DATA COMMUNICATION




Data Communications

e Data communications refers to the ability of one computer
to exchange data with another computer or a peripheral

e Standard data communication interfaces and standards are
needed

e Centronic’s parallel printer interface
e RS-232 defines a serial communications standard

e 8251 USART (Universal Synchronous/Asynchronous
Recelver/Transmitter) Is the key component for converting
parallel data to serial form and vice versa

e Two types of serial data communications are widely used
Asynchronous communications
Synchronous communications
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Communication Modes

e \When data iIs transmitted between two piece of
equipment, 3 modes of communication are used
Simplex
Data is transmitted in one direction only
Half Duplex

This is used when to devices wants information alternatively,
but one after another

Full Duplex

This is used when data is to be exchanged between two
devices in both directions simultaneously




Communication Modes
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Transmission Modes

e [or Receiving device to interpret bit pattern correctly, it
must able to determine the following

Bit Synchronization
Start of each bit cell period

Character Synchronization
Start and end of each character or byte

Frame Synchronization
Start and end of each complete message block(frame)

Types Synchronization
Asynchronous Transmission
Synchronous Transmission




Asynchronous Transmission

In Asynchronous Transmission receiver clock runs(RxC)
In unsynchronized with respect to the incoming
signal(RxD)

Additional start and stop bits are added in
character(byte) data

State of signal on transmission line between characters
Is idle

Transmitted element

718-bit character ‘Stip bit(s)

Line idle {or — #~ Line idle
stop hits of 1 G 00 ' or start hit of
previous M next character

character)

1, 1 1/2, or 2 stop bits ensure
a negative transition at the
start of each new charater




Asynchronous communications

In asynchronous communications, the , such as
ASCII characters, are packed between a start bit and a

stop bit, a process called framing.
ASCII character " A", binary , framed between the bit and 2 bits.

goes out last d7

— The bit is always one bit and always a 0. (‘0w)

— The bit can be one or two bits,andis1( ).




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.

Start | 5 End
of text Message : GO of text
ldle
[ | [ [ :
0 STX |P G |p L o P ETX |P

Charater



Asynchronous Transmission

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

Bit rate is the number of bits transmitted per second.

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

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




Asynchronous Transmission
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Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

The local receiver clock is N times the transmitted bit rate (N=16
IS common).

The first 120 transition is associated with the start bit.

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

After the first transition is detected, the signal is sampled after
NI2 clock cycles and then subsequently after N clock cycles for
each bit in the character.




Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

15t data bit 2nd data bit
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Asynchronous Transmission

Bit Synchronization in Asynchronous Transmission:

Start bit 15t data bit 2nd data bit
- ; i

ReD =\ ; : 3 ' T — Time

RxC
(x4} -L

Sampling 1K
pulse '

: —— —"
2 RxC periods 1874 j #RxCperiods ~ 44 RxC periods ~ |
|

Bit rate counter Actual bit cell centers

preactioz Bit rate counter
preset to 4




Asynchronous Transmission

Principle of operation and Timing:

Transmitter Serial-out  lr.p R Receiver
h.- - mmm -
PISO i y SIPO
Tranemit “H
11 Ole— clock ' —
Counter
(T=C)

Parallel-
in

]

PISO = Parallel-in, serial-out
TxD = Transmit Data out

Receive clock . Parallel-
(RxC= H = TxC}) —»msb) out

1 [
-

SIPO = Serial-in, parallel-out
RxD = Receive Data in



Asynchronous Transmission

Character Synchronization in Asynchronous Transmission:

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

Transmitted element
"Start ] th

bit {/8-bit character Stip bit(s)
e K

Isb msh |

-
Llo oltfo ofi]alp

[Li gz piefegoqrsd

Receiver detects star
of new character




Synchronous Transmission

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

Transmitted frame

|1!l) ﬂllIO {]:1!{]
|

I |

e

Sync Start-of- Frame Contents End-of- sync
characters  frame frame characters

character(s) character(s)




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.

Transmitter Receiver

|

Clock
extract

circuit




I Synchronous Transmission

Bit-Oriented Synchronous Transmission:
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RS232

» For compatibility in data communication equipment, an
Interfacing standard called RS232 was set by the Electronics
Industries Association (EIA) in 1960.

» Todays most widely used serial 1/0O interface standard

Pins and their labels for the
RS232 cable, which is
commonly referred to as the
DB-9 connector.

Table 17-1: IBM PC DB-9 Signals

Pin  Description

Data carrier detect (DCD)
Received data (RxD)
Transmitted data (TxD)
Data terminal ready (DTR)
Signal ground (GND)
Data set ready (DSR)
Request to send (RTS)
Clear to send (CTS)

Ring indicator (RI)

|
2
3
4
5
6
7
8
9




Digital Data Transmission using MODEM

Modem Switched or leased circuit Modem
EIA-232DIV24  (DCE)  ° i (DCE) EIA-232D/V.24




Digital Data Transmission using MODEM
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Seqguence of Modem Control Signals

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.

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

The calling PC sends the telephone number of the modem

associated with the called computer. The modem then dials up the
called computer.

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.

In response, 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.




Seqguence of Modem Control Signals

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.

®  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 At the 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.




Digital Data Transmission using MODEM
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8251 PROGRAMMABLE
COMMUNICATION INTERFACE




Introduction

= 8251 1s a USART (Universal Synchronous
Asynchronous Receiver Transmitter) for serial
data communication.

= Programmable peripheral designed for
synchronous /asynchronous serial data
communication, packaged in a 28-pin DIP.

= Recelves parallel data from the CPU & transmits
serial data after conversion.

= Also receives serial data from the outside &
transmits parallel data to the CPU after
conversion.




Block diagram of the 8251 USART
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Pin diagram
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Signals of 8251

CS — Chip Select : When signal goes low, the 8251A is selected by
the MPU for communication.

C/D — Control/Data : When signal is high, the control or status
register is addressed; when it is low, data buffer is addressed.
(Control register & status register are differentiated by WR and
RD signals)

WR : When signal is low, the MPU either writes in the control
register or sends output to the data buffer.

RD: When signal goes low, the MPU either reads a status from the
status register or accepts data from data buffer.

RESET : A high on this signal reset 8252A & forces it into the idle
mode.

CLK : Clock input, usually connected to the system clock for
communication with the microprocessor.



Signals of 8251

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.

B 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.

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

B 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.

B [f 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.




Signals of 8251

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 |nclud|ng the start bits, data bits, and parity bits).
This signal then indicates an intentional break in data transm|55|on It
s reset only upon chip RESET or RxD retumning 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.




Sections of 8251

» Data Bus buffer

» Read/Write Control Logic
» Modem Control

> Transmitter

> Receiver

1. Data Bus Buffer

> DO0-D7 : 8-bit data bus used to read or write status,
command word or data from or to the 8251A




2. Read/Write Control logic

= |ncludes a control logic, six input signals &
three buffer registers: Data register, control
register & status register.

= Control logic : Interfaces the chip with MPU,
determines the functions of the chip according
to the control word In the control register &
monitors the data flow.




3. Modem Control

» DSR - Data Set Ready : Checks if the Data Set is
ready when communicating with a modem.

=« DTR - Data Terminal Ready : Indicates that the
device Is ready to accept data when the 8251 is
communicating with a modem.

= CTS - Clear to Send : If its low, the 8251Ais
enabled to transmit the serial data provided the
enable bit in the command byte 1s set to “1°.

= RTS - Request to Send Data : Low signal
Indicates the modem that the receiver iIs ready to
receive a data byte from the modem.




4. Transmitter section

= Accepts parallel data from MPU & converts them into
serial data.

= Has two registers:
Buffer register : To hold eight bits
Output register : To convert eight bits into a stream of serial

bits.
— TxD
[ A
— TxE




= The MPU writes a byte in the buffer register.

= Whenever the output register is empty; the contents of
buffer register are transferred to output register.

= Transmitter section consists of three output & one
Input signals

TxD - Transmitted Data Output : Output signal to transmit
the data to peripherals

TxC - Transmitter Clock Input : Input signal, controls the
rate of transmission.

TXRDY - Transmitter Ready : Output signal, indicates the
buffer register is empty and the USART is ready to accept
the next data byte.

TXE - Transmitter Empty : Output signal to indicate the
output register is empty and the USART is ready to accept
the next data byte.




5. Recelver Section

= Accepts serial data on the RxD pin and converts
them to parallel data.
= Has two registers :
Receiver input register
Buffer register

RxRDY




When RxD goes low, the control logic assumes it is a start bit, walits
for half bit time, and samples the line again. If the line is still low, the
Input register accepts the following data, and loads it into buffer
register at the rate determined by the receiver clock.

RXRDY - Receiver Ready Output: Output signal, goes high when the
USART has a character in the buffer register & is ready to transfer it
to the MPU.

RXD - Receive Data Input : Bits are received serially on this line &
converted into a parallel byte in the receiver input register.

RXC - Receiver Clock Input : Clock signal that controls the rate at
which bits are received by the USART.



Control Register

= 16-bit register for a control word consist of two
Independent bytes namely mode word &
command word.

= Mode word : Specifies the general characteristics
of operation such as baud, parity, number of bits
etc.

= Command word : Enables the data transmission
and reception.

= Register can be accessed as an output port when
the Control/Data pin is high.




S-taéH&';?gléngardy status of the peripheral.

= Status word In the status register provides the
Information concerning register status and transmission
errors.

Data register
= Used as an input and output port when the C/D is low

Q
O
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Operation

MPU reads data from data buffer
MPU writes data from data buffer
MPU writes a word to control register
MPU reads a word from status register
Chip is not selected for any operation
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ADORESS BUS

CONTROL BUS

W

Function

DATA BUS

8251A DATA - DATA BUS

L4

DATA BUS - 8251A DATA

STATUS - DATA BUS

DATA BUS = Control

0,0, RO WK RESET CLK

8251A

DATA BUS - 3-STATE

DATA BUS + 3-STATE




8251 Communication Interface
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Initializing 8251

Mode Instruction

Sync Character 1

Sync Character 2

Command Instruction

Command Instruction

Data

Command Instruction

Reset Oheralion

.

Put Output in Mode Register

- -

e ~_F
<_Asynchronou ’s’:)ﬁ
H-\"""--._\_\_\_HF-____.-"J--

T Put Output in Sync Char 1

g F
.a-"-f-- H‘H
<__2sync char_=>

-

Put Output in Sync Char 2

!

!

Put Output in Control Register




Initializing 8251

= To implement serial communication the MPU must inform the 8251
about the mode, baud, stop bits, parity etc. A set of control words must
be loaded.

Mode Words

Specifies general characteristics of the operation.
Command Words

Enables the data transmission and/or reception

Status Word provides the information concerning register status
and transmission errors.

= Any control word written into the control register after a mode word is
Interpreted as a command word; that means a command word can be
changed anytime, however 8251 should be reset prior to writing a
Mode word.

= 8251 can be reset internally by using the Internal Reset Bit D6.




8251 Mode Word

BAUD RATE FACTOR CHARACTER LENGTH

o 0 1 |0 | L L
% I TR T T R T

) ] 1 1

5 ] 7 B
E"gﬂni (61| (48X) | (6dK) BITS | BITS | BIT5 | BITS
CHARACTER LENGTH

« 0 1 0 '

PARITY ENABLE
a Q 1 1 {1=ENABLE}
(0= DISABLE)

5 ] 7 ]
BITS | BITS | BITS | BITS

-umn' ENABLE = EVENPARITY GENERATION/CHECK
1= ENABLE 0= DISABLE 1= EVEN
0=00D
. EVENPARITY GENERATION/CHECK
i 1=EVEN 0:000
+ EXTERNAL SYNC DETECT
NUMBER QF 5TOP BITS 1= SYNDET 1S AN INPUT
o 0 1 0 1 0 = SYNDETIS AN QUTPUT

- 0 0 i i

— * SINGLE CHARACTER SYNC
INVALID | g1y | ifs I - SINGLE SYNC CHARACTER
0= DOUBLE SYNC CHARACTER

Synchronous

Asynchronous



8251 Command Word

TRANSMIT ENABLE
1 = srable
0 = cemmbis

DATA TERMIMNAL
HEaDY

“hoghTT sl force ﬁ
oulput 10 rerno

HECEIVE ENABLE
1 = pnabde
0 = clsabie

SEND BREAK
CHaAaRACTER
1 = torces Teld "~low™
0O = Mol Opsermtorn

ERRDA RESET
FPE_DE_FE

REQUEST TO SEMND
“high wdl force RTS
DuUTPLET O FErD

INTERMAL RESET
Thagh” raturm BES 1A 1o

Modle Imstruction Format

ENTER HUNT MODE™
1 - gnable search for Syne
Characters




8251 Command Word

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

B |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.

B |nitializing RXE bit to 1 will enable the RxRDY output of the 8251A.

B |nitializing SBRK bit to 1 will cause the 8251A to output characters of 0's
including start bits, data bits, and parity bits (break character). A break
character is used to indicate the end of block of transmitted data.

B |nitializing 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.




8251 Status Word

DSR | SYNDET | FE | OE

Data Set READY

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

SYNC DETECT

When set for intemal 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 Stﬂp
bit is not detected at end of each
character. It is reset l}‘_u‘ ER bit of
Command instruction. FE does
not inhibit operation of 8251.

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

RECEIVE READY

Indicate USART has received a
character on its serial input and
s 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 overnn
character is lost.

PARITY ERROR

PE flag is set when a parity error
is detected. It is reset by the ER
bit of the Command instruction.
OE does not inhibit operation of
8251.

TRANSMITTER EMPTY

Indicates that parallel to serial
converter in transmitter is empty.




Simple Serial I/0 Procedures

O Write

Check RxRDY Check TxRDY
} }
l Yes l Yes

*

—
*

Write data registe

A 4

end

Read data registe

end

R




Baud Rate Factor
0 1 0

0 0 1

Refer to

SYNC

Charactor Length
1 0
0 1

1 0

0 1

Odd
Parity

Disable Disahle

stop bit Length
0 1 0
0 0 1
Inhabit 1 bit 1.5 bits

Fig. 2 Bit Configuration of Mode Instruction (Asynchronous)




Charactor Length
0 1
0 0

0 1

0 0

Disable Fgﬁ%, Disable

Synchronous Mode
0 1

Internal External
Synchronization | Synchronization

Number of Synchronous Charactors

0 1
2 Charactors | 1 Charactor

Fig. 3 Bit Configuration of Mode Instruction (Synchronous)




1...Transmit Enable

0...Disable

DTR
1 »DTR=0
0 >DTR=1

1...Recieve Enable

sable

...oent Break Charactor

...Normal Operation

...Reset Error Flag

...Normal Operation

1...Internal Reset

0...Normal Operation

1...Hunt Mode {Note)
0...Normal Qperation

Note: Seach mode for synchronous
charactors in synchronous made.

Fig. 4 Bit Configuration of Command




D+ Dy

TXRDY

Parity Differant from
TXRDY Terminal.
Refer to "Explanation’
of TXRDY Terminals.

Same as terminal.
Refer to "Explanation”
of Terminals.

1...Parity Error

1...Overrun Error

1...Framing Error

Note: Only asynchronous mode.
Stop bit cannot be detected.

hnwa Terminal DSR
=0
=1

Fig. 5 Bit Configuration of Status Word




8251 A Serial Communication Interface

» The 8251A internally interprets the C/D,RD and WR
signals as follow:

Data input from the data-in buffer

Data output to the data-out buffer
atatus register 13 put on data bus

Data bus is put in mode, control
Or sync character register

» Whether the mode, control or sync character register is
selected depends on the accessing sequence.



Example 1

A program sequence which initializes the mode register
and gives a command to enable the transmitter and begin
an asynchronous transmission of 7-bit characters
followed by an even-parity bit and 2 stop bits is:

MOV AL,11111010B
OUT 51H,AL
MOV AL,00110011B
OUT 51H,AL




Example 2

« This sequence assumes that the mode and control registers
are at address 51H and the clock frequencies are to be 16
times the corresponding baud rates.

The sequence:
MOV AL,00111000B
OUT 51H,AL
MOV AL,16H
OUT 51H,AL
OUT 51H,AL
MOV AL,10010100B
OUT 51H,AL

would cause the same 8251A to be put in synchronous mode
and to begin searching for two successive ASCII sync
characters




Format of the status register

Indicates data-out buffer register
empty; unlike the Tx RDY
pin, this bit is not affected

by CTS pin and TxEN
control bit

Wﬂi it indicates
DSR pin is active

S e

SYNDET TxRDY

/" N

Same as Same as RxRDY pin
SYNDET pin
Same as TxE pin

When 1 it indicates
the occurrence of a;

Framing error

Overrun error

Parity error




Example 3

« A typical program sequence which uses
programmed 1/O to input 80 characters from the
8251A, whose data buffer register's address Is
0050, and put them in the memory buffer
beginning at LINE.




BEGIN:

ouT
MOy
MOY
IN
TEST
JZ
IN
MOY
IHNC
IN
TEST
JHZ
LOOF
JHF

AL,00110101B ;ENABLE TRANSMITTEER AND FECEIVEER

51H,AL :AND CLEAR ERROR BITS
DI,0 ;INITIALIZE INDEX

X, 80 :FUT COUNT IN CX
AL,51H

AL,0ZH

BEGIN

AL, 50H :INFUT CHARACTER AND
LINE[DI],AL :FUT IN LINE EUFFER
DI

AL,51H :CHECK ERROR
AL,00111000E :EITS AND

EFROR :IF N0 ERROR IS FOUND
BEGIN :CONTINUE INPUTTING
SHORT EXIT

NEAR. PTE. EF._ROTT ;ELAE CALL EFE ROUT




Example 4

e 1000 000 O : data register address: xx80h

e 1000 000 1: control or status register address:
Xx81h
e Mode word:

2 stop bits. no parity, 8 bit characters. Baud rate factor of
16 (1200 Kbps)

1110 1110 =EEh
e Command Word:

e 0001 0101 = 15h ; enable TXRDY and RxRDY
and reset all flags first




_—

INIT8251:MOV AL,0EE
OUT 81h. AL — Initialize the Mode Word andCommand Word

MOV AL, 15h
OUT 81h, AL

—

CHKRX:IN AL,81h
RORAL,1 — Receive Ready?

RORAL,1
JNC CHKRX —

IN AL,80h
NOT AL
MOV BL,AL _

— If Ready get data

CHKTX:IN AL,81h
RORAL,1

INC CHKTX — Send data if the T buffer register is available
OUT 80h,AL
JMP CHKRX —




Thank You






