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Motivation
Improvement of SHJ solar cells & metallization

Neglected grid resistance
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by 2030, PV would consumes 100% of the global
Ag world supply [3-5]
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Motivation

Improvement of SHJ solar cells & metallization
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~NOBLE"” metallization
Electrode properties

TCO + Metal Al patterning Sel. Plating + Etching
PVD tool Inkjet-printing Wet chemical baths
Inkjet :
Wet chemical

etching

' Electroplating
NaOH,, ink i

Width P P Peel-force
0.1-1

Plated Cu (NOBLE) [7] 25 -30

etal-seed.layer**
()

Screen-printed Ag [10] 30-40 >5 > 2 <0.5
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,NOBLE"” metallization
Agenda

) Al patterning ) Sel. Plating

' Electroplating
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,NOBLE"” metallization
I-V of SHJ solar cells

B Stabilized metallization on large area SHJ solar cells [

25 mm

Simultaneous bifacial Cu-electroplating

Low-cost — no resist, only grid-area to be patterned
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Ongoing

Patterning of Al masking layer

® Higher throughput for Al patterning

.. Inkjet patterning
®  Printing of NaOH,, ['!] o

B Laser ablation

Al
PVD metal-seed™”

ITO

157 mm

Width of line opened (w,) [um]
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(72 positions)
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Ongoing

Patterning of Al masking layer

® Higher throughput for Al patterning
“ Printing of NaOH,,

B Laser ablation

FlexTrail

Al
PVD metal-seed™”

ITO
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Ongoing

Patterning of Al masking layer

® Higher throughput for Al patterning
B Printing of NaOH,,

PL imaging @ 1 sun on SHJ solar cell

™ Laser ablation after laser patterning

-» Optimization to avoid damaging SHJ cell passivation

Laser [12]

Al

PVD metal-seed™*”

ITO
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Ongoing

Patterning of Al masking layer

O => 15t large area SHJ solar cells ['2]
. Eta V.. Jsc FF pFF
Laser 21.4 726.8 38.6 76.3 83.4
B After complete processing _
Inkjet 22.7 735.7 38.3 80.5 84.4
Inkjet patterning FlexTrail patterning Laser patterning
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,NOBLE"” metallization
Agenda

) Sel. Plating

Electroplating
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Electroplating

Ongoing

Cu electroplating

1y

m Key of selective Cu electroplating on metal-seed layer

. ‘athode Power source
©  Selectivity " © o
= Stability of native AlO, mask in acidic milieu 519 l | l I
CuSOy + CI based CuSOy based
pH<1 pH2S pH33
ey v
///,
/
Simultaneous \

bifacial
electrodeposition Al Metal anode (Cu)

Commercial Lab

> Optimized Forward/Reverse pulse plating
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Ongoing

Cu electroplating

1y

B Key of selective Cu electroplating on metal-seed layer
B Selectivity

@ Cu growth in lab electrolyte (pH 3.3)

- Homogeneous ,isotropic” growth
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Ongoing

Cu electroplating

1y

B Key of selective Cu electroplating on metal-seed layer
B Selectivity

@ Cu growth in lab electrolyte (pH 3.3) W Ramp-up for stable industrial copper
electrolyte

- Optimized morphology, mechanical stress...

Lab electrolyte Industrial electrolyte

14 IQB —
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Summary & Outlook

Native Oxide Barrier Layer for selective Electroplating

TCO + Metal stack
PVD tool
Al-patterning

B Contact metallization = Ag should be reduced/replaced by Cu ['-4

M Resist-free Cu plating approach (,NOBLE” met.)

23.0
Stabilized on large area SHJ solar cells
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Patterning of Al masking layer by Laser or Inkjet/FlexTrail-printing
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Developed mild acidic industrial copper electrolyte with ICB GmbH

Eta [%]
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Adequate tuning of Cu contacts shape

22.2

22.0

M Spin-off PV2plus from Fraunhofer ISE to transfer the ,,NOBLE met.” to

solar cell manufacturers
= www.linkedin.com/company/pv2plus/

Cu-plating + etch-back
Wet chemical baths

Laser or Inkjet-printer

Laser
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