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[0020] & 6-2 Jeos AU H] T BATIZEUF A IE IR n L 8 e R R AR PR A S BT AR S 77 5K 1 1
vinr PR 2R B I B R P () 713 L ) LT i

[0030] K& 6-3 2o th A H] T BA XSG n AU G Rk TR IR A I B S 77 5K 1 1Y
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i 7 R Tk R PH B HR I ) 713 T 1) T A ]

[0031] & 6-4 R i T HAA 12805 I n Y 0 ik SR 1 2 2 BH RS2 7 5K 1 1)
dn M FR I K RH B8 FLIB PR 3E T i T e o

[0032] [ 6-5 il T RAZSEMIER n AL IR AR B IS8 77 X 1 1)
b PR R A N FH B8 b i 3E T e

[0033] & 7 Sl i 4 1) S M A Z S T LS 0 TR o A SR ) T T AR P

[0034]  [&] 8 J27R HH ad ek 1) 3 PR T R T B Py < - FE IR T 724 5 A 4 S i TEM R 1 o
[0035] | 9 J2& 7~ HA AR ok 5% ) 5 P e 20002 S I 4 S B R o1 5 Sl T % T [ Pk it 2] 1
TEUL T RIS TEM 141 o

[0036] & 10-1 &7~ tH A B S it 5 = 1 IR0 — 4k R SRR —4k Vo 15 Za i it 2k
K.

[0037] [ 10-2 Jon A &k A A Sl 3K 1 A S AR — 14k Voc ¢ 2 2k
K.

[0038] & LI-1 /s HUF M T HA ZSRMIE R p B0 qh Ak BEAR (109 25 B 1 s it 77 o 2
) i P 2 ik I T R R 9t 4 T3 P 1 T A

[0030] W 11-2 @& R HAEH T HA SO IE 1) p Y 50 AR RE AR IR A A IR A St 77 o 2
I i A R Ak R FH R FRL Tt 4 73 e T 1

[0040] K& 11-3 & m AT T HA S8 IE 1) p 29 80 SRR FEAR IR A i B iR st 7 =X 2
) i A R A O PH R FRL Tt 4 T3 T e 1

[0041] ] 12-1 s AR BA (RSt 7 2K 3 AR 1 3 ik N FH B8 HEL T 1 n B0 ek AT A
B

[0042] || 12-2 SR A R BH B St 77 3 3 AR A0 4 Ak K IH B8 FELt ) n B i ek AR
IR

[0043] & 13 /2 U B 2 B A St 75 3K 3 1 ot i 8 ek DK FH B PR PR 12 5 v 9 FH 1
R A SUOEARE I n BB SR R AR I S B T R0 SRR

[0044] & 14-1 2 5 WA e T AR St 7 3 3 0 o A 23 Ak K PH 8 FEL PO+ g 2 O 1
T R H AT SR IS n R S R SREAR 1 SCH W R T3 (022 3R 10 T2 1

[0045]  [&] 14-2 2 Ui B A S B S 5 30 3 AR o 4K ZA Tk PH A HL vl Sy )32 v R i T
TE R AT 2R IS ¥ n R0 ek AR 1 25037 B T 2P BRI T ek 1]

[0046] & 14-3 215t B A 2 B A S Uil 7 3 3 A0 ot A 2 Ak K T vl g e v O T
T W EAR SRR I n L SR G A AR SO H P R BRI Tk i 1)

[0047] ] 14-4 S BH A A B St 7 1 3 1 o AR 38 Ak K S e P v g A v I
TE R SIS Y n B G AR S0 E L7 B BRI ki 1 o

[0048] P& 14-5 ik BH A A B A St 75 o 3 F0 o 1 2 ek K PH B FELYE P 76108 5 v O+
TR EAT SO I n 80 R G SRR SO R e IR0 R ek i 1)

[0049] P& 14-6 &5 HH A e HH AR St 75 3 3 A0 i 1 22 fek K H i PRI P 7108 5 920 O
TR AT SRS ) n B 8§ Ak FEAR R SO TR 1 e 128 BRI Lk 1]

[0050] 45 Ui EH

[0051] 1 :n LA ARAREIEAR s 1p :p B R AEFEAR 52a.2b o1 BAEAE)E 3 p BUERAESE
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3din BUEYHUZ 54 on BUAEGREE R 5a.5b BRI 6 AEHAR o7 T HAR ;8 (HAME
J2 5P MR SE PR 5S AW 15 cp B BUR 16 SO0 Ak 517 S i k.

BRI AR

[0052] LA, ARAE B P, 19 40 150 B A<k B 9 B & Fith S L3 D7 VA B ety e S 4h,
AR T LU R, BRAE 7E AN IR 1 A S B AR B2 r ()Y B P B A MR B8 . S 4, R
P RIBt Bl o, O 2 TR -8RI B R I 5 SERR AN o 785 Y B2 TRt 2 R RE 1
[0053] Sty = 1.

[0054] P& 1 2o tHAR A& B B OR B A6 r it () S8 i 77 5K 1 1 ot A4 ZR AR K BH B PRt PO R s 25 44
FIFE . B 2-1 1 2-2 27 AR ARG a2 K P A F YL AR R AR AT s n 280 B PR R AR 1
BIRR T S DL RGP AR B B fE b KB Re it b, 4F 8 S R R I RE SRR, AE A T
RBHEERZ 1~ 10Q « em, TR H (100) AR, IFAEZ 50 wm BAEH 300 um AN n &Y
HOGRTESEN Lo 76 1% n B0 GTESEN 1 AR, FEATHLHESY T A B0 i O P4 F
(94 T IR BT AT 3 Po M PR A AEAR LA T F 6 TR, RO A58 TR TR
WEAW 4 AL 3 1200 BAFHE F 4. S ZoneFRemey L mimm. 2
n A AR RAR | SR A M E P, AH PR b, FTEALA R EE (100) R ESHIELE T
LT EERI TR 4544 o

[0055]  S4b, ETE A T ISR n Y B i i BEAR L PN RRIAL, TE AR T 1 AR AR 2
2a.2b. 7E i #UAESEE)E 2a b, HIRJEEE A Snm [ p KRR 3. 7E 1 BAEMAEE 2b
L SR ALY Snm (1) n TR R Z 4. DRAb, 1 TUHESEEZ 2a. 2b RS R AR K T 15
FE SRR EDG AR I MR RAF R . 40, B 1 RAESAEZ 2b TR n AYSE fbad 4 2T
fa A 3R AR I F ¥ BSF (Back Surface Field, H i Hg) |2, (HAE — & D AUE L
X AR EEZ 2a.2b LUK n BUAREE 4. 7540, X T EUE RS, Wn] LA T 326 T
il .

(00561  F4b, 11 p RAERAE)E 3 b, JERLT ISR N4 T0nm [ 11O (SALERYS ) i bk
% 5a, EFTIRIE G 5a L, R T B4R (Ag) MRS E /4 60 nm I 6. 55—
T £F n RAEEEE 4 b, BB ML Bl 5b, BN R T R4 300nm (I H R (Ag)
Ty RS TR H AR 7

[0057] & 2-1 7 HH AR & BH A St 2 1 2R 14T il T n 8 8 R AR 1 R T 521414,
Kl 2-2 R ISR K . S 4h, B 3 R % n BYBE RIEREAR. | S BRI AR T TEM 2. &
2-1 LUK 2-2 Fiow, TTANAE RETA (0 DAV A R B AS O SRS F ™38 PR3 i
JEE T 2 T 43 D) S8, TS e P 40 B B2 3BT B, 3 5 2, R KRB 20 RO SC R A BB 19 4 3%
AL o ShAd, SIS F R &R R 740, IR K 3 fetg i, Bid 76 n
AR AR IEAR (REZEAR ) 1 A S T I8 T, M M SR Midk ol 115 ~ 135° L 3R H,
RIEE T EHRIOTERAL . T4, Bekk, M2 1 R4

[0058] 2 ok, Ui WA A2 WA IR SEHE 75 3K 11 it R SR e DR P REFELB IR IS 7 v Pl 4 2R i
A A R B (st 75X L o 1 ZR ek K BE ot Fl R 38 vk R TR i AT SO IE 19 n
B SRR T SO T il L TP P IR R o B 51 ~ ] 54 2 Ui BH A & BH 1 Sz 77 =X
11y b PR B Ak X BH B Lt 9 3 7 b i F TR R SRR IE 1) n B A e BEAR I S0
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TR PP BRI T ek o B 6-1 ~ & 6-5 2 thF T R 8IS K n B %
ik AR 140 o A7 2 Ak A T R i yth 11 s TP 1 e 1)

[0059]  7E At 75 o A BH B8 HEL v 1R 0 5 3, AN TR PR ZI R, T BB AE SR — 2
KA A SRR (100) RS, WRLE (100) R ESHACE T &5 R0RI
MRS . B, FORHIETE T, 2 sECEAIE () TP s 25— 1% (PR S30) , W iRk
FA) 0 THD St % ) S MR L), TE R A G A8 AR IR 30 528 — 0 (DR S40) , St e 1] [F]
PR, R 7 3 R 1T 8 ) A BN I 3 s ARG =0 (BB ER S50) , R R St 41
SRR 7 I G 55 A (0 1T 0 IR A B A T R

[0060] G, 1 N FEAR, MEAS T IEL (crystal face orientation) Jy (100) Hn
R SEAR 1 (B 5-1) o n AR RESEAR 12 B 2 e SR iR R 1 o 2R 1) B R ek i
LA R T2 .

[0061] N2k, Af n AU B S Ak BRAR L KT S2 M 10 000 FX) 2 [ S Tt 25 1 S P ) o AR5 ]
PEVRZI B G, #2531 n Y R A TR 1L AR . R A
PR, AT i & AL (NaOH) 7K S AL HT (KOH) /KIS o I8 ek i 1T JEE
HRAE AN I B DL A S 2 1 A 88, iy 9] ik FE AL IE R | A S5 LU B HL 10 FE %6 DA
TR AE N, WA DAE G R R (TPA) B2 A HUBERR A HIRESS, tha] DAY I 7L
TP ESE . 55 Ak, PRI K AR R LR E 9 TOC BL R H 90°C AR . At e 1)
PRIEH 20 ~ 10 438ho LI DNTERR , REYS SCIRER A BT AL

[0062] 47 L it AR I KON n A B SR AESEAR 1 BIER I AT 45 o) S R A 1, DI )
FEPRE) (100) (% i ZIE 2, i S¥ e i i 2 e FE R A2 IR (L11) IR s FR T 4 Py
TV 201 FAY i AR NS o 3K, T R B B 1A 3 P (D BR S30. 1 5-2) o [l 5-2 IR Tk
T HRAT SR L1 R R B B PRI .

[0063]  iZ< AL E P HATRIE A (11D R S8 A0 0034 P o2 AE
A n B G AEEEAR 1 SZ O A AN T DY 4R AR B 58 AR B S5 R, RTINS b 1E
T TR, AR R & ARG o LB AR U1 ™ 350 P o2 4 AN b A2 ST A ), LS
T BT TR e i B

[0064] 153X HE, Wil 5-2 fFian, HHATREIN T, LA 4 n R G REFEAR | R TH 2
R A SRR RS (111) [T B RN 3 P B 7 7= H JB I B 22 [ 50 L n
R SR | BRI, T 8 o AN FR Y TEM 450 BRI, 1 (111) TR 70 ~
85° FBEUY I V FARMAE . FERZ0, AT DA 2. 4, %81, 7E n
AU SR AEFEAR 1 RS2 T O LA BT T A P IR W T T 350 P AE A ] LAASUPE 52 ' T ) 7
R R P S8k, A ML SO, T AR TR A 1 < AL A Y M B P T v ARSE TS
STV Tl 100 B MG I SO B BEAR R A o 55— 7 1, AT DATE T ey 30
P ZHT, R T AMEI AN, SERE AR W AE YL (initial cleaning) o iy, 4] DAL
FAE T Bk A M v R v i ) ok B ) 1y I R R R T R 0 2 I T . Si 4k,
TEWUN 2 S5 T2 o, BHEE A T 42 P B S A AR PN 2% PRI SR 3 A W S AR 2,
B B TR 4%

[0065] N2k, Wil 5-3 (AL ER S40) Brom, XFTE AT I 4 & P IR n B0 53 Ak LA | SIEie &%
] [ R, PR S BBl . B 9 I I R S A B TEM 5. P g 5 8] 2-2
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A o AE R & 1] R PE TR ZIVE T, BES 1 FHEURIR (HF) FIAHER (HNO,) FRVRS R B SRR
(HF) JAER (HNO,) LLAEERR (CH,COOH) FVR-GHEAE . HI T 18 i 1 Sy B o A T IN (7] , R0
2 ) A AR A TR, BT DA UR 2 B AR BRI R] R S5 AF AN R T o TERF 9] a2 9. (HF) A
W (HNO;) LA 1:10 ~ 1 :100 [{J LUV A WI7KE I, B8 e Brak VT 56 P n 2 55 Gl Ak
FER L Bt 10 B~ 5 23 8P b, fEihZ, ] AR R . D34, & 1 R PE A ) AN
PR TSk, 2 B 3 2 AT

(00661 1y, AT AT A il B A T AT AR PO o B AR R A AR 1, S R I (] 5
S Z AL B, AEAS T B (B S50) o (5IXEE, 19 B E] 54 FTos 1T 4EA il
HAFIHER F M35 P A n &Y R S SEAR 1.

[0067]  ATANSEHE 7 2D, B R I W R IX LIRS i AT B vk 0 A5 R T R A
SR o A A 1] e R R R B ER A S AL (NaOH) LR S AL PR (KOH) S50k
J& S A I KA R BRI (Na,CO,) DA AL BR BRI (K,CO,) 50 <65 i Tk B ik (R /KIS ¥ o 191
U, R 0.1 ~ 15wt % I EUEAL T (NaOH) ACHE P, H 0 A A B A T I A i)
n AR SRR | 5 5 ~ 60 #bo AT, AT ABE R A W . 1 0, PR i Je AR AR
¥5.

[0068]  ARIXHE, LETE L T HA PHES F M5 P 2 )5, Wk 6-1 fis, £ n B g
nAEgEAR 1R BRI, A5 A A S SO AR G (VD) V5 ARIOE R 1 BLAESREE)Z 2a. p AR GEE)E
3o 1 BAENEESE 2a.p BRI R 3 & B IR 2 dnme FEASIIE 77 2, $41R JE R4 Bnm,
{HARE 2RI 2 AF, n) LU Snm LA H. 10nm L VSRR IR E . 414 CVD, 115 {5 F 25
R CVDL B CVD V5% O T AT A D W AR 0 2 ) n B B8 S e B | P AR A N
H.37, p BEdAEZ 3 BB S ML BE R 0 I W5 2 1. TeV DL B0, 4eV LR . S 4b, b
AR 1 AR AEE 2a, AT 1 B4R BB AE 2 i B9 AR AR 2B E 2 S T e
LR TiAk, WA DA p BYE R E 4 AT A p 2R R TR G Z o BYHE T TR A A
B AU EEE B T el 2 B .

(00691  FH UL, H (L11) AR T 70 ~ 85° [ EUS I V 7R FRIRH () 141 4 35 P ) JES #83E
AT IEES F RS Ak 115 ~ 135° o [KI, A1 EL T {0 0 JES SR 150 £ T O 345, B
g (100) THFEAK 10 ~ 20%.

[0070]  XAE, 7E n BUPERAETER 1 P IIE A T 1 BAERAER 20, p BAERTER 3 25,
Wik 6-2 Fram, 75 n B8 i iEREAR 1 K2 6T AT R ), A P4k 25 AR (CVD) ¥4, kiR B
i BAERRIESS 2bon BAERAES 4. 1 BUEEMRIER 2bon BRI 4 % B RS2 Snm.
TEASEITT A, W 5 IR 152 nm, AERRHE 2 BT gk A, ] LAJ2 3nm B E L 20nm LA
JEFE I« ER VD, RIS FZ5 5T 14K CVDLFA CVD 55 o 1A HE AL 2 1 n
AR AR 1 AR N E s, n BEAEREEE 4 B EREE I TR 1. TeV DA
F10.3eV LA o F A, ] UARE  AHEREE)Z 2b m {1 AR AR R S 1 AR
FEMEESRFHEMNESMRNZER. 540, BT DA n BEAEmaEE 4 m{EH n 2
HE SR T RAAEZ  n BYHE TV EAAE 2 n BB Z B IS AN E B T N 2 2 S
[0071] W LAFE n BY SR e b 1 Bz 1 1 B AR AEE 2ban BYAERAEE 4 25,
KT REAG § AR AR AN n AR REAR 1 1K) SRR B T AR B N T AR R
THESH, SEEAOR KARTE . AHEEIR K N 200°C AT,
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[0072]  fEHGB KAEFE LT, WK 6-3 Fim, 7E p ZHEMEE)Z 3. n BUEREEZE 4 &, FHIRS
PR AT RGE G AR Sa5be 2% T3Z DI MUK 5a.5b [ IS, AR FRAIC S SR R 100
w2 T0nme AEAZECIERARAM R, (LTS (IT0 :Indium Tin Oxide) \BEF# 4K
A (In,0, :Indium Oxide) Z5i& 6P S HLE (TCO :Transparent Conductive Oxide). &
A, JREEE P AR 5a.5b [ A BE 3R, 1R i SRR 5 ik (B R, W 2
B B0k, AR G AR 5a.5b A RHAAUE MBI L. R T BL 70nm [ BLIA 3 78 4
I FBL R, WA )8 0 100em’/Vs BL o B340, 4E 5 T 2 M EE e vk kARl doar L
AT 48 (A i (Ga) ZFEMEAME: (Zn0 Zinc Oxide) .

[0073]  7En BUARSNEEE 4 LI T IE AR ob 2 )m, Wil 6-4 PR, 7EiE LMk 5b
b SR SA R 2RV E T i Ag R RS T LR 7. S THIHELAR 7 R JEL A 24 300nm, 1B
MEMER Ago AT DIANE T R T HEAR 7, e R et itk ob [T 22 W Bl sl v
LT R Ag F IR A . ST RS R 7 HORRL, AT A T R A R LA R S M,
LS Ag A AEE (AD 4 (Auw) ] (Cu) .

[0074] ¥ p BUAEGREE)Z 3 BIERL T8 et Al 5a 2 5, Wl 6-5 FIToR, Ei& 6 IE i 5a
2 W OURNETE R R A F4 RCRIEE AR 6. Y9 4k, o6 T A s AR 6 I M Ha AR (grid
clectrode) (956, A T PHIEE e, B A=t 4T, B 238 e BRI, DX M H b, R 08
FE7s, HIBE K. FEAS SEHE 7 2, 56 B2 U0 50 um, Y JE LN 60 um. 5540, I 1 221
VR LAAL, 38 T] DL F A2 ok I BB M 6.0 AEENI) T BEFBAR 6 2 )5, £ 200°C BL R 3T
Feiilo A IXFEAS B 1 b VR 2R ek O PH B FELAE (1) 11 2 A3 (10 28 AR, JELIE TEM W 8% A 3
I 8 FT7n BRI EL B 1 f o A Zadee PR g B it Ref—T LI R2 &l 9 BT ¥ E e8] 2 ) 1 Ak
KFARE I Ref—T1 (TR, AR e AT 3 From A I TH4HR0 B TR

[0075]  H N2, K 1o VARG bk 75y il 3 ) ot 1k R e K PH e it L3529 1 1 ot 1
FEEFHBE L Ret—1 FTELER] 2 (K95 AR F AR BH R FLH Re f—1 1, 00 K PH R HE It 1 11
S5, P L8] 1 ik ZARE R B8 FE Ref—T 2 7E n Ao SRR 1 AU R4 2 30IR
(49 T Y 4 F 5 A S it 7 X1 A PR PRI ] P 4% R shOPE 16, B9 2 1 1k Rk KRR B8
Hijlh Ref—1T A 7E n AR A EREAR 1 B e A (B0 4 77 T30 P L 3% 5 A R W AH IR 1
FATHIER o

[oo76] [ 3% 1]

[0077]
Jse Voe¢ F.F. n
(mA/em?) W) ) (%)
ALk F A 37.3 0.708 0.780 20.6
A 1
37.5 0.658 0.761 18.8
Ref-I %4k
PR A 2
37.3 0.681 0.769 19.5
Ref-11 K
10
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loo78] AR 1 ml A, AN St 5 20K o 14 22 Ak K PH B8 M VA LU BLALAA) 1 1) i i R Ak
RPBIREE Ref -1, FF U (Voo) ARINERR 7 (F.F.) BG5S 8 RAZ AR 50
B Jse b &= UL b, REMBAR MR MR § (%) o T P B, [ I St
Jsc M, BT LASE+SE BE R Voo FIF.F. 5 Jsc A ITEINK A, Bk, nf a5+
AN 77 A A AR I NP B I AR, B 5 B 2 (1 otk B A N PH B it Ref—T1
T ELAE, FFE HL R (Voo) AR IR R 7 (FLF.) RIS & ok, B isi e ma f oK.
F.FE. Rt 2 (fill factor), H23&om i A AR XS B85 i B B R 2502, ok SRR
RE HL AR (1) 5B B AR 2 — o SR A 2 F I F s DL R R H 2 B, G BB,
TE 5 Ky -5 RS AR R R O 1Bk S RE 1, BB BRI | Ron R SR i
[0079] & 10-1 27 tH AT A5 3 B 120 £ 1 n 200 BA 0 Fek SRR R AR % BH T AR 48 38 HoA
B F 1) n R R R EAR LAk SR DR % n R AR 1 SRR G R R Ak
IXBHBE AL VA — 1k Voc I R AT IHZE P o LA KSR AS & s s nbn T/ Ee 50 1 F
TR Za Tk K PH B8 Fat Re (=T () S8 38 DL KL Voo HEuE, BT T IH—4b. 12k a RoR A7
3L n B ST L B X SRR SE MBI N T T R TP F OISR, sk b &
TR SIS H S 8 A0 A He B 2 R R R PR RE Hadth Ref-TT 19ZEM. HRYE %
th 2z B REAE A DA, AN S 77 U di A4 R0 K P RE FRL AR LG T EL A8 ) 2 9 i A4 SRR BH 8
i Ref-11, Voc $gimr. XA A K H 75 A 58t 77 2R i 48 2R 0 K S e r vt o, 2 o s ]
WAL Ak, RENSF I BE LS A A 5B PR T 5 LS B AL R R e B A R A AR iR R &
TEAT SR 45 S m] S0, A8 EL A RE RV RS A2 () B i B8 I, AR S 77 D i 4 230k K PH RE FELI A n
Z0 B PSR 1 AH B T AR 0 JRG AT B n 1 AR A 1R B AR 2 1 it M AR A KR BE HELTB Ref-T1
HIZERT, RE S (100) THIFRAE 10 ~ 20% o Rl AR A Sl 77 21 it 1k 0 R H e L, 18
fg M) (100) [T 5 AL AR S B B ME AR 4G DL R SR B I 7= AR, Be s SEE ' H AR 4 36
IE

[0080]  adifiy, fur R b Ase FL AT A [ RS A 1 S5 S 2 M B e8] 2 (s 1Ak 230k K BH e it Ref—T1
BT DR R A S it 7 X1 o P 2R A A T 8 b ot D) T 2600 AR S e 7 e o R 2R AR B 3 PRt A
EL T L5591 2 (0 db PRk R A BH BE FEL Re P11, Voc [HIHE N &2 5 A, XA N i B TAEA 3 L
AP F A RAR LG 273 350 5 A R, AEBEZS 3 00 Tm = 2E 1% (100) T8
PLEGE (100) TIDRIFE /N, H H 5 38 A TR ARAEE R T S BRI RAR A K . AR
TEM 44, sREHAS TR (100) THILA AT (100) [ (14— 2 DX B 0 28 SR, 76 S I0AT RIRE B2 1) S
RN, T (100) LA KT (100) [ -4ERR 3, A2 7 A K FT g i AH b T-He
) 2 B A BRI RS LI Ref—11 /b 10 ~ 20% 2547 Y340k, Lkl 2 s Ad B fd R FH
REHLM Ref—T1 mp SR AU TR AR A AE L (R AR T PRAR AR IR 1~ B BRIR B A2 AL, FH 1,
ARSIt 7 2 K BH fit R P PR SRR A 3 D B ORE (L11) TR RER (100) THIAA Ao PRI,
ARSI 7 R PH B8 Lt RE S I E EL ) 2 B AR A T R BH BE LR Re - TT Hm) L33
FERIR T RIS A2 2R A0 0T 5 R IR BRI )R B LA B o AR K

(00811 A4 LA b, AT LIA A A Sl 77 30 1 0 A 7S S0 & 1 n B B SR B AR 1 AHLE T LG
B 2 ) A R K BRI Ref— 1T, BEMEUE— B 30HIAE Sk E BRI S E A .
[0082] & 10-2 &7 HAMIPHEE F KA Voe MXRIMMZE . Mgk a KR AL
W70 1 n BRI EEAR 1 IR F RS Voo IR R IRIEZEI RN, A St
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J7 2 LR A ZR 0 KR e v it 7 P I A FE 2 600nm LA ISP A 42 551 Voo IR . AT Al
SOTHHER F A A, W) n 28R G R 1A S B SR v B IR Jse R IR D, ) I
TEAAL I TR 2 R a7 Ak (100) [ T 5 AL (IR B LA R A I8 AR, TN B T8 70 IIRR .
RATEE 10-2 VUK Jsc BIFEAKE, WIRRAE H K 4 BTG4 ) F4H A0 F A IR 2 500nm LA Ko
Ak, W2 fE R N SE R, B A BITE A CRE ) ALY 50nm I, 14k S F B
FIA—Ak Voe 43 A1Z 1. 0111, 009, 75 THH S BL 2 50nm B, t HAHE G Voo AR .
[0083]  ARIXHE, 7E A Siji 77 2 7 s AR B R v b, B T A HT T B B P IS I IE
BAEAH AT FHER P g n B A Gk LR 1, B DARe 40Tl RS0 (111 TR R e s 1 1
A EET Ak, BT LLREE T BR S AR B 9 | B R 7 S RIS AR AR 4k, 3 HL, AR EE T3 e
Vb S R S PR A S0 BRI T 80 A AR, BE K (100) T LA (100) 1T P 380 AT — 4 b FRAIR
10 ~ 20% . [Klt, B A0 i Bt 0 A SO TR BB A TR LA S (100) 8B |2 FI AR dé 5
FEEA R4 G AR DA R R o BRI, T RGR THT 1D 01 S St 2RAIK T HLk /D AR . BRI, R
44 IF % U Voe LU F. 4@ 5 TR AR AR A A B Ut Jse Bl BL B, B CLegts
& ey e R AR ek K H B P PR AR SR PR AR A8 2R e RO B i Al v o

loos4]  SEji Ty =X 2.

[oo8s] P& 11-1 ~ & 11-3 jEon AT A T B Z LU M [ p B8 @R IER 1p B4R BH
(RS 7 2 2 1 ot AR 3R A O S e R vl [ 713 T 1) TP st . 59 4, FE BT St 7 =X 1
Hh, A E B SO 3G BB GER @ I CVD VAT L 3 A A A ) 1 AR k)= 2a.p
AR TEE 3 A A AR PH RE At b AT T Ul B, AEACSE T 77 SOV H 1A p 24 5 AR
Ip PHEEY HOE R n B BUZ IR AT po S5 E DUIE S B PR B B it . ANR] R 7E
T ARETERTIR LT3 | P n B SRR RR pn 25 1) p B AR A2, R AR S T 2
o, 78 p BB AR 1p SR, Y BUR R T n B EUZ 3de Dy — 5, AR ), dE
iok FHEE 2 SR R N T ) AR 17 (RN (R TERL T p B B2 (BSF 2 ) 160 G F
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[0034]  EiR—Pp A A 4 I8 S INGE A i ik By 88 07 V2, HAFIEAE T, B G DL AP 3R

4
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[0035] AL TiUiGYE, 205 Itk A R 75 o8 UK A S AL S E AL T i — R el LA,
XA KRG RIVE Ba , FEE Ha G B JE A F , 2260 3R i R LR A B S

[0036]  B.EE— 5 il 4% « g E AN AN B EUA AL RS IR N TR & 13 208 VR , £ETE WD
OGPy BT i) S P R, 45 B RS BROR I & T IE R T 4504, FETE R K & - HE R T
[0037]  C 28 L ah - 48 E S AL BN ECE A A A5 I A AR & 15 21 W e , FR15 2D 3R
B4R i (1) B A NS R CHH AT %% 130 SR Bk, 1 R 1 K & F S SR 3R, e K &
TG EH R SRR AR 15 8 & 7 5 B IR SR 45 74

[0038] D WMk K S AL S AL B [ — R B LR, 5 R KR A BOE i, 78
TR IF BRI R Fr, LR H 9 A R 1 S = AN W LA R EE o

[0039]  ZEASLIER P, Jifk A il VSR AT B U » 710 L VA VR b BT 2510 PR R i, 49
BIK G FIEGRIAT, FRE AR c BT IR B80S A A I K& 74000 TR SR ST R/ /s
TR, HREFIEREM BB TR BN A /N8, NI ST 5 BT,
TR TESAMNFRRD, B2 K, bz nid s ANES T KeEFEESd
MR e il i B R TR AL B R T NG TR RO AR A R R e p e, HoiE
B TS S T ) e R e I n] SR I B

[0040]  HAKE), N&FhE /N5 mAa WA, BT S SRS (11D gmd
o

(00411  HAKK), % &6, Hh Sl 28 O /INAS— [ £ R R i« R 4 7 15 T 2 [
(VR BRAS R 5 BT DA S R L <o 5 B ) B2 A 5 7 4, e B/, R0 A 3 e i 456 L R T 1) &85
IR SRS L E =T

(00421  HAKKY, K& R0 R BN 10THOK , /NG V5 [0 IR K /N T5 0K .

[0043] i it 3] 2.«

[0044]  ZHE]1~6, FEASLIE G o, WIEALCAS IR 1) T4 FH H A AREEHPCIR 1l 2808 I 771 1) %%
& T E ARG, RS RWT

[0045] (1) Filid vk

[0046]  FEZ/K 5 AU K TR G v s Yo ik A VTP 2K B B IR N3 %, AU K
(1 R B E 3% L L B 65°C , TE Ve 6] N bmin o JE1ass o 5 76 3 1R ol 7K TP e Ak 3min
(00471 (2 - 4k

[0048] i FH H A MR EEHPCIY) il 8 s N 77, Va7 25 440 B R iR S - AL AT .5 %,
TK81 4% , 1172C13°80.6% , I8 )E H85°C , I 8] Ay 15min o il 2R &S oK 5 75 I A /K B v ek
Fi3min,

[0049]  (3) B IR

[0050] i FH H AN AR A HP ) fill 28 s N 771 » V898 0 85 20 40 B O iR 5 - A 3.5 %
TK8148.5% , TT72C13 40.9% , 35 JH N75°C , i ) Ay 15min .. il 4R &5 Ao 75 5 R 2l K H 3k
7 3min.

[0051]  (4) Bk

[0052]  FEE/KE RUE K BITR A VAR T BE ISR, W 2K RS B3 % , AR
KR SE 3% , 5 E 65 °C L I BER 7] A5min o I Yo 45 35 7057 5 20 K 8 e ddk A

3min,
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[0053]  (5) b2 YGCP (Chemical polishing)

[0054] i & EEROBE M AN VA BN BEAT IR by AL B, A 49 % SRR 160 % A TH IR , SR
SR BRIARTAEL 210100, 38 25°C , BHH] A 2min., CPES 3 A 76 T IR 2l /K B e it A 3min.
[0055]  (6) FR¥E

[0056] /£ R 55 XA /K (KR G ¥ R G e B RRE Fr , VA VR SRR 1K) BT E IR FE A3 % , XU
TR B L3 %, 65 C, 5 P 7] 5min o 35 Yo 45 WG 78 T i Al A S0 s
3min.

00571  (7) LEALZ

[0058] /1 i & ¥ b %6 M A BIR IS I T IS Vel mE F, BERAE A R EAMZ IR JE R
25°C , I} 8] 9 2min . CP&5 oG 72 i 4K RIS BERE F 2min.

[0059]  (8) 124

[0060] 7160 °C # 7K b i e I G ik A Tmin, SR 5 K5 48 28 12 4 7 HH 7K, 4R 47 38 5mm/ s
Tk Fr R 0V A /KR

(00611 (9) Kt

[0062] i A N4 G RO A 8 = SWRFRE A, ER R50°C, B [E] A 10min, M 543 212 7%
IR o, W RLBET T — DCVDEERR T 2.

[0063] AR SEja g (¥ L ik i AL T KT8 5 S g ety G 77 AR
RS T NG T RO AR RS S A L BRI )
R, SRR LT

[0064] AR S it 451 1) HoAth 350 35 S Ap) 1 AR TR] 3% B AN FE A

[0065]  SCfifafs]3:

[0066]  ZH P 1 ~6, £ A SRt 5 T, P 3z H A PR ) 458 A4 ) 1B il 48 s Jnsl ] 2% 4
B E e Mg, Raob IR -

(00671 (1) FliF ¥k

[0068] 7T S A 5 U K B VR AV W P U SRk L VR S E AR TR E R R R
1.5% , AR FUE IR IE A3 % , 155 65 °C , 1 B 18 Ny 5min. i ¥ 45 o o 78 & iR 4l K
PR EE Fr 3min

[0069] () 55 D Hhil4R

(00701 fd7 2 [ TCBA il 48 s ), vV b & 21 7 ) B 2 - AL 4.5 %, 1CB
Ultra MA0.8% 758 H85°C, I Al A1 0min o 2% 45 o 5 78 7t 27K o e e Fy Smin.
(00711  (3) 2 — b4k

[0072]  f AR TCBFR) Bl 2 N 751, VA b 2540 40 1) ok i - AL 2%, TCB V3R
0.5% , 38 8 N80°C , Bl 8] A 10min . il 4% &5 o 5 703 i a7k h e ke A 3min.

[0073]  (4) Fg ik

[0074]  FEE AL A5 RE K IR AV P iE Be bl R 1 TSR A S AR R IR R
1.5% , AUV K LB IR 3% , 1555 65 °C , 75 Be it 1) Jy5min. i ¥k 45 o 5 76 5 1 4l 7K
R Fr3min.

[0075]  (5) fLZEWIGCP (Chemical polishing)

[0076] X & SERUME A ANV BR AT (R T AL 28, 1 FH AN B IR VR A 1A, AR S
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F30ppm, AT R = U N % , 85 825°C, FFTR] 4 3min . CPEE TR Jio 15 5 10 4l 7K o EE ik
A 3min.

(00771 (6) 2%

[0078]  7£ERIR 5 XA K HITR A R B e ISR 1, VA b Sh IR ) TS IR A3 %6, WU
I TR 3% , I 65 °C , TE BR8] A5min o i B8 45 o 78 iR 2K h B e ik i
3min.

(o791  (7) k&ML

[0080] 7 5T & ik B 25 % I A RUR VA TR T e dl AR iy, B A R R AL R
25°C, I 1]y 2min o CPES A J A4 i 2l7K e At F2min.

[0081]  (8) f&42Hi

[0082]  7£60°C# /K HiE B SRt A Imin, 28 J5 5 At i S22 B4 H K, SR I8 5 2 5mm/ s,
fek o 2R I VA KR T

(0083]  (9) HtT

[ooga] i fIiFA S (K3 DE 25 AR Rk v, R 950°C L I TE] 9 L0min, 0 f5 45 31 28 v
5 A Bl AL, AT AHEAT T — 2B CVDRRR L.

[0085] A< St ] v ) B AR R T ARV T N TR S R AT R R R AR
s LT NG T B I At A A1 I PR VAL S T A0 LT BRI i 12 T () B
A, R A SR T .

[0086] AL 1] ) oAt 573 L5 S A5 LAETRD , 31X B AN A

[0087] 1 | B A AR & B A SE a1 o 3k SE it 9] LA % SE T 471 v 1) BAR S EU R A T B AR
TR AR S BT R SRR A, 5 AR FBABR 4 e ) 80 = RIOR PS4 B 1 5 R DR 4 T8 B3 9%
AR ZER AL Syt , N A& 32 FE AR 2 AT 0D 200 0 - 5 B 1 P 2 O A 1 45 [0 225y A8 Ak, [R) 1 3
IS, 5 7E AR K I R ORGP VG A
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A7) 24 F3E, 0.01 m WA 10 me Fo]& zre A, AIEA weA F=FaAL

AT+ 7
Aol 2loiA,

471 838 FRE 0.01 pn WA 10 gm 7HE o widd zle, A3EA vteA] 3 5A).

ATe 8
A1l gloiA,

7] ASVEA BHEA] FFAE, 90 ¢ olde] BFTE

il

e A9, AIEA vtEA] eBAA.

AT 9
A 13kel] 9lo) A,

271 AsEA A sFaA

rr
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7Y 10
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A, AREA A FFA
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7] FRAPEA S, 0.01 m WA 1 m FAE e AL, BIREA VA sBRLA

A7 13
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3TE 15

A 143 el S0l A,

71 83 T a2E F4she dAe

7] A2 WEAS el vkaa S FASHE 9 B

7] vk=as Wel e A2 BRAS FelA T EAE AT AL

2 xfole, AEA NEA FRaAe AT,

AT 16
A4 oA,
7 23 F2=F I4ce dAle,

B A2 RE=AF

a
>
[y
ofy
tlo
of
o
ol
rie
e
N
)

%7 vhaas el TgE Az wEAFE A2sis B

E Efste, 28EA NEA FFAA] AxE.

AT 17
A 148l o1,

47 88 FE BHE A2 BEAF ol WARAZE F4

]_

rir

oA

ol

g o EsE 29, 2R8I WA Sgade Az

FHaAE, B Syt Bashs WEA sgold, wEANA WA B ang Fi Ax1E oA
2 AZ1H AUAR WAHTH oS F % AdE SR FAR THEY, $0E7), dIAA Sol Ak

A7Q) FgaAe] FPelt ouA E&e FuNen
ANZEE olyet A GGed $4E FAE 242 Ad FEATel deHm, U ws wg
. B o

(absorption region)< 7h&gk A st Wale] A8
of EAjcte A (defect)ell ] HAF o] wAlG]
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(0025]  E 1€, W owwel o RAee] meb, ¥ ouwe] oF AHEA VEA 2T 24 BRL Aoz ek
Aol
E o2, 2ol 9 AAeld) g, 2 el o)g edTEY vug dAHe e sold,

¥ 3¢, 2 0ol o AAdel teh, P owde] ¢ sBTxe] FEUE oA oR el Aol

Eodae, B O A AAdo] wet, 2 dde] ofd ZEA vEA 3a4 Axuye #4& dAde
L5, & dEe A dadel mel, & die] dAde 39 8489 g Rl we FID AlEEeld 4

el o Aaldel mel, 2 g AAlde] wAPEAISe] FAAe) Rske] whE FDID AlEwE oA
. .

[0026] AAE AREicy B dwg Al glojA, #uEd T4
2% Bdosi 59 F v duHE F9de 2 4
’\1 A2 = gl (terninology) B2 B o] vlgz gk A A]q
AR, FEAE] ol i B dyo] &l Fofe] #@H

= w}a}*ﬁ 5&01 °ﬂ g gl 2 X S EYE Aok
lﬂ

B

|
2 we AN el R &
g Aol < wvel AN AT Pk FEE FAG A4S Jepur

whge] o Aajolo] we, AF7) FRaAE, FEd

i
i)

X,
2
>0

[0027]

[0028] 2 ouie) o Axefo] what, 7] SFaAbE, Z1R(110); Al HEAS(120); FHFSE130); F A2 9EA
Z(140); € T § 93, A2 SEAZS(110) o] SAPFAE(150)e | THE 5 o

[0029] = Ao A Hajde] wel, 71#(110)L, $F Akl Fxd wel dud 5 glon, 3y £ 7Y
o, Abstolo] (Al03), Si, SiC. GaN 2 AINSE o]Fojn FoA Helg 1% oL TET & 9
TS, 8y 3 R Ao, F9Y dEA Y)B(conductive substrate)elw, Co, Ir, Ta, Cr, Mn, Mo,
Tc, W, Re, Fe, Sc, Ti, Ge, Sb, Al, Pt, Ni, Cu, Rh, Au, V, Nb, Ag, Pd, Zn, Ni, Si, Sn ¥ Ru; ©1E¢ &
T H ol AfE; B o]FolF FoA MAEHE 1F oldE EFse FHAF VBY g v CdF 59,
71 2ketE2, Zn0, ITO, ZITO, ZIO, GIO, ZTO, FTO, AZO, GZ0 5 4~ 9|,

[0030] 2 odgol o HAjde] wet, Al REEAF120), 719H(110) Aol FAHEL, EAIEA R=AFo, FE
FHel wet dEE ¢ or, FRY 53 72 A9, -3 s vEAFol, FAE 7F
el p-d ASEA P=ATY T U dg €, =% ZIEA WNEA B p-F ZFEA HEA
ZtZ}, GaN, GaNP, GaNAs, GaNSb, InGaN, GaInNP GalnNAs, GalnNShb, AIN % Ga(x)AI(1-xON 7] = =
Folrh )R o] TR el dEE 1F oS TFE & Urh

mZﬁ

o It B34 ]

=
E, -

[0031] e o o2 Al YEAZ(120)°-, 0.001 m A 1 m FAR FA4E R A, vEEEAE 0.01 m

A 0.1 m & = ek
W] 4 Ao wet, FEFF(130)2, FAWEFoln, Al SEAF120) Gl ST, i-F A5

[+]
=4 WEAZeH, o& £, GaN, GaNP, GaNAs, GaNSb, InGaN, GalnNP, GalnNAs, GaInNSh, AIN =
GaCOAL(I-ON Al WtEA R o] Fojzl Foja Add 1% ode 3T 4 9.

[0032]

1 =
rHl

fo
okl
A
of

1

T
'
r|

[0033] B oee) o o, FFFF(0L, B F BrFow IUY F Yo, ) B
golg 4AEe i-4 ABEA WEAR THY 5 Ueh

[0034] 2wyl 8 ANele] meh, A2
ARG, A2 WEAZ(140)L, A5}

O

FO0) 34 9992, PR £ SN
5% 248 Frd wel A9E 5 o, £

> e
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g T A9, p-8 AFEA DEAFO)L, FAY FE FE2Y F9ol, -8 d3EA BEAFE 7 A
o "1] £0], n-¥ FIEA v=A & p-8 HSEA wtRAl=, 47, GaN, GaNP, GaNAs, GaNSb, InGaN,
GalnNP, GalnNAs. GalnNSb, AIN & Ga(x)Al(1-x)N 7] TEAZ o] FolF oA HeEg 1E oS XTI 4
F20= 8

[0035] 2 e o o=

i m°

A2 BEAZ(120)2, 0.01 m WA 1 m FAZ FAE ¢ 9, vpEdstA= 0.01 m

[0036] ool o AAefof wih, A2 WA (140)9 Hojx= dWe] BW @72 (141)7F FAE 5 Atk )
SAFEE, £E9EY VTS A A2 REAF(140) dol FAF do] EEE HEE WA, 54
glo] ojR2 257 F1, FFFF(130) A F+HAA $FEES FIANZD 5= A

[0037] B d d2, 9372(4DE, dEFS 349 FRAE TTE 5 don, dF o, v, 948, o7
2, UE, 975 ¥ gz 7]Fos o]F ozl FeA AduE 1F o4 33 FRAE ¥FE F . JdF
=9, AT, 47T, ATE, SA4EEENE) Y 5 v

[0038] & E0, = 28 FX3W, = 2w B O A A9 e, g AT gHg oJAHoRE e Ao
2, % 244 (1) AF7IE, () B, (o) UE H (D) #4715 F2A7F ‘é*é% F Y. EE, = 3%
AHEH, = 32, 2 d9d gk 2379 4FHE el Ao (a) AM, (b) €9, (o) 494 5 )
o

[0039] Bodlgol o o2, QATR(4DE, AE 7hel 0.01 pn WA 10 mm ZHF o2 widd A & ok 7] 7
AL, shte] FaA] WHe FAA olxg FxF WHe] FAl 7] Ag(a)olth. Y] AL, FRAE
ol LAY Ee dold 4

[0040] 2 dye] o o2, 2 37R(14DF, 9Y B fRHoE ndd FRAsE TIPS ¢ k. dE B, A
7] FEAE, 9, B, 9y, $AAd e, BY E gud;s Ax 4 Bl 51 olde] dHe mjd
g & gl

[0041] Hodde] o dE, QFTX(14DE, 0.01 m WA 10 mm 9 =] 2 0.01 g WA 10 g I7E 2= ALY ¢
Ak A7l 'ﬁle, FEAS Yeo o Wae] A7, #F 9k, Eo] T4 & U,

[0042] Eouge 9 o2, ATFR(UDE, A2 SEAgE(110)3 SUAAY e Aoldt 4387 BnA 3GEL
23E £ glon, ntEASAE A2 VIEAS(140)7 U3 ASEA) viRA IFFEL TIE 5 g},

[0043] B oawlo] o o2 A2 vIEAE(140)2, 0.01 m WA 1 m FAR 4" & du, 9Asi A= 0.1 m W
A 0.5 m g Ut

[0044] 2 o] o A 1011 uwpe}l, SRABEAE(150), A2 vEEAE(140) A2 Hojx= dwle] Hojx dREo] #A
Hu, vl sl A2 SHEAIRE(140) el 23l TR(41)e] FAE F9d 4 9on, oF Sof, FxA9
4 ?éiﬂguu Alole] A2 Iﬂti]—%—mo)fﬂ £ Al gA4E 5 A

[0045] 2 dye] o dE, BRAMAIS(150)2, Si0, Sigy, SiON,, AlQs, TiOx, AIN, Ag, ZrO, Hf0,, Tai0; % Zn0=
o F-of Fol A HMEE 1F o]4E XEFE - ).

[0046] Hodwol o o &, dRAPAZ(150)2-, 1000 nm ¢35 500 nm ©]3d}; 1 nm J]A 200 me FAE e AY ¢
ek,

[0047 2oy A AAde] mel, A3EA NEA A, 2 FES A8 -8 55 AT 2 Y B4
AFE o 288 5 doi(ERhe ZAEA ). AV 08 3% A5 2 p-¥ FF% AT, A1 nAF
2 A2 BEAF Aol FAE ¢ v, FERALY] FEd A FAHEH HM% T At

[0048] 45 Eo, A7 -8 5% A=E 2 p-F 5% A=, Co, Ir, Ta, Cr, Mn, Mo, Tc, W, Re, Fe, Sc, Ti,
Sn, Ge, Sb, Al, Pt, Ni, Au, ITO % Zn0Co. 2 o] FojF FoA A8y 1% o3& X8 5 Yrt.

[0049] Hodrgo] o of & 3y] ASfEA 9hEA SR ATGE, 90 % EE 05 % o3y BEIREE ZE AY 5 )

[6050} Fowg el ol o2, A AL BEE FgaAs 12 6 o) Ee 15 % oY BESEES e A
T AUt
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[0051] B dwE, B2 o3 AFEA winA FEaAe] Az #wet Aes, & el A HAldd whe,
B7 AU, FEES R AV B0 i sERAE AT 5 3k

[0052] L 45 FEste] d9std, k4, £ 9w A AAded g, £ dge] 3 dEe A gt
Az 34L& JAACE Ve Ao R = 4dA 7] AlRHEE, 719E FHsh: BA(S210): AL W
LASE @A BAIG2210); Al MEAZ Gl FesE 4% dAG230); A2 Me=ATE FP5HE
SA(S240); 2 0 FRE FAS: DA(S2B0); E TSI, WAAEE FASe 9AS20608 o 2F

& 4 stk

[0053] B ol 9] Ao whEk, 7 st BA(S210)E, $EARY x| nEl AAE 7 Bg vk
gA ot}

[0054] 2 dgel o dAAjde] wet, Al REAFSE FAshe @AS210E, Z19(110) el A1 EAF(1208 3
Aste dAloltl.  olE 9o}, PVD(Physical Vapor Deposition), MOCVD(Mctal-organic chemical vapour
deposition), MBE(Molecular Beam Epitaxy), HVPE(Hydride Vapour Phase Epitaxy) B& ©]&& % ¢t}

[0055] 2 odge] o Ao e, F55S A48 @A(S230) 8, A1 BEAF(120) el TS A &
Aolty. & £, PVD(Physical Vapor Deposition), MOCVD(Metal-organic chemical vapour deposition),
MBE(Molecular Beam Epitaxy), HVPE(Hydride Vapour Phase Epitaxy) & ©o]&% < 9t}

[0656] dE o, FF5E FAske BA(S230)=, 500 C WA 1000 C2EolA] HAlE 4 o},

[0057] weol A AAde wil, A2 HEAFES sk 9A(S240)F, F4E(130) el A2 WEAIF(140)S
“?ﬂ”‘é 0]": @A (S$230) 0]}, & £, PVD(Physical Vapor Deposition), MOCVD(Metal-organic chemical vapour
deposition), MBE(Molecular Beam Epitaxy), HVPE(Hydride Vapour Phase Epitaxy) 2 o2& 4 o).

[0058] Foaee] A AAd] wit, 83 FEE AT (S50, A2 DEAZF(14008] HAE dvle] Holx
Y- 2 AF(MDE FAshe B0,

[0059] 2odel A AAd] wek, 24 F2E PAgste GA(S250)E, A2 viEAS A vaass J4gcste @
A(S251a); Z A2 MEAF FolA FEAE AFA7E wA(S252a); § X8 4 ltt.

[0060] 2 odne] o i, A2 eAS Aol vtz FAstE S5l E, A2 EAIF(140) 29 Hok o
Fito vkaaFE &8t G, 47 vhaasd, s3T 2 gy, wd T g Jaadqy 34 F
o2 HEHEE F grr. 8 5o, FEL2TYY, -1 Fiadd 58 o8 5 9},

[0061] = ‘%“EA A o2, A2 BEAF AdA FRAE JGATE ‘:1'74](525" s ”‘7] vi213Z9] HEdel ket
R A2 BEAF(140) A FERAE AGAAH 2 3TE2(4DE 3435 Aloltt.

[0062] d& B9, FERAS AAATIE B@4(S2522)+, PVD(Physical Vapor Deposition), MOCVD(Metal-organic
chemical vapour deposition), MBE(Molecular Beam Epitaxy), HVPE(Hydride Vapour Phase Epitaxy) & ©l-&
T At

[0063] dg £, 7EAE A&A7IE @AS252a) =, 500 T WA 1000 T2%= oA AR &+ Ut

[0064] Eoutge] A o2, FRAE AAA7]e 9A4(S252a) o] Fo| vtAIEE AASE TAL o 38T o+ o).

[0065] 2 ode] A AAde] wet, 84 F2E FAgske aA(S250) =, A2 BIEAS A viaase dAdseE o
A(S251b): B A2 WEAIFS A 7Sk ©A(S252b); & 2EE 4 A

[0066] 2R d R, A2 HEAZT A vk2aFs FASE DAS251b) =, A2 vEEAF(140) e AHoxE o
ol viaaFs Faste wAoH, A7) viaasd, 2 3T x9 5”41 e o wet fandgy 4 F
o2 HEYE F AUtk dE Bol, TEHLTHT, ¥ HraHy 5L ol & 7 v

[0067] oA A dR A2 PEATES AZse 9A(S252b) E, Y] vhadTe] sfEYd uek e A2 g
AFg Azbsle] 24752 F FAsks v

[0068] AE B9, 7] A, Fo Az, A AF & o&F & doH, o3& FIB(Forced Ion Beam),
Decp RIE 27F, #7158k, 447, B AR 389 F Qlrt

[0669] Tode] A AAeje] wpgl, SRAMIASE FASE TA(S260)E, A2 BIEATY 2d4F27 A" Hel §
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[0080]
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Docket No.: 084546-000033USD1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application )

Kun YU et al. ) Art Unit: 1721
Application No.: 17/964,190 ) Examiner: Golam Mowla
Filed: October 12, 2022 ) Confirmation No.: 7994
For: SOLAR CELL, )

MANUFACTURING METHOD

THEREOF, AND )

PHOTOVOLTAIC MODULE )

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 — Chinese Office Action

Applicant notes that the U.S. and Foreign Patent Documents: CN-105826405;
CN-104350607; CN109545880; CN103325871; KR20190058017; US-2015/0102212;
US-2015/0162487; CN-111180538; CN-102683439; listed on the attached Form PTO-1449
were previously cited by CNIPA in a Chinese Office Action mailed December 5, 2022 (copy

and partial English-language translation thereof enclosed) issued in a counterpart Chinese
Patent App. No. 202110895225.8.

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.

4864-1024-8274.1
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Docket No.: 084546-000033USD1
Application No. 17/964,190
Page 2

The present Information Disclosure Statement is submitted before issuance of an
action closing prosecution and is certified under 37 C.F.R. § 1.97(e)(1); therefore, no fee is
believed to be necessary at this time.

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. 50-4181.

Respectfully submitted,
[Jeffrey L. Costellia, Reg.#35483/

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

4864-1024-8274.1
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Docket No: 084546-000033USD1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application )

Kun YU et al. ) ArtUnit: 1721
Application No.: 17/964,190 ) Examiner: Golam Mowla
Filed: October 12, 2022 ) Confirmation No.: 7994

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

REQUEST FOR RECONSIDERATION

SUBMITTED WITH A TERMINAL DISCLATMER

Mail Stop Amendment - Via EFS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Non-Final Office Action mailed December 21, 2022, please

consider Applicant’s remarks as follows.
A Terminal Disclaimer accompanies this reply.
Any fees required for the Terminal Disclaimer are hereby authorized to be charged to

Deposit Account No. 50-4181.

Remarks begin on page 2 of this paper.

4857-0573-8068.1
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Docket No: 084546-000033USD1
Application No. 17/964,190
Page 2

REMARKS

The Non-Final Office Action mailed December 21, 2022 was received and its contents

carefully noted. This response is filed within three months of mailing date of the Office Action
and therefore is believed to be timely without extension of time. Accordingly, Applicant

respectfully submits that this response is being timely filed.
Status of Claims:

Claims 1-7,9, 11-12, 14, 18 and 20-27 were pending in the present application, of which
claims 1 and 20 are independent.

By this response, no amendment is made to the claims. Accordingly, claims 1-7, 9,
11-12, 14, 18 and 20-27 remain pending in the present application, of which claims 1 and 20
are independent.

For the reasons set forth in detail below, all claims are believed to be in condition for

allowance. Favorable reconsideration is requested.
Double Patenting

Claims 1-7, 9, 11-12, 14, 18 and 20-27 stand rejected on the ground of nonstatutory
double patenting as being unpatentable over claims 1-14 of co-pending U.S. Application No.
17/459,689 (“the ‘689 Application™).

Without conceding in detail the merits of the Examiner’s rejections, but to expedite
prosecution, Applicant filed a Terminal Disclaimer in compliance with 37 CFR 1.321(c) with
respect to the ‘689 Application, which has been approved. Accordingly, Applicant respectfully
requests that this double patenting rejection be withdrawn.

CONCLUSION
In view of the foregoing, Applicant respectfully requests allowance of the instant
application. If a conference would be helpful in expediting prosecution of the instant

application, the Examiner is invited to telephone the undersigned to arrange such a conference.

4857-0573-8068.1
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Docket No: 084546-000033USD1
Application No. 17/964,190
Page 3
Except for issue fees payable under 37 C.F.R. § 1.18, the Commissioner is hereby
authorized by this paper to charge any additional fees 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. 50-4181.
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

4857-0573-8068.1
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PTO/SB/25

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING

REJECTION OVER A PENDING "REFERENCE" APPLICATION

Application Number 17964190

Filing Date 12-Oct-2022

First Named Inventor Kun YU

Attorney Docket Number 084546-000033USD1

Title of Invention

SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

[X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO.,

0
LTD. 100%

ZHEJIANG JINKO SOLAR CO.,, LTD. 100%

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the

full statutory term of any patent granted on pending reference Application Number(s)

17459689 filed on 08/27/2021
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as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
SUCCessors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, "as the
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of
any patent on the pending reference application,” in the event that any such patent granted on the pending reference
application: expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a
reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened
by any terminal disclaimer filed prior to its grant.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

O I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

(O Small Entity
(O Micro Entity

(® Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 35483

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signature /Jeffrey L. Costellia/

Name Jeffrey L. Costellia

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

17964190

Filing Date:

12-Oct-2022

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:

084546-000033USD1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SuB—;’g(t;)l in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 1814 1 170 170
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

170
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 17964190
Filing Date: 12-Oct-2022

Applicant/Patent under Reexamination: YU et al.

Electronic Terminal Disclaimer filed on  March 3, 2023

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 47620839
Application Number: 17964190
International Application Number:
Confirmation Number: 7994

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: 084546-000033USD1
Receipt Date: 03-MAR-2023
Filing Date: 12-0CT-2022
Time Stamp: 06:53:42

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type DA

Payment was successfully received in RAM $170

RAM confirmation Number E202333753369900

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.)
43011
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
fc6d9d6bas533402a789aac0676e0f61321bg
d18d
Warnings:
Information:
37940
2 Fee Worksheet (SB06) fee-info.pdf no 2
ead73eee512c081c56375a9509473844264)
bab07
Warnings:
Information:
Total Files Size (in bytes){ 80951

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 asa
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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Application No. Applicant(s)

17/964,190 YU etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
GOLAM MOWLA 1721 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 10/26/2022.
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [v] This action is non-final.

3)(OJ An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-7,9-12,14,18 and 20-27 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (O Claim(s) ___ is/are allowed.
7) Claim(s) 1-7,9-12,14,18 and 20-27 is/are rejected.
8) [0 Claim(s) ___is/are objected to.
9) (O Claim(s) ____ are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)@ The drawing(s) filed on 10/12/2022 is/are: a)¥) accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)@ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)M All b)(d Some**  ¢)(J None of the:
1. Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)

Paper No(s)/Mail Date
4) [J Other: .

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b)
Paper No(s)/Mail Date 10/12/2022,

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20221215
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Application/Control Number: 17/964,190 Page 2
Art Unit: 1721

DETAILED ACTION

Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined under the

first inventor to file provisions of the AIA.

Double Patenting

2. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the conflicting claims are not identical, but at least one examined application claim is not
patentably distinct from the reference claim(s) because the examined application claim is either
anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg,
140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d
2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the

examined application, or claims an invention made as a result of activities undertaken within the
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Application/Control Number: 17/964,190 Page 3
Art Unit: 1721

scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination
under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP §
2146 et seq. for applications not subject to examination under the first inventor to file provisions
of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 1.321(b).
The USPTO Internet website contains terminal disclaimer forms which may be used.

Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely
online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-

processed and approved immediately upon submission. For more information about eTerminal

Disclaimers, refer to www, uspio.govdd

3. Claims 1-7, 9, 11-12, 14, 18 and 20-27 are provisionally rejected on the ground of
nonstatutory double patenting as being unpatentable over claims 1-14 of copending Application
No. 17/459,689. The claims of copending application encompass all the limitations of pending
claims.

This is a provisional nonstatutory double patenting rejection.

Conclusion
4. The search did not reveal any pertinent art that discloses a solar cell as required by the
instant claims. WO 2016/129481 A1 to Sakai et al. is the closest prior art.
WO 2016/129481 A1 to Sakai et al. discloses an optoelectric transducer 10 which

functions as a solar cell (refer to paragraph [0025]-[0112], [0224], and Fig.1 A-5), consist of a n
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Application/Control Number: 17/964,190 Page 4
Art Unit: 1721

type single crystal silicon substrate, and (refer to paragraph [0028]) with the semiconductor
substrate 1 which has texture structure on a rear face, consist of silicon nitride and (refer to
paragraph [0029] and [0039]) with the antireflection layer 2 of the aforementioned
semiconductor substrate 1 which is placed in front, and placed between the aforementioned
antireflection layer 2 and a light receiving surface, and (refer to paragraph [0039]) with the
amorphous semiconductor layer which improves the passivation nature of a light receiving
surface, it consists of an oxide of silicon and is placed on the aforementioned texture structure in
the rear face of the aforementioned semiconductor substrate 1, (Refer to paragraph [0030] and
[0041]-[0042]) with the passivation film 3 which has the film thickness which can tunnel a
carrier, (Refer to paragraph [0031] and [0043]) with the n type amorphous semiconductor layer 4
which is placed at the surface of the aforementioned passivation film 3, it is placed at the surface
of the aforementioned n type amorphous semiconductor layer 4, and the protective film 8 which
has the passivation nature to the aforementioned n type amorphous semiconductor layer 4, and
the aforementioned optoelectric transducer 10 including (paragraph [0038] and refer to [0078])
are described. The textured structure is pyramid form and truncated four-sided pyramidical
rugged structure and an actual texture is shown in Fig. 2 about the aforementioned texture
structure at paragraph [0045]-[0047] of Sakai, which shows multiple unevenness with sizes or
various form is formed. Sakai further discloses that in paragraph [0028] that the size of a texture
is less than 15 micrometers.

However, Sakai does not clearly show among the overlapping unevenness about the
distance of the top face of an outermost protruding part, and the top face of the protruding part

which adjoins it.
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Application/Control Number: 17/964,190 Page 5
Art Unit: 1721

Correspondence/Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GOLAM MOWLA whose telephone number is (571)270-5268.
The examiner can normally be reached on M-Th, 7am - 4pm.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Allison Bourke can be reached on 303-297-4684. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000.

/GOLAM MOWLA/
Primary Examiner, Art Unit 1721
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(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;

OR

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/22
12:12 PM

2022/10/22
12:16 PM

2022/10/22
12:16 PM

2022/10/22
12:16 PM

2022/10/22
12:16 PM

2022/10/22

12/15/2022 12:45:57 PM
Workspace: 17964190

Page 2 of 12

GM

SEG Solar, EX1018, Page 587




AND (PGPB | USPT |
USOC).dbnm.

(semi$1conduct$4 Si
silicon) near2 (support
substrate structure layer
film) WITH (textur$4
uneven$4 convex$4
concav$4 irregularit$4
corrugat$4 roughness
curvature)

HO01L31/02366,03685,0
68,1824,1868.cpc. AND
L12

H01L31/02366,03685,0
68,1824,1868.cpc. AND
(semi$1conduct$4 Si
silicon) near2 (support
substrate structure layer
film) WITH (textur$4
uneven$4 convex$4
concav$4 irregularit$4
corrugat$4 roughness
curvature) WITH
(non$1pyramid$4 "not
pyramid$4")

H01L31/02366,03685,0
68,1824,1868.cpc. AND
(semi$1conduct$4 Si
silicon) near2 (support
substrate structure layer
film) WITH (textur$4
uneven$4 convex$4

USOCR)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

12:16 PM

2022/10/22
02:11 PM

2022/10/22
02:11 PM

2022/10/22
02:12 PM

2022/10/22
02:14 PM

L12 283181
L13 7737
L14 4
L15 308
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concav$4 irregularit$4
corrugat$4 roughness
curvature) WITH
(poly$1gonal
trapezoid$4 square)

L15 AND
(non$1pyramid$4 "not
pyramid$4")

L15 NOT pyramid$4

H01L31/02366,03685,0
68,1824,1868.cpc. AND
(semi$1conduct$4 Si
silicon) near2 (support
substrate structure layer
film) WITH (textur$4
uneven$4 convex$4
concav$4 irregularit$4
corrugat$4 roughness
curvature) NOT
pyramid$6

IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/22
02:14 PM

2022/10/22
02:14 PM

2022/10/22
02:15 PM

L16 0

L17 150
L18 4826
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L17 AND (structure
micro$1structure
nano$1structure) WITH
overlap$4

(Artificial Intelligence)
More like doc:
CN-115020503-A

Text:
(AU-2021225144-B1
OR AU-2022206802-A1
OR JP-7082235-B1 OR
CN-113540269-B OR
CN-114649427-A OR
CN-113421949-B OR
CN-113421949-A OR
CN-113540269-A OR
JP-7152580-B1 OR US-
20220123164-A1 OR
CN-111933752-A OR
CN-113299771-A OR
US-20180315866-A1
OR WO-2022069068-
A1 OR US-
20200350445-A1 OR
JP-W02019163786-A1
OR JP-6058212-B2 OR
JP-W02019163784-A1
OR WO-2020218000-
A1 OR JP-
W02020218000-
A1).did.

(Artificial Intelligence)
More like doc:
JP-7082235-B1

Text:
(AU-2021225144-B1
OR AU-2022206802-A1
OR CN-115020503-A
OR CN-113540269-B
OR CN-114649427-A
OR CN-113540269-A
OR JP-7152580-B1 OR
US-20220123164-A1
OR CN-112635591-A
OR KR-101673565-B1

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/22
02:23 PM

2022/10/22
02:26 PM

2022/10/22
02:26 PM

L19 8

L20 42

L21 38
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OR CN-113345970-A [JPO; DERWENT:

OR KR-20120080583-A |IBM_TDB)
OR JP-
WO02019163786-A1 OR
CN-111524982-A OR
JP-W02019163784-A1
OR US-20180315866-
A1 OR JP-
WO02019138613-A1 OR
US-20200350445-A1
OR KR-20180119969-A
OR W0-2020218000-

A1).did.

L22 44 (Artificial Intelligence)  |(US-PGPUB; USPAT; |OR ON ON 2022/10/22
More like doc: USOCR: FIT (AU, AP, 02:27 PM
CN-114649427-A AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(CN-113540269-B OR |CZ, DD, DE, DK, EA,
CN-113540269-A OR  |EE, EP, ES, FI, FR, GB,
CN-115020503-A OR  |HR, HU, ID, IE, IL, IS,
AU-2022206802-A1 OR |IT, JP, KR, LT, LU, LV,
AU-2021225144-B1 OR |MA, OA, RU, SU, WO,
JP-7152580-B1 OR  [MC, MD, MY, NL, NO,
CN-113421949-B OR  [NZ, PH, PL, PT, RO,
CN-113421949-AOR  |RS, SE, SG, SI, SK,
CN-114597285-A OR  |TH, TN, TR, TW, UA,
EP-3806165-A1 OR  |VN); FPRS; EPO;
CN-114038921-A OR  |JPO; DERWENT:;
JP-2018107468-A OR |IBM_TDB)
JP-6598091-B2 OR

CN-114038928-A OR

CN-114512555-A OR

AU-2010296714-A1 OR

EP-2479804-A1 OR

WO-2021128831-A1

OR CN-114613881-A

OR EP-2479804-

B1).did.

L23 41 (Artificial Intelligence) ~ |(US-PGPUB; USPAT; |OR ON ON 2022/10/22
More like doc: USOCR; FIT (AU, AP, 02:27 PM
CN-113540269-B AT, BE, BG, BR, BY,

Text: CA, CH, CN, CS, CU,
(CN-113540269-A OR |CZ, DD, DE, DK, EA,
CN-114649427-AOR  |EE, EP, ES, FI, FR, GB,
CN-115020503-A OR  |HR, HU, ID, IE, IL, IS,
AU-2022206802-A1 OR |IT, JP, KR, LT, LU, LV,
JP-7152580-B1 OR AU-|MA, OA, RU, SU, WO,
2021225144-B1 OR  |MC, MD, MY, NL, NO,
CN-113421949-AOR  |NZ, PH, PL, PT, RO,
CN-113421949-BOR  |RS, SE, SG, S, SK,
CN-114551606-A OR  |TH, TN, TR, TW, UA,
CN-113964212-BOR  |VN); FPRS; EPO;
JP-2018107468-A OR |JPO; DERWENT;
JP-6598091-B2 OR EP- |IBM_TDB)
4002495-A2 OR US-
20220262967-A1 OR
WO-2014064929-A1

12/15/2022 12:45:57 PM Page 6 of 12

Workspace: 17964190

GM

SEG Solar, EX1018, Page 591




OR JP-
WO02014064929-A1 OR
JP-6308438-B2 OR AU-
2010296714-A1 OR
KR-102257485-B1 OR
WO-2021128831-
A1).did.

L2021 L2223

L24 AND (structure
micro$1structure
nano$1structure) WITH
overlap$4

(Artificial Intelligence)
Similar to:

Unpublished Application
#

Text:
(US-20220302334-A1
OR KR-20170074172-A
OR KR-20180058099-A
OR CN-108110072-B
OR KR-20190077099-A
OR JP-2017539093-A
OR EP-3373339-B1 OR
US-20100224229-A1
OR EP-3373339-A1 OR
JP-2017005253-A OR
KR-20170097662-A OR
JP-2017525126-A OR
JP-6411407-B2 OR KR-

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO:
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, 8I, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO))

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/22
02:27 PM

2022/10/22
02:28 PM

2022/10/22
02:35 PM

L24 109
L25 0

L26 44
12/15/2022 12:45:57 PM
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20180081268-A OR
US-9577126-B2 OR JP-
6453297-B2 OR US-
10763381-B2 OR JP-
6746854-B2 OR JP-
2017118112-A OR US-
20190131477-A1 OR
CN-108963013-B OR
TW-201618316-A OR
KR-20160145484-A OR
KR-101751727-B1 OR
KR-20200039839-A OR
US-20190019904-A1
OR WO-2013161023-
A1 OR US-10957809-
B2 OR KR-102100909-
B1 OR KR-101995833-
B1 OR CN-106898658-
A OR KR-
20180064194-A OR
US-20150380599-A1
OR CN-114127961-A
OR EP-3161879-A1 OR
KR-101466530-B1 OR
US-20150083183-A1
OR CN-107258020-A
OR EP-3038164-A1 OR
CN-108963013-A OR
CN-104254922-A OR
EP-3238271-A1 OR
WO-2016102471-A1
OR EP-2828897-B1 OR
EP-3038164-B1 OR
US-20170179325-A1
OR JP-6552011-B2 OR
US-20200091366-A1
OR US-20180006164-
A1 OR US-
20210249551-A1).did.

L27 42 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2022/10/22
Similar to: USOCR; FIT (AP, AT, 02:36 PM
Unpublished Application |AU, BE, BG, BR, BY,
# CA, CH, CN, CS, CcU,
Text: CZ, DD, DE, DK, EA,
(CN-108110072-B OR |EE, EP, ES, FI, FR, GB,
KR-20180058099-A OR [HR, HU, ID, IE, IL, IS,
JP-2017525126-A OR |IT, JP, KR, LT, LU, LV,
TW-201618316-A OR |MA, MC, MD, MY, NL,
US-10763381-B2 OR  |[NO, NZ, OA, PH, PL,
KR-20170097662-A OR |PT, RO, RS, RU, SE,
JP-2017539093-A OR |SG, SlI, SK, SU, TH,
US-20150380599-A1 TN, TR, TW, UA, VN,
OR US-9577126-B2 OR|WO))
EP-3161879-A1 OR
EP-3238271-A1 OR
WO-2016102471-A1
OR US-20180006164-
12/15/2022 12:45:57 PM Page 8 of 12
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A1 OR JP-6552011-B2
OR EP-3038164-A1 OR
EP-3038164-B1 OR
CN-107258020-A OR
MX-362141-B OR AU-
2020277220-A1 OR
KR-20180081268-A OR
JP-6067262-B2 OR
CN-103531488-B OR
US-20100051093-A1
OR BR-P10612619-A2
OR KR-20180064194-A
OR CN-101305300-A
OR DE-112009001438-
T5 OR MX-
2007015993-A OR CN-
112201731-A OR CN-
114127961-A OR EP-
4002495-A2 OR US-
20190054506-A1 OR
EP-3446777-A1 OR
EP-3331032-A1 OR
US-20180158977-A1
OR EP-1891468-A2 OR
WO-2006134300-A2
OR JP-2008543712-A
OR IL-188132-A OR
US-20090266407-A1
OR EP-1890976-A2 OR
WO-2006134301-A2
OR KR-20080017354-A
OR EP-0002829-B1 OR
CN-101296873-A OR
KR-101995833-B1 OR
KR-101333645-B1 OR
KR-20080017350-A OR
KR-20170074172-A OR
CN-101296873-B).did.

L28 44 (Artificial Intelligence) (US-PGPUB; USPAT; |OR ON ON 2022/10/22
Similar to: USOCR; FIT (AP, AT, 02:37 PM
Unpublished Application |AU, BE, BG, BR, BY,
# CA,CH,CN, CS, CU,
Text: CZ, DD, DE, DK, EA,
(KR-20180058099-A EE, EP, ES, FI, FR, GB,
OR CN-108110072-B |HR, HU, ID, IE, IL, IS,
OR JP-2017539093-A [IT, JP, KR, LT, LU, LV,
OR KR-20170074172-A [MA, MC, MD, MY, NL,
OR JP-2017005253-A [NO, NZ, OA, PH, PL,
OR KR-20170097662-A |PT, RO, RS, RU, SE,
OR JP-6411407-B2 OR |SG, SI, SK, SU, TH,
CN-108963013-BOR |TN, TR, TW, UA, VN,
KR-20180064194-A OR |WO))
US-10763381-B2 OR
KR-20180081268-A OR
JP-2017525126-A OR
TW-201618316-A OR
KR-20160145484-A OR
12/15/2022 12:45:57 PM Page 9 of 12
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KR-101751727-B1 OR
CN-106898658-A OR
CN-108963013-A OR
EP-3373339-B1 OR
WO-2013161023-A1
OR CN-107258020-A
OR KR-101995833-B1
OR EP-3238271-A1 OR
WO-2016102471-A1
OR EP-3038164-A1 OR
CN-114127961-A OR
CN-106898658-B OR
EP-3373339-A1 OR
US-9577126-B2 OR
US-20180006164-A1
OR EP-3038164-B1 OR
US-20150380599-A1
OR US-20150083183-
A1 OR EP-3161879-A1
OR KR-20150000510-A
OR CN-104254922-A
OR JP-6552011-B2 OR
EP-4002495-A2 OR JP-
6453297-B2 OR EP-
3331032-A1 OR US-
20180158977-A1 OR
JP-2017118112-A OR
MX-362141-B OR AU-
2020277220-A1 OR
EP-3185307-B1 OR
EP-3185307-A1 OR
KR-20200090532-A OR
US-20190019904-A1
OR US-20170179325-
A1 OR US-
20160204301-A1 OR
JP-6746854-B2).did.

L29 3485 ((("SHANGHAI") near3 |(US-PGPUB; USPAT; |OR ON ON 2022/12/15
("JINKQO") near3 USOCR; FIT (AP, AT, 12:43 PM
("GREEN") near3 AU, BE, BG, BR, BY,
("ENERGY") near3 CA, CH, CN, CS, CcU,
("ENTERPRISE") near3 |CZ, DD, DE, DK, EA,
("MANAGEMENT") EE, EP, ES, FI, FR, GB,
near3 ("CO") near3 HR, HU, ID, IE, IL, IS,
("LTD")) OR IT, JP, KR, LT, LU, LV,
(("ZHEJIANG") near3 MA, MC, MD, MY, NL,
("JINKQ") near3 NO, NZ, OA, PH, PL,
("SOLAR") near3 ("CO")|PT, RO, RS, RU, SE,
near3 SG, SI, SK, SU, TH,
("LTD")).AS,AANM. TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
L30 39923 (("YU") near3 ("Kun")) |(US-PGPUB; USPAT; |OR ON ON 2022/12/15
OR (("LIU" near3 USOCR; FIT (AP, AT, 12:43 PM
("Changming")) OR AU, BE, BG, BR, BY,
(("ZHANG") near3 CA, CH, CN, CS, CU,
12/15/2022 12:45:57 PM Page 10 of 12
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L31 37361

L32 289

L33 286823

("Xinyu"))).INV.

HO01L31/02366,03685,0
68,1824,1868.cpc.

(L29 L30) AND L31

(semi$1conduct$4 Si
silicon) near2 (support
substrate structure layer
film) WITH (textur$4
uneven$4 convex$4
concav$4 irregularit$4
corrugat$4 roughness
curvature)

Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
17/964,190 10/12/2022 Kun YU 084546-000044USD1 7994
22204 7590 11/29/2022 | EXAMINER |
NIXON PEABODY, LLP
799 Ninth Street, NW CENTRAL, DOCKET
SUITE 500
WASHINGTON, DC 20001 | ART UNIT | PAPER NUMBER |
OPAP
| NOTIFICATION DATE | DELIVERY MODE |
11/29/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipairlink @nixonpeabody.com
nppatent@nixonpeabody.com

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

In re Application of

YU, KUN, et al.

Application No.: 17/964,190 : DECISION ON REQUEST TO
Filed: 12 October 2022 : PARTICIPATE IN THE PATENT
Attorney Docket No.: 084546- : PROSECUTION HIGHWAY
000044USD1 : PROGRAM AND PETITION
For: SOLAR CELL, : TO MAKE SPECIAL UNDER
MANUFACTURING METHOD 37 CFR 1.102(a)

THEREOF, AND PHOTOVOLTAIC

MODULE

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program
and the petition under 37 CFR 1.102(a), filed October 26, 2022, to make the above-identified
application special.

The request and petition under 37 C.F.R. § 1.102(a) are GRANTED. [/t is noted that the PPH
request lists the relied upon OLE work product as the decision to grant a patent. However, a
decision to grant a patent cannot be the relied upon work product unless it was a first action

allowance. Therefore, the decision herein is based on the Notice of Reason for Refusal dated August
02, 2022.

DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application for which participation in the Global/IP5 PPH pilot program is
requested must have the same earliest date, whether this is the priority date or filing date, as
that of a corresponding national or regional application filed with another Global/IP5 PPH
participating office or a corresponding PCT international application for which one of the
Global/IP5 PPH participating offices was the International Searching Authority (ISA) or the
International Preliminary Examining Authority (IPEA).

2. Applicant must:
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Application No. 17/964,190 Page 2

a. Ensure all the claims in the U.S. application must sufficiently correspond or be
amended to sufficiently correspond to the allowable/patentable claim(s) in the
corresponding Office of Earlier Examination (OEE) application; and

b. Submit a claims correspondence table in English.

3. Examination of the U.S. application has not begun.
4. Applicant must submit:

a. Documentation of prior office action:
i. a copy of the office action(s) just prior to the “Decision to Grant a Patent”
from each of the Global/IP5 PPH participating office application(s) containing
the allowable/patentable claim(s) or
ii. if the allowable/patentable claims(s) are from a “Notification of Reasons
for Refusal” then the Notification of Reasons for Refusal or
iii. if the Global/IP5S PPH participating office application is a first action
allowance then no office action from the Global/IP5S PPH participating office
is necessary should be indicated on the request/petition form or
iv. the latest work product in the international phase of the OEE PCT
application; and
b. An English language translation of the Global/IPS PPH participating office action
or work product from (4)(a)(i)-(ii) or (iv) above.

5. Applicant must submit:

a. An IDS listing the documents cited by the Global/IP5 PPH participating office
examiner in the Global/IP5 PPH participating office action or work product (unless
already submitted in this application); and

b. Copies of the documents except U.S. patents or U.S. patent application
publications (unless already submitted in this application).

The request to participate in the PPH pilot program and petition comply with the above
requirements. Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to Dale Hall at (5§71) 272-3586.

All other inquiries concerning the examination or status of the application is accessible in the
PAIR system at hitp://portal. uspio.gov.

/Dale A. Hall/
Paralegal Specialist, OPET
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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 |
17/964,190 10/12/2022 Kun YU 084546-000044USD1
CONFIRMATION NO. 7994
22204 NEW OR REVISED PPD NOTICE
NIXON PEABODY, LLP
799 Ninth Street, NW IR AT AR VWA
SUITE 500 000000136702896

WASHINGTON, DC 20001

NOTICE OF NEW OR REVISED PROJECTED PUBLICATION DATE

The above-identified application has a new or revised projected publication date. The
current projected publication date for this application is 02/09/20283. If this is a new projected
publication date (there was no previous projected publication date), the application has been
cleared by Licensing & Review or a secrecy order has been rescinded and the application is
now in the publication queue.

If this is a revised projected publication date (one that is different from a previously
communicated projected publication date), the publication date has been revised due

to processing delays in the USPTO or the abandonment and subsequent revival of an
application. The application is anticipated to be published on a date that is more than six
weeks different from the originally-projected publication date.

More detailed publication information is available through the private side of Patent
Application Information Retrieval (PAIR) System. The direct link to access PAIR is currently
http://pair.uspto.gov. Further assistance in electronically accessing the publication, or about
PAIR, is available by calling the Patent Electronic Business Center at 1-866-217-9197.

Questions relating to this Notice 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.

PART 1 - ATTORNEY/APPLICANT COPY
page 1 of 1
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Doc Code: PPH.PET.652 PTO/SB/20GLBL (09-22)

Document Description: Petition to make special under Patent Prosecution Hwy Approved for use through 08/31/2024. OMB 0651-0058
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.

REQUEST FOR PARTICIPATION IN THE GLOBALI/IP5
PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM IN THE USPTO

Application No.: |17/964,190 First Named Inventor:  |Kun YU

Filing Date: October 12, 2022 Attorney Docket No.:  1084546-000044USD1

Title of Invention: ]SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

THIS REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE REQUIRED DOCUMENTS MUST BE SUBMITTED VIA
THE USPTO PATENT ELECTRONIC FILING SYSTEM (EFS-WEB OR PATENT CENTER). INFORMATION REGARDING THE PATENT ELECTRONIC

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM AND
PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM.

For national stage applications under 35 U.S.C. 371 only: This is an express request to begin national stage processing under 35 U.S.C. 371(f). Note: National
stage processing will not commence prior to 30 months from the priority date absent an express request to begin national stage processing under 35 U.S.C. 371(f)
and fulfillment of the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic national fee, copy of the International Application and English
transiation thereof (if required), and the oath or declaration of the inventor(s).

Office of earlier examination (OEE): Japan {Japan Patent Office)

OEE application number: 2022-084397

Both the OEE application and the above-identified U.S. application
have the following earliest date (filing or priority date): August 4, 2021

Type of OEE work product relied upon: Decision to grant a patent
Mailing date of OEE work product: October 11, 2022

Supporting Documents
1. OEE Work Product and Translation
A copy of the OEE work product and translation if not already in English:
Attached |:|Previously Submitted DNot required because the decision to grant a patent was the first office action

DAppIicant requests the USPTO to attempt to obtain the OEE work product from the Dossier Access System or PATENTSCOPE

NOTE: If the applicant requests the USPTO to obtain the OEE work product electronically and such attempt is unsuccessful, the applicant will
be required to supply the document. Accordingly, to avoid dismissal of the initial PPH request and potential denial of participation in the PPH
program, the applicant should verify that the OEE work product is actually available via the Dossier Access System or PATENTSCOPE before
requesting retrieval. If the applicant is unable to verify availability, then the applicant should submit the document with the PPH request.

2. References Cited in OEE Work Product

An information disclosure statement (IDS) listing the references cited in the OEE work product and document copies (except U.S. patents
and U.S. published patent applications):

DAﬂached Previously Submitted DNot required because no references were cited in the OEE work product

[Page 1 of 2]

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to
comply with an information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a
currently valid OMB Control Number. The OMB Control Number for this information collection is 0651-0058. Public burden for this form is estimated
to average 2 hours per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data
needed, and completing and reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this
information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United States Patent and Trademark
Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email {nformationCollection@uspin.gev. 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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PTO/SB/20GLBL (09-22)
Approved for use through 08/31/2024. OMB 0651-0058
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.

REQUEST FOR PARTICIPATION IN THE GLOBAL/IP5 PPH PILOT PROGRAM IN THE USPTO
(continued)
Application No.: | 17/964,190 First Named Inventor: [Kun YU
3. Claims Correspondence Certification Statement
All of the claims in this application sufficiently correspond to the patentable/allowable claims in the OEE application.
4. Claims Correspondence Table
Claims in U.S. Application Pate?fg:g@g%“pﬁizgaims Explanation Regarding the Correspondence
1 1 Claim 1 sufficiently corresponds to claim 1 in OEE application
2 2 Claim 2 sufficiently corresponds to claim 2 in OEE application
3 3 Claim 3 sufficiently corresponds to claim 3 in OEE application
4 4 Claim 4 sufficiently corresponds to claim 4 in OEE application
5 5 Claim 5 sufficiently corresponds to claim 5 in OEE application
6 6 Claim 6 sufficiently corresponds to claim 6 in OEE application
7 7 Claim 7 sufficiently corresponds to claim 7 in OEE application
9 8 Claim 9 sufficiently corresponds to claim 8 in OEE application
11 9 Claim 11 sufficiently corresponds to claim 9 in OEE application
12 10 Claim 12 sufficiently corresponds to claim 10 in OEE application
14 11 Claim 14 sufficiently corresponds to claim 11 in OEE applicatior]
18 12 Claim 18 sufficiently corresponds to claim 12 in OEE application
20 1,18 Claim 20 sufficiently corresponds to claims 1 and 13 in OEE apj
21 1,2,13 Claim 21 sufficiently corresponds to claims 1, 2 and 13 in OEE 4§
22 1,3,13 Claim 22 sufficiently corresponds to claims 1, 3 and 13 in OEE 4
23 1,413 Claim 23 sufficiently corresponds to claims 1, 4 and 13 in OEE 4§
24 1,5,13 Claim 24 sufficiently corresponds to claims 1, 5 and 13 in OEE ¢
25 1,5,6,13 Claim 25 sufficiently corresponds to claims 1, 5, 6 and 13 in OE
26 1,7,13 Claim 26 sufficiently corresponds to claims 1, 7 and 13 in OEE 4§
27 1,8,13 Claim 27 sufficiently corresponds to claims 1, 8 and 13 in OEE 4
Signature /Sumiyo Onda, Reg. No. 62,166/ Date  October 26, 2022
Name (print or type) Sumiyo Onda Registration Number 62,166

[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. The United States Patent
and Trademark Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The
USPTO's system of records is used to manage all applicant and owner information including name,
citizenship, residence, post office address and other information with respect to inventors and their legal
representatives pertaining to the applicant's/owner's activities in connection with the invention for which a
patent is sought or has been granted. The applicable Privacy Act System of Records Notice for this
information is COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR
19243 (March 29, 2013) (htlps:/ivwww govinfo.govioenient/pko/FR-2813-03-28/00V2013-07 341 . pdD).

Routine uses of this information may include disclosure to the following: to law enforcement and
investigation in the event that the system of records indicates a violation or potential violation of law; to a
Federal, state, local, or international agency, in response to its request; to an agency, organization, or
individual for the purpose of performing audit or oversight operations as authorized by law; to non-federal
personnel under contract to the agency; to a court for adjudication and litigation; to the Department of
Justice for Freedom of Information Act (FOIA) assistance; to Members of Congress submitting a request
involving an individual to whom the record pertains, when the individual has requested the Member's
assistance with respect to the subject matter of the record; to the Office of Personnel Management (OPM)
for personnel research purposes; to National Archives and Records Administration for inspection of
records; and to the Office of Management and Budget (OMB) for legislative coordination and clearance.
Failure to provide any part of the requested information may result in an inability to process requests for
access and information.
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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 has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 pm; and wherein a 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;

a first passivation layer located on the second texture structure of the 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; and

a second passivation layer located on a surface of the doped conductive layer.

2. 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, a distance between the top surface of the outermost first
substructure and the top surface of the adjacent first substructure is equal to or less than 2um.

3. The solar cell according to claim 1, 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.

4. The solar cell according to claim 1, wherein a thickness of the tunnel oxide layer on the
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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.

5. 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 pm.

6. The solar cell according to claim 5, wherein the top surface of the second substructure
is a polygonal plane.

7. 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.

8. 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.

9. 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.

10. The solar cell according to claim 1, wherein the first passivation layer is a stacked
passivation structure of an aluminum oxide layer and a silicon nitride layer, the aluminum oxide
layer has a thickness ranging from 2 nm to 10 nm, and the silicon nitride layer has a thickness
ranging from 50 nm to 110 nm.

11. The solar cell according to claim 1, wherein the first passivation layer is 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 silicon nitride layer has a thickness ranging from 40 nm to 80 nm, and the silicon
oxynitride layer has a thickness ranging from 10 nm to 60 nm.

12. 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

polycrystalline silicon layer, an N-type doped microcrystalline silicon layer or an N-type doped
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amorphous silicon layer, and the doped conductive layer has a thickness ranging from 60 nm
to 200 nm.
13. A photovoltaic module, comprising a plurality of solar cell strings, wherein each of the

plurality of solar cell strings comprises solar cells according to any one of claims 1-12.
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Reference Number: 06989JP01 Shipping number: 889089 Shipping date: January 11, 4" year of Reiwa 1

Notice of Reasons for Refusal

Patent application number Japanese Patent Application No. 2022-084397

Draft date July 25, 4th year of Reiwa

JPO Examiner Toshifumi Hara 4078 2K00
Patent applicant agent Hatta International Patent Business Corporation
Applicable Article Article 36, Paragraph 6, Item 2 (Clarity)

This application should be rejected for the following reasons: If you have any comments
on this, please submit your comments within 3 months from the date this notice was sent.

Reasons

1. (Clarity) This application does not meet the requirements stipulated in Article 36,
Paragraph 6, Item 2 of the Patent Act in the following points.

® Reason 1 (Clarity)

Claims 1-13

According to claim 1, “a first passivation layer located the second texture structure” does not
clearly describes how the first passivation layer is located relative to the second texture structure.
As a result, the relationship between the second texture structure and the first passivation layer is
not clear. (If it is “a first passivation layer located on the second texture structure”, the
relationship will be clear). Thus, it is possible to clearly describe the invention according to
claim 1

Therefore, claim 1 is not clear.

Claims 2-13 are objected due to their dependencies from claim 1.

Claims 11, 13

Claim 11 recites “silicon oxynitride”, but does not recite “silicon oxynitride layer”. It is not clear
whether the silicon nitride itself forms a layer, so what “the silicon oxynitride layer” refers to is
not clear.

Therefore, claim 11 is not clear.

Claim 13 is objected due to its dependency from claim 11.
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Reference Number: 06989JP01 Shipping number: 889089 Shipping date: January 11, 4" year of Reiwa 2

<List of cited references>
1. 1. International Publication No. 2016/129481

<Record of prior art literature search
results>

= Surveyed field IPC HO1L31/02-31/078
HO1L31/18-31/20

Reference cited
International Patent Application No. 2016/129481

US Patent Application Publication No. 2018/018295

US Patent Application Publication No. 2018/0315866
JP-A-2012-216788

Chinese Patent Application Publication No. 112599615
Chinese Patent Application Publication No. 110931596
JP-Laid open 6-61515

The record of the results of this prior art literature search does not constitute a reason for
refusal.

If you have any inquiries regarding the content of this notice of reasons for refusal or if
you would like to have an interview, please contact us at the following contact information. If

you would like to send the amendment proposal by e-mail etc., please let us know by phone.

Judging Part 1 (PA2K) Optical Device Toshifumi Hara
TEL. 03-3581-1101 extension 3253
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Reference Number: 06989JP02 Shipping number: 498087 Shipping date: October 11, 4" year of Reiwa 1

Notice of Allowance

Patent application number Japanese Patent Application No. 2022-084397

Draft date September 30, 4th year of Reiwa

JPO Examiner Toshifumi Hara 4078 2K00

Title of the invention SOLAR CELL, MANUFACTURING METHOD
THEREOF, AND PHOTOVOLTAIC MODULE

Number of claims 13

Patent applicant SHANGHAI JINKO GREEN ENERGY ENTERPRISE
MANAGEMENT CO., LTD. (1 other person)

Agent Hatta International Patent Business Corporation

We will grant a patent for this application because we will not find the reason for refusal.

It certifies that the above is not different from what is recorded in the file.
Certification date October 4™ , 4" year of Reiwa

Minister of Economy, Trade and Industry Takashi Sato

Note: The patent fee must be paid within 30 days from the date of receipt of
this document.
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Reference Number: 06989JP02 Shipping number: 498087 Shipping date: October 11, 4" year of Reiwa 2
= Application type Normal
= References Available
= Article 30 of the Patent Law None
= Change in the name of the invention None

= Fungus deposit
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Reference Number: 06989JP02 Shipping number:498087 Shipping date: October 11, 4" year of Reiwa 3

Reference Information

Patent application number Japanese Patent Application No. 2022-084397

- FI
HOIL 31/04 280 ,
HOIL 31/06 400 .
HOIL 31/04 240

= Surveyed fields (IPC, DB name)

HO1L 31/02-31/078

HO1L 31/18-31/20

= Reference patent documents

International Publication No. 2016/129481 (WO, Al)
US Patent Application Publication No. 2018/018295 (US, Al)
US Patent Application Publication No. 2018/0315866 (US, Al)
Japanese Patent Application Laid-Open No. 2012-216788 P, A)
Chinese Patent Application Publication No. 112599615 (CN, A)
Japanese Patent Application Laid-Open No. 06-061515 (P, A)

= Reference book magazine
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UNITED STATES e v s Box 1480
PATENT AND TRADEMARK OFFICE . Y S oo

W LSO gov

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION #

17/964,190

RECEIPT DATE / TIME

10/26/2022 10:57:30 AM ET

ATTORNEY DOCKET #

084546-000044USD1

Title of Invention
SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT #
under 35 USC 111(a)

CONFIRMATION # 7994 FILEDBY  Donald Sias
PATENT CENTER # 61107095 FILING DATE  10/12/2022

CUSTOMER # 22204 FIRST NAMED Kun YU

INVENTOR

CORRESPONDENCE AUTHORIZED BY  Sumiyo Onda

ADDRESS

Documents TOTAL DOCUMENTS: 5
DOCUMERNTY PAGES  DESCORIPTION SIZE (K&
(084548 Q00044U8DT_PRHL 3 Petition to make Special under 1038 KB
ot Paient Prosecution Mighway
(84546 _000044US8D1_prelim 7 Petition to make Special under 107 KB
nary_amendment_with FRH, Patent Progsoution Highway
pait
Notice of Reasons_for Refu 4 Pelilion to make Special under 304 KB
sal.pdi Patent Prosecution Mighway
PREH Granted Claims.pdf 5 Claims 352 KB
FRH Notice_of Allowance.p 8 Patition to make Special under 288 K&

af

Paten! Prosecution Highway
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Digest

DOCUMENT MESSAGE DIGEST(SHAS1Z)

{84546 _000044USD1_PPH.pdl AACFABEDEASCTETTDBR0CAZGEBCFDZ00ATCIDACTBE0ARTES
AQLCFFERARESF40DFSETDEA4FBOSBOCBASFIBYI3ACT120BS
CA44ATOFEST70R0DDFRCOBR4EDISTEIDE

084545 _000044USD1 prefimin  6704FTETIN 9700 78063AD4AI2E0EACDSBTO02FE2TDO6TOTCF
ary_amendment with PPH.pdi  FAS042A0F178B1408917D80EA | BADSSAAASOEZOSE3FBROFER
RE3EADOO5427 107 380HAGTI2B40E0E

Notice_of_Reasons_for_Hefusa BACESTAREFDOO4ATDEDFZOIBSFOLTRIESBFDBANBE8E3CEE61E
Lpdt BAARBBBFDZ437F6DE70BCCOACFIE3AT405600BDE405COBTE
S7CECBOBIDEABEDABAZASUSEBEEET0S

PEH Granted Olaims.p PER1CASABDURT AFIRE7OFEST2E4CCF 1 20205286 1 OFHRREAZE
ODF3509A85B81D1820892E5 18F 1 78404 ERSESRITRAGT
AUBRAESTEC34806CO73R161889B0DY

PP _Notice _of_Allowance. pdi HEUB47BEBARZEERFATDABOGOFBEBEF4PHB4EEFACETYIZEFFS
755396ACRBORDCA0ATESEZ8DFR4CEB2DD20RBA TAFRSER1C4AE
BROAGF2380FEEIBEDTD4T78DOSOFTIDDA

This Ackrowledgament Reoeipt svidences receipt on the noted date by the USPTE of the mdicated documents, characterized
oy the applicant, and including page counts, whare appiicabia. ii serves as evidence of receipt similar 1o a Past Card, as
dasenbad in MPEF 503,

New Applications Under 35 US.C. 1

i a new application is baing filed and the application inciudes the necessary componenis for fiing dale {(see 37 OFR 1.83(0-{d)

and MPEP 508}, a Filing Receipl (37 OFR 1.54) wil be issuad in due course and the data shown on this Acknowledgernant
Raceipt will estabiish the filing date of the application

Mational Stage of an international Application under 38 U.S.C. 371

i a timaly submission to enter the nadional stags of an international apglication is compliant with the conditions o 35 U.8.C
371 and other applicable requirementis a Form PCT/DO/EQ/SNS indicating accepiance of the application as a nation:
subimission under 35 U.S8.C. 371 will be igsuad in addition fo the Filing Receipt, in due course.

MNew International Application Filed with the USPTO as a Hagelving Qftice

if a now international appiication is being fied and the nternational application includes the necessary componanis for an
intarmnadion g date {see POT Article 11 and MPEF 1810}, a Notitication of the International Application Number and of the
international Filing Date (Form PCTARO/105) will be ssued In due course, subjact 1o prescriptions concerning national security,
ard the date shown on this Acknowledgement Receipt will establish the infernational Hling date of the application.
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Docket No.: 084546-000044USD1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application
Kun YU

Application No.: 17/964,190

Filed: October 12, 2022

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

Confirmation No.: 7994

N N N N N N

PRELIMINARY AMENDMENT

Mail Stop Petition — Via EFS
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
Prior to the examination of this application, please amend the subject application as
follows:

Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 7 of this paper.

4874-4193-5162.1
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Docket No.: 084546-000044USD1
Application No.: 17/964,190
Page No. 2

IN THE CLAIMS:

Please amend the claims as follows:

1. (Original) A solar cell, comprising:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 um; and wherein a 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 pum;

a first passivation layer located on the second texture structure of the 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; and

a second passivation layer located on a surface of the doped conductive layer.

2. (Original) 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, a distance between the top surface of the
outermost first substructure and the top surface of the adjacent first substructure is equal to or

less than 2um.

3. (Original) The solar cell according to claim 1, 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.

4874-4193-5162.1
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Docket No.: 084546-000044USD1

Application No.: 17/964,190

Page No. 3

4. (Original) 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.

5. (Original) 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.

6. (Original) The solar cell according to claim 5, wherein the top surface of the second

substructure is a polygonal plane.

7. (Currently Amended) 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.

8. (Cancelled)

9. (Currently Amended) 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.

10 (Cancelled)

11. (Original) 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.

12. (Currently Amended) The solar cell according to claim 1, wherein the first

passivation layer is a stacked passivation structure of an aluminum oxide layer and a silicon

nitride layer, the aluminum oxide layer has a thickness ranging from 2 nm to 10 nm, and the
silicon nitride layer has a thickness ranging from 50 nm to 110 nm.

4874-4193-5162.1
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Docket No.: 084546-000044USD1
Application No.: 17/964,190
Page No. 4

13. (Cancelled)

14. (Currently Amended) The solar cell according to claim 1, wherein the first
passivation layer is 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 silicon nitride layer has a thickness ranging from

40 nm to 80 nm. and the silicon oxynitride layer has a thickness ranging from 10 nm to 60

nm.

15-17 (Cancelled)

18. (Currently Amended) 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 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.

19 (Cancelled)

20. (Original) A photovoltaic module, comprising a plurality of solar cell strings,
wherein each of the plurality of solar cell strings comprises solar cells, and at least one of the
solar cells comprises:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 pum; and wherein a 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;

a first passivation layer located on the second texture structure of the front surface of

4874-4193-5162.1
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Docket No.: 084546-000044USD1
Application No.: 17/964,190
Page No. 5
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; and

a second passivation layer located on a surface of the doped conductive layer.

21. (New) The photovoltaic module according to claim 20, 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, a distance between the top surface of
the outermost first substructure and the top surface of the adjacent first substructure is equal

to or less than 2um.

22. (New) The photovoltaic module according to claim 20, 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.

23. (New) The photovoltaic module according to claim 20, 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.

24. (New) The photovoltaic module according to claim 20, 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.

25. (New) The photovoltaic module according to claim 24, wherein the top surface of

the second substructure is a polygonal plane.
26. (New) The photovoltaic module according to claim 20, 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 hatnium oxide layer, and the tunnel oxide

layer has a thickness ranging from 0.8 nm to 2 nm.

4874-4193-5162.1
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27. (New) The photovoltaic module according to claim 20, 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.

4874-4193-5162.1
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Docket No.: 084546-000044USD1
Application No.: 17/964,190
Page No. 7
REMARKS

Claims 1-7, 9, 11-12, 14, 18 and 20 are preliminary amended herein to be consistent
with the allowed claims in the counterpart Japanese App. No. 2022-084397 for the purposes
of PPH request being filed concurrently herewith. In addition, multiple dependency recited
in claim 13 is expanded and now added as new claims 21-27. As a result, claims 8, 10, 13,
15-17 and 19 are canceled without prejudice or disclaimer. Applicant respectfully submits

that no new matter is added. Examination on the merits is requested.
The Commissioner is hereby authorized to charge any fee required in connection with
this filing, and any additional fees which may be required, or credit any overpayment to

Deposit Account No. 19-2380.

Respectfully submitted,

/Sumiyo Onda, Reg. No. 62,166/
Sumiyo Onda
Registration No. 62,166

NIXON PEABODY LLP
CUSTOMER NO. 22204

799 9 Street, N.W.

Suite 500

Washington, D.C. 20001-4501
TEL: (202) 585-8000
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international filing date (see PCT Article 11 and MPEP 1810}, a Notification of ke Infernational Application Number and of the
§=‘-iar; atinnal Filing Date (Form POT/ROGME) will be issuad i due courss, sublect to prescriptions conceming ﬂaisona secunty,
and the dale shown on this Acknowledgement Recsipl will aslablish the infernational Hiling dale of the application.

SEG Solar, EX1018, Page 630



Docket No.: 084546-000044USD1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application
Kun YU

Application No.: 17/964,190

Filed: October 12, 2022

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

Confirmation No.: 7994

N N N N N N

PRELIMINARY AMENDMENT

Mail Stop Petition — Via EFS
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
Prior to the examination of this application, please amend the subject application as
follows:

Amendments to the Claims begin on page 2 of this paper.

Remarks begin on page 7 of this paper.

4874-4193-5162.1
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IN THE CLAIMS:

Please amend the claims as follows:

1. (Original) A solar cell, comprising:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 um; and wherein a 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 pum;

a first passivation layer located on the second texture structure of the 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; and

a second passivation layer located on a surface of the doped conductive layer.

2. (Original) 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, a distance between the top surface of the
outermost first substructure and the top surface of the adjacent first substructure is equal to or

less than 2um.

3. (Original) The solar cell according to claim 1, 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.

4874-4193-5162.1
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4. (Original) 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.

5. (Original) 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.

6. (Original) The solar cell according to claim 5, wherein the top surface of the second

substructure is a polygonal plane.

7. (Currently Amended) 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.

8. (Cancelled)

9. (Currently Amended) 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.

10 (Cancelled)

11. (Original) 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.

12. (Currently Amended) The solar cell according to claim 1, wherein the first

passivation layer is a stacked passivation structure of an aluminum oxide layer and a silicon

nitride layer, the aluminum oxide layer has a thickness ranging from 2 nm to 10 nm, and the
silicon nitride layer has a thickness ranging from 50 nm to 110 nm.

4874-4193-5162.1

SEG Solar, EX1018, Page 633



Docket No.: 084546-000044USD1
Application No.: 17/964,190
Page No. 4

13. (Cancelled)

14. (Currently Amended) The solar cell according to claim 1, wherein the first
passivation layer is 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 silicon nitride layer has a thickness ranging from

40 nm to 80 nm. and the silicon oxynitride layer has a thickness ranging from 10 nm to 60

nm.

15-17 (Cancelled)

18. (Currently Amended) 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 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.

19 (Cancelled)

20. (Original) A photovoltaic module, comprising a plurality of solar cell strings,
wherein each of the plurality of solar cell strings comprises solar cells, and at least one of the
solar cells comprises:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a
first texture structure, the first texture structure has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 pum; and wherein a 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;

a first passivation layer located on the second texture structure of the front surface of

4874-4193-5162.1
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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; and

a second passivation layer located on a surface of the doped conductive layer.

21. (New) The photovoltaic module according to claim 20, 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, a distance between the top surface of
the outermost first substructure and the top surface of the adjacent first substructure is equal

to or less than 2um.

22. (New) The photovoltaic module according to claim 20, 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.

23. (New) The photovoltaic module according to claim 20, 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.

24. (New) The photovoltaic module according to claim 20, 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.

25. (New) The photovoltaic module according to claim 24, wherein the top surface of

the second substructure is a polygonal plane.
26. (New) The photovoltaic module according to claim 20, 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 hatnium oxide layer, and the tunnel oxide

layer has a thickness ranging from 0.8 nm to 2 nm.

4874-4193-5162.1
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27. (New) The photovoltaic module according to claim 20, 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.
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REMARKS

Claims 1-7, 9, 11-12, 14, 18 and 20 are preliminary amended herein to be consistent
with the allowed claims in the counterpart Japanese App. No. 2022-084397 for the purposes
of PPH request being filed concurrently herewith. In addition, multiple dependency recited
in claim 13 is expanded and now added as new claims 21-27. As a result, claims 8, 10, 13,
15-17 and 19 are canceled without prejudice or disclaimer. Applicant respectfully submits

that no new matter is added. Examination on the merits is requested.
The Commissioner is hereby authorized to charge any fee required in connection with
this filing, and any additional fees which may be required, or credit any overpayment to

Deposit Account No. 19-2380.

Respectfully submitted,

/Sumiyo Onda, Reg. No. 62,166/
Sumiyo Onda
Registration No. 62,166

NIXON PEABODY LLP
CUSTOMER NO. 22204

799 9 Street, N.W.

Suite 500

Washington, D.C. 20001-4501
TEL: (202) 585-8000
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Doc Code: PPH.PET.652 PTO/SB/20GLBL (09-22)

Document Description: Petition to make special under Patent Prosecution Hwy Approved for use through 08/31/2024. OMB 0651-0058
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.

REQUEST FOR PARTICIPATION IN THE GLOBALI/IP5
PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM IN THE USPTO

Application No.: |17/964,190 First Named Inventor:  |Kun YU

Filing Date: October 12, 2022 Attorney Docket No.:  1084546-000044USD1

Title of Invention: ]SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

THIS REQUEST FOR PARTICIPATION IN THE PPH PILOT PROGRAM ALONG WITH THE REQUIRED DOCUMENTS MUST BE SUBMITTED VIA
THE USPTO PATENT ELECTRONIC FILING SYSTEM (EFS-WEB OR PATENT CENTER). INFORMATION REGARDING THE PATENT ELECTRONIC

APPLICANT HEREBY REQUESTS PARTICIPATION IN THE PATENT PROSECUTION HIGHWAY (PPH) PILOT PROGRAM AND
PETITIONS TO MAKE THE ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PPH PILOT PROGRAM.

For national stage applications under 35 U.S.C. 371 only: This is an express request to begin national stage processing under 35 U.S.C. 371(f). Note: National
stage processing will not commence prior to 30 months from the priority date absent an express request to begin national stage processing under 35 U.S.C. 371(f)
and fulfillment of the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic national fee, copy of the International Application and English
transiation thereof (if required), and the oath or declaration of the inventor(s).

Office of earlier examination (OEE): Japan {Japan Patent Office)

OEE application number: 2022-084397

Both the OEE application and the above-identified U.S. application
have the following earliest date (filing or priority date): August 4, 2021

Type of OEE work product relied upon: Decision to grant a patent
Mailing date of OEE work product: October 11, 2022

Supporting Documents
1. OEE Work Product and Translation
A copy of the OEE work product and translation if not already in English:
Attached |:|Previously Submitted DNot required because the decision to grant a patent was the first office action

DAppIicant requests the USPTO to attempt to obtain the OEE work product from the Dossier Access System or PATENTSCOPE

NOTE: If the applicant requests the USPTO to obtain the OEE work product electronically and such attempt is unsuccessful, the applicant will
be required to supply the document. Accordingly, to avoid dismissal of the initial PPH request and potential denial of participation in the PPH
program, the applicant should verify that the OEE work product is actually available via the Dossier Access System or PATENTSCOPE before
requesting retrieval. If the applicant is unable to verify availability, then the applicant should submit the document with the PPH request.

2. References Cited in OEE Work Product

An information disclosure statement (IDS) listing the references cited in the OEE work product and document copies (except U.S. patents
and U.S. published patent applications):

DAﬂached Previously Submitted DNot required because no references were cited in the OEE work product

[Page 1 of 2]

A Federal agency may not conduct or sponsor, and a person is not required to respond to, nor shall a person be subject to a penalty for failure to
comply with an information collection subject to the requirements of the Paperwork Reduction Act of 1995, unless the information collection has a
currently valid OMB Control Number. The OMB Control Number for this information collection is 0651-0058. Public burden for this form is estimated
to average 2 hours per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data
needed, and completing and reviewing the information collection. Send comments regarding this burden estimate or any other aspect of this
information collection, including suggestions for reducing this burden to the Chief Administrative Officer, United States Patent and Trademark
Office, P.O. Box 1450, Alexandria, VA 22313-1450 or email {nformationCollection@uspin.gev. 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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PTO/SB/20GLBL (09-22)
Approved for use through 08/31/2024. OMB 0651-0058
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.

REQUEST FOR PARTICIPATION IN THE GLOBAL/IP5 PPH PILOT PROGRAM IN THE USPTO
(continued)
Application No.: | 17/964,190 First Named Inventor: [Kun YU
3. Claims Correspondence Certification Statement
All of the claims in this application sufficiently correspond to the patentable/allowable claims in the OEE application.
4. Claims Correspondence Table
Claims in U.S. Application Pate?fg:g@g%“pﬁizgaims Explanation Regarding the Correspondence
1 1 Claim 1 sufficiently corresponds to claim 1 in OEE application
2 2 Claim 2 sufficiently corresponds to claim 2 in OEE application
3 3 Claim 3 sufficiently corresponds to claim 3 in OEE application
4 4 Claim 4 sufficiently corresponds to claim 4 in OEE application
5 5 Claim 5 sufficiently corresponds to claim 5 in OEE application
6 6 Claim 6 sufficiently corresponds to claim 6 in OEE application
7 7 Claim 7 sufficiently corresponds to claim 7 in OEE application
9 8 Claim 9 sufficiently corresponds to claim 8 in OEE application
11 9 Claim 11 sufficiently corresponds to claim 9 in OEE application
12 10 Claim 12 sufficiently corresponds to claim 10 in OEE application
14 11 Claim 14 sufficiently corresponds to claim 11 in OEE applicatior]
18 12 Claim 18 sufficiently corresponds to claim 12 in OEE application
20 1,18 Claim 20 sufficiently corresponds to claims 1 and 13 in OEE apj
21 1,2,13 Claim 21 sufficiently corresponds to claims 1, 2 and 13 in OEE 4§
22 1,3,13 Claim 22 sufficiently corresponds to claims 1, 3 and 13 in OEE 4
23 1,413 Claim 23 sufficiently corresponds to claims 1, 4 and 13 in OEE 4§
24 1,5,13 Claim 24 sufficiently corresponds to claims 1, 5 and 13 in OEE ¢
25 1,5,6,13 Claim 25 sufficiently corresponds to claims 1, 5, 6 and 13 in OE
26 1,7,13 Claim 26 sufficiently corresponds to claims 1, 7 and 13 in OEE 4§
27 1,8,13 Claim 27 sufficiently corresponds to claims 1, 8 and 13 in OEE 4
Signature /Sumiyo Onda, Reg. No. 62,166/ Date  October 26, 2022
Name (print or type) Sumiyo Onda Registration Number 62,166
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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. The United States Patent
and Trademark Office (USPTO) collects the information in this record under authority of 35 U.S.C. 2. The
USPTO's system of records is used to manage all applicant and owner information including name,
citizenship, residence, post office address and other information with respect to inventors and their legal
representatives pertaining to the applicant's/owner's activities in connection with the invention for which a
patent is sought or has been granted. The applicable Privacy Act System of Records Notice for this
information is COMMERCE/PAT-TM-7 Patent Application Files, available in the Federal Register at 78 FR
19243 (March 29, 2013) (htlps:/ivwww govinfo.govioenient/pko/FR-2813-03-28/00V2013-07 341 . pdD).

Routine uses of this information may include disclosure to the following: to law enforcement and
investigation in the event that the system of records indicates a violation or potential violation of law; to a
Federal, state, local, or international agency, in response to its request; to an agency, organization, or
individual for the purpose of performing audit or oversight operations as authorized by law; to non-federal
personnel under contract to the agency; to a court for adjudication and litigation; to the Department of
Justice for Freedom of Information Act (FOIA) assistance; to Members of Congress submitting a request
involving an individual to whom the record pertains, when the individual has requested the Member's
assistance with respect to the subject matter of the record; to the Office of Personnel Management (OPM)
for personnel research purposes; to National Archives and Records Administration for inspection of
records; and to the Office of Management and Budget (OMB) for legislative coordination and clearance.
Failure to provide any part of the requested information may result in an inability to process requests for
access and information.

SEG Solar, EX1018, Page 640



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

jateboxincolumn 1

Substitute for Form PTO-875 17/964,190
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED | NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
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INDEPENDENT CLAIMS . _
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If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()) 0
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
oV

www.uspto.g
Apgll}ll\ﬁ[];gON | 35&‘:1)NSAD;E | Gl?JII)\I?”ll}T | FIL FEE REC'D ATTY.DOCKET.NO |TOT CLAI.MSlIND CLAIMSl
17/964,190 10/12/2022 1820 084546-000044USD1 20
CONFIRMATION NO. 7994

22204 FILING RECEIPT
NIXON PEABODY, LLP | “
NXON PERBODY. L I A R
SUITE 500

WASHINGTON, DC 20001
Date Mailed: 10/26/2022

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Kun YU, Haining, CHINA;
Changming LIU, Haining, CHINA;
Xinyu ZHANG, Haining, CHINA;
Applicant(s)
SHANHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD., Minhang
District, CHINA,;
ZHEJIANG JINKO SOLAR CO., LTD., Haining, CHINA;

Power of Attorney: The patent practitioners associated with Customer Number 22204

Domestic Priority data as claimed by applicant
This application is a DIV of 17/459,689 08/27/2021

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA 202110895225.8 08/04/2021 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Request to Retrieve - This application either claims priority 1o one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 10/24/2022

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 17/964,190
Projected Publication Date: 02/09/2023
Non-Publication Request: No

Early Publication Request: No
Title

SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
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SOLAR CELL, MANUFACTURING METHOD THEREOF, AND

PHOTOVOLTAIC MODULE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a divisional of U.S. Application No. 17/459,689, filed on
August 27, 2021, which claims priority to Chinese Patent Application No. 202110895225.8,
filed on August 04, 2021, the contents of both of which are incorporated herein by reference in

their entireties.

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 yum;

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 stacked
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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 pm to 1.2 pm.

[0007] In an implementation, an average one-dimensional size of the top surface of the
outermost first substructure ranges from 10 um to 15 um.

[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 um;

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.

[0022] FIG. 1 is a schematic structural diagram of a solar cell according to an embodiment
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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. 7ais 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

embodiments of the present disclosure are described in detail below with reference to the
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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
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, 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
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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 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.
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[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 um, 3.8 um, 4 um, 4.2 um, 4.5 um,
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 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
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measured, and a height value h is calculated. The convex highest point ha 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=ha-hy 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.

[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
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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. 4ais 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 um, 1.8 ym, 1.5 um, 1.2 um, 1.1 um, 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 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
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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 um, that is, 0<L<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 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 um, 15 pum, 18 um, 20
um, 25 um, 28 um, 30 um, 35 um, 40 pum, 42 um, 40 um, 45 um 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.

[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 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 um. 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 ym, 8 pm, 12 pm,
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15 wm, 18 um, 20 um, 25 um, 28 pm, 30 um, 32 pm, 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 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
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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 aresult, 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
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
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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 pm, 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.

[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

15

SEG Solar, EX1018, Page 670



10

15

20

25

30

Uni-intel Ref. DF212023US-DIV

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
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
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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 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
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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.

[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
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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 um to 240 um, which may
be 60 um, 80 pm, 90 um, 100 pm, 120 pum, 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.

[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
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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 (BSG) 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 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
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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 inorganic bases
may be NaOH, KOH, Ga(OH):, NH3 H:20, 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
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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. 4ais 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 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 um, 1.5 um, 1.2
pum, 1.1 pm, 1.0 um, 0.8 um, 0.5 pm, 0.3 pm, 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 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

22

SEG Solar, EX1018, Page 677



10

15

20

25

30

Uni-intel Ref. DF212023US-DIV

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 pm.

[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 pm. 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
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 pm, 20 um, 25 pm,
28 um, 30 um, 35 um, 40 um, 42 um, 40 um, 45 um 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
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top surface of the second substructure 122 away from the rear surface is less than or equal to
45 pm. In an embodiment, the one-dimensional size L of the first substructure 122 is within a
range of 2 um to 45 pm, which may be 2 pym, 5 um, 8 uym, 12 uym, 15 pm, 18 pm, 20 pum, 25
pm, 28 um, 30 um, 32 um, 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] In S40, atunnel oxide layer is formed on the first texture structure of the rear surface
of the semiconductor substrate.

[00118] Insomeembodiments, 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.

[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

24

SEG Solar, EX1018, Page 679



10

15

20

25

30

Uni-intel Ref. DF212023US-DIV

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 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
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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, 0.12nm, 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.

[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
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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 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
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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 (PSG) 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] 1In 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
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
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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] Insome 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.

[00148] Further, subsequent to S70, the method further includes: screen-printing and
sintering the semiconductor substrate to form an electrode.

[00149] Insome 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
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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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30 53 Alyminym
Comparale 25 3| o | O gy | gy | g g
Example 1 silicon nifride
niride
3.0 / Aluminym
Comparae j | | ST gy |y | e g s
Example 2 silicon nifride
nifride
§6 Aluminum
Compariic |~ 1§ ] o | ST g | gy [l s
Example 3 silicon nifride
niride
§6 Aluminum j 152 70
Comparative oxide + Silicon .
Example 4 0 13 12 i silicon nifride 1%
nifride
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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

[00152]  Table 2 shows parameters used in a deposition process of a tunnel oide layer and a polyerystalline silicon layer thereon of the solar
cell in each embodiment and in each comparative example. Tn the process, the silicon substrate is installed in a low-pressure chemical vapor
deposition (LPCVD) device, the device 1s vacuumed and the temperature is raised, oxide gas (¢.g,, 0xygen) having a loading temperature 13 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 15 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 oxide layer on the silicon substrate. Then, the oxide gas is exhausted and nitrogen is added to form an atmosphere in the interior of the
device, the temperature of the device is raised to a pre-deposition temperature,  silane gas having a loading temperature is added to the tunnel

oxide layer of the silicon substrate for deposition, so as to form the polyerystalline silicon layer.

[00153]  Table2 Deposition parameters of the solar cell
Onygn Silane gas
sourcegas | Oudation | Owidation | Oxidation | Pre-deposiion | Deposition temperature for the ol v
. ‘ o oading
Sample loading | temperature | | temperature 2 | temperature3 | temperature | polverystalline silicon laver T
femperature (°0) (°0) (‘0) (0) (‘0) po
- (0
(0)
Embodiment | 390 59 593 600 620 620 390
Embodiment 2 590 593 59 600 620 620 390
Embodiment 3 390 595 600 600 620 620 590
Embodiment 4 390 59 593 600 62 630 390
Embodiment § 590 593 59 600 62 630 390
Embodiment 6 390 595 600 600 625 630 590
kR
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Fmbodiment 7 600 608 610 600 620 630 600
Fmbodiment § 600 610 610 610 023 630 600
Embodiment 9 600 003 010 000 02 625 600
Embodiment 10 610 600 013 600 620 625 610
Embodiment 11 013 610 610 610 023 623 613
Embodment 12 613 010 003 000 020 025 013
Embodiment 13 013 610 003 600 620 625 613
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 voltage (mV) | current (A) Fill factor efficiency (mQ.cm)
(o)
Embo;hment 710 11.06 83.51 24.52 1.26
Fmbodiment 710 11.05 83.04 2436 1.25
Emboghment 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 24.66 131
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 11.04 827 2420 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,

35
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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 lower overall refractive index

as the first passivation layer.

36
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[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.

37
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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 has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 um; and wherein a 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;

a first passivation layer located on the second texture structure of the 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; and

a second passivation layer located on a surface of the doped conductive layer.

2. 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, a distance between the top surface of the outermost first
substructure and the top surface of the adjacent first substructure is equal to or less than 2um.

3. The solar cell according to claim 1, 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.

4. The solar cell according to claim 1, wherein a thickness of the tunnel oxide layer on the
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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.

5. 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 pum.

6. The solar cell according to claim 5, wherein the top surface of the second substructure
is a polygonal plane.

7. 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.

8. The solar cell according to claim 7, wherein the tunnel oxide layer has a thickness
ranging from 0.8 nm to 2 nm.

9. 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.

10 The solar cell according to claim 9, wherein the second passivation layer has a thickness
ranging from 70 nm to 120 nm.

11. 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.

12. The solar cell according to claim 1, wherein the first passivation layer is a stacked
passivation structure of an aluminum oxide layer and a silicon nitride layer.

13. The solar cell according to claim 12, wherein the silicon nitride layer has a thickness
ranging from 50 nm to 110 nm.

14. The solar cell according to claim 1, wherein the first passivation layer is a stacked
passivation structure of an aluminum oxide layer, a silicon nitride layer and a silicon oxynitride
layer sequentially stacked.

15. The solar cell according to claim 12, wherein the aluminum oxide layer has a thickness
ranging from 2 nm to 10 nm.

16. The solar cell according to claim 14, wherein the silicon nitride layer has a thickness
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ranging from 40 nm to 80 nm.

17. The solar cell according to claim 14, wherein the silicon oxynitride layer has a
thickness ranging from 10 nm to 60 nm.

18. 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
polycrystalline silicon layer, an N-type doped microcrystalline silicon layer or an N-type doped
amorphous silicon layer.

19. The solar cell according to claim 18, wherein the doped conductive layer has a
thickness ranging from 60 nm to 200 nm.

20. A photovoltaic module, comprising a plurality of solar cell strings, wherein each of the
plurality of solar cell strings comprises solar cells, and at least one of the solar cells comprises:

a semiconductor substrate, wherein a rear surface of the semiconductor substrate has a first
texture structure, the first texture structure has a non-pyramid-shaped microstructure and
includes two or more first substructures at least partially stacked on one another, a top surface
of the first substructure is a polygonal plane, and a one-dimensional size of the top surface of
the outermost first substructure is less than or equal to 45 um; and wherein a 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;

a first passivation layer located on the second texture structure of the 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; and

a second passivation layer located on a surface of the doped conductive layer.

40
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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

S10

\

microstructure

Forming a doped layer with doping elements to the front surface of 520

the textured semiconductor substrate

A 4
Polishing a rear surface of the semiconductor substrate with an alkali
solution, forming a first texture structure on the rear surface of the
semiconductor substrate

S30

; S40
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

. ) 50
oxide layer, and forming a doped conductive layer by doping the 5

polycrystalline silicon layer

Forming a first passivation layer on the front surface of the 560

semiconductor substrate

Forming a second passivation layer on a surface of the doped $70

N AR

conductive layer

FIG. 8
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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.

Applicant 1

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 O Legal Representative under 35 U.S.C. 117 O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. [x]

Organization Name | g ANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD.

Mailing Address Information For Applicant:

Address 1 5/F, No. 277 Hugingping Road

Address 2

City Minhang District, Shanaghai 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.

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | 084546-000044USD1
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

Applicant 2

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 (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. [x]

Organization Name | e ;JANG 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.

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.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]

EFS Web 2.2.13
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PTO/AIA/14 (01-22)

Approved for use through 05/31/2024. 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 | 084546-000044USD1

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

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi 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 |/Jeffrey L. Costellia, Reg.#35483/ Date (YYYY-MM-DD)| 2022-10-12

First Name | Jeffrey L. Last Name | Costellia Registration Number | 35,483

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 35 U.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.

EFS Web 2.2.13
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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) fumnishing 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 Theinformation 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 US.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
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 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 US.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 US.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 violation of law or regulation.

EFS Web 2.2.13
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PTO/AIN/BO (07417
Approved for use through 03/31/2021, OMB 0651-007

U.S. Patant and Trademark Office; U.5. DEPARTMENTY OF COMM

Under the Faperwori Reduction Actof 1958, nu perzon s regrired 1o respond to s coltection of information unlessit displays s vaiid OMB contrel number

[ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

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

thereby appoint:
X i Practitioners associated with Customer Number: 22204

OR
[— ] Practitioner{s} named below {if more than ten patent practitioners are to be pamed, then a customer number must be used):
Registration Registration
Mame g Neme 8
Numiber Number

As attorney{s) oragent{s) 1o represent the undersigned before the United States Patent and Trademark Office {USPTO) in connection with
any and all patent applications assigied onlv to the undersigned according to the MSPTO assignment records or assignment documents
attached te this form in accordance with 37 CFR 3.73{c):

Piease change the correspondence address for the application identified in the attached statement
under 37 CFR3.73{c) to:

X The address associated with Customer Number: 22204

OR

{1 Fiem orindividus! pame
[ |

Address

City { State Zip

Country

Telephone t Email

Assignee name and address: gUANGHAL JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD.
&F, No. 277 Hugingping Read, Minhang District, Shanghai, China
& copy of this form, together with a statement under 37 CFR 3.73{c} {Form PTO/AIL/96 or equivalent]) is required to be
fifed 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 spplication in which this Power of Attarney is to be filed.
SIGNATURE of Assignee of Record
The individyal whose signature and titie is supplied below is authorized to act on behaif of the assignee.

signatre S phppfa AN Date 2021-09-02
Name Shaofa LAN Telephone
Titte Intellectual Property Director

recuired 1 obt am or )e_(din benefit by the public, w © x';m'ate
1.5.C. 122 20d 37 CFR 1,33 ard 1.3

ing, p“°p?rin tion forra e the USPTO. Time .M‘! vary

e you reguire 1o com s for reducing this hurdan, sh

vk-Office, U.S. Department of Ccmn«er\e P O Box 1430 Alexandriz, VA 22313-1450. D0 NGY

SENG. FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TQ: Commissioner for fatents, P.O. Box 1450, Atexandria, VA 22323-1450,

if you need assistance in completing the fortn, oll 3-800-FTG-9199 and select apticn 2.

23 o co'vxbime inctuding ga
ay comments on the amount o
be aent o the \.)"lcf information ’J? er, V.5, Patent and Tradema

i
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Approved for use through 03/3 1,
U5, Patent ond Tradernark Offics; .S, BEPAR

INT OF COMMERCE

Under the Pagenvork Heduction Ack of 1955, nc person is. required 1o respond to a coliestion of inforination Liless it dizplays a vslid OMB cantrol number

{ POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

}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 Numbear: 22204
OR

i Practitioner{s} named beiew {if more thanten patent practitioners are to be named, then 5 customer number must be used)

Registration Registration
8 Name ogsuat

m
Name Number Number

As-aiterneyis) or agant{s) to represent the undersigned bafore the United States Patent and Trademark Office {USPTO} in connaction with
any and all patert applications assigned gply to the undersigned according to the USPTO assignment records or assignment documents
attached o 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{¢) to:

iX | The address associated with Custorner Nurmber: 22204

aR

i Fierm or individual name

Address

Chry ’ State

ot
o

Country

Telaphone [ Emaif

Assignee naime and 2ddress: Zue AN JINKG SOLAR CO., LTD.
No. 58, Yuan Xi Road, Yuan Hua Town, Haining,
Zhejiang, China

A copy of this form, together with 3 statement under 37 CFR 3.73{c} (Form PTO/AIA/DG oy eguivalent) s required 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 appfication in which this Power of Attorney is 3o be filed.

SIGNATURE of Assignee of Recard
The individuat whose signatere and title is supplied below is autharized to-act on behalf of the assignes.

Signature (S:/‘[l&t}{fﬁ LA Date 2021-08-02
Name Shaofa LAN Telephone

Title Intellectual Property Director

This coifecti inforin
{ang by the USPFTO 4o pr

vis required by 37 CFR 1,34, .33, The information is reguired 1o obtsin or retain a benefit by the pub
ss} the file of a patent or reexs 1.1land 1.13. This

eolisgction Is estimated to & vlete, isluding d form o th me will vary
dependi o complete ien, shoutd

1< @, WS, Department of Cammerce, P.O, Sox 2, VA 22313-1450. DO NOY

i yous need aszistones in campieting the farm, caif 1-800-PT0-3193 and select aption 2.

SEG Solar, EX1018, Page 715



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)

Applicani/Patent Owner: (1.) SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD. (2.) ZHEJIANG JINKO SOLAR CO., LTD.

Application No./Patent No.: Filed/lssue Date: October 12, 2022
Titted: SOLAR CELL, MANUFACTURING METHOD THEREOF, AND PHOTOVOLTAIC MODULE

(1.) SHANGHAI JINKO GREEN ENERGY ENTERPRISE MANAGEMENT CO., LTD. (2.) ZHEJIANG JINKO SOLA! a corpo ratlo n
)

(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):

L] 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.

D 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. |:| 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. |:| 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. |:] 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-PT0O-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:

6. From:

STATEMENT UNDER 37 CFR 3.73(c)

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 sheei(s).

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 tfrue 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, #35483/ October 12, 2022

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. 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 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. 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.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.

SEG Solar, EX1018, Page 718



UNITED STATES PATENT AND TRADEMARK OFFICE

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

AUGUST 30, 2021
PTAS

795 Omii STREET N 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 CQOPY 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.0. 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 DCC 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.0. Box 1450, Alexandria, Virginia 22313-1450 - WWW.,USPTO.GOV
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05731470980 PAGE 2

APPLICATION NUMBER: 17459689 FILING DATE:

PATENT NUMBER: ISSUE DATE:

TITLE: SOLAR CELL, MANUFACTURING METHOD THEREQF, AND PHOTOVQLTAIC
MODULE

ASSIGNMENT RECORDATION BRANCH
PUBLIC RECORDS DIVISION
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506841821 08/27/2021
PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1 EPAS ID: PAT6888642
Stylesheet Version v1.2
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA
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DF212023US
ASSIGNMENT

WHEREAS, we, YU, Kun of China, Zhejiang Provinge, LIV, Changming of China, Zhejiang Province,
ZHANG Xinyu of China, Zhejiang Province (“Assignor”), are the inventors of an invention entitied "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 __,

[ 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,
Ne.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 pricrity, 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 behalif.
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