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The 8255A is a widely us ‘ :
rransfer data under vaii::?d' Pl‘O'g'rammablc, parallel /O device. It car
er various conditions, from simple 1/O to intcrr-uét?i?%llc' Sopamme 10
™ simple /O to interrupt 1/O. It is flexible, ver- \ P

THE 8255A PROGRAM 3 % 4 |
INTERFECE MABLE PERIPHERAL . \

B255A

catile, and economical (when mul
ae B when multiple /O ports are required),
an lfﬂPT?hf:a;; g;r::;l;lﬁ%e 1‘10 device that can be ugcd wi)t}\b;lnjzs:‘z:: ::Licfr? s
B e T E:',‘:f.hg.‘zt can be grouped primarily in two 8-bit panﬁfzfmmi Cug @
s L bits as port C. The eight bits of port C can be i |
;"r: ave 15.1(a). Th grol_xped in two 4-bit ports: Cypper (Cy) and C . o *8‘
guve 15.1(a). The functions of these ports are dcmwfjﬁ.mgmc;ﬁ::? \EE:.,). as 1'1“
v Tl S PR, : 2 LLLAE Uik _I.‘I'_l ’L_c__ Fl 15.1

lata . control register. -
51N i 1
g Figure 15.1(b) shows all the functions of the 8255A, classified acc(;rding i fwo : 1 82552 /O Por

modes: the Bit Set/Reset (BSR) mode and the /0
 Bi mode. The BSR mode is.used.t
reset the bits in port C. The 1/O mode is ,_f!.lr.th_cr_diﬂd;dvingg_t_h_:cc,nlggé;;lMode OMI\:LOEL

ded -, Ea&n‘d Mode 2. In Mode 0 all ports function as simple 1/0-ports. Mode | is a handshake
ot whereby ports A and/or B use bis from port C.as handshake signals. In the hand-

shake mode, two types of I/O data transfer can be implemented: status check and inter- i

rupt. I n M,_gpﬁ_é_ S?BPE_EEE.}.‘P,{QE bidirectional data transfer r using handshake sig- s in

nals from port C, and port B can be set up either in Mode 0 or Mode 1. S S A

it el , _ B and Ag

15.1.1 Block Diagram of the 8255A v e

or the con

-bit ports (A and B), two 4-bit ports (Cy
gure. 15.2(b) shows a simplified but ex-
r. This block diagram

The block diagram in‘ll“igure 15.2(a) shows two 8

and C,), the data bus buffer, and control logic. Fi
including a control registe

' panded version of the internal structure,
includes all the elements of a programmable device; port C Erfonns'func i to..
thf_‘_gf the status register in addition to providing _[iﬁ!!é&hﬂk?ﬁigﬂahui T
CONTROL LOGIC : /
The control section has six lines. Their functions and connections are as follows:
. Ll As an ¢
Read operation. When the signal is low, “;6:.1
signals

0 RD (Read): This control signal enables the
f the 8255A.,

- the MPU reads data from a selected 1/0 . _
bles the Write operation. When the signal goes . s

O WR (Write): This control signal en2 :
or the control register.

low, the MPU writes into a ceiected /O port
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GENERAL-PURPOSE PROGRAMMABLE PERIPHm DEVICES O

Control Word
D, D, D, D, D, D, Dy Do

|

6

461

ponA BSR Mode /10 Mode
rrem=s= (Bit SeUReset) l t —_— L
8255A ‘é“ Pont C ? For Pont C Mode 0 Model Mode 2
i - No effect on Simple 110 Handshake /0 Bidirectional
110 Mode for ports * for ports A data bus for
Port B g A.B,and C and/or B port A
Por: C bits Pont B: either
are used for in Mode 0 or |
(2) handshake
Port C bits are
used for
) handshake

FIGURE 15.1
8255A VO Ports (a) and Their Modes (b)

O RESET (Reset): This is an active high signal; it clears the control register and sets all
ports in the input mode.

—

O CS, Ag, and A: These are device select signals. CS is connected t0 2 decoded address.....«

and Ag and A, are generally connected tO MPU 3{3,_51‘[55_5_[1‘(}5_5, Aoand.A,, respectively.
e va-" - i ————— -

3 The CS signal is the master Chip Select, and Agand A, specify one of the 1/O ports
or the control register as given below:

S A Ao

g -8 9

g "2l - 1

/ 0 1© 0
4 R

B & X

Selected

Port A

Port B

Port C

Control Register
8255A is not selected.

As an example, the port addresses in Figure 15.3(a) are determined by the CS, Ag. and A,
lines. The CS line goes jow when A; = | and A through A, are at logic 0. When these

~ signals are combined with Ag and A,
-shown in Figure 15.3(b).

the port addresses range {rom 80H to 83H. as
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Hex .l
cs Address Fon

.
-

A‘; Aa A.‘ A" A‘ Al
{ 009000

= 8ln B
= §2H C
= 831 | Control

- - o >

(b)

g(;g:gt:;ie‘ect Logic (a) and I/O Pori Addresses (b)
CONTROL WCRD
Figure 15.2(bj shows a register called th
called the control word, ﬂfpccify an 1/0
cevved to write a control word when A,
The register is not accessibie for g, ngd_‘qu_rgliou_., -
' Bit D of the control register specifies either the 1/O function or the Bit Set/Reset
' function. as classified in Figure 15.1(b). If bit Dy = 1. bits D~D,, determine I/O functions
in various modes. as shown in Figure 15.4. If bit D; = 0. port C operates in the Bit
Set/Reset (BSR) made. The BSR control word does not aftect the functions of ports A
and B (the BSR mode wiil be described later).

To communicate with peripherals through the 8255A. three steps are necessary:

e control register. The contents of this register.
function for each port. This register can be ac-
and A, are at logic |. as mentioned previously.

(a)

. Determine the uddresses of ports A. B. and C and of the controi register according to
the Chip Select logic and address lines A, and A,. d
2. Write a control word in the control register. :
3. Write /O instructions to communicate with peripherals through ports A. B. and C.

Examples of the various modes are given in the next section.

18.1.2  Mode 0: Simple Input or Output

8255A Block Diagram (a) and an Expanded Version of the Control Logic and /O Ports (b)

SOURCE: A: Intel Corporation, Prripheral Companents (Santa Clura. Calif.: Author. 1993y, p. 3=100.

5 i
Il:;l__l_h_ui1 mnéidc ports A and B are used-as two simple &-bit I/0 ports and port Cas two 4=
bit ports r:.h p::lrl (or half-port. in case of C) cap be programmed to function as simply._
~&lnpdtport or an output port. The input/output features in Mode 0 are s Tollows:
% | --Outputs are latched. '
{5 2. Inputs are not latched.
o~ . 3 Ve
o] 3 3. Ports do not have handshake or interrupt capability.

a E L if . | . g
85 E : ::z:::;y ::e &orl addresses in Figure 15.5.) X Example #h‘
8 et o Y the Mode 0 control word t : % . |

.Port B and port C, as input ports, ° Cor: L A i __—_‘—-El
wil
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E;:ample
15.1

INTERFACING
G PERIPHERALS (1/0s) AND APPLICATIONS

Control Word

ms | D | D3 | D [ D] 0 |

= P —

=

Group B

Pon C (Lower—PC,-PC,)

"'lnpul
Ogolllpm

Pon B
| = |I'lput
0= 0“lpul

Monde Selection
0 = Mode 0
I = Mode |

T

Group A

X

| Port C (Upper—-PC-PC,)
= 1 = Input
0 = Quiput

Port A

*4 | = Input
0 = Output

Mode Selection
00 = Mode 0
01 = Mode |
1X = Mode 2

1 = /0 Mode
0 = BSR Mode

- FIGURE 154 .
82554 Contrel Word Format for IO Mode
SOURCE: Adapted from Intel Corporation. Peripheral

3. Write a program t0 read (..¢ DIP switches and display the reading

A and from port Cy_at port Cu- /

- d 1/0;
1. Port Addresses ‘This is a memoryy DR s e e
the Chip Select line is enabled. Assuming all don’t care lines @

dresses are as follows:

RO00H (A, =0.A0=0)

when the address line

Components (Santa Clara. Calir.: Author. 19931, p. 3-104.

from port B at port

A is high.
logic O, the port ad-

POﬂA - =0.A.(=”
ik O S . L
P nc _-’ = stH (Al" A

“ ' 8003H(A|=1-A":”

Control Register

CENERAL-PURPOSE

FIGURE 15.5
Interfacing &

2. Control '

L,
1

170 Functio
1 I

MYI A8
STA 800
LDA 800
STA 800
LDA 80C
ANI OFF
RLC
RLC

4___
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K
V,

466

RLC /
- RLC /

STA R002H :Display data at port Cy /

HLT

{.

Program Description The circuit is designed for mcn]({ry-muppcd.lfo: therefore. the
instructions are written as if all the 8255A ports are |11¢;i1¢1ry t(?c;u:onh.

The poris are initialized by placing the control ward 83H in the contro P
instructions STA and LDA are equivalent to the instrctions OUT and IN. n:hp:.;_ll'\ht |‘ym'ur

In this example. the low four bits of port C arc/configured as input and lh‘: _li(': -{n J
bits are configured as output: even though port C V(l.‘i one address for both.‘hul?'lf-'\ ﬁLE_;Tl_ﬁ
C,. (8002H). Read and Write operations are diff rentiated by l!lc con.lrol signals M! o
and MEMW. When the MPU reads port C (e.2./LDA 8002H). it receives eight bits 1n
accumulator. However. the high-order bits (Dj—Dy) must be ignored hecupse the input
data bits are in PCy~PC,,. To dispiay these bitsa: the upper half of port C. bits (PCx-PCu)
must be shifted to PC;~PC,. ' :

e
 d
15.1.3 BSR (Bit Set/Reset) Mode

[The BSR mode is concerned only with the eight bits of port C. which can be set or reset
Y writing an appropriate control word :‘glhc control register. A control word with bit D,

[ register. The

= ( is recognized as a BSR control wordf and it does not alter any previously transmitted
control word with bit D, =, |: thus the T70 operations of ports A and B are not aitected by
a BSR control word. In the BSR mode. individual bits of port C can be used for applica-
tions such ws an on/off switch, '

i e | e BSR CCNTROL WORD

This control word. when written in the control register. sets or resets one bit at a time. as
specified in Figure 15.6.

FIGURE 15.6 o B e B8, W e TH B
£255A Corirol Word Format in the ' =

0 X i
BSR Mode X1 X Bit Select SIR

=-]
v
=)
£
o ¥
7
A&
non
:_—

Generally Set = 0

000 = Bit 0
001 = Bit |
010 = Bit 2
0ll =
100 = Bit 4
101 = Bit$
110 = B 6

Il = Bt 7,

.
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Pt

d; .
@ transfer, The features of this mode inclu

INTERFA
-y PB""“M‘«:O.\ AND Appyye g
Aoy
Q

-u'
\VI AL 00001011 :Word to set PC, S
oUT CNTRL ‘Turn on the fnn’ O turnjon the fan e
poP PSW ) ‘Retrieve A and flags G s
RET ' ' ¥YEE
FF: pPUSH PSW ' Save A and fags "s 5
FANO MVI A. 00001010 ‘Word 10 reset PC 0 ?3 o
OUT CNTRL Turn off the fan | 1 e fan S '§§
pOP PSW :Retrieve A and flag: -8 [+
RET ( =5
_ " EATOFF are subroutines simil S O
E,AION and H . similar to FANON S N
f:mf o on/off the bit PCe. and FANOFF except ity

e initializes port A‘and the iower half
half of Port Cas omftpuzs. It disables RD and asserts WR signals. When WR
e con version bsglrjs apd the IN’[R goes high. When the conversion is com::t‘ek::é
INTR goes low. indicating that lhe data byte is ready for reading (see Figure 13.I31
The INTR signal can be read as mPut in a loop or it/can be used 10 interrupt the prt.)cu;
\“q“‘ ‘
The subroutine reads port C and places the sfatus of PC in the carry flag by rotat-
ing the bit right. If the CY Hag is logi¢/1, the subrafitine goes back to the label READ and
reads Port C again. The subroutine stays in the 1qop until PC, is at logic zero. Once PC,

goes low, (he: processor asserts RD IO.E and reads the data byte. This data byte is already

The subroutin rt C as inputs and the upper

SOr.

hardware calibrated to be read in degrees Centi rade. The subroutine compares the read-

ing in A with the high set point (35°C). If thefcomparison does not generaie a carry. it

mezns the reading in A.is higher than 35
the fan. If it generates a carry, it means t

°C, add it calls a subroutine FANON 20 turm cn
he reading in A is lower than 35¢C, and it tums

off the fan by calling the subrouting FANOFF. However, the subroutine does not check
whether a fan is already off or on; in some ingtances this may be a redundant action. Next
it compares the reading with the low set poift (10°C). If the reading is lower than 1077,
it calls the subroutine HEATON and if it s higher than 10°C, it calls the subroutine
HEATCFF. The subroutines FANON, FANOFF, HEATON, und HEATOFF tum on/off

bits PC, and PC, connected to the fgn andjthe heater.

hake

/{5.1.5 Mode ]:Input or Otitput with Hands . ‘
MFU and peripherals PO ©

|
" Mode 1, handshake signals.are exchanged between the.
de the following: _

y can be conﬁtm"d cither as in-

L '
Two ports (A and B) function as 8-bit /O ports. The
E:l O output ports.
' of h port uses three lines from port C &s handshake Sig
I port C can be used for simple 1/O functions.
: n{?t and output data 2re Jatched. ;
fTupt logic is supported.

als. The remaining WO lines
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&

In the 8255A, the specific lines from port C used for handshake signals vary ac-
cording to the 1/O function of a port. Therefore, input and output functions in Mode 1 are
discussgd-€eparately.

GENERAL-PURPOSE PROGRAMMABLE PERIPHERAL DEVICES

DE 1: INPUT CONTROL SIGNALS
Figure 15.8(a) shows the associated control signals used for handshaking when ports A
and B are configured as input ports. Port A uses the upper three signals: PCa. PCa a.nd
PCs. Port B uses the lower three signals: PC, PC,. and PCo. The functions of these S1g
nals are as follows:

O STB (Strobe Input): This signal (active low) is generated by 2 pcriphcrg\_ﬂgvicc to in-
dicate that it has transmitted a byte of data. The 8255A, in response to STB, generates
IBF and INTR, as shown in Figure 15.9.

O IBF (Input Buffer Full): This signal is an acknowledgment by the 8255A to indicate
that the input latch has received the data byte. This is reset when the MPU reads the
data (Figure 15.9). :

O INTR (Interrupt Request): This is an output signal that may be used to interrupt the
MPU. This signal is generated if STB. IBF, and_ INTE (Internal flip-flop) are all at

logic 1. This is reset by the falling edge of the RD signal (Figure 15.9). o M

8255 Control Word—Mode 1 Input \ﬂ'n-ﬁ

D, D, Ds D4 D3 D3 Dy Do

PA; 2

INTEx o, Port A Input Pot Awith - 1ol hol1]t

. # 1 Handshake _ ot

/ PC pje—— STBa | Signals 1/O Mode j ‘ \ L— Port B Input
1PSs b 185 Port A Mode | Port B Mode 1

ml.?

Port A Input

i = lnput
PC——. INTR, 0 = Output

p -
INTE, "'] (b)
‘_._-—-——-
S STBs | port B with

Status Word—Mode 1 Input ‘
D, D¢ D; Da D, D, D, Dy ) i

INTR, , |uo|uo|mp,.|n~rm:] TNTR, | INTE, | IBF, | INTRy
( Port B Input _J :
. . m

O
R 1T

'3 ——‘-A-I-& P

™ (©)

FIGURE 16.8 _ -
8255A Mode 1: Input Configuration

SOURCE: Adapted from lntel Corporation. Peripheral Components (Santa Clara, Calif.: Author. 1993). p. 3-110.
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INTERFACING PERIPHERALS (I/Os) AND AP PURRLIEIE

IBF J

INTR

RD

laput from Peripheral -———(

FIGURE 15.9 :
8255A Mode 1: Timing Waveforms for Strobed Input (with Handshake)
SOURCE: Adapted from lntel Corporation. Peripheral Components (Santa Clara. Calif.: Author. 1993). p- 3-110.

/ﬂ INTE (Interrupt Enable): This is an internal flip-flop used to enable or disable the

generation of the INTR signal. The two flip-flops INTE, and INTEg are seureset us- -
ing the BSR mode. The INTE, is enabled or disabled through PC,, and INTEj is en-
abled or disabled through PC,.

CONTROL AND STATUS WORDS

Figure :5.8(5'). uses control words derived from Eigurc 15.4 to set up port A and port B
:as input ports in Mode 1. Similarly, Figure 15.8(c) also shows the status word, which will
be placed in the accumulator if port C is read.

PROGRAMMING THE. 8255A IN MODE 1

. The 8255A can be programmed to function using either status check /O or interrupt

1/0. Figure 15.10(a) shows a flowchart for the status check /O. In this flowchart, the
MPU continues to check data status through the IBF line until it goes high. This is a
simplified flowchart; however, it does not show how to handle data transfer if two ports
are being used. The technique is similar to that of Mode 0 combined with the BSR

mode. The disadvantage of the status check IO with handshake is that the MPU is tied -

up in the loop. _ .
The flowchart in Figure 15.10(b) shows the steps required for the interrupt 1/0, as-

<. . suming tha vectored interrupts are available. The confusing step in the interrupt IO is to
- set INTE either for port A or port B. Figure 15.8(a) shows that the STB signal is con-

nected to pin PC, and the INTE, is also controlled by the pin PC,.(In port B, pin PC, is

used for the same purposes.) However, the INTE, is set or reset in the BSR mode and the |,

BSR control word has no effect when ports A and B are set in Mode 1.
In case the INTR line is used to implement the interrupt, it may be necessary to

reﬂzd the status of IN'IRA and INTR to identify the port requesting an interrupt service
and to determine the priority through software, if necessary.. ' -

= p——

No

FIGU
Flowc

Figui
Thes

O 0O
- ¢« ‘m]Ooo O,

the
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RAMMABLE PERIPHERAL DEVICES

GENERAL-PURPOSE PROG

[nitialize Ports

[nitialize Ports
) Enable
INTE.

Continue
(b)

Continue "
(a)

FIGURE 15.10

Flowcharts: Status-Check VO (@) and Interrupt VO (b)

E 1: OUTPUT CONTROL SIGNELS
Figure 15.11 shows the control signals when ports

A and B are configured as output ports.
These signals are defined as follows: . -

This is an output signal that goes low when l.he MPU
- writes data into the output latch of the 8255A. This signal indicates to an output pe-

ripheral that new cata are ready to be read (Figure 15.12). It goes high agair. after the

8255A receives an ACK from the peripheral.
O ACK (Acknowledge): This is an input signal from a peripheral that must output low

O OBF (Output Buffer Full):

‘3 when the peripheral receives the data from the 8255A ports (Figure 15.12).

O INTR (Interrupt Request): This is an output signal, and it is set by the rising edge of
the ACK signal. This signal can be used to interrupt the MPU to request the next data
byte for output. The INTR is set when OBF, ACK, and INTE are all one (Figure

. 15.12) and reset by the falling edge of WR., ‘

O INTE (Interrupt Et}able): This is an internal flip-flop to a port and needs to be set 10
gecﬂel‘i_lltg.the INTR signal. The two flip-flops INTE, and INTEj are controlled by bits

v Pcﬁ a-x PC,, r?fpc.clxvcly, through the BSR mode. |

45t These two lines can be set up either as input or output. .

CONTROL AND STATUS WORDS
Figure 15.11(b) shows the control word used to set up ports A and B as output ports in

Mode' I. Similarly, Figure 15.11(c) also shows the status word, which will be placed in

the accumulator if port C is read. -
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- g255A Mode 1: Output Configuration

4= INTR,

(b) 0 = Qutput
Status Word '

D¢ D, D, D D
[ OBFAINTE,J110{110] INTR; INTE, [ OBF, | INT,

—__"WQ

=
;‘l
Wil
R
il

PC; i —— ACK!

(®)

Epc r——-' INTR,
R Pon B
—qWR O%Iput

Al “(a)

FISURE 15.11

SOURCE: Adapted from {ntel Corporation. Peripheral Compunents (Santa Clara. Calif.: Author, 1593). p. AL

R |

INTR

s D S
& =/

____....-—--"'-'-—_.
0‘!'P'-ll x ___..4-—-"-"-—_——-—-
FIGURE 15.12 '
ST -+ Handshake) Qutput .
8255 Mode 1: Timing Waveforms for Strobed (mmtl'sl:u o il e 993y, p -1

SOUKCE: Adapted from Intel Corporation. Peripheral Components

the
16.1.6 Iustration: An Application of the 8265A in

Handshake Mode (M

PROBLEM STATEMENT .
Figure 15.13 shows an interfacing circui"

' . z x d
: _PortA.iS designe
jng the g2sSA I Mo 4 ned as the output

CENERAL.PURP:

2. (

pt 170, and port B is 58

3 the input port for a keyboard With inte
POt for a printer with status check /0.

,__‘



