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data bus Ul el Gk e el )y e ULl Jud
4 gl o)) sie 23l A[15:0] osbiadl als alasinl
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System bus

Address bus
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Data bus

Control bus
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JAda ﬁ
oal
A 1/03 8 3eals Juai™ zling o
. (data, status,..)s_ Sl EBlaal) Calisg ) J goa 51} AilSa) o
(1/0 mapping) 1/04) laphass e Jsasll adiny o
100-6:Led (ol (I3 331 (gAl1 o
Memory-mapped 1/0 3_SIAll Jasads 88 g = Al /J3A o
Isolated 1/0 Jaiwall z A/JA o
(to send data, ...) Juai¥) Y <55 3 (e Jaladl G lilia o
Programmed 1/0 ge_all z Al Janl) e
Direct memory access (DMA) 58101 ) bl dasl) o
Interrupt-driven 1/0 dadaliall alidl) = jal) Jaall e
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/0 536a) Y S 2D

Accessing I/0 Deviégs

FFFFF

00000

/O address mapping 1/0 Ol sic Jagads o
Memory-mapped 1/0 3,813l sl g |/O
BSOS Ay (e AT g Be) Al dgaad AU g 3] 8l o
write AUl 5 read selall <l LA (i aladiul e
.1/0 mapping L“gi Lybaddll s 2aa5d Gilalleall alaza o

JIsolated /O Jaiwall z jall Jaall e

JEisa [/O Gaslie S o
AlEae UK g 5e) 8 <l L) o

Jisolated 1/0 Jiiwdl z Al JAll Pentium Glallas acXi
64 KB address space <ulbislS 64 o jlaia (pslic ja jaady o
8-, 16- and 32-bit 1/0 ports COLSES (e AL 4l mavy o

.memory-mapped /0 5_SIAll Lol 8 ~ A0 Jaall aacs ) dila) o

Memory
addressing
space FFFF
0000
Direct I/O

I/O
addressing
space
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53¢l N dsa Dy
Accessing /O Deyiges

80x86 lallas & |/0 bl g2 N J s sl o
Register 1/0 instructions <lalas e
in accumulator, port8 ;directformat
)52 256 Jsl A Jseasl)
in accumulator,DX ; indirect format
port address 4l sl ) sic aei DX o
Block I/0 instructions & sldl Cilaalas e
ins and outs -
Jedld) claglat 3 Jdl ade 8 LS~ no operands- 2sas L Gl
.ES:(E)DI & 3_SIA) ()l sic 5 <DX (o 4l sall O sie :Ins
ES:(E)SI 52 58I o) sie 5 «DX (2 40l sl O s :0Outs
ULl e doh Jal (e rep plasinl adaing Ll LS
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Addressing Space 4 5!l a0

FFFF

OOFF
OOF8

0000

J a5l
> bl

A el DA e bl Jpea 5100

SPT
XA e
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IN AL, 80H
IN AX, 6H
OUT 3CH, AL
OUT O0AOH, AX

DX Jaesall & (e J a8l

IN AL, DX
IN AX, DX
OUT DX, AL
OuUT DX, AX



Input Port fxglementation

Data Bus
Sl ﬁ —
el L Jas
5088 Oasbiad) (2l “"j‘”‘f‘ Input
" Decoder
o e st e
oSl el L
A

2l 4 g e gellaal) Jlail ane wie dailaal) e ddaaall 3 3ea ) 75—
CPUJ by (aly () Jlaay) by dpasall 5 e Jaii z 5all Dl 5 e gellaal) Jlail vie—

i) el ) Jaal) el Jiis Alle dad x AN dailas iey e yill a5 la oSaii
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Input Port Implerentation Jaa 4 gy 2

A7
A6
A5
A4
A3
A2
Al
A0

SRR

Circuit Implementation 5/l 2asli(]

OCH & J3al &l g0 o sie o)) ayir

ALl A% J)le

Data bus <~ Tri-state buffer

1 Jaall cliy

D;

e

RD 10/M
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GCJSJ‘ uhhﬂ\ ddu d)‘k OJU_OJ,

Simple 1/0 sl #1 AY1 Jiay)

.Simple Strobed 1/0 Lol anill #1 AY) Jlaay)
.Single Handshake 1/0 4aa¥! dailiad) alasil
.Double Handshake 1/0 4Ll dsdliadl) alasin)
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S e P

simple

(no handshake)

Handshaking for 1/O

_strobe

o
o
ACK 23 S Single
Handshake
data
Tx strobe /4\ o
ST
rRx -ACK > ™ Double
Handshake

>< data
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Data transferred after the
first STB and ACK.
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Mt O arnn 1 Lsctirs 15
Strobe Control
* Employs asingle controd lise 5o time sach tramd e
* The strobe may be activated By either the source o the destination unsa
Source-initated Srobe Dextnation-inttated Strobe
for Data Transter for Dana Transfer
Tkck Magun Sk Dagam
e’ p— i,
- A . i - _— -
Tiviyg Olagram
__r—mho —-‘_ g ""' oy _1
M_J‘ 2N e—
£SE 211, Computer Orpavaation and Arpacysre Harpet Lair, CSEAT
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Input Port Implen@%ation BENREPUIRIL Y

Sylial
YVCC .
8-bit input port When tri-states are enabled,
microprocessor can read
Toggle swatches state of toggle switches into
arc data source. 10k AL (using IN instruction).
$244
l
i
- Data Bus
O
O
-
— i
SEL

= T/O port address decoded to SEL

https://manara.edu.sy/
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Output Port Implemen

A7
A6
A5
A4
A3
A2
Al
A0

SRR

Data bus —— > LLa)\:[)ch

D;

WR 10/M

tation z =~ 4l s s

Circuit Implementation 5/l aauli(]

9CH 52 z all 4l s ol sie [ yis—

oAy

CLK
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Output Port Impleme%tion Z A 4l gy e

ojli_aJl

D fhp-flops hold !
data from microprocessor i i i i i 33082
Y ¥

1

Data Bus

Light-emitting
diodes emit

when Q output

‘¥/ is b lﬂgiﬂ ﬂ
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1 \Vcc
l j R
B
A7 —A3 B3
As —A2 B¢
A5 — A1 Bl ¢
A4 —IA0 BO—e@
A=B
;B o
A3 —IA3 B3—e
o — 2 B7—e
Al —A1 Bl—¢
A0 —A0  BO—¢
=B
RD or WR @ >©7
IO/M
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e Jle

Keyboard zilall da 4l e

Key depressions and releases .S 5 ziliall Gillazia o

/O Device |/04

ojli_aJl

scan code gewe 3 yaniS FUdall 8 pmay Bagy o
2l 33 o o8 S oanall 5 ) il iy o
il Aa gl o dadge o Al e 5y aaiad #
zlidall 48 gall ASCI| Aasly Ao 4l (o
8-bit parallel I/O port 8-BitK 4= due H& 4 9 A& (pe (38 o
PPI 8255 3as 5ll J3A (e clld (38a5 Sy o
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3 3l e d\-wL@ /O Device
8-bit L= = S e &M 8255 PP sas o)) i o
e Port A (PA)

* Port B (PB)
e Port C (PC)

b LS Al ) pglic (4 jiy o
8255 register Port address
PA (input port) 60H
—PB(outputporty———6tH——
PC (input port) 62H
Command register 63H

https://manara.edu.sy/
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Voo ,
/0 Device I/0E5ea) (e Jba
18255 1/0 ports =l =5

From
address
bus

From (JORD —={ RD
control | o
bus JOWR —= WR
(A15 — A8
A7
A6 — =
A5 —
A2 — A4
al = Al
N

8255 PPI
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|/O Device |/0-! | e Uk

ojli_aJl

: OJS\JJ\L.\L;_\ CACJAJ\ Jaall u\;\ym au\_,.,m .
Partial mapping 2 bulads o
Full mapping S layaas e

60H 4l sl ye miilaal) As gl e 3 Ha0d g Alls 36l 8 LiiSay o
7-bit (e e il Allia o
* PAO - PA6
PA7 JDA (e U]l Alls 48 jaa o
 PA7 =0 - key depressed
 PAO =1 — key released
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/O Data Transfer:/0d) <lily Js

sk e bl J8 ddee yud o
43887 (Sayg o
Programmed 1/0 4as yuall z Al Jaall cilas g o
DMA

A e SN sk e
Programmed /0 4as_jall = Jall JAal) Clas g o
Interrupt dakliall o
Three basic techniques <Ol dpuluY) iyl o
Programmed |/O
DMA -
Interrupt-driven /O

https://manara.edu.sy/
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/O Data Tra nsfegff

Programmed 1/0 ge_ell z 2l Jiall
busy-waiting JUaiY! <l yi JYA (e 2y e
polling JlsiiayL dlaall i o

Example J&e o
el da gl (e e Be) 8 Cpaiali o
low el Al pA7 GlA jUst) e
zeilial) aaf ok &5 38 43 ) il e
Uikl 3 i 5 ji
483) o JIASCII ) 4ad ) Lgian i o
Zladl & 5 e )
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aLilal) i) ddaaadll 3as 6l

4a. ylI8255
8255 Programmable

CR-R
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8255 el AL Al 2s
8255 Programmabfé:Peripheral Interface

8088

Data bus

B | DI7:0] < pAlT0]
A0 —
Al ! " >pB[7:0]
RD Control port
WR — — Y
RESET —
A7 — @) CS
A6 —C
A5 —C
A4
A3 —
A2 — Al Ao | Port
IO/M —
0 0 PA
0 1 PB
1 0 PC
1 1 Control

https://manara.edu.sy/
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SAstiall Bl

R 2 4
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Power
Supplie=

Bi-directional
data bus=

p—

Oov - Do

F 3

RO ———»
MR ——————
sl ——————¢
A —
Rezet ——

F 3

Cp— P

PAF - PAD

m— Ty

PC7 - PC4

=

—_— 5 Group
L]
——* GND | Broup < Pert
o T S — A
cortrol (e
I
Group &
< Part C
Upper (4
Oata
bu= {: :}
buffer ]
. & bit Group B
T internal | LA Pont
data bus=s Lawer |:4:|
I
Read/s
Grou
Wt . Gr-;up 5 P
Coarntral y
o ey == rn
=)

F 3

Ty

PCZ - PCD

Ty

PBY - PBO
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8255 daa yll AL& A%M\ 53a ol
8255 Programmab@fenpheral Interface

Group A

Port A (PA7-PAQ) and upper
half of port C (PC7 - PC4)

Group B

Port B (PB7-PB0) and lower
half of port C (PC3 - PCO)

'O Port Assignments

Ay A Function

0 0 Port A

0 1 Port B

1 0 Port C

1 1 Command Register

https://manara.edu.sy/



L7y
Programming 8255 8255 4xx .

[ 8255 has three operation modes: mode 0, mode 1, and mode 2

Command Byte A (Programs ports A, B, C)
7T 6 3 43 2 1 0

1
Group A — Group B
P?rt:C_ (PCT - PC4) Port C (PC3 - PCO)
mput 1 = mput
0 output J = output
Port A Port B
1 = mput 1 = nput
0 = output 0 = output
Mode Mode
00 = mode 0 4= s
01 = mode 1 | =m0 4
1x = mode2

Command Byte B (Scts or resets any bits in port C)
7 6 5 4 3 2 1 0

dl|x| x| X

Bit set/reset
1 = set
0 = reset

https:// martaraetrsT# Selects a bit




Py

vt
:Simple Input or Output L) 7 Al/JAdl :Mode 0 0 Ll
A-bit (L sS C sl 8-bit 1I/0 )5S ports A, B Gl sall aasius
Lo oA 5l JAS )Y Al gl (g (61 A S
Outputs are latched z Al ¢ 23-1

Inputs are not latched Jall (p 333 axc-2

Aadliall 5 Anilaall A0S0 lllia w3

https://manara.edu.sy/
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OflioN
: Input or Output with Handshake 4adlas s zI AlJAY) Mode 1 1 halll

ULl Jaiy & g 58l J8 PPl 8255 s sl g aellaall (u dsdliaall <l jLE) Jals Jaaill 13 2
- ] aadll Jaall & e

Aailas ae 8-bitd z A (51) 5 J20 GBS B 5 A (il o) LIS Jantg

Ao ) JAN/JA b shal € (e (il

oA daall (n3a5-3

Aadalial) ghie ?‘;3'4

https://manara.edu.sy/
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bz

0)laJl

: Bidirectional Data Transfer olai¥) il Uiy Jii 2 Mode 2 hall
Cmsala o bl Ja cladas 8 oalal S5 daadll 138 aadis

aal 8 B A sl Jead Laiy ol 4000 400 58 Jaaill 138 8 A Dl sl A LSy ]
1 5 0 kel

LUkl Jals die dadliadl) il HLEY C 4l sl o shad (e (pued A 4l gl aadis 2

s o A /040 b shadS € 4 sl (e Aagiall SO Lo gladl) aladil LiSay 3
B A sall dadliae ¢l LIS
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Programming 8255 8255 4xx .

:Mode 0 0 Lli0]

ToAsh Jaa Gl S (a1 IS4 C A, B, @l sl A LiSay—
4-bit Legia JS Leguiany o (piliine G 50 AIC 4l sl annsdl Sy —

1 Mode 1 L
goAs sl RS By A gl sl e —

-handshaking dailadl da¥ C 4 sl axaius

1 PA[7:0] —\re)
PC4 STB, PC7 — OBF,
PC5 > IBF, PCS [—— ACK,
PC3 > INTR, PC3 . INTR

8255 <:| PB[7:0] 8255 :> PB[7:0]
PC2 |« STBg PC2 — OBE
PC1 > IBF, ol M ACKBB
PCO > INTR, hed NTR,
PC6, 7 ~——> PC4, 5 K—>

https://manara.edu.sy/
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STB The strobe mput loads data int%ﬂ: latch on a 0O-to-1 transition
IFB Input buffer full is an output ‘Yig that the mput latch

contamn  information

INTR  Interrupt request is an outpub fhatoddquests an interrupt

INTE The interrupt enable signal is neither an input nor an output; it is an
internal bit programmed via the PCd{port A) or PC2{(port B) hts.

PC7PC6 The port C pins 7 and 6 are general-purpose I'O pins that are
available for any purpose.

Mode 1 Port A
PORT A
INTE .
A PC4d|4——STB
PC3 +*IBF
PC3 »INTR
PCH6+7 f—T/0O
Mode 1 Porit B
PORT B
INTE .
B PC2|l4——<g TR
PC1 »IBF
PCO =TNTR

Timing Diagram

STB
IBEF (Buffer full) LY
INTR / (Interrupt request)
RD
/
Data strobed Data read by
into port INieroprocessor

https://manara.edu.sy/
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OBF Output buffer full is an output go¢s low when data is latched
in either port A or port B. Goes nACK.
ACK  The acknowledge signal causes tie™0 i?iﬂ to return to 0.
This is a response from an extefsfal dévice.
_ ojlgJi _
INTR  Imterrupt request i1s an output-that-requests an nterrupt
INTE The interrupt enable signal is neither an input nor an output; it is an
internal bit programmed wvia the PC6{port A) or PC2{port B) bits.
PCS,PC4 The port C pins 5 and 4 are general-purpose I/O pins that are
available for any purpose.
Mode 1 Pori A Timing Diagram
PORT A
NE [Pcsle——acr WR )
| —|PC7—* OBF OBF \ (Buffer full) /
\I_/—PCI] —INTR INTR (Interrupt

PCA+5 l4—» 1O 3”‘1“““)
Mode 1 Port B ACK _/V

PORT B /
EF| Pe2le——acg  Pert X
PClF—» OBF
Data sent Data removed
PCO——» INTR to port from port
https://manara.edu.sy/
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Programming 8255 8255 4xx .

o) Al o<l A A gall ey
handshaking 4sébadl C 4l sall aasins
1 bl 5l 0 haibz A ol JAS JendB 4 ) dsa (S —

PC7
PC6

PC4

8255 PCS
PC3
PC2

PC1
PCO

—

«—

—>

>

—
—

[

<——> PA[7:0]

OBF,
«—— ACK,

STB,

IBF,
INTR,
In Out

In Out
In Out

<——> PB[7:0] —

Mode O

: Mode 2 <2 Lailid

STB, OBF,
IBF, ACK,
INTR; INTRg

- J

—
Mode 1

T40H o) sial) 2ic 8255 Aay i Jeadil e 53 GlSia aaia

mode 0, port Aas Ja2 0 baaill 8255 a5 8 A &l sl Jolity et Al iladdadl) de gans S
$z AS PC4-PC7 5 JAxX PCO-PC3 s output z & 0L« port B B 4 sl 5 input

https://manara.edu.sy/
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INTR

OBF

ACK

STB

I¥B

INTE

PC2.PC1
and PCO0

Interrupt request is an output that reque

Output buffer full is an output indicating
contains data for the bi-directional bus d=ola

Acknowledge is an input that enables tri-gfafﬁ.bl:lffcrs which are
otherwise i thewr high-impedance state

The strobe mnput loads data into the port A latch

Input buffer full is an output indicating that the mput latch

contains information for the external bi-directional bus

Interrupt enable are internal bits that enable the INTR pin.
Bit PC6(INTE1) and PC4{INTE2)

Theses port C pins are general-purpose I'O pins that are
available for any purpose.

PC3

—»INTR

( PORT A )
™ i

INTE

INTE

PCo

4+—ACK

PC7

— " OBF

PC4

+4+——5TB

PC3

—»IBF

PC2-0

+— /O

Mode 1 Strobed abie (e z e (e G )l ladadall oy Sy
.Mode 1 Strobed Output s Input

https://manara.edu.sy/
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oyliodl

ASadll A A e C Hlll s (3 1 s ol il oSl (K
0 | X|X|X|SB2|SB1|SBO | S/R*

l Y 1-Settol
PC bt set D t tSoeI!)eeCtsgt/OrLZeCt O-Resetto 0
/ reset on |
control cares O 0O O0—Bit0ofPortC

word O O 1—BitlofPortC

1 1 1 —Bit7of PortC

https://manara.edu.sy/ 39



C Al sl i Jaas Pty oSaill 4alS

xxxxxxxxxxxxx

C sl e 6 AN jaiar2 (o ya
O X | X|X]| 1 1 0 O |= O0CH,...
) — Reset to O

PC bit set ; . |
/ reset Don't Bit 6 of PC
cares

control
word

https://manara.edu.sy/ 40



Cﬂu\jﬂ\uh\édmp ARy Sl S
8255 PCBSR C@LﬁfrOI word contd.
C a5l e 4 BN 8 Taal g a1 o el
0|X|X|X| 1] 0] 0| 1 |= O9H,..
l —Setto 1

PC bit set ; . |
/ reset Don't Bit 4 of PC
cares

control
word

https://manara.edu.sy/ 41



Dy

PA & PB 4l o AVas Fafiiu) (S jha hailly Jeal) axe aic

PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO

OBF* [INTE |[IBF |INTE |INT |INTE |IBF/OBF* |INT

P » » < [
<« L ] » W »

PA status in Mode PA status in PB status in Mode 1

1 o/p (along with Mode 1i/p i/p or o/p
INT)

A
v

IBF = i/p buffer full
PA status in Mode 2 OBF* = o/p buffer full

INT = Interrupt INTE = Interrupt Enable

49
https://manara.edu.sy/



Mode 1 Input :¢

BIT5 EQUn 20H
PORTC EQU 22H
PORTA EQU 20H

READ PROC NEAR

Read:
IN AL, PORTC ; read portc
TEST AL, BIT5 ;test IBF
JZ Read ;if IBF=0
IN AL, PORTA ;Read Data

READ ENDP

https://manara.edu.sy/
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>
Mode 1 output;@_ﬁm

8255

Printer

https://manara.edu.sy/

22ey :Data Strobe
alrs 53l gl i)
Lok Lo ss
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Mode 1 output &

BIT1 EQU
PORTC EQU
PORTB EQU
CMD EQU

2

62H
61H
63H

PRINT PROC NEAR
; check printer ready?
IN AL, PORTC ;get OBF
TEST AL, BIT1 ;test OBF
JZ PRINT ;if OBF=0 buffer is full

;send character to printer

MOV AL, AH ;get data

OUT PORTB, AL ;print data

; send data strobe to printer

MOV AL, 8 ;clear DS

OUT CMD, AL

MOV AL, 9 ;clear DS

OUT CMD, AL

;rising the data at the positive edge of DS
RET

PRINT ENDP

https://manara.edu.sy/ 53
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W24V, | |
Keyboard example2/2 zilaall 4a 5l JUa

Flow chart of a keyboard-scanning procedure

( IiEY ) Calculate _,( B eturn )

key code
sScan Keys
* If key open /heck
Time Delay Keys
for de-bounce
‘L Momentar
Scan Keys Scan Keys glitch? Y
Time Delay
Check ¥ for de-bounce
If key closed Keys T‘
™ Scan Keys
Wait for Release Wait for Keysiroke

https://manara.edu.sy/
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Bouncing Probiem ¢lell 4,2 48

What really happens when we push a button?

+ouv
Lok Togio 1
Qut_
open

https://manara.edu.sy/
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Dy

Bouncing 42l e

ojli_aJl

logic 1

. gs” S out —

ouT
Release
open ] ] _ i

LU F"]ﬂ L

Approximately 20-200 ms of noise
as the mechanical contacts bounce

https://manara.edu.sy/



| 2%y
Software Solutign Lisa o JaI

Y

Wait 200 ms from first event

-

L

: WUI

https://manara.edu.sy/
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De-bouncing Circuitry;

\/

Two asynchronous flip-flop solutions are(sial ¥ ye (8 aladiuly Jall

VCC

ke L
D 74LS00 4 —2

_ D [741.804 | 741804
0 Q
5 p( -2 c
b 7ALS00)H—= D
1ko |—
= = More practical nverter
el implementation.
Cross-coupled NANDs.
D

e D SLE G S Laxie s addl) (033 Gl G e Al s Sall .
* = () Al el

https://manara.edu.sy/ 59
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/-
Another Solutio;ﬁg—;pi\ da

-

Sample until n values are the same

https://manara.edu.sy/
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DL a M

Parallel printer interface axmall Aull oy i o

A simple parallel interface Jasw o )& Awdal o
25-pin DB-25 a23iud (pulia aladiu e
8 data signals <lily &l HLE) 8 e
Latched by strobe (pin 1) 4sas 3 L3 (e 4nihy 335 o
simple handshaking Aassdl dsdladll JOA (e ULl Jals o
acknowledge (CK) signal 48abadll 3 jLI) aladiul e
Culy JS 2y ACK 3L sulall Ly o
5 lines for printer status Ala Lhsha 5

44l 45335 ¢, online/offline ¢, out-of-paper ¢, sl 34 <Busy J s o
,and fault Uaally jUad) cqutofeed

INIT JMA (e initialized 4l oY) Al 4ulSa) o
resets HY) gl ) sdum g dudas i) Aagldall 5 SIY gaad e

https://manara.edu.sy/
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ol ) Loy

Table 19.3 Parallel printer interface signals

Pin # Signal Signal direction Signal function
1 STROBE PC — printer Clock used to latch data
2 Data O PC —— printer Data bit O (LLSB)
3 Data 1 PC ——> printer Data bit 1
1 Data 2 PC — printer Data bit 2
5 Data 3 PC — printer Data bit 3
6 Data 4 PC —— printer Data bit 4
7 Data 5 PC — printer Data bit 5
8 Data 6 PC — printer Data bit 6
o IData 7 PC —— printer IData bit 7 (MSB)
10 ACK printer = PC Printer acknowledges receipt of data
11 BUSY printer — PC Printer is busy
12 POUT printer —> PC Printer is out of paper
13 SEL printer — PC Printer is online
14 AUTO FEEID printer — PC Autofeed is on
15 FAULT printer — PC Printer fault
16 INIT PC — printer Clears printer buffer and resets printer
1.7 SLLCT IN PC — printer TTL high level
18-25 Ground IN/A Ground reference

https://manara.edu.sy/
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o sl

CPU FREQ = 10MHZ
1 CLOCK CYCLE = 100nsec
dclui b,94 17 342 9 LOOP 4dla LT § iy
LOOP INSTRUCTION TAKES 17CLOCK CYCLES
:TIME TAKEN FOR 1 ITERATION 32a) glf 4&Ial) a3
17X 100ns=1.7 micro sec
No.of iteration(count) requires for n microsecond delay = nx 1000/1.7
25 x 1000/1.7 = 14705 M) gliad ,uali 480 b 25 Jal (e 6
LOOP 4&lal ) 5 14705 D= 3971 H
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[y

25 mS o8 | Al (e ss Al ARl

DELAY: MOV CX, 3971H
Next: LOOP Next
RET

Sodle] 3 ) sSiall Allal) & CX Jaal) ddasy il 4S) sala
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External Interface %JAJ\ il ‘\-@A‘jj‘

Data
transmission

Parallel

Serial

Asynchronous

Synchronous

https://manara.edu.sy/

Serial L,Juhu
uai)i o
Uai o
Parallels= )& e
S
Eﬁmg Adla o
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PENG EQ| P 8 =Y 5

Parallel-to-serial

Serial-to-parallel

conversion conversion
VR /7 N\
1 1
1 1
0 0
0 10010011 0 :
Sender | = ; Receiver
0 0
0 0
| 1

Sender

— 0 O e O e

VVVVVYVYVYY

(a) Serial transmission

https://manara.edu.sy/

Receiver

— 0 O e O O e

(b) Parallel transmission
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darmin

Serial transmission (bl Jusl yill o

Asynchronous (/¥ & e
transmission Jwl il J8 Culh JS jaa y3 e
Start and stop bits sl g e SIS o
receiver Jiiual s sender Ju jell 43l jal dals cllliny Gl o
Synchronous (sl yill e
Jaisall 5 s yall el 3o sy
phase locked loops (PLLs) skl Jy) ciila J3a e Lal la o
Gl e &gl Jlu ) LSy
"R PY IV
Ol el ye Jul il 4 i J8) overhead  dxeSadl) ds) ydl) bl o
Expensive 43Sl a5 1
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Sender

A\

Transmission gaps

I | I:] Data Data

Sender

|:| Data

(a) Asynchronous transmission

Receiver

Data

| Data | Data | Data

Data

(b) Synchronous transmission

https://manara.edu.sy/

Receiver
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-

1 start 1,1.5,0r2
bit Source data stop bits
/N / \ / \

LSB: @ . . : MSB

= Time
Start bit 1 Stop bit(s)

8-bit data

https://manara.edu.sy/
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OB Al ey

Transmit DTE

data ready EIA-232 Leladll ) dayl ) o

Carrier | Receive | Signal Low-speed 4c judl (addia uslud Jul 3 o
Gelect gatn fround serial transmission

Y v
Electronics Industry Association (EIA)
ONORORORC)
® @ © RS-232 4ilus oy i jae ®
A A

/I\ /F 9-pin connector <bled andy Jaa o aiiy o
DB-9

DCE Clear . . 3y

ready | to send 8 signals <l )L3) 8 aadig o

Request Ring G gulall e modem a2 sall Jay 5 Liudd aadiivy

to send 1ndicator

https://manara.edu.sy/



D) bl &3 Sl 0 J S 535 50 pan @
Connection setup L il A o
DTE (Data Terminal Equipment) 4als J3& (e 4bala A gulall XS5 o
Transmits phone# via Transmit Data line (pin 2) *
(pin 9) Ring Indicator &) JM& (1 4% ) sey @ sulalIB pdgall july o
Computer B asserts DTE Ready (pin 4) -

Modem B generates carrier and turns its DCE (Data Communication
Equipment) Ready

.modem B (s Al yall Jaladl 3 )LE) A a0 sall (RiSy o
Modem A alters its computer via Carrier Detect (pin 1) -
Turns its DCE Ready °
Data transmission <bludl Jul 3 e
1235l handshaking 4sdladl) 3acluay jaiy e
request-to-send (RTS) and clear-to-send (CTS) signals
Connection termination Ll ¥ ¢lgi) o
Done by deactivating RTS .RTS Jaxi elally jaiy o

https://manara.edu.sy/
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>0

BUAMASA LNV ERL Y Y

ZAY
0 gaiall laladall:89517 3aa 4l

A_n| DataBus |a n> A N Transmit
D7-Do N Buffer [N V y| Buffer = L
(P-§)
|
RESET ——» AN _
C/D —=| ReadWrite |V cowot | TXE
RD—=q Contral — @ onrol 4., TXC
WR—=d4 Logic _5,
CS =g g:
|
=
DSR ——= % = .
TR-<—d Modem =/ Recieve |
E-T_- e COHUOI "4 r\ (\‘f Bu"er RXD
RTS =4 — (S-P)
3
1
e " RXRDY
.| Recieve YC
Control L, _ SYNDET/BD
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Transmitter sec@ﬁ Juw Y il

ALl ) Led sty el (g i) St

Claae o dleal) Si5
Ll A Ladiag Buffer register Jle Jaww @
e 33 Lol KN (L 5 :Output register g & Jawe o

ITXE

.stream of serial bits <Ll

Output Register ——»

Transmitter Buffer

A

A

TxD

Transmit control

TxRDY

A

https://manara.edu.sy/
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[y

buffer registe%@fﬁi\ Jasall (8 Gyl mllaal) Sy m

L5 za <l LE) B OMA (e Jla Y] caila el (5 m
g A
) Sblall Jasi = A 3 L) :Transmitted Data Output TxD - ©
M.Lu;d‘ Oj.ga\i\
e Yl daudy 2Sa JA3 3 L3 i~ Transmitter Clock Input TxC ©

Jawsall 18 ) i = )a 3 5L4) :Transmitter Ready TxRDY - ©

bl 4K J 58l 3 3als USART A off I s buffer reglster d‘dﬁ\
\

z oA daa g1 4 ) S 7 A 3 )W) : Transmitter Empty TxE - ©
Aadull bl ALlS d\.mw\l 5 3als USART I o s output register

https://manara.edu.sy/
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Receiver Sectio@‘eﬁh‘!\ il
e 88 el sad g RXD daledll e clilnl) i m

(e pe dglaal) T m
Receiver input register Jduivall JA3 Jasa o
Buffer register e Jaw o

Input Register

A

RxD

A

Receive Buffer -

A

RxRDY

A A

Receive control

RxC
https://manara.edu.sy/



QM\ LS)-‘-‘-MM L;\ RxDP AN e MSA.J\ d.ja.\.d\

44l RxD 5Ly sl i mj,,;lﬁ,ué il 830l 5 Al u;s

de yu JLiay) d)\.c <) \.@.lq.u) d\_\s.wY\ L e JEREIN d\_,.wu
Jusiny) de g_aha.u L 2aa

diad 3ali » A 3Ll :Receiver Ready Output RXRDY - =
buffer register d}ﬂ‘ BEN & ‘WS S5 g e h‘ﬁj‘

CLlall Jusiul s a0 6 e Receive Data Input RxD -

receiver input =8l JAal Jaa ) el \_d“m
register.

aSati Al delull Gl 1 Receiver Clock Input RxC - =
"USART-.! x duu\ﬂ de yu

https://manara.edu.sy/
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DCE

. Modem

.....................

https://manara.edu.sy/

Terminal
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D,
23 sall aa 8257 333l Loy

Wapon
Jeurwaa |

Modem Control Pins
DTR (Data Terminal Ready) /DSR (Data Set Ready)
1. DTR: Jle 20 L jalan ad gall 48 Hlal) jaas
2. DSR : dul il 4% jalan 408 Hlall a3 sall yuag
RTS (Request To Send) / CTS (Clear To Send)
3. RTS:Jbe DU salall xie 1 44l oda 4 plall Jaas
4. CTS:Jdwl all sals eﬁj‘d‘

https://manara.edu.sy/
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Serial Data Trangfef (wlodll Sl Js

Synchronous ¢! il s Asynchronous (! ¥l »e(

Al la) Jie dadla) s Jay 430 ) clock signal 4ele Slcas ) el Jiall jue Jaill ZzUay-
(start bits and stop bits &Y s
Agiliza) A andiin Y 4l Y) Aol cilias ling Cpal iall Jaill—

’ Frame .
I
Oel ye pe Jun data
Asynchronous Start S
bit BO Bl B2 B3 B4 B5 B6 l Stop bits
Parity
* 1 * |8¢|Do|Dy|D4|D5|Ds|Ds|Dg| P | * |87 [Dg|D4[D4|D4|D4 DD P | * 1 *
startf bit 7 data bits atit}r stop bit
. clk
Ol e J85
Synchronous — -
data | . .
BO BL B2 B3 B4 B5

Jparity Aulai¥l 5 lei¥l g el Gl ey 8 Loy 4l 8 A asal) LA 2ae 98 Baud-)
https://manara.edu.sy/
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8251 USART s 5

8251

D[7ZO] <:::> TxD

RS232

-

A

RD — RD RxD
WR — WR

A0 — C/ID

TXC &
CLK — CLK RXC l—— —,_Lr

A7 —O
A6 —
AS —

—0

A4
A3
A2
Al —C
I0/M —

https://manara.edu.sy/
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ML

)l + +5V \|+
| 21 \ZL_ 2 Iw 6 /1 —L___
® RESET - La
s Y 120 11 14
L TxD =gytia0t > RS232
6 SUAMATA LMYERL Y MAX out
232CPE
13
- RxD - 'f ?— RS232
2> in
+ N
: =3 3 s s e
8251 5 |
28] >C _l i
25 g
27 RxC
Do Do All caps are
JORC ——3 RD . 22 uFI16 V
s CTS
iowe —H R 22
12 sime DSR
" A CS —— 38.4 kHz
- """ (2400 BAUD x 16)
20 Ty
CLK
'
+5V ~ +5V
LLELRE] P
100 K
22
FEERE
10 14411 23
21 20 3
1.8432 MHz

10M
https://manara.edu.sy/



Programming 825%

8251 532 51l G

(el e e 1asi 8251 mode register baedll Jawa(d

7 6 5 4 3 2 1 0 Mode register
gttér;t;?{sof Parity enable Baud Rate
0: disable 00: Syn. Mode
00: invalid 1: enable 01: x1 clock
01: 1 bit v 10: x16 clock
10: 1.5 bits Character |ength 11: x64 clock
11: 2 bits
00: 5 bits
v 01: 6 bits
Parity 10: 7 bits
0: odd 11: 8 bits
1: even

https://manara.edu.sy/
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Programming 8%@%8251 Bas o) daa

() e Jasi 8251 mode register baill Jawa]

7 6 5 4 3 2 1 0 Mode register
l l %(_/ Y
ESD External Parity enable Baud Rate
Sync Detect 0: disable 00: Syn. Mode
0: SYNDET 1: enable
Output v
1: SYNDET
Input Character length
00: 5 bits
v v 01: 6 bits
SCS Single Ch Sync Parity 10: 7 bits
0: Double Sync Ch 0: odd 11: 8 bits

1. Single Ch Sync 1: even
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Programnﬁﬁgj8251 4

8251 command register ¥ Jawad

EH

IR RTS ER |SBRK| RxE | DTR | TxE e Jansa

command register

TXE:  transmit enable Jus Y (S
DTR: data terminal ready, DTR pin will be low
RXE:  receiver enable Jusiwy) (84
SBPRK: send break character, TxD pin will be low

ER:  errorreset stha¥l jias
RTS:  request to send, CTS pin will be low
IR: internal reset a1 juduas

EH: enter hunt mode 2ldaa¥) Jasi J 50

https://manara.edu.sy/
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Prograrmgjng 8251

8251 status register Al Jawa(]

status register

DSR |SYNDET| FE OE PE [TXEMPTY|RxRDY | TXRDY Al Jausa
TXRDY: transmit ready Jw <l 4 sl
RxRDY: receiver ready Juiuall 4 als
TXEMPTY: transmitter empty Ju <l ¢ )3
PE: parity error iulai) Uss
OE: overrun error sl Uas
FE: framing error i) Uas
SYNDET: sync. character detected ¢! il 5 L&) slias|
DSR: data set ready <llall de gana 45 38l

https://manara.edu.sy/
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Simple Serigt4/O Procedures

Check RxRDY Check TXxRDY

! !

No No
Is it logic 1? Is it logic 1?

l Yes l Yes
Read data register* Write data register*
* This clears RXRDY * This clears TXRDY

https://manara.edu.sy/
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D

YRTRY UA\JM}:_ J& Jal ) @L.\.uué] USART8251 3aa oIl laaill 4, (allay o

Jae 2055 o Ule s 5 Cl&y) A 2535 we 8 bit Jshy il 300 Bit/S Jbe )
e s daa o 3l dulasy) Al allaill o5 4800 Hz 32 sl

52 | st | EP | PEN | L2 | U | B2 | Bl
0 1 1 1 1 1 1 0
7 E

https://manara.edu.sy/
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[

o) e ga elad) e s JLsinl) g Jlu Y sas ) aodaind K1 Y] AalS aas o
o B pdall

o s | e | o | e | om | e
0 0 0 1 0 1 0 1

1 5
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Errors ¢UaaV! deoLa

0)loJ I

50 1 e Ll LAY saa] juai e aali bl 8 Uaa Parity error dulasy) Uas o
ol dagih (Sally
leria e A G el 5l 2l A :Framing error JaY! Uaa e
Abla Jad 55 ety L Jiieadl Jiing Lodie Sale 138 Gaanyy o
FIFO Ay Jeny 2l Jlall Ul 5% :Overrun error sl Uas o
d)\aj\ C U_ﬂ_tw\ '5;:\)3.1 GALJ)J\ d—‘:ﬁ-‘ °

https://manara.edu.sy/
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sad¥) jlie) aa (el Jiall e Jaaills Jexil USART 8251 s2n 5 diygly bt Callay o
a5 S jay (Dl )Y el g CST) 3F Jall aasall e du il
:BA;}M daiadall u{g\_\ﬂ\ °

FFO6 FFO7/

https://manara.edu.sy/ 920



Agill g yaaill

* MOV AL, O

* MOV DX, OFFO5H
* OUTDX, AL

* OUTDX, AL

* OUTDX, AL

* MOV AL, 40H

* OUTDX, AL

o)lgJl

https://manara.edu.sy/
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Y‘j .LAAM @.AJS dJ.AAJ o,u_O.u

MOV AL, 4DH
MOV DX,0FFO5SH
OUT DX, AL
MOV AL, 13

OUT DXAL

https://manara.edu.sy/
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TEST2:

Jua ¥ el i

IN AL DX ;dl U a alall Ll
TEST AL, 81H, 10000001B

JZ  TEST2

INZ  TEST1

MOV DX, OFFO4H

MOV AL, 3FH

OUT  DX,AL

https://manara.edu.sy/
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MOV
MOV
ouT
MOV
MOV
OuT
MOV
OuUT
MOV
ouT

(2SYNC) (ol sialbE

AL, 3CH
DX, OFFO5H
DX, AL

AL, SYNC1
DX, OFFO5SH
DX, AL

AL, SYNC2
DX, AL

AL, 35H
DX,AL

https://manara.edu.sy/
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(2SYNC) ¢sal sialbdmaill b JUiny)

MOV DX, OFFO5H
MOV AL, 10010101B O5H; Ldaayl Jsia
OUT DX, AL HES | NV ) g I | Y N
TEST1: IN AL, DX
TEST AL, 01000000B A0H
INZ  TEST1
TEST2: IN AL, DX
TEST AL, 00000010B 02H

JNZ TEST2

https://manara.edu.sy/
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MOV
IN
TEST
JNZ
MOV
IN

(2SYNC) (3ol siallTiall 8 diggel

DX, OFFO5H

AL, DX

AL, 001110008 38H:; Uadl) sl
Handle_Error

DX, OFFO4H

AL, DX

https://manara.edu.sy/
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2y

Cub 100 Jlsia angil) 525

* MOV CL,64H ; Byte count in CL
MOV AL,7EH ; Only one stop bit for
OuT OFEH,AL ; receiver is set
MOV AL,14H ; Load command word to
receiver and disable transmitter
OuUT OFEH,AL ;

https://manara.edu.sy/
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Y

24l 100 JuiY S

NXTBT :

READY:

IN AL,OFEH ; Read status

AND AL,38H ; Check FE, OE and PE
JZ READY ; If zero, jump to READY
MOV AL,14H ; If not zero, clear them
OUT OFEH,AL

IN AL,OFEH ; Check RXRDY, if
;receiver is not ready

AND AL,02H

JZ READY ; wait

IN AL,OFCH ; If it is ready,

https://manara.edu.sy/
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2y

Cub 100 Jlsia angil) 525

MOV [SI],AL ; receive the character
INC Sl ; Increment pointer to next byte
DEC CL ; Decrement counter

. JNZ NXTBT ; Repeat, if CL is not zero
MOV AH,4CH
INT 21H
CODE ENDS

https://manara.edu.sy/ 100



IN AL,OFEH ; Check RXRDY, if

;receiver is not ready
AND AL,02H
JZ READY ; wait
IN AL,OFCH ; If it is ready,
MOV [SI],AL ; receive the character
INC SI ; Increment pointer to next byte
DEC CL ; Decrement counter

JNZ NXTBT ; Repeat, if CL is not zero
MOV AH,4CH

INT 21H

CODE ENDS

https://manara.edu.sy/
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Programmable

LA L

ojli_aJl

Internal struciure

Limer 8254

[ ] CLKO
DO _DT Date _C)UT i
B'IJ.S (I -\> (! \> ClltJEl"—
Tran sfer| ™ > - ¥ ] _(}AT'E L]
. |
RD—0O 4.4 E | CLLK1
WR— Write [7] <::> Cnter | OUT 1
AQ—— Logc E 1 | GATE 1
Al1— E —=
cs ol I
CLEK?2
e —
C\Eﬂtﬁul (1 (1 \) Cnter _DUT 2
Rﬂgi‘"ster < < > 2 | GATE 2
|| _‘
Al | Ay Function
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Control Word

https://manara.edu.sy/
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Cilalael) aaY daalaie 4y QXV

<7 lHTEﬁ“Hi‘E'#;

CONTROL
WORD

REGISTER

.a_f"“-; P >
Program the counter
By writing into this

|1+ 2-byte Count Register
CHL + -

Control byte (A1AQ = 11) “ (Input Latches for writipg
Initial Counts from pP

/ 1 | Into counter)
/ CONTROL = CE 16-bi

LOGIC

Counter Status: | r— ]

o

Lounting Element

Use the Read-back . < L _
Command to latch int CR and OL are
. -— (| AT Ly
Staltaus Latch for reading MS I_ LS r written/read one byte
y Frocessor _ at a time across the
| GATE n 8-bit data bus

CLE m OuT ‘

231184 -5

Internal Block Diagram of a Counter

« 2-byte Output Latches for reading counter Parallel output (Read at the counter’s 1/0O address with the

format specified when the counter was programmed)

» Normally follow counter count and can be read at any time.

* A “Counter Latch Command” latches the prh%sg?} nﬁ:ﬂ(agrg'% Escc}unt into them. Will be frozen till read by 103
processor - N



e 6 5T A Lli (ATA0=11) Sl AWK Jaoe

6)liali Aaladin) Ja dlae S daa oy e

8 aSat AalS AUS JOA e dlaal) ey o

(ASaill A A (e 23l 5) 4y L;AS\ laall o) gie A Jayy Al e

COU nter LatCh Command / 1 0 |Read/Write most significant byte only

OL (& 2asall alaall 430l 322l) () 33y
GO T s L asiagy g an Al
el J8 e

Control Word Format
AjApg =11 CS =0 RD=1 WR =0

D; Dg Ds Dy Ds D Dy Do
| sc1|sco|Rw1 | Rwo [ m2 | M1 | Mo [ Bep | Counting Method:
BCD or Binary

Specify Counter
to be programmed

Reading/Writing

SC—Select Counter M—Mode
SC1 SCo M2 M1 MO
0 0 Select Counter 0 0 0 0 Mode 0
0 1 Select Counter 1 0 0 1 Mode 1
1 0 Select Counter 2 X 1 0 Mode 2
1 1 Read-Back Command X 1 1 Mode 3
(see Read Operations) 1 0 0 Mode 4
1 0 1 Mode 5
RW—Read/Write
RW1 RWO
BCD
0 0 |Counter Latch Command (see Read
v Operations) 0 Binary Counter 16-bits
0 1 |Read/Write least significant byte only 1 Binary Coded Decimal (BCD) Counter
(4 Decades)

1 1 [Read/Write least significant byte first,
then most significant byte

NOTE:

Don't care bits {Jﬁrﬁsho’l?

o insyre compatibility with future Intel products.
Fl FSHI 'Q\,I/np ty P

Figure 7. Control Word Format
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READ Operations: Reading a coun%ﬁlle it is counting

Three Ways

:Simple READ M‘*—‘t’)ﬂ\
- Inhibit clocking by G = 0 (Disrupts future

count!) to ensure reading stable levels

- Read the counter at the proper I/O address

(e.g. ALA0=10 for counter 2)

LS A (e “Counter Latch Command” Jlax)
Control Word Register - & duliall cull]
waais RWL RWO = 00 s (ALAO = 11),
SC1 SCO a5y o sthadd) slasll ol sie

1

2

é&odﬁﬂ\dbﬂadﬂ\wﬁgﬁcf\wmeuwb

counter’s laxll C);J\ BBIES L,,A daall e &l & Hall
i dally Uniinde ) A1 Sy 5 output Iatch (OL)
4;.4)4 oJ\.::\ e.u u.u; j\ A 2=l oc«\)s.a CJ\.&A\ js.a

Jid S LS afaal) Silac daalial oy AN 2 g Ladie q\qaj\

OL bytes UJ\AJ\ Gl 3¢l 8 T JA‘}” AVEEY
A mfﬁ\mummdwgd\m@h

https://manara.edu.sy/

AuAg = 11;CS = 0;RD = 1; WR = 0

Dz Ds Ds Dy D3 D2 Dy Dp

SC1 | sCo| O 0 X X X X

SC1,SC0—specify counter to be latched

SC1 SCo0 Counter
0 0 0
0 1 1
1 0 2
1 1 | Read-Back Command

D5,04—00 designates Counter Latch Command

X—don't care

NOTE:
Don't care bits (X) should be 0 to insure compatibility
with future Intel products.

Figure 9. Counter Latching Command Format

Sk EEVIPAS
“Counter latch command”
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READ Operations: Reading a coun%hjle it is counting
Three Ways, Contd.

. deola
Read Back dxal 1l sedbeplal 3

Command _
The command byte during a
“Read back command”
A0 A1 =11 CS=0 RD = 1 R=20
D7 Dg Ds D4 D3 D2 Dy Do
11 1 |COUNT [STATUS |CNT 2[CNT1|[CNTO]| O
Up to 3 Counters
Ds: 0 = Latch count of selected counter(s)
D4: 0 = Latch status of selected counters(s)
Ds: 1 = Select Counter 2
Ds: 1 = Select Counter 1
Dy: 1 = Select Counter O
Dg: Reserved for future expansion; Must be O

Figure 10. Read-Back Command Format

D7 D Ds Dy D3z D Dy Dg
Shows how the counter was programmed ouwut] N Taw [awo | M2 | m1 | mo | soo
Format for the Counter D7 = OUT Pin is 1

oOuUT Pin is O

Mull Count j.e. Count = 00000H
Count available for reading

1

0]

Status Register De 1
. 0]

(IatChEd |nt0 the StatUS IatCh Dg—Dg Counter programmed mode (see Figure

if so specified in the Read-Back Camymandhra edu s/ 7

Figure 11. Status Byte
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Dy

3254 Programmingssts

7T 6 5 4 3 2 1 0

SC1|SCORWIRW(M2 | M1 |MO0 BCD
— — Selects a BCD when 1
—— Selects the mode (mode 00 - 5)
‘ Read/arite control
Selects Coumnter 00 = counter .latch cumfnand
_ 01 = read/write least-signficant
00 = Counter 0 byte only
01 = Counter 1 10 = read/arite most-significant
10 = Counter 2 byte only
11 = read-back command 11 = read/write least-significant

byte first, followed by the
most-significant byte

https://manara.edu.sy/ 107



%

8254 Programmifigs 8254 4as

FFFFH. Q}lw@a\mgi@ﬁu@.
2 58 goma¥) 2l K3 3 52 phaeil) oLl blal) paen A1 58 saall 20l

A gy Hlall amasdl 233503 program control word sy aSaf 4alS slac (ST e

A5 (MISB) Alill culldl 5 aall i 55 (LSB) (o5 il ol oyl aal) dina s i 13 o
anaall all Lasds daall
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8254 /\‘C\;
R 745V A—
| Counter 0 -: Ve +5'¥
. - '
| Contral anmmers ]
| GNDp—
:[ o)U_alll ! l
o e _] : =
| | CLKO e——ro
| Counter register (CR) I
' .
|| cru(® CR_(8) | | GATEQ f——
| |
! | outop——
| |
| |
| Counter |
} element (CE) :
Data D7-D0 | [cew® [ CEL® | |
| |
| |
| |
] |
| Output i
T | latch (OL) l7 {
> RD | |
WA il l OL,,(8) | OL(8) I
» WR | |
S |
' —————————————————————— -
{ Counter 1 i
{ } CLK1 j[¢——
|
| | GATE Y f—r
Ready I :
<——GO | | OUT1 f——>
| |
s oo s Stk wzi]
_lo/m s s A R o S ]
Address > } Counter 2 |
[} decoder } ; sigs L
|
. { :GATEZ<——
g |
" - : } OUT2 ———
i I
S s s v e J n

hﬁps://manara.eﬂ-u.sy/
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8254 Read Back Ggmmand 2axll 3¢l % al

[ 8254 Read Back Command

1 1 COUNT |STATUS| CNT2 | CNT1 | CNTO 0

[ 8254 status word format

NULL

OUTPUT COUNT RW1 RWO M2 M1 MO BCD

Alaadl ) saaall 3aal) Jaad Ladie Jow 4wl MU :NULL COUNT
when the new count written to a counter is actually loaded into the
counter

https://manara.edu.sy/ 11-110



8254 Modes lZ\

6)liaJl

G A (e 44840 (g s Gaall dlae :Mode0 0 bl .

INJ1[2]3][4]5]6]7]

CLK_|

OUT :| I

Count of 7 loaded

.One-shot mode 3aa) gl dalhll lhai:Mode 1 1 Jaedll
2810 Badsall lianl) pliasi) aay 4y e 4 7 HAs (Sl alaall G Jaad) zay .
G e daaa dcan ha g 13) 2aally Jrasill alag g .

123 ]4]5]

crx [ LML UM U U L L L L L

GATE : !

oUT ' | ___ !

Trigger with count of 3 https://manara.edu.sy/ 11-111




8254 Modes

Baa) g Aol dant (g ey ilianill e dlidis 2 g o) ?Jﬁ? ‘Mode 2 2 Laill o
el 2aall DA e Slianill G Jiadl) dany e
0l G 3l a fldsa i sale) da syl paiudy e

frl2]3]4]s]1l2]3]d4]s]1]2]3]4]5]
1
1
I

cx LU LU U UL LU LL
ouUT | L | LI

Count of 5 loaded

Aal gl ded G Al Laxie aila (S 4y e ilias Al g :Mode 3 3 baaill o

33k Lo g sl IS Jls (8 Wl ,50% duty cycleasi sl (s siveall g paidiall (5 ginall (e (5 sbuis bin g5 el 2aal) IS IME o
0 g simall (e 8345 Alia) 5 ) 5ol 1 el QUT

f1l2]3lalslelr]z]3]4]ls]6]1]2]3]

oUT | | I | |

Count of 6 loaded

11-112



8254 Modes %

6)LiaJl

(s24 ) 728 3aa) g 4dlla 'Mode 4 4 haaill e
(G mustbe 1) 25 G sS85 o)) ey o

l1l2]3]als|e6]7]8]

ouUT | | ]

Trigger with count of 8

1 el xa G pSaT Ay pla 4LET Cua S H0 728 Baa) dalls ‘Mode 5 5 Laaill o

https://manara.edu.sy/ 11-113
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MototiSontrol

—3if;

+H

3% 5% &%

85833885 22z B

kS
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Motor Control =~ i=ts
ojizal
I"——30.720—>'
ax | |
5 J J s
5 ™ —
f=-15,360-» @
fe—30,720 —|
ax | |
| |
Q
—»{3.072|=— ®)
fe—30,720 ——]
CLR U U
s J J |
;&= .
|e—— 27,658 —] https://manarg,gdu.sy/
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[ Procedure that controls the duty cycle of Q and AV Y
deol A

; jatart counter 1 to generate clear
stherefore the speed and direcrion of the motor.

: S1Ug 'l MOV DX,CNT1 jaddress counter 1
;AH contains a number between 00H and FFH that ylioJ MOV AX, COUNT iger count
;selects both direction and speed of the motor, Tem— OUT DX,AL ;8Top counter 1
; MOV AL, AH
CNTO EQU TO00H ;counter 0 port
CNT1 EQU 702K ;counter 1 port ;wait for counter 1 to reach calculated count
COUNT  EQU 30720 ;jcount of 30,720
SPE:;
SPEED PROC NEAR
IN  AL,DX ijget count
BUSH AX ;save registers XCHG AL, AH
PUSH DX IN AL, DX
PUSH BX XCHG AL, AH
CMP  AX,BX stest count
;caleulate count JB  SPE ;if CNT1 below count
MOV BL,AH istart counter ( to generate set
MOV aX,120 .
MUL BL MOV DX, CNTC ;address counter 0
MOV  BX.AX MOV AX, COUNT ;jget count
: OUT DX,AL istop counter 0
MOV AX,COUNT
SUB AX,BX :8¥ ;:':ﬁ ;atart counter 1
MOV BX,AX ' : R
;program counter control words zgg g; ;restore registers
MOV DX ,CNTR ;1oad port address of control ::,? AR
MOV AL,00110100B. ;control for CNTO
OUT DX,AL :
MOV AL,01110100B ;centrol for CNTI1 R i3ig
oUT DX,AL ) . ‘ , . ' . . ' . _
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deola

Parallel Port 6)tial

aellrall ae daglall e Lt Adadll 3 3¢a ¥ day )y e Jlie (5] siall 2l o

Cojlaall G Jla ) gllaall ke Laiy ¢(CPS) 486 JS el clie dagUall aokat o

hnall Sleall ) allaall e Ganlia JS35 lilaall Slady dadliadl) Sale aaiiu o
Alanl) Al leal Uasy)
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- Computer (parallel port) has
a 25-pin DB25 connector

- Printer has a 36-pin Centronics

P FFR LR
RRRUUUIUCN:

connector
) 15
Computer side 3
—t
Connector DB25
Computer Printer Computer
DB25 CENT36 DB25
StrObe Data Pin number Pin number Function Pin number
|nt£Pr|nter 1 —_ 1 Data Strobe (STB) 12
|_ 2 2 Data 0 (DO) 13
3 3 Data | (D1) 14
4 4 Data 2 (D2) 15
5 q 5 Data 3 (D3) 16
6 6 Data 4 (D4) 17
4 7 Data 5 (D5) 18—25
8 8 Data 6 (D6) —
9 9 Data 7 (D7) .
10 10 Ack \ .
Computerpolls |, |, i 8-bit

hﬁps:%@ﬁ%@ug@{a

‘Busy’ to see if it
can send next character Data

L)

N

U'N-—
0000
QFO

PPEPFEBLR b
S

000000000000C0

=
|
=3

|

\

Connector CENT36
Printer side

Printer

CENT36
Pin number

12
13
14
32
31
19—30
17
16
33

Function

Paper empty
Select

Afd

Error

RESET
Select in
Ground
Frame ground
Ground

Ground
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o)li_aJl

;An assembly language procedure that prints the ASCII contents of BL.
PRINT PROC NEAR

.REPEAT ;Poll the busy line until it goes low
IN AL,BUSY ;READ the port having the BUSY input
Loop repeatedly reads TEST AL,BUSY_BIT ;test if the Busy bit in the data read is O yet
BUSY & checks if it is low ;BUSY _BIT is a mask defining the position
:0f the BUSY bit in the port
.UNTIL ZERO ;End waiting loop if the ZERO flag is set
BUSY =0!MOV AL,BL ‘Yes!...move character data to AL
S0 output QUT PRINTER,AL :and output it to printer-
S?itgtteor! :PRINTER is address of the printer port
;This also generates the #STB pulse
RET
PRINT ENDP

For example, if Busy goes on bit 4 of the BUSY port, BUSY_BIT will be:

00001000 and the instruction TEST AL, BUSY_BIT will AND AL

with the bit pattern 00001000. The result will be 0 only if the BUSY

Input is O, setting the ZERO flag and ending the waiting

(handshake LOOP) https://manara.edu.sy/ 11-119



Operating modes PIT&8254

8253/54 can be operated in 6 different modes. In this chapter, we will
discuss these operational modes.
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Operating modes PITXZSZL

* Mode 0 — Interrupt on Terminal Count

* It is used to generate an interrupt to the microprocessor after a certain
interval.

* Initially the output is low after the mode is set. The output remains
LOW after the count value is loaded into the counter.

* The process of decrementing the counter continues till the terminal
count is reached, i.e., the count become zero and the output goes
HIGH and will remain high until it reloads a new count.

* The GATE signal is high for normal counting. When GATE goes low,
counting is terminated and the current count is latched till the GATE
goes high again.

iINJ1[2]3[4]5]6]7]

CLK_|

OUT :| I

Count of 7 loaded https://manara.edu.sy/
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Operating modes PIT$254

* Mode 1 — Programmable One Shot
* |t can be used as a mono stable multi-vibrator.

* The gate input is used as a trigger input in this
mode.

* The output remains high until the count is loaded
and a trigger is applied.

123 ]4]5]

cix_] | || JEJERERE SRS ERERERERERED
o

GATE :

oUT ' | o ___]

Trigger with count of 3
https://manara.edu.sy/
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Operating modes PIT$254

* Mode 2 — Rate Generator
* The output is normally high after initialization.

* Whenever the count becomes zero, another low
pulse is generated at the output and the counter
will be reloaded.

f1l2]3]4]s]rl2]3]d4]s]1]2]3]4]5]
1
1
I

cx LU LU UL WL LL
' L] L]

ouUT

Count of 5 loaded

https://manara.edu.sy/
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Operating modes PIT$254

* Mode 3 — Square Wave Generator

* This mode is similar to Mode 2 except the output
remains low for half of the timer period and high
for the other half of the period.

f1l2]3lalslelr]z]3]4]ls]6]1]2]3]

oUT | | I | |
Count of 6 loaded

https://manara.edu.sy/
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Operating modes PIT&8254

 Mode 4 - Software Triggered Mode

* |In this mode, the output will remain high until the timer
has counted to zero, at which point the output will pulse
low and then go high again.

* The count is latched when the GATE signal goes LOW.

* On the terminal count, the output goes low for one clock
cycle then goes HIGH. This low pulse can be used as a
strobe.

l1l2]3]als|e6]7]s8]

ouUT | | ]

Trigger with count of 8

https://manara.edu.sy/
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Operating modes PIT&8254

* Mode 5 — Hardware Triggered Mode
* This mode generates a strobe in response to an externally generated
signal.

* This mode is similar to mode 4 except that the counting is initiated by
a signal at the gate input, which means it is hardware triggered
instead of software triggered.

e After it is initialized, the output goes high.

* When the terminal count is reached, the output goes low for one
clock cycle.

https://manara.edu.sy/ 11-126



