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TOM TAT

Trong bai bao nay, chung t6i khao sat phd hap thu cta exciton trong mo hinh hé ba
mtic trong chdm luong ti hinh é-lip dang thuan GaAs/AlGaAs bang phuong phép
ham séng tai chuan hda. Diau tién, ching toi gia stt c6 mot laser bom c6 nang luong
gan bang véi hiéu hai mitc nang luong leong tir héa cua dién tie duoc chiéu vao
hé. Sau d6 chung t6i st dung mot laser do dé khao sat cac chuyén doi c6 thé xay ra
0 trong hé. Két qua la chiang t6i quan sat thdy hinh anh tach vach pho hap thu lién
vung trong phd hap thu cua exciton. Bén canh d6, chiing t6i cting khao sat sy phu
thudc cua phd hip thu cua exciton vao d¢ 1éch cong huong, nang luong photon va

kich thudc ctia chdm luong ti.

T khoéa: chdm lugng tit, phd hdp thy, hinh é-lip dang thuan.

1. MO PAU

Trong nhitng ndm gan day, cac ban dan thap chidu da thu hit nhiéu su cha y
ttr cac linh vuc nghién ctru khac nhau nhu may tinh luong tt, bo tach song hong ngoai,
béng ban dan, quang dién, hinh anh y t&, cdm bién sinh hoc va nhiéu linh vuc khac [1-
4]. Trong cac hé luong tr thap chiéu nhu giéng luong t, day lwong ti va cham luong
tt, cac hat mang dién c6 thé chuyén dong tu do tuong tGing theo hai chiéu, mot chiéu
va khong chiéu. Chinh sy giam giit lwgng tr nay da mang lai nhiéu hiéu tng méi c6
tiém nang dang ké trong viéc ché tao cac thiét bi quang hoc méi, chang han nhu bd
diéu bién quang dién tir t6c d§ cao, by tach séng quang va bo khuéch dai laser hong
ngoai xa [5]; trong cac tng dung dién t& va quang dién tw [6]; di6t laser, cac thiét bi
quang dién tir va cac thiét bi chtrc nang va bo nhé luong ti [7].
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Clng véi su phat trién ctia cac cau tric ban dan thap chiéu, da c6 nhiéu bai bao
nghién ctru vé pho hap thuy, cac chuyén doi quang va cac hiéu tng xay ra trong cac cau
tric d6 [8]. Trong nhiing nam gan day, nhiéu coéng trinh da nghién cttu vé cac tinh chat
quang hoc trong cac chdm luong ti hinh try, hinh lap phuong va hinh cau [9-12].
Nhing nghién cttu nay cho thay, cac tinh chdt quang hoc cua cac chdm luong ti phu
thudc rat nhiéu vao treong ngoai va kich thude hinh hoc cta cac chdm lwgng tir. Diéu
dang ndi la dang hinh hoc cua cac chdm luong ti cling tao ra sy khac biét rat 1on doi
véi cac tinh chat quang hoc ctia chdm lwong twr [13].

Trong bai bdo nay, d€ don gian chung tdi gia thiét cac chdm lwgng ti hinh é-lip dang
thuan chiu su tac dung cua mot thé nang v6 han nhung gia thiét nay duoc cho la
khong lam suy yéu tinh thuc t€ cia hé dang khao sat. Chung toi sé nghién ctru pho hap
thu ctia exciton bang phuong phdp ham séng tai chuan héa trong cham lwong tit ban
dan hinh é-lip dang thuin duoc ché tao tir cac vat liéu GaAs/AlGaAs. Chuing t6i chon
cap vat liéu nay do di chuyén tiép ctia chiing c6 d6 léch ving dan 1én, gan giéng voi
gia thiét cua ching t6i vé thé nang giam gitr vd han ctia chdm lwong tir. Ching toi tap
trung khao sat sy phu thudc ctia phd hap thu cta exciton vao treong ngoai va kich
thude ctia chdm luong tir. Bai bao gdm ¢6 cac phan chinh nhu sau. Phan 1 la phan mé
dau. Phan 2 trinh bay m6 hinh va ly thuyét. Phéan 3 trinh bay cac két qua va thao luén.
Phén 4 trinh bay két luan.

2. MO HINH VA LY THUYET
2.1. Ham séng va cac mitc ning lugng cta dién tir va 16 trong

Chung t6i xét cac cham lugng tir hinh é-lip dang thuan chiu su tac dung cua mot
thé nang vo han, nam d6i xtng quanh truc z, véi a va c lan lwot 1a d6 dai cac ban truc
cua cham trong mat phéng xOy va hudng z, trong d6 x, y, z 1a cac toa do trong hé toa
dd Cartesian v6i goc toa dd tai tam déi xting cua é-lip (Hinh 1). Ham séng bao cua dién
tie (16 trong) trong cham lueong tir hinh é-lip dang thuan chiu tac dung cia mot thé
nang vo han c6 dang [14-16]

\Pil:w( ) lPEI:n(évnvgp):Aﬂm‘Jl(r:])(hvér)sl(rin)(hln)eimwl (1)
trong d6, N=12,3,..; 1=0,1,2,3,...; m=-1,..,0,...+ ; 3¥(h,&) va s (h,) lan luot la

cac ham phoéng cau xuyén tdm va cac ham phong cau géc dang thuan loai 1; A, 1a hé

s0 chuan hoa.

Au= | - x , @
\/2nc3e3j (&% +7°) 3 (h.&)S (h) 31 (.€) i (h)d el

trong do ti sO cac ban truc cua é-lip x va tam sai e cua é-lip lan lwot duogc ki hiéu
46

'_‘!_.,.t‘



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, PH Hué
Tap 30, S6 1C (2025) ISSN: 2354-0842

ZZE (c>a),
a
3)

’ 1
e= 1——2
V4

Trong phép gan diing ham bao khéi lwong hiéu dung, ham séng toan phan cua
dién ttr (10 trong) trong cham luong ttr hinh é-lip dang thuan véi thé vo han c6 dang

I () = ey (F) ¥ (F),

nim

(4)
o day, F=(&,7,9) va Uy, (T) la cdc ham song Bloch trong viing dan (hogc viing héa

tri).
Chon gdc tinh ndng lwgng tai dinh vung hda tri, biéu thirc ndng luong cta dién

tr va 16 trong lan lugt dugc xac dinh nhu sau
2
h knIm

E:Im = Esm + *
2m,
) ®)
h — h knIm
nim 2m; '

voi Eg"t la d6 rong viing cAm cua chat ban dan; m; (m;) 1a khéi lwong hiéu dung cua
dién twe (16 trong) va

h 6)

Cac gia tri cua h dwgc xac dinh tir diéu kién bién

@)

‘]I(ri)(hig) =0,
trong do
= 1
Ep—4 =,
1-=
X (8)
f=Soce
4
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-;PII
S

y h @,
X
E 0
Hinh 1. Minh hoa chdm luong t&r hinh é-lip Hinh 2. M6 hinh hé ba mtc ctia dién tix va 16
dang thuan. trong, 7w, la nang luwong cua laser do; hw, laning

lwong laser bom va #iAw 1a d6 léch cong hudng.

Ta ¢ Hamiltonian mo ta twong tac cua dién t v6i treong dién tir dugc viét
dwdi dang [17]:

it
I_'i _ q A(e “ fi
int — 7 T . :
m, Il

X

) ©)

o>

trong d6é q, i, p, A va o, teong tng la dién tich ctia dién t, vecto phan cuec, vecto
xung luong, ceong do cua laser va tan s6 cua laser; ki hiéu x d€ chi laser do hodc laser
bom.

Khi c6 tac dung ctia laser bom, dién t*t nam trong trang thai duoc mo ta boi
ham song tai chuan hoda c6 dang nhu sau

l'[ﬁqix (F,t) = 2£1) (ale,,Emt + aZeﬁElactJnfOO (F)— 2\(/§lh (ehEmt _ehEmtjnfm (F), (10)
R R
trong do
(11)
o, =0y —A—zw,
2 2

Aw Q= (A—wj +—’V212‘ , (12)

a, =0y +7, 2 i

_pe e Av=0,—®
hay, =By —Epy, P

va V,, la yéu td ma tran chuyén doi cung vung gitta cdc murc cua dién t& Ef, va E,

va duoc xac dinh nhw sau
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aA, m. . . .
Vy = —= -_A110A100(E110_E100)2”f4x
myle, 17 (13)

Z+1

<[ [en(£ —n*) 35" (h&)sE" (hn) 3G (h.&)s (hn)dédn,
1-1
trong d6 A, va @, lan luot la ceong d6 va tan so cua laser bom.

Pho nédng luong tuong tng v6i ham séng (10) gom b&n mitc nhu sau

e+ e
{Eloo =Ejp +hey

e e ’ (14)
Eio = B0 — 742,

va

{Eleﬂ) =Ej +ha, (15)

o =Eno— ey
2.2. Phé hap thu cta exciton khi khong c6 tac dung ctia laser bom
Trong nghién ctru nay, ching t6i khao sat mo6 hinh hé ba mttc trong cham lwong
tt hinh é-lip dang thuan, trong d6 mtc thap nhat c6 ning luong E, = E} twong tng
véi trang théi lwong tir héa dau tién cuaa 16 tréng trong viing héa tri, hai mttc con lai c6
nang luong E, =E], va E, =E/, tuong ting vdi hai trang thai lwong tir hda thap nhat
ctia dién t& nhu dugc minh hoa trong hinh 2.

Theo quy tac loc lya ctia chuyén doi quang trong chdm luong tit thi chuyén doi
quang chi xay ra ddi véi cdp mitc ning lwong thdp nhét ctia cip 16 trong va dién ti.
Diau tién, chang toi xét truong hop khong cé tac dung caa laser bom, thi yéu t6 ma tran
cua chuyén doi quang exciton chi ton tai chuyén doi duoc phép gitra hai muc E, va E,.
Day la su chuyén doi lién vung vdi trang thai dau va trang thai cudi duoc mo ta nhu
sau

—iEot
|0) =TT}y, (Ft)=u, (F) i (F)e ?

|1> EI_IZI(?OO(Fr’t) :uc(r)lP§00(r)e ’

(16)

Dudi tdc dung cua laser do yéu t6 ma tran cta chuyén doi gitta hai mtc lugng twe
hoa ctia dién ttr va 16 trong la
To=(1Hix 10). (17)

Thay dang ctia H,, ¢ phuong trinh (9) vao phuong trinh (17) ta thu dwoc biéu thiec

int

cua yéu td ma tran chuyén doi khi khong cd tac dung cua laser bom nhu sau
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i
T, = eA'pcv e B Eoh “‘)t, (18)
myia,

trong d6, A va o, la bién do va tan sd cua laser do; p, 1a yéu t& ma tran phan cuc
gitta viing dan va vung hoa tri va c¢6 dang
Pe. = (U (P u, (7). 19)

Pho hap thu cua exciton duoc xac dinh théng qua biéu thirc cua toc do chuyén doi
nhu sau [18]

W=27”|Tﬂ|25(5f ~E,~ha,), (20)

trong d6, T; la yéu t6 ma trdn chuyén doi quang gitra trang thai dau i va trang thai
cudi f; E;va E; la cdc mic nang luwong twong tng cua trang thai dau va trang thai
cudi.

Tt cac phuong trinh (18) va (20), chung t6i tim dwgc biéu thitc cta téc dd chuyén
doi nhu sau

2
2
W, =7(%] 5(E—E,—ha,). 1)

Ap dung cong thitc ham dang Lorentz [19]

1 r
S(X)== - ——, 2
() T X +T? )
ta viét lai phwong trinh (21) nhu sau
2
2 q pCV r
WOZE( 4 j dot 2 2’ @)
M@ ) (B —hey) +T

véi T'—0 la do rong vach pho hdp thu duoc dua vao mét cach hién twong luan.
2. 3. Phd hép thu cuia exciton khi c6 tac dung ctia laser bom

Trong treong hop co tac dung ctia laser bom cong huedng véi hiéu hai mirc nang
lwong ctia dién ti, thi yéu t6 ma tran cho chuyén doi quang gitta trang thai cta 16
trong va trang thai tai chuan héa dwgc xac dinh nhu sau

. = . = e—i“’tt . . A -
Tmix,O = <Hmix (r ’t) | Hint |HTOO (r ’t)> = qlﬁloia)t <Hmix (r ’t)l np I 1_ITOO (r 't)> ’ (24)

hay
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Tao == e L(%ei“z‘ +a,e) ek, (25)
' myie, | 2Q,
voi
Egot =E -E,. 26)

Ti€p theo, thuc hién tinh toan mot cach tuong ty nhu treong hop khong co tac
dung ctia laser bom, biéu thitc cua téc d¢ chuyén doi lién vung tir mc nang luwgng ctia
16 tréng 1én muic tai chuan hoéa ctia dién tir dudi tac dung cua laser bom cong huéng co
dang nhu sau

2 2 2
2z ( eAp,, a 0 a o
W=7(—J [(ﬁ} 5(Eg‘—ha)t—ha2)+[2§§ J 5(E§‘—hwt+ha1)}~ (27)

My, R

Ap dung cong thitc ham dang Lorentz, biéu thtc gan dung cta tdc d6 chuyén doi
trong truong hop 6 tac dung cua laser bom duoc viét lai dudi dang

2 2 2
W = E[EA pcv ] [ ] J r _’_( o, J I (28)
2 2 °
M meay ) |\2% ) (B —hay —ha,) +T7 \ 2% ) (ES" —hey +hey) +T°

3. KET QUA TINH SO VA THAO LUAN

Dé lam r6 hon cac két qua thu duoc ¢ trén, trong muc nay ching toi thye hién
tinh s6 doi vd6i téc dd chuyén doi trong hai truong hop: khi khéng c6 va khi cé tac
dung cta laser bom trong chdm Iwong ti hinh é-lip dang thuin GaAs/AlozGaosAs. Cac
thong s8 duwoc stt dung dé tinh s& nhuw sau [20]: Khéi lwong hiéu dung ctia dién ti va 16
trong trong vat liéu chdm GaAs la m, =0.067m, va m, =0.51m,; d¢ rong vung cam
cua vat liéu cham la Eg =1424 meV; bién d6 cua laser bom dwoc chon la Ap =4x10*

V/em va do rong pho dugce chon la I' =0.1meV. Bén canh d6, bai bao khao sat cdu truc
cham luong t hinh é-lip dang thuan, day la mot ciu trac thap chiéu nén d¢ dai cua
cdc truc 1én 2c va truc bé 2a phai duoc chon sao cho nho hon ban kinh Bohr cua exciton
khoi trong vat liéu lam chdm GaAs. Vi vay, ching t6i da chon dd dai ban truc nho la
a=50A dé thuc hién tinh s8 trong muc nay; con d¢ dai ban truc 16n sé tuy thudc vao
viéc chon gia tri cia y (C= y-a). Chung toi chon di cau trac GaAs/AloGaosAs boi vi
chung la co so cuia nhiéu thiét bi ban dan va c6 thé dwoc tng dung dé ché tao cac thiét
bi hong ngoai hién dai, c6 thé duoc ing dung lam cac ctra s6 quang hoc trong cac hé
quang cing nhu cac linh kién dién tt v6i dong lam viéc c6 thé diéu chinh boi viéc pha
tap.

Hinh 3 md ta sy phu thudc ctia tdc do chuyén doi theo nang lwong cta photon
trong treong hop khong cé tdc dung cua laser bom va co tdc dung cua laser bom trong
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chdm lwong ti hinh é-lip dang thuan véi ti s8 ctia cdc ban truc y =3.5. Tt hinh vé ta
thay rang, khi khdng c6 laser bom thi phd hap thu ctia exciton chi thu dwoc mot dinh.
Tuy nhién, khi chiéu mét laser bom cong huong véi hiéu hai mirc ndng luong luong tw
hoéa ctia dién tir thi d6 thi xudt hién hai dinh cta exciton trong pho hap thu. Hai dinh
nay nam ddi xtng hai bén d6i véi dinh gdc, ltic chua ¢ téc dung cua laser bom. Két
qua nay twong tw nhu két qua tim dwoc trong cham luwong ttr hinh cau [12]. So sanh cac
két qua tim dugc trong hai chdm lwong ti hinh é-lip dang thuan va chdm lwong tir
hinh cau, chung t6i thay ching c6 sy twong dong, bdi vi ca hai chdm luong tit hinh cau
va hinh é-lip dang thuan déu thudc hé chuan khéong chiéu.

L QP Khi khéng c6 laserbom } y= 3.5 hAw = 0 meV
I
Khi c6 laser bom |I
8+ 1
I
I
X 67 1
= I
> |
S, I
S 4r I
I
Iy
2 Iy
Iy
0 Ll >N
1606 1608 1610 1612 1614
hw; [meV]

Hinh 3. Sy phu thudc ctia toc dd chuyén doi vao nang luwgng cta photon trong cham lugong ti
hinh é-lip dang thuan véi ti s8 ctia cac ban truc y = 3.5 trong hai treong hop: khdng cé tac
dung cuia laser bom (dwong dat nét) va co tac dung cta laser bom (duwong lién nét) véi do léch
cong huwong A @ =0meV.

Tiép theo ching toi khao sat sw phu thudc cta tdc do chuyén doi theo ndng
leong photon trong treong hop khong cé tac dung ctia laser bom va cé tac dung ctia
laser bom vdi cac do léch cong huong khac nhau 7A@ =0.3 meV, 7AAw =0.8 meV, va
hA®=1.2 meV trong cham lwong tit hinh é-lip dang thuan véi ti s8 y =3.5 nhu dugc
chi ra & hinh 4. Tt hinh v&, chting t6i thay rang trong cac treong hop c6 tac dung ctia
laser bom déu xudt hién hai dinh ctia exciton trong phd hdp thu. B cao cta hai dinh
hap thu la khac nhau va phu thudc vao do léch cong hudng. Khi do léch cong hwong
thay doi thi d§ cao cta hai dinh hdp thu ciing thay d6i theo, d6 1éch cong hudng cang
tang thi do cao cia mot dinh hdp thu cang lic cang tang trong khi dinh con lai cang lic
cang giam di. Cang tang d¢ léch cong hwong thi mot dinh hap thu c6 xu hudng tién vé
vi tri dinh gdc luc chua ¢ tac dung cua laser bom, dinh con lai thi tién xa vi tri cta
dinh goc.
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100 .o Khi khéng c6 laser bom  :
s X=35
hAw = 0.3 meV :'f
8 AAw = 0.8 meV
————— AAw = 1.2 meV :
X 6r i
o i
> 1
B, it
= 4F 3
2| P
0 A
1606 1608 1610 1612 1614
hw; [meV]

Hinh 4. Sy phu thudc ctia tdc d6 chuyén doi vao nang luong photon trong cham luong tir hinh
é-lip dang thuan véi ti s6 cac bén truc y = 3.5 trong truong hop khong cé laser bom (duong

chdm cham) va co laser bom véi cac dd léch cong hudng A @ = 0.3meV (dwong lién nét dam),

hA @ =0.8meV (duong lién nét manh) va A @ =1.2meV (duong dut nét).

Hinh 5 m6 ta sy phu thuc ctia t6c d6 chuyén doi vao nang leong photon ting
véi cac gia tri khac nhau cta ti s6 cac ban truc y =1.2, y =2 va y =5 trong truong

hop c6 tac dung cta laser bom véi do léch cong huong 7A@ =0.1meV. Trong ca ba

truong hop déu xudt hién hai dinh hdp thu exciton trong phd hdp thu cta exciton. Bén
canh d6, khi tang gia tri ciia ti s6 y thi ca hai dinh hap thu dich chuyén nhanh vé vung

nang luong thap. Do d6, viéc thay d6i cac tinh chat quang cta cac cau truc chdm luong
ti hinh é-lip dang thuan c6 thé diéu khién thong qua viéc thay ddi hai tham s& ban
truc nho va béan truc 16n ton tai trong ciu triic chdm luwong tir nay.

3.0 :
X=12
25} 1
X=2
— 2.0 F =« i p e iw N aw X = 5
4
-g 1 5 J
=, ™ AAw = 0.1 meV
= 1.0+
0.5¢ l .
0.0 ¥ — — —— ¥
1550 1600 1650 1700 1750
hw; [meV]

Hinh 5. Sy phu thudc ctia t6c dd chuyén doi vao nang lwgng photon tng véi cac gia tri ti sd cac
ban truc khdc nhau y =1.2 (dwong lién nét dam), y =2 (duong lién nét manh) va y =5
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(duwong chdm cham) trong truong hgp o tac dung ctia laser bom véi do 1éch cdng huong

hA @w=0.1meV.

Hinh 6 chi ra pho hap thu cua exciton trong cham luwong t hinh é-lip dang
thuan khi khong c6 va khi ¢ tic dung ctia laser bom véi cac gid tri khdc nhau ctia bién
do laser bom A, =3x10* V/em; A, =6x10* V/em va A, =8x10" V/cm trong truong
hop y=1.2 va d6 léch cong huong 7A@ =0 meV. Tir hinh vé, chiing tdi thay rang,
khi tang bién do cta laser bom thi khoang cach gitta hai dinh hdp thu ciing tang theo
nhung hai dinh hap thu nay van nam ddi xtmg véi nhau so véi dinh gdc tuan theo
dinh luat bao toan nang lwong.

10 ; e Kh ]
AAW = 0 meV i Khi khong co laser bom

x=12 i — — — Ap=3x10%Vicm

Ap = 6x10% V/em

Ap = 8x10% V/icm

T 6 7
Q2 2=
> i
= 4 ¥
o
2 1
A !S’\ l\“ ’\
0
2020 2022 2024 2026 2028 2030
hw; [meV]

Hinh 6. Sy phu thudc ctia tdc d6 chuyén doi vao nang luong photon trong cham luong tir hinh
é-lip dang thuan trong treong hop khong c6 laser bom (dwong chdm cham) va c6 laser bom véi
cac gia tri bién do laser bom khac nhau Ap =3x10* V/em (duong dut nét), Ap =6x10* V/em

(duong lién nét manh), A) =8 x10* V/em (dwong lién nét dam) trong truong hop ¥ =1.2 va
dd 1éch cong huong AA @ =0 meV.

4. KET LUAN

Trong bai bao nay chung toi da khao sat pho hdp thu ctia exciton trong mot hé
ba mtic trong chdm lwong tkr hinh é-lip dang thuan GaAs/AlozGaosAs. Chung toi da st
dung phuong phap ham séng tai chudn hda dé tim ham séng cua cac exciton khi ¢6
mot song bom cong hudng va sau do tinh toan toc do chuyén doi cua exciton dé€ khao
sat pho hap thu exciton trong cau tric chdm luong tir nay. Khi c6 tac dung cua song
bom thi két qua xudt hién hai dinh hdp thu ctia exciton trong phé hdp thu. Bén canh
do, pho hdp thu cta exciton phu thudc rat nhay vao dd 1léch cong huong cua song bom,
cuong do cua laser bom ciing nhu gia tri ti s6 cac ban truc y cua cham luong t.
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STUDY ON THE EXCITON ABSORPTION SPECTRA IN THE GaAs/AlGaAs
PROLATE ELLIPSOIDAL QUANTUM DOTS

Le Thi Ngoc Bao", Le Thi Dieu Hien!, Le Phuoc Dinh!, Dinh Nhu Thao?
1University of Sciences, Hue University
2University of Education, Hue University
*Email: ltnbao@husc.edu.vn
ABSTRACT

In this paper, we investigate the absorption spectra of excitons in a three-level
system model in a prolate ellipsoidal GaAs/AlGaAs quantum dot using the
wavefunction renormalization method. First, we assume the presence of a pump
laser with an energy close to the energy difference between the two quantized
energy levels of the electron, which is applied to the system. We then use a probe
laser to study the possible transitions within the system. As a result, we observe a
splitting of the interband absorption lines in the exciton absorption spectrum.
Additionally, we also explore the dependence of the exciton absorption spectra on

the resonance detuning, photon energy, and the size of the quantum dot.

Keywords: Quantum dot, Absorption spectrum, Prolate ellipsoidal shape.
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