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Laser Enhanced Contact Optimization
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Image from: E. Krassowski et al., Solar RRL, doi: 10.1002/solr.202100537, 2021.
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Improvement of metal-semiconductor 

contact-resistance for c-Si solar cells 

without harming the passivation*

Before LECO:
Poor contact

*E. Krassowski et al. , EU PVSEC, ISBN: 3-936338-73-6, 2020
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How can the economical benefit of the LECO process be evaluated

for a specific unknown group of solar cells?
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Central Question
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Agenda

LECO Working Mechanism

LECO on MK4 Plattform  

Correlation Analysis

Estimation of Economic Impact

Summary
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Microstructural analysis reveals creation of formed point contacts by LECO
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„LECO induces an interdiffusion of

Silicon and silver forming local low-

resistive sub-µm sized point-contacts“

S. Großer, E. Krassowski, S. Swatek, H. Zhao, and C. Hagendorf, “Microscale contact formation by Laser Enhanced Contact Optimization,” IEEE PVSC Conference (accepted for Journal of Photovoltaics), 2021

SEM image of FIB 

prepared cross 

section for 

inspection of the 

interface between 

silver metallization 

and silicon 
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3 Step-Model of LECO Working Principle: Current Fired Contacts (CFCs)
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1. Excitation 2. Current induced firing 3. Freeze

→ Result: multitude of local low ohmic current paths & preserved passivation

S. Großer, E. Krassowski, S. Swatek, H. Zhao, and C. Hagendorf, “Microscale contact formation by Laser Enhanced Contact Optimization,” IEEE PVSC Conference (accepted for Journal of Photovoltaics), 2021
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Published State of Knowledge

• LECO on PERC / TOPCon

- +0.14-0.37% /+0.14-0.52% absolut efficiency [1-4]

- Main driver: Voc gain (+6-7mV) 

• Special Features

- Decrease of peak firing temperature [2,4] 

- LECO enables contacting extremely low doped emitters [2]

- Adapted LECO Paste yieds additional Voc-Gain [1,3]

- LECO makes Laserfiring competitive to standardfiring [5]

[1] R. Mayberry et al., EU PVSEC Poster, 2019.
[2] E. Krassowski et al., EU PVSEC Presentation, ISBN: 3-936338-73-6, 2020.
[3] E. Krassowski et al., Proc. of Metallisation Workshop, doi: 10.1063/5.0056380, 2020.
[4] H. Höffler et al., Proc. of Silicon PV, 2021.
[5] D. Ourinson et al., JPV, doi: 10.1109/JPHOTOV.2020.3043856, 2021.
[6] S. Großer et al., IEEE PVSC Conference Presentation, 2021.
[7] E. Krassowski et al., Proc. of Silicon PV, 2021.
[8] E. Krassowski et al., Solar RRL, doi: 10.1002/solr.202100537, 2021.

• Working Mechanism and Longtermstability

- Model of LECO induced Current Fired Contacts [6]

- Long term stable efficiency improvement on cell [7]  

and module level [8] 

7



e.krassowski@cell-engineering.de

LECO Equipment

Specifications of stand-alone system

- Automatic LECO process with cell transport belt

- 500 pieces per hour throughput

- Class 1 laser Product according to IEC Standard
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LECO INTEGRATION-UNIT

Specifications of integration system

- Various interface options available for integration

- LECO Processing time of less than 1s possible

- Class 4 laser system according to IEC Standard

- Floor area approximately  0.4 m²

LECO LAB-TOOL
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Overview MK4 platform and LECO 

Platform „MK4“ for RnD on production processes established:

• Industrial (ASYS) automation with (CE) LECO inline Equipment 

and (WAVELABS) flasher; (KONTRON AIS) MES and Database

Reproducability (cell groups >50)

• Relative deviation of median values between

successive runs less than ~0.03%rel for all parameters
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MK4:

Measurement & classification platform

Reproducibility test without cell processing
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Project goal: 

Assessment of cell-batch specific efficiency improvements and estimation of economic impact

Batch A Batch B Batch C

IV characterization + EL imaging

LECO (standard PERC settings)

IV characterization + EL imaging

Samples, process and data analysis for cell batch evaluation
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• ~50 cells per Batch

• P-type PERC cells

• 5 Busbar, size M2

(lowest available a-grade efficiency class)
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Batch A Batch B Batch C

• Some outliers with very low 
efficiency

• Some outliers with very low 
efficiency

• No outliers: narrow efficiency 
distribution between 18% and 19%

Setup of experiment
Three solar cell batches tested – initial efficiency distribution before LECO
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Result of LECO Processing
LECO processing with different results for each batch

13

Batch A Batch B Batch C

• Efficiency of some outliers improved
• Average Efficiency: 16.78% -> 16.95%

• Efficiency of outliers slightly improved
• But: artificial over-processing: 

17.40% -> 16.65%

• Efficiency of large no. of cells improved

• One efficiency class separated into two

• Average efficiency: 18.50% -> 19.14%

Optimized Parameter for each Batch necessary!
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Efficiency Fill-factor Series Resistance

• Optimal LECO process improves 
many ‘good’ cells

• Avg. efficiency: +3.4%rel

• Efficiency improvement caused by 
average increase in fill factor of 
more than 50% of all cells

• Avg. fill-factor : +3.9%rel

• Initially: Same efficiency binning 
BUT two Rs-classes

• After LECO: High-Rs-group clearly 
improved

Result of LECO Processing
Batch C considered: significant fill-factor gain
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Correlations between cell parameters and gains
Batch C considered:
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1. Efficiency change Δ strongly correlated with fill-factor change ΔFF

2. Efficiency change Δ uncorrelated to initial efficiency init („not only

‚bad‘ cells improved“)

3. Initial fill-factor FFinit shows two sub-groups of higher and lower FF 

but independent of efficiency init

4. Largest fill factor improvements ΔFF and efficiency improvements

Δ for low-fill-factor cells

5. Fill factor improvements ΔFF independent of initial efficiency init

1.

2.

3.

4.

5.

4.
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Result of LECO Processing
Batch C considered: estimation of economic impact
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Efficiency

Estimation of techno-economic impact

• Batch C with avg. power of about 4.5W per cell

• Average efficiency gain +3.4%rel implies about +0.15W/cell 

• Spot price about 0.15$ / W for solar cells

 Increased revenue of about 0.023 $ / cell

 Cell line with 130 MW/year increased revenue of about
$ 700.000 per year• Optimal LECO process 

improves many ‘good’ cells
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Summary

• LECO Working Principle on PERC:

– creation of locally limited low-resistive SixAgy Current fired Contacts

• LECO Equipment:

– LECO Labtool and LECO Integration unit established and available

• LECO Assessment* on Inline Equipment:

– of cell-batch specific efficiency improvements 

and estimation of economic impact 

*Service at Fraunhofer CSP, with independent Fraunhofer Report
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Thanks for your interest!

Eve Krassowski
www.cell-engineering.de

info@cell-engineering.de

S P E C I A L T H A N K S T O

OptiLearn Project team at CSP

CE Cell Engineering Team

Stay safe and healthy!

The authors thank the German Federal Ministry 

of Economic Affairs and Energy for funding this 

work under the contract of OptiLearn with the 

reference number of 03EE1108B.


