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Motivation - Sustainable metallization approach

Screen-printing (SP)

 Less expensive Cu, low ρ
 < 30 µm-wide finger
 Optically favourable geometry 
 Controllability and reliability 
 Mature mass production tools

Alternative Cu-plating

36 µm-wide 

20 µm-wide 
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Ag consumpion
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Motivation - Bifacial (BF) cell

BF
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n-c-Sin-c-Si
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Metal

 World market prediction [3]

 MF  BF [1,2] • Energy yield gain
• Effective TCO & metal reductions

43.5 mA/cm2 

(ΔJc-Si = 4 mA/cm2 )

[1] T.S. Liang et al., Energy Environ. Sci., 12, 116-148 (2019)
[2] C. Han et al., manuscript under review (2021)

[3] VDMA, ITRPV report (12 edition), 70 (2021) 
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Motivation - Metal plating choice

Cu2+ R Cu

e

R2+

e

Cu2+ Cu2+ Cu

 Electroless plating [2,3]

 Immersion plating (displacement plating) [3,4]

 light-induced plating (LIP), field-induced plating(FIP), 
electroplating (EP) [5-8]
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[2] A.U. Ebong et al., Phd thesis., 114-147 (1996)
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[5] X. Wang et al., Sol. Energy Mater Sol. Cells, 131, 37-45 (2014)
[6] A. Lennon et al., Progr. Photovolt: Res. Appl, 21, 1454-1468 (2013)

[7] G. Limodio et al., IEEE J. Photovolt., 10, 372-382 (2020)
[8] J. Yu et al., Sol. Energy Mater Sol. Cells, 224, 110993 (2021) 

Or displacement reactions
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BF plating options

 LIP on n-side
 FIP on p-side
 Separately [3-5] 

or simultaneously [6]

 EP on both sides [7-11]

 Simultaneously
 Controllability?

[3] Z. Li et al., Energy Procedia, 67, 76-83 (2015)
[4] B. Grübel et al., IEEE J. Photovolt., 11, 584-590 (2021)

[5] X. Wang et al., SOLMAT, 131, 37-45 (2014)
[6] Y. Chang et al., EU PVSEC 2AO.9.3 (2021)

[7] J. Yu et al., Sol. Energy, 146, 44-49 (2017)
[8] A. Lachowicz et al., EU PVSEC (2017)

[9] T. Hatt et al., CPV-15 (2019)
[10] L. Tous et al., Energy Procedia, 124, 922-929 (2017)

[11] C. Han et al., manuscript under review (2021)

 Electroless/immersion 
 Surface activation
 Sinter 350 °C 

electrolyte

wafer
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[2]  R. Russell, et al., 33rd EU PVSEC, 212-217 (2017) 

[3] A. Ebong, PhD thesis (1996)
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Objectives

 Electrochemical behaviors of the reactive species
(cyclic voltammetry, CV)

 Adhesion and uniformity of the finger height  

 SHJ devices
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Cyclic voltammograms - MF
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 OPD of Cu on Ag
[1] C. Han et al., manuscript under review (2021)
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Cyclic voltammograms-BF
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 Almost overlapping cathodic current Identical finger growth on both sides

[1] C. Han et al., manuscript under review (2021)
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Adhesion and uniformity

 1-step:
 2-step (I): 
 2-step(II):

SD = 7.8 µm

SD = 1.6 µm

SD = 1.6 µm

controllable finger growth
[1] C. Han et al., manuscript under review (2021)

poor adhesion nonuniform finger distribution

9
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BF SHJ

 VOC: Preserved passivation
 JSC: Lower MC
 FF: Smaller finger gap on the p-side

Cu-plated cell

Bifaciality factor (ϕ): 0.99 

[1] C. Han et al., manuscript under review (2021)

n-c-Si

Presenter
Presentation Notes
Figner gaps: 0.915 mm vs 1.74 mm
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Champion devices (DLARC)

n-c-Si
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Conclusions
 CV study  Adhesion/uniformity  Cu-plated devices

MF: η > 23%

BF: η = 22.8%, ϕ = 0.95
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