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-DESCRIPTION

The M5L8255AP-5 1s a famlly of general-purpose programm-
able Input/ output devices designead for use with an 8-bit/18-
bit paratlel CPU as input/output ports. Devlce is fabricated
using N-channel silicon-gate ED-MOQS technolegy for a sing-
le supply voltage, They are simple input and output Inter-
faces for TTL clrcuits, having 24 input/output pins which cor-
respond to three 8-hit input/cutput ports.

FEATURES
@ Single 5V supply voltage
® TTL campatible.
® Darlington drive capabliity
® 24 programmable /O pins
" @ Direct blt set/reset capability

APPLICATION

Inpul/output ports for microprocessar

FUNCTION

These PFls have 24 input/output pins which may be indi~"

vidually programmed in two 12-bit groups A and B with
mode control commands from a CPU. They are used in three
major modes of operation, mode 0, mode 1 and mode 2.
Operating in mode 0, each group of 12 pins may be prog-
rammed in sets of 4 to be inputs or outputs. in mode 1, the 24
I/0 terminals may be programmed in two 12-bit groups,
group A and group B. Each group contains dne 8-bit data
port, which may be programmed to serve as input or output,
and one 4-bit control port used for handshaking and interrupt
control signals. Made 2 is used with group A only, as one 8-

PIN CONFIGURATION (TOP VIEW)
PAye— [T] [0 —PAs

INpuT/QuTRUT | PA2 -+ [2] A —Phs | woyrioureut
PORTS A | pA, « [3] B} —=PA; | PORTSA
PAg +—+PA;

8 +— WR WRITE INPUT

CHIP SELECT 55— [E] ] «— RESET RESET INPUT
(0V) Vss z —Dy
a
PORT Aooness{ A— L8] 5 —Dr
N
(PCros > 03 | B|-DIRECTIONAL
PCs— [T E D [DATA BUS
PCs+ 12| «Dg
Jiseursqurpur | PO 13 4 ~0s
PORTS G | PGy« T3] | +—D;
PC1— [i5 Vo (5V)
PGy —PB,
PCae—s 73] +PBq
payes [T] ] —p, | INPUTIOUTPUT
. PORTS B
IINPW%%%%D;{ PR« [ —PB,
PBy+— [2() 21} +~—FBa

Outline 40P4

bit bidirectional bus port and one $-bit conirol port. Bit set/
reset is controlied by CPU. A high-level reset Input {RESET)
clears the control register, and all ports are set to the input
mode (high-impedance state).
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BLOCK DIAGRAM
READ INPUT RO
G) GROUP . GROUP
WRITE INPUT WA o A + 8, A INPUTIQUTPUT
READ/WRITE GONTROL # PORT A PORTS A
ADDRESS CONTROL 8 —=] (8-BIT)
INPUTS Loae [
— %
. o . GRAUP A
RESET INFUT AESET €3) L K PORT G
2 / (MOST SIGNIFI
CHIP SELECT o] ’ CANT 4 81TS)
iNeuT 5 % - INPUT/OUTPUT
06 , INTERNAL 4 7] Goues FoRTS @
D¢ ,8  DATA BUS|<— LEAST SIGNIFI
Ds / | CANT 4 BITS)
Ds DATA BUS [ -1
DATA 8US D BUFFER : ’8
| Do 1 GROUP Bs
l o, | anove K A2 B INPUT/OUTRUT
] 7 . PORT B PORTS B
‘ CONTROL - (8-BIT)
(5V) Veg ]
(0V} Vsg
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. PROGRAMMABLE PERIPHERAL INTERFACE

FUNCTIONAL DESCRIPTION
RD (Read) Input
At low-level, the status or the data at the port is transterred
to the CPU from the PPL In essence, It allows the CPU to
read data from the PPL. .
WR (Write) Input
At low-level, the data or control words are transferred from
the CPU and written in the PP,
Ay, A; (Port address) Input
These input signals are used to select one of the three
ports: pott A, port B, and port C, or the contro! register. They
are normally connected to the least significant 2 bits of the
~address bus.
RESET (Reset) Input
At high-level, the control register Is cleared, Then all poris
are set to the input mode (high-impedance state).
CS (Chip-Select) Input
At low-level, the communication between the PPI and the
CPU Is enabled. While at high-tevel, the data bus is kept in
the high-impedance state, so that commands fram the CPU
are Ignored, Then the previous data Is kept at the output
port.
Read/Write Control Loglc
The function of this block Is ta cantral transters of both data
and control words. It accepts the address signals (A A,
G8), /0 controt signals (RD, WR) and RESET signal, and
then issues commands to both of the control groups in the
PPI. )
Data Bus Buffer
This three-state, bidirectional, 8-bit buffer is used te transfer
the data when an Input or output instruction is executed by
the CPU. Control words and status Information are also
transferred through the data bus buffer.
Group A and Group B Contral .
Accepting commands from the read/write control logic, the
conlrol blocks (Group A, Group B) receive B-bit control
words from the Internal data bus and issue the proper com-
mands for the associated ports. Control group A is associ-
ated with port A and the 4 high-order bits of port C. Contral
group B is associated with port B and the 4 low-arder bits of
port C. The control register, which stores control words, can
only be written into,
Port A, Port B and Port C
The PPl contains three 8-blt ports whose mades and input/
output settings are programmed by the system software.
Port A has an output latch/buffer and an input latch/buffer.
Port B has an Input-cutput latch/buffer. Port C has an output
latch/buffer and an Input buffer. Port G can be divided into
two 4-bit ports which can be used as ports for contro! signals
for port A and port B.
The basic operations are shown in Table 1.

. T-52-3%-05

Table 1 Baslc Operations

At | Ao |CS | RD |WR Operation
o} V] L L H | Databus +~-Port A -
0 1 L L | H |Databus~—PortB
1 0 L i L | H |oaabus+~Fot G
0 0 LI H L. | Post A+~ Data bus
] 1 L|H L | Poit B+ Data bus
1 0 L|H L ]} Part C + Data bus
H 1 L | H | L [ Gonboiregister - Data bus
X | X | H| X | X | Databusisinhigh-impedance state
1 1 L L H | llegal condition
Bit Set/Reset

When port C is used as an cutput pod, any 1 bit of the 8 blts
can be set (high} or reset (low) by a control word from the
CPU. This bit set/reset can be operated in the same way as
the mode set, but the contral word format Is different. This
operatlon is also used for INTE (interrupt enable flag) set/
reset in mode 1 and mode 2,

different. This operation is also used for INTE set/reset in

mode 1 and mode 2.
—Bit set/reset {ftag
—

Don't cara
it seloction code

Port G
Bit selected

PC;
PCs
PCs
PCy
PC;
PG,
PCy
PCo

Set/reset code
—A I ! Set (Wigh) =1
[D/]Ds]Ds[D4] 03[ 0= D6 Reset {iow) =0

Fig. 1. Control word format for port G set/reset

o
&
o

olo|lo|lo|=|=|—]=
Qo i=|lo|—|a|—
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BASIC OPERATING MODES

The PPl can operate in any one of three selected

modes.

Mode 0: Baslc input/output
Mode 1: Strobed input/output
Mode 2: Bldirectional bus

basic

{group A, group B)
{group A. group B)
{group A only)

The mode of both group A and group B can be selected In-
dependently. The control word format for mode set is shown

in. Fig. 2.

osodiun 4 out]
07| De| Ds| 04} 03[ 02 01 [Da] | input =1

Mode set tlag
Group A made set

Mode 0: Ds, Ds =
Mode 1: Dg, Ds =
Mode 2: Qg, Ds =

i — Port A input/output ss

output =@ '
input =t R

Fort G (high-order 4 bits) Input/outpul set”

output =0
Input =1

Mode0 =0 -
Mode 1 = 1

Port B input/output set

[output =0

ort € {trigh-order 4 bils) inputioutput set
put ={

Q
g
Gl
@
3
&
o
g

Flg. 2 Gontrol word format for mode set.

S%DE;—'DBo ] stunwoeo'
MSL8255AP-5 M5L8255AP-5
PA PCry  PCuw) PB I PA _PCw PCu; PB

PA PGy PC) PB

N

4 18 B §4 4 18
PC/~PCy_ TPB~PBy PC/~PGy  1PB~PBo
PA;~PAg  PC3~FCy PA~PAs  PCs~PCo
Dz D5 Os D4 D3 02 0: O 07 D5 D D4 D3 D2 D1t Oo
j1iojojofojof1fo] [1]o]ofolofof1]1]
8 tOBr‘-DBn g8 %aswnsa
MELB8255AP-5 M5LB2EEAP-5
PA PCu PCu; PB PA PCuwy PCus PB |-
ta ITRT I ts i 4-78
PC~PCy PB>~PBg PC~PCay PB;~FBg
PA~PAy  PCa~FCy PA~PRy  PCi~PCy
D; D Ds B4 D3 B2 D1 Dg [0y O Ds D4 D3 B2 D1 Dy
[1Tofojof1]c[of0] » [11ofofolt[ofofi]
8 %DB‘;-vDSo 8 %DB‘/""DBQ
MS5L8265AP-5 MBL8266AP-6
pA PCw) PCui pPB PA PCuyy
Is 4 18 3 14 ts
PC;~PC; 'PBy~PEBg PCi~PC; 'PB;~PBy
PA~PA)  PG~PCo - PA~PAL  PCi~PCo
Dy Ds Ds 04 03 D2 D1 Do 7 D Ds D4 D3 02 Dy Do
itofofoft]oife; j1iojojofiiolif1]
8 goa,n-ns., 8 %oawoao )
MSL8255AF-6 M5L8255AP-5
PA PCi  PCiy PB PA_PCwi_ PCu; PR
fe 3¢ faie R
PCy~PC,y PB;~PBo PC;~PCy PB;~PBo
PA~PAy  PCy~PCo PA~PA1  PC3~FCs
By Dg Ds 4 D3 02 01 De D7 Ds Ds D4 D3 D2 h Bg
[1§olof1[ofotofo] [1]ofo]1[efa]o]1]
8 $DB,~DBy 8 $08,~DEo
MGLB255AP-5 MBLB2E5AP-6

PA_PCus

PGy PB |

1. Mode 0 (Basic Input/Output) ECUR TR T DO I " CO 708 T
This functional configuration provides simple. input and out- PA;~PAy  PCi~PCo PAz~PAr  PC3~PCo
put operations for each of the 3 ports. No “handshaking" is D7 Dg Ds 04 s D D1 Do D;DsDsDa D3 D; D 0p -
requlred; data is simply written in, or read from, the speci- j1T0Tol1Jojob1]|of [1ToJof tToTo]1f1]
fied part. Qutput data from the CPU to the port ¢an be held, ) {oB,~D8: ' 4 408,~D8
but Input data from the port to the CPU cannat be held. Any LB2SOAPE TISLB2S5AP 5
one of the 8-bit ports and 4-blt ports can be used as an input pax PGy PC. PB PA PG PG PB
port or an output port. The diagrams foliowing show the *3 73 4 18 s 14 T
basic Input/output operating modes. PC;~PGs 'PH~PBaq PC;~PCy  PB;~PBg
PA;~PAy PCi~FCo PA~PA PCy~PCq
D7 Dg Ds 84 D3 D2 O1 Dg D7 Dg Ds By D3 D7 Oy Do
[1{ojof1f11afo]o] (1{ojofrftielal ]
8 }0B;~DBo 8 toaw— DBg 8 goawoso : 8 %DB‘/"'DBQ
M5LB255AP-5 M§L8255AP-5 M5LB255AP-5 M5LB255AP-6
pA PCy) PCu; PB PA PGy PCuw) PB § PA PCuw PG pB PA_PCy PG PB
Te 1 4 18 8 44 s 18 8 M 4 t8 8 1 fa 8
PC;~PCa PB;~PBy PC;~PCy PB;~PBo PG ~PCy PB;~PBg. PC;~PCy PB;~PBg
PA;~PAy  PCy~PCo PA~PA;  PCi~PCo PA;~PA;  PCa~PCo PA;~PA;  PCa~FCqg
D7 Os D5 Dy D3 D2 01 Do D7 Ds D5 04 D3 02 Oh Dy D7 Ds D5 D4 D3 D7 By By D7 Dy Ds D4 D3 D2 ) Dy
[TTofofoTofofolel {ilofojofojajol1] [Tofo[+ftfaf1]o] D ToToj {0 ]y]
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PROGRAMMABLE PERIPHERAL INTERFACE

2. Maode 1 (Strobed Input/Output)

This function can be set in both group A and B. Both groups
are composed of one 8-bit data port and one 4-bit control
data port. The 8-bit port can be used as an Input port or an
output port. The 4-bit port is used for control and status sig-
nals affecting the 8-bit data port, The following shows opera-
tions in mode 1 far using input ports.

STB (Strobe Input)

A low-level on this Input latches the output data from the ter-
minal units Into the input register of the port. In short, this is
a clock for data latching. The data from the terminal units
can be latched by the PPl independent of the control signal
‘trom the CPU. This data Is not sent to the data bus untll the
Instruction IN Is executed. - -

IBF (Input Buffer Full Flag Output)

A high-level on this ocutput indicates that the data from the
terminal units has been latched Into the input register. IBF is
sét to high-level by the falling edge of the STB Input, and Is
reset to low-level by the rising edge of the D input.

INTR (Interrupt Request Qutput)

This oan be used to interrupt the CPU when an Input device
is requesting service. When INTE (interrupt enable flag) of
the PP! is high-level, INTR is set to hlgh-level by the rising
edge of the STB input and is reset to low-fevel by the falling
edge of RD input.

INTE, of group A is controtled by blt setting of PC4. INTEg of
group B is controlied by bit setting of PCa.

Mode 1 Input state is shown in Fig. 3, and the timing diagram
is shown in Fig. 4.

MODE 1 (PORT A} MODE | (PORT B}
8 8

PAy~PAgp=2 PB;~PB 2~

~——5TH,;

#NiE fec}—s7s;
- 1BF, L4

-—--> |BFg

F—= INTRA

| S
PCs~PCrte2=1/0  HB—=q °

CONTROL WORD
Dy D5 Ds O 0y Dz D Dg
110[1])10/0 X| X[X

CONTROL WORD
Dy Ds Ds Dy D3 Dz Dy Do

[ X[ x[xpx]ti1]x

6
o
= PpTur

Fig. 3 An example of mode 1 Input state

i) _H
e —/
RD {
_——-—“
INTR __/ | {(Note 1)
PORT
INPUT < X
INPYT =
Do~D
Note 1 : When INTE is low-level. INTA is always [ow-level.

Fig. 4 Timing diagram

The following shows operatlons using mode 1 for output
ports.

OBF {Output Buffer Full Flag Output)

This is reset to low-level by the rising edge of the WR signal
and is set to high-levet by the falling edge of the ACK
(acknawledge input) . In essence, the PP| indicates to the
terminal units by the OBF signal that the CPU has sent data
ta the port.

ACK (Acknowledge Input)

Recelving this signal from a terminal unit can indicate to the
PPI that the terminal unlt has accepted data from a port.
INTR (Interrupt Request)

When a peripheral unit is accepting data from the CPU, set-
ing INTR to high-leve! can be used to interrupt the CPU.
When INTE {interrupt enable flag) Is high-level and OBF is
set to high-level by the rising edge of an ACK signal, then
INTR will also be set to high-level by the rising edge of tha
ACK signal. Also, INTR is reset to low-level by the falling
edge of the WR signal when the PPl has been receiving
data from the GPU.

INTE, of group A is contralied by bit setting of PCg. INTEg of
group B Is controlied by bit setting of PCa.

Mode 1 output state s shown In Fig. 5, and the timing dia-
aram s shown in Fig. 6.

Combinations for using port A and port B as input or output
in mode 1 are shawn in Fig. 7 and Fig. 8.

MITSUBISHI
ELECTRIC -
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MODE t (PORT A)
8

PA;~Pho >

— OBF,

f=— ACK,,

= INTRs

2
(<> 1/Q

CONTROL WORD"
D7 Ds Os 04 Dy B2 D1 Dg

) IIlOlI[Oh/ﬂIXleXI

WR™9

MODE | (FORT B)

8
PB;~PBo >

CONTROL WORD
D7 D¢ Ds Ds O3 D2 D1 Dg
T[X[X[X[X]1]0]X

|~ OBFa WR

—
< ACKa oEF — —
.~ INTRg TR — i
INTR ~—— —
% / (Note 2
_ PORT é
QUTPUT

PC4, PCs
L 1 =INPUT
0 =0UTPUT

Note 2 : When INTE is low-level. then the output of INTR Is
aways low-level.

Fig. 5 An example of mode 1 output state

Fig. 6 Timing diagram

PAz~Pho |2
WR-—>9 PC; |—=>=0BFa
PCse——ACTK,
PCa —%lftﬁﬁg

2 .
PCy~PGCs ez2=1/0

PB;~PBo pe—7—
RO-——>0 PCype——STBs
) PCi|—=I8Fy
PORT A {STROBED QUTPUT)

- PORT B (STROBED INPUT) PCof—>>INTRg

CORTROL WORD
Dz Os D5 De D3 D2 Dy Dg

1(of1jajot]y]X

PG4, PCs
1 =INPUT
0=0UTPUT

PA;~PAg ff—
RD—9 PCs j=——S5TB,
PCs|——==1BF,

PC3f——=INTR,

PCs~PCa}evr>1/O
PBy~PBof— -
wWR—=>4d PC\}——>0BFg
T PCo}e—ATKz
PORT A (STROBED INPUT)
PORT 8 {STRO8ED QUTPRUT) PCo—=" INTR,

CONTROL WORD
D7 Os Ds D4 D3 0201 Oo
VIogij1i/001)0|X

LPC@. PCy
F=INPUT

0=0UTPUT

Fig. 7 Mode 1 port A and port B I/0 example

Fig. 8 Mode 1 port A and port B 170 example

5—48
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PROGRAMMABLE PERIPHERAL INTERFACE

3. Mode 2 (Strobed Bidirectional Bus Input/
Output)

Mode 2 can provide bidirectional operations, using one 8-bit

bus for communicating with terminal units. Mode 2 is only.

valid with group A and uses one 8-bit bidirectional bus port

{port A) and a 5-bit control port (high-order 5 bits of port C).

The bus port (part A} has two Internal registers, one for In-

put and the other for output. On the other hand, the contral

port (port C) is used for communicating controf signals and
bus-status signals. These control signals are similar to mode

1 and can also be used to control interruption of the CPU.

When group A Is programmed as mode 2, group B can be

programmed Independently as mode 0 or mode 1. When

group A is in mode. 2, the following 5 control signals can be
used, ~

OBF (Output Buffer Full Flag Outputy

The OBF output will go low-level to Indicate that the GPU

has sent data to the internal register of port A, This signal

lets the terminal units know that the data is ready for transfer
from the CPU. When this occurs, port A remains in the float-

Ing {high-impedance) state.

ACK (Acknowledge Input)

A low-tevel ACK input wlll cause the data of the internal reg-

ister to be transferred to port A, For a high-level ACK input,

the output butfer wilt be in the floating (high-impedance)

state. .

STB (Strobe Input)

When the STB input is fow-level, the data from terminal units

wlil be held in the internal register, and the data will be sent

1o the system data bus with an RD signal to the PPI.

IBF {Iinput Buffer Full Flag Output)

When data from terminat units is held on the internal regis-

ter, IBF wllt be high-level.

INTR {Interrupt Request Output)

This output |s used to interrupt the CPU and its operations

the same as In made 1. There are two interrupt enable flags

that correspand to INTE, for mode 1 output and mode i

input.

INTE; is used in generating INTR signals in combination
with OBF and ACK. INTE; is aontrolled by bit set-
ting of PCs.

INTE, is used in generating INTR slgnals in combination
with IBF and STB. INTE: is controlled by bit set-
ting of PCq4.

Fig. 9 shows the timing dlagram of mode 2, and Fig. 10 Is an

example of mode 2 operation.

oaF
INTR (M&,_

ACK
IBF - /
- -
Y g g
PORT A

Nate 3 : INTR=IBF - MASK + STB - RGO + OBF » MASK + ACK - WR

Fig.-9 Mode 2 timing diagram

|

b7

CONTROL WORD

Dy Ds Ds Da O3 Bz D1 Do
11| X)X} x /o /off/

VO I18Fs 578, ACKs OBFj /O INTAa

PC2~PCy

b | =INPUT

0=0UTPUT
PORT B

1 =INPUT
0 =0UTPUT

GROUP B MODE

L= § =MODE0

1=MODE

Fig. 10 An example of mode 2 operation

MITSUBISHI
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PROGRAMMABLE PERIPHERAL INTERFACE

4'

Control Signal Read

In mode 1 or mode 2 when using port G as a control port, by

Table 2 Read-out control signals

Y i i trol signal and Data
CFU exacuthn of an IN instruction, each contral slg D; | Dg | Ds | Ds | Da | D2 | Dy | Do
bus status from port G can be read. Mode ) ‘
8. Control Word Tables Mode L input| 1/0 -| 170 | IBFA [INTEA|INTR.|INTES| 18Fa [INTR
Control word formats and operation details for mode 0, mode | mode 1, aupet |OBF, INTEL| 170 | O |INTRAIINTES OBFg|INTRg
], mode 2 and set/reset control Of port C are given in Tables Mode 2 OBF,|INTE; | 1BFa |NTEZI|NTRAI By group 8 mode
3, 4,5 and 6, respectively.
Table 3 Mode 0 control words
Conlrdd words Graup A Group 8
Dg Ds Di D D D1 Do ’ Haxadecima! Port A Port G (high-crder 4 bits) Port C (low-order 4 bits) Port B8
t 0 ¢ 0 0 0 0.0 80 ouT ouT ouT ouT
1 0 0 0 0 .0 0 81 ouTt ouTt IN out
i ¢ 0 0 0 0 1 0 82 ouT QuT cuT IN
1 0 0 0 0 0 t 1 83 ouT ouT IN IN
1 0 0 0 v 0 0 O 88 ouT N OUT ouT
1 00 0t 0 0 1 89 ouTt IN IN ouT
1 00 0 1 0 1 0 8A ouT iN ouT IN
1 0 0 0 1 0 1 1 B8 ouT IN - IN IN
1.0 0 1 0 0 0 0 90 IN ouT our out
10 0 1 0 0 0 1 gt IN ouT IN ouT
1 0 0 t 0 0 1 0@ g2 IN ouT QuUT IN
100 1 0.0 11 93 IN out iN N
10 01 1 0 0 o0 98 IN IN ouT ouT
1 9 ¢ 1 1 0 0 1 99 IN IN IN ouT
001 1 0 1°0 9A N IN QuT IN
t 001 1 ¢ 1 1 98 IN IN 1N IN
Note 4 : OUT indicates output port, and IN Indlcates Input por.
Table 4 Mode 1 control words -
Gonlrol words Group A Group B
. , Hexar Poit C FOC
Dy Do Ds &4 D3 D2 O Do Port A - Port B
decimal PGy PCs PCs PGCq PC; PCz PCs PCo
A4 | — -
1t 01 0 01 0 X A5 OUT | OBF | ACKa_ ouT INTRs | ACKg | OBFg § INTRs | OUT
AS ) I - - R
1 01 001 1 X A7 OUT | OBF, | ACKa -OuUT INTRA | ST8g IBFs | INTRa IN
AC JEN S — —_
1 01 01t 1 0 X AD ouT OBF, | ACKa IN INTRs | ACKg | OBFs | INTRg | OUT
: AE — N o
1t 0101 1.1 X AF QUT | OBF. | ACKa I INTRa | STBa IBFs | INTRs IN
B4 — | —
1t 01101 0 X - IN our IBFa | STBA | INTRs | ACKa | OBFg | INTRg | QUT
Bg I ___
10110111 X a7 IN ouT IBFs | STBa | INTR, | STBg | IBFs | INTRg IN
BC ‘ — N (N
101 11t 10 X 8D IN IN IBFs, | STBa | INTRa | ACKg | OBFg | INTRg | OUT
BE — .
101 1 11 1 X oF IN IN IBFA | STBa | INTRa | STBs | 1BFs | INTRs IN
Note § Mo&e of group A and group 8 can be programmed Independantly.
6 : It[s not neceasary for both group A and group 8 to be in mode 1.
MITSUBISH!
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Table 5 Mode 2 control words

PROGRAMMABLE PERIPHERAL INTERFACE

Controt wards Group A Group B
by Ds Ds D D1 Oz Dy Do |dgeim|  PoA Fon ¢ : Por . = PotB
{Ex) PG, | PCs | PGs | PCy | PCs | PCa | PG | PCo
11 XX X000 co | Bidiectionsl | GBF, | ACKa | IBFa | STBa | INTRa out ouT
11 XX X001 G1 | Bairectonal .| GEF, | ACK, | IBFa | STBa | INTRa IN ouT
11 XX X010 Gz | Odiedional | FEFE, | ACK, | IBFa | STBa | INTAA our N
11 X x X011 c3 | Bdrectonal | GEF, | AGKa | IBFa | STBa | INTR, IN IN
117 X X X 1 0 X | c4 | Bdiectonsl | 5gF, | ACKs | 18Fa | STBa | INTR, | ACKs | OBFg | INTRs | OUT
T 1 X X X 1 1 x | o | Gdvectona | 5gF, | AGK, | IBFa | STBa | INTR, | STHg | 1BFy | INTRs | N
- Table 6 Port C bit set/reset control words
Contro! words PortC Remaks
Dr O Ds Di 03 Dz O On | ok | PGy | PCs | PCs | PG4 | PCs | PCa | PGy | PG
0 X X X 0000 00
0 X X X 00 01 0
0 X X X 0010 02 [}
0 X X X 0011 03 1 »
0 X X X 01 00D 04 0 INTEg sel/reset for mode 1 Input
0 X X X010 1 05 1 INTEg set/reset for mode 1 oulput
0 X XX01 10 06 0
00X X X 01 11 07 1
0 X X X 1000 08 INTE, sel/reset for mode 1 input
0 X X X 1001 09 INTE; set/reset for mode 2
0 X X X 1010 0A 0 '
0 X X X101 1 ! 1
0 X X x 1100 0C 0 INTE, sel/reset for mode 1 output
0 X X X1 1701 oD | 1 INTE: set/reset for mode 2
0 X XX 1110 CE | © '
0 x X X 1.1 11 JoF |1 il
Note 7 : The terminals of port G should be programmed for the output mode, bafore the bit set/raset operation is executed, .
8 : Alsa used for gontroling the interrupt enable flag(INTE). S
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditiona Ratings Unit
Voo Supply vollage ) —0.5~7 v
Vi Input Voitage With respect to Vsg 0. 5~7 v
Vo Qulput voitage . —0,5~7 v
Pd____ | Power dissipation Ta=25C 1060 mw
Topr Op g treg-alr ¢ range —20~75 c
Tatg Storage temperature range —B5~150 c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75'C, unless ptherwise noted)
Limits

ASymbol Parameter i Nom iax Unlt
Veo Supply voilage 4.75 5 5.25 v
Vss | Supply voitage (GND} 0 v

ELECTRICAL CHARACTERISTICS {Ta==20~75C, Veo=5VE 5%, Vss= 0V, unless ctherwisa noted)}
" Limits

Symbol Parameater Test canditions i Tvm Max Unit
Vin Highn-tevel input voitage 2.0 Veco v
Vi Low-lavel input valtage i —0.5 0.8 v

Data bus loy=—400uA
Vaon A High-lavel output voltage Port lon=—200rA. 2.4 v
Data bus lou=2.5mA
Vou Law-leval output voltage. Por =1 7mA 0.45 v
low High-level output current (Notet0} Vou=1.5V, Rexr =750 —1 —4 mA
lce Supply current fram Vee . 120 mA
hn High-level input current Vi=Vee *10 A
e Low-leva) Input current V=0V +10 uh
loz .| Oft-state output currant Vo=0V~Vpe ) +10 HA
Cy Input tarminal capacitance ViL=Vss, =1MHz, 25mVrms Tg=25C 10 pF
Clo Input/output terminal capaci Vior=Ves, [=1MHz, 25mVrma Ta=25'C 20 pF
Note 9: Current flowing into an IC Is positive: out is negative.
10 : 1t la valid only far any 8 Input/ouiput pins of PB and PC.
TIMING REQUIREMENTS (Tq=—20~75C, Voo=5V+ 5%, Vss=0V, unless otherwlse nated)
Symbat Pramster. Test conditions Limits Unit
, Min TP | Max

twir) Read pulse width 300 ns
tsucre-n) | Peripheral setup time befars read Q ns
thea-pe) | Periphsral hold time after read [+ ns
tsu¢a-a) | Addrass getup time befora read 0 ns
thir-a) | Address hold fime after read 0 ns
twiws Write pulse width ) 300 ns
tautpo.w) | Data sstup time bafore write 100 ° ns
thiw-pa) | Data hold time akter wrile 30 ns
tsuca-wy | Address setup time before write 0 ns
thew-a) | Address hald time after wrife 20 ns
twiaox) | Acknowledgs pulse width 300 ns
tweste) | Sirobe pulse width 500 na
taure.sre) | Peripheral satup time bafare strobe 1] na
thisre.re) | Petlpheral hold Hime after atrohe 180 ns
tocawn Read/wrlte cycle time 850 ns

5—52 MITSUBISHI
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SWITCHING CHARACTERISTICS (7a=—20~75C; Voo=5Y£ 5%, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test condilions Unit
) Min Typ Max
tpzvtr-pe) | Propagalion time from read to data output 200 ns
tevzer-pay | Propagation fime from read to data ticating (Natel1) 10 100 ns
t -PE)
PHLLW-PE Propagation time from write to autput 350 ns
taLniw-pE}
tetntara-gr) | Propagation tine fram atrobe to I6F flag 300 ns
#wmmm Propagation time from strobe to interrupt 300 ns
teria nTR) | Propagation time from read to integrupt C,=150pF 400 ns
teyiin-iary | Propagation time from read to IBF flag ) 300 ns
tonwantay | Prapagation ime from write to interrupt 850 ns
tp(w-apr) | Propagation time fram write to OBF flag 650 ns
touitack-08p) | Propagation time from acknowledge to OBF flag 350 ns
teyntacknmal | Propagation timie from acknowfedge ta intarrupt 350 ne
tozviack.pe) | Propagation time from acknowledge to dala output 300 ns
Ievztackee) | Propagation tme from acknewledge to data Tloating (Note1} 20 250 ns
Note 11 : Test condltions are not applied
12 1 A.C Tesiing waveform
Input pulse level 0.45~2.4V
Input pulse rise time 20ns 0.8 0.8
Input pulse tall time 20ns
Refarence leve! input Vin=2V; ViL==0.8V

outpui Von"’ZV. Vo|,=°. 8V

" MITSUBISHI
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TIMING DIAGRAM
Data Bus Read Operation

twin

RD

tsu(a-n

X
-_tezv(r.00) __teyata.pal

Data Bus Write Operation

@l
7
&
>

twiw

ZC

thiw-al

X

‘ fsutoo.w) thiw-pa)
Do~D7 gl l §<

Mode0 Port input L twinl .
Ag -
tautpe-R} thir-pe),
—\
POAT INPUT §<
-

Mode0, 1 Port Output . . twiw} C
WR . SL

PQRT OUTPUT

toLuiweep
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Mode1 Strobed Input

1BF

twisra)

-

tpLH(aTa-1BF)

/

INTR

HISTE-INTR]|

L

tsugee-sra)

thisre.re)

’ -
PORT INPUT
X

A\
e

Modei Strobed Output

tytwl

o T\

~—

tm.(w-pa&b teuniack-08F) .|

OEBF

twiack)

R N~

teL(w-INTR)
INTR
tenicw-ped
¢ teuniw-pel
-

PORT OUTPUT

MITSUBISHI s—s5
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Mode2 Bidirectional

trHLIW-08F]

YeLniack-08r)

INTAR

twiackl /

- < ' S
ACGR ' : Z
twisral -

- ©
— Ay o
ST8 )

tetHisTa-BR
)
IBF
teHLCR 18R}
& . , e
tsutre.sTe) thesve-ped tezviack.re) tevziack.pe) :

PORTA>‘ (L JS%} <<§ N
\\NL A/ N §>>

Note 13 : INTR=IBF » MASK + 5TB » RD -+ GBF » MASK » ACK * WR
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CIRCUIT EXAMPLES FOR APPLICATIONS
1. Mode 0

An example of a circuit far an application using made 0is
shown'in Fig. 11.

Frpiey
X1 X2
rort o —8 7% RESET RESET OUT
PAg
RD ——fD
RESET IN p—
WH WA -
port ¢ 70" — ]
PCs Gs p= ADDRESS
2| Decooer 1078
PPl Ao, A cPU
. po LIZASAP-S }8 . M5L808BAP
PORT G ~—r—
FCo
M74L5373P E ALE
oC
B;
porT 8 <8 |0 o {3 5 AD:
SR —
Fig. 11 Circuit example for an application using mode 0.
) in this example, the PP! is in mode 0, and the control word N 00k CPUA reglster.;- Port A
should be 10010000 (90:6). oUT 01#  Port B + Aregister
MVI A, 90F MVI A, 014 Bit-setting control ward for PCe
out 033 . QUT -~ 033%  OQutputting fo control address
The PP! will be initlallzed by exeouting the above two in- (CE="L"A=A=1)
structions. ’ The other bits of port C, in this case, are not affected.
Then, for example, to read data from port A and to output :
data to port B and C, the following three instructions can be
usad.
IN 00# CPU A register — Port A
QUT O01f Port B «— A register
OUT  02% Port C + A register
After setting the mode, each port operates as a normal port.
After seiting the mode, as shown In Fig. 11, to read data
from port A, to output to port B, and to sef the first bit of port
C=1, the following four instructions ¢an be used.
MITSUBISHI §—57
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2, Mode 1 The actual program for the c¢lrcuit of Fig. 12 Is as follows:

An example of a circuit for an application using made 1 is
shown in Flg. 12, MV A, BO# Control word is 10110000, port A is
) the mode 1 input and the others are
output

ouT  03# Outputting to the coniro! address
MVI A, 098%  PCbit-set 0000101

outr o3¢ Outputting to the cantrol address
El Interrupt enable

Phy Al l——FROM ADDRESS Al HLT Hait

PAL Ag f=——FROM ADDRESS A9

—
—lpa, % P=—FROM DECODER :
+ INPUT PA; RESET j=——FAOM GPU If the data has been set in a terminal unit, and the strobe
—_—
—d

DATA o ] signal has been input, then the data will be latched in port A

g:s RD p~—RD and the CPU RST7.5 goes high-level. In the case of Fig. 11,
OATA STROBE MéLazap'sAP.sbo ——> a jump to 003C; Is executed ta contlaue the program as fol-

SIGNAL ———>1PCy g- = lows:
B = fo e —
ST “—{pcs - l}f ——= TO DATA
) i BUS 003Cy¢ IN. 00# CPU register A «— Port A
INTR, [ JFCa & ? PC;3 interrupt signal becomes low-level
PB~PB; Dy El
{s - RET
GFU
TO RSTZ.5 )

(INTERRUPT INPUT)

Fig. 12 A clrcult for an application using mode 1

Transferrlng data from a terminal unlt to port A and sending
a strobe signal to PG4 will hold the data In the internal tatch
of the PPI, and PCs {IBF input buffer full flag) is set to high-
level. If a bit-set of PC4 has been executed in advance, the
CPU can be interrupted by the INTR signaf of PC; when the
input data is latched in the PPL In this way, port A becames
an interrupting port; and at the same time, port B can select
its mode independently.

558 MITSUBISHI
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3. Mode 2

An exampla of a circult for an application using mode 2 is
shown in Fig. 13.

In Fig. 13, the data bus of the slave system [s connected
with the corrasponding PPI A bit of the master station. The

input port consists of a three-state buffer and gate B which |

allow the slave CPU to read flag outputs (1BF, OBF) of the

PP as data.

When the following instruction is executed in this example,

the action is as described:

IN 01% (reading in from 0115 Input port)

The data which Is made up of the least significant bit (D).

the OBF (autput buffer full flag output) and the next least

stgnificant bit (Dy), the IBF {input buffer full flag output)will
be read into the slave CPU.

When the following instruction is executed the action is as

described:

IN 008 (readmg in from 005 input port)

ACK {PCs) of the PPl becomes low-level by gate C, and the

contents of the port A output latch will be read into the slave

GPU.

When the following instruction is executed, the action is as

described:

OUT 00# (writing out to 00;g cutput port)

STB (PC4) of the PPl becomes low-level by gate D, then the

contents of the slave GPU register A will be written into the

port A Input [atch of the PPI,

Actual operations are as follows:

1. PPl is set in mode 2 by the master CPU (03 address).

2. The master CPU writes the data, which Is transferred to
the slave. CPU, into port A of the PPI {in turn, OBF be-
comes low-level).

3. The slave CPU continues to read the state of flags (OBF
and |BF) as data while OBE Is high-level (i.e. no data
from the master CPU)}.

4, When the slave CPU senses that OBF has become low-
level, the slave CPU starls to read the data from 00
{Which is the input address for the preceding data)
which is in the output latch of port A (in turn, OBF returns
to high-level).

5. During this period, the master CPU reads the status flags
(reading in from 02 of port C) and checks the states of
both the bit 7 {OBF) and bit 5 {IBF). If OBF is low-leve},
it indicates that the slave CPU has not yet received the
data; so the maser does not write new data. if OBF is
high-level, the master CPU writes the next data.

6. When data is to be transferred to the master CPU, the
contents of the slave CPU A register will be transmited to
the port input latch of the PPL. The slave GPU transfers
the data fo address 00 {in furn, the IBF becomes high-
level).

7. The master CPU transfers data to port C and then checks
the status flag. If the input latch contains data from the
slave CPU, which is indicated by IBF having a high-level
output, the data is read from port (00;6) (in turn, the IBF
retums to low-levet).

8. The slave CPU reads the status flag from 0145 to deter-
mine if IBF has returned to low-levetl, If it has not, new
data will not be written as long as 18F is high-level.

9. In this way, data can be exchanged. Since there are twa
sets of independent registers, Input latch and output
latch, used by port A of ttie PP, it is not nacessary to
alternate Input/output transfers.

A program which has operating functions as described
above, is explalned as follows. :
The operation, in mode 2, for group A of the*PPl is consi-
dered here.

33l
518l ¢
3

TO CPU

MASTER SYSTEM INT INPUT

¥
PPI MODE SET ADDRESS |
315 H
1
DECO- PA SLAVE SYSTEM DATA BUS AD;
10/M |- DER Do £8 goo
VA A d -
ME%LER ~=TJ3 STATE 2k M7ALSITSPE ALE
‘ SLAVE

SLAVE SYSTEM

Fig. 13 A circuit for an applcation using mode 2
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4, Master CPU subroutine for transmitting data to the slave

GPU.

AEAD STATUS
FROM PORT G

CALL OBF="H},

YES

WRITE DATA INTO
THE QUTPUY
LATCH OF PORT

RET

Program example

MOUT PUSH
OBF

NO .

IN
ANt
Jz
POP
out
RET

PSW
024
0%
OBF
PSW
c0#

READ STATUS
FROM PORT C

READ DATA FAOM
THE INPUT LATCH

2, Subroutine for recelving data from the slave CPU.

Program example -

MIN N 02

ANt 204
Jz MIN
N 00
RET

3. Slave CPU subroutine for transmitiing data to the master ~ 4, Subroutine for receiving data from the master CPU.

CPU,
Program example Program example
SOUT PUSH PSW SIN iN 1] F:2
IBF IN (F:3 ANY 01
READ STATUS | READ STATUS
FROM PORT G ANi 024 FROM PORT C JINZ SIN
JNZ IBF IN 00
POP PSW RET
CALL NO _ » CALL
ouT 003
_ RET
WRITE DATA AEAD DATA OUT
INTQ ADDRESS FAOM ADDRESS
0ig 005
RET RET
MITSUBISHI
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4, Address Decoding 5. PP! Initialization
Address decoding with multiple PP| units is shown in Figs. it Is advisable to rest the PPl with a system Initial reset and
14 and 15. These are functionally equal. to select the mode at the beginning of a system program.

The same address data is output to both the upper and low- The Initlal state of the PP! used as an output port Is shown In
or 8 bits address bus with the execution of IN or OUT in- Flg.16.

struction by the GPU.
SOPPLY v.
cc sy
J;v
M74L8373P ’
GPU } RESET l .
MBLBQBSAP :: — SIGNAL. SELECTING MODE AT THE
A * QUTPUT PORT OUTPUT =1
“‘DI 8 M TO POAT  UNSTABLE
ADe 1 A ADDRESS FLOATING
Az BUS {INPUT MODE)
Al
. 1 t
£ Fig. 16 PPt Initialization
10/ ALE - ,I, Lo Note 14 : Period of reset putge must be at least 50u8 during or at-
A B C E; &) ter power on. Subsequent resat pulse can be $00ns
] M74LS138P minlmum. R
TO PORT ADDRESS INPUT|E 01 67
Ao AND Ay OF EACH PP} -
\__v_.._.l —
TO THE CHIP SELECT INPUT CS OF
EAGH PP ,

Fig. 14 PPl address decoding (case 1)

CPU
MBLBOBEAP
Aisf—
Al
Az N
Az TO
Aut— AODHESS
Ao BUS
Ag
Al—y
i L8
1o/M l "8 C & E;
St [ M74L5138P
Erg1 67
TO PORT ADDAESS INPUT -
MAAND A1 OF EACH PRI !
L N—_—— —
TO THE CHIP SELECT INPUT CS OF
EACH PPI

Fig. 15 PPl address decoding (case 2}
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