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High and Very High Frequency Power Supplies
for Industrial Applications

IN RECENT years, high frequency has become a developing
trend for power converters with the advantages of possible

cost saving and high power density. However, the increase of
switching frequency leads to potential loss increase from fast
switching, magnetic components, and drive losses in the same
time, which will directly reduce the system efficiency. Though
the emergence of the third-generation semiconductor devices
with low conduction resistance and low parasitic capacitance
can reduce system loss to some extent, they have higher re-
quirements for drive circuits such as narrower voltage range
and are more sensitive to parasitic parameters. All these are the
new challenges to high frequency systems. Therefore, advanced
topologies and control strategies are suitable for high frequency
as well as high-frequency magnetic design are becoming the
critical topics. This “Special Section on High & Very High
Frequency Power Supplies for Industrial Applications” in the
IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS provides
an insight into some of the newly emerging challenges and po-
tential solutions to overcome those aforementioned issues. For
this Special Section, 63 manuscripts were submitted for the peer
review. With reviewers’ hard work and considerations, 23 were
finally accepted for publication in this Special Section. All the
analyses and techniques proposed by the accepted articles are
verified by experimental results. They cover the hot topics of
high-frequency converters and represent a comprehensive ref-
erence for the researchers who are interested in this field. The
complete list of articles is presented in the Appendix. All the 23
articles can be subdivided into four categories.

The first category focuses on the topologies of converters and
drive circuits, which are favorable to high-frequency applica-
tions. The first article [item 1) in the Appendix] presents a mul-
tiresonant gate drive circuit, which can be applied to high/very
high frequency (HF/VHF) applications. Compared with other
VHF self-oscillating multiresonant gate drivers, the design pro-
cedure of the proposed gate driver is greatly simplified. This
gate driver reduces the long start-up time and better utilizes the
fast-transient capability of VHF converters. It produces trape-
zoidal quasi-square wave voltage and can drive a high-voltage
SiC MOSFET at a frequency of 30 MHz. The second article
[item 2) in the Appendix] proposes a two-phase bidirectional
converter with high voltage-gain, and reduces switch stresses
significantly. The operating principle of the proposed converter
is similar to that of the conventional converter, so that the con-
trol techniques employed in the conventional converters can be
used to lower design complexity. The third article [item 3) in
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the Appendix] proposes a 1-MHz half-bridge high-gain multi-
CLLC bidirectional resonant converter. Gallium Nitride (GaN)
FETs and integrated planar magnetics are adopted. Excellent
gain characteristic and high power density are achieved, and
it is suitable for distributed energy storage systems well. Be-
sides the explanation of operation principles, topology features
and parameter design, the improved winding method for pla-
nar magnetic integration is also elaborated in detail. The fourth
article [item 4) in the Appendix] proposes a two-stage silicon
carbide (SiC) bidirectional LLC charger architecture. In order
to achieve unity power factor, an interleaved bridgeless totem
pole PFC is used as the first stage, and the second stage is a
300-kHz LLC with the advantage of wide ZVS range. High
efficiency and high power density are achieved. The charging
efficiency is above 96% through the battery voltage from 240
to 420 V, and the peak discharging efficiency under 6.6 kW is
96%, both higher than the state-of-the-art efficiency. The power
density is 3.42 kW/L with 3 kW/kg and increases 55.6% over
the reference design. The fifth article [item 5) in the Appendix]
proposes a GaN HEMTs half-bridge driver for high switching
frequency automotive applications. The safety of high-side GaN
HEMT is guaranteed by bandgap reference comparator clamp-
ing, which can adaptively clamp the bootstrap rail voltage at an
appropriate level with acceptable voltage ripples. At the same
time, a dual-level shifter scheme is applied in both the high-
side and low-side driving paths to drive the GaN HEMTs with
low propagation delay and high dv/dt immunity. The proposed
driver can support a buck converter with GaN HEMT switches
operating from 2 to 10 MHz and achieving the maximum effi-
ciency of 91.58%. The sixth article [item 6) in the Appendix]
presents a novel modified transformer-based SEPIC converter
with GaN HEMTs and planar magnetic components. With the
integration of some passive components, the proposed converter
obtains such as high-voltage gain, low-voltage stress, and soft
switching compared with conventional SEPIC converters. In the
process of magnetic component optimization, parasitic capaci-
tance as well as leakage inductance is considered and partially
interleaved structure is adopted accordingly, and an integrated
scheme is applied to improve the power density.

The second category concerns the control method, which aims
at improving the performance of converters at high frequency.
The first article [item 7) in the Appendix] presents a monolithic
voltage-mode dc–dc buck converter with advanced burst mode
(ABM) and pulsewidth modulation (PWM) to achieve high fre-
quency and high efficiency over a wide load range. The proposed
load current detector and counter-based scheme can be widely
used in various wide-load high-frequency high-efficiency

0278-0046 © 2019 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications standards/publications/rights/index.html for more information.



IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 67, NO. 2, FEBRUARY 2020 1401

application. The switching frequency is 3 MHz and this con-
verter provides high efficiency over an ultrawide load range from
0.001 to 5 A. The second article [item 8) in the Appendix] pro-
poses a closed-loop modulation scheme to compensate for the
duty cycle distortion of PWM voltage based on one-cycle control
or charge control. Compared to the traditional feedforward-type
of compensation, the proposed scheme removes online calcu-
lation and instantaneous inductor current sampling, and it is
suitable for variety of topologies and modulations. The pro-
posed scheme was demonstrated by experiment and the output
current total harmonic distortion (THD) is effectively reduced.
The third article [item 9) in the Appendix] presents a 13.56-MHz
Class-D full-bridge zero voltage switching (ZVS) inverter, ap-
plicable to wireless power transmission (WPT) systems with
dynamic dead-time control (DDTC). DDTC is adopted to main-
tain soft switching of the inverter over the full range of output
power and to regulate the input dc bus voltage at the same time.
Experimental results show that the proposed control method
reduces the switch-node voltage overshoot, increases the in-
verter efficiency, and reduces the steady-state temperature of
the inverter during output power regulation. The fourth article
[item 10) in the Appendix] presents a current sharing method for
an interleaved high-frequency LLC converter with partial energy
processing. The proposed method is simple to implement and
easy to extend to multiple phases by transforming the current
sharing of the resonant converter into PWM control of a dc–dc
converter. Moreover, the frequency of the auxiliary converter is
independent of the main LLC converter, so the switching fre-
quency and duty cycle of the main LLC converter is fixed that
makes the converter feasible for high-frequency applications.
The fifth article [item 11) in the Appendix] deals with transient
current imbalance of parallel connected SiC MOSFETs. In-depth
mathematical models are derived to reveal the electrothermal
mechanisms of the imbalance current in terms of device param-
eters, circuit parasitics, and junction temperatures. Moreover,
an effective approach by using differential mode chokes (DMC)
is proposed to suppress the imbalance current among paralleled
SiC MOSFETs. The proposed method is proved to be effective
to guarantee consistent and synchronous ON–OFF trajectories
of paralleled SiC MOSFETs. The sixth article [item 12) in the
Appendix] focuses on the implementation of a multiphase dc–dc
power amplifier (PA) with high bandwidth and high power rate.
A sensorless control method based on the injection of random
sequence in the reference signal is proposed to solve the current
imbalance problem induced by quasi-naturally sampled phase-
shifted carrier modulation. Effectiveness of the proposed control
method is verified by experimental results. The seventh article
[item 13) in the Appendix] overcomes the drawback of ripple
modulations (RM). In this article, it is demonstrated that the
RM can be used to reproduce multicarrier modulation schemes
by considering the envelope and the instantaneous phase of the
communication signal. The control system of the power stage
is described in detail in this article, explaining how to modulate
both the width and the phase of the gate signals. The eighth ar-
ticle [item 14) in the Appendix] proposes a ZVS self-regulating
control method for boundary conduction mode converters oper-
ating in the megahertz switching frequency range. The proposed
model is verified and proves the feasibility of the presented

control method to achieve ZVS under fast perturbations of the
converter operating conditions. The improvement of using the
proposed control method is proved by experimental efficiency
measurements, especially under light-load conditions.

The articles in the third category mainly deal with magnetic
component design. The characteristics of magnetic components
will directly affect the performance of converters under high-
frequency applications, therefore, the design of magnetic com-
ponents is of great significance. The first article [item 15) in the
Appendix] proposes a 20-MHz low-profile dc–dc converter with
magnetic-free characteristics based on air-core planar inductors.
Switching loss is significantly reduced due to soft switching of
the switch and diode. The parasitic capacitances are taken as part
of corresponding resonant capacitors. In the aspect of magnetic
optimization, a high-performance air-core inductor with a vari-
able width and an optimal connecting angle is analyzed, which
reduces system the vertical dimension. The optimal parameters
design method of achieving minimum winding resistance is de-
rived in detail in this article. The second article [item 16) in the
Appendix] proposes a sequential offline–online–offline (SO3)
measurement method to obtain all the real transformer parasitic
parameters in a low cost and simple implementation way. This
method measures all the transformer parasitic parameters online
and combines the advantages of both traditional offline and on-
line measurement methods while removing their corresponding
shortcomings. The proposed method is validated by the exper-
iments. The third article [item 17) in the Appendix] proposes
a quarter-turn planar transformer structure and implemented in
an LLC resonant converter for server power supplies. Compared
with traditional structures, a fractional-turn transformer struc-
ture can reduce core volume and winding loss. This optimized
structure can also enable the fractional-turn ratio to achieve nor-
mal coupling of primary and secondary sides without generating
flux imbalance. The effects of different fractional-turn windings
on efficiency are examined in this article, and the structure and
operation of the planar transformer are verified by Maxwell
simulation results. The fourth article [item 18) in the Appendix]
studies the effect of an outer fractional winding on the equiv-
alent parallel capacitance (EPC) of a differential-mode (DM)
inductor. A winding scheme that can reduce EPC and increase
inductance is presented, achieving both high-frequency filtering
performance and high power density. A comprehensive layer
capacitance model based on energy equivalence principle is es-
tablished, enabling impact evaluation of winding elements and
schemes. Experimental results have demonstrated the accuracy
of this EPC model and excellent performance of the proposed
winding scheme. The fifth article [item 19) in the Appendix]
presents a multiphysics optimal design framework for air-core
planar transformers in high-frequency LLC resonant convert-
ers. The interaction among multiple physical models applies
progressive bisection method and Bayesian optimization algo-
rithm are all considered in the optimal design process. Accurate
air-core transformer model together with loss model are built
to calculate inductance and efficiency, respectively. Compared
with traditional methods, this optimal design method does much
fewer simulations with a similar optimal efficiency.

The articles of the fourth category propose optimization of
existing technologies in high-frequency converters. The first
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article [item 20) in the Appendix] presents a complete and ac-
curate switching analytical model of low-voltage eGaN HEMTs,
which considers the effects of low-parasitic inductances, non-
linear junction capacitances, and nonlinear transconductances.
The switching processes are described in detail and the result-
ing equations are solved by mathematical software to predict
the switching waveforms during the switching periods. Based
on the proposed model, an accurate loss calculation method is
proposed including the reverse conduction loss. The second ar-
ticle [item 21) in the Appendix] proposes a design methodology
for a switched-tank converter (STC). The power loss breakdown
analysis is conducted to point out the directions and paths for
component optimization. In the converter, the resonant capaci-
tor is carefully designed to meet both current stress and ripple
requirements. Besides, the resonant inductors and PCB layout
are also optimized. In addition to the hardware-level optimiza-
tion, an improved control method is also proposed, in which the
conduction time of switching devices is tuned to mitigate the cir-
culating power. The third article [item 22) in the Appendix] ex-
plores the design and digital control method for a rail grade dc–
dc module. In order to satisfy the target application, the devices
and the topologies are evaluated. The voltage regulation is ana-
lyzed for the buck converter when the inductors are negatively
coupled, and then the ZVS extension is explored. Due to the lim-
itation of the digital controller, a tradeoff is made between the
dynamic response and the footprint. The compromise solution
is to use a small and slow microcontroller for high-frequency
control and various demands. The fourth article [item 23) in the
Appendix] deals with the megahertz series resonant converter
(SRC) dc transformer (DCX). As for 380 V-12 V DCX with
such high switching frequency, GaN devices are necessary. By
analyzing and modeling the conduction losses caused by the
parasitic capacitance and turn-ON resistance of switches, this
article points out that the series-connected low-voltage devices
can reduce primary conduction losses at megahertz frequency.
Therefore, using low-voltage Si MOSFETs is able to improve the
efficiency at megahertz switching frequency. An input-series
output-parallel prototype with multiple SRC DCX cells is built
up to verify the analysis, where 60 V MOSFETs are adopted in
each circuit cell.
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ÓSCAR LUCÍA, Guest Editor
University of Zaragoza
Zaragoza 50018, Spain

ZHE ZHANG, Guest Editor
Technical University of Denmark
Copenhagen 2800, Denmark

ACKNOWLEDGMENT

The guest editors would like to thank the authors for sharing
their contributions and the reviewers for their dedicated efforts
in providing valuable comments and suggestions on each arti-
cle. The Guest Editors would also like to thank Prof. E. Levi and
Prof. L. Franquelo, Editor-in-Chief and Past Editor-in-Chief, re-
spectively, of the IEEE TRANSACTIONS ON INDUSTRIAL ELEC-
TRONICS for their great support and Miss J. Samantha and Mr.
R. Raul, Journal Administrators of the IEEE TRANSACTIONS ON

INDUSTRIAL ELECTRONICS for their highly supportive assistance
throughout the process.

APPENDIX

RELATED WORK

1) L. Gu, Z. Tong, W. Liang, and J. Rivas-Davila, “A
multi-resonant gate driver for high-frequency resonant
converters,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1405–1414, Feb. 2020.

2) N. A. Dung, H.-J. Chiu, Y.-C. Liu, and P. J. Huang,
“Analysis and implementation of a high voltage-gain
1 MHz bidirectional DC-DC converter,” IEEE Trans.
Ind. Electron., vol. 67, no. 2, pp. 1415–1424, Feb. 2020.

3) Y.-F. Wang, B. Chen, Y. Hou, Z. Meng, and Y. Yang,
“Analysis and design of a 1 MHz bi-directional multi-
CLLC resonant DC-DC converter with GaN devices,”
IEEE Trans. Ind. Electron., vol. 67, no. 2, pp. 1425–
1434, Feb. 2020.

4) H. Li, Z. Zhang, S. Wang, J. Tang, X. Ren, and Q. Chen,
“A 300-kHz 6.6-kW SiC bidirectional LLC onboard
charger,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1435–1445, Feb. 2020.

5) R. Yan, J. Xi, and L. He, “A 2–10 MHz GaN HEMTs
half-bridge driver with bandgap reference comparator
clamping and dual level shifters for automotive appli-
cations,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1446–1454, Feb. 2020.

6) S. Gao, Y. Wang, Y. Guan, and D. Xu, “A high step
up SEPIC-based converter based on partly interleaved
transformer,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1455–1465, Feb. 2020.

7) B. Yuan, M.-X. Liu, W. T. Ng, and X.-Q. Lai, “A hy-
brid buck converter with constant mode changing point
and smooth mode transition for high-frequency appli-
cations,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1466–1474, Feb. 2020.

8) R. Ren, F. Zhang, B. Liu, F. Wang, Z. Chen, and J. Wu,
“A closed-loop modulation scheme for duty cycle com-
pensation of PWM voltage distortion at high switching
frequency inverter,” IEEE Trans. Ind. Electron., vol. 67,
no. 2, pp. 1475–1486, Feb. 2020.

9) H. Tebianian, Y. Salami, B. Jeyasurya, and J. E. Quaicoe,
“A 13.56 MHz full-bridge class-D ZVS inverter with
dynamic dead time control for wireless power transfer
systems,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1487–1497, Feb. 2020.



IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 67, NO. 2, FEBRUARY 2020 1403

10) H. Chen, X. Wu, and S. Shao, “A current-sharing method
for interleaved high frequency LLC converter with par-
tial energy processing,” IEEE Trans. Ind. Electron.,
vol. 67, no. 2, pp. 1498–1507, Feb. 2020.

11) Z. Zeng, X. Zhang, and Z. Zhang, “Imbalance current
analysis and its suppression methodology for parallel
SiC MOSFETs with aid of a differential mode choke,”
IEEE Trans. Ind. Electron., vol. 67, no. 2, pp. 1508–
1519, Feb. 2020.

12) C. Wang, K. Wang, Z. Zheng, K. Sun, and Y. Li, “Mod-
ulation induced current imbalance and its sensorless
control of a GaN-based four-phase DC-DC power am-
plifier,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1520–1531, Feb. 2020.

13) J. R. Mendez, D. G. Lamar, D. G. Aller, P. F. Miaja,
and J. Sebastian, “Reproducing multi-carrier modula-
tion schemes for visible light communication with the
ripple modulation technique,” IEEE Trans. Ind. Elec-
tron., vol. 67, no. 2, pp. 1532–1543, Feb. 2020.

14) J. C. Hernandez, M. C. Mira, L. P. Petersen, M. A. E.
Andersen, and N. H. Petersen, “Zero voltage switching
control method for MHz boundary conduction mode
converters,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1544–1554, Feb. 2020.

15) Y. Guan, Y. Wang, W. Wang, and D. Xu, “A 20 MHz
low profile dc–dc converter with magnetic-free char-
acteristics,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1555–1567, Feb. 2020.

16) B. Zhao, X. Zhang, and Z. Zhang, “Sequential offline-
online-offline measurement approach for high fre-
quency LCLC resonant converters in the TWTA
applications,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1568–1579, Feb. 2020.

17) Y. Liu et al., “Quarter-turn transformer design and opti-
mization for high power density 1-MHz LLC resonant
converter,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1580–1591, Feb. 2020.

18) B. Liu, R. Ren, F. Wang, D. Costinett, and Z. Zhang,
“Winding scheme with fractional layer for differential-
mode toroidal inductor,” IEEE Trans. Ind. Electron.,
vol. 67, no. 2, pp. 1592–1604, Feb. 2020.

19) G. K. Y. Ho, Y. Fang, and B. M. H. Pong, “A mul-
tiphysics design and optimization method for air-core
planar transformers in high-frequency LLC resonant
converters,” IEEE Trans. Ind. Electron., vol. 67, no. 2,
pp. 1605–1614, Feb. 2020.

20) J. Chen, Q. Luo, J. Huang, Q. He, and X. Du, “A com-
plete switching analytical model of low-voltage eGaN
HEMTs and its application in loss analysis,” IEEE
Trans. Ind. Electron., vol. 67, no. 2, pp. 1615–1625,
Feb. 2020.

21) X. Lyu, Y. Li, N. Ren, C. Nan, D. Cao, and S. Jiang, “Op-
timization of high-density and high-efficiency switched-
tank converter for data center applications,” IEEE
Trans. Ind. Electron., vol. 67, no. 2, pp. 1626–1637,
Feb. 2020.

22) M. Fu, C. Fei, Y. Yang, Q. Li, and F. C. Lee, “A GaN-
Based DC/DC module for railway applications: Design
consideration and high-frequency digital control,” IEEE
Trans. Ind. Electron., vol. 67, no. 2, pp. 1638–1647,
Feb. 2020.

23) X. Wu and H. Shi, “High efficiency high density 1
MHz 380 V-12 V DCX with low FoM devices,” IEEE
Trans. Ind. Electron., vol. 67, no. 2, pp. 1648–1656,
Feb. 2020.

Yijie Wang (S’09–M’15–SM’15) was born in Heilongjiang Province, China, in 1982. He re-
ceived the B.S., M.S., and Ph.D. degrees in electrical engineering from the Harbin Institute of
Technology, Harbin, China, in 2005, 2007, and 2012, respectively.

From 2012 to 2014, he was a Lecturer with the Department of Electrical and Electronics Engi-
neering, Harbin Institute of Technology. From 2014 to 2017, he was an Associate Professor with
the Department of Electrical and Electronics Engineering, Harbin Institute of Technology. Since
2017, he has been a Professor with the Department of Electrical and Electronics Engineering,
Harbin Institute of Technology. His research interests include dc–dc converters, soft-switching
power converters, power factor correction circuits, digital control electronic ballasts, and LED
lighting systems.

Dr. Wang is an Associate Editor of the IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS,
IEEE JOURNAL OF EMERGING AND SELECTED TOPICS IN POWER ELECTRONICS, IEEE ACCESS,
IET Power Electronics, and the Journal of Power Electronics.



1404 IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 67, NO. 2, FEBRUARY 2020

Óscar Lucı́a (S’04–M’11–SM’14) received the M.Sc. and Ph.D. (Hons.) degrees in electrical
engineering from the University of Zaragoza, Zaragoza, Spain, in 2006 and 2010, respectively.

During 2006 and 2007, he held a research internship at the Bosch and Siemens Home Ap-
pliances Group. Since 2008, he has been with the Department of Electronic Engineering and
Communications, University of Zaragoza, Spain, where he is currently an Associate Professor.
From 2009 to 2012, he was a Visiting Scholar at the Center of Power Electronics Systems, Virginia
Tech. His main research interests include resonant power conversion, wide-bandgap devices, and
digital control, mainly applied to contactless energy transfer, induction heating, electric vehicles,
and biomedical applications. In these topics, he has published more than 65 international journal
papers and 125 conference papers, and he has filed more than 35 patents.

Dr. Lucı́a is an active member of the Power Electronics and Industrial Electronics societies.
He is currently an Associate Editor of the IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS

and IEEE TRANSACTIONS ON POWER ELECTRONICS. He is a member of the Aragon Institute for
Engineering Research (I3A).

Zhe Zhang (M’11–SM’16) received the B.Sc. and M.Sc. degrees in power electronics from
Yanshan University, Qinhuangdao, China, in 2002 and 2005, respectively, and the Ph.D. degree
from the Technical University of Denmark, Kgs. Lyngby, Denmark, in 2010.

He is currently an Associate Professor with the Department of Electrical Engineering, Tech-
nical University of Denmark (DTU). Since 2018, he has been the Head of Studies in charge of
Electrical Engineering M.Sc. Program, which is one of the largest M.Sc. programmer at DTU.
From 2005 to 2007, he was an Assistant Professor at Yanshan University. From June 2010 to
August 2010, he was with the University of California, Irvine, CA, USA, as a Visiting Scholar.
He was an Assistant Professor at the Technical University of Denmark during 2011 and 2014.
He has authored or coauthored more than 150 transactions and international conference papers
and filed more than ten patent applications. He has supervised more than ten Ph.D. students since
2013. His current research interests include applications of wide bandgap devices, high-frequency
dc–dc converters, multiple-input dc–dc converters, soft-switching power converters, and multi-

level dc–ac inverters for renewable energy systems, hybrid electric vehicles and uninterruptable power supplies; piezoelectric-
actuator and piezoelectric-transformer-based power conversion systems.

Dr. Zhang has received several awards and honors including the Best Paper Award in IEEE Energy Conversion Congress and
Exposition, the Best Paper Award in IEEE International Conference on Intelligent Green Building and Smart Grid, Best Teacher
of the Semester, Chinese Government Award for Outstanding Students Abroad. He is also a Guest Associate Editor of the IEEE
TRANSACTIONS ON INDUSTRIAL ELECTRONICS, and a Guest Editor of the IEEE JOURNAL OF EMERGING AND SELECTED TOPICS IN

POWER ELECTRONICS.



<<
  /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


