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Abstract

The Compact Microstrip Monopole Antenna (CMMA) is a novel antenna design that combines a
microstrip patch antenna with a three-dimensional structure to attain a highly directive, broadband,
compact antenna. A Tri-Lobed Patch (TLP) was designed to minimize the patch’s area while reducing the
antenna’s operating frequency. A Grounding Wall (GW) connects the patch to the ground plane and a
Vertical Enclosure Wall (VEW) extends up away from portions of the patch’s perimeter. This VEW
supplies the antenna with a higher directivity in the radial direction as well as reduces the operating
frequency. The CMMA was designed to operate at 2.23 GHz, but experimental results have shown this
antenna resonates at 2.05 GHz which is on the order of approximately A,/11.6 with respect to the
antenna’s largest dimension, with a directivity and bandwidth of 6.0 dBi, and 130 MHz (6.3 percent),
respectively. This miniature, radially emitting antenna makes the CMMA attractive for planetary-based
surface-to-surface communications.

1. Introduction

NASA'’s vision for space exploration calls for extending the human presence throughout the solar
system through both human and robotic missions (ref. 1). This vision will be realized with a return to the
moon by 2020 in preparation for future human missions to Mars and beyond. As NASA begins exploring
these destinations a flexible, reliable, and cost-effective wireless communications network will be needed.
This wireless communications network will be required to support various types of communications
including voice, data, imaging, and video to and from an assortment of mobile and non-mobile nodes. To
achieve these goals a concerted research effort into miniature antenna technologies is ongoing at the
NASA Glenn Research Center (GRC). The Compact Microstrip Monopole Antenna (CMMA) presented
in this paper is one of the outcomes of this ongoing effort.

The CMMA radiates like a miniature monopole antenna with a height of less than A,/11.6, where A, is
the wavelength of the electromagnetic signal in free space. This small size was achieved by attaching a
Grounding Wall (GW) along a small section of the perimeter of a Tri-Lobed Patch (TLP) (ref. 2). Efforts
by other groups (e.g., the Dime Antenna (refs. 3 and 4)) have shown that the operating frequency of these
grounded patches was determined by the length of the ungrounded perimeter, plus the length of the GW.
The TLP achieves a larger perimeter while maintaining a smaller area to reduce the operating frequency
while minimizing size. Although this approach significantly reduces the antenna’s operating frequency,
the directivity is greatly diminished. To address this problem a Vertical Enclosure Wall (VEW) was
attached to portions of the TLP’s perimeter to increase the antenna’s directivity and further reduce the
antenna’s operating frequency, in our case by as much as 500 MHz.

2. Compact Microstrip Monopole Antenna (CMMA) Design and Fabrication

The CMMA was designed and simulated using Zealand’s IE3D electromagnetic simulator to radiate
at 2.23 GHz, a frequency within the band being considered for Lunar and Martian surface-to-surface
communications (refs. 5 and 6). The TLP was designed on a 1.57 mm thick substrate with a relative
dielectric constant of €, = 2.2 over a ground plane. A series of six connected circles located at the corners
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of an equilateral hexagon defines the layout of this patch. The diameter of each circle is 4.60 mm which is
also equal to one side of the equilateral hexagon. Figure 1 illustrates the design technique used for the
TLP. In figure 2 the locations of the GW and the VEW are depicted. A GW approximately 1.20 mm wide
was attached from the perimeter of the patch to the ground plane spanning the 1.57 mm thickness of the
substrate. A VEW of 11.0 mm in height and 31.2 mm in length was attached to the perimeter of the TLP
and distributed evenly around the 2 lobes which are directly opposite the lobe containing the GW.

@
v,

v
(c) - 11.5 mm >

Figure 1.—The design technique used for laying out the tri-lobed patch (TLP) in the CMMA. (a) A depiction of the
equilateral hexagon used to determine the location of the six uniform circles with a radius of 2.3 mm. (b) The
darker region depicts the area used to define the TLP from part a. (¢) The TLP design used in the CMMA. This
patch was fabricated on 1.57 mm Duroid® 5880 with a relative dielectric constant of g, = 2.2.
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Figure 2.—A 3-dimensional diagram of the CMMA.
The grounding wall (GW) on the right connecting
the tri-lobed patch (TLP) to the ground plane is
1.57 mm in height and W = 1.20 mm wide. A coaxial
probe is fed from the bottom through the substrate
d = 0.75 mm from the GW. The vertical enclosure
wall (VEW) on the left extends H = 11.0 mm up away
from the TLP’s perimeter while wrapping 31.2 mm of
the perimeter opposite of the GW.

The prototype shown in figure 3 was fabricated at NASA GRC on 1.57 mm Duroid® 5880 (Rogers
Corporation, Chandler, AZ) with a relative dielectric constant of €, = 2.2. The copper surface of the
Duroid® 5880 was etched to pattern the TLP used in the CMMA. The GW and VEW were fabricated
using copper tape. The adhesive from the copper tape was removed using a ketone-based solvent. The
50 um thick walls were shaped appropriately and attached to the patch using Ablebond, a conductive
epoxy. A coaxial probe was inserted through the Duroid® 5880 to feed an RF signal from below the
antenna through the substrate to the TLP. This probe was attached 0.75 mm from the GW. The outer
conductor of the coaxial probe was removed near the ground plane to prevent electrical shorting.

3. Experimental Testing and Results

The CMMA was measured using an HP 8510C network analyzer which showed an optimal S;;
performance at 2.05 GHz. The measured difference in this operating frequency from simulation could be
a result of fabrication constraints. The relative dielectric constant of the epoxy, which is nominally 4, may
have been a factor contributing to the lowering of the operating frequency. Simulations that included this
epoxy layer have shown a reduction in the operating frequency to what was observed in experiments. The
10 dB bandwidth of the fabricated antenna was approximately 130 MHz (6.3 percent) which was larger
than the simulated one of 50 MHz. Figure 4 compares the measured return loss of the CMMA with
simulation. The broadening of the resonance is a result of the non-optimal matching and coupling losses
between the RF probe feed and the antenna.
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Figure 3.—The CMMA prototype fabricated at
NASA GRC. The picture shows the vertical
enclosure wall (VEW) on the right with the
hole for the RF probe at the base of the
CMMA on the left.
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Figure 4.—The measured and simulated return
losses for the CMMA. The operating frequency
was measured at 2.05 GHz with a 130 MHz
bandwidth (measured). The antenna was
designed to operate at 2.23 GHz with a bandwidth
of 50 MHz (simulation w/o dielectric). Also shown
is the simulated data for the return loss of the
CMMA taking into account the effects of the
epoxy (gr ~ 4) used to attach the VEW to the TLP
(simulation with dielectric).
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Figure 5.—Plots comparing the directivity of the measured and simulated radial radiation patterns of the CMMA at
2.05 GHz. (a) E-plane radiation pattern. (b) H-plane radiation pattern.

Experimental measurements of the CMMA’s radiation patterns were performed in the Cylindrical
Near Field Antenna Range at NASA GRC (ref. 7). The measured radiation patterns for the E-plane and
H-plane are shown in figure 5. The radial radiation characteristic of the CMMA indicates that the
dominant radiation mechanism of the antenna is the surface current flowing on the VEW. This current is
fed at the base of the wall and is distributed in a manner determined by the TLP. Note that this
distribution is a function of frequency and hence it is the TLP that controls the frequency behavior of the
antenna. The current flows vertically and must terminate at the top edge of the wall resulting in the
radiated field. These currents can be viewed in the current distribution plot shown in figure 6. The
directivity of the CMMA prototype was calculated from the radiation pattern to be approximately 6.0 dBi
which is comparable to the simulated directivity of 5.0 dBi and the quarter-wave monopole of 5.16 dBi
(ref. 8).
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Figure 6.—The average current distribution through the CMMA. (a) Top view of the average current distribution
(magnitude) through the TLP. (b) The average current distribution (magnitude) through the VEW as seen along
the line of sight of the plane containing the probe feed and parallel to the TLP. (¢) The average current distribution
through the VEW looking at it from the side. (d) Top view of the vector distribution of current through the TLP.

4. Conclusion

With the CMMA'’s unique combination of a VEW and a microstrip patch, this miniature antenna
retains its high directivity and large bandwidth properties as compared to typical miniature antennas
which trade these properties to achieve their small sizes. Measured results have shown that the CMMA is
capable of operating at less than A,/11.6 with no trade off in its directivity. The measured bandwidth and
directivity for this antenna were 130 MHz and 6.0 dBi, respectively. The CMMA has the potential for
many applications where monopole antennas are typically used. Many mobile components in NASA’s
future missions such as sensors, rovers, robots, etc., will require radially directed antennas since the
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antenna’s orientation and position cannot be predicted. The CMMA’s small size makes it more suitable
for integration than other larger monopole antennas. Future work for this antenna includes an
investigation into a linear array of the CMMA elements to produce a highly directive radially radiating
antenna.

References

1. National Aeronautics and Space Administration, The new age of exploration. NASA’s direction for
2005 and beyond, July 15, 2005, <http://www.nasa.gov/pdf/107490main_FYO06 Direction.pdf>

2. R. Waterhouse, Small microstrip patch antenna, IEE Electronics Letters, vol. 31, (1995), 604—605.

3. B.A. Cetiner, L. Jofre, F. Flaviis, N. Alexopoulos, and G. P. Li, A miniature broadband antenna for
portable communications terminals, IEEE Antennas and Propagation Society International
Symposium, vol. 4, (2001), 108-111.

4. B.A. Cetiner, L. Jofre, F. Flaviis, Reconfigurable miniature multiclement antenna for wireless
networking, IEEE Radio and Wireless Conference, (2001), 203-206.

5. D.L. Brandel, Spectrum recommendations for lunar relay and lunar proximity links, Presentation to
NASA Architecture Sub-Group for Spectrum on June 24, 2004.

6. Space Frequency Coordination Group, Frequency assignment guidelines for communications in the
mars region, July 15, 2005, <http://www.sfcgonline.org/handbook/rec/rec22-1r1.doc>

7. K. Lambert, G. Anzic, R. Zakrajsek, and A. Zaman, Overview of antenna measurement facilities at
the NASA Glenn Research Center, Proceedings of the Antenna Measurement Techniques Association
24™ Annual Meeting & Symposium, (2002), 549-554. Also found as NASA/TM—2002-211883,
October 2002.

8. W.L. Stutzman, G.A. Thiele, Antenna theory and design, Edition 2, John Wiley & Sons, Inc., (1998),
68.

NASA/TM—2006-213885 7



REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
November 2006 Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

A Compact, Broadband Antenna for Planetary Surface-to-Surface Wireless
Communications

WBS-22-612-30-81-04

6. AUTHOR(S)

Philip Barr, Afroz Zaman, and Félix Miranda

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

National Aeronautics and Space Administration
John H. Glenn Research Center at Lewis Field E—15256

Cleveland, Ohio 44135-3191

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

National Aeronautics and Space Administration
Washington, DC 20546-0001 NASA TM—2006-213885

11. SUPPLEMENTARY NOTES

Responsible person, Philip Barr, organization code RCA, 216—433-6718.

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Unclassified - Unlimited
Subject Categories: 88 and 91

Available electronically at http://gltrs.grc.nasa.gov
This publication is available from the NASA Center for AeroSpace Information, 301-621-0390.

13. ABSTRACT (Maximum 200 words)
The Compact Microstrip Monopole Antenna (CMMA) is a novel antenna design that combines a microstrip patch
antenna with a three-dimensional structure to attain a highly directive, broadband, compact antenna. A Tri-Lobed
Patch (TLP) was designed to minimize the patch's area while reducing the antenna's operating frequency. A Grounding
Wall (GW) connects the patch to the ground plane and a Vertical Enclosure Wall (VEW) extends up away from
portions of the patch's perimeter. This VEW supplies the antenna with a higher directivity in the radial direction as
well as reduces the operating frequency. The CMMA was designed to operate at 2.23 GHz, but experimental results
have shown this antenna resonates at 2.05 GHz which is on the order of approximately A /11.6 with respect to the
antenna's largest dimension, with a directivity and bandwidth of 6.0 dBi, and 130 MHz (6.3 percent), respectively.
This miniature, radially emitting antenna makes the CMMA attractive for planetary-based surface-to-surface commu-

nications.
14. SUBJECT TERMS 15. NUMBER OF PAGES
Broadband antenna; Wireless communications; Compact microstrip monopole antenna; 13

. .. 16. PRICE CODE
S-band; Surface-to-surface communications; Miniature antenna

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102










<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




