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i, TGERAB AT LAET00°C ~900 °C (Y B 12EAT , Ik th, %R FE T L2 700°C . 750°C . 800
"C.900°CE&700°C~900°C H AT IR 5 4 5 BH STt 491 % L AS AR L AR PR i

[0087] WP iEHh , BT i 5 IS B 3R TH 55 R — SR T AR X

[0088] D URA0A . 7EFTIASE IR 5 — R BBl Ak e 45 44 o

(00891 A< BH St ] v , AR 5 1] 2% (1) A PH A H S 280 | B R AT &5, w] DATE SR B 550
— FRTAAE XS (1) 38 3R T AN [ (1) 45 40 , anml DAAE 258 S 179 38— 3R T T R Bl b Bz A 45 44, 4
% i 85 440 A — R BE SE LTS T AE Atk , BLJE 75 R LB i il 4% L2, A T BV
Rl e R W R NI =5 11 e 5 I o a1 S 11

[0090]  WTidkih, Bk 25 PRA04 60 HE «

[0091]  JDURS11 X 86 3R k47 2.

[0092] A< J B S it 451 v, St Ak 228 R 1 220 ok m DA e et % QR VA R AT R 220 ok, vl DA
B W AT BRI Tl , W E R 20 TR B L T, o] DA AR R IR VR S I, SRR
THT 387 A Ak 22 RS DA R AT 20 e, W7 s b, VR A5 Y R0 PT DA /BL R B R VA VR 52 » M FE FR AL IR 1
BT B R B, CRAE VA % B 5 R TR 75 FERRZ ph 1B 0 5 mr DU S S A B SR
Ay = P R SR S, TR B 3R T AT 20 Tl [R] B, i e X 2R — R T I PH R AL 2 5
— B4 EEE IR

[0093] AUk BH St 5 v , 7R 38 — SR HEAT ZI DR AT, AT LA R 28 R I R AL E B Y
BRI A — 15 4% 2, DT 30 4 B VB 52 i ) 4% JE PATINGEL 35 23 s B 160 U FL 0 R, 32 v 77 B ) R 6
FmyEEE,

[0094] AU B S5 Hh , 7 Z) o AT 38 T DA 5 R AT IS U, IR AR X 5 R
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AT B, FETE Ve 2% 0GP R ILEACRS I 56 R0, A 5 Tiis , 8 T PR M+, n]
i, JEYEIE W] DAL AE /KB A SRR SR AR BESE AR R BH St 491 6f b AN ELAR R 1
[0095]  APERS12 FEIEJR A28 3 RMTEEE — B4 K2, R 72 2 /0305 55 — R
PHEYEM = EIEREE — B 2=

[0096] 7 BH St 5 A, £E 0 28 R b AT 2k f5 , T LAFE 28 3R FIR R — B 4+
FHE, K, BB R BT LU K2, X SRR T TR B AR5 3,
WA LAV AR E A B P R A B 015 8, S — B AL R Z 5B B R ER SR K
RUASIR], i, Ay DL R = U0 , a0 % B 73 AR K VAPCVD (Atmospheric Pressure
Chemical Vapor Deposition, s F A= ABUTAR) Wit 3 269 hn #HE i3t 55 07 XA T8 443K 15
FB—BIE R E, BARTT R Z TR S — R TR B R B AR, Al E S,
TEMEANFBAA

[0097] A& BH St g v, 55— R T A PH A4 58 A0 278 28 3R I I B AR A B FE v, 22 X0 2
— R E N TTER B ATE R RS B 2R3 AR L BT 1A R 2% BT 70 2 1 3548 28 A it
) 1e] 3, ey FELVB T R

[0098]  w]afhh , BT i e T AA 2 AR LA 355 ek Y M g A B 1 22 2D —

(00991  w]ikth, prid - T 44 2 DR df AR T SR FE 2 RS0 L AR S TE S B0 TR 30 L 40
KIESR I 2 b —

[0100] A% BH STt e , 2 A4 2 B A R AT DA ek L o A A v s v 1 22 2D — b, o of
TR AT DA A e e MBS I Al A ke e B B 2 A Ve IR A B AL A B A IR 2 SR E
(R di A T 3R AT LLALHE 2 S T30 L AR A TSR B de T 30 9K 3 (1) 28 20—, G e
SARZ MR LR 2 i AR SR R AR L 9K, BE 2 A AR SR B AL RS, R
R B S it A5 6 e AN EL AR i) .

[0101] W]k, BTk P IRS 124045

[0102]  JBERS121FERTIASE — 3R B S48 Z , AT - S JZ 1l f b, [
WA TR TR BT U R B AR SR TR S — B SR =

[0103] A BHSL 5 , T LLSR F R AL 15 J 07 53T 58 — B A R Z 1 4%, RIFETE
B FAR 2 B RE R RN SR R AT T R B 4%, dE— P 1 IE v DUAE - S48 Z AT B AL
5 %5, X EAT700°C ~1000°C 1B K ALEE , LISk G 58 @ R 5 — B 0 L SR 2

[0104] A B SLHt ] , 782 S AL 48 7 5 R K 2l N — 8 2 A N R EBUE —
St SR E EATRRIE AL 2B E AR IS 2 T2 vl UK 25— 15 2 Sk 2B 14
YER, Tt G 56— 45 2% 1 AR JZ W B AR

[0105] &=,

[0106] W], ik P IRS12, f4E

[0107]  PERS122 FERTIRSE — R TR 36 =

[0108]  JBERS123. X ik R Z AT U R B 0B RGP IR S — B A 6 =
[0109] 7% BH St 51 A ik v] DASR AR AL 35 2 07 V%, RIS DTRAARAE R B (1) o 34K )2, 7
e R VTGS TEX - RIE R AT TR B 0 B, LU R — B 4L K2, T it
X AR Z 5 22 7 VB S AR B VE B FENGIR K51 B 20l A it 7 vk
S5, A BH S A9 % HE AN AR AR PR 1)
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[0110] AR Bt @i, ¥ FARER TR T LLBE$ECVD (Chemical Vapour
Deposition, THAVIANE %) \PVD (Physical Vapor Deposition,¥)FESARYIAR) %%,
BT iR CVD 7 ¥ F5LPCVD (Low Pressure Chemical Vapor Deposition, & 714k S AHVT
FU%) PECVD.APCVD HWCVD (Hot Wire Chemical Vapour Deposition, #2225 HPTAVETT
75 HR 2D — B IR PVD T VA AR RAFE WS , 2R JR A5 07 AR R A 8 28 T ik b, 2T
PAide FH E3dk 77 SO AE R AL~ AR JZ BURAL B 8 1 28 — B R K2

[0111]  mdehh, Brid - 34k 210 )5 B 9 20nm~500nm.

[0112] A& BH szjita (3 v, 2 544 2 1) JE FE /T DL N 20nm~ 500nm [a) ) /£ 2 H0UE , W120nm.
50nm. 100nm.300nm.500nm%%: .

[0113]  PERS13.FE 2 — R P P45 E X TRESR R — R AR PG 00 R L 3 RV AL
PR R — R — B R RHE

[0114] AR5 , 7255 3R Efl& S — B Ak KR TR R BUE — R IHTE R
GRYHU R — B AR SRR I, AT RL e DR B A — SR B P A 8L =, 0 B — R R SR
BN — B AR Z AT 250k, ik, 238 — B Ak R ERZ IR T L2 % Reic 2%
HUCEAE 7 L BRBH 4 A A SO LR AT £ . a0, SR B NHliE U T2 2Rk 2 —
KNG EERAERTEAEE 2 AR B4 S48 )2 , vk hh, v LUK g e
Tl iy U B U i 25 I 2 B, Hoh A — N el 2 AN A4, R A b ) 9 T 5
B XS B, B HE 2R — 15 2 SR 2 U RE RS B8 — SR T M) N IR N T AR R A 2
o, Rl A AT DL AL FE SR AT Bl S A AN R, R R I A — R i RS BE ) 2R — B R
PR R LR B RIS — B4 PR R 58 4 IR B Bl B8 70 R B o Tk b, R B
N EMBRE T 28T DU K B2 B, 7K R B A fik B J 5 — SR TRk /K, AT TR J /K, 7K
FESRT DARH 1 7R AR I I A AR 25 — 3R TN 28 — B 44 SR E M 2Bk .

[0115] A B SEHiAH, ATkl , 2456 — B R SR Z R0 A AL E I, AT DU FAE =X
Wi BE T2 2 A= AT LLAE JR A 45 28 7 1R h 4 A Bl B A0R K TR TR G, AT DLAESE
SRRz 2 I0E7 P SN ENGIE v & SUR Sl b A0 IR @ G2 B RPN W bR R
ZEREE RS BN — Bk R, MR R AR TR T 28— R AL
J&, A EREE A PR T AR AR AL = AR A R i e b, 28— R N S Y
F—B A RREP R, T 2R R 2 — B 0% 2 R E 13 215840 Z 1 ORI AR
[0116] A B St 5w , B i % X 25 B T 2 Fhade v DU 5 18 5 /K B A2 7, FRIE Bt
BB ) S TR 55 25 VAT, 7 L Bk B VAN 5 4 T 23 RGP, £ K B R AT
AT DA IN S A BRVE TR IE e, DL — B IRRE R RN & B s 7R, A TS
VB AT DAAROR IR B IS 4 8 0 7 2 2, 3 B <6 i 30 7 00 D BH HL Vb F) 2R BB 520 o P kb , 38 AT DA
BT DR, A3 A L AR T TG, B ARG e s SR s T AR I Ik 4

[0117] AU B SERt b, 7200 5 — RN SE 3R 1 4 T o R B ARG 2B — B ¢
EEE-BIREREEE, UL ERE B Z B EAN ), nT ik, 7T LR AR
T A SR IRIE AT IF U, ik — 21, 18 T DLEFE HA IS P P 3R, ek R SRR L SR AUK K
e, DRAIEIS TS AR, EBR S — 2L 25, 38— R0 SO R NN T 14 %, NTTIREE T 28
— KRR SR G S50, S 7 I R . 4 255 SRR AL 3B B b mT e
SECE AR 7 HAl AL )Z , w0 m] U6 28 3R B AR AT B A K
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SE it 451 %oF AN A LA TR i

[0118]  mJ et , Bk JE I 28 SR AT IR 38 — B 4 AR 2 2 (R A RS 2 S0 2, pr i
b o Bk 2 A FE A ARE

[0119] A BH St o) 1 , 76 2L R 58 R I A — B4k SR ZE 2 M H R 7 8L 2
AT R, B 2 Bl E R AT DU AR B B 2 A R T DL IE B A4 EE &R L BUR
FE VR AR BAHE SEAAR R RE R I 2R 2D — i, AR DR B St 9 % AN A ELAARR 1] o HL A
(1), 1% 2 Bl A 2 ] DL S AR

[0120]  mT i, % 27 Btk )2 10 2 N0 . 5nm~5nm.

[0121] A W st o v, B8 2 B0 )2 10 B AT LSO . 5~ 5nm A] (AT & UE , @10 . 5nm,
Inm.3nm.5nm3% , A% &7 BH S it 451 %) AN VE HARER #1

[0122]  mf et , 7@ IS R A 35 4 07 45 BB — B4 SR ZEE, iDL B — B4 S48
JEREATIR KA, T 28 — ki b R BRI RS SR E R N BN 2 AT —
B SR Z A SRR FE P, BE B AL 2 B S e AR R R AT AL B LA R 2R R
% 2 Bl A J2 A CRAIE AT 255 SR 110 ) N B 2 () 3R AT 3R T A B, $2 L Vb R 280%

[0123] A B SEHfsH , i v] DA 2B — 45 20 )2 Bl AL el 45 0 R s A DhRe )2, dnfifh
JZ AR, A TTAS 21 K BH BE FEL I o AT 1, X 55— 45 AR 2 R 5 T2 v DL N AN
(35 2 T2, B ARG BE s S ALY BT DL oy — S #Ad ik, ARSIl A
N GRT DUAR S 120 B 75 SRR B0 VAT e B W AR R T O A2, A B SIC i A9 %) 1 A
AR i) .

[0124] 678t 1 A A BH S il 9 3 i 1) 55— FPOK A e FE VB I 45 H s B I, il 6 T 5 1%
X BHEE F b A AR AR 501 V3 — B 24 2502 4 —flifk 2503 L 45— FL #2504 L B% 2 4l AL |2
505\ — B4 SR 2506, 5 HiILZ507. 55 T H 508, BARK , B 2D 401 2 20 58404
FIT 38 1% 2 B 6 HEL e 14D 1) % 7925 5 1 6 B s 149 K BH e R Jth Py ok 4 ik R 4 R s

[0125]  $2pbRERLR501

[0126] R FBBIA VBN Ak 25 S50 11 28 — R 3E AT A AL AL B SR AR & 7 BE 1~ 35 R~ v 2u
i R 45 44 5

[0127]  7E700°C~1100C T, R AL B s AL I B BO BT i 28 — R i it A7 il
BUAL IR T A5 441 85— 5 44 J2502, FF7E 38— 15 20 2502 F % iU FE 29 100nm ) FH 448 4k
J2, 515 2 Z 50200 R ITHB 4K B N1 =1 X 10""~5X 10" cm-3;

[0128] S k2 EC 501 1 27 — 2% [T 3k AT o IR Vs VR BB v o 1 ) ok, B B AETE BB — 45
2250200 KPR A AA 2 B R S AR 2R R i BRI SR =

[0129]  7E %5 T b RFE 7 54k 2505, - 7ERE 5 8lik )2 505_E T il e =45 21 55—
B SR 2506, Hod, S R A7 45 28 07 v I8 AL S S5 SRR 1B 245 A4, AR TR
B 2 7 A ] DLl = SR S 1 N5 4R

[0130] {7 FH 4tk s e At s e B A2 1l 46 56 — 15 4 AR 25061 it FE 2 — 3%
[ T R G55 2

[0131] R A8k s = p) SR BRI T LB S — B 0 2502 E R £ 5402

[0132]  7ESH—15 442502 LR AR —BlifL /2503, 7E 28 — 15 24 - SR Z506 - JE Rl 28 — 5l
K JE507

W

op¥
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[0133]  E 454l 2502 F IR —HL i 504, fE 55— B 442 SR 2506 I 58 — it
508.

[0134] A B St 451 , 76 1) 2% A BH e FEL Y 14D 3 R v, s o) ik 58 UK 55 — SR THI 1190 81T 465 44
WG I 2 RS K F &S 2um, H/NF-5um, T & 735 10 P RS8R, 0 AR BN 7
B, DRI, 38 3 e 7 B 65 ) DR I Ak 2 JER S ST 28 A5G, DM IS IR IR 400 8 1080 2k 47 T e
JE P KT 1 5nmi) B4 A0 2 B 3o R v St R T 45 R B R, DR, BEL P4 5000 2 1 S R T LA
PR G REREAE F , t R I 38 G T A JE G R BH A L v MR BE 2, 2 S R T R BH AR HE
MRIRR

[0135] PR 7o tH 7 A B i i 5] i 46 140 28 — P K BH 6 R Vb P 1) % VPR S0 BRI AR I,
KITHTN , 120772 0] LA -

[0136]  DIR601 4R ALAERE.

[0137]  2DIR602. 75 Frid i 3 I 1) 56 — R M W B - 38 I 9K THI 25 740 , BT ik 48 T 465+ ik
& PR RS R T E0EE T 2um, H/NT-5um.

[0138] A%k B St v , 25 601 Z5 35 602 7] %of I 22 M i iR A2 B 101 28 42 B 102019 A 5%
kR, kR B RN TR .

[0139]  ZBHR603 % Fridk 25 — R M EAT 0 &= B A B [F 0 T B — 45 2% JE AL T i 26
— B2 ERRESEAE, IR TG R AR TTIAE TG & VAR T R T 2D —Fb, BT ik B 4%

IR JE R T 15nm.
[0140] 7S BH SE it 51 o, 25 BR603 ] 3o . 2 IR Tk 2 BRA03 A AR S il , vt e A, #E 1tk
AMEZEIE -

[0141] AT idkh , Bk S8 K 1) 5 — 3R 1 5 56 — SR THI A

[0142]  2DIR604 . 1E i 2 1 28 — 3R T P BEifb 2

[0143] AR B S Hta 7] , B 75 25 — R 1 - Bl AL B 45 44 41 , B 0T DL BB 70 SR K 1) 26
TERTH T AL 2 M) S5 R T AN R BB L P aE b, AT LLIE I PECVD (Plasma
Enhanced Chemical Vapor Deposition, & & FRIG a7 SAHTTARE) R ZUTARSETT
VETE AL 2, AR BH S it 90T AN A LA PR A1

[0144] ATk, Bk BiAL 2 ARG AL AE A0 R R R RE VLS IR RE LR A
EEH I ZE D —Fh,

[0145] Ak B St fslh , i v] LATE 25— R _EIE RREEALZ , AN E AL 2 R8T LUAHE
WA DLANE] , HABEAGZE AT DL B E R T DO PR Z BA b, o] LR — FiobA kAl mr BLSR FH 9
PLERIR L, tnslith )2 AT LIk B R AL i B RE L B R AL RE VR AR A RE IR R I &
ARl S 2% B STt 45 % e AN AR L AR PR i

[0146] AR B S Hta 7] , 18 v CAAEBE A 2 b 1) % B b, B A 1 1) 4% 1T DR AR RN 9 42
1k #& 7772, nPVD (Physical Vapour Deposition, ¥JBERSAHUTER) 7732 22 W BRI 7%
B 775 T 7 VO G B 1 R T VAR I — R AP LA b s AT g b, 7 AR
FEe, vl DAALHE — AN B AN DL R R A EE R, Fod, IR RS R L& 100°C ~900°C 5 1]
R, ARV EEAE 2 43 05 7 ) LRI R DA 43 AR S A S AR VR B VR VR VES B & b —
T sk, A i B S it 5 6 S AS A L Ak B £

[0147] A B St 5 A, mp DAstE FH 22 9 B %) 5 2R Rl &5 81 L 4 220k, 2R J5 @ i 500°C
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~900°C I kegh 1T 2808 K T2 56 Bl £ L , Bl th mT DL S AdE FHPVD 7 v il 48 Fh 7 2 I
TEAZAN T, SR 5 PR FH EL A 7 92 ) 46 NG » o i i D DGR KT R AR, Bt mT DLSE I
W95 7 VR T R T 2 SR 5 R R B v N, 5 e 1ok FH AR K 58 B R AR okl %, A B SIC it 491
SXof H A ) 6 B 7 VAN ELAARBIR i1

[0148] W8I 1 A BH S it 49 3 it (19 S — oK BH g L VB I 45 M s B I, I8 Pl 5 1%
KPHEE b A FERE L R T01 .3 — B 24 2702 48 —flifk 2703 45— H k704 5 T 45 24 )2
70555 AL JZ706 55 HL R TOT . BAKHY, JE L5 IR601 2 5 IR604 5T A 1) K BH AE H b fr) )
2% 71, B8 T 7 1) K FH E FEL VR ) i & ek AR U R TR

[0149]  #RALAEEFRLJETOL,

[0150] R BRI S 0 ik 22 JIC 70 111 28 — 3R T HE AT SV Ak b 3R 13 & F IE 1 P RS N
2. 5umf) gk I 25 4 5

[0151]  #E700°C~1100°C T , 2R FH IR AN sl AL B =0 A BIO Birads 5 — R i ik A7 9
B BEIE 45 4 1 56— B 42702, FRAE 2R — 1B 2R JZ 702 bR 5 FE 2N 70nm ¥ BH #4804k
2, BB AR R T02M R 5 24K N1 =1 X 10" "~5X 10" em

[0152] X7 dd R 701 A B8 R i 1t AT e IR VA VR Bl R ) ) o

[0153] 5 28 R T 5 2 B R1S 1 45 22 2705

[0154] R A8k s A p) SR BRI LB S — B 2702 BRI P50 2

[0155]  FEEH— 42702 LR R — itk 2703, R B 42705 LR R — 8L 2
706;

[0156]  #E%5 4tk 2703 FIE R EE —HL B 704, 7E 58 — 4k 2706 _E TR R 58 —H %707,
[0157] AU B St g v , W agethy, % 28 — 45 % )2 I B45: 2 T 20mT DU 6 D9 AH Y. 1) 1 42 2%
T WAL B e AT T DL o = SR B R AR ST AR N R RT B
FR A T2 N 75 SR A BB 2 Y B AR TR a2 A e B 2 e 481 ) L A A8 L A PR
il o

[0158] A HH St 451 , 76 1) 2% A BH B FEL v 14D 3 R v, s o) ik 258 UK 55 — SR THI 1190 48 1T 465 44
W & R T2 RS R F 80 EE T 2um, H/NF-5um, T & 735 0P RSHROK, AR BN 4
B, DAL, 7 38 0 4 o 5 4 A DR UF e S B R A R A AR, SRR S B R O T R ik B E 4%
i1 25 74 b T8 R B K 1 5nm 1) B $4 58040 2 1 e B2 R 6 % 1 45 46 3R , i, BEL #4480 40 2
10 JE B mT LLIA B R4 (8 BRAE B, 0 R B ik A 1 )R S8 A 256 K B e R VB PR B IR S, I 2
PETH R BHBE HE ) 250

[0159] P97t 1 A s BH i e A9 4 (AL 149 285 DU ot S B 18 B B 1) 1) 8 5 V2 1 20 BRORAZ I,
KI9FTN , 1772 A] LA «

[0160]  DIRS01 . 4 ALAEHRE.

[0161]  2DIR802 . 75 Frid i 3 J 1) 56 — R W W B 38 I 9K THI 25 440 , BT ik 481 &5+ ik
& PR RS R T E0EE T 2um, H/NT-5um.

[0162] A% B St vh , 5 8801 Z 35 18802 1] Xif . 2 I i iA 5 IR Hh 101 = 4 B 10211 F 5%
kR, kR B RN FEAR .

[0163]  JBBR803 X Frid 2 —RIMFHAT TR B RS — B4 Z, iR Tt Rm AFEIITA
oG E VAR LR Z > —Hp
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[0164] A BRSS9 1 , 0] LA 88— R AT U = B R TR R — B 42
PRI B T AR NS — R ok 250 g AT A LR B E — 5 20 )2 LI BH 1
AACE, I, iTDCR T 2 Mot R 5 240 B 75 U0 56— R BT o R B 4%, AW H A
N A DUAR S BAR 7 SR AT 4%

[0165]  mIikih, Frid 2 BR803H ik S R B A A B NI B T 2 B IR A BUR A 5 7 H
H ) —Fe

[0166] AR BASL ]+, TC KB A B AT DU A BT 20 B TR N BE AL 15 4 14T
— i, Hod, BB 2] X NS IR TR D B 403K A IR, O A, AR AR R
B FENAT DL EARIR R, XS TTTARR 6 R BVAIR G & 13 F AT s, AAE T TTAMR S & Bk
VAR TR B T NS — 3R TR R — 45 2= )2 5 JEAL 45 2 v] LA T i 56 — 3R T 17 [
BN SR R TG R SUREAT B 2, Wi 1 3B — B R EM A=,

[0167]  2DIR804 75 Tk 35 — R [ I SR 1HI 45 74 b, X RTIR 5 — 45 20 2 AE AL T BB 4 4 A
2

[0168] A B SLHfF , il AETE R — B 0 2 G, W IR 35 — B 40 AT e 4L, LAAE
BB E BRI RE AL 2, ATk . 5 BRS04 ] Xt B 2 MR AT I 25 B 203 1 AH I ik , v ke
REL, FILAHER.

[0169] Wl ikHh , B il 5 IS 2 — 3R Th 55 28 — R T AR X .

[0170]  DUR805. 7 Frik LR ¥ 25 — R T A Bl A e 45 44

[0171] Ak B SE a5l , 25 PR805 R] Xif . 2 HE T IR 20 BRA04A M FHOCHEIA , il S F &, 7R 0k
AR .

[0172] AR BH St 45, 76 1) 2% O BH B FEL Y 14D 3 R v, s o ik 58 T 55— SR THI 1190 81T 465 4
W & R T2 RS R F 80 EE T 2um, H/NF5um, T & 735 0T RSHROK, AR BN 4
B, DAL, 75 38 0 4 o 5 4 A DR UF e S B R A R AR, SRR S B R O T R ik B 7 48
TH] 485 A4) 1 82 1 JE P K 1 5nm 1) B 4 480 A0 J2 1 e it mb st 4 T 45 A4 A AR, DR, B P4 S840 2
1) JE B mT LLIA B R4 8 BRAE B, 1 R B ik A 1 ) S A 256 K BH e R VB PR B IR 5 i, I 2
FETH A BH BE HE A RCR

[0173] PR 1052 A i BH S it 491152 £ 140 285 i A BH B R VB 1D k1) 2% 7 V2 20 SRV FE I & 10
7R 5 1071 LA G -

[0174]  JB9%901 FRAEREILE .,

[0175]  2DBRI02. 75 Fridk i 3 I 1) 56 — 2R M1 W B - 38 I 9K THI 25 440 , BT ik 48 T 465 #) Bk
& PR RS R T E0EE T 2um, H/NT5um.

[0176] A< %% B St v , 22 B8901 Z5 45 902 7] of I 22 M i ik A B e 101 28 42 BR 102119 A 5%
kR, kR E S R FEEAR .

[0177]  PIRIO3 AT IR B — R M FAT G KB R E — B2 TR e # G T IA
oG E VAR LR Z > —Hp

[0178] Ak B S5l , 25 PRI03 M Xif W 2 HE i IR 25 BR803 1 FH G IR , il S FH &, 7E 0k
TR .

[0179]  DERI04 LT IR 85— R I G 4584 b, X BTk 28— 45 2 |2 IV A T BUPH £ 4804k
2
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[0180] Ak BHSEHtfh , FTLAFETE WS — B 2 IR Ja , M TR 56 — 5 2R 2 kAT 84k, LFE
B2 E P IYEALZ , ATk . 25 BR904 7] X N 2 I8 TR 25 203 O Filiid , Ayigk
RER AR,

[0181]  W]afhh, BT ik BL R 28 — 3R 1 5 56 — R I AHXT .

[0182]  JPERO05 . 7E BTk FL I 28 — R X AL 2

[0183] AUk B St , 22 BRO05 AT X 8 2 FE FT IR A0 BR6 041 FHOC IR , ik fe B 5T, 7R bk
AR

[0184] A< BH St 451 v , 7 i) 2% A BH B H b 1) 3o R H , 428 | ek 2 K 5 — R T R 4 i 45 44
& B 1) RS R T 805 T 20m, BN F-5um, B T4 #8135 RS ROK, e A BN oy
B, DRI, R0 3 4 7 B 55 ) DR I Ak 22 U e S 2R A5, DR R IR 40T 5 i A0 e 4 7 %
i1 25 74 b T8 R B K 1 5nm 1) B $4 58040 2 1R R R 6 % T 45 44 R 3R , s, BEL #4480 40 2
) J5E B P DA 31 R 4 B FE AR [ I 28F G 1 R S04 J2 0 K B e . b 14 BB 1R 52 e, Sl
PETH R BHBE HE ) 250%

[0185] AR B SE it (93 $2 (1t 1 — P S FH i FL ¥tk , 122 A BH B FE vk 1T 1 22 PRI 8 Tk 1 K BH
FE, Yt %) 1) £ 7 V2 i 4 45 2
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(57) Abstract
This invention provides a method for preparing a solar cell,
relating to the field of solar photovoltaic technology. In the o - 101
process of preparing the solar cell, the average size of the Providing a silicon substrate ../

pyramids in the textured structure of the first surface of the
silicon substrate is controlled to be greater than or equal to
2 um and less than 5 um. Because the average size of the
pyramids is relatively large and their distribution is
relatively dispersed, while ensuring low reflectivity and . . 102
. . o Forming a pyramidal textured structure on a first

good light absorption of the silicon substrate through the surface of the silicon substrate, wherein the pyramids ./
pyramid structure, damage to the textured structure can be in the textured structure have an average size greater
avoided during the formation of a barrier oxide layer with a than or equal to 2 pm and less than 5 pm.
thickness greater than 15 nm. At this point, the thickness of
the barrier oxide layer can achieve a good masking effect,
while also avoiding the impact of a thick oxide layer on the
performance of the solar cell, significantly improving the
efficiency of the solar cell .

103

Forming a barrier oxide layer on the textured structure of —/
the first surface, wherein the barrier oxide layer has a
thickness greater than 15 nm.
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1. A method for preparing a solar cell, characterized in that the method comprises:
Provide silicon substrate;

A pyramidal textured structure is formed on the first surface of the silicon substrate, wherein the average size of the
pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um ;

A barrier oxide layer is formed on the textured surface of the first surface, the thickness of the barrier oxide layer being
greater than 15 nm.

2. The method for preparing a solar cell according to claim 1, wherein the thickness of the barrier oxide layer is greater
than 30 nm.

3. The method for preparing a solar cell according to claim 1, wherein the average size of the pyramids in the textured
structure is less than 4 um .

4. The method for preparing a solar cell according to claim 1, characterized in that forming a barrier oxide layer on the
textured surface of the first surface comprises:

The first surface is thermally oxidized at a temperature of 600°C~1000°C to form a barrier oxide layer.

5. The method for preparing a solar cell according to claim 1, characterized in that forming a barrier oxide layer on the
textured surface of the first surface comprises:

The first surface is subjected to elemental doping treatment to simultaneously form a first doped layer and a barrier oxide
layer located on the first doped layer, wherein the elements include at least one of group II1A elements and group VA elements.

6. The method for preparing a solar cell according to claim 5, wherein the element doping treatment is a thermal diffusion
process.

7. The method for preparing a solar cell according to claim 1, characterized in that, after the step of forming a pyramidal
textured structure on the first surface of the silicon substrate, it further includes:

The first surface is subjected to elemental doping treatment to form a first doped layer, wherein the element includes at
least one of group IIIA elements and group VA elements;

The process of forming a barrier oxide layer on the textured surface of the first surface includes:
On the textured surface of the first surface, a barrier oxide layer is formed by thermal oxidation of the first doped layer.

8. The method for preparing a solar cell according to claim 7, wherein the element doping treatment is one of thermal
diffusion process, ion implantation or in-situ doping.

9. A method for manufacturing a solar cell according to any one of claims 1 to 8, characterized in that the second surface
of the substrate faces the first surface, and after the step of forming a barrier oxide layer on the textured surface of the first
surface, the method further includes:

A passivated contact structure is formed on the second surface of the substrate, and/or,
A passivation layer is formed on the second surface of the substrate.

10. The method for manufacturing a solar cell according to claim 9, characterized in that forming a passivated contact
structure on the second surface of the substrate comprises:

Etch the second surface of the substrate;

A first doped semiconductor layer is formed on the second surface of the substrate, and a first doped semiconductor layer
is also formed on the barrier oxide layer on at least a portion of the first surface;

With the first surface barrier oxide layer protecting the first surface of the silicon substrate, the first doped semiconductor
layer on the first surface is removed using a wet processing procedure;

A tunneling passivation layer is provided between the second surface of the substrate and the first doped semiconductor
layer, the tunneling passivation layer comprising silicon oxide.
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11. A solar cell, characterized in that the solar cell is manufactured using the method for manufacturing a solar cell
according to any one of claims 1 to 10.
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A method for preparing solar cell and a type of solar cell

Technical Field

[0001] This invention relates to the field of solar photovoltaic technology, and in particular to a method for preparing a solar
cell and the solar cell itself.

Background Art

[0002] In the preparation process of silicon-based solar cells, in order to reduce the surface reflectivity of the silicon wafer
and increase the absorption of light to improve the efficiency of the solar cell, a pyramidal textured surface is usually prepared
on the surface of the silicon wafer using a chemical etching method. The pyramidal textured surface can perform secondary
reflection and refraction of light, thereby increasing the absorption of light. In order to reduce the reflectivity of the textured
surface, the size of the pyramids in the textured surface can be reduced, thereby enhancing the secondary reflection and
refraction of light.

[0003] In the preparation process of solar cell , in order to avoid the pyramid structure of the textured surface being damaged
in subsequent processes, it is usually necessary to set an oxide layer on the textured surface to isolate the textured surface
from the environment that may damage it. However, the preparation of the oxide layer may also lead to a decrease in the cell
conversion efficiency.

Summary of the Invention

[0004] The present invention provides a method for preparing a solar cell and a solar cell, which aims to avoid the problem
that the preparation of a protective oxide layer during the preparation of a solar cell leads to low conversion efficiency of the
solar cell.

[0005] In a first aspect, embodiments of the present invention provide a method for preparing a solar cell, the method
comprising:

[0006] A silicon substrate is provided;

[0007] A pyramidal textured structure is formed on the first surface of the silicon substrate, wherein the average size of the
pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um ;

[0008] A barrier oxide layer is formed on the textured surface of the first surface, the thickness of the barrier oxide layer being
greater than 15 nm.

[0009] Optionally, the thickness of the barrier oxide layer is greater than 30 nm.

[0010] Optionally, the average size of the pyramid in the textured structure is less than 4 pm .

[0011] Optionally, forming a barrier oxide layer on the textured surface of the first surface includes:

[0012] The first surface is thermally oxidized at a temperature of 600°C~1000°C to form a barrier oxide layer.
[0013] Optionally, forming a barrier oxide layer on the textured surface of the first surface includes:

[0014] The first surface is subjected to element doping treatment to simultaneously form a first doped layer and a barrier
oxide layer located on the first doped layer, wherein the elements include at least one of group IIIA elements and group VA
elements.

[0015] Optionally, the element doping treatment is a thermal diffusion process.

[0016] Optionally, after the step of forming the pyramidal textured structure on the first surface of the silicon substrate, the
method further includes:

[0017] The first surface is subjected to elemental doping treatment to form a first doped layer, wherein the element includes
at least one of group IIIA elements and group VA elements;

[0018] Optionally, forming a barrier oxide layer on the textured surface of the first surface includes:
[0019] On the textured surface of the first surface, the first doped layer is thermally oxidized to form a barrier oxide layer.
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[0020] Optionally, the element doping treatment is one of thermal diffusion process, ion implantation or in-situ doping.

[0021] Optionally, the second surface of the substrate is opposite to the first surface, and after the step of forming a barrier
oxide layer on the textured surface of the first surface, the method further includes:

0022] A passivated contact structure is formed on the second surface of the substrate, and/or ,

0023] A passivation layer is formed on the second surface of the substrate.

0025] The second surface of the substrate is etched;

0026] A first doped semiconductor layer is formed on the second surface of the substrate, and a first doped semiconductor

[
[
[0024] Optionally, forming a passivated contact structure on the second surface of the substrate includes:
[
[
layer is also formed on the barrier oxide layer on at least a portion of the first surface;

[0027] With the first surface barrier oxide layer protecting the first surface of the silicon substrate, the first doped
semiconductor layer on the first surface is removed using a wet processing procedure;

[0028] A tunneling passivation layer is provided between the second surface of the substrate and the first doped semiconductor
layer, the tunneling passivation layer comprising: silicon oxide.

[0029] In a second aspect, embodiments of the present invention provide a solar cell, which is prepared by the method for
preparing a solar cell in the first aspect.

[0030] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 um and less than 5
um. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, significantly improving the efficiency of the solar
cell.

Brief Description of the Drawings

[0031] In order to more clearly illustrate the technical solutions of the embodiments of the present invention, the drawings
used in the description of the embodiments of the present invention will be briefly introduced below. Obviously, the drawings
described below are only some embodiments of the present invention. For those skilled in the art, other drawings can be
obtained based on these drawings without creative effort.

[0032] Figure 1 shows a flowchart of the steps of a method for preparing a first type of solar cell provided in an embodiment
of the present invention;

[0033] Figure 2 shows a flowchart of the steps of the second solar cell preparation method provided in the embodiment of the
present invention;

[0034] Figure 3 shows a schematic diagram of a battery substrate structure provided in an embodiment of the present invention;
[0035] Figure 4 shows a schematic diagram of a solar cell provided in an embodiment of the present invention;

[0036] Figure 5 shows a flowchart of the steps of the third method for preparing a solar cell provided in the embodiment of
the present invention;

[0037] Figure 6 shows a schematic diagram of another solar cell provided in an embodiment of the present invention;

[0038] Figure 7 shows a flowchart of the steps of the fourth solar cell preparation method provided in the embodiment of the
present invention.

[0039] Figure 8 shows a schematic diagram of another solar cell provided in an embodiment of the present invention;

[0040] Figure 9 shows a flowchart of the steps of the fifth solar cell preparation method provided in the embodiment of the
present invention;

[0041] Figure 10 shows a flowchart of the steps of the sixth solar cell preparation method provided in the embodiment of the
present invention.

[0042] Explanation of reference numerals in the drawings:
[0043] Figure 4: 301 - Silicon substrate; 302 - Barrier oxide layer;
5
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[0044] Figure 5: 301-Silicon substrate; 303-First passivation layer; 304-Passivation tunneling layer; 305-First doped
semiconductor layer; 306-Second doped semiconductor layer; 307-First electrode; 308-Second electrode; 309-Second
passivation layer;

[0045] Figure 6: 501-Silicon substrate; 502-First doped layer; 503-First passivation layer; 504-First electrode; 505-Tunneling
passivation layer; 506-First doped semiconductor layer; 507-Second passivation layer; 508-Second electrode;

[0046] Figure 7: 701-Silicon substrate; 702-First doped layer; 703-First passivation layer; 704-First electrode; 705-Back
doped layer; 706-Second passivation layer; 707-Second electrode.

Detailed Description of the Embodiments

[0047] The technical solutions of the embodiments of the present invention will be clearly and completely described below
with reference to the accompanying drawings. Obviously, the described embodiments are only some embodiments of the
present invention, and not all embodiments. Based on the embodiments of the present invention, all other embodiments
obtained by those skilled in the art without creative effort are within the scope of protection of the present invention.

[0048] Figure 1 shows a flowchart of the steps of a first method for preparing a solar cell according to an embodiment of the
present invention. As shown in Figure 1, the method may include:

[0049] Step 101: Provide a silicon substrate.

[0050] In this embodiment of the invention, the silicon substrate can be an N-type silicon substrate or a P-type silicon substrate,
and this embodiment of the invention does not impose any specific restrictions on it.

[0051] Step 102: Form a pyramidal textured structure on the first surface of the silicon substrate, wherein the average size of
the pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um.

[0052] In this embodiment of the invention, before forming the pyramidal textured structure on the first surface of the silicon
substrate, the first surface of the silicon substrate can be cleaned to remove impurities adsorbed on the surface of the silicon
substrate during processes such as slicing, grinding, chamfering, and polishing.

[0053] In this embodiment of the invention, the first surface of the silicon substrate can be subjected to "surface texturing"
treatment. For example, an alkaline solution can be used to anisotropically etch the first surface of the silicon substrate to
form a pyramidal textured surface. The pyramidal textured surface can reflect light multiple times, reducing the surface
reflectivity of the silicon substrate and effectively improving the utilization rate of incident sunlight, thereby increasing the
photocurrent density and improving the conversion efficiency of the solar cell.

[0054] In this embodiment of the invention, the distance between the base sides of the pyramids in the textured structure is
used as the size of the pyramids. During the texturing process on the first surface of the silicon substrate, the average size of
the pyramids in the textured structure can be controlled to be greater than or equal to 2 um and less than 5 um. Optionally,
the average size of the pyramids in the textured structure can be adjusted by adjusting the reaction time and solution ratio
during the texturing process. This avoids the problem of densely distributed pyramids when the average size is small, which
could be destroyed during the subsequent formation of the barrier oxide layer, thereby significantly improving the conversion
efficiency of the finished battery. It also avoids the problem of excessively large average pyramid size, which would result in
poor reflectivity reduction and low battery conversion efficiency. Optionally, the average size of the pyramids in the textured
structure can be any size greater than or equal to 2 pm and less than 5 pm, such as 2 pm, 3 um, 4 pm, 4.5 um. This embodiment
of the invention does not impose specific limitations on this.

[0055] Step 103: Form a barrier oxide layer on the textured surface of the first surface, wherein the thickness of the barrier
oxide layer is greater than 15 nm.

[0056] In existing solar cell preparation processes, after forming a pyramidal textured surface on the silicon substrate, a
relatively thick oxide layer is usually required as a barrier or protective layer to prevent damage to the textured surface in
subsequent processes. However, in actual preparation, it has been found that a relatively high oxide layer thickness is required
to ensure the protective effect of the barrier layer. However, the oxide layer grows rapidly at the apex of the pyramid on the
textured surface, which means that a high oxide layer thickness can actually damage the pyramidal structure of the textured
surface. For example, a textured surface with an average pyramid size of less than 2 pm will severely degrade the battery
performance and is not conducive to improving the battery conversion efficiency. On the other hand, a low oxide layer
thickness results in poor protection and may cause the textured surface of the pyramid to be damaged in subsequent processes,
affecting the battery conversion efficiency.
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[0057] In this embodiment of the invention, when the first surface of the silicon substrate has a textured structure with an
average pyramidal size greater than or equal to 2 pm and less than 5 pm, the damage to the textured structure by the barrier
oxide layer can be effectively avoided. Therefore, a thicker barrier oxide layer can be formed on the textured structure of the
first surface. The barrier oxide layer refers to the oxide layer used in the solar cell process to protect the surface textured
structure of the silicon substrate. Generally speaking, the thicker the barrier oxide layer, the better the protection effect on the
textured structure, thereby ensuring the battery performance. In the process of a thicker barrier oxide layer, the present
invention can significantly improve the conversion efficiency of the battery. Optionally, the thickness of the barrier oxide
layer can be greater than 15nm, such as 15.5nm, 16nm, 20nm, 30nm, 50nm, 100nm, 120nm, etc., with a thickness of more
than 15nm.

[0058] In this embodiment of the invention, other surfaces on the silicon substrate besides the first surface can be processed
according to the specific application requirements of the battery, or other functional layers can be further formed on the first
surface or other surfaces of the silicon substrate. Optionally, the second surface opposite to the first surface on the silicon
substrate can be polished or etched. This embodiment of the invention does not impose specific limitations on this.

[0059] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 um and less than 5
um. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect, and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, significantly improving the efficiency of the solar
cell.

[0060] Figure 2 shows a flowchart of the steps of a second method for preparing a solar cell provided in an embodiment of
the present invention. As shown in Figure 2, the method includes:

[0061] Step 201: Provide a silicon substrate. Step 202: Form a pyramidal textured structure on a first surface of the silicon
substrate, wherein the average size of the pyramids in the textured structure is greater than or equal to 2 um and less than 5
pm.

[0062] In this embodiment of the invention, steps 201 to 202 can be referred to the relevant descriptions of steps 101 to 102
above. To avoid repetition, they will not be repeated here. Optionally, after forming a pyramidal textured structure on the first
surface of the silicon substrate, the reflectivity of the first surface of the silicon substrate can be adjusted to be less than 12%.

[0063] Optionally, the average size of the pyramid in the textured structure is less than 4 pm.

[0064] In this embodiment of the invention, the average size of the pyramids in the textured structure can be further adjusted
to be less than 4 pum, so that the average size of the pyramids in the textured structure is greater than or equal to 2 pum and less
than 4 pum, thereby ensuring the high or low light reflectivity of the textured structure while avoiding the influence of the thick
barrier oxide layer on the textured structure.

[0065] Step 203: At a temperature of 600°C~1000°C, the first surface is thermally oxidized to form a barrier oxide layer.

[0066] In this embodiment of the invention, step 203 can be referred to the relevant description of step 103 above. To avoid
repetition, it will not be repeated here.

[0067] In this embodiment of the invention, a barrier oxide layer can be prepared on the first surface of a silicon substrate by
thermal oxidation. Optionally, the thermal oxidation method can be dry oxygen thermal oxidation or wet oxygen thermal
oxidation. Dry oxygen thermal oxidation is achieved using oxygen, while wet oxygen thermal oxidation is achieved using
oxygen and water. Optionally, during the thermal oxidation process, the temperature can be controlled at 600°C~1000°C,
such as any temperature between 600°C and 1000°C, such as 600°C, 650°C, 700°C, 800°C, 900°C, 1000°C, etc.
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[0068] Optionally, the thickness of the barrier oxide layer is greater than 30 nm.

[0069] In this embodiment of the invention, since the thicker the oxide layer in the prior art, the more damage is done to the
pyramid structure of the textured surface, and the greater the impact on the anti-reflection effect of the textured surface, the
thicker the barrier oxide layer in this embodiment of the invention, the better the preservation effect of the pyramid structure
of the textured surface is compared with the prior art, and the battery conversion efficiency is effectively improved. At this
time, based on 15nm, the thickness of the barrier oxide layer can be adjusted to be greater than 30nm or greater than 70nm.
This embodiment of the invention does not make specific limitations on this.

[0070] In this embodiment of the invention, in order to avoid the formation of corresponding oxide layers on other surfaces
of the silicon substrate during the formation of a barrier oxide layer on the first surface of the silicon substrate, the other
surfaces can be protected before thermal oxidation to prevent the formation of corresponding oxide layers. Alternatively, the
oxide layers on other surfaces can be removed after the barrier oxide layer is formed to avoid affecting subsequent processes.

[0071] Figure 3 shows a schematic diagram of a battery substrate structure provided in an embodiment of the present invention.
As shown in Figure 3, the battery substrate 30 includes a silicon substrate 301 and a barrier oxide layer 302. Other functional
layers, such as doped layers, may also be included between the silicon substrate 301 and the barrier oxide layer 302. The
present invention does not impose specific limitations on this.

[0072] As shown in Figure 3, the thickness of the barrier oxide layer 302 in the battery substrate structure is 100 nm. It is
formed on the textured structure of the first surface of the silicon substrate 301 by dry oxidation or wet oxidation at 900 °C.
Optionally, in order to meet different application requirements, the second surface of the battery substrate structure shown in
Figure 3 can also be polished. For example, the silicon substrate 301 can be placed in an alkaline solution containing potassium
hydroxide or sodium hydroxide and polished at a temperature greater than or equal to 60 °C to make the second surface a
polished surface, thus obtaining the battery substrate structure. At this time, the barrier oxide layer 302 can protect the textured
structure on the first surface. Then, the barrier oxide layer 302 is removed, and other required functional layers are formed on
the first and second surfaces respectively to obtain different solar cells.

[0073] Figure 4 shows a schematic diagram of the structure of a solar cell provided in an embodiment of the present invention.
Based on the battery substrate structure, an IBC (Interdigitated back contact) battery can be fabricated as shown in Figure 4.
Based on Figure 3, the IBC battery includes a silicon substrate 301, a first passivation layer 303, a passivation tunneling layer
304, a first doped semiconductor layer 305, a second doped semiconductor layer 306, a first electrode 307, a second electrode
308, and a second passivation layer 309.

[0074] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 um and less than 5
um . Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, significantly improving the efficiency of the solar
cell.

[0075] Figure 5 shows a flowchart of the steps of the third method for preparing a solar cell provided in the embodiment of
the present invention. As shown in Figure 5, the method includes:

[0076] Step 401: Provide a silicon substrate.

[0077] Step 402: Form a pyramidal textured structure on the first surface of the silicon substrate, wherein the average size of
the pyramids in the textured structure is greater than or equal to 2 um and less than 5 pm .

[0078] In this embodiment of the invention, steps 401 to 402 can be referred to the relevant descriptions of steps 101 to 102
in the foregoing steps. To avoid repetition, they will not be repeated here.

[0079] Step 403: Perform element doping treatment on the first surface to simultaneously form a first doped layer and a barrier
oxide layer located on the first doped layer. The elements include at least one of group IIIA elements and group VA elements,
and the thickness of the barrier oxide layer is greater than 15 nm .
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[0080] In this embodiment of the invention, a barrier oxide layer may be formed simultaneously on the first doped layer while
the first surface is subjected to element doping treatment. Optionally, the doped element may be at least one of group IT1TIA
elements and group VA elements, that is, at least one of group boron elements and group nitrogen elements. This embodiment
of the invention does not impose specific limitations on this.

[0081] Optionally, the element doping process in step 403 is a thermal diffusion process.

[0082] In this embodiment of the invention, the entire surface can be used to form the doping source, and the first surface can
be doped with elements by means of element driving in the thermal diffusion process through a heating device. At this time,
the silicon substrate can be placed in an oxidizing atmosphere, so that while the elements are being doped, a barrier oxide
layer is formed on the first doped layer based on the thermal diffusion process conditions.

[0083] Optionally, the group IIIA element may be boron, and step 403 specifically includes: performing tubular thermal
diffusion on the first surface at a temperature of 850°C~1100°C to simultaneously form a boron-doped first doped layer and
a barrier oxide layer located on the first doped layer.

[0084] In this embodiment of the invention, boron, a group IIIA element, can be selected to dope the first surface of the silicon
substrate. At this time, the element doping can be carried out at a temperature of 850°C to 1100°C. Optionally, the temperature
can be any temperature in the range of 850°C to 1100°C, such as 850°C, 900°C, 1000°C, 1100°C, etc. This embodiment of
the invention does not impose any specific restrictions on this.

[0085] Optionally, the VA group element is phosphorus, and step 403 specifically includes using phosphorus oxychloride to
perform tubular thermal diffusion on the first surface at a temperature of 700°C~900°C to simultaneously form a first doped
layer doped with phosphorus and a barrier oxide layer located on the first doped layer.

[0086] In this embodiment of the invention, phosphorus can be selected as a group VA element to dope the first surface of
the silicon substrate. At this time, the element doping can be carried out at a temperature of 700°C~900°C. Optionally, the
temperature can be any temperature in the range of 700°C~900°C, such as 700°C, 750°C, 800°C, 900°C, etc. This embodiment
of the invention does not impose any specific restrictions on this.

[0087] Optionally, the second surface of the substrate is opposite to the first surface.
[0088] Step 404: Form a passivated contact structure on the second surface of the substrate.

[0089] In this embodiment of the invention, depending on the type of solar cell being prepared, the application field, etc.,
different structures can be formed on the second surface of the substrate opposite to the first surface. For example, a
passivation contact structure can be formed on the second surface of the substrate. The passivation contact structure is a
preparation process that can achieve passivation of both the back and front sides and does not require opening contact, thus
avoiding the contact range being limited to the opening area and expanding the contact range. It also simplifies the preparation
process by eliminating the need for opening.

[0090] Optionally, step 404 includes:
[0091] Step S11: Etch the second surface of the substrate.

[0092] In this embodiment of the invention, the etching of the silicon substrate can be performed by acid etching using a chain
acid solution or by alkaline etching using an alkaline solution. For example, in the case of acid etching, a mixed solution of
hydrofluoric acid and nitric acid can be used to remove part of the silicon substrate on the second surface for etching.
Optionally, the mixed solution may also include sulfuric acid solution, etc., so as to provide acidic ions while ensuring solution
density and solution surface tension. In the case of alkaline etching, potassium hydroxide, sodium hydroxide,
trimethylammonium oxide, etc. can be used to etch the second surface while avoiding damage to the barrier oxide layer, the
first doped layer, etc. on the first surface.

[0093] In this embodiment of the invention, before etching the second surface, the oxide layer or the first doped layer around
the diffusion can be removed from the second surface, thereby avoiding leakage problems caused by P and N co-doping after
the battery is fabricated, and improving the yield and reliability of the product.

[0094] In this embodiment of the invention, the second surface can be cleaned before etching, such as by using hydrofluoric
acid to clean the second surface. After cleaning the impurities, a second surface with a hydrophobic state is obtained, which
is not easy to get dirty and is easy to dry quickly. Optionally, the cleaning can also include water washing, hydrochloric acid
washing, ozone water washing, etc. This embodiment of the invention does not make specific limitations on this.
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[0095] Step S12: A first doped semiconductor layer is formed on the second surface of the substrate, and a first doped
semiconductor layer is formed on the barrier oxide layer on at least a portion of the first surface.

[0096] In this embodiment of the invention, after etching the second surface, a first doped semiconductor layer can be formed
on the second surface. The first doped semiconductor layer can be obtained by first depositing a semiconductor layer and then
doping the semiconductor layer with elements, or it can be obtained by in-situ doping during the deposition of the
semiconductor layer. The first doped semiconductor layer has a different conductivity type than the first doped layer. In this
case, phosphorus oxychloride can be used to obtain the first doped semiconductor layer by phosphorus ion implantation
annealing, APCVD (Atmospheric Pressure Chemical Vapor Deposition) phosphorus silicon glass heating and propulsion, etc.
For details, please refer to the relevant description of the first surface element doping treatment mentioned above. To avoid
repetition, it will not be repeated here.

[0097] In this embodiment of the invention, the barrier oxide layer on the first surface will protect the emitter formed by
element doping on the first surface during the doping process of the second surface, preventing the co-doping of different
impurity elements and short circuits, thereby improving the yield of the battery.

[0098] Optionally, the material of the semiconductor layer includes at least one of silicon thin film and silicon carbide thin
film;

[0099] Optionally, the crystal morphology of the semiconductor layer material includes at least one of polycrystalline
morphology, amorphous morphology, microcrystalline morphology, and nanocrystalline morphology.

[0100] In this embodiment of the invention, the material of the semiconductor layer can be at least one of silicon thin film
and silicon carbide thin film. For example, the semiconductor layer can be a silicon thin film layer, a silicon carbide thin film
layer, or a composite film layer of silicon thin film and silicon carbide thin film. The crystal morphology of the semiconductor
layer material can include at least one of polycrystalline morphology, amorphous morphology, microcrystalline morphology,
and nanomorphology. For example, the semiconductor layer material can be polycrystalline silicon, amorphous silicon,
microcrystalline silicon, nanocrystalline silicon, or polycrystalline silicon carbide, amorphous silicon carbide, etc. This
embodiment of the invention does not impose specific limitations on this.

[0101] Optionally, step S12 includes:

[0102] Step S121: Deposit a semiconductor layer on the second surface, and simultaneously perform element doping on the
semiconductor layer during the deposition process to obtain the first doped semiconductor layer.

[0103] In this embodiment of the invention, the first doped semiconductor layer can be prepared by in-situ doping, that is,
element doping is performed on the semiconductor layer during the process of forming the semiconductor layer. Furthermore,
after in-situ doping of the semiconductor layer, it can be annealed at 700°C to 1000°C to obtain a higher quality first doped
semiconductor layer.

[0104] In this embodiment of the invention, a certain amount of oxygen is introduced during annealing in the in-situ doping
method, which may cause an oxide layer to form on the first doped semiconductor layer. This oxide layer can act as a barrier
to the first doped semiconductor layer in subsequent processes, preventing the first doped semiconductor layer from being
damaged by alkaline solution.

[0105] Or,
[0106] Optionally, step S12 includes:
[0107] Step S122: Deposit a semiconductor layer on the second surface;

[0108] Step S123: Perform element doping treatment on the semiconductor layer to obtain the first doped semiconductor
layer.

[0109] In this embodiment of the invention, an in-situ doping method can also be used, that is, first depositing an intrinsic
type semiconductor layer, and then performing element doping on the semiconductor layer after the semiconductor layer is
deposited to form a first doped semiconductor layer. Optionally, the doping method for the semiconductor layer includes
tubular thermal diffusion method, ion implantation followed by annealing method, doping source coating and advancement
method, etc. This embodiment of the invention does not impose specific limitations on this.
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[0110] In this embodiment of the invention, the method for forming the semiconductor layer may include CVD (Chemical
Vapor Deposition), PVD (Physical Vapor Deposition), etc. The CVD method includes at least one of LPCVD (Low Pressure
Chemical Vapor Deposition), PECVD, APCVD, and HWCVD (Hot Wire Chemical Vapor Deposition); the PVD method
includes magnetron sputtering. In both in-situ doping and non-in-situ doping methods, the above-mentioned methods can be
used to form the intrinsic type semiconductor layer or the in-situ doped first doped semiconductor layer.

[0111] Optionally, the thickness of the semiconductor layer is 20nm to 500nm.

[0112] In this embodiment of the invention, the thickness of the semiconductor layer can be any value between 20nm and
500nm, such as 20nm, 50nm, 100nm, 300nm, 500nm, etc.

[0113] Step S13: Under the protection of the first surface of the silicon substrate by the first surface barrier oxide layer, the
first doped semiconductor layer on the first surface is removed by a wet process.

[0114] In this embodiment of the invention, the preparation of a first doped semiconductor layer on the second surface may
result in the formation of a first doped semiconductor layer diffused around the first surface. In this case, the barrier oxide
layer on the first surface can be retained first, and the first doped semiconductor layer diffused around the first surface can be
removed. Optionally, the first doped semiconductor layer may also form an oxide layer due to process conditions, and this
oxide layer should also be removed before removing the barrier oxide layer. For example, a chain alkaline cleaning process
can be used to remove the first doped semiconductor layer, which is mainly amorphous or polycrystalline, deposited around
the first surface. Optionally, a roller-type or conveyor-type chain single-sided film removal process can be used, which
includes one or more tanks. The liquid level in the tank corresponds to the height of the silicon substrate. The first surface of
the silicon substrate, including the first doped semiconductor layer, is immersed downwards through the liquid level in the
tank. The tank may include potassium hydroxide or sodium hydroxide solution. Then, the first doped semiconductor layer
deposited around the first surface of the silicon substrate is removed, and the first doped semiconductor layer on the second
surface is completely or partially retained. Optionally, a water film device can be added to the single-sided chain stripping
process. The water film device sprays water onto the first surface of the silicon substrate to form a water film. The water film
can prevent the first doped semiconductor layer on the second surface from being removed when the silicon substrate passes
through the tank.

[0115] In this embodiment of the invention, optionally, when there is an oxide layer on the surface of the first doped
semiconductor layer, a tank alkaline cleaning process can also be used. The oxide layer can be formed by oxidation or oxygen
annealing in an in-situ doping method, or it can be formed in a non-in-situ doping process or in a process such as element
diffusion. The silicon substrate can be immersed in the tank cleaning alkaline solution to remove the first doped semiconductor
layer diffused around the first surface. The oxide layer on the first surface is removed by a chain single-sided film removal
process, and all or part of the oxide layer on the second surface is retained. In this way, in the immersion tank alkaline cleaning,
the first doped semiconductor layer deposited around the first surface is removed, while the first doped semiconductor layer
on the second surface is protected by the oxide layer and is not damaged.

[0116] In this embodiment of the invention, a water washing process can be added to the single-sided chain-type film removal
process to clean the residual hydrofluoric acid and other film removal solutions, preventing the residual liquid from affecting
subsequent processes. Optionally, before this water washing process, a cleaning process containing hydrochloric acid solution
can be added to further reduce the residual metal ions on the substrate surface. The complexation effect of chloride ions can
greatly reduce the metal ion content and avoid the impact of metal ions on the performance of solar cells. Optionally, a drying
step can also be added to dry the silicon substrate surface and prevent it from being contaminated with dust or impurities from
the air or tooling fixtures.

[0117] In this embodiment of the invention, after the first surface and the second surface are respectively subjected to
elemental doping treatment to obtain the first doped layer and the first doped semiconductor layer, the barrier oxide layer on
the first doped layer can be removed. Optionally, a chain-type or tank-type hydrofluoric acid solution can be used for cleaning.
Further, other cleaning steps can be included, such as using hydrochloric acid, ozone water, water washing, etc., to ensure the
cleaning effect. After removing the first oxide layer, the reflectivity of the first surface should be less than 14%, thereby
retaining the textured structure of the low reflectivity of the first surface and improving the conversion efficiency of the
battery. In addition, the treatment step of the second surface may cause other oxide layers to form on the second surface.
Optionally, the oxide layer on the second surface can also be removed. This embodiment of the invention does not specifically
limit this.

11

SEG Solar, EX1010, Page 36



CN 112635591 A Description Page 9 of 15

[0118] Optionally, a tunneling passivation layer is provided between the second surface of the substrate and the first doped
semiconductor layer, the tunneling passivation layer comprising: silicon oxide.

[0119] In this embodiment of the invention, a tunneling passivation layer is further provided between the second surface of
the substrate and the first doped semiconductor layer. Optionally, the material of the tunneling passivation layer can be a
dielectric layer. The material of the tunneling passivation layer can be selected from at least one of hydrogenated amorphous
silicon, silicon oxynitride, silicon carbide, silicon nitride, aluminum oxide, and silicon oxide. This embodiment of the
invention does not impose specific limitations on this. Specifically, the tunneling passivation layer can be silicon oxide.

[0120] Optionally, the thickness of the tunneling passivation layer is 0.5 nm to 5 nm.

[0121] In this embodiment of the invention, the thickness of the tunneling passivation layer can be any value between 0.5 and
5 nm, such as 0.5 nm, 1 nm, 3 nm, 5 nm, etc. This embodiment of the invention does not impose any specific limitation on
this.

[0122] Optionally, when preparing the first doped semiconductor layer by in-situ doping, the first doped semiconductor layer
can be annealed to transform the semiconductor layer on the second surface, which is mainly amorphous, into the first doped
semiconductor layer, which is mainly polycrystalline. During this process, tunneling pinholes will also be generated in the
tunneling passivation layer. These tunneling pinholes are beneficial for the tunneling passivation layer on the second surface
to better carry out carrier transport while ensuring the passivation effect, thereby improving the efficiency of the battery.

[0123] In this embodiment of the invention, other functional layers, such as passivation layers and electrodes, can also be
formed on the first doped layer and the passivation contact structure to obtain a solar cell. Optionally, the boron doping
process of the first doped layer can be replaced by a corresponding phosphorus doping process. For example, boron bromide
diffusion or boron chloride diffusion can be replaced by phosphorus oxychloride thermal diffusion. Those skilled in the art
can adjust the wet cleaning or electrode formation process according to the process and application requirements. This
embodiment of the invention does not impose specific limitations on this.

[0124] Figure 6 shows a schematic diagram of another solar cell structure provided in an embodiment of the present invention.
As shown in Figure 6, the solar cell includes a silicon substrate 501, a first doped layer 502, a first passivation layer 503, a
first electrode 504, a tunneling passivation layer 505, a first doped semiconductor layer 506, a second passivation layer 507,
and a second electrode 508. Specifically, the preparation process of the solar cell shown in Figure 6, through the solar cell
preparation method described in steps 401 to 404, is as follows:

[0125] A silicon substrate 501 is provided;

[0126] The first surface of the silicon substrate 501 was textured using an alkaline solution to obtain a textured structure with
an average pyramid size of 2 um;

[0127] At 700°C~1100°C, boron diffusion treatment is performed on the first surface using boron bromide or boron chloride
tubular thermal diffusion to form a boron-doped first doped layer 502, and a barrier oxide layer with a thickness of 100nm is
formed on the first doped layer 502. The surface doping concentration of the first doped layer 502 is N1=1x10""~5x10?'cm3,

[0128] The second surface of the silicon substrate 501 is etched with a chain of acid or alkaline solutions to remove the coating
that diffuses to the second surface during the formation of the first doped layer 502 and the barrier oxide layer.

[0129] A tunneling passivation layer 505 is formed on the second surface, and a first doped semiconductor layer 506 doped
with phosphorus element is formed on the tunneling passivation layer 505. In the case of in-situ doping, a gas such as
phosphine is used as the doping source gas, while in the case of non-in-situ doping, a gas such as phosphorus oxychloride can
be used as the doping source.

[0130] The wrap-around coating formed on the first surface during the preparation of the first doped semiconductor layer 506
is removed by chain alkaline cleaning or tank alkaline cleaning.

[0131] The barrier oxide layer on the first doped layer 502 is removed by using a chain-type or tank-type hydrofluoric acid
solution;

[0132] A first passivation layer 503 is formed on the first doped layer 502, and a second passivation layer 507 is formed on
the first doped semiconductor layer 506;
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[0133] A first electrode 504 is formed on the first passivation layer 502, and a second electrode 508 is formed on the first
doped semiconductor layer 506.

[0134] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 um and less than 5
pum. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm while
ensuring that the silicon substrate has a low reflectivity and good light absorption through the pyramid structure. At this time,
the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid the influence of the
thick oxide layer on the performance of the solar cell, thus significantly improving the efficiency of the solar cell.

[0135] Figure 7 shows a flowchart of the steps of a third method for preparing a solar cell provided in an embodiment of the
present invention. As shown in Figure 7, the method may include:

[0136] Step 601: Provide a silicon substrate.

[0137] Step 602: Form a pyramidal textured structure on the first surface of the silicon substrate, wherein the average size of
the pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um.

[0138] In this embodiment of the invention, steps 601 to 602 can be referred to the relevant descriptions of steps 101 to 102
in the foregoing steps. To avoid repetition, they will not be repeated here.

[0139] Step 603: Perform element doping treatment on the first surface to simultaneously form a first doped layer and a barrier
oxide layer located on the first doped layer. The elements include at least one of group IIIA elements and group VA elements,
and the thickness of the barrier oxide layer is greater than 15 nm.

[0140] In this embodiment of the invention, step 603 can be referred to the relevant description of step 403 above. To avoid
repetition, it will not be repeated here.

[0141] Optionally, the second surface of the substrate is opposite to the first surface.
[0142] Step 604: Form a passivation layer on the second surface of the substrate.

[0143] In this embodiment of the invention, in addition to forming a passivation contact structure on the second surface, a
passivation layer can also be formed directly on the second surface of the substrate to suppress different defects on the second
surface. Optionally, the passivation layer can be formed by PECVD (Plasma Enhanced Chemical Vapor Deposition), atomic
layer deposition, or other methods. This embodiment of the invention does not impose specific limitations on this.

[0144] Optionally, the material of the passivation layer includes at least one of silicon nitride, silicon oxide, silicon oxynitride,
aluminum oxide, silicon carbide, and amorphous silicon.

[0145] In this embodiment of the invention, a passivation layer may also be formed on the first surface. The materials of
different passivation layers may be the same or different, and the passivation layer may be a single layer or two or more layers.
One material or two or more materials may be used. For example, the passivation layer may be selected from at least one
material among silicon nitride, silicon oxide, silicon oxynitride, aluminum oxide, silicon carbide, and amorphous silicon. This
embodiment of the invention does not impose specific limitations on this.

[0146] In this embodiment of the invention, electrodes can also be prepared on the passivation layer. The preparation of the
electrodes can be carried out using different metallization preparation methods, such as PVD (Physical Vapor Deposition),
screen printing, electroplating, electroless plating, laser transfer, and spraying, or one or more of these methods. Optionally,
the electrode formation process can include one or more temperature treatment processes, wherein the temperature range can
be 100°C~900°C. Optionally, the electrodes corresponding to different passivation layers can be independently selected from
at least one material among silver, copper, aluminum, nickel, titanium, tungsten, and tin. This embodiment of the invention
does not impose specific limitations on this.

[0147] In this embodiment of the invention, a silver and copper-containing paste can be printed by screen printing, and then
the electrode can be prepared by sintering or annealing at 500°C~900°C. Alternatively, a seed layer can be prepared first by
PVD , then the seed layer can be patterned, and then the electrode can be prepared by electroplating. Finally, the electrode
can be formed by annealing. Alternatively, a seed layer can be formed by electroless plating, then thickened by electroplating,
and finally the electrode can be prepared by annealing. This embodiment of the invention does not impose specific limitations
on the electrode preparation method.
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[0148] Figure 8 shows a schematic diagram of another solar cell provided in an embodiment of the present invention. As
shown in Figure 8, the solar cell includes a silicon substrate 701, a first doped layer 702, a first passivation layer 703, a first
electrode 704, a back doped layer 705, a second passivation layer 706, and a second electrode 707. Specifically, the
preparation process of the solar cell shown in Figure 8, through the solar cell preparation method described in steps 601 to
604, is as follows:

[0149] A silicon substrate 701 is provided;

[0150] The first surface of the silicon substrate 701 was textured using an alkaline solution to obtain a textured structure with
an average pyramid size of 2.5 pm;

[0151] At 700°C~1100°C, boron diffusion treatment is performed on the first surface using boron bromide or boron chloride
tubular thermal diffusion to form a boron-doped first doped layer 702, and a barrier oxide layer with a thickness of 70nm is
formed on the first doped layer 702. The surface doping concentration of the first doped layer 702 is N1=1x10"~5x10?'cm3;

[0152] The second surface of the silicon substrate 701 is etched with a chain of acid or alkaline solutions;
[0153] The second surface is subjected to phosphorus doping treatment to obtain a back doped layer 705;

[0154] The barrier oxide layer on the first doped layer 702 is removed by using a chain-type or tank-type hydrofluoric acid
solution;

[0155] A first passivation layer 703 is formed on the first doped layer 702, and a second passivation layer 706 is formed on
the back doped layer 705;

[0156] A first electrode 704 is formed on the first passivation layer 703, and a second electrode 707 is formed on the second
passivation layer 706.

[0157] In this embodiment of the invention, optionally, the boron doping process of the first doped layer can be replaced with
the corresponding phosphorus doping process. For example, boron bromide diffusion or boron chloride diffusion can be
replaced with phosphorus oxychloride thermal diffusion. Those skilled in the art can adjust the wet cleaning or electrode
formation process according to the process and application requirements. This embodiment of the invention does not impose
specific limitations on this.

[0158] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 pm and less than 5
um. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has a low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, thus significantly improving the efficiency of the
solar cell.

[0159] Figure 9 shows a flowchart of the steps of the fourth method for preparing a solar cell provided in the embodiment of
the present invention. As shown in Figure 9, the method may include:

[0160] Step 801: Provide a silicon substrate.

[0161] Step 802: Form a pyramidal textured structure on the first surface of the silicon substrate, wherein the average size of
the pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um.

[0162] In this embodiment of the invention, steps 801 to 802 can be referred to the relevant descriptions of steps 101 to 102
in the foregoing steps. To avoid repetition, they will not be repeated here.

[0163] Step 803: Perform element doping treatment on the first surface to form a first doped layer, wherein the element
includes at least one of group IIIA elements and group VA elements.
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[0164] In this embodiment of the invention, the first surface can be first subjected to element doping treatment to form a first
doped layer, and then the silicon substrate can be placed in an oxidizing atmosphere on the textured structure of the first
surface for thermal oxidation to form a barrier oxide layer on the first doped layer. At this time, more element doping treatment
methods can be used to dope the first surface, and those skilled in the art can choose according to specific needs.

[0165] Optionally, the element doping treatment in step 803 is one of thermal diffusion process, ion implantation or in-situ
doping.

[0166] In this embodiment of the invention, the element doping treatment can be any one of thermal diffusion process, ion
implantation or in-situ doping. The thermal diffusion process can be referred to the relevant description of step 403 above,
and will not be repeated here to avoid repetition. lon implantation can be to accelerate the ions of group IIIA elements or
group VA elements at low temperature so that the ions of group IIIA elements or group VA elements enter the first surface
to form the first doped layer. In-situ doping can refer to the simultaneous introduction of a gas containing impurity elements
for doping while forming the first surface, thereby improving the production efficiency of the first doped layer.

[0167] Step 804: On the textured surface of the first surface, the first doped layer is thermally oxidized to form a barrier oxide
layer.

[0168] In this embodiment of the invention, after the first doped layer is formed, the first doped layer can be thermally oxidized
to form a barrier oxide layer on the first doped layer. Optionally, step 804 can be referred to the relevant description of step
203 above, and will not be repeated here to avoid repetition.

[0169] Optionally, the second surface of the substrate is opposite to the first surface.
[0170] Step 805: Form a passivated contact structure on the second surface of the substrate.

[0171] In this embodiment of the invention, step 805 can be referred to the relevant description of step 404 above. To avoid
repetition, it will not be repeated here.

[0172] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 pm and less than 5
um. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, significantly improving the efficiency of the solar
cell.

[0173] Figure 10 is a flowchart of the steps of the fifth method for preparing a solar cell provided in the embodiment of the
present invention. As shown in Figure 10, the method may include:

[0174] Step 901: Provide a silicon substrate.

[0175] Step 902: Form a pyramidal textured structure on the first surface of the silicon substrate, wherein the average size of
the pyramids in the textured structure is greater than or equal to 2 pm and less than 5 um.

[0176] In this embodiment of the invention, steps 901 to 902 can be referred to the relevant descriptions of steps 101 to 102
in the foregoing steps. To avoid repetition, they will not be repeated here.

[0177] Step 903: Perform element doping treatment on the first surface to form a first doped layer, wherein the element
includes at least one of group IIIA elements and group VA elements.

[0178] In this embodiment of the invention, step 903 can be referred to the relevant description of step 803 above. To avoid
repetition, it will not be described again here.

[0179] Step 904: On the textured surface of the first surface, the first doped layer is thermally oxidized to form a barrier oxide
layer.

15
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[0180] In this embodiment of the invention, after the first doped layer is formed, the first doped layer can be thermally oxidized
to form a barrier oxide layer on the first doped layer. Optionally, step 904 can be referred to the relevant description of step
203 above, and will not be repeated here to avoid repetition.

[0181] Optionally, the second surface of the substrate is opposite to the first surface.
[0182] Step 905: Form a passivation layer on the second surface of the substrate.

[0183] In this embodiment of the invention, step 905 can be referred to the relevant description of step 604 above. To avoid
repetition, it will not be repeated here.

[0184] In this embodiment of the invention, during the preparation of the solar cell, the average size of the pyramids in the
textured structure of the first surface of the silicon substrate is controlled to be greater than or equal to 2 pm and less than 5
um. Since the average size of the pyramids is relatively large and the distribution is relatively dispersed, the damage to the
textured structure can be avoided during the formation of a barrier oxide layer with a thickness greater than 15 nm on the
textured structure while ensuring that the silicon substrate has low reflectivity and good light absorption through the pyramid
structure. At this time, the thickness of the barrier oxide layer can achieve a good masking effect and at the same time avoid
the influence of the thick oxide layer on the performance of the solar cell, significantly improving the efficiency of the solar
cell.

[0185] This embodiment of the invention also provides a solar cell, which is prepared by the method for preparing solar cells
described in Figures 1 to 8.

[0186] Parameter Comparison Example

[0187] The present invention also provides a solar cell parameter comparison experiment. Using an N-type silicon wafer with
a thickness of 180 pm and a resistivity of 1 Q cm as the silicon substrate, experimental groups No. 1 with an average pyramid
size of 1.5 pm, No. 2 with an average pyramid size of 2.5 pm, No. 3 with an average pyramid size of 3 um , No. 4 with an
average pyramid size of 4 um, No. 5 with an average pyramid size of 5 pm, and No. 6 with an average pyramid size of 6 um
were prepared respectively. In this study, the peak boron diffusion temperature of the solar cells in each experimental group
was 980°C. During the boron diffusion process, a dry oxygen oxidation method was used to oxidize the first surface of the
silicon substrate at 980°C to obtain a barrier oxide layer while simultaneously advancing the boron diffusion PN junction.
Then, the second surface of the silicon substrate was cleaned with hydrofluoric acid, followed by etching with a mixed solution
of nitric acid, hydrofluoric acid, and sulfuric acid to remove the PN junction. Phosphorus doping was performed on the
amorphous silicon of the second surface using phosphorus oxychloride to crystallize it into polycrystalline silicon. Chain-
type alkaline etching was used to remove the polycrystalline silicon coated around the first surface, followed by the removal
of the barrier oxide layer on the first surface and the oxide layer formed during phosphorus diffusion on the second surface
using hydrofluoric acid. After cleaning with hydrochloric acid and drying, the first surface was passivated using ALD (Atomic
Layer Deposition) aluminum oxide, and the solar cells in each experimental group underwent double-sided silicon nitride
passivation using PECVD to obtain a passivation layer. Electrodes were formed on the passivation layers of the first and
second surfaces using silver paste, respectively, to obtain the solar cells for each experimental group.

[0188] In this embodiment of the invention, the performance of the solar cells in each experimental group was tested. The test
parameters of experimental group 1 were used as a comparison, and the test parameters of each group are shown in the table
below:

[0189] Comparison table of battery performance parameters for the experimental group

16
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Experimental group number | Uoc/mV | Isc/mA| FF/% | Eta/%| Remark
1 0 0 0 0
2 +1 +40 +0.20| +0.18 | Relative value to experimental group 1
[0190] 3 +2 +27 +0.05| +0.14 | Relative value to experimental group 1
4 +2 +23 +0.01| +0.12| Relative value to experimental group 1
5 +2 +10 -0.22 | +0.02| With No. 1
Relative value of the test group
[0191] 6 +3 -10 -0.56 -0.08 Relative value to experimental group

1

[0192] As can be seen from the table above, when the average size of the pyramid with the textured surface is between 2 um
and 4 pum, the battery parameters show a significant improvement compared to when the average size of the pyramid is 1.5
pm. When the average size of the pyramid is 5 pm , the improvement in parameters is not significant compared to 1.5 um ,
and even the fill factor (FF) decreases. When the average size of the pyramid is 6 um , the improvement in parameters further
decreases compared to 1.5 um, with FF and ISC (short circuit current) showing the most significant decreases. The circuit
current is significantly reduced. Therefore, the solution of this embodiment can significantly improve the efficiency of solar
cells.

[0193] It should be noted that, for the sake of simplicity, the method embodiments are all described as a series of actions.
However, those skilled in the art should understand that the embodiments of this application are not limited to the described
order of actions, because according to the embodiments of this application, some steps can be performed in other orders or
simultaneously. Secondly, those skilled in the art should also understand that the embodiments described in the specification
are all preferred embodiments, and the actions involved are not necessarily necessary for the embodiments of this application.

[0194] It should be noted that, in this document, the terms "comprising," "including," or any other variations thereof are
intended to cover non-exclusive inclusion, such that a process, method, article, or apparatus that comprises a list of elements
includes not only those elements but also other elements not expressly listed, or elements inherent to such a process, method,
article, or apparatus. Without further limitation, an element defined by the phrase "comprising one..." does not exclude the
presence of other identical elements in the process, method, article, or apparatus that includes that element.
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[0195] The embodiments of the present invention have been described above with reference to the accompanying drawings.
However, the present invention is not limited to the specific embodiments described above. The specific embodiments
described above are merely illustrative and not restrictive. Those skilled in the art can make many other forms under the
guidance of the present invention without departing from the spirit and scope of the claims. All of these are within the
protection scope of the present invention.

18
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Providing a silicon substrate

Forming a pyramidal textured structure on a first surface of
the silicon substrate, wherein the pyramids in the textured
structure have an average size greater than or equal to 2 um
and less than 5 pm.

Forming a barrier oxide layer on the textured structure of the
first surface, wherein the barrier oxide layer has a thickness
greater than 15 nm.

Figure 1

Providing a silicon substrate

Forming a pyramidal textured structure on a first surface of
the silicon substrate, wherein the pyramids in the textured
structure have an average size greater than or equal to 2 pm
and less than 5 pm.

Thermally oxidizing the first surface at a temperature of
600°C to 1000°C to form a barrier oxide layer, wherein the
barrier oxide layer has a thickness greater than 15 nm.

Figure 2
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Forming a pyramidal textured structure on a
first surface of the silicon substrate, wherein
the pyramids in the textured structure have an
average size greater than or equal to 2 pm and

less than 5 um.

v
Performing elemental doping treatment on the
first surface to simultaneously form a first
doped layer and a barrier oxide layer located
on the first doped layer, wherein the elements
include at least one of Group IIIA elements
and Group VA elements, and the barrier oxide
layer has a thickness greater than 15 nm.
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v
Forming a passivated contact structure on a
second surface of the substrate.

Figure 5
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Forming a passivated contact structure on a
second surface of the substrate. 604

Figure 7
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average size greater than or equal to 2 pm and 802
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Performing elemental doping treatment on the
first surface to form a first doped layer, wherein
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elements and Group VA elements.
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Thermally oxidizing the first doped layer on the
textured structure of the first surface to form a 804

barrier oxide layer. -‘/

Forming a passivated contact structure on a
second surface of the substrate. ®05

Figure 9
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Providing a silicon substrate

Forming a pyramidal‘{extured structure on a
first surface of the silicon substrate, wherein the
pyramids in the textured structure have an
average size greater than or equal to 2 pum and

less than 5 pm.

v
Performing elemental doping treatment on the
first surface to form a first doped layer, wherein
the elements include at least one of Group I1IA
elements and Group VA elements.

1

Thermally oxidizing the first doped layer on the
textured structure of the first surface to form a
barrier oxide layer.

Forming a passivated contact structure on a
second surface of the substrate.

Figure 10
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15 years in translation between Chinese and English in multiple domains with a focus on litigation.

Experience

Translator | Mar 2008 — Present

Extensive experience translating litigation and dispute-related documents, including court pleadings,
judgments, affidavits, witness statements, evidentiary materials, and legal correspondence for use in
cross-border litigation and arbitration.

Proven expertise in financial and corporate translation, covering annual reports, audited financial statements,
investment agreements, shareholder agreements, trust deeds, compliance materials, and internal governance
documents.

Specialized experience in patent and IP translation, including patent specifications, claims, abstracts, office
actions, prosecution history, prior art references, and related technical-legal documentation, with strict
adherence to jurisdiction-specific terminology and formatting requirements.
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o Satellite and Microwave Communication e Manufacturing and Tooling (CNC, Additive
e Cybersecurity and Encryption Protocols Manufacturing)
Pharmaceuticals Chemistry
e Drug Delivery e Polymer and Materials Science
¢ Biologics and Monoclonal Antibodies (mAbs) ¢ Organic and Inorganic Synthesis
e Gene and Cell Therapy (CRISPR, mRNA) e Electrochemistry (Batteries, Fuel Cells)
e Small Molecule Synthesis and API Manufacturing e Heterogeneous and Homogeneous Catalysis
e Pharmacokinetics and Pharmacodynamics (ADME) e Nanotechnology and Nanomaterials
e Clinical Trial Protocols and Regulatory e Petrochemicals and Refining Processes
Documentation e Analytical Chemistry and Spectroscopic Methods
e Immunology and Vaccine Development e Biochemistry and Enzymology

e Medicinal Chemistry

Regularly handles high-stakes legal translations submitted to courts, regulators, arbitration panels, and
government authorities, ensuring precision, consistency, and defensibility of terminology.

Deep familiarity with common law and civil law systems, enabling accurate rendering of legal concepts
across jurisdictions without distortion of legal effect or procedural meaning.

Experienced in translating complex, multi-entity and multi-jurisdictional matters, including materials
involving offshore structures, trusts, cross-border investments, and regulatory filings.

Skilled in maintaining terminology consistency across large-volume projects through glossaries, style guides,
and parallel reference materials, particularly in long-running litigation or patent portfolios.

Experienced in producing certified and court-ready translations, including Certificates of Accuracy where
required, and working under tight litigation and regulatory deadlines.

Comfortable collaborating with law firms, in-house legal teams, IP professionals, financial advisors, and
compliance teams, responding to revision requests and clarification queries with precision and
professionalism.

Strong attention to detail, formatting fidelity, and document structure, ensuring translated documents mirror
the original legal and technical layout for seamless reference and submission.
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Bachelor of English Language and Literature, Beijing Language & Culture University (BLCU) (2004-2008)
Master of Professional Studies, Informatics with Concentration in Data Analytics, Northeastern University,
(2022-2024)
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