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1 Introduction

Antenna pattern diversity reduces multipath fading and improves throughput of wireless local
area network. A typical example of using wire antennas is four monopole antennas with corner
reflectors. However, wire antenna is difficult to have antenna built in terminal. On considering
built in antenna for terminal, planar antenna is desired. The patch Yagi-Uda array antenna
consist of a driven patch and parasitic patches [1]. With sharing reflector patches, antenna
pattern can be changed for four directions [2]. To downsize this antenna and improve properties
of the front-to-back (F/B) ratio, parasitic director patches are shared by two opposite sector
arrays and central hexagon shaped director patch is shared by all six sectors [3]. However, these
antennas need many elements, and these antenna size needs more downsizing with considering
built in antenna.

In this paper, 3 beam switched top loaded monopole antenna is proposed. This antenna has
three top loaded monopole antenna and central hexagon shaped patch. Central hexagon shaped
patch becomes reflector, and three top loaded monopole antenna is placed around hexagon
patch with 120 degrees interval. With feeding one top loaded monopole antenna and setting
other ports to 50 Ω, this radiation pattern tilts toward fed top loaded monopole antenna. This
antenna enable to reduce the number of elements and to downsize antenna size.

2 Terminal Condition of Radiation Element

Figure 1 shows the construction of a proposed antenna. Top loaded monopole antennas are
arranged around a hexagon patch with 120 degrees interval. When one radiation element (port
1) is excited, three terminal conditions of other element (port 2, 3) are examined, as shown in
the following: (a) 50 Ω termination, (b) open, and (c) short.

The diameter of feed and short pins is 1.0 mm, and this antenna is printed on a dielectric
substrate of εr=2.6, thickness of 1.6mm. CST Microwave Studio is used for the electromag-
netic analysis. Figure 2 shows return loss characteristics, and this antenna has two resonant
frequencies. Figures 3–6 show radiation pattern characteristics in xy and zx plane at f1 (lower
frequency) and f2 (higher frequency). Though the F/B ratio of conditions (b), (c) is about 10
dB at f2, the condition (a) becomes 20.1 dB, and suitable for the beam switched antenna.

Figures 7 and 8 show current distributions of the condition (a) at f1 and f2. The current
distribution of the patch of port 1 becomes out of phase in the patch of port 2, 3, and a current
is strongly distributed in the central hexagon patch at f1. Therefore, a maximum radiation
direction almost becomes broadside. Moreover, the current of the patch of port 1 becomes in
phase at the patch of port 2, 3, and a current is hardly distributed in the central hexagon patch
at f2. The current distribution in the patch of port 1 is stronger than port 2, 3. The top loaded
monopole array of 3 element tilt the pattern to the patch of port1 that current is strongly
distributed in the high frequency. When one element is excited and other element is terminated
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in each condition, the pattern is tilted to the radiation element in the high F/B ratio. The beam
can be changed in 3 direction by choosing radiation element.

3 Examination of Structure Parameters

The F/B ratio and the horizontal half beam width are examined to use as the beam switched
antenna. The terminal condition (a) is chosen. The parameters to examine are ps (size of ground
plane), hs (length of central hexagon patches), d (interval of center and radiation elements), and
rd (interval of radiation port and short pin). Figures 9–12 show the F/B ratio and the horizontal
hald beam width, when ps, hs, d, and rd are varied. When the size of the ground plane becomes
small, a F/B ratio is improved. Parameters d and rd affect the matching condition and a F/B
ratio. The frequency bandwidth in d = 1.1 and rd = 2.5 [mm] becomes wide in comparison
with d = 0.8 and rd = 2.0 [mm]. A high F/B ratio is realized by choosing the parameters:
d = 1.1, rd = 2.0, d = 0.8, and rd = 2.5 [mm]. Table 1 shows the optimized results of the
antenna performance. Three terminal conditions of the element except for the feed port are also
discussed at the antenna structure of the parameter as shown in Tab. 1. The radiation efficiency
in each condition is over 97 %. The total efficiency of the condition (a), (b), and (c) are 64.6,
93.0, and 73.8 %. However, a gain in the maximum radiation direction changes within 1 dB in
each condition. This antenna can improve the F/B ratio by the suppression of the radiation to
the terminal port.

4 Conclusion

In this paper, 3 beam switched top loaded monopole antenna was proposed. A F/B ratio was
improved by terminating the radiation element with 50 Ω. A high F/B ratio could be realized
by optimizing the interval of the center element and the radiation element and the interval of
port of the radiation element and short pin. A F/B ratio was realized a maximum of 22.7 dB,
and the pattern could be changed in 3 direction by choosing an excitation element.
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Table 1: Optimized result

Front to back ratio 22.7 dB
Horizontal power beam width 232.1 deg.

Maximum Directivity 6.1 dBi @ 33 deg.
Frequency 5.2 GHz

Return Loss −16.53 dB
−10 dB Bandwidth 130 MHz

ps=48.0, hs=9.0, d=0.8, rd=2.5, rs=10.8 [mm]
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Figure 1: Analytic model
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Figure 2: Return loss characteristics of various
terminations
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Figure 3: Radiation pattern of zx plane at f1
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Figure 4: Radiation pattern of zx plane at f2
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Figure 5: Radiation pattern of xy plane at f1
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Figure 6: Radiation pattern of xy plane at f2
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Figure 7: Current distribution at 4.84 GHz

Figure 8: Current distribution at 5.01 GHz
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Figure 9: F/B ratio and horizontal half beam
width (ps is varied.)
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Figure 10: F/B ratio and horizontal half beam
width (hs is varied.)
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Figure 11: F/B ratio and horizontal half beam
width (d is varied.)
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Figure 12: F/B ratio and horizontal half beam
width (rd is varied.)

- 424 -



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




