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Tom tit. Trong bai bao nay, ching t6i nghién ctru sy ton tai ctia hiéu ting Stark quang hoc ctia exciton
trong chdm luong tir phong cau dang det bang ly thuyét ham séng tai chudn héa. Mot séng bom manh
da duoc dp dung dé két cip cac trang thai lwong tir hda ctia dién tir trong viing dan trong md hinh hé
ba mtrc. Chung t6i quan sat thay hai vach phd hédp thu lién vung riéng biét, thé hién sw tdch cdc muc
nang lugng ctia dién tir do hiéu ting Stark quang hoc. Péng thoi, cac anh hudéng ctia nang lugng truong
bom, kich thudc va dang hinh hoc cia chdm lwong tit 1én cac déc trung ctia hiéu tng cling duoc khao
sat chi tiét.
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Abstract. In this paper, we studied the existence of the exciton optical Stark effect in oblate spheroidal
quantum dots by using the renormalized wavefunction theory. A strong pump wave was applied to
couple the electron quantization states in the conduction band in a three-level system model. We
observed two separate peaks of the interband absorption transitions representing the separation of the
electron energy levels due to the optical Stark effect. In addition, the influence of the pump field energy,
size, and geometry of the quantum dots on the effect characteristics was also investigated in detail.
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1 Giéi thiéu

Trong nhiing ndm gan day, nhiéu nghién
cttu lién quan dén cac tinh chat quang trong cac cau
truc thap chiéu da nhan duoc sw quan tdm cua cac
nha khoa hoc [1-6]. Cac nghién cttu nay dwoc cho
la c6 tinh tng dung cao trong cac linh vitc may tinh
quang, may tinh lwong t& va thong tin lwong tt.
Nhiéu coéng trinh nghién ctu vé cac tinh chat
quang trong cac chdm luong ti ¢ hinh dang don
gian, chang han nhuw hinh try, hinh 1ap phuong va
hinh cau da duwgc cong b6 [7-11]. Nhitng nghién
ctru nay cho thay cac tinh chdt quang ctia cac cham
luong tit phu thudc rat nhiéu vao truong ngoai va
kich thudc cua cac cham luwong tir. Piéu dang noi
la dang hinh hoc cta cac chdm luong tir cling tao
ra sy khac biét rdt 1on d6i voi cac tinh chat quang
hoc ctia chdm luong tit [12]. Bén canh d6, cdc chdm
lwong t véi hinh dang dac biét va phitc tap nhw
cac chdm luong tr hinh phong cau cing la d6i
twgng can duoc quan tdm nghién ctru chi tiét. Cac
mttc nang luong luong tit hda ctia hat tai trong cac
chdm luong ti nay phu thudc nhiéu vao cac tham
s6 cau trac [13-15]. Diéu nay c6 thé dan dén kha
nang dé dang diéu khién cac dic tinh quang cta
cac thiét bi dwgc ché tao tir cdc chdm luong tir nay

thong qua viéc diéu chinh cac tham s6 ciu truc.

Mot trong nhitng tinh chdt quang thu hut su
cht y cua cac nha nghién ctru la sw két cdp cua cac
mttc nang lugng cuia hat tai dudi tac dung ctia mot
xung &nh sang cuong dd cao, dan dén sy tach vach
pho trong phd hap thu, dwoc goi l1a hiéu tng Stark
quang hoc [16-18]. Pa c6 nhiéu cong trinh nghién
ctru hiéu ting Stark quang hoc str dung gian d6 hai
hodc ba mtic ndng luong bang cac phwong phép ly
thuyét va thuc nghiém khéac nhau. Déi voi nghién
ctru ly thuyét, cac nha khoa hoc da ap dung nhiéu
phuong phap nhu ly thuyét ham song tai chuan
hoéa [19], ly thuyét ma tran mat do [20], phuong
phap sai phan hitu han [21], ly thuyét phat quang
[22] hay ly thuyét nhiéu loan nhiéu hat khong can
béng [23]. Trong nghién ctru thuc nghiém, cong
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nghé bom - do da duwoc nhiéu nha khoa hoc lua
chon [24, 25]. Bén canh d6, nhiéu céng trinh nghién
ctu thyc nghiém lién quan dén hiéu ung Stark
quang hoc da dé xuat mét sd tng dung trién vong
trong viéc ché tao cac linh kién quang cho cac may
tinh luwong tr trong twong lai nhw la cac chuyén
mach quang siéu nhanh, cac b diéu bién quang tGc
dd cao hay céc transistor hiéu tng truong diéu
khién quang hoc [17, 26, 27].

Trong cong trinh nay, ching t6i ap dung
phuong phép ham séng tai chuan hoéa cho mo hinh
ba muc nang luong cta hat tai trong cham lugong
te phong cau dang det va nghién cttu nhitng tinh
chét noi bat cta hiéu ting Stark quang hoc ba muic
cua exciton. C4c phan chinh ctia bai bdo nhu sau.
Phan 2 trinh bay co so ly thuyét. Phan 3 trinh bay
cac két qua va thao luéan lién quan. Cudi cung, phan
4 trinh bay cac két luan.

2  Cos6ly thuyét

2.1 Ham séng va cac mitc nang luwgng cua dién
ti va 16 trong trong cham lugng ti phong
cdu dang det
Xét mot cham luong tir phong cau dang det

nam d6i xiing quanh truc z véi a va c 1a d6 dai cac

ban truc ctia chdm trong mat phang xOy va huéng

z, trong d6 x, y, z la cac toa d6 trong hé toa do

Cartesian v6i goc toa do tai tam déi xting ctia hinh

phong cau dang det (Hinh 1). D€ don gian, chung

t6i gia thiét ch4m luong tir ndm trong mot thé ning

v0 han c6 dang [13-15, 28]

U(r)=

@™

0, khi 0<S(r)<1
o, khi S(77)>1

trong d6 S (7, ) phu thudc vao cac tham sd a va ¢,
la cac ban truc ctia chdm lwgng ti hinh phong cau

nhu sau
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S(7) ="+, )

trong d6 ¢ <a. Bé mdt cua chdm luong tr phong cau

dang det c6 dang nhu ¢ Hinh 1.

Trong treong hop ¢ > a, bé mat gidi han la
chdm lwong t& phong cau dang thuan; ching toi
da khao sat treong hop nay trong cong trinh [36].
Trong cdng trinh d6, ching t6i cling st dung
phuwong phap ham séng tai chuan héa nhung ap
dung trong hé toa d6 phong cau dang thuan. Nhuw
da biét, hinh dang ctia cdc chdm luwong tr anh
huong manh 1én ham séng va phd nang lugng caa
cac hat. Vi vay, v6i hai chdm luong ti c6 hinh dang
khac nhau thi ham séng va phd nang luong tuwong
tng 1a hoan toan khac nhau, k€ ca khi cac cham
luong tir c6 cung thé tich. Trong bai bao nay, chung
toi ap dung phuong phap d6 cho bai toan trong hé
toa d6 phong cau dang det. Khong chi vay, ham
song cua hat trong treong hop nay hoan toan khac
treong hop trong cham lugng ti phong cau dang
thuan du c6 quy vé cing mot hé toa d6. Digu nay
dan dén phd hap thu cua exciton trong cdc chdm
lwong tir phong cau dang det nay va cac cham
lwong ttr phong cau dang thuan 1a hoan toan khac
nhau. Tuy nhién, d€ thuan tién cho viéc so sanh
gitta cham luong tr phong cau dang det (x < 1) va
ch&m luong tir phong cau dang thuan (x > 1), trong
cong trinh nay chung toi sé st dung bd cac ky hiéu

toan hoc giong voi cong trinh [36].

Hinh 1. Minh hoa chdm luong t&t phong cau dang det
[29]

Trudce tién, trong phép gan dung ham bao
khoi lwong hiéu dung, ham soéng toan phéan cua
dién tir (16 trong) trong chdm lwong t phong cau
dang det v6i thé vo han ¢6 dang

i (F) = e, (F) 5, (7). ©)

trong d6 7 = (5,77,(0); (&, M, ¢) la cac thanh phan
toa d6 trong hé toa d6 phong cau dang det khi 0 <
E<+oo, 1< <+1va0< Q<27 u,, (7) la cac ham
séng Bloch trong ving dan va ving héa tri;

\Fe,h

im (? ) 1a cdc ham séng bao ctia dién tix (16 trong)

trong chdm lugng tir phong cau dang det va co
dang [13-15, 28]

¥(F) =¥, (Sm.0)
= A O (=i, i&) S (=i )™’

nlm* Im

4)

voi n=123.. ; 1=0123.. ; m=—L...,0..,+ ;
IO (=inig) va s (=ihy) Tan luot 1a céc ham

Im
phong cau xuyén tam va cac ham phong cau goc

dang det loai 1; Amm la hé s6 chuan héa

A—I 2

nlm — I-E 1

, ©)

27 [ [ (&4 )5 (=inaic) SO (=imm) 53 (<ihié) S5y (<ihon) &
0-1

trong d6 ti s6 cac ban truc cua é-lip dwgc ky hiéu
X== (6)
a

va e la tam sai ctia é-lip

e=\1-1* . 7)
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Chon gdc tinh nang lwong tai dinh viing héa
tri, bidu thiec ning lwong cua dién tir va 16 tréng
Ian lwot duoc xac dinh nhw sau

n’k

Ey, = E, +—2n, ®8)

nlm g
2m
e

va
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Wk

h I

Enlm = —n*m/ (9)
2m,,

trong d6 Eg 1a d6 rong vlung cdm ctia chat ban dan;

m,,, lakhdiluong hiéu dung cta dién tir (16 trong)

\

va
2
knlm = (ﬁj . (10)
f
Cac gia tri ctia h duoc xac dinh tir diéu kién
bién
I (<ihiZ) =0, (11)
trong dé
E- L _-%, (12)
1- 42 ¢
va
f==SCge . (13)
E X

Trong bai bao nay, ching t6i nghién cttu
hiéu ting Stark quang hoc ba mttc ctia exciton trong
chdm luong t&r phong cau dang det. Do dd, ching
toi can khao sat mot hé gom ba mutc ndng lugong
ctia dién tr va 16 tréng, gdbm mttc thap nhat cé ning
lwong Eo, hai mttc con lai c6 nang lwong Ei va E:
(Hinh 2).

Cac mttc nang lwong cua hat tai duoc xac
dinh nhuw sau

_ rh
EO = ElOO
E =Ey (14)
E, =Ef,

va cac ham séng khong phu thudc thoi gian tuong
&ng v4i cac mirc nang luong trén la
Mo (F) = Afpo (F)
I1,(F) = Ay (7). (15)
I,(r) = Aflo(F)
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E, — [0)

Hinh 2. So d6 md hinh hé ba mttc ctia dién tr va
16 trong
Ghi chu: Ky hiéu Eo la mitc nang lwong thdp nhat ctia 16
trong twong tng véi trang thai duoc ky hiéu |0> ; Erva
E2 1a hai mtic ndng luong thdp nhat cua dién ti twong
tng véi cac trang thai duoc ky hiéu |1> va |2> ; o,
va o, twong ting la cac tan s8 cua laser bom va laser
do; Aw 1a d6 1éch tan s6 cong hudng ctia séng bom véi
hiéu hai mtc nédng luong lwong tt hoa cuia dién ti.

Cac ham séng phu thudc thoi gian cua hat

tai co dang nhu sau

B ey

Iy (7,0) =11 (F)e "
- gy

I,(7F,0) =T1,(Fe "~ . (16)
-  lpy

IT,(F,t) =T1,(F)e "

22 Ham séng va cac mitc ning lwong ctia dién

t& khi c6 tac dung ctia laser bom

Dé nghién ctru sy ton tai va cac tinh chét ctia
hiéu tng Stark quang hoc ctia exciton trong chdm
lwong ti phdng cau dang det, chung t6i st dung
dong thoi hai séng dién tir chiéu 1én hé. Mot song
bom manh cdng hwong véi khoang cach gitra hai
murc lwgng tir hoa cta dién t, tac dung 1én cac qua
trinh chuyén doi ndi vung ctia dién t& (mui tén dit
nét trén Hinh 2). Mot song do yéu xac dinh cac
chuyén doi lién vung tir mtc cua 16 tréng 1én cac
mtrc ctia dién tir (mi tén chdm cham trén Hinh 2).

Céc song dién tir dwoc chon nhu sau

E(1)=iiA e, (17)
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trong d6 7 lavecto don vi chi hudng truyén song;
Axva o la bién do va tan s6 cta laser; ky hiéu x =p
chi séng bom; x = ¢ chi song do. Trong treong hop
cuong do truong dién tir khong qua manh, ¢ thé
bd qua cac sd hang bac cao va st dung cac gan
dtng thi biéu thitc cia Hamiltonian twong tac gitta
hat v6i truong dién tir c6 thé duoc viét nhu sau [30,
31]

int

0 Ia)x

—io,t R N
A = LA™ 5 5y e, (18)
m

trong d¢6, dat

v :_iiﬁ.

, (19)
om e,

b

véi g, my va p lanluotla dién tich, khéi lugng
tran va vecto xung luong cua dién ti.

Yéu t6 ma tran cho chuyén doi quang gitta
hai mttc nang Iwong luong tit hoa cua dién tie dwoc

xac dinh nhw sau

qA, m

N
* 4

5 —= A1104100 (Ez —El)Z”f x

myi, ih

i€ +1

VoL =

0-1

Khi ¢6 tac dung ctia laser bom cdng hwong
véi khoang cach hai mic nang luong luong tit hoa
cua dién tr thi ham soéng ctia dién tw bi tai chuan
hoa dudi tadc dung cta song bom va c6 dang nhu
sau

e (= 1 iyt —ieyt 7%E1t -
Hmix(r,t):E(ale +ape )e 1'[1(1)
K , . (4)
1
_Va (eialt _e—iazr)e_;EZIHZ(F)
2hQ

trong do

DOI: 10.26459 /hueunijns.v131i1C.6668

<[ [en(eon?) 18 (inie) sty (cinn) a8 (ini) 83 (-inn)aga

Vo= (I (7)1 P | 1, (F)) =18 (F) 1V, 1 1L ()™ (20)
= 2197impt
trong d6
Yy = 94p m_:(Ez_El)<'{lf10(F)|ﬁ7I‘Pfoo(F)>, (21)
moia)p ih

v6i Ap va op 1a bién d6 va tan so cua laser bom.

Tt phwong trinh (4), suy ra

¥l10 (F) = AllOJl(é) (_ih,if)Sl%) (—ih,ry)

F (2) () (22)
W0 (7) = Awgodo (—ihsi&)Sgg (—ihu)

Chon vecto phan ciec doc theo truc z va thay
phuong trinh (22) vao phuong trinh (21), dong
thoi thuc hién moét s6 phép bién doi trung gian,

chang t6i thu dwoc bi€u thirc ctia Va1 nhu sau

(23)
Aw
a =Q, ———
1 RT
Aw
az—QR+T
Aw =, -0y . (25)
haw, =E, —E;
1
2
0. - Aa)2 |V21| 2
R=|| 5 | T—0=—
2 h

Cé thé viét lai ham séng tai chudn hoa caa
dién tr dudi tdc dung cua séong bom ¢ biéu thirc
(24) nhw sau
I (7ot) = %(Oﬁeﬁqt + 0‘267%125[]“1(7)
; ;o (@e)

_ V21 (e—%Egt _efi};E;tjnz (7)
2hQ

107



Lé Thi Ngoc Bao va Pinh Nhw Thao

Tt phuwong trinh (26), suy ra phd ndng
luwong twong ting voi trang théi tai chuén hda gom

bén mttc nhw sau

Ef =E +ho 27)
Ef =E ~ha,

va
E; =E, +ha, 28)
E, =FE,-ho

2.3  Phd hép thu caa exciton khi khéng cé tac
dung cta laser bom

Bay gio, chung toi nghién ctru ph6 hap thu
cuia exciton trong chdm luong tir thong qua cac yéu
t8 ma tran ctia chuyén doi lién vling tir muc cta 16
trong 1én cac mirc cua dién tir d€ tim kiém cac dau
hiéu chiing to sy ton tai ctia hiéu ting Stark quang
hoc ctia exciton trong chdm luong ti bén dan hinh
é-lip dang det. Theo quy tic loc Iwa d&i véi chuyén
doi quang lién vung trong cham luwong tir thi
chuyén doi duoc phép chi xay ra d6i voi cap murc
nang luwong thap nhat cta 16 tréng va dién ta.
Trudce hét, chung toi sé khao sat treong hop khi hé
chwa chiu tac dung cta laser bom. Duéi tac dung
cua laser do, yéu t0 ma tran ctia chuyén doi gita

hai mttc lwong t& hoa cua dién ti va 16 trong 1a
To = (1, (F1) [ Hi [T, (F,1)) (29)
Thay |:|im(’r phuong trinh (18) vao phuong

trinh (29), biéu thitc cua yéu td ma tran chuyén doi

khi khong co tac dung ctia laser bom tro thanh

L —E,~ho,
Tio __eATpcv eh(El 2 )t (30)

trong dé A: va w: la bién d¢ va tan so cua laser do;
\ A A~ A A .~ \ X \
peo la yéu t6 ma tran phan cuc gitta vung dan va

vung hda tri va c6 dang

P, = <uc (F)|Ap|u, (f)> 31)
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Ph6 hdp thu cua exciton dugc xac dinh
thdng qua biéu thirc cua téc dd chuyén doi. Theo
quy tac vang Fermi, chting t6i tim dwoc bidu thiic

cua t6c d6 chuyén doi nhu sau
27, 12
Wo =~ [To| 6 (B, ~Eg —her,), (32)

Thay phuong trinh (30) vao phuong trinh

(32), biéu thirc ctia t6c do chuyén doi c6 dang nhw

sau
27( gAp,, |
A :%[Mj (B, —Ey—ha,). (33)
e
Ap dung c6ng thirc ham dang Lorentz [32]
1 T
olx)=——5—, (34)
(-2

phuong trinh (33) tré thanh

r

2
W, = %[ 9 Py J S (35)
"% ) (ES ~ha,) +T?
trong do
E" —F,-E, (36)

va I'la @6 réng vach phd hap thu duoc duwa vao

mot cach hién twong luan.

24  Pho hap thu ctia exciton khi c6 tac dung caa
laser bom

Trong muc nay, ching toi tinh t6c d9 chuyén
doi lién viing khi laser bom bat dau hoat dong. D&
tim kiém hiéu tng Stark quang hoc ctia exciton
trong mo hinh ba mttc trong chdm luong ti phong
cau dang det thi cwong do cua laser bom duoc gia
st manh hon dang ké so véi cuong do cta laser do.
Dbong thoi, do léch cta laser bom v6i hiéu hai mtee
nang lwong cua dién ti phai nho hon nhiéu so voi
nang luwgng ctia laser bom va vung cdm ctia vat liéu

trong chdm luong ti

o< ho, <E,. (37)
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Nhu ching t6i da dé cap ¢ phan 2.2, dudi tac
dung ctia mét séng bom cong huedng manh thi cac
dién ti bay gio nam trong trang thai tron, duwgc mo
ta bang ham séng tai chuan hoéa c6 dang dwoc xac
dinh ¢ phuong trinh (26). Khi d6 yéu t6 ma tran
ctia chuyén doi lién viing tir trang thdi caa 16 trong
lén trang théi tai chuan hoa cua dién tr dugc xac
dinh nhu sau

Tmix,O = <H$ni>< (r’t) | |_’iint I Ho (F,t)>
_GAe™

i (I, (7,0) 1B 1, (1, 1))

¥ 1 ppdot
A D ; . —E —ha, |t
T ix,OZ_q tPcv[ 1 ( 161a2f+ » zalt):| eh( g f) .(39)

Tiép theo, thuc hién tinh toan mot cach
twong tu nhu ddi véi truong hop khoéng co tac
dung ctia laser bom, ching t6i xac dinh biéu thic
cua tdc do chuyén doi lién vung tir trang thai ctia
16 trong 1én trang thdi tdi chuan hoéa cta dién tk

duwdi tac dung ctia laser bom cong huong véi dang

nhuw sau
2 2
w2 b |\ D s(pdot gy g
h | myo, 20, g v

(40)

2
) dot _
+[ZQR] é‘(Eg hay + e

Ap dung cong thitc ham dang Lorentz,
ching t6i thu duoc biéu thitc gan dung cua téc do
chuyén doi trong treong hop ¢ tac dung cta laser

bom duwdi dang

2
W:g[eA,pwj [ o ] r
h 20 2
o R (Egm—ha),—haz) +T2

(41)

2
[ o j )
2Q 2
R (Egmfhwﬁrhal) +T2
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3  Két qua va thao luan

Trong phéan nay, chung t6i nghién cttu pho
hdp thu cta exciton trong chdm luong t hinh
phong cau dang det InossGaoszAs/Inos2Alo4sAs
trong hai treong hop khong co6 va cé tac dung cua
laser bom. Tt d6, chuing t6i chi ra nhitng dau hiéu
cua su ton tai hiéu tng Stark quang hoc cua exciton
trong cdu trac cham lwgng ti nay. D€ thuc hién
tinh s0, chung t6i st dung cac tham sd nhu sau:
khéi lugng hiéu dung ctia dién tir va 16 tréng trong
vat liéu cham InossGaowrAs la m, =0,042m, va
my, =0,052my ; d0 rong vung cdm cua vat liéu cham
la E, = 750 meV [33, 34]; bién d6 cua laser bom

duoc chon la A, =4x10* V-em™! va d6 rong phd

dwoc chon la T'=0,1meV. Bén canh do, ching toi
da chon d¢ dai ban truc nhé la ¢ =10 A; con do dai
ban truc 16n sé tuy thudc vao viéc chon gia tri ctia
x (a = c/y) sao cho thoa man diéu kién ciia mot cdu
tric thap chiéu 1a chdm lugng tr phong cau dang
det.

Dau tién, ching t6i vé pho hap thu cua
exciton trong cham lwgng t phong cau dang det
vOi gid tri cua ti s6 cac ban truc y = 0,1 trong treong
hop ton tai sobng bom cong huong véi khoang cach
gitta hai mtc cta dién t (7A® = 0 meV). Hinh 3
cho thay rang, triedc khi séng bom dwoc bat 1én,
pho hap thu cta exciton chi gom mot dinh hap thu
(dwong dut nét). Tuy nhién, sau khi séng bom
duoc bat 1én thi trong pho hap thu cta exciton xudt
hién hai dinh pho riéng biét (duong lién nét). Day
la ddu hiéu chung to6 da xay ra hiéu tng Stark
quang hoc cuia exciton trong cdu tric chdm luong
tee nay. Két qua nay tuong ti nhuw két qua da tim
duoc trong cham lwong ti hinh cau [35] va hinh é-
lip dang thuan [36]. So sanh cac két qua tim duoc
trong cac chdm luong tir nay, ching toi thdy chung
o su tuong dong, boi vi ca ba chdm lwgng tir hinh
cau, hinh é-lip dang thuan va hinh phéng cau dang

det déu thudc hé chuan khong chiéu.
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Hinh 3. Sy phu thudc cta t6c d6 chuyén doi vao nang

lwong photon ctia laser do trong cham lwong ti phong

cau dang det v6i ti s6 ctia cac ban truc y = 0,1 trong hai

treong hop: khéng co tac dung cta laser bom (dwong

duit nét) va co tac dung cua laser bom (duwong lién nét)
v6i d6 léch cong hudng hAm = 0 meV

Sw xudt hién hai dinh hap thu trong phd hap
thu ctia exciton khi cd tac dung ctia laser bom cong
hudng véi hai mitc nang luwong cua dién tir ¢ thé
dugc giai thich nhu sau. Theo quy tac loc lya ddi
Vi cac cdu tric chdm luong tir thi chi xay ra mot
chuyén doi tir mite ctia 16 tréng 1én mtkc thap nhat
cua dién tr khi hé hip thu dwoc mot photon do
pht hop (mii tén chdm chdm trén Hinh 2). Vi vay,
trede khi cé tac dung cta séng bom, chi cé duy
nhat mot dinh hédp thu ctia exciton. Nguoc lai, khi
¢6 song bom cong hwedng vdi khoang cach gitra hai
muttc cta dién tt thi cadc mitc nang luong leong t
héa ctia dién tir bi tich thanh cidc mitc con dé€ thoa
man nguyeén ly loai trit Pauli; cu thé muc E1 sé€ bi
tach thanh hai m&c Eff va Ef; mac E2 sé bi tach
thanh hai mic ES va E;. Két qua la khi chiéu mot
song do phu hop vao hé ta c¢6 thé tim duwoc hai
chuyén doi lién vlung tir mitc cua 16 tréng 1én hai
muc con tach ra tit mirc lwong tir hoa dau tién ctia
dién t (mai tén chdm cham trong Hinh 4); vi vay,
xudt hién hai dinh phan biét trong pho hap thu ctua
exciton. Hon ntta, do tinh d6i xiing cua cac muc
con tach ra ma hai dinh phd c6 cting d6 cao va nam
do6i xting hai bén dinh hap thu ban dau; diéu nay

thoa méan dinh ludt bao toan nang leong.
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Hinh 4. So d6 cua su tach cac mec ning luong cta dién

tie dwdi tac dung ctia laser bom cong hwong voi hiéu
hai mttc nang luwong leong tir hda cta dién tk

Tiép theo, chung t6i nghién cttu chi tiét hon
hiéu ting Stark quang hoc ctia exciton trong cham
luong tir phong cau dang det thong qua viéc khao
sat su phu thudc ph6 hap thu exciton vao do léch
cua séng bom. Hinh 5 cho thdy su phu thudc pho
hép thu ctia exciton khi gia tri cta ti s6 cdc ban truc
x = 0,1 trong treong hop khong c6 va c6 mat cua
song bom véi cac d6 léch khac nhau. Chung toi
thdy rang phd hap thu ctia exciton trong ca ba
truong hop ¢ mat cua séng bom déu chira hai
dinh phd phan biét, ham y rang trong cac truong
hop nay déu xay ra hiéu tng Stark quang hoc.
bong thoi, d6 cao ctia hai dinh hap thu la khac
nhau va phu thudc vao d¢ 1éch cong hwong. Khi do
léch cong hudng cang 16n thi do cao ctia dinh hap
thu néng luong 16n tdng dan va dich chuyén vé vi
tri cta dinh pho ban dau (ltc chua bat laser bom);
trong khi d6, d§ cao ctia dinh pho con lai thap dan
va gan nhu bién mat khi tang d6 léch cong huong
(nhw treong hop hAe = 0,3 meV, duong dut nét),
diéu nay cling thé hién rd trén Hinh 6. Sy chénh
léch d6 cao cta hai dinh phd cang 16n dong nghia
rang si chénh 1&ch t8c d6 chuyén doi cang 16n. Tuy
nhién, c6 thé thdy rang tong cac tdc do chuyén doi
ludn dugc bao toan trong tat ca cac treong hop
dwoc khao sat.

Hinh 6 cho thay rd rang hon sy thay déi d¢
cao va vi tri ctia cac dinh hap thu khi d6 léch cua
song bom tang lién tuc tir 0 dén 0,1 meV. RO rang,
khi tdng dan dd léch cong huong thi dd cao cua
dinh hap thu nang luong 16n tang dan, trong khi
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d06 cao ctia dinh hap thu nang luong bé giam dan
vé khoéng. Ttr Hinh 5 va Hinh 6, chiing t6i nhan
thdy rang d6i véi chdm luong tir phong cau dang
det, hai dinh hadp thu chi quan sat dugc rd rét khi
hA® < 0,1 meV, trong khi d6é ddi véi cham luwgng tir
hinh é-lip dang thuan va chdm lugng tix hinh cau
c6 cung thé tich, s xuat hién hai dinh hdp thu cta
exciton van con quan sat duwoc ro rét khi do léch
cong huong hAo > 0,1 meV [35, 36]. Biéu nay cho
thay réng, khong nhitng d6 léch cong huwong anh
huong dén d§ cao va vi tri ctia cac dinh hap thu
exciton ma hinh dang ctia cac chdm luong ti cling
anh hudng rat manh dén do cao va vi tri cua cac
dinh hép thu nay.

10 “ 4
x=0.1 ST Khi khong c6 laser bom

hAw = 0.03 meV

8 R ]
ia hAw = 0.1 meV

— — hAw =03 meV

W [dvbk]
—

Pw; = 5356.14 meV /

5355.5 5356.0 5356.5 5357.0 5357.5
hw; [meV]

Hinh 5. Sy phu thudc cta tdc d9 chuyén doi vao nang
luong photon trong chdm luong tr phong cau dang det
vi gid tri ti s6 cac ban trucla y = 0,1 trong truong hop
khéng c6 laser bom (duwong chdm chdm) va c6 laser
bom véi cac d6 léch cong huong khac nhau hAe = 0,03
meV (duong lién nét manh), va hAw = 0,1 meV (duong
lién nét dam) va hAw = 0,3 meV (duong dit nét)

hAw [meV] 0.10
0.05 st
0.00 ——
4
W [dvbk]
0»:’:};: —
53575 3570 .
5356.5 5356.0 -
hw; [meV] . 5355.5

Hinh 6. Phd hép thu cta exciton trong chdm luong ti
phong cau dang det véi ti s6 cac ban truc y = 0,1 nhu 1a
ham ctia nang leong photon fiw: va d6 léch cong huong

ctia song bom hAw

DOI: 10.26459 /hueunijns.v131i1C.6668

Ngoai ra, d6 léch cong huwdng cling anh
huwong manh dén tdc d6 chuyén doi cua hai dinh
hap thu. Ttr Hinh 7, ching toi thay rang khi ting
d06 léch cong huong thi tdc do chuyén doi ctia dinh
hap thu nang luwgng 16n tang, trong khi dé toc do
chuyén doi ctia dinh hap thu nang lwong bé giam.
Dbong thoi, téc dd chuyén doi cuia hai dinh hap thu

nay phu thudc don diéu vao do léch cong hudng.

8 ——e— Dinh hép thu cao

------- Binh hép thu thép

X
o
> 6 ’ &
B B mme-- Khi khdng co laser bom
H
4 '///
e L
0
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hAw [meV]

Hinh 7. Sy phu thudc cta t6c d6 chuyén doi vao d
l1éch cong huwong cua dinh hap thu nang luong thap
(duong chdm chdm hinh vuéng), dinh hap thu ning
lwgong cao (duong lién nét hinh tron) va dinh ban dau
khi khéng co tac dung ctia laser bom (dwong diet nét)
trong chdm luong tir phong cau dang det khi ti s6 cac
ban trucy =0,1

Tiép theo, ching t6i khao sat s anh hudng
cua gia tri y 1én pho hap thu cua exciton. Hinh 8
m ta sy phu thudc ctia t6c d§ chuyén doi vao nang
lwong photon tng voi cac gia tri khac nhau cua ti
s0 cac ban trucy = 0,1 (duwong chdm cham), y =
0,125 (dwong dut nét), va y = 0,2 (duong lién nét)
trong treong hop cd tac dung ctia laser bom véi d6
léch cong huong hAw = 0,03 meV. Trong ca ba
truong hop, chung t6i quan sat thdy xuat hién hai
dinh h&p thu exciton. Diéu nay mot [an nita khing
dinh su ton tai cua hiéu tng Stark quang hoc ctia
exciton trong cdu truc nay. Bén canh d6, khi tang
gia tri cua y thi ca hai dinh hap thu dich chuyén
nhanh vé viing nang luong cao, twong ting voi mot
dich chuyén xanh trong pho hap thu quang. Do d¢,
viéc thay ddi cac tinh chat quang cua cac cdu tric
chadm lugng t&r phong cau dang det tré nén dé diéu
khién va linh hoat hon thong qua viéc chi thay d6i

hai tham s& ban truc nho va ban truc 16n ton tai
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Hinh 8. Sy phu thudc ctuia t6c d6 chuyén doi

vao nang luong photon tng véi cac gia tri ti s6

cac ban truc khac nhau ¢ = 0,1 (hay a =100 A),

% =0,125 (hay a =100 A), va y = 0,2 (hay a = 50
A) trong truong hop c6 tac dung ctia laser

bom véi d9 1éch cong hwong hA® = 0,03 meV

W [arb. unit]

trong cdu tric chdm lueong tr nay. Day la mot trong

nhiing vwu diém cua cac cau trac cham luong tir

hinh phong cau so véi cac chdm luwong t hinh cau.

Cudi cung, ching tdi so sanh phd hadp thu

cua exciton trong chdm lugng tr phong cau dang
det (Hinh 9a) v6i chdm lwong t hinh é-lip dang
thudn (Hinh 9b) [36] va chdm luong t& hinh cau
(Hinh 9¢) [35] véi cung mét thé tich nhw nhau. T
Hinh 9, chiing t6i thdy rang, véi cling mot thé tich

nhu nhau, pho hdp thu cta exciton trong ba cham

lwong ttr c6 hinh dang khac nhau la hoan toan khac

nhau. Néi cach khéc, hiéu ttng Stark quang hoc ctia

exciton khong nhitng phu thudc vao do léch cong

huong, kich thude ctia cham lueong tir ma con phu

thuc rat nhay vao dang hinh hoc cia cham luong

x=0125
hAew = 0 maV/

W [avbk]
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—— Khi cb laser bom
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Hinh 9. Sy phu thudc cta phé hap thu cta exciton vao nang lwong photon trong chdm lwong tit phong cau dang det
v6i d6 dai ban trucnhé c =10 A, x = 0,125 (a), chdm lugng t& hinh é-lip dang thun c6 do dai ban truc nhé a =25 A,
% =4,096 (b) [36] va chdm luong tir hinh cAu c6 ban kinh R =40 A véi cing thé tich (c) [35]

4

thuyét ham song tai chuan hdéa dé nghién ctru chi

tiét hiéu ung Stark quang hoc cua exciton trong
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Két luin

Trong bai bao nay, chung t6i da ap dung ly

chdim Iwong t&r phong cau dang det
InGaAs/InAlAs. Két qua da chi ra rang, sau khi
séng bom bat dau hoat dong thi trong phd hdp thu
cua exciton xudt hién hai dinh phd phan biét,

chtng to da xay ra hiéu tng Stark quang hoc cuia
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exciton trong cdu tric chim luong tt nay. Bén canh
dé, phd héap thu cua exciton ciing phu thudc rat
manh vao d6 léch cong huong va kich thudc cua
chdm luong tit, ddc biét la phu thudc rat nhay vao
dang hinh hoc ctia chdm lwgng tir. Cu thé, khi ting
d6 léch cong huong thi dinh hap thu nang luong
cao ¢ xu hudng tién vé vi tri dinh hap thu ban dau
(ltc séng bom chwa bat 1én), con dinh hap thu néng
luong thdp roi xa vi tri dinh ban dau. Cang giam
d6 dai ban truc 16n thi ph6 hdp thu cang dich vé
vung ning luwgong cao, thé hién hiéu tng giam git
luong tit trong cau tric chdm luong tk nay. Véi
cung mot thé tich nhw nhau thi phé hdp thu cta
exciton trong cac chdm luong ttr c6 hinh dang khac
nhau la hoan toan khéc nhau. Ngoai ra, t6c dd
chuyén doi cta dinh hap thu nang luong cao va
dinh hap thu nang luwgng thap cling phu thudc rat
manh vao d¢ léch cdng huong cua séng bom.
Chung t6i hy vong cac két qua nay sé c6 nhiing
doéng gép quan trong vao viéc nghién cttu va ting
dung hiéu tng Stark quang hoc ctia exciton trong

tuong lai.

Thong tin tai trg

Nghién cttu nay dwoc B Gido duc va bBao
tao tai tro trong Dé tai Khoa hoc va Céng nghé ma
s0 B-2020-DHH-06.
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