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PCE Theoretical maximum of silicon

A solar cells 29.4% Passivation
———————————— interlaye!
A " AR AAY
T
. a-Si:H(ilp) Passivation _ a:
Ag /Comact SiN, e 5.8 (n) Itaiave C: HSC

~.M w a-Si:H(i/n) a R
b w ESC
W v W-netal

xBC

m = = 25.0~25.2% for IBC

\ Ap contacts 23.5~26.8% 23.9~26.1% for TBC

" emitter ¢-Si(p) TOPCon 24.5~27.1% for HBC
AIO,/SiN, 22.6~26.89%

* Optimization of front

| SiN, _—
Wm * PVDILINGYR Tmurf?;eement of J
Y e PERC - Bifacial capability e :
22.3~25.0%* LP/PECVD + a-Si:H passivation
Metal JosF + ALD * Interfacial Si0,, 10
- SE technology ° Doped poly-Si Aim: Lower LCOE
Al-BSF « High quality Si wafer Higher PCE
19.0~20.3%
Initial technology Mainstream technology Developing technology Future technology

z = i t) (in the future)
¥ HEH7.  (Passivating Contacts for Crystalline Silicon Solar Cells: An Overview of

the Current Advances and Future Perspectives) (Wei Li %) ,

BCHIZRAEZ - 5HATOPCon. HITHI# T2 KM FLLEZAL, SHEX )
FET EIRALRERE, 38 R BT L SR N IO %, AR IR, PR T T A
JEUTRR TR B, DR TH R S 1 ARt R 15 % LB X IO P 0 V25 % e B 3R AT AH
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BAZEZBCPRAME RN ERIAR - AffckE, (1D EVBMEEZE,
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HIES T, AT LA RIBOGAE Lt 1 T P+ FIN+ X877 B8 S 5 2 T BT AL, SR JE AT
PAFETT FLARENRRITE Bons 3P AIN < ra il . B BOE LT A 7 50, 7T DA
FEAIXBCHIL G UK SR M R &, Mg s iR .
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Metal deposition
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e 'T'I_*%_E_

B RUR . R MoK b SR SR ) (L)

AMIEABCEMIZEPHRBIZ - X THMEOL, #IEIMT, MAROCRER KM
B EMRUEL S B, BRI RPEEI (IS, AR P ARG R UL S, I TAPRHL G
SR, oI WS WEREEER W X T B LA WO, LR
BTN T, BKGERRAE, HAKEE B SR D R AISERA, IRl AR RE,
WP HA, AR, I TR RS



6 : BULIERMNIE

FHME A Feq SR
—_—
i | ERMAEE  —
EiEHE p—
ﬁmgm ' e
\of~
3R A B ARRE
ERERTHN REF 3
ENER AR

Bk R BAEOGIE BC RIIh S B TR IR 78 ) R Edk
e

7 FEBSEEEALMRE

(a) ?“ - .---' . ——— ’ 2 {C)

BRI CRREAPHOLTE BC Mt M WO R W L) AR
e
e () AIBPEORSLMRE, (b AEAHORSLMRE, (o N CHHOLH LR

B IARABCEMTZMEELARAR - Hil/ ™ ALKIBCHIBERE | “Hot+
M NENEIBALZ, Prki g2 mm T 2R, HERSNEET
SULRETE, RRBE FEANLE, MR X RENERETZ., IELZ
PURHOC R, H AT RE T3 AN R 38 BRAN L



8 : RABFEATIZR POLO-IBC &K

o COERREETEEEEEE ) cecescoemsssssn S

AEANE 2mELE, WMETEIABEAGS R  SEXWFL, Ex2RERE SREXSBEERIL, B+ ARERSALE, BEAY
LPCVDiRAES SEE #BHApE RE, MESTFEARER, § By, AEEKELE, EEE AN EERELEFA
ESE R pFInS RR Fe2 i FERT REF B R AR R

) AAAAAAAAAAAAAAA, () AAAAAAAAAAAAAAA,

) ()

O e E G o (R A El sieE=X.

KOHZ, Em&E, SEE ALD 20nm AlOxfift, EEE  BERERXZISREEMEX LmAEFERER, AR %Em%iﬁ%iﬁlﬁiﬂi
%*gz";;ziﬁ & FPECVDEZSiNySiOzfi R §f AT L ER A HER, TRERRSE

B, SEREESIO:z

BRI (R AR B EoR KO RE)  GRSTED

BCEtMANFIE A NAMKA - th TniBCHILK & JEMLIL AT T, HbHRE
ARSI “—” PR AR 7 2, BCLH Mt T DATE J5 (i b S I L ity 47 1] P
A BT R, BB “EET ORGSOl AL

(R ONIE S
B 9 : BCHtEEAT 10 : BC EEtFHFHRES
; Eoneia e

RS Y S|
-+
il
()
L
=l i

I T '_'éx’/mo
BT (RS AR & . BT il e T ep—
CRIBALE)  (ON 118385688 A) &R AR ) (ON 113843502 B)

BCEtHBETFIMILEIRSLELEST - [EPCBIT I,  FAFE M0 PH IR i 202 O 46 2%
Ti%, W HSH TBCHIb Ay A 2 A TR, (2 M JGAR R 1) M B A7 A
HTHE ARG, W ERGFIAUVIERE . RUFFE G LR B 8232 40 DA
JE RS SS T3 RI,  H AT A B2 2 CAEBC AL h BN -



E 11 : BC BEFIMILZ

. e A 4 L
BCHtheA 4 3 > ; B S j T
. \‘ -— - AR
) ’ / —

BCREHEBEST (SR ABGE) B S STER

Bk CRRCBib ARV R Th R R b RE) - Rtk

12 : BC BETIMNNYLEZ R

W peens V-2

Iy
s
:
/
{
I
'
=)

H

E —
> HSZBEC-201PRARAE. flktwt g, | —oessx ey | D 8 ——aemns | ]
o = ——
EBETIAL £ —=memss Zoew | T = |
> PREBEC-201PREEAULE, S48 %2 - Zoa% ) 2
Eonsedine SURSH o e 0
0 500 1000 1500 2000 156 913172126 29 0 40 B0 120 160 200
DH Aging Time (h) Sample Accumiated Exposure Doze

(kweh/m?)

Ha kIR (RRCL AR R ShREM DT Rt i) - CRadiks)

BCH AR AIBMIBRENMIEE - RIEHEIEL 11 H29H 4%, HIi-MO 944 =
AT K600W, HTOPCONIRF-Z130W, ZH 1 %% &ik24.43%, H.TOPCon&¥]
1.11pct, 2k 5E0%0.35%, {%T-TOPCon 0.05pct, R £%4:-0.26/'C, 11 F-TOPCon
7= ih0.03pct; HHEFEILLERE12 A IH LS, RIEAFEF KM ER MR, ARHTI+
AR HE R 5 LETOPCon I AH AR R | i 10%,  H R4 8 RN ECK,
HOITRAEAE, KARAETREBIETS B, NBCHIES IS/ — M RENE
fFo BCHIABEMN N A X T 7iE masEEF i e m TR tig.




B 13 : [EEEZAEE BC Fm#liE 1 B 14 : EELAE BC =mEUE 2

o KA MSERATE RS ES~TE
=LA 660W
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ThEERXF30W

14 =R0.35%
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EXRRMMBBCHEA - BCHARH TR VT, HAKEIERF, SR, @
SR MEARAG R, BEE SR W3R &, Pt T BC B AT S B 50k ok
e

#*1: BFR[ BEBCEMHMHREMLFENR

yNSI| Bf i8] HRSME
2024 £9 8 | SEMHHIEATEKPERC 48T HBC £774, B aeR A .
5 Ik F T RO R LR T HPBC HIb MR RE AN AR =202, Tilih 2025 FER el e B 6GW =gk, T
H &M%l 16GW HPBC F=fig.
2024 £11 B | 5P SRS EBC HIBH BN H, #%E 2023 K%L~ 10GW.
2023 4= 11 H Rz 7R AeRRAHH L L, 54 Ta% TOPCon. HIT. XBC. #5kH k& = it L 241
PFEEREOR, JERUAE T AR R .
AR EEIR 2024 £ 10 B | AFFFSEMRHRHRN, BET BC WAL, HuITEAT AR REB ML,
TR, BTG — BRI A, A RRAARRESEN TR ERIEARIE R TOPCon, F
i AR T R R S EAN 43 T 37 6
A RALE 2020 F{FEEFHIR DBC HiARk. 2024 4, HykdEd DBC 44, KA T 154t N £ BC Hilfl 0BB
—iBWRE 2024 %8 A HoR, IFFERMTSTHE TOPCon 4.0 plus SE#Eflifbatity, HMERE 26%, AR 24%; HiitH] 2024
SRR, A EKE T R L B AL R R BOGW.
117 5 H, SRR SBIEEAESITE 16GW HPBC HLIL A 15 H SIS S E ML, IINBEIEEEAE “ K
B .
HRTIEHZBC MHEARER], AL BC MAESMEF. (B2 RHH) A REAN & LTI ik, A HIAT
M ASGF R A BB 28 “BC £4H” Maxeon, /A BC HLIHATIR .

BRI B AmlERAT, SBIRBEI, RHOIRM,

fEELRAE 2024 E£11 B

BRIRG 2024 %10 A

mRIER 20244 R

HRTERE 2024 11 B

TCL $h3f 2024 £10 B
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HRIRLES ) 90.69078/W, Horb, HRI(H S T AIM K A 090.0707T/W,
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xR 2 KAREFWET@AEDH (2024F118 )

Y LS 53 I BAMN (FE8) =2y
&R E 12.150 TCIKG

R 0.335 TIKG

(G 2.095 TIKG

FERE 7 14.620 TEIKG
AL 2.140 TEIKG

Hoty A= 7= Bl A 3.280 TIKG

JRAE T EHTIH) 34.620 JGIKG

5 0.010 TEIW

A1 B i 0.005 JEIW

H 7 0.018 TEIW

. AL 0.013 TEIW
SRk 0.006 TEIW

HoAth A 7= A 0.008 JGIW

TRl A 0.070 TEIW

ARG THAEHTIH) 0.129 JG/W

RER (BRI 0.070 /W

IR s (1) o 2 - ) 0.003 JLIW

H 0.028 TEIW

Ha it AT 0.015 JEIW
FoAt A = A 0.016 JLIW

[GHANEZN 0.131 TEIW

ARG THAEHTIH) 0.263 JLIW

BT 0.100 TGIW

il 0.046 TEIW

o HE 0.087 TEIW
AT 0.019 TEIW

FoAt AR A 0.085 JGIW

LIt A 0.266 TEIW

—IMEBHRE S (RS HIA) 0.603 TTIW
—KMEEERAET (S5 SREXEER) 0.690 To/W
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OBBANE MU i Btk - BN SV AR, iz Bt AR ROARAE,  AATTIRE
fERAS -

(—) #RE  AERANKRERIERERNELREL

e R AT, — AN EER T A BRI AR R AL SRR £,
i (Cuw) 4 (AD B (ND .

R4 (Improvement of solder interconnections applied on back contact solar cells
with low-T Cu paste busbars) (Dominik Rudolph) %, 48 1) i S 24
KT EBRANAWMNER (<5%) , HAKEAZICRTHR, iR, R, H
TR SR AW RO I AR R AT Rk 7 A, BT R i 4G
AR AL B 7 SO - i, # AR EEAE 1 I U B kAT, O n 1 T
ZMEER A .

* 3 fSIRAIXILE

Raw material comparison Silver (4R) Copper (i) Copper vs. Silver
Price per kg in US Dollar 818 8.9 ~100x cheaper (12.04.23)
Conductivity in 10 Qm 1.59 1.68 5% less conductive
Carbon footprint in kgCO2/kg 155 3.97 40x better
Max level in drinking water (EPA) in mg/liter 0.1 1 10x less toxic
Abundance in Earth's crust in ppm 0.08 68 ~1000x more abundant

A kigE.  (Improvement of solder interconnections applied on back contact solar cells with
low=T Cu paste busbars) (Dominik Rudolph) ,

HSRHEREAR KRS, M H A s 2 ERISIAR, AR, TZRAEERR, 4
TERATE, ERMRABONSRRIURCERE A, BALIRE DL K I B R A2
A RE AN T R SRR, S0 Rt A LR B A P A i

HI T4 P R BE B, RIS R e b, O TR B SR R A S, 4
Mkt 75 2 SR AR T AR, X 2N ' T AR AT S BOG A BRI R, R
AR . [, ikl S EERIR FIENEER, G AR amIE AR, S
FLh A PEREIR AL S A R

1. $AKEBCE It _ EAIN A

Z i (Improvement of solder interconnections applied on back contact solar cells
with low-T Cu paste busbars) (Dominik Rudolph) , 4in] LAEACEIMIZ (finger) -
FMLE (busbar) LLEAREHF C(ribbon)
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a) b)
S107/SiNg(ARC) Ag
n fingel [
n-type Si + n !
P i -
Ag Si02/SiNg i
Ag  [f=Curibbon {17 insulation
p finger  with SnPb pad
c) d) coating
n ribbon area insulation pad p ribbon area kb

n-type Si

n-type Si

I—Cu ribbon with SnPb coating I—Cu ribbon with SnPb coating
HEkJR:  (Improvement of solder interconnections applied on

back contact solar cells with low—temperature copper paste
busbars) (Dominik Rudolph %) ,

E: (@) (b) JRAKRAHHE ZEBRA RIS MEmE, (o) (d) Ny N A
P AN A B ], RIS SNk, Ag 4. 4z kfl.

£ 3 (Improvement of solder interconnections applied on back contact solar cells
with low-T Cu paste busbars) (Dominik Rudolph) 1% % BRI ) 5, GA
FIHEE AR AN AT 1A SN

Horb, A1, HE51-3 95804, HE253 R A EIL SA—F (4H
H2NLF371, HA3ALF320) , HE25HGAEEMEIA—F (HE2HPOE, 4
H4NEVA)

* 4 KRB EESERERIRE

Soldering Encapsulati Modules for = Modules for
Group BB paste : :
setting on material TC DH
G1 Low T Ag Set 6 POE Low residue flux #4 #3
G2 Cu LF371 Set 6 POE Low residue flux #4 #4
G3 Cu LF320 Set 6 POE Low residue flux #4 #4
G4 Cu LF371 Set 6 EVA Low residue flux #4 #4

A kis.  (Improvement of solder interconnections applied on back contact solar cells with

low-T Cu paste busbars) (Dominik Rudolph) ,

DH (Damp Heat, #@#0 MR R1ExR: SFHrA4L, Jschl LLiF £ DH3000/)
R XFFVoc, HA4RT LU E£DH3000MZER, FH A4 A AT LU £ DH2000/1 2K

DH (Damp Heat, #&#) MHRLE 250K, FradpFFlRY i £ DH3000 1) 3K ;
X FFFAIPmpp, ZH41-3 2 A £ DH2000 SR, 414477 DL £ DH3000) 3K
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