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Abstract— This paper gives an overview of design and 

development of Air filled stacked microstrip antenna for 

WLAN application with improved bandwidth and gain. In 

this paper, the design of co-axial feed microstrip patch 

antenna for 5GHz ISM band is done. This proposed antenna 

is studied and analyzed using High Frequency Structure 

Stimulator (Ansoft HFSS) version 13. The stacked 

microstrip patch antenna has particular characteristics are as 

high gain and wide bandwidth which make it suitable for 

IEEE 802.11n WLAN communication standard. 
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I. INTRODUCTION 

In 1953, Deschamps [1] first proposed the concept of the 

Microstrip antenna. However, Munson [2] and Howell were 

developed the practical antennas in 1970s. In the present 

development of spacecraft, satellite, aircraft, missile 

applications and personal and mobile communications, there 

has been a great demand for low cost minimal weight, high 

performance & compact low profile antennas [3].  

The MSA consists of a radiating patch on one side 

of a dielectric substrate and a ground plane on the other side. 

The perspective view of a rectangular MSA (RMSA) is 

shown in Figure 1. However, other shapes, such as the 

square, circular, triangular, semicircular, sectoral, and 

annular ring shapes are also used [3]. 

Microstrip antennas are most commonly used 

antennas due to low profile, conformable to planar and non-

planar surfaces, simple and inexpensive to manufacture 

using modern printed-circuit technology. But Microstrip 

patch antennas also possess major disadvantages such as 

narrow impedance bandwidth, low efficiency and gain, 

which seriously limit the application of the Microstrip patch 

antennas. Wireless communication applications require 

broad bandwidth and relatively high gain [4]. 

 
Fig. 1: Microstrip antenna 

Therefore, gain and bandwidth enhancement is 

becoming major design considerations for most practical 

applications of microstrip antennas for wireless 

communication. A number of techniques have been reported 

by the researchers to enhance the gain and bandwidth of 

microstrip antennas. Some of them used to enhance the gain 

are, loading of high permittivity dielectric superstrate [5], 

inclusion of an amplifier type active circuitry [6] and 

stacked configuration [7]. Use of superstrate loading 

technique helps in increasing the radiation efficiency. 

Amplifier circuits can also be integrated with the radiating 

patch to give rise to an active integrated antenna. In stacked 

configuration it consists of Identical Dual-Patch Microstrip 

Antenna with Air-Gap (IDMA). The bottom patch is fed 

with a coaxial line, and the top parasitic patch is excited due 

to electromagnetic coupling with the bottom patch. The 

patches can be fabricated on different substrates, and an air 

gap or foam material can be introduced between these layers 

to increase the BW. [8] This bandwidth very well covers the 

required WLAN band with an operating frequency of 5GHz. 

This paper investigates a technique which can 

enhance the bandwidth and gain of the microstrip antenna 

without increasing the lateral size and the complexity of the 

microstrip antenna too much. The Identical Dual Patch 

Microstrip Antenna with Air-Gap (IDMA) bandwidth and 

gain enhancement technique takes the advantage of using 

the air gap to increase the total thickness of the microstrip 

antenna which is essential for bandwidth and gain 

enhancement. [8] This bandwidth enhanced microstrip 

antenna can be deployed for the WLAN application 

operating at a frequency of 5GHz. 

This paper presents a study on the use of stacked 

antennas for WLAN applications and it is organized as 

follows. Section II gives the brief introduction of stacked 

microstrip antenna. Section III describes the various 

parameters associated with the stacked antenna. Section IV 

presents a design strategy of stacked microstrip antenna for 

WLAN system.  

II. PREVIOUS RELATED WORK 

Microstrip patch antennas have several well-known 

advantages, such as low profile, low cost, light weight, ease 

of fabrication and conformity. However, the microstrip 

antenna inherently has a low gain and a narrow bandwidth. 

To overcome its inherent limitation of narrow impedance 

bandwidth and low gain, many techniques have been 

suggested e.g., for probe fed stacked antenna, microstrip 

patch antennas on electrically thick substrate, slotted patch 

antenna and stacked shorted patches have been proposed 

and investigated [9].  

The microstrip antenna concept dates back about 

26 years to work in the U.S.A. by Deschamps [10] and in 

France by Gutton and Baissinot [11].Shortly thereafter, 

Lewin investigated radiation from stripline discontinuities. 

Additional studies were undertaken in the late 1960’s by 
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Kaloi, who studied basic rectangular and square 

configurations. However, other than the original Deschamps 

report, work was not reported in the literature until the early 

1970’s, when a conducting strip radiator separated from a 

ground plane by a dielectric substrate was described by 

Byron. This half wavelength wide and several wavelength 

long strip was fed by coaxial connections at periodic 

intervals along both radiating edges, and was used as an 

array for Project Camel. Shortly thereafter, a microstrip 

element was patented by Munson [12] and data on basic 

rectangular and circular microstrip patches were published 

by Howell. Weinschel developed several microstrip 

geometries for use with cylindrical S band arrays on rockets. 

Sanford showed that the microstrip element could be used in 

conformal array designs for L band communication from 

KC-135aircraft to the ATS-6 satellite. Additional work on 

basic microstrip patch elements was reported in1975 by 

Garvin et al, Howell, Weinschel and Janes and Wilson. The 

early work by Munson on the development of microstrip 

antennas for use as low profile flush mounted antennas on 

rockets and missiles showed that this was a practical concept 

for use in many antenna system problems and thereby gave 

birth to the new antenna industry.  

Extensive researches have been conducted to 

increase gain of microstrip patch antenna. In a resonance 

gain method [13-15], layers of dielectric are stacked above 

the patch. For a three-layer electromagnetically (EM) 

coupled structure; an air layer is often used between a 

substrate and a superstrate [16, 17]. The patch is etched on 

top surface of a grounded substrate, and a coupled patch is 

on top [16] or bottom [17] surface of the superstrate. It was 

reported that gain of the patch antenna can be increased by 

tuning thickness of the air layer. In [16], the spacing is 

between 0:31¸ and 0.37¸ In [17], the spacing is 

approximately one half free space wavelengths. Gain 

enhancement is demonstrated only for linearly polarized 

antenna.  

In general, the impedance bandwidth of a patch 

antenna is proportional to the antenna volume, measured in 

wavelengths. However, by using two stacked patches with 

the walls at the edges between the two patches, one can 

obtain enhanced impedance band width. There has recently 

been considerable interest in the two layer probe fed patch 

antenna consisting of a driven patch in the bottom and a 

parasitic patch [18]. By stacking a parasitic patch High Gain 

Microstrip Patch Antenna 188 on a Microstrip patch 

antenna, the antenna with high gain or wide bandwidth can 

be realized [3]. These characteristics of stacked microstrip 

antenna depend on the distance between a fed patch and a 

parasitic patch. When the distance is about 0.1λ 

(wavelength), the stacked microstrip antenna has a wide 

bandwidth [19].  

Many broadband and gain enhancement techniques 

for microstrip antennas have been reported [10, 20], and to 

overcome the disadvantage of low gain, some papers have 

proposed gain enhancement methods using multiple 

superstrates [21, 22]. However, the presence of superstrates 

above an antenna may adversely affect the antenna’s basic 

performance characteristics, such as gain, radiation 

resistance, and efficiency. For this reason, it is important to 

analyze superstrate effects, so adequate superstrate 

parameters can be chosen to enhance gain and radiation 

efficiency. It has been reported that high gain can be 

achieved if the substrate and superstrate layers are used 

appropriately [21]. 

III. STACKED MICROSTRIP ANTENNA 

In a Stacked Microstrip patch antenna configuration [23], 

the bottom patch is fed with a coaxial line, and the top 

parasitic patch is excited due to electromagnetic coupling 

with the bottom patch as shown in Fig 2. 

 
Fig. 2: Stacked Microstrip antenna. 

The various parameters that govern the resonance 

frequencies of the two patches are its lengths, substrate 

parameters (two substrates could have different parameters), 

and the air gap d between the two patches. When the 

resonance frequencies of the two patches are close to each 

other, a broad BW is obtained. 

The antenna dimensions are optimized so that the 

resonance frequencies of the two patches are close to each 

other to yield broad BW. Here, all designed antennas are 

simulated using HFSS software. 

IV. STACKED ANTENNA PARAMETERS 

The designing of stacked patch antenna is complicated as 

here are many design parameters that are associated with it 

and for desirable operation features they must be 

determined. These parameters and their effects are 

summarized below [24] [25]: 

A. Bottom Antenna Substrate Thickness and Dielectric 

1) Constant 

A thick substrate with a low dielectric constant yields large 

bandwidth, but coupling to the bottom patch decreases with 

the substrate thickness, requiring a compensating increase in 

aperture size and thus increased back radiation. 

2) Bottom Patch Length and Width 

As the dimension of the bottom square patch is increased the 

top patch becomes isolated from the excitation field of the 

slot. It is tempting to think that patches in stacked antenna 

resonates independently but their strong coupling between 

the patches, the resonant sizes of the patches must be 

determined simultaneously. 

3) Top Antenna Substrate Thickness and Dielectric 

Constant 

The substrate thickness and dielectric constant control the 

bandwidth of the resonance associated with the top patch as 

well as the coupling between the patches. 

4) Top Patch Length and Width 

The coupling level is strongly dependent on the separation 

of the two resonant frequencies. The coupling is also 
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affected by whether the top patch is larger or smaller than 

the bottom. 

5) Aperture Length and Width 

Coupling from the feed line to the bottom patch is controlled 

primary by the length of the aperture. A longer aperture 

increases coupling but also increases undesirable back 

radiation. The aperture width also affects the coupling 

strength but to a lesser degree than the length. 

6) Distance between the Patches 

When the patches are very Close to each other they appear 

to the slot as a single patch, through the coupling between 

them generates resonance at high frequency. Conversely, for 

larger values the behavior of the overall structure is close to 

the behavior of bottom patch alone since the coupling to the 

patch is very weak. 

There are various parameters that are analyzed for 

the Performance of stacked antenna. The driven patch 

should be of high dielectric and the parasitic patch must be 

of low dielectric to avoid fringing. A decrease in the 

dielectric constant will increase the resonance frequency and 

widens the operating bandwidth which is desirable for 

WLAN. In addition antenna efficiency will also be 

improved due to fringing fields. 

Another very important parameter is the distance 

between the two patches. When the two patches are very 

close to each other they appear to slot as a single patch. 

Conversely, for large values of the distance between the 

patches the behavior of the overall structure was close to the 

behavior of the bottom patch alone [25]. As the distance 

increases, degree of coupling reduces bandwidth increases 

which are desirable for WLAN operation. But we cannot 

increase the distance beyond certain limit due to the physical 

constraints in the stacked antenna with air gap [26] it was 

clear that as the air gap increases between the patches there 

was a considerable increase in the gain and the bandwidth. 

Bandwidth comparison of the proposed antenna with single 

patch is shown in fig 3. Further increase in the gap results in 

decrease in bandwidth. 

As the dimension of the lower patch increases, 

upper patch becomes isolated from the excitation field of 

slot and the coupling to the fringing field reduces. As the 

lower dimension is decreased lower frequency decreased 

and upper frequency increased. 

 
Fig. 3: Bandwidth comparison of IDSMA and single patch 

[13]’ 

 

Similarly when the upper patch dimension is reduced the 

upper frequency decreases. Fringing field explains this 

behavior, as the size of the top patch is reduced; its coupling 

to the fringing field of the bottom patch becomes negligible. 

For WLAN we need compact antenna but the variations 

explained must be taken care of will designing. 

The parameters explained above will be similar for 

both the antenna designed in section IV but the square patch 

antenna will have greater bandwidth due to the air gap 

present between the upper and lower patches. 

V. CONCLUSION 

From the above results it can be concluded that Air filled 

stacked microstrip antenna has been developed to overcome 

the limitations of the microstrip antenna for applications in 

WLAN systems. As mentioned, this technique has its 

advantages such as it does not increase the lateral size of the 

microstrip antenna and disadvantages such as it increases 

the height of the microstrip antenna. Therefore, in microstrip 

antenna design, it is very important to determine which 

feature to be prioritized as trade-off issues will always be 

present. 
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