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Abstract — A novel ‘T’ square wideband fractal antenna
is proposed for satellite communication. The Wideband
is achieved through the ‘T’ square fractal design and
CPW feed. At first, a conventional square-shaped patch
antenna is designed. Then the square-shaped patch is re-
placed by a Type-I fractal to achieve wideband. Finally, a
Type-II fractal with an L-Shaped boundary is used to en-
hance the bandwidth to a greater extent. The gain of the
proposed antenna ranges from 4 dB to 6.3 dB for the en-
tire frequency range of 6.2 GHz to 14 GHz. The radiation
efficiency of the antenna is noticed up to 84%. The fractal
antenna resonates well throughout the entire frequency
range with a VSWR of less than 2. The antenna having
such a wide band characteristic can be found suitable for
a wide range of applications like earth exploration satel-
lites, fixed satellites, radiolocation, maritime radio nav-
igation, and aeronautical radio navigation. A metal re-
flector is also introduced at the bottom of the antenna to
produce a unidirectional radiation pattern. This increases
the gain up to 9.8 dBi and a front-to-back ratio is noticed
above 20 dB. The design is fabricated and the measure-
ment results are found to be in good agreement with the
simulation results.

Index Terms — CPW fed antenna, fractal antenna, reflec-
tor, satellite application, “T” Square fractal, wideband.

L. INTRODUCTION

Satellite communication carries an important aspect
of the global telecommunication system. A satellite de-
vice consists of an antenna, transponders to receive and
retransmit signals, a propulsion unit, and a power grid.
The cost of launching the satellite is very high and it
depends on its weight. Hence, lightweight satellites are
preferable nowadays. Due to this reason, low-profile and
lightweight microstrip patch antennas are the best candi-
dates for the purpose. These conformal antennas have the
ability to operate in more than one band to be selected for
a wide range of satellite communications. Narrow band-
width is the major concern in conventional microstrip an-
tennas. Many methods are available in the literature for
improving the impedance bandwidth of microstrip patch
antennas so that a single antenna can be used for many
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applications. These methods include using a thick dielec-
tric material with low dielectric constants, coupling the
feed instead of connecting it directly to the patch, etch-
ing different shaped slots in the patch, using a single
layer metamaterial superstrate, using a defected ground
structure, etc. The bandwidth of Microstrip patch anten-
nas can be enhanced by increasing substrate thickness
[1]]. The increase in the thickness of the substrate results
in the excitation of the surface waves which affects the
performance of the antenna. By decreasing the dielectric
constant of the substrate 2] also wider bandwidth can be
achieved, but it increases the overall size of the antenna.
In [3]], an inverted U-shaped slot was implemented on
the radiating patch to improve the impedance bandwidth
to 17.8%. In [4], although the microstrip antenna with
a stacked structure provides a very wider bandwidth, it
is having a very complex structure. Similarly, wideband
is achieved with U-shaped parasitic elements in [S]]. Us-
ing the metamaterial-based technique, a wider fractional
bandwidth of 30% is achieved in [6]. But again, it can-
not fulfill the requirement of a wider range of satellite
communications. Most of the prevailing methods can in-
crease the impedance bandwidth to some extent, how-
ever, it is necessary to further enhance the bandwidth
to meet the needs of broadband wireless communica-
tion systems. In [7], the narrow band property of the
conventional microstrip antenna is improved by adding
a gap between the substrate and ground, which further
decreases the effective permittivity of the substrate. This
results in achieving improved bandwidth of up to 58%
along with the use of defected ground structure. In [8]],
a simple structure of singly-fed wideband dielectric res-
onator antenna (DRA) is designed. This DRA has one
rectangular and two half-split cylindrical dielectric res-
onators with excitation via a stair-shaped slot. The multi-
ple orthogonal mode pairs are excited and an impedance
bandwidth of 49.67% is achieved by tuning and merging
the orthogonal mode pairs.

Along with the other methods, wider bandwidth can
also be achieved by the use of fractal antennas. Frac-
tals are self-similar geometry at different scales used in
patch antennas to achieve miniaturization, multi-band,
and wideband due to their self-similar and space-filling
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nature. Complex shapes of fractals generate many elec-
tric current modes or distinct current distributions which
further give rise to radiation. Hence, fractal antennas
can have a wider bandwidth than conventional antennas.
There are many deterministic fractals available such as
Minkowski, Sierpinski, Koch, cantor set, etc., which can
be used to achieve wideband, multiband, and miniatur-
ized antennas. In [9], a printed Cantor monopole multi-
band antenna with a reduced size covering multiple
applications has been proposed. In [10], the Fractal con-
cept based on a square ring structure using circular ring
elements is developed for multiband applications. Three
iterations of the antenna have been designed and inves-
tigated. The last iteration shows better results in terms
of antenna bandwidth. This improvement along with
multiband characteristics for the fractal antenna makes
it a suitable candidate for different wireless applications.
In [L1], a rectangular dielectric resonator antenna with
Minkowski and Sierpinski fractals is used for wideband
applications. The fractal antenna offers a wide bandwidth
of 66%. In [12], for bandwidth improvement of a fractal
monopole antenna, a compact Grounded CPW feeding
method is proposed. This feeding technique changes the
multiband behavior of fractal elements to the wideband
property. But a comparatively lesser gain is noticed in
the designed antenna. In [13]], a wideband antenna is de-
signed using Sierpinski fractal geometry. Even though
it could achieve an impedance bandwidth of 120%, the
gain was only 3.35 dB and the radiation pattern was also
not unidirectional. Microstrip-line-fed printed wide-slot
antenna is proposed in [14] to increase the bandwidth
with a fractal structured slot. After etching the fractal
slot, it can be observed that the impedance bandwidth
is improved significantly. In [[15], a wideband fractal slot
antenna is proposed and fabricated. The broadband char-
acteristic is achieved by implementing a Sierpinski frac-
tal into a square slot without increasing the overall size
of the antenna. It is also observed that the number of
resonances increases with the increase in fractal itera-
tions in the slot. In [16]], fractal Minkowski curves are
used to design a compact dual-band microstrip ring an-
tenna. The sides of the ring have been replaced with the
first and second iterations of the fractal geometry to de-
sign the compact antenna with dual-band operations. Al-
though the use of fractals in the above-discussed arti-
cles enhances the bandwidth to some extent, other per-
formance parameters of the antenna are not up to mark
for their use in satellite communication. Hence, a novel
method is proposed here combining two different fractal
types to achieve a bandwidth of up to 76% with balanced
performance parameters.

In this article, a novel ‘T’ square wideband fractal
antenna is proposed for satellite communication. CPW
feed is used here to have an impedance matching over the
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entire bandwidth. At first, a conventional square-shaped
patch antenna is designed. Then the square-shaped patch
is replaced by a Type-I fractal to achieve wideband. Fi-
nally, a Type-II fractal with an L-Shaped boundary is
used to enhance the bandwidth to a greater extent.

II. ANTENNA DESIGN AND ANALYSIS
A. Antenna geometry

The design procedure of a microstrip antenna starts
with selecting the proper substrate and feeding technique
to achieve the required specifications. Here, in particular,
the design goal is to improve the bandwidth of the an-
tenna. To achieve wider bandwidth in our case, a CPW
feed is used [[L7]. The feed, radiating patch, and ground
plane are positioned on the same side of the substrate.
FR4 with dielectric constant 4.3 is used as the substrate
with a height of 1.6 mm. The dimension of the substrate
is kept at 35 mm x 30 mm to accommodate the radiating
patch and the ground plane. Figure[T|shows the proposed
CPW-fed wideband fractal antenna. The dimensions of
the same antenna are tabulated in Table [Tl

The proposed antenna geometry consists of a T-
square fractal geometry and is designed in two different
stages. In the first stage, a plus-shaped radiator is gen-
erated from a conventional square patch antenna. The
conventional square patch antenna is considered here as
Design 1 and the antenna with a plus-shaped radiator is
named Design 2. In the next stage, each square of the
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Fig. 1. Geometry of the proposed fractal antenna.
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Table 1: Dimensions of the proposed antenna

Parameters Description Value (mm)

Lr Length of the radiat-|8
ing square

Wr Width of the radiating | 8
square

w Width of rectangle|1
strip

Wit Width of CPW 24
feedline

G Gap of CPW line 0.4

Lsub Length of Substrate |30

Wsub Width of Substrate |35

Lgnd Length of the Ground |13.4

Wgnd Width of the Ground |5.7

-d Gap between 1
radiating elements

plus-shaped patch is replaced with a wired structure hav-
ing a strip width of 1 mm and length of 8 mm for De-
sign 3. Then following the space-filling property of frac-
tal two L-shaped strips are added at the top corners and
named Design 4. Finally, two more L-shaped strips are
added to the structure at the bottom corners for the final
Design 5. Two finite ground planes of the same dimen-
sions are positioned symmetrically on both sides of the
CPW feed. The dimension of the ground plane of the
coplanar waveguide is 6.5 mm x 13.4 mm. The length of
the feed is taken as 8 mm with a width of 2.4 mm. A gap
of 0.4 mm is maintained between the coplanar ground
plane and the signal strip used to feed the radiating patch.
The detailed design procedure of the proposed fractal an-
tenna along with the generator and initiator descriptions
are given in the next section.

B. Design procedure

In this section, the complete design procedure for
the proposed fractal antenna is described in five different
design stages. In the first stage, a conventional square-
shaped radiator is designed with dimensions of 22 mm x
22 mm, as shown in Fig. 2] (a). This square-shaped patch
antenna is designated as Design 1 and yields a simulated
bandwidth of 2.7 GHz from 11 GHz to 13.7 GHz. In the
next stage, Design 2 is generated from Design 1 by re-
placing the initiator with the generator structure as shown
in Fig.[2] Here, the square patch is considered as the ini-
tiator whereas, four square slots in the four corners with
a center square slot is etched out as the Type-I genera-
tor structure for Design 2. This modified antenna gives
a wider bandwidth from 7.8 GHz to 11 GHz compared
to Design 1. The simulated S;; vs. frequency graph is
plotted in Fig.

From Fig. |4} it can be seen that the si; curve of
Design 2 is not perfectly matched. The resonating fre-
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(a) Design | (b) Design 2
= e
Initiator Generator

Fig. 2. Construction of Design 2 from Design 1 with ini-
tiator and generator structure.

quency is shifted towards the left due to the increase in
the current path length. Hence, to improve the impedance
matching, a ‘T’ square fractal is introduced in Design
3 as the third stage. Again, in Design 3 all the square
shapes of the plus-shaped initiator are replaced with a
Type-II generator structure as shown in Fig.[3] The Type-
II generator structure consists of four rectangular strips
with a width of 1 mm and a length of 8 mm.

-

(b) Design 3

(a) Design 2

Initiator

Generator

Fig. 3. Construction of Design 3 from Design 2 with ini-
tiator and generator structure.

The scaling dimension relation is used here to de-
termine the dimension of the fractal design. The first it-



eration of the fractal is three times wide and three times
taller than the generator. So, it is said to be scaled by a
factor of 3. To construct iteration 1, four copies of the
original generator are required. Design 3 is formed by
combining four copies of the generator.

—_
=]
-
g
2
=
K
—
U"}— ....... Design 1
25 | == Design 2
e Design 3

3 7 8 9 0 11 12 13 14
Frequency(GHz)

Fig. 4. Sy; vs. frequency graphs of Design 1, 2, and 3.

Using scaling dimension relation [18]],

C=5
Number of copies = scaling factor®™mesion
4=31
log 4 = log 3¢
d =log4/log3
d =1.26.

The dimension of the above-designed fractal an-
tenna is 1.26. After introducing the ‘T’ square fractal in
Design 3, the antenna resonates from 9 GHz to 12 GHz.
The s1; value has also improved up to —21 dB which
can also be observed from Fig. [ In Design 2, the two
resonances are wide apart but in Design 3 both the res-
onances came closer to behaving as a single wide band.
The Fractals with self-similar properties help in achiev-
ing this wider bandwidth in Design 3.

Although we have achieved a wider bandwidth of
3 GHz in Design 3, to improve the impedance band-
width further, two L-shaped elements are introduced in
the fourth stage at the top corners in Design 4 as shown
in Fig. [J] (a). These L-shaped elements maintain a cou-
pling gap with the radiator which results in improved
impedance bandwidth. The coupling gap gives the ca-
pacitive effect and the inductive effect is compensated
by this capacitive effect to get a wideband impedance
matching characteristic from 8.7 GHz to 12 GHz in De-
sign 4. The bandwidth of this antenna can be improved
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further if the antenna utilizes efficiently the available
area, with its geometrical configuration. This is known as
the space-filling property of fractal. Hence, to satisfy this
property of fractal, in the last stage, two more L-shaped
elements are added at the bottom corners of the radiator
in Design 5 which is shown in Fig. [5] (b). This further
increases the bandwidth from 8.4 GHz to 14 GHz. How-
ever, the s curve degrades and touches the —10 dB line
at 12 GHz. The comparison among S1; curves of Design
3,4, and 5 is shown in Fig. E]over the wide range of fre-
quency. To get a perfect impedance matching in Design
5, the parametric optimization method is adopted. De-
tailed procedure of the parametric optimization and its
results are discussed in the coming section.

™1t it
e

Fig. 5. (a) Design 4, (b) Design 5.
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Fig. 6. S11 vs. frequency graphs for Design 3, 4, and 5.

C. Parametric analysis

A parametric analysis method is adopted here, for
the optimization of the proposed antenna. At first, the
sensitivity of the design parameters is examined over the
resonance properties of the antenna. Then two design pa-
rameters, d and Wgnd are selected for the optimization
process due to their impact on the antenna performance
over other design parameters.
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Here d is the gap between the L-shaped element and
the ‘T’ square fractal and Wgnd is the width of the CPW
ground. At first, the gap between the L-shaped element
and the radiator, d is varied from 0.1 to 1 with a gap of
0.5 mm by keeping the width of the ground Wgnd, con-
stant. The same process is repeated for 3 different values
of Wgnd, 6.3 mm, 6 mm, and 5.7 mm.
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40 g 7 8 9 0 11 12 13 14
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Fig. 7. Sq1 vs. frequency graphs for the variation of ‘d’
for Wgnd = 6.3 mm.

The variations of S;; for different values of ‘d’ are
plotted in Fig. [7] for Wgnd of 6.3 mm. The same varia-
tions of Sy are plotted in Figs.[8|and [9] for the values of
Wgnd 6 mm and 5.7 mm, respectively. It can be clearly
observed from all these three figures that the bandwidth
is increasing with good impedance matching when the
gap d is increased from 0.1 mm to 1 mm for a constant
value of Wgnd. Variation in d doesn’t have any effect
on the upper resonant frequency. However, it helps in
increasing the bandwidth by dropping the lower reso-
nant frequency of the proposed fractal antenna. So, from
here one can conclude that the Si; graph for the pro-
posed antenna performs well for the maximum value of

S11 Parameter (dB)

saees d=(.]
- gd=05
—d=]

-40

] 7 8 -] 10 1 12 13 14
Frequency (GHz)

Fig. 8. Sy1 vs. frequency graphs for the variation of ‘d’
for Wgnd = 6 mm.
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S1pParameter (dB)

13 T 8 9 10 1 12 13 14
Frequency (GHz)

Fig. 9. Sy1 vs. frequency graphs for the variation of ‘d’
for Wgnd = 5.7 mm.

d i.e., 1 mm, for a constant value of Wgnd. Hence, in
the next step of parametric analysis, S;; graphs are com-
pared in Fig.[T0|for different values of Wgnd by keeping
d constant as 1 mm. The values of ground plane width
Wegnd, is varied by 6.3 mm, 6 mm, and 5.7 mm for this
comparison.

511 Parameter (dB)

-—— Wend = 6.3
sssss Wenid =6
— Wgnid = 5,7

6 T 8 -] 10 1 12 13 14
Frequency (GHz)

Fig. 10. Sy; vs. frequency graphs for the variation of
‘Wgnd’ for d = 1 mm.

From Fig. m it can be seen that all the s;; curves
are well below the —10 dB line and the impedance band-
width is also improved compared to the last paramet-
ric analysis. The bandwidth is increasing here while de-
creasing the width of the ground plane from 6.3 mm to
5.7 mm. Hence, we can conclude that Wgnd = 5.7 mm
and g = 1 mm gives the optimum result with a wider
bandwidth from 7.7 GHz to 14 GHz and a good match-
ing throughout this wide range of resonating frequen-
cies. Figure [T1] shows the S;; comparison plot for the
proposed antenna before and after its optimization. An
improvement in bandwidth and impedance matching can
be observed in the optimized result compared to the un-
optimized one.
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Fig. 11. S11 vs. frequency graphs for the proposed design
before and after optimization.

Impedance also plays a vital role in verifying the
reflection characteristics and their matching for the an-
tenna. The characteristic impedance has two compo-
nents, the real part, and the imaginary part. The real part
includes the resistance, whereas, the imaginary part is
the reactance. To have a better insight into the reflection
characteristics of the antenna, both the real and imagi-
nary parts of the impedance are plotted in Fig.[12] It in-
cludes the impedance plots of the design before and af-
ter optimization. The simulated Z characteristics of the
design in Fig. [I2] elucidate that, for the whole range of
the operating band, the impedance graphs are maintain-
ing their values near the 50-ohm impedance line for the
real part and 0 Q reactance line for the imaginary part in
both before and after optimization. However, compared
to the unoptimized one, a wider bandwidth is found in
the design after optimizing the design parameters d and
Wend for the antenna.

JH)
w— i E AR Oplimiation
wae log { 7, ) Al Optiaslaniss
M) Wi £y ) Before Optindsation
- sowe limg (¥, ) Before Opiimsbuaion

E

Impedance (ohm)
=

Freguency (GHe)

Fig. 12. Re, Img (Z) vs. frequency plot of the proposed
antenna before and after optimization.
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Although the proposed optimized antenna shows
good reflection characteristics throughout a whole range
of frequencies, the radiation patterns of the proposed
wideband antenna need to be examined at different res-
onant frequencies. The radiation patterns for the op-
timized design at different frequencies are plotted in

Fig.[13]

(c) 12 GHz

(d) 13 GHz

Fig. 13. Radiation pattern at (a) 8 GHz, (b) 10 GHz, (c)
12 GHz, and (d) 13 GHz without a reflector.

The XZ and YZ-plane radiation patterns are plot-
ted at 4 different frequencies, 8 GHz, 10 GHz, 12 GHz,
and 13 GHz for the optimized wideband antenna. From
Fig. [T3] it can be observed that the radiation patterns
at all the frequencies have adequate gain values. How-
ever, from the application point of view, satellite anten-
nas need to be unidirectional to radiate in a particular
direction. But it can be seen from Fig. [T3] the radiation
patterns of the wideband antenna are not unidirectional.
Hence, to fulfill this criterion of satellite communication,
a reflector is introduced at the back of the radiator to
change its radiation pattern to unidirectional. This will
also improve the gain and front-to-back ratio of the pro-
posed antenna.

ITII. ANTENNA WITH REFLECTOR

The antenna proposed here is designed with the help
of the time domain (transient) solver of CST Microwave
Studio. This solver makes use of Finite Integration Tech-
nique (FIT) as a computational method to solve ex-
tremely large, complex, and detailed simulations. It uses
a hexahedral mesh type to analyze the designed antenna.
Method on-demand approach of CST to allocate suitable
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solver and mesh to best fit the problem, make it more
efficient and accurate for the design and analysis. Per-
fect boundary approximation further simplifies the anal-
ysis process. Adaptive mesh refinement, parallelization
of time domain solver, automatic parametric studies, and
inbuilt optimization methods can be availed in CST Mi-
crowave Studio to successfully design the 3D model and
analyze the reflection and radiation properties of the an-
tenna. For simplification of the design procedure, CST
also allows us to define the properties of the background
material. Pre-loaded structure templates, and excitation
settings help us in the easy realization of the simulation.
The hexahedral mesh view for the proposed antenna is
shown in Fig.[T4]for the reference of the reader. Figure[T4]
shows the top and side view of the proposed fractal an-
tenna with a metal reflector below the substrate along
with its mesh view for xy-and yz-planes. The reflector is
used here below the substrate to reduce the back radia-
tion. The distance between the antenna and the reflector
plays an important role in creating a 180° phase shift in
the back radiations, which ultimately produces a unidi-
rectional pattern. To achieve this, the gap between the an-
tenna and reflector (g) should be A /4. Since the proposed
antenna is resonating over a wideband ranging from 6.2
to 14 GHz, the center frequency of 10 GHz is considered
for calculating the gap A /4.
c

g= 17 =7.5mm. 2)

The size (length and width) of the reflector is taken
as two times lambda.

For Centre frequency 10 GHz, A = 30 mm. Hence,
24 = 60 mm.

The above-designed reflector acts as an infinite
ground plane and reflects back the radiations to the
frontal lobe for the whole wide range of frequencies.
This results in a unidirectional pattern for the proposed
antenna at all operating frequencies.

Figure [T3] shows the radiation pattern for the pro-
posed antenna after the addition of the reflector. From
this figure, a clear indication can be noticed in the change
in back lobes after adding the reflector at the back of
the antenna. This further produces a unidirectional ra-
diation pattern in the proposed antenna by diverting the
back lobes toward the front of the radiator, which helps
in increasing the overall gain of the antenna.

The antenna proposed here is linearly polarized. The
axial ratio of the proposed antenna is found to be 40 dB,
which confirms the linear polarization. Linear polariza-
tion can offer significant advantages over circular po-
larization. At high-frequency bands, linear polarized an-
tennas perform well with respect to atmospheric effects
such as rain attenuation. Hence, for the frequency bands
where atmospheric effects are dominant and when maxi-
mum frequency re-use is needed, the advantages of linear
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(b)

Fig. 14. (a) Top view, (b) Side view, and (c) trimetric
view of the proposed fractal antenna with reflector. (d)
Mesh view of the proposed antenna in xy-plane and (e)
Mesh view of the proposed antenna in yz-plane.

polarization can be utilized [19]]. Further, in linear polar-
ization, co-polar side-lobe suppression and cross-polar
discrimination can also be achieved in the receiving an-
tenna.

FBR has a huge impact on the directivity of the
antenna. It is the ratio of the magnitude of directional
radiation in a single direction divided by the radiation
wasted by the antenna in other unwanted directions. An-
tennas with a higher front-to-back ratio can improve the
signal to noise plus interference ratio efficiently which
increases the overall performance of the antenna. The
higher the ratio, the antenna is more directional. A di-
rectional antenna should have a front-to-back ratio of a
minimum 15 dBi to accommodate itself in high-range
communications [20]. Always a high front-to-back ratio
is preferred as in this case less energy radiates behind the
antenna in unwanted directions. The proposed antenna
proves to be more efficient with a front-to-back ratio of
more than 20 dB having a unidirectional pattern and a
signal-to-noise plus interference ratio. As it can be seen
from Fig. the FBR of the antenna without a reflec-
tor is below 20 dB and when the reflector is added to the
design, it increases up to 40 dB with an average FBR of
30 dB.

Figure[I7]shows the gain of the fractal antenna with
and without the reflector. The reflector helps in improv-
ing the gain of the antenna from 6.3 dBi to 10 dBi. The
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Fig. 15. Radiation pattern at (a) 8 GHz, (b) 10 GHz, (¢)
12 GHz, and (d) 13 GHz, with reflector.
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Fig. 16. FBR of the proposed antenna with and without
a reflector.

average gain of the antenna was found to be 3.5 dBi
higher after the addition of the reflector.

The radiation efficiency of antennas is the ratio of to-
tal power radiated by an antenna to the total input power
received from the generator. In the case of an antenna
with low radiation efficiency, the input power mostly dis-
sipated because of internal losses such as metal conduc-
tion, dielectric, and magnetic losses within the antenna.
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Fig. 17. Gain of the proposed antenna with and without

a reflector.
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Fig. 18. Radiation efficiency of the proposed antenna.

Figure [I8]shows the Radiation efficiency plot of the pro-
posed antenna. The fractal antenna is radiating well with
a maximum Radiation efficiency of 84% and average
Radiation efficiency of 80% throughout the operating
band. From CST Microwave Studio, an accepted power
of 0.498 W and radiated power of 0.404 W is found for
our proposed antenna at 10 GHz. Hence, the radiation
efficiency is found to be 0.81 at 10 GHz for the proposed
antenna. The remaining 0.094 W is dissipated in terms
of Dielectric loss, metal loss, and magnetic losses.

The comparison of FBR, gain, sidelobe level, and
Radiation efficiency of the antenna with and without a re-
flector is presented in Table[2] It is seen from the compar-
ison table that the sidelobe level is also decreased while
using a reflector.

IV. EXPERIMENTAL RESULTS AND
DISCUSSION
The Antenna is fabricated on an FR4 dielectric sub-
strate with the reflector. At first, the reflection charac-
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Table 2: Comparison of antenna performance parameters
with and without the reflector

Performance Without With
Parameters Reflector Reflector
FBR (dB) 22 45
GAIN (dBi) 6.3 9.8

SLL (dB) —11.6 —21.8
Radiation efficiency (%) 82 84

teristics of the proposed antenna are measured in VNA.
Then the radiation pattern of the fabricated antenna pro-
totype is measured in an anechoic chamber. A horn an-
tenna having an operating frequency range of 1-20 GHz
is taken as a reference at the transmitter side, whereas
the proposed T-shaped fractal antenna is placed at the
receiver end as an antenna under test (AUT) for the ra-
diation pattern measurement. A minimum distance of
2D?/A is maintained to accommodate the far-field dis-
tance between the transmitter and the receiver. The radi-
ation patterns of the fabricated antenna are measured for
both XZ- and YZ-planes.

€, [B =
|\1hh||l|l1hl||1|i 1hh||hltllmlh |I|m|h|_;i_||1| |11|

T ) S,

() (b)

Fig. 19. (a) Fabricated antenna prototype. (b) Antenna
with reflector in an anechoic chamber.

The measured results need to be verified with the
simulated results. The magnitude of S;; parameters mea-
sured using the VNA is presented in Fig. 20] A good
agreement is found between the simulated and measured
results. The simulated and measured radiation patterns
of the proposed antenna are plotted at 8 GHz, 10 GHz,
12 GHz, and 13 GHz frequencies for both ¢ = 0° and ¢
=90° and shown in Figs. @(a), (b), (¢), and (d) respec-
tively. It can be observed from the figure, that the mea-
sured radiation patterns follow the simulated trend and
a slight mismatch can be found due to minor fabrication
errors.

A performance comparison is carried out for the
proposed antenna with other antennas from various
literature in Table [3] All the antennas are compared
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Fig. 20. Simulated and measured S;; Vs. frequency for
the proposed antenna.

according to three important performance parameters,
bandwidth, antenna gain and size of the antenna. Af-
ter the application of the fractal technique, the proposed
antenna exhibits a high gain of 6.3 dBi with a band-
width of 7550 MHz. Dwivedi et al have designed an
antenna in [[13]], having the highest fractional bandwidth
of 120% than other designs. However, the same antenna
has a low gain of 3.35 dBi compared to our antenna gain
of 6.3 dBi. The antenna reported by Boualem et al. in
[22], has a very small size but again the gain and band-
width of this antenna are low compared to our design.
After going through all the parameters of the compar-
ison table, it is inferred that the proposed fractal an-
tenna reported here is superior among all, in terms of
its size, gain, and other performances. The proposed
fractal antenna miniaturization technique is one of the
simplest methods to achieve size reduction and other
improved performance parameters. The antenna having
such a wide band characteristic can be found suitable for
a wide range of applications like earth exploration satel-

Table 3: Comparison of antenna performance parameters
with other literature

Design |Res. |Fractional |Dimension |Bandwidth|Gain
Freq |Band- (mm?) (MHz) (dBi)
(GHz) | width (%)
[7] 11.75 |58.7 60x60x1.6 {6900 6.5
[13] 6.25 (120 27x28x1.6 | 7500 3.35
[21] 8.12 |64 50x50x1.6 |5200 4.9
[22] 8.6 372 24x22x%0.253200 4
[23] 11 32 50x50 3280 4.7
[24] 94 (375 25%30x9.8 |3600 6
[25] 11 29 35%35x4.5 13200 4.78
[26] 4.65 |71 26x47x1 |3300 5
Proposed |10 76 30x30x1.6 |7550 6.3
Antenna
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Fig. 21. Simulated and measured radiation pattern at (a)
8 GHz, (b) 10 GHz, (¢) 12 GHz, and (d) 13 GHz.

lite, fixed satellite, radiolocation, maritime radio naviga-
tion, and aeronautical radio navigation.

V. CONCLUSION

A CPW fed ‘T square fractal antenna is designed
for C, X, and Ku Band applications using CST Mi-
crowave Studio Software. The antenna is resonating
from 6.2 GHz to 14 GHz with VSWR less than 2. Such
wideband is achieved here by the use of a ‘T’ square
fractal patch in combination with CPW feed. Due to the
application of fractal, miniaturization is also achieved
and the antenna performs well throughout the wide-
band with moderate gain from 6.3 to 10 dBi. A metal-
lic reflector is incorporated in the design to make its
radiation pattern unidirectional, thereby enhancing the
Front-to-back ratio and the gain by minimizing back-
ward radiations. The fractal antenna can be found suit-
able for many satellite applications with its balanced per-
formance characteristics.
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