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Surface texturing of crystalline silicon (c-Si wafers) wafers is a frequently used technique in
high efficiency solar cells processing to reduce the light reflectance. Measuring the surface texturing
result is important in the manufacturing process of high efficiency solar cells because the surface
texturing of c-Si wafers is sensitive to the performance of reducing front reflection. Traditional ap-
proach for measuring surface roughness of texturing of c-Si wafers is atomic force microscopy. The
disadvantage of this approach include long lead-time and slow measurement speed. To solve this
problem, an optical inspection system for rapid measuring the surface roughness of texturing of ¢c-Si
wafers is proposed in this study. The incident angle of 60° is a good candidate for measuring surface
roughness of texturing of c-Si wafers and y = -188.26x + 70.987 is a trend equation for predicting
the surface roughness of texturing of c-Si wafers. Roughness average (Ra) of texturing of c-Si wa-
fers (y) can be directly determined from the peak power density (x) using the optical inspection sys-
tem developed. The results were verified by atomic force microscopy. The measurement error of the
optical inspection system developed is approximately 0.94%. The saving in inspection time of the
surface roughness of texturing of c-Si wafers is up to 87.5%.
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1. Introduction

Surface texturing of crystalline silicon (c-Si wafers)
wafers is a frequently used technique in high efficiency
solar cells processing to reduce the light reflectance [1-3].
Many successful methods based on texturing c-Si wafers
surface utilizing alkaline solution, such as potassium hy-
droxide (KOH) [4] or sodium hydroxide (NaOH) [5] have
been reported. These surface textures enhance the light
trapping capability by reducing both reflectivity of lights
trying to escape from the cells and coupling of lights into
the cells [6-9]. Generally, the surface texturing of c-Si wa-
fers is sensitive to the performance of reducing front reflec-
tion. Thus, measuring the surface texturing result is im-
portant for large-volume production of high efficiency solar
cells in photovoltaic industry.

Conventionally, atomic force microscopy (AFM) is
widely accepted as the standard to characterize the surface
roughness of a sample due to the high spatial resolution of
measurement [10, 11]. However, this approach includes
certain disadvantages including long lead time before
measurement, low measurement speed, and the significant
influence of the radius of the stylus tip on the surface-
roughness parameters. Meanwhile, the mechanical contact
between the stylus and sample often causes damage. It is
well known that the light scattering method has the main
advantage of reliability and simplicity [12, 13]. To solve
this problem, an optical inspection system for rapid meas-
urement of the surface roughness of texturing of c-Si wa-
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fers is developed in this study. The effects of incident angle
on the measurement accuracy of the surface roughness of
texturing of c-Si wafers are discussed. The applicability of
the surface-roughness value obtained using the optical in-
spection system developed is investigated and compared
with AFM. The measurement error of the optical inspection
system developed is also discussed.

2. Experiment

Fig. 1 shows a schematic illustration of the sample
structure. The substrate is a (100)-oriented crystalline sili-
con wafer and has a size of about 10 x10 mm’. Before sur-
face texturing, the samples were etched in 10% hydrofluor-
ic acid (HF) to remove native oxide and rinsed in deionized
water. The samples were then etched in KOH solutions and
the experimental conditions for texturing of c-Si wafers
were summarized in Table 1. The KOH solution was heated
with a temperature-controlled hot plate and the temperature
of the KOH solution could be controlled with an accuracy
of £5 “C. After the etching process, the results of surface
texturing were characterized using an AFM (Digital In-
struments, Dimension 3100) in tapping mode at a scan rate
of 1 Hz. The sampling area is chosen to be 3 um %3 pum.
The rectangular Si tip operated at a resonant frequency of
322.656 kHz was applied as a probe at a spring constant of
40 N/m. All micrographs have been scanned in constant
force mode at ambient temperature and pressure.
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Fig. 2 shows a schematic illustration of the experi-
mental setup for measuring the Ra (average value of sur-
face roughness) surface roughness of texturing of c-Si wa-
fers. A linear polarization He-Ne laser (output power 15
mW, Melles Griot 25-LHP-151-249) was used as a probe
laser. The laser beam was directed to the sample with at an
incident angle ©, which was measured from the sample
surface normal, and finally captured by the photodiode
(frame rates= 30 fps), which was connected to a computer.
The optical inspection system was placed on an anti-
vibration optical table. The samples were mounted on a
three-axis translation stage which allows the measured
point of the sample to be accurately manipulated using a
LabVIEW ™-based interface. In order to ensure consisten-
cy of measurement, the measured position was chosen to be
at the center of the sample surface for both the optical
measurement and AFM measurement. The size of the inci-
dent laser beam is smaller than that of the sample. The peak
power density scattered from the texturing of c-Si wafers
was recorded using a powermeter (wavelength 260-1100
nm, OPHIR), which was connected to a computer. The
measured time for each sample was fixed at 15 seconds.
The maximum incident angle is 70° due to experimental
limitations. Five incident angles used frequently, at 30°,
45°, 60°, 65°, 70° [14-18], were employed for evaluat-
ing the surface roughness of the texturing of c-Si wafers.

Etching layer

Silicon

Fig. 1 Schematic illustration of the sample structure.

Table 1 Experimental conditions for texturing of c-Si wafers

using KOH etching.

Sample No. 1 2 3 4 5 6 7
KOH (wt %) 0.5 5 0. 5 0. 1 1 1 2
Etching time (min.) 5 10 15 5 10 15 15

Temperature ( 90

Sample

Lens |—.¢—-—| Lens
Photodiode

Apertu%éi\i,%- /

Translation stage

UPS
Power supply
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Fig. 2 Schematic illustration of the experimental setup for meas-
uring surface roughness of texturing of c-Si wafers. © stands for
the incident angle of the probe laser.

3. Results and discussion

To investigate the relationship between the scattered
peak power density and surface roughness of the texturing
of c¢-Si wafers, five samples (sample No. 2, 3, 4, 5, and 6)
were investigated by both the optical method and the AFM
measurement. Fig. 3 shows a sample with an isotropic sur-
face and surface roughness (Ra) of 68.59 nm. Ra indicates
the average value of surface roughness of texturing of c-Si
wafers. To investigate the optimized incident angle for
measuring the surface roughness of the texturing of c-Si
wafers, five different incident angles (30°, 45°, 60°, 65°,
and 70°) were selected. Before the optical measurement, a
warm-up time of at least 30 minutes for probe laser is re-
quired [19-21]. Fig. 4 shows the peak power density as a
function of measured time at different incident angles. The
absorption of the sample for the He-Ne probe lase can be
neglected because the value is very small. Two phenomena
can be observed from these results. Firstly, texturing of c-Si
wafers with different surface roughnesses in the nanometer
(nm) scale can be accurately characterized based on the
difference in the scattered peak power density. This means
that there are statistical relations between surface rough-
ness of texturing of c-Si wafers and the scattered peak
power density from a rough surface. It is in good agree-
ment with the primary assumption of the light scattering
method, showing that Ra is significantly less than the
wavelength of the He-Ne probe laser [22]. Secondly, there
is less variation in the peak power density of the incident
angle of 60°. The maximum variation of the peak power
density values of different measurements is less than
1.01 %. This means that high repeatability of surface
roughness measurement can be obtained using the pro-
posed method. Fig. 5 shows surface roughness as a func-
tion of peak power density for different incident angles.
Five trend equations can be obtained according to the curve
fitting method. In general a higher R* value (maximum
value=1) means a better accuracy of the trend equation [23].
As can be seen, the R? value of incident angle of 60° is
close to 1. This result reveals that the incident angle of 60°
is a good candidate for characterizing surface roughness of
texturing of c-Si wafers and y = -188.26x + 70.987 is a
trend equation for predicting the surface roughness of tex-
turing of c-Si wafers.
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Fig.3 AFM image of texturing of c-Si wafers at an Ra surface
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roughness of 68.59 nm.
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Fig. 4 Peak power density as a function of measured time at an
incident angles of (a) 30°, (b) 45°, (c) 60°, (d) 65°, and (e) 70°.
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Fig. 5 Surface roughness as a function of peak power density at
five different incident angles. Solid line indicates the trend equa-
tion to predict surface roughness of texturing of c-Si wafers.

To evaluate the measurement error of the optical in-
spection system developed, two samples (sample No. 1 and
7) were further investigated by both the optical method and
the AFM measurement. Fig. 6 shows the results of surface
roughness measurement obtained by the optical inspection
system developed and the AFM measurement. The surface
roughness of texturing of c-Si wafers obtained by the AFM
measurement are 46.58 nm and 51.04 nm, while the result
obtained by the optical inspection system developed at an
incident angle of 60° are 45.93 nm and 50.67 nm. It is evi-
dent that the surface roughness of the texturing of c-Si wa-
fers obtained by the optical inspection system show much
better agreement with those obtained by AFM measure-
ments. The measurement error is approximately
0.94%.This is confirmed by the corresponding AFM image
shown in Fig. 7. This result reveals that the optical inspec-
tion system is highly accurate for measuring surface rough-
ness measurement of texturing of c-Si wafers in the ang-
strom range. In general, the total working time for measur-
ing surface roughness of texturing of c-Si wafers by AFM
is approximately 40 minutes. However, the total working
time is drastically reduced to approximately 5 minutes by
the optical inspection system developed. It is noted that the
saving in the inspection time of the surface roughness of
texturing of c¢-Si wafers is up to 87.5%. In addition, the
present experimental setup and measurement procedures
are relatively simple and have fewer measurement-
environment requirements. With the further use of motor-
ized precision translation stages, the measurement process
can be used for on-line and real-time quality control in the
production of self-cleaning glasses. Thus this method pro-
vides better results than traditional attempts and it offers
many advantages, such as high measurement speed and
simplicity in experimental setup compared to traditional
light scattering method [24], and non-destructive interac-
tion. In addition, this optical system could be used for on-
line inspection in the fabrication process of large-area solar
cells when the etching process is changed to the method
proposed by Chu et al. [25].
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Fig. 6 Surface roughness obtained by the optical inspection sys-
tem developed and the AFM measurement.

Height
[ 400 nm

3 pm
Fig. 7 AFM image of texturing of c-Si wafers at an Ra sur-
face roughness of 46.58 nm.

4. Conclusions

An optical inspection system for rapid surface rough-
ness evaluation of surface texturing results of c-Si wafers
using KOH etching has been developed in this study. The
advantages of this inspection system include high meas-
urement speed and simplicity in experimental setup. The
result obtained shows that surface roughness measurement
of texturing of c-Si wafers in the nm scale can be accurate-
ly determined using the optical inspection system devel-
oped. An incident angle of 60° has been proved to be a
good candidate for determining the surface roughness of
texturing of c-Si wafers. Surface roughness of texturing of
c-Si wafers (y) can be directly deduced from the peak pow-
er density (x) using the trend equation of y = -188.26x +
70.987. The measurement error of the optical inspection
system developed is approximately 0.94%. The saving in
inspection time of the surface roughness of texturing of c-
Si wafers is up to 87.5%. This system can be used for the
on-line and real-time quality control in the process for sur-
face texturing of c-Si wafers using KOH etching.

Acknowledgment

This work was financially supported by the National
Science Council of Taiwan under Contract number NSC
96-2221-E131-003. The authors are thankful to Mr. Jia-Fu
Dai of the Ming Chi University of Science and Technology
for his assistance with the AFM measurements.

268

References

[1T M. Moreno, D. Daineka, P. Roca i Cabarrocas, Plasma

texturing for silicon solar cells: From pyramids to in-

verted pyramids-like structures, Sol. Energy Mater. Sol.

Cells 94 (2010) 733-737.

H. Park, S. Kwon, J. S. Lee, H. J. Lim, S. Yoon, D.

Kim, Improvement on surface texturing of single crys-

talline silicon for solar cells by saw-damage etching

using an acidic solution , Sol. Energy Mater. Sol. Cells

93 (2009) 1773-1778.

M. Edwards, S.Bowden, U. Das, M. Burrows, Effect

of texturing and surface preparation on lifetime and

cell performance in heterojunction silicon solar cells,

Sol. Energy Mater. Sol. Cells 92 (2008) 1373-1377.

H. Shota, M. Takashi, T. Hideyuki and H. Yoshihiro,

Influence of texture feature size on spherical silicon

solar cells, Rare Metal 25 (2006) 115-120.

Z. Xi, D. Yang and D. Que, Texturization of mono-

crystalline silicon with tribasic sodium phosphate, Sol.

Energy Mater. Sol. Cells 77 (2003) 255-263.

E. Fornies, C. Zaldo and J.M. Albella, Control of ran-

dom texture of monocrystalline silicon cells by angle-

resolved optical reflectance Sol. Energy Mater. Sol.

Cells 87 (2005) 583-593.

T. Yagi, Y. Uraoka and T. Fuyuki, Ray-trace simula-

tion of light trapping in silicon solar cell with texture

structures, Sol. Energy Mater. Sol. Cells 90 (2006)

2647-2656.

J.M. Rodriguez, I. Tobias and A. Luque, Random py-

ramidal texture modeling, Sol. Energy Mater. Sol.

Cells 45 (1997) 241-253.

P. Campbell and M.A. Green, High performance light

trapping textures for monocrystalline silicon solar cells,

Sol. Energy Mater. Sol. Cells 65 (2001), pp. 369-375.

[10]Y. Masuda, T. Sugiyama, H. Lin, W. S. Seo, K. Kou-
moto, Selective deposition and micropatterning of tita-
nium dioxide thin film on self-assembled monolayers,
Thin Solid Films 382 (2001) 153-157.

[11]A. Lopez, D. Acosta, A. I. Martinez, J. Santiago,
Nanostructured low crystallized titanium dioxide thin
films with good photocatalytic activity, Powder Tech-
nol. 202 (2010) 111-117.

[12]C. C. Kuo, Dynamical resolidification behavior of sili-
con thin films during frontside and backside excimer
laser annealing, Opt. Laser Technol. 49 (2011) 804-
810.

[13]C. C. Kuo, Surface roughness characterization of Al-
doped zinc oxide thin films using rapid optical meas-
urement, Opt. Laser Technol. 49 (2011) 829-832.

[14]E. Fogarassy, S. de Unamuno, B. Prevot, T. Harrer, S.
Maresch, Experimental and numerical analysis of sur-
face melt dynamics in 200 ns-excimer laser crystalliza-
tion of a-Si films on glass, Thin Solid Films 383
(2001) 48-52.

[15]M. Hatano, S. Moon, M. Lee, K. Suzuki, Costas P.
Grigoropoulos, Excimer laser-induced temperature
field in melting and resolidification of silicon thin
films, J. Appl. Phys. 87 (2000) 36-43.

[16]M. Erdogan, Measurement of polished rock surface
brightness by image analysis method, Eng. Geol. 57
(2000) 65-72.

(2]

(3]

(4]

(3]

(7]

(8]

(9]



JLMN-Journal of Laser Micro/Nanoengineering Vol. 6, No. 3, 2011

[17]1S. Kang, V. M. Prabhu, C. L. Soles, E. K. Lin and W.
L. Wu, Methodology for Quantitative Measurements
of Multilayer Polymer Thin Films with IR Spectro-
scopic Ellipsometry, Macromolecules 42 (2009) 5296-
5302.

[18]N. Ugryumova, S. V. Gangnus, and S. J. Matcher,
Three-dimensional optic axis determination using vari-
able-incidence-angle polarization-optical coherence
tomography, Opt. Lett. 31 (2006) 305-2307.

[19]C. C. Kuo, Effects of angle of probe laser and pinhole
diameter on the time-resolved optical inspection sys-
tem, OPTIK 122 (2011) 1799-1803.

[20]C. C. Kuo, Evaluation of probe lasers employed in
optical diagnostics for phase transformation of thin
films during excimer laser crystallization, Opt. Lasers
Eng. 46 (2008) 440-445.

[21]C. C. Kuo, C. S. Chao, Characterization of probe lasers
for thin film optical measurements, Journal of Russian
Laser Research, Vol. 31, Number 1, 2010, Pages 22-31.

[22]H. E. Bennett, J. O. Porteus, Relation between surface
roughness and specular reflectance at normal incidence,
J. Opt. Soc. Am. A 51 (1961) 123-129.

[23]C. C. Kuo, Solidification velocity in liquid silicon dur-
ing excimer laser crystallization, Appl. Phys. A-Mater.
Sci. Process. 95 (2009) 573-578.

[24]C. J. Tay, S. H. Wang, C. Quan B. L. Ng, K.C. Chan,
Surface roughness investigation of semi-conductor wa-
fers , Opt. Laser Technol. 36 (2004) 535-539.

[25]1A.K.Chu, J.S.Wang, Z.Y.Tsai, C.K.Lee, A simple and
cost-effective approach for fabricating pyramids on
crystalline silicon wafers, Sol. Energy Mater. Sol.
Cells 93 (2009) 1276-1280.

(Received: May 23, 2011, Accepted: December 01, 2011)

269


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4H-4BKN15R-2&_user=2856769&_coverDate=10%2F31%2F2004&_alid=1505333785&_rdoc=2&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5759&_sort=r&_st=13&_docanchor=&view=c&_ct=6&_acct=C000058969&_version=1&_urlVersion=0&_userid=2856769&md5=5b2c0dffd8ca39e883d2486c303baad1&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4H-4BKN15R-2&_user=2856769&_coverDate=10%2F31%2F2004&_alid=1505333785&_rdoc=2&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5759&_sort=r&_st=13&_docanchor=&view=c&_ct=6&_acct=C000058969&_version=1&_urlVersion=0&_userid=2856769&md5=5b2c0dffd8ca39e883d2486c303baad1&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V51-4VT0H09-3&_user=2856769&_coverDate=08%2F31%2F2009&_alid=1505335501&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5773&_sort=r&_st=13&_docanchor=&view=c&_ct=1&_acct=C000058969&_version=1&_urlVersion=0&_userid=2856769&md5=39f7e1c0078ff819226227acf8356ba4&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V51-4VT0H09-3&_user=2856769&_coverDate=08%2F31%2F2009&_alid=1505335501&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5773&_sort=r&_st=13&_docanchor=&view=c&_ct=1&_acct=C000058969&_version=1&_urlVersion=0&_userid=2856769&md5=39f7e1c0078ff819226227acf8356ba4&searchtype=a
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V51-4VT0H09-3&_user=2856769&_coverDate=08%2F31%2F2009&_alid=1505335501&_rdoc=1&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=5773&_sort=r&_st=13&_docanchor=&view=c&_ct=1&_acct=C000058969&_version=1&_urlVersion=0&_userid=2856769&md5=39f7e1c0078ff819226227acf8356ba4&searchtype=a


<<

  /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





