A Switchable Microstrip Patch Antenna for
Dual Frequency Operation

ABSTRACT—A novel design for equilateral-triangular
microstrip antennas with switchable resonant frequency is
proposed. For dual-frequency operation, the proposed design
is achieved by loading a pair of slits in the triangular patch,
and two PIN diodes are utilized to switch the slits on or off. By
increasing the length of the slits, the lower resonant frequency
can be varied in the range from 1.22 GHz to 1.72 GHz
whereas the upper resonant frequency remains unchanged.

Keywords— Switchable frequency, microstrip antenna, dual
frequency, T-shaped slit.

1. Introduction

In satellite and wireless mobile communication systems
applications, microstrip antennas have attracted much interest
due to their low profile, light weight, and easy fabrication with
monolithic circuits [1], [2]. However, one difficulty in the
development of microstrip antennas is their much narrower
bandwidth compared to that of ordinary microwave antennas.
For this reason, there has been a great deal of research on ways
to overcome the bandwidth problem of microstrip antennas in
recent years. In applications in which increased bandwidth is
needed for operation at two or more separate sub-bands, a valid
alternative to the broadening of total bandwidth is the use of
dual- or multi-frequency microstrip antennas [3]. Operation in
two or more discrete bands with an arbitrary separation of
bands is desired in many applications, such as synthetic
aperture radar (SAR), Global Positioning System (GPS),
wireless local area networks (WLANS), and so on.

The range of application of microstrip antennas and their
performance can be considerably improved by suitably loading
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shorts, stubs, and slot loadings. A simple dual-resonance printed
antenna based on a spiral-like shorted patch configuration with
an additional shorting pin to generate the second resonance was
presented in [4]. Dual-frequency operation of the microstrip
antenna with a stub embedded in the patch [S] or a slot in the
ground plane [6] was also reported. Recently, the dual-frequency
design of a single-feed triangular microstrip antenna with a pair
of slits was reported [7]. Based on a similar concept, this paper
presents a novel approach to realize a dual-band equilateral-
triangular microstrip antenna using a pair of slits. Here, two slits
are cut into the triangular patch and two PIN diodes are
positioned at the ends of the slits to control their status.

II. Antenna Structure

The structure of the proposed switchable microstrip antenna
is shown in Fig. 1. The antenna is built on a 1.6 mm thick FR4
dielectric (¢, = 4.4 and tan ¢ = 0.02). The triangular microstrip
antenna is fed by a 50 Q coaxial probe. Because the probe feed
point is located at the center line of the patch, linear
polarization operation can be achieved. The distance from the
bottom of the triangular patch to the feed point is denoted by s.
Simulations were carried out using IE3D, a commercial
electromagnetic simulator by Zeland Software, Inc., based on
an integral equation method and the method of moment.
Figure 1 shows the switchable microstrip antenna with
T-shaped slits. The dimensions of the slits are L;xW;. The
narrow gap of the slits is denoted by ..

When reverse bias is applied, the PIN diodes show open
impedance and this has little effect on the shape of T-shaped
slits. This can be considered the off-state of the microstrip patch
antenna. When both diodes are off, the T-shaped slits of the
proposed antenna increase the length of the electrical current
for a given area. The longer path is much longer than the
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Fig. 1. Configuration of the switchable microstrip antenna with a pair
of T-shaped slits (L;=34.5 mm, ;=1 mm, and #>=1.5 mm).
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Fig. 2. (a) Proposed microstrip antenna with the bias line and (b)
enlarged configuration of left side for switchable antenna.

equilateral-triangular patch, which greatly reduces the
fundamental resonant frequency of the proposed antenna.
Once the diode is turned on, the resonant frequency shifts to

604  Youngje Sung

1.87 GHz. This can be considered the on-state of the microstrip
patch antenna. When forward bias is applied, the PIN diodes
show short impedance; therefore, the gaps in the front part are
connected, and electric current flows through the diode. At this
point, the T-shaped slits are transformed into I-shaped slits.
Since the embedded I-shaped slits are oriented to be parallel to
the patch edges and are expected to have very small effects on
the performance of the TM;y, mode, the upper resonant
frequency remains unchanged. As previously mentioned, by
varying the length of the slit, the lower resonant frequency of
the proposed antenna is tunable in the range from about
1.2 GHz to 1.7 GHz. Therefore, various frequency ratios of the
two resonant frequencies can be obtained.

Figure 2 shows the proposed switchable antenna with bias
line. It is easy to implement a DC bias circuit because the slit
gap is appropriate to insert a PIN diode, and the slits are located
at the edge of the patch. The characteristics of the slits are
changed depending on the on- or off-state of PIN diodes, and
the triangular patch antenna has different characteristics in
accordance with them. A bias current of 15 mA is supplied to
the PIN diodes (HSMP-3894) using a constant-current circuit.
For the RF-signal, the diode shows an ohmic resistance of
1.5 Q in the forward state and a capacitance of 0.7 pF in the
reverse-biased state. To isolate the DC bias circuit from RF
signal, two 47 pF capacitors and high impedance lines are used
as shown in Fig. 2. The width of the high impedance lines is
0.1 mm, which corresponds to 169 Q. The length of the high
impedance lines is set to a quarter wavelength at the lower
resonant frequency.

III. Results and Discussion

Figure 3 shows the simulated and measured return loss for
the two resonant frequencies of the proposed antenna, f,s and
fon- The side length d of the triangular patch is S0 mm, and the
original resonant frequency of the antenna is 1.91 GHz. The
proper position of the diode is confirmed by the simulation
results. The dimensions of the slits are fixed to 34.5 mm x 1 mm.
Other parameters of the proposed antenna are the following:
L, =245 mm, and L; = 9 mm. The gap W, is 1 mm, and
distance s is 3 mm. When both diodes are off, the lower
resonant frequency is 1.22 GHz. When the diodes are turned
on, the resonant frequency shifts to 1.83 GHz. As can be seen
from this graph, very good agreement between simulation and
experiment is achieved, with an error in the predicted
minimum return loss frequency of less than 2.0%. This small
deviation is partially due to the diffracted field at the edge of
the substrate, which is not considered in the simulation. A DC
bias circuit is practically considered in the simulation as shown
in Fig. 3. A short circuited /4 microstrip line is connected to
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Fig. 3. Simulated and measured return loss of the proposed antenna.
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Fig. 4. Measured radiation patterns of the proposed antenna: (a)
off-state (f=1.22 GHz) and (b) on-state (f=1.83 GHz).

the patch ground plane. With the use of T-shaped slits for the
proposed antenna, the impedance bandwidths, which are
determined from the 10 dB return loss, are about 1.6% and
22% for the two resonant frequencies. Many numerical
simulations of the proposed antenna have been performed with
T-shaped slits of various lengths. The feed point is insensitive
to slit length variation. As previously mentioned, the lower
resonant frequency is decreased when the slit length is
increased; however, the higher resonant frequency remains
unchanged. When the slit length is increased, the frequency
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ratio increases.

Measured radiation patterns at the resonant frequencies for
four antennas are shown in Fig. 4. The electrical size of the
ground plane is kept at about 1.2y x 1.24,. The maximum
gains of the proposed antenna are 1.3 dBi with the bias off and
3.4 dBi with the bias on. The measured results show that the
proposed antenna has very similar stable co-polarized radiation
pattern characteristics in both E- and H-planes. The cross-
polarization levels in both E- and H-planes are better than
18 dB at the resonant frequencies. The radiation patterns are
not affected by T-shaped slits for dual-frequency operation.

IV. Conclusion

A switchable microstrip triangular antenna has been
demonstrated for dual-frequency applications. The resonant
frequency of the microstrip antenna can be adjusted by setting
the diodes on or off. The resonant frequencies of the proposed
dual-frequency design are of the same polarization plane and
have similar radiation characteristics. The frequency ratio of the
proposed antenna can be tuned by varying the slit length. This
design may be usefully applied to wireless communication.

References

[1] R. Garg, P. Bahl, and A. Ittipiboon, Microstrip Antenna Design
Handbook, Norwood, MA: Artech House, 1995.

[2] T. Itoh, G. Haddad, and J. Harvey, RF Technologies for Low
Power Wireless Communications, New York: Wiley, 2001.

[3] K.L.-Wong, Compact and Broadband Microstrip Antennas, John
Wiley and Sons, 2002.

[4] H. K. Kan et al., “Dual-resonance Spiral-like Shorted Patch
Antenna,” Electron Lett., vol. 41, no. 10, May. 2005, pp. 577-578.

[5] A. E. Daniel and R. K. Shevgoankar, “Slot Loaded Rectangular
Microstrip Antennas for Tunable Dual Band Operation,” in Proc.
IEEE Antennas and Propagation Soc. Int’l Symp., vol. 1, 2004, pp.
257-260.

[6] Seung-Bok Byun et al., “Reconfigurable Ground-Slotted Patch
Antenna Using PIN Diode Switching,” ETRI Journal, vol. 29, no. 6,
Dec. 2007, pp. 832-834.

[7]1J.H. Lu, C.L. Tang, and K.L. Wong, “Novel Dual-Frequency and
Broadband Designs of Slot-Loaded Equilateral Triangular
Microstrip Antennas,” IEEE Trans. Antennas Propagat., vol. 48,
no. 7, July 2000, pp. 1048-1054.

Youngje Sung 605



	I. Introduction
	II. Antenna Structure
	III. Results and Discussion
	IV. Conclusion
	References


<<
  /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


