@ Fianium NEW APPLICATION NOTE

Thin-film PV Scribing Using a High-Energy
Picosecond Pulsed Fiber Laser

25pm

Thin-film photovoltaic (PV) fabrication is a demanding industrial process. For
these devices to be cost-competitive, high-throughput and quality must be
coupled with low startup and maintenance cost. Maintenance-free high-energy
picosecond fiber lasers offer a means to produce high quality P1, P2, and
P3 scribes of thin-film PV devices at rates exceeding 5000 mm/s and with a
relatively low cost of ownership.

The Fianium HE1060/532 produces pulse energies up to 10 pJ and high

peak powers, which makes it a cost-effective tool for high-throughput thin-

film PV processing. The HE1060/532 provides the capability of inexpensive,

maintenance-free, virtually defect-free scribing of thin-film solar cells at rates 25pm
exceeding 5000 mm/s. The unmatched quality and speed of P1, P2, and P3 -
scribes of thin-film PVs using a Fianium high-energy picosecond laser makes

it the ideal tool for the process.

e Upto 10 pJ pulse energy

e Picosecond pulsewidths

¢ Single-shot to 1 MHz variable repetition rate

D

1064 nm or 532 nm wavelength
» Designed for 24/7 operation and OEM integration

e Maintenance-free and air-cooled

Applications Lab

Fianium’s application lab in Portland, Oregon is available for clients to evaluate o ) . ) o
. - . . Thin-film PV devices scribed with the Fianium HE1060/532
the effectiveness of Fianium lasers for their custom application. We offer a picosecond fiber laser. Metal contact layer P1 scribes (top),

host of micromachining application capabilities including but not limited to absorber layer P2 scribes (middle and bottom), and P3
thin-film PV processing scribes of many PV materials are all possible
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Picosecond Laser Scribing of Thin-Film
Photovoltaics

All common thin-film PV materials can be scribed with high
peak-power picosecond lasers. Process rates for scribing thin-
film PV devices with Fianium’s high-energy picosecond laser can
exceed 5000 mm/s and the scribe widths can be customized from
a few to a few hundred microns depending on the application
requirements. Only a few nJ/um2 of energy is necessary for
scribes of most materials, so a single 10 micro-Joule laser is
capable of simultaneously scribing multiple thin lines, further
expanding the total throughput capability and process speed.

Unlike mechanical scribers which create jagged edges many 10’s
of microns across, laser scribe edges can be placed with micron-

precision. A picosecond laser ablation process also creates
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P1, P2, and P3 scribes created using the Fianium HE1060/532 high-energy
picosecond fiber laser. The top image is a P1 scribe in a Mo back-contact metal
layer. The middle is a P2 scribe of a CdTe PV device. The bottom is a P3 scribe of
an a-Si PV device.

SEM image of the edge of a P2 scribe on an a-Si thin-film PV device. The scribe
result is a clean, straight, and defect-free cut where the absorber is completely
removed while underlying TCO layer is undamaged.

NEW APPLICATION NOTE

extremely sharp sidewalls that display no heat-affected zone
melting or cracking, which is particularly detrimental for P3
scribes. The detrimental top layer lift-off commonly observed
in the P3 scribe is also eliminated with no residual debris and
no subsequent cleaning process necessary. The enormous
ablation threshold difference between the TCO and absorber
allows the absorber to be completely removed while the TCO
is left undamaged. The quality and repeatability of scribes
achievable with Fianium’s HE1060/532 high-energy picosecond
laser provide an avenue to minimizing the occurrence of defects
in addition to minimizing the ineffective scribe regions of the
final devices.

X-ray EDS data confirms complete removal of the absorber
material within the scribe while the underlying TCO layer remains
unmodified.
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X-ray EDS data across the width of the scribe channel for a P2 scribe of an
a-Si device. The image on the left is the TCO signature and the right is the
silicon signature.

Summary

Using a picosecond pulsed fiber laser to scribe thin-film
photovoltaic devices can result in an ineffective region that is an
order of magnitude slimmer than that achieved with mechanical
scribers. The scribes produced with Fianium’s high-energy
picosecond lasers are extremely high quality: the scribe channels
are extremely straight and defect free, there is no heat-affected
zone melting or cracking observed in the scribe sidewalls, and
there is no lift-off of the thin metal back contact for the P3
scribe. SEM images and EDS elemental analysis show the high
quality of the scribes and demonstrate that all of the absorber
material is removed from the channels with no damage to the
grain structure of the underlying TCO layer. The high repetition
rate of the Fianium HE1060/532 high-energy picosecond fiber
laser allows for scribe speeds in excess of 5000 mm/s. The
unmatched quality and speed of the thin-film PV scribes created
using Fianium’s high-energy picosecond laser makes it the ideal
tool for the process.



