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Abstract - This paper presents the design of a crown square
fractal antenna (CSFA) for wireless applications. This CSFA
was fabricated on FR4 substrate with dielectric constant of &r =
4.7 and thickness, h = 1.6 mm. All the design and simulation was
carried out by using a commercial electromagnetic simulator,
CST Microwave Studio. Measurements of the parameter of this
antenna was carried out by using Vector Network Analyzer
(VNA). It was observed that, both the measured and simulated
values of the parameters of the antenna were close each other
and compact size antenna was realized.
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I. INTRODUCTION

Antenna is a reciprocal device which is capable of radiating
and receiving electromagnetic waves. It is used to interface a
transmitter to free space or free space to a receiver. There are
many type of antenna being used today such as dipoles, horns,
and reflectors antenna. The choice of antenna used depends on
the operating frequency.

Microstrip or patch antenna is widely used at microwave
frequencies which consists of a patch of metallization on a
grounded substrate, that is very thin with thickness, t where
t « A, and 4, is the free-space wavelength. The height, h of

the patch is a small fraction of a wavelength where h « 2,
and usually 0.6032, &~ h & 0.034,) above a ground plane [1].

The microstrip antennas are usually used in the latest
technology because of the antenna was compact, lightweight,
and thin profile, which can be made conformal configuration
[2]). Lightweight antenna provide low power handling
capability and it can be used in low power transmitting and
receiving applications. The feed line and matching networks
can also be fabricated on the same substrate [2].

However, there are some limitations of microstrip antennas
such as narrow bandwidth and complex feed structure. The
bandwidth of the antenna depends on the dielectric constant,
the thickness of the substrate and the resonant frequency [2].

Fractals were first defined by Benoit Mandelbrot in 1975 as a
way to mathematically define structures whose dimension can
not be limited to whole numbers [3]. Fractal antenna
technology allowed us to design miniature antennas and

integrate multiple telecommunication services into a single
device [4].

Fractal concept has two properties, self similarity and space
filling. The property of self similarity means that the fractal
type becomes similar if we expand a portion of it infinitely.
For space filling means that the size of fractal structure
becomes large at the same area as the repetition number of
times increases [S]. There are many fractal antenna pattern
such as Sierpinski gasket, Bowtie and Hilbert curve.

This work, adopted second iteration CSFA design for the
wireless application. The CSFA  has been designed on FR4
substrate of & = 4.7 and h =1.6 mm with specification as
indicated by Table 1. All the design and simulation were
carried out by using CST Microwave Studio.

TABLE 1 :SPECIFICATION OF CSFA

Parameter Specification
Centre Frequency 58 GHz
Return Loss <-10dB
VSWR <2
Input impedance 50 Ohms

I METHODOLOGY

All the work involved in realizing CSFA is illustrated by Fig.
1. CST Microwave Studio was used in designing and
simulation of CSFA. Then the layout of the antenna were
generated and then followed by fabrication. The specification
of substrate is shown by Table 2. All the measurements of the
parameters of the antenna were carried out by using Vector
Network Analyzer. The analysis was done to ensure the
simulated and measured result satisfy CSFA specification.


mailto:mohammad.amiraputri@gmail.com

Literature review

A

[

Design and Simulation

of CSFA
No
Yes
Generate Layout
Y
Fabricate
A
No Measurement

Yes

Figure 1. Work process

TABLE 2 :SPECIFICATION OF SUBSTRATE

Parameter Specification
Substrate FR4
Dielectric Constant 4.7
Substrate height 1.6 mm
Conductor thickness 0.035 mm

1L DESIGN

CSFA pattern was realized based on nearly square shape as
indicated by Fig. 2(a) as the basic shape of fractal antenna and
followed by iteration process. CSFA is represented in Fig. 2(b)
and 2(c).
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Figure 2. CSFA iteration

(a) Base (b) First (c) Second

Nearly square shape microstrip antenna has been designed on
FR4 substrate of r = 4.7 and h =1.6 mm. The dimension of
solid square is, b/a= 1.0526, where a = 29.82mm. The
operating wavelength of the CSFA is indicated by Eq. (1) [8]:

Wavelength, 1 = £ 1)

A
Where ¢ = speed of light
f = frequency

£ = dielectric constant



CSEA was realized by having nearly square pattern and then

followed by removing @ np‘ly diamond from the first pattern.

Then, the half size of pearly square from the first nearly
square werg gdded.

The design was completed by removing the nearly diamond
pattern from the second nearly square as shown in Fig. 3,

hence first iteration CSFA pattern was realized.
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Figure 3. Simulated First Iteration CSFA

IV, RESULT AND DISCUSSION

The prototype CSFA was realized as shown by Fig. 4. The
measurement of parameters of this CSFA was carried out by
using Vector Network Analyzer. The return loss and voltage
standing wave ratio (VSWR) for simulation and measured
result is shown in Fig. 5 and Fig. 6 respectively. It is observed
that the simulated centre frequency is 5.80 GHz while the

measured centre frequency is 5.83 GHz. The two values are
closed with each other.

‘Figure 4. Prototype of CSFA
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Figure 5. Return loss of CSFA

The value of simulated return loss of CSFA at frequency 5.8
GHz is -15.64 dB while for the measured return loss is -11.174
dB at frequency 5.8 GHz. Both the values are lower than
-10 dB and it is acceptable as the value of the return loss meet
the specification of CSFA. Both value indicate good matching.
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Figure 6. VSWR of CSFA

At 5.8 GHz as the centre of frequency of CSFA , the value of
VSWR for the simulated is 1.396 while measured VSWR is
1.763. In order to be ideal CSFA , the value must below than

2. Both of the result was below than 2 means the design was
approximately ideal.



Ihe 3-12 and 2-0 radiation pattern has been simuiated for the
first jieration of CSFAis shown in Fig. 7 and Fig. 8
respgetively, [he maximum gain at 5.80 GHz is 1.518dBi.
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Figure 7. 3D radiation pattern of CSFA
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Figure 8. 2D radiation pattern of CSFA

The CSFA pattern indicates omni-directional radiation pattern.
Omni-directional antenna radiation pattern provide excellent
gain across all elevation angles but can also manipulated for
more focused requirements. The measured value of line
impedance at 5.8 GHz is 51.562 Q was shown in Fig. 9.
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Figure 9. Measured line impedance of CSFA

TABLE 3. SPECIFICATION, SIMULATED AND MEASURED OF CSFA

Parameter | Specification | Simulation | Measurement
Return loss <-10dB -15.64 dB -11.174 dB
VSWR <2 1.763 1.396
Input 50 Q 49.62 Q 51.562 Q
impedance

Table 3 highlights the simulated and measured values of all
the parameter of the CSFA. There was slight discrepancy
between the simulated and measured values but all the values
meet specification. The discrepancy maybe due to many
reasons such as error in fabrication process, the value of
dielectric constant, &r, the height of substrate and parasitic
losses or coaxial cable losses.

CONCLUSION

In this work, CSFA was successfully designed, simulated,
analyzed, and fabricated. A prototype CSFA was realized and
it is very small and compact. All the parameters, return loss,
S;1 and the VSWR meet the requirement of the specification.
The 2-D and 3-D radiation pattern of the CSFA shows an
omni-directional pattern and resonance frequency at 5.8 GHz.
The CSFA can be used for an unlicensed  wireless
applications.

FUTURE WORKS

This work can be furiher improved by increasing ihe number
of iterations of the CSFA. The gap between the diamond
pattern and the nearly square pattern of the design can be
further explored to improve the performance of this CSFA.
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