ll T ; ; T T T T T
PWMI outpu 6BJ6AI69 681671 — 102001 BA 169 681671 — :oz:ml
Z ADD ADD
) T T Y T T T v T T T T T T T i T T T T T T
8-bit counter 1021 01" Q0 |FFIFEIFDIFC! — 1871961951 — 102101100 |FFI(FEIFDIFC' — 197 196195+
| L i . n i L il 1 i i " | " 1 | i I i " L A
L )
High/low-fevel of the ADD |  High-level area output, the length
section is determined by of which is specified PWM-H
the data contained in

Fig.11 14-bit PWM timing

diagram

2—244

MITSUBISHI
ELECTRIC

www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

6 0 7 0
m PWM output mode register [ L ) ] serial 1/0 mode register
‘ 111 (Address 00F5,) R {Address O0F6,5.
‘ ‘ PWM1, PWM2, PWM3 count source I ‘ Sync clock sefection bit
. selection bit | 00/01 : External clock
bLe 0 * Supply 10 1/2 timer 1
[ ‘ ! i ‘ 1 Stop : 11 : 1/4 internal clock ¢
‘ ‘ : . 1/16 of the X,y oscillation frequency
‘ . —— P6,/PWM, output selection bit L during normal operation
‘ ‘ 0 : Parallel port : 1/8 of the Xciw OScillation frequency
‘ | 1. PWM, output o during low speed operation
‘ [ L
L., L PB/PWM, output selection bit I © L serial IVO port selection bit
‘ | 0 Parallel port (P3,, P3s)
-‘ 3 11 PWM; output : 0 : Parallel port
) i 1 Serial I/0 port
‘ P6,/PWM, output selection bit oo L—’Sinrm signal output selection bit (P3;)

: ‘ 0 : Parallel port P 0 : Parallel port
‘ 1 PWM, output

L——ﬁlNﬂ input reverse bit S l— P6o/T1 output selection bit

0 : INT (leading-edge interrupt request) P 0 : Parallel port
1} INT (trailing-edge interrupt request) 1 . Qutput is 1/2 timer 1

L .————————— |NT, input reverse bit L—4PGO/T| output function selection bit

0 : INT {leading-edge interrupt request)
\ 1 I INT {trailing-edge interrupt request)

1 © Sppv signal output pin

| 0 : Sync. mode
‘ (EAROM clock input signal generation
‘ 1 ! Asynchronous mode
|

P60/T, output setection decision bit

(reading only’ Pl & Clock (X.N'Xou'r> stop bit
0 . Parallel port 0 . Oscillate
1 Output is 1/2 that of timer ] 1 Stop
Internal system clock generation selection
0 7 Xn— Xour selection { normal mode)
1 Xein— Xcour selection
(low-speed mode)
Fig.12 Structure of PWM output mode register Fig.13 Structure of serial I/0 mode register
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Spipinipipisisininininininlinl
|

SM4

|
]
|
|
I
|
|
|
I
]
t

. ] l_l
o [ 1

(Note 1)
PMs ]
Latch output ! i
P + Timer output
|
P6, latch |
|
!
P6,/T output i
(a] Synchronous mode (SMs=0)
‘SM,
{
{
| [
1/20f T |
}
|
PMg __,
[ "
Latch oulpuLL_ Timer output
]
|
P6, latch I I
|
)

P6o/T output | I

(bl Asynchronous mode (SMs=1)

Note 1 I OQutput switching occurs at the trailing edge of timer 1 divided signal when

the value of the P8 latch is “0” and at the leading edge of timer 1 divided

signal when the value of the PG, latch is 1.

Fig.14 P6y/T switching timing diagram
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PORT P6,/TIMER 1 OUTPUT

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

When SM; is set to "0” the synchronous mode is set In
such a case, after SM, 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 P8, may be changed. Use of the synchronous
mode prevents the generation of a pulse shorter than the
timer output during swiching. Figure 14 (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; is set to “1”, the asynchronous mode is set. in
this case, the output switching occurs directly after SM, has
been changed. Figure 14 (b) gives an example of timing in
the asynchronous mode.

we JUMU-- __Jyinrmar

é ——————

Uy uyuuyuuyys

RESET

Internal RESET

1

SYNC
Address DC X 00,5 Yoo, 5-1%00,5-2XF FFEXEFFEXD, 40
AN Reset address retrieved
f 4
Data :x 2 )\f ‘m PCmADLXADHr rom the vector table

Note 1 : The relationship of frequency between fy; and ¢ is normally
foxp =4 ¢ )
8~12 clock cycles 2 . A question mark (?) means that the address is changeable
depending on the previous state.
Fig.15 Timing diagram at reset
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RESET CIRCUIT

The M50754-XXXSP is reset according to the sequence
shown in Figure 15. It starts the program from the address
formed by using the content of address FFFF,4 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 voitage is in the recom-

mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternai initializations following reset are shown in Figure 16.
An example of the reset circuit is shown in Figure 17.
When the power on reset is used, the RESET pin must be
held “L” untit the oscillation of X,y-Xoyt beCOmes stable.

Address
(1} Port0register (PO)(E Q) 0046 I
(2} Port1 register (P1)(E 215)"-§ 004 !
{3} Port P2 directional (D2)(E 5.4 N O 0"15
register ST T
{4 Port P3 directional (D 3) (E 946} - 0046
register
(5} Port4 register (P4) (EA16>“'\ 0046
(6) Port5register (P5)(EC) | | 1 } 1001
{7} Port P6 directional (D6)(EF, ) 0 0i4s
register . e
8! PWM output mode  (PM) {F5.) = 10.0.0/0.0,0/0
register
{9} Seral IO mode (SM) (F 6, 0044
register T
1o Timer?2 (TZ)(FCm)‘“i FF. '
M Timer3 (T3)(FDw}t] 076
11z interrupt cotrol (I M) (FE.g 00,
register S ——
3 Timer controf register (TM) (F F g} -+ 004
T
{14} Processor status register (PS ) : | N
{only the interrupt disable e
flag is set.)
1% Program counter (PCy) e e e
(PCL  Somemseer
Since the contens of both registers other than those listed above
(including timer 1 and the serial 1/0 registers) and the RAM are un-
defined at reset, it is necessary to set initial values

Fig.16 Internal state of the microcomputer at reset

Power on
M50754-XXXSP b

4.0V

~ |RESET Vee
27 1

5

ov

M5Q754-XXXSP

Supply voltage

27 1 . L
) wlidetes _/detectlonclrcun
[
|
|
i

|
I
|
|
|
|
|
|
|
f
|

Fig.17 Example of reset circuit
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/0 PORTS

()

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 Vcc-36V. Each pin contains a pull-
down resistor making Ve 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 Q0FF,g), 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 single-chip mode,
functions vary slightly. For details, see the section on
the processor mode.

Port P2

Port P2 is an 8-bit I/0 port with N-channel open drain
outputs As shown in Figure 1, port P2 is used at
address 00E4,¢ in the memory.

Port P2 has a data direction register (address 00E5,s
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
fioating.

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, 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 proces-
sor 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.

{6) 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 alsc 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 PS5, (INT,)
change, Depending on the contents of bits 4 and 5 of
the PWM output mode register PM (address 00F5,6),
either a raising-edge interrupt or a falling-edge inter-
rupt may be selected as the interrupt source. (Refer to
Figure 12.)
Singe interrupt input and normal input ports are used
together in the M50754-XXXSP, 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
0CFEs) to be set to the interrupt disable condition
(“0”). If this is not done, an interrupt will be generated
when either PM, or PM; is changed.
Bits 4 through 7 of port P5 is a 4-bit input port.

(7} Port P6
Port P8 is a 6-bit I/0O 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 18.

(8) Clock ¢ output pin
The clock frequency, divided by four, is output (X)) .
However, in the low-speed mode 1/2 the clock fre-
quency for timer (X¢y) is output.

MITSUBISHI _
Azu-:crmc 2249

www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

High voitage P-channel open drain

*
Data bus Port latch %j {with pull-down resistors)

~ D Ports PO, P1, P4, P5,, P5,

Ve

N-channel open drain output

Direction register l—

10

Data bus — Port latch 1 Ports P2, P3
Note . P3 may also be used as a serial
input/cutput pin.

~

2]

CMOS Tri-state output

————lioirection register } )

Data bus ————-I Port latch ]
Port 6
I Note @ Bits 0~3 may also be used as timer
AR

outputs and PWM output pins.
Data bus

Schmitt input

INT Ports P5;, P53

PWM mode register]

Input

CMOS output
Data bus —H
Ports P5,~P5; I :

* High voltage P-channel transistor

Fig.18 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 00FF,g), four different operation modes
can be selected; single-chip mode, memory expanding
mode, microprocessor mode and evaluation chip (eva-

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 Vsg. Ports PO~ P3 will work as original 1/0
ports.

chip) mode. In the memory expanding mode, microp- (2) Memory expanding mode (01
rocessor mode and eva-chip mode, ports PO~ P3 can be The microcomputer will be placed in the memory ex-
used as multiplexed 1/0 for address, data and control sig- panding mode when CNVss is connected to Vgs and
nals, as well as the normal functions of the 1/0 ports. the processor mode bits are set to “01”. This mode is
Figure 20 shows the functions of ports PO~P3, used to add external memory when the internal mem-
The memory map for the single-chip mode is illustrated in ory is not sufficient.
Figure 1 and for other modes, in Figure 19. The lower 8 bits of address data for port PO is output
By connecting CNVgg to Vg, all four modes can be when ¢ goes to “H” state. When ¢ goes to the “L”
selected through software by changing the processor mode state, PO retains its original 170 functions.
bits. Connecting CNVgg 1o Vgc automatically forces the Port P1's higher 8 bits of address data are output when
microcomputer into microprocessor mode. Supplying 10V to ¢ goes to “H" state and as it changes back to the “L”
CNVgs places the microcomputer in the eva-chip mode. state it retains its original {/O functions. Port P2 retains
The four different modes are explained as follows: its original output functions while ¢ is at the "H" state,
and works as a data bus of D;~ Dy (including instruc-
T tion code) while at the “L” state. Pins P3, and P3; out-
& ' \ put 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 1/0 function.

Interanl ROM The R/W output is used to read/write from/to the out-
(Note 1) side. When this pin is in the “H" state, the CPU reads
E 8004 \ data, and when in the “L" state, the CPU writes data.

N \A/ NS The SYNC is a synchronous signal which goes to the
\ ‘ “H" state when it fetches the OP CODE.
(ET sy -y v i A R {3} Microprocessor mode [(10]

W' I R R T After connecting CNVgs to Vg and initiating a reset,
00E8 g} —— g - - - - - - . . A .
00ED 4 Port PO~P2 1 OO \\ the microcomputer will automatically default to this
(Note 2) \ & mode.
00AD S SSNNNN] ANNNNNNAN In this mode, port PO and P1 are used as the system

Internal RAM address bus and the original function of the 1/O pins is
0000, lost. Port P2 becomes the data bus (D;~Dg) and loses

Memory expanding Eva-chip mode Microprocessor its normal 170 functions. Port P3; and P3, become the
Note 1 TCI’EdO%OWfor M50554-XXXSP mode SYNC and R/W pins, respectively and the normal 1/0
D800 for M50955-XXXSP functions are lost.
Note 2 © 00CD,q for M50954-XXXSP and M50955-XXXSP (4) Ewva-chip mode [11]
The shaded area is external memory area When 10V is supplied to CNVgg pin, the microcomputer
Fig.19 External memory area in processor mode 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 requierd.
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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T
. ‘ ™, 0 0 1 1
: !
1 ™, 0 1 1 0
Mode
Port Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode
ot IR S I I R J
Port PO Ports PO, ~P0, Ports P0;~P0, Same as left Ports PO;~P0,
Address Address
:X 1/0 port A7~AoX 1/0 port K x Az~ Ay X:
J L e L Jd 1T
Port Pl Ports P1;~P1, Ports P1,~P1, Same as left Ports P1,~P1,
Address Address
1/
X 1/0 port Aws"‘AﬁK O port x: X Ais~Ag )(
J LT 1« 1. _T LT
Port P2 Ports P2,~P2, Ports P2,~P2, Same as left Ports P2,~P2q
Output Data Data
OpPoR MANAI | VXD TZ7RSY KN Z22cETZ0HE | AR Y—ceea -
N XXX DS
Ports P3;~P3, Ports P3,~P3, Ports P3,~P3,
X 170 port :X 1/0 port :X 170 port
Port P3 Port P3, Same as left Port P3,
X SYNC K/O port K X SYNC x
Port P3, Port P3,
X R/W X 170 port x :X R/W x

Fig.20 Processor mode and functions of ports PO~P3

Table 3 Relationship between CNVgg pin input level and processor mode

CNV3s 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 modgir_ .

Vee T Eva-chip mode The microprocessor mede is set by the reset.

* Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program.
10v I = Eva-chip mode Eva-chip mode only.
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CLOCK GENERATING CIRCUIT

The M50754-XXXSP has two internal clock generating cir-
cuit. Figure 23 shows a block diagram of the clock generat-
ing circuit. Normally, the frequency applied to the clock in-
put pin X,y divided by four is used as the internal clock
(timing output) ¢. Bit 7 of serial 1/0 mode register can be
used to switch the internal clock ¢ to 1/2 the frequency ap-
plied to the clock input pin Xcn-

Figure 21 shows a circuit example using a ceramic (or crys-
tal) oscillator. Use the manufacture's recommended values
for constants such as capacitance which will differ depend-
ing on each oscillator. When using an external clock signal,
input form the Xny(Xciw) pin and leave the Xoyut{Xcour) Pin
open. A circuit example is shown in Figure 22

The M50754-XXXSP has two low power dissipation modes;
stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator (both
Xin clock and Xgin 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. Also,
timer 2 and timer 3 loaded with FF,s and 07,4 respectively
to enable the oscillator to stabilize when restarting oscilla-
tion. 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 re-
quest (“0").

Oscillation is resarted (release the stop mode) when INT,,
INT,, or serial 1/O 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 internat 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
oscillattion 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
receives an interrupt. Instructions can be executed im-
mediately because the oscillator is not stopped. The inter-
rupt enable bit of the interrupt used to reset the wait mode
must be set to “1” before executing the WIT instruction.
Low power dissipation operation is also achieved when the
Xn clock is stopped and the internal clock ¢ is generated
from the Xcgiw clock (200uA(max.) at f(Xcin) = 32kHz). Xy
clock oscillation is stopped when the bit 6 of serial 1/0
mode register (address 00F6,¢) 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 until the
oscillation stabilizes when resetting while the Xy clock is
stopped. Figure 24 shows the transition of states for the
system clock.

M50754 -XXXSP

Xin  Xour Xenw Xcout
28 29 30 31
MO Rt $Rg
fl ]

f‘]f;cw I;Cour };‘rccm ];Ccom

Fig.21 Example ceramic resonator circuit

M50754-XXXSP

Xin Xecour  Xein Xcour

1‘28 Open?® 30f Open 3!
External oscillating External oscillating circuit
circuit or external pulse

Vss Vss

Fig.22 Example clock input circuit
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Xein

XlN

Xcour

XOUT

TMs

1/2 1/2

System clock

internal system
clock source

1/4 —)é—&i Timer 2 Timer 3

Timer 2 count source
selection TM,

Timing ¢
(internal clock)

J 4
S Q Q S
Reset

stop bit selection SM,
— SM¢
— SM;
S
R STP wWIT —qR
instruction | instruction
Reset

[O—— Interrupt disable flag |

STP instruction

}_ INT; interrupt enabie

— INT, interrupt request

|— Timer 3 interrupt enable

— Timer 3 interrupt request

I— 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.23 Block diagram of clock generating circuit

2—254

MITSUBISHI
ELECTRIC

www.DataSheet4U.com



MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

MS50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

D)

WIT instruction

"External INT
Timer interrupt

‘»-S 170 interrupt

SM,=1

WIT instruction

"External INT
‘Timer interrupt
S1/0 interrupt

SMe=1

WIT instruction

Timer interrupt
(S 1/0 interrupt

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

(Note 1)
from the STP instruction due to the connections of timer 2 and 3.

{Note 2)
(Note 3)

4 f . ) . —_—
3;"HZ °5c'_”a"l°" 4MHz oscillation 4MHz stop
kHz 0?CI'||atI0n ) 32kHz oscillation 32kHz stop
¢ =stoplhigh-leve #=1MHz - ¢ =stop
Timer operation :
Interrupt interrupt(Note 1)

SM7=0

4 I
32/:‘:2 OSCI>I|I|attl.0n - 4MHz oscillation 4MHz stop
z oscillation
$=stop : 32kHz oscillation 32kHz stop
B ¢ =16kHz ¢ =slo
Timer operation{Note 3) rv,.v vVas yi Y = P
Interrupt Interrupt{ Note 2)

SM=0
It is necessary to program a \
latency period sufficient to allow
the 4MHz osciliation to stabilize. J

4MHz sto| -

? _ 4MH2z stop 4MHz stop
32kHz oscillation o

32kHz oscillation 32kHz stop
$=stop $=16kHz $=sto
Timer operation{Note 3} - - P
Interrupt Interrupt(Note 2)
"External INT "External INT

Approximately 8ms of latency time are automatically generated upon release

Approximately 500ms of latency time exists after the release of the STP instruction,
When the internal clock 1/4 frequency is connected as a timer count source the count source becomes 4kHz

STP instruction

"External INT 7
S1/0 interruth

STP instruction

"External INT }
S 170 interrupt

STP instruction
_—

S /0 interrupt

Fig.24 Transition of states for the system clock
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<An example of flow for system>

Power on reset
Clock X and clock for clock function X oscillation
Internal system CI?CK start (X —=1/4— ¢)

Program start from RESET vector

-
LNormaI programT —Qperating at 4 MHz
§

Internal clock ¢ source switching X( 4 MHz)—Xg «(32. 768kHz)}(SM, ! 0 — 1)

Normal operation

Clock X halt{ X in operation)
Internal clock halt{ WIT instruction)
Timer 3 (clock co-.int)overﬂow

Internal clock operation start (WIT instruction released)
§

function only

{ Clock processing routineJ «— Operating at 32. 768kHz

Operation on the clock

Internal clock halt {WIT instruction)

Interrupts from INT,, timer 2, timer 1 or serial I/0, INT
!

Internal clock opelration start {WIT instruction released)

Program start from interrupt vector

Clock X oscillatior} start

’ Oscillation rise time routine (software) J‘ “—Operating at 32. 768kHz

Internal clock ¢ source switching (Xec—X)(SM; : 1 —0)

§
[Normal program —QOperating at 4MHz

Return from clock function

L STP instruction preparation { pushing registers) ‘

‘
Timer 2l. timer 3 interrupt disable ({IMy= 0, TMg= 0 ), Timer 3 interrupt request bit reset (TM,= 0 )

Timer 2lcount stop bit resetting (TMs=0)

RAM backup function

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

RAM backup status '

Interrupts from IN'{,, serial 1/O, INT,
Clock X and clock for clock function X¢ oscillation start

Timer 3 overflow {X/16 or Xc/8—timer 2 —+timer 3)
(Automatically corInected by the hardware

Internal system CI?CK start (X—1/4—¢)

Program start from interrupt vector
§

Normal program

§

Return from RAM backup function
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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 moedification 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 confiramation form.

(2) mark specification form.

(3) ROM data - N EPROM 3sets.
Write the following option on the mask ROM confirmation
from.

= ¢ output stop option.
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ABSOLUTE MAXIMUM RATINGS

) Symbol Parameter Conditions Ratings Unit
I Y9Q ' Supply voltage T - 7 —0 737':9 T 7\/”7
Lmvp Pull-down input voltage o 40~Vcc:§:0_ 3 . "\/ﬁi |
Input voltage, P2;~P2;, P3;~P3;
v, —0.3~13 \
| o L:JNVSS P52/INT,, P55/INT,
v ] Input voltage, RESEiT. Xoo Xov - With respect to Vss. T —0. 3~ o ﬂiV
Vi knput voltage, PS«~P65 ] o l Output transistors cut-off. :EBNVCC-{-O 3 7;/ i
vV, Input voltage, P F 54~ P5; o ) ~0.3~13 \% 7
Vo Outputvoltage P2p~P2. P3o~P3; ) T Zoa—13 v
Vo B *7ijgrtﬁvo\lage PBy~PBs, XoL1. Xcour, ¢ ) R 3~Vc;+0.3 Y
| Vo Output voltage. POg~POr. P1g~P1;. P4g~Pdy, PS5y, PS5, co—40~Vgo+0. 3 v o
| Pg Power dissipation Ta=25C 1000{Note 1) mw
Topr. o Operau'riw;{z;mperature | - ) 7 "10~70 C
Tstg Storage temperature —40~125 C
Note 1 600mwW for QFP types.

RECOMMENDED OPERAT'NG CONDITlONS (Vee=5VE10%, Ta=-—10~707C, unless otherwise noted)

: Limits J )
Symbol Parameter - = 1 Unit
Min Nom Max.
T T T = ok 4 5 5.5 v
Vee Supply voftage *17;(7,N‘7:Iess than! MHz 3 5 T 55 | v B
| Ve Pulldown supply voltage "Veo—38 Vee v
Vgs " Supply voltage - ) ) 0 . ' \"
Vin, "H” input vo(tage E§0;:$7 P: ;NPfy, ;ZBNVSSéNo!e 2) 0. 75Vee ! { Vee i v
2 2 3 1 0 5 i i
7V|,7477 74i‘H" mp7ut vol!age RESET X\N, Xcin Je¢ Vaisi\lcc Y0 VCC. 47V 3
Vo “input voltage P,~P5: 0.4Vgo Ve v
“L" input voltage P2y~P2;, P3¢~P3;, CNV
Vi f ’ ’ P5:/INT;, P5:/INT: r-’s(r«S;e5 0 . 0. 8Vee | v
Vi R input voltage RESET o] Ty, 12Vee v
Vi “L" |nput voltage )(\VN‘ ch T o o] 0,16Vee A\
%\7/,:7 "L" imput vq}tagé_az-P5~ ) ; 77777 _ 74770 - \ 0. 12Vee ‘ \Y
Lo sum: “H" sum output current igz PF;(?y P1;~P1;, P4g~P4; | 120 | A
B lom(sum? ‘ "H” sum output current Po~ Pés } -5 ‘ - mA
loLesurm) | “L” sum output current P2o~P2;, P3~P3; T 50 mA |
loLcsum) | ' "L" sum output current P60~i-"65 5 mA
lom(peak: - peak output current POo~P0, o - —30 . mA
glompeak)‘ ‘H" peak output current PQOs~P0;, P1g~P1; L —30 mA
|OHEpeak>! “H" peak output current Pag~P47, P5q, P5; : %7 }‘ —30 mA
lon(peak:, e peak output current P6,~P6s i -3 mA_ |
|O|_(peak) “L" peak output current P20~P27, P39~P3~ : 15 mA
'oupeak) "L" peak output current P6o~PB6s 1 3 mA
loncavgy | A" _average output current POy~P0;, P1g~P1;{Note?) ' —12 T‘ mA ]
| Iomavj_'g “H" average output_c-:rrtrefLP40~P47 P5. P5, . ' ; —12 mA
lontavg) “H" average output current P6o~ P65 | =15 mA
loLavg) ; “L" average output current P2o~P2;, P3~P3; | : 10 ‘ mA
loLcaygy L' average output currﬂ&wPBs ) ) 1 ! | 1.5 | mA__
| foxpe | Clock input oscillating f_reguency (Note3,4,6) | 4,2 MHz
foxam) 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 P2y~ P27, P3y~
P3,. CNVgs, and P5,~P5;.
3 : Oscillation frequency is at 50% duty cycle.
4 : When used in the low-speed mode, the timer clock input frequency should be txn; < i /3.
§ : When external clock input is used, the timer clock input frequency should be fixein: = 50kHz.
6 © The average output current i :avg; and loniavg: are in period of 100ms.
7 . —18mA for M50954-XXXSP, M50955-XXXSP.
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (vcc =5v+10%, Vss = 0V, Ta = 25C, ty,) = 4MHz, unless otherwise noted)

Symbol Parameter Test conditions - Limits *1[ Unit
Min. Typ. Max.
Vou “H” output voltage PSg;ﬁés ; lon=—0.5mA Vee—0. 4 ' v
Vou “H" output voltage ¢ ‘ lop="-2.5mA ‘ Veg—2 ! \ o
Vou “H" output voltage POo~PO0;, P1o~P1; | lon=—12mA(M50754-XXXSP) [ Vee—2 LA
Vou "H" output voltage POy~P0;, P1g~P1; | Tow="18mA(M50854-XXXSP, M50955-XXXSP} | Voo —2 iV
Vou “M” output voltage Pag~Pé;, P5q, P5, low=—T2mA Vee=? LY
Voo “L” output voltage P25~P27, P3g~P3; loL=10mA 2 : A2
Voo | "L” output voltage P6g~P6s lo.=0.5mA 0.4 v
Voo BT output voltage ¢ lou=2.5mA L T 2 Y
Vii—Vr_ | Hysteresis P5;/INT,, P5y/INT, T 0.3 1 v
Vi+—Vr— | Hysteresis RESET i 0.5 0.7 A" -
Vr4+—Vr- | Hysteresis P3g _ When used as CLK input 0.3 1 \
Vry—Vr— | Hysteresis Xy i 0.1 0.5 \Y
he “L" input current on"‘i’é;{. P3o~P3; V=0V —5 A
I “L" input current P6y~P6s V=0V —5 oA
*'I,L‘_m_- L input current P5,~P5; V=0V —5 HA
I “L” input current RESET, X, Xcin V=0V o —5 HA
I8 “L" input current P5,/INT,, P53/INT, V=0V : —5 LA
Lk “H" input current P2g~P2;, P3;~P3; MM - > HA
: vi=12v X 12 A
Tt "H" input current Péo~PBs V=5V ' 5 uA
'™ “H" input current P5,~P5; —VE;SV > #A
Vi=12v 12 A
[ “H" input current RESET, X Xom V=5V : 5 uA
V=5V : 5 uA
lin "H" input current P5/INT,, P53/INT -
vi=12v o 12 A
foL AL output current POg~POy, Pla—Ply, PdgwPdy Pe P5, | vee T3V Vo= Ve I°§ , S00 . 900 #h
Vp=Vcc—36V, Vo =Vcc—36Y 30 A
Vieam | RAM retention voltage At clock stop 2 ) 5.5 v
} Output pins open (output OFF) -
Vp=Vcc. Vp=Vsg Input and (/0 pins all at Vgg 3 8 mA
: Xn=4MHz (system operation)
Ditto {at wait mode) 1 mA
. Xin—Xout Stop
lee ! Supply current Xon=32kHz (at system operation) all ather 60 200 A
conditions same as above.
Ditto (at wa‘i; mode ) 40 : 77
| Oscillation all stopped. | Ta=25C 1 A
| (at STOP mode} | T,=70C 10 . uA
—o-
——————
Sy g {Xn \:?{CECSET —
C;=R% Ve
4= Xour X:=4MHz ceramic oscillator
| c, Input pin }—— X;=32.768kHz quartz crystal
- _ﬁ(z Xon C,=C,=30pF . oscillator
. C.E3R,% R,=1MQ
AHEwdXeour L Co=10pF
3 s C,=30pF
Vss R,=10M{
o R; =100k
Output pins are open
Fig.25 Supply current test circuit
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMO0S MICROCOMPUTER

TIMING REQUIREMENTS

Single-chip mode (Ve =5VE10%, Vee =0V, Ta= 25T, fx,; = 4MHz, unless otherwise noted)

Symbol Parameter 1-———- . Limits - Unit
i Min. Typ. . Max

W‘tusu (PO ¢} Port P2 input set-up timer 270 7 * 1 N r;s
tsu (P3D-¢) Port P3 input set-up time 270 | 7 ns
tgy (psp-¢) | Port P5y/INT,, P5/INT, input set-up time B ] 270 : ns_
tsu (PsD-¢) Port P5;—7 input set-up time 500 ; ns
tsu (pes,qs; Port P8 input set-up time ) 270 ) ns
th (amamy . Port P2input hoid time ' 20 ~ns
th (¢-pap) Port P3 input hold time h 20 - ; . ' ns
I torsmy | POTt PS,/INT,, PSy/INT, input hold time 20 | 7 ns |
th (s rs0) Port P5,_; input hold time 50 ! ns
th (#-pe0) Port P6 input hold time .20 _ns
toox: \ -Exterqal clock input cycle time (Xy input) B ’ ' 77235 7 ) ’ " nsr
by ) . External clock input pulse width ( Xy input) ] o _ 75 | ns |
toixen) . External clock input cycle time {(Xem) ;2.0 o ms

| twiogy) | External clock input pulse widith {(Xeim) ) 1.0 B L ms
tr | External clock rise time 25 ns
ty | External clock fall time - : e ns

Memory expanding mode and eva-chip mode
(Voo = 5VE10%, Ves = 0V, Ta = 25T, f:y,; = 4MHz, unless otherwise noted)

Symb ! P 4 i Limits : Unit
| . a r I ni
ymoe : ramete ‘ Min [ Typ.  Max.
sy (p2p.gy  Port P2 input set-up time i 270 | ‘ ns
th (4.P2D) | Port P2 input hold time 20 l ! : ns
Microprocessor mode (Voo =5vE10%, Ves = 0V, Ta= 25T, fx,; = 4MHz, unless otherwise noted)
i P 1 Limits Unit
arameter 7 T = i
Symoal : h/!in. | Typ. } Max. |
I } - ‘ .
tsu (P2D-#) Port P2 input setup time i 270 ns
th (p-pon) Port P2 input hold time 20 | | ns
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MITSUBISHI MICROCOMPUTERS

MS50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS

Single-chip mode (Voc =5V+10%, Vss =0V, Ta = 25T, f 4, = 4MHz, unless otherwise noted)

Symbol ) Parameter Test conditions Limits Unit
Min Typ Max.

“taieree | PortPOdata outpu dsiay ims R R T
tadis-P10) Port P1 data output delay time 230 ns
td(e-pea) i Port P2 data output 7de|ay time o 7 o Fig 2 _ __7 ‘ . o 230 ns
tgipeaqy | Port P3data cutput delay time — 20 ns
tgie-psqy Port P5 data output delay time 230 ns

7Tdr(¢_pso) T Port P6 data output delay time - o Fig. 26 T 230 ns

Memory expanding mode and eva-chip mode

(Woe =8VEI0%, Vg =0V, Ta=25C, { x, = 4MHz, unless otherwise noted;
! ‘ Limits
Symbol ! Parameter Test conditions e T Unit
L e ] T e [ T Mex
tdis-poa Port PO address output delay time B B T 250 ns
td(s-PoAF) Port PO address output delay time B ‘ o i ~ ﬁ7259 _ns
td(s-poa) Port PO data output delay time I ! 200 ns
t3<¢,,,oog> f‘ Port PO data output delay time 74J S “ - 200 i ns
td(spi1a) Port Pt address output delay time 7 77;‘ : Ti 250 ns
tdieprar) Port P1 address output detay time \ o L : 250 ns
td(s-riqQ) | Port P1 data output delay time ! 200 _ns |
td(s.p1aF) | Port P1 data output delay time o ) 200 ns
f{;;prz;; _ PortP2data outputrc_j__elay time o Fia26 o o 300 ns
td(s-P2aF) Port P2 data output delay time 300 ns
td(e-rARD R/W signét output delay time = Y o ii ’ 250 ns
tdi e rAWE) R/W signal output delay t-ime 7250 ns
td(s-Pay) Port P3, data ouiput delay time o _ L - 200  ns ]
td(¢-ragaF) Part P3; data output delay time ~ ~ 200 ns
tdee-syne) SYNC signal output delay time - R ﬁ)_ ns__ |
td¢e-syncr; - SYNC signal output delay time - 250 ns
tdce-pa,@)  Port P3, data output delay time h B B L L 200 B ns |
td(s-p3,oF)  Port P3; data output delay time ‘ 200 ns
Microprocessor mode (Ve =5VE10%. Vss =0V, Ta = 25T, fx,, = 4MHz, unless otherwise noted)
Symbol Parameter Test conditions s f*fl.iﬂi Unit
o Min Typ. Max.
tdcs -PoA) " Part PO address output delay time R 250 ns
td(s -P1a) T Pbrt P1 address omﬁpﬁt'ae\ray time ‘ T S 250 7 n57 ]
tdes -p2a; | Port P2 data output delay time - : 300 ns
| tacs pear dj Port P2 data output delay time o Fig.26 L 300 T hs
tdie -rARD R/W signal output delay time T " - 250 ns
tdig -svyne) SYNC sig}nal output de?.a;;irrr;e ! 2'50” o ns
< VCC
1kQ
gg - -»* — E)? — )
Po =100pF i -‘*wooj
P5 =100pF 3 1kQ
/a 7w
2 8 + — b—— v —
> 100pF =100pF
% e
Fig.26 Port P2, P3, P6 test circuit Fig.27 Port PO, P1, P4, P5 test circuit
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M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS
In single-chip mode ¢ yé \\ /]

—

—= b—1d < s—roa
Port PO output

— w—td ie—pra-
Port P1 output

—= = tdie—p2a

Port P2 output >{
Port P2 input / N\

=-th .4—p20

tsu P2D—¢
-

— ktdie—esa:

Port P3 output

tsy Pan—»

e -

Port P3 input ) \

~ th 2-pi0

— td i p—pag:

Port P4 cutput

— e td ¢-rso

Port P5 cutput

tsu ipsp—¢ |

Port PS input ; \i

= th e—pso

o F—"td i$—P6Q"

Port P6 output X

tsu reD—¢
L

Port PS input / \

= " th s-pe0

T

taixy OF toixgn?

byvixg OF twixein)

() , A /

t(Xew)
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,

M50955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and

Eva-chip mode
@

— F—td

—

L= POA;

J

Port PO output

1

Port PO input

|
-

XX

Ftd {¢—POAF

™ =g i¢—rocF

F'd:wmo-

i —
' tsu Pop-¢ |

—-m

X

—~—

- <—1th.¢—PoD:

|
e < td g—prar

#—P1A" F—td to—p1aF:
- ;
Port P1 output X M ; X
i ?
' — ~—td g—pia: !
- L
tsy ip1D—e
Port P input /_\__
— i
— = id s—p2a) = =—ld is—pacF :
Port P2 output X >O< X
f * *
— —
tsu peo—0i |
Port P2 input /_——L
>« - thig—p2n?
— < td.¢rw > “ g p—RiwE — = ld.is—paarF
Port P3, output {R/W) X ><>< X
— = td \¢—rpag0;
—= *—1td .s—sync: -+ td  ¢—svYNCF — F—td (e—p3,0F
Port P3, output (SYNC) X |
— —td 1 v—r3,a
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MITSUBISHI MICROCOMPUTERS

M50754-XXXSP/FP/GP,M50954-XXXSP/FP/GP,
MS0955-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In microprocessor mode ‘ |
¢ / N /
‘ |

4’{ td (¢e—Poa:
Port PO output

— td (e—p1a)

Port P1 output )(
‘ .
— ~td 1 s—poa - -~ td (e-p2aF
" Port P2 output X Fioating
‘ tsu 20— -
Port P2 input

—=~ =—1his—roD

I ! i
\ i
Port P3, output (R/W) J‘ X | X

— [‘* ~td ig—syne:

Port P3, output (SYNC) X . ><
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