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Abstract: In order to investigate the output variation of the silicon solar cell under the solar simulator and
its internal carrier transport properties, light soaking in situ of crystalline silicon solar cell technology was
conducted before the standard test which measures the cell’s current-voltage characteristics, spectral
response and other parameters. The results show that the attenuation of current-voltage characteristics
results in reduced efficiency. The short wavelength spectral response of solar cell is decreased slightly
after light soaking in situ. The reason is that the surface of the cell generates a very small amount of
defect during the light soaking process whichleads to slight decrease of the carrier recombination. The
significant decrease of the spectral response during the long wavelength is due to a large number of the
bulk defects being activated, which results in the long-wave carrier recombination when it passes through
the silicon. The solar cell was then annealed and tested after light soaking. The results show that
annealing has a good effect on the recovery of bulk defect deep inside the cell. There is a partial recovery
of bulk defects after annealing while the surface defects are not recovered, which leads to the incomplete
recovery of current-voltage characteristics and spectral response.
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Table 1 Specific parameters of monocrystalline silicon solar cell

sample before and after light soaking and after annealing

Beforelight  After light After

soaking soaking annealing

Jse/(A s cm™?) 0.0374 0.0368 0.0379
Ise) A 8. 9333 8. 8058 9. 0559
Voo, V 0. 6357 0.6261 0. 6338
Pyax/W 4. 4510 4.0874 4. 3002
FF/% 78. 3805 74.1337 74.9184

it/ V0 18. 6156 17.0948 17. 9851
Rs/Q 0.0058 0.0092 0.0083

2.3 JREAL AL AnIR AT S i B A B i

D i w7 ) N e ) A 7 A o 0 B B b AT
THASECEE RN R E T B JGHE PR A R I R
535 LE A Fr PR 1 TR]— 57, SRy O D ARl e T AR,
RS 2X2=4 cm® [ B A4 (Mask) P4 5
AR Ot BB AR N 4 em®. S iE W N 5 A B TR R
(External Quantum Efficiency, EQE) 7] DA i 1 i+ 5 AH
AR 8 0 % e 7 D03 AT R R A4S 2] SR 2k DA
K EQE h&"".

Kl 6 Won Tt Anr Db B s R AR 6w
SN N R A SE N WL = 3 e 2 L AN T 2 U =
BAJE EQE B K 928 4 3¢ &1 R 10 & 5 £ 25 0
FL U 0 6 R T L AR AT S AR TN R S R R L
K I e L 4 A TR 6.7 T 4Ll 2k T WL, 300~
350 nmffy 58 AP B, Ot 2 Ak X i AR £ KB R b ' 5 e
A — S B R AT AR FH S 0 J5 R G — 20 AR T O
Wi J37 3 350~ 820 nm fY AJ WL 5l F1 & 73 3T 21 4 P K3
AL G 2 Al X A i O B PR it Y6 35 o 07 A B S 1 B IR
FE R J5 391 R KX S 3% ma B LT A R R 5 820~
1200 nmi £ Bl N L 06 & A0 45 0% 135 me iy B 8 3 AK
1B 9138 A a2 Be b e ai ma i L 2 2R 2 4k
IR A S (AT W /N T B AT Y e 7. AT R Y D TR

Sk 6 A i v AL TR A R ol Y TR SR @ [R] AA
PRk A 5 o 38T DA T B U T R e I B R
AT R R AR B T TR LK P 2(h) 2L
AR B TR JO6E T AL It P R TR TR R B B AT B Y
(C Rk R N - R R (S VSR A A NIEE TN
B X R R W S B A 2 e =t — PR T
DI ) 7 B v Yt TR R

0.8
Z 06 .
< 3
2 ;
2 04
g
= L
é 02F Before
(2 After 8h
P After annealing
0 1 1 | 1 1 I 1 |
300 500 700 900 1100
Wavelength/nm

B 6 B R Ob AT R KR KB B SR i &

Fig. 6 Sample cell’s spectral responsecurves before, after
light soaking and after annealing
1.0
0.8
L 0.6/
S /
(4
=04
Before
02p ----- After 8h
[ - After annealing
O 1 1 1 1 1 1 1 1
300 500 700 900 1100

Wavelength/nm

B 7 BR b E KR Kty EQE # &
Fig.7 Sample cell's EQE curves before, after light

soaking and after annealing
A
3 it

JEUAE 2 A T LIRS Bk v Tt A 22 U e 3R
RO« 388 5 23 A DA D't 2 A A IR ka8 I & e B A
LV REPETT T Voo s Jse s FE e 7556 2 AL 900 38 3 9 B
BOHApP Ve EZ Rl b 2 iE TR, m
Jsc B IHA /NI B 8l 5 FE A g 7RI K 8 b 19I5z 0
AT R 1 R TR e 0 R R D)l
I FZE PSS B R E L 2 HR ) A O IR
fr ot A A v F Yl R TR A DY i I a2 gl 2
TR S B T TR BRI B E, B/ 5 2L
Voo FEEFF /N EZ R A Rs B9 R XA S
(T B e 2 S BT MU RCR g (19 B AR 72 DG 1 W) B J7
i1+ 300~ 350 nm {58 APk Bt Ot & Al %) 1A ik K FH H

0912004-5



P/ R S 4

Tt ' 3% R AT — R B R A T 5350 ~1 200 nm A9 AT UL
JFHB 43 3T 21 40 95 L ol 2 Ak b R Rk K B A
b G T w1 A A AR L TR S H v R 8
e , o EQE 1 52 355 5 1% e 37 A 7] A9 5 ik 15
B D DR A7 't 2 Ak ik 78 rp ol 3% T AR AR T 1Y
BLRE . Z B SRR AT RN ERR THES
AT 8 982 51 3 w7 ke B2t 8 ) B R PR A o A e 9
BE, BRI BRI T AL AT REM R N ER I B R G
Wi ) U S R T A1 38 B 1 S 1 o 1. S R K S R T
FE RN B, I R K i — 20 B I T O3 i R 5 A AT A
W B S5 AR R S i B LT A 5 ) 5 A 4140
B, J5 AR K A5 92 0k B I O i e S LT Pk B oK
AT AR ZS S AELATS W /N T 5 R AT 0% i 1. 3% B AR ok
T Ha b A R 2 AR ik B LA RS A8 S T Rk (il —
BB ERA 15 B 2 6 2 A FT AR A T B X R 2 1E Y
VA & &2 2 fig . ok T i B 2 A S A AR L JE TR
Vo Jse JFFL 77@{‘,7'7(?.@ WG 7K
S E Xk
[1] SUN Hao. Research on calibration methods of solar cells and
related testing equipments[ D]. Hangzhou: National Institute
of Metrology, 2010.
DA, R BF R b B G IR 15 A 1 T R 7 R AR ST (DL B
o R B AR ST BE . 2010,
[2] ZHOU Jian, LI

comprehensive

LIU Yu-cheng, et al. A

to modeling and

Hong-fei,
simulation of

Acta

approach

photovoltaic module under natural environment[]].
Photonica Sinica, 2013, 42(9) . 1077-1082.
JafE, ZRen R XV, AL SR T Rk OB O R Y P A
FELH W i TO B2 R BFSE [T 6724k, 2013, 42(9).:1077-
1082.

[3] SCHMIDT J. HEZEL R.

silicon solar cells: fundamental understanding and strategies

Light-induced degradation in CZ
for its avoidance[C]. 12th Workshop on Crystalline Silicon
Solar Cell Materials and Processes, Breckenridge: 2002.

[4] LI Xiu-jie, HAN Pei-de, YANG Yi-biao, et al. Reflector of
solar cells based on photonic crystal heterostructures[]J]. Acta
Photonica Sinica, 2010, 39(10); 1786-1789.

EHEMN WHRE, BRI B TOUT R A Y s ROK
FHfE L B 95 28 B 5E [T ). 6 F ¢4k, 2010, 39(10):1786-
1789.

[5] FISCHER H, PSCHUNDER W. Investigation of photon and
thermal induced changes in silicon solar cells[ C]. Proceedings
of the 10th IEEE PVSC, New York, 1973.: 404-411.

[6] SCHMIDT J, CUEVAS A, REIN S, et al. Impact of light-
induced recombination centres on the current-voltage

characteristic of Czochralski silicon solar cells[J]. Progress in

Photovoltaics Research and Applications, 2001, 9(4) . 249-

255.

[7] SCHUTZ-KUCHLY T, DUBOIS S, VEIRMAN ], et al.

Foundation item: The Knowledge Innovation Project of the Chinese Academy of Sciences ( No. KGCX2-YW-399 + 1).

[8]

9]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Light-induced degradation in compensated n-type Czochralski
silicon solar cells[J]. Physica Status Solidi, 2011, 208(3) :
572-575.

BOTHE K, SCHMIDT J, HEZEL R. Effective reduction of
the metastable defect concentration in boron-doped Czochralski
silicon for solar cells[ C]. Photovoltaic Specialists Conference
Record of the 29th IEEE, 2002; 194-197.
BASNYAT P, SOPORI B, DEVAYAJANAM S,

Experimental study to separate surface and bulk contributions

et al.

of light-induced degradation in crystalline silicon solar cells[ J].
Emerging Materials Research, 2015, 4(2) . 239-246.

VORONKOV V, FALSTER R. Latent complexes of
interstitial boron and oxygen dimers as a reason for
degradation of silicon-based solar cells[J]. Jowrnal of

Applied Physics, 2010, 107(5): 053509.

REN Ju, GUO Wen-ge, ZHENG Jian-bang et al. Analysis
and simulation of solar cells’ V-A properties based on P-N
junction[J]. Acta Photonica Sinica , 2006, 35(2); 171-175.
L5, SRSCHE . AHEES. 3T P-N 45/ K BH AE d i pR 28 B 1k
BB ST SBT A 4. 2006, 35(2):171-175.
GREEN M A. Silicon advanced principles
&.practice[ M]. Sydney, N. S. W., Australia; Centre for
Photovoltaic Devices and Systems, 1995.

SOPORI B, BASNYAT P, DEVAYAJANAM S, et al.
Understanding light-induced degradation of c-Si solar cells

solar cells:

[C]. Photovoltaic Specialists Conference Record of the 38"
1IEEE, 2012.

PENG Xiao-jing, XU Lin, LIU Feng, et al. Study the effects
of spectrum and solar cell parameter on fill factor[J]. Acta
Energiae Solaris Sinica, 2009, 30(7) . 878-882.

W/NER, AR, XL AR IS AR & S SR B T
ZHRFR[I]. KMHAE M. 2009, 30(7).878-882.

LIM B, ROUGIEUX F, MACDONALD D, etal. Generation
and annihilation of boron-oxygen-related recombination
centers in compensated p-and n-type silicon[ J]. Journal of
Applied Physics, 2010, 108(10): 103722-103722-9.
MEEMONGKOLKIAT V. Development of high efficiency
monocrystalline Si solar cells through improved optical and
confinement[]J].  Dissertations &  Theses -
Gradworks, 2008.

ZHOU Jian, BIAN Jie-yu, LI Hong-fei, et al. Standard

Optics and

electrical

measurement of crystal silicon solar cells [ ] ].

Precision Engineering . 2014, 22(6): 1517-1523.
JAd, TR, A0SR SRR B IR A b e LT .
Je s TR, 2014, 22(6):1517-1523.

REAIS. KIARE 3L A 5 0 LMD, dbat: Blef il sk,
2009 105-106.

LAN D, GREEN M A. Extended spectral response analysis
of conventional and front surface field solar cells[J]. Solar
Energy Materials & Solar Cells, 2015, 134(134); 346-350.
SAAD M, KASSIS A. Effect of interface recombination on
solar cell parameters[J]. Solar Energy Materials & Solar
Cells, 2003, 79(4) . 507-517.

Knowledge

Innovation Program of the Chinese Academy of Sciences (No. YDJDBNJ-2012-027) , and Major Special Project of Shanghai Zhangjiang
National Innovation Demonstration Zone Development Fund (No. ZJ2015-ZD-001)

0912004- 6



