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Communication
A Sleeve-Badge Circularly Polarized Textile Antenna

Miroslav Joler and Maja Boljkovac

Abstract— A circularly polarized sleeve-badge antenna is proposed for
a 2.45 GHz frequency band. The proposed antenna is small and thin
enough to fit within a standard jacket sleeve badge, while the assembly
is based on the standard off-the-shelf parts, which enables simple and
cost-effective mass production. A wide beamwidth and a 5.6% impedance
bandwidth provide practical properties.

Index Terms— Badge antenna, circular polarization, textile antenna.

I. INTRODUCTION

Smart clothing is envisioned to help services such as military
troops, law enforcement, emergency services, or remote healthcare,
to enhance their realtime performance. For all of them, among other
capabilities, it is desired to have communication devices embedded
in their garment in a way that is unobtrusive, lightweight, and low
profile, yet mechanically robust.

When it comes to wireless communication, the antenna is an
inevitable component for information transfer to/from other entities,
and therefore, there has been a lasting research on various aspects
of a flexible antenna design—the materials, the means of multiple
layers attachment, realization of the feed point, effects of mechanical
pressure or atmospheric influences, aspects of integration into a
garment, etc. Various approaches have been proposed. In [1] and [2],
textile materials and the effects of antenna bending on input matching
and impedance bandwidth were examined, while in [3], the effects of
bending the radiation pattern and antenna efficiency were discussed.
In [4], adhesive sheets were examined as a means of connecting the
layers of a textile antenna and the antenna was excited by a feed line
to generate a left-handed circular polarization. Characterization of
various textile materials was also presented in [5]. In [6], the impact
of antenna bending on the resonant frequency, impedance bandwidth,
radiation pattern, and efficiency, for the antenna designed for GPS
reception, was presented. In [7], cordura and ballistic textiles were
used with a square ring and a polygon-shaped slot to produce a
circularly polarized antenna for GPS signal and the textile layers were
connected by sewing. Likewise, a multilayer GPS-enabled antenna
was proposed in [8] using cordura sheets as substrate, while the
rectangular patch with a polygon-shaped slot was tested with copper
foils and conductive textile. The layers were attached either by
pressure sensitive adhesives or by sewing, while the ground plane
was made larger than the substrate, as it is typically the case.
In [9], nonconductive textile sheets were made conductive through
a careful sewing process to substitute a solid plane with a mesh of
sewn conductive yarns. More innovative ideas are being generated
in recent years, such as: magnetically coupling textile antennas with
flexible electronic circuits [10], or producing a pattern reconfigurable
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Fig. 1. Proposed textenna design. (a) Topview. (b) Sideview.

wearable antenna using a metamaterial structure [11], or a flexible
antenna based on a liquid metal [12].

In our work, the goal was to: 1) apply a fabrication process that is
simple and convenient enough to be suitable for industry line man-
ufacturing; 2) use materials and components that are either already
used in a garment factory or easily available in the local and online
shops; 3) make it small and low profile enough to fit within a jacket
sleeve badge, thus being visually discreet and concealed; and 4) make
it more effective for communication using circular polarization.

With that in mind, we propose a purely textile (i.e., no copper
foils on it) and circularly polarized antenna based on fabrics that
are commonly used in a garment factory, and whose layers are
adhered together by combining adhesive foils (also standard ones in
the factory) and a liquid glue. The overall dimensions were adjusted
for wearing within a sleeve badge. On the one hand, this is a visually
discreet solution and provides mechanical protection of the antenna
from the outer world. On the other hand, it can protect against
excessive radiation toward a human body. The antenna has a right-
hand circular polarization (RHCP) and a wide beamwidth in the
2.45 GHz band.

II. ANTENNA DESIGN

The design of the textile antenna (i.e., textenna) is presented
in Fig. 1. The size of the patch and other layers is shown in Fig. 1(a).
The initial design of the antenna dimensions for the desired frequency
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was based on the transmission-line model [13, pp. 816–820] that
has proven to produce a resonant frequency close to the desired
one. To achieve an RHCP by a single feed point by means of a
coaxial probe, the feed location was placed near a diagonal of the
patch [13], [14] and was optimized using CST Microwave Stu-
dio [15]. The coaxial probe location is now at (x f , y f ) =
(7.7, 5.5) mm from the lower left corner of the patch. It is noteworthy
that the ground plane is of the equal size as the substrate to make
the antenna size as small as possible.

The substrate was designed using different textiles from the gar-
ment factory.1 The textiles were combined to provide mechanical
firmness and to make it lightweight; the overall number of layers
was determined in a way to meet the required substrate height,
as calculated by the transmission-line model. Going from the lowest
level [Fig. 1(b)], the substrate comprises two layers of fliselin fabric
and three layers of plain 100% polyester fabric. Fliselin provides the
antenna structure with firmness that is convenient for attaching the
connector at the bottom. The upper side of the fliselin fabric becomes
adhesive when ironed with a temperature of about 165 °C. This is
how the three lowermost layers are assembled (two layers of fliselin
and one layer of polyester fabric). The other two layers of polyester
fabric are adhered together using two layers of adhesive foil whose
adhesive properties are also activated through hot ironing. Polyester
fabric is considerably thinner than fliselin and provides the antenna
structure with structural flexibility.

A conductive Ripstop fabric [16] was used as the ground plane and
the patch. As the Ripstop fabric cannot endure temperatures higher
than 90 °C, these two layers were attached to the adjacent layers
by evenly spreading liquid glue [17] over the fabric surface. The
uppermost level, which is a decorated polyester fabric, was added to:
1) protect the conductive fabric from the environment and 2) protect
the solder point that connects the feed to the patch.

Ripstop is a highly conductive knit fabric with a surface resis-
tivity lesser than 0.02 ohm/sq. The substrate polyester layers were
calculated with relative permittivity value of 1.6, which was taken as
close enough a value for the permittivity of these textile layers and
provided satisfactory results with respect to the resonance frequency
value.

The total height of this structure (taken from the lowermost to
the topmost textile layer), based on the individual layer thicknesses,
is calculated to be 3.66 mm, while the measured overall thickness
is about 3.43 mm. (We say about because the results slightly
vary depending on the particular spot on the antenna cross-section
that is chosen for the measurement of the overall thickness. Slight
differences between the thickness measurements are due to softness of
textile layers and imperfections that are inherent to spread the liquid
glue over fabrics, ironing the adhesive foils, and pressing each two
layers evenly, to mention a few reasons.) The thickness, the quantity,
and the role of each particular layer is listed in Table I.

To achieve a solid electrical contact between the feed inner
conductor and the (textile) patch, as well as the SMA connector and
the (textile) ground plane, a copper pad was added on either side.
First, a sewing-kit female snap was passed through the structure and
a thin copper pad, centered at (x f , y f ), was placed on the top of
the patch. The inner conductor of the coaxial probe was soldered to
this copper ring, thus indirectly creating an electrical contact between
the conductor and the conductive textile patch, via the copper pad,
as shown in Fig. 2.

On the bottom side, another copper pad was placed, centered at
the feed location, and the snap was added below it. The snap was
then hammered to flatten and stick with the copper pad, thus making

1Courtesy of Jacquard Ltd., Zagreb, Croatia.

TABLE I

LAYER THICKNESSES

Fig. 2. Soldering of the feed conductor to the patch via a copper pad.

Fig. 3. Sleeve-badge antenna: the front side.

a metal base for soldering an SMA connector to it. Besides being an
electrical interface between the metal conductor and the conductive
fabric, it needs to be soldered to, the copper pad also protects the
fabric from high temperature while soldering at 300 °C.

The presence of these two copper pads can also be noticed
in Fig. 1(b), on top of the patch and just below the ground plane.
Although the drawing suggests the presence of an air gap between the
cover layer and the patch, due to the presence of the copper pad, this
air gap is mostly eliminated by pressing the layers against each other
during the layer adhesion process. However, microlevel air bubbles
between any two layers may still remain, but that does not corrupt
the results to a larger extent, as it will be shown later.

Finally, the textenna was embedded into a sleeve badge. Fig. 3
shows the front side of it. This enclosure enables the usage of the
textenna on a jacket or shirt sleeve. For being low profile, light, and
concealed, it enables an easy integration into the standard uniform of
various services (e.g., army and police).

III. RESULTS

S11-parameter and the radiation pattern measurements were per-
formed using Rohde&Schwarz ZVA-40 network analyzer and the
basic class anechoic chamber.2

2Courtesy of the Department of Wireless Communications, Faculty of
Electrical Engineering and Computing, University of Zagreb.
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Fig. 4. S11-parameters of the textenna embedded in the sleeve badge.

A. Impedance Bandwidth

Fig. 4 shows a comparison of S11-parameter values when the
textenna was first simulated in free space outside the badge and after
it was embedded in the badge, which shows a small downward shift
of the resonance frequency, as expected. In both results, the dielectric
fabrics were first modeled as lossless.

The next two curves show the result of simulation, when the fabrics
and the badge around it were modeled as lossy dielectrics with
tan δ = 0.025, and the measurement. We took a sufficiently large
value of tan δ to account for the loss across all the layers. The results
show a very good agreement. The measured curve even exhibits a
somewhat wider bandwidth than the simulation result suggests. Slight
discrepancy may come from not knowing the exact value of either
tan δ or εr of the inner layers, the possibility of micro air bubbles
that remain between the layers after adhesion and after embedding
the textenna in the badge and, eventually, from approximating the
exact shape of the badge with a rectangular one within the simulation
model. Due to a large number of possible inaccuracies present during
the antenna assembly process, even working with the exact values
of εr and tan δ for each particular layer, does not guarantee great
agreement between the simulation and the measurement. The −10 dB
bandwidth of the measured textenna was between 2.44 and 2.58 GHz,
thus having 140 MHz of the absolute bandwidth and 5.6% of the
fractional bandwidth, which is comparable to the results reported
in [4], [6], and [7]. This result is particularly successful given the
facts that: 1) for the dielectric, we used just ordinary polyester fabrics
that are standard in a garment factory, while for the ground plane and
the patch, we used a low-cost conducting fabrics [16]; 2) we used
simple off-the-shelf liquid glue [17] and factory standard adhesive
foils to adhere all the layers; 3) the ground plane is no larger than
the substrate; 4) we made the textenna thin enough to fit within the
badge without bloating the badge out of the standard proportions;
and 5) a 4 mm wide metallic snap was passed through the layers to
enable the placement of the copper pads on the top and the bottom,
and thus, providing good soldering of the inner conductor to the patch
and the connector to the ground, respectively.

B. Radiation Pattern and Gain

The radiation pattern, measured at 2.5 GHz, in the two principal
planes is given in Fig. 5 and shows a desirably wide beamwidth.
The back side radiation can be substantially reduced by using a
conductive fabric as a lining on the inner side of the jacket sleeve
and, in addition, on the inner side of the rear half of the badge
(i.e., the half closer to the human body), which was not implemented
in this model, but specific absorption rate (SAR) analysis with
the current design follows. The simulated [15] gain at 2.5 GHz

Fig. 5. Textenna radiation pattern measured at 2.5 GHz.

Fig. 6. Measuring the 2.43 GHz textenna signal mounted on human arm.

Fig. 7. Received power in dBm from the 2.43 GHz textenna signal.

is G = 5.04 dB, the radiation efficiency 55.3% and the total
efficiency 51.1%. The right-polarization simulated gain is G R =
4.17 dB and the left-polarization gain G L = −2.33 dB, which
confirms an RHCP, as expected by [14]. The cross-polarization
pattern was checked and showed to be at least 20 dB below the
co-polarization pattern.

A laboratory-range measurement was also performed with the
textenna attached on the human arm (Fig. 6). The textenna was fed
a 2.43 GHz signal [18], which was measured at every 30° in the
azimuthal plane [19]. The received power is shown in Fig. 7 (0° angle
refers to antennas aligned for their maxima in the azimuthal plane).

C. SAR Analysis

To check the SAR level in the human body, due to textenna
placement on the arm between the elbow and shoulder, and to
check how a human body affects the characteristics of the antenna,
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Fig. 8. SAR computation. (a) Textenna placed on the arm of human voxel
model. (b) SAR values plotted over the nearby part of the body.

Fig. 9. S11 parameter when the textenna is placed on the arm.

we performed the SAR analysis in the CST Microwave Studio [15].
For the human body model, we used the so-called Gustav voxel
model [15]. Gustav represents a 38-year-old male that is 176 cm
tall and weighs 69 kg. The SAR analysis was performed using
voxel size 2.08 mm × 2.08 mm × 2 mm, power density (W/kg)
averaged over 10 g of the tissue and with an antenna input power
of 0.5 W, which is more than enough power to satisfy the scenario of
group communication from the range of meters up to several hundred
meters.

Fig. 8(a) shows the textenna placed on the arm of Gustav voxel
model. The simulation was performed at 2.45 GHz, where the antenna
has the best matching when placed on the body, according to the
S11-parameter curve that is shown in Fig. 9. The simulated gain
was G = 3.63 dB, with the radiation and total efficiency equaling
45% and 44%, respectively. The SAR values over the most relevant
part of the body are computed against the IEEE/IEC 62704-1 norm
and plotted in Fig. 8(b). The maximum SAR = 0.34 W/kg, which is
much lower than the acceptable amount of 2 W/kg that is allowed
by the norm. The SAR computation was also performed against the
IEEE C95.3 norm and the maximum SAR does not differ much from
the former value.

IV. CONCLUSION

In this communication, we proposed a circularly polarized textile
antenna (textenna) that is concealed within a sleeve badge that is
typically worn on the jacket of various services such as police,
army, border security, etc. The textenna is light and small enough
to fit within a typical sleeve badge and provides a reasonable 5.6%
(−10 dB) impedance bandwidth in the ISM 2.45 GHz band that it was
designed for. The achieved results meet the practical needs, especially
considering that the ground plane is just a little bit larger than the
patch. The antenna was entirely made of materials that are either
regularly used in the garment factory or can be easily purchased
online at a low cost, and the assembly was purposely designed
keeping in mind the production-line routines. Despite the multiple

layers of fabric, the textenna is characterized by the simplicity of
fabrication, mechanical firmness, and protective layer against the
environment, wide beamwidth, and a simple, probe-based, feeding
that generates the desired circular polarization for a more robust RF
link. The within-badge and on-sleeve placement also offers an easier
maintenance when the jacket is to be washed, in which case the
external part of the badge, together with the textenna, can be simply
detached from the sleeve.

Further work will include a sleeve lining to reduce SAR and
substitution of the topmost layer fabric with a water repellent layer
to protect the patch from dampening as well as equipping the jacket
with the necessary circuitry for duplex communication.
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textile antennas for wearable applications,” IEEE Antennas Wireless
Propag. Lett., vol. 12, pp. 1708–1711, 2013.

[10] M. Virili, H. Rogier, F. Alimenti, P. Mezzanotte, and L. Roselli, “Wear-
able textile antenna magnetically coupled to flexible active electronic
circuits,” IEEE Antennas Wireless Propag. Lett., vol. 13, pp. 209–214,
2014.

[11] S. Yan and G. A. E. Vandenbosch, “Radiation pattern-reconfigurable
wearable antenna based on metamaterial structure,” IEEE Antennas
Wireless Propag. Lett., vol. 15, pp. 1715–1718, 2016.

[12] M. Cosker, L. Lizzi, F. Ferrero, R. Staraj, and J.-M. Ribero, “Realization
of 3-D flexible antennas using liquid metal and additive printing tech-
nologies,” IEEE Antennas Wireless Propag. Lett., vol. 16, pp. 971–974,
2017.

[13] C. A. Balanis, Antenna Theory: Analysis and Design, 3rd ed. Hoboken,
NJ, USA: Wiley, 2005.

[14] D. C. Nascimento, R. Schildberg, and J. S. da Lacava, “Design of
probe-fed circularly-polarized rectangular-patch thick microstrip antenna
revisited,” in Proc. IEEE Antennas Propag. Soc. Int. Symp., Jul. 2010,
pp. 1–4.

[15] Computer Simulation Technology (CST). Accessed: Dec. 15, 2016.
[Online]. Available: http://www.cst.com

[16] SparkFun. (Nov. 4, 2016). Conductive Ripstop Fabric. [Online]. Avail-
able: https://www.sparkfun.com/products/10056

[17] Amazon. (Nov. 4, 2016). Gutermann Textile Glue HT2. [Online].
Available: https://www.amazon.com/Original-Guetermann-Textil-Glue-
piece/dp/B0021B2GQ2

[18] Windfreak Technologies. (Oct. 25, 2017). SynthNV Signal Gener-
ator. [Online]. Available: https://windfreaktech.com/product/rf-signal-
generator-and-power-detector/

[19] Aaronia. (Oct. 25, 2017). Spectran HF-6065 V4 Spectrum Analyzer and
HyperLOG 7060 Antenna. [Online]. Available: http://www.aaronia.com/



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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
    /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


