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1. Introduction 

Since the Federal Communications Commission (FCC) released the first report and order of 
the commission’s rules regarding ultra-wideband (UWB) transmission systems in April 2002 [1], 
the studies on UWB antennas for high-speed communication and high-resolution sensing have been 
flourishing. One of these UWB antennas is a spherical antenna, whose radiated field in time elapse 
is investigated in this paper. UWB antennas have historical roots in broadband antenna [2]. Stohr 
obtained the patent of dipole and monopole antennas using spherical or ellipsoidal radiator, with 
matching methods of coordinating the distance between half dipoles or the monopole and the 
reflector or through taper in 1968 [3]. Kraus developed volcano smoke antenna [4][5]. One of the 
current authors Shibata obtained the patent of spherical monopole antenna on a skewer [6][7]. 
Recently, Taniguchi and Kobayashi developed a teardrop antenna defined by a finite cone and a 
sphere [8]. For these spherical shape antennas, there has been few analysis from the point of the 
radiation field to explain the broadband mechanism.  

This paper reports the characteristics derived by simulation on a spherical monopole 
antenna that consists of a spherical radiator, reflector and coaxial line. The main result is that the 
sequential behaviour of the electric field and the surface current on the antenna and reflector 
explicitly show the nature of the travelling wave antenna. The characteristics such as the return loss 
and the radiation pattern are also presented. 
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Figure 1:  Cross Section of Simulation Model. 
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2.  Simulation Model 

The simulation model of spherical monopole antenna is shown in Fig. 1. Simulation has been 
conducted with Micro-stripes 7 of the product by Flometrics, whose algorithm is based on 
Transmission Line Modelling (TLM) method [9]. The feed line to the sphere is a 50Ω coaxial cable, 
connected through the centre of the reflector. The discrete size of the space is less than 1mm in 
order for the frequency range up to 30GHz. For the sphere, the discrete size is especially set to be 
0.25mm in order to reconstruct the curved surface in detail.  

Stohr mentioned “It is advisable to 
make the spacing d for the radius r0 (r0=one 
half of the inner diameter of the outer 
conductor) about equal to r0, it being assumed 
thereby that the dielectric has in both ranges 
the same dielectric constant, above all air.” In 
this paper, with Teflon-filled coaxial cable, d 
is varied with 0.1mm step to find the optimum 
value, at which the bandwidth having the 
return loss being less than –10dB becomes the 
maximum. The return loss is measured on the 
coaxial line at the location 0.05mm below the 
surface of the reflector. Under this optimum 
condition, the antenna characteristics has been 
analysed. 

3. Simulation Results 

First step of simulation is the 
optimisation of d. Fig. 2 shows the bandwidth 
with –10dB return loss for various d from 0 to 
3mm, and the maximum is obtained at d=1.4. 
Fig. 3 shows the return loss at d=0 and 1.4mm. 
For the latter case, the bandwidth is 5.1-
22.0GHz and clearly improved than the case at 
d=0.  

Next, under the optimum value at 
d=1.4, the antenna characteristics is analysed. 
As shown in Fig. 4, the feed impedance varies 
over 25-60Ω relatively in smooth. In Fig. 5 the 
radiation characteristics in E-plane at 6, 9, 12 
and 18GHz are shown and they change 
gradually. For H-plane, the radiation is omni-
directional. Over the full band of 5.1-22.0GHz, 
the radiation characteristics changes gradually 
while for a part of the band. In Fig. 6, the 
amplitude and the phase of the electric field on 
the horizontal plane and at the radial distance 
of 50mm from the centre of the reflector are 
shown. The phase changes almost linearly, 
indicating only small group delay. The 
variation of the amplitude is not so smooth 
due to the dependency of the return loss and 
the directivity on the frequency. Finally, in Fig. 
7 the surface current of the antenna and the 
electric field distribution in term of the 
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Figure 2: Bandwidth-d Characteristics 
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absolute value for the frequency of 9.8, 21 and 
30GHz are shown in the time elapse expressed 
as 2πft = 0-150deg at every 30deg. In Fig. 7, 
the surface current propagates unidirectionally 
from the feeding point to the top of the sphere, 
and in coupling with it the electric field is 
radiated. As the travelling wave is 
predominant, the antenna seems to behave as a 
travelling wave antenna. The reason for this 
effect might be caused by the charge 
distribution that concentrates at the closest 
region to the reflector, namely at the feed 
point, and decreases as departing away to the 
zenith of the sphere, so as the current density 
follows.  

4. Conclusion 

The simulation of TLM method 
curried on a spherical monopole antenna has 
visibly shown the movement of the surface 
current and the radiation field in time elapse, 
and indicates that the ultra-wideband 
characteristics of spherical monopole antenna 
originate in the nature as a travelling wave 
antenna. The result implies that the other type 
of UWB antennas might have similar 
travelling wave behaviours. 
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Figure 7: Surface Current and Electric Field 

(a) 9.8GHz, 0deg (g) 21GHz, 0deg (m) 30GHz, 0deg 

(a) 9.8GHz, 30deg (g) 21GHz, 30deg (m) 30GHz, 30deg 

(a) 9.8GHz, 60deg (g) 21GHz, 60deg (m) 30GHz, 60deg 

(a) 9.8GHz, 90deg (g) 21GHz, 90deg (m) 30GHz, 90deg 

(a) 9.8GHz, 120deg (g) 21GHz, 120deg (m) 30GHz, 120deg 

(a) 9.8GHz, 150deg (g) 21GHz, 150deg (m) 30GHz, 150deg 

Surface current 

Electric field dB 
 
dB 
 

-40 -20 0 
 

-40 -20 0 
 

257



<<
  /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 1.3
  /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 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




