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Fractal dragon curve microstrip antenna for
Dual-Band WLAN communications

Karol Dragowski, Mateusz Pasternak

Abstract—The growing usage of wireless networks and the
reduction of device sizes requires the search for new solutions in
antenna technology. This study presents a direct-fed microstrip
antenna, which is based on the Dragon Curve fractal and operates
at two resonances: 2.4 and 5 GHz, frequencies commonly used
in wireless communications. The antenna dimensions are 4.25 by
2.84 cm. The simulated reflection coefficients for the resonances
are -36.49 and -30.73 dB, while the measured values are -14.68
and -14.85 dB.

Keywords—fractal antenna, microstrip antenna, WLAN an-
tenna, dual-band antenna, dragon curve

I. INTRODUCTION

HE widely used wireless local area network (WLAN)

communication standard is IEEE 802.11. Wi-Fi is used
by many internet users and IoT (Internet of Things) devices.
It is estimated that in 2023 was approximately 5.3 billion
total Internet users and 628 million public Wi-Fi hotspots [1].
Numerous transmitting and receiving devices require different
antenna systems, including those with two bands — 2.4 and
5 GHz. Fractals make the shape practical for operation at two
resonant frequencies, while still keeping it small. Additionally,
the use of microstrip technology has reduced manufacturing
costs.

A fractal typically describes an object that is self-similar,
meaning its parts resemble the whole. It may also denote
an infinitely intricate object displaying progressively complex
details at infinitely high magnification. Benoit Mandelbrot
published a paper [2] in 1967 that connected the concepts
of mathematicians to real-world phenomena, specifically self-
similar coastlines. He established that self-similarity methods
can be a useful tool in analyzing random occurrences across
multiple fields, such as geostatistics, economics, and physics.
Consequently, fractals have been adopted in several scientific
disciplines.

One method for creating fractals is the Iterated Function
System (IFS). It is a family of functions that are affine
transformations. The vector w defines such operations as
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where a, b, ¢ and d coefficients represent figure rotation and
scaling, while e and f represent linear translation. If a series
of transformations are applied: w1, wo, ..., wy, on the figure
A, which is the base figure, one gets the figure described as:

W(A) = U wy(A), )

where W is called the Hutchinson operator. The fractal figure
will be created after several times, applying the operator W
to the initial figure.

Fractals have found applications in many fields of science.
Image compression, capacitor design, fluid mechanics or frac-
ture mechanics and plant classification are among the many
examples of fractal applications. Antennas with fractal shaped
radials started to appear from 1993 [3]. The potential in the
use of fractal shapes was noted by N. Cohen [4], [5]. Then
other fractals began to be widely used in antenna technology.
Koch curve [6], [7], Sierpinski carpet [8], [9], Sierpinski
triangle [10], [11], Hilbert curve [12], [13] and Cantor set [14],
Minkowski fractal [15] and Mandelbrot set [16] were used for
antenna design.

The dragon curve was used in [17], coplanar feeding was
applied and 6 consecutive iterations of this fractal were
examined. The dimensions of each section (L) were scaled
by L/+/2. One or two resonances between 3 and 8.4 GHz
were achieved. A modified fractal of the 8th iteration has been
used in [18] for application of an ultra-wideband RFID (Radio
Frequency Identification) tag. The [19]-[21] used modified
dragon curves in combination with other fractals.

The paper outlines how the dragon curve can be applied
to microstrip technology for dual band Wi-Fi applications.
Despite its potential, this fractal has yet to see much practical
use without deep modifications.

II. ANTENNA CONSTRUCTION
A. Dragon curve fractal

The Dragon curve (also known as the Harter-Heighway
curve) was invented by physicists John Heighway, Bruce
Banks and William Harter, and described in Recreational
Mathematics [22] by C. Davis and D. Knuth. The starting
figure for the construction of this fractal is the segment.
Subsequent iterations involve scaling by r = 1/1/2 the figure
from the previous step and placing it so that the original
segment is the isosceles triangle’s counter-rectangle formed
by the two segments after scaling. The fractal dimension is
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Fig. 2. Proposed antenna based on dragon curve 5Sth iteration
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approximately 1.524. Figure 1 shows the first five iterations.
The description using the IFS takes the following form:

filz) = E ﬂ z, 3)

ol el

Dragon curve can also be set up as non-self-crossing space-
filling curve with a fractal dimension of 2.

B. Antenna construction

The proposed antenna is based on a dragon curve fractal
of the 5th iteration. The fractal sections were implemented as
microstrip rectangular patches of width (w) and length (1) and
connected to each other by squares of length (w). Antenna
feeding is realized through a direct probe in the centre of
the width of segment (2:/2) and its position is relative to the
axis along the segment (x). Iteration and segment were chosen
arbitrarily, based on previous research by the authors. The
values of these parameters were chosen by simulation to obtain
the best matching in the operating bands of the Wi-Fi network.
The simulations were carried out using CST Microwave Studio
software. Time Domain Solver was used. Figure 2 shows the
shape of the antenna. The red dashed line indicates the area
where the feed point was searched. The construction uses FR4
substrate with a permittivity € of 4.6 and a thickness of 1.5 mm
with a 0.035 mm thick copper layer. The area of the substrate,
which is a rectangle rotated by 45°, is designed so that each
edge is at a distance w from the radiating surface. In order
to find the best match between the antenna and the feed line
(with impedance equal 50 €2), an optimization of the x, w and [
parameters was performed. Three parameters were considered
in the search for the best return loss. Segment dimensions
(length and width) and feed position (I, w, x respectively).
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Fig. 3. Return loss (|S11|) depending on changing x value

In order to obtain the correct resonance pattern, the starting
point was determined based on previous research. Changing
the feed position while keeping the dimensions constant will
affect the value of |S11| in each resonance. To describe this
value, the variable v was introduced.

x
I+w

Changing the length and width of a segment affects the
resonance placement. This was hard to achieve, so the work
was divided into parts. The first step was to establish the feed
point. The value of v was considered between 0 and 1. The

Y= ®)

TABLE I
SUMMARY OF REFLECTION COEFFICIENT RESULTS IN RELATION TO
CHANGE IN 7y VALUE

Y| J1[GHz] | J2 [GHz] | |S11] of Ji [dB] | [S11] of J2 [dB]

0 2.30 5.54 -24.27 -12.48
0.125 2.30 5.51 -22.90 -13.15
0.250 2.30 5.47 -23.06 -15.58
0.375 2.30 5.42 -27.26 -28.70
0.500 2.30 5.37 -22.20 -13.75
0.625 2.29 5.34 -22.40 -6.59
0.750 2.29 5.32 -21.70 > —5
0.875 2.28 — -16.53 —
1.000 2.28 — -13.93 —

best value of v was 0.375 and this was used for the next steps
in the antenna design. In the next step, the return loss (|.S11])
was taken into account for a change in the value of = with
the other considered parameters fixed. The effect of changing
this parameter is shown in Fig. 3. The resonant frequencies
can be determined from equations that are based on these
characteristics:

fi(z) = —0.834z + 3.541 (6)
fo(z) = —1.6867 + 7.931 7

The value 1.31 was chosen for z. In the next step the same
method was used to find the value of w (with fixed x and ~)
and the results are shown in Fig. 4. Similarly, the equations
for the resonant frequency depending on the segment width
were determined, which have the form:

fi(w) = —0.Tw + 4.195 @®)
fa(w)

—1.652w + 9.848 C)]
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Fig. 4. Return loss (|S11|) depending on changing w value

The value 2.45 of w has been chosen. The final step is to
optimize -y for the best value of the return loss. The value 0.338
of v was chosen. The result is an antenna measuring 42.52 by
28.41 mm. Table II summarizes all antenna dimensions. An-

TABLE I
SUMMARY OF ANTENNA DIMENSIONS.

Parameter name Parameter symbol Value
Length of section l 1.31 mm
Width of section w 2.45 mm

Feed point position T 1.27 mm
Antenna length L 42.52 mm
Antenna width w 28.41 mm

tenna was manufactured and measured with Keysight N9952A
Microwave Analyzer. Figure 5 shows proposed antenna.

Fig. 5. Manufactured antenna

ITI. RESULTS
A. Reflection coefficient

For determining the bandwidth, a standard level of -10 dB
of return loss was assumed. This means that 90% of energy
is transmitted through antenna and 10% reflected. In the
proposed antenna there are two narrow bands. Figure 6 shows
the reflection coefficient as a function of frequency, comparing
simulated and measured results. In simulations the following
results were obtained. First resonance at 2.464 — 2.504 GHz
(with a width of 40 MHz) and second resonance at 5.760 —
5.874 GHz (114 MHz). The values of the coefficient |S1|
are equal to -36.49 and -30.73 dB, respectively. In these
resonances, the antenna can be used for WLAN 2.,4/5 GHz

—— Simulated
— Measured
— S

Frequency [GHz]

Fig. 6. The reflection coefficient as a function of frequency.
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Fig. 7. Real part of impedance depend on frequency.

communication (WiFi, 2.4 GHz, 802.11b/g/n/ax 1IEEE stan-
dard and 5 GHz 802.11a/h/n/ac/ax IEEE standard [1]). The
measured antenna has resonances at 2.47 and 5.90 GHz with
coefficient |S11| equal to - 14.68 and - 14.85 dB respectively,
which is very good accuracy of the simulations. A fairly
narrow band is achieved, which is desirable in communications
applications.

B. Input impedance

The antenna is designed for 50 2 feedline. For assumed
bandwidth it is expected that real part of impedance and
imaginary part (value close to 0) will match. On figure 7 is
shown real part of impedance according to frequency, dotted
grey line shows resonance frequencies which value for this
point is 50.06 and 49.36 () respectively. The imaginary part
of the frequency dependent impedance is shown in figure 8.
The values of reactance for this resonance are 1.50 and -2.82 )
respectively.

C. Radiation characteristics

Radiation patterns show the distribution of energy in three
dimensions. Figures 9 and 10 show the antenna radiation
pattern in relation to an isotropic antenna. Figure 11 shows the
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Fig. 9. The 3D radiation pattern for f = 2.484 GHz.
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Fig. 10. The 3D radiation pattern for f = 5.816 GHz.

normalized radiation pattern for the first resonance. There is a
slight shift of the characteristic E-plane maximum with respect
to the front of the antenna and a back lobe is present due to
the limited ground plane. The maximum gain is 3.69 dBi.
The cross-polarization pattern is separated by 4 dB. The H-
plane also has a back lobe and the maximum gain is 3.55 dBi.
The cross-polarization pattern is also separated by 4 dB. The
normalized radiation pattern for the second resonance is shown

— Eplane
—— Heplane

— E-plane Cross.
2= H-plane Cross.

Fig. 11. Normalized radiation pattern at resonant f = 2.484 GHz.
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Fig. 12. Normalized radiation pattern at resonant f = 5.816 GHz.

in figure 12, where the E-plane has a cardioid radiation pattern
with a maximum at 4.95 dBi. The cross-polarization pattern
is 6 dB lower. For the H-plane the maximum is 2.2 dBi and
the cross-polarization discrimination is about 3 dB. For this
resonance, the back radiation is attenuated according to the
first, but still exists.

D. Current distribution

Figures 13 and 14 show the current distribution across
the antenna aperture for each resonant frequency. At each
resonance, a different current density can be observed at
a different location. The rather complicated shape of the
antenna implies a different distribution of currents at different
operating frequencies, which is the reason for the multiband
nature of the antennas. The direct feed, which was used in the
proposed antenna, has a much impact effect on radiation than
a microstrip feed, which also radiates and affects the radiation
characteristics.
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TABLE III
PERFORMANCE COMPARISON BETWEEN THE PROPOSED ANTENNA WITH THE EXISTING REPORTED ANTENNAS.
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Reference No. Dimensions (Ar) | Resonant frequencies [GHz] Bandwidth Gain [dBi] | fn/f1
[23] 0.15 x 0.44 0.73, 3.53 17.93%, 14.16% | 2.40, 6.10 4,9
[24] 0.21 x 0.09 091, 2.45 1.97%, 0.55% 2.87, 6.80 2,7
[25] 0.41 x 0.60 2.40, 5.80 12.92%, 9.83% N/A 2,4
[26] 0.65 x 0.60 8.80, 11.30 2.00%, 1.40% 5.30, 4.30 1,3
[27] 0.31 x 0.31 2.40, 2.80 N/A 3.42, 3.20 1,2
[28] 0.60 x 0.60 2.40, 5.50 13.00%, 27.00% | 6.80, 9.00 2,3
[29] 0.60 x 0.60 1.90, 3.50 4.00%, 2.20% 1.00, 2.40 1,8
[30] 0.60 x 0.60 2.40, 5.40 3.96%, 0.93% 2.87, 6.80 2,3

Proposed work 0.24 x 0.38 2.48, 5.82 1.61%, 1.96% 3.69, 4.95 2,3

76

Fig. 13.

Fig. 14.

Current distribution for f = 5.816 GHz.

E. Performance comparison

The performance comparison with other research on dual
band antennas is presented in Table III. The proposed antenna
has small dimensions in relation to the wavelength! of the
lower resonance frequency, but also has a very narrow band-
width.

IV. CONCLUSIONS

This article presents a dual-band microstrip antenna de-
signed for WLAN applications using the fifth iteration of the
dragon curve fractal. A small size of 42.52 x 28.41 mm has
been achieved. The antenna resonates at 2.4 and 5 GHz with
a simulated reflection coefficient of less than -30 dB. The
proposed antenna has a directivity at resonances of more than
3.69 and 4.95 dBi. Its suitability for use in communication
systems utilizing both WiFi frequencies (2.4 and 5 GHz) is

wavelength at the lowest resonant frequency
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demonstrated. Manufactured antenna has reflection coefficient
of less than -14 dB with a resonances near to simulated.
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