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Abstract This paper presents two design compact hexagonal monopole antennas for ultra-
wideband applications. The two antennas are fed by a single microstrip line . The Zeland
IE3D version 12 is employed for analysis at the frequency band of 4 to 14 GHz which has
approved as a commercial UWB band. The experimental and simulation results exhibit
good agreement together for antenna 1. The proposed antenna1 is able to achieve an
impedance bandwidth about 111%. The proposed antenna2 is able to achieve an impedance
bandwidth about (31.58%) for lower frequency and (62.54%) for upper frequency
bandwidth. A simulated frequency notched band ranging from 6.05 GHz to 7.33 GHz
and a measured frequency notched band ranging from 6.22 GHz to 8.99 GHz are achieved
and gives one narrow band of axial ratio (1.43%). The proposed antennas can be used in
wireless ultra-wideband (UWB) communications.

Keywords UWBapplications . Monopole patch antenna . Circular polarization . Axial ratio .

Notch band

1 Introduction

Ultra Wideband (UWB) technology has become a major interest to researchers and
scientists. The commercial usages of frequency band from 3.1 GHz to 10.6 GHz, was
approved by Federal Communications Commission (FCC) in 2002 [1]. However, there is
always an increasing demand for smaller size, and greater capacities and transmission
speeds, which will certainly require more operating bandwidth in the near future. In the last
few years, researchers have investigated several kinds of microstrip slot and printed
antennas for UWB applications [2–17]. Ultra-wideband (UWB) communication systems are
currently under investigation and have been widely adopted in commercial and military
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domains. Because of its attractive features, such as low cost, small size and easy fabri-
cation; the printed ultra-wideband monopole antenna has received more and more attention
with the development of communication technology.

In this paper, a compact planar monopole antennas for UWB applications are proposed,
which exhibits better UWB operating characteristics. The proposed antennas not only
occupy a small size but also preserve a very single structure which is easy to be fabricated.
The input impedance matching over a wide frequency range is achieved. It can cover a wide
frequency range (4 GHz–14 GHz) and satisfy the VSWR≤2.0.

Two design compact hexagonal monopole antenna for ultra-wideband applications are:

1- Antenna 1: Hexagonal monopole antenna.
2- Antenna 2: Hexagonal monopole antenna with asymmetrical U-slot

The detailed design and experimental results are presented and discussed below.

2 Antenna geometry

The configuration and the photo of the proposed UWB antennas are illustrated in Figs. 1 and
2, respectively. The proposed antenna have a compact size of 30×30 mm and it is printed
on conventional RT5880 substrate with thickness of 1.57 mm, and relative permittivity=2.2.
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Fig. 1 Antenna 1: Hexagonal monopole antenna (a) Antenna geometry (b) Photograph.
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The radiating element is a hexagonal patch and the ground is a rectangular. The radiator
and the 50Ω feed line are printed on the same side of the substrate and the ground plane is
located on the other side. An asymmetrical U-slot is used to obtain dual circular
polarization for ultra wideband applications.

The geometry and photograph of the proposed antenna1 with its parameters is depicted
in Fig. 1. The antenna is located in the xy plane and the normal direction is parallel to the z
axis. The dimensions of the proposed antenna1 including the substrate Ls X Wg=30 mm×
30 mm ,The radiation element is a hexagonal patch with dimensions L1=10 mm, L2=5.5 mm,
L3=6 mm, A 50Ω microstrip feed line with width ofWf =3 mm and the length of Lf=13 mm,
The gap Gw=1 mm is the distance between the ground plane on the back side and the
hexagonal patch on the front size. The ground plane size of Lg x Wg=12 mm×30 mm.

The geometry of the proposed antenna 2 with its parameters is depicted in Fig. 2. The
dimensions of proposed antenna in Fig. 2 is similar to dimensions of the proposed an-
tenna in Fig. 1 except the radiation element is a hexagonal patch with asymmetrical U-slot
with dimensions L1=10 mm, L2=5.5 mm, L3=6 mm ,Lu1=8.5 mm, Lu2=5 mm, Wu=
6 mm, Ws=1 mm.
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Fig. 2 Antenna 2: Hexagonal monopole antenna with asymmetrical U-slot (a) Antenna geometry (b)
Photograph.
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3 Measurement and simulation results of antenna 1

The structures are simulated with IE3D which utilized the moment method for electro-
magnetic computation.

3.1 Return loss

The measured and simulated return loss S11 of antenna 1 are shown in Fig. 3. From the
Figure, it is predicted that there is a good agreement between numerical and experimental

Fig. 4 Simulated and measurement VSWR of Antenna 1.

Fig. 3 Simulated and measurement return loss of Antenna 1.
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results. The experimental and the simulated band frequencies from 3 GHz to 14 GHz are
predicted, The slight frequency shift and discrepancy are achieved due to the probable devia-
tion on the substrate permittivity at high frequency, Otherwise, a good agreement is achieved.

3.2 Voltage standing wave ratio

The measurement and simulated VSWR of antenna 1 are shown in Fig. 4. It is noticed from
the Figure that antenna 1 provides a wide impedance bandwidth of 4.6 GHz to 14 GHz for
VSWR≤2.

3.3 Radiation patterns

The simulated radiation patterns of the proposed antenna 1 at 5.8 GHz, 9.4 GHz and 13.6 GHz
along both y-z plane (E-plane) and x-z plane (H-plane) are illustrated in Fig. 5 (a,b,c)
respectively. At lower frequencies, it is seen that our proposed design exhibits as an omni-
directional profile for the y-z plane and a bi-directional one for the x-z plane. With the increase
of frequency, the proposed antenna becomes more directive, but still remains bi-directional.

3.4 Gain

The Simulated maximum gain of the proposed antenna 1 is performed by using IE3D and
presented in Fig. 6. The antenna gain varies from 2.32 dB to 4.4 dB over the operating

Fig. 5 Simulated radiation patterns of Antenna 1 at (a) 5.8 GHz , (b) 9.4 GHz, (c) 13.6 GHz.
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Fig. 7 Simulated and measurement return loss of Antenna 2.

Fig. 6 Simulated maximum gain of Antenna 1.
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Fig. 8 Simulated and measurement VSWR of Antenna 2.

Fig. 9 Simulated AR vs. Frequency of Antenna 2.
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UWB frequency range. It can be concluded that the gain variation is not less than 1.25 dB
over the entire operating frequency range from 4 to 14 GHz.

4 Measurement and simulation results of antenna 2

4.1 Return loss

The measurement and Simulated return loss S11 of antenna 2 are shown in Fig. 7. The
simulated impedance bandwidth for return loss (RL) less than−10 dB (|S11| ≤−10 dB) is

Fig. 10 Radiation Pattern at
6.9 GHz of Antenna 2.
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obtained. It is seen that the impedance bandwidth for return loss of less than−10 dB ranges
from 4.4 GHz to 14 GHz, in which a simulated frequency notched band ranging from
6.05 GHz to 7.33 GHz is achieved, a measured frequency notched band ranging from
6.22 GHz to 8.99 GHz is achieved. Due to this notch frequency, there are two bandwidth of
the UWB antenna. The Simulated Lower frequency bandwidth (BW1) is starting from
4.4 GHz to 6.05 GHz and the simulated upper frequency bandwidth (BW2) is starting
from 7.33 GHz to 14 GHz. The measured Lower frequency bandwidth (BW1) is starting
from 5.19 GHz to 6.22 GHz and the measured upper frequency bandwidth (BW2) is
starting from 8.99 GHz to 14 GHz.

4.2 Voltage standing wave ratio

The measurement and simulated VSWR of antenna 2 are shown in Fig. 8, the simulated
VSWR shows that the proposed antenna 2 provides a wide impedance bandwidth of
4.37 GHz to 14 GHz with notched frequency band from 6.08 GHz to 7.26 GHz. The
simulated results show that VSWR≤2 for frequency band (4.37–6.08) GHz and (7.26–15.5)
GHz respectively. The simulated results show that VSWR≥2 for notched frequency band
(6.08–7.26) GHz. The measured VSWR shows that the proposed antenna 2 provides a wide
impedance bandwidth of 5.19 GHz to 14 GHz with notched frequency band from 6.22 GHz
to 8.99 GHz. The measured results show that VSWR≤2 for frequency band (5.19–6.22)
GHz and (8.99–14) GHz respectively. The measured results show that VSWR≥2 for
notched frequency band (6.22–8.99) GHz.

Fig. 11 Simulated maximum gain of proposed antenna 2.
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4.3 Axial ratio

The simulated axial ratio (AR) of antenna 2 is shown in Fig. 9. The simulated axial ratio
bandwidth (AR)≤3 dB provides single circular polarization. It is seen that the (AR)
bandwidth have ranges (6.92–7.02) GHz , BW=(1.43%) .The circularly polarized (CP)
antenna could have many different types and structures where the basic operation principle
is to radiate two orthogonal field components with equal amplitude but in phase quadrature.
The CP is generated by the unequal arms of the U-slot (Asymmetrical U-slot). Also
Antenna 2 gives Left Hand Circular Polarization (LHCP) at one frequency 6.9 GHz which
presented in Fig. 10, [18, 19].

4.4 Gain

The Simulated maximum gain of the proposed antenna 2 is performed by using IE3D and
presented in Fig. 11. The antenna gain varies from 2.2 dB to 3.6 dB over the operating
UWB frequency range. It can be concluded that the gain variation is not less than 1.38 dB
over the entire operating frequency range from 4 to 14 GHz.

5 Conclusion

This paper presented two design of a compact hexagonal monopole antenna for ultra-
wideband applications. Antenna 1 (Hexagonal monopole antenna) gives an return loss
bandwidth about 111% with acceptable gain over the entire frequency band of operation.
Antenna 2 (Hexagonal monopole antenna with asymmetrical U-slot) gives the lower
frequency bandwidth (BW1) is starting from 4.4 GHz to 6.05 GHz (31.58%), the upper
frequency bandwidth (BW2) is starting from 7.33 GHz to 14 GHz (62.54%) and the fre-
quency notched band ranging from 6.05 GHz to 7.33 GHz. Antenna 2 gives single axial
ratio (AR) band have ranges (6.92–7.02) GHz, BW=(1.43%). Antenna 2 gives Left Hand
Circular Polarization (LHCP) at one frequency 6.9 GHz. Also, the gain of this antenna is
presented. It is noticed that the gain is accepted for the band of operation.

References

1. Anon, “FCC first report and rder on Ultra-Wideband Technology”, February 2002.
2. Lin, C.-C. and H.-R. Chuang, “A 3–12 GHz UWB Planar Triangular Monopole Antenna with Ridged

Ground-Plane”, Progress In Electromagnetic Research, PIER 83, 307–321, 2008.
3. Yang, Y., Y. Wang, and A. E. Fathy, “Design of Compact Vivaldi Antenna Arrays for UWB Through

Wall Applications”, Progress In Electromagnetic Research, PIER 82, 401–418, 2008.
4. Dehdasht-Heydari, R., H. R. Hassani, and A. R. Mallahzadeh, “A New 2–18 GHz Quad-ridged Horn

Antenna”, Progress In Electromagnetic Research, PIER 81, 183–195, 2008.
5. Dehdasht-Heydari, R., H. R. Hassani, and A. R. Mallahzadeh, “Quad Ridged Horn Antenna for UWB

Applications”, Progress In Electromagnetic Research, PIER 79, 23–38, 2008.
6. Sadat, S., M. Houshmand, and M. Roshandel, “Design of a Microstrip Square-ring Slot Antenna Filled

by an H-shape Slot for UWB Applications”, Progress In Electromagnetic Research, PIER 70, 191–198,
2007.

7. Sadat, S., M. Fardis, F. G. Kharakhili, and G. R. Dadashzadeh, “A Compact Microstrip Square-ring Slot
Antenna for UWB Applications”, Progress In Electromagnetic Research, PIER 67, 173–179, 2007.

8. Hosseini, S. A., Z. Atlasbaf, and K. Forooraghi, “Two New Loaded Compact Planar Ultra-Wideband
Antennas Using Defected Ground Structures”, Progress In Electromagnetic Research B, Vol. 2, 165–
176, 2008.

J Infrared Milli Terahz Waves (2010) 31:958–968 967



9. Yin, X.-C., C.-L. Ruan, C.-Y. Ding, and J.-H. Chu, “A Planar U Type Monopole Antenna for UWB
Applications”, Progress In Electromagnetic Research Letters, Vol. 2, 1–10, 2008.

10. Zhang, G.-M., J. S. Hong, B.-Z. Wang, Q. Y. Qing, J. B. Mo, and D. -M. Wan, “A Novel Multi-Folded
UWB Antenna Fed by CPW”, J. of Electromagnetic Waves and Appl., Vol. 21, 2109–2119, 2007.

11. Gao, G.-P., X.-X. Yang, J.-S. Zhang, and J.-X. Xiao, “A Printed Volcano Smoke Antenna for UWB and
WLAN Communications”, Progress In Electromagnetic Research Letters, Vol. 4, 55–61, 2008.

12. Khan, S. N., J. Hu, J. Xiong, and S. He, “Circular Fractal Monopole Antenna for Low VSWR UWB
Applications”, Progress In Electromagnetic Research Letters, Vol. 1, 19–25, 2008.

13. Ren, W., J. Y. Deng, and K. S. Chen, “Compact PCB Monopole Antenna for UWB Applications”, J. of
Electromagnetic. Waves and Appl., Vol. 21, 1411–1420, 2007.

14. Siahcheshm, A., S. Sadat, Ch. Ghobadi, and J. Nourinia, “Design of a Microstrip Slot Antenna Filled by
an Isosceles Triangle for UWB Application”, J. of Electromagnetic Waves and Appl., Vol. 1, 111–118,
2008.

15. Rajabi, M., M. Mohammadirad, and N. Komjani, “Simulation of Ultra Wideband Microstrip Antenna
Using EPML-TLM”, Progress In Electromagnetic Research Letters, Vol. 2, 115–124, 2008.

16. Wang, F.-J., J.-S. Zhang, X.-X. Yang, and G.-P. Gao, “Time Domain Characteristics of a Double-Printed
UWB Dipole Antenna”, Progress In Electromagnetic Research Letters, Vol. 3, 161–168, 2008.

17. B. Allen, M. Dohler, E. E. Malik, A .k .Brown, and D. J. Edwards, “Ultra-Wideband Antennas and
Propagation for Communications, Radars ,and Imaging”, John Wiley and Sons, LTD, 2007.

18. A. A. Shaalan, “A Compact Broadband H-slot and Horizontal H-slot Patch Antenna for Circular
Polarization”, International Journal of Infrared, Millimeter and Terahertz Waves, Springer, July, 2009.

19. A. A. Shaalan, “Design and Simulation of a Single Feed Dual-Band Symmetrical/ asymmetrical U-Slot
Patch Antenna”, XLIV International Scientific Conference, Information, Communication and Energy
Systems and Technologies (ICEST 2009), Veliko, Tarnavo, Bulgaria, 2009.

968 J Infrared Milli Terahz Waves (2010) 31:958–968



 
专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 

 

` 



 

 

 

 

 
专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 
 

专注于微波、射频、天线设计人才的培养 

官方网址：http://www.edatop.com 易迪拓培训 
淘宝网店：http://shop36920890.taobao.com 


	Design of a Compact Hexagonal Monopole Antenna for Ultra—Wideband Applications
	Abstract
	Introduction
	Antenna geometry
	Measurement and simulation results of antenna 1
	Return loss
	Voltage standing wave ratio
	Radiation patterns
	Gain

	Measurement and simulation results of antenna 2
	Return loss
	Voltage standing wave ratio
	Axial ratio
	Gain

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


