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ABSTRACT: The research in wireless communication has spurred to development of extra ordinary range of antennas each 

with its own advantage and limitations. There are many applications where space is at premium and where these are urgent 

need for an antenna with the flexibility of efficient combine the capabilities of multiple antennas. In fact rapidly developing 

market in personal communication system (PCS), Mobile satellite communication, direct broadband television (DBS) wireless 

local area networks (WLANS) suggest the demand of microstrip antenna and array will increase even further.Conventional 

microstrip patch antenna has some drawbacks of low efficiency; narrow bandwidth (3-6%) of central frequency, its 

bandwidth is limited to a few % which is not enough for most of wireless communication system nowadays. In this paper we 

are going to enhance gain and bandwidth of microstrip patch antenna. 
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1-INTRODUCTION TO MICROSTRIP PATCH ANTENNA: A microstrip patch antenna is basically a very thin 

metallic patch placed above a ground plane. Such antennas are low weight, highly compact and efficient and are 

widely used at microwave frequencies for low power applications. Out of different available patch rectangular 

and circular patch are simpler and also common. However microstrip antennas inherently have a narrow 

bandwidth enhancement is usually demanded for practical applications. 

 

2-BANDWIDTH: In terms of VSWR (voltage standing wave ratio) or input impedance variation with frequency 

or in terms of radiation pattern. 

The VSWR or impedance bandwidth of microstrip patch antenna is defined as the frequency range over which 

it is matched with that of feed line within specified limits. The bandwidth of microstrip antenna is inversely 

proportional to its quality factor Q is given by  

Bandwidth= (VSWR-1)/ (Q√VSWR) 

The bandwidth is usually specified as frequency range over which VSWR is less than 2 (which corresponds to a 

return loss of 9.5 dB or 11% reflected power) sometimes for stringent application the VSWR requirement is 

specified to be less than 1.5. Conversion of bandwidth from one VSWR level to another can be accomplished by 

BW1 /BW2 = (VSWR1-1) √VSWR2 / √VSWR1 (VSWR2-1) 

Where BW1 and BW2 corresponds to VSWR1 and VSWR2. The expression for approximately calculating the % 

of bandwidth of rectangular microstrip patch antenna in terms of patch dimension and substrate parameters is 

given by  

% BW =Ah/λ√ᵋ √ (W/L) 

Where A=180 for h/λ√ᵋ < 0.045 
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A=200 for 0.045 < h/λ√ᵋ < 0.075 

A=220 for h/λ√ᵋ > 0.07

W and L are width and length of microstrip patch antenna with increase in width bandwidth also increases. The 

bandwidth can also be defined in terms of antenna radiation parameters .It is defined as the frequency range 

over which radiation parameters such as gain, half power bandwidth and side lobes level are within the 

specified minimum and maximum limits. This definition is more complete as it also takes care input impedance 

mismatch, which also takes contribute to change gain. 

Above definition for linearly polarized antenna, for circularly polarized. Bandwidth depends on axial ratio. The 

bandwidth is frequency range over which axial ratio is less than maximum limit. 

2.1-TECHNIQUES TO IMPROVE BANDWIDTH 

1. MODIFIED SHAPE PATCHES: The regular microstrip patch antenna configuration such as rectangular and 

circular patches have been modified to rectangular ring and circular ring to enhance the bandwidth. The larger 

bandwidth is because of reduction in the quality factor Q of the patch resonator, which is due to less energy 

stored beneath the patch and higher radiation. When a U shaped slot is act inside the rectangular patch, it gives 

a bandwidth of approximately 40% for VSWR. Similar results are obtained when U slot is cut inside a circular or 

a triangular microstrip antenna.     

2. PLANAR MULTI-RESONATOR CONFIGURATIONS: The planar stagger tuned coupled multiple resonators 

yields wide bandwidth in same way as in case of multistage tuned circuit. Several configurations are available 

yield bandwidth of 5-25%.Various parasitic patches like narrow strips, shorted quarter –wavelength 

rectangular resonator patches and rectangular resonator patches have been coupled to the central fed 

rectangular patch. These planar multi resonator configuration yield broad bandwidth but have the following 

disadvantages. 

They are of large size which makes them unsuitable as an array element. There is variation in radiation pattern 

over the impedance bandwidth. 

3. MULTILAYER CONFIGURATION: In the multilayer configuration two or more patches on different layers of 

the dielectric substrate are stacked on each other. Based on coupling mechanism these configuration are 

categorized as electromagnetically coupled or aperture coupled microstrip antenna. 

Various direct coupled multi resonators are: 

a. Rectangular direct coupled along radiating edges. 

b. Rectangular microstrip antennas direct coupled along non radiating edges. 

c. Direct coupled rectangular microstrip antennas. 

4. ELECTROMAGNETICALLY COUPLED MICROSTRIP ANTENNAS: In the electromagnetically coupled 

microstrip patch antenna one or more patches at the different dielectric layers are electromagnetically to the 

feed line located at the bottom dielectric layer. Alternatively, one of the patches is fed by a coaxial probe and 

other patch is electromagnetically coupled. Either bottom or top patches is feed with coaxial probe. The patches 
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can be fabricated on different substrate and accordingly the patch dimensions are to be optimized so that the 

frequencies of the patch are close to each other to yield broad bandwidth. 

5. STACKED MULTIRESONATOR MICROSTRIP ANTENNAS: The planar and stacked multiresonator 

techniques are combined to further increase to bandwidth and gain. A probe fed single rectangular or circular 

patch located on the bottom layer has been used to excite multi rectangular or circular patches on top layer 

respectively. Besides increasing the bandwidth there configuration also provide an increase in gain as well. 

2.2- DESIGN METHODOLOGY TO ENHANCE BANDWIDTH: Microstrip patch antenna is low profile antenna 

with light weight and low cost. As compare to conventional antenna they have many advantages so they are 

used for various applications ranging from mobile communication to satellite, air craft and other applications. 

Similarly different structure shapes of slots in microstrip antenna have attracted much attention in recent years 

in microwave community for its unique properties. These structures are periodic in nature that forbids the 

propagation of all electromagnetic surface waves within a particular frequency band called the band bandgap-

thus permitting additional control of the behaviour of electromagnetic waves other than conventional guiding 

and/or filtering structures. 

1. LOW BANDWIDTH OF PATCH ANTENNA: In spite of many advantages that patch antennas have in 

comparison to conventional antennas, they suffer from certain disadvantage. The major drawback of such 

antenna is narrow bandwidth. This problem is solved by taking a reference antenna and efforts are made to 

improve its bandwidth by etching the feed line connecting the patch using two square slots type patterns 

across side surface of rectangular microstrip patch antenna. 

2. CHOICE OF SUBSTRATE: Substrate itself is part of antenna and contributes significantly to its radiative 

properties. Many different factors are considered in choosing a substrate such as dielectric constant, thickness 

stiffness as well as loss tangent. The dielectric constant should be as low as possible to encourage fringing and 

hence radiation. A thicker substrate should also be chosen. Since it increases the impedance bandwidth. 

However using thick substrate would incur a loss in accuracy. Since most microstrip antenna models use a thin 

substrate approximation in the analysis. Substrate which is lossy at higher frequencies should not be used for 

obvious reasons. The choice of a stiff or soft board basically depends on the application at hand. 

3. INPUT IMPEDANCE MATCHING: Impedance matching is critical in microstrip antennas since the bandwidth 

of the antenna since the bandwidth of the antenna depends upon it. Beside this a poor match results in lower 

efficiency also. Line fed rectangular patches may be fed from the radiating or non radiating edge. To find an 

impedance match along the non radiating edge w may use the transmission line model. The input impedance 

along the non radiating edge is lowest at the centre since two equally high impedance at the two ends are 

transformed into a low value at centre and connected in parallel. Matching along the edge is also symmetrical 

about the midpoint of the length. 

3-ANTENNA GAIN: It relates the intensity of an antenna in a given direction to the intensity that would be 

produced by 

a hypothetical ideal antenna that radiates equally in all directions or isotropically and has no losses. Since the 

radiation intensity from a lossless from isotropic antenna equals the power into the antenna divided by a solid 

angle of 4 л steradians we can write the following equations. 

Gain=4л (radiation intensity/antenna input power) 
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Gain=4л (U (ѳ, ф))/Pin    dimensionless units 

The gain of a rectangular microstrip patch antenna with air dielectric can be very roughly estimated as follows. 

Since the length of the patch, half a wavelength is about the same as the length of resonant dipole, we get about 

2db of gain from the directivity relative to vertical axis of patch. If the patch is square the pattern in the 

horizontal plane will be directional, somewhat as if the patch were a pair of dipoles separated by a half waves 

this counts for about another 2-3 db. Finally the addition of the ground plane cuts of most or all radiation 

behind the antenna reducing the power averaged over all direction by a factor of (2 and thus increasing the 

gain of 3db). Adding this all up we get about 7-9 db for a square patch in good agreement with more 

sophisticated approaches. 

3.1-METHODS TO ENHANCE GAIN IN MICROSTRIP PATCH ANTENNA: Most compact microstrip patch 

antenna designs show decreased antenna gain owing to the antenna size reduction. To overcome this 

disadvantage and obtain an enhanced antenna gain. Several designs for gain enhanced compact microstrip 

antenna with the loading of high dielectric superstrate or the inclusion of an amplifier type active circuitry have 

been demonstrated .Use of high permittivity superstrate  loading technique gives an increase in antenna gain of 

about 10 dbi with a smaller radiating patch. An amplifier type active microstrip antenna as a transmitting 

antenna with enhanced gain and bandwidth has also been implemented.    

4-CONCLUSION: Bandwidth is enhanced by inserting slots on patch of microstrip patch antenna. This 

improved characteristic is satisfactory for most of wireless communication. This improve characteristic is 

satisfactory for most of wireless communication. The proposed antennas have good gain. Mobile 

communication wireless computer links remote control, satellite, mobile phones and wireless internet has 

shown a tremendous growth in present days. Now a days the size of electronic need for mobile applications 

have decreased drastically where as their functionality has increased.   
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