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Tém tat: Trong bai bao nay chiing toi nghién ctiu hiéu tng Stark quang hoc
trong mo hinh hé ba mic trong cham lugng tt InN/GaN. Ching t6i khao sat
phd hap thu ciia exciton trong chdm luong ti hinh cau dudi tic dung clia séng
bom laser cong huéng véi hai mitc nang luong lugng ti hoa ctia dién tit bang
phuong phap ham séng tai chuan héa. Chiing t6i da xac dinh duge biéu thic
xac suat hap thy trong mot don vi thoi gian va khdo sat sy phu thudc ciia he
s6 hap thu vao ban kinh ctia cham lugng tit, do léch cong hudng trong trudng
hgp c6 song bom.

T khéa: Hieu ting Stark quang hoc, cham lugng ti, InN, GaN, do léch cong
huéng

1 GIOI THIEU

Ngay nay, vat 1y hoc da cé sy chuyén huéng déi tugng nghién cttu chinh tit cac vat lieu
ban dan khdi c6 cau tric ba chiéu sang ban dan thap chiéu. Cac hé ban dan thap chiéu
1a nhitng hé c6 cau tric phang hai chiéu nhu giéng lugng tit, cau tric mot chidéu nhu day
lugng tit va cau tric khong chiéu nhu cham lugng tit [1]. Mot trong nhitng cau tric thap
chiéu dang duge quan tam nghién cttu 14 cham lugng tt. Cham lugng t1t 1 cAu tric giam
gitt hat vi mo trong ca ba chiéu khong gian. Hiéu tng giam giit lugng tit trong cham lugng
ti thé hien rat ré va phu thudc manh vao kich thude ctia cham. Hiéu tng Stark quang
hoc 1a hién tugng tach miic nang lugng ciia dien it (16 trong) dudi tac dung clia séng bom
laser cong hudng véi hai mitc nang lugng lugng tif héa clia dien tit (16 trong). Higu ting
nay da lam thay doi dang ké phd hap thu ciia exciton. Vi vay né da tao ra su thay doi 16n
trong cac tng dung quang hoc [2].

Gan day, chat ban dan nhom IIl-nitride d& tré thanh trong tam ciia nghién ctu do dic

tinh vat Iy doc nhat va tiém nang cao ciia ching. Cac dic tinh do thé hién r6 trong di cau
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tric ban dan InN/GaN d6 1a tinh dan dién, dan nhiét t6t, hoat dong ¢ nhiet do cao, sy
phan cyc manh &nh hudng dén cac tinh chat quang va dién ctia vat lieu [3]. Trong bai bao
nay ching t6i nghién citu hiéu tng Stark quang hoc trong cham lugng tit InN/GaN béng
phuong phép ham séng tai chuan héa.

9 LY THUYET

Gia st cham lugng tt InN/GaN c¢6 ban kinh R véi thé giam cam d6i xiing cau v6i hang

U(r)z{o r=f 1)

rao thé cao vo han

o r>R

Xét mo hinh hé ba miic trong dé mitc mot 14 mitc nang lugng ciia 16 trong & ving hoéa tri,
mtc hai va mic ba 1a cac mitc nang lugng lugng tit hoa clia dién t & viing dan, ta ki hiéu

cac trang thai tuong ung véi cac mic niang lugng do6 lan lugt 1a [0), [1) va |2).

Ham séng mo ta trang thai chuyén dong ctia dién ti - 16 trong trong cham lugng tit dude
viét dué6i dang [4]
VOt = (r, 0, ) = Yom (0, ©) fue (r), (2)

trong do6 Yy, (0, ¢) 1a ham diéu hoa cau, f,, (r) & ham séng xuyén tam c6 dang
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V61 xne cac khong diém ciia ham Bessel. Chon gbc tinh niing lugng tai dinh viing hoéa tri,

nang lugng lien két ctia dién tit va 16 trong 1a
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trong d6 me va my, 1lan lugt 14 khdi lugng hiéu dung cia dién t1 va 16 trong trong ban dan

khéi. Ham séng tong quét ctia dién ti va 16 trong dude xéc dinh béi
U (F) = ey (7) T (7) (5)
v6i U, (F) 12 ham song Bloch tai k& = 0. Ta ki hiéu cac trang thai dau va trang thai cudi la

{ i) = i (7) 0" (7)

B I (6)
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Khao sat cac chuyén doi noi viing, ta cé u,; = u, ¢ va song bom duge gid thiét c6 dang sau

A, (t) = fe—Lewrt, (7)
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Yéu t6 ma tran chuyén doi gitta trang thai |i) va trang thai |f) c6 dang
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Chon |i) = [1), |f) = |2) lan lugt 1a trang théi tuong ing véi mic nang lugng co ban va
mitc nang lugng kich thich clia dién ti trong mau ba miic § trén. Biéu thic yéu t6 ma tran

chuyén doi gitta hai mitc ning lugng lugng tit hoa ctia dien tit, tic 1 hai mic 1s va 1p 1a

U9 = Vare~ @t 9)
trong do
eA, m. 1 1 1 1
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Khdo sét cdc chuyén doi quang lien viing, tic 1a w,; # u, va gid thiét séng do ¢6 dang

1 = A(t) —iw¢t
A (t) = fie— e . (11)

Chon |i) = |0), |f) = |1) 1an lugt 1a trang théi clia 16 trong va trang thai tuong tng miic
ning lugng dau tién ciia dién ti trong mau ba miic & trén, ta cé yéu t6 ma tran chuyén
doi duge xac dinh nhu sau

Tho=——"—"Dcv- (12)
my W

Tt biéu thitc ctia Thg ta suy ra biéu thic xac sudt hap thu trong mot don vi thoi gian

o7 [ eA 21 r
Wo= 2 (‘ftpcv) 1 N (13)
wr my) m (Eglf’t — ﬁwt) i,
trong d6 I' 1a do rong vach phd, & day ta da dat
E¥! = Ef, — E},. (14)

Gia thiét cuong do séng bom 1a manh, cuong do séng do hap thu la yéu. Ta ciing gia thiét
do léch tan s6 cong hudng ciia séng bom vé6i hai mitc nang lugng lugng ti héa cta dién ti

rat nhoé so v6i tan s6 clia séng bom va do rong ving cam ciia ban dan khoi
Aw < wp K Ey/h. (15)

Khi c¢6 séng bom céc ham séng ctia dien ti bi tai chuan héa dudi tac dung ctia séng bom,
ham séng tai chuan héa bay gis c6 dang
4

5 (1) = ) e (t)e nP |n) (16)
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trong doé |n) = ¢S (1, 0, ¢), n 1a ki hiéu trang thai tht n cla dién ti.
Ta c6
hwa = By — By = ES, — EX,. (17)

Gia st By < Ey vatai t = 0 thi ¢ (0) = 1 va ¢ (0) = 0 tidc 1a hat ndm ¢ mitc Ey, ta tim
dugce

c1 (t) = 55 (are’@2!t + age~tort) (18)
o (t) — _@ (eioqt _ e—iozgt) ’
20h
trong do ta dat
_ A
ap = -5+ (19)
Qg = % +Q

va

{Q: (%)2_%122' ) (20)

Aw = wp — woy

Chon |i) = [0), |f) = |®$ (7, t)) lan lugt 1a trang thai clia 16 trong va trang thai ham song
dién tit tai chuan héa duge xac dinh ¢ biéu thitc (16), ta c6 yéu t6 ma tran chuyén doi gitta

trang thai 1s clia 16 trong va trang thai tron clia dién ti 1a
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T do ta suy ra biéu thic xac suat hap thu trong mot don vi thoi gian
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3 KET QUA TINH SO VA THAO LUAN

Chiing t6i nghién citu ph6 hap thu clia cip dién tit - 16 trong trong cham lugng tit InN/GaN
dusi tac dung clia séng bom c6 cuong do A, = 4 x 10* V/em. Cac tham s6 clia ban dan
InN ¢ nhiet do 300 K nhu sau: khéi lugng hieu dung cia dién ti m, = 0.11mg, khoi
luong hieu dung cta 16 tréng my = 0.5mg, khdi lugng rit gon cia cip dién tii - 16 trong
m, = 0.0902mg, v6i mg 1 khdi luong clia dién t tir do; nang lugng viing cam clia vat lieu
ché tao cham lugng tit GaN E; = 700 meV; va do rong vach phd I' = 0.1 meV.
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Hinh 1: Pho hap thy ciia exciton trong cham Iwgng t1t hinh cau c6 ban kinh R = 70 A,
do rong vach phd I' = 0.1 meV; a) Khi khong c6 séng bom cong huéng (dusng diit
nét) va khi ¢6 song bom véi Aw = 0 meV (duong lien nét); b) Khi ¢6 séng bom
cong hudng véi Aw = 0 meV (duong lién nét), Aw = 0.1 meV (dudng gach gach) va
Aw = 0.3 meV (dudng cham cham).

Hinh 1 mo ta sy phu thudc ciia xac suat hap thu theo tan s6 trong trudng hgp ban kinh
clia chdm luong t& hinh cdu R = 70 A. Tit hinh la trong trudng hop khong ¢6 séng bom
laser, chiing ta quan sat thdy mot dinh hap thu exciton, tic 1a sy chuyén doi gitta miic
ning lugng clia 16 trong ma mitc nang lugng lugng tit hoa dau tién cta dién ti duge mo ta
trong hinh vé 2a. Tuy nhién, khi chiéu mot séng bom laser cong hudng v6i hai mitc nang
lugng lugng t héa clia dién ti ta thay xuat hién hai dinh exciton trong phdé hap thu. Sy
xuat hién hai dinh hap thy mdéi nay khi c6 mat clia séng bom laser tuong ty nhu hién
tugng tach vach quang phd khi dit he trong mot dién trudng ngoai trong hiéu tng Stark.
Co ché ciia hieu ing nay cé thé dugce giai thich tit hinh vé 2. Duéi tac dung séng bom laser
cong hudng véi hai mitec nang lugng lugng tit héa clha dién tir, cac miic ning lugng ctia dién
tt duge tach thanh hai mic con. Khi do tim dinh hap thu exciton chiing t6i quan sat thay
c6 hai dinh hap thu exciton méi, 1a két qua ctia su chuyén doi tit mic nang lugng 16 tréng

len hai mitc nang lugng ctia dién tit |1+) va [1—) (nhu hinh vé& 2b) tuan theo quy tic loc

Iita ciia chuyén doi quang lién ving.

Tit hinh 1b ta thay do 16n hai dinh hap thu phu thuoc rat nhay vao do léch cong hudng.
Khi do léch cong hudng thay doi thi do cao hai dinh hap thu thay ddi theo, do lech cong
hudng cang tang thi do cao mot dinh hap thu cang lic cang tang lén trong khi dinh con
lai thi cang lac cang gidm di.

Tuong tu ta ciing c6 thé khao sat su phu thuoc ciia xac suat hap thu theo tan sb trong
truong hop ban kinh ciia chdm lugng t hinh cAu R = 40 A dugc thé hién trong hinh 3a.
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Hinh 2: a) Chuyén ddi tit mitc nang lugng ctia 16 tréng lén mitc nang lugng dau tien
ctia dién tit khi khong c¢6 séng bom laser, b) Khi ¢6 séng bom laser cong hudng hai
mtc nang lugng lugng tit héa cia dién tit, moi miic ning lugng cta dién tit duge
tach thanh hai miic con; ton tai chuyén doi tit mic nang lugng ciia 16 tréng leén hai

miic con clia mitc nang lugng dién i thit nhat [1+) va |[1—) tuan theo qui téc loc

lua.

Tit cac hinh vé 1b va 3b ta thay réng vdi cing mot do lech cong huéng Aw = 0.3 meV,
do cao ctia dinh hap thu thap thay doi theo ban kinh ctia cham luong tit. Pinh hap thu
thip van con ton tai khi ban kinh ctia chdm luong ti 13 R = 70 A (hinh 1b) nhung gin
nhu bién mét khi ban kinh ctia chdm lugng ti bing R = 40 A (hinh 3b). N6i cach khac,
khi ban kinh ctia cham lugng tit gidm, dinh hap thu dich chuyén dan vé ving nang lugng
cao theo quy luat nang luong ti Ié nghich véi binh phuong ctia ban kinh, diéu nay chiing
té sy anh hudng ro rét cta hiéu tng giam gitt lugng t.

4 KET LUAN

Bing phuong phap ham séng tai chuan héa ching toi da nghién cttu phd hap thu cia
exciton trong cham luong t hinh cau duéi tac dung ciia séng bom laser cong huéng véi
hai miic ning lugng lugng tit héa ctia dien tit. Ching t6i da dua ra duge biéu thic xac
suat hap thy trong mot don vi thoi gian. Két qua ctia chiing toi cho thay, khi ¢6 séng bom,
hai dinh hap thy mdi clia exciton xuat hién nhu 14 bang chitng o rang vé sy ton tai cla
hiéu ting Stark quang hoc trong cau tric cham lugng t1t. Bién do va vi tri clia hai dinh hap
thu nay phu thuoc chti yéu vao do léch cong hudng giita song bom laser va hai mic nang
luong lugng tit hoa ciia dién tit. Dac biét, két qua cho thay do 16n clia hai dinh hap thuy
phu thuoc rat nhay vao do léch cong huéng va cang nhay khi kich thuée ctia cham luong

ti cang nho.
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Hinh 3: Phé hép thu clia exciton trong chdm luong t hinh cAu c6 ban kinh R = 40 A,
do rong vach phd I' = 0.1 meV; a) Khi khong c6 séng bom cong hudng (dusng dit
nét) va khi c¢6 séng bom véi Aw = 0 meV (duong lién nét); b) Khi ¢6 séng bom
cong hudng v6i Aw = 0 meV (duong lién nét), Aw = 0.1 meV (dudng gach gach) va
Aw = 0.3 meV (duong cham cham).
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Title: A STUDY OF THE OPTICAL STARK EFFECT IN InN/GaN QUANTUM DOTS

Abstract: In this paper, we examine the three-level optical Stark effect of excitons in
InN/GaN quantum dots. We investigated the absorption spectrum of exciton in spherical
quantum dots under a strong pump laser which is resonant with two quantized levels of an
electron using renormalization wavefunction formulation. We determined the probability of
absorption in a unit of time and investigated the dependence of the absorption coefficient
in the case of pumping waves on the radius of the quantum dot and the detuning of the
pumping wave.

Keywords: optical Stark effect, quantum dots, InN, GaN, exciton resonance



