MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M50944-XXXSP is a single-chip microcomputer de-
signed with CMOS silicon gate technology. It is housed in a
64-pin shrink plastic molded DIP.

This single-chip microcomputer is useful for business
equipment and other consumer applications.

In addition to its simple instruction set, the ROM, RAM, and
1/0 addresses are placed on the same memory map to en-
able easy programming.

The differences between the M50944-XXXSP and the
M50944-XXXFP are the package outline and the power dis-
sipation ability (absolute maximum ratings).

FEATURES
® Number of basic inStruCtions:«=-+--«trovreerrrernneennn 69
® Memory size ROM ------+-eo-- -+ 12288 bytes

RAM -+ reeereat i, 192 bytes

® |Instruction execution time
~~~~~~~ 25 (minimum instructions at 4MHz frequency)
® Single power supply f(Xy)=4MHz
f(Xin)=1MHz

® Power dissipation
normal operation mode (at 4MHz frequency)

................................................................ 15mw
low-speed operation mode (at 32kHz frequency for
clock function) ............................................. 0.3mW
® Subroutine nesting e 96 levels (Max.)
@ Interruptserceeseenee 10 types, 5 vectors
® 8-bit timer---eeeeeerreieenns 7 (6 when used as serial 1/0)
. senal I/O .....................................................
® Devider for serial 170
® Interrupt request distinguish register --------------- 8-bitX2
® Programmable 1/0 ports (Ports P3, P4) «++oocvmmeeeeennee 16
® Middle-voltage programmable ports

(POI"lS PO, P1, p2) ..............................................
® Input ports (Ports R, IN) -
® A-D converter: -« et
® Two clock generator circuits

(One is for main clock, the other is for clock function)

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

PIN CONFIGURATION (TOP VIEW)

Reference voltage

input Vrer — [1] Vee
IN; — AVee
INg — P2,
INg — [4] - P2,
Input port IN INe— P2,
IN; — [ 6] - P2,
IN, — - P2, 140 port P2
IN, — 8] > P2
INg — [ 3] - P2
P47/Saovo ++ [0 “ P2,
P44/CLK, + [11] + PO,
P4s/Soyurs v+ -« PO,
VO portpa | Sz < é = PO
P43/INT, > © <« P03
P42/m?3 - I: - PO, 170 port PO
P4, +> x + PO
Pag+ & ~ POg
P37/Shovt ++ e + PO,
P3g/CLK, +> P,
P3s/Souti +* + P1y
Vo porpa | oS P
P3s/T + =Pl 1/0 port P1
P3,/CNTR « - P1,
P3,/INT, +> > P1g
P3o/INT, + - Pl
CNVgg + Pi;
Reset input RESET — NC
Clock input XN — +~ Ry
Co oo TR Dt port
timer fu‘:lction Xom = <R
Clock output for  Xcour +— +Rs

timer function Ves — ¢ Timing output
Outline 64P4B
T 0 OO ND IO PN N DD
e afRREERRRaarana
IO SRR AR 0 NN AN N O 20 A A AR O
ool fes} e 7] s f] o] ] 2] [} [ 5] 1 57 ol [ ] 5]
P23 ++ 5] 32] ++ P16
P2, + 2] B« P1,
P2, «»[53] ]+ Rg
P2y« [&4] (8] «~ R,
AVee 8] +— R,
Vee R
AVgs 6] — ¢
Voo — 3 M50944-XXXFP Ves
IN, — [59] 24} — Xcour
INg — [&0] +~ Xcin
IN5 — [61] — Xour
IN, — [€2] O +— Xin
IN; — [53] [20] < RESET

[5]

B
(5]
P3p/INT, - (3]

(]

P4y« [©]

it ad E
P37/Srpyi
P3y/T +

P33/CNTR 3]

Pdg/CLKy <+ []
P45/Soyt2 « [v]
P44/Sing += [=]
P43/INT,
P43/INT3 < [=]
P3g/CLK; «
P3s/Sout1 + (&
P34/Sin +— [E]
P3:/INT, ++

Outline 64P6S

NC : No connection
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M50944-XXXSP

Parameter Functions

Number of basic instructions

69

Instruction execution time

2us (minimum instructions, at 4MHz frequency).

Clock frequency

4. 2MHz (main clock input), 32kHz (for clock function)

. ROM 12288bytes
Memory size
RAM 192bytes
PO, P1, P2, P3, P4 170 8-bitX5
Input/Output ports IN Input 8-bitX1
R Input 4-bitX1
Serial I/0 8-bitXx 2
Timers 8-bit prescalerX 3+8-bit timerX4 (3 when serial 1/0 is used)

Subroutine nesting

96 levels (max.)

Interrupt

Four external interrupts, Four timer interrupts {or three timers, one serial 1/0}

Clock generating circuit

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

Supply voltage

5V+10%(at f(Xiy) =4MHz), 3.0~5.5V(at f(X;y) <1.0MHz)

Power dissipation

At high-speed operation 15mW (at H{(Xy) =4MHz).
At low-speed operation 0.3mW (at t(Xcn)=32kHz).
At stop mode 1A (at clock stop)

Input/Output

5V {ports P3, P4)

Input/Output voltage
putbutp 9 12V (ports PO, P1, P2)

Characteristics

10mA (ports PO, P1, P2: middle voltage N-channel open drain output).

Output current
—5~10mA (ports P3, P4: CMOS tri-state output)

Memory expansion Possible
Operating temperature range —10~70TC
Device structure CMOS silicon gate
M50944-XXXSP 64-pin shrink plastic molded DIP
Package
M50944-XXXFP 64-pin shrink plastic molded QFP
2—80 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

| Input/ X
Pin Name Functions
Output

Vee Supply voltage Power supply inputs 5V10% at f(X)=4MHz and 3. 0~5. 5V below (X)=1.0MHz 10 V¢c, and OV to Vss.

Vss

CNVgs CNVss This is usually connected to Vss.

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 Ve
conditions) . tf more time is needed for the crystal oscillatior to stabilize, this “L" condition should be main-
tained for the required time.

XiN Clock input Input These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
external ceramic or a quartz crystal oscillator is connected betwean the X,y and Xour pins. if an external

XouTt Clock output Output clock is used, the clock source should be connected the Xy pin and the Xour pin should be left open.

L] Timing output Output This is the timing output pin.

Xcin Clock input for Input This is the 170 pins of the clock generating circuit for the clock function. To control generating frequency,

clock function an external ceramic or quartz crystal oscillator is connected between the Xcinw and Xgout pins. if an externai
clock is used, the clock source should be connected to the Xcin pin and the Xcout pin should be left open.

XcouT Clock output for Qutput This clock can be used as a program controlled the system clock.

clock function

POo~P0; | /O port PO 11O Port PO is an 8-bit 170 port with directional registers allowing each /0 bit to be individually programmed as
input or output. At reset, this port is set to input mode. The output structure is N-ch open drain. A pull-up
transistor is built-in between the Ve pin and this port.

P1o~P1; | /O port P1 I/0 Port P1 is an 8-bit I/0 port and has basically the same functions as port PO.

P2,~P2; | /O port P2 /o Port P2 is an 8-bit 1/0 port and has basically the same functions as port PO.

P3,~P3; | /0O port P3 170 Port P3 is an 8-bit I/0 port with CMOS output. The other functions are basically the same as port PO.

P3o, P3,, P3; and P3; pins are in common with INT, INT;, CNTR and T respectively. When serial 170, is
used, P34, P3s, P3¢ and P3; work as Sin1, Soyr1, CLK1 and Sgpy¢ pin respectively.

P4,~P4; | /0 port P4 110 Port P4 is an 8-bit 1/0 port and has basically the same functions as port PO.

P4, and P4 pins are in common with INT; and INT, respectively. When serial 1/0; is used, P4,, Pds, Pdg
and P4; work as Siva, Soutz. CLK; and Sgpy2 pin respectively.

Ro~R3 input port R input Port R is a 4-bit input port.

INg~IN7 | Analog input port IN Input Port IN is the analog input pin to the A-D converter. It also has a dual function and works as a normal input
port.

AVgc, AVgs | Voltage input for A-D This is the power supply input pin for the A-D conveter.

(Note)

Veer Reference voltage input This is the reference voltage input pin for the A-D conveter.

input

Note. This pin is for flat package only.

MITSUBISHI 2—81
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M50944-XXXSP is shown in Figure
1. Addresses D000,¢ to FFFF,s are assigned to the built-in
ROM area which consists of 12288 bytes. Addresses FF00,¢
to FFFF.¢ are a special address area (special page). By
using the special page addressing mode of the JSR in-
struction, subroutines addressed on this page can be called
with only 2 bytes. Addresses FFF4,4 to FFFF.s are vector
addresses used for the reset and interrupts (See interrupt

chapter) . Addresses 0000, to 00FF,s 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 reduce the object
size required.

The RAM, I/O port, timer, etc. addresses are already
-assigned for the zero page. Addresses 0000, to 00BF, are
assigned for the built-in RAM which consists of 192 bytes of
static RAM. This RAM is used as the stack during sub-
routine calls and interrupts, in addition to data storage.

Decimal
00006 0 P
' 7 0080.s[Port Po
/
RAM , 00E 15| Port PO Srectonar
(192 bytes) // 00€2,5[Port P1
00BF 6 191 // 00E3s{Port P1 Tagmar™
Zero page Y 00E4,¢] Port P2
Not used / 00E5,6 port P2 ?rergelt;(‘ié)rnal
d 00E6
16
00EO
" 00E7.6
00FF 4 255 00E8,s| Port P3
\ 00E9;¢|Port P8 Suoior™
\\ 00EA,s| Port P4
Not used \ 00EB16|Port P4 ?é';i‘;{f,““'
\ 0GEC ¢} Port IN
\ 00ED, | Timer 4 prescaler
| 00EE,¢] Timer 4
D000, \
\ 00EF 5] A-D register
! 00F0;¢ [Port R
\ 00F1,, I'v1et§irsr:|ep't1mquestdisnnguish
\\ 00F2, I'r:gei;rlueprtzrequesldis(ingulsh
\ 00F3,¢] A-D control register
FF0O :
b \ 00F 4,4 | Serial /0, mode register
\\ 00F5,5| Serial 1/0, register
\ 00F6, | Serial /0, mode register
ROM \\ 00F7,¢|Serial 170, register
(12288 bytes) \ 00F 8, [Serial /0, clock selection registe
Special page
P forp g - \ 00F9,,] Timer 3 prescaler
subroutine PRl Rearem & V' 00FA| Timer 3
cal
ASaress NT.orA-D 00FB, 6| Timer 1,2 prescaler
Aaaress 5 INT, or Timer 4 ' 00FC,¢) Timer 1
Address L INT, or Timer 3 6 - ;
Address H Timer 2 or Serial /0 O0FDss| Timer
233:::3 r'i INT, or Timer 1 \ OOFE,g] Interrupt control register
FEFF,q Adaross H 6?5E3%ET \ 00FF,q| Timer control register
Flg.! Memory map
k]
2—82 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

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

ACCUMULATOR (A)

The 8-bit accumulator {A) is the main register of the micro-
computer. Data operations such as data transfer, input/out-
put, etc., is executed mainly through the accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register. In the index regsi-
ter X addressing mode, the value of the OPERAND added
to the contents of the index 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 REGSITER Y (Y)

The index register Y is an 8-bit register. In the index regis-
ter Y addressing mode, the value of the OPERAND added
to the contents of the index 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
PCy, PCL Program counter

7 0

NjV|T|B}lD|I1]Z]C Processor status register

L Carry flag

Zero flag

Interrupt disable flag

Decimal mode flag

Break flag

Index X mode flag

Overflow flag

Negative flag

Fig.2 Register structure

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

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

When an interrupt occurs, the higher 8 bits of the program
counter is pushed into the stack first, the stack pointer is
decremented, and then the lower 8 bits of the program
counter is pushed into the stack. Next the contents of the
processor status register is pushed into the stack. When
the return from interrupt instruction (RTI) is executed, the
program counter and processor status register data is pop-
ped off the stack in reverse order from above.

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

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

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

PROGRAM COUNTER (PC)

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

PROCESSOR STATUS REGISTER (PS)

The 8-bit PS is composed entirely of flags used to indicate
the condition of the processor immediately after an opera-
tion. 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 explained
below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic Logic Unit (ALU) immediately after an op-
eration. It is also changed by the shift and rotate instruc-
tions. The set carry (SEC) and clear carry (CLC) instruc-
tioné 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 resuit is zero, the zero
flég will be set to “0”. If the result is not zero, the zero flag
will be set to “1”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt is
accepted, this flag is automatically set to “1” to prevent
from other interrupts until the current interrupt is completed.
The SEI 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 “0”", the operations are ex-
ecuted in binary. Decimal correction is automatically ex-
ecuted. 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 B 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 T flag, respectively.

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 V 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 “1”). Whenever the BIT
instruction is executed, bit 7 of the memory location is input
to the N flag. There are no instuctions for directly setting or
resetting the N flag.

2—84
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPT

The M50944-XXXSP can be interrupted from ten sources;
INT, or timer 1, timer 2 or serial /0, INT; or timer 3, INT3
or timer 4, INT, or A-D or BRK instruction. The value of bit
2 of the serial 1/0; mode register (address 00F6,s) deter-
mines whether the interrupt is from timer 2 or from serial
1/0,. When bit 2 is “1” the interrupt is from serial 1/04, and
when bit 2 is “0” the interrupt is from timer 2. Also, when bit
2 is “1”, parts of port 3 are used for serial 1/04. Bit 7 and bit
5 of the interrupt request distinguish regisrer 1 (address
00F1,¢) distinguish whether the interrupt request is from
INT, pin or timer 1. When bit 7 is “1", the interrupt is re-
quested from INT, pin and bit 5 is “1”, the interrupt is re-
quested from timer 1. Bit 3 and bit 1 of the interrupt re-
quest distinguish register 1 (address 00F1,¢) distinguish
whether the interrupt request is from INT; pin or timer 1.
When bit 3 is “1”, the interrupt is requested from INT, pin
and bit 1 is “1”, the interrupt is requested from timer 3.
Also, bit 7 and bit 5 or bit 3 and bit 1 of the interrupt re-

quest distinguish register 2 distinguish whether the inter-

spectively.

These interrupts are vectored and their priorities are shown
in Table 1. Reset is included in this table since it has the
same function as an interrupt. When an interrupt is
accepted, the contents of certain registers are pushed into
specified locations, as discussed in the stack pointer sec-
tion, and the interrupt disable flag (1) is set, and the prog-
ram jumps to the address specified by the interrupt vector,
and the interrupt request bit is cleared automatically. The
reset interrupt is the highest priority interrupt and can never
be inhibited. Except for the reset interrupt, all interrupts are
inhibited when the interrupt disable flag is set to “1”. Ail 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 disabie flag is “0".
The interrupt request bits are set when the following condi-
tions occur:

Y
i

7 0
7 0
L 0
CILITT 1]

7 0

a

A

Interrupt G
request

L(___]5]:]:1:[:[:1:!

L Interrupt disable flag |

L Reset

interrupt request distinguish register 1 (address 00F1+¢)
Bit7 © INT, interrupt request bit

Bit6 ! INT, interrupt enable bit

Bit5 : Timer 1 interrupt request bit

Bit4 : Timer 1 interrupt enable bit

Bit3 : INT, interrupt request bit

Bit2 . INT; interrupt enable bit

Bit1 : Timer 3 interrupt request bit

Bit0 : Timer 3 interrupt enable bit

Interrupt request distinguish register 2(address 00F2¢)
Bit7 : INT; interrupt request bit

Bit6 : INT; interrupt enable bit

Bit5 @ Timer 4 interrupt request bit

Bit4 : Timer 4 interrupt enable bit

Bit3 : INT, interrupt request bit

Bit2 : INT, interrupt enable bit

Bit1 : A-D interrupt request bit

Bit0 : A-D interrupt enable bit

Interrupt controi register(address 00FE,g)

Bit7 : INT, or timer 1 interrupt request bit
Bit6 : INT, or timer 1 interrupt enable bit
Bit5 : INT, or timer 3 interrupt request bit
Bit4 : INT, or timer 3 interrupt enable bit
Bit3 : INT; or timer 4 interrupt request bit
Bit2 : INT; or timer 4 interrupt enable bit
Bit1 ! INT, or A-D interrupt request bit

Bit0 : INT, or A-D interrupt enable bit

Timer control register(address 00FF )
Bit 7  Timer 2 or Serial /0, interrupt request bit
Bit6 ': Timer 2 or Serial 1/0, interrupt enable bit

Fig. 3 Interrupt control

MITSUBISHI
ELECTRIC
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M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) When the level of INT,, INT,, INT; or INT, pin changed
(2) When the contents of timer 1, timer 2 (or the serial
1/0, counter), or timer 4 goes to “0”

When the two interrupt requests, which are the same prior-
ity, are at the same sampling, the priority process is pro-
cessed by interrupt request distinguish register 1 and 2.
These request bits can be reset by a program but can not
be set. Since the BRK instruction interrupt and the A-D in-
terrupt have the same vectored address, the contents of
the B flag must be checked to determine if the BRK in-
struction caused the interrupt or if A-D generated the inter-
rupt.

Table 1. Interrupt vector address and priority
interrupt Priority Vector address
RESET 1 FFFF,6, FFFE g

INT, or timer 1
Timer 2 or serial 1/0,

2 FFFD,6, FFFCye
3
INT, or timer 3 4
5
6

FFFB1s, FFFAg
FFF9.6, FFFB8,g
FFF7.6, FFF66
FFF5,6, FFF4,s

INT; or timer 4
INT4 or A-D(BRK)]

7 0
Timer control register (Address 00FF,g)

H Processor mode bit

00 : Single-chip mode

01 : Memory expanding mode
10 : Microprocessor mode

11 : Eva-chip mode

Timer 3 prescaler count source selection bit
0 . ¢divided by 4
1 % Xcw (clock for clock function)

Timer 4 prescaler count source selection bit
0 : ¢divided by 4
1 ! External clock

I—— Timer 3 count stop bit

0 : Count start
1 : Count stop

Timer 2 or serial /0, interrupt enable bit
0 ! interrupt disable
1 ! Interrupt enable

Timer 2 or serial /0y interrupt request bit
0 ! No interrupt request
1 I With interrupt request

Fig. 4 Structure of timer control register

TIMER

The M50944-XXXSP has seven timers; timer 1, 2 prescaler,
timer 1, timer 2, timer 3 prescaler, timer 3, timer 4 prescal-
er and timer 4. Interrupt from timer 2 cannot be used at us-
ing serial 170 (see serial 1/0 section).

A block diagram of timer 1 through 3 and timer 4 is shown
in Figure 5 and Figure 6 respectively. The count source for
timer 3 prescaler and timer 4 prescaler can be selected by
using bit 2 and 3 of the timer control register (addres
O0FFy¢), as shown in Figure 4. :

All of the timers are down count timers and have 8-bit
latches. When a timer reaches “0” and the next count pulse
is input to a timer, the contents of the reload latch are
loaded into the timer. The division ratio of the timer is 1/(n
+1), where n is the contents of timer latch.

Each timer has interrupt generating functions. The timer in-
terrupt request bits (in the interrupt request distinguish
register 1, the interrupt request distinguish register 2, the
interrupt control register and the timer control register) is
set at the next count pulse after the timer reaches “0”. The
interrupt distinguish register 1 and 2 are located at addres-
ses 00F1,5 and 00F2,4 respectively.

The starting and stopping of timer 3 prescaler is controlied
by bit 5 of the timer control register. If the corresponding
bit is “0”, the timer starts counting, when the corresponding
bit is “1”, the timer stops.

After a STP instruction is executed, timer 3 prescaler, timer
3, and the clock (¢ divided by 4) are connected in series
(regardless of the status of bit 2 of the timer control
register). This state is canceled if timer 3 interrupt request
bit is set to “1”, or if the system is reset, and it becomes a
former count source decided with bit 2 of the timer control
register. Before the STP instruction is executed, bit 5 of the
timer control register must be set to “0”, bit 0 of the inter-
rupt request distinguish register t must be set to “1”, bit 1
of the interrupt request distinguish register 1 must be set to
“0”, bit 4 of the interrupt controt register must be set to “0”
and bit 5 of the interrupt control register must be set to “0”.
For more details on the STP instruction, refer to the oscilla-
tion circuit section.

ELECTRIC
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P3; latch

8

SR

Timer 1, 2
prescaler latch(8)

= #/4 8 §

Timer 1, 2 prescaier
L 8

8

e

Timer 1 latch

o

Timer 1 interrupt request bit (IF1s)

Timer 1

7T

Timer 2 latch(8)
8 1
Timer 2

§ 8

C

P3,/T SiM.

S$iM,, 5;M;,

00, 01 : External clock

10 :1/2 of timer 2

O-

P3¢/CLK,

S\My 1M,
P3; latch

O
vEBLEE

Sync.
circuit

Serial 1704

SiM;

counter (3)

P3s/Sout S$iM,

Serial 1/0,4

Or

P34/Sin

*’?@ Selection gate (At reset the 8 |
shaded side is connected.)

register (8)

LD

]

Timer 3
prescaler latch(8)

S—,

Timer 3 prescaler (8) —
L 8

8

]

Tither 3 latch (8}

Timer 2 or serial I/0, interrupt
request bit (TM;)

TM : Timer controi register
S;M : Serial I/0, mode register
IF1 . Interrupt request distinguish register 1

Timer 3(8)

NP

8

Timer 3 interrupt request bit (IF1,)

Fig. 5 Block diagram of timer 1 through timer 3
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8

C

Timer 4 prescaler

@ latch (8)

8 {
P3,/CNTR Timerd

prescaler(8)

#/4

T™; 3

{ 8
Timer 4 latch(8;
8 ¢

Timer 4(8) Timer 4 interrupt request bit (IF25)

.8

Serial /0, clock selection register

0XX - N =1
I/N 100+ N =2 E/Zl

101 N = 4

10-N=38

“N=16

Q 111
S, M
P4g / CLK, Mi - SMo

00, 01 : External clock
Sync.
circuit 10 1 1/2 of timer 4
11 ! Serial 1/0; clock divider

S:M; S M,
Serial /0,
counter (3) F/F
P4; latch
PO ‘
Q S
Pds/Sours M
(_/L Serial 170, IF2 ! Interrupt request distinguish register 2
register(8) S:M ! Serial /0, mode register
P4,/ Sy t
Selection gate {At reset the 8
shaded side is connected.)
Fig. 6 Block diagram of timer 4
2—88 MITSUBISHI
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SERIAL 1/O,

A block diagram of the serial 1/0; is shown in Figure 7. In
the serial 170, mode, the receive ready signai (Sapv1), syn-
chronous input/output clock (CLK;), and the serial 1/04
(Sourt, Swi) pins are used as P37, P3e, P35, and P3,, re-
spectively.

The serial 1/0; mode register (address 00F6,¢) is an 8-bit
register. Bits 1 and 0 of this register are used to select a
synchronous clock source. When these bits are (00) or (01)
, an external clock from P3s is selected. When these bits
are (10), the overflow signal (from timer 2) divided by two
becomes the synchronous clock. Therefore, changing the

timer period will change the transfer speed. When the bits
are (11}, the internal clock ¢ divided by 4 becomes the
clock.

Bits 2 and 3 decide whether parts of P3 will be used as a
serial 170 or not. When bit 2 is “1”, P35 becomes an 1/0 pin
of the synchronous clock. When an internal synchronous is
selected, the clock is output from P3g. If an external syn-
chronous clock is selected, the clock is input to P3s. And
P3; will be a serial output and P3, will be a serial input. 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.

XCIN 4[
Timer 1, 2 ] .
T 1 prescaler(8; H Timer 2(8!
Xin
P3;
\W Divider
J| 1/2 lr

Sync.
circuit

P3, Q CLK;

JT

to timer 2 or serial
170 interrupt
request bit

Serial 1/0y counteri]]-;

__ATransfer clock
P35 SOUT\ /l
p Sins T _[ : i 8
P34 u— —lMSB Serial 1/0 register{8; LSB
(Address 00F7,s) ﬁ
f Data bus f
.

[ |

| [ 11

] Serial /0, mode register

Synchronous clock selection bit
00 :
0
10 : Timer 2 overflow signal divided by 2

11 : Timing ¢divided by 4

} External clock

L Serial /O, port selection bit (P35, P3s)
0 ! Normal I/O port

1 : Serial 170, port

L Saov signal output selection bit (P3;)
0 : Normal 1/0 port

1 : Sgroy: signal output pin

Fig. 7 Block diagram of serial I/0
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To use the serial 1/0,, bit 2 needs to be set to “1”, 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
dataready signal (bit3 = “1",%;1) orused as anormal 1/0
pin (bit 3="0").

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
transmission or while dummy data is stored inthe serial 170,
register. After the falling edge of the write signal, the Sppys
signal becomes low signaling that the M50944-XXXSP is
ready to receive the external serial data. The Sgpy; signal
goes “H” at the next falling edge of the transfer clock. The
serial 1/0, counter is set to 7 when data is stored in the se-
rial 170, 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
1/04 register will be shifted 1 bit. Data is output starting with
the LSB. After the transfter clock has counted 8 times, the
serial 170 register will be empty and the transfter clock
will remain at a high level. At this time the interrupt request
bit will be set.

External Clock — If an external clock is used, the interrupt
request will be set after the transfter clock has counted 8
times but the transfter ciock wili not stop. Due to this
reason, the external clock must be controlied from the out-
side. The external clock should not exceed 250kHz at a
duty cycle of 50%.

Timing diagrams are shown in Figure 8, and connections
between two M50944-XXXSPs’ are shown in Figure 9.

Transfer clock

Synchronous clock mmmwm

write signal

Serial 1/0, output
SOUY!

\
DADY I W) =0 6N D 609 6T

[
|
t
|
T

Serial 1/0, input
SIN1

A X X X XX XX

Serial 1/0, register l—l
]
|
I
{
[
I
|
L
|
|

Receivable signal

Soor. L

il
|
+
!
!
|
i

Interrupt request bit set

Fig. 8 Serial 1/0, timing
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SRDV1

Receiving side

Synchronous clock

Serial data

Sending side
Serial /0, mode register
P3;
bit3 bit 0

Set the directional

register for P3; pin

in input mode. P3q
P3s

P3;

P3¢

P3,

Receiving 1/0, mode register

bit3 bit 0

Set the directional
register for P34 pin
in input mode.

Fig. 9 Example of serlal 1/0, connection

L

Synchronous clock selection bit
00:

o - External clock

11 : Timing ¢ divided by4

Serial 1704 port selection bit

0 : Normal I/0 port
1 . Serial 170, port

Sapv1 Signal output selection bit
0 : Normal I/O port
1  Spovy signal output pin

P34/T output selection bit
0 : Normal I/0 port

Clock{ Xin-Xour)stop bit
0 : Oscillation
1 . Stop

0 : Xn-Xour (normal mode)

Serial /0, mode register (Address 00F6,5)

10 : Timer 2 overflow signal divided by 2

normal operation : f(X;y)/16
low-speed operation : t(X¢n)/8

1 : Timer 2 overflow signal divided by 2

internal syst: clock source selection bit

1 1 Xem-Xcour (low-speed mode)

Fig. 10 Structure of serial 170, mode register
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SERIAL 1/0,

A block diagram of the serial I/0, is shown in Figure 11.

In the serial 1/0, mode the receive ready signal (Srpyz),
synchronous input /output clock (CLK;), and the serial 1/0,
pins (Soura, Sinz) are used as P4;, P4g, P4, and P4, re-
spectively.

The serial 10, mode register (address 00F4,¢) is an 8-bit
register. Bits 1 and 0 of this register is used to select a
synchronous clock source.

When these bits are (00) or (01), an external clock from
P4 is selected. When these bits are (10}, the overflow sig-
nal from timer 4, divided by two, becomes the synchronous

clock. Therefore, changing the timer period will change the
transfer speed. When the bits are (11], the timing ¢ divided
by 4, becomes the clock.

Bit 2 and 3 decide whether parts of P4 will be used as a
serial 1/0, or not. When bit 2 is a “1”, P43 becomes an 1/O
pin of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P4g. If an exter-
nal synchronous clock is selected, the clock is input to P4g
and P4; will be a serial output and P4, will be a serial in-
put. To use P4, as a serial input, set the directional register
bit which corresponds to P4, to “0”. For more information on
the directional register, refer to the {/O pin section.

Serial 1/0; clock]
divider
: S .4

P47 RDY2 i W

gﬁ prommster (3) | Tmer ¢ @)

External

Divider

172

| Sync.
circuit

Pa, O CLK,

S
P4, O ouT2 <1

r—-{ Seriat 170, counter (3) ﬂ* S Q> S:M,
0 . Serial I/0;
Reset ® R during
T Serial I/0, transfer
ransfer clock register write signal 1: Se(rjial 1/0,
en

P4, G Sing

—IlMSB Serial 1/0; register(8)  LSB

(Address 00F5,)

Data bus §

Serial I/0, mode register (Address 00F4,¢)

Synchronous clock selection bit

00 :
o External clock

10 I Timer 1 overftow signal divided by 2
11 [ Timing ¢ divided by 4

Serial 1/0; port selection bit (P4, P4s)
0 ! Normal 1/O port
1 ! Serial /0, port

Snpy2 signal output selection bit (P4;)
0 : Normal 1/0 port
1 ! Sppvz signal output pin

Fig. 11 Block diagram of serial [/0,
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To use the serial 1/0,, bit 2 needs to be set to “1”, if it is
“0" P4g will function as a normal 1/0. Bit 3 determines if P4;
is used as an output pin for the receive data ready signal
(bit 3=1, Spoyz) or used as normal 170 pin (bit 3=0). The
serial 1/0, 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 SRDY; signal becomes “H” during trans-
mission or while dummy data is stored in the serial /0,
register (address 00F5,¢) . After the falling edge of the
write signal, the Sppy, signal becomes low signaling that
the M50944-XXXSP is ready to receive the external serial
data. The Sgove signal goes “H” at the next falling edge of
the transfer clock. The serial 1/0; counter is set to 7 when
data is stored in the serial 1/0, register. At each falling

edge of the transfer clock, serial data is output to P4;. Dur-
ing the rising edge of this clock, data can be input from P4,
and the data in the serial 170, register will be shifted 1 bit.
Data is output starting with the LSB. After the transfer clock
has counted 8 times, the serial 1/0; register will be empty
and the transfer ciock will remain at a high level. At this
time the serial 1/0, end 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 12.

Transfer clock

Serial 1/0, register l I

Synchronous clock I I | I | I | l | I | I | l l l I l I l I l | l I I I

\

write signal

|
I
t

Serial 1/0; output
SOUTZ

\
D3 &

) 60 €0 & & 6
|

i

Serial 1/0; input
S|N2

)G D O G G G

|
|
|
|
|
i
|
|
Receivable signal —

SRDVZ l_[

!
T
|
T
!

i

Serial /0, completion bit set

Fig. 12 Serial 170, timing

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

MS50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A block diagram of clock divider for serial 1/0, is shown in
Figure 13. Bit 2, 1 and 0 of the serial 1/0, clock selection
register (address 00F8,s) determine the dividing ratio of
the serial 170, clock. When these bits are [0XX], the timing
¢ divided by 4 is selected. When these bits are (100],

(101], (110) and (111], the timing ¢ divided by 8, 16, 32
and 64 are selected respectively.

To use the clock divider for serial 1/0,, both bit 1 and bit 0
of the serial 1/0, mode register (address 00F4,5) need to
be set to “1".

#/4 — 1/2 1/2 1/2 T 12 F———:

Serial 1/0; clock

l [ ] Serial 1/0, clock selection register

(Address 00F8,¢)

Fig. 13 Clock divider for serial 1/0,

7 0
I l I | | l | | | Serial 1/0, mode register
(Address 00F4,¢)

Synchronous clock setection bit

00:
01:
10 : Timer 4 overfiow signal divided by 2
11 . Divider for serial 1/0, clock

External clock

Serial 170, port selection bit
0 : Normal I/0 port
1 : Serial 170, port

Srov2 signal output selection bit
0 I Normal I/O port
1 : Sppy: signal output pin

Serial 1/0; end bit
0 : Serial 1/0, during transfer
1 : Serial /0O, end

Fig. 14 Structure of serial 1/0, mode register

BN Serial 1/0; clock selection
I l register  (Address 00F8,¢)
Synohronous clock selection bit
000
001 Timi .
010 iming ¢ devided by 4
o011
100 : Timing ¢ devided by 8
101 : Timing ¢ devided by 16
110 ! Timing ¢ devided by 32
111 : Timing ¢ devided by 64
INT, input polarity selection bit
0 : Interrupt request by
failing edge
1 © Interrupt request by
rising edge
INT, input polarity selection bit
0 : Interrupt request by
falling edge
1 [ Interrupt request by
rising edge

Fig. 15 Structure of serial 1/0, clock selection register
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A-D CONVERTER

The A-D converter circuit is shown in Figure 17. The analog
input ports of the A-D converter (INo~IN;) are in common
with the input ports of the data bus.

The 6-bit A-D control register is located at address 00F3,5.
One of the eight analog inputs is selected by bits 0, 1 and 2
of this register.

A-D conversion is accomplished by first selecting the ana-
log channel (bit 0, 1 and 2) to be converted. The conversion
is started when dummy data is written into address O0EF .
When the conversion is finished, an interrupt is generated
by the A-D and the digital data can be read from the A-D
register (address 00EF,¢). The end of the conversion is de-
termined by either the A-D conversion end bit (bit 5 of the
A-D control regiser) or an A-D interrupt request bit.

The A-D conversion can also be programmed for high or
low speed conversions. This is accomplished by using the
A-D conversion speed switch bit (bit 4 of the A-D control
register). For more information on the electrical character-
istics of the high and iow speed conversions, refer to the
electrical characteristics section.

Port IN can also be used as an input port by reading data
into address 00EC,s. However, this cannot be done during
A-D conversions.

The A-D control register is shown in Figure 16.

7 0

I I I l I I | I IAAD control register (address 00F3,5)

Analog input select bit

000 : INg
001 : IN,
010 : IN,
011 : INg
100 ¢ IN,
101 ¢ INg
110 T INg
11N,

L‘ A-D conversion speed switch bit

0  High speed*
1 ! Low speed

A-D conversion end bit

0 : Under conversion
1 : End conversion

* High speed at¢=1MHz
Low speed at ¢=1MHz

Convert speed; tap=72u5s

Convert speed; tap=288us

Fig. 16 Structure of A-D control register

5 Data bus S

A-D Control
register

KIEE
B

{Address 00ECs)

] 3 I . | s ](Address 00F3,5)

{\

A-D interrupt request bit

|

A-D control
circuit

Comparator

8-channel multiplex analog switch

Aagneeit

Vss

Successive
approximation
register

(A-D register)

(Address 00EFg)

Switch tree

Ladder resistor

AV,
Veee ce

Fig. 17 A-D conversion circuit
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RESET CIRCUIT

The M50944-XXXSP is reset according to the sequence
shown in Figure 20. It starts the program from the address
formed by using the content of address FFFF,¢ as the high
order address and the content of the address FFFE, g as the
low order address, when the RESET pin is held at “L" level
for more than 2us while the power voltage is in the recom-

Address

(1) Port PO directional register (DO) (Else) -+ | 0016
{(2) Port P1 directional register (D1) (E3;g) -+~ 0016

(3) Port P2 directional register (D2) (E5.¢) - 0046
(4) Port P3 directional register (D3) (E9g) --- 0046
(5) Port P4 directional register (D4) (EBy) ... 0615

(6) Serial 110, mode register (S,M)(F6,¢) ...

(7) Serial 1/0, mode register (S;M)(F4,¢) ...

o
T Jolol

|

(8) Serial /0, clock selection (F816) Mol N

register S
(9) A-D control register (F3s5) (1|0 lm
00 Interrupt request (IF1) (Fl46) r 0016

distinguish register 1 ;*f’ -
(1) Interrupt request (IF2)(F24g) "~ 0016 ‘

distinguish register 2 1 — ——‘
(12 Interrupt control register (IM) (FFyg) 0015 _J
(13 Timer control register (TM)(FEyg) -~ O|e ~‘

(14 Interrupt disabie flag for

o111
processor status register

Contents of
(15 Program counter (PCy) -+ ad:,ne:::pc’p,:‘s

Contents of ‘

(PCL) address FFFEg

Since the contents both registers other than those listed above
(inclouding timer 1, timer 2, timer 3, and the serial 170 register) and
the RAM are undefined at reset, it is necessary to set initial values
Note : * means mask option

Fig. 18

Internal state of microcomputer at reset

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 18.
An example of the reset circuit is shown in Figure 19.

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

Power on
M50944-XXXSP o
4.5v
RESET Vee
27 s OV
U
0.
.. | ov
M50944-XXXSP
RESET Voo
27 64 Supply voltage
[ it / detection circuit
! \
|
|
|
|
|
|
| |
| |
| |
! !
! !
- 4

Fig. 19 Example of reset circuit

f(x.N)_n”Jh.r_-- -

¢ -—— ] -

__nfnnmar |
N SN NN Np i Wpiainiy

RESET —"

Internal RESET

8~12 clock cycles

SYNC
AD
Address XZXZ @@®@@M Reset address from
the vector table
D ED &5 CD Y DT D

Frequency relation of f(X,y) and ¢ is f(X,n)=4-¢.
The mark “ ? " means that the address is changing
depending upon the previous state.

Note

Fig. 20 Timing diagram at reset
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/0 PORTS

(1

Port PO

Port PO is an 8-bit output port with N-channel open
drain and high voltage output. Each pin has a puli-up
transistor option. As shown in the memory map (Figure
1), port PO can be accessed at zero page memory
address 00EQ;¢.

Port PO has a directional register (address 00E1,q)
which can be used to program each individual bit as
input (“0”) or as output (“1”). If the pins are program-
med as output, the output data is latched to the port
register and then output. When data is read from the
output port the output pin level is not read, only the
latched data in the port register is read. This allows a
previously output value to be read correctly even
though the output voltage level is shifted up or down.
Pins set as input are in the high impedance state and
the signal levels can thus be read. When data is writ-
ten into the input port, the data is latched only to the
output register and the pin still remains in the high im-
pedance state.

Depending on the status of the processor status regis-
ter (bit 0 and bit 1 of address 00FF,s), four different
modes can be selected; single-chip mode, memory ex-
panding mode, microprocessor mode and eva-chip
mode. These modes (excluding single-chip mode)
have a multiplexed address output function in addition
to the 1/0 function. For more details, see the processor
mode section.

Port P1 .

In the single-chip mode, port P1 has the same function
as PO. In the other modes, P1's functions are slightly
different from PO’s. For more details, see the processor
mode section.

Port P2

In the single-chip mode, port P2 has the same function
as PO. In the other modes, P2's functions are slightly
different from PQ's. For more details, see the processor
mode section.

Port P3

Port P3 is an 8-bit I/0 port having CMOS output. Each
pin is shared with serial I/0,, timer overflow and exter-
nal interrupt input functions. These functions remain the
same even if the device is used in other modes.

Port P4 ‘

Port P4 is an 8-bit 1/0 'port with CMOS outputs. Each
pin is shared with serial 1/0,, and external interrupt in-
put functions. During all modes except single-chip
mode, P4, and P4, function as both SYNC and R/W
outputs as well as 1/0 ports (see processor mode
section).

Port R

Port R is a 4-bit input port.

(7

Port IN

Port IN is an 8-bit input port to the A-D converter. It can
also be used as an input port by reading the input data
into address 00EC,s. However, this port cannot be read
during A-D conversion.

Clock ¢ output pin

This is the timing output pin. When selected the main
clock {Xin-Xout) as the internal system clock, the clock
frequency divided by four is outputed. However, when
selected the clock for clock function (Xcin-Xcout), the
clock frequency divided by two is outputed.

2l Ty
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Port PO, P1, P2
register ? N-ch open drain output
12
Data bus —— Port latch - i Port PO, P1, P2
<

&

Port P3, P4
ronal
j * CMOS tri-state output

T
:

A

Port P3, P4
Vss
-
~N
Port R input
Data bus 44___0
Port R

* Mask option

Fig. 21 Block dlagram of port PO~P4 and port R (single-chip mode)
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PROCESSOR MODE

By changing the contents of the processor mode bit (bit 0
and 1 of address O0FF,g), four different operation modes
can be selected; single-chip mode, memory expanding
mode, microprocessor mode and evaluation chip (eva-
chip) mode. In the memory expanding mode, micro-
processor mode and eva-chip mode, PO~ P2 and P4 can
be used as muitiplexed 1/0O for address, data and control
signals, as well as the normal functions of the 170 ports.
Figure 23 shows the functions of ports PO~ P2, and P4 cor-
responding to each mode.

The memory map of the single-chip mode is illustrated in
Figure 1, and the other modes are shown in Figure 22. By
connecting the CNVgs to Vgs, all four modes can be
selected through software by changing the processor mode
regsiter. Connecting CNVgg to V¢ automatically forces the
microcomputer into microprocessor mode. Supplying 10V to
CNVgg places the microcomputer in the eva-chip mode.
The four different modes are explained as follows:

FFFFg \

{nternal \\ \‘\ A

ROM \
\
D000, - N . AN
N
NS
01004 - e -
imers,
. °P2 ) o
o ~
00EOQ;s -- _-
N\ N
- S NN
00BF ¢ -- --
Internal RAM

0000,6

Memory Eva-chip Microprocessor

expanding mode mode mode
The shaded area is external memory area.

Fig. 22 External memory area in processor mode

(1} Single-chip mode (00)
The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgs. Ports PO~ P4 will work as original 1/0
ports.

(2) Memory expanding mode (01]
The microcomputer will be placed in the memory ex-
panding mode when CNVgs is connected to Vgs and
the processor mode bits are set to “01”. This mode is
used to add external memory when the internal mem-
ory is not sufficient.
The lower 8 bits of address data for port PO is output
when ¢ goes to the “H” state. When ¢ goes to the “L”

state, PO retains its original i/O functions.

Port P1’s higher 8 bits of address data are output when
¢ goes “H” state and as it changes back to the “L”
state it retains its original I/0 functions.

Port P2 retains its original output 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 P4, and P4; output the SYNC and R/W control
signals, respectively while ¢ is in the “H” state.

When in the “L” state, P4, and P4, retain their original
170 functions.

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 "H”
state when it fetches the OP code.

Microprocessor mode (10)

After connecting CNVgs to Ve and initiating a reset,
the microcomputer will automatically default to this
mode. The relationship between the input level of
CNVgs and the processor mode is shown in Table 2.

In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pin is
lost. Port P2 becomes the data bus (D;~Dg) and loses
its normal 1/0 functions. Port P4, and P4, become the
SYNC and R/W pins respectively and the normal 1/0
functions are lost.

Eva-chip mode (11)

When 10V is supplied to the CNVgg pin, the micro-
computer is forced into the eva-chip mode. This mode
has almost the same function as the memory expanding
mode except that it needs all its programs to come
from the outside (including ROM programs). The main
purpose of this mode is to evaluate ROM programs
prior to masking them into the microcomputer’s internal
ROM.
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™, 0 0 1 1
\_ ™ 0 | 1 0
Mode|
Single-chip mode Memory expanding mode Eva-chip mode Microprocessor mode
Port
¢ ¢
[
Port PO Ports PG;~P0, Ports PO;~P0, Same as left Ports P0;~P0,
X 110 Port X A,{’:L’?AS:X 1/0 Port X Address
’ gL
]
Port P1 Ports P1,~P1, Ports P1,~P1, Same as left Ports P1,~P1,
1/0 Port :X‘}\d“:[f’;: XI/O Port X faress
ST I gL
ft
Port P2 Ports P2,~P2, Ports P2,~P2; Same as le Ports P2,~P2,
Data Data
X 1/0 Port X 10 PonX DymDo x }-___ DDy
# ¢
¢ -
Ports P4,~ P4, Ports P4,~P4, Ports P4,~P4,
1/0 Port X /0 Port X 1/O Port
Port P4 Same as left
P Port P4, Port P4,
Port P4, Port P4,
R/W /0 Port R/W

Fig. 23 Processor mode and functions of ports PO~P2, P4

Table 2. Relationship between CNVgs pin input level and processor mode

CNVgs Mode Explanation

Vss * Singte-chip mode The single-chip mode is set by the reset.
« Memory expanding mode { All modes can be selected by changing the processor mode bit with the program.
« Eva-chip mode
« Microprocessor mode

Vece * Eva-chip mode The microprocessor mode is set by the reset.
« Microprocessor mode Eva-chip mode can be aiso selected by changing the processor mode bit with the program.

10V * Eva-chip mode Eva-chip mode only.
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CLOCK GENERATING CIRCUIT

The M50944-XXXSP has two internal clock generating cir-
cuit. Figure 26 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 /0, mode register can be
used to switch the internal clock ¢ to 1/2 the frequency ap-
plied to the clock input pin Xcin.

Figure 24 shows a circuit example using a ceramic (or
crystal) oscillator. Use the manufacture’s recommended
values for constants such as capacitance which will differ
depending on each oscillator. When using an external clock
signal, input from the X (Xcin) pin and leave the Xour
(Xcout) pin open. A circuit example is shown in Figure 25.
The M50944-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
X,y clock and Xgn clock) stops with the internal ciock ¢
held at “H” level. In this case, ¢/4 is selected as timer 3
prescaler input. Before executing the STP instruction,
appropriate values must be set in timer 3 prescaler and
timer 3 to enable the oscillator to stabilize when restarting
oscillation. And the timer 3 count stop bit must be set to
supply (“0”), timer 3 interrupt enable bit must be set to en-
able (“1"), and timer 3 interrupt request bit must be set to
no request (“0"), INT, or timer 3 interrupt enable bit must
be set to disable (“0”) and INT, or timer 3 interrupt request
bit must be set to no request (“0”).

Oscillation is restarted (release the stop mode) when INT,,
INT,, INT,, INT,, or serial 170, interrupt is received. The in-
terrupt enable bit of the interrupt used to release the stop
mode must be set to “1”. When restarting osciliation with an
interrupt, the internal clock ¢ is held “H” until timer 3 over-
flows and is not supplied to the CPU. When oscillation is
restarted by reset, “L” level must be kept to the RESET pin
until the oscillation stabilizes because no wait time is
generated.

The microcomputer enters a wait mode when the WIT in-
struction is executed. The internai 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
X clock is stopped and the interna! clock ¢ is generated
from the Xcn clock {(1201A max. at f(Xein) = 32kHz) . Xin
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 27 shows the transition of states for the
system clock.

M50944-XXXSP

Xin Xout Xein  Xcout
28 29 30 3
™Ma Ri  2Rg

a 0
’;ITCm J7Couf rLCCIN %Ccom

Fig. 24 External ceramic resonator circuit

M50944-XXXSP

XIN XOUT XCIN XCOUT
21 29 30} 31
External OPEN External
Oscillating Oscillating
Circuit Circuit or

External pulses

VSS VSS

Fig. 25 External clock input circuit
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XCIN XCOUT

Do .

Xout

T™s

Timer 3 _
1/2 1/2 1/4 Prescater 1 Timer 3

Timer 3 count

XIN
D internal )
System clock system source selection TM,
stop bit clock source
selection S;M/|
|~ SiMs
Internal clock
— i } timing output ¢

—1Q S S Q Q S
Reset

STP WIT

- —4R
instruction instruction

o

[— STP instruction

Reset

Interrupt

ND——0 cal:igitiw }— INT, interrupt enable

-~ INT, interrupt request
(or timer 1)

[ Timer 2 interrupt enable

Timer 2 interrupt request
(or serial 170,)

[— INT; interrupt enable
— INT; interrupt request
(or timer 3)
[— INT; interrupt enable

|—  INT; interrupt request
(or timer 4)

— INT,4 interrupt enable
[— INT,interrupt request

(or A-D)

Fig. 26 Block diagram of clock generating circuit
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when CLK option “0"

WIT Instruction STP Instruction
—— _

4MHz Oscillation
32kHz Oscillation

¢ =STOP (“H")
Timer Action

4MHz Oscillation STOP
32kHz Oscillation STOP
¢ =8TOP

4MHz Oscillation
32kHz Oscillation

¢ =1MHz

———
Interrupt (Note 1)

S
Interrupt

External interrupt
Timer interrupt
Serial 1/0 interrupt

External interrupt
Serial 1/0 interrupt

SiM;=0

WIT Instruction STP Instruction
—-——————— —

4MHz Oscillation
32kHz Oscillation
¢ =STOP

Timer Action (Note 3)

4MHz Oscillation STOP
32kHz Oscillation STOP
¢ =STOP

4MHz Oscillation
32kHz Oscillation
¢ =16kHz

——
Interrupt
interrupt (Note 1)

SiMg=1 S:Mg=0 (Note 2)

STP Instruction

WIT Instruction
————— 4MHz STOP

32kHz Oscillation
¢ =16kHz

4MHz STOP
32kHz Oscillation

4MHz Oscillation STOP
32kHz Oscillation STOP
¢ =S8STOP

¢ =STOP
Timer Action (Note 3)

e
interrupt
Interrupt (Note 1)

when CLK option “1”.

Note 1. At recovery from the STP instruction, wait time occurs automatically by connecting timer 3 prescalec and timer 3.

This time is set by the program.
2. When S;Mg=1, and unsystem clock is operated, a programmed wait time may be necessary to allow the oscila-

tor stabilize.
3. When connected the clock divided by four as the count source of timer, frequency of count source is 4kHz.

Fig.27 Transition of states for the system clock
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Normal operation

Operation on the clock
function only

Return from clock function

R AM backup function

Return from R AM backup
function

< An example of flow for system>

(1) When CLK option “0” (2) When CLK option “1"

Power on reset Power on reset
Clock X and Clock for clock function X oscillation Clock for clock function X oscillation
Internal system cl?ck start (X —1/4— ¢) Internal system clock start (X —1/2— ¢)
Program start from RESET vector Program start frorrl RESET vector

§
[T X
Normal program <-Operation at 4 MHz Normal program? +Operation at

; 32. 768kHz

Internal clock ¢ source switching X( 4 MHz)— X« (32. 768kHz)(S;M; : 0— 1)

Clock X halt (X¢ i? operation) (SiMg= 1)
Internal clock halt (WIT instruction)
Timer 1 (clock cmint) overflow

Internal clock operation start (WIT instruction)
§

Clock processing routine <+ Operating at 32. 768kHz

Internal clock halt (WIT instruction)

INT, or timer 1, timer2 or serial 1/0,, INT, or timer3 INT; or timer 4, INT4
Internal clock operation start (WIT instruction released)

Program start from interrupt vector

Ctock X oscillatiorl start (S1Mg=0)

‘ Oscillation rise time routine (software) +—QOperating at 32. 768kHz

!
Internal clock ¢ sosuce switching (Xg—X)(SyM; : 1 —0)

Normal program +<—Operating at 4MHz

’ STP instruction preparation (pushing registers)

i
Timer 3 interrupt disabie (IF1,=1, IM,=0), Timer 3 interrupt no request (IF1,=0, IMs=0)
Timer 3lcount stop bit resetting (TMs =0)

Clock X and cliock function X halt (STP instruction)

RAM backup status

Interrupts from INT,, INT,, INT3, INT, or serial /0,
Clock X and clock for clock function X oscitlation start

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

Internal system cltl)ck start (X/4 or Xc/2—¢)

Program start fromS interrupt vector

Normal program

§
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PROGRAMING NOTES

(1) The frequency ratio of the timer is 1/(n+1).(n=0~
255)

(2) When the timer 1, timer 2, timer 3 or timer 4 is input
the clock except ¢/4 or it divided by timer, read the
contents of these timers either white the input of these
timers are not changing or after counting of timers are
stopped.

(3) 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 NOP) between
the modification of the interrupt request bits and the
execution of the BBC and BBS instructions.

(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 intructions are
executed.

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

(6) Notes on serial 1/0,

@ Set "0” in the serial 1/0, interrupt enable bit (bit 6 of
address 00FF ) before setting the serial 1/0, mode.

@ Insert at least one instruction and set “0" in the serial 170

interrupt request bit (bit 7 of address 00FF,¢) after set-
ting the serial i/04 mode.

@ Set “1” in the serial 170, interrupt enable bit after the
operation described in .

(7) The timer 3 prescaler and the timer 3 must be set the
necessary value immediately before the execution of a
STP instruction.

(8) The Vger pin must be kept open or connected to Vgg at
the low power dissipation mode.

(9) Use the LDA (immidiate, T=1) instruction to modify
the interrupt request distinguish register. SEB and CLB
instructions can be used only when interrupts in the
register are not generated at executing these instruc-
tions.

(100 Do not write any data into an address where no regis-
ter nor port is assigned.

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 ----ovreererrrrrmereenreernaeeeies EPROM 3 sets
Write the following option on the mask ROM cofirmation
form

¢ Port PO puil-up transistor bit

¢ Port P1 puli-up transistor bit

* Port P2 puli-up transistor bit

¢ Port P3 pull-up transistor bit

* Port P4 puii-up transistor bit

* Clock source option at reset

¢ STP instruction

MITSUBISHI
ELECTRIC
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit

Veco Supply voltage —0.3~7 \

v, Input voltage CNVss, POo~P0;7, P1o~P17, P2g~P2; —0.3~13 v
~YL Input voltage Ro~Rg, Xin, Xcin, RESET With respect to Vgg —0.3~7 \"

vV, 7 input voltage PSo;P37, P4y~P4;, INg~IN7, Vaer Output Transistors are at "OFF" state. —0.3~Vgc+0.3 \%

Vo Output voltage P3p~P3;,P4~P4;, Xcour, Xour, ¢ —0.3~Vee+0.3 v

Vo Output voltage POy~P0;, P1o~P17, P2;~P2; —0.3~13 \

Pd Power Dissipation Ta=25TC 1000(Note 1) mw

Topr Operating Temperature a —10~70 c

Tstg Storage Temperature —40~125 T

Note 1. 800mWw for QFP type.

RECOMMEND OPERATING CONDITIONS

(Voe=5V*10%, Ta=—10~70C, unless otherwise noted)

Limits
Symbot Parameter - Unit
Min. Typ. Max.
f(Xin) =4MHz 4.5 5 5.5
Veo Supply vollage 1(Xn) < 1MHZ 3 5 55 Y
Vss Supply voltage 0 \'
ViH “H" input voltage P3p~P37, P4g~P4;, INg~IN7,CNVsg 0.8Vee Vce \'
Vin “H” input voltage Rg~Rj 0.4Vee Vee \2
Vin “H” input voltage RESET, X, Xci 0.8Vee Vee v
Vin “H” input voltage POp~P0;, P15~P1;, P2;~P2; 0.8Vee 12 \
Vi, “L" input voltage POy~P07, P19~P17, P20~P2;, 0 0.2Vee v
P3p~P3;, P4p~P4;, INg~IN;, CNVsg
Vo “L" input voltage Rg~Rj3 0 0.12Vee \
Vi “L" input voltage RESET 0 0.12V¢c \'4
Vo “L" input voitage XN, Xoin [} 0.16Vee Vv
loL(sumy | “L" sum output current POp~P0;, P1g~P1;, P2y~P2; 60 mA
lon(sum) | “H" sum output current P3o~P3;, P4o~P4; —30 mA
loL(sum) | “L" sum output current P3g~P3;, P4y~P4; 60 mA
loL(peak: | “L" peak output current PO~P07, P1o~P17, P2,~P2; 20 mA
lon(peak)| “H" peak output current P3y~P3;, P4o~P4; —10 mA
loL(peak) | “L" peak output current P3g~P3;, P4,~P4; 20 mA
loccavg) | “L” average output current POy~P0;, P1o~P17, P2,~P2; 10 mA
loncavgy | “H” average output current P3o~P3;, P4o~P4; —5 mA
loLcavg) | “L” average output current P3y~P3;, P4~P4; 10 mA
—_— Vec=5V 4.3
(Xin) Clock oscillating frequency Voum3V i MHz
f(Xam) Clock oscillatir\g frequency Vee=5V 500 KHz
for clock function Vee=3V 300

Note 1. The maximum “H” input voltage for CNVgg is +12V.
2. The duty cycle for these oscillation frequency is 50%.
3. When the low speed mode is used, the clock input oscillation frequency for the timer must satisty
the following expression : f(Xgin) < f(Xin)/ 3
4. The avarage output current loncavg) and loLcavg) are the average value during a 100ms cycle.
5. t(Xcin) must be less than 50kHz when the external clock is to be used.
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ELECTRICAL CHARACTERISTICS (Veoc=5V10%, Vss=0V, Ta=25C, {(X)=4MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions T < Unit
Min. Typ. Max.
V. H" output voltage P3g~P3;, Pag~P4 Voe=8V, lou="3mA 3 v
“H" output voltage ~P37, ~
oH P g R Vee=3V. low=—1.5mA 2
Vee=5V, lon="2.5mA 3
Von “H" output voltage ¢ ce on \"
Vee=3V, loy=—0.8mA 2
v “L" output voltage PO;~P07, P1o~P17, Vee=5V, lo.=10mA 2 | v
o P2y~P27, P3g~P3r, Pda~Pds Voe=3V, lo,=3mA -
Vee=5V, lo.=2.5mA 2
\"/ “L” output voltage \
ou P ge ¢ Veo=3V, lou=0.8mA 1
v v Hysteresis P3y/INTy, P3,/INT;, use as interrupt Vee=5V 0.3 ,] v
s ™ P4,/INT3, P43/INT, input Vee=3V 0.15 0.7
Vy+—Vr_ | Hysteresis RESET Voo=5V 0.5 0.7
—Vr— steresis
T+ Vr y Vee=3V 0.35
Vy4—Vy_ | Hysteresis P3g/CLK;, P4s/CLK use as CLK Vo=V 0.3 ! v
—Vq- steresis R
i o, PR input Voo=3V 0.15 0.7
v v Hysteresis X Vee=5V 0.1 0.5 v
—Vi— steresis
VT Y w Voo=3V 0.06 0.3
Vrt—Vr— | Hysteresis P3,/CNTR Use as ONTR input e 0.3 ! v
—Vyi-— steresis as inpuf
i : P [Veo=3v 0.15 0.7 |
V=0V without Vee=5V —5
| “L” input current POg~P07, P1o~P17, putl-up T. Vee=3V —4 A
- Poy~P2;, P3g~P3;, Pdg~Pd; V=0V, with Voo—=5V —35 | —70 | —140 | “
pull-up Ty. Vec=3V —12 —25 —40
| “L” input t INg~IN Vi=0v Vo=V - A
" input curren ~ =
w p o 7 v —y 2 1z
—_ Vee=5V —5
I “L” input current RESET, Xin, Xcin, Ro~Rs V=0V uA
Vec=3V —4
“H” input current POg~P0;7, P1g~P17, . .
hn V=5V, without pull-up transistor 5 uA
P2y~P2;, P3g~P3;, P4y~P4;
hn “H" input current INg~IN; V=5V, not use as analog input 5 uA
I “H" input current RESET, X, Xciv: Ro~Rs V=5V 5 A
[ “H” input current Vaer V=5V 5 mA
Open output ports,
pen outpul p X=4MHz, Voe=5V 3 6
Ve=Vcc,
Input port is Vss,
putp s Xin=1MHz, Vec=3V 0.4
at normal operation.
Open output ports mA
P P " | Xw=4MHz, Vcc=5V 1
Ve=Vcc,
Input port is Vgs,
putp s Xv=1MHz, Voo=3V 0.2
at wait mode.
Open output ports,
pen output @ Voo=5V 60 200
Vp=Vcc, Input portis Vss,
lcc Supply current )
at normal operation, stop
Vee=3V 25
Xin and Xout, Xcin=32kHz.
Open output ports,
pen output p Voo=5V 40
Vp=VYcc, Input portis Vss, A
at wait mode, stop Xin “
Vee=3V 15
and Xoyt, Xein=32kHz.
Vee=5V 0.1 1
Ta=25C [—2
I Vee=3V 0. 06
Stop all oscillation.
Veo=5V 1 10
Ta=70TC
Vee=3V 0.6
lace Supply current for A-D at A-D converting time 2 4 mA
Vaam RAM retention voltage at clock stop 2 5.5 \
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<o

Cy X Vee
2 eI, sser=
"'LR% N RESET
C .
fﬁ_’ 1 Output pins open
ouT
Cs X Input pins
% 2 XCIN
c L % Ve b4
T3 Xcour
Ry CNVgg
Vss
T

X, =4MHz Ceramic resonator
X, =32. 768kHz Quartz crystal

resonator
C, =G, =150pF
Ry, =IMQ
C, =10pF
C, =30pF
R, =10MQ
Ry =100k Q2

Fig. 28 Test circuit for measuring supply current

A-D CONVERTER CHARACTERISTICS (Vcc=5V, Ves=0V, T;=25C, {X,y)=4MHz, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
— Resolution 8 bits
- Absolute accuracy Vec=AVoc=Vpgr=5. 12V *3 LSB
Riapper | Ladder resistor value 1 kQ
tconv Conversion time High-speed - 4=1MHz 72 u“s
Low-speed : ¢#=1MHz 288
VRer Reference input voitage Vece \
Via Analog input voltage Vgeer v
2—108 MITSUBISHI
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TIMING REQUIREMENTS

Single-chip mode (Veo="5V+10%, Vss=0V, Ta=25C, 1{Xn)=4MHz unless other wise noted)

" l Limits }
Symbol Parameter Test conditions - Unit

( Min. Typ. Max
tsu(poo—g¢) | Port PO input setup time 270 ns
tsu(P1D—@) Port P1 input setup time 270 ns
tsu(pap—e) | Port P2 input setup time 270 ns
tsu(PaD—#) Port P3 input setup time 270 ns
tsu(pap—¢) | Port P4 input setup time 270 ns
tsu(RD—o) Port R input setup time 270 ns
tsuGND—#) Port IN input setup time 270 ns
th(e —PoD) Port PO input hold time 20 ns
this —P1D) Port P1 input hold time 20 ns
th(¢—pP2D) Port P2 input hold time 20 ns
th(s—pP3D) Port P3 input hold time 20 ns
th{s—r4D) Port P4 input hold time 20 ns
th(¢—rD) Port R input hold time 20 ns
th (p—IND) Port IN input hold time 20 ns
toxy) External clock input cycle time (Xin) 230 ns
twixy) External clock input puise width (Xn) 75 ns
[ External clock input cycle time {Xew) 2 ms
twixgy) External clock input pulse width (Xoin) 1 ms
tr External clock rising edge time 25 ns
A External clock falling edge time 25 ns

Memory expanding mode and eva-chip mode
(Voo=5VE10%, Vss=0V, Ta=25C, {(Xi)= 4 MHz unless otherwise noted)

Symbol Parameter Test conditions Limits Unit

Min. Typ. Max.
tsu(poo—e) | Port PO input setup time 270 ns
tsu(pio—g | Port P1input setup time 270 ns
tsu(pzo—e | Port P2 input setup time 270 ns
th(s—proD) Port PG input hold time 20 ns
th(e—p1D) Port P1 input hold time 20 ns
th(¢ —P2D) Port P2 input hold time 20 ns

Microprocessor mode (Vco=5v£10%, Vss=0V, Ta=257C, f(X;n)= 4 MHz unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit

Min. Typ. Max.
tsu(p2p—g) | Port P2 input setup time 270 ns
th(s—er2D) Port P2 input hold time 20 ns
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SWITCHING CHARACTERISTICS
Sing'e—chip mode (Vec=5V10%, Ves=0V, Ta=25C, I{X,y)= 4 MHz unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
td(s—proqQ) Port PO data output delay time 230 ns
td(s—r1a) Port P1 data output delay time 230 ns
td(¢—p2a) Port P2 data output delay time Fig. 28 230 ns
td(s—Paq) Port P3 data output delay time 230 ns
td(s—pPaq) Port P4 data output delay time 230 ns

Memory expanding mode and eva-chip mode
(Voe=5V£10%, Vss=0V, Ta=25T, {{X;y)= 4 MHz unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
td(s—pPoa) Port PC address output delay time 250 ns
td(s—PoAF) Port PO address output delay time 250 ns
td(s—pPoq) Port PO data output delay time 200 ns
td(s—poar) | Port PO data output delay time 200 ns
td(e—P1a) Port P1 address output delay time 250 ns
td(s—r1aF) Port P1 address output delay time . 250 ns
td(s—rr1a) Port P1 data output delay time 200 ns
td(e—p1qrF) | Port P1 data output delay time 200 ns
td(g—r2a) Port P2 data output delay time Fig. 29 300 ns
tdig—p2qF) | Port P2 data output delay time 300 ns
td(s—rwW) R/W signal output delay time 250 ns
td(e—mwe) | R/W signal output delay time 250 ns
td(s—paga) | Port P4, data output delay time 200 ns
td(s—pagar) | Port P4o data output delay time 200 ns
td(s—svnc) | SYNC signal output delay time 250 ns
td(s—svncF) | SYNC signal output delay time 250 ns
td(s—pssq) | Port P44 data output delay time 200 ns
td(s—pa,qF) | Port P4, data output delay time 200 ns
Microprocessor mode (Vec=5v+10%, Vss=0V, Ta=25C, {(Xu)= 4 MHz unless otherwise noted) .
Symbot Parameter Test conditions - Limits Unit
Min. Typ. Max.

td(s—proa) Port PO address output delay time 250 ns
td(s—pPia) Port P1 address output delay time 250 ns
td(s—P2a) Port P2 data output delay time Fig. 29 300 ns
td(e—p2qrF) | Port P2 data output delay time 300 ns
td(g—Rrw) R/W signal output delay time 250 ns
td(s—svnc) | SYNC signal output deiay time 250 ns

Vee
k)
PO
P1
P2 100pF
sl T
P4
¢
J; 100pF

Fig. 29 Test circuit of ports PO~ P4
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS
In single-chip mode [ A \} //_—

(—){ td (#-poQ)

Port PO output

X

tsu (poD— ¢!
Port PO input
—— th . ¢-PoD)
(—-)1 td (e~pr0}
Port P1 output X
tsy (10—
Port P1 input
— th ce—piD
td Le—P20
Port P2 output
tsy p2D— ¢
Port P2 input /
—> th (e-p20
td (e—r3c

Port P3 output

tsy (P3D- 0!
Port P3 input J t

— th ts—p3D:
g (s—-paq:

Pert P4 output

tsy (pep—¢
Port P4 input k

—t—f«—th ¢—prad)

tsu(ro—4)
Port R input
th(¢ —rD)

-

5u(iND =9 )
Port IN input
— this —no)

toog) Oflteixgn)

twixg) OF twixg)
Yy
H{Xm) /1 Y
or —t’
f(Xom) t —- t

S




MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIiT CMOS MICROCOMPUTER

In memory expanding mode and eva-chip mode

’ A AN /[

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P4, output (R/W)

Port P4, output (SYNC)

td (o—roa) td (e~ poar; td 1e—poqe:

N

td (#-poa:

tsu ‘poD— @

N

th .¢—poD
td (s—pr1a) td (¢—p1ar et td (o—pP10F
td ie-p10

tsu ‘P10~

—> th ie—pPiD
« o td (e—p2a) td (s—p20F;

sy (P20—¢!

th (e-r20:

td (o—R/w td (e—m/we le—= td (8~ Pagor;

.

td ts—p30-

(_,' td (s-svne) - td (o= SYNCF) e td (4—p3,00)

X a

td (s-p3,0)
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MITSUBISHI MICROCOMPUTERS

M50944-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

In microprocessor mode

Port PO output

Port Pt output

Port P2 output

Port P2 input

Port P4, output (R/W)

Port P4, output (SYNC)

—/ N—

|

td (¢—-roa)

td (e-pr1a)

X

|

tsu (P20 4

td (e—R/w)

F}_

td (e—rp20! i‘du—vzon

th (e-p20:

td (¢—sYNC)
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