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Abstract - Present paper has been set to analyze the effects of PBG structure over a new generation communication systems, 
which is in great demand in today’s era. Efficiency and gain improvement are the major concern to enhance the bandwidth to 
support multimedia activities properly. Author has analyzed the rectangular antenna structure for wideband applications with 
and without PBG material using commercial software CST microwave studio and through coding. Most specific properties 
like return loss, VSWR and bandwidth are obtained as high as compared to simple rectangular antenna. Radiation pattern 
also supports the analysis in proving effect of single mode over multimode operation. 
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I. INTRODUCTION 
 
Increasing demand of bandwidth requirement has 
enhanced an interest in field of antennas to fit into 
new generation of mobile communication. From 
larger size antennas to very thin and slick antennas 
have been developed as per need and users 
requirement. Simple Microstrip patch antennas 
played an important role in communication through 
wireless connections [1]-[2]. Variations in parameters 
of patch antennas have been given effective values of 
measurable quantities. Besides this, antenna 
miniaturization characteristics are also being used to 
develop and plant to improve the radiation properties. 
Microwave PBGs have their own specifics properties 
that are different from optics. First, the higher 
wavelength means bigger absolute tolerances than in 
optics. Secondly, capacitance and inductance are 
specific properties, not directly seen in optics, 
because which can vary shape characteristics 
impedance and make influence on the formation of 
band gaps. 3-D PBG is complicated for simulation, 
realization and investigation, due to dependency over 
the angle of incident and on polarization (may be 
cross polarization). Quasi3-D and 2-D structures are 
more successful and is being improvised to enhance 
and isolate the antennas characteristics and photonic 
crystal based waveguide. PBG implantation in 
antenna design improves the directivity and total 
gain. It incorporates mainly: suppression of higher 
harmonics, suppression of the current surface waves, 
which is the biggest challenge for antenna designers. 
As surface waves radiate from the roughness of the 
substrate edges and can cause a problems to the 
radiation pattern. 
 
The microstrip suffers from an inherent problem of 
narrow bandwidth and low gain, which restricts the 
antenna designers to think about advance technology. 
Bandwidth improvement can be done in many ways 
[3]. In present paper, such problems have been 
removed using PBG structures. In such antennas, 
microstrip feeding has been used for excitation. 

First proposed PBG based antenna [4] was based on 
printing an element on 2-D PBG material. If the 
operating frequencies of the substrate modes fall 
within the stop-band, decay take place exponentially, 
this suppresses the surface wave to reduce side lobes. 
Dielectric slab with planar square gratings (Square air 
implants) [2] was examined with a printed dipole 
antenna over it [5]. 
 
Use of PBG material removes many problems like 
oscillator type active antenna using MESFET or 
Gunn diode, which has spurious radiation near its 
operating frequency and low gain of MSA. Frequency 
selective surface is a low cost printed electromagnetic 
material, used to control the surface currents and this 
is usually implanted by two dimensional arrays of 
metallic patterns. 
 
New branch of antennas deal with printed antenna 
suitable for wireless communication equipment and 
cell phones. But these applications demand some 
important features like compactness, wideband or 
multiband operation, high gain, diversity reception, 
uniform radiation pattern, reduced radiation hazards 
etc. Radiation hazard is an important issue from the 
point of view of user’s health. 
 
The PBG structure is basically a periodic metallic 
pattern printed on dielectric substrate for microwave 
and millimetre wave applications and this provides a 
stop band of electromagnetic waves propagating 
through it. A microstrip line printed on substrate (Fig. 
1(a)) and on a PBG material (Fig.1(b)) both are 
showing different transmission characteristics as 
revealed from Fig.2. Unlike conventional microstrip 
line, the microstrip on PBG substrate shows a stop 
band over 5.5 to 10.5 GHz for their transmission 
characteristics which restricts the 
propagation/generation of surface waves in a 
mictostrip, the PBG attributes new features in a 
microstrip structures. Those are applied to improve 
antenna characteristics and properties. 
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Fig.1 Microstrip line on a usable substrate (a), microstrip line 

on a PBG substrate (b). microstrip line on a PBG substrate 
with a defect (c) and (d) [4]. 

 
II. MATHEMATICAL EXPLAINATION 
 
To design the structure of planar microstrip antenna, 
the very first important parameter is design 
frequency, which probably has taken in millimetre 
frequency range and that represents the resonant 
frequency of that particular antenna. In case of 
microstrip antenna, three layers are designed Fig.2, to 
use it for wide band application. Ground, substrate 
and patch, form microwave microstrip antenna, in 
which patch and ground planes act as conductors, 
whereas middle layer substrate provide supports to 
these two layers [6]. 

 
Fig. 2 Fringing Field Pattern in Microstrip Antenna [6]. 

 
As stop band characteristics of PBG preferable for 
electromagnetic wave propagation, is fully analyzed 
by drawing the dispersion diagram for rectangular 
PBG microstrip antenna, gives the frequency 
spectrum at 45 GHz to initiate the required mode and 
neglects the higher harmonics. Figure 3, reveals the 
stop band characteristics for designed structure and 
justify the importance of PBG material. Blue line 
represents the stop band characteristics where 
required mode propagates with their normalized 
resonant frequencies. 

 
Fig.3 Dispersion diagram for PBG structure for required 

radius of rod 2 mm with periodicity of 6 mm. 

 
Fig.4 Dielectric constant behaviour with normalized periodicity. 
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III. IMPLEMENTATION OF ANALYSIS 
 
Comparative analysis has been performed between 
simple MSA and PBG based structure for frequency 
approximately 45 GHz and results related to this 
work are properly analyzed using commercial 
software CST microwave studio. Parameters have 
been decided using equations in section III, and have 
been kept same for both designs (Simple MSA, PBG 
MSA). PBG based antenna has been taken to check 
the compatibility with 5G advance cellular system 
technology. For PBG, rods have been taken, putting 
at equal periodicity. Parameters are considered 
according to the resonant frequency given in Table 1. 
Design structure of proposed antenna for simple 
rectangular shape and PBG, have been shown in Figs. 
4a and b respectively. From figure 4a, it is clear about 
the shape of simple radiating patch, rectangular 

structure to radiate properly and reduces the losses 
such as surface radiation loss etc.  
 

 
Table 1. Design specification of PBG Antenna 

 
Figure 4(b) reveals the PBG based structure, where 
all the parameters are same, only the difference in 
having rods below the patch, which actually being 
used to propagate single mode TM01 mode including 
propagation of EM waves through stop band of the 
structure. The PBG especially used to remove losses 
through substrate and create a channel for 
propagation through a particular stop bands. Substrate 
material is Roger RT5870 shows a better 
compatibility and removes complexity as compared 
to other dielectric materials. 
The return loss for both types of structures is most 
important parameter to reveal its applicability and 
mobility in wireless field communication. As shown 
in figs. 5(a) and (b), return loss is more improved in 
case of PBG antenna, as compared to simple 
microstrip antenna. From fig 5(a), return loss is 
minimum at 45.11 GHz, has value -13.50 dB, 
whereas in fig 5(b), return loss is minimum at 44.12 
GHz and 45.11, but not comparable with fig 5(a). 
Value at these frequencies are -22 dB and -15 dB. 
Although, fig 5(b) is giving wideband property, but 
because of losses, noise signal (reflection noise) is 
responsible for such return loss. 

 
(a) 
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(b) 

 
Fig. 4 Simple Microstrip rectangular antenna (a), PBG based 

rectangular antenna (b). 
 
One of most important parameter is VSWR, which 
proposed antenna compatibility with transmission 
from input to output and gives information about 
reflection from output in form of standing wave ratio, 
actual cause of loss. Ideal value of VSWR is one, 
which can be achieved only on zero reflection, which 
is not possible in case practical antennas. Figs 6(a) 
and (b) show the value of VSWR at the resonant 
frequencies. It is very clear from plots, the VSWR is 
better in case of PBG antenna. In the plot, passes 
have been taken during simulation to get more 
accurate results under CST microwave studio. 
Total efficiency and radiation intensity of planer 
antennas give directivity, gain, field pattern (Electric 
and Magnetic) and spectral power density. From, 
figures. 7a, b, c and d, efficiency of both antennas 
directly measured using simulated plots. From the 
data, given below in the plots 7(a) and (b) much more 
informative in terms of gain, where PBG antenna is 
giving higher gain as compared to simple antenna. 
 

 
(a) 

 
(b) 

 
Fig. 5 Return loss for PBG antenna (a), Return loss for simple 

rectangular microstrip antenna (b). 
 

 
(a) 

 

 
(b) 

 
Fig. 6 VSWR of simple rectangular microstrip antenna (a), 

VSWR of PBG antenna (b). 
 
Total efficiency and radiation intensity of planer 
antennas give directivity, gain, field pattern (Electric 
and Magnetic) and spectral power density. From, 
figures. 7a, b, c and d, efficiency of both antennas 
directly measured using simulated plots. From the 
data, given below in the plots 7(a) and (b) much more 
informative in terms of gain, where PBG antenna is 
giving higher gain as compared to simple antenna. 
Comparative analysis between simple rectangular 
antenna and PBG antenna, designed at same high 
frequency is given below Table II for 5G advance 
technology. 
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Table II. Comparison chart between simple rectangular 

antenna and PBG antenna 
 

 

 
(a) 

 

 
(b) 

Fig. 7 Total and radiation intensity of PBG antenna (a), Total 
and radiation efficiency of simple microstrip rectangular 

antenna (b). 
 

CONCLUSION 
 
Above analysis and obtained results are turned up the 
interest towards fifth generation and set the utility 
standard between simple rectangular MSA and 
rectangular MSA with introduction of PBG. Both can 
be used to drive up to enhanced bandwidth, but 
comparative analysis shows the much improvement 
in PBG based MSA, which is quite acceptable. Both 
antennas are analyzed in terms of return loss, VSWR, 
gain and bandwidth, which has clearly revealed that 
for advance technologies, PBG antenna will be better 
as compared to simple MSA. Efficiency is better in 
case of PBG antenna as 70 %. Obtained results are 
simulated and coded, but has not been checked 
experimentally. 
 
REFERENCES 
 
[1] Richard W. Ziolkowski, and Aycan Erentok, “Metamaterial-

Based Efficient Electrically Small Antennas,” IEEE 
Transactions on Antennas and Propagation, vol. 54, No. 7, 
pp. 2113-2130, 2006. 

[2] Smrity Dwivedi, “Simulation Analysis on Applicability of 
Meta Material and PBG Based mm-Wave Planar Antenna for 
Advanced Cellular Technologies,” Open Journal of Antennas 
and Propagation, vol. 5,pp. 23- 35, 2017. 

[3] A-C. Tarot, S. Collardey, and K. Mahdjoubi, “numerical 
studies of metallic PBG structures,” Progress In 
Electromagnetics Research, PIER 41, pp. 133–157, 2003. 

[4] X. Wang, M. Zhang, and S.-J. Wang, “practicability analysis 
and application of PBG structures on cylindrical 
conformalmicrostrip antenna and array,” Progress In 
Electromagnetics Research, vol. 115, pp. 495-507, 2011. 

[5] Debatosh Guha, “Microstrip and printed Antennas,” Willey 
publication, new edition, 2015. 

[6] J. D. Krauss, Antennas For All Applications, Third edition, 
McGraw- Hill, 2001. 

[7] F. Zavosh and James T. Aberle, “Improving the Performance 
of Microstrip Patch Antennas,” IEEE Antenna and 
Propagation Magazine, vol.38, no.4, pp.712-721, 1996. 

 
 
 
 
 
 
 

 


