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TOM TAT

Trong bai bao nay ching t6i da sit dung phuong phap xap xi khéi lwgng hiéu dung
va phuong phap ma tran mat d6 rat gon dé€ khao sat su thay doi chiét sudt trong cac
giéng luong ti ban parabol khi ¢ dién treong ngoai. Chung toi khao sat sw phu
thudc chiét sudt vao tan sg ctia thé cam ti1 w;), thoi gian hoi phuc T', cwong d6 quang
hoc [ va dién truong F'. Két qua tinh todn cta ching t6i cho thdy bon yéu td nay

déu anh hudng dén sy thay d6i ctia chiét suat.

Tt khoa: sy thay d6i chiét sudt, giéng lugng ti ban parabol, dién truong.

1. MO PAU

Trong nhitng nam gan day, cac tinh chdt quang hoc phi tuyén tinh ctia hé luong
tt ban dan chiéu thap, chang han nhu giéng luong ti, day va chdm lugng tir rdt duoc
quan tam do cac tng dung thuc t€ caa chang [1, 2]. Khac véi cau truc khoi, trong hé
luong tir thap chiéu, cdc mirc nang luong cta electron la roi rac theo hudng gidi han [3].
Céc nghién ctru trude day da chi ra rang hé luong tir thap chiéu c6 thé dan dén sy ting
cwong tinh phi tuyén tinh quang hoc. Anh hwdng ctia truong laser ceong do cao 1én tinh
chat quang phi tuyén tinh ctia tap chat donor trong chdm luong tit da duwoc nghién cttu
[4-6]. Két qua cho thdy thé giam cam va btrc xa laser cuong do cao téi co thé anh huong
manh dén tinh chat quang hoc phi tuyén tinh. Sy thay d6i chiét suat trong mot cham
luwong ti hinh cau véi su giam cam parabol chiu tac dong cta dién truong ngoai cling
da duwoc nghién ctu [7]. Ho chi ra rang chiét suat toan phan thay ddi dich chuyén do
theo su gia tang vi tri ctia tap chat hodc ban kinh cham lwgng tir. Su thay d6i chiét suat
trong hop lugng tir cling da duoc nghién ctru va két qua cho thady ca cwong do quang toi
va cac tham sd cdu triuc déu c6 anh huong 16n dén sy thay doi chiét suat [8]. Su thay doi
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chiét suat trong cac giéng luwong t&r ban dan déng vai trd quan trong trong viéc diéu
chinh cac tinh chédt quang va dién cua vat liéu [9-11]. Karabulut va cfng su da nghién
ctu su chinh lvu quang hoc phi tuyén tinh trong cac giéng luong tir ban parabol bat d6i
xung c6 va khong co dién treong dién ap dat [12]. Tuy nhién, d6 thay ddi chiét suat trong
cac giéng lwong tir ban parabol khi cé dién truong ap dat van chua dugce nghién ctru.

Trong bai bao nay, chung t6i sé nghién ctru su thay doi chiét suat trong cac giéng
luong tit ban parabol khi c6 dién treong ap dat. Cac biéu thirc giai tich ctia d6 thay doi
chiét suat thu dugc bang phwong phap ma tran mat d6 rat gon va phuong phép 1ap.
Viéc tinh s& duoc thuc hién d6i véi cac giéng luong tir GaAs/AlGaAs.

2.CO SO LY THUYET
2.1. Cic trang thai dién tir trong giéng lwgng tir parabol khi c6 dién truong
Trong gan dung khoi luong hiéu dung, Hamiltonian cta electron trong giéng

leong tit ban parabol dudi dnh hirong ctia dién treong ngoai cod dang;:

H=-—

+ V(2) + qFz, (1)

* +_
2m

h2 82 N 82 82
oz 0yt 02

voi

*
Lo wgzz z2>0

V@zk , @

00 z2 <0
trong d6 m* 1a khdi luong hiéu dung cta electron, w, la tan s6 ctia thé giam cam ban
parabol, F la ceong do dién treong va g la dién tich cua electron.
Hamsong ¢, () va cac mtec nang luong €, cuadién tir la nghiém ctia phirong

trinh Schrédinger véi Hamilton cho boi (1) ¢6 dang [13]:

¥, 1) = 6,(2)p, (M, ©)
va
h2k2
€M=%+;% @

O day ]% , va 7 la vector séng va toa d0 trong mit phéng zy va ¢, (7*)1a phan tuan hoan
ctia ham Bloch trong viing dan tai k=0; ¢,(2) va E, la nghiém cua phuong trinh

Schrodinger mot chiéu:

R A1 .,
Ty T tafz |6 s = Bi), ®)
m A
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va c6 dang

$,(2) = Ce H, [a(z = z)], (6)
272
En =V +1 TWO - a f ) (7)
2 2m wg
voi
o = m“’O’ZO:_ q*F’ (8)
h m wg

con H (z) 1a ham Hermite [14]. O day v, dwgc xac dinh boi phuwong trinh:

H, (—az) =0, n=123.. 9)

con h¢ s& chuan hoa € duwoc xac dinh boi cong thiic:
- ~1/2
2 2
—a?(z— 2
C, = fe o”(z=2) H'/n [a(z — zo)]dz : (10)
0 '
2.2. Do thay doi chiét sudt

Trong phan nay, chiing ta sé dua ra bidu thitc cho d6 thay doi chiét sudt bang
phuong phap ma tran mat do rat gon va phuong phap lap. Gia st hé dang xét duoc kich
thich boi truong dién tir voi vector ceong do dien truong:

E(t) = EQ)k = Ee™' + E'e ™ . (11)
Su thay d6i theo thoi gian ctua yéu t6 ma tran cta toan t& mat do ctia mot electron p
duwoc cho boi phuong trinh [14]:

8/71“ 1

— L= [Hy — @B @), 5]~ Ty = H0) (12)
0 day H, la Hamiltonian cta h¢ khi khong c6 truong dién tir, I';; 1a t6c d6 hoi phuc va
A% 1a toén tr mat do khong nhifu. Phuong trinh (12) ¢6 thé duoc giai bing phuong
phap lap [14]:

p=2 0", (13)

n=0

vOi
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(n+1)

% — 1 H ,p(n+1)} _ Z’hl—‘..p(.nﬂ) _ i{qz, p(")] Et). (14
ot il 0 i gy ih ij

Ngoai ra, d§ phan cuc dién tir ciia hé do dién truong nay gay ra, tinh dén sd hang bac ba

ctia F , ¢6 thé duoc viét dudi dang:

P(t) _ gox(l)Eem + €OX(()2)E~2 + goxgi?EQeQm+€OXE)3)E3EM + gOX:(;;)ESeSiwt tecc

w .

(15)
& day e, 1a hing s8 dién moi cua chan khong, XU, P, 2, v va x{¥) Tan luot 1a do
cam tuyén tinh, hé s6 chinh luu quang hoc, hai bac hai, d6 cam bac ba va hai bac ba.
Dudi day, ching t6i sé gidi han 6 hé hai mttc. Do d¢, tt cdc phuwong trinh (14) va (15)
suy ra cac biéu thitc cho d6 thay ddi chiét suat tuyén tinh va phi tuyén bac ba [15]:

2
1 o |M E,, —h
An (w) — U| 221| % 21 w > (16)
n, 2ney (B —hw)® + AT,
va
2
An®(w) o, |My| pel 2
n, dn’ 2 2 12 [4(E21 N hw)|M21|
: €0 [(Byy — hw)? + ()2 |
M,, — M, )
- ( 222 ) 2 (Ey — hw)[Eﬂ(Eﬂ — hw) — (FLFO)Q] (17)
(Ey)” + (RLy)
— (R0 (2B, — hw) |,
¢ day o, la mat do hat tai; sz = ‘<wl. |qz ‘ w].>‘ la yéu t0 ma tran ctia moment ludng

cuc U, (¢ j) 1a cdc ham song; E'ij =K -F ; 1a hiéu nang luong gitra cac trang thai nay;

n, la chiét sudt; ¢ la van toc 4nh sang trong chan khong; pla d6 tir tham va

I = 2¢gn,c | FE |2 la cwong d¢ truong dién ttr.

Do thay doi chiét suat toan phan co6 thé duoc viét dudi dang:
An(w) _ AnV(w) N An®(w)

n?’ n’f’ nr

(18)

3. KET QUA VA THAO LUAN

Trong muc nay, chung to6i sé tinh s6 do thay doi chiét suét cua giéng luong ti
ban parabol duéi anh hudng ctia dién treong ngoai. Cac tinh toan thuc hién doi giéng
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lwong tir ban parabol Al Ga, As /GaAsvéi cac tham s6 nhuw sau: mat do hat tai
o, = 5.10*m™3, chiét suat n, = 3.2, d tit tham p = 4m.10""Hm ' va khdi luong
hiéu dung cua dién tiv m™ = 0.067my, (m, 1a khéi lwong ctia dién tir tw do).

Hinh 1 1a sy phy thudc ctia d6 thay d6i chiét suat tuyén tinh AnY / n, , phi tuyén
bac ba An® / n, va do thay d6i chiét suat toan phan An/ n,. vao tan sd ctia photon t6i
khi dién truong F' = 2,5.10" Vm !, thoi gian hdi phuc 7' = 0,14.107'2 s, cudong d6
quang hoc I = 3.10'"" Wm™va ba gi4 tri khéc nhau ctia fan s& ctia thé giam cAm w.
Tir d thi ndy, ta thay ring khi w, ting An® / n., An® / n, va An/n, lan luot dich
chuyén vé phia phai, cho thay su dich chuyén xanh gay ra bdi sy gia tang tan s6 cuia thé
giam cam w),. Nguyén nhan la hi¢u tng giam cam lwong t( tang 1én khi tan s cua the
giam cam w), tang. Do d6, hiéu nadng luwong gitta cac trang thai lwong ti khac nhau tdng
1én va xay ra dich chuyén xanh. Tl cac phuong trinh (16) va (17), ta thdy rang cac dinh

2
M

\

va

cong huong cia An®/n, Anl®)/n, chu yéu duoc quyét dinh boi B,

E.

4 M ) x 4 . v 2 A
i . Su tang cuong ctia hiéu ting giam cam luong ti dan dén sy gia tang cta hiéu

M,

ning luong E; va sy giam ctia yéu t6 ma tran chuyén doi ludng cuc ‘M i ‘ .Khi w, téng

2 4 e , . ) , i
‘M G| va ‘M i]-‘ la nhitng yéu t6 chinh anh hudng dén cac dinh cong huong cta

An(l)/nT , An(?’)/nr , do d6 ta thu dugc két qua nay.

1.0t (@) 1
b (@) wp = 2.0x10"4s™1
" . 14 -1 ]
" n (b) (b): wp =2.5x10""s
' n () . 14 -1 ]
05+t : (©): wg =3.0x10"%s™" |
3 ]
' P
£ o0 = e o >
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Hinh 1. Sy phu thudc ctia AnW n, ., An(g)/nr va An/nr vao tan sd ctia photon t6i véi

F=210"Vm T = 0.10ps, I = 3.10""Wm 2 v¢i ba gi4 tri khéc nhau cua .
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Hinh 2 1a d6 thi biéu dién su phu thudc cta d¢ thay doi chiét suat tuyén tinh

An / n_, phi tuyén bac ba An® / n, va 6 thay ddi chiét sudt toan phan An/n, vao

fan s ctia photon téi khi dién truong F = 2,5.10" Vm™!, tin s8 cta thé giam cim

Wy = 2,5.10" 571, cudong d6 quang hoc I = 3.10'" Wm~2va ba gia tri khac nhau cta
toc do hoi phuc 7' = 0.1 ps, T'= 0.2 ps va T = 0.3 ps. Tt hinh vé chung ta thay

rang cuc dai ctia d6 thay d6i chiét suat ting theo su ting ctia thoi gian hdi phuc.

Aniny

-2

T=0.1ps Lt
L Tuyén tinh
T=02ps . : _____ - Phituyén |
T=0.3ps Toan phin
0.28 0.29 0.30 0.31 0.32
hu(eV)

Hinh 2. Sy phu thudc cua AnW n,, An(g)/nr va An/nT vao tan sd ctia photon téi véi

wy = 2,5.10"s7 F = 2.10"Vm !, T = 3.10'""Wm 2 véi ba gi4 trj khac nhau ctia T.

Hinh 3 14 d6 thi thi biéu dién sy phu thudc ctia d6 thay doi chiét suat tuyén tinh

AnlV / n,., phi tuyén bac ba An® / n, va do thay doi chiét suat toan phan An/ n, vao

fan sG cta photon téi khi dién trwong F = 2,5.10"Vm ™!, tin s8 cta thé giam cam

Wy = 2,5.101 s71, thoi gian hdi phuc 7 = 0,14 ps va ba gia tri khac nhau ctia cudng

d6 quanghoc I = 10" Wm™2, I = 3.10" Wm2va I = 5.10"> Wm 2. Tirhinh 3 ta

thay rang gid tri tuyét ddi ctia cuc dai cua An® / n, tang theo sy tang cta ceong do

quang hoc [ con cyc dai cua An/ n, giam theo su tang ctia [ .
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Hinh 3. Su phu thudc cta An(l)/nr ,An(3)/nr va An/nr vao tan s6 cua photon t6i khi
w, = 2,5.10"s7 L F =2.10"Vm ™!, T = 0,14 ps vaba gi4 trj khac nhau ctia L

Hinh 4 1a d6 thi biéu dién su phu thudc cta d¢ thay doi chiét suat tuyén tinh
AnlY / n,. , phi tuyén bac ba An® / n, va do thay doi chiét suat toan phan An/ n, vao
tan sG ctia photon téi khi 7' = 0.14 ps, w, = 2,5.10" s71. T = 3.10"Y Wm 2 vaba gia
tri khac nhau cua cuong do dién truong F = 1.107 Vm_l, F =3.10" Vin 'va
F = 5.10" Vm™'. Tir hinh vé nay, ta thay rang gia trj cuc dai ctia An® n,, An(g)/nr
va An/nr it thay dd&i khi Fting tir 10° Vm 'dén 5.10° Vm 'trong khi ¢ dich

chuyén do cta cac dai lwgng nay khi F' tang.

1o ————— " ———— T

e ° © (a): F = 1x107 (V/m) |
l' ’ l"I % @ o 1
os LY oA (b): F = 3x107 (V/m) 1
o Jl o ' \ U b
s (©): F =5x107 (V/im)
A -' .'
£ 00 B e
4 4 . =
o
<
-05 . '
: (] ] 'l
v ! L5
” i Toan phan
‘ 0.25 0.30 0.35
hueV)

Hinh 4. Sy phu thudc ctia AnW n, ,An(3) / n, va An/ n, vao tan s6 cua photon t6i khi

wy = 2,5.10" 571 1 =3.10" Wm™?, T = 0,14 ps véi ba gia tri khdc nhau cua F .
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4. KET LUAN

Tom lai, chung t6i da khao sat ly thuyét vé su thay doi chiét suat trong giéng
luong tit ban parabol duwdi tic dung ctia dién treong ngoai. Anh huong cta tan sd thé
cam tl ctia cac giéng luong tir w,, thoi gian ho6i phuc T, dién truong ap dat F' va cuong
dd quang hoc [ 1én sy thay doi chiét sudt da dwgc khao sat. Két qua tinh toan cho thay
khi tan s6 ctia thé cam tl w,, va dién truong F' tang thi sy thay doi chiét sudt xuat hién
su dich chuyén xanh va dich chuyén do twong ting. Tuy nhién, khi thoi gian h6i phuc
T va cuong do quang hoc [ thay d6i, su thay doi chiét suat khong bi dich chuyén. Két
qua cua chung tdi cling cho thdy khi w,, T va F Ian luot téng, cac gia tri tuyét ddi cua
cue dai ctia su thay ddi chiét suat tuyén tinh va phi tuyén tinh twong ting giam, ting va
tang.
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CHANGE OF REFRACTIVE INDEX IN A SEMI-PARABOLIC QUANTUM WELL
UNDER EXTERNAL ELECTRIC FIELD

Le Phuoc Dinh?, Le Thi Dieu Hien!, Do Thi Minh Anh'? Le Thi Ngoc Bao"

Faculty of Electricity, Electronics and Material Technology,

University of Sciences, Hue University
2Chi Lang High School, Pleiku, Gia Lai
*Email: ltnbao@husc.edu.vn
ABSTRACT

In this paper, we used the effective mass approximation method and the compact
density matrix method to investigate the refractive index changes in the semi-
parabolic quantum wells under an applied electric field. The dependence of the

refractive index changes on the frequency of the confinement potential w, the

relaxation time T, the optical intensity [ and the electric field F' was studied. Our
calculation results show that the refractive index changes are affected by the four

factors mentioned above.

Keywords: the refractive index changes, semi-parabolic quantum wells, electric
field.
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