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Solar Cells Technology Adoption
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PV is the most important technology for the Renewable Energy (RE) transition, ~70 TWp by 2050 [1,2,3]. 

Novel research areas and technologies must be taken into account to make the transition possible. 

TOPCon and 

HJT: most 

promising 

technologies

Silver 

consumption 

must be reduced, 

limited resource
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Pastes selected

Paste Storage
Solid content 

[%]

Volume resistivity [Ohm 

cm]

Max. print speed 

[mm/s]
Features

Reference < 10° C 89-93% 5.0E-06 150
Commercial paste, widely 

used

Paste B RT 90-95% 3.5E-06 150 IV, storage

Paste C RT 86-94% 4.4E-06 300 IV, storage, fast process

Paste D RT 60-80% 3.2E-06 400
New chemistry, fast process, 

low deposit

Paste E < -10° C 89-91% 10.9E-06 400
New chemistry, fast 

process, low deposit

Ag-based pastes

Cu-based pastes

In this work we compare our HJT reference paste and Paste E which is:

- made of pure copper particles

- cheaper than Ag-based pastes (50% price reduction per kg)

- suitable for ribbon connection (using Electrically Conductive Adhesives)

- screen-printable

More details about the Ag-based pastes we tested are reported in PVSEC 2021 Conference, 2BO.14.6.
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Workflow

Single vs Double 
print comparison

Head-to-head 
comparison with 
reference paste

Shingling 
process and 

further 
characterizations

In order to better understand the paste properties and select suitable process parameters, the following 

workflow has been used:

Rheological 
analysis

Test pattern 
evaluation

Printing 
optimization

Process 
optimization

Paste Characterization Device Realization
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Rheological analysis

• The flow test shows how the viscosity of the pastes changes at increasing shear rates/stress applied and it 

is useful for a first classification and printing parameters selection.

• The oscillatory test simulates a printing process: initial state, print and recovery. Delta values indicate how 

much viscous and elastic modules change in the different phases.  

Flow test Oscillatory test

‘Newtonian’ – Low viscosity

Non Newtonian – Shear thinning

RecoveryPrintInitial

Very different delta variations 
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Process optimization

Paste E, optimal curing Paste E, non optimal curing

Direct exposure of 

printed lines to 

air/oxygen while 

curing enhance 

the oxide 

formation

Custom curing to limit the exposure to the environment, 

very quick (a few seconds, around 280° C) process with 

limited impact on lifetime. 

STD conditions, 25° C

After 10min @230° C

Oxidation test: cured cells exposed for 

10mins to increasing temperatures

The decrease in efficiency is starting at

170°C:

- paste degradation (oxidation, Rs

values increase)

- substrate degradation (Voc values 

decrease)
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 10 cells per lot

 Metallization pattern

► 5BB layout, 32um openings, 430/13 mesh

► 99 fingers/front and 199 fingers/rear

► Paste E-DP process on front, same screen

 Reference and Paste E-DP cells

processed together, Paste E-SP in a 

separate session

► Possible change in rheology

Data summary

Parameters Paste E Reference

Print condition Flood/Print Print/Flood

Print speed (mm/s) 400 170

Pressure (N) 90 60

Snap-off (mm) 2.3 1.6

Drying 1min, 85° C 30s,170° C

Curing Custom curing 20min @200° C

Weight (mg) 312 274

Paste laydown (mg)

E-F1 E-F2 E-B Ref-F Ref-B

avg 93 71 148 115 159

sum 312 274

Efficiency gap for Paste E -

1.2% with DP at comparable 

weight
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Morphological analysis

Paste E – Double print Paste E – Single print Reference – Single print

Relatively high 

spreading observed for 

all printing conditions
Paste E deposit

impacted by DP with 

same screen and high 

busbar thickness
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Electrical characterization
Best cells

Reference

Paste E DP

22.48 %

21.30 %

Paste E SP

20.74 %

 Lower series

resistance for 

Reference paste 

leading to 2% 

difference in FF
► Better conductivity of Ag paste

► Lower thickness of Paste E 

fingers

 EL images showing

non-uniformities and 

high resistance

areas in SP
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Shingling process demonstration

Motivation: process mini-strings

with Paste E for further reliability 

tests

String length: 12 shingles

Substrates: M2 6BB shingling

Interconnection: ECA-based

Overlap: 1mm (1.37mm pseudo)

Curing: 110° C, 90 sec

minor cracks originated during the custom curing process 
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Reliability: hot-water test [5]

 Main degradation effect for Paste E is

related to oxidation of the printed lines (Rs

increase).

 Reference cells have a Voc decrease

instead

 Adhesion after 40min of cumulative time is

comparable to the initial state for both the 

pastes.

[5] Lars Hamann et al., 30% silver reduction in rear bus bar metal paste, Energy Procedia 43, p.72 – 79 (2013).

deltaEff% 1.45%

deltaEff% 0.79%

Ref. 0min Ref. 20min Ref. 40min

E, 0min E, 20min E, 40min
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 Advantages of HJT and Cu paste combination:

► Throughput improvement – Print and curing
cycle times;

► Lower CoO – 30 to 40% potential reduction

► New chemistries – Nano and micro particles
formulations; 

 Further work needed:

► HVM readiness – Viability for mass 
manufacturing to be proven, finer and more 
conductive lines are needed to increase
efficiency;

► Solderability – Cu paste still not suitable for 
direct soldering process;

► Reliability – Further investigations on module
reliability needed, including TC/DH on 
shingled minimodules;

Conclusions

REF
Cu-

TPT+eff
Cu-eff Cu

Throughput 

[wafers/hour] 4,800 6,500 4,800 4,800

Cell efficiency 24.50% 24.50% 24.50% 23.50%

CoO [c$/W] 3.43 2.08 2.18 2.27
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REF Cu-TPT+eff Cu-eff Cu

Metallization CoO ($/W)

Assumptions: 210mm cell size, 335mg/cell
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