PIO 8255 (cont..)

e The parallel input-output port chip 8255 isalso called as
programmable peripheral input-output port. The Intel’s
8255 is designed for use with Intel’ s 8-bit, 16-bit and
higher capability microprocessors. It has 24 input/output
lines which may be individually programmed in two
groups of twelve lines each, or three groups of eight lines.
The two groups of /O pins are named as Group A and
Group B. Each of these two groups contains a subgroup of
eight 1/O lines called as 8-bit port and another subgroup of
four lines or a4-bit port. Thus Group A contains an 8-bit
port A along with a 4-bit port. C upper.
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PIO 8255 (cont..)

e Theport A lines are identified by symbols PA ,-PA- while
the port C lines are identified as PC,-PC.. Similarly, Group
B contains an 8-bit port B, containing lines PB,-PB-, and a
4-pbit port C with lower bits PC,- PC,. The port C upper
and port C lower can be used in combination as an 8-bit
port C.

e Both the port C are assigned the same address. Thus one
may have either three 8-bit 1/O ports or two 8-bit and two
4-bit ports from 8255. All of these ports can function
Independently either as input or as output ports. This can
be achieved by programming the bits of an internal register
of 8255 called as control word register ( CWR).
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PIO 8255 (cont..)

 Theinternal block diagram and the pin configuration of
8255 are shown in fig.

e The 8-bit data bus buffer is controlled by the read/write
control logic. The read/write control logic manages all of
the internal and external transfers of both data and control
words.

« RD, WR, A, A,and RESET are the inputs provided by the
microprocessor to the READ/ WRITE control logic of
8255. The 8-hit, 3-state bidirectional buffer is used to

Interface the 8255 interna data bus with the external
system data bus.

M Krishna kumar MAM/M3/LU9¢e/V 1/2004 3



PIO 8255 (cont..)

e Thisbuffer receives or transmits data upon the execution
of Input or output instructions by the microprocessor. The
control words or status information is also transferred
through the buffer.

e Thesignal description of 8255 are briefly presented as
follows:

 PA-PA, Theseare eight port A lines that acts as either
latched output or buffered input lines depending upon the
control word loaded into the control word register.

 PC_-PC, : Upper nibble of port C lines. They may act as
either output latches or input buffers lines.
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PIO 8255 (cont..)

e This port also can be used for generation of handshake
lines in mode 1 or mode 2.

o PC,;-PC,: These are the lower port C lines, other details
are the same as PC,-PC, lines.

 PB,-PB-: These arethe eight port B lines which are used
as latched output lines or buffered input lines in the same
way as port A.

* RD: Thisistheinput line driven by the microprocessor
and should be low to indicate read operation to 8255.

« WR: Thisisan input line driven by the microprocessor. A
low on this line indicates write operation.
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PIO 8255 (cont..)

e CS: Thisisachip select line. If thisline goeslow, it
enables the 8255 to respond to RD and WR signals,
otherwise RD and WR signal are neglected.

* A;-A,: These are the address input lines and are driven by
the microprocessor. These lines A;-A, with RD, WR and
CS from the following operations for 8255. These address
lines are used for addressing any one of the four registers,
;agl three ports and a control word register as given in table

ow.

* In case of 8086 systems, if the 8255 isto be interfaced
with lower order data bus, the A, and A, pins of 8255 are
connected with A, and A, respectively.
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RD WR cS A, A, Input (Read) cycle
0 1 0 0 0 Port A to Data busg
0 1 0 0) 1 Port B to Data bus
0 1 0 1 0 Port C to Data bug
0 1 0 1 1 CWR to Data bus

RD WR cS A, A, Output (Write) cycle
1 0 0 0) 0 Data busto Port A
1 0 0 0) 1 Data busto Port B
1 0 0 1 0 Data busto Port C
1 0 0 1 1 Data busto CWR

RD WR cS A, A, Function
X X 1 X X Data bustristated
1 1 0 X X Data bustristated
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PO 8255.

e D,-D-: These are the data bus lines those carry data or
control word to/from the microprocessor.

e RESET : A logic high on this line clears the control word
register of 8255. All ports are set as input ports by default
after reset.
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Block Diagram of 8255 (Architecture)
( cont..)

It has a 40 pins of 4 groups.
Data bus buffer

Read Write control logic
Group A and Group B controls
Port A, Band C

Data bus buffer: Thisis atristate bidirectional buffer
used to interface the 8255 to system databus. Datais
transmitted or received by the buffer on execution of
Input or output instruction by the CPU.

. Control word and status information are also transferred
through this unit.

it b o e N e R
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Block Diagram of 8255 (Architecture)
( cont..)

 Read/Write control logic: This unit accepts control
signals ( RD, WR ) and also inputs from address bus and
Issues commands to individual group of control blocks
( Group A, Group B).

|t hasthefollowing pins.

a) CS-—Chipsdect: A low onthis PIN enables the
communication between CPU and 8255.

b) RD (Read)— A low on this pin enables the CPU to read
the data in the ports or the status word through data bus
buffer.
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Block Diagram of 8255 (Architecture)
( cont..)

c) WR (Write) : A low on this pin, the CPU can write
data on to the ports or on to the control register through
the data bus buffer.

d) RESET: A high on this pin clears the control register
and all ports are set to the input mode

e) Ayand A, (Addresspins): These pinsin conjunction
with RD and WR pins control the selection of one of the
3 ports.

e Group A and Group B controls: These block receive
control from the CPU and issues commands to their
respective ports.
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Block Diagram of 8255 (Architecture)
( cont..)

e Group A - PA and PCU ( PC,—PC,)

 GroupB - PCL ( PC;—PC))

e Control word register can only be written into no read
operation of the CW register is allowed.

« a)Port A: Thishas an 8 bit latched/buffered O/P and 8
bit input latch. It can be programmed in 3 modes — mode O,
mode 1, mode 2.

b) Port B: This has an 8 bit latched / buffered O/P and 8
bit input latch. It can be programmed in mode O, model.
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Block Diagram of 8255 (Architecture).

c) Port C : Thishas an 8 bit latched input buffer and 8 bit
out put latched/buffer. This port can be divided into two 4
bit ports and can be used as control signals for port A and

port B. it can be programmed in mode O.
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Modes of Operation of 8255 (cont..)

e These are two basic modes of operation of 8255. |/0O mode
and Bit Set-Reset mode (BSR).

* In1/O mode, the 8255 ports work as programmable 1/O
ports, while in BSR mode only port C (PC,-PC-) can be
used to set or reset itsindividual port bits.

e Under the I/O mode of operation, further there are three
modes of operation of 8255, so as to support different
types of applications, mode O, mode 1 and mode 2.
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Modes of Operation of 8255 (cont..)

« BSR Mode: In this mode any of the 8-bits of port C can be
set or reset depending on D, of the control word. The bit to
be set or reset is selected by bit select flags D, D, and D,
of the CWR asgiven intable.

e |/OModes:

a) Mode O ( Basic /0O mode ): Thismode isalso called as
basi ¢ input/output mode. This mode provides ssimple input
and output capabilities using each of the three ports. Data
can be simply read from and written to the input and output
ports respectively, after appropriate initialisation.
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PAG6 — PA7Y
» PC4-PCY7/

——» PCO-PC3

— > PBO-PB7

PA
8 PC
2
S PCL
5

PB
All Output
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Port A and Port C acting as
O/P. Port B acting as | /P
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Modes of Operation of 8255 (cont..)

. The salient features of this mode are as listed below:

1. Two 8-hit ports ( port A and port B )and two 4-bit ports
(port C upper and lower ) are available. The two 4-bit
ports can be combinedly used as athird 8-bit port.

2. Any port can be used as an input or output port.
Output ports are latched. Input ports are not latched.

4. A maximum of four ports are available so that overall 16
|/O configuration are possible.

« All these modes can be selected by programming a
register internal to 8255 known as CWR.

W
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Modes of Operation of 8255 (cont..)

« The control word register has two formats. The first format
Isvalid for 1/0O modes of operation, i.e. modes 0, mode 1
and mode 2 while the second format is valid for bit
set/reset (BSR) mode of operation. These formats are
snown in following fig.

D, Det it De oDyt By e D50 Dy o By
1 X X X
0- Reset
O-for BSR mode Bit select flags 1- Set

D,, D,, D, arefrom 000 to 111 for bits PC, TO PC,

/O Mode Control Word Register Format and
BSR Mode Control Word Register Format
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PA;—1 40— pa,
PA,— o 39— PA,
PA;—3 38— PA,
i 4 37
RD—5 36— WR
CS—6 35— Reset
GR'D— 7 gvg e Bo
e eI
Ao — S 32— D,
PC, | [t
PC, _1(1) 8255A 35| Bj
PCs—15 29— D,
PC,—13 28— D,
PC,—14 27— D,
PC, —15 26— Vcc
PC,—i16 25— PB,
PC;—17 24— PB,
PBy —18 23— PB,
PB; —19 22— pB,
PB, —20 21— pp,

8255A Pin Configuration
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< >PAsPA
DD — > T
CS - <> PC,-PC,
RESER 2 & &
255A
8255 "> PCyPC,
AO
A < >PByPB,
RD .
Vcce
e ; GND
Signals of 8255

M Krishna kumar MAM/M3/LU9e/V 1/2004

21



o,

Data bus
Buffer

A 4

A

@

"RD—s
WR —»

Ayg—
Al —

RESETF—

READ/

WRITE
Control

Logic

CS

A

M Krishna kumar

A 4

@ v @ PA-PA.
Group A -— Group A @
control Port A(8) |«
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Block Diagram of 8255
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D, Dg D D, D, D, D, D,
Mode for PA PC U Mode PB PC L
| Port A for PB
M cgge Set flag
1- actiye
0- BSR mode
Group - A Group - B
PCu LInput PCL 1 Input
0 Output >
L 0 Output
1 Input p 1 Input
L PA  0Output | ' ; b
M ode 00 —mode 0 0 Output
Solect 01-mode 1 ; Mode 0 mode- 0
of PA 10 —mode 2 Select 1 mode- 1

Control Word For mat of 8255
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Modes of Operation of 8255 (cont..)

b) Mode 1. ( Strobed input/output mode ) In this mode the
handshaking control the input and output action of the
specified port. Port C lines PC,-PC,, provide strobe or
handshake lines for port B. This group which includes port
B and PC,-PC, is called as group B for Strobed data
Input/output. Port C lines PC,-PC. provide strobe lines for
port A. Thisgroup including port A and PC,-PC. from
group A. Thus port C is utilized for generating handshake
signals. The salient features of mode 1 are listed as
follows:
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Modes of Operation of 8255 (cont..)

1. Two groups—group A and group B are available for
strobed data transfer.

2. Each group contains one 8-bit data I/O port and one 4-bit
control/data port.

3. The 8-bit data port can be either used as input and output
port. The inputs and outputs both are latched.

4. Out of 8-hbit port C, PC,-PC, are used to generate control
signals for port B and PC,;-PC. are used to generate
control signalsfor port A. the lines PC,, PC, may be
used as independent data lines.
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Modes of Operation of 8255 (cont..)

* The control signals for both the groups in input and output
modes are explained as follows:

| nput control signal definitions (mode 1 ):

e STB( Strobeinput ) — If thislinesfalsto logic low level,
the data available at 8-bit input port isloaded into input
|atches.

o |IBF ( Input buffer full ) —If thissignal risesto logic 1, it
Indicates that data has been loaded into latches, 1.e. it
works as an acknowledgement. IBF isset by alow on STB
and is reset by the rising edge of RD input.
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Modes of Operation of 8255 (cont..)

 INTR ( Interrupt request ) — This active high output signal
can be used to interrupt the CPU whenever an input device
requests the service. INTR isset by ahigh STB pinand a
high at IBF pin. INTE isan internal flag that can be
controlled by the bit set/reset mode of either PC,(INTE,)
or PC,(INTER) as shown in fig.

 INTRIsreset by afalling edge of RD input. Thus an
external input device can be request the service of the
processor by putting the data on the bus and sending the
strobe signal.
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Modes of Operation of 8255 (cont..)

Output control signal definitions (mode 1) :

e OBF (Output buffer full ) — This status signal, whenever
fallsto low, indicates that CPU has written data to the
specified output port. The OBF flip-flop will be set by a
rising edge of WR signal and reset by alow going edge at
the ACK Input.

« ACK ( Acknowledgeinput ) — ACK signal actsas an
acknowledgement to be given by an output device. ACK
signal, whenever low, informs the CPU that the data
transferred by the CPU to the output device through the
port is received by the output device.
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Modes of Operation of 8255 (cont..)

 INTR ( Interrupt request ) — Thus an output signal that can
be used to interrupt the CPU when an output device
acknowledges the data received from the CPU. INTR is set
when ACK, OBF and INTE are 1. It isreset by afalling
edge on WR input. The INTEA and INTEB flags are
controlled by the bit set-reset mode of PC; and PC,
respectively.
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| nput control signal definitionsin

Mode 1

10 |1

0

1/0

X[ XX

DD 0 D, DD D Dy

INTE,

1 - Input
0 - Qutput
For PC,—-PC,
PA,— pal/ PB,—PB; {
PC}— stB, [NIE PC,|»STB,
' PC+—TBF, ! PC1+—1BF,
"PCo—INTR
{PCs—INTR, St
PC,—PCk—|/0
RD

Mode 1 Control Word Group A

/P
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Mode 1 Control Word Group B
/P
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|BF

INTR

RD

DATA from

Peripherat —— -
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Mode 1 Strobed Input Data Transfer
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INTR

ACK

Data OP to
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Port
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Mode 1 Strobed Data Output
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Output control signal definitions Mode 1

110 |10 |[/O0/X |X X 1| X [ X|X | X]1]0 X
D, by Ds D, D; D, D; D, D, by Ds D, D; D, D; D,
1 - Input
0 - Qutput
For PC,—PC.
PA,— PAl PB, —
PB,
INTE, PCl— opg | INTEg PC,|—+OBF,
T PCe—ACK, T PC,[~—ACK,
PC,—
PCs—>INTR, o TINTR,
WR—» PC,—PCg—/0
Mode 1 Control Word Group A Mode 1 Control Word Group B
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Modes of Operation of 8255 (cont..)

« Mode 2 ( Strobed bidirectional 1/O ): This mode of
operation of 8255 is also called as strobed bidirectional
1/0O. This mode of operation provides 8255 with an
additional features for communicating with a peripheral
device on an 8-bit data bus. Handshaking signals are
provided to maintain proper data flow and synchronization
between the data transmitter and receiver. The interrupt
generation and other functions are similar to mode 1.

* In thismode, 8255 is abidirectional 8-bit port with
handshake signals. The RD and WR signals decide
whether the 8255 is going to operate as an input port or
output port.
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Modes of Operation of 8255 (cont..)

. The Salient features of Mode 2 of 8255 are listed as
follows:

1. Thesingle 8-bit port in group A isavailable.

2. The8-bit port isbidirectional and additionally a 5-bit
control port isavailable.

3. Threel/Olinesare available at port C.( PC, — PC, )
4. Inputs and outputs are both latched.

5. The5-bit control port C (PC,;-PC,) is used for
generating / accepting handshake signals for the 8-bit
data transfer on port A.
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Modes of Operation of 8255 (cont..)

e Control signal definitionsin mode 2:

e INTR — (Interrupt request) Asin mode 1, this control
signal is active high and is used to interrupt the
microprocessor to ask for transfer of the next data byte
to/from it. Thissignal is used for input ( read ) aswell as
output ( write ) operations.

o Control Signalsfor Output operations:

 OBF ( Output buffer full ) — Thissignal, when falls to low
level, indicates that the CPU has written data to port A.
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Modes of Operation of 8255 (cont..)

e ACK ( Acknowledge) This control input, when fallsto
logic low level, acknowledges that the previous data byte
IS received by the destination and next byte may be sent by
the processor. This signal enables the internal tristate
buffers to send the next data byte on port A.

« INTEL (A flag associated with OBF ) This can be
controlled by bit set/reset mode with PC,.

e Control signalsfor input operations :

o STB (Strobeinput ) A low onthislineis used to strobe in
the data into the input latches of 8255.
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Modes of Operation of 8255 (cont..)

e |IBF ( Input buffer full ) When the data is |loaded into input
buffer, thissignal risesto logic ‘1. This can be used as an
acknowledge that the data has been received by the
receiver.

« Thewaveformsin fig show the operation in Mode 2 for
output as well as input port.

 Note: WR must occur before ACK and STB must be
activated before RD.
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Mode 2 Bidirectional Data Transfer
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Modes of Operation of 8255 (cont..)

« Thefollowing fig shows a schematic diagram containing
an 8-bit bidirectional port, 5-bit control port and the
relation of INTR with the control pins. Port B can either be
set to Mode O or 1 with port A( Group A ) isin Mode 2.

 Mode 2 isnot available for port B. The following fig
shows the control word.

e TheINTR goeshigh only if either IBF, INTE2, STB and
RD go high or OBF, INTE1, ACK and WR go high. The
port C can be read to know the status of the peripheral
device, in terms of the control signals, using the normal
|/O Instructions.
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D7 D6 D5 D4 D3 D2 Dl DO
1 1 X X X (210 | 170 | 1/0
| _ | A A
1/0 mode Port B mode
0-mode 0
Port A 1- mode 1 szl_ PCo
de 2 - Input
o 0 - Qutput
Port B
1- 1/P
0-O/P

M ode 2 control word
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PC,

) PC,
« INTE 1 PC,
L«—JINTE2 PC,
RD — )
) PC.
WR—
Mode 2 pins
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