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1. Module technology description

Threetechnologiesevaluated:

Asbenchmark:
« Tabbingstringing

Modular foil-based interconnections:

« Conductivebacksheetapproach
« 3D Multi-Ribboninterconnection
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1. Module technology description

Tabbingand stringinginterconnection

« Mature technology (TRL9)usedasa —
benchmark

 Multi-busbar connections using SnPb
solder

« Canachievehighbifaciality

« Busbarless andnegative gap |
connections are areas of development N g
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1. Module technology description

Conductive backsheet

Initially developed for MWT cells, now
alsousedfor IBC

Glass _

Patterned Cusheetas conductor frontencapsulant

IBCcells

Cu sheetisconnected using perforated encapsulant
conductive paste oncellbusbars

Low-temperaturepaste ———»

backsheetwith
Cuconnection sheet

Rearperforated encapsulantas
selectiveinsulator
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1. Module technology description

3D Multi-Ribboninterconnection

« 3D multi-ribbon foil as conductor
backsheet

interconnection fabric

Module fabrication:
 Lay-up phase
« Laminationcycle

back-contact cells

front encapsulant

frontsheet

December 5t 2024 Back-Contact Workshop, Delft (NL) 7



Bc4 &

Duringthelamination cycle:
« Soldercoatingreflows
« Polymerencapsulantmelts

1. Module technology description

3D Multi-Ribboninterconnection

busbar ribbons

s

S
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2. Study and selection of encapsulation material

 Materials
« Thermoplastic polyolefins (TP O 1-3)
« Polyolefin elastomer (POE 1-3)
« EVA asbenchmark

« Characterisation of
 Adhesion strength
« Coefficient of thermal expansio
* Optical performance
« Calorimetricbehaviour (DSC)

Resultssuggesteach
encapsulantcanbeconsidered
for furthertesting
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2. Study and selection of encapsulation material @ @

Mini-modulesduringdamp-heat exposure

105
 Mini-moduleswithtabbing-

stringinginterconnectionto 100
testencapsulant
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Damp-Heat Exposure (hours)

mm) EU-sourced TPOis selected for furthertesting

December 5t 2024 Back-Contact Workshop, Delft (NL) 10



3. Module reliability testing

Design of Experiments:common BOM

Bc4 &

Conductive Tabbingand stringing 3Dmulti-ribbon
backsheet (TNO) (ISC) (imec)
Frontcover Glass
Frontencapsulant TPO

Cells
Interconnection

Rear encapsulant

Back cover

8 half-cells, 6BB )2 M6 Zebra IBC Cell

Low-temperature

Low-temperature

paste SnPb-solder solder
ASEFHELIGIELSE TPO Custom TPO
White backsheet Transparent Glass

Backsheet/Glass

Moduleswerecharacterisedandunderwentdamp-heatexposure andthermalcycling

tests
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3. Module reliability testing

Design of Experiments

Conductive
backsheet

BC4

Tabbingand

stringing 3Dmulti-ribbon

- Bifaciality (P,,,):
« Tabbing-stringing84%
« 3D Multi-Ribbon79%
« CBS0%

« Half-cutcellorientationwas
different for 3D Multi-Ribbon*

*N. Chenetall. (2022) Mitigatingcutlosses in|BC solar cells
December 5t 2024 Back-Contact Workshop, Delft (NL)
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3. Module reliability testing |BC4@

Damp-heat exposure

CBS TS G-BS TS G-G 3D Multi-ribbon
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3. Module reliability testing

Thermal Cycling CBS
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3. Module reliability testing

Thermal Cycling tabbing and stringing

. TS G-BS TS G-G
101% 101%
100% e Q 0
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Processoptimisationsolvesimproperly solderedribbons
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3. Module reliability testing |BC4@

Thermal Cycling 3D multi-ribbon

102% . Differentcellorientationscaused
cleavingissues (laseringthroughboth
. junctions)
100% » 1
~ P . Initial cellmicro-cracks propagated
X . . .
< 9% duringlaminationand TC
£ )\ !
- . . Useofthinnersolder-coatingprovennot
> .
£ 96% tobereliable
[0}
o

049 Previoustestson full-cellmodules
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3. Module reliability testing

3D multi-ribbonbusbarlessconnections

* Firsttestsondirectfinger solderingbusbarless connection

« Nodegradationafter200 Thermaland 10 Humidity-freeze cycles

December 5th, 2024 Back-Contact Workshop, Delft (NL)
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4. Technology evaluation

< ef?
¢ S & S SRS
Applicability (mono{ Multi-BB or & S S N 2 xS
X NS < O
Technology and/or bifacial) BBless {\o*@ ‘@o\ é@o Q}\’b ,qos\ é{\e &Qy
QQ) QO Q' Q)o_,\ é\.
Q N
o Multi-BB reference level (0) 9
TS Mono- and bifacial
Busbarless 0 + + 0 0 + 7-9
CBS Monofacial Multi-BB + NA 0 0 + 6
LTCS* Bifacial Multi-BB 0 0 0 0 +
Multi-BB + - 0 0 + 4-5
3D Mono- and bifacial
Busbarless + - + 0 + + 4

LU(t)SI '{/N O’s|i hi:)tve\ntsa%ttm con ur vagel%Jastratesolution
* Integrated and agriPV: CBS and 3D Multi-Ribbon



5 . . BC4
5. Industrial implementation @

gg) FuturaSun’ 7 ENERGYRA

Industrialimplementation of low-stress Industrialimplementation of CBS for light-
tabbing-stringingby FuturaSun weightmodules by Energyra

Today at14:00-14:20 by G.Coletti: Today at15:00-15:20 by M.Kalden:

Opportunitiesand challenges of back-contact PV technology Advantages of back contact technologyin North-West Europe
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6. Conclusions .

EU-sourced TPO canbeimplementedtoyield modules with high reliability (damp-heat and thermal
cycling)

No difference inreliability for glass-glass and glass-backsheet wasobserved

Three module technologies arebeingdevelopedin IBC4EU:

« IBC Tabbing-stringing (TRL9)
* Industrialimplementation of low-stress TS by FuturaSun
« Testwith Cumetallisation, negative gap and busbarless connections are ongoing

« Conductive backsheet (TRLG)
* IndustrialImplementationin lightweight modules by Energyra
« Bifacial solutionsunder developmentby TNO (see V. Rosca)

e 3Dmulti-ribbon (TRL 4-5)
« Under developmentbyimec
« Cellmetallisation design should be customised
pecember 5* oFirstresults on BBless connections areshowmworkshop, delft (N1) 20
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