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Plated copper line, width 11.5 µm, 

height 11.5 µm

c-Si Heterojunction Solar Cell. 

Silicon Heterojunction Solar Cells
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Fine-Line Printing and Multi-Wires

Copper electroplating

HJT CELL VOC
mV

FF
%

JSC
mA/cm2

EFF
%

Full 6’’ PS 
wafer printed

n-type Cz 
160 µm

736 79.8 38.8 22.8

CSEM HJT CELL PLATFORM

Measured with GridTouch

SIMPLE PROCESSING SEQUENCE
Wafer texturing - cleaning, thin amorphous
silicon layers on both sides by PECVD,
transparent conductive oxides on both
sides, metallization, maximum process
temperature typically < 200 ⁰C

HIGH CONVERSION EFFICIENCY:
Up to 22.8 % demonstrated on CSEM 
platform, on 156 × 156 cm2 full wafer cell
(w. screen printed metallization).

THIN WAFERS, HIGH VOC
Amorphous silicon layers provide high level
of Si wafer surface passivation, effective
minority carrier lifetime values > 10 ms.
Key performance to implement thin wafers
(100 µm) without performance loss.

LOW TCOEFF
Measured at -0.2 to -0.25 %/ºC (compared
to -0.4 %/ºC for standard c-Si solar cells)

BIFACIAL
Systematically > 92 % bifaciality w. HJT 
cells, with its intrinsic bifacial architecture.

LOW TEMPERATURE 
PROCESS

CHALLENGE: METALLIZATION COSTS
Low temperature Ag pastes

w. higher resistivity than standard 
high temperature Ag pastes

Need more Ag,
Higher costs of metallization

Screen-printed cell measured with the 

GridTouch®. Silver price 470 €/kg. 

Type Eff
(%)

FF 
(%)

Jsc
(mA/cm2)

Voc
(mV)

Ag costs
(€cts/Wp)

> 100 mg 1 side/
Ag blanket 22.4 78.8 39.02 728

> 0.86 
(front)

Front 20 mg /
Ag blanket 22.7 79.1 39.42 729

0.18 
(front)

Front 20 mg / 
Back 30 mg 22.7 78.8 39.49 729

0.45
(front & back)

MULTIPLE WIRE INTERCONNECTION 
instead of ribbons soldering on busbars:

∝
2

12 2 ∝ 2  
Rf,3BB < 0.3 /cm
Rf,5BB < 0.8 /cm
Rf,18wires < 10 /cm 

Power dissipation 
losses in fingers

Finger line 
resistance

Nbr of busbars
or wires

CHANGE OF PRINT OPTIMIZATION: going from 3 or 5 BB to 18 wires relaxes 
constraints on finger conductivity, so that print optimization goes from high 
aspect ratio fingers in BB case to fine line fingers for multi-wire interconnection. 

FINE LINE PRINTING through 20 µm openings demonstrated, enabling for ~ 
30 to 40 µm wide fingers w. line resistance of 4 – 6 /cm

+ 1 % relative gain in current and in efficiency thanks to reduced finger
shadowing (fine-line)
FACTOR 5 cost reduction in Ag metallization !!

CONDUCTIVE COPPER FINGERS 
COMPATIBLE w. HJT CELLS
Low temperature process enabling for
metal fingers with bulk Copper conductivity.
Most effective metallization scheme for
heterojunction cells with busbars, < 1 Ω/cm
line resistance achieved w. > 3 times
thinner fingers in comparison to low
temperature Ag printing. TCO layer acts as
barrier to eventual Copper migration.

COST REDUCTION
Material cost demonstrated to be driven by 
the patterning layer required for HJT cells
application, not by the metal (no Ag but 
cost effective Copper). 

FINE FINGERS
Process developed for full wafer silicon
heterojunction cells, w. low-cost lithography
patterning, enabling 10 to 30 µm wide
fingers with good adhesion.

HIGH PERFORMANCE
Current gain can be achieved thanks to the 
finer fingers. 

HJT CELL VOC
mV

FF
%

JSC
mA/cm2

EFF
%

REF 735 79.3 38.7 22.6

PLATING 733 79.2 39.2 22.8

+ 1.3 % relative gain in current and 
in efficiency thanks to reduced
finger shadowing (fine-line)
Cost driven by patterning layer

Photoresist line opening of 10 m with 

aspect ratio of 1:1 and vertical walls 

NOVEL DESIGN
CELL WITHOUT ANY METALLIZATION, 
ELECTRODE FOIL ONLY: 
No metallization applied to the cells, no metallic
fingers !! Contacting to the heterojunction TCO top 
surface done directly during cell interconnection via 
the wires coated with low melting point alloy.

Ilumination Eff
(%)

FF 
(%)

Jsc
(mA/cm2)

Voc
(mV)

200 W/m2 20.6 77.8 7.73 696

450 W/m2 20.7 76.5 17.4 714

1000 W/m2 19.9 74 37.3 734

First modules ever reported with
c-Si solar cells without any fingers

keeping high performance: 
good contacting between wire and 

TCO, still contact resistance
problems to be improved to 

guarantee higher module FF.

EL of a module with multi-wire

electrode foil contacting directly

the TCO layer of heterojunction

solar cell. No metallization is

used for the heterojunction cell
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Finger width - spreading (µm)

Cu plated
fingers

Low temp. 
Ag printed

fingers


