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Simulation of Self-Assembled InGaAs/GaAs Quantum Dot Semiconductor
Optical Amplifier Based upon Rate Equations

Seyed Mohsen Izadyar\, Mohammad RazaghiY
\ Department of Physics, Faculty of Science, University of Kurdistan, Sanandaj, Iran.

Y Department of Electronic, Faculty of Engineering, University of Kurdistan, Sanandaj, Iran.

Abstract- In this paper, InGaAs/GaAs Quantum Dot Semiconductor Optical Amplifier has been simulated. Rate equations
have been obtained and by using propagation equation of optical pulse in SOA, its response has been investigated. Rate

equations have been solved using fth order Runge-Kutta method. The response of SOA to CW and Gaussian inputs has been

investigated. Amplification of Gaussian pulse train has been investigated. It has been observed that increasing in the injection
current increases the gain and gain recovery has been faster. Also, due to more amplification of forward edge of input pulse,
asymmetry has been observed.

Keywords: Quantum dot semiconductor optical amplifier, Self-assembled InGaAs/GaAs QD, Simulation, Rate equations

AR
Al g s B WWWLOPSILIT Colws jo a5 cuwl jliel lils 5 g0 j0 alas oyl


http://www.opsi.ir/
http://opsi.ir/article-1-857-en.html

[ Downloaded from opsi.ir on 2025-11-19 ]

ool (Kep puf g (Seb Sl Sl g0 2 0, ol
9 CW (5399 £5390 sy 1) piams JL8) 050 g0 a8 S
S 50 B T Q—:—*’Blf

QD-SOA y o5l> ol wYoleo Y

GaAs a¥ ; p» a5 aul,logs INGaAS  egilyS blis
3 ble jeus oy sd jo lao )5 50 5 wiloas sl
3 QD-SOA N wlazd 18 a>g5 5,90 V22F Lo
a5 ol atul)logs egilsS bla was slas )5 5
JUS sl oulds ool las (@)Y IS0 QT Jr-eswe
co a5 L Jsb 4 QD Lame 5l yeee LS. (6595
US 395 o Sy cansl 48,5 L3 1 S 2SIl ol
S0 oo olzi 1, QD il Hles o 65,3l slasls ()
wlad,S ks sl ) Gl Gy eF Sl ¢ln
hogs Gl (oSt oyl Ol 5l glass (ot
Sln oS olngy 2 A Sl g beoyis (oo 205yl
Al 5o ey sl wblge tile; lg 5o ey xSl

ol s Ky 3l Lt s a8 wdl e 5 b Lo

Kol Vol jo a5 () UKo by slacut
SCH 4>l o sy 3l ale wigd o ool
SCH (54 &1 sosilyS oz 31 i oS (7,)
ATy) sl oz 4 QD 5 Jalo o (Ty0)
@ Jol> udaly (T (oogtlsS olz 3 el oS 55k

(T T, S 3k 5 (T4) agilyS Ll

Chz 0 oo b 6y £95 Llopos oaiScsis ;o
el 1y Oyear 6,8 Wb Ll dolas 2 jgmee o

dS(z,1)

dz = (gr(nl)r_aloss)s(z!t) QD)

S5 e oy Om (ar (559) L O5i98 Cumox S oS
| st)b S Qloss 9 6)L.ud.»9.~7!.0 )951.9 F«Gb

Wg oo Albgs p) Oy o Jel> Sl OY¥olas

= ot ™

st )

YFY-

i O 5 oolKesle AYAY OLA..{Q YO LYY

doosio —)

Bl yors slo,tbasili 51 ooz g5 ' soslss Ll
Sgdze da duw o 4 b el <S5 > oyl o a5 wiis
S Jogad o Swgm pae Cel pl Casloads
Al g iS55 Gl 5 Ll o (6551 sl
L& ass [0 wad oo coglyS blas jo Slps sbs
ol &y aisS o )18 lapsl 4 and jlows oogiilyS

D sgi oo a8 15 egian slags]

035155 abail Llusyod (558 slooaiaS Zusdi 5 o))
ey eslad, S 13 azgs oy5e w3l Jlo wx o
(_;Ltbg;jﬁ 6‘)“5 6‘9""‘95 Ly J.cl...; (_ngoij.we
by Vb (s (el opp alex 5l (g, Seir
adws YL oo glll g b aslw!
o5 Glls @5—0‘55 ahds  glaoassS ey gas
@ lPer &5 W (59 Sple LD 0 egie
S Sy b 6590 pled dge 1,5 0)La1 b3 )l
5 b sbes Y] zoe Job slaJoe U
abais slaoaSeuss bl 5l IY] Ju&ew Kijls
N g sl gL (5595 0t @y 2Lk sagHlsS
ol 5 powre SLSOA & Cond (absSes sy
oSyl eS alaie mhaw cplege ded 3l g sesilS
Jal jiolisS ilaly loj 4y e a5 el Jolom 5559

I¥] gt co 28 000 gletl

(o555 Ak Ul yosd (559 oatiS it allin oyl 52
W55 15 cwyp 3y5e 4wl los> INGAAS/GAAS g
o 50 0diS gl pl g oSl Sial SYolee ool
il alolae ol o a4y 5w lise Cemsts (315 s s
sl She ilwand slp oaiiSCagds 10 6,9 Wb
Uisy 5l esliil b (Kial e¥sles .ig oo LIS QDSOA
P aw Nsbee o plez ad e U - Sy, sous
SCHT s s ol oaiiSizsis il Jlsi 55,3
dod oS Spdige (255 anl by 515 g Tsbe Y
5 S S g o3l gl 5 cl5iSy QD

Quantum Dot (QD) '

Quantum Dot Semiconductor Optical Amplifier ¥
Self Assembled "

Separated Confinement Heterostructure *
Wetting Layer (WL) *


http://opsi.ir/article-1-857-en.html

[ Downloaded from opsi.ir on 2025-11-19 ]

$=NpVy A

T=/00 AY - um oS ol Job ogjlwancds o
ol T =Y ps 9hw:\ ev ‘f:’/Y ‘[Y]

&6 g gilwamt -

- g,y e > b, 5l ool b 1, Sial oYoles
ol SOl oS e dile ooz Adye SUsS
A0 alS sl (999)5 Wl Olsre ar |y (oS

> ol 9 o9y b (@D Y S e S e
.Mo‘s‘a ULMH ‘) ULQ) o> g ol wﬁ.a.a

6

3% 10
——Input Signal
2.5 — Qutput Signal | 1
2
£
<15
=
= -
1 ’ E
05 (]
(.)35 4 45 5 .55 6
Time (ps)
4
15X 10
—.7mA
8mA
. 11.012 dB omA
= — 1mA
£ 10
g
z 97104 dB (@)
=M
=]
og‘ 5 8.1531dB
: /
5.8847 dB
0
0 0.2 0.4 0.6 0.8 09
Time (ps)

2 G e s (@D woay sbody @) Y s
9 (sz) 5399 6LQ,..JL o0l OJ',.«'JLA).; )‘39_4.1 domoud o.\.._.Su.\}_tu
s 8,5 slagl a0 (2o, b (©) (o,8) 29,5

OB S o o aScasds Gl Ll (S5
G 4 ol b ol sad (Sile @ w0sd e
S Sl a8 (Shy il el 5 kel
3,10 3929 WouiiS ool dad ;o el Bgyre jud b
G ot b oslr ad &5 cl ol ol e
(D S5 oS oo a2 kil ad b anslie o )
L e b5 Glplbyz o 295 ol Cusls
Ol I L g, o0 il & jshilon aas oo (lis
GoF O (iR Seb oo Cushl il (795 oy

e oI )5 ol oI

69359 Ol CW b G sl 1y (695 00 ¥ U
3O 0ALS ol gy ,0 oy gladl aws e lis

AAR

i O 5 oolKesle AYAY OLA..{Q YO LYY

d_N:_q_ﬂ_ﬂ_mg )
d 7, 7, 7, l+¢,IS/V,
1Current
Output
Input p signals

signals

> f\f’\-»l"
n

1mm (5:‘")

Self-assembled I
quantum dot

(o)

Tr
soslsS alaii Llu o (5,95 oS e JLsle (Gl N JSo
[f] somscusis lu, s 0 QD (5, byl (o) [V]

30 ol Cerez Ng « SCH g0y o Jol> Cona N
O Sy C o pf Gy o pd En (BP0l
foS Sadcax ool fownSs e My

osleS olx gaY > Vaog o (gogFans>
JL'.MJ‘ JLW‘ P w‘ L’>"°9""‘95 alasds 60..\5);).‘1)0
Ol abwgar (Job o)k ol Bl a5 el Jol>
195 o0 reasd JaS g idaly sloan] B 5

®)

el ol 515 4 Jol> adely 2570 9 QD (JB No

T;l =@1- P)T&l )

wils Jsl ab s 8y col ilaly 55 700
Loalio ;o Sen ;;"‘“’u'?r’ Sul o8 L (P=)
2 GrF GOy Ao Bl 2l (Re [ FObin
(] Sgu g0 0318 53 O ygay Sabipge &b 35 e
ko 2
~ 2.35V27e%ne P 2P -1

= )
I cn.goMeVy  fio, T,

&b FWHM) awin Gal o IS gl 1. oS

D9 o0 Lo o Vp (sogiilsS alasi x> 9 Np (segislyS


http://opsi.ir/article-1-857-en.html

[ Downloaded from opsi.ir on 2025-11-19 ]

x10

®

Output Photon Pulse
S =

[}

5
Time (ps)
Soged desed 0ASTagd I owslS g b D S
oS sl (5o)8) (755 5 () 59 o5lley sloly

SpSams -F
) Lal oles 5 ol Sial &¥olee go0e > b
)llé) W 6)L...od...~..4 LL...;)M &% oS Co gl
o LCW 9 (5“"9l§ UMJL: 6Lﬁu.[l> )d o.).u.fwym

09 ol Cosl ), (gl b STl s
CW Ll oSy sl s ool i Gy 35 ye i
Gop o (P Ol RIBl L a5 ad csalie
oy bojer 2Lk Yo lagl > 5o 5 wliee SR8
poduSCosti Job Sl e w‘u“ sl g i
Slp oD (g Al Sl 55 )% o e ye
OMERL 5 Il 55 50 Suied omglS ey jlaS (5599

o osalie Ll

&=y

[Y]1 A Daraei, S. M. Izadyar and N. Chenarani , “Simulation
and Analysis of Carrier Dynamics in the InAs/GaAs
Quantum Dot Laser, Based upon Rate Equations” Optics
and Photonics Journal, ¥, YYY- YY1 Y)Y,

[Y] M. Sugawara, T. Akiyama, N. Hatori), Y. Nakata, H.
Ebe) and H. Ishikawa, “Quantum-dot semiconductor
optical amplifiers for high-bit-rate signal processing up to
)7+ Gbs—) and a new scheme of 'R regenerators”
Institute of Physics Publishing Meas. Sci. Technol. ‘Y
YTAYVT4Y Yoy,

[¥]1 A. Kotb “NOR gate based on QD-SOA at 2+ Ghit/s”
Opt Quant Electron. £©, §YY_¢A« Y Y,

[€] A. Sakamoto and M. Sugawara, “Theoretical Calculation
of Lasing Spectra of Quantum-Dot Lasers: Effect of
Homogeneous Broadening of Optical Gain” IEEE Photon.
Technol. Lett. VY, Y+ V-Yeq Yoo,

[®] M. Sugawara, “Effect of carrier dynamics on quantum-dot
laser performance and possibility of bi-exciton lasing”,
Part of the SPIE Conference on Physics and Simulation of
Optoelectronic Devices VI, San Jose, California. SPIE,
YYAY, QA AAQQ V49A,

YEVY

i O 5 oolKesle AYAY OLA..{Q YO LYY

ol oals ool lid Glixe g,y sl >
e )5 Ol GRIBIL wsd oo ons oS ghailes
G Sy Loy L3k s wbioe SRl o
Sy o Y slapl,z 5 68 o il Gl
slagly> )3 69 o dedes 2Lk Ve PS Sgu
ANYY g & ol dao I8 5 ID fF ol

ool o owd VOIFYEA o VFVTYO AY/Y-aY

50
40
~
g
=30
e
g
3
E20
=
& ——04maA
10 0.5mA|]
—06ma
0
0 s 10 15 20 25 30

Time (ps)

iz )5 ol 5 Glej iy (5585 03V JSS

) oasScosl (2> Gop o wure TS
ol iy alize laplz 0 ol Jsb e p
S b 5 e ol el L e
SO 45 5,5 azgs ol 4l ol il |, o olgiae
Ol g wbee Gl ST Jsb (Al L s

ol ploxil oyl &y |, Jobo il

30
—I=1mA
25— F2mA
EF3mA
20
)
=
F1s
=
&
10
5
0 . , . , . . L . L
0 400 800 1200 1600 2000

Length (um)

Jsb ey QDSOA (755 )98 oy woys F S5
Al )5 slagl > )0 esiiS g gl

Sholld 1y (oogiileS abali oaliSyoli (639)5 (15S]
Slemor oIl O USS e peS oo B 0 (owslS L
camslS ol e Jlae] b amo e i |y oSy o
SrwS g gam ol e Sbik poe e 4
o 5 el atles aizes LS e 426
Al S cnl o 5 Gl ST il (owslS
s odsl slp ) SRe onf O JS8 deres il

83 oo (LS ojdle i by (a9


http://opsi.ir/article-1-857-en.html
http://www.tcpdf.org

