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Abstract— Amorphous thin films of Pb, ,La,TiO;
(with x=0, 13 and 27 mol %) were prepared by the
polymeric precursor method and deposited by spin
coating on glass substrates. The films were charac-
terized by X-ray diffraction (XDR) and scanning
electron microscopy (SEM) and the band gap energy
of the amorphous PLT films was calculated from the
UV-VIS spectra. The obtained values were com-
pared to that theoretically calculated. The observed
decrease of the band gap was attributed to increased
density of defects in the amorphous structure. Fu-
thermore photoluminescence (PL) at room tempera-
ture was observed for thin (PbLa)TiO; films.

Keywords— thin films, optical properties, amor-
phous, titanate and photoluminescence.

I. INTRODUCTION

Preparation of thin films by deposition of a chemical
solution is a promising process for the fabrication of
optic-electronic devices (Ridley ef al., 1999). Chemical
solution deposition offers a wide variety of applications,
including ferroelectric thin films, high-density optical
data storage or semiconductors (Pontes et al., 2000a;
and Maeda ef al., 1993). In addition, the chemical solu-
tion process allows to prepare amorphous compounds
that cannot be prepared by the usual melting processes.

Pizani et al. (2000) and Leite et al. (2000a) reported
intense room temperature PL for amorphous PbTiO; (a-
PT) powders and thin films deposited on Si (100). In
these studies, a simple chemical method was used to
process powders and thin films at low temperatures (T <
400 °C). The PL observed in a-PT showed a strict rela-
tionship with disorder in the perovskite structure. Study
of the a-PT structure by X-ray absorption near edge
structure (XANES) showed that these compounds are
basically formed by six-fold oxygen-Ti coordination
(TiOg-octahedra) and fivefold oxygen-Ti coordination
(TiOs-square-base pyramid) as it is reported by Pontes
et al. (2000D).

Firstly, a simple water-based chemical process was
used, allowing amorphous titanates to be processed at
temperatures as low as 250°C in the form of thin films
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or particles. Secondly, theoretical and experimental re-
sults suggest that amorphous titanate is composed of a
Ti-O network.

Recently our group demonstrated that amorphous ti-
tanates (ATiOs;, with A=Pb, Ca, Sr and Ba), processed
by a soft chemical process called the polymeric precur-
sor method, displayed intense PL at room temperature
(Pizani et al., 2000; and Leite et al., 2000a).

Optical properties like PL are not usually observed,
but due to their interesting PL properties, amorphous
materials of the ATiO; type, such as Pb(Zr,Ti)O; (PZT),
BaTiO; (BT) and SrTiO; (ST) have been the target of
several studies (Leite et al., 2000a; Pontes et al., 2000b;
and Leite et al., 2000b).

Investigations of the optical absorption edge give
information on the band structure of a material and its
changes, which are especially important for crystals
showing ferroelectric phase transitions (Yakubovs ef al.,
1974).

The absorption edge of amorphous semiconductors
is structure sensitive, on the other hand, the purity and
method of preparation directly influence the optical ab-
sorption, particularly in the case of thin films (Wood
and Tauc, 1972).

The absorption spectra of amorphous semiconduc-
tors at different photon energies suggest three different
parts. Two of them are similar in different materials and
are easily reproducible. The third part (absorption edge)
is a structure-sensitive and a characteristic of amor-
phous semiconductors (Wood and Tauc, 1972).

This report presents the preparation of thin amor-
phous PLT films and studies their band gap energy cal-
culated from UV-VIS spectra and compared to that de-
termined by theoretical calculations. The PL intensity is
also presented as a function of the Pb cation substitution
by La in the pure PbTiO; lattice.

II. METHODS

Pb,La,TiO; thin films, in which x is the amount of La
that substitutes Pb (x =0, 13 and 27 in mol%) were pre-
pared by the polymeric precursor method, as it is sche-
matized in Fig. 1. The polymeric precursor method (Le-
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ite et al., 2000b.) is based on the chelation of metal
cations by citric acid in water. This citrate solution is
mixed with ethylene glycol to promote polymerization
through a polyesterification reaction. The formed poly-
meric precursor can be used to prepare thin films or
powders. The heat-treatment temperature of the poly-
meric precursor must be sufficient to promote the poly-
mer pyrolysis, but not the crystallization. The resins
with a 20 MPa-s viscosity were deposited on glass sub-
strates by spin-coating at 6000 rpm for 30 s. After the
spin coating the films were dried at 150 ‘C on a hot plate
for 15 min to remove residual solvents. After this prean-
nealing, the films were submitted to a further heat-
treatment in an oxygen atmosphere at 200 °C for 8 A,
300 °C for 4 h or 500 °C for 4h.

Lead Acetate Lanthanum Oxide

v v

Titanium Citrate
Aqueous Solution
(T=60°C)

#7

Ethylene Glycol

(T=90°C)
Adjusti t of th
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Viscosity Deposition “

!

Heat-Treatment
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Figure 1: Flowchart of the thin film preparation by the poly-
meric precursor method.

The films were characterized by XRD (Siemens,
D5000), SEM (Zeiss, DSM940A). The PL measure-
ments were made in a U1000 Jobin-Yvon double mono-
chromator coupled to a cooled GaAs photomultiplier
and a conventional photon counting system excited with
the 457.9 nm argon laser line. All the measurements
were taken at room temperature. The values of PL in-
tensity were normalized to the film thickness.

The UV-visible measurements were taken in a spec-
trophotometer Cary - 5G in the wavelength range of 300
- 800 nm.

The computational calculations were carried out
with the GAUSSIANO9S program package (Frish et al.,
1998; and Leite et al., 2004c). The ab initio Restrict
Hartree-Fock (RHF) level of the theory was employed
with the standard basis sets 6-31G(d) and 6-31G(f),
(Harihara and Pople, 1973) for oxygen and titanium
atoms, respectively, and LanL.2D (Hay et al., 1985) for
lead and lanthanum atoms. Two cluster models were
selected and optimized to simulate crystalline and
amorphous PbLa,TiOgcluster. The crystalline (c-PLT)
cluster was optimized starting from crystallographic
data and the amorphous (a-PLT) cluster was obtained
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from the crystalline structure, by applying a deformation
of 2.0 A between the Ti(1) and O(6) centers, as indi-
cated in Fig. 2 (Farrugia, 1997). This approach was cho-
sen because it is particularly suitable to study local phe-
nomena. We associated the top of the valence band to
the HOMO energy (highest occupied molecular orbital)
and the bottom of the conduction band to the LUMO
energy (lowest unoccupied molecular orbital) of the
studied systems. The HOMO-LUMO difference was set
to correspond to the optical band gap. The partial den-
sity of states (DOS) was obtained for the two clusters.

wO

OrTi

Or QL

Figure 2: Schematic representation of the clusters of
(PbLa,)TiOg: (a) crystalline and (b) amorphous.

II1. RESULTS AND DISCUSSION

The XRD patterns of the thin films deposited on glass
substrates and heat-treated at 200 ‘C for 8 4 and 500 °C
for 4 h are presented in Fig. 3. Diffuse patterns are ob-
served for samples obtained after at 200 °C for 8 4, indi-
cating the formation of an inorganic amorphous precur-
sor after the pyrolysis process. The crystallization of
PLT can be observed after 4 i at 500 °C (see Fig. 3).
The 0-PLT crystalline film (Fig. 3 ¢) showed the charac-
teristic peaks of the tetragonal phase (macedonite), with
the (001) peak at 26 = 21.393° and the (002) peak at 26
= 43.56° while the crystalline 13-PLT and 27-PLT films
presented a cubic phase (Fig 3 b and a).

Figura 4 demonstrates the SEM micrographs of the
cross sections of the thin films deposited on glass sub-
strates annealed at 200 'C for 8 /. This technique allows
an estimation of the film thickness given in Table 1.
They also display the uniform interfaces between the
substrates and the thin films. In these films no diffusion
process between film layer and glass substrate was ob-
served.
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Figure 3: XRD pattern of the amorphous and crystalline thin films of (PbLa)TiO3, deposited on glass substrate: a) 27-PLT, b)
13-PLT and ¢) 0-PLT.

Table I: Annealing temperature and energy band gap (by UV-
Vis) of thin films of PLT on glass substrates.

Thin films Anncaling Number of EgpleV) Thickness

Temperature (°C) Layers (nm)
Exp. | Theor.

0-PLT 200 (amorphous) 2 3,336 | 3.000 301
500 (Crystalline) 3 3,400 | 4.320

13-PLT 200 (amorphous) 2 3.293 | 3.050 194
500 (Crystalline) 3 3.530 | 4.330

27-PLT 200 (amorphous) 2 3,300 | 3.050 354
500 (Crystalline) 3 3,530 | 4330

Figure 5 shows the UV/Vis transmittance spectra
and the energy dependence of the absorbance () for the
amorphous (PbLa)TiO; (a-PLT) heat treated at 200°C
for 8 & and for the crystalline (PbLa)TiO; (c-PLT) heat-
treatment at 500°C/4 h. The a-PLT showed a spectral
dependence of absorbance similar to that found in
amorphous semiconductors such as amorphous silicon
(a-Si) and insulators, while the c-PLT showed a typical
interband transition of crystalline materials. The optical
difference of similar amorphous semiconductors and
crystalline films were discussed elsewhere (Eglitis et
al., 2004). In addition, in the high energy region of the
absorbance curve (Fig. 5c) the optical energy band gap
is related to the absorbance, allowing its calculation by
the so-called Tauc method (Wood and Tauc, 1972). The
energy band gap of the crystalline and amorphous
PbTiO; (PT) was calculated to be 3.40 e} and 3.35 eV
respectively. These results, demonstrated in Table 1,
show that our data are consistent with the interpretation
that the exponential optical absorption edge and the op-
tical band gap are controlled by the degree of structural
and thermal disorder in the lattice of the PT and PLT
samples.
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The optical band gap derived from the UV-visible
spectroscopy measurement (experimental gap) and the
theoretical calculations of the band gap, corroborate that
the amorphous material is a significant deformation of
the crystalline state, suggesting modifications in the
electronic structure, between the crystalline and amor-
phous films, which may be responsible for the PL ob-
served for the amorphous films at room temperature
(Fig. 6), which is influenced by the lanthanum concen-
tration (La = 0, 13 and 27 mol %). It was detected that
the addition of La shifts the luminescence band towards
higher wavelengths (lower energies), yielding an intense
yellow luminescence.

Figure 6 also demonstrates the PL observed for the
amorphous PT and PLT thin films with an exciting
wavelength of 488.0 nm at room temperature, showing a
characteristics broad and intense luminescence in the
visible region for amorphous materials.

The aforementioned experimental results strongly
indicate that PL is directly related to the exponential
optical edges and tails. The nature of these exponential
optical edges and tails may be associated with defect
states promoted by the disordered structure of the a-
PLT. The absorbance measurements, associated with the
photoluminescence characterization of a-PLT semicon-
ductor, suggest a non-uniform band gap structure with a
tail of localized states and mobile edges. On the other
hand, our UV/Vis absorption results are associated with
localized energy states in the band gap. We believe that
the PL observed in these a-PLT semiconductors arises
from a radiative recombination between trapped elec-
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trons and trapped holes in tail and gap states. In addi-
tion, experimental results obtained by XANES revealed
the coexistence of two kinds of Ti coordination in the a-
PLT, namely, fivefold oxygen Ti coordination (TiOs-
square base pyramid) and sixfold oxygen Ti coordina-
tion (TiOg octahedron). In our opinion, the existence of
a fivefold oxygen Ti coordination is indicative of a Ti-O
network in the a-PLT samples and the charge of the Pb
and La cations must be compensated by negative
charged non-bridging oxygen (NBO).

Thin film

Substrate

Thin film

Substrate

Thin film

Substrate

Figure 4: SEM images of PLT films deposited on glass sub-
strates, after fracture process to analysis, annealed at 200 'C
for 8 &, obtained using secondary electrons (a) 0-PLT, (b) 13-
PLT and (c) 27-PLT.
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Figure 7: Total density of states for the atoms Pb, La, O and
Ti for the investigated clusters. (a) crystalline (b) amorphous.

Additional the mechanism that leads to changes in
the PL intensity as function of substitution of Pb in
structural PLT films by La is not yet clearly known, but
it can been associated with defect concentrations, which
are related to thermal treatment and material ordering,
(Rangel et al,. 2002).

The results of theoretical calculations indicate that
the formation of an amorphous cluster through the dis-
placement of O(6) may introduce delocalized electronic
levels in the forbidden gap of the c-PLT cluster in the
regions delimited by H, and H, (HOMO for the crystal-
line and amorphous clusters, respectively) - hereinafter
called AHOMO and L, and L, (LUMO of the amor-
phous and crystalline clusters, respectively) - hereinafter
called ALUMO. The delocalized electronic levels are
ascribed to the formation of a tail in the emission spec-
trum (Fig. 5 and Fig. 7). The crystalline cluster presents
a higher band gap than the amorphous cluster, which is
in agreement with the experimental results, observed by
the absorbance spectral data. The delocalized electronic
levels in the valence and conduction bands may intro-
duce the photoluminescence properties in the amor-
phous cluster.

However, it is very important to note that there are
electronic levels of the amorphous cluster included in
the wide band gap of the crystalline cluster.

The calculation using the linear combination of
atomic orbitals method (Kahn and Leyendecher, 1964),
showed that the fundamental band gap is indirect, and
the filled valence bands are derived from oxygen 2p
orbitals and the empty conduction bands derived from
titanium 3d orbitals.

Figure 7 also shows the total density of states
(DOS) for the atoms Pb, La, Ti and O. The optical band
gap and the density of states were calculated using the
cluster method. Most of the contribution to the conduc-
tion band of PLT comes from the lanthanum atoms
whereas the oxygen atoms contribute more to the forma-
tion of the valence band (see Fig. 7). It was verified that
the band gap of the crystalline structure is larger than
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that presented by the amorphous structure. Besides, new
electronic levels appear in ALUMO and AHOMO (see
Fig. 7). These new levels appear to be related to defor-
mations in the structure of the investigated model.

The room temperature PL, identified in the amor-
phous PLT materials, which are prepared by low-cost
chemical methods and which can be processed as thin
films, is an important characteristic for optical-
electronic devices.

IV. CONCLUSIONS

The optical results show that the values of band gap
energy for the crystalline films are higher than those for
the amorphous films. The theoretical results confirm the
experimental observation and suggest the formation of
new levels due to deformation of the structure.

It is believed that the La incorporation into the PT
amorphous lattice results in significant changes in the
optical band gap and the density of states. This interpre-
tation corroborates the PL results for PLT samples,
since the PL efficiency decreased with the La addition.

In summary, we have engaged a detailed discussion
of experimental results and theoretical calculations
about the role of defects in the visible photolumines-
cence in amorphous PLT thin films. The experimental
results showed that the visible PL emission in amor-
phous material is directly related to the exponential op-
tical edges and tails. The nature of these exponential
optical edges and tails may be associated with defects
promoted by the disordered structure of the amorphous
material. In addition, the results of theoretical calcula-
tions indicate that the formation of fivefold coordination
through the displacement of O(6) may introduce delo-
calized electronic levels in AHOMO and ALUMO.
These delocalized electronics levels are ascribed to the
formation of a tail in the absorbance spectrum curve.

REFERENCES

Eglitis, R.I., S. Piskunov, E. Heifets, E.A. Kotomin and
G. Borstel, “Ab initio study of the SrTiO; and
PbTiO; (001) Surfaces,” Ceramics Int., 30, 1989-
1992 (2004).

Farrugia, L.J., “Dynamics and fluxionality in metal car-
bonyl clusters: Some old and new problems,” J.
Chem. Soc. Dalton Trans., 11, 1783 (1997).

Frish, M.J., G.W. Trucks, H.B. Schlegel, G.E. Scuseria,
M.A. Robb, J.R. Cheeseman, J.A. Montgomery,
R.E. Stratmann, J.C. Burant, S. Dapprich, J.M. Mil-
lam, A.D. Daniels, K.N. Kudin, M.C. Strain, O. Far-
kas, J. Tomasi, V. Baone, M. Cossi, R. Cammi, B.
Mennucci, C. Pomelli, C. Adamo, S. Clifford, J.
Ochterski, G.A. Peterson, P.Y. Ayala, Q. Cui, K.
Morokuma, D.K. Makick, A.D. Rabuck, K. Ragha-
vachari, J.B. Foresman, J. Cioslowski, J.V. Ortiz,
B.B. Stefanox, G. Liu, A. Kiashenko, P. Piskorz, I.
Komaromi, R. Gomperts, R.L. Martin, D.J. Fox, T.
Keith, M.A. Al-laham, C.Y. Peng, A. Nanayakkara,
C. Gonzales, M. Challacombe, P.M.W. Gill, B.G.
Johnson, W. Chen, M.W. Wong, J.L. Andres, M.
Head-Gordon, E.S. Repogle and J.A. Pople,



N.L. CARRENO, J.H. RANGEL, C.D. PINHEIRO, E. LONGO, E.R. LEITE, J.A. VARELA, C.E. CAMPOS, P.S. PISANI

GAUSSIAN 98 (Revision 11), Gaussian, Inc., Pitts-
burgh PA (2002).

Harihara, P.C. and J.A. Pople, “Influence of polarization
functions on molecular-orbital Hydrogenation ener-
gies,” Theor. Chimica Acta, 28, 213-222 (1973).

Hay, P.J. and W.R. Wadt, “ABinitio effective core po-
tentials for molecular calculations - potentials for k
to au including the outermost core orbitals,” J.
Chem. Phys., 82,299-310 (1985).

Kahn, A.H. and A.J. Leyendecker, “Electronic energy
bands in strontium titanate,” Phys. Rev., 135,
A1321-A1325 (1964).

Leite, E.R., F.M. Pontes, E.C. Paris, C.A. Paskocimas,
E.J.H Lee, E. Longo, P.S. Pizani, J.A. Varela and V.
Mastelaro, “Amorphous lead titanate: a new wide-
band gap semiconductor with photoluminescence at
room temperature,” Adv. Mater. Opt. Electr. 10,
235-240 (2000a).

Leite, E.R., N.L.V. Carrefio, L.P.S. Santos, J.H. Rangel,
L.E.B. Soledade, E. Longo, C.E.M. Campos, F.
Lanciotti Jr., P.S. Pizani and J.A. Varela, “Photo-
luminescence in amorphous TiO,-PbO systems,”
Appl. Phys. A 73, 567-569 (2001b).

Leite, E.R., F.M. Pontes, E.J.H. Lee, R. Aguiar, E.

Longo, D.S.L. Pontes, M.S.J. Nunes, P.S. Pizani,
F. Lanciotti, T.M. Boschi, J.A. Varela, C.A. Pas-
kocimasc, C.D. Pinheiroa and C.A. Taft, “An in-
vestigation of metal oxides which are photolumi-
niscent at room temperature,” Journal of Molecu-
lar Structure (Theochem), 668, 87-91 (2004c¢).

Maeda, M., H. Ishida, H., K.K.K. Soe and I. Suzuki,
“Preparation and properties of PbTiO3 films by sol-
gel processing” Jpn. J. Appl. Phys. 32, 4136-4140
(1993).

Pizani, P.S., E.R. Leite, F.M. Pontes, E.C. Paris, J.H.
Rangel, E.J.H. Lee, E. Longo, P. Delega and J.A.
Varela, “Photoluminescence of disordered ABO(3)
perovskites” Appl. Phys. Lett., 77, 824-826 (2000).

Pontes, F.M., J.H.G. Rangel, E.R. Leite, E. Longo, E.B.
Aratjo, J.A. Varela and J.A. Eiras, “Low tempera-
ture synthesis and electrical properties of PbTiO;
thin films prepared by the polymeric precursor
method,” Thin Solid Films, 366, 232-236 (2000a).

Pontes, F.M., E.R. Leite, E. Longo, J.A. Varela, P.S.
Pizani, C.E.M. Campos and F. Lanciotti, “Correla-
tion between the surface morphology and structure
and the photoluminescence of amorphous PbTiO3
thin films obtained by the chemical route,” Adv. Ma-
ter. Opt. Electr. 10, 81-89 (2000b).

Rangel, J.H., N.L.V. Carreno, E.R. Leite, E. Longo,
C.E.M. Campos, F. Lanciotti Jr., P.S. Pizani and J.A.
Varela,  “Photoluminescence  in  amorphous
(PbLa)TiO; thin films deposited on different sub-
strates” J. Luminescence, 99, 7-12 (2002).

Ridley, B.A., B. Nivi and J.M. Jacbson, “All-inorganic
field effect transistors fabricated by printing,” Sci-
ence, 286, 746-749 (1999).

176

Wood, D.L. and J. Tauc, “Weak absorption tails in
amorphous semiconductors” Phys. Rev. B, 5, 3144-
3155 (1972).

Yakubovs, M.A., L.M. Rabkin, D.S. Konevska and E.G.
Fensenko, “Optical-properties of single-crystal
PbTiO; in region of eigenabsorption edge,” kristal-
lografiya, 19, 873-875 (1974).

Received: May 24, 2006.
Accepted: December 4, 2006.
Recommended by Subject Editor Walter Ambrosini.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


