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Abstract: Shorting post loaded annular microstrip antenna is of considerable interest. Recent
works have presented formulations for annular microstrip patch with a shorting post located at
the centre of a circular disc, thereby converting the structure to an annular ring with a centre
shot. A theoretical formulation for multiple post loading (up to ten posts) of an annular patch is
presented. The posts are located away from the centre of the patch and are thin in diameter with
respect to the diameter of the ring. The formulation accurately predicts resonant frequency. For
an accurate formulation, the shorting posts have been considered as inductive impedances at the
frequency of interest. It is shown that for a short loaded ring, TM01 is the dominant mode. The
simple tool presented can be suitably modified to incorporate switching diodes or varactor diodes.
1 Introduction

Shorting posts in microstrip antennas have recently come
into use in order to take advantage of then different prop-
erties such as dual frequency, tunability and compactness
[1–3]. Different geometries are being studied for different
applications [4–6] of shorted antennas. Triangular and
square patch microstrip antennas with shorting posts
were studied for dual frequency operation and to
enhance the bandwidth [7–9]. Miniaturised shorting-post
microstrip antennas were presented in [10], where eigen
frequencies and eigen modes were calculated for shorted
circular patch. A circular microstrip antenna loaded with
a single or concentrically located multiple shorting posts
was studied in [11, 12]. Different methods were utilised
to short the antenna surface with the ground planes, by
using a hybrid active circulator [13] or via-holes
[14–15]. A circular disc antenna with off-centred shorting
posts was first proposed by De [16]. In this, a treatment is
developed for single or multiple posts when the posts are
symmetrically located, that is, equi-spaced along the cir-
cumference of the circle, concentric with the patch radia-
tor. For a single post, symmetry is maintained when
f ¼ 08/1808 that is, the post is located in the same line
as that connecting the feed point and the centre of the
patch. It was shown that the resonant frequency for each
mode depends on t ¼ r2/r1, where r2 is the radial distance
of the posts from the centre of the patch and r1 the radius of
the patch. The resonance also depends on the ratio t2 ¼ r1/
D, where D is the post radius. As the posts move towards
the edge of the patch, the resonance frequency of TM11
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mode first increases and then drops. This effect is more
pronounced when the number of posts P is large. The
lowest resonance for post-loaded patch was shown to be
of (0,1) mode. The higher order modes like (0,2) and
(1,2) show interesting results. For both these modes,
there exists a critical value of t where the resonance fre-
quency is the same as that of the unperturbed patch. On
both sides of this radial distance, the resonance frequency
increases.
In recent times, two major works have been reported for

shorted ring antenna. In [17], an approximate analysis of a
short-circuited ring-patch antenna at TM01 mode is pre-
sented based on the cavity model. Analytical expressions
for resonance frequency, fields, radiation pattern and input
impedance based on this model have been developed. In
[18], short-circuited ring-patch antennas working at TM01

mode based on neural networks are studied. The depen-
dence between the fundamental antenna parameters, such
as internal radius (r), the external radius (R) and permittivity
of the substrate (1), has been studied.
In light of the above discussions, it is seen that significant

amount of work needs to be done for shorting-post loaded
annular microstrip antenna. An accurate model of such an
antenna is necessary to predict the various performances
of the antenna. Theoretical modelling for an annular ring
loaded with multiple posts is not reported in the literature
and is therefore attempted in the present work. This analysis
may lead to a practical design where the shorting posts are
replaced by switching diodes positioned symmetrically
about the feed. A pair of switching diodes can be electroni-
cally switched on or off based on the operating frequency
desired. In the following analysis a theoretical basis for
the loading effect of multiple posts at the same radial dis-
tance from the centre of the annular patch is formulated.
In previous articles, shorted-post loaded circular patch
antennas had been analysed. In this article, the same
method is extended to obtain resonance frequencies for an
annular ring when multiple posts are loading the ring at a
certain radial location. Theoretical results are compared
with simulated results (IE3D) as well as with measured
results.
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2 Theoretical analysis

The analysis is based on the cavity model in which it is
assumed that the substrate is electrically thin (h�0). The
electric field within the substrate has only z-components
and is non-variant in the z-direction. The magnetic field
has essentially x and y components. The basic ring geometry
with shorting posts is shown in Fig. 1. The annular ring of
inner radius ‘a’ and outer radius ‘b’ is loaded with ‘P’
number of passive conducting posts of radius D at angular
locations fi (i ¼ 1, 2, . . . , P) on the circumference of a con-
centric circle of radius ‘c’ where a , c , b. The given
annular ring in the presence of the source can be considered
as consist of two half discs where the line of axis is through
the feed point and the centre of the patch.
For region I (a , r , c), the expressions for the electric

and magnetic fields are obtained as

E(1)
z ¼ �jvnpm{C1Jn(knpr)þ C2 Nn(knpr)} cos nf (1)

H (1)
r ¼ �

n

r

� �
{C1Jn(knpr)þ C2 Nn(knpr))} sin nf (2)

and

H
(1)
f ¼ �knp{C1J

0
n(knpr)þ C2 N

0(knpr)} cos nf (3)

where Jn(knpr) is the Bessel function of the first kind of
order n, vnp and knp are the angular frequency and propa-
gation constant, respectively, for the TMnp mode, and C1

and C2 are constants. Prime denotes a derivative with
respect to its argument. The integer ‘n’ corresponds to the
order of the Bessel function and ‘p’ denotes the pth zero
of Jn 0 (knpr). The subscript ‘z’ is ignored for a particular
mode identification as the electric field is non-variant
along the z-direction.
Similarly for region II (c , r , b), the expressions for

electric and magnetic fields are obtained as

E(2)
r ¼ �jvnpm{C3Jn(knpr)þ C4 Nn(knpr)} cos nf (4)

H (2)
r ¼ �

n

r

� �
{C3Jn(knpr)þ C4 Nn(knpr)} sin nf (5)

Fig. 1 Geometry of annular Microstrip patch antenna loaded
with shorting post
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and

H
(2)
f ¼ �knp{C3J

0
n(knpr)þ C4 N

0
n(knpr)} cos nf (6)

where C3 and C4 are constants and Nn(knpr) is the Bessel
function of the second kind.
Applying the vanishing tangential component of the mag-

netic field in the two regions at the boundary edges leads to
the modification of field expressions as follows

E(1)
z ¼ �jvnpmC

(1)
n F(1)

n (knpr) cos nf (7)

H
(1)
f ¼ �knpC

(1)
n F

0(1)
n (knpr) cos nf (8)

and

E(2)
z ¼ �jvnpmC

(2)
n F(2)

n (knpr) cos nf (9)

H
(2)
f ¼ �knpC

(2)
n F

0(2)
n (knpr) cos nf (10)

where

F(1)
n (kr) ¼ Jn(knpr)N

0
n(knpa)� J 0n(knpa)Nn(knpr)

F(2)
n (knpr) ¼ Jn(knpr)N

0
n(knpb)� J 0n(knpb)Nn(knpr)

and

F
0(1)
n (knpr) ¼ J

0
n(knpr)N

0
n(knpa)� J

0
n(knpa)N

0
n(knpr)

F 0(2)
n (knpr) ¼ J 0n(knpr)N

0
n(knpb)� J 0n(knpb)N

0
n(knpr)

It is assumed that the diameter of the circular post is small.
Such a thin post can be assumed to be replaced by a conduc-
tor in the form of a circular arc strip having arc length equal
to the diameter of the post 2D coincident with a circle of
radius c. For an arc strip of small arc length, the axial
current may be assumed to be uniform along its width.
This current per unit width is given as Ez/Z0 where Z0 is
the impedance per unit length of the post. The impedance
per unit length of such a post, carrying uniform current
and connected between two conducting discs, is given as
[19]

Z0 ¼
hk

4
1� J 20 (kc)þ j

2

p
ln

2

gkD

� �
þ J0(kc)N0(kc)

� �� �

(11)

where c is the radial distance of the post from the centre of
the patch.
The expression derived by Sengupta [19] assumes an

axially oriented metallic post in an infinite radial waveguide
(r ¼ 1), which sustains only E-type radial modes. Use of
this expression in conjunction with the theory developed
in [12] reveals that this particular model is accurate for all
modes of loaded ring resonator when the post is not very
close to the edge of the patch. Deviations are observed
when the posts are moved to the edge. A possible solution
to this is suggested in [20]. In this, the shunt posts are
characterised using the planar waveguide model in which
sidewalls are replaced with a fictitious ‘perfect magnetic
conductor’. The presence of the magnetic walls makes it
necessary to consider the reflected field components,
which are generated by the infinite array of imaged multi-
poles located at the points.
In the proposed model of the loaded annular ring, the

impedance expression derived in [19] has been utilised.
However, to compensate for the edge effects, an empirically
generated correction factor is also incorporated. It has been
shown in a previous publication that such a combination
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leads to a very accurate model of the post-loaded circular
patch [21]. The correction factor is given as

CF ¼
sin p=21n

	 

J0 P=4Vð Þ
�� ��� 2P

J0(atd)
(D=2)�0:7J0(td)

2J0 (c� ae=ae
	 
2 (12)

where td ¼ (c� be)=be, where be is the effective radius of
the ring due to fringing fields.

D ¼ 4 for P � 4:

Else

D ¼ p

V ¼
RP

QP

bn þ anRP

� �

where

an ¼ 0 for n ¼ 0 else 1;

bn ¼ 1 for n ¼ 0 else 0;

Qi and Ri values are obtained from Table 1.

1n ¼ 1 for n ¼ 0 and 1n ¼ 2 for n = 0

To compute the resonance frequency, the impedance
expression used is therefore

Z0 ¼
jvm

2p
ln

2

gkD

� �
þ
p

2
J0(kc)N0(kc)

� �
CF ¼ XT (13)

The empirical correction factor correctly predicts the effect
of multiple posts on the fringe of annular ring for up to ten
posts.
The electric and magnetic fields given by (7)–(10) satisfy

the following boundary conditions.

E
(2)
z ¼ E

(1)
z at r ¼ c (14)

H
(2)
f � H

(1)
f ¼

PP
i¼1 E

(2)
z

(Z0 � 2D)

at r ¼ c

forfi �
a

2
, f , fi þ

a

2
(15)

where a is the angle subtended by the shorted post at the
centre of the ring cavity. The summation over index ‘i’ indi-
cates that the boundary condition is applicable for all short-
ing posts.
From (14) and (15), it is found that

C(2)
n

C
(1)
n

¼
F(1)
n (knpc)

F
(2)
n (knpc)

(16)

Table 1: Correction factor values

No. of posts Qi Ri

1 0.3 0.12 1n

2 0.55 0.35 1n

3 0.6 0.6 1n

4 0.6 0.9 1n

5 1.0 2.0

6 1.05 2.5

7 1.0 3.0

8 0.95 3.5

9 0.9 4.5

10 0.85 5.0
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and

C
(2)
n

C
(1)
n

¼
F 0(1)
n (knpc)

F 0(2)
n (knpc)� F(2)

n (knpc)PP
i¼1 (jvm=2Xtknpc1np)[1þ cos (2nf0)]

(17)

Now using (16) and (17)

F 0(2)
n (knpc)

F
(2)
n (knpc)

�
F 0(1)
n (knpc)

F
(1)
n (knpc)

�
XP
i¼1

1n(1þ cos (2nf))

2 knpcXT

¼ 0

(18)

The resonance frequency for a given mode ‘np’ is obtained
by solving (18), where integer ‘n’ denotes the order of
Bessel’s function and ‘p’ corresponds to the pth zero of
(18).

3 Numerical results

In this article, a theoretical model is developed made to
analyse the annular ring resonator with multiple shorting
pins (posts). The structure is loaded with multiple shorting
posts that are distributed uniformly. The results of the
annular ring with varying number of posts are compared
with simulated results obtained fromMoM-based commercial
solver IE3D. For the analysis of the resonator, the dimensions
chosen are a ¼ 30 mm, b ¼ 60 mm, c ¼ 50 mm,
h ¼ 1.59 mm and 1r ¼ 2:2. For analysis, the number of
posts is varied from 1 to 10. For every case, the angular dis-
tance of the posts on the ring is constant (e.g. for P ¼ 9, the
angular separation among the shorts on ring is 2p/9). The
variation in resonance frequency with the radial location of
the short is also calculated for different modes (n ¼ 0, 1, 2)
and for P ¼ 1, as shown in Fig. 2. For comparison, the same
results are plotted with simulated data. The simulated and
numerical values are in very good agreement. In the dominant
mode (n ¼ 0), the maximum predicted error is less than 1%,
and in higher order modes (n ¼ 1, 2) the maximum predicted
error is 2–3%. The resonance frequency changes with the
number of posts. The variation in resonance frequency is
also computed for dominant and higher-order modes (n ¼ 0,

Fig. 2 Comparison of present theory with simulated data: res-
onant frequency with radial location of short (a ¼ 30 mm,
b ¼ 60 mm, h ¼ 0.159 mm, 1r ¼ 2.2, P ¼ 1)
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1, 2) with a number of posts. Fig. 3 shows that the simulated
and numerical values are in very good agreement. The
maximum error in prediction is 2–3%. The resonance fre-
quency is also varied with the radial location of the short by
changing the radius of the pin (D ¼ 1, 2 mm). The variation
of resonance frequency with radial location for different D
in dominant mode (for n ¼ 0) is shown in Fig. 4. The numeri-
cal results show a good agreement with the simulated results.
The error for D ¼ 1 mm is 2%, whereas the error for
D ¼ 2 mm is 3–4%. A similar variation is also calculated
for a higher mode, shown in Fig. 5, (for n ¼ 1). The numerical
and simulated results are in complete agreement. The
maximum error when D ¼ 1 and 2 mm is 2–3%.

4 Measured results

The results numerically calculated by the present model are
used for the practical design of the ring resonator and a com-
parison is being done between the measured and numerical
results. The design parameters of the antenna are chosen as
a ¼ 30 mm, b ¼ 60 mm, c ¼ 50 mm, h ¼ 1.59 mm,
1r ¼ 2:2 and r0 ¼ 35 mm, where r0 represents the location
of the feed point. The numbers of posts for the measured

Fig. 3 Comparison of present theory with simulated data: res-
onant frequency with number of posts (a ¼ 30 mm, b ¼ 60 mm,
c ¼ 50 mm, h ¼ 0.159 mm, 1r ¼ 2.2)

Fig. 4 Comparison of present theory with simulated data: res-
onant frequency with radial location of short for dominant mode
(n ¼ 0) for different D ¼ 1 mm, D ¼ 2 mm. (a ¼ 30 mm,
b ¼ 60 mm, h ¼ 0.159 mm, 1r ¼ 2.2, P ¼ 1)
4

results are 1, 2, 4 and 10. The measured results of return
loss are given in Table 2. For two and ten posts, the plot of
measured values of return loss is also shown in Fig. 6. The
comparison between measured and numerically calculated
values of resonant frequencies for first three modes (n ¼ 0,
1 and 2) is shown in Table 3. Both numerical and measured
results are in good agreement. The error percentage is less
than 3%.

5 Discussion

The model developed and presented in this article gives a
reasonably accurate prediction of resonance frequencies

Fig. 5 Comparison of present theory with simulated data: res-
onant frequency with radial location of short for higher order
mode (n ¼ 1) for different D ¼ 1 mm, D ¼ 2 mm. (a ¼ 30 mm,
b ¼ 60 mm, h ¼ 0.159 mm, 1r ¼ 2.2, P ¼ 1)

Fig. 6 Variation of return loss with frequency for different no. of
posts (a ¼ 30 mm, b ¼ 60 mm, c ¼ 50 mm, h ¼ 0.159 mm,
1r ¼ 2.2)

Table 2: Measured values of return loss of antenna at
different modes with different posts

No. of posts Measured return loss, dB

n ¼ 0 n ¼ 1 n ¼ 2

1 22.103 23.762 26.53

2 23.07 25.0 28.7

4 215.8 25.9 210.3

10 23.58 223.7 213.27
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Table 3: Comparison of measured and computed values of resonant frequency of shorted ring resonator

No. of posts Resonant frequency, GHz

n ¼ 0 n ¼ 1 n ¼ 2

Computed Measured Computed Measured Computed Measured

1 0.214 0.2198 0.6678 0.6706 1.113 1.133

2 0.376 0.37 0.787 0.79 1.19 1.22

4 0.60 0.6127 0.79 0.7884 1.36 1.388

10 1.036 1.072 1.44 1.4 1.738 1.74
for a shorted patch annular ring antenna. As highlighted
before, a circular patch with a centre shot can also be con-
sidered an annular ring with a shorted inner wall. However,
in our model the inner wall is not shorted and thin shorting
pins are located within the ring to perturb the field patterns
of the given excited mode. The analysis tool considers a
probe-free region where natural resonances are obtained
for the given structure. The probe location affects the
input impedance seen by the coaxial probe for a given
mode. In [22], such impedance had been calculated for
different probe locations for a circular patch. The same
method can be extended to obtain the input impedance for
a shorted annular ring. Similar is the case of radiation
pattern. In this case, the pins are symmetrically located.
So, intuitively, it can be suggested that cross-polarisation
is not degraded by the loading of pins. However, a metallic
pin incurs a small amount of power loss. Therefore gain of
the antennas will be reduced.

6 Conclusion

In this article, a method to compute the resonance frequency
of an annular microstrip antenna loaded with multiple short-
ing posts is presented. The resonance frequency for the
dominant mode and other higher-order modes is predicted
with accuracy. Numerical and simulated results show a
very good agreement. TM01 is the dominant mode for a
short-loaded ring antenna. This analysis can be further
extended to incorporate switching diodes or varactor
diodes.
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