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Abstract

In this paper the results of cathodoluminescence (CL) emission study of undoped and
doped SnO, films are discussed. SnO, films were deposited by spray pyrolysis method. It was
shown that the study of CL emission is effective method for structural characterization of
metal oxides aimed to gas sensor applications. It was concluded that the changes taking place
in CL spectra are connected with the change of both the grain size and the crystallinity
(stoichiometry) of the surface layer and the bulk of SnO,. The shape of CL spectra depends
on correlation between well-crystallized core and disordered surface layer. It was found that
doping is accompanied by deterioration of film crystallinity and the growth of concentration
of structural defects responsible for unradiative recombination of excited electrons and holes.

1. Introduction

At present there can be no doubt that both the structural properties and the peculiarities
of energy spectrum of native defects in metal oxides, in many respects, determine gas-sensing
characteristics of solid-state sensors [1-3]. However, one should admit that although the crys-
tallographic properties of metal oxides have been studied in detail [4-7], the information about
the bulk and surface structural disordering is very limited [8].

It means that obtaining of additional information about structural properties of metal ox-
ides, including behavior of native defects, is the task of importance for material sciences of
metal oxides. In this context, the object of this study, such as the cathodoluminescence emis-
sion of SnO; films deposited using different technological routes, presents interest. At present
the measurement of CL emission is one of the most effective methods for study of powders'
physical properties; and it is being widely used for characterizing metal oxide phosphors
[9, 10]. Use of this method for metal oxides such as SnO, can give information necessary for
better structural characterization of metal oxides aimed to gas sensor applications. It is neces-
sary to note that the first results of research in this direction can be found in Refs. [11-13].
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2. Experimental details

Studied undoped and (Cu-, Fe-, and Co)-doped SnO, films were deposited by spray py-
rolysis from 0.2 M SnCly water solution [14]. The doping was realized during the process of
film deposition. The additives were embedded into a solution prepared for the spraying in the
form of chlorides. The concentration of the doping elements in the sprayed solution was var-
ied from O to 16 at %. As it was shown in Refs. [3, 15, 16], the concentration of additives,
optimal for the gas sensor applications, is in the concentration range indicated before. Studied
films had thickness varied in the range from 40 to 400 nm. Structural and gas sensing charac-
teristics of studied SnO, films were discussed in detail in [3, 14, 17].

Room temperature cathodoluminescence (CL) was measured using spectrometer, re-
cording radiation in the range 300-850 nm. The CL spectra were excited in vacuum in the
camera of a standard micro-probe analyzer Camebax-4. The sample was excited by an elec-
tron beam with diameter up to 1 um. Excitation energies of electron beam were in the range
10-15 kV, and electron current was varied from 30 to 100 nA. These conditions favored for
both the maximum CL intensity and the absence of electron beam interaction with substrate.
Differences in CL spectra were observed as a function of deposition parameters (Tpy - 350-
550°C), nature and concentration of additives (0-16 at %), and the following high temperature
annealing. Annealing was carried out in temperature range from 600 to 950°C in the atmos-
phere of usual air or nitrogen. During our experiments we took special care to produce CL
spectra in conditions, giving possibility to compare their intensities, which is fundamental to
the reliability of our conclusions.

3. Results and discussion

In Fig. 1 typical CL spectra of SnO; films and powders are shown. It is seen that irre-
spective of technological routes, as-deposited SnO; films have CL spectra similar to CL spec-
tra of as-synthesized SnO, powders [11, 12]. Spectra do not have edge emission band, and the
intensity of CL is low, especially for films deposited at low pyrolysis temperature and for thin
films with thickness less than 60 nm. CL spectra have alone broad band centered at A ~
500 nm. Analogous shape also was observed for spectra of radiative recombination, measured
for SnO; nanostructures such as nanowires, nanoribbons, etc. [12, 18]. They observed broad
peak centered in dependence on
synthesis temperature in spectral
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The increase of pyrolysis temperature in the range 350-500°C is accompanied only by
the narrowing of emission band (see Fig. 1) and by the increase of CL intensity (see Fig. 2).
As it is seen from the results presented in Fig. 2, the CL intensity increases up to 10 times in
the above-indicated temperature range of spray pyrolysis deposition. High temperature an-
nealing at Ty, higher than 700-800°C (see Fig. 3) also results in considerable growth of CL
intensity.
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Fig. 2. Influence of pyrolysis temperature on Fig. 3. Dependence of CL intensity of
the CL intensity of SnO, films (d ~ 130-150 nm). (1) undoped and (2) Cu doped SnO, films on
annealing temperature (T~ 350°C; d ~ 130-
150 nm).

The increase of the effectiveness of luminescence after high temperature annealing up to
1000-1200°C, accompanied by a considerable growth of crystallite size, is well known fact [9-
20], and it is widely used in the technology of phosphorus. The same growth of the CL intensity
was observed during calcinations of SnO, powders [12], aimed to gas sensor design. According
to Refs. [9-20], only after T,,>1500°C the decrease of the CL intensity takes place, which is
accompanied by an essential increase of SnO, resistance, testifying to the decrease of concentra-
tion of oxygen vacancies responsible for electron nature of SnO, conductivity. Observed simi-
larity in the behavior of CL properties in both powders and films during annealing process
testifies to similarity of the processes taking place in those materials.

The absence of edge band emission and low intensity of CL spectra of as-deposited SnO,
films indicates that they are highly imperfect films with lattice irregularity independent of both
pyrolysis temperature and film thickness. Due to high concentration of structural defects in the
films, they are characterized by high rate of nonradiative recombination and specific shape of
CL spectra, where the radiative transitions with participation of shallow donor levels, associated
with O-vacancies, and trapped centers, located in the midgap of SnO,, predominate. According
to Ref. [12] in SnO; there are three types of defects, forming deep levels, located at 0.8-0.9,
1.35-1.45 and ~ 1.6 eV from the top of valence band. Just for this reason the short-wave band is
absent in experimental CL spectra of SnO; films.

After analysis of CL spectra transformation, taking place during thermal treatments, we
concluded that the changes taking place in CL were connected with the change of both the grain
size and the crystallinity (stoichiometry) of the surface layer and the bulk of SnO,. For example,
we assume that the shape of CL spectra depends on correlation between well-crystallized core
and disordered surface layer. The latter due to high concentration of structural defects and high
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density of the states near the conduction band bottom and the valence band top, caused by lat-
tice nonstoichiometry, is characterized by high rate of nonradiative recombination of excited
electrons and holes. The possibility of formation of these structures in SnO, nanograins was
experimentally confirmed in Refs. [21, 22]. It means that depending on correlation between
well-crystallized core and disordered surface layer, the intensity and the shape of CL spectra of
SnO, would greatly differ from each other. As-deposited, especially at low temperature, SnO,
grains have small diameter of well-crystallized core and extensive amorphous-like surface
layer. It means that in these films due to high concentration of defects the nonradiative recom-
bination of excited carriers can be dominating. Besides, the presence in the grain of a space
charge region with thickness comparable with grain size, due to space separation of excitable
electrons and holes, would contribute to the increase of the role of surface structural disordered
area in the CL spectra forming. It is necessary to note that for SnO, being in oxygen containing
atmosphere, the band bending could reach 0.5-1.0 eV [23].

As it is known, high temperature annealing in oxygen-containing atmosphere favors in-
crease of the size of both crystallites and well-crystallized core and improvement of the surface
layer stoichiometry [3, 5, 22, 24]. It means that high temperature annealing, due to such effects
as the ordering of surface layer structure, the decreasing of structural defect concentration, and
the removing of mechanical strains in bulk of grains, contributes to the strengthening of the role
of well-crystallized core in the CL spectra forming and the weakening of the influence of non-
radiative recombination on CL spectra. As one can see from the earlier presented results, pre-
cisely these regularities were observed during our research.
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Fig. 4. Doping influence on CL intensity of SnO, films deposited by spray pyrolysis (1-3) -
Tpy=450°C; (4) - Tpy=350°C, (d ~ 120 nm).

Experiments related to cathodoluminescence study of doped SnO, films confirm our as-
sumption. As it is shown in Fig. 4, doping with even small concentrations of transition metal
additives is accompanied by strong decrease of CL intensity. It means that the doping is accom-
panied by degradation of film crystallinity and the growth of the concentration of structural de-
fects. Results of research presented in Ref. [3] are good confirmatory examples that in heavily
doped SnO; the concentration of structural defects is increased. It was shown that in SnO, due
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to doping with transition metals the tailing of band gap edge takes place, testifying to the ap-
pearance of tails of electronic states inside the band gap. Besides, the degree of the change in
optical transmission near the band gap edge observed at SnO, doping (see [3]) is in a good
agreement with earlier presented results of the doping influence on the CL intensity. If one
compare the data presented in Ref. [3] for SnO,:Cu, one can see that the stronger the tailing of
band gap edge, the bigger the decrease of CL intensity. A possibility of appearance near SnO,
valence band of the electronic states, introduced by lattice disordering, caused by SnO, doping,
is also experimentally confirmed in Ref. [25] on the base on the results of X-ray Photoemission
Spectroscopy (XPS) study of SnO, powders after Ar-ion bombardment and doping with Pd and
Pt. As it was shown in Ref. [19] there are no states in the band gap of the stoichiometric SnO»
surface.

The coincidence of CL emission intensities of heavily doped films deposited at high pyro-
lysis temperatures and SnO, films deposited at low temperature, which are structurally less per-
fect [25, 26], directly confirms the above said. As one can see from the results presented in
Fig. 4, curve 4, at the maximum concentration of dopants the intensity of cathodoluminescence
drops to the level corresponding to CL intensity measured for the samples deposited at low py-
rolysis temperature. It is important that for films deposited at low temperatures the CL intensity
is so low that the dopants practically do not influence the CL spectra. Apparently, the concen-
tration of structural defects in SnO, films deposited at low temperatures is so high that probabil-
ity of nonradiative recombination of excitable electrons and holes appreciably exceeds the
probability of radiative recombination.

The similar situation took place during SnO, doping with noble metals, such as Pd and Pt.
These metals are usually used for improvement of catalytic activity of gas sensing material [3].
Results of the above mentioned research were discussed in detail in Ref. [11]. However, in con-
trast to transition metal doping, during the doping with noble metals we observed very interest-
ing effect. The decrease of CL intensity happened only for additive concentration higher than
0.1-0.2 wt %. At smaller additive concentrations the CL intensity even increased. It indicates
that small concentration of both Pd and Pt additives in SnO, contributes to the decrease of non-
radiating recombination rate, which can be considered an evidence of the material crystal struc-
ture improvement. It is important to note that this threshold concentration corresponds to the
doping conditions when the maximum sensitivity of SnO,(Pd,Pt)-based sensors is achieved
[27]. It means that the good crystallinity of metal oxides is one of the important factors contrib-
uting to improvement the gas sensing characteristics of solid-state devices. One can assume that
at small concentration of Pd and Pt additives, the oxygen dissociation on small Pd and Pt clus-
ters with following spillover stimulates the increase of the concentration of atomic oxygen,
which participates in the process of SnO, growth and promotes to improvement of its
stoichiometry. The high level of nonstoichiometry may be the reason of high concentration of
surface states pinning the surface Fermi level and limiting the Fermi level shift during interac-
tion with gas environment.

Cathodoluminescence spectra for undoped and doped SnO; films after thermal treatments
at T=950°C are shown in Figs. 5 and 6. It is seen that the high temperature annealing in addition
to influence on CL intensity (see Fig. 3) is accompanied by considerable transformation of the
spectra. The latter is conditioned by the fact that in CL spectra there appears the short-
wavelength band, peaked at 375 nm, close to band-edge luminescence, which has not been ob-
served on spectra of as-deposited samples. It testifies that only after high temperature annealing
the crystal structure of SnO, films and powders tends to the structure of SnO, single crystals.
However, it is necessary to note that the process of SnO, crystallinity improvement has its own
peculiarities. Firstly, edge-band luminescence shows up only for films being thicker than 200-
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300 nm (see Fig. 5, curve 3). For SnO; films with thickness less than 200 nm on the CL spectra
the emission with maximum peaked at A ~500 nm continues be dominating (see Fig. 5, curves 1
and 2).
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Fig. 5. CL spectra of undoped and Cu- Fig. 6. CL spectra of (1) SnO,:Fe and (2)

doped SnO, films with thickness (1, 2) 200 nm SnO,:Co films with thickness ~400 nm after an-
and (3) 400 nm after annealing at 950°C (T, = nealing at 950°C (T, = 450°C).
450°C).

It is known that the main difference between films with diverse thickness consists in the
size of grains forming deposited film. Films with greater thickness have larger size of crystal-
lites [4]. Moreover, it was established that the growth of grain size depends on film thickness
and this change is greater in thicker films [24]. It means that the size of crystallites really
plays an important role in obtaining of good luminescence properties of metal oxides. Sec-
ondly, although invariability of the structure of emission bands dominating in CL spectra, the
correlation of the intensity of individual bands in CL spectra depends on nature of dopants
(see Figs.5 and 6). In the case of the doping with iron in CL spectra of SnO, the band peaked
at 380 nm dominates, at the doping with copper the band peaked at 450 nm has higher inten-
sity, while at doping with cobalt the band with maximum intensity is peaked at 530 nm. It
means that dopants have their own specificity of interaction with structural defects of SnO»;
that is, due to preferable interaction with structural defects of certain type doping could appre-
ciably change their concentration in comparison with undoped material.

4. Conclusions

On the basis of the carried out research it was shown that the measurement of cathodo-
luminescence emission spectra could become an effective method for characterization of
nanostructured metal oxides, aimed to gas sensor applications. There is a correlation between
CL spectra peculiarities, crystallographic structure, and gas sensing properties of metal oxides.

As a result of the research we made the following conclusions: (1) The shape and inten-
sity of CL spectra are sensitive to technological routs used for deposition of metal oxides; (2)
As-deposited SnO; films are materials with lattice disorder and high concentration of point
defects; (3) Only annealing at temperatures higher than 700-800°C contributes to considerable
improvement of SnO, films crystallinity; (4) Doping with transition metal oxides (1-16 wt %)
is accompanied by an increase of the structural defect concentration with appropriate decrease
of CL intensity.

53



Moldavian Journal of the Physical Sciences, Vol.7, N1, 2008

5. Acknowledgements

This work was supported by the Supreme Council of Science and Advanced Technol-
ogy of the Republic of Moldova and partially by Korean BK21 Program. G. Korotcenkov is
thankful to Korean Brain Pool Program for support of his research as well. Authors are thank-
ful also to Dr. M. Zamoryanskaya from the Physical Technical Institute, RAN, St. Petersburg,
Russia for help in measurement of CL spectra of studied SnO, films and powders.

References

[1] D.E. Williams, Sens. Actuators B, 57, 1, (1999).

[2] G Korotcenkov, J. Mater. Sci. Eng. B, 139, 1, (2007).

[3] G Korotcenkov, Sens. Actuators B, 107, 1, 209, (2005).

[4] G Korotcenkov, A. Cornet, E. Rossinyol, J. Arbiol, V. Brinzari, and Y. Blinov, Thin Solid
Films, 471, 1-2, 310, (2005).

[5] A. Cirera, A. Cornet, J.R. Morante, S.M. Olaizola, E. Castin, and J. Gracia, J. Mater. Sci. Eng.
B, 69-70, 406, (2000).

[6] F.Kawamura, I. Yasui, M. Kamei, and I. Sunagawa, J. Am. Ceram. Soc., 84, 1341, (2001).

[7] X.Panand J.G Zheng, Mat. Res. Soc. Symp. Proc., 472, 87, (1997).

[8] K.P. Bogdanov, D.Tz. Dimitrov, O.F. Lutskaya, and Yu.M. Tairov, Sov. Phys. Semicond., 32,
10, 1158, (1998).

[9] S. Gutzov, M. Brecol, and F. Wasgestian, J. Phys. Chem. Sol., 59, 69, (1998).

[10]J. Hao, S.A. Studenikin, and M. Cocivera, J. Luminescence, 93, 313, (2001).

[11] G Korotcenkov, M. Nazarov, M.V. Zamorynskaya, M. Ivanov, A. Cirera, and K. Shimanoe, J.
Mater. Sci. Eng. B., 130, 1-3, 200, (20006).

[12] J.D. Prades, J. Arbiol, A. Cirera, J.R. Morante, M. Avella, L. Zanotti, E. Comini, G. Faglia, and
G. Sberveglieri, Sens. Actuators B, 126, 6, (2007).

[13] G Korotcenkov, M. Nazarov, M.V. Zamorynskaya, and M. Ivanov, Thin Solid Films, 515, 20,
8065, (2007).

[14] G. Korotcenkov, V. Brinzari, M. DiBattista, J. Schwank, and A. Vasiliev, Sens. Actuators B, 77,
1-2, 244, (2001).

[15] N. Yamazoe, Y. Kurokawa, and T. Seiyama, Sens. Actuators, 4, 283, (1983).

[16] T. Pagnier, M. Boulova, A. Galerie, A. Gaskov, and G. Lucazeau, Sens. Act. B, 71, 134, (2001).

[17] G. Korotcenkov, V. Brinzari, and I. Boris, J. Mater. Sci., 43, 2761, (2008).

[18] D. Calestani, L. Lazzarini, G. Salviati, and M. Zha, Cryst. Res. Technol., 40, 937, (2005).

[19] I. Manassidis, J. Goniakowski, L.N. Kantorovich, and M.J. Gillan, Surf. Sci., 339, 258, (1995).

[20] N. Maneva, K. Kynev, L. Grigorov, and L. Lijutov, J. Mater. Sci. Lett., 16, 1037, (1997).

[21] C. Nayral, E. Viala, V. Colliere, P. Fau, F. Senocq, A. Maisonnat, and B. Chaudret, Appl. Surf.
Sci., 164, 219, (2000).

[22] A. Dieguez, A. Romano-Rodriguez, A. Vila, and J.R. Morante, Appl. Phys., 90, 3, 1550,
(2001).

[23] V. Brynzari, G Korotchenkov, and S. Dmitriev, J. Electron. Technol., 33, 225, (2000).

[24] G. Korotcenkov, V. Brinzari, M. Ivanov, A. Cerneavschi, J. Rodriguez, A. Cirera, A. Cornet,
and J. Morante, Thin Solid Films, 479, 1-2, 38, (2005).

[25] A. Cabot, J. Arbiol, J.R. Morante, U. Weimar, N. Barsan, and W. Gopel, Sens. Actuators B, 70,
87, (2000).

[26] A. Cabot, A. Dieguez, A. Romani-Rodriguez, J.R. Morante, and N. Barsan, Sens. Actuators B,
79, 98, (2001).

[27] I. Matko, M. Gaidi, B. Chenevier, A. Charai, W. Sakay, and M. Labea, J. Electrochem. Soc.,
149, H153, (2002).

54




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [595.276 841.890]
>> setpagedevice


