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Abstract: A single band microstrip-fed patch antenna is 

presented which contains the radiating structure having concave 

shape slots and split ring resonator loaded in the partial  ground 

plane. This partial ground plane  has been used to enhance the 

bandwidth of proposed antenna. Both the partial ground plane 

and radiating patch are perfect electric conductors. The patch is 

imprinted on a substrate named as Epoxy Glass FR-4 having 

thickness 1.6 mm, relative permittivity 4.4, and loss tangent 

0.0024. The designed concave shape microstrip patch antenna 

(MPA) is resonate at single frequency band from 3.4-3.8 GHz 

with 400 MHz bandwidth and corresponding return loss of 

-25dB. A parametric study has been performed for the concave 

shape slots located in the patch. Proposed MPA is simulated 

using Computer Simulation Technology Microwave Studio 

Version 14.0 (CST MWS V14.0). Furthermore, the radiation 

performance of antenna in terms of gain and radiation efficiency 

has been analyzed . The proposed antenna is having a  peak gain 

of 3.2 dB and  radiation efficiency of  94%. 

 

Index Terms: CST MWS V14.0, partial ground plane, fifth 

generation, microstrip patch antenna, SRR. 

 

I. INTRODUCTION 

 

The fifth generation (5G) is the upcoming generation of 

mobile generation. It can operate in three different frequency 

spectrum below 1GHz ; mid range 1-6 GHz and millimeter 

frequency (mm-wave)  band (3-300 GHz) [1]. The mid range 

1-6 GHz spectrum is taking a great interest due to larger 

wavelength and available base station sites. In the mid range 

spectrum, 3.4-3.8 GHz band is focused by maximum 

countries ,as it is easy to  implement with current 

technology[2]. 

In  the recent literature [3-4], antenna have been designed for 

mm-wave bands for 5G applications. But, atmospheric losses 

are major concern at these bands, therefore these proposed 

antennas are not suitable for long distance communication. 

To solve this propagation problem,  different single element 

and MIMO antennas  have been reported for mid range below 

6GHz band [5-7].  In [5],  a single element planar circularly 

polarized 5G antenna has been designed for S-band (3.6-4 

GHz) applications. In this designed antenna, thickness of 

antenna is very high of the order of 27 mm and the complete 

range of S-band (2 to 4 GHz) has not been covered. 
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In [6], a dual polarized dipole antenna for 2G,3G,4G and 5G 
application has been proposed. This antenna has been 

covered  complete range of 5G band (3.4-3.8 GHz). But at the 
same time overall height of antenna is very high of the order 
of 54mm which is not suitable for 5G applications. In another 
study [7], a compact four element MIMO antenna is proposed 

for 3-4 GHz frequency band. However this antenna has been 
designed for complete range of 5G band with compact size. 
But the radiation performance of  antenna has been degraded 
for whole band. The radiation efficiency of antenna at 3.15 

GHz is 53.02%. 
 To increase the radiation performance of antenna different 
technique has been proposed in the literature such as  
reflective surface [8], substrate integrated waveguide [9] and 
metamaterials [10].  From the study of these techniques, 

metamaterials are easy to use without affecting the overall 
size and bandwidth of antenna. Thus, in this work split ring 
resonator (SRR) has been etched from the ground plane of 
antenna to increase the radiation performance of antenna 

without affecting the S-parameters characterises of the 
proposed antenna. The proposed antenna has been designed 
for mid range below 6GHz band (3.4-3.8GHz) for 5G 
applications. 

 

II. GEOMETRY OF PROPOSED ANTENNA 

 
The proposed micro strip patch antenna (MPA) consists of a 

concave shape radiating patch on top of the substrate and a  

partial ground plane on the bottom of the substrate. The front 

and rear outlook of designed antenna is shown in Fig.1(a) and 

(b). The rectangular microstrip antenna of length Lp = 12 mm 

and width Wp = 16 mm is designed with the epoxy glass FR-4 

substrate having dimensions Ls×Ws×Hs= 28×34×1.6 mm
3
, 

relative permittivity, εr = 4.4 and loss tangent, tan δ = 0.0024.  

Microstrip feed Line having 50-ohm characteristics line 

impedance has been used to fed the proposed antenna. It is 

one of the simplest feeding technique. The initial design 

calculation of rectangular patch at resonating frequency of 

3.6GHz is made by transmission line model equation [11]. 

The geometry calculation formulas are given below:    

                           (1) 

Where      
 

        
         (2) 
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Fig.1. Geometrical configuration of the proposed antenna 

(a) Front view  (b) Back view  

 

From the above mentioned equations, we have found  

calculated length and width of basic rectangular patch are as : 

W= 25.41mm and L=19.41mm. But , in the proposed antenna 

the size of patch is miniaturized about 90% as compared to 

basic rectangular patch antenna in terms of frequency at 3.6 

GHz (3.4-3.8 GHz) band. For the miniaturization purpose , 

two concave shape slots has been cut from the outer edge of 

rectangular antenna. Both slots are  resonant at same 

frequency due to similar  radius. The radius of slots has been 

optimized using parametric sweep window of simulation 

software. 

Partial ground plane has been used to attain the desired 

bandwidth of 400 MHz for 5G applications. Its length has 

been adjusted a number of times with hit and trial approach 

and finally the optimized length of the  partial ground plane 

taken as length Lg = 7 mm. Further, a basic split ring 

resonator (SRR) has been loaded near the feedline of antenna 

to increase the radiation performance of antenna in terms of 

gain. Its position, radius and distance has been optimized by 

parametric sweep. Based on finite integration technique, CST 

MWS V14.0 software has been used for the examination and 

optimization of geometrical specifications of the proposed 

antenna. Transient solver in the main menu contains a 

parameter sweep option, which execute the analytical 

experimental repetitions with regulated time. Finally, for the 

proposed configuration, the optimal parameters obtained are 

depicted in Table 1. 

TABLE 1 Optimal parameters of the proposed MPA antenna 

 

Parameters Value (mm) 

Lp 12 

Wp 16 

R 4.5 

Ws 34 

Ls 28 

Wf 3 

 Lf 8 

Lg 7 

Rs 0.5 

D 0.5 

 

III. ANTENNA SIMULATION RESULTS 

A.  S-parameter 

 S-parameter is the difference between forward and reflected 

power. The simulated  results of S-parameters with and 

without partial ground for the proposed antenna are depicted 

in Fig. 2.  

 
 

Fig.2. Simulated S11 parameter versus frequency plots for  

proposed MPA full and partial ground plane 

            

From Fig. 2, it is analyzed that that the antenna with full 

ground plane shows a S11 of -15.0 dB at the resonating 

frequency 3.53 GHz. Also, the obtained simulated bandwidth 

for the resonating band at 3.53 GHz is 277 MHz. Whereas  in 

case of partial ground plane, the S11 has been shifted at  -25 

dB along with 400 MHZ bandwidth in the desired 5G 

application band (3.4-3.8GHz). 

 

 

 

 

 

 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8, Issue-9S, July 2019 

 

 

 

745 

 

 

 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: I11200789S19/19©BEIESP 

DOI: 10.35940/ijitee.I1120.0789S19 

 In addition to partial ground plane, two concave shape slots 

of the patch plays a significant role for achieving desired 

band . Therefore parametric study of the radius of these slots 

has been given in following section 

B. Effect of radius of concave  slots in patch 

 

The effect of radius of concave slots in patch on the 

resonating  band  of proposed MPA antenna is illustrated in 

Fig. 3. Firstly, the radius R of the concave shape slots of the 

MPA is varied from 3.5 to 5 with step width of 0.5 mm which 

shows the decrease in return loss as the radius of the slots 

decreases  from 4.5 mm , as depicted in Fig. 3. Also, the band 

at 3.6 GHz shifts towards right with decrease in the radius. 

Further, the radius of slots is  increased from 4.5mm to get the 

optimized results. But as the radius increases from 4.5mm the 

S-parameters degrades with shifted resonating band. The best 

optimized result is observed at R=4.5mm for 5G applications  

(3.4-3.8 GHz) band.  

 
 

 

Fig. 3. Variations in  the resonant frequency and return loss 

with change in radius  (R) of  the proposed MPA antenna  

 

C. Surface Current 

To demonstrate more clearly the function of concave shape 

slots and SRR rings the surface current distribution is 

illustrated in Fig. 4. As shown in figure, the concentration of  

surface current is high at the centre of concave slots at 3.6 

GHz frequency in the patch. Whereas  in the ground plane, 

current distribution is high at SRR ring. 

 

Fig. 4. Surface current distribution at 3.6 GHz 

D. Radiation Performance 

SRR has been loaded in the proposed MPA antenna design to 

improve the radiation characteristics of antenna in terms of 

gain and radiation efficiency. The maximum gain over 

frequency plot is shown in Fig. 5. It can be observed from 

given plot is that SRR plays a vital role to increase the gain of 

proposed antenna in the desired band.  

 

 
Fig. 5. Maximum gain over frequency  using SRR and 

without SRR 

                                  

In addition to gain, radiation efficiency of the proposed 

antenna is also increased using SRR. In Fig. 6,  radiation 

efficiency graph over frequency is illustrated. 

 
 Fig. 6. Radiation efficiency over frequency  using SRR and 

without SRR 

 

Further, the results of  radiation performance of  proposed 

antenna with and without SRR is tabulated in table II. 

TABLE II Comparison of radiation performance of the 

proposed MPA antenna with and without SRR at 3.6GHz . 

Parameters Gain (dB) Radiation  Efficiency 
With SRR 3.2 >70% 

Without SRR 2.6 >49 % 

 

The simulated radiation pattern of proposed MPA at 3.6 GHz 

frequency is depicted in Fig. 7. It is observed that the 

radiation pattern is  8 shape in E-plane and omni-directional 

in H-plane. 
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Fig. 7. Simulated radiation pattern at 3.6GHz for proposed 

MPA 

IV. CONCLUSION 

A compact single-band concave shape MPA with SRR 

loaded in the partial ground plane has been designed  in this 

paper that covers the mid range 3.4-3.8 GHz band for 5G 

applications. To improve the impedance bandwidth and 

miniaturization of the propose antenna, partial ground plane 

and two concave shape open ended slots have been 

introduced in the proposed MPA antenna. The proposed 

antenna structure is compact in size and having good 

radiation performance in the desired band. These properties 

of antenna is make suitable for 5G applications. 
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