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(00211  4) ZESESREERE )R AR s iliE 4 )
Al (B —Fh 7320 , & 8 ok 22 W ED il ) i vAE 7 e i ik B BRI — 2 E BT ,
HET B, B T2 ] 5 AT AR A s sk 2R A0 R H b EE g (DL fRTAR PR B b 3
$R7) M AEAE100-500°C (R : 100-200°C) , T A 18] 1-10 min ((EHE:1-2 min),
BTGB R FTHI (Bhtinkjet printing or aerosol Jet printing) (K754 dE
i 2 REVAE K, RS K, M T2 5 Bl a2 s 3L,
[0022] W]t (B —AhT7920 , ] DASK AR OB Bk AR ik v R ok = R 2 5
W8 2% 751 , A48 PR R Pk BTV N B AR B, 30 44 B i ) B ke SE BT S X ) 98 2% 7RV E
Ao
[0023] RS2 5 W45 2% 570 ) P 3R (B e 48 T A R A 2 7R RS S b e e 5 g o 1 JR 30
5 72 2 Gk IR R 22D 1T DA R S TR ER R IR 40 A5 CHLBIH pattern) , t AT LA TH A% &
B A, FEARIFR T o Hi T35 RE 3 BTk 2= /s St Ah Bl 4 32 B2 57 A Tl b JE 1R FE BA
SlAL 4 TR AR X 48, FIIRE 2525 Bk (1) R B0 78 A W5 44 70010 R 22 75 B AT 5 4 & R AL FE RO IR
REM B X R, P IX B 535 30 8 4 e d AR S v @ e R R R R B AR R
AYE SERr S2FT 5 S AU 2 R MR o AR O B SRR o
[0024]  FEAE SERL G WIE 2-aFf 7R .
[0025]  5) WITiR K 56 A AE TR R & @R ik Ak, HE B AEIR KR, RIREIRO HETES
1) o S B 45 % 77 .15 DL B 1 7E 25 5 o v TR Y 3H AT A o B K FT LASR A EHRIB K (3
B ARG AL B D BUSOE IR K (RAEXT R S8 2RI SR M X D , B XK T ES
BT B AR T B £ SRR TS i Ak BLR RIS 28 0 ) 78 43 S ANE A o —
T i e B R Ak B P () 1B KR R 750-1100°C, B 8] 20-100 min, SAERS . FE
FER A, 5K P S SR # AL B8  B STRR K, B RTIR AP BRS) AR an B UTER AT Y
e A S AL AR R A — T, W AR O GR AK, HFBOE A i T G ) A A AL
bk, 200G 5308 25 0035 2050 X 1) 2 dt e Ak A= b ek o Eof W38 20 B 5 1 (X
AR R EE N A S8 R AL, FEBO IR KR 52 R T RSS2 700 78 73076 LA B Bi45 2477
1T %5 Gk R PN B 43 A o WA, O IR K T 22 80RO K B £ 100-1100 nm, 1
41,355 nm.532 nmBL1064 nm, B HyF AT AR JURL BT IR TLRIH , Bl 5 2 — BCR A AN
Fog A A R PR T 1tk o 75 B9 1A 19 A2 , AP Pl (14 P B R o Ak BB 1 RLE K B R B
B3 L BRS) BRI HE S REAS [ X 48 (A BOC R348 247D [ R2 i, B2 T fR 8214k
20 G T oA AR, X S bge) h e,
[0026]  ZitAE FTANIR K, BB S A B RN L SRS A REREE
AMEFTEL em™, LL{ERE A At R $ABRIA W Z ik o 72 B AR R T e it , R85 00 2 fh ik
A EAMET 7619 em™ [ RIS 24k 5 10 254tk |, B8 S TP SEERIB I 2 i e 1K)
WAL AE L, LR B 22 iR AT DL ARG MR T 1620 em™, 77 Hee i 520-80 @ /00
hk:30-50 Q /D).
[0027]  AB5EmE , R K 2-bFR.
[0028] &) 3 I Bl ¥ VR B0 b 2 2 R e B R BB 2 2 A X R & S R R B E R RE
KIZieh , BAA S, 2T 585 J 8 AR s (BB AL B 18 K B BOEIR &, 23R B R
6-1) fI R A 15 SR HI R g B R AL B A SRR ok, ZERE B B R R B E XS
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B2 G 2 UL R RS A AR X RGBT , BT LI I — IR R R R R BRI MR U ek
o B T7E A SR ER NS 2460 £ R Tl (X I 26 T 3B 2K FE R T OB 17 em™®, X 46 (X 45k
AT LA A BE AT vA R AL 2 2 o, N T (62 X 45 0 22 i ik R AL 22 2 i e 2 e A
AREE . H— 5T, TG 2210 2 & ek 03 F X 350 U A8 Bk I B VR 5 4 20 il bt o 3 B T
VEVEAT DA SENaOHBRKOH , 5 A J5) R T 1 o Bl 73 0 10 080 FE e RS R 2| b Bt () 5 S 2 Y AR 4 %2
i 2 B B HEAT i B . — MR, NaOHBE KOHIK) R 2 B /2 1-30% (P 3k : 2-5%) ,{B & 2 10—
95°C (ffi% : 40-80°C) , Z| Pkt [11) /2440 min (% :5 10 min) .
[0029]  6-2) WIS D) H R B RBORIE J W R A TE R 38 s iliE 2 AR et
mAk R 2 ST, HoAh TSRS 2500 78 2 X IR e R R B S 24 Ak fEIX P L T, AE
FEAEZ AR TSRS AR A R R B T 3R EEANEL T 2 i ik BE 25 5
W, R A R BRI TR Z M T &k 256D A ARH, K T2 % O < HE InR .
B, [F R, B T R RS 220 2 O Tk B X R R T NS vk B AR TF9R1T
em ™, I B X I8 AT LA A sk B SRR VR R Ak 2 2 ik, A4S DA SE A R B o X L A TR AT DL 2
NaOHERKOH , 1A R R T 1 o WSy 0 FF) T8 9 5 AR Za ok e () 5 2 3090 ) A AR BB R AR R )R
FEBEAT e . — cdth , NaOHERKOHF F B ik 20 5-20% (3 : 0. 5-5%) , iR E /£ 10-95°C (i}
3%:20-80°C) , Zti 18] & 2-20 min (% 2-7 min) .
[0030]  FFERULEHRI R, IR AE D IR oh 5 A 0 A2 22 W BRI B % B HT BN Al S 70 R JR B 78 2=
W5 2477, I ELTE A5 185) v % BRI 2 i B R s A B R 3B /K, TR A 75 K5 b 3R T, B G T
Je BN B SR K R I RS 2R Al RE A D BN S 7 R N HE R BSR4 1 AR o IX
FE—3K, A miR B Joh XA R B R Al fUE A2 B AANE EZiE AN 2 R iR
RO AR (B 3E & B AR X 1) , X HF AR RN A2, X9 E T RiRER T S SR
BFHES B AR X R R IR I A SRR, SR T IR om °, iR E IR E
T2 A E A R Rk 2 BE RS R 2 T T B TR AR AN S 1 o R B AE X FE N 4B 1Y
TR i A 2 20 ot ) DUBUR B 2 b L (X I 2 Ak R B AR i A 2
[0031]  phAMETE B E — L, AP H BRI N Frid X A5 2 5 iE GEER D B2
PRI 2, AELAE S PR oh B[R] 35 2 R AR R 1 2o o % 8 A B AR SR T e Vb, — M, LI
I R A 2 SRR R R GX DA 2R = D B S AR 2R 1 28 58 — 77 20 -
200 um, MAEAE L EERK £ ek GERED BEREERZMEL7E200-300 nmilkF . K
H R Hb, , 15 ] 404k 3% B B 2t B4E 200-300 nmIEE A, B {F % EEISLlR b T H 0 — i
WA B 1-2 um e PR G ol 1) % (b ot A 4K T 7 B A 54 4 ) SR B L 2 A &8 ) s el
K, ATLL 2
[0032] ARBFESG, ME2-cFiR.
(0033] 7RG REB L R X ST & B, &R R — ok AR, Rk
2 7TEAT DR PR 22 U EN R L FE A B PVD AR T AR 45 & PR b BB K T2, A RPR T Itk
W xR S B EAR, &R BRI R RIS 2 2 00 B R A B R —
H, S RERXIBOERENTRET RESBMEREZNEROR GIEERIMER
STEEDR AL TG ME2-dFi7~ .
(00341 Z L, B T AR BHETS R AR L B A B 2-d) .
[0035] STt 9] 1 o 45 HA T SE B S 7R S0 Bt A B Ak 0 5188 ¥, T TR 40 3 T 49 2 S 4
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A1 PSS 7R A B A 1 ) 8 7k R T T EL AR S AR A BE B HE TR, T T 45 IR
B SRR S Bl 45 M A 5T 6 H b P 45 AR S A R 3 DL R R IS ) HEL il | 2 T Y
[0036] AV U, S b Yt G5 AR A 3 R AE AR08 13 2 R B AL B i 4 ) B2 P TR it
AETHT » A DA Bl HeL 9t 0E T 1 2 i v AR X 33, 17 FEL VB T T S5 M0 % o I T DA SRR E w4 K2 50
A PR T A PH B8 H b 0 75 T 45 0 8 vh o B Tk, A B BT AR R e b S F ] A A R 13K
FEL 7 455 A o HEL VA TP 1 THD 0 SR FH B4R B A 45 440 , R BB THT SR A & 7 Ja el e A, 5 TR
ATH AR o F Rl e A, DL R BL IE T T €Ak GBI SET 0 5 BB 228 i ith 45 4 & L b IE
T S T2 7 = s A i, 75 T SR TR R A n B35 2 25 A ShAL I , DL R AT R I 1B 25 1 4 JE AL
(U AR 70 - AHRLHE , I il 8 T VA S G 1 iR 45 H B il & ORI BT B AL B S5 A T
vE. NS Bk MR E R E , B4 o whibl & 071k .
[0037] B, A4 A R IR I R b, BT 1) 55 A DR BH A BEL ik AT DA 3% FH B0 R n B B p 2B A
Fo, WA DL ] 22 et il 25 B i T s RS2 100-300 pm, HEBHZESE0.1-10 Q « cm, AL
M, 3% T B8 i AR Blp AL RE L B R 130-170 pm, HEPH 2£0.5-3 @ « cm,
[0038] eyt IF T E A G MR IE T AE S B AR X TR B A p A B 24, T &R R X
WK T IR B 75 R S St AL B fi 5 4% 5 o v IE TS 7 B8 WU B IR, 1% 0 s S R e R 3
GRS BHAR X Ikp B35 R 5 TR A B TRTA L & HENA 1 7 = X R S S A 45 7
B 1) 4% 7%, SEAL AN EER s T E S48 BEIERE L, 25 el Jth 1E T 45 A0 o oA L ISR R 1K
il 4 J7 o
[0039]  (D. HL¥h IR

B b, 1 T 7 22 L T 5 EL B AL £ T B R T 45 ), R AT DL (Bl & R IE A ), B VAL
ZERE , WA [RFR T 1 o BBy LY I TR ) 25 7= i Sl He gt i) L 75 e & @ Pl B IX 3k (RBLB
SIS XD T2 B2 db T, Fr LA AE & @i AR X 1) 22 i 128 (B AR A 2, B B2 T 46
VIR K T7720 78 I8 I TR R R o S SR 2 st o SRR — 2R, BT I A TR R B A R
2k BEER D J2 T 7 R EIE AT 22 R T TR R 4R A R T 45 78] o TR D 7T S B it )
o, g ] DR A ST R B0 A 58 220 SR 52 Rl e b L T YD R T 465 ) 1T %
[0040]  jox B W] LA N BA AN O, T T DA A ent Bk e B A 491 3o T At i D B AT 40 B B . SR —
Pt oA, Bk 2 ih Al 4 Jm ol AR X 4 22 ik (R EE D) I BIE R Z v T 2 2 5% 1,
WIS A&E & FH T 70 3 b ek Al I8 AT 1 48, 3R 4 i mT BA ) BT SR v, 7640 7 % ik b
B4 JE AR X IR 22 SR i (BB 22 )5, BE B TR R B AR BIRE AL & R R . 35—
Fiig oA, Bk % AR & s AR X ) 22 b ik (AR D R TRA % th T 2 B 80544,
FARE S T4 R R B3R T ISR, TR AYE e AR & JE AR X IR IK 22 S ik (IR )
E 2R Z b S A 2 R P A3l i BB TR T 24 1 S | 48 SR T o ZESEFR L FH o, 35— B
I e Yt T 2R SO TR EA , WA AR, (BRI A R 4 A AR T 205G - — i, B
IR T 2 At V5 R 65-85°C ({1 : 70-80°C) , NaOHBRKOH 5 B¢ 5 12 2%~5% (. « 2%—
3% , hilZRmS 8] 2 4-20 min (L% :5-12 min) »
[0041] 25 b, /R SEPRI BB 6l &, AT SCiB A S R RN T R B 2 L SR 5 54 IE TR )
2R B S G & B LRI B , B IE BA W 2 h 3k £ 8 H AR X B 22 0
rE GRS ED 7, FEED F SE A I T 4 ISR 1 5% .
[0042]  (@. HMIEEMIES IR AR XS p R B R4
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FLIE (M 3E 4 B AR X 18 F 77 8 B4 p s 2045, W LL R pn b O B T2 AT IO
1 A] DL @ (RS O Frp R 460 o iZp U35 J S5 1 1l 4, — Rt , AT DUARYE 25 7R itk 2
itk 22 ) ) 8 1o TR o PR B VA AL S 20t T R BN S k(22 R Tk (AR R ) T X IR DA R
Ak IE T Al SR 5E A 2 S5 » RN SE RG] 11 556) b 2 Ja B AT - BLAR B & iR AR, AT BLK
FEEE Wir @ i B (S IR IR = &AL HD B FIE N4 518 K BRAPCYDYL FA B B 7 5
AR iR R, EARIRS RGE T 22 RS SIS R, A
FRAFEEAEEBERX & pRBRE, B ANMBAER ST A ER T EERE
Jh IE ET SR T BT O RS 2%, L 45 B 5 B 420 e BRI R 1035 A0 2 & ke X s, (o, B W i TR D
(K14 8 AR X A , fE B — 2B 1R T iR X I e (B BR300 B SIE % R B il
T2l & B TRT s P SE A et , AT DACR A B M B B B8 I N &5 518 KOk 5 1k i A8 1l 4%
(. BP RAEAE 4 2 AR X S SE e B8 2% - 7258 AR B i) 46 J , — i, e < IR v AR IX p 21U
B REMS K TR TELI8-5E19 em ™ (% : IE19-2E19 cm™®) , J7 e fHL&£40-130
Q /] Uk :80-110 Q /D,
(0043]  (3). it IF [H F5 A o s i

T 3 H, it L T 1) S el S T DA R AR AR A T VR AL B R () — Rl &
ORI, WIF A R IR T 106, S8 VEANR . nl 31, Bk Sk el s B A B B A2£60-100 nm,
PR AL, 5-2. 3 (0%, B E70-80 nm, #1457 %1.8-2. 1,
[0044]  pudb, —fEih, A BMEZ REE FoEER B EERERE, /E N fa st
SRR SR 2, RIS B EEREg R kP 2ty HEF it B2 fitE
ANBE 2 E AR Z T BN R, IR R & B A R GE 2 SRR N X2 B LR
BEMAE— BT PECVD L2 % , A R IR T 0k s FL B — B 250180 nm (fi53% : 70-100
nm , PTETEE L. 8-2.3(fLi%1.9-2.D .
(00451 K], 7 S Bm 0 el 3tk T 25 il 46, 0 T A0 B s S o SR 538 AR AL ek B SR Ak
Tk, IEGFRT LR 2] Fid 4 B g rh 2 e .
[0046]  @. HLMhIETHARY 4Bl

B Yt 1 T (1) 4 T A R 5 2 X 7T JR 535 2 1 25 s ek vl 2 X 30047 4 B AL, , Ll 46 1
FE R RTIm O 28 8, I AR .
(00471 a3t BT ] LA A AT AR (BB TET 2 S0 00D B ol A b Bl 5 43, o m] DA SR AR
A In A5 e a5 B RR , DA RN ) G e Ak . AR URH T R -

(D 5B BE3FT » B I T 2 A i AR H B b B A A5 )
[0048]  (D. iyt A SR v UL R W T sk SR TH 3R, e T 45 4 ] DA 1ok ik () Bl vs
TRUTER VAR Y62 ok 25 5 30T J2 5 25 SRR 5 RS » 48 T 45 1) 1) 4 UV AT LB 25 7 o ol T % R
B 5 BRI I B VA R e e K
[0049] (D). FEFZEEAKE)Z o F It I 1Y Bk 2 AL A R 10 B RS D 3 B 2R DA R A L P o1 46 T
1%, S i I T RS T AR AR N EEGA . — e, AT DR Bl VB B E AL E A
YNEE TR (R e R L IE TR AU A T AR 7 B AR A
[0050] @. BHLHIEE

Bl LR E X EFW AN &, WA RR T I 58—, W 1L LPCVD.PECVDDX
PVDEE A DIAARAE A ik, SR R SR =& A 8, B FYENES BB K, RSB 2.
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B R VE R AEPECVDIUTFRAR S RERT BB CL 2k — it be B URIBE b, BL VA
R) AT NBEHE 2277, SR TR B K 38 AT DU A A B PR b 2 0 19 R R K 2, 4
AR T IE B Kk T2 S 3 R P Z 35 8 5 N AE s e B 2 AR T4y dm 4, DL LAY
A BIEMAEZ AL E WS4 . IR &k fa, plkth, B2 &2 00 B &30~
200 nm (P : 70-150 nm) , & @Ik R AT BB 2 E IEL9-1E21 om® (f#% : 1E20-5E20
em™) BT HAIBE 30-150 Q /00 (L :50-100 @ /T1) .
[0051] i, AEBHEEEE FAEER F—ERA B A EE ENFEER
LB R, AR EME S BAERSREEKPE 2y gl 2 R Z MR R
kRN R, REAN SR SRS R EL S EEE N X E R R E SR
JE— BB L PECVD L Z il 4, oA RIFR T 1tk s B — M 2&50-180 nm (f1% : 70-100 nm) , 37
SIERE1.8-2.3(1%L1.9-2. 1,
[0052] @ . MM T0E B A RSB S] 4 5 SR IE & B R, AE%E
R AE R T 0 4 B — RS 75 EEAT X v T T 4 B A e A PR 3 — Mt R P 2 ) B AL
A, WA LR F4TE AN & B AL (FRE SPVDARFARMSE &) , A BIRE T it.
[0053]  (2) 5 &P AR 7R , o TS TR A2 0 A n R 45 J it R A i

O. B\ E IR £ QO -O, N EEE.
[0054] (. WIS TIAInA S 2257 LLE pnds O BT p B RE AT R B B IR 45 O B2 T Y
RERTES) 5 ] LR B H (G 1) 21 45, th ] DL B R 4+ 45 BRI AL B X BB %, &R
WX EABZR) o BAR S48 5 10T LR = A 0 5 TN APCVDIT R it B Pl 45 5
KBRS BB %, AR Tk Bt S T i B 45 ZR &8, RTIR S — MEAESEL9 om
B-2E20 cemCYEHE , B FEA30-150 Q /01, AR T k.
[0055]  (3). HyhigETAliik I nT DL m Ak EE B AL RE B EAL R VR R T I — RlEk R B
n, B4 AR - B T AL 2 R JE50-200 nm, Fr5T%1.5-2.5, A R T 1tk
[0056] (@. T4 BLAIM BBk FR, BRG] &0k Said M, AHER . &
JE R R PR R — R T S e B A 2R v, R B T otk i SR e v TR RO n B 5 R IR B
PEB RS, & RALTE EER X R .
[0057]  JF [ 3R {5 B, T D S Ik LA 4 St 8 U R AR R B BT B R R S L Bk
FET B 14 o Vi 45 1 3 2 AR L E i b ) 48 78 o DA SE R I T 38 B 2 Ul I A &
B B AR 7 2=, AR DA G SRR i 4R FA R AR Y5
[0058]  SEffif 3 JF — R B A 75 7R BT Ab 4 ik 25 A4 10 A PH BE PR it &85 1 B L 61 46 DTV
A S A9 T 45 R 1) L s 455 M ST R 3 BT oL T I TR P 8 X R AR A A, e b R TR FH 4
T AR ) R B A A i A SR 3 R 308 FiIn Y B8 2k (R LA I p BB B8 R )
(00591 iz H Jth B Ml &% vE AR T

AL 3% B —Fh 156mm+156mmir) (100D & &l nEL B SRk PR R L Q » cm, JEF 180 L.
[0060] A2 A AN ER BT A n U F R IR B )Z (D10 wm) 6
[0061] A3 R HIFEE AL T 248 FriknBUAE F (50 P9 10 1) 45 B8 2 S8k 2, B E 1.6 oo, 37
B30 .46,
[0062] A4 R FHPECVD . 278 FrifnZY A A 1E 1] i & AR AR g fiE , B /% /280 nm. B T-PECVD
THERI SRR D, 7 B S0 10 AR E S E Tk o B AR AR iR n BT 1 1 T I 40 4R A2 1) 98 B
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ONFO0.5 mm) , B OGRS TS5 MRS M B8 /), R4 mT LU I ok i 40 ke & T 20k bR
e =N

[0063]  A5: % FHPECVD L 25 A T i n 28 fif o 7 10 1) 4% i AR P, [RUB) 6  25 B NIl
IAE LB N5 2457, I E R 100 nm. 40 _E A4 b ik, 78 25 25 BRPECVD YL AR (1) Ak d ek 52 5%
B B ik n 8 i 1 I T 9 2 )t [ RE SR 0N R e AT DL I O I 4R BE B L 2 SR T R X Rl
i

(0064] A6 JEILLIERENE B FIE A 7, FEPT IR0 AL B IE T (R R AR e i VAR 78
= RS 2, BB AR E4E16-1E16 om?, 2B 2E5-10 keV. B3l B 55 45
HIE RIS AR L], AR SRR T5 um, TR HRH AR 250 1B P Gl 0o 2622 [6]) 1.5 .
(00651 A7 TR K, BT idn T iE A IEH () AE R 7R R AL N £ S hE , AR5 BB Seth
I PR B i BT 55 1Y R RIS R A IR K R ST G DA TR £ e T TR Y
BB A s R D, 7R IR K BT IR RE A IR SE AR B 7R AL R 2 d it , 7D SRASH 72
215 N5 24 7)1, 52 BRIE0E DA B AT 2 S e IR N 10 4045 o 1 8B KRR 2 950-1000°
C,RHE30-45 min, HARAR LB KA IEIFH B 25020 R mIRE 2
9E19-1E20 cm™, Jy HerkFH230-40 Q /017 A i B0 58 2 0 i 2 1) T 3 T ik 758 2 3B 20
em™, TR 50 Q@ /0.

[0066]  A8: K FHPECVD L Z7EFT R n B At )y 15 I UUAR M ALRE IR, JEJE100 nm, 37 41%2.0. 1%
FEAFERAE S EE A B T AR 2 B RA Bt PR 24 )5 820 BRAQ =P (K B i 200l

[0067]  AQ: 3 FINaOHA YU T idin AL fik 4 1E T T JR Bl A5 22 1) 22 5 Tk v 8 (Xl iE 47 1 2
Zltn, 7 12 X A5 11 22 5 T 7R 4 B0 200 it o Na OHYA VR T B UK 2 2. 5%, Y8 70°C, 2 fik st ] 5
min. S 5 4k 42 F) FiZNaOHIE e IE R FEAT HUSK , HI9R RS min . 7EA 5 [ TR 2 1
Z R E T 2R, A TERE B B E VTR BAL R Fridn M AE i B AR TR 47
IR ER .

[0068]  A10:7FFrifinZ ik IR TR JC BB E 2% (1 X 35 QUERY 2z X 3 2 e ek /2 L 2 3 %)
T, H BB A& BRI ETD § &35 5008 04 R ISR AN
7, BRI FEEOEE K SE IR PR B G0 BOE LS TC BT ibn AURE F P8 1) B0 A ARG IR
KBHE, TN : YVOu [ A BOGEE, w532 nm, BRI 500-1000 JK T, k7 55 B 10-40
ns, BRI E20 KkHZ.LIHI8 K, AL Ik B X 1 GES: 8 B Ak X 30 [R5 R mik g &
1E19 cm™, FFEREFE L0 Q /0.

[0069]  ALL:7F Ffrifn 2L ik iy 1 THI 1] - FAL 0 B, B FIPECVD L 2 A U S AL ARE R, BT
75 nm, JrETEL. 9.

[0070]  At2.3d i 22 |0 LRIl R 25 6 e 45 (1 7 VA 78 Flridn 4T I 1 A0S T S 4 JE 1k
H vk A IR & BT R AHER A, B SCILRTIR B BB £ M X IR 4 Eh
AR DX IR ) o 4 o FEL T o T 5 TR Ak O M 4G B S v, LR 0230 um, PR AE A0 AN 2R B 1] 5 iy
DERZTED 1.5 mm.

(00711 A13: RFHBOGIN SR8 B L2, G i idn AL a4 HEAT L2728 1

foo72]  SERGHIAAFF 5 — Bl B AT 25 R AR A0 B2 i 45 #4119 R BH Rl R Tt 5 4 B il 4% T
2SI it 157 I 4 H P etk 5 4 QPR 4 BT, L R E TG SR P 2 7R et A B A, RV TS TSR Fn
P45 0 465 R AH PR BAK L o R 80 A A JER A ) I FH p 28 o i ek P St 1 28 v B TN T
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B1: 3% FH—Fh156mm*156mmf?) (100) gt Ml FIp 2y 8 G, fERHZRE L Q » om, R E 180 pm,
[0073]  B2:F| A SN IE LI L0 Brid p AL ek A 3R T I F2 45 2 (£010 um)
[0074] B3 RAIMEM TEIETRp BB A R G R FENES, FEL.3 o, P
1.46,
[0075]  B4: R ALPCVD L FEFT iR p YTk A () 1E T il AL A=Ak, EER70 .
[0076]  B5 . i 22 P BN RIAG 77 ¥ 72 Brid p L ek Fr IE T 1 B S ek /2 _E ERRIAIE , 4 Hot
CHEFEAE150-200°C, TR 8] 1-2 min) o R S WS 2700 B 22 R MR8 o0 A i),
Z 100 pm, AR AH AR 1R BE Gl 22 (B 1.6 mm.
[0077]  B6: % FHESLIR K B ik p B RE Fr IE 1 B 30 78 me S 48 20 ) K IR I JE R EE 78 4 i
R 2t B A ) 5 24 7740 52 0 LA MTE 22 i e VLI R (1) B AT SO RIR K B
K FAN : YVO4E] A 0GRS , #1532 nm, WHEZh2500-1000 JEFL, BBk T 10-50 ns, HE
AR AE10-20 KHZ, 23338 Kk, J2 3R 00 £ Tk 2 O O 48 1 R B8 /2 2R20 e ™2, J7 SR IBL 55
Q /.
[0078]  B7: % FIKOHYA UM Bk p U a1 1E THI (1) 72 J5 SR B 45 2% 140 A 5 ek v 1 IX 430 347 22
Tt W X I 5F SR R 2 A S 2 B  KOHVEBUR E IR E A2 2%, i 70°C, Z)AAT [E]2 min. 5
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application relies for priority upon Korean
Patent Application No. 2008-75261 filed on July 31, 2008,
the contents of which are hereby incorporated by refer-
ence herein in their entirety.

BACKGROUND
1. Technical Field

[0002] The present disclosure relates to a methed of
manufacturing a photovoltaic device. More particularly,
the present disclosure relates to a method of manufac-
turing a photovoltaic device capable of improving photo-
electric conversion efficiency.

2. Description of the Related Art

[0003] A photovoltaic device may convert optical en-
ergy into electric energy. Generally, the photovoltaic de-
vice includes a semiconductor layer which may induce
photovoltaic effect by absorbing external optical energy,
and first and second electrodes between which the sem-
iconductor layer is interposed.

[0004] Meanwhile, photoelectric conversion efficiency
of the photovoltaic device may be determined by char-
acteristics such as, for example, open circuit voltage, a
fillfactor, and a shert circuit current density. Amongthem,
the short circuit current density may increase by increas-
ing light absorbing efficiency representing quantity of cur-
rent generated from the photovoltaic device in relation to
quantity of light supplied from an exterior to the semicon-
ductor layer. Although the photoelectric conversion effi-
ciency of the photovoltaic device may increase by en-
larging the thickness of the semiconductor layer to
lengthen a path of light traveling in the semiconductor
layer, the manufacturing costs and manufacturing time
of the photovoltaic device may increase if the thickness
of the semiconductor layer increases. In addition, as the
characteristic of the fill factor may degraded, improve-
ment in the photoelectric conversion efficiency may be
difficult to obtain.

SUMMARY

[0005] An exemplary embodiment of the present in-
vention may provide a method of manufacturing a pho-
tovoltaic device capable of improving photoelectric con-
version efficiency.

[0006] In accordance with an exemplary embodiment
of the present invention, a method of manufacturing a
photovoltaic device is provided. The method includes
preparing a semiconductor substrate having a light inci-
dence surface receiving light and including single crys-
talline silicon, wet-etching the light incidence surface to
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form a plurality of first protrusions on the light incidence
surface, dry etching a plurality of surfaces of the plurality
of first protrusions to form a plurality of second protru-
sions on the plurality of surfaces of the first protrusion,
and forming a semiconductor layer on the light incidence
surface. The method further includes forming a first elec-
trode on the semiconductor layer and forming a second
electrode on a rear surface of the semiconductor sub-
strate facing the light incidence surface.

[0007] Accordingly, a light introduced into the semi-
conductor substrate from an exterior through the light
incidence surface may be scattered on the light incidence
surface by the plurality of first and second protrusions,
so that an optical path of the light is lengthened in the
semiconductor substrate, thereby improving photoelec-
tric conversion efficiency. As a result, as optical energy
is more smoothly absorbed into the semiconductor sub-
strate, the photoelectric conversion efficiency of the phe-
tovoltaic device can be improved. :

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Exemplary emboediments of the present inven-
tion can be understood in more detail from the following
description when considered in conjunction with the ac-
companying drawings wherein:

FIG. 1 is a sectional view showing an exemplary em-
bodiment of a photovoltaic device according to an
exemplary embodiment of the present invention;
FIG. 2Ais an enlarged view of first protrusions shown
in FIG. 1;

FIG. 2B is an enlarged view of a pottion of a secticnal
surface of the photovoltaic device shown in FIG. 1;
FIG. 3is a sectional view showing an exemplary em-
bodiment of a photovoltaic device according to the
present invention;

FIGS. 4A and 5A are sectional views illustrating an
exemplary embodiment of a method of manufactur-
ing the photovoltaic device shown in FIG. 3;

FIG. 4B is a photograph showing a light incidence
surface of a semiconductor substrate in the manu-
facturing step of the photovoltaic device shown in
FIG. 4A;

FIG. 5B is a photograph showing a light incidence
surface of a semiconductor substrate in the manu-
facturing step of the photovoltaic device shown in
FIG. 5A;

FIGS. 6A to 6C are photographs showing a light in-
cidence surface of a semiconductor substrate ac-
cording to types of etchant gas usedfor a dry-etching
process; and

FIG. 7 is a graph representing reflective indexes of
a semiconductor substrate.
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DESCRIPTIONOF THEEXEMPLARY EMBODIMENTS
OF THE INVENTION

[0009] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to accompanying drawings. It is understood that
the presentinvention should notbe limited to the following
exemplary embodiments but various changes and mod-
ifications can be made by one ordinary skilled in the art
within the spirit and scope of the present invention. The
present invention is defined only by the scope of the ap-
pended claims. Meanwhile, elements shown in the draw-
ings can be simplified or magnified for the purpose of
clear explanation. In addition, the same reference nu-
merals are used to designate the same elements
throughout the drawings.

[0010] FIG. 1isasectional view showing an exemplary
embodiment of a photovoltaic device according to the
present invention.

[0011] Referring to FIG. 1, a photovoltaic device 500
includes a semiconductor substrate 100, a semiconduc-
tor layer 110, a first electrode 120, and a second elec-
trode 130.

[0012] The semiconductor substrate 100 includes sin-
gle crystalline silicon, and is formed by doping a 5-group
element such as, for example, phosphorus (P) into a sil-
icon wafer, so that the semiconductor substrate 100 has
an electric characteristic of an N-type semiconductor. In
addition, the semiconductor substrate 100 has a light in-
cidence surface 101 receiving light from an exterior.
When the semiconductor substrate 100 receives light
from an exterior through the light incidence surface 101,
photovoltaic effect may be induced. Through the photo-
voltaic effect, electrens are created in the semiconductor
substrate 100, and emitted to an exterior through the first
electrode 120 or the second electrode 130.

[0013] The light incidence surface 101 includes first
protrusions 105. The first protrusions 105 have a pyramid
shape, and have a triangular shape when viewed in a
sectional view. The first protrusions 105 may scatter light
introduced into the semiconductor substrate 100 from an
exteriorthrough the light incidence surface 101 to length-
en an optical path of the light in the semiconductor sub-
strate 100.

[0014] For example, when afirst light 10 and a second
light 11 reach the light incidence surface 101 from an
exterior perpendicularly to the semiconductor substrate
100, if the direction of a first optical path L1 of a first light
10 is not changed on the light incidence surface 101, but
the direction of a second optical path L2 of a second light
11 is changed on the light incidence surface 101, the
second optical path L2 of the second light 11 may be
longer than the first optical path L1 of the first light 10.
This is because the direction of the second optical path
L2 of the second light 11 is inclined with respect to the
semiconductor substrate 100 due to one of the first pro-
trusions 105 differently from the direction of the first op-
tical path L1 of the first light 10 that is perpendicular to
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the semiconductor substrate 100.

[0015] |If a thickness of the semiconductor substrate
100 increases, a short circuit current density of the pho-
tovoltaic device 500 may increase, so that the photoe-
lectric conversion efficiency of the photovoltaic device
500 can be improved. Similarly, if an optical path is
lengthened in the semiconductor substrate 100, optical
energy may be more smoothly absotbed into the semi-
conductor substrate 100, and thus the photoelectric con-
version efficiency of the photovoltaic device 500 can be
improved.

[0016] Second protrusions 108 are provided on the
surface of the first protrusions 105. The second protru-
sions 108 may randomly protrude from the surface of the
first protrusions 105. The second protrusions 108 have
the same function as that of the first protrusions 105. In
other words, the second protrusions 108 may scatter light
received introduced into the semiconductor substrate
100 from an exterior through the light incidence surface
101. Accordingly, the light introduced into the semicon-
ductor substrate 100 from an exterior through the light
incidence surface 101 can be more dispersed by the sec-
ond protrusions 108 provided on the surface of the first
protrusions 105, so that the photoelectric conversion ef-
ficiency of the photovoltaic device 500 can be more im-
proved.

[6017] Thesemiconductorlayer 110 is provided above
the semiconductor substrate 100. The semiconductor
layer 110 includes non-single crystalline silicon such as,
for example, amorphous silicon (a-Si) or microcrystaliine
silicon (. ¢-Si). [n addition, the semiconductor layer 110
is doped with a 3-group element such as, for example,
boron (B) to have an electric characteristic of a P-type
semiconductor. Accordingly, the semiconductor layer
110 makes P-N junction with the semiconductor sub-
strate 100 having an electric characteristic of an N-type
semiconductor. In addition, to increase photoelectric
conversion efficiency, an intrinsic non-single crystailine
silicon layer having a thin thickness of, for example, about
20A to about 100A may be interposed between the sem-
iconductor substrate 100 having an N-type semiconduc-
torcharacteristic and the semiconductor layer 110 having
a P-type semiconductor characteristic. The structure of
a photovoltaic device, in which an intrinsic non-single
crystalline silicon layer is interposed between the semi-
conductor substrate 100 and the semiconductor layer
110, will be described in more detail with reference to
FIG. 3.

[0018] The first electrode 120 is provided on the sem-
iconductor layer 110. The first electrode 120 includes a
transparent conductive material such as, for example,
indiumtin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0Q), or tin oxide (SnO,) such that external light can
smoothly reach the semiconductor layer 110 and the
semiconductor substrate 100.

[0019] The second electrode 130 is provided on a rear
surface of the semiconductor substrate 100. The second
electrode 130 may include metal, such as, for example,
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aluminum (Al) or silver (Ag), having high reflectance. The
second electrode 130 may include the same material as
that of the first electrode 120. Electrons, which are cre-
ated from the semiconductor substrate 100 and the sem-
iconductor layer 110 due to photovoltaic effect, may be
emitted to an exterior through the first and second elec-
trodes 120 and 130.

[0020] Meanwhile, the photovoltaic device 500 may
further include an N+ non-single crystalline silicon layer,
which is interposed between the semiconductor sub-
strate 100 and the second electrode 130, and an intrinsic
nen-single crystalline silicon layer, which is interposed
between the semiconductor substrate 100 and the N+
non-single crystalline silicon layer. The N+ non-single
crystalline silicon layer serves as a back surface field
(BSF) to improve collection of electrons. A photovoltaic
device further including the N+ non-single crystalline sil-
icon layer and the intrinsic non-single crystalline silicon
layer will be described in more detail with reference to
FIG. 3.

[0021] FIG. 2Ais an enlarged view of the first protru-
sions 105 shown in FIG. 1, and FIG. 2B is an enlarged
view of a portion of a sectional surface of the photovoltaic
device 500 shown in FIG. 1.

[0022] Referring to FIGS. 2A and 2B, the first protru-
sions 105 have a pyramid shape. This is because the
etchingrate of the semiconductor substrate 100 inciuding
single crystalline silicon is higher in a <100> direction
than in a <111> direction.

[0023] The second protrusions 108 are provided on
the surface of the first protrusions 105. The size of the
first protrusions 105 is greater than that of the second
protrusion 108. For example , when comparing the size
of the first protrusions 105 with the size of the second
protrusions 108 by using parameters (e.g., height, width,
and length) capable of determining the size of a protru-
sion in general, the size of the first protrusions 105 is
greater than that of the second protrusions 108.

[0024] Aratio of afirst height H1 of the first protrusions
105 to a second height H2 of the second protrusion 108
is in the range of, for example, about 20:1 to about 200:
1. Forexample, the first height H1 is in the range of about
2pum to about 7pm, and the second height H2 is in the
range of about 50nm to about 100nm.

[0025] Meanwhile, when light is supplied to the semi-
conductor substrate 100 through the light incidence sur-
face 101, a reflective index of the light is reduced on the
light incidence surface 101 due to the first and second
protrusions 105 and 108. As the reflective index of the
light is reduced on the light incidence surface 101, quan-
tity of absorbed light used to induce photovoltaic effect
may increase in the semiconductor substrate 100, so that
the photoelectric conversion efficiency of the photovolta-
ic device 500 (see FIG. 1) may increase. This will be
described in more detail with reference to FIG 7.
[0026] FIG. 3 is a sectional view showing another ex-
emplary embodiment of a photovoltaic device according
to the present invention. In FIG. 3, the same reference
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detailed descriptions of the same elements will be omit-
ted.

[0027] Referring to FIG. 3, a photovoitaic device 501
further includes a first intrinsic non-single crystaliine sil-
icon layer 115, a second intrinsic non-single crystalline
silicon layer 116, and a silicon layer 119 including heavily
doped impurities, as compared with the photovoltaic de-
vice 500 (see FIG. 1) according to the previous embod-
iment of the present invention.

[0028] The first intrinsic non-single crystalline silicon
layer 115 includes intrinsic non-single crystalline silicon
such as, for example, amorphous silicon (a-Si) or micro-
crystalline silicon (u ¢-Si), and may have a thickness of,
for example, about 20A to about 100A. The first intrinsic
non-single crystalline silicon layer 115 is interposed be-
tween the semiconductor substrate 100 and the semi-
conductor layer 110 to increase photoelectric conversion
efficiency of the photovoltaic device 501 and to reduce
contact resistance between the semiconductor substrate
100 and the semiconductor layer 110.

[0029] The silicon layer 119 including heavily doped
impurities isinterposed between the second intrinsic non-
single crystalline silicon layer 116 and the second elec-
trode 130. When the semiconductor substrate 100 and
the semiconductor layer 110 have N-type and P-type
semiconductor characteristics, respectively, the silicon
layer 119 including heavily doped impurities includes sil-
icon (such as, for example, N+ non-single crystalline sil-
icon) with impurity concentration greater than that of the
semiconductor substrate 100, so that electrons created
due to photovoltaic effect are more smoothly emitted to
an exterior through the second electrode 130.

[0030] The second intrinsic non-single crystalline sili-
con layer 116 includes intrinsic non-single crystalline sil-
icon such as, for example, amomhous silicon (a-Si) or
microcrystalline silicon (p. ¢-Si). The second intrinsic non-
single crystalline silicon layer 116 is formed on a rear
surface 104 of the semiconductor substrate 100 to re-
duce contact resistance between the semiconductor sub-
strate 100 and the silicon layer 119 including heavily
doped impurities.

[0031] Meanwhile, third protrusions 106 are provided
on the rear surface 104, and fourth protrusions 109 are
provided on the surface of the third protrusions 106. The
third protrusions 106 may have the same shape as that
of the first protrusions 105, and the fourth protrusions
109 may have the same shape as that of the second
protrusions 108. n addition, similarly to the first and sec-
ond protrusions 105 and 108, the third and fourth protru-
sions 106 and 109 increase an optical path in the semi-
conductor substrate 100 to raise photoelectric conver-
sion efficiency of the photovoltaic device 501.

[0032] For example , when the second electrode 130
includes a material (e.g., aluminum (Al) or silver (Ag))
reflecting light according to the present exemplary em-
bodiments, light, which is incident through the light inci-
dence surface 101, but not absorbed in the semiconduc-
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tor substrate 100, is reflected on the second electrode
130. The light reflected on the second electrode 130 is
again scattered by the third and fourth protrusions 106
and 109 Accordingly, an optical path of the light may be
increased in the semiconductor substrate 100, so that
photoelectric conversion efficiency of the photovoltaic
device 501 can be improved.

[0033] FIGS.4Aand5A are sectional views illustrating
an exemplary embodiment of a method of manufacturing
the photovoltaic device 501 shown in FIG. 3, and FIGS.
4B and 5B are photographs showing the light incidence
surface 101 of the semiconductor substrate 100 in the
manufacturing step of the photovoltaic device 501 of
FIGS. 4A and 5A. For example , FIG. 4A is a sectional
view showing a process of wet-etching the semiconduc-
tor substrate 100, and FIG. 4B is a photograph showing
the lightincidence surface 101 of the semiconductor sub-
strate 100 after the semiconductor substrate 100 is wet-
etched. In addition, FIG. 5A is a sectional view showing
a process of dry-etching the semiconductor substrate
100, and FIG. 5B is a photograph showing the light inci-
dence surface 101 of the semiconductor substrate 100
after the semiconductor substrate 100 is dry-etched.
[0034] Referringto FIGS. 4A and 4B, the semiconduc-
tor substrate 100 having the light incidence surface 101
is wet-etched, so that the first protrusions 105 are formed
on the light incidence surface 101. In the present exem-
plary embodiment, the semiconductor substrate 100 is
immersed into a vessel receiving etchant solution such
that the semiconductor substrate 100 is etched. As a re-
sult, the light incidence surface 101 and the rear surface
104 of the semiconductor substrate 100 facing the light
incidence surface 101 are eiched by the etchant solution.
Accordingly, the third protrusions 106 having the same
shape as that of the first protrusions 105 are formed on
the rear surface 104.

[0035] The etchant solution used to wet-etch the sem-
iconductor substrate 100 may include, for example, an
alkaline solution. In more detail, the etchant solution may
include, for example, potassium hydroxide (KOH) and
isopropyl alcohol (IPA). When the etchant solution in-
cludes potassium hydroxide (KOH), as the potassium hy-
droxide (KOH) provides an etching rate for the semicon-
ductorsubstrate 100 slowerthan an etching rate provided
by another etchant solution (e.g., sodium hydroxide
(NaOH)), the first protrusions 105, which are formed by
etching the light incidence surface 101, can have a more
uniform size. In addition, when the etchant solution in-
cludes the potassium hydroxide (KOH), even if potassi-
umions (K+) remain on the surface of the semiconductor
substrate 100 after the semiconductor substrate 100 is
wet-etched, the potassiumions (K+) are less bonded with
electrons when comparedto otherions (e.g., sodium ions
(Na+)). Accordingly, if the etchant solution includes po-
tassium hydroxide (KOH), positive ions generated from
the eichant solution are bonded with electrons created
due to the photovoltaic effect, so that the reduction of
quantity of current in the photovoltaic device 501 can be
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minimized.

[0036] Meanwhile, accordingto the present exemplary
embodiment, although the semiconductor substrate 100
is etched by immersing the semiconductor substrate 100
into etchant solution to form the first protrusions 105, the
semiconductor substrate 100 may be etched by spraying
the etchant solution to the semiconductor substrate 100.
[0037] Referringto FIGS. 5A and 5B, the semiconduc-
tor substrate 100 including the first and third protrusions
105 and 106 is dry-etched. Accordingly, the second pro-
trusions 108 are formed on the surface of the first pro-
trusions 105, and the fourth protrusions 109 are formed
on the surface of the third protrusions 106.

[0038] The dry-etching is performed by using, for ex-
ample, a gas mixture of first gas including fluorine (F)
and second gas including chiorine (CI). In more detail,
the first gas may include, for example, sulfur hexafluoride
(SFg), and the second gas may include, for example,
chlorine gas (Cl,). In the mixed gas, the flow rate ratio of
the first gas and the second gas is, for example, about
1: 1 to about 3:1. In more detall, preferably, the flow rate
ratio of the first gas and the second gas is, for example,
about 1: 1. The reason to employ the flow rate ratio of
about 1:1 will be described with reference to FIGS. 6A
to 6C.

[0039] Meanwhile, when the second profrusions 108
are formed by dry-etching the semiconductor substrate
100, edges of the first protrusions 105 are rounded by
the second protrusions 108 as shown in FIG. 5B. Accord-
ingly, if the second protrusions 108 are formed on the
first protrusions 105, thin films formed on the first protru-
sions 105 are prevented from being cut by sharp edges
of inclined surfaces defining the first protrusions 105 in
a region at which the inclined surfaces meet each other.
[0040] FIGS. 6A to 6C are photographs showing the
light incidence surface 101 (see FIG. 5A) of the semicon-
ductor substrate 100 according to types of etchant gas
used forthe dry-etching. in more detail, FIG. 6A is a pho-
tograph showing a state of the light incidence surface
101 after etching the light incidence surface 101 by ap-
plying, for example, chlorine gas (Cl,) into a plasma dry
etching device, which is supplied with RF power of about
2000W under an internal pressure of about 100mT, ata
flow rate of about 200 sccm, in which "scem" represents
standard cubic centimeters per minute. FIG. 6B is a pho-
tograph showing a state of the light incidence surface
101 after etching the light incidence surface 101 by ap-
plying, for example, sulfur hexafluoride (SFg) into the
plasma dry etching device, which is supplied with RF
power of about 2000W under an internal pressure of
about 100mT, at a flow rate of 200 sccm. FIG. 6C is a
photograph showing a state of the light incidence surface
101 after etching the light incidence surface 101 by ap-
plying, for example, chlorine gas (Cl,) and sulfur hexaflu-
oride (SFg) into the plasma dry etching device, which is
supplied with RF power of about 2000W underan internal
pressure of about 100mT, at a flow rate of about 200
scem.
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[0041] Referring to FIG. 6A, when the semiconductor
substrate 100 is dry-etched by using, for example, only
chlorine gas (Cl,), the second protrusions 108 are rarely
formed on the light incidence surface 101 of the semi-
conductor substrate 100. Referring to FIGS. 6B and 6C,
the second protrusions 108 are formed on the light inci-
dence surface 101. However, the number of the second
protrusions 108 per unit area shown in FIG. 6C is greater
than the number of the second protrusions 108 per unit
area shown in FIG. 6B. in other words, when the semi-
conductor substrate 100 is dry-etched by using, for ex-
ample, gas obtained by mixing chlorine gas (Cl,) and
sulfur hexafluoride (SFy) at the same flow rate, the tex-
turing effect for the light incidence surface 101 may be
maximized.

[0042] Referring again to FIGS. 5A and 5B, when the
semiconductor substrate 100 is dry-etched to form the
second and fourth protrusions 108 and 109, the dry-etch-
ing is preferably performed for, example, about 15 sec-
onds to about 120 seconds, in more detail, about 30 sec-
onds. This is because the semiconductor substrate 100
should be subjected to the dry-etching process forat least
15 seconds by taking stabilization time of plasma into
consideration. In addition, when the semiconductor sub-
strate 100 is dry-etched for more than about 120 seconds,
even if light absorbance of the semiconductor substrate
100 increases with respect to light having a wavelength
of about 1000nm or moere, the light absorbance of the
semiconductor substrate 100 may be reduced with re-
spect to light having a wavelength of about 400nm to
about 1000nm, so that the light absorbance is rarely in-
creased over the whole wavelength band of light.
[0043] Meanwhile, before the second and fourth pro-
trusions 108 and 109 are formed by dry-etching the sem-
iconductor substrate 100, an oxide layer, which is formed
on the semiconductor substrate 100 after the first and
third protrusions 105 and 106 are formed, is removed
fromthe surface of the semiconductor substrate 100. The
oxide layer may include, for example, silicon oxide (SiOx)
formed by combining external oxygen (O) with silicon (Si)
of the semiconductor substrate 100. The oxide layer may
be etched by using, for example, boron trichloride (BCls)
or a gas mixture of boron trichloride (BClg) and chlorine
gas (Cly).

[0044] Referring again to FIG. 3, the first intrinsic non-
single crystalline silicon layer 115 is formed on the light
incidence surface 101 of the semiconductor substrate
100, the semiconductor layer 110 having a P-type sem-
iconductor characteristic is formed on the first intrinsic
non-single crystalline silicon layer 115, and the first elec-
trode 120 is formed on the semiconductor layer 110. In
addition, the second intrinsic non-single crystalline sili-
con layer 116 is formed on the rear surface 104 of the
semiconductor substrate 100, the silicon layer 119 in-
cluding heavily doped impurities is formed on the second
intrinsic non-single crystalline silicon layer 116, and the
second electrode 130 is formed on the silicon layer 119
including heavily doped impurities, thereby manufactur-
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ing the photovoitaic device 501.

[0045] FIG. 7 shows first to third curves G1, G2, and
G3 representing reflective indexes of the semiconductor
substrate 100. In more detail, FIG. 7 shows the first to
third curves G1, G2, and G3 showing the reflective in-
dexes of the semiconductor substrate 100 obtained from
experiment according to three states of the light inci-
dence surface 101 of the semiconductor substrate 100.
[0046] Referringto FIG. 7, the reflective indexes of the
semiconductor substrate 100 (see FIG. 1) according to
wavelengths of light are classified according to three
states of the light incidence surface 101 (see FIG. 1) of
the semiconductor substrate 100 (see FIG. 1). For the
convenlence of the explanation, the three states are clas-
sified into first to third surface states. The first to third
curves G1to G3 represent reflective indexes of the sem-
iconductor substrate 100 having the first to third surface
states, respectively.

[0047] The first surface state represents a flat surface
ofthe light incidence surface 101 whenthe light incidence
surface 101 is not subject to any etching processes. The
second surface state represents a state of the light inci-
dence surface 101 when the light incidence surface 101
is wet-etched to form the first protrusions 105 (see FIG.
4A) on the light incidence surface 101. The third surface
state represents a state of the light incidence surface 101
when the light incidence surface 101 is wet-etched and
dry-etched, so that the first protrusions 105 are formed
on the light incidence surface 101, and the second pro-
trusions 108 (see FIG. 5B) are formed on the surface of
the first protrusions 105.

[0048] Referring to the first to third curves G1 to G3,
the reflective index of the semiconductor substrate 100
having the second surface state is lower than the reflec-
tive index of the semiconductor substrate 100 having the
first surface state over the whole wavelength region of
light. Inaddition, the reflective index of the semiconductor
substrate 100 having the third surface state is lowerthan
the reflective index of the semiconductor substrate 100
having the second surface state over the whole wave-
length region of the light. In particular, regarding light
having wavelengths in the range of about 250nm to about
400nm and the range of about 900nm to about 1100nm,
the reflective index of the semiconductor substrate 100
having the third surface state is significantly lower than
the reflective index of the semiconductor substrate 100
having the second surface state. In other words, when
the second protrusions 108 (see FIG. 5B) are additionally
formed by dry-etching the semiconductor substrate 100
after the first protrusions 105 (see FIG. 4) are formed by
wet-etching the semiconductor substrate 100, the sem-
iconductor substrate 100 can absorb much more of the
light in a specific wavelength band.

[0049] Having described the exemplary embodiments
of the present invention, itis further noted that it is readily
apparentto those of reasonable skiil in the art that various
modifications may be made without departing from the
spirit and scope of the invention which is defined by the
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metes and bounds of the appended claims.

Claims

A method of manufacturing a photoveltaic device,
the method comprising:

preparing a semiconductor substrate having a
light incidence surface receiving a light, and in-
cluding single crystalline silicon;

wet-etching the light incidence surface to form
a plurality of first protrusions on the light inci-
dence surface;

dry-etching a plurality of surfaces of the plurality
of first protrusions to form a plurality of second
protrusions onthe plurality of surfaces of the plu-
rality of first protrusions;

forming a semiconductor layer on the light inci-
dence surface;

forming a first electrode on the semiconductor
layer; and

forming a second electrode on a rear surface of
the semiconductor substrate facing the light in-
cidence surface.

The method of claim 1, wherein a height ratio of the
plurality of first protrusions to the plurality of second
protrusions is in a range of about 20:1 1 to about
200:1.

The method of claim 2, wherein a height of the plu-
rality of first protrusions is in a range of about 2um
to about 7pm.

The method of claim 3, wherein a height of the plu-
rality of second protrusions are in a range of about
50nm to about 100nm.

The method of claim 1, wherein an etchant used for
the wet-etching comprises potassium hydroxide
(KOH).

The method of claim 1, further comprising:

forming a plurality of third protrusions on a rear
surface of the semiconductor substrate , where-
in the plurality of third protrusions have a same
shape as a shape of the plurality of first protru-
sions; and

dry-etching the surfaces of the plurality of third
protrusions to form a plurality of fourth protru-
sions on the plurality of surfaces of the plurality
of third protrusions,

wherein the plurality of third protrusions are formed
together with the plurality of first protrusions.
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7.

10.

11.

12.

13.

14.

The method of claim 1, wherein an etchant used for
the dry-etching comprises a gas mixture of afirst gas
comprising fluorine (F) and a second gas comprising
chlorine (Cl).

The method of claim 7, wherein the first gas com-
prises sulfur hexafluoride (SFg), and the second gas
comprises chlorine (Cl).

The method of claim 8, wherein a flow rate ratio of
the first gas to the second gas is in a range of about
1: 1 to about 3:1.

The method of claim 9, wherein the dry-etching is
performed for about 15 seconds to 120 seconds.

The method of claim 1, wherein the semiconductor
layer comprises non-single crystalline silicon, andis
formed through a chemical vapor deposition
scheme.

The method of claim 1, wherein the semiconductor
substrate is an N-type semiconductor, and the sem-
iconductor layer is a P-type semiconductor.

The method of claim 1, further comprising:

forming a first intrinsic non-single crystalline sil-
icon layer between the semiconductor substrate
and the semiconductor layer;

forming a second intrinsic non-single crystalline
silicon layer between the semiconductor sub-
strate and the second electrode; and

forming a silicon layer comprising heavily doped
impurities between the second intrinsic non-sin-
gle crystaliine silicon layer and the second elec-
trode, the silicon layer having an impurity con-
centration greater than an impurity concentra-
tion of the semiconductor substrate.

The method of claim 1, further comprising removing
an oxide layer formed on the semiconductor sub-
strate by using an etchant comprising one of boron
trichloride (BCly) or a gas mixture of boron trichloride
(BCls) and chlorine gas (Cl,), before the dry-etching
is performed.
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(67)  Asolar cell and a method for manufacturing the
same are discussed. The solar cell includes a substrate
formed of an n-type crystalline semiconductor (110), an
emitter region (121) of a p-type positioned at a first sur-
face of the substrate, a first dielectric layer (191) posi-
tioned on a second surface opposite the first surface of
the substrate, second dielectric layers (131, 192) respec-
tively positioned on the emitter region (121) and the first
dielectric layer (191), a third dielectric layer (132) posi-

Solar cell and method for manufacturing the same

tioned on the second dielectric layer (131) that is posi-
tioned on the emitter region, a first electrode (140) which
is positioned on the first surface of the substrate and is
connected to the emitter region, and a second electrode
(150) which is positioned on the second surface of the
substrate and is connected to the substrate. The emitter
region (121) has a first textured surface including a plu-
rality of first protrusions (11, 12), each of said first pro-
trusions having a textured surface including a plurality of
second protrusions (111, 112).

FIG.2
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention relate to a solar
cell and a method for manufacturing the same.

Description of the Related Art

[0002] Recently, as existing energy sources such as
petroleum and coal are expected to be depleted, interests
in alternative energy sources for replacing the existing
energy sources are increasing. Among the alternative
energy sources, solar cells for generating electric energy
from solar energy have been particularly spotlighted.
[0003] A solar cell generally includes semiconductor
parts, for example, a substrate and an emitter region,
which respectively have different conductive types, for
example, a p-type and an n-type and thus form a p-n
junction, and electrodes respectively connected to the
semiconductor parts of the different conductive types.
[0004] Whenlightis incidenton the solar cell, electrons
inside the semiconductor parts become free electrons
(hereinafterreferred to as 'electrons’) by the phatoelectric
effect. Further, electrons and holes respectively move to
the n-type semiconductor (e.g., the emitter region) and
the p-type semiconductor (e.g., the substrate) under the
influence of the p-n junction of the semiconductor parts.
The electrons moving to the emitter region and the holes
moving to the substrate are respectively collected by the
respective electrodes electrically connected to the emit-
ter region and the substrate. The electrodes are connect-
ed to each other using electric wires to thereby obtain
electric power.

SUMMARY OF THE INVENTION

[0005] In one aspect, there is a solar cell Including a
substrate formed of an n-type crystalline semiconductor,
an emitter region of a p-type positioned at a first surface
of the substrate, a first dielectric layer positioned on a
second surface opposite the first surface of the substrate,
second dielectric layers respectively positioned on the
emitter region and the first dielectric layer, a third dielec-
tric layer positioned on the second dielectric layer that is
positioned on the emitter region, a first electrode which
is positioned on the first surface of the substrate and is
connected to the emitter region, and a second electrode
whichis positioned on the second surface of the substrate
and is connected to the substrate, wherein the emitter
region has a first textured surface including a plurality of
first protrusions each having a protruding height and a
maximum diameter which are within a range of about 5
wm to 10 pm, and wherein each of the plurality of first
protrusions has a second textured surface including a
plurality of second protrusions each having a protruding
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height and a maximum diameter which are within arange
of about 300 nm to 600 nm.

[0006] The first dielectric layer and the third dielectric
layer may be formed of hydrogenated silicon nitride. The
second dielectric layer may be formed of aluminum ox-
ide.

[0007] The second dielectric layer may have a thick-
ness of about 5 nm to 15 nm.

[0008] Each of the first dielectric layer and the third
dielectric layer may have a thickness of about 70 nm to
100 nm.

[0009] The solar cell may further include a hydrogen-
ated silicon oxide layer positioned between the first die-
lectric layer and the third dielectric layer. The hydrogen-
ated silicon oxide layer may have a thickness of about
50 nm to 100 nm.

[0010] The solar cell may further include a silicon oxide
layer positioned between the second surface of the sub-
strate and the first dielectric layer. The silicon oxide layer
may have a thickness of about 2 nm to 3 nm.

[0011] The first surface and the second surface of the
substrate may be incident surfaces on which light is in-
cident.

[0012] The solar cell may further include a hydrogen-
ated silicon oxide layer positioned on the second dielec-
tric layer that is positioned on the first dielectric layer.
The hydrogenated silicon oxide layer may have a thick-
ness of about 50 nm to 100 nm.

[0013] The solar cell may further include a silicon oxide
layer positioned between the emitter region and the sec-
ond dielectric layer. The silicon oxide layer may have a
thickness of about 2 nm to 3 nm.

[0014] Acicular ends of the plurality of second protru-
sions may point in a parallel direction as vertices of the
plurality of first protrusions.

[0015] Each of the plurality of second protrusions may
have an acicular end, and acicular ends of adjacent sec-
ond protrusions may be connected by serrated edges.
[0016] According to the above-described characteris-
tics of the solar cell, because the surface of the substrate
has the first and second textured surfaces, an amount of
light incident on the substrate increases. Hence, the ef-
ficiency of the solar cell is improved.

[0017] Furthermore, because an anti- reflection layer
including the plurality of dielectric layers and a passiva-
tion layer including the plurality of dielectric layers are
respectively formed on a front surface and a back surface
of the substrate, a reflection amount of light decreases.
Hence, a surface passivation effect is generated at the
surface of the substrate, and the efficiency of the solar
cell is further improved.

[0018] Furthermore, because a field passivation effect
is obtained by stacking a layer having negative fixed
charges on the n- type substrate, a loss amount of car-
riers of the solar cell decreases.

[0019] In addition, because the problem resulting from
a natural oxide layer is reduced by thinly coating the sil-
icon oxide layer on at least one of the front surface and
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the back surface of the substrate, the efficiency of the
solar cell is further improved.

[0020] In another aspect, there is a method for manu-
facturing a solar cell including performing a wet etching
process to form a first textured surface on at least one
surface of a substrate, performing a dry etching process
to form a second textured surface on the first textured
surface, and performing an ion implantation process to
implant impurity ions into the first textured surface and
the second textured surface and performing an activation
process to form at least one of an emitter region and a
back surface field region.

[0021] The wet etching process may be performed us-
ing an alkali solution such as isopropyl alcohol (IPA) or
potassium hydroxide (KOH).

[0022] The first textured surface including a plurality of
first protrusions and a plurality of first depressions may
be formed through the wet etching process using the al-
kali solution. A protruding height and a diameter of each
of the plurality of first protrusions may be within the range
of about 5 um to 10 pm.

[0023] The dry etching process may be performed us-
ing a reaction ion etching (RIE) method.

[0024] The second textured surface including a plural-
ity of second protrusions and a plurality of second de-
pressions may be formed through the dry etching process
using the reaction ion etching method. A protruding
height and a diameter of each of the plurality of second
protrusions may be within the range of about 300 nm to
600 nm.

[0025] The method may further include, after forming
the second textured surface, performing the dry etching
process to remove a remainder of the substrate.

[0026] The first and second textured surfaces may be
formed on a first surface of the substrate, and the first
and second textured surfaces are formed on a second
surface opposite the first surface. In this instance, the
emitter region may be formed at the first surface of the
substrate, and the back surface field region may be lo-
cally formed at the second surface of the substrate.
[0027] In the embodiment of the invention, the local
formation of the back surface field region indicates that
the back surface fieldregion is formed in the same pattern
as the plurality of finger electrodes of the second elec-
trode part at the second surface of the substrate.
[0028] Accordingly, the back surface field region is lo-
cally formed at the second surface of the substrate, unlike
the emitter region entirely formed at the first surface of
the substrate.

[0029] In the embaodiment of the invention, the forma-
tion of the emitter region at the entire first surface of the
substrate indicates that the emitter region is formed at
the entire first surface of the substrate except an edge.
[0030] The emitterregion may be formed by implanting
and activating first impurity ions, and the back surface
field region may be formed by implanting and activating
second impurity ions of a conductive type opposite the
first impurity ions. An activation process of the first im-
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purity ions and the second impurity ions may be per-
formed at a temperature of about 1,000 °C to 2,000 °C
capable of activating the first impurity ions for about 20
minutes to 60 minutes.

[0031] The method may further include performing the
activation process to remove damaged portions of the
first and second surfaces of the substrate resulting from
the dry etching process.

[0032] The method may further include forming a first
dielectric layer on the second surface of the substrate,
simultaneously forming second dielectric layers respec-
tively on the emitter region and the first dielectric layer,
forming a third dielectric layer on the second dielectric
layer that is positioned on the emitter region, and forming
a first electrode part, which includes a plurality of finger
electrodes and is connected to the emitter region, and a
second electrode part, which includes a plurality of finger
electrodes and is connected to the back surface field re-
gion.

[0033] At least one of the first electrode part and the
second electrode part may include at least one bus elec-
trode extending in a direction crossing the finger elec-
trodes.

[0034] Each of the first dielectric layer and the third
dielectric layer may be formed by depaositing hydrogen-
ated silicon nitride at a thickness of about 70 nm to 100
nm. The second dielectric layer may be formed by de-
positing aluminum oxide at a thickness of about 5 nm to
15 nm using an atomic layer deposition (ALD) method.
[0035] The method may furtherinclude forming a fourth
dielectric layer between the first dielectric layer and the
second dielectric layer and on the third dielectric layer.
The fourth dielectric layer may be formed by depositing
hydrogenated silicon oxide at a thickness of about 50 nm
to 100 nm.

[0036] The method may further include, before forming
the first dielectric layer, forming a fifth dielectric layer on
the first and second surfaces of the substrate. The form-
ing of the fifth dielectric layer may include immersing the
substrate in a nitric acid solution having a hydrogen ion
concentration (pH) of about 2 to 4 for about 5 minutes to
30 minutes to form a silicon oxide layer having a thickness
of about 2 nm to 3 nm.

[0037] The back surface field region may be formed in
the same pattern as the plurality of finger electrodes of
the second electrode part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention. In the drawings:

[0039] FIG. 1 is a partial perspective view of a solar
cell according to an example embodiment of the inven-
tion;
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[0040] FIG. 2is a cross-sectional view taken along line
lI-Il of FIG. 1;

[0041] FIG. 3illustrates a portion of a substrate of the
solar cell shown in FIGS. 1 and 2, on which a wet etching
process and a dry etching process are performed;
[0042] FIGS. 4A to 4H sequentially illustrate a method
for manufacturing a solar cell according to an example
embodiment of the invention;

[0043] FIG. 5 is a partial cross-sectional view of anoth-
er example of a solar cell accerding to an example em-
bodiment of the invention; and

[0044] FIGS. 6 and 7 are partial cross-sectional views
of other examples of a solar cell according to an example
embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0045] Reference will now be made in detail to embod-
iments of the invention, examples of which are illustrated
in the accompanying drawings. This invention may, how-
ever, be embodied in many different forms and should
not be construed as limited to the embodiments set forth
herein. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts. It will be paid attention that detailed descrip-
tion of known arts will be omitted if it is determined that
the arts can mislead the embodiments of the invention.
[0046] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. 1t will
be understood that when an element such as a layer,
film, region, or substrate is referred to as being "on" an-
other element, it can be directly on the other element or
intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" an-
other element, there are no intervening elements
present.

[0047] Further, it will be understood that when an ele-
ment such as a layer, film, region, or substrate is referred
to as being "entirely" on other element, it may be on the
entire surface of the other element and may not be on a
portion of an edge of the other element.

[0048] Example embodiments of the invention will be
described in detail with reference to FIGS. 1to 7.
[0049] A solar cell according to an example embodi-
ment of the invention is described in detail with reference
to FIGS. 1 and 2.

[0050] As shown in FIGS. 1 and 2, a solar cell accord-
ing to an example embodiment of the invention includes
a substrate 110, an emitter region 121 positioned at a
front surface (or a first surface) of the substrate 110, an
anti-reflection layer 130 pasitioned on the emitter region
121, a passivation layer 190 positioned on a back surface
(or a second surface) opposite the front surface of the
substrate 110, a front electrode part (or a first electrode
part) 140 which is positioned on the front surface of the
substrate 110, is connected to the emitter region 121,
and includes a plurality of front electrodes (or a plurality
of first electrodes) 141 and a plurality of front bus bars
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(or a plurality of first bus bars) 142, a back electrode part
(or a second electrode part) 150 which is positioned on
the back surface of the substrate 110 and includes a plu-
rality of back electrodes (or a plurality of second elec-
trodes) 151 and a plurality of back bus bars (or a plurality
of second bus bars) 152, and a plurality of back surface
field regions 172 positioned under the plurality of back
electrodes 151 and the plurality of back bus bars 152 at
the back surface of the substrate 110.

[0051] In the embodiment of the invention, light is in-
cident on at least one of the front surface and the back
surface of the substrate 110.

[0052] The substrate 110is a semiconductor substrate
formed of a semiconductor such as first conductive type
silicon, for example, n-type silicon, though not required.
The semiconductor used in the substrate 110 is a crys-
talline semiconductor, such as single crystal silicon and
polycrystalline silicon. The n-type substrate 110 is doped
with impurities of a group V element such as phosphorus
(P), arsenic (As), and antimony (Sb).

[0053] As shown in FIGS. 1 to 3, a separate texturing
process is entirely performed on the flat front surface of
the substrate 110 to form a first textured surface corre-
sponding to an uneven surface or having uneven char-
acteristics, and including a plurality of first protrusions 11
and a plurality of first depressions 12. In this instance,
the emitter region 121 and the anti-reflection layer 130
positioned on the front surface of the substrate 110 have
the textured surface.

[0054] Each of the first protrusions 11 has a pyramid
shape or a similar shape.

[0055] Inthe embadiment of the invention, a diameter
(i.e., size) 'a’ and a protruding height 'b’ of each of the
first protrusions 11 may be within the range of several
wm, for example, about 5 pm to 10 wm. An aspect ratio
’bla’ of each first protrusion 11 may be about 1.0 to 1.5.
In the embodiment of the invention, the aspect ratio 'b/a’
is obtained by dividing the protruding height’b’ of the first
protrusion 11 by the diameter 'a’ of the first protrusion
11. The diameter 'a’ of the first protrusion 11 is a width
of the base of the first protrusion 11.

[0056] Because the plurality of first protrusions 11 are
positioned on the front surface of the substrate 110, an
incident area of the substrate 110 increases and a light
reflectance decreases due to a plurality of reflection op-
erations resulting from each first protrusion 11. Hence,
an amount of light incident on the substrate 110 increas-
es, and the efficiency of the solar cell is improved.
[0057] AsshowninFIGS. 2 and 3, a plurality of second
protrusions 111 and a plurality of second depressions
112 are formed on the surface of each first protrusion 11.
Thus, the surface of each first protrusion 11 has a second
textured surface corresponding to an uneven surface or
having uneven characteristics, and including the plurality
of second protrusions 111 and the plurality of second
depressions 112.

[0058] A diameter (i.e., size) and a protruding height
of each of the second protrusions 111 included in each
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first protrusion 11 are less than the diameter (i.e., size)
and the protruding height of each first protrusion 11.
[0059] For example, the diameter and the protruding
height of each second protrusion 111 may be within the
range of several hundreds of nm. For example, each sec-
ond protrusion 111 may have the maximum diameter and
the protruding height of about 300 nm to 600 nm.
[0060] Because the surface of each first protrusion 11
has the second textured surface, the incident area of the
substrate 110 further increases. Further, because a re-
flection operation of light is repeatedly performed, an
amount of light incident on the substrate 110 further in-
creases.

[0061] As described above, the surface of the sub-
strate 110 forms the first textured surface having the first
protrusions 11 and the first depressions 12, and the sur-
face of each first protrusion 11 forms the second textured
surface having the second protrusions 111 and the sec-
ond depressions 112. Namely, the surface of the sub-
strate 110 has the first and second textured surfaces.
Thus, a reflectance (for example, an average weighted
reflectance) of light having a wavelength of about 300
nm te 1,100 nm has a small value of about 1 % to 10 %.
[0062] Asshownin FIGS. 2 and 3, the first protrusions
11 have a plurality of surfaces that meet at respective
vertices that are generally piked. Each of the plurality of
surfaces of the first protrusions 11 has a plurality of sec-
ond protrusions 111 that have acicular ends. Each of the
second protrusions 111 are connected to other second
protrusions 111 by serrated edges that defined the plu-
rality of depressions 112. The plurality of second protru-
sions 111 generally peint in a parallel direction as the
vertices of the plurality of first protrusions 11. The plurality
of depressions 112 are also generally holiowed out in the
parallel direction as the vertices of the plurality of first
praotrusions 11.

[0063] in the embodiment of the invention, when the
substrate 110 is formed of single crystal silicon, the first
textured surface 11(12) may be formed through a wet
etching method using an alkali solution such as isopropyl
alcohol (IPA) or patassium hydroxide (KOH), and the sec-
ond textured surface 111(112) may be formed through a
dry etching method such as a reaction ion etching (RIE)
method.

[0064] The emitter region 121 positioned at the frant
surface of the substrate 110 is an impurity region doped
with impurities of a second conductive type (for example,
p-type) opposite the first conductive type (for example,
n-type) of the substrate 110. Thus, the emitter region 121
of the second conductive type forms a p-n junction along
with a first conductive type region (for example, an n-type
region) of the substrate 110.

[0065] in the embodiment of the invention, the emitter
region 121 may have a sheetresistance of about 70 )/sq.
to 80 Q/sq.

[0066] Regarding carriers, for example, electrons and
holes produced by light incident on the substrate 110,
the electrons and the holes respectively move to the n-
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type semiconductor and the p-type semiconductor by a
built-in potential difference resulting from the p-n junction
between the substrate 110 and the emitter region 121.
Thus, when the substrate 110 is of the n-type and the
emitter region 121 is of the p-type, the electrons and the
holes move to the substrate 110 and the emitter region
121, respectively.

[0067] When the emitter region 121 is of the p-type,
the emitter region 121 may be formed by doping the sub-
strate 110 with impurities of a group 11l element such as
boron (B), gallium (Ga), and indium (In). In this instance,
the emitter region 121 may be formed using an ion im-
plantation method.

[0068] The anti-reflection layer 130 includes afirstanti-
reflection layer 131 positioned on the emitter region 121
and a second anti-reflection layer 132 positioned on the
first anti-reflection layer 131.

[0069] Inthe embodiment of the inverition, the first anti-
reflection layer 131 may be formed of aluminum oxide
(Al,O3), and the second anti-reflection layer 132 may be
formed of hydrogenated silicon nitride (SiNx:H).

[0070] The first anti-reflection layer 131 formed of alu-
minum oxide (Al,Q4) may have a thickness of about 5
nm to 15 nm and a refractive index of about 1.1 to 1.6.
The second anti-reflection layer 132 formed of hydrogen-
ated silicon nitride (SiNx:H) may have a thickness of
about 70 nm to 100 nm and a refractive index of about
2.01t02.2.

[0071] Inthis instance, because the refractive index of
the first anti-reflection layer 131 adjacent to the substrate
110 is less than the refractive index of the second anti-
reflection layer 132 adjacent to air, an anti-reflection ef-
fect is reduced by the refractive index of the first anti-
reflection layer 131. Itis preferable, but not required, that
the thickness of the first anti-reflection layer 131 is much
less than the thickness of the second anti-reflection layer
132, so as to prevent a reduction in the anti-reflection
effect.

[0072] The first anti-reflection layer 131 formed of alu-
minum oxide (Al,O3) is positioned on the front surface of
the substrate 110, i.e., directly on the emitter region 121
positioned at the front surface of the substrate 110.
[0073] In general, aluminum oxide (Al,O3) has the
characteristic of negative fixed charges.

[0074] Thus, positive fixed charges (i.e., holes) are
drawn to the p- type emitter region 121 and electrons are
pushed to the back surface of the substrate 110 by the
first anti- reflection layer 131 formed of aluminum oxide
(Al,O3) having negative fixed charges. Namely, a field
passivation effect is obtained.

[0075] Accordingly, an amount of holes moving to the
emitter region 121 further increases by the first anti- re-
flection layer 131 formed of aluminum oxide (Al,O4), and
an amount of electrens moving to the emitter region 121
decreases by the first anti- reflection layer 131. Hence,
a recombination of electrons and holes at and around
the emitter region 121 is reduced.

[0076] Oxygen (O) contained in aluminum oxide
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(Al,04) for forming the first anti-reflection layer 131
moves to the surface of the substrate 110 abutting on
the first anti-reflection layer 131 to thereby perform a pas-
sivation function for converting a defect, for example,
dangling bonds existing at and around the surface of the
substrate 110 into stable bonds.

[0077] The first anti-reflection layer 131 formed of alu-
minum oxide (Al,O3) may be formed using an atomic
layer deposition (ALD) method having an excellent step
coverage.

[0078] As described above, the first textured surface
11(12) using the wet etching method and the second tex-
tured surface 111(112) using the dry etching method are
formed on the front surface of the substrate 110. There-
fore, a roughness of the front surface (i.e., the surface of
the emitter region 121) of the substrate 110 abutting on
the first anti-reflection layer 131 further increases com-
pared to when only the first textured surface 11(12) is
formed.

[0079] If the first anti-reflection layer 131 is formed di-
rectly on the emitter region 121 using a deposition meth-
od such as a plasma enhanced chemical vapor deposi-
tion (PECVD) method, the first anti-reflection layer 131
may not be narmally coated on the first and second pro-
trusions 11 and 111 and the firstand second depressions
12 and 112. Hence, a nan-formation area of the first anti-
reflection layer 131 may increase in the first and second
textured surfaces of the substrate 110.

[0080] In this instance, a surface passivation effect
may be not generated in the non-formation area of the
first anti-reflection layer 131. As a result, an amount of
carriers lost at and around the surface of the substrate
110 may increase.

[0081] On the other hand, in the embodiment of the
invention, the first anti-reflection layer 131 is formed on
the emitter region 121 using the atomic layer deposition
method having the excellent step coverage. Therefore,
the first anti-reflection layer 131 is normally formed on
the first and second protrusions 11 and 111 and the first
and second depressions 12 and 112. Hence, the non-
formation area of the first anti-reflection layer 131 de-
creases in the first and second textured surfaces of the
substrate 110.

[0082] Accordingly, because a formation area of the
first anti- reflection layer 131 increases in the first and
second textured surfaces of the substrate 110, the sur-
face passivation effect using the first anti- reflection layer
131is improved. Hence, an amount of carriers lost at and
around the surface of the substrate 110 decreases, and
the efficiency of the solar cell is improved.

[0083] The second anti-reflection layer 132 formed of
hydrogenated silicon nitride (SiNx:H) is positioned direct-
ly on the first anti-reflection layer 131 on the front surface
of the substrate 110.

[0084] Hydrogen (H)contained in hydrogenated silicon
nitride (SiNx:H) for forming the second anti-reflection lay-
er 132 moves to the surface of the substrate 110 via the
first anti-reflection layer 131 to thereby perform a passi-
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110.

[0085] An amount of carriers lost at and around the
surface of the substrate 110 further decreases by the
passivation function using both the first and second anti-
reflection layers 131 and 132.

[0086] As described above, because the double-lay-
ered anti-reflection layer 130 including the first anti-re-
flection layer 131 formed of aluminum oxide (Al,O3) and
the second anti-reflection layer 132 formed of hydrogen-
ated silicon nitride (SiNx:H) is formed on the front surface
of the substrate 110, the field passivation effect using the
fixed charges of the first anti-reflection layer 131 and the
surface passivation effect using the first and second anti-
reflection layers 131 and 132 are obtained in addition to
the anti-reflection effect of light using changes in the re-
fractive indexes of the first and second anti-reflection lay-
ers 131 and 132.

[0087] When the thickness of the first anti-reflection
layer 131 formed of aluminum oxide is equal to or greater
than about 5 nm, the aluminum oxide layer 131 is more
uniformly formed and the field passivation effect using
the fixed charges of the first anti-reflection layer 131 is
more stably obtained. When the thickness of the first anti-
reflection layer 131 is equal to or less than about 15 nm,
manufacturing time and cost of the first anti-reflection
layer 131 are reduced without a reduction in the anti-
reflection effect resulting from the refractive index of the
first anti-reflection layer 131.

[0088] When the thickness of the second anti-reflec-
tion layer 132 formed of hydrogenated silicon nitride is
equal to or greater than about 70 nm, the silicon nitride
layer 132 is more uniformly formed and the surface pas-
sivation effect using hydrogen (H) is more stably ob-
tained. When the thickness of the second anti-reflection
layer 132 is equal to or less than about 100 nm, manu-
facturing time and cost of the second anti-reflection layer
132 are reduced without a reduction in the field passiva-
tion effect using silicon nitride having positive fixed charg-
es.

[0089] Eachofthe plurality of back surface field regions
172 positioned at the back surface of the substrate 110
is a region that is more heavily doped than the substrate
110 with impurities of the same conductive type (for ex-
ample, the n-type) as the substrate 110.

[0090] The back surface field regions 172 abut on the
back electrodes 151 and the back bus bars 152 posi-
tioned on the back surface of the substrate 110, and are
selectively or locally positioned at the back surface of the
substrate 110.

[0091] Hence, the back surface field regions 172 are
not positioned between the adjacent back electrodes
151, between the back electrodes 151 and the back bus
bars 152, and between the adjacent back bus bars 152.
[0092] A potential barrier is formed by a difference be-
tween impurity concentrations of the first conductive type
region (for example, the n-type region) of the substrate
110 and the back surface field regions 172. Hence, the
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potential barrier prevents or reduces holes from moving
to the back surface field regions 172 used as a moving
path of electrons and makes it easier for electrons to
move to the back surface field regions 172.

[0093] Thus, the back surface field regions 172 reduce
an amount of carriers lost by a recombination and/or a
disappearance of the electrons and the holes at and
around the back surface of the substrate 110 and accel-
erate a movement of desired carriers (for example, elec-
trons), thereby increasing an amount of carriers moving
to the back electrode part 150.

[0094] Because the impurity concentration of the back
surface field regions 172 is higher than the impurity con-
centration of the substrate 110, the conductivity of the
back surface field regicns 172 abutting on the back elec-
trode part 150 is greater than the conductivity of the sub-
strate 110. Hence, a movement of carriers from the back
surface field regions 172 to the back electrode part 150
is easily carried out.

[0095] The passivation layer 190 includes a first pas-
sivation layer 191 positioned directly on the back surface
of the substrate 110 and a second passivation layer 192
positioned directly on the first passivation layer 191.
[0096] The first passivation layer 191 may be formed
of hydrogenated silicon nitride (SiNx:H), and the second
passivation layer 192 may be formed of aluminum oxide
(Al,03).

[0097] Inthe embodimentofthe invention, thefirst pas-
sivation layer 191 and the second anti-reflection layer
132 may be simultaneously formed through the same
process, or the second passivation layer 192 and the first
anti-reflection layer 131 may be simultaneously formed
through the same process.

[0098] Hence, the first passivation layer 191 may be
formed of the same material as the second anti- reflection
layer 132 and thus may have the same characteristics,
for example, thickness, properties, companent, compo-
sition (or composition ratio), refractive index, etc., as the
second anti- reflection layer 132. Further, the second
passivation layer 192 may be formed of the same material
as the first anti- reflection layer 131 and thus may have
the same characteristics, for example, thickness, prop-
erties, component, composition (or composition ratio),
refractive index, etc., as the first anti- reflection tayer 131.
[0099] More specifically, the first passivation layer 191
formed of hydrogenated silicon nitride (SiNx:H) may have
a thickness of about 70 nm to 100 nm and a refractive
index of about 2.0 to 2.2. The second passivation layer
192 formed of aluminum oxide (Al,O3) may have a thick-
ness of about 5 nm to 15 nm and a refractive index of
about 1.1 to 1.6.

[0100] Because the first passivation layer 191 formed
of hydrogenated silicon nitride (SiNx:H) is positioned on
the back surface field regions 172 positioned directly on
the back surface of the substrate 110, the surface pas-
sivation function using hydrogen (H) is performed.
Hence, an amount of carriers lost at and around the back
surface of the substrate 110 decreases.
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[0101] Hydrogenated silicon nitride (SiNx:H) has the
characteristic of positive fixed charges opposite alumi-
num oxide (Al,0s).

[0102] In the embodiment of the invention, the sub-
strate 110 is of the n-type, and the first passivation layer
191, which is formed directly on the back surface of the
substrate 110 using silicon nitride, has the characteristic
of positive fixed charges. Hence, negative charges (i.e.,
electrons) moving to the first passivation layer 191 have
a polarity opposite the first passivation layer 191 formed
of silicon nitride. As a result, the electrons are drawn to
the first passivation layer 191 because of the positive
polarity of the first passivation layer 191. On the other
hand, positive charges (i.e., holes) have the same polar-
ity as the first passivation layer 191 and thus are pushed
to the front surface of the substrate 110 opposite the first
passivation layer 191 because of the positive polarity of
the first passivation layer 191.

[0103] Hence, when the first passivation layer 191 is
formed directly on the back surface of the n- type sub-
strate 110 using hydrogenated silicon nitride (SiNx: H),
an amount of electrons moving to the back surface of the
substrate 110 further increases because of the influence
of positive fixed charges. Further, the recombination of
the electrons and the holes at and around the back sur-
face of the substrate 110 is reduced.

[0104] The second passivation layer 192, which is
formed on the first passivation layer 191 using aluminum
oxide (Al,O5), prevents hydrogen (H) contained in the
first passivation layer 191 from moving to the back elec-
trode part 150 opposite the front surface of the substrate
110 because of heat applied when the solar cell is man-
ufactured. As a result, the surface passivation effect of
the back surface of the substrate 110 using hydrogen (H)
contained in the first passivation layer 191 is improved.
[0105] As described above, the double-layered passi-
vation layer 190 including the first passivation layer 191
formed of hydrogenated silicon nitride (SiNx:H) and the
second passivation layer 192 formed of aluminum oxide
(Al,04) is formed on the back surface of the substrate
110, in the same manner as the double-layered anti-re-
flection layer 130 positioned on the front surface of the
substrate 110. Hence, the surface passivation effect of
the back surface of the substrate 110 is improved.
[0106] It is preferable, but not required, that the thick-
ness of the first passivation layer 191 is greater than the
thickness of the second passivation layer 192 positioned
on the first passivation layer 191, so that the second pas-
sivation layer 192 having the negative fixed charges does
not adversely affect the first passivation layer 191 having
the positive fixed charges. Further, the thickness of the
first passivation layer 131 may be greater than the thick-
ness of the second anti-reflection layer 132 on the front
surface of the substrate 110.

[0107] Accordingly, if necessary, the thickness of the
hydrogenated silicon nitride layer (i.e., the second anti-
reflection layer 132) positioned on the front surface of
the substrate 110 may be different from the thickness of
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the silicon nitride layer (i.e., the first passivation layer
191) positioned on the back surface of the substrate 110.
In this instance, the silicon nitride layer (i.e., the second
anti- reflection layer 132) positioned on the front surface
of the substrate 110 may have the thickness of about 90
nm, and the silicon nitride layer (i.e., the first passivation
layer 191) positioned on the back surface of the substrate
110 may have the thickness of about 100 nm.

[0108] When lightis incident on the back surface of the
substrate 110, a refractive index in going from air to the
substrate 110 increases. Therefore, a reflection amount
of light incident on the back surface of the substrate 110
decreases, and an amount of light absorbed in the sub-
strate 110 increases. Hence, when light is incident on
the back surface of the substrate 110, the passivation
layer 190 serves as an anti-reflecticn layer.

[0109] The plurality of front electrodes 141 of the front
electrode part 140 are connected to the emitter region
121, and the plurality of front bus bars 142 of the front
electrode part 140 are cannected to the front electrodes
141 as well as the emitter region 121.

[0110] The front electrodes 141 are electrically and
physically connected to the emitter region 121 and are
separated from one ancther. The front electrodes 141
extend parallel to one another in a fixed direction. The
front electrodes 141 collect carriers (for example, holes)
moving to the emitter region 121.

[0111] Thefrontbus bars 142 are electrically and phys-
ically connected to the emitter region 121 and extend
parallel to one another in a direction crossing the front
electrodes 141.

[0112] The front bus bars 142 have to collect not only
carriers (for example, hcles) moving from the emitter re-
gion 121 butalso carriers collected by the front electrodes
141 crossing the front bus bars 142 and have to move
the collected carriers in a desired direction. Thus, a width
of each front bus bar 142 may be greater than a width
of each front electrode 141.

[0113] In the embodiment of the invention, the front
bus bars 142 are positioned on the same level layer as
the front electrodes 141 and are electricaily and physi-
cally connected to the front electrodes 141 at crossings
of the front electrodes 141 and the front bus bars 142,
[0114] Accordingly, as shown in FIG. 1, the plurality of
front electrodes 141 have a stripe shape extending in a
transverse (or longitudinal) direction, and the plurality of
front bus bars 142 have a stripe shape extending in a
direction crossing the front electrodes 141, for example,
in alongitudinal (or transverse) direction. Hence, the front
electrode part 140 has a lattice shape on the front surface
of the substrate 110.

[0115] The front bus bars 142 are connected to an ex-
ternal device and output the collected carriers to the ex-
ternal device.

[0116] The front electrode part 140 including the front
electrodes 141 and the front bus bars 142 is formed of
atleast one conductive material, for example, silver (Ag).
[0117] The plurality of back electrodes 151 of the back

2645421A1_1_>

15

20

25

30

35

40

45

50

85

electrode part 150 are positioned on the back surface
field regions 172 and directly abut on the back surface
field regions 172. The back electrodes 151 are separated
from one another and extend in a fixed direction in the
same manner as the front electrodes 141. In this in-
stance, the back electrodes 151 extend in the same di-
rection as the front electrodes 141. The back electrodes
151 callect carriers (for example, electrons) moving to
the back surface field regions 172.

[0118] The plurality of back bus bars 152 of the back
electrode part 150 are positioned on the back surface
field regions 172 and abut on the back surface field re-
gions 172. The back bus bars 152 extend paraliel to one
another in a direction crossing the back electrodes 151.
Inthis instance, the back bus bars 152 extend inthe same
direction as the front bus bars 142. The back bus bars
152 may be positiocned opposite the front bus bars 142
with the substrate 110 interposed between them.
[0119] The back bus bars 152 collect carriers (for ex-
ample, electrons) collected by the back electrodes 151
crossing the back bus bars 152 and move the collected
carriers in adesired direction. Thus, a width of each back
bus bar 152 may be greater than a width of each back
electrode 151.

[0120] The back bus bars 152 are positioned on the
same level layer as the back electrodes 151 and are elec-
trically and physically connected to the back electrodes
151 at crossings of the back electrodes 151 and the back
bus bars 152.

[0121] Thus, the back electrode part 150 has a lattice
shape on the back surface of the substrate 110 in the
same manner as the front electrode part 140.

[0122] The back electrodes 151 and the back bus bars
152 may contain the same conductive material, for ex-
ample, silver (Ag) as the front electrodes 141 and the
front bus bars 142. Alternatively, the back electrode part
150 may be formed of a material different from the front
electrode part 140, and the back electrodes 151 may be
formed of a material different from the back bus bars 152.
[0123] As described above, in the embodiment of the
invention, the back surface field regions 172 are posi-
tioned under the back electrodes 151 and the back bus
bars 152 and extend along the back electrodes 151 and
the back bus bars 152. Hence, the back surface field
regions 172 are selectively or locally positioned at the
back surface of the substrate 110 and have a lattice
shape in the same manner as the back electrode part
150. Thus, as described above, a non-formation portion
of the back surface field regicns 172 exists at the back
surface of the substrate 110.

[0124] Inthe embodiment of the invention, the number
of front electrode 141, which are positioned on the front
surface of the substrate 110 and receive the most of light,
is less than the number of back electrode 151, which are
positioned on the back surface of the substrate 110 and
receive a smaller amount of light than the front surface
of the substrate 110. Thus, a distance between the two
adjacent front electrodes 141 is greater than a distance
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between the two adjacent back electrodes 151.

[0125] As described above, because the front elec-
trode part 140 and the back electrode part 150 contain
a metal material such as silver (Ag), the front electrode
part 140 and the back electrode part 150 do not transmit
light.

[0126] Because the distance between the front elec-
trodes 141 is greater than the distance between the back
electrodes 151, a reduction in an incident area of light at
the front surface of the substrate 110 is reduced or pre-
vented by the arrangement of the front electrodes 141.
Hence, an amount of light incident on the front surface
of the substrate 110 increases.

[0127] Inanother embodiment, the front bus bars 142,
the back bus bars 152, or both may be omitted if needed
or desired.

[0128] Inthe embodiment of the invention, atleastone
of the front electrode part 140 and the back electrode
part 150 may be formed using a plating method.

[0129] When at least one of the front electrode part
140 and the back electrode part 150 is formed using the
plating method, at least one of the front electrode part
140 and the back electrode part 150 may have a single-
layered structure as in the embodiment of the invention.
Alternatively, at least one of the front electrode part 140
and the back electrode part 150 may have a multi-layered
structure such as a double-layered structure and a triple-
layered structure. When at least one of the front electrode
part 140 and the back electrode part 150 formed using
the plating method has the single-layered structure, at
least one of the front electrode part 140 and the back
electrode part 150 may be formed of silver (Ag).

[0130] When at least one of the front electrode part
140 and the back electrode part 150 formed using the
plating methad has the double-layered structure, a lower
layer (or a first layer), which abuts on the emitter region
121 (i.e., asecond conductive type region of the substrate
110) or abuts on the back surface field regions 172 (i.e.,
a heavily doped region of the substrate 110 doped with
impurities of the first conductive type), may be formed of
nickel (Ni), and an upper layer (or a second layer) on
the lower layer may be formed of silver (Ag).

[0131] When at least one of the front electrode part
140 and the back electrode part 150 formed using the
plating method has the triple-layered structure, a lower
layer (or a first layer) abutting on the emitter region 121
or the back surface field regions 172 may be formed of
nickel (Ni), a middle layer (or a second layer) on the lower
layer may be formed of copper (Cu), and an upper layer
(or a third layer) on the middle layer may be formed of
silver (Ag) or tin (Sn).

[0132] When at least ane of the front electrode part
140 and the back electrode part 150 formed using the
plating method has the double-layered structure, a thick-
ness of the lower layer may be about 0.5 pm to 1 pm,
and a thickness of the upper layer may be about 5 pm
to 10 pm. When at least one of the front electrode part
140 and the back electrode part 150 formed using the
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plating method has the triple-layered structure, each of
the lower layer and the upper layer may have a thickness
of about 0.5 pm to 1 pm, and a thickness of the middle
layer may be about 5 pm to 10 pm.

[0133] In this instance, the lower layer is to reduce a
contact resistance between the lower layer and the emit-
ter region 121 or the back surface field regions 172 abut-
ting on the lower layer, and is to improve contact char-
acteristics. The middle layer may be formed of a relatively
inexpensive material with good conductivity, for example,
copper (Cu) in consideration of cost reduction. If the mid-
dle layer is formed of copper (Cu), the lower layer under-
lying the middle layer may prevent copper (Cu), which is
smoothly bonded to silicon (Si), from serving as an im-
purity region, which is penetrated (absorbed) in the emit-
ter region 121 or the back surface field regions 172
farmed of silicon (Si) to thereby reduce or prevent the
movement of carriers.

[0134] The upper layer prevents the oxidation of the
layer (for example, the lower layer or the middle layer)
underlying the upper layer and improves an adhesive
strength between the layer (for example, the lower layer
or the middle layer) and a conductive film, for example,
aribban positioned on the upper layer.

[0135] As described above, at least one of the front
electrode part 140 and the back electrode part 150
formed using the plating method may have the double-
layered structure or the triple-layered structure, and the
lower layer may be formed of nickel (Ni). In this instance,
nickel silicide compounds exist between the lower layer
and the emitter region 121 or between the lower layer
and the back surface field regions 172 because of a bond
between nickel (Ni) and silicon (Si) of the emitter region
121 (i.e., the second conductive type region of the sub-
strate 110) or a bond between nickel (Ni) and silicon (Si)
of the back surface field regions 172 (i.e., the heavily
doped region of the substrate 110 doped with impurities
of the first conductive type).

[0136] Alternatively, at least one of the front electrode
part 140 and the back electrode part 150 may be formed
through a screen printing method using an Ag paste con-
taining a glass frit or an Al paste containing the glass frit.
In this instance, the glass frit may pass through the anti-
reflection layer 130 or the passivation layer 190 and may
abut on the emitter region 121 or the back surface field
regions 172.

[0137] Accordingly, at least one of components of the
glass frit is detected in a contact portion between the front
electrode part 140 and the emitter region 121 or a contact
portion between the back electrode part 150 and the back
surface field regions 172. For example, at least one of
lead (Pb)- based material such as PbO, bismuth (Bi)-
based material such as Bi, O3, aluminum (Al)- based ma-
terial such as Al,O,, boran (B)- based material such as
B,0g, tin (Sn)- based material, zinc (Zn)- based material
such as Zn0O, titanium (Ti)- based material such as TiO,
and phosphorus (P)- based material such as P,0g con-
tained in the glass frit may be detected.
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[0138] Onthe other hand, when at leastone of the front
electrode part 140 and the back electrode part 150 is
formed using the plating method, the component of the
glass frit is not detected between the substrate 110 (i.e.,
the emitter region 121) and the front electrode part 140
including the front electrodes 141 and the front bus bars
142 and between the substrate 110 (i.e., the back surface
field regions 172) and the back electrode part 150 includ-
ing the back electrodes 151 and the back bus bars 152.
[0139] As described above, when at least one of the
front electrode part 140 and the back electrode part 150
has the multi-layered structure, the lower layer, the mid-
dle layer, and the upper layer are sequentially formed
using the plating method to have a desired thickness.
[0140] Inthe embodiment of the invention, the number
of front electrodes 141, the number of front bus bars 142,
the number of back electrodes 151, and the number of
back bus bars 152 may vary, if desired or necessary.
[0141] Each front bus bar 142 and each back bus bar
152 respectively collect carriers from the emitter region
121 and the back surface field regions 172, and also re-
spectively output carriers collected by the front elec-
trodes 141 and carriers collected by the back electrodes
151 to the external device.

[0142] In another embodiment, at least one of the front
bus bar 142 and the back bus bar 152 may be positioned
directly on at least one of the anti-reflection layer 130 and
the passivation layer 190 and may abut on at least one
of the anti-reflection layer 130 and the passivation layer
190.

[0143] As described above, because each of the front
surface and the back surface of the substrate 110 has
the first and second textured surfaces, a surface area of
the substrate 110 increases.

[0144] Hence, an area of the emitter region 121 con-
tacting each front electrode 141 and an area of the back
surface field region 172 contacting each back electrode
151 increase. Therefore, even if a width W11 of each
front electrode 141 and a width W12 of each back elec-
trode 151 decrease, a contact area between the emitter
region 121 and the front electrode 141 and a contactarea
between the back surface field region 172 and the back
electrode 151 may not decrease.

[0145] As aresult, even if the width W11 of each front
electrode 141 and the width W12 of each back electrode
151 decrease, an amount of carriers moving from the
emitter region 121 to the front electrodes 141 and an
amount of carriers moving from the back surface field
regions 172 to the back electrodes 151 may not de-
crease.

[0146] In the embodiment of the invention, the width
W11 of each front electrode 141 and the width W12 of
each back electrode 151 may be about 40 pm to 50 um.
The widths W11 and W12 are much less than a width (of
about 60 pm to 100 pm) of electrodes of a comparative
example.

[0147] As described above, because formation areas
of the front electrodes 141 and the back electrodes 151
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to prevent or reduce the incidence of light at the front
surface and the back surface of the substrate 110 are
reduced, an amount of light incident on the front surface
and the back surface of the substrate 110 increases.
[0148] However, a moving distance of carriers moving
to the front electrodes 141 along the emitter region 121
and a moving distance of carriers moving to the back
electrodes 151 along the back surface field regions 172
increase because of the first and second textured sur-
faces of the substrate 110.

[0149] Accordingly, in the embodiment of the inven-
tion, a distance D11 between the two adjacent front elec-
trodes 141 and a distance D12 between the two adjacent
back electrcdes 151 may decrease, so as to compensate
foranincrease in the moving distance of carriers resulting
from an increase in a surface area of the emitter region
121 and a surface area of the back surface field regions
172. For example, the distance D11 between the two
adjacent front electrodes 141 and the distance D12 be-
tween the two adjacent back electrodes 151 may be
equalto orgreater than about 1.5 mm and less than about
2.0 mm.

[0150] As described above, because the width W11 of
each front electrode 141 and the width W12 of each back
electrode 151 decrease, an incident area of light at the
front surface and the back surface of the substrate 110
does not decrease even if the distances D11 and D12
increases.

[0151] An operation of the solar cell having the above-
described structure is described below.

[0152] When lightirradiated to the solar cell is incident
onthe substrate 110 and at least one of the emitter region
121 and the back surface field region 172, each of which
is the semiconductor part, through at least one of the
anti-reflection layer 130 and the passivation layer 190,
electrons and holes are generated in the substrate 110
by light energy produced based on the incident light. In
this instance, because a reflection loss of the light inci-
dent on the substrate 110 is reduced by the first and
second textured surfaces of the substrate 110, the anti-
reflection layer 130, and the passivation layer 190, an
amount of light incident on the substrate 110 increases.
[0153] The electrons move to the n-type semiconduc-
tor part (for example, the substrate 110) and the holes
move to the p-type semiconductor part (for example, the
emitter region 121) by the p-n junction of the substrate
110 and the emitter region 121.

[0154] The holes moving to the emitter region 121 are
collected by the front electrodes 141 and the front bus
bars 142 and then move along the front bus bars 142.
The electrons moving to the substrate 110 pass through
the back surface field regions 172, are collected by the
back electrodes 151 and the back bus bars 152, and
move along the back bus bars 152. When the front bus
bars 142 are connected to the back bus bars 152 using
electric wires such as a conductive film, current flows
therein to thereby enable use of the current for electric
power.
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[0155] As described above, each of the front surface
and the back surface of the substrate 110 has the double
texturing structure including the first protrusions 11 hav-
ing the size of several pm and the second protrusions
111 having the size of several hundreds of nm, the inci-
dent area of the substrate 110 increases. Further, a re-
flection amount of light decreases due to a reflection op-
eration using the firstand second protrusions 11and 111,
and an amount of light incident on the substrate 110 in-
creases.

[0156] The efficiency of the solar cell is improved by
the anti-reflection effect using the refractive indexes of
the anti-reflection layer 130 and the passivation layer
190, the field passivation effect using the fixed charges,
and the surface passivation effect using hydrogen (H) or
oxygen (O).

[0157] A method for manufacturing the solar cell ac-
cording to the embodiment of the invention is described
below with reference to FIGS. 4A to 4H.

[0158] As shown in FIG. 4A, a wet etching process is
performed on a front surface and a back surface of a
substrate 110 of a first conductive type (for example, n-
type) to form a first textured surface having a plurality of
first protrusions 11 and a plurality of first depressions 12.
[0159] The substrate 110 may be a crystalline semi-
conductor formed of single crystal silicon.

[0160] Whenthe substrate 110 is formed of single crys-
tal silican, the first textured surface 11(12) may be formed
using an alkali sclution such as isopropy! alcohol (IPA)
or potassium hydroxide (KOH).

[0161] Each of the first protrusions 11 may have a pyr-
amid shape, such as a triangular pyramid. A diameter
(i.e., size) and a protruding height of each first protrusion
11 may be about 5 pm to 10 pm.

[0162] Next, asshowninFIG. 4B, after thefirsttextured
surface 11 (12) is formed, a second textured surface hav-
ing a plurality of second protrusions 111 and a plurality
of second depressions 112 is formed on the surface of
each first protrusion 11 using a dry etching method such
as a reaction ion etching (RIE) method.

[0163] A maximum diameter (i.e., size) and a protrud-
ing height of each second protrusion 111 may be about
300 nm to 600 nm.

[0164] In the embodiment of the invention, an etching
gas used in the RIE method may be a mixture of SFg and
Cl,. Other gases may be used.

[0165] After the second textured surface 111(112) is
formed, a process for removing a remainder of the sur-
face (or a portion of a surface layer) of the substrate 110
may be additionally performed. The remainder may be
removed using a dry gas (used in the dry etching method)
of a process room (or chamber) used to form the second
textured surface 111(112), instead of the use of a sepa-
rate process room (or chamber). In this instance, time
required in the removing process of the remainder using
the dry etching method is further reduced as compared
to the wet etching method.

[0166] Further, if the remainder is removed using the
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wet etching method, the uneven portions of the first and
second textured surfaces may be deformed. However,
when the remainder is removed using the dry etching
method, the uneven portions of the first and second tex-
tured surfaces are not deformed, and thus changes or
deviations in the reflectance of light resulting from the
first and second textured surfaces are not generated.
[0167] Next, as shown in FIG. 4C, ions (hereinafter,
referred to as "first impurity ions’) of first impurities of a
predetermined conductive type are implanted into the
front surface of the substrate 110 using an ion implanta-
tion methad.

[0168] In this instance, the predetermined conductive
type may be a second conductive type (for example, p-
type) opposite the first conductive type of the substrate
110. In the embodiment of the invention, the first impu-
rities may use boron (B). Thus, the first impurity ions may
be positive ions B* of boron (B).

[0169] More specifically, the first impurity ions of the
second conductive type are implanted into the exposed
front surface of the substrate 110 to form an impurity
region, i.e., a first impurity region 120 of the second con-
ductive type at the front surface of the substrate 110.
[0170] Subsequently, ions (hereinafter, referred to as
'second impurity ions’) of second impurities of a prede-
termined conductive type (i.e., the first conductive type)
are implanted into the back surface of the substrate 110
using the ion implantation method to form a second im-
purity region 170 of the first conductive type at the back
surface of the substrate 110.

[0171] Inthe embodiment of the invention, the second
impurities may use phosphorus (P). Thus, the second
impurity ions may be positive ions P* of phosphorus (P).
[0172] A mask to implant the ions only into a desired
region of each of the front surface and the back surface
of the substrate 110 may be used in the ion implantation
process for forming the first and second impurity regions
120 and 170.

[0173] For example, the mask positioned on the front
surface of the substrate 110 may block only an edge of
the front surface of the substrate 110 and may expose a
remaining portion of the front surface of the substrate
110 except the edge. Further, the mask positioned on
the back surface of the substrate 110 may expose only
aregion to form a back surface field region and may block
a remaining portion of the back surface of the substrate
110.

[0174] Acceleration energy of ions for implanting the
first and second impurity ions into the substrate 110 may
be about 1 keV to 20 keV. An implantation depth of ions
may be determined depending on the acceleration ener-
ay.

[0175] Thus, acceleration energy for the first impurity
region 120 may be different from acceleration energy for
the second impurity region 170. For example, accelera-
tion energy used to implant ions of p- type impurities into
the substrate 110 may be greater than acceleration en-
ergy used to implant ions of n- type impurities into the
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substrate 110.

[0176] In the embodiment of the invention, formation
order of the first impurity region 120 and the second im-
purity region 170 may vary. The first impurity region 120
and the second impurity region 170 may be formed in
the same chamber or respective chambers.

[0177] Next, as shown in FIG. 4D, after the first and
second impurity regions 120 and 170 are formed, a ther-
mal process is performed on the substrate 110 having
the first and second impurity regions 120 and 170 in an
atmosphere of nitrogen (N,) or oxygen (O,) . Thus, the
first and second impurity regions 120 and 170 are com-
pletely activated. Hence, the first impurity region 120
forms anemitter region 121 positioned at the frant surface
of the substrate 110, and thus the emitter region 121 and
the substrate 110 form a p- n junction. Further, the second
impurity region 170 forms a plurality of back surface field
regions 172 positioned at the back surface of the sub-
strate 110.

[0178] In other words, an implantation state of the p-
type and n-type impurity ions of the first and second im-
purity regions 120 and 170 changes from an interstitial
state to a substitutional state because of the activation
of the first and second impurity regions 120 and 170
through the thermai process. Hence, silicon and the p-
type and n-type impurity ions are rearranged. As aresult,
the first and second impurity regions 120 and 170 re-
spectively serve as the p-type emitter region 121 and the
n-type back surface field regions 172.

[0179] Solubility of boron (B) used to form the emitter
region 121 is less than solubility of phosphorus (P) used
to form the back surface field regions 172. Therefore, an
activation temperature of the first and second impurity
regions 120 and 170 is determined based on the first
impurity region 120, so as to stably activate the first im-
purity region 120.

[0180] The activation temperature of the first and sec-
ond impurity regions 120 and 170 may be about 1,000
°C to 2,000 °C, and time required in the thermal process
may be about 20 minutes to 60 minutes.

[0181] In the embodiment of the invention, because
the activation process is performed at a high temperature
equal to or higher than about 1,000 °C capable of stably
activating boran (B), the first impurity region 120 as well
as the second impurity region 170 are stably activated.
Hence, the emitter region 121 and the back surface field
regions 172 are smoothly formed.

[0182] Furthermore, because the thermal process is
perfoermed atthe high temperature equalto or higher than
about 1, 000 °C, a damaged portion generated in the ion
implantation process for the first and second impurity re-
gions 120 and 170 is recrystallized. Hence, the damaged
portion generated in the ion implantation process is re-
covered without a separate damage removal process us-
ing the wet etching method, etc.

[0183] When the second textured surface 111(112) is
formed using the RIE method, a damaged portion of the
surface of the substrate 110 is generated because of
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plasma generated in the process. However, as described
above, the damaged portion is recovered by the recrys-
tallization of silicon (S1) through the thermal process per-
formed at the high temperature equal to or higher than
about 1,000 °C. Therefore, a separate damage removal
process using the wet etching method, etc., is not nec-
essary.

[0184] Because of these reasons, the removing proc-
ess of the remainder, which may be performed after the
formation of the first and second textured surfaces, may
be omitted.

[0185] In the embodiment of the invention, the dam-
aged portion, which is formed in the surface of the sub-
strate 110 (or the emitter region 121) in the RIE process
and the ion implantation process, is recovered by the
activation process of the first impurity region 120 at the
high temperature (equal to or higher than about 1,000
°C) for the p-type emitter region 121. Hence, the reflect-
ance of light of a short wavelength band incident on the
emitter region 121 does not increase.

[0186] Next, as shown in FIG. 4E, a first passivation
layer 191 formed of hydrogenated silicon nitride (SiNx:
H) is formed on the back surface of the substrate 110.
The first passivation tayer 191 may be formed using a
deposition method such as a plasma enhanced chemical
vapor deposition (PECVD) method. In the embodiment
of the invention, the first passivation layer 191 may have
a thickness of about 70 nm to 100 nm.

[0187] Next, as shownin FIG. 4F, layers formed of alu-
minum oxide (Al,O,) are respectively formed on the emit-
ter region 121 positioned at the front surface of the sub-
strate 110 and the first passivation layer 191 positioned
on the back surface of the substrate 110 to form a first
anti- reflection layer 131 on the emitter region 121 and a
second passivation layer 192 on the first passivation lay-
er 191.

[0188] The aluminum oxide layers may be formed us-
ingthe PECVD method, an atomic layer deposition (ALD)
method, etc.

[0189] When the aluminum oxide layer is formed using
the PECVD method, the layer is stacked only in a portion
exposed by a process gas. Therefore, the first anti-re-
flection layer 131 and the second passivation layer 192,
each of which is formed of aluminum oxide, are respec-
tively formed on the front surface and the back surface
of the substrate 110 through the separate PECVD meth-
od.

[0190] Inthisinstance, the first anti-reflection layer 131
and the second passivation layer 192 respeclively posi-
tioned on the front surface and the back surface of the
substrate 110 may be formed under the same process
conditions to thereby have the same characteristics. Al-
ternatively, the first anti-reflection layer 131 and the sec-
ond passivation layer 192 may be formed under different
process conditions to thereby have different character-
istics.

[0191] However, when the aluminum oxide layers are
formed using the ALD methed, the aluminum oxide layers
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may be formed on the front surface, the back surface,
and the lateral surface of the substrate 110 through one
stacking process. Thus, the aluminum oxide layers are
simultaneously formed on the front surface and the back
surface of the substrate 110 through one ALD process
to form the first anti- reflection layer 131 and the second
passivation layer 192.

[0192] Because the first anti-reflection layer 131 and
the second passivation layer 192 respectively positioned
on the front surface and the back surface of the substrate
110 are formed under the same process conditions, the
first anti-reflection layer 131 and the second passivation
layer 192 have the same characteristics.

[0193] Inthe embodimentofthe invention, thefirst anti-
reflection layer 131 and the second passivation layer 192
may have a thickness of about 5 nm to 15 nm.

[0194] Hence, a passivation layer 190 including the
firstand second passivation layers 191 and 192 is formed
on the back surface of the substrate 110.

[0195] Next, as shown in FIG. 4G, a second anti- re-
flection layer 132 formed of hydrogenated silicon nitride
(SiNx: H) is formed on the first anti- reflection layer 131
using the PECVD method at a thickness of about 70 nm
to 100 nm. Hence, an anti- reflection layer 130 including
the first and second anti- reflection layers 131 and 132
is formed.

[0196] As described above, the anti-reflection layer
130 including the first anti-reflection layer 131 formed of
aluminum oxide (Al,O3) and the second anti-reflection
layer 132 formed of hydrogenated silicon nitride (SiNx:
H) is formed on the front surface of the substrate 110,
and the passivation layer 190 including the first passiva-
tion layer 191 formed of hydrogenated silicon nitride
(SiNx:H) and the second passivation layer 192 formed
of aluminum oxide (Al,O,) is formed on the back surface
of the substrate 110. Afterward, a front electrode part 140
including a plurality of front electrodes 141 and a plurality
of front bus bars 142, which pass through the anti-refi-
lection layer 130 and abut on the emitter region 121 un-
derlying the anti-reflection layer 130, is formed. Further,
a back electrode part 150 including a plurality of back
electrodes 151 and a plurality of back bus bars 152, which
pass through the passivation layer 190 and abut on the
back surface field regions 172 underlying the passivation
layer 190, is formed. As a result, the solar cell shown in
FIGS. 1 and 2 is completed.

[0197] An example of a method for forming the front
electrode part 140 and the back electrode part 150 is
described with reference to FIG. 4H.

[0198] Forexample, asshown in FIG. 4H, alaser beam
is selectively irradiated cnto each of the front surface and
the back surface of the substrate 110 to form a plurality
of first and second openings 181 and 182 at a location
toform the front electrode part 140 and the back electrode
part 150.

[0199] The plurality of first openings 181 pass through
the anti-reflection layer 130 and expose the emitter re-
gion 121 underlying the opened portions of the anti-re-
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flection layer 130. The plurality of second openings 182
pass through the passivation layer 190 and expose the
back surface field regions 172 underlying the opened por-
tions of the passivation layer 190.

[0200] The plurality of first openings 181 are used to
form the plurality of front electrodes 141 and the plurality
of front bus bars 142. In this instance, a width of the first
opening 181 for each front electrode 141 is less than a
width of the first opening 181 for each front bus bar 142.
[0201] The plurality of second openings 182 are used
to form the plurality of back electrodes 151 and the plu-
rality of back bus bars 152. In this instance, a width of
the second opening 182 for each back electrode 151 is
less than a width of the second opening 182 for each
back bus bar 152.

[0202] The number of first openings 181 for the front
electrodes 141 may be less than the number of second
openings 182 for the back electrodes 151. Hence, a dis-
tance between the two adjacent first openings 181 may
be greater than a distance between the two adjacent sec-
ond openings 182.

[0203] The firstopenings 181 for the front bus bars 142
may be positioned opposite the second openings 182 for
the back bus bars 152 with the substrate 110 between
them.

[0204] Subsequently, the front electrode part 140 and
the back electrode part 150 are respectively formed on
the emitter region 121 and the back surface field regions
172 exposed by the first and second openings 181 and
182 using an electroplating method or an electroless plat-
ing method.

[0205] In another embodiment, the front electrodes
141, the front bus bars 142, the back electrodes 151, and
the back bus bars 152 may be formed by coating a metal
paste containing a metal material such as silver (Ag) on
the firstand second openings 181 and 182 using a screen
printing method, etc., and then performing a thermal
process on the metal paste at a desired temperature.
[0206] In another embodiment, the front electrodes
141, the front bus bars 142, the back electrodes 151, and
the back bus bars 152 may be formed by coating and
drying a metal paste containing at least one of silver (Ag)
and aluminum (Al) on the anti-reflection layer 130 and
the passivation layer 190 and then performing a thermal
process on the metal paste. Hence, the front electrode
part 140 including the front electrodes 141 and the front
bus bars 142 may be formed on the emitter region 121,
and the back electrode part 150 including the back elec-
trodes 151 and the back bus bars 152 may be formed on
the back surface field regions 172.

[0207] Because the front electrode part 140 and the
back electrode part 150 have to partially pass through
the anti-reflection layer 130 and the passivation layer
190, respectively, the metal paste may contain an etch-
ant, for example, PbQ for etching the anti-reflection layer
130 and the passivation layer 190. An amount and a kind
of the etchant contained in the metal paste may be de-
termined depending on a thickness or a material of the
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anti-reflection layer 130 and the passivation layer 190.
[0208] When the thermal process is performed on the
metal paste coated on the anti-reflection layer 130 and
the passivation layer 190, the metal paste passes
through the anti-reflection layer 130 and the passivation
layer 190 and is chemically bonded to the emitter region
121 and the back surface field regions 172 underlying
the anti-reflection layer 130 and the passivation layer
190. Hence, the front electrode part 140 electrically and
physically connected to the emitter region 121 and the
back electrode part 150 electrically and physically con-
nected to the back surface field regions 172 are formed.
[0209] When at least one of the anti-reflection layer
130 and the passivation layer 190 is omitted, at least
one of the front electrode part 140 and the back electrode
part 150 may not contain the stchant because it does not
needto pass through the omitted component(i.e., atleast
one of the anti-reflection layer 130 and the passivation
layer 190).

[0210] When at least one of the front bus bar 142 and
the back bus bar 152 is positioned directly on the anti-
reflection layer 130 or the passivation layer 190, at least
one of the front bus bar 142 and the back bus bar 152
may not contain the etchant because it does not need to
pass through the anti-reflection layer 130 or the passiva-
tion layer 190. Alternatively, at least one of the front bus
bar 142 and the back bus bar 152 may contain a small
amount of the etchant which may not pass through the
anti-reflection layer 130 or the passivation layer 190.
[0211] In this instance, at least one of the front elec-
trode 141, the front bus bar 142, the back electrode 151,
and the back bus bar 152 may be formed of a material
different from other components.

[0212] Another example of a solar cell according to an
example embodiment of the invention is described below
with reference to FIG. 5.

[0213] Structures and components identical or equiv-
alent to those described in the solar cell shown in FIGS.
1 to 3 are designated with the same reference numerals,
and a further description may be briefly made or may be
entirely omitted.

[0214] Unlike the solar cell shown in FIGS. 1 and 2, a
solar cell shown in FIG. 5 further includes hydrogenated
silicon oxide (SiOx:H) layers on hydrogenated silicon ni-
tride {SiNx:H) layers respectively positioned on a front
surface and a back surface of a substrate 110.

[0215] More specifically, an anti-reflection layer 130a
positioned on the front surface of the substrate 110 fur-
ther includes a third anti-reflection layer 133, which is
positioned directly on a second anti-reflection layer 132
and is formed of hydrogenated silicon oxide (SiOx:H), in
addition to a first anti-reflection layer 131 formed of alu-
minum oxide (Al,O4) and the second anti-reflection layer
132 formed of hydrogenated silicon nitride (SiNx:H).
Hence, the anti-reflection layer 130a has a triple-layered
structure including the layers 131 to 133.

[0216] Further, a passivation layer 190a positioned on
the back surface of the substrate 110 includes a first pas-
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sivation layer 191 formed of hydrogenated silicon nitride
(SiNx: H}, a second passivation layer 192a, which is po-
sitioned directly on the first passivation layer 191 and is
formed of hydrogenated silicon oxide (SiOx: H), and a
third passivation layer 193, which is positioned directly
on the second passivation layer 192a and is formed of
aluminum oxide (Al,O3) .

[0217] In other words, the solar cell shown in FIG. 5
further includes the hydrogenated silicon oxide layer be-
tween the hydrogenated silicon nitride layer and the alu-
minum oxide layer, unlike the solar cell shown in FIGS.
1 and 2. Thus, the passivation layer 190a has a triple-
layered structure including the layers 191, 192a, and 193.
[0218] As described above, the hydrogenated silicon
oxide layers 133 and 192a positioned directly on the hy-
drogenated silicon nitride layers 132 and 191 prevent
hydrogen (H), which is contained in the hydrogenated
silicon nitride layers 132 and 191 and performs a surface
passivation function, from moving in a direction opposite
the substrate 110. Thus, the hydrogenated silicon oxide
layers 133 and 192a included in the anti-reflection layer
130a and the passivation layer 190a serve as capping
layers of the hydrogenated silicon nitride layers 132 and
191 underlying the hydrogenated silicon oxide layers 133
and 192a.

[0219] The hydrogenated silicon oxide layers 133 and
192a contain hydrogen (H) capable of recovering a de-
fect. Hence, hydrogen (H) contained in the hydrogenated
silicon oxide layers 133 and 192a moves to the surface
of the substrate 110 and performs the surface passivation
function.

[0220] Accordingly, a surface passivation effect is fur-
ther improved by the hydrogenated silicon oxide layers
133 and 192arespectively positioned onthe front surface
and the back surface of the substrate 110.

[0221] The hydrogenated silicon oxide layers 133 and
192a are formed using a PECVD method. Unlike the for-
mation order of the anti-reflection layer 130 and the pas-
sivation layer 190 in the solar cell shown in FIGS. 1 and
2, the anti-reflection layer 130a and the passivation layer
190a are formed in the following formation order.
[0222] Forexample, after the first passivation layer 191
formed of hydrogenated silicon nitride (SiNx:H) is formed
on the back surface of the substrate 110 using the
PECVD method, the second passivation layer 192a
formed of hydrogenated silicon oxide (SiOx:H) is formed
on the first passivation layer 191 using the PECVD meth-
od. Then, the third passivation layer 193 and the first anti-
reflection layer 131, each of which is formed of aluminum
oxide (Al;O3), are simultaneously formed on the second
passivation layer 192a and the emitter region 121 posi-
tioned at the front surface of the substrate 110 using an
ALD method, respectively. Then, the second anti-reflec-
tion layer 132 formed of hydrogenated silicon nitride
(SiNx:H) and the third anti-reflection layer 133 formed of
hydrogenated silicon oxide (SiOx:H) are sequentially
formed on the first anti-reflection layer 131 positioned on
the front surface of the substrate 110 using the PECVD
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method.

[0223] The solar cell shown in FIG. 5 is manufactured
through the manufacturing processes illustrated in FIGS.
4Ato 4F, except the formation method and the formation
order of the anti-reflection layer 130a and the passivation
layer 190a.

[0224] The third anti-reflection layer 133 and the sec-
ond passivation layer 192a, each of which is formed of
hydrogenated silicon oxide (SiOx:H) may have a thick-
ness of about 50 nm to 100 nm and a refractive index of
about 1.5.

[0225] As described above, the second anti-reflection
layer 132 and the first passivation layer 191 formed of
hydrogenated silicon nitride (SiNx:H) are respectively
capped by the third anti-reflection layer 133 and the sec-
ond passivation layer 192a formed of hydrogenated sil-
icon oxide (SiOx:H). Hence, the passivation function per-
formed by the second anti-reflection layer 132 and the
first passivation layer 191 is further improved. Further,
the passivation effect of the solar cell shown in FIG. 5 is
furtherimproved because of the passivation function per-
formed by the third anti-reflection layer 133 and the sec-
ond passivation layer 192a.

[0226] Because the anti-reflection layer 130a and the
passivation layer 190a further include the third anti-re-
flection layer 133 and the second passivation layer 192a
formed of hydrogenated silicon oxide (SiOx:H), the anti-
reflection effect at the front surface and the back surface
of the substrate 110 is improved. Hence, an amount of
light incident on the substrate 110 increases, and an
amount of electric current output from the solar cell in-
creases.

[0227] Other examples of the solar cell shown in FIGS.
1 to 3 and the solar cell shown In FIG. 5 are described
below with reference to FIGS. 6 and 7.

[0228] FIG. 6 illustrates another example of the solar
cell shown in FIGS. 1to 3, and FIG. 7 illustrates another
example of the solar cell shown in FIG. 5.

[0229] The solar cells shown in FIGS. 6 and 7 further
include a silicon oxide (SiOx) layer 180 between an emit-
ter region 121 and an anti-reflection layer 130 (130a) and
between a back surface of a substrate 110 and a first
passivation layer 191, unlike the solar cell shown in FIGS.
1 to 3 and the solar cell shown in FIG. 5.

[0230] Thesolarcells shownin FIGS. 6 and 7 substan-
tially have the same configuration as the solar cell shown
in FIGS. 1 to 3 and the solar cell shown in FIG. 5, except
the silicon oxide layer 180, respectively.

[0231] As shown in FIGS. 6 and 7, the silicon oxide
layer 180 is positioned directly on the emitter region 121
positioned at a front surface of the substrate 110 and
directly on the back surface of the substrate 110. The
anti-reflection layer 130 (130a) and a passivation layer
190 (190a) are positioned directly on the silicon oxide
layer 180.

[0232] The silicon oxide layer 180 is an oxide layer
deliberately formed by immersing the substrate 110 in a
desired chemical solution. A thickness of the silicon oxide
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layer 180 may be about 2 nm to 3 nm.

[0233] In the method for manufacturing the solar cell
illustrated in FIGS. 4A to 4F, after the emitter region 121
is formed, the silicon oxide layer 180 is formed before
forming the anti-reflection layer 130 and the passivation
layer 190.

[0234] Thesiliconoxide layer 180 isformed by immers-
ing the substrate 110 in a nitric acid (NHO3) solution hav-
ing a hydrogen ion concentration (pH) of about 2 to 4 at
a process temperature of the normal temperature to
about 70 °C for about 5 minutes to 30 minutes. A con-
centration of NHO4 in the NHO4 solution, i.e., an amount
of NHO4in the NHO4 solution may be about 65 % to 70 %.
[0235] Inthe process for forming the anti-reflection lay-
er 130 (130a) and the passivation layer 190 (190a) on
the emitter region 121 and the back surface field regions
172, a natural oxide layer generated by oxygen existing
in the atmosphere or the process room is generally
formed directly on the emitter region 121. The natural
oxide layer formed thus is unstably bonded to silicon ex-
isting inthe substrate 110 or the emitterregion 121, there-
by generating a defect. In embodiments of the invention,
the natural oxide layer is one that is formed spontane-
ously and unintenticnally.

[0236] When the layer such as the aluminum oxide
(Al,O,) layer is formed on the natural oxide layer, water
(H,0) is generated by the bond between hydrogen (H)
contained in a process material for the layer formation
and the natural oxide layer having the unstable bond.
Further, a blistering phenomenon such as a spotresulting
from the formation of a hydrogen molecule is generated.
[0237] However, in the embodiment of the invention,
the silicon oxide layer 180 having the characteristics bet-
ter than the natural oxide layer is formed directly on each
of the front surface and the back surface of the substrate
110 using the separate PECVD method. Therefore, the
frequency of problem generated by a bond of hydrogen
and oxygen is greatly reduced.

[0238] Oxygen contained in the silicon oxide layer 180
performs the passivation function for converting the
bonds existing at the surface of the substrate 110 into
stable bonds, thereby further improving the surface pas-
sivation effect.

[0239] As shown in FIGS. 6 and 7, the silicon oxide
layer 180 is formed on both the front surface and the back
surface ofthe substrate 110. In another embodiment, the
silicon oxide layer 180 may be formed on only one of the
front surface and the back surface of the substrate 110.
[0240] Asdescribed above, the silicon oxide layer 180
is formed so as to improve the surface passivation effect
at the front surface and the back surface of the substrate
110 and to reduce the problem resuiting from the natural
oxide layer. Therefore, the silicon oxide layer 180 is not
required to be thick and may have a thickness of about
2nmto 3 nm.

[0241] Theembodimentoftheinvention was described
based on a bifacial solar cell, in which light is incident on
both the front surface and the back surface of the sub-
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strate 110. The embodiment of the invention may be ap-
plied to other kinds of solar cells, for example, other kinds
of solar cells using n-type single crystal silicon.

[0242] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the scope of the prin-
ciples of this disclosure. More particularly, various vari-
ations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangementwithin the scope of the disclosure, the draw-
ings and the appended claims. In addition to variations
and modifications inthe component parts and/or arrange-
ments, alternative uses will also be apparent to those
skilled in the art.

Claims
1. Asolar cell comprising:

a substrate formed of an n-type crystalline sem-
iconductor;

an emitter region of a p-type positioned at a first
surface of the substrate;

afirstdielectric layer positioned on a second sur-
face opposite the first surface of the substrate;
second dielectric layers respectively positioned
on the emitter region and the first dielectric layer;
a third dielectric layer positioned on the second
dielectric layer that is positioned on the emitter
region;

a first electrode which is positioned on the first
surface of the substrate and is connected to the
emitter region; and

a second electrode which is pasitioned on the
second surface of the substrate and is connect-
ed to the substrate,

wherein the emitter region has a first textured
surface including a plurality of first protrusions
each having a protruding height and a maximum
diameter which are within a range of about 5 um
to 10 pm, and

wherein each of the plurality of first protrusions
has a second textured surface including a plu-
rality of second protrusions each having a pro-
truding height and a maximum diameter which
are within a range of about 300 nm to 600 nm.

2. The solar cell of claim 1, wherein the first dielectric
layer and the third dielectric layer are formed of hy-

drogenated silicon nitride.

3. The solar cell of claim 1, wherein the second dielec-
tric layer is formed of aluminum oxide.

4. The solar cell of claim 3, wherein the second dielec-
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10.

11.

12.

13.

14.

15.

tric layer has a thickness of about 5 nm to 15 nm.

The solar cell of claim 4, wherein each of the first
dielectric layer and the third dielectric layer has a
thickness of about 70 nm to 100 nm.

The solar cell of claim 3, further comprising a hydro-
genated silicon oxide layer positioned between the
first dielectric layer and the second dielectric layer
that is positioned on the first dielectric layer.

The solar cell of claim 6, wherein the hydrogenated
silicon oxide layer has a thickness of about 50 nm
to 100 nm.

The solar cell of claim 1, further comprising a silicon
oxide layer positioned between the second surface
of the substrate and the first dielectric layer.

The solar cell of claim 8, wherein the silicon oxide
layer has a thickness of about 2 nm to 3 nm.

The solar cell of claim 1, wherein the first surface
and the second surface of the substrate are incident
surfaces on which light is incident.

The sofar cell of claim 1, further comprising a hydro-
genated silicon oxide layer positioned on the third
dielectric layer.

The solar cell of claim 11, wherein the hydrogenated
silicon oxide layer has a thickness of about 50 nm
to 100 nm.

The solar cell of claim 11, further comprising a silicon
oxide layer positioned between the emitter region
and the second dielectric layer.

The solar cell of claim 13, wherein the silicon oxide
layer has a thickness of about 2 nm to 3 nm.

The solar cell of claim 1, wherein acicular ends of
the plurality of second protrusions point in a parallel
direction as vertices of the plurality of first protru-
sions.
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(57) Abstract: A photoelectric conversion element (100) is provided with an n-type single-crystal silicon substrate (1). The n-type
single-crystal silicon substrate (1) has a light-receiving surface on which a textured structure is formed, and a surface (back surface)
opposed to the light-receiving surface and including macro-asperities having a difference in height of 0.6 um or less and nano-asper-
ities having an average surface roughness of 0.75 nm or less. The photoelectric conversion element (100) is provided with i-type
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[0022] ATOESICLDp nEEIZHEERFAICEES NHEERERTFIC
BWT, V) AVEROSHEMICS TS+ v ) 7OFRES % IE L TER
ERIRKELARDEEDIC, AREESAXLCAD,

[0023] MW-oT. YYVIAVEROEHAEERFAUICATOESICEIS o nEEEH
FEABEBRRFICEVWT, TIVRAFVvBEILL /Ny OR—2 3 VRED
BTZRICHHE L TERNEREmMETE S,

[0024] F/, PV IVERIE, REMIC I ROFERELEERBICE > THRMAE
N30T, REEBRRFORETIRICEVWTY Y AVEROBELAINFIL T
FrUTDZA4A 791 LOBETAIEHETE S,

BNSDOCID: <WO. 2015122257A1_1_>

SEG Solar, EX1007, Page 419



WO 2015/122257 4 PCT/JP2015/051790

[0025] f#FrELIX. B OFREFERBIL. BOBLVET OFREVERE
S0, E6DFREXEAEIE. V) AVEROSHEICEL TREIh
. RENIK I ROBERAET S, BTOKEXEEREIRL. FE6OHRE
FEEBICELTCREEIN, YY) AVEROEERCRACEERELEAT 5,

[0026] >V aAVEROZIBHEMICSTZF v ) 7OBHKEIEICHEINDS,

[0027] fE->T. BHREREAI LTERWRLFICALTEDS,

[0028] MBEZEHO0. 6 umUATTHZETOMOE, FHEMINO0. 75nm
UTFChdE20ULEESCHE2ORAMEET VYV IAVEREZAVSZ
siLkY. AREEIARETLAD,

[0029] MW->T. THZRFvEEICLD Ny IR—L aVEHEOBETENGILTE
MR EELETE S,

EIm D& /R EkEA

[0030] [HN]1C DHEBDOEREOHETICLIABERRFOBREZITHENTH S
[E2]" 1 LRI ABERRTFORERAIOEBOTEH TH S,
[E3]nBIBESLY IVERD (100) BOBEMEEELRIHTH S,
[K4]75y hEREDOSEMEBEEARINTH 5,

[E5]A FM&ERTETH D,
[R6]EHEE X CENEEE DBEFRERITRTH S,

[R7IE 1 KR HAEEHRRTOREAZETTHE 1 DIRENTH D,
(B8] 1 IC T HEEMBRFORESZETRTHB2OIRENTH S,
[ 1 ICRTHABERRTFORERZETRIRIDIREMNTH D,
[H10]IEEOHE2 ICL Z2ABEMRFOBRERTHEMTH 3,
[RNMIET ORI HREERETFOREAFETTHR I DIENTH S,
[R12]81 OICRTHEERRTORESEETRTE2OIRENTHS,
[(E13]n BBHELZ Y JVERD (100) HOBEHEEEETRIETH S

]

[(H14]IEBOTELICL INEERRTFOENRETTHEAR TH S,
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[R15]R 1 4 LT HABERBRETOREREERTEIDIRHTH S,
[R161E 1 4 ICRIABERRFORESREETTE2OIRENTH S,
[(B7IB01 4 ISR A BEMRTORER ZETTEIOIRETH S,
[B181RMEDHAES ICL DHABERRTOERERTHEKTH 5,
[E191K1 8 IL T AEEMRFORELZERTE 1 OIRETH S,
[K20]8 1 B ICRTAEEMRTFOREST EZERTE2DIRERTH S,
[K21]8 1 B ICRTAEERRTFORESEETRTEIDIREHTH D,
[H22]C OREOHEILL ZHEERMRTEHADIABEREY 2 - OEB
RERTHBETH 5,
[H23]C DRBOBEBICL 2HERMBRTERADAGAREL AT LDIE
RERTHIBETH 5,
[H24] 2 SICRTHEBEREV 12— NLT L1 OEERERTHENTS 5,
[HR25] DEMBOHREICL ZABEMRF LRI DAENARES AT LOWE
BT B TH %,
HAL2EHET 5D DOREBOTRE

[0031] AHRFAOERBOBEBICOWTHEEASRLANSHMICHET 2, 48,
BAR—F 23RS ICIER—RFS % L TZORBITER T A,

[0032] COBEEICEVWT. FEALIZ7RAYYaAVE a—Si] &RDBTBH
. CORBIR. BERICIEK, KR (H) BEFAZEN TV EEBKT 5,
FENIPARY)IAVA—NRA R (a—=SiC). PELZ7RS YAV
FHA4 R (a—Si0)., ZENMZFZ7RY)AVFA 54K (a—S i N
). PELIZPAVYIVAEFYLARFA IS4 K (a=SiON) . 7%
WI7722YAVHFLT=O9L (a—SiGe) BLUVTFELT7ASILT
Zoh (a—Ge) IK2WTH, ARIC, HEFIZENRTWB I EZEK
T3, BIC. FEREFEXREEE, ZRIERELYERKRE. BILUHESR
RXERBLEVEDET S, TLT, MERKLSFEEE . FRELIHE
RICHTH L TW B EBHABROFTHRFEN 1 ~50 nmTHIYEHEKES

-~

Do
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[0033]  [EHEOHE]

B1id, REOHBEIICLIABERATOBRERITHENTHS, K
125RLT. EREOHRBIICLZHAEEMRF1001F. nBBFEED Y
OVERT &, EREXEFE2 &, | BFRKEFBHKREI, 4&. plFE
REYEKES &, nBIFREYERKEC L. BREEIRT, 8&. EMO
, 10&, #MEE11&%RAS,

[0034] nAUBERKERTYIVERTE. AAE (100) OEAMBLTO. 1
~10Q - cmOLLiBEMEET D, T/, nBBEFRYIVERTIFE. 2
HEIFIVAFvEINTWS, TLT, nBEFRS)IAVERTOEH
&, BZE 100~150umTH5,

[0035] SEMEHXEHKB21E. nBBEFHIVUIVERT OZHEICEL TnilE
R IVERT EICREI NS,

[0036] i BYIEREHFEAEI, 4. nBERFFIVIVERTORR (77X
FrEBEIERINRA S RGMOFRE) IKELTnBBEFERES)IVE
W1 ECEBI NS,

[0037] PRI EREFBHFEELIE. | BFFREVFEFBIELT i BIEREFE

HE3 FICREBI RS,

[0038] nEGERELBEO /L. | MIRELEEBAICE LT | HERERY
HE4 LIRBS NS,

[0039] EEAMEM7 I, pRSFRELEKES ICEL T p HFREFSHES b
CREBI N5,

[0040] SEBAMERESIE. nAFFRELYAE6 ICH L T n HFSELYHEC £
CEEBSI3,

[0041] EBWOIX, FREER7ICEL CEPEBRT7 LICEEIN S,

[0042] EBfBR1 0iF. EHBEERESICEL TEREERS LICEESI NS,

[0043] #afFiE1 13, ERBFFEFBE2ICEL CGEREFERB2 EICEESh
%,

[0044] SEREFEHKE213. | WFERE¥LOEE nNIFEKREFEEE. LG
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nBFRELEERENOLD, FRELEFBE2H | BEREXEEE n
REREXECBI ORI BE. | WREFEHRENS nBEFREY Y IV
ERVICELTREIN, nFERELEFRBEN | BFEREXEERBICEL
TEHEXN D,

[0045] i BVEREHEKBIE, i Ba—Sihohd, TLT. i BIFEFEksE
FEIE. 1~10nmDEAEFL. fIZIE. 3nmOEH%EET 3,

[0046] nBIERBEXEEEE. nBa—-SiHMbAS, LT, nBIaELE
EEIZ, 2~50nmDEHEEL, Bz, 1 2nmOE#EET 5,

[0047] 7%p. FREFEGE2/ nBISELEFBEOHD LA ZHBE. nld
REFEAREIRL. 3~60nmOEHAEEL. FIZE 15nmODER%EE
T5,

[0048] C &>, FREFEFE2IE, nHBERIYIVERTIEBLES
BonUIREFERBEEZ VR EHED., TORR. FFREFEAFE 21T
 NBBESRS Y JVERTATERINALEFY YT (FR) M EEE
TIAEZETZOME L. EREREMALTE S,

[0049] i BIEREFEARES3, 4084E. iBa—-Simrdhbd, FLT, i
AFRBEFEHEEIE. 1~10nmOEAXEBL, FIZIE. 2nmDEH
BT D, T, | BEREYFEFE4AE. 1~10nmOEHEBEL. f
AE. BNnmOEHAEET D, OLIIC. | BIERELEHELDEHAI

| AFREFEEREIDEAEEMRD, 4d, | WIEREHEXRELDE
Aid, 1 BFREFHAEIDEAERALTH>TH LW,

[0050] pRIREFGEBESIE. pBa—-Sisohd, pRIEREHBEERES

id, 2~50nmODE#%EEL. BlAIE. 25 nmDE#%2ET S, LT
PEFREF KBS X, A, ROY (B) 2 pBF#ie LTEH
. BEEER, fIZIE, 1X10'°cm-3~1X1020cm-3TH3,

[0051] nEBEREFEXE6I. nBa—-S i M543, nBFEFHEHEKES
& 2~50nmDEHAEHFL., HIZE 15nmOEA%EET S, TLT
 nEESEYEAFEBECE. FIRE. VY (P) £nBREYE LTEH
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PR, HlaiE, 1X1019cm-3~1X1020cm-3TH3B,

[0052] BEREERET7, 8OE4ME. | TO, SnO,BLUPZn0ELDAD, %
LT, EHEEET7, 80&41E. 70~100nmDEH%HFT 5,
[0053] E{#&9, 10DK4IE. Ag, Cu, Sn, Pt, AuZosiE. Thbd
DEBOIHO 1 BULE2ELALEOUBEMBNSMRD, $i, BEY
, 1T0D&AIE, ERLAESBOEETH>THL WL, BRBEEREE £

EBEEDZBETH>THLL,

[0054] #EiEE1 113, REMLEES L COMEESREBRE LTOBEEEE2ET D
o MIRE1 11E, YYIAVELRTNIZVLDEEY. BEEME LUTE
¥, FH=9 A, JINA=Z9L, ZFETL AYRN)ILBLTY VS
) LEOBEMENSLY, —MRRICIE, FIEABREICA I QRN E KL
BRWEBHRISRD, T, BEE1 113, LROBEOETH>TH LS
CEFFELLS, LR SBIRINAEMBEOSEERENISA D, FLT. HBEE1
1id, 80~300nmDEA%ET 3, ChitLY, nBHEFERZS )Y
BER1OREICHEITH2RFARLBETIHZIENTE, BRERELEMIH
522ENTED, T, FREEVFEKRB2ORADNN Y O R—2a v EERE
THE, HMEEB1122L2)aAVELEBEAS)IVICE>TERT S
ZEDPTFELW,

[0055] M2k RTICRIHABERRT 1 000EARROEEI, 1 0DFTHEK
THd, M2#BRBLT, EE9, 10084, #EEEET S, LT,
BB O DEZIE. BiB1 ODEHEMAED &L DICEEIN S,

[0056] REE3iE. nBEFRVVIVERTIO (100) HOBRHWKEEEEZRTH
THd, REEWMZRFICAVWLND Y AVERIZ. BIX NOEEALL,
BE. CMP (Chemical Mechanical Polishing) D IS — LB AEIT> T
WAL, ELT. CMPO& D ICHEBHBMEIRZEWVWTIC, LEHRT
yFUTTY) AVERETELEIETWS, TOFRBOEREOHEICEN
T, CO&LHRER@@ET7 Sy M ERAEMER, 0D, 75y MER
Hid. B30D (a) IKRT&LIIC. MOEETHERKREICA > TWSH,
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—RERT IV AF v EBIEEEL D,

[0057] 75w FEROERTIRBELTE, NLIDOTYAVHLTA VY=Y DI
LY, NI )AVERAFAAL, DIN—IRICINI T3, BEHE. 10
O~300umBETHD, AZ71AINLVY IVERORAEICIE. 25
A ABDIA—VBEIMHumD O+ umBEORI THEEL., REOMD
. ARORERITH S, DD, RADIA—VESIVMOERSE L.
MBI EZHIC. TYFUT%1T), TITR, TODIVvFUTedx
—VBREIVFVIIREMRR, A-—VEBRETIYFVIIRICBEWVWT
&, TRROZRELDLHIC. —HEIIC. KEEF YDA (NaOH) £
TIAVBEENARVWLN S,

[0058] 7L H YUK (A NaOHIvFVo: 10%, H,O&ER. 80
CT2HREE) AV &, B30 (a) IKRT LK. BAFOMLNE
BRBEIICERING, Thid, PILHUBRTY)IVERETIYFV Y
T2& BAMIVFUIICLY,. ESTy MROFIVZAF viEELN. —IF
. BERENZHLTH B,

[0059] BB, Ty FU/RESSLICRELZHAETSHIET. B2AESI Y N
REFREIHDZERL, TYFUITEHIENTES, LML, BRICE
Iy RROBREENFITHEPRETH D26, 3D (a) IKFRT
£, MAFROMOLBRIERINE I LIChD,

[0060] COUAROMOERE, CORAOEEOHEICSWTE., TvoOM
M) SR, 2O/ OMME, 1EORIAT10~50 umBEOMNAER
THY., L—YVEHREETRIZHUET D&, ZVWEDTE00 nmEZEDL
SEumBZEOLOIET, BAWVEETEELTWS (B3D (b)),

[0061] /. MEAOCAEEE, 10EHNAS3I0OELLHWVWT, L&, 20ERET
Hd, CCTOREOEER. B3O (b) IKRTLIIC, ERExmE ( (1
00) H) tMHAFKOBROMEEREDATAHAETH S,

[0062] FEiC. ¥ ) AV OHRINBEEN S, KEhaaEL JRINT 2 EELE
REICT B, 7vHBEOBROTyF U /2HAVWT. EREEZ10
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O~150umBBEICESIVF VI TS, COFE, BRIV FVIIE
ERFUETYF I THD D, BRI/ OMOOBIRE, HRFS
na.

[0063] cCOLIICLTYYAVEREERLALE, Y IVEROERICRER
(Si10, SiN%) #ENT 2. REROEHIZ. 1~2umBETHD
o REBEIR, RNy S YU TEK BFE—LEBESLIVTTEOSEEDAE
&> THRIN S, REESMERINTVWS Y Y JVEROREIZ. 7L
AVRIVFY Y MTIR TvFrI7InhBawicd, 77 XA F v BEIK
eF (RANAN

[0064] fE->T. TUVAFvEENAFELAFICEEIN, HOEAFV Sy bEER
V) AVEREERTES, TLT, 77y NESMBRIN LRI, BEHE
fICi s, ZD%. REEEZ 7 VBRETIVvF VI TIIEIKL>TRET
%,

[0065] CZCDEIICLT. FYVRFvBENARERIFICHEHRINnBERKRRS )
JIVEWR ZFRHTES,

[0066]1 LERL7LDIC. v/ OMOAPERLEICHRIN. 77 XA F vEENE
BMENTWAWT Sy MEIREIICIE, umAd—4F—OMOATEI NS,

[0067] ®4ix. 75y NEREODS EM (Scanning Electron Microscope) EE
ZRIETH D,

[0068] B4%#ZRLT. umaA—4F—0DOMOIERINTWED, EBEIE A
HORBLOHFDDH. TIAFvBEDL DI, KEREEBT 2RI,
JEBICNIW, ZOLD. 77y MEIREAIR. 7/ RXAFvBENEHR I
KE&IE, RECEKRENELRS,

[0069] /. FTUVZXAFvEEOBAICIE. EREBS LTCEBBEENIES I Y K
BRI TEELTEY, 73y MEKIE. 2OLD BEREZSS STE
EEEEAEE LBV, COESES L CERIE. PEEFr )V T7OS51 794
LOBETEBIERITHF v ) TEHEEFLICAD IR, L<ALGNTWVWS
A, 75y NEREICIK. BEEELRVWAEASD., ZOBOORG, I YH#
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L. TUVRAFvBEIMERINLELYE. REFANRYIR— 3 V51T
ZENTES,

[0070] LA L. 75 v MEREIICIE. BOBENFET S, LlLEEBY, ¥
sOMOBEEIE. 10~30EREOAEAR >TWS, K53y R
DTFIVAFvEBETIE, EAIvyFUIICE>T. (111) @HFRRS
o, (100) BEDAENE L. TEICRD, TvFUIERHICELT
IE, BRIC5 4. TEK—BIETZCLIR#ETHD LD, D LEZHIEL
BN, ThTEH, S0EREELMD,

[0071] LERBOEIIC, TIVRAFv#EEE, 75y MERAKERIND T/ 0OM
&, Y AVORAMDPRELRELDD, 0D, CVDEICE>TT
ENT7AY) AVEBBLUERIC, Ry UR—UaVDAAZILNARE
KERD,

[0072] &k, 75y FEREFATIVIAFyEEELZBISEEERDIER, 775
v NEAREIE. FBICHEA N mA—F—DF I/ MNEETDIETH DB,

[0073] M3 ICRLATIAOMOORBEZEAICSWVWT, 2 umAOFHETHOAE
K% AFM (Atomic Force Microscope) ZFWTHIE L. TORREM5
IKRY, B5i1F. AFMBETRIETHS, M50 (a) W& SXIDMER
TAFMETHY, 50D (b) iE. BIDHOMIETH 3.

[0074] MS5HEEEBEIIIC. Bt+nmbdhS 100 n mEEOHMAMOISERS
hTwd, ERLAY/ 7OMOELERTH, KEIP/MTRELLELQRY, £
KBRZ, B%H. EnmBEOEIAZELTHY. BEnmEBEOEINE
ROLEICEEINTWS,

[0075] C &I, LBEIYFV I OHATERDFEEILEZT>LBEICIE. FEE
ICEHARNEEIELAREZIZAEFBROMOPTEREINTHY, 77X
FrBESHRINCEE IE. £2<EQDMIROREICRD,

[0076] COHEBORBOBEBICSVWTE., TOML%E T+ /MY MY, KX
IR umiYENIL, FIHF1T00nmEYEHENhEIVnmA—4—0DM
MEF/MNEERT D, T, KEINMTOumlETHY, BEENT
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O0OnmULETHZIMMEY/7OMNEERT 5,

[0077] &I, CORBOEROEBICEWTE, ¥7OMOB LTS /M
% FEDOLIICEELTWSD, v7AaMOaA 2 umBlFOENR] &2
HLTH, EROLTOEETRBIC2 umUTICHERINTWE DIF TR
L, ZEERMF—BERINTVWIIEELRH D, COFEICEVWTE, £
DOEFZEA., mEMICERICNIWED., CORPOERBOFEBICEEE S
NEMRDPIBEEZIT 2D TIRAWL, Z0OAH, = 7OMMA2 umBlTF
CEUCED F/MOHA0. TE5nmUTERELTWBRIEETH> TH.
Y IVEROEEED 9 0% EOEREN, RBEOEEEICA > TOHILRE
BaWwWEDET 5,

[0078] CZCD&HIC. CTOHPBORBEOBRBICEWTIE, nBUEFLS ) IV EK
Tid, BHE (FI/RAF v BELIERINALERER) RAMOEREIC. v
AMOBITF/MO%EET 2 &R/l T 5,

[0079] (REMOE /L& OERE)

FT/MAOOMOEFIEHT A ENTEEILNEZRAREER. 7VvBBLUHE
BREALEX 7 yHBAKRICY ) IAVERERTEICEY, F /MO0
AZIIZELLICEDHIENTAERTHDEDES

[0080] F/MOOAREI%E, AFMTRAEINAEHEREIR allk > TES
52 &ICT B,

[0081] FHEMIRaliE, AFMTRAIE LAEOMONESEEBLT ZIEETH
2T, ROXICEL>TEEIND,

[0082] [#1]

Ra=%i]2@—2ﬂ - (1)

i=1

[0083] =X (1) IKEBWT, Zeld, AOEIDITHETHY. nit. AERDOH
THd,

[0084] CCT. 7viHEAKIE, UWTO2BEOBRBAFER L.,

[0085] %k (A) HF : HNO;:H,0=8, 3EE%:50. OEE8%: 4
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1. 7TE8%
A% (B) HF :HNO;:H,0=4. 5&E&8%:54. 5EE%: 4
1. OEE%
Iho0BE® (A), (B) IKRIFIOFHEMEERaE, Ra=0. 7
EnmTHorkh AR (A) ILL>T. Ra=0. 26 nmilirY. AR
(B) IC&>T, Ra=0. 34nmiliaort,

[0086] 7 vBIREATEWARK (A) TLETIZANFTHEMIR adhI Ao
oo ZVEIBEABWARIEE, FHEMEIR adMI<RY, MOOEI
AME < FBISEVARRRICAR S & & DR - T2,

[0087] Zd. ZOiFa,. ¥ IVERODEHIK. &K (A) , (B) TUEZET
S FBRDEHDRE CICRB L DICHIA .

[0088] 7T vEBESLUHEREIL., LRBICRLT. BERETDIIENTEDS

[0089] ChODEREAVTIHTNICARTREEDOHABERRTEAERLL, HEE
BEFOREIE., 2cmATHY, YUIVER (1 25mmfA) AICS
TXANCERRBICHETIRRTFEERHL £,

[0090] [X6iF. FHHEHEI EHEREEEOBRERIRTHD, HMOIZHWVT,
e, MREEERD L. B, THEEIERDT, k. BREE
., ¥/70MOOSEEN6 umTHY., FHEMEIRaNT. 156nmT
H3DEZTORMEETHRBIEINATWS,

[0091] M6%#ZELT. BREEVock, v /AMMDESEEICH LT, E
HEMEIR adt NI RBICE>TRELARS,

[0092] /. THEMAIR a0, 75 nmiYUHAIVEETIE. BREREV
ocik, TU/OMMLDOBBEENNILSAR->TH, FAEEL LAV, LA L,
FHEMEIR a0, 75 nmUTOBEHICEVWTIE, v/ OMMNOFEEE
PO umUTTHNIE BEREEVochHREIND, F/. v 7O0MOD
BEEN 6 umMTFTOHBHEICEVWTNILLRBIHE>T. HHEEVOoCD
WERELIEL 2D,

BNSDOCID: <WO, 2015122257A1_1_>

SEG Solar, EX1007, Page 429



WO 2015/122257 14 PCT/JP2015/051790

[0093] F/MOAKEWVWESIE, v 70O0MMNOEEEE/NMNIC LTHEELLTE
. EREBEV o c DRTABREBEF/ONBVA, F/MOH0. 75 nmid
TTHDEEICE, I7OMOOBREREELENISTHIEIRAREEV o C
DHEBICEMTHD I &M=,

[0094] </ OMOOBEEN2umUTTHEIIEMNMFELW, Tk, v70OM
MOBEEST umBATTHY. +/MOOFHEMEIHN0., 4 nmlAFT
HBTEDBEICFF LW, 0. 4 nmlUTFTE, FEENSAIETDIET.
EMAEHMKRLLEZOBESEICEAL TH—ICRZ LD, BRI/ NG X
PRI/ LNT,

[0095] COD&LHIC. BEREEVocHATZ7OMBLUF / MMEEEERO T
LT, ROLDIICEZI LN D,

[0096] (100) mEtox /oM, ERLALDIC. (100) @AMASEE
LT20EREOAEARD., 7I/AFvBED (11 1) BERELSRE
REZBEHT S, COMEIMICTEHEME IR aREVWFT/HUO/ERT I
& Fr Y TOBRKERLDPKRELRDZEDEEXIOND, RENORSE
OEBEIKREL LB E, BREEVocH, LUK LD EEZDLN, T7
AMOMOBEEENILKTEHIET, REAROEREN’BLTHEDEELL
ns,

[0097] LEdl7&DIC. MREBEVocid. THEHEIR adNI<QBICH
TRECAD, AEEHMEF1000DBETIE. pnikdld. nBBEFERY
DaAVERT &, nBBEFERKSYIVERT LICHEBI WL p BFEREHE
FES EDETHRINDGLD, p nEEORTOMRIBENELV o ci
HELRIFT, BIG, FTHEMEIR ad/NIL, FHEHARETERI N P
nNESIFY. aVBEREEVocHESND T &A1=,

[0098] /MM, 7 vHBORE (7yBEHBORE) THEHOEMEIRa
MREINS, TyFUIREICLLT, BETHULZHETE S &EHVHF
27,

[0099] ZNICHL T, Ty Fr/EEZHFEETSIET, v 7OMOEK, BRY
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Bl LTWSZEW o, T7OMAICRSNZUAROMERIE. Ty F
VIUBBANRC BRI ETRAICI Y F Y IHER BEBOFBIRDES (
BY EDBEEE) PN TV, Fie, MAFOHKROERNISTOAE
£, 20EREINSBRLICHILL A>TV,

[0100] HAEEHMERETORMERETIHREEVocid, Y IVERORES
TRAERBWVWEENHZ M-, REZI7RA &, v 7O0MOE &
CF/MOOmEAIKREFELTHEY., BIL, BEVDOS I RANHEEICHEL
TWBZ &N,

[0101] EaxkL72LSIIC, v /70MOOEEEN6 umATTHY ., +/MODF
HEHEIA0. 75 nmUTTHNIE, BEREEV o cHHEBEINBDT,
NnBEIBESSYIAVERTIE, TIOXAFvEBEIMERINAKREICHAL.
< 78MOA0. 6 umTFTHY., HD. F+/MOOFEHEMBEIHN0. 7
EnmlUTTchdxRE (BE 287 %,

[0102] B7Hh5EIE. FhEFh, B ICRITHELHREFT1 0008 EHFE
RIBIHSEIOIRERKTH S,

[0103] HEZ#HET1O00DEEAKRICOVWTEHRET S, XEEXHRET1001F
. TSATEBETICAWT TS X CVD (Chemical Vapour Deposition
) L& > TEESI NS,

[0104] J/SX<EEIE. HlxiE, 13. 56MHzORFEAEZBABENLT
ETEREBICEINT 2BRE%2RA %,

[0105] HEBEEHRFRT1O00DHENFHBINDIE. YYD YTy MHDHR
SARAEINEVYaVEREERLERKR (A) TTyFr /LT oOM
MBLVTF/MOEETInUERESYIVERTI 2HETSZ (70T
2 (a) BR) .

[0106] 0. nHEERZYIVERTIO—AOREICT100~300nmiz
EOEH»EFT D)V (Si02) £#R8vH YV HEICL>THR
BL. 1EE%~5F8E%DOKBItAY VL (KOH) BLTT1EE%~1
OEE%DAYFOEL7ZILI—IL (I PA) EBVWT80C~90CHE
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ET. SO040M. nBEHFRIYIVERT OREA(CENICEAET Y F
VUL, nBEBEFERIYIVERIOMAOREET I AFvIET S (M7
DI (b) 2R) , COBE. BRINLES Iy FNPROBRIAEIR.
50EL60EELDETH D,

[0107] 0%, nERERIUIVERTZT7vEBRICFEL TnBEKRS )
AVERT OREICHEINBARBELZRETDEEHIC, nBIEFES
) AVER T OKRAEKETRIET 5,

[0108] nRUERERS)IVERTOERFMETI2&, nBEERS ) JVER
1275 ATEBEORBEICLANS,

[0109] LT, FREF+EHEE2ZnBBFER)IVERTOZRNE (772
Fri@EIRINALRE) KSS5XICVDREICE>TERTS (70
I (c) 28 ., FREXERE2L | HIEREFEHKE, nFFEY
BHREHNLRZBE. | BIEREXEEEIR. HIZIEX 40scemdDYS
Y (SiH,) HRE, Oscem~100scecm®KE (H,) H#REER
WEISHKL, EN%E40Pa (40~120Pa) ICREL. EREEE 1
70C (130~1807C) IC&EL. 8. 33mW.”cm?2 (5~15mW
/S em?2) OINT—BEETBERFNRAT—EEABEN L TETEREIEIC
Eig 2 &IilL>THEING, BB, ST H, HADH , HRICLZHR
Eix, 5BEUTTH S,

[0110] F7/. nBFEREFEHBEIL. XL 40scemdDSiH,HRE O
scecm~100scmOH, HRE&, KEERINAEL40scemDT AR
747 (PH;) AREERISEICHKL, ENH%240Pa (40~120Pa
) ICEREL. EfRGEEA170C (130~1807C) (CFE=EL. 8. 33
mW,/ cm2 (6~15mW, cm2) ONT—EBEEFTSRFEELEH%
U CETEREBICEINT 5 &ICL > THERIN D, Ad. KRFRX
NIPH; HZAOBER. FIAE 1% THD,

[0111] FEREFEFB2H/nUIREFEEBOHDLASIHEE. nBFEREE
BHEEIE, LROEREHEZAVWTERINS,
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[0112] T# (c) Ok, LlLAL i BFERFEFEFBER CEREGEZAVT.
| ERBEMERE2 04 S ATCVDEHICE > TnBIEHEIZY Y IVE
W1ORE (F9AF v BEIMBRINARE S RFSAOFRE) ICHRT S
(B70I% (d) 8 .

[0113] #LT, 40sccm®PSiH,H#R&, Osccm~100scm®dH,
HRE, KRERENE40scemDIRSY (BoHg) HAEERBE
ICRL. EH%40Pa (40~120Pa) ICEREL. EWREEE170
CT(130~18070C) IKREL, 5~15mW,/ cm2D/INT—HEEET
LZRFEFNT—%EEGHFEN UL TCETERERBICEIMT 5, chilL>T, p
LFEREFSHEION | HIERE¥GEB20 LICExRIh2 (70T
2 (e) BR) .

[0114] =20, pEISEHBFEIODLMEICLYANERHEL, TORFL
ELYZARNE7A M)V TS T74IC&k>TRY—VZVFLTLY RIS
—v40%2WKT 3 (R8I (f) B8) .

[0116] ZFLT. LYRAMRI—V40%2T20E LT i BFERELEFE208
SUPBHIIFREFEFEIOOD—IEITvF /L. | I EREFEEKEF3I
BIUPpHFERFEHEFES 2N T S (H8DIRE (g9) BR) .

[0116] BIEmWT, LA | BIIFREYBFBER CHMREGERAWT i Bi3E
REFERBES O nEEREESVIVERTIBLTVL IR MY —240
FICHBEL, Z0%. nBEREYEEBER UBREFEBVTn B3R
B¥OKE6 0% i BEREFEHFRES O LICTSSAICVDRKRICE>THR
K93 (M8DIR’E (h) B8) ,

(01171 ZLT. ZILAHYUBK (KOH, NaOH) #FAVWTL YR MY —24
O0%5BET D, ChICL>T, LYRMNIS—2 40 LICEES T i B3
REYEAERE n B EREFLEBLY 7 M JICIYBRES O, | BIIER
BXEFEAIBSI VU HIEREYFEHRBONMURIND (M8DIR (i)

20R)

=N o]

[0118] =&, HIZAL, B2V IAVHILRZEEET 1 £3EREFEHRE2 £

N4
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WA Z ) Y THEICE>THRTS (R9DIR (j) &R .

[0119] #ULT. pEIFEREFEFRBL LU nBIELREFTHAEC DLHICER
BEE (1 TO) #ARvH YV THRICE>THEEL. BIEHEWT. EFE
—LEEEICFI>TAGEEKT S, TLT. BAEEERE (1 TO) LU
AgzTyvFv L. EREEIR7, 88LUBHRI, 10%2HKT S (K
IMIR (k) BR) . ThICL>T, XELHEF 1 00H%KT 5.

(01201 7adb. LRICBWTIE, | WFREFEHRES pHIEREFEREL &
R LIRIC T BIIEREFERES nBEREFERBOETNT 5 &5
BALZAA, BREOMEBIICEVWTE, CThICRLST, | BIEREEEHES
S nBEEREYEREO ZHR L RIC | BIEREXERES ' pRERE
FEFEBESEHEHLTE LW,

[0121] HBEH|FF 1000 nBERERL YIVERIEFE, T/7O0MODOEEE
MO, 6umBlTTHY. 2. F/MOOFHERIA0. 75 nmlT
THHIRA 2T 7 AFvEENMERI N EzA (TXE) Kd@LTETS
DT, REZHRT 1 O0DHMBENKRE LD, >T. TIVAFviE
BICK BNy o R=2 a3 VOB T2 L TERNEEZRLETE S,

[0122] &7, HEEZHREF100IHEVTCE. pBESBELEHFRES BB &
OREICERESERE 7 ARESIh. nBIEEEFTHRECEEMR1 0 & DEIC
EPREBRSHMEEIND O, pEIFREXERFRES BB O & OR@E.
BLUNHIERLELEARECLEB 1 OLORAILH T 25+ U TOBRES
HHEITE B,

[0123] HIZ, nBEFERIYIAVERTI Z#EBLANEEREEET EBHI &
DREHSLCBABERSEEE 1 OLDRE TR L TEREREEMT
x5,

[0124] 7%ad, AEEMRT 1001, ERBEESZHEATVWARSTEHELL, &
PEER8IF. ZHFv V7 (BF) 2INETHInBIFREFEFRECEE
B1OLDREICEEIND O, ¥+ ) 7TOBERKEIEEICLLAVWNLT
HbD, f>T, RELHMEF100ICBVTR. LALEH, DEFYUT
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(IEAL) #N&ET 2 pRIREFEHES CEHBI EOBICEREERI
BInhTWhiELun,

[0125] EHIC, HELTHET 1001, | BIREHEFBE3, 45ELTVAL
TH&EW, | HEFEFGREI, 4DECTH, nBBEESZY ) OVER
1TORETe n#ES (nBEBEFERKSYIVERT pBEREXEEFED)
EWRTDENTEEZDNLTHD,

[0126] EEICHWTIE, | HIERFEHLERKES, 4%, iBa-Sirbhde
BMEA LD, REOEE1ICSVWTIR., CThICESY, | BEREREKE
3, 41%, iBa—SiC, ifla—SiN, i®#a—SiO, i#a—S
iON, iBa—-SiGe, ia—-GeDWThhHhDLA>TWVWTHLWL

[0127] ZF/. i BUBERREHBHKES, 413, 1X10'8cm-3UTFOPEAIXB
ZEATVWTEHELN, 1 DORIGETHEEZHET 10 0248 T HI154.
RISEDERICPHELUTBED K—/1Y NN BELTHY., R—R2 b
Ritispht | BUSEREYEREI, 4 ORERFISEATENISTH B, LT
IX10'8cmBUTORBETHZ R—/8Y NAHMEALTH, 1 X
1018cm-3UFORED K—Y NFEMESGTELT 7 RS Y AVE
Ei3. ZENIC T BOEEREET S, Ko7, | BIFREYEEXES, 4
&, EEMICI BOFEREFLTULRIEELW,

[0128] nEBEREXEHFEE3E. nBla—S i AOABZEBBLES. EEOF
B1IICBVTE. ThICRSY., nBIFEREFIHEE3R’,. nfla-SicC

NBla—SiN, nBla—Si0, nBla—SiON, nBa—SiGe
, nBa—-GeDWIFNHMSR>TWVWTHE LWL,

[0129] PRI FREFBHFESI. pHa—S i HADARZERPLES. EEOK

BIICBWTRE, ThICRSY, pRFEREYEHESIE. pBa—-SicC
p#la—-SiN, p#Hla—SiO, p#la—SiON, p#a—-SiGe
pBla—GeDWIFhhhLA>TVWTHLW,

[0130] CoEA. i Ba—SiCl, SiH,AHR, H,HZRBLUAH Y (CH,
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) HAREMPAZE LT, ERLAETS XTI CVDEICE > THERIND,

iBa—SiNEE SiHHXR H,HABLTF7YE=T (NH;) HR%
MBAZELT, EdLAETSXTCVDEICE>THEINS, iBla—
SiOIk. SIH,HR, H HRBLV O, HAEMBHRELT, Lk
75XICVDEICE > THRING, i Ba—SiONiE, SiHHZ,
HoHR, O, HREBLUNH;HREMBPHRE LT, ERLAETSXTC
VDZEICE > THEING, iBla—SiGeid. SiH,HR, H,HZ$H
LU NTY (GeH,) HREMBARELT, LB LATSXTCVDE
ICE>THEHRINSG, iBa—Geld, H HRBLUVGe H, HREMBA
ZELT, ERULAETSXTCVDEICE>THERINS,

[0131] n&Ea—-SiClE. SiH,HA, H,HR CH,HARBIUVPH;HR%
MEHZRELT, EdULATSATCVDEICE>TERINS, nBla—
SiNik SiH,HZR, H,AR, NH;HXBLUPHHREMEARE
LT, EBLATSATCVDEKICE>»THRINS, nfla—S i O,
ST H,HAR, HHR O, HABLUVPH;HARZMBHRELT, kL
2SS XTCVDRKRICE > THMINSG, nBla—S 1 ONiE. SiH,H2
« HoHZA, O, HR%&, NHzHRBLUPPH; AREMB AR E LT, £k
L7z75XICVDEILE>THEINE, nBla—SiGeld. SiH,H
A, HyH#Z, GeH, HABLUVPPH  HREMBHRELT, LR LAETS
AIXCVDEILEL>TEMIND, nFla—Geld,. H,HRX, GeH, HR
BLUVPH; AREMBHARELT, L LATSXTCVDEILK > TERK
Inbd,

[0132] pHa—-SiClk. SiH,HAR H,HR. CH, HRBLUB,HHR%
MEBHZELT, ERLATSXICVDEILLE>THEINS, pila—
SiNikZ SiH,HZR, H,HA, NH;HAZABLUVB, HsHREHBHAR &
LT, ERLAETSXICVDEICL>THEINDG, pBa—Si O,
ST HHAR, HyHR, O, HRBLUBHsHREMBPHRE LT, LU
75X CVDEILEL>THERENS, pBa—-S i ONEK, SiH,HAR
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« Hy#HR, O, HR%&, NH; HZABLUB, H HREMB AR E LT, £k
LETZZARCVDEILE>THAIND, pBla—SiGeld. SiH,H
A, HyHR, GeH, HRBLUB HAZREMBHRE LT, ERLAT
SAYCVDEILE>THEINDG, pBla—Geld, Hy,HX, GeH,#H
ABLUVBHHRAEZMBHARELT, ERLATSATCVDEILEST
EREN%,

[0133] /. AEZE#LFEF100E. nBEESSYVIVERITICKAT, pR
BRESZYVUIVER nBZHERVYIVERSSIUVpESHSKYYIVE
WROWTIDERAITVWTE LW,

[0134] CoHBE. pHEERIYIVER. nBEZERY)IVERSLUVpH
RSBV IAVERDOEAF., ERULAFKICLI>TIvFVIIh, 5K
EN6umBTFTHIYr/AMOE,. FHEHEINO. 75 nmlATTHS
F/MNEEECRE (B@) 267 %,

[0135] F/. pEEERI ) IAVERO—FRE (=FJ@E) IC&. EBRLASZE
KL > TTFIVRAFvBEIURIN, nBSEZS VI VERTLZpES
WY )IVERO—FE (FHE) IKIE. RSAZYyFUIICL>2TTY
A FvIBENERIN D,

[0136] cCOD&DIC. REEHBRFFT 100, —BMICIE, Y YIAVERERAT
whiE LW,

[0137] LT, ABEHBREFT100XBVTIE, pnEEIZ. TIVXAFvEEN
BRINZSXEATERL, SEEA6umUTTHET/OMNE, F
BEEINO0. 75 nmlUATTHZF/UheEead2REAICEBIND
o YVAOMDHEENE6 LATTHY ., 7/ MNOFHEAIAO0. 75
NMETFTHNIE, AREBESAREINEINLTH S,

[0138] [EfEOBRE2]

B1 0. REOHE2ICLIAELHRFOBRENTHEARTH 2,
M10%28RLT. EEOBEB2ICLIZHAELMET 200, nBEFES
SYAVERT &, I BSEREYERE201, 203&, nBIEREHE
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HE202¢&, pRFREFEAE204-, BHEEHE205+, LEE
206&, EH207, 208&%KA %,

[0139] i BEREHEHE20 1. ENRFRELEEI OGNS, | BFRE
HEFB20 11k, nBBHEZSYIVERT1OZHE (77 AFvigE
ERENARE) KELTnBEBEERY ) IVERT LICREY NS, | &8
FREFEFEB2010EHRIE. HlXE 0. 5nm~25nmTHb, %
LT, | BIEREEEHRE2011E, iBa—-SiC, iBa—-SiO, i
Ba—SiON, i#a—SiN, i#a—Si, i#a—-SiGe, i#&
a—GedDWInhhoh D,

[0140] nIEIEREHFBRE2 021k, nEORMMA F—FI N ERBELBH
NoRD, nBORMMIZ. FIAE. PTH, nBIEREFEEE202
i, T BEREFEFEB201ICELT I REREFEFE20 1 LICKRE
Ihd, nBEREYEFRB20 20EHIE. HAE, M2nm~H50n
mTHd, nBFFREFEEE202/CHF2PEER, FAE 1X100
cm=3~1X1020cm=3THd, LT, nBIREFXEEXE202k
. NBa—-SiC, nBa—-Si0, nBla—SiON, nfla—SiN,
nfla—Si, nBla—SiGe, nBa—-GeDWIhhh DA,

[0141] I BFREFEEFE2031F. nBHEHERKD)IVERTOSHEE kI
RIOREICHEL TnEERFRS Y IVERT LICBEBI W, | B EZEY
BHRE2030DEHE, | WFRFELGEE201 ODEAERLTH D, £
LT, i BUEREEEHE2031. iBa—-SiC, i#a—SioO, i
Ba—SiON, i#la—SiN, i#a—-Si, i#a—-SiGe, i%
a—GeDWThhh b,

[0142] pRUREXEEE2 041X, pHORHYH K— TSI N FERELEE
N5%%, pROFMIIE. FIAE, BTHD, pRIERELEHKE204
. T BFEREFEFAE203ICELT I BIEREFEFAE2 0 3 LICERE
Ihd, pHIFERELEFRE2040EHIE. HIAIE H2nm~K50n
mTHD, LT, pHIFREYBHE2041F, pBEa—-SiC, pHa
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—Si0, pB®a—SiON, p#la—-SiN, p#a—Si, pila—S
iGe, pBla—GeDWTFhhhbhd, LT, pBIEREHLEEKE2
O4ICBITZBEBER., A, 1X10'°cm-3~1X1020cm-3CH
%,

[0143] FBEAEER205F, nHIREFEAFRE20 21CH L Tn I EREEYE
HE202LICERBINDS, BHEEEE2051F, HlZE 1 TO, Sno,
BELTZnOFEILLRS,

[0144] J|EE206(E. pEFRBEFEXE2041CEL T o RFRELEKE
204 EICEEEXI NS, EBEE206(%. EPHEER. Ag, Cu, Sn
Pt, Au, Ti, Ta, Ni, Co, AIZD2E. BLVELLOLE
DI>ED—BULEELEREDTEMMBN LD, BEBE2060DEH
i, BIAE. M70nm~8100nmTH>,

[0145] EfE20 7L, EBREER2 05D —&ICE: L THABERE2 0 5 LICH
BXNhd, EHB2071 HlRE. Aghdid,

[0146] E#H208Id. BEE206CELTEEE206 LICRBEXNZ, Eif
208iF. BHlAE. Aghbind,

[0147] BT 18LUE1T1 21, ThETh, B1 0ICRTHAEEHRFET20 00D
BREETRIEIBLVE2DIREHTH S,

[0148] AREBEMEF200DHEN,FEEINZE, I7OIRE (a), (b) &
FEUCIRBERTLTnEBEFESY ) IVERT 2#FRT 2 (H1 1012 (
a), (b)) B8R .

[0149] o0&, nBERFFZ Y IVERIZT7vBHRIRREL TnREFERSY
AVERT OREICHRINCBRBIELRET 2L EHI0. nBHBES
) AVERT OREEKERTKERT 5,

[0150] nREFERS)IVERTIOEENMRTT2E,. nBEBEREES Y IVER
1275 ATEBORBEICAND,

[0161] LT, Ll i MEREFLOHES, 4 OEREH LA LERIHZ
BWT i BEREXEFE2 01 # nBBFESZ ) OVERT1 OZRE (F
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DAF v EENMRINAEKE) LICHKRTS (H110I18 (c) 31R)

[0152] =Zof, ERULAnRIFERBELEHERES 0 6 OFHFMH LR CHREG%E
AWTnBERESERE202% | WIFEFLEHRBE20 1 LIKHRT
(1 10I%& (d) 38) ,

[0153] RIC. | BUEREHERES, 4 OWREEHERCHRREEBRWT i 8
FEREFEHRE203 & nBEFERY ) AVERT 0T E RVAORE
FICHETE (M1 10I7E (e) BR) .

[0154] 2L T, LU p BHFREFEHBS OBRFH B CEREGHEBL
TpRIRHEXEEE204% | BIFREFEAFRBE203 LICHRT 2 (H
120I% (f) 8] .

[0155] D%, nEBELZSYIVER1DBEN180CICAD LD IC nEE
BRUUIAVERTEN#RL, 200~800scem®7IITY (Ar)
HRE, 0~30sccmdDiskE (0,) HRAEDRAEHRERLTF v N
ADEN%20. 4~1. 3PallRBEAQNH0. 2~2kWODEHEKRAL
THEIES, Chitk->T. BERHEERE205 (=1 T0) FnilERH
EFEE20 2 LICHERIND (M1 20T%E (g) 8 .

[0166] RIC, EEE206 (1 TO) A#FHBER205 (=1T0) EALHE
RREICE > T o RIFREFEBAERB204 LIPEHRTS (1 20DIT# (h
) BR) .

[0157] /A3, EPEBE206HITEEB2061%, R/SvH ) v TEOHIC
. CVDEBIUREZEDEREHN A Fidd>EE, FLIEETAS
DOEERICEL>TERINTE LW,

[0158] #ZLT. TRFIUBAGICA g OBMEKRERYIAALAGR—2A NERYY
—VERICE > T, BI%EM10~30um, 1BE100~500umicf
L%, 200CT80%, BMRELTZIEICL>THBOEE207
, 208%HKT 2 (H1 20T (i) BR) ., Thilk>T. AEEXEH
EF2000%HT %,
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[0159] HABEHMERTFT2001. AEZHERTI100LALLIICnBIBHERT Y
OVERTAEBA. SHEERNAICATOESICES p niES (n R
R IAVERT pREREYERE204) BEET S, #>T. 77
2FVBEICL DRy IR=— 3 VRFHOBETE2I6 L CERWEREZRA LT
x5,

[0160] F/, HEEWERF200ICHVTIE. pHIEREFEARE2 04 & EiF
208LDEICEBEEB206NA/MEBEINTWSLOD., pRIREFEFKE2
04 LEM208EDAACETZ2F+ ) 7TOEBEEINHTE S, Tk,
HEEE20 6 NERHEERENILARY, BB208 1A ghLABEBEE. nE
BESEV)IAVERIZERLALKIE. SEE206 (ERSER) /&
208 (Ag) AETRE TN, nBEFRZI ) IVERT TRINI N S,
MoT. NEBEMEF200DERERLEMNTE 3,

[0161] #%d, HAELZHETF200CHWVWTC, | BFFELEGKRE203  pildk
REHFEAB2042SHEMICHRL. | MIERBEXEHERBE201 /nil
HREFEGFE20 22T HEERMEICEXLTE LW, TOLIICLT
H, YVOMOOBREEN 6 umBTICAY, B2, F/ MO FHEE S
MO, 75 nmUTFICARD s, MREEFELELE, #>T. TIVRXFvi#
BICLZ/Ny IOR—2 3 VREORT 2SI L TERDEREA LETE 5,

[0162] EMEDOHE2ICHITDZOMOFRAIE. EEOTETICOVWTOREPER
LTH %,

[0163] [EHEDHES]

EREOWMEB1ICBWTIE,. NaOHIYF Yo%k : 10%, H,OFRKR. 8
OCT2HREDEZMGEBVWTYYIAVERETI Y F VI LEN, EHEOWH
BIICHWVWTIE, NaOHTyFU UK : 10%, H,OFR. 100CT3
PREOEZHEERVWCIYIAVEREIYF VI L,

[0164]1 ®1 34k, nBEFEZIYIVERD (100) HOBEMEEESTIH
Thd, LEFHETV)AVEREIYFVILERE. A=Ay MR
Oy AMNAEKRINE (H130 (a) B8]) .
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[0165] CORT—rhy MROTI/OMNOARET HIFEICKE. B, EEKO
<7 OMMICEER, SEENNICRZOT (B130 (b) 38) . FF
LW, COBE. BRELIK. RT—Vhy MEORMLOSBEYEI RS
—VAY MBEDEAROD—HFESWEEHEITOREEEZS D,

[0166] ®1 3ICRT/OMOAEET I nBERERS ) AVEREBVWEAER
BRETFILBWTE, EEOMEI1EALLIIC. Y7AMOOREEN6 1
mETTHY, D, +/MOHOFHEEIAN0. 75 nmlATTHZHE
. AREEIRLT B,

[0167] H#W>T. FUVRAFvHEEICLD/SyINR— a3 VEEDETEINE LTE
MEEmMLETE S,

[0168] 7rds. EREOHEBIICH T IABERBTFORBKIE, Lk LN ELHE
F100, 200TH>THLWL, BT IRBEOWMAE4S, 5ICLIHNE
ERREFTH->THLL,

[0169] [REOHEAS]

BI1 44, REOWMEAICLDHBERRT OBMET I MERTH D,
E14%58BLT, BEOHBLICLIINELTHRREFI00E, nHEHES
SYDVERAOT1 &, REMILEEA02E, B1 /Ry IR—2 3 V[ELO
3, B2y R—vavEA404 &, BHG405, 406&%EAB,

[0170] nREBEFRSYIVERLOTIE. pBILEHBE401 1 & nEEESO
12848 TMERFUORAICELTEL., COBE. pBILEBE4L 01
THLCNBEHEA401 21, nBBERFRZL ) IVER4L O 1 OEARAM
IRBICERBXNS, pREGHE401 11E, HAIE, 1X108cm-3~
1TX10'9cm-3DBREAXET D, £/, pBIEHEL401 11 HIAE
. 100~200nmDEH#%ET D, nBLEES4 01 24k, HlAE 1
X1018cm-3~1X10'°cm-3DPREAET D, £k, nLEES
012k #lAIE, 100~200nmDEH%EET 3,
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Total Files Size (in bytes)4 12421014

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: 084546-000033

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application

Kun YU et al.
Application No.: 17/459,689
Filed: August 27, 2021

For: SOLAR CELL, MANUFACTURING
METHOD THEREOF, AND
PHOTOVOLTAIC MODULE

Art Unit: Not Yet Assigned
Examiner: Not Yet Assigned
Confirmation No.: 8617

N N N N N N

INFORMATION DISCLOSURE STATEMENT

Mail Stop Amendment — Via EFS
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:
In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, Applicant
hereby submits the following information in conformance with 37 C.F.R. §§ 1.97 and 1.98.

In accordance with the policies of the U.S. Patent and Trademark Office, only copies of

newly cited foreign patents and non-patent literature are being submitted.
Foreign Communication — European Search Report

Applicant notes that the Foreign Patent Documents: CN-111628049; CN-212750903;
EP-2 149 915; EP-2 645 421 and WO-2015/122257 listed in the attached Form PTO-1449

were previously cited by European Patent Office in an Extended European Search Report
mailed December 2, 2021 (copy enclosed) issued in a counterpart European Patent

Application No. 21194044.0.

The undersigned certifies that each item of information contained in this information
disclosure statement was first cited in any communication from a foreign patent office in
connection with a counterpart foreign application not more than three (3) months prior to the
filing of this statement.

It is requested that the accompanying Form PTO-1449 be considered and made of
record in the above-identified application and that an Examiner-initialed copy of this form be
returned to the undersigned.

The present Information Disclosure Statement is filed within three months of filing, or
before the mailing of a first Office action on the merits, whichever is later; therefore, no fee is

believed to be necessary at this time.

4868-3937-1528.1
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Docket No.: 084546-000033
Application No.: 17/459,689
Page 2

However, if a fee becomes necessary, the Commissioner is hereby authorized by this
paper to charge any additional fees, except the issue fee, during the entire pendency of this
application including fees due under 37 C.F.R. §§ 1.16 and 1.17 which may be required,
including any required extension of time fees, or credit any overpayment to Deposit Account
No. 19-2380.

Respectfully submitted,
[Jeffrey L. Costellia, Reg. No. 35.483/

Jeffrey L. Costellia
Registration No. 35,483

NIXON PEABODY LLP
CUSTOMER NO.: 22204

799 9th Street, N.-W ., Suite 500
Washington, DC 20001-4501
Tel: 202-585-8000

4868-3937-1528.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/459,689 08/27/2021 Kun YU 084546-000033
CONFIRMATION NO. 8617
22204 POA ACCEPTANCE LETTER
NIXON PEABODY, LLP
799 Ninth Street, NW A0 L0090 00
SUITE 500 000000128880453

WASHINGTON, DC 20001
Date Mailed: 10/06/2021

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 10/01/2021.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/qtran/

page 1 of 1
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Electronic Acknowledgement Receipt

EFS ID: 43922687
Application Number: 17459689
International Application Number:
Confirmation Number: 8617

Title of Invention:

SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC

MODULE
First Named Inventor/Applicant Name: Kun YU
Customer Number: 22204

Filer:

Jeffrey Costellia/Donald Sias

Filer Authorized By:

Jeffrey Costellia

Attorney Docket Number: 084546-000033
Receipt Date: 01-0CT-2021
Filing Date: 27-AUG-2021
Time Stamp: 13:21:34

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
16865933
084546_000033_Power_of_Att
1 Power of Attorney orney_Statement_Recordation. no 13
pdf 6b3e77aca7bl0e3c623f6d29b5194161fe75
bodf
Warnings:
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Information:

Total Files Size (in bytes){ 16865933

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/80 (07-17)

Approved for use through 03/31/2021. OMB 0653-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwaik Reduction Act of 1995, no person is required to respond to & collection of information unless it displeys a valid OM8 control number

[ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO }

I hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73(c).

I hereby appoint:

X Practitioners associated with Customer Number: 22204

OR

Practitioner{s} named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registraticn Registration
8 Name &

Name ;
Nurnber Number

As attorney{s) or agent{s) to represent the undersigned before the United States Patent and Trademark Cffice {USPTC} in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assignmant documents
attached te this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73{c) to:

X The zddress assaciated with Customer Number: 2275034
OR

{ ------ _} Firm or individusl name

Address

City State

o
B

Coundry

Telephone Email

Assignee name and address: gHANGHAL JINKQ GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD.
5/F, No. 277 Hugingping Road, Minhang Disiricl, Shanghai, China

& copy of this form, together with a statement under 37 CFR 2.73{c} {Form PTO/AIA/95 or equivaient} is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be fifed.
SIGNATURE of Assignee of Record
The individyal whosg signature and titie is supplied below is authorized to act on behalf of the assignee.

Signature S}Z@.@'fﬁ‘ ZJQ'/\! Date 2021-09-02
Name Shaofa LAN Telephone
Title intellectual Property Direcior

This coltection of information is raquired by 37 CFR L.32, 1.32, and 1.33. The information is required to cbtain or retain a benefit by the public, which is to update
{and by the USPTO to process) the file of a patent or reexamination p: fing. Confidentiality is & d By 35 U.S.C. 122 and 37 CFR 1.11 ard 1.14. This
cellection is estimated to take 18 minutes to complete, including gathering, preparing, and submitting the completed application form ta the USPTO. Time will vary
depending upon the individual cas=. Any commetits on the amaunt of time you require to complete this form and/or suggestions for reducing this burden, shauld
be sent to the Chief informaticn Officer, U.S. Patert and Trademark Office, U.S. Department of Carmmerce, P.0. Bax 1450, Alexandrla, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Comumisstoner for Patents, P.O. Box 1450, Alexanuria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-9199 und select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020, OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD.

Application No./Patent No.: 17/459,689 Filed/lssue Date: August 27, 2021
Tited: SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD, a corporatlon
]

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. [ ] An assignee of less than the entire right, title, and interest (check applicable box):

E] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

[ ] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 057314 , Frame 0980 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 11/30/2020, OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

STATEMENT UNDER 37 CFR 3.73(c)

6. From:

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

I:] Additional documents in the chain of title are listed on a supplemental sheet(s).

P] As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

lJeffrey L. Costellia, Reg. No. 35,483/ October 1, 2021

Signature Date

Jeffrey L. Costellia, Attorney of Record 35,483

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A-record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A-record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/SG {07-17)

Approved for use through 03/31/2021. OMS8 0653-0035

U.S. Patent ond Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, ho person is requited to respond to 8 coliection of informetion usless it dizplays 2 valid OMB control number

i POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTQO )

} hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73{c}.

} hereby appoint:

|
X ! Practitioners associated with Customer Number: , 22204
OR

Practitionas{s) named below (if more than ten patent practitioners 3re to be named, then a customer number must be used):

Registration Registration

Name Number Number

As attarney{s) or agentis} to represent the undersigned before the United States Patent and Tradermark Office {USPTO) In connection with
any and ail patent applications assigned only to the undersigned according to the USPTO assigniment records or assignment documenits
attsched to this form In accordance with 37 CFR 2.73(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(c) to:

iX 5 The address assoclated with Customer Number: 22204
aR

: Fiem or individual name

Address.

City | State | zin

Country

Tetephone Emaif

S

Assignee name and address: 7 JANG JINKO SOLAR CO., LTD.
No. 58. Yuan Xi Road, Yuan Hua Town, Haining,
Zhejiang, China
A copy of this form, together with a statemnent under 37 CFR 3,73{c} {Form PTO/AIA/SE or eguivalent) is reguired to be
filed in each spplication in which this form is used, The statement under 37 CFR 3.73{c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The individuat whose signature and title is supplied below is authorized to act on behalf of the assignee.

sgnature Shgefer (A Date 2021-09-02
Narne Shaofa LAN Telephone

Title Intellectual Property Director

This coltaction of infarmation'is required by 37 CFR 1.1, 1.32, and 1.33. Tha informatian is required to obtain o: retain a benafit by the public, which is to update
{and by the USPTO to process) the filte of a patent or reexsmination p ding. Conf: yls g ed by 35 1.5.C. 122 and 37 €FR 1.21 and 1.34. This
Hlection s esti d ta take 18 mi o late, including gsthering, preparing, and submitting the feted application form o the USETC, Time will vary
depending upen the individual case, Any comments on the smount of rime you require to complete this form and/er suggésticns for reducing this burden, should
be sent to the Chief infarmation Qfficer, U.S. Patent and Trademark Office, U.S. Department of Cormmeree, £.0. Box 1450, Alexandriz, VA 22313-1450. DO NGV
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TQ: Comuriissioner for Pateats, P.0O. Box 1450, Alexandiia, VA 22313-1450;
If yout need assistance in completing the form, coll 1-800-PT0-9198 ahd select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020, OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: ZHEJIANG JINKO SOLAR CO., LTD.

Application No./Patent No.: 17/459,689 Filed/Issue Date: August 27, 2021
Tited: SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

ZHEJIANG JINKO SOLAR CO., LTD. , corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. [ ] An assignee of less than the entire right, title, and interest (check applicable box):

E] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

[ ] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4, D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 057314 , Frame 0980 , or for which a copy
thereof is attached.

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 11/30/2020, OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

3. From:

4. From:

5. From:

STATEMENT UNDER 37 CFR 3.73(c)

6. From:

To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

I:] Additional documents in the chain of title are listed on a supplemental sheet(s).

P] As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

lJeffrey L. Costellia, Reg. No. 35,483/ October 1, 2021

Signature Date

Jeffrey L. Costellia, Attorney of Record 35,483

Printed or Typed Name Title or Registration Number
[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A-record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A-record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND
DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

AUGUST 30, 2021
PTAS

799 OTH STREET NW 506841821
SUITE 500
WASHINGTON, DC 20001

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT RECORDATION BRANCH
OF THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE COPY IS AVAILABLE AT THE
ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE INFORMATION
CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA PRESENT IN THE PATENT
AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD FIND ANY ERRORS OR HAVE
QUESTIONS CONCERNING THIS NOTICE, YOU MAY CONTACT THE ASSIGNMENT RECORDATION
BRANCH AT 571-272-3350. PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT
AND TRADEMARK OFFICE, MAIL STOP: ASSIGNMENT RECORDATION BRANCH, P.O. BOX
1450, ALEXANDRIA, VA 22313,

RECORDATION DATE: 08/27/2021 REEL/FRAME: 057314/0980
NUMBER OF PAGES: 4

BRIEF: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS) .
DOCKET NUMBER: 084546-000033

ASSIGNOR:
YU, KUN DOC DATE: 08/17/2021

ASSIGNOR:
LIU, CHANGMING DOC DATE: 08/17/2021

ASSIGNOR:
ZHANG, XINYU DOC DATE: 08/17/2021

ASSIGNEE:
SHANGHAI JINKO GREEN ENERGY
ENTERPRISE MANAGEMENT CO., LTD.
5/F, NO. 277 HUQINGPING ROAD
MINHANG DISTRICT, SHANGHAI, CHINA

ASSIGNEE:
ZHEJIANG JINKO SOLAR CO., LTD.

58, YUANG XI ROAD, YUAN HUA TOWN
HAINING, ZHEJIANG, CHINA

P.O. Box 1450, Alexandria, Virginia 22313-1450 - WWW.USPTO.GOV
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APPLICATION NUMBER: 17459689 FILING DATE:
PATENT NUMBER: ISSUE DATE:
TITLE:

SOLAR CELL, MANUFACTURING METHCOD THEREQOF, AND PHOTOVOLTAIC
MODULE

ASSIGNMENT RECORDATION BRANCH
PUBLIC RECORDS DIVISION

SEG Solar, EX1007, Page 500



506841821 08/27/2021

PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1
Stylesheet Version v1.2

EPAS ID: PAT6888642

SUBMISSION TYPE:

NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT
CONVEYING PARTY DATA
Name Execution Date
KUN YU 08/17/2021
CHANGMING LIU 08/17/2021
XINYU ZHANG 08/17/2021
RECEIVING PARTY DATA
Name: %I:ISNGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO.,
Street Address: 5/F, NO. 277 HUQINGPING ROAD
City: MINHANG DISTRICT, SHANGHAI
State/Country: CHINA
Name: ZHEJIANG JINKO SOLAR CO., LTD.
Street Address: 58, YUANG XI ROAD, YUAN HUA TOWN
City: HAINING, ZHEJIANG
State/Country: CHINA
PROPERTY NUMBERS Total: 1
Property Type Number
Application Number: 17459689

CORRESPONDENCE DATA
Fax Number:

Phone:

Email:
Correspondent Name:
Address Line 1:
Address Line 2:
Address Line 4:

(202)585-8080

202-585-8000

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

nnpatent@nixonpeabody.com, dsias@nixonpeabody.com

NIXON PEABODY LLP

799 9TH STREET NW
SUITE 500

WASHINGTON, D.C. 20001

ATTORNEY DOCKET NUMBER:

084546-000033

NAME OF SUBMITTER:

JEFFREY L. COSTELLIA

SIGNATURE:

/Jeffery L. Costellia, Reg. No. 35,483/

DATE SIGNED:

08/27/2021
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DF212023US
ASSIGNMENT

WHEREAS, we, YU, Kun of China, Zhejiang Province, LIU, Changming of China, Zhejiang Province,
ZHANG Xinyu of China, Zhejiang Province (“Assignor”), are the inventors of an invention entitled “SOLAR
CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE’ that is the subject matter
of: (check all that apply)

[X] a U.S, application for Letters Patent which claims the priority of the Chinese Patent Application No.
202110895225.8 filed on August 4, 2021 ,

[ 1] an application made under the Patent Cooperation Treaty which is identifiable at WIPO by
Application No. PCT/__ filedon __,

[ 1 an application for Letters Patent which is identifiable in the Patent Office of __the U.S. by
Application No. filed on ;

WHEREAS, SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD. located 5/F,
No.277 Hugingping Road, Minhang District, Shanghai, China and ZHEJIANG JINKO SOLAR CO., LTD.
located NO. 58, YUAN XI ROAD, YUAN HUA TOWN, HAINING, ZHEJIANG, CHINA hereinafter referred to as
“Assignee”, are desirous of acquiring the entire right, title and interest in and to the invention, the applications,
and any and all Letters Patent or similar foreign or domestic legal protection;

[x] inthe United States

[ 1 inall other countries or jurisdictions;

“NOW THEREFORE, for good and valuable consideration, the receipt and adequacy of which is hereby
acknowledged,

a) we agree to transfer, and
b) we do hereby transfer,

to Assignee, its successors and assigns, effective as of August 4, 2021 nunc pro tunc, our entire right, title
and interest in the above named countries and jurisdictions in and to the following including the right to sue
for past infringement: the invention, the above-identified applications, all applications from which any of the
above-identified applications claim priority, corresponding U.S. and non-U.S. applications, any continuation,
division, renewal, or substitute for the applications, all Letters Patent, any reissue, re-examination, or similar
legal protection issuing related to the Letters Patent, and all rights and benefits under any applicable treaty
or convention, and l/we authorize the Director of the United States Patent and Trademark Office or foreign
equivalent to issue the Letters Patent or similar legal protection to the Assignee.”

We authorize the U.S. Attorneys handling this matter in the U.S. and the Assignee, its successors and assigns,
to insert in this instrument the filing date(s) and application numbers when ascertained. We further authorize
the Assignee, its successors and assigns, or anyone it may properly designate, to apply for Letters Patent or
similar legal protection, in its own name if desired, in the above named countries and jurisdictions and
appoint Assignee the common representative in the above-identified international application and any
international application for the invention.

We represent to the Assignee, its successors and assigns, that we shall not execute any writing or do any
act whatsoever conflicting with this Assignment. We, our executors or administrators, will at any time upon
request, without additional consideration, but at the expense of the Assignee, its successors and assigns,
execute and deliver to Assignee or its legal representatives such additional writings and do such additional
acts as the Assignee, its successors and assigns, may deem desirable to perfect its enjoyment of this grant,
and render all assistance in making application for and obtaining, maintaining, and enforcing the Letters
Patent or similar legal protection on the invention in any and all countries and jurisdictions, including without
limitation providing testimony in any related interference, litigation or proceeding. To the extent that we,
our executors or administrators are unable or unavailable to execute and deliver to Assignee or its legal
representatives such additional writings and do such additional acts as Assignee, its successors and
assigns may deem desirable to perfect its enjoyment of this grant, and render all assistance in making
application for and obtaining, maintaining, and enforcing the Letters Patent or similar legal protection on the
invention in any and all countries and jurisdictions, we, our executors or administrators hereby authorize
Assignee, its successors and assigns to act on our behalf.
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WIPO

. . WORLD
Digital Access Service INTELLECTUAL PROPERTY

(DAS) ORGANIZATION

CERTIFICATE OF AVAILABILITY OF A CERTIFIED PATENT DOCUMENT IN A
DIGITAL LIBRARY

The International Bureau certifies that a copy of the patent application indicated
below has been available to the WIPO Digital Access Service since the date of
availability indicated, and that the patent application has been available to the
indicated Office(s) as of the date specified following the relevant Office code:

Document details:  Country/Office: CN
Filing date: 04 Aug 2021 (04.08.2021)
Application number: 2021108952258

Date of availability of document: 11 Aug 2021 (11.08.2021)

The following Offices can retrieve this document by using the access code:
AR, AT, AU, BE, BR, CA, CL, CN, CO, DK, EA, EE, EP, ES, FI, GB,
GE, 1B, IL, IN, JP, KR, LV, MA, MX, NL, NO, NZ, SE, US

Date of issue of this certificate: 17 Sep 2021 (17.09.2021)

34, chemin des Colombettes
1211 Geneva 20, Switzerland
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2021108952258

20210804

DD2120231

LML QAEAIEAR B HA IR NREANF T &M, THMEB R B
T - F MMM AT — LR T I THFT 45pm.

8. HMBEAAEK 7 ARG KM, A AET, TAS—F4
My Fa/ RATE S - F LM TR A @A ZAFF &,

9, MRIBRAEK 8 pray Rk, H4MFEAT, LS
®E RO IEE T FH . B WMEH. LG, AP E
=t

10, ARIER A Z K 1 Araf ey K Fare® b, HAFiE 2T, P F A4k
BEOiERMEE, A E, RALAEE. AmER AL EFGE )
—Fb PR F BALE G ZE H 0.8nm~2nm.

11, BFEMANEZRK TR R MEAEEE, AHFLET, F_4LEQ
FEREE, RkEE, RALKLZEEPWE S —F, TR FH 4L 26 F
& 29 70nm-120nm.

12, ARIBEARA|ZK 1 Frif ey R Fafed i, R4 ET, PTikH —4bil
EaEaaE i, fiuEE, A E. RAMLEETSHE S —F,

13, ARIEA A 2K 1~12 PiEFZE— AR R afe i, L4350k T,
Pk F FAT R A N ARG #R, TEBRFEEN N RS RS R
B, N BB REmAEESR N BB RERZEE, TEABRFEENEEN
60nm-200nmo.

14, —FrARKEMH, H4FEAET, MELKAMHOIFES KA EL
¥, PR KAfe & QA A &K 1~13 44— AATE M R EAER M,

15, —AF K Fafed e ml &k, H4Fea T, 0T F k.

S - F-ARAT R AT B SRR B, BT AR - ARAT R Y AT R TS R B a3
EM), TR R M O 2 F IR MM,

St 4k )5 69 F FARAT R GG AT R SR AT S 2R, T R IB A A

KR AR R ST FARAT R A G R i AT A R, 4R AR BT R S AR
FHRIG R A — 3 EEM), Hb, AT — S A OIS E VI 5
BOTARESNFH—TFTEHM, Kb, ITHEES RS EGHRASRS A
T, ARBMABEEMALEA THEBER@OG TG L, &I F
—F MM E BB E LA E — T LM R @ IEH ) TF
F2um, Fra g IMN 5 —F MM A @ —HR T TFHFTF 45um:

TP ¥ S RAT R Y G £ F 69 5 — i T 45 M) LT AR R T A

2
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BT REF RAE R @IS R F el it &, P PTIE % ah 2k B 34T

R, HBABRFEE, HEBRFEEEHEF FHRAIKREA MR T
W ARG B R TEK,

T2 T F- AT R GG AT R | A R B — AL B AR

FEPTR B 22 F- 8 B R B R B e &

16, ARABE A ER 15 ATRG R & Tk, HFIEAET, ATERAMRE
A FARAT R GG B R m AT R AL, A6

KRR BN 5%-15%RE R AR EF FHRARN G L@, 2R
FLAE

KRR T XA R R E R G R AR TR F FARAR G R |
FATHRE A, FRRAEHS KA 5%~10%89 R ER T &%,

SR P i ot BT IR AR AT R G B R BT E, WRIEE A 70°C
~80°C, #KE A <260s, H P, AERALROIE N ET KN 1%~15%49
NaOH. FE 5445 1%~15%% KOH & R 2 9404 0.5%~2.5%49 4 Ao 7| ;

ERFEBESHH 5%-15%0 88 E REDHKH 15%-~40%09 3L &,
ARG IR AIR T BT K IR 69 T LR S AT TR

St ) o F FARAT RS IT AR R, A,

17, #ABRAEEK 15 RO R & T &, LFEET, TR REF
ARG T RHR AT AT G E ) —FF:

(1) RALEXLTE ARSI KEPTRF FARAT R G R
B 69 55 — 4B L3 A LI AT R BT AR 1R F R AL

(2) ARARH TR F AL ETAEP, BHABEREHS 05C
/min~3°C/min, RALEE A 560°C~620°C, JAREFE] % 3min~10min;

(3) Prif I F AALE G IRAVR BAK T AT £ dh 22 B a9 AUR B

(4) AR FT AILEOFRILAEE, 8 &, R afst &, 8L
A8 B R B AEE B P ey B —F

(5) Pk F &AL &8 2 E ) 0.8nm~2nm.

W
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HOW P
A ARl AR S k. SR
HAATE,

K i b BOLR B R ATR,, EARMugE, A KMk w5 &
7rik. AR A,

HERHEK

N %! TOPCon (Tunnel Oxide Passivated Contact, & 5§ &AL & $eiL 3 fk)
bR T AT RILG K @A IERR, %4 TOPCon & iLHy,
1B K AT AUE R R A, Ik ik R A AL B L PERC
4 Bl BE SR s —MN AU L5 R 49 A0 BRI R R B A AL MRS TR A
BT R R BT TG, AT X S b K 0 B R o
NG R @M. JRZ G R EE KB R AR A, 22 A
k@ IS A AT RILE A $ R AR &, d Rtk
9 SR AL o L R L BR

AHAE

BT, AW bR — Ak AL B R T ok Bk, BT
AT R K ST A MY Y TE T, ARG5S K B AL R RLey TF SR, KA
VAR L A E T o O Y

F—Fdm, KRPFREg—F KR, Pk KEEk e 15

kSRR, FTRESAHRGE R G LA F— B, ks —
SRS A E Y PR ROAANR S AT —F s, T AEE A
WRGMARENH—FT LN, EABTARBGRELELTHEE R &
Zw b, RN — T MR R & AL AR F — T M a9 TRk
A SEH T E T 2um, PRSI H —F 454 49 TR AR & 8 49— 4 R
INTFEHEF 45 um;

12 T B i F S ARAT IR A AT o 4G 5 — SR

12T P FARAT R G )6 R 0 44 5 — s B L5 A B AR F AL E

12 FHTRIE T BAE R BB G0 E, kR GFEZEEMAF S
RARAA R b KA RTE: AR

1

SEG Solar, EX1007, Page 509



R 10 100 0 0 00O 0 0
2021108952258

20210804

DD2120231

{2 F kiR G0 B R @5 il &,

B—RITITHRAET NP, TR FFhAFRGITADEA F 5
M, TR P MO IEEFIRIRMEN, MASFRIRMENOLIER
7 BT AT R AT A 69 TRER RS VL AT L A R AT A @ 09 REN, &
FHITAAE G LEA TR ARG TG L, FEEFHRMEM TR
HEHRIFGIEH D TET Sum.

B—FPAATEFE T NP, S THAE VISR EHRANRSAFH—
FEM, ALBAGEARDLEALTHARABEERBN T L, RIMME—F
MR E DA S LINME—FT LMY TAF A @OERZLE 031
m~12pm N,

Je—F ST 4T 89 92 577 RoF, AT | IM 3 — F LM TR & & 69T 39
— % R~TE 10um~15um N

A — AP AT YR NF, AT RO F — T LM e TR3R & @ LAy
FRMWEZE DT AR RN B —F MMk d Lo §F & EFE.

H—FP T 4T 0y 55675 b, Ak I % — T L6 TR 3R A & Ly
FRALE 5T R RSB —F e mi3r k@ LayEF &0 B2 R e R
& 2 F%F 0.15nm.

BT ATaYE T X P, Pk 5 — e 3 48 ML 6, 16 AR R 3 B HEA
B)FAANRENE T AN, THARBERAGITAE S - FEAMOTAI AT
8 —2% R~T/ T35 F 45 ptm,

B— P T AT 69 R 5675 XoF , PTIR 8 — T £ My Fn/ BT 5 =T £ ) 69 TR
HEAkmAZAN-F&E,

H—FF AT R T XN, TR ZAH-FaeyBRaELZH .. FH.
M EAAEFS . WA LB Py S — AP,

FB—FP AT 6 K 5677 NP, T F AL & A e &, s &,
REMAEE, BiLiE R BALL ETHE S —F, FTRET BILENRE
77 0.8nm~2nmo

f—F TR AP, F s EOERILEE, ALEE. &
FAREE RO 2 — A, TR H 4 E 69 FJEH 70nm-120nm .

P —FPE AT ey K877 NI, ATk & —4bil &2 046 B LA & . R A &
AL A, REAMAEEP G E Y —F,

B —FITATE R 307 XoF, AT F FA4AA R A N & F s AR, ATk

2
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BFEEHNNBBESHEE, N BB R ER N B 4dF 0t
B, BT A5 B a9 /R E A 60nm-200nm.

B d, AW IERAAE R LR A, AR A s S A KA
W, A KA RS O ER B — TR Re Kt d ik,

FEZTE, APFERE - RMEELEGFH R TR, LIFEUT T %

xf - FARAT R BEAT AT, PTIRF FARAT RO AT R @ S AR B 4
LA, PR B A O IEe TR,

S ) UG 09 FARAT R G AT R @ AT S e B, B AR IE S A

KR AR AT F FARAT R G R AT AL 3, 4B AE R BT AR
ARG R — LM, BF, iR — MO IEE VI
BOAANREGAH—F &M, AP, sXTHEE VIR ENHARSA
F—FEM, ARBEAEERABBEATHEERDW T ® L, RIME
—F LM R @A S A AN B —T MG TAE B IER DT F
F2um, AR RIMIUE —F LMY EA B —H%R T ) TH5F 45um;:

T2 P iR 2 FARAT R A9 JE R 69 5 — 3R M B R R F RAL E

EPTR R T A ER BT % ek &, Tk S dh sk R 31T H
A, BARBRFRE, TAS AT & 5MEF FHRATRELA 48 B 5
b, KA GG R TE

FE I AR AT R GG AT R R R R A AR

PR 5 2o 50 B R o B =L &

B —FP AT O E 5077 XoF, Pk R A IS st F S04 R 69 5 & dr ik
AR, 35

KRR EDHA S%~15%R 5 R F TR F FHRAT R B K@, KR
% FLak

SRk A XTI IR MR ENM AR FHRAAIRNE £ A
BATHARRACA ZE, F AR E5HA 5%~10%4 28 BRIEATFF 2

KR YK BT R FARAT R G B R @Bt iT ek, WRBE R 70°C
~80°C, MBI <260s, W, PTEMAROIER EH5HKA 1%~15%49
NaOH. B E45# A 1%~15%49 KOH Z A % 5% A 0.5%~2.5%69 555 7 ;

KRB HHA 5%~15%49 285 RS 58 A 15%~40%09 L E,
KA WA iR AT BT P K i b6 R AU i AT R R

S K ) 69 F FARAHREAT R . BT A,

3
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Je—FPE TG R 77 NP, TS A & F R AL E 69 5 3R % 2 AT 4548
Py E Y —A:

(1) KA LEXTE AR S A RAE E TR F FHRATR G R
w6 F — 3R LA A B SUARIES AR BT I T F R A

(2) ERATARPITREF B ETAZP, I8 REEH 05C
/min~3°C/min, RAREZ H 560°C~620°C, HAREFA] 4 3min~10min;

(3) PP F FALE GG ILAUR BT TR % dh 22 & 69 U AUR B

(4) T F A E e R &, Ass &, RANREE, AL
8RR BMNAEE E P a) B —F

(5) PTiimEF 84L& 692 Z 5 0.8nm~2nm.

AP IHROBRARATEES AR VUTH H498RK:

B HFFFARARG RO — LR P TLENYERERNNLE
HATLEA, TAREF FHRARE R @O EASEWERE, AAT
RHW T 5 — s B EM Lo F RALEB O M, BRET AL ERE
Re AT, ok — FIpHl B A F AW BB LR AR S, KM ELE,
RH KRG ITIEE R, AL RE TR B HLIAE,

P B BE A

AT ZEHERGVLA R P IF R RIAFHERGHEK T E, TaFst
FHAPRILA H R RSP TE SRR EER LN %B, TmH Rk,
T g dh R P ey P AL A K W iF oy — 2 L34, T A4S CE A KA R
kit, BEIATE M F S A TS T, L6 5T LAARAE X 2 I B8 3R A3 Ak 49 1
K,

B 1 AKRPIFRAEPREG R FZ T EOEHTER,

B2 H AR5 560) 32469 K fa At & i 6y 3 S R4 R AT A @ 09 56 —
IR LEMW R T E B

B 3 4 K iF 250 324 69 K Fa AR Bl ad F FARAHR )G £ ad B
PR LM AT E B

B 4a A K o3 F 65 42469 K FE R @ ok a9 F AR AT R S R dm a9 5
— i P8 4 ’J‘ﬂl’%f%&#@éﬁ M T ERE,

B 4b A K o 3F 92 5645 BT 4R 69 K FE Rk B b gy F S R4 RS R 89 5

féscfg'ﬁié*hni’%f-ﬂ’%f%é*hé’ﬂ*%ﬁ% < o

4
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B 5 4 K iF 525610 3245 69 K FE Ak B 6y S FARAT RS R 8 69 B —
IR LEM P F LM EMTER,

B 6 A K P i 525615 3245 69 K P8 AR B 6y S FARAT R G R E ah B —
IR LEM) Ay T AAL R B M TR

K 7a 3 AP iF R REe ke agmr=EzR/1.

7b K 3E R PR 69 R A a9 UE AL 8 o

8 AR IFFEHPIIREE KB LR H &7 WAL TER,

FLARE e F X

AT RIFEYIEMAFIFAHER TR, T @ E M B A S aF % e 2
T MBS .

S5 B, PTG A KPR A R P iF — 35K AP, A A
B R KT AP F P RS, KSR L AR RKAREXAFH G
o7 S ATAE T PR AF 69 PT A L€ R4, BT RPEHKPaELE,

T2 AP iF 6140 PAE AR E RS TRAEAF T LRGBS, &
AF & AR B A P iF . A A Ik R R BT AR & K A5 P BT AR R 69 3 80T
Kb “—H#7 | PHTHEY fo “i7 LEAQESHBX, RIELTLFE
Mok Hw e 3o

MBI, KL AR 6 RE Ao/ R A — AP R LIRS 60 X
XA, AT UAGEEZRKE, Blde, AF/R B, TET: ZRAGAE
A, REGAEARB, GBI ZMEL, Fi, KL PFH “/7,
— M ARG RIS A —FF R KX E

TOPCon ¥ iR F “IEF 2" FIAG Rk @mebie, A 4 TOPCon #,
MG R S MR S IR N TR R, BT ERAAE, BRFEE, B
£ @ 5L & . N A& TOPCon(32 fik 54l ¥ o) £2 80 37 4507 ik, BSG 9 2 3% 75,
B RE B IE AT R M AP T B AR S T M, — AR R B AL e RS
BRIZRIAT EM R@mFh T4 THRE, tirekmik. BAT, FF4K
ARG R B IH G IR ST IR R R AR FTET BRIALEARA — 2%, &
BiERET AL EFARA R MAMEREILERS, #TEHFEK
FeAe w0 LG9 3R A T 890 30, R ey b A

ET, F—Fd, AP FRE—FRMmigdik, wr 1 A7, KM
LA A v
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F FARA R 10, FFARAIR 10895 A BA % — 54 12, H—
I LEM 12 QIR VISR BAANREANF —TFT L4, HP, FTFA7
HREVIGERGANRENS —T4EM, ATBITLGREHLERTAH
k@ Hrml, RIMINGE —FLMYTRIRE @R L L MARG E —F 4
MR ERESDTEFT 2um, PFERIME—FTEMOTAI LR
08— RT I FHFT 45um; FFARAIK 10 9T R @B A F &M
11, % 43P exM) 11 3T VL35 53R 42 4

12T F AR 10 69 7T & & 69 5% — 410 & 20;

15 F F FA4RAT R 10 095 R @09 5 — 5 32 45 ¥ L 69 1 F B AL & 30

2T F RALE 30 R @B F 8 & 40, B RFEESHEF
FHAT R AR F 2 £ ARG B R TE

VABAZ F #5425 & 40 & 869 % — 41L& 50,

FFARAIR 10 G9AT A @ T A4 T, BpdEL K MK BA A d
(k&) , FFHRAAK 10 92 B2 EMETNEADATHET, £
— A P, TR e K FRAE L A |l b BT AT & & T VAR FE
THE, BEBIT AT ., E—REED P, B aeg KM
AR, PTER AT R @A R W T AT A E

A AP IFETHRGER T E, FFHRAK 10 A N B AR (K
BRD) , TURBASEY . XHBRRE BT ENPHEEST AR S
IE, ¥ FARATRG AT A @A R P B A R, AR E BT FARAHR 10
A PN 25, fE— 2 Z a0 P, AT F FARATR 10 7T LA 3 dh 2 AR
% an FEAY R BRoah AEAT R S AL B AT R P 69 —FF

Fe—3e LI, TR PRBREAS M HUE. BT BELFA
RGBT EAEMBR TV BB TEAB -2 RE MG RG P BB RE
(Bp, P+E) o Plde, #MBTUAARS Z R,

e EHEB T, ke 2 B, FFAATR 10 89aT R @ B B 4
LM 11, B B3R LEH 11 OEEFHIRMES 111. &FERMEMN
111 STRAR W &EIK, M@k, @ik, LMAETMKREFLEH, 258K
PEEAM 111 T YGRS A F FARA R AT R AT ZE RA A HIAIT 8975 X
SRR R, R R AR, MURGE. £ E T AE. e SRR M
A AE A 22 T EP R 4 B X RHITS m B AR BT VA AT A A T A R M P, 3R
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FRARFO AR, REBA MG PIREM, RHHAALEA T,

P — T P, AT & F AR LA 111 Q46 1T 3 ¥ FARATRAT £
& 09 T30 & 58 0 F FARAT R AT A @ a9 R, EZ B AT A @ L&A T LA
kmaym L, rifeFHRMEMGRIF 5RIPOES (RS E) T
T 5um, Kk, PAAREHGEENRA 2 um-5pme. EART LAA 2um,
2.5um. 2.8um. 3um. 3.5um. 3.8um. 4pm. 42pm. 4.5pum. 4.8um K Spum
., BeFRERMEN 111 9EHBECEAERAE Sum AR, ki, 2um-5
um, FrifeFEoRMmEM 111 BF RN KEE. HEANFE, &
by S A 3R ORI AR AT

AR, BT AT A @ALKRG S ® ST, AR K
WEFERMEMBERTR TR, LEMBYFHIRMEN 111 49 3E
B T VAR R R I ) RELE ARG & 5 SR AR 111 49 O i A TRAT R &
B WS RAK B M GGIE S, Plhe, A FEIRBIEM 111 4936 5 T vl
FAE R R T ) BRB(AFM)R & - FARA R £ @ KRR A E . Flde, &
AT & @I 40um X 40um A F 6 aRETeE, B3R T B AL RETE
B A 3R TR RGO AT R @, M AT R @ 69 & T AR eE M) a9 TS 3 R,
T HAF R & EAE he B, AMFAH R T+ (AFM B AR)&EHF £ 5%
KRR LEM GG B TR F R hy, 5 TIPS 269K 6 AR A hy, 3]
h=h,-hp. &£ HEAEKET X F, MARE S 52 F 69 Z A2 F 8 R
LAY S A, i ECFME, AR LA S FRORMEEM B . P
do, FAALEIR 4 ANEFHRMEAEM 111, HXFH /A5 %4 hl. h2. h3 & h4,
A2 FHRMm M 111 895 Z A% (h1+h2+h3+h4) /4. L3EAH, %
A FFROR A AE A 111 89 -F- 2 3B 8 5T VAL A7 7] & 69 & 5 25 IR A 45 44 49 2B
&, ARKIERT R & 69 SR AR

EARPIFTHROGER T E, F—4NLE 20 A8 LEE, AL
AL BEE A, RAREETHES —FR RS EELEH,

o — M F AR P BT B — 44k E 20 992 Z % H A 10nm-120nm, £
AR PAAZ 10nm. 20nm. 30nm. 40nm. 50nm. 60nm. 70nm. 80nm. 90nm.
100nm 3% 120nm %, H AR AT VL LR TG e LA, 722 TRk 2,

Wk, Brik F—AAL & 20 A BALsE Ede AR R 69 B R AR A,
P B S8 B B A ¥ FARAT R 10 ATk @ b, Prf RALsE B iR E & 8L

7
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s k@ b, E—MEELF, BALLSEFEE K 2nm~10nm, FIL4LSE
BT A FE A 1.5-1.8; PR RAEEWEEA 50nm-110nm, R & 6937
HEH 1.65-2.25. P H —45L & 20 69 BARITHHFEH 19-2.0, £ —5E
AP, BT B ALSE R SRR AAEE T LI S AT &, Plhe LA E g 2-5
A RAR B F B 2 5%

Wk, BTIR B —AR AL E AAROR JE AR B fALss &L AL ER B A R
A ke B E bR, HP, AL EGFEETEEAN 2nm~10nm, £ L
5B EE AT AT RTEE A 1.5-1.8, AT R AL & & 69 F ZEE A 40nm-80nm, %
WrE 09I ST R LE A 1.9-2.3, /A EALAAEZZZTEE A 10nm-60nm, #
FACAEZ TS FTEE A 1.5-1.75,

-, FFARAR 10 695 R @ EE H IR 12, Bk,
% — s A 12 VT A% i sk e K AL 2 AR o

A APFETRGHERFTE, B 3 A K P FE 55214869 1 F R4 E
G R A H— LA 12 LT E, el 3 BT, B
12 AFEE VARG EGAANRSNH—TFT LM 121, i 5 — 4L 48 12
SN AE e FHR R EM TS, Pl he, PTIR H — WA M) 5] VL 2 I H 20
CEMT KRBT, H— T LM 121 TAEMA “EYT E .

B da A TR ENZEFE —TEMGTERE, B 4b AFHe
B HW TR S — T EHMNTER,

TR E DS ISR GAANRS NFH —T L4 121, AZHTES
AmBEATHABABW TG L (L TUAREMALEEE TG E) , &9
M P —F MR EE 121a B 5 R ARG % —FT LEMOTIE & 121b
G9FE#H H D FF F 2 um, AR L& 2um. 1.8um, 1.5um, 1.2wm, 1.1pum,
1.0pm. 0.8um. 0.5um. 03um. 02um 2K 0.1uym %, Y 3EH H AL 2um,
o ek eg AR ke B L R, MR T H — a4 M Lak g Z4LE 30 49
BEAAK, WA THRSEE E SR ET A&, tmraE
FRAE 30 9B F AL RR; F MR E L), BT H
— SR LEM) LAY F B ARG F AR, WA T E R K AR, £
i, AnHAAG A ALEL THAEABEABN M L, KIMFH—TF £
M EGTAE & d 121a B b L Asr e % —F &M ey TR3 & d 121b 89 2E % H /&
03um~12um N,
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FEZHANAE, BERRENZES —TEME, EF—EFH— T4
M TAEE A @ 121a HARAE—E 69 F —F LM AT E & 121b 49 2E & H /)
THFF2um.

AR, IRE RN B — T MG TR A & 121a A 5 AR4RAY
BT MA@ 1210 BEH D THFT 2um, TOMENF — 22
MAHLRE E IR AT ETLERR, AR TRSVART H L REM LGEF
A, T F R EME 4, A — TR Bk F &
09 R SR AR IR E ARy, MR KRRk MLE, I_E5 Mg Ekay TR ek, =54
A F AR CE

Bk RO 5 — F 25 M h9 TR A & 121a W9 — & R<T L TH T 45
m, BP, O<L<<45um, +Tit¥s, PTi—4i R ~F L A& 2um~45um N, X 2,
TR E @I — B R T L AKRTURE@BROK, . FTAKXKAE. BF
ERF, ERTEIRE ., £—52E0 P, Pk —4 R T LA 48 A AT
JRJG F E A FOATE I KR A, AR B — T M e TSR R @ 6y — R
THY-F¥E . RN B —FLE M A TR Ik @ 6 -F 39 — 2 Ro<F BAR ST L2
2um, Sum. 8um. 12pum. 15pum. 18um. 20um. 25pum. 28um. 30um.
35um. 40um. 42pum. 40pum &K 45um F . HLikLHe, KA FE —F LM 690
R @mEgFH—H/RTAE1I0pm~15pm A,

FEBARFT AN E, 408 3 B, Bk 5 — 4S04 H) R 0 HE AR 3 AF 3 B
HEAR 69 AN B AN —F 454 122, i B AT LG R @ 69 FT ik 55 = F 4544 122
BN E @M — R T L DTHT 45um, BP, O<L<45um. ik,
Prikdh —F4M 12208 —4%R~T L AE2um~45um A, BEARTAZ 2um,
Sum, 8um. 12pum. 15pm. 18um. 20pum. 25pum. 28um. 30pm. 32um.
35um K 45um %,

X 5| T 7T & @y 9 & F 3R M), & & @ 09 BT ik 5 — T 45 My he/ R OPT L
B T MM TR R A ZAFFdm, HESAT-FatHKesEE .
TG KIS, EAANERAS . LGS LA R e B — A, T AR AY
A, EFRIFRGFESAEPY, TS —FTEHRGE T LM E BT
EIARAN G LT -Fd, BEARERBEMT RN, T, HHaH
A 4E,

fe— e EZ P, B TS SR R A ] &, thde 5 — BRI E 20, R
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AME 30, BRFEE A0 F, ThRAN F LMt — L 0h
FhE LEA) 5 A — R G, Plde, EE KM RIET, AT F 4
M P TR L Q46 EAY R & F IR A, PRI & F IR RS
AW T F B AR LE A 69 35 K AR T S Ao

B — TR R AN R AEPT R K AR gy B s I L M R B — 4
W LEM AL R T AFAERT, thde & — T MR R @A — R T, B4R F
—F LM R mZ N EEF, T LGRIMAMNE (EFEME. RTAR
AL, PR/ETIERE, ERETFTREREF) LENIRELZARFRE. £
—F LT, WTREREAMNRER, TAABER AT R T H 3248
Y 2R B — LI LE AR O IR A N A AR FRAT, TR RR R N B AR A IR E R B A
SR Tag A, B —FEITF, I AR AT R B A N & 26 R
JE R B AEFR A . VAN F BAAE T, A iH S R Ao AR

de B 1 ABE 6 e, 42T FFARAIK 0GR mMFE — LM 12
ey g B E 30, MF ALK 30 T AL AMAEE, AsE &, AR
A&, BdaE. BB ET A AT RS AT E R M. ELAATES T,
M F AL 30 T AR BRI L, SRBENE LS, BT AALE 30
992 E A 0.8nm~2nm. AR, EF AAE 3049 /FE % 0.8nm. 0.9nm.
1.0nm. 1.2nm. 1.4nm. 1.6nm. 1.8nm 2 2nm ¥ . B F ZWLE 30 WEE
ARG F R EAST T R 69 5 % — M BT R A TEF A
P& 30 a9 3BT BT Ema st am ey kR T QAR B T G, AT
BB HAFR . BFAAE 30 R ALK, FHTFRIKET RIL
JEOIAEfR W, BT AR R R F AR R R, B ApE G 5] A2 a3
7R F 89 MK

Bk, T AR 30 49 AR A >3.0eV, AT B AR — A&
Me VAAE HiraB ad R B E 30, A28 B T F R A E 30 AR, BT T A
AT R FART AL E 30, AEEA 08nm~-2nm H MR F &L
Bt B B BOR T O IR A, A R F RALE 6 AR AE KN, %
HABART T 22 B Rk, AT EA FinEd T A LE 30, vk
By R AR B RH T B, BT ANENZE LD, LiELI41E
Ho ik, MFRMLE 30 ARIEE, BFANLE 30 9 EAA
0.8nm~1.5nm.

VA AP FETROGER TR, ol 6 i, PHERIMIE —T LM

10
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A A& ey F 8L EZE D1 DT o % — F M midr & | E
HRET RN ERE D2, A4kH, AT I FE —FEMTRE . @
EEE T BALE 5 BT I F A MR R m B R e TR R AL E 2
e B2 E £ (D2-D1) /T4 F 0.15nm. /F & £ B4R AL 0.14nm.0.13nm,
0.12nm. 0.11nm. 0.10nm. 0.09nm. 0.08nm. 0.07nm. 0.06nm. 0.05nm-
0.04nm % . & KM F —F L MR A @ Loy R F BALE 5 RN T2
M eg M E k@ B R a9 TE F AL EL KN, BF AL REEHOMNE,
KRRV CARFE LR D TR, KEREEGTELIRE TS,

B — e A P, B i A FARATRET B & @ik N B A $ag a3 2
M), EETER G R EFRARE L LEM VAR AL S R R IAF & F s 4
MY, FT VAR TS A 69 W LA N B) R OR B TG R4 A), ¥ e a0 A RdE ik i
#r, fmE, 3T HRAE R GGG — LM, BFEFRIME —TF 44
WA DA G AL F —F LM A DOIEFHIEFAE 2um XL
N, AFRTRSET ABAEPILRE E (pinhole) # M2 1 F A AL E
BEE AR O, i — TR F AER TSRS E A BIS
RREARS, EREAAEEHE, G RMEARELGITHRE/E, RABALRH
F B A A F,

B—FEH T, BEFEE 40 TURB LS AHEE, B LMt
B, BaRAEMAEE, MEBRFEE 40 5E ¥ FHRSREFHMBFE
EA B TE,

Lo FARAR 10 9 N A E G ek, BRFEEIHNEBH LS
mh AR A N B Rl st AR N BB A dbdh &, B R AE T ULREF N
MH ALK,

Fe— e F AP, PTifis g o E 40 49 /3 5 E A 60nm-200nm, 1]
do, NAS RS HaE, RS FRFEE 40 AT EILE A 3.5-4.5,

EAARAPFETHRORRFTE, §4LE 50 iR E, At
B REEEE P E T —F, TR B 44L& 50 49 /% £ 70nm-120nm.
) de, PT#E B 4L E 50 A RALAEEE, P Rl s & B A KA RL, &
EE BRI S EFLA N 1.7-2.1, RAEZGITHET LA 1.7, 1.8, 1.9,
20321 %, BALTUAR EXTE AL, AR T, @il
B R E G IT SR, TR B RA ROL, AR Y H s E 50 A4
JB M AL FE BT AR 45 MK 32 ik v TR A i 8 — 5 &K K Ma Ak 2 b 0 3 fik b [

11
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JE—d R, B H sLE 50 A ERBIXREMRMAEEL ALt
BREBEBORLELE S RAILEER, ALEEETHLEFELENE
&, At ERAANAEEAETRAAEEN AT,

i, KMAERLOES —ELH 60 5% —EH 70, H—wK
60 F i 5 —4LE 20 5F FHATR 10 69Tk @e) P AH R E (Flde, &
AN BE) TSR ER AR AR, H A 70 Fid 4L E S0 BB A SR E
40 7 R BRI AE AR, BB E 40 BIEF AALE 30 AR sbiLiEfk M. BT
W B — WA 60 VAR H R 70 W VLB T IR S AE B — LA VAR SRl
Bk ey e BT R RAIREN R, B EHEMT, AL FE IR 60 X
WA 70 e ELAESR. fa. . BRES &M

Tl 1 PR ag KBk, BP, AFFIRAE 10 69574 B
A& F IR EEM O B s 4, AF FHRARM B R BT RIEETF
PR G PR B O 5 — IR M), R F B3R M) LTS Ax IR BT AY 5 — 4L
1JE 20 (lde, f A4 B A RAL B E 60 B BAb i eE4)) | fEATIR 3 — 4038
LEAM F I AR IR BL YR F R AL & 30, B4 TR & 40 KARE AL K 50 ()
4o, RALEEZ) , T KBRS LRGSO T E,

B —rdm, RPIFERPIRET —HAREH, TR AREAFOES
ANK ME e X,

4= 7a A B Tb Fras, ARAMGOIESE —ER 1. FHERE 2.
Kfafewid 3, H_HERELH ZERS,

Hb, Kmfbdied 305 A KM EE (el 1 ATE K HEEE
M), KFPafgdiz w:@idFRa (BK5) #idE, Kfafewib ba)iE
B XNT ARG EL, LT ARLH

P B, BB S TR ERARTEI GG B, ke I E A
A EHR

F—HERE2OGAMHSANEE - 1. ki 3ERIES, P
HEREAGHMSANEFH —ER 1., Ll 3BMUES, XP, F—3
BB 2, BoHEREASATUCH-CBRUHE R (EVA) KRIE.
B OHF MR (POE) BRIERA R R _FER L —FFf (PET) &K
i

12
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HP AL ST VAR R A @ B XF, BPR B HR R XL R4
ML E A O FEHE, AR A4 EEEIAE T KA B R RAS L
o

#—F e, KA (B 7o BT 69 AR 444 100) 3iE ¢ 363 2044 6,
FZHAIMS 6 Bl EHE T RRMAAGIRI AL, 408 Tb BT, ZFAE
6 B EIHETRRAMG LR AR B %, Z3AHRM 6 T ANt
B IR o R B B LA AR B A A B RN, R R ALP KA R
A S RRRBLIE, AESARIER R AT EHE, AP, FHERFYA
OB ETFTHE_EZMSAFE—Z2M 1. ZSHBIEFGRSTUY NS
F B S AR — BA ] R, W P AR AE 95 5% LA AR 2R A a0 34 69 FR
A2, By ik BB A RS AR P R A EIE RS

¥ =@, APiFiLRe—Ar R Mt eh &k, BT R & R
Kfage i, delE 8 e, ®|& ke 4ELT k.

B S10, 3t AR RSET R A, F FARAT R AT £ @ R
T AEM), B RN VLA IEE F RN,

Bk S20, *tHIRE 69 F FARATRG AT A @IEITH K, S ARIF A
S

Bk S30, K AR IR FFARAR G R BEITIELE, EFF
FHATRIG IR — 3R LEM, HF, T — M OIEE VI
DM BEGHANAREANFE—T LM, LF, TR E S IH5HEEGHA K
SAH—F4M, ARBAABG A ALEAL THHABABY ST L, R4
M &FH— T LM TRI A B R G LA F — F M e T3 & & 69 3B 55 )
FEF2um, FTERIMIE —F LM LD —ER T THEF 45
Hm;

W B S40, A2 ¥ FARA R GGG R @D — IR M) A AR R T AL

% S50, AT AAEE BRI RS it E, F3 % ahat &7
B, MRS RFEE, RS RFEELHEF FHAREA 48 F
S LA HERTE,

R S60, ¥ -FHATRGGAT R @R P LA AR

T ST0, BB EFEELEEHRP 4L E,

LR TTEP, R ABRERSTFFHRARO G R @ ITHRALIE, &

13
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13 E SR JRAT G £ @ i B a9 4L 3R 45 40, AT A & R A& F 8K
LI LEM VA BRAE G R BT R AR & T G IRLE M), T VMR AT AR R A
AR EROGIE A LEH, I hu by BdEfkm iR, mA, TR &AEE R ®E
695 — LM, FRIMINE —FT MR AT RS L AR08 —F 4
MR £ B EBERAE 20m AR, AR TRV ET 8L EP IR
% & (pinhole) #t miR A F RALEZ T ZE A a0, Fd—FpHhlE
FEMNEE BB RFECEGRIBREE RS, HIREMREEE, RS
KA ay s e R, A AR T AL HBBE,

VATF BARANB A 77 &

K S10, 3FF FARADR AT B AL IR, F FARAR G FT £ @R F
TN, B AN OIELFEIRMEN,

S FARAT R T VA K ah AR s AT R, (BEATJR) , Wldeh B ShaEAT R, 4k
FEAT R ARk BRAT R S AR AR AT R P 09— A, K 3 5560 X T F AR AT
JE 69 BEAR XA AR IR & o £ — 2P P, F FARMIR A N B R 4T K
(KRR, FFAA4R G ZE H 60um~240um, AR A& 60um. 80um,
90um. 100um. 120um. 150um. 200um 2 240um ¥, AWML, F
FHRATRAFH A E T R, AF,

FEERHA, KPiFst T8 K69 BEAARRAE T XK RAERZE, Blde, =T
VA B NFR TR A H A T 23 N BAAREATH 4, ¥ N B FFARAFRAN
A L AT RET, T LR R AR R IR e A RALET IR IR BT RIS, W T
NaOH &% 8954k L H & @ 7, A dn ¥ LA &3 53] & F 2R MM,

de [ 2 P, FFARATR 10 9T R @B F s 11, F =4
FLEM 11 Q34 FRRMEM 111, £ FBIRMEM 111 T AL G HEIK,
AT EmAR, AR, AR EEmAREEM . FERMEEN 111 T 8
St F FARAT R BT R R TR e BRI 805 R T AR L F LR, %
KAk, Mbkck, F BT R4EF . BTk & F KM L F A2 5
AT A B ARET BT LA R AT IR L T AT R B LM P, FRAF 2R 69 R
it BES T AAEAR B b B EEE L, RSB ARF.

B S20, x4 69 F FARATR A AT R Wk AT 5 R AL, T R IB A
o

fEEARER T X b, LFFHAAAK 10 H N BARE, TUORR &R
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. RAHE R E BT ENPOEE RS T EF FARARGYAT
k@A P A AR, VMR AT F FARA R 10 F 91 8 PN 4%,

B — AR P, TR P RS BB Y R, BN IR AR
PRB IS M T ZAE MR TV HEATEA D — L RE R P BB RE
(BP, P+&) o Blde, #RST AARS Z IR, MY #4L 2 69 4R 69 5%
AT A ShEN, BT FFERAEREDEARGKAGM, BT 4R
7 AR 3% 35 % (BSG) o

H— L, 2B S30, KRR IR FE FAKA R GG S R @i ATk
RIEZ AT, FrikiLeiE:

JR B ) 4T 64 A BR IR FARAT R 69 B R\ 69 I AR I FE A IRA TR G
FREDEH 0.1%-10%8 2 ABRIER . RESEH 10%-20%59 FLER 5 ik
5 25%~50%49 74 BR IR R ;

W bR kG 69 F FAAT R G A @ AT KR BT AR,

VA AR, AR A RN, FFARATR Y S R A SR o
INFL IR 35, FH BRI IR IS, F B UL AR AR S F FARA
JR B G R B A IS FLLE M,

HAkH, BRIEEE] Y 10s~180s, BR%EIRA AN 7°C~20°C, BPAFIEIK
BT A FHRATRG A @ ey s B S ATER e, T FF AR AR
o

+ 3K S30, XK AR RN FFHRAFRNE R B ITIELLIE, KRB
IR AT F - ARAT R Y G B AT AL R, AR A FARAT R G R T AR B
— I LM,

HARHL, KB R E R A 5%~15%R KR FrEFERATRGE £ @,
e % 3Lk,

R R Rk KRR iR e R R TR B FARA R A G R #t TR
A, FRAESEN 5%-10%49 £ B 3T FF %

KR kg T F FARAT R GG B R m T sk, kiR B A 70°C~80°C,
Yo A BF1E]) <260s, H P, WAROLIERESHA 1%~15%4 NaOH. M &
S EA 1%~15%89 KOH & B2 54 A 0.5%~2.5%89 54 7 ;

KRR EHHEA 5%~15%89 A B2 5 R EHHAN 15%~40%09 WL E,
KB R A ik 3 B ARk TR B T AURR S Bk AT IR

15
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X Ha K G 69 F PR RMEAT K 2R, BT AR,

fE—eE PP, AHITE R BRI, &2 F FARARAT A
) 48 A A I 3B R BEAT RSP, Pbde B T A6 AR AR 4 O AR BRI E

HEEARE P T, & T F FARARE & @GR R, SRR RER
HATARZ], T VAH AR S AR R AR, IR IR T A H H MBS BT AA, T
PLER YT A& NaOH. KOH. Ga(OH),. NH;.H,O, A AT VAR =Rz .
FHAREY e, BT, ARAKALE S, Wbk P a9 e R T VAR B AR ER AN
R BRET . e ARAARH F A mA0 % b R

Yo 8 BARTT VAR 70°C, 72°C. 74°C. 75°C. 78°C. 79°C. 80°C¥,
Y& e ut 1A ST LA A 250s, 240s. 230s. 220s. 200s. 180s. 160s. 140s. 120s.
100s. 80s %, B ARETVLZE FESEE N e i,

B — ST b, F FARA R He R E T 0.3g0

BT AR SR ) B SRR, T VAR S 8 B — 3R LM P Y
FLEMMTIR, EFE VISR EORANREANE —T LM, BT HT
RERABELEATHABGABmOG S E L, RIMIE —FLMGTANE B A
HRAAA S —T MR EADYES DN TFT 2um, KmigeFF
At IR G R E e AR

fe— L FEHAA P, ST LUK R R TR F AR R R B R L5 3E &
PR MO B — B B,

VER RSP FTRGER T E, B 3 H K PFH RG] 209 F FHRAK
WG A B H — M 12 L BETEER, Wl 3 T, FoEEH
12 OB EZVIAHGHEENHARSNFE—T LM 121,

da TP NI BNZEH —TFEMGTER, 4b A 715 4%
;MBI E S — T EMTER,

TR B VI ROGBNRESANFE —FEMH 121, AZRHTES
AmAEATHAGEERBG TG L, RIMFE —FLEMGTRN AT 121a
BG HAnAReY B — T EMTA A& 121b A EHZ H D THF T 2pum, £4K
STV 2pums 1.8um. 1. 5um. 1. 2pum. 1. 1pm. 1.0pum. 0.8um. 0.5pum. 0 3pum.
02um & 0.1pym 5., LHFEH H AT 2um, % —EEMevaet i3k,
e T % — s 3R 4EM) EOY T R AL & 30 093 AR K, W RA T A S E&
FEREAGIP AR F B L, B REF LLE 30 691EF Febbil 2
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Koo B AR A, W T SR La R T A AL A
B AES, WA T MR IERR, ik, AXB LG R G HLE
BTk kaem @ L, RIMUE —FT LM RE 121a A 548
AREGH— T M AT A & 121b 49EH HA 03 um~12um A,

HEHANAE, BEERENZEF —TEMN, EE—EFHF—T &
MR R @ 121a AR —E 69 5 —F LM e TR R @ 121b 49 %E & H /)y
THF2um.

A fEH, R H RO E — T AT A ® 121a &5 HARAREY
F—FT MBI A @ 121b B9EH D FTHFT 2um, TAMEFH —EL
A e IR FIEPTETLE A, AR TRSBR T H — LB EMm Eaya s
AACEM O M, B AR T B AR 24T, FEt— B WHI R T &
o B3R A IR B AR, [EIRIERRE F, REH KM ey TR E/R, A
AR T B A BFE

BTk MM 3 —F 2 M9 TRF A @ 12la 89— R L/ TH T 45
m, ¥ i#tH, AT —% R~F L A& 2um~45um N, X 2, PRI & @69 —
HRTLEARTUAREZABOGK, T, FTAKXKKAE,. BHUGELESE, ALK
IR E o f2— R KB P, Prid—% R AR ARG & &6 R
B XA, 2RI E —FLM R @y — %R T4 F 3418, &b
M 5 —F LM TR A @ e)-F 3 — £ R T BT L& 2um. Spm. Spum.
12pum. 15pum. 18um. 20pm. 25pum. 28um. 30um. 35um. 40um. 42pum,
40pum &K 45um Fo K, RIMN P —FLEM G TSR K @ ey -F 3 — 4 R
A& 10pm~15um Ao

B RARE AP, do B 3 P, PR — s IR Sk M T B 46 AR R AR I
HER GG AR BN F T LA 122, B PTG £ @ @G ATk § =T 44 122
TR A @) —HR T L DTHFT 45um. Ty, ArkH—F 44 122
B)—#RTLA2pm~45um A, B4R VAZ 2um. Spm. Sum. 12pm.
15pum. 18um. 20pum. 25pum. 28um. 30um. 32um. 35pum K 45um %,

XA FAT &R @Al & FIRMEN, BRBGITEF — T LM/
RATE P ZF MG T R B A ZAT &, TR 2R REE
EM. HR ML M EM. LT EMBEA P E Y —F, Tk
WREY R, ERIFPETHP, PFLHE —TFT RS - FTLENGRIN L
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oS E RN Y LA -, BEARERNBAMTEN., TH., #0
84 5 S AF AL

% S40, ¥ -FARA RS G £\ by H — s M) L AR F B A

fE— I ATE R N, TLORA R AR AR, M ALK, A
BR R AR, L A AR K. ARJEAL 2 AR SUAR kAt FARAT R AT G &
# %) 4R G AT A IR, AR F AALE 300

FE— e A b R R TR X LS AR S A AR AR I SRR R
89 )G & LA AR R F AR 30, AESUAREAR P, R SFIREE AN 0.5°C
/min~3°C/min, #ALEE A 560°C~620°C, H#CAREE 4 3min~10min.

HARH, it irid A2 P, AR ST VAR 560°C ., 570°C . 580°C. 590°C.
600°C. 610°C. 615°C= 620°C 4%, iTARHFiE) 5 ¥AZ% 3min. 4min. Smin.
6min. 7min. 8min. 9min 3 10min &, F:EBZFE 5 LA 0.5°C/min., 0.8°C
/min, 1.0°C/min. 1.2°C/min. 1.5°C/min. 2.0°C/min. 2.5°C/min 2 3°C/min
F, BARET UL ERTEE A eE, AR BIRE,

TRk, K RAKIEAL 5 A AR TUAR R AR F SR 6Y S R @ U AR AR
FRAE 30, T ARG S FH RS RAEEFTEF R T RAK 30 534S
KRB G H, BIRFHEEGE, B TR T EARMKERS
AR BCAR R AR AR B9 TR F FAL E 30, FT LAE AT K 8 AR B ey 54 B R 42
& 4mV £ 6mV,

Mg B AL & 30 T LR AL E &, fikse k. RAMAE K, f 4 E,
B E P oy — AR B AE BN, ERAREL P, BT RANE 30 &£
TUARSRANEE, SRABENELF., BFAKLE 30 697N
0.8nm~2nm. LR X, % F &AL & 30 99 /2 Z 5 0.8nm.0.9nm. 1.0nm.1.2nm.
l.4nm. 1.6nm. 1.8nm 2 2nm %, [&F HALE 30 692 FE A EF AMNE
Mt TR B0 R F . BB — s M B REE T R ILE 30 692K
GBI FEMO AR AR TN R E TG, i RELE A
T3, BF AME 30 69FF T K, TR TEKREF B E Y3 f R M,
B IR T AACE R, T A I AR M 5] A2 a9 3 A T a9 IE 4K

HARHL, BT AL 30 69 IR 50 E >3.0eV, A T8I M AH—M&
e A Hnal i T BALJE 30, 2R W TR F AALJE 30 R, WIRT T
BT 2T AET &L E 30, FFEEZLE 0.8nm~2nm H T &1L
Bt B HBGRT O IAARE . FA R T RALE B ZHH K, %

18
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BEGRT O RF B B ok, BOAT AR R F A& 30, Bk
PR EAER AR BT b, BF RNEWEAT D, ik Ik
Mo ik, MF AL E 30 ARILEE, BMFAKRE 30 689 FEH
0.8nm~1.5nmo.

VER AR FET R AR FTE, Wl 6 T, PTERINE — T LMY
MR @ LayEF AR FEAE D1 DT m o § —F & Mmi k| E
A e 185 B E R E D2, BAikML, PR IMmE —F MRk &
Ea R F RALE B AT R AN T A A e M Bk | B o e R F B AL E X
| 69 /% & £ (D2-D1)/ ) FF-F 0.15nm. & & £ 4K T A2 0.14nm.0.13nm.
0.12nm. 0.11lnm. 0.10nm. 0.09nm. 0.08nm. 0.07nm. 0.06nm. 0.05nm.
0.04nm 5. % I —F L MBTA A B LA F 8L E S R IMIT 4
My eg M2 Fm BT R GV REF AL BT K, BF AR EWFEEOMRE,
KR OGO ATE R D TR, KAy FERET %,

F % S50, AET AR E@RARN RS G E, 355 02T
BRI, BRBRFEE, BRFECEGFE RS F FAAKG FE
EAARE .

Fe— 34T 9467 Kb, R AT A ARTAUE, L3 Aot sik,
B FRERAASE AR EK, RTFERRE PO FE—F F KL
FRAEM R B IARTS R D b AR B . L AR AR R I AR AR R LS A A
AR K RE B AR AU,

BRAREH T XNF, BF A EE S RAEENRBRUAR S A0S
2% 3 FEARIE AR 5 AR FUARE &P S AR

BEWRF ke s

Bk, Fman ks ey F FAARARE Tk & P, A 200 £ 60L &Y
AR (Bl AT AA R — AR R A, BAREEA 0.5C/min~3°C
/min FFFRAVK L N R E e E 560°C~620°C, HARETE] 2 3min~10min,
75 A & F 2 A E 30;

BEALRG, HITEEBENE, REBANEETHIE IR, B ZHEE:

RS, *H AR RS A, BRI 4F R E 40,

f— 3T, BRFEE 40 TURB RS RAE, FEB LS
W& 40 5T ¥ AR R A A AR TR AR B R TE.

R R ST, AT AR T BRAE 30 49K & FUAT AR AR T A A
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SR ah & &, H BT RALS 2,
Ze & 40,

L FFIRAR 10 7 N B E R as R, BEFEE 40 5 N AB A
MhAE A, N AR b ak E R N B A dh b &, B A E T UARBE
BB FTFE

FE— SRR, TR RS & 40 49 /2 5 E A 60nm-200nm, 5]
o, NABB D ahska, TASRFEE A0 GITHELE A 3.5-45,
5B S50 2 )G, JFAEER S60 Z AT, L TrikiL e

BRARBALH 005 M R Z BT T SRR KA fe i 422,

K 3F R A AT 1% 5 i3 B K AL B A i sk AL 2 69 BARRAE 7 KR E
FRAE o I PEes, %5 iRiE KA Y Mey % ah ik B, AE1F %
oh AR T AT L2 gL, 3R K AYIE TS E T A% 700°C~1000°C,

BT IR AR KA, BT AR TR RS ST A, B XK
K3R)E, anREEG AR AEAREE TN Bk R AR, BRIUARE - FARAT R R & T
RAEFEI 3B (PSG) o

HIRA RN T AR RS AR P A R ey AR AR 3B E (PSG) o T
VAR, R, 9T FFARMREBEARSKENHSE, BF4
o B eI 35 2 (PSG) , X B EEEL R 2 EARER, 2%hK
e g% w2 By O TAE, FERE4.

B BARE T, TR FFRARE R @9 T E T4 KB R4
(5 XX & WA 1.0m/min~2.0m/min, F-F4Aa A3 NBRAE, 214k 5
F AR RO R G B AR I & (PSG) o MRAE NI A BLHAF a0 IRAIR, R
S BR O IE M R EA 2%~10%89 Z A BRIE R 5 2 R A 2%~10%49 25 B
ik, BRIEMRE A 15°C~25°C, BRENTEIZ9H 30s~60s, F FARATEFT A
WA KRR E, B¥ FAhARAT & @)k 35 % (BSG) &L LAE A&
B, EREENEEE (PSG) $A2F, #EF FHRARINE @5 RESR
B R o

FEEVM A, BRGE ST KK, KR E A 10-20s, KEEE
B LAA 15°C~25°C; %R, R G L st F FARARE TR T4 22,

| S60, f&-FHAT RO AT A @ A B — AL E

HE— AP, ST UUR RS B TR R kR AR — 4

N

BB e B B R BB A A B R E, BIAE

S

%
N

A
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E20, LRIEST AR R Ry ik, PlaeFhALFE A AainikE, AP
P AP X T B — A A 2009 B SE 5 7 K NEFR 2 o

F— AL E20T AL FEE AR T R &, RAMLEE, BLEESF
¥ERBEEM, SR, BB ETURAEAXAGMLE, Ky
IEAT T B — s A AR R RAERR 2, Blde, EHEAEEED P, F—4
LT AR B A A e RALAE 69 & B 5 o ik 5 — i E R a5 3t 3 F4K
AR T A RAT OO BOR, A8 TR S € a4 E,

T 9 870, EHBRFEEEGHRP L E,

TR R E B TR IR A 5 AR AR AR 5 AR & S0, B ARIE YT
VIR R HAl 6y 75k, Blhe B AL AR EF . KPP FEEpT T8 =
Bl B 50 89 BAR R 3607 X AR E .

R AR IFETROBR T E, 4B 50 QIR E, A st
B RAMAEEPWE S —F, BTk H 40L& 50 695 & % 70nm-120nm.
1Blhe, BTiR AL E 50 A RALEE R, FTiR Rk AE & B A KA AL, R
Prk B A R E A 1,721, RALEEHHETUH 1.7, 1.8, 1.9,
202 2.1 %, BARELT LR ERFEE A HLE, A TERE, Bidix
il RAAE E GG AR AT R, T A A IRAE Rk, TR E9 B L E 50 A4
B A AL BB Y A5 TR AR AR Ak B PR A B — o TR K B AR W 0 2 ik o FEL
2,

JE—de g, B H sl E S50 A EBRIREMRIAEE S AL
EREZZREHORLEESRANZEER, RLBEELETHESELENE
&, fALAEERAEIHELETRILEEG AR,

#—FH, EFHESI0OZE, FHikiLHIE:

S F AR AT R AT 22 T EP R e 42 T AR AR,

FE— LA P, KEAEARLLOES LR 60 5% _ER 70, %
— WM 60 Fid H —4hiL & 20 5 F FARAR 10 6977 & @ 69 P A 45 2 & (1)
do, BN EOR) T ORBRAEE AR, B W 70 FiT B AL E 50 B3
Fo A& A0 KRB AR, H4F 8 E 40 BT A E 30 4RI
LEM), BT S — AR 60 VAR B W M 70 VT VAR SR I E B — LB AR
B AL E R T e BT KR . E— RSP, S —B
60 X FH —HAR 70 69 AL FE. 45, 4R, BF 2 EMA
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T @ ARIE LR H AR R AT R K FRAE L2 5a0] 1 £ 13, AR TP 1
24, BRI EEHNLE | T
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F 2. K Mfd ey g AR S T A
AR | a1 | amwm o pem A | PULARA [ RS | s Ak
KA Vo094 ﬂﬁ(ﬁ:mﬁi 1 ﬁ%:mg‘ 2 ;Lﬂ::m}}i 3 P2 BREBE | eRIERE
c) C) c) e cc) c) c)
2 3645) 1 590 590 395 600 620 620 590
525645 2 590 595 590 600 620 620 590
52 #4453 590 595 600 600 620 620 590
52 7645 4 590 590 595 600 625 630 590
52 #4455 590 595 590 600 625 630 590
g2 3645) 6 590 595 600 600 625 630 590
g2 345) 7 600 608 610 600 620 630 600
25645 8 600 610 610 610 625 630 600
3645 9 600 605 610 600 625 625 600
25647 10 610 600 615 600 620 625 610
9?73{@{5'] 11 615 610 610 610 625 625 615
7] 12 615 610 605 600 620 625 615
gfi@fi’i 13 615 610 605 600 620 625 615
x5 1 590 590 590 590 610 610 605
ez 2 610 610 610 610 620 620 615
ke 3 630 630 630 630 650 650 645
s e As) 4 590 590 590 590 610 610 605
# 3. K afkd ey X 28
- P ) FoRi | BROEE
A THEERIEmMV) | o A) BEBRT | % ) | (meem)
523545 1 710 11.06 83.51 24.52 1.26
7"‘6{’&45‘] 2 710 11.05 83.04 24.36 1.25
45 3 710 11.04 83.54 24.49 1.28
?3@45’] 4 710 11.11 83.41 24.61 1.27
#5145 5 712 11.1 83.43 24.66 1.31
?‘Z@qu 6 712 11.08 83.39 24.60 1.30
3645 7 712 11.09 83.51 24.66 1.29
?wm 8 712 11.12 83.04 24.59 1.32
2 3645] 9 688 11.11 83 .46 23.86 1.28
52 3648) 10 689 11.1 83.14 23.78 1.27
34 11 687 11.08 83.27 23.70 1.28
52345 12 688 11.04 83.04 23.59 1.26
4] 13 686 11.05 83.06 23.55 1.29
st e 1 709 11.03 82.77 24.21 1.53
st LbAs) 2 707 11.04 82.76 24.16 1.51
3 Le4s) 3 710 11.04 82.645 24.23 1.54
b5 4 710 11.04 82.7 24.20 1.50

WRAEK AP | ERKAEP 13 The, BEHFF FHRTRS R @9 H—4
IR LEM P GG T LEAN G SE B SRR A AR A, T AR FFHRARE A&
G A S EMEE, AR TREHRTH - EH LT ALE
G939 M, TRAYIEF RN AL 47, JFit— S HlE A5 R 6Y BT
SRR AR S, TEAH MK R, R KM TFRELE,
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PSR F A A FE,

strbds) 1 g9 K raged b 09 — 3PP, AR FA G ARG HLE
AT BRkmeg e L, RIMIE —FT LM E @A L5 LM F
—FLEAMO TR A @ 0938 B KT 2um, I F —F M6 TR A & 69—
Y Ro~HAS ), AR R F A AR, BT AILEMIPORTR, §
BHARTHETALEEGOHBLRFELENYHAEBREERG, EikEmE
FAEE TR 1 AR, SRRV FBELETHR, BAHTFA
AR E L T %,

s EeAR] 2 64 K FE AR W R 4R B R Rt R AL 3R B R A AT
IRIULEA), RAREEFBRMUEN LoyEF BALENHOBRTS, 25+
HHATHT AN ERDOSRFEEWG SIS KRS, EiRELE
FEL T RPN AR, FERAMRELLHTRELETSE, HALERTA
oA A B LEZ T %,

StEeAp] 3 69 K FBRe W b B ARE T 5 — L B LE MG T LM ag AL 22, ST A
WHRBRFECEGHIBRRE RS, 1248 TR A &£ ey A4t
B, BRI P, Eikw HERE AR —F T M. MILTRHEH 1,
K RIS FFHRARG @AY B — M P e F MY FE B AR IE H)
B AL E AT TR, MEWRAER, A RAFHIERIESRE LR, 1S
KMAE ey Aot &, AR TR AVH R E,

s 4 69 K Fafe b R AR T 5 — s W LM ey T 22 M ey 32, ST L
W5 F 8 E G BB IR E RS, 12 H TR R EAN SRR A
58 BAe RALFE AR A 8 — 4t &, B2 BRI Y, Bihd Rt
=

AHF RRUBAFER AP N F 4 b, 2 RERKBRERAFEZLK, 1£
AT RARIBAA R A RAETILE KPS aT4 T, AR A E & T 5T feay
THAetso, B AP Fefyr LB R S AR FHAZ KR L 6ER
bR
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SOLAR CELL, MANUFACTURING METHOD THEREOF, AND

PHOTOVOLTAIC MODULE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chinese Patent Application No.
202110895225.8, filed on August 04, 2021, the content of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0001] The present disclosure relates to the field of photovoltaic cell technologies, and in

particular, to a solar cell, a manufacturing method thereof, and a photovoltaic module.

BACKGROUND

[0002] An N-type tunnel oxide passivated contact (TOPCon) solar cell relies on a "tunnel
effect" to achieve passivated contact on a rear surface of the solar cell. When manufacturing
the TOPCon solar cell, borosilicate glass is formed by boron diffusion on a surface of a
silicon wafer (or a substrate), which is more difficult to be removed compared with
phosphorosilicate glass of a conventional PERC solar cell. Generally, borosilicate glass on a
rear surface of an N-type solar cell is removed by an oxidizing mixed acid solution. After the
surface is cleaned and dried, the rear surface is polished with the aid of a trough or chain acid
additive. The polished rear surface of the silicon wafer has a flat structure, but the structure of
the polished rear surface may directly affect the manufacturing of the tunnel oxide layer and
the polycrystalline silicon layer, and then affect passivation performance and conversion

efficiency of the solar cell.
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SUMMARY

[0003] In view of the above, the present disclosure provides a solar cell, a manufacturing
method thereof, and a photovoltaic module, which, through matching between texture
structures on substrate surfaces of the solar cell, can improve an open-circuit voltage of the
solar cell, reduce contact resistance of a metal electrode, and improve conversion efficiency of
the solar cell.

[0004] In a first aspect, the present disclosure provides a solar cell, including:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate
has a first texture structure, the first texture structure includes two or more first substructures
at least partially stacked on one another, and in a direction away from the rear surface and
perpendicular to the rear surface, a distance between a top surface of an outermost first
substructure and a top surface of an adjacent first substructure is less than or equal to 2 um,
and a one-dimensional size of the top surface of the outermost first substructure is less than or
equal to 45 pum;

a first passivation layer located on a front surface of the semiconductor substrate;

a tunnel oxide layer located on the first texture structure of the rear surface of the
semiconductor substrate;

a doped conductive layer located on a surface of the tunnel oxide layer, a
conductivity type of doping elements of the doped conductive layer being same as that of the
semiconductor substrate; and

a second passivation layer located on a surface of the doped conductive layer.
[0005] In an implementation, the front surface of the semiconductor substrate has a
second texture structure, the second texture structure includes a pyramid-shaped
microstructure, the pyramid-shaped microstructure includes a top portion away from the front
surface of the semiconductor substrate and a bottom portion close to the front surface of the
semiconductor substrate, and in a direction away from the front surface and perpendicular to
the front surface, a distance between the top portion and the bottom portion of the
pyramid-shaped microstructure is less than or equal to 5 um.

[0006] In an implementation, for the two or more first substructures at least partially
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stacked on one another, in the direction away from the rear surface and perpendicular to the
rear surface, the distance between the top surface of the outermost first substructure and the
top surface of the adjacent first substructure ranges from 0.3 pym to 1.2 um.

[0007] In an implementation, an average one-dimensional size of the top surface of the
outermost first substructure ranges from 10 um to 15 pum.

[0008] In an implementation, a thickness of the tunnel oxide layer on the top surface of
the outermost first substructure is less than a thickness of the tunnel oxide layer on a side
surface of the outermost first substructure.

[0009] In an implementation, a thickness difference between the tunnel oxide layer on the
top surface of the outermost first substructure and the tunnel oxide layer on a side surface of
the outermost first substructure is less than or equal to 0.15 nm.

[0010] In an implementation, the first texture structure further includes two or more
adjacent second substructures that do not stacked on one another, and a one-dimensional size
of a top surface of the second substructure away from the rear surface is less than or equal to
45 pm.

[0011] In an implementation, the top surface of the first substructure and/or the top
surface of the second substructure is a polygonal plane.

[0012] In an implementation, a shape of the polygonal plane includes at least one of a
diamond, a square, a trapezoid, a substantially diamond, a substantially square or a
substantially trapezoid.

[0013] In an implementation, the tunnel oxide layer includes at least one of a silicon oxide
layer, an aluminum oxide layer, a silicon oxynitride layer, a molybdenum oxide layer or a
hafnium oxide layer, and the tunnel oxide layer has a thickness ranging from 0.8 nm to 2 nm.
[0014] In an implementation, the second passivation layer includes at least one of a
silicon nitride layer, a silicon oxide layer or a silicon oxynitride layer, and the second
passivation layer has a thickness ranging from 70 nm to 120 nm.

[0015] In an implementation, the first passivation layer includes at least one of a silicon
oxide layer, a silicon nitride layer, an aluminum oxide layer or a silicon oxynitride layer.
[0016] In an implementation, the semiconductor substrate is an N-type monocrystalline

silicon substrate, the doped conductive layer is an N-type doped polycrystalline silicon layer,
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an N-type doped microcrystalline silicon layer or an N-type doped amorphous silicon layer,
and the doped conductive layer has a thickness ranging from 60 nm to 200 nm.
[0017] In a second aspect, the present disclosure provides a photovoltaic module,
including a plurality of solar cell strings, each of the plurality of solar cell strings including
the solar cell described in the first aspect.
[0018] In a third aspect, the present disclosure provides a method for manufacturing a
solar cell, including;:

texturing a semiconductor substrate, and forming a second texture structure on a
front surface of the semiconductor substrate, wherein the second texture structure includes a
pyramid-shaped microstructure;

forming a doped layer with doping elements to the front surface of the textured
semiconductor substrate;

polishing a rear surface of the semiconductor substrate with an alkali solution,
such that a first texture structure is formed on the rear surface of the semiconductor substrate,
wherein the first texture structure includes two or more first substructures at least partially
stacked on one another, and in a direction away from the rear surface and perpendicular to the
rear surface, a distance between a top surface of an outermost first substructure and a top
surface of an adjacent first substructure is less than or equal to 2 um, and a one-dimensional
size of the top surface of the outermost first substructure is less than or equal to 45 pum;

forming a tunnel oxide layer on the first texture structure of the rear surface of the
semiconductor substrate;

depositing a polycrystalline silicon layer on a surface of the tunnel oxide layer, and
forming a doped conductive layer by doping the polycrystalline silicon layer, wherein the
doped conductive layer and the semiconductor substrate have doping elements of a same
conductivity type;

forming a first passivation layer on the front surface of the semiconductor
substrate; and

forming a second passivation layer on a surface of the doped conductive layer.
[0019] In an implementation, the polishing a rear surface of the semiconductor substrate

with an alkali solution includes: cleaning the rear surface of the semiconductor substrate with
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the alkali solution having a mass fraction of 5% to 15% to remove porous silicon; dropping,
by spraying, micro-liquid droplets of the alkali solution to the rear surface of the
semiconductor substrate for roughening treatment, and then performing pre-cleaning with a
hydrofluoric acid having a mass fraction of 5% to 10%; polishing the rear surface of the
semiconductor substrate with a polishing liquid at a polishing temperature ranging from 70°C
to 80°C for a polishing time less than 260 seconds, wherein the polishing liquid includes
NaOH having a mass fraction of 1% to 15%, KOH having a mass fraction of 1% to 15% and
an additive having a mass fraction of 0.51% to 2.5%; removing organic components in the
polishing liquid by a mixture of potassium hydroxide having a mass fraction of 5% to 15%
and hydrogen peroxide having a mass fraction of 15% to 40%, and washing and drying the
polished semiconductor substrate.

[0020] In an implementation, the forming a tunnel oxide layer includes at least one of: (1)
depositing the tunnel oxide layer on the first texture structure of the rear surface of the
semiconductor substrate by a temperature change process and chemical vapor deposition; (2)
during the deposition of the tunnel oxide layer, controlling a heating rate to range from
0.5°C/min to 3°C/min, a deposition temperature to range from 560°C to 620°C and a
deposition time to range from 3 min to 10 min; (3) a deposition temperature of the tunnel
oxide layer being lower than a deposition temperature of the polycrystalline silicon layer; (4)
the tunnel oxide layer including at least one of a silicon oxide layer, an aluminum oxide layer,
a silicon oxynitride layer, a molybdenum oxide layer or a hafnium oxide layer; and (5) the

tunnel oxide layer having a thickness ranging from 0.8 nm to 2 nm.

BRIEF DESCRIPTION OF DRAWINGS

[0021] In order to better illustrate the technical solutions in embodiments of the present
disclosure or the prior art, the accompanying drawings used in the description of the
embodiments or the prior art will be briefly introduced below. It is apparent that, the
accompanying drawings in the following description are only some embodiments of the
present disclosure, and other drawings can be obtained by those of ordinary skill in the art

from the provided drawings without creative efforts.
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[0022] FIG. 1 is a schematic structural diagram of a solar cell according to an
embodiment of the present disclosure.

[0023] FIG. 2 is an electron microscope picture of a second texture structure on a front
surface of a semiconductor substrate of a solar cell according to an embodiment of the present
disclosure.

[0024] FIG. 3 is an electron microscope picture of a first texture structure on a rear
surface of the semiconductor substrate of the solar cell according to an embodiment of the
present disclosure.

[0025] FIG. 4a is a schematic structural diagram of a first substructure in the first texture
structure of the rear surface of the semiconductor substrate of the solar cell according to an
embodiment of the present disclosure.

[0026] FIG. 4b is a schematic structural diagram of another first substructure in the first
texture structure of the rear surface of the semiconductor substrate of the solar cell according
to an embodiment of the present disclosure.

[0027] FIG. 5 is a schematic structural diagram of a substructure in the first texture
structure of the rear surface of the semiconductor substrate of the solar cell according to an
embodiment of the present disclosure.

[0028] FIG. 6 is a schematic structural diagram of a tunnel oxide layer on the first texture
structure of the rear surface of the semiconductor substrate of the solar cell according to an
embodiment of the present disclosure.

[0029] FIG. 7a is a schematic structural diagram of a photovoltaic module according to an
embodiment of the present disclosure.

[0030] FIG. 7b is a top view of the photovoltaic module according to an embodiment of
the present disclosure.

[0031] FIG. 8 is a schematic flowchart of a method for manufacturing a solar cell

according to an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0032] In order to better understand the technical solutions of the present disclosure, the
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embodiments of the present disclosure are described in detail below with reference to the
accompanying drawings.

[0033] It shall be made clear that the embodiments described are merely some
embodiments rather than all of the embodiments of the present disclosure. All other
embodiments obtained by those of ordinary skill in the art without creative efforts based on
the embodiments of the present disclosure shall fall within the protection scope of the present
disclosure.

[0034] The terms used in the embodiments of the present disclosure are merely for the
purpose of describing particular embodiments and are not intended to limit the present
disclosure. As used in the embodiments of the present disclosure and the appended claims, the

o b3

singular forms of “a/an”, “one”, and “the” are also intended to include plural forms, unless

otherwise clearly specified by the context.

[0035] It shall be understood that the term "and/or" used herein describes only an
association relationship between associated objects and indicates that three relationships may
exist. For example, A and/or B may indicate the following three cases: only A exists, both A
and B exist, and only B exists. In addition, the character "/" generally indicates an "or"
relationship between the associated objects.

[0036] The TOPCon solar cell relies on a "tunnel effect" to passivate the rear surface. An
existing TOPCon solar cell rear surface structure sequentially includes a semiconductor
substrate, a tunnel oxide layer, a doped conductive layerand a passivation layer on the rear
surface from the inside out. Borosilicate glass (BSG) can be formed by inboron diffusion for
an N-type TOPCon solar cell, which is more difficult to be removed than phosphorosilicate
glass (PSG). Generally, the borosilicate glassis removed by an oxidizing mixed acid solution.
The rear surface is polished after the surface is cleaned and dried. Currently, astate of therear
surface of the semiconductor substrate after polishing has a certain effect on an ultra-thin
tunnel oxide layer with a nanometer thickness, which easily leads to an increase in contact
resistivity between the tunnel oxide layer and the semiconductor substrate, which in turn leads
to the fluctuation of a fill factor of the solar cell, and finally affects the photoelectric
conversion efficiency of the solar cell.

[0037] In a first aspect, the present disclosure provides a solar cell. As shown in FIG. 1,
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the solar cell includes: a semiconductor substrate 10, a first passivation layer 20 located on a
front surface of the semiconductor substrate 10, a tunnel oxide layer 30 located on the first
texture structure of a rear surface of the semiconductor substrate 10, a doped conductive layer
40 located on a surface of the tunnel oxide layer 30, and a second passivation layer 50 located
on a surface of the doped conductive layer 40. The rear surface of the semiconductor substrate
10 has a first texture structure 12, and the first texture structure 12 includes two or more first
substructures that are at least partially stacked on one another. In a direction away from the
rear surface and perpendicular to the rear surface, a distance between a top surface of the
outermost first substructure and a top surface of the first substructure adjacent thereto is less
than or equal to 2 um. A one-dimensional size of the top surface of the outermost first
substructure is less than or equal to 45 um, a front surface of the semiconductor substrate 10
has a second texture structure 11, and the second texture structure 11 may include a
pyramid-shaped microstructure. The doped conductive layer and the semiconductor substrate
have doping elements of a same conductivity type.

[0038] The front surface of the semiconductor substrate 10 may refer to a light receiving
surface, that is, a surface receiving solar rays. The rear surface of the semiconductor substrate
10 refers to a surface opposite the front surface. In some embodiments, the solar cell formed
is a single-sided solar cell. The front surface may refer to a light receiving surface, and the
rear surface may refer to a backlight surface. In some embodiments, the solar cell formed is a
double-sided solar cell. The front surface and the rear surface may both be light receiving
surfaces.

[0039] As an optional technical solution of the present disclosure, the semiconductor
substrate 10 is an N-type crystalline silicon substrate (or silicon wafer). A P-type doped layer
may be formed on the front surface of the semiconductor substrate by one or more of the
processes of high temperature diffusion, slurry doping, and ion implantation, so as to form a
PN junction in the semiconductor substrate 10. In some embodiments, the semiconductor
substrate 10 may be one of a monocrystalline silicon substrate, a polycrystalline silicon
substrate, a microcrystalline silicon substrate and a silicon carbide substrate.

[0040] In some embodiments, the P-type doped layer is a boron-doped diffusion layer.

The boron-doped diffusion layer is a P-type doped layer (i.e., P+ layer) formed by using a
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boron source to diffuse boron atoms to a certain depth on the front surface through a diffusion
process. For example, the boron source may be liquid boron tribromide.

[0041] In some embodiments, as shown in FIG. 2, the front surface of the semiconductor
substrate 10 has a second texture structure 11, and the second texture structure 11 includes a
pyramid-shaped microstructure 111. The pyramid-shaped microstructure 111 may have a
structure of a tetrahedron, a substantially tetrahedron, a pentahedron, a substantially
pentahedron, or the like. The pyramid-shaped microstructure 111 may be formed by texturing
the semiconductor substrate. The texturing process may be chemical etching, laser etching, a
mechanical process, plasma etching, or the like. The pyramid-shaped microstructure enables a
metal paste to better fill the microstructure when the metal paste forms an electrode by screen
printing, which obtains better electrode contact, can effectively reduce series resistance of the
solar cell, and improves the fill factor.

[0042] In some embodiments, the pyramid-shaped microstructure 111 includes a top away
from the front surface of the semiconductor substrate and a bottom close to the front surface
of the semiconductor substrate, and in a direction away from the front surface and
perpendicular to the front surface, a distance (or height) between the top and the bottom of the
pyramid-shaped microstructure is less than or equal to 5 um. For example, the distance ranges
from 2 um to 5 um. The distance may be 2 um, 2.5 um, 2.8 um, 3 um, 3.5 pm, 3.8 um, 4 um,
42 um, 4.5 pm, 4.8 um, 5 um or the like. When the distance range of the pyramid-shaped
microstructure 111 is controlled within 5 um, for example, 2 um to 5 um, the pyramid-shaped
microstructure 111 has the characteristics of low reflection, low recombination and easy
filling, so that the photoelectric conversion efficiency of the solar cell can be improved.

[0043] It may be understood that a number of the pyramid-shaped microstructure formed
on the front surface cannot be exhausted due to anisotropy of crystal orientation of silicon
crystal on the front surface. The distance of the pyramid-shaped microstructure 111 referred to
herein may be a distance between a convex highest point of the top and a concave lowest
point of the pyramid-shaped microstructure 111 randomly selected in a specific region. For
example, the distance of the pyramid-shaped microstructure 111 may be determined by
measuring a surface shape of the semiconductor substrate by using an atomic force

microscope (AFM). For example, a scanning range of 40 umx40 um is selected from the front
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surface, the front surface of the semiconductor substrate is scanned within the selected range
by using the atomic force microscope, a profile size of the pyramid-shaped microstructure on
the front surface is measured, and a height value h is calculated. The convex highest point h,
of the top of the pyramid-shaped microstructure is selected from the measured profile size (an
AFM image), the lowest point of the bottom corresponding to the top is hy, and h=h,-h; is
obtained. In other implementations, heights of a plurality of pyramid-shaped microstructures
in the second texture structure are randomly collected, and an average value is calculated. The
average value is defined as the height of the pyramid-shaped microstructure. For example, 4
pyramid-shaped microstructures 111 are randomly selected, with heights of h1, h2, h3 and h4
respectively, and then a height value of the pyramid-shaped microstructure 111 is

(h1+h2+h3+h4)/4. That is, an average distance of a plurality of pyramid-shaped

microstructures 111 can be regarded as a distance of the pyramid-shaped microstructure on
the front surface, which is configured to represent a texture feature of the front surface.

[0044] As an optional technical solution of the present disclosure, the first passivation
layer 20 has a stacking structure of at least one or more of a silicon oxide layer, a silicon
nitride layer, an aluminum oxide layer and a silicon oxynitride layer.

[0045] In some embodiments, the first passivation layer 20 has a thickness ranging from
10 nm to 120 nm, which may be 10 nm, 20 nm, 30 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
90 nm, 100 nm, 120 nm or the like, and may also be other values in the range, which is not
limited herein.

[0046] In an embodiment, the first passivation layer 20 has a stacked passivation structure
of an aluminum oxide layer and a silicon nitride layer. The aluminum oxide layer is arranged
on the front surface of the semiconductor substrate 10. The silicon nitride layer is arranged on
a surface of the aluminum oxide layer. For example, the aluminum oxide layer has a thickness
ranging from 2 nm to 10 nm, and the aluminum oxide layer has a refractive index ranging
from 1.5 to 1.8. The silicon nitride layer has a thickness ranging from 50 nm to 110 nm, and
the silicon nitride layer has a refractive index ranging from 1.65 to 2.25. The first passivation
layer 20 has an overall refractive index ranging from 1.9 to 2.0. The aluminum oxide layer or
silicon nitride layer may include a plurality of sublayers. For example, the silicon nitride layer

is composed of 2 to 5 silicon nitride sublayers.
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[0047] In an embodiment, the first passivation layer has a stacked passivation structure of
an aluminum oxide layer, a silicon nitride layer and a silicon oxynitride layer sequentially
stacked. The aluminum oxide layer has a thickness ranging from 2 nm to 10 nm, the
aluminum oxide layer has a refractive index ranging from 1.5 to 1.8, the silicon nitride layer
has a thickness ranging from 40 nm to 80 nm, the silicon nitride layer has a refractive index
ranging from 1.9 to 2.3, the silicon oxynitride layer has a thickness ranging from 10 nm to 60
nm, and the silicon oxynitride layer has a refractive index ranging from 1.5 to 1.75.

[0048] Further, the rear surface of the semiconductor substrate 10 has a first texture
structure 12. The first texture structure 12 may be formed by alkali polishing.

[0049] As an optional technical solution of the present disclosure, FIG. 3 is an electron
microscope picture of the first texture structure 12 on the rear surface of the semiconductor
substrate of the solar cell according to an embodiment of the present disclosure. As shown in
FIG. 3, the first texture structure 12 includes two or more first substructures 121 at least
partially stacked on one another. The first texture structure 12 presents a non-pyramid-shaped
microstructure profile. For example, the first texture structure may present a substantially
"step" profile, and the first substructure 121 may be regarded as a stair of the "step".

[0050] FIG. 4a is a schematic diagram of three layers of first substructures partially
stacked, and FIG. 4b is a schematic diagram of two layers of first substructures partially
stacked. Reference sign 121a denotes the outermost first substructure in the first texture
structure away from the rear surface, and 121b denotes an adjacent first substructure.

[0051] For the two or more first substructures 121 at least partially stacked on one another,
in a direction away from the rear surface and perpendicular to the rear surface (which may
also be understood as “in a stacking direction”), a distance H between a top surface of the
outermost first substructure 121a and a top surface of the first substructure 121b adjacent
thereto is less than or equal to 2 um, which may be 2 uym, 1.8 uym, 1.5 pm, 1.2 pm, 1.1 pm, 1.0
um, 0.8 um, 0.5 um, 0.3 um, 0.2 um, 0.1 um or the like. When the distance H is more than 2
um, the roughness of the first texture structure is excessively large, and the thickness of the
tunnel oxide layer 30 formed on the first texture structure is larger, which bring adverse
effects to the formation of the tunnel oxide layer with high density and high uniformity,

thereby affecting tunneling and passivation effects of the tunnel oxide layer 30. If the
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roughness of the first texture structure is excessively small, the thickness of the tunnel oxide
layer formed on the first texture structure is smaller, which brings adverse effects to the
contact with an electrode paste. In an embodiment, in the direction away from the rear surface
and perpendicular to the rear surface, the distance between the top surface of the outermost
first substructure 121a and the top surface of the first substructure 121b adjacent thereto
ranges from 0.3 ym to 1.2 um.

[0052] It should be noted that, when the three layers of first substructures are stacked, a
distance H between a top surface of the first substructure 121a in any layer and a top surface
of the first substructure 121b in an adjacent layer is less than or equal to 2 um.

[0053] It is appreciated that, the distance between the top surface of the outermost first
substructure 121a and the top surface of the first substructure 121b adjacent thereto is
controlled to be less than or equal to 2 um, so that the roughness of the first texture structure
is controlled within a desired range, which helps to improve the uniformity of the tunnel oxide
layer formed on the first texture structure, ensure better performance of the tunnel oxide layer
formed, further inhibit a high local phosphorus concentration caused by phosphorous
diffusion, reduce contact resistivity, improve the open-circuit voltage of the solar cell, and
improve the fill factor and photoelectric conversion efficiency.

[0054] A one-dimensional size L. of the top surface of the outermost first substructure
121a is less than or equal to 45 pm, that is, 0<L<45 pm. In an embodiment, the
one-dimensional size L is within a range of 2 pm to 45 um. Here, the one-dimensional size L
of the top surface may be a length, width, diagonal length or circular diameter of the surface,
which is not limited herein. In some embodiments, the one-dimensional size may be an
average value of one-dimensional sizes of top surfaces of a plurality of outermost first
substructures within a preset range region of the rear surface of the substrate. An average
one-dimensional size of the top surface of the outermost first substructure may be 2 um, 5 um,
8 um, 12 pm, 15 pm, 18 um, 20 pum, 25 pum, 28 um, 30 um, 35 um, 40 pm, 42 um, 40 pum, 45
um or the like. For example, an average one-dimensional size of the top surface of the
outermost first substructure ranges from 10 pum to 15 pm.

[0055] In an embodiment, as shown in FIG. 3, the first texture structure further includes

two or more adjacent second substructures 122 that are not stacked, and a one-dimensional
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size L of a top surface of the second substructure 122 away from the rear surface is less than
or equal to 45 um, that is, 0<L<45 pm. In an embodiment, the one-dimensional size L of the
second substructure 122 is within a range of 2 um to 45 pum, which may be 2 um, 5 um, 8 pm,
12 pm, 15 pm, 18 pm, 20 pm, 25 pm, 28 pum, 30 um, 32 um, 35 um, 45 um or the like.

[0056] Different from the pyramid-shaped microstructure of the front surface, the top
surface of the first substructure and/or the top surface of the second substructure of the rear
surface is a polygonal plane. The polygonal plane is in a shape of at least one of a diamond, a
square, a trapezoid, a substantially diamond, a substantially square and a substantially
trapezoid. It shall be understood that, during actual manufacturing process, the top surface of
the first substructure or second substructure presents a profile of an irregular polygon plane,
and wholly presents a profile of a substantially diamond, a square and a trapezoid.

[0057] In some examples, the manufacturing of subsequent passivation film layers, such
as the first passivation layer 20, the tunnel oxide layer 30 and the doped conductive layer 40,
may damage original structures of the second texture structure and the first texture structure to
some extent. For example, in a mass-produced solar cell, the second texture structure may
also include a small number of non-pyramid-shaped microstructures formed due to the
damages to the spires of the pyramid-shaped microstructures.

[0058] In some examples, when a texture size representing the second texture structure or
the first texture structure of the solar cell is measured, such as the one-dimensional size of the
top surface of the first substructure and the distance between the surfaces of adjacent first
substructures, surfaces of the film layers are directly measured for calibration through a test
instrument (an optical microscope, an atomic force microscope, a scanning electron
microscope, a transmission electron microscope, or the like). In one case, since the thickness
of the film layer is in nanoscale, it can be obtained directly using film layer measurement data
corresponding to the second texture structure or the first texture structure, and the film layer
measurement data is a sum of the thickness of the film layer and a texture size. In another case,
it can also be obtained by subtracting film layer thickness data from the film layer
measurement data. The above measurement means are only examples and are not limited in
the present disclosure.

[0059] As shown in FIG. 1 and FIG. 6, the tunnel oxide layer 30 located on the first
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texture structure 12 of the rear surface of the semiconductor substrate 10 may have a stacking
structure of one or more of a silicon oxide layer, an aluminum oxide layer, a silicon oxynitride
layer, a molybdenum oxide layer and a hafnium oxide layer. In other embodiments, the tunnel
oxide layer 30 may also be an oxygen-containing silicon nitride layer, an oxygen-containing
silicon carbide layer or the like. The tunnel oxide layer 30 has a thickness ranging from 0.8
nm to 2 nm. For example, the thickness of the tunnel oxide layer 30 is 0.8 nm, 0.9 nm, 1.0 nm,
1.2 nm, 1.4 nm, 1.6 nm, 1.8 nm, 2 nm or the like. The thickness of the tunnel oxide layer 30
refers to a thickness of the tunnel oxide layer relative to a formation surface. The thickness of
the tunnel oxide layer 30 formed on the first texture structure can be calculated by taking a
normal direction of an inclined surface of the substructure as a thickness direction and
observing a cross section thereof. When the thickness of the tunnel oxide layer 30 is
excessively large, it may bring adverse effects to reducing the contact resistance of the tunnel
oxide layer. A decrease in the fill factor caused by the contact resistance can be inhibited by
controlling the thickness of the tunnel oxide layer.

[0060] In an embodiment, a band gap width of the tunnel oxide layer 30 is greater than
3.0 eV, and it is generally difficult to transport carriers through the tunnel oxide layer 30 by
thermal emission. However, the tunnel oxide layer 30 is very thin and carriers can pass
through the tunnel oxide layer 30 through a tunnel effect, so the tunnel oxide layer having a
thickness within a range of 0.8 nm to 2nm does not block the transport of most carriers. As the
thickness of the tunnel oxide layer gradually increases, the tunnel effect of most carriers is
affected, and it is difficult to transport the carriers through the tunnel oxide layer 30, and the
photoelectric conversion efficiency of the solar cell may gradually decrease. When the
thickness of the tunnel oxide layer is excessively small, the tunnel oxide layer cannot perform
the passivation effect. As a result, in an embodiment, the tunnel oxide layer 30 is a silicon
oxide layer, and the tunnel oxide layer 30 has a thickness ranging from 0.8 nm to 1.5 nm.
[0061] As an optional technical solution of the present disclosure, as shown in FIG. 6, a
thickness D1 of the tunnel oxide layer on the top surface of the outermost first substructure is
less than a thickness D2 of the tunnel oxide layer on a side surface of the outermost first
substructure. For example, a thickness difference (D2-D1) between the tunnel oxide layer on

the top surface of the outermost first substructure and the tunnel oxide layer on a side surface

14

SEG Solar, EX1007, Page 555



10

15

20

25

30

Uni-intel Ref. DF212023US

of the outermost substructure is less than or equal to 0.15 nm. The thickness difference may
be 0.14 nm, 0.13 nm, 0.12 nm, 0.11 nm, 0.10 nm, 0.09 nm, 0.08 nm, 0.07 nm, 0.06 nm, 0.05
nm, 0.04 nm or the like. When the tunnel oxide layer on the top surface of the outermost first
substructure and the tunnel oxide layer on the side surface of the outermost substructure are
excessively large, the thickness of the tunnel oxide layer has poor uniformity, a current
density of the solar cell is easily affected, and the open-circuit voltage of the solar cell
decreases.

[0062] In some embodiments, texture structures with different profiles are arranged on the
front and rear surfaces of the semiconductor substrate, a pyramidal texture structure is formed
on the front surface, and a non-pyramidal texture structure is formed on the rear surface, so
that the solar cell formed has a light trap structure at different levels, which increases an
effective contact area of light. Moreover, for the first texture structure formed on the rear
surface, the distance between the top surface of the outermost first substructure and the top
surface of the first substructure adjacent thereto is controlled within 2 pwm, which helps to
reduce a pinhole in the tunnel oxide layer and then improves the density and uniformity of the
tunnel oxide layer, further inhibit a high local doping concentration of the doped conductive
layer on the surface of the tunnel oxide layer, reduce contact resistivity, improve the
open-circuit voltage of the solar cell, and improve the fill factor and photoelectric conversion
efficiency.

[0063] In some embodiments, the doped conductive layer 40 may be a doped
polycrystalline silicon layer, a doped microcrystalline silicon layer or a doped amorphous
silicon layer. The doped conductive layer 40 and the semiconductor substrate have doping
elements of a same conductivity type.

[0064] When the semiconductor substrate 10 is an N-type monocrystalline silicon, the
doped conductive layer 40 is an N-type doped polycrystalline silicon layer, an N-type doped
microcrystalline silicon layer or an N-type doped amorphous silicon layer, and the doping
element may be an N-type doping element such as phosphorus.

[0065] In some embodiments, the doped conductive layer 40 has a thickness ranging from
60 nm to 200 nm. For example, as an N-type doped polycrystalline silicon layer, the doped

conductive layer 40 may have a refractive index ranging from 3.5 to 4.5.
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[0066] As an optional technical solution of the present disclosure, the second passivation
layer 50 includes at least one of a silicon nitride layer, a silicon oxide layer and a silicon
oxynitride layer. The second passivation layer 50 has a thickness ranging from 70 nm to 120
nm. For example, the second passivation layer 50 is a silicon nitride layer. The silicon nitride
layer has a low silicon to nitrogen ratio, and the silicon nitride layer has a refractive index
ranging from 1.7 to 2.1, which may be 1.7, 1.8, 1.9, 2.0, 2.1 or the like, and may also be other
values in the above range, and is not limited herein. The refractive index of the silicon nitride
layer is controlled to enable the silicon nitride layer to have low silicon to nitrogen ratio, so
that contact resistivity can be reduced during metallization of the second passivation layer 50
formed, so as to further reduce the contact resistivity of the solar cell.

[0067] In some embodiments, when the second passivation layer 50 has a stacking
structure of a silicon nitride layer and a silicon oxide layer or a stacking structure of a silicon
nitride layer and a silicon oxynitride layer, the silicon nitride layer is located on a surface of
the doped conductive layer, and the silicon oxide layer or the silicon oxynitride layer is
located on a surface of the silicon nitride layer.

[0068] Further, the solar cell further includes a first electrode 60 and a second electrode
70. The first electrode 60 passes through the first passivation layer 20 to form ohmic contact
with the P-type doped layer (for example, the boron-doped diffusion layer) on the front
surface of the semiconductor substrate 10. The second electrode 70 passes through the second
passivation layer 50 to form ohmic contact with the doped conductive layer 40. The doped
conductive layer 40 and the tunnel oxide layer 30 form a passivated contact structure. The
first electrode 60 and the second electrode 70 may be formed by sintering a metal conductive
paste coated on surfaces of the first passivation layer and the second passivation layer. In
some embodiments, the first electrode 60 or the second electrode 70 is made of a metal
material such as silver, aluminum, copper or nickel.

[0069] For the solar cell formed as shown in FIG. 1, that is, the second texture structure of
the pyramid-shaped microstructure formed on the front surface of the semiconductor substrate
10, the first texture structure of the non-pyramid-shaped microstructure formed on the rear
surface of the semiconductor substrate, the first passivation layer 20 (for example, a stacked

passivation structure of an aluminum oxide layer and a silicon nitride layer) formed on the
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second texture structure, and the tunnel oxide layer 30, the doped conductive layer 40 and the
second passivation layer 50 (for example, a silicon nitride layer) matching one another formed
on the first texture structure. The solar cell structure formed as above has higher photoelectric
conversion efficiency.

[0070] In a second aspect, an embodiment of the present disclosure provides a
photovoltaic module including a plurality of solar cell strings.

[0071] As shown in FIG. 7a and FIG. 7b, the photovoltaic module includes a first cover
plate 1, a first packaging adhesive layer 2, a solar cell string 3, a second packaging layer 4 and
a second cover plate 5.

[0072] The solar cell string 3 includes a plurality of solar cells (the solar cell as shown in
FIG. 1) that are connected through a conductive band (not shown). The solar cells may be
connected by partial stacking or by splicing.

[0073] The first cover plate 1 and the second cover plate 5 are transparent or opaque cover
plates, such as glass cover plates or plastic cover plates.

[0074] Two sides of the first packaging adhesive layer 2 contact and are bonded to the
first cover plate 1 and the solar cells 3, respectively, and two sides of the second packaging
layer 2 are contact and are bonded to the second cover plate 1 and the solar cells 3,
respectively. The first packaging adhesive layer 2 and the second packaging layer 4 may be
ethylene-vinyl acetate copolymer (EVA) film, a polyolefin elastomer (POE) film or a
polyethylene terephthalate (PET) film, respectively.

[0075] Side edges of the photovoltaic module may also be completely packaged, that is,
the side edges of the photovoltaic module are fully packaged with a packaging adhesive tape
to prevent a stacking deviation during the stacking of the photovoltaic module.

[0076] Further, the photovoltaic module (the photovoltaic module 100 shown in FIG. 7b)
further includes an edge sealing member 6 fixedly packaged to a partial edge of the
photovoltaic module. As shown in FIG. 7b, the edge sealing member 6 is fixedly packaged to
an edge of the photovoltaic module near a corner. The edge sealing member 6 may be a
high-temperature resistant tape. The high-temperature resistant tape has excellent
high-temperature resistance and may not decompose or fall off during the stacking, which can

ensure the reliable packaging of the photovoltaic module. Two ends of the high-temperature
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resistant tape are fixed to the second cover plate 5 and the first cover plate 1, respectively. The
two ends of the high-temperature resistant tape may be bonded to the second cover 5 and the
first cover 1, respectively, and the middle thereof can limit a side edge of the photovoltaic
module to prevent a stacking deviation of the photovoltaic module during the stacking.

[0077] In a third aspect, the present disclosure further provides a method for
manufacturing a solar cell for manufacturing the solar cell described above. As shown in FIG.
8, the method includes the following steps.

[0078] In S10, a semiconductor substrate is textured, and a second texture structure is
formed on a front surface of the semiconductor substrate, the second texture structure includes

a pyramid-shaped microstructure.

[0079] In S20, the front surface of the textured semiconductor substrate is doped to form a
doped layer.
[0080] In S30, a rear surface of the semiconductor substrate is polished with an alkali

solution, so that a first texture structure is formed on the rear surface of the semiconductor
substrate, the first texture structure includes two or more first substructures at least partially
stacked, for the two or more first substructures at least partially stacked, in a direction away
from the rear surface and perpendicular to the rear surface, a distance between a top surface of
the outermost first substructure and a top surface of the first substructure adjacent thereto is
less than or equal to 2 um, and a one-dimensional size of the top surface of the outermost first
substructure is less than or equal to 45 um.

[0081] In S40, a tunnel oxide layer is formed on the first texture structure of the rear
surface of the semiconductor substrate.

[0082] In S50, a polycrystalline silicon layer is formed on a surface of the tunnel oxide
layer, and the polycrystalline silicon layer is doped to form a doped conductive layer, the
doped conductive layer and the semiconductor substrate having doping elements of a same

conductivity type.

[0083] In S60, a first passivation layer is formed on the front surface of the semiconductor
substrate.

[0084] In S70, a second passivation layer is formed on a surface of the doped conductive
layer.
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[0085] In the above solution, the rear surface of the semiconductor substrate is polished
with an alkali solution, so that texture structures with different profiles are formed on the front
and rear surfaces of the semiconductor substrate. A pyramidal texture structure is formed on
the front surface, and a non-pyramidal texture structure is formed on the rear surface, so that
the solar cell formed has a light trap structure at different levels, which increases an effective
contact area of light. Moreover, for the first texture structure formed on the rear surface, the
distance between the top surface of the outermost first substructure and the top surface of the
first substructure adjacent thereto is controlled within 2 um, which helps to reduce a pinhole
in the tunnel oxide layer and then improve the density and uniformity of the tunnel oxide layer,
further inhibit a high local doping concentration of the doped conductive layer on the surface
of the tunnel oxide layer, reduce contact resistivity, improve the open-circuit voltage of the
solar cell, and improve the fill factor and photoelectric conversion efficiency:.

[0086] The solution is described in detail as follows.

[0087] In S10, a semiconductor substrate is textured, and a second texture structure is
formed on a front surface of the semiconductor substrate, the second texture structure includes
a pyramid-shaped microstructure.

[0088] The semiconductor substrate may be a crystalline silicon substrate, which is, for
example, one of a polycrystalline silicon substrate, a monocrystalline silicon substrate, a
microcrystalline silicon substrate and a silicon carbide substrate. A specific type of the
semiconductor substrate is not limited in the embodiments of the present disclosure. In some
embodiments, the semiconductor substrate is an N-type crystalline silicon substrate (or silicon
wafer). The semiconductor substrate has a thickness ranging from 60 pum to 240 pum, which
may be 60 um, 80 um, 90 um, 100 pum, 120 um, 150 um, 200 um, 240 um or the like. The
doping elements of the semiconductor substrate may be phosphorus, nitrogen and the like.
[0089] It shall be noted that the present disclosure does not limit how the texturing is
performed. For example, an N-type substrate may be textured using, but not limited to, a wet
texturing process. When the N-type semiconductor substrate is an N-type crystalline silicon
substrate, the texturing may be performed using an alkaline solution such as a potassium
hydroxide solution. Since the corrosion of the NaOH solution is anisotropic, a

pyramid-shaped microstructure can be manufactured.
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[0090] As shown in FIG. 2, the front surface of the semiconductor substrate 10 has a
second texture structure 11, and the second texture structure 11 includes a pyramid-shaped
microstructure 111. The pyramid-shaped microstructure 111 may have a structure of a
tetrahedron, a substantially tetrahedron, a pentahedron, a substantially pentahedron, or the like.
The pyramid-shaped microstructure 111 may be formed by texturing the semiconductor
substrate. The texturing may be chemical etching, laser etching, a mechanical process, plasma
etching, or the like. The pyramid-shaped microstructure enables a metal paste to better fill the
microstructure when the metal paste forms an electrode by screen printing, to obtain better
electrode contact, which can effectively reduce series resistance of the solar cell, and improve

the fill factor.

[0091] In S20, the front surface of the textured semiconductor substrate is doped to form a
doped layer.
[0092] In an embodiment, when the semiconductor substrate 10 is an N-type substrate, a

P-type doped layer may be formed on the front surface of the semiconductor substrate by one
or more of the processes of high temperature diffusion, slurry doping, and ion implantation, so
as to form a PN junction in the semiconductor substrate 10.

[0093] In some embodiments, the P-type doped layer is a boron-doped diffusion layer.
The boron-doped diffusion layer is a P-type doped layer (i.e., P+ layer) formed by using a
boron source to diffuse boron atoms to a certain depth on the front surface through a diffusion
process. For example, the boron source may be liquid boron tribromide. A microcrystalline
silicon phase of the substrate after boron diffusion treatment is transformed into a
polycrystalline silicon phase. Since the surface of the semiconductor substrate has a high
concentration of boron, a borosilicate glass (BSQG) layer is generally formed.

[0094] Further, in S30, prior to the step of polishing a rear surface of the semiconductor
substrate with an alkali solution, the method further includes: removing the borosilicate glass
layer from the rear surface of the semiconductor substrate with a prepared mixed acid, the
mixed acid includes hydrogen fluoride having a mass fraction of 0.1% to 10%, sulfuric acid
having a mass fraction of 10% to 20% and nitric acid having a mass fraction of 25% to 50%;
and washing and drying the rear surface of the semiconductor substrate after pickling.

[0095] During the boron diffusion treatment, the rear surface of the semiconductor
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substrate is coated to form part of the borosilicate glass, which shall be removed. It shall be
noted that a porous structure may appear on the rear surface of the semiconductor substrate
after pickling.

[0096] In an embodiment, a pickling time ranges from 10 seconds to 180 seconds, and a
pickling temperature ranges from 7°C to 20°C, that is, the borosilicate glass on the rear
surface of the semiconductor substrate is removed by pickling at room temperature to expose
a body of the semiconductor substrate.

[0097] In S30, the rear surface of the semiconductor substrate is polished with the alkali
solution, so that a first texture structure is formed on the rear surface of the semiconductor
substrate.

[0098] In an embodiment, the rear surface of the semiconductor substrate is cleaned with
the alkali solution having a mass fraction of 5% to 15% to remove porous silicon.

[0099] Micro-liquid droplets of the alkali solution are dropped by spraying to the rear
surface of the semiconductor substrate for roughening treatment, and then pre-cleaning is
performed with a hydrofluoric acid having a mass fraction of 5% to 10%.

[00100] The rear surface of the semiconductor substrate is polished with a polishing liquid
at a polishing temperature ranging from 70°C to 80°C for a polishing time less than 260
seconds. The polishing liquid includes NaOH having a mass fraction of 1% to 15%, KOH
having a mass fraction of 1% to 15% and an additive having a mass fraction of 0.5% to 2.5%.
Here, the polishing liquid may be designated as the etching solution.

[00101] Organic components in the etching solution are removed by a mixture of
potassium hydroxide having a mass fraction of 5% to 15% and hydrogen peroxide having a
mass fraction of 15% to 40%.

[00102] The polished semiconductor substrate is washed and dried.

[00103] In some embodiments, when the rear surface is polished, the borosilicate glass
layer on the front surface of the semiconductor substrate shall be protected, for example, by a
mask.

[00104] In an embodiment, due to the low boron concentration on the rear surface of the
semiconductor substrate, the etching efficiency can be improved effectively by using the

alkali solution. The alkali solutions contain organic bases and/or inorganic bases. The
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inorganic bases may be NaOH, KOH, Ga(OH),, NH3.H,O, and the organic bases may be
triethylamine, nitrophenol, pyridine, quinine, colchicine, and the like. The additive in the
polishing liquid may be a buffer solution composed of sodium sulfonate, maleic anhydride,
alkyl glycoside, and the like.

[00105] The polishing temperature may be 70°C, 72°C, 74°C, 75°C, 78°C, 79°C, 80°C or
the like, and the polishing time may be 250 seconds, 240 seconds, 230 seconds, 220 seconds,
200 seconds, 180 seconds, 160 seconds, 140 seconds, 120 seconds, 100 seconds, 80 seconds
or the like, which may also be other values in the above ranges.

[00106] In some embodiments, a polishing weight loss of the semiconductor substrate is
less than 0.3 g.

[00107] A shape of the substructure in the first texture structure after polishing may be
adjusted by controlling the polishing time and the polishing temperature, so that in the two or
more first substructures at least partially stacked a distance between a top surface of the
outermost first substructure and a top surface of the first substructure adjacent thereto is less
than or equal to 2 um in a direction away from the rear surface and perpendicular to the rear
surface, so as to increase the roughness of the rear surface of the semiconductor substrate.
[00108] In some embodiments, the first texture structure including a non-pyramid-shaped
microstructure may be formed by hot-air drying the surface of the semiconductor substrate.
[00109] As an optional technical solution of the present disclosure, FIG. 3 is an electron
microscope picture of the first texture structure 12 on the rear surface of the semiconductor
substrate of the solar cell according to an embodiment of the present disclosure. As shown in
FIG. 3, the first texture structure 12 includes two or more first substructures 121 at least
partially stacked.

[00110] FIG. 4a is a schematic diagram of three layers of first substructures partially
stacked, and FIG. 4b is a schematic diagram of two layers of first substructures partially
stacked. Reference sign 121a denotes the outermost first substructure in the first texture
structure away from the rear surface, and 121b denotes the innermost first substructure in the
first texture structure close to the rear surface.

[00111] For the two or more first substructures 121 at least partially stacked, in the

direction away from the rear surface and perpendicular to the rear surface, a distance H
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between a top surface of the outermost first substructure 121a and a top surface of the first
substructure 121b adjacent thereto is less than or equal to 2 um, which may be 2 um, 1.8 pum,
1.5 um, 1.2 pm, 1.1 pm, 1.0 pm, 0.8 pm, 0.5 pm, 0.3 um, 0.2 pm, 0.1 um or the like. When
the distance H is more than 2 um, the roughness of the first texture structure is excessively
large, and the thickness of the tunnel oxide layer 30 formed on the first texture structure is
larger, which brings adverse effects to the formation of the tunnel oxide layer with high
density and high uniformity, thereby affecting tunneling and passivation effects of the tunnel
oxide layer 30. If the roughness of the first texture structure is excessively small, the thickness
of the tunnel oxide layer formed on the first texture structure is smaller, which brings adverse
effects to the contact with an electrode paste. As a result, in an embodiment, in the direction
away from the rear surface and perpendicular to the rear surface, the distance between the top
surface of the outermost first substructure 121a and the top surface of the first substructure
121b adjacent thereto ranges from 0.3 um to 1.2 um.

[00112] It shall be noted that, when the three layers of first substructures are stacked, a
distance H between a top surface of the first substructure 121a in any layer and a top surface
of the first substructure 121b in an adjacent layer is less than or equal to 2 um.

[00113] The distance between the top surface of the outermost first substructure 121a and
the top surface of the first substructure 121b adjacent thereto is controlled to be less than or
equal to 2 um, so that the roughness of the first texture structure is controlled within a desired
range, which helps to improve the uniformity of the tunnel oxide layer formed on the first
texture structure, ensure better performance of the tunnel oxide layer formed, further inhibit a
high local phosphorus concentration caused by phosphorous diffusion, reduce contact
resistivity, improve the open-circuit voltage of the solar cell, and improve the fill factor and
photoelectric conversion efficiency.

[00114] A one-dimensional size L. of the top surface of the outermost first substructure
121a is less than or equal to 45 um. In an embodiment, the one-dimensional size L is within a
range of 2 um to 45 um. Here, the one-dimensional size L of the top surface may be a length,
width, diagonal length or circular diameter of the surface, which is not limited herein. In some
embodiments, the one-dimensional size may be an average value of one-dimensional sizes of

top surfaces of a plurality of outermost first substructures within a preset range region of the
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rear surface of the substrate. An average one-dimensional size of the top surface of the
outermost first substructure may be 2 um, 5 um, 8 um, 12 pm, 15 pm, 18 pum, 20 um, 25 um,
28 um, 30 pum, 35 pum, 40 pum, 42 pum, 40 um, 45 pum or the like. For example, an average
one-dimensional size of the top surface of the outermost first substructure ranges from 10 um
to 15 pm.

[00115] In an embodiment, as shown in FIG. 3, the first texture structure further includes
two or more adjacent second substructures 122 not stacked, and a one-dimensional size L. of a
top surface of the second substructure 122 away from the rear surface is less than or equal to
45 um. In an embodiment, the one-dimensional size L of the first substructure 122 is within a
range of 2 um to 45 um, which may be 2 um, 5 um, 8 um, 12 pum, 15 ym, 18 um, 20 um, 25
um, 28 um, 30 um, 32 pum, 35 pum, 45 pm or the like.

[00116] Different from the typical pyramid-shaped microstructure of the front surface, the
top surface of the first substructure and/or the top surface of the second substructure of the
rear surface is a polygonal plane. The polygonal plane is in a shape of at least one of a
diamond, a square, a trapezoid, a substantially diamond, a substantially square and a
substantially trapezoid. It shall be understood that, during actual manufacturing, the top
surface of the first substructure or second substructure presents a profile of an irregular
polygon plane, and presents in entirety a profile of a substantially diamond, a square and a
trapezoid.

[00117] 1In S40, a tunnel oxide layer is formed on the first texture structure of the rear
surface of the semiconductor substrate.

[00118] In some embodiments, the rear surface of the semiconductor substrate may be
etched and then treated by ozone oxidation, high temperature thermal oxidation, nitric acid
oxidation, chemical vapor deposition and low-pressure chemical vapor deposition to form the
tunnel oxide layer 30.

[00119] In some embodiments, the tunnel oxide layer 30 is deposited on the rear surface of
the semiconductor substrate by a temperature change process and chemical vapor deposition.
During the deposition, a heating rate is controlled to range from 0.5°C/min to 3°C/min, a
deposition temperature is controlled to range from 560°C to 620°C and a deposition time is

controlled to range from 3 min to 10 min.
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[00120] For example, during the deposition, the deposition temperature may be 560°C,
570°C, 580°C, 590°C, 600°C, 610°C, 615°C, 620°C or the like, the deposition time may be 3
min, 4 min, 5 min, 6 min, 7 min, 8 min, 9 min, 10 min or the like, and the heating rate may be
0.5 °C/min, 0.8 °C/min, 1.0 °C/min, 1.2 °C/min, 1.5 °C/min, 2.0 °C/min, 2.5 °C/min, 3 °C/min
or the like, which may also be other values in the above ranges and are not limited herein.
[00121] The tunnel oxide layer 30 is deposited on the rear surface of the semiconductor
substrate by low-pressure chemical vapor deposition, which can reduce the influence of a high
local doping concentration of the thinner tunnel oxide layer 30 in subsequent high
temperature doping treatment and reduce the fluctuation of the open-circuit voltage. The
tunnel oxide layer 30 formed by the temperature change process and low-pressure chemical
vapor deposition can increase the open-circuit voltage of the solar cell by 4 mV to 6 mV.
[00122] The tunnel oxide layer 30 may have a stacking structure of one or more of a silicon
oxide layer, an aluminum oxide layer, a silicon oxynitride layer, a molybdenum oxide layer
and a hafnium oxide layer. In other embodiments, the tunnel oxide layer 30 may also be an
oxygen-containing silicon nitride layer, an oxygen-containing silicon carbide layer or the like.
The tunnel oxide layer 30 has a thickness ranging from 0.8 nm to 2 nm. For example, the
thickness of the tunnel oxide layer 30 is 0.8 nm, 0.9 nm, 1.0 nm, 1.2 nm, 1.4 nm, 1.6 nm, 1.8
nm, 2 nm or the like. The thickness of the tunnel oxide layer 30 refers to a thickness of the
tunnel oxide layer relative to a formation surface. The thickness of the tunnel oxide layer 30
formed on the first texture structure can be calculated by taking a normal direction of an
inclined surface of the substructure as a thickness direction and observing a cross section
thereof. When the thickness of the tunnel oxide layer 30 is excessively large, it brings adverse
effects to reducing the contact resistance of the tunnel oxide layer. A decrease in the fill factor
caused by the contact resistance can be inhibited by controlling the thickness of the tunnel
oxide layer.

[00123] A band gap width of the tunnel oxide layer 30 is greater than 3.0 eV, and it is
generally difficult to transport carriers through the tunnel oxide layer 30 by thermal emission.
However, the tunnel oxide layer 30 is very thin and carriers can pass through the tunnel oxide
layer 30 through a tunnel effect, so the tunnel oxide layer having a thickness within a range of

0.8 nm to 2nm does not block the transport of most carriers. As the thickness of the tunnel
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oxide layer gradually increases, the tunnel effect of most carriers is affected, and it is difficult
to transport the carriers through the tunnel oxide layer 30, and the photoelectric conversion
efficiency of the solar cell may gradually decrease. When the thickness of the tunnel oxide
layer is excessively small, the tunnel oxide layer cannot have a passivation effect. As a result,
in an embodiment, the tunnel oxide layer 30 is a silicon oxide layer, and the tunnel oxide layer
30 has a thickness ranging from 0.8 nm to 1.5 nm.

[00124] As an optional technical solution of the present disclosure, as shown in FIG. 6, a
thickness D1 of the tunnel oxide layer on the top surface of the outermost first substructure is
less than a thickness D2 of the tunnel oxide layer on a side surface of the outermost first
substructure. A thickness difference (D2-D1) between the tunnel oxide layer on the top
surface of the outermost first substructure and the tunnel oxide layer on a side surface of the
outermost substructure is less than or equal to 0.15 nm. The thickness difference may be 0.14
nm, 0.13 nm, 0.12 nm, 0.11 nm, 0.10 nm, 0.09 nm, 0.08 nm, 0.07 nm, 0.06 nm, 0.05 nm, 0.04
nm or the like. When the tunnel oxide layer on the top surface of the outermost first
substructure and the tunnel oxide layer on the side surface of the outermost substructure are
excessively large, the thickness of the tunnel oxide layer has poor uniformity, a current
density of the solar cell may be affected, and the open-circuit voltage of the solar cell
decreases.

[00125] In S50, a polycrystalline silicon layer is formed on a surface of the tunnel oxide
layer, and the polycrystalline silicon layer is doped to form a doped conductive layer, a
conductivity type of the doped conductive layer is the same as that of the semiconductor
substrate.

[00126] In some embodiments, the polycrystalline silicon layer is deposited on the surface
of the tunnel oxide layer by any one of physical vapor deposition, chemical vapor deposition,
plasma enhanced chemical vapor deposition and atomic layer deposition. The chemical vapor
deposition may be low-pressure chemical vapor deposition or atmospheric chemical vapor
deposition.

[00127] In an embodiment, the deposition of the tunnel oxide layer and the polycrystalline
silicon layer and the doping of the polycrystalline silicon layer are all performed in a

low-pressure chemical vapor deposition device.
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[00128]  Firstly, the alkali-polished semiconductor substrate is placed in a deposition device,
an oxygen source (e.g. oxygen, nitrous oxide, or ozone) of 20 L to 60 L is introduced, and the
deposition device is heated to 560°C to 620°C according to a heating rate ranging from
0.5 °C/min to 3 °C/min for a deposition time ranging from 3 min to 10 min to form the tunnel
oxide layer 30.

[00129]  After the introduction of the oxygen, a constant temperature phase is reached, and
then an appropriate amount of silane is introduced to form a polycrystalline silicon layer.
[00130] Finally, the polycrystalline silicon layer is doped in situ to form the doped
conductive layer 40.

[00131] In some embodiments, the doped conductive layer 40 may be a doped
polycrystalline silicon layer. The doped conductive layer 40 and the semiconductor substrate
have doping elements of a same conductivity type.

[00132] In other embodiments, a microcrystalline silicon layer or an amorphous silicon
layer may also be deposited on the surface of the tunnel oxide layer 30 and doped in situ to
form a doped microcrystalline silicon layer or doped amorphous silicon layer, that is, the
doped conductive layer 40.

[00133] When the semiconductor substrate 10 is an N-type monocrystalline silicon, the
doped conductive layer 40 is an N-type doped polycrystalline silicon layer, an N-type doped
microcrystalline silicon layer or an N-type doped amorphous silicon layer, and the doping
element may be an N-type doping element such as phosphorus.

[00134] In some embodiments, the doped conductive layer 40 has a thickness ranging from
60 nm to 200 nm. For example, as an N-type doped polycrystalline silicon layer, the doped
conductive layer 40 has a refractive index ranging from 3.5 to 4.5.

[00135] Subsequent to S50 and prior to S60, the method further includes: performing
high-temperature annealing treatment and cleaning treatment after the doped polycrystalline
silicon layer is deposited in situ.

[00136] Embodiments of the present disclosure does not limit how the high-temperature
annealing treatment and the cleaning treatment are performed. Illustratively, the
high-temperature annealing treatment deals with the deposited polycrystalline silicon layer,

which enables the polycrystalline silicon layer to better crystalize. An annealing temperature
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ranges from 700°C to 1000°C.

[00137] Through the high-temperature annealing treatment, diffused pentavalent
phosphorus atoms form the doped polycrystalline silicon layer. After the annealing treatment,
a microcrystalline silicon phase of the crystalline silicon is transformed into a polycrystalline
silicon phase, and phosphorus is deposited on the surface of the semiconductor substrate to
form phosphorosilicate glass (PSG).

[00138] The cleaning treatment is intended to remove a phosphorosilicate glass (PSG)
layer formed during the phosphorus doping. Due to the high concentration of phosphorus on
the surface of the semiconductor substrate, a phosphorosilicate glass (PSG) layer is generally
formed during phosphorus diffusion. This phosphorosilicate glass layer has a metal impurity
absorption effect, may adversely affect the normal operation of the solar cell, and shall be
removed.

[00139] In an embodiment, the rear surface of the semiconductor substrate may be placed
downward in a chain pickling device (the chain device is at a tape speed of 1.0 /min to 2.0
m/min). The semiconductor substrate enters an acid tank to etch away the phosphorosilicate
glass (PSQ) layer formed on the rear surface by phosphorus diffusion. The acid tank is
provided with a prepared mixed acid. The mixed acid includes hydrogen fluoride with a mass
concentration of 2% to 10% and hydrogen chloride with a mass concentration of 2% to 10%.
A pickling temperature ranges from 15°C to 25°C, and a pickling time ranges from about 30
seconds to 60 seconds. The front surface of the semiconductor substrate is covered with a
water film, and the borosilicate glass (BSG) layer on the front surface of the semiconductor
substrate may also be used as a protective layer. During the removal of the phosphorosilicate
glass (PSG) layer, reaction of the front surface of the semiconductor substrate with the mixed
acid is prevented.

[00140] It shall be noted that a washing process is needed after the pickling. A washing
time ranges from 10 seconds to 20 seconds, and a washing temperature may range from 15°C
to 25°C. In an embodiment, the semiconductor substrate may also be dried after washing.
[00141] In S60, a first passivation layer is formed on the front surface of the semiconductor
substrate.

[00142] In some embodiments, the first passivation layer 20 may be deposited by plasma
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enhanced chemical vapor deposition. It is appreciated that, other methods such as organic
chemical vapor deposition may also be used. Embodiments of the present disclosure does not
limit implementations of the first passivation layer 20.

[00143] The first passivation layer 20 may have, but is not limited to, a monolayer or
laminated structure of a silicon nitride layer, a silicon oxynitride layer, a silicon oxide layer
and the like. It is appreciated that, the first passivation layer may also be other types of
passivation layers. The present disclosure does not limit a specific material of the first
passivation layer. For example, in other embodiments, the first passivation layer may also
have a stacked structure of silicon dioxide and silicon nitride. The first passivation layer can
have a good passivation effect on the semiconductor substrate, which helps to improve the
conversion efficiency of the solar cell.

[00144] 1In S70, a second passivation layer is formed on a surface of the doped conductive
layer.

[00145] The second passivation layer 50 may be deposited by plasma enhanced chemical
vapor deposition. It is appreciated that, other methods such as organic chemical vapor
deposition may also be used. Embodiments of the present disclosure does not limit
implementations of the second passivation layer 50.

[00146] As an optional technical solution of the present disclosure, the second passivation
layer 50 includes at least one of a silicon nitride layer, a silicon oxide layer and a silicon
oxynitride layer. The second passivation layer 50 has a thickness ranging from 70 nm to 120
nm. For example, the second passivation layer 50 is a silicon nitride layer. The silicon nitride
layer has a low silicon to nitrogen ratio, and the silicon nitride layer has a refractive index
ranging from 1.7 to 2.1, which may be 1.7, 1.8, 1.9, 2.0, 2.1 or the like, and may also be other
values in the above range, which is not limited herein. The refractive index of the silicon
nitride layer is controlled to enable the silicon nitride layer to possess low silicon to nitrogen
ratio, so that contact resistivity can be reduced during metallization of the second passivation
layer 50 formed, so as to further reduce the contact resistivity of the solar cell.

[00147] In some embodiments, when the second passivation layer 50 has a stacking
structure of a silicon nitride layer and a silicon oxide layer or a stacking structure of a silicon

nitride layer and a silicon oxynitride layer, the silicon nitride layer is located on a surface of
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the doped conductive layer, and the silicon oxide layer or the silicon oxynitride layer is
located on a surface of the silicon nitride layer.

[00148] Further, subsequent to S70, the method further includes: screen-printing and
sintering the semiconductor substrate to form an electrode.

[00149] In some embodiments, the solar cell further includes a first electrode 60 and a
second electrode 70. The first electrode 60 passes through the first passivation layer 20 to
form ohmic contact with the P-type doped layer (for example, the boron-doped diffusion layer)
on the front surface of the semiconductor substrate 10. The second electrode 70 passes
through the second passivation layer 50 to form ohmic contact with the doped conductive
layer 40. The doped conductive layer 40 and the tunnel oxide layer 30 form a passivated
contact structure. The first electrode 60 and the second electrode 70 may be formed by
sintering a metal conductive paste coated on surfaces of the first passivation layer and the
second passivation layer. In some embodiments, the first electrode 60 or the second electrode
70 is made of a metal material such as silver, aluminum, copper or nickel.

[00150] Embodiments 1 to 13 and Comparative Examples 1 to 4 of the solar cell
manufactured according to the above method are illustrated as below. Parameters are shown

in Table 1.
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[00151]  Table Parameters of the solar cell
Second
fexture First texture structure
structure | Thickness . .
Distance | Distance | One-dimensio Thicke difference Thickes Refractive Thickess Refractive
‘ . ssofthe |, , softhe | . ofthe |
betweena | betweena | nalsize of the between | First : mdexof | Second index of
funnel o first .| second
Sample | fopanda | topsuface | topsurfaceof | . tunnel | passivation | | thefirst | passwvatio | | the second
bottom of a | and a bottom | the outermost o oxide laver passl passivatio | n layer passal PassIvatio
pyramidsha | surfaceofa | first ayer lfi\fers “ Ll  layer , nlayr  layer
' ped first substructure () (ﬁm) (im) ’ (m) '
microstructur | substructure | (um)
¢ (um) (um)
§6 Aluminym
Enbodinent | 5 19 | oo | ST gy | opg | g | g
| silicon nifride
niride
§9 Alyminym
Enbodiment | 4 1§ oo | ST g | g | S |y
) silicon nifride
nifride
102 Aluminym
Enbodiment |, 17 5| oon | T s | oqee | e
] silicon niride
nifride
116 Alyminym
Enbodiment | | 16 | oon | N e | gy | S )
4 silicon nifride
ninide
124 Alummum
Enbodment |, 1§ U] | ST s | e | Sy ] g
j silicon niride
nifride
Embodiment Y 6 132 L 0l Alummum $440 07 Sl'hc'on i 0
b oxide * nitride
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silicon
nitride
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Enbogimet 17 | o | e s | g | Sl g g
7 silicon nifride
nifride
32 121 Aluminum
Enbodinest I3 05 | o0 | S e | qes | e g | g
§ silicon niride
niride
. : — —
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* 1., thickness difference between a tunnel oxide layer on a top surface of the outermost first substructure and a tunnel oxide layer on a side
surface of the of the outermost first substructure

[00182]  Table 2 shows parameters used in a deposition process of a tunnel oxide layer and a polycrystalline silicon layer thereon of the solar
cell in each embodiment and in each comparative example. In the process, the silicon substrate 1S installed in a low-pressure chemical vapor
deposition (LPCVD) device, the device is vacuumed and the temperature 1s raised, oxide gas (e.g., oxygen) having a loading temperature 1s
added, and a three-stage oxidation process is conducted, in which a first oxidation period of 1.2 minutes is performed in the first stage, a second
oxidation period of 1.3 minutes s performed in the second stage, and a third oxidation period of 1.5 minutes is performed in the third stage, so as
to form the tunnel oside layer on the silicon substrate. Then, the oxide gas 15 exhausted and nitrogen is added to form an atmosphere in the
interior of the device, the temperature of the device 1S raised to a pre-deposifion temperature, a silane gas having a loading temperature i added

to the tunnel oxide layer of the silicon substrate for deposition, so as to form the polycrystalline silicon layer

[00183]  Table2 Deposition parameters of the solar cell
Onygn Silane gas
sowcegas | Ouidaion | Oudation | Oxidation | Pre-deposition | Deposition temperature for the 5
. ‘ L loading
Sample loading | temperature | | temperature 2 | temperature3 | temperature | polyerystalline silicon laver T
femperature (°0) (°0) (‘0) (0) (‘0) po
- (0
(0)
Embodiment 1 390 590 595 600 620 620 390
Embodiment 2 590 595 590 600 620 620 390
Embodiment 3 390 593 600 600 620 620 590
Embodiment 4 390 590 595 600 62 630 390
Embodiment $ 590 593 590 600 62 630 390
Embodiment 6 390 593 600 600 625 630 590
kR
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Fmbodiment 7 600 608 610 600 620 630 600
Fmbodiment 8 600 610 610 610 023 630 600
Embodiment 9 600 003 010 000 02 625 600
Embodiment 10 610 600 015 600 620 623 610
Embodiment 11 013 610 610 610 023 623 613
Embodiment 12 613 010 003 000 020 023 013
Embodiment 13 013 610 003 600 620 623 613
Compaiv 590 90 90 0 610 il 605

Example |
Comparatrve ‘ .
610 010 610 610 620 620 013

Example 2
Comparatrve . . .
630 030 030 030 030 030 043

Example 3
Comparatrve . .
, 590 390 390 390 010 010 003

Example 4

i
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[00154] Table 3 Test results of the solar cell
Photoelectric Contact
Open-circuit | Short-circuit . conversion resistivity
Sample | Joltage (mV) | current (A) | RN | efficiency | (mQ.cm)
(o)
Embo;hment 710 11.06 83.51 24.52 1.26
Fmbodiment 710 11.05 83.04 2436 1.25
Emboglment 710 11.04 83.54 24.49 1.28
Embo;hment 710 11.11 83.41 24.61 1.27
Embo;hment 712 11.1 83.43 24.66 1.31
Emboglment 712 11.08 83.39 24.60 1.30
Emboc711ment 712 11.09 83.51 24.66 1.29
Emboglment 712 11.12 83.04 24.59 1.32
Embo;hment 688 11.11 83 46 23.86 1.28
Embol%lment 689 11.1 83.14 23.78 1.27
Emboldllment 687 11.08 8327 23.70 1.28
Emboldzlment 688 11.04 83.04 23.59 1.26
Emb"l‘?mem 686 11.05 83.06 2355 1.29
Comparative 709 11.03 82.77 2421 1.53
Example 1
Comparative 707 11.04 82.76 24.16 1.51
Example 2
Comparative 710 11.04 82.645 24.23 1.54
Example 3
Comparative 710 11.04 82.7 24.20 1.50
Example 4

[00155] It can be seen from Embodiment 1 to Embodiment 3 that a distance between the
substructures in the first texture structure of the rear surface of the semiconductor substrate is
controlled within an ideal range, which can ensure that the roughness of the rear surface of the
semiconductor substrate is within an appropriate range, helps to improve the uniformity of the
tunnel oxide layer formed on the first texture structure, ensure better performance of the
tunnel oxide layer formed, further inhibit a high local doping concentration of the doped
conductive layer, reduce contact resistivity, improve the open-circuit voltage of the solar cell,
and improve a fill factor and photoelectric conversion efficiency.

[00156] In the first texture structure of the solar cell according to Comparative Example 1,
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in the direction away from the rear surface and perpendicular to the rear surface, a distance
between a top surface of the outermost first substructure and a top surface of the first
substructure adjacent thereto is less than or equal to 2 um. The smaller the one-dimensional
size of the top surface of the outermost first substructure, the thicker the tunnel oxide layer
formed by deposition. The uniformity of the tunnel oxide layer decreases, resulting in a high
local doping concentration of the doped conductive layer formed on the surface of the tunnel
oxide layer. The contact resistivity is increased compared with that in Embodiment 1, which
leads to the reduction of the open-circuit voltage of the solar cell, as well as the reduction of
the fill factor and the photoelectric conversion efficiency.

[00157] The solar cell according to Comparative Example 2 is not subjected to an
alkali-polishing process after texturing, the rear surface has a pyramid-shaped microstructure,
and the uniformity of the tunnel oxide layer deposited on the pyramid-shaped microstructure
decreases, which easily leads to a high local doping concentration of the doped conductive
layer formed on the surface of the tunnel oxide layer. The contact resistivity is increased
compared with that in Embodiment 1, which leads to the reduction of the open-circuit voltage
of the solar cell, as well as the reduction of the fill factor and the photoelectric conversion
efficiency.

[00158] Although the solar cell according to Comparative Example 3, through the
treatment of the substructure of the first texture structure, inhibits a high local doping
concentration of the doped conductive layer, the contact resistivity is difficult to further
decrease during the metallization due to the use of a silicon nitride layer with a high silicon to
nitrogen ratio. Compared with Embodiment 1, the distance between the substructures in the
first texture structure of the rear surface of the semiconductor substrate and the refractive
index of the second passivation layer are controlled, and a synergistic effect of the two can
better reduce the contact resistivity and improve the open-circuit voltage, the fill factor and
the photoelectric conversion efficiency of the solar cell.

[00159] Although the solar cell according to Comparative Example 4, through the
treatment of the substructure of the first texture structure, inhibits a high local doping
concentration of the doped conductive layer, the contact resistivity increases during the

metallization due to the use of an aluminum oxide layer and a silicon nitride layer with a
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lower overall refractive index as the first passivation layer.

[00160] The present disclosure has been disclosed as above with preferred embodiments,
the present disclosure should not be limited by those embodiments. Any person skilled in the
art may make several possible changes and modifications without departing from the
conception of the present disclosure. Therefore, the protection scope of the present disclosure

should be subject to the scope defined by the claims of the present disclosure.
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CLAIMS

What is claimed is:

1. A solar cell, comprising:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure includes two or more first substructures at
least partially stacked on one another, and in a direction away from the rear surface and
perpendicular to the rear surface, a distance between a top surface of an outermost first
substructure and a top surface of an adjacent first substructure is less than or equal to 2 um,
and a one-dimensional size of the top surface of the outermost first substructure is less than or
equal to 45 um,;

a first passivation layer located on a front surface of the semiconductor substrate;

a tunnel oxide layer located on the first texture structure of the rear surface of the
semiconductor substrate;

a doped conductive layer located on a surface of the tunnel oxide layer, a conductivity
type of doping elements of the doped conductive layer being same as that of the
semiconductor substrate; and

a second passivation layer located on a surface of the doped conductive layer.

2. The solar cell according to claim 1, wherein the front surface of the semiconductor
substrate has a second texture structure, the second texture structure includes a
pyramid-shaped microstructure, the pyramid-shaped microstructure includes a top portion
away from the front surface of the semiconductor substrate and a bottom portion close to the
front surface of the semiconductor substrate, and in a direction away from the front surface
and perpendicular to the front surface, a distance between the top portion and the bottom
portion of the pyramid-shaped microstructure is less than or equal to 5 um.

3. The solar cell according to claim 1, wherein for the two or more first substructures at
least partially stacked on one another, in the direction away from the rear surface and
perpendicular to the rear surface, the distance between the top surface of the outermost first

substructure and the top surface of the adjacent first substructure ranges from 0.3 um to 1.2
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pm.

4. The solar cell according to claim 1, wherein an average one-dimensional size of the
top surface of the outermost first substructure ranges from 10 ym to 15 um.

5. The solar cell according to claim 1, wherein a thickness of the tunnel oxide layer on
the top surface of the outermost first substructure is less than a thickness of the tunnel oxide
layer on a side surface of the outermost first substructure.

6. The solar cell according to claim 1, wherein a thickness difference between the tunnel
oxide layer on the top surface of the outermost first substructure and the tunnel oxide layer on
a side surface of the outermost first substructure is less than or equal to 0.15 nm.

7. The solar cell according to claim 1, wherein the first texture structure further includes
two or more adjacent second substructures that do not stacked on one another, and a
one-dimensional size of a top surface of the second substructure away from the rear surface is
less than or equal to 45 um.

8. The solar cell according to claim 7, wherein the top surface of the first substructure
and/or the top surface of the second substructure is a polygonal plane.

9. The solar cell according to claim 8, wherein a shape of the polygonal plane includes at
least one of a diamond, a square, a trapezoid, a substantially diamond, a substantially square
or a substantially trapezoid.

10. The solar cell according to claim 1, wherein the tunnel oxide layer includes at least
one of a silicon oxide layer, an aluminum oxide layer, a silicon oxynitride layer, a
molybdenum oxide layer or a hafnium oxide layer, and the tunnel oxide layer has a thickness
ranging from 0.8 nm to 2 nm.

11. The solar cell according to claim 1, wherein the second passivation layer includes at
least one of a silicon nitride layer, a silicon oxide layer or a silicon oxynitride layer, and the
second passivation layer has a thickness ranging from 70 nm to 120 nm.

12. The solar cell according to claim 1, wherein the first passivation layer includes at
least one of a silicon oxide layer, a silicon nitride layer, an aluminum oxide layer or a silicon
oxynitride layer.

13. The solar cell according to claim 1, wherein the semiconductor substrate is an N-type

monocrystalline silicon substrate, the doped conductive layer is an N-type doped
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polycrystalline silicon layer, an N-type doped microcrystalline silicon layer or an N-type
doped amorphous silicon layer, and the doped conductive layer has a thickness ranging from
60 nm to 200 nm.

14. A photovoltaic module, comprising a plurality of solar cell strings, wherein each of
the plurality of solar cell strings comprises a plurality of solar cells, and each of the plurality
cells comprises:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure includes two or more first substructures at
least partially stacked on one another, and in a direction away from the rear surface and
perpendicular to the rear surface, a distance between a top surface of an outermost first
substructure and a top surface of an adjacent first substructure is less than or equal to 2 um,
and a one-dimensional size of the top surface of the outermost first substructure is less than or
equal to 45 pm;

a first passivation layer located on a front surface of the semiconductor substrate;

a tunnel oxide layer located on the first texture structure of the rear surface of the
semiconductor substrate;

a doped conductive layer located on a surface of the tunnel oxide layer, a conductivity
type of doping elements of the doped conductive layer being same as that of the
semiconductor substrate; and

a second passivation layer located on a surface of the doped conductive layer.

15. The photovoltaic module according to claim 14, wherein the front surface of the
semiconductor substrate has a second texture structure, the second texture structure includes a
pyramid-shaped microstructure, the pyramid-shaped microstructure includes a top portion
away from the front surface of the semiconductor substrate and a bottom portion close to the
front surface of the semiconductor substrate, and in a direction away from the front surface
and perpendicular to the front surface, a distance between the top portion and the bottom
portion of the pyramid-shaped microstructure is less than or equal to 5 um.

16. The solar cell according to claim 14, wherein for the two or more first substructures
at least partially stacked on one another, in the direction away from the rear surface and

perpendicular to the rear surface, the distance between the top surface of the outermost first
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substructure and the top surface of the adjacent first substructure ranges from 0.3 um to 1.2
pm.

17. The solar cell according to claim 14, wherein an average one-dimensional size of the
top surface of the outermost first substructure ranges from 10 ym to 15 um.

18. A method for manufacturing a solar cell, comprising:

texturing a semiconductor substrate, and forming a second texture structure on a front
surface of the semiconductor substrate, wherein the second texture structure includes a
pyramid-shaped microstructure;

forming a doped layer with doping elements to the front surface of the textured
semiconductor substrate;

polishing a rear surface of the semiconductor substrate with an alkali solution such that
a first texture structure is formed on the rear surface of the semiconductor substrate, wherein
the first texture structure includes two or more first substructures at least partially stacked on
one another, and in a direction away from the rear surface and perpendicular to the rear
surface, a distance between a top surface of an outermost first substructure and a top surface
of an adjacent first substructure is less than or equal to 2 um, and a one-dimensional size of
the top surface of the outermost first substructure is less than or equal to 45 pum;

forming a tunnel oxide layer on the first texture structure of the rear surface of the
semiconductor substrate;

depositing a polycrystalline silicon layer on a surface of the tunnel oxide layer, and
forming a doped conductive layer by doping the polycrystalline silicon layer, wherein the
doped conductive layer and the semiconductor substrate have doping elements of a same
conductivity type;

forming a first passivation layer on the front surface of the semiconductor substrate; and

forming a second passivation layer on a surface of the doped conductive layer.

19. The method according to claim 18, wherein the polishing a rear surface of the
semiconductor substrate with an alkali solution includes:

cleaning the rear surface of the semiconductor substrate with the alkali solution having a
mass fraction of 5% to 15% to remove porous silicon;

dropping, by spraying, micro-liquid droplets of the alkali solution to the rear surface of
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the semiconductor substrate for roughening treatment, and then performing pre-cleaning with
a hydrofluoric acid having a mass fraction of 5% to 10%;

polishing the rear surface of the semiconductor substrate with a polishing liquid at a
polishing temperature ranging from 70°C to 80°C for a polishing time less than 260 seconds,
wherein the polishing liquid includes NaOH having a mass fraction of 1% to 15%, KOH
having a mass fraction of 1% to 15% and an additive having a mass fraction of 0.51% to
2.5%;

removing organic components in the polishing liquid by a mixture of potassium
hydroxide having a mass fraction of 5% to 15% and hydrogen peroxide having a mass
fraction of 15% to 40%; and

washing and drying the polished semiconductor substrate.

20. The method according to claim 18, wherein the forming a tunnel oxide layer includes
at least one of:

1) depositing the tunnel oxide layer on the first texture structure of the rear surface of the
semiconductor substrate by a temperature change process and chemical vapor deposition;

2) during the deposition of the tunnel oxide layer, controlling a heating rate to range
from 0.5°C/min to 3°C/min, a deposition temperature to range from 560°C to 620°C and a
deposition time to range from 3 min to 10 min,

3) a deposition temperature of the tunnel oxide layer being lower than a deposition
temperature of the polycrystalline silicon layer;

4) the tunnel oxide layer comprising at least one of a silicon oxide layer, an aluminum
oxide layer, a silicon oxynitride layer, a molybdenum oxide layer or a hafnium oxide layer;
and

5) the tunnel oxide layer having a thickness ranging from 0.8 nm to 2 nm.
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ABSTRACT

Provided are a solar cell, a manufacturing method thereof, and a photovoltaic module.
The solar cell includes: a semiconductor substrate, in which a rear surface of the
semiconductor substrate having a first texture structure, the first texture structure includes two
or more first substructures at least partially stacked on one another, and in a direction away
from the rear surface and perpendicular to the rear surface, a distance between a top surface of
an outermost first substructure and a top surface of an adjacent first substructure being less
than or equal to 2 um; a first passivation layer located on a front surface of the semiconductor
substrate; a tunnel oxide layer located on the first texture structure; a doped conductive layer
located on a surface of the tunnel oxide layer; and a second passivation layer located on a

surface of the doped conductive layer.

(Fig. 1)
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Texturing a semiconductor substrate, and forming a second texture
structure on a front surface of the semiconductor substrate, wherein
the second texture structure includes a pyramid-shaped
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applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | k1 ANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD.

Mailing Address Information For Applicant:

Address 1 b/F, No. 277 Hugingping Road

Address 2

City Minhang District, Shanghai State/Province
Country ‘ CN Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

L Attorney Docket Number | 084546-000033
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

Applicant Iz

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | b j)ANG JINKO SOLAR CO._, LTD.

Mailing Address Information For Applicant:

Address 1 No. 58, Yuan Xi Road, Yuan Hua Town

Address 2

City Haining, Zhejiang State/Province
Country ‘ CN Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

Remove

If the Assignee or Non-Applicant Assignee is an Organization check here. []
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PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 084546-000033

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

Prefix Given Name Middle Name Family Name Suffix

] i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |jJefirey L. Costellia, Reg. No. 35,483/ Date (YYYY-MM-DD)| 2021-08-27
First Name Peffrey L. Last Name | Fostellia Registration Number 5,483
Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35U S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/cr examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5U.5.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a{m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC

MODULE

First Named Inventor/Applicant Name:

Kun YU

Filer:

Jeffrey Costellia/Donald Sias

Attorney Docket Number:

084546-000033

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Suz—;l'g(t;)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 320 320
UTILITY SEARCH FEE 1111 1 700 700
UTILITY EXAMINATION FEE 1311 1 800 800
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description

Fee Code

Quantity

Amount

Sub-Total in

UsD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1820
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Electronic Acknowledgement Receipt

EFS ID: 43621768
Application Number: 17459689
International Application Number:
Confirmation Number: 8617

Title of Invention:

SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC
MODULE

First Named Inventor/Applicant Name:

Kun YU

Customer Number:

22204

Filer:

Jeffrey Costellia/Donald Sias

Filer Authorized By:

Jeffrey Costellia

Attorney Docket Number:

084546-000033

Receipt Date: 27-AUG-2021
Filing Date:
Time Stamp: 17:07:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $1820

RAM confirmation Number E20218QH07192184

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (if appl.)
744999
1 084546_(;0(;)33_.Specit;cfation_ yes 48
ana_ raWIngS'p 9fa4aadc3990e855229f6b28068ee867d2d
Oaef
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 37
Claims 38 42
Abstract 43 43
Drawings-other than black and white line drawings 44 48
Warnings:
Information:
2279481
2 Oath or Declaration filed 084546700003;{Declarat|on. no 3
p 2e7f28007a7ee98f12a3115a2ea3600c25¢ebh)
016c
Warnings:
Information:
1276214
3 Application Data Sheet 084546_0000535_Ap%hfcanon_D no 9
a ta* eet. p cae8ab8861ce0ba69fh626a8df6cS chAfdf|
Warnings:
Information:
43982
4 Fee Worksheet (SB06) fee-info.pdf no 2
299622407469d877e2bdcefb895789d9c(f
<076
Warnings:
Information:
Total Files Size (in bytes){ 4344676
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17459689 Document Date: 08/27/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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