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TOM TAT: Phé hoc bién digu quang phdn xa (PR) la mot phuong phdp quang khéng tiép
xuc, khong huy mdu va rat nhay dé khdo sdat tinh chdat bé mdr cang nhit ¢ cde 10p tiép xic clia
bdn ddn. Rat nhiéu két qud thuc nghigm da chitng minh 6 sy tré pha ciia phé Quang — phdn xa
¢d lién quan dén vigc bién diéu quang(1+4].Mdt khdc, phd Quang — phdn xqa thu dugc, vé nguyén
tdc, 1& mét phé da thanh phdn ma mdi thanh phdn twong itng vdi mbi hiéu itng riéng ré khdc
nhau. Ta cd thé xdc dinh dwgc titng thanh phdn riéng bi¢t ciia phé nho phén tich pha Lock-in.
Bay la mét phuong phdp mdi trong thuc nghiém phdn gidi phé Quang — phdn xd.

Trong bai bdo nay, chiing t6i trinh bay tém tit 1y thuyét xit Iy pha & phd' PR, gidn dé pha
ciia phé PR mjt thanh phdn. Két qud cho thdy gidn do pha mét thanh phdn cé dang tuyén tinh.
Tiép theo do, chiing 16i mé phéng cdu tric gidn d6 pha ciia phé PR hai thanh phdn. Trong
truong hgp nay cdu triic gidn dé pha khéng con tuyén tinh ma ¢é dang vong. Két qud ddng ghi
nhdn la khi thay doi vang phd' ciia photon, dang cdu tric vong nay khéng thay déi ding ké.
Biéu nay hita hen cé thé phdn gidi pha trén vang phd PR tuong doi rgng bén trén dj réng ving
cdm.

I. TOM LUGC LY THUYET

Khi kich thich bé mit béing tia laser digc bi&n diéu s& sin sinh cdc cip electron/ 15 tréng quang
lam thay ddi (dap tdt) dién trudng bé mit (Fs) theo tin s§ bi&n diéu quang, dong thdi lam thay ddi hée
s6 phdn xa do hiéu Wng Franz — Keldysh. Tir d6 nhin dudc ph8 Quang — Phan xa[5] :
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o] diy R 12 h¢ s& phdn xa, Fs va Fs = 0 tudng ling v&i khi khdng c6 va c6 kich thich laser, E 12
nang lugng photon, Eg 1a dd rong viing cim. Trong phudng phép nay, nang ludng quang dién hQ) sé
dudc xdc dinh qua chu ky cla him cosin va tir d6 cho phép xdc dinh dudc cubng do dién trudng bé
mit, 12 dai lugng thé hién trang thdi mat ngoai cin xdc dinh. Su phu thudc cia tin hiéu phan xa vao
thdi gian dugc biéu dién nhu sau [4]:
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Goi f1a tin s6 bi€n diéu cla laser.
t: 1a thdi gian, T=1/f 12 chu ky bién diéu
t: thdi hing cla qud trinh bién diéu.
Bi€u thitc (2) 12 tin hiéu phdn xa trong trudng hgp c6 laser kich thich va bi€u thic (3) 1a tin hiéu
phin xa trong trudng hgp khéng c6 laser.
Thyc t& 1udn c¢6 mdt sy tré pha cla tin hiéu PR d&i v6i su bién diéu quang.
D€ nghién citu sy phu thudc pha cia tin hiéu PR, ngudi ta diing ki thudt phin gidi pha [l = 5]
trén lock-in hai kénh, ¢6 thé biéu dién phd PR nhu sau [4]: %
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Hinh 1: Pha ciia tin hiéu PR so vdi 4nh sdng bién diéu. Pha cida tin hiéu (do qua Lock-
in) khi khong c6 (hé toa do xy) va khi c6 (hé toa do x’y’) gbc pha O dinh
s&n. Géc tré pha & tng vdi 8 = 0°.

Géc tré pha & dudc xdc dinh qua [5]:
tan 6::——Y(E)=—an (5)
X(E)

Ding lock-in dé xdc dinh bién d cla thanh phdn Fourier ddu tién cla tin hidu vao & ngd
reference va pha ban ddu 6. Nhu vay biing cdch skt dung lock-in hai kénh, ngudi ta c6 thé xdc dinh
hoic thanh phin cia tin hiéu pha véi tn s6 chudn (X) va thanh phin 1&ch 90° (Y) hodc bién dd r(E)
va pha J(E) gitta AR va R:

éRﬁ(E) = r(E)e”") = x(E)+iy(E) ©)
X(E) = % (E)} = %(E) ;cos(8; +6)

Véi
Y(E) = %(E)f = %(E) ;sin(3; +6)
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Hinh 2 [4]: K&t qud phén tich phd quang phdn xa nhan dudc trén hai kénh X,Y trén
10p epitaxie GaAs/ GaAs.
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Hinh 2 1a cdc dudng fit cia pho cho phép xac dinh ba thanh phdn: thanh phin (1) twdng dng véi
su déng gbp cda trudng trung binh (MF/FKO), thanh phin (2) 1a nhifng dao dong ciia giao thoa @ng
v6i ning lugng thap (LEIO) 1a k&t qué cla sy giao thoa tin hiéu quang phin xa & 18p ngin cdch trong
mang epitaxie ¢é do day d = 2,3m , ngoai ra trong viing niing lugng dich chuyén Eo con xdc dinh
duge cdu triic exciton (3). Cdc gidn d6 pha tudng \ng nhu trén hinh 3.
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Hinh 3 [4]: Gidn d6 pha ba thinh phin véi c4c thanh phin tudng wng v6i hinh 2.
V6i mbi thanh phin s& c6 dang tuyén tinh déc trung (cdc hinh bén phai)

IL KET QUA THUC NGHIEM
2.1. Ph§ PR thytc nghiém don thanh phén trén GaAs:Si va gidn dd pha dic trung tueng @ng
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Hinh 4: Céc phd PR thyc nghiém trén hai kénh X, Y Hinh 5: Gidn d6 pha ciia phd PR trén hinh 4 vdi 1éch
ctia Lock -in pha xéc dinh tritac 8 = 0°

Trén hinh 4 13 cdc phd PR thuc nghiém trén miu n- GaAs:Si, trong viing dich chuyén E,, nhin
dugc trén hai kénh X va Y ciia Lock-in. Cdc thong s8 nhdn dugc & cd hai kénh phit hgp nhau (E, = E,
= 1,42, eV; Fs = 2,5. 10’ V/m). Gian dé pha tuong \fng trén hinh 5 c6 dang tuyén tinh la didc trung cho
tin hiéu PR don thanh phén.

2.2. M6 phéng gidn dd pha 2 thanh phdn [Diing phin m&m Mathematica]
Trudng hdp té’ng quét cho da thz‘mh phﬁn (j) dugc biéu dién qua cong thifc sau :

_(E Fs,7,0) = Z (E Fs) x m(l—iwrj) 7

Y (E) @)
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J day RI (E,F)) :1a bién dd clia thanh phin PR thi j & ndng lugng E.
AR JE-E 2(E-Eg)'" L
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i : khéi lugng hiéu dung nit gon
Tt dang t6ng qudt (7), ding phdn mém Mathematica, c6 thé mé phdng gidn db pha twong ng
cho trudng hop hai thanh phin nhu trén hinh 6.
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04 ho = {1.44-1,48} (eV)

Hinh 6 : M6 phdng gidn dd pha hai thinh phdn . Ning lugng photon trong viing dich chuyén Eg:
(1,44 - 1,48) eV

C#u triic (vong) hinh 14 don gidn c6 thé xem nhu dic trung cho phd PR hai thanh phin (FKO va
exciton). Piéu nay phi hgp vdi [3,4]. T dang t8ng quit (7) mong dgi ring c6 m&i lién quan giita s6
thinh phan phd vdi dang gidn d6 pha, tdt nhién s& 1a mot tuong quan phic tap va cé gidi han cho su
phit hop giita phin gidi Iy thuy&t va thuc nghiém. Di€u ghi nhén thd vi § day 1a khi thay d&i khodng
ning lugng ciia photon, ciu tric gidn dd pha khong thay d6i hinh dang ma chi ti€p tuc duding vong
nhu hinh 7. Piéu nay s& rit c6 y nghia trong phudng phdp phin gidi pha phd PR nhung cho tdi nay

chua c6 tdc gid nao dé cip dén (theo ghi nhén cia ching t6i).

[dR/R],
0.2
0.15
L
R 0.1
N
S 9 [dR/R],
i Tm e 5 o S =
L
-0.08 -0.04 3 -0.04
-0.05
0.1 i
-0.15

N

h =1,05.107"(Js)
n=0,0579.10"" (kg)

2n
8, =(107)— (rad
 =( )360(1'3)

2n
6, =(l 08.3)35 (rad)

Fs={1.3-1.7}10°(V/m)
Eg =1425 (eV)
ho = {1.48-1,522} (eV)

Hinh 7: Gidn d pha hai thanh phin sau khi thay d6i ning lugng photon trong viing trén Eq: (1,48 -1,522) eV

Phuong hudng clia chiing tdi 12 ti€p tuc md phdng va dinh dang cdc cdu tric vdng trén gidn db
pha dic trung cho phd PR da thanh phén, ciing nhu phin gidi ti€p tuc trén phd PR thyc nghiém &

mang méng GaAs da 16p.
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IiL KET LUAN
- Tw phd PR thuc nghiém da thit 1ap gidn dd pha don thanh phdn trén cd sd Lock-in hai 16
vao.
- M6 phdng phén gidi pha hai thanh phin véi cdc viing ning lugng photon khac nhau. Ghi
nhin cdu tric gidn db pha phu thude y&u vao viing nang lugng photon.

LOCK-IN-PHASE ANALYSIS OF n-GaAs PHOTOREFLECTANCE SPECTRA

Nguyen Thi Ngoc Ha, Truong Kim Hieu, Nguyen Thanh Tung, Le Hong Vu
Faculty of Physics, University of Natural Sciences —-VNU-HCM

ABSTRACT: The modulation spectroscopy Photoreflectance (PR) is a contact _free,
nondestructive, sensitive, optical experimental method for examining the surface and interfuce
properties of semiconductors. Many experimental results indicate a phase delay of the
photoreflectance signal relative to the optical Modulation [1+4]. The Phase dependence of the
PR-signal has been investigated by using the two-channel lock-in technige.

The linear form of the phase diagram is a confirmation of the single -component character
of the PR-signal. As the first step, we simulate the structure in the phase diagram of two
components spectrum. When we change the range of photon energy values, the structures in
phase diagram don’t change so much.
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