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Introduction 
Competitive global marketing in the mobile phone sector has driven demand for small 
phone terminals capable of multi-band operation across standard mobile communication 
bands. There is restriction on the antenna size due to the presence of various integrated 
components for different applications in contemporary handsets. The antenna should also 
be reasonably efficient and free of excessive radiation illuminating the user’s head (low 
SAR value). PIFAs are widely used as an internal antenna solution. They have desirable 
features such as high efficiency multi-frequency behavior, moderate bandwidth, low 
profile, low cost, less prone to breakage and reduced user power absorption compared 
with equivalent external antennas. For US or European GSM systems, the antenna should 
be matched to either the GSM850 / GSM1900 bands or the GSM900 / GSM1800 bands. 
The antenna presented here is based on a small [1] dual band PIFA with maximum 
dimensions 36 mm x 12 mm x 6 mm. This size is typical of a PIFA designed for a 
contemporary mobile phone. While versitile, at lower frequencies it is often difficult to 
completely cover the GSM850 and EGSM 900 bands simultanously using a small 
antenna. In this paper, a PIFA is reported with switches to select between two sets of low 
and high resonance pairs. The antenna has been designed with the intention to operate in 
either of the GSM850/GSM1900 and GSM900/GSM1800 band pairs, while being 
manufactured with standard planar phototihography processes. 

Modelling 
Initial modelling was carried out using IMST’s Empire [2], FDTD simulation tool. The 
PIFA was studied in its basic structure, i.e. without switched components. This showed 
that empirical prototypes could adopt the structure with simple concept switches to tune 
the antenna to the required resonant frequency pair. Figure 1 illustrates the antenna 
structure on a phone ground plane (40 mm x 100 mm) with the feed and shorting points.  

Empirical Experiments 
Figure 2 illustrates the design of the empirical PIFA in the X-Y plane. It shows two 
switches (S1 and S2), which when shorted, act to lengthen the two resonant modes 
present on the antenna. In this paper, Mode 1 corresponds with a resonant pair covering 
most of the GSM850 and GSM1900 bands, in addition to fully covering the UMTS band. 
Mode 2 covers the GSM900 and GSM1800 bands. Switch 1 spans a 1.0 mm gap and 
switch 2 spans a 0.9 mm gap. Initially, the switches were implemented using copper tape.  

Results 
Figure 4 shows results for the matched resonance of the PIFA in the two modes. Mode 1 
(the continuous line) operates at 875.5 MHz (4.78% BW) and 2000 MHz (12.37% BW). 



Mode 2 (the dashed line) operates at 893.5 MHz (5.04% BW) and 1802.5 MHz (10.62% 
BW). This is a 18 MHz shift in the lower bands and a 200 MHz shift in the upper band. 
Figures 5 and 6 show the normalised patterns for the PIFA at the four resonant modes in 
E-Theta and E-Phi polarisations. Handling the device showed that the unbalance feed 
typical of this structure results in currents resonating on the ground plane. The height of 
the antenna above the ground plane is also critical to the bandwidth of the modes. 

Conclusions 

A PIFA antenna with dimensions suitable for a contemporary mobile phone handset is 
presented. The proof-of-concept switches show the potential for selecting between US 
and European GSM bands without the antenna design size being increased, which is 
normally required of quadband antennas. Balancing the antenna’s feed will improve its 
handling performance by de-coupling the influence of the user’s hand and raising the 
height of the PIFA above the ground plane will broaden the resonant bandwidth. It is 
believed that these modifications will enable the bandwidth requirements to be fully 
compliant at a -5 dB match level. Small PIFA antennas support compact and hybrid 
resonant modes which are sensitive to manufacturing tolerances and typically low in 
bandwidth. By reducing the mode coupling across the structure, the modes can be 
switched to different frequencies for selected operation MEMS [3] and optically 
controlled switch devices [4] are suitable for this type of structure and are included in 
further work on this project. 
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Figure 1 PIFA on a mobile phone ground plane. 



  
Figure 2 The X-Y plane of the switched PIFA. 

 

 
Figure 3 Photographs of the PIFA without (left) and with a Mode 1 switch (right) 

 
Resonant Bands Switch/ Mode 1 Switch/ Mode 2 

850/1900/ 2100 MHz ON OFF 
900/1800 MHz OFF ON 

Table 1 Switch settings modes 1 and 2 
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Figure 4 Matched resonance of the antenna 
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Figure 5 Lower band E-Theta (top) and E-Phi in XZ plane Phi = 0°, YZ plane Phi= 90° 
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Figure 6 Upper band E-Theta (top) and E-Phi in XZ plane Phi=0°, YZ plane Phi=90° 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


