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Diode Pumped Solid State Lasers for Surface Microtexture
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Surface microtexture has been observed under nanosecond pulsed laser irradiation of silicon
and metals. Diode pumped solid state lasers with pulse width in the nanosecond regime can
provide a low cost method for fabrication of large area microtextured surfaces. Results are
presented on control of microtexture height using laser processing parameters and mechanism of
microtexture formation is described. Microtexture height can be controlled from less than a

micron to tens of microns with multiple laser pulse irradiation.

The reflectivity of the

microtextured surface in the visible spectrum was reduced to lower than 5%.
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1. Introduction

Currently there is a significant interest in understanding
the mechanism of microtexture formation under
femtosecond laser irradiation [1-5]. Several research groups
have reported results on microtexture fabrication,
characterization, mechanism of formation and their
applications with primary focus using femtosecond and
excimer lasers. Ultrafast laser generated microtextured
surfaces have applications in photovoltaics [6, 7],
photodetectors  [8, 9], water repellant surfaces
(superhydrophobic) [10] etc. Few research papers have
reported similar microtexture formation in silicon using
excimer laser [11]. However, the difficulty with
femtosecond and excimer lasers for surface microtexture has
been that it is not practical to produce large area in a cost
effective manner.

We have carried out experiments using high repetition
rate diode pumped solid state lasers which can provide a low
cost method for fabrication of large area microtextured
surfaces. Diode pumped solid state lasers with pulse width at
around 10 ns are well suited for surface microtexture
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formation. The reported laser pulse width for microtexture
formation ranges from about hundred femtosecond (for
femtosecond lasers) to about 10 ns (for excimer lasers) as
longer pulse width causes significant thermal diffusion and
inhibits the formation of microtextures. When laser pulse
widths are longer than about 10 ns, surface microtexture
formation is not reported. The laser induced microtexture
has been obtained on a variety of surfaces including
dielectrics, semiconductors, metals and polymers [11-14].
In this paper we provide results on dependence of
microtexture height on nanosecond pulsed laser processing
parameters and mechanism of microtexture formation is
described.

2. Experimental

The surface microtexture experiments were carried out
using three lasers: a diode pumped solid state laser from
Quantel Lasers (model Ultra 50), fiber laser from IPG
Photonics (model YLP-G-10) and Nitrogen laser from
Stanford Research Systems (model NL-100). Samples were
placed in a vacuum chamber mounted on a high-precision,

Fig. 1. SEM micrographs of microtextured Si sample. (a) Scan speed = 0.08 mm/s, equivalent to about 100 overlapping laser

pulses at each point. (b) Higher magnification image of (a).
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Fig. 2. SEM micrographs of microtextured Ge sample
at a 0.05 mm/s scan speed, equivalent to 320 pulses.

computer controlled X-Y stage (Aerotech, model: ATS 125-
100) in order to make more uniform microtextured large
areas. The experiments were carried out in vacuum (base
pressure 1 mTorr) as well as in air at atmospheric conditions.

Using the Quantel laser, microtexturing experiments
were carried out on 1 cm’ silicon and germanium samples,
and 6.25 cm’ stainless steel samples. Samples were
irradiated with 32 mJ laser pulses of 532 nm wavelength, 8
ns pulse duration and repetition rate of 20 Hz. For Si
microtexturing experiments, the laser beam was focused
using a 125 mm focal length lens to a spot size of about 1 —
1.5 mm. For experiments with Ge, a 400 mm lens was used

Fig. 3. SEM micrograph of microtextured stainless
steel sample after 18,000 pulses.

to focus the laser beam to allow for large area surface
microtexturing and the beam was focused to a size of 1.6
mm. For stainless steel experiments, the laser beam was
focused using a 125 mm lens to a spot size of 600-800 um as
well.

IPG Photonics YLP-G-10 laser is a nanosecond fiber
laser with pulse energy of 16 uJ and wavelength of 532 nm.
The repetition rate can be varied from 20 kHz to 600 kHz.
The pulse width is 1 ns. The laser was ideal for
microtexturing of silicon and germanium because of the
relatively shallow absorption depth of silicon and
germanium at 532 nm wavelength and also its short pulse

Fig. 4. SEM micrographs of microtexture evolution on stainless steel at (a) 200, (b) 400, (c) 2,000, (d) 3,000, (e) 5,000, (f)

6,000, (g) 9,000, (h) 12,000 and (i) 18,000 pulses. The scale bar in (a)-(i) is 200 pm.
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Fig. 5. SEM images of varying laser scan speeds with laser energy density kept at 1.5 J/cm? (a) 5 mm/s (80 pulses) (b) 6 mm/s (66
pulses) (¢) 8mm/s (50 pulses) (d) 12 mm/s (33 pulses) (¢) 25 mm/s (16 pulses) (f) large area microtextured Si generated by raster
scanning with laser scanning speed of 5 mm/s and spacing of 12 pm between scanning lines.

width. Experiments were carried out on Si samples.

The nitrogen laser from Stanford Research Systems has
a repetition rate of 20 Hz, 170 pJ pulse energy and 337 nm
wavelength. Experiments were carried out on Si samples, as
recently reported [12].

The surface morphology of the laser microtextured
samples was investigated by a Zeiss SUPRA 40 scanning
electron microscope (SEM). The height of microtextures
was measured by the calibrated tool on the cross-section
SEM image with accuracy of 0.5 um. Total Integrated
reflection as a function of wavelength was measured using a
2-inch integrating sphere (STELLARNET Inc) at an incident
angle of 35 degrees.

The appropriate laser conditions for microtexturing
were found by tuning the laser energy from low to high. The
threshold of microtexturing generally resides between
melting and ablation. Laser scanning speed is adjusted to
have different number of overlapping laser pulses at each
point on sample surface. This could affect the surface
morphology by changing the height of microtextures.

3. Results and Discussion
A. Microtexture formation studies using diode pumped
solid state laser

The experiments carried out on silicon, germanium and
stainless steel described in this section were performed with
the Quantel Ultra 50 solid state laser. Si (100) samples were
microtextured and Fig. 1 shows SEM micrographs of these
samples. Texture height was measured to be within the
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range of 20 to 30 um. Fig. 2 shows SEM micrographs of the
microtextured Ge samples. The structure was formed at 320
pulses per spot on average with an energy density of 1.6
Jem®. Texture height was measured to be less than 20 pm.
It should be pointed out that laser microtexturing of silicon
and germanium was also done in air or a shiclding gas such
as Argon. Similar surface morphologies were observed with
more particles and debris on surface probably induced by
oxidation.

Fig. 3 shows a stainless steel sample that was
microtextured using 18,000 laser pulses. Microtexture
height varied from 60 to 120 pm. Due to the higher melting
threshold of stainless steel (~ 1 J/cm?) as compared to Si
(~0.6 — 1 J/em®) and Ge (~0.5 J/cm®), to generate the surface
microtexture, more laser pulses were required. Even at very
low stage scanning speeds of 0.01 mm/s, several hundred
laser scans were required before microtexture formation
could be observed. Instead, the laser beam was allowed to
dwell on the sample in order to obtain a larger number of
pulses on the same area.

In order to study the mechanism of microtexture
evolution in stainless steel, we carried out dwell spot
experiments by varying the number of laser pulses
impinging on a given spot on the sample. This evolution is
show in Fig. 4. At 200 laser pulses, the laser energy is
sufficient to start melting the exposed area. Ripples begin to
form in the melt. The formation of the ripples in turn starts
forming conical structures. At 2,000 laser pulses, it is
possible to see the conical structures protruding in some



JLMN-Journal of Laser Micro/Nanoengineering Vol. 8, No. 2, 2013

100
—[s-laser textured _.
_ 30 -
= Polished Si
c 60
e
¢ 40 F
o
20 F
0 j . y g
400 600 800 1000

Wavelength (nm}

Fig. 6. Reflection of nanosecond laser microtextured
crystalline silicon from sample shown in Fig. 5(f) and of
polished samples.

parts of the laser exposed area. With increase in laser pulses,
more conical structures start appearing in areas where the
beam has a higher power. As more laser pulses are provided,
the number of ripples and cones increases until most of the
area is microtextured at 18,000 laser pulses. The observed
ripples and general shape of the formed spots are due to the
non-uniformity of the laser beam profile. Similar
microtexture growth has been observed in Si using a
nanosecond nitrogen laser [4].
B. Microtexture formation studies using fiber laser

The experiments performed on silicon and germanium as
discussed in this section were carried out using an IPG
Photonics YLP-G-10 fiber laser. The microtexture
morphology can be controlled by the laser scan parameters.
By varying the scan speed, the height of the microtexture
can be varied. The results are shown in Fig. 5. The laser
conditions in this experiments resulted in a spot size of about
20 pm. As can be seen, the mixcrotexture height decreased
with increasing laser scan speed. Also shown in Fig. 5 is the
SEM image of large area microtextured crystalline silicon.

The optical reflection of crystalline silicon after
microtexturing is shown in Fig. 6. The reflection of polished
silicon is also shown in the same figure as a comparison.
Such measurement was carried out for the sample shown in
Fig 5(f). As can be seen, the microtextured silicon has a
reflection below 5 %, which is much lower than polished
silicon. Furthermore, the reflection of the laser
microtextured silicon is much less dependent on wavelength
compared to polished silicon. Unlike chemical texturing,
laser microtexturing doesn’t distinguish between single
crystalline and multi-crystalline silicon. Lasers can
microtexture different kinds of silicon as well as single
crystalline silicon. The morphologies of laser microtextured
multi-crystalline and 50 pm thin silicon wafer are shown in
Fig. 7. The cross section of laser microtextured thick silicon
wafer was generated by mechanical cleaving. The laser
conditions for figure 7(a) were the same as in the sample of
figure 5(f). As for the thin Si wafer in figure 7(b), laser
scanning speed was 10 mm/s equivalent to 40 overlapping
laser pulses on each point.
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Fig. 7. a) ns-laser textured multi-crystalline silicon for
80 pulses, b) cross section of ns-laser textured thin
silicon wafer for 40 pulses.

As mentioned, the fiber nanosecond laser was for
microtexturing of germanium. The morphology is shown in
Fig. 8. The structures were formed using 1.3 J/ecm® laser
energy density at a repetition rate of 20 kHz. The average
number of pulses per spot is about 50. The optical reflection
of the laser microtextured surface (shown in Fig. 8) is given
in Fig. 9. Similar to the silicon case, the reflection was
reduced greatly after laser microtexturing.

C. Microtexture formation studies using nitrogen laser

Recently [4] we have reported that a low cost nitrogen
laser can be used for surface microtexture applications. The
microtexture observed with nitrogen laser appears to be
similar to the diode pumped solid state and fiber laser. The
nitrogen laser provides a very low-cost method for
microtexturing as laser cost was about $8,000. However, the
laser has a low repetition rate of 20 Hz which limits the
microtexturing processing speed. At a wavelength of 337
nm for the nitrogen laser, the absorption depth in Si is about
10 nm, allowing generation of high energy density.

D. Comparison between femtosecond and nanosecond
laser induced microtexture

We have demonstrated that low cost nanosecond pulse
width solid state lasers can be successfully used to form
surface microtextures, which avoids the use of expensive
femtosecond lasers. Microtexture height can be varied from
less than micron to tens of microns. A comparison of results
from various lasers is presented in Table 1.
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Table I — Summary of Laser Parameters and Microtexture Characteristics

Quantel diode
Femtosecond laser | pumped solid state IPG Fiber Laser Nitrogen laser
laser
Maximum pulse energy I m] 32 m] 16 nJ 170 wJ
Pulse duration 40 fs 8 ns 1 ns 3.5ns
Wavelength 800 nm 532 nm 532 nm 337 nm
Absorption depth in Si ~10 pm ~1 pm ~1 pm ~ 10 nm
Essentially Gaussian
Beam profile Gaussian (with some non- Gaussian Rectangular
uniformity)
Energy density for
microtexturing
-Si 1 Jem® 1.5 J/em® 1.5 J/em® 2 J/em®
-Ge 0.6 J/em’ 1.3 J/em® 1.3 J/em® Data not available
-Steel 1.2 J/em® 3.3 J/em® 1.3 J/em’ Data not available
Number of pulses for i 5-50 50-100 50-100 50-100
microtexturing
Nanoparticles on surface Large number No No No
Morphology for Si . . .
microtextures Sharp cones Rounded tips Rounded tips High sharp cones
Crystalline structure Amorphous layer Crystalline Crystalline Crystalline
Reflection <5% <5% <5% <5%
Beyond band absorption Observed Data not available Observed Data not available
Fabrication speed Low Medium High Low
Shielding gas Not required Not required Not required Not required
Footprint Large Small Small Small
Cost High Medium Medium Low
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Fig. 8. Ge microtextured with nanosecond fiber laser,
with energy density of 1.35 J/em® and 50 pulses.

The mechanism of surface microtexture formation is
discussed in various literatures [15]. After the laser pulse is
absorbed by the material, the temperature rises, melting,
vaporization and ablation occur. During the cooling process,
the molten materials rearrange themselves to create certain
roughness patterns. Additional laser pulses generate more
roughness. Because of the shadowing effects of the original
roughness created by the previous pulses, the textured
features are deepened and finally lead to surface
microtexture. The microtexture generation occurs through
thermo-mechanical process. = Multiple laser pulses are
required to achieve certain microtexture height. The number
of pulses required to form microtexture is dependent on the
laser power, melting threshold of the material and laser
wavelength.

Surface microtexture can be formed both by
femtosecond and nanosecond lasers [16, 4], but they differ in
several ways. The forming mechanisms are different for
femtosecond and nanosecond lasers. For femtosecond lasers,
the magnitude of the electric field associated with the
extremely short laser pulses is strong that it makes the
interaction highly nonlinear. The nonlinear interaction
between the laser pulses and material decreases the
absorption depth. Thus the volume into which the energy
deposited is small, which generates the high energy density
in the material. On the other hand, the thermalization of hot
electrons with crystal lattice takes about 1 to 10 ps which is
much longer than the femtosecond laser pulses. A high-
density electron-hole plasma is formed at the surface after
the irradiation of the laser pulses [17]. Depending on the
energy of the laser pulse, melting, ablation or non-thermal
melting [18] could happen and surface roughness is created
due to these processes. For nanosecond lasers, since the
pulse width is much longer than the electron thermalization
time, the roughness forming mechanism is more of melting,
flow and resolidification and is believed to be thermo-
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Fig. 9. Reflection of polished and ns-laser microtextured
Ge.

mechanically dominated. Due to the different forming
mechanisms, the number of pulses to form the microtextures
is much less for femtosecond laser than nanosecond laser.
Also attributed to the different forming mechanisms, the
resulting properties are different for femtosecond and
nanosecond laser-induced surface microtextures [19]. The
surface of microtextures formed by femtosecond laser is
covered by nanoparticles while the nanosecond laser-formed
microtextures have much smoother surfaces. Also, most of
the femtosecond laser-formed microtextures are below the
original  surface  while nanosecond laser-formed
microtextures are both above and below the original surface.
This indicates that femtosecond laser forming mechanism is
ablation-dominated while the nanosecond laser-induced
microtextures are formed by flow of molten material. For the
electronic properties, femtosecond laser-formed
microtextures have a crystalline core covered by an
amorphous shell while the nanosecond laser-formed
microtextures are nearly single crystalline. For optical
properties, both femtosecond and nanosecond laser-formed
microtextures have near-unity absorption for the photon
energy above band gap. Interestingly, both microtextures
show certain absorption in the beyond band gap spectrum
which is coming from the defects and Urbach band tails of
amorphous shell formed during the laser microtexturing [20].

4. Conclusions

Experiments carried out using Quantel laser (model:
Ultra 50), the IPG fiber laser (model: YLP-G-10) and
Stanford Research Systems (model: NL-100) showed that it
was possible to microtexture the surfaces of semiconductor
substrates such as Si, Ge and stainless steel metallic alloys.
We have also shown that fiber lasers with very high
repetition rates of over 600 kHz can be used for large area
surface microtexture. A comparison of laser based
microtexture properties with nanosecond pulse width laser
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has been made. While microtexture formation has been
demonstrated in air, to prevent oxidation, use of gas assisted
microtexturing process can be employed.

Acknowledgments
We thank, DARPA-MTO, NSF I/UCRC and NASA
Langley Professor program for their financial support.

References
[1] T. Her, R. J. Finlay, C. Wu, S. Deliwala and E. Mazur,

Appl. Phys. Lett., 73 (1998) 1673.
[2] B. K. Nayak and M. C. Gupta, Materials Research

Society Symposium Proceedings, 850 (2005) MM1.8.1.

[3] D. H. Lowndes, J. D. Fowlkes and A. J. Pedraza, Appl.
Surf. Sci., 154 (2000) 647.

[4] B. K. Nayak and M. C. Gupta, Applied Optics, 51(2012)
114.

[5] B. K. Nayak and M. C. Gupta, Optics & Lasers in
Engineering, 48 (2010) 966.

[6] V. V. Iyengar, B. K. Nayak and M. C. Gupta, Solar
Energy Materials and Solar Cells, 94 (2010) 225.

[7] B. K. Nayak, V. V. Iyengar and M. C. Gupta, Progress
in Photovoltaics Research and Applications, 19 (2011)
631.

[8] Z. Huang, J. E. Carey, M. Liu, X. Guo, E. Mazur and J.
C. Campbell, Appl. Phys. Lett., 89 (2006) 033506.

130

[9] Z.Li, B. K. Nayak, V. V. Iyengar, D. Mclntosh , Q.
Zhou, M. C. Gupta and J. C. Campbell, Appl. Optics,
50 (2011) 2508.

[10] P.O. Caffrey, B. K. Nayak and M. C. Gupta, Applied
Optics, 51 (2012) 604.

[11] A.J. Pedraza, J. D. Fowlkes, and D. H. Lowndes, Appl.
Phys. Lett., 74 (1999) 2322.

[12] X. Wang, K. Kato, K. Adach, K. Zizawa, Tribology
International, 34 (2001) 703.

[13] B. K. Nayak, M. C. Gupta, K. W. Kolasinski, Appl.
Phys. A., 90 (2008) 399.

[14] P.E. Dyer, S. D. Jenkins, J. Sidhu, Appl. Phys. Lett.,
52 (1988) 1880.

[15] B. K. Nayak, M. C. Gupta, Optics and Lasers in
Engineering, 48 (2010) 966.

[16] B. K. Nayak, M. C. Gupta, K. W. Kolasinski,
Nanotechnology, 18 (2007) 195302.

[17] J. M. Liu, R. Yen, H. Kurz, N. Bloembergen, Applied
Physics Letters, 39 (1981) 755.

[18] C. V. Shank, R. Yen, C. Hirlimann, Physical Review
Letters, 5 (1983) 900.

[19] C. H. Crouch, J. E. Carey, J. M. Warrender, M. J. Aziz,
E. Mazur, Applied Physics Letters, 84 (2004) 1850.

[20] M. A. Sheehy, L. Winston, J. E. Carey, C. M. Friend, E.
Mazur, Chem. Mater., 17 (2005) 3582.

(Received: July 9, 2012, Accepted: February 15, 2013)


http://www.ncbi.nlm.nih.gov/pubmed?term=McIntosh%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21673751
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21673751
http://www.ncbi.nlm.nih.gov/pubmed?term=Gupta%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=21673751
http://www.ncbi.nlm.nih.gov/pubmed?term=Campbell%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21673751
http://www.ncbi.nlm.nih.gov/pubmed?term=Campbell%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21673751


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





