








































































































































































































































































































































































































MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

The individual terminals of the quasi-bidirectional ports
can be used for input or output. Some terminals, there-
fore, can be in the input mode while the remaining ter-
minals of a port are in the output mode. This capability
of ports 1 and 2 is convenient for inputting or outputting
1-bit data with few bits. The logical instructions ANL
and ORL can easily be used to manipulate the input or
output of these ports.

(2) Data bus
The data bus (DQo~DQ;) handies the data, commands
and statuses between the master CPU and MELPS 8-4
1. It is controlled by the following 4 control signals.
Table 2 shows the relationship between the control sig-
nals and the data bus.

Ao : Address input indicating data’command bus
buffer registers and status register

: Read input

: Write input

: Chip select input

gDl

Table 2 Control signals and data bus

High impedance

s R w Ay Data bus mode Data on data bus
0 0 1 0 Read Data

1} 0 1 1 Read Status

0 1 0 0 Write Data

0 1 1] 1 Write Command (Fy = 1)

1 X X X

Status
8Ty’ MOV STS, A
_ STs 4
R-A
E 2 0 STs 7
+ ST
" 4
71 Fi
SW Fo
IBF
OBF Internal
bus
. (
DQo o 8 ’ 8
S-R+Ag Qutput data | |OUT DBB, A
8 bus buffer 8
f—f——— 4 S|
(pBB(0))
.
s Input IN A, DBB
SéW data/ d "
b J| bus butter } ;
(DBB(1))

The internal configuration of the data bus is shown in Fig. 7.
The functions of the 3 registers indicated (status register,
output data bus buffer register and input data/command
bus butfer register) are now described in detail.

DBB (0) DQy~DQ,

TRISTATE
CONTROL

o—>—
R O_,> Lt__{>__l:§:>—‘ ggg?o)
T
o—> T4 e

Fig.6 Internal configuration of data bus control

Fig.7 Internal configuration of data bus

® Status register
The status register is configured with 8 bits and the high-
order 4 bits (ST,~ST;) can be set as required with a soft-
ware (MOV STS, A) instructions. The low-order 4 bits (OBF,
IBF, Fo, F,) are set as follows:

OBF (output buffer full)
The OBF flag is automatically set to when the output in-
struction (OUT DBB, A) is executed inside the MELPS 8-41
and it is cleared when the contents of the output data bus
buffer are read by the master CPU.

IBF (input buffer full)
The IBF flag is automatically set to when the data or
commands are written into the input data/command bus
buffer by the master CPU and it is cleared when the input
instruction (IN A, DBB) is executed inside the MELPS 8-41.

Fo (flag 0)
The F, flag is set by the flag setting instructions (CPL F,
CLR Fp) and it is used to inform the master CPU of the in-
ternal state of the MELPS 8-41.

“1 9

u] ”»

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Fy (flag 1)
When the data or command is input into the input data/
command bus buffer by the master CPU, the F, flag is set
to the condmon of the Ag input.
The F, flag is ‘also set by the flag setting mstructlons (CPL
F,, CLR Fy).
® Output Data Bus Buffer Register
The accumulator (A) contents are transferred to the DBB
(0) output data bus buffer register by the OUT DBB, A in-
struction. Since the OBF flag is set at this time, the master
CPU can judge whether the data has been transferred to
the register by confirming the state of the OBF flag.
® Input Data/Command Bus Buffer (DBB(1)) Register
When the write request (W =0) is generated from the mas-
ter CPU, the data on the data bus is transferred to the DBB
(1) input data/command bus buffer register. Since the IBF
flag is set at this time, it is possible to judge whether the
data or command has been transferred inside the MELPS
8-41 by confirming the state qf this flag. ¥

Conditional Jumps Using Pins T, T,
and Flags IBF, OBF

The conditional jump instructions are used to alter prog-
rams, depending on the internal and external conditions
(states) of the CPU. Details of the jump instructions can be
found in the section on machine instructions. )

The input signal status of pins Tg and T,, and the states of
the IBF and OBF flags can be checked by the conditional
jump instructions. These input pins, through. conditional
jump instructions such as JTO and JNTO, can be used to

control a program. This means that programs and proces-

sing time can be reduced by being able to test data in the
input pin rather than reading the data into a accumulator
and then testing it.

Pin T, has other functions and uses which are not related to
conditional jump instructions. Details of these other func-
tions and uses can be found on the section dealing with pin
functions.

Interrupt

The CPU recognizes an -external interrupt by a Iow-level
signal at the S and w pins. When such an mterrupt is
accepted, the external interrupt pending flip-flop and IBF
flag are set.

Interrupt requests are sampled between the SYNC sugnal
" outputs of every machine cycle. When a request is recog-
nized, then as soon as the instruction being executed is
terminated, a subroutine call is made to address 3 of the
program memory. As with ordinary subroutine calls, the
program counter and program status word (PSW) are saved
in the program counter stack.

The unconditional jump instructions for enabling a jump to
be made to the address where the ordinary interrupt pro-
cessing program is stored are contained in address 3 of the
program memory. - ‘

The interrupt level is one so that the next interrupt cannot
be accepted until the current interrupt processing has been
completed. The RETR instruction terminates the interrupt

-processing. That is to say, the next interrupt cannot be

accepted until the RETR instruction is executed. The next
interrupt can be accepted at the start of the second cycle
of the RETR instruction (2-cycle instruction) . Timer/event
counter overflow which causes an interrupt request will also
not be accepted.

Priority is given to the external interrupt when both an ex-
ternal interrupt and timer interrupt have been generated at
the same time.

OTIMER INTERRUPT ENABLE FF (TCNTF)
@TIMER INTERRUPT REQUEST FF (TIRF)
@EXTERNAL INTERRUPT LATCH
@EXTERNAL INTERRUPT ENABLE FF (INTF)
®INTERRUPT ENABLE FF (IEF)
®INTERRUPT ACKNOWLEDGE FF

- (DEXTERNAL INTERRUPT PENDING FF (EIPF)

4

Interrupt control section configuration

Fig.8
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Table 3 Acceptance of interrupts

item Conditions

Execution details

Internal interrupt When TCNTEF

No external interrupt

Interrupt is executed and call is mode to address 7.

(timer INT enable FF) =1

During external interrupt execution

Interrupt is held.

Interrupt is not executed or held.

When TCNTF
(timer INT enable FF ) =0 TF (Timer flag)+ 1
External interrupt When No timer interrupt Interrupt is executed and call is made to address 3.

(external INT enable FF) =1

During timer Interrupt execution

When (external INT enable FF) =0

Interrupt is not executed but held.

Timer and external interrupts . .
. Combination is same as conditions above
generated simultaneously

External interrupt takes priority and is executed.

When a second level of external interrupt is required, the
timer interrupt, if not being used, can provide this. This is
done by enabling the timer/event counter interrupt and set-
ting the timer/event counter to FF;s. The CPU is placed in
the event counter mode. The interrupt is then generated in
address 7 by setting the T, input from the external source
from the high to low level.

‘The IBF flag can be tested using a conditional jump in-
struction. For further details, check the section on the con-
ditional jump. instructions, pins Ty and Ty, and the IBF and
OBF flags.

Timer / Event Counter

The timer/event counter for the MELPS 8-41 is an 8-bit
‘counter,‘that is used to measure time delays or count exter-
nal events but not both. The same counter is used to mea-
sure time delays or count external events simply by chang-
ing the input to the counter.

The counter can be initialized by executing an MOV T, A
instruction. The value of the counter can be read for check-
ing by executing the MOV A, T instruction. Reset will stop
the counting but the counter is not cleared, thus enabling
counting to be resumed.

The largest number the counter can contain is FFye. if it is
incremented by 1 when it contains FFyg, the counter will be
reset to 00, the overflow flag is set and a timer interrupt
request is issued. The timer flag can be checked using the
JTF conditional branch instruction, and it is cleared by ex-
ecuting the JTF instruction or by resetting the system.
When the timer interrupt is accepted, a subroutine call ig
made to address 7 of the program memory.

When both a timer and external interrupt request are
generated at the same time, the external interrupt is given
priority and will be accepted first by automatically calling to
address 3 of the program memory. The timer interrupt re-
quest is kept and will be processed when the external in-
terrupt has been compieted and a RETR instruction is ex-
ecuted. A latched timer interrupt request is cancelled when
a timer interrupt request is generated. The STRT CNT in-
struction is used to change the counter to an event counter.
Then the pin T, signal becomes the input to the event
counter and events are counted up at the T, fall. The max-
imum rate that can be counted is one time in 3 machine cy-
cles (7545 when using a 6MHz crystal). The high-level at
T, must be maintained at least & of the cycle time (500ns
with a 6MHz crystal).

The STRT T instruction is used to change the counter to a
timer. The internal clock signal becomes the input to the
timer. The internal clock is a5 of 400kHz (with a 6MHz
crystal) or 125kHz (see Fig. 9) . The timer is therefore
counted up every 80us. The counter can be initialized by
executing an MOV T, A iinstruction. Delay times varying
from 80us to 20ms (256 count) can be obtained by detecting
the counter overflows. Even times of more than 20ms can
be achieved by counting the number of overflows using the
program.

A resolution of less than 80us can be obtained in the event
counter mode by supplying an external clock to pin Ty. It is
also possible to supply every third (or more) prescaled ALE
signal to pin T, instead of an external clock.
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s 2.5us (when using a 6MHz crystal)
. Instruciton cycle
X-ta__|1/15 1;1/\%35 ACCUMU- l Ss S Sz S3 I Sa | Ss SH
0S¢ "owioeR e SE T LATOR
| eeon
Instruction| program | Instruction execution
STRTT I)IVN;ERRFLOW fetch counter
renewal
TIMER
_nn AT MovT.A FLAG(TF)
no T o \pofronEvenT Fig.12 Instructi tion timi
o . nstruction execution timin
B T W o
sSToP
STRT T ";ET%,%'T I i or RESETT RESET
Counter A
incremented Reset
EDGE DETECTOR The RESET pin is for resetting the. CPU. A Schmitt trigger
CONDITIONA ’ circuit along with a pull-up resistor are connected to it on
CONTROL the chip. A sufficiently long pulse can be obtained for re-
setting by attaching 1uF capacitor as shown in Fig. 13. An
external reset pulse applied at RESET must remain at the

Fig.9 Timer/event counter configuration low level for at least 10ms after the power has been turned
‘ on and after it has reached its normal level.
The reset function causes the following initialization within

Cycle Timing the CPU.

The output of the state counter is & the input frequency (1) The program counter is reset to 0.
from the oscillator, and a CLK signal is produced which de- (2) The stack pointer is reset to0.
termines the times of each machine state (see Fig. 10). (3) The register bank 0 is selected.

- During the cycle count the CLK signal is prescaled by + (4) Ports 1 and 2 are reset to the input mode.
and a machine cycle containing 5 states is produced. The (5) External and timer interrupts are reset to disable state.
MELPS 8-41 instructions are executed in one or two (6) Timer is stopped.

machine cycles. Fig. 12 shows the internal operation with an (7) Timer flag is cleared.

instruction formed from one machine cycle. - (8) Flags Fpand F, are cleared.

6MHz "2

5 | églfr:f: CLKS00ns
X1 2.5us
1/5 cycle MELPS 8-41
counter SYNC
5V

Fig.10 Clock generator circuit

- RESET
500ns({when using a 6MHz crystal) O—\~ t
S1| S2| S3| Sa| S5 |S1|S2|S3|Sal|Ss|| 1uF
(LT 1 T Y T 1 o I o 1 1 1 1 ; ov
clock
SYNC I 1 1 Fig.13 Example of reset circuit
PROG

Fig.11 Clock and generated cycle signals
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Single-Step Operation o

The MELPS 8-41 is provided with an SS pin for facilitating
single-step operation where the CPU stops after the ex-
ecution of each instruction is completed. The user can use
this to trace the flow of the program, instruction by instruc-
tion, and find this to be an aid in program debugging.

SS is used in synchronization with the timing of the SYNC
signal output from the CPU. Fig. 14 shows the circuit used
for single-step operation and the timing involved.

5V

5V Single-step mode

: 10kQ

Run mode
sv —Jp Preset 0_,{ 55

MELPS 8-41

uSYNC

Buffer

Push-button
switch

10kQ

(a) Example of single-step circuit

SYNC m
T\
Instruction Instruction
execution Stop execution

(b) Single-step timing

The CPU is made to recognize that it is to stop
when SS is set to the low level.

l

The CPU stops when the next instruciton is
fetched. (If a 2-cycle instruction is being ex-
ecuted, the CPU stops after the instruciton is
completed.)

1
The CPU advises the external equipment that

it has entered the stop mode by setting the
SYNC signal to high.

i
By setting SS high, the CPU is made to recog-
nize that it may exit from the stop mode.
The CPU advises the external equipment that
it has exited from the stop mode by setting the
SYNC level low, and it moves on to the execu-
tion of the instruction at hand.

If the CPU is to be stopped again upon com-
pletion of the next instruciton, SS is set low im-
mediately after the SYNC signal goes low.
Unless the single-step mode is required from
the next instruction, SS is kept high.

Fig.14 Single-step operation circuit and timing

A type D flip-flop with preset and reset pins is used to
generate the signal for SS.

When the preset pin is kept low, ss goes to the high level,
which puts the CPU in the run mode.

For single-step operation the preset pin is switched to the
high level and SS to the low level. While SS is low, the
CPU stops. To restart the CPU, a pulse is supplied to the
clock pin on the type D flip-flop. This sets SS to the high
level, and the CPU fetches the next instruction and begins
to execute it. Once the CPU starts the execution, the SYNC
signal connected to the reset pin of the type D flip-flop is
low and so SS also goes low. As soon as the CPU finishes
executing the instruction, it is again stopped by ss going to
the low level.

Fig.15 CPU operation in single-step mode

Fig.15 shows the operation of the CPU in the single-step
mode. '

Central Processing Unit (CPU)

The CPU is composed of an 8-bit parallel arithmetic unit,
accumulator, flag flip-flop and instruction decoder. The 8-bit
parallel arithmetic unit has circuit to perform the four basic
arithmetic operations (addition, subtraction, multiplication
and division) as well as logical operations such as AND and
OR. The carry, zero and other states generated by these
operations -are set in the flag flip-flop. The accumuiator
supplies the operands (HIENZANSUU) to the arithmetic
circuit, receives the results from the same circuit and
keeps them. The flag flip-flop keeps the carry, zero and
other states when various kinds of arithmetic operation in-
structions are executed.

DMA Control

Ports P2¢ and P2; of the MELPS 8-41 can be used not only
as ordinary input/output ports but also for the control signal
employed for DMA handshaking. Immediately after reset-
ting, these two ports function as ordinary ports (see
Fig. 16).

MITSUBISHI
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Interrupt Request to Master CPU

Ports P2, and P25 of MELPS 8-41 can be used. not only as
DRQ ordinary input/output ports but also as the outputs of the
P2 DRQn IBF (input buffer full) flag and OBF (output buffer full) flag.

Immediately after resetting, both ports function as input

M5L8257 P
MELPS 8-41 _ Oren ports.

P2; pe———g DACKn

;_ L——— . MELPS 8-41 ' .

- B} 0BF OBF
Fig.16 DMA control —>
P2,

When the EN DMA instruction is executed, P2 becomes P25 iBF
the DRQ (DMA request) output. Subsequently, when P2g is :D————*
set to “1”, DRQ becomes “1” and DMA-based data transfer I1BF

is requested.

DRQ is cleared when the DACK * R, DACK - W or EN DMA
instruction is executed.

Interrupt request
to master CPU

t

Fig.18 Interrupt request to master CPU

When the EN FLAGS instruction is executed, P2, functions
de(internal Data BUS)W l 0 as the OBF pin and P2; as the EF_gin. “1” must be output
EN DMA oUTL P2, Al P2:/DRa to both pins so that the OBF and IBF fiag states are output
ANL P2, #n to each pin, respectively. These states are not output while
“0” is output to the pins. The OBF flag output indicates that
data has been output to the output data bus buffer register;
the 1BF flag output indicates that the input data/command
bus buffer register is in the data accept enable mode.

RESET

O
P2;/DACK WRITE IBF Flag P2

OUTL P2.A DBB (1) ' \
ANL P2, #n DATOH
ORL P2, #n

O
Fig.17 Internal configuration of DMA control P2s/iBF

When the EN DMA instruction is executed, P2, becomes
the DACK (DMA acknowledge) input. The DACK input is

P2,/0BF
used as the chip select input for DMA transfer. There is, 8:‘1_ A
therefore, no connection with the state of S (chip select) LATCH

during DMA transfer. : OBF Flag-

Fig.19 Internal configuration of IBF/OBF
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INSTRUCTION CODES

% Dr~Dsf 0000 | 0001 | 0010 | 0011 [ 0100 | 0101 | 0110 | 0111 [ 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
) ;
S
D3~Do \%;” 0 1 2 3 4 5 6 7 8 9 A B c D E F
0000 0
0001 1
0010 | 2
0011 3
0100 4
EN | DIS | EN | DIS | STRT | STRT | STOP CLR | CPL | CLR | CPL | SEL | SEL | EN | EN
0101 5
I TCNT FO F1 RBO | RB1 | DMA |FLAOS
0110 6
DEC | INC | CLR | CPL [SWAP| DA | RRC cPL MOV | MOV | RL | RLC
o 7 .
A A A A A | A A A c c A, PSW
INC | XCH ORL | ANL | ADD |ADDG MOV | MOV [ DEC
1000 8
RO | A RO A RO | A RO |ARO|ARD ] | RO, A RO
IN | INC | XCH | OUTL| ORL | ANL | ADD |ADDC MOV DEC
100t 9 ,
APl | Rl _|ARI|PILA[ARI|ARI|ARI|ARI R1, A R1
IN | INC | XCH |OUTL| ORL | ANL | ADD |ADDC Mov DEC
1010 A
- AP2| R2 |AR2|P2A[AR2|AR2|AR2|AR2 R2, A R2
INC | XCH ORL | ANL | ADD [ADDC MOV DEC
1011 B
R3 | AR3 A R3| A R3|AR3|ARS3 R3, A R3
MOVD| INC | XCH {MOVD| ORL | ANL | ADD |ADDC |ORLD | ANLD | MOV DEC
1100 [ '
AP4| R4 |AR4|P4LA[ARI|ARI|ARI|ARI|P4LA|PLA|RSA R4
MOVD| INC | XCH [MOVD| ORL | ANL | ADD |ADDG |ORLD | ANLD | MOV DEC
1101 D
AP5| R5 | AR5 |P5A|ARS|ARS|AR5|AR5|P5A| P5A|R5A R5
"{MOVD| INC | XCH [MOVD| ORL | ANL | ADD |ADDC [ORLD | ANLD | MOV DEC
110 E
AP6| R6 | AR6|P6A|[AR6|ARS|ARB|ARE|P6A]|PSA]|RSA R6
MOVD| INC | XCH [MOVD| ORL | ANL | ADD {ADDC |ORLD | ANLD | MOV DEC
n F
AP7| R? |AR7|PLA|AR7|AR7|RL,A|AR7|PILA|P7,A|RTA R7

2-byte 2-cycle instruction

D 1-byte 2-cycle instruction

MITSUBISHI 5—13
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MACHINE INSTRUCTIONS

tem ‘ Instruction code o8
Mnemonic % g ‘Function
Type D;DgDsD4 D3D,D1Do| Hexadecimal
0010 00 1 1 2 3
MOV A, #n n,ngngn, Agn,n,ng n 2|2 |(A)+n
) 1 1 11 1 r,r,r, F 8 (A) < (Rr)
MOV A, Rr H 11 |r=0~7
5 101 0 111,70, A8 (Rr) < (A)
€ | MOV Rr, A T V[ | r=0~7
e
1 0 11 1 r,r,1, B 8 (Rr) «~n
MOV Rr, #n N,Ngngn, ngn,n,ng T 2|2 |r=0~7
n
0010 1 rr,r1, 2 8 (A) «— (Rr)
XCH A, Rr -1 1{1 | r=0~7
11 11 000 r, F 0 (A) — (M (Rr))
MOV A, @Rr T 11 [r=0~1
) 1010 0 00 rg A0 (M (Rr) ) + (A)
MOV @Rr, A T 111 | r=0~1
8 10 1 1 000 ryg B 0 (M(Rr) ) «n
£ | MOV @Rr, #n n,ngngn, ngn,n,ng T 2|2 |r=0~1
s ) n
o
£ 1010 00 1 1 A3
8 |MOVP A, @A 12 [(A)—(M(A))
3
<
] 1110 0011 E 3
£ | MOVP3 A, @A 1| 2 | (A) = (M(page 3, A))
'g .
00 1.0 00 0 ry 2 0 (A) == (M (Rr))
XCH A, @Rr i ¥ 111 | r=0~1
00 11 000 rg 30 (Ag~Az) = (M (Rro~Rr3) )
XCHD A, @Rr T 11 [r=0~1
1100 01 11 c 7
MOV A, PSW 11 ] (A)—(PSW)
) 11 01 01 11 D 7 . (PSW) «— (A)
MOV PSW, A 111 [(C)+ (A7), (AC) «~ (Ag)
100 1 0000 9 0 (STS) ~ (A)
MOV STS, A 1|1 [ (ST4~ST7) « (As~A;)
°
s 10 01 01 1 1
« |CLRC : 9 7 11 ](C)<0
8
172
1010 01 11 _
CPL C A7 111 |(c)y+~(Cc)
1000 01 01
CLR Fo 8 5 111 [(Fo)+0
100 1 01 01 _
CPL Fq 9 5 111 | (Fo) « (Fo)
5—1{ MITSUBISHI
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Affected carry

(¢}

AC

Note

Description

Transfers data n to register A.

Transt tents of register Rr to register A.

Transfers tents of register A to regi: Rr.

Transfers data n to register Rr.

Exchanges contents of register Rr with contents of register A.

Transfers contents of memory location of current page, whose address is in register Rr, to register A.

Transfers contents of register A to memory location of current page whose address is in register Rr.

Transfers data n to memory location of current page whose address is in register Rr.

Transters data of memory location of current page whose address is in register A to register A.

Transfers data of memory location of page 3 whose address is in register A to regsiter A.

Exchanges contents of memory location of current page whose address is in register Rr with contents of register A.

Exchanges contents of low-order 4 bits of register with low-order 4 bits of memory location of current page whose address is in register

Rr.

Transfers contents of program status word to register A.

Transfers contents of register A to program status word.
{

Transfers contents of register A to status register.

Clears carry flag and resets it to 0.

Complements contents of carry flag.

Clears flag Fq and resets it to 0.

Complements contents of flag Fo.

MITSUBISHI
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tom Instruction code w | @
]
Mnemonic g, E Function
Ty|;e D;De¢DsD, D3D,D,Dg{ Hexadecimal o
_ 10610 01 01 .
2 |CLRF," . A S 1T[1](F)~o0
8 N
o .
2 1011 01 0 1 _
& |cPLF B 5 11| (F)—(F)
000 0 00 1 1 03
ADD A, #n Nn,Ngngn, Nan,n,ng n 212 [ (A=A +n
0110 1 rpr,r, 6 8 (A) «~ (A) + (Rr)
ADD A, Rr B 11 r=0~7
01 10 000 r, 6.0 (A) — (A) + (M (Rr))
ADD A, @Rr ¥ 111 r=0~1
00 0 1 00 1 1 13
ADDC A, #n Nn,NgNgn, ngn,n,ng n 2|2} (A)~(A)+n+(C)
o1 1 1 1r,r,7, 7 8 (A) ~ (A) + (Rr) 4+ (C)
ADDGC A, Rr T 1|1 [r=0~7
0111 000Tre 70 (A) = (A) + (M (Rr) ) +(C)
ADDG A, @Rr T 111 |r=0~1
0101 - 00 11 5 3
ANL A, #n N NgNgn, nan,n,n, n 22| (A~ (A) An-
01 01 1r,r,r, 5 8 (A) < (A) A (Rr)
ANL A, Rr ‘,5 111 |r=0~7
2 01 01 000 r, 5 0 (A) —(A) A (M(RP))
£ |ANL A, @Rr : T T | r=0~1
g
0100 00 1 1 4 3
ORL A, #n n,nNghgn, nan,n,ng n 21 2.((A)+~(A)Vn
0100 1 rpr,r, 4 8 (A) = (A) V (Rr)
ORL A, Rr - T 111 |r=0~7
0100 00°0T, 40 (A) = (A) V(M (RN))
| ORL A, @Rr 1 11 [r=0~1
110 1 00 1 1 D 3 i
XRL A, £ n Nn,Nghgn, Nnahn,ng n - [2{2 (A~ (A)¥n
11 01 1 11,70, D 8 (A) ~ (A) ¥ (Rr)
XRL A, Rr T 11 | r=1~7
' ) 1 1.0 1 000 rg Do (A) — (A)¥ (M (Rr))
XRL A, @Rr T 111 |r=0~1
000 1 01 11
INC A : 17 111 | (A~ (A)+1
. 0000 01 11
DEC A 07 111 ((A)~(A)—1
5—16 MITSUBISHI
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Affected carry

Description
o] AC | Note
Clears flag F; and resets it to 0.
Complements contents of flag Fi.
o o 1 Adds data n to contents of register A and sets carry flags to 1 if there is an overflow; otherwise resets carry flags to 0. The result is storéd
in register A. ’
o o 1 Adds contents of register Rr'to contents of register A and set carry flags to 1 if there is an overflow; otherwise resets carry flags to 0. The
resuit is stored in register A.
o o 1 Adds contents of register A and contents of memory location of current page whose address is in register Rr and sets carry flags to 1 if
there is an overflow; otherwise resets carry flags to 0. The result is stored in register A.
o O 1 Adds carry and data n to contents of register A and sets carry flags to 1 if there is an overfiow; otherwise resets carry flags to 0. The result
is stored in register A.
Adds carry and contents of regi Rr to of register A and sets carty flags to 1 if there is an overflow; otherwise resets carry
o | O 1 ) A
flags to 0. The result is stored in register A.
O o 1 Adds carry and contents of memory location of current page whose address is in register Rr to of regi A and sets carry flags

to 1 if there is an overflow; otherwise resets carry flags to 0. The result is stored in register A.

Logical product of contents of register A and data n is stored in register A.

Logical product of contents of register A and contents of register Rr is stored in register A.

‘ register A.

Logical product of contents of register A and contents of memory location of current page whose address is in register Rr is stored in

Logical sum of contents of register A and data n is stored in redister A

Logical sum of contents of register A and contents of register Rr is stored in register A.

Logical sum of contents of register A and contents of memory location of current page whose address is in register Rr is stored in regis-
ter A. ]

Exclusive OR of of reg A and data n is stored in register A.

Exclusive OR of contents of register A and contents of register Rr is stored in register A.

Exclusive OR of of regi A and contents of memory location of current page whose address is in register Rr, is stored in reg-
ister A. .

Increments contents of register A by 1. The resutt is étored in register A.

Decrements contents of register A by 1. The result is stored in register A.

MITSUBISHI ' 5—17
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" MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item .
Instruction code w | @
. o |2
M nic ;';), 3 Function
Type D;DgDsD, D3;D,D1Dg| Hexadecimal ©
0 01 0 01 11
CLR A 2 7 1 (A)~o0
8
° 00 1 1 01 11 _
£ |cPLA 37 11 ] (A~ (A
£
01 01 01 11
DA A . - 5 7 1 | 1 | (A) decimal conversion
' o1 00 0ot 11
SWAP A 47 111 | (A~A) «— (A~A;)
: 11 1 0 01 11 . (An+1) ~ (Aq)
RL A E 7 11 {(A)~ (A7) n=0~6
& 11 11 o1 1 (Ant1) = (A4)
5 |RLC A F.7 111 ] (A} (C)
(C)+— (A7) n=0~6
01 1t 1 01 11 7 7 (An) «~ (Ans1)
RR A . 11 (A) < (A) n=0~6
01 1 0 o1 1 1 6 7 (An) ~ (An+1)
RRC A T (A~ (C)
_ (C) ~(Ag) n=0~6
0 0 01 1 raryfg 1 8 (Rr) «~ (Rr)+1
o |INC Rr T T{1|r=0~7
§
E] 00 0 1 00 0 rg 10 (M(Rr)) ~ (M(RnN)+1
& | INC @Rr T Vi1 r=0~1
3
o
& 1100 110,70, Cc 8 (Rr) ~ (Rr)—1
DEC Rr ¥ 1|1 | r=0~7
oMMy 0 0100 [ (PCg~PC1g) + ma~msgo
N JMP m m,mgmgm, m,m,m,m, msr;‘o 2 | 2 | (PCo~PC;) + mo~mjy
E .
3 1 et 1 00 1 B 3 (PCo—PC7) + (M(A))
JMPP @A 112
b,begbst 001 0 1 2 When (Ap) = 1, (PCo~PC7) +— m
JBb m m;mgmgm, m,m,m,m, Py 2 | 2 | When (A,) =1,(PC) «— (PC)+2
m bsbebs = 0~7 .
11 01 01 10
JNIBF m |m;memem, mym,m,m, D 6 | 2| 2]|When(IBF) =0, (PCy—PC;)~ m
g 1.0 00 01 1 0 8 6 '
5 | JOBF m m,mgmgm, mgm,m,m, m 2 | 2 | When (OBF) =1, (PC,—PC;7) «~ m
3 - :
s
£ 00 0 1 01 10 16 When (TF) = 1, (PCo~PC;7) — m
§ |[JTFm Cim,mgmgm, mam,m,mg, m 2 | 2 | when (TF) =0, (PC) « (PC)+ 2
o
‘ T 110 T ror r, E .?. (Rr) < (Rr)—1 r=0~7
DJNZ Rr,m m,mgmgm, mam,m,m, ' 2 | 2 | When (Rr) # 0, (PCo~PC;) « m
m When (Rr) =0, (PC) — (PC)+ 2
11 11 01 10 F 6 When (C) =1, (PCo~PC;) +m
JC m m,memom, mym,m,m, m 2| 2 { When(C) =0, (PC) ~ (PC)+ 2
5—18 : 4@ MITSUBISHI -
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

Description
Cc AC | Note
Clears contents of register A and resets to0.
Forms 1’s complement of register A and stores it in register A.
O O 1 Contents of register A are converted to binary coded decimal notation and stored in register A.
Exchanges contents of bits 0~3 of register A with contents of bits 4~7 of register A.
Shifts contents of register A left one bit. MSB: A; is rotated to LSB Aq.
O Shifts contents of register A left one bit. MSB A7 is shifted to carry flag apd carry flag is shifted to LSB A.
Shifts contents of register A right one bit. LSB Ag is rotated to MSB A;.
O Shifts contents of register A right one bit. LSB Ay is shifted to carry flag and carry flag is shifted to MSB A;.

increments contents of register Rr by 1. The resuit is stored in register Rr.

Increments contents of memory location of current page whose address is in register Rr by 1.

Decrements contents of register Rr by 1. The result is stored in register Rr.

Jumps unconditionally to address m.

Jumps to memory location of current page whose address is in register A; but when instruction executed was in address 255, jumps to
next page. '

Jumps to address m of current page when bitl b of register A is 1. Executes next instruction when bit b of register A is 0.

Jumps to address m of current page when IBF is 0.

Jumps to address m of current page when OBF is 1.

Jumps to address m of current page when timer/counter overflow flag is 1; flag is cleared after execution.

Decl t of regi Rrbyl; iuvﬁps to address m of current page when result is not0.

jumps to address m of current page if carry flagis 1.
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item
Instruction code ° ®
Mnemonic 2 43; Function
Type D,;D¢DsDs D3D,D,Dg| Hexadecimal |® [ O
11 1 0 01 10 E 6 When (C) = 0, (PCo~PC7) +m
JNC m m,mgmgm,  mam,m,m, m 2| 2 | when(C)=1,(PC) « (PC)+2
1100 01 10 C 6 When (A) = 0, (PCo~PC;) ~ m
JZ m mymgmgm, mgm,m,m, m 2 | 2 | When (A) # 0, (PC) ~— (PC)+ 2
1.0 0 1 01 1 0 9 6 When (A) #+ 0, (PCy~PC;) ~ m
JNZ m m,mgmgm, mym,m,m, m. 2 | 2 | When (A) =0, (PC) «~ (PC)+ 2
00 1 1 01 10 3 6 When (To) = 1, (PCo~PC7) - m
o JTO m m,mgmgm, mam,m,mg, m 2 | 2 | When (To) =0, (PC) « (PC)+ 2
£
=]
= 0010 01 10 26 When (To) = 0, (PCo~PC7) < m
§ |JINTOm m,mgmgm, mam,m,mg, m 2 | 2 | When(To) =1,(PC) ~—(PC)+2
£ :
<§ 01 01 01 10 5 6 When (Ty) =1, (PCo~PC7) +~ m
JT1i m m,mgmgm, mym,m,m, m 22 |When(T,)=0,(PC) —(PC)+2 -
0100 01 10 46 When (T4) = 0, (PCo~PC7)+m
JNTT m m,mgm.m, mgm,m m, m 212 | When (Ty)=1,(PC)~ (PC) +2
10 11 0110 B 6 When (Fo) = 1, (PCo~PC;) «—m
JFO m momemgm, m,m,m,m, m 2 | 2 | when (Fo) =0, (PC) — (PC) + 2
0ot .11 01 10 76 When (Fy) =1, (PCo~PC;) — m
JFi m m,mgmgm, mgm,m,mgy m 2 | 2 | When (Fy) =0,(PC) ~ (PC) + 2
10MeMg,1 0100 14 ((SP)) + (PC)(PSW,~PSW;)
CALL m mg~m,, | 2| 2| (SP)~(sP)+1
o SMgmgm, mym,m,m, m (PCo~PCy0) — m
£ 1 0 0 0 0 0 1 1 (SP) —(sP) —1
3 |ReT 8 3 1] 2| (PC) «~ ((SP))
a
10 0 1 00 11 (SP) — (sP) —1
RETR 9 3 1] 2 | (PC)(PSW,~PSW;) — ((SP))
0000 10P,P, o8 (A) —(Pp)
IN A, Pp b 12{p=1~2
00 11 10P,P, 3 8 (Pp) - (A)
OUTL Pp, A ; 112 |p=1~2
; 1 0 0 1 10 P, Py 9 8 (Pp)v‘_(Pp)An
g ANL Pp,#n n,ngngn, ngn,n,n, 3 2|12 p=1~2 i
.3 n \
4]
3 1000 106P,Py| 88 (Pp) + (Pp)Va
£ | ORL Pp, #n n,NgNgn, ngn,n,n, ?5 2|2 |p=1~2
n
0010 0010 2 2
IN A, DBB 1|1 ]|(A)~ (DBB)
0 0 0 O 00 1 0 0 2
OUT DBB, A 111 |(DBB)+~(A)
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

[o]

AC

Note

Descri ﬁtion

Jumps to address m of current page if carry flag is 0.

Jumps to address m of current page when contents of register A are 0.

Jumps to address m of current page when contents of register A are not0.

Jumps to address m of current page when flag Tois 1.

v

Jumps to address m of current page when flag Ty is 0.

Jumps to address m of current page when flag Tyis 1.

Jumps to address m of current page when flag T, is 0.

Jumps to address m of current page when flag Fois 1.

Jumps to address m of current page when flag Fyis 1.

Calls subroutine from address m. The program counter and the high-order 4 bits of PSW are stored-in address indicated by stack pointer
(SP). SP is incremented by 1 and m is transferred to PCo~PCiq.

SP is decremented by 1. Program counter is restored to saved setting in stack indicated by stack pointer. PSW,~PSW; are not changed
and i bt disable is maintained.

SP is decremented by 1. Program counter and high-order 4 bits of PSW are restored with saved data in stack indicated by stack pointer.
interrupt becomes enabled after execution is completed.

Loads contents of Pp to register A,

Output latches contents of register A to Pp.

Logical product of contents of Pp and data n; outputs result to Pp.

Logical sum of contents of Pp and data n; outputs result to Pp.

Enters contents of data bus buffer (DBB) into register A énd resets IBF.

Outputs contents of register A to data bus buffer (DBB) and sets OBF.
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item
Instruction code o |8
Mnemonic ;‘;:, E Function
Type D7D§D5D‘ D3D2D;Dg Hexadecimal ©
MOVD A, pp 0 0 0 O 11 p1 po . 0 g (AONAS) - (PpO~Pp3)
) P1Po 112 ] (Ay~A7) =0 p=4~7
f§3 00 1 1 11P, P 30 (Ppo~Ppa)  (Ag~Aa)
S MOVD Pp, A pipe | 112 |P=4~7
3
g 1001 11 P,P, 9 ¢ (Ppo~Pps) ~ (Ppa~Pp3) A (Ag~As)
2 | ANLD Pp A ppe | 112 LA PR
Q
1 000 11 P, P, 8 C | (Ppo~Pp3) + (Ppo~Pp3) V(Ag~A3)
ORLD Pp, A ooe | 112 NN perR
0100 0010 4 2 (A) «(T)
MOV A, T 11
MOV T, A 01 10 0010 6 2 1 1M (A)
s |sTRTT 01 01 01 01 5 5 1l
5
O .
Q
§ STRT CNT 01 oo o ron 45 111
Q
2 01 10 01 01 6 5
i | STOP TCNT 101
EN TCNTI 0010 01 0 1 25 11 | (TONTF) =1
DIS TCNTI |00 1 01 01 35 11y (TCNTF)fO
0000 0101 05 (INTF) «— 1
EN | 11
00 01 01 0 1 15 (INTF) «— 0
DIS | 11
11 0.0 01 01 c 5 (BS) <« 0
_ | SEL RB, 111
g
5 : .
o 11 01 01 01 D5 (BS) « 1
SEL RB; . 11
111 0 01 0 1 ES5
EN DMA 101
11 11 01 0 1 F 5 (P2,) — (OBF)
EN FLAGS : 111 | (P2g) « (IBF)
S 00 0 0 000 0 (V] .
£ |NoP . 11

Note 1 : Executing an instruction may produce a carry (overtiow or underflow). The carry may be lost or it may be transferred to C or AC. The (O)
mark indicates a carry which affects C or AC. The detail affection of carries for instructions ADD, ADDC and DA is as follows:
(C) <+1 Atoverflow of accumulator
(C) <« 0 Atno overflow of accumutator
(AC)+—1 Atovertlow of bit3 of accumulator
(AC)+«0 Atpno overflow
2 . The contents of ST,-ST; are read when host computer reads status of MELPS 8-41. .
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FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

[o]

AC

Note

Description

Inputs contents of Pp to low-order 4 bits of register A and inputs 0 to high-order 4 bits of

register A.
Pp’s used for multiplying 8243 ports are P4~
P7.

Outputs low-order 4 bits of register A to Pp. Correspondence to P2, P1 bits is shown
below.
P4--P,P, = 00

I Logical product of the low-order 4 bits of register A and contents of Pp; Pp contains result. | P5-*-P;P; = 01

P6---PsP, = 10
P7-PPp =11

Logical sum of low-order 4 bits of register A and contents of Pp; Pp contains result.

Transfers contents of timer/event counter to register A.

Transfers contents of register A to timer/event counter.

Starts timer operation of timer/event counter. Count cycle is 480 times master oscitlation.

Starts operation as event counter of timer/event counter. Counts up when pin Ty changes from high to low input level.

Stops operation of timer or event counter.

Enables interrupt of timer/event counter.

Disables interrupt of timer/event counter. Resets interrupt flip-flop of CPU which is set during CPU stand-by. Timer flag is not affected.

Enables external interrupt.

Disables external interrupt.

Selects working register bank 0.

Selects working register bank 1.

Enables DMA handshaking line.

Enables master interrupt.

No operation. Execution time is 1 machine cycle.
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FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item

Details of execution

RESET input low level

TF (Timer Flag) +~0

TIRF (Timer INT Request FF) «~ 0
TCNTF (Timer INT Enable FF) <0
INTF (External INT Enable FF) «— 0
IEF (INT Enable FF) «~ 1

IBF 0

EIPF (External Interrupt Pending FF) <0

JTF execution

TF (Timer Flag) + 0

overflow

Timer/event Counter

TF (Timer Flag) <1

TCNTE (Timer INT Enable FF) =1 When TIRF (Timer INT Request FF) « 1

EN TNCTI execution

TCNTF (Timer INT Enable FF) «1

DIS TNCTI execution

TCNTF (Timer INT Enable FF) « 0

EN | execution

INTF (External INT Enable FF) « 1

DIS | execution

INTF (External INT Enable FF) « 0

RETR execution

IEF (INT Enable FF) <1

Symbol

Symbol Contents Contents
A 8-bit register (accumulator) PC Program counter
Ao~As Low-order 4 bits of register A PCo~PC7 Low-order 8 bits of program counter
As~As High-order 4 bits of register A PCg~PCyo ~ High-order 3 bits of program counter
Ao~An, Apn+1 Bits of register A PSW Program status word
b Value of bits 5-7 of first byte machine code Rr ’ Register designator
bsbgbs Bits 5-7 of first byte machine code r Register number
BS Register bank select o Value of bit 0 of machine code
AC Auxiliary carry flag ralyfo Value of bits 0-2 of machine code
C Carry flag 28189 Value of bits 0-2 of stack pointer
DBB Data bus buffer SP Stack pointer
Fo Flag 0 ST,ST, Bits 4-7 of status register
Fq Flag 1 S§TS System status
INTF External interrupt enable flip-flop T Timer/event counter
IBF Input buffer full flag To Test pin 0
m Destination address T, Test pin 1
mzmgMsMymam,mymg | Second byte (low-order 8 bits) machine code TCNTF Timer/event counter interrupt flip-flop

‘ ) corresponding to destination address TF Timer flag
MqoMgMg Bits 5-7 of first byte (high-order 3 bits) machine code # Symbol to indicate immediate data
(M(A)) Content of memory location addressed by register A @ Symbol to indicate content of memory location
(M(Rr)) Content of memory location addressed by register Rr addressed by register

- (Mx(Rr)) Content of external memory location addressed by — Shows direction of data flow
register Rr -~ Exchanges contents of data
n Value of immediate data ( ) Contents of register, memory location or flag
N7NgNsN4N3N2N1 N Immediate data of second byte machine code A Logical AND ‘
OBF Qutput buffer full flag \" Logical OR
[} Port number M Exclusive OR
Pe Port designator — Negation .
P1Po Bits.of machine code cbrresponding to port number O Content of flag is set or reset after execution
/
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MSL8041A-XXXP
SLAVE MICROCOMPUTER
DESCRIPTION -
The M5LB041A-XXXP is a general-purpose, programmable PIN CONFIGURATION (TOP VIEW)
interface device deisgned for use with a variety of 8-bit
microcomputer systems. This device is fabricated using N- TESTPINO  To— Vec (8V)
channel sillicon-gate ED-MOS technology. cLock1 Xy~ ~T TEST PIN1
CLOCK2  X.—[3] [38] «+ P2,/DACK
RESET RESET — [4] « P2,/DRQ | INPUT/
— = PUT
FEATURES . SINGLESTEP §§—[F] 7] -~ P2/IBF | PORT 2
@ Mask ROM - eerrererrmearmmeeeeeeeennns loéj-word by g_bn CHIP SELECT &—’ a s P2,JOBF
® Static RAM--- -word by 8-bit EXTERNAL - -
: y ACCESS (NOTE 1) EAT z 34« P1,
® 18 programmable 1/0 pins READ R—[8] > [33] +» P1¢
® Asynchronous data register for interface to master pro- ADDRESS Ag— 5 - Pig
WRTE  W— < - P1 INPUT/
c
essor , SYNCHRONIZED gy G — 3 e pr. [ QUTRUT
® 38-bit CPU, ROM, RAM, I/0, timer, clock and low power, SIGNAL > 3 PORT 1
stand-by mode DQp % Pl
® Single 5V suppl 0Q, L1 % - P
® Alt:rnat’ thc): ystom LSt DAz - 1 =P
ive to cu
DQ, + [13] Voo (5V)
® Interchangeable with i8041A DATA BUS pQ, & o P;DOG EXTERNAL
DQs + P2, CONTROL
APPLICATION ‘ DQs + [ wP2, | INPUT/
Alternative to custom LSI for peripheral interface DQ; + [19] P2, PORT 2
(0V) Vgs - P2,
Outline 40P4
Note 1 : Conhect to Vgg in the operating condition.
BLOCK DIAGRAM
INPUT/OUTPUT PORT 2
. —_—
DATA BUS INPUT/OUTPUT PORT 1 szzd /?%‘
"DQ, DQ, DA, _DQ; 7 Pl, Pls Pl PI; P2 PZ,/DQR
DQo DQ; DQ, DQs Pl Pl, Pl, P2 P2 /DACK
B (eXi 208X 9—E7280k9 z
PORT @9 Veo (5V)
BUS BUFFER
@ Voo (5V)
Vss (0V)
! *
02i X 8 64 X 8 (4) RESET  RESET
Ram | [BE (& ss SINGLE STEP
Sep M T, TEST PINO
i =2 39 T, TEST PIN 1
CONTROL Ol READ
10w WRITE
T o BERoN Loaic (6)Cs CHIP SELECT
] (9 Ao ADDRESS
L _ B . _ _ - (D EA EXTERNAL ACCESS
X, X, SYNC PROG (NOTE 1)
—— EXTERNAL I/ O'CONTROL
CLOCK SYNCHRONIZED
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

FUNCTION

The M5L8041A-XXXP is designed as an ordinary 8-bit CPU
peripheral LSI chip and it contains a small stand-alone mic-
rocomputer. Although this microcomputer functions inde-
pendently, when it is used as a peripheral controller, it is
called the slave microcomputer in contrast to the master
computer. These two devices can transfer the data alterna-

PIN DESCRIPTION

tively ‘through the buffer register between  them. The
M5L8041A-XXXP contains the buffer register to use this LSI
as a slave microcomputer and it can be accessed in the
same way as other standard peripheral devices. Since the
M5L8041A-XXXP is a complete microcomputer, it is easy to
develop a user-oriented mask-programmed peripheral LSI
only by changing the control software. ‘

Pin Name Input or output Function
Vss Ground — Connected to a0V supply (ground).
Vee Main power supply - Connected to a5V supply.
Connected to a5V supply.
Voo Power supply - -
Used as a memory hold when Vcc is cut off.
To Test pin 0 Input Provides external control of conditional program jumps (JTO/UNTO instructions).
An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins the
X1, Xz Crystal inputs Input P . i Y 9 . i P p
clock frequency can be determined. Pins X; and X2 can also be used to input an external clock signal.
RESET Reset Input CPU initialization input.
== . Used to hait the execution of a command by the CPU. When used in combination with the SYNC signal,
SS Single step input ) . X . X
the command execution of the CPU can be halted every instruction to enable single step operation.
cs Chip select input Input Chip select input data bus control. ’
EA External access Input Normally maintained at OV.
= . Serves as the read signal when the master CPU is accepting data on the data bus from the M5L8041A-
R Read enable signal Input
XXXP.
Ao Address input Input An address input used to indicate whether the signal on the data bus is data or a command.
] ) . Serves as the write signal when the master CPU is outputting data from the bus to the M5L8041A-
w Write enable signal Input
XXXP. .
SYNC Sync signal output Output Output 1 time for each machine cycle.
) Three-state, bidirectional data bus. Data bus is used to interface the M5L8041A-XXXP to a master sys-
DQy~DQ, | Data bus Input/output 4
tem data bus.
Quaisi-bidirectional port. When used as an input port, FF1g must first be output to this port.
P2o~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2y~P2; are used when the M5L8243P 1/0 port expander is used.
PROG Program Output Serves as the strobe signal when the M5L8243P 1/O expander is used.
Quaisi-bidirectional port. When used as an input port, FF;¢ must first be output to this port.
P1o~P1; | Portl Input/output . P put p ® L P P
After resetting, however, when not used afterwards as an output port, this is not necessary.
. Provides external control of conditional program jumps (JT1/JNT1 instructions).
T Test pin 1 Input - - - -
Can serve as the input pin for the event counter (STRT CNT instructions).
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MS5L8041A-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

=

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \Y
Voo Supply voltage —0.5~7 \"

with respect to Vgg
Vi | Input voltage —0.5~7 \
Vo Output voltage —0.5~7 v

Pd Power dissipation Ta=2TC 1500 mw
Topr . | Operating temperature range —20~75 c
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \%
Vop Supply voltage 4.5 5 5.5 \'
Vss Supply voltage 0 \
Viu High-level input voltage 2 \"
Ve Low-level input voltage 0.8 v
fe) Operating frequency 1 6 MHz
ELECTRICAL CHARACTERISTICS (T4= —20~75C, Vcc =5V*10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

ViL Low-level input voltage —0.5 0.8 \")
[ High-level input voltage (all except Xy, X, RESET) 2 Vee v
Vinz High-tevel input voltage (X3, X, RESET) 3.8 Voo 1%
VoL1 Low-level output voltage (DQo~DQ7, SYNC) loL = 2mA 0. 45 \

Vo2 Low-level output voltage (all except DQg~DQ7, SYNC, PROG) | lou = 1.6 mA 0.45 \
VouLs Low-level output voltage (PROG) loo=1mA 0.45 \'
Vouit High-level output voltage (DQo~DQ;7) loy = —4001A 2.4 \'
Vouz High-level output voltage (all other outputs) lon = —50uA 2.4 [ Vv
I Input leakage current (Tq, T1, RD, WR, CS, Ag) Vss < Vi = Vee —10 10 uA
loze Off-state output leakage current (DQy~DQ;) Vss +0.45 < Vo = Vee -—10 10 #A
i Low-level input current (P1o~P1;, P2p~P2;) Vi, =0.8v —0.5 mA
L2 Low-level input current (RESET, SS) VL =0.8V —0.2 mA
lob Supply current from Vpp 6 15 mA
lce + lpg Total supply current 65 125 mA
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

L 4

TIMING REQUIREMENTS (Ta= —20~75C, Voo = 5V+10%, unless otherwise noted)

DBB Read
Alternative Limits
Symbol Parameter Test conditions Unit
. symbol Min Typ Max
tc () Cycle time toy 2.5 15 us
tw (R) Read pulse with : trr tc (9 =2.5us 250 ns
tsu (cs-R) Chip-select setup time befor read tar 0 ns
th (r-cs) Chip-select hold time after read tra 0 ns
DBB Write
Alternative . Limits
Symbol Parameter Test conditions - Unit
. symbol Min Typ Max
tw (w) Write pulse width tww 250 ns
t -~ —
Su (cs-w) CS, Ay, setup time before write taw 0 ns
tsu (a0-w)
th (w-cs) == .
CS, Ag, hold time after wirte twa 0 ns
th (w-a0) :
tsu (pa-w) | Data setup time before write tow 150 ns
th (w-pQ) Data hold time, after write two 0 ns
Port 2
Alternative - Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw (PR) PROG pulse width tep 1200 ns
tsu (pc-pr) | Port control setup time before PROG tce Cp = B0pF 110 ns
th (Pr-PC) Port control hold time after PROG trc C.L = 20pF 100 ns
tsu (@-PR) Output data setup time before PROG tor C. = 80pF 250 ns
tsu (p-PR) Input data hold timer before PROG ter C. = 80pF 810 ns
th (pr-D) input data hold time after PROG ter C. = 20pF 0 150 ns
DMA
Alternative - Limits .
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsu (pack-r) | Data acknowledge time before read tace 0 ns
th (r-pack) | Data hold time after read tcac 0 ns
tsu (pack-w)| Data setup time before write tacc 0 ns
th (w-pack) | Data hold time after write teac 0 ns
Note 1 : Inputvoltage level V, = 0.45V, V|, = 2.4V.
SWITCHING CHARACTERISTICS (Ta= —20~75C, Voo = 5V+10%, unless otherwise noted)
DBB Read
; Alternative Limits
Symbol Parameter Test conditions - Unit'
symbol Min Typ Max
tezx (cs-pa) | Data enable time after CS tao C, =150 pF 225 ns
tezx (a0-0q) | Data enable time after address tao CL= 150 pF 225 ns
trzx (R-Dq) | Data enable time after read tro CL =150 pF 225 ns
texz (R-Dq) | Data disable time after read tor 100 ns
DMA v
Alternative . Limits .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (DACK-DQ) | Data enable time after DACK taco 150 pF Load 225 ns
teuL (R-pDRa) | DRQ disable time after read tcra 150 pF Load 200 ns
tenl (w-pra)| DRQ disable time after write tcra 150 pF Load 200 ns

Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. 0V respectively.
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

TIMING DIAGRAMS

Read
CS, A
¢ X 4
: tsu (Cs-R) th (R-cs)
tsu(a-R) tw(r) th(R-a0) .
F \ )b N
tPzXx(R-DQ) tPxZ(R-DQ)
~ 74 N\
DQy~DQ;
5 Y
B tpzx(As-D0) tPZX (CS-DQ)
Write
CS, Aq
Tsu(ag-w) -
tsucsw . fw(w) ‘m(‘a?i)o)
_ 4
W /
tsu(p-w) | [th(w-D)
Port 2
e [\ [\ [T\
tsu (@-PR)
EXPANDER r ' PN
PORT OUTPUT P2,-P2; DATA PORT CONTROL OUTPUT DATA
e su(D-PR)—~ th(PR-D)
T
EXPANDER L
PORT INPUT P2,-P2; DATA X PORT CONTROL / \1‘1 |~ weur oara
t R
tsu(Pc-PR) f h(pA Pcl "or)
W
PROG 1\ /
DMA
DACK s k ’!
) _Isu(pack-R) - th(R- DACK)
!
A \ )‘
tsu(pack-w) th(w-DACK)
tw(R)
w \ /{
tw(w)
X XX
| |
tPZx(DACK:—DQ) tslu(D-w) Ih(w-p)
\
DRQ
tPHL(R-DRQ) tPHL(W-DRQ)
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TYPICAL CHARACTERISTICS
DATA BUS HIGH-LEVEL

OUTPUT VOLTAGE VS. HIGH-LEVEL.

OUTPUT CURRENT

s

I Voc = 5V

N Ta=25C

w 3.6

AN

=

]

g 3.4 \\

[ \

8 [ —
E 32 I ———
5 .

[¢]

1

g

o 30

s

I

g

I 2.8

4 -0.2 -04 -06 -—-0.8 —1.0

HIGH-LEVEL OUTPUT CURRENT  lou(mA)

Py, P> LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL
INPUT CURRENT

~N sapid
. \\ :
. \

LOW-LEVEL INPUT VOLTAGE V{(V)

\

"0 -0.0s -0.1 —0.15 -0.2 -0.25

LOW-LEVEL INPUT CURRENT I,(mA)

NORMARIZED SUPPLY CURRENT (lcc)
VS. AMBIENT TEMPERATURE

Voo =5V
Vpo = 5V

1.2‘\

T~

NORMARIZED SUPPLY CURRENT ({lgc)

SLAVE MICROCOMPUTER

DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. LOW-LEVEL
OUTPUT CURRENT

< 0.5

2 Voo =5V
.2 Ta=25¢C /

w 0.4 e

2

[y

-

2 03

>

[

2

E oo

E o

o

-t

g

o o

< /

3

(o)

3 0

0 2 4 6 10

LOW-LEVEL OUTPUT CURRENT Io (mA)

RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL
INPUT CURRENT

Vee =5V

5
\ Ta= 25C
4

T\
| \
\

0 -0.02 —0.04 —006 —0.08 —0.1

LOW-LEVEL INPUT VOLTAGE Vy(V)

LOW-LEVEL INPUT CURRENT 1,(mA)

NORMARIZED SUPPLY CURRENT (lpp)
VS. AMBIENT TEMPERATURE

Vo = 5V
Vpp = 5V

1.2 \

NORMARIZED SUPPLY CURRENT (ipp)

0.8 P 0.8
0.6
—25 0 25 50 75 100 —25 1] 25 ] 75 100
AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C)
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SLAVE MICROCOMPUTER

APPLICATION EXAMPLES
(1) Interface with M5L8085AP

~—
r\_. [.\_‘ .
M5L8041A |10
A N XXXP T
DQo~DQ7 8 e
Al v
CS
PERIPHERAL
M5L8085 AP Ao P @ ( DEVICES
2 \| 2
Control o a @ R
2 v = o _
e £ o w o
b=t [ hd
18 [8]—— &
Ao~ A7 8 N—————/ Qo Q7
—
L T~ —

{2) Interface with MELPS 8-48 Microcomputer and M5L8243P

R R PROG |- PROG P, <z>
w w
Port f——N
a P2y~P24 4 P2,~P2, Ps
Port cs \———————/
- y Ag
) J
DQo~DQy 8 DQg~DQ7 ]
7 M5L8243P PERIPHERAL
M5L_8041A P DEVICES

-XXXP 7

MELPS8-48 A A
Microcomputer P2,~P2, 4
Al L4
A
Ply~P1, 8
v 14
To
T
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'M5L8042-XXXP

DESCRIPTION

The M5L8042-XXXP is a general-purpose programmable in-
terface device designed for use with a variety of 8-bit mic-
rocomputer systems. The device is fabricated using n-
channel silicon-gate ED-MOS technology.

FEATURES

) Mask ROM ..................................... 2048'W0rd by 8_b|t
® Static RAM -ererereremrmreeeniaintiiaeieiee, 128-WOI’d by 8-bit
® 18 programmable 1/0 pins '

® Asynchronous data register for interface to master pro-

cessor

8-bit CPU, ROM, RAM, 1/0, timer, clock and low-power
stand-by mode

@ Single 5V power supply

® Alternative to custom LSI

® interchangeable with i8042

APPLICATION

Alternative to custom LSI for peripheral interfaces

'

SLAVE MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

TESTPINO To— 0] Ve (5V)
cLocK 1 X, —[Z] 3] — T,
CLOCK 2 X,— 3] «» P2,/DACK
RESET RESET — [4] [37] + P2,/DRQ 'NPSJ4
SINGLE STEP S§ — 3] +» P25/IBF | PORT 2
CHIP SELECT&-. [6] Eg.. P2,/OBF
EXTERNAL
access (NoTE 1) EA™ ] - Pty
READ R—[E] 2 3] > P16
ADDRESS A; — [3] P 3]+ P1s
WRITE W — Q 31« P1,. c')ﬁ';g'll;/T
SYNCHRONIZED ] =
kAL SYNC % 3]+ P15 | pORT 1
DQo X 5] P1,
DQ; + % %]« P1,
DQZ «|14] E - P10
DQ; + [ 28] Voo (5V)
DATABUS | " [ 7 - PROG |E/)<()TERNAL
DQs ++ 7] «» P2, ) CONTROL
DQ; + [} B+ p2, |INPUT/
° 2] P2, OUTPUT
DQ; « [19] 2] « P2,
PORT 2
(OV) Vss 7« P2,
Outline 40P4
Note 1 : Connect to Vgs in the operating condition.

BLOCK DIAGRAM

OUTPUT PORT 2

\ INPUT/
INPUT/
DATA BUS OUTPUT PORT 1
f——/\———ﬂ
DQy DQ; DQs DQ Pl; PI Pls_P1 P2,
DQ, DQ; DQ, DQs  Plo Pl, Pl, "Plg P2,

P2,/OBF

X; Xz
——
CLOCK

26 Voo (5V)
@9 Vss (OV)
(ORESET  RESET
e x8 & ss SINGLE STEP
ROM M To TEST PINO
) T TESTPIN1
R READ
[INSTRUCTION il
— CONTROL LOGIC w WRITE
INSTRUCTION cs CHIP SELECT
DECODER D A, ADDRESS
’L (D) EA EXTERNAL ACCESS

- PROG
SYNC  EXTERNAL I/0 CONTROL

SYNCHRONIZED
SIGNAL
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M5L8042-XXXP

SLAVE MICROCOMPUTER

FUNCTION
The M5L8042-XXXP is designed as an ordinary 8-bit CPU
peripheral LSI chip and it contains a small stand-alone mic-

M5L8042-XXXP contains the buffer register to use this LS|
as a slave microcomputer and it can be accessed in the
same way as other standard peripheral devices. Since the

M5L8042-XXXP is a complete microcomputer, it is easy to
develop a user-oriented mask-programmed peripheral LSI
only by changing the control software.

rocomputer. Although this microcomputer functions inde-
pendently, when it is used as a peripheral controller, it is
called the slave microcomputer in contrast to the master
computer. These two devices can transfer the data alterna-
tively through the buffer register between them. The

PIN DESCRIPTION

Pin Name Input or output Function
Vss Ground - Connected to a0V supply (ground).
Vece Main power supply - Connected to a5V supply.
Connected to a5V supply.
Voo Power supply -
: Used as a memory hold when V¢ is cut off.
To Test pin 0 Input Provides external control of conditional program jumps (JTO/JNTO instructions).
. An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins, the
X1, X2 Crystal inputs Input P i Y g8’ : 4 p P
clock frequency can be determined. X; and X, can also be used to input an external clock signal.
RESET Reset Input CPU initialization input.
= . Used to halt the execution of a command by the CPU. When used in combination with the SYNC signal,
Ss Singie step Input I | ) ) )
the command execution of the CPU can be halted every instruction to enable single step operation.
_C_g Chip select input Input Chip select input for data bus control.
EA External access Input Normally maintained at OV. .
= . Serves as the read'signal when the master CPU is accepting data on the data bus from the M5L8042-
R Read enable signal Input
XXXP.
Ao Address input Input An address input used to indicate whether the signal on the data bus is data or a command.
w Write enable signal Input Serves as the write signal when the master CPU is outputting data from the bus to the M5L8042-XXXP.
SYNC Sync signal output Output Output 1 time for each machine cycle.
Three-state, bidirectional data bus. Data bus is used to interface the M5L8042-XXXP to a master sys-
DQy~DQ;| Data bus Input/output ¥
tem data bus.
Quasi-bidirectional port. When used as an input port, FF1g must first be output to this port.
P2o~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2¢~P2; are used when the M5L8243P 1/0 expander is used.
PROG Program Output Serves as the strobe signal when the M5L8243P 1/0 expander is used.
Quasi-bidirectional port. When used as an input port, FF;s must first be output to this port.
Plo~P1; | Port1 Input/output N P put p ] e X 'p : P
8 After resetting, however, when not used afterwards as an output port, this is not necessary.
. Provides external control of conditional program jumps (JT1/JNT1 instructions).
T4 Test pin 1 Input - - - -
Can serve as the input.pin for the event counter (STRT CNT instruction).

MITSUBISHI
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MS5L.8042-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage ! —0.5~7 A
Voo Supply voitage With respect to Vs —0.5~7 \4
v, Input voltage —0.5~7 \'
Vo Output voltage —0.5~7 \'
Pd Power dissipation Ta=25C 1500 mwW
Topr Operating temperature range 0~70 C
Tstg Storage temperature range —65~150 C
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Limits Unit

Min Nom Max

Vece Supply voltage 4.5 5 5.5 \

Vob Supply voltage 4.5 5 5.5 \'

Vss Supply voltage 0 \

Viu High-level input voltage 2.2 v

Vie Low-level input voltage 0.8 \'

fa) Operating frequency 1 12 MHz -
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voc =5V%10%, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Viu Low-ievel input voitage —0.5 0.8 \'
Vint High-level input voitage (all except Xy, X, RESET) 2.2 Vee \4
Vinz High-level input voltage. (X, X, RESET) 3.8 Vee v
Vou1 Low-level output voltage (DQy~DQ;7) loL = 2mA 0. 45 v
VouLz Low-level output voitage (P1g~P1;, P2g~P2;, SYNC) loo=1.6mA 0.45 \Y
Vous Low-level output voltage (PROG) loo=1mA 0.45 \%
Vo1 High-level output voltage (DQy~DQ;) lon = —400A 2.4 v
Vohz High-leve! output voltage (all other outputs) lon = —50zA 2.4 \Y
I Input leakage current (To, Ty, R, W, CS, Ao, EA) Vss < Vy £ Vee —10 10 uA
lozL High-imped state output leak current (DQy~DQ7) | Vss+0.45 < Vp < Ve —10 10 HA
it Low-level input load current (P1o~P1;, P2;~P2;) V. =0.8v —0.5 mA
[ Low-level input load current (RESET, SS) Vi = 0.8V —0.2 mA
lop Supply current from Vpp 10 mA
lcc + lpp Total supply current 145 mA
534 MITSUBISHI
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MSL8042-XXXP

SLAVE MICROCOMPUTER

TIMING REQUIREMENTS (T2 =0~70C, Vcc =5V+10%, uniess otherwise noted)

DBB Read
Alternative Limits .
Symbol Parameter Test conditions - Unit
symbol . Min Typ Max
tc (o Cycle time tovy ] 1.25 15 M8
tw (R) Read pulse width tra to(p=1.25pus 160 ns
tsu (cs-R) Chip select setup time before read tar 0 ns
th (R-cs) Chip select hold time after read tra 0 ns
DBB Write
s 'bo‘ P " Alternative Test conditi Limits Unit
arameter est conditions
Y symbol Min Typ Max
tw (W) Write pulse width tww 160 .ns
tsu tes-w) CS, Ao, setup time before write taw 0 ns
tsu (ao-w)
th (w-cs) == .
CS, Ay, hold time after write twa 0 ns
th (w-a0)
tsu (pa-w) Data setup time before write tow 130 ns
th (w-pq) Data hold time after write two 0 ns
Port 2
. Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw (PR) PROG pulse width tep ) 700 ns
tsu (pc-pr) | Port control setup time before PROG tcp CL = 80pF 80 ns
th (pr-pPC) Port control hold time after PROG tec CL= 20pF 60 ns
tsu (a-PR) Output data setup time before PROG top CL=80pF 200 ns
tsu (p-PR) Input data hold time before PROG ter Cp = 80pF 650 ns
th (Pr-D) Input data hold time after PROG ter C_ = 20pF 0 150 ns
DMA
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tsu (pack-r) | DACK setup time before read tacc 0 ns
th (r-pack) | DACK hold time after read teac 0 ns
tsu (pack-w) | DACK setup time before write tace 0 ns
th (w-pack) | DACK hold time after write tcac 0 ns
Note 1 : Input voitage level V,_ = 0.45V, V,; = 2. 4V.
SWITCHING CHARACTERISTICS (Ta=0~70C, Voo =5V+10%, unless otherwise noted)
DBB Read
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (cs-p@) | Data enable time after CS tan CL=100 pF 130 ns
tpzx (a0-Da@) | Data enable time after address tan CL=100 pF 130 ns
tezx (R-p@) | Data enable time after read trp CL= 100 pF " 130 ns
tpxz (r-pa) | Data disable time after read tor 85 ns
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (Dack-pa) | Data enable time after DACK taco C, =150 pF 130 ns
teHL (rR-DR@) | DRQ disable time after read tcra 90 ns
teuL (w-prq)| DRQ disable time after write tcra 90 ns
Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. 0V respectively.
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SLAVE MICROCOMPUTER

TIMING DIAGRAMS

Read

CS, A

DQo~DQ,

Write

CS, A,

sl

oar~oor RXXXXRRAARANNRR

Port 2

SYNC ’ \

X

X

tsu (cs-R)

th (r-cs)

tsu(ag-R) tw(R) th(R-A0)
I k
" [tPzx(R-0Q) tpxz(R-DQ)
4
« VALID DATA NN
g Y
tpzx(Ag-DQ) tPZX (C3-DQ)
Tsu(Ag-w)
tsu (CSW) tw(w) }: (‘VV"I‘fSA)ﬂ)
tsu(p-w) | {th(w-D)

\
Y,

M VALID DATA

IRERXRK XK

[\

T\

tsu (Q-PR)

Eé%‘}”ggﬁpm P20-P25 DATA X PORT CONTROL )| OUTPUT_
je————15u(D-PR)—>f |&>{ th(PR-D)
T

oAt INBUT P2,-P2; DATA x PORT CONTF‘OL/[ \{'_‘;LWPUT DATA

tsu(PC-PR) ’ th(pR-pciw(PR)
PROG \' {

\ Fa

DMA

DACK s

|

=

DQy~DQ;

DRQ

th(Rr-DACK)

=

X

_tsu(pack-r) R
te

tw(R)

tsu(DACK-W) .

th(w-DACK)

tw(w)

X X

X

X

tPZX(DACK-DQ)
— >

tsu(p-w)||th(w-D)

L__

tPHL(R-DRQ)

tPHL(W-DRQ)
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SLAVE MICROCOMPUTER

TYPICAL CHARACTERISTICS

DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL
~ 138 OUTPUT CURRENT ~ o5 OUTPUT CURRENT
2 T[Vee=5v 2 vee=5v ’
S Ta=25C 3 Ta= 25¢C /
w 36 w 0.4 A
¢ 1\ g /
D 3.4 N 3 03
4 ~ >
5 S~ 5
e T — a
'5 3.2 '5 0.2
o o
o o
> 3.0 2 0.
w w
- ]
1 :
5] S)
T 285 =57 —0a4 ~06 -08 -1.0 = 05 ? 2 0
HIGH-LEVEL OUTPUT CURRENT  lon(mA) LOW-LEVEL OUTPUT CURRENT Io (mA)
Py, P, LOW-LEVEL INPUT RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL
INPUT CURRENT s INPUT CURRENT
3 ~ Vee =5V N Vee = 5V
< \ Ta=25C § \ T:C= 25T
4 ™ 4 -
g N 8
5 N\ 5
Q 3 Ie) 3
> \ >
; AR
: z e
‘-_IIJ‘I 1 - \ ﬂ 1
z z \
3 9
cCl —0.05 —0.1 —0.15 —0.2 —0.25 . 0 —0.02 —0.04 —0.06 —0.08 —0.1
LOW-LEVEL INPUT CURRENT 1,(mA) LOW-LEVEL INPUT CURRENT I,{(mA)
NORMARIZED SUPPLY CURRENT (Icc) "~ NORMARIZED SUPPLY CURRENT (Ipp)
VS. AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE
3 1.6 —~ 16
=L Voo =5V 2 Voo =5V
Voo =5V = Vop =5V
E 1.4 5 oraf
o w
o [vy
= [is
S 1.2 3 12
] \ >
o -
a a
> a
[} 1.0 2 1.0
2 a
g ]
E os \ % 0.8 —
z s
o o«
Z o6 g -
—25 0 25 50 75 100 . -5 0 25 50 75 100
AMBIENT TEMPERATURE Ty(C) AMBIENT TEMPERATURE T5(C)
\
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SLAVE MICROCOMPUTER

APPLICATION EXAMPLES
(1) Interface with M5L8085AP

~_, —~ ——
M5L8042 To )
— N : -Xxxp [ T
DQo~DQ7 8 1
Al v
cs :
, Ao PERIPHERAL
M5L8085 AP T DEVICES
g) A » .
Control 1] 03] » R
3 Vi _ GDJ'
4 < ® w.
3 S ©
< o o,
Ao~ A7 s — Qo~0Q7
—— —V
NN

(2) Interface with MELPS 8-48 Microcomputer and M5L8243P

" R PROG PROG <Z>
W w
AN
A —  P2-P2, 4 P2)~P2, <Z>
Port cs N 4
V| Ao
U \
M5L38243P
DQo~DQ7? 8 DQo~DQ7 @
N——————— PERIPHERAL
- M5L8042 DEVICES
-XXXP
MELPS8-48 r— N
MICRO P2,~P2, 4
COMPUTER v y
) A
P1o~P1, T8
v 14
To
T
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MITSUBISHI MICROCOMPUTERS
INPUT/OUTPUT EXPANDER
DESCRIPTION : }
These devices, fabricated using the aluminum gate CMOS PIN CONFIGURATIONS (TOP VIEW)
process and used for input/output port expansion, are ideal
LSls for connection to the single-chip 4-bit microcomputer
series. : ) ) voo [3 ~ 40] ¢+ Ry | INPUT/
The M50780SP and M50782SP are housed in a 40-pin INPUT/ @HHO OUTPUT
ﬁ/:z;)t;c SmPoId DLL package while the M50781SP and gg;';ug{ - 5 vesiovy
i —pi i {Note 1)
83SP are housed in a 28—pin plastic mold DIL cHip EnasL mpor ok -+ 18 5 52 ) port
package. . MODE SELECT NPUTMS —» [E] 58] 5, pSELECT
. STROBE E\MSSTD*E . ] s, INPUT
FEATURES _ Puoes[T] [32). P3
® Wide operatingvoltagerange . . .. ........ 3~14v INPUT/ | Py« ] [33] > P32 | INPUT/
i T OUTPUT z OuThu
® Low power dissipation PORT 1 | P12z« [3] > Ry PORT 3
® Interchangeable with T1's TMS1025C and TMS1024C in P e[ 3 3] «+Ps
terms of pin connections and electrical characteristics Pao + 11} g [38] «>P 1y ,
. INPUT/ | P, P | INPUT
(M50780SP and M50781SP) oUTPUT P“HIE T :]H 7 CUTeuT
PORT 4 | P4z ++[13] [28«-+ P11 (poRT 7
P N
APPLICATION o 3* P
1/0 expansion for the single-chip microcomputer series P[5 26]- Pes
INPUT/ | P51 o [iE] :“psz INPUT/
OUTPUTY OUTPUT
FUNCTION PORT 5 | P2 ++[T] EJIHPN PORT 6
Ps3 "E 3|+ Peo
M50780SP, M50781SP, M50782SP and M50783SP are INPUT/ ( Pzo « » 5] [22] ¢+ P23 | INPUT/
configured with 4 or 7 groups of input/output ports, 1 OLHVT P21 ++ [ e P2z | FORT 2
group of input/output ports, a port selector circuit and
mode control circuit, and operation is possible.in the latch Outline 40P4B
or multiplexer mode. . )
Note 1: M50782SP has a CE pin.
Table 1 Configurations
ey e BT B,
Expander QOutline CE pin Requirements for reset C;m::;::l: OUTPUT{RZ"’E Eﬁﬂo PORT R
’ : N PORT R | R« [F] B Vss
(Note 2) = E]k s
M50780SP|  40-pin e So~S; =low | TMS1025C crip enasLe PuT OE - [0 5 2| INPUT
o STD = (4 MODE SELECT INPUTMS — |5 24]+— S, >SELECT
MS0781SP|  28pin ) -TMS10240] STROBE DATASTD-’ Z e s, PORT
M50782SP|  40-pin oE So~S2= low NPUT Paor ] 3 Feep
M50783SP 28-pin STD = high 40 ; 73
INPUT/ | Pgq «[E] = [7)«s Py, | INPUT/
Wiirenl 8 Been (ST
Pa3 |10 EH P
Psg + 1] EHP«ss
INPUT/ | Pg; ¢ 7] [« Pez | INPUT/
OUTPUT
RS | Ps L] [l++Pe1 { pORT 6
Ps3 ++[14 EHPBQ
p Outline 28P4B
Note 2: M50783SP has a CE pin.

MITSUBISHI , 6—3
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MITSUBISHI MICkOCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

Table2 Pin Description

Symbol - Name Function
MS Mode select input Latch mode at high; multiplexer mode at low. '
STD Strobe input This input is valid in latch mode and data latched by the fall (4) are output to output port,
Input data are read into latch at high level. At low level latch data are output.
CE (CE) Chip enable input This input is valid in multiplexer mode.
Rg~R3 Input/output port 4-bit bidirectional input/output ports. Input in latch mode; output in multiplexer mode.
Pio~Pi13 Input/output ports 1~7 4-bit bidirectional input/output ports. Output in latch mode; input in multiplexer mode.
P20~P23 ’
P3g~P33
Pag~Pa3
Pso~Ps3
Peo~Ps3
P1p~P73

M50780SP. M50781SP
Table 3 Latch Modes

Table 4 Multiplexer Modes

Input Latch Output Input Qutput
MS CE STD |S¢~Sz2|Rg~R3 Q (Pno, Pnt, Pnz, Pn3) MS CE | STD [Sg~S3|Pno~Pn3 |Q (Rp, Ry, Rz, R3)|
H X l n H H H (Png~Pn3) L L X 0,n X .2
H X l n L L L (Pno~Pp3) L H X n H H
H X L N X Qo Qo (Al ports) L H X n L L
H X H \n X Qo Qo {All ports) L X X 0 X z
H X i 0 X L L (All ports)
L L X 0,n X Qo Z (Al ports)
M50782SP. M50783SP
Table 5 Latch Modes Table 6 Multiplexer Modes
Input Output Input Output
MS CE | STD|Sp~S2 R§~R3 Laeh Q(Pno, Pn1, Pn2, Pn3) MS CE | STD |Sg~S2|Pno~Pn3|Q(Ro, R4, Rz, R3)
H X H n H — | H (Pho~Pn3) L H X 0,n X z i
H X H n L —*| L (Pno~Pn3) L L X n H H
H - X i n H H (Pno~Pn3) L L X n L L
H X ! n L L L (Pno~Pn3) L X X 0 X z
H X L o,n X Qp Qg (All ports)
H X H 0 X — *| L (Allports)
L H L n X Qo Z (Al ports)
* Not latched X 7 High or low
Z : High-impedance state
N
6—4
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

BLOCK DIAGRAMS

M50780SP PORT R
{Note 1) —_—
CEMSSTD Sz S1 So R3R2 Ry Rg Vpp Vss

OOE— )G —- 0.@@ (O

I CONTROLLER DECODER PORT R |

T T [ -
|

BUFFER ” BUFFER Il BUFFER

]
———

f | T
| BUFFER II BUFFEFJI BUFFER ]LBUFFER
. J[a ‘](4 }4 }4 e 1 L

LATCH LATCH LATCH LATCH LATCH LATCH LATCH
____________________ Y N K 7 DR £ '] R € 7Y AR [ 1
PORT 41 pomT 41 port PORT 41 eonrt PORT PORT
. | BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER |
4 4 4 4 4 4 4

30)29)28)27 (262524 (23 (1817 X16 15 )14 )13 )12 (113433 (32} 31 {22 (21 Y20 (1910 ) 9 A 8 X 7
PrP2P1Pun  PgPPsiPes  PssPsaPsiPso  PisPa2Pai Pae PuPx PuPx PuPz PaPx  PuPr PuPu

—_—
PORT 7 PORT 6 PORT 5 PORT 4 PORT 3 PORT 2 PORT 1
Note 1: MS50782SP has a CE pin.

M50781SP PORT R
(Note 2) —_—
CE MS STD Sz S1 So R3 Rz2R1'Ro

OO —- ) — 09.@@ -—“——

I CONTROLLER | , DECODER J I PORT R J

4 4

[ I I
[ BUFFEM [ BUFFER I rBUFFER ] I BUFFER I

LATCH LATCH LATCH LATCH
PORT PORT PORT PORT .
' BUFFER BUFFER BUFFER BUFFER

4 .14 4

4
EbbO—- bt —ot0- eemd

P13 Pz P1y Py Pe3 Ps2 Ps1 Peo Ps3 Psz Psi Pso Pa3 Pgz Poy Py
—_— | N —_—— _

PORT 7 PORT 6 PORT 5 PORT 4

Note 2: M50783SP has a CE pin.
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

Ay INPUT/OUTPUT EXPANDER

Table 7 Function Table !
M50780SP, M50782SP
M50781SP, M50783SP
n | Sz S1 So | Pwo—Pi3 | P2o~P23 | P3o—~P33 | Pso~Pas3 | Pso~Ps3 | Peo~Pe3 | P7o~P73
1 L L H O
2 L H L O
3 L H H O
4 H L L ' O
5 H L H (¢}
6 H H L (@]
7 H H H O
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter . Conditions Limits Unit
Voo Supply voltage With respect to Vss —~0.3~15 v
Vi Input voltage ‘ Vss—0.3~Vpp+0.3 v
Vo Output voltage Vss—0.3~Vpp+0.3 \%
Pd Maximum power dissipation Ta=25C 600 mwW
Topr Operating free-air temperature range § —10 ~7d ‘ o
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
Min Nom Max
Vpo Supply voltage 3 14 \%
V) Input voltage 0 Vpo \
ViH High-level input voltage Vpp X0.7 Vop \
Vie Low-level input vol tage 0 VopX0.3 Y
ELECTRICAL CHARACTERISTICS (Ta=25"C, Vpp=9V, unless otherwise noted )
Limits
Symbol Parameter Test conditions i oo o Unit
Vpp=5V, loh=—2mA 2.5 \Z
Port 1~ port 7 Vop=19V, lon=—4mA 6.5 N
VoH High-level output voltage Voo=12V, lon=-5.5mA 95 v
Vpp= 5V, lgy=—200uA 4.6 \Y
Port R Vopo= 9V, loy=—350uA 8.6 v
. Vpp=12V, loy=—450uA 1.6 v
Vpp=5V, loL=1mA 0.4 \
Port 1~ port 7 Vop= 9V, lgL=1.4mA - 0.4 \
VoL1 Low-tevel output voltage Vop=12V, lor=1.7mA 0.4 v
Vpp=5V, loL=250uA 0.4 v
‘Port R Vop= 9V, loL=450uA 0.4 Y]
Vpop=12V, loL=550uA - 0.4 v
Vpp=5V, loL=4mA 1.8 v
| Vo2 Low-level output voltage Port 1~ port 7 Vpp=9V, loL=12mA 2.5 \"
Vpp=12V, lor=17TmA . 3.9 \
Port 1 ~ port 7 " VI=0~Vpp 10 uA
1 Input current - -
. Port R Vi=0~Vpp ) ! 1A
oo Supbly current Output pins open t 50 ©A
6—6 ¢ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS50780SP/MS50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp=5V 0.2
tsu(r-sTD) Data set-up time for STD input, port R input Vpp=9V 0.15 us
Vpp=12V ' 0.1 K
. Vop=5V 1
tsu(s-sTD) Data set-up time for STD input, So~ S, inputs Vpp=9V 0.5 S
' Vop=12V 0.2
Vpp= 5V 0.5
tw STD input pulse width Vpp=9V 0.4 “s
Vpp=12V 0.3
Vpp=5V 0.4
th (r-sTD) Data hold time for STD input, port R input Vpp=9V 0.3 us
Vpp=12V 0.2
Vpp=5V 1
th(s-sTn) Data hold time for STD input, Sg~S, inputs Vpp=9V 0.7 MS
Vop=12V | 0.5
SWITCHING CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
. Min Typ Max
Vop= 5V 0.6
tpzx(CE-P) Valid output delay time for CE input, R output Vpp= 9V 0.5 us
Vpp=12V 0.4
Vpp=5V 0.8
tpzx(Ms-P) \c{jl‘:iuct):tput de‘lay time for MS input, Pyo~Ps3 Vop= 9V 0.6 us
RL=10kQ Vpp=12V 0.5
Cr=50pF Vpp= 5V 0.6
tPxz(CE-R) Output floating delay time for CE input, R‘ output . Vpp= 9%V 0.5 “s
Vpp=12V 0.4
) ) ) Vpp=5V 0.8
PxZ(MS-P) (Zs:g:ltlsﬂoatmg delay time for MS input, Pyo~Pq3 Voo— 9V 0.6 us
Vpp=12V 0.5
Vpp=5V - 3
tPHL(S-R) Data output high-to-low delay time; S input, R output Vop=9V 1 M“S
Vpp=12V 0.7
) ) Vpp=5V 1.8
PHL(P-R) Iza‘:z&tt:)ut high-to-low delay time; Pyo~Ps3 inputs, Voo=9V 0.7 us
Vpp=12V 0.5
Vpp=5V 1.2
t PHL(SFD-P) Eztj‘gﬂtpm high-to-low @elay time; STD input, Voo=9 V 0.5 us
R =200k Vpp=12V 0.4
CL=50pF Vpp=5V 3
tPLH(S-R) Data output low-to-high delay time; S input, R output . Vpp= 9V 1 S
Vpp=12V 0.7
Vpp=5V 1.8
tPLH(P-R) I;aotz:)ptttput iow-to-high delay time; P,4~P43 inputs, Voo= 9V 0.7 us
Vpp=12V 0.5
/‘, _ ) ' ) Vpp=5V 1.2
tPLF-/l(STD-P) l;la:i::pzltlz:vt-sto-hlgh delay time; STD input, Voo= 9 V 0.5 us
Vpp=12V 0.4
MITSUBISHI 6—7
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM
Multiplex Mode

MS

CE

S2~So

INPUT
P)

OUTPUT
(R)

Latch Mode

MS

cs

S2—~So

INPUT
(R)

STD

o

OUTPUT
(P)

(Note 1) H \
X 8
3
| ﬁ
tpzx(CE-R)  LPHL(S-R) tPHL(P-R) tPxz(CE-R)
tPLH(s-R) tPLH(P-R)
4 N
g X
tsu (R-sTD) th (r-sTD)
tsu (s-sTD) th (s-sTD)
‘12 -
tw
. {Note 2)
Upzx(Ms-P) tpHL(STD-P) tpxz(ms-P)
A(Note 3) tPLH(STD-P)

.

X

Note 1: M50782SP and M50783SP have a CE pin.
: 2: For M50780SP and M507815P
3: For M50782SP and M50783SP
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MITSUBISHI MICROCOMPUTERS

M50784SP

INPUT EXPANDER

DESCRIPTION
This device, fabricated using the aluminum gate CMOS
process and used for input port expansion, is an-ideal LSI

PIN CONFIGURATION (TOP VIEW)

for connection to the single-chip 4-bit microcomputer Voo [ ~ 5 — Ri)
. RZQ—E B‘_‘R J>OUTPUT PORT R
series. OUTPUT PORT R{R °
Itis housed in a 28-pin plastic mold DIL package. Ll =] vss
CHIP ENABLE CE — [] (3]s,
PORT SELECT
FEATURES No—BF o BeSiigur
. . Ne—[E] o 73]+ 5o
® Wide operating voltagerange ............. (4~ 14V) (Po—[] S P
® Low power dissipation 1 Por— ] 4 7]« Pre
INPUT PORT 4 Pe— (] % =)« Py, (INPUT PORT 7
APPLICATION ) Pa3— 1] [5)  Pro
Input port expansion in the single-chip microcomputer Pso — (] (5] +— Pe3
series Ps) — 7] [7) «— Ps:
INPUT PORT 5 PSZ"E E"p“ INPUT PORT 6
Pgy— [0 [ [
FUNCTION 53— [12] e Peo
M50784SP comprises 4 groups of input ports, 1 group of
output ports and a port selector circuit, i
It is particularly attractive for implementing a multi- Outline 28P4B
plexer.
BLOCK DIAGRAM CHIP SELECT
CHIP ENABLE INPUT PORT R
S2 $1 So R3 R2R1 Rg

(0

Vop Vss
85 —-66——

| CONTROLLER] L DECODER J I

PORT R , 1 : -
|

T I

BUFFER BUFFER

P13 P12 P17y Py Pe3 Pz Ps1 Peo

PORT 7 PORT 6

Ps3 Psz Psy Pso

PORT 5

4
! |
BUFFER BUFFER
4

P43 Paz P4; Pap

PORT 4

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS0784SP

INPUT EXPANDER

PIN DESCRIPTION.

Symbol Name Function
CE Chip enable input When low, output transistors will be "off” state.
Ro~Ra Qutput port 4-bit output ports. P-channel open drain outputs.
Pag—~ Pa3 tnput ports 4 ~ 7 4-bit input ports
Pso~Ps3
Peo~ Pe3
P70~ P73
Function table (1) Function table (2)
Input Output n Sz S1 So | Pao~Pa3 | Pso~Ps3 | Peo~Ps3 | Pro~P13
CE " So~S2 Png~Pn3 | Q (Rg, Ry, Rg, R3) 4 H L L
L 0,n X (L) 5 H L H O
H n H H ) 6 H H L O
H n. L (L "7 | H H H ~ o
X 0 X (L)
(L) : Transistor "“off"” state
X+ Highorlow
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits . Unit
Vpp Supply voltage With respect to Vsg —0.3~15 \
V) Input voltage Vss—0.3~Vpp+0.3 \%
Vo Output voltage Vss—0.3~Vpp+0.3 v
Pd Maximum power dissipation Ta=25°C 600 mwW
Topr Operating free-air temperature range —10~70 °C
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS
. Limits
Symbol Parameter Unit
Min Nom Max
Vbo Supply voltage 4 14 \"
V| Input voltage 0 Vpp v
ViH High-level input Yoltage VppX0.7 Vbp \"
ViL Low-level input voltage 0 VppXx0.3 \
ELECTRICAL CHARACTERISTICS (Ta=25C, Vop=9V, unless otherWise noted )
Symbol Parameter Test condition Lirmits Unit
Min Typ Max
Vpp=5V, Vor=3.5V 1.5 mA
loH High-level output current Port R Vpp=9V, Vou=17.5V 2.5 : mA
Vpp=12V, Vou=10.5V 3.5 mA
1 Input current Port 4 ~ Port 7 Vi=0~Vpp 1 uA
Ipp Supply current ) Output pins open 50 ©A
6—10 'MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

DESCRIPTION
The M50786SP is an input/output expander fabricated using PIN CONFIGURATION (TOP VIEW)
aluminum-gate CMOS technology. It is designed especially . m
for connection with the single-chip 4-bit microcomputer se- INPUT/;:;:JTV) v[:0 5 - :‘ }'%’;HTQOUTPUT
. Ead
ries, and it comes in a 40-pin plastic molded DIL package. PORT R { * ’
Ry +[3] Vss (OV)
CHIP ENA}R{F_,ET CE —s
2
FEATURES MODE SELEGT s — s, bRORTSELECT
® Wide operating voltage range:-----+-+++s-ssesesiveeenes 4~14v STROBE DATA  STD — [35] +— S
® Low power dissipation INPUT Plo+ [34] +> P3;
INPUT/OUTEUT P1y + 8] [33] +» P3, INPUT/OUTPUT
APPLICATION Pl & @
1/0 expansion for the single-chip 4-bit microcomputer se- P1; 1o N il + P3,
ries P4y~ b4 [30] +> P74
INPUT/QUTPUT | P4; +> ) 2]~ P7, INPUT/OUTPUT
PORT4 \pg, o ] > P7,
FUNCT'ON P4, > [14] [27] « P7,
The M50786SP is composed of seven groups of I/0 ports, P5, < [13] %]+~ P6s
one 1/0 port group, a port selector circuit and a mode con- INPUT/OUTPUT | P5¢ += 18] 5]« P62 INPUT/OUTPUT
trol circuit. It can be used in the latch or multiplexer mode. PORTS 1 p5, «+
P-channel open-drain output buffers are featured. P5; + 18} had Pﬁo
INPUT/OUTPUT [ P20+~ }INPUT/OUTPUT
PORT 2 | p2, « [20] m - P2,
Outline 40P4B
BLOCK DIAGRAM
CHIP MQDE STROBE PORT
ENABLE SELECT DATA  SELECT PORT R .
INPUT INPUT INPUT,__INBUT (4~14V)(0V)
CE MS STD S, s. So Rs Rz Ry Ro Voo Vss

IACONTROLLERJI DECODER l rPORTR

4 4

-—O0-@&—

[ BUFFER ” BUFFER ][ BUFFER IFUFFER l

IBUFFER ” BUFFER “ BUFFER I

LATCH LATCH LATCH LATCH LATCH LATCH LATCH
............... L S Y SR R 17 S——
PORT ) PORT PORT PORT PORT PORT PORT )
1 | BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER |
4 4 4 4 4 a La
099000090200 00000 00000 0D, @000
P73 P74 P63 P61 P53 P5¢ P43 P4q P33 P3; P23 P2y P‘la P1 e
P72 P7¢ PS5 P! P4y  P4g 2, P2 P12
—2 0
PORT 7 PORT6 PORT5 PORT 4 PORT 3 PORT 2 PORT 1
MITSUBISHI 6—11
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name . Function
MS Mode select input Latch mode when high; multiplexer mode when low.
sTD Strobe input Vallq in latch mode; data Iatche.d by fall (}) are supplied to output port.
i When high, input data are read into latch; when low, latch data are output.
CE Chip enable input Input is valid in multiplexer mode.
Ro~Ra Input/output port | 4-bit bidirectional input/output port. Functions as input in latch mode and output in multiplexer mode.
Plo~Pl, ‘
P2o~P2,
P3o~P33
P4o~P4; | Input/output port 1~7 | 4-bit bidirectional input/output ports that function as output in latch mode and input in multiplexer mode.
P50~ P55 :
P6o~ P63
P70~P7s '
LATCH MODE MULTIPLEXER MODE
_ Input atch Qutput _ Input Output
MS | CE | STD |Sy~S;|Re~Rs Q (Png, Pny, Pny, Png) MS | CE | STD [So~8S3 Pno~Pns | Q (Ry, Ry, Rz, Ra)
H X H n H | —% | H(Pno~Pngs) L H X |0,n X 4
H X H n L —% [ (L) (Pno~Pn3) L L X n H H
H X ¢ n H H | H(Png~Pnj3) L L X n L L
H X ! n L L | (L) (Png~Pn3) L X X 0 X z
H X L [on X Qo | Qo (all ports) :
H X H 0 X | —* | (L) (all ports)
L H L n X Qo | (L) (all ports) X : Irrelevant
* Not latched o Z : High impedance
) (L): Output transistor off-state
FUNCTION TABLE
n S, S, So P1o~P13 P2p~P2; P3,~P33 P4,~P4; P5o~P53 P6o~ P63 P7o~P73
1 L L H O
2 L H L ]
3 L H H ®]
4 H L L O
5 H L H O
6 H H L O
7 H H H O
6—12 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage With respect to Vss —0.3~15 Vv
v, Input voltage Vgg —0.3~Vpp +0.3 v
Vo Output voltage Vss —0.3~Vpp +0.3 v
Pd Power dissipation Ta=25C 600 mw
Topr_ Operating temperature —10~70 C
Tstg Storage temperature —40~125 C
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter - Unit
Min Nom Max
Vob Supply voitage 4 14 \'
V, Input voltage 0 Voo \
Viu High-level input voltage VpoX0.7 Vob v
Vi Low-level input voltage 0 VopX0.3 v
ELECTRICAL CHARACTERISTICS (Voo =9V, Ta=25T, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Voo =5V, loy = —1TmA 2.5 \%
Ports 1~7 Voo = 9V, lon = —3mA 6.5 \4
5 Voo = 12V, lon = —5.5mA 9.5 \'
Von High-level output voltage Voo = 5V, lon = —100zA 26 v
Port R Voo = 9V, loy = —250uA 8.6 V.
Vpp = 12V, loy = —450A 11.6 \'
Vop =5V, lg, = 130¢A : 0.4 v
VoL Low-level output voltage Port R Vop = 9V, loL = 350uA 0.4 \"
Voo = 12V, lop = 5501A 0.4 v
Ports 1~7 V; = 0~Vpp 10 A
I Input current — —
Except ports 1~7 V= 0~Vpp 1 CuA
lop Supply current Output pins open 50 A
MITSUBISHI 6—13
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS

. Limits -
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp =5V : 0.
Data setup time for STD input, . 4
tsu (R-sTD) . Vpp = 9V 0.4 us
port R input
Vop = 12v 0.4
Vpp =5V 1
Data setup time for STD input,
tsu (s-sTD) inputs Sg~8 Vop = 9V 0.7 us
: - ‘ Voo = 12V 0.5
' Vpp = 5V 1.5
tw STD input pulse width '| Vop =9V 0.5 - us
Vop =12V’ 0.3 )
Vpp =5V - .
Data hold time for STD input, o0 0.5
th (r-sTD) . | Vop =9V 0.5 . us
port R input
i Voo = 12V 0.5
Vpp =5V
Data hold time for STD input, N £o ! <
th (s.sTo) ) Vop = 9V 0.7 ) us
port S input
Vpp = 12V 0.5
SWITCHING CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp = 5V 1.5
Valid output delay time for CE input, R =10kQ 20
tezx (ce-R) R output GL = 50pF Vpp = 9V. 1 us
- Vpp = 12V 0.8
. . . Vpp =5V ' 2.4
Valid output delay time for MS input, R.=2kQ
tezx (Ms-P) Plg~PT; output ' : G, = 50pF Vop = 9V 1.8 us
e - Voo = 12V ‘ 1.2
" . Vpp = 5V 1.5 ,
Output floating delay time for CE input, R, = 10kQ (
texz (ce-R) R output . G0 = 50pF Vpp = 9V -1 us
- Vop = 12V ' ] os
. . . Vpp = 5V 2.4
Output floating delay time for MS input, RL=2kQ -
texz (Ms-P) Vpp = 9V 1.8 us
P1o~P73 output C = 50pF n
” Vpp = 12V 1.2
. Vpp = 5V 1.2
‘t Data output high-to-low delay time, . v v 2.5
PHL (S-R) oo = . s
S input, R output R = 200k
i P - Vop = 12V 2
. Vpp =5V 3.5
Data output high-to-low delay time, C = 50pF el
TPHL (P-R) | by p7, input, R output Voo = 9V 1.8 “s
R Vop = 12V 1.2
I ! ' Vpo = 5V . 2.4
Data output low-to-high delay time, RL=2kQ
1PHL (STO-®) | o1 input, R output G = 50pF Voo = 9V 1.8 us
pub LT Voo = 12V 1.2
. . : Vpp =5V 4.2
t [ Data output low-to-high delay time, ' v ov 2.5
PLH (S-R) : oD = . S
S input, R output ' RL = 200k
° i - Vop = 12V 2
. Vpp = 5V. 3
, Data output low-to-high delay time, : CL=50pF o0 3.5
teLH (P-R) . Vpp = 9V 1.8 “s
P1o~P73 input, R output
Vpp = 12V 1.2
. Voo =5V | 2.8
t Data output low-to-high delay time, R.=2kQ v o 18
PLH (STD-P) | Voo = . S
STD input, P15~P73 output . C_=50pF
) p 0 3 outp L P Voo = 12V 1.2
6—14 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM
Multiplexer Mode

MS

o \ X
Sg~50 X X
- Input (P) ' )L X

Qutput (R) 4 X
(e [y
tpzx(CE-R)  LPHL(S-R) tPHL(P-R) Upxz(CE-R)
UPLH(S-R) tpLH(P-R)
Latch Mode
MS [ \
S <~
ce Il
S2~So
Input (R) >§
tsu (r-sTD) th (r-sTD)
tsu (s-sT10D) th (s-sTD)
STD 7 N
—
- t
tpzx(Ms-pP) tpxz(ms-P)
teLH(sTD-P)
Output (P) - X
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MITSUBISHI MICROCOMPUTERS

. M50790SP

INPUT/OUTPUT EXPANDER

OUTPU

R

QUTP
FFER
N ‘IJ'IAFNNEL

l QUTPUT
BU FER

£

P43y P49

P483 P48, P473 P47y P463 P46y P4aS; P45, P44g P44y P433 P4y P423 P42y P41z P41y  P40g. P40y
P49y P49 P48, P48y P47, P4To P46, P46y P45 P45, P44y Pado, P43; P43g | P422' P425 P41z P4lg P40, P40y
PORT P43  PORT P48 PORT P47

DESCRIPTION 4
The M50790SP is an input/output expander LS| fabricated PIN CONFIGURATION (TOP VlEW)
using- aluminum-gate’ CMOS technology. It is designed (4~14V) Voo NG npuT/
especiglly for Qonnection with the single-chip 8-bit micro- pas, +[Z] [51] > P46, OUTPUT
computer series, and it comes in a 52-pin shrink plastic INPUT/QUTPUT | pas, +» ] ]+ Pas; PORT P46
molded DIL package. P46, + [4] 43] +» P45, gllfTUPTdT
P47+ 5] 48] ++ P45, | PORT P45 |
FEATURES (NPUT/OUTPUT | P471 L& «+ P45,
® Wide operating voltage range:« -+ +wssssesses 4~14V PORT P47 g:;g - g - ::ga
° ; ! g _ P47; > = P43; | oUTPUT
Volfage I?yel «:.:o‘nvertable thanks to n-channel open RESET INPUT  RES — [3] 7] — paa, | PORT P43
. drain configuration at 1/0 port (port R) CHIPENABLE & _, ] — pa
. : INPU 30
® Input/output ports (ports P45~P4Q) «---+eeenieee 4 bits X 5 READ/WRITE  R/W — 7] — a2,
©® Qutput ports {ports PA0~PA44)---veerveeeneeenneees 4 bits X 5 Cgﬁgg(')(l.":lgﬁlg —~ [ z 7] — P42, | oUTPUT
® High current output ‘ Ro+> § [@] - paz, | PORT P42
® Output latch data can be read puTsoutPuT | Ri L4 § —+ P42,
® Input/output setting possible for each bit individually PORTR | R, <[] ] [38] — P41,
with 20bits I/0 ports iihed 0 — P41, | OUTRUT
P P44, — 5] — pai, | PORT P4t
P44, +— B I T
v . OUTPUT 1 °
APPLICATION , et pas | e s e
1/0 expansion for single-chip 8-bit microcomputer M50740- P4, — ] 53] — P40, | ouTPUT
XXXSP P48, +~ [21] [52] - P40, PORT P40
ivpuT/QUTRUT | P48 12 3l — P40,
PORT P48 | P48, 23] 30] = P49; | \wpUT/
P4g; > [29] =~ P49, OUT¥L& 0
'NPUT’Q?)%;P&TQ P49, + ] 28] +~ Pag,
NC " Vgs (OV)
' Outline 52P4B
y CHIP R/W .
BLOCK DIAGRAM ENABLE CONTROL PORT R (4~14v) (OV)
‘ RESETINPUT RES CE R/W ¢ CLQGK Ro Ry Rz Ry ‘ Voo Vss
- -— OO — - - O
G
55 @
CONTROLLER i e
| 3 xo
33 ak
N-ch <5
JL U 1
[4
i ,98
4 w
O
wa
mla)
4 o<
1
4

PORT P46  PORT P45 PORT P44 PORT P43 PORT P42 PORT P4l PORT P40
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M50790SP

INPUT/OUTPUT EXPANDER

FUNCTION
The M50790SP enables expansion from one 4-bit 1/0 port
(port R) group to five 4-bit output port groups and five 4-bit
1/0 port (port P) groups. The ports are selected as follows:
when the clock input ¢ is high, the address is input from
port R and when it js low, the data are input (or output) by
the same port (port R).
Each 1/0 port (ports P45 ~ P49) has a direction register
(D45~ D49) and the input or output can be set for each bit

individually.

The contents of all output latches can be read from port R.

PIN DESCRIPTION

Symbol Name Input or output Function
4 Clock input n When the input is high, the address of the port to be accessed from port R is designated. The address
is latched at the ¢ fall. Conversely, when the input is low, the R port data are input or output.
CE Chip enable input In It this input is high when ¢is high, the internal mode is prevented from being changed by external
e . equipment.
R/W Read/write control input In The port R input/output is controlled by the hlgh/Iow level of this input when ¢ is falling.
All the outputs are put into the high-impedance state when this input is low. This means that the open-
RES Reset input In drain output port latches and direction registers are reset. The CMOS input/output port data latches re-
main unchanged (see table below).
Data is sent and received at this 4-bit bidirectional port by the microcomputer’s transfer instrucitons.
R Port R In/out When ¢ is high, the address is read through this port; when low, the data are sent or received through
: this port.
P40 Output ports 40
P41 Output ports 41 These 4-bit output ports have output latches for each individual bit. The output configuration is n-channel
P42 Output ports 42 Out i X N o
pa3 Output ports 43 open-drains for P40i~P43i and p-channel open-drains for P44i.
P44 Output ports 44
P45 Input/output ports 45
P46 Input/output ports 46 These 4-bit bidirectional input/output ports have an output latch and direction register for each individual
P47 Input/output ports 47 in/out bit and input or output can be designated for each bit. The output configuration is a 3-state CMOS struc-
P48 Input/output ports 48 ture.
P49 Input/output ports 49

PORT MODES AFTER RESET INPUT

Port Direction register Data latch Output transistor
N-channel open-drain
P40~P43 - ALL “H" pen-dral
OFF
p44 _ ALL “L” P-channel open-drain
OFF
ALL low
P45~P49 . No change | High-impedance
(input)

MITSUBISHI 6—17
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MS0790SP

INPUT/OUTPUT EXPANDER

OPERATION

Address Designation

The address is designated by port R while the clock ¢
signal is high and the address data are latched to the
address latch by the ¢ fall (1). The relationship between
each port or address register and the addresses is shown
below.

Address and data signs

Address (¢ = high) Data (¢ = low)

Rs Ry Ry Ro R3 R, Ry Ro
L L L L blank

L L L H P405 P40, P40, P40,
L L H L P41, P41, P41, P41,
L L H H P42, P42, P42, P42,
L H L L P43; P43, P43, P43,
L H L H P44, P44, P44, P44,
L H H L | P45y P45, P45, P45,
L H H H D455 D45, D45, D45,
H L L L P46; P46, P46, P46,
H L L H D464 D46, D46, D46,
H L H L P47, | P47, P47, P47,
H L H H D47, D47, D47, D47,
H H L L P48, P48, P48, P48,
H H L H D48, D48, D48, D48,
H H H L P49, P49, P49, P49y
H H H H D49, D43, D49, © D49,

Note : D45~D43 are the direction registers of ports P45~49. When D is

low, the output is set to the high-impedance state and when
high, the CMOS output ON state is established. Designation for
each bit in this way is possible. The contents of the direction
registers, however, cannot be read out.

Direction Register Setting ,
For each bit the input/output ports have corresponding
direction registers (see table below). When a register is
low, the output is set to the ﬁigh-impedance state and
when high, the CMOS output ON mode is established.

Correspondence between
/O ports and direction registers

Output port/input port Direction register
P40, P40, P40, P40,
P41, P41, P41, P4l
P42, P42, P42, P42;
P43, P43, P43, P43;
P44, P44, P44, P44,
P45, P45, P45, P45; | D45, D45, D45, D45,
P46, P46, P46, P46; | D46, D46, D46, D46,
P47, P47, P47, P47, | D47, D47, D47, D473
P48, P48, P48, P48; | D48, D48, D48, D48,
P49, P49, P49, P49, | D49, D49, D49, D493

None
(Outputs only)

Output Operation

Output Ports (P40~P44)

In order for the data to be output to the P40~ P44 output
ports, the address must be designated from port R when ¢
is high. When ¢ is low, the output data must be designated
in the same way from port R. In this case, the R/W input is
set low with the ¢ fall (). '

Input/Output Ports (P45~P49)

In the case of the I/0 ports the direction register corres-
ponding to the bits must be set high beforehand. As long as
the level is high, the output operation can be conducted in
exactly the same way as for the P40~ P44 ports.

Input Operation

For input the direciton register corresponding to the bits
must be set low beforehand. The actual operation consists
in designating the input port address from port R when the
¢ input is high and reading the R port data when ¢ is low. In
this case, the R/W input is set high with the ¢ fall ().

Latch Read Operation

Output Ports (P40~P44)

In order to read the P40~ P44 output port latches, the P40~
P44 port address is designated when the ¢ input is high
and, as soon as R/W is high during the ¢ fall, the data can
be read from port R when ¢ is low.

1/0 Ports (P45~P49)

In order to read the 1/0 port latches, the direction register
corresponding to the bits must be set high beforehand.
(This sets the CMOS outputs ON.) If the direction register
is high, then the latch reading 6peration can be conducted
in exactly the same way as with the P40~P44 ports.

Direction Registers (D45~D49)
The contents of the direction registers cannot be read out.

MITSUBISHI
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MS50790SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vob Supply voltage —0.3~15 \
v, Input voltage With respect to Vgs Vgs—0.3~Vpp+0.3 v
Vo Output voltage Vgs—0. 3~Vpp+0. 3 \
Pd Power dissipation Ta=25C 600 ) mw
Topr Operating temperature —10~70 ‘c
Tstg Storage temperature —40~125 c

RECOMMENDED OPERATING CONDITIONS (Voo = v10%, T

= —10~70°C, unles$ otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Nom Max
Voo Supply voltage 4 14 v
V, input voltage 0 Voo v
Viue High-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14V VppX0.7 Voo \"
AVES Low-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14V 0 VppX0.3 v
Ving High-level input voltage, R, ¢, R/W, CE, RES Vpp = 7~14V VpoX0. 4 Voo v
ViLr Low-level input voltage, R, 4, R/W, CE, RES Vpp = 7~14v 0 VpoX0.1 \%
loLcavg) | Low-level output average current (R) 5 mA
loLcavg) | Low-level output average current, P40, P41, P42, P43 20 mA
loncavgy | High-level output average current, (P44) —10 mA
loncavg) | High-level output average current, P45, P46, P47, P48, P49 —2 mA |
loL(avg) | Low-level output average current, P45, P46, P47, P48, P43 2 mA
f(s) M50740-XXXSP internal clock oscillation frequency Vpp = 9V 2.5 MH2z
ELECTRICAL CHARACTERISTICS (Vop = 9V£10%, Ta = —10~70C, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Iy Input current, ¢, R/W, CE, RES 1 uA
1 Input current, R Vi =0~Vpp 1 ~A
N Input current, P45, P46, P47, P48, P49 10 #A
Vou High-level output voltage, P44 lon = —10mA Veop—2 Vpo \%
Vou High-level output voitage, P45, P46, P47, P48, P49 fon = —2mA Vop—2 Voo v
Voo Low-level output voltage, R loL = 5mA 0 0.4 \"
Voo Low-level output voltage, P40, P41, P42, P43 oL = 20mA 0 2 v
VoL Low-level output voltage, P45, P46, P47, P48, P49 loL = 2mA 0 2 Vv
lop Supply current Output pins open 50 A
MITSUBISHI 6—19
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M50790SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (1a=—10~70T, V5o%10%, unless otherwise noted)

‘ Limits
Symbol Parameter Test conditions - Unit
. Min Typ Max
t . Address input set-up time Voo = 9V 750 ns
SU(A-¢) d p T = ne
tsu(o-# Data input set-up time Vop = 9V 700 ns
Vpp = 12V 550 ns
) o Vpp = 9V 0 hs
th(sa) Address hold time after ¢ fail , Ve =12y 5 =
" Vop =9V 0 ns
th(s-p) Data hold time after ¢ rise Ty 5 =
Vop = 9V 550 ns
tsu(ce-» Chip enable set-up time before ¢ fall Vpp = 12V 400 ns
ths-ce> Chip enable hold time after ¢ fall Vop =9V 400 - ns
Vop = 12V 300 ns
. " Vpp = 9V 650 ns
tsu(r/w-¢) Read/write set-up time before ¢ fall v o e
th(e-rmw) Read/write hold time after 4 fall Voo = 9V 400 ns
Vpp = 12V . 300 ns
tsu(p-# P input set-up time before ¢ fall Vop =9V 750 ns
Vpp = 12V 600 ns
this-p) P input data hold time after ¢ rise Voo =9V 300 . ns
Vpp = 12V 200 ns
i Vop = 9V 400 ] ns
tw(RES) Reset pulse width Ty o0 &
-2 MITSUBISHI
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M50790SP

INPUT/OUTPUT EXPANDER

SWITCHING CHARACTERISTICS (T2 = —10~70C, V5p£10%, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
(During output) Vop =9V 550 ns
Ports P40~P43‘ Voo = 12V 200 e
tp(¢.p) f port output propagation Port P44 VDD—j 9v 700 ns
ime after ¢ fall (Note 1) Vpp = 2V 550 ns
Vpp =9V 900 ns
Potrs P45~P49 Voo = 12V 700 e
(During input) o ) Vpp = 9V 1000 ns
R port output propagation time after ¢ rise
tpxL(¢-D) Vop = 12V 800 ns
. i Vop = 9V 0 ns
tvis-p) R port data valid time after ¢ rise Voo = 12V 0 ne
o . Vpp = 9V 900 ns
tp(p_o) Output propagation time, from P input to R port Voo = 12V 700 e
(When direction registers are changed) Vpp = 9V 0 ns
tv(s-p) P port output data valid time after ¢ fall Vpp =12V 0 ns
tvz(g-p) P port high-impedance state valid time after ¢ fail Vop = 9V 0 ns
Voo = 12V, 0 ns
tpxz(mp) P port high-impedance state propagation time after ¢ fall Voo =9V 1200 ns
Vop =12V 900 ns
tva([)‘p) P port valid output propagation time after ¢ fall Voo = 9V 1200 ns
Vpp = 12V 900 | ns
(During reset) o o Vpp =9V 800 ns
P port output high-impedance propagation time after reset
tpvz(REs-P) Vpp = 12V 600 ns
t RES R port output high-impedance propagation time after reset Vop = 9V 700 ns
PVZ(RES-R) P put hig 3 propag Voo = 12V 500 ns
tvz(RES-R) P port output high-impedance valid time after reset rise Von = 9V 0 ns
Vpp = 12V 0 ns
Note 1 : The P port output high-impedance state propagation time after ¢ rise is indicated for the open-drain output ports.
2 1 Rg: Port R pull-up resistor (to Ve = 5V)
Ry: Port P40~P43 pull-up resistor (to Vpp)
Ry: Port P44 pull-down resistor (to Vss)
Rg: Port p45~P49 load resistor (to Vpp)
-
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M50790SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM (With reference voltage of 0.9 X Vpp for high level and 0.1 X Vpp for low level)
For R/W, CE, ¢ and RES, Ro~Rj, high level is 0.9 X Voo and low level is 0.1 X Vec.

During output

AN

, N L_]/____x——
tsu(a—¢) thig—a) tsu(d—¢) th(¢—D)
\
Ry~R(input) ————Z  Address :}—-J: Data :E—( Address >——
tsu(CE—¢) | th(s—CE)
CE
L /
tsu(R/W—¢) | thig—R/W)
R/w—_\ /
S

tPHz(g—P) tPLZ(g —P)

AN

tPHL(g —P) tPLH(s —P)

P (output)

During input
¢ — ~——— 7 N\
tPxL(¢ —D)
tsu@=9) [tpa—a) ty(s—P)
Ry~ Ry ————<&_ Address Data p——  Address >————
Address:Input ) -
Data:Output tsuP—g) tde—0) thes—P)
L
N
P(input)= === ——m— - ——— e < T
tsu(R/w—¢) | th(g —R/W)
|
R/W—/
' tsu(CE—¢)| th(s—CE)
~
o 5;}
*
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During direction register changing

s— )

tsuta—g) | th(g—a) tsu(®—¢)| th(s—0D)

T
b TN
N vy S
tsu(CE—¢) | th(s—CE)
CE
tsu(RwW—g)| th(¢—R/W)
R/W
tv(g—P) texz(0—P)
1——\6 ma—
p }( D High impedance state
(output)
tvz(g~P) tpxv(d —P)
P ——High impedance state ; < . X
(output) ’ \

Undefined area

During resetting

tw (RES)
RES —\
tpvz(RES—P)
e
P K N .
(output) 2 High impedance state
tpvz(RES—R) tyz(RES—R)
e l-<—>-
R B ——
N Z N, b,
(output) s S b 4
tPLZ(¢ D) tPxL(s—D)
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M50790SP

INPUT/OUTPUT EXPANDER

APPLICATION EXAMPLES

Connection with M50740SP
Fig. 1 shows the connections between the M50790SP 1/0
expander and the M50740-XXXSP. The addresses listed in
Table 1 are reserved for the M50790SP, and data read and
write operations are possible in the same way as for the in-
ternal ports of the M50740-XXXSP. (Only the low-order 4
bits of the data are valid.) The timing and control signals
are generated automatically at the M50740-XXXSP end.
The operation is now described. The output ports are set
OFF state and the input/output ports are placed in the
high-impedance state by the RESET OUT signal from the
M50740-XXXSP.
. Port inputting or outputting is conducted by the same in-
structions as those to the M50740-XXXSP’s cother zero page

memory. With output port P40 ~ P44 read operations the
contents of the respective output latches can be read out.
With input/output ports P45~ P49 the contents of the direc-
tion register can determine whether the read data come
from the output latches or input ports. “1’s” for each direc-
tion register bit signifies output and “0's” signifies input.
The contents of the direction registers cannot be read out.
They must be set using the store instruction. Table 2 shows
the codes written into the direction registers and the states
of the input/output bits of the ports.

Fig. 2 shows the construction of each of the output ports.
When an address shown in Table 1 is accessed, double the
normal instruction execution time is required and so care
must be taken when calculating the processing time.

This precaution must be taken since a margin is provided
for interfacing with the I/O expander.

7~14v

Voo
P49

Pag
R/W

o e P47

Ls| Res P46

P45
4x10
P44

R3
P43

R2
P42

Ry
P41

5V
]
_ Voe
—— 2] INT
_-T CNTR : é 31
R/W 32
P3 —
CE |2
RESETour | v
cC
()
8X4
R3 27
(e
R, K
R &
<:: Fo Ro &
Vss
b
M50740-XXXSP

Ro
Vss P40

TIOIUTO000

Pee
M50790SP

Fig.l Example of connections between 1/0 expander (M50790SP) and microcomputer (M50740-XXXSP)

6—24 MITSUBISHI
PR ELECTRIC



MITSUBISHI MICROCOMPUTERS

MS50790SP

INPUT/OUTPUT EXPANDER

Table 1 Addresses reserved for YO expander

Address (hexadecimal) Data bit
Remarks
in zero page D" | De* | Ds* | Dg* ] D3 I Do | D, [ Do
DF P49 Direction Register 0: input, 1: Output
DE P49 CMOS 3state 1/0
DD P48 Direction Register 0: Input, 1: Output
DC P48 CMOS 3state 1/0
DB P47 Direction Register 0: input, 1: Output
DA P47 CMOS 3state I/0
D9 P46 Direction Register 0: Input; 1: Output
D8 P46 CMOS 3state I/0
D7 P45 Direction Register 0: Input, 1: Output
D6 P45 CMOS 3state 1/0
D5 - P44 - Pch Open Drain Output
D4 P43 Nch OPen Drain Output
D3 P42 z
D2 P41 ' ”
D1 P40 K
DO *

* Bits D4~D; are ignored when the M50790SP is accessed.

Table 2 Port setting examples

Direction register (low-order 4 bits) Port P4i bit
D3 D, D, Do P4iy P4i, P4i, P4i,
o] 0 0 0 Input Input Input Input
0 0 0 1 input Input Input Output
0 0 1 0 tnput Input Output Input
0 0 1 1 Input Input Output Qutput
0 1 0 0 Input Output Input Input
0 1 0 1 Input Qutput Input Output
0 1 1 0 Input Output Output input
0 1 1 1 Input Output Output Output
1 0 0 0 Output Input Input Input
1 -0 0 1 Output Input Input Output
1 0 1 0 Output Input Output Input
1 0 1 1 Output Input Output Output
1 1 0 0 Qutput Output Input Input
1 1 0 1 Output Output Input Output
1 1 1 0 QOutput Output Output Input
1 1 1 1 Output Output Output Output

Voo :
Voo
Output register-——l Direciton register
Output register ’_—D

Output
register

“0”=ON “1"=oN |
" v
(a) P40~ P43 (n-channel open drain) (b) P44 (p-channel open drain) ' (6) P45~P49 (C-MOS)
: ' 3state
Fig.2 Output port format
MITSUBISHI o 625
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ELECTRIC

DESCRIPTION : ‘
The M5L8243P is an input/output expander fabricated using PIN CONFIGURATION (TOP VIEW)
N-channel silicon-gate . ED-MOS technology. This device is INPUT/ ‘
. on-g ) 9y OUTPUT  p5, s Voo (5V)
-designed specifically to provide a low-cost means of 1/0 PORT 5
. . K . P4, + P5,
expansion for the MELPS 8-48 single-chip microcomputers INPUT/ INPUT/
) OUTPUT | P4, 2]+ PS. [ quTRUT
and MELPS 8-41 slave microcomputers. PORT 4| pg, + [4] [+ p5, | PORT 5
. P45+ 5] §I [20] «+ P&,
FEATURES CHIP SELECT ¢S — [£] [ 1]+ P, | INPUT/
® 16 Input/output pins (lo. = 5.0mA(max.)) PROGRAM PROG — 5 18] -+ P6, [ QYTEUT
® Simple interface to MELPS 8-48, MELPS 8-41 \NPUT/ P2+ |8] R > P8,
® Single 5V -power supply O;Jg;’t_lz P2, ++[9] L] ++ P75
® Low power diSsipation =++-+---swserereeesesesens 50mW(typ.) P2, + [19] [15] ++ P7, | INPUT/
. _ . P2, [i} 14+ p7, |QUTPUT
® Interchangeable with i8243 in pin configuration and elec- PORT 7
. - - . (0V) GND 73] « P7,
trical characteristics
Outline 24P4
APPLICATION
1/0 expansion for the MELPS 8-48 single-chip microcom-
puters and MELPS 8-41 slave microcomputers.
FUNCTION
The M5L8243P is designed to provide a low-cost means of
I/0 expansion for the MELPS 8-41 and the MELPS 8-48.
The M5L8243P consists of four 4-bit bidirectional static I/0
ports and one 4-bit port which serves as an interface to the
MELPS 8-41 and MELPS 8-48. Thus multiple M5L8243Ps can
be added to a single master. Using the original instruction
set of the master, the M5L8243P serves as the in resident I/
O facility. Its I/0 ports are accessed by instructions MOVD,
ANLD and ORLD.
BLOCK DIAGRAM bORT2
GHIP SELECT PROGRAM
CS PROG P2, P2, P2, P2,
— O —QPEP————
a . '
RESET
' CIRCUIT] l Veo(5V)
i CONTROL .
LOGIC BUS BUFFER
! INSTRUCTION GND(OV)
DECODER
4 4
4 .
X BUS
! 4 14 4 4 4 4 4 '
AND/OR AND/OR AND/OR AND/OR | . |
| _LOGIC | | _LOGIC | | LOGIC | | LOGIC_|
, LATCH LATCH LATCH LATCH ) l
4 4 4 4 J' .
- @'@@'@ - 200930807 DEIRAQI)-- 990‘ -
P70, P7,P7,P7; P6, P6, P6, P63 P5¢ PS5, P5,P5; P4, P4, P4, P4y
PORT?7 " PORTE PORTS PORT 4
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PIN DESCRIPTION

Symbol Name Input or output Function

— hip select input. A hi cs PROG input t igh inside the M5L8243P, i

Cs Chip select in Cl 'p selec lpput A high on CSAcauses input to be regarded high inside the M5L8243P, then this
inhibits any change of output or internal status.
A high-to-low transition on PROG signifies that address (PORT 4-7) and control are available on PORT 2,

PROG Program In and a low-to-high transition signifies that the designated data is available on the disignated port through
PORT 2. The designation is shown in Table 1.

| The 4-bit bidirectional port contains the address and control bits shown in Table 1 on a high-to-low tran-
P2o~ Input/output port 2 in/out
0o~P23 put/odtput p sition of PROG. During a low-to-high transition it contains the input (output) data on this port.

P4,~P45 | Input/output port4 The 4-bit bidirectional 1/0O port. May be programmed to be input, low-impedance latched output or a

PS5o~P55 | Input/output port5 In/out three-state. This port is automatically set output mode when it is written. ANLed or ORLed then con-

P6yo~ P63 | Input/output port6 tinues its mode until next read operation. After reset on a read operation, this port is in high-impedance

P70~P73 | Input/output port 7 and input mode.

]
OPERATION MOVD Pi,A i=4,586,7

The M5L8243P is an input/output expander designed spe-
cificatly for the MELPS 8-41 and MELPS 8-48. The MELPS
8-41 and MELPS 8-48 already have instructions and PROG
pin to communicate with the M5L8243P,
An example of the M5L8243P and the MELPS 8-41 or
MELPS 8-48 is shown in Fig. 1. The following description of
the M5L8243P basic operation is made according to Fig. 1.
Upon initial application of power supply to the device, and
then about 500us after, resident bias circuits become stable
and each device is ready to operate. And each port of the
M5L8243P is set input mode (high-impedance) by means of
a resident power-on initialization circuit.
When the microcomputer begins to execute a transfer in-
struction ’

. MOVD A, Pi i=4,5067
which means the value on the port Pi is transferred to the
accumulator, then the signals are sent out on the pins
PROG and P2,~P2; as shown in Timing Diagram.
On the high-to-low transition of the pin PROG, the
M5L8243P latches the instructions (ex. 0000) into itself from
pins P2,~P2; and transfers them to the instruction register
(@ in Timing Diagram). During the low-level of PROG, the
M5L8243P continuously outputs the contents of the speci-
fied input (output) port (in this case port P,) to pins P2,~
P2; (@ in Timing Diagram). The microcomputer, at an
appropriate time, latches the level of pins P2y~P2; and re-
sumes high-level of PROG.
The next example is the case in which the microcomputer
executes

the transfer (output) instruction.

In this case, as in the previous case, on the high-to-low
transition of the pin PROG, the M5L8243P latches the in-
structions (ex. 0110) into itself from pins P2g~P2; and trans-
fers them to the instruction register (O in Timing Diagram).
After this, the microcomputer sends out high to the pin
PROG, transferring the data to pin P2, ~ P2; which is an
output data to input/output port. Then the, M5L8243P trans-
fers the data of pins P2,~P2; to the port latch of the desig-
nated input/output port (in this case Pg). In a few seconds
after a low-to-high transition on the PROG, the designated
port (Pg) becomes in an output mode and the data of the
port latch are transferred to the port pins (@ in Timing

Diagram).
When instructions
ANLD Pi, A
ORLD Pi, A i=4,56,7

are executed, the microcomputer generally operates as
same function as MOVD Pj, A.

It only differs in that the data of port latch after @ in the
Timing Diagram is ANDed or ORed with the data of port
latch before @ and the data of pins P2o~P2;. :
When instructions

MOVD Pi, A
ANLD Pi,A
ORLD Pi,A i=4,56,7

are executed toward the port in an output mode, the out-
puts are generated on the port as soon as low-to-high tran-
sition on the PROG occurs. \

. When the mode of the output port is going to be changed

during the execution and the instruction

MOVD A,Pi i=4,56,7
is executed, it is preferable to execute one dummy instruc-
tion. Because it takes a little time to turn-the designated
port into a high-impedance state after high-to-low transition
on the PROG, the result may be that the first instruction is
not read correctly. .
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M5L8243P

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage . —0.5~7 \'
V, Input voltage . With respect to Vss —0.5~7 \2
Vo Output voltage ’ —0.5~7 v
Pd Maximum power dissipation Ta=27C 600 mw
Topr Operating free-air temperature range —20~75 T

| Tstg Storage temperature range —65~150 ‘C

RECOMMENDED OPERATING CONDITIONS (1o = —20~75C, Voo = 5v£10%, unless otherwise noted)

Limits
Symbot Parameter " Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 v
Vss Supply voltage 0 v
Vin High-level input voltage 2 V0. 5) \'/
ViL Low-level input voltage —0.5 0.8 \4

ELECTRICAL CHARACTERISTICS (Ta= —20~75C, Ve =5V£10%, unless otherwise noted) ’

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

VoL Low-level output voltage, ports 4~7 loL = 5mA 0.45 \
Voiz . Low-level output voltage, port7 loL = 20 mA 1 v
Vous Low-level output voltage, port 2 lor = 0.6mA 0. 45 Vv
Vou1 High-level output voltage, ports 4~7 lon = —240uA 2.4 \
Vouz High-level output voltage, port 2 loy = —100uA 2.4 Vv
Iy Input leakage current, ports 4~7 0V < Vi = Voc —10 20 uA
li2 Input leakage current, port 2, CS, PROG 0V = Vjy < Vee —10 10 HA
lce Supply current from Veo 10 20 mA
foL Sum of all lo. from 16 outputs lo. = 5mA (VoL = 0.45V) Each pin 80 mA

Table 1 Instruction and address codes
sV
Instruction code | P23 P2, | Address code P2, - P2, MELPS 8-48 or M5L8243P
MELPS 8-41

Read 0 0 port4 0 0 Voo pal

Write 0 1 port 5 0 1 PROG PROG 4

ORLD 1 0 " port6 1 0 _P5 Input/output
ANLD 1 1 port 7 1 1 gg ggo P6 devices

P2, P2, Prled
P2, P2:c5GND
Fig.1 Basic connection
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M5L8243P

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (Ta= —20~75T, Vcc = 5V£10%, unless

otherwise noted)

Symbol Parameter Aternative Test conditions Limits Unit
symbol Min Typ Max
tsuGinsT-PR) | Instruction code setup time before PROG ta 80pF Load 100 ns
th(pR-INST) Instruction code hold time after PROG te 20pF Load 60 ns
tsu(pq-pr) | Data setup time before PROG tc 80pF Load 200 ns
th(rPr-bQ) Data hold time after PROG to 20pF Load 20 ns
twirr) PROG pulse width t 700 ns
tsu(cs-pPR) Chip-select setup time before PROG tcs 50 ns
th(pr-cs) Chip-select hold time after PROG tcs 50 ns
tsu(porT-pR) | Port setup time before PROG tip 100 ns
th(pr-porT) | Port hold time after PROG tip 100 ns
SWITCHING CHARACTERISTICS (Ta= —20~75C, Voo =5V+10%, unless otherwise noted)
Symbol Parameter Alternative Test conditions Limits Unit
symbol Min Typ Max
tacer) Data access time after PROG tace 80pF Load 0 650 ns
tdvipPr) Data valid time after PROG ty 20pF Load 0 150 ns
tercer) Outpiit valid time after PROG tro 100pF Load 700 ns
teLh(PR)
teaxtpr) Input/output switching time: — 800 ns
texz(pr)
R}
/
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- M5L8243P

INPUT/OUTPUT EXPANDER

DIAGRAM

TIMING teucos omy them os)
cs
Tw(PR)
PROG
N ¥,
tsu(insT PR) | ‘| th(PR-INST) tsu(p-PR) | -|th(PR DQ)
PORT 2 @
ta(PR) tav(PR)
PORT 2 @ t
© tpzx(PR) |
)

PORTS 4~7

tPHL(PR)

TPLH(PR)
PORTS4~7 @ _x

tpxz(PR) v
! 3
PORTS 4~7
tsu(PORT PR) th(PR PORT)
PORTS 4~7 :x
Note 1 : AC test conditions

INPUL PUISE TVel:wrrwerrererrrrreresiseneeeeees
Input puise rise time tr (10%~90%)

Input pulse fall time tf (10%~90%) -+

Current Sinking Capability

Total sinked current = lo. (MA)

125

100
93

75,

60,
50,

25

|
I
t
!
)
I
I
I
I
1

1 L Il It L

L

L

0

t 2 3 4 S 6 7 8 9
Maximum sinked current at each pin

!
10 1

1
112 1

(VoL = 0.45V max) (mA)

3

Reference voltage for switching characteri‘stic measurement.
Output Vou

Each of the 16 1/0 lines of the M5L8243P is capable of sink-
ing 5mA simultaneously (Vo = 0.45V max). However, the
drive capacity of each line depends upon whether all lines
are sinking current simultaneously and on the degree of
loading. This is illustrated in the curve shown.
Example ' .
Assuming that the remaining pins are not loaded, how many
pins would be able to accommodate 20LSTTL loads
(0.4mA) ? ‘

oL = 0.4mA X 20 = 8maA (sink current for each pin)

S loL = 60mA from curve (POINT A)

(total sinking current)

Number of pins = 60mA < 8mA = 7.5>7
For this case, each of the 7 lines could sink 8mA for a total
of 56mA. Since 4mA reserve sinking capability exists, 9 of
the 1/0 lines of the M5L8243P can be divided arbitrarily.

MITSUBISHI
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MS5L8243P

INPUT/OUTPUT EXPANDER

Example
To use 20mA sinking capability at port 7, find the effects on
the sinking capabilities of the other 1/0 lines.
Assume the M5L8243P is driving loads as shown below.
3 lines: —20mA (Vo = 1.0V max, port 7 only)
4 lines: —4mA (Vo = 0.45V max)
9lines: —1.6mA (Vo_ = 0.45V max)
Is this within the allowable limit ?
S oL = (20mA X 3) 4+ (4mA X 4) + (1.6mA X 9) =
90.4mA

From the curve we see that with respect to lo. = 4mA, lo.
is 93mA (Point B) and that the above load of 90.4mA is with-
in the limit of 93mA.

Note: The sinking current of ports 4 ~7 must not exceed
30mA regardless of the value of Vo, .

M5L8048-XXXP — l
=K [ K [ K [ K
P2,~P2, [} .
M5L8243P : : M5L8243P : : M5L8243P : l’: M5LE243P @
sk T = = o K
P2, P2, P2, P2,
R PROG ~P23<,_T_> proc ~P2,K 4 PROG ~P23<:I:> PROG ~P23<I|'>
porT1IK 8 > j :
P2,~P23 K ] (- 7}
PROG 1 - AL l

Fig.2 Expansion interface example
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M5M82C43P

INPUT/OUTPUT EXPANDER

DESCRIPTION
The M5M82C43P is an input/output expander fabricated us- PIN CONFIGURATION- (TOP Vle)
ing QMOS silicon-gate technology. This device is design.ed INPUT/OUTPUT  pg. o [ ‘ A Voo (V)
specifically to provide a low-cost means of 1/0 expansion PORT § Paq 2] 7] - P5
. . o . 1
for the MELPS8-48 sm'gle-cmp 8-bit microcomputers and INPUT/OUTPUT | P4y + ] 7] > P5, %:l{réouwm
the MELPS8-41 slave microcomputers. PORT 4 P4, + [4] 21] + P54
P4y« 5] -3 20] + P8,
FEATURES CHIP SELECT  C8 — [€] 2 i3]~ P6, | INPUT/OUTPUT
® 16 input/output pins (lo. = 5.0mA (max.)) PROGRAM PROG — S [1§] « pe, | PORT 6
® Simple interface to MELPS8-48, MELPS8-41 : P2, « [E] o 7] - P6,
® Single 5V power supply :,"()F'F“JTT/ZOUT?UT P2, +» L3 16+~ P75
@ Interchangeable with 8243 in pin configuration P2y <~ P7 | inpyr/ouTPuUT
P2y« [T] E"’PL PORT 7
(0V) GND 73]+ P7,
APPLICATION
1/0 expansion for the MELPS8-48 single-chip microcompu- Outline 24P4
ters and the MELPS8-41 slave microcomputers.
FUNCTION
The M5M82C43P is designed to provide a low- cost means
of 170 expansion for the MELPS8-41 slave microcomputers
and the MELPS8-48 single-chip microcomputers. The
M5MB2C43P consists of four 4-bit bidirectional static 1/0
ports and one 4-bit port which serves as an interface to the
MELPS8-41 and MELPS8-48. Thus multiple M5M82C43Ps
can be added to a single master.
Using the original instruction set of the master, the
M5MB2C43P serves as the in-resident 170 facility. lts 1/0
ports are accessed by instructions MOVD, ANLD and
ORLD.
‘ PORT 2
BLOCK DIAGRAM CHIP SELEE PROGRAM,
€S PROG F2opy,P2py
- - - - QOO0 -—-
L LY ) “|
. 14 ‘ t
RESET
CIRCUIT _‘ @9 Voo(sV)
]
CONTROL ‘
LOGIC lBUS BUFFER
INSTRUCTION| @) GND(OV)
. REGISTER
- 4 4
4
INTERNAL BUS '
4 4 4 &4 4 }4 4 fa
1
" AND/OR AND/OR AND/OR AND/OR
Logic | LOGIC | | _LOGIC | | LOGIC_
LATCH LATCH LATCH LATCH !
|
¥S 3w
@@@@ @@@0 0@@@ 9000
Plops P Poopg, Po2pe, pszps Plopy Ph2ps,
PORT7 PORT 6 PORT 5 PORT 4
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M5M82C43P

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name input or output Function
— Chip select input. A high on CS i i .
és Chip selact n p_se e puf gh on CS cau.ses PROG input to be regarded high inside the M5M82C43P. This
N then inhibits any change of output or internal status.
A high-to-low transition on PROG signifies that address (ports 4~7) and control are available on port 2,
PROG Program in and a low-to-high transition signifies that the designated data is available on the designated port through
port 2. The designation is shown in Table 1.
This 4-| tional h " in Ta - i-
P2~P25 | Input/output port2 \n/out " s 4-bidirec! onav port contains the adfir_ess and cc?m'roi bi}s shown in Table 1 on .a high-to-low transi:
tion of PROG. During a low-to-high transition, it contains the input (output) data on this port.
P4o~P4; | Input/output port4 4-bit bidirectional 1/0 ports. May be programmed to be input, low-impedance latched or 3-state. These
P5¢~P53 | Input/output port5 In/out ports are automaticaily set to the output mode when written, ANLed or ORLed and this mode continues
P6o~P63 | Input/output port6 until the next read operation. After reset on a read operation, this port is placed in the high impedance
P7¢~P73 | Input/output port7 and input mode.
OPERATION MOVD Pi, A i=4,56,7

The M5MB82C43P is an input/output expander designed
specifically for the MELPS8-41 and MELPS8-48. The
MELPS8-41 and MELPS8-48 already have instructions and
PROG pin to communicate with the M5M82C43P.

An example of the M5M82C43P and the M5M80C43-XXXP is
shown in Fig. 1. The following description of the
M5M82C43P basic operation is made according to Fig. 1.
Upon initial application of the power supply to the device,
each port of the M5MB2C43P is set to the input mode (high-
impedance) by means of the resident power-on initializa-
tion circuit.

When the microcomputer begins to execute a transfer in-
~struction .
MOVD A, Pi i=4,56,7

which means the value on the port Pi is transfersed to the
accumulator, then the signals are sent out on the pins
PROG and P2,~P2;, as shown in the timing diagram.

On the high-to-low transition of pin PROG, the M5M82C43P
latches the instructions (e.g. 0000) into itself from pins P2~
P2; and transfers them to the instruction register (D in the
timing diagram). During the low-level of PROG, the
M5M82C43P continuously outputs the contents of the speci-
fied input (output) port (in this case, port P4) to pins P2~
P2; (@ in the timing diagram). The microcomputer, at the
appropriate time, latches the level of pins P2y~ P2; and re-
sumes the high level of PROG.

The next éxample is the case in which the microcomputer
executes

the transfer (output) instruction.

In this case, as in the previous case, on the high-to-low
transition of pin PROG, the M5M82C43P latches the instruc-
tions (e.g.0110) into itself from pins P2,~ P2; and transfers
them to the instruction register (D in the timing diagram).
After this the microcomputer sends out high to pin PROG,
transferring the data to pins P2, ~ P2; which is an output
data to the input/output port. Then the M5M82C43P trans-
fers the data of pins P2,~P2; to the port latch of the desig-
nated input/output port (in this case P6). In a few seconds
after a low-to-high transition on the PROG, the designated
port (P6) is set to the output mode and the data of the port
latch is transferred to the port pins (@ in the timing

diagram).
When instructions
ANLD Pi, A
ORLD Pi, A i=4,56,7

are executed, the microcomputer generally operates as the
same function as MOVD Pi, A.

It only differs in that the data of the port latch after @ in the
timing diagram is ANDed or ORed with the data of the port
latch before @ and the data of pins P2,~P2;.

When instructions

MOVD Pi, A
ANLD Pi, A .
ORLD Pi, A i=4,56,7

are executed toward the. port in an output mode, the out-
puts are generated on the port as soon as low-to-high tran-
sition on the PROG occurs.
When the mode of the output port is going to be changed
during the execution and the instruction

MOVD A, Pi i=4,56,7
is executed, it is preferable to execute one dummy instruc-
tion. Because it takes a little time to turn the designated
port into a high-impedance state after the high-to-low tran-
sition on the PROG, the result may be that the first instruc-
tion is not read correctly.
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JONITIRT - M5M82C43P

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage Vgs—0.3~7 v
V, input voltage Vgs—0. 3~Vc+0. 3 \Y
Vo Output voltage Vgs—0. 3~Ve+0. 3 Vv
Pd° Maximum power dissipation Ta=25C 1000 mwW
Topr Operating free-air temperature range —40~85 c
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (Ta= —40~85C, Ve =5V£10%, unless otherwise noted)

Symbol Parameter Limits Unit
Min Nom Max

Vee Supply voltage 4.5 5 5.5 v

Vss Supply voltage 0 \Y

Vin High-level input voltage 0,7XV¢c Vee \

Vi Low-level input voltage Vss 0.3XVec Vv

ELECTRICAL CHARACTER|ST|CS (T?= —40~85C, Vgc = 5VE10%, unless otherwise noted)

" Limits ;
Symbol Parameter Test conditions Unit
Min Typ Max
Vout Low-level output voltage, ports 4~7 loL = 5mA 0. 45 \'
VoLz Low-level output voltage, port 7 loL= 20mA ' 1 v
VoiLs Low-level output voltage, port 2 lo. = 0.6mA 0. 45 v
VoH1 High-level output voltage, ports 4~7 lon = —240uA 0.75XVee v
Vohz High-level output voltage, port 2 low = —100uA 0.75XVee \4
I Input leakage current, ports 4~7 Vgs < Vin £ Ve —10 20 “A
hz Input leakage current port 2, CS, PROG Vss < Vin < Voo —10 10 #A
Vee = 5.5V, ViN = Vg of Vss
! Supply current(1) 2 mA
cot i PROG input pulse period = 55
Ve = 5.5V, Vi = Vg Or Vss
| Supply current(2) A
cc2 pply » PROG = Voo . 10 1z
loL Sum of all 1o, from 16 outputs loL = 5mA (Vo = 0. 45V) each pin 80 mA
.
Table 1 Instruction and address codes
Instruction code | P23 P2, Address code P2, P2y v
Read 0 0 Port 4 0 0
Write 0 1 Port5 0 1 MELPS8-48 or MELPS8-41 M5M82C:43P
ORLD 1 0 | Port6 1 0 Vo0 pgle o
ANLD 1 1| Pont7 1 1 PRO PROG gl
Input/output devices

P2, P2, P6 L4 [ P

P2, P2, 4

P2, P2, P7

P2, P23f§ GNDI

’ Fig.l Basic connection
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M5M82C43P

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (Ta=—40~85C, Voc =5V+10%, Vss = OV, unless otherwise noted)

Symbol Parameter Attemative Test conditions * Limits Unit
symbol Min Typ Max

tsuGinsT-pR) | Instruction code setup time befor PROG ta C = 80pF 100 ns
th(pr-iNsT) Instruction code hold time after PROG ta CL = 20pF 60 ns
tsu(pa-pR) Data setup time before PROG tc CL = 80pF 200 ns
th(pr-DQ) Data hold time after PROG to CL = 20pF 20 ns
twipr) PROG pulse with t . 700 ns
tsu(cs-pPR) Chip select setup time before PROG tcs 50 ns
th(pr-cs) Chip select hold time after PROG tes 50 ns
tsucporT-pR) | Port setup time before PROG . te 100 ns
th(pr-porT) | Port hold time after PROG : tip 100 ns

SWITCHING CHARACTERISTICS (Ta= —40~85%, Vg =5v£i0%, Ves = OV, unless otherwise noted}

Alternative Limits )
Symbol Parameter Test conditions Unit
) symbol Min Typ Max
tapr) Data access time after PROG tace C_ = 80pF 0 650 ns
tdv(pr) Data valid time after PROG . th C_= 20pF 0 150 ns
t
PHL(PR) Output valid time after PROG tro C. = 100pF 700 ns
teLH(PR) :
t
PZX(PR) input/output switching time — 800 ns
texz(PR)
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M5M82C43P

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM

cs © _lsu(cs PR) th(PR CS) |
tw(pm)
PROG k
7
tsu(nsT PR)| | th(pr INST)’ tsu(pg PR) | [th(PR DQ)
Port2 @
ta(pR) tdv(PR)
Port2 ® >
j_
tPzx(PR) |
Port4~7 S
LPHL(PR)
tPLH(PR)
Port 4~7 ®
tpxz(PR)
Port 4~7
tsu(PORT PR) th(PR PORT)
Port4~7
Note 1 :

INput pulse level::--wwworrerreeseeeneennees 03 X Vg,
Input pulse rise time tr
Input pulse fall time tf ---- "
Reference voltage for switching characteristic measurement

0.7XVee X 0.7%Vae
0.3XVee 0.3% Ve

Current Sinking Capability

Each of the 16 I/0 lines of the M5M82C43P is capable of
sinking 5SmA simultaneously (VoL = 0.45V max). However,
the drive capacity of each line depends upon whether all

125 lines are sinking current simultaneously and on the degree
3 of loading. This is illustrated in the curve shown.
E Example:
2 % Assuming that the remaining pins are not loaded, how many
[:] pins would be able to accommodate 20LSTTL loads
‘g 75 (0.4mA) ? ]
% : loL = 0.4mA X 20 = 8mA (sink current for each pin)
3 @ ' , S 1oL = 60mA from curve (point A)
£ ' ! (total sinking current)
3 | ! Number of pins = 60mA + 8mA = 7.5>7
- 25 } : For this case, each of the 7 lines could sink 8mA for a total
I\ ! of 56mA. Since a 4mA reserve sinking capability exists, 9 of
P TN S S W SR Y SO TS SO the 170 lines of the M5M82C43P can be divided arbitrarily.
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Maximum sinked current at each pin(v_  0.45Vmax ) (mA)
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M5M82C43P

INPUT/OUTPUT EXPANDER

Example:
To use the 20mA sinking capability at port 7, find the effects
on the sinking capabilities of the other 1/0 lines. Assume
the M5M82C43P is driving loads as shown below:
3 lines: 20mA (VoL = 1.0V max, port 7 only)
4 lines: 4mA (VoL = 0.45V max)
9lines: 1.6mA (Vo = 0.45V max)
Is this within the allowable limit ?
3oL = (20mA X 3) + (4mA X 4) + (16mA X 9) =
90.4mA

From the curve it is seen that with respect to Ig. = 4maA, o
is 93mA (point B) and that the above load of 90.4mA is with-
in the limit of 93mA. !

Note: The sinking current of port 4 ~7 must not exceed
30mA regardless of the value of Vo.

MEMSOCA9-XXXP — l
P24~P2; [
M5M82C43P) : : M5M82C43P :'l : pM5MB2C43P) :}:'\V IM5MB2C43P @
susk T o> T (> >
P2, P2y P2, P2,
PROG ~P2;<I> PROG ~P2_-<\,I> PROG ~P23<r‘z> PROG ~P2;<;I:>
P2o~P2k "7 1
PROG ! l |

Fig.2 Expansion interface example
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M5M82C43P

INPUT/OUTPUT EXPANDER

"OUTPUT VOLTAGE VS. . OUTPUT VOLTAGE VS.
OUTPUT SINK CURRENT . OUTPUT SINK CURRENT
(Port P4~Port P7) s (Port P4~Port P7)
5 T o | /
Voo =5V Voo =5V
s 4.8 N - Ta = 25C— s Ta=20C
5 \ 3
> a6 0.2 /
w N 8 /
E 4.4 \ rt
e \ S
5 42 N é 0.1f /l
o s N
E =)
]
o 40 o
3.8 0 N .
0 1 3 ] 5 5 .0 5 10 15 20 25 30
OUTPUT SINK GURRENT o (mA) OUTPUT SINK CURRENT lon(mA)
OUTPUT VOLTAGE VS. OUTPUT VOLTAGE VS.
OUTPUT SINK GURRENT OUTPUT SINK CURRENT
(Port P2) (Port P2)
5 0.6 T
Voo =5V Voo =5V
E 4.8 \ Ta= 25C—] 3 05FTa= 25C
I ~
o =}
> o
R N > 04
w
g \ ¢
5 a4 E 03
5] ] N 3
4 \ 9
5 4.2 \ 'é 0.2
5 E
2 - 2
© 4o o o1
3.8 0
0 1 2 3 0 1 2 3 4 5 6
OUTPUT SINK CURRENT lon(mA) OUTPUT SINK CURRENT . I, (mA)
NORMALIZED SUPPLY CURRENT (lcc) VS. NORMALIZED SUPPLY CURRENT (lgc) VS.
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI MICROCOMPUTERS

MSL8155P

DESCRIPTION

The M5L8IS5P is a 2K-bit RAM (256-word by 8-bit) fabri-

cated with the Nchannel silicon-gate ED-MOS technology.
This IC has 3 I/O ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Compatible with MELPS 85 devices

Static RAM: 256 words by 8 bits
Programmable 8-bit 1/0 port: 2
Programmable 6-bit I/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

Single 5V power supply

Configuration and electrical characteristics

APPLICATION .
Extension of 1/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8155P is composed of RAM, 170 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The 1/0O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated
in a handshake mode. The counter/timer is composed of 14

PIN CONFIGURATION (TOP VIEW)
' | PCs [T} ~ 40  Veo(5V)
1/0 PORT C »
{PC, —[2] 39— PC.
TIMER INPUT TIMER IN—[3] 38— PC 1 ESrT C
RESET INPUT RESET —[4] 37— PCo
1/0 PORT C PCs—[5] 36]— PB;
TIMER OUTPUT TTMER OUT L8] 35— PBs
RY 15— —
seLefENBOT oM 7 39— PBs
CHIP ENABLE INPUT CE —[8] z 33—P8s |0
READ INPUT RD —[2] a 32— PB; | PORT B
WRITE INPUT WR —[10 g 37— PB,
T — .
ADRRERS SAFGH Ae —0 E4 30 P8y
AD,—[12] [29]«— PBo
AD, —[13] 28] PA;
AD, —[14] [27]— PAs
sioiRecTiona | AL+ 26 PAs
ADDRESS/DATA BUS | AD, +—[§ 25— PAs |10
ADs‘—’E _2__4|._.pA3 PORT A
ADg —[18] 23] PA,
L ap, 19 [22]— PA
(0V)Vss 21— P,
Outline 40P4

bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - - - - - -
(5V)Vee @ 2) PA;
(0V)vss QD) 2 sz
| STATIC RAM port @ PA: | 1o
ADy © (256 WORDS X 8 BITS) 8.1 A @) PA3 [ PORT A
o8 oo
ADs
BIDIRECTIONAL | AD, (§)~—{DATA BUS| 2D PA
ADDRESS/DATA BUS | AD; (5 BUFFER s 8
@ 8, 3 PB;
AD2 8—BIT INTERNAL ) PBs
AD (13) DATA BUS 30 PB;
ADo (12 g |PORT| 33 PB4 | 170
. 1 g 3 PB; [ PORT B
3) PB,
8 3 PB,
RESET INPUT RESET (3) %) PBy
MEMORY SELECT INPUT 10/M () READ/ oG
CHIP ENABLE INPUT  CE (® WRITE o ey
READ INPUT  RD (9—=9CONTROL ~&ponr 0 PC: 70
WRITE INPUT - WA (0—q CIRCUIT c ) PC, { PORT C
ADDRESS LATCH
ENABLE iNpOT ALEW 14—BIT COUNTER/TIMER l 3 PCy
. . 3D PCo
S T S
TIMER IN_ TIMER OUT
TIMER INPUT TIMER OUTPUT
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MS5L8155P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

-OPERATION

Data Bus Buffer

This 3-state biditectional 8-bit buffer is used to transfer the
data while input or output instructions are being executed by
the CPU. Command and address information is also transfer-
red through the data bus buffer.

Read/Write Control Logic o

The read/write control logic controls the transfer of data by
interpreting 1/0 control bus output signals (RD, WR, 10/M
and ALE) along with CPU signal (CE). RESET signal is also
used to control the transfer of data and commands.
Bidirectional Address/Data Bus (ADy~AD-)

The bidirectional address/data bus is a 3-state 8-bit bus.
The 8-bit address is latched in the internal latch by the fall-
ing edge of ALE. Then if I0/M input signal is at high-level,
the address of 1/0 port, counter/timer, or command register
is selected. If it is at low-level, memory address is selected.

The 8-bit address data is transferred by read input (RD)

or write input {WR).

Chip Enable Input (CE)

When CE is at low-level, the address information on
address/data bus is stored in the M5L8155P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/
Y] input signal is at low-level, the contents of RAM are read
through the address/data bus. If I0/M input is at high-level,
the selected contents of I/0 port or counter/timer are read
through the address/data bus.

Write Input (WR)

Table ‘1 Pin assignment of control slgtials of port C

Pin Function !
PCs BSTB (port B strobe)
PC, B BF (port B buffer full)
PCs B INTR  (port B interrupt)
PC; A STB (port A'strobe)
" PC, A BF (port A buffer full)
"PCo A INTR  (port A interrupt) -

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are used for controlling and de-

termination of mode of the ports. Bits 4 and 5 are used as in-

terrupt enable flags for ports A and B when port C is used

as a control port. Bits 6 and 7 are used for controlling the

counter/timer. The contents of the command register are re-

written by output instructions (address 1/0 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2.

Table 2 Bit functions of the command register

When WR is at low-level, tie data on the address/dgt_a bus Bit | Symbol Fanction
are written into RAM if 1O/M is at low-level, or if IO/M is at

) ) . . PORT A I/ FLAG 1: OUTPUT PORT A
high-level they are written into 1/0 port, counter/timer or 0 PA 1. 0: INPUT PORT A
command register. PORT B 1/0 FLAG 1: OUTPUT PORT B
Address Latch Enable Input (ALE) 1] PB 0: INPUT PORT B
An address on the address/data bus along with the levels. of 2 | e PORT C FLAG 00 ALT!
CE and 10/M are latched. in the M5L8155P on the falling Ci 1M:ALT2 "
edge of ALE. o ' 3 eC, 01: ALT3
10/Memory Input (10/M) 10: ALT4
When |0/M is at low-level, the RAM is selected, while at 4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the 170 port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 | g | PORT B INTERRUPT 1: ENABLE INTERRUPT
VO Port A (PA;~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose I/0 port. Input/output set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 | TMT | 00: NO INFLUENGE ON COUNTER/TIMER OPERATION
/O Port B (PBy~PB;) 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose /0 port. Input/output set- NOT ALREADY STOPPED) )
ting is controlled by the system software. 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
/O Port C (PC,~PCs) 7 | ™2 TER THE CURRENT COUNTER/TIMER ‘OPERATION
Port C is a 6-bit 1/0 port that can also be used to output - 1 1.:032:':::;; OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions ' —
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.
6—40 MITSUBISH!I
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Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the I/0 ports. Bit
6 is as a status flag for the counter/timer. The contents: of

'f'able 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address 1/0 XXXXX000). Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function

0 INTR A PORT A INTERRUPT REQUEST

1 A BF PORT A BUFFER FULL FLAG

2 INTE A PORT A INTERRUPT ENABLE

3 INTR B PORT B INTERRUPT REQUEST

4 8 BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE

6 TIMER COUNTER/TIMER INTERRUPT (SET TO 1 WHEN THE FINAL LIMIT
OF THE COUNTER/TIMER IS REACHED
AND IS RESET TO 0 WHEN THE
STATUS IS READ)

7 — THIS BIT IS NOT USED

1/0 Ports Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2.

Port A can be operated in basic or strobe mode and is
assigned 1/0 terminal PAy~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriafe bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned I/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0O terminals PCy~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

rSate ALT1 ALT2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PC, Input Output Output B BF (port buffer full)
PCs Input Output Output . B INTR (port B interrupt)
PC> Input Qutput A STB (port A strobe) A STB {port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer full)
PCo . Input Output A INTR (port A interrupt) A INTR (port A interrupt) )

MITSUBISHI
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While. port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

M5L8155P
Q D
INTERNAL
BUS
DATA LK
sTB
D Q
WR PORT CLK
CLR
MD

EXTERNAL PIN
PORT A OR
PORT B

—{]

1. WR PORT=I0/M-WR-CE*
(PORT ADDRESS SELECTED)
2. RD PORT=I0/M-RD"CE-
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
%1 STROBE INPUT MODE
*2 INPUT MODE
%3 OUTPUT MODE
4. MD=1: OUTPUT MODE

0 ! INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of 1/0 ports

Address RD WR Function

0 1 AD bus + status register
XXXXX000 1 0 Command register +— AD bus

0 1 AD bus + port A
HHXXXO0 1 0 Port A +— AD bus

0 1 AD bus + port B
00010 J 1 0 | PortB+—ADbus _

0 1 AD bus + port C
taaaad 1 0 Port C « AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address 1/0 XXXXX100
is assigned to the low-order 8 bits and address 1/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 2, to 3FFFys. Bits 14 and
15 are used as mode flags.
The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mod: Input mod
m:ﬁgna ullm Tode NP moce Mode 0: Outputs high-level signal during the former
Input  Input half of the counter operation
BF L L Outputs low-level signal during the latter half
INTR H i L of the counter operation
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Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode 0
; Mode 2: Outputs a low-level pulse during the final
Bit Number
Address Function count down .
718|5]4]3]2]1]0 Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS
XXXXX100] T7| Ts| Ts| Ta) Ta| T2| 1| To count down o
OF THE COUNTER REGISTER Starting and stopping the counter/timer is controlled by
M1,M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for
XXXXX101|M2 M1 T13iTiz T11(Tio) To| Te| o o - THE HIGH-ORDER 6 BITS details) . The format and timer modes of the counter/timer
" OF THE COUNTER REGISTER ; .
register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting

Table 8 Timer mode he count ’
is discontinued. To resume counting, a start command must

M2 My Timer operation be written into the command register as shown in Table 2.
Outputs high-level signal during the former haif of the counter operation While operating 2n+1 count down in mode 0, a high-level
0 0 Outputs low-level signal during the latter half of the counter operation

(mode 0) signal is output during the n+1 counting and a low-level sig-
nal is output during the n counting.

0 1 Outputs square wave signals in mode 0 (mode 1)

Outputs a low-level pulse during the final count dowm

! 0 (mode 2)
1 1 Outputs a low-level pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions ‘ Limits‘ Unit
Vee Supply voltage —0.5~7 v
vV, Input voltage With respect to Vss —0.5~7 v
Vo Output voltage —0.5~7 v
P4 Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (T2=0~70C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vece Supply voltage 4.75 5 5.25 \
Vss Power-supply voltage 0 \"
Vie Low-level input voltage —0.5 0.8 \"
Vin High-level input voltage ) 2 Veet0.5 \
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V£5%, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Von High-level output voltage Vgs=0V, loy=—400uA 2.4 . \Y
Voo Low-level output voltage Vss=0V, lop=2mA 0.45 \"
I Input leak current Vgs=0V,V,=0~V¢c —10 10 #A
hce) Input leak current, CE pin Ves=0V, V;=0~Vcc —100 100 LA
loz Output floating leak current Vgs=0V, V,=0.45~Vcc —10 10 ~A
Cj Input capacitance Vii=0V, {=1MHz, 25mVrms, Ta=25°C 10 pF
Ci/o Input/output terminal capacitance Vior=0V, f=1MHz, 25mVrms, To=25C 20/ pF
lce Supply current from Ve Vgs=0V 180 mA
Note 1 I . Current flowing into an IC is positive, out is negative.
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.

TIMING REQUIREMENTS (Ta=0~70C, Voc=5V+5%, unless otherwise noted)

Symbol Parameter Alterative Test conditions Limits Unit
. . symbol . Min Typ Max

tsuca-L) | Address setup time before latch taL 50 ns
th(L:a) Address hoid time after latch : ta i 80 ns
thtL-rwh)| Read/write hold time after latch te 100 ns
twiL) Latch puise width too 100 : ‘ ns
thirw.L) | Latch hold time after read/write Tt 20 hs
twirwL) Read/write low-level pulse width tcc 250 ns
isu(o-w) Data setup time before write tow 150 ns
th(w-o) | Data hold time after write two 0 ns
tw(rwsn) | Read/write high-level pulse width ) . thv . 300 ns
tsu(p-r) | Port setup time before read ter 70 ns
th(r-p) Port hold time after read tre 50 ns
tw(ste) | Strobe pulse width tss 200 ns
tsucp-sTe)| Port setup time before strobe tess 50 ) ns
th(sTe-p) | Port hold time after strobe ) thHs 120 ns
tw(sn) | Timer input high-level pulse width tp ' 120 ns
twis L) Timer input low-level pulse width t 80 ns
tc(¢) Timer input cycle time ) teve 320 ns
tres) Timer inpul‘rise time tr ) 30 ns
tie) Timer input fall time t 30 ns

SWITCHING CHARACTERISTICS (Ta=0~70C, Voc=5V+5%, unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
texv(r-Dq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tao 400 ns
tpvz(r-pq) | Propagation time from read to data floating (Note 2) troF 100 ns
trrcw-) Propagation time from write to data output twe . 400 ns
teLr(w-p) ) twe
teLnste.r) | Propagation time from strobe to BF flag tser 400 ns .
tei(r-BF) | Propagation time from read to BF fiag tree . 400 ns
tpLu(sTe-INTR) | Propagation time from strobe to interrupt ts 400 ns
tPHL(R-INTR) Propagation time from read to interrupt . tro! 400 ns
teuu(ste.sr) | Propagation time from strobe to BF flag tsee : 400 ns
teLH(w-sr) | Propagationtime from write to BF flag | twee 400 ns
tenuwontr) | Propagation time from write to interrupt twi 400 ns
teni(+-oun Propagation time from timer input to timer output - fr ' 400 ns
teLn( ¢ -ou) ) tru
tPZX(R.DQ; propagation time from read to data enable ‘ troE 10 ) ns
‘Note 1 : Measurement cohditioris C=150pF »
2: Megsuremem conditions of note 1 are not applied.
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TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)

Basic output

PORT
ten(w—p)
toLH(w—p)
WA N N
tw(rwr) twirwH)
th(L—RwH) thiw-p)
' 10/M ; \
(o \ / \
*
ADo~AD; ADDRESS DATA A
l‘ tsua-u thi-a) tsuio-w) thipw-0) |
" 1
ALE
twi)
Basic input
L R
¥
tsute—r)
th(r—e)
75 N 7
bwawe) tw(rwH)
to—pw) texv(r—00) totrw—1)
tpzx(rR—DQ) ’
tpxz(r-paQ)
10/M [ \
" CE \_L \
tezx(a—q)
ADo~AD; ADDRESS DATA —
| |
tsuca—v) thi—a)
ALE 7 /——
twin)
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Strobed dutput N

PORT

teLniw—r)

teHL(w—P)

WR \
teHL(W—INTR) ’
P
INTR j

teL(sTB—INTR)
teLH(w—BF)
BF .
teHL(sTR— BF) :
STROBE { ; /-

Strobed input

PORT K

tsu(p—sta) thiste—p)

tw(ste)

teLH(STB—INTR)

teLr(sTE—BF)

BF : / . ' \k |

tenL(rR—8F)
INTR : \.r

tPHL(R—INTR) :

Timer (Note 1)

TIMER IN
tw(gn)

A 7
TIMER OUT e/ (Note 2) L
PULSE MODE teu( s —oum
] tpLn(# —oum)

teuL(# —our)

—_— , 7 —
TIMER OUT _ _ __ e/ (Note 2) v )t——}

SQUARE WAVE MODE

Note 1 . The wave form is shown counting down from 5 to 1.
2 ! Aslong as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.
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DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the N-channel silicon:gate ED-MOS technology.
This IC has 3 1/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Compatible with MELPS 85 devices

Static RAM: 256 words by 8 bits
Programmable 8-bit 170 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

Single 5V power supply

Configuration and electrical characteristics

APPLICATION

Extension of I/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION
The M5L8156P is composed of RAM, 1/0 ports and counter/

timer. The RAM is a 2K-bit static RAM organized as 256 .

words by 8 bits. The 1/0 ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated
in a handshake mode. The counter/timer is composed of 14

PIN CONFIGURATION (TOP VIEW)
PCs —[T1] Vee(5V)
1/0 PORT
Clre, —[2] «— PC;
TIMER INPUT TIMER IN—[3] —pC (ESrT
RESET INPUT RESET —[4] PGy
1/0 PORT C PCs—[E] —PB,
TIMER OUTPUT TIMER OUT — L8] — PB;
MEMORY . = _, —-
seLedIENBEY 1o M —[Z PBs
CHIP ENABLE INPUT CE —[8] —PBi | /0
READ INPUT RD —[8] - ~—PB; [PORT B
WRITE INPUT WR—[I0] - —PB,
ADDRESS LATCH ALE —! b .
RIERS SR ALe—(] @ PB,
ADo—[17] : 29]-— PBo
AD, —[13] < PA;
AD, —[14] — PAg
sorecTionaL | ADs (5] 26)— PAs
ADDRESS/DATA BUS | Ap, {77} —ra 1o
ADs —{17] s PA; [ PORT A
ADs —[1§] —PA;
AD; —[19] —PA;
(0V)Vee —PAy
Outline 40P4

bits that.can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.

BLOCK DIAGRAM - - - - -
(5V) Vee @
(0V) Vss @0
: STATIC RAM PORT o
AD; (9 (256 WORDS X 8 BITS) 8 A PORT A
ADs (1)
ADs (12
BIDIRECTIONAL | AD4 (6)~—{DATA BUS|
ADDRESS/DATA BUS | AD; (19 BUFFER 8 8 8
AD; (B 7 8—BIT INTERNAL
AD; (1) DATA BUS
ADo (12) g [PORT 170
1 e PORT B
8
RESET INPUT RESET
MEMORY SELECT INPUT 10/M () READ/
CHIP ENABLE INPUT  CE (8) WRITE ]
READ INPUT  RD (9-—qCONTROL 2=t poRT o
WRITE INPUT ~ WR (0) CIRCUIT c PORT C
RESS LATCH
ADE?\IABSLSE |QPST ALE (D I|4—BIT COUNTER/TIMERI
S — s - -
TIMER IN _ TIMER OUT
TIMER INPUT TIMER OUTPUT

MITSUBISHI

6—47

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M5L8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 1/0 control bus output signals (RD, WR, 10/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (AD,~AD;)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if 10/M input signal is at high-level,

the address of I/0 port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at high-level, the address information on

address/data bus is stored in the M5L8156P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If I0/M input is at high-level,

the selected contents of I/0 port or counter/timer are read

through the :address/data bus.

Write Input (WR)

Table 1 Pin assignment of control signals of port C
Pin Function
PCs B STB (port B strobe)
PC,4 B BF (port B buffer fult) -
PCs B INTR  {port B interrupt)
PC2 A STB (port A strobe)
PC, A BF (port A buffer full)
PCo A INTR  (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits) ’

The command re'gister is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are used for controlling and de-

termination of the mode of the ports. Bits 4 and 5 are used

as interrupt enable flags for ports A and B when port C is

used as a control port. Bits 6 and 7 are used for controlling

the counter/timer. The contents of the command register are

rewritten by output instructions (address 170 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2.

Table 2 Bit functions of the command register

When XR is at low-level, the data on the address/data bus Bit | Symbol Function

are written into RAM if I0/M is at low-level, or if IO/M is at PORT A 170 FLAG 1. OUTPUT PORT A
high-level they are written into 1/0 port, counter/timer or 0 |'PA 0: INPUT PORT A
command register. PORT B I/0 FLAG - 1: OUTPUT PORT B
Address Latch Enable Input (ALE) L PB 0: INPUT PORT B

An address on the address/data bus along with the levels of ‘ PORT C FLAG 00: ALTI

CE and 10/M are latched in the MSL8156P on the faling | 2 | 7°' 11: ALT2

edge of ALE. o 3 | pc; 01: ALT3

10/Memory Input (10/M) : 1AL

When I0/M is at low-level, the RAM is selected, while at 4 1EA | PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the I/O port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 | igg | PORT BINTERRUPT 1: ENABLE INTERRUPT
VO Port A (PA~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose 1/0 port. Input/output set- COUNTER/TIMER CONTROL

ting is controlled by the system software. 6 | T™M1 | 00 NO INFLUENGE ON COUNTER/TIMER OPERATION
/O Port B (PB,~PB;) i 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose 1/0 port. Input/output set- NOT ALREADY STOPPED)

ting is controlled by the system software. ; 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
T6) Port C (PCo~PCs) 7 | ™2 LEEOTJ:LS;?DRENT COUNTER/TIMER OPERATION
Port C is a 6-bit I/0 port that can also be used to output 11: COUNTER/TIMER OPERATION STARTED

control signals of port A (PA) or port B (PB). The functions

of port C are controlled by the system software. When port C

is used to output control signals of ports A or B the assign-

ment of the signals to the pins is as shown in Table 1.
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Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the I/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPY by reading
(INPUT instruction, address 1/0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function

o] INTR A PORT A INTERRUPT REQUEST

1 | ABF PORT A BUFFER FULL FLAG

2 INTE A PORT A INTERRUPT ENABLE *

3 INTR B PORT B INTERRUPT REQUEST

4 B BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE
(SET TO 1 WHEN THE FINAL LIMIT
OF THE NTER/TIMER 1S REACHED

6 TIMER COUNTER/TIMER INTERRUPT AND IS :;;Tr% 0 WNI‘-IENiHE
STATUS IS READ)

7 — THIS BIT IS NOT USED

/O Ports

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2,

Port A can be operated in basic or strobe made and is
assigned 1/0 terminal PA;~PA;.

Table 4 Functions of port C

Port B Register (8 bits)

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-

* ter as shown in Table 2. Port B can be operated in basic or

strobe mode and is assigned /0 terminals PBo~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0 terminals PCo~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

roae | ALTI ALT2 ALT3 ALT 4
PCs Input Output - | Output B STB (port B strobe)
PC,4 Input Output Output B BF (port buffer full)
PC; Input Output Output | B INTR (port B interrupt)
PC, Input Output A STB (port A strobe) A STB (port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer tull)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt) -
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Flg 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT] and ALT2.

)

M5L8156P
Q D

INTERNAL

DATA BUS
. CLK
sTB
D Q
WR PORT o
CLR

EXTERNAL PIN
PORT A OR
PORT B

—{

1. WR PORT=10/M-WR-CE*
(PORT ADDRESS SELECTED)

2. RD PORT=10/M-RD-CE*
. (PORT ADDRESS SELECTED)

3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE

- *3 OUTPUT MODE

4. MD= 1. OUTPUT MODE

MD

0. INPUT MODE

Fig. 1 ' Configuration for 1 bit of port A or B

- Table 5 Basic functions of 1/0 ports

Address RD WR ) Function
Q0 1 AD bus + status register
XXXXX000
1 0 Command register + AD bus
0 1 AD bus + port A
XXXXX001
1 ] Port A~ AD bus
4] 1 AD bus + port B
XXXXX010 -
} 1 0 Port B «— AD bus
0 1 AD bus « port C
XXXXX011
: 1 ] Port C < AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the I/O ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address 1/0 XXXXX100
is assigned to the low-order 8 bits and address I/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 2; to 3FFys. Bits 14 and 15
are used as mode flags. :

The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mode input mode Mode 0: Outputs high-level signal during the former
STB Input Input half of the counter operation
BF wn e Outputs low-level signal during the latter half
INTR oH e of the counter operation
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Table 7 Format of counter/timer Mode 1:  Outputs square wave signals as in mode 0
- T Mode 2. Outputs a low-level pulse during the final
Address o 'éT*SBn 4Nur:ber2 To | Function count down
. Mode 3: Outputs a low-level pulse during each final
XXXXX100| Tr | To! Ts | Tal T3 T2l T [ To THE LOW-ORDER 8 BITS count down

OF THE COUNTER REGISTER Starting and stopping the counter/timer is controlled by

bits 6 and 7 of the command register (see Table 2 for
details) . The format and timer modes of the counter/timer
register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting
is discontinued. To resume counting, a start command must

M1,M2: TIMER MODE

o1, THEHIGH-ORDER 6 BITS
"1 OF THE COUNTER REGISTER

XXXXXT10T MM [Ti3[Tio Tl T Te| Ts

Table 8 Timer mode

Ma M, Timer operation be written into the command register as shown in Table 2.
o | o | S e e e | Whle oPerating B ¥ court down 1 mods 0 & Mah-lovel
! T mode 0) gnal is output during the n+1- counting and a low-level sig
nal is output during the n counting.
0 1 Outputs square wave signals as in mode 0 (mode 1)
) 1 - 0 Cui;;is;rlo;v-rlé'\‘/el pulse- urlr;ma ;al count d(;v/vr_n—
(mode 2)
1 1 Oulp;t;;rliawv;-rlre\;éli Vp\]lse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 v
V, Input voltage With respect to Vgs —0.5~7 \"
Vo Output voltage —0.5~7 v
Pq Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range - ' . 0~70 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \"
Vss Power-supply voltage 0 \
A\ Low-level input voltage —0.5 0.8 v
Vin High-level input voltage 2 Veet0.5 v
ELECTRICAL CHARACTERISTICS (T2=0~70C, Vcc=5V+5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage Vss=0V, loy=—400:A 2.4 v
Voo Low-level output voltage Vss=0V, lot=2mA 0.45 v
I Input leak current Vss=0V,V;=0~Vcc —10 10 #A
Iicce) Input leak current, CE pin Vss=0V, V;=0~Vcc —100 100 HA
loz Output floating leak current Vss=0V, V|=0. 45~V¢c —10 10 #A
(7] Input capacitance Vie=0V, f=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output terminal capacitance ViroL=0V, f=1MHz, 25mVrms, T4=25C 20 pF
lcc Supply current from Vce Vss=0V 180 mA
Note 1 ! Current flowing into an IC is positive, out is negative.
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TIMING REQUIREMENTS (Ta=0~70"d, Vee=5V+5%, unless otherwise noted)

Alternative Limits
Symbol Parameter . Test conditions. Unit
. symbol Min Typ Max
tsu(a-L) | Address setup time before latch taL : 50 ns
thL-a) Address hold time after latch . tia 80 ns
th(L-rwh)| Read/write hold time after latch tic 100 ns
tweny Latch pulse width t 100 . ns
th(rw-L) | Latch hold time after read/write toL 20 ns
tw(rwL) | Read/write low-level pulse width tce 250 ns
tsu(p-w) | Data setup time before write - ' tow 150 ns
th(w.p) | Data hold time after write ] two 0 ' ‘ns
tw(rwh) | Read/write high-level pulse width ’ trv 300 ns
tsucp-r) | Port setup time before read ter 70 ns
th(r-r) Port hold time after read tre 50 ns
tw(sTe) | Strobe pulse width . tss 200 ns
tsu(p-ste) Port setup time before strobe tess 50 ns
th(ste-p) | Port hold time after strobe tens : 120 ns
tw( s r) Timer input high-level pulse width. t2 120 : ns
twisL) Timer input low-level pulse width t 80 ns
te(s) Timer input cycle time ] teve 320 ns
tr(¢) Timer input rise time tr 30 ns
ti#) Timer input fall time t ] ) 30 ns

SWITCHING CHARACTERISTICS (Ta=0~70C, Vco=5V£5% , unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
texv(r-pq) | Propagation time from read to data output tro 170 ns
tezx(a-bq) | Propagation time from address to data output tan 400 ns
tevz(r-pq) | Propagation time from read to data floating (Note 7) tror 100 ns
toHL(W-P) o . twe
Prop on time from write to data output 400 ns
teLH(w-e) twe
teLn(ste-gr) | Propagation time from strobe to BF flag tser 400 ns
teHi(r-gF) | Propagation time from read to BF flag thee 400 ns
teusteinTr) | Propagation time from strobe to interrupt ts ‘ ‘ . 400 ns
teHL(R-INTR) Propagation time from read to interrupt tro 400 ns
teni(sT-BF) Propagation time from strobe to BF flag tsee 400 ns
teLn(w-sr) | Propagation time from write to BF flag twer 400 ns
tenL(w-intr) | Propagation time from write to interrupt tw) 400 ns
teuL( ¢ -oum) . ) . tro
Propagation time from timer input to timer output 400 ns
toLn( 4 -0um) tru )
tezx(r-pq) | Propagation time from read to data enable trpe 10 . ns
Note 1 © Measurement conditions C=150pF
2 I Measurement conditions of note 6 are not applied.
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TIMING DIAGRAM (reference level, high-level=2V, low-level=0.8V)
Basic output

PORT
tenL(w—p)
teLu(w—p)
WR -\
tw(rwL) tw(rwH)
1
th(L—AwH) thw—b)
10/M \ 7/ \
X
CE / \
"
ADo~AD; ADDRESS 1K DATA
|_ tsu(a-u) th—a) tsuco-w) L theaw—1)
L { |
ALE
/¢
w(L)
Basic input
L
PORT K
tsu(p—
Su(P—R) therr
RD — ) .
twiaw) tw(rwH)
te(L—rw) texv(r—pa) tetrw—1)
tezx(r—Da)
texz(r—D0Q)
10/M [ \
CE \ /
tezx(a—-Q)
ADg~AD; ADDRESS DATA —
. i
tsua—u) thi—a)
ALE N 4
twin)
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Strobed output

PORT X

teLkiw—p)

toL(w—p)

Wﬁ——'—\ AN

tPHL(W—INTR)

INTR

()

/|

/ : teLH(sTB—INTR)
BF
ter(sTe—erF) ; :
STROBE v \z_/

teLuiw—8F)

Strobed input

PORT )§t . X

tsu(p—ste) lhk sTB—P)
=
STROBE \ /| \
tw(sTe) tpLH(STB—INTR)
teLn(sTe—BF)
BF __/ \

teHL(R—BF)

INTR

\._
teHL(R—INTR) :

N\

Timer (Notel)

TIMER N

TIMER OUT N . k4 i
PULSE MODE Lot (Note2) . ~
E PHL( £0UT)
4 1 teL( ¢ ~oum)
PLH( ¢ —OUT)
TIMER OUT ’ . N i
SQUARE WAVE MODE ~~ === =======/ (Note2) .

Note 1 . The wave form is shown counting down from 5 to 1.
2 © As long as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.
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PC4000

DEBUGGING MACHINE

DESCRIPTION

The PC4000 is a debugging machine for use with single-chip
microcomputers. It is intended for use as a general purpose
debugging machine for support of single-chip micro-
computer hardware and software. »

FEATURES )

® Usable for RAM-based program debugging

® Connectable to the user system via a DIL socket or
connector

® Built-in EPROM (2716, 2732) writer function

® Uses serial data transfer for two-way data transfer with
the host machine (e.g. PC9000 cross assembler machine)

® Usable with a variety of single-chip microcomputers by
simply replacing a single board

® Print out of internal memory contents is possible by
means of an external printer )

® Easy-to-carry-about in its compact case, provided with
an angle stand

APPLICATIONS
Hardware and software development and program debug-
ging for single-chip microcompute_r systems.

CONFIGURATION
The PC4000, as shown in the block diagram, consists of the
following hardware elements.
(1) MBL8085AP monitor CPU
(2) Serial data input/output interface circujt
(3) EPROM writer circuit
(4) Program RAM (10 bits x 4K)
(5) Keyboard and LED display circuits
(6) Power supply

The PC4000 is used in conjunction with a dedicated
board which allows interface of the PC4000 with the object
microcomputer under development. The dedicated board
insertion access window is located on the right side of the
PC4000. In addition, each dedicated board stores the
control program for the monitor CPU. Therefore, when the
microcomputer type is changed, the PC4000 can be
modified to suit the new type by merely changing the single
dedicated board.
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FUNCTIONAL DESCRIPTION
Object programs developed on such devices as the PC9000
cross assembler machine are sent to the PC4000 via the
serial input/output interface. The serial data transmission
rate can be selected from 1200bps kto» 9600bps and the
interface is a 20mA .current loop type. The transmission
format is Intel-compatible hexadecimal.

The data in the program memory is executed by the
evaluation CPU on the dedicated board. In addition, this

memory contents can be written into 2716 or 2732
EPROM devices or data can be read out of such devices via
a 24-pin DIL socket.

The keyboard consists of 12 function keys and 16
numerical keys as well as a single entry key. The LED
display is an 8-digit display of 7-segment LED elements
used to display data for reference while processing is -
performed.

BLOCK DIAGRAM
cLoCK CONTROL CPU
GENERATOR M5L.8085 AP
EPROM PROM WRITER KEYBOARD
2N6<— |NTERFACE [T| DISPLAY
2132 M5L8041A-006P M5L8279P-S
i%
KEYBOARD
Wer
PROGRAM S SERIAL 1/0 ‘_‘>_
MEMORY i }—+— INTERFACE
M5T4044P X 10 E‘:B M5L8251 AP -5 -———<}._
=
DEDICATED BOARD
CONTROL PORTS
M5L8255AP-5 M5L8155P
[ I 777777777 T~
| |
I MONITOR | |
| ROM !
{ DEDICATED BOARD amsex 2 :
| -
| |
L |
____________ e
I
i
" USER ‘SYSTEM
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KEY FUNCTIONS (BASIC FUNCTIONS ONLY)

SPECIFICATIONS

Symbol Name Function Item Specification
h . ’ -
X Converts program memory data to serial T @ system s used V.Wth 2 4dedlcated b(}arq Wh.ICh
SEND | Data transmit key X ) Method includes the evaluation chip to perform in-circuit
data and transmits to an external device .
emulation
i i i i M58840-X X XP
RCV Data receive key Becewes serial data and writes this data
into program memory M58494- XX XP
Applicable N M58496- XXX P
PROG (EPROM) Writes program m.emorv data into the microcomputers M5L_8048- XX XP
Program key EPROM inserted in the socket M51L8049-X X XP
and all other, Mitsubishi single-chip microcomputers
(EPROM) Sends data from the EPROM inserted :
LOAD | | i key in the socket to program memory Program RAM Built-in, 4K x 10 bits (250ns access time)
Control CPU M5L8085AP
Print ke: Data transmit to the optional printer T
PRT v s P aﬁ:{g}%ﬁgﬁ?"ﬂ Usable with 2716 or 2732 devices
EXM Examine program Verification/correction of program Display 7-segment LED, 8 digits
P memory key memory contents Key switches: Commands: 12 keys
EXM Examine register ke Verification/correction of register Input Numerical: 16 keys
R 9 Y contents Entry: 1key
EXM . — .
M Examine memory key Verification/correction of RAM contents (D 20mA current loop serial input/output interface
Interface 4800bps, full deplex, one line
RES Reset key Reset of program counter (Selectabie from 1200 to 96000bps)
. @ Centronix-compatible paréllel interface, one line
r Re-start of program execution at the
RUN un {execute) key specified address (real time) - - -
Monitor programs for the appropriate object
microcomputers are written into the two M5L2732K
BRK Break point set key Sets the break point address devices mounted on the dedicated board.
Basic Functions
STEP | Single step key Excutes the program one step at a time ) e Transfer of RAM data with an external system
Monitor function Read and write of EPROM data
O—~F Numerical keys Used for input of address and data * Verification/correction of the built-in program
_ memory (RAM) contents
ENT Entry key Effectively enters input numerical data e Execution and halt at any arbitrary program address
e Single-step execution of programs

Verification/correction of internal registers, memory,

flags
User system Input/output connections to the dedicated board by
connection means of a cable
Dimensions 364 X 257 X 85 mm(excluding handle and key switch tops
Power supply AC 100V 100VA
(tjeprﬁé?atrlgtgure 5-40°C )
Somoerature —20~60°C
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DEBUGGING MACHINE
PC4000 CONFIGURATION
‘ DEDICATED BOARD
TO EXTERNAL PRINTER DEDICATED BOARD
EVALUATION
CONTROL CPU L CHIP /
M5L8085AP L
20mA %
CURRENT -
LOOP /SERIAL SYSTEM-
TO PCI000 4460 bps INPUT/OUTPUT
CROSS /INTERFACE /
LER i
ASSEME M5L8251 AP
EPROM EPROM IS
’EM WRITER Fa
i iS5t
M5L A <
M5L2716K 5L804t I8
M5L2732K g
() -
£ 2 M5L8155P
/ DISPLAY M5L8255AP-5 %
PROGRAM USER
MEMORY SYSTEM
4K X 10BITS
KEYBOARD,
M5L8279P M.'rr40u;<|=1>0
/
-
DEDICATED BOARD
POWER SUPPLY (FOR USE WITH MELPS8-48)
PCA 8400
‘ PC 4100
WRITE ADAPTOR
FOR USE WITH
PC 4000 M5L8748S
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PC9000

CROSS ASSEMBLER MACHINE

DESCRIPTION

The PC9000 is a cross assembler machine. It is capable of
converting programs for the Mitsubishi -single-chip micro-
computers written in assembler language to machine lan-
guage. In addition, it can perform such debugging functions
as disassembly and act as an EPROM writer.

FEATURES

® Input of the source program from the keyboard

® An efficient screen editor allows editing of source
programs

® Program dump and load to the mini-floppy disk

® Object data write/read for 2708, 2716 and 2732
EPROM devices

® Listing using a Centronix-compatible printer is possible

® Data transmission is possible to the PC4000 debugging
machine

® Usable with ali types of Mitsubishi single-chip micro-
computers

® Compact, desk-top design

APPLICATION
Software development support for Mitsubishi single-chip
microcomputers.

FUNCTION
The PC9000 as shown in the configuration diagram consists
of the following hardware
(1) Control CPU and bootstrap ROM
(2) 48K byte RAM :
(3) 2K byte display screen RAM
(4) 9-inch CRT display circuit
(5) EPROM writer circuit
(6) ASCII keyboard
(7) Hardcopy output by means of an internal mini-printer

.circuit or an external printer interface circuit
(8) Floppy disk controller (two mini floppy disk drives)
(9) Parallel input/output interface circuit (two lines)
{10) Power supply

An M5L8085AP is used as the control CPU. The
keyboard, CRT, mini-floppy disk drives, and printer inter-
faces are connected by means of a bus line. The keyboard is
used for input of commands to the monitor and source
program. data verification. The 9-inch green CRT display
screen is capable of displaying 24 lines of 80 characters. As
a printer a 20 column mini-printer is built-in to the PC9000
in addition to the ability to use an 80 column printer
having Centronix compatibility via an interface which is
available. The built-in mini-printer may be used to output
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CROSS ASSEMBLER MACHINE

the disassembly results while the external printer may be
used to output the assembly listing as well as disassembly

FUNCTIONAL DESCRIPTION

The PC9000 contains the assembler, disassembler, source

listing . editor, and EPROM writer functions required for software
support of microcomputers. These functions are sum-
marized in the Table.
Function Effect Applicable devices
Source input: keyboard All 4-bit single-chip PMOS, and CMOS microcomputers
Assemble output: printer, EPROM, data transfer (with debugging M51.8048, M5L.8043 and M5L8041A 8-bit single-chip
unit) microcomputers
. Disassembly of the specified file

Dlsassemble Output: 20 column printer, externa! printer Same as above

Source editor E)cerleeet;'\ogdiitri\rs]gnion, modification, character search, and Same as above

PROM writer EPROM erase check, write, verification, read MS5L2708K, M5L.2716K, M5L2732K

' PC9000 CONFIGURATION

AC
100v

PROM )
SOCKET V-RAM S-INCH
CRT
a PROM ic ram| | Pia CRT ;
< BOOTS M5L8255 AP-5 CONTROLLER
g 1 [
=1
-] . ’ ]
e BUS LINE
°F [ | | 1 -
mETL%%’Z'E‘E PRINTER £DG UART UART
INTERFACE M5L8251 AP | | -‘M5L8251 AP
XTAL M5 L8279P-5 I I
BUFFER "CURRENT CURRENT
- FDD LOGP P
POWER R . - INTERFACE INTERFACE
SUPPLY ASC 1 T. h — T
KEYBOARD i} . | . B
: — ‘ MELCOM | |[DEBUGGER
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MITSUBISHI MICROCOMPUTERS

PC9000

CROSS ASSEMBLER MACHINE

SPECIFICATIONS
Item Specification
Structure Desktop-type, single cabinet
CPU Mitsubishi M6L8085AP (2.45 MHz clock)
1C memory 2K byte ROM (bootstrap area), 48K-byte DRAM, 2K-byte VRAM

Memory device

Mini floppy disk x 2 drives, double-sided, double-density

Display

9-inch green CRT display, 80 lines x 25 characters .

Keyboard

Modified ASCII specifications, 2-key lockout

Dedicated printer

5 x 7 dot Matrix thermal printer, 20 columns. 2 lines/s. Paper width: 60mm.

Printer interface

Centronix, parallel interface
Interface connector: 36-pin DDK Amphenol

Serial input/output interface

20mA current loop (2 lines)

Data transfer format

MELPS 85 Hexadecimal {equivaient to Intel Hexadecimal)

Applicable microcomputers

MELPS 8—48 (M5..8048-XXXP, M5L8049-XX XP and others )

MELPS 4 (M58840- XXX P and others)
MELPS 41 (M58494-X X XP)
MELPS 42 (M58496-X X XP and others)

Outer dimensions and weight

Desk top-type 470(W) x 290(H) x 490(D), 17kg

Power supply

AC 100V +10% 50/60Hz

KEYBOARD ARRANGEMENT
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MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

DESCRIPTION

The PC9100 is a software development support for the
MELPS 86 and PCA8600 series. As this has floppy disk
drives and a built-in EPROM programmer, a software devel-
opment support for the MELPS -86 is performed by only
connecting a CRT terminal on the market.

The operation system (OS) adopts the propagated
®CP/M-867M' and CP/M-80®, therefore many softwares
programmed for CP/M are usable,

"In addition, with a use of M5L8086S in-circuit emulator
PC9110, the operation from a source programming of
MELPS 86 to a hardware debugging is executed continu-
ously.

FEATURES

® Compatible with PCA8601 monitor program

® Adoption of CP/M-86, CP/M-80 for OS. Select any OS
by a monitor program.

® Capability of executing a developed software for 8080A/
8085A and of developing an 8085A software when the
CP/M-80 is selected.

® Easy system . expansion caused by system bus which
adopts |IEEE-796 bus and 4 opened card cages.

® Standard 2 drives for double-sided double-density floppy
disk (Capacity of 1.2M bytes).

® Applicable drive for doublesided double-density,
double-sided single-density, single-sided single-density
disks by the switch on the rear panel.

® (Capability of programming 2 of 16-bit data at a time by
a builtsin EPROM programmer (corresponds to
M5L2716K, M5L2732K, M5L2764K) -

® Usable CRT device, which contains RS232C serial

interface, on the market

Capability of connecting a centronics printer

Capability of connecting the M5L8086S in-circuit

emulator PC9110

® One built-in RS232C serial interface for general purpose
® RAMSIZE .......coviiitennnrnncnnnns 72K bytes
® AC 100V :

® Compact, light weight

APPLICATION

® Software development support for MELPS 86

® Software development support for MELPS 85

® Personal computer

® Device for data analysis and management

® Base machine for each dedicated system

Note 1. ® CP/M is a registered trade-mark of Degital Research Inc.
2. |EEE-796 bus is a system bus for microcomputers which are the
standardized Intel ® multi bus by IEEE.
® multi bus is a registered trade-mark of Intel.
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MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

FUNCTION

The PC9100 adopts multi bus as a system and mounts a
PCA8601 CPU board, PCA8602 64K RAM board,
PCA8603 floppy disk controller board (including
M518085A) of PCA 8600 series and an 1/O board for
PC9100. 4 multi bus compatible boards are in the card cage
slot for easy system’s expansion and exclusive.

2 built-in double-sided double-density floppy disks are
provided. The second drive (Drive B:) can select either
double-sided single-density or single-sided single-density by
the switch on the rear panel. After selecting either single
density, the CP/M lets the BIOS work automatically by
accessing each Drive as C:, D:.

The EPROM programmer consists of 2 DIL sockets for
28-pin and 2 EPROMs are programmed in a 716-bit
microcomputer object. Programmable EPROMs are
M5L2716K, M5L2732K, M5L2732A type and M5L2764K.

1/0 functions are: (1) CRT interface (RS232C standard,
Serial operation, 25-pin connector) (2) Printer interface
(TTL level, Centronics 36-pin champ connector) (3)

PC9110 interface (RS232C standard, Serial operation,
25-pin connector) (4) General purpose serial interface (RS
232C standard, Assignation to RDR: PUN: In CP/M, 25-pin
connector)

After turning on the PC9100, the M5L8086S on the
PCA8601 will be a bus master and executes a monijtor
program written in the ROM on the PCA8601. After this, if
the G(GO) command is executed, the system will be in
CP/M-86 or CP/M-80 mode. When it is the CP/M-86 mode,
the system works considering the M5L8086S as master, and
commands consist of the CP/M-86, 8086 assembler, 8086
debugger and application software for CP/M-86 which is on-
the market are able to execute.

When it is the CP/M-80 mode, the commands consist of
the CP/M-80, 8080 assembler, 8080 .debugger and applica-
tion software for the CP/M-80 which is on the market are
able to execute.

The operation from the OS to the monitor is executed
by the reset switch.

BLOCK DIAGRAM
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\ MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

FUNCTION EXPLANATION (According to CP/M, CP/M8B, Mitsubishi original utility S/W)

Function Effects Application devices
Assembler Source input:  Source file created by key board input ® 8086
output: List, EPROM, Data communication with emulator ® 8085A
Software debugger: Supporter in CP/M-86 * 8086
For Application S/W in CP/M-86
Debugger
Software debugger: Supporter in CP/M-80 ® 8085A
For Application S/W in CP/M-85
RPOM programmer Write, read, verification of EPROM M5L2716K
(Capability of programming upper bytes and lower bytes at the same time for 8086) M5L2732K
M5L2764K
Data communication Bi-directional data communication with an external device in file base RS232C standard

Editor ‘ Supporter in CP/M

Applicable for all uses

Execution of
application SIW

Rich applicable S/W which on the market

eg. "CIS COBOL86", “PASCAL/M-86" etc. which are on the market as the high quality language for 8086 can be
executed in the PC9100. Likewise, the high quality editor {Word star etc.} on the market can be used beside the
standard editor.

® 8086
® 8085A

SPECIFICATION
Hardware Specification
Item ~ Specification
Structure Desk tap, single cabinet (External CRT, Keyboard, printer)
U Mitsubishi M5L.8086S 4.9152MHz
Mitsubishi M6LBOBSAP  2.4576MHz
PCA8601 Program memory 16K bytes
RAM : 16K bytes
IC memory PCA8602 RAM 64K bytes
PCA8603 Program memory 4K bytes
RAM 2K bytes

Memory device

2 double-sided double-density floppy disks (Single-sided single density is also used by setting the switch on the rear panel)

CRT interface

Serial interface (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed ... .. 96008PS standard

Printer interface

Centronics parallel interface {The DDK unphenol 36-pin is used for a connector)

Interface for PC9110 in-circuit
emulator controller

Serial interface (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed . . ... 96008PS

General purpose serial /O interface

One port (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed . . ... Selectable from 1200/2400/4800/9600BPS 9600 BPS standard

PROM programming device

2 multi devices . .
Programmable into M5L2764 K, M5L2732A type, M5L2732K, M5L2716K

Applicable microcomputer

MELPS 86, MELPS 85

Capable expansion area

4 of multi bus boards

Quter dimensions

Desk top type 420(W) x 450(D) x 260(H) mm

QOperating temperature

5°C ~40°C

7—12
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MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU éOFTWARE DEVELOPMENT SYSTEM

Software Specification

Item Specification
Monitor program Monitor for 8086 which is compatible with the one on the PCAB081
X CP/M-86 General purpose 0O.S. for 8086 of Degital Research Inc.
Operation system CP/M-80 General purpose O.S. for 8080 of Degital Research Inc.
ASM86. CMD 8086 Assembler
ODT86. CMD CP/M86 Debugger
STAT. CMD File status utility
Utility software SUBMIT. CMD Batch management utility
(8086 base) PIP. CMD File exchange utility
GENCMD. CMD CMD file generating utility
ED. CMD Editor for program generator
PROM. CMD PROM programmer controller program
DDFMT Disk initialization and disk copy
ASM. COM 8080 Assembler
-DDT. CCM CP/MB80 Debugger
STAT.COM File status utility
SUBMIT. COM Batch management utility
Utility software XSUB. COM Expansion of SUBMIT. COM utility
(8080 base) PIP. COM File exchange utility
LOAD. COM COM file generating utility
ED.COM Editor for program generator
DUMP. COM Hex dump utility
MOVCPM. COM
Library BIOS.A86. - DEBLOCK.LIB. BIOS.ASM. DUMP.ASM
Memory Map

7

System map 8086 map 8085 map
0000015 0000046
PROGRAM
e PMPiﬁgglg)OT
cp
00FFF g
gonee SUB BIOS
2 PORT RAM
W
01FFF 6
2000045 200006
64K RAM, // 64K RAM - /SAK RAM
2FFFF1s 2FFFF g FFFF1s
E2000,8
2 PORT RAM
E2FFFs
E30004s
FCO00046
PROGRAM
MEMORY
FFFFF1s FFFFFg

SYSTEM AREA INHIBITED AREA - LOCAL MEMORY AREA D BLANK

Note 1. Broken line means that addresses are the same between each area,
Solid line means that each area has the different address from others.
2. The area marked with * will be changed by an installation of a control register.
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MITSUBISHI MICROCOMPUTERS
PC9001CPM

DESCRIPTION
The PC9001CPM is an option board to turn the cross
assemble machine PC9000 to a CP/M™ machine,

This is capable of developing the 8085 software and
executions of a software for a CP/M and a user program
with the PC9000. The CP/M of PC9001 is designed for 48K
bytes CP/M Version 2.2,

This software must be used following the software
contract. .

Note: (® CP/M is a registered trade-mark of Digital Research Inc.

FEATURES

® Execution of a CP/M on the PC9000

® Functions of a debugger and an assembler of 8080A

® Application program which operates on a CP/M of which
memory capacitor is below 48K

® Developing and operating of a user program on the
PC9000

® Opened internal miniprinter as a user list device

Selectable letters (CAPITAL/small) by F3 key

® Usable internal serial interface as RDR:, PUN:

CP/M SOFTWARE FOR PC9000

® Functions of a standard CP/M editor and a PC9000
original screen editor

® Used for a high quality EPROM programmer by an
internal EPROM programmer and an option c¢ontrol
program

APPLICATIONS

® Supporting develop machine for MELPS 85
® Personal computer

® Data communication terminal

FUNCTIONS

The PC9001CPM contains the EPROM (M5L2716K or
M5L2732K) that programs a boot strap program and-a
basic operation system (BIOS) for CP/M. A floppy disk
programmed of a CP/M and an application software, and
manuals are also packed in the PC9001 CP/M carton.

Following the manual, exchange the EPROM on the

PC9000 main board. The CP/M then initiates when a
system starts by the disk. The PC9000 original disk and
prescribed disk are compatible after changing a ROM.

7—14

MITSUBISHI

#a ELECTRIC



MITSUBISHI MICROCOMPUTERS

PC9001CPM

CP/M SOFTWARE FOR PC9000

SPECIFICATION

ltem Specification
CP/M Version Version 2.2
RAM size 48K bytes
Console (CON:) Built-in CRT device and keyboard of the PC3000

Paper tape reader (RDR:)

Built-in MELCOM 70 interface of the PC3000

{Hand shaking operation using a data terminal ready. DTR)

Paper tape punch (PUN:)

Built-in PC4000 interface of the PCI000
{Hand shaking operation using a data set ready. DSR)

List device (LST:)

Centronics external printer (LPT:) Built-in miniprinter of the PCI000 (UL1:) LPT: = standard assign

Fioppy disk storage

2 x 320K bytes (A: and B:)

Key board

@ Capital/small letter selection by key

PROM programmer

® File load, file save, edit, PROM program, PROM read, verify, padding, block moving
® 38K bytes work area
® Target ROM (2708/2716/2732)

Miscellaneous

@ Time-out detector for printer ready
® Automatical warm boot operation by a key input when-a programming is begun.in the write protected disk

@® Automatically effected DTR output of the MELCOM 70 interface by a warm boot

APPLICATION SOFTWARE LIST IN THE PC9001CPM

Program Function Supplement
EDIT Screen Editor PCY000 original editor
ED * Line Editor
ASM % Assembler for 8080
LOAD * Modification of execution style
DDT * Debugger for 8080
PROM Programming control The program to ‘transfer an assemble result to a PROM by a built-in PROM programmer of PC9000. (Functions
for 2708/16/32 of padding and block transfer are programmed.)
DUMP * Hex Dump ) Source program is attached
PIP % File handling
STAT * System status indicator
SUBMIT % Submit fif& management
XSUB * Optional SUBMIT
CMNA 1 ME LCOM 70 communication The communication of object codes by the MELCOM 70 in the tntel HEX format
CMNA 2 PC4000 communication The communication of object codes by the PC4000 in the Intel HEX format
MSS S:sﬁ:ﬂgg;ﬁgf file The communication of file data with another CP/M machine
DISKCOPY Copy of disk contents Copy the disk contents from A to B
DDBI Disk initialize Initialization of PC9000 formatting for a disk in the market
The program marked with % is the utility program for CP/M. . ) N

MITSUBISHI 7—15
ELECTRIC




MITSUBISHI MICROCOMPUTERS

PC9004

INTERFACE CABLE BETWEEN PC9000 AND PC4000

DESCRIPTION

The PC9004 is an interface cable to connect the cross
assemble PC9000 and the debugging machine PC4000. by
serial interface.

FEATURES .

® High speed data communication for object codes of
assembled and debugged results by, K connecting the
PC9000 and the PC4000 with the serial interface.

® File communication by a serial interface between two
PC9000s (when CP/M® option is used)

Note: ® CP/M is a registered trade-mark of Dvigital Research Inc.

FUNCTIONS

" The PC9004 makes it possible to execute a data com-
munication used with built-in current loop interface of the
PC9000 and the PC4000. For example, to send a 4K bytes
object code in Intel HEX format (at 9600 baud), it takes
approximately 17 seconds.

SPECIFICATION

{tem

Specification

" Connector

RS232C type connector

Line

7 lines

Pin connection

Connector A Connector B

O i 10
10 e 9
L 12
12 e n
13 e 14
18 i 13
22 s 22
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MITSUBISKI MICROCOMPUTERS

PC900S

PRINTER INTERFACE CABLE

DESCRIPTION SPECIFICATION
The PC9005 |s_ an interface cable to conne'ct the cr.oss o po— P
assemble machine PC9000 or the debugging machine
PC4000 and a centronics printer ! STB Strobe output signal of data
2~9 Do~D7 Data output signal to a printer
FEATURES ) 10 ACK Input 5|gnai of data acknowledgement
® Capability of outputting an assembled list or a dis- 11 BUSY BUSY input signal from a printer
assembled list by connecting the PC9000 .and a printer. 12 P EMP | Input signal notifying a printer paper smpty
® Capability of outputting a disassembled list or a traced - - -
. 31 RST Output signal to initiate a printer
result at the 8080 software debugging by DDT when a
CP/M is converted to the PC9000 32 FAULT | Inputsignal to notify printer errors
® Capability of outputting a disassembled list which 19~29 | GND Ground

corresponds to each microcomputer, an internal memory
dump list etc. by connecting the PC4000 and a printer.

FUNCTIONS

The PCS005 is designed based on the centronics specifica-
tion and is used as an interface cable between the PC9000
or the PC4000 and a centronics printer.
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MITSUBISHI MICROCbMPUTERS

PCA4040

MELPS 740 DEDICATEb BOARD (M50740-XXXSP, M50741 -XXXSP)

DESCRIPTION .

The PCA4040 MELPS 740 dedicated board is for use with
the PC4000 debugging machine for the M50740-XXXSP, and
M50741-XXXSP singie-chip 8-bit microcomputet, and it is
used by inserting the board in the PC4000 cabinet.

FEATURES v

® Connection to user's system by a flat cable

® Single-step operation and breakpoint operation capabil-

ity from the PC4000 debugging machine keyboard. De-
bugging functions such as confirmation and modification
of internal register contents.

APPLICATIONS

Development of hardware and software for systems using
the MELPS 740 (M50740-XXXSP and M50741-XXXSP) sing-
le-chip microcomputer.

CONFIGURATION

As can be seen from the block diagram, the PCA4040 con-
sists of the following hardware.

(1) Evaluation chip (M50740-000SP) and peripheral circuit
(2) EPROM with the PC4000 monitor program

(3) Single-step and breakpoint control circuit

(4) Program memory interface circuit

(5) Input/output buffer/latch circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION
" The debugging machine PC4000 operates as a debugging
machine for MELPS 740 microcomputers using the monitor
program contents of a ROM mounted on the dedicated
board. The evaluation chip (M50740-000SP) loaded on the
board executes the program stored in the prégram memory.
The internal status of the evaluation chip is read out under
monitor CPU control when halted. by single-step operation
and breakpoint operation.

SPECIFICATIONS

Item

Specification

Applicable microcomputer

M50740-XXXSP, M50741-XXXSP

Clock frequency T CF

4MHz .

Applicable debugging
machine

PC4000
(connected by a card edge connector J3)

Power supply

Supplied by PC4000

Connection to user’s
system

Accessory cable

‘Debugging functions
(contents of monitor EFROM)

® Program execution from any address,
stop and single-step operation

@ Confirmation and change of program
RAM contents

® Contirmation and modification of RAM data
in luation chip and
ification of following registers and flags:

ion and mod-

Program counter

Index register X

Index register Y
Stack pointer
Accumulator

Processor status register
@ 'Data programing to EPROM and reading
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MITSUBISHI MICROCOMPUTERS

PCA4040

MELPS 740 DEDICATED BOARD (M50740-XXXSP,M50741-XXXSP)

BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

PCA4060

MELPS 760 DEDICATED BOARD (M50760-XXXP, M50761-XXXP)

DESCRIPTION

The PCA4060 MELPS 760 dedicated board is for use with
the PC4000 debugging machine for the M50760-XXXP and
M50761-XXXP single-chip 4-bit microcomputers, and it is
used by inserting the board in the PC4000 cabinet.

FEATURES

® Connection to user's system by a flat cable

@ - Single-step operation and breakpoint operation capabil-
ity from the PC4000 debugging machine keyboard. De-
bugging functions such as confirmation of internal regis-
ter contents.

APPLICATIONS

Development of hardware and software for systems using
the MELPS 760 (M50760-XXXP, M50761-XXXP) single-chip
microcomputer.

CONFIGURATION

As can be seen from the block diagram, the PCA4060 con-
sists of the following hardware.

(1) Evaluation chip (M50760-000P) and peripheral circuit
(2) EPROM with the PC4000 monitor program

(3) Single-step and breakpoint control circuit

(4) Program memory interface circuit

(5) Input/output buffer/latch circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION ;
The debugging machine PC4000 operates as a debugging
machine for MELPS 760 microcomputers using the monitor
program contents of a ROM mounted on the dedicated
board. The evaluation chip (M50760-000P) loaded on the
board executes the program stored in the program memory
in the PC4000 debugging machine.

The internal status of the evaluation chip is read out under
monitor CPU control when halted by single-step operation
and breakpoint operation.

SPECIFICATIONS

" ltem

Specification

Applicable microcomputer

M50760-XXXP, M50761-XXXP

CF
Clock frequency

400kHz

CR

200~400kHz

Applicable debugging
machine

PC4000
(connected by a card edge connector J3)

Power supply

Supplied by PC4000

Connection to user’s
system

Accessory cable

‘Debugging functions
(contents of monitor EPROM)

® Program execution from any address,
stop and single-step operation

©® Confirmation and change of program
RAM contents

@® Confirmation’ and modification of RAM data
in evaluation chip and verification and mod-
ification of following registers and flags:,
* Program counter
* A register and carry
* B register
* Data pointers (X, Y)

® Data programing to EPROM and reading
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PCA4060

MELPS 760 DEDICATED. BOARD (M‘50760-XXXP, M50761-XXXP)

BLOCK DIAGRAM
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PCA4340

MELPS 740 EVALUATION BOARD‘(Msouo-xxxsp, M50741-XXXSP)

DESCRIPTION

The PCA4340 evaluation board is used as an evaluation
board for MELPS 740 8-bit single-chip computers.

When used in the external ROM mode, this board consists
of the evaluation chip (M50740-000SP) and the program
EPROM (M5L2732K) possessing equivalent functions to the
masked ROM MB50740-XXXSP and M50741-XXXSP. When
creating the mask for a developed program, this board is

“suitable for verification and running tests.

FEATURES

® Board computer equivalent to M50740-XXXSP

® Simple program modification using an EPROM

® Connection to user's system by means of a cable
® Built-in clock generator

APPLICATIONS
Program and applications equipment development for
MELPS 740 8-bit single-chip microcomputers

CONFIGURATION

As can be seen in the block diagram, the PCA4340 consists
of the following hardware:

(1) Evaluation chip and peripheral circuit

(2) Program EPROM socket

(3) EPROM power supply circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION

The evaluation chip (M50740-000SP) outputs the value of
the program counter, and reads and executes the instruc-
tion stored in the appropriate EPROM address.

It is possible to have this board emulate the operation of a
single-chip microcomputer.

SPECIFICATIONS
Item Specification
Applicable microcomputer | M50740-XXXSP, M50741-XXXSP
Clock frequency C F | 4MHz

Cycle time 1us (with 4MHz clock)

Power suppl Voltage | 5V+5%, single
u
ow PRl Current | 0.5mA typ. (J1 open, with NOP instruction execution)
Connection with user
Accessory cable

system

J1 For user system connection (60 pins)
Connectors -

J2 2-pin angle pin header for power supply

Outer dimensions 200 (L) X 250 (W) X 20 (H) mm

BLOCK DIAGRAM »
! CLOCK v
GENERATOR cce— +5V
CIRCUIT .
GND oV
8 Xin
P30~P37 P3 ’ ES%GRAM
'
)]
4 7] 12 8 «
Ro~R3 Ro~ 3 W5 —sf msL ol
o029 2732K FaL
N M50740 355 amo
-000P |
CONTROL
SIGNAL
1
8 8
TIMING p _
GEXITEO ° f R Po~P7
! .
c?‘acu# ‘ P PORT EMULATION CIRCUIT Pro~P17
. 8 8 !
l l l/ Pl P20~P27
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MELPS 760 EVALUATION BOARD (M50760-XXXP, M50761-XXXP)

MITSUBISHI MICROCOMPUTERS

PCA4360

DESCRIPTION
The PCA4360 evaluation board is used as an evaluation
board for MELPS 760 4-bit single-chip computers.

When used in the external ROM mode, this board consists -

of the evaluation chip (M50760-000P) and the program
EPROM (M5L2716K) possessing equivalent functions to the
masked ROM MB50760-XXXP and M50761-XXXP. When cre-
ating the mask for a developed program, this board is suit-
able for verification and running tests.

FEATURES

® Board computer equivalent to M50760-XXXP, M50761-
XXXP

® Simple program modification using an EPROM

® Connection to user’'s system by means of a cable

® Built-in clock genergtor

APPLICATIONS _
Program and applications equipment development for
MELPS 760 4-bit single-chip microcomputers

CONFIGURATION
As can be seen in the block diagram, the PCA4360 consists
of the following hardware:
(1) Evaluation chip and peripheral circuit
-(2) Program EPROM socket

The board and user system can be connected by meahs of

an accessory cable.

FUNCTION

The evaluation chip (M50760-000P) outputs the value of the
program counter, and reads and executes the instruction
stored in the appropriate EPROM address.

It is possible to have this board emulate the operation of a
single-chip microcomputer.

SPECIFICATIONS
Item Specification
Applicable microcomputer M50760-XXXP, M50761-XXXP
C F | 400kHz
Clock frequen
ueney "6 R | 200~400kHz
Cycle time 10us
Vol +59
Power supply oltage | 5V 56,\ single
Current | 0. 5mA typ.
Connection with user
Accessory cable
system
J1 For user system connection (20pin)
Connectors
J2 2-pin angle pin header for power supply
Outer dimensions 100 (L) X 150 (W) X 20 (H) mm

BLOCK DIAGRAM
.
10
|A?o M5L.2716K |
DATA
a0s U procram L& Bus |
STORAGE BUFFER
EPROM 9
Do~Ds PORT e = Do~Ds
; EMULATION
Fo CIRCUIT Fo
s Sojeeney
-000P i , SYSTEM
1
cLock | C‘(’JN:; CT
GENERATOR
CIRCUIT Xin 3
‘ . CNVss frry + F1~F3
s SENSE
[ - INPUT
RESET RESET
WE| ‘ Vss J
SUPPLY iy
SoNER, GENERATOR |
; E
(2) CIRCUIT e
[ Vee
| Vss
i 1
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MITSUBISHI MICROCOMPUTERS

’PCA8400

MELPS 8-48 DEDICATED BOARD

DESCRIPTION

The PCA8400 is a dedicated MELPS 8-48 board for use
with the PC4000 debugging machine for the 8-bit single-
chip microcomputers-and is used by inserting the board in
the PC4000 cabinet. ‘

FEATURES

® Connection to user’s system by means of a 40-pin DIL
plug ) .

® Control circuits and connectors for the 18748 writing
adaptor (PC4100)

APPLICATIONS
The development of hatrdware and software for systems
using the MELPS 8-48 8-bit single-chip microcomputers.

CONFIGURATION
As can be seen in the block diagram, the PCA8400 consists
of the following hardware:
(1) Evaluation chip (M5L8039P-6) and peripheral circuitry
{2) ROM with the PC4000 monitor program -
(3) Single-step and breakpoint control circuit
(4) Program memory interface circuit
(5) Input/output buffer/latch circuit

The PC4000 is connected to this board using a card
edge connector and this board is connected to the user
system by means of an accessory cable.
FUNCTION
The debugging machine PC4000 cperates as a debugging
machine for the MELPS 8-48 using the contents of the
monitor ROM mounted on the *dedicated board. The
evaluation chip (M5L8039P-6) loaded on the board ex-
ecutes the program stored in the program memory in the
PC4000 debugging machine.

The internal status of the evaluation chip is read out
under monitor CPU control when single-step operation and
breakpoint operation are halted.

An interface and connector to enable connection to the
M51.8748S writing adaptor PC4100 has been provided,
allowing programs to be written and read from the
18748.

BLOCK DIAGRAM

8
—>>1 PORT DIRECTION PORT D
., SWITCHING CIRCUIT
1
|
. g
coMpARISON 12 5| ADDRESS IDENTITY <~—{ ApDRESS LATCH f=—b> PORT P1
| M5L8039P-6 !
SINGLE-STEP ss
CONTROL CIRCUIT a
8 PORT P2
e/ DATA LATCH 4
PORT SWITCHING |2,
\ CIRCUIT
DATA CLOCK
8 GENERATOR
> DATA BUFFER
|
I
12 | pcaooo
ADDRESS L‘—’ MONITOR ROM 0 PCAI0O
x 2
M5L2732K M5L8155P M5L8748S
, L . ) WRITER
INSTRUCTION g
DATA
i 8748 INTERFACE PORT
\\
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MITSUBISHI MICROCOMPUTERS

PCA8400

MELPS 8-48 DEDICATED BOARD

SPECIFICATIONS
Item Specification
M5L8048-XXXP
Applicable M5L8049-XXXP
microcomputers MsMaosoH-XXXP
M5M8050L-XXXP
Clock Package 6.144MHz

frequency Variableram;je 1~6,144MHz (By changing the oscillator crystat}

Applicable debugging
‘machine PC4000 (connected by a card edge connector)
. Supplied from the PC4000 when inserted into the
Power supply debugging machine
Connection to user’s By an accessory cable
system

Program execution from any address and halt
Data writing to EPROM and reading
%(X\hflgrmation and change of the contents afprogram|

Debugging functions
{contents of monitor
EPROM)

Serial data transfer to an external device
Confirmation and modification of the RAM data in
the evaluation chip

(MBL8039P-6) and the contents of the following,
registers and flags:

Program counter

Accumulator

® PSW

By connecting the PC4100, read and write operations

Other
to the 18748 can be performed.

MITSUBISHI 7-25
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MITSUBISHI MICROCOMPUTERS

PCA8403

MELPS 8-48 EVALUTION BOARD

DESCRIPTION
The PCAB8403 evaluation board is used as an evaluation
board for MELPS 8-48 8-bit microcomputers,

This board consists basically of the external ROM chip
(M5L8039P-11) and EPROM (M5L2732K), possessing
equivalent functions to the masked ROM M5L8048-XXXP
and M5L8049-XXXP. When creating the mask for a
developed program, this board is suitable for program
ver|f|cat|on and running tests.

FEATUR ES

® Board computer equivalent to the M5L8048-XXXP,
M5L8049-X XXP.

® Simple program modification using an EPROM

® Connection to user’s system socket by means of a 40-pin
DIL plug ‘

@ Built-in clock generator

® Speed up of a CPU using the M5L2764K

CONFIGURATION - R
As can be seen in the block diagram, the PCA8403 consists
of the following hardware:
(1) Evaluation chip and peripheral circuitry
(2) Program EPROM socket
(3) EPROM power supply circuit

The board and user systerﬁ can be connected by means
of an accessory cable.

SPECIFICATIONS
Item Specification
Type 8-bit parallel processor
CPY M5L8039P-11 (equivalent to Intel 8039)
Cycle time Clock supplied by user system {maximum 11 MHz)
Memory Program memory: 4K bytes (M5L2732K}

Data memory: 128 bytes (built-in M5L8039P-11)

APPLICATIONS
o . , 8-bit parallel port x3
Program and applications equipment development for 1:0 Test pin x2
MELPS 8-48 8-bit single-chip microcomputers. Interrupts INT pin
Power supply 5V £5%, 600mA (max)
FUNCTION -
. . Connector used 40-pin DIL accessary plag
The evaluation chip (M5L8039P-11) outputs the value of ——
) ! . Outer dimensions 50 (L) x 170 (W) x 35 {H) mm
the program counter and reads in instructions from
ERROM and executes them.
The board is equivalent in operatlon to a single<chip
microcomputer,
BLOCK DIAGRAM
M5L8039P- 11
PSEN o—
| + 5v—|EA 3 .
OE
cLock 2 o x ADDRESS
7 1, X2 pBH
, IN| aporess {OUT Rom JDATA
8 LATCH
P1 4 P1 —>
L 4 PORT 2 1
P2 UPPER ORDER 4 BITS ' UPPER
ORDER BITS
A
TEST PINT1 To poé“f% 4 LE
. UPPER
ORDER BITS
TEST PIN TO T GATA BUS X
| ) PD_WR PORT
T INPUT
BUFFER
8
. 4 PORT 2 b8
P2 LOWER ORDER 4 BITS |4 INPUT BUFFER |
| DATA BUS
PORT
OUTPUT
PORT 2 LATCH
OUTPUT LATCH
1
"RD WR B - -
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- MELPS 760 MASK ROM

MITSUBISHI MICROCOMPUTERS

ORDERING METHOD

MASK ROM ORDERING METHOD

Mitsubishi Electric corp. receives via EPROMSs the data for
writing programs in the mask ROMs of single-chip 4-bit
microcomputer.

When placing an order, submit three sets of one or more
than one EPROMSs in which the data for one pattern are
written together with the prescribed confirmation document
(s).

It use of different media is intended, make a request accor-
dingly.

EPROM SPECIFICATIONS ‘

1. M5L2716K, M5L2732K, Intel’s 2716 or 2732 may be used,
but M5L2716K and M5L2732K are regarded as stan-
dard.

2. The data and address of EPROM are processed by re-
garding the content of “H” as “1”.

3. Write in the EPROMs to be submitted the kind of order
to be placed as well as the distinction as to address
assignment (the address to be assigned is given in the
confirmation documents).

4. If a discrepancy (discrepancies) between the EPROMs
submitted is found, a notice to that effect will be given.

5. Everything written from the start address of an EPROM
onward is treated as data.

MASK ROM PROCESSING SYSTEM

Programs for automatic design of mask ROMs have been
prepared and the followings are generated automatically :
1. Drawing data for mask ROM generation.

2. Proof lists for checking errors in making mask ROMs.
3. Test pograms for large-scale tester. '

A CAD system for this shown in the figure below.

ITEMS TO CONFIRM FOR ORDERING
1. Confirmation document for masking-«--=-+=--===>+++ 1 copy
2 . Data fOl' ROMS ............................... 3 sets in EPROMS

FROM CUSTOMER

MELPS 760 MASK ROM DEVELOPMENT CAD SYSTEM

CONFIRMATION
SHEET
] MASK ROM -
PROGHAM = DHN0 ) AUTOMATIC
GENERATION o TR ERROR! DESIGN PROGRAM

MITSUBISHI ELECTRIC

Ves ﬂ

CHECK LIST
(CODE TABLE)

ERROR?

MASK DRAFTING DATA ’ ROM TEST PROGRAM

MASK
DRAFTING
JEST DATA

NO ORDER TO MAKE MASK [] ﬂ

VES
MASK
YES ZFAULTNNO cHECK | | MANUFACTURING LARGE
TAPE PROCESS TESTER
o WATER
TEST
o FINAL
ACCEPTANCE e el
MASK ROM MANUFACTURING , ® QA TEST
- ] PROCESS
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MITSUBISHI MICROCOMPUTERS

..~ MELPS 760 MASK ROM
I ORDERING METHOD

MELPS760 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 4-BIT MICROCOMPUTERS M50760-XXXSP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
. ) Prepared
Company address Tel
Company contact Date Approved
The single-chip microcomputer type number to order and checking V/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.
EPROM type number 2716 [J2732
Address of EPROM A (00046 ~ 3FFyg) OA (00046 ~ 3FFy¢)

Note 1 . The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1’, and
low-level as ‘0"
2 . Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied

EPROMs. \

I The data of the addresses in parentheses on the EPROM are programmed onto the ROM.

. The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

S w

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extrenie right.
6 : The identification mard should be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS

84 MITSUBISHI
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MELPS 740 MASK ROM

MITSUBISHI MICROCOMPUTERS

ORDERING METHOD

MASK ROM ORDERING METHOD

Mitsubishi Electric corp. receives via EPROMs the data for
writing programs in the mask ROMs of single-chip 8-bit
microcomputer.

When placing an order, submit three sets of one or more
than one EPROMSs in which the data for one pattern are
written together with the prescribed confirmation document
(s).

It use of different media is intended, make a request accor-
dingly.

EPROM SPECIFICATIONS

1. M5L2716K, M5L2732K, Intel’'s 2716 or 2732 may be used,
but M5L2716K and M5L2732K are regarded as stan-
dard.

2. The data and address .of EPROM are processed by re-
garding the content of “H” as “1”.

3. Write in the EPROMSs to be submitted the kind of order
to be placed as well as the distinction as to address
assignment (the address to be assigned is given in the
confirmation documents).

4. If a discrepancy (discrepancies) between the EPROMs
submitted is found, a notice to that effect will be given.

5. Everything written from the start address of an EPROM
onward is treated as data.

MASK ROM PROCESSING SYSTEM

Programs for automatic design of mask ROMs have been
prepared and the followings are generated automatically :
1. Drawing data for mask ROM generation.

2. Proof lists for checking errors in making mask ROMs.
3. Test pograms for large-scale tester.

A CAD system for this shown in the figure below.

ITEMS TO CONFIRM FOR ORDERING

1. Confirmation document for masking -«««--====++++---+- 1 copy
2. Data for ROMs: =« ereeseesisnesnseneees 3 sets in EPROMs

MASK OPTIONS

As for option, make entries in the confirmation documents
by referring to the data book.

ROMSs are made in accordance with the EPROMs and con-
firmation document submitted, then the EPROMSs will be re-
turned but the documents will not be returned.

FROM CUSTOMER

CONFIRMATION
SHEET

PROGRAM T T no | automatic .
GENERATION Forv TR ERROR? DESIGN PROGRAM

MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM

MITSUBISHI ELECTRIC

MASK ROM

Ves u

CHECK LIST
{CODE TABLE)

MASK
DRAFTING
TEST DATA

MASK DRAFTING DATA ROM TEST PROGRAM

NO ORDER TO MAKE MASK [] l ﬂ

MASK
lcHECK MANUFACTURING LARCE
PROCESS
® WATER
: TEST
® FINAL
- ACCEPTANCE T TEST
MASK ROM ) MANUFACTURING ® QATEST
] PROCESS -
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MITSUBISHI MICROCOMPUTERS

"MELPS 740 MASK ROM
ORDERING METHOD

MELPS740 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M50740-XXXSP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
Prepared
Company address Tel
Company contact i ) Date Approved
The single-chip microcomputer type number to order and checking v/ in the boxes. Three sets of EPROMSs should be
the type of EPROMs to be supplied should be specified by supplied.
EPROM type number: 2716 2732
Address of EPROM [JA (00046 ~ 3FF16) ’ A (00046 ~ 3FF16)

Note 1 : The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1', and

low-level as ‘0.

2 . Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied
EPROMSs.

3 I The data of the addresses in parentheses on the EPROM are programmed onto the ROM. .

4 . The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

CUSTOMER’S DENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

. Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extreme right.
6 . The identification mard should be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MASK ROM
ORDERING METHOD

MASK ROM ORDERING METHOD EPROM SPECIRICATIONS

Described below is the ordering method applicable when 1. Usable EPROMs include Mitsubishi's M5L2716K,

programs submitted by the customer are written into the M5L2732K or Intel’s 2716, 2732, 8748, 8749 or their

mask ROMs. . equivalent. The M5L2716K, M5L2732 and Intel's 8748,
An automatic mask ROM design program is prepared 8749 are the standard EPROMS.

for ‘writing programs into mask ROMs, and (1) the drafting 2. “High” is treated as 1 for the EPROM data and

data for mask ROM generation, (2) the reference list for address.

mask ROM preparation error checks and (3) an automatic 3. All the data from the head address to the final address

test protram for the large-scale tester designed to test the are treated as the EPROM’s effective data..

mask ROMs are all automatically generated.
When the object program is stored in the MELPS8-48  CHECKPOINTS
single-chip microcomputer mask ROM, the order for the . Cleary indicate the type number of EPROM.
object program medium is received as an EPROM form. '
Consequently, the EPROM or EPROMs which have stored
the object program equivalent to one single-chip micro-
computer chip should be submitted accompanied by the
prescribed confirmation sheets for 3 sets of EPROMs re-
spectively.

MELPS 8-48 MASK ROM DEVELOPMENT CAD SYSTEM

FROM CUSTOMER MITSUBISHI ELECTRIC
CONFIRMATION
SHEET
‘ - 1 w™ask roM
PSSJGEFEIM | =210 NO AUTOMATIC
GENERATION AT ERROR? DESIGN PROGRAM
YES
L
T
CHECK LIST
(CODE TABLE) @ Pé?s{\ngLh%_(i Q
MASK DRAFTING DATA ROM TEST PROGRAM
NO ORDER TO MAKE MASK [ ] ﬂ
MASK
CHECK| | MANUFACTURING LARGE
PROCESS TESTER
® WATER
‘ TEST
® FINAL
ACCEPTANCE o TEST
MASK ROM MANUFACTURING ® QA TEST
| PROCESS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MASK ROM
ORDERING METHOD

MELPS8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5L8048-XXXP, M5L8049-XXXP, P-8, P-6, M5LBO49H-XXXP, M5MB050H-XXXP,
M5MB8050L-XXXP, M5M80C49-XXXP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
Prepared

Company address Tel

Company contact Date Approved
The single-chip microcomputer type number to order and checking V/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.

EPROM b
HOM type number (12716 (12732
microcomputer type number
CIM5L8048-XXXP [JA (00046 ~ 3FFy6) [JA (00046 ~ 3FF6) : (18748

[IMS5L8049-XXXP
IM5L8049-XXXP-8 JA (00046 ~ 7FFig) A (00056 ~ 7FFy6) 08749
[IM5L8049-XXXP-6

[JM5L8049H-XXXP (A (00046 ~ 7FF1e) A (000 ~ 7FFie) 8749

[CIM5M8050H-XXXP DA (0004 ~ 7FFg)

[JA (00046 ~ FFF. -
[IM5MBO50L-XXXP [JB (80046 ~ FFFyg) (000:6 16)

Note 1 : The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1°, and
low-level as ‘0. .
2 . Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied

EPROMs.

. The data of the addresses in parentheses on the EPROM are programmed onto the ROM.

. The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ‘ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

How

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field shoutd start with the box at the extreme right.
6 . The identification mard should be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MASK ROM
ORDERING METHOD

MELPS8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5M80C49-XXXP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
Prepared

Company address Tel

Company contact Date Approved
The single-chip microcomputer type number to order and checking \/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.

EPROM b
, v ype numoer 2716 Dl2732
microcomputer type number
[IM5M80C49P-XXXP A (00046 ~ 7FFyg) A (0006 ~ FFFyg) 18749

Note 1 The high-tevel data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1’, and
low-level as ‘0.
2 ! Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied
EPROMs.
. The data of the addresses in parentheses on the EPROM are programmed onto the ROM.
4 . The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

w

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extreme right. -
6 ! The identification mard should be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-41 MASK ROM

ORDERING METHOD

MASK ROM ORDERING METHOD
Described below is the ordering method applicable when
programs submitted by the customer are written into the
mask ROMs.

An automatic mask ROM design program is prepared
for writing programs into mask ROMs, and (1) the drafting
data for mask ROM generation, (2) the reference list for
mask ROM preparation error checks and (3) an automatic
test protram for the large-scale tester designed to test the
mask ROMs are all automatically generated. .

When the object program is stored in the MELPS8-48
single-chip microcomputer mask ‘ROM, the order for the
object program medium is received as an EPROM form.
Consequently, the EPROM or EPROMs which have stored
the object program equivalent to one single-chip micro-
computer chip should be submitted accompanied by the
prescribed confirmation sheets for 3 sets of EPROMs re-
spectively. . ' '

EPROM SPECIRICATIONS

1. Usable EPROMs .include Mitsubishi's M5L2716K,
Mb51L2732K, or Intel’'s 2716, 2732, 8741, 8741A, 8742 or their
equivalent. The M5L2716K and M5L2732K are the 'stan-
dard EPROMSs.

2. “High” is treated as 1 for the EPROM data and

" address. )

3. Alil the data from the head address to the final address
are treated as the EPROM’s effective data.

.CHECKPOINTS
1. Cleary indicate the type number of EPROM.

FROM CUSTOMER

CONFIRMATION
SHEET

[ _oBJECT ;
PROGHAM (TT 7
GENERATION R AT e

T

N\NO
ERROR? | DESIGN PROGRAM
Vs U

MELPS 8-41 MASK ROM DEVELOPMENT CAD SYSTEM

MITSUBISHI ELECTRIC

MASK ROM
AUTOMATIC

CHECK LIST
(CODE TABLE)

MASK DRAFTING DATA
NO  ORDER TO MAKE MASK ]

MASK
DRAFTING
Q TEST DATA b

' ROM TEST PROGRAM

ERROR?
VES J l
MASK
YES ZFAULTNNO crEck| | MANUFAGTURING LARCE
TAPE PROCESS
. ® WATER
TEST
® FINAL
ACCEPTANCE > Al
MASK ROM MANUFACTURING ® QA TEST
| PROCESS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-41 MASK ROM
ORDERING METHOD

MELPS8-41 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SLAVE COMPUTERS M5L8041A-XXXP, M5L8042-XXXP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
Prepared
Company address Tel
Company contact : Date Approved

The Slave computer type number to order and the type of v/ in the boxes. Three sets of EPROMs should be supplied.
EPROMs to be supplied should be specified by checking

EPROM Type number
A P 02716 [2732
microcomputer type number
d8741
M5L8041A-XXXP A (00046 ~ 3FF. [JA (00046 ~ 3FF
O (00046 16) (00046 16) Ca741A
[IM5L8042-XXXP ‘0JA (00046 ~ 7FF1g) [JA (00046 ~ 7FF4g) 18742

Note 1 : The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1’, and
low-level as ‘0". .
2 . Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied
EPROMs. :

I The data of the addresses in parentheses on the EPROM are programmed onto the ROM.
The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

oW

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extreme right. )
6 ! The identification mard shouid'be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS .
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473
(03) 218-3499
Facsimile: = (03) 214-5570

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
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MITSUBISHI MICROCOMPUTEKD>

M5L8048-XXXP/M5L8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL CHARACTERISTICS
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MITSUBISHI MICROCOMPUTERS

M5L8049-XXXP,P-8,P-6
M5L8039P-11,P-8,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL
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MITSUBISHI MICROCOMPUTERS

MSL8049H-XXXP/MSL8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL CHARACTERISTICS
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MITSUBISHI MICROCOMPUTERS

M5M8050H- XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL
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MITSUBISHI MICROCOMPUTERS

M5MS8050L-XXXP/MSM8040LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL
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CHARACTERISTICS
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MITSUBISHI MICROCOMPUTERS

M5M80C49- XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TYPICAL CHARACTERISTICS
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473

(03) 218-3499
Facsimile: (03) 214-5570

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 795-2427

Facsimile: (852) 123-4344

TAIWAN

MELCO Taiwan Co., Ltd.

Room 1303, 13th fi., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, R.O.C.

Telex: 11211 MITSUBISHI
Telephone: (597) 3111

U.S.A.

Mitsubishi Electronics America, Inc.
777 North Pastoria Avenue
Sunnyvale CA 94086, U.S.A.

Telex: 172296 MELA SUVL
Telephone: (408) 730-5900
Facsimile: (408) 730-4972

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELASB WOBN
Telephone: (617) 938-1220
Facsimile: (617) 938-1075

Mitsubishi Electronics America, Inc.
3247 West Story Road,

Los Colinas Business Park

Irving, TX 75062, U.S.A.
Telephone: (214) 258-1266
Facsimile: (214) 659-9313

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, ILL 60056, U.S.A.

Telex: 270636 MESA CHI-MPCT
Telephone: (312) 298-9223~8
Facsimile: (312) 298-9223~8

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: {02102) 486-115

U.K.

Mitsubishi Electric {U.K.) Ltd.
18th Floor, Centre Point,

103 New Oxford st.,

London WC1A1EB, U.K.

Telex: 296195 MELCO G
Telephone: (379) 7160
Facsimile: (836) 0699

AUSTRALIA

Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ride,
N.S.W. 2113 Australia

P.O. Box 1567 Macquarie Centre
Telex: MESYO AA 26614
Telephone: (888) 5777

Facsimile: {887) 3635
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