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Standard Interchange Codes

1. American Standards Committee for Information Interchange (ASCII):

Bit 7 0 0 0 0 1 1 1 1
- 6 0 0 1 1 0 0 1 1
Positions 5 0 1 0 1 0 1 0 1
4 3 2 1
0 0 0 0 NUL | DLE | SP 0 @ P \ p
0 0 0 1 SOH | DC1 ! 1 A Q a o}
0 0 1 0 STX | DC2 “ 2 B R b r
0 0 1 1 ETX | DC3 # 3 C S c S
0 1 0 0 EOT | DC4 $ 4 D T d t
0 1 0 1 ENQ [ NAK % 5 E U e u
0 1 1 0 ACK | SYN & 6 F \% f %
0 1 1 1 BEL | ETB ’ 7 G W g w
1 0 0 0 BS | CAN ( 8 H X h X
1 0 0 1 HT EM ) 9 I Y i y
1 0 1 0 LF | SuB * : J Z | z
1 0 1 1 VT | ESC + : K [ k {
1 1 0 0 FF FS < L \ I |
1 1 0 1 CR GS - = M ] m }
1 1 1 0 SO RS . > N A n ~
1 1 1 1 Si usS / ? (@] _ o] DEL
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Standard Interchange Codes

1. American Standards Committee for Information Interchange (ASCII)

Bit 7 0 0 0 0 1 1 1 1
o 6 0 0 1 1 0 0 1 1
Positions 5 0 1 0 1 0 1 0 1
4 3 2 1
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0 0 0 1 SOH | DC1 ! 1 A Q a q
0 0 1 0 STX | DC2 ” 2 B R b r
0 0 1 1 ETX | DC3 # 3 C S C S
0 1 0 0 EOT | DC4 $ 4 D T d t
0 1 0 1 ENQ | NAK % 5 E U e u
0 1 1 0 ACK | SYN & 6 F \% f Y,
0 1 1 1 BEL | ETB ’ 7 G w g w
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CENA433 - King Saud University Mohammed Amer Arafah



Standard Interchange Codes

2. Extended Binary Coded Decimal Interchange Code (EBCDIC):

|- o|d|N|m|<|w|o|~|o]|o =

| N|=|D[>[=2|X|>|N

—|o nIX|dlZ|Z(0|a |02

—|O <|n|(OA|W|L|[O|T|—

o|d

ol nl+~|s|> 2 x|>N

o|Oo —|lXx|—|E|lc|o|alT| -~

o|o c|la|o|o|o|+|o|c|-

— |- A#|@| -[n|=

| 1~ !%_\/n/.

—|O 5] — | |[—~]--|T
DI N —

—| o ) o |V +

Z = < X m
Z|ln|lo
ol|d > O Q< D
n| [2[E]|2P|w alZ| (@

n o o|w Olx |4
(7] ] LL =

ol @) > o|x Z|o|w
DA% || |od|a ” < |m
Wi N[ =z nnfnln

olo alo|oo|w|Z|Pa]|<|2|R
alald|alx|Z|2[T|o|w|(o] (|2
I [X[ X[ [=[cy[= = o

olo S[O|E|F Olw E (L (X105
N%SEPHLD nWV_._.CSS

~|w© o|d|o|d|o|d|o|w|o|d|o|d|o|d|o]|d

" o|lo|d|d|o|o|d|w|olo|d|d|o|o|d|d

c

o O

o = o|lo|lo|lo|d|d|d|d|o|o|o|lo]|dH]| ||

n

£
o|lo|o|o|o|o|lo|lo|wd|—|H]|A]|A]|A|A]|—
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Standard Interchange Codes

2. Extended Binary Coded Decimal Interchange Code (EBCDIC):

| ofd|N|m | |w]|o|~|o|o -

| N~ [D>|=2[X|>|N

—|O .JKL-NOD.QN

—|O <O A|W|WL]|O|T|—

ofd
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—A|O (%] —|Alx |~ --T
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—[O %) ol |V +
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Z N0
ol > O Q< -
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) o 0| w Qx|
7)) wn LL =

ol|d O > o|x Zlofw
Ola%| |- |o|a ” | <|m
W™ |0 = nnniun

olo Slofolo w22 =2]<|=2(8
alalala el Z(o|=(S|u|o] [£|2(E|=2
T X|X¥ || - — = x

olo D|O|F|F Olw L 1X(O]5
At M Z|>|w|O|n|9

~|[w© o|d|o|d|o|d|o|-|o|d|o|—d|o]|—|o]|-

" o|lo|d|-|o|lo|d|-|o|o|d|—]|o|lo]|w]|-
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— O
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=
Parallel/Serial Transmissions

1 3wl i}
| I+ 1 J Time
L — . 1- bit
Source : b o Destination Source 1 10011 Destination
— N i
o ; =
: . Signal Reference
1 “
N1 R
Signal reference 3 Signal refecence
k=8, LG, 12
Parallel Transmission Serial Transmission
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=
Communication Modes

m When data is transmitted between two pieces of
equipment, three communication modes of operation can
be used.

Simplex: Data is to be transmitted in one direction
only.

Half-Duplex: This is used when two interconnected
devices which to interchange information alternately.

Duplex or full-Duplex: This is used when data is to be
exchanged between two connected devices in both
directions simultaneously.

CENA433 - King Saud University 7 Mohammed Amer Arafah



=
Transmission Modes

m For the receiving device to interpret the bit pattern
correctly, it must be able to determine the following:

Bit Synchronization: The start of each bit cell period
(in order to sample the incoming signal in the middle of
the bit cell).

Character Synchronization: The start and end of
each character or byte.

Frame Synchronization: The start and end of each
complete message block (frame).

m We can accomplish synchronization in one of two ways:
1. Asynchronous Transmission.
2. Synchronous Transmission.

CENA433 - King Saud University 8 Mohammed Amer Arafah



= EE
Transmission Modes

Transmission Mode

.

| |

Synchronous Transmission Asynchronous Transmission
+ | + |
Bit Frame Character Bit
Synchronization Synchronization| |Synchronization| |Synchronization
)
—— : Bipolar
Bit-Oriented ||Character-Oriented| $— Encodin :
9 ¢__|Printable- Character|
¢ Manchester Frame
Printable- Character_. Encoding
Frame Binary Data Frame
Differential
Binary Data Frame | Manche_ster
Encoding
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" J
Asynchronous Transmission

m In asynchronous transmission, the receiver clock (RxC) runs
unsynchronized with respect to the incoming signal (RxD).

m Each character (byte) is encapsulated between an additional
start bit and one or more stop bits.

m The state of the signal on the transmission line between

characters is idle state.
Transmitted element

Start il
bit 718-hit character Stip bit(s)
L I=b msh
Line idle {or —'/— e f/~ Line idle
stup_hits of tlo oo ol olp or start bit of
previous iy next character

character)

1, 1 112, or 2 stop hits ensure
a negative transition at the
start of each new charater
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" J
Asynchronous Transmission

Example:

Construct the transmitted frame using asynchronous transmission
mode which contains the following data: GO. Assume that the number

of stop bits is 2 and parity bit is used.

|dle

CENA433 - King Saud University

Start End
of text Message : GO of text
i I I
STX [P P O ETX [P
%
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£ £ &7
» S & E
11 Mohammed Amer Arafah



" A
Asynchronous Transmission

m Baud (signaling rate) is used to define number of line
signal transition per second.

m Bit rate is the number of bits transmitted per second.

m Special case: (Baud = bit rate) when a signal has only
two levels: O or one.

m Example: A signaling rate of 300 baud with 4 bits per
signaling element would yield a bit rate of 1200 bps.

CENA433 - King Saud University 12 Mohammed Amer Arafah



" J
Asynchronous Transmission

Principle of Operation and Timing:

g~

Izh el

TxD — | T ([ [
/-l il Il
L
+

; P
} }

Start bit 78 bit per character Stop bit(s)

|
we —SULHFLHHTLELELL. — ™

Actual edge within
one clock cycle
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"
Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

m The local receiver clock is AMVtimes the transmitted bit rate (A=16
IS common).

m The first 1-0 transition is associated with the start bit.

m Each bit is sampled at the center to avoid delay distortion
problem.

m After the first transition is detected, the signal is sampled after
M?2 clock cycles and then subsequently after NV clock cycles for
each bit in the character.

CENA433 - King Saud University 14 Mohammed Amer Arafah



Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

Start bit 1zt dlata bit 2nd data hit

P - e :

RxD =y / X —= Time
N =1 ReC | | ¥ S B S
(A T i : ¥ :
Sampling —; n ' h ' ' n 1L
pulse : i ! T :
Bit rate counter Actual bit cell centers
preset to 1
CENA433 - King Saud University 15 Mohammed Amer Arafah



"
Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

Start bit 15t data bit 2nd data bit
I -k _—
. ' / | ;4 " — = Time
| | 1 1 1
RxC L L -
e WL LA LA LLF UL L
N=4 : ' : ‘
Sampling M M : .
pulse : : -t ' - .
2 R periods iz A 4 Rl periacs 4 4 RxC periods A
|

Bit rate counter Sctual bit cell centers

presetto 2 Bit rate counter
preset to 4

CENA433 - King Saud University 16 Mohammed Amer Arafah



"
Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

Start hit 1zt data bit o 2nod dlata bit
B3 1--t --uk
: 1 i
RxD =% : & | 4 T —= Time
ReC. AR SARAAR AR AT ARAAATA -
(16 : - : ' :
Sampling il : | ':'|
pulse b i - =l : A
8 RxiC { 16 RxiC periods + 16 RxiC periods
pErios .
Bit rate counter Actual bit cel centers
prezetto 8
Bit rate counter
preset to 16

CENA433 - King Saud University 17 Mohammed Amer Arafah



"
Asynchronous Transmission

Principle of operation and Timing:

Transmitter serialowt I1.n  penl Receiver
PISO 1 l siro
Transmit “H
ik e clock Cu.unter =
(T=C}) 7
mzb —» |2h
!Jarallel- { ‘ Receive clock : }Parallel-
in Isb (RxC= H x TxC) L wmszb) out
PIS0 = Parallel-in, serial-out SIPO = Serial-in, parallel-out
T=0 = Tran=mit Data out R=0 = Receive Data in

CENA433 - King Saud University 18 Mohammed Amer Arafah



"
Asynchronous Transmission

Character Synchronization in Asynchronous Transmission:

m After the start bit iIs detected, the receiver achieves character
synchronization simply by counting the programmed number of bits.

—

Transmitted element

i Y g f
e+ E

=1

3

F18-bit character

Stip

L1
)

bit{s)

Isb

L

I

0

L

0

I

mshb

Tl

L

I

P

TT 111 ilz T3t4151517 THT

Receiver detects start

of newy character

CENA433 - King Saud University
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Asynchronous Transmission

Frame Synchronization in Asynchronous Transmission:

Start

bit

l

Stop
bit(s)

‘

i

{ ' {— Marking
STX R )ﬂ_ ¢ ] [ex[’
' {'
i Frame contents
- (printable characters)
IL’

ETX

CENA433 - King Saud University
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DLE

STX

Inserted

i (

DLE

ETX

! | Frame contents
binary data)

{f~ Marking
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"
Synchronous Transmission

m  The complete block or frame of data is transmitted as a contiguous
stream with no delay between each 8-bit element.

Tran=smitted frame

Lo G110 ol go
Time
—_—
I |

T

1 .

- }-I-I
characters frame frame characters
character(s) character(s)
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"
Synchronous Transmission

Bit Synchronization using Synchronous Transmission:

m With synchronous transmission, the receiver clock (RxC)
operates in synchronism with the received data signal (RxD).

m Clock Encoding and Extraction: The clock information is
embedded into the transmitted signal and subsequently
extracted by the receiver.

T it i
ransm Er__ Y _-_'!':Ill:l] ------ F'-:-'lf IEI_ Receiver
Encoder
3 ¥
Local Clock
750, [ cloc oo L0
f | L
ot L

CENA433 - King Saud University 22 Mohammed Amer Arafah



" J
Synchronous Transmission

Bit Synchronization using Synchronous Transmission:

Clock Encoding and Extraction:

Eit stream to b (o ' '
branemitted of 1] ﬂll!
Transmitter clock T=C _L|-|_

L
LU
LI I
L

Manchester encoded
siznal TxD )/ BxD

Extracted clock ExC

L
REEE
I L

Eeceived Data

zm

CENA433 - King Saud University 23 Mohammed Amer Arafah



Synchronous Transmission

1. Character-Oriented Synchronous Transmission:

SYN SYN

SYN

Receiver enters
hunt mode —

[

Receiver detects
SYN character

CENA433 - King Saud University

ot -
__--uu|;11ﬂ1ﬂt]ﬂu11ﬂ1uc+um 101000

24

-

01000000

-

Time
—_—

1

STX

-

-

Frame Contents

—> Receiver in character synchronization

Mohammed Amer Arafah



" S
Synchronous Transmission

2. Bit-Oriented Synchronous Transmission:

T 0111111101111111 | 01111110 01111110
Line idle B 1o o i
Opening flag  Frame contents  Closing flag
Transmitter Recever

EnableDisable —— 2. it TxD

"* insertion

PISO

—— TxC

CENA433 - King Saud University
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Zero hit =—— Enable/Disable
- = .
deletion —l
REC —»| SIPO
I—:-"
—".
Mohammed Amer Arafah



" J
Sequence of Modem Control Signals

m After the PC power is turned on and the PC runs any self-checks,
It asserts the data-terminal-ready (DTR/) signal to tell the modem
it Is ready.

s When the modem is powered up and ready to transmit and
receive data, the modem will assert the data-set-ready (DSRY/).

m The calling PC sends the telephone number of the modem
associated with the called computer. The modem then dials up the
called computer.

m  When the called modem receives ring tones, it will sets the ring
indicator (RI) line to on and the called computer responds by
setting the request-to-send (RTS/) line on.

m Inresponse, the called modem sends a carrier signal - the data
tone for a binary 1- to the calling modem to indicate that the call
has been accepted by the called computer.

CENA433 - King Saud University 26 Mohammed Amer Arafah



" J
Sequence of Modem Control Signals

m  After a short delay to allow the calling modem to prepare to receive data,
the called modem sets the clear-to-send (CTS/) line on to inform the
called computer that it can start sending data.

m  On detecting the carrier signal, the calling modem sets the carrier-detect
(CD/) line on.

m  The called computer starts by sending a short message over the set-up
connection.

m  When this message has been sent, it prepares itself to receive the
response from the calling terminal by setting the RTS/ line off, and on
detecting this, the called modem stops sending the carrier signal and sets
the CTS/ line off.

m Atthe calling side, the removal of carrier signal is detected by the calling
modem and, in response, it set the CD/ line off.

m The calling PC sets RTS/ line on in order to send the response message

and, on receipt of the CTS/ signal from the modem, starts to send the
message.

CENA433 - King Saud University 27 Mohammed Amer Arafah



"

Digital Data Transmission using Modem

¥ CONTROLLED  MODEM MODEM 1\ MESHARE
TERMINAL COMPUTER
TELEPHONE

TxD > - TINE > < TxD

RxD j= +1 RxD

RTS o - RTS

CTS |+ ] CTS

CD |= +1CD

DTR|— <—1 DTR

DSR |« »~{ OSSR

DCE DCE
DTE DTE

DTE = DATA TERMINAL EQUIPMENT
DCE = DATA COMMUNICATION EQUIPMENT

CENA433 - King Saud University 28 Mohammed Amer Arafah



Digital Data Transmission using Modem

Modem : iovoa Modem
" o
(») EIA-232DIV24  (DCE) Switched or leased circuit (DCE) EIA-232D/V.24
- -
\ Vi \ /
> < . . . > < Called
. . | . L
. . : . DTE
/ \ / \
® [ 1 2 3 4 5 6 7 8 9 1011 1213
o k.o.o.o...o.o.o.o.o.o.o‘/ O | DB25 connector
14 15 16 17 18 19 20 21 22 23 24 25
[ |
(tefminalot;rsompmer) (Male) (Female) (mlzgfm)
ITU-T No. EIA label Name .
- AA - L Cable shield
103 BA TxD e > 2 > Transmitted Data (TxD)
104 BB RxD g 3 —e Reccived Data (RxD)
105 CA RTS e — = Request to Send (RTS)
106 cB ET8 ettt <} Clear to Send (CTS)
107 CccC DSR —~ 6 ~<—}—o DCE Rcady (DSR)
102 AB - B -+ Signal Ground/Common Return
109 CF Cb — L - ® Received Line Signal (Carricr) Detector (RLSD/CD)
- - - 2 —e Rescrved for testing
- - - - :(: ® Rescrved for testing
- = _ . o U igned
122 SCF S-CD - :; e * S dary Received Line Signal (Carrier) Detector (S-CD)
121 SCB S.CTS - - # Secondary Clear to Send (S-CTS)
118 SBA S-TxD > 14 - Secondary Transmitted Data (S-TxD)
114 DB TxClk - :z € -o 1 itter Signal El Timing — DCE Source (TxClk)
119 SBB S-RxD e -t — * S dary Received Data (S-RxD)
115 D RxClk —~ L Recciver Signal Element Timing (RxClk)
141 LL LL 18 Local Loopback (LL)
120 SCA SRTS o—f = ;Z > Secondary Request to Send (S-RTS)
108 CD DTR e - = * DTE Rcady (DTR)
140/110 RL/ICG RL/SQD - :; Pt * R te Loopback (RL)/Signal Quality Detector (SQD)
125 CE R1 - = I Ring Indicator (R1)
111/112 CH/CI DSRD eo—}-» 2'4 »—1—=e Data Signal Rate Detector (DTE or DCE)
113 Cl TxClk e - 3 > T itter Signal Element Timing — DTE Source (TxClk)
142 DA ™ . ® Test Mode (TM)
CENA433 - King Saud University 29 Mohammed Amer Arafah



Digital Data Transmission using Modem

Connection y
setup

Data
transfer W

Connection
cleared

Calling DTE
(PC/terminal)

ElA-232D/V.24

= e 4 Ak

Number of
called modem
sent to modem

-~

DCE (modem)

i -
. . with
N— g .I/ autodial

DTRon

__ _DSR on

------------ ’1

T o o L e ey

__ _RxDon |

_ CDom |

Rtson |
ESImn
CTSon s delny
TxD i [ ——
RTSofll
T N < . S S S 0 S e
_ CTSoff X
__ _CDom |}
DTR ofT
DSR off o

CENA433 - King Saud University

Time

E1A-232D/V.24
DCE (modem) e 2] Calied DTE
b (= :> (computer)
auloanswer N R = 7
___ DTR on
DSRon
Connegy;
on g
N _________ RIon
W ) _ RTISon )
‘/’/Cﬂ‘c/’/ Short |
e '\ CTSon
s S J
| | e TR
ol J
4 (;-.m':c-‘_"_“: ..... | R e =
g Pl kS SLE S >
Carricr o
\,_ . CDon _
Data ¢,
Tes
\ ____________ RxD
. »>
1
1 ;i 2
L Caryy sag O s wsnsing e RTS oft
“Mlier . et ;
~=or O ' CISoff
N e R coor |
_ DTRoff )
‘| DSRor _
‘: Short
+ del
__ DTR on S -
l . DSR on
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" J
USART 8251A

W O o BN R G Rg

RaC

OTR

RTS

G
RESET
] cLK

Tl
TuEMPTY
CTs
SYMNOET/BD
TeRDY

Pin Configuration

CENA433 - King Saud University

DATA
o BUs
¥ BUFFER
RESET
CLK ol pEaDwRITE
G5 .| cowTROL
AD LEMGEIC
wh

31

g U

INTERMAL
DATA BUS

TRANSMIT
BUFFER  |—T'D
> .8

| TeRDY
TRANSMIT
controL | "E

- Txl
RECEIVE
BUFFER [a—RxD
15 -P

'

| RxRDY
RECEIVE A
contROL |

| e SYNDET

Block Diagram
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Interfacing 8251A to 8088

! ADDRESS BUS
Ag
| CONTROL BUS co | RO/ | WRI | cs/ Function
M0 R| V0 W| RESET

0 0 1 0 8251A DATA - DATA BUS

\ DATA BUS
0 1 0 0 DATA BUS - 8251A DATA
1 0 1 0 STATUS - DATA BUS
1 1 0 0 DATA BUS - Control

Q ] X 1 1 0 DATA BUS = 3-STATE
cd & o0,-0p RD WR RESET CLK

X X X 1 DATA BUS = 3-STATE

8251A

CENA433 - King Saud University
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" A
8251A Communication Interface

8251A
—| CLK
9
V,
| Mode Register | «
GND[—L
| Sync Character 1 | -
| Sync Character 2 |
| Command Register |
Receiver Shift Register R Serial
J—l Input

D7-DO0 Data-In Buffer Register
Data-Out Buffer Register

\ﬁ Indicate Trans.
RESET TXE
RESET > Empty

Address Bus
Data Bus
Control Bus

\/

v

IR(n) S Transmitter Shift Register oo, Serial
IR(n+1) o " Output
1OR/ RD/ DSR/ [¢—
10W/ > WR/ DTR/ [—»
RTS/ [— | Control
- SYNDET [+
Status Register
Address
| RxC/ |&——
| Decoder c—>{ Cs/ T<C/ _,} Clock
T BAO -~
C/D

S N e S
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" S
Signals of 8251A

m The 8251Ais doubled-buffered. This means that one character can be
loaded into a data-out buffer register while another character is being
shifted out of the actual transmit shift register.

m The TxRDY output of the 8251A will go high when:

The data-out buffer register is Empty for another character from the
CPU.

The CTS/ input has been asserted low.

The transmit-enable (TXEN) bit of the 8251A's command word is
set.

m  The TXEMPTY output of the 8251A will go high when both the data-out
buffer register and the transmit shift register are empty.

m  The RxRDY output of the 8251A will go high when:

The data-in buffer register is full and is ready to be read by the
CPU.

The receive-enable (RxE) bit of the 8251A's command word is set.

m If the CPU does not read a character from the data-in buffer register
before another character is shifted in, the first character will be overwritten
and lost.
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"
Signals of 8251A

m The sync-detect/break-detect (SYNDET/BD) pin has two uses:

When the device is operating in asynchronous mode, the pin will go
high if the serial data input line (RxD) stays low for more than 2
character times (i.e., the RxD remains low through two consecutive
stop bit sequences mcludlng the start bits, data bits, and parity bits).
This signal then indicates an intentional break in data transm|SS|on It
is reset only upon chip RESET or RxD returning to a "one" state.

When the device is operating in synchronous mode, the SYNDET
pin can be programmed as either input or output. When used as an
output, then SYNDET pin will go high to indicate that the 8251A has
located the SYN character in the receiver mode. If the 8251 Ais
programmed to use double SYN characters, then the SYNDET will go
high in the middle of the last bit of the second SYN character.
SYNDET is automatically reset upon a status read operation. If the
search for SYN characters is conducted by an external device, then
SYNDET can be used to input a signal, indicating that a match has
been found by the external device.
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Initializing 8251A
>

N T

C/B =1 Mode Instruction
c/D=1 Sync Character 1
c/D=1 Sync Character 2
C/B =1 | Command Instruction
c/D=07; Data Z
c/D=1 | Command Instruction
cD=07, Data C
c/D=1 |Command Instruction

CENA433 - King Saud University

Reset Operation

Put Output in Mode Register
<>F—
synchronous
A
T Put Output in Sync Char 1
F
2 sync char
T

Put Output in Sync Char 2

v

!

Put Output in data-out buffer register

Put Output in Control Register

36
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" A
8251A Mode Word

o, D, D, D, D, D, D, D, D, Dg Dy D, Dy D, D, D,
8, | 5, | €F |PEN| L, | L, | B, | B SC5 (ESD| EP ([PEN| L, | L, [ O [ O
BAUD RATE FACTOR CHARACTER LENGTH
J 0 | 0 1 0 1 0 '
0 a 1 1 - 9 0 ! !
5 [ T . ]
SYNC BITS | BiTs | BITS | BITS
MODE | 11X1 | (18X) | t64x)
CHARACTER LENGTH
o 0 9 0 '
PARITY ENABLE
o @ 0 1 1 {1 = ENABLE)
. . » . i0 = DISABLE)
BITS | BTS | BITS | BITS
PARITY ENABLE EVEN PARITY GENERATION/CHECK
1= ENABLE 0 = DISABLE ;ﬁgf}"‘
.. EVEN PARITY GENERATION/CHECK
1=EVEN 0= 00D
~ EXTERNAL SYNC DETECT
NUMBER OF STOP BITS 1= SYNDET IS AN INPUT

- 1} 1 0 1 0 = SYNDET 15 AN OUTPUT

- ] q 1 1

5 ™ 3 SINGLE CHARACTER SYNC
INVALID 1= SINGLE SYNC CHARACTER
BIT | BITS| BITS 0= DOUBLE SYNC CHARACTER

Asynchronous Synchronous
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" A
8251A Command Word

TRANSMIT ENABLE
1 = anabis
0 = dezable

DATA TERMINAL
READY

“high* will farce DTA
QI.I'lpl.ll 1o zero

HECEIVE ENABLE
1 = enable
0 = chapbia

SEND BREAK
CHARACTER
1 = torces TxD “lowr™
0 = normal operation

ERRDOR RESET
1 = roset arror lags
PE, OE,. FE

REQUEST TO SEND
“high” will foree RTS
outpul 1o FEFD

INTERMAL RESET
“high” returns B2514 10
Mode Instruction Format

o, D o, D, Dy D, o, 0,
EH 1A RTS ER | SBRK]| RxE DTR | T=EN
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ENTER HUNT MODE*
1 - enable search for Sync
Characters
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" B
8251A Command Word

m Initializing the TXEN bit to 1 will enable the transmitter section of the 8251A
and the TXxRDY output.

m [nitializing DTR/ bit to 1 will cause the DTR/ output of the 8251A to be
asserted low. This signal is used to tell a modem that a PC or terminal is
operational.

m [nitializing RXE bit to 1 will enable the RXRDY output of the 8251A.

m [nitializing SBRK bit to 1 will cause the 8251A to output characters of O's
including start bits, data bits, and parity bits (break character). A break
character 1s used to indicate the end of block of transmitted data.

m Initializing ER bit to 1 will cause the 8251A to reset the parity, overrun,
and framing error flags in the 8251A status register.

m [nitializing RTS bit to 1 will cause the 8251A to assert its request-to-send
(RTS/) output low. This signal is sent to a modem to ask whether a modem
and the receiving system are ready for a data character to be sent.

m [nitializing IR bit to 1 will cause 8251A to be internally reset. After the
software- reset command, a new mode word must be sent.

m [nitializing EH bit to 1 will cause 8251A to enter hunt mode (search for SYN
characters, and is used only in synchronous mode.
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8251A Status Word

D3 D, D,

Do

DSR | SYNDET FE OE

FE TXE | RXRDY

TXRDY

Data Set READY

DSR is general purpose.
Normally used to test modem
conditions such as Data Set
Ready.

SYNC DETECT

When set for internal sync detect
indicates that character sync has
been achieved and 8251 is ready
for data.

Framing Error
(Asynchronous Only)

FE flag is set when a valid stop
bit is not detected at end of each
character. It is reset by ER bit of
Command instruction. FE does
not inhibit operation of 8251.

TRANSMITTER READY
Indicates USART is ready to
accept a data character or
command.

RECEIVE READY

Indicate USART has received a
character on its serial input and is
ready to transfer it to the CPU.

OVERRUN ERROR

The OE flag is set when the CPU

does not read a character before
the next one becomes available. It
is reset by the ER bit of the
Command instruction. OE does
not inhibit operation of 8251;
however the previously overrun
character is lost.

PARITY ERROR

is detected. It is reset by the ER
bit of the Command instruction.
OE does not inhibit operation of
8251.

PE flag is set when a parity error

CENA433 - King Saud University
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TRANSMITTER EMPTY
Indicates that parallel to serial
converter in transmitter is empty.
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"
8251A Internal Reset on Power-Up

m  When power is first applied, the 8251A may come up in the mode,
SYN character or command format.

m |[tis safest to execute the worst-case initialization sequence (SYNC
mode with two SYN characters). Loading three O0OH consecutively
Into the device with C/#D = 1.

m  Aninternal reset command (40H) may then be issued to return
the device to mode word.

m  The mode word must then be issued, and followed by the
command word.
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" J
Examplel: 8251A Worst-Case Initialization

S0 EQU 4010H
s1 EQU 4011H
MOV DX, S1
MOV AL, OOH
| ouT DX, AL | ; Send three zeros to guarantee device is in
MOV cX, 2 ; the command instruction.
DO: LOOP DO
| OoUT DX, AL |
MOV cx, 2
D1: LOOP D1
| ouT DX, AL |
MOV cx, 2
D2: LOOP D2
| OUT DX, AL |
MOV DX, S1
MOV AL, 40H
| ouT DX, AL | ; Send internal reset command.
MOV cx, 2
D3: LOOP D3
MOV AL, 11001110B ;11001110 : Mode Word.
| ouT DX, AL | 7 NNNANNANAN N _ _ _ ; Baud Rate Factor of 16x.
MoV cx, 2 ’ NANNAN ; Character Length of 8 bits.
D4:  LOOP D4 ’ NN Parity Disabled.
; ! N 2 Stop Bits.
MOV AL, 00110111B ;11001110 ; Command Word.
oUT DX, AL 7 NNNANNNNN_ _ _ _; Transmit Enable.
; NNANANNNN L ; DTR will output 0.
f NANANANN ; Receive Enable.
! NANANN ; Normal Operation.
! NANN ; Reset All Error Flags.
’ NN ; RST Output 0.
! \\\ ——————— ; Do not Return to Mode Word.
Y e e = = ; Diable Hunt Mode.
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Example 1: Transmitting & Receiving Using

Programmed 1/O

MOV
TEST1:
TEST
JZ
MOV
MOV
ouT

; Instructions for Transmitting Data Using Programmed I/O

DX, 4011H

IN AL, DX ; Read Status
AL, 00000001B ; Test Transmit Ready

TEST1

DX, 4010H

AL, VARl ; Load Data to Send it
DX, AL

CENA433 - King Saud University

; Instructions for Receiving Data Using Programmed I/O
MOV DX, 4011H
TEST2: IN AL, DX ; Read Status
TEST AL, 00000010B ; Test Transmit Ready
Jz TEST2
MOV DX, 4010H
IN AL, DX ; Get Data
MOV VAR1, AL
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"
Example 2: Interrupt Driven I/O

Chip Port Address
8254 o7l 8251A
A 4000H BDO-7 cLxol PCLK Py
B 200iH | <) 0 _ TxD [—X
2 Gate BAO | ¢jp
g C 4002H | N Fgp guro[ 9600 x 64 He IOR/__ | ppy Serial Input
=) Control 4003H I0W_ | wr/ CLKI 8;21‘2?’/8 . WR/ RiD |« Device
— —X L CS/ RxRDY
= PIC Port 0 4040H B A0 Gatel—X PCLK | cLk
5|1 o e ]y G | el
R} TXC/
S |USART $54CY/ CLKZ———=X" | 14400 64 e
2 Port 1 4011H EEV IO Gater 9 o
@ Counter 0 4060H X——DTR/
= OUT2l———x« X— I psr/
2 Counter 1 4061H X—RTS/
= | Timer "Counter 2 | 4062H iy
Control 4063H (TOIR2) -
22.1184 MHz
||:|| Crystal 8259A 8255A Data
"| IRO |« BD0-7 PAO - PAT |
IRL <> OFF, Conditional
8284A B0 L o e N R PC7 » Output Device
IR3 ACK,
CLK INTR INT IR4 |4 INTEB PCe 1«
A — IR5 | Ej
FF:S\'; INTA INTA ire | o INTR,
M1 IR7 ; , Input
1 BAO A0 PC,s «-/TX
— : put
= | w1 18H | . BAT | 4 PBO0 - PB7 K==IX
'CW2 LA PCl [—X
10W/_| WR/
icwa| O1H | 8255CS/ | s/ PC2 |¢—X
ocwi| FBH | _RESET |RESET PCO le—X
(TO IR6) Mode 0
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"
Example 2: Interrupt Driven I/O (Cont’d)

LOC OBJ LINE SOURCE
1 NAME PPI4
-———= 2 DATA SEGMENT AT 40H
0000 3 ORG 0H
0000 22 4 VAR1 DB ?
-———- 5 DATA ENDS
6 T e
-———= 7 STACK SEGMENT AT 50H
0000 (50 8 DW 50 DUP(?)
2222
)

0064 9 STK_TOP LABEL WORD
-——- 10 STACK ENDS

11 T e
-———= 12 IvT SEGMENT AT OH
0148 13 ORG 52H*4
0148 14 INT52 LABEL DWORD
0148 000300FE 15 DD FIRST
0158 16 ORG 56H*4
0158 17 INT56 LABEL DWORD
0158 000500FE 18 DD SECOND
-———= 19 IvT ENDS

20 i e e
-——- 21 EPROM SEGMENT AT OFEOOH

22 ASSUME  CS:EPROM, SS:STACK
0000 23 ORG 0H
0000 24 BEGIN LABEL FAR

25 ; IVT Initialization

26 ASSUME DS: IVT
0000 B8000O 27 MOV AX, IVT
0003 8EDS8 28 MOV DS, AX
0005 C70648010003 29 MOV WORD PTR INT52, OFFSET INT52_SR_P
000B C7064A0100FE 30 MOV WORD PTR INT52+2, SEG INT52_SR_P
0011 C70658010005 31 MOV WORD PTR INT56, OFFSET INT56_SR_P
0017 C7065A0100FE 32 MOV WORD PTR INT56+2, SEG INT56_SR_P
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"
Example 2: Interrupt Driven I/O (Cont’d)

33 ;
34 ; DS Initialization
35 ASSUME DS:DATA
001D B84000 36 MOV AX, DATA
37 ; 8254 Initialization
0020 BA6380 38 MOV DX, 8063H
0023 BO1l6 39 MOV AL, 00010110B ; Counter0, LSB, Mode 3
0025 EE 40 ouT DX, AL ; Timer Control Word
0026 BA6380 41 MOV DX, 8063H
0029 BOOG6 42 MOV AL, 6 ; (22.1184 MHz/6)/(9600*64)= 6
002B EE 43 ouT DX, AL ; Timer Control Word
44 ; 8259A Initialization
002C BA4080 45 MOV DX, 8040H
002F BO13 46 MOV AL, 13H
0031 EE 47 ouT DX, AL ; ICW1
0032 42 48 INC DX
0033 BO50 49 MOV AL, 50H
0035 EE 50 ouT DX, AL ; ICW2
0036 BOO1 51 MOV AL, 1H
0038 EE 52 ouT DX, AL ; ICwW4
0039 BOFB 53 MOV AL, OFBH
003B EE 54 ouT DX, AL ; OCW1
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"
Example 2: Interrupt Driven I/O (Cont’d)

55 ; 8251A Initialization
003C BAl1180 56 MOV DX, 8011H
003F B0OOO 57 MOV AL, 00H
0041 EE 58 ouT DX, AL ; Send three zeros
0042 B90200 59 MOV CcX, 2
0045 E2FE 60 DO: LOOP DO
0047 EE 61 ouT DX, AL
0048 B90200 62 MOV CcX, 2
004B E2FE 63 D1: LOOP D1
004D EE 64 ouT DX, AL
004E B90200 65 MOV CcX, 2
0051 E2FE 66 D2: LOOP D2
0053 EE 67 ouT DX, AL
0054 B040 68 MOV AL, 40H
0056 EE 69 ouT DX, AL ; Send internal reset
0057 B90200 70 MOV CcX, 2
005A E2FE 71 D3: LOOP D3
005C BODF 72 MOV AL, 11011111B ; 8251 Mode Word
O05E EE 73 ouT DX, AL
005F B90200 74 MOV CcX, 2
0062 E2FE 75 D4: LOOP D4
0064 B037 76 MOV AL, 00110111B ; 8251 Command Word
0066 EE 77 ouT DX, AL
78 ; 8255A Initialization
0067 BA0380 79 MOV DX, 8003H
006A BOB9 80 MOV AL, OBSH
006C EE 81 ouT DX, AL
006D B0O09 82 MOV AL,09H
006F EE 83 ouT DX ,AL
84 ;
0070 FB 85 STI
0071 EBFE 86 AGAIN JMP AGAIN
———= 87 EPROM ENDS
88 e
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"
Example 2: Interrupt Driven I/O (Cont’d)

89 ;Interrupt Service Routine (TYPE 52)
———— 90 INT52_SR SEGMENT AT OFEOOH
91 ASSUME CS:INT52_SR, SS:STACK
0300 92 ORG 0300H
0300 93 INT52_SR P PROC FAR
0300 94 FIRST LABEL FAR
0300 52 95 PUSH DX
0301 50 96 PUSH AX
0302 BA1080 97 MOV DX, 8010H
0305 EC 98 IN AL, DX ; Read Serial Port
0306 A20000 99 MOV VAR1, AL
0309 BA4180 100 MOV DX, 8041H
030C BOBF 101 MOV AL, 10111111B
030E EE 102 ouT DX, AL ; Unmask IR6
030F 4A 103 DEC DX
0310 BO20 104 MOV AL, 20H
0312 EE 105 ouT DX, AL ; EOI
0313 58 106 POP AX
0314 5A 107 POP DX
0315 CF 108 IRET
109 INT52_ SR P ENDP
———— 110 INT52_SR ENDS
111 e
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"
Example 2: Interrupt Driven I/O (Cont’d)

112 ;Interrupt Service Routine (TYPE 56)
———— 113 INT56_SR SEGMENT AT OFEOOH
114 ASSUME CS:INT56_SR, SS:STACK
0500 115 ORG 0500H
0500 116 INT56_SR P PROC FAR
0500 117 SECOND LABEL FAR
0500 52 118 PUSH DX
0501 50 119 PUSH AX
0502 BA008O 120 MOV DX, 8000H
0505 A00000 121 MOV AL , VAR1
0508 EE 122 ouT DX, AL ; Write to Port A
0509 BA4180 123 MOV DX, 8041H
050C BOFB 124 MOV AL, 11111011B
050E EE 125 ouT DX, AL ; Unmask IR2
050F 4A 126 DEC DX
0510 BO20 127 MOV AL, 20H
0512 EE 128 ouT DX, AL ; EOI
0513 58 129 POP AX
0514 5A 130 POP DX
0515 CF 131 IRET
132 INT56_SR P ENDP
———— 133 INT56_SR ENDS
134 e e
135
———— 136 CODE SEGMENT AT OFFFFH
137 ASSUME CS:CODE, SS:STACK
0000 138 ORG OH
0000 FA 139 START: CLI
0001 B85000 140 MOV AX,STACK
0004 8EDO 141 MOV SS,AX
0006 BC6400 142 MOV SP,OFFSET STK_TOP
0009 EAOOOOOOFE 143 JMP BEGIN
———= 144 CODE ENDS
145 END START
ASSEMBLY COMPLETE, NO ERRORS FOUND
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WRITE DATA CYCLE (CPU — USART)
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WR
DON'T CARE .
DATAIN DON'T CARE
D
5 taw tara
05222-28
READ DATA CYCLE {CPU <— USART)
IR RDY CLEAR
RxRDY /
RD N 7
|—— fRR—--
DATA FLOAT 7 jpEp mall it
DATA OUT {  DATA ouT  p-DATATLOAT
cD \'ar 'RA
— t "
s y aR R“":L
205222-28
50 Mohammed Amer Arafah



