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Abstract

In the recent years semiconductor laser substitute the others types of
laser in many fields and that is due to it is simplicity and easy to use.

The main idea of this thesis is to design and construct of laser diode
driver. Digital technique was used for driving the laser diode instead of
the analogue traditional one. Digital technique offer the accuracy beside
the tunability of the laser diodes, so with the same driver it is possible to
drive different laser diodes which have different specification. The circuit
was able to drive the laser diodes fall in the range form 1m watt to 1 watt
power or that have wavelength range from infra red to ultra violet region.
Replacing laser diode can be done just by some change in software with
out need to touch any things in the hardware.

To achieve this goal an interface card was used beside the main driver
circuit, which enables the personal computer (PC) to control the laser
diode operating current and other parameters. One of the important

parameters that affects the radiated output power of the laser diode is the

il



temperature .Through this design the PC is able to protect the radiated
output power of the laser diode from fluctuating , all this can be done
through what is known as closed loop control. In which the PC loads the
diode laser with the suitable operating current and then waiting for the
data coming from the feed back circuit to decide either to increase or
decrease the operating current. Most of the laser diodes now days come
with a photodiode attached with it. The photodiode represent the essential
part in the feedback circuit, which give a good indication for the emitted
power of the laser diode. The main objective of this design is to have a
constant radiated power and to eliminate the negative affect of the

increasing of the temperature.

§an Mad

o S b enljlll £155) e oS yas sl culilS cla 8 A ) Y )
ials 888 5 Lpdlominl 8lgpug ilblad T3y B)cy Srclinlly sl culs i)
Y gl el .
i Jond 835801 8505 ely moandl sle ) Iagd 5 lY) 8801 (g8 3
8 pall e Yy el 130 3000 5.8 ) 85l g Ll 5 a8 0yl L
55) ao 88 W) Lol Byac cnlin cnld Goad ) 88 3 ) piiay LGy ) s L)
i 85000 Sy s bl gall (0 ate caling al G 5 5L g Jeal
Joo ledgdolg aalgg by (Il s Lo (snl) (08 @85 808 o (sl ) cnlils
il L i) 590 85V () el pend) a5 SY) e saall (53 g3y (sage
89| s Jlgl cnb Sl hans () anladl g0 @ il Gl i S e
g AN 8 51l Saa laal) ctliaa s 45 3 hanid] 6% Lasly 850300 834 g0l
8003 8LVl (ol fSgmaddl go Bailge S Jlontin] &5 Sogall 030 3l
L SLG L Ll )L 8 Sa) o Sl Sl Tag 5u LY Jaidl

iv



S e 823U 8e LalY ] 88 Wl (53 8 5500 Jol gl ‘,51)) o 8yl padl B s piial
ant (G enbdiil) ez ) lea gl S roaail] 130 (o 2
Coladl gay pe el (I Jaiill L sl O Segoidl 030 b sladl]
Sl 85l Gl sailgall nS e cmdl LAl fasy figedd) EWLINS
Ul Gasne sl Bl Byaacid] cnls olasial s s o B
sax5 L) Sl By3sl) 8 51 sl | Bakgll L5l (LS e (eulal 6jaS (b
Fomall 082 @5 ey (LU o asil) 88 Wl lad 5 5l 82b3 2y Loy gl
130 yo (bYW o) 9%y Tagug. laad Al ) 8al b fasill L3 (g8 ‘.SA_JL.
el ps ¥l U e sl seladl 8 b Gle Jpaanll 9@ casail

)l 85 plaas]]

Contents

DediCatioN. ... .eeeee e i
Acknowledgment. ... .....c.viiniiiii e i
Abstract (English)........ccooiiiiiiiii iii
ADbStract (ArabiC)......ooiniiiii i e iv
@10 1 11<] 11 \Y
List Of tables. .. oueiniii vi
List Of fIgUIeS. . .oitii e vii
Chapter one

INErOAUCHION. ..ottt et 1
1.1 INErOdUCHION. « e et e e e 1
1.1.1 Principle of operation..........coceviiiiiiiiiiiiiii e e, 1
1.1.2 Construction of @ laser.........ouvvueviiiiiniiiiin e e, 4
1.2 Semiconductor laSers ..........o.eiiuiiiiiii i 5

1.2.1Lasing Action in Diode Lasers..........ccovevviiiviiiriiiinniiiiiniiennn.8



1.2.2 Structure of the Diode Laser.......oeeeeeeiieeeee e eeaaannn. 9

1.2.3 Classification of semiconductor laser...............coceviiiiiininnnnne. 12
1.2.4 Diode laser operating characteristics...........occvvvvviiiiiiniinnnnn.. 16
1.2.5 Diode laser temperature SenSitivity.........covvveviueinniineennenenns 17
1.2.6 Slope effiCienCy......covuiiiniiiii i 19
1.2.7 Diode laser Damage and Lifetime............................

........... 20

1.3 Advantages and application of diode laser....................c.ccennee. 22
1.4 Interfacing. ......ccoveiiiiiii i e 23
1.4.1 Parallel interface..........cooeviiiiiiiiiii e 23
1.4.2 Serial interface. .........ccooiuiiiii i 24
1.5 AImof the Work .....ooeiiiii i, 25
Chapter two

Experimental part.................ccccooooiniiiiiiiineeee e 26
2.1 INrOdUCHION ..enueeneeee e et e e 26
2.2 Block diagram of digital laser diode driver....................cconne 26
2.3 8255 PPI IBM PC Interface Card.........c.ccevveiiiiniiniiiiiniiinennen. 27
2.3.1 Base address. ... ...ooueiiniii i 28
2.3.2 Control MOdes. .....couviiiiiiiiiie i e 29
2.4 Digital to Analogue Converter (DAC)......ccoviiiiiiiiiiiiiiiineannn.. 30
2.5 Constant CUITENE SOUTCE. .....uuueeeeeeeeeeeeaeeeeeaaeeeeeenneeenenns 31
2.6 Specification of the used diode laser............c.ccovvviiiiiiiiinnnnn. 32
2.7 Current to vOltage CONVETTeT. ......vvuutirrtieiriiierniieeeiieeenieeennann 33
2.8 Analogue to Digital Converter (ADC).....c.vvvviiiiiiiiniiiiiieennnn 34
2.9 Circuit Diagram.......cooviiiiiiiiiiiiiiii e e e 35
2.9.1 Important points in the Circuit...........c.oooiiiiiiiiiiiiiiiiinnn.. 38
2.9.2 Designed proCcedure. ..........coovuiiiiiiieiie it eiieeaieeeaaennas 38
2.9.3 Laser diode Simulator............oviueiiiiiiiiiiiiiiiiieieeenen, 40

vi



2.10 Software development...........ovveiiiiiiiiiiiiiiieie i, 40

Chapter three

Results, discussion and conclusion .....................c.cooveein.. 43
3.1 INtrodUCHION. .. eeee et 43
3.2 DAC and current SOUTCe MeasUrementS. ......o.veerrerneernnernneennens 43
3.2.1 Decimal number to load current relationship.......................... 47
3.2.2 Calaulation......cooueiniii e, 49
3.2.3 DISCUSSION. .. ettt e e e 49
3.3 ADC and detector circuit measurements. ...........ceeeeeueerneeennen 51
3.3.1Photodiode current to decimal number relationship................... 54
3.3.2 Calculation. .....oveie e, 56
3.3.3 DISCUSSION. .ttt ettt ettt e e e e 56
3.4 CONCIUSION. ... eneette e e 57
3.5 RecOmMmMENdation........o.uvvuuerteiiinteeit e eieeaees 58
3.6 Future trend......oo.veiniiii e 58
APPENdIXES..........ouiniiiiiiii e 59
References...............ccooooiiiiiiiiiii 66

vii



List of tables

Table 1.1 Semiconductor laser materials............c.ccovieiiiiiiiiiann. 7
Table 2.1 Expansion slot address...........ccoooviiiiiiiiiiiiiiiieaieeennss. 28
Table 2.2 Control mode configuration................ccoveiiiiiniiinnnnn... 29
Table 3.1 DAC and current source readings...........coveveveieeernnneenns 44
Table 3.2 ADC and detector circuit readings...........coovvvveeinieennnnnne. 52

viii



Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4

Figure 1.5
Figure 1.6

Figure 1.7
Figure 1.8

List of figures

laser aCtioN. ... ..oueieiii i 2
Construction Of Laser........coceviiiiiiiiiiiiiiiiiinen, 4
Energy level diagram of semiconductor laser................... 8

Commercial availability of continuous semiconductor diode
Lasers based on III-V compounds as functions of wavelength
ANd OULPUL POWET ... tutteetteeeteeeateeeieeeaneeeaneeanneans 8
Diode 1aSer.......oouiiniiii i 10
Structure for a semiconductor laser diode showing the
different types of semiconductor layers commonly
empPloyed......covniiii 11
Classification of major types of diode lasers................... 11
Structure and index of refraction for various types of
Junction in the aluminum gallium arsenide system.
Top:Homojunction.Middle: Single heterojunction.

Bottom: Double heterojunction.................coooeviiiinnne. 12

ix



Figure 1.9 Example of an index-guided structure.......................... 14
Figure 1.10 A multiple-stripe diode laser..............c.c.cccoviiiiiinn.n 15
Figure 1.11 The output of a laser diode as a function of drive current...16

Figure 1.12 The output a laser diode as a function of drive current

For three different operating temperatures..................... 17
Figure 1.13 Laser diode module with photodiode.......................... 19
Figure 1.14 Percentage of laser diodes that have failed as a function

Of operating time or various operating temperature.........21
Figure 2.1 Block digram of digital laser diode driver..................... 26
Figure 2.2 8255 Interface card circuit diagram......................o..... 27
Figure 2.3  Binary weighted input DAC..........cocoiviiiiiiiiiiiiin. 30
Figure 2.4 Constant CUITeNt SOUICE. ........ueerneeernnieeaeeinneennnenn. 31
Figure 2.5 Pin connection of laser diode...............ccooceviiiiiiiin.n, 33
Figure 2.6 layout of laser diode..............coooeiiiiiiiiiiiiiiiiiiii, 33
Figure 2.7 Current to voltage CONVeTIter.........ovvvvuieriieinieinneennennn 34
Figure 2.8 General circuit diagram..............ccovviiiiiiiiiiiiiniiennnnn 36

Figure 2.9 Photo of laser diode driver circuit connected to the PC

And pOWeT SUPPLY...uvriiiiiii e 37
Figure 2.10 Photo of laser diode driver circuit in operating mode.........37
Figure 2.11 Laser diode simulator.............ccooeviiiiiiiiiiniinennnn. 40
Figure 2.12 Flowchart........coocoiiiiiiiiiii e, 41
Figure 3.1 DAC connections with current SOUICe.............cocvveuvennnn. 44



Figure 3.2 Decimal number to load current relationship.................... 48

Figure 3.3 Darlington pair.........ccceviiiiiiiiiiiiiii it e eeeeeeaans 50
Figure 3.4 ADC connections with detector circuit......................... 51
Figure 3.5 photodiode current to decimal number relationship...........55

xi



	Dedication
	A acknowledgments

	Abstract
	الخلاصة
	1.2.7 Diode laser Damage and Lifetime……………………….………..20
	2.9.2 Designed procedure…………………………………………….…38
	List of figures


