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The poZEBRA concept
— upgrade of low cost IBC solar cell production
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Status of IBC production BC4

- BIPV

- Balcony
- Roof

- Utility
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Status of IBC production

BC4

 Cell efficiency vs. module efficiency

ANDROMEDA V1]
High Efficiency Series

FEATURES

| Mechanical Parameters

Cell Type NIBC 166x83mmiHall-Cell)

& Upto 22.3% Efficiency No. of Cells 132(6x22)
. . . _ JunctionBox __Ip68 with throe bypass diodes
& Bigger dimension, More power generation ) 4mm? 1400mm with MC4
Qutput Cable I
(Length can be customed)
& 1BC-No electrode to block sunlight Glass 3.2mm coated temperad glass
Frame Anodized aluminum alloy frame
& N-Type cell has ZERO LID Dimension 1895%1039x30mm
: Weight 210k
& Excellent Temperature Coefficient = 4
& Anti-PID
& Low mismatch loss
& Minimal power degradation (93% of
initial after 25years)
& Double 25 Years Warranty
RF
& peRFom’% & 34 o;;,,,%
i 2021 \ / 2022 \

\ #PVEL | | FPVEL )

V MODULE PV MODULE
RELIABILITY SCORECAF RELIABILITY SCORECARD
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CLEAN v
O ENERSY, Most Efficient Solar Panels 2023 *  vs6 Jan2023
Manufacturer Model Max power (W) Cell Type Efficiency
SUNPOWER Maxeon 6 440W N-Type IBC 22.8%
< New
LONGI Solar Hi-MO 6 Scientist 440W P-Type HPBC Half-cut 22.8%
M CanadianSolar | HiHero CS6R-H-AG 440W N-Type HIT Half-cut 225%
BEC Alpha Pure R 430W N-Type HJT Half-cut 223 %
olar
£ SPIC Andromeda 2.0 440W N-Type IBC Half-cut 22.3%
QCeLLsS Q.TRON-G1+ 400W N-Type TOPcon Half-cut 223%
New
J/ASOLAR Deep Blue 4.0 X 435W N-Type TOPcon Half-cut 223 %
Panasonic EverVolt H 410W N-Type HIT Half-cut 222%
J,‘n:(o Tiger NEO 480W N-Type TOPcon Half-cut 22.2%
@523&923’3 Niwa Light 430W N-Type TOPcon Half-cut 22.0%
3




EU

Status of IBC production

Sunpower SUNPOWER | frovuscon

. SOLAR TECHNOLQOGIES
Long years of experience ﬁ
AN

Passivating contacts

Silver-free

High costs %
SPIC

ZEBRA cell &sPIC

Half-cut, bifacial option

Standard technology, screen printing
Low costs

Longi (p-type)
Other activities (MB, Trina, etc.)
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Motivation

* Technology evolution

[ ) [Topcon | )
[ eweostiiec | [

»

efficiency/time

= How to bridge the time gap until tandem?
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Motivation

* Silver consumption
2022 estimate of 15.5-16.9% of global silver supply

Even with learning rate of 20%, future silver demand will
increase

60 TW of PERC by 2050 could use 60% of global Ag
reserves

= How to reduce the silver consumption?

Brett Hallam, Yuchao Zhang, Moonyong Kim, Pablo Dias, Robert Underwood, Challenges and Opportunities for Terawatt-Scale
Deploymentof n-type Solar Cell Technologies N-type PV Workshop March 30-31, 2022

The polyZEBRA concept - upgrade of low cost IBC solar cell production — PV CellTech 2023 6




Content

Low cost IBC

TOPCon IBC
Screen printed Cu-IBC

Cost calculations

Conclusions
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BCAEU Project Bc4E

Project Partners

Start: 1.11.2022 @ ProTecHEd ) Norsun
|BC4 Funding: Horizon Europe

2y ENERGYRA @) FuturaSun’ “tmec
Duration: 36 months
Project budget: 16.7 M€ TNO ™ e
17 members, 4 associated partners Covint  LuxChemrectio E
Coordinator: ISC Konstanz

RENEWABLE
ENERGIES

VALOE@ VALOE  HiGHue

Lithuania Finland

2 ##. BECQUEREL
Qkalyon % INSTITUTE

* Goals: bring high efficiency, low cost, low silver- , . ..
content IBC to the market [d _wie S msrvus

Laser & Electronics

* Strenghten/Rebuild EU-based PV value chain RIEINIAL

The polyZEBRA concept - upgrade of low cost IBC solar cell production — PV CellTech 2023 8




Low cost IBC — ZEBRA™ Bc4E

p busbar

* PERC-like process equipment, V.~ 700mV n bysbar

o p* emitter
ARC and passivation

Screen printed

g

: : . *BSF
* Flexible design rear side PP n-Si "
] . i ““ p* emitter n* BSF
* Stringable (by soldering) L
i i ~ finger '
¢ B|faC|a| (BF up to 08) rear passivation metal PIINGETnfinger  insulation pad
CELL OVERLAPPING REDUCED CELL TO CELL DISTANCE

BACKSHEET  potent pending

The polyZEBRA concept - upgrade of low cost IBC solar cell production — PV CellTech 2023 9



TOPCon IBC — polyZEBRA

p+ diffused
ZEBRA poly ZEBRA
n-type Si 1 wetbench wetbench 1
Si02+a-Si(n) 2
: 2 B-diff SiNX 3
p+ pOlY'Sl n+ poly-Si 3 wetbench Laser (abl) 4
wetbench 5
* IPsecured $i02+a-Si(i) 6
e 2 patent applications pending SiNX B-diff 7
Laser (abl) wetbench 8
25% Status Q1/2023: = 0
. o 6 wetbench TEX 10
509 baseline+0.5% 7 p-diff Bdiff 1
8 wetbench wetbench 12
N 159 9 SiNx front AlOx+SiNx front 13
>% 10 SiNx rear AlOx+SiNx rear 14
10% ® Faste A 11 SP +FF SP +FF 15
e @ ZEBRA screen 12 IV+sorting IV+sorting 16
o A Optimized screen
5 o
°01/2021 07/2021 01/2022 07/2022 == HIghLIte
This;o;has received funding from the European
Linke et al. Fully Passivating Contact IBC Solar Cells Using Laser Processing. WCPEC 2022 Union’s Horizon 2020 research and innovation
programme under grant agreement No 857793
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TOPCon IBC — polyZEBRA BC41EY

* Summary
25.0
True upgrade
24.5
Proven process technology
. . . 24.0
Variable in cell size (up to M12) eta (%)
Cut cell, bifacial 23:5 p”
Back-end 100% compatible with ZEBRA technology 230
2 < SIS NUPEN PN
,b")Q}\(\ {,’@ \Q« $ 6Q{& b@ﬁé‘\o \\et?ié‘\o
Q & é\q} & & Q*o 5
ST INFOIRN
o Ve &

Efficiency potential: >24.5%
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Screen printed Cu-IBC Copprint 1BC4 (&8

* IBCideal for Cu screen printing

* Technology well-known from PCB

* 100% compatible with standard PV

equipment
e Curing fast and at low temperature ' 2 i
Standard drying Eiop 5,,«"'
oppe’ /
“Snap curing” (300°C, few seconds with direct solid- Lco:N,,. 4
to-solid heat transfer)
How to avoid direct contact with Si?
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Screen printed Cu-IBC Copprint 1804 &Y

Ag
690 - é Cu

688 -

Voc (mV)

686 -

41.9-
41.8:
41.74
416
80.5-
80.0-
79.5-
79.0-

Jsc (mA/cm?)

FF (%)

23.24
23.0-
=228

22.6-

(%)

| FREH = | HeEE
BEefs|  ReEEt | HEEH

Chen, Ning, et al. "Thermal Stable High-Efficiency Copper Screen Printed Back Contact Solar Cells." Solar RRL7.2 (2023):2200874
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Screen printed Cu-IBC Copprint [BC4

Module performance (DH) with Cu fingers Module performance (DH) with Cu busbars
o |
S 100{ . e —
? - - = BB paste (encapsulant)
2 o099 =, o B oo B Ag ref. (POE) Cu 1 (EVA) Cu 1 (POE) Cu 2 (POE)
£ ---Cu_EVA/BS - Cu_EVA/BS
S 098
8 T —————— =% 102 ° oo
S 00— e —— ‘ A . . ° °
% 0.98- | S g o | % ° °
§ 0.96 ; g ® ° ° 2/\.
= — § 101 o s .
R B ———— ; 0 ;
S 105] et e * """"""""""""" 2
§ 1.00] a—— ~ T 100 ——v—o— 1-w—“_._—_.“’-—'%'0—'—: TUET-2000-0600
s 1.15 ‘ 7 &Q
g 110 e —— = w
T 1.05- e f- -% - o
§ 100] ei——u e =4 g 99 )
o S ® Pmpp relative change [%]
it 1,004 FF relative change [%]
= 1'002 _____________________ B ey ® DFF relative change [%)]
LB S S e m—— - 98
B 1,000 | SEEIEEESE e |
2 0998 : S & & & S S S S S S
: : : T } RIS I MR N S N S SR A S
’ o R, T SRR R R R A R A IR R )
Chen, Ning, et al. "Thermal Stable High-Efficiency Copper To be presented at the MIWS 2023 Metallization & Interconnection
Screen Printed Back Contact Solar Cells." Solar RRL 7.2 (Neuchatel) by Rudolph et al. WORKSHOP
(2023):2200874
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8
Screen printed Cu-IBC Copprint 15C4 &Y

* Summa ry Metallization cost [USD/Wp]
for Ag @ 700 USD/kg

* Simple curing 0,040

* No direct contact with unprotected = °%%®
0.030

Si = no source for Cu contamination 0ors

* Solderable 0.020
0.015

* Stable in module 0.010

B soldering pads
base BBs

M emitter BBs

0.005 M base fingers/grid

0.000 B emitter fingers

Cu paste @ 50% price of
Ag paste
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Cost calculations BC4

Module COO [USD/Wp]

M cell

$0.30

$ 0.246 M yield loss

0.25 0.232
0.219

W disposal

$0.20
M parts & other

50.15 m BOM
M labour (machines & administration)

$0.05
| facility equipment (incl. floor space & int. rates)

$0.00 & operation

Q(PQ &Q\v W process equipment (depr. & int. rate)
O V
o\

<& sum
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Cost calculations BC4

Module COO [USD/Wp]

M cell
$0.30
¢ 0.246 0.243 M yield loss
0.25
0.219 0.232
W disposal
$0.20
M parts & other
2015 m BOM
$0.10 utility
M labour (machines & administration)
$0.05
| facility equipment (incl. floor space & int. rates)
$0.00 I I & operation
s %QY <§y W process equipment (depr. & int. rate)
Q & ,\</<,
c}*
R © sum
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Cost calculations BC4

Module COO [USD/Wp]

M cell
$0.30
0.246 0.243 W yield loss
0.25 .
S 0.219 0.232 \ 0.228 \o 225
W disposal
$0.20
M parts & other
50.15 m BOM
M labour (machines & administration)
$0.05
| facility equipment (incl. floor space & int. rates)
$0.00 & operation

W process equipment (depr. & int. rate)

<& sum
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Conclusion

* Technology evolution

[ ) [Topcon | )
[ eweostiiec | [

»

efficiency/time

= How to bridge the time gap until tandem?
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Conclusion

* Technology evolution

B
»

efficiency/time
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Conclusion Copprint 1BC4

* Technology evolution (revisited)

TOPCon

PERC Tandem

>|  ZEBRA > | polyZEBRA >

Switch to (mainly) Cu based screen printing

efficiency/time

N
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Conclusion Copprint |BC4@

* Cu-ZEBRA

Trend for remaining silver for metallization per Watt (front + rear side)
(Values for M6 + M10 cell size, average)

35
30 ~
]
~
g
= u -
s 20 u
=) |
g n
g 19 - =
z & A [ |
S 10 - | 0
3 a A
E 5
< ®
0
2021 2022 2024 2026 2029 2032
Omonofacial p-type bifacial p-type B TOPCon n-type HJT n-type

ITRPV 2022
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Conclusion

Copprint 1BC4ES

e Cu-polyZEBRA

Trend for remaining silver for metallization per Watt (front + rear side)
(Values for M6 + M10 cell size, average)

35
30 ~
]
~
g
= u -
s 20 u
=) |
E ]
E, 15 A |
i s A "
S 10 - | 0
3 a A
E 5
< ®
0
2021 2022 2024 2026 2029 2032
Omonofacial p-type bifacial p-type B TOPCon n-type HJT n-type
ITRPV 2022

- Screen-printed Cu-polyZEBRA-> high efficiency at low cost
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npworkshop

Delft 2023

Sllu:onPV

13% International Conference
on Crystalline Silicon Photovoltaics |

Advanced technologies, materials and
concepts for crystalline Si solar cells and modules

April 11 - 14, 2023 | Delft, The Netherlands

Both on-site
and online




