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Abstract—In this article, the design of a Pythagorean-tree
shaped fractal microstrip antenna is investigated for RFID reader
applications. The antenna consists of a fourth-order Pythagorean-
tree shaped fractal, a feed-line matched to the radiator, and
co-planar waveguide (CPW) line with the filleted ground plane.
The monopole antenna provides a wider operational bandwidth
from 4.22−7.52 GHz. The use of fractal geometry enhances the
bandwidth of the microstrip antenna and reduces the metallic
footprint size to a great extent. The simulated reflection coeffi-
cients are also validated with measured results. The simulated
radiation characteristics demonstrate an omnidirectional pattern
with the realized gain of 2.9 dBi at 5.8 GHz. The antenna with
an overall dimension of 0.36λ×0.43λ×0.015λ (λ represents the
wavelength at 5.8 GHz) covers the entire 5.8 GHz ISM band.

Index Terms—Microstrip antenna, Pythagorean-tree fractal,
ISM, RFID.

I. INTRODUCTION

In the current scenario, the need for low profile, lightweight,
and small size antenna is an ever demanding field of research
in many communicating and sensing systems. This challenge
becomes more prevalent due to system integration. Along
with the size, need of metalization in the antenna should also
be small which reduces the cost as well [1]. The reduction
in the size of metal footprint results in the reduction of
electromagnetic interference between the antenna and the other
integrating devices in the system.

The need for radio frequency identification (RFID) tech-
nology is gaining popularity in various domains having a
vast range of applications in logistics, biomedical field, inven-
tory control, and manufacturing sector, etc. An RFID system
mainly consists of a tag antenna, a reader antenna, and a
data processing system [2]. The advantageous features such
as higher data rate, enormous storage capability, and longer
read range between the reader and tag [3] enhance the need
for RFID technology. In this technology identification of the
objects attached to the electronic tags by electromagnetic
waves is accomplished in different frequency ranges [4]. Out
of these, 5.8 GHz ISM frequency band has been gaining
popularity due to less overcrowding as compared to 2.4 GHz
ISM band along with a reduction in the size of antenna [5].
Linearly polarized (LP) antennas can be effectively used as
the reader in any RFID system with a fixed orientation of tag.
This helps in reducing the complexity of the system design

Fig. 1. Layout of the proposed antenna.

and also decreases the power transmission of the signal [6],
[7].

Due to the inherent characteristics such as low-cost, low
profile and simple structure, the planar monopole antennas
have gained much attention [8]–[10]. The planar monopole an-
tenna with the fractal geometry helps in obtaining the compact
wideband antenna at the desired operating frequency range.
The use of fractal geometries in antenna design incorporates
the concept of elongating the outer edges by increasing the
effective electrical length instead of enhancing the physical
size of the antenna [11], [12]. In various literature different
fractal geometries such as Koch curve [13], [14], Sierpinski
fractal [1], [15] has been incorporated to achieve the effective
solutions. However, the above geometries have its limitations.
The Koch fractals provide narrower bandwidth along with
higher/lower value of input impedance that makes the feeding
difficult. On the other hand, the Sierpinski geometry provides
wider bandwidth with a larger metallic area [1].

This research discusses a CPW fed Pythagorean-tree shaped
fractal monopole antenna operating at 5.8 GHz. The proposed
design incorporates the fractal design with the fourth iteration
at the main radiator. The full wave simulation results show a



wide operating bandwidth of 4.22−7.52 GHz. This wideband
antenna can be suitable for RFID reader application at 5.8
GHz ISM band.

Antenna geometry and design of the proposed structure are
presented in section II. Simulated results with analysis are
discussed in section III followed by the conclusion in section
IV and references.

II. ANTENNA GEOMETRY AND DESIGN

The proposed antenna comprised of a Pythagorean-tree
shaped fractal design, a CPW line with the filleted ground
plane, and a feed line connecting the fractal radiator and
the CPW line to provide proper impedance matching. The
antenna is fabricated on an low cost FR4 substrate (εr= 4.4,
tanδ= 0.02) of dimension Ls×Ws×hs. The layout of the
proposed design is shown in Fig. 1). The fractal shaped
radiator is fed by a 50-Ω CPW line.

The amount of metalization is comparatively less with the
tree-shaped Pythagorean fractal antenna as in Koch curve
fractals. However, it eliminates the shortcomings of the Koch
curve fractal. The discrepancy in the value of input impedance
is reduced due to series and parallel paths in the proposed
Pythagorean-tree fractal design. Therefore the antenna band-
width is preserved over higher-order iterations.

Incorporation of the fractal geometry helps in increasing the
overall electrical length of the antenna and can be calculated
by (1) [1].

bPythagorean
n = b.(r)n−1, n = 1, 2, 3... (1)

Here the ‘n’, ‘r’, and ‘b’ represent iteration order (IO),
scaling factor, and initial length respectively. The simulation
is carried out by ANSYS HFSS 18 EM simulator. The final
dimensions of the proposed design are given in Table I. Fig.
1 represents the layout of the fractal monopole antenna with
all the dimensional details.

The surface current distribution plot of the proposed fractal
antenna within the wide operating bandwidth is shown in Fig.
2. Here the surface current has been analyzed at three operating
frequencies i.e. 5.25 GHz, 5.8 GHz, and 6.69 GHz. It can be
observed that at the lower frequencies i.e at 5.25 GHz (Fig.
2 (a)) and at 5.8 GHz (Fig. 2 (b)) the upper part of the main
radiator along with the feed line shows the maximum current
value. The entire electrical current path helps in reduction
in the resonating frequency. Similarly at 6.69 GHz (Fig. 2

(a) (b) (c)

Fig. 2. Simulated surface current distribution (magnitude plot) of the proposed
antenna (a) 5.25 GHz, (b) 5.8 GHz, (c) 6.69 GHz.

Fig. 3. The fabricated prototype of the proposed antenna
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Fig. 4. Reflection coefficient versus frequency response of the proposed
antenna.

(c)) the maximum current flows in the lower part of the main
radiator where the reduction in electrical current path results
in enhancement of the resonant frequency.

III. RESULTS AND DISCUSSION

A prototype of the proposed fractal monopole antenna was
fabricated (Fig. 3) and the reflection coefficient values were
investigated experimentally by Keysight performance network
analyzer (Model: N5222B). Fig. 4 demonstrates the reflection
coefficient versus frequency response of the proposed LP
antenna. It shows that the antenna operates at the resonant
frequency 5.8 GHz with −10 dB bandwidth in the range of
4.22−7.52 GHz. The antenna operates with an omnidirectional
radiation pattern in the wide operating bandwidth. It is evident
that the measured results fairly agree with the simulation
values and the small variations in the results may be caused
by fabrication errors.

(a) (b)

(c)

Fig. 5. Simulated 3D radiation pattern of the proposed antenna at (a) 5.25
GHz, (b) 5.8 GHz, and (c) 6.69 GHz.



TABLE I
DIMENSIONS OF ANTENNA

Ws 22.2 mm g 0.3 mm Wf 2.5 mm Lg 10.4 mm
Ls 18.6 mm Lf 6.5 mm hs 0.8 mm Wg1 7.75 mm
Wg2 7.75 mm L1 6 mm W1 3 mm L2 3 mm
W2 1.5 mm L3 1.5 mm W3 0.75 mm L4 0.75 mm
W4 0.375 mm L5 0.375 mm W5 0.1875 mm
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Fig. 6. Simulated 2D radiation pattern of the proposed antenna at (a) 5.25
GHz, (b) 5.8 GHz, (c) 6.69 GHz.

Fig. 5 shows the simulated 3D radiation patterns at 5.25
GHz, 5.8 GHz and 6.69 GHz respectively for the proposed
antenna. It is clear from the plot that the antenna is showing
omnidirectional patterns for the wide frequency range.

Fig. 6 indicates the 2D radiation patterns at three different
frequencies in YZ-plane and XZ-plane respectively for phi
= 0◦ and phi = 90◦. Here omnidirectional pattern depicts
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Fig. 7. Simulated gain versus frequency plot of the proposed antenna.
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Fig. 8. Simulated reflection coefficient versus frequency response of the
proposed antenna under propagation test at different environments.

that the cross-polarization (cross-pol) components are 20 dB
below the co-polarization (co-pol) values in both the planes
with a wide beamwidth of 120◦.

Fig. 7 shows the realized gain versus frequency response
of the proposed antenna. The omnidirectional pattern with the
standard realized gain of approximately 2.9 dBi at 5.8 GHz
can be essential in RFID reader applications.

The proposed design is analyzed in the full wave simulation
environment in consideration with different non conducting
materials between the transmitting and receiving side. The
propagation test has been performed in three different environ-
mental conditions i.e. (a) free space; (b) cloth (εr = 1.42, tan
δ = 0.043) covered; (c) cardboard (εr = 1.8, tan δ = 0.106)
covered. The full wave simulation results as shown in Fig. 8
indicate that the proposed fractal design can easily overcome
the propagation test and can be effective for ISM band reader
applications.

A comparison between recently reported fractal antennas is
presented in Table II. In [1], a lightweight tree-shaped fractal
antenna is presented with smaller dimension but the prototypes
have lower gain value. In [16], the Giuseppe Peano fractal
antenna provides a wide bandwidth with a good amount of
gain with a larger dimension. The use of Minkowski fractal for
partial discharge applications is presented in [17] with larger



TABLE II
COMPARISON BETWEEN RECENTLY REPORTED FRACTAL ANTENNAS

Ref εr
fr

(GHz)
Bandwidth

(GHz)
Peak gain

(dBi)
Dimension

(mm2) Application

[1] 3.5

16.38
7.71
5.76
6.86

2.83
2.05
1.71
1.88

1.6
0.9
0.1
0.4

16 × 13.2 Spaceborne
and wearable applications

[16] 4.4 2.5 2.75 4.6 60 × 60 –
[17] 4.4 1.85 2.7 4.08 108 × 135 Partial discharge detection

Proposed work 4.4 5.8 3.3 2.9 22.2 × 18.6 RFID reader applications

size and comparable gain value. From the above comparison,
it is clear that the proposed design is having a comparable
bandwidth and size that can be essential for RFID short-range
reading applications.

IV. CONCLUSION

A proposed microstrip antenna with Pythagorean-tree
shaped fractal-based radiator with a CPW line fed filleted
ground plane has been investigated. It provides a wider −10
dB fractional bandwidth of 56.21% and shows a realized gain
of 2.9 dBi at 5.8 GHz. The wide beamwidth, lightweight, and
the omnidirectional radiation characteristics of the proposed
LP design make it suitable for RFID reader applications at
5.8 GHz ISM band.
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