
Abstract
A stacked type stair-case patch antenna with dielectric 
substrate (εr= 2.33) has been conceived and is theoretically 
demonstrated. Unlike conventional microstrip antenna it shows 
remarkable improvement in bandwidth (around 20%) as well 
as gain (around 10.5 dBi). The proposed structure is designed 
with two identical stair-case patches. Thorough investigations of 
the proposed antenna along with   the elucidation of bandwidth 
and gain enhancement are presented.
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I. Introduction
MICROSTRIP antenna introduces a new generation of 
communication with enhanced speed, improved communication 
channel capacity and large area coverage. A conventional 
patch etched on a grounded substrate is known to have 4-5% 
bandwidth and gain of around 5-6 dBi. Several techniques 
have been reported to increase the bandwidth and reduce 
the size of microstrip patch antennas such as increasing 
the thickness of dielectric substrate, decreasing dielectric 
constant [1], slot-loading [2], feed modification [3], chip loading 
[4]. One recently reported work shows the enhancement of 
conventional rectangular patch [5] can be achieved using air 
as a substrate. 
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Fig. 1:  Schematic diagram of proposed antenna (a) side view 
of overall structure, (b) top view of patch structure (patch #1 
and patch #2 are identical).

Fig. 2: Detailed dimensions of Patch geometry.
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Fig. 3 : Return loss profile of proposed antenna. (Fed at optimum 
matching point)
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Fig. 4:   Radiation property of proposed antenna. E  Plane and  
H Plane
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Fig. 5: Variation of gain with frequency band of the proposed 
antenna.

But no earlier work has been reported for an antenna which 
gives improved bandwidth along with appreciable peak gain 
value. Larger gain is always a positive requirement in wireless 
communication but along with gain, if bandwidth of the antenna 
can be enhanced, it will become more challenging.
In the present work we have conceived one new antenna 
structure using two identical staircase patches which can 
produce large impedance bandwidth along with high peak 
gain value. We intuitively arrived at this structure to obtain 
an effective dielectric constant of the substrate and the field 
distribution within the substrate such that it improves its 
bandwidth along with its peak gain. The proposed structure is 
compatible with integrated circuits. Also the antenna structure 
is compact, lightweight and portable so that it can be mounted 
on wireless mobile device.

II. Antenna Geometry
The proposed patch geometry is shown in Fig. 1. To make 
the structure more rigid we have utilized PTFE (εr = 2.33) as 
substrate (Thickness h = 1.575mm) for the patch #1.Above 
the patch #1 there is an air of thickness (h1=1.8 mm) over 
which the second patch (patch #2) is suspended. The detailed 
dimensions of two identical patches are shown in Fig. 2. Length 
of the patch is L = 12 mm and width of the patch W = 18 mm. 
The ground plane measuring (62mm X 68mm) has been used 
to design the antenna. The feed location (ρ=2.9 mm from the 
centre) has been optimized based on good matching of the 
proposed antenna.

III. Results and Discussions 
The simulated results obtained for the prototype employing 
two identical patches (one over uniform PTFE and another over 
uniform air) are presented. In Fig. 3, the return loss profile for 
the prototype is shown using [6]. Compared to conventional 
microstrip antenna, the proposed one shows around 15% 
improvement of impedance bandwidth as indicated in the figure. 
It is observed that, the impedance bandwidth of conventional 
antenna is around 4 % whereas the same for the new antenna 
is 20%. Actually the structure has been generated with a view 
to excite in dominant mode at two nearby frequencies. This is 
expected because the two identical patches are on two different 
thickness of the substrate. These two frequencies actually 
merge each other which enhance the bandwidth. Again, in the 

structure the substrate is the combination of PTFE ( = 2.33, 
h = 1.575mm) and air ( = 1, h = 1.8 mm) which effectively 
reduces the effective permittivity of the structure.

We know,  
Where εreffn is new effective dielectric constant [7] of overall 
substrate.
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εreff   can be calculated from [8].
 Moreover,

   where QT  is total quality factor.
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Qr, Qd, Qc are the quality factors due to radiation, dielectric 
and conduction losses. It is seen form [7],
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Again, reffndQ ε∝  
Thus, as εreff is reduced in our proposed antenna, this will 
reduce the values of Qr and Qd which in turn enhance the 
bandwidth. The proposed antenna works in the range of  7.48 
GHz – 9.1 GHz.
Fig. 4 shows the radiation pattern of the proposed antenna. 
Around 10.5 dBi gain is observed. Gain has been increased by 
an amount of nearly 5 dBi than the conventional patch antenna. 
But in our proposed antenna H plane cross-pol radiation is 
found to be more in angle 500 than the conventional antenna 
though the E plane cross pol for both is found to be similar.
It is seen from Fig. 5, the gain of the proposed antenna is 
nearly constant around 10.5 dBi throughout the entire range 
of frequency band of the antenna.
Now we may concentrate to explain the enhancement of peak 
gain value of our proposed antenna. Actually to enhance the 
gain we use the 2nd patch (patch #2) above the main patch 
(patch #1) in such a way that both will form an array of two 
elements and the radiation from both the patches add up in 
phase in the broadside direction ( 0=φ ). The scheme is shown 
in Fig 6. We know, the phase difference (Ψ ) of the radiations 
coming from individual patches are 

δφ
λ
π

+=Ψ cos2 1h

 
Where h1 = 1.8 mm in our present design and δ  is the inherent 
phase shift between the radiators.

As h1 =1.8 mm, and 
the central frequency of the band is taken as 8.29 GHz, the 

electrical separation between two patches is  

.  To make the array factor maximum at 0=φ , Ψ to be 

zero at that angle. Thus,  
λ
π

δ 12 h
−=  is satisfied. 
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Thus the radiation from patch #1 and the patch #2 meets 
at 0=φ  in phase at a distant point and thus enhance the 
gain.

IV. Conclusion
A novel technique for enhancing bandwidth and peak gain 
of microstrip antenna has been successfully designed. 
The proposed antenna is suitable for wireless and mobile 
applications where high gain and broadband communication 
are simultaneously required. It can be predicted that further 
research in this direction can result in a breakthrough in mobile 
communication technology.
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