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— 1/0 looks just like memory read/write ' -

— No special commands for I/O

— Large selection of memory access commands available

Isolated I/O ¢
— Separate address spaces

— Need I/O or memory select line
— Special commands for I/0 °
» Limited set

Communicating with I/O devices using IN and OUT
instructions is referred to isolated I/O.

However, there are many microprocessors, such as the
new RISC processors, that do not have IN and OUT inst
In such cases these microprocessors use what is called
memory-mapped I/O.

In memory-mapped I/O, a memory location is assigned to
be an input or output port.




8088/8086 INPUT/OUTPUT INSTRUCTIONS (Isolated)
All x86 microprocessors, from the 8088 to the Pentium, can access external

devices called ports using I/0 instructions.

The x86 CPU is one of the few processors that have I/0O space in addition to

memory space.
Memory can contain both opcodes and data
I/O ports contain data only. Two instructions: “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.

Format | Inputting data Outputting data Adress rang
) IN dast,source OUT dest, source |00-FF
IN AL, port # OUT port #, AL A0 -A7
) MOV DX, port# |MOV DX, port# |0000—-FFFF
IN AL,DX OUT DX, AL A0-A15

Example : 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: (format(1)..256 port)

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




Format (2):

Inputting Data Outputting Data
MOV DX,port# MOV DX,port#
IN AL,DX OUT DX,AL

* 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.

e The 16-bit port address is carried on address bus A0 — A15

e 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.

Example:

* The following program sends values 55H and AAH to I/O port
address 300H (a 16-bit port address); the program toggles the
bits of port address 300H continuously.

BACK: MOV DX,300H ;DX = port address 300H
MOV AL,55H
OUT DX,AL ;toggle the bits
MOV AL,0AAH
OUT DX,AL ;toggle the bits
JMP BACK

* We can only use register DX for 16-bit /0O addresses.
Also notice the use of register AL for 8-bit data.

» The following code transfers the contents of register BL
to port address 378H.

MOV DX,378H ;DX=378 the port address
MOV AL,BL :load data into accumulator

OUT DX,AL ;write contents of AL to port
:whose address is in DX

» The following program gets data from port address 300H
and sends it to port address 302H.

MOV DX,300H ; load port address
IN AL,DX ;bring in data
MOV DX,302H

ouT DX,AL :send it out




ADDRESS DECODING AND 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 internal latch to grab the data, a latching
system must be designed for simple I/O ports.

e The 74LS373 can be used for this purpose.

* The concept of address bus decoding for I/O instructions 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. If the port address is 16-bit (using DX), AO - Al5 is decoded.
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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.
Indeed, the 7418244 chip is widely used for buffering and providing high driving
capability for unidirectional buses. The 7418245 is used for bidirectional buses,

Input port design using the Octal buffer74LS244 Ve 10

A 171
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data bus, it must come in through a e
three-state (tri-state) buffer. LT S 2
A tri-state buffer is internal and ﬁ__q_[_ w4
therefore invisible. -1

» For the simple input ports we use
the 74LS244 chip.
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Figure 11-9. Using 74LS138 for VO Address Decoder




8255 PPI CHlP ( Parallel Peripheral Interface)

* One of the most widely used 1/0
chips.

e Itis a 40-pin DIP chip and has
three separately accessible ports,
A, B, and C, which can be
programmed, hence the name
PPI (programmable peripheral
interface).

* The individual ports can be
programmed to be input or
output.

| They can also be changed

dynamically, in contrast to the

74L.S244 and 74LS373, which
are hard-wired.

O 1 PA3 UPM 40
0 2 PA2 PA5S 39
O 3 PA1 PAG 38
O 4 PAO PA7 37
0 5RD WR 36
OsCs RESET 35
g7GND g DO 34
8 A1 D1 33
09 A0 2 D2 32
10 PC7 5 03 3
111 PC6 D4

oi2rpcs 5 ps 29
J13rcs A D6 28
] 14 PCO D7 27
15 PC1 Voo 26
16 PC2 PBY 25
=17 PC3 PB6 24
o 18 PBO PB5 23
118 PE1 PB4 22
O 20 PB2 PB3 21

000000000000 0000000D

Figure 11-11. 8255 PPI Chip

Port A (PAO - PA7) (8-bit port)

¢ Port A can be programmed all as 1/O port.

Port B (PB0 - PB7) (8-bit port)

< Port B can be programmed all as 1/0O port

Port C (PCO - PC7) (8-bit port)
¢ Port C can programmed all as 1/O. It can

be split into two parts, CU (upper bits PC4 -
PC7) and CL (lower bits PCO — PC3). Each can

be used for I/O individually.
RD and WR

« If the 8255 is using peripheral I/O design,
and IOW of the system bus are connected to

these two pins. If the port uses memory-
mapped I/0, MEMR and MEMW activate

RESET

e This is an active-high signal input into the 8255

used to clear the control register. When

RESET is activated, all ports are initialized as
input ports. This pin must be connected to the
RESET output of the system bus or ground,

8255 PP| CHIP
O 1 PA3 UF‘M 400
02 PA2 PAS 390
also O3 PAt PA6 3810
O 4 PAD PA7 370
C15R0 WR 3601
0scs RESET 350
g76ND g DO 3O
08 A1 D1 330
OsaAa 2 D2 ag
IOR OitorC7 g D3 313
o] 11 PCE D4 300
dizecs 3 s 20lo
o13rca A D6 280
them. O 14 PCO 07 2713
O 15 PC1 Vee 26|10
0 16 PC2 PB7 25|00
0117 PC3 PB6 24|01
01 18 PBO PB5 23|00
119 PB1 PB4 22101
O 20 PB2 PB3 21|00

making it inactive. Like all IC input pins, it

should not be left unconnected.

Figure 11-11. 8255 PPI Chip




8255 PPI CHIP

A0, Al, and CS

. Whllle CSs (chip select) selects the d1ras N\ _pras a0o
entire chip, address pins A0 and Al o2 Paz PAS 3001
select the specific port within the O 3 PA1 PAG 380
8255 Ol 4 PAO pA7 3703

' ) O15RD WR 3601

e These three pins are used to access sCs RESET 380

ports A. B, C, or the control register, H7GND g Do 34 g

; e A1 D1 33

as shown in Table o a0 2 D2 1210

10 PCY 5 D3 313

o] 11 PC6 D4 30|83

CS | Al A0 Selects =izpcs B D5 2801

cj13rPcd A D6 2801

0 0 0 |PortA o 14 PCO D7 270

15 PC1 Veo 260

0 0 1 Port B ] 16 PC2 PBY 25|03

17 PC3 PBE 24|03

0 1 0 Port C ] 18 PBO PB5 23|03

- 1 19 PB1 PB4 22|01

0 1 1 Control Register 120 PBZ B3 710
1 X X | 8255 is not Figure 11-11. 8255 PPI Chip

selected

Mode selection of the 8255A

While ports A, B, and C are used for I/O data, it is the control

register that must be programmed to select the operation
mode of the three ports A, B, and C. The ports of the 8255
can be programmed in any of the following modes.

Mode 0, simple 1/0 mode. In this mode, any of the ports
A, B, CL, and CU can be programmed as input or output.
In this mode, all bits are out or all are in.  In other words,
there is no control of individual bits. Mode 0 is the most
widely used mode in current system I/O interfacing design.

Mode 1. In this mode, ports A and B can be used as input
or output ports with handshaking capabilities. This mode is
not used due to timing incompatibility with devices such as
the printer.

Mode 2. In this mode, port A can be used as a bidirectional
I/O port with handshaking capabilities. This mode is rarely
used.

BSR mode (Bit set/reset)




e The 8255 chip is programmed in any of the modes
(Mode 0, 1 or 2) by sending a byte (or control word) to
the control register of the 8255. For example to make
ports A, B, and C input or output ports, we make D7 =
1 according to Figure 11-12.

ID?IDE[DGIDdllJaIDEINIDDl
|

Group A Group B
Port C Port C
{Upper. PCT - PC4) (Lower: PC3 - PCO)
1 = input; 0 = output 1 = input; 0 = output
Port A (PotB |
1 = input; 0 = output 1 = input; 0 = outpul
Mode Selection Mode Selection
00 = Mode D 0 =Mode O
01 = Mode 1 1 = Mode 1
1x = Mode 2
1 = O Mode
0 = BSR Mode

Figure 11-12. 8255 Contrel Word Format (I/0O Mede)

e [fD7 =0, we have BSR mode. In BSR (bit set/reset) mode, the
bits of port C are programmed individually. This mode is also

rarely used.
[o7 [ pe [ os [ o4 Jos]oz]ot]oo]
e |
[ Crean A Cirewm B
Croup A Croup B
L Port C L Port C
e (Upper: PCT - PC4} (Lower: PC3 - PCO)
1 = input; 0 = output 1 =input; 0 = output
Port A Port B
1 = input; 0 = output 1 =input; 0 = output
Mode Selection Mode Selection
00 = Mode 0 0 = Mode 0
01 = Mode 1 1= Mode 1
1x = Mode 2

1 = O Mode
0= BSR Mode

Figure 11-12. 8255 Control Word Format (/O Mode)

* To select simple 1/0 mode of 0, we need 1000 0000 as the control word.

 Similarly, to get PB as input, and PA and all of PC as output, we must
have 1000 0010 or 82H for the control word.




Example 11-4: Find the control word if PA = out, PB = in,
PCO- PC3 = in, and PC4 - PC7 = out. (Mode 0)

Solution:

From Figure 11-12 we get the control word of 1000 0011 in
binary or 83H

10 0 0 0 01 1 =83H

[mlm[ns|m|ua|m[m]oo|
1

Group A Group B

Port C Port C
(Upper: PC7 - PC4) (Lower: PC3 - PCO)
1 =input; 0 = output 1 =input; 0 = output

Port A Port B

1 = input; 0 = output 1 =input; 0 = outpul
Mode Selection Mods Selection

00 = Mode 0 0 =Mode 0

01 = Mode 1 1= Mode 1
1x = Mede 2

1 =10 Mode
0=BSR Mode

Figure 11-12. 8255 Contral Word Format (/O Mede)

(b) Find the control byte (word) for this configuration. Port A
as input, B as output, and all the bits of port C as output.
Solution: (Mode 0)
(b) The control word is 90H, or 1001 0000.
1 0 0 1 0 0 0 O =90H

[m|m[ns|m|ua|m|m|oo|
1

Group A Group B
Port C Port C
{Upper: PC7 - PC4) {Lower: PC3 - PCO)
1 =input; 0 = output 1 = input; 0 = output
Port A Port B
1 = input; 0 = autput ) 1 = input, 0 = outpul
Mode Selection Mode Selection
00 = Mode 0 0 =Mode 0
01 = Mode 1 1 =Mode 1
1x = Mode 2

1 = 1/O Mode
0 = BSR Mode

Figure 11-12. 8255 Control Word Format (/O Mode)




Example : The 8255 shown in Figure 11-13 is configured as
follows: port A as input, B as output, and all the bits of port C
as output. (Mode 0)

(a) Find the port addresses assigned to A, B, C, and the control
register.

(b) Find the control byte (word) for this configuration. (Mode 0)

D - emmmmmigpe-| DO
D7 D7 [etlff— A
ow——WR s B
AZ —9 IOR—— RD | o
:; g :?: :? p—- CU
AEN —) olcs

Figure 11-13, 8255 Configuration for Exampla 11-5

(a) Find the port addresses assigned to A, B, C, and the control

register.
(a) The port addresses are as follows: (See Table 11-3)
Cs Al AO Address Port Mode 0
11000100 0 0 310H Port A (Mode 0)
11000100 0 1 311H Port B
11000100 1 0 312H Port C
11000100 1 1 313H Control register
DO g | DO
D7 D7 [ oatff— A
oW—| WR —
A2 —g ICR—— RD | o
AD— AD
:; g A A1 — U
AEN —O ocs

Figure 11-13, 8255 Configuration for Example 11-5




Example 4-5
O (Mode 0)

The 8255 shown in Figure 4-6 is configured as follows: port A as input, B as output, and all the bits o
port C as output.

(a) Find the port addresses assigned to A, B, C, and the control register.

(b) Find the control byte (word) for this configuration.

(0) Procran tha o,
\© Tregram

i3S POTis 10 inpui daia frum port A and send 1t to both ports B and C.

Solution:

(a) The port addresses are as follows:

Cs* Al A0 Address Port

0101 00 0 0 50H PortA

0101 00 0 1 S1H Port B

0101 00 1 0 52H Port C

0101 00 1 1 53H Control register

(b) The control word is 90H, or 1001 0000,

(c) One version of the Pprogram is as follows:

MOV AL 90H ;control byte PA=in, PB=out, PC=out
OUT 53H,AL ;send it to control register
IN AL,50H ;get the data from PA
OUT SIHAL ;send it to both PB
OUT 52H,AL ; and PC
Using the EQU directive one can rewrite the above program as follows:
PORTA EQU 50H
PORTB EQU S5IH
PORTC EQU 52H
CNTLREG FOQIT - s2m
MOV  AL,90H ;control byte PA=in, PB=out, PC=out
OUT CNTLREG,AL ;send it to control register
N AL,PORTA ;get the data from PA i
OUT PORTB,AL ;send it to both PB |
OUT PORTC,AL ; and PC |
[ EXampIc 3-0

(a) Find the port address for Figure 4-7. . ) 3
i i = =] - =i 'C4 - PC7=out.
b) Find the control word if PA =out, PB=in, PCO PC?_) in, and P C’ )
Ec)) Pll':gram the 8255 to get data from port A and send it to port B. In addition, data from PCL is (M ode 0)

send out to the PCU.

So

~ °°<;:'> Do :‘ > A
(a) The port addresses are as follows: D7 D7
Ccs* Al A0 Address Port Ev — !R <: B
ol 0 0 7CH Port A JOR —|RD
o n 0 1 7DH PortE " —~ A0 A0 1 oL
0111 11 i g TEH Pori C . A2 Al A1 N—
0111 11 1 1 TFH Control register ~

(b) The control word is 83H, or 1000 0011.

guration for Example 4-6

(c) The code is as follows.

MOV AL,83H ;control byte PA=out, PB=in, PCL=in, PCU=out

OUT 7FH,AL ;send it to control register

N AL,7DH ;get the data from PB

OUT 7CHAL ;send it to PA

IN AL,7EH ;get the bits from PCL

AND AL,0FH ;mask the upper bits

ROL AL,Ll )

ROL AL, ;shift the bits

ROL AL, ;to upper position

ROL AL,

QOUT 7EH,AL ;send it to PCU
Al ly, the-four i ions above of "ROL AL,1" could be replaced with the following two
instructions:

MOV CL4 scount =4

ROL AL,CL srotate 4 times

11



BSR Mode

D7 D6 D5 D4 D3 D2 D1 DO

0 X X X Bit Select SR

| . L Set=
BSR Mode ] Reset =

Not Used, 000 =Bit0
Generally Set=0 001 = Bit 1
010 =Bit2
011 =Bit3
100 = Bit4
101 =Bit5
110 =Bit6
111 =Bit7

:DW
D7
BSR Example 4.7 oW —— WR

IOR —— RD

PCal—>
A2 A0 — A0
—q
— A1 — A1
-—0 cs
—q
A7 |

Figure 4-9. Configuration for Example 4-7

Exam_ale 4-7

Solution:

word. The x’s are for "don’t care” and generally are set to zero.

MOV  AL,00001001R ;load the control byte (PC4=1)
OUT 93H,AL ;set PC4 to high, sent to control reg
CALL DELAY ;time for the high part of pulse
MOV  AL;00001000B ;load the control byte (PC4=0)
OUT 93.AL ;set PC4 to low, sent to control reg
CALL DELAY ;time for the low part of pulse

various methods of writing a DELAY subroutine. Some are shown in Chapter 5.

Program PC4 of the 8255 in Figure 4-9 to generate a pulse of 50 ms with 50% duty cycle.

To program the 8255 in BSR mode, bit D7 of the control word: must be low. For PC4 to be high, we
need a control word-of "0xxx1001". Likewise; for low we would need "0xxx1000" as the control

In the above program, in the instruction "MOV AL,00001001B" the B stands for binary. There are

12



Homework::

DO-H— Do
D7 D7 |\
oW 7R — o
A2 :Q IOR—— RD

e - CL
Eg A0 A0
’ i; —4 A1—— A1 - C U
‘ AEN — ==

DOH DO
D7 D7 ﬁ A
A2 —d TOR—RD i
_CI: AD AD il
AT — Al—— A1 - CL
AY —— e
AEN ——a cs

Polling & Interrupts

» 2 techniques are available to service external devices:
— Polling
— Interrupts
Polling:
— CPU periodically polls ALL external devices & takes
action if required
Interrupts:

— external device indicates request for attention by
sending a signal via a control line

— it stops the current CPU activity and responds to the
device that requested attention

Polling:
« if the frequency of polling is high — a significant overhead is
incurred on a CPU

* If, however, the frequency of polling is low - events may be
undetected - data lost due to latency etc.
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Polling

_—l Run Program

v

Interrogate
device 1
in the main program ves —
(by a programmer, subroutine
in advance) =
Interrogate
device 2
Yes Device
subroutine
No
V=
Interrogate
device n
Yes Device
subroutine
No
=
Interrupts
Run Program Run Program
) Interrupt ) Timer
interrupt 0 > service LU g— response
asserted N Interrupt
routine Program
return registers return
rom stack
A f Interrupt Emergency
interrupt 1 > service Emergency > response
asserted ; button
routine interrupt programm
return registers return

@

Three kinds:

from stack

(®)

Software interrupts — initiated by the INT instruction
Hardware interrupts — originate in peripheral hardware and : Internal interrupts

Exceptions — occur in response to error states in the processor
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