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Background and Motivation

Can SHJ deliver both efficiency and sustainability?
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Limitations &
Material
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World-record c-Si efficiency uses SH| architecture
Excellent bifacial performance

Thinner wafers — less bulk recombination

Future tandem integration

High Ag consumption — cost & supply risk
Pb toxicity — low-temp soldering (interconnection)
In & Bi criticality — used in TCO & low-temp (interconnection)

Processing temp < 200°C — limits metallization & interconnection

/

\

Thinner wafers (<100 um) — less Si use, less energy
Alternative TCOs & metallization — ZnO/ITO-free + Cu replacing Ag
Leaner multi-wire approach — interconnection & encapsulation in a

single step
)

Energy

Ville

Contact grid (Ag)

c-Si wafer

Si HJT solar cell architecture



SILEAN project

EpiWafers

* Epitaxially-grown wafers

* Low Si consumption

SILEAN process approach

23.5% modules
for TW-scale production
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Modulated

I nanopyramids

* In-free TCO
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" Novel H) stacks
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Metal-free

contacts

Ag-free
contacts
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* Low-stress MW interconnection of Ag-free cells
* Solder-free Bi-free MW interconnection with carbon

Multiwire interconnection of 25.5% cells

* Graphene pastes

* Cu plating

* Cu screen-printing

Bi-free MW with In-free

Standard MW TCO & Ag-free fingers
SnBi coating Go for __—® Bij free
Cu wire zero! Cu wire

Ag fingers Cu fingers
ITO TCO - Zno TCO



Twill interconnection concept’

= Contact foils
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= Cells

Polyolefin-based carrier foil

* Patented: EP3790059A1
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Twill interconnection concept
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Reflow during lamination
Laminate A
=

Encapsulant

P — Cu-core

Solder

Encapsulant
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Sample fabrication and Experimental matrix

Materials

Ribbons: SnAg coated copper, 0.1 X6 mm?

Glass: 200%x200%2 mm? e : 2

interconnection foil

M2 SH| cell

Polyolefin (PO)

No edge sealant is used!

One-cell glass-glass module
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= Part 1: Twill on different metallizations

Cu/Ag paste
28 65% Cu, 35% £
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Results

Twill on metallized cells
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Reliability Assessment

Thermal cycling (-40 to 85 °C, IEC 61215)
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* Modules with

* Modules with Ag metallization: = 6% FF loss over 600TC —> { .
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Thermal Cycle
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EL images
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metallization: < 2% FF loss over 600 TC

L

Wire-finger detachment

mechanical stress

9

Partially due to fabrication faults (wire-ribbon detachment)

Wire-finger detachment at the edges, due to thermo-



Reliability Assessment
Damp Heat (85 °C & 85% RH, IEC 61215)
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modules in damp heat (1000 hrs):= 100% FF retention, no degradation.

* EL images show some minor degradation in Ag modules.

MO-IMOMEC

“mmec

10



SEM observations of printed fingers -i-‘u Delft f-

Technology

Ag Cu/Ag
* Cu/Ag paste fingers show more uniform morphology.

, F; * Cu/Ag fingers are narrower and have a higher aspect ratio
Fingers ingers
\ compared to Ag.

/‘ * Cu/Ag fingers may allow better wire contact — higher
reliability.

Busbar Busbar

dequius S0V x90 LML) S00un Regulus 5.0k x90 LML)

SEM investigation of wire—finger cross-sections is ongoing.

Hegulus 50kV x1,50Kk SE(L)
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Results
Twill on TCOs
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Reliability Assessment

Thermal cycling (-40 to 85 °C, IEC 61215)
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Thermal Cycle

* |TO-based cells: passed 2x|EC standard in TC testing.

* AZO-based cells: did not pass, though they were close to passing | X|IEC.
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Increased series resistance

(wire loosening/detachment)




Reliability Assessment

AZO

ITO

FF (%)
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Damp Heat (85 °C & 85% RH, IEC 61215)
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AZO-based modules: did not pass the DH test.

Work on optimizing AZO is currently in progress.
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AZO-based modules: showed a lower initial FF compared to ITO-based modules.

Degradation in perimeter likely caused by moisture ingression (No edge sealant is used).




Conclusions

* High reliability: <2% FF loss over 3%|EC
* 100% FF retention after 1000 hrs DH.

I. Twill on metallization:

2. Twill on -based modules:

* Showed lower reliability, but performance was close to pass IEC and can improve with optimization.

* No edge sealant was used; with sealant, the modules could likely pass IEC, though further optimization is still
needed to match ITO performance.

Outlook:

= Reliability of Ag based modules could improve with better metallization quality and fewer fabrication faults.
= Twill will be applied on Cu-based cells (Ag-free metallization).
* Edge sealant will be applied to future modules to improve moisture resistance and overall durability.

= Reliability of mini-modules with cells in series will be investigated.

IMO-INMOMEC
mmec 15



Acknowledgement

Thank you for your attention!

 SILEAN
Funded by —

the European Union e < 2ad

The authors gratefully acknowledge contribution from

= SiLEAN Horizon Europe project (GA No. 101147275)
= SHINEPV Horizon Europe project (GA No 101172902)

A\ Visirors
" RECEPTION

6 DELIVERIES
CONTROL ROOM

§ "WEnergyVille N

EC Disclaimer: Funded by the European Union under grant numbers 101147275 and 101172902.Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union. Neither the European Union nor the granting authority can be held responsible for them.

IMO-IMOMEC cheray . T FY T
“mec vite . TUDelft &z J :!rguln'gslzgﬂ

16



	Slide 1: Sustainable SHJ Module Fabrication: Multiwire TWILL Interconnection for Cu/Ag-based Metallization and Indium-Free TCO
	Slide 2: Background and Motivation
	Slide 3: SiLEAN project
	Slide 4: Twill interconnection concept*
	Slide 5: Twill interconnection concept
	Slide 6: Reflow during lamination
	Slide 7: Sample fabrication and Experimental matrix
	Slide 8: Results
	Slide 9: Reliability Assessment 
	Slide 10: Reliability Assessment 
	Slide 11: SEM observations of printed fingers
	Slide 12: Results
	Slide 13: Reliability Assessment 
	Slide 14: Reliability Assessment 
	Slide 15: Conclusions
	Slide 16: Acknowledgement

