I/O Interface

In this chapter, the basic and
programmable Input/Output interfaces
are introduced. This provides details on
parallel and serial interfacing.
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Objectives

I
»  Upon completion of this chapter, you will be able to

~  Explain the operation of the basic input and
output interfaces.

- Decode an 8-, 16- and 32-bit I/O device so that
it can be used at any I/O port address.

~  Define handshaking and explain how to use it
with I/O devices.

~ Interface and program the 82C55 programmable
parallel interface.

- Interface and program the 16550 serial
communications interface adapter.

Microprocessor System Design, Chapter 11 Slide 2




Introduction to I/O Interface

Microprot

Both the IN and OUT instructions
transfer data between an I/O device
and the microprocessor's accumulator
(AL, AX, or EAX).

The I/O address is stored in
- register DX as a 16-bit I/O address or

- the byte immediately following the
opcode as an 8-bit I/O address.
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Introduction to I/O Interface

Microprof

The I/O address is usually called a
port number.

The INS and OUTS instructions are
also provided in all Intel
microprocessors except 8086/8088 to
transfer strings of data between the
memory and an I/O device.
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I/O Instructions

Insruction Daia Widih Fungiion

IN AL.p8 8 A boyte s input from port pd into AL

IN AX,p& 16 A ward is input from port pB inta AX

IN EAX, p& 32 A doubleword is input from port p8& into EAX

IN AL.DX ] A oyl is input from the pon addressed by DX into AL

IN AX,DX 16 A ward is input from the port eddressed by DX intg AX

M EAX, DX az A word iz input from the port addrassed by DX into EAX

INSB a A byte is input from the port addressed by DX into the sxira segment
memory location addrassed by DI, then DI = DI + 1

INSW 16 A word s input from the port addressed by DX inte the axtra segment
memory location addressed by DI, then DI = DI £ 2

INSD 3z A doubleword is input from the port addressed by DX into the extra sagment
memaory location addressed by DI, than DI = 4

OUIT pa AL a A byte is output from AL to port pB

OUT p8 AX 18 A word |5 output Tram AX 1o port p8

OUT p8 EAX az A doubleword is output frem EAX to port pil

QAT DAL 1 A byte is output fram AL to the pon addressed by DX

DT D AN 16 A waord is output from AX ta tha por addressad by DX

OUT DX EAX 32 A doubleword is output from EAX to the port addressed by DX

ouTsB & A byta is cutput fram the data segment memory lecation eddressed by Sl 1o
fha port addressad by DX, then 5| =S 21

ouTSW 168 A word is output from the data segment memeey locations addressed by S to
the por addreased by DX, then Sl =Sl £2

ouTsD 32 A doubleward is output from the data segment memaory kications addressed

by S10 e pan addressed by DX, then 51 =S| = 4
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Isolated and Memory-mapped 1/O

e There are two completely different
methods of interfacing I/O to the
microprocessor: isolated I/O and
memory-mapped I/0.

Memory Memory + 1O
FFFFF FFFFF
IM = 8
1O
110

FFFF

Q000K 0G0
(a) Isolated IO (b) Memory-mapped /O

The memary and /0 maps for the 8086/B0B8 microprocessors.
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Isolated and Memory-mapped 1/0O
e
- Isolated I/0O:

— I/0 locations are isolated from the
memory system in a separate 1I/0O
address space.

— The addresses for isolated I/O devices
are usually called ports.

- Separate control signals for the I/O space
are developed using M/IO and W/R to
indicate an I/O read (IORC) or an I/O
write (IOWC) operation.

- Advantage: The memory can be
expanded to its full size without using
any of its space for I/0O devices.

- Disadvantage: The amount of circuitry
required increases.
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Isolated and Memory-mapped 1/O

¢« Memory-mapped I/0:

- A memory-mapped I/O device is treated
as a memory location in the memory
map.

- No separate I/O interface, separate I/O

instructions, separate I/O control signals
such as IORC and IOWC is required.

- Advantage: Any memory transfer
instruction can be used to access the I/O
device.

- Disadvantage: A portion of the memory
system is used as the I/O map.
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The PC I/0 Map

» The personal computer uses part of the I/0
map for dedicated functions.

FFFF -
10 Exparnsion area
— e —— —— ]

e ]

——— mr
iy COM1 o2Fi CoM2 |
Euaﬁ B 0FT

Floppy disk boe
S;EI‘—I [ 8255 (PPI)
e e
CGA adapter Eﬂﬂ
33'6? 02 Timer
i - — — oo
03/ LPT 1 P
oam 0023
377 iy Intarnt controliar
e 00iF |
g0 Hard disk | e T
| —— 0000 Gonrle

The /0 map of a personal computer illustrating many of the fixed /0 arsas
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Basic I/O Interfaces

I
« The basic input device is a set of 3-state buffers.

vCC
o

1(1(1]1)141 3
6(54(82[1/0

r.r-u-m\l-n

Tl

s

al
il

The basic input interface illustrating the connection of eight switches.
Naote that the 74ALS244 is a three-state that controls the 8pplication
of the switch data to the data bus.
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Basic I/O Interfaces

« The basic output device is a set of data latches.
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The basic output interface connected to a set of LED displays
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Handshaking

e Many I/O devices accept or release
information at a much slower rate
than the microprocessor.

e Handshaking is a mechanism to
synchronize the I/0O device with the
Mmicroprocessor.

micr’n_ il'll:ll.lt FIEF-E"E"

Drocessor port data lines

B - | aTE
—h.

Signal directions for handshake input data transfer
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Handshaking

Case (a ol = s T
| po dals i
1. Aputs the datum on the bus. [Preee=ser = S
—| B A
No one cares whether B is
ready or even exist or not.
X
Simple Input
Handshaking
Case b mnicrao- input /LMI"TM“H
processar port I\ dalanes

1. Aputs the datum on the hus.
2. Asays, "Here is a datum for
you.”

After few ms, A drops the

datum no matter whether B
gets it or not.
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mA

-
-

Slgnal diections for handshake Inpul dats iansler

0aTA

X

(b) Simple strobe Q.
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Handshaking

Case (c)

1.

A puts the datum on the bus.

2. Asays, “Hereis a datum for

you.”
B says, “| got it. Send me
another.”

Note A holds the datum until
it is acknowledged by B.
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T (L

port -, dala linos

B = A

Ak

micro-
processor

Signal directions for handshake inpul data transfer

il
ACK

DATA X_

{c} Single handshake I/0.
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Handshaking
Case (d micra- — inedt || EE
1. Aasks, “Are you ready?” processor [—| POrt [ fE
2. Bsays, ‘'mready.” — B |« m A
3. A puts the datum on the bus. ek "
4. A saysl_ “Here is the datum for Signal directions for handshake input data transfer

you.”
B says, ‘I got it. Thank you.”

Note A holds the datum until
it is acknowledged by B.

~ince A doesn't send the
datum unless he makes sure
that B is ready, B won't keep A
holding a datum for a long
time.
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e

ACK

DATA ><

{(d} Double handshake 11Q.
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Address Decoding

» /O address decoding is

—  exactly the same as memory address decoding
for memory-mapped I/O devices, and is

—  very similar to memory address decc:-dmg for
isolated I/O devices.
+ The main difference between memory
decodmg and isolated I/O decoding is

the number of address pins connected to the
decoder and

- that we use the IORC and IOWC generated with

M/TI0=0 or I0/M=1 to activate I/O devices for a
read or a write operation.

Microprocessor System Design, Chapter 11 Slide 17

Address Decoding Techniques

I
@ In order to attach an /O port or a memory device to the
microprocessor, it is necessary to decode the address sent
from the microprocessor.

@ A few more common address-decoding techniques will be
described here, namely:

= Simple logic gate decoder

= Non-programmable decoder
= EPROM decoder

= PLD Programmable Decoder
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Simple logic gate decoder

8-bit I/0 address

If the system will never contain more than
256 1/0 devices, we often decode only
address connections A7-A0 for an 8-bit I/O
port address.

[FL RN
e
FaL=04
4 LE
= | —
- =1 —_—
- 2
o = hj_
oS —— e !
a2 = =
= F TS50
Address: 1111 1110B = FEH
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Simple logic gate decoder
16-bit I/0O address
P W
T L S0a |
o
- —
g ; =
= I ——
T =T
=

Address = 1111 1111 1111 1110B = FFFEH
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Non-programmable decoder

LU24 T4ALS138
A5 ]
Al

T4LSI0

A port decoder that decodes 8-bit 'O ports. This decoder generates
active low outputs for ports FOH=F7H.
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EPROM decoder

Unlike the 74LS138, the EPROM aso——Hsn O,
has many input connections, which  # ol o, f—
reduces the number of other circuits %3 ——] 4= ?} —
required in a system memory as—  Jas O: [
address decoder. N — o. |—
ms— las O —
r Lot} O —
Inputs Outputs
G | Pe| Ar| Pe | Bs | Aa| Az | Az B | Ao | Qo Qu| Q2| Qa| Qa| QBs| Qe | 27
olo|oli1 |t |1t |ofololo |11 11 |11 |1
ODJlolo1 L[t [1 oot 1ot 11111
olo|ol1 |t |1t |ofr o1 {1 ]o|1 111 |1
oJololi [t (tJor 1111 ]olt 111
OJo|o|1 |1 1]l |1]JoJo |1 |11 |1 ]o]|1 |1 |1
oJlololi [ttt (1ot (11111t ]ot |1
olo|ol1 |t |1t [1 1 o1 {11111 ]o]1
Olo[of1 1 [t]1 111
All other combinations i i i i i i i i
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PLD programmable decoder

uia
Arz 1 s

AD 11 o1 313:

FaLsos a1 = gz
A3 1a o4
L = Al is 05 k]
Ais 3 28 7 g B
A3 4 : = A?E 8 o6 52—
Al 5 11
AlD !? Ho
X —
o] 1z g
FALS30
ATFTHOR Barry B. Brey
COMPANY BreyCo
DATE Tr2r96
CHIF DECODERY PALLELS
;pina 1 2 3 & 5 [} T B o 10
AO AL AZ A3 Ad AS ME AT NAND GND

ipins 11 1z 13 14 15 16 17 ia 19

W EFFFH EFFEH EFFDH EFFCH EFFBH EFFAH EFF9H EFFBH

BEOQUATIONS

FJEFFE8H = A7 & Ré * AL * Aad * AJ * JA2 * /Al * /AQ * JHAND
FEFFSH = AT * A6 * AS * a4 ¢ A3 4 A2 4 SRl ¢ AD + SHAND
JEFFAH = AT * A6 * AS * Ad ~ A3 * /A2 * A1 % /Aad * /MHAND
JEFFRAH = A7 * A6 * AS * Ad * A1 * A2 * Al * Ad * SHAND
FEFFCH = AT * RE * AS ~ A4 ~ A * AZ * rAlL * JfAD * /NAND
JEFFDH = A7 * A& " AS * ad * A3 % A2 * JA1 * A0 * [HAND
FEFFEH = AT * JE * AS * a4 & A3 & A2 « A1 & JAQ * /MAND
JEFFFT = AT = A6 * AS * Ad * A3 * A2 * A1 *~ AQ * /NAND
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8- and 16-bit I/0 ports

The 8086, 80186, 80286 or 80386SX 1/0
system contains two 8-bit banks, just as

memory does.

Microprocessor System Design, Chapter 11

BHE AD
FFFF FFFE
FFFD FFRFC
FFFB FFFA
High bank Low bank
0005 0004
0003 0002
0001 D000
D15 -=—= D8 D7 4—=D0

The /O banks found in the 3086, 80186, B0286,
and BOABESX
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8- and 16-bit Data Transfer

Do-D7

Example: jl”’sﬁ 12H * 34H
Address = T
0000 0000 0000 0000 001- BHE (BLE)
. BTE=n BT E= FEFFF FFFFE
case 1: EHE=0, BLE=1 D Bt
Case 2: BHE=1, ELE=0 FFFFR | _ FEFEA |
Case 3: BHE=0, BLE=0
wooos | aoona | T T
00003 12H o002 34H
. — 0] VOO0
Note: Ay is labeled BLE (Bus low i
enable) on the BO3B6SX. High bank Low hank
(OUd bank) iEven hank )

The high (odd) and low (even) 8-bit memeory banks of the 8086/8028J6/83865X
microprocessors.,

BHE BLE (A,) Function
0 0 Both banks enabled for a 16-bit transfer
0 1 High bank enabled for an 8-bit transfer
1 0 Low bank enabled for an 8-bit transfer
1 1 No banks enabled
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8- and 16-bit I/0 ports

o Any 8-bit I/O write requires a
separate write strobe to function
correctly.

o ]/O reads do not require separate I/0
read strobes as the microprocessor
reads only the byte it expects and
ignores the other byte.
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Separate Bank Write Strobes

I
o It's more effective and less expensive.

BHE AWR
Wk
WR
A
TITLE Address Decoder
CHIP DECODER2 PALl6LA

jpins 1 2 3 4 5 6 7 g 9 10
B2Z3 RZZ RZ1 AZ0O Al% AlE AlT AlE AD GND

jpins 11 12 13 14 15 16 17 18 19 20
BHE SEL LWR HWR NC NC MWTC NC NC VCC

EQUATIONS

FSEL = /fR23 * FAZ2 * FA2Z1 * JAZ0 * FAL9 * ALE ¢ R1T * /RLG
JLWR = fMWIC * /A0
fHWR = /MWTC * /EHE

Microprocessor System Design, Chapter 11 Slide 27

8-bit wide ports

I
« Example : 2 different 8-bit output devices located

at 8-bit I/O address 40H and 41H.

1 I
ma-De b m_'__
ol Qe
X S
A0 110 port decuder thal selecis ) g_u_ Pom 1
ports 40H and 41H for outout data P g -
T
. - e
The 2 8-hit ports are controlled independently. el
oC
Jﬂ-m
AL
EXAMPLE Ao
CHIP DECODERA PAL1ELA L] /-L oo
X =2 =
ipins 1 3 4 05 6T B 9 10 n ,Lmﬁ.r_
BHE IOWC AO Al A2 A3 Ad AG A6 GNP B [l qa[J2 Pes
5 Piln shr
spins 11 12 13 14 15 16 17(18 15\20 &; ol
AT KO WO MO NG BC MC\AD 4Lfvee lq oc
1
LK
T, D7 - D0
EQUATIONS - TAALIITH
= /AD % [IOMC ¢ JRT YA % /RS % JAd ¢ JRI % JAZ ¢ gAL
= /BHE * JIOWC * fAT * AB * (AS * /A4 * /A3 * /A2 * /Al
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16-bit wide ports

o Example :

A 16-bit input device connected to function at 8-bit I/O

addresses 64H and 65H.

EXAMPLE A 1Bl VO port
gecoded al KO

AUTHOR — Barry B. Brey addmsses B2H and G5H

COMPANY  BreyrCo

DATE 775736 The 2 8-bit ports are controlled

CHIP secopers eaniace  WIth one single signal.

ipins 1 2 3 4 5 & 7 8 9 10
IORC AL AZ Al A4 AS AE AT NC GHD

spans 11 12 13 14 15 16 17 1§
HO HC WE KNG NG NC BC NC

EQUATIONS

:BEOFERT

]

= JIORC * /AT * BB * AS " /A4 4 JAY ¢ A2 ¢ fal

Microprocessor System Design, Chapter 11

Tort S4H

r;]’_ 5 e ke o[ b
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32-bit wide ports

A 32-hin input
EXAMPLE danudsd'arfbmp?

AUTHOR Barry B, Brey B i

COMBRANY  BreyCo

DATE Tra/96

CHIP DECODERC PAL1SLE

;ping 1 2 3 4 5 6 7 B % 10
IORC AT A6 A5 Ad A3 A2 NC NC GKD

JIORC * /JRT * AG * RS * M * FAJ * /A2

The 4 8-bit ports are controlled
with one single signal.
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