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Modeling of Semiconductor Quantum Dot Passively Mode Locked Laser
for optical communication application

Javad Rahimi', Vahid Ahmadi'*, and Mohammad Hasan Yavari"
'Tarbiat Modares University, Faculty of Electrical and Computer Engineering, Zip code: Y ¥4 1)

"Shahed University, Faculty of Engineering, Zip code:¥YYa)YAZ0)

Abstract- In this paper, a passively quantum dot mode-locked laser (QD-MLL) has been analyzed based on the rigorous
numerical model. The structure is a Fabry-Perot laser consisting of a reverse-biased saturable absorber and a forward-biased
amplifying section. In order to describe the dynamic behavior of the laser, we use traveling wave equations coupled to
quantum dot rate equations. Also, we investigate the effect of negative voltage applied to the absorber section on the mode
locking performance of the laser. Results show that by increasing the negative voltage applied to the saturable absorber, the
output pulse duration is decreased and output power is increased.

Keywords: Finite difference traveling wave, passively quantum dot mode-locked laser, saturable absorber

YFOY
AL g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl a0 0 dlin )]


http://www.opsi.ir/
http://opsi.ir/article-1-808-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

L) ST 5o (oSl ploaee (92,8 e (Jsb Lol
4 g, oy, oo 99 5l JKike dolas O jge 4 Bl (e
:[f]o)f%assﬁjajy@ s 4 g, g gl

0 C ,_ 0 .
—E* =2 (3—-ip)E*+F: \
p ., (+az A) o M)
anl g0 )0 G5k 550 llpd 5l 3] Aoles J> s
aS Z=L 5 Z=0 0 ;plplo oS oo oolizul ;3

L8l ls asl oo Z jgmme g ,0 00580 Jobo L

E*O,t)=1,E"(O,t), E(L,t)y =1, E*(L,1) (Y)

i) STeLS ol an] olSasl culs 1o by T o aS
SYolsw joaiil v Z=L 5 Z2=0 sy
S 0SS (5598 lawe 5 aels 5 Ly BT g BT (3548
30 4S5 bl (oo ke dn ) g 9l @ g 00ig, ol
F* ozmen i bl e sla s IS o>
4 Ny 5 Cp es995 4095 b 4y by ye 1ugh Jolee
0975 LSl g 38 § )55 L s 00T oyl
ol s eams s B abaly ool o [8-Vasl
A4S ot ooy STolS 5 onis, zlsel 4 by e Lzl
@ aduly @l 5o o s i (G5 0Sles 3L

:[f]%*f’ Sy p) Oyee 4 Hlasl ol
ﬂzﬂ(ngs(z,t),z):é—i%+(i_—2a”)g’(2ngs—l) *)
Sl Slocsyga g g ay ca 0 whl, oyl o
St p& (F i gz e gge Jsbo ) (Sl
® Py il oy 5 (G o)l sl
bl b 5l Jsl Jlas! ng () alal, jo .axsl
Jelo Jols g5 DY¥oles 5l 5l a5 il (o (agislsS
Iy (N ISy Y g (N e Slp awnS 515 o
5o 5 0550 o)l Al ol 5l kST e o
b el oals JSCiT 008 ol g eaiiS Ll iy
2 sly gF sl wiws 93 bl llyd 4 azg
Pl Grogi jshaie @ plple Clly eeolys s
bli a5l g aseSly 5l oSy aY G b
waxg b pj by, 5l Q3 5 0 (Al )0 (estlsS

L¥1o 5 auples solizal (M) B (V) sla S

YFOA

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

doddio —)

Sl e sl g 3l ad 9 5 95 o
J-i8 e b (oogilsS ablads sl )5 (5 oduzm JL3, Jelos
oy o dgoome JlES by, 09d (e 03y )15 & oud
S omilyins S¥olae ) (rizen 5 (FDTW)
S & oud a5 2dl o0 2o bg, alex 5| (DDE)
s L) Gl (n i (350 9 canlia Ll ol
o dgima Jolis by, [N-Ylas s ee 5 028
Jsl 4 o 089 Too Aslae s Jo (S 00y
P9y 45 ABl (oo dgazme Sl By L gim Sy
= Pl a5 sla i) 6l erlie el
Ol Sloj oo 2 oSl oo S¥oles 29y ol 5o ]
el sl wyle Ly 5] STl 9,0 50 (S Sl
Ozt g (oogilyS blis (6095 43 395 (AL 4 gy e
Lol o Lo Jabs Jols oaiiS ipogs ¢ S¥olas
3 e 9 Ngh (o0 55 o8 L ((agilsS bl S
S¥olas oad JugS &j5me 4 o)l 3l (Jsbo i o

[f-0lses oo J> abogi o

Jol> &5 9 ol OYoleo -Y

9955 ey gy 1y B 0)5e LSl 25 (nl o
2t |y o385, She oSl 55 olige okas
alasi golo des ) SO LSl (VUKD j0 0S (0
Ol o el o ools ylid sas Jadoe b cegislsS
& 00l J88 o Ly (egtilS a5 S LS
D3l Sl St 45 1S (o0 (o2 1) (SE5R90
S gl B g pog—Sxe ol Lo oig b el

DBl (oo s (bl b (o g2)ooiss

Reverse Bias
(Saturable Absorber)
Forward Bias

(Gain)

/HR

4 15% InAs/InGaAs QDs

— with 35 nm GaAS spacer

5 USite (Jlad pd o JiB oo b ogiileS alads j3 1) JSCs
(gSae bl b (gad gLl O3l g s (Wbl b o g Ceond


http://opsi.ir/article-1-808-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Lo Jol> oS 550 Gl 1y = blyy ol 5 e @

Tflecls punlss
nes(l_n 5) n s(l_nes)
Res,gs (nes' gs) = £ g22_
es—gs gs—es
n (l_ n s) nes
Rcr,es (ncr ' nes) = Cr4f = 7 (V)
cr—es es—cr

oidaly ooy Sl 7.l 5 7,0 59 bly, (oles o
S Sy 4y e NS £y (5395 4 092
oyt Gl Ceond o (pegiilsS b aly I 5w Sl
owizen (a,b e{er,es,gs})aiil o 0ansS L g

9Bl (e o)l 8l ()3 bz 1(2) 9 09 2SI e
Tflesls qwalys o lply ) akal, a5

ls = I(Z)|Z €llsy, L] 1sa = I(Z)|Z €[0,15,]=0 (A)

oeadady LS a4y sl el )l 5l o S polas
il oo 00l (V) Jguz 0 598 Lasls,

[F] o5l a5 oslitul 8,50 sl el b 1) Jgar

symbol | value symbol value
Ao 1.3um Ty Ins
Ny 3.75 Tossgs 2ps
L 1mm z-gs—>es 5 pS
ISA 100ﬂm TCT—)SS (G) 5 ps
0 T_lcr—>es (SA) O
a 5cm™ T yer (G) 80ps
2 SA u
aH Tes—>cr ( ) 1882 ps
g'(SA) | 200cm™ 6, 9.36.10°
9'(G) | 40cm™ 0, 239ps
Tys Ins r \J0.95
To Ins r 03

23 o ydas p wgSxe jWg p5U (o Y

oyl 0, 5o @y by pe byl )l (5 e 51 S
e 5Ly (Jladyed (s oad 88 ae b sl aass
Oyls a0l e oigd glosl L3l 4 Jlasl (U)
3 Jol 25 SYolae 4 bgyje Ll 4 azgi b 500
el el adaly lej (V) g0z 5 o3l Con
Slosl wsSae 5Lg b (T o) Sy Y @ 4SSl

YFo4

(i dage olKals AYAY olays YO b YY

pump .

Carrier Reservoir

oy
=}
=
<
<
st
(5]
bt

oyt 4l s Lol 5 Solos carogs ¥ JSs

d ngs
angs (Z,t) =-—+ 2Res,gs - Rst (ngs ! E)
gs
d _ Ny
a N (Z, t) = —E_ Res,gs + Rcr,es
d 12 Ny
ancr (th) :a_T__LI'Rcr,es (f)

cr
P oVYobe pj UK 4 azgi b coaisS Gl Cod o

Carrier Reservoir

<
=)
=
<
X
<
[}
—

il aml s el 5 Silads Gy ¥ S

in (z t)——%+2R -R,(n_,E)

dt gs \™? Tgs es,gs st \' 'gs?

d n

—n (z,t)=——2--2R ()
dt ® TESA)CT e

L ouisS i Ceond [0 750 SYolae 45 bgy e Lailgy 5o
5o «( Tc_rl_>es :O)W.))L)_a 6‘)‘&? (509».;‘55 bl du..?:.o.i");
a5 Sl S 55l 25 Kle Ryeads aiiigh OYoles

{¥logs oo o pj &ygo & a8 wBl (o0

R )=~ T E" (G20, ~D)E" *)


http://opsi.ir/article-1-808-fa.html

[ Downloaded from opsi.ir on 2025-07-20 ]

. (Probability)

Ngs

%,9 291 292 293 294 295 296 297 298 299 3
Time (ns)

5 el oo A Ol o il ceand o s el IS5 & S
iliee Jlas! slastls

S5 azms -

ooty L5 e by cogiilsS alais 5 Lo alie ol 4o
00g; To—e S9dze JOl (b sl eolitul b Jld s
e 5y 3 g cenl a8 )5 13 flod g (o) 2 9550
sebiles sl oad (1555 (oudl o Shee p Jlosl
iy Gl L eclag (gile and @l 5l oS
P s ey Y 4 Sy -V IOl
P bl b gud bl il Gloy gy o
lade Sl a5 Zblo maplys )5 (29,5 50 S Sloj
o L 5 500 slds S bgme s 0ud (Ji8
5B e o 4 ioren el il (Al s
S99 L (2gy% Ol aals ) 5d (29,5 slade o

ol aidly o8l ol L YO

&=y

['T J. Ming Liu, Photonic Devices, Cambridge University
Press, v--o.

[*] M. Rossetti, P.bardella, 1. Montrosset, Time-Domain

Travelling-Wave Model for Quantum Dot Passively Mode-
Locked Lasers , IEEE Journal of Quantum Electronics
wvol. Y4, no. €, ;Y\ Y,

[¥] M. Rossetti, P.bardella, I. Montrosset, Modeling Passive
Mode-Locking in Quantum Dot Lasers: A Comparison
Between a Finite-Difference Traveling-Wave Model and a
Delayed Differential Equation Approach , IEEE Journal
of Quantum Electronics, vol.£Y, no.®, Y+,

[¢] M. Radziunas, A.Vladimirov, E. A. Viktorov, D. Bimberg,
Pulse  broadening in quantum-dot Mode-Locked
semiconductor  lasers  simulation, analysis, and
experiments, IEEE Journal of Quantum Electronics,
vol. £€Y,no. v, Y+,

[°] E. U. Rafailov, M. A. Cataluna, W. Sibbett, Mode-locked
quantum-dot lasers, Nature Photonics .), Y4e - &.)
Yooy

['1 HJ. Wunsche, M. Radziunas, S. Bauer, O. Brox, B.
Sartorius, Modeling of Mode Control and Noise in Self-
Pulsating PhaseCOMB Lasers, |IEEE Journal of Selected
Topics in Quantum Electronics,vol. 4, no. ¥, Y+ Y,

John E. Carroll, J. Whiteaway, D.Plumb, Distributed
feedback semiconductor lasers, Institution of Electrical
Engineers, Y39A .

V5

S S e oRadls A YAY oLo.io YO LYY

GJLi> u‘;.».uu 49 Ji...: e Wl los Gi’;.w..‘lj
ol oain 00,91 L3l g 0,0 sla ise el
IS5 o eald ool lis g3le 4l @bl 1 as jghailes
g5 5y s Bllaeyud aslay (7) 5 (O) lo
s oy slo L Slej e L 03l o
4 23,1 s Connd (29,5 lgF aald b g wgSae
ol (ol ol o osSian 53 il b S50 & e
2990l e el Sisy aY @ as Sl S
Slade (2dle ot JIB g eldl oy @y b aze
o oo G20lS 3l o b 15 Jlasl Jlass! Sils
DIl (FusS Qi 508 ll G oy cpl oS
2 i degorms )i (295 50 (rlnly 09d (o0
P re g Gl (s &S Culls muals (5558

ol ools ial5dl 55 1) gy led aels o b

1

0.8}
B
T 06
s = = =ngs(SA)
e ngs(G) "y ",
T o4 AN 1
&
L= N
0.2 I LU B (H -m'ﬂ'f
0 !
0 05 1 2 2.5 3

15
Time (ns)

g Y sy g el (s Ae b 0 b el (J&s F S
oo o o Ll S8 Sy o5 5 4 NGS(G) 5 NGS(SA)
..\.....:l) L§° °)'€"~‘ 3 ub‘}

35 T T

}
¢
301 o
[
i
251 R
!
— 1
$a L
g
'E 151
10
Nea
5 BN
g 293 294 295
Time (ns)
sty g pel (e Ar Glyz o lo (b (295 Ol 0 JS4


http://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22John+E.+Carroll%22
http://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22James+Whiteaway%22
http://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22Dick+Plumb%22
http://opsi.ir/article-1-808-fa.html
http://www.tcpdf.org

