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Abstract—A patch antenna with its tri-band resonance at 
1.8 GHz, 2.5 GHz and 3.59 GHz has been designed and a 
method to miniaturize the size using a metamaterial with dual 
circular ring loaded at its ground layer has been discussed. The 
reduced size patch with dual circular ring loaded at ground 
layer provides a resonance similar to its patch with unloaded 
ground layer while providing similar antenna parametric 
results for its reflection coefficient, gain, bandwidth and 
efficiency. The effect of loading the dual circular ring at the 
ground layer provides a mechanism for size reduction (from 
the original patch size of 41.5 mm x 31 mm to 36 mm x 28 
mm) in the patch of about 21.64 %. The proposed antenna is 
perfectly suited for its application in wireless media due to its 
resonance at three frequency band.  
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I.  INTRODUCTION 
The next generation technology looks for innovative ways 

to miniaturise the electronic devices. The Antenna being 
communication media in these devices is often one of the 
component with large space and it needs to be miniaturised. At 
the GHz frequency range, the patch size is decided by the 
factor of its transmitting/receiving signal wavelength. With the 
isolation of patch element with other metallic layers being 
important for its reliable signal transmission/reception, the real 
estate of the PCB gets an additional increase. The successful 
signal communication requires its antenna parameters such as 
radiation, bandwidth and gain to be significant enough within 
the intended operating frequency band. This paper talks about 
a design of low profile flexible microstrip patch antenna 
working at various operating frequencies such as 1.8 GHz, 2.5 
GHz and 3.59 GHz with the use of a thin polyimide substrate 
(1.6 mm) and addition of dual ring metamaterial at its ground 
layer. The loading of metamaterial can resonate the patch at its 
sub-wavelength [1 – 2] thus reducing the overall patch size 
with its resonance at similar frequencies. Over the past, the 
patch miniaturisation has been obtained using traditional 
techniques with the application of high value substrate 
material [3 – 5], dielectric loading [6 – 8], shorting pins [9 – 
10] and slots [11 – 12]. This paper talks about patch 
miniaturisation with the addition of dual ring slots at its 
ground layer. The effect of slot at its ground layer over a 
traditional patch antenna for its antenna parameters at its 
resonating frequencies has been evaluated and compared. The 
full field solver software tool such as CST Microwave studio 
and Keysight based ADS has been  used to model and 

simulate the design and obtain the result for its various 
parameters such as reflection coefficient, VSWR, Gain and 
Efficiency. A comparison of the results has been obtained for 
patch configurations (Patch antenna loaded with metamaterial 
at its ground layer and patch antenna without loading 
metamaterial) using field solver software tools while plots 
such as permittivity, permeability behaviour, S11 and S12 
parametric comparison have been obtained using Matlab. 

II. DESIGN METHODOLOGY 

A. CSRR Design 
The application of the metamaterial in patch application is 

one method to miniaturise its size. Here a dual ring 
metamaterial has been designed and is shown in Fig. 1. The 
metamaterial is made of two concentric circular rings with the 
outer dimension of the ring being 7.1 mm, the width of the 
ring being 0.8 mm while the spacing between two rings is 0.5 
mm and its thickness is 0.001 mm. The rings are designed 
using copper and is laid over a 7.5 mm x 7.5 mm x 1.6 mm 
polyimide substrate (dielectric constant of 3.5 and tangent loss 
of 0.0027).  

 

 
 

Fig. 1 Dual ring patch 
 

To characterize the metamaterial behavior, its S11 and S12 
parameters have been obtained and is shown in Fig. 2. The 
analytical functions [13 – 14] have been used to find the 
effective permittivity and permeability with its reflection and 
transmission parameters using Matlab and is shown in Fig. 3. 
Here ε and µ represent the permittivity and permeability of the 
designed structure. As shown here the relative permittivity and 
permeability is negative within the intended frequency range, 
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thus the metamaterial behaves as Double Negative (DNG) 
metamaterial structure. 

 
 

Fig. 2 S11 and S12 parameter for dual ring 
 

 

 
 

Fig. 3 Real Permeability and permittivity plot for dual ring 
 

B. Patch Antenna Design 
A patch antenna with its resonance at three different 

frequency, 1.8 GHz, 2.5 GHz and 3.59 GHz has been designed 
and simulated. The patch has been miniaturized with the 
loading of dual circular ring metamaterial as its slot at its 
ground layer. Figs. 4 and 5 show the top view of the original 
and miniaturized patch antenna designed using CST/ADS 
software. The original patch is designed using copper 
conductive media and has a dimension of 41.5 mm x 31 mm x 
0.01 mm while it is laid over 1.6 mm thick polyimide substrate 
with dielectric constant of 3.5 and tangent loss of 0.0027. The 
ground layer is made of PEC media with thickness 0.01 mm. 
The conducting patch is connected through a copper feed of 
23.6 mm x 2.0 mm x 0.001 mm. Similarly the miniaturized 
patch is designed with copper conductive media and have a 
dimension of 36 mm x 28 mm x 0.01 mm while it is laid over 

1.6 mm thick polyimide substrate with dielectric constant of 
3.5 and tangent loss of 0.0027. The ground layer is made of 
PEC media with thickness 0.01 mm. The conducting patch is 
connected through a copper feed of 19 mm x 2 mm x 0.001 
mm. A dual ring slot with the dimension as described in the 
previous section has been designed at its ground layer and is 
placed at (-1 mm, -2 mm) from the centre of the patch. 
 

 
 

Fig. 4 Patch antenna without dual ring loading 
 

 
 

Fig. 5 Patch antenna with dual ring loading at ground layer 
 

 
 

Fig. 6 Comparison of S11 parameter without dual ring slot 
 

Fig. 6 shows a comparison of the S11 parameter for the 
patch without loading the dual ring structure while Fig. 8 
shows a comparison of the S11 parameter for the patch with 
loading the metamaterial at its ground layer. As shown here 
the resonating frequencies for the patch loaded with 
metamaterial matches with the patch without loading the 
metamaterial for ADS and CST software simulated results 
while providing a similar reflection coefficient. 



 

 

 
 

Fig. 7 Comparison of S11 parameter with dual ring slot at ground layer 
 

Figs 6 and 7 shows some shift in resonance frequencies with 
the band at 2.0 GHz, 2.8 GHz and 3.4 GHz for the results 
obtained through ADS software in comparison of CST 
software obtained results at 1.82 GHz, 2.5 GHz and 3.35 GHz 
for the dual ring loaded patch element.  
 

 
 

Fig. 8 Radiation pattern at 1.82 GHz 
 

 

 
 

Fig. 9 Radiation pattern at 2.5 GHz 

 

 
 

Fig. 10 Radiation pattern at 3.35 GHz 
 
The radiation pattern of the patch with dual ring slot at its 
resonating frequencies has been obtained and shown in Figs. 
8-10.  

III. COMPARISON OF PARAMETRS  
Table I shows a parametric comparison of the patch for its 

reflection coefficient, VSWR, Gain, Directivity and Efficiency 
with and without slot at the ground layer obtained through 
CST and ADS software.  The results obtained through two 
software shows some difference in its patch resonance, 
however with the introduction of dual ring slot in its ground 
layer there is a reduction in the patch dimension while 
resonating at similar frequencies to its unloaded patch. The 
gain and directivity obtained from these two different software 
tools are similar while there is a reduction of efficiency 
obtained through ADS software tool. Table I also shows that 
CST software provides more accurate results for its gain and 
efficiency. 

 
TABLE I 

COMPARISON OF PATCH ANTENNAS 
  Freq (fo) 

in GHz 
S11 (dB) VSWR Gain (dB) 

CST 

Patch 
without 
MTM 

1.8 -15.03 1.43 5.31 
2.5 -18.5 1.27 6.52 

3.59 -11.63 1.71 5.73 
Patch with 

MTM 
1.82 -13.42 1.54 4.88 
2.5 -16.6 1.35 5.94 

3.35 -15.86 1.38 4.43 

ADS 

Patch 
without 
MTM 

1.8 -14.56 1.46 4.82 
2.53 -15.41 1.41 6.01 
3.0 -13.3 1.55 4.37 

3.63 -13.91 1.51 5.77 
Patch with 

MTM 
2.0 -10.71 1.82 4.94 
2.8 -27.75 1.09 5.48 
3.4 -10.74 1.82 4.38 

 

 

 

 



 

 

  Freq (fo) 
in GHz 

Directivity 
(dBi) 

Main Lobe 
direction (°) 

Total 
Efficiency 

(%) 

CST 

Patch 
without 
MTM 

1.8 5.95 5 86.31 
2.5 6.78 0 94.15 
3.59 6.27 38 88.48 

Patch with 
MTM 

1.82 5.36 4 89.53 
2.5 6.29 2 92.21 
3.35 5.13 48 85.12 

ADS 

Patch 
without 
MTM 

1.8 6.47 0 68.34 
2.53 6.73 2 84.68 
3.0 6.33 37 63.75 
3.63 7.66 60 64.65 

Patch with 
MTM 

2.0 6.50 0 69.83 
2.8 6.75 3 74.59 
3.4 6.68 43 58.87 

 

IV. CONCLUSION  
The paper talks about modeling a patch antenna for its 

resonance at 1.8 GHz, 2.5 GHz and 3.59 GHz and a 
mechanism to reduce the patch size while providing its 
resonance at similar frequencies. A comparative study of two 
different modeling method with the help of CST and ADS 
software has been obtained for a patch design and its 
miniaturization using dual circular ring slot at ground layer. 
The loading of a dual ring slot provides a size reduction (of 
about 21.64 %) from the original patch size of 41.5 mm x 31 
mm to 36 mm x 28 mm. The use of polyimide provides a 
flexibility in its design for application in medical and 
consumer electronics.  
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