Indonesian Journal of Electrical Engineering and Computer Science
Vol. 26, No. 2, May 2022, pp. 785~793
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v26.i2.pp785-793 a 785

A compact miniaturized star fractal antenna for modern

wireless applications

Ibrahime Hassan Nejdi!, Aziz El fatimi?, Youssef Rhazi!, Mustapha Ait lafkih?®, Seddik Bri?,

Senthil Kumar*

!Laboratory of Automatics, Energy Conversion and Microelectronics, Faculty of Sciences and Technology, Sultan Moulay Slimane

University, Beni Mellal, Morocco

2Smart Communications Research Team, University Center for Research in Space Technologies, Mohammadia School of Engineers,

Mohammed V University in Rabat, Rabat, Morocco

3Material and Instrumentations Group, Electrical Engineering Department, ESTM, Moulay Ismail University, Meknes, Morocco
PG and Research Department of Computer Applications, Hindusthan College of Arts and Science, Coimbatore, India

Article Info

ABSTRACT

Article history:

Received Dec 7, 2021
Revised Feb 23, 2022
Accepted Apr 9, 2022

In this paper, six-band resonant fractal antenna architecture is proposed and
fabricated. The ultimate shape is established after six iterations. The
resonator is starshaped, and each iteration, a hexadecagon shape from the
resonator is subtracted. The antenna is designed and calculated by the
numerical simulation based on the finite element method (ANSYS HFSS)

and finite integration technique (CST studio). The experimental measurements

were performed by the vector network analyzer AVR ROHDE AND
Keywords: SCHWARZ ZVB20. The gain is 4.85 dB, and the bandwidth is 0.33 GHz.
The antenna’s structure allows it to work effectively in the global system for
mobile communication (GSM), digital communication system (DCS), long-
Hexadecagon shape term evolution (LTE), WiMAX, WLAN, and C bands. The designed patch
Miniaturized antenna has a compact size of (75x75x1.6) mm? uses as a support the FR-4 substrate
Multi-bands for wireless equipment.
Telecommunications
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1. INTRODUCTION

Telecommunications have become trivialized in recent years. Driven by the enthusiasm of the
public, reception systems have become portable and antennas have become miniaturized. The use of printed
antennas has become common in radio communication systems [1]-[4].

During the last decades, the means of telecommunication have experienced unprecedented growth in
the use of data thanks to the explosion of uses and the multitude of applications such as, mobile internet,
smart grid, intelligent transport, smart home, e-health, and other military applications such as weather radar
or surveillance radar [5]-[9]. This growth is reflected in an enormous increase in mobile data traffic every
year [10]. With this in mind, we can confirm that antennas play a very deterministic role in wireless
communication by sending and receiving information [11], [12]. In this sense, the antenna is the key
component that determines the performance of the entire radiofrequency system. An antenna is the only
element that transmits and receives radio frequency waves. Generally, it has a so-called reciprocity property,
i.e., it can be used for reception and/or for emission with the same electrical and radiation characteristics
[13]. On the other hand, and in view of the current economic environment requiring increasingly better
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performance and the importance of the antenna in radio frequency equipment, conventional antennas can no
longer respond to current and future challenges. For this reason, miniature antenna technology urgently needs
to be developed to overcome the demands of new wireless communication systems [14]-[16].

Nowdays, fractal technology is quickly becoming an efficient way to respond to the needs of future
products. It allows us to efficiently design miniaturized antennas or integrate multiple radio communication
components into a single device [15]-[17]. In new generation antennas used in mobile devices,
miniaturization is required, it needs to integrate multiple devices such as cellular, wireless LAN, geographic
positioning, broadcasting devices, and needs to be put in various places (such as road stations, airports,
workplaces, malls, subway sites). In this case, users want to use the smallest antenna possible to facilitate the
use of wireless devices [18], [19].

The concept of “fractal antenna” was first proposed in 1975 by the French mathematician B.
Mandelbrot [20]. The term “Fractal” is derived from the Latin “broken”. The fractal has two main
characteristics: self-similarity and space-filling (i.e., the fractal dimension). Self-similarity means that the
geometric size is appropriately enlarged or reduced, the entire structure does not change, and the same degree
of irregularity is present at different stages. Fractal dimension refers to the use of a feature number (not
necessarily an integer) to measure its irregularity, complexity, or convolution [21], [22].

In this rechearch work, the authors present a fractal antenna on an FR-4 substrate with a thickness of
1.6 mm. The proposed prototype has excellent radiation qualities and can be used in a variety of wireless
communication technologies, including global system for mobile communication (GSM), digital
communication system (DCS), long-term evolution (LTE), WiMAX, WLAN, and C-band. It also has a high
gain and wideband in the frequency range (1-6) GHz. The study is divided into two sections. In the first
section, we define different design phases of the proposed fractal antenna architecture. Also, the evolution of
radiation parameters during the proposed antenna design steps is presented and discussed. In the second
section, the numerical results obtained by the HFSS software, CST software, and experimental measures are
presented and discussed. Finally, a comparison study was conducted to compare the results of this work with
those of planar antennas previously published in the literature [23]-[28].

2. ANTENNA DESIGN

Authors have presented several multiband and wideband fractal antenna designs. Previous researchs
are substructures of many antennas [21], [29]-[31]. Research to improve fractal antenna structures is
progressing as a function of frequency, gain and radiation pattern. The suggested multiband antenna structure
is illustrated in Figure 1 with a size of (75x75) mm?2. The substrate used is epoxy FR-4, characterized by a
dielectric constant of er=4.4 and a thickness of 1.6 mm. The patch antenna is excited by a 50 Q microstrip
line and consists of a star-shaped fractal radiator and a rectangular ground plane.

Lsub

Lg

Lgl

Wsub

Figure 1. Parameters of the proposed fractal antenna

A radiator self-repeating geometry is suggested. After six iterations, the final shape is established.
Each iteration consists of a star from which a hexadecagon has been subtracted. The relation between each
iteration of the fractal antenna to the previous iteration according to Figure 1 is taken as follows: e=40 mm,
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d=3xe/4, c=3xd/4, b=3xc/4, and a=3xb/4. Where the parameters a, b, c, d, and e represent the diameter of

iterative hexadecagons subtracted from the radiator. We note that 4/3 is the resonator size reduction factor.

The final dimensions of the proposed fractal antenna are: Wsub=75 mm, Lsub=75 mm, Wf=4.95 mm, Lf=20

mm, Lg1=19.5 mm, Lg2=66 mm, and F=11.72 mm.

Figure 2 ilustrates the progression of the proposed antenna from the initor, and Figure 3 summarise
the reflection coefficients of all the iterations performed. The different design stages are described below:

— The initiator antenna consists of a star-shaped radiator and a 50 Q feed line, resonating at the frequency
3.37 GHz and 4.89 GHz with reflection coefficients of -13.04 dB and -11.91 dB.

— In the first iteration, a hexadecagon is subtracted, and replaced with a star resonator that is smaller than
the initiator by a reduction factor of 4/3. This iteration yields an antenna that resonates at 1.80 GHz, 3.37
GHz, 3.88 GHz, and 4.23 GHz with a reflection coefficient of -13.78 dB, -20.6 dB, -12.01 dB, and -15.40
dB successively.

— The antenna’s second iteration allows it to operate at resonant frequencies of 1.81 GHz, 2.92 GHz, 3.37
GHz, 3.88 GHz, and 4.28 GHz with the reflection coefficients -14.58 dB, -16.28 dB, -16.89 dB, -14.28
dB, and -21.17 dB respectively.

— Inthe third iteration, the antenna resonates at 1.80 GHz, 2.97 GHz, 3.47 GHz, 3.93 GHz, 4.28 GHz, and
5.64 GHz with reflection coefficients of -16.90 dB, -37.70 dB, -12.99 dB, -17.54 dB, -20.30 dB, and
-17.80 dB.

— The proposed fractal antenna can run correctly at the resonant frequencies of 1.76 GHz, 3.06 GHz, 3.49
GHz, 3.90 GHz, 4.29 GHz, and 5.73 GHz with reflection coefficients of -23.09 dB, -23.18 dB, -16.22 dB,
-24.87 dB, -28.47 dB, and -17.05 dB respectively.

\ |
Initiator 1% Iteration 2" Jteration 3 teration Proposed antenna

Figure 2. Fractal patch design growth from the initiator to the proposed antenna

=20 +

dB(S(1,1))

25

=301 — —Initiator
= = 1st Iteration
— - - 2nd lteration
—-=-3rd Iteration
Proposed fractal antenna -
T T

1 2 3 4 5 6
Freq [GHz]

-35

-40 4

Figure 3. Reflection coefficients for antenna iterations

Table 1 lists the various characteristics that determine the antenna performance, namely
bandwidth, resonant frequencies, reflection coefficients, and gain. Table 1 shows that as the number of
iterations increases, the electrical parameters of the antenna, namely the resonance number, the bandwidth,
the antenna adaptation, and the gain are improved. With this improvement in operating ranges and electrical
characteristics, the suggested fractal antenna works effectively for global system for mobile communication
GSM, DCS, LTE, m-WiMAX, WLAN, and C band applications.
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Table 1. Performances obtained during the process of improvement of the fractal antenna

Iteration N.Bands BW[GHz] Fr[GHz] S;;(dB) Gain (dB)

Initiator 2 0.10 3.37 -13.04 0.69

0.11 4.89 -11.91 0.96

Antenna with the first iteration 4 0.06 1.80 -13.78 3.50
0.15 3.37 -20.60 3.33

0.17 3.88 -12.01 3.19

0.29 4.23 -15.40 4.88

Antenna with the second iteration 5 0.06 1.81 -14.58 3.44
0.08 2.92 -16.28 3.01

0.19 3.37 -16.89 3.63

0.14 3.88 -14.28 3.57

0.21 4.28 -21.17 4.03

Antenna with the third iteration 6 0.07 1.80 -16.90 3.42
0.16 2.97 -37.69 2.92

0.13 3.47 -12.99 1.60

0.14 3.93 -17.54 3.58

0.16 4.28 -20.30 4.28

0.21 5.64 -17.80 5.85

Proposed fractal antenna 6 0.07 1.76 -23.09 3.01
0.18 3.06 -23.18 3.19

0.15 3.49 -16.22 1.89

0.14 3.90 -24.87 3.01

0.18 4.29 -28.47 4.85

0.33 5.73 -17.05 3.77

Figures 4 and 5 show respectively the effects of "Lgl" and "Lsub" on the properties of the
reflection coefficient. When "Lg1" rises, the second and sixth functioning bands are canceled, while the third
band is displaced (see Figure 4). On the other hand, the other three bands have stayed rather constant. When
"Lgl" decreases, the sixth band of operation is canceled, while the other bands remain steady. From Figure 5,
the first and sixth bands cancel out as "Lsub" is increased, but the other bands remain practically constant.
The second band is added to the canceled bands when "Lsub" lowers. So, Lg1=19.5 mm and Lsub=75 mm
are the best values, as shown in Figures 4 and 5.
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Figure 4. Influence of the ground plane slot position Figure 5. Effect of substrate length on the reflection
on the S11 coefficient

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

Figure 6 depicts the manufactured and measured prototype of the proposed antenna, which was used
to test the multiband antenna properties. The reflection coefficient experimental measurement as a function
of frequency is carried out using the vector network analyzer AVR Rohde and Schwarz ZVB20. The
characteristics of S11 simulated by Ansys HFSS electromagnetic (EM), CST microwave studio software, and
measured are shown in Figure 7.
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Bottorﬁ'side -
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Figure 6. Antenna prototype manufactured

The results were plotted across a frequency range [1- 6] GHz. Figure 7 shows that the simulated and
measured findings are in reasonable agreement. The small differences between the measured and simulated
reflection coefficient results can be attributed to measurement conditions, features of the substrate used for
manufacturing, connection leakage, and imperfect soldering. The measured return loss reveals that, over the
scanned frequency range, the manufactured antenna offers six resonant bands. The first band extends from
1.73 to 1.80 GHz with a resonant frequency of 1.77 GHz. The second band, centered at 2.99 GHz, covers the
frequency range of [2.96-3.03] GHz. In the third band, the antenna covers the [3.40-3.58] GHz band with a
resonant frequency of 3.49 GHz. The frequency range [3.82-3.96] GHz is covered by the fourth band and the
resonant frequency is 3.90 GHz. The fourth band resonates at 4.35 GHz and covers [4.25-4.44] GHz. The last
operating band obtained extends from 5.63 to 5.74 GHz and resonates at 5.69 GHz. The manufactured
antenna can, therefore, work effectively for GSM, DCS, LTE, m-WiMAX, WLAN, and C band applications.
Table 2 summarizes the measured and simulated bandwidth and frequency bands covered by the patch
proposed.

dB(S11)

5 ! !
1 1.5 2 25 3 35 4 4.5 5 55 6

Frequency(GHz)

Figure 7. Reflection coefficient S11 for suggested fractal antenna

Table 2. Measured and simulated bandwidth and frequency bands covered by the patch proposed
Bandwidth (GHz) Covered Bands
HFSS results  [1.73-1.80], [2.98-3.16], [3.40-3.55], [3.81-3.95], [4.21,4.39],
[5.53-5.86] GSM, DCS, LTE, m-WiMAX, WLAN,
CST results [1.73-1.80], [2.96-3.09], [3.40-3.57], [3.80-3.93], [4.20- and C band
4.40], [5.63-5.81]
Measures [1.73-1.80], [2.96-3.03], [3.40-3.58], [3.82.3.96], [4.25.4.44],
[5.63-5.74]
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Using the HFSS simulator, the fractal antenna radiation pattern in both planes E and H is presented
in Figure 8 at resonant frequencies of 1.77 GHz, 2.99 GHz, 3.49 GHz, 3.90 GHz, 4.35 GHz, and 5.69 GHz.
For the first five frequencies, we notice that the radiation pattern in the H plane is unidirectional or almost
unidirectional. At the resonance frequency of 5.69 GHz, a small distortion is observed due to the action of
high frequencies on the substrate FR4. On the other hand, the E plane radiation pattern maintains the
directionality of the five resonant frequencies.
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Figure 8. Far-fields at different frequency

The antennas shown in [23]-[28] are utilized as a reference to compare the performance of the
proposed fractal patch (dimension, bandwidth, gain) to that of mono-band dual-band and multiband antennas
(made using different approaches) published in the literature. Table 3 summarizes the comparison analysis
conducted between the features of the multiband patch and those of the antennas proposed in the literature.
The resonator reported by [23] has a very complex geometry, a large size, and a low bandwith. For the
antenna presented in [24] although it is characterized by high gain, it has a large size and a low bandwidth.
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Table 3. Comparison of the proposed antenna performance to that of other existing antennas in the literature

. 3 Type of No of op. Impedance .
Ref Size mm substrate Bands bandwidth (GHz) Gain (dB) Remarks
[23] 108x88x1.6 FR4 4 0.03,0.1,0.05,0.8 3.23t05.95 Large size, low BW, and
structure is complicated
[24]  110x110x6.6 FR4 (3 layers) 2 0.02,0.17 0.8t05.9 Large size,
low BW
[25] 56x59x1.6 FR4 3 0.02, 0.07, 0.09 1.63t03.23 Low BW, and low gain
[26]  100x100x3.18 Taconic CER- 1 0.045 2.56 (without Large size, complex
10 FDGS) structure, high dielectric
5.38 (with FDGS)  constant
[27]  95x60x0.8 FR4 2 0.22,1.32 0.76, 4.50 Large size, low gain
[28]  150x150x4 Jean fabric 2 0.2,0.12 - Large size, low BW
This  75x75x1.6 FR4 6 0.07,0.18, 0.15, 3.01,3.19, 1.89, Compact structure, good
work 0.14, 0.18, 0.33 3.01, 4.85, 3.77 bandwidth, and gain

Ullah et al. [25] has a compact size but it is characterized by a low gain and a narrow bandwidth.
The antenna in [24] is characterised by large size, complex structure, and high dielectric constant. While the
work of [27] have a large size and a low gain. The others present an antenna with large size and low
bandwith [28]. The designed antenna is smaller than most similar antennas reported in the literature with a
multiband and wideband operation and delivers a high gain of 4.85 dB, as may be deduced from the proposed
references. This performance makes the proposed antenna more suitable for the integration of wireless
communication circuits.

4. CONCLUSION

It is obvious to conclude that fractal antennas perform better than conventional patch antennas.
The proposed fractal antenna operates at six frequencies and can be used for various wireless applications
such as GSM, DCS, LTE, m-WiMAX, WLAN, and C-band. A study of the different iterations has been
developed to increase the number of resonant frequencies, bandwidth, antenna adaptation, and gain. The
proposed fractal antenna has been designed to have a better match around the frequencies of 1.77 GHz,
2.99 GHz, 3.49 GHz, 3.90 GHz, 4.35 GHz, and 5.69 GHz with a high gain that can reach 4.85 dB.
Although the simulated performance shows a great improvement in results, the results of the manufactured
antenna show a small degradation which can be attributed to the circumstances of manufacture and
measurement. The fractal antenna made in this work presents an excellent candidate for modern wireless
applications. This will open the way for the design of fractal antennas with other fractal geometries suited
to the desired needs.
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