FINAL YEAR PROJECT REPORT
DATA COMMUNICATION USING LASER

Project Advisor
Mr. Khalid Asghar
Co-Advisor
Mr. Asif Hussain

Submitted by

KamilLiagat-081220171
Talal Mustafa - 081220219
Rehan Babur- 091320025

Department of Electrical Engineering

School of Engineering



University of Management and Technology
DATA COMMUNICATION
USING LASER

Project Report submitted to the
Department of Electrical Engineering, University of Management and Technology
In partial fulfillment of the requirements for the degree of
Bachelor of Science
In

Electrical Engineering

Kamil Liagat - 081220171
Syed Talal Mustafa - 081220219
Rehan Babur - 091320025



Advisor Approval

This report describes the final-year-project, “Data Communication using Laser”, advised by me.

It is submitted to the Department of Electrical Engineering, UMT, Lahore, with my approval.

KHALID ASGHER MR ASIF HUSSAIN

Advisor Co-Advisor



TABLE OF CONTENTS

DATA COMMUNICATION USING LASER........ooitiieieieteireee et i
ACKNOWIBAGEIMENT ...ttt ettt ettt be et e st e s ae e besbeesaebeeseessesseessesseessensesseensesesseansenns 8
AADSIIACT ... bbb 9
CRAPLET L.ttt st Error! Bookmark not defined.
Free SPace OPLICS .....cceververieieieieiere ettt Error! Bookmark not defined.
1.2 INErOTUCTION ...ttt Error! Bookmark not defined.
1.1.1 History of FSO COmMmMUNICALIONS........ccccceevuerrieeerieeieieseeeesie e Error! Bookmark not defined.
1.1.2 FREE SPACE OPTICAL COMMUNICATION.......ccccovvcvririnrinnns Error! Bookmark not defined.
1.2 Why Free Space OptiCS (FSO)?....ccuverereieieinerenieseereeieeeeeeeie e Error! Bookmark not defined.
CRAPTET 2.t Error! Bookmark not defined.
LASER ..o e e e Error! Bookmark not defined.
2.1 General INfOrmation.............oeieiviriiiiinieccc e Error! Bookmark not defined.
2. 1.1 WhY USE @ JSE ..ottt sttt Error! Bookmark not defined.
2.4 Laser appliCationS .........cccvevuiiieriesieiesie sttt Error! Bookmark not defined.
2.4.1 Industrial and COMMETCIAL........cccovevirerieieieereeeeeeeee Error! Bookmark not defined.
2.6 Specification Of REd LASEr........ccoivereririeieieeneeeseeseseeeeeeee e Error! Bookmark not defined.
2.7 LASEI DIOGE....c..erveiiieieeeiieeeie ettt Error! Bookmark not defined.
2.7.1 Laser diode L/I charaCteristiC...........coeeviveereininieeiinieccsreecees Error! Bookmark not defined.
2.7.2 Laser diode specification for V/1 ........cccccoevvvveceneceececeeesieeene, Error! Bookmark not defined.
(O -0 (=] g SRR Error! Bookmark not defined.
SERIAL COMMUNICATION......ooiiiieienieneeesteeeneeee e Error! Bookmark not defined.
3. L THE PArity Bit....cccoevieieieieieieeiesesesteseeee et Error! Bookmark not defined.
3.2 DCE and DTE DEVICES .....ccveuerieuirieiirieinieinieseeiesieieseeie et Error! Bookmark not defined.
3.3 Baud vS. BitS Per SECONM .......ceevviiieeiecieceeeeeete ettt Error! Bookmark not defined.
CRAPLEE 4.ttt sttt et sttt e s be et e s be e s e beeneeneas Error! Bookmark not defined.
IMAX23Z ..ttt sttt sb et et h e Error! Bookmark not defined.
4.1 INEFOAUCTION......uiiiiieieteee et Error! Bookmark not defined.
4.1.1 L0gic Signal VOIage .......coerverveieieieieeresereeeeeeeee e Error! Bookmark not defined.



4.2 The MAX232 & IMAXZ232A ..ot e e v e e esetereeeseseeenanes Error! Bookmark not defined.

CRAPTET 5. Error! Bookmark not defined.
PROJECT DESCRIPTION......cciiiiiiiiinieeceetteeeeese e Error! Bookmark not defined.
5.1 HARDWARE Diagram ......ccccoeeeeviiiieeenieieesieseeeesteseeseseeseessesseennes Error! Bookmark not defined.
5.3 Which transmitter we are using and Why? .........ccccceevvveeveneeeeneseennn, Error! Bookmark not defined.
5.4 TranSMItter INTEITACE .......ceeviiiieeeree e Error! Bookmark not defined.
5.4.1 Transmitter frequency and wavelength...........c.ccccevevereininencnene. Error! Bookmark not defined.
5.5 What is Light Modulation? .........cccceevereininineneneeeeeeeeeee e Error! Bookmark not defined.
5.5.1 Types of Modulation..........cccccceevviviecieneieee e Error! Bookmark not defined.
5.5.2 Which type of laser modulation we use and Why?...........cccccecvveueeee. Error! Bookmark not defined.
5.5.3 Direct MOdUIAtIoN ..........cceueiriiinieiriieeeeee s Error! Bookmark not defined.
5.6 RECEIVER SECTION ...ttt Error! Bookmark not defined.
5.6.1 Which type of receiver we used and Why?............ccccvevevenininieniencnnens Error! Bookmark not defined.
5.7 RECEIVET INTEITACE ....c.veneeeiieiiictcc e Error! Bookmark not defined.
5.7.1 What is @ PhototranSiStor?...........ccuveeveinennenieireeneeeseeeseesneenneens Error! Bookmark not defined.
5.7.3 Applications and AdvVantages.........cceevereeveerrereerieneseesieseeeeseeseennes Error! Bookmark not defined.
5.8 Phototransistor Frequency RESPONSE .........cceveeriererienienieieieeeesieeieneens Error! Bookmark not defined.
5.9 What is demodulation? ...........ccecevieierineeeseeee e Error! Bookmark not defined.
LO0] 0] 171 o] o ISP Error! Bookmark not defined.
BibliOgrapgny ...cccveveeeeiceeeee s Error! Bookmark not defined.
N o] 0 1=T 0L TR Error! Bookmark not defined.
SENAEr GUI COB.......ciiuiiiiiciiicec ettt Error! Bookmark not defined.
RECEIVEr GUI COUE.......eoiieieieieceee ettt Error! Bookmark not defined.



LIST OF FIGURES

Figure 1 1.1 Free Space OPtiCS......ccervrrrerirrenienienieie e Error! Bookmark not defined.
Figure 2 1.2 Demand Graph........c.ccoevveveiieeseeie e Error! Bookmark not defined.
Figure 3 1.3 Block Diagram..........ccccceeveieiiieieeriesiese e Error! Bookmark not defined.
Figure 4 2.1 Optical Feedback..........cccooviiiiniiiiiiiicee Error! Bookmark not defined.
Figure 5 2.2 Population INVersion............cccevveeveienninieseeseenn Error! Bookmark not defined.
Figure 6 2.3 CONEreNt .......cccvevveiecieceee e Error! Bookmark not defined.
Figure 7 2.4 MONOChrOMALiC.........cccevverieiieieee e Error! Bookmark not defined.
Figure 8 2.5 L/l CharaCteristiCs .........cccevvrerreniieniencee e Error! Bookmark not defined.
Figure 9 2.6 V/I CharaCteristiCS.........cccuverienenienieneee e Error! Bookmark not defined.
Figure 10 2.7 Increment in Current W.r.t Time..........ccoceevvvevieennnne Error! Bookmark not defined.
Figure 11 3.1 Baud Rate vs Bit Rate...........cccccvevviiveiveie e, Error! Bookmark not defined.
Figure 12 4.1 MAX 232 ..ottt Error! Bookmark not defined.
Figure 13 MAX DIP Package ........ccccevveiiiinniinienieniee e Error! Bookmark not defined.
Figure 14 5.1 Circuit diagram ........cccccvevveveeieerieseese e Error! Bookmark not defined.
Figure 15 5.2 laser transSmitter ..........ccccovvvievveie e Error! Bookmark not defined.
Figure 16 5.3 Modulation ..........cccooeiiiiininieeeeee e Error! Bookmark not defined.
Figure 17 5.4 1aSer rECRIVEN ........coviiierieie e Error! Bookmark not defined.
Figure 18 5.5 relative reSPoNSe ........ccccvevveieereerieseeseee e e Error! Bookmark not defined.
Figure 19 5.6 Demodulation ............ccoccveveiieesesie e Error! Bookmark not defined.

Vi



LIST OF TABLES

Table 1 2.1 Laser Types and their Specifications.............cccccceeun.e. Error! Bookmark not defined.
Table 2 2.2 Red Laser Specifications ...........cccccevvevesciesnerin s Error! Bookmark not defined.
Table 3 2.3 Laser Diode and Specifications ............ccccevvvervrennne. Error! Bookmark not defined.
Table 4 3.1 DB 9 CONNECLON .....c.cevveeieriieriieie et Error! Bookmark not defined.
Table 5 MAX Pin Configuration ..........cccoceviveeneeiesinneeie s Error! Bookmark not defined.
Table 6 5.1 transmitter freqUENCY ........ccccvvevvvieevvece e Error! Bookmark not defined.
Table 7 5.2 operating conditions of DM74LS05N ..........c.cccceveene.. Error! Bookmark not defined.

Table 8 5.3 SwitchingCharacteristicsatVCCe5VandTAe258....... Error! Bookmark not defined.

vii



Acknowledgement

Our first and foremost thanks are to ALLAH for his countless blessings in enabling us to
complete this project. Thanks to our families for providing us the support we needed throughout
this period. We would also like to thank the faculty, colleagues, and FYP (Final Year Project)
committee members, lab assistants, our advisor Sir Khalid ASGHER, Our Co-Advisor Sir Asif
Hussain, and especially Sir Rauf Ali for his great support through our the Project duration. We
would like to thank our Final Year Project director Sir Asim Butt for providing us the great

working environment and facilities in the Lab.



Abstract

Free-space optical communication systems can provide high-speed, improved capacity, cost
effectiveness, and ease of deployment for wireless networks. This paper addresses the design and
construction of a laser transceiver. This laser transceiver can be used for data communications

between two computers via free space optical link.

In this project, the serial ports of the computers are used which are defined by JAVA. A laser
pointer is used as the optical source for electrical to optical signal conversion at the transmitter
section. Optoelectronic conversion is performed by a phototransistor at the receiver section. We
use MAX 232 to convert RS 232 logic to TTL logic and then an optical transmitter circuit to
transmit data via free space optical link. At the receiver we have an optical receiver circuit which
receives data using a photo transistor and a MAX 232 again to convert TTL logic to RS 232 for

the serial port at the receiving end computer. The desired baud rate can be set using the program.

For transmitting data the program is executed once and whatever is present at the serial port is
sent to the other computer via the free space optical link. At the receiver, the program is executed
to receive data on the serial port. The laser transceiver allows any two computers with serial (RS-
232) communication capability to communicate using a laser beam.
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