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6 INPUT/OUTPUT INSTRUCTIONS &

All x86 microprocessors, from the 8088 to the Pentium, can access exter-
nal devices called ports. This is done using 1/O instructions. The x86 CPU is one
of the few processors that have 1/O space in addition to memory space. While
@ memory can contain both opcodes and data, 1/O ports contain data only. There are @
two instructions for this purpose: “OUT” and “IN”. These instructions can send
data from the accumulator (AL or AX) to ports or bring data from ports into the
accumulator. In accessing ports, we can use an 8-bit or 16-bit data port. Since
8-bit data ports in the 8088 are the most widely used, we will concentrate on them
@ and introduce 16-bit data ports only in the last section of this chapter. @

@ 8-bit data ports @

@ The 8-bit I/O operation of the 8088 is applicable to all x86 CPUs from the @
8088 to the Pentium. The 8-bit port uses the D0 - D7 data bus to communicate
with /O devices. In §-bit port programming, register AL is used as the source of

@ data when using the OUT instruction and the destination for the IN instruction.
This means that to input or output data from any other registers, the data must first @

@ be moved to the AL register. Instructions OUT and IN have the following for-@
mats:

@ Inputting Data Qutputting Data @
@ Format: IN dest, source OUT dest, source @
@ (1) TN AL,port# OUT port#,AL @
@ (2) MOV DX, port# MOV DX, port# @
@ N AL, DX OUT DX, AL

@ In format (1), port# is the address of the port and can be from 00 to FFH.

This 8-bit address allows 256 input ports and 256 output ports. In this format, the@
8-bit port address is carried on address bus A0 - A7. No segment register is@
involved in computing the address, in contrast to the way data is accessed from@

@ memory.
Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 @

666666666666666666




GOLOHLOLLOLOLOLLLHHHOLOLO

@ Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 @

In format (2), the port# is also the address of the port, except that it can
be from 0000 to FFFFH, allowing up to 65,536 input and 65,536 output ports. In
@this case, the 16-bit port address is carried on address bus A0 - A5, and no seg- @
ment register (DS) is involved. This is the way Intel Corporation expanded the
number of ports from 256 to 65,536 while maintaining compatibility with the ear-
@ lier 8085 microprocessors. The use of a register as a pointer for the port address @
has an advantage in that the port address can be changed very easily, especially in
@ cases of dynamic compilations where the port address can be passed to DX.

@ How to use 1/O instructions @

[/0 instructions are widely used in programming peripheral devices such @
as printers, hard disks, and keyboards. The port address can be either 8-bit or 16-
@ bit. For an 8-bit port address, we can use the immediate addressing mode. The fol- @

@ lowing program sends a byte of data to a fixed port address of 43H. @
MOV  AL,36H AL=36H &
@ OUT 43HAL -send value 36H to port address 43H @

@ The $-bit address used in immediate addressing mode limits the number@
of ports to 256 for input plus 256 for output. To have a larger number of ports we
@must use the 16-bit port address instruction. @
To use the 16-bit port address, register indirect addressing mode must be
@used. The register used for this purpose is DX. The following program sends val-@
@ues 55H and AAH to 1/0 port address 300H (a 16-bit port address). In other@
words, the program below toggles the bits of port address 300H continuously.

BACK: MOV DX, 300H ;DX = port address 300H @
MOV AL,55H
6 OUT DXAL toggle the bits
MOV  AL,0AAH @
@ OUT DXAL toggle the bits @
@ JMP  BACK @
Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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Notice that we can only use register DX for 16-bit I/O addresses; no _~

. other register can be used for this purpose. Also notice the use of register AL for{(\}
> 8-bit data. For example, the following code transfets the contents of register BL g

<& to port address 378H.

MOV DX,378H ;DX=378 the port address
MOV AL BL ‘load data into accumulator
QUT DX AL :write contents of AL to port

‘whose address is in DX

2. |Example 11-1

In a given 8088-based system, port address 22H is an input port for monitoring the temperature.
Write Assembly language instructions to monitor that port continuously for the temperature of
100 degrees. If it reaches 100, then BH should contain 'Y".

| Solution:

BACK: IN AL,22H ;get the temperature from port # 22H
CMP AL,100 ;is temp = 1007?
JNZ  BACK ;if not, keep monitoring
MOV BH,'Y ;temp = 100, load 'Y' into BH

@ Just like the OUT instruction, the IN instruction uses the DX register to &=
“ hold the address and AL to hold the arrived 8-bit data. In other words, DX holds =
the 16-bit port address while AL receives the 8-bit data brought in from an exter-
&, nal port. The following program gets data from port address 300H and sends it to (&

DX,300H load port address
AL DX bring in data

DX, 302H

DX AL send it out




Isolated and Memory-Mapped 1/0 @
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There are two different methods of interfacing 1/0 to the microprocessor: isolated
I/0 and memory-mapped I/O. In the isolated I/0O scheme, the IN, INS, OUT, and
OUTS instructions transfer data between the microprocessor’s accumulator or @
memory and the /O device. In the memory-mapped I/O scheme, any instruction that @
references memory can accomplish the transfer. Both isolated and memory-mapped
I/0 are in use, so both are discussed in this text. The PC does not use memory- @

mapped 1/0. @

Isolated 1/0O. The most common 1/O transfer technique used in the Intel
microprocessor-based system is isolated 1/O. The term isolated describes how the 1/0
locations are isolated from the memory system in a separate I/0O address space. @
(Figure 11-1 illustrates both the isolated and memory-mapped address spaces for any @
Intel 80X86 or Pentium—Core2 microprocessor.) The addresses for isolated 1/0O
devices, called ports, are separate from the memory. Because the ports are separate,
the user can expand the memory to its full size without using any of memory space @
for 1/0O devices. A disadvantage of isolated 1/O is that the data transferred between
I/0 and the microprocessor must be accessed by the IN, INS, OUT, and OUTS
instructions. Separate control signals for the 1/O space are developed (using m/10and
W/R), which indicate an I/O read (IORC ) or an 1/O write (IOWC ) operation. These @
signals indicate that an 1/0O port address, which appears on the address bus, is used to @
select the 1/0O device. In the personal computer, isolated 1/O ports are used for @
controlling peripheral devices. An 8-bit port address is used to access devices located @

on the system board, such as the timer and keyboard interface, while a 16-bit port is

used to access serial and parallel ports as well as video and disk drive systems. @
Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 @
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Memory-Mapped I/O. Unlike isolated 1/0, memory-mapped 1/0 does not use the @
IN, INS, OUT, or OUTS instructions. Instead, it uses any instruction that transfers
data between the microprocessor and memory. A memory-mapped 1/O device is @
treated as a memory location in the memory map. The main advantage of memory- @
mapped 1/O is that any memory transfer instruction can be used to access the 1/0
device. The main disadvantage is that a portion of the memory system is used as the
I/0 map. This reduces the amount of memory available to applications. Another @

advantage is that the IORC and IOWC signals have no function in a memory mapped

@ I/0 system and may reduce the amount of circuitry required for decoding. @
FIGURE 11-1  The memory Memory

@ and |/0 maps for the 8086/ FFFFF @
8088 microprocessors.

@ (a) Isolated 1/0. (b) Memory- @

@ mapped I/0. @

Gy *— @

IM x 8 FFFF

@ 64K x 8 @

@ 00000 0000 @

y ' G

@ Eg Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 @
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Personal Computer 1/0O Map @

The personal computer uses part of the 1/0 map for dedicated functions. Figure 11-2
shows the 1/0 map for the PC. Note that I/O space between ports 0000H and 03FFH
is normally reserved for the computer system and the ISA bus. The /O ports located @
at 0400H-FFFFH are generally available for user applications, main-board functions, @
and the PCI bus. Note that the 80287 arithmetic coprocessor uses 1/O address

00F8H-00FFH for communications. For this reason, Intel reserves 1/O ports 00FOH— @
O00FFH. The 80386—Core2 use 1/0O ports 800000F8—800000FFH for communications

@

to their coprocessors. The 1/O ports located between 0000H and OOFFH are accessed

via the fixed port I/O instructions; the ports located above 00FFH are accessed via the

@ variable I/O port instructions. @
FIGURE 11—-2 The I/O map of FFFF
a personal computer illustrating
E many of the fixed IO areas. IO Expansion area

s3e2
O3FE8 COM 1
gg,ig Floppy disk
O3EF
8358
pup CGA adapter
O3CF
8322
o378 LPT 1
0377
8330
o=20 Hard disk
O31F
8202

@ oare Som = @
OZ2F7
o064
gggg 8255 (PPI)
OO5F
o044
0043 -
0040 Timer
OO3F
0023
0020 INnterrupt controller
OO01F
880
0000 DMA controller

@ E‘l Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 @



e Many 1/0 devices accept or release information at a much slower rate than the microprocessor. \

9 Another method of I/O control, called handshaking or polling, synchronizes the I/O device with
- the microprocessor. An example of a device that requires handshaking is a parallel printer that ~
; prints a few hundred characters per second (CPS). It is obvious that the microprocessor can send

’Q more than a few hundred CPS to the printer, so a way to slow the microprocessor down to match gz~
oy speeds with the printer must be developed.

: Figure 11-5 illustrates the typical input and output connections found on a printer. Here, (&

& data are transferred through a series of data connections (D,-D,). BUSY indicates that the

H?% printer is busy. STB 1s a clock pulse used to send data to the printer for printing.

©2: 10 ADDRESS DECODING AND DESIGN b
L Y
— In this section we show the design of simple I/O ports using TTL logic -
@ gates 7415373 and 74LS244. For the purpose of clarity we use simple logic gates@
(= such as AND and inverter gates for decoders. It may be helpful to review the

— address decoding section for memory interfacing in the preceding chapter before
@ you embark on this section. The concept of address bus decoding for /O instmc-@
(2., tions is exactly the same as for memory. The following are the steps:
— 1. The control signals IOR and IOW are used along with the decoder.

% 2. For an 8-bit port address, A0 - A7 is decoded.

= 3. Tfthe port address is 16-bit (using DX), AQ - A15 is decoded.




Using the 74L8373 in an output port design

In every computer, whenever data is sent out by the CPU via the data bus,
the data must be latched by the receiving device. While memories have an inter-
nal latch to grab the data, a latching system must be designed for simple L/O ports.

The 7418373 can be used for

this purpose. Notice in Figure 0 0
[1-1 that in order to make the Vec  GND
7418373 work as a latch, the +10(0 Q D 1Q
OC pin must be grounded. For |0l oLk ar
an output latch, it is common 13D 3Q | —
to AND the output of the 4D QL
address decoder with the con- 9D 5Q
trol signal IOW to provide the —1{6D 6Q
latching action as shown in —{D | 70—
Figure 11-2. —{% |G 0cC] 8
Enable Output control
IN port design using the Function Table
1415244 Qutput Enable
Likewise, when data | Control G D [ OQutput
is coming in by way of a data L H H H
) ) L H L L
bus, it must come in through a
e L L X Q0
three-state buffer. This is
) . H X X Z
referred to as tristated, which

comes from the term tri-state
buffer (“tri-state” is a regis-
tered trademark of National

Figure 11-1. 74LS373 D Latch

(Reprinted by permission of Texas Instruments, Copynight
Texas Instruments, 1988)

= CF
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74LS373

DO -D'U—OI%————-—— Qo

system

d:t:i LEDs
Q7

&
&
&
&
&
@ D7 ————
&
&
&
&

—t
o

Lk 51 oL -3k -5k 3R -8 58 <38 -1 38 >0 -0 58 -8 L o8 -l -5F -5F oL )

=N
A7£_j L/ v

iow

Figure 11-2. Design for “OUT 99H AL"

e

Basic 8-bit Output Interface: VGC
Controls 8 LEDs (1: OFF, 0: ON)

@ Circuit can be expanded for
16-bit (word) or 32-bit (DWord)
@ interfaces 330
From uP
> b 4
@ cagetioper T T & & & R R R
- latch ~ Mo NN e e
s
3! po Qo |-2
@ 2 4 D1 Q1 (-2
t g D2 Q2 L8
a —5 22 9 s
D4 Q4
B —71 B2 98 e
@ LSJ 18| p7 Q7 19 1
1~ OE
g?PH;ﬁv‘ys b ok Data is latched and remains here until the next OUT
@ el 74ALS374  instruction to this port is executed

The SEL is generated (for + ive edge triggering) by decoding:
j '\ - The address for the 1/O port
SEL - The I/O WRITE operation

&6

&

E7 Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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Output Devices: The LED

LED diodes are used in many systems as

indicators and as sources of infrared beams

LED must be forward biased to conduct and vee
emit light 1.65V T wLED

When conducting, a typical (Red, Green, or

Yellow) LED passes a current of about 10 mA
withavoltage drop  Vgoge # 1.65V (1.5 5
V -2 Vin practice) 18K
A Blue, White, or UltraBright LED passes b
more current at a larger voltage drop, e.g.

30mA @ 2.5 V.

10 mA l 330

2N2222

A bit of electronics!

Interfacing the LED directly to a TTL O/P

* 10 mA currents can be easily sunk by a TTL
output at the low state (0)

VCC=+5v
(A standard 74 TTL O/P sinks up to 16 mA — .
lower values for lower power series e.g. Vdiode - LED
74LS sinks only 4 mA) b
 Vout,low=0.1V il _AO mA l 3}:30
* Vdiodex1.65V Input 1 2
* Toensurel =10 mA, R should be 7404 Vout

LED ON indicates 1 or 0 at Input?

_ Vec —Vdiode —Vout

<pl -k -5k R 58 58 -3% -5% 38 58 -3 58 51 5L o8 -l -5F -5F 3L -

<pk o8 3R 5k 38 >R -8 5% -3F -0 -k 5% -5k <L >R -a-5E -5k 3L o8 oL -y

10mA ¥~ Nearest standard
_5-1.65-0.1 _ 0.325 KO ~ 3300 resistor value
10
Eg Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021 6



Driving larger currents and voltages;
e.g. DC motors, mechanical relays, etc.

e Large current loads such as motors or large
relays require a Darlington pair in place of the
transistor driver

e Two transistor gains in cascade, (Bp=p1
B2), so smaller base currents from TTL for
large load currents

e Canuse 12 V or higher supply

e Select a transistor that meets both the voltage
and current requirements for the load

* The diode is used to prevent the transistor

from being destroyed by the inductive P4 A i Diode off
kickback current that appears when the field MHYGE000)70.143 mA= In normal
collapses suddenly in the coil B =p1p2 operation

Current can not change instantly through

Vout, high,min— 0.7 — 0.7

an inductor. If it suddenly drops from 11 to O, a Rb = 0.143mA

negative current - I1 is generated which s d4_1 4

gradually decays to O. The diode _za—la _
provides a safe path for this current away from - 0.143 =7 KQ~6.8kQ

the transistor

: (2 Input Devices.  Input devices are already TTL and compatible, and therefore can be connected
G “to the microprocessor and its interfacing components, or they are switch-based. Most switch-
based devices are either open or connected. These are not TTL levels—TTL levels are a logic 0

must be applied. Figure [ 1-6 shows a simple toggle switch that is properly connected to function
WF an input device. Notice that a pull-up resistor is used to ensure that when the switch is open,
@ the output signal is a logic 1; when the switch is closed, it connects to ground, producing a valid

J_F
@Y logic 0 level. The value of the pull-up resistor is not critical—it merely assures that the signal 1s

As was the case for memory chips, such a tri-state buffer is internal and @
therefore invisible. For the simple input ports we use the 741.5244 chip. See PR
"’ Flgure 11-4 for the internal circuitry of the 74LS244. In Figure 11-4, notice that “"f
since G1 and G2 each control only 4 bits of the 7415244, they both must be acti-
7 vated for the 8-bit input. Examine Figure 11-5 to see the use of the 74L.5244 as

The 74LS244 not only plays the role of buffer, but also provides the
" incoming data with sufficient driving capability to travel all the way to the CPU.
jIndeed, the 74L.S244 chip is widely used for buﬂ"enng and providing high driving

capability for unidirectional buses. The 74L.S245 is used for bidirectional buses,
5 Rl Tle Sysems De31g N Lecturer AhmedA Radhl 2020 2021 N
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Input Devices: The Switch

VCC =5V
® The most basic input device » o
® Switches are passive- do not '
produce a voltage, easily present EQP/ST — ;fT::PI“P“t
a logic O to an I/P by grounding it. 1 Uin, High'®
® To make a switch TTL compatible, (Single Pole
a pullup resistor is used as Single Throw)

The pullup resistor does
shown. The value should be the conditioning required to

between 1K and 27K Q. allow the switch to produce
® Why not, say, 400 K €2? a TTL compatible input to

. .. the processor
® Switches bounce... and this is P

often undesirable. Here, processor senses the switch

effect directly- hence bouncing
is a problem, especially if ipput
Is used as a clock

Initial Posn _| |

‘Wrong switch
State Can

Final Posn

VGE
Basic 8-bit Input Interface:
Reads the status of 8 toggle

<pk o8 43R 5k 38 >R -8 5% -3E 5L -8 5% -5k <L -8 -3 -5E 4R 3L o8 oL -y
<ok o8 3k <5k 38 o8 -8 5% 3R 38 58 <38 58 38 -1 -8 -8 5L -5F oL -

al31231231dle  Switches (a byte read)
Pull-up —
Resistors To uP
112345678 U; Gate —>
1] — [16 2l 1A1 1y1[18 D
2| —— 12 = 4 1A2 1y2/16 a
[ ] - 1A3 1y3d4 t
L 3 —m 3 1A4 1v412 a
5 — 12 11 2A1 2V 1 9
- — 11 & 13| ca2 2y2lZ B
r—— ALY 15/ 5A3 2Y3|-2 u
8| wr— |9 £ 171 2a4 2v4l 3 S
0 1 1 1G Outputs: '
1 =
i Toggle switches 29 26 Sglr;z“ge}j/:ci is
= 74ALS244 Selected
) ) ) 3-state buffer  (both G1 and G2 low)
The SEL signal is generated (active low)
By decoding: \ Circuit can be expanded for
- The address for the 1/O port seL  16-bit (word) or 32-bit (DWord)
- The I/O READ operation interfaces
Eo Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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Vee GND
l o B1
Vee 1G W B2
1A-1 1¥-1 B3

—f A-‘ =
— "2 pr—
N I .
he v ™ T
1A-3 hL""'- 1Y-3 | e 8 l—
1A-4 ,{— 1v-4 — AT B7 |—
H J " = AR BR p—
- 2Y-1
2A-1 I DIR (]
2A-2 h; 2Y-2 Direction Enable
control
ns L —2va I
W0 Function Table
24 N EA Direction contrdl
M Enable G DIR Operation
L L B Dala to A Bus
GND 1G L H A Data to B Bus
| s) H X Isolation

ok oL -k 3R 3R <L 58 -8 51 3858 -8 51 5F -8 -k -5F -5F 5L -)
@@@@@@@@@@@@@@@@@@@@@@
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Connection Diagram

Dual-In-Line Package

ENABLE
Vee G B B2 B3I B4 BS Bs BY B8

|2D |1'i 18 |l'.-' |Tﬂ |‘I§ |14 13 |l! |1‘|

REPPEEFy.

YV VNIV TV
éAJAEHH%#\
ST

T— —

1 | 2 |3 4
DIR A

Order Number 54L5245DMQB, 54LS245FMQB, 54L5245LMQB,

DM54L5245J, DM54LS245W, DM74LS245WM or DM74LS245N
See Package Number E20A, J20A, M20B, N20A or W20A

| B | T 'BRE ‘ 10
A5 AE AT AB  GND
D& 131

Function Table

Enable Direction Operation
G Control
DIR
L L B data to A bus
L H A data to B bus
H X Isolation

H = High Level, L = Low Level, X = Irrelevani

ok 5k oL -k 3R -5k 5L >R -3l 51 5 51 -8 3R 3R 38 oL -8 3R -8 51 oL -
Lk 51 oL -3k -5k 3R -8 58 <38 -1 38 >0 -0 58 -8 L o8 -l -5F -5F oL )

E; | Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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Example 11-3
Show the design of “IN AL,9FH” using the 7415244 as a tri-state buffer.

Solution:

9FH is decoded, then ANDed with IOR. To activate OC of the 74LS244, it must be inverted
since OC is an active-low pin. This is shown in Figure 11-5.

74L.S244
N
S0 DO
0 to DO - D7
switches of system
data bus
S7 D7
A — 1G 2G
system 1G
address 3}——‘:
bus —— [—c )°
A7 O —_
IOR

Port Address Decoders

e As with memory addresses, port addresses must also be decoded to
select an I/O device for a particular port number.

e Memory mapped I/O is identical to memory access (with
IO/#M = 0)

e Will consider here only isolated 1/0O (using dedicated instructions: IN,
OUT, etc.)

e Most embedded systems use only fixed |/O addressing:

- i.e. Only the least significant eight address bits A7-A0 are decoded.
Limits number of I/O ports to 256 (enough)

e PC systems used fixed/variable |/O addressing:

- All 16-bits of the I/O address A15-A0 are decoded, allowing the use
of up to 64K ports

e Decoding is simpler than for memory- smaller # of address lines

e |solated I/O transfers are activated using (depending on processor
and mode):

-10/#M =1, M/#10 = 0, #IORC, #IOWC, #RD, #WR, W/#R

@@@@@@@@@@@@@@@@@@@@@@
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Address Decoding for 8 I/O Ports: FO to F7
for the 8088 using 8-bit [/O address

a. Using a Decoder IC

- i Ul Decoder O/Ps
ecoder S P
LS part ﬁ? ))2 é A \ Y0 915_3 14 %i—{{
(Select port X 3 B Yl 1!- m
on decoder) A2 "8 % ﬁ’ m
yspll- E4H : :
A3| O [ Gl Y5 Dlo— FSH To ‘Enable
o< —44 G2A Y6 b—2— m”“ Inputs on the
MS part —3d G2B Y7 oL~ 8 1/0 ports
(Enable decoder
1 U2A 74ALS138
AS |1 1. 3-t0-8 A7 .|...AO
A6 |1 2] L el
A7 13 Decoder 11110 000 = FO 1st
1110001 =F1 27d
Address from uP 74Lst0
) D 111 = F7 7th
Note: #/0O/M decoding should be added
e 16-bit Output Port which allows E,X{jj‘f’fg“?j‘:‘fﬁ?ofﬁ;m;”

uP > The processor to write o
Data Bus Iinto either or both

its two separate bytes D1 Q1 Fa—
A7 A1 gg o e Port 40H
40H =[0100 0000 (mostly zeros = use OR function) D4 Qa 12—
DO = A7+#A6+A5+A4+A3+A2+AK1 #IOWC D6 Qe 18—
1/0 Write

Start with A1 11
U3 GAL22v10/LCC

DO 1 Low Byte Port
BHE o OE
; e L f Y
:769 HP BatalIn  gimijjar to memory,

BT

170

vo 12— = A ! !

SEE wa D

10 28— Determine by g edg

:;8 o5 Narrowest U2 74HCT374

7O _33_ Signal
le} Which is?
DI

By D
()] LS

—18 |,
—2 b CcLK

Port 41H

This part

)
g;

<ol -3k 3R -5k <L >R -8 5% 38 58 -k 5% -5k 3L oL -k -5k L -y

Lk 51 oL -3k -5k 3R -8 58 <38 -1 38 >0 -0 58 -8 L o8 -l -5F -5F oL )

Is the same vcc o—22- vce D5 Qs 58—
For botlQ)‘yte ports | { 33 8‘; “1'6_39
Strobe pP Data|ln
41H =[0100 000f1 H—> ok _
D1 = A7+#A6+A5+A4+A3+A2+A1+#BHE]+ #IOWC 11 oe High Byte Port
-
6 D8-- D15 » Output always enabled:
/ Start with A1 Tri-state feature is not utilized

@ —  Not required for output ports
6 E4 Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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16-bit Input Port: No use of BHE or AQ
(Processor knows which byte it wants)
Buffers must be Tri-State

oo -- D7 L Because their outputs connect to the
Processor data bus!
U4 74HCT244
uP
Data Bus T M
— 14 1 y3 Az bG8 — - -
—alve M
No AO or BHE l—T vs L e —
Y7 AT
N—31ys vy T 2
Dropped AO U1 GAL22LVA0C/LCC oE |-
4IORC— 31 vo HZL— 20E
P— |16
v — 'S e~ Common Strobe for both byte ports | /O Read
- —a Vo 20—
2 9] | ::8 l2a _  (No byte selection for READs) E
5 cm— | 24
i? S : :;8 | 25 U3 74HCT244 Allow External Data In
— 1o 28— No latchin
7-bit address —1a ! vo F2L— ST " At . ( 9)
s —1d v3 A3 2 N —
: Y4 A4 B ort ooH
I/ICLK /42‘9 3 A 1;
vce 0—=28 vee | L A s
. - 7
7-bit address lines [—3vs  aAs L
27 = 128 x 2-byte ports (= 256 byte ports) 1oE g
Simple buffers not latches- Data is available
For long time at I/P
— - U2 74HCT244
g -— D15 :‘ )
T A MR
-.“—JL‘E :?I :: ) _ PortC RO
i i L—=H vs aAs HL—
32-bit Wide I/O, e.g. for 80486 N 5|37 ar [ 15
8 A P

10E
Z0E

Input Port (Read): No bank selection

L3 TAHCTZ244

[~ 18 p oy I
T VA Pl
2 %=
\_15.— -1 .
Dropped - Al U1 GALIBLVBGILGG 12 | ¥3 o Port T1M
x —_— e p— e el BT
femr In vo |1z L 6 g BETY
o == 3l wo 1A — — R a7 2
o0 | A3 ral vo p1i— —3 va AB HE
1 |8 all o Hie 1'P Data Bus ioE 12
1 -~ 1 (Bl
1 |28 1 o H— pry=g BT TR §
AT 2 wo 18—
o —a, 19

o

T —1 1 voE

/ —1b oLk

1 =) AN

veco—20 | oo

6-t;it address lines, allowing access to
29 = 64 x d4-bvte ports (= 256 byte ports)

<pk o8 43R 5k 38 >R -8 5% - 51 -8 5% -5k <L -8 -3 -5E 4R 3L o8 oL -y
|
Lk 51 oL -8 -5k 3R -8 >R <38 51 38 >0 -3 58 -5F L o8 -l -5F -5F 5L )

MY —
b16 -~ D2 < 7 Arpd
oze —— o2 = ==
Es Real Time Systems Design Lecturer: Ahmed A. Radhi 2020-2021
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Use of 74L.5138 as decoder

In current system board design,

Block Diagram

CPLD (complex programmable logic YO lo—
device) chips are used for supporting et A Y1 lo—
logics such as decoders. In the absence Y2 lo—
of CPLD, one could use NANDs, B Y3 jo—
inverters, and 741.S138 chips for Y4 jo—
decoders as we saw in the preceding c Y5 jo—
chapter for memory address decoding. T Y6 o—
The same principle applies to /O o Y7 e—
address decoding. Figure 11-8 shows G2A G2B Gf

the 74LS138. As an example of the use o

of a 74LS138 for an /O address T ‘

decoder, examine Figure 11-9. Notice \ /

how each Y output can control a single Enable

device. Figure 11-9 shows the address

decoding for an input port located at Function Table

address 304H. The Y4 output, together | Inputs
with the IOR signal, controls the | Enabid Select] Outputs
7418244 input buffer. Alternatively, | G1G2|{CBA| YOY1Y2Y3Y4Y5Y6Y7
Y0 along with the IOW control signal | X H [XXX| HHHHHHHH
could be used to control a 74L8373 XXX HHHHHHHH
latch. In other words, each Y output LLLI LHHHHHHH
<7 controls a single 1/0 device. Contrast LLHI HLHHHHHH
@ that with Figure 11-7. The 74LS138 is LHLI HHLHHHHH
~ much more efficient than the use of LHH HHHLHHHH
simple logic gates as decoders. HLL} HHHHLHHH
HLH HHHHHLHH
LLL HHHHHHLH
HHH HHHHHHHL

Figure 11-8. 74L.5138 Decoder

T IrTIrTIT T T T ITr
e X

ime Systems Des




@ 7415244
@ 74L5138 T — XD0
A0 % switches buffered
@ A1 B L data bus
@ A2—C OoC OC |—— XD7
AEN ——o|G7A L
A3 —o|G2B
@ A4 71 i -
& - T
ort Address 304H
AS IOR
@ Figure 11-9. Using 74LS138 for I/O Address Decoder
© o
DO 1Y1 |
© e — F”ﬁ“ﬁ W=
La = N—] . & . —
e =
@ D7 T 2v1 N— D7 Q7 —
e
6 o Trmr H
A0 A EEYD o
Al B = . & DO =t QOo—
@ oW C A: e
A3—G15 " P L4 - =
G2 7 N ) -
@ I—gIGZB P D7 Q7 —
OC
&
Ad A O D.'ﬂwr Q_ﬂ _—
Y0 r— _—
AS B = . g . % .
& = C A8 g =
A9Q——IG1 = D7 Q7
A7 G2A Y73 o —
Ao—=G2B T CLK _|—
@ o—1 DO QO [—
A o
6 e 2
o Switch * # * —_
& : o
P +F—POK

666
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EX: Design 8086 MPU interfacing circuit has TWO 7- segment at the address
@ A0=0 and A0=1 then write the instructions to display NO. 98 on it? @
& > &
- 2 19 a
© - af ] &
D2 z D2 E o2 1B 180F q
@ D3 = =103 15 03 fz—[JB0R : @
04 wem = 04 ") 04 4 180R T
e = 5108 =1 S0
@ D7 lp7  o7H2 [9a0R |48 ) @
P fjiE
& L ©
& o ©
2 19 a
© e eltmme—— | ©
o 3] 2102 ¥ 027z 160R |—
© o ofoe 5 e &
2, £joe 5 oo 0 —
@ S A Jip7 o7 M2 [TaoR 4o & @
ﬂ 1 LS32 CP DE
® .-l ff ©
JSEL - 51 )
@ g BCD G|F|E|D|C|BI| A @
@ 0 0000 o(1(1(1 1 (1]1 @
@ MOV DX,0100 1 o001 |olololol1]1]o0 @
MOV AL,20 2 0010 1101 (1(0]1]1
@ OUT DL,AL 3 o011 | 1jojo 1 /1)1 )1 @
@ MOV AL 00 4 0100 1(1(0(0 1|10 @
’ 5 0101 1(1(0f1]|1]0]1
@ OUT DH.AL 6 o110 | 1l1f1]1l1lo]1 @
@ INT 3 7 0111 | o|ojofo|1]1]1 @
8 1000 1(1(1(1 11|11
@ 9 1001 1(1(0(1 1|11 @
@ E Lecturer: Ahmed A. Radhi 2020-2021 @
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FIGURE 5 : Wiring of 7-segment LED display
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DIGIT

SEGMENTS ACTIVATED

=

B = B I R R R P

abodef

&b deg
abodg

acdefg

abhodefs
abedfe

Tahle 2 : Active segments for each decimal

digit.
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