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PROGRAMMABLE PERIPHERAL INTERFACE

-DESCRIPTION
The M5L8255AP-5 is a family of general-purpose programm-
able input/ output devices designed for use with an 8-bit/16-
bit parallel CPU as input/output ports. Device is fabricated
using N-channel silicon-gate ED-MOS technology for a sing-
le supply voltage. They are simple input and output inter-
faces for TTL. circuits, having 24 input/output pins which cor-
respond to three 8-bit input/output ports.

FEATURES

® Single 5V supply voltage
® TTL campatible. .
® Darlington drive capabllity

® 24 programmable 1/O pins

® Direct bit set/reset capability
APPLICATION

Input/output ports for microprocessor

FUNCTION

These PPls have 24" input/output pins which may be indi-

vidually programmed in two 12-bit groups A and B with
maode control commands from a GPU. 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 one 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. Mode 2 is used with group A only, as one 8-

PIN CONFIGURATION (TOP VIEW)
PA — 1] ~ 40 —PA;
weursoutput | P2+ [2] 39 —PAs | woymoureur
PORTSA | pA, + 3] 38 —~PA; | PORTSA
Pho +— [E] 37] +»PA; ,
READ INPUT RD— [5] [38] +~ WR WRITE INPUT
CHIP SELECY 55— [6] 35] «— RESET RESET INPUT
(V) vss [7] < 34] Do
[<;}
PORT ADDRESS( M~ B & 5 0
mpursr Ao— 3] § [57] D2
PG, [ 2 311 D3 | 81-DIRECTIONAL
PCs+— [} ‘,': [30] +—Dy [ DATA BUS
PCs+— [i2} 2 05
kweursourpyr | FC+— 3 28 -0
PORTSC| PCg+ [T4] E D,
PCi+— . E Vee (5V)
PCye— 28] P8,
PC3e+e 24] «PBs
PBoe— 73 —PB, }INPUTIOUTRYT
. PORTS B
IINPUT{’%%'I.‘I_PSUE{ PB s [[5 22] +—PB,
PBy+—s 21] +PBs
Outline 40P4

bit bidirectional bus port and one 5-bit controi 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).

BLOCK DIAGRAM
!__ PA;
READ INPUT RD (5) - PAg
GROUP 8 GROUP PAs
WRITE INPUT WR €5— ] A £ 8 A PA{INPUT/OUTPUT
g besowrel - CONTROL £ PORT A 1) PA:[PORTS A
ADDRESS [A1T® CONTROL 8 =} (8-BIT) § l:::
INPUTS { 2@ LOGIC T l o]
T 1 PC
RESETINPUT RESET L k aroup A ] 154
e 4 {MOST SIGNIFI PCs|
CHIP SELECT &g AT 4 B
INPUT O e 7 d P PGl puriouTruT
) INTERNAL| 4 |7 cRouee [ :’g; FORTS @
8 DATA BUS[S— LEAST SIGNIFI PC;
7 [ CANT 4 BITS) @———4 PCo
DATA BUS I —1 PB,
BUFFER 18 PBe
GROUP PBs
GROUP ,8 A 8 PBq| INPUT/OUTPUT
1 8 7 . PORT B PBs| PORTS 8
. CONTROL : (8-BIT) 232
1
(5v) Vccg b ———— PBg
(ov} V. H
} Vss _ _ _ _ _ _ _ 1
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FUNCTIONAL DESCRIPTION

RD (Read) Input

At low-level, the status or the data at the port is transferred
to the CPU from the PPI. In essence, it allows the CPU to
read data from the PPI.

WR (Write) Input

At low-level, the data or control words are transferred from
the CPU and written in the PP{,

Ag, A; (Port address) Input

These input signals are used to select one of the three
ports: port A, port B, and port G, or the control 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 ports
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 from the CPU
are ignored. Then the previous data is kept at the output
port.

Read/Write Control Logic -

The function of this block Is ta control transfers of both data
and control words. 1t accepts the address signals (Ag, A,
C8), 110 control 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 to 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 Control .

Accepting commands from the read/write control logic, the
control blocks (Group A, Group B) receive 8-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. Control
group B is associated with port B and the 4 low-order bits of
port C. The control register, which stores control words, can
only be written into.

Port A, Port B and Port C

The PPI contains three 8-bit ports whose modes 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-output 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 Basic Operations ’

A1 | Ao | CS | RD [WR Operation

0 0 L L H | Data bus < Port A

0 1 L L H 1 Databus ~PortB '

1 0 L L | H | Databus+Port G

0 0 L[| H L | Post A+~ Data bus

0 1 L H L | Port B« Data bus

1 0 L H L | Port C + Data bus

1 1 L|H L [ Control register + Data bug

X X[ H X | X [ Databus is In high-impedance state
1 1 L L H | llfegal condition

Bit Set/Reset

When port C is used as an output port, any 1 bit of the 8 bits
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 control word format is different. This
operation 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
made 1 and mode 2.

~Bit set/reset {lag

Don't care
Bit selection code

Port C
Bit selected

PCy
PCs
PGCs
PCy
PC;3
PC>
PCy
PCo

Set/reset code
_._;_,,ﬁLﬁ l ! Set (high) =1
[5:J0518s D4]D;|Dz|D|. Reset (low) =0

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

2]
&
o

OO—'—‘OO—"“E

ololo|o|=|=|a|—
ol-|lol=|lo|—|lo]~
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BASIC OPERATING MODES

The PPl can operate in any one of three selected basic
maodes.

Mode 0: Basic input/output
Mode 1: Strobed input/output {group A, group B)
Mode 2: Bidirectional bus (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. .

(group A, group B)

Mode set flag

Mode 0: D5, Ds = 0, 0
Mode 1: Dg, Ds = 0, |
Mode 2: Dg, Ds = 1, X

Port A input/output set

©
e
©
>
3
2
o
@
-2

(=]

output =0
input =1 e
Port C (high-order 4 bits) input/output sel”
output =0 -
input =1 i
Group 8 mode. set [
Mode(0=0 -
Moda 1 =1
. Port B input/output set
[output =0
input =1

ort C (high-order 4 bils) input/output set

lowudiun . output =0
7] Dg|Ds| D4] D3| D2 D1 [Do] | input =1

Flg. 2 Control word format for mode set.

1. Mode 0 (Basic Input/Output)

This functional configuration provides simple. input and out-
put operations for each of the 3 ports. No “handshaking” is
required; data is simply written in, or read from, the speci-
fied port. Output data from the CPU to the port can be held,
but input data from the port to the CPU cannot be held. Any
one of the 8-bit ports and 4-bit ports can be used as an input

8 %DBr‘vDBo

83037;-090'

M5L8255AP-5
PA PCwy PC PB

M5L8255AP-5
PA_PCw) PCqu,; PB

8 {4 4 38 8 {4 4. 18
* PC;~PCa *PB7~PB° * pc,i.pc‘ PBriPBo
PA;~PA;  PC3~PCqy PA;~PA;  PC3~PCy
Dy D D5 D4 D3 02 D1 Do 07 Ds Os D4 D3 D2 D1 Do
p1jofofofojoj1]o] [11o]ofofaol1]1}
8 %DB7~DBo 8 $DB;~DB

M5LB8255AP-5
PA PCw) PCu; PB

M5L8255AP-5
PA_PCw) PCu; pPB }:

ta Ta 4 {8 %a h 418
PC;~PCy 'PB;~P8g PC;~PCy PB;~PBg
PA;~PA;  PC3~PGo PA~PA;  PCy~PCy
D; Ds Ds Da D3 Dz Di Do Dy D5 Ds Dy D3 Dz D Do
[1]oojojt[ofo}oe] [11ojoloftfofofi]
8 %DB7~DBo 8 %DBr‘-DBo

M5L8265AP-5
PA_PCiy) PCui PB

M6L8255AP-5
PA PCy) PCuw; PB

PA PCw) PCw) PB

{8 f4 s 78 8t s 18
PC;~PC, PB;~PBg PC;~PCy PB;~P8y
PA~PAy  PCy~PCo PA~PA..  PCa~PCo
D7 Dg Ds D4 D3 D2 D1 Do D7 Ds Ds Dy D3 02 01 Do
[11ojoJolifofifo] jijofofofifolif1]
8 %DB;~DB¢ 8 %DB7~DB\)
M5L8255AF-5 M5L8255AP-5
PA PCwy PCw; PB PA_PCun_ PCai PB
fs {4 4 §8 }(8 i 1 18
PCy~PCy PB;~PBg PC;~PCy PB;~PBy
PA;~PAg PGy~PGCo PA;~PAg PC3~PCq
Dy Dg Ds D4 D3 D2 0y Do D7 Ds Ds D4 D3 D2 B1 Do
[1{olof1[ofofofa] j1jofofijofofo]1]
8 408;~DBo 8 $08,~D8o
MS5L8255AP-5 M5L8255AP-5

PA PCiwy) PCy PB

Jo 34 14 ks 8 34 4 18
% PCy~PCy fF"BT“PBQ . % PC;"{:C4 PB;~PBg
PA~PA)  PCy~PCo PAr~PA;  PCy~PCo
D7 Ds Ds D4 D; D2 Ds Do D7 DsDs D4 D30, Dy Dy -
FiToJol1]ol0l1] 0} FiTolofijo0jol1]1} -
) 8 $08,~DBe 8 $DB;~DB

M5L8255AP-5
PA PCy PC.. PB

M5L8255AP-5
PA_ PCiy) PCuw; PB

port or an output port. The diagrams following show the *8 fa {4 Ts *8 4 *4 Is
basic input/output operating modes. PC;~PCs  'PB;~PBq PC;~PCy  'PBy;~PBqg
PA7~PAy PCa~PCo PA;~PAg. PCy~PGCq
D7 Ds Ds D4 D3 D, D1 Og D; Ds Ds D4 D3 D; Dy Dy
[1]ojof1l1i0fofo] j1]ojofififolaf]
8 %DB7~DBo 8 {DB7~DBo 8 %DB1~DB° 8 %DB7~DBo
MS5L8255AP-5 M5L8255AP-5 M5L8255AP-5 MSLB255AP-5
PA_ PCw) PCq; PB PA_ PCry) PCuw)y PB PA PCiy) PGy PB PA_PCw) PG PB
ts T4 1 18 8 4 }e 8 te 17 4 18 js 14 }a 18
PC;~PCy PB;~PBy PC;~PCy PB,~PBg PC;~PCy PB;~P8s. PG;~PCy PB;~PBg
PA~PAy  PCi~PCo PA7~PAo  FC3~PCo PA;~Pho  PCy~PCo PA~PA;  PCy~PGy
D7 Ds Ds D4 D3 D2 D1 Do D7 Dg Ds Dy D3 D2 01 Do D7 Dg D5 D4 D3 D2 D1 Do Dy Dg Ds D4 D3 D; 01 Dy
[tToTo 0J0l0]0 0| fiTo 0]0|0|0[0|1| [1]ofo[1]1}o0}1]o]} f1]ojoftii{o]1]1]
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2. Mode 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 conirol and status sig-
nals affecting the 8-bit data port. The following shows opera-
tions in mode 1 for 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
‘from the CPU. This data is not sent to the data bus until the
instruction IN is executed. - -

IBF (input Buffer Full Flag Output)

A high-level on this output indicates that the data from the
terminal units has been latched into the input register. IBF is
set to high-level by the falling edge of the STB input, and is
reset to low-level by the rising edge of the RD input,

INTR (Interrupt Request Output)

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

INTE, of group A is controlled by bit setting of PC4. INTEg of
group B is controlled 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}

PAI~PAg |+ PBy~PBof=rE-
STBs I )

= [BF, LBJ

——>|BFg

[ INTR,

PCs~PGrle2=1/0 RO~

—INTRg

CONTROL WORD
Dy Dg Ds D¢ D3 D2 D1 Dg

Lifof ] x[x][x]
PCq,

1N
0= UT

CONTROLWORD
D7 Ds Ds D4 D3 D2 Dy Do
Sl xIxpxliiix]

Fig. 3 An example of mode 1 input state

INTR .__/
INPUT -
INPUT =t
LATGCH m

Do~Dy

(Note 1)

—4-

Note 1 : When INTE is low-level. INTR is always low-level.

Fig. 4 Timlng diagram

The following shows operations using mode 1 for output
ports.

OBF (Output Buffer Full Flag Output)

This is reset to low-level by the rising edge of the WA signal
and is set to high-leve! by the falling edge of the ACK
(acknowledge input). In essence, the PPl indicates to the
terminal units by the OBF signal that the CPU has sent data
to the port.

ACK (Acknowledge Input)

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

When a peripheral unit is accepting data from the CPU, set-
ing INTR to high-level 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 the
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 CPU.

INTE, of group A is controlled by bit setting of PCs. INTEg of
group B is controlled by bit setting of PC,.

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

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

MITSUBISHI
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MODE 1 (PORT Ag MODE | (PORT B)
PAy~PA 7> ' PB;NPBO—*§>
e—AGKA <—"—ACK5 ——'BF —r P
> INTR, —>INTRa K - [
2
PCs~PCs fe> /0 INTR —
% (Note 2)
CONTROL WORD" GCONTROL WORD , PORT %xi
D7 Ds Ds D4 Dy D2 Di Do Dy Ds Ds Ds D3 Dz D1 Dg OUTPUT
Ol Tofdx[x[x} rlxixix[x}i]o]x]
PCy, PCs
1 =INPUT Note 2 : When INTE is low-level. then the output of INTR |
= 2 e H en Is low-level. then the outpu S
0=outrut aways low-level.
Fig. 5 An example of mode 1 output state Fig. 6 Timing diagram
) 8 . 8
PA7~PA |- PA;~PAg f-—
WR—=>9 PC7 |—=-0OBFa AD—>9 PCs}<—S5TB,
PCsfe——ACKx PCsb—==1iBF,
PC3l—=INTR, . " PC3—==INTR,
2 . 2
PCy~PCs f>1/0 : PCs~PC}<#=>1/0
8
PB~PBof— PB;~PBo|—7~
RO—>9 PCzj=——STBs WA—= pCi}—=GBF,
PCt|—=18F, PCof<—ACKa
PORT A {STROBEU OUTPUT) PORT A (STROBED INPUT)
- PORT B {STROBED INPUT) PCo[—==INTRg PORT 8 (STROBED QUTPUT) PCol—=> INTRg
CONTROL WORD . CONTROL WORD
D; D Ds Da D3 Dy Dt Dg D7 D Ds Ds D3 D2 Dy Do
Lol tTofiol ] x] plofiftidifo]x]
PCs, PCs . PCs, PCy
{ =INPUT 1=INPUT
0 =0UTPUT : 0=0UTPUT
Fig. 7 Mode 1 port A and port B 1/0 example Fig. 8 Mode 1 port A and port B 1/0 example
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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 (port A} has two Internal registers, one for in-
put and the other for output. On the other hand, the control
port (port C) is used for communicating control 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 Ful| Flag Outputy
The OBF output will go low-level to indicate that the CPU
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 ocours, port A remains in the float-
ing (high-impedance) state.
ACK (Acknowledge Input)
A low-level ACK input will cause the data of the internal reg-
ister to be transferred to port A. For a high-levei ACK input,
the output buffer will be in the floating (high-impedance)
state.

_STB (Strobe Input)

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

will be held In the internal register, and the data will be sent

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

IBF (Input Buffer Full Flag Output)

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

ter, IBF will be high-level.

INTR (Interrupt Request Output)

This output is used to interrupt the CPU and its operations

the same as in mode 1. There are two interrupt enable flags

that correspond to INTE, for mode 1 output and mode 1

input.

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

INTE, is used In generating INTR signals in combination
with 1BF and STB. INTE; is controlled by bit set-
ting of PCs.

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 is an

example of mode 2 operation.

OBF 7_
INTR (N_otEL
ACK

578 \T’
IBF —
RD \ j

FROM DATA FRO
TERMINAL UNIT GPU M

!

PORT A

Note 3 : INTR=IBF - MASK + STB - RD + OBF + MASK * ACK - WR

Fig.-9 Mode 2 timing diagram

p—3)

PC~PCo JPCsjPCs

3

VO  IBFA BT, ACKs OBF /O INTRx
CONTROL WORD

D7 Dg Os D4 D3 Dz Dy Do

T x] x L x frofi 7o/

PGC~PGCo
l————= | =INPUT
0=0UTPUT

PORT B
1 =INPUT
0=0UTPUT

GROUP B MODE
L > 0=MODEO
1 =MOQDE!

Fig. 10 An example of mode 2 operation
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4. Control Signal Read

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

Table 2 Read-out control signals

' i i tion, each control signal and Data
CPU execution of an IN instructio g D, | Ds | Os | Ds | Ds | D2 | D | Do
bus sfatus from port C can be read. Mode ™ )
5. Control Word Tables Mode 1, input| 1/0 | 170 | 1BFa [INTEL|INTRA|INTES| 1BFe INTR4
Contro! word formats and operation details for mode 0, mode Mode 1, ouiput | OBF A |INTEA| 170 | O [INTR.|INTEs|OBFa[iINTRS)
1, mode 2 and set/reset control of port C are given in Tables [ yodez  |OBFA|INTE: | IBFa [INTEZ|INTRA By group 8 made
3, 4, 5 and 6, respectively. -
Table 3 Mode 0 control words
Gontrol words Group A Group B
D7 Dg Ds D¢ D D D1 Dy ’ Hexadecimal Port A Port G (high-order 4 bits) Port C {low-order 4 bits) Port B
t 00 0 0 0 0-0 80 ouT ouT ouT ouT
1 0 0 0 0 0 0 1 81 ouT ouT IN ouT
1 0 0 0 0 0 1 0 82 ouTt ouTt ouT IN
1 0 0 0 0 0 1 1 83 ouTt ouT iN IN
1 0 0 0 1 0 0 O a8 OVUT IN ouT ouT
1 0 0 0t 0 0 1 89 ouTt IN IN ouT
1t 606 ¢ 001 0 1 0 8A ouT iN ouT IN
1 00 0 1 0 1 1 8B ouT IN - IN IN
1 0 01 0 0 O O S0 IN ouT ouT ouT
1 0 0 1 0 ¢ O 1 9 N ouT IN ouT
1 0 01 0 0 1 O 92 IN ouT ouT IN
10 01 0 0 1 1 93 IN ouT IN IN
1 0 0 1.1 0 0 O a8 IN IN ouT ouT
1 0 01 1 0 0 1 99 IN iN IN ouT
1t 0 061 1 0 1°0 9A IN IN ouTt IN
t 00 1t t 0 1 1 98 IN IN IN IN
Note 4 : OUT indicates output port, and IN indicates input port.
Table 4 Mode 1 control words
Control words Group A Group B
- Hexa- Port G Port C
D7 Ds Ds Dy D3 D2 D1 Do Port A - = - Port B
decimal PC? PCs PCs PC4 PCs PC, PCy PCo
X A4 — e |
1 01 001 0 X A5 ouT OBF, | ACKa_ ouT INTR, | ACKg | OBFg | INTRg ouT
A6 I R : — .
1 01 001 1 X A7 ouT OBFA | ACKa ouT INTR, | STBg 1BFg iINTRg IN
AC e | —— —_ b ——
1 01 01 10X AD ouT OBFa | ACKa IN INTRs | ACKg | OBFg | INTRg ouT
AE —_ | e —_ !
10101 1.1 X AF ouT OBFa | ACKg IN INTRs | STBg IBFg INTRe IN
B84 . | e
1 01 101 0 X 85 IN ouT IBF A STBA | INTR, | ACKg | OBFg | INTRg ouT
86 I _
Tt 011011 X 87 IN ouT 1BF STBa | INTR, | STBs I1BFg iINTRg IN
BC N _ } —
1 011110 X 8D IN IN IBFa STBa | INTRs | ACKg | OBFg | INTRg ouT
BE - —
1T o1 1 111 X BF IN IN IBFa STBa | INTRA | STBs iBFa INTRs IN
Note 5 : Mode of group A and group B ¢an be programmed independently.
6 : ItIs not necessary for both group A and group B to be in mode 1.
— MITSUBISHI
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Table § Mode 2 control words

Control words Group A Group B
Hexa- : Port G PortlC = -

P De Ds D Dr D2 B By |degmell  ForA PC, | PCs | PCs | PCs | PCs | PC2 | PGi | PGo Fort®

11 XX X000 co | Bidiactional | GBF, | ACKa | IBFa | STBa | INTRA out out

11 XX X001 o1 | Puheclonal .| BEF, | ACKa | IBFa | STBa | INTRA IN out

11 XX X010 Gz | Bduectonal | SBE, | ACKs | IBFa | STBa | INTRA out IN

T 1 XX X011 o3 | Bdiectional | GBF, | ACKa | 1BFa | STBa | INTRA IN IN

11 XXX 10X c4 | Biiectional | GBF, | ACKa | IBFs | STBa | INTRs | ACKs | OBFe | INTRs | OUT

T 1 X X X 1 1 X | ce | Pdreclonsl | GBF, | ACKx | IBFa | STBa | INTRa | STBg | IBFy |INTRs | IN
Table 6 Port C bit set/reset control words

Control words Port C Remarks

Dy Ds Ds Dy D3 D2 Dy Do | J1%, | PGy | PCs | PCs | PC4 | PGs | PCa | PCi | PGo

0 X X X 000O0O 00

0 X X X 00 01 0

0 X XX 0010 02 0

g X XX 0011 03 1

S0 X X X 01 00 04 0 INTEg set/reset for mode 1 input

0 X X X 01 01 05 1 INTEg set/reset for mode 1 output

0 X XX 0110 06 0

0 X XX 01 11 07 1

0 X XX 1000 08 0 INTEa set/raset for mode 1 Input

0 X X X1 0 01 09 1 INTE; set/reset for mode 2

0 X XX 1010 0A 0

0 X X X 1011 o 1

0 X XX 1100 [¢o3 [ INTE, set/reset for mode 1 output

0 X XX 1 101 oD 1 INTE: set/reset for mode 2

0 X XX 1110 0E 0

0 X X X1 111 OF 1 -
Note 7 : The terminals of port C should be programmed for the output modse, before the bit set/reset operaﬁon is executed. _

8 : Also used for confrolling the interrupt enabie flag(INTE).
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ABSOLUTE MAXIMUM RATINGS

Symbot Parameter Conditions Ratings Unit
Voo Supply voitage —0.5~7 \'/
Vi Input voitage With respect to Vss —0.5~7 \'
Vo Output voitage - —0,5~7 \4
Pd Power dissipation Ta=256C 1000 mw
Topr Operating free-alr temperature range —20~75 c
Tstg Storage temperature range —65~150 ‘c

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

Symbol Parameter i Nom ax Unit
Vee Supply voltage 4.75 5 5.25 \"

Vss Supply voltage (GND) 0 \4

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Veo=5V 5%, Vss= 0V, unless otherwlse noted)
y Limits

Symbol Parameter Test conditions Y™ Tym Max Unit
Vin High-level input voltage 2.0 Vee "
Viu Low-level input voltage —0.5 0.8 v
Vou High-level output voltage :::: bus :::;::gg’:: 2.4 v

Data bus lot=2.5mA
Vou Low-level output voltage. Port o=t TmA 0. 45 v
low High-level output current {Nots10) Von=1.5V, Rexr=7500 -1 —4 mA
lec Supply current from Vge 120 mA
h High-level input current Vi=Vee +10 LA
e Low-level input current Vi=0v *+10 uzA
loz Off-state output current Vo=0V~V¢e +10 pA
Cy Input terminal capacitance ViL=Vsgs, =1MHz, 25mVrms Ta=25C 10 pF
Ciso Input/output terminal cabacitance VioL=Vss, I=1MHz, Z5mVrms T,=25C 20 pF
Note 9: Current flowing into an IC Is positive: out is negative,
10 : 1t ia valid only for any 8 input/output pins of PB and PC.
TIMING REQUIREMENTS (Ta=—20~75°C, Veo=5VE5%, Vss=0V, unless otherwise noted)
Symbol Prameter. Test conditions Liméts Unit
Min Typ Max

twir) Read pulse width 300 ns
tsucee.n) | Peripheral setup time before read 0 ns
th(r-pe) | Peripheral hold time after read 0 ns
tsuta-n) | Address setup time before read 0 ns
thea-a) Address hold time after read 0 ns
twiw) Write pulse width 300 ns
{3u(pa-w) | Data setup time belore write 100 ° ns
th(w-pa) | Data hold time after write 30 ns
tsuca-wy | Address setup lime before write 0 ns
thew-a) | Address hold time after write 20 ns
twiack) | Acknowledge pulse width 300 ns
twiste) Strobe pulse width 500 ns
Ysutpe.ste) | Peripheral setup time before strobe 0 ns
thisrae-re) | Peripheral hold time after strobe 180 ns
totaw) Read/write ¢ycle time 850 ns
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SWITCHING CHARACTERISTICS (Ta=—20~75%C; Vco="5V+5%, Vss=0V, unless otherwise noted)

) Limits
Symbol Parameter Test conditions Unit
Min Typ Max
trzvir-q) | Propagation time from read to data output 200 ns
tevztr-nay | Propagation time from read to data fleating {Notel1) 10 100 ns
teHe(w-Pe)
Hitw-pe Propagation time from write to output 350 ns
teLn(w-pE} ]
teunistase) | Propagation time from strobe to IBF flag 300 ns
tousre-R) | Propagation time from strobe to interrupt 300 ns
tonranTR) | Propagation time from read to inteqrupt CL=150pF 400 ns
tuL(r-InF) | Propagation time from read to IBF flag . 300 ns
tenw-inta) | Propagation time from write to interrupt 850 ns
tpsiw-0pf) | Propagation time from write to OBF flag 650 ns
tewack.0s) | Propagation time from acknowledge to OBF flag 350 ns
teLH(ack-NTR) | Propagation tirie from acknowledge to interrupt 350 ns
tezviack-pe) | Propagation time from acknowledge to data cutput 300 ns
tevziack-pe) | Propagation time from acknowledge to data floating (Notel1) 20 250 ns
Note 11 : Test conditions are not applied
12 + A.C Testing waveform 2.4
Input pulse leve! 0.45~2. 4V 2
Input pulse rise time 20ns 0.45 0.8 0.8
Input pulse fall time 20ns .
Reference fevel input V=2V, V=0, 8V
output Vou=2V, VoL=0,8V
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TIMING DIAGRAM
Data Bus Read Operation

twin)

RD

tsu(a-R)

al
ol
g
>

Do~D7

Data Bus Write Operation

twiw)

thiw-a)

L. tsutoa-w) thiw.oa)

. twin) |

tsutre-a) thir-pe)

. ?\E :
PORT INPUT .

\

Mode0, 1 Port Output ; . twiw) g
WA . SL

PORT OUTPUT

tenLiw-pe)
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Mode1 Strobed Input

sT8 5

18F

twisre)

-

teLntsta-er)

/

INTR

tﬂ.n(s‘r&mm)l

tsutpe-sre)

thisre-pe)

' -
PORT INPUT
-

AN\
A/

Modei Strobed Output

twiw)

~—

teHL(w-0BF) tpLntack-osr)

OBF
twiack)
AOK \ :
tpHL(W-INTR)
INTR
teHL(w.pE)
teLuiw-pe}
(.
PORT OUTPUT
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Mode2 Bidirectional

WR
tpHL(W-08F)
QBF
YeLutack-08e)
Ny
INTR B
twtack) /
, L A0 U
ACK . ‘ : Z
twista)
- &
. i
sT8 .
tetHisTE1BF)
e
IBF x
tPHL(R-1BF) ;‘
S J——e——
7 tsutre.s78) thisre-ee) tezviack-pe) tovziack-pe)
. A r A
PORT A U /§ R\
N 2 C /)

Note 13 : INTR=IBF + MASK + STB - RD - OBF + MASK * ACK - WR
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CIRCUIT EXAMPLES FOR APPLICATIONS
1. Mode 0

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

iy
X1 X2
port A —8 ] F RESET RESET OUT
PAg
) ~RD
RESET IN p~—
WR WH .
4 PCs
PORT C <——] ¢ —
PCs s p= ADDRESS _
2 DECODER 10/M
PPl Ag A GPU
. po SLE2GIAP-5 %s _ M5LE0B5AP
PORT C =<———] ¢
PCo
M74L8373P ¢ ALE
0C
PB;
PORT B <—e | (| D7 {8 ’Tr AD;
PBo i) §
Do ADo
Fig. 11 Circuit example for an application using mode 0.
’ in this example, the PPI is in mode 0, and the contral word IN 00# CPU A register - Port A
should be 10010000 (30:6). OUT O01i#  Port B« Aregister
MVE A, 90% MVI A, 01§ Bit-setting control word for PGo
out 03# : OUT - 03#  Outputting to control address
The PP! will be initialized by executing the above two in- (CS="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
used.
IN 00# CPU A register — Port A
OUT 01# Port B « Aregister
OUT  02# Port C + A register
After setting the mode, each port operates as a normal port.
After setting the mode, as shown in Fig. 11, to read data
from port A, to output to port B, and to set the first bit of port
C=1, the following four instructions can be used.
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2, Mode 1 The actual program for the circuit of Fig. 12 is as follows:

An example of a circuit for an application using made 1 is

shown in Fig. 12 MV A, B0H# Control word is 10110000, port A is
the mode 1 input and the others are
output

ouT 03# Outputting to the control address
Mvi A, 09#  PCabit-set 00001001

QuT 03% Outputting to the control address
Et Interrupt enable
—PAo Al l«——FROM ADDRESS A HLT Halt
—=PA Ag f=——FROM ADDRESS Ay
e C3 P=—FROM DECODER o .
© INPUT | ———>fpaA; RESET j=——FROM CPU If the data has been set in a terminal unit, and the strobe
DATA > g‘:‘s WA b=—WR signal has been input, then the data will be latched in port A
——{PAs RD p~RD and the CPU RST7.5 goes high-level. In the case of Fig. 11,
——>1PA; PPI . s to 003C e i -
OATA STROBE M5L8255AP-500 ——> a jump to 16 IS executed to continue the program as fol-
) SIGNAL ———=JPC,4 D f— lows:
USTB“IBF Dl P g§ L TO DATA
A ) Dif—> BUS 003Cs IN. 00# CPU register A +— Port A
INTR, [ JPC2 & ? PC; interrupt signal becomes low-level
PBy~PB; D;}—> El
{8 , RET
CPU
TO RST7.5

(INTERRUPT INPUT)

Fig. 12 A circult for an application using mode 1

Transferring data from a terminal unit to port A and sending
a strobe signal to PC; will hold the data in the internal latch
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 signal of PC3 when the
input data is latched in the PPL In this way, port A becomes
an interrupting port; and at the same time, port B can select
its mode independently.
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3. Mode 2

An example of a circuit for an application using mode 2 is
shown in Fig. 13.

In Fig. 13, the data bus of the slave system is connected
with the corresponding 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 (IBF, 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 015 input port)

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

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

significant 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 00# (reading 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

CPU.

When the following instruction is executed, the action is as

described:

OUT (0% (writing out to 00;s output port)

8TB (PC4) of the PPl becomes low-level by gate D, then the

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

port A input latch 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 IBF) as data while OBF 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 starts 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-level,
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 CPU transfers
the data to address 00ss (in turn, 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;5) (in turn, the IBF
returns to low-level).

8. The slave CPU reads the status flag from 016 to deter-
mine if IBF has returned to low-level. If it has not, new
data will not be written as long as IBF is high-level.

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

A program which has operating functions as described
above, is explained as follows.

The operation, in mode 2, for group A of the PPl is consi-
dered here.

]
PPI MODE SET ADDRESS |
315 H
—— 1}
DECO- - Erﬂlg; BA SLAVE SYSTEM DATA BUS AD;
‘o PER L2 o Lol oA MMLﬁTﬁ A0y
A e LACH 5 P - d PE
MASTER ' "[PSs 43 STATE i saf—Ae
TRITRETT PC; BUFFER 0146 T SLAVE
ALE E — PC, "3016" GPU
[ o] ACK, DECO- -
o : 4 —‘SA N 1 ‘ (OF DER 10/M
INTR
13
- ; ——m
D A
WR :
70 OPU ! SLAVE SYSTEM
MASTER SYSTEM INT INPUT |
1

Fig. 18 A circuit for an application using mode 2
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1. Master CPU subroutine for transmitting data to the slave

CPU.
Program example
MOUT PUSH
AEAD ST&T#% OBF IN
FROM P ANE
JZ
e POP
CALL 'BF— B0
OouT
YES
RET
WRITE DATA INTO
THE OUTPUT
LATCH OF PORT A
RET

PSW
02§
80
OBF
PSW
0o

READ STATUS
FROM PORT C

RET

Program example -

IN
ANt
Jz

RET

2. Subroutine for recelving data from the stave CPU.

02
204
MIN
00#

3, Slave CPU subroutine for transmitting 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:4
IBF IN 01 ANt o1
READ STATUS READ STATUS
FRAOM PORT C ANI 024 FROM PORT C JINZ SIN
JNZ IBF IN - 00
POP PSW RET
CALL NO ] CALL
ouT 00
RET .
WRITE DATA READ DATA QUT
%To ADDRESS ggou ADDRESS
§ 16
RET RET
560 MITSUBISHI
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4, Address Decoding 5. PP! [nitialization
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 initial state of the PPI used as an output port is shown in
er 8 bits address bus with the execution of IN or OUT in- Fig. 16,
struction by the CPU.

R
SUPPLY Voo sy
hid 1
M74L.8373P .
CPU RESET l
M5LBJ8SAP :: — SIGNAL SELECTING MODE AT THE
A * QUTPUT PORT OUTPUT =¥
AD:{g A TO PORT UNSTABLE
;Do > A ADDRESS FLOATING
Az BUS (INPUT MODE)
Y
eas™h Fig. 16 PPI initialization
& ALE . Note 14 : Period of reset pulse must be at least 50us during or af-
10/M
ter power on. Subsequent reset pulse can be 500ns
=’ minlmum. .
TO PORT ADDRESS INPUT
Ag AND Ay OF EAGH PPI
Y —
TO THE CHIP SELECT INPUT CS OF
EACH PPI

Flg. 14 PPl address decoding (case 1)

CPU
M5LB0BSAP

Asp—

An

Az i

Az TO

Ant ADDRESS

Aio BUS

Ag

’A‘O .
10/M | l s
S | M74

6
TO PORT ADDRESS INPUT
Ao AND A OF EACH PPI

TO THE CHIP SELECT INPUT CS OF
EACH PPI

Fig. 15 PPl address decoding {case 2)
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