MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION
The M50744-XXXSP and the M50746-XXXSP are single- PIN CONFIGURATION (TOP VIEW)
chip microcomputers designed with CMOS silicon gate Ve : U, 51 - P2,
technology. Both are housed in a 64-pin shrink plastic Reference AVgs (OV)  [2] 53 - P2, i
molded DIP (flat package type also available). These sing- voltage input  Vper — 3] 7] — P2, i
le-chip microcomputers are useful for business equipment D-A output D-A —[4] [61] + P2, ‘ vo
and other consumer applications, PWM output pyym «—[5] [60] + P2, port P2
In addition to their simple instruction sets, the ROM, RAM, ‘ P +—[€] 53] — P2; ]
and 1/0 addresses are placed on the same memory map to g;’:lpg% \) pe, —[7] 58] P2 ‘
enable easy programming. { P, [} ] P2,
The differences between the M50744-XXXSP and the Po; +[2] i - PO, ‘
M50746-XXXSP are noted below. The following explana- ‘ E:;j::;:% %:ig; ‘
tions apply to the M50744-XXXSP. Specification variations Pay/AN; [ =« Po, \; Vo
for other chips are noted accordingly. 1o Pa/an,~E = 2 [E-ro. | port PO
port P4 \ P4, ~[14] < 2 [51] « PO, ;
Type name ROM size P4, "’E 3 o .t E > POs i
M50744-XXXSP 4096bytes } ‘ pa, [ x ~ x [@~ro |
M50746-XXXSP 6144bytes Pl £ X @ero
pe, [l ¢ B [d-rr
The differences between the M50744-XXXSP and the \ :::E %: :i ‘ o
M50744-XXXFP are the package outline and power dis- o i Pa, <[] [« p1, ; port P1
sipation ability (absolute maximum ratings). potP3 | P3,/ONTR « 2 @ ~pi,
P3,/INT, ~[23 [ -~ Pt
DISTINCTIVE FEATURES ‘ P3, «[24 [ ~p1,
@ Number of DASIC INSIUCHONS: -+ crereerrmrrreeereenn 69 ‘ P30"’E [« — Ps5,
® Memory size ROM - 4096 bytes (M50744-XXXSP) mterptineut T, — (2 (9 — s, ‘
6144 bytes (M50746-XXXSP) Resct inout gg‘SVEs; 4% % - EZQ {
RAM e 144bytes Clook input o — 9 - st JEB, | Input
® |Instruction execution time Glock output Xour + ] () « P5s/EDs | port PS
....... 2us (minimum instructions at 4MHz frequency) Timing output ¢—[] [31] — P5/ED,
® Single power supply f(Xy)=4MHz oo 5V+10% Vo [ 3 « P5,/ED,
® Power dissipation .
normal operation mode {at 4MHz frequency) ---- 15mwW Outline  64P4B
® Subrouting nesting oo 72 levels (Max.)
@ INHEITUDL o orerememememe e 6 types, 5 vecters SU9So8SSeEs e o= ro8
@ 8-Dit timer ccorror e 3 1 t : : i t t 3 : 1 : 3 : t 3 t l
® Programmable 1/0 (Ports PO, P1, P2, P3, P4) -- 40 [s7]fse] e s4lf53fs2lfs 5ol [eskae][a7f e} acaalfaffuz] e Jao] o]l 38][37]
@® Input ports (Port PB ) cere e 8 ggj:é
e Output ports (POI’t p6) ............................................. 4 P2, «+[& O
® A-D converter:reoeeeee 8-bit successive approximation ggz :
® D-A converter P2;~+ B M50744-XXXFP
@ 8-bit PWM function \752 or
® Watchdog timer
9 o M50746-XXXFP
APPLICATION LB
Office automation equipment D-A + O O
VCR, Tuner, Audio-visual equipment Pvgg" T
? HABRABBHEBRREEERER EIEER R
IEREE RS R RN
§e8EEEIEITERITITEETEY
137 38
a
Outline 72P6 NC ' No connection
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50744-XXXSP

Parameter Functions
Number of basic instructions 69 o o i B
T;Iruction excution time 2us {minimum instructions at 4MHz frequency) o o
"ROM : 4036bytes (6144bytes for M50746-XXXSP) o o
Memory size — - — —
RAM 144bytes
- INT, v ‘ Input 1-bitX1 T - o T
/0 ports P—O.PT, P2, P3, P4 . ! /0 8-bitX5(Part of P3 used with timer /0 and interrupt |$ut)77 77;
. P5 Input + 8-bitX1
P6 Output | 4-bitX1
Tmers ‘ 8-bit presc;ilerX2+8-b|! timerX3 o o
A-D converter 8-bitX 1 (4 channe]s) o o
D-A converter ;‘:—bitXW T T
Pulse width modulator 8-bitX1 o o o T
Watchdog timer 15-bitX 1 -
Subroutine nesting 72 levels (max.) ]
Interrupt 2 external interrupts, 3 internal timer interrupts o ]
*Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator)
Supply voltage 5v+10% 1
Power dissipation ! High-speed operation 15mW (at 4MHz frequency) T
1/0 voltage 112V (Ports PO, P1, P3, P4, P5, P6, INT,) B
170 characteristics [ f
Output current | 5mA (Ports PO, P1, P2, P3, P4)
Memory expansion ' Possibe
Operating temperature range —10~70C 1
ﬁvice structure CMOS sHicoEate process ) ]
package | M50744-XXXSP, M50746-XXXSP 84-pin shrink plastic molded DIP 7l
M50744-XXXFP, M50746-XXXFP 72-pin plastic molded QFP
»—g2 MITSUBISHI
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PIN DESCRIPTION

! input/ !
Pin Name i Functions
Output !
I S . i - R - [
Veco Supply voltage ‘ Power supply inputs 5V+10% to Vg, and OV to Vss.
Vss i
| ]
CNVgg CNVsgg This is usually connected to Vgs.
RESET Reset input ; input To enter the reset state, the reset input pin must be kept at a “L" for more than 2us (under normal Vcc
! conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main-
\ tained for the required time
B ' o
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 Xjy and Xour pins. If an external clock is used, the clock
XouTt \ Clock output i Output i source should be connected the Xy pin and the Xout pin should be left open.
¢ Timing output Output This is the timing output pin.
INT; Interrupt input " tnput This is the highest order interrupt input pin.
I " R - [
AVsgs Voltage input for A-D | This is GND input pin for the A-D and D-A converters.
and D-A ‘
V&ser Reference voltage i Input This is reference voltage input pin for the A-D and D-A converters.
input i
D-A . D-A output Output This is output pin from the D-A converter.
PWM PWM output Output This is output pin from the puise width modulator.
i 1 The output structure is N-channel open drain.
POy~ PO0; | I/0 port PO 170 . Port PO is an 8-bit 170 port with directional registers allowing each 1/0 bit to be individually programmed as
| i input or output. At reset, this port is set to input mode.
: | The output structure is N-channel open drain.
; [,
P1y~P1; | I/O port Pt 170 | Port P1 is an 8-bit I/0 port and has basically the same functions as port PO.
i — ..
P2y~P2, | 170 port P2 ; 110 Port P2 is an 8-bit 1/0 port and has basically the same functions as port PO, but the output structure is
: ¢ CMOS output.
P3p~P3;  1/0 port P3 170 Port P3 is an 8-bit I/0 port and has basically the same functions as port P0. P33 and P3; work as CNTR pin
and the lowest interrupt input pin {INT,), respectively.
P4y,~P4, | 1/0 port P4 /0 Port P4 is an 8-bit 1/0 port and has basically the same functions as port P0. P4,~P4; work as analog input
i port AN,~AN;.
P5¢~P5; | Input port P5 Input Port P5 is an 8-bit input port. P5;~P5; can be used as the edge sense inputs.
P6y~P63 | Output port P6 Output Port P6 is a 4-bit output port. The output structure is N-channel open drain.

MITSUBISHI 2—83
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BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50744-XXXSP is shown in Figure
1. Addresses F000:s to FFFF,s are assigned to the built-in
ROM area which consists of 4096 bytes.

Addresses E800,5 to FFFF,; are the ROM address area
assigned to the M50746-XXXSP.

Addresses FF00,¢ 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. Addreeses FFF44 to

FFFF.s are vector addresses used for the reset and inter-
rupts (see interrupt chapter). Addresses 0000,s 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/O port, timer,
etc., are assigned to this area.

Addresses 0000, to 008F,; are assigned to the built-in
RAM and consist of 144 bytes of static RAM. In addition to
data storage, this RAM is used for the stack during sub-
routine caills and interrupts.

Decimal
0000
e 0 +” 00EQ, [Port PO
’,
AAM ’ 00E1,g[Port PO firectional
/,
(144 bytes) 7 00E2,, [Port P1
w7 N
008F 5 ,
Zero page , 00E4,, | Port P2
Not used , 7 00ES5, ¢ |Port P2 ?elrgeigtt:sornat
,
4 00E6, ¢
00E0,¢
Q00E7,¢
00FF 256 Q0E8,¢ | Port P3
! \ 00E9,, [Port P8 gurectione
\ 00EA,|Port P4
il
Not used ' 00EB¢ | Port P4 ?é;(eig:lec:nal
| 00EC, ¢ | Port P5
' Port P
E800,¢ \ 00ED, | Port P5 latch
! 00EE 4 | Port P6
F000,¢ \ e —
! 00EF ¢
il
\ 00F0,s | D-A conversion register
\ 00F 1,¢ | Pulse width modulation register
\‘ 00F 2, | Successive approximation register
\\ 00F 3,4 |A-D control register
FFO0.6 A :
\ 00F4, | Watchdog timer
ROM (6144 bytes) . .
for \ 00F 5,6
M50746-XXXSP ROM \\ 00F6,¢ ]
(4096 bytes) \ 00F7,6
for \ —
. 8
M50744-XXXSP | Special . 00F8,g ‘ ]
page for FEFa \\ 00F9,s | Timer 1,2 prescaler
. . __ |~ —
subroutine | TH e e INTo '\ ooFAL [Timer 1
Address 1 Timer2 ' 00FB, | Timer 2
233:2:: r'? Timer 1 \ 00FC,¢ | Timer X prescaler
b————=e \
Agdress b TimerX | OOFD, |Timer X
Address & INT, ‘\ OOFE s |Interrupt control register
Aaaress & RESET \ 00FF, [ Timer control register
FFFFye 65535 '
Fig.l Memory map
2—g4 MITSUBISHI
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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
A Accumulator
7 0
X Index register X
7 0
Y Index register Y
7 0
S Stack pointer
15 7 0
PCn PC, Program counter

7 0

N|lv|T|B|D|I|Z]C Processor status register

‘-— Carry flag

Zero flag

Interrupt disable flag

Decimal mode flag

L —— Breakflag

Index X mode flag

Overflow flag

Negative flag

Fig.2 Register structure

MITSUBISHI
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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 location of the stack can be determined by the stack
page bit {bit 4 at address 00FF,s). When bit 4 is “0” and
the contents of the stack pointer is XX,¢, the stack address
is set to 00XX;5. When bit 4 is “1”, the stack address is set
to 01XXys. When using this microcomputer in the single-
chip mode, the stack page bit must be “0” and 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 (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 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 fiag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. it aiso 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 fiag 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 fiag,
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.

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-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 signed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory location
is input to the overfiow 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 fiag.

Table 1 Interrupt vector address and priority
Interrupt ‘ Priority Vector address
RESET T FFFF,q, FFFEs
iNT, 2 ] FFFDys, FFFCrs |
Timer X 3 FFFBys, FFFA¢
Timer 1 4 FFF946. FFF81s
Timer 2 5 FFF7.0 FFF6,5 |
INT,(BRK) 3 FFF5,5 FFF4.¢

INTERRUPT

The M50744-XXXSP can be interrupted from seven souces;
INT,, timer X, timer 1, timer 2, or mfz/BRK instruction.
However, the INT, pin is used with port P3; and the corres-
ponding directional register bit should be set to “0” when
P3, is used as an interrupt input pin.

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-
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 indi-
vidually 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 dis-
able flag is “0”.

The interrupt request bits are set when the following condi-
tions occur:

(17 When the INT; or INT, pins go from “H” to “L”

(2) When the contents of timer X, timer 1, timer 2 go to “0”
These request bits can be reset by the program but can not

7

o

[ 1 ] l I l 1 [ ]|nterrupt control register (Address O0FE,g)

Bit7 : INT, pin interrupt request bit
Bit6 : INT, pin interrupt enable bit
Bit5 : Timer 1 interrupt request bit
Bit4 : Timer 1 interrupt enable bit

Bit 3 : Timer 2 interrupt request bit
Bit 2 : Timer 2 interrupt enable bit

Bit1 : INT, pin interrupt request bit

Bit0 : INT, pin interrupt enable bit

Timer control register (Address 00FF¢)

Interrupt request

Interrupt disable flag |

Reset

Bit7 : Timer X interrupt request bit
Bit6 : Timer X interrupt enable bit
Bit5 . Timer X interrupt stop bit
Bit4 : Timer stack page bit
Bit3,Bit 2 : Timer X mode bits
Bit1,Bit0 . Processor mode bits

Fig.3 Interrupt control

MITSUBISHI
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be set by the program. However, the interrupt enable bit
can be set and reset by the program.

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 mﬁ generated the interrupt.

TIMER

The M50744-XXXSP has three timers; timer X, timer 1, and
timer 2. Timer X has four modes which can be selected by
bit 2 and 3 of the timer control register. When the timer X
count stop bit (bit 5) is set to “1”, the timer X will stop re-
gardless of which mode it is in. A block diagram of timer X,
timer 1 and timer 2 is shown in Figure 4.

The P33/CNTR pin cannot be used as CNTR when P3; is
being used in the normal /O mode.

Timer 1 and timer 2 share with a prescaler. This prescaler
has an 8-bit programmable latch used as a frequency di-
vider. The division ratio is defined as 1/(n=+1), where n is
the decimal contents of the prescaler latch. All three timers
are down-count timers which are reloaded from the timer
latch following the zero cycle of the timer (i.e. the cycle af-
ter the timer counts to zero).

The timer interrupt request bit is set to “1” during the next
clock pulse after the timer reaches zero. The interrupt and
timer control registers are located at addresses 00FE,s and
00FF,g, respectively (see interrupt section).

The four modes of timer X as follows:

[ Data bus )
Oscillator  divider >
LPrescaler latch (ﬂ [ Timer X latch (ﬂ
1/16 Timer mode
Pulse width measurment
mode <
to timer X
P3;/CNTR P H i
3 Event counter mode rescaler (8) Timer X (8) interrupt request bit
O ° FFie 1 0t} G
<
Pulse output mode Timer X count stop bit
(Bit 5 of address 00FF,g) ~ oset or STP
instruction
Il Toggle flip—ﬂop[L
9 Data bus 1
[prescaler taten (5] | Timer 1 1aten (8) | Timer 2 latch (8)
P L to timer 1 0
to timer 2

interrupt request bit

H Prescalerw Timer 1 (8) I—>

interrupt )
request Timer 2 (8)
bit

Fig.4 Block diagram of timer X, timer 1, timer 2
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Timer mode {00)

In this mode the clock is driven by the oscillator fre-
quency divided by 16. When the timer down-counts to
zero, the timer interrupt request bit is set to “1” and
the contents of the timer's latch is reloaded into the
timer and the counting begins again.

Pulse output mode (01]

In this mode, the polarity of the CNTR signal is re-
versed each time the timer down-counts to zero.

Event counter mode (10)

This mode operates in the same manner as the timer
mode except, the clock source is input to the CNTR
pin. This mode will allow an interrupt to be generated
whenever a specified number of external events have
been generated. The timer down-counts every rising
edge of the clock sourse.

Pulse width measurement mode {11)

This mode measures the pulse width (petween lows)
input to the CNTR pin. The timer, driven by the oscilla-
tor frequency divided by 16, continues counting during
the low cycle of the CNTR pin. When the timer con-
tents reaches “0”,the interrupt request bitis setto“1”,
the timer's reload latch is reloaded and the counting
resumes.

The structure of the timer control register is shown in
Figure 5.

When the STP instruction is executed, or after reset,
the prescaler and timer latch are set to FFis and 0146,
respectively. Also, when the STP instruction is ex-
ecuted, the oscillator's frequency (divided by 16) will
become the counting source, regardless of the timer X
mode setting. This state will be released when the tim-
er X interrupt request bit is set to “1”, or after a reset.
Timer X will then enter the mode specified by its mode
bits. For more details on the STP instruction, refer to
the oscillation circuit section.

7 0

I I Timer controt register {Address 00FF ¢’

l—L— Processor mode bits

00 : Single-chip mode
01 Memory expanding mode

10 Microprocessor mode
11 . Eva-chip mode

Timer X mode bits
00 . Timer mode
01 : Pulse output mode
10 . Event counter mede
11 . Pulse width measurment mode

Stack page bit
0 Page 0
1 Page 1

Timer X count stop bit
0 . Count start
1 . Count stop

Timer X interrupt enable bit
0 Interrupt disable
1 ! Interrupt enable

Timer X interrupt request bit
0 : No interrupt request
1 With interrupt request

Fig.5 Structure of timer control registe
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A-D CONVERTER

An 8-bit successive approximation method of A-D conver-
sion is employed providing a precision of = 3LSB. A block
diagram of the A-D convertor is shown in Figure 6. Conver-
sion is automatic once it is started with the program.

The four analog inputs are used in common with pins P4,
Pd¢, P45, and P4, of port 4. Bits 1 and 0 of the A-D control
regsiter (address 00F3,5) are used to select which pins are
used for A-D conversion. The input condition is accom-
plished by setting to “0” the bit in the directional register
that corresponds to the pin where A-D conversion is to take
place. Bit 4 of the A-D control regsiter is the A-D conver-
sion end bit. During A-D conversion, this bit is “0”, and
upon completion becomes “1”. Thus, it can be ascertained
whether or not A-D conversion has been completed or not
by inspecting this bit. The relation between the contents of
the A-D control register and the selection of input pins are
shown in Figure 7.

The results of the conversion can be found be reading the
contents of the successive approximation register (address
00F2,¢) which stores the results of the conversion. The pro-
cedure for executing A-D conversion is next explained.
Firstly, the pin that is to be used for the A-D conversion is
selected by setting bit 1 and bit 0 of the A-D control regis-
ter. Next, the successive approximation is written to upon
which the A-D conversion starts. Since actual data is not

written to the successive approximation, any type of may be
written. Simultaneous with its being written, the A-D con-
version end bit (bit 4 of address 00F3,¢) is cleared to “0”
signifying that A-D conversion operations are being con-
ducted. A-D conversion completes after 198 clock cycles
upon which the A-D conversion end bit is set to “1” and the
results of the conversion can be found in the successive
approximation. Since the comparator consists of the capaci-
tive coupled configuration, f(X,y) is needed larger than
1MHz during A-D conversion.

A-D control register {Address 00F3,¢)

Analog input selection bit
00 ! P4,/AN,
01 : P4s/ANg
10 © P4g/ANg
110 P4;/AN;

A-D conversion end bit
0 © A-D conversion in progress
1 7 A-D conversion completed

Fig.7 Structure of A-D control register

AVss Vaer

P4 P4, P45, P4,
7/AN7 G/ANS /AN5 /ANA

1T

Selector

Vret Comparator and

Resistance ladder

control circuits

Successive approximation register

(Address 00F2,¢)

A-D control

register
(Address 00F3,)

$ Data bus

Fig.6 Block diagram of A-D converter
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D-A CONVERTER

The R-2R method is used for D-A conversion. The block di-
agram is shown in Figure 8. An analog voltage is output that
corresponds to the contents of the D-A conversion register
(address 00F0,s) . Ideally, the relation of the analog output

voltage V and the content n of the D-A conversion register
is V=Vger X n/32(n=0~31).

Reset operation clears the contents (n) of the D-A conver-
sion register to 046.

AVgs (OV) Vgee

R-2R ladder ——=( D-A
D-A conversion register (Address 00F0,g)
7 0
§ Data bus [4
Fig.8 Block diagram of the D-A converter
MITSUBISHI o
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PULSE WIDTH MODULATOR period of 4080 X m/255 (m=0~255). Figure 9 shows that
The pulse width modulation register (address 00F14¢) is relationship. An N-channel open drain output is used for the
configured of an 8-bit counter. The period of repetition is PWM pin.

4080 clock cycles. With the content of the puise width mod- Reset sets the content m of the pulse width modulation
ulation register m, the PWM pin becomes high-level for the register 10 0046.

One period of
4080 clock cycles

0123 2532540 1 2 3 4

Mm=255 "N e e —— e ———

Fig.9 Relation between m and PWM output

o—gp MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

WATCHDOG TIMER

The watchdog timer provides the means to return to a reset
condition when a program runs wild and the program will
not run the normal ioops.

The watchdog timer (address 00F4,¢) is a 15-bit counter.
The watchdog timer counts 1/16th the output frequency of
the oscillator. The watchdog timer is set to 7FFF;s when a
reset is accomplished or a write operation has been made
to it. As well as any of the instructions that generate a write
signal, such as STA, LDM, and CLB, can be used to write
data to the watchdog timer. An output of the most signifi-
cant bits of the watchdog timer is input to the reset circuit.
When 262144 clock cycles have been counted, the most
significant bit becomes “0” and reset is carried out. When
reset is carried out, the watchdog timer is set to 7FFF5 and
reset is released. The program then begins again from re-
set vector address. Normally, the program is written so that
a writing operation is made to the watchdog timer prior to
the most significant bit's becoming “0”. Application of a +
10V to the RESET pin will disable the watchdog timer func-
tion.

Since execution of the STP instruction causes both the
clock and the watchdog timer to stop, an option is offered
where the STP instruciotn can be disabled.

RESET CIRCUIT

The M50744-XXXSP is reset according to the sequence
shown in Figure 10. It starts the program from the address
formed by using the content of address FFFFs as the high
order address and the content of the address FFFF¢ as the
Jow order address, when the RESET pin is held at “L" level
for more than 2us while the power voltage is in the recom-
mended operating condition and the crystal oscillator
oscillation is stable and then returned to “H” level. The in-
ternal initializations following reset are shown in Figure 11.
An example of the reset circuit is shown in Figure 12.

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

o . T

Iy uyruyuuyuyr

8~12 clock cycles

¢ -—— g - -
RESET
SYNC I I
D AP D T O i (i 0
Reset address retrieved

D &S & ED ED & CD &D

Note 1: The relationship of frequency between f(x,; and ¢is fx ) =4+ 4.

from the vector table

2. A question mark { ? ) means that the address is changeabie de-

pending on the previous state.

Fig.10 Timing diagram at reset
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Fig.11

Internal state of microcomputer at reset

Address Power on
M50744-XXXSP b
(1) Port PO directional register (  E 1 ¢ 2.5V
(2) Port P1 directional register (  E 3 4 2FlaESET Vc<]: ov
(3) Port P2 directional register { E 5 4
(4) Port P3 directional register ( E 9 5 7% OV ] 0.6v
(5) Port P4 directional register (  E B ¢
(6) Port6 (Note 1) ( EEq
(7) D-A conversion register ( F 0 ,q M50744-XXXSP
(8) Pulse width modulation  ( F 1,4
register RESET Voo Supply voltage
(9) watchdog timer ( Fd,e 28 / detection circuit
(10) Prescaler ( FCue
(11} Timer X { FDys
(12) Interrupt control register  ( F E g
(13) Timer control register ( FFyg
(14) Processor status register ( P S ) i R o
(only the interrupt disable Fig.12 Example of reset circuit
flag is set.)
. tents of ]
(15 Program counter ( PCy ) Con eandtgrcgss FFFFq
( PC, ) Contents of ‘
L _ address FFFFy
Note 1: Port P6 is the high-impedance state during reset.
After return from reset, it is “FFyg".
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/0 PORTS

i1

Port PO
Port PO is an 8-bit 170 port with N-channel open drain
output.
As shown in the memory map (Figure 1), port PO can

such instructions as LDM and CLB to write a “0" to the
latch. When O0ED¢ is read, the lower order 4 bits are
always zero.

When port P5 is used as level sence input, read the
contents of the address 00ECs.

be accessed at zero page memory address OOEOs. (7). Port P6
Port PO has a directional register (address 00E1s) Port P6 is a 4-bit output port. It has N-channel open
which can be used to program each individual bit as drain output. See Figure 13 for more details.
input (“0”) or as output (“1”). If the pins are program- (8) Clock ¢ output pin
med as output, the output data is latched to the port In normal conditions, the oscillator frequency divided
register and then output. When data is read from the by four is output as ¢.
output port the output pin level is not read, only the (9) 'NT1&
latched data in the port register is read. This allows a The INT, pin is an interrupt input pin. The INT; inter-
previously output value to be read correctly even rupt request bit (bit 7 at address 00FEq) is set to “1”
though the output voltage level is shifted up or down. when the input level of this pin changes from "H” to
Pins set as input are in the floating state and the signal L o
levels can thus be read. When data is written into the (10 INT2 pjl( P3;/INT, pin)
input port, the data is latched only to the port latch and The INT, pin is an interrupt input pin used with P3,. To
the pin still remains in the floating state. use this pin as an interrupt pin, set the corresponding
Depending on the contents of the processor status reg- bit in the directional register to input (*0"). When this
ister (bit 0 and bit 1 at address 00FF,s), four different signal level changes from “H" to “L”, the interrupt re-
modes can be selected; single-chip mode, memory ex- quest bit (bit 1 at address 00FEss) is set to *1".
panding mode, microprocessor mode and eva-chip (11 CNTR pin (P35/CNTR pin)
mode. These modes (excluding single-chip mode) The P33/CNTR pin is an 170 pin of timer X. To use this
have a multiplexed address output function in addition pin as the timer X input pin, set the corresponding
to the 1/O function. For more details, see the processor directional register bit to input (“0”). In the event coun-
mode information. ter mode, CNTR becomes the input pin of the external
(2} Port Pt pulse. In the pulse output mode, the CNTR output
in the single-chip mode, port P1 has the same function changes polarity each time the contents of timer X
as PO. In the other modes, P1's functions are slighity goes to “0". In the pulse width measurement mode, the
different from P0’s. For more details, see the processor pulse to be measured is input to this pin.
mode information.
(3) Port P2
In the single-chip mode, port P2 has the same function
as PO, but it has CMOS output. In the other modes,
P2’s functions are slightly different from PQ's.
For more details, see the processor mode information.
(4) Port P3
In the single-chip mode, port P3 has the same function
as PO. In the other modes, P3's functions are slightly
different from PQ’s. Port P3 can also be used as INT,
and |/O pins for timer X. For more details, see the pro-
cessor mode information.
(5) Port P4
Port P4 has the same function as port PQ in the single-
chip mode. But P4, through P4, can also be used as
analog input pins AN; through AN,
(6) Port P5
Port P5 is an input port. P5, through P5; can also be
used as edge sence inputs. In such a case, reading is
begun from OOED.s. O0ED¢s is provided with a latch
which is set to “1” when the input changes from high-
level to low-level. The input pulse width must be at
least 7 clock cycle wide. The latch is reset by using
MITSUBISHI
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Ports PO, P1, P3, P4

N-channei open drain output

Data directional
register

Ports PO, P1, P3, P4
Data bus — Port latch tj,,
~
Note : P3is used both as a timer input/output pin and an interrupt in-
put pin.
P4 is used as an analog input pin.
Port P2
I Data directional }
register
< j CMOS output
Data bus ——4 Port latch :
) Port P2
~
Port P5
' Port P5
PWM N-channel_open drain output
PWM
Port P&
N-channel open drain output

Data bus Port latch :1 Port P8

¢ CMOS output

{%

Fig.13 Block diagram of port PO~P6 (single-chip mode) and ¢ output format
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PROCESSOR MODE (1) Single-chip mode [00)

By changing the contents of the processor mode bit (bit 0 The microcomputer will automatically be in the single-
and 1 at address O0FF,s), four different operation modes chip mode when started from reset, if CNVgg is con-
can be selected; single-chip mode, memory expanding nected to Vgs. Ports PO~ P3 will work as original 1/0
mode, microprocessor mode and evaluation chip (eva- 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 170 for address, data and control sig- panding mode when CNVss is connected to Vgs and
nals, as well as the normal functions of the I/ ports. the processor mode bits are set to “01”. This mode is
Figure 15 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 14. In this mode, port PO and port P1 are as a system
By connecting CNVgg to Vgg, all four modes can be address bus and the original 1/0 pin function is lost.
selected through software by changing the processor mode Port P2 becomes the data bus of D;~Djq (including in-
bits. Connecting CNVgs to Ve automatically forces the struction code) and loses its normal 1/0 functions. Pins
microcomputer into microprocessor mode. Supplying 10V to P3, and P3; output the SYNC and R/W control signals,
CNVgg places the microcomputer in the eva-chip mode. respectively when ¢ enters into the “H” state. Port P3,
The four different modes are explained as follows: functions as an input port during this same transition.

(3) Microprocessor mode (10)
After connecting CNVgs to Ve and initiating a reset,
the microcomputer will automatically default to this

FFFFg 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 databus (D,~D,) and loses

(Note 1) \ its normal I/O functions. Port P3, and P3, become the

F000,s - \--" SYNC and R/W pins, respectively and the normal 1/0

functions are lost.
\ (4) Eva-chip mode (11)

010046 . N AN When 10V is supplied to CNVgg pin, the microcomputer

00E8,¢ Timer, port P3, ste. PoiPopa | is forced into the eva-chip mode. The main purpose of

00ED.¢ e N N this mode is to evaluate ROM programs prior to mask-

00905 R I N ing them into the microcomputer's internal ROM.

In this mode, the internal ROM is inhibited so the ex-
internal RAM ternal memory is requierd.

0000, The lower 8 bits of address data for port PO is output
Memory expanding Eva-chip mode Microprocessor when ¢ goes to “H" state. When ¢ goes to the “L”
mode The shade;“jli is external state, PO retains its original I/0 functions.

Note 1: E800:c for M50746-XXXSP____memory area. Port P1’s higher 8 bits of address data are output when
Fig.14 External memory area in processor mode ¢ goes to “H” state and as it changes back to the “L”

state it retains its original I/0 functions. Port P2 retains
its original 170 functions while ¢ is at the “H” state, and
works as a data bus of D;~ Dy (including instruction
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. )
The relationship between the input level of CNVgg and
the processor mode is shown in Table 2.
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CM, 0 1 0 1
CMq 0 1 1 Q
Mode
Microprocessing
Single-chip mode Eva-chip mode Memory expanding mode mode
Port
2 [N S N NS N Y I B
Port PO Ports PO,~P0, Ports PO;~P0, Parts PO,~ POy Same as left
Address
x 170 port XA7~A0 X 170 port X: Address A;~Aqg
Port P1 Ports P1,~P1, Ports P1,~P1, Ports P1,~P1, Same as left
Address
I/ ~
:X 1/0 port Ars~Ag X o portK Address A;s~Ag
Port P2 Ports P2,~P2, Ports P2;~P2, Ports P2,~P2; Same as left
Output Data _—— e —~ -
X XEXEX | >
¢| | I ¢ I | I ¢| | I
Ports P3;,~P3, Ports P3;~P3, Ports P3,~P3;
x 170 port X 1/0 port x 1/0 port
Port P3, Port P3,
Port P3 Same as left
SYNC 170 port SYNC
Port P3y Port P3,
R/W 1/0 port R/W
Fig.15 Processor mode and functions of Ports PO~ P3
Table 2 Relationship between CNVgg pin input level and processor mode
CNVgs Mode B . Explanation o ]
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 i
i+ Microprocessor mode i
Vee L. Eva-chip mode The microprocessor mode is set by the reset.
+ Microprocessor mode 7Eva-chip mode can be also selected bx changing the processor mode bit with the program
1ov + Eva-chip mode | Eva-chip mode only.
> o8 MITSUBISHI
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
18.

When the STP instruction is executed, the oscillation of in-
ternal clock ¢is stopped in the “H” state.

Also, the prescaler X and timer X are loaded with FF;s and
0146, respectively. The oscillator (dividing by 16) is then
connected to the prescaler input. This connection is cleard
when timer X overflows or the reset is in, as discussed in
the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the internal clock ¢ keeps its “H” level until timer
X overflows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the internal clock ¢
stops in the “H” level but the oscillator continues running.
This wait state is cleared when an interrupt is accepted.
Since the oscillation does not stop, the next instructions are
executed at once.

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1” before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er X count stop bit (bit 5 of address 00FF,) must be set to
“0” before executing STP instruction.

The circuit example using a ceramic oscillator (or a quartz
crystal oscillator) is shown in Figure 16.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures

M50744-XXXSP

Xin Xout
0 MO 30
——NN——————¢

L C)y L Cour

Fig.16 External ceramic resonator circuit

M50744-XXXSP

Xin Xout
29 30
Open
Vee
External
oscillating Vss
circuit

Fig.17 External clock input circuit

suggested vaiue.
The example of external clock uasge is shown in Figure 17.
Xin is the input, and Xyt is open.

Interrupt
request L ‘
! i R
Interrupt q ! ‘ eset
J : S Q Q S
disable flag | —+{s Q
Reset
wir R STP instructi
) B =] instruction
STP instruction —R instruction (option)
(option)
i
I clock
1/2 }Interna clock ¢
1/2 1/8 ‘—jw Prescaler X —] Timer X
Overflow
Timer X count stop bit
Xin Xout

Fig.18 Block diagram of the clock generating circuit
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PROGRAMMING NOTES

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

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

(3) Reading the timer and prescaler must be avoided
while the input to the prescaler is changing.

(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.

(6) Since the comparator consists of the capacitive cou-
pled configuration, f(X,y) is needed lager than 1MHz
during A-D conversion. And during A-D conversion,
don’t use STP or WIT 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 «wreeereremsrmermsmses s EPROM 3sets
Write the following option on the mask ROM confirmation
form

* STP instruction option

2—100 MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo supplyvohage ' 0.3~ 7 v
Vi input voltage Xu - T —03~7 v ]
V.,  Inputvoltage P2,~P2;, P4,~P4 —0.3~Veet+0.3 v
*V’ Input voltage POy~ PO;, Flojﬁm. P3y~P3,. Pag~Pds,  With respect 1o Vss _'6. 3’;13 B v
P5¢~P5;, INT, With the output transistor cut-off
Vi Inputvoltage CNVes, RESET ‘ ~0.3~13 v
| Vo Output voltage P2o~P2;, Phi~Pés, Xour, 4. D-A B T 0.3~Veet0.3 v
Output voltage POg~P0;. P1g~P1;, P3;~P3;, Pdg~P4,, !
Vo ° ’ P62~P6; vaM o o —0.3~13 v
7Pd " Power disswp::mon : ‘i’a=25:C ' 1000(Note 1) mw
| Topr _ ’ 6peratmg temperature o ~ —10~70 c |
Tstg Storage temperature —40~125 C
Note 1 300mW for QFP types
RECOMMENDED OPERATING CONDITIONS (Veo=5v+10%, Ta=—10~70C, uniess otherwise noted)
Symbol Parameter —— —lelts e Unit
Min Nom Max.
Voo Supplyvoltage 45 | 5 5.5 v
Vss Supply voltage o 6 ’ 74& A\ -
VReF ‘ Reference voitage ! 7 4 ! N 47\/;‘7 VV ]
. "H" input voltage POg~PO;. P1g~P1,, P2o~P2;, ‘
Vi P3g~ P37, Pdg~P4;, P5,~P5;, '0.8Vee Voo v
INT,, RESET, X, CNVsg ‘
“L” input voltage POy~ PO%: P1 é:Ph. P2y~P2;, ‘
Vi P3y~P3;. Pag~Pd;, P5o~P5;, boo 0.2Vee
INTy, CNVss ‘
V.L L" input voltage RESET 0 : 0.12Vee v
7 : “L" input voltage Xin o o 0 0. 16Vcc; \
! “L" peak E)u{put current Ed;:POL P1g~P1;, [ : i
P2o~P2+, P3p~P3;. ‘ 0 mA
P4,~P4;, PWM (Note 3 )
" peak output current PSONFég (Note 3 ) L . 15 mA
" a;e;aéé ouiprur;cﬂrrent PGy~ P07, P1:);~F’17,
P2¢~P2;, P3;~P3;, ' 5 mA
P4o~~P4;, PWM (Note2) ¢
" average output current PGDQVPE;(Ete 2) Ty : o 7 7 mA
| 7|OH1peak7 " peak output current P270~F727 V(Note 3) 7 - —10 mA
lontavg) | "H” average output current P2o~P2; (Note 2) -5 1 mA
fixp) . Internal clock oscillator frequency 4 ‘\ MHz
Note 2 1 The average output currents locavg: and low:avg: are the average value of a period of 100ms.
3 ! Do not allow the combined low- level output current of ports PO, P1, P2, P3, P4, P6, and PWM to
exceed 80mA.
Do not allow the combined high- level output current of port P2 to exceed 50mA.
4 . “H” input voltage of ports’ PO, P1, P3, P4,~P4,, P5 and INT, is available up to +12V.
MITSUBISHI o101
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ELECTRICAL CHARACTER'ST'CS (Ta=25°C, Vec=5V, Vgs=0V, f,, =4MHz, uniess otherwise noted’

. Limits
Symbol Parameter Test conditions - — Unit
- o o - o o o Min Typ Max
Vou “H” output voltage P2y~ P2; - 7 lop==—10mA 3 \%
Von “H" output voltage ¢ N |on%*2- SmA 3 v
“L" output voltage POg~P0;, P1g~P1;, P2u~P2;, |
lo,=10mA
Vou Pag~P3;, Pdg~Pd;, Pog~P6s, PWM O 2 v
Vou “L" output voltage ¢ i loL=5mA 2 \Y
Vit+—Vr— : Hysteresis INT, o 7 L - 0.3 1 Y
Vr+—Vy_ | Hysteresis P3; When used as INT input 0.3 ] \Y,
Vr+—V7— | Hysteresis P33 When used as CNTR input 0.5 1 \
Vy4—Vq_ Hysteresis RESET 0.5 0.7 v
V4 —Vr— | Hysteresis Xy B B 0.1 0.5 \%
} “L"” input current POy~ P07, P1g~P1;, P2y~P2;,
[ P3¢~P3;, P4g~P4;, P5,~P5;, V=0V —5 A
| PGy~ P65, PWM
he ["“L" input current INT;, RESET, Xin V=0V —5 A
“H" input current POg~P0;, P1o~P17, P3o~P3;,
. V=12V
s | Pdy~Pas, P5y~P5;, PE~PBs, PWM ' 12 A
| ‘ “H” input current INT;, RESET, Xw, P2o~P2s, o 5
H Pd,~P4; - #A
VReam " RAM retention voltage When clock disabled \%
f.x =4MHz
Lo 3 6 mA
¢, Xour. and D-A pins | Square wave
i opened, other pins at ~ a1 glock stop o - - -
: 1 A
lce . Supply current i Vgs, and A-D conver- T,=25¢C #
ter in the finished =, T - T T T T -
at clock stop
condition. . 10 LA
‘ Ta=75C
A-D CONVERTER CHARACTERIST|CS (Ta=25C, V=5V, Vss=0V, fix,;:=4MHz, unless otherwise noted)
| Limits
Symbol Parameter Test conditions T - Unit
' Min Typ. Max.
— N — S U — I - T
- Resolution ) j/ﬁg;=vcc7 . ) Lo 78 . Bits
— Absolute precision Vger=Vcc. with the output transistor cut-oft , 77iﬂ3 LSB
Ruapper | Ladder resistance : Vaer=Vee B 2 S L. S
| tconv Conversion time o ) 50 u“s
Vger Reference voltage ‘ 2 ., Veo v
S S - ¢
Via Analog input voltage | 0 Veer \
D-A CONVERTER CHARACTERIST'CS (Ta=25C, Vee=5V, Vss=0V, fix,i=4MHz, unless otherwise noted)
’ ! Limits
Symbol Parameter Test conditions B Unit
Min. Typ. Max.
— Resolution Vaer=Vce | | 5 Bits
— Error in full scale range Vrer=V¢c, with the output transistor cut-off 1 . +1 %
tsu Setup time Vrer=Vee 3 “s
Ro Output resistance Veer=Vee 3 kQ
Vger Reference voltage | Vee \%
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Single-chip mode (Ta=25C, Vee=5VE10%, Ves=0V, fix,,;=4MHz, unless otherwise noted)

Symbol Parameter Limits - Unit
Min Typ Max.
I 7{;:(;;;) : Port PO input se!’uip;{'rmieii i S 772707177” B ns |
Ceurio—s | PortPlmputsetiptme Lo T ns
tsuip2o—g) | Port P2 input setup time 270 ns
teutran_gi | Port P3 input setup time - 270 o ns |
7EF:,;;; | Port P4 input setup time 270 ’ B T
toutrsm_ps | Port P5 input setup time 270 | B )
| this—rooy  Port PO input hold time T ns
s mo)  PotPlinputholdtme 20 B " ns
ths_peo)  Port P2 inputhold time ) B 0 ns |
; his—rap) " Port P8 input hold time E ns
th(¢—pan) Port P4 input hold time 20 ns
| thip-pspy  Port P5 inputhold time 20 ns
tc External clock input cycle time ) 2567'7 ns
tw " Extemnal cln;&Eut puise width - i 75 ns
tr " External clock rise-time 7 25 ns
t " External clock fall-time ) ) 25 ns
Eva-chip mode (1,=25¢C, vee=5v£10%, Vss=0V, fx,,;=4MHz, unless otherwise noted)
Symbol Parameter - 7iﬁlimits Unit
Min Typ. Max
I Vtsu(p()D ) " Port PO input setup time . 270 s
tsupio— Port Pt input setup time T 270 ns '
‘sl;(;;:; ;) ' Port P2 |Vnrput setup time 270 ns
B t;{(;,pomﬁ ) *Eort PO input hold time o 20 ns
this—p1D) Port P1 inrput hold time 20 ns
th(s—pP20) ) Port P2 input hold time B 20 ns
Memory expanding and microprocessor modes
(Ta=25TC, Voc=5VE10%, Vss=0V, t:x,i=4MHz, unless otherwise noted)
Symbot Parameter Limits Unit
Min Typ Max.
tsu(p2p—o) Port P2 input setup time o i a ‘ 270 ns ]
this_rzoy __ Port P2 input hold time - 30 ns |
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS

Single-chip mode (Ta=25C. Vec=5VE10%, Vss=0V, f.x . =4MHz, unless otherwise noted]

Symbol Parameter Test conditions le{tg - Unit
; S _ M Typ | Max .
Cdiepoa) | PoPOdamoupudelaytime fo. 10 ’ i 20 ns
tdeg—piq; _Port P1 data output delay time o L . o ) 230 ns
ﬁrtd(:mj Port P2 data output delay time Fig. 20 ’ ) T 230 ns
| tacs_poas  Port P3 data output delay time i B o o 230 ns
td(ip‘,ol " Port P4 data output delay time o o o B Fig. 19 ) 236"77' nsﬂ
dig_roq) | Port P6 data output delay time - 230 ns
Eva'Chip mode (Ta=25C, Vee=5VE10%, Vss=0V, fix,;=4MHz, unless otherwise noted)
Symbol Parameter Test conditions = LWIT*I['S - Unit
Min Typ. Max
o “PenPossdes gy ime T T T s s
I E;Eﬁ " Port PO address outpﬁ[ﬂelay time 777 - N 7! - . 250 ns
e ot PO o ouputalaytme - 200 e
Ty ST e A < T
| _tdis--erar Pt P1 address output defay time ] R
| tdcg—piapy  PortP1address outputdelaytime | o 250 ns
tdes—prq) _| Port P1 data output delay time o .20 ns
td(s—p1gF) : Port P1 data output delay time - o o 2000 ns
[ taie peo)  PotPEdmacuputdelyime o 20 R O
td s—roar) | Port P2 data output delay time B T L _300_ ns
td(s—R/w) R/W signal output delay time S o 250 _ns
];j@ﬁrl\}v sirgnral gutputg(@time - ; - 250 . ns_
td(e—paga) | Port P3 data output delay time L o 200  ns
| tdis—ragar) l Port P3 data output delay time ) o Fig. 19 .20 s
| tg(s—sync) SYNC signal output delay time o - i 250 ns
| td(e—syner) | SYNC signal output delay time : 1250 ns
| td(s~psjq) | Port P3; data output delay time L 3 - 200 ns
i 200 ns

td(s—pa,oF) | Port P3, data output delay time

Memory expanding and microprocessor modes
(Ta=25T, Vee=5Vt10%, Vgs=0V, fx,:=4MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions **Minf*'r T;p_iﬁ Ma?rﬂ Unit
d(s- Poa) ,lj?n PO address output delay time S 3 Fig. 19 s 250 ns
JQEH‘LL Port P1 address output delay time . o 7@ _ns |
— ) Port P2 data output delay time ' 300 ns
_tdes—rea) Hior P2 data output delay - - = Fig. 20 [ — [N AR SN
td(s—poqr; | Port P2 data output delay time S o I 300  ns
tdis—mw) | R/W signal output delay time | Fio 19 250 ns
| tdte—mrmwy jtaelay ime 0 . | iq. o L -
tg(s—svync) | SYNC signal output detay time 9 250 ns
< Vee
1k
=1
P? ———— ¢ PAl—— +— —
P2 = 100pF = 100pF
P3
/e
P8 e
o " —0 ¢ e
= 100pF = 100pF
v/ Ve
Fig.19 Ports PO, P1, P3, P4, P6 test circuit Fig.20 Port P2 test circuit
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS
In single-chip mode ¢ A N

— '-— td (s—pPoQ)
Port PO output X

Port PO input

{
|

tsu (Poo—¢)

th (s—roo)

—! l-—td (¢—pP10Q)

Port P1 output X

Port P1 input

! T‘T

tsu (P10—9)

{hill
J

th (e—piD)
— r«—fd (¢—P20Q)

Port P2 output X

Port P2 input

tsu (p20—9)

th (¢—p2C

td (¢~-P3q)

Port P3 output

I
HEEr

tsu (Pap—s)

Port P3 input

th (#-pP3D)

Port P4 output

— {td (¢—PaQ)

tsy (Pap—¢)
Port P4 input

~—th (¢—pap)

].J.
/

tsu (PsD—9)
Port P5 input
] th (¢-pso)

— td (+—pea)

Port P6 output
tc
| tw
fix,» /
—_— /
—d tr —e et
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In eva-chip mode

Ly v
¢ / \\ /
— td (s—rpon) — td (¢—-poarp)  —™ td (¢—poaF)
Port PO output
— td (e—roQ:

tsu (mo—;’*
Port PO input /

— th (e—pPoDI

/

. td (s—pr1a) — td (p-pr1ar) - <= td (¢—P10F

Port P1 output

— td ¢e—pra:

tsu (p1D— ¢}
Port P1 input

l«— th (¢—P10D!

s

— r‘~ td (s—r2a) —1 td (¢—poorF!
Port P2 output
le
tsu (p20—¢)
Port P2 input
- th (s—p20!
—1 i“ td (s—R/w) - td (s—R/wF: - < td (¢—p3gaF)
Port P3, output (R/W)
— td (e—p3,0)
— ’*— td (¢—svne? — td (s—syncF) — g (¢—p3,0F!
\
Port P3, output (SYNC)
—= td io—r3,0}
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MITSUBISHI MICROCOMPUTERS

M50744-XXXSP/FP
M50746-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In memory expanding mode and microprocessor mode

o — N

— td (4—poa)
Port PO output X
— td (s—p1a)
Port P1 output X
—= td (¢~r20) — td (¢—p2aF)
Port P2 output X Fioating

tsu (p2D—#) e
Port P2 input
— th (¢—pP20)

— td (o—n/w)

Port P3, output (R/W)

— td (¢—synC)
Port P3, output (SYNC) X
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