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In-situ LID and electrical-injection regeneration of PERC solar cells
made from different positions of a boron-doped Cz-Si ingot
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Abstract: Five groups of silicon wafers were cut from a commercial solar-grade boron-doped
Czochralski silicon (Cz-Si) ingot from top to bottom with a certain distance, and made into PERC
(passivated emitter and rear cell) solar cells by using the standard industrial process. Then, as-prepared
PERC solar cells were treated by dark annealing (200 °C, 30 min), the Ist LID (45°C, 1sun, 12h),
electric-injection regeneration (175 °C, 18 A, 30 min) and the 2nd LID (45°C, 1 sun, 12 h) in order,
and the changes of performance during the process were measured. The results show that the LID (light
induced degradation) and regeneration of the PERC solar cells are dominated by those of B-O defects,
while dissociation of Fe-B pairs plays a secondary role. The relative degradation rate of 7.03%~9.69%
in efficiency during the Ist LID results from the LID caused by B-O defects and the dissociation of
Fe-B pairs, while the relative degradation rate of 0.43%~0.81% in efficiency during 2nd LID is solely
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caused by the dissociation of Fe-B pairs. B-O defects inside PERC solar cells can be completely

passivated by the electric injection regeneration, and the passivated B-O defects are stable under the

conditions of 2nd LID. PERC solar cells made from the middle of the Czochralski silicon ingot have

higher efficiency and open circuit voltage and lower relative degradation rate. In addition, only the

spectral response of PERC solar cells in medium and long wavelength range is affected by the LID and

regeneration treatment.

Key words: PERC solar cell; light induced degradation (LID) ; electrical-injection regeneration; B-O

defect

p A A A FEL G TR R
FA. mhRE . KRAEMER NS, KIS HEE
etk g A o BE BB A A ST A
P 120 20214, AAARRE KR BHAL L & T T S A
95%, AR . BRI | ek R v AR A e R B H
5 T B 5% TE db A i H T )
v, p AU R R R 0BG Ak e S AR T R b
(PERC, passivated emitter and rear cell) HL it (5§ T
91.2%, p 42 dhik % ML 1T 7 (ALI-BSF, aluminium
back-surface-field) FL Ml 5 T 5%, n B8 di ik g
¥t [ 4,45 HIT (heterojunction with intrinsic thin layer)
HH, Yt 11 TOPCon (tunnel oxide passivated contact) H,
15 T 3% AR p B b A A A BH R SRR X T At
HIYFE AR TE ARSI 0, (BB p AL A AR R PH H
A7 AE A - 4 (B-O) 8k [ 5 R Y O % (LID,
light induced degradation) [n]/# . A58 FRH, K&EHT
oAb B (5 JR A B 1) AL-BSF HL b BB 4500 3
(BO-LID, B-O defects related light-induced-degrada-
tion) 5| 2 A RICR I K 3%~4% (AHXHE) , 1A%
52 I A 3 %) PERC H b AH I 1) 250 38 40 2% 29 Ol 4%~
6% CFHXHE ) o B8R 20 AR I &2 R 45 1 b B I
A2 p 78 A A Ak DK BH H e AT DAZE AR IR BRI A 52
BO-LID W52, {HJE, Z252 5040 2R 42 60 p 284 &
AR O BH PR T e P EE DG B ASET r AR E
PR DA e A0 0% 1 Ae] 475 TH 2 T A0 iy Tl i, 9
Gt 2, 2021 4F 4 Bk L AR 41 % e i Dy 183
GWp, ZIPUIRANE 248 B 55 940 GWp. %
SR E R CR A e g i M B R e ik, Rl
B0 p 4 Ak O BH F i A1 e 8 B 0 4 R 4
1%731, ElaSikE AN B ERL, Wik, Xf
B0 p 0 AR K BH FRL b Y s R A A AN (HLH
HEBEREIR M EE HA EE NI E L

J T BEARBLAS, K BH AR 2048 0 B 5
(Cz-Si, Czochralski silicon) /=3 # 23 ffi H —
FE LG TRk, AR A R K BH RE 245

Cz-Sih A b & 7 — Sl Lm0, =
SR PERC HL il £ T 20 i B4 HlOR 235 45 25 R ]
PIARLERR Cu. NiGFIRY A w2 it ', (HEH
T Fe Fl B Z B 58 ZU % PEASAE FH RN Fe B9 0 R 21K
TRY WG B A i, WY UM LT 450 TR L RERR
Fe—¥R4r Fe 45 ', B AR PERC HL ML 4 T. 24
) PECVD UL SiN,: H {if & M4 fk )2 . AlO,: H/
SIN,: HH5 R B . R EETE i R 422 ik 2L
TR T AR S AR, AT DA S v
R ARG . 2 E A, PR
BB 1 4 B 24 45 %) PERC HL L PERE RO S, {H 2
FI SR 48 B3 L b 1 A T2 b i SR AL AR A R
IR B, AR AN B o8 4 Bl b B 2 55 v 1 B-O ik
M4 | 22 . Ik, XT3 T KBAfEH B M
Cz-Si (1) PERC WL M %, BR 7 %% JE K B-O 6k
W O DLAN R T 2 R U 4 R 2 R
S Fe 2 5 2GR

X F 3T K FHAE A5 1 Cz-Si ) PERC Ha th 1)
9%, Herguth %5 Fl Fertig 57 7E 2015 4F 15 IR i
T PERC MLt A FAE AL, SR T B 5T 3
T 9256 % i £ 14 J5L R PERC B th , % 41 Herguth
SEUHE 5E 1 PERC HL it (1) 75 2% 1 84k )2 4 Si0/
SiN.:H&JZ, 1M Fertig %7 Wi FH 306 b 45 4 firt
(LFC, laser-fired contact) 3 JE il 5 1M 4 f@ 5 fit, LA
B R B B 5 Tl AR PERC H AT BT 22 51
20184, Cho 45 '™ il 1 i il B &2 )5 (130 °C,
2 suns, 1.5 h)ZbBE AT DL p AU AL Ak PERC HEL L ST
BLF 58 4 1 B AL F g2 G 3t 99%) o Herguth
S¢ ) 7€ PERC HL v & BT — ol oA S0 0 U8 1) LID
MG, HARAE R A % () BN, JT i
HLE (V) AR K, T 78 P (FF) il 4 40%
() MR AR K o WIFSE % BT 2% 1f 4 s 42 fnk e 2
BT R BE S RS, T R T A SRR
A REXT TSR 2 RS G — R RE . 20194F,
Fertig 5 " A4 30 & AL PR PERC HE L 7F < B



514

TRBL, S JETORFALE AR AR #Y PERC BB AT 2 i AL 117

B8] iR k(150 °C, 552 h) JilisZ T /=& A LID, #
X PEGCR IR 19.1%, ERXTIE, TERZFAL I
il 5 B PERC HL 3t 1 300 45 A9 AH X [ 90 R AU
5.6%. [A4F, Helmich %5 " # 14 T PERC H L (1)
I R RS Ao R R An B EE 3
Ye 5 " WFSE TR AR RS GRE A HL A
b S A] ) S 77l Ak PERC Ha, L 52 5 2 5 (14 5% i
125K 52 IR A B A5 A4k Sk 180 °CL 10 A, 30 min.
QRIS 1 2019 4Rl = K IR AR S e
AL AL &R 170 °CL, 18 A, 30 min, 7F
138 O 125 5 T N T SVl . 7 S i e P i
A E R AL B 25 LAk R 175 °CL, 18 A, 30 min.
2 Fe AT A A 1 52 D Ak Ty o Sl AR o T A T Ak B
BRI AR 2 2% (3 25, HL R AORTE 45 °C,
1 sun, 12 hGaE it B AR e, 12 ot EE
FIRCR LT BR R A 2 1% 3635 . 2021 4F Seok
S DS ) A e LA 1 )23 o R 2 KT o)
PERC HL b fie oAb B (52 SR AR B ) (s R, $ T
— P B 325 PERC H vt 41 R 6 45 90006 2 40 B
e, RP3E bl o - A 2 PR W B (half-bridge reso-
nance circuit) > /8 IV % 3 5 B PE I # F
PERC HL M, MG 3R A5 BE RN 4 1 42 5t Ak B 4%
4. 2022 4F Yuan 55 ! g8 T X R — KRB C2z-Si
B AN R A R il 04 77k Ak PERC FR b 1 JREA67
e M JREER, 453K W PERC ML Y I &2
Ji i B-O it 4 o o e &2 JRGER = S AE M, I Fe-B
XA B R G R R R

S NATRB I B A Ak PERC HL Yt 9 G 52
KM R C 4 s T —sn] E ke, (Hif
7 B ik — A0 B 9 TR ok V8 0 48 00 L R R
PERC HLith Y58 X & I35 J5 i BRALT AT R 48
B % R B0 907 20 4 ik PERC H It O B ) BT R
RS B o AR SCHE SCHER [ 13 )R [ 15 ] A% S filh |- F
— 25 X [R] — MR Mk A 45 B B AR R R R [R A
ERE R 1 7l Ak PERC B I J& T T4 G 52
A G R IFGE . DF9E T &E A 7 & Al 0 ™= A
FA) 4 o R J3E 11 25 57 X5 Tl Ak PERC HEL th Y6 568 T H 7
ANZ R, IF50 0 T AR B A A il i =
Al Ak PERC H 3t 38 FI AR T 25 S i R R, BT 4R ASH Y
WF5E 45 5 0 72l Ak PERC FE i ) ' 28 RT3 A0 B
PO T ST, X E— 2B A b AR B
A5 PERC MLt 1O BAT — 8 B 2% B A s
SR,

1 5L I

7E AR B A6 K BH BB 90 42 0 Cz-Si# [ Dk 3]
FE ] b — e BE B ) E) H 5 2H 180 um /& . 156.75 mm
x 156.75 mm MBI TERE o (i AL BORE 5 25
TR TS (ICP-MS) I & T i J ik U 4 2% o
CBR A B R B it ol = IR L AR e 21 A1l
TEAL I T 4B 9 2 mm JERE A LURA E R B4R
W o DU A A T Ar AT
650 °CHR Jk 2 h i B #4325 19 ek F 1) H BH R 1]
A RN RE R 09I i . (8 w=20% i KOH 7K ¥ i
1 80 °CHpfik I F R LBRZAY 8 um, K5 1HH
PEALYHE 760 CCHEAT TR A RE R 1 F R4
AR 25 nm 1Y Si0, B, 5 J5 {8 ] SemiLab 2
A AR 7 B9 WT-2000 A & 1/ R 19 /054
¥ ik A i B PERC B A T2 KB F .
KOH il Bt 32 IF 4%, #£ 850 °C'F POCL Y™
HOE L2 85 /I & FH#k , {4 F HF/HNO, I W 2
BRmsnt B S A5 45, i FH PECVD #£ 400 °CULFLZY
20 nm AlO,/140 nm SiN 75 fi & 2 4L )2, i H
PECVD 7£ 450 °CULFLZ) 80 nm SiN, 1F 1 Uil J52 5 5,
FETF I BEAL )2 L OIS TE i e il ol 11, 22
ERRIIE . 5T, 5 7E 800 °CRYIEE IR E F 5%
g Bl 41 5 4 PERC i Sk B R H 5 N
P1~P5. W Z Ul IS, Jrifil 4 % PERC L ith oK 28
TG B (5 AR

X B 4l #% B8 5 2H PERC H, i 44 vk k17 15 B 2k
(200 °C,30 min)—%5 1 %5 (45 °C, 1 sun, 12 h)
—HFEAER (18 A, 175 °C, 30 min)—45 2 YOG E
(45°C, 1 sun, 12 h)4b# . Hrp, KR K 7E K=
T ERGE WXD2620 BUm#A & EiifT, 2 dobab
FRYE IVT 23 Al 42 72 1Y VS-6821M K BH e 1t -7 45
PRI B EAT, B ARG JRAE A R SR
B b W o2 e €2 18 - LB L (OB U A R S RILREY
ACRA T min Ry 101 % E SR I H St i B 21 R 2 4
JITLART LAARAS L b A R e RE R £R . 7 S B[]y
MORRR RT BB OR B 10O )R (B A 2
WG ), i SemiLab 2 &) 4E 77 £ WT-2000 il
ASOM A E RS A TP AT T 25K 2 pm, A 1.5 h
B W5 S H I (LBIC, light beam induced current)
KT I U4 N ;S5 D A2 & e U o VR T 2
25 °CH [ J 1% H YL 2% B (U ) VE A suns- W 0 2 19 %
AE, it Sinton 28 &l A2 7 ) WCT-120 P A %)
HLI EAT T suns-V, U & . 78 4 AR 2 (R
KOHT T UOE R B )E E2eEE), H



118 iR R (HARRRARRD (FR9E30)

%62 4

Bentham 23 &) 2F 77 i PVE300-TVT % £ 1l 2 1 3t
7E 300~1 200 nm 3 B i /M i 7308 (EQE, external
quantum efficiency) f1£k . L ULWIAYE, M HAY
SEPRRCE T -V R A AR A, A -V
REPE DRSO BHASEAEL 25 0 % HH OGRS 1 sun,
T L HE PR B 25 2500 208 I97] 4 2 f 45 75 0 L 9tk SE2 P
RN SE5E /N 1 sun,

(1R IS /SN C K- Sibiira e S T8 b | L iR =
ARy | A U E s R N S RSS2 (i
AEEILIR S EEA VRS, WSR2
B g, WERS SR 3B, MRS
AR S . ABTFTINAT RS BN S R R
1] 3 A 55 SCHR [ 16 ] 4138 B9 A — 2, i P 4 Jm 2%
Jo T B AR AR R A DN 1) 23 A5 SCRR [ 17 142 T8 A9 AR —

B WA RAEE R R8RS /2R A R, HiRS
X Cz-Si i /D T A AT AR K U, BrLATE TR
SCR AT 20 Bk 75 R PERC HL OG5 M 52 JRUY

EA

2 ZERATE

R T SHRER SN T . RIBEER
DAKCH . %, B, Bk HRIER A&, InER 1T
N, MWHREEERER KRR RS, A S BRI,

F1 SHRER R AAT CRBHA A A B BRI R R (E
Table | The average lifetime, resistivity and concentration of

boron, oxygen, carbon, iron, copper and nickel of five groups of silicon wafers

ety p B 0 C Fe Cu Ni
215

us (Q-cm) (10" atoms-cm™) (10" atoms-cm™) (10™atoms-cm™) (10" atoms-cm™)
1 28.50 1.96 7.38 10. 13 0.73 2.93 2.01 0.98
2 27.06 1.70 8.53 9.36 0.81 3.44 2.41 1.13
3 25.62 1.52 9. 68 8.59 0. 89 3.95 2.81 1.27
4 24.17 1.36 10. 84 7.82 0.97 4.47 3.22 1.42
5 22.73 1.24 11.99 7.05 1.05 4.98 3.62 1.56

Bl 1454 T 541 PERC HL W 7655 1 ROG &
(45°C,1 sun, 12 h) I HE40340 5% () . ARG LA (L)
JF L (1) FE 58 B 7 (FF) (9 A0 A2 1k il 28 .
1A, A PERC HLLY . 1., V, FMIFF1Y
S I B O FR A [ g 5 O e 2 T AR RN A AR
L, MV RFE, P2~P41EGIE 7 hik it I,
PL7EYEIR 10 hak BN AT, 17 PS7EE IR 12 h A 43
T, IE T rlgg s, PS AEEA ALK
ne LAV, EARKE . LAV, 00
Pl EA @M L. AR FF AR AR D) 7 F1 V.
P3HA R KM . V.. FEAREKH L, FNEA
I/ NV ST E

A iR A TR A 5 & A 1 B ) R Sk
A, P ESes gt B a5 BO-LID AHMEMIYI4, X
Ui Bl PERC HLth 575 1 ¥k % 3% 32 22 J2& 1 BO-LID 1 i
B 2L B-O 8FE A -3 804 A 1-v R
SHUBEIT R FE FOE s A, RS SR (15 ],
PS AR . LAV AE L) St R . LAV, 508,
iR B 35 5 BT ke R e o P R0 R o U 4 i 2 R i
Ao B IR U A A T AN R

FARAR X D7 Hdr (RFF4r), WERE &
B-O it [ L I 4 Jm BOG R IR . PR s Y 1A
AR A FF AT 5 N Ak A B (6K A0 A0 it 3 4
Fe T, EARMIINR L I 4 R s R A R
W AR A Ay VAL BE, S R R BT
1R A L, T R A L B T B 1 HR I LB
(R,) FEMHARAIFF. PLIREKAY V, 080 B 1T g
SRR RRE S A K, PZERKMn. V.
FF FIR R K I T g S HAE I B O & i DL S
R Ik 4 R B B e K

K’ 2 25 1 T 5 41 PERC H ith 75 55 2 kOt &
(45 °C, 1 sun, 12 h) i -V ¥ 2850 09 J5 07 22 1k ith
. ME2FH, LIS Y 1 h, AR
LRI 208, YEAXTEG, P4~P5S 1YV, I
FF N B0 820000 B, 1 P1~P3 4 1, AR FRE
FE, HEER R ATA PERC B Y 4 7E G IR A 54T 1 h
I T B2 0 5. ORI h2Z )5, rf st
1) 440 -V R E S BU AR R E o

JERRIR ) 1 h (5225 FnT LA Fe-B X 119 53+
KR, BHAT: (1) 52 AEPILR B BOWEE



551 TRBL, S JETORFALE AR AR #Y PERC BB AT 2 i AL 119

19 9.10 ]
——P]
i | —
9.00 \ —
- P4
AN o
\ b
S i\ < 890 e,
= ~
17 \\‘%\%W' Lo
8.80 “% T e
b i | B L RO | i
16 ———— 8.70 . ———— .
101 2 3 45 6 7 8 910111213 -1 012 3 45 67 8 910111213
Time/h Time/h
0.645 79
4 — Pl
SN = 784
0.635 P4 \
%\ P5 77 J\)
0.630 = 1
0.625 \ i < % \\\‘
o 7 \x\\, L‘,_‘ -t N
ig | B s e = = & &M
0.620 — 75 S S o p—— -
0.615
0.610 " B R e e e mae
0.605 ——T——T—T— T 73 T ———T—T— T
-1 01 2 3 45 6 7 8910111213 -1 012 345 67 8 910111213
Time/h Time/h

P 55 1 UOEERE S 241 PERC HL I I -V 45V 2 B I 1 ) I 0742 1

Fig. 1 In-situ variation of /-V characteristic parameters of five groups of PERC solar cells with time during the 1st LID
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Fig. 2 In-situ variation of /-V characteristic parameters of five groups of PERC solar cells with time during the 2nd LID
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Fig. 3 Relative changes of the /-} characteristic parameters of five groups of PERC solar cells before and after each process
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the five groups of PERC solar cells with the processing steps
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