
Journal of Electromagnetic Analysis and Applications, 2012, 4, 230-234 
http://dx.doi.org/10.4236/jemaa.2012.46032 Published Online June 2012 (http://www.SciRP.org/journal/jemaa) 

Rectangular Microstrip Antenna for Symmetrical 3-D 
Beam Widths for an Efficient Feed of Reflector Antenna 
and Its Quantitative Analysis 

Jitendra Kr. Sah, Sun Chatterjee, Pragya Bharati, Dia Ghosh, Aditi Anand, Sudipta Chattopadhyay 
 

Department of ECE, Siliguri Institute of Technology, Siliguri, Darjeeling, India. 
Email: piyalirekha@yahoo.com 
 
Received April 12th, 2012; revised May 13th, 2012; accepted May 22nd, 2012 

ABSTRACT 

A simple rectangular microstrip antenna on low dielectric constant substrate such as air for improved radiation beam 
performance is theoretically investigated. The conventional patch antenna fabricated on common substrates always 
produces quite broader E plane pattern compared to its H plane. In the present investigation, the same microstrip an-
tenna is designed on air substrate with a view to develop an efficient feed for parabolic reflector antenna, which shows 
an excellent radiation pattern with symmetrical 3 dB beam widths at its both E and H plane. The present antenna is 
compared with conventional structure to show its excellence in the beam performance is presented. The complete quan-
titative analysis to explore such radiation beam characteristics for both the structures (conventional and the present one) 
is also presented in this paper. An easy and handful relationship between the length of patch antenna and its fringing 
length for different types of substrate is established in the background of 3 dB beam widths. The proposed idea has been 
verified through a commercial software package for a patch operating in X band and a concrete physical insight into the 
phenomenon is developed. 
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1. Introduction 

The conventional rectangular microstrip antenna is the 
most common geometry amongst the printed antennas 
etched on conventional poly tetra fluoride ethylene sub-
strate with dielectric constant εr = 2.2 to 10.2 [1,2]. But 
the same microstrip antenna with simple air substrate is a 
least investigated configuration in any open literature, 
though it shows some interesting features particularly in 
its radiation characteristics.  

Rectangular microstrip normally radiates linearly po-
larized wave with about 5 dBi gain. These patches radi-
ate along the broadside direction with a non-uniform 
radiation beams where the E-plane pattern is always 
wider than that in H-plane [3]. As the microstrip antenna 
is inherently a low gain antenna, larger gain is always 
desirable. This gain of such antenna on conventional sub- 
strate can be enhanced by increasing its width-to-length 
ratio as is reported in [4]. But, as soon as the conven-
tional substrate is replaced by air, gain of the antenna 
increases satisfactorily and the same thing has been 
achieved earlier, e.g. in [5]. Some researchers had em-
ployed different configurations like, wedge-shaped air 
dielectric [6] or micromachined air cavities in LTCC 

substrate [7] for different applications. One very recently 
reported work shows that the gain can be enhanced with 
improved front to back radiation ratio by creating an air 
cavity within the substrate [8]. But only a few handful 
investigations dealt with microstrip patch on air substrate, 
either theoretically or experimentally.  

Improved gain for microstrip antenna is always desir-
able but along with this symmetrical or uniform radiation 
beam pattern in both the E and H plane is also requisite 
for using it as an efficient feed for a parabolic reflector or 
to cover a wide area, particularly for wireless communi-
cations. Microstrip antenna with such uniform 3 dB beam 
widths in both principal planes in fact, helps to illuminate 
the reflector antenna aperture which in tern reduces the 
tapering of field intensity near the edge of reflector sur-
face and hence the gain of reflector can be increased.  

Keeping this in view, we have executed comparative 
investigations theoretically using both air and conven-
tional PTFE substrates (εr = 2.33) for two identical rec-
tangular patches. The fact of uniform 3 dB beam widths 
in both E and H plane, replacing PTFE by air, is easy to 
observe either doing experiments or from simulated re-
sults, but without having any information indicating the  
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reason. But in here, we have analyzed the beam width 
characteristics in both principal planes quantitatively. In 
the first section of this paper, the proposed idea is im-
plemented and symmetrical 3-D beam width is observed. 
The results for the gain and beam widths compared to 
conventional antenna is discussed in Section 3. In the 
next section of the paper, a quantitative analysis is pre-
sented to explain the symmetry in the beam widths for 
both E and H planes. A concrete mathematical back-
ground behind such behavior is presented in section 4. 
The analysis is based on the effective dimensions of the 
antenna in its E and H planes for both the conventional 
and present antenna. An easy and handful relationship 
between the length of patch antenna and its fringing 
length for different types of substrate is established in the 
background of 3 dB beam widths. The theory is success-
fully utilized to evaluate the causes for uniform 3 dB 
beam widths which is verified using [9] and close agree- 
ment is revealed.  

2. Antenna Geometry 

A rectangular microstrip antenna with length L = 12 mm 
and width W = 18 mm is shown in Figure 1 (top-view of 
the patch and side view of whole antenna structure). A 
dielectric substrate of thickness h =1.575 mm and rela-
tive permittivity of εr = 1 (air) or 2.33 (PTFE) is sand-
wiched between the patch and ground plane. When this 
antenna is radiating, its effective dimensions become Le 
= L + 2ΔL and We = W + 2ΔW; where ΔL and ΔW are 
fringing lengths and widths in each side.  
 
 

L 

W 

y 

z 

h r=1 or 2.33 

 

Substrate (r) 

(a) 

(b) 

x

 

Figure 1. Schematic diagram of simple rectangular patch (a) 
Top view; (b) Side view. 

3. Results and Discussions 

Simulated results obtained using [9] for the antenna with 
air substrate and the same with conventional PTFE sub-
strate operating around X band is presented.  

Figure 2 shows the complete return loss profile of the 
conventional antenna and also compared with the present 
one. It shows that both the antennas are properly fed to 
excite. It shows that as soon as PTFE substrate is re-
placed by air, the operating frequency shifts to the higher 
side of the spectrum. This shift in operating frequency 
may be attributed to the gain enhancing feature of such 
antenna with air or any other low dielectric constant sub-
strate. The next step is to examine the radiation pattern 
for two identical antennas; one with conventional PTFE 
substrate and the other with air substrate. Therefore, the 
radiation patterns are compared between the antennas 
separately at E and H plane as shown in Figure 3. It is 
evident from the figure that, E plane 3 dB beam width is 
doubled than H plane beam width for conventional an-
tenna with PTFE substrate while, those for same antenna 
with air substrate show no changes in beam widths be-
tween its E and H planes. Along with this the gain of this 
present antenna with air substrate is greater than conven-
tional structure as expected [10]. The total results are 
summarized in Table 1. 

Following the design guidelines [11]; the fringing 
lengths and widths (ΔL and ΔW), the effective lengths 
and widths along with the theoretical value of the an-
tenna length using our theory has been calculated and 
presented in Table 2. It is seen that, fringing length ΔL 
for the present antenna with air substrate is 1.99 mm, 
where as that for antenna with conventional substrate is 
only 1.27. This result in fact creates a theoretical back-
ground for such beam width characteristics for both the 
antennas that are presented in the following section. 
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Figure 2. Return loss characteristics of a rectangular patch 
using different substrates. L = 12 mm, W = 18 mm, h = 
1.575 mm,  = 2.6 mm; Substrates: uniform PTFE: εr = 2.33, 
uniform air: εr = 1. 
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Figure 3. Radiation pattern of present antenna operating at 
10.35 GHz compared with a conventional patch antenna 
operating at 7.90 GHz. 
 
Table 1. Gain and beamwidth of rectangular microstrip 
antennas with different substrate configurations. Parame-
ters as in Figure 2. 

3 dB Beam Width (degree)Substrate  
Configuration 

Peak Gain 
(dBi) E Plane H Plane 

Uniform PTFE εr = 2.33 6.2 80 40 

Uniform air εr = 1 8.5 60 60 

 
Table 2. Fringing lengths along length and width and effec-
tive dimensions of rectangular microstrip antennas with dif- 
ferent substrate configurations. Parameters as in Figure 2. 

Antenna Type 
ΔL  

in mm 
ΔW  

in mm 
Le  

mm
We 

(mm) 

Calculated
L [our theo]

mm 

Actual 
L used 

mm

Present antenna 
with air subs 

1.99 1.48 0.43 λ 0.57 λ 11.94 12 

Conventional 
antenna with 
PTFE subs 

1.27 0.95 0.34 λ 0.465 λ 12.06 12 

4. Background Theory and Validation 

Any rectangular patch antenna radiates along its broad-
side direction and its field patterns at both E and H 

planes are given by [3,12] as 

 
0

0

0

sin cos
2

cos sin
2cos

2

e

E

k h
k L

E
k h






 
    

 

        (1) 

for E Plane and   

 
0 0

0 0

sin cos sin cos
2 2

sin
cos cos

2 2

e

H
e

k h k W

E
k h k W

 


 

  
  
  



    (2) 

for H Plane.  
As the antenna should have very small thickness (h) 

with respect to its operating wavelength (λ), we may as-
sume, ; where 0 1k h 0 2πk    

Thus the beam width in E plane is mainly governed by 
the second term of the Equation (1) as the first term ap-
proaches 1. This yield, at 3 dB point when h  ; 
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Thus the half power beam width in E plane 
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When we consider for H plane, the second term of the 
Equation (2) is not important for the same reason as dis-
cussed for E plane. The variation of third term of Equa-
tion (2) is rapid compared to the 1st term “sinθ” as We > 
λ and hence the main lobe in H plane is strictly governed 
by the third term of the equation [12]. Therefore to com-
pute the half power beam width for H plane we may 
write at h  ,  
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Thus the half power beam width in H plane 
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For beam width to be equal for both the planes  
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If half of each term is equal to δ; then this equation is 
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Now from [13]; 
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As, W/L = 1.5 for present case; 

0.75W L    

Thus, 

1.5 1.5 1.32 2.64L L L            (18) 

So, 

6L                    (19) 

And this is satisfied for the present antenna on air sub-
strate with L = 12 mm and ΔL = 1.99 mm as evident 
from Table 2. 

On the other hand, if the same antenna is fabricated on 

conventional PTFE substrate, it is found that the beam 
width in E plane is just doubled than that at H plane. For 
that case of conventional antenna, 
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2 1.37 2.74W W L L             (26) 

As, W/L = 1.5 for conventional antenna also;  

0.75W L    

Thus, 

1.5 1.5 1.37 2.74L L L L            (27) 

So, 

9.5L L                 (28) 

Which is exactly the case with conventional antenna on 
uniform PTFE substrate with L = 12 mm and ΔL = 1.27 
mm as revealed from same Table 2. 

Thus an excellent agreement between the theoretical L, 
calculated using our theory and the actual L, which is 
used for the present investigation with different types of 
substrate is exposed, which corroborate the validity of 
the present analysis.  

5. Conclusion 

A rectangular microstrip antenna with low dielectric 
constant substrate (air) has been proposed for an efficient 
feed of a parabolic reflector antenna and the proposed 
idea has been verified thoroughly using quantitative 
analysis in the context of half power beam widths. A 
straightforward handful relationship between the length 
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of patch antenna and its fringing length is established. 
The quantitative analysis that has been presented in the 
paper will surely be helpful for the scientists, researchers 
and practicing engineers looking for such low profile 
antenna with symmetrical beam radiation pattern. The 
thorough mathematical analysis for beam widths in rela-
tion to the effective dimension of the patch is very sup-
portive for future investigations in this area.  
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