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Abstract— Presented is an ultra-broadband stripline
directional coupler with significant improvement in its directivity
parameter which is of interest in many measurement
applications. The main focus of this paper is on the influence of
using shunt stubs as capacitance compensators to improve
specifications of wideband directional couplers. This
improvement is performed on a two-layer non-uniform line
directional coupler working in 2-18 GHz band. Experimental
results, for various classes of wideband stripline couplers loaded
with these stubs, exhibit remarkable improvement in the
directivity parameter.
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L.

Directional couplers are widely applied in various
microwave applications for sampling from a signal sometimes
both incident and reflected waves (this application is called a
reflectometer, which forms the heart of a vector or scalar
network analyzer) to measure its power or to inject it into other
parts of the system. When a coupler is used as a reflectometer
or after a transmitter to check the integrity of its antenna
connection, the sensitivity and accuracy of measurement are
limited to the directivity parameter of the employed coupler.
Accordingly directivity parameter of a directional coupler is of
great importance in case of power measurement.

INTRODUCTION

Directional couplers can be implemented in the context of
different transmission line structures such as waveguides,
microstrips, striplines and etc. However as there is a need of
an integrated structure to cover a wide bandwidth for many
measurement  applications, the only solution for
implementation of couplers in this case is to use stripline
coupled line circuits. The first idea that comes to mind in order
to increase the bandwidth of a microwave structure is to use
multi-section configurations. The main problem of multi-
section directional coupler is the abrupt change occurs at the
start and end of each section which leads to poor match,
coupling flatness and directivity of the coupler. To avoid
intrinsic  discontinuity of multi-section configuration, a
continuous variation in transverse dimension of the coupler can
be implemented which is known as non-uniform line
directional coupler [1].
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Non-uniform line directional couplers, which was first
designed in a modular procedure by Tresselt in 1966 [2], have
been widely employed in various microwave systems. The
deficiency of a coupler designed using this technique is mainly
its directivity parameter which arises from the undesirable
termination lines in the coupler structure. Being more detailed,
a coupler designed using [2], is depicted in Fig. 1. As
demonstrated in Figure 1, it is almost impossible to connect
SMA connectors to the structure and therefore for practical
applications these terminating lines should be modified.
However, this modification is inevitable and, as it is expected,
it disturbs the coupler functionality.
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Fig. 2. Coupler scheme with modification in end lines
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This amendment is usually performed manually and the
Modified scheme of the coupler is shown in Fig. 2.
Furthermore, we have to employ Shelton’s technique [3] to
attain the coupler structure from previously calculated coupling
diagram. However inaccuracies in [3], which mainly arise from
neglecting copper thickness and also lack of clear criterion for
high and low coupling levels, are other phenomena that lead to
aggravation in coupler characteristics.

In this Letter, stubs have been employed to improve
directivity parameter of the previously designed non-uniform
line directional coupler. This technique was firstly introduced
in [4] for narrowband or moderately wide bandwidth structure,
however in this paper we develop it for ultra-broadband
configurations. In this regard, two modified version of 2-18
GHz directional coupler with coupling coefficient equal to
20dB are investigated and experimental results are
demonstrated.

II. MODIFIED COUPLER CONFIGURATION

The aim of this paper is to improve the directivity
parameter of a 2-18 GHz stripline coupler with 20dB coupling
coefficient and a ripple equal to 0.2 dB. The dielectric used is a
31mil RT/Duroid 5880 laminate layer on which traces of
coupler are printed.

The configurations of the proposed couplers using
compensating stubs are shown in Fig. 3 and Fig. 4. The
structural parameters for couplers with two and ten
compensating stubs have been found in a process of
optimization and listed in Table 1. As it is expected these stubs
are symmetric with respect to x and y axes.
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Fig. 3. Layout of coupler with two compensating stubs
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Fig. 4. Layout of coupler with ten compensating stubs

To verify the simulation results and observe the effect of
using stubs to improve directivity parameter, 3 prototype of
this coupler including classic coupler and the couplers shown
in Fig. 3 and Fig. 4 are implemented and tested. In this way, a
view of the coupler with two stubs is shown in Fig. 5.

TABLE I. STRUCTURAL PARAMETERS OF COMPENSATING STUBS IN
IMPLEMENTED COUPLER STRUCTURES

Stub 1 Stub 2 Stub 3
Wi L1 x1 w2 L2 x2 w3 L3 x3
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
Ver.1 X X X X X X X X X
Ver2 | 0.25 0.27 0 x x x X X X
Ver.3 0.35 0.38 0 0.37 0.39 32 0.35 0.3 7

Fig. 5. Prototype of the fabricated coupler with two stubs (the upper substrate
is removed)

III. RESULTS

The directivity parameter of these coupler prototypes is
measured and is shown in Fig. 6. As depicted in this figure, by
adding more compensating stubs to the coupler structure the
performance of coupler has been improved such that by
employing ten stubs, directivity of better than 15dB in the
whole of bandwidth is achieved. It should be noted that overall
directivity improvement in whole of the bandwidth is
significant in comparison with the classic structure.
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Fig. 6. Comparison between measurement results of couplers directivity

Coupling coefficient and return loss of the coupler with ten
compensating stubs is shown in Fig. 7. As depicted in this
figure, measured coupling coefficient lies between -20 dB and
-21 dB values and return loss is better than -15dB in the desired
frequency bandwidth.
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Fig. 7. Measurement results of coupling coefficient and return loss of the

coupler using ten compensating stubs.
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IV. CONCLUSION

The efficacy of using parasitic stubs in non-uniform ultra-
broadband directional coupler has been studied for the first
time. In this regard, a 2-18 GHz directional coupler with the
aim of improvement in directivity parameter is proposed.
Experimental results show noticeable improvement in coupler
directivity performance without impairing other coupler
parameters such as insertion loss and coupling flatness.

REFERENCES

[11 R. K. Mongia, I. J. Bahl and P. Bhartia, RF and microwave coupled-line
circuits, 2nd ed., Artech House, 2007.

[2] C. P. Tresselt, “Design and construction of broadband, high-directivity,
90-degree couplers using nonuniform techniques,” IEEE Trans. Microw.
Theory Tech. 14 (1966), 647-656.

[3] J.P. Shelton, J.A. Mosko, “Synthesis and design of wideband equal-
ripple TEM directional couplers and fixed phase shifters,” IEEE Trans.
Microw. Theory Tech. 14 (1966), 462-473.

[4] S. Gruszezynski, K. Wincza, K. Sachse, “Design of Compensated
Coupled-Stripline 3-dB Directional Couplers, Phase Shifters, and
Magic-T’s—Part I: Single-Section Coupled-Line Circuits,” IEEE Trans.
Microw. Theory Tech. 54 (2006), 3986-3994.

170




<<
  /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




