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The different characteristics of front and backside configurations of
photoreflectance based on grating spectrometer
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Abstract: Photoreflectance (PR) has been widely used for the characterization of various semiconductors as well as
their surface and interface properties due to its non-destructive and high sensitivity virtues. From the viewpoint of the
employment of monochromator, the experimental setup may be classified into front and backside (or dark and bright)
configurations, which were applied to characterize the heterostructure of InP/In, ,,Ga, , As/InP grown by molecular
beam epitaxy. It reveals that the front configuration well separates the luminescence from the modulation signal while
the backside configuration benefits the extraction of weak modulation signals with the employment of high excitation
power. Based on the backside configuration, we also observed a below band-gap excitation phenomenon, i. e. that the
modulation signal of InP exhibits under the excitation of energetically low modulation light (1064 nm laser). The result
demonstrates that the backside configuration may be employed as a contactless electro-modulation technique for the char-
acterization of wide band gap semiconductor heterostructures.
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Fig. 1 Schematic diagram of experimental setup for the bright and dark configuration PR measurement. (a) Dark configuration;

(b) Bright configuration.
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Fig. 2 Room temperature PR spectra measured by using dark and bright configurations for InP/InGaAs/InP heterostructure. (a)

Dark configuration spectrum; (b) Bright configuration spectrum.

A 28 1 26 P2 L F Franz—Keldysh $& 3% (FKO)
O R A S PR R A
PR\ T 3w ”

1%:( &L) R:Zym—lﬁﬁ +E, (1)
o E, A SO R BE L F O LR, o
F=73 X A AT TR, m R X R A A R A
E, ABRITRE R . 7£ 0. 74-0. 8 eV b & X (IR 7 4514
Al LT InGaAs (R A1 BHE FKO 4R 3 K i Bt o FI
KD AHENHERITRER M 0. 75 eV, Al B &7k
B iR, HE B B 1A 0 InGaAs KBRS BE . 7
BLEE R FRATTX B InGaAs 2K A A 42
pm J5 InP B3 55 2 A ]2 72 A2 FKO 4k 3 9 AL 2
FEAE BT A L A S PR A (D) TS
137550 B K/ R 11,3 KV/iem. BT FKO $& 3 & i
KA AP X,2(a) F 0. 65-0. 74 eV [X [8] )
SERIEAREA P T FKO RSB LIE . 8% Sk 5H
[T 45 () 78 Rl BT 320 B, B R T 4R R
(2DEG) By R 4G RE K 454" . 183 Aspnes 1) =B i
WAL A E" 13RSI e N
0. 73 eV Sk A 7R ), 5REUL S50 BR5 h
— 8 K 2(b) a2 e B IR A 1B InGaAs
B FKO. A Hr4E i, K 2(a) H FKO 4R35 19 21
kA FRmEBIAIET . 5 BT BT
FEAST BRI R TR AKKESS T A aE
S O R 557 IR O A 0 B T L 3 AR
b, B A R R AT ] 2 (a) R B I FKO &L

o P 2(h) 7R BG5S 1 InP 4 BRIE F1 A
I 2DEG SRAFREGL LA K P o 6 {5 5 — AL & in
PR JE A B TR B IR I O T R s A B
B, WA RS E 3 Tie.

LU FEE 2(a) B (b) i Sk C TR I 45k 45 T
InGaAs 47 B 5 InPafy BRH ] 0. 8-1. 3 eV LIS
Bl T 2H '3 rh S5O0 8 1) T ) M A R ) i S 3 4
¥ o HIE WA A AT RE . —F 2 InGaAs I BE FKO 78
1R B Y HE SR, R IG5 UL T CER' 5 SIN+&5 4
() PR 5 (EEFRATTRE f O A RS InP Ry 2 48 ki Al
FB, I HZfE 5 S InGaAs I Be i FKO A
B 22 51, R i A5 5 9 3E R TR T InGaAs 1) FKO .,
Ty — AL A 2 I ' A i R T 7 A ) ]
Feart™ 38 i PR HGE e v P e I 45 1Y 7 B HEAT T
TnP RS A TR, A0R FH InP JZ2 Y JEBE R 2. 15 pm
W] DAAR G005 i 4 5 454, TS i 2 h 41 £ 1
TN IZPIE R ) InP 28 5 4 K S5O0
JE B AR WP A o B i I B 4R 9 45 A 1
G R T 4B, B AR AT At 2 S
Oy GIELR TRATT A B & 1 AR 155 45 4 1) D (7
A AR ARG A —S R R TAEDE
TR I A S £ B A TS TR P 30

B, TATHE— T 2 h Sk D Irfe i X
HIRELR L5 H , B 1. 3-1. 46 eV {0 B RE LR 4R 1E . %
G XA InPAFBE . & 2(a) F1 (D) FERTME 5 )5
I3 R LR R E SR B T 35 A FKO. thAb



XX 5

5 8 AF OCHDETE AT E AR B BT R f S S 1 A R A

5

FKO ¥R 7% 5 InGaAs 15 5 B} i 1Y FKO 4% 35 AU AL I A7
JirAS TR, B3k B InP J2 #F R )2, H FKO 4837 I T
InP 2% [fi] FL 373 (9 08 A R0 o a2 28 3 (D) 145 75 2]
BRAT RE M 1. 34 eV, 4 X N7 InP () 5 1R B A7 B
o 308 B K/ K 13. 8 KV/iem, bR 5256 5 40 #r
FWTE InP/InGaAs/InP — B 3 i 45 /| %F F o 6 AE
SREEI I TEAT B InP AR, R [R5 EAS BT InP ()
PATE 5 B RIS M AN K 5 i T R OG5 5 i
ZEAHTBR InGaAs MR, A FERT /G BN A gt 4
U 1 K 58 S 1 4 %) 5 W) 5 B 1T R A5 A o it 7 90 <1
LI .

TR EA BT InGaAs B G IE R E 45
Lok H InP B 352 2 F 1Y InGaAs 6 298 5 B
B A FKOFR 3% , UE T 532 nm P HIEOG R F i B 3
LA A L B R R R0 o A (B A B A S 532
nm PEOGTE InP 2 1 2815 T B A 29 200 nm, 1fi fo b
HHIZEE22.1 pm, FIEAT SR, X — 5
T R 47 9 o 2800 A PR B 2 AR T 2 AR e A 3
WPV ERm AN, —E B R R U,
SR R RE L R R E 5 )2 Z F 1Y InGaAs
JEMIARECE InP 3 55 2168 S anfarwg? it A7
BT K R 1064 nm O AR IEOCHE . 1R
K2R R 1064 nm P8 Hil 386, 14364 75 %t
F InGaAs Y3 i B Tl 2 (1 285 3 5 1 ] 2 (a) 15 4%
FEAL, 05 43 6AE 5 mW i DG SRR Fr 3k ig iy
LILUNE 3(a) P BASILE R, KRB SR 2
(b)AEF 2L, RWEL R FKO TR AL TIE . HE 20t

0.72 0.74 0.76 0.78 0.8
Energy (eV)

PL Intensity (x107)

TRAEGH InGaAs ZEGAF 5, 76 R B IE ] 6 0y %
A 38 AR 4 A 46 i A BB BOR O (PL) IS ERIE L an
3 (a) H2T (035 48 T 7 B 45 51 s VB S LA 136
&3 (a) A2 HY T 40 mW iR 4515 F PRI 45
BB R o 53 AMNE LR R B Rk SR R ART
InP 5 B A4 D' 3 DX B[] = 940 2050 17 AR A A5 5 i B &
b S 43 # , InP/InGaAs/InP A & 22 Jr LA
LR AL T HZH R B InGaAs BOETE TS S I8 T
oA BRI T A R A S . RS R R
JH 1064 nm 3O I AR T InP 2 A< B I i
TR InGaAs J2 528 5T B S 0 s 2007 o P
Bk S A 0] LAIE A 3 — 7 S5 0T 4 A I BRE Rk
R T 7 A T H A R ) U5 g KT R o
OB ST B R P A5 P 7 R SC G A AL |
F L, A G536 A R AR S B X — I
2o XA RT3 T ME LU 5 A e =
PFHIFOE (1064 nm) PIHOGEHLL F InGaAs 158 2E
HEEFIEE M . BT EiE A o 6B, )5 5t
AR SHMSEAR R A F AR R BTk, SeRg oy (i
Hb S I RE R T R DR RE SO X I,
A E3() G T 55 AR 1064 nm OGRS
mW 140 mW P A I il G2l 2R TS 1Y InP Al 321 X1
PR . W LA SRR 1Y 40 mW & D)% T 18 il
A SEE T WA FKO 4R , 1 1 2 B 7 B i
FRIT 2 mW i 6 D) 3N gl B 2 1Y FKO Jk
Gifes e X—IE TR, X2 SRR 5
g, SRR G i S L S IR IR TR AR B bk

12 125 13 135 14
Energy (eV)

K3 ZE T InP/InGaAs/InP f FH 1064 nm J#O%G & 10 J5 43 66 I8 il B 51635 5 96 6 e 28 5 (a) 0. 71-0. 8 eV; (b) 1. 15-

1.45eV

Fig. 3 Room temperature PR and PL spectra measured by using dark configuration with 1064 nm laser for InP/InGaAs/InP hetero-

structure. (a) 0. 71-0. 8 eV; (b)1. 15-1. 45.
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