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Practical Definition Method of Laser Ablation Threshold in Nano-second
Order Pulse Duration Considering Intensity Distribution at Focal Point
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The threshold of laser ablation means the minimum laser intensity that enables to remove
material. This value should be inherent to the material but independent of the optical system
configuration essentially. In this study, the novel definition of the threshold is proposed, and then,
the values for various materials are experimentally determined to evaluate its validity. In the
experiments, the pulsed YAG laser with the pulse width of 8ns and the wavelength of 355nm is
scanned on silicone, aluminum and silver for groove machining. The ablation threshold can be
determined as the power density corresponding to the groove edge. In case of silicone, the values of
threshold are always 80OMW/cm® independent of the laser intensity and its distribution. Furthermore,
since the change in the focal length of the objective lens does not affect to the threshold
determination, it is confirmed that the threshold is also independent of the optical system
configuration. In case of aluminum and silver, the values of threshold are 135 and 40MW/cm®
respectively, and are also independent of the laser fluence and the optical system configuration. The
proposed definition enables estimation the ablation dimensions corresponding to the laser intensity
and material independent of the optical system configuration.
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1. Introduction

Laser ablation is applied for various industrial purposes,
such as removal process, such as micro boring [1], micro-
circuit repair [2] and evaporation process that includes thin
film deposition [3] and ultra-small particle generation [4].
Recently, the laser sources are actively improved such as
widening the wavelength range [5], extremely shortening
pulse duration [6], enhancing pulse energy [7] and so on.
Consequently, the expectation for laser ablation, which
uses the improved sources, has risen more and more [8].

The laser ablation is the process that the irradiation of
laser pulses of more than specific intensity, which is called
threshold, breaks the bonds between atoms or molecules to
remove the material from the solid surface minutely [9].
This process is affected by not only the workpiece material
properties such as composition, absorption coefficient, and
thermal conductivity, but also the laser irradiation charac-
teristics such as wavelength, pulse duration, intensity and
spot diameter. Therefore, for the process control in abla-
tion, the laser irradiation conditions should be set appropri-
ately corresponding to the workpiece material.

As mentioned above, the possibility of ablation depends
upon whether the irradiated laser intensity exceeds thresh-
old. Therefore, to determine the laser irradiation conditions,
the grasp of threshold is essentially important.

The values of threshold have been examined experi-
mentally for various materials. For instance, the ablation
threshold values for the most of materials by nano-second
pulse laser are reported as fluence of 0.1~10 J/cm?® [10-14].
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Like those, the ablation threshold had been generally de-
termined by the average fluence, but neglecting the laser
intensity distribution at the irradiation spot.

However, it is well known that the thresholds strongly
depend upon not only the parameter peculiar to the laser
oscillator such as wavelength and pulse duration, but also
the parameter affected by the optical system configuration
such as spot diameter and intensity distribution. However,
since the detailed examination had been done not enough
about those influences, the determination of the ablation
condition is stayed in the empirical method, that is, it is not
enough rational.

By physical thinking, the ablation threshold corre-
sponds to the critical energy value for decomposition or
evaporation of the workpiece material. Therefore, the val-
ue of threshold should be determined as the inherent value
of each material essentially. In case of ultrafast pulsed la-
ser ablation, it is reported that the ablation threshold can be
determined corresponding to the irradiation intensity distri-
bution [15]. However, it has not been clear whether the
situation is same in case of laser ablation with nano-second
order pulse duration.

In this study, for the laser ablation with nano-second
order pulse duration, the practical definition is proposed to
determine the ablation threshold as the inherent value for
materials independent of the optical system configuration
and the intensity distribution of irradiated laser. Further-
more, the validity of the method is examined experimental-
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ly with application to various materials and optical condi-

tions. Table 1 Basic specification of laser oscillator.
2. Experimental apparatus and methods Item Value.
In the experiment, the laser beam is delivered with Type IB Laser DiNY pQ
some reflection mirrors, and focused on the flat specimen Wavelength 355 nm
with three objective lenses different in the focal length. Pulse modulator EO-Q switch
The irradiation intensity is controlled with the attenuator by Beam Mode = TEMOO0
polarization. Pulse duration = 10ns
Table 1 shows the specification of the laser oscillator. Repetition rate = 1 kHz
Of the irradiated laser, the wavelength is 355 nm, that is, Average power =12W
the third harmonic of YAG laser, and the pulse duration is Pulse energy <13mJ
shortened less than 10 ns by using EO-Q switch. The oscil- Beam diameter 1.5 mm
lator generates the average power of 660 mW with pulse Divergence 1.1 mrad

repetition rate of 500 Hz, consequently, the pulse energy
reaches 1.32 mJ.
Figurel shows the typical measurement result of beam

. . . 1.4+
mode of the irradiated laser. As shown in the figure, the i
mode is classified as the single-mode, and the correlation £12-
coefficient to ideal TEM,, mode is 0.98. S
Figure 2 shows the schematic diagrams of laser irradia- z 19
tion method for groove machining. As shown in (a) in the i
. . 0.8
figure, the grooves for evaluation can be obtained by mov- ol
ing the workpiece table in order to reciprocate the con- %g_g_
verged laser spot in one direction with the constant speed. ° -
At this time, the laser pulses are irradiated with the con- §0.4-
stant power and repetition rate. Furthermore, as shown in o
. . . Q02—
(b) in the figure, the table speed is set to make the spacing |
of the pulses equal to a half of 1/¢* spot diameter. - e e

Table 2 shows the experimental conditions for groove .1|_5 A
machining. In order to evaluate the effect of the optical
system configuration, the focal length F of the objective
lens is changed from 50 to 140 mm. In addition, to evalu-
ate the effect of the workpiece material, the materials se-
lects silicon (Si), aluminum (Al) and silver (Ag).

Figure 3 shows the typical cross-sectional view of the
machined groove and the definition of the machined width
Wm. By reciprocally irradiating laser pulses along a same
line, the cross-section of the groove becomes a vee-shape
finally. As shown in the figure, the machined width can be
determined from the entrance width of a vee-shape.

I ne 15
Position on irradiated surface

Fig. 1 Typical beam profile of pulsed YAG laser.

1/e?spot
diameter

Scan pitch (Cross pitch)

Scgn diregtion

Laser
Beam,

a) Groove generation.

3. Novel definition of laser ablation threshold
3.1 Formulation of intensity distribution at focal point

Figure 4 indicates the principle model of laser beam de-
livery in order to derive the intensity distribution of an irra-
diated laser at the focal point. (a) of the figure indicates the
intensity distribution model of a TEMy, mode laser at the
focal point.

Equation (1) expresses the power density /() at radius »
from the beam center, here, ry means the representative
radius for the Gaussian distribution and ¢ means the scale
constant corresponding to the spot radius. Since the sum

(b) Overlap of pulses.

Fig. 2 Irradiation condition for groove machining.

Table 2 Irradiation conditions for experiments.

total of power /]P within a doughnut-shape range of an
infinitely small width /Ir in radius direction can be ex-
pressed as equation (2), the irradiated power P should be
determined by integration of equation (3).

](r):[0~exp[—aé] (1)

%

APzArx[(r)x 2 (2)
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Item

Value

Workpiece material

Si, Aland Ag

Fluence

0.4 ~2.5J/cm?

Overlap rate

1/2 of spot diameter

Pass number 40 times
Focal length 50, 100 and 140 mm
1/e? Spot diameter 4, 8and 11 um
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PZIdP:J.:ZﬂT'[(V)'d}’ (3)

Machined width

On the other hand, P is also related with pulse duration
r and pulse energy £, as expressed in equation (4). When
the spot radius is set as the 1/e* radius, the constant a be-
comes 2, and then, /(r) can be expressed as equation (5)
based on equations from (1) to (4).

E
p=_r 4)
T
I(F):”fpzexp(_z r ] (5)
T Ny Hea

Figure 4 (b) schematically indicates the model of con-
vergence behavior caused by an objective lens. By assign- Fig. 3 Definition of width of machined groove.
ing 0 and L as the angle of divergence of the laser source
and the optical length from the entrance of the oscillator to
the objective lens respectively, if L is enough large, the
beam diameter " introduced into the objective lens can be

expressed as equation (6) [16]. By converging the beam lo
with the objective lens of the focal length F, the spot diam-
eter W becomes as expressed in equation (7) [16]. Since

this relationship is assumed for the 1/e diameter, the 1/¢’
radius r should be expressed as equation (8). By substi-

N4

. . . . . lo/e?
tuting » , into the above mentioned equation (5), the in-

tensity distribution /() at the focal point can be derived as r
the function of radial position 7, focal length F and the laser lie2
irradiation parameters such as £, and . (2) Intensity distribution of TEM00 mode laser.
W'=0xL (6)
A
=L ™
7w
w

- ®)

3.2 Ablation model considering intensity distribution
Figure 5 shows the experimental results of silicone

grooving by using the objective lens of focal length 140 (b) Model of convergence by an objective lens.
mm. From the experiments, the relationships between the Fig. 4 Model of laser intensity distribution at focal
machined width and the intensity distributions are obtained point.

as plotted in this figure. Here, fluence of irradiated laser
are changed within range from 0.5 to 5 J/em® by using at-
tenuator. As shown in the figure, power densities at the 150

edge of the machined widths are almost constant regardless e / i ! \\ ; \\ 4.5 J/em’®
of the irradiated fluence. Therefore, threshold power densi- R3) / I-' // \\ s \\Z \ | ,
ty P, can be determined as a mean value of those power E 100 0 7 \ N 2.5 Jem
densities. For instance, P,, of silicone is 78MW/cnr’. N / 1 v N = f\\

On the other hand, Fig.6 shows the change in machined = (K] 7 X 7\‘7‘ .
width according to the change in the average power density 5 / L / 5 /\ o \\
in the same experiments. The decrease in power density 5 /1 / RN N

. . 2 1717 \ AN

makes the machined width become small gradually. Con- 3 77 0.5 1em? ~
ventionally, the threshold is often determined as the power = g — S

density Py, that becomes the X intercept or the fluence cor- 920 10 0 10 20
responding to P,. However, the changing behavior of the
machined width changes corresponding to the spot diame-
ter of the irradiated laser. This means that the conventional Fig. 5 Relationship between groove width and

definition of threshold is affected with configuration of the intensity distribution for Si grooving.
(Focal length =140mm)

Position ¢ m
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optical system, and this disturbs the rational determination 40 ) 7

of the ablation conditions. 35| Caleulated width When%
Figure 7 schematically indicates the relationship be- § 30 dye =30 #m ///

tween the machined width and the intensity distribution. £ ,/ / -

In this figure, the machined depth and the spot diameter E » N/ T

are shown as d and ¢ , respectively. As shown in Fig.6, 3 20 /" \X‘\Calcmated width when

the machined widths intersect with intensity distribution % 15 /}‘/‘ due =30 um

curves at constant power density P,. Therefore, in case of ~ 10 /7)/ Measured width when |

the intensity distribution of dashed line, since the maxi- 5 7 Throshold shifi dye =40 gm 1

mum intensity corresponds to P,, the machined width 0 ( . >/ S —

should be 0, consequently, this intensity corresponds to the 0 50 100 150 200

X intercept in Fig.6.

At this time, the average power density P, for this in-
tensity curve is derived from the sum total of intensity
divided with spot diameter dl/ez. However, in case of the

Irradiated power denstiy MW/cm”

Fig. 6 Change in groove width with average power
density.

intensity distribution represented by solid line, the intensi-
ty region within the range from Py, to P, cannot remove a
material. This means that Py, is not suitable for the abla-
tion threshold.  Furthermore, since 4 , changes corre-

| T max

sponding to the focal length of the objective lens, Py is
also changed. This indicates that the conventionally de-
fined threshold P, changes in the intensity distribution
and the optical s stem configuration even if the material is
same. The essential cause of this confliction is that the
conventional definition does not consider the effect of the T
intensity distribution. d

To overcome this problem, the novel definition of the dy?
ablation threshold is proposed by considering the intensity Fig. 7 Definition of ablation threshold.
distribution at the focal point. As experimentally con-
firmed in Fig.6, the machined width intersects with the
intensity distribution curve at the same power density Py, 150
independent of fluence of the irradiated laser. This indi-
cates that the laser intensity exceeding Py, can remove the
material selectively in the irradiated workpiece surface.
Therefore the value of P, is proper for the ablation
threshold. In next section, the validity of the definition
will be confirmed experimentally.
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4. Threshold of various materials and its application
4.1 Determination of threshold of silicone 0 0
Figure 8 shows the experimental results of silicone -20 -10 0 10 20
grooving by using the objective lenses of focal length 100 Position um
and 50 mm. The figure of (a) shows the results obtained _
by using the lens of focal length /=100 mm. Regardless (2) Focal length = 100mm
of fluence, the intersection power density P, between the 150
machined width and the intensity distribution curve are
constant, and its values are almost 75 MW/cm® similar to
Fig.6. Furthermore, as shown in plots of (b), even if £ is
reduced to 50 mm, Py, is independent of fluence, and its
values are also almost 75 MW/cm® constantly.

Table 3 shows the values of spot diameter, machined
width and threshold corresponding to the focal length. ;
The machined width is measured of the common fluence 757 AN
of 4 J/en?’. The threshold values are compared between VA 14.0 J/C‘m AN
the conventional and proposed definition. The spot di- 910 5 0 3 10
ameter and machined width is decreasing with decrement
in focal length. Therefore, in case of the conventional
definition, the values of threshold become small according (b) Focal length = 50mm
to decreasing the spot diameter. On the other hand, in case
of the novel definition, the values of threshold could keep

T

100

1
\
\
\
\
\
\
_._‘_
\

[
]
]
|
|
|
|
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50 I 12 Jem2~

, \
/ | | A\

Power density MW/cm?

Position pm

Fig. 8 Relationship between groove width and
intensity distribution for Si grooving.
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constant because the definition considers the effect of the
intensity distribution.

4.2 Determination of threshold for other materials

Figure 9 shows the measured results of the threshold
in case of aluminum ablation. Plot of (a) and (b) indicate
the relationships between the machined width and the in-
tensity distribution curve for focal length F of 140 and 50
mm respectively. In case of aluminum, regardless of flu-
ence, the intensities at intersection between the machined
width and the intensity distribution curve are constant sim-
ilar to silicone, but the value of threshold is almost 135
MW/cm?® that is different to the value of silicone. In addi-
tion, the threshold values are also constant independent of
the focal length.

On the other hand, Fig.10 shows the determination of
the threshold for silver ablation. In case of silver, the val-
ue of threshold is 40 MW/cm?®. Similar to other materials,
the threshold of silver is also constant independent of flu-
ence of irradiated laser.

From these results, it is found out that the ablation
threshold based on the proposed definition is determined
constant independent of laser irradiation condition and
optical system configuration. This indicates that the
threshold can be determined as the inherent value for ma-
terials.

4.3 Application of threshold determined by proposed
definition

As shown in Fig.5, the machined width changes with
the change in fluence of irradiated laser. However, since
the width depends upon threshold and the intensity distri-
bution, the width can be estimated from the relationship of
both.

Equation (9) indicates the relationship between
threshold power intensity and the machined width W,
Thus, W,, can be estimated from this relationship. For the
estimation, W, can be transposed to left side, and then,
equation (10) is derived. W,, can be estimated from abla-
tion threshold P, pulse energy E,, pulse duration 7 and
spot radius roa Furthermore, since spot radius depends

upon divergence angle 6 and focal length F, by consider-
ing those parameters, the effects of not only the laser irra-
diation conditions but also the optical system configura-
tion can be taken in account. This relationship is especial-
ly effective to ablation with weak laser irradiation that
slightly exceeds threshold. At this time, those low-
powered ablation suppresses the generation of the heat
affected zone (HAZ), and enables to machine small holes
and grooves that are smaller diameter and width than the
spot diameter respectively.

2EP sz
Py =l =—5—exp| -2
7Z7"] e2 r rl/ez
©)
m:\/z-ﬁ .IH[LJ (10)
1/e? P[h .m/zvz T

Table 3 Change in spot diameter, machined width and
threshold corresponding to focal length.

Focal length F=50mm F=100mm F=140mm
Spot diameter 8.02um 16.3um 21.9 um
Machined width
9.0 18.2 25.0
(A Jiem’) - H -
Thershold value 744MW/em’ 753MW/em’ 77.0 MW/em’®
Thershold value 0.07em’ 0.31cm’ 0.6J/cm’
(Conventional)
150 #_ , | A
g Il e A
= [1] A
< 100 1L 4.5 e~ A ———
T ‘ ‘ T
Z /// 3.5 J/em® A'\ \\
Z K | ,! T
S 50 ///’/ 2.5‘ J/em ‘ E) \\\\\
— y \
2 Al 1.5 J/em® W\
) \|
A %
0 l== =
-20 -10 0 10 20
Position pm
(a) Focal length = 140mm
150 -
o [V 1
g _'_'ﬂ'd_é'_'_ il i . S iy il
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= 1| 1A
= 100 Lol ] A
] ) IHEY
> L 28 Yem® TN
37 1] b, VAl
g L 1] 20 J/cm AN
T 50 [ I ) i\
2 Jt 16 e 3\
2 )/ 2 AR
~ Yy 1.0 J/cm N\
0 7 | R
-10 -5 0 5 10
Position pm
(b) Focal length = 50mm
Fig. 9 Relationship between groove width and
intensity distribution for Al grooving.
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Fig. 10 Relationship between groove width and
intensity distribution for Ag grooving.
(Focal length =140mm)
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5. Conclusion

The novel definition of ablation threshold considering
the intensity distribution of the irradiated laser is proposed,
and then, its validity is examined experimentally. From the
results, following are made clear.

(1) The machined width and the intensity distribution
curve, which is derived from the converging char-
acteristics of laser, intersect at constant power den-
sity independent of fluence. Therefore, the power
density at intersection can be newly defined as the
ablation threshold

The proposed threshold is determined as the con-
stant value independent of the focal length of the
objective lens.

(@)

The values of threshold are different in materials.
Those of silicone, aluminum and silver have been
determined for nano-second pulsed YAG laser as
80, 135 and 40 MW/cm’ respectively.

(€)

References

[1T S. K. Ray, K. Seshan, M. Interrante: Proc. of 40yh
Electronic Components and Technology Conference,
Las Vegas, (1990) p.395.

H. Tabata, O. Murata, T. Kawai and S. Kawai: Appl.
Phys. Lett., 56 (1990) 1576.

T. Sasaki, H. Usui and N. Koshizaki: J. of Japan Laser
Processing Soc., 14 (2007) 191.

S. Wada, H. Tashiro, K. Toyoda, H. Niino and A.
Yabe: Appl. Phys. Lett., 63 (1993) 211.

H. C. Kapteyn, O. Cohen, Z. Xiaoshi, A. Lytle and M.
M. Murnane: Laser Focus World, 43, 5 (2005) p.26.

50

[6] V.C. Coffey: Laser Focus World, 46, 5 (2008) p.26.

[7] T. Arai: “Beginner’s book of laser processing” (Kogyo
Chousakai Publ., Tokyo, 2004) p.174.

[8] S. Nishio: “Handbook of application to laser pro-
cessing” ed. by H. Masuhara (NGT, Tokyo, 2006) p.46.

[9] Y. Ito: “Laser ablation and its applications” ed. by Inst.
of Elec. Eng. of Japan (Corona Publ., Tokyo, 1999)
p.161.

[10]R. Tatsumi: “Handbook of laser processing technolo-
gy’ ed. by m. Ikeda (Asakura Publ., Tokyo, 1992)
p.421.

[11]1.Vladoiu, M. Stafe, .M. Popescu: The Influence of
Spot Diameter, Fluence and Wavelength of the Nano-
second Laser Pulses on the Ablation Rate of Alumi-
num, U.P.B. Sci. Bull., Series A, 69, 3 (2007) p.81.

[12]M. S. Komlenok, V. V. Kononenko, 1. I. Vlasov, V. G.
Ralchenko, N. R. Arutyunyan, E. D. Obraztsova, and
V. L. Konov: Laser “Nano”ablation of Ultrananocrys-
talline Diamond Films, J. of Nanoelectronics and Op-
toelectronics, 4 (2009) p.286.

[13]N. Bityurin and A. Malyshev: Bulk photothermal
model for laser ablation of polymers by nanosecond
and subpicosecond pulses, J. of Applied Physics, 92,
1(2002) p.605.

[14]S. Lazare and V. Grainier: Ultraviolet Laser hotoabla-
tion of Pplymers: A Review and Recent Results, Laser
Chem., 10 (1989) p.25.

[15]P. Mannion, J. Magee, E. Coyne, G. M. Oconnor: Ab-
lation thresholds in ultrafast laser micro-machining of
common materials in air, Prec. Of SPIE, 4876 (2003)
p.470.

[16]Y. Asami: “Laser Engineering” (Tokyo Denki Univer-
sity Press., Tokyo, 1972) p.27&53.

(Received: July 06, 2011, Accepted: December 11, 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





