
AdvANTAGES OF PICOSECONd LASERS SCRIbING OF a-Si ThIN-FILM SOLAR CELLS WITh ATLANTIC LASER

MICROMAChINING SAMPLES

CIGS ThIN-FILM SOLAR CELL SCRIbING WITh ATLANTIC LASER

Lasers for science & technology Lasers for science & technology Lasers for science & technology

Impressive progress has been made in picosecond  
laser technology, making these lasers a reliable tool  
for a host of industrial micromachining applications  
that were impossible just a handful of years ago.  
The picosecond pulse duration is comparable with  
the time of electron-phonon relaxation, and is short 
enough for “cold” ablation. 

Atlantic also offers a UV wavelength option that  
lowers the ablation threshold of many materials.   
This means that lower pulse energy is needed, further 
reducing the thermal stress of the workpiece. 

Picosend lasers also have a number of advantages  
over the shorter pulsed femtosecond lasers. With 
no need to stretch and compression pulses for 
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amplification, picosecond lasers are less complicated  
in design and thus more cost-effective and reliable.  
Yet picosecond pulses are still sufficiently short for  
very precise and stress-free micromachining. 
Picosecond lasers are capable of processing a wide 
range of micron scale features in almost all materials, 
including:

  Metals
  Semiconductors
  Diamond
  Sapphire
  Ceramics
  Polymers

  Composites and resins
  Photoresists
  Thin films
  ITO films
  Glass

Fig. 3. SEM pictures of P3 scribes in ZnO/GIGS/Mo/PI thin-film solar cells made by picosecond laser Atlantic.  
Process parameters for 355 nm: 75 mW, 300 mm/s, 1 scan

Interest in complex multilayered CuInxGa(1-x)Se2 (CIGS) 
solar cells has increased recently because of low 
production costs and scalability through a roll-to-roll 
process. Flexible CIGS solar cells have several 
advantages which make them ideal candidates for 
space and building-integrated applications. 

Efficiency of the thin-film solar cells with a large 
active area might be maintained if small segments 
are interconnected in series in order to reduce 
photocurrent in thin films and resistance losses. Laser 
scribing is an important step to preserve high efficiency 
of photovoltaic devices on large areas. There is still no 
industry-accepted laser scribing process for the CIGS 
thin-film solar cells.

The main limiting factor to nanosecond laser 
processing of the multilayer CIGS structures is 
deposition of molybdenum on walls of channels 
scribed in the films, and the phase transition of CIGS 
to metallic state close to the ablation area due to the 
thermal effect. Both effects create shunts in the photo-
electric device and reduce its conversion efficiency. 
Thermal degradation of the CIGS solar cells starts at 
temperatures above 350 °C. The processing without 
damage is possible with ultra-short-pulse lasers.

Fig 2. Solar-cell interconnect formed by laser 
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The picosecond laser Atlantic was used to scribe the 
thin-film layers in CIGS solar cells with the top contact 
made of ITO and ZnO. Irradiation with the 355 nm laser 
radiation has shown better results due to selective 
energy coupling. Selectivity of the laser ablation with 
the 355 nm radiation: grains of CuInxGa(1-x)Se2 on 
molybdenum covered by the thin ZnO:Al top-contact. 
Clean removal has been confirmed by EDS analysis.

P1, 1064 nm, 0.8 W, 100 kHz, 800mm/s P2, 532 nm, 200 mW, 100 kHz, 900mm/s P3, 532 nm, 400 mW, 100 kHz, 900mm/s

Fig. 1. Laser back side scribing of Thin-film Solar cells with Atlantic laser

Permanent growth of the thin-film electronics market 
stimulates the development of versatile technologies for 
large scale patterning of thin-film materials on rigid and 
flexible substrates. Efficiency of the thin-film solar cells 
with a large active area might be maintained if small 
segments are interconnected in series in order to reduce 
photocurrent in thin films and resistance losses. Laser 
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scribing is an important step to preserve high efficiency 
of photovoltaic devices on large areas.

The picosecond laser Atlantic was used to scribe the 
thin-film layers in ZnO/a-Si/ZnO/glass solar cells. The 
laser beam was focused through the glass substrate to 
the solar cells layers as shown in picture below. 

The laser radiation was coupled at the corresponding 
interface between layers depending on wavelength of 
laser radiation resulting in clean removal of adjusted 
films in the P1, P2 and P3 processes for interconnect 

formation. Smoothening of the scribe edges can be 
achieved by optimization of the beam profile and spot 
overlap.


