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Abstract ZnO was electrodeposited on p-type silicon
substrates with the assistance of light irradiation in order to
allow the presence of electrons at the interface of the semi-
conductor/electrolyte. The electrodeposition was performed
at —0.9 V versus Standard Hydrogen Electrode (SHE).
Scanning electron analysis revealed that the ZnO deposit
consisted of small islands of ZnO randomly dispersed on the
p-Si surface. The small islands are in the order of the micron
size, and cover ~37% of the whole surface after 4 min of
deposition. The characteristic E, vibration mode in the
Raman spectroscopy was clearly observed from the as-
deposit ZnO. Photoluminescence measurements of the
deposit reveal that the near band edge emission of ZnO is
~12 times more intense than the defects emission band
around 543 nm, which is attributed to the presence of
interstitial oxygen, and may come from the electrodeposition
process in an oxygen rich medium.

Keywords ZnO - p-Si - Electrodeposition -
Raman spectroscopy - Photoluminescence

1 Introduction

ZnO is one of the most studied metal oxides. Its wide band
gap ~3.36 eV and other unique optical, electrical and
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mechanical properties makes ZnO a good candidate in a
large variety of fields such as light emitting diodes [1],
piezo-electric transducers [2], gas sensors [3] and trans-
parent oxide conductors [4]. ZnO deposition on p-type
semi-conductor has proven to be an efficient way to obtain
high quality photodiodes [5].

Among different synthesis techniques used to fabricate
ZnO, such as PVD [6], CVD [7], or sol-gel [8], electrode-
position method possesses several advantages such as low
cost of equipments and low temperature process. The elec-
trodeposition was used by our group to deposit ZnO on
different substrates such as gold, stainless steel, copper [9],
or on heavily doped n-type semiconductors such as ITO
[10], or n-Si [11]. To our knowledge, few reports deal with
the electrodeposition of ZnO on a p-type semi-conductor,
partially due to the electron blocking type of the p-type semi-
conductor.

Here, we report on the electrodeposition of ZnO on a
p-type silicon substrate using light irradiation. The electro-
deposition process implied a reduction of an oxygen pre-
cursor at the surface of the substrate, and then the use of
n-type semiconductors or a metallic substrate. Light irradi-
ation is then used to enable the presence of electrons at the
interface electrode/electrolyte and then allow the growth of
ZnO on a p-type semiconductor [12]. The ZnO grown using
light irradiation is of a high quality and showing low defects
signal in PL experiments. The direct electrodeposition of
ZnO on p-type semiconductors will be of great interest
especially for the fabrication of photoactive ZnO devices.

2 Experimental details

The electrolytic solution used for the electrodeposition of
ZnO was composed of 0.1 M of KCl as supporting
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electrolyte, 5 mM ZnCl, as the source of zinc, and 2.5 mM
of H,0, as the source of hydroxide ions (all reagents were
purchased from ACROS). The electrochemical bath
obtained is quasi-neutral, its pH value being ~6.5. The
solution was prepared with ultra pure water (>18 MQ)
from a Millipore system, and the temperature of the bath
was kept at 70 °C during the deposition.

Prior to the deposition, polarization experiments have
been performed using a three-electrode cell with a platinum
counter-electrode, a mercurial sulfate electrode [MSE,
+0.642 V vs. Standard Hydrogen Electrode (SHE)] as the
reference electrode and a p-Si substrate (B doped Si with
resistivity between 0.001 and 0.005 Qcm™') as the
working electrode. The effective area of the substrate
was ~0.20 cmz, was limited by a circular Teflon mask.
A PGZ100 potentiostat—galvanostat was used to apply the
electrochemical method to the electrochemical cell.
Polarization experiments were performed in different
solutions containing reactants used in the electrodeposition
process, the scanning speed being 50 mV s™' and the
solvent was deionised water. Light irradiation was obtained
using a 100 W tungsten lamp, which was placed just above
the solution surface (~5 cm distant from the substrate).
Polarization experiments helped us to choose the suitable
conditions to electrodeposit ZnO. Electrodeposition is then
performed using the same three-electrode cell with a p-Si
substrate as the working electrode.

The deposit morphology was studied using an FEI
QUANTA 200F environmental field emission scanning
electron microscope (ESEM) operating at 10 kV acceler-
ating voltage. Photoluminescence spectroscopy was per-
formed at room temperature using a micro-Raman system
(Renishaw Invia). A He—Cd laser working at TEM, single

Fig. 1 Polarization curves of a Potential (V)
solution containing: 0.1 M KCI 3.0 25 2.0 -15 -1.0

mode at 325 nm and 30 mW output power was used as the
excitation source for photoluminescence measurements.
The Raman spectroscopy was conducted in the near
backscattering geometry using an Ar' laser (515 nm) with
a power of 20 mW.

3 Results and discussions
3.1 Electrodeposition

In order to optimize the ZnO electrodeposit onto p-Si sub-
strates conditions, we carried out a brief electrochemical
process study. The electrodeposition of ZnO through the
reduction of an oxygen precursor has been widely investi-
gated and can be described by a three-step process [13]:

First, the oxygen precursor is reduced near the electrode,
in our case H,O, is reduced to OH™ which begins to dif-
fuse in the solution:

H,O0, +2¢e~ — 20H™ Ejy = —0.33 V versus SHE

Second, Zn”* ions in the solution combine with the OH™
and form Zn(OH),:

Zn** +20H" — Zn(OH),

Third, the Zn(OH), decomposes into ZnO through a
dehydration reaction. Its equilibrium can be shifted
towards the formation of ZnO by increasing the
temperature:

Zn(OH),— ZnO + H,0

Polarisation curves of different electrolytic solutions are
shownin Fig. 1. The first curve (Fig. 1a) shows the reduction
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of our supporting electrolyte, which is H,O. It can be seen
that when the light is turned off, no electrochemical reaction
occurs and the current density passing through the solution is
really low whatever the potential applied is. This is due to the
p-type nature of the substrate in use. When the light is turned
on, a rapid increase of the current density is observed for a
potential values lower than —1.0 V. The increase of the
current density is attributed to the reduction of H,O into H,.

The second curve (Fig. 1b) shows the polarisation
curves of the electrolytic solution containing the oxygen
precursor H,O,. When the light is turned off, no electro-
chemical reaction is detected, and this is due to the p-type
nature of the Si substrate. When the light is turned on, the
current density increased rapidly for a potential lower than
—0.5 V, which means that the reduction of the precursor is
engaged at this potential. A plateau is reached around
—1.0 V, which corresponds to the saturation current due to
the diffusion of active species (H,O,) towards the elec-
trode. For potentials lower than —1.2 V, the current density
increased rapidly due to the reduction of H,O into H,.

Finally, the third curve describes the reduction process
of Zn** into Zn onto p-Si. It would be noted that the
reduction potential of Zn*" is very important in order to
limit the presence of metallic Zn in the final deposit. In the
case of zinc reduction, the curve displayed on Fig. lc
shows that the reduction wave is engaged at —1.1 V. In
order to avoid both the electrodeposition of zinc and the
reduction of H,O into H,, we have chosen to perform the
electrodeposition at —0.9 V.

The curve a in the Fig. 2 shows the current passing
through the solution when a potential of —0.9 V is
applied and the lamp is kept off during 20 min. The
observed current is very low around —0.2 mA cm ™2 and
no ZnO deposition is observed even if the deposition time
is increased up to 1 h. The nature of the electrode which
is a p-type semiconductor blocks the transfer of electrons
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Fig. 2 Current density curves obtained when a potential of —0.9 V is
applied during 30 min: without irradiation (a), and with 3 min
irradiation (b)

from the electrode to the solution, resulting in a very low
current density and no electrochemical reaction at the
electrode.

The curve b on the Fig. 2 shows the results of an
experiment on which we switch on the lamp after 1 min
and then let the light on during 3 min before switch off. As
soon as we turn the light on, we observed a significant
increase of the current, indicating that an electrochemical
reaction occurred at the interface. In facts, the light ensures
the presence of charges carriers (electrons) which are able
to reduce the H,O, into OH™. This allows the reaction to
occur. The current passing through the solution does not
recover its initial value when the light is switched off after
3 min of irradiation, suggesting that the reaction still
occurs even when the light is turned off. This can be
explained by the fact that the ZnO deposit is an n-type
semiconductor and thus, electrons can be conducted then
towards the interface within the electrolyte.

3.2 SEM analysis

SEM images of the electrodeposited ZnO on p-Si substrates
are shown on Fig. 3. These images reveal ZnO deposit
morphology for different reaction times (1-4 min). We can
first see that the growth of ZnO is heterogeneous, resulting
in the presence of micro-sized particles with a diameter of
~2 pum. The micro-sized particles cover ~17% of the
entire surface after 1 min of deposition, and ~37% after
4 min. Even if the electrodeposition curves suggest that the
growth continues after the light is switched off, the SEM
images do not show any major change, which can be
explained by the slow growth of ZnO without irradiation.
The microparticles form small islands growing with irra-
diation time while their surface is very granular.

The poor coverage of the silicon surface by ZnO is not
totally understood and it may be due to the one of those three
reasons: the lattice mismatch between silicon and zinc
oxide, the nucleation on the silicon surface, and/or the
electrodeposition mechanism. ZnO presents a hexagonal
compact structure with cell parameters a = 0.348 nm and
¢ = 0.521 nm, while silicon exhibit a diamond structure
with a cell parameter a = 0.543 nm. The lattice mismatch is
a well-known reason for heterogeneous growth on a sub-
strate. Another possible explanation of the poor coverage of
the silicon surface is the low concentration of nucleation
point on the silicon surface which can inhibit the initiation of
the growth on silicon surface. The electrodeposition mech-
anism can also explain the heterogeneous growth on the
silicon surface. During the electrodeposition process,
hydroxyls ions are produced near the silicon electrode, then
hydroxyls can diffuse in the solution and then initiate the
formation of Zn(OH), in the solution and not on the elec-
trode which can prevent further growth on the substrate.
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Fig. 3 SEM images of the ZnO
deposited on silicon surfaces
during 1 min (a), 2 min (b),

3 min (¢) and 4 min (d) at a
constant potential of —0.9 V
(vs. SHE) under irradiation

3.3 Raman spectroscopy

Raman spectroscopy was performed on the electrodepos-
ited ZnO in order to study the structural properties. Fig-
ure 4 shows the Raman spectra of three different deposits
with increasing deposition time. As we can see from the
Raman spectra, the vibration modes of the silicon substrate
are very intense and cover a broad band between 500 and
550 cm ™. The vibration modes corresponding to the ZnO
deposits are described by group theory applied to the
symmetry of ZnO crystal (C¢,). The optical phonons at the
I' point of the Brillouin zone have the symmetry A; +
E, + 2E; + 2B;, containing two Raman inactive B;
modes. The E; and A; modes are polar modes and they will
split into two different modes: longitudinal optical (LO)
and transversal optical (TO) components.

In the Raman spectroscopy spectra, the peaks corre-
sponding to the ZnO are highly covered by the response of
the silicon substrate signal. Nevertheless, we observed a
distinct mode ~437 cm™' which can be attributed to the
vibration mode E, of ZnO [14]. In fact, by increasing
deposition time, we observed that the mode at 437 cm™"
increased in intensity. Another mode ~612 cm™' is also
observed. This mode can be attributed to silicon substrate, as
no reference can be found about a vibration mode for ZnO
~612 cm™ "' and no peak intensity changing is observed by
increasing deposition time.
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Fig. 4 Raman spectra of the ZnO electrodeposited during 1 min (a),
2 min (b), and 3 min (c)

3.4 Photoluminescence measurements

Photoluminescence (PL) spectroscopy measurements were
conducted at room temperature in order to study the optical
properties of the electrodeposited ZnO on p-Si. The PL
spectrum of the 3 min electrodeposited ZnO on p-Si is
shown on Fig. 5. Every ZnO deposit shows similar PL
spectrum with different peak intensities according to
deposition time. From the PL spectrum, we first observed a
broad emission band between 330 and 400 nm, and a very
weak emission band between 475 and 625 nm. The emis-
sion band observed between 330 and 400 nm is consistent
of the near band edge emission from the ZnO which is
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Fig. 5 PL spectrum of the ZnO electrodeposited during 3 min
irradiation, and its fit through multiple Gaussian curves

Table 1 List of PL emission peaks observed on the PL spectrum of
the electrodeposited ZnO on p-Si

Peak number Wavelength (nm) Energy (eV)

1 346 3.59
2 362 3.43
3 383 3.24
4 543 2.29

~368 nm [14]. As the observed band is asymmetric, we
tried to deconvolute it into several fine structures. Through
multiple Gaussian fit we obtained the deconvolution of the
entire spectrum and the results are listed in Table 1. The
emission band observed in the UV region is composed of
three different peaks centred at 346, 362 and 382 nm. The
first emission peak is centred well above the band gap
emission of ZnO [14], and can neither be attributed to the
Burstein-Moss effect [15] nor to the quantum confinement
as the grain size is larger than the Bohr radius of the ZnO
[16]. The peak centred at 346 nm is then attributed to the
Zn(OH), which was not dehydrated in the deposition pro-
cess. This observation is correlated to the results we pre-
viously obtained on the deposition of ZnO on metallic
substrates [9]. The PL emission ~ 362 nm is attributed to
the direct recombination of the excitons in ZnO, which is
blue shifted regarding the literature of the ZnO [14], and
this effect is assumed to be the result of the presence of
defects which induced a Burstein-Moss effect on the
emission. Finally, the third peak observed at ~383 nm is
attributed to the presence of defects in the ZnO structure
and is correlated to the so-called Urbach’s Tail [17].

The PL spectra of the as-grown ZnO on p-Si also show
oscillations in intensity near band edge emission. Similar
oscillations have already been observed in the case of porous
SiO, [18] and porous alumina [19], and have been used to
extract porosity or refractive index from those materials.
These oscillations originate from the interferences of the

emitted light during the PL experiments as described in our
previous work [9].

The observed emission in visible region is broadened
between 475 and 625 nm. Through multiple Gaussian fit-
tings, the centre of the peak appeared to be ~543 nm. The
attribution of the visible emission to defects in the structure
of ZnO is still controversial. A majority of the scientific
community defined three types of structural defects (oxy-
gen vacancies, zinc interstitial, oxygen interstitial [14])
which are responsible for the three different visible emis-
sions observed in ZnO. The inset in the Fig. 5 demonstrates
a zoom on the visible region where the visible emission is
observed. The band is centred on 543 nm, and can be
attributed to the structural defects in ZnO. The aspect ratio
between the UV and the visible emission bands is very
high; revealing a low concentration of defects and high
crystalline quality of the as-grown electrodeposited ZnO.

4 Conclusions

ZnO has been electrodeposited on a p-type substrate (p-Si)
using an assistance of light irradiation. The deposit consti-
tuted small particles of ZnO randomly dispersed onto the
silicon surface. After only 4 min of electrodeposition,
~37% of the whole surface is covered by ZnO. When a
longer irradiation is used, the micro particles appear more
granular. Raman spectroscopy confirmed the presence of
ZnO even if the signal is partially covered by the substrate
response. Photoluminescence spectroscopy shown that the
as-deposited ZnO is of a very good quality. Indeed, the
visible region exhibits low defect emission, while band edge
emission is very intensive (with a ratio up to 12 times).

References

1. Lee SY, Shim ES, Kang HS, Pang SS, Kang JS (2005) Thin Solid
Films 473:31
2. Chen 1], Zeng F, Li DM, Niu JB, Pan F (2005) Thin Solid Films
485:257
3. Hsueh TJ, Chang SJ, Hsu CL, Lin YR, Chen IC (2007) Appl Phys
Lett 91:053111
4. Muller J, Rech B, Springer J, Vanecek M (2004) Sol Energy
77:917
5. Lee JY, Choi YS, Kim JH, Park MO, Im S (2002) Thin Solid
Films 403:553
6. Zhou Y, Kelly PJ, Postill A, Abu-Zeid O, Alnajjar AA (2004)
Thin Solid Films 447:33
7. Lu JG, Kawaharamura T, Nishinaka H, Kamada Y, Ohshima T,
Fujita S (2007) J Cryst Growth 299:1
8. Shao ZB, Wang CY, Geng SD, Sun XD, Geng SJ (2006) J Mater
Process Tech 178:247
9. Laurent K, Wang BQ, Yu DP, Leprince-Wang Y (2008) Thin
Solid Films 517:617
10. Gu CD, Li J, Lian JS, Zheng GQ (2007) Appl Surf Sci 253:7011

@ Springer



1460

J Appl Electrochem (2010) 40:1455-1460

11.
12.
13.
14.

15.

Dalchiele EA, Giorgi P, Marotti RE, Martin F, Ramos-Barrado
JR, Ayouci R, Leinen D (2001) Sol Energ Mat Sol C 70:245
Rappich J, Fahoume M (2005) Thin Solid Films 487:157

Th Pauporte, Lincot D (2001) J Electroanal Chem 517:54
Ozgiir U, Alivov Y1, Liu C, Teke A, Reshchikov MA, Dogan S,
Avrutin V, Cho SJ, Morko¢ H (2005) J Appl Phys 98:041301
Marotti RE, Guerra DN, Bello C, Machado G, Dalchiele EA
(2004) Sol Energ Mat Sol C 82:85

@ Springer

16.
17.
18.

19.

Schoonman J (2003) Solid State Ionics 157:319

Ong HC, Du GT (2004) J Cryst Growth 265:265471

Huang K, Pu L, Shi Y, Han P, Zhang R, Zheng YD (2006) Appl
Phys Lett 89:201118

Von Behren J, Tsybeskov L, Fauchet PM (1995) Appl Phys Lett
66:1662



	Anodic electrodeposition of ZnO onto p-Si substrates assisted  by light irradiation
	Abstract
	Introduction
	Experimental details
	Results and discussions
	Electrodeposition
	SEM analysis
	Raman spectroscopy
	Photoluminescence measurements

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


