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Abstract—Design challenges of medium-voltage DC/DC
converter for deep-sea applications using silicon carbide
(SiC) power MOSFET modules are reviewed. Challenges of
high-pressure conditions at deep-sea operation are presented
and the pressure tolerance of power electronic components is
investigated based on existing literature. Several topologies
for high-power DC/DC conversion are reviewed. Power loss
estimations are performed on a dual active bridge using SiC
discrete devices and power modules with data provided by
the manufacturers. The simulations are performed in
PLECS/Simulink.

Index Terms—Medium-voltage DC/DC converter, Wide-
bandgap semiconductor devices, Pressure-tolerant power
electronics, dual active bridge.

I. INTRODUCTION

This paper presents major challenges regarding the
design of high-power, high-efficiency and reliable
medium-voltage direct current (MVDC) power supply for
remotely operated vehicles (ROVs). ROVs are currently
used in multiple subsea and offshore activities. They are
needed in the oil and gas sector (for intervention,
trenching, umbilical and power cable laying, repair and
maintenance tasks), as well as, other niche applications
requiring subsea operations (e.g. military and forensics).
Considering the steep increase in offshore wind farm
installations, the use of ROVs is expected to increase in the
ocean renewable sector, where extensive cable-based
collection grids are required. The focus of this paper is on
work-class ROVs (WROVs) with power ratings exceeding
200 kVA and operation at water depths of 3000 m, and as
deep as 11000 m [1], [2]. Today, the state-of-the-art
WROVs use hydraulic systems on board in order to meet
the high power demands of their manipulators and
propulsion systems. However, a trend towards
modernizing WROVs by designing them as fully electric
in terms of power transmission, supply, control and
propulsion is clearly observed [3]. Such fully electric
systems will enable higher reliability, reduced weight,
improved efficiency and controllability,  while
environmental risks associated with possible leakages
form the hydraulic circuits will be eliminated. To enable
fully electric WROVs, the design, analysis and
experimental verification of high-efficiency, power dense
DC power supply based on medium-voltage DC
technology should be a focused research area. Such power
supply will enable higher reliability, reduced weight,
improved efficiency and controllability, while the
environmental risks associated with possible leakages
from the hydraulic circuits will be eliminated.
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Fig. 1: System overview: the DC/DC converter is marked with blue
circle.

This paper is to address and review the major challenges
of designing the DC/DC converter for high-pressure
operating environments and possible solutions based on
existing literature. The goal is to design and optimize high-
power, galvanically-isolated DC/DC converters suitable to
perform electrical energy conversion from MVDC (e.g. 3-
15 kV) to low voltage DC (e.g. 700 V) for the future fully
electric WROVs. A graphical illustration of the system
configuration is shown in Fig. /. The WROV is powered
via a MVDC umbilical from an on-board/on-shore power
distribution station. The medium voltage is converted
through the evaluated DC/DC converter to a suitable
voltage level for electrifying load connected on the low
voltage DC-bus on WROV, such as motor drives and
auxiliary systems.

This paper is organized as follows. Firstly, the
challenges and reviewed research on the pressure tolerance
of power electronic components is presented. Then, a
design and performance evaluation of converter topologies
suitable for high-power DC/DC conversion system and
associated design aspects is presented, and lastly
conclusions are given.

II. PRESSURE TOLERANT POWER ELECTRONICS

The ROVs are required to operate at immense depths
leading to exposure at high pressures. Two approaches are
commonly followed when designing pressure-tolerant
power electronic systems:



A. Atmospheric-pressure vessels

The power electronics are assembled in approximately
1 bar pressure vessels [4], [S]. As the power electronic
components, converter rating and design depth increase,
the pressure chamber become increasingly bulky,
inconvenient and often extremely heavy due to the high
wall thickness required for the pressure difference between
the sea-water and inside of the vessel.

The required wall thickness of a pressure vessel
assuming a cylindrical shell is given in TABLE I with
accompanying geometrical parameter values. The
assumed material is carbon steel alloy plates SA-515-70,
widely used for pressure vessels. The calculations [6]
assume a maximum operating pressure of 150 bars
(Approx. 1500 m depth) and a temperature of T =
37.8°C (100 °F). It can be seen that the weight of such
pressure vessel quickly becomes very high.

TABLE I
GEOMETRICAL PARAMETERS FOR P=150 BAR
Geometrical Value
Parameter
Shell Length L = 254 [cm]
Shell Diameter D, =127 [cm]
Wall Thickness t = 6.35 [cm]
Shell Material SA-515-70 (Carbon Steel)
Material Density p = 27680 [k_93 ]
m
Shell Volume Venen = 0.676 [m3]
Shell Weight Mgpenn = P * Vsnen = 18712 [kg]

B. Pressure-balanced vessels

The power electronics are exposed to full ambient
pressure by packaging them in thin-walled housing filled
with a dielectric fluid. Pressure compensation is used to
balance the pressure, a technique where the enclosures
internal fluid pressure is maintained in equilibrium with
the external sea-water pressure with the use of pressure
compensators [7]. The compensation fluid which fills the
enclosure is balanced or equalized to all variations of
ambient sea water or atmospheric pressure, reducing the
differential pressure to approximately zero. Thus, the
enclosure thickness can be made independent of the water
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Fig. 2: Performance comparisons of the 3 types of capacitors [13].
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Fig. 3: Conceptual illustration of pressure-tolerant system. PC: Pressure
compensator, PTC: pressure-tolerant components, PDC: pressure-
dependent components.

depth, although a minimum thickness has to be ensured for
structural integrity.

Pressure compensation can be performed using several
different methods, e.g. using bag/bladder compensator,
bellows or convoluted tube, elastomeric tube, diaphragms,
spring-loaded piston, flexible membrane, pneumatic
actuator or self-pressurizing reservoir [8].

The thinner walled housing significantly reduce the
weight and increase reliability and simplicity of the
converter cooling system as the heat is more easily
conducted through the vessel walls instead of by separate
heat exchangers [4], [7]. This allows for higher power-
density design, as the volume of heat sinks may be
significantly reduced. Furthermore, as the flooding fluid is
an insulating, dielectric fluid, clearances between potential
differences (such as bus-bars) may be reduced compared
with nitrogen-filled enclosures commonly used with 1-bar
vessels [7], further promoting a higher power-density
design. In power electronic systems, the most critical
components for pressurization is found to be the
semiconductors, gate drivers and DC-link capacitor banks
[4].

For WROV applications, where weight reduction is
critical, pressure-balanced vessels will pose advantages
over atmospheric-pressure vessels. Pressure tolerant
power electronic (PTE) systems are, thus, necessary to
eliminate the need for heavy and unpractical atmospheric-
pressure chambers to house the power electronics and
other pressure sensitive components. As the components
are exposed to high pressures (possibly exceeding 1000
bars), it becomes highly important to assure proper
working and reliability of the components. Complete,
pressure tolerant power electronic conversion systems are
not much investigated in scientific literature, although
pressure tolerance of single components has been done to
some extent [9], [10]. SINTEF Energy Research has done
research on the pressure tolerance of different IGBTs with
accompanying gate drivers up to 300 bars of pressure with
different insulation materials and experimental test set-ups
[4], [11]-[13]. Superior cooling options with pressure-
balanced systems, as dielectric insulation materials such as
MIDEL®7131 has better thermal conductivity compared
to nitrogen or air, further promotes pressure-balanced
solutions.



C. Passive components

Passive components have been research for their pressure
tolerance[4], [9], [14]. It should be emphasized that
electronic components not tested and rated for use in high-
pressure  environments by their manufacturers,
experiments have to be done in order to identify
components which can operate reliably at high pressure.
Resistors are usually of solid construction and stand up
well under pressure, although carbon composition resistors
is found to exhibits a 1-5 percent pressure dependency on
the resistance value per 1000 feet due to the compression
of carbon particles [9]. Capacitors sensitivity to pressure
depends highly on materials used. Under high pressure,
aluminum electrolytic capacitors will only work if filled
with compensation fluid or tar due to their wound
construction including small internal air spaces causing
them to deform under high pressure [9]. It has been found
that DC-link film capacitors are suitable for operation
under high hydrostatic pressure [4]. They further identified
ceramic capacitors as immune to pressure, thus either film
or ceramic capacitors should be focused upon during
further developments. There are significant performance
differences between the types of capacitors (see Fig. 2.
[14]) hence a trade-off between volume, cost and
reliability while maintaining satisfactory electrical and
thermal characteristics is needed.

Magnetic components may have somewhat
variable parameter values when exposed to high pressure.
Some exhibits hysteresis of inductance with pressure,
while others change their inductance differently with each
exposure to pressure [9]. Air-core inductors may change
characteristics at high pressure when submerged in fluid
rather than air. Laminated cores is found to be fairly stable,
while other types, such as ferrite cores, tend to be less
predictable. Magnetic, wounded components contains
intrinsic voids due to their design (round cross section
wires). High external pressure may cause damage to the
insulation if these voids are sealed by varnish or potting
material, as this could expose the insulation to mechanical
stress [12].

D. Active components

Active components with accompanying gate driving and
auxiliary electronics, must carefully be tested for high-
pressure operation. To the knowledge of the authors, only
high-pressure testing of high-power semiconductors on
press-pack and bonded silicon-based insulated gate bipolar
transistors (IGBTs) has been done by SINTEF Energy
Research in Norway [4], [11]-[13]. Packaging is
especially susceptible to high pressure and the chip and
bond-wire coating gel needs to be compatible with the
submerging fluid. Thus, these component structures need
to be investigated for the specific semiconductor module
used in the converter. Variations of pressure tolerance of
similar-rated devices from same and different
manufacturers should further be expected. High-
switching-frequency-enabling semiconductor materials
(e.g. Silicon Carbide (SiC)), a possible solution for the
DC/DC converter for this application, has little known

literature discussing their pressure-tolerance. Therefore,
SiC power semiconductors must be subjected to rigorous
testing in order to verify their high-pressure performance
and ensure high reliability.

III. CONVERTER TOPOLOGIES AND CONSIDERATIONS

A major design factor of the WROVs is the light-weight
structure. This challenge is strongly associated with
increased power densities of the electric power supply
system. In particular, using MVDC supply through the
umbilical, bulky low-frequency transformers (e.g. 50 Hz)
are not required, while the umbilical is lighter due to the
elimination of the third conductor used in 3-phase supply.
However, high-performance DC/DC power electronic
converters with voltage isolation must be considered along
with wide-bandgap (WBG) power devices (e.g. SiC) to
enable higher compactness.

The conventional Dual Active Bridge (CDAB)
topology [15] (Fig. 4a), is a promising concept as the
DC/DC converter for electrifying the WROV. Adding a
resonance circuit, either in series or in parallel to the
isolation transformer (termed DAB Series Resonance
Converter (SRC) or DAB Parallel Resonance Converter
(PRC)) (Fig. 4b)) is reported to provide higher efficiency
over a wider load range because of the extended zero-
voltage switching (ZVS) and zero-current switching (ZCS)
range [16]-[19]. The improved efficiency can lead to less
complex thermal management systems and possibly higher
power densities.

However, the additional passive components
add both additional failure points, as well as, increased
weight and volume, and, thus is not necessarily a better
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Fig. 4: (a) Single-phase conventional dual active bridge (CDAB), (b)
Blue capacitor: single-phase series-resonant converter (SRC), red
capacitor: parallel resonant converter (PRC), (¢) 3-phase CDAB.
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Fig. 6 — Resonant half-bridge converter with non-isolated, post-processing converter unit [20].

choice than a CDAB topology. Furthermore, odd-phased
DAB topologies are reported to lead to reduced capacitor
RMS current and dc-voltage ripple because of their higher
apparent frequency, with the effect increasing with
increasing number of odd phases [17], [18]. Nonetheless,
increasing the phases increase complexity, cost, weight
and volume. Increasing the number of phases above 3 can
be an interesting alternative in high-current applications
where conduction losses are critical, or when reduction in
the DC-link capacitor is required [17].

Another option is to cascade the DAB with a
post-processing, non-isolated DC/DC converter, as seen
in .Fig. 6. This is a configuration, which may allow a lower
transformer voltage gain, where the rest of the voltage gain
is made in the post-processing converter. As the winding
ratio (voltage gain) has a direct impact on the transformer
design, changing the winding ratio could potentially
increase the transformer compactness, hence lead to a
more optimized, overall converter design, even though the
post-processing converter adds complexity and weight in
added switches and passive components. A similar idea is
investigated in [20] for a dual active resonant half-bridge

converter topology, with minimally poorer performance
compared with a conventional DAB topology.

The modular multi-level DC/DC converter
(M2DC) has been investigated and compared to a full-
bridge DAB for very high powers (15 MW-1.6 GW) and
voltage levels (£5 kV - = 30 kV). It has been revealed that
the M2DC is not suitable for high voltage ratios because
the circulating current becomes high, resulting in
significantly poorer efficiency compared to DAB, while
the DAB features high efficiency up to 99% independent
of the voltage transformation ratio. In general, the M2DC
equires a much higher number of semiconductors,
increasing the investment cost for the M2DC converter up
to 3 times the investment cost of DAB converter systems,
and seems as an unfeasible solution for this application
[21].

Considering high power ratings, the single phase
DAB must be modified to accommodate high voltage and
current stress of the power switches. For the MVDC level
required for this application, either a modular series-input
topology or series-connection of switches are required.
Series connection of switches contains several challenges,



either related to the design of the gate drive circuits or to
the parameters spread of the semiconductor devices [22].
Timing shifts in the gate driver circuits, as well as,
variations in stray inductances between the series-
connected switches and unavoidable physical differences
in the structure of the device can induce uneven
distribution of the overall voltage across series-connected
devices [22], [23]. Increased difficulties arise with
increased switching speeds, thus with the use of high-
speed SiC devices, special care must be taken when
designing the topology, gate drive and auxiliary circuits.
The use of modularized topology avoids these
issues. Several topology configurations (e.g. Input-Series-
Output-Parallel  (ISOP), Input-Parallel-Output-Series
(TPOS) or combinations) exist [24]-[26], and are suitable
for a wide range of high-power and voltage applications.
Series connection of the input ports and parallel
connection of the output ports enable higher input voltage
and output current [24], a suitable configuration for this
application. The modules make it possible to increase or
decrease voltage and power ratings after specific
application-oriented needs, and increase the reliability of
the complete system as the converter can be made to
operate at reduced ratings with malfunctioning modules.
The output parallelization yields lower output voltage
ripple amplitude and by phase shifting the bridges, the
final output current ripple frequency can be further
increased, reducing filtering capacitance needs for equal
switching frequency, as shown in Fig. 5. Modular
topologies makes it possible to increase or decrease
voltage and power ratings based on system requirements,
and increase the reliability of the complete system by
operating at reduced ratings with malfunctioning modules.
The input can further be parallelized, yielding the topology
shown in Fig. 7 to accommodate maximum current ratings
of the semiconductors, which might be necessary for this
application. Thus, modularized converter design may
increase converter performance, power density and reduce
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and ease manufacturing cost with the ISOP configuration
being the most promising candidate for MV to LV
conversion [27].

TABLE II

POWER DENSITY WITH VARIOUS SEMICONDUCTOR MATERIALS. (¥*WATER COOLED. ** AIR COOLED. *** HALF - BRIDGE (HB) TOPOLOGY. **** 3-

PHASE)
Power Range [kKW]
Topology
<1 1-5 5-10 10-100 100-1000
Conventional SiC 3.96 kW/1[16] SiC 1.132 kW/kg [31] - SiC 1.9 kW/I, -
DAB SiC 4.3 kW/1*¥** [16] Si0.75 kW/kg [31] 1.39 kW/kg
Si 7.1 kW/1[32] [33]
Resonant SiC 3.66 kW/1[16] SiC 1.1 kW/1 [34] GaN 10.5 kW/, Sill.13 SiC >16.1
DAB SiC 5.5 kW/1*¥** [16] 9.6 kW/kg [35] kW/1*, 6.6 kW/kg[28]
Si3.7kW/, 1.5 kW/1**[29] Si 1 kW/, 2.5
kW/kg [35] kW/1****[36]




Higher switching frequency allows the design of
smaller and lighter passive components. For this
application, there are two key components that should
particularly be focused on for designing the converter with
as high power density as possible; the isolation transformer
and capacitors. Both component weight and volume may
significantly be reduced by increasing the switching
frequency. Furthermore, one of the most vulnerable
converter components under high pressure are the
capacitors [4], since only certain materials are suitable for
high-pressure environments. Reduced capacitance should
be a design goal, and may be achieved by increasing the
switching frequency and by selecting the proper converter
topology. SiC power switches enables higher switching
frequencies than existing high-power silicon IGBTs.
However, higher switching frequency leads to increased
switching losses and reduced efficiency, increasing the
complexity of cooling system. Odd-phased DAB
topologies, with a 3-phase CDAB depicted in Fig. 7 c) are
reported to reduce the current ripple, thus reducing the
required filtering capacitance. Optimal design of the
isolation transformer is reported to significantly increase
the converter power density, where in [28] a SRC DAB
using air-core transformer achieves a gravimetric power
density of 21 kW/kg compared to 8 kW/kg using ferrite
core material. With the use of dielectric fluid as core
material, with a higher relative permittivity and breakdown
strength than air, the power density may further be
increased, as insulation material may be reduced. An
optimal solution should be investigated using multi-
objective optimization. High power density should be
emphasized during design to accommodate lightweight
structures. A summary of reported gravimetric and
volumetric power densities based on topology and power
level is given in Table I. The use of WBG semiconductor
materials (i.e. GaN and SiC) can increase the power
density when similar topologies are compared. Higher
power densities are reached using WBG devices, although
high power densities are also reached using silicon IGBTs
[29], [30]. It can further be noted that power density is
sparsely reported in literature regarding DC/DC converters
design, although having high importance in especially
electro-mobility applications like electric vehicles,
aerospace, and railway.

IV. CONFIGURATION EFFICIENCY SIMULATION

To evaluate efficiency performance of different
configuration options, loss estimations are performed on
the input-side full-bridge using PLECS and Simulink. The
simulated system is a 200 kW rated DAB converter
operating at a switching frequency of f, = 100 kHz
where the switches on the input bridge use MOSFET

simulation models and the output bridge use ideal switches.

The switches on the input bridge are modelled using test-
data on turn-on and-off energy for different drain currents
and blocking voltages, Rgsn) temperature variations,
gate driver and temperature conditions, as well as thermal
impedances provided by the manufacturer. Using thermal
and electrical simulations in PLECS/Simulink, switching
and conduction losses are extracted. PLECS thermal

simulation is highly advantageous as the RMS-current
through the device in DAB-converters using single-phase
shift modulation is complex. Furthermore, the R g(on) and
turn-on/off energies depend on device voltage and current,
gate driver and thermal conditions. Both conduction and
switching losses are thus complex values depending on
several factors, hence thermal simulation provides both
accurate and accelerated results. How the bridges and
devices are configured is shown in Fig. 8. 4 configurations
have been tested with the result given in TABLE III and
Fig. 9. The modules parameters are given in TABLE IV.
Module 1 is a discrete SiC MOSFET. Modules 2, 3, and 4
is SiC MOSFET power modules.
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Fig. 8 - System configuration. The number of series connected 1-phased
DAB (1p DAB) is s. P =200 kW with f;,, = 100 kHz.

TABLE III

SIMULATION RESULTS WITH THE DIFFERENT POWER LOSSES IN KW

P,,, = Switching Loss [kW], P,,,q =Conduction Loss [kW],
P, = Diode Loss [kW], P;,; = Total Input Bridge Loss [kW],
M=Module Number.

Vip =5kV P, =200 kW fow = 100 kHz
M s Psw Pcond PD Ptot

1 9 1.035 2.79 0.855 4.68

2 8 3.1 0.32 0.14 3.56

3 5 4.0 0.37 0.1 4.47

4 3 12.3 0.15 0.06 12.51

TABLE IV
MODULE PARAMETERS

M | Blocking Voltage | Bridge Voltage Ras.on
1 Vps =900V Ve =555V 30 mn
2 Vps = 1200V Ve =625V 4.2 mQ

3 Vps = 1700V V; = 1000V 8 ma
4 Vps = 3300V Vs = 1667V 2.35m0




14

12.51

12.3
12
10
-4
— Psw Pcond PD Pror
)
8
A 8
O
on
= 6
=
M ass
= a
= 4 3.1
E 2.79 i
2
1.035 0.85
032 514 0-37 0.1 0.15 0,06
O =
s 9 8 5 3
Module 1 2 3 4
Fig. 9 - Input bridge losses. The number of series connected bridges are s.
V. CONCLUSIONS REFERENCES
The major design challenges of power electronic systems — [1] “ROVs in the Oil & Gas Industry 2013-2023,”
for deep-sea WROVs supplied by a MVDC grid are  Visiongain. . - ‘
presented, focusing on pressure-tolerant power electronics ~ [2] The ROV Manual - 2nd Edition.” [Online].

and design of lightweight DC/DC converters. The power
electronic systems need to be placed in high-pressure
insulation fluid to allow feasible weight and volume of the
ROV. Based on the reviewed literature, it is clear that open
source research on pressure-tolerant power electronics is
sparse, and further effort should be put on PTE research to
develop reliable power electronic systems for high-
pressure environments. For high-power MV DC/DC
conversion, both resonant and hard-switching topologies
are commonly used. Either series-connection of switches
or an ISOP-type configuration should be used for the
specified input voltage level, with the ISOP topology
favored due to the challenges of series-connected switches.

From the electrical and thermal simulations, it is
observed that module 2 produce the overall lowest
losses. The power modules features significant lower
conduction losses due to the lower Rgson) than the
discrete device, with the governing loss mechanism being
the switching energy. As the device blocking voltage
increase, the switching energy increase, resulting in higher
switching losses, having large impact on the total losses at
high switching frequencies.

Available: https://www.elsevier.com/books/the-rov-
manual/christ/978-0-08-098288-5. [ Accessed: 23-Oct-2018].
[3] K. Siem, “Subsea 7 S.A. Annual Report
and Consolidated Financial Statements 2016 —
Chairman’s statement.” 2017.

[4] R. Pittini and M. Hernes, “Pressure-Tolerant Power
Electronics for Deep and Ultradeep Water,” in SPE Projects
Facilities & Construction, 2011.

[5] B. Henri, N. Truls, and H. Terence, “Ormen Lange
Subsea Compression Station pilot,” in PCIC Europe 2010,
2010, pp. 1-9.

[6] “ASME Boiler and Pressure Vessel Code VIII Rules
for Construction of Pressure Vessels Div. 1,” Jul. 2013.

[7] V. Narayanaswamy, “A review of thermal and
humidity management needs and feasible solutions for next
generation subsea electric systems,” in Underwater Technology,
2014, vol. 32, pp. 129-143.

[8] T. Mehnert, “Handbook of Fluid-Filled,
Depth/Pressure-Compensating Systems for Deep Ocean
Applications.” DEEP PCEAN TECHNOLOGY PROGRAM,
Naval Ship Research and Development Center, Apr-1972.

[9] J. Sutton, “Pressure Tolerant Electronic Systems,” in
OCEANS 79, 1979, pp. 460—469.
[10] P. Kampmann, J. Lemburg, H. Hanff, and F.

Kirchner, “Hybrid pressure-tolerant electronics,” in 2012
Oceans, 2012, pp. 1-5.

[11] A. Petterteig, R. Pittini, M. Hernes, and O. Holt,
“Pressure tolerant power IGBTSs for subsea applications,” in
2009 13th European Conference on Power Electronics and
Applications, 2009, pp. 1-10.



[12] R. Pittini, M. Hernes, and K. Ljokelsoy, “An IGBT
Gate Driver for Operation in High Pressure Hydrostatic
Environment,” in SINTEF Energy Research, 2009.

[13] K. B. Liland, C. Lesaint, L. Lundgaard, M. Hernes,
and W. R. Glomm, “Liquid insulation of IGBT modules: Long
term chemical compatibility and high voltage endurance
testing,” in 2016 IEEE International Conference on Dielectrics
(ICD), 2016, vol. 1, pp. 384-389.

[14] H. Wang, “Capacitors in Power Electronics
Applications — Reliability and Circuit Design.” IECON 2016
Tutorial., Oct-2016.

[15] R. W. A. A. D. Doncker, D. M. Divan, and M. H.
Kheraluwala, “A three-phase soft-switched high-power-density
DC/DC converter for high-power applications,” IEEE Trans.
Ind. Appl., vol. 27, no. 1, pp. 63-73, Jan. 1991.

[16] P. He and A. Khaligh, “Comprehensive Analyses
and Comparison of 1 kW Isolated DC-DC Converters for
Bidirectional EV Charging Systems,” IEEE Trans. Transp.
Electrification, vol. 3, no. 1, pp. 147-156, Mar. 2017.

[17] A. Garcia-Bediaga, I. Villar, A. Rujas, I. Etxeberria-
Otadui, and A. Rufer, “Analytical Models of Multiphase
Isolated Medium-Frequency DC-DC Converters,” IEEE Trans.
Power Electron., vol. 32, no. 4, pp. 2508-2520, Apr. 2017.
[18] C. P. Dick, A. Konig, and R. W. D. Doncker,
“Comparison of Three-Phase DC-DC Converters vs. Single-
Phase DC-DC Converters,” in 2007 7th International
Conference on Power Electronics and Drive Systems, 2007, pp.
217-224.

[19] B. Zhao, Q. Song, W. Liu, and Y. Sun, “Overview of
Dual-Active-Bridge Isolated Bidirectional DC-DC Converter
for High-Frequency-Link Power-Conversion System,” /EEE
Trans. Power Electron., vol. 29, no. 8, pp. 4091-4106, Aug.
2014.

[20] K. Yoo and J. Lee, “A 10-kW Two-Stage
Isolated/Bidirectional DC/DC Converter With Hybrid-
Switching Technique,” IEEE Trans. Ind. Electron., vol. 60, no.
6, pp. 2205-2213, Jun. 2013.

[21] S. P. Engel, M. Stieneker, N. Soltau, S. Rabiee, H.
Stagge, and R. W. D. Doncker, “Comparison of the Modular
Multilevel DC Converter and the Dual-Active Bridge Converter
for Power Conversion in HVDC and MVDC Grids,” IEEE
Trans. Power Electron., 2015.

[22] R. Kopacz, D. Peftitsis, and J. Rabkowski,
“Experimental study on fast-switching series-connected SiC
MOSFETs,” in 2017 19th European Conference on Power
Electronics and Applications (EPE’17 ECCE Europe), 2017, p.
P.1-P.10.

[23] C. Abbate, G. Busatto, and F. lannuzzo, “High-
Voltage, High-Performance Switch Using Series-Connected
IGBTs,” Power Electron. IEEE Trans. On, vol. 25, pp. 2450—
2459, 2010.

[24] P. Zumel et al., “Modular Dual-Active Bridge
Converter Architecture,” IEEE Trans. Ind. Appl., vol. 52, no. 3,
pp. 2444-2455, May 2016.

[25] P. Zumel, L. Ortega, A. Lazaro, C. Fernandez, and
A. Barrado, “Control strategy for modular Dual Active Bridge
input series output parallel,” in 2013 IEEE 14th Workshop on
Control and Modeling for Power Electronics (COMPEL), 2013,
pp- 1-7.

[26] R. Ayyanar, R. Giri, and N. Mohan, “Active input-
voltage and load-current sharing in input-series and output-
parallel connected modular DC-DC converters using dynamic
input-voltage reference scheme,” IEEE Trans. Power Electron.,
vol. 19, no. 6, pp. 1462—-1473, Nov. 2004.

[27] H. Fan and H. Li, “High-Frequency Transformer
Isolated Bidirectional DC-DC Converter Modules With High
Efficiency Over Wide Load Range for 20 kVA Solid-State

Transformer,” IEEE Trans. Power Electron., vol. 26, no. 12, pp.
3599-3608, Dec. 2011.

[28] F. K. Piotr Czyz Thomas Guillod and J. W. Kolar,
“Exploration of the Design and Performance Space of a High
Frequency 166 kW / 10 kV SiC Solid-State Air-Core
Transformer,” 2018.

[29] M. Pavlovsky, S. W. H. de Haan, and J. A. Ferreira,
“Reaching High Power Density in Multikilowatt DC-DC
Converters With Galvanic Isolation,” IEEE Trans. Power
Electron., vol. 24, no. 3, pp. 603—-612, Mar. 2009.

[30] M. A. Bahmani, T. Thiringer, A. Rabiei, and T.
Abdulahovic, “Comparative Study of a Multi-MW High-Power
Density DC Transformer With an Optimized High-Frequency
Magnetics in All-DC Offshore Wind Farm,” IEEE Trans.
Power Deliv., vol. 31, no. 2, pp. 857-866, Apr. 2016.

[31] Y. S. Biao Zhao Qiang Song, Wenhua Liu, “A
synthetic discrete design methodology of high-frequency
isolated bidirectional DC/DC converter for grid-connected
battery energy storage system using advanced components,”
IEEE Trans. Power Electron., vol. 61, no. 10, pp. 4366-4379,
Oct. 2012.

[32] G. Guidi, M. Pavlovsky, A. Kawamura, T. Imakubo,
and Y. Sasaki, “Efficiency optimization of high power density
Dual Active Bridge DC-DC converter,” in The 2010
International Power Electronics Conference - ECCE ASIA -,
2010, pp. 981-986.

[33] D. Aggeler, J. Biela, S. Inoue, H. Akagi, and J. W.
Kolar, “Bi-Directional Isolated DC-DC Converter for Next-
Generation Power Distribution - Comparison of Converters
using Si and SiC Devices,” in 2007 Power Conversion
Conference - Nagoya, 2007, pp. 510-517.

[34] C. Wang, S. Zhang, Y. Wang, B. Chen, and J. Liu,
“A 5 kW Isolated High Voltage Conversion Ratio Bidirectional
CLTC Resonant DC-DC Converter with Wide Gain Range and
High Efficiency,” IEEE Trans. Power Electron., pp. 1-1, 2018.
[35] G. Su, C. White, and Z. Liang, “Design and
evaluation of a 6.6 kW GaN converter for onboard charger
applications,” in 2017 IEEE 18th Workshop on Control and
Modeling for Power Electronics (COMPEL), 2017, pp. 1-6.
[36] T. Jimichi, M. Kaymak, and R. W. D. Doncker,
“Comparison of single-phase and three-phase dual-active bridge
DC-DC converters with various semiconductor devices for
offshore wind turbines,” in 2017 IEEE 3rd International Future
Energy Electronics Conference and ECCE Asia (IFEEC 2017 -
ECCE A4sia), 2017, pp. 591-596.




<<
  /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


