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"
/O Instructions

m Two types:

Transfer data between the processor accumulator (AL, AX, EAX)
register and I/O device: IN and OUT

Transfer string data between memory and 1/O device directly. INS
and OUTS (for processors above 8086)

IN & OUT:

m The IN instruction (I/O Read): Inputs data from an external 1/0
device to the accumulator.

m The OUT instruction (I/O Write): Copies the contents of the
accumulator out to an external 1/O device.

m The accumulator is:
AL (for 8-bit I/O),
AX (for 16-bit I/O),
EAX (for 32-bit 1/0O).
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"
/O Addresses

m As v;/ith memory, 1/O devices have I/O addresses (addresses for the 1/0O
port

m  Up to 64K I/O bytes can be addressed

m The 16-bit port address appears on address bus bits A15-A0 This allows
I/O devices at addresses 0000H-FFFFH

FFFF

m  Two ways to specify an I/O port address:

An 8-bit immediate (fixed) address. For example: 64K x 8
IN AX, p8 ; Reads a word from port p8

OOOOH-00FFH (can only see the first 256 addresses)

0000

A 16-bit address located in register DX. For example: /O Space
OUT DX, AL ; Outputs the byte in AL to the port whose address is in DX
OOOOH-FFFFH (upto 64K addresses).

l.e. High port addresses are accessible only through DX addressing
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"
/O Addresses

m  As with memory, I/O ports are also organized as bytes
m Aportcanbe 1, 2, or 4 bytes wide

00F3H Port is 4 bytes wide
O0F2H
““““““““ “T|EAX|T T
00E1H Port is 2 bytes wide
- SRR -
Port Address p8 s 0QFOH LS Byte AL Port is 1 byte wide
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"
/O Instructions

Instruction Data Width Function

IN AL, p8 8 A byte is input into AL from port p8

IN AX, p8 16 A word is input into AX from port p8

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

IN AL, DX 8 A byte is input into AL from the port addressed by DX

IN AX, DX 16 A word is input into AX from the port addressed by DX

IN EAX, DX 32 A doubleword is input into EAX from the port addressed by DX

INSB B A byte is input from the port addressed byDXand stored into the extra segment
memory location addressed by DI, then DI = DI + 1

INSW 16 A word is input from the port addressed by DX and stored into the extra segment
memory location addressed by DI, then DI = DI £ 2

INSD 32 A doubleword is input from the port addressed by DX and stored into the extra
segment memory location addressed by DI, then DI = DI £ 4

OUT p8, AL 8 A byte is output from AL into port p8

OUT p8, AX 16 A word is output from AL into port p8

OUT p8, EAX 32 A doubleword is output from EAX into port p8

OUT DX, AL 8 A byte is output from AL into the port addressed by DX

OUT DX, AX 16 A word is output from AX into the port addressed by DX

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

ouUTSB 8 A byte is output from the data segment memory location addressed by Sl into
the port addressed by DX, then Sl = Sl £ 1

QUTSW 16 A word is output from the data segment memory location addressed by SI
into the port addressed by DX, then Sl = Sl £ 2

ouTSD 32 A doubleword is output from the data segment memory location addressed

by Sl into the port addressed by DX, then Si = Sl + 4
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Isolated vs. Memory Mapped I/O

I/O can be either:
Isolated, or
Memory mapped

Isolated 1/O: uses the dedicated I/O instructions (IN, OUT and
INS, OUTS) and has its own address space for I/O ports
(O0O00H-FFFFH)- isolated from the memory address space

Memory mapped I/O: uses memory reference instructions
e.g. MOV, and a region of the memory address map. So
address space is shared between memory and I/O (used by
only one of them)

Both techniques can be used with Intel processors
But most Intel-based systems e.g. the PC, use isolated I/O

Some other processors do not have dedicated I/O instructions
and therefore use only memory-mapped I/O addressing, e.g. the
PowerPC microprocessor (Macintosh computers)
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"
Isolated vs. Memory Mapped I/O

Memory Space
00000
I/O Space
0000
1M x 8
64K x 8
FFFFF FEEE
Isolated 1/O

00000

FFFFF

Memory Space + I/O

1/O

I Range of memory addresses
__.assigned for 1/O transfers
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Memory-Mapped I/O
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Isolated 1/O

Memory Space

00000
1M x 8
FFFFF
IO/M =0
MOV AX, DATA
MOV DS, AX
MOV BX, OFFSET
; To Read from a Memory Location
MOV AL, [BX]

; To Write to a Memory Location
MOV AL, VALUE
MOV [BX], AL
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0000

FFFF

I/O Space

64K x 8

IO/M = 1

- To Read from PORTA
DX, PORTA

MOV
IN

- To Write to PORTB

MOV
MOV
ouT

AL, DX

DX, PORTB
AL, VALUE

DX, AL
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"
The PC 1/O space

m The PC I/O space mainly exists at locations below 1/O port
0400H

m Main board devices appear at addresses 0000H through OOFFH

m  Modern components appear at I/O locations above 0400H

m The slide on the next page shows many of the I/O devices
found in the personal computer

CENA433 - King Saud University 9 Mohammed Amer Arafah



"
The PC 1/O space

Processor communicates with
and controls these peripherals
through writing into/reading
from their control registers
accessed as I/O locations

______________ Q400

03FF ¢

Reserved for use by
system components
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FFFF

O3FF

03F8
0357
03F0
03EF

03E0
03DF

03D0
03CF

0380
037F
0378
0377
0330
032F
0320
031F

0300
02FF

02F8
02F7
0064
0063
0060
005F
0044
0043
0040
003F
0024
0023
0020
001F
0010
000F

I/O Expansion area

COM 1

Floppy disk

CGA adapter

LPT 1

Hard disk

COM 2

8255 (PPI)

Interval Timer (8254)

Interrupt controller

DMA controller

FFFF

Must use 16-bit variable
I/O address in register DX

0100
O00OFF

Can Use either:

- Fixed (immediate) 8-bit I/O
address in instruction, p8

- Variable 16-bit I/0 address in
register DX

10

0000
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" I
IN & OUT Instructions

; To read a byte from Input port address 71H

IN AL,71H

, Or
MOV DX, 71H
IN AL,DX

, To write the data OOH into Output port 62H

MOV AL,00H

OUT 62H,AL
, Or

MOV AL,00H

MOV DX,62H

OUT DXAL

CENA433 - King Saud University 11 Mohammed Amer Arafah



"
Basic Input Port (for I/0O Reads)

m The basic input port connects an external set of bits to the
microprocessor data bus whenever the microprocessor
executes the IN instruction with the I/O port address

m External device puts data on the microprocessor data bus

- Must include a 3-state (Tri-State) buffer to limit
access to the processor data bus to the duration of
executing the I/O instruction only

CENA433 - King Saud University 12 Mohammed Amer Arafah



"
Basic Input Port (for I/0O Reads)

10K
112|3(4|5/6(7|8 U1
1 -:_' 16 2 1A1 18
2 [ - 15 . 4 1A2 1}/;_16 2
3| [14 - 1A3 1y3[14 "
4 13 - 8 1A4 1Y4[12 a
o] — H =l 1] 2A1 2Y1[3
—— & 13 oA2 ovol L B
2| 10 . 15 5A3 2Y3[-2 u
—— = 17] 2p4 2y4[ 3 S
1
19 ;g
= 74ALS244
The IDSP/ signal is generated (active low)
by decoding: s Circuit can be expanded for
- Address for the I/O port IDSP 16-bit (word) or 32-bit (DWord)
- /O READ operation interfaces
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"
Basic Input Port (for I/0O Reads)

BAL9-BAO
BD7-BDI
£ | - 1
2 [uB
= m RESISTOR NETWORK
; ot ?/ég;g% 10 KOhm
= DR _
S DN SWITCH l
INTR = e
INTA - n
RESET — =l e |
» 2A2 2Y2 :
. . 2A3  2v3|
. 244 2v4l | |
il 1G
2G
| ULSM
BAISBAD = ivaiona | g
RD/ Circuit
o —
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"
Basic Output Port (for I/O Writes)

m The basic output port writes data from the microprocessor
data bus to an output port whenever the microprocessor
executes the OUT instruction with the I/O port address

m Must latch the processor data put on the bus during the
/O instruction to make it available indefinitely for the port

m No need for 3-state (Tri-State) buffers as the data bus is
at the input side of the latch
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"
Basic Output Port (for I/O Writes)

VCC
Circuit can be expanded for
16-bit (word) or 32-bit (DWord)
interfaces g
Edge-triggered !\ y—\ YE !\’ ¥\ !\‘ !\ !\,
latch AV VN VN A R AE A VI A VIR A
U1
3| po Qo |2
2 4 p1 Q1 |2
t goz Q2 8
a o B 28 s
—74] By Q2 1B
L
g 18| o7 Q7 19
No HiZ. 1} oC Data is latched and remains here until the next OUT
O/P always ‘ instruction to this port is executed
74ALS374
enabled =

The ODSP/ is generated (for + ive edge triggering) by decoding:
_IE - Address for the I/O port
QnsE - /0 WRITE operation
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Basic Output Port (for I/O Writes)

BA19-BA(
BD7-BD0
- Ve
E | yw .. I —
nia" MEMW/ RESISTOR NETWORK é 2
- Cui3i3333s
S | IOW
g i\ v t\ v i\ vY .
+
= R SRNRRRRRN
< | DEN Do g(; -
D1
INTR D2 Q
INTA Y
RESET b ot
v p7 @
0c/
BAIS-BAY Combinational| ()DSP/ 41834

WR/ — > Circuit

0N ——
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" S
Requirements of Input Ports

m  An Input Port should include a tri-state buffer.

m The tri-state buffer isolates the input device from the microprocessor's
data bus.

m The buffer enable is placed under the control of an Input Device
Select Pulse (IDSP) which is generated by a decoding logic.

m The decoding logic takes into consideration the Address, 10/#M, and
RD/.

m Alatch is not always essential in an input port. For example, we do not
have a latch in the case of the switches, which are all the time holding
the information ready for the microprocessor to read it.

m If input device does not hold the information ready all the time ready to
be read by the microprocessor, e.g. a keyboard, we need a latch to act
as buffer storage. However, we need a status register to indicate
new arrival of data.
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" S
Requirements of Output Ports

m  An Output Port does not require a tri-state buffer because the
output port never tries to drive the microprocessor's data bus.

m An Output Device Select Pulse (ODSP) is generated by a
decoding logic.

m The decoding logic takes into consideration the Address,
|O/#M, and WR/.

m Alatch is essential in the case of output port.
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Timing Waveforms for Fetching and Execution of the IN Instruction

Input Port | | OutputPort
e Lt DT ASS,  THSHT (PORTA) || (PORT)
el 80882 A16/53-A19/S6 A
L S BAG-BALY DSP/) ||~ ODSH
0 |REE >
il RESET | ALE 0 BAI3BAW || = |l ] [
Voo |CSYNC CLK (K 00 Decoding % % E %
LSS Circuit n o
2—RI)Y1 READY READY
[ d —N B0 U —
—AINY MNMY/ Lo ff N v {}
&= DI | [0 Combinational | —{ Combinational
1108 T3k Ot L—1ASYNC/ 741802 7418368 Logi ( Logi
: REY | B SR v | : g
= 3 =Nk
' T HOLD VR | —- MR = v's z
= [0R/ OF/ CE/  Addres Data FE000
- 8Kx$
IO/M/ IOW/ EPROM
L BA FEO011
MOV DX, PORTA 00 FE012
IN ALDX 80 FE013
EC FE014
FFFFF
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Timing Waveforms for Fetching and Execution of the IN Instruction

Fetching the instruction: IN AL, DX 000 Execution of the instruction: IN AL, DX
\ 1 Ik L i 1 I 1
(1 S I S A W T R S
i | u U /
DATA_AVAIL tDVCL DATA AVAIL t])VCL
T iC )% T o0 [) 55
A5 Bl ) A5 80 )
BALY FEI14 ) bk (1§ 8000 )
EPROVCY J_ 10w =7 \_
oM _ ]
U 0]
I
MENR k IDSP/ 1
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Timing Waveforms for Fetching and Execution of the OUT Instruction

Input Port | | QutputPort
24M}|IZD |Crystal ADO-7,A8-15,  4LSIT (PORTA) (PORTB)
™1 8088-  A16/S3-A19/6 AN
§184A <:?:> BAO-BAL IDSP/ ODSP/
]FJ/FCI/ REST RESET ALE . BAl3—BA19ﬂ e w>
e [0k (1K 400 Do MMEHIE
" LSS reuit ” ”
ROV READY READY
ggl/ t N - BD0-7 \V4 ~
DIRI T [0R/ Combinational | —{ Combinational
M0 ASYNC/ 741802 TALS368 Logie ( Logic
I o INTR o] 10w g :
[ W HEIE
' LD R 2 s ||
- ¢ v
ST | OF/ CE/ Mies Data | FE000
- 8Kx§
M EPROM
BA FE020
01 FE021
MOV DX, PORTB 80 FE022
MOV AL, 55H < B0 FE023
OUT DX, AL 55 FE024
L EE FE025
FFFFF
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Timing Waveforms for Fetching and Execution of the OUT Instruction

Fetching the instruction: DX DX, AL

molon|on | o
(S Y R N I Y B W A

a [

DATA_AVAIL tDVCL
A as ) EE )%
A§15 E0 )

BAHY FE025 )
RO J‘

10/
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Execution of the instruction; OUT DX, AL

(R R T
IR
ul | * [

AT or X 55 $
ABS 80 )

BAL 8001 )
oM _/ N

10w/

ODSP/ I —
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Optional Topic
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" A
Conditional I/O

START: MOV DX, STATUS PORT
AGAIN: IN AL, DX

TEST AL, 00000001B

JZ AGAIN

MOV DX, DATA PORT

IN AL, DX

JMP START

Isolated I/O

CENA433 - King Saud University
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START: MOV  BX, STATUS PORT
AGAIN: MOV AL, [BX]
TEST AL, 00000001B
JZ AGAIN
MOV  BX, DATA_PORT
IN AL, [BX]
JMP  START

Memory-Mapped I/O
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Conditional I/0O: Conditional Input Device Interface

BA19-BA(
BD7-BD0

=R BTIATY Vo o
2 | MEMW/ |
< IOR/ RESISTOR NETWORK
=
£ Mo $335335 5 kin
;.8 DTR
= DEN/ SWITCH l
INTR || DO Q0 [
INTA e B EO
RESET — il ¥ @
] N D5 Q5
| ] D6 Q6
- " iy L
— — 0C/
IDSP DATA/ p CLK
BAISBA0 — > . . = ]
Combinational T4LS374
RD) Cireuit | IDSP_STATUS/ ,
o —— Ve Ve Q i Q.
RESET
SWITCH % b —Q |
J_ » 7CLK
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Conditional I/0O: Conditional Input Device Interface

BA19-BA(
BD7-BD0 o
S |
2 | MEMW/
« | IO
S 10w
= =Fi A= mE
—+ —1 D — — — —
% DDIT]IG} Input o oy & 2| Output
Device —{ D4 Q4 [— —|ps o4 |— —| Device
INTR —1ps Q5 | b5 Q|- —
— D6 Q6 — — D6 Q6 | — —
—gﬁ STROBE/ Y Y B I
0C/ —1 oc
=l ’ i I
T4LS3T3 v T4L8374
BA) —> IDSP_DATA/
BAIS-BAY Combinational IDSP STATUS/
RD) — | Cireuit [ 22222727 4} ) :
[0M — BAL-BA) Combinational| ODSP_DATA/
p RESET 0— RD/ —»|  Cireuit —
> (LK 0N —»
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Conditional I/0O: Conditional Input Device Interface

BA19-BA(
BD7-BD0
c ~
= MEMR/
2 | MEMW
=z | IR
S [ 1w
= DO QO i > > D0 QO
= | DIR > DI Q1 > D1 Q1 >
= [ Input (ESR ; e —
INTR Device > gg gg > > gg gg »| Device
I ==
RESET STROBE/
L oC/ ocC/
L DC —O ot :O Ok
T4L8373 \V4 T4L8374
: — IDSP_DATA/
BAI-BAD Combinational IDSP STATUS/ i
RD) —»  Circuit = ] :
[0M —> Vee O BAIS-BAD Combinational | ODSP_DATA/
DRESET WR/ —  Circuit
Q
> CLK [0M —
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Conditional I/0O: Conditional Input Device Interface

BA19-BA(
BD7-BD0
- /\
= MEMR/
= MEMW/
;% I0R/
= 10W/
= — > DO Q0 > DO Qo
= |DIR > g; 8; —~ g; 8; >
S | DIN Input » D3 Q3 > D3 Q3 . g:\tﬁ:‘:
i 4 > Q4
INTR Pevice b5 08 1o o5
> Q6 Q6
INTA - - (R
RESET g 0 ocl
L l CLK _[_ CLK
T4L8373 \V4 T4LS374
i :r‘> IDSP_DATA/
BAIS-BAY Combinational IDSP STATUS/ i
RD/ —{  Circuit = BA) —>
[0M — Vee Q BALS-BAY Combinational| ODSP_DATA/
DRESET WR/ — Circuit
Q
.4Do—-> (LK 10N —
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Conditional I/0O: Conditional Input Device Interface

BA19-BA(
BD7-BD( /\
S | MR
& | MEMW
+ [N
=]
= oW S » D0 QO . S D0 Qo
-+ DR — |BF Dl QI —~| DI QI >
Z Input 10 o ' 10 @ o
Device » D4 Q4 > » Ds Q4 .| Device
INTR o D5 Q5 > » D5 Q5
> D6 Q6 > > D6 Q6
—gﬁé STROBE 1@ ’ Y
oc/ oc/
= DO 9 CLK _[T CLK
418373 v T4LS374
BA) > IDSP_DATA/l
BAIS-BAD Combinational IDSP STATUS/ "
RD) —{ Circuit - : —
0N —» Vee Q BAI-BA) Combinational | ODSP_DATA/
f DRESETQ WR —  Circuit
> CLK I0M —>
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Conditional I/O - Timing Waveforms of Conditional Input Device Interface

At the rising edge, data is latched
and the status flip-flop is set to 1

STROBE! \ -
_ _ Input device
Q=0 Q=0 — needs a service Q=0
Input device Input device —+ Input device
does not need does not need A does not need
a service#\z a service \ a service €\7
Microprocessor Microprocessor Microprocessor Microprocessor
checks the status checks the status checks the status checks the status
IDSP_STATUS/ \_/—\—/—\_/ \ |
IN Instruction IN Instruction IN Instruction IN Instruction
(STATUS_PORT) (STATUS_PORT) (STATUS_PORT) (STATUS_PORT)
IDSP_DATA/ \

IN Instruction
(DATA_PORT)
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"
Conditional I/O - Conditional Output Device Interface

BA19-BA(
BD7-BD0
E | MR 8\
2 MEMW/
[N -
"S > DO Q0 >
g W = m {1 ol - B >
gtg DTR Input , 3; g§ +| D3 83 Output
S | DN Device > D4 Q4 » D4 Q4 > Device
—| D5 Q5 »| D5 Q5 >
M D6 Q6 > D6 Q6
INTA/ STROBE/ | b7 @ 2 OBF/ ——
RESET - D G ok = ACKI
418373 418373
BA) —> IDSP_DATA/
MIE Combinational} | co raTUS/ i v e RE(IS%T
RD/ > Circuit = BAIS-BAO—> . . . 10DSP DATA/ D @
oM/ »l Vee @) Combinational | "> o
Cll DRESET I(‘)A/Ill\{/[/ | Circuit p CLK v
> CLK
. |:'> IDSP STATUS2/
BAIS 1133/0 Combinational — ~
Circuit Logic Gate
o — "M |, e
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" J
Conditional I/O - Conditional Output Device Interface

BA19-BAD
BD7-BD0
E | I
= | MEMW
2 [0R/
S [ I0W 1L D0 Q0 —W— » D0 Qo >
= _ — IBF * D1 Q1 — » DI Q1 »
% DTR Input . 3§ 8; g 3§ 3§ > Output
£ | DN Device > D4 Q4 > D4 Q4 Device
— D5 Q5 > » D5 Q5 »
INTR > D6 Q6 »| D6 Q6 >
INTA/ STROBE/ "7 @ > » p7 Q7 OBF/
oc/ oc/
RESET UJF_DC b pe ACKI
T4L8373 . T4L8374
8 :> IDSP_DATA/L .
BAI-BAY Combinational IDSP STATUS L v Ve RE(IS%T
RD/ —>»{ Circuit =
BA]S'BAO|:> L. ODSP DATA/ D
[0M —> Vee Q Combinational =
Q[ I(‘)yll\%// > Ciraui UK ofe
> (LK
. |:|'> IDSP STATUSY/
BAIS 1133/0 Combinational -
Circuit
[0 —
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Conditional I/O - Timing Waveforms of Conditional Output Device Interface

ODSP_DATA/ \ [
Q (Status FF) \ /
OBF| \ /
ACK! \ [
STATUS *
(Feedback to the microprocessor)
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Conditional I/O - Conditional Output Device Interface

AGAINL1:

MOV
IN

TEST

JZ
MOV
IN
MOV

; To Read the Input Port

DX, IDSP_STATUS1
AL, DX

AL, 00000001B
AGAIN1

DX, IDSP_DATA
AL, DX

VAR1, AL

AGAINZ:

MOV
IN
TEST
JNZ
MOV
MOV
ouT

; To Write the Value to the Output Port

DX, IDSP_STATUS2
AL, DX

AL, 00000010B
AGAINZ2

DX, ODSP_DATA
AL, VAR1

DX, AL
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