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1) (BHERZ 2R, RUDLRM RS 8 F R&D Bl s, B 200444)
2) (PEABFEGET KSR SHUR T T, T EREEGE ARG SN E Sl =, JAM 215123)

(2015 4E 2 A 5 Hik#; 20154 5 7 5 HIENE SR )

FIIFH 51 AR ANE 70 4% 1 N T PO 45 Y60k Fh i 1.05 eV InGaAsP I, JEx Hob b 24 gk 4T 1
WFFE. 5 RO Tha A R e R ER ] InGaAsP MR DL E TR v E. I T InGaAsP ¥ RHZ
WP R ICH TR [A1IA 3] 10.4 ns, HLFEER D2 IG K3, K5t T4 1) B B T s 2 00 S TR AR 4K, 7EAK T
50 K I Bl iR FE = 3Ok, 78 50—150 K 2 [ g/, i m T 150 K B Bk, BT8R gsh /)
2 AT IRRE TR K ARSR S R A O IR B R S A BRI TR OG B TR (] S TR AR AL [ R

KA InGaAsP, 70 FHIME, JHURE, BT AL bR A

PACS: 78.55.Cr, 81.15.Hi, 78.20., 78.47.jd

1 5 =

H 20 tH 20 70 AR LK, SER B E RIS T
EORRyBED, LT Z M pRL B & o6 R
i, Forp -V RAL 51 2 450 HL 2 i 4R R (B A
AR R e R 3L B R UL & B
2y 1O 1 ot A% 225 4 45 () 3 8 4 T A U kS AR
I R #8022 T InGaP/GaAs/InGaAs #1k}
1) =458 Z AR BRI AE 330 A bRifE R BH B2 T 1)
e R OBk 44.4% 7). Marti 25 B AR 45 40 507
7 P 25 T BEARK [H AL b 1 d AR AT R DL I S
ROCRA PR O, o F PO &5 AR vy, 0 57 et A
G BN A 1.9/1.4/1.0/0.7 eV, BRI
] ik 59% 10 M T REAE K =0 R In-
GaAs/InGaP % #1 £}, TI1-V % VU JG & InGaAsP #4
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BEAT LS A8 AT BN i kg B R SR Y, 5 InP
i fm A% UL AT 1) InGaAsP VUt & 4 SR A kL H
R AT YEETE 0.75—1.35 eV. A, 5 GaAs 4t
JEE A% ILAC (1) InGaP /GaAs (1.9/1.4 eV), A5 InP
1o} JEE AR AR UL AL () TnGaAsP /InGaAs (1.0/0.7 eV) i#
1o B A BRI 2% 5 DU 5 0 AR LI BT R 4 A
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B DY 5 6 AR F it AE 297 MFRIERBH G244 T D6
FL G sk L 3100 44.7% D1,

H i, InGaAsP & Hi it K # K H & )8 A #l
& WAk 2= S A PTHE (metal-organic chemical va-
por deposition, MOCVD) i Al 4 12—, ML
MOCVD, 43 W #h %€ (molecular beam epitaxy,
MBE) 7K 66 5 b S 203 AR AL 5, SEA o
AR K, (B2 MBE X ARIRA K, &5
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BHR 2K, SBOROGHERIFIK. mEEM 1.0 eV
InGaAsP MR 4 JEH WA, — B GRSURT
— NP o101 AT BA S A K T AR DA K
YL AN ZE VR R A 1R 40 R A0 A8 AR K R, SICBR
TAERREEE N 1.0 eV KU e &) InGaAsP 43
%€ m P RE MBE 42K, InGaAsP J6AR B ith %K 14 3]
18% LA 171 gt — D4R m b R RE AT 44 ek
REFE 77 I RALE.

A FETAERMT 7T 0T RIMEE
K 1.05 eV InGaAsP [ PO R VE ol 78, 2
WO R HEHE (continuous-wave photolumines-
cence, cw-PL) K B InGaAsP # £} LLH ¥l 7 &
e E. M E > HEEBUR O (time-resolved
photoluminescence, TRPL) 4 #]: % T InGaAsP
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JEE 490 °C, Be BARIKE N2 x 1017 cm™3. fE44
BRI R b, B S e RE LT T 4 (RHEED)
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AT (XRD) #=# Infl Gadl s tb. B 1%
ARANENR LR, 4 5 InP AR A ILEC T 1 eV
InGaAsP, As 1P JL & 17> T & RUAE (beam
equivalent pressure, BEP) b5 V/IIT LI 5k &R
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Fig. 1. BEP ratio of As and P as a function of the
V/III ratio for lattice-matched InGaAsP with a 1.0
eV bandgap at different temperatures.
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) E(0) N4t F 5T %5 58, o N Varshni N Stokes 17 8% (231, AT fit 2 38T 10 5 248 Ak ol # % 3h
R, BONEFREE. B BEMEREE0) = B R A (E2 Im A AR /N, Ui B R B LA kot
1.105 eV, o = 3.3 x 107* eV/K, § = 248 K. X4t NE.
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Fig. 2. (color online) (a) PL spectra at 10 K with the excitation power of 1, 3 and 5 mW; (b) peak energy;

(c) integrated intensity of the PL spectra as a function of excitation power.
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Fig. 3. (color online) (a) Temperature-dependent PL spectra at the excitation power of 5 mW; (b) Peak

energy of the PL spectra as a function of temperature.
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Fig. 4. The natural logarithm of Integrated intensity
of cw-PL spectra at the excitation power of 5 mW as
a function of temperature of 10, 50, 77, 100, 200 and
300 K.
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Fig. 5. (color online) (a) Time-resolved PL spectra at
10 K with the excitation power of 0.1, 0.3 and 0.5 mW;
(b) carrier luminescence relaxation time as a function

of excitation power.
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Fig. 6. (color online) (a) Temperature-dependent time-resolved PL spectra at the excitation power of 0.5

mW; (b) carrier luminescence relaxation time as a function of temperature of 10, 50, 77, 100, 200 and 300

K.
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Study on photoluminescence properties of 1.05 eV
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Abstract

The photoluminescence properties of InGaAsP films with a bandgap energy of 1.05 eV for quadruple-junction solar
cells grown by molecular beam epitaxy (MBE) are investigated. We make the excitation intensity and temperature
dependence of continuous-wave photoluminescence (cw-PL) measurements. The PL peak position is 1.1 eV at 10 K, and
almost independent of the excitation power, but the integrated intensity of the PL emission peaks is roughly proportional
to the excitation power. The shift of peak position with temperature follows the band gap shrinking predicted by the
well-known Varshni’s empirical formula. These results indicate that the intrinsic transition dominates the light emission
of the InGaAsP material. In addition, we also make the time-resolved photoluminescence (TRPL) measurements to
determine the carrier luminescence relaxation time in InGaAsP. PL spectra suggest that the relaxation time is 10.4
ns at room temperature and increases with increasing excitation power, which demonstrates the high quality of the
InGaAsP material. However, the relaxation time shows an S-shape variation with increasing temperature: it increases
at temperatures lower than 50 K, and then decreases between 50—150 K, and increases again when temperature is over
150 K. According to the effect of temperature and the non-radiative recombination center concentration on the carrier

relaxation time, the recombination mechanism of S-shape variation can be explained by the carrier relaxation dynamics.

Keywords: InGaAsP, molecular beam epitaxy, photoluminescence, carrier luminescence relaxation time
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