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Wave-based Digital Models of
Different Branch-Line Couplers

Biljana P. Stosi¢'

Abstract: Microwave and millimeter-wave communication systems require couplers
in different applications. The aim of this paper is to construct simple wave digital
models of directional couplers with two or three parallel lines. The idea behind
this aim is to be able to model a microstrip structure and to simulate it using
Simulink platform which has already been used extensively by researchers.
Advanced Design System (ADS) software and MATLAB/Simulink environment
are used to design, implement and simulate the investigated microstrip circuits
and their models. Validity and accuracy of the presented digital models are fully
demonstrated through several benchmark problems.

Keywords: Coupler, Branch-line coupler, Microstrip circuit, Wave digital model,
Circuit simulator.

1 Introduction

There is a large range of commercially available radio frequency
(RF)/microwave computer-aided design (CAD) tools. Since most microwave
circuits are comprised of linear elements, linear simulations based on the
network analyses, are simple and fast for CAD. In linear simulations, frequency
responses are calculated in the equivalent circuit models. Recently, a significant
work has been concentrated on the development of wave digital approach for
modelling and analysis of different physical systems. A detailed review of an
application of wave digital structures for electromagnetic (EM) field simulation
is given in [1, 2]. A basic of wave digital (WD) filters is presented in [3, 4].

Basically, it is important to analyze a microstrip structure quickly, to get
proper information in a short period of time. In practice, many models have
been in use: the EM models, the electric circuit models, etc. The EM models are
highly accurate, as they aim to model interactions in a whole structure; however
this makes them extremely complex and time consuming. The electric circuit
models however are less complex and provide sufficient representation of a
structure.
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In this paper, an existing approach based on WD theory is extended to be
used in a border class of microstrip circuits. The idea behind this paper is to
develop digital models that one can implement to model a real multi-port
microstrip structure and to simulate it using Simulink platform that researchers
have already used intensively.

Three kinds of couplers are particularly interesting for RF applications
because of their performances and their compatibility with the technologies: the
branch-line coupler, the coupled lines coupler and the Lange coupler which is
an extension of the coupled lines proficiencies. One of the most popular passive
circuits used for various microwave and millimeter-wave applications is a
branch-line directional coupler. In this paper, digital models of different coupler
structures are presented and discussed. Simple wave digital models are
generated and simulated by usage of mentioned MATLAB/Simulink
environment.

The rest of the paper is organized as follows. Section II is devoted to the
preliminaries of a wave-based modeling technique, more specifically to the
basic wave digital elements used for device modeling. Different branch-line
couplers, their models and simulation results along with discussion are
addressed in Section III, while Section IV concludes the paper.

2 Preliminaries of a Wave-Based Modeling

A starting point for creation of a WD model of the observed four-port
structure is to look on that structure as a connection of several individual arms.
The equivalent circuit parameters are not quoted at the beginning, therefore the
initial step in the proposed technique is to synthesize the values of inductors and
capacitors based on the frequency and the characteristic impedances of the
individual coupler branches. The lumped equivalent circuit model for the
conventional branch-line coupler is proposed in [5]. During modeling process,
i.e. model synthesis, parts of the system representing multiport networks with
inductors and capacitors in the equivalent circuit are replaced with their wave
digital counterpart. One sub-block in the generated WD counterpart models a
specific part of coupler layout; it represents one wave digital element (WDE).
The main attention in the papers [6, 7] is focused on generating so-called basic
two-dimensional symmetric and asymmetric WDEs. So, a WD model of the
device under consideration is based on basic multi-port WDEs and two-port
adaptors for port impedance matching. Therefore, the developed WD model will
be completely characterized by its parameters: port resistances and adaptor
coefficients.

The five-port parallel adaptor with dependent port five [1, 3, 4] is used for
modeling of capacitor in parallel branch. For the four-port wave digital network
of a capacitor in parallel branch, the equations for wave variables are:
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where 4, and B, are incident and reflected wave variables. The multiplier
coefficients are calculated by expressions

5
o, =2G,/ > G, k=123,4. (5)
i=1

The inductors in series branches are modelled by unit wave digital
elements. The basic asymmetric WDEs that will be used widely in this paper are
given closely in Fig. 1 [7].

In general, Simulink forms the core environment for model-based design
and creation of accurate models of different systems. The graphical, block-
diagram let one drag-and-drop predefined model elements, connect them
together and create model. User can create its own customized element library
in Simulnik by collecting basic symmetric and asymmetric WDEs. The library
is suitable for use in the complete model of a device, and can represent a
starting point for creation of a new model.
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Fig. 1a — Three-port asymmetric WDEs: Lefi-Up (WDE-LU).
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Fig. 1d — Three-port asymmetric WDEs. Left-Down (WDE-LD).
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Fig. 1e — Three-port asymmetric WDEs: Center-Down (WDE-CD).
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Fig. 1g — Three-port asymmetric WDEs: Lefi-Center (WDE-LC).
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Fig. 1h — Three-port asymmetric WDEs: Rigth-Center (WDE-RC).

3 Wave-based Models of Different Branch-line Couplers

A wave-based modelling technique is applied on four-port devices such as
single-band and dual-band branch-line couplers with two and three parallel
lines. These examples show how to implement the basic WDEs in order to
generate the WD models of different multi-port devices. A comparison, on the
basis of efficiency and accuracy, with the ADS (Advanced Design System)
software results is made. A brief overview as well as discussion of the different
coupler structures and their performance is made in the next subsections.

3.1 A WD model of single-band directional coupler — Case 1 [8]

A branch-line directional coupler, also known as a quadrature (+90°)
hybrid coupler, is one of the most fundamental components used in microwave
circuits. Conventionally, it is a four-port network consisting of four quarter-
wavelength lines, which form a loop with appropriate impedances determined
by the power division. Its schematic diagram is shown in Fig. 2. It can be used
as a single antenna Transmitter/Receiver system or an I/Q signal splitter/
combiner.

A symmetric single-band coupler, shown in Fig. 2 with characteristic
impedance of the main line Z, =Z;/2, and for the branch line Z, =Z,, for
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50Q port impedance (Z,) is observed. The electrical lengths of the
transmission line segments are ©=m/2. The design of this coupler is the
simplest one. The MATLAB code behind WD model depicted in Fig. 3 uses
these line parameters to calculate the parameter values of used two-port
adaptors and three-port WDEs.

With a small modification of the MATLAB code, the same WD model
from Fig. 3 can also be used for the modeling purpose of the coupler with
variable load impedances.

Zl,e
Port 1 — I = Port 2
(Inpu!)‘ 7z = ZO Transmission line Z ZO (Through)
5 g
Y E
z Z
== gl @
Port 4 - | [ T . ] — Port 3
(Isolated)‘ zZ= ZO ‘ 1 Transmission line | Z= Zo (Coupled)

Zl,e

Fig. 2 — Case 1: Circuit diagram of a single-band directional coupler.
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Fig. 3 — Case 1: WD model of directional coupler with two parallel lines.

Validation of the proposed wave-based modeling technique is demonstrated
and discussed in this section through: simulations of different models (ADS
models, developed wave digital model), extraction of model S-parameters
(magnitudes and phases), and graph plotting and comparing parameters.
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The equivalent network of the coupler [5] depicted in Fig. 4 is simulated in

ADS, and the results of magnitudes and phases of S-parameters are shown in
Fig. 5.
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Fig. 4 — Case 1: Equivalent network of 3-dB coupler in ADS.
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Fig. 5 — Case 1: Simulation results of the equivalent circuit model.

157



B.P. Stosi¢

Also, different models of a single-band branch-line directional coupler based
on ideal transmission lines, as well as on microstrip technology are built-in and
simulated in ADS. Different models are shown in Figs. 6, 8 and 9. Simulation
results of ADS model based on ideal transmission lines are presented in Fig. 7.
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Fig. 6 — Case 1: Coupler model in ADS — Ideal transmission lines.
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Fig. 7 — Case 1: Simulation results of ADS model from Fig. 6.
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Fig. 8 — Case 1. Coupler model in ADS — Microstrip lines.
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Fig. 9 — Case 1: Coupler layout in ADS.

As stated before, for WD-based modelling and simulation purposes,
MATLAB code and WD model in Simulink (Fig. 3) are generated. A part of the
MATLAB code used to calculate necessary parameters for the WD model is
illustrated in Fig. 10. It shows how to model coupler using the characteristic
impedance of the main line to implement the lumped elements of an equivalent
circuit, which are used further to calculate the coefficient values of three-port
adaptors.

The WD model is then simulated, and plots of S-parameters versus
frequency are generated. Figs. 11 and 12 present the phases and magnitudes of
the generated S-parameters.
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f0 = 2.45e9; FO = 4*f0;

Z0 = 50; 20m = z0/sqrt(2); z0b = z0; teta = pi/2;
% Coefficients of two-port adaptors

alpha = (Z0-Z0m) / (Z0+Z0m); beta = (Z0m-2z0)/(Z0m+z0) ;
% Lumped elements of eq. circuit model

% Main line

Lsm = (ZOm/ (2*pi*f0)) *sin(teta);

Cpm = (l-cos(teta))/ (2*pi*f0*Z0m*sin (teta))

% Branch line

Lsb = (Z0b/ (2*pi*f0)) *sin(teta) ;

Cpb = (l-cos(teta))/ (2*pi*f0*Z0b*sin (teta)) ;

Cl = Cpb + Cpm; ZL = Lsm/2; ZLt = Lsb/2; zCl = 1/C1;

% Coefficients of three-port adaptors
im = 2/ZL+1/ZLt+1/2C1;
al

2/7ZL/im; a2 = 2/zLt/im; a3 = 2/ZL/im; a4 = 2/ZLt/im;

Fig. 10 — One segment of MATLAB code.

The simulation results obtained from both wave digital (Figs. 11 and 12) and
circuit models with ideal transmission lines (Fig. 7) are in good agreement with
one another. This is expected because the parameters in WD model are
calculated at the coupler center frequency. From these models, it can be
observed also how the characteristic impedances of lines of the circuit geometry
contribute to the respective resonant frequency.
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Fig. 11 — Case /: Phase responses calculated from WD model.
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Fig. 12 — Case 1: Magnitudes of S-parameters calculated from WD model.
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Fig. 14 — Case 1. Comparison of magnitudes of Sy, and S| parameters.

In order to evaluate the results, a comparison is carried out and the
magnitude responses in dBs are shown in Figs. 13 and 14.

It is clear from these figures that there is frequency shift between the results
of linear and momentum simulation of ADS model based on microstrip
technology and the simulation results obtained from generated WD model.
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The difference is due to dimensions of microstrip lines and included tee-
junction elements in the models. One can design coupler in microstrip
technology on the exact frequency by reducing length of microstrip lines in
order to shift the center frequency of coupler.

Fig. 15 shows an important parameter which has to be consider for the
coupler hybrid, i.e. the phase difference between the outputs of the through and
coupled ports. At the center frequency of 2.5 GHz, the phase difference between
ports 2 (through port) and 3 (coupled port), calculated from the WD model, is
obtained to be +90° as expected.
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Fig. 15 — Case 1. Phase difference.

3.2 A wave digital model of coupler — Case 2

This example shows how a WD model of more complex device can be built
from the generated and saved basic WDEs. Modelling technique is applied here
on a single-band coupler which circuit diagram is shown in Fig. 16 [9]. The
electrical lengths of the transmission line segments are 6 =m/2.

Z 4,0 Z 4.0
Port 1 = o B P - Port 2
(Inpu()‘ V4 ZO Transmission line Transmission line (Through)
N N| £ g
SE e z
S |2 SR @,
Dl o D| 3 o
= = =
2 s 3
Port 4 = | [ i 1 ] [ Tranemission li Port 3
(Isolaled)‘ Z ZO I |_Transmission line I |_Transmission line (Coupled)

7,0 7,0

Fig. 16 — Circuit diagram of a directional coupler.

The coupler is modeled as a device whose equivalent circuit parameters
depend on the characteristic impedance of main branch Z,. In the model, the
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characteristic impedances of the other coupler lines are calculated according to
value of Z, like Z, =Z7,/0.41 and Z.=1.41Z,.
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Fig. 17 — Case 2: WD model of directional coupler with three parallel lines.

The simulation results using MATLAB based on the proposed wave digital
model from Fig. 17 are presented in Figs. 18 and 19, for the impedances
beening calculated for Z, =50 Q devoted for applications in Ku-band. For K-

band applications, circuit parameters are calculated for the impedance
Z,=70.50 Q. The value of chosen characteristic impedance Z, is allowed to

vary, without changing the generated WD model of this coupler.

By observing Figs. 18 and 19, it can be found that all S-parameters obtained
from the WD model agree very well with the relevant S-parameters from ADS
simulation, not just at the center frequency but also in wide frequency range.
As a result of comparison, the WD results are in great agreement with the ideal

simulated results: the return loss |S1 l| and the isolation loss |S41| remain below
—10 dB over the entire frequency band and less that —50 dB at the center
frequency of 15 GHz; the insertion losses |S2]| and |S31| are about —3 dB at the
center frequency, more specifically —2.985 dB and —3.036dB.

The phase responses are given in Fig. 20, and the phase difference
calculated from the WD model is depicted in Fig. 21.
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Fig. 21 — Case 2: Phase difference.

3.3 A wave digital model of coupler — Case 3

The third benchmark problem in this paper is a dual-band branch-line
coupler structure with three parallel lines which schematic diagram can be
found in Fig. 22 [10]. It is design to operate at 1.0/2.5 GHz. Compared with the
conventional branch-line coupler, an additional parallel line ( Z;) connects the

centers of two branch lines (Z,).
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Fig. 22 — Circuit diagram of a directional coupler.
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For 50 Q characteristic impedance Z,, the calculated line impedances are
Z,=4948Q, 7Z,=79.21Q, and Z, =132.66 Q having the power ratio of
3dB. This example is specific, because of different electrical lengths of
transmission lines, 6 =51.43" and 20. This leads to an increase in the number

of unit wave digital elements [4] for representation of the transmission lines of
20 lengths.
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Fig. 23 — WD model of directional coupler with three parallel lines.

The simulation results obtained in MATLAB based on the proposed wave
digital model given in Fig. 23 are presented in Figs. 24 and 25. Table 1
compares the simulated (ADS) and modeled (WD model) results for center
frequencies of both operating bands. Return loss and isolation loss better than
18 dB are found.

The phase differences at center frequencies of both operating bands,
calculated from WD model, are quoted in Fig. 26.
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Fig. 25 — Case 3: Comparison of magnitudes of Sy, and S5, parameters.

Table 1
Comparative study.

Result type ADS simulated WD modeled
-24.13 @ 1 GHz
Return loss S11 [dB] <-30 @ both bands
-18.28 @ 2.5 GHz
-21.21 @ 1 GH
Isolation loss S41 [dB] | < -30 @ both bands @ ‘
-19.04 @ 2.5 GHz
. -2.99 @ 1 GHz
Insertion loss S21 [dB] -1.76 @ both bands
2.93 @ 2.5 GHz
) -3.55 @ 1 GHz
Insertion loss S31 [dB] -4.76 (@ both bands
-2.93 @ 2.5 GHz
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3.4 WD models: Derived conclusions

The generated WD models allow engineers to quickly gain experience and
to test the changes in the structure performance when varying its characteristics.

The presented coupler structures confirm possibility to utilize a wave
digital approach for the modeling and simulation purposes of the branch-line
couplers. The theory about development of WDEs and a WD approach itself is
taken from the previous author’s publications [6 — 8, 11]. The results of ADS
simulations and WD models are compared with very good correspondence.

The next step in research could be replacement of ideal element values with
values obtained from some EM simulator in order to observe the response shifts
in the scattering parameters of interest.

4 Conclusion

In consideration of the structure performance, one should performed,
whenever possible, a set of analyzes involving theoretical background,
simulations, practical experiments and measurements. Sometimes it can be
complicated, as well as time-consuming to provide an evaluation that includes
all the above-mentioned methods. Developed WD models enable researchers to
test structures with different parameters very quickly and without an additional
expense. The development of the model would aid in reducing the time taken to
design microstrip circuit in an electromagnetic simulator, due to the fact that the
developed WD elements can be built-in MATLAB as additional library
elements. Synthesis of wave digital model of structure with more or less
elements is easy task with simple addition or subtraction of existing blocks, i.e.
library elements.
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Through comparative study, the proposed wave-based models of different

coupler structures and the results of their analyses can be utilized for many
other applications.

In addition, as it deals with signal flow graphs, it is much closer to the

software implementation of the considered EM problem model compared to
some classical full-wave EM modelling techniques.

(10]

[11]

References

S. Bilbao: Wave and Scattering Methods for Numerical Simulation, 1% Edition, Wiley,
Hoboken, New Jersey, 2004.

J.A. Russer, Y. Kuznetsov, P. Russer: Discrete-Time Network and State Equation Methods
Applied to Computational Electromagnetics, Microwave Review, Vol. 16, No. 1, July 2010,
pp. 2 — 14.

A. Fettweis: Digital Circuits and Systems, IEEE Transactions on Circuits and Systems, Vol.
31, No. 1, January 1984, pp. 31 —48.

A. Fettweis: Wave Digital Filters: Theory and Practice, Proceedings of the IEEE, Vol. 74,
No. 2, February 1986, pp. 270 — 327.

Y. Zhou, Y. Chen: Lumped-Element Equivalent Circuit Models for Distributed Microwave
Directional Couplers, Proceedings of the International Conference on Microwave and
Millimeter Wave Technology, Nanjing, China, April 2008, pp. 131 — 134.

B.P. Stosi¢, M. V. Gmitrovi¢: Generating of Basic Wave Digital Elements for Modelling of
Two-Dimensional Planar Structures, Proceedings of the XLII International Scientific
Conference on Information, Communication and Energy Systems and Technologies (ICEST
2007), Ohrid, Macedonia, June 2007, pp. 309 — 312.

B.P. Stosi¢, M. Nedelchev, J.A. Russer, N.S. Doncov, Z. Stankovié: Stochastic Signal
Propagation in Five-Section Wideband Branch-Line Hybrid, Proceedings of the
International Conference on Electromagnetics in Advanced Applications (ICEAA),
Granada, Spain, September 2019, pp. 0754 — 0759.

B.P. Stosi¢: Comparative Assessment of Wave Digital Model of Directional Coupler,
Proceedings of the 14™ International Conference on Applied Electromagnetics - IIEC 2019,
August 2019, NiS, Serbia, Poster session P1 — 17.

A. Bendali, S. Bri, A. Nakheli, A. Elfadl, M. Habibi: Conception of the Coupler with 3
Branches, International Journal of Computer Science and Information Technology &
Security (IJCSITS), Vol. 2, No. 2, April 2012.

J. Ha, S. Lee, J.- H. Park, Y. Lee: Dual-Band Branch-Line Couplers with Three Parallel
Lines for Arbitrary Power-Split Ratios, Journal of Electromagnetic Waves and Applications,
Vol. 27, No. 10, June 2013, pp. 1220 — 1229.

B.P. Stosi¢, N.S. Donc¢ov: Combined Wave Digital/Full-Wave Approach in Modeling and
Analysis of Microstrip Structures with Examples in MATLAB/Simulink, Ch. 4 in book:
Advances in Engineering Research, Vol. 12, pp. 75 — 140, Nova Science Publishers, Inc.,
New York, 2016.

169




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [467.717 666.142]
>> setpagedevice


