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Single-Switch-Regulated Resonant WPT Receiver

Kerui Li

Abstract—A single-switch-regulated wireless power transfer re-
ceiver is presented in this letter. Aiming at low-cost applications, the
system involves only a single-switch class-E resonant rectifier, a fre-
quency synchronization circuit, and a microcontroller. The number
of power semiconductor devices required in this circuit is minimal.
Only one active switch is used and no diode is required. As a single-
switch solution, this simplifies circuit implementation, improves
reliability, and lowers the hardware cost. The single-switch reso-
nant rectifier provides a relatively constant quasi-sinusoidal voltage
waveform to pick up the wireless power from the receiver coil. Due
to the resonant nature of the rectifier, zero-voltage-switching (ZVS)
turn ON and turn OFF are achieved. The steady-state analysis and
discussions on the component sizing and the control design are pro-
vided. A prototype is built and experimental works are performed
to verify the features: achieving 93 % efficiency single-switch ac—dc
rectification (85 % including the auxiliary circuit), —7.17-dB total-
harmonic-distortion ac voltage waveform, ZVS turn ON and turn
OFF over wide load range, 0.4% output voltage regulation error,
79% cost reduction as compared with the Qi- compliant receivers,
2.5% overshoot/undershoot after load disturbances, and 1% over-
shoot after line disturbance.

Index Terms—Phase shift control, regulation, resonant rectifier,
soft switching, wireless power transfer.

I. INTRODUCTION

HE consumer electronics industry is experiencing rapid

development over the last few years. Many portable elec-
tronic devices are shifting from cable charging to wireless charg-
ing. Several works on cost-effective and reliable wireless power
transfer (WPT) receiver have been reported [1], [2]. In the con-
text of cost-effective and reliable power electronics design, the
number of power semiconductor devices is one of the critical
concerns. Consequently, minimizing the number of power semi-
conductor devices in designing a regulated WPT receiver has
been explored and is presented in this letter.
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In terms of high-frequency rectification, the passive diode
bridge rectifier with a post regulator is the most common
solution [3]. While generally straightforward and effective, this
is a relatively expensive and unreliable solution as it involves
quite many power semiconductor devices. Moreover, due to the
discontinuous-conduction-mode operation of the diode bridge
at light load power, considerable current surge is generated
at the transmitter coil of the WPT system [4]. This may lead
to overcurrent of the transmitter switches and overvoltage of
its compensated capacitor, thereby, aggravating the reliability
issue.

The reconfigurable diode-bridge rectifier (with five power
switches) has been proposed as a high-frequency WPT receiver
to replace the use of a full-bridge diode rectifier [5] in con-
sumer electronic applications. The dc regulation is achieved by
mode switching at particular moments, which leads to discon-
tinuous output regulation and extra low-frequency output rip-
ples. To further reduce the use of active power switches, the
active full-bridge rectifier (with four power switches) has been
proposed [6]-[8]. It can achieve high-frequency dc regulation
without a post regulator and can avoid the current surge issue.
However, the high switching frequency operation imposes de-
manding challenges on the synchronization of the high-side and
low-side switches, of which failure will lead to a direct short
circuit of the source or load. For the safe operation, introducing
dead time into the switching process is inevitable. Nevertheless,
this is not a fool-proof solution and possible electrical faults of
the switch or driver, as well as signal noise, may still cause a
direct short circuit of a bridge circuit that operates at high fre-
quency.

Alternatively, a simpler active rectifier solution based on the
half-bridge rectifier can be used [9]. It provides a similar func-
tion to that of the full-bridge rectifier, but possesses a simpler
structure and lower cost. Nevertheless, comprising still with a
half-bridge inverter circuit, it suffers from the same reliability
issues as those of the active full-bridge rectifier. To resolve this,
it is necessary to adopt topologies that do not contain the half-
bridge inverter structure. For this reason, a single-switch solution
would be preferred in terms of achieving low cost and improved
reliability.

Notably, the active class-E rectifier is currently the only
possible candidate for achieving a single-switch rectifier solu-
tion. Unfortunately, the use of class-E rectifier to achieve dc
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Fig. 1. Schematic diagram of the single-switch-regulated resonant WPT re-
ceiver system.

regulation is rarely reported. Incorporation of a post regulator
is the common approach toward addressing the regulation issue
[10]-[12]. However, this again is cost ineffective. It, therefore,
raises the question as to whether it is possible to realize high-
frequency rectification and regulation altogether using a truly
single-switch solution.

In this letter, our investigation on the feasibility of using a
single-switch solution based on the class-E rectifier in realizing
simultaneously the high-frequency rectification and dc regula-
tion, is reported. Our proposed WPT receiver system comprises
only a single-switch class-E resonant rectifier, a frequency syn-
chronization circuit, and a microcontroller (MCU). It uses the
minimum number of power semiconductor devices possible (i.e.,
one power MOSFET) and no diode is required. The frequency syn-
chronization circuit is used to lock up the frequency and phase
of the current of the receiver coil. By using the MCU to con-
trol the phase-shift angle between the ac voltage of the rectifier
and the current of the receiver coil, the real input power can
be controlled, which thereby achieves the regulation of the dc
output voltage. To achieve such control, a new design method is
proposed and will be discussed in this letter.

II. PROPOSED SINGLE-SWITCH-REGULATED RESONANT
WPT RECEIVER SYSTEM

A. Circuit Configuration

As depicted in Fig. 1, the single-switch-regulated resonant
WPT receiver involves the compensated receiver coil (Ls and
Cy), the single-switch resonant rectifier circuit (C'y, Ly, Co, R
and S), the synchronization circuit, and the MCU.

As compared to the conventional class-E rectifiers [10], the
inductance L ¢ of the proposed system is significantly reduced,
enabling the use of air core inductor. Moreover, the voltage
waveform of the main switch (v¢ ) is invariant to load change.
This assures that voltage stress of the main switch is constant
and zero-voltage-switching (ZVS) operation is achievable over
a wide load range.

B. Operating Principles

In elaborating the operating principles, the following assump-
tions are adopted:
1) the equivalent series resistance of the reactive components
are sufficiently small and negligible;
2) the quality factor of the resonant tank L,C is sufficiently
high, of which only the fundamental component of the
electrical current can be passed;
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Fig. 3. Equivalent circuit model of the proposed rectifier. (a) Mode 1.
(b) Mode 2.

3) the output capacitor Co is relatively large such that its

voltage is a relatively constant dc output.

Due to the nature of series—series compensation, the phase
angle and amplitude of the secondary current 7y, are only de-
pendent on the transmitter side ac voltage and the coupling co-
efficient M, and not the load [14]. Therefore, its amplitude and
phase angle will remain constant throughout the operation. The
key waveforms of the single-switch-regulated resonant WPT
receiver are depicted in Fig. 2. The synchronization circuit is
operated to detect the zero crossing point of the current i1, and
sends a square-pulse synchronization signal sync to the MCU.
This provides the phase angle and frequency information of 7.
With this information, the synchronized pulsewidth modulation
(PWM) signal v, that has 50% duty cycle and the phase-shift
ratio of D (0 < D < 0.25), is generated. There are two oper-
ation modes for this circuit: Mode 1 occurs in the time period
of t where nTs <t < (0.5 + n)Ty, and Mode 2 occurs in the
time period # where (0.5 + n)Ts <t < (1 +n)Ts, forn=0, 1,
2,.... The corresponding equivalent circuit models are shown in
Fig. 3.

1) Mode 1 [At Time nTy <t < (0.5+4 n)Ts]: In Mode 1
[see Fig. 3(a)], the main switch S is in the ON-state. The cur-
rent i¢,s of the wireless coil is freewheeled through switch S.
Consequently, the voltage of capacitor C'y remains zero, i.e.,

ver = 0. @))

Meanwhile, inductor Ly discharges its stored energy linearly
with a current of ir¢ to the output capacitor C,, of which
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provides a relatively constant current to load R, such that

dipy

Lf 81& = Vo (2)
ov, . Vo

Cogy =ir — g ®)

At time t = (0.5 4+ n)Ty, switch S is turned OFF under ZVS
turn OFF as v is zero volt.

2) Mode 2 [At Time (0.5+n)Ts <t < (14 n)Ts]: In
Mode 2 [see Fig. 3(b)], switch S is in the OFF-state. Here, current
i1.s flows through the resonant tank Ly C'y, such that

0
Cy gif =irs —irf = —|Ips|cos (2 fst — 2w D) —ipy
“
i
Ly 2L = veg v, ©

The resonant frequency of the resonant tank Ly Cy is very
close to the switching frequency (f,). Thus, the waveform of
vcy is sinusoidal-like, involving the resonance of Ly and C.
With the gradual increase of the voltage on C/, the ZVS turn-
ON condition is achieved. Meanwhile, current i7,y concurrently
charges the output capacitor C', and provides current to load R,
such that

(6)

At time ¢ = nT, the voltage level of v, reaches zero (after
resonance). The switch is turned ON at this instance, thereby,
achieving ZVS turn ON.

By solving the aforementioned equations, vc ¢ and irf can
be derived as

0 nTs <t < (n+0.5)T
vop R {2260, cos(8.11/T,  (n+0.5)T, <t < (n+1)T
x(t —0.75T%)) + v,

(M
ing ~
0.795|15| sin(27 D)
—8.11v,\/C /Ly (t/Ts — 0.25)
0.795|I 1| sin(27 D)

—|—2.26’U0«/Cf/Lf

xsin(8.11/Ts(t — 0.75T5))

nTs <t <(n+0.5)7T,

(n+0.5)T, <t
< (n+1)Ts.

®)

The real power P received by the receiver coil is
Ts
P = ]./TS/ ”UcfiLsdt%0.795|ILS|’UOSiH(27TD). (9)
0
By applying the charge balance on the capacitor Cy [see (6)],
the output current and voltage can be obtained as
{ io = 0.795 |I 1| sin (27 D)

(10)
vo = 0.795|Is| Rsin (27 D).
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The aforementioned equation indicates that the output cur-
rent 7, or the output voltage v, can be regulated by adjusting
D. Note that the output current is load independent. From the
perspective of the load, the output from the rectifier is a constant
current source, which is good for constant current charging. In
contrast, because of this current source nature, the output voltage
is highly load dependent, and a feedback control loop is required
to regulate the output voltage.

III. DESIGN CONSIDERATIONS
A. Design of Resonant Rectifier (Ly, Cy, and C,)

Two design objectives are imposed when designing L and
C'f, which are as follows: 1) ac voltage waveform of vc s must
be maintained relatively constant for all loads; and 2) ZVS op-
eration must be enforced for all loads.

As shown in (4), the voltage waveform v¢ ¢ involves the con-
tribution of the resonant current iz, ¢, load current (v, /R), and
the current of the receiver coil iz 5. To ensure a relatively con-
stant waveform regardless of the load and the current from the
receiver coil (first design objective), the characteristic admit-
tance /C'r /Ly has to be sufficiently large so that the resonant
current [highlighted in (8)] is dominant. However, the increased
characteristic admittance will lead to large reactive power and
unnecessary conduction loss. As a result, the characteristic ad-
mittance is designed as

smax|lrs| Cp/Ly > 95X | Ls|
min {v, } ‘ min v

o

(1)

where max(|/1,s|) and min(v, ) are the maximum and minimum
values of the current of the receiver coil iy, and the output
voltage v,,.

To achieve ZVS operation, the voltage waveform of vcy
should be zero at time 0.57, and T, ie., vof(0.5Ts) =
vo¢(Ts) = 0. Meeting ZV'S operation requirement (second de-
sign objective), the resonance frequency of L; and Cf is then
designed as

1
2w/ LCy

Using (11) and (12), the corresponding values of L, and C'y
are obtained.

The design objective of C, is to reduce the output ripple to
be less than x% of the nominal value. According to (6), the out-
put ripple is contributed by the inductor current iz, y and output
current (v,/R). Consequently, the output capacitor is designed
as

= 1.29,. (12)

< 5.41C% '
- a%

As shown in Fig. 4, a set of feasible values, Ly and C'y can
be obtained by solving the cross section points of (11) and (12).
Then, the minimum value of C, is calculated via (13) using the
maximum value of C's.

Co 13)

B. Frequency and Phase Synchronization

As shown in Fig. 5, the external circuit sends the synchroniza-
tion signal sync to MCU TMS320F28335 via GPIO32, which
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Fig. 5. Frequency and phase angle synchronization.

is specified for PWM synchronization. After receiving the syn-
chronization signal, the frequency of the PWM modules is syn-
chronized. As shown in Fig. 2, the time-based counter TBCTR
restarts counting from zero after detecting the rising edge of the
synchronization signal sync. Using the counter-compare (CMP)
and TBCTR, synchronized PWM 1 with 50% duty cycle is gen-
erated. The phase angle difference between PWM 1 and the res-
onant current 7y, is a quarter of a switching cycle (=0.25T5).
Taking PWM 1 as the reference, PWM 2 utilizes phase-shift
ratio D, which is computed by the control algorithm, to generate
the required phase-shift PWM signal vys (PWM 2). As aresult,
the total phase shift between vy, and iy is (0.25 + D)T. The
resulted phase-shift PWM is then used to drive the circuit into
regulating the dc output voltage.

C. Output Regulation
By neglecting the high-frequency termin (6), the system equa-
tion can be derived as

ov,
Cog

= 0.795 |I.,| sin (2 D) — UT;:' (14)
It is observed that the main pole of the receiver system is dom-
inated by the value of C,. By linearizing (14) with considera-
tion to ac perturbation of D, the resulting small-signal linearized
equation is
dv, = Vo
a”t = 5|11, cos (2rD) D — %.
The theoretical and the simulation results are very close at the
low-frequency range of <1000 Hz, thereby, validating the accu-
racy of the derived small-signal equation (15). A proportional-
integral (PI) compensator with an anti-windup loop, as shown
in Fig. 6, is used as the voltage feedback control loop. The cor-
responding k), and k; of the PI compensator are designed as

 2f.Co &
~ 5|Ips|cos(2eD)’ " RCo

Co

15)

ky

(16)
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where f. is the desired crossover frequency, R is the equivalent
resistance of the nominal load, and D is the nominal phase-shift
ratio. Therefore, using the open-loop system transfer function
Gs(s) (15) and the transfer function of the PI compensator
Gpi(s), the closed-loop transfer function 7(s) is obtained
as

T(s) = G (s)Gpa(5) = 21 Lsl FEcos 2T D)

1+ sRCo
y 27 f.Co 1+ sRCo _ 27 fe . a7
5[Ips|cos(2nD) sRCo s

The Bode plots of the open-loop transfer function (15), the
compensated transfer function 7(s) of the system (17), and the
numerical results obtained from circuit simulation are shown in
Fig. 7.

IV. COMPARISON

A comparison of the proposed system with the existing WPT
receivers is provided in Table I. These solutions are compared
in terms of topologies, compensation of receiver coil, resonant
frequency, etc. As illustrated, the proposed receiver is the only
single-switch solution with output regulation. Its inherent ZVS
turn-ON and -OFF operations make it an excellent candidate for
megahertz WPT applications. The elimination of the post reg-
ulator further simplifies the architecture of the receiver system.
In addition, with the single-switch configuration, the cost of the
proposed solution is reduced and the related direct short-circuit
risk is prevented. The advantages over the two-stage solutions
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TABLE I
COMPARISON WITH EXISTING WPT RECEIVERS
Qi compliant
Proposed receiver [3] [6] [7] [11]
Single-switch Diode rectifier & Re;onﬁgqrable Active full bridge Pa.sslve Class E
Topology e pe . diode bridge o rectifier & DC-DC
resonant rectifier Linear regulator o rectifier
rectifier converter
Compensation of Series Series parallel Series Series Series parallel
receiver coil compensation compensation compensation compensation compensation
Resonant frequency 200 kHz 100 kHz 6.78 MHz 35 kHz 13.56 MHz
Number of power
switches (including 1 5 4 4 3
diodes)
Maximum Voltage =3V, Voctink(>Vo) Vo Vo Vbc-1ink(>Vo)
stress
Synchronized Synchronized Synchronized
Regulation method Phase-shift Linear regulator switching mode ynearomze DC-DC converter
PWM control
control control
Design complexity High Low High Medium Medium
ZVS turn on and
Soft switching operation ZVS turn on and | Diode: ZCS turn on ZCS turn on and Hard switching turn off
off and off; off DC-DC converter:
Hard switching
Output voltage, power 24 V,16 W 53V,53W 5V,6 W 400 V, 3 kW 5V,13W
93 % (Power
Maximum stage) 76 %(Including 92 %(Including
i 85 % (Including . L . L 98 % (Power stage) | 87% (Power stage)
Efficiency - auxiliary circuit) auxiliary circuit)
auxiliary
circuit)**
Direct short circuit risk No No Yes Yes No
Cost of the prototype* HKD$342.79 HKD$1604.44 N/A N/A HKD$374.9

*The cost of the prototype is the total price of purchasing discrete components (including power circuit, auxiliary circuit, and controller) at unit price, all from the same component

distributor.
“*The power loss of the auxiliary circuit is not optimized.

itch resonant rectifier drcuit

m
2l

LM393

Zennor
diodes
Synchronization

Compensated receiver coil circuit

Fig. 8. Photograph of the prototype.

[3], [11], are that the proposed solution achieves both regulation
and ac—dc rectification in one stage with the minimum num-
ber of power switches. The advantages over the single-stage
full-bridge-based solution [6] and [7], are that the proposed so-
lution can realize high-frequency dc regulation and secure soft
switching.

V. EXPERIMENTAL RESULTS

A 200-kHz switching frequency, 24-V output, 16-W pro-
totype, as shown in Fig. 8, is built, with parameters C; =
76 nF, Ly =53pH, Ly =164 uH, Cs =3.86 nF, and C, =
3300 mF. Fig. 9 illustrates the calculated, simulated, and mea-
sured efficiency curves of the receiver. The maximum achiev-
able efficiency in the experiment is 93%. Fig. 10 shows a chart
of the loss distribution of the power stage. Figs. 11 and 12 show,

95%
¥ —@=Experimental result

== Simulation result
= @ = Theoretical result

93%

91%

Efficiency

89%

87%

5%
30.00% 40.00% 50.00% 60.00% 70.00% 80.00% 90.00%100.00%
Percentage of the nominal power

Fig. 9. Efficiency of the receiver.

Loss distribution

DC copper loss
11% AC copper loss
6% Core loss
ESR of output
capcaitor
= Conduction loss

Fig. 10. Loss distribution of the power stage.

respectively, the curves of the output voltage versus the output
power, and that of the output voltage versus the distance be-
tween two coils. The output voltage error for different operating
conditions is always less than 0.1 V (0.4% of the nominal volt-
age), which verifies that the receiver is well regulated in either
variable load or variable coupling operation. Fig. 13 shows the
steady-state waveform of the receiver. It is observed that both
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ZV S ON and OFF operations are achieved. Fig. 14 shows the dy-
namic response for load step changes. The output voltage has
an overshoot of 0.6 V (2.5% of nominal voltage) after the load
power steps from O to full power. A undershoot of 0.6 V (2.5%
of nominal voltage) is present after the load power steps down
from full power to 0. Fig. 15 shows the dynamic response of
the system with the peak-to-peak value of i, stepping from 1
to 1.6 A. A 0.3-V overshoot (=1% of nominal v,) is observed
before it is regulated back to zero error.
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These results verify that not only is the output voltage well
regulated in steady state at its nominal value with a relatively low
error, but it is also dynamically stable and well regulated against
disturbances of the load power and input current changes.

VI. CONCLUSION

This letter reports and shows that it is feasible to achieve a
single-switch-regulated resonant WPT receiver using the active
class-E rectifier topology. Our prototype and results validate
that by adopting phase-shift control and our proposed design
methodology, the WPT system can simultaneously achieve
high-frequency rectification, wide-load-range ZVS operation,
and accurate output regulation, without using any additional post
regulator. As the system involves only one power semiconductor
device (no diode required), lower cost and higher reliability as
compared to the existing WPT receivers, can be expected.

REFERENCES

[1] C. Lee, S. Kiratipongvoot, and S. C. Tan, “High-frequency-fed unity
power-factor AC-DC power converter with one switching per cycle,” IEEE
Trans. Power Electron., vol. 30, no. 4, pp. 2148-2156, Apr. 2015.

[2] P. M. Fan and M. H. M. Daut, “Near-unity power factor, voltage
stepup/down conversion pulse-width modulated switching rectification
for wireless power transfer receiver,” IEEE Trans. Power Electron., doi:
10.1109/TPEL.2019.2900276.

[31 5 W, Qi Wireless Power Receiver With Integrated Rectifier and LDO
Output. 2015. [Online]. Available: https://www.idt.com/document/dst/
p9025ac-datasheet

[4] C.S. Wang, O. H. Stielau, and G. A. Covic, “Design considerations for a
contactless electric vehicle battery charger,” IEEE Trans. Ind. Electron.,
vol. 52, no. 5, pp. 1308-1314, Sep. 2005.

[5] X.Li, C.-Y. Tsui, and W.-H. Ki, “A 13.56 MHz wireless power transfer
system with reconfigurable resonant regulating rectifier and wireless power
control for implantable medical devices,” IEEE J. Solid-State Circuits,
vol. 50, no. 4, pp. 978-989, Apr. 2015.

[6] L. Cheng, W. H. Ki, and C. Y. Tsui, “A 6.78-MHz single-stage wire-
less power receiver using a 3-mode reconfigurable resonant regulating
rectifier,” IEEE J. Solid-State Circuits, vol. 52, no. 5, pp. 1412-1423,
May 2017.

[7] T. Diekhans and R. W. De Doncker, “A dual-side controlled inductive
power transfer system optimized for large coupling factor variations and
partial load,” IEEE Trans. Power Electron., vol. 30, no. 11, pp. 6320-6328,
Nov. 2015.

[8] R.Mai, Y. Liu, Y. Li, P. Yue, G. Cao, and Z. He, “An active-rectifier-based
maximum efficiency tracking method using an additional measurement
coil for wireless power transfer,” IEEE Trans. Power Electron., vol. 33,
no. 1, pp. 716-728, Jan. 2018.

[91 H.Li,J. Fang, S. Chen, K. Wang, and Y. Tang, “Pulse density modulation

for maximum efficiency point tracking of wireless power transfer systems,”

IEEE Trans. Power Electron., vol. 33, no. 6, pp. 5492-5501, Jun. 2018.

M. Liu, Y. Qiao, S. Liu, and C. Ma, “Analysis and design of a robust class

E2 DC-DC converter for megahertz wireless power transfer,” IEEE Trans.

Power Electron., vol. 32, no. 4, pp. 2835-2845, Apr. 2017.

G. Kkelis, D. C. Yates, and P. D. Mitcheson, “Class-E half-wave zero

dv/dtrectifiers for inductive power transfer,” IEEE Trans. Power Electron.,

vol. 32, no. 11, pp. 8322-8337, Nov. 2017.

J. M. Arteaga, S. Aldhaher, G. Kkelis, C. Kwan, D. C. Yates, and P. D.

Mitcheson, “Dynamic capabilities of multi-MHz inductive power trans-

fer systems demonstrated with batteryless drones,” IEEE Trans. Power

Electron., vol. 34, no. 6, pp. 5093-5104, Jun. 2019.

S. Aldhaher, D. C. Yates, and P. D. Mitcheson, “Load-independent class

E/EF inverters and rectifiers for MHz-switching applications,” IEEE Trans.

Power Electron., vol. 33, no. 10, pp. 8270-8287, Oct. 2018.

W. Zhang and C. C. Mi, “Compensation topologies of high-power wire-

less power transfer systems,” IEEE Trans. Veh. Technol., vol. 65, no. 6,

pp. 4768-4778, Jun. 2016.

[10]

(11]

[12]

[13]

[14]


https://dx.doi.org/10.1109/TPEL.2019.2900276
https://www.idt.com/document/dst/p9025ac-datasheet


<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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


