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Abstract

In this study, the resonant frequency of annular ring
microstrip resonator with uniaxial anisotropic substrate and
air gap layer is analyzed. The cavity model for simple ring
microstrip antenna is extended with some modifications for
the tunable geometry taking into account the anisotropy in
the layer. The theoretical resonant frequency results are in
very good agreement with the experimental results reported
elsewhere. The air gap tuning effect on the resonant
characteristics is also investigated for fundamental and
higher order modes.

1. Introduction

During the last three decades, a considerable number of
papers have been published on the performance and
applications of microstrip patch antennas. These patch
antennas possess many desirable features, that make this
type of antennas useful for many applications in radar and
wireless communication  systems. Various  patch
configurations implemented on different types of substrates
have been tested and investigated. In practice, it was found
that the choice of the substrate material is of a great
importance and plays a significant role in achieving the
optimum radiation characteristics of the antenna [1].

Annular ring microstrip antennas, because of their
flexibility for producing dual frequency treatment [2] and
advantages for using in medical applications [3] are
interesting to many researchers. This type of printed
antenna can have a broader bandwidth than other shape of
patch antenna by a proper choice of dimensions and the
mode of operation. Because of these advantages several
studies have been done on the annular ring patch antennas
[2-6]. Furthermore, ring resonators have found applications
in circulators, hybrid junction filters and other microwave
devices [7]. Several articles on ring patch on uniaxial
substrates have been recently published [7-9].

The circular ring has been analyzed extensively using
the cavity model [4, 10-12], generalized transmission line
model [13], analysis in the Fourier-Hankel transform
domain [5], and the method of matched asymptotic
expansion [14]. The cavity model has been chosen as a
simple alternative to analyze and predict the behavior of
microstrip ring antennas. Furthermore, some modifications
are made to account for fringe fields, dispersion effects, and

losses by calculating effective dimensions, effective relative
permittivity, and effective loss tangent, respectively.

The aim of this work is to perform an accurate and
efficient analysis of annular-ring microstrip antennas on
double layer, as well as to perform the analyses for annular
ring microstrip antennas on a single layer substrate and on a
tunable substrate, as particular cases.

2. Antenna configuration and design

The tunable microstrip ring antenna structure is shown
in Fig.l. The resonant behavior of the antenna is
independent of the feed so that the feed was not taken into
account in the analysis.
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Figure 1: Geometry of a tunable microstrip ring antenna.
a- Side view
b- Top view

In order to calculate the resonant frequency, the original
two-layered structure is reduced to a single layered one
having an equivalent relative permittivity & g

Then the resonant frequency is determined for the
equivalent single layered structure as:

kv,

S = m

where v, is the wvelocity of light in free space,
k =2n/(r; +r,) is the wave number, r;, r, the ring radiuses,
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and the integer » denotes the azimuthal variation. & eq is the

equivalent permittivity of the single layered structure was
obtained from the cavity analysis by [15]
_£p(d +dy)
D (dy+e0d)

For TM,,,. modes, the resonant frequency for a ring
resonator can be calculated by taking in to account the
effect of fringing fields, using:

kv,

fr=2ﬂw\/§

where v, is the velocity of light in free space,
k =2n/(r; +r,)is the wave number, r;, 7, the ring radiuses,

2)

)

€.y 1s the effective dielectric constant for a microstrip line

of strip width w=r,-r;.

To account for the fact that small fraction of the field
exists outside the dielectric; it is customary to use effective
permittivity £, in place of Ereq

1

Egp = %[(greq + 1)+ (greq - 1){1 + %)2 4)

The resonant frequency of the ring resonator can be
predicted more accurately using the planar wave guide
model [16] for microstrip line. In this model, the width of
ring is taken as the width of parallel conducting plates
spaced a distance d apart and separated by medium of
relative permittivity £ o The microstrip of width w and the

planar waveguide model will have the same quasi-static
characteristic impedance Z),. The modified values of the
inner and outer radii, taking into account the fringing fields
along the curved edges of ring, may be written [10]

Fpo = 1y +[w,(f) - w2

5
rle=r1_[we(f)_wy2 ()
where

0)-w
w,(f) = w2 6)
f11,)
W, (0) = 120 )
Z0 Eofp
_ %o
P - zﬂd (8)

a pair of empirical formulas for the modified radii,
sufficient for many enginerring purposes, are given by [17]

He =1 —3h/4 ©

rze = 1”2 + 3h/4

where r;, and r,, are the effective radii.

Now for the transformed structure, the effective
dielectric constant is determined and the modified eigen
values are obtained by solving the following characteristic
equation:

Julkrs, )Y, (kti, ) = Tkt )Y, (ke ) = O (10)

where; J, and Y, are Bessel functions of the first and

second kind (the prime denotes derivatives with respect to
x), and order n, respectively for £ when the given values of
rie and ry,, the resonant frequency is determined from
eq.(1).

For a given values of r;, and r,,., of annular-ring patch,
ri. and ry,, are calculated. After solving the eqn. (10), the
mn-order mode resonant frequency may be predicted
accurately from:

mnv
£ =—2mto (11)
2w ,‘,(":eﬁr

where Re kmnrl}= X 18 the real part of (k,,r;),and
denotes the root of the characteristic equation(10).

It should be pointed out that the correction to the
resonant frequency (1) in formula (11) involves both the
effective permittivity and the effective radii, what permits to
obtain a good agreement between theory and experiment in
the case of the annular ring antenna.

If we want to take the substrate uniaxial anisotropy into
account, the relative dielectric permittivity &, will be

replaced with the tensor &, =diag(e g,) where £,

£
x2%x»
and ¢, are the relative dielectric permittivity along x and z
axis, respectively.

*  For the case of isotropic substrate with air gap,
the effective dielectric constant Eeq is given in
Eq.(2).

*  For the case of uniaxially anisotropic substrate
without air gap, Eeq given in [18] Eq. (2) is
used to determine d,, there resulting values are:

E,=¢ (12)

d,=d /& (13)
gZ

3. Results and discussion

In order to confirm the computation accuracy of the
approach described in the previous section, our numerical
results are compared with those obtained from other works
[15, 4] for different resonant modes of circular ring
microstrip antenna.

Table 1: Comparison of measured and theoretical
resonant frequencies for no gap case, d;,=0, r,=2r,

d>,=1.59mm.
Calculated
Measured f, .
Frequencies f,
7 [GHZz]
% &2 [em] [GHz]
3 Our
= [15] (4]
results
™" 2.32 2.5 0.877 0.878 0.875
™ 2.32 2.5 1.722 1.723 1.732
™' 2.32 2.5 2.517 2.515 2.556
™" 2.32 3.5 0.626 0.623 0.621

In order to check the accuracy of the model for two-
layered case, in Table 2 our results are compared with



experimental and theoretical values presented in previous
work [15].

In Table 1, comparisons of the results with experimental
values which were collected from different references [4]
and [15] shows that the agreement of both models are good
for TMnl modes. But developed model by [4] was not
extended for two-layered structure. In Table 2, the results of
our model are compared with those of [15]. In this Table,
we have also added the error values for our results as well
as for the results taken from paper [20]. It is clear that our
results are better than those of [20].

Table 2: Comparison of measured and theoretical
resonant frequencies for, r,=35mm, r,=2r;, €,=2.32.

—_ Measured Calculated Frequencies

E| 8: _fIGHy /. [GHz]

= § = [15] [20] Relative Our Relative

N = errors % results errors %
™" 0.626 0.622 0.64 0.621 0.80

0 | ™" 1.229 1.220 0.73 1.228 0.08
™ 1.800 1.793 0.39 1.814 0.78

0 | T™" 0.720 0.714 0.83 0.711 1.25

| ™™ 1.415 1.405 0.71 1.407 0.57

5 | ™™ 2.075 2.057 0.87 2.077 0.10
™" 0.778 0.763 1.93 0.760 2.31

1 | ™™ 1.516 1.498 1.19 1.505 0.73
™' 2212 2.185 1.22 2.221 0.41

Note that the relative error in Table 2 is defined by the
following equation:

Relative errors % = ((iheo = foneas |/ Foneas)¥100 (14)

Figure. 2 show the resonant frequency against the air
gap thickness for various inner and outer radii of the
annular ring patch. It is seen that the operating frequency
increases with the air layer thickness for a given value of
patch size, however, it depends inversely on the patch size
for a given air gap width d.
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Figure 2: Resonant frequency versus air gap thickness for
different values of patch radius, r,=35mm, ryr;=2,
d>=1.59mm, and ¢,=¢,=2.32.

Next, the effect of uniaxial anisotropy on the resonant
frequency is analyzed. The anisotropy ratio (4R) is defined
as AR=¢_ /¢,

Figure. 3 depict the influence of the air gap thickness on
the resonant frequency of an annular ring microstrip patch
for three anisotropic dielectric substrates: boron nitride
(¢, =34,¢, =5.12) epsilam-10 (¢, =10.3,¢, =13), and
sapphire (¢, =11.6,¢, =9.4) . The substrate has thickness

d; = 1.59 mm and the air gap width is varied from 0 mm to
3 mm.
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Figure 3: Resonant frequency versus air gap thickness for
different anisotropic dielectric substrates, with r»/r;=2, and
d>=1.59mm.

As it can be seen, the resonant frequency reduces
considerably when the dielectric substrate changes from
boron nitride to epsilam-10, and this is in contrast to what
happens when the medium changes from epsilam-10 to
sapphire. The obtained results show that when the
permittivity €, is changed and &, remains constant, the
resonant frequency changes drastically, on the other hand,
we found a slight shift in the resonant frequency when the
permittivity £, is changed and ¢, remains constant. These
behaviors agree very well with those reported by [19]. Also
it is observed that the resonant frequency increases with the
air gap thickness.
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Figure 4: Resonant frequency versus anisotropy ratio (4R)
for different permittivity &, , with r,=25mm, ryr;=2,
d>=1.59mm, and d;=0mm.



Figure. 4 shows results of the resonant frequency
against the anisotropy ratio (AR =¢,/¢,) for an annular

ring microstrip patch printed on single anisotropic layer.
The results are obtained for a fixed value of ¢, while the

parameter &, varies. Results for an isotropic substrate are

chosen by setting 4 = 1. It can be noted that the resonant
frequency increases with the anisotropy ratio. Also, it is also
seen that the resonant frequency shifts to a higher frequency
as the &, parameter value decreases.

4. Conclusion

Anisotropic substrate shielding and air gap tuning effects
on the resonance characteristics of a microstrip ring
structure with uniaxially anisotropic substrate are discussed
for different layer anisotropies. Computations show that the
air separation can be adjusted to have the maximum
operating frequency of the antenna. Extreme care should be
taken when designing a microstrip antenna with thin air gap;
since small uncertainty in adjusting the air separation can
result in an important detuning of the frequency.

Unlike ring microstrip antennas without air gaps,
changes in the relative permittivity &, can significantly shift

the resonant frequency of the tunable ring microstrip patch.
This means that important errors may arise in the
computation of resonant frequencies of microstrip antennas
with air gaps if substrate anisotropy is neglected. The results
of the study will also be useful in the microstrip ring design
using uniaxial metamaterials.
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