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Abstract— Enhanced thermal management continues to be 
the key to the miniaturisation of high-frequency magnetic 
components and to increased converter power densities. Thermal 
finite element analysis has been used to examine the use of high-
thermal-conductivity ceramic heat spreaders in the potted 
structure of a nanocrystalline-cored DC inductor to mitigate the 
local temperature rise due to the concentrated gap losses. The 
thermal performance of different heat spreader and potting 
materials has also been investigated. The heat spreader technique 
is validated by experimental results on two 350 A, 60 kHz DC 
inductors, showing a hot spot temperature reduction of 20 °C 
with embedded aluminium nitride heat spreaders, which may 
allow a smaller core to be used. By using the heat spreaders 
about 30 % weight reduction is illustrated for a higher frequency 
DC inductor design (300 A, 150 kHz).  Furthermore, the impact 
of the potting compound’s thermal conductivity is studied, 
revealing that a size reduction of up to 50% is possible with the 
heat spreaders in addition to an improved potting material.  

Keywords—thermal management; DC inductor; heat spreader; 
nanocrystalline core 

I. INTRODUCTION 

The miniaturisation of magnetic components is a perennial 
challenge for power electronics engineers. High-frequency 
magnetic components can account for more than 50 % of the 
weight of some converter systems [1], therefore, to achieve the 
increased power densities that are being demanded in some 
emerging applications, for example on-board electric vehicles 
and in the more-electric aircraft, highly compact magnetic 
components are essential.  

Emerging wide bandgap devices using silicon carbide (SiC) 
or gallium nitride (GaN) are enabling increases in converter 
switching frequency, potentially leading to significant size and 
weight reductions of magnetic components. However, the 
downsizing of magnetic components is ultimately thermally 
limited [2], as the high frequency losses in the components 
tend to increase at higher frequencies and the surface area 
available for heat transfer is smaller from a reduced component 
size. This creates a need for improved thermal management 
within the magnetic components to ensure that hot spot 
temperatures remain within the limits of the materials, and this 

problem is particularly acute in some transport applications 
where the ambient temperatures can be high.  

Nanocrystalline materials have a high saturation flux 
density of over 1 T and low specific hysteresis losses which are 
comparable with those in ferrites, offering the possibility of 
smaller wound components [1, 3]. These materials are 
manufactured as a thin metallic ribbon, approximately 18 µm 
thick, which may be used to build up finely-laminated cores, 
normally referred to as tape-wound cores. Due to the 
conductivity of the metallic ribbon, these cores are susceptible 
to gap losses whereby the air-gap fringe field can create eddy 
currents within the laminations and cause intense, localised 
heating around the edges of the gaps [4]. Without thermal 
management, the local hot spot may damage the insulation 
material between core laminations, and therefore the 
achievable size reduction at elevated operating frequencies 
may be limited.  

Encapsulation using a thermally conductive epoxy has been 
commonly used for thermal management of magnetic 
components [5-9]. However, with highly localised losses the 
heat removal by encapsulation can be limited due to the 
relatively low thermal conductivity of potting materials, 
typically around 2 W/mK. In [10], heat transfer components 
made with highly thermally conductive materials or heat pipes 
are used to extract the heat from the magnetic component to an 
external heat sink. One of the disadvantages of this method is 
the added volume and weight. In addition, the heat transfer 
components or heat pipes are often metal-based. Eddy currents 
may be induced and cause additional losses, making them 
unsuitable for use around the air gaps. And when placed next 
to laminated cores, the heat pipes need to be electrically 
isolated, which may downgrade their heat transfer capabilities. 
It has been mentioned in the literature that ceramic materials 
may be used in the thermal management of magnetic 
components and compact power electronic modules [11, 12], 
but the effectiveness of ceramic heat spreaders has not been 
quantified, especially for the management of concentrated 
losses in laminated cores where the thermal conductivities are 
anisotropic.  

This paper examines the use of ceramic heat spreaders for 
the thermal management of a compact tape-wound inductor 
with highly localised gap loss. The inductor uses a 
nanocrystalline Finemet C-core and copper foil winding which 
are encapsulated in an aluminium heat sink. With the help of 
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finite element analysis (FEA) of the gapped inductor, the loss 
distributions are identified. The high-thermal-conductivity heat 
spreaders are placed at the predicted local hot spots as a simple, 
but effective technique to reduce significantly the hot spot 
temperatures without requiring additional space or assembly 
effort. 3D FEA thermal modelling of the inductor is presented, 
showing that the heat spreader technique is particularly 
effective for localised losses, whilst for uniformly distributed 
losses their benefits are less significant. Experimental results 
are provided for validation from two 350 A, 60 kHz prototype 
inductors, showing a 20 °C reduction at the hot spot with the 
use of heat spreaders. The design and temperature performance 
of the heat spreader and potting materials is explained using 
thermal FEA for five inductors which are intended for a 75 
kHz, 60 kW interleaved SiC DC-DC converter. It is shown that 
the heat spreader technique has the potential to reduce the 
inductor weight by about 30 % without exceeding the core’s 
thermal limit, and with a better thermal potting material, a 
further weight reduction of 20 % may be achieved. 

II. DC INDUCTOR TOPOLOGY AND PROTOTYPE DESIGN 

To maintain the air gap length in the inductor cores, plastic 
shims or other insulating materials are commonly used as gap 
spacers, but the thermal conductivity of these materials is 
usually poor. Furthermore, the core laminations tend to prevent 
the heat flow from the edges of the gaps to the centre of the 
core. Therefore, to manage the local heating due to the gap loss 
around the core edges, aluminium nitride (AlN) heat spreaders 
were used within the air gaps to replace the gap spacers, 
without additional space requirement or assembly effort. The 
inductor was then encapsulated in an aluminium can with 
thermally conductive potting material, Fig.1. The encapsulation 
also provides mechanical robustness to the whole structure. 
The potted inductor will be mounted to the converter’s main 
cold plate or heat sink. 

The AlN heat spreaders are not electrically conductive, but 
have a high isotropic thermal conductivity of 92 W/mK. The 
thickness of the heat spreaders will form the required air gap 
length. They will enable the heat to flow easily from the core 
edges and across the core cross-sectional area, then through the 
core to the can. The dimensions of the spreaders were chosen 
to occupy all the inner area available inside the coils, slightly 
larger than the core cross-section, as seen in Fig. 1, and this 
will also enhance the heat flow into the surrounding potting 
material and the winding.  

To illustrate the concept, a 5.1 µH, 350 A, 60 kHz DC 
inductor was considered, which was taken from a 25 kW, dual-
interleaved DC-DC converter within an electric vehicle power 
train. The inductor used a set of F3CC0032 Finemet cut cores 
from Hitachi Metals [13] with copper foil windings. A total air 
gap length, lg, of 4.4 mm was used to avoid saturation under 
high DC currents. The winding was wound with six turns of 
0.8 mm thick and 51 mm wide copper foil, and was split into 
two coils around each core leg. The coils were spaced away 
from the core by a minimum of 2.2 mm, half the total gap 
length, to minimise the additional copper losses caused by the 
air-gap fringe field. To examine the benefits of the heat 
spreaders, a separate inductor without heat spreaders was also 
constructed with the same electrical, magnetic and mechanical 

specifications, the only difference being glass reinforced plastic 
(GRP) shims were used as air gap spacers instead.  

III. FINITE ELEMENT MODELLING 

3D finite element thermal models have been used to 
estimate the steady-state temperatures reached by the potted 
inductor and to examine the use of ceramic heat spreaders for 
temperature reduction. The simulations included the magnetic 
core, copper foil winding, GRP gap spacers/AlN heat spreaders 
and the encapsulation. The bottom face of the aluminium can 
was treated as a fixed temperature boundary condition, and the 
temperature is equal to the steady-state temperature of the 
converter’s cold plate. All other outer surfaces of the potted 
component were defined as perfect insulators, and therefore all 
the heat was removed by conduction through the base of the 
can. The thermal model was solved in the Opera 3D FEA 
software [14] using the static thermal solver, TEMPO/ST. 

A. Material Thermal Properties 

The laminated core was modelled as homogeneous blocks 
with anisotropic thermal characteristics in the thermal 
simulation. The thermal conductivities used for the core were 
10 W/mK along the laminations and 0.5 W/mK through the 
laminations to take into account the poor heat transfer caused 
by the insulation between laminations [11].  

The foil wound coils with Kapton insulation between the 
turns also comprise a layered structure similar to the laminated 
core. They were also modelled as homogeneous blocks, with 
equivalent anisotropic thermal conductivities along the turns 
and through the turns. Each coil has three turns of 0.8 mm 
copper foil and the measured total winding thickness, tcoil, is 
around 4.5 mm. In addition to the insulation film (0.13 mm 
thick), the gaps between the turns, filled with potting material, 
resulting in a poor heat flow through the turns. The equivalent 
thermal characteristics of the coils were estimated from the 
weighted average thermal conductivities of copper, kcu, 
insulation film, kin, and potting material, kpot, as in (1) and (2) 
[15], where tcu, tin, and tpot are the thicknesses of copper foil, 
insulation film and gaps between turns, respectively. Table I 

 
Fig. 1. Exploded drawing of the inductor assembly with the ceramic heat 

spreaders. 
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summarises the thermal conductivities of the different 
materials used in the model. 

 ( ) coilpotpotininCuCualong ttktktkk ++=  (1) 

 ( )potpotininCuCucoilthrough ktktkttk ++=  (2) 

TABLE I.  MATERIAL PROPERTIES USED IN THERMAL FEA 

Model Element Thermal Conductivity (W/mK) 

Aluminium Can 180 

Potting material 1.8 

Insulation 0.12 

Finemet core 
- along laminations 
- through laminations 

 
10 
0.5 

Foil winding 
- along turns 
- through turns 

 
206 
0.8 

AlN heat spreader 92 

GRP gap spacers 0.35 

 

B. Inductor Losses 

The loss mechanisms in the inductor prototype comprise 
three parts: copper losses, hysteresis loss and gap loss. Fig. 2 
shows the loss breakdown in the inductor operating with a peak 
to peak current ripple, ΔIL, of 130 A at 60 kHz and a DC 
current, Idc, of 160 A. The peak AC flux density, Bm, is 0.16 T. 

The copper losses, including the DC and AC loss 
components, were calculated from the published loss equations 
in [16, 17], and the hysteresis loss was measured using the B-H 
loop method on the same core without air gaps. The gap loss 
was predicted from a separate electromagnetic FEA simulation 
[4], and the loss density distribution is shown in Fig. 3. The 
gap loss contributes around half of the total loss, which is not 
uncommon in compact, high-frequency DC inductors with 
nanocrystalline cores, and it is highly concentrated around the 
gap edges of the core, which will lead to local hot spots. 

 
C. Modelling of Localised Loss Density 

The hysteresis loss and copper losses were assumed to be 
evenly distributed throughout the core and coil volumes, whilst 
the gap loss is highly concentrated. To account for the non-
uniform gap loss distributions, two methods were considered. 

 The first method couples the thermal analysis with the 
electromagnetic one by directly importing the loss density, 
Fig. 3, from the electromagnetic analysis. Whilst the 
electromagnetic model only includes the core, ideal conductors 
and air, the thermal model has additional geometric volumes 
for the encapsulation. The loss density is transferred between 
the two analyses via a table file based on the finite element 
mesh. This method provides the most accurate loss information 
to the thermal analysis. However, as the electromagnetic 
analysis requires a fine mesh for accurate eddy current 
calculation at high frequency (0.3 mm mesh used for Fig. 3), 
the thermal model needs at least to match this mesh size to 

capture the variation of the loss density. This will result in a 
large model and table files, and it is time consuming to write 
and load data between analyses and also to solve the models. 

The second method models the localised loss distribution in 
the core with lumped blocks, assuming uniform loss in each 
block, as shown in Fig. 4. This method allows the thermal 
model to be solved independently with a coarser mesh so that 
the simulation time is significantly reduced. To approximate 
the gap loss distribution shown in Fig. 3, the surface regions of 
the core limbs were divided into four sections, Fig. 4(a), and 
they are: the core gap edges, marked as Gap_Out and Gap_In 
for the outer surface and inner surface, respectively; the core 
side edges, Side_Out and Side_In; and then the rest of the 
surface was divided into two regions: Out1 and Out2, In1 and 
In2. The middle of the core limbs, MidCore, was treated as a 
single block where the gap loss density is minimum. 

The dimensions of the surface blocks, labelled in Fig. 4(b), 
were determined from the loss density distribution from the 
electromagnetic solution. For the operating point shown in Fig. 
3, the depth of the surface regions, d, was 1 mm, and the 
dimensions of blocks, LGout, LGin, and LSide, were chosen to be 1 
mm, 1.2 mm, and 1 mm, respectively. At these distances, the 
loss densities drop to 33% of their peak values at the core gap 
and side edges. LSideOut and LSideIn were selected as 10 mm and 
15 mm, respectively. About 70% of the losses along the core 
side edges are contained within these regions. The peak loss 
density occurring at the centre of the gap edges increases when 
the gap length, frequency, flux density or core width increases 
[4]. However, the loss distribution does not change noticeably 
with the frequency or the flux density; therefore, the same 
block dimensions can be used for a specific component at 
different operating conditions, as shown later in Section IV. 
Nevertheless as the gap length becomes smaller or the core 
strip becomes narrower, the loss density concentrates more 
towards the gap edges. This results from a more concentrated 

 
Fig. 2. Inductor loss breakdown. 
 

 
Fig. 3. Gap loss density distribution in the core (part number: F3CC0032, lg 
= 4.4 mm, Bm =  0.16 T, 60 kHz). 
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fringing flux around smaller air gaps and reduced eddy current 
loops due to narrower core lamination width. Smaller blocks 
are then needed to approximate the loss distribution. Therefore, 
the choice of the dimensions of the loss distribution blocks 
depends on the inductor’s physical design parameters only. The 
losses occurring in the lumped blocks were then calculated 
individually from the electromagnetic analysis through volume 
integration. The approximated allocations of the gap loss in 
these blocks are listed in Table II. The outer core surface 
regions contribute around 37% of the total gap loss, whilst 
around 58% of the gap loss occurs in the inner surfaces. About 
45% of the gap loss is concentrated around the gap edges, and 
15% of the loss is distributed along the side edges of the core. 
Based on the modelling of the F3CC0032 core, it has been 
found that the percentage loss in the blocks is independent of 
operating conditions for gap lengths from 2 to 6 mm. The mesh 
size used for the block model was 1 mm, matching the 
minimum dimension in the model.  

TABLE II.  GAP LOSS ALLOCATION IN BLOCK MODEL 
(PART NUMBER: F3CC0032, lg = 4.4 mm). 

Block name Percentage of total gap loss 

Outer 
surface  
regions 

Gap_Out 17.7 % 

Side_Out 6.0 % 

Out1 8.0 % 

Out2 4.8 % 

Inner 
surface  
regions 

Gap_In 26.5 % 

Side_In 8.6 % 

In1 11.7 % 

In2 10.7 % 

MidCore 6.0 % 

Comparing with the coupled FEA method, the size of the 
block FEA model was reduced by around 90 % with a coarser 
mesh, and the overall modelling time was reduced by more 
than 75 %. 

D. Simulation Results 

Fig. 5 shows simulation results of the predicted steady-state 
temperature rise, ΔT, in the core using the coupled thermal 
analysis, and Fig. 6 shows the results using the block 
approximation method. The core surfaces facing out of the 
page in Figs. 5 and 6 are hotter than the surfaces facing into the 
page as these surfaces are at the top of the aluminium can when 
potted. The inner core surfaces are slightly hotter than the outer 
surfaces. The hot spot from the coupled analysis is at the centre 
of the gap edges, on the core surfaces, while the simulation 
using the block method estimates a hot spot slightly inside the 
core. This is because the gap loss is concentrated towards the 
surface, but the block model uses uniform volume heat sources 
to represent it. However, both simulations show similar hot 
spot temperature rises above the heat sink. Furthermore, the hot 
spot temperatures are reduced by around 20 °C and the core 
temperature becomes more uniform with the use of AlN heat 
spreaders.  

It is clearly evident that the heat spreaders are effective in 
reducing the hot spot temperature with significant localised 
loss conditions. However, without the presence of localised 
losses the temperature distribution in the component tends to 
be more uniform, and the usefulness of the heat spreaders may 
be reduced. Fig. 7 shows the simulated temperatures in the core 
assuming the gap loss is evenly distributed in the core. 
Comparing to the results shown in Figs. 5 and 6, the total loss 
in the inductors is the same; however the simulated maximum 
temperature is around 15 °C lower in the core without heat 
spreader. With a uniform loss distribution, the temperature 
distribution in the component tends to be more uniform and the 
core does not have a local hot spot. However, with the AlN 

 
(a) 

 
(b) 

Fig. 4. Lumped blocks for gap loss distribution in the core. 

 
Fig. 5. Thermal FEA results using the coupled analysis, showing the core 
temperature rise above the heat sink. Top: core without heat spreader (GRP 
spacers); bottom: core with AlN heat spreaders.  
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heat spreaders the core temperature is reduced further by 7 °C, 
much less than the 20 °C reduction when the losses are 
concentrated.  

IV. EXPERIMENTAL VALIDATION 

The heat spreader technique has been experimentally 
validated by temperature measurements on the prototype 
inductors. To examine the temperature distribution in the 
inductor, several temperature sensors were fixed to different 
locations on the core before potting, especially around the 
gaps, as shown in Fig. 8, to identify the hot spots within the 

component. The predicted and measured steady-state 
temperature rise in the prototypes without and with the heat 
spreaders are compared in Fig. 9. The hot spot temperature was 
reduced by 20 °C as predicted, and a temperature reduction 
was observed at all monitored locations, especially around the 
gaps. 

To provide further validation of the FE thermal model, the 
predicted and measured temperatures are compared under a 
different operating condition, Fig. 10. With a DC current of 
145 A and a peak to peak ripple of 80 A, the hysteresis loss, 
gap loss and copper loss are 4 W, 25 W and 26 W, 
respectively. The simulation and measurements still show 
excellent agreement, and the heat spreader reduces the hot-spot 
temperature, but due to the reduced power the reduction is now 
around 5 °C. 

 

Fig. 8. Location of temperature sensors. 

 

Fig. 9. FEA and measured steady-state temperature rise in the inductors 
without heat spreaders (GRP spacers) and with AlN heat spreaders (Inductor 
operating condition: Idc = 160 A, ΔIL = 130 A at 60 kHz, Bm = 0.16 T). 

 

 

Fig. 10. FEA and measured steady-state temperature rise in the inductors 
without heat spreaders (GRP spacers) and with AlN heat spreaders. (Inductor 
operating condition: Idc = 145 A, ΔIL = 80 A at 60 kHz, Bm = 0.11 T). 

 
Fig. 6. Thermal FEA results using the block approximation method, 
showing the core temperature rise above the heat sink. Top: core without 
heat spreader (GRP spacers); bottom: core with AlN heat spreaders. 

 
Fig. 7. Thermal FEA result assuming uniform gap loss distribution in the 
core showing temperature rise above the heat sink. Top: core without heat 
spreader (GRP spacers); bottom: core with AlN heat spreaders. 
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V. PERFORMANCE EVALUATION OF POTTING AND HEAT 

SPREADER MATERIALS 

 
The thermal FEA has been shown in Section IV to provide 

accurate estimations of temperatures in the encapsulated 
inductors. FE simulations were then used to evaluate the 
temperature reduction performance of different potting and 
heat spreader materials in the encapsulated DC inductors. The 
inductor considered here has the same topology as shown in 
Fig. 1, however, a smaller core (F3CC0016A [13]) was used 
and the component was designed for operation at a higher 
frequency, 150 kHz. This is an example of a high-frequency, 
reduced size magnetic component enabled by the use of SiC 
devices, where effective thermal management is vital to keep 
the core below its maximum operating temperature. The 
hysteresis loss used in the simulations was 33 W, the gap loss 
was 85 W and the copper loss was 56 W. 

Fig. 11 shows the hot spot temperature in the core when 
different potting and heat spreader materials are used in the 
encapsulated structure. For the heat spreader materials, 
diamond, boron nitride, aluminium nitride, alumina, and a 
material equivalent to the potting compound are considered 
and compared against the GRP gap spacers. These materials 
are good thermal conductors as well as electrical insulators. In 
addition, the hardness of these materials provides enough 
mechanical strength between gaps to maintain the required air 
gap length. Whereas for the potting compound, materials with 
thermal conductivities up to 3.2 W/mK are currently available 
on the market, and 4 W/mK will be available soon [19]. 
Hypothetical values of 5 W/mK and 10 W/mK are also 
considered in the simulations to study the impact of the potting 
material on the thermal management for enabling future weight 
and size reductions.  

In all cases, heat spreaders significantly reduce the hot spot 
temperature. However, the material of the heat spreaders 
appears to have little impact on the temperature reduction as 
long as the thermal conductivity is considerably higher than the 
thermal conductivity of the core or the potting compound. For 
example, when a potting material of 1 W/mK is used for 
encapsulation, the performance of diamond, with a thermal 
conductivity of 2000 W/mK, or aluminium nitride, 92 W/mK,  
do not appear to be significantly superior to alumina, 
25 W/mK. However, a single tile of 100×100 mm, 1-mm thick 
aluminium nitride costs £ 562, whilst an alumina tile of the 
same dimensions costs £ 219 [18]. Furthermore, using a better 
potting material without heat spreaders may achieve the same 
temperature reduction benefit as the heat spreaders with poor 
potting material. For example, if a 10 W/mK potting material 
were available, the heat spreaders are no longer necessary, but 
still a smaller core could be used with heat spreaders.  

Although there are several materials with good thermal 
conductivities available in the market, the selection of cheaper 
alternative materials to form the heat spreaders is limited 
because of their electrical or mechanical properties.  Several 
options are derived from graphite so they are electrical 
conductive, whilst others are tacky or soft, making them 
unsuitable for holding the gaps between the half-cores.  On the 
other hand, the majority of thermally conductive composites 

have anisotropic thermal properties and good electrical 
conductivity. 

 

VI. POTENTIAL WEIGHT REDUCTION WITH DIFFERENT 

THERMAL MANAGEMENT 

By reducing the hot spot temperature, the heat spreaders 
may be used to reduce the size of an inductor by enabling the 
use of a smaller core. To demonstrate this, five inductors were 
designed for a 75 kHz, 60 kW dual-interleaved SiC DC-DC 
converter (the inductor operates with 150 kHz ripple due to 
interleaving). Design 1 considers free air convection, and all 
other designs are encapsulated, but with different materials for 
potting and heat spreading around the air gaps. The inductors 
have different parameters because they are optimised for 
minimum weight with different thermal arrangements, 
ensuring the cores operate within their thermal limits (155°C) 
under a transient overload condition of 90 kW at a DC current 
of 300 A and a cold plate or ambient temperature of 60 °C. The 
designs are summarised in Table III with the hot spot 
temperature estimated by thermal FEA, and the estimated 
weights and volumes of the designs are compared in Fig. 12. 
The minimum weight design has lower inductance and a higher 
ripple current, which will slightly increase the losses in the 
converter and may require additional capacitance for filtering. 
However, the capacitors in the converters only contribute 
around 8 % of the weight, while the magnetics are responsible 
for more than 50 % [1]. Therefore, the overall converter power 
density can be increased with a reduced size inductor, even at 
the cost of a slightly increased capacitor size. 

Design 1 assumes free air convection and a big core has to 
be used. By comparing design 1 and design 2, it is shown that 
encapsulation –even with a relatively poor potting material of 
1 W/mK, enables a significant volume reduction of 26 %. The 
weight reduction is less, only 9 %, due to the additional weight 
of the aluminium can and potting compound. Design 3, with an 
improved potting material of 2.1 W/mK, allows a further size 
and weight reduction of around 15 %. Design 3 and 4 use the 
same potting material, and the use of AlN heat spreaders 
contributes to a weight and volume reduction of the 

 
Fig. 11. Predicted temperature rise in the encapsulated inductor using 
different potting and heat spreader materials.  
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encapsulated structure of 29.4 % and 12.2 % respectively. 
Furthermore with the highest performance potting material on 
the market, design 5, a further weight and volume reduction of 
33.3 % and 16.7 % can be achieved. Overall, thermal 
management using heat spreaders together with improved 
encapsulations may achieve over 60 % reduction in size and 
over 50 % weight reduction compared with free air cooling, 
even though the losses are more than doubled. 

TABLE III.  MINIMUM WEIGHT INDUCTOR DESIGNS FOR FILTERING 
INDUCTOR FOR A 300 V – 750 V, 75 kHz, 60 kW DC-DC CONVERTER (COLD 

PLATE/AMBIENT TEMPERATURE: 60 °C). 

Parameter 
Design Number 

1 2 3 4 5 
Core part 
number [13] 

F3CC-
0125 

F3CC-
0063 

F3CC-
0040 

F3CC-
0032 

F3CC-
0016A 

No. of turns 6 8 8 6 8 

Gap length, mm 3.2 5.3 5.2 4 6.3 

Inductance, µH 10.5 10.3 9.8 5.7 5.4 

Heat spreader 
material 

free air GRP GRP AlN AlN 

Potting material, 
W/mK 

free air 1 2.1 2.1 3.2 

Total losses, W 111 151 172 206 243 

Maximum ΔT at 
90 kW transient, 
°C 

95 95 93 96 97 

 

VII. CONCLUSIONS 

Encapsulation is a commonly used technique to improve 
the heat transfer in magnetic components. However, finely 
laminated nanocrystalline cores often suffer from localised gap 
loss around the air gap regions, which requires additional heat 
paths to be created to avoid local overheating. This paper has 
presented the FE thermal modelling of a gapped inductor with 
localised gap loss and demonstrated the hot spot temperature 
reduction that may be achieved by using high-thermal-
conductivity ceramic heat spreaders in the core gaps. The 

thermal performance of the inductors with and without the heat 
spreaders in the air gaps have been compared using FEA 
temperature predictions and validated experimentally, showing 
a significant temperature reduction at the gap areas which 
allows a smaller core to used.  

Thermal FEA has also been used to evaluate the thermal 
performance of different heat spreader materials and potting 
materials for the encapsulation. The results suggest that the 
temperature reduction performance is independent of the heat 
spreader materials when the thermal conductivity of the heat 
spreaders is considerably higher than the core. 

Furthermore, the potential size and weight reduction that 
can be achieved by the use of heat spreaders and improved 
encapsulation has been demonstrated. With the AlN heat 
spreaders, a 29.4 % weight reduction has been illustrated for a 
300 A, 150 kHz inductor in a SiC DC-DC converter. A further 
reduction of 33.3 % may be achieved with a better 
encapsulation material. 

 

REFERENCES 
[1] G. Calderon-Lopez, A. J. Forsyth, D. L. Gordon and J. R. McIntosh, 

"Evaluation of SiC BJTs for high-power DC–DC converters," IEEE 
Transaction on Power Electronics, vol. 29, no. 5, pp. 2474-2481, May 
2014. 

[2] J. W. Kolar, D. Bortis, and D. Neumayr, "The ideal switch is not 
enough," in 2016 28th International Symposium on Power 
Semiconductor Devices and ICs (ISPSD), 2016, pp. 15-22. 

[3] W. Yi, S. W. H. de Haan, and J. A. Ferreira, "High power density design 
of high-current DC-DC converter with high transient power," in 2010 
IEEE Energy Conversion Congress and Exposition (ECCE), 2010, pp. 
3001-3008. 

[4] Y. Wang, G. Calderon-Lopez, and A. J. Forsyth, "High-frequency gap 
losses in nanocrystalline cores," IEEE Transactions on Power 
Electronics, vol. 32, pp. 4683-4690, 2017. 

[5] R. Wrobel and P. H. Mellor, "Thermal design of high-energy-density 
wound components," IEEE Transactions on Industrial Electronics, vol. 
58, pp. 4096-4104, 2011. 

[6] M. Gerber, J. A. Ferreira, I. W. Hofsajer, and N. Seliger, "A high-
density heat-sink-mounted inductor for automotive applications," IEEE 
Transactions on Industry Applications, vol. 40, pp. 1031-1038, 2004. 

[7] M. Gerber, J. A. Ferreira, I. W. Hofsajer, and N. Seliger, "High density 
packaging of the passive components in an automotive DC/DC 
converter," IEEE Transactions on Power Electronics, vol. 20, pp. 268-
275, 2005. 

[8] Y. Bong-Gi, L. Byoung-Kuk, L. Sang-Won, J. Man-Chul, K. Jun-
Hyung, and J. In-Bum, "Improvement of the thermal flow with potting 
structured inductor for high power density in 40kW DC-DC converter," 
in IEEE Vehicle Power and Propulsion Conference (VPPC), 2012, pp. 
1027-1032. 

[9] J. Xue and F. Wang, "A practical liquid-cooling design method for 
magnetic components of EMI filter in high power motor drives," in 2016 
IEEE Energy Conversion Congress and Exposition (ECCE), 2016, pp. 
1-6. 

[10] J. Biela and J. W. Kolar, "Cooling concepts for high power density 
magnetic devices," in 2007 Power Conversion Conference - Nagoya, 
2007, pp. 1-8. 

[11] M. S. Rylko, B. J. Lyons, J. G. Hayes, and M. G. Egan, "Revised 
magnetics performance factors and experimental comparison of high-
flux materials for high-current DC-DC inductors," IEEE Transactions 
on Power Electronics, vol. 26, pp. 2112-2126, 2011. 

[12] J. Dirker, L. Wenduo, J. D. V. Wyk, A. G. Malan, and J. P. Meyer, 
"Embedded solid State heat extraction in integrated power electronic 

 
Fig. 12. Comparison of size and weight of optimised designs with different 
thermal management. 

2702



modules," IEEE Transactions on Power Electronics, vol. 20, pp. 694-
703, 2005. 

[13] Hitachi Metals. (2016). Metglas AMCC Series Cut Core/Finemet F3CC 
Series Cut Core. Catalog No. HJ-B11. Available: http://www.hitachi-
metals.co.jp/products/elec/tel/pdf/hj-b11.pdf 

[14] Opera Simulation Software. Available: http://operafea.com 

[15] S. Smith, Magnetic Components. Design and Applications. California: 
Van Nostrand Reinhold Company, 1985. 

[16] N. Kondrath and M. K. Kazimierczuk, "Inductor winding loss owing to 
skin and proximity effects including harmonics in non-isolated pulse-
width modulated dc-dc converters operating in continuous conduction 
mode," Power Electronics, IET, vol. 3, pp. 989-1000, 2010. 

[17] M. S. Rylko, B. J. Lyons, K. J. Hartnett, J. G. Hayes, and M. G. Egan, 
"Magnetic material comparisons for high-current gapped and gapless 
foil wound inductors in high frequency DC-DC converters," in Power 
Electronics and Motion Control Conference, 2008. EPE-PEMC 2008. 
13th, 2008, pp. 1249-1256. 

[18] Goodfellow. (2017). Goodfellow Ceramics. Available: 
http://www.goodfellow-ceramics.com/ 

[19] LORD Corporation. Thermoset TM SC-324 Thermally Conductive 
Silicone Encapsulant. Available: https://www.lord.com/products-and-
solutions/electronic-materials/thermoset-sc-324-thermally-conductive-
silicone- 

 

2703


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Technical Papers


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

        
     32
            
       D:20170126085122
       792.0000
       US Letter
       Blank
       612.0000
          

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

       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     7
     8
      

   1
  

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

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

      
       PDDoc
          

     None
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     8
     0
     1
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


