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Fig. 1 Silicon heterojunction solar cells
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Fig. 3 Electrical performance parameters of SHJ solar cells

before and after light soaking and thermally assisted light soaking
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Fig. 4 Dark state I-V curves and dark electric conductivity of
doped a-Si:H films before and after light soaking and thermally

assisted light soaking

PR BOGTE A RE W5 4B 2% a-SicH WS L 5 3 10 JEL A
AR RUR JUAS J5 T AT B - 1 56 L Si-H AL #5975 7 R i
HEEA H R T LRI BE R TR —Bo g iR
JETF R ARG I T R AR SR TR T AR R, DRI B 55
SEA H JBFTE a-SicH W25 b EATERIT A5, W0 1 0 A
WA RUAB A% ok BB 441 a-SicH T 51 A2 B9
it ERESL W T AR B AR R R R AT X
1 H 2R, TR & R . n-a-SicH B AL SR 25 L
B 55 T p-a-Si:H A9 AL 3R AT 8 2o o) 8 A5 488 400k i B : p-a-Si:H
MR H A B-H-Si BRAE 3 AH 4B Si-H-Si (19 BRiE 3 22 29y
0.88 eV, M n-a-Si:H #EMEH H M\ P-Si-H-Si [1] A7 4B Si-H-Si Y
BRIF AN 0.42 eV, AE ARG TE A4 T, n-a-Si:H
LIS F A Pk R R TH A AR By
2.3 SHJ KPR MG IERED T

R B Rl e /D B U T A A T A A s
et feny EE SR A S 4% i-a-Si:H/c-Sifi-a-Si:H Al
n-a-Si: H/i-a-Si: H/c-Sifi-a-Si: H/p-a-Si: H ¥ Tt &5 ¥4y () % £k F- Rf
i, SR ERR A6 AL S 52k A Sinton WCT-120 P38 E 4T
DR T A AR . B S RO T RS R BB R ek
TEA LA Bl B S 1 AHT IS 1 D B T A s ik . IR
5 0] B 45N i-a-SitH/c-Sifi-a-Si:H Ay A4 A0 /0 Bk i
T 75 i M 2k A S50 5 R & A W AR B R T A 4R
FHEAL S 67 ws, M n-a-Si:H/i-a-Si:H/c-Si/i-a-Si:H/p-a-Si:H %
i B AL 7 A KSR T 1.0x10"° em™ B #E47 06 1 A S
DB F A B B T 2079 ps 3R T E 2465 ps, H
REe - k) B RGN AL &= i i 11 o £ S B A S &=
Wi AT Ak S 2 3189 s, SR FHEISF] 1110 ws, T+ IR
iK% 53.3%. Olibet % B8 R W, 7245 & I TE AIKTE T (>
10" em™) , DU T 77 i 52 A0 2 B AR Y S ), R BRI 1
ATKFTF (<10 em™) , DR #5410 s AL R 1 v
REMIES o i bERE R FH U c-Si 5 a-Si:H F TP W
14 PN 2 R S B i, DT 3 1 8000 40 8, SRl RGO B A AR
Tk 3 1A R o X33, 40 ) 2, 33k 45 0 SO S TR R PR T A
T O S B IR 0] A AR e Y BE AR A o BRI, SHT K

4
10 1 a Ref
1 o LS
" 1 « TALS
£ 1
<.:1 1
#e
o)
)
A
102

G Tov
DECE R /em
a. i-a-Si:H/c-Si/i-a-Si:H

104



730 K 5]

¥ 418

104 ¢

3189 ps, o LS

IR T 5 i us
=)

12014 1(I)‘5 l(l)'6 l(l)I7
R T E e
b. n-a-Si:H/i-a-Si:H/c-Si/i-a-Si:H/p-a-Si:H
K5 PIRE R EEAL R 7E G TE AR B B CE A RS /Y
AR T T

Fig. 5 Minority carrier lifetime of two structure passivation

sheets before and after light soaking and thermally

assisted light soaking

PH FL $tb 77 6 12 ARG B9 3 25 R IR T 48 2% a-SicH 2 B4l 1k 1k
REM S | IF HLIAR B e A T 78 IE 3R Rl 1 i — 20 4R 4
ABBN I8 T o-Si 5 a-Si:H S 5T P i B 35 E .
ARSCHFIA Suns-V,, 3R SHY K BH A2 L TR T EA T
e AR AT 098 25 1 Al B A M RE A
25N — 25 0T HACR AT P FALEE . 4nTEl 6 R,

90
89
S
88t
fé é\} 3
87} ¢
86 A
85|
Ref LS TALS
a. 1ETH
891
88t —_— %
X A se
=~ | % M
w7 % - &
K| "
™ g6t A I
P 4 > "
Bic
85T A e
g4t -
Ref LS TALS
b. 1

L6 SHI K BH Ha, b o 180 1T 18 R A8 78 PR 7284k
Fig. 6 Pseudo fill factor variation of SHJ solar cells from

front side and rear side

JCJE IR T (n-a-Si:H 1 ASGAN) i J2 45 1 (p-a-SizH 1y
M) L SHY A BF o 1 1 25 U PR DR TGV A 2 % 42 7
{250 0.10% 48 B G E AR 4850 T+ 0.20% g
I AN, 2] SH A B Hh i 9 2 99 = I DR O S J2 A2
fErEAEY 8% .

3 & ig

AR PECVD il 4 7 Tl RSF Y SHI K BH Ha i, #7F
FEFFUE T 52 3040 B S 1 A BB B8 A 45 £ T H O F 5 48 1 g
BIERGE 0BT 1 R B O 1 A K2 8 LA B P 3 s J2 A R 2
AEANEG AL RR YR, AR 2 LT L5

1) -V IR 2SR AR 0, 25 “COGEA G SH A BH H it 11 -
P11 v T 428 R 5 IR 4 SR T 0.23% F1 0.91% , TT %
Ft, T R4 6 L 0 35 B 4R T 1.64 mV Al 0.06 mA/em?; 7 175 °C
B A B T AR SHIT K BH AR Tt 9 3 249 5 ri B B i R S
70 D T4 25 I, A AR T = 0.34% 1 0.98% , T H R
S I R A B I 25 0 R T E 1.95 mV A1 0.07 mA/em’.

2) 0k TLM I3t i e 3 A B O 3 ACHH bE 3 RO A
AN S B AR a-SicH MR IR B 5 R g — 1k
T T B E 2R PR BE L A n-a-SicH B IR HL SR 25 LLAE A 2.95
LT 9.05, 3% — 5 AL F B n-a-Si:H WX S 7 5 AU,
n [0 938 A VB SHI K BH H b 1 A6 T o

3) BRI REAS L, 4545 Sinton WCT-120 1 Suns-V, il
TREE AT A A BT A A SHI K FHH oG L 44
R 0.34% R R AL PERE Y B0 , 358 T o-Si Al a-SicH
STES S R REAL T R A A R A

(5% 30k ]

(1] #ese, XISCH:, skin-F, & . SbAk S B4 K FH LI ne-

Si:H/ne-SiO:H & 2t H)Z0F5E [ ], KIHRE-4i , 2023,
44(8): 203-207.
YANG Y H, LIU W Z, ZHANG L P, et al. Research on
ne-Si:H/me-SiO :H  stacked  thin  films as  silicon
heterojunction solar cell window layer [J]. Acta energiae
solaris sinica, 2023, 44(8): 203-207.

(2] W5, sk 7, XISCHE, 55 RTRH S S5 1 2E Rk 5

Jo 8 R B P ety R FHAFSEL) ). R B REZ= 4, 2022, 43
(10): 37-42.
YAO Y B, ZHANG L P, LIU W Z, et al. Research on
application of different back reflection structures in silicon
heterojunction solar cells [J]. Acta energiae solaris sinica,
2022, 43(10): 37-42.

[3] WANG G S, SU Q, TANG H B, et al. 27.09%-efficiency
silicon heterojunction back contact solar cell and going
beyond[]]. Nature communications, 2024, 15: 8931.

[4] STAEBLER D L, WRONSKI C R. Reversible conductivity



6

L4l

JER=E AT« IR B G AR TR S B 4S K BH L i PR REAT 5T 731

[5]

(7]

[9]

changes in discharge-produced amorphous Si[J]. Applied
physics letters, 1977, 31(4): 292-294.

KOBAYASHI E, DE WOLF S, LEVRAT J, et al. Light-
induced performance increase of silicon heterojunction
solar cells[J]. Applied physics letters, 2016, 109 (15) :
153503.

KOBAYASHI E, DE WOLF S, LEVRAT J, et al
Increasing the efficiency of silicon heterojunction solar
cells and modules by light soaking [J].
materials and solar cells, 2017, 173: 43-49.
LIU W Z, SHI J H, ZHANG L P, et al. Light-induced

Solar energy

activation of boron doping in hydrogenated amorphous
silicon for over 25% efficiency silicon solar cells [J].
Nature energy, 2022, 7(5): 427-437.

LIX D, YANGY H, HUANG S L, et al. Reassessment of
silicon heterojunction cell performance under operating
conditions [J]. Solar energy materials and solar cells,
2022, 247: 111951.

DUAN W Y, RUDOLPH T, GEBREWOLD H T, et al.

Insights into the heat-assisted intensive light-soaking effect

[10]

(11]

[12]

on silicon heterojunction solar cells[J]. Solar RRL, 2024,
8(19): 2400383.

STUTZMANN M, JACKSON W B, SMITH A J, et al.
Light-induced metastable defects in amorphous silicon:
the role of hydrogen[J]. Applied physics letters, 1986, 48
(1): 62-64.

PANDEY A, CAI B, PODRAZA N, et al. Electrical
activity of boron and phosphorus in hydrogenated
amorphous silicon [J]. Physical review applied, 2014, 2
(5): 054005.

OLIBET S, VALLAT-SAUVAIN E, BALLIF C. Model for
a-Si: H/c-Si  interface recombination based on the
amphoteric nature of silicon dangling bonds [J]. Physical
review B, 2007, 76(3): 035326.

SINTON R A, CUEVAS A, STUCKINGS M. Quasi-steady-
state photoconductance, a new method for solar cell
material and  device characterization [ C ]//Conference
Record of the Twenty Fifth IEEE Photovoltaic Specialists
Conference-1996. DC, USA, 2002:

457-460.

Washington,

IMPROVEMENT FOR SILICON HETEROJUNCTION SOLAR CELLS BY

THERMALLY ASSISTED LIGHT SOAKING

Gu Xuehui'?, Wang Na’, Tang Ning’, Xiao Honghai', Han Anjun’, Liu Wenzhu®, Liu Zhengxin'?

(1. School of Physical Science and Technology , ShanghaiTech University , Shanghai 201210, China;
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Microsystem and Information Technology (SIMIT) Chinese Academy of Sciences (CAS) , Shanghai 201800, China;

3. Suzhou Ryder New Energy Technology Company , Suzhou 215500, China;

4. Shanghai Nagamori Machinery Company Limited , Shanghai 201600, China)

Abstract: This paper investigated the effect of thermally assisted light soaking (TALS) on the performance of amorphous/crystalline

silicon heterojunction (SHJ) solar cells. The experimental results confirm that light soaking (LS) effectively improves the power

conversion efficiency and fill factor of SHJ solar cells by 0.23% and 0.91%, while TALS increases the gain to 0.34% and 0.98%. By

measuring the dark electric conductivity of doped amorphous silicon films before and after the TALS, it is found that TALS has more

significant effect on improving the electrical properties of the films compared to LS, enabling n-type amorphous silicon thin film dark

electric conductivity gain ratio of 9.05. Combined with Sinton WCT-120 and Suns-V , measurements, it is concluded that TALS improves

the field passivation performance, enhancing the built-in electric field strength of crystalline silicon and amorphous silicon

heterojunction, thus reduces the recombination of minority carriers at the interface, resulting in a light-induced gain of 0.34% in the

output performance of SHJ solar cells.

Keywords: amorphous/crystalline silicon heterojunction solar cells; silicon heterojunction solar cells; light soaking; thermally assisted

light soaking; photo conductivity ; minority carrier lifetime



