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ABSTRACT 

In this paper, the numerical computation of resonant frequency of the two gap-coupled circular microstrip patch an-
tenna loaded with shorting post by using cavity model is presented. The numerically computed results are compared 
with simulated results. The two gap-coupled circular microstrip patch antenna loaded with shorting post miniaturize 
the cross-sectional dimension of the radiating patch at the microwave frequency, which is useful for short range com-
munications or contactless identification systems. The simulation has been performed using method-of-moments based 
commercially available simulator IE3D. 
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1. Introduction 

An explosive growth of the wireless radio frequency 
identification market such as electronic toll collection 
and more generally wireless road-to-vehicle communica-
tion systems is currently observed in the microwave band. 
In the short range communications or contactless identi-
fication systems, antennas are key components, which 
must be small, low profile, and with minimal processing 
costs [1,2]. The microstrip patch antennas are of great 
interest for aforementioned mentioned applications due 
to their thin and compact structures. The flexibility af-
forded by microstrip antenna technology has led to a 
wide variety of design and techniques. The main limita-
tions of the microstrip antennas are low efficiency and 
narrow impedance bandwidth. The bandwidth of the mi-
crostrip antenna can be increased using various tech-
niques such as by loading a patch, by using a thicker 
substrate, by reducing the dielectric constant, by using 
gap-coupled multi-resonator etc [3–5]. However, using a 
thicker substrate causes generation of spurious radiation 
and there are some practical problems in decreasing the 
dielectric constant. The spurious radiation degrades the 
antenna parameters. Among various antenna bandwidth 
enhancement configurations, the two gap-coupled circu-
lar microstrip patch antenna is most elegant one. So, 

gap-coupling is the suitable method for enhancing the 
impedance bandwidth of the antennas [6,7]. In the cofi-
gration of gap-coupled microstrip antennas method, two 
patches are placed close to each other. The gap-coupled 
microstrip antennas generate two resonant frequencies 
and the bandwidth of the microstrip antennas can be in-
creased [6]. 

There exist a wide range of basic microstrip antenna 
shapes such as rectangular, circular and triangular patch 
shapes which are commonly used patches. For these 
patches, operating at their fundamental mode resonant 
frequency, are of the dimension of the patch is about half 
wavelength in dielectric. At lower frequencies the size of 
the microstrip antennas becomes large. In modern com-
munication systems the compact microstrip patch anten-
nas are desirable. The size of the microstrip antenna can 
be reduced by shorting the patch. Changing the basic 
patch shape can give rise to substantial size reduction. 
Further decrease in size can be obtained by loading the 
basic shapes by shorting post or slots [8–10].  

In [11,12], circular microstrip patch antenna with dual 
frequency operation is designed by shorting the patch 
and the results are compared with the conventional cir-
cular microstrip antenna (without a shorting post) which 
shows that the size of the circular microstrip antenna can 
be reduced for the same frequency application. It is also 
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observed that the resonant frequency of the circular mi-
crostrip antenna with shorting post can be varied by 
varying its location. In [13,14], it is shown that the 
loaded circular microstrip antenna has two modes that is 
TM01 and TM11. Recently, we have also designed two 
gap-coupled circular microstrip patch antenna without 
shorting post which generates two modes that is TM11 
and TM21 mode [15]. 

In the present paper, the two gap-coupled circular mi-
crostrip patch antenna is loaded with a shorting post to 
minimize the size of the antenna structure and it is seen 
that it generates the three modes that is TM01, TM11 and 
TM21. The resonant frequency of TM01 mode of the pro-
posed antenna is lower as compared to TM11 and TM21 
mode of the two gap-coupled circular microstrip anten-
nas as reported in [15]. The numerical computation of the 
resonant frequency of the shorting post loaded two gap- 
coupled circular microstrip antenna is performed and the 
results are compared with the simulated results. The 
simulation is performed by using the IE3D simulator 
which is based on the method-of-moment. This paper is 
structured as follows. In Section 2, the geometrical con-
figuration of the two gap-coupled circular microstrip 
patch antenna is discussed. In Section 3, the proposed 
antenna is analyzed theoretically. The Section 4 dis-
cusses the analytical and simulated results of the pro-
posed antenna. Finally, Section 5 concludes the work. 

2. Antenna Configuration 

The geometrical configuration of two gap-coupled circu-
lar microstrip patch antennas loaded with shorting post is 
shown in Figure 1. The patch of radius  mm is 
the feed patch and other patch of radius  mm is 
the parasitic patch. The parasitic patch is excited by the 
gap-coupling whereas the feed patch is excited by the 
probe feeding technique. The parasitic patch introduces 
another resonance near the main resonance and proper 
adjustment of the structure parameters, bandwidth can be 
enhanced. The feed patch is shorted by shorting post of 
diameter . The height and permittivity of the substrate 

is  mm and 

15a 
15d 

p

591.h  2.2r  , respectively. The gap 

distance between the adjacent edges of the feed patch and 
parasitic patch is s . 

3. Theory 

Now we divide the structure in two concentric regions; 
region I and region II as shown in Figure.2.The inner 

radii of region I is 
2

p
 and outer radii of region I is ‘a’. 

The inner radius of region II is ‘b’ and outer radius of 
region II is ‘c’. 

Now, we consider the field expressions for given TMnp 
mode in these two regions [16]. 

In region I (
2

p
r a  ): 

The solution of the wave equation in cylindrical coor-
dinates for region I gives the field expressions as:  

(1) [ ( ) ( )]cos1 2
E j C J kr C N kr nz n n

        (1) 

(1) ' '[ ( ) ( )]cos1 2
H k C J kr C N kr n

n n
          (2)  

The expression for  is omitted for brevity. The 

 and 

(1)Hr
(1)Ez

(1)H  are the axial electric field and azi-

muthal magnetic field, respectively for region I,   and 
k are the angular frequency and propagation constant for 
TMnp mode, respectively. ( )J x

(N
n

n
n

 is the Bessel function 

of first kind of order  and  is the Bessel func- )x

 
Figure 1. Geometrical configuration of the two gap-coupled 
circular microstrip patch antenna loaded with shorting post 

 

Figure 2. Analytical configuration of the two gap-coupled 
circular microstrip patch antenna loaded with shorting post 
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tion of second kind of order . C1 and C2 are the am-
plitude constants for region I. 

n

In region II ( b r ): c 
The solution of the wave equation in cylindrical coor-

dinates for region II gives the field expressions as:  

(2) [ ( ) ( )]cos3 4E j C J kr C N kr nz n n        (3) 

(2) [ ' ( ) ' ( )]cos3 4H k C J kr C N kr nn n          (4) 

where C3 and C4 are the amplitude constants for region II. 
Considering the parasitic patch in isolation the boundary 

condition of vanishing (2)H  can be applied as: 

(2) 0H  for  and b r c  1 2        (5) 

Thus, 

'( )
4 2

'( )3 1

c
J kr rdrnC Ib

cC IN kr rdrn
b


  


          (6) 

Therefore the field expression in region II can be rewrit-
ten as: 

(2) (2) (2) ( )cosE j C F krz n n n         (7) 

(2) (2) (2) '( ) cosH kC F kr nn n            (8) 

where  is a constant dependant on given mode n 

and 

(2)Cn

(2) ( ) ( ) ( )1 2F kr J kr I I N krn n n          (9) 

Similarly, 
(1) 0Ez   for  / 2r p

( / 2) 31
( / 2)2 4

IC N kpn
C J kp In

    

Thus the field expression in region I is: 

(1) (1) (1) ( ) cosE j C F krz n n n         (10) 

(1) (1) (1) '( ) cosH kC F kr nn n            (11) 

where  is a constant and (1)Cn

(1) ( ) ( ) ( )
3 4

F kr J kr I N kr In n n
         (12) 

We now consider the gap between two regions at the 
point of coupling between two patches as a -type net-
work [15] as shown in Figure 3. 



 

Figure 3. An equivalent circuit diagram of the two gap-gap 
coupled circular microstrip patch antenna 

In Figure 3,  are the wall admittances of 

individual patches and  is the mutual admit-

tance between the two patches. 

( / )wy a b
n

m
n

( , )y a b

Here,  

1my
n j M

  

where M denotes magnetic coupling and is given by  

0
1 240 0

h h q
M dl dl

s




  


 

where  is the substrate height and  is a correction 

factor. The formula for magnetic coupling is derived for 
infinitely thin cylindrical lines. However, to take account 
for substantial area of each cylinder an empirical correc-
tion factor is utilized. From the condition of discontinuity 
of current in these two regions, we can write: 

h q

(1) (2) (1) (2)( ) ( ) ( ) ( )
1 2

aH a bH b E a Y E b Y
z z      (13) 

using this expression, we obtain: 

(1) (1)(2) '( ) ( )
1

(1) (2) (2)
'( ) ( )

2

j
aF ka F ka YC n nn k

jC bF kb F kb Yn n nk









     (14) 

For small gap normal component of electric field is 

continuous at 'r  where '
2

b a
r


 .  

Therefore  at . (1) (2)( ) ( )E r E r
z z

 'r r

From this 

(1)(2) ( ')

(1) (2)
( ')

F krC
n n

C F krn n

              (15) 

Equating Expressions (14) and (15) we get: 
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(1) (1)(1) '( ) ( )( ') 1
0

(2) (2) (2)( ') '( ) ( )
2

j
aF ka F ka YF kr n nn k

j
F kr bF kb F kb Y

n n nk






 


 (16) 

The above transcendental equation gives the resonant 
frequency of a given TMnp mode. 

4. Results and Discussion 

The proposed simulation model of two gap-coupled cir-
cular microstrip patch antenna is as shown in Figure 1. It 
is clearly seen that, for the short-circuited patch antenna, 
the input impedance become very sensitive to the feed 
position and strongly depends on the distance between 
the shorting post and the feed position [2–10]. The de-
termination of all relevant parameters for the shorting 
post microstrip patch antenna is straight forward once the 
resonant frequency has been determined. It has been 
shown that the resonant frequency depends critically on 
dimension of the shorting post and gap distance between 
adjacent edges of the feed patch and parasitic patch. 

In Figure 4, the variation of resonant frequency of dif-
ferent modes with radius of shorting post in feed patch is 
shown. It is important to note that at a fixed frequency, 
the patch size can be increased or decreased, depending 
on the radius of the shorting post. As the radius of the 
shorting post increases the resonance frequency of the 
proposed antenna is increases for TM01 TM11 and TM21 
modes as shown in Figure 4 In Figure 5, the variation of 
resonant frequency of different modes with gap distance 
between adjacent edges of the feed patch and parasitic 
patch is shown. The resonant frequency decreases with 
increasing the gap distance between adjacent edges of the 
feed patch and parasitic patch for TM01 TM11 and TM21 
modes as shown in Figure 5. The proposed antenna is 
also simulated using IE3D simulator. The numerically 
computed and simulated results are compared which 
shows good agreement as shown in Figure 4 and Figure 5. 

The diameter of the shorting post and the gap distance 
between the adjacent edges of feed patch and parasitic 
patch also play an important role in the overall size of the 
patch conductor. Basically, the shorting post is modeled 
as an inductance parallel to the resonant LC circuit de-
scribing a reference resonant mode of the unloaded 
(without shorting post) patch. In an equivalent circuit, 
new resonance mode (with shorting post) can be viewed 
as resulting from the inductance due to shorting post. 
Using the resonant frequency of TM01 mode, the size of 
the gap-coupled circular microstrip antenna can be re-
duced for same frequency applications, because the 
resonant frequency of this mode is much less than the 
resonant frequencies of the conventional gap-coupled 
circular microstrip antenna presented in [15]. By varying 
the various parameters such as diameter of shorting post 
and the gap distance between adjacent edges, the reso- 

 
(a) 

 

 
(b) 

 
(c) 

Figure 4. Variation of the resonant frequency with radius of 
the shorting post of the proposed antenna for, (a) TM01 
mode with s = 0.5 mm; (b) TM11 mode with s = 0.5 mm and 
(c) TM21 mode with s = 0.5 mm 

nant frequencies of the presented antenna can be con-
trolled. 

To validate the presentation of mode numbers the 
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simulated current density on the patches are presented in 
Figure 6, 7 and 8. It is seen that the mode numbers are 

 

 
(a) 

 

 
(b) 

 
(c) 

Figure 5. Variation of the resonant frequency with gap dis-
tance between adjacent edges of the feed patch and para-
sitic patch for (a) TM01 mode with radius of shorting post = 
0.5 mm, (b) TM11 mode with radius of shorting post = 0.5 
mm, and (c) TM21 mode with radius of shorting post = 0.5 mm 

predicted accurately. In this case, the current density to-
wards ‘Red’ colour is maximum and current density to-
wards ‘Blue’ colour is minimum. The current density 
represented by ‘Yellow’ colour is between the ‘Red’ and 
‘Blue’. The left hand side patch is the feed patch and the 
right side patch is parasitic patch. In Figure 6, the yellow 
region is at the center of the feed patch and blue region at 
the surroundings of the green region conveys the TM01 

mode. In Figure 7, it is seen that on the feed patch a yel-
low region and a blue region exists. This accounts for 
TM11 mode. Two blue regions in Figure 8 convey the 
existence of TM21 mode. 

5. Conclusions 

In this paper, a numerical model for shorting post loaded 
two gap-coupled circular microstrip patch antenna is de-
veloped. The comparison between the numerically com-
puted and simulated results shows good agreement in 
resonant frequency for TM01, TM11, and TM21 modes. 
The proposed gap-coupled microstrip antennas loaded  

 

Figure 6． The current density distribution on the proposed 
two gap-coupled circular microstrip patch antennas loaded 
with shorting post for TM01 mode at frequency 2.149 GHz 
for gap distance between adjacent edges of feed patch and 
parasitic patch 0.1 mm and radius of shorting post 1.5 mm 

 

Figure 7. The current density distribution on the proposed 
two gap-coupled circular microstrip patch antennas loaded 
with shorting post for TM11 mode at frequency 3.6912 GHz 
for gap distance between adjacent edges of feed patch and 
parasitic patch 0.1 mm and radius of shorting post 1.5 mm 
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Figure 8. The current density distribution on the proposed 
two gap-coupled circular microstrip patch antennas loaded 
with shorting post for TM21 mode at frequency 3.8474 GHz 
for gap distance between adjacent edges of feed patch and 
parasitic patch 0.1 mm and radius of shorting post 1.5 mm 

with shorting post can be used for multi frequency appli- 
cations. Also the size of the proposed antenna can be 
controlled by varying either gap distance between adja-
cent edges of the feed patch and parasitic patch or radius 
of the shorting post. The proposed model can be ex-
tended to multiple resonators as well as analysis with 
different patch sizes.  
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