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Abstract The focus of this work is to explore the electrical
properties of bismuth titanate, Bi4Ti3O12, textured through
the process of screen printing. Textured BTO samples were
produced using the templated grain growth technique and
the electrical properties were measured both within and
normal to the texture plane. The relative permittivity and
polarization were determined as a function of electric field,
temperature, and frequency. The electrical properties im-
proved dramatically (Pr=25 μC/cm², εr(ω)=1800 at
1 MHz) compared to a randomly oriented sample (Pr=
10 μC/cm², εr(ω)=850 at 1 MHz) when measured within
the texture plane. A corresponding reduction of electrical
properties normal to the texture plane was observed (Pr=
2 μC/cm², εr(ω)=300 at 1 MHz). The electrical properties
of bismuth titanate textured by screen printing compare
favorably to other texture-inducing techniques such as tape
casting and hot forging.
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1 Introduction

Lead-based ferroelectrics are the materials of choice for
multiple applications due to their excellent electrical
properties and the ability to be tailored to a variety of
specific applications through compositional adjustment.
Increasing environmental restrictions and manufacturing
costs from lead use in industry have galvanized research

seeking alternative materials with equivalent properties and
have led to a renewed interest in replacing the current
ferroelectrics with lead-free materials. Layer-structured
perovskites offer a rich variety of potential alternatives,
particularly the bismuth layered and alkali niobate-based
solid solution ferroelectrics; however, these materials
generally do not have sufficient electrical properties to
displace the current systems [1, 2].

Texture induced by high shear forming techniques, such
as tape casting, hot forging, and screen printing, has
improved the electrical properties of several lead-free
systems [3–16]. In certain systems, texturing results in
electrical properties that approach those of current lead-
based systems, making these textured materials potential
candidates for lead-free devices [17]. The improvement in
electrical properties of layer-structured ferroelectrics tex-
tured through tape casting and hot forging have been well
documented, but it has not been determined if comparable
improvements may be realized through screen printing.
Screen printing offers unique advantages over tape casting
such as the ability to print complex patterns and integrated
fabrication.

Bismuth titanate, Bi4Ti3O12 (referred to as BTO in this
paper), is a well characterized layer-structured system and
has been textured using a variety of techniques [3, 5–12,
15, 18]. Texture is generally achieved by introducing seed
crystals into a matrix of equiaxed powder, although this
step is not necessary in the case of hot forging. Several
techniques have been developed to grow high aspect ratio
BTO seeds up to 50 μm in size, which are easily oriented
during high shear processing [6, 7, 11, 12, 14, 18–22]. The
seeds grow as the matrix powder is consumed during
sintering, leading to a crystallographically oriented, dense
sample. This technique is known as templated grain growth,
TGG. As the polarization axis of BTO lies within the
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texture plane, the effect of texture on the electrical
properties due to orientation is readily apparent [19, 23].

This work examines the effect of crystallographic texture
on the electrical properties of bismuth titanate formed by
screen printing. Electrical properties were measured within
the texture plane as well as normal to the texture plane and
compared to the electrical properties of BTO textured by
hot forging and tape casting.

2 Experimental procedure

The preparation of BTO seed crystals, formulation of
screen printing ink and the screen printing process are
described in detail in previous work [18]. Briefly, phase
pure bismuth titanate seeds were grown using molten salt
synthesis and equiaxed BTO powder, with 10 weight
percent excess bismuth oxide, was formed through standard
mixed oxide processing. Screen printing ink was prepared
using a commercial vehicle and about 90 weight percent
ceramic with small adjustments (2–3%) to achieve proper
ink rheology. The ceramic component in the inks contain-
ing seeds was comprised of 10 weight percent seeds to
90 weight percent equiaxed powder.

The ink was printed on a Mylar sheet (Mylar A-200,
DuPont Teijin Films) taped to an alumina wafer (99.5%
Alumina M12546, Coorstek) and dried at 130°C for
15 min. After the initial print, Mylar shims were used to
support the screen from beneath, allowing printing of
multiple layers to build a pad approximately 0.8 mm thick.
The pad was gently peeled from the Mylar, sealed in a
platinum crucible, and sintered for 4 h between 1130°C and
1140°C, which is very close to the melting point. Bismuth
loss was minimized by using a sealed crucible and the
excess bismuth from the equiaxed powder. Electrical
properties are highly dependent on density; therefore, the
sintering conditions were increased to just below the
melting temperature, but have not been studied in detail to
achieve the optimum microstructure.

The rapid movement of the squeegee generates high
shear forces within the ink as the pad is printed, orienting
the seeds and allowing the TGG process to occur during
sintering. The crystallographic texture generated by this
process is very high (Lotgering factor of 0.98–0.99 and a
multiples of a random distribution value of >5 along the
(008) direction at 0° chi tilt) and equal to that generated
using hot forging and tape casting, allowing a comparison
of electrical properties to literature.

Electrical testing samples were diced from the sintered
pads. Samples measured along the c-axis were approxi-
mately 0.7 mm thick and those within the a-b plane
approximately 2.5 mm thick. The samples are highly
textured along the c-axis, but have a rotational degree of

freedom within the a-b plane. Figure 1 shows a schematic
(not to scale) of the sample fabrication process and the
orientation axes used when describing the electrical
results.

Diced samples were polished to 800 grit and platinum
electrodes were sputtered (K550X Sputter Coater, Quorum
Emitech, UK) to create electrical contacts. Any platinum
deposited along the sides of the sample was removed by a
final polish to prevent electrical shorting.

High field polarization as a function of electric field was
measured using a modified Sawyer-Tower circuit built in-
house. The sample was mounted in the test fixture and
placed in a jar containing silicon oil (561 Transformer
Fluid, Dow Corning Corp., MI) to prevent shorting. The jar
was placed in an environmental chamber (EC1A, Sun
Electronic Systems, FL) with the capacity to cool with
liquid nitrogen and resistively heat. The electric field was
applied with a high voltage amplifier (10/10B, Trek, NY).
Weak field relative permittivity and loss tangent measure-
ments were performed using an impedance analyzer
(4194A, Agilent, CA). The sample was placed in the test
fixture located inside an 1100°C clamshell furnace which
was heated during the measurements.

Several test samples were used during the course of this
work and small variations in electrical properties were
observed. These variations are likely due to processing
adjustments, such as higher sintering temperatures and
higher solids loading, leading to lower observed residual
porosity. It was not possible to accurately measure the final
density of the screen printed samples given the small
sample thickness. To fully explore the potential of screen
printing, the technique needs to be optimized, as the
electrical properties are affected by the sample density and
microstructure. The results presented are intended as a
preliminary comparison of screen printing to other texture-
inducing techniques, demonstrating the viability of screen
printing to produce equivalent improvements in the
electrical properties of textured BTO.

Fig. 1 Schematic of the screen printing technique showing the
orientation of the samples diced from the sintered pad within the a-b
plane and along the c-axis
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3 Results and discussion

Textured samples were examined both within the a-b plane
(within the texture plane) and along the c-axis (normal to
the texture plane), as referenced in Fig. 1. As the
polarization lies along the a-direction about 5° off of the
a-axis toward the c-axis, one would expect that the
electrical properties within the a-b plane would show a
significant improvement compared to a random, polycrys-
talline sample and those along the c-axis would show a
decline compared to a random sample. Because the dipole
moment remains random within the a-b plane, one would
expect the polarization to be well below that of single
crystal BTO (50±10 μC/cm²) within the a-b plane;
however, the polarization along the c-axis is expected to be
fairly close to the single crystal value (4±0.1 μC/cm²) [19].

3.1 Polarization response to electric field

The effect of drive voltage on the polarization of textured
samples within the a-b plane is shown in Fig. 2, with the
sinusoidal drive voltage applied as a positive voltage
initially.

The remanent polarization was improved when mea-
sured within the a-b plane compared to a randomly oriented
sample (9.3 μC/cm², 12.8 μC/cm², respectively) [3, 24]. As
the drive voltage was increased to 7 kV, the sample began
to reach saturation and would likely not have increased
significantly. Typical remanent polarization for screen
printed samples ranged from 20–30 μC/cm², while previous
hot forging work gives higher and lower values (37 μC/
cm², 14 μC/cm², respectively) [3, 5]. It is somewhat
problematic to directly compare these results to previous
work, as measurement frequencies are not always consis-

tent and the electrical properties of BTO show significant
frequency dependence. Differences in processing condi-
tions, degree of texture, and final density further complicate
comparisons as variations in the defect chemistry or
residual stresses may be present, altering the electrical
properties of the material. Scanning electron micrographs
show some residual porosity in the sample, which would
decrease the remanent polarization over a fully dense
sample. However, the remanent polarization is significantly
improved compared to a randomly oriented sample. The
screen printed samples experienced 100 kV/cm without
breakdown, which is also comparable to previous work
using other texturing methods.

The P-E loops are asymmetric, being somewhat pinched
under negative electric fields compared to positive electric
fields, especially at lower drive voltages. The coercive field
was approximately 50 kV/cm, although the P-E loops were
not centered about the origin and showed some dependence
on electric field history. For example, when the samples
experienced negative electric fields initially, the loops were
shifted in the negative direction and were pinched when
experiencing positive electric fields. This dependence is
likely due to induced changes in defect chemistry of BTO
under an electric field. Previous work has shown that the
defect chemistry of BTO is complex and sensitive to
impurity levels, which may explain the asymmetry [21, 25].

The internal bias, defined as the electric field necessary
to center the loops about at the origin along the electric
field axis, has been described by previous work and may be
caused by a variety of phenomena such as grain boundary
second phases and defects due to vacancies or atomic
substitutions [26, 27]. These phenomena have resulted in
effects such as domain wall pinning, aging and changes in
hysteresis behavior. The mechanisms creating the internal
bias observed in this work were not explored, but remain an
issue of further study as the electrical properties should
remain consistent regardless of electric field history.

The effect of drive voltage (lower due to the evaluation
of thinner samples) on the polarization of textured samples
along the c-axis is shown in Fig. 3.

As expected, the polarization was much lower along the
c-axis compared to a randomly oriented sample. The
remanent polarization was about 2 μC/cm², although that
value is somewhat lower than previous work and single
crystal values, possibly due to porosity within the sample
[3, 19]. The values measured in this work are similar to
previous work and demonstrate the expected trends. The
coercive field was 38 kV/cm as the electric field increased,
but shifted to –17 kV/cm as the field was reversed. At low
drive voltages, the loops were fairly symmetric. As the
drive voltage increased, the P-E loops became more
asymmetric, which is likely due to the complex crystal
structure and internal defect chemistry of BTO.

Fig. 2 Effect of drive voltage on the polarization within the a-b plane
measured at 20°C and 10 Hz
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3.2 Frequency-dependent polarization as a function
of electric field

The P-E loops were measured at several frequencies within
the a-b plane of the textured sample. The room temperature
results are shown in Fig. 4.

At room temperature, the P-E loops are fairly similar
at higher frequencies, but broaden below 5 Hz, indicating
the onset of conduction mechanisms. While crystalline
texturing of BTO improves electrical properties by
orienting dipole moments within the a-b plane, it also
increases conduction through crystalline orientation and
affects electrical properties, Several conduction mecha-
nisms have been proposed, including p-type conductivity
through acceptor impurities and cation vacancies, as well
as over-bonding of the bismuth ions [25]. The grain size
may also affect conduction by altering the defect structure

[25]. The defect chemistry was not explored, but remains
an important consideration when evaluating electrical
properties.

The loops show a slightly higher remanent polarization
than previously shown, likely due to improvements in the
sample fabrication resulting in less residual porosity. The
coercive field remains consistent and the sample shows no
signs of dielectric breakdown under strong electric fields.
The loops are somewhat asymmetric, indicating that the
polarization behavior is dependent on electric field history
and the defect chemistry of BTO is likely affecting the
response, as discussed previously.

The P-E loops were measured at several frequencies
along the c-axis of the textured sample. The room
temperature results are shown in Fig. 5.

The frequency dependence of the P-E loops along the c-
axis is consistent with those within the a-b plane, although
the polarization is much lower. This is an expected result as
the dipole moment lies nearly within the a-b plane. Below
about 5 Hz, the loops become lossy and by 0.1 Hz the
conduction mechanisms are very active, leading to a nearly
oval loop. The very large polarization is due to conduction
within the sample. The remanent polarization (~2 μC/cm²),
and coercive field remain consistent with the loops
generated by varying the drive voltage and are consistent
with previous work in the literature.

3.3 Temperature-dependent polarization as a function
of electric field

The P-E loops measured within the a-b plane at temper-
atures above about 30°C show increasing conduction,
manifested as broadening loops with increasing tempera-
ture, shown in Fig. 6.

Fig. 4 Effect of frequency on the polarization within the a-b plane of
a textured sample measured at 20°C

Fig. 5 Effect of frequency on the polarization along the c-axis of a
textured sample measured at 20°C

Fig. 3 Effect of drive voltage on the polarization along the c-axis
measured at 20°C and 1 Hz
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The loops of the textured samples began to broaden at
temperatures below that of the random sample, indicating
that the conduction mechanisms were also enhanced
through the texturing process. The sample showed no signs
of dielectric breakdown at fairly high electric fields and
shows a similar coercive field (~50 kV/cm) and remanent
polarization (~25 μC/cm²) as previous tests. The remanent
polarization is slightly higher for this sample, which is
likely due to improved sample fabrication and consequently
less residual porosity. The coercive field and remanent
polarization are comparable to previous work texturing
BTO with other processing techniques. Polarization is also
expected to improve with temperature as dipole reorienta-
tion is facilitated by thermal energy, although it is difficult
to quantify this effect alone as conduction mechanisms are
also concurrently enhanced by thermal energy.

The temperature dependence of the P-E loops measured
along the c-axis is shown in Fig. 7.

At the lowest measured temperatures, the loops overlap,
indicating that any conduction mechanisms have reached a
steady state. The loops are very asymmetric and nearly
linear as the sample is cycled through negative electric
fields, indicating that the domain orientation in response to
electric field is complex. This effect, however, becomes less
prominent as the temperature increases, facilitating domain
reorientation and electrical conduction. Previous work on
hot forged BTO yielded symmetric polarization loops at
room temperature along the c-axis [3]. Those measurements
were conducted at 50 Hz however, highlighting the fact that
direct comparison across texture techniques can be difficult.
Additionally, the electrical properties of BTO, especially
textured BTO, are strongly dependent on measurement
frequency. The coercive field is quite different as the drive
voltage is cycled through the test. As with the a-b plane
polarization loops, the c-axis loops begin to open at

temperatures above about 30°C, indicating increased
conduction within the sample. As the temperature increases,
the loops become more symmetric, demonstrating that the
defect chemistry is temperature dependent.

3.4 Weak-field relative permittivity and loss tangent
as a function of temperature and frequency

Weak-field relative permittivity measurements were per-
formed from room temperature to 700°C at measurement
frequencies of 1 kHz, 10 kHz, 100 kHz, 1 MHz and
10 MHz. The loss tangent was also determined during the
weak-field tests. The relative permittivity and loss tangent
are plotted as a function of temperature and frequency
within the a-b plane in Fig. 8 and along the c-axis in Fig. 9.

The Curie temperature of BTO has been previously
shown to be 675°C [23]. That transition is visible at slightly
lower temperatures, about 660°C, likely due to the
proximity of the thermocouple to the sample. The loss
tangent at lower frequencies is larger than that at higher
frequencies for the same temperature, indicating that
conduction mechanisms are frequency dependent, as shown
in prior work [7, 10]. The effect of the conduction
mechanisms can be mitigated by increasing the measure-
ment frequency, but even at the highest frequencies
measured, the loss becomes significant by about 300°C
[10, 23]. The frequency dependence of the measurements
indicates the difficulty of comparing work within the
literature, as measurements are typically not taken at the
same frequency and are therefore difficult to compare. The
loss tangent increases with increasing temperature, which is
consistent with the onset of conduction mechanisms
previously discussed. Additionally, the loss tangent is
higher within the a-b plane for a given set of test
conditions, indicating that conduction is greater within the

Fig. 7 Effect of temperature on the polarization along the c-axis of a
textured sample measured at 10 Hz

Fig. 6 Effect of temperature on the polarization within the a-b plane
of a textured sample measured at 1 Hz
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a-b plane [10, 11]. The large loss due to conduction within
the material is not unexpected. Previous work on single
crystals has shown that BTO has a high electrical
conductivity within the polarization plane [23]. Fortunately,
previous work has also shown that loss mechanisms are
mitigated by doping with Group V and VI elements, and it
is likely that such doping would have a similar effect and
delay the onset of conduction within BTO textured by
screen printing [24, 25, 28, 29].

The room temperature relative permittivity within the
a-b plane is approximately 130, which corresponds to
previous work on textured BTO and slightly lower than
expected from single crystal measurements [3, 7, 10, 23].
The room temperature relative permittivity along the c-
axis is approximately 110, which is comparable to
previous work and somewhat lower than the single crystal

value of 140 [3, 7, 10, 13, 23]. The large increase in
relative permittivity concurrent with the increase in loss is
due to conduction within the material and not representa-
tive of the true relative permittivity.

To compare the effect of orientation on the relative
permittivity, measurements taken at 1 MHz along the c-axis
and within the a-b plane were compared to a random
sample, shown in Fig. 10.

Initially, the relative permittivity within the a-b plane is
only slightly higher than along the c-axis and the randomly
oriented sample. However, the differences due to crystallo-
graphic texture become apparent as the temperature
increases, with a very distinct augmentation of the relative
permittivity within the a-b plane as compared to the
randomly oriented sample. As expected, the relative
permittivity along the c-axis is lower than that of the
random sample and much lower than that measured within
the a-b plane, demonstrating that crystallographic texture
can drastically improve the relative permittivity of BTO.

The electrical results demonstrate that inducing crystal-
line texture may have secondary results, such as conduc-
tivity enhancement. While the conductivity increase can be
mitigated with doping, unintended consequences of textur-
ing must be considered when assessing the value of these
materials as replacements for lead-based systems. Further-
more, other properties such as thermal conductivity and
mechanical properties are influenced by crystalline texture
[30]. Concurrent property enhancement may in fact become
a useful feature if texture anisotropy is leveraged. Aniso-
tropic thermal conductivity, for example, would be very
useful if successfully combined with integrated electronics,
as thermal management becomes a larger issue with
decreasing device footprint. Several other applications
may also benefit from engineered directional properties,

Fig. 10 Effect of orientation on the relative permittivity as a function
of temperature measured at 1 MHz

Fig. 9 Relative permittivity and loss tangent as a function of temperature
and frequency for textured BTO measured along the c-axis

Fig. 8 Relative permittivity and loss tangent as a function of
temperature and frequency for textured BTO measured within the a-
b plane
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such as thermal barrier coatings having anisotropic thermal
conductivity or directional mechanical properties.

4 Conclusions

The enhancement of electrical properties obtained through
screen printing is comparable to those obtained with other
texturing techniques such as hot forging and tape casting.
The electrical properties have been shown to be highly
dependent on measurement frequency, temperature and
even the electrical field history of the sample. Conduction
is enhanced via the defect chemistry of textured BTO and is
frequency and temperature dependent. These are all
important considerations when determining the potential
of textured BTO to replace lead-based dielectrics.

Acknowledgements Sandia is a multi-program laboratory operated
by Sandia Corporation, a Lockheed Martin company, for the United
States Department of Energy’s National Nuclear Security Administra-
tion under contract DE-AC04-94AL85000.

References

1. T.R. Shrout, S.J. Zhang, J. Electroceram. 19, 111–124 (2007)
2. S.J. Zhang, R. Xia, T.R. Shrout, J. Electroceram. 19, 251–257

(2007)
3. T. Takenaka, K. Sakata, Jpn. J. Appl. Phys. 19, 31–39 (1980)
4. Y. Kinemuchi, P.H. Xiang, H. Kaga, K. Watari, J. Am. Ceram.

Soc. 90, 2753–2758 (2007)
5. P.A. Fuierer, A. Nichtawitz, Proc. 9th IEEE Int. Symp. Appl.

Ferroelectr. 126–129 (1994)
6. J.A. Horn, S.C. Zhang, U. Selvaraj, G.L. Messing, S. Trolier-

McKinstry, J. Am. Ceram. Soc. 82, 921–926 (1999)
7. Y.M. Kan, P.L. Wang, Y.X. Li, Y.B. Cheng, D.S. Yan, J. Eur.

Ceram. Soc. 23, 2163–2169 (2003)

8. T. Kimura, T. Yoshimoto, N. Iida, Y. Fujita, T. Yamaguchi, J. Am.
Ceram. Soc. 72, 85–89 (1989)

9. J.S. Patwardhan, M.N. Rahaman, J. Mater. Sci. 39, 133–139
(2004)

10. V.K. Seth, W.A. Schulze, IEEE T. Ultrason. Ferr. Freq. Control
36, 41–49 (1989)

11. S. Swartz, W.A. Schulze, J.V. Biggers, Ferroelectr. 38, 765–768
(1981)

12. H. Watanabe, T. Kimura, T. Yamaguchi, J. Am. Ceram. Soc 72,
289–293 (1989)

13. P.H. Xiang, Y. Kinemuchi, K. Watari, J. Eur. Ceram. Soc 27, 663–
667 (2007)

14. J.J. Hao, X.H. Wang, R.Z. Chen, Z.L. Gui, L.T. Li, J. Am. Ceram.
Soc. 87, 1404–1406 (2004)

15. H. Watanabe, T. Kimura, T. Yamaguchi, J. Am. Ceram. Soc. 74,
139–147 (1991)

16. M.J. Wu, Y.X. Li, D. Wang, J.T. Zeng, Q.R. Yin, J. Electroceram.
22, 131–135 (2009)

17. Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma,
T. Nagaya, M. Nakamura, Nat. 432, 84–87 (2004)

18. M.R. Winter, C.B. DiAntonio, P. Yang, M.A. Rodriguez, J.R.
Michael, T.P. Chavez, B.B. McKenzie, J. Am. Ceram. Soc. 93,
1922–1926 (2010)

19. S.E. Cummins, L.E. Cross, J. Appl. Phys. 39, 2268–2274 (1968)
20. M. Holmes, R.E. Newnham, L.E. Cross, Am. Ceram. Soc. Bull.

58, 872 (1979)
21. S.K. Kim, M. Miyayama, H. Yanagida, Mater. Res. Bull. 31, 121–

131 (1996)
22. T. Kimura, T. Yamaguchi, Ceram. Int. 9, 13–17 (1983)
23. A. Fouskova, L.E. Cross, J. Appl. Phys. 41, 2834–2838 (1970)
24. S.H. Hong, J.A. Horn, S. Trolier-McKinstry, G.L. Messing, J.

Mater. Sci. Lett. 19, 1661–1664 (2000)
25. H.S. Shulman, M. Testorf, D. Damjanovic, N. Setter, J. Am.

Ceram. Soc. 79, 3124–3128 (1996)
26. R.A. Eichel, J. Electroceram. 19, 9–21 (2007)
27. K. Carl, K.H. Hardtl, Ferroelectr. 17, 473–486 (1978)
28. S.H. Hong, S. Trolier-McKinstry, G.L. Messing, J. Am. Ceram.

Soc. 83, 113–118 (2000)
29. S.S. Lopatin, T.G. Lupeiko, T.L. Vasiltsova, N.I. Basenko, I.M.

Berlizev, Inorg. Mater. 24, 1328–1330 (1988)
30. Y. Shen, D.R. Clarke, P.A. Fuierer, Appl. Phys. Lett. 93, 102907

(2008)

J Electroceram (2011) 26:1–7 7


	Electrical properties of Bi4Ti3O12 textured by screen printing
	Abstract
	Introduction
	Experimental procedure
	Results and discussion
	Polarization response to electric field
	Frequency-dependent polarization as a function of electric field
	Temperature-dependent polarization as a function of electric field
	Weak-field relative permittivity and loss tangent as a function of temperature and frequency

	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


