Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

4845 GaAs FIRUEHI & 81 1L =

XNEH XLIE Frik RFE

Dual-modulated photoreflectance spectra of semi-insulating GaAs

Liu Xue-Lu Wou Jiang-Bin Luo Xiang-Dong Tan Ping-Heng

5| 1% & Citation: Acta Physica Sinica, 66, 147801 (2017) DOI: 10.7498/aps.66.147801

TE28 1% View online:  http://dx.doi.org/10.7498/aps.66.147801
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/114

AT RERCL B B A S
Articles you may be interested in

TSN FE AT UK LED ALt (Gdy — . Eu, ) 6 (Teq —, Mo, ) Oqo FHiI £ 5 14 RE
Preparation and photoluminescent properties of near-UV broadband-excited red phosphor
(Gdy_,Eu,)s(Te1—,Mo, )0, for white-LEDs

YA %2017, 66(11): 117801  http://dx.doi.org/10.7498/aps.66.117801

FEAE RS2 B 3 PR s 0 -3 3 R 8
Pressure dependence of refractive index of Ge near the absorption edge
YE = 4.2016, 65(16): 167801  http://dx.doi.org/10.7498/aps.65.167801

TS IR I O - BERR S A et 5 04
Design and optimization of integrated micro optical gyroscope based on a planar ring resonator
YyP2EH%.2015, 64(10): 107802  http://dx.doi.org/10.7498/aps.64.107802

Bt A Hihia ZU A AV ROBE B RO TR 25 G AT R AR AL 7 XU 5 ) BB AU S A6 AT 7T
Theoretical and experimental investigations on wavefront distortion and thermal-stress induced birefrin-
gence in a laser diode pumped helium gas-cooled multislab Nd:glass laser amplifier

YyE=4.2015, 64(8): 087801  http://dx.doi.org/10.7498/aps.64.087801

SRHEIZ N 4R B T 1B 2% CaTiOs 45 KRG 241 AE i e
Effects of high magnetic field on structure and optical properties of metal ions doped modified CaTiO3
PP 2%, 2014, 63(22): 227803  http://dx.doi.org/10.7498/aps.63.227803


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.147801
http://dx.doi.org/10.7498/aps.66.147801
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract70338.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70338.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70338.shtml
http://dx.doi.org/10.7498/aps.66.117801
http://wulixb.iphy.ac.cn/CN/abstract/abstract67905.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67905.shtml
http://dx.doi.org/10.7498/aps.65.167801
http://wulixb.iphy.ac.cn/CN/abstract/abstract64224.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64224.shtml
http://dx.doi.org/10.7498/aps.64.107802
http://wulixb.iphy.ac.cn/CN/abstract/abstract63882.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63882.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63882.shtml
http://dx.doi.org/10.7498/aps.64.087801
http://wulixb.iphy.ac.cn/CN/abstract/abstract61994.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61994.shtml
http://dx.doi.org/10.7498/aps.63.227803

4 32 ¥ 3% Acta Phys. Sin. Vol. 66, No. 14 (2017) 147801

24 5% GaAs IV AE & BT FEiE "
215 302 £

1) (P ERFE R SRR AT, 5 A E K RS =, 6 100083)
2) (hE BB R =M ERL 2 56 B BR 24BE, dba0 101408)
3) (FIE K, LA SRR E AL, BHiE  226019)

ZLEb?) B 45 D)

(2017 4E 4 12 HYLEI; 2017 £E 4 A 28 HIL BB F )

S AR VLT BE A 5 ) B E S F ST LA B S LA A AR A D T ) S A R S O
SR — P JE 1R AT i R R R AL T AR RE LT e s S KD 22 T B e SR 6 o o' 4 i
FEIFR Y R B AR A AR R A A B A M RIS O U . I B AR A, T AR B SR
e A I I S 15 S AR AE AR 48 0 SR A S S o 1 v, SO TR 45 (' 1 LRI S Al T R
BT AEAE B H A B AN 965 5 B T30 ASSCRE XU il BOR 5 XCEIE BB R 45 &, HER 1 A& 5 M5Ot
E5 T, BRAT T R R M L PR ) B SO TS T WU TE IR TR &5 7T AR IRt S S e i M5
LR R B0 G AR R, e T 2 UCREN TTREAE I R GUIRZE. PR MEOR, 7] WHOL
(2.33 eV) Il T, TATNE T 42 GaAs AR NI LA 22 MM B (1.1-—6.0 V) BRI il S b i, 3k
37 ZA R A I S HE R RIE] T TRIM AR L LIS GaAs & 4544 m B il 0 s B A HRFE G
T T, VR B DA Bl s RO A ) S S 6 B A B e A A X A LI R R, OF AN OR B

Gt R R RETT TS RN X — 45 RAR WX 1 S 't

R BEAT SEAER R RALL.

T BE G S - AR RLRE Y 45 44 IS He e 5 L L i

K BRI BRI R OETE, EA% GaAs, BETTAS R, T BR LA BG5S

PACS: 78.40.—q, 78.20.—¢

1 5 7

FL T RE Y 45 A4 S T 7 [ A ARk W B A T
FLER ARSI RT R SR, APRE T RE A A R — BRI
€, BARH AL B DR 8 L BT A6
E A FRIAR 2 P BRI S5 R BE 8 1 B sl AR 3R 1S IR
SRR T S A B S AU LR AR T
FZ— O (AT T LA A LK X e
{87 I (4 T Wi 7 s B A SR D R AR A, (BN T
S5 S W BT DA B 3 5 2 B S VA S BB PR RS A 45 4,
TEAERZR IR AL I AL ST o, S BT
X O T 5 A A S A e DAEAT HE A (¥ 20 A

DOI: 10.7498 /aps.66.147801

U f) S AT 1 1 3 3 it o — R A U ) R B R A
SN S SR AR A R BR B I AT B A
WL W R E < L TT < s AR LA K A I 14 il
S =31 RH L TR G it SR e, A S i o
TE MR SR S I e . IR SR i ET A
A RS SR G A5 5 T SR B 5 R 4l
eI I 5 A SR B RAR AL, SRAT R A R BLIG 2 45 1
(R ) B AR S 5. IR B 1 R 4 0 BT
R A A LR T o, NS 2R G BE i 25 4 s 7
IDIEPSS

O A 1) 5 S O 1 R — SRR ) B0 A i
NGOG T AR R i 2R T O LT 2 ORI

* EREHRBHERES (HHES: 61474067, 11474277, 11434010) FIE Z & i & iR (G5 : 2016 YFA0301204) E 15

t {5 1E#E. E-mail: luoxd@ntu.edu.cn
1 #{E/E#. E-mail: phtan@semi.ac.cn

© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

147801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.147801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 147801

R Py AT R A, AT S BRT A RS R R
KRl i AR RO R AR, R
FESGE N9 3R R (S 5 R AR
AR, G 6 mT LU A A2 B ] RO O
A AR R Ak 5K, (B A ) S A O 1 S B
B, T L 5 A 3 2 B B0 2% - AR A 2K
I8z (4 Sl 1) f S Y6 1 TG 5 o R it R AT B oAb B
& — FE BT KO 2 R AL T B iR S S
JEUERIFE S TCRFEREER, HRA B 1 R 73
PR, DAY 2N T AR e BRI L AR
e Flm 5 i g, R bR AR K R Y 5
e R E R TR o= R e S I S kT f
L AR e £ A0 TE ARG TR A B S D i BOR T R
W T F VG ¥ R B 5 pm 1 LM B, L R
T 7 RS U T P R R AT R L A 5%
sErEAE O BRG] e T DR 2
P i A U B ke U1 & G443 B RIR
Bk U SRR, Bz R A TR S
PRGN S 5T 45 46 AR 9T, B &1 BRI A o e
BRI IR J AR A R A, A AR AR YE 2 IR
SERPRE R L S o Al R g B AT R R ST R
% [1(),11]'

A% G2 06 A 1) s 3 430 AR A S0t 2R ' U kAT A 3
PERTIR S, T AR R RE R 2R ' P
AR HL 2 RO S AR R 5t T4 ) 7 120 I R AT A A

BFETOUES, RETOLE 5 2 FIR &It
A S S 5 . RIS, A i 2 T o o P A S
15 5 3 7T BE A PR I 2 TR I 4 K] 3 0 4 0 il 99
AR 38 B LE R 55 4—5 /AN H0E 44) (00 & 3
ATEIRERL I, A5 ANATTHE PLIRAS B (5 e LE I
JeURE ST, T UEERERAE S0 D
IR, AR O B B ) B R
B D A A e 02 T T Rkt
A S S e 2, AR T 22 0 1 1)
UIEs o NIEEINE S ep S Sk RN/ SAR S A £ d
AR LR A A 1016 8 FE IR e R Yo,
LR 1] A BE 8 AL AN 457 5% 45 1 BRI 175 D0 T A 280
THEREANE S ATOCAE S BT, (5 ZEER T O
EREN R - EASE SiibERIVE) I SN S uRaRc) N AT
2 K RN - K fe 2 36 ol A R 22 AR 37 1)
(22, WA #5455 5 v B 2 A0 AT A5 2 R 017

AR S U 1) 4 A 5 SO B A K #4 AH £

&, MG BARFEER 1 FAE S AR E 5 0
T, FEA PO B TR 2 1] g 1 s S
W5 5 UL S AR, A5 T RAE
e {5 M L TR A S OIS 5, RO TR
(], [A] I 38 G 7 2 UOCR S W REAFE I R GLIR .
FA TR AR R B 48 2% GaAs BB % 15 1 i
B ICTER M E . BR TN TR T RER A
SEEIG TR, BABLRM BT =26 T hEE
(12 AN B B R B I T . SRR AR T A
852 DAL i 1 i B S Ol i R AR o 2 O 2R B T X
IR, R BT AR R IR S
I FC, MSES bR~ SARP R R SRR S
T R RE i 5 1,

2 M&EFEE 5%
2.1 iR E LR RIE

AR R Ty 425 g 1100 T 75 5 58 A AL A %o A e 1
SRR A BRI TR, XSG AR ON T E R
AL AERAE AT R DA L R S R P I ST N B
B 3 BBl 1) RO B R AN B R e REARRAE,
ANRE R BLRE S G5 MBI, SR, A o R B ik v
FEIXBE T 2T Kb 2 SEIABE 0. A ) S S i B
EFIX—E%. o BRESENE], SRR E
FEH K B R LT BT (5 R TH AS T E e
X, fE7E—A B A 4R A R 1) . 1Z I IR
T 2 PN S0 T e 58, AR BE 2 ARk, SRR A
St F MR SR H A 22 AT A5 ) 3R T P
REa R AT . SISO RS B R = AT
- O6F, E A E] LT X AR R, BT 1R
1E3), 2N RS, 43R R EA >,
BRI AN, me D R R T, X — ARk
I 2 8 ' P R ) T A A AR A, 8T 5 S T Ak
A0 FLH B R B R . X — AR A R R T
BIE(E S REIIE AR IR, AR/ R BE
I e AR A0 B R 6 1 1) s S

2.2 SWKE

e Grif i S SOt R gt 1)) IR
PR, EE R AT B e AT 4L DR A
P B 2) 2 Hripeas WA HI I ARHEDOCIR, EH NEOL,
—RREOEIE T REE KT IR A R 3) A

147801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 147801

JOHE B SRR R 5E; 4) AREEAR DN % B B
BUORAS, Ho T8 A2 s 5 A R ) R A
JE, AT LIRS 2 AR A5 5 Bhak i ok, [RI i o
AR FE 5 AR ISR THE: TG
AR D 1R JE Y Y0 BRI B0 i T, R 2R ROt
W ST R A P 2R G U S B R AR
7] — DXIOR R -2 RO R G TR FOG BEZER
THRIBOCIRROEIE, PRUER ORI AL o5 AORE i X
SR RT LASS) B 4 52 B ARG IR K A 1 B as
R A B BTSN S H S S, RNk
(¥ S S 5 045 B R FAZHU D AR, A
B TR 5 (AR ORI 45 A DA% i 3 9 I 2 79 31
AR. 8GR H KA B, BAR R DG
VR AZAE TEAN T B3¢ B PAY F) i P58 PR — L, (B S
BrCTE B R — A, T H BN RS
TEA S R A LA A e 27 e AN [R5 K R i L
WM R — 2, EH AR 53A FH G 6
I (10 S S G TS 5 R B LA BR PRI G IR e %
FE R AR 2R SR DN R IR0, T4 2 HE R
WHIRAHE S AR/R. {HZ, 500K SR AE
VP2 RMRIE: 1) R OGBSI, 20 FF
A AR, TR A i o T (R e AR 2 it — 2P
B/ N PO TR 1 I 1 Y R, SR BRI
AT US)) FE NS oINS Bt 3, TR
HEOEIRZE N S (00 e B8Ot ) 7T 21
af b, AT LR AT BRIX R0 2) 5 SR BOE )
Hi A RS 5 LR BOE T O e BUROLE 5 T

SRR AR, XETIE SRS AR ARG
PR MIACHAE T, BT EMR R AR B FE 4R
ME. AR K EE—BLIN 10100 uV, &/ T
Hi MRS 5 FOEEUROEE 5 5RE. ML T{EH
SOt b B E A R ORI BB RS 5
SN, 38 S 2 GRS K A AR RN AR AT e E
KOE PEE A P IR A (E 5. H2— R RE R
KEFrFP BT R, ZR3mE 3 BURZOL S 5 ik
S AR IR, X 5 00
AR IR B 9615 5 LU R FE 5 s D],
P12 T OB I SR e R AR B, 38
fUUAE GE A R 1 B S D1 BOR, FRATHE NS 6 o
AT NI B, RIEOCIRE NS A R
GRS B B2 TR i L, IR BL b

T ARSI ARG L (R FEIR . B 1 45 25 G IRt I
BN f1 BB R ] 2 A, I8 PRIE G IRt LA
HA f2(BH fi < fo) MIHTEEAT RG] 5T
EE TR PN ki) N (BN R
Jr BB AR 5 22 RN 2 WS, B IO 2 R A3
A fa + L AR NS A I AME 5 MuO6E 5
HSRAEE T h B ok, WA BNHERIOLES
PARERANE S 0 H K. SR 4E DG RE T, e w] B
FEART 5% 11 7 BB AR TE U8 Ay B R I Aok
BE— L DERRE RS 5 0 PRI 8% T

RO THEHL

ZHE TN

wWotss

I NS
Gl | A

| 5 5 *‘:{illl_l'l

1 XU B i R R = A
Fig. 1. Schematic diagram of dual-modulated photore-

flectance system.
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Fig. 2.

(a) Reflectance, (b) photoluminescence, (c) single-modulated photoreflectance and (d) dual-modulated

photoreflectance of semi-insulating GaAs (001) in the range of 1.1 eV to 3.8 e¢V. For the photoluminescence, the

photon energy of the pumping laser is 2.33 €V. For photoreflectance, the pumping laser is chopped at f; = 207 Hz

and the probing light is chopped at fo = 230 Hz.
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Fig. 3. Dual-modulated photoreflectance and line shape fitting of bulk GaAs in the probing range of 1.1 eV
to 6.0 eV. The photon energy of the pumping laser is 2.33 eV. The hollow circles represent the experimental

datas and the solid lines represent the fitting results.
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Abstract

For a semiconductor material, the characterization of its electronic band structure is very important for analyzing
its physical properties and applications in semiconductor-based devices. Photoreflectance spectroscopy is a contactless
and highly sensitive method of characterizing electronic band structures of semiconductor materials. In the photore-
flectance spectroscopy, the modulation of pumping laser can cause a change in material dielectric function particularly
around the singularity points of joint density of states. Thus the information about the critical points in electronic
band structure can be obtained by measuring these subtle changes. However, in the conventional single-modulated pho-
toreflectance spectroscopy, Rayleigh scattering and inevitable photoluminescence signals originating from the pumping
laser strongly disturb the line shape fitting of photoreflectance signal and influence the determination of critical point
numbers. Thus, experimental technique of photoreflectance spectroscopy needs further optimizing. In this work, we
make some improvements on the basis of traditional measurement technique of photoreflectance spectroscopy. We set an
additional optical chopper for the pumping laser which can modulate the amplitude of the photoreflectance signal. We
use a dual-channel lock-in amplifier to demodulate both the unmodulated reflectance signals and the subtle changes in
modulated reflectance signals at the same time, which avoids the systematic errors derived from multiple measurements
compared with the single-modulated photoreflectance measurement. The combination of dual-modulated technique and
dual-channel lock-in amplifier can successfully eliminate the disturbances from Rayleigh scattering and photolumines-
cence, thus improving the signal-to-noise ratio of the system. Under a visible laser (2.33 €V) pumping, we measure the
room-temperature dual-modulated photoreflectance spectrum of semi-insulating GaAs in a region from near-infrared to
ultraviolet (1.1-6.0 eV) and obtain several optical features which correspond to certain critical points in its electronic
band structure. Besides the unambiguously resolved energy level transition of Ey and Ey + Ao around the bandgap,
we also obtain several high-energy optical features above the energy of pumping laser which are related to high-energy
level transitions of E1, F1 + Ay, Ej and E» in the electronic band structure of GaAs. This is consistent with the results
from ellipsometric spectroscopy and electroreflectance spectroscopy. The results demonstrate that for those high-energy
optical features, the mechanism for photoreflectance is that the photon-generated carriers modulate the build-in electric
field which affects the overall electronic band structures, rather than the band filling effect around those critical points.
This indicates that dual-modulated photoreflectance performs better in the characterization of semiconductors electronic

band structure at critical point around and above its bandgap.

Keywords: dual-modulated photoreflectance, semi-insulating GaAs, electronic band structure, critical

points above the bandgap
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