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AIM AND APPROACH

Horizon Europe RESILEX project aims at reducing In and Ag 

contents in SHJ solar cells. 

Approach:

 CEA SHJ with ultra-thin indium-based TCO layers combined 

with dielectrics[1]

+

 CSEM simple process for copper electroplating deposition[2] 

Ag-Cu 

Seed-grid

Copper 

plated 

electrode

Line width 

(µm) 
19.3 / 27.0 37.3 / 39.2 

Line height 

(µm)
4.3 / 7.9 11.4 / 15.5 

CS area (µm2) 50 / 137 226 / 429 

Solar cell process:

FINE LINE Ag-Cu SEED-GRID PRINT + COPPER PLATING

SOLAR CELL INTEGRATION

CONCLUSION

Challenges:

 Fine line printing using silver-coated copper paste (Ag-Cu) 

 Use of the same dielectric layer as front double antireflective 

layer (DARC) and TCO masking during plating

In reduction by 72%

+ copper plated electrodes

 Demonstration of fine seed-grid print with Ag-Cu paste 

 Promising results for the integration of Cu plating on 15 nm of ITO

 Limited efficiency losses measured for In reduction of 72% 

combined with copper plating

 Process compatible with industrial SiNx deposition in tube PECVD  

 No impact of the plating 

step on the Voc

 FF increase after plating

 Best Efficiency of Cu-

plated cells at 22.22%

 Median efficiency loss 

limited to 0.23%

Fig. 1: Median values of the finger width and line resistance measured on the front side of 

the cells for various screen opening.

Fig. 2:  Microscope images of paste 4 Ag/Cu seed-

grid and of the final fingers after Cu-plating process.

And corresponding line characterizations 

(Min / Max values).

Fig. 3:  Efficiency values of Ag screen-printed references and Cu 

plated SHJ with low In (measured at various process steps).
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Ag-Cu Screen-printing development:

SHJ precursors on M2 Cz wafers:

 4 Ag-Cu pastes

(Paste 4 = 50% of Silver)

 Variation of the screen finger opening width: 28 µm, 20 µm and 17 µm

Copper plating reinforcement:

 Very small screen-printed line width of 26.3 µm in average for paste 4

 Ag-Cu paste laydown reduced by 60 to 65 % with screen opening

reduction from 28 µm to 17 µm

 Copper plated fingers width < 40 µm

Fig. 4:  I(V) measurements of “Low In SHJ + Cu plating” cells for two different dielectric layers.
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Solar cell process:

 9BB pattern on M2 wafers

o Ag reference (screen-printed + 100 nm TCOs)

o Low-In SHJ + Copper plating 

[1] A.Lanterne et al., presented at the SiliconPV conference 2024

[2] A. Lachowicz et al., EPJ Photovoltaics 15, 11 (2024)
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