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Letters

Optimal Coupling to Achieve Maximum Output Power in a WPT System

Dong-Wook Seo, Jae-Ho Lee, and Hyung-Soo Lee

Abstract—In the wireless power transfer systems, a coupling co-
efficient is one of the measures of performance. In particular, the
coupling coefficient at critical coupling does not ensure maximum
system energy efficiency but guarantee maximum output power
to the load. As the coupling coefficient goes beyond the critical-
coupled state, output power begins to decline. In this letter, we pro-
pose a method to maximize output power even in an overcoupled
state as in the critical-coupled state by adjusting the capacitance
of the resonator. Our proposal is verified by comparing the calcu-
lations and simulations with measurements, and they are in good
agreement.

Index Terms—Contactless power, critical coupling, inductive
power transfer, system energy efficiency, wireless power.

I. INTRODUCTION

CRITICAL coupling in the wireless power transfer (WPT)
systems has been defined for various phenomena where

the coupling coefficients are identical. Critical coupling occurs
when the highest level of coupling is achieved without frequency
splitting [1]. While a coupling state in which the coupling co-
efficient is greater than that of critical coupling is called an
overcoupled state, a coupling state with a smaller coupling co-
efficient than that of critical coupling is called an undercoupled
state. Over the past few decades, it has already been recognized
that critical coupling can be used to maximize the voltage gain
in [2] and [3]. Recently, several studies have pointed that output
power is maximized in the critical-coupling state [4], [5]. How-
ever, calculation and experiments have shown that the maximum
output power and maximum system energy efficiency are not
simultaneously achieved [6], which is similar to the tradeoff rela-
tions between output power and drain efficiency in an RF power
amplifier design. From the point view of the load, efficiency as
well as output power should be taken into consideration.

It is well known that the frequency splitting occurs in an
overcoupled WPT system and results in the dramatic decrease
in the output power. Additionally, coupling coefficient is
generally regarded as a nonadjustable parameter because it
is mainly determined by geometric parameters, such as the
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Fig. 1. Equivalent circuit model of a two-coil resonant WPT system.

distance between coils and alignment of coils. To overcome
these problems, the online tuning technique is implemented by
changing capacitance of the input-matching network, and high
output power is achieved in the overcoupled state [7]. However,
the matching network is applied only in the transmitter, which
is insufficient for the system to achieve the maximum output
power. On the other hand, a tuned operating frequency is
proposed to achieve a constant maximum output power in the
overcoupled region [8]. However, a change in the operating
frequency may result in the violation of frequency regulation
for a WPT system allowed in a narrow bandwidth. In this letter,
we introduce a new approach to transfer the maximum amount
of output power without changing the operating frequency
in a WPT system. By adjusting the free resonant frequency,
the WPT system obtains the maximum output power with
offline tuning procedure even in the overcoupled state. First,
we investigate a condition identical to critical coupling, and
then the proposed approach is validated through a comparison
of calculations and simulations with measured results.

II. FORMULATION

A. Maximum Output Power of Conventional WPT System

Fig. 1 shows the equivalent circuit model of a two-coil res-
onant WPT system. Kirchhoff’s voltage law (KVL) equations
for the two-coil resonators are given by

Vs =
(

jωL1 +
1

jωC1
+ R1

)
· I1 − jωM · I2 (1)

0 = −jωM · I1 +
(

jωL2 +
1

jωC2
+ R2

)
· I2 . (2)

When the derivatives of |VL /Vs | or |I2 /Vs | with respect to
k are zero, a WPT system is critically coupled and has the
maximum voltage gain and maximum output power [1]–[5], [8].
The coupling coefficient k at the critical coupling is represented
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as

kcritical =
1√

Q1Q2
(3)

where Q1 = ωL1/(R1p + Rs) = ωL1/R1 and Q2 = ωL2/
(R2p + RL ) = ωL2/R2 are the loaded Q-factors of the primary
and secondary coils, respectively. When there is no mutual cou-
pling between the two coils, the resonant angular frequencies of
the resonators are called the free resonant angular frequencies.
They are given by

ω1 =
1√

L1C1
, ω2 =

1√
L2C2

. (4)

In the conventional WPT system, the free resonant angular
frequencies of the primary and secondary resonators ω1 and ω2
are tuned to the operating angular frequency ω0 using C1 and
C2 . On the other hand, the system energy efficiency is defined
as the ratio of the output power and the input power from the
power source [9], and it can be expressed as

η =
PL

Pin
=

RL |I2/I1 |2

R1 + R2 |I2/I1 |2
(5)

where I1 and I2 are the rms currents of the primary and sec-
ondary resonators, respectively. PL and Pin are the output power
and input power, and they are estimated by |VL |2/RL and
V s · I∗1 , respectively. The current ratio |I2/I1 | is the key fac-
tor in determining the system energy efficiency, and dependent
on the coupling coefficient. From the KVL equation of the sec-
ondary resonator of (2), the current ratio at the operating angular
frequency ω0 is expressed as

∣∣∣∣I2

I1

∣∣∣∣ =

∣∣∣∣∣
jω0k

√
L1L2

jω0L2 + 1
jω0 C2

+ R2

∣∣∣∣∣ . (6)

Under the assumption of the conventional WPT system (ω1 =
ω2 = ω0), substituting the critical coupling condition of (3) into
(6) yields ∣∣∣∣I2

I1

∣∣∣∣ ω1 =ω2 =ω0 ,
k=1/

√
Q 1 Q 2

=
√

R1

R2
. (7)

Additionally, from (1) and (2), the ratio of output current to
input voltage |I2/Vs | is derived as∣∣∣∣ I2

Vs

∣∣∣∣ =

∣∣∣∣∣∣
jωM(

jω0L1 + 1
jω0 C1

+ R1

)(
jω0L2 + 1

jω0 C2
+ R2

)
+ ω2M 2

∣∣∣∣∣∣
(8)

and it is a key factor in determining the output power Pout =
|I2 |2 · RL . Inserting (3) into (8) gives∣∣∣∣ I2

Vs

∣∣∣∣ ω1 =ω2 =ω0 ,
k=1/

√
Q 1 Q 2

=
1

2
√

R1R2
. (9)

Therefore, under the critical coupling condition of (3), the
current ratio in (7) and ratio of the output current to the input

Fig. 2. Equivalent circuit model of Fig. 1 using reflected impedance.

voltage in (9) are represented with only resistance components
of resonators.

On the other hand, the conventional two-coil WPT system,
shown in Fig. 1, can be illustrated equivalently to the single
series resonator of Fig. 2 using the reflected impedance. The
input impedance Zin is the sum of the impedance of the primary
resonator and the reflected impedance

Zin |ω1 =ω2 =ω0
= Rs +

(
R1p + jωL1 +

1
jωC1

)

+
(ωM)2

R2 + jωL2 + 1
jωC2

= R1 + Zreflected (10)

where the reflected impedance can be written as [9]

Zreflected = R1k
2Q1Q2 . (11)

Substituting (3) into (11), the reflected impedance at critical
coupling becomes R1 = (Rs + R1p), and the input impedance
of the system is 2R1 . This demonstrates that the reflected
impedance is well matched to that of the primary resonator. This
condition is considered as conjugate matching at the operating
angular frequency ω0 and results in maximum power transfer to
the secondary resonator, for the critical-coupled state.

Inserting (7) into (5) results in additional interest; the system
energy efficiency at critical coupling becomes

η =
RL

2 (R2p + RL )
. (12)

When the load resistance RL is much greater than the parasitic
resistance R2p , the system energy efficiency approaches 50%,
which means that the WPT system has the maximum output
power, but it cannot exceed the system energy efficiency of 50%
with critical coupling.

B. Equivalent Conditions for Critical Coupling

Suppose that a two-coil WPT system is overcoupled at the
operating angular frequency ω0 , and that the free resonance
frequencies of the resonators are ω1 and ω2 , respectively. Thus,
the current ratio of (6) can be expressed as

∣∣∣∣I2

I1

∣∣∣∣
ω2 �=ω0

=

√√√√ k2L1/L2(
ω 2

2
ω 2

0
− 1

)2
+ 1

Q 2
2

. (13)
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Fig. 3. Photograph of experiment setup of the two-coil WPT system.

Comparing (7) with (13) gives

ω2 = ω0

√
1 ±

√
k2Q−1

2 Q1 − Q−2
2 . (14)

Similarly, the free resonant angular frequency of the primary
resonator is also expressed as

ω1 = ω0

√
1 ±

√
k2Q−1

1 Q2 − Q−2
1 . (15)

The conditions of (14) and (15) can be satisfied by the ad-
justment of capacitances C1 and C2 of the resonators in (4).
Substituting (14) and (15) into (8) also yields the same results
as (9). That is to say, in the overcoupled state, changing the free
resonant frequency of each resonator as given by (14) and (15)
can lead to the same effect as critical coupling.

If Q1 = Q2 and Q1,2 � 1, (14) and (15) can be approximated
as

ω1,2 ∼= ω0
√

1 ± k. (16)

Equation (16) is widely used in explaining the frequency
splitting, and ω0

√
1 + k and ω0

√
1 − k are well known as

even- and odd-mode angular frequencies split by overcoupling,
respectively [5]–[10]. The assumption of Q1 = Q2 and
Q1,2 � 1 makes the free resonant angular frequencies of (14)
and (15) approach the split frequencies. Since (16) is valid
only under the condition of Q1 = Q2 and Q1,2 � 1, it can
be applied to the system with limited condition. To obtain
maximum output power, it would be a rational choice to apply
(14) and (15) rather than (16) to a real system.

III. CALCULATION AND EXPERIMENTS

An experimental prototype was set up as shown in Fig. 3, and
measured to verify the theoretical analysis using a oscilloscope
and WT1800 power analyzer of the Yokogawa. With the ac
simulation controller of Keysight’s advanced design system, we
additionally simulated the circuit of Fig. 1, which consists of
the single frequency voltage source and ideal lumped elements.
In the prototype, a half-bridge inverter, copper Litz wires, and
lumped capacitors were used. The half-bridge inverter to supply
ac power source is implemented by using an IR25603 driver and
two IRFP250N power MOSFETs. The AWCCA-50N50H35-
C01 and C02, which are fabricated by copper Litz wires, are

TABLE I
CIRCUIT PARAMETERS OF EXPERIMENTAL PROTOTYPE

Symbol Notes Value

Vs Fundamental input voltage in ac RMS 4.5 V
ω0 Operating angular frequency 2π × 108 × 103 rad/s
L1 Primary coil inductance 24 μH
L2 Secondary coil inductance 6.3 μH
R1 p Primary coil ESR 0.072 Ω
R2 p Secondary coil ESR 0.019 Ω
Rs Source resistance 0.7 Ω
RL Load resistance 1.0 Ω

Fig. 4. Calculated, simulated, and experimental results for the conventional
and proposed system: (a) output power P out, input power Pin , and system
energy efficiency η with respect to coupling coefficient k, and (b) voltage gain
|VL /Vs | with respect to coupling coefficient k and distance between coils.

used for the primary and secondary coils, respectively. The
dimensions of the coils are 44 mm × 20.5 mm in common, and
the number of turns of the coils is 20 and 10, respectively. The
coils are inserted into fixtures made with polyethylene. The
distance between the coils is variable by moving the fixtures on
the guide rail. Two film capacitors with tolerance of ± 5% and
rated voltage of 250 V are placed in parallel for fine-tuning the
desired free resonant frequency. We used the cement resistor
with the related wattage of 20 W for the load. The extracted
parameters of the prototype are listed in Table I.

Before measuring the output voltage and power, the coupling
coefficient with respect to the distance between coils should be
measured. In order to measure the coupling coefficient, we used
the E5061B network analyzer that was connected to coils via
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TABLE II
CAPACITANCE OF SERIES CAPACITORS WITH RESPECT TO COUPLING

COEFFICIENTS FOR THE PROPOSED METHOD

Dis. Coupling Free Resonant Desired Cap. Adopted
[mm] Coefficient Freq. [kHz] [nF] Caps. [nF]

14.0 0.214 112.4 83.6 82 || 1.5
128.5 243.4 220 || 22

15.5 0.190 111.7 84.5 82 || 2.2
125.6 254.8 220 || 33

17.0 0.164 111.0 85.7 82 || 3.9
122.2 269.3 150 || 120

18.5 0.143 110.3 86.8 82 || 4.7
119.0 283.8 180||100

20.0 0.129 109.8 87.6 82 || 4.7
116.5 296.2 180 || 120

21.5 0.116 109.1 88.7 82 || 6.8
113.5 312.2 220 || 100

23–61 0.1–0.01 108 90.5 68 || 22
344.7 220 || 120

SMA connectors and plotted instantaneously the coupling coef-
ficient between coils by the equation editor, which provides the
results mathematically calculated from measured trace in real
time. The equation of “im(Z21)/sqrt(im(Z11), im(Z22))” in the
equation editor calculates the coupling coefficient between
coils. The measured coupling coefficients are depicted as upper
x-axis in Fig. 4(b) and listed in Table II. In the measurement, the
free resonant angular frequencies of the conventional system
ω1 and ω2 are identical to the operating angular frequency ω0 ,
and then the series capacitors keep the capacitance unvaried
regardless of the coupling coefficient. However, the proposed
method needs the different capacitance depending on the
coupling coefficient. The desired and adopted capacitance for
the offline tuning are listed in Table II.

The calculated and simulated output power, input power, sys-
tem energy efficiency, and voltage gain corresponding to cou-
pling coefficients together with the experimental results are
shown in Fig. 4. The conventional system (ω1 = ω2 = ω0)
shows maximum output power and voltage gain, when the cou-
pling coefficient is approximately 0.1; the calculated critical
coupling coefficient from (3) is 0.1063. Moreover, while the
deviation of the coupling coefficient from the critical coupling
brings about a decrease in the output power and the voltage gain
for the conventional system, the maximum output power and
voltage gain are maintained by the proposed method, even for
the overcoupled state. In our experiments, the proposed method
was applied to the overcoupled state only. The simulated and
calculated results have little difference and appear to overlap,
and the measured results show good agreement with the calcu-
lated ones as seen in Fig. 4.

The conventional WPT system shows that the output power
is maximized at critical coupling, and decreases as the coupling
level exceeds critical coupling, while the input power decreases
regardless of critical coupling. From (10) and (11), the reflected
impedance increases as the amount of coupling increases, and
accordingly, the input impedance also increases, as seen in
Fig. 5. From the active power expression Pin = |Vs |2/Re{Zin},
consequently, the increased coupling coefficient reduces the in-
put power, as shown in Fig. 4(a). Additionally, with the proposed
method, the input impedance of the system is 2R1( = 1.54 Ω) in

Fig. 5. Simulated input impedance with respect to coupling coefficient k for
the conventional and proposed system.

the overcoupled state, as shown in Fig. 5. The input reactance
of 0 Ω means that the WPT system resonates at the operating
frequency of 108 kHz, although the free resonant frequencies of
primary and secondary resonators are not equal to the operating
frequency.

Fig. 4(a) also shows the system energy efficiency of the WPT
systems with respect to coupling coefficient. For the conven-
tional system, the input power decreases more rapidly than the
output power with an increasing coupling coefficient; thereupon,
the system energy efficiency increases. For the proposed system,
the system energy efficiency reaches to almost 50%.

As shown in Figs. 4(a) and 5, the input power, output power,
input impedance, and system energy efficiency all remained
constant in the overcoupled state with the proposed method.
That is, the proposed method fully replicates critical coupling
in the overcoupled state.

IV. CONCLUSION

We focused on the output power rather than system energy
efficiency, which has drawn the interest of many researchers in-
vestigating WPT systems. To maximize output power and volt-
age gain levels, an optimal coupling using frequency splitting
was introduced and implemented. By varying the free resonant
frequencies of the resonators, an overcoupled two-coil system
can provide the same performance as a critically coupled system
in terms of output power, voltage gain, and system energy effi-
ciency. In this letter, the frequency splitting was used to lower the
coupling coefficient equivalently. A prototype was implemented
and measured, and a good agreement between the measured and
calculated results was obtained.

In this letter, the proposed method was implemented and veri-
fied by offline tuning, however, online tuning would be preferred
for the actual application. To apply the proposed method to the
online tuning, we should take account of the followings: 1) the
capacitances of the resonators are calculated by using the pro-
posed method and adapted simultaneously in both transmitter
and receiver parts. 2) An adaptive WPT system should addi-
tionally include the communication system that provides the
feedback from the receiver.
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Most of products adapted for the WPT system have inband
or outband communication system to check the device’s ID and
charging states. Therefore, the proposed method is fortunately
expanded to the prompt use for the practical application.

REFERENCES

[1] A. P. Sample, D. A. Meyer, and J. R. Smith, “Analysis experimental results,
and range adaption of magnetically coupled resonators for wireless power
transfer,” IEEE Trans. Ind. Electron., vol. 58, no. 2, pp. 544–554, Feb.
2011.

[2] N. de N. Donaldson and T. A. Perkins, “Analysis of resonant coupled coils
in the design of radio frequency transcutaneous links,” Med. Biol. Eng.
Comput., vol. 21, no. 5, pp. 612–627, Sep. 1983.

[3] E. S. Hochmair, “System optimization for improved accuracy in tran-
scutaneous signal and power transmission,” IEEE Trans. Biomed. Eng.,
vol. BME-31, no. 2, pp. 177–186, Feb. 1984.

[4] H. L. Li, A. P. Hu, G. A. Covic, and C. S. Tang, “Optimal coupling
condition of IPT system for achieving maximum power transfer,” Electron.
Lett., vol. 45, no. 1, pp. 76–77, Jan. 2009.

[5] D. Ahn and S. Hong, “A study on magnetic field repeater in wireless
power transfer,” IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 360–371,
Jan. 2012.

[6] Y. Zhang and Z. Zhao, “Frequency splitting analysis of two-coil resonant
wireless power transfer,” IEEE Antennas Wireless Propag. Lett., vol. 13,
pp. 400–402, Feb. 2014.

[7] Y. Lim, H. Tang, S. Lim, and J. Park, “An adaptive impedance-matching
network based on a novel capacitor matrix for wireless power trans-
fer,” IEEE Trans. Power Electron., vol. 29, no. 8, pp. 4403–4413, Aug.
2014

[8] R. Huang, B. Zhang, D. Qiu, and Y. Zhang, “Frequency splitting phenom-
ena of magnetic resonant coupling wireless power transfer,” IEEE Trans.
Magn., vol. 50, no. 11, pp. 1–4, Nov. 2014.

[9] S. Y. R. Hui, W. Zhong, and C. K. Lee, “A critical review of recent progress
in mid-range wireless power transfer,” IEEE Trans. Power Electron.,
vol. 29, no. 9, pp. 4512–4520, Sep. 2014

[10] D. Ahn and S. Hong, “A transmitter or a receiver consisting of two strong
coupled resonators for enhanced resonant coupling in wireless power
transfer,” IEEE Trans. Ind. Electron., vol. 61, no. 3, pp. 1193–1203, Mar.
2014.



<<
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 <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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


