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ABSTRACT: The efficiency of silicon solar cells is approaching a theoretical limit referred to as ‘the state of the art’. Consequently,
maintaining efficiency is more productive than pursuing improvements the last room for limiting efficiency. One of the primary
considerations in silicon module conservation is the occurrence of failures and degradation. Degradation can be mitigated during the cell
manufacturing stage, unlike physical and spontaneous failure. It is mostly because the chemical reaction is triggered by the carrier
generation of thermal and light injection, an inherent aspect of the solar cell environment. Therefore, numerous researchers and cell
manufacturers are engaged in implementing mitigation strategies based on the physical degradation mechanism.
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Fig. 1. (a) Crystalline silicon solar cell and HIT solar cell efficiency chart, from NREL?, (b) A program called VOS viewer for web papers
searched for ‘silicon’ and ‘light soaking’ on the Web of Science. The most frequently occurring words and relationships between
words are listed with lines, and the relationships are expressed by color.



8 M.S. Sim et al. / Current Photovoltaic Research 12(1) 6-16 (2024)

Aol A B FA] AaS AaAle e 2 29
SRR Us = Q= Ao(failure) ok =2 B FHIA] Mg A
7HER| A 4ol sl ol A P o= mdo| whE
oAz @Re Uitk ol AAAECI Y ol F A &9 F4
of o2t Ao = tuto] & Alptpol| A eefsty] A4 gtk i
& 2R A aLsfiof sk Aol A Y B _H Rl A
7 gk Wb Aek(Degradation) Tk oA 2 B 272k
ZgollM 31 o T 2ol o)l E2] Al i glo] FekA vt
ol &8l 1 fgro] Mok Wkt 53] Fig. 2dojA =
Ao mAag e Msht gle ddEe SR Utk 2
ol vlsh =2 Al dofupt, F-201A] gl HE/d< 7
7H Al BT Hlth & =2 A4 A sl
A Aot dofubs wlA Y ST 2 s 2rel dish ol &
E} B A A A7EA] o GA A= AeA] okt

2. 2B
2.1 HIHA Ma|= woto| st
A

(a) (b)
te02 3E+16
— 1E-04
£
S &
£ £
=
S 1E06 <
2z 2
S "
£ s
S 1E-08 T
2 £
[=] [-%
(8] w

1E-10

1E-12

2B AJAE L=, Fig. 2a0]| 4] 1977d teof (WA o] 43}
= 22 YAl e g vhE v A AelE vhdte) 600-900
nm TR AL} EH 441710k 334 = = (photoconduc-
tivity) 7} 8ulj Zraxsh, F2AF S thol ohd = e(dark
conductivity)= -2 SAFE 9] A== 2] H]3F) 10,00052] 1
S0 2 7rast g, o] 2|3t SWE 4 32}
= Fof| = 2ol A A& EH, o] [ O] AHiehs thE dH =
FAE T FA7 o the e =] HRFY e 2ol 7} v,
SWES 72 ME9] -5 dA710l oJet =0 sk =2
k. SFAIRE150°C o) 2] A A 2 of] ofsf Zef o] AFel 7}t A
L7k SobAl= o] froll thal e w4 92 v A
ol A sgAtel] sl =axof A2l o] Aol 7iA] 1L, £3]
dangling bonds (DB) W2}l Wsl= 2| A3t Alo| EZ} ot
o} e A4 Ik, Fig. 2b+= Electric spin resonance (ESR)A-
v & 3| 23 5 (spin density) S =% 3}o] DB W= & AAE
S ATE HolEth ALt ol Al FaAte] o5k uA A Ae
£ 91to] DB W=7} SWES} A7HE-& o 4= Slgieh. WAl
oJ%t DB W7} 57bsticr A elol o) DB Wzt g

7

m
X
o

7/

~
L]
[]

\

T=220°C t=15min '\

Il 1 11 1 1 Il

0 30 60 25 125 175 225
Annealing time (min) Annealing temperature (C)

(d)

taucf/tauO

abs. coeff. (cm")

awl 4 T P (2smin
20 _f“‘x‘! annealed min |
Fl iy

o

q"d

40 80 0 40 80
¢ (min)

diff. abs. coeff. (cm I)

b
[N Sy A

\! A o
50 \ ~\\ ‘/””' 22
: £, mim) §, T e
40 _;: 0 40 80X N f_g." i
L ETI N
F i
e

I L 1 ]
2300 2200 2100 2000 1900
wavenumber (cm’)

Fig. 2. (a) Changes in amorphous silicon thin film conductivity due to light irradiation (SWE)®, copyright 1977, American Institute of
Physics. (b) Light-induced spin density characteristics by heat treatment®, copyright 1981, Applied Physics Letters. (c,d)
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