[ Downloaded from www.opsi.ir on 2025-11-10 ]

tonics
Q0O S"c,‘

(‘4?/ o) St s Sl S ey §

.y ~

i W) 5 olEasly AYVAY ole «©o YO LYY

Optjc, ~
%,
o

N\

(o %
‘. ﬁ
a2

$e

o5 oS Adali )3l 3 sdae 0 gl SaiS) g Jala cdala SS) o jladaa

Y \ Ca .
6)5L.’. Ol ¢ (Sl Lo)..\w
mr.shafiee@shahed.ac.ir wale olSisls «Siig xSl - 5, o)l ool I (ggmeiils’

mh.yavari@shahed.ac.ir «als oSl « cwdige 5 8 0aSisls )L,.QL:MIY

g Seiliw] (g 00iiS oyl ¢y Yolao 1 0jgl (FaiSTy OIF1 53,5 Llad b ogiilsS i gold dowi y3d o,5ae Ao oyl 5o
9 o9l Al i (61,35 Fwly 9 g ade Gl Al p ofgl (ST U el sud Sl g il 3 Sl
Ol il s 51 Joolo gulis b ol ool Judodd' (49 SN (S5 (5 dasiiio 1 (S0 5l Gl y2 (JBs ok pil (o
9 Oy ge Wil Ly oyl (FuiSTy Glulidl b puizred )10 pudime Comd (S 2SI by (S Gl b ojsl (SuiSTy

i3 on L 2 L S o i el o G138 laly g uilS 53

Modeling the Carrier-Carrier and Auger Scattering on the Performance of
Quantum Dot Lasers

M.R. Shafiee', M. H. Yavari"
'Msc.Student of Electronics, Shahed University, mr.shafiee@shahed.ac.ir

" Assistant Professor, Faculty of Engineering, Shahed university, mh.yavari@shahed.ac.ir

In this paper, the effect of Auger scattering on the performance of semiconductor Quantum Dot Laser (QDL) is modeled.
Variety of input and output scattering processes of carriers on the QDL performance is studied. The effect of varying the
electrical current density on the Auger scattered carriers is investigated. Also, the scattering effect on the transient
response and modulation response of quantum dot laser is analyzed. Results show that Auger relaxation is directly
proportional to the electrical current density and also, the modulation bandwidth is destroyed by increasing Auger
scattering. Results are in agreement with the experiment.

Laser diode, Modulation Response, Quantum Dot, Scattering

VEFa
DBl g yiwd BB WWW.OPSILIT Col (o aS cunl jliel glls 90 0 dlis )


http://www.opsi.ir/
http://www.opsi.ir/article-1-733-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

bl b i 5 oS 55k sla w59 SYslee 5o
Ring(Ne \Nh JNpn) = 5l &S el 00 Jow Ring >
@ 8¢5 JouS £ 0g aalys WA(NH N — N°) ng,
Syge & ol Jlade a5 wgd e ole Ry b g9
e g oo i xS Rp(We,Wh) = (W/N®P) g
Lowoss a4 90 gl S5k 25 ol
Ol 5o a8 el oads Bl R (w,,w,) = Biw,w, & 5le
Wolae ;o il oo ad @ ad oS 53k o yo B ualal,
e e,y (S sl S e T )
@ 055 S o akaly cnl yo [A-]cul g Sl
Ol Tl (6558 908 oo iz 5 B L 5055
VYol sl sl )b 51 e jlade el oals oolo

[a ]cwl oo 00,91 (V) Jga o

(8] i 5 el 5 obar sl bl 2y

symbol value | symbol value
K| -)Yps B de-#

r e 1) w vy ns”

Al feodcm' T Y- K

N | vev.cm” u -,YAe. nm
N | yeyvy cm™” B°| Ao-ns' nm'

‘;.\Jbg: ‘5Ub MT)S—\‘

&5 zobw 5 Sy Y G b Jul> I8 4 azg b
6 s iy 4 (SaSly, e ol (sogileS bl
oSl Gulaly anlp o9 Sl olidl plo 4y iyl
silaly o ol plo 4wl (oS 5 idaly ail
S oS gnsilsS a5 gl oo S5 L Lol

e ]eel oo 03,91 (V) JSKio yo 4 taigds =

[ REE
¥
| | |
@ (b) (©)
®
I O
3 3
L] N
() (©) (©)

Jels TSy slaanT s glgil ) JSo

YFY-

St S e oKssls N YAY oLo..{O YO LYY

doddio —)

& 2l )5 (5 odezmy L8, Jlod 0 gy gl
S8 (REM) #5 oYoleo Jow 5l oslasul egulsS
abais 3 50 DV-F] asl oo 0yi> 5 09 35Ul sla ol

Ol 955 (ogtilsS blas 5l Jld (o b cegilsS

S35 3 sogilsS blis aSy ok 09l o JuSiS addly

oz yulai Sy g Y WS e S5 Sy o aY

8, dwgn ad 550 sle Cdl> b gam 90 cagilsS

o g Sisy s aY om Jel> Jobs YT ws s

e > kol ele sogiilsS Ll (5 anenS slo

Sl B a5k 4y il (g0 (gostilsS abals ) Sl

sl > ol a4 gy g Y 5l ol oldl plo @

gl > G ol alaly anld rizmen 5 4

o Sl (8, (s 5o ol (kS S

olsS ol slo 3 b avalie jo cnl ply il (o

o) Seels [, ol Lol Jele ;5500 a3 g0

Bl (oo (so55lsS (5 abaili) ) o (egilsS ol

09595 9 Jol> &5 ¥olaa Y

byl g Culae 5551l g (segiilyS alads 5l LSl
ous 03,51 (V) 5 (V) JSL3 ;0 (sagilsS (s abait 50 sl

o9leS bl oled iy balys @ axg5 b [ ]l

La¥ ol b sls w18 Sidy 6 aY s, 2

Sl els fal 1 JY-Flaces L)l o K0S,

& BuF Sy g Y B4 Sl Gl Gk

oslsS bl ol o Sidy 6 Y 5l e 5 Wsd

Gonr 90 6 Y s Sbe 4 [o-V]anl oo il

bli slo Jol> (ogmilsS oly Djpe 4 Sy
0diiS arogi 5 SYolre LS o el 1) egilsS

¢ abi i lle o g g Jeb Seloo
[V]wisd (oo chr x5 5 @50 4 agtlyS

ﬁe:_Tine""sénNQD_Rind(ne’nh)_RSP(ne’nh) )

. l inn] QD

nh:—T—nh+ShN _Rind(ne'nh)_RSP(ne'nh) M
h

. i(t n, N"- in ]
W, :¥+T_e N 2@ =S, N _Rsp(we’wh) Y
0 e

o j® ng N ~
W, :%O)+T—: N —SN"™ =R (W, W) ()

th :_anph +FR'nd (ne'nh)+ﬂRsp(ne’nh) ((5)



http://www.opsi.ir/article-1-733-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

05> 5 0958l (2 9,% 9 539)9 SIS TR 5 Aatie
oled ol 00 oo)9T (DU jo sogilsS alnds 5]
Ll Jol> SaSTy e ad oo cdnlin a5 j4b
Sade gals b as gou pas wylo (uSe Cond 0 Jlade
Llgy 51l (oo Gl e Jul> (SasSy Gl G
Oy eCowl 0als oolatnl F 5 O¥slas jo 398 SuSTy,
i) o 8dles 3 el (SaxSTn Sy Qe el oSS

Dyl oo Bl egilsS alads

1 :
Ealy| A —g =21
0 - (7
[ 'a
5 &y =4
8905 o
o
5 10 [ )
0 - ] [ 5
w, (0" v (1)
(@) (&h
o
&
.!.n‘m
]
o
w8
w, (07 ar’)
() @

035l (639,59 (Al cagiileS” alaii ;5] o35l (SaiSTy :F S
0 yh (29,58 coyh> (699,5(z 9 SN (29,5 (e

69959 STy » by JBe H1-0
09l

S92 Sglie (xSl ogla b S 56
oo”T ) JS“: 5 OBJSJ‘ 59959 ‘;J.,S]]: & dastina
@S 0gl oo oodlive odal Cewdy C‘t‘ Bk el ous
Ok I IR L Sl (63959 (ST Glie
D, i Comnd (S5 2SI

(i dage olKals AYAY olays YO b YY

W

Pumping Cu[{em

p+-Gahs
e

S |e-GaA ) P'N(fﬂé‘:::dm"g |~ Triangular -shaped QDs
L oL sitive|asasdthdasaad
[FAKGEAMCI:¥ing " region [AAAAAAALDL rYvVY Lc diate layer
B - Gahs. T

QDL active region n-AlGaAscladding
-Gassubsiate

*-Gas subsirate

Jl.v.é IS 9 Ailfjo Q,io‘ﬁu )L”..">L..u L 5):?._6):‘& 5.\& Ao ),.J :TJ&J’;
al slelw 095 wguileS bolas 5l oas JSCas

Current Density

out,cap
se

InGaAs

out,cap
Sh

9lsS (s ahali g0 lp byl g colia (5550l LTSS

955 969939 SSIn ¥
5 end Jol> Lalg, 5l eoliial b o3l sla SwiST,
I sl oais aslons () I (F) @¥slas o yo0 s
oSl (B a4 Sy Y sl oyh> JBr s
50 el o ols lis O, el bW /W, )le
Sz 5 (We)og S JB 5 (SaiSTyy S¥olas
IS Jlade cwl 10Mem? s (W Doy
oas 03,51 (V) Jgo ;o SasSTy Vol slo yalyb

1 NE AT I
iy _ ~2(w,-124.5)2/(29.6)
Se'(w,) = A(1+ RES )(1+ RESLE )+Ce *)
2 2
S*(w,) = (L—l-)2)09G- (1B | gUTWIC | p o-(-215F118 )
. A s
Sy'(w,) = tanh(B.w, g 1eRC
v (%) B T D)

2
Src])ut (Wh) — A(l _ ef(whfl.z)/1.7)0.7e—(wh) /18854 + e—(wh—B)/ZGA (C\ )

[A] FassTy sloanT s sla ol b Y Jga

A B C

S, | 0715+06g,-0.19¢? | —6.9+405g, —11g? 0.0116

s 0.1154 9631539, | 124-5350,+0.718¢

S" 8+0.228g, | 0.096-0.0095g, 171

S | 0.2823+0.0201g, —0.9—3g, -
AAA


http://www.opsi.ir/article-1-733-en.html

[ Downloaded from www.opsi.ir on 2025-11-10 ]

S35 4 —A

ol Ll ssalie ile 4t 5l Jol> il Gl
95 o3 OgeeVode Wb sl wojsl ((SaSTn ol
b oo GBI e Ygae S8 pge Slo (raiznen
Sl ol JBe Rl L oegsl (SasSy (e
alags (3 0 o5gl (SauSTy aliEl o ls pdins o
S 61,35 llug o als (uldl Coge sosilyS
@035 (oo ilaly llug (W58 5 (295 (52
5 s oo Sl ol (FasSTy Sl s ©)le
eyl Sy 5 g e (ogilyS alads

&=y

['1 M. Sugawara, Self-Assembled InGaAs/GaAs Quantum
Dots, Semiconductors and Semimetals, M. Sugawara,

Ed. San Diego, CA: Academic, Y349 vol. T+,

[Y1 M. Grundmann, Nano-Optoelectronics, Concepts,
Physics and Devices. New York: Springer, Y+ + Y,

[¥1 D. Bimberg, M. Grundmann, and N. N. Ledenstov,
Quantum Dot Heterostructures. Hoboken, NJ: Wiley,
Y4414,

[€] S. L. Chuang, Physics of Photonic Devices, New York:
Wiley, Y+ + 4,

[°1 M. H. Yavari and V. Ahmadi, " Circuit level
implementation of semiconductor self assembled
quantum dot laser," IEEE Journal of Selected Topics in
Quantum Electronics, vol. 12, no. ¥, pp. YV£-YV4,
Youf

[M1 M. H. Yavari and V. Ahmadi, " Effects of carrier
relaxation and homogeneous broadening on dynamic
and modulation behavior of self-assembled quantum
dot laser," IEEE Journal of Selected Topics in Quantum

Electronics, vol. VY, no. @, pp. YYoY- 1Yoy Y.y,

[V1 H. Abbaspour, V. Ahmadi and M. H. Yavari, " Analysis
of QD VCSEL dynamic characteristics considering
homogeneous and inhomogeneous broadening,” IEEE
Journal of Selected Topics in Quantum Electronics, ,
vol. \\/, no. 0Y pp. \T‘YV.\VT‘V, Y \

[M K. Ludge et all, " Tum- on dynamics and modulation
response in semiconductor quantum dot laser”, Physical
review B, vol. V/\' pp- Yoy W_Y'OY'YT’ Yoo /\.

[%1 K. Ludge and Eckehard Schéll, " Quantum-dot lasers—
desynchronized nonlinear dynamics of electrons and
holes”, IEEE JQE, VOL. o, NO. 1, pp. VY31V .Y
Yoed,

[ *]1 T.R. Nielsen, P. Gartner, and F. Jahnke, “Many- body
theory of carrier capture and relaxation in
semiconductor quantum-dot lasers”, Phys. Rev. B, 14,
A

St S e oKssls N YAY oLo..{O YO LYY

09 (FasSly g aatin p SO by JBs ek 236 0SS

039l S5y @ 1,45 Zuwl Suwsly-#

O $Ze 08P I8 $,8S aatine (F) SO 50
03,1 O = Y0 90 = V.0 SasSly, polie sl5l o
4z ,0 el (o oddlive bl 5l as jsb les .ol sals
Wbl i eslsS (s Ak )3 s o33l WSWST,
o825 9 PR S 1) Slilug o axels
@ 5 i s 4l Gl ( fro) alals Sblugs
Ay Adlg> kel

x10 ‘ ‘
6’ = PR
g, 2.5 J_4Jth
(:lﬁ g=3.5
g 4r ( |
>
aso ]

o Za 0P8 B ) aasie S
;A.’.Sbi a wag..\.o wa ;’»‘.m.gb -v
o3l

h> Soge a Gl bl Sl ey i Sl 4 ez
LTI Glo g 6555 Gl 0155 (o0 S (o0 s
Jolo mls [0-V]0 8 avulona 1) 5 (ygemYge ly
sk led el 0o 00,51 (V) IS 5o (s5le ands
Sl gligs Oe Jhie L2alS L wsd o samlive aS
Lo go aSul b azgi bl (oo Gl 55 ommY e
i Ll b 13 s uSe o ofgl LSSl
Oz 5 55 e¥gde Sl by iyl (SuSTy

b o Gl 5 geYge 58 g S

gc=2.5

J=4Jﬂ1

Modulation Response

10’ Frequency (GHz) 10
OgeeYge C“"'L’ duasin Y S

YEVY


http://www.opsi.ir/article-1-733-en.html
http://www.tcpdf.org

