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Abstract—A mathematical model to obtain a linear progressive
phase distribution of six different high performance reflectarray
resonant elements in order to realize a planar wave in front of the
periodic aperture is formulated in this paper. All the resonant
elements under characterization are tuned to operate at X-band
frequency range using commercially available CST computer
model. The reflection phase curves for each resonant element are
then calculated by using analytical equations based on a periodic
Method of Moments (MoM). A Figure of Merit (FoM) has been
defined for the comparison of reflection phase curves obtained by
both simulation and formulation in terms of bandwidth and
static phase range performance. It has been demonstrated that
among the entire resonant elements triangular loop acquire
steepest phase characteristics gradient offering higher static
phase range of 190° with minimum bandwidth, whereas
rectangular patch element is shown to exhibit smoother phase
characteristics gradient giving lower static phase range of 120°
with broader bandwidth performance. Furthermore it has been
observed that triangular loop depicts the maximum reflection
loss of 3.90dB, whereas rectangular patch shows the minimum
reflection loss of 0.23dB.

Keywords-  finite integral method; method of moment;
reflectarrays; resonant elements; surface current distribution; static
Phase range.

L.

Modern wireless technologies demands the deployment of
low cost, light weight, high gain and easy to install microstrip
antennas for commercial applications such as avionic radar
systems and point-to-point communications. Therefore a flat
surface reflectarray antenna is gaining attraction as an
alternative to conventional curved reflectors and phased arrays
[1], [2]. It consists of printed radiating elements on top of the
grounded dielectric substrate, illuminated by a feed antenna
Microstrip reflectarrays gives the ability of scanning its main
beam to large angles from its broadside direction and perform
the phase synthesized pattern shaping [3]. However,
reflectarray antenna has a crucial limitation in bandwidth
performance due to the narrow band of its resonant elements,
spatial phase delays [4], [5] and phase errors related to the
change in patch size [6]. To overcome the bandwidth
limitations thick substrate is proposed in [7]. Unfortunately
increasing the substrate thickness degrades the phase range
performance. In the reflectarray design the phase range
required to be 360° at a given frequency in order to provide a
suitable compensation to form a planar wave front across the
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periodic array of aperture. Various passive approaches and
shapes of patch elements have been proposed in the past to
achieve the progressive phase delay which include identical
patches of variable-length stubs [8], square patches of variable
size [9], [10], identical planar elements of variable rotation [11]
for circular polarization, cross-dipoles [12], [13] and ring
elements [14], [15] to vary the scattering impedance of the
elements and eliminate the effect of different path lengths.

This work provides a detailed numerical implementation of
periodic MoM in order to realize a progressive phase
distribution. The mathematical formulation has been derived by
considering the material properties of dielectric substrate with
geometrical and electrical properties of different reflectarray
resonant elements. Moreover the practical validation of the
formulation has been carried out by comparing the simulated
and formulated phase curves in terms of static phase range
performance of individual resonant elements.

IL.

The considerations focus on the design of X-band
reflectarray antenna with six different shapes of resonant
elements including rectangular patch, square patch, triangular
patch, dipole, square loop and triangular loop aimed for
operation at 10GHz. The resonant elements are constructed on
top of Imm thick dielectric substrate Rogers RT/ Duroid 5880
(e~=2.2, tand=0.0009) backed by a conducting ground plane.
Fig. 1 shows the design configuration of unit cell reflectarray
with different resonant elements. Commercially available CST
computer model has been used as a simulation tool to analyze
each resonant element with proper infinite boundary
conditions. Another important parameter that is required to be
taken into account is the distance of excitation port from the
resonating elements. The port excitation is placed at a distance
of A4/4 to incident a vertically polarized (Y-axis) plane wave on
the unit cell reflectarray to investigate the scattering
characteristics. Whereas, A, is the guided wavelength which
can be calculated by:
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TABLE L AREA AND SURFACE CURRENT DENSITY OF DIFFERENT
REFLECTARRAY RESONANT ELEMENTS
8.9mm 9.08mm Resonant Area of Resonating Surface Current
Element Element (A,) Density (L)
10.78mm
11.85mm 9.08mm (mmz) (A/m)
-~ -—
Rectangular Patch 105.46 162
Square Patch 82.44 254
a C
@ ®) © Triangular Patch 58.10 378
B.42mm Dipole 19.80 621
Square Loop 11.84 666
7.91mm Triangular Loop 7.46 3925
9.9mm
5.42mm . .
2 fR4mn The total reflection phase curve ranging from -180° < ¢ < 180°
— is obtained by taking the phase values at other frequencies by
@ @) ® using iterative equation analysis with a step size of 0.2GHz.

Figure 1. Design and dimensions of reflectarray resonant elements
(a) rectangular patch (b) square patch (c) triangular patch (d) dipole
(e) square loop (f) triangular loop

III.

A thorough investigation has been carried out to develop a
mathematical model based on periodic method of moment
(MoM) for the verification of predicted results obtained by
Finite Integral Method (FIM). The main purpose of this
formulation is to calculate the reflection phase characteristics
depicted by each resonant element for the conversion of
spherical wave radiated by the feed horn into a planar wave.
The devised mathematical model encapsulates material
properties of dielectric substrate, guided wavelength, reflective
area and surface current density to find the required phase from
individual resonant elements as shown:

MATHEMATICAL MODELING

g tandl|
W, At

27

3)

Where ¢ is the desired reflection phase, 2z is the total phase
range, ¢, is the relative permittivity, fand is the loss tangent
value, [ is the surface current density, 4, is the area of resonant
element, ¢ is the substrate thickness and W, is a conditional
arbitrary constant known as the guided wavelength factor
whose range for different resonant elements is given as:

0.024, <W, <254, 4)

Reflectarray antenna undergoes maximum reflectivity at

resonant frequency (f,), hence at the point of maximum

reflection the phase will be 0°. Reflection phase values at
(f<f,) and (f> f,) can be calculated by using:
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IV. RESULTS AND DISCUSSION

A. Reflective Area and Surface Current Density

The need for the calculation of reflective area arises due to
the dependence of resonant frequency of reflectarrays on the
length and width of the resonant elements. On the other hand
the incident electric field generates electric current densities (J)
on the conducting surfaces of the resonating elements. These
fields are maximum at the resonant frequency. This is because
at resonant frequency the reflectivity of reflectarrays is at its
maximum level [16]. The current distribution results generated
from the commercially available computer model of CST are
shown in Fig. 2. For all the resonant elements it can be
observed that maximum current is confined along the central
region of the length of the patch at each opposite sides in
vertical direction (Y-axis). Reflective area of the resonant
elements calculated by mathematical formulas and the results
obtained by the analysis of surface current distributions are
given in Table 1.

As depicted in Table I, rectangular patch element with
largest reflecting area of 105.46mm” is shown to exhibit a
minimum surface current density of 162A/m. The surface
current is increased up to 3925A/m when triangular loop with
reflecting area of 7.41mm” is made to operate at the same
frequency. This high concentration of surface current
distributions in triangular loop is due to the fact that reduction
in the geometrical dimensions enables the current to flow the
long path along the curvature of the loop, hence offers the
highest value of current density among all resonant elements.
Thus, it can be concluded that reduction in the resonating area
of the patch elements tends to increase the surface current
density (J) and amount of current (I) according to the
Maxwell’s equation [17].

(6)

Also (J) is related with the incident electric field (E) as
represented by the following equation.

J=0cF

Where o is the electrical conductivity of the material.
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Figure 2. Surface current density on reflectarray resonant elements
(a) rectangular patch (b) square patch (c) triangular patch (d) dipole
(e) square loop (f) triangular loop

B. Static Phase Range Analysis and Figure of Merit (FoM)

The reflection phase performance of different reflectarray
resonant elements including rectangular patch, square patch,
triangular patch, dipole, square loop and triangular loop is
analyzed by using Finite Integral Method (FIM) and periodic
Method of Moment (MoM). The reflection phase curves for all
the resonant elements are presented in Fig. 3. Predicted results
generated by using commercially available CST computer
model based on FIM and formulated results calculated by the
mathematical equations based on periodic MoM for each
individual resonant element are compared. The results
demonstrate that triangular loop, which has the highest surface
current density (I; = 3925 A/m) gives the steepest slope of
reflection as compared to rectangular patch element
(Is= 162 A/m) which offers smoother slope of reflection phase.

The slopes of reflection phase curves are observed for the
comparison of static phase range performance of different
resonant elements by using a Figure of Merit (FoM) defined in
[18] as the ratio of change in reflection phase to the change in
the frequency and it can be expressed as:

A o
FoM = A—;f( ir) ®)
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Figure 3. Predicted and formulated reflection phase curves
(a) rectangular patch, square patch, triangular patch
(b) dipole, square loop, triangular loop
TABLE II. SIMULATED AND FORMULATED STATIC PHASE RANGE AND
FOM VALUES OF DIFFERENT REFLECTARRAY RESONANT ELEMENTS
Resonant Static Phase Figure of Merit
(=) o
Elements Range (°) FoM (°’MHz)
Predicted | Formulated | Predicted | Formulated
Rectangular Patch 120 128 0.19 0.21
Square patch 130 135 0.23 0.27
Triangular patch 140 140 0.27 0.28
Dipole 155 160 0.28 0.40
Square loop 170 168 0.72 0.67
Triangular loop 190 186 0.80 0.74

Table II summarizes the predicted and formulated static
phase range and FoM values of the resonant elements under
investigation. From Table II, it can be observed that
rectangular patch element with the minimum FoM value of
0.19°/MHz offers a minimum static phase range of 120°
whereas, triangular loop with maximum FoM value of
0.80°/MHz is shown to give maximum static phase range of
190°. The results concluded that the FoM value increases with
an increase in the surface current density hence causes the
reflection phase to get steeper and static phase range to
increase over same frequency range. Reflection phase curves



are also used to analyze the bandwidth of reflectarrays.
Resonant elements with steepest phase slopes are shown to
give minimum bandwidth as compared to the resonant
elements with smoother phase slopes, which are observed to
give broader bandwidth performance but at the expense of
increased phase errors. Moreover Table II shows that there
exist a good agreement between predicted results and
formulated results with a maximum discrepancy of 8°.

Increased value of surface current density on the surface of
resonating elements is due to the reduction in resonating area.
Fig. 4 shows the effect of reflective area of resonant elements
on the surface current density and static phase range
performance. It can be seen that as the area reduces from
105.46mm’ to 7.41mm’, surface current density increases
from 162A/m to 3925A/m which causes an increase in static
phase range from 120° to 190°. The results demonstrate that
reduction in reflective area of resonant element modifies the
surface current density which is shown to have a significant
effect on the reflection phase performance. This is because the
reflectarray resonant elements with smaller area of reflectivity
dissipate more energy into the substrate region of the unit cell.
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Figure 4. Effect of area of reflectivity on the surface current density and
static phase range

V.

A mathematical model based on analytical equations has
been developed for progressive phase distribution of different
reflectarray resonant elements. The formulated technique
verified the predicted results by tracing the reflection phase
curves require to form a planar wave in front of the aperture of
the periodic structure. Various types of reflectarray elements
have been thoroughly investigated on the basis of their
geometrical and electrical properties. It has been demonstrated
that optimized performance of reflectarrays can be achieved by
the selection of appropriate resonant element.
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163

ACKNOWLEDGMENT

The authors would like to thank the staff of Wireless and
Radio Science Centre (WARAS) of University Tun Hussein
Onn Malaysia (UTHM) for the technical support.

REFERENCES
[1] J. Huang and J. Encinar, Reflectarray Antennas, Wiley, Inter Science,
2007.
[2] J. Huang, “Analysis of a microstrip reflectarray antenna for

microspacecraft applications”, TDA Progress Report 42-120, 1995.

D. M. Pozar and S. D. Targonski, H. D. Syrigos, “Design of millimeter
wave microstrip reflectarrays,” IEEE Transaction on Antennas and
Propagation, Vol. 45, No. 2, pp. 287-296, 1997.

D. M. Pozar, “Bandwidth of reflectarrays,” Electronics Letter, Vol. 39,
No. 21, pp. 1490-1491, 2003.

M. E. Bialkowski and K. H. Sayidmarie, “Bandwidth consideration for
microstrip reflectarrays,” Progress In Electromagnetic Research B, Vol.
3, pp. 173-187, 2008.

K. Y. Sze and L. Shafal, “Analysis of phase variation due to varying
patch length in a microstrip reflectarray,” IEEE Transactions on
Antennas and Propagation, Vol. 46, No. 7, pp. 1134-1137, 1998.

M. Y. Ismail and M. Inam, “Analysis of design optimization of
bandwidth and loss performance of reflectarray antennas based on
material properties,” Modern Applied Science J.CCSE, Vol. 4, No. 1,
pp. 28-35, 2010.

S. D. Targonski and D. M. Pozar, “Analysis and design of a microstrip
reflectarray using patches of variable size,” IEEE Antennas and
Propagation Society International Symposium, Vol. 3, pp. 1820-1823,
1994.

R. D. Javor, X. D. Wu and K. Chang, “Design and performance of
microstrip reflectarray antenna,” IEEE Transactions on Antennas and
Propagation, Vol. 43, No. 9, pp. 932-938, 1995.

N. F. Kiyani and M. Hajian, “Design, analysis and measurements of
reflectarray using variable length microstrip patch antennas at Ka-band,”
The 18" Annual IEEE International Symposium on Personal, Indoor and
Mobile Radio Communication, pp. 1-5, 2007.

J. Huang and R. J. Pogorzelski, “Microstrip reflectarray with elements
having variable rotation angle,” IEEE Antennas and Propagation Society
International Symposium, Vol. 2, pp. 1280-1283, 1993.

M. E. Bialkowski, A.M. Abbosh and K. H. Sayidmarie “Investigations
into phasing characteristics of printed single and double cross elements
for use in a single layer microstrip reflectarray,” IEEE Antennas and
Propagation Society International Symposium, 2008.

[10]

(1]

[12]

[13] D. M. Pozar and S. D. Targonski, “A microstrip reflectarray using
crossed dipoles,” IEEE Antennas and Propagation Society International

Symposium, Vol. 2, pp. 1008-1011, 1998.

N. Misran, R. Cahill and V.F. Fusco, “Reflection phase response of
microstrip stacked ring elements,” Electronics Letters, Vol. 38, No.8, pp.
356-357,2002.

K. H. Sayidmarie and M. E. Bialkowski, “Multi-ring unit cells for
increased phasing range in single layer microstrip reflectarrays,”
Proceedings of International Workshop on Antenna Technology, pp.
163-166, 2008.

M. Hashim Dahri and M. Y. Ismail, “Phase distribution analysis of
reflectarrays based on variable material properties,” IEEE Student
Conference on Research and Development, pp. 183-188, 2011.

[14]

[15]

[16]

[17]
[18]

D. M. Pozar, Microwave Engineering, John Willey & Sons, 2004.

M. Inam and M. Y. Ismail, “Reflection loss and bandwidth performance
of x-band infinite reflectarrays: simulations and measurements,”
Microwave and Optical Technology Letter, Vol. 53, No. 1, pp. 77-80,
2011.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


