Compact UWB power divider packaged by using gap waveguide technology

This document has been downloaded from Chalmers Publication Library (CPL). It is the author’s
version of a work that was accepted for publication in:

Proceedings of 6th European Conference on Antennas and Propagation, EuCAP 2012.
Prague, 26-30 March 2012

Citation for the published paper:

Raza, H. ; Yang, J. (2012) "Compact UWB power divider packaged by using gap waveguide
technology". Proceedings of 6th European Conference on Antennas and Propagation, EUCAP
2012. Prague, 26-30 March 2012 pp. 2938-2942.

http://dx.doi.org/10.1109/EuCAP.2012.6205906

Downloaded from: http://publications.lib.chalmers.se/publication/156665

Notice: Changes introduced as a result of publishing processes such as copy-editing and
formatting may not be reflected in this document. For a definitive version of this work, please refer
to the published source. Please note that access to the published version might require a
subscription.

Chalmers Publication Library (CPL) offers the possibility of retrieving research publications produced at Chalmers
University of Technology. It covers all types of publications: articles, dissertations, licentiate theses, masters theses,
conference papers, reports etc. Since 2006 it is the official tool for Chalmers official publication statistics. To ensure that
Chalmers research results are disseminated as widely as possible, an Open Access Policy has been adopted.

The CPL service is administrated and maintained by Chalmers Library.

(article starts on next page)


http://dx.doi.org/10.1109/EuCAP.2012.6205906
http://publications.lib.chalmers.se/publication/156665

Compact UWB Power Divider Packaged by Using
Gap-Waveguide Technology

Hasan Raza and Jian Yang

Dept. of Signals and Systems, Chalmers University of Technology, Gothenburg, Sweden
hasan.raza@chalmers.se; jian.yang@chalmers.se

Abstract—We present the design of a new ultra-wideband (UWB)
3 dB power divider, packaged by using Gap Waveguide Techno-
logy. The power divider, a simple compact T—junction designed
by using Klopfenstein taper technique, has a bandwidth of about
2-14 GHz, with the purpose of being used in a feeding network
for the Eleven feed. Simulated and measured results of transmis-
sion and reflection coefficients are presented. Comparison of the
power dividers between without packaging, packaged by a metal
box and packaged with the gap waveguide technology has shown
the superiority of the new design.
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1. INTRODUCTION

The Eleven antenna, having about 11 dBi directivity,
constant beam width and a fixed phase center over a decade
bandwidth [1]-[3], can be used as a feed for reflectors in ultra-
wideband (UWB) radio telescopes, such as 1-10 GHz mid-
frequency square kilometer array (SKA) [4] and 2-14 GHz
VLBI2010 [5] radio telescopes.

The feeding network is always a critical part in the design
of the Eleven antenna. Good UWB performance of a low
reflection coefficient and low ohmic loss, a compact simple
geometry and low cost make the design a real challenge.

One alternative of feeding networks for the Eleven antenna
is to employ the UWB passive baluns [6], plus two UWB 3-dB
power divider (or more accurately in our case, a power
combiner), shown in Fig. 1. By this feeding network, the 4
differential ports of the Eleven feed are transformed to 2 single
ended ports, one for each polarization.

Fig. 1 Eleven Antenna with passive balun solution and
power combiner

There exist commercially available power dividers to cover
such a wide frequency range, such as 1-14 GHz Krytar power
divider [7]. However, they suffer from high losses, specifically
at high frequencies. For example, more than 1.2 dB ohmic loss
at 7 GHz has been observed from the measurement of the
Krytar power divider, shown in Fig. 2.
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Fig. 2 Magnitude of the measured S-parameters of a Kry-
tar power divider.

In addition to the high loss, the conventional packaging for
UWB power dividers, simply enclosing the device in a metallic
box, may also cause resonances. This will eventually degrade
the performance of the whole system.

The purpose of this paper is to develop a small and low loss
power divider with a bandwidth in the order of 10:1. By
reducing the size, when it is enclosed in a metal box, the power
divider may have resonances only at higher frequencies of the
bandwidth. These resonances can then be suppressed by using
the gap waveguide technology, constructed of a bed of nails
[8]H12]. Simulated and measured results shown in the paper
have verified the design of the new power divider.

II.  GEOMETRY AND DESIGN

The proposed power divider is based on a simple T—
junction design, where 50 ohm microstrip line is divided into
two 100 ohm lines. The T—junction discontinuity is
compensated by a triangular notch. This structure has been
optimized to achieve a minimum reflection coefficient. Then, a
Klopfenstein Taper technique [13] is employed, to transform
the 100 ohm microstrip lines to 50 ohm lines, as
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with a maximum ripple I[';;, = 0.02 in the pass band. I;(x) is the
modified Bessel function. The pass band is defined as SL > A.
Compared to other tapering techniques available for broadband
matching, the Klopfenstein tapering provides an optimum
solution providing a minimal reflection coefficient over an
ultra-wide frequency band [13].
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Fig. 3 Impedance value and its corresponding width of the
microstrip line along the line length.

The tapered length of each arm of the power divider is
chosen as 14 mm. Fig. 3 shows the variation of the impedance
along the arm according to the Klopfenstein formula in (1).
The corresponding width of the microstrip line on Rogers
TMM3 board (g, = 3.27, thickness of 0.762 mm) along the
arm is also shown in the Figure 3.

The packaging of the power divider has been done by
using the Gap waveguide Technology, a bed of nails, in order
to suppress the cavity resonances. The nails are realized by
square-shaped metal pins, shown in Fig. 4. The pin’s height is
set to a quarter wavelength A/4 at the center frequency of a
band gap (no-cavity-mode band).

The typical no-cavity-mode bandwidth of gap waveguide
technology is between 2:1 and 3:1, whereas the operating
bandwidth of the new power divider is required in the order of
10:1, for feeding the Eleven antenna. Therefore, we use two
methods to suppress the resonances.

First, the power divider is designed in a manner such that
its size can be a minimum, which leads to a compact package
box. A compact packaging box eliminates the resonances at

low frequencies and then the resonances can only occur at high
frequencies. In this work, we have designed the power divider
with a size of 31.58 mm, and there is no resonance below 5
GHz.

Second, the gap waveguide technology is employed, with a
bed of nails on the top cover to suppress the potential
resonances from 5 to 15 GHz. The center frequency of the band
gap of the gap waveguide is therefore 9.5 GHz. Fig. 4 shows
the dispersion diagram for the case when pins are placed
simply above on the substrate board. It is clearly shown that,
with the presence of the pins, there is no other modes except
for the dominate propagating mode existing in the packaging
box within the band of 5-15 GHz.
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Fig. 4 Dispersion diagram of two row pin over the
substrate material.

Fig. 5 shows the detail geometry of the proposed power
divider. The ports impedance is 50 Ohms on all ports.

III. SIMULATED AND MEASURED RESULTS

In order to verify the design, a prototype was manufactured,
where the pins and the metallic box were made by milling a
copper plate, as shown in Fig. 6. Measurements were
performed using a Vector Network Analyzer (E8363B PNA)
from 1 to 13.5 GHz. All simulations are obtained by using CST
MWS.

Figures 7-8 shows the simulated and measured reflection
and transmission coefficients, when the power divider is
enclosed in the packaging box with the top cover of the bed-of-
nails. It can be observed that the power divider has a (over the
band of 1-13.5 GHz) reflection coefficient of -10 dB and the
transmission losses is about 0.5 dB at the maximum.
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Fig. S Three Port power divider with pins around the
divider.

Fig. 6 Photo of the 1-13.5 GHz power divider with bed-of-
nails.

The ohmic loss efficiency [14] of the power divider is
calculated by

Conmic = 1S111* + 18211 + 1S311% 2

Fig. 9 shows the simulated and measured ohmic loss efficiency
in the power divider due to the finite conductivity of the copper
and the dielectric loss of the Rogers TMM 3 material.

Figures 10-11 shows the simulated and measured reflection
and transmission coefficients, respectively, for the case when
the power divider is simply enclosed in a metallic box without
using the bed-of-nails. The results clearly show that without the
bed-of-nails, a spike appear above 10 GHz. Those were the

resonances which were suppressed by the lid-of-nails. Both
simulated and measured reflection and transmission
coefficients are good in agreement between 1-12 GHz.
Although simulated results extend the behavior up to 13.5
GHz. This may be because of the mechanical inaccuracy in the
milling process for the manufactured one.
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Fig. 7 Simulated and measured reflection coefficient of the
power divider package with bed-of-nails.
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Fig. 8 Simulated and measured transmission coefficient of
the power divider package with the bed-of-nails.
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difference between the simulated and measured results might

measured reflection coefficient and transmission coefficient,
respectively, for the case when the power divider is not
enclosed in the box. From the results, it can be infer that the

Frequency GHz)
the power divider packaged by a metallic box without bed-

Fig. 11 Simulated and measured transmission coefficient of
of-nails.



be because of some asymmetry in the mechanical design of T —
junction and the metallic box.

Iv.

UWB power divider packaged by using gap waveguide
technology is presented in the paper. The Klopfenstein tapering
technique has been employed to minimize the reflection
coefficient and the bed-of-nails to suppress the resonance. The
simulated and measured results are agreed well in the
frequency band of 1-12 GHz having low loss. A better
manufacturing tolerance will be emphasized in order to achieve
the performance as good as the simulated one at the
frequencies above 12 GHz.

CONCLUSION

ACKNOWLEDGMENT

This work has been supported by The Swedish Foundation
for Strategic Research (SSF) within the Strategic Research
Center CHARMANT, Pakistan’s NESCOM scholarship
program and partly by Swedish Research Council VR.

REFERENCES

[1T R. Olsson, P.-S. Kildal, and S. Weinreb, “The Eleven antenna: A
compact low-profile decade bandwidth dual polarized feed for reflector
antennas,” [EEE Trans. Antennas Propog., vol. 54, no. 2, pp. 368-375,
Feb. 2006.

[2] J. Yang, M. Pantaleev, P.-S. Kildal, B. Klein, Y. Karandikar, L.
Helldner, N.Wadefalk,C. Beaudoin “Cryogenic 2-13 GHz Eleven feed
for reflector antennas in future wideband radio telescopes”, IEEE Trans.
on Antennas Propag. , vol. 59, no. 6, pp. 1918-1934, June 2011.

[31 J. Yin, J. A. Aas, J. Yang and P.-S. Kildal, “Monopulse tracking
performance of multi-port Eleven antenna for use in terminals for

satellite communications”, 2nd Eur. Conf. on Antennas Propagat.
(EuCAP2007), Edinburgh, 11-16 November 2007.

(4]

[10]

[11]

[12]

[14

[}

P. Hall, The SKA: An Engineering Perspective. New York: Springer,
2005.

A. Niell, A. Whitney, W. Petrachenko, W. Schlter, N. Vandenberg, H.
Hase, Y. Koyama, C. Ma, H. Schuh, and G. Tuccari, “VLBI2010:
Current and Future Requirements for Geodetic VLBI Systems,” IVS
WG3 Rep., 2005 (http://ivscc.gsfc. nasa.gov/about/wg/wg3).

H. Raza, J. Yang and M. Pantaleev, “A compact UWB passive balun
solution for cryogenic 2 — 13 GHz Eleven feed for future wideband radio
telescopes”, Sth Eur. Conf. On Antennas and Propagation (EuCAP
2011), Rome, Italy, 11 — 15 April 2011.

Available at http://www.krytar.com/pdf/6005180.pdf.

A. A. Brazalez, A. Uz Zaman, E. Pucci, E. Rajo-Iglesias, P.-S. Kildal, A.
Kishk, “Improving microstrip filters with gap waveguide packaging”,
Sth European Conference on Antennas and Propagation (EuCAP 2011),
Rome, Italy, 11 - 15 April 2011.

P.-S. Kildal, “Three metamaterial-based gap waveguides between
parallel metal plates for mm/submm waves”, 3rd European Conference
on Antennas and Propagation (EuCAP 2009), Berlin, Germany, 23-27
March 2009.

A. U. Zaman, J. Yang, and P.-S. Kildal, “Using Lid of Pins for
Packaging of Microstrip Board for Descrambling the Ports of Eleven
Antenna for Radio Telescope Applications”, 2010 IEEE international
Symp. on Antennas Propag., Toronto, Ontario, Canada, July 11-17,
2010.

P.-S. Kildal, E. Alfonso, A. Valero-Nogueira, and E. Rajo-Iglesias,
“Local Metamaterial-Based Waveguides in Gaps Between Parallel Metal
Plates,” IEEE Antennas and Wireless Propaga. Lett., vol. 8, pp. 84 - 87,
Apr. 2009.

P.-S. Kildal, Ashraf Uz Zaman, Eva Rajo, E. Alfonso, A. Valero-
Nogueira, “Design and Experimental Verification of Ridge Gap
Waveguide in Bed of Nails for Parallel Plate Mode Suppression”, IET
Microwave Antennas and Propag., vol. 5, no. 3, pp. 262-270, March
2011.

David Pozar, Microwave Engineering, 3rd Edition, p. 258, Wiley, 2005.

P.-S. Kildal, Foundations of Antennas — A Unified Approach, 2nd
Edition, p. 70, Studentlitteratur, 2000




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


