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The obiective of this  projece e £ demonstgr e

communicacior between rwe MS-DOS based Tum pC/XT compa

)

over the puliic telephone network, usineg a Modem RS Rt e

chiip FSK Mowien AM7910 is used.

The compiitey acts as a data terminal Dava is Laikap o
through asyuchronous communication port COM1 in the serial
form. The only external device required Lo conrecr the
AM7910 tr  the phore line ig a data coupler. Eithe %
direct connect dats compler ( also known ©3 % date aoregs

arrangement: or an “ioustic coupler may bhe ugen

I

ASYRCOTI0US mod & of Cransmiszion and T

used. Th: rodulation technimie enploved ig f:equﬁﬂcy St
keying. Sneed of trrnsmission NAY gc upto L2050 Dits, sec s
The pariry option can be chosed ugsing softws ~a Fovur  wi-=

fuil duplax mode or two wire half duplex mGde can be used

The software developed, provides fscilities for lrecr

keying in of data ang tranfer of fileg Iror ane

Q

onputer

another.

The Priviect g-ma at design apa fabimicar 1o
hardware cireudr usng Modem andg Aevelouper ¢ -~ ThE s L

For the CowT UL
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CHAPTER ¥

INTRODUCTION

Communication s3tems rpar  employ ALY RAdY ER L

~hannel natworks are always preferrec. Teevel ore.

sommunicat ion via £the relephone L1Ne 1S heoowing ore

0

just 3 comvenient oprion This pro- ol wors B

devaloping an effirient communication G e WG

used in computer networking.

Most communications will permit sianals

rransmitted 1in & 1imdted band nf Freguand]

-
-
i

any information beaying signai must e sLer Tast i
not ali, of its power spectyar densniy JIE

band.
1.1. MODEH

In order to use the telephone qetwor ks T

transmission, We generally need t©o CONVETR S

[6)]

ignals iatc A& form that will g¢ qnocon iy R T

(wi

elephone l1ine and wili. at che other =nd CoTrE Y T
signal Dback into digital form toc s 1o A UOMINLY

modem solely serves ois purpose



Dara comaunication s che commorn fAacn o o
pfocessing Hn1 Line systems, Caleprocessira Al

based systemd

»

Modems  are  gerevally ~hazacteristieec DY
modulation ochnigques. Low speed modenm: ERANS
nsing frequenty shift keying 1FSK modu e aan . Mes
odem  1i2a0 no 4800 pps) Are iwp Lementad W Ane
waeying OY Caadrature Mmpiitud6 andinLat ioon (e

speed modems {9600 DDS a7e  ALsSC cplemesi o

Nuadrature amplitude Mowulatior (QAM:

1.2. 8COPE OF THE PROJECT

n order to transmit any data., 1t 1g 1mportans

iv rto facilitate easy and better transmlisicn T

%

§

in tne formw of 1) Ampiitude shifr Keying
2} Freguency shift kKeving
}j Phase shifl xkeying ana

47 Quadyrature Ampiltude Meaaiar wor.
Thege ar: descrived in detai! 1in the ~“hap.el

Chapter 3 deals with the detaiis of the desngn

MODEM cirvaull



A

Fae  seern

[t Yo

sofuware for the communication

The
i has been explained

- dztall

this project an

for

fourth chapter.

The herdwvare and software part of £bhe proiect
integratec cogether . Tts ingtaliaticn
described in chapter 5. Conclusion Qe W
project are given 1in ~hapter »

T



2.1 introdur tion

Normally. #
and receive
{ines as ohe
RECEIVER TRENSMI

Jigital daia £ Low

ﬁommunlcatioys cont roller L

converslor. oo

Aemodulation  pTO
soraipment connec

Qrotected from th

Ta addit. on,
~Aonnectior GF e

Aevic? knowit a6 4

1ocal computer

data fiom

FransmiEsgion pati P

dara f[oon

Fpe gigital darts o

SEAPTER

SYSTEM DESCRIPTION

et

rarmina 1

a remote

TTEN (GRART:

pe~ween LhHe repminal 204cC

rie computary
meaen

AY
A1S80

cess e

ted O

e exrternal environment.

the network must be

quiypment. These ~Asks

Dara ACCesE Ay rangemer.

S

rermina:

e T

Sonrroilea OV

'prCEwaCf£VQ

t

ueing

UNTVERSAL

ainadl G

3 CYMCERONT

AT

O

"
-4
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2.

2

iogical lever.

i

2.

The mode: of information modulation

2

.2.1.

The aupltude of the <arriev signal

18y

Modes ot Encoding

amplitude ghift Keying {ASK!

zerc amplitude may «

oryeaspond

o and = high ampl icude may corresponc To &

This is shown in the fic 2. 2.

Freque iy ghift weylng 18 = modulsit o Ted

Frecuency Shift weving (FSK)

sre dimcusseC

apanrdges Y

5

lognoa

encodes on: bt of t-e serial datve sorean oel D&

“he

ore oL Lhe pit ubream places 2 mark

i73)

and

n

¥

on the line. i the bit sturesht

zero, the analow signai O the Line

perween FM and F& as ahown: e

modulation

This spectri depends on cthe seguence

data

gt ream

ince it encodes onlv one DIT P

appxoxwmately 1 Hz of pandwidtn for

data

Though 1t -8 fhe teast =2fL

| rOeesS quED’SIaEeS enerygy ovel

awivchey

yocdu.. ates

rreqLaenit

rne  Ligure

a bioad

et bhaurl, Do

sacy ot

O T

Vel

phone 1ine . A logic Cozarol placedn & sueTe SR VE L
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typically cagquires the least amount of fardwars -

implementatLon

2.2.3 Phase ghift Keying (PSK)

phase shift keyi111g is a

modulatior

cecanious

encodes mMCre than one pit of the gserial data B oh g=T=te

modulation symbol . Sequential bite

grouped into pairs OF triplets
For example. o rwo pic code ! a
one of four phase ghifts €O be
phone 1ine o shown in fio 2.4
selects one& of the eight phase
18 determined by rhe =symbol OF

per symbol allows a Ligher bit

The demcdulatior Af the

carrier -nto WO oY ~hrees

<

sophistlcated hardware £ha

-

demodulation

in the

Azt s Ay

when grovped  0re

1pit;

1a to

applied T

A

shifte.

paud

rate

~hree

rate.

pgk from

[eR R

chat

~ode =

requ.t

med wheTn

a ¢ChrYL’ [

piv wode

sr.ooding T

given bare

ved Ty

2.2.4. Quadrature Amplitude Modulation {2AM}

The cechiniue of gquadratiur® ampl ituae

wlciple datb. hits 1Nt & moduiarLon 3yTint

|
y
ol G
v .2 =
= LR

cincse specrrad asade

I
e S

w14t

modiian - Siat
3 T RS



ohase ahy oo the i

smplitude vypioally . foas

conetellat ron  or  groul

w3

ancodlng, shennelr 2t

rhe 12 type

ali: the

2 .3 Asynchroaous andl

The wer.al data strean

svmopronousiy O

&

may hava a syl

sere Lo the MAX LI

Ty  F1o rare

strean ¥SK modems are as

B SV 1TONNUS date

Aetarmined

required o gqualiry T

Pk and OpM modemns

S reAans .

4.

ol
L

<implex FparismLs

ane direct1on dur g

WY E 1Lines

SarTier  Oh
coquential

a5

of modem &

mModems v

anters
@IV TIChTONouUEly

rave

st

Telepbone Netwerk Bandwidth

mior Ls Lne

lan

1y

e

HNOWIL
3600 bre

rhe

-
1

e

permit

¢ derermines

e cEspAarace ~iock gignal TC quad

ynchronous

"

regm nas

y Lhe sodulation technigue

+

cransmitted

are 8yncirns

Tsage
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oaud Dl
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Half duplex transmission is said to be used when LY
one modem transmits and the other receives abt any  nsSTADL
Most of =he availal.le bandwidth can be used Dy tris Single
rransmission band. The process of reveri LAg UNe id rect i it OF
transmissicn  is  celled  © line  Ture s round” T N
required if data wus® pe transferred ta botb AALreni ons
during a vall Haif duplex over £wo wii2 Llies if uges dat

pit rates from 1200 bps to 9600 LS.

Full duplex trangmission 1S simultaneous. bidirectional
data rtransmission. Each modem can trangmit ane receive  ar
the same ~ime. Available transmission bandwidth is Ailvided
into 2 channals via frequency division multipilexing (FLM: o
the entire bandwidth is used for each channei: Tie  =ho
cancellation. Low to medium datz rares are POSFLOLe BALLE
two wire lines. An advantage of full‘duplex operatinh I8

that no line turn around is required.

2.5. MODEM CIRCUIT DESCRIPTION

Chip AM7910 1i# designed complete wiftn Tiansmltrey.
receiver ard interface control and tim.ag Logic Pl T
operates  al 300, 6°¢ or 1200 bps asynchronous  asfrs  Tanes
Five pin-projrammabie mode control lines (MCO wc M4 =ei=ct

the desirad uwodem configuration
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4%

data from/to the computer chrouglh che seriat

1ine interface rR3-232. The communication SOt

designed to program the serial port directly. The
communication software can work both in revminal =mulator
mocde and tiie ¢t ransfer mode. in the terminal ami3non
mode, computaer Acts as a dumb CRT terminal . Crnaracrers

ryped on the keyboard are sent out through the outpub DOT-
ro the moden and characters coming to the 2C on t2e input
In file transfer mode . & faie

port are displayed o CRT.

can be cranswitted from one PC to another.

SPECIFICATIONS OF THE SYSTEM

Modem chip uszed aM 7910 wor.d chip FSK modan

Speed of transmigsion . 1200 bps

Type of moduiation - FSK

Parity Can be none. ©0dd OY =SVEH

f=] :,(

Number cf chunnels and mode : 4 wire fFull-dunlex o L WiIE
half duplex

Number of data bits . 7 or 8
Number of stop bits . 1 or Z

G R3O0 Hz

Bandwidth . Phone systam Bandwlcr o
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CHAPTER LI

MODEM DESIGN

3.1. Introduction

°

This chapter <dezals with

+he harduwars des . gu
project. The actual circuit which was Zabi ated
designed infour separate modules. The desiar
modules are explained in individual szciLions

+
[

chapter. In the first module, he warwious

-

connecticns required by AM7S10 for ite ovevation

ciock, R=rnet etc are explained. The next S

Vi

{

P
[

with he deasign of the Data Terminal

interface maidule.

Hguiprm=i

PR R
e e
g e T
' ~ AL L

This module consists cf the modsm =0 HLUS
indic;tor civcuits and the line receivers/darivers o proids
RS232C-TTL n~onversicns. The design ©F the pihons iae
interface module consisting of the bufre- amplifisrs =znd
Data Access Arrvangement (DAL i1s  covereda 1n Los TENL
section. the power supply module has lesn a23iurs e
produce the various voltages reqguired b. the diffe o znt o0 S
The last section of this chaptex deals wish the ozion £
rhe PCR reguired to tabricate the mot=2m  CLroy e
overall wirvcuit diagram incorporating . TOR 0 i nas

°

beenn given in Chapter V.



3.2 AM7919 Device Details

In this section, external connectiong TO e IMTLLC are

designed.
3.2.1. Clock

The AM7?910 employs digital signal processing Lo perform
poth modulation and demodulation operations. 3ince the

perfofmanww nf the digital signal procesEing ~ivounD 18

directly ‘ependent od the sampling (cl.ock) freguency. the
exact clorh frequency is a critical parameter. ~herfore, &

clock walue of 2.4576 MHz with a tolarance of .

A
l,..J -
3]

required for propex operation cf AM79171 .

The generation of the AM7910 clock iz accomplished by

the connection of a crystal to pins XTIALL & XTALZ The
characterigtics of the crystal regquired Are Tyoe

Parglle1 resonanc . fundamentail mode .
Frequency . 2.4567 MHz

Frequency toleranca : + 100 ppm { -

<
o

Fregquency stability : + 100 ppm ( + 0

.,._J
A

o

Maximum shunt
capacitance (Co) . 7 ot

Mipnimum drive level : 1.0 MW

Maximum resonant . 300 ohms
registance
Load capacitance shown in fig 3.1



supt load cacacLianu Ty STA! Pooasen  ArG aants

capacitance required are 20DE and 15pl The srandard  E]

&

cof 23pf is used for one ~f the cepacitors L o3 value ~f

()
[9e]

N

{5 uzed for the other capacitor.

3.2.2 Ragaw

n RESE pin is provided on Fhe AMT G100 which  halts

processinrg f the transmitter and receive inpuls

~ritical poawmerers of voltage and timing 707 the RESET pin.
Timing Letween the powst gsupplies anc RESEY shovld ne a8

follows: Roth supplies wili initiallv rise from U Lo 5 A

i
i
-
-

in  magnituide After both supplies have reach=d 3.7
magnitude for atleast 1.0 micro seconds an zobive Loa  pulse
~f atleast aoéns duration must be applisd to RESIT. EaaTr
riming and levels of voltages applied £o RESHET ars as hown

-

in fig 3 2. A circuit which automatically rezsets T

when powet 18 app.ied is shown in flg.5.3 Tas  LAmE

constant RO = 0.470 sec which is high snouyh oC

'

RESET pin in the low state for a time great

)

I
5 [ R

g

ns.

The REOET pirn is also provided coanec icn  exTernallly

which is uged to reset the modem while the piwer o= or



et
4

3.2.3 External A/D Converter Connecticns

pins CAP1 and CAP2 of the AM7910 are provided to z.low

exact selection of a RC time constant whichk is used oo the

analog-digital conrverter of the AM7720 recerver The
nominal vatlues of 100 for B and 2000 p! for O will as

the optimal A/D converter performance aic in  ocurs o Jnad

reduce the :istortion of the receiver.

3.2.4. Ground connections

The AM 7910 has two ground pins : AGHND and DGND. AGND

ot
[43]

the analcg ground pin. It has very low impedance connecticon,

which will increase the noise immunity of the xsoaives

analog to digital converter and transmitter,

~O
analog converter when properly connected. AGND oe
connected to a low inpedance ground hus aear “he mowey

supply circuitry. DGND on the other hanud, is ©0ns drgitcal

ground pin which is more tolerant of power supply ncLse znd
ripple. DGND is a higher impedance conriection because the
digital circuitry »f the AM 7910 is .=2s¢ susceptibis Lo

noise than the analog circuitry.



i

3.2.5 Power Supply Eipple

The AM 7910 has symmetric positive anc negative power
supplies, ( +5V and -5V) symmetric supplies 2T€ regiired LC

provide power Lo the analioa sections of tre AM ToLY The

A/D convertay and /A converter are gengitive ©o YipLLe
either power supply. Ripple should be kept to ldesgs L4350
s0mV, * particularly in the band from 200Hz  to 308z L
between Vec and DGND, Vbb and AGND capacitoxs of 000 wLTYo
farads is connected close to the device to .roviie

proper decoupling.
3.2.6 DC Carrier Offsets.

The DC offsets of the TC | ransmit Cartvier) ouliu: o

tne AM 7910 can vary as much as + 200 mv depsending oI LOWED

suppiy values and environmental condit:ions. I SoOrALTAST

rhe Raceive Carrier (RU) input of the AN ToL0 w1l Lolerats
only about + 30mv of DT input offset. & DLOTKING cepas tor
is used t« o2liminaze the DC cffset of the ™ ooutrus belore
it is place i on the telephone network. Tae wvaluwe ol Lhis

capacitor snould e .2 micre farads ¢y Fraanat o mhar

N
-
e
@
[
~
Y
5
D
[
&

frequencien above 60Hz are allowed tO past

unattenuated



3.2.7. ¥ode Selectiocn Switches

-

The AM 7910 «an be configured in eny one of Ths 2
possible configuracions according to ths Bel. ©OF oI

specifications as shown 1n Appendix. Only L3 o Taese
modes are actually available to the user. The modes 27€
selected by means of five input pins MCC-MC4. These ° DLE
are conracted to a Dual-in Package (DIEY switeh  chrouwual: =&
resistance pad of 1% as shown in fig.2. 4. The DIp awirches
are used to either ground or connect +° supply ro the I mods
selectior pins. By setting different DIP switch positi
different speeds of operation such as 300 bps, 620 ope and

1200 bps can be obtained.
3.3. Data Terminal Equipment Interface

The AM 7410 can interface to either parallel or serial
7/0 ports o: standard data terminal eguivments witn moriimal
external components. CJonnection toO an intelligert cerminal
or serial computer port 1s accomplished witnout 2xXt¥a
computer interface components. & ariversal  Asynonyonocds

Receiver Transmitter (UART) s required. to connect The AM

7910 modem to a parallel microc computer OUS. Tha  UART
handles the control/status of the wodem T MICTO

computer as well the parallel-to-serial coriersicn of  data

sent over the bus.



e
& hh

The Data Terminel Zguipment used ig zne IBM FC-RT e
serial ports of it are COMZ and COM2 . Tae REZIZC

standard level output 1s obtained at the 2 pin conn=tLor
attached ¢t the Asynchronous Communicatiorn Adapter Thoe

adaptér zanrd contains the UART chip IN825C who oo

)

responsible for the parallel/serial conversicn.
3.3.1. Transmit Data Connection

The <onnestion of the Transmit Date (TD) pin of thz AM

7910 is shown in £ic.3.5.

Since rhe AM 7910 interfaces only tc TTL level devices

RS232C Tipe  drivers and receivers are requirea for

connection ro devices accepting standarc RE232C/V.24 voirage

levels. The  MO146%9  1s  the RS2232  line veceiver whaich
converts -~he RS8232 input from the serial vort to TTL lsvel

which can be connected to TD pin of AM 7910, The LEDIL g

o)

healthy condition indicator, indicating that the Jata iz
being transmitted from the computer to tha remotre cerminal

The LED i= off when the input at TD is Jow.
3.3.2. Receive Data Connection

-~

Fig.3.6 ghows tae connection to the Rece.v=

pin of the AM 7910.



o 3
e
The MO 1488 is a RS 232 line drive:s converting —os T
1evel of Rerrive Data output of AM 7910 to whe RS 20« sure
required by the serizal port. The LEDZ .< @n indicatzc that
rhe data i being received by the compuater Wner ~he XD
output is low the LED2 is OFF.
3.3.3. Carrier Detection
AM 791( has a p:n named Carrier Detv=act (CDy . 2 lcw 00

o

this output indicates that a valid carr.=r signai -3 trasent
at the recniver and has been present for  atleast & time

tCDON, where tCDON, depends on the

configuraticn. A HIGH on this output signifies a7 3o
valid carrier is being received.
Fig 3.7 shows the Carrier Detect circuit diagranm Whern

the CD pin is low, indicating that the carrier is

the LED3 becomes ON thus indicating tlhat the

present. When the carrier is not present, it oufput 1o nignh
and the LKD3 1is OFF, thus indicating that tlhers 3 o
carrier signal being received in the RC input.
3.3.4. Handshake Signals

These signals are the signals exchanged o2rior datsa
rransfer between the Data Terminal equiprert ard tus  noden

so that the data transfer takes place a tle rigaT Lnrrante.
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3.3.4.1 Datn Terminal Ready

A*low l»vel on this input indicates that the 9272 TerMIIL

desires Lo send and/or receive data via modem. £ g Level

digables all TTL I/0 pins and the internai 10gic.

|

vig 3 % shows tae DITR pin connect.iorn . Toe [ R R

notriggerable moncatable circuit. The 1pgic <diacvarm  anc

rruth table of 74121 is shown in fig 3 ¢.

The input to the 74121 are AL, A2 and E. The  Coigger
input t¢ the moncstable appears at trhz cutnut ©I o Al

gate. A logic equastion for rhe nriggexr lnput

If either Al or AZ or both are hel«d low

rransition at B will trigger the circui:.. ‘when Crigoered.

rhe 74121 produces ocutput pulse at O w¥nos wider

accordine "o the values of the cimang  Tesistis coand

capacitor C as

t = 0.69 U

In the circuit ~onnected to DTR., T = 170 . & = 3

£t = 6.9 ms. The nf the trigoered pulsa Junpurl

<

-
{2
cr
oy

fdts
[

"
or
-
3
]

rhe DTR V2 LT e CE Y and

0

6.9 ms. During th.

then switched on after 6.2 ms.
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This switching is done, as soon as pewer supply oF

to the circulit. The delay between the instant O giving TS

power supply and the occurence of the trigger =& e DY
the RC combination connected to the B input of R e
value" of time constant chosed 1is C.1 sac Trereiore
approximaiely 0.1 s after pcwer is suppliec. rhe DITR 28 SE%
high. Atter 6.9 MS, DTR is reset L., swLtcred CH.
Whenever DTR ig turned tC rhe OFF state fyor & 2
condtion, each arate machine and external o ignals reTals te
the initial conditions within 25 microseconds. afcer DTF LE
turned ON, the AM 7610 becomes operational ag a mcdenm,
3.3.4.2. Request to send (RTS)

A "1ow level on this input ipngtructs Tne woden oo 2uterl
rransmit Mode. This iaput must remain ~ow for the duraticn

of data t ransmission. A high level on raig daput LurHS off

the transmitter. Fig 3.10 shows the RY pin connsct-ob
The RTS 1s & handshake signal output frcm the DTE fcompunenr’
which 1s pin no.7 of the DB-9 RS232 conneczar and D & oF

the DB2b k3232 conmnector. This 18 cornected 7 - e RTBR

input of the modem through the RS232.
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3.4. AM 7910 Phone Line Interface.

There are two dififerent ways of irterfacing motens oo

the phone iine. One of these is to use a Jdirech coonastLon

m

device callead a Data kcces Arrangement DAL

A DpA & & device which 18 physicel.y connectac -he
phone line chrough an approved connectcr Tre second nethoed

uses an dcoustic coupler.
3.4.1. Ecoustic Ccupler

An acoustic coupler uses the existirg ceiephons nandset

and is not directly connected to the plone line LoOUSTLI

couplers suffer from a pumber of disadvantaces ralaTive TO

DAR’ S

1. They require 2 standard telephone handset

2. They are not easily acceptable to qutomatic caob.ng and
answer ing applications.

3. They w11l not workg well in noisy envirormert (2C3USE of

rhe aature of the way the signa. 1S COUL LT vo the
home | ire,

4. They will work only with lower sosed

they are aot used above 1200 band.

n

They «re much larger than DAA’s Db&csuss

accomodate the c—eliephone handset.
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3.4.2 Direct Network Connection

Direch ~onnection to the telephone netwerk MEanEs

the modem 18 connected to the iine througa 20 approved

interface device (pz2A) . The requirements Ssf the DAL are AC
and DC impedance, 1ightning strike surviveakility. niilling
delay and K mum transmit level specifications. Tiyo AL

shows a cagio DAA circuit.

The citouit interfaces to the relephone networx rry The

Tip and Ring jeads. The relay provides the on-trook /off-nook

control fo! mronnection or disconnection from the 1-ne. The
series resistor is for short circuit current limitindg. The

IN6048 transient protector is a bidirectional zener diode
which limits the potential petween Tip and ring tc =
threshold. he rransformer provides the slectrical
igolation bhetween the locally powered yeer’s egalpment and

the balanced telephone line. the hybid ~T duplexni &5 uged

b

to allow the 2 wire telephone line toc be connected SO U0S

wires of the nodem .

3.4.3., Transmit Carrier connection.

Fig 3.12 shows the connection of the 'TC pin o 2rl 7910

to the analng out of the modem.

The analog output signal is obtainzd from Tos - ransmit

carrier (T wutput of modem throudh & rariab’: L Enanin



This 1g uuad o macch the vcltage levals fuom rha wooer Lo
the volzags level acceptable to the -elzphone lLire
gain can be varied Dy adjusting the trimmer potentiomerers.
The potentiometers are preset tc 2 particuiaz ralue

depending on the 1:ne used. The diode ~ombination oprovides

.

a ciamping voltage shich minimises the disgcortion o -ne
data dus o0 the lxne rransients. The Op-3aWD ciroulit 18
designed as an inverting voltage amplitfisr. The ciosed 100D

gain is given by
Rf
ACL =  --o---
Re
Where Rf is the fcedback resistance

Re is the source resistance.

o

The value of Rf and Rs are chosen to the RE = 0F and kS

4

5K so that the gain can be upto 5 The resistor in  che
qon-invert iy input is used tC reduce the outp.t ocfiset

voltage.

3.4.4 Receive Carrier Connection

gimi.ar to RS Chcznemit

m

The circuit in fig 2.13 =

carrier circuit but the direction of the daze “ow A4S

reversed. The received signal 1is ampliiied/mttenmateﬁ wicn

gain which can e adjusted Dby mesn: o Trimmer

v

)

potentiometelr .
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3.5. Power Supply

The modem circuit requires 4 voltage lavels. +37 & -5V

for AM7910 [(C and +12V & -12V for 1488. The power suppLy

required Lor AM 7410 has to be regulated aith grringent
requirement. of ripples as given in sec.1.2.4. Ia crdex O

achieve thig, three-input voltage regulator 1Cs name.v ~80%,
7812, 7905, 7912 are used to provide +5'. +12V, -5V and -LZV

respectively .

Fig 3.1.4 shows the power supply circuit. The znpus to
the power supply circait is +15V DC witt tolerable  Tippls
1imits. This DC input is regulated by tre regulator Lis O
produce a dc voltage with almost zero r.ople. The capacitor
Cl=1microcFaiad connected in parallel to the Lnpu- ead  acts
as a bypass capacitor to prevent csciliacvicns witnir  the
regulator ICs due to lead inductance. To  improve the
transient response of the regulated output voltage, a bypass

capacitor C2 -10microFarad is used.

3.6. PCB Design

The c-rciit is fabricated in 2 PCB . TF2 modem *C and
related circuits are fabricated on a main board hE power
supply circuits are fabricated in a separte= sma . .=r  PCRE.
The outputz of the power supply PCB 1s conaected oo The  Main
PCB by a set of wires. Singie sided PCE was ~hoger hecause

of its simplicity.
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The paLrs of the 2 PCRB’'s were fabricated Necaunsse OLE
modem 15 required at each end of the transmissief AT
Manual soldering of components was Qqomne anc ~onnecting

wires wWere soldered. The regulated pover suppLY 1ipes fryom

€4

the power gupply OB are connected ©O ~ne powWwer cuppiy input

1ines of the main PCB, DY means of connec=ing wiies

The inpubt 1eads to the modem are

+15v, 15V, GND, RESET, RTS, Transmit‘Data ard Ana-99 in
The output jeads from rhe wmodem are Receive CALS and

analog oul .
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CHAPTER - v
UUMMUNIGATION SOFTWARE DEVE
4.1 INTRODU{ITION

This chaptel deals with the design
the commulti cation software. This soft

simultaneously on rhe two computers v

design problem ig first defined. The yaquliements

facilities that the software should prov

the next gection. Next, the process of development

algorithm to jmplemznt  our problem 18 a3 depzar
Once rhe design of che algorichm a

pictorial representation by meang of flc# ra

compléted, rhe next step in the softw
translation into actual source code.

coding techniques ard means of coding ar
the last g Lon .

peen explainad in the next chapter.

4.2. Design Objectives

The software 1S responsible for DYooV
hecween LWO computers connected through

software must bhe abls tO work 1n 2 modes

The testing stage ©

LOPMENT

and develcpPmeht

wars has .0

o be 1inkec

ide, are Sef-ren

are AdevsliCOWENT

The ~chClcée

e deaiT 1T

»ding

rela2pnons

e

s

= tne softwars

th

o
!

4
5
§1

or
=
h

b
e
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4.2.1. Terminal Emulator mode

IN\Y)

In this mode, the computer acts as « dgumt CRT @i

Characters ryped on the keyboard are gent SuT oD

- ~

1~

1ipe to t—he modem. Simultaneously, amn character ©naT  0ES

peen received into the PC on an RE232 line ave

rhe CRT. This ig ugeful in communicating in An

manner.

4.2.2: File rransfer Mode

Tn this mode, the computer can send an entire File T @

remote computer. This is the most important applicaloin -t
any computer link. This provides 2 fastT m2tnod oE

rransferring data in the form of fles. Tre -erminail

smulator wode 1is used prior tc the fils transfer mods  TOoT

informing the remote terminal apout the filte transten

The ugery must De able to readily switch over 70 zicher
of the wnodes by tme oress of key. The program A& s neen

designed such rhat che user Presses the func.ior <%V -2 Lo
begin file transfer. After the file t-ansfer 18 OVEC

program relms to the rerminal emulator madae .

The ug v chould be provided with the opticn OF SRO0SING

the followindg



Full duplex OF hatf duplex @

1 pode
2. raud rate 300, 600, 1200 baud
3 No. of stop bits : 1 or 2

4. No.cof data bits word = 7 or B
5 parivy : None, sven, odd

The progran should exit to the operating system when 2

particular key in pressed. The function K&y F-10 s us

not

[}

in full duplex mode, the message rat is typed 1
displayed on the sender’s terminal buv displayed 090 The
remote terminals CRT. However, in the nulf duplex mode . the
message 1€ displayed on both the terminasxs . 1f some SYITOr
occurs, during the file transfer, appropriate error messades
are shown «and the program returns to th= termina:

wde .
4.3. Algorithm and flow chart.

There are LwO strategies for receiving the ~haracter
from the serial port . They are polling nased anc ~nterrupt

pased, algolithms.
4.3.1. Polling algorithm

In this method, the serial port is pre;odical } ~heckeld

ro see 1if & character 1S waiting. If It 1e wall .

displayed on the screermn. Otherwise, the procral checke  EDE



keyboard for any character. Fig.4.% chcas  Lra o0 ing
algorithm for a terminal emulator mode .
INIT COM1
REPEAT
17 CHARACTER READY IN UART TE N
READ CHARACTER
SEND TO CRT
(3 KEYPRESSED ON IBM KEYBOARE THEN
READ XEY
SEND TO SERIAL PORT

T 1L, FOREVER

4.1 Polling Algorithm for terminal emulator

This algorithm, is suitable only for low daza rates

upte 300 hps . Tnig 1s because the routin2 134 for

displaying the character on CRT cakes ¢ fomite t.ue hefore

it returns L0 polling the serial port. This happar 3 2: rhe

end of a pcreeu, when the screen ig gcoolled vo. Lo Thas
~ime, ary character coming from the serial port - rissed,
1f the data rate is greater than 300 bps Therzfore he

iy
b

first few characters ~f the next line after sCroliling Wi i

be missirg. Therefore this method 1s nct 182G .



4.3.2 Interrupt driven algorithm

Thig algorithm can he uged for speeds upto 9670 DpPs .
The primatry problen with the polling method 1s  ©hat izt
might come in before the program can pnll tne norT adall
This results 1N data loss.

In ine errupt-driven communications, & by data
arriving v the communication port incerrunsts ©ae TE SG
that it can retrieve the byte and put 1in a buffer. Thos 38
done by the interrupt service subroutine, for EA€ serial
communications interrupt. The interrupt viaCtor for this

interrupt 18
Routine (IGR) .
puffer. The

rhe buffer at

Fig 4.2

program.

modified to point tO our Interrupt s2rvice
This ISR puts the receie data 11 & ° roular
rerminal program can retriave sharacoess rom

leisuvre.

ghows the algorithm for tle

INITIALISE EVERVTHING

REPEAT

TF KEYPRESSED THEN

READ KEY

iF KEY = EXITKEY THEN

QuUIT

HLLSE IF KEY = FIL.E TRANSIE Koy THRY



sy £

DOWNLOAD FILE FROM TSk TO DOET
ELSE SEND CHAR TO grRI2L PORT

17 UBRRT BUFFER HAS CHARAUTEK THEN
SEND CHARACTER TO Ch.2

PMTTL QUIT
Fig 4./ Algorithm for file cransfer program
4.3.3 ¥low chart

The flow charts for the communication coftware BrE€
given in fig,4,3(a)»4.3(i). Fig.4.3(a) gives the AL LIRS

flowchart tor rhe program. T¢ checks 0T rhe disp.&v 7 jol=

in text mode. 1f not, an error message 18 d-.splaved and the
program terminates. Then, the various commmn;cation

parameters are jnitialised by the user., as showna ti detall
by the £low chart of fig.4.3(b). pfter ©he initialﬁsation,
rhe interrupt vector for the gerial port interrupt LOL oML
(INT OCHh) i modified SO as to point O our interrupt
Service subroutine titled asc-int. The Data Termina. Ready

output 1€ enabled tO indicate that the compuier ==&

i
L
{
o
&

4
o
I«

send data. Request O send control line is not cnapbled AT

this stage.

The choice ©0Ff full duplex OF halifdup-=» saring
initialisation causes the program to braach O ¥ zinernate

routines, as shown irnl fig.4.3(a)



Ful Duplex mode

This node is chosen by prasging vL during
intialisation [fig4 .3 (c)!. Since ot che e CALE

communicate cimultaneously. RTS of Dboti modsms ar= snanied

setting the RTS ouctput of the compute” T :O0OW o wne
pressing of a key 1s checked and if a keay LS pressed .8
compared with the exit key and the fi:e -ransfesr Key o

it is exit key, control transfers tO an  exXit subro.tine

[fig.4.3 (bl which disables the interrupts and restore:s rne

interrupt veaotor for the serial port interrupt. T+ —ns  KEY

pressed i~ file transfer key (F2) cont-ol transfers o —he

file transmit subroutiane. If the key prassec i nora of ohe
above keys, the character 1s written to che cerial
The program rhen checks for anv charactesr .0 ne

puffer, which 15 f£ilied up by the Interript Service Routine
(ISR) whenever a character 1is received =t tie sarial DOYL

1¥f a character is present, it is displeysd on soreen  and

control once again checks for a charactar iy bufisz. When
rhe bpuffer 1is empty, the control transiars o tre oanecking

of key pressing.

Half Duplex mode [fig.4.3(e)]

)

in thig wode. one terminal is 1in syansminT ing oo

while the ther 1g ir receiving mode . drich fexwe o= SIS
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the cransmi bt ing mode depends on who pressed t1 CATETLE
key (control-5) . Wwhen the Terminal 1 oressed soncooc o =
code is wrunt  on the serial port which indicaten -2  the
remeote rerminal that it should enter the recelive maae Now
rhe transmit terminal’s RTS cutput 18 ade Low,  vhLT the
receiving terminal’ s RTS is made nigi. e LermiTie

continues tO transmit until it presses artylez, when it JOEE
into the recelive node. Now i¢ recsives messages  Lrom
rerminal 2. The meszage 1S displayed OB vorh the rermanal’ €

display unit . This fransmission (reception) contiues onti

the transmitter presses F10 To exit) o T2 ( Tc negin file

transmit) .

File Transmil Module:

[3})

The |luw chart i3 shown 1n fig 4.30. This FOELE

enered whepever F2 key 1s pressed. File transiet ~an D€

[am)]

called from both helfduplex and full dupiex nods The
rransmitting terminals RTS is enabled. The f1ienamse i8S

obtained From  Che user. The file 1is reard 10T = file

}

puffer. Atrer closing the file, a contirol gignai S gent ON

rhe serial pOYL which signails the remote termina’l

b]
O
73

0]
o)
W

file tO recoive the rransmitted file. ‘The raoeiver an give

any filenane at this polnt. The tranimittir wAlLE

ready singal from the receiver. Then i Cogismits AR TACTAT

by charachal, Aisplaying che file on LOUD e sClTens.

I
v
(
{
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trhe end cf file, an End of File character is transmitted

which signals the veceiver to close the fole.
File Receiwve Module : (fig 4.3 )

This wmodule is executed when the remots= reymiral 038
sent a file transmit code through the serial ©CIYL. n
receipt «f this code, the user 1is promotad To  2NLED &
filename in which the transmitted file =s =0 be savel any

path nfame ¢an be given. The specified filename ig  ~reated.

Now, the +aceiving terminal sends a r=zady signa> ¢ the
transmitter Now the file received at the serial oYt 18
stored in a file puffer, character by ~charatter. wWhen the

End of File in encountered, the fFile is writien t£o tae disk

from the §ile buffer and the file 1is niosed. T recelive
aclnowledge signal is sent back to tne -ransmitter. IO

indicate that the file has been received properily.

Fig 4 .37 shown the ISR flow chart “he ISR saves  the

registers and then reads the data frowx the recaeivad data

register of rhe UART (8250), and puts it in the Coroular
buffer i memory. The poilnters TO “he puifer arsa
incrementad. The registers are restored tu th= previous
value and an interrupt return is executad. his cantrol 1S

rransferred to the state where interrup: had accur=d



4.4. Coding

The #0u8 assembly language prograt fce rhe apove TLCW
charts 18 davel. The program 18 createa  as ‘he fiie

PCLINK.ASM +iming the Norton Editor.

The progoam begins with sympol eqguates. The acdrsses
of the vatrioug registers and the ASCII codes fcr ~ontrl
keys are defined. At entry from MS-DOS, -re main yourine of
rhe program rhe procedure calied PCLINX initialis=g Che
display ¢toO he in  text mode. Next, the communicaticr
parameters 4ve initialised. The parameters are coded 1O
single Dbyte and stored in memory locaticn " serial-in
This 1is usedl for cinfiguring the COM1 port using RCM 3105

Interrupt 14H.

The program tren calls rountine "azc-end’ whicn ctakes
over the serial port interrupt vector and enanle irterrupts.

The COM 1 port is initialised using INT 141,

Now , Adepending  on the choice ©of $0110  duplex oY
haifduplex. the  program branches tOC c¢ifferent. OCALIONS

The program enters a loop that reads the keyboarc Anc sends
the charactey out ot the serial port -nd then =2acs Tne
serial port and puts the character on -he display TETL

key 18 pressed, control transfers to ~he: "ET LR - TRANSMITY

procedure, while the remote terminal’s ccnirol LIXAL



the "FILE

terminated after

serial port

4.4.1

The program
particular action.
follows:

Procedures

asc-enb

asc-dsb

com-stat

peeeyET procedure

a47

on pressing LG

interrupt.

dubroutines used

received ~haracters

Tests whether charecrers frow che
porc  are waiting =i the wATY
zeroflag is set 1f rihe cnarall sl

walting.

irro o a Lond cuffexr

restoring the interrupt ector y The
calls many procedures wiich perform =
~he functions of these procedures axe as
Function
Takes over the serial-port Lorerrunt
vector and enables intervupt 2 JTLTING
to the interrupt enaple rYegister of
INS8250 and the interrupt mark reglster
of 8259A.
Restores the original state ok the
gerial-port intermupt vaectol ana
disables interrupts pv o griting - che
interrupt -mask register of rthe 323227
This ie the serial-port 1no=rrapt
gervice Routine (TgRY whickh wl=cs rhe

“EFFor
LI Tel
5 naw



com-1in

com-out

home

gotoxXy

pPC-out

pC-stat

pC-1n

rransmit

4+ &

Romoves characters fron  Lhe nielfiub.

handler’s ring pufier and incyeEment:

The puffer poirters appropria“ély

returns new character 11 AL, reJrsElLer.

+

sends the character in AL FOTIELEY

the Serial Port.

Calls the ROM BIOS sicec drivar To ~lear

{

rhe screen.

piaces the cursos ir the upper left

corner of the screaén.

Positions the cursor  at re cesired

m
Ul
=
[}

position On the dizsplay

rite character i AL too TaE C s
display-
Reads keyboard sta-us

veroflag = false it  character caady

7zeroflag = Lrue 5§ nothing walting.

Reads keyboard charac.er and r2Lurms the

N 3 D
e 1T R

it

main byte in AL and £z scandst

A

{

T-ansmits the user spec: fiec 1 e wo the

ramote rerminal .



freceive

transmit

recelive

rtson

rtsof®

delay

Recaives the incoming il from TiE

into> a user Specifieé S It

wunictions as & rerminal amulator
nalfcduplex mode - S-S czvad
character tO port and  displave

~heracter 1n displiay-

Recelives the character £rom Lacs a7

port and dispiays it.

Makes the RTS output 1OW enal !l 1.ag

modem tO rransmit .

Makes the RTS output hign Gisatling

-
ol

modem from -ransmitting

prcduces & delay after changing ToE

Pir.

%_A
Oy

- e

Tne



TitletFCLINK Program "of Fate ve Doy moedl Lot

T rmh Al
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CHAPTER VI

TONCLIISION
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