
Since many of these larger formats, as well as 
other technologies that caught the eye of 
manufacturers, require cells to be cut into 
three or even more pieces, cell cutting is sure 
to remain at the heart of PV manufacturing 
for the foreseeable future.

But this has not come without challenges or 
risk. A conventional cutting process is laser 
scribing, followed by a mechanical breaking 
process. This laser scribing method requires a 
deep scribing of approx. 30%-50% of the 
wafer’s thickness and causes a significant 
damaging of the solar cell edge in combination 
with microcracks. Both have a negative effect 
to the performance of the cell. 

Basics of thermal laser separation (TLS)

TLS is a well-known process that came from 
the micro-electronics industry. The process 
is well established in cutting of half-cells 
since many years with industry references 
from leading manufacturers.

TLS process is a damage free laser dicing 
technique for brittle materials such as silicon, 
silicon carbide and gallium arsenide. It relies 
on the application of a defined and controlled 
stress field imposed by a laser-based heating 
and subsequent cooling. Thus, a crack is 
guided through the entire cell and two 

half-cells are obtained.

Because TLS is a cleaving process, an initial 
scribe (I-scribe) is required to give the 
separation a well-defined starting point. 
However, this I-scribe is significantly smaller 
compared to conventional scribes for 
subsequent mechanical breaking (only a few 
micrometers deep, wide and long). After that 

the substrate is heated locally by a laser and 
subsequently cooled down by a mist of DI 
water. By skillfully superimposing both areas, 
a stress field comprised of tensile and 
compressive stresses is generated in which a 
fissure can be introduced, independently of 
any possible grain boundaries or preferred 
breakage directions. 

Over the past years, cutting solar cells into half-cells has grown to become a 
mainstream strategy in PV manufacturing. Significant gains in both power 
rating and mechanical strength at module level are demonstrated by using 
these technologies. It is also one of the key developments that has allowed 
the recent switch to larger cell formats and the accompanying jump in 
module power ratings. 

Using thermal laser 
separation to cut solar cells 
in half-cells or stripes
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Fig. 1: Illustration of TLS principle
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Compared to conventional separation 
technologies, TLS impresses with its clean, 
microcrack-free edges. No crystal damage 
occurs on the separation edge – damage 
which is otherwise common to date due to 
the displacement of re-solidified silicon in 
the ablation region. As opposed to laser 
cutting, no bulging and no formation of 
particles occur, because the substrate is 
merely heated and not vaporized. The 
mechanical stability of TLS-processed solar 
cells is significantly greater than 
conventionally processed solar cells. The 
process leaves no residue. 

This leads to a significant higher module 
power gain and less module power 
degradation. The innovative cooling process 
enables a faster temperature take-out than 
any other process which leads to best results 
on silicon layers and further temperature 
sensitive coatings or depositions. 

Current industry standard modules with cut 
cells are produced with half-cell layout which 

requires a cut in the middle of the cell. With 
this layout the modules benefit from a higher 
efficiency. By using TLS, the electrical 
characteristics are further optimized and the 
breaking strength of the cut cells is improved 
significantly. This results in a higher lifetime 
of the modules.

With the next generation of modules – the 
so-called shingling modules – the benefits of 
TLS cut cells are gaining momentum. 
Shingling modules not only guarantee an 
even higher efficiency and module power 
output compared to half-cell modules, but 
are especially interesting for rooftop 
applications due to their aesthetic look. 
However, a shingling module architecture 
requires the cells to be cut into multiple 
stripes. The smaller the separated cell size is 
the more important is a smooth edge with no 
defects. By increasing the number of cuts per 
cell the effects of the cutting technology 
become more relevant. This comprises both 
the mechanical and electrical characteristics 
of the separated cell stripes.

The contour to area ratio is increasing while 
increasing the number of cuts (for half-cell 
one cut is necessary, for shingling modules up 
to six cuts are performed). In general, this 
results in recombination losses at the cutting 
edge of the solar cell. Due to the perfect edge 
quality of TLS cuts the edge recombination is 
significantly reduced compared with laser 
scribe and break processes [1].

In addition, applying a post metallization 
process, also referred to as edge 
passivation, can further reduce the 
recombination losses at the cutting edge 
and may therefore be an ideal solution for 
the shingling concept for highest 
performance increase. Results from the 
Fraunhofer ISE patented Passivated Edge 
Technology (PET) on TLS cut cells show that 
TLS separated shingle stripes can regain 
half the loss that is induced due to 
separation with an increase in pFF of up to 
+0.7%abs. This gives TLS a clear advantage 
to laser scribe and break and proves that a 
TLS low damage separation process with 
smooth edges is required to completely 
benefit from advanced edge passivation 
process. The Fraunhofer ISE Passivated 
Edge Technology consists of aluminium 
oxide deposition with a subsequent 
annealing process [2].

Also, the relevance of breaking strength is 
increasing while going for shingling modules. 
The handling of the thin stripes and also the 
mechanical load on the edges during module 
production results in yield loss while using 
cell stripes with reduced edge quality. TLS 
proves the best breaking strength due to the 
high edge quality (See Fig. 3). 

 Industry-approved laser machines

3D-Micromac has further improved its 
microCELL cutting systems using TLS 
technology. The new model microCELL MCS 
enables highest throughputs of more than 
6,000 wafers per hour (full-cells) and is able 
to cut mono- as well as polycrystalline 
silicon, square and pseudo-square wafers in 
size M2 to M12/G12 into half-cells or shingled 
cells (cutting one cell down to six or more 
stripes). So, with six stripes shingle 
technology one TLS system produces 36,000 
cell stripes per hour.
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Fig. 2: Comparison of separation edges: Left a laser-processed edge with subsequent breaking, right a TLS edge

Fig. 3: Weibull characteristics of full cells and half cells cut with laser scribe and cleave (LSC) and TLS from 
front and backside [3]
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microCELL MCS allows feed rates of up to 
500 mm/s. As in all microCELL systems, 
processing takes place ‘on the fly’. The highly 
improved transportation system guarantees 
lower tension on the cut edges, especially 
with rising numbers of cuts.

3D-Micromac: Micromachining Excellence 

3D-Micromac is the leading specialist in laser 
micromachining, based in Germany. Their 
technologies and systems have been 
successfully implemented in various 
high-tech industries worldwide,  
e.g. photovoltaic, semiconductor, glass, and 
display industry.

In PV, 3D-Micromac has revolutionized the 
cell and manufacturing production with the 
microCELL systems. The damage free 
cleaving process of Thermal Laser 
Separation (TLS) gains more and more 
importance in downstream markets due to 
its mechanical and electrical benefits. As the 
market leader in half-cell cutting tools 

3D-Micromac is now pushing back 
boundaries with groundbreaking tools that 
are capable of cutting shingled cells as well.

With the focus on unique technologies that 
are aiming for quality and highest 
throughput, the company offers solutions 
for all different laser processes in production 
like cell cutting, laser contact opening and 
doping as well as unique laser systems for 
machining of flexible thin-film solar cells.

3D-Micromac operates its own fully-
equipped application lab staffed with 
experienced application and process 
engineers to provide support to customers 
both in the development and establishment 
of processes as well in the choice of suitable 
machine configurations. 
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Fig 4: The new microCELL MCS laser cutting system by 3D-Micromac. The new tool enables highest throughputs of more than 6,000 wafers per hour (full-cells) 
by using TLS
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