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INTRODUCTION

As a reasonable compromise between microstrip and rectangular waveguide circuitry,
substrate-integrated waveguide (SIW) technology has found many applications in the lower
millimeter-wave frequency range, e.g. [1], [2]. One of the advantages for the design of SIW
components is that after dispersion characteristics and via hole dimensions have been related
to all-dielectric-filled rectangular waveguides [3], traditional waveguide design strategies [4],
[5] can be employed. Moreover, tapers to microstrip technology [6] provide an interface to
measurement equipment. However, the taper itself is often as reflective as the SIW component
under test and, therefore, influences significantly the measured results.

Due its planar nature, SIW applications are preferably fabricated in H-plane circuitry.
Filters, diplexers, power dividers and H-plane couplers are some of the preferred components,
e.g. [11, [2], [7] — [9]. In order to integrate this technology with two dimensional antenna
arrays [10], however, coupling between stacked SIW components must be facilitated. So far,
only moderate attempts have been made towards multilayered substrates [11] and E-plane
couplers [9] for SIW antenna feed networks.

Therefore, in this paper, we present new E-plane coupler designs in SIW technology (e.g.
Fig. 1). Moreover, through comparison with SIW-to-microstrip transitions, we demonstrate
that an all-dielectric waveguide port is better suited to model the performance of individual
SIW components within an entire SIW system. The designs are performed within an HFSS
environment which is verified by comparison with measured and computed E-plane slot
couplers and microstrip-to-SIW transitions available in the literature.

COUPLER DESIGN AND COMPARISON

The initial design of E-plane waveguide couplers is performed according to [4] and linked
to a mode-matching approach [5]. The dimensions are then translated for substrate-integrated
waveguide application [3] and fine-optimized using a general field-solver package, e.g. HFSS.
A similar procedure has also been used in [9]. In order to compare our results with
measurements in [9] for an E-plane 3dB coupler with 14 pairs of circular apertures,
microstrip-to SIW transitions (not specified in [9], but designed according to [6]) had to be
included at all ports. The results of this comparison are reported in Fig. 2. Reasonable
agreement is observed generally. During this process, however, it was found that the coupler
performance depends to a large degree on the microstrip-to SIW transitions and their distance
to the closest aperture pair of the coupler. It is thus concluded that the microstrip-to SIW
transitions mask the actual performance of the coupler.

Therefore, two back-to-back microstrip-to SIW transitions separated by a length of SIW
have been recalculated. The comparisons with [6] and [12] are displayed in Fig. 3. Good
agreement between our HFSS simulations and the reference data is obtained. However, it is
noticed that in both cases, the return loss of the microstrip-to SIW transitions is in the order of
15 — 20 dB. This is certainly not acceptable if SIW components are to be designed for values
of 20 dB or better as the transitions considerably degrade the performance of any practical
SIW circuit. Also shown in Fig. 3 (as light solid lines) are the return losses of same lengths of
SIWs but with the microstrip-to SIW transitions replaced by all-dielectric rectangular
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waveguide ports. It is obvious that the return loss is quite significantly improved when using
these ports. Therefore, they are better suited to evaluate the performances of SIW components
within a SIW environment.

COUPLER RESULTS
Based on the previous investigations, we are confident that the coupler performances
presented in this section are valid and minimally influenced by the transitions. The designs use
SIW parameters of a = 5.524 mm, b = 0.508 mm, p = 2.397 mm, d = 1.198 mm, ¢ = 35 um, &,
= 2.2, where a is the equivalent waveguide width, b is the substrate height, p the center-to-
center via-hole distance, d the via-hole diameter, ¢ the metallization thickness and g, the
relative permittivity of the substrate.

In comparison with Fig. 2, we present in Fig. 4 a 10-dB and a 3-dB dual-circular-aperture
E-plane coupler as used in [9]. The configuration of the 10-dB coupler with six aperture pairs
is depicted in Fig. 1(b). Its performance in Fig. 4(a) shows that the return loss and isolation are
better than 22dB and that the coupling is fairly constant over the entire Ka-band.

Fig. 4(b) shows the performance of the 3dB coupler that uses 23 coupling sections to cover
the entire Ka-band. It is obvious that the new all-dielectric waveguide ports interface ports
allow the component to be designed with better than 24 dB return loss and isolation. This is a
value one would expect from a coupler embedded in an all-SIW system.

Fig. 5 shows the performance of a six- and an eight-section Riblet-Saad coupler according
to Fig. 1(a). The eight-section design covers the entire Ka-band frequency range with return
loss and isolation better than 20 dB. The coupling cannot, of course, remain constant over the
entire band, but its performance is fairly flat in the center range of the band and similar to that
of typical rectangular waveguide designs towards the band edges.

CONCLUSIONS
In order to analyze and design components in substrate-integrated waveguide technology, it
is important that the transitions to interface ports do not significantly influence the
component’s performance. In this paper, it is demonstrated that the commonly used
microstrip-to-SIW transitions are not sufficient to evaluate a SIW structure within a SIW
environment. Therefore, we present all-dielectric rectangular waveguide interface ports that
considerably reduce the reflections at the transition to the SIW component.

These new ports are then applied to the design of SIW E-plane couplers, both with standard
dual-circular apertures and as Riblet-Saad couplers. It is demonstrated that SIW couplers with
return loss and isolation of much better than 20dB can be designed. Several 10db and 3dB
couplers covering the entire Ka-band frequency range are presented. The basic design
procedure is validated by comparison with measurements and computations available in the
common literature.
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Figure 1. Configuration of a four-section E-plane Riblet-Saad coupler (a) and a six-section circular aperture E-

plane coupler (b) in SIW technology using all-dielectric waveguide interface ports.
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Figure 2. Comparison of HFSS results (simulated) with measurements and computations (Casssivi, [9]) of SIW
E-plane 3dB coupler with 14 pairs of circular apertures; microstrip-to SIW transitions included at all ports;
reflection at input (a), isolation (b), through port (c), coupling (d).
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Figure 3. Comparisons of HFSS results (simulated) with measurements and computations (Deslandes [6], (a))
and simulations (Wood [12], (b)) of back-to-back microstrip-to SIW transitions separated by a SIW section, and
when microstrip-to SIW transitions are replaced by all-dielectric rectangular waveguide ports (rWG to SIW) as
shown in Fig. 1.
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Figure 5. Six-section (a) and eight-section (b) E-plane 3dB Riblet-Saad couplers in SIW technology according to
Fig.1(a); all-dielectric waveguide interface ports included at all ports.




<<
  /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 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 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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


