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Introduction to Tunnel IBC solar cells

« Co-developed at EPFL/CSEM, focus on simple
HJT
process flow from the start to enable mass
production lately &

 Performance > 25%, industrial potential 26%

10 process steps only & single alignement
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SIRIUS & PILATUS projects
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PILATUS = 170MW Pilot line

Pilot & Demonstration SIRIUS - =
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Cells

SIRIUS Project

Module

\_ \_

Technology platform for Tunnel IBC cells & Module :

« Tools prototype development (Cells & Module)
« 400W - 120HM6 Module power

* Silver metallization cost down

«  Module Reliability > 30 years
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PILATUS Consorfium covering the
complete PV Value Chain

Polysilicon Ingots Wafers Solar Cells PV Modules
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( From lab to fabs (TRLS > TRL?) )
Innovations Bio-sourced, recycled encapsulant AC_;"‘_‘ rear side, Silane grafted PO
Sl layers with down-converters Thinner wafer down o Z10ym foils with superior adhesion

Reduced cell, string & edge spacing ::::;:m':zy' SO yes e
{/L Industrialisation of technology (TRL6 > TRL?) &J
Innovation at Holistic data collection Inline metrology Photon multiplication
process / Industry 4.0 tools Automated sorting systems Increases photon flux reaching cells and
technology level increased module efficiency up to 10%
Wafer Pilot Line Cell Pilot Line Module Pilot Line
Producti Capacif Through Target average Increased Throug Optimised data :
upscaling, high || 300,000 2600 cells/per efficiency production ot nnia i ke
yield high- wafers during hour > 25,5% capacity by 170 MW optimisation tech
quality project 30% nology

Technological Impacts
* Optimisation of pilot lines
performances
* Replicability potential - ‘close the
circle’ of PV products ‘made in Europe’

Sacial-economical/ Environmental Impacts
Complete LCA of IBC technology at pilot scale
Support to eco-design
High circularity
Potential recyclability roadmap assessment

Bankability
+ Bankability of the technology in Europe
at large scale
* LCOE comparison with SoA technologies
+ Technology market potential

120 half M2

M tunnel-IBC cells
[

Current status

* Cell spacing: 1.5 mm

* Wafer thickness: 160 um
* 25-year lifetime

* Pmax: 350 W

Front glass

std 160-um-thick IBC
encapsulant

Ag-less

| — -
I rear side

PILATUS innovation

Cell spacing reduced to 0.5 mm
Reduction of string & edge spacing
Wafer thickness reduced to 110 um

108 halfM10 I
tunnel-IBC cells

40-year lifetime

Pmax: 450+ W
Holistic data collection using
Industry4.0tools

Bio-sourced, recycled encapsulant

with down-converters

Ag-free
110-um-thick IBC _l— e

Silane grafted PO foils
with superior adhesion & better durability



Tunnel IBC solar cells

 amorphous silicon passivation
* nc-Si:H(n,p) layer engineering allows depositing different materials for electron or hole contacts

Tunneling
Electron contact

WET Texturing ol contact ..
®ogo ° .'..“
oo sade

a-Si:H(i) front and rear XX

New electrode design

(A.Tomasi et al, Nature energy 2017)

IV-measurement
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Tunnel IBC solar cells

3rd generation of masking technology “damage free”
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a-Si:H(i) front and rear g

New electrode design
IV-measurement t *
Photoluminescence picture (Isun) with i/nucmask/puc
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Tunnel IBC solar cells

3rd generation of masking technology

Fingers at approximate position

WET Texturing

a-Si:H(i) front and rear

New electrode design
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IV-measurement

« Sharp and uniform nc-Si:H layer over the whole wafer
Layer uniformity +/- 3% over the whole wafer

« Technology is up scalable to any wafer format (M10, M10R, G12...)
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Tunnel IBC solar cells

« 31 concecutive year of supply < demand
« PV Silver consumption 2023: +15%
« New electrode design was developed to limit Ag consumption

New electrode design
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Silver supply/demand (Million ounces)
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Tunnel IBC solar cells

« New rear electrodes design with multiple fonctions:

Indium free and silver consumption reduced to

3.7mg/Wp.
* A better reliability against moisture ingress.
« Low processing cost without the need of plating.

 Fully compatible with our new SWCT interconnection
technology.
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Silver consumption per technology (mg/Wp)
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[1] [Energy Environ. Sci., 2021, 14, 5587]
[2] ITRPV 2023, Markus Fischer

PERC Tunnel-Ibc
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Tunnel IBC solar cells
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Reliability tests

a Godal: extended degradation time in TC, DH or HF until failure (< 95% initial performances) on
SIRIUS samples

NEFF (%)
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PTC time (cycles) DH time (h) HF time {cycles)
& >8x the requirements time in Thermo-Cycling (TC) IEC standard
& >9x the requirements time in Damp Heat (DH) IEC standard
& >8x the requirement time in Humidity Freeze (HF) IEC standard
& More reliable than the standard HJT modules
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Reliability tests

& Goal: Test reliability of HJT-IBC modules under UV light soaking
(LS) exposure .
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i+ ~1% degradation observed after 250kWh/m2 UV dose

« No degradation with UV cut-off encapsulant

i Light soaking effect improves module performances
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Interconnection Loss model

Passivation
level

N,P
Contacts
resistance

Cell
geometry
(Pitch)

RI2
Electrodes
losses

SWCT
configuration

Cell &
Module cost
optimization

25% Tunnel-IBC cell - 120xHM®6 model

Module Power W

Small - 394.3 396.6 398.4 399.8 400.9 401.8 402.6 403.3 403.8 404.3 404.8 405.1 405.5 405.8 406.1

Wire @

Large
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392.5 395.5 397.7 399.3 400.6 401.7 402.6 403.3 403.9 404.4 404.9 405.3 405.6 406.0 406.2 406.5
393.7 396.5 398.6 400.1 401.4 402.4 403.2 403.9 404.4 404.9 405.4 405.7 406.1 406.4 406.6 406.9|
394.7 397.4 399.4 400.8 402.0 403.0 403.7 404.4 404.9 405.4 405.8 406.1 406.4 406.7 407.0 407.2
395.6 398.2 400.0 401.5 402.6 403.5 404.2 404.8 405.3 405.8 406.1 406.5 406.8 407.0 407.3 407.5
396.4 398.9 400.7 402.0 403.1 403.9 404.6 405.2 405.7 406.1 406.5 406.8 407.1 407.3 407.5 407.7
397.1 399.5 401.2 402.5 403.5 404.3 405.0 405.6 406.0 406.4 406.8 407.1 407.3 407.6 407.8 407.9
397.7 400.0 401.7 402.9 403.9 404.7 405.3 405.9 406.3 406.7 407.0 407.3 407.5 407.8 408.0 408.1
398.3 400.5 402.1 403.3 404.3 405.0 405.6 406.1 406.6 406.9 407.2 407.5 407.8 408.0 408.1 408.3
398.8 400.9 402.5 403.7 404.6 405.3 405.9 406.4 406.8 407.2 407.5 407.7 407.9 408.1 408.3 408.5
399.2 401.3 402.9 404.0 404.9 405.6 406.2 406.6 407.0 407.3 407.6 407.9 408.1 408.3 408.5 408.6
399.6 401.7 403.2 404.3 405.1 405.8 406.4 406.8 407.2 407.5 407.8 408.0 408.3 408.4 408.6 408.7|
400.0 402.0 403.5 404.5 405.4 406.0 406.6 407.0 407.4 407.7 408.0 408.2 408.4 408.6 408.7 408.9
400.3 402.3 403.7 404.8 405.6 406.2 406.8 407.2 407.5 407.8 408.1 408.3 408.5 408.7 408.8 409.0
400.6 402.6 404.0 405.0 405.8 406.4 406.9 407.3 407.7 408.0 408.2 408.4 408.6 408.8 408.9 409.1

400.9 402.8 404.2 405.2 406.0 406.6 407.1 407.5 407.8 408.1 408.3 408.5 408.7 408.9 409.0 409.2

CTMff<1%

CTMff: 1% < 2%
CTMff: 2% < 3%
CTMff: 3% < 4%

CTMff >4 %

Low # Wires High

Advantages compared to HJT
« -20% wires

« -50% SWCT foil (only on the back|

« Less encapsulant per module

« - significant cost saving per module
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Modules development
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«  Only 13 modules manufactured in HM6 configuration
«  430W 108c HMI10 is expected at start - Potential beyond 445-450W

« Promising reliability results on full size module exceeding 3x to 4xIEC
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Conclusions

 Tunnel IBC cells and modules:
« Very low silver consumption down to 3.7mg/Wp
« Mini-modules outstanding reliability 8-9x IEC (DH, PTC, HF)
« 395Win 120x HMé configuration

 Performance potential to 450W for residential market

« Next steps (Pilatus):
« Installation of a fully automated line tunnel IBC cells at Meyer Burger Germany
« Conversion of RRU & Cell stringer to HM10 in Switzerland
« Modules under consecutive stress tests & outdoor monitoring
« LCA & LCOE analysis
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