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A NOVEL WIDEBAND MICROSTRIP PATCH ANTENNA FOR SATELLITE 
COMMUNICATIONS IN KU-BAND
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ABSTRACT

In this paper bandwidth enhanced microstrip patch antenna has been proposed for satellite communications. 
The bandwidth has been increased using parasitic patches. The size of the proposed antenna is 15x8mm2. It has 
been observed that the antenna has a bandwidth of 4.08GHz, a return loss of 49.07dB at the center frequency, a 
maximum gain of 8.25dBi and total efficiency of more than 90%. This antenna can be prospective candidate for 
satellite communications.
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INTRODUCTION

Microstrip patch antenna is used widely due to low 
profile, compact size and easy fabrication, therefore the 
implementation of VSAT system with low profile anten-
nas has been under consideration by researchers since 
last decade. Bryon, in 1970’s, designed the microstrip 
radiator which consisted of a several wavelengths long 
and half-wavelength wide conducting strip (E.V. Bryon, 
1970). The ground plane was separated by a dielectric 
strip and it is fed using coaxial connectors at regular 
intervals. After that, Howell, in 1975, presented a radi-
ator by using basic circular and rectangular shapes (J.Q. 
Howell, 1975). The designed antenna was low profile 
consisted of planar radiating element whose substrate 
thickness was very low as compared to the wavelength. 
From the study, author noted that the antenna bandwidth 
depends on the thickness and relative permittivity of 
substrate. With the development, number of geometries 
of microstrip patch antennas was presented for space 
applications. The cylindrical array was constructed for 
S-band applications (H.D. Weinschel, 1973); conformal 
array was designed for KC-135 aircraft for L-band com-
munication (G.G. Sanford, 1974). Some flush mounted 
antenna arrays were also presented for missile systems 
(J.R. James & G.J Wilson, 1975), (G.W. Gravin et al., 
1975) 

A microstrip patch antenna is a type of radio antenna 
which consists of dielectric substrate, ground and radiat-
ing patch. The top of the substrate consists of a metallic 
strip (patch) and the bottom of substrate consists of the 
ground plane. The feed line is connected to the lower end 

of the monopole and ground plane. The most common 
shapes of microstrip patch antennas are rectangular, 
circular, square, triangular and elliptical (C.A. Balanis, 
2005); but the combination of these shapes can also be 
used for the design of microstrip patch antennas. VSAT 
system is used for satellite communication and Ku band 
(12-18 GHz) is widely used band in such system (Jana 
et al., 2013), (Krishna et al., 2008).

Recently various microsrip patch antenna for Ku band 
application are reported. Azim et al. presented the patch 
antenna for Ku band application with bandwidth of 0.95 
GHz, peak gain of 7.6 dB and size of 15 x 15 mm2(Azim 
et al ., 2011). (Dubey et al., 2011) proposed antenna with 
rectangular shape, the bandwidth of proposed antenna 
was 0.6 GHz, 0.52 GHz and 0.382 GHz for various 
bands and antenna size was 7.6 x 10 mm2 which was 
printed on Teflon with thickness of 0.8. (Misran et al., 
2009) developed Ku band microstrip antenna with size 
of 9.5×10mm2 which was printed on Rogers RT/Duroid 
5880. The thickness of the substrate was 0.254mm and 
maximum bandwidth was 0.90 GHz. (Samsuzzaman et al., 
2013) designed Ku band antenna on Rogers RT/Duroid 
6010. The size of the antenna was 8.5 × 7.96mm2 and 
height of substrate was 1.905mm. The bandwidth was 
0.576 GHz. Islam et al., 210) presented Ku band antenna 
with size of 9.50 × 10 mm2 and height of substrate was 
0.254 mm. The return loss was 23.83dB and 14.04dB 
at various bands. (Malisuwan et al., 2014) developed 
E shaped antenna for Ku band application with size 
of 22.75 x 16.5mm2. The design was printed on FR4 
with thickness of 1.5mm. (Chodavadiya et al., 2016) 
presented Ku band microstrip patch antenna which was 
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designed on Teflon with thickness of 0.8 mm. The size 
of the antenna was 4.5 x 23.2 mm2. The peak gain was 
6.906dB, bandwidth was 4.1553 GHz and return loss 
was 26.5578dB. In (Nor et al., 2016) an antenna has 
been reported with 2.1GHz impedance bandwidth and 
gain of the antenna was 12.1dB.

 The maximum simulated bandwidth was 13.3% 
at 12.57GHz resonant frequency in (Elias, 2016). The 
VSWR was < 2 in the case of using infinite ground plane.

In this paper a Microstrip Patch Antenna has been 
designed for satellite applications in Ku-band. The size of 
the antenna is 15x8 mm2. The bandwidth of the antenna 
is 4.08GHz, a return loss of 49.07dB, a maximum gain 
of 8.25dBi and total efficiency of more than 90%. The 
antenna has been simulated using CST Microwave Studio.

ANTENNA DESIGN METHODOLOGY

The dimensions (i.e. length and width) of the pro-
posed antenna were calculated according to the following 
equations. where, L is the length of patch, c and v0  
represent the speed of light, fr is the resonant frequency, 
εeff is the effective dielectric constant calculated using Eq. 
(2), ΔL represents the extension in length caused by the 
fringing effect and by considering the dimension of the 
patch it can comfortably be ignored, εr is the relative 
permittivity of substrate, h is the thickness of substrate 
and W is the width of patch, respectively.

    (1)

   (2)

   (3)

     (4)

Initially a simple rectangular antenna was designed 
as shown in Fig.1. The patch has been etched on the 
substrate Preperm L-450 and it has a dielectric constant 
of 4.4 and height of 1.64 mm. The antenna substrate has 
a size of 12x8 mm2. The ground plane and the simple 
rectangular patch have been made of pure copper with 
0.035 mm thickness. The coaxial feed line is located on 

the x-axis at 1.125mm. The simple copper rectangular 
patch has a size of 4.5x2.5 mm2. This simple antenna 
showed a bandwidth of 1.56 GHz from 13.64 GHz to 
15.2 GHz and a maximum return loss of 26.15 dB as 
shown in Fig.2.

(a)

(b)
Fig 1: The Simple rectangular antenna (a) Perspective

View (b) Back View

Fig 2: Return loss of Reference patch antenna

For bandwidth enhancement, this Ku-band antenna 
was modified in shape along with addition of parasitic 
patches as shown in Fig 3. The two parasitic patches 
P1 and P3 are introduced on the left and right side of 
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the central radiating (driven) patch P2 respectively. Four 
identical rectangular slots have been removed from the 
driven patch P2 and these rectangular slots are repre-
sented by S. The gap between the parasitic patch P1 
and the driven patch P2 is denoted by G1 and the gap 
between the driven patch P2 and the parasitic patch P3 
is denoted by G2.

The driven patch is excited by a 50Ω coaxial cable. 
The parameters of the proposed antenna are given in 
Table 1. The area of the patches is W×Lmm2. Where, 
W and L stand for width and length respectively The 
substrate’s material was Preperm L-450 having a dielec-
tric constant of 4.4. 

RESULTS AND DISCUSSION

A Reflection coefficient

The reflection coefficient as a function of frequency 
is illustrated in Fig.4.Thecentre frequency is close to 
15GHz and the bandwidth of the proposed antenna is 
3.87GHz with maximum Return loss of 38.64dB.

Table 1. Parameters of the Proposed Antenna

Name Description of the Parameters Values
A Size of the rectangular antenna 15x8mm2

A1 Size of the friven patch P2 without 
rectangular cuts

5x2.6mm2

A2 Size of the left and right parasitic 
patches P1 and P3

3x2.6mm2

C Location of coaxial feed line on the 
x axis

1.2 mm

G1 The gap between the parasitic patch 
P3 and the driven patch P2

1.3 mm

G2 Tha gap between the parasitic patch 
P3 and the driven patch P2

1mm

S Size of the four rectangular cuts 
from the corners of the driven patch 

P2

1.75x0.7 
mm2

T Thickness of the ground plane and 
all the three patches 

0.035mm

H Height of the substrate 1.64mm

Fig 4: Return Loss of the proposed antenna

Fig 5: Voltage Standing Wave Ratio

Fig 3: Front View of the Proposed Antenna

B Voltage Standing Wave Ratio

The Voltage Standing Wave Ratio of the proposed 
antenna is shown in Fig. 5. The ratio is in the desirable 
slot between 1 and 2.

C Efficiency

The efficiency is shown in Fig.6. The total efficiency 
is more than 90% in the entire working spectrum. The 
maximum radiation efficiency is approximately 98 %.
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D Radiation Pattern

The two dimensional radiation pattern of the antenna 
are shown in Fig. 7. The antenna has broadside radiation 
pattern with small back lobe.

The half power beamwidth of 111.70, 107.20, 101.20 
and 93.20 have been achieved at 14.66 GHz, 15.55GHz, 
16.44 GHz and 17.33 GHz respectively.

The variable gain from 6.23dBi to 8.48dBi is attained 
by the antenna. This antenna has achieved the maximum 
gain of 8.48 dBi at 17.33 GHz frequency.

(a)

(b)

(c)

(d)
Fig 7: Two Dimensional Radiation Pattern at (a) 14.66 

GHz (b) 15.55 GHz (c) 16.44 GHz (d) 17.33 GHz

Fig 6: Efficiency of the proposed antenna

Fig 8: Return loss of optimized antenna

The following parameters have been changed to further 
enhance the bandwidth from 3.87 GHz to 4.08 GHz.

• The gap G1 between the parasitic patch P1 and 
the driven patch P2 is increased from 1.3 mm to 
1.9 mm and

• The width of the left and right parasitic patch is 
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decreased from 3mm to 2.9 mm.

The bandwidth of the proposed antenna has been 
enhanced to 4.08GHz due to the above mentioned changes 
in the two parameters. The plot of the reflection coef-
ficient is shown in Fig. 8.The plot of the VSWR with 
respect to the frequency is illustrated in Fig. 9 and the 
plot of the efficiency is given in Fig. 10.

VSWR has almost touched 1 at the center frequency. 
The antenna has gained a maximum total efficiency of 
98.65% at 15.55GHz as shown in Fig. 10. The antenna 

has a maximum gain of 8.25dBi at 17.33GHz as shown 
in the plot of the gain in Fig. 11. 

CONCLUSION

In this paper wideband Ku-Band antenna has been 
proposed. The operating bandwidth of the antenna has 
been enhanced from1.56GHz to 4.08GHz. The bandwidth 
of the proposed antenna is from 14.06GHz to 18.14GHz. 
The VSWR is in the desirable range from 1 to 2. The 
efficiency of the antenna is also more than 90%. This 
single band antenna has achieved a maximum gain of 
8.25dBi. As the spectrum used for satellite applications 
in Ku band is from 12GHz through 18GHz, so the 
proposed antenna can be a good candidate for satellite 
communication in Ku-Band. The overall size of the 
antenna proposed here is 15×8×1.64mm3.
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