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Abstract

We demonstrate the formation of nanostructures inside the microholes on soda-lime glass
surface by irradiation with femtosecond laser pulses. Self-organized periodic nanogratings, oriented
perpendicular to the laser polarization, are observed at the bottom of the microholes. The period of
the nanogratings are ranging from 170 nm to 200 nm. We also report the formation of nano-ripples
on the side walls of the microholes, the period of which are independent of the laser fluence and the
number of laser pulses. Nano-cones, with a diameter varied from 100 nm to 250 nm, are also

discovered on the

sidewalls of the microholes.

Randomly distributed spherical-shaped

nanostructures with a diameter ranging from 10 nm to 60 nm are also evident inside the microholes,
especially, on the top of the nano-ripples and nano-cones. We also describe, briefly, the dependence
of various micro/nano-structures on the laser fluence and the number of applied laser pulses in each
spot. Finally, we explain the formation mechanism of all of the micro/nano-scale features, produced

during our experiment.
DOI:10.2961/jlmn.2012.02.0013

Keywords: Femtosecond Laser, nano-grating, nano-ripple, nano-cone, micro/nano-structure

1. Introduction

In recent years, femtosecond lasers have been
considered as a versatile tool in micro/nano-machining of
various materials including glasses [1-3], metals [4-6],
polymers [7,8], and semiconductors [9,10], due to its
advantages over other available technologies such as
chemical, semiconductor, and ion-beam processing.
Femtosecond lasers have the ability of precise micro/nano-
patterning of various materials without any melting zone,
micro cracks, recast layer, and shock wave, which
advantages make the emergence of femtosecond lasers to
the forefront of the research field.

Femtosecond lasers have been widely used for the last
few decades in micro/nano-machining of soda-lime glass
due to its diverse application fields, especially, in
manufacturing optical data storage and integrated optical
devices [11,12]. For these kinds of applications, the precise
generation of micro/nano-holes is one of the key structures
among all kinds of laser induced patterns.

In some recent studies, the researchers have reported
the fabrication of micro/nano-holes on the surface of and
inside soda-lime glass using Single-Beam Direct Laser
Writing (SBDLW) technique [1,13,14]. However,
discovering the formation of nanostructures inside the laser
induced microholes on soda-lime glass is still limited. The
information regarding the interactions of femtosecond laser
with soda-lime glass is still insufficient. Furthermore, the
influence of laser fluence and the number of laser pulses on
the size and shape of the micro/nano-structures are still
inadequate. Thus, it is significant to examine the effects of
the laser fluence and the number of laser pulses on the
formation of micro/nano-scale features inside the
microholes on soda-lime glass surface. Besides, it is

202

desirable to investigate the appropriate mechanism behind
the formation of various nanostructures inside the
microholes, formed on soda-lime glass substrate.

In this report, through careful control over various laser
parameters such as the laser fluence and the number of
laser pulses in each spot, we demonstrate the fabrication of
microholes on soda-lime glass surface. At the bottom of the
microholes, self-organized periodic nanogratings are
formed with a period varied from 170 nm to 200 nm. The
formed self-organized nanogratings are oriented
perpendicular to the laser polarization direction. The
dependence of the nanogratings’ period on the number of
laser pulses is also evident from the experimental results.

We also discover the formation of nano-ripples and
nano-cones on the side walls of the microholes, fabricated
on soda-lime glass surface. The evolution of the nano-
ripples and the nano-cones has been discussed. Nano-cones
are primarily evident near the glass surface, although they
are also observed at the bottom of the microholes. The
period of the nano-ripples is almost constant, which value
is in the sub-wavelength range, ie., less than the
wavelength of the incident laser beam (4;). The diameter of
the nano-cones is diverse, which is ranging from 100 nm to
250 nm. The nano-ripples and the nano-cones are observed
significantly at low laser fluences. These kinds of
nanostructures start to disappear with the increase of the
laser fluence. We also report the formation of randomly-
oriented spherical-shaped nanostructures on the top of the
nano-ripples and the nano-cones, the diameter of which is
varied from 10 nm to 60 nm. Unlike nano-ripples and
nano-cones, randomly distributed nanostructures are
evident at any laser fluence and number of laser pulses
irradiated in each spot. We also describe, briefly, the
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dependence of elliptical shaped microholes’ dimensions on
the laser fluence and the number of irradiated laser pulses.
Finally, we thoroughly illustrate the effects of the laser
fluence and the number of laser pulses on the formation of
various nano-scale features, produced inside the microholes,
and their controlling process.

2. Experimental Details

We carried out our experiment using a Ti:sapphire
femtosecond laser, the central wavelength of which was
786.5 nm. The pulse width and the pulse repetition rate of
the ultra-short laser pulses were 183 fs and 1 kHz. Soda-
lime glass sample, with a thickness of 1 mm and a
refractive index (77) of ~ 1.51 at 786.5 nm, were used in the
experiment.

We focused the laser beam vertically on the top of the
sample surface through a 20x achromatic objective lens,
which has a numerical aperture of NA = 0.42. The
schematic diagram of the experimental setup is shown in
Fig. 1.
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Fig. 1 Schematic diagram of the experimental setup.

The soda-lime glass sample was mounted on a 3-axis
linear translation stage, which has a resolution of 100 nm in
the x, y, and z directions. In order to control the exposure
time, i.e., the number of laser pulses in each spot on the
sample surface, a computer controlled high speed shutter
was used. We placed a circular attenuator after the
mechanical shutter to control the power of the laser pulses.
A linear polarizer was placed after the circular attenuator to
produce s-polarized laser beam. We also used a power
meter to measure the average power of the laser pulses
after the objective lens. Reflective mirrors were used to
guide the laser beam onto the sample surface.

To fabricate microholes on soda-lime glass surface, we
used SBDLW technique. Microholes were manufactured by
varying the laser fluence from 2.14 J/cm® to 142.03 J/cm®
(pulse energy was varied from 1 pJ to 113 pJ). The number
of laser pulses in each spot was ranging from 500 to 3500.
In order to analyze the micro/nano-scale features, we
investigated the images of the microholes under a Scanning
Electron Microscope (SEM). Before taking the SEM
images, the sample was cleaned in an ultrasonic bath with
de-ionized water at room temperature. Due to the non-
conducive property of soda-lime glass, the sample was
sputter coated with a thin (~ 30 nm) layer of gold to
provide conductivity for SEM examination.
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3. Results

We produced microholes on soda-lime glass surface by
controlling various irradiation conditions of a single beam
femtosecond laser such as the laser fluence and the number
of applied laser pulses in each spot. A variety of nano-scale
structures, such as self-organized periodic nanogratings,
nano-ripples, and nano-cones were formed inside the
microholes. On the top of the nano-ripples and nano-cones,
randomly distributed spherical-shaped nanostructures were
also evident. In this section, we briefly describe the
formation of various micro/nano-scale features on soda-
lime glass surface.

3.1 Microholes fabrication

In our experiment, by controlling the laser fluence and
the number of laser pulses of a femtosecond laser beam, we
fabricated microholes on the sample surface. Fig. 2 shows
the SEM images of the formed microholes for a wide-range
of laser fluence (varied from 2.04 J/cm® to 142.03 J/em®)
and number of laser pulses in each spot (varied from 500 to
3500).

Fig. 2 SEM images of the fabricated microholes for a wide-
range of laser fluence (F) and number of irradiated laser
pulses (V) in each spot. (a) N = 500, F = 2.14 J/em’; (b) N
= 3500, F = 2.14 J/em®; (¢) N = 500, F = 87.34 J/cm®;
(d) N = 3500, F = 87.34 J/en’; (e) N = 500, F = 142.03
Jem?; (f) N = 3500, F = 142.03 J/cn?’.

The fabricated microholes were elliptical in shape due
to the elliptical shape of the femtosecond laser beam. From
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the experimental results, it is apparent that the dimensions
and the depth of the microholes increased with the increase
of the laser fluence.

With the increase of the number of laser pulses in each
spot, the dimensions of the microholes also increased. The
change in the size of the microholes due to the change in
the number of laser pulses is less significant compared to
the change in the size of the microholes due to the change
in the laser fluence, which was varying in the range of 2.14
Jem® to 142.03 J/em’. Fig. 3 shows the relationship
between the length of the microholes’ axes (major and
minor) with the laser fluence and the number of irradiated
laser pulses in each spot.
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Fig. 3 Dependence of the length of the microholes’ axes on
the laser fluence and the number of laser pulses in each
spot.

3.2 Formation of self-organized periodic nanogratings

Self-organized periodic nanogratings were formed at
the bottom of the microholes, which is evident from the
SEM images of Fig. 4. The nanogratings were

perpendicularly oriented to the laser polarization direction
as proposed in [1].

(b)

Fig. 4 SEM images of the self-organized periodic
nanogratings, produced at the bottom of the microholes in
soda-lime glass at laser fluence of 2.14 J/cm®. (a) After
1000 pulses; (b) after 3500 pulses.

The period of the self-organized periodic nanogratings
were ranging from 170 nm to 200 nm, which period was
dependent on the number of laser pulses irradiated in each
spot. Due to the increase of the laser pulses, the period of
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the self-organized nanogratings were decreased. Unlike
nanogratings’ period, the depth of the nanogratings
increased with the increase of the number of laser pulses in
each spot. Since the depth of the microholes was increased
with increasing pulse energy, it was impossible to take the
SEM images at the bottom of the microholes for high laser
energy. As a result, more experiments are required to
investigate the influence of laser energy on the
nanogratings’ period.

3.3 Formation of nanostructures inside the microholes

Various kinds of nanostructures, such as nano-ripples,
nano-cones, and randomly distributed nanostructures, were
evident inside the microholes, fabricated on the sample
surface. On the side walls of the microholes, nano-ripples
with constant period were formed, the value of which is in
the sub-wavelength range as shown in Fig. 5.

(c) (d)

(e) ®

Fig. 5 SEM images of the nano-ripples formed on the side
walls of the microholes, produced on soda-lime glass
surface. (a) After 500 laser pulses (N) at laser fluence (F) of
2.14 J/enr’; (b) N = 2500, F = 2.14 J/em®; (c) N = 1500, F =
19.1 J/em?; (d) N = 3500, F = 19.1 J/em?; (e) N = 500, F =
87.34 J/em?; (f) N =500, F = 142 J/cn?’.

The appearance of nano-ripples, on the side walls of the
microholes, was certainly dependent on the laser fluence
and the number of applied laser pulses. Nano-ripples were
observed significantly all over the side walls, inside the
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microholes, typically at low laser fluences. This kind of
nano-metric structures almost disappeared at high laser
fluence. On the contrary, when small number of laser
pulses was applied at low laser fluence, nano-ripples were
formed extensively on the side walls of the microholes.
With the increase of the laser pulses, nano-ripples started to
depart from the side walls of the microholes as shown in
Figs 5 (a—d). At high laser fluence, especially at 113 pJ, we
didn’t observe any nano-ripples even for small number of
laser pulses as shown in Figs. 5(e and f). Micro-cracks
were also evident in some places on the side walls of the
microholes, when high laser fluence was used as depicted
in Figs. 5(e and f).

In parallel with the nano-ripples, nano-cones were also
evident on the side walls of the fabricated microholes, near
the sample surface as illustrated in Figs. 6(a, ¢, d, and ¢).

Fig. 6 SEM images of the nano-cones formed on the side
walls of the microholes, produced on soda-lime glass
surface. (a) After 500 laser pulses (N) at laser fluence (F) of
2.14 J/em?®; (b) N = 2000, F = 2.14 J/em®; (c) N = 1500, F =
19.1 J/em?; (d) N = 3500, F = 35.79 J/em?’; (¢) N = 3500,
F=287.34 J/em*; (f) N = 3500, F = 142.03 J/cn’.

Nano-cones were also formed near the bottom of the
microholes as shown in Fig. 6(b). The diameter of the
nano-cones was varied, which value was ranging from 100
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nm to 250 nm. We investigated that the formation of nano-
cones were certainly influenced by the laser fluence. At low
laser fluence, nano-cones were formed considerably on the
side walls of the microholes. Like nano-ripples, nano-cones
showed decreasing trend in relation with the increasing
laser fluence. At high laser fluence, especially, at 113 pJ,
nano-cones were disappeared absolutely from the side
walls as shown in Fig. 6(f). From the experimental results,
it is obvious that there is no definite impact of the number
of laser pulses on the formation of nano-cones.

On the top of the nano-ripples and nano-cones,
randomly oriented spherical-shaped nanostructures were
formed as shown in Figs. 5 and 6. The diameter of the
random nanostructures was varied from 10 nm to 60 nm.
Unlike  nano-ripples and  nano-cones, random
nanostructures were observed at any laser fluence, even at
113 pJ, as shown in Figs. 5(e and f) and 6(f).

4. Discussion

In this report, we exhibit the dependence of microholes’
diameter on the laser fluence and the number of laser
pulses irradiated in each spot as shown in Fig. 3. From the
experimental results, it is evident that the size of the
microholes’ increases with the increase of the laser fluence.
This relationship is in considerable agreement with the
Gaussian beam model proposed by Joglekar et. al. [15]. Fig.
7 shows the intensity profile of the femtosecond laser beam,
which certainly indicates that the laser beam was Gaussian
in nature. With the increase of the laser energy, the spot
size of the laser beam also increased, which in turn increase
the diameter of the microholes. Furthermore, from Fig. 2 it
is also apparent that the fabricated microholes are elliptical
in shape. Since the shape of the femtosecond laser beam is
elliptical (after the exit port, the width of the beam in the
vertical direction is 4.9 mm and in the horizontal direction
is 4.3 mm), it is reasonable that the fabricated microholes’
shape is elliptical.

Fig. 7. Intensity profile of the laser beam after the exit port
of the IFRIT.

The formation mechanism of the self-organized
periodic nanogratings of Fig. 4 can be interpreted as the
interaction of the high intensity femtosecond laser beam
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and the bulk plasma. As a result, periodic nanogratings are
printed at the bottom of the microholes. There is a strong
debate among several models in explaining the
nanogratings’ period. According to Bonch-Bruevich et. al.
model [16], the period of the self-organized nanogratings,
formed by linearly polarized laser pulses, can be obtained
by the following equation.

with g LE 1)

n+tsind
where d is the nanogratings’ period, 4 is the wavelength of
the incident laser beam, 7 is the real part of the refractive
index of the material, & is the incident angle of the laser
beam on the sample surface, g is the grating vector, and E
is the electric field vector of the incident wave. Using this
model, the grating period should be either 313 nm or 1542
nm, which values are enormously different from our
experimental values (varying from 170 nm to 200 nm).
Shimotsuma et. al., on the other hand, demonstrate the
nanogratings’ period as a function of the laser fluence,
where the period of the nanogratings increases with the
laser fluence, which relationship can be represented as
follows [17]:

e 2 ?)
1 (mo* &N, |
T\ 3k, 3k, )

where d is the grating period, T, is the electron temperature,
m. is the electron mass, @ is the angular frequency, kg is the
Boltzmann’s constant, e is the electron charge, N, is the
electron density, & is the dielectric constant of air, ky, =
onl/c is the wave vector, n is the refractive index of
material, and c is the speed of light. However, this model is
unable to explain the dependence of nanogratings’ period
on the number of laser pulses properly. Besides, the model
becomes invalid at a high plasma density (although lower
than critical) by predicting a complex period, which
invalidates the model under breakdown conditions.

One of the most remarkable model, proposed by
Bhardwaj et. al. [18] for the nanogratings inside the bulk of
a glass represents that the nanogratings’ period is constant
and independent of the laser fluence and the number of
laser pulses. This model is further refined by Buividas et. al.
[19], where the researchers showed that the model
proposed by Bhardwaj et. al. is also suitable for surface
ripples (i.e. self-formed nanogratings) at the dielectric
breakdown conditions when ultra-short laser pulses are
applied. According to these models, the grating period for
our case should be equal to 4;/2n = 786.5/(2x1.51) = 260
nm, which is quite different than our experimental results.
Thus, none of the above models can explain our
experimental results completely.

The variation of the nanogratings period with the
number of irradiated laser pulses can be interpreted in the
following manner. As we know, the plasma frequency wp is
a function of the real part of the refractive index, which is
defined by the equation as follows [20]:

ne’
&,m

2 _
o, =

)

where e is the electron’s charge, & is the dielectric constant
of vacuum, and m is the effective optical mass of electron.
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Since, the self-organized nanogratings are formed by
applying a large number of laser pulses at the same spot,
the dielectric constant of the glass is changed during the
experiment due to the variation of the relaxation time of
electron (7) and wp. The electron temperature 7,, as well as
7 and wp are variable depending on the number of
overlapped laser pulses. The 7 decreases with 7, caused by

the heating of the electron subsystem (t o 1/ T7), which

also increases @p [21].These phenomena might have
caused the variation of the refractive index with the number
of overlapped laser pulses, which influence the variation of
nanogratings’ period with the number of irradiated laser
pulses.

The nano-ripples and nano-cones are formed due to the
variation of the electric field of the femtosecond laser beam.
After the initial laser pulses, the structure of the soda-lime
glass surface is altered due to the influence of the external
electric field. The modified internal structure of the sample
glass in turn causes the alteration of the external electric
field [22]. From Fig. 2, it is significant that the surface of
the side walls of the microholes is curved and, as a
consequence, laser polarization is different at different
position inside the microholes. The interaction of the
external electric field of the laser beam and the bulk plasma
waves causes a periodic intensity variation, which
consequently gives rise to the production of periodic nano-
ripples on the side walls of the microholes. Besides, the
Gaussian beam might have influenced the production of
periodic nano-ripples as well. Due to the Gaussian pattern
of the laser beam, the depth of the microholes at the center
increases faster than the surroundings [23]. This
phenomenon might have caused the production of periodic
nano-ripples. However, due to the increase of the number
of laser pulses in each spot leads to the break of the nano-
ripples and consequently nano-cones have appeared on the
side walls of the microholes. It is already proven by
researchers that the period of the nano-ripples is
wavelength (4;) dependent, which can be obtained by the
equation as follows [24]

a,=4)(n @

where d, is the period of the nano-ripples, 6 is the incident
angle of the laser beam on the microholes’ wall, r is the
nano-ripple vector, and E is the electrical field vector of the
incident beam.

Furthermore, the randomly distributed spherical-shaped
nanostructures are formed on the top of the nano-ripples
and nano-cones all over the microholes. Unlike nano-
ripples and nano-cones, random nanostructures are
independent of the laser fluence and the number of laser
pulses. These nanostructures might be the re-deposited
particles during laser machining.

—sin 49 w1th rlE

5. Conclusion

In summary, we demonstrated the development of
variety of nano-scale features inside the microholes, where
the microholes are fabricated on soda-lime glass surface by
controlling the irradiation conditions of a femtosecond
laser beam. The major and minor axes of the elliptical
shaped microholes were increasing with the increase of the
laser fluence and the number of laser pulses in each spot.
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Self-organized nanogratings, with a period ranging from
170 nm to 200 nm, were evident at the bottom of the
microholes. The self-formed nanogratings were formed
vertically to the laser polarization direction. Nano-ripples
and nano-cones were also formed on the side walls of the
microholes. Nano-ripples” period was in the sub-
wavelength range, the value of which was almost constant.
Unlike nano-ripples, nano-cones’ diameter was variable,
which was varying in the range of 100 nm to 250 nm. We
also reported the formation of randomly distributed
spherical-shaped nanostructures all-over the microholes,
especially, on the top of the nano-ripples and the nano-
cones. The diameter of the spherical-shaped nanostructures
was varied diversely, which values were ranging from 10
nm to 60 nm. We also explained, briefly, the dependence of
various micro/nano-metric structures on the laser fluence
and the number of applied laser pulses. Above all, we
thoroughly explained the formation mechanism of all of
the micro/nano-structures. We strongly believe that, our
research will play important roles in understanding the
interactions of femtosecond laser pulses with soda-lime
glass and characterizing various laser induced micro/nano-
metric structures.

Acknowledgements
This work was supported by the Brain Korea 21 Project,
the School of Information Technology, KAIST in 2012.

References

[1] M. S. Ahsan, Y. G. Kim and M. S. Lee: J. Non Cryst.
Solids, 357, (2011) 851.

[2] Q. Zhang, H. Lin, B. Jia, L. Xu and M. Gu: Opt.
Express, 18, (2010) 6885.

[3] F. Ahmed, M. S. Lee, H. Sekita, T. Sumiyoshi and M.
Kamata: Appl. Phys. A, 93, (2008) 189.

[4] L. Qi, K. Nishii and Y. Namba: Opt. Lett., 34, (2009)
1864.

[5] A.Y. Vorobyev and C. Guo: Opt. Express, 14, (2006),
2164.

207

[6] M. S. Ahsan, Y. G. Kim and M. S. Lee: Proc. SPIE,
7925, (2011) p.792512.

[7] M. Alubaidy, K. Venkatakrishnan and B. Tan: J.
Micromech. Microeng., 20, (2010), 055012.

[8] J. Si, Z. Meng, S. Kanehira, J. Qiu, B. Hua and K.
Hirao: Chem. Phys. Lett., 399, (2004) 276.

[9] L. Ji-Ming and X. Jian-Ting: Laser Phys., 18, (2008)
1539.

[10]T. Sakai, N. Nedyalkov and M. Obara: J. Phys. D, 40,
(2007) 7485.

[117Y. Li, W. Watanabe, K. Itoh and Z. Sun: Appl. Phys.
Lett., 81, (2002) 1952.

[12]K. Minoshima, A. M. Kowalevicz, E. P. Ippen and J.
G. Fujimoto: Opt. Express, 10, (2002) 645.

[13]Y. Zhou, M. H. Hong, J. Y. H. Fuh, L. Lu, B. S.
Lukyanchuk and Z. B. Wang: J. Alloys. Compd., 449,
(2008), 246.

[14]A. Zoubir, L. Shah, K. Richardson and M. Richardson:
Appl. Phys. A, 77, (2003) 311.

[15]A. P. Joglekar, H. Liu, G. J. Spooner, E. Meyhofer, G.
Mourou and A. J. Hunt: Appl. Phys. B, 77, (2003) 25.

[16]A. M. Bonch-Bruevich, M. N. Libenson, V. S. Makin,
and V. V. Trubaev: Opt. Engg., 31, (1992) 718.

[171Y. Shimotsuma, P. G. Kazansky, J. Qiu and K. Hirao:
Phys. Rev. Lett., 91, (2003) 247405.

[18]V. R. Bhardwaj, E. Simova, P. P. Rajeev, C.
Hnatovsky, R. S. Taylor, D. M. Rayner and P. B.
Corkum: Phys. Rev. Lett., 96, (2006) 057404.

[19]R. Buividas, L. Rosa, R. Sliupas, T. Kudrius, G.
Slekys, V. Datsyuk, S. Juodkazis: Nanotechnology, 22,
(2011) 055304.

[20]S. A. Maier: “Plasmonics: Fundamentals
Applications” (Springer, USA, 2007) p. 10.
[21]Z. Lin, L. V. Zhigilei: Phys. Rev. B, 77 (2008) 075133.
[22]1P. A. Temple and M. J. Soileau: IEEE J. Quantum

Electron, 17, (1981) 2067.

[23]M. Zhou, H. F. Yang, B. J. Li, J. Dai, J. K. Dj, E. L.
Zhao and L. Cai: Appl. Phys. A, 94, (2009) 571.

[24]Y. Huang, S. Liu, W. Li, Y. Liu and W. Yang: Opt.
Express, 17, (2009) 20756.

and

(Received: May 11, 2011, Accepted: April 16, 2012)




<<

  /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





