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This paper discusses the structuring of several thin film materials used for solar cells, e.g. SiNx, 
SiO2 and Transparent Conductive Oxides (TCOs). The focus of the experiments is to obtain an op-
timal edge quality without damaging the substrate below the structured region. Two important laser 
parameters are wavelength and pulse duration which determine the absorption of the laser radiation 
in the processed material and the extent of heat influence on the surrounding material. Processing 
with several wavelengths (e.g. 532 nm and 1064 nm) and pulse durations especially in the pico- and 
nanosecond range is studied. The results obtained with the different laser parameters are compared 
by considering ablation threshold, debris, and damage due to heat conduction. The quality of laser 
processing is determined by optical and scanning electron microscopy. Results from the structuring 
of TCOs and organic layers are acquired with different laser types. Additionally, comparisons are 
made regarding the achievable structuring quality for mass production, relevant speeds around 1 m/s 
for thin films and 1-2 seconds processing time for wafer based cells. 
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1. Introduction 
During the last years, research & development (R&D) 

activities in the field of photovoltaics have grown enor-
mously. For many new concepts, like thin film modules, 
organic solar cells, and also new wafer based cell designs, 
conversion efficiencies increase constantly. For a success-
ful market expansion, efficient and durable products at low 
costs are necessary. To realize this, laser structuring of thin 
films is of high importance for all the mentioned types of 
solar cells. To develop the required low-cost production 
technology, further R&D in this field is still necessary. For 
new wafer based cell designs, the structuring of etching 
masks or dielectric layers without or with minimal damag-
ing of the underlying material must be performed [1]. For 
thin film solar cells, structuring of several layer materials is 
used for the monolithic serial connection of cells in a mod-
ule [2, 3]. Laser ablation is already used for several proc-
esses in the photovoltaic industry but great challenges to 
improve quality, to increase processing speed, and to proc-
ess new material combinations still remain. 

For photovoltaic applications there are many structur-
ing tasks where either a conductive connection between 
two layers or an electrical isolation in a conductive layer 
has to be realized. This is schematically shown in Figure 1 
Such structures can be obtained in several ways. One pos-
sibility is to structure inherently when applying the layer, 
e.g. by using a mask for vapour deposition or by printing. 
Another method is structuring the layer by removing mate-
rial after it is applied. A commonly used method for sili-
con-based electronics is the removal of layers by selective 
wet-chemical etching (lithography). A suitable alternative, 
or complementary technology, is laser structuring. Laser 
structuring is already in use in the mass production of sev-
eral products, e.g. silicon based thin film solar modules [2]. 

This paper describes recent developments in the laser 
structuring of thin films, concentrating on materials which 
are predominantly transparent at industrially relevant laser 

wavelengths. To remove these layers, sufficient absorption 
of the laser radiation by the material is necessary. This is 
studied using a nanosecond pulse duration laser (ns-laser), 
a sub-nanosecond laser (sub-ns-laser), a picosecond laser 
(ps-laser) and, for SiNx, a femtosecond laser (fs-laser). For 
several materials the best results are obtained using a ps-
laser, while for other materials good results are also ob-
tained with ns-lasers and/or with sub-ns-lasers. The advan-
tage of the ns- and sub-ns-laser is the low investment cost 
compared with fs- or ps-lasers. A goal of this work is to 
validate the industrial relevance of the material removal 
processes, for which cost is an important factor. This paper 
intends to provide an overview of the optimal results that 
can be achieved regarding the laser processing of various 
materials using currently available laser sources.  
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Fig. 1b Layout (cross-section) 
with a structured isolator or 
semi-conductor to obtain an 
electrical connection. 

Fig. 1a Layout (cross-section) 
with a structured conducting 
layer to obtain an electrical 
isolation between two regions. 

For practical applications, an economically feasible 
speed and reproducibility are necessary. Currently avail-
able laser sources have typical repetition rates between 
50 kHz and 500 kHz and average powers up to 50 W. With 
these repetition rates, line structuring speeds from 1 m/s up 
to several m/s for typical focus diameters in the range of 
10 µm up to 50 µm are possible. A solution for process 
parallelization is shown using a Diffractive Optical Ele-
ment (DOE) which makes efficient use of the available 
laser power. 

2. Experimental setup 
The lasers used for the experiments are listed in Table 1. 

The most important parameters of a laser source, the wave-
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length and pulse duration, are either fixed or adjustable 
only in a very small range. Thus, for the parameter varia-
tion, several laser sources are used.  

Tab. 1 Laser sources for the experiments (*calculated [4]). 

laser 
 

wavelength  
λ [nm] 

pulse duration 
tp

measured focus  
diameter (1/e2) [µm]

1 515 7 ps 23 
2 1030 7 ps 47 
3 532 600 ps 33 
4 1064 30 ns 77 
5 532 10 ns 50 
6 1030 320 fs 80*

The setup is similar for all performed experiments. Ba-
sically, the beam exiting the laser source first passes 
through a beam expander and is subsequently led into a 
galvo scanner to enable positioning of the beam onto the 
sample. An f-theta objective is used to focus the laser beam. 
The 1/e2 focus diameter is measured (Table 1), respectively 
calculated for laser 6 [4]. For the experiments a beam with 
Gaussian power density distribution is used. 

The materials used in the experiments are listed in Ta-
ble 2. The transmittances of the layers on transparent sub-
strates are shown for the wavelength range from 300 nm up 
to 1100 nm (Figure 2). This is determined by subtracting 
the measured transmission of the substrate with layer from 
that of the substrate alone. Accordingly, differences in the 
reflection of the layers are neglected. These transmissions 
give an indication about the laser radiation absorption at 
~300K with lower power densities than used for laser proc-
essing. Especially when increasing laser power density 
with respect to shorter pulse durations (e.g. fs and ps), non-
linear absorption has to be taken into account and there is 
an accordingly lower penetration depth of the laser radia-
tion into the material. Furthermore, Si, TCOs and 
PEDOT:PSS are semiconductors. Accordingly, generation 
of free charge carriers due to the laser radiation decreases 
the transmission and the optical penetration depth. 
Tab. 2 Materials used in the experiments. 

material substrate abbreviation typical  
thicknesses 

silicon-dioxide Si SiO2 200 nm 
silicon-nitride Si SiNx 75 nm 
indium tin oxide (TCO) Glass ITO 125 nm 
zinc oxide (TCO) Glass ZnO ≈ 1 µm 
tin dioxide  (TCO) Glass SnO2 ≈ 1 µm 
Poly(3,4-
thylenedioxythiophene)- 
poly(styrenesulfonate)  

PET-
Foil 

PEDOT:PSS ≈ 100 nm 

In the experiments material is removed with both single 
spots and line scribing by overlapping spots with a single 
pass of the laser beam over the sample.  

The experimental setup is extended for process paral-
lelization experiments with a 7-spot DOE. This element is 
inserted into the beam path in front of the galvo scanner. A 
DOE has losses due to absorption in the optical material, 
reflection, and also unwanted diffraction of laser radiation 
into higher orders. Especially variations in uniformity of 
the individual spots must be considered for a comparison of 
laser processing with a single spot to laser processing with 
multi spot elements. For this comparison the measured 
power for the seven spots of the DOE is seven times the 
measured power for the single spot. For the power meas-

urement with the DOE a slit power measurement technique 
is applied. Here a slit is placed in the focal plane to block 
higher (unwanted) orders obtained with the DOE. This 
method ensures a correct power measurement. 
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Fig. 2 Measured transmission of layers on transparent substrates. 

3. Results and discussion 
In Table 3 an overview of the best results obtained, de-

termined by optical microscopy, with corresponding pa-
rameters is given. Due to its high transparency 
PEDOT:PSS is not removed with lasers 4 and 5 in the 
tested parameter range. In Table 3, Hp is the fluence and s 
the spot-to-spot distance. Results are chosen where no 
strong variations in the ablated spot diameter are visible, 
which would occur when too close to the ablation threshold. 
Visible spot diameter variations (Table 3) are due to pa-
rameter variations like layer thickness, pulse-to-pulse en-
ergy stability etc. 

The results of the experiments are presented in a con-
venient way in Table 4. The Volumetric Energy Density 
(VED), ε, in [J/mm3] is calculated according: 

δπ
ε

⋅⋅⋅

⋅
=

sd
E

foc

p4
             (Equation 1) 

in which Ep is the pulse energy, dfoc the focus diameter 
(1/e2), s the spot-to-spot distance, and δ the layer thickness. 
For line scribing the used spot-to-spot distance s is smaller 
than the ablated spot diameter df (s ≤ df). 

Crystalline so ar cells (SiOl 2 and SiNx) 
SiO2 and SiNx demonstrate similar behavior during laser 
processing. SiO2 has a high transparency in the investigated 
spectral range. The absorption coefficient for SiO2 is 
smaller than 100 m-1 at 300K [5, 6]. Although the transpar-
ency of SiNx depends on its composition, the layers used 
for solar cells have a similar transparency as SiO2 [7]. The 
laser radiation is mainly absorbed by the underlying silicon 
at fluences as used in the experiments. The Si is molten and 
evaporated; consequently the thin layer is lifted off. The 
influence of the wavelength on the amount of thermally 
damaged silicon (e.g. molten and re-solidified) seems to be 
minimal but not negligible for all tested lasers. While this 
is known for ps-lasers, it is also known that for the longer 
ns-pulses the depth of the crystal damage in the silicon 
increases at higher laser wavelengths due to the higher op-
tical penetration depth [1,8]. Furthermore, comparing 
“long” ns-pulses with “short” ps-pulses a thicker Si layer is 
influenced due to heat conduction. Consequently, for the 
ps-laser a thinner layer of molten Si results in a smoother 
surface and a smaller zone with crystal damage. A minimal 
or absent zone with crystal damage is advantageous for 
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applications in solar cell production because crystal dam-
age shortens the carrier lifetime and thus decreases the effi-

ciency of the solar cell [9,10]. 
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Tab. 3 Optimal results experimentally obtained.  Results are chosen where no strong variations in the 
ablated spot diameter are visible, which would occur when too close to the ablation threshold.  

pulse  
duration parameter SiO2 SiNx PEDOT:PSS ZnO SnO2 ITO 

 
laser 1 
λ = 515 nm 
tp = 7 ps 
irr. side: layer 

  
Hp [mJ/cm²]: 230 280 280 2090 980 420 
s [µm]: 12 12 12 10 21 12 
 
laser 2 
λ = 1030 nm 
tp = 7 ps 
irr. side: layer 
 

  
Hp  [mJ/cm²] 290 470 470 700 580 290 

 
pi

co
se

co
nd

 

s [µm] 19 23 23 16 19 19 
 
laser 3 
λ = 532nm 
tp = 600 ps 
irr. side: layer 
 

  
Hp  [mJ/cm²] 810 290 700 1360 1460 920 

su
b-

na
no

se
co

nd
 

s [µm] 20 20 30 50 26 33 
 
laser 4 
λ = 1064 nm 
tp = 30 ns  
irr. side: layer 
 

 

no 
optimum 

found 

 
Hp  [mJ/cm²] 500 2100  3020 3000 1260 
s [µm] 23 31  31 30 31 
 
laser 4 
λ = 1064 nm 
tp = 30 ns  
irr. side: glass 
 

not 
irradiated 
through 
substrate 

not 
irradiated 
through 
substrate 

no 
optimum 

found 

 
Hp  [mJ/cm²]    3020 2000 1510 
s [µm]    31 30 31 
 
laser 5 
λ = 532 nm 
tp = 10 ns  
irr. side: layer 

 

no 
optimum 

found 

 
Hp  [mJ/cm²] 1681 255  5022 1120 917 
s [µm] 25 7  14 21 14 
 
laser 5 
λ = 532 nm 
tp = 10 ns  
irr. side: glass 

not 
irradiated 
through 
substrate 

not 
irradiated 
through 
substrate 

no 
optimum 

found 

 
Hp  [mJ/cm²]    1528 474 1986 

 
na

no
se

co
nd

 

s [µm]    14 14 21 
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Tab. 4 A tentative assessment results; colored dots represent the 
quality of the processing in a traffic light scheme. Green is good, 
red is not good and yellow is not optimal. 

pulse 
duration parameter SiO2 SiNx

PEDOT 
:PSS ZnO SnO2 ITO

laser 1, 515 nm, 7ps 
irr. side: layer ● ● ● ● ● ●
ε [J/mm3] 22 75 55 49 11 66
laser 2, 1030 nm, 7ps 
irr. side: layer ● ● ● ● ● ●

ps
 

ε [J/mm3] 36 128 96 20 14 57
laser 3, 532 nm, 600 ps 
irr. side: layer ● ● ● ● ● ●

su
b- ns
 

ε [J/mm3] 67 64 77 9 19 74
laser 4, 1064 nm, 30 ns 
irr. side: layer ● ● X ● ● ●
ε [J/mm3] 84 696 - 75 77 250
laser 4, 1064 nm, 30 ns 
irr. side: glass X X X ● ● ●
ε [J/mm3] - -  75 51 300
laser 5, 532 nm, 10 ns 
irr. side: layer ● ● X ● ● ●
ε [J/mm3] 172 304 - 120 27 262
laser 5, 532 nm, 10 ns 
irr. side: glass X X X ● ● ●

ns
 

ε [J/mm3] - - - 55 17 378

Even shorter pulses than ps can be advantageous for 
removing these highly transparent layers. Presently, 
ps-lasers are established in industry. Due to strong progress 
in fs-laser development, fs-lasers are an option for photo-
voltaic applications in the near future. Laser processing of 
SiNx with fs pulses results in a sharp ablation edge quality 
(Figure 3). The high fluence and short pulse duration result 

in less thermal damage to the underlying silicon when com-
pared to ps-pulses. This is due to higher (non-linear) optical 
absorption of the laser radiation by the layer itself. The 
peak power density is up to 7 times higher than in the ex-
periments with the ps-lasers 1 and 2. The surface of the 
silicon is smooth in contrast to the ripples on the silicon 
surface caused by the ps-laser of the same wavelength. This 
indicates melting and re-solidifying of the silicon during 
processing with the ps-laser and that more SiNx is removed 
directly and not as a lift off process with the fs-laser. Fur-
thermore, for the fs-laser, the region between the spots is 
also partially removed due to an additional (second time) 
irradiation with a gaussian laser spot distribution of the 
previous irradiated area (Figure 3: red ovals). This behavior 
is not observed with ns- and sub-ns-lasers and is minimally 
observed for ps-laser (1 and 2). 

The results obtained with the sub-ns-laser show less re-
solidified molten material, for both SiO2 and SiNx, than 

with the ns-laser but more than with the ps-laser. Accord-
ingly, layer removal of SiO2 and SiNx with the sub-ns-laser 
results in less thermally damaged silicon than obtained with 
the longer pulses of the ns-laser. The costs for the lasers are 
however similar.  

Thin film solar cells (TCO) 
ITO, ZnO and SnO2 are TCOs and demonstrate similar 

behavior during laser processing. Glass is used as substrate 
for these layers, and has a similar transparency to the TCO 
itself. Accordingly, the challenge is to remove the layer 
without damaging the glass. The results are first analyzed 
by optical microscopy (Table 3) but, in contrast to SiO2 and 
SiNx, details are not clearly visible. Therefore further 
analysis with a Scanning Electron Microscope (SEM) is 
performed (Table 5). Principally, there are two ways to 
irradiate the sample; from the layer side and from the glass 
side [11]. Due to the high power densities of the ultra-
short-pulse-lasers, damage to the glass substrate can occur 
easily and is observed for some of the tested materials in 
the experiments before the layer is removed. Damage to the 
glass is observed during the ns-laser processing of TCO, 
but only with ZnO. Such damage however is avoided by 
processing through the glass. With the ps-laser (no. 2) the 
ZnO layer is removed, but small amounts of the layer mate-
rial stay behind (Table 5). At higher fluences the glass sub-
strate starts to become damaged. Removing the ITO layer 
with the ps-laser results in a clean surface without residue 
(Table 5). As mentioned, regarding the ns-laser, damage to 
the glass substrate is observed when removing the ZnO 
layer with irradiation from the layer side. However, the 
result obtained when irradiating from the glass side shows 
a clean substrate surface and smooth edges, as good or 
even better than obtained with the ps-laser. For ITO the 
difference in results obtained for the edge quality with the 
ns-laser seems to be independent of the choice of irradia-
tion side. With the sub-ns- and ns-laser, irradiated from the 
layer side, the complete ITO thickness seems to be re-
moved. However, some debris and/or residue are visible. 
With the ns-laser, irradiating from the substrate side, the 
substrate surface is cleaner. Removing the SnO2 layer with 
the ps- and sub-ns-laser, irradiating from the layer side 
shows a clean surface and smooth edges. Removing the 
SnO2 layer with the ns-laser, irradiating either from the 
layer or from the substrate side shows a clean surface and 
slightly re-solidified melt at the edges. 

Organic solar cells (PEDOT:PSS) 
PEDOT:PSS is highly transparent. With ns pulse dura-

tion the PEDOT:PSS is not removed, instead it is slightly 
molten. Using the ps-laser, PEDOT:PSS is removed com-
pletely (Table 3). Also the sub-ns pulses resulted in proper 
layer removal. Furthermore, the difference between the two 
ps-laser wavelengths is remarkable. The process window 
with respect to fluence, using 1030 nm, is about two times 
larger than using 515 nm. This process window is defined 
as the range between the fluence where proper layer re-
moval is observed and the fluence at which damage of the 
PET-foil is observed. The observed effect indicates a higher 
absorption of the 515 nm wavelength radiation by the PET-
foil.  

 

  
Fig. 3: left: removed SiNx layer (removed spot diameter approx. 
18 µm) (λ = 1030 nm, tp = 320 fs, Hp = 80 mJ/cm², ε = 43 J/mm³). 
Red oval marks spot overlap region. right: removed SiNx layer 
(removed spot diameter approx. 33 µm) (λ = 1030 nm, tp = 7 ps, 
Hp = 470 mJ/cm², ε = 43 J/mm³). 
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Removal thresholds of SiO2, SiNx and ITO 
In this section, a method to quantify the qualitative re-

sults is presented. It is possible to calculate the specific 
removal thresholds by determining the removed spot di-
ameter on different materials in analogy to Liu [4]. Relat-
ing the laser costs with the determined removal thresholds 
allows the most economic laser system for the desired ap-
plication to be determined. 
Tab. 5 SEM images 
laser 
(Table 1) 

ZnO ITO 

 
no. 2 
1030 nm 
7 ps 
 
irradiated 
from layer 
side 

 
no. 4 
1064 nm 
30 ns 
 
irradiated 
from layer 
side 

 
 
no. 4 
1064 nm 
30 ns 
 
irradiated 
from glass 
side 

 
In the following the fluence thresholds for removing 

thin layers (SiNx, SiO2 on silicon and ITO on glass sub-
strate) are compared. This is done for both single spot and 
multiple spots material removal. The thresholds are deter-
mined for tp = 7 ps at λ = 1030 nm and 515 nm for the men-
tioned three layer materials. In case of SiNx the threshold 
for tp = 320 fs at λ = 1030 nm is also determined. Spot-to-
spot distances resulting in isolated spots and up to 60% 
spot-to-spot overlap are used. In Figure 4 the diameter of 
the removed spot as a function of the fluence is shown for 
SiO2 and ITO at a laser wavelength of λ = 515 nm. The 
intersection of the point fitted curves and the axis of ab-
scissa quantifies the removal threshold of the thin layer. For 
the other materials, similar behavior and variance is found.  

Figure 4 shows that the line width (ablated spot diame-
ter) increases with increasing overlap, especially at higher 
fluences. This effect is also clearly observed for SiNx. In 
contrast, the TCOs and here in particular ITO does not 
show this behavior in the examined regime. It is expected 
that in the ITO layer absorbed laser radiation results not 
only in vaporization and melting of the ITO, but also in the 
breaking out of particles. This happens especially on the 
edges where the fluence is relatively low due to the Gaus-
sian fluence distribution. For this mechanism the influence 
of the overlap on the line width is minimal, while the ther-
mal effects on the edge are minimal. For SiO2 and SiNx the 

removal takes place mainly by removing the underlying 
silicon, by melting and vaporization. Due to larger overlaps 
and subsequently larger heat accumulation at the edges, 
even for ps-pulses, an increasing line width for increasing 
overlap is expected. 

The removal thresholds for SiNx, SiO2 and ITO are 
listed in Table 6. The different standard deviations are due 
to varying surface roughness, variations in layer thickness 
and also inaccuracies in measurements at smaller spot di-
ameters. 

0.1 1
0

200

400

600

800

1000
 SiO2                 ITO
 Ov = 60%        Ov = 60%
 single spot      

d2  (µ
m

2 )

HP

Fig. 4 Measured removed spot diameter at different fluences 
(λ = 515 nm, t

 (J/cm2)  

p = 7 ps). Lines: fitted curves at mentioned over-
laps [4]. Boxes: for a better overview measured average removed 
spot diameters from single spot up to 60 % overlap (OV) are 
shown. 

Tab. 6 Removal thresholds for thin layers  

material laser 
(Table 1)

wavelength 
λ [nm] 

Threshold  
HPth [J/cm²] 

2 1030 0.124 ± 0.025 SiO2

1 515 0.112 ± 0.013 
6 1030 0.065 ± 0.010 
2 1030 0.089 ± 0.006 

SiNx

1 515 0.055 ± 0.012 
2 1030 0.165 ± 0.034 ITO 
1 515 0.138 ± 0.021 

According to Table 5 the determined threshold fluences 
are realized with a pulse energy, which is low compared to 
what is achievable with the used laser, especially for SiNx. 

Efficiency gain by process parallelization 
Remarkable for the performed experiments is that only 

a small fraction of the laser power is used. With the avail-
able excess of laser power it is possible to parallelize the 
processes with a diffractive optical element (DOE) to in-
crease the process speed for structuring thin layers [12]. 
For example, the optimal pulse energy for SiNx removal 
with laser 2 is 1.2 µJ. The maximum pulse energy is 60 µJ, 
so only about 2% of the available laser power is used. This 
indicates great potential for a more efficient use of energy. 
Therefore a beam splitting method to enable an optimal use 
of the laser power is evaluated, yielding an efficiency gain 
via process parallelization. The used laser setup is able to 
achieve fluences up to HP = 6 J/cm² for λ = 1030 nm and 
HP = 14 J/cm² for λ = 515 nm. Process parallelization has 
been tested with SiNx and a 7-spot DOE. The fluence of 
each spot of the DOE is the same as in the single spot ex-
periments. Process parameters are chosen to achieve sepa-
rated spots instead of lines.  
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Important for obtaining uniform processing results is a 
consistent spatial power density distribution in the focus of 
each of the 7 spots. Directly measuring this with the re-
quired accuracy is impracticable. Therefore another method, 
using the measured ablated spot diameter, is used. Figure 5 
shows the obtained ablated spot diameter distribution, nor-
malized to the maximum. The distribution is independent 
of the applied laser parameters. The diameter spreading 
between the 7 spots is measurable (≈ 4 %) but so small that 
is not relevant for the described experiments, as seen in 
Table 6 where the lowest standard deviation is approx. 2 
times larger. The optical efficiency of the used DOE is 
approx. 83 %. 
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Fig. 5 Normalized spot diameter distribution for the 7-spot DOE.

In Figure 6 the spot diameter versus fluence is shown 
for a single spot and a 7-spot DOE. The differences in spot 
sizes at specific fluences are negligibly small. 
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Fig. 6 Measured removed spot diameter at different fluences on 
SiN

 (J/cm2)  

x (λ = 1030nm, tp = 7 ps). 

The threshold for removing SiNx with a DOE is similar 
to when using single pulses. This shows that the quality of 
commercially available DOEs for beam splitting is high 
enough to achieve equal processing results with each single 
spot. Equal results are required to realize process paralleli-
zation with optimal use of the available laser power and 
thus obtaining minimal cost and high processing speed.  

4. Summary and Outlook 
Thin films are removed successfully by laser process-

ing, nevertheless different dominant ablation mechanisms 
for the glass and silicon substrates are observed. According 
to the application’s demands and for the various layer ma-
terial combinations, a wide range of laser parameters are 
evaluated.  

Layers on Si-wafers must be machined from the top 
side and ablation of silicon must be considered in the proc-
ess. For removing SiO2 and SiNx melting and evaporating 

silicon causes the layer lift off. Accordingly, the amount of 
molten and re-solidified Si increases with increasing pulse 
duration. With a pulse duration of 320 fs, SiNx could even 
be directly ablated without using Si evaporation to lift off 
the layer.  

In analogy to Si-wafers, removing the PEDOT:PSS on 
organic foils must be carried out from the top side and sub-
ns- or ps-pulses are necessary due to the high transparency 
of the layer material. The best quality TCO removal is ob-
tained with the ps- and sub-ns-lasers, but almost similar 
and for most applications sufficient quality is observed 
with ns-lasers. 

In contrast to silicon, glass has low absorption for the 
used wavelength and can be machined from both sides. 
Generally, with ultra-short pulses (fs-, ps-laser) the layer 
can be removed effectively. However, high intensities limit 
the process window due to high order absorption which 
may cause damage to the substrate. With the ns-lasers, 
damage to the substrate is less problematic. The removal of 
the layer itself is less effective and show more thermal ef-
fects than with the ultra-short pulses. With the sub-ns-laser 
a good compromise is found with respect to quality, while 
the investment remains similar to that for ns-lasers. 

Since low fluences are required to remove thin layers, 
smart optical systems enable the use of full laser power. It 
is shown that the use of the available laser power can be 
enhanced and thus can reduce costs at high throughput by 
using process parallelization with DOE. 

 In this paper a brief overview of the processing of 
various materials is given. For an industrial application of 
the laser processing technology a further optimization for 
individual materials is necessary, especially with respect to 
reproducibility, e.g. regarding the influence of deviations 
such as changes in layer thicknesses, composition of the 
material etc. For specific applications further research must 
be done to investigate the results obtained with the several 
laser sources, in terms of electrical properties after process-
ing, and structural changes due to thermal influences etc. 
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