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1. Introduction 
 
 The electromagnetic band-gap (EBG) structures, initiated by the photonic band-gap (PBG) 
ideals [1], have been drawn much attentions due to the wave forbidden features for stop bands and 
the slow wave characteristics for passbands. Applications for antenna/array performance 
enhancements [2-3], filters designs [4], and electromagnetic interference reductions [5] are reported 
in literatures. Moreover, the uniplanar square-shape EBG is proposed for easier fabrications with 
good insertion loss performance, increasing the versatility of the EBG applications [6]. 
 Recently a uniplanar hexagon EBG has been proposed with better slow wave factor 
performances, suited for the circuit size reduction applications [7]. The insertion loss, however, is a 
little higher than the conventional square shape EBG structure [8]. This paper presents an improved 
hexagon EBG by combining the advantages of the square and the hexagon EBGs, for the similar 
applications of circuit size reductions. 

The designed EBG is placed at the ground plane of the microstrip line to increase the 
distributed capacitances and inductances for slowing the wave propagation. The simulations are 
performed by the commercial software using finite-element-method (FEM) to check the insertion 
loss and the slow wave behavior for passband, and the rejection for the stop band. These simulation 
results are confirmed by the measured data. A typical band-pass filter in printed-circuit-board (PCB) 
is analyzed and designed at 3.45 GHz to show the availability of the proposed EBG structure, with 
verifications of experiments. 
 
2. Improved Hexagon Electromagnetic Band-Gap Structure 
 
 Figure 1 shows the basic configurations of the original hexagon EBG and the improved 
version for reducing the insertion loss where the ground plane of the microstrip line is etched by a 
2-dimensional periodic pattern in honeycomb shape with the different cell details. Since the original 
hexagon structure has too complicated branch/gap structure to introduce higher insertion loss, 
especially at the band near the cutoff frequency, the hybrid approach using the square pattern which 
is quite good at pass-band insertion loss is adapted, with the almost same slow wave factor 
performances to the original hexagon EBG. With the proper adjustments of the cell size, the branch 
length, and the gap distance, the band-gap can be controlled to the desired frequency bands. The 
substrate for the EBG in this study is Rogers RT 6010 with the relative dielectric constant of 10.2 
and the tangent loss of 0.0023. The whole structure which dimensions are listed in Table I is 
simulated by Ansoft HFSS electromagnetic software for S-parameter frequency responses. 
 The simulation results for the two hexagon EBG structures are shown in Figure 2 where the 
stop frequency is designed at 10 GHz. One can find the insertion losses are -2.54 dB and -0.68 dB at 
8 GHz for the original hexagon EBG and the improved version respectively. The additional 
simulation and measurement data of the slow wave factor β/k0 for the two hexagon structures are 
shown in Figure 3 where very little differences at the low band can be observed. The other 
advantage of the improved hexagon EBG is about the uniformity for the slow wave factor as the 
microstrip is shifted from the original location as shown in Figure 3. On the other hand, the slow 



wave factor comparisons of the improved hexagon and the conventional square EBGs are given as 
shown in Figure 4 where the measurements are performed at the RT 6010 substrate for the same 
cutoff frequency. Thus more effective size reduction purpose for the improved hexagon EBG rather 
than the conventional square one can be obtained in microwave circuit applications.  
 
3. Band-Pass Filter Design Using Improved Hexagon EBG Structure 
 
 The capacitive-coupling band-pass filter for WiMAX application (3.4 GHz ~ 3.53 GHz) is 
presented using the improved hexagon EBG to reduce the circuit size as shown in Figure 5. The 
simulations and measurements are shown in Figure 6 including the reflection and transmission 
quantities. The slow wave factor is about 1.133 at the center frequency 3.45 GHz with −30 dB 
band-gap rejection around 6 GHz to suppress the spurious of the microstrip filter. The insertion 
losses of the simulation and the measurement are −2.07 dB and −2.69 dB respectively while the size 
is reduced about 7 mm. On the other hand, the spurious rejection performance is quite good as 
summarized in Table II up to the fifth harmonics where f0 is 3.45 GHz.   
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Table I: Dimensions of the improved hexagon EBG. 

g1 0.3 mm l1 0.4 mm w1 0.3 mm 
g2 0.3 mm l2 0.4 mm w2 0.3 mm 
g2 0.3 mm d1 0.82 mm thickness 0.635 mm 
g4 0.2 mm d2 0.82 mm line width 0.6 mm 

 

Table II: Harmonic response of the capacitive-coupling filter using improved hexagon EBG. 

 f0 2f0 3f0 4f0 5f0 
S11 -22.4 dB -0.59 dB -1.92 dB -2.71 dB -4.28 dB 
S21 -2.69 dB -57.5 dB -26.1 dB -27.5 dB -19 dB 



 
(a) 

 

   
(b) 

 
Figure 1: (a) Original hexagon EBG and (b) improved hexagon EBG. 

 

  
 

Figure 2: Simulated S-parameters for original and improved hexagon EBGs. 
 

  
 

Figure 3: Simulation and measurement slow wave factors for original and improved hexagon EBGs. 



 
 

Figure 4: Measured slow wave factors for conventional square and improved hexagon EBGs. 
 

 
(a) 

 

 

(b) 
Figure 5: (a) Schematics and (b) photograph of the capacitive-coupling band-pass filter design using 
improved hexagon EBGs. 

 

 
 

Figure 6: Simulated and measured results for capacitive-coupling band-pass filter with improved 
hexagon EBGs. 



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <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


