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Abstract –Here a multi band annular ring patch antenna is
presented for super high frequency application. The antenna
adopt two annular ring connected with a single strip line
feeding and has the radiation pattern for E-plane and for Hplane is unidirectional with some side lobe. The best result is
obtained when the thickness of the rings is 1mm and inner
radiusof 3mm. the antenna is very small in size and resonate
at multi frequency in supper high frequency band. In
addition, the bandwidth is (302.3MHz, 397.5MHz, 933.6MHz,
and 1977.1MHz) it is also known as impedance bandwidth.
And the considerable bandwidth is (4.4%, 3.2%, 6.8%, and
10.5%) respectively.
Index Terms-annular ring, microstrip antenna, super high
frequency.

Coupling feeding [5]; 4) the impedance-transformer line
feeding [2].
For Mobile-Satellite application, it is needed that antenna
has uniform radiation pattern in the upper half space as
well as at low elevation angle. For improving low-elevation
gain there are two methods, 1) changing the shape of patch
and the ground to enhance the gain at low elevation angle.
2) Increasing the dielectric constant and thickness of the
substrate for increasing the surface radiation [7]. And the
improvement of low-elevation gain is limited. And the low
profile is discarded.
In the proposed work, the antenna has unidirectional
radiation pattern shape which is most acceptable for radar,
satellite, wireless communication and mobile application.

I. Introduction

II. Antenna configuration and design

Super high frequency band is most popular band it
ranges from 3GHz to 30GHz. The conventional boundary
between UHF and SHF at 3GHz. The first band of SHF is Sband ranging from (2GHz-4GHz) and it is last band of
UHF.SHF band is sub divided in S, C, X, Ku and K. It is most
popular for its application in satellite as well as it is used in
Radio astronomy, wireless communication, most modern
radar, satellite television broadcasting, DBS, mobile
communication and many other applications also. From
few decades the annular ring antenna gets a wide attention
due to some advantage [1-6]. The dimension of annular
ring is smaller than the circular patch at fixed frequency
application. This is due to surface current path is increased
[1]. Using this feature antenna array can be used. However,
facing of large input impedance is an obstacle on its uses.
And to overcome on this obstacle many technique is
developed, 1) The electromagnetic coupling feeding [3, 4];
2) adding parasitic patch [1]; 3) The aperture

The geometry of transmission line feeding annular
ring is shown in figure 1. There are two annular ring as a
radiating element and substrate with dielectric constant of
4.4 (FR4-epoxy) and metallic ground. The inner and outer
radius of both ring are same and represented by a and b
respectively.
If the wave propagation mood in annular ring is TMnmthen
the resonant frequency of the annular ring microstrip
patch antenna is given by,
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(1)
Where fnm is resonant frequency for annular ring patch, εeis
effectivepermittivity
that
is
permittivity
after
consideration of fringing effect, c is speed of light in
vacuum and Xnm is the roots of the characteristics equation
given by equation 2.
From equation 1 it is understood that resonant frequency
can be change by changing the substrate, changing by
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radius or by changing both. The impedance of annular ring
patch for TM11 TM12 is very high, and it depends on the
ratio of outer radius to inner radius i.e. (a/b).
As the ratio increase the impedance increases. The
separation of resonance frequency is controlled by a/b.
For TM11 it is hardly to match impedance by adjusting the
ratio a/b. that’s why for this impedance transfer line is
used [2]. For annular ring on increasing the thickness of
the substrate the impedance gets decrease as well as the
bandwidth gets enhanced. Impedance at outer boundary of
annular ring is larger than impedance at inner boundary
therefore the 50Ω impedance matching is possible for
TM12 mode.
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Thickness of the substrate h=1.6mm
Dielectric constante εe =4.4
Outer radius a=4mm
Inner radius b=3mm
Thickness of strip line and joining line of both rings is =
0.4mm
Center distance between both circle is =10mm
Dimenssion of ground and substrate is = (36mm x 30mm).
The results can be varied by using different
substrate but FR4-epoxy is cheaper that’s why FR4-epoxy
is most widely used as substrate. The center of annular ing
is at (0mm,-5mm,1.6mm) and the other annular ring is
1800 rotation of the frist annular ring. The center distance
of the anuular patch is 10mm.

a

b

0.4mm
10mm
Figure 3: Photo of the propotype

Figure 1: patch geometry
When annular ring is operated in TM12, it is found
that its impedance bandwidth is several times achieved by
other patches [12].

III. Results and discussion
Figure 3 shows the return-loss of the proposed
antenna. And the return loss is calculated by the equation
given below.
(3)
The impedance bandwidth for S11 <-10dB is
302.3MHz, 397.5MHz, 933.6MHz, and 1977.1MHz which
ranges from (6.6995GHz-7.0018GHz), (12.1034GHz12.5009GHz),
(13.208GHz-14.1416GHz),
and
(17.7907GHz-19.7678GHz)
Andtheir
considerable
bandwidth is 4.4%, 3.2%, 6.8%, and 10.5%) respectively.
The first two bandwidths is not wide while other two is

Figure 2: 3D geometry of patch antenna.
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wide, that’s why the antenna can be used for satellite
communication for short capacity messages or satellite
position services [7] on the other hand larger bandwidth
can be used for large data transfer or can be used as
modern Radar technique.
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Figure 5: Total directivity at resonance frequency.
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Figure 3: Measured and simulated return-loss.
Fig. 3, fig. 4 show a good agreement between measured
and simulated value.

And at θ=300 and at ϕ= 2900 the gain at lower resonance
become considerable and somewhat reduce at high
resonance frequency as shown in figure 5.
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The VSWR of the proposed antenna is shown in
the figure 4 which is calculated by the equation given
below.
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Figure 6: E-Plane radiation pattern
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Figure 4: Measured and Simulated VSWR.
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At some angle the directivity of the antenna is
very less for lower resonance frequency but high at high
resonance frequency.

Figure 7: H-Plane radiation pattern
Figure 6 and figure 7 shows that the antenna is somewhat
like directional antenna. But some side lobe is present. And
these side lobe are mainly responsible for interference.
IV. Conclusion
By changing the outer and inner radius of the
patch the 50Ω impedance matching can be found or by
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changing the width of the feeding line the impedance is
matched for single feeding. The result indicate that the
proposed antenna resonate at multi-frequency and the
bandwidth of each resonance is large enough to transmit
the data. It is used for satellite communication, in modern
radar, and as the size of the antenna is also very small due
to which it can be used in small devices like cell phone and
tracking devices.
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