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Abstract— In the modern age antennas are everywhere due to 

latest communication technologies and requirement of 

connectivity and information sharing are aiding their 

significance. Their importance as well as presence will 

further increase due to upcoming technological era of Internet 

of Things (IoT). Bandwidth plays a key role behind antenna 

applications so it is useful to have a review of microstrip 

antenna broad banding techniques. In this paper we present a 

review of broad banding techniques of printed antennas. 
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I. INTRODUCTION 

Microstrip antennas although not very efficient, are used in 

various applications due to its compact size as the modern 

devices are getting smaller and smaller day by day and at the 

same time they are providing many different functionalities 

and services which has a variety of bandwidth requirements 

such as data, voice and even videos. So it is necessary for the 

antenna used in these devices to be capable of operating over 

a large band width. 

Along with the advantage of being small in size and 

compact, they also suffer with the inherently narrow 

bandwidth, lower gains and low power handling capability. 

Other parameters are also significant but bandwidth 

requirement is the most important for a printed antenna 

because in the most of the electronic devices using antenna 

we have signal processing units which backs up the other 

parameters, but when it comes to the bandwidth they are 

practically less effective. For this reason most of the research 

in the field of antenna is about increasing its bandwidth. 

Now a days wireless communication system has a 

variety of bandwidth requirements such as about 7.6% for 

GSM (Global system for Mobile communication) i.e. GSM; 

890-960 MHz, 9.5% for a digital communication system 

(DCS 1710-1880 MHz), 7.5% for a personal communication 

system (PCS; 1850-1990 MHz) and 12.2% for a universal 

Mobile Telecommunication system (UMTS; 1920-2170 

MHz) [1]. 

To fulfill these and future bandwidth requirements 

several techniques are proposed over past few decades, some 

of them are studied here in this paper. 

II. BANDWIDTH OF PRINTED ANTENNA 

Input VSWR (Voltage Standing Wave Ratio), Beam width, 

Side lobe levels, Gain, Polarization and Power Handling 

Capability are among the number of associated characteristics 

of antenna. Since radiation patterns of printed antenna has 

similarities to that of a dipole antenna, so other parameters do 

not significantly get affected by the variation of the 

frequency, but the input impedance of the patch varies 

significantly with frequency causing a limit on bandwidth by 

affecting the matching of radiating element of the antenna 

with that of feed line [2]. Keeping this in mind we can define 

the bandwidth as “the frequency range over which an antenna 

is matched with that of the feed line within specified limits.” 

The bandwidth is also inversely proportional to the quality 

factor Q of the antenna and can be given mathematically by 

the following relationship 

B. W. =  
VSWR − 1

Q√VSWR
 

And 

VSWR =  
1 + |Γ|

1 − |Γ|
 

Where 𝛤 is reflection coefficient which measures 

reflected signal at feed point and is defined in terms of input 

impedance Zin of antenna and characteristic impedance Zo of 

the feed line as given here 

𝛤 =  
𝑍𝑖𝑛 − 𝑍𝑜

𝑍𝑖𝑛 + 𝑍𝑜
 

Practically bandwidth is also defined as the range of 

frequencies over which VSWR is < 2, giving return loss of 

9.5dB [3]. 

III. BANDWIDTH ENHANCEMENT TECHNIQUES 

The major need for today’s communication devices is to 

operate at broader band such as to support high speed internet, 

multimedia communication and similarly many more 

broadband services, this is achieved by using micro strip 

patch antennas, but inherently micro strip antennas are 

narrow band antennas so, various techniques are used to 

enhance the bandwidth of micro strip antenna. In this section 

bandwidth enhancement or broadband techniques are 

explained. Modified shape patch, Planar Multi resonator 

configuration, multilayered configuration and Stacked Multi 

resonator micro strip patch antenna are mainly used for 

broadband micro strip antenna. 

A. Patch Shape Modifications 

In this technique bandwidth enhancement is done by 

changing/modifying the shape of radiating patch. It is found 

that some shapes of patches have lower Q factor as compared 

to other therefore having high bandwidth [2]. These patches 

shapes include annular ring, rectangular/square ring, shorted 

patch and other geometries. There are several designs of 

broadband micro strip patch antenna with modified patches. 

B. Multiresonator Structure Design 

In such configuration of micro strip antenna multiple 

resonators are placed near to each other, only one is fed and 

others are parasitically coupled, it is also known as gap 

coupling. Another way used to feed multi resonator 

configuration is to directly connect the patches via micro strip 

line. In some cases hybrid coupling is also used which include 

gap and direct coupling [3]. Use of additional resonators 

patches either directly or gap coupled to the radiating patch 

will lead to a broadband configuration of microstrip antenna. 

Though the size of resulting antenna is bigger but the 

resulting bandwidth is much more than that of a single patch 

microstrip antenna. 
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C. Multilayered Patch 

In multilayered configuration patches are placed over 

different dielectric substrates and they are stacked on each 

other. Based on the coupling mechanism, these 

configurations are of two types electromagnetically-coupled 

or aperture-coupled. Electromagnetic coupled microstrip 

antenna one or more patches are located on different 

dielectric layers. If two-layered configuration of broadband 

microstrip patch antenna is analyzed then any one of them 

may be fed and other is electromagnetically coupled. Patch 

dimensions and dielectric constant of substrate may be 

different whereas resonant frequency is closer to each other 

for obtaining broad bandwidth [4]. In aperture coupling, the 

field is coupled from the microstrip feed line placed on the 

other side of ground plane to the radiating patch through an 

electrically small aperture/slot in the ground plane. Two 

different dielectric substrates could be chosen one for the 

patch and other for feed line [4]. 

Very high bandwidth can be generated by using 

multilayered configurations. Near about 70% bandwidth can 

be generated using multilayered configuration. Microstrip 

line feed electromagnetically coupled microstrip antenna [5] 

is a method of exciting the patch. This technique has the 

advantage that the dielectric constant of substrate used for 

microstrip feed line is high and it is thin so that radiation from 

feed line should be minimized, whereas the dielectric 

constant of substrate used for radiating patch is low and it is 

thick which improves the bandwidth of antenna [5]. Main 

disadvantage of this multilayered microstrip configuration is 

its increased height which is not desirable in miniature 

devices and in aperture coupling backward radiation is major 

problem [4]. 

D. Stacked Multiresonator Design 

In this configuration multiresonator and stacked 

configurations are combined to provide broadband microstrip 

patch antenna. A design of dual-frequency broadband-

stacked microstrip antenna using a reactive loading and a 

fractal-shaped radiating edge [6] is proposed. In this proposal 

to obtain dual-frequency operation antenna is loaded with 

stub for changing frequency and then broader bandwidth is 

achieved by using stacked parasitic technique. The central 

frequencies of the first and second operating bands are 1.524 

and 2.159 GHz, bandwidth enhancement factor achieved is 

22.3 in the first band and 18.7 in the second band and 

bandwidth achieved is 12% and 5% resp. [6]. Though size of 

stacked multiresonator microstrip patch antenna is more but 

it yields high bandwidth and high gain. 

IV. CONCLUSION 

Narrow bandwidth of microstrip patch antenna is its major 

limitation; to improve/enhance bandwidth many bandwidth 

enhancement techniques are used. This paper shows the 

review and survey of various such techniques used for 

enhancing the bandwidth of microstrip patch antenna. Out of 

all techniques specified above in this paper Multilayered 

Technique and Stacked Multilayered Technique yield 

maximum bandwidth. 
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