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Optimization, validation, and assessment for industrial production. 
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Cu(In,Ga)Se
2
 layer: Low-temperature multistage co-evaporation 

process with NaF and KF post deposition treatment. The process is 

compatible with rigid (float glass) and flexible (polyimide) 

substrates. 

A. Chirila, P. Reinhard et al., "Potassium-induced surface modification of Cu(In,Ga)Se2 thin films for high-efficiency solar cells", Nature Materials, 12, 

p1107-1111, 2013. 

Low temperature deposition methods 

Excellent performance of an all-

laser structured 8-cell 50x50 mm
2
 

module with reduced dead-zone 

(70±5 μm).  

Certified efficiency : 16.6 % 

The APPOLO project has received funding from the European Community’s Seventh 

Framework Programme (FP7/2007-2013) under Grant Agreement No. 609355. 

Phase II – laser in process 

Evaluation of 

scribing 

performance 

Go / No Go 

Power & energy  

according to ISO 11554 

- average power stability 

- pulse energy variation 

- pulse jitter 

Beam quality  

according to ISO 11146 

- beam caustic 

- pointing stability 

 

 

Machine-specific  

- gate functionality 

- control interface 

- synchronizability 

- operation conditions 

Technology-specific  

(for example fiber lasers) 

- influence of fiber motion 

- on beam quality 

- on pointing stability 

- spectral "pollution" 

- dc signal content 

- cladding light 

- residual pump 

 

Optical 

performance 

evaluation, 

Manufacturer 

report 

Flexible lab scribing tool at  

BUAS-ALPS application lab. 

Working area: 340 x 950 mm2 

micrometer precision at up to 2m/s. 

 Laser Scribing Process Development & Optimization 

Mini-module with 8 cells 

V
OC 

[V]
 

5.675 

V
OC

/cell [mV]
 

709.4 

J
SC 

[mA/cm
2
]
 

32.5* 

FF [%] 72.0 

certified η [%] 16.6* 

Module area [cm
2
] 12.72** 

P1-P3 width [μm] 70±5 

Loss area [%] 1.6 

* With anti reflection 

coating; IV measured 

under STC with constant 

light solar simulator 

**Designated illumination 

area;  

Scribing tests P1, P2, P3 

(on highly efficient laboratory scale 

and industrial sample material) 

- morphological quality 

- electrical analysis 

(P1, P3 separation, P2 contact) 

- performance of mini modules  

- process reliability &  robustness 

- scribe aging 

 

Laser – machine interaction 

- communication 

- thermal drift 

- vibration resistance 

- special features 

 

 

Scribing in production line 

- machine integration 

- effects of environmental conditions 

(temperature variations, vibrations, 

electric fields,...) 

- electrical performance of modules 

- mechanical stability of interconnects 

- long term stability of scribes  

 

Installation of the laser system on a  

roll-to-roll production line (left) or on 

a dedicated stand-alone patterning 

machine for rigid substrates (below). 

Joint performance of cell and scribing technology  

Dead zone 70±5 µm 

n-2 n-1 n n+1 n+2 

> some pulses have significantly lower energy 

 

> dc background between pulses  

  

incomplete separation or shunt 

excessive melting, pores, cracks and burr formation in P2 

compare to: 

reference 

Observation in assessment phase I Observation in assessment phase II 

*Burn,et al., Selective ablation of thin films in latest generation CIGS solar cells with picosecond pulses In: Proc. 

of SPIE, Volume: 824, Art.-Nr: 824318, 2012 

Witte, et.al., Laser Processing Thin Film Cu(In,Ga)(S,Se)2 for Photovoltaic Cells, Proceedings of the 27th 

EUPVSEC p: 2276-80, 2012 

Burn et al., All Fiber laser scribing of Cu(In,Ga)Se2 thin film solar cells, Physics Procedia, Vol 41, 706-715, 2013 

Goal: optimization of known working* laser 

scribing processes with respect to: 

- Process reliability and robustness 

- Electrical quality of the interconnects 

- High throughput (process speed >1m/s) 

- Minimized productive area loss 

- Minimized damage of surrounding 

material 

Validation of optimized processes and 

assessment for industrial production.  

Typical arrangement of scribe lines to form a monolithic 

cell-to-cell interconnect 

P1: isolation of back contact 

P2: removal of CIGS absorber 

P3: isolation of front contact 

vision system 

for inspection 
vacuum plate 

2-wavelength working head  

with motorized z-positioning 

Semi-automatic electrical scribe  

characterization device 

 Conclusions & Outlook 
• Ultrashort pulsed laser sources are the tool of choice for laser scribing of 

thin-film solar cells, especially on flexible substrate. We demonstrated 

that highly efficient solar modules with a certified efficiency around  16% 

can be produced using all-laser scribing. 

• In the frame of the FP7 project APPOLO we use known working scribing 

processes as a reference in the assessment of  novel 

laser scribing equipment and processes. 

• At the same time we actively  develop and optimize processes and 

equipment to better meet industrial needs. 

• Our mission is to transfer as much innovative technologies  and process 

know-how as possible to the manufacturing industry and at the same 

time ensure that these innovations are also industrially exploitable with 

minimal risk of failure. 

Laser scribing is a key technology for the cost-efficient 

industrial production of thin-film solar modules. Specific 

laser processes selectively remove layers between 

deposition processes; thereby creating monolithic cell-

to-cell interconnections with a very small loss of 

productive area. Ultrashort pulsed lasers are the tool of 

choice for scribing Cu(In,Ga)Se2 (CIGS) thin-film solar 

cells as they provide the necessary process selectivity 

and minimize thermal load on the surrounding material. 

We demonstrated in an earlier project (CTI Nr. 13252.1) 

that an optimized set of laser scribing processes can be 

used to produce CIGS functional mini-modules with high 

efficiencies around 16%.  Many of the published scribing 

processes, especially for P2 and P3 are capable of 

producing excellent results but are either too slow for 

industrial use, not robust enough or rely on expensive 

research-grade laser systems. These problems are 

addressed by the FP7 project APPOLO – "Hub of 

Application Laboratories for Equipment Assessment in 

Laser Based Manufacturing“. APPOLO comprises two 

main activities: laser manufacturing equipment and laser 

processes are adapted and optimized to meet industrial 

needs regarding reliability, throughput and cost. At the 

same time a hub of five European application 

laboratories provides labspace and equipment as well 

as assessment procedures and experiments to validate 

innovative laser-based technologies for their use in 

industrial  production. 

Nishiwaki, Shiro, et al. "A monolithically integrated high‐efficiency Cu (In, 

Ga) Se2 mini‐module structured solely by laser." Progress in Photovoltaics: 

Research and Applications (2015). 

Lab scribing machine at Bern University of Applied Sciences. The machine provides an industrial grade X-Y 

motion system, a large optical experimentation platform for different laser setups, including multiple reference 

laser sources. It is fully computer controlled and can do automated parameter studies and long term tests. It is 

further equipped with a vision system for calibration and automated inspection. 


