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Using optical pulse pump to Control band gap of photonic crystals
containing InGaAs/GaAs semiconductor quantum wells

Mahshid Mokhtarnejad®, Habib Tajali*, and Samad Roshan entezar*

! Department of physics, University of Tabriz, Tabriz

Abstract- In this paper, the effect of incident angle on reflectivity and the active band gap of a one-dimensional resonant
photonic crystal containing InGaAs/GaAs semiconductor quantum wells is discussed. The photonic crystal is excited by a
strong external femtosecond pump pulse with a frequency close to the exciton resonance frequency. The results show that
owing to the optical Stark effect and control of the exciton resonance frequency, the crystal band gap can be controlled. This
band gap that is controlled by the Stark effect, can be useful to design optical switches and filters. Due to the small size of the
introduced structure, it has the capacity to utilize in the optical integrated circuits and optical telecommunication systems.

Keywords: Photonic crystal, Stark effect, Band gap, Optical switch

VOV O


http://www.opsi.ir/article-1-112-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

g5 dmlme ly ool By, So (JWSH G Sle b,
bocwl Goan So S slajsh Wb BB o)
$99,9 U3k 5 U glgel disls (hgy ol I eslanl
o Jolo jl JSiie oS oS JUl e 5ile Jags
e diels 4 sl e 1o Y 5 5 JUa e e

Wgd oo badpe ) Ojga 6 9

E; _ My, Mg, = (\)
IR

Eis b3k 5 o2l plowe dils B 5 By o0 oS
Sl 4 azg b [A]cwd Ll 5 see lane dals
Dl (arbline 5 (oSl Gl e 58 (0 50
Siye bulyd bl ookl b wisS oo 550 blyd )
Loy | Y Sl (a5 5 63959 Ol Ol
S S5s8 Heh ,o ol Ll Sses 4 JU! e 5k
@ JE g 5lo ((oogilyS Sws g olz 5l JSiie an

D) Jog walys 5 IS

2-=2,2,,2,2,2, M)

xw Tw “Twx

@9&155 ol> 4y dguse duw Jlal s yle Z, ol oS

1|
2 :ei%[l OJ ™)
- 0 -1
# =own,d, cosd, /c "

gl )0 (ouablioeg iSIl zge (SaSTy G Sle Ziw
bw‘f‘lpsoéywbobjwwﬂjw

1 P
7 _7 a_ 1+p0 1+p )
Xw WX p 1
1+p0 1+p

o ile Zy aibe 3 bl ol p o ged Ay yo
03ls 5 &g 4 aS Cal cagilyS ol 4y bogs e Jlasl
109,.‘;}‘5@

ih (i ~
Z :iSe (IJ l) 1 (?)

" 1 e (i3+1)

:Lg&.w‘ﬁ‘).goi)é %35 as

VOY S

et o oSl AVAY oo Ve LA

doddio —)

CwSh oy @iy b @bBle (Seg eyl
Gl Lawgs VAAY Lo o b sl a8 aries glice
ool 5l eslinal a4 pre Lo [V-Ylwas 3jee
o S Sy e Gl | og Slesl o Seie
Jsb wliiie ,o gisd jlacil 4y a5 "ogisd cwaigs”
JUsl ey 0,0V (6l 20,5 AdS )l Vs g0
Gl o5 plo gyl 5l ooliil woledl jlsys
baysk Sy it Sl 500 ol So gl
(sboliniag S lgal 51 (uilS 5 650 o 2929 (So558
5 3bre >l pl il 1y el o jlacil 83le] A !
Sk 0 GFP ok L o i bre n2
Syge S sadS 5 bl (g5 STy S
Iv-0l &,.5 o138 soliul

po 5l JSse S ok WL S lie lyo
L wazs Jb,0 INGaAs/INAS  ogilsS ol> slalila,
5 oo Jlesl g (G Dl 5o o (GgST Sl
B omin Sy90 (e (598 el So B Eot e
Soges 5 JpmSle S¥olas | jsliie ] b 5
ool JUl o yile by, 9 Oldee (swlos slaadlse
(sore Jbeé Ssigh Wil BIE M, el sud
o Sy o3l b ogtlsS olx slaggins] 5y
IS Seop I L (Sl g5 ol Gl
5 Cudse &5 9500 Al T e B SeienS]
dgse S, enny Gybsl G Wb BB sl
oS bsaas Sl Sl (Sanll wad Sl
5 oo e Wbl eolaul b oamas s o5l gz
SE (GynST il sln S sy ilupsl s

L5 -Alols 13 s cov olg oo ) 55k opl wib

JU! s il bauwgy il I Gz —¥

R 050 G Sy Segs job lle Soled )b
el oo ooy las (V) S o

EY = -
e " e

n: n.
Ei » "

. ) =
2 2 =
2 2
2 >
— —
v
BN

Gl S gy b wslie HYY Jalis Jsho Nj| ISCizie Sgishyeh 1) IS5


http://www.opsi.ir/article-1-112-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

pyimy ) my =0.023m, ey Slsscal g, =123
(Rfes T 5 (09,5 g8 052 my ¢ 530

B wib 6550 B
E, =0.415-2.76x10T 2/ (T +83)(ev)
115 sledol> slass N
N =1.46T *°.10”.exp(E, / (2K, T))cm ™)

L ol il INGaASS> Syl ol

E, =0.15+(0.43x10°) /T (ev) <My =0.014m, <&, =157

9
N =2.9x10"(2400-T )*.(L+ 2.7x 10°)T *2.exp(- (0.129- 1.5¢ 10T )/ R.K,T))

2350 )18 0.050, (T) »lr 1y (T) S 56 laie

Gl O il sl |, R =1 Sl J
SJAND B < JAYA S )8 Bogamme jo oLl diges
Bgoi Jlad 52| (V) USD) oS oo omy (O=F 5
I3 Sy g Sl HIAR jo (polS A pe Ve o sl
Sl A T ey (V) JSi 5l a8 (5, ekailen ol
Sy 09 pSI A7 iS5 3 50 02 (sl s SLs o
et b oaslise (e VYA - Dass Luils )
o ST b 0g0id Sl ] s 13955 A3

A oo ol il 3l s Saalil g eads

O35 1.3 1.35 1.4
@ x 10"

0=+ 2l aygly gl 5 0,507+ + INGAAS/GAAS ogislsS ol Saslil oV JSo
Db ooz b e oged) O=F1 g(onz alail 3o ,8)0=Y+ ‘(‘_;\ BYPSPES

ol el w4 1) s Sonlil consy (V) S0
(6=?'9 6=\‘w0=~) usLM uwl) 5.43‘) Ay 6‘)4 k_}“A‘)
(ied Jlesl b aS 0gd o0 camlice a0 ol

VOYY

Iy )

o+, +iy

%, =on,d, cosg, /Ic 9 5=

Wals wilS )8 @) «(599,9 498 LS, @ (V) Al
2bls 25 Vs b Gably g5 T s
DNy Ylewd Ggnst ool e

WDl e dw 4 (V) IS LSl Ceos g0 S

N LBl lp gom o S ok U5 JUl pw yile
5l 0 vl &l glasy

z,=2,z2"Z, %)

N

D9b o0 (b ) Dyge & JS JUES! e Slo cazs jo

7z = Z, Zyg, *)
N Z, Z,
Loog sl plp b5k co e (A) daly 4 ax gl

r=-Z2,2, (0
WS sl p ho 539y U Agly sl
JUUECI AP FESON PR TR RN o CWH IV PO
Sk S8 S Wy bl cape jo R0 Al

on @b -Y
o e Sl a5 cal oad 53 alie opl o
Cwol INAS slaawg INGAAS slaol> 5l 0,50V -+ Julis
~o el VYV el Vo sligy s w2 oS
sylie INAS 5 INGAAS s 25,35 axsb
39,0 Joo alwg 4 a5 ol Led 4 atily ¢ Jalize

LVe-vologs o iy o

2

STy =, ——er T v
o ~ iy (T)

Y

0, (1) = 28,1 = | NDE v
£,m

yige pyr M YU leuslS 3 o (oSl 20,35 €,
able 5 sl Sz N (T) 5 50 e
5 V(1) Wl 55518 Ay 0 (25,38 ;0 olos bLs)|

wgdin ol @ (T) Leadly uils )3


http://www.opsi.ir/article-1-112-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

5@ =V YA @ = YA 0 L e il
S @ VYT @ SV e
JE ol o gies b Jleel Lo jls 3529
OIS Bllhe Sei9d ol (Sl il BB 5o ala>dle
sk Wb BB (585 Lied Jlasl 1 ey 058 0 cunlice
e g jlmepd (il B (2P Ol 5 oat S

jiagx o
1.34
1.33
1.32
1.31
1.3
1.29 j_—
1.28
1.27

1.26

128 20 40 60 80

25158 ol Slabla, o3l JStia Sgigh ok il SIS (508 i s O
bl e o yls 18 s Gl cod a5 InGaAs/InAs

S yS ez -

o 3 JSdie (eIt sob (Seigigh ol S puyn L
Fl Jleel 5 InGaAs/INAs - ogulsS ol> slalils,
Jolis jols ailouS as wls ools las ( Sl Sl

(U gly 5 (oS8 DldS oy g (olsS ol
Sl 7S5 sl sl gz prile 4 e
o) wgs 68 e Jlesl Gl e s o0 (Sissd
seme (Pl g lre s (il 8 (g Ol ailigned
cEle slp oy nl 5l Syge pas &S Wb S
Olfiss @y @98 g slads g lyld 1S

w""")@f’

&=l

[1] E.Yablonovitch, Phys. Rev. Lett. 58 (1987) 2059.
[2] S.John, Phys. Rev. Lett. 58 (1987) 2486.

[3] Y. Chen, Appl. Phys. 42 (2009) 3727.

[4] M. D.Javid, A. Ghaffari, F. Monifi, M. S. Abrishamian, Journal
of Applied Science 53 (2008) 1891.

[5] S.V.Zhokovsky, A. G. Smirnov, Phys. Rev. A, 83 (2011) 023818.

[6] E.Waks, J. vuckovic, Optics Express, 13 (2005) 5064.

[71  W.J. Johnson, Appl. Phys. 101 (2007) 461.

[8] J. Gansen, K. Jarasiunas, L. Smirl, Appl. Phys. Lett. 6 (2002 ) 11.

[9] P. Yeh, Optical Waves in Layered Media, (1988), John Wiley
and sons, NewYork .

[10] H. Ch. Hung, Ch. J. Wu, Sh. J. Chang, App. Phys. 110 (2011)
093110.

[11] T.Wang, D. Sh. Gao, Chiness Science Bulltin, 54 (2009) 3664.

[12] T.wang, G. Li, Zh. Chen, Optics Express, 16 (2008) 127.

[13] M. Mokhtarnejad, S. Roshan entezar, H. Tajali, Annual Physics
Conference of Iran, 30 (2013) 894.

[14] V. Kumar, Kh. S. Singh, Indian. J. Phys. 85 (2011) 1811.

[15] H.Ch. Hung, Ch. J. Wu, Appl. Phys. 110 (2011) 093110

YOYA

et o oKSls AVAY oo Ve LA

PRV B EY voum. | B FRR VW N | i B ) PR RO oW
@ phasw g Wboe prals 5,8 cpl jo (Salisl g
S 0 Joe )95 B8 jgue (lgie

(2 Soged)az 10 0=+ Ll 4l sl e Jloel 5 o (Sanlsl cads ¥ IS
‘.\ubsc(y L jow )los,oj ) 0=F¢ o(irx alags 30,8)0=Y"

olr slable) o 5l JSiite joly sl Wb BB o b
dhyl)) b5k oo lawg INGAAS/INAS - osislsS
- oo ey (P)USE ol ol 3 dcgion 3blis () -
25 S5 53 5ek nl Wl BB 55 (599,9 gl 3

el oanlie L5

13500

1.34

1.33

1.32

1.31

1.3

1.29 .

1.28
1.27
1.26
=g 80 100

20 40 60

(0]

olzr ol s 5 JSCite (598 5k (Sigioh Wil B logas 508 (e :F JSS
2ol INGAAS/INAS _ogilss

K-S °_>|5.: 5 jreps laail Q8 g';i;) Y
A 390 g0 oddline a5 jghiles ail oo jlre slaasl
dcgioe ddlie wall (0=') ,ho (504,9 dgl; 3
O VYA B O VYAV " 6L s il
B s b Cou ) s STl et 50
2 plbule (Sl SRS 4 azg Lo
O g O oo odnlie Wil B jloged 0 swgwe
byl plse @ U asS oo by Cobl s oS 5
L S o R P L I W PR X SN | FRRLIE )
itloe e glanil (pBg) (295 g e e slanly
degion dilate 93 (0=1) o (9955 Agly sl «


http://www.opsi.ir/article-1-112-fa.html
http://www.tcpdf.org

