
International Journal of
Microwave and Wireless
Technologies

cambridge.org/mrf

Research Paper

Cite this article: Kattimani B, Patil RR (2023).
A miniaturized design of Vicsek snowflake-box
fractal microstrip patch antenna using
defective ground structure for wireless
applications. International Journal of
Microwave and Wireless Technologies 15,
112–119. https://doi.org/10.1017/
S1759078722000083

Received: 26 June 2021
Revised: 8 January 2022
Accepted: 10 January 2022
First published online: 3 February 2022

Keywords:
Bandwidth; defected ground structure; fractal
microstrip patch antenna; return loss; size
reduction; snowflake-box fractal

Author for correspondence:
Bharamappa Kattimani,
E-mail: navyabk2012@gmail.com

© The Author(s), 2022. Published by
Cambridge University Press in association with
the European Microwave Association

A miniaturized design of Vicsek snowflake-box
fractal microstrip patch antenna using
defective ground structure for wireless
applications

Bharamappa Kattimani1 and Rajendra R Patil2

1Department of Electronics and Communication Engineering, VSM’s SRKIT, Nipani, Karnataka, India and
2Department of Electronics and Communication Engineering, GSSSIETW, Mysuru, Karnataka, India

Abstract

In this paper, miniaturization of fractal geometry with defected ground structure (DGC)
concept has been experimentally verified at S-band (2–4) GHz. The design starts with a
self-symmetry structure using conventional Vicsek snowflake-box fractal antenna. The same
has been used in third iteration to achieve miniaturization. This proposed microstrip patch
antenna (MPA) is resonating at 2.12 GHz with acceptable gain and broadside radiation.
The miniaturization of about 87.26% when compared to conventional fractal MPA is
achieved. The fractal unit cell is optimized for miniaturization and bandwidth by carrying
out parametric study and applying the DGS shapes like rectangular and U-shaped slot etched
in the ground plane of Vicsek snowflake-box fractal microstrip antenna. A fractal microstrip
antenna is designed for wireless applications at 3.95 GHz. The fractal microstrip antenna is
simulated using HFSS-V15 simulator. It is observed that the maximum size reduction of
87.26% is achieved in the third iteration of the Vicsek snowflake-box fractal radiating
patch. The proposed fractal patch antenna is designed and fabricated using epoxy substrate
of FR-4 with dielectric constant of 4.4 and thickness of 1.6 mm. The simulated results are
compared with the measured results.

Introduction

Microstrip patch antennas (MPA) play an important role in modern wireless communication
system. The main limitations of MPAs are narrow bandwidth, low gain, and spurious radia-
tions. A major challenge in the design of MPA is to enhance bandwidth and gain using avail-
able techniques [1]. Today’s wireless communication system needs low profile, low cost,
wideband, and compact antennas. Therefore, MPAs are designed to provide high gain,
wider bandwidth, and support for multiband in any communication applications. Fractal
antennas are exposed to the greatest extent in order to achieve these requirements. The
word “Fractal” is a derivative of the Latin word “fractus”, which means broken or fractured.
The term fractal was coined by B. Mandelbrot about 20 years ago, in the year 1975 [2]. For
most wireless communication systems, the size of antenna is an important factor. There are
many methods, such as use of dielectric substrate material with high permittivity, applying
resistive or reactive loading, increasing the electric length of the antenna by optimizing its
shape, for achieving size reduction in MPAs. The fractal structures have two important
geometric properties, such as self-similarity and space filling. The self-similarity of such fractal
structures results in the multi-band behavior and frequency-selective surface fractal antennas.
Fractal structures are used in antenna miniaturization [3] because of their space-filling
properties. There are different types of fractal geometries that are used for various purposes
such as miniaturization, enhancement of gain, bandwidth, and efficiency of an antenna.
The fractals are used as arrays for beam forming in directional antennas. In the literature
review, it is found that, there are few fractal geometries that are popular such as Koch,
Sierpinski, Minkowski, Cantor set, and Hilbert [4].

This paper is structured as follows: an overview of the related work is given in “Literature
review” section, “Problem definitions” section explains about problem definition, “Antenna
design” section describes antenna design, and “Results and discussion” section provides the
results and discussion and finally conclusion of the paper in “Conclusion” section.

Literature review

In the literature, many different works on fractal antenna geometries are reported and few
related works with respect to this communication are highlighted here. Chen et al. [1]
explained a novel technique to miniaturizing of MPAs by using two fractal geometries in a
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single antenna, that is, by etching the patch edges according to
Koch curves as inductive loading, and inserting the Sierpinski
[2–4] carpets into the patch as slot loading. The resonance
frequency of the patch is shifted at lower frequency as the higher
iteration order of the fractal shapes is considered. This property
can be utilized to reduce the size of the MPAs. It is also found
that, the radiation patterns of the proposed fractal-shaped anten-
nas are maintained because of the self-similarity and Centro

symmetry of the fractal shapes. In [5] Kordzadeh and Hojat
Kashani achieved the compact microstrip antenna with
Koch-shaped fractal defects on the patch surface as presented.
Using this method, the overall electric length of the antenna is
increased largely and hence the size of antenna is reduced to
85%, compared to an ordinary microstrip antenna with the
same resonance frequency. In [6] Shandal et al. proposed a penta-
gon slot [7] inside fractal circular patch microstrip resonator to

Fig. 1. The geometric view of conventional MPA top view (a) and side view (b) of Vicsek snowflake-box fractal MPA. (c) Conventional MPA. (d) First iteration of MPA.
(e) Second iteration of MPA. (f) Third iteration of MPA. The dimensions of ground plane are Wg = 50, Lg = 50, L1 = 30, W1 = 30, t = 0.03, h = 1.6, εr = 4.4, Lf = 18, Wf = 0.7,
and a = 10 (all dimensions are in mm).

Fig. 2. The fabricated prototypes of conventional and proposed Vicsek snowflake-box fractal microstrip patch antenna. (a) Top view of conventional (basic) MPA.
(b) Top view of proposed (third) iteration of MPA. (c) Bottom view of proposed (third) iteration of MPA with rectangular DGS slot. (d) Bottom view of proposed
(third) iteration of MPA with U-shaped DGS slot. All parameters are shown in Fig. 1.
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design compact antenna over partial ground plane that is intro-
duced using the third iteration of adopted fractal geometry.
Similar works are proposed in the papers such as in [8] a minia-
turized ultra-wideband (UWB) antenna based on Sierpinski
square slots is reported [9]. Antenna miniaturization is achieved
by etching Sierpinski square slots in the radiating decagonal-
shaped monopole, and UWB operations are accomplished by
utilizing double truncations in the ground plane. Motevasselian
and Whittow [10] introduced an effective approach to reduce
the patch size in rectangular patch microstrip antennas by induct-
ive loading of the patch using a cuboid ridge. The authors used
the defected ground structure (DGS) and defected microstrip
antenna structure [11, 12] concept to design a compact MPA in
[13, 14]. In [15–17] size reduction of square patch antenna is pro-
posed using meta-fractal technique. This technique implies add-
ing fractal shape (Peano shape here) to the classical square
antenna to reduce its size and then a complementary split-ring
resonator is slotted on the patch as a defect. The defect enforces
the antenna to behave as meta-material in a specific frequency
range. In [18] the authors explained the three issues such as (1)
ambiguities in setting up a proper box cover of the object of inter-
est, (2) problems of limited data points for box sizes, and (3) dif-
ficulty in determining the scaling range. The authors propose
corresponding improved techniques with modified measurement
design to address these issues: (1) rectangular grids and boxes set-
ting up a proper box cover of the object; (2) pseudo-geometric
sequence of box sizes providing adequate data points to study
the properties of the dimension profile; (3) generalized sliding
window method helping to determine the scaling range.
Similar work related to this communication has been reported

in [19], a new compact fractal antenna in the shape of a snowflake
is proposed. Various iterations of this fractal antenna with probe
feed and capacitive coupled feed are compared and optimized.
Size reduction is proposed using slots [20]. The author used
meander line slot to improve the bandwidth and size reduced
in microstrip antenna [21,22]. A dumbbell-shaped DGS in the
common ground plane of a back-to-back microstrip structure
was found to give a size reduction of about 64% and shifts the res-
onance frequency from 5 to 1.8 GHz, with 20MHz bandwidth
facilitating the antenna, to be used for global system for mobile
communications [24].

Problem definitions

In the recent communication device scenario, the miniaturiza-
tion of antennas has become so important. There are various
types of fractals such as Koch, Cantor, Sierpinski, etc. In this
paper, we are using Vicsek snowflake-box fractal to reduce the
size of the micostrip patch antenna for modern wireless commu-
nication. The compact microsrtrip patch antenna is implemen-
ted using conventional Vicsek snowflake-box fractal antenna of
third iteration and applying the DGS shapes like U-shaped
slot etched in the ground plane is considered because of its bet-
ter performance. The basic conventional MPA of Vicsek
snowflake-box fractal first order is designed and its second
and third iterations are also studied. The enhancement of its
compactness is achieved by the fractal geometry. The rectangular
and U-shaped slots as DGS have given better performance in
both input and output parameters of MPA as well as enhance-
ment of bandwidth.

Fig. 3. Experimental setup of different prototypes for measurement of return loss and radiation pattern.
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Antenna design

The dimensions of conventional antenna are designed using the
well-known formulae given in antenna design hand book [1].
The antenna is resonating at 3.95 GHz with a dimension of square
patch of Lp = Wp = 30 mm with a substrate thickness of h = 1.6
mm and dielectric constant ϵr = 4.4 (FR-4) substrate and copper
square ground plane with dimension of Wg = Lg = 50 mm. The
antenna is fed with 50ῼ microstrip line of length 18 mm and
width 0.7 mm. Schematic diagram of conventional fractal anten-
nas is shown in Fig. 1. The Vicsek snowflake-box fractal is used
on the MPA; each box has equal sides, i.e. a = 10 mm in square
shape. All the dimensions of the MPA, such as ground plane,
the length and width of the slot, the location of the slot on the
ground plane, the position of the patch above the ground plane,

and the position of the feed point, are optimized using HFSS
V.15. The conventional MPA and proposed Vicsek fractal itera-
tions are shown in Fig. 1 [17]. In this paper, Fig. 1(c) shows the
conventional (basic) antenna; here the four squares are removed
on each side for every five retained along length and width. The
same procedure continues till third iteration. The wideband
response is obtained by using DGS concept; here we etched two
slots, one is rectangular slot and other one is U-shaped slot,
and also observed the response of both by simulation study and
found that the U-shaped DGS slot helps to improve the band-
width of the antenna. The same arrangement is replicated at all
the corners of the central base antenna in the initial step of the
first iteration. For the second and third iterations, the same
procedure is repeated and such fractal is known as Vicsek

Fig. 4. Return loss characteristics (S11) comparison of conventional and proposed fractal MPA, (a) simulated, (b) measured, (c) different iterations with slot DGS,
(d) different iterations without slot DGS.
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snowflake-box fractal. For the purpose of impedance matching, a
microstrip line feeding of 50Ω impedance is used. The experi-
ment is done in the microwave laboratory for the measurement
of return loss and radiation characteristics; for this set of conven-
tional and proposed Vicsek snowflake-box fractal, MPAs are fab-
ricated using the FR4 dielectric material as shown in Fig. 2.

The fabricated prototypes and the experimental setup for the
measurement of input parameters such as S11 and VSWR and
output parameters such as radiation characteristics are shown in
Figs 3(a)–3(d).

Results and discussion

The proposed and the conventional Vicsek snowflake-box fractal
MPA are simulated using HFSS V-15 Electro Magnetic (EM) simu-
lator and verified using all input and output parameters of the
antenna. Figure 4(a) shows the S11 comparison of conventional
and proposed Vicsek snowflake-box fractal MPA. Figure 4(b)
shows the measured S11 graph of conventional antenna and first,
second, and third iterations fractal MPA. Figures 4(c)–4(d) show
different iterations with and without DGS slots. Here the miniatur-
ization is achieved by considering the third iteration of the Vicsek
snowflake-box fractal MPA with U-shaped DGS slot. In the plot, it

shows that the conventional MPA is resonating at 3.95 GHz with a
−14 dB of S11, whereas the proposed MPA is resonating at 2.12
GHz with a return loss of −28 dB. These data clearly show the
achievement of compactness of 87.26% when compared to conven-
tional MPA. In the proposed configuration, we have considered the
third iteration along U-shaped defected ground slot as the final
configuration. The third iteration gives compactness only by
using fractal but bandwidth is improved because of U-shaped
DGS slot. The proposed antenna is fabricated and measured
using vector network analyzer. The results are shown in Table 1.
The radiation characteristics are shown in Fig 5. The radiation
characteristics for the proposed antenna are measured at frequen-
cies of 3.95, 2.99, 2.42, and 2.12 GHz in the principal planes
“X-Z and X-Y. Radiation characteristics that are almost dumbbell
shape occur at 3.95 GHz. It is observed that the resonance fre-
quency is shifted from 3.95 to 2.12 GHz. By making the defective
ground structure in antenna design we observed increase in band-
width and simulateously size of the antenna is going to reduces
using fractal concept (as shown in Table 1), that as resonance fre-
quency becomes lower it narrowing the bandwidth for the pro-
posed antenna compared to the reference one. The simulated
and measured radiation patterns for both the proposed and base
antenna are shown in Figs 5 and 7. When compared with an

Table 1. Summary of the measurement results

Iterations With slot DGS bandwidth (MHz) Without slot DGS bandwidth (MHz) Frequency in GHz % of size reduction

Base antenna 5 5 3.97 –

First 28 20 2.99 32.77

Second 60 45 2.44 62.70

Third (proposed) 70 56 2.12 87.26

Fig. 5. The simulated radiation pattern of (a) conventional and (b) proposed antenna.
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antenna of the same resonance frequency, a reduction of about
87.26% is achieved in antenna size, by adding a Vicsek snowflake-
box fractal to the proposed antenna. In the proposed antenna, we
observed the bandwidth of 70MHz at 2.12 GHz and gain is
achieved to an acceptable value. The E- and H-plane radiation pat-
terns of the conventional and proposed fractal-based antenna is as
shown in Fig. 7.

There are two parameters which affect antenna radiation prop-
erties. The first one is the surface current that affects resonance
frequency of antenna, and the second one is surface resistivity
Rs that affects input impedance, bandwidth, and gain of the
antenna [23]. In our work, surface current has more effect on
resonance frequency, and therefore a significant change in

resonance frequency from 3.95 to 2.12 GHz as shown in Fig. 4.
At the lowest resonance frequency, current distribution is more
at the center of the MPA. That current is distributed over the
entire area of the MPA and is maximum at the upper side and
feed as shown in Fig. 6. The gain is minimized which is consid-
ered as acceptable due to the effect of more surface current (lesser
surface resistivity). The surface resistivity plays a vital role in
decreasing the gain and increasing the bandwidth (Fig. 6).

Conclusion

The compactness of MSA is achieved using Vicsek snowflake-box
fractal in this work. The same has been used in third iteration

Fig. 6. The simulated current distribution of (a) conventional and (b) proposed antenna.
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along with etched U-shaped slot as DGS to improve the band-
width. This proposed MPA is resonating at 2.12 GHz with accept-
able gain and broadside radiation. The miniaturization of about
87.26% when compared to conventional fractal MPA is achieved.
A series of simulations are carried out to get optimized compact
design using HFSS V-15 EM simulator. The conventional and
proposed compact MSA with DGS slot are fabricated for experi-
mental verification. In this paper, the iterative approach is made
up to the third iteration with microstrip feed. The measured
results are well matched with the simulated predictions as
shown in the S11 and radiation plots. The S11 plot shows the
antenna size is reduced up to 87.26% relative to the operating fre-
quency of the conventional MSA. A vector network analyzer is
used to measure the S11 parameters of both conventional and pro-
posed MSAs. The proposed fractal microstrip antenna is highly

compact and suitable for applications such as weather radar and
satellite communication.
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