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ABSTRACT: This research demonstrates the capability to conform a Substrate Integrated Waveguide Conformal Leaky-Wave Antenna (SIW-CLWA) 
design, which ensures an enhanced efficiency in the Ku band, with better return loss curve in terms of its shape and trend. This design employs a 
substrate called ROGER RT DUROID 5880 and is comprised of 7-unit cell patches. The designed Antenna is analyzed for its radiation pattern. The 

narrow band of the proposed CWLA in the Ku band is acquired at the frequency of 14.56GHz with gain dB of -53.147. Compared to the existing Goubau-
line leaky-wave antenna, the proposed CLWA gives an enhanced result in the Ku band in terms of frequency and gain. The measured return loss is 
10dB better compared to the existing Antenna design.  

 
Keywords: Conformal Leaky Wave Antenna, Reflection Coefficient, Substrate Integrated Waveguide, Return Loss, Reflection Coefficient 

———————————————————— 

 

1. INTRODUCTION 
Leaky wave antennas (LWA) are antennas with a wide-
band microwave that emit a narrow beam in which the 
direction can be altered by minor deviation in its operating 
frequency. Principally, they are a variety of phased array 
antennas (PAA). Primary work on array antennas started 
during the 1920s when a lot of works happened on theory 
and experimentation based on array [1]. LWA has 
distinctive benefits over PAA: deviation in frequency 
outcomes in scanning angle deviation– removes the 
necessity to have phase shifters for energy consumption 
reduction with a control circuit. LWA is usually simple 
structures of waveguide that dramatically reduces the 
fabrication cost. Scanning angle deviation with frequency 
is unfavorable for applications with point-to-point 
communication [2]. Unfortunately, the disadvantages of 
simple leaky wave antennas, including narrow frequency 
and frequency dependent beam scanning, have kept them 
as academic research subjects chiefly and have prevented 
them from being used widely in the industry [3]. Conformal 
LWA is more of a novel application of an LWA in which it 
was put on a curved surface such as a cylinder. The 
cylinder can be round or of any shape. The goal is to 
radiate a narrow beam in a fixed direction. Because of the 
curvature of the cylinder, the LWA should radiate a beam 
locally at an angle [4]. Conformal antennas are of 
extensive attention to scholars because of its integrating 
purpose with the structures like part of train, airplane, or 
more vehicles [5]. Various surfaces can be employed in 
conformal antennas, like conical shape, cylindrical shape, 
and a spherical shape. In them, the surface with shape 
can be of special applications interest as aircraft, noses of 
the missile, and devices. [6] In recent times the design of 
the Conformal LWA was in the concave form, and it was 
observed that the loss of signal wave is of a higher order. 
Further, the operational angle, i.e., the angle of reflection 
and refraction, are with low range. This problem in the 
existing concave conformal LWA has led to the design of 
the convex conformal LWA, which is based on the 
rectangular substrate integrated waveguide (SIW). For 
enhancing the efficiency of the wave-signal transmission 
through the proposed antenna, the following contributions 
are implemented in the present works are as follows: 

 We have designed the convex type conformal LWA 
with the rectangular substrate integrated waveguide 
(SIW) 

 The irregular rectangular patch resembling two definite 
L shapes are placed along with the circular patches at 
top and bottom position of those L shapes 

 The proposed design was then simulated for obtaining 
the gain values through a polar plot, along with the 
radiation pattern and return loss curve. 

 We compared the obtained outcome with the existing 
model to validate our antenna design and its 
performance.The current paper was presented in the 
following order as; section 2 details the several research 
works that were carried out in the field of antenna design 
along with their performances and limitation on those 
works. The next section enumerates the methodology 
that is applied for the design of the proposed antenna 
along with its fundamentals. The fourth section displays 
the simulated results of the proposed antenna and its 
comparison with the existing design. The last section 
summarizes the current research work and provides the 
future scope of our proposed antenna design. 

 

2. PROPOSED METHODOLOGY 
 

2.1 Leaky Wave Antenna (LWA) 
Leaky-wave antennas (LWAs) are a type of traveling-wave 
antenna with a long radiating line-source aperture, and 
therefore the radiation patterns can be strongly disturbed 
when their longitudinal shape is conformed to curved 
surface geometry. These antennas are capable of 
generating narrow beams, with the beam width limited by 
the size of the antenna structure. They are often planar or 
nearly planar, with only a modest depth requirement. 
Usually, the leaky wave antennas are terminated by a 
broadband load for absorbing the non-radiated power and 
for preventing it from reflecting the input and disturbing 
desired radiation patterns [16]. This termination decreases 
the efficiency of the antenna, especially at higher 
frequencies where the non-radiated power increases. 
 
2.2 Antenna Configuration of the Proposed 

Conformal Leaky Wave Antenna (CLWA) 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 01, JANUARY 2020     ISSN 2277-8616 

1553 
IJSTR©2020 

www.ijstr.org 

The proposed conformal leaky-wave antenna is depicted 
in Figure 1. The antenna loses its high directivity property 
and the steering direction of the original rectilinear design. 
The designed CLWA provides broad beams in broadband. 
The design of the proposed CWLA is explained as 
follows. 
 

 
 

Figure 1. The Proposed Conformal Leaky Wave Antenna 
(CWLA) 

At first, LWA is designed and conformed to the curve 
shape. The substrate integrated waveguide (SIW) can be 
equivalent to the conventional rectangular waveguide, 
where the periodic metallic circle in SIW are considered 
as the sidewall of the conventional waveguide. Therefore, 
the SIW with irrational rectangle-shaped slots is proposed 
in this paper. The CLWA is composed of a metallic strip 
over a dielectric substrate with a ground plane. A single 
feed port is placed on the edge of the antenna by feed 
patch to serve, as a travelling wave transmission line. The 
leaky-wave antenna is the fundamental mode of the 
CLWA is bounded. 
 

 
 

Figure 2. CLWA Design 
 

Dispersion diagram of the fundamental mode of a unit cell 
is the irrational rectangle-shaped patch formed by two L 
shape with dimensions: width, w = 9 mm, length, l = 13 
mm, and height, h = 0.01 mm. The thickness of the 
substrate D is 0.8 mm on Rogers RT/Duroid 5880 with 
relative permeability 2.2, dielectric loss tangent 0.0009. 
Then a microstrip line with an impedance of 50Ω feeds it 
from one end. The gap between the irrational rectangle is 
G=1mm and in between two L shape g=1mm. The two 
circular metal patch is deposited each one on top and 

down of an irrational rectangle-shaped patch whose 
radius r is 2mm.  Seven unit cells are combined to form an 
LWA and conformed into the semi-circle curve geometry 
whose radius R is 25mm. The total length of the CLWA is 
L = 100mm with the radius of 25mm curve, as shown in 
Figure 2. The parameters are optimized by HFSS 13.0 
computer design and simulation tool. 
 

 
 

Figure 3. The substrate of the CLWA 
 
In this model, we use a substrate called ROGER RT 
DUROID 5880, as shown in Figure 3, with a thickness of 
0.8mm. The total length of the antenna is 100 mm. To 
form the leaky-wave antenna, 7-unit cell patch was used. 
The ground and the patch are created by the perfect 
conductor. The patch and the ground are change into 
conformal by a wrap sheet command. Furthermore, a 
lumped port is used as the port in the model. And an air 
radiation box is created to conduct radiation analysis. 
 
2.3 Procedure for CLWA Design 
There are various modulation techniques to design a 
CWLA. In this research, the irrational rectangle of L 
shaped with the circular patch is designed to achieve the 
radiation, as shown in Fig. 2. Such an L shaped and circle 
shape patch offers two benefits in the design of conformal 
leaky wave antennas. The basic steps for the 
development of rectangular patch antenna (RPA) are: 
Step 1: The width of the radiating RPA is computed from 
the following equation 
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Where   is the velocity of light, which is          

   refers to the dielectric constant of the substrate 
   is the resonant frequency of the Antenna. 
Step 2: Effective Dielectric constant of the PRA is 
determined from the equation below 
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Where   (in cm) is the height of the substrate. 
Step 3: Effective length obtained at the resonance 
frequency is calculated by 
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Step 4: Extension length of the PRA is computed with the 
equation given as follows 
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Where the length " L" of the PRA is calculated as 
           

 
As we know, the transverse slot in waveguide wall cuts 
the current flowing in a longitudinal direction, while the 
longitudinal slot cuts the current flowing in a transverse 
direction. Therefore, only the transverse slot or 
longitudinal slot cannot generate polarization radiation. 
Since a gap in L shape slot is composed of both 
transverse and longitudinal slots, it can cut the currents 
flowing in both longitudinal and transverse directions at 
the same time. Therefore, the combination of L-shaped 
slots possibly generates a polarization wave. The circular 
patch is the second most popular shape and can be easily 
analyzed and modified to produce a range of impedance 
values, radiation patterns, and frequencies of operation. In 
the earlier designs, only a circular shape and a standard 
port were used, but there was no gain improvement. 
Furthermore, changing the feeding location and adding 
rectangular shapes to design lowered the resonances, 
also high gains are maintained.  A circular-shaped 
microstrip radiating patch is designed at Ku band, i.e., the 
radius is decided to keep Ku band as the resonant 
frequency. In, the actual radius of the circular patch,   (in 
cm) is defined as 
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Where   
         

  √  
 

Using equation (5), the value of the radius is found and 
then optimized to 2 mm for 28 circles. 
 

3. RESULTS AND DISCUSSION 
The performance of the designed antenna is analyzed 
using HFSS 13.0 computer design and simulation tool. 
The simulation results are included in this section. In 
Figure 4, input reflection coefficient, S11 is shown at 14.56 
GHz, with -50.15 dB magnitude was found as a simulation 
by combining of the circular patch and irrational rectangles 
at the frequency sweep of 12GHz to 18GHz (ku band). 
 

 
 
 

Figure 4. Reflection Coefficient, S11 parameter 
 
Figure 5 shows the beam scanning with frequency. Due to 
the convex type of conformal leaky-wave antenna, the 
beam is shown scanning over the region (140, 220) 
degree; though in principle a full-space scanning should 
be possible. (The scan range was limited here by the 
experimental setup, not the antenna.) Note that the beam 
scans through broadside with no degradation. 

 

 
 

Figure 5. Beam scanning with frequency 
 
The Gain in a polar plot is plotted in 2D and 3D in below 
figure. Form the graphs; it shows the proposed antenna 
achieves a high gain due to the conformal of the cylinder. 
The gain is achieved efficiently in the range of -120 
degree to -90-degree angle. 
 

 
 

Figure 6. (a) Polar plot of the Radiation Pattern;  
  

  
  

Figure 6. (b) 3D Farfield plot of the Radiation Pattern 
 
The side view of the radiation pattern in a polar format is 
plotted in Figure 6 (a). The 3D far-field radiation pattern is 
visualized in Figure 6 (b). Though the slots are closed 
direction, the radiation pattern is tilted toward the 
240degree because of the leaky wave coupling among 
the slots with different magnitudes and phases at convex 
conformal. We note a major reduction of the back lobe 
and an increase of beam pattern concerning the CLWA 
pattern at 10 GHz. 
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Figure 7. (a) Polar plot of the Radiation Pattern; 
 

 
      

 
Figure 7. (b) 3D Farfield plot of the Radiation Pattern 

 
The efficiency of the proposed CLWA is compared with 
the existing Goubau-line leaky-wave antenna [17]. Figure 
8 shows the comparison of s11 parameter of the 
proposed CLWA with the existing antenna.  
 

 
Figure 8.Return Loss S11  

 
According to the results, the return loss curves from 
Proposed CWLA are efficient both in shape and in trend. 
The measured return loss is more than 10 dB better than 

existing. The graphs clearly show that the proposed 
CWLA if applicable in the Ku band.  
 

4.  CONCLUSION: 
This research proposes a Novel Conformal Leaky Wave 
Antenna (CLWA) design, which incorporates a substrate 
called ROGER RT DUROID 5880. The designed Antenna 
is analyzed for its radiation pattern. The narrow band of 
the proposed CWLA in the KU band is obtained at the 
frequency of 14.56GHz with gain dB of -53.147. Compared 
to the existing Goubau-line leaky-wave antenna, the 
proposed CLWA gives the enhanced result in the Ku band 
in terms of frequency and gain. The measured return loss 
is 10dB better compared to the existing Antenna design. 
And it is found that the return loss curve is better in shape 
as well as trend. In the future, the effect of bending for the 
designed antenna can be analyzed. 
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