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Abstract:

Study of the gain of semiconductor quantum dot lasers

Davoud Ghodsi Nahri

In this study, quantum dots (QDs) band-structure, QD laser structures, physics, fabrication
methods, and characteristics of these lasers, limiting factors and key technologies for
improvement of their performance are also presented. The rate equations that describe the QD
lasers performance are derived. Using analytic and numeric methods, we solve the rate equations
of self-assembled InGaAs/GaAs QD laser in an ideal state and simulate the light-current
characteristics. We show the phonon-bottleneck effect, and reduction of the recombination
lifetimes in the quantum well and QDs result in degradation of the static-characteristics of the
mentioned QD laser. Using fourth-order Runge-Kutta method, we solve the rate equations of the
mentioned QD laser in an actual state with considering the linear gain. We simulate the static and
dynamic characteristics of the mentioned QD laser and show increasing the homogeneous
broadening of the optical gain until it becomes equal to the inhomogeneous broadening results in
improvement of the static-characteristics of light-emission and gain-emission. Increasing the
injected current results in improvement of the static and dynamic-characteristics. Threshold
current and turn-on delay increase as the homogeneous broadening increases. Exceeding the
homogeneous broadening from inhomogeneous broadening, increasing the inhomogeneous
broadening and QDs coverage as well result in degradation of the static-characteristics. The
differential gain decreases as the relaxation lifetime increases and the recombination lifetimes
decrease. Solving the rate equations of the mentioned QD laser in the actual state and with
considering the total gain, we show due to the gain saturation, there is not single mode lasing
unlike previous case. Finally, we introduce a factor in the rate equations that it relates to the
thermal carrier escape from QDs and show the lasing modes number increases as the
inhomogeneous broadening increases. We also simulate the frequency response of the mentioned
QD laser and show increasing the injected current and reducing the homogeneous broadening

result in increasing the relaxation oscillation frequency, and modulation bandwidth.

Key words: Quantum Dot Semiconductor Lasers, Gain, Simulation




dadda

PRV

o om0 el 03,5 ST Sl 5 g SIS sas s 2l ol Il izl e Jibeos 0088
5 bty oS BB 5 o retlsS lgmn S cslinly A5en el e b izt ol o)
ks S bl sl S5s omb A b uizmen b slaslisle 53 e5lsS (SAS) prames ilasily Coenl glei-le
5 Blekd g b Capr S 3 i b il (a3lS (slealy 53 i e dsnge Lk 1) Blojens
93 SBT3 Llodd [ guames (b8 Cor 33 U3 Wil (oSS oo 92 IS o IS o (eSS ol W BYRHEE
oo Ll gy Sl 25 D905 ¢TSS e 5 ol 53 2 53 Jel S5 b opl s SIS e S ol Jsb
i Sosbise (e ) g i 5 53 oo (5351 i 5 (55 b 42 W 5 el 51 5 ol gy

ol ALE g et Sl S SleS s S 9 Kisdisr osmams dny a3 delale il S BB O
SIS b o i 5 0,5 (lash i) slasl s o LS 5 it Lzes (5551 SLasl ol BB 5o 420550
Y1 5 yn Sl b Nlal i Ly oS LB ¢ ol 4 A3l gn Aalin 5 3 te (Slgast (51 s2es {ass bl o
(o3l 5S Bla r:l Syaes ki B Jlie i ol o jze i 65 i B i o 58 o3l L olsS alad G kel e
& (o305 5 S 5 Ooly s 3o b D ps ‘.:Jn_S o3 s sl (slagl i b ol ol slge Sl (glarws )50 4
Lledus 5 (6oL Ao g ax 55 o ge &S (Lilodd ale opas b

ol bl JEAS L oS A5 slgny e Wl ol S g 4t SSp SRl bl Ul lpias 5
55 M 3 (S sl ol e 3 g caBlsS o A o 4 ) oz 3 Shes (et sk Ol Wl
sl w6 SIS S| 5 ez Sl g (sl el Sl sl s 00l 5 S, SIS el Selar sl
35 el WS 3y go (6 R Sy g Ar g o oD sSaka w:*bfv-:“ Wilen bl das glls laysd sl ileds
Gl JEor ity A ey 5 o (608 oty ol o) Ml e SalaE 5 el S e sl 2550
GUlIS (gl Jled bases S Ol oy (ol Spmes 5 o3l Selr S oslizud L Ol o0 Slme bl gy S5 sy

.slaaﬁ@}aﬁﬁ‘wokﬁjstejfgwwybuk}L;LAWL@JJ‘L;UJIQK::#I

! Superatoms
2 Artificial atoms




PRV
M

L 6o, Shes glanasio )3 bul 35 45 Sl )5 Glaysd Sl gdudr atws (o3l S aads bl yaas 5
3 4, S 4 P55 AU e Je iy by 5o b Jae Olsie 4 (31 B Sl edlizad S el B
Y] e e a5 I glall
ol o 53 sglite s el o3l S B gla)zd slarasiie (@le dnd 5 o aallles abOLY cpl Sas
oS sgdoee Jol g 5 (lo (gladas o paBl Sakas (slaysd Jltla (el S Bl OV JBor 5 5 s e
Slaaasiia 5 S5 psd Jrad 0 s Ol gl o Slos 5 50 sl SIS SleS 5SS omamen b 1l > Sos
Jo sy «Saal co¥slee sade oo 5 bl Sl o cp g Ju2d 53 1 g 0 Ol (o85S i (gla s
03 plowil L3 8 r o 55 o3l SARE 5 3 Shos (S Sl Wsles piman 5 ler 45 0 U5~ gos
Jols llus s InGaAs/GaAs il S il 5 Kal SV¥sles (gode 5 Mdowd (ledn, Sl oslinad b polgnr Joad
G el emomen i pd e (65l ad OF (Sbal 5 (Seolys (glatasin 5 ol Jo- JS3 il gzl oozl yS bl
Sl Lgrshatend gl aodst ooty Joad 3 ol 5 LS 0 U3 (i 2050 (oBISabaB )5 3 s s

i g g8




