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Abstract—Matching networks are an efficient means of
providing large voltage and/or current gain and reactive
compensation in high-frequency wireless power transfer
(WPT) systems. This paper introduces an improved
approach to designing matching networks for capacitive
WPT systems, which maximizes the network efficiency
while achieving the required overall gain and
compensation. The proposed approach identifies the
optimal number of matching network stages, the optimal
distribution of gains and compensation among these stages,
and the optimal air-gap voltage. The proposed approach is
used to design the matching networks for a high-
performance 6.78-MHz 250-W 1.2-cm air-gap prototype
capacitive WPT system. The prototype system achieves a
power transfer density of 51.4 kW/m? and an efficiency of
90.4%, which matches well with the theoretical prediction.
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L INTRODUCTION

Medium-range wireless power transfer (WPT) systems
generally utilize magnetically coupled inductive coils to
transfer power across the air-gap. For flux guidance, these
inductive WPT systems typically require expensive and fragile
ferrite cores that incur substantial losses; limiting their
frequency of operation, and hence, their potential for size
reduction [1], [2]. On the other hand, capacitive WPT systems

utilize electrically coupled conductive plates for power transfer.
Since capacitive WPT systems do not require ferrites, they can
be operated at high frequencies, reducing their size and cost.
Hence, capacitive WPT systems can be an attractive alternative
for a variety of applications [3]-[7], including electric vehicle
(EV) charging [8]-[14]. To achieve high efficiencies and high
power transfer densities, while maintaining fringing electric
fields within safe limits [15], capacitive WPT systems require
circuit stages that provide appropriate voltage and/or current
gain as well as reactive compensation. Matching networks are
an efficient means of providing the required gain and
compensation simultaneously [7]-[10], [16].

An approach that optimizes the design of multistage
matching networks for capacitive WPT systems has recently
been proposed in [16]. However, the design approach in [16]
assumes a given number of matching network stages and a
given air-gap voltage. This paper introduces an improved
design approach that maximizes the matching network
efficiency by identifying the optimal number of stages, the
optimal distribution of gains and compensations among these
stages, and the optimal air-gap voltage. A prototype 6.78-MHz
250-W 1.2-cm air-gap capacitive WPT system with 25-cm?
coupling plates, utilizing matching networks designed using the
proposed approach, is built and tested. The matching networks
enable this prototype system to achieve a power transfer density
of 51.4 kW/m? and an efficiency of 90.4%, which is in good
agreement with the theoretical prediction.

The remainder of this paper is organized as follows: Section
II introduces the proposed approach to optimizing the design of
matching networks for capacitive WPT systems. Section III
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Fig. 1. A capacitive WPT system with gain and compensation networks implemented using multistage L-section matching networks.
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presents the optimization results and draws insights regarding
the optimal number of matching network stages and the optimal
distribution of gains and compensation among these stages.
Experimental results validating the proposed design approach
are presented in Section I'V. Finally, Section V summarizes and
concludes the paper.

II.  PROPOSED MATCHING NETWORK DESIGN APPROACH

A capacitive WPT system utilizing multistage L-section
matching networks is shown in Fig. 1. In this system, two pairs
of conductive plates (shown as C,) separated by air-gaps are
utilized to achieve wireless power transfer. The inverter
converts the dc input voltage into high-frequency ac, which is
stepped up by a voltage gain network to enable high power
transfer with low displacement current through the air-gap. This
results in a relatively low voltage across the air-gap, and hence,
low fringing fields, which helps meet field safety requirements.
The current gain network on the other side of the coupling
plates steps the ac current back up (and the voltage down) to the
level required at the output. The voltage gain and current gain
networks also compensate for the capacitive reactance of the
coupling plates.

Consider the multistage matching networks in the capacitive
WPT system of Fig. 1. Each L-section stage of these networks
can be characterized in terms of three quantities: G;, the current

ol

gain provided by the L-section stage, defined as G; = e
m

where |[,,;| and |[;,,| are the amplitudes of the output and input

currents of the stage, respectively; Q;yqq, the load impedance

. . X
characteristic of the L-section stage, defined as Q;pqq = %,
load

where Xjoqq and Rjyqq are the imaginary and real parts of the
load impedance of the stage, respectively; and Q;,, the input
impedance characteristic of the L-section stage, defined as

Qin = %, where X;,, and Ry, are the imaginary and real parts
m

of the input impedance of the stage, respectively. These

quantities are illustrated in Fig. 2 for an L-section voltage gain

stage and an L-section current gain stage. Note that while G; is

a measure of the gain, Q;, and Q;,,qs are measures of the

compensation provided by an L-section stage.

Given the required values of G;, Qpqq, Qin and R;yqq for
each L-section stage of the voltage gain network of the
capacitive  WPT system of Fig. 1, the inductance and
capacitance values of the stage can be determined using the
following expressions:
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Similarly, the expressions for the inductance and the
capacitance values for each L-section stage of the current gain
network of the capacitive WPT system of Fig. 1 are given by:
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Fig. 2. Two types of L-section stages utilized in the multistage matching
networks of the capacitive WPT system of Fig. 1: (a) voltage gain stage
and (b) current gain stage.

TABLE L. EXPRESSIONS FOR THE EFFECTIVE TRANSFORMATION
FACTOR Q.7 FOR THE L-SECTION STAGES OF FIG. 2

L-section Stage Type Expression for Qcs¢
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Assuming that an L-section stage is highly efficient, and that
the losses in its capacitor can be neglected in comparison to the
losses in its inductor, the efficiency of the stage can be
expressed as:

Voltage gain (Fig. 2(a))

Current gain (Fig. 2(b))

C =

nx1-%L, 3
Here, Q. is an effective transformation factor associated with
the L-section stage, and Q; is the inductor quality factor. The
effective transformation factor Q¢ is a function of the current
gain (G;) and the input and load impedance characteristics (Q;,
and Q,,44) of the stage, and hence, encapsulates both the gain
and the compensation provided by the stage. Expressions for
this effective transformation factor for the voltage gain and
current gain stages shown in Fig. 2 are provided in Table I, and
their derivations can be found in [16]. Using (3), the overall
matching network efficiency in the capacitive WPT system of
Fig. 1 with m stages in the voltage gain network and n stages
in the current gain network can be approximated as:
1 — Zp=1Qerrvapti=10efrcoa
- b (4)

~
=

nmultistage,m—n oL
where Qrr v p and Qefr caq are the effective transformation
factors of the p-th and g-th stages of the voltage gain and
current gain network, respectively. A derivation of the
efficiency expression given in (4) is provided in Appendix A.

Maximizing the overall matching network efficiency in the
capacitive WPT system of Fig. 1 requires the selection of the
optimal number of voltage gain and current gain stages, and the
optimal distribution of current gains (G;’s) and compensation
(i.e., appropriate values of Q;,’s and Q;,44’s) among these
stages. The capacitive WPT system of Fig. 1 enforces five
design constraints on this optimization. First, the total current
gain of the overall matching network, G; ;. (as shown in Fig 1),
is constrained by the specified input and output voltages (Viy
and Vgyr, respectively) of the WPT system. Second, to ensure
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that the L-section stages of the voltage gain network are
physically realizable (that is, their inductance and capacitance
values are non-negative), each stage of the voltage gain network
must provide a current gain smaller than or equal to 1.
Similarly, each stage of the current gain network must provide
a current gain larger than or equal to 1. Third, the impedance
seen by the inverter has to be near-resistive to maintain zero-
voltage switching (ZVS) and near-zero-current switching
(near-ZCS) of the inverter transistors. Fourth, the impedance
looking into the rectifier is resistive under fundamental
frequency analysis. Finally, the load impedance characteristic
of the last voltage gain stage (Qoqavem ) and the input
impedance characteristic of the first current gain stage (Q;, cg.1)
are related by the reactance of the coupling plates, X, (=

P where f; is the operating frequency of the capacitive
sCp

WPT system). With these constraints, the optimization problem
can be formally expressed as:

max r]multistage,m—ns (Sa)

m n
| | Gi,VG,p | | Gi,CG,q = Gi,tot'
p=1 q=1

Givgp <1Vp=12,..,m, Gicq=1Vq=12..,n,
Qinvea =0,

subject to:

Quoaa,cen = 0,

Qince1 — Quoaavem = Ksys H;n:1 Giz,VG,;r (5b)
Here, G;ygp is the current gain provided by the p-th voltage
gain stage, G;ccq is the current gain provided by the q-th
current gain stage, Q;, y¢ 1 is the input impedance characteristic
of the first voltage gain stage, Q;pq4,c6 n 15 the load impedance
characteristic of the last current gain stage, and K, is a
constant associated with the system, given by: K, =

M, where Poyr is the output power, and k;,, is the
voltage gain associated with the inverter, which depends on the
inverter’s topology and is equal to % for the full-bridge inverter
of Fig. 1. This constrained optimization problem is solved using
the method of Lagrange multipliers, and its results are discussed
below.

III.  OPTIMIZATION RESULTS AND INSIGHTS

When the above-described methodology is applied to the
capacitive WPT system of Fig. 1, the following results are
obtained. In the optimized design, the current gains (G;’s)
provided by the first m — 1 stages of the voltage gain network
come out to be equal (denoted by G;yg eq), that is:

Giver = Givez = = Givgm-1 = Givgeq- (6)
This optimal equal current gain G; y ., can be found by solving
the following equation:
max[F,q, Fyp, Fy3l,
GiVGeq(1+KEysGitor)

i 2(m-1) 2 4 2
Gl.totJGi,va,eq (1+KSYSGi.tot)_Gi,tot

ifn>1,
14+ Glygeq =

, ifn=0,

(7
where:

(m+n-1)
KsysGi,totGi,VG_eq

F .=
vl ]
+n-2
JKsysGi,totGm/qu -1
3m-n-2 2(m-n) 2
_ 2Ksys(m=1)GitotGivGeq _(m_n)(Gi,VG,eq +Gi,tot)
v2 = T , and

m-n-—
(m+n_2)Gi.t0tGi,VG,eq
3 m+n-2 2(m-n), .2
_ 2Ksys(n=1)GiotGivgeq +(m_n)(6i,VG,eq +Gi,tot)

v (M+n=-2)GiotGlygeq. '
The optimal current gains of the last n — 1 stages of the current
gain network are also found to be equal (denoted by G; ¢g ¢q),

that is:

1 (Gl Gt G;
( S 3(m—;)t0t )' if n > 1and F,; = max[Fy,, Fy, Fi3],
Ksys Giror Giyeeq Gicoeq
G: G _ 1, 1f nz= 1 and sz = maX[Fv]_,Fyz, F‘l73] ) (10)
Lvem —
Y Gitor .
ol cni . C(,‘).n—l ) if n > 1and F,3 = max[F,,, F,5, Fy3],
i,VG,eq™iCG,eq
Gi tot
’—_, if n = 0-
Gi’?/G.leq
K., G2
58 Ltot , if m>1and F,, = min[F,q, Fy, Fes],
Gm—l 63(71—1)
i,VG,eq~i,CG,eq Gi,tot
Gitot GiT,YIL/_G.leq Gil.C_c?.eq
G: = G: (11)
et ﬁ, if m > 1and F,, = min[F,,F,, F.],
Gi,VG,eq Gi,CG,eq
1, if m > 1and F3 = min[F,,, F, Fe3],
Gi,tot .
G,"T' if m=0.
i,CG,eq
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Gi,CG,n = GL’,CG,n—l == Gi,CG,Z = Gi,CG,eq~ (8
This optimal equal current gain G;cg e, can be obtained by
solving the following equation:
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The optimal current gains of the remaining stages, that is, the
last (m-th) stage of the voltage gain network (G; ¢ ,) and the
first stage of the current gain network (G;cs,) can then be
found using (10) and (11), respectively, shown at the bottom of
the previous page.
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The optimal load impedance characteristics (Q;yq4°s) Of the
first m — 1 voltage gain stages are also equal, and are related to
the optimal equal current gain of these stages, G; v eq, as:

Qload,VG,l = Qload,VG,Z == Qload,VG,m—l = _Gi,VG.eq- (12)
The optimal load impedance characteristic of the last (m-th)

voltage gain stage is given by (13), shown at the bottom of this
page. Similarly, the optimal input impedance characteristics of
the last n — 1 stages of the current gain network are equal, and 8 H
are related to the optimal equal current gain of these stages, z :
G; as: 5 .
i,CG,eq> 3} .
1 = )
Qincen = Qincen-1 =" = Qincez = G (14) o
i,CG.eq B 9
The optimal input impedance characteristic of the first current 2
gain stage is given by (15), shown at the bottom of this page. gm - -
The remaining compensation characteristics ( Q;, ’s and ?(5) - m=1Ln=1 s
Qi0aa’s) can be found by noting that for a multistage network, V<113t L ; ,/ <7 9 i gn\
the input impedance characteristic of a stage equals the load 8¢ Gain Stages 391 3 Lyentt GAI® Stages
impedance characteristic of the preceding stage, i.e., Qinp = (m) o
(c)
Qload,p—l- Fig. 3. Optimized matching network efficiency as a function of the
B : : number of voltage gain and current gain stages, for different values of
For a capacitive WPT system with a given number of voltage total current gain: (a) Gy gy = 075, (b) Gyagy = 1, and () Gyzop = 15.
,tot .
|{ G%' if n > 1 and (F,; = max[F,q, F,, Fy3] or Fy3 = max[F,q, Fy, Fy3]),
i,VG,eqi,CG,eq
Quoaavem = | Give qul CGreq 2m-1) (13)
oadyGm — KoysGivted), if 1> 1and Fpp = max[Fyy, Fy, Fys),
l tot
k KsysGL tot' if n=0.
l VG eq 1 CG ,eq . .
, if m > 1and (F,; = max[F.q, F,, Fz3] or F., = min[F,q, Fyy, Fe3]),
l tot
. = { K,,sG? G; 15
Guncen = syzs(nl%’t s, if m > Land Feg = minlFey, Py, Fos), (13)
lCGeq zVGeq LCGeq
Ksys, if m=0.
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Fig. 4. Optimal number of stages for a 6.78-MHz 2-kW capacitive WPT
system with a coupling capacitance of 20 pF, as a function of the total
current gain G, : (a) optimal number of current gain stages n,,, for
various values of the number of voltage gain stages m, and (b) optimal
number of voltage gain stages m,,, for various values of the number of
current gain stages n.

and current gain stages (m and n), the optimal current gains and
compensation characteristics of all the stages can be determined
using (6)-(15). Given these optimal current gains and
compensation characteristics, the required inductance and
capacitance values for each stage can be obtained using (1) and
(2), and the optimized matching network efficiency can be
determined using (4).

The optimized matching network efficiency for the
capacitive WPT system of Fig. 1 is shown as a function of the
number of stages in the voltage gain and the current gain
networks, m and n, for three different values of the total current
gain G; o in Fig. 3. Here, the capacitive WPT system operates
at a switching frequency f; of 6.78 MHz, output power Poyt of
2 kW and input voltage Viy of 300 V, with a coupling
capacitance C, of 20 pF (corresponding to 40 cm X 40 cm
coupling plates separated by a 12-cm air-gap), and an inductor
quality factor Q; of 200. As can be seen, for each value of total
current gain G; o, When the voltage gain network has one stage
(m=1), the optimized efficiency increases monotonically
with the number of current gain stages n. Similarly, when the
current gain network has one stage (n = 1), the optimized
efficiency increases monotonically with the number of voltage
gain stages m. However, when the voltage gain network has
multiple stages (m > 1), for each value of m, there is an

optimal number of current gain stages m,,; at which the
matching network efficiency is maximized. This optimal
number of current gain stages 1,y is plotted as a function of
the total current gain G; ., for various values of the number of
voltage gain stages m, in Fig. 4(a). It can be seen that for each
value of m, as the required total current gain G; ., increases,
the optimal number of current gain stages n,,, also increases.
Figure 3 also shows that when the current gain network has
multiple stages (n > 1), for each value of the number of current
gain stages n, there is an optimal number of voltage gain stages
Mype - This optimal number of voltage gain stages Mgy, is
shown as a function of the total current gain G; ;,, for various
values of the number of current gain stages n in Fig. 4(b). In
this case, for each value of n, as the required total current gain
G;¢or increases (and hence, the total voltage gain decreases),
the optimal number of voltage gain stages m,,, becomes
progressively smaller. It can also be seen from Fig. 4 that when
the capacitive WPT system provides no net gain (that is,
Gitor = 1), as the number of voltage gain and current gain
stages (m and n) are increased, the optimal number of current
gain stages n,,; approaches the number of voltage gain stages
m (see Fig. 4(a)), and the optimal number of voltage gain stages
Mype approaches the number of current gain stages n (see Fig.
4(b)). Therefore, for capacitive WPT systems with a relatively
large number of voltage gain and current gain stages and a total
current gain of 1, symmetrical designs with equal number of
voltage gain and current gain stages are the most efficient.

The proposed optimization methodology also determines the
optimal air-gap voltage, given by:
P
Vag,opt = 4\/—2‘273;5% ;anl Gi,VG,p- (16)
As can be seen, the optimal air-gap voltage, and hence, the
strength of fringing electric fields, reduces as the operating
frequency increases.

IV. EXPERIMENTAL VALIDATION

To validate the predictions of the proposed design approach,
a 6.78-MHz 250-W capacitive WPT system with 5-cm X 5-cm
coupling plates separated by a 1.2-cm air-gap (suitable as a
single module of a multi-modular capacitive WPT system [6]
for low-ground-clearance electric forklifts), and comprising
single-stage voltage gain and current gain networks is designed,
built and tested. A circuit schematic of the prototype system is

Ly Cﬁ Ly
r o5 I o .
Vin ©) Ci T =G R $ Vout
1 — T 1 BT -
L L, Cy L,

Current Gain
Network

Voltage Gain
Network

Fig. 5. Schematic of the prototype capacitive WPT system comprising
single- stage voltage gain and current gain networks.
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shown in Fig. 5, and a photograph of the system is shown in
Fig. 6. The inverter in the prototype system is implemented
using GaN Systems GS66506T enhancement-mode GaN
transistors, and the rectifier and load are emulated using a 45 Q
resistor. The inductors in the prototype system have a quality
factor of approximately 425. The measured switch-node
voltages, inverter output current and load voltage waveforms of
the prototype system while transferring 250 W are shown in
Fig. 7. As can be seen, the impedance seen by the inverter is
near-resistive, and sufficiently inductive to achieve zero-
voltage switching of the inverter transistors. This prototype
capacitive WPT system achieves a power transfer density of
51.4 kW/m?. The measured efficiency of the prototype system
(including the inverter) is 90.4%, and the measured matching
network efficiency is 91.1%, which matches well with the
theoretically predicted matching network efficiency of 91.5%.

V. SUMMARY AND CONCLUSIONS

This paper introduces an improved approach to designing
matching networks for capacitive WPT systems, which
maximizes network efficiency by identifying the optimal
number of matching network stages, the optimal distribution of
gains and compensation among these stages, and the optimal
air-gap voltage. A 6.78-MHz, 250-W 1.2-cm air-gap prototype
capacitive WPT system comprising matching networks
designed using the proposed approach is built and tested. The
prototype system achieves a power transfer density of 50
kW/m? and an efficiency of 90.4%, which matches well with
the theoretical prediction.
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APPENDIX A

This appendix derives the expression for the overall matching
network efficiency in the capacitive WPT system of Fig. 1, as
given in (4). Consider the voltage gain network of the
capacitive WPT system of Fig. 1. Assuming that the inductors
in all the stages of this network have the same quality factor,
the efficiency of the m-stage voltage gain network can be

Tek Prevu

Nmse Filter Oﬂ

_____ . Sw1tch—node ‘ Voltages. o

L @ 7o0a <1nHzl

Jovar:12

500V f ][40 Uns

5004 Jl@mCRMS 3374
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' 4

letage Géin
Network

Fig. 6. (a) Primary-side view of the prototype test circuit with the
inverter and the voltage gain network, and (b) coupling plates
separated by 1.2 cm air-gap.

expressed as:
QeffveGa Qeffvea QeffvGm
Mg = (1 - 2LYen) (1 - SelL¥er) | (7 — ellvem) (j7)
Here, Qcf5vc,p is the effective transformation factor associated
with the p-th stage of the voltage gain network. Assuming that
all the stages of the network are highly efficient, the efficiency
expression in (17) can be further approximated as:

g ~ 1 — LY (18)

Similarly, the efficiency of the current gain network can be

approximated as:

1— Yq=1Qeff,CCq (19)
QL '

The overall efficiency of this m - n multistage matching

network is then given by:

Nee =

IPe1Qeffvep ) ( 1— =1 Qeff,CG,q)
QL ’

QL
(20)

Nmuitistage;m-n = NMve Nee = (1 -

Tek Stop anse Filter DII

T L/unuv
J@mCRMS 108V

(®)

<1°"'l1uun 2017
00:28:56

500V

Fig. 7. Measured waveforms: (a) switch-node voltages and inverter output current, and (b) measured output voltage across 45 Q load.
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Invoking the high-efficiency assumption again, the overall
matching network efficiency in the capacitive WPT system of
Fig. 1, as expressed in (20), can be further approximated as:

(2]

(3]

(4]

(7]

Ypi1QeffveptEa=1Qef£.CGq
nmultistage,m—n ~1- oL .

@n

REFERENCES

G.A. Covic and J.T. Boys, “Modern Trends in Inductive Power Transfer
for Transportation Applications,” [EEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 1, no. 1, pp. 28-41, March
2013.

S.Y.R. Hui, Wenxing Zhong and C.K. Lee, “A Critical Review of cent
Progress in Mid-Range Wireless Power Transfer,” I[EEE Transactions on
Power Electronics, vol. 29, no. 9, pp. 4500-4511, September 2014.

A.M. Sodagar and P. Amiri, “Capacitive coupling for power and data
telemetry to implantable biomedical microsystems,” Proceedings of the
IEEE/EMBS International Conference on Neural Engineering (NER), pp.
411-414, Antalya, Turkey, April-May 2009.

M. Kline, I. Izyumin, B. Boser and S. Sanders, “Capacitive Power
Transfer for Contactless Charging,” Proceedings of the IEEE Applied
Power Electronics Conference and Exposition (APEC), pp. 1398-1404,
Fort Worth, TX, March 2011.

M. P. Theodoridis, “Effective Capacitive Power Transfer,” JEEE
Transactions on Power Electronics, vol. 27, no. 12, pp. 4906-4913,
December 2012.

A. Kumar, S. Pervaiz, C.K. Chang, S. Korhummel, Z. Popovic and K.K.
Afridi, “Investigation of Power Transfer Density Enhancement in Large
Air-Gap Capacitive Wireless Power Transfer Systems,” Proceedings of
the IEEE Wireless Power Transfer Conference (WPTC), Boulder, CO,
May 2015.

S. Sinha, A. Kumar and K.K. Afridi, “Active Variable Reactance Rectifier
— A New Approach to Compensating for Coupling Variations in Wireless
Power Transfer Systems,” Proceedings of the IEEE Workshop on Control
and Modeling for Power Electronics (COMPEL), Stanford, CA, July
2017.

F. Lu, H. Zhang, H. Hofmann and C. Mi, “A Double-Sided LCLC-
Compensated Capacitive Power Transfer System for Electric Vehicle

Charging,” IEEE Transactions on Power Electronics, vol. 30, no. 11, pp.
6011-6014, November 2015.

(8]

9]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

3173

F. Lu, H. Zhang, H. Hofmann and C. Mi, “A CLLC-compensated high
power and large air-gap capacitive power transfer system for electric
vehicle charging applications,” Proceedings of the IEEE Applied Power
Electronics Conference and Exposition (APEC), Long Beach, CA, March
2016.

H. Zhang, F. Lu, H. Hofmann, W. Liu and C.C. Mi, “A Four-Plate
Compact Capacitive Coupler Design and LCL-Compensated Topology
for Capacitive Power Transfer in Electric Vehicle Charging Application,”
IEEE Transactions on Power Electronics, vol. 31, no. 12, pp. 8541-8551,
December 2016.

F. Lu, H. Zhang, H. Hofmann and C.C. Mi, “An Inductive and Capacitive
Combined Wireless Power Transfer System With LC-Compensated
Topology,” IEEE Transactions on Power Electronics, vol. 31, no. 12, pp.
8471-8482, December 2016.

1. Ramos, K.K. Afridi, J. Estrada and Z. Popovic, “Near-field Capacitive
Wireless ~ Power  Transfer  Array  with  External  Field
Cancellation,” Proceedings of the IEEE Wireless Power Transfer
Conference (WPTC), Aveiro, Portugal, May 2016.

B. Regensburger, A. Kumar, S. Sinha, K. Doubleday, S. Pervaiz, Z.
Popovic and K.K. Afridi, “High-Performance Large Air-Gap Capacitive
Wireless Power  Transfer  System  for  Electric  Vehicle
Charging,” Proceedings of the IEEE Transportation Electrification
Conference & Exposition (ITEC), Chicago, IL, June 2017.

K. Doubleday, S. Sinha, B. Regensburger, S. Pervaiz, A. Kumar and K.K.
Afridi, “Design Tradeoffs in a Multi-Modular Capacitive Wireless Power
Transfer System,” Proceedings of the IEEE Workshop on Emerging
Technologies: Wireless (WoW), Knoxville, TN, October 2016.

S. Sinha, B. Regensburger, K. Doubleday, A. Kumar, S. Pervaiz and K.K.
Afridi, “High-Power-Transfer-Density Capacitive Wireless Power
Transfer System for Electric Vehicle Charging,” Proceedings of the IEEE
Energy Conversion Congress and Exposition (ECCE), Cincinnati, OH,
October 2017.

International Commission on Non-Ionizing Radiation Protection,
“ICNIRP Guidelines for Limiting Exposure to Time-Varying Electric,
Magnetic and Electromagnetic Fields (up to 300 GHz),” Health Physics,
vol. 99, no. 6, pp. 818-836, December 2010.

S. Sinha, A. Kumar, S. Pervaiz, B. Regensburger and K.K. Afridi,
“Design of Efficient Matching Networks for Capacitive Wireless Power
Transfer Systems,” Proceedings of the IEEE Workshop on Control and
Modeling for Power Electronics (COMPEL), Trondheim, Norway, June
2016.



	MAIN MENU
	Help
	Search
	Print
	Author Index
	Technical Papers


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: move up by 12.60 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     322
     Fixed
     Up
     12.6000
     0.0000
            
                
         Both
         AllDoc
              

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     6
     7
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: From page 1 to page 1
     Trim: none
     Shift: move up by 5.40 points
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     675
     322
     Fixed
     Up
     5.4000
     0.0000
            
                
         Both
         1
         SubDoc
         1
              

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     7
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


