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The interaction of (GeS;)o3(Sb,S3)e7 glass and UV nanosecond laser has been described. The material was

ablated and the dependencies of the most important parameters as number and energy of the pulses and
repetition rate to the volume of the craters were correlated.

1 INTRODUCTION

Laser based fabrication technologies are widely used
to prepare: thin films (PLD (Frumar et al., 2006)),
optical waveguide (Bryce et al.,, 2004), convex or
concave microlenses and microlens arrays (Lim et
al., 2006); (Fritze et al., 1998) as the passive optical
elements. The patterns are formed by the focusing
laser energy in order to process materials at the
microstructure (Hitz et al., 2012). Different types of
laser operation (continuous or pulsed modes) enable
to use proper combination of laser experimental set-
up to studied material and demanding process. The
absorption of photons can lead to excitation of
electrons in target materials. If the energy is high
enough, the energy transfer leads to the material
release by thermal vaporization or by photochemical
interactions (Hitz et al., 2012); (Knotek et al., 2012).

The influence of ultraviolet light (UVL) to the
certain optical and physical behavior of the
chalcogenide glasses and films has been previously
studied. There were described the classical photo-
induced effects as photo-darkening, photo-expansion
and decrease of the refractive index (Bryce et al.,
2004); (Messaddeq et al., 2001); (Marquez et al.,
2009). The unique changes of behavior were
accounted to the photo-induced structural changes in
an amorphous state, reaction with surroundings as
photo-oxidation or crystallization of the material
(Messaddeq et al., 2001), (Bryce et al., 2004).

In this communication we focused on the
interaction of UV pulsed laser with the bulk glassy
(GeS,)03(Sb,S3).7 material. Ge-Sb-S system, mainly
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(GeS,)«(Sb,S3),« stoichiometric system, renewed
attractiveness (Fatome et al.,, 2009); (Lin et al.,
2012) for a high stability to the humid air, high
linear and non-linear values of the refractive index
and high glass forming and crystallization
temperatures. We  selected this  chemical
composition as chemically (stoichiometric system)
and mechanically stable system (mean coordination
number of the glass (CN=2.45) is close to the
threshold value according Phillips model (Phillips,
1979)). The aim of this study was to examine
interaction of nanosecond UV laser with
(GeS,)03(SbyS3)e7 glass and to determine some of
the most important parameters as the pulse laser
energy, the repetition rate and the number of pulses
in relation to the modification of the sample.

2 EXPERIMENTAL

The glassy (GeS;)o3(SbyS3)07 bulk was prepared by
a direct synthesis from elements (SN purity)
according procedure described elsewhere (Knotek
and Tichy, 2012). The optically polished samples
were illuminated under the air atmosphere through 5
nsec pulsed laser operating at a wavelength 213 nm
in the laser ablation system LSX-213 G2 (CETAC,
USA) with the maximum emitted energy 4.5 mJ per
pulse.

The laser beam was focused onto the upper
surface by means of an optical microscope objective
to the spot with a diameter 25 pm. Two sets of
illuminated spots were formed for each combination
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Table 1: Material characteristics of the (GeS;)y3(SbyS3)07 glass (Eg; band gap energy, the average coordination number
(CN)) and certain parameters which characterize the conditions of illumination: the wavelength (Ay;[][Jand photon energy

(hopy), the pulse energy (EP™=°), the average emitted light intensity at repetition 20 Hz (

I"V°"), the corresponding penetration

depth of the light (d,), the area of the light spot on the sample (A), the effective volume (V y=A*d,), where photons are
adsorbed and the absorbed light power (P4) during the pulse and average value.

E03 /CN* }"ill /h(Dph Epulse Vet dD A Veff PAaven / PApulse
(eV/-) (nm/eV) (mJ/mW) (nm) (cm?) (cm®) (W.cm™)
2.11/2.45 213/5.82 4.5/90 5 4.9%10°° 2.5x10712 3.7%x10'%3.7x10"

* CN = 4x+3y+2(1-x-y) for Ge,Sb,S_,., (Philips, 1979)

of experimental parameters.

The chemical composition was verified using
electron microprobe X-ray (EDX) analyses (Jeol
JSM 5500-LV). In order to monitor surface and
near-sub-surface states the penetration depth of
electrons was adjusted to be at around 500 nm. The
transmission was measured using a Perkin-Elmer
Lambda 12 spectrophotometer.

Measurements  with a digital holographic
microscope (DHM) were realized by means of a
DHMRI1000 (Lyncée Tec, Switzerland) operating at
785 nm in a reflection configuration (Knotek et al.,
2009).

3 RESULTS AND DISCUSSION

Certain material characteristics of the studied glass
and the conditions of the samples illumination are
summarized in Table 1 (see (Knotek and Tichy,
2012); (Knotek et al., 2010) for details of analysis).
The UV photon energy was highly over-band gap
energy (Ep,=5.82 eV >>E(;=2.11 eV) and photons
were absorbed in thin layer (d,= 5 nm). These
conditions resulted to the high values of absorbed
light power (PP = 4x10"7 W.cm™) followed by a
destruction of the bonding system, photons energy
conversion to the heat with low dissipation of the
heat and vaporization of the material (Mendes,
2000).

There were tested three the most important
parameters for laser-material interaction: the pulse
laser energy (0.2 — 4.5 mJ per pulse denoted as
series 1), the number of pulses (1 — 50 pulses - series
2) and the repetition rate (1 — 20 Hz - series 3). If not
mentioned elsewhere, the typical conditions were
4.5 mJ per pulse, 20 Hz repetition rate, number of
pulses 50 and 25 pum spot diameter.

Under all mentioned conditions, there were
created craters after UV  exposition of
(GeS;)03(SbyS;3)07 as summarized in Fig. la. The
SEM details of craters “drilled” with the maximum
energy (4.5 mlJ)and 50 pulses with the repetition

rate 20 Hz and 1 pulse with 4.5 mJ energy are
depicted in Fig. 1b and 1c, resp. All the craters were
subsequently topographically analysed employing
digital holographic microscope (DHM). The typical
line-scans across the centre of the craters are
illustrated in Fig. 2.

The diameter of the craters with maximal pulse
energy was 95 — 100 pm with the depth 3.3 um. The
obtained craters were analyzed employing AFM
software (Klapetek et al., 2011) to determine the
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Figure 1: SEM images of ablated craters a) summarizing
photo; b,c) details of the crater created by 50 pulses, 4.5
mJ per pulse, and by single 4.5 mJ pulse, resp.
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volume of the crater as the parameter chosen for a
crater characterization. The reproducibility of the
process was checked by analysis of the six craters
prepared under similar conditions of illumination
(50 pulses, 4.5 mJ per pulse and 20 Hz repetition).
The average volume was determined as 10 600 pm’
with standard error less than 300 pm’® which seems
to be reproducible values and the process.

The volume of the craters increased nonlinearly
with the increase of the counts or the pulse energy
(Fig. 3) independently on the way of supply of the
cumulative energy. The line-scans detected the
differences in the shape of the craters. If the craters
were formed by low pulse energy (0.2 mJ per pulse),
the profile is “V-shaped”, however with the higher
pulse energy (>0.6 mJ per pulse) the profile is “U-
shaped”. The craters formed with low energy pulse
(0.2 mJ) could be used as an element of the
microlens array. The curvature (R) of the circle
formed when passes through the three points (two on
the basal plane and one at a maximum of
microlenses) equals to: R = (d* + r’)/2d =
(2.7%H(54/2)*/(2x2.7)=136 pm, where d is the depth
of the microlens and r is the radius of the basal
plane. This value seems to be well comparable to R
values for the microlens in oxide (R = 150 um) or in
chalcogenide (R = 170 pum) glasses (Beadie et al.,
1998); (Huang et al., 2008); (Knotek and Tichy,
2012). The micro-scratches, as the consequence of
the polishing of the bulk material, were partly
smoothed even after single pulse (marked spot area
on Fig. 1c).
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Figure 2: The line-scans of the craters of the serie 1 (the
energy of the pulses in range 4.5 — 0.2 mJ, 50 pulses -see
text).

The volume of the craters are independent on the
repetition rate in the range 5 — 20 Hz (see Fig. 3,
blue line); whereas the volume slightly decrease
(<15 %) for the lowest repetition rate (1 Hz). The

low sensitivity of the volume to the repetition rate
could by caused by the nanosecond time period for
energy of UV photons to transfer to the heat and to
vaporize the material during the pulse.

The chemical composition and its changes after
the process of illumination were tested by EDX
analysis on the areas denoted on Fig. 1 as the yellow
rectangles. From the EDX analyses we found a
constant ratio of small and rather broad K line at
around 0.55 eV and Lg, line at around 1.2 eV (Ig/Io
~ 3.6) for the non-illuminated sample and for the
sample illuminated for 1 pulse with P " =
1.6x10' W.cm™. Hence we suppose that within the
sensitivity of EDX analyses there is practically no
serious indication of photo-oxidation. We believe
that this is an acceptable result because from kinetics
limits photo-oxidation requires a time > 5 nsec even
for the photons with an energy above 5 eV. On the
other hand, the partial oxidation is evident in EDX
comparing the centre of the crater and the deposit
after ablation near the crater formed by 50 pulses
(for location see Fig 1b) with non-illuminated glassy
bulk as an increase of the broad O band near 0.55 eV
(Ige/Io = 2.6 and 2.1 for the crater center and the
deposit out of the crater, resp.).
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Figure 3: The dependences of the crater volume on the
experimental conditions.

As mentioned in Introduction, the UV photo-
induced expansion of the material is described in the
literature. In present experiments the “gentle”
exposition condition was realized by increasing of
the diameter of the illuminated spot to the 200 pm
and minimal pulse energy 0.2 mJ (P,"* = 2.5x10"
W.cm™). The material was still ablated after 5 pulses
even under the low energy conditions (0.2 mlJ)
however the single pulse led to the elevation of the
material (Fig. 5). Observed expansion of the material
by 50 nm had to be connected with thermal-effect.
UV photons can penetrate less than 5 nm which is
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Figure 4: The EDX spectra of the samples, for location of
analysis see Fig. 1 and the text.

too small depth to expand the material by 50 nm.
Hence the heat should be dissipated deeper into the
bulk.
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Figure 5: The line-scans of non-illuminated material,
material after 5 and single pulse (200 um diameter of the
spot, pulse energy 0.2 mJ)

4 CONCLUSIONS

- The interaction of the 213 nm UV nanosecond
laser with chalcogenide glass (GeS;)3(SbyS3)07 has
been described;

- Influence of the most important parameters as
energy of the pulse, number of pulses and repetition
rate on the volume of the craters has been described;
- The shape of the craters is dependent on the
condition of illumination and at low energy pulses
created craters could be used for formation of
microlens array;

- Future work will be focused on the structural
changes of the material and analysis of the ablated

material.
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