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Perovskite/Si multijunction modules
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Perovskite/Si multijunction modules: amplified constrains

A Pk cell degrades at elevated temperatures
& A Keep below <150 °C
A Ideally < 130 °C and only a few minutes
A Sensitive to thermomechanical strain/stresses
A Limit thermal amplitude/rate/time
A Limit pressure/shear stress

® A Very soft material
A Risk of punching through and shunting
0.2-.06 GPa (Pk) vs. 2 (Cu) vs. 13 (Si)

Baumann , Energy Environ Sci 2024

A Reactivity with standard environmental

‘ conditions

6k A Prevent moisture + oxygen ingress
A Avoid formation of by-products
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How are perovskite/Si tandem cells interconnected?

What has been reported In literature

Tabbing/stringing
Ribbons/wires to busbars

Ultra-low temp. soldering
De Rose et al. Solar Energy Materials & Solar cells, 2023

ECA

Temperature

IMO-IMOMEC
' lllustrations by Tom Borgers, EUPVSEC 2019
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How are perovskite/Si tandem cells interconnected?

What has been reported In literature

Tabbing/stringing Shingling
Ribbons/wires to busbars

Ultra-low temp. soldering

ECA ECA
Nikitina et al. Solar Energy Materials & Solar cells, 2023

Temperature

IMO-IMOMEC
' lllustrations: T. Borgers, EUPVSEC 2019
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How are perovskite/Si tandem cells interconnected?

Ultra-low temperature & CRM-free interconnection is to be developed

Tabbing/stringing Shingling
Ribbons/wires to busbars

Ultra-low temp. soldering

Multiwire
Wire to finger

Ultra-low temp. soldering

<5 (In or Bi-based) (In or Bi-based)

% ECA ECA Rajagopal , tandem PV23

S

GE) Adhesive tape Adhesive tape Adhesive tape

= Pressure contacts Pressure contacts Pressure contacts
Dupuis IEEE PVSC 2012 Weber, SolMat 2023 on Si cells Bi and In free!
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Multi-Wire
EncapsulaAbased Contact Sheet
oTwi | |

(@)
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Multi-Wire
Encapsularbased Contact Sheet
oTwi | 10

Encapsulant/
contact sheet

Cell finger

CTE compensation
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Cu-core
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Pk/Si multijunction modules: amplified constrains

A Keep below < 150 °C
A 1deally < 130 °C and only a few minutes
A Sensitive to thermomechanical
strain/stresses
A Limit thermal amplitude/rate/time
A Limit pressure/shear stress

N A Very soft material
b A Risk of punching through and shunting

g A Pk cell degrades at elevated temperatures

0.2-.06 GPa (Pk) vs. 2 (Cu) vs. 13 (Si)
Baumann , Energy Environ Sci 2024

A Reactivity with standard environmental

‘ conditions

YT A Prevent moisture + oxygen ingress
A Avoid formation of by-products
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TWILL: Advantages & Questions for multiwire tandem cells

VW4
"t 5

A Pk cell degrades at elevated temperatures
Temperature g A Keep below < 150 °C
low enough : A Ideally < 130 °C and only a few minutes
. : Single thermal ste
with SnBi? J P

strain/stresses
A Limit thermal amplitude/rate/time
A Limit pressure/shear stress

A Very soft material
' y

Foll designed for A Risk of punching through and shunting
stress relief (slack) 0.2-.06 GPa (Pk) vs. 2 (Cu) vs. 13 (Si)

Baumann , Energy Environ Sci 2024

_ _ . _ A Reactivity with standard environmental
Wire touching Thermoplastic encapsulant: ‘ conditions
'YX

No handling for
interconnection

(thermal budget/uniform) o A Sensitive to thermomechanical

top cell: ok? no by-pr(_)du_cts, A Prevent moisture + oxygen ingress
less shrinking A Avoid formation of by-products
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How to develop TWILL interconnection for  pero/Si tandems cells?
The (simple) plan

Interconnect
tandems at low
Decrease TWILL temperature AN
lamination while preserving ','/{\\\ :
temperature from performances LR
165° C
<150°C

Vehicle: Si cells
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Can TWILL work <150 °C?

Methodology i Reliability testing on 1-junction silicon solar cells

A Make 1-cell laminates, 3 per split
A Glass/glass, no edge sealant

A Evaluate contact reliability via thermocycling (85/-40C)

A 2 cell types: Impact of Ag paste
(different solderability, finger shape)?

A Low temperature, heterojunction SHJ
A High temperature, TOPCon

Max for tandems?

A 120 °C 11 min => no soldering, as reference

SnBi melts s 0 A Start with 3 temperatures
| A 165 °C 11 min => process of reference
JI Ideal max. point o | A 140 °C 11 min / 22 min => theoretical minimum

A NB: actual process temperatures checked (thermocouple)

Lamination Temperature
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Efficiency/fill -factor retention over 350 thermocycles (so far)

Surprisingly good performance of TWILL in pressure-contact (no solder) at 120 °C

Fill Factor (%)
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Efficiency/fill -factor retention over 350 thermocycles (so far)

Surprisingly good performance of TWILL in pressure-contact (no solder) at 120 °C

Fill Factor (%)
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Efficiency/fill -factor retention (or not) over 350 thermocycles

Surprisingly good performance of TWILL in pressure-contact (no solder) at 120 °C

1.05

Relative efficiency

0.9
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300

350

A |s soldering taking place at 140 °C
between 11 and 22 min?

A Is the foil design enabling a good
contact, preventing encapsulant
reflow under the wire?

A Is lower thermal stress at 120 °C
improving performance vs. 140 °C?

—e—TOPCon - 165 C 11 min

—e—TOPCon - 140 C 22 min

-+ -SHJ -140 C 22 min
TOPCon - 140 C 11 min

—e—TOPCon - 120 C 11 min

-*-SHJ - 120C 11min

--------- IEC standard
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Soldering or no soldering at 140 °C?

More microstructure characterization is needed 7 and reliability results to be repeated

// le— Rear-side wire
— Re-flown wire
J solder coating |deal case
| Full reflow/wetting
Silver fingers < Fine grains

Front-side wir

140 °C - 11 min Reference: 165°C - 11 min

Artefact or real?
Stil is a poor interface

10 um

copper wire

Cu wire

Sn-Bi solder — Cu wire

coatin

-t Ag finger

Ag finger

ilicon wafer

Silicon wafer
|MD-|MDM&C ﬁ Energy
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How to develop TWILL interconnection for  pero/Si tandems cells?
The (simple) plan

- Interconnect
tandems at low
Decrease TWILL temperature *,_\‘-;.1
lamination while preserving ,’I{\\\ .
temperature performances « 127
<150°C

Vehicle: Si cells
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Can TWILL work for tandem pero/Si solar cells?
Methodology T A first compatibility test

A Make 1-cell laminates
A Glass/glass
A No edge sealant
A TWILL encapsulation i lacking direct reference with ECA!

A Evaluate impact of lamination temperature by I-V / visual

A Evaluate contact reliability via thermocycling
A Keep 1 cell as monitor

~o \A Test 2 temperatures
A 140 °C 22 min => some soldering?
o A 120 °C 11 min => pressure contact
~ A 60 cm? tandem test cells (3+4)
A Were not optimized for encapsulation / reliability testing

A Screen-printed Ag front, solderable (thick)
A Evaporated Ag rear (too thin to solder well?)

Lamination Temperature
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A simple, lean, module layup for interconnection and lamination

Lamination = ~ 30 min
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Example of | -V performance before/after lamination

Voc and FF could be preserved by lamination - but the solar cells degraded afterwards

+1 month:
12 degradation _
' of.. ? Reflection from
contact glass + foil?

layers?

—Before lamination
— After lamination

Current (A)
o
(o)}

0.4 — After lamination + 24 hours
— After lamination + 1 month
0.2
0
0 0.5 1 1.5 2

Voltage (V)

Energy
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From cell to module and to

thermocycled module (TC50)

Intrinsic solar cell degradation and module degradation cannot be easily discriminated here
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The non-accurately

Jsc calibrated I-V data
results in (too) noisy
results
A Al '
oy - --e--Ref-120 C11'-no TC
. AN —e—140 C 22min

120 C - 11 min

Cell Lami +lmonth TC5 TC10 TC20 TC50
TCO

Voc dropped at

lamination, typical
loss from thermal

treatment

Second drop from
TC20 Aagei cage
unclear

Cell Lami +1month TC5 TC10

TCO
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TWILL provides a
good (starting) contact

Cell Lami +1month TC5 TC10 TC20 TC50
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Efficiency
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Contact
degradation
ongoing?

--#--Ref-120C 11'-no TC
—e— 140 C 22min
120 C - 11 min

Slow degradation

especially at
140 C??
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Thermocycling caused a visible degradation
The damage spreads along the TWILL Cu wires
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Reaction/diffusion of a material or delamination of a layer?

Microscope inspection of a sample laminated at 120 C for 11 min

TCO/MgF, —

TWILL wire —
(Cu, SnBi coated)

Screen-printed
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Testing how various lamination parameters affect this defect

All cells are defected after lamination, during cooling down T suggesting the issue is a delamination

Lowered lami pressure Longer degassing Higher temperature (soldering)
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