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3B0.15.4 — Javanbakht Lomeri et al.



Towards bismuth-free multiwire interconnection ‘imec

. . State of th t with Multi-Wi
The challenge of replacing Bi are o the art Wi HIETTIrE

Low-temperature soldering < 200 °C? | @EEt |
P oreen g SnBi coating (10 pm) In 4-10 g/W
Choose your poison: Bi, Pb, or In Cu wire core (300 um) | Ag 25 g/W
“Avoiding toxic materials such as Pb does not , Bi 13 mg/W
. oy Ag fingers
automatically lead to a module with improved ITO TCO | Cu92 mg/w

environmental impact”,
in F-ISE De Rose et al. Solar Energy (2026)

Bi-reduced MW with alternative alloy
Pressure contact
Avoids solder coatings
Developing TWILL multiwire at 120 °C
TC200 and DH1000 was demonstrated with standard

In
. Ag O
Cu wire core (200 um) _
Cu fingers (capped) Bi =5 mg/W
700 TCO Cu ~109 mg/W
SnBiAg wires (V. Depauw @MIW 2025, Berlin) -

Outlook: adapting the interconnection foil to Bi-free Bi-free MW as push-contact

wires
3AV.1.23 — Govaerts et al.
3AV.2.34 - Chebunin, Govaerts
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EpiWafers

Modulated
nanopyramids ‘

Novel HJ stacks

VY V.V .V.V.VV.VVVVVVVV\

FvvVvVvVVVVVVVVVYY

Metal-free

contacts
IVVVVVVVVVVVVVVVN

Europe's largest photovoltaic cell and module factory. VVYVVVVV VYV VY Y Y IIMAAAAAAMAAAAAAAM

3 GW/year of production capacity ;g,;:::s

AAAAAAAAAAAAAAA

VVVVVVVVVVVVVVV

AAAAAAAAAAAAAAAA

VVVVVVVVVVVVVVVY]

PV Works

23.5% modules
for TW-scale production Multiwire interconnection of 25.5% cells



3SUN Roadmap towards >26% and lower cost

Silicon Wafer

* Thin wafer
» Improved doping
» Higher robustness

a-Si / c-Si Interface

Bifacial nc-SiOx / nc-Si
Enhanced surface

passivation

Lower absorption

Aligned with SILEAN Innovations:

* Ultra-thin EpiWafers

*  50% wafer cost
reduction
* -75% CO, footprint

nc-SiC:H; MoOx
Reduced parasitic
absorption

Voc > 750 mV

TCO

« Higher mobility
« WF matching
* Indium reduction

* In-free TCOs (AZO,
SnOx, etc)
* -50% cost TCO

Metallization

Silver / Copper and

full Copper
0 Bus Bars layout

Cu-based printing /
plating
C-based contacts

Module Interconnection

Encapsulation

0 Bus Bars

Interconnection

Down shifting
encapsulants

Twill / multiwire
interconnection
Bi-free solder



Summary
Results on the LEAN aspects of SiLEAN

Developing CRM-free heterojunction cells is essential to drastically decrease the
supply risks and environmental impact of SHJ technology

not only In and Ag but also Bi and Si are critical

EpiWafers grown directly from vapor phase, provide kerfless 85-um-thin wafers
with 3.5 ms, reducing the need and impact of Si

EpiWafers can be etched with nanopyramids with an industrial process similar
to standard pyramids, with 2x less Si losses

similar or lower weighted average reflectance on thick wafers
but ultra-thin wafers suffer from lower light-trapping effect
next step: modulated surface texture

TWILL multiwire combines interconnection and lamination into a single step,
and demonstrates excellent reliability with Ag/Cu fingers

passing I[EC61215 3x

next step: moving from solder-based to pressure-contact based interconnection for pure Cu
contacts
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