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vectar potential

Zpontanenus emission rate between tevels t & 2
Einstein coefficient for stimulated emission
effective recombinatien constant of semiconductor material
in the case of GWL

light velocity in free spacs

electron and hale diffusion constants

Electron chargs

Energy gap

nth quantized energy level in the x—-direction

Energy measured from the conduction bhand edge

Energy measured from the valence band edge

Quasi fermi level for electrons

duasi fermi level for holes

Fourisr components cof slectric fieid in fregueacy domain
frequency

fermi dirac probability distribution for eisctrons

fermt dirac probability distribution for holes

rormalized eiectric field distribution in x direction of

the optical mode having angular frequencv w and probagation

A

constant

i

optical gain of the medium
modal ophtical gain

threshald gain

Plank's constant




= .ma

9

netic field intgnsitw

q:_ Hamiltonian of carriers

e Hamiltonian of the carriers in absence 0f eiectromagnetins

tield
aF perturbation hamiltonian duse to sxternal fiaeid
J current density

macroscopic current density

P T
i microscopic current density operator
JLh Threshotd current density
kg”‘ The wave wvector componentsin x.v¥ and z direction
K Poltzman's constant
L width of the active laver
W Effective masz of electrons in the conducrtiaon band
m Effective mass of holes in the wvalence band
i density matix of ttransition probabiltitw
n Hefractive index of the medium
N carrier distribution
Ni transparency carrier density
Pﬁh Threshold carrier density
Pt Fual insident photon density per uvnit energy

piz.t}) polarization density

nmacroscopic polarization density

macro

phit} Fourier component of polarizatien density in fraguency
domain

T, stimulated emission rate

T, position vectar in the pitane of intertace between layers

B Transition probabtility for electrenzs from conducticon to

valence band




a4 mirror or facet refleciivity
= photon £lux

[ Absolute temperatuce

T
o1

ime
1 Bioch wave function
J {z} Fourier component of elactris field in k-domain

A Group velocity of the mode

El
Yix) poteatial energy distribution
UL interation energy of an atom with external electric field
(L8 =
X Ajuminioum fraction in Al Ga As
ATE . . .
fﬁ o overlap integral of nth electroin sublevel and mih hole

sublaevel wavefunctiopns with electic field distribution
x.¥,T position coordinates
o optical loss Iin bulk material of active and barrier regions
2 propagation constant in the longitudinal direction
& splitt off snergy
= permitivity of {free space
=z relative permitivity of the medium
2 envelepe of the carrier wave function in

H aptical confiament faector of the optical mode

|
r state decay matrix
> fraction af spontanecus emission coupled to the mede
Y decay rate of states a & b
W carrier wave functian
A excitation rate matrix
o rermizability of free space

G

L matrix elment of dipgle moment

Houp 2lectron and hole mobkiliti=s

VIil




expectation vais of thedipocie momsnt

density matrix
'Fba
elements of density matrix

density matrix in absence of

injected current

density matrix in abssnce nof electric

current candition

easrgy densitty of states of electrons

energy density af states of haoles

reduced density of states

denzity of states in quantum well

conducktivity of the medium
carrier life timse

photon Life time

intraband reltaxatiorn fime

angnlar freguency

in

structure

angular freaquency zand phase of the

tield

the

nth

electric field ar potarizaticon density

nth circular fregquency of a passzive Fabrvy-Peroft cavity

complex susceptibhility of the medium

in

uder

valence band

Fourier

it Eaknl

iniected

the caondugticon band

component of




CONTENTS




CONTENTS

..... b e a e e |

CHANTER I SEMICONDINGTOR LASER
1.1 IntrodUe b Bt v v e vt cv o mansnnssmasssacssinsasnsnsns I
1.2 Epitaxial Materials Arnd Heterostructares. oo i i s nnesa ]

1.3 Review Of Basics Of Zemiconducior LasersS...ssraraccaaall
1.3.1 Carrier dizstribotion fin Semiconductor Materials...13

1.3.2 Reduced Denzity of states.......... revenssrasernesibi

1.3.3 Stimulated and Spontanecus Emission Rates....o.... 17

1.4, Het ztimalated emiszion and gain calcocelation..  ...... 18

1.5 Rate gegquations And Threshold Current....icrnceiinena. .0
CHAPTER I1-QUANTUM WELL LASER

el It iroduct A e i o c ittt s st s s s a s mnamrassannanstocacranesassios

C.2 Energy Levels.. ce it inierseransnansnsnn ces e e

o3 Dennity of Stales. . i te s ittt s e s e e A s e s s i pEg=
Zad Carrier Collection. . cove s reesar ot oeaes et e . 32
SS9 Optical CGalnmi o e e inms s Se s et e e 4Q

2501 Bandg Filling ard uasi-Fersd Level Calculation... .30

Mpole Homent & Transition Propability.. ..o 4%

rs

P

2.5.3 Stimulated Emission Rate % CGain Coefficient

[
~

Caued Intraband Relaxablion. ceos s caeiacnsnssersorascaaaadB
Z.5%5.9 Transparetiwy Condition....... 2 |
Z.E.B TE and TH Mode Galile oo ii it rnceinninranarearanseaaa 30
&2,5.7 Analysis of Linear Gain in Quantum Well.o ..., ......%2
EZeE. Thtrezshold nrent... ... e e s s e sa e aaasa .59

SeBll. Current Components Radiative And Nonradiative. ... 61

2.B.2 Factors Affectirg Theeshold Carvent Of WL, ..., .. .83




CHAPTER IIT: MULTIPLE QUANTUM WELL LASER

3.1 Imtrodouction.

............ - !
2.2 Energy levels &% Density ©Of States......... c e veaa?d
3.3 Confimement Factor...... s aa e aae e sae e i e e Frd
3.4 Gain Calculation......... snsaamas Cis e mmnaa caemeen e IR
3.9 Number Of Wells Effact on thresheld Current. ... ... g2
3.5. New {uantum Well Stroctires. . ceeereaeaas caner e R 1 F. S
3.6.1 Step Index And Graded Index
Separate Confinement Heterostrocture
FSIN-SCH & GRIN SCHl. oot it necenvnnnsannrees veaas e B7
F.6.2 Strained Layer (mantum Well lLasers.......... cenae . =1e)

CHAPTER IV : SEMICLASSTCAL LASER THEORY % APPLICATION TO MOWL'S

4.2 Introduction. sc o v s s cai s s cneannes S s s m e nes e s aaann o=
2.2 Semiclasical theory for E-level systemMe .o cesieansnns o4
4.2.1 Interaction of an atom with a radiation field..... a4
4.2.2 Denslty Matrix. .t e e iainnnsannanas amaanarn . 96
4.2.3.Polarization of the medium. .. oo iinii e ninnn-uns . 101

4.3, Semiclassical Gain in Semicondactor OW [laser=........1085
4. 3.1 Twe Dimensional electromagnetic Field eqgz......... 105
4. 3.2 Macroscopic Polarization Of The semdconductor

Modium. - oo i nn e i cnnans

g B 14

4. 3.3. Comparizson Ta Conventiomal Gain Expressions......120
A. SOW....... Cr e amaaaan e tsesanmnas

A |




CIIAPTER V.

CARRIER WAVEFUNCTION AND FIELD DISTRIBUTION IN MOQWL STRUCTURE

S.1. Entroduction....ooeceenean s e et nraraaa “ i e s e e A 1zZ6
5.2 Carrier wave function in MOW stiructoare. .. ... ... P

F.2.1 Basic formulation. .. cieiesnsneinsnnacrnsannsursnasnans127
S5.2.2 Multiple quantum well structuwre parameters,.........138

5.3 Electric field distribation in MOW structuare. .. .......-1%3

CHAPTER VI . SEMICLASSICAL GAIN CALCULATION TN MOQW LASER

Bol IntrodUction. e eeeeieeeanssansnnnsnasanssasnsnassasnses 163

6.2 Gain of MOW semiconductor laser.......... P N i
.3 Carrier Distribution among Quantum Wells............ - 165

5.4 Carrier~electric field interaction
and confinement factor ... nraitnnrsnsrannseaaa173
6.5 Gain curves of MY lAaser.e-asc.ccarsccnsacrssasnssnssanaa 173
SUMMARY AND CONCLUSION. it ivviavrentensstsasnnsranasnsacansrssans OB

REFERENCES,. { t it is it inaasssrancasatsnansassnsnrrsancnnsnsnnssnsen Ul

APPENDIX. .o v u v .- st e mtaceseiesmas e et o e |




