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— Devices and memory share an address space -

— T/0 looks just like memory read/write

— No special commands for I/0

— Large selection of memory access commands available

Isolated I/O

— Separate address spaces

— Need I/0O or memory select lines

— Special commands for I/O

¢ Limited set

Communicating with 1/O devices using IN and OUT
instructions is referred to asperipheral I/O or isolated I/O.

However, there are many microprocessors, such as the new
RISC processors, that do not have IN and OUT instructions.

In such cases these microprocessors use what is called
memory-mapped I/0.

In memory-mapped I/0, a memory location is assigned to be
an input or output port.




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

devices called ports using 1/0 instructions.

The x86 CPU is one of the few processors that have 1/0 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 AQ -A7
2 MOV DX, port# |MOV DX, port# |0000- FFFF
IN AL,DX OUT DX, AL A0- A15




8-bit data ports

« The 8-bit port uses the DO - D7 data bus to
communicate with 1/0 devices.

Instructions OUT and IN have the following formats:
Inputting Data Outputting Data
IN AL,port# OUT port#,AL

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.

MOV AL,36H ;AL=36H
OUT 43H,AL ;send value 36H to port address 43H




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:

BACK: IN AL,22H ;get the temperature from port # 22H
CMP AL,100 ;is temp = 100?
JNZ BACK ;if not, keep monitoring

MOVBH,Y’ ;temp =100, load ‘Y’ into BH




Format:

Inputting Data Outputting Data
(2) MoV DX,port# MOV DX,port#
IN AL,DX OUT DX,AL

e 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

* 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 /O 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 1/O ports.

 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, AO — A7 is decoded.

3. If the port address is 16-bit (using DX), AO - Al5 is
decoded.
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EXAMPLES:

T4LS244
I
S0 Do
. 0 to DO - D7
switches of system
data bus
S7 D7
Al —— = —
system 1G 2G
address ™1
bus ——qf
AT L
IOR
Figure 11-5. Design for “IN AL 9FH"
T4L5244
S0 P> Do
switches D4 > to system
data bus
s7 o7
AD ———
— 1G 2G
system ——]
address —
bus E—
AT —0 %
IOR

Figure 11-6. Input port design for “IN AL 5FH"




IN port design using the 74L.S244

When data is coming in
by way of a data bus, it
must come in through a
three-state buffer.

This is referred to as
tristated, which comes
from the term tri-state
buffer.

A tri-state buffer is
internal and therefore
invisible.

For the simple input ports
we use the 74LS244 chip.
See Figure 11-4.

Notice that since 1G and
2G each control only 4
bits of the 74L.S244, they
both must be activated for
the 8-bit input

—— |
1A-1 N Lhin
1A3 :I:_ 1Y-2
1A~ ™ -3
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___laas M Y4
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7415244 Octal Buffer




The design of “IN AL,9FH” T4LS24

using the 74LS244 as a 5 > 00
tri-state buffer is depicted " toD0-07
bel W of system
elow. & 0 data bus
AG: | S—
system —] G 2
address ™|
bus
A?ﬂ _
IOR
74L5244
S | xDo
7405138 ; s
:E__g = data bus
A2—1C OC OC |— XD7
AEN ——o| G2A -
A3 —o|GZB
= w—=D——
G1
A9 Port Address 304H

Figure 11-8. Using 74LS138 for VO Address Decoder




One of the most widely used I/0O d1ras . Jrm a0l
chips. 0 2 PA2 PAS 39 |0
It is a 40-pin DIP chip and has = B Pas 380
three separately accessible ports, |5 RD WR 36 01
A, B, and C, which can be = i iy =
programmed, hence the name deat 8 p1afp
PPI (programmable peripheral Hoa 2 D23Q
. O 10 PCY 5 D3 31|\
interface). c1tPocs o D4 300
The individual ports can be 012 PG5 DS 29 1
: cl13pPcs A D6 28|03
programmed to be input or o 14 PCO D7 27 10
output. O 15 PCi Voo 26 [
16 PC2 PB7Y 25|01
They can also be changed 0 17 PC3 PB6 24 |03
dynamically, in contrast to the ] 18 PBO PB5 23 g
7415244 and 74LS373, which = Bl R
are hard-wired.

Figure 11-11. 8255 PPI Chip




8255 PPI CH

Port A (PAO - PA7) (8-bit port)
* Port A can be programmed all as
input or all as output.

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

» Port B can be programmed all as
input or all as output.

Port C (PCO - PC7) (8-bit port)

e Port C can be all input or all
output. It can also be split into
two parts, CU (upper bits PC4 -
PC7) and CL (lower bits PCO —
PC3). Each can be used for input
or output. Any of PCO to PC7 can
be programmed individually.

P

O0OoOoooooooooapopooon

1PA3
2 PA2
3 PA1
4 PAD
5RD
6CS
7 GND
8 A1
8 AC
10 PC7
11 PCB
12 PC5
13 PC4
14 PCO
15 PC1
16 PC2
17 PC3
18 PBD
19 PB1
20 PB2
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p - I I ]
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PAT
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RESET
Do
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D4
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Voo
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FB4
PB3

39
38
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a8
35
34
33
32
H
30
29
28
27
26
25
24
23
22
21

Oo00O000000000O0000000

Figure 11-11. 8255 PPI Chip




RD and WR

RESET

8255 PPI CH

P

If the 8255 is using peripheral I/O
design, IOR and IOW of the system
bus are connected to these two pins.

If the port uses memory-mapped 1/O,
MEMR and MEMW activate them.

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, making it
inactive. Like all IC input pins, it

O0OoOoooooooooapopooon

should not be left unconnected. This

1PA3 \\_/PM 4010
2 PA2 PAS 390
3 PA1 PAG 380
4 PAD PAT 3703
5 RD WR 360
B8CS RESET 360
7 GND 8 D0 34 |0
8 A1 D1 33|80
8 AC 2 D2 32|13
10PC7T 5§ D3 31 |3
11 PCB 5 D4 300
12 PC5 Ds 29(0
13PC4 A De 28O
14 PCO 07 273
15 PC1 Voo 26|08
16 PC2 PB7 25O
17 PC3 PBE 24 [
18 PBD PB5 23|
19 PB4 PB4 22|03
20 PB2 PB3 21|03

pin can be grounded.

Figure 11-11. 8255 PPI Chip




A0, A1, and CS

* While CS (chip select) selects the S1ras A pas a0lD
entire chip, address pins A0 and Al 0 2 PA2 PAS 39 [0
select the specific port within the O 3 PA1 PAG 3810
8255 O 4 PaD PA7 3710
’ ) ] 5 RD WR 36 [0
» These three pins are used to access 6CS RESET 35[0
ports A. B, C, or the control register, g ;iﬁﬁ 8 E? 3‘; g
as shown in Table d9 A 2 21O
O 10 PCY 5 D3 31|\
o 11 PCB D4 30|00
CS | A1 | A0 Selects H1i2pcs S D5 2901
cji3rPcs A D6 280
0 0 0 Port A 1 14 PCO D7 2713
O 15 PC1 Veo 2610
0 0 1 PortB 1 16 PC2 PB7 25|
317 PC3 PBS 24 O
] 1 0 |PortC C1 18 PBD PB5 23|03
- 1 19 PB1 PB4 22|01
0 1 1 Control Register ] 20 PB2 PB3 21|23

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 1/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/0 port with handshaking capabilities. This mode is rarely
used.




» 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.

imlm]ns|m|03rm|m|no|
L

-} Group A Group B
E PortC Port C
Y & (Upper: PCT - PC4)

(Lower: PC3 - PCQ)
1 = input; 0 = output 1 = input; 0 = output
Port A Port B
1 = input; 0 = output 1 = input; 0 = outpul
Mode Selection Mode Selection
00 = Mode 0 0 =Mode 0
01 = Mode 1 1 = Mode 1
1% = Mode 2 -
1 = WO Mode
0 = BSR Mode

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




* Notice from Figure 11-12 that we must set D7 = 1 to get the above
I/O modes of 0,1, and 2. If D7 = 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 | os [ os [ os | os | o2] ot ] oo

=]

Group A Group B
Port C Port C
: (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 = outpul
Mode Selection Mode Selection
00 = Mode 0 0 = Mode O
01 = Mode 1 1 = Mode 1
1x = Mode 2
1 = WO Mode
0 = BSR Mode

Figure 11-12. 8255 Control Word Format (/0 Mode)
 To select simple /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.
Solution:

From Figure 11-12 we get the control word of 1000 0011 in

binary or 83H

10 O 0O 0 01 1 =83H
|m|m[ns|m|ua|me|no|
b ’ Group A Group B
& Port C Port C
St (Upper: PC7 - PC4) (Lower: PC3 - PCQ)
1 = input; 0 = output 1 =input; 0 = output
Port A Port B
1 =iinput; 0 = output 1 =input; 0 = outpul
Mode Selection Mode Selection
00 = Mode O 0 =Mode 0
01 = Mode 1 1 = Mode 1
1% = Mode 2 -
1 = O Mode
0= BSR Mode

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




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

1 0 0 1 0 O O O =90H
imlm[ns|m|na|me|no|
1

A% Group A Group B
é Port C 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 = outpul
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)




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.

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

control register.

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

D7y D7
oW—| W

A2 — IOCR——RD
AQ—— AD

:; gD}_‘ A1 A1
AEN —0 ol C8

opfff— A
p—-  H

—.  CL

—— V)

Figure 11-13, B255 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
11000100 O O 310H Port A
11000100 0O 1 311H Port B
11000100 1 0 312H Port C
11000100 1 1 313H Control register
DO g | 00
D7 D7 etiff—
oW——{ R —
A2 —qg IOR—— RD _ o
AD—] AD
:; g A1 Al —- C
AEN —0 ol C8

Figure 11-13, B255 Configuration for Exampla 11-5




Example 4-5

port C as output.

Solution:

(a) The port addresses are as follows:

(b) The control word is 90H, or 1001 0000.
(c) One version of the program is as follows:

MOV AL,90H
OUT 53H,AL
IN AL,50H
OUT S5IHAL
OUT 52H,AL

PORTA EQU 50H
PORTB EQU S5IH
PORTC EQU 52H
CNTLREG EQU 53H
i\‘/‘IOV AL,90H

OUT CNTLREG,AL
IN AL,PORTA
OUT PORTB,AL
OUT PORTC,AL

Ccs* Al A0 Address
0101 00 0 0 50H
0101 00 0 1 51H
0101 00 1 0 52H
0101 00 1 1 53H

Using the EQU directive one can rewrite the above program as follows:

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

(a) Find the port addresses assigned to A, B, C, and the control register.
(b) Find the control byte (word) for this configuration.
(¢) Program the ports to input data from port A and send it to both ports B and C.

Port

Port A

Port B

Port C

Control register

;control byte PA=in, PB=out, PC=out
;send it to control register

;get the data from PA

;send it to both PB

; and PC

scontrol byte PA=in, PB=out, PC=out
;send it to control register

;get the data from PA

;send it to both PB

; and PC

Figure 4-6. 8255 Configuration for Example 4-5
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Example 4-5

Control Word

[o7 o6 [ o5 [ps [ D3 |02

Figure 4-5. 8255 Control Word Format (/0 Mode) -




Example 4-6

Example 4-6

(a) Find the port address for Figure 4-7.

(b) Find the control word if PA =out, PB=in, PC0 - PC3 =in, and PC4 - PC7=out.

(c) Program the 8255 to get data from port A and send it to port B. In addition, data from PCL is
send out to the PCU.

Solution:

(@) The port addresses are as follows:

Cs* Al A0 Address Port

0111 11 0 0 7CH Port A

o111 11 0 1 7DH Port B

0111 11 1 0 7TEH Port C

0111 11 1 1 7FH Control register

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

(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
IN AL,7DH ;get the data from PB
OUT 7CHAL ;send it to PA

IN AL,7EH ;get the bits from PCL
AND AL, OFH ;mask the upper bits
ROL AL,(1

ROL AL, ;shift the bits

ROL AL, ;to upper position

ROL AL,

OUT 7EH,AL ;send it to PCU

Alternately, the four instructions above of "ROL AL,1" could be replaced with the following two
instructions:

MOV CL4 scount = 4
ROL ALCIL ;rotate 4 times
| DO DO
D7<#> D7 >:> A
oW — WR <,t B
IOR —RD
A2 A0 — A0 <[_'T_ cL
A1 — A1
3 :> cu
[ A7

Figure 4-7. Configuration for Example 4-6

Control Word

[o7 T os [os [ps |03

[ o2 [ o1

Figure 4-5. 8255 Control Word Format (/O Mode)
i 1983)




BSR Mode

D7

D6 D5 D4

D3

D2 D1

DO

0

X X

X

Bit Select

S/R

!

BSR Mode

|

Not Used,
Generally Set=0

000=8Bit0

001 =8Bit 1

010=Bit2

011 =Bit3

100 = Bit 4

101 =Bit5

110=Bit 6

111=Bit7

L Set =

Reset = 0




BSR Example 4.7

(Keprinted by permission of Intel Corporation, Copyright Intel Corp. 1983)

‘;D Do
D7
IOW —— WR
IOR —— RD PC4 ;
A2 A0 — A0
— A1l — A1
—Q c_s
A7

Figure 4-9. Configuration for Example 4-7

Example 4-7
Program PC4 of the 8255 in Figure 4-9 to generate a pulse of 50 ms with 50% duty cycle.

Solution:

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
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 93HAL ;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 93AL ;set PC4 to low, sent to control reg
CALL DELAY ;time for the low part of pulse

In the above program, in the instruction "MOV AL,00001001B" the B stands for binary. There are
various methods of writing a DELAY subroutine. Some are shown in Chapter 5.




Homwork::

D0 g 3| DO
D7 D7 i A
oW—{WR — ¢
A2 [OR—— RD
j - CL
E§ A0— AD
2; = Al— A1 - CU
AEN —a olex
DO@, DO
D7 D7 p—- A
IOW—— WR —
A2 — TOR—— RD oL
— A0
p— AD—
AT —( A1—— A1 - CU
A9 —— -
AEN —C —0|CS




Polling & Interrupts

» 2techniques 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.




Polling

e must be written
In the main
program (by a
programmer, in
advance)

 high level
language used

Device

subroutine

Device
subroutine

Device
subroutine




Interrupts

Run Program

‘ Interrupt
interrupt 0 A ! > .
—> service
asserted '
; routine
. |
return registers
from stack
Interrupt
interrupt 1 > | .
B service
asserted H
routine

Three kinds:

return registers
from stack

Timer
Interrupt

Emergency
button
interrupt

Run Program

1

Timer
Tresponse

Program

return

—_>

Emergency

L response

programm

return

(b)

Software interrupts — initiated by the INT instruction
Hardware interrupts — originate in peripheral hardware
Exceptions — occur in response to error states in the processor




