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Intense laser field effect on second harmonic generation in a strained
InGaN/AlGaN quantum well

Mohamad Javad Karimi, Hamed Vafaee

Department of Physics, College of Physics, Shiraz University of Technology, Shiraz

Abstract- In this paper, the second harmonic generation coefficient in a strained InGaN/AlGaN quantum well are studied.
Impacts of the spontaneous and piezoelectric polarization fields on the confinement potential are taken into account. The
energy levels and wave functions are calculated using the fourth-order Runge-kutta method and optical properties are
obtained using the compact density matrix approach. Results reveal that the confinement potential is considerably affected by
the laser field and internal electric field. Results also indicate that the resonant peaks experience a red-shift with increasing
the laser field strength. Moreover, the resonant peaks suffer a blue shift with the increase in In and Al compositions.

Keywords: Intense laser field, Second harmonic generation, Strained quantum well.

FYY
ASb g yiawd BB WWW.OPSILIT Colu o a5 cuwl jliel gl)ls a0 0 dlis )


https://opsi.ir/article-1-682-en.html

[ Downloaded from opsi.ir on 2026-02-01 ]

F =
&(&ly, +26,L)

55 elsS olx 3 (SHE) ped Siigejla
w.:.(b»)ksa )‘)5 )y »))5.4 ‘) InGaN/AIGaN

s -
L InyGay yN ol Jols 255 asilsS olr S
la. Aleal_xN dw g g LW Cles L ol.? L.SL“ef
P S R VRV V| KVOPNOL S S B PRI E-
sledal, aliwy a4 Fp o axl 0 g K, o> 4l o

1K ]MTGA Cwdy )

— 2(pb_pw)|‘b (\)
" (el +28,L)
(pw_pb)l‘w (Y)

g oI ol e Ay 5 8 OB (80,35 & a5
2 U piehd ail o (U=w,b) &Y ;o IS i

g g0 0318 3 O jso 4 Y »
pv = pVSP + pv bz X
5 @oanss Ghebd i a Bt s p A

[\\]\5)5] Cowds o d.'a.:‘)

a-a, c
=2 8, — €, ¥
p a ( SRS I ] A

33

ol @y imhe & by aSd ol @ YU alal,
Slcoll ol 5 4y e33 @13 9 C33 €13 b olx A
O olé o I¥lansbige S0 Slgry 5 Syl
Soge & Fge o sl 0 098l Seileels ()5

radlioe 225

2 dz

2
H:_h d{ 1 d}+V(z) ®)

m’(z) dz

Wbce g D90 4 e 4 aluly Sge ey oS

YA

St S e oKisls A YAY oLo..{O YO LYY

doddo —)

2 e ()5 (eElsS slacly 3l glale s
s AlGaN/GaN  dnGaN/GaN  ssle  GaN

ol b a1, gl Sl INGaN/AIGaN
los S Bylase 93 Ceans 4y (Lo B e (S5
mlio 35 6l oo ,,l5 GaN baw SluS 5 ol
mlic 5 (HEMTS) b g il aile Sais sl
(LEDS) y5i suiiSables (glaogys aile SeigyiSlgsy!
b ok Sl b i slable e [Vl
5 Awd (§O5>ag> ikl (ol s (Wurtzite) &eS
siadad (Zinc-blende) wlodl sla bizle b avslis o
kb slaglae ool [Vl (6585 S sUls
a5 Wed oo 598 A (oS lase Sloul 4 e
s S rS Al  mie 255 IS Slae
end & s GaN wl  asl sladly (5
5 & Pl er slp sl B sk
WS Dyge sy Sbleyaes LSl (S sl
SHG 1 | pgo 4o b o (558 olys [Vl
molx jo Blie yho yf ()L Glaptaw ;o Lad
olaee Jlosl b olgie GAAS aly 5 ostlsS slo
O wlge 51l oS5 L L (2l Sesl
5353 a5 jshilen Ll 0,5 Gis |, gm0 el
Shawe slls GaN 4l 5 egilsS slaol> s
|y W pnms ) (5 a5 okl o (5 Ll oS Sl
Bt 68 Al Gl palple opie o
A Sl g 4525 3 90 gt (nl o 1) pgo 4y
Ao VL Sy b slad el b S (s Sl 5l
&3 3 4allas 5l g0z edgazma il 92l la 5
4 Bloyos slo)lislogl 5 6550 Olae S0y
Pl oyee 50 oaxie o ow)p 13l il ossl 592>
Sl s 68 Pl s s Gox o
sz asle GaAS (S5 b p slalslugl
e A8l s goten 0] s gopuans [F] o po cagiilss
a4 M Lol 4§ o g0 (A USEV 5 dV]alEge
wrd g i e Jed Sl g Pl o
ol e [alglasls y a5 eglsS o> Sl
wile s)Sbe slayally 5 698 (55 b Sl callie
S5 e yd 9, (Al) poiaedl 5 (IN) ol cuale


https://opsi.ir/article-1-682-en.html

[ Downloaded from opsi.ir on 2026-02-01 ]

ZZ(u:

Olse Iy (A) dolas 0l o Bl gn slaly &L 0 a5
Ay BgS STly (b, 5l eolaiwl by (goae Ojp0 4
5 &5l il sl Gyl am ogel S ez
55l olx gy el dagl 4 bgye zse @l
I mile dls Sleslatul b lgsee 1) (52555
(I eyl cila, 5l colaiul Looged dswlxe

:..\JGA Cewdy ) Dye0 4 SHG (g o Ldow o le

(&) o-v /Ll?;zﬂzlﬂlli (\ \)
. I
& (a)—w21—lfo)(2w—a)3l—|2°)

iy jiS e Sle pate pyp =< Yyzlh; > a5
oyl e il WS Ej =B —E 5 So S
Bz 0y 5 Gulaly Sial Ty (59558 (5858 55, Ao

aile b gl ol

Al

3 e cpl o ead eolaiul sl el (goae polie
(V) Jgo slael s azg5 b (65,531 BB g aSls <ol o8
55 oo ooliil o5 sl yiel b ple ol oo oy
-0 0, =3.0x102m™3 Tp=01ps Sjgo @
sl s Ly, =204 o> sl slp Slowle aril

el o plowl Ly = 504 o

I¥lololn 5o oot osliial slo el b ) oo

059 835 e 2 SHE o zo Sliis (1) S 5
il b el o o, @ iliSee polie (gl (609,
OS5 Wgd oo e SuaSs 4 5,0 el ag
—ald Lo e 4 a8 e o elS 3l o (65 5]
"o Lule a8 slassl o 4 SHE wass o

-10
14%10 N
0 =10 A
12t s 0
x=0.3
1r y=0.5
a =8 A

AN A~
07 08 09 1 11 12
Photon energy(eV)

St S e oKisls A YAY oLo..{O YO LYY

m;, 0<z<lL,

m'(z) = [ *

mj, z<0,z>L,

g gy Dyge d Ol w1, VI(2) wass Jewsly

Vo +eFyz z<0
V(z) = [erz 0<z<Ly, (V)
eF,L, +eF,(z—L,) +V, z>1L,

Jemniliy gl )| V9 (oSl L oslasl @ YU alal) jo
oS albee AlyGay_xN 5 In,Ga;_yN slvas¥ (o
Dygl Cewdy g)lg BB Kiwsnl 511 ol ol e
0 e 59l (698 (5,5 e SR (5555
ol L DY s YT dVlgal e jo cogiilss o> S
g ol Gldz 4 o aS el ouls ools musgy oS
Gl ol a4 anily Suognd dolee 0l publys
Ol jpa> 53 (8555 (oaghilsS olx 21 50 (9 xSl

dlbise 2 e ) 98

—n? d[ 1 dy(2)

2 dz| m(2) dz

=Ey(2)

}vd (@@

3 a5 ailse oad jlutal wass ity Vy(ag, 2)
25 09 S50 € 0395 Fige o M o S SIl L e o
Gl b a1 g ey Jlop aials A, g S
poaS aml Loalis clabwe 5loas .l
g |, Va(@,2) olesce Sl o0y alowllV] x> e

2,5 olo (Vo) doles

V,(z,a,)=(V,+eFz)
+(eF,z-V,—eF2)x0((z—e,)(L,-2-a,))

(V. +eFz—¢eF z -z
(Vo + eF, = )cos’l(—)
T ao
- ><¢9(—|Z|+a0)
F-F
+e——> o -7’
L T
[(V. +eFz—¢eF z z—-L |
( 0 b w )Cosfl( W)
T a,
2 2
- «,a —(z—-L
F-F, o~k
—€ L L -z
s +L,cos (—)
(24
- ° - )


https://opsi.ir/article-1-682-en.html

[ Downloaded from opsi.ir on 2026-02-01 ]

Lgl)g Lgaj)é 05‘53 ng).il Con> p SHG ergw ul)...o.u Ay Ji....»

&=y

[1] Piprek J., Nitride Semiconductor Devices: Principles and
Simulation. John Wiley & Sons, 2007.

[2] Vurgaftman I, Meyer J. R., Band parameters for
nitrogen-containing semiconductors, J. Appl. Phys. 94
(2003) 3675-3696.

[31 HasS. H,BanS. L., Zhu J., Intersubband absorption in
strained AlGaN/GaN double quantum wells, Phys. B
Condens. Matter. 406 (2011) 3640-3645.

[4] Karabulut 1., Laser field effect on the nonlinear optical
properties of a square quantum well under the applied
electric field, Appl. Surf. Sci., 256 (2010) 7570-7574.

[5] Kasapoglu E., Duque C. A., Sari H., Sékmen 1., Intense
laser field effects on the linear and nonlinear
intersubband optical properties of a semi-parabolic
quantum well, Eur. Phys. J. B. 82 (2011) 13-17.

[6] Ungan F., Yesilgul U., Sakiroglu S., Mora-Ramos M. E.,
Duque C. A., Kasapoglu E., Sari H., Sokmen I,
Simultaneous effects of hydrostatic pressure and
temperature on the nonlinear optical properties in a
parabolic quantum well under the intense laser field, Opt.
Commun., 309 (2013) 158-162.

[7] LimaF. M. S., Amato M. A., Nunes O. a. C., Fonseca A.
L. A., Enders B. G., da S. Jr E. F., Unexpected transition
from single to double quantum well potential induced by
intense laser fields in a semiconductor quantum well, J.
Appl. Phys., 105 (2009) 123111-123117.

[8] Burileanu L. M., Niculescu E. C., Eseanu N., Radu A,
Polarizabilities of shallow donors in inverse V-shaped
quantum wells under laser field, Phys. E Low-Dimens.
Syst. Nanostructures. 41 (2009) 856-860.

[9] Karimi M. J., Vafaei H., Intense laser field effects on the
linear and nonlinear intersubband optical properties in a
strained quantum well, Phys. B Condens. Matter, 452
(2014) 131-135.

[10] Harrison P., Quantum Wells, Wires and Dots: Theoretical
and  Computational ~ Physics of  Semiconductor
Nanostructures. John Wiley & Sons, 2011.

[11] Liu J., Bai Y., Xiong G., Studies of the second-order
nonlinear optical susceptibilities of GaN/AIGaN quantum
well, Phys. E Low-Dimens. Syst. Nanostructures, 23
(2004) 70-74.

[12] Ozturk E., Sari H., Sokmen I., The dependence of the
intersubband transitions in square and graded QWs on
intense laser fields, Solid State Commun., 132 (2004)
497-502.

[13] Ozturk E., Sari H., Sokmen I., Electric field and intense
laser field effects on the intersubband optical absorption
in a graded quantum well, J. Phys. Appl. Phys., 38
(2005) 935-941.

St S e oKisls A YAY oLo..{O YO LYY

Sl 6998 5588 G5 e p SHG (oo Ol sy ) IS
.y g_a.L..‘PLA)J.)Ln.A

Slp 6995 5598 655 >  SHG oo Ol s
03 oy (Y) LJ&»J ) (y) ‘Q.)M‘ Cuale calitre ).)QLM
O i gbald Sbol> cauas e IS ol o]
OFse Oz g ibiee i byl Cuw

S3bign st Y G5 OE o 3505 osal

x 10
25¢ a,=10A°
ok x=0.3
2
£ 15- g
~d H y:1
x "
1F :': 1
05f i .
83 04 05 06 0.7 08

Photon energy(eV)

e 69528 05588 S5 we p SHG opo Ol oY S
y el polis

059 S5 > 2 SHG oypd Ol () US4
olis 1) (X) powiegd] cuale alisee polie sly (589,8
Gial33l b a8 3ge sanlie JS& cpl 5l les oo o3 oo
o0 bl i Gl pl G 4 ais gleals X
ol @ olgee 1 () 5 () U8 mls Jds gt
LS Y b x caake mlEl L oas o5 Gl Oyse
Oldee dzmil (0 g ol Jldn dw g o> sl yialil
S e (L8l 0gd (o0 SissB (o (So Sl
WS )0 5 S9bge Waod Jeily Gl sl Bl

g o 590 S0aS 5l 65 50 sl

T T T T T

x=0 2,710 A

08 0.9

Photon energy(eV)


https://opsi.ir/article-1-682-en.html
http://www.tcpdf.org

