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ABSTRACT

This paper presents a design of Microstrip Patch Antenna
Combining Crown and Sierpinski Fractal-Shapes and
experimentally studied on IE3D software [10]. This design is
achieved by cutting multi shapes in square pattern combined with
crown & sierpinski fractal shapes and placing a single coaxial
feed. The Sierpinski pre-fractal can be defined by an iterated
function system (IFS). As a consequence, the geometry has a
multilevel —structure with many equal sub domains. It is
experimentally found that the resonant frequency of the patch can
be greatly lowered, and the higher the iteration order of the fractal
shapes, the lower the resonant frequency becomes. And this
property can be utilized to reduce the size of the microstrip
patch antennas. It is also found that, the radiation patterns of the
proposed fractal-shaped antennas maintained because of the self-
similarity and Centro- symmetry of the fractal shapes. Crown &
sierpinski fractal shapes patch antenna is designed on a FR4
substrate of thickness 1.524 mm and relative permittivity of 4.4
and mounted above the ground plane at a height of 6 mm.
Bandwidth as high as 31.14% are achieved with stable pattern
characteristics, such as gain and cross polarization, within its
bandwidth. Impedance bandwidth, antenna gain and return loss
are observed for the proposed antenna. Details of the measured
and simulated results are presented and discussed.
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Radiation pattern.

1. INTRODUCTION

Antennas are considered to be the largest components of
integrated  low-profile  wireless communication  systems,
therefore antenna miniaturization is a necessary task in achieving
an optimal design for integrated wireless communication systems.
In high performance aircraft, spacecraft, satellite, and missile
applications where size, weight, cost, performance, ease of
installation, low profile, easy integration to circuits, high
efficiency antennas may be required. Presently there are many
other government and commercial applications, such as mobile
radio and wireless communication [1]-[20].

The interaction of electromagnetic waves with fractal bodies has
been recently studied . Most fractal objects have self-similar
shapes, which means that some of their parts have the same
shape as the whole object but at a different scale [11]-[14].
The construction of many ideal fractal shapes is usually carried
out by applying an infinite number of times an iterative
algorithm such as the multiple reduction copy machine
(MRCM) algorithm [11]. In such iterative procedure, an initial
structure called generator is replicated many times at different
scales, positions and directions, to grow the final fractal structure.
Because of the space-filling and self-similarity properties of the
fractal shapes, fractal theory have been applied to the microwave
engineering widely to reduce the size of microwave components,
such as electromagnetic band gap (EBG) low-pass filters, branch-
line couplers, and etc. By combining the conventional crown square
structure and the Sierpinski fractal-shape, the antennas achieved a
maximum size reduction. However, the patches derived from this
technique are uncentrosymmetrical, thus the radiation patterns
changed greatly, and furthermore, this technique decreases the
operating bandwidth almost by a factor of 2/3. Fractal shapes
have also been applied to the edges of the patch to reduce the
size of the microstrip patch antennas in. Although the essence of
this technique falls into the inductive loading, the radiation patterns
of the antennas derived from this technique maintained because of
the self-similarities of the fractals. Fractal antennas have been
used as miniature multi-band antennas in which the self-
similarity property is used to cause the antenna to resonate in
a number of frequency bands. Over the years, various fractal
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structures have been considered for antennas applications.
However the greatest inconvenience with this category of multi-
band antenna is that all the resonating frequencies of the
antenna in its classical from are not the user-defined
frequencies. Modifications are therefore required to the structure

of the antenna for it to work at the user-defined frequencies.
However, a Systematic procedure is used to obtain a final structure.

2. ANTENNA DESIGN

In a fractal antenna the multiple frequencies of operation depend
on the overall dimensions of the structure and the scale factor.
Controlling the multiple bands of fractal antennas has been
demonstrated by proper adjustment of the scale factor in some
fractal structure [16, 17].However, from antenna designer’s point
of view, one need to know the design parameters of the antenna,
given the working frequencies.

This crown square antenna is constructed by removing a square
shape from an original square as shown in figure 1. After this a
same shape with a scale of is added after (n-1)" iteration. The
monopole antenna based on the Sierpinski gasket has been
extensively studied as an- excellent candidate for multi-
band applications. The classical structure of this category
is the Sierpinski gasket, which consistsof a series of scaled
triangles having a scaling of r=0.5(a scale-factor ratio of
8 = 2 ).The electrical properties of this antenna translate
into a log-periodic allocation of frequency bands, where
these multiple bands each have a common behavior.
Manifestations of this behavior have also been observed in
the radiation patterns. It has also been demonstrated that
the position of the multiple bands can be controlled by
proper adjustment of the scale factor used to generate the
Sierpinski antenna [16]. Changing the scale factor from
0.5 produces a so-called perturbed Sierpinski gasket,
which can be used to control the band spacing. The multi-
band behaviors of the antennas, and their patterns for scale
factors other than 0.5, have also been observed. However, in
all these reported results it could be clearly seen that the
log-periodic property was compromised for first couple of
frequencies, and for the rest of the frequencies, the
frequency ratios did not exactly match the scale factor.
This deviation was observed for classical as well as
perturbed Sierpinski gaskets. Approximate formulas were
reported for classical and perturbed Sierpinski gaskets,
for locating the operational frequencies.The design idea
was taken from broadband antennas to make the antenna work in
a large band of frequencies of the many broadband antennas.
Hence the chosen shape of the Microstrip Patch Antenna
Combining Crown and Sierpinski Fractal-Shapes, with an aim to
achieve smaller size antenna [5]. The geometry of this fractal
type microstrip patch antenna is presented in fig.1 with front
(top) view.
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Figure 1. Geometry of proposed fractal type microstrip patch
antenna with dimensions h=6mm,
t=1.524mm,permittivity=4.4and grid size=.025mm.

This fractal type microstrip patch antenna is fabricated on a FR4
substrate of thickness 1.524 mm and relative permittivity of 4.4. It
is mounted above the ground plane at height of 6 mm. In this
work, co-axial or probe feed technique is used as its main
advantage is that, the feed can be placed at any place in the patch
to match with its input impedance (usually 50 ohm). The software
used to model and simulate the antenna was IE3D, it can be used
to calculate and plot return loss, VSWR, radiation pattern, smith
chart and various other parameters.
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Figure 2. Return loss vs. Frequency curve for proposed
antenna

3. RESULTS AND DISCUSSION

The proposed antenna has been simulated using IE3D software
[10]. The physical parameters of all antennas are the same, but
the resonant frequency decreased as the iteration order increased,
thus the electrical length of the ground plane also decreased in
their resonant frequency for the proposed fractal patch antennas.
The input characteristics of the fabricated small-size fractal patch
antennas with different iteration orders are measured through a
Vector Network Analyzer. Fig.2 shows the variation of return loss
with frequency. Plot result shows resonant frequency 2.53 GHz.
And total available impedance band width of 788 MHz that is
31.14% from the proposed antenna. Minimum -34.63 db return
loss is available at resonant frequency which is significant. Fig.3
shows the input impedance loci using smith chart. Input
impedance curve passing near to the 1 unit impedance circle that
shows the perfect matching of input. Fig.4 shows the VSWR of
the proposed antenna that is 1:1.20 at the resonant frequency 2.53
GHz.
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Figure 3. Input impedance loci using smith chart.

Based on the measurement results, we can discuss the size
reduction property of the proposed fractal patch antennas.
From these results, it is observed that the proposed technique can
achieve a maximum size reduction percentage that is greater than
the results obtained from other techniques reported so far.

4. CONCLUSIONS

Traditional wideband antennas (spiral and log-periodic) and
arrays can be analyzed with fractal geometry to shed new light on
their operating principles. More to the point, a number of new
configurations can be used as antenna elements with good
multiband characteristics.
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Figure 4. VSWR vs. Frequency curve for proposed antenna
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Due to the space filling properties of fractals, antennas
designed from certain fractal shapes can have far better electrical to
physical size ratios than antennas designed from an understanding
of shapes in Euclidean space.

Modern communication systems require antennas with
broadband and/or multi-frequency operation modes. These goals
have been accomplished employing fractal patch for the radiating
element, it is experimentally found that the resonant frequency
of the fractal antenna lowered greatly, and this property can be
used to reduce the size of the patch antennas. The measurement
results show a maximum patch size reduction is achieved by the
proposed fractal antennas, without degrading the antenna
performances, such as the return loss and radiation patterns. The
essence of this size reduction technique is loading the inductive
elements (Crown curves) along the patch edges, and loading Self-
similar slots (Sierpinski) inside the patch, to increase the length of
the current path. The essence of the main- tenance of the antenna
radiation patterns is the self-similarities and centrosymmetry of
the fractal shapes. The main advantages of the proposed method
are: (1) great size reduction achieved (more than 4 times), (2)
the radiation patterns maintained, (3) wider operating frequency
bandwidth achieved, (4) no vias to the ground, and (5) easiness
of the design methodology. To the best of our knowledge, this is
the most effective technique pro- posed for the miniaturization of
microstrip patch antennas so far. The small-size patches derived
from this technique can be used in integrated low-profile wireless
communication systems successfully.

With the aim to preserve compactness requirements and to
maintain the overall layout as simply as possible and keeping the
realization cost very low. In future fractal microstrip antenna
reduced patch size and improved bandwidth can be achieved.

5. REFERENCES
[1] James, J.R. and Hall, P.S.: ‘Handbook of Microstrip Antennas’ (Peter
Peregrinus)

[2] Constantine A. Balanis: ‘Antenna Theory, Analysis and Design’ (John
Wiley & Sons)

[3] Lu JH, Tang CL, Wong KL, ‘Novel dual-frequency and broadband
designs of the slot-loaded equilateral Triangular Microstrip Antenna’
IEEE Trans. Antennas Propag. 2000,;48;1048-54.

[4] Row JS. ‘Dual-frequency triangular planar inverted-f Antenna’ /EEE
Tran Antennas Propag 2005;53;874-6.

[5] Kai-Fong Lee, Kwai- Man Luk, Jashwant S. Dahele, ‘Characteristics
of the Equilateral Triangular Patch Antenna ° [EEE Tran. Antennas
Propag.1988;36,1510.

[6] C. L. Mak, K. M. Luk, K. F. Lee, * Wideband Triangular Patch
Antenna’ [EE. Proc. Microwave Antennas Propag. 1999.

[7] Shan-Cheng Pan and Kin- Lu Wong, ‘ Dual Frequency Triangular
Microstrip Antenna with Shorting Pin” I[EEE Tran. Antennas
Propag.1997;45;1889

[8] D.M. Pozar and D. H. Shaubert, ‘Microstrip Antennas : The Analysis
and Design of Microstrip Antenna and Array’ [EEE Press,Inc., 1980.

[9] I. J. Bahl and P. Bhartia, ‘Microstrip Antennas, Artech House,
Dedham, MA, 1980.

[10] IE3D [1] by Zeland sofiware Inc.

[11] H. O. Peitgen, H. jurgens, and D. Saupe, Chaos and Fractals.
New York: Springer-Verlag, 1990.

[12] M. F. Barnsley, R. L. Devaney, B. B. Mandelbrot, H. O.
Peitgen, D.Saupe, R. F. Voss, Y. Fisher, and M. Mc Guire, The
Science of Fractal Images. New York: Springer-Verlag, 1988.

[13] H. Jones, D. E. Reeve, and D. Saupe, Fractals and Chaos,
A. J. Crilly , R. A. Earnshaw, and H. Jones, Eds. New York:
Springer-Verlag, 1990.

[14] B. B. Mandelbrot, The Fractal Geometry of Nature.
San Francisco,CA: Freeman, 1983.

[15] C.-L. Lin, Z.-P. Nie, and S.-S. Zhong, Antenna
Engineering Hand-book (in Chinese).Beijing Publishing House
of Electronics Industry,2002, pp. 466—480.

[16] C. Puente, J. Romeu, R. Bartoleme and R. Pous,
"Perturba- tion of the Sierpinski Antenna to Allocate
Operating Bands ," Electronics  Letters, 32,
November,1996,pp.2186-2188.

[17] K. J. Vinoy, J. K. Abraham, and V. K. Varadan,
"On the Relationship Between Fractal Dimension and the
Performance of Multi-Resonant Dipole Antennas using
Koch Curves," IEEE Transactions on Antennas  and
Propagation, AP-51, 9,2003,pp.2296-2303.

[18] Bhomia, Y., A. Kajla, and D. Yadav, "Slotted right angle
triangular microstrip patch antenna," International Journal of
Electronic Engineering Research, Vol. 2, No. 3, 393-398, 2010.

[19] Yogesh Bhomia et.al.,, "V-Slotted Triangular Microstrip
Patch Antenna”, Int. Journal of Electronics Engineering, vol.
2,no.1, pp- 21- 23,2010.

International Conference on Advancesin Computing, Communicationsand Informatics (ICACCI-2012) 1213




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages 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 150
  /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 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


