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We report a simple wireless power charging (WPC) antenna system (50 mm × 40 mm × 0.1 mm) for use in simulating power
transfer efficiency (η) with and without ferrite and a metallic object (battery case), thereby identifying suitable magnetic parameters
and ferrite sheet thickness. The simulation results suggest that magnetic loss tangent (tan δμ) and permeability (μ′) need to be
less than 0.05 and higher than 125 at 13.56 MHz, respectively, to achieve at least 75% of the transfer efficiency (ηmax) of the
WPC antenna without ferrite and the metallic object. Accordingly, we have fabricated NixZn0.85−xCu0.15Fe2O4 (x = 0.32 − 0.38)
spinel ferrites using a one-step sintering process and obtained relatively high μ′ of 169 and low tan δμ of 0.1 with a nickel (Ni)
concentration of 0.38. This magnetic loss is still too high to achieve 75% of the ηmax value. In order to further reduce the magnetic
loss, a two-step sintering process was used. The two-step sintered Ni0.38Zn0.47Cu0.15Fe2O4 shows μ′ of 132 and a tan δμ of 0.03 at
13.56 MHz, respectively. Therefore, this ferrite meets criteria identified by the transfer efficiency simulation and is a good candidate
for 13.56-MHz wireless power transfer charging antenna system. In addition, our designed WPC system is capable of evaluating
other magnetic materials that are suitable for WPC antenna applications.

Index Terms— Ni–Zn–Cu ferrite, power transfer efficiency, wireless power charging (WPC) system.

I. INTRODUCTION

RECENTLY, wireless power charging (WPC) systems
using inductive coupling have been of great interest

due to increased safety and convenience [1]. A WPC system
transfers power wirelessly via the magnetic field generated by
a coil. In such a WPC system, magnetic sheets are employed
to the backside of the transmitting and receiving coil antennas
to enhance the transfer efficiency and suppress electromagnetic
field (EMF) noise [2]. With the presence of any metallic object
underneath a WPC antenna, the power transfer efficiency
significantly degrades due to the magnetic field from the
coil generating eddy currents on the metallic component.
To alleviate the eddy current effect, magnetic isolation is
required, which can be realized by magnetic field conver-
gence with a high permeability (μ′) and electrical resistivity
magnetic sheet. Moreover, the low magnetic loss is essential
at the operation frequency (13.56 MHz) of WPC systems.
In an effort to investigate low magnetic loss, high permeabil-
ity, and high resistivity materials, Ni–Zn–Cu spinel ferrites
have been widely studied [3]–[7]. For instance, Co-doped
Ni–Zn–Cu ferrite shows a permeability of 154 and a magnetic
loss tangent (tan δμ) of 0.03 at 13.56 MHz [3] but is composed
of four components, including expensive Co.

Although WPC has been known for more than a century,
to the best of our knowledge, there is no report on the
evaluation of shielding ferrite by a simple WPC system for
optimal dynamic properties and ferrite thickness.
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In this paper, we have designed a simple WPC antenna
system to identify the most desired parameters of a ferrite
sheet, i.e., magnetic properties and thickness, for efficient
wireless power transfer at 13.56 MHz. In addition, this WPC
system can be useful in the evaluation of any magnetic
sheet. Based on the thickness and magnetic parameters con-
firmed by power transfer efficiency simulations, we have
also designed and synthesized Ni–Zn–Cu spinel ferrites. The
synthesized Ni–Zn–Cu ferrites meet the optimal magnetic
parameters.

II. SIMULATION OF WIRELESS POWER

TRANSFER EFFICIENCY

Fig. 1 shows our designed WPC system for simulation
of the wireless power transfer efficiency (η) of the antenna.
ANSYS HFSS (version 16) was employed for the simulation.
The WPC consists of two coil antennas, A1 (considered as
a charger) and A2 (considered as a charging device). Each
antenna consists of a coil, polyethylene (PE) and ferrite sheet,
and matching circuit, as shown in Fig. 1(a). Each coil has
three turns with a 0.3-mm gap between traces (W = 0.6 mm)
and is attached to a PE sheet (50 mm × 40 mm × 0.1 mm),
which has a smaller area than a typical commercial smartphone
battery. The ferrite sheet is located underneath the PE sheet
with an equivalent area. Ferrite sheet thickness (t) is varied
from 0.1 to 0.9 mm, and the matching circuit is designed to
meet 50 � at 13.56 MHz, which is the frequency of interest
for WPC applications.

The antennas in Fig. 1(b) are separated by 30 mm.
Furthermore, metals, which are assumed to be batteries
or other electronics, with a dimension of 70 mm ×
50 mm × 3 mm, are placed on the backside of the antennas.
Only antenna A1 is externally excited with 1 W in the
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Fig. 1. Geometry and dimensions of (a) single antenna and (b) pair of
antenna with metal for WPC applications.

Fig. 2. Simulated and normalized power-transfer efficiency as a function of
ferrite sheet thickness.

simulation of power transfer efficiency. We first simulated
the efficiency (ηmax) of the WPC system without ferrite and
the metallic object and used this efficiency to normalize the
efficiency of the WPC antenna with ferrite and metallic object.

Fig. 2 shows the simulated and normalized power-transfer
efficiency, ηt_normalized = ηt /ηmax, as a function of ferrite
thicknesses. ηt is the simulated power-transfer efficiency at

Fig. 3. Simulated and normalized power-transfer efficiency as a function of
(a) magnetic loss tangent and (b) real part of complex permeability.

different ferrites t with the metallic object, and ηmax (63%)
is the simulated efficiency of the coil antennas. Surprisingly,
ηt_normalized drops to 0.064 when the metallic object is placed
on the backsides of the antennas without ferrite sheets.
Therefore, loading of the ferrite sheet is indispensable to the
increase of η by magnetically isolating the metallic object from
the antenna. ηt_normalized is increased from 0.42 to 0.88 as
t increases from 0.1 to 0.9 mm when the ferrite sheet has a
permeability (μ′) of 150 and a magnetic loss tangent (tan δμ)
of 0.02. The simulated efficiencies in Fig. 2 can be fit to the
following empirical equation: ηt_normalized = a + b × ln(t − c),
where a = 91.2, b = 22.2, and c = 0.02. ηt_normalized
gradually increases with the t value but starts to saturate when
t reaches 0.5 mm. Accordingly, a t value of 0.5 mm was used
for subsequent simulations, since the thinner sheet is favorable
in real applications.

Fig. 3(a) shows the simulated and normalized power-transfer
efficiency (ηtanδμ_normalized = ηtanδμ/ηmax, where ηtanδμ is
the simulated η at different tan δμ values), and ημ′_normalized
(=ημ′ /ηmax, where ημ′ is the simulated η at different μ′ values)
is shown in Fig. 3(b). ηtanδμ_normalized remarkably decreases
as the tan δμ value increases in Fig. 3(a). Noticeably,
ηtanδμ_normalized decreases 14.6% with the small increase in the
tan δμ value from 0.01 to 0.05. On the other hand, ημ′_normalized
at t = 0.5 mm and tan δμ = 0.02 gradually increases with μ′,
and then begins to saturate when μ′ is greater than 125 as seen
in Fig. 3(b). The increase in the transfer efficiency with t and
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μ′ in Figs. 2 and 3 is due to the cancellation of the magnetic
flux through the coil, thereby reducing eddy currents on the
metal objects [2]. In Fig. 3, the red and blue solid lines are fit
curves given by ηtanδμ_normalized = d ×exp(−tanδμ/e)+ f and
ημ′_normalized = g × ln(μ′ − h), respectively, where d = 68.8,
e = 0.2, f = 14.9, g = 16, and h = 7.6. The simulation
results suggest that ferrite with tan δμ < 0.05 and μ′ > 125 is
desired to achieve 75% of the ηmax value of the coil antennas.
Therefore, we have designed and synthesized spinel ferrites to
meet a μ′ value of 132 and 0.03 of tan δμ at 13.56 MHz.

III. EXPERIMENT

Spinel NixZn0.85−xCu0.15Fe2O4 (x = 0.32–0.38) ferrites
were prepared using the sol–gel and sintering processes. The
precursors [Ni(NO3)2 · 6H2O, Zn(NO3)2 · 6H2O, Cu(NO3)2 ·
2.5H2O, Fe(NO3)3 · 9H2O, and citric acid] of Ni–Zn–Cu
ferrites were dissolved in 50 mL of deionized (DI) water with
the appropriate stoichiometric ratio, named Solution I. Citric
acid was dissolved in 300 mL of DI water, named Solution II.
Then, Solution I was dropped into Solution II while stirring
under an O2 atmosphere. The mixed solution was then dried in
an oven, and the dried powder was collected and annealed at
750 °C. The annealed powder was ground and pressed into a
toroidal ring (inner diameter: 3.2 mm, outer diameter: 7.0 mm,
and thickness: 2 mm) to characterize the dynamic magnetic
properties. One-step sintering was carried out at 850 °C or
900 °C for 4 h, and two-step sintering at 900 °C for 1 min,
followed by sintering at 830 °C for 4 h.

We have used an X-ray diffractometer (XRD:
Cu Kα–1.54 Å) and vibrating sample magnetometer
(VSM: MicroSense EV9) to characterize the annealed
Nix Zn0.85−xCu0.15Fe2O4 powders for crystalline phases and
static magnetic properties. To measure dynamic magnetic
properties of the sintered toroidal rings, an impedance/material
analyzer (IA: Agilent E4991A) with a material test fixture
(Agilent 16454A) was used in the range of 1 MHz–1 GHz.
We have characterized the sintered ferrites by a field emission
scanning electron microscope (FE-SEM: JEOL 7000 FE) for
their microstructures.

IV. RESULTS AND DISCUSSION

Fig. 4 shows the XRD patterns of Nix Zn0.85−xCu0.15Fe2O4
(x = 0.32 − 0.38) powders with the standard diffraction
patterns of Ni–Zn spinel ferrite. All powders show a cubic
spinel phase with no secondary phases. To estimate the average
crystallite size (D) of the ferrite powder, we have used
Scherrer’s equation with the (3 1 1) diffraction peak

D = 0.89λ/(β cos θ) (1)

where λ is the wavelength of the X-ray, β is the full width at
half maximum angle, and θ is the diffraction angle [8]. The
measured average crystallite size increases from 33 to 50 nm
as x (Ni content) increases from 0.32 to 0.38. This can be
understood by an enthalpy of the compound. The enthalpy of
NiFe2O4 (	H970K = −1.22 ± 0.22 kcal/mole) is higher than
that of ZnFe2O4 (	H970K = −2.67±0.23 kcal/mole), suggest-
ing less liberation of heat with an increase of x ; consequently,
nickel (Ni) enhances the crystallite growth [9], [10].

Fig. 4. X-ray diffraction patterns of Nix Zn0.85−x Cu0.15Fe2O4 powders with
various Ni concentrations.

Fig. 5. Magnetic hysteresis loops of Nix Zn0.85−x Cu0.15Fe2O4 powders
with various Ni concentrations.

Fig. 5 shows the magnetic hysteresis loops of
NixZn0.85−x Cu0.15Fe2O4 (x = 0.32 − 0.38) powders, all of
which appear magnetically soft. As the Ni concentration
increases from 0.32 to 0.38, the saturation magnetization (σs)
decreases from 60 to 56 emu/g. This is because the magnetic
Ni2+ cations preferably occupy octahedral sites, which leads
to a reduction in the total net magnetization [6], [11].

Fig. 6(a) and (b) shows Ni concentration dependence of the
measured complex permeability spectra and tan δμ, respec-
tively, of Nix Zn0.85−xCu0.15Fe2O4 (x = 0.32–0.38) ferrites.
These ferrites were sintered at 900 °C, i.e., one-step sintering.
It is found that μ′ decreases to 169 from 274 at 13.56 MHz,
and tan δμ decreases to 0.1 from 0.47 as the Ni content
increases from 0.32 to 0.38. This is because the ferromagnetic
resonant frequency shifts to a higher frequency according to
Snoek’s effect. The decrease of μ′ is attributed to a decrease
of Ms (=ρ × σs , where ρ is the density) [6]. A tan δμ of 0.1
for NixZn0.85−x Cu0.15Fe2O4 (x = 0.38) is still too high to
achieve 75% of the ηmax value.
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Fig. 6. Ni concentration dependence of (a) complex permeability and
(b) magnetic loss tangent for Nix Zn0.85−x Cu0.15Fe2O4 ferrite sintered
at 900 °C.

Therefore, we have redesigned the microstructure of the
ferrite (x = 0.38) by modifying the single-step sintering
profile, i.e., a two-step sintering route. This is because the
dynamic complex permeability of ferrite is highly affected by
its microstructure [12], [13]. Fig. 7(a) compares the measured
complex permeability of Ni0.38Zn0.47Cu0.15Fe2O4 ferrite sin-
tered by the two-step sintering process (900 °C and 830 °C)
to that of one-step sintered ferrites. The two-step sintered
ferrite shows a μ′ of 132 and a tan δμ of 0.03 at 13.56 MHz.
This μ′ is lower than that of the one-step sintered ferrite at
900 °C and marginally higher than that of the one-step sintered
ferrite at 850 °C. This is because the average grain size of
two-step sintered sample is 660 nm, which is smaller than that
(980 nm) of the one-step sintered sample at 900 °C and slightly
larger than that (590 nm) of the one-step sintered sample at
850 °C, as shown in Fig. 8. However, the tan δμ value (0.03 at
13.56 MHz) of the two-step sintered ferrite is much lower than
the one-step sintered ferrites (0.05 and 0.10 at 13.56 MHz),
which is shown in Fig. 7(b). This low tan δμ can be attributed
to the higher density of the two-step sintered ferrite (ρ =
4.37 g/cm3) than that of the one-step sintered sample (850 °C,
ρ = 4.28 g/cm3). We compared the magnetic loss tangent of
the developed ferrite with commercial ferrites [14], [15] in
Fig. 7. It is observed that the developed ferrite shows a low

Fig. 7. Effects of sintering condition on (a) complex permeability and
(b) magnetic loss tangent for Ni0.38Zn0.47Cu0.15Fe2O4 ferrite.

Fig. 8. Microstructures of sintered Ni0.38Zn0.47Cu0.15Fe2O4 ferrites.
(a) Ts = 850 °C for 4 h. (b) Ts = 900 °C for 4 h. (c) Ts1 = 900 °C
for 1 min and Ts2 = 830 °C for 4 h.

magnetic loss with relatively high permeability compared with
the commercial ferrite sheets.

The two-step sintered ferrite meets magnetic parameters
identified by WPC simulation to achieve higher than 75%
of the ηmax value. We have found that our designed simple
WPC system can be useful for the evaluation of any magnetic
sheets and used to get necessary information for the design of
shielding ferrite.

V. CONCLUSION

Power transfer efficiency simulations of a WPC system
identified the magnetic parameters of a ferrite sheet suitable
for achieving higher than 75% of the transfer efficiency (ηmax)
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of the WPC coil antenna system without ferrite and a metallic
object. The ferrite sheet needs to have a permeability (μ′)
of at least 125 and a magnetic loss tangent (tan δμ) less
than 0.05 at 13.56 MHz to achieve 75% of the ηmax value.
Nix Zn0.85−xCu0.15Fe2O4 (x = 0.38) ferrite, prepared by a
one-step sintering, shows a relatively high μ′ of 169 and a low
tan δμ of 0.1. However, the loss is still too high to achieve 75%
of the ηmax value. Alternatively, a two-step sintering processed
Ni0.38Zn0.47Cu0.15Fe2O4 ferrite (x = 0.38) has a μ′ of 132 and
a tan δμ of 0.03 at 13.56 MHz, which achieves more than
75% of the ηmax. Therefore, this ferrite is a good candidate
for WPC antenna applications.

ACKNOWLEDGMENT

This work was supported in part by the E. A. Larry
Drummond Endowment at the University of Alabama.

REFERENCES

[1] K. Phaebua, T. Lertwiriyaprapa, and C. Phongcharoenpanich, “Study
of a repeater TX antenna concept of a portable device wireless bat-
tery charging system,” in Proc. Asia–Pacific Conf. Commun. (APCC),
Oct. 2014, pp. 442–445.

[2] M. Gebhart, R. Neubauer, M. Stark, and D. Warnez, “Design
of 13.56 MHz smartcard stickers with ferrite for payment and authentica-
tion,” in Proc. 3rd Int. Workshop Near Field Commun. (NFC), Feb. 2011,
pp. 59–64.

[3] W. Liu et al., “Monodomain design and permeability study of high-
Q-factor NiCuZn ferrites for near-field communication application,”
J. Electron. Mater., vol. 44, no. 11, pp. 4367–4372, Sep. 2015.

[4] H. Su, H. Zhang, X. Tang, Z. Zhong, and F. Bai, “Influences of high
calcination temperature on densification and magnetic properties of low-
temperature-fired NiCuZn ferrites,” IEEE Trans. Magn., vol. 47, no. 10,
pp. 4328–4331, Oct. 2011.

[5] H. Su, X. Tang, H. Zhang, L. Jia, and Z. Zhong, “Influences of
Fe-deficiency on electromagnetic properties of low-temperature-fired
NiCuZn ferrites,” J. Magn. Mater., vol. 322, no. 13, pp. 1779–1783,
Jul. 2010.

[6] T. Nakamura, “Snoek’s limit in high-frequency permeability of poly-
crystalline Ni-Zn, Mg-Zn, and Ni-Zn-Cu spinel ferrites,” J. Appl. Phys.,
vol. 88, p. 348, Jul. 2000.

[7] C. P. Wu, M. J. Tung, W. S. Ko, Y. P. Wang, S. Y. Tong, and M. D. Yang,
“Effect of neodymium substitutions on electromagnetic properties in low
temperature sintered NiCuZn ferrite,” Phys. B, vol. 476, pp. 137–140,
May 2015.

[8] X. Tan, G. Li, Y. Zhao, and C. Hu, “The effect of Cu content on
the structure of Ni1−x Cux Fe2O4 spinels,” Mater. Res. Bull., vol. 44,
pp. 2160–2168, Aug. 2009.

[9] A. Navrotsky and O. J. Kleppa, “Thermodynamics of formation of
simple spinels,” J. Inorganic Nucl. Chem., vol. 30, no. 2, pp. 479–498,
1968.

[10] C. Upadhyay, H. C. Verma, and S. Anand, “Cation distribution
in nanosized Ni–Zn ferrites,” J. Appl. Phys., vol. 95, no. 10,
pp. 5746–5751, 2004.

[11] B. D. Cullity and C. D. Graham, “Ferrimagnetism,” in Introduction to
Magnetic Materials, 2nd ed. Hoboken, NJ, USA: Wiley, 2009, p. 182.

[12] K. Takadate, Y. Yamamoto, A. Makino, T. Yamaguchi, and I. Sasada,
“Fine grained Mn–Zn ferrite for high frequency driving,” J. Appl. Phys.,
vol. 83, no. 11, pp. 6861–6863, 1998.

[13] J. Lee et al., “Low loss Co2Z (Ba3Co2Fe24O41)–glass composite for
gigahertz antenna application,” J. Appl. Phys., vol. 109, no. 7, p. 07E530,
2011.

[14] TDK, “Magnetic sheets for RFID,” IFL/IBF series datasheet, TDK,
Tokyo, Japan, Tech. Rep., Jun. 2016.

[15] Laird, “Flexible ferrite sheets for NFC & wireless charging,” MCP-DS-
MHLL datasheet, Laird, London, U.K., Tech. Rep., Aug. 2014.

Authorized licensed use limited to: BOSTON UNIVERSITY. Downloaded on April 09,2024 at 10:23:31 UTC from IEEE Xplore.  Restrictions apply. 

WiTricity Corp.
Exhibit 2009

Page 5

ayala
Highlight

ayala
Highlight

ayala
Highlight



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




