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Abstract—In this paper, a bi-directional frequency beam-
scanning leaky-wave antenna (LWA) using TE20 mode 
substrate integrated waveguide (SIW) is proposed. 45° tilted 
radiating slots are etched (based on E-field maxima) on the top 
wall of TE20 mode SIW power divider. Using a novel 
microstrip to SIW transition is used to feed the proposed 
design.  The proposed antenna shows a frequency beam 
scanning range of 54° in each quadrant having the maximum 
gain of 10.8 dBi within the operating range of 10-11.5 GHz. 
Full-wave simulations are performed in HFSS. 
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I.  INTRODUCTION 
The significant benefits of substrate integrated 

waveguide (SIW) open a new avenue in the design of 
various microwave and millimeter wave circuits. Moreover, 
its use in designing various leaky-wave antennas for 
frequency beam-scanning applications is explored by 
extensive research [1]-[4]. In recent years, various leaky 
wave antennas have already been proposed. For the purpose 
of enhancement of gain and miniaturization, the use of TE20 
mode SIW in designing LWA is also proposed in [5]. 

In this paper, a compact TE20 mode SIW based LWA is 
proposed which is capable to scan in two quadrants 
simultaneously. A SIW based power divider with novel 
feeding mechanism is designed and later is incorporated in 
designing LWA. The proposed antenna eliminates the 
parallel array concept for gain. The proposed geometry 
shows a maximum radiated peak gain of 10.8 dBi within the 
operating bandwidth of 13.95% having the beam scanning 
range of 54° in each of the two quadrants.  

II. DESIGN OF TE20 MODE POWER DIVIDER  

A novel TE20 mode SIW power divider is designed. The 
power divider consists of a microstrip line to slotline (etched 

on ground plane) transition and slotline to SIW transition. By 
using slotlines, 180o out of phase but equal in magnitude 
electric fields are formed automatically on both sides of the 
symmetric plane of slot line (electric wall). The magnitude of 
electric field distribution and electric field vector distribution 
are shown in [5].The width of the TE20 SIW can be 
determined from [6]. The layout of the power divider is 
shown in Fig. 1. The magnitude and phase responses of the 
power divider are shown in Fig. 2(a) and (b) where it is 
working from 10-11.5 GHz (<-20 dB). At a fixed spatial 
position of TE20 mode of SIW, two E-field maxima exists 
simultaneously (one in top plane and one in ground). Thus 
the array dimensions get reduced. The dimensions of the Fig. 
1 are aSIW =22, w1=3.5, w2=7.6, w3=1.6, w4=2.32, w5=19.84, 
w6=1, d=0.8, s=1.6 (all dimensions are in mm.). 

 
 (a) 

 

 
(b) 

    
Fig. 2. (a) Magnitude of S-parameter response of the power divider. (b) 
phase of S-parameter responses. 

 
 

Fig. 1. TE20 mode SIW power divider (not to scale). 

Authorized licensed use limited to: CITY UNIV OF HONG KONG. Downloaded on September 11,2020 at 14:51:27 UTC from IEEE Xplore.  Restrictions apply. 



III. LEAKY-WAVE ANTENNA DESIGN AND ANALYSIS 
To design the LWA, rectangular radiating slots are 

etched periodically with periodicity p= 3mm. on the top 
plane of the SIW depending on the E-field distribution where 
on either side of the symmetric plane of slot line (electric 
wall), slots are orthogonally oriented (+45o and -45o). The 
working range of the antenna is from 10-11.5 GHz where 
n=-1 spatial harmonic is fast wave in nature and responsible 

for radiation. The layout of the proposed antenna is shown in 
Fig. 3. The antenna is designed on Rogers RT/duroid 5880 
substrate with r= 2.2, tan = 0.0009 and height of 0.787mm. 
To make the slots non-resonant, dimensions of the slots are 
chosen as 1/4th of the guided wavelength g and to maintain 
the homogeneity condition, the periodicity of the slots are 
kept p<< 0/4. The scanning angle of the proposed antenna 
depends upon nth spatial harmonic n and free space wave 
number k0. The antenna is working in fast wave region where 

n<k0. The direction of maximum radiation from z-axis can 
be determined from [7]. The dimensions mentioned in Fig. 3 
are la= 4.44mm, lw= 0.5mm. The overall dimension of the 
antenna is 260 x 28.7 x 0.787 mm3. 

Magnitude of S-parameter responses is shown in Fig. 4 
where the antenna is working within the frequency range of 
10-11.5 GHz. The normalized radiation patterns with 
variation of frequency are shown in Fig 5 where bi-
directional beam-scanning is observed in visible space by 
radiated fan-beam. The maximum peak gain is achieved is 
10.8 dBi. The scanning range of the antenna is 54o in each of 
the two quadrants. 

IV. CONCLUSION 
In this paper, a bi-directional beam scanning LWA is 

designed at X-band by using a TE20 mode T-shape SIW 
power divider. The use of higher order mode of SIW 

miniaturizes the whole antenna array geometry. The radiated 
main beam is simultaneously scanning in two quadrants with 
a scanning range of 54o in each within the frequency range of 
10-11.5 GHz. The maximum peak-gain is achieved is 10.8 
dBi. The proposed antenna can be a potential candidate for 
several wireless applications such as X-band applications, 
radar and navigational purpose etc. 
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Fig. 3. Layout of the proposed leaky-wave antenna (not to scale). 

 
 

Fig. 4. The variation of reflection co-efficient with frequency. 

 
 

Fig. 5. Normalized radiation patten of the proposed antenna at different 
frequencies. 

Authorized licensed use limited to: CITY UNIV OF HONG KONG. Downloaded on September 11,2020 at 14:51:27 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


