IEICE TRANS. COMMUN., VOL.E90-B, NO.11 NOVEMBER 2007

3307

[LETTER

Stacked Rectangular Microstrip Antenna with a Shorting Plate for
Dual Band (VICS/ETC) Operation in ITS

Takafumi FUIIMOTO® and Kazumasa TANAKA ", Members

SUMMARY A stacked rectangular microstrip antenna with a shorting
plate is proposed as a car antenna for dual band (VICS and ETC) operation
in the ITS. The proposed antenna has the proper radiation patterns for the
VICS and ETC. The antenna is small in size and effective in dual band
operation.

key words: stacked microstrip antenna with a shorting plate, dual band
operation, vehicle information and communications system (VICS), electric
toll collection system (ETC)

1. Introduction

Recently, antennas for multi band operation have received
much attention and many single feed Microstrip antennas
(MSAs) for dual band operation have been proposed [1]-
[5]. Most of them are antennas with linear polarization in
two frequency bands for mobile phones and wireless LAN
applications. In some ITS (intelligent transport system) ap-
plications, such as ETC (electric toll collection system),
GPS (global positioning system) and SDARS (satellite digi-
tal audio radio service), a circularly polarized wave is used.
Therefore, antennas for dual band operation in ITS applica-
tions must radiate a circularly polarized wave. The design of
single feed and dual band MSAs with circular polarization is
difficult compared with those with only linear polarization.

The authors have proposed a stacked square MSA with
a shorting post as a car antenna for the vehicle information
and communications system (VICS) in the ITS application
[6]. Since the proposed antenna has a radiation peak at low
elevation angles, the antenna receives signals with uniform
level within the communication area for the VICS. More-
over, its size is much smaller than that of the conventional
rectangular MSA used presently. In this letter, the antenna
proposed in [6] is redesigned as a small car antenna for dual
band (VICS/ETC) operation. Yuminaga et al. have proposed
a single feed and triple band MSA for GPS, VICS and ETC
[7]. However, the antenna hasn’t been designed with con-
sideration of the radiation patterns for VICS.

In the calculations in this letter, the simulation software
package IE3D 10.2, based on the method of moments in the
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spectral domain is used [8]. In order to ascertain the accu-
racy of the calculated results, the calculated return loss, axial
ratio and radiation pattern are compared with experimental
data.

2. Specifications of VICS and ETC

The communication area for the VICS extends 35 m in both
directions from the beacon antenna installed at the shoulder
of the road. In such a case, the radiation peak of the car
antenna must be at low elevation angles along the road [6],
[9]. The communication area for the ETC is very narrow
(the extent is 4 m in one direction from the toll gate antenna)
and the toll gate antennas are installed above the car antenna.
Therefore, it is desirable that the car antenna for the ETC has
a radiation peak at high elevation angles.

The center frequency fy and the bandwidth of the VICS
in Japan are 2.4997 GHz and 85 kHz. In order to keep high
communication quality for a mobile communication system
with a wide area such as VICS, it is desirable for the band-
width to be as wide as possible. In this letter, therefore, a
bandwidth of 50 MHz (2.0%) is aimed for in the VICS band.
The center frequency fy and the bandwidth of the ETC are
5.8 GHz and 100 MHz (1.73%). Linear polarization is used
for the VICS while circular polarization is used for the ETC.

3. Antenna Design

Figure 1 shows a stacked rectangular MSA with a shorting
plate and its coordinate system. The antenna consists of a
dielectric substrate and an air layer with a patch. The geom-
etry of antenna patch proposed in [6] is square. In this let-
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Fig.1  Geometry of stacked rectangular microstrip antenna with a
shorting plate and its coordinate system.
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ter, however, its geometry is rectangular to achieve circular
polarization in the ETC band. The upper and lower rectan-
gular patches are the same size and have a width and length
of W and L, respectively. The upper patch is shorted to the
lower patch at the apex of the rectangular patch. The width
of the shorting plate is d,. The relative dielectric constant
and thickness of the upper and lower layers are €,1=1.0, h;
and £,,=2.60, h;, respectively. The antenna is excited at the
lower patch by a coaxial feed through the lower dielectric
substrate at point xy, yo which lays around the diagonal.

4. Antenna Characteristics

Figure 2 shows the difference between the frequency giving
the lowest return loss and the center frequency f,=2.5 GHz
in the VICS band for changes of the width of the shorting
plate d,. Figure 2 also shows the difference between the fre-
quency giving the best axial ratio and the center frequency
f0=5.8 GHz in the ETC band for changes of the width d,,.
Although the width d,, influences the frequency in the VICS
band, it does not affect the frequency in the ETC band. In the
ETC band, moreover, the return loss at the frequency giv-
ing the best axial ratio changes from —13.5dB to —15.2dB,
the best axial ratio from 0.34dB to 0.40dB and the band-
width from 2.85% to 2.89% when the width d,, changes from
0.8 mm to 2.8 mm. The fact that the changes of the antenna
characteristics in the ETC band are very small makes the
designing of the antenna easier. In the design procedure,
at first the size of the rectangular patch is adjusted to tune
the antenna to the ETC band and after that the width of the
shorting plate is adjusted to tune the antenna to the VICS
band. Since independent tuning is possible for each band,
the proposed antenna is effective and useful in the design
for dual band operation.

Figure 3 shows the bandwidth of the antenna for
changes of the thickness %; in the VICS and ETC bands.
The bandwidth for the VICS is defined as the return loss
< —10dB and that for ETC as the return loss £ —10dB with
an axial ratio £3 dB. For each #, the size of the rectangular
patches and the width of the shorting plate are determined
by the design procedure mentioned above and the location
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Fig.2 Differences from center frequency fy of VICS and ETC

(W=13.6 mm, L=15.1mm, &,=1.0, £2=2.60, hj=4.0mm, hy=1.6 mm,
x0=3.8 mm, yp=>5.1 mm).
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of the feed point is adjusted to achieve maximum band-
width. The bandwidths in both the VICS and ETC bands
increase as the thickness /; increases. The bandwidths of
h; =z 3.6mm satisfy the specifications of both the VICS
and ETC. For all 4; in Fig. 3, the averaged width and length
((W+L)/2)is equal to 14.35 mm=0.121, 5=0.2815 3 (As:the
wave length at f GHz).

Figures 4(a) and (b) show the measured and calcu-
lated return losses and axial ratios with the thickness 4, =
4.0mm, respectively. The antenna was made of copper-
clad Glass-fiber-PTFE. The measured bandwidth (return
loss £ —10dB) is 66 MHz (2.61%) in the VICS band and
the measured bandwidth (return loss £ —10dB with axial
ratio £ 3dB) is 190MHz (3.34%) in the ETC band. The
bandwidths of the proposed antenna satisfy the specifica-
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Fig.3 Bandwidths in VICS and ETC bands (g,1=1.0, £,,=2.60,
hy=1.6 mm).
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Fig.4 Comparison of measured and calculated return losses and ax-
ial ratios (W=13.6mm, L=15.1mm, dp,=1.6mm, &1=1.0, &2=2.60,
h1=4.0mm, h=1.6 mm, xp=3.8 mm, yp=5.1 mm).
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Fig.5 Time averaged electric current distributions (W=13.6 mm,
L=15.1mm, d,=1.6mm, &=1.0, £2=2.60, h;=4.0mm, hy=1.6mm,
x0=3.8 mm, yp=5.1 mm, frequency=5.8 GHz).

tions of both the VICS and the ETC. The calculated results
agree well with the measured ones.

Figure 5 shows the intensity of the time averaged elec-
tric current distribution at the center frequency of the ETC
band, 5.8 GHz. The intensity of the electric current on most
of the area of the shorting plate is very small (—12dB or
less). Therefore, the shorting plate doesn’t affect the an-
tenna characteristics in the ETC band as shown in Fig. 2.
The intensities of the electric currents on both the upper
and lower patches (without considering the feed point) are
maximum around the centers of the edges of the rectangular
patches and approximately zero (—28 dB or less) around the
four apexes of the patches, which indicates the width and
length of the patches approximately becomes a half wave-
length. However, the intensity of the electric current on the
upper patch is much smaller than that on the lower patch.
These characteristics of the antenna operation at 5.8 GHz
denote that the proposed antenna operates as the conven-
tional half-wavelength stacked MSA which has the para-
sitic patch above the fed patch conductor [10]. Moreover,
since the lower rectangular patch conductor has the feed
point around the diagonal, the lower patch conductor also
operates as a rectangular patch conductor with a perturba-
tion segment in the ETC band [11]. Therefore, the proposed
antenna radiates a circularly polarized wave when choosing
the proper ratio (L/W) of the length to the width of the rect-
angular patch conductor. In the conventional stacked MSA,
the Quality factor Q of a mutual resonance which occurs
between the upper and lower patches becomes small as the
thickness of the upper layer increases [12]. Therefore, as
shown in Fig. 3, the bandwidth of the proposed antenna in
the ETC band increases as the thickness /; increases.

In this letter, the electric current distribution isn’t pre-
sented for the VICS band. However, the current distribution
of the proposed antenna was the same as the antenna pro-
posed in [6], which is shorted between the upper and lower
square patches by a cylindrical conductor. In the VICS band,
the proposed antenna resonates when the sum of the lengths
of the diagonal of the upper and lower patches and the short-
ing plate becomes a half wavelength at 2.5 GHz. There-
fore, the antenna doesn’t operate as the conventional stacked
MSA but as a single antenna element. In this case, there-
fore, as the thickness &, increases, the bandwidth increase
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Fig.6 Comparison of measured and calculated radiation patterns
(W=13.6mm, L=15.1mm, d,=1.6mm, &,=1.0, £2=2.60, h;=4.0 mm,
hy=1.6 mm, xp=3.8 mm, yp=>5.1 mm).

(as shown in Fig. 3) is not due to a decrease in the Q of the
mutual resonance between the upper and lower patches, but
is only a result of a decrease in the Q of the upper patch.

Figures 6(a)—(d) show the measured and calculated ra-
diation patterns at 2.5 GHz and 5.8 GHz, respectively. Since
the size of the ground plane is infinite in the calculation by
IE3D, the antennas don’t radiate behind the ground plane
in the calculation. Moreover, the radiation pattern around
z=0 cannot be calculated accurately. Therefore, the radia-
tion patterns are shown for the angles 0° < 6 < 85°. In
the measurement, a finite ground plane (41,5 X 41,5 =
1045 X 10454) is used. The differences between the calcu-
lated and measured radiation patterns at 2.5 GHz are due to
the edge diffractions of the finite ground plane [6]. However,
the calculated radiation patterns agree well with the mea-
sured ones at 5.8 GHz because the size of the finite ground
plane is large compared with the wavelength at 5.8 GHz. At
2.5 GHz, the radiation peak is at low elevation angles which
is the radiation pattern required for a car antenna for the
VICS. This is due to the following: (i) the radiation fields by
the electric currents on the upper and lower patches (flowing
to the opposite directions) cancel out each other around the
high elevation angles and (ii) the maximum radiation fields
due to the electric current on the vertical shorting plate are
in the broadside direction [6]. Since the proposed antenna
operates as the conventional half-wavelength stacked MSA
for a circular polarization at 5.8 GHz, the antenna has a radi-
ation peak around high elevation angles where the toll gate
antennas are installed.

5. Conclusion

A stacked rectangular MSA with a shorting plate has been
proposed for dual band (VICS and ETC) operation in ITS.
The operational principles of the antenna were dis-
cussed using the electric current distributions. The return
loss, axial ratio and radiation pattern were calculated by
simulation software and compared with measured results.
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Although differences between the calculated and measured
radiation pattern in the VICS band were observed, the good
agreement between the other calculations and measurements
confirm the results of this work.

The proposed antenna is very small and has suitable
radiation patterns for the VICS and ETC. Moreover, since
independent tuning is possible for each band, the proposed
antenna is effective and useful in the design for dual band
operation.

Acknowledgments

The return loss, the axial ratio and the radiation pattern of
the MSA were measured at the Joint Research and Devel-
opment Center, Saga University. The authors would like to
thank Assistant Professor E. Nishiyama of Saga University
for his valuable advice on the measurement of MSA. This
research was supported in part by a Grant-in-Aid for Scien-
tific Research (16760305) from Japan Society for the Pro-
motion of Science.

References

[1] K.L. Wong, “Compact dual-frequency and dual-polarized microstrip
antennas,” in Compact and Broadband Microstrip Antennas, ed.
K. Chang, pp.87-161, John Wiley & Sons, New York, 2002.

[2] K.L. Wong, “Broadband dual-frequency and dual-polarized mi-
crostrip antennas,” in Compact and Broadband Microstrip Antennas,

(3]

[4]

(51

(6]

(71

(8]
(91

[10]

[11]

[12]

IEICE TRANS. COMMUN., VOL.E90-B, NO.11 NOVEMBER 2007

ed. K. Chang, pp.279-293, John Wiley & Sons, New York, 2002.
Y.X. Guo, K.M. Luk, and K.F. Lee, “A quarter-wave U-shaped patch
antenna with two unequal arms for wideband and dual-frequency
operation,” IEEE Trans. Antennas Propag., vol.50, no.8, pp.1082—
1087, Aug. 2002.

J.H. Lu, “Broadband dual-frequency operation of circular patch an-
tennas and arrays with a pair of L-shaped slots,” IEEE Trans. Anten-
nas Propag., vol.51, no.5, pp.1018-1023, May 2003.

S.H. Yeh, K.L. Wong, T.W. Chiou, and S.T. Fang, “Dual-band pla-
nar inverted F antenna for GSM/DCS mobile phones,” IEEE Trans.
Antennas Propag., vol.51, no.5, pp.1124-1126, May 2003.

T. Fujimoto, S. Noguchi, K. Tanaka, and M. Taguchi, “Stacked
square microstrip antenna with a shorting post for road vehicle
communication,” RF and Microwave Computer-Aided Engineering,
vol.14, no.3, pp.244-252, May 2004.

S. Yuminaga and Y. Yamada, “A triple-layer patch antenna capable
of triple-frequency operation,” 2003 IEEE Antennas and Propaga-
tion Society International Symposium, in CD, 2003.

IE3D User’s Manual, Zeland Software, Inc., Dec. 1999.

Y. Kazama, N. Morita, and S. Tokumaru, “Mobile communications
higher-order-mode microstrip antennas for road vehicle communica-
tions,” IEICE Trans. Commun. (Japanese Edition), vol.J§2-B, no.10,
pp-1898-1904, Oct. 1999.

A.N. Tulintseff, S.M. Ali, and J.A. Kong, “Input impedance of a
probe-fed stacked circular microstrip antenna,” IEEE Trans. Anten-
nas Propag., vol.39, no.3, pp.381-390, March 1991.

K.R. Carver and J.W. Mink, “Microstrip antenna technology,” IEEE
Trans. Antennas Propag., vol.29, no.1, pp.2-24, Jan. 1981.

S.D. Targonski, R.B. Waterhouse, and D.M. Pozar, “Design of wide-
band aperture-stacked patch microstrip antennas,” IEEE Trans. An-
tennas Propag., vol.46, no.9, pp.1245-1251, Sept. 1998.





<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


