ISSN 1070-3632, Russian Journal of General Chemistry, 2010, Vol. 80, No. 6, pp. 1183—1188. © Pleiades Publishing, Ltd., 2010.
Original Russian Text © S.E. Aleksandrov, L.A. Filatov, M.V. Baryshnikov, V.D. Andreeva, 2010, published in Zhurnal Obshchei Khimii, 2010, Vol. 80,

No. 6, pp. 1015-1020.

Low Temperature Deposition of Nanocrystalline Titanium
Dioxide from Titanium Tetraisopropoxide

S. E. Aleksandrov, L. A. Filatov, M. V. Baryshnikov, and V. D. Andreeva

St. Petersburg State Polytechnical University, ul. Politekhnicheskaya 29, St. Petersburg, 195251 Russia
e-mail: phylatov@yandex.ru

Received January 28, 2010

Abstract—Effect of ozone and water vapor on the chemical deposition of TiO, from the gas phase in the
system of titanium tetraisopropylate—oxygen was examined. Introduction of ozone in the reaction medium was
shown to result in the precipitation of smooth TiO; layers at 240°C, and the addition of water vapor leads to the
formation with higher rate of unconsolidated layers. Adding ozone to the reaction medium with low moisture
content (up to 0.65 Pa) allows obtaining at temperatures 250-350°C with high rate of growth the TiO, layers
with the anatase nanocrystals of high photocatalytic activity.
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Thin films of titanium dioxide are widely used as
active layers in gas sensors, photocatalytic coatings,
dielectric films of different functionality, in the
products of microelectronics and engineering micro-
systems. The process of chemical vapor deposition
from gas phase is the most widely used for obtaining
the high quality TiO, layers. The use of organometallic
reagents, including titanium tetraisopropylate, allows
the preparation of nanocrystalline film of TiO, at
relatively low temperatures (400°C) [1]. Nevertheless,
the problem of further reducing the temperature of the
layers deposition is relevant as its decision can provide
a significant extension of the spectrum of heat-
sensitive materials suitable for use as substrates, and,
above all, the polymeric materials.

In addition to the requirements of low temperature,
the technological processes of producing titanium
dioxide films must provide the formation of layers
with a definite structure, characterized by a
predominance of the crystalline phase over amorphous.
Just such layers are of most interest for applications in
microelectronic devices, creation of the dielectric films
with high dielectric premeability constant [2], and for
solving ecological tasks, in particular, the creation of
photocatalytic coatings that provide an effective
decomposition of organic contaminants.

The available published data [3] and the results of
the experimental studies performed in our laboratory
[4] indicate a possibility of deposition of the titanium

dioxide films with inclusions of a crystalline phase
from the system titanium tetraisopropylate—O,—Ar,
with a rate higher than 1.5 nm min ' at temperatures
above 400°C. The low rate of chemical reaction, as
well as its incompleteness leading to the capture by the
growing film of hydrocarbon fragments and, con-
sequently, the formation of low-quality unconsolidate
layers, prevents further reducing the temperature of the
titanium dioxide deposition from the titanium tetra-
isopropylate—O,—Ar system.

In this connection it was interesting to elucidate a
possibility of reducing the deposition temperature
through application of more efficient oxidant of
titanium tetraisopropylate. The most attractive from
the practical viewpoint is water vapor—ozone mixture.
The published information on the preparation of the
titanium dioxide films from the titanium tetraiso-
propylate—H,O system is only fragmentary [5, 6], and
the use of ozone as an oxidant for titanium
tetraisopropylate in the deposition of TiO, layer has
not practically been studied. On the other hand, there
are numerous publications on its effective application
for the formation of silicon dioxide layers from silicon
compounds [7].

The aim of this work was obtaining on the basis of
experimental study the data on the effect of ozone and
water vapor additives on the chemical deposition of the
titanium dioxide films from the gas phase in the
system titanium tetraisopropylate—oxygen.
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Fig. 1. The resulting AFM image of the surface of films
deposited at 320°C in the systems: (a) titanium tetra-
isopropylate—H,0-O,—Ar [P(H,O) = 6 Pa], (b) titanium
tetraisopropylate—O;—O,—Ar [P(O;) = 5.7 Pa].

The results of experiments with the introduction of
water vapor in the amount of 0.65-6 Pa and varying
the deposition temperature in the range 220-350°C at a
partial pressure of oxygen and titanium tetraiso-
propylate 6 kPa and 1.7 Pa showed a sharp increase in
the deposition rate. At forming the layers of titanium
dioxide in a dry atmosphere at 320°C the rate of film
deposition was of a value of 0.25 nm min', and the
introduction of even a relatively small amount of water
vapor [P(H,O) = 6 Pa] led to an increase in the
deposition rate up to 6 nm min'. As shown by AFM
(Fig. 1a), the layers of titanium dioxide obtained in a
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Fig. 2. X-ray films obtained in the system of titanium
tetraisopropylate-H,O—O,—Ar at a temperature of 320°C,
P(H,0) = 0.65 Pa, P(O;) = 5.7 Pa with ozone (plot /) and
without ozone (plot 2) and in the system of titanium
tetraisopropylate—O;—0,—Ar at 400°C with P(O;) = 23
(plot 3) and without ozone (plot 4). The figures show
Miller indices for anatase, figures with asterisk, for
brookite.

humid atmosphere has a columnar structure. The
results of X-ray diffraction analysis, presented in Fig. 2
(X-ray 2) indicate the formation of crystals of titanium
dioxide primarily with the structure of anatase. The
average size of crystals is 5 nm.

The titanium dioxide films obtained in the system
of titanium tetraisopropylate—H,O—O, —Ar in the range
of technological parameters [at P(H,O) = 0.65 Pa and
deposition temperature 320°C, the surface roughness
was 60 nm] were loose and had poor adhesion to
silicon substrate, and therefore, were not of the
practical interest.

The results of experimental studies on the
introduction of ozone into the reaction gas
environment showed that the gradual increase in the
partial pressure to 40 Pa led to a steady increase in the
rate of deposition (Fig. 3, curve 7). At 320°C the
deposition rate of the titanium dioxide films in the
system of titanium tetraisopropylate—O;—O,—Ar is
about five times higher than the value characteristic of
the process based on the oxidation of titanium
tetraisopropylate with oxygen. The layers formed at
these conditions (Fig. 1) are characterized by smooth
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Fig. 3. The dependence of growth rate on the partial
pressure of ozone in the systems of (/) titanium tetraiso-
propylate—0;—O,—Ar and (2) titanium tetraisopropylate—
H,0-0;—0O,-Ar. Deposition temperature 320°C, partial
pressure of water vapor 0.65 Pa.

surface (the roughness was 5 nm) and had good
adhesion to the substrate.

Further increase in the partial pressure of ozone up
to 60 Pa led to a decrease in the rate of growth,
originating from the decrease in content of titanium
tetraisopropylate in the reaction gas phase as a result of
parallel homogeneous reactions leading to formation of
powdered products deposited on the cold walls of the
reactor. The role of depletion of gas phase of titanium
tetraisopropylate is seen also in the increase of uneven
distribution of the film thickness over the substrate
area. This change in the film thickness along the
surface of the substrate was 5% at P(O;) = 30 Pa
(under conditions of insignificant formation of
homogeneous powder) and 50% at P(O;) = 60 Pa.

The results of examination of the films obtained by
means of transmission Fourier infrared spectroscopy
showed a change in their structure upon increase in the
partial pressure of ozone (Fig. 4). IR spectra of the
films deposited at low P(O;) had pronounced
absorption band with a maximum at 435 cm!, caused,
as evidenced by the results of numerous studies [2, 8,
9], by the vibrations of atomic fragments in the anatase
nanocrystals. The broad absorption bands in the
regions 400-700 cm ' and 700-1000 cm ' are charac-
teristic of amorphous titanium dioxide [9], and, as
follows from the data obtained, their intensity grew
significantly with an increase in the partial pressure of
ozone up to 60 Pa (Fig. 4). Regularities in the change
of the intensities of these bands indicate that the films
deposited at high concentrations of ozone include large
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Fig. 4. IR transmission spectra of the films obtained in the
system titanium tetraisopropylate—O;—O,—Ar at a substrate
temperature of 320°C and partial pressure of ozone in the
reactor of (/) 5.7 and (2) 60 Pa.

amorphous component. This is confirmed by the
results of X-ray diffraction analysis (Fig. 2, cf. plots 3
and 4). It is interesting to note that there is a
correlation between the beginning of intensive amor-
phization of the deposited layers and the beginning of
the mentioned homogeneous formation of an
amorphous powder. This relationship probably reflects
the changes in the chemical features of the process,
consisting in the formation in the gas phase of highly
reactive intermediates at higher partial pressures of
ozone, characterized by a short “lifetime” and there-
fore not able to participate in the surface processes of
the crystalline phase formation.

The temperature dependence of the titanium
dioxide deposition in the system titanium tetraiso-
propylate—O;—O,—Ar (ozone partial pressure 23 Pa) is
nonmonotonic (Fig. 5). In the temperature range 230—
350°C the deposition rate increases exponentially (the
apparent activation energy is 5.7 kJ mol™), and then
decreases with increase in the deposition temperature.
Earlier studies [10] showed that in a flow system
ozone suffers a noticeable decomposition at the
temperatures above 150°C, and is completely
decomposed at 300°C. Despite the use of a reactor with
cold walls, near the surface of the substrate there is a
thermal boundary layer, in which the temperature of
the gas phase changes from the temperature of the
substrate to room temperature, and where the
decomposition of ozone occurs. Decomposition of
ozone is accompanied by the formation of highly
reactive atomic oxygen, which, apparently, reacts
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Fig. 5. The dependence on the substrate temperature: (/) of growth rate of layers deposited in the titanium tetraisopropylate—Os—
O,—Ar; (2) of growth rate, and (3) of refractive index of layers deposited in the titanium tetraisopropylate—H,O—03;—O,—Ar system.

rapidly with titanium tetraisopropylate that leads to the
formation of homogeneous powdered products, as well
as to the marked uniformity in the thickness of the
deposited film over the area of the substrate at the
temperatures above 350°C.

The results of transmission Fourier infrared
spectroscopy showed an increase in the contribution of
anatase crystalline phase, resulting in an increased
intensity of the absorption band with the maximum at
435 cm' when temperature of titanium dioxide
deposition increases.

It is important, that these results demonstrate a
possibility of obtaining at a temperature 320°C the
titanium dioxide films with a growth rate 1.4—
1.6 nm min' (approximately 5 times higher compared
with the titanium tetraisopropylate—O,—Ar system at
320°C) with good adhesion to the substrate.

In connection with the fact that the layers obtained
at low temperatures in the system of titanium
tetraisopropylate—O,—Ar with ozone have an amor-
phous structure, and that the introduction of water
vapor in the system initiates intensive formation of the
anatase crystalline phase, it was of interest to study the
influence of simultaneous addition of ozone and water
vapor on the process of titanium dioxide deposition.
Taking into account the results obtained in the system
of titanium tetraisopropylate-H,O—-O,—Ar, we per-
formed respective experiments at a sufficiently low
partial pressure of water vapor, 0.65 Pa.

Figures 2, 3 show the dependence of the titanium
dioxide deposition in the titanium tetraisopropylate—

0;-H,0-0,—Ar system on the ozone partial pressure.
The comparison of these results with the data for the
system of titanium tetraisopropylate—O;—O,—Ar shows
that the introduction of water vapor has no significant
effect on the nature of the process, the graph also is
represented by a curve with a peak, but approximately
2.5-fold increase in the deposition rate occurs.

According to X-ray diffraction analysis (Fig. 2) and
IR spectroscopy, the change in the structure of films
with the concentration of ozone is also similar in the
examined systems. In the presence of water vapor,
addition of ozone in the reaction gas phase leads to a
decrease in the fraction of nanocrystalline anatase.

The results of X-ray photoelectron spectroscopy of
the films obtained in this series of experiments showed
that their compositions correspond to stoichiometric
titanium dioxide within the error of analysis. No
changes were detected in the chemical state of titanium
atoms and oxygen at varying the partial pressure of
ozone. The composition stability is evidenced
indirectly also the constancy of the refractive index of
the deposited layers, falling in the range of 2.3-2.35.

The results of the temperature dependence of film
growth rates in the system of titanium tetraiso-
propylate—O;—H,0—O,—Ar [for P(O3) = 5.7 Pa] built in
the Arrhenius coordinates, showed the presence of a
fracture at 320°C, separating the two areas
characterized by different values of the apparent
activation energy, 50 and 2.3 kJ mol ™' (Fig. 5).

As shown by transmission infrared spectroscopy, in
the transmission spectra of the films obtained at
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temperatures below 330°C an absorption band is
present characteristic of amorphous phase and of
nanocrystalline anatase. In the spectra of films
deposited at temperatures above 360°C, more
substantial intensity had only the absorption band with
a peak at 435 cm' belonging to the anatase nano-
crystals. Thus, the detected inflection on the tem-
perature dependence graph corresponds to the tem-
perature range in which there is a significant change in
the relative amounts of amorphous and nanocrystalline
phases formed in the titanium dioxide layer.
Regularities in the change of the film structure with the
deposition temperature is confirmed by a simultaneous
increase in the refractive index of the films (Fig. 5)
from the value 2.1 (at 280°C) to 2.45 (for 365 and 400°C),
that is close to the value characteristic of anatase, 2.49
[E|lc] and 2.56 [ELc] [11].

The results of the investigations carried out with the
titanium  tetraisopropylate—-O;—H,O0-O,—Ar  system
showed that small additions of water vapor allow to
obtain dense smooth titanium dioxide film having
good adhesion to silicon substrate, with a deposition
rate approximately 2.5 times greater than in the system
of titanium tetraisopropylate—O;—O,—Ar. Significant
increase in the proportion of nanocrystalline anatase
phase in the material does not occur.

For some of deposited samples their photocatalytic
activity was evaluated. Measurements showed that the
degree of crystallinity is not the sole factor deter-
mining the effectiveness of the catalyst. For example,
the rate of removal of the glycerol film by ultraviolet
radiation from the surface of titanium dioxide layer
consisting mainly of amorphous phase was 0.9 nm
min~', while that of the layer composed mainly of
nanocrystalline anatase phase was 0.65 nm min .
Obviously, the photocatalytic activity is determined
also by the value of specific surface and the structure
of pores of the titanium dioxide layer. The obtained
values of the rate of removal of organic contamination
from the surface indicate a high catalytic activity of
titanium dioxide films deposited in the investigated
reaction systems.

The results of performed experimental studies
showed that the introduction of water vapor and ozone
in the reaction system of titanium tetraisopropylate—
O,—Ar leads to a significant increase in the rate of
titanium dioxide deposition. The presence of ozone in
the reacting medium allows the preparation of smooth
layers of titanium dioxide even at 240°C, and the
addition of water vapor leads to the formation with
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higher rates of loose polycrystalline layers easily
removable mechanically from the substrate surface. It
is found that the addition of ozone into the reaction
medium containing a small amount of water vapor (up
to 0.65 Pa) allows to obtain at temperatures 280—350°C
with relatively high rate of growth the titanium dioxide
layers containing inclusion of nanocrystalline anatase
phase, having low roughness, good adhesion to the
substrate, and high photocatalytic activity.

EXPERIMENTAL

The deposition was carried out at atmospheric
pressure in flow-type vertical quartz reactor with cold
walls (diameter 84 mm, height 330 mm). The silicon
substrates [KEF 4.5 (111)] were placed perpendicular
to the flow on a resistively heated pedestal of 50 mm
diameter located 45 mm from the point of mixing of
reagents. The total gas mixture expenditure was
2.5 1 min". Argon (dew point —110°C) was used as
carrier gas and diluent for the titanium tetraiso-
propylate vapor. The partial pressure of oxygen (dew
point —52°C) in all experiments was 6 kPa, of titanium
tetraisopropylate 1.7 Pa. The partial pressure of ozone,
synthesized from oxygen in an ozonator operating
through the dielectric barrier discharge, was varied in
the range of 0-60 Pa. The partial pressure of water
vapor was varied in the range of 0.65—6 Pa. The partial
pressure of water vapor in the experiments in which it
was not specifically indicated did not exceed 0.25 Pa,
which corresponded to the residual amount of moisture
in specially dried technological gases. Deposition
temperature ranged from 40 to 400°C. Deposition time
ranged from 30 min to 2 h.

The X-ray phase analysis of the film obtained was
performed on a Bruker D8 Advance X-ray diffract-
tometer (detector LynxEye, radiation Cuk,). The size
of coherent scattering areas (in this case the
nanocrystal size) was calculated by the Scherrer model
with a profile analysis of the whole diffraction pattern,
and refinement of the crystal structure was performed
with the Rietveld method, using the program
DIFFRACplus TOPAS. The film composition was
determined using X-ray photoelectron spectroscopy
(analytical processing unit NANFAB-25, “NT-MDT”),
as well as wusing transmission Fourier infrared
spectroscopy (FSM 1201, “Monitoring” company). In
addition, atomic force microscopy (AFM) (Solver-
PRO, “NT-MDT”) was used to study the surface
topology of layers and the thickness and refractive
indices of the films was determined by ellipsometry
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(LEF-752, A = 632.8 nm). Photocatalytic activity of the
deposited films was estimated from the rate of
oxidation of a glycerol film of about 40 nm thickness,
applied on the silicon substrate with a preliminary
deposited titanium dioxide film. To activate the
process was used an ultraviolet lamp DDS-30
(continuum of 195-385 nm, power 30 W). The
distance between the working window of the lamp and
the sample was 7 mm. The rate of degradation of the
glycerol layer was determined using infrared
absorption spectroscopy by measuring the change in
the intensity of the absorption band with a peak at
3370 cm ™.

REFERENCES

1. Lee, M.-K., Huang, J.-J., and Vu, T.-S., Semicond. Sci.
Technol., 2005, vol. 20, p. 519.

2. Busani, T. and Devine, R.A.B., Semicond. Sci. Technol.,
2005, vol. 20, p. 870.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80

3.

10.

11.

ALEKSANDROV et al.

Taylor, C.J., Gilmer, D.C., Colombo, D.G. et al., J. Am.
Chem. Soc., 1999, vol. 121, p. 5220.

. Alehandrov, S., Filatov, L., Protopopova, V., and

Baryshnikova, M., ECS Transactions, 2009, vol. 25,
p. 381.

. Goossens, A., Maloney, E.-L., and Schoonman, J.,

Chem. Vap. Deposition, 1998, vol. 4, no. 3, p. 109.

. Fujuki, T., Kobajashi, T., and Matsunami, H., ECS

Technical Notes, 1988, vol. 135, no. 1, p. 248.

. Fujino, K., Nishimoto, Y., Tokumasu, N., and Maeda, K.,

J. Electrochem. Soc., 1991, vol. 138, no. 12, p. 3727.

. Long, H., Jang, G., Chen, A., Li, Y., and, Lu P., Thin

Solid Films, 2008, vol. 2008, p. 745.

. Jogi, 1., Pjers, M., and Aarik, J., Thin Solid Films, 2008,

vol. 516, p. 4855.

Alehandrov, S., Filatov, L., and Speshilova, A., ECS
Transactions, 2009, vol. 25, p. 373.

Gonzalez, R.J. and Zallen, R., Phys. Rev., B, 1997,
vol. 55, p. 7014.

No. 6 2010




<<
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


