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Change of Electroluminescence Spectra of Solar Cells
Caused by Heating

Ren Pan Wu Lingyuan Wang Weiping Liu Guodong
Institute of Fluid Physics, China Academic Engineering Physics, Mianyang, Sichuan 621900, China

Abstract The photoelectric characteristics of solar cells can be changed after heated, which ultimately
influence the converting efficiency of solar cell. Electroluminescence spectra of GalnP/GaAs/Ge triple junction
solar cell under constant voltage are investigated in order to understand the working properties of such cells
under concentration and heating condition. It is found that the luminescence peaks of GalnP top cell and GaAs
middle cell change and reverse after the solar cells are heated. By considering the current-voltage characteristic
and external quantum efficiency, the origin of this phenomenon is found to attribute to the introduction of deep
level defects in the crystal. GaAs middle cell is found to be more tolerant to heat—induced damage than GalnP
top cell.

Key words optoelectronics; solar cells; heat-induced damage; electroluminescence; quantum efficiency

OCIS codes 160.2100; 160.5293; 040.6040

1 51 5

GaInP/GaAs/Ge =45 A FF L 3 J&— i 25 5000 T WA B . 0, SR FH 50 W UG I (EL A5 9 9 58 R I 10 5 P
H R SR 45, X BR34BT 186 7 70 43 R L 7T I 52 040 9 1 5 i o B A0 1Y, 1 i 6 26 TR A
PE R L 3 0 -V AR B8 0 32 T Ok B B 3t L B O A RE RO BIF S R . 7E
ST A T FhL U A 2 i 1l 58 00 280 A T o, R 7 7 D o 5 A £ B 2R 0 F /0 26 T A B o, e B
S, DRIt T A e S U M R A AR TR AT B8 R BT e o 2 405 o 0 %A T4 T A 2
B2k 4N T M TP A P P Bl 15 S BRI i T i OTRT L4 75 380 4 T o 3t £ ' 5
SO AR R T B O (R A (R TG B 1 iR A FLAE AR K

EFRIET  P-N4 P X AIN K & A EHRA T L0 T 52 RBRTE A RIET R
L B0R O (BL) B FEAR SRR, S0k 58 0 Fh B0k 56 B % B 6 AR B4 10 396 1ot 78 3 o Pl B 42 % R o 1O PR B0 R

W is B H#A: 2014-05-22; W B & Fs B #3: 2014-06-30; M4 HAR B #1: 2014-11-14
E&TH: i E THRY IO b E e HOURR 5 BOR T 85050 % 524 (HEL2013-06) | A [E 82 ) JLAE 58 B U 14 ) BT 5%
T % J 5k 4 (SFZ20120303)
TEERE AT 2(1986—), W w4, By HAF oY 01, N FHOL S W A BEAE R 7 i F5E . E-mail: renpan@caep.cn
* @SB R A . E-mail: guodliu@126.com

121602-1



51, 121602(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net

SRR G A i H AR B P AR RS Al A9 4 5 . Rau™ & BL T G T 40 0F R B BUR O30 8 Fl B 1 3%0R 22 18] i
B OGFR, LA S e i, R BH R vt 7 R B0 O IR AT LA X8 O B FL S 2 UL A 1 1 PR S R, A B 2
HLBH R Y A6 R B4 5 38 R DL A e SRR D B R 5 i O P R St IR 1 A DR R AT BT, IR e A R
BF b 79 5T o R PR BB ARCHE 25 5 VA . H AT R T L BUROG BB SO 4 B OB AR A 1 R AR BOR S A D
FE BRSO BH Rt A LR B R b 3 AR K BH H A T S 2 K PH R R O I R B SR A
Raymond 5 "38 i B 20k 615 A 58 B LA 7 30CR (EQE) AY X 7 5¢ 2 HI I 8 GaInP/GaAs/Ge — 25 K BHH,
25 L B AR — 22 R PR X T 8 DK B H A R T Y R A B B L [E N AMER A I 9 A e L B
R ITT B 58 =45 K PH L 7E S R R TR A T R BE AR Ak L 45 2] T 50615 S I (LBIC) 7 ik — 3
4 00 i 45 R S U I R BUR O T VR T O AR AR R — bR BE T RS B SRAE

A SCH RSO A 19 GaInP/GaAs/Ge — 25 K FH HL it 7F 47 HL 850C& S8 15 M, O AR 10 10 & o 1%
PEAT B, & BT P05 )5 R S HEL GalInP TR 3t F1 GaAs b B M 7E 58 JE N A0 HE B0 G 5 3 & AE T R FE L4
XPIXA R G545 R AR -2 REPE (WS R R PE Ah i RO I R A5 R AT T AT, BEST R LASS SR O GalnP/
GaAs/Ge — 45 K BH L il 78 5 % R e i 25 00 T A9 1 R RN 4 o R R A1k 5 2%

2 S HEER
2.1 LEHH

S5 FE i R i [ H R B AR T A 18 F 5T BT iF 1l 1 GaInP/GaAs/Ge — %5 K FHRE L 4 Jv , FLA&
30 mmx40 mm
2.2 XWHE

FE SN AGE FE 8 < R F HGH /A 7] (1) ECN 100 %Y [ i 22 (40K 6 & Nt 28 380 °C, FR 2t 3] 4 90 s,

FL 00RO T 0 I 7R 1 & R R AT OGBS B AN 1 TR o SR A TPR3010S 26 e 18 i F Y 78 52 56 B 5
i N4 5V IE [ 4 Hs , 7] B F) ) Andor 23 7 i SR750-B1 5 5% 25 i A%/ 1% A0%T 18 o AR i 19 R OG BEAT R 4R L %
J&i F Apogee /A B 1) U16M B R} 24 2% CCD R 25 547 I 5 o & S 35 0 i 28 40 6 2647 00t iy FH 28 60 30 4 1)
TG E 5

% H Thermo Oriel Instruments 2% & ) 69920 %I K FH #5 $ 2% 1E 56 IR 15 8 AMO Y% i, I R B FE N
0.2 W/em®, it & Keithley2601 i 3% , 75 21 B 5 76 B 480K PHOG B8 R " IR — 22 R PR o At 7 R50R A T R
FH Enlitech 22 5] (1 QE~R %1 K BH 8 Y 315 mie 1 /5t 18503 03 38 G0 647, 38 2ok vt o 45 325 19 16 fi 5 R P O 75 3]
B H ot ) A G, VTS AR BB S A T ROR

.

spectrometer CCD
solar cell camera

sample :\j

optical fiber
1 BESOLE S R AR E A
Fig.1 Diagram of EL spectra signal collecting

supply

T

2.3 LWHERMSH

GalnP/GaAs/Ge — 25 K BH f 3t iy = A4~ Al AR 3R T A8 o 1F 1) 0 e 2% 20 = A F it 20 i) & 5 AR
B BT 16T i RE CCD X & i E 47 0 6 45 3 %) M Y % S 0 an R 2 R, e 650 nm A1 890 nm 1) &
JEIg 4y 15K H T GalnP T HL it Al GaAs HHLY . 11 Ge JiE FEL L A9 & 6 16 7F 1800 nm [ 3T , 8 1Y T ik CCD 38
i 118 W) 7 5 B

F P2 AT LA 0 BT A B H AR 0 R B 2 6 L) GalnP T HL it o 3, & 6647 T 650 nm BT, A EE
Z T 890 nm fft T GaAs v HL L Y & OG5 BE B AR 22, (U GaInP A OGIEH Y 10%. 1 28 i B Ab #1225 , FE 5

121602- 2



51, 121602(2014) HMYSEMNYEBEIZFHE www.opticsjournal.net
GalnP T3 HA, & o o B 20 B A0 e {1 v 2 Sl AR 3T 19 5% 5 AH IV 1Y) GaAs HHE Y (14 & 5 B2 A I 185
INE T AL FET Y 3.6 4%, H &G IR i GaInP THUHL L, 90 TR R IR 4 .

R T 53 AT (R e B Gt B R D DAL 6 B S A B L Tt ) A - ROR BEAT I A 25 R AN 3 BT
/No Horh, GaInP T5 At F1 Ge JiE L L 9 Ab 5 7 B8R AR e 90 G RS & A T I AR Ak, 4300 T B T 13% 01 9% 5
L Z T GaAs oL MBIB AL AR, R FE T 2%, T UL 1 A GaInP T3 1 650 nom 3% 26 & Ot 5 8 KR T R Y
J AL 7 T ARG AR X GalnP T90 g it i 1 #5305 0 AR = IR T, GaInP A RE 1A S AR 25 R BB, n e T R
RE T A, TR T 00 H Ve A O F e 4 R, LA R B0 D i AR o A O B R R

100} — unheated sample
- - heated sample
~L —unheated 80
g = ~ heated -
| o
=2 &
é i &= 40f
= & 201
i I
Pl oF
600 700 800 900 1000 300 600 900 1200 1500 1800
Wavelength /nm Wavelength /nm
[ 2 K BH HL B 5 52 #T JS EL S 09 28 1k [ 3 FRAG 5 117 5 R PH R Y A T 80R AR b
Fig.2 EL spectra of solar cell before and after heating Fig.3 External quantum efficiency of solar cell before

and after heating

T00FE, b A1 5t 250% T B2 650 num & 5 W8 IR0/ 14 Ji DAL {EL I AN RE i B b v Y & Ol U6 (890 ) i J3E 7AE K1Y
PG, 3T B2 A P05 T UG R AR - AR I AR L AT A BT o AR A AMO OGS R IR R A i AR - %
PR H a4 TR T R ORE Y ER R LR S BRI R AR E R LR A . Hod LR SR I R Ve SR T
FE R FOR R N E R GG 03 o T LU B0 A 405 )5 R BH el s B 5 9 B R e A B R Ak F b
R R AT 27.2% T R B A0 5 10.6%; [5] BF 30058 X745 B B R % R 0.835 TR % 0.345., JF % LR
TRET 0.21 VA EE R AN I B T /NIE IS K I R A S B R K AR e R e Y X AR R K BH
b S 106 BEL BH A /N1 B4 R, 2 R B R R T O B E R I Y AR Ak R LA W Bl R AR R BH HR b
FIAT fbA% S5 R B, T SO 106 A BEL A9 28 /N R D P JE PR 38 R o 465 6 11 2 1) A d - RIR 0 0 T AR — 28 AR Y AR
A 32 B2 F TR0 H, b R A, b 3 AR o R R T Rt 7 A A 4 RO AN I

0.25r —— unheated sample

- - heated sample

=
o
=
If

=
—
[SH
T
/
’

Current /A
o
=
<

=

o

St
T

(=)

05 10 15 20 25
Voltage /V
Pl 4 InFAHT S AL i AR - e PR A
Fig.4 Current—Voltage characteristics before and after heating
1 K FH B A 0 TS B R P L

Table 1 Comparison of solar cell output characteristics
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L. /A Voo IV F E /%
Unheated sample 0.203 2.64 0.835 27.2
Heated sample 0.208 2.43 0.345 10.6
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