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Muicrostrip antenna is broadly used in the modern communication system due
to its significant features such as light weight, inexpensive, low profile, and
ease of integration with radio frequency devices. The fractal shape is applied
in antenna geometry to obtain the ultra-wideband antennas. In this paper, the
sierpinski carpet fractal monopole antenna (SCFMA) is developed for base
case, first iteration and second iteration to obtain the wideband based on its
space filling and self-similar characteristics. The dimension of the monopole
patch size is optimized to minimize the overall dimension of the fractal
antenna. Moreover, the optimized planar structure is proposed using the
microstrip line feed. The monopole antenna is mounted on the FR4 substrate
with the thickness of 1.6 mm with loss tangent of 0.02 and relative
permittivity of 4.4. The performance of this SCFMA is analyzed in terms of
area, bandwidth, return loss, voltage standing wave ratio, radiation pattern
and gain. The proposed fractal antenna achieves three different bandwidth
ranges such as 2.6-4.0 GHz, 2.5-4.3 GHz and 2.4-4.4 GHz for base case,
first and second iteration respectively. The proposed SCFMA is compared
with existing fractal antennas to prove the efficiency of the SCFMA design.
The area of the SCFMA is 25x20 mm?, which is less when compared to the
existing fractal antennas.
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1. INTRODUCTION

Nowadays, the wideband antennas are widely used as an enormous application in wireless
communication systems due to its higher impedance bandwidth and simple structure [1]. Consequently, the
ultra wideband (UWB) technology is considered as the significant solution for future wireless
communication based on its huge frequency spectrum from 3.1 GHz to 10.6 GHz [2]-[4]. In developing the
communication system, the antenna is required to be designed with less power consumption, inexpensive,
low profile, lesser complexity, higher precision ranging, light weight, and ease of implementation [5]-[7].
The UWB technology is used in different applications such as high-accuracy radars, medical imaging
systems, high-data rate wireless communications, remote sensing, medical monitoring, and medical sensor
data collection systems [8]-[9]. These UWB antennas are constructed in different designs such as dipole and
monopole/logarithmic antenna. In UWB applications, the monopole antennas are considered due to its
various advantages such as simple structure, easy fabrication, good radiation, and ultra-wide band frequency

[10]-[11].
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The fractal geometry shape is used as antenna shapes instead of the euclidean geometries because of
its space filling property, also, this fractal geometry is used to obtain the multi-band operation and
miniaturization [12]-[14]. The property of space filling in a small area improves the electrical path length of
the designed antenna [15]. Generally, the fractal geometry is applied into the patch and it is added in the
antenna for designing the fractal antenna which is used to obtain the compact, small side lobe arrays and
higher gain aerials [16]-[17]. However, the fractal antennas have different challenges such as radiation
pattern enhancement, arbitrary frequency ratio, uniformity of impedance, polarization in multiband and
directivity [18]. The Sierpinski fractal antenna is considered as an enormous structure between the fractal
antennas. In the design of electromagnetic band-gap, the Sierpinski curve is developed to avoid the
simultaneous switching noise over high-speed circuits. This Sierpinski antenna is used to obtain the multi-
band performance, but the difficulty occurs while designing the antenna for the desired frequency [19]-[20].

The main contributions of this paper are given as follows: The sierpinski carpet fractal monopole
antenna (SCFMA) design is developed until two iterations to obtain maximum bandwidth. Therefore, the
maximum bandwidth is obtained based on the space filling and self-similar features. Moreover, the reduction
in monopole patch size is proposed to minimize area of the overall antenna structure. Here, the patch and the
ground are developed using the copper as well as FR4 is used as a substrate with loss tangent of 0.02 and
relative permittivity of 4.4.

The overall organization of the paper are given as follows: The literature survey about the recent
fractal shape-based antenna structures is surveyed in section 2. The implementation of SCFMA design up to
two iterations along with its dimensions are mentioned in section 3. The results and discussion of the
SCFMA design is described in section 4. Finally, the conclusion is made in section 5.

2. LITERATURE SURVEY

Thakare [21] analyzed the bandwidth improvement of printed circular planar fractal monopole
antenna with and without the proximity coupling. The feed techniques of coal pyrolysis wastewater (CPW)
and microstrip line were used to improve the multiband bandwidth in the fractal monopole antenna designed
with the coupled proximity ring. Here, the feed technique was used due to the properties of self-similarity in
the iterative fractal antenna. This work failed to analyze the gain value of the fractal monopole antenna for all
its four iterations.

Gupta and Mathur [22] designed the square shaped UWB fractal antenna along with the right angled
isosceles (RIT) Koch in the margin of the patch. The circle shape was developed in the center of the patch to
obtain the circular polarization in the resonant frequencies. However, the return loss was improved only
when the appropriate matching was done in this fractal antenna.

Varamini et al. [23] presented the microstrip antenna with Sierpinski carpet (MASC) to enhance the
matching and bandwidth and the Minkowski fractal was used to maximize the antenna area. The permeability
and permittivity were obtained to split ring resonator (i.e., metamaterial) by using the reflection/transmission
method. The feature of reconfigurability was achieved by accomplishing the junction in the metamaterial
layer. The first antenna was obtained two different resonances such as 3.2 and 4.5 GHz whereas the second
antenna was obtained two more resonances such as 3.5 and 5.8 GHz by varying the metamaterial layer. This
work analyzed the antenna gain and efficiency only for the indoor application.

Sharma and Sharma [24] presented the two-hybrid fractal slot for designing the microstrip patch
antenna (MPA). In this antenna, the Koch curve was used in the first slot as well as the combination of Koch
curve with Minkowski was used to develop the second slot. This hybrid fractal slot was designed with the
partial ground plane to obtain the wideband applications. The antenna’s gain and bandwidth were optimized
by varying the length of partial ground plane. However, the gain of the hybrid fractal slot antenna was less in
the wideband applications.

Awan et al. [25] developed the ultra-thin flexible patch antenna for Indian summer monsoon (ISM)
applications. The utilization of fractal patches was reduced the size up to 30% according to the typical
quadrilateral patch. Next, a rectangular stub was used in the feedline to minimize the harmonics. Hence, this
ultra-thin flexible patch antenna was used to obtain compact size, wide bandwidth, and moderate gain.
However, the resonating frequency of the antenna was affected because of the stub used in the fractal patch.

Jindal et al. [26] presented the Minkowski and meander curve-based hybrid fractal antenna
(MMFHA) for the mobile devices. Here, the mobile devices were used in various communication
applications such as mobile ad hoc networks, delay tolerant networks and wireless sensor networks. In this
MMFHA, an impedance bandwidth was enhanced by Meander curve as well as multiband was achieved by
using the Minkowski curves. However, the impedance was affected with the notch at the ground plane of
MMFHA.
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3. SCFMA DESIGN

In this SCFMA design, the bandwidth of the antenna is minimized by implementing the sierpinski
carpet up to two iterations. The size of monopole patch is optimized for reducing the overall area of antenna
design. Initially, this SCFMA design considers the rectangle shape patch and then the square shaped slots are
removed in the base case, first iteration and second iteration. The process of this SCFMA design has two
major steps which are antenna design configuration and parametric study of the SCFMA design. The antenna
design configuration shows the base case, first iteration and second iteration antenna design along with its
dimension. The parametric study describes the effect of fractal shapes in microstrip patch. The design process
of the SCFMA is described in the following section.

3.1. Sierpinski fractal antenna

The design of Sierpinski carpet is generally a plane fractal which is developed by the Wactaw
Sierpinski in 1916. The method of partitioning the shape into smaller copies of itself, eliminating one or more
replicas and is recursively prolonged to other shapes. In this Sierpinski carpet structure, the middle rectangle
is removed in the base case and it is repeated for next two iterations to obtain the wideband frequency range.

3.1.1. Sierpinski carpet

In this proposed design, the structure of Sierpinski carpet is initialized with rectangle structure. The
rectangle structure is divided into 9 corresponding sub-rectangles in a 3-by-3 grid. The central sub-rectangle
removed the base case and this procedure is repeated in first iteration for the remaining sub-rectangles.
Additionally, the same procedure is extended in second iteration for all the 8 sub-rectangles of the microstrip
antenna. The design of microstrip antenna contains the specific parameters such as resonant frequency
antenna width, effective dielectric constant, effective antenna length, length extension, and patch length.
a. Antenna width (W)

A practical width (W) is calculated for an effective microstrip antenna which leads to obtain better
radiation pattern. The expression to calculate the antenna width is given in the (1).

c 2

WZE €r+1 (1)

Where, c is represented as velocity of the light (3 x 108m/s), relative permittivity is represented as &, and
resonating frequency is represented as f;..

b. Effective dielectric constant (sff f )

The effective dielectric constant of the microstrip antenna is calculated using the following (2).

&g+1 g —1
sfffz—rz +

[1+ 12(h/W]~1/2 @

c. Antenna length (L.sf)

Generally, the width and length of microstrip antenna is identified by selecting the substrate. The
equation (3) shows the effective length of the patch used in the antenna design.

c 1
Lepp =— ()
eff Jr
2 /er 3)

d. Length extension (AL)

The fields in the patch edge experiences the fringing while designing the antenna. The length of the
path is increased by AL on both sides of the patch, because of the fringing fields along the patch length. The
extension of the length is given in the (4).

(7 +0.3) (% +0.264)

AL = 0412k [— o
(77— 0.258) (- + 0.8) @)
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e. Patch length (L)
The actual patch length is determined by using the (5).

The monopole antenna operates at the Wideband frequency but return loss of monopole antenna is low that
affects the overall efficiency. Therefore, the design of SCFMA is proposed in monopole antenna to improve
the bandwidth.

3.2. Design configurations

The structure of Sierpinski carpet fractal antenna is designed from the regular Microstrip patch and
it is operated through different iterations to generate the multiband characteristics. The rectangle patch size
for the base case is 20x25 mm? and the middle sub-square slot in the size of 7x7 mm? is removed as shown
in the Figure 1. Next, this Sierpinski carpet fractal antenna is mounted on the substrate with the thickness of
1.6 mm FR4 substrate and this FR4 substrate has loss tangent (§) of 0.02 and relative permittivity (e,) of
4.4. Moreover, the patch and ground are designed by using the copper and the ground plane is created with
the size of 30x7 mm? as shown in Figure 2. This SCFMA antenna uses the microstrip feed line with the
width of 2.5 mm and length of 10 mm between the patch and ground plane. Moreover, the width and length
of feed inset for the microstrip feed are 0.5 mm and 3 mm respectively.

WG

wre

LG [ |

L ws |
|‘ LS
- ’
Wwr
Figure 1. Structure of SCFMA for base case Figure 2. Structure of ground plane

Where, the length and width of the patch are LP and WP; the length and width of the ground are LG
and WG; the length and width of the substrate are LS and WS; the length and width of the feed are LF and
WF; the length and width of the feed inset are LFI and WFI; the length and width of the removed slotl are
LS1 and WS1. In the first iteration of SCFMA, the 8 sub-rectangles of the SCFMA are again divided into 9
sub rectangles. Similar to the base case, the middle sub square slots are removed from all 8 sub-rectangles of
patch design. The removed slot has the size of 2x2 mm? over the SCFMA design which is used to obtain the
multi band frequency. The structure of SCFMA for first iteration is shown in Figure 3.

Where, the length and width of the removed rectangle slot2 are LS2 and WS2. In second iteration of
SCFMA, the 8 sub rectangles from the first iteration are again divided into 9 sub rectangles. Similar to the
base case, the middle sub squares are removed from all the 8 sub rectangles of patch design. The removed
slot has the size of 0.8x0.8 mm? over the SCFMA design which is used to obtain the multi band frequency.
The structure of SCFMA for second iteration is shown in Figure 4. Where, the length and width of the
removed rectangle slot3 are LS3 and WS3. Additionally, the fabricated design of SCFMA antenna is shown
in Figure 5. The parameter values of the proposed design are given in Table 1.
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Figure 3. Structure of SCFMA for first iteration Figure 4. Structure of SCFMA for second iteration

(b)

© o)

Figure 5. Fabricated SCFMA antenna: (a) base case, (b) first iteration, (c) second iteration, and (d) back view

Table 1. Parameter values of SCFMA design
Parameter Value Parameter  Value Parameter Value

LP 25 mm wp 20 mm LG 7 mm

wa 30 mm LS 45 mm ws 30 mm
HS 1.6 mm LF 10 mm WF 2.5mm
LFI 3mm WFI 0.5 mm LS1 7mm
ws1 7 mm LS2 2mm ws2 2mm

LS3 0.8 mm WS3 0.8 mm - -

3.3. Microstrip line feed
In microstrip line feed, the conducting strip of microstrip patch is directly connected to the edge of
microstrip path as shown in Figure 4. The length and width of the microstrip line feed connected with the
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SCFMA are 10 mm and 2.5 mm respectively. The main advantage of using the microstrip line feed is that the
feed and microstrip are attached in the same and it is used to design flat structure.

3.4. Parametric study of the SCFMA design

The detailed information of the SCFMA design and wideband characteristics are analyzed using this
parametric study. The geometrical and electrical properties affect the characteristics of the wideband antenna.
The constant parameters in the SCFMA design are the dimensions of patch, ground, substrate, feed, and feed
line. In this SCFMA, the fractal structures are developed to obtain the wideband frequencies. Hence, the
dissimilarities in the SCFMA design creates the changes in the return loss, voltage standing wave ratio
(VSWR) and impedance mismatching properties as shown in Figure 2 to Figure 4. Moreover, the return loss
is improved in higher frequencies and weakened lower frequency due to the increment in relative
permittivity. The relative permittivity is selected as 4.4 for SCFMA design because of its better return loss in
higher frequencies. The higher iterations of Sierpinski Carpet fractal structure are used in the microstrip path
antenna for increasing the operating bandwidth of the SCFMA design. Therefore, the SCFMA design obtains
UWB frequencies based on the three different designs such as base case, first iteration and second iteration.
The electric and magnetic field for the three designs of SCFMA are given in the Figures 6 and 7 respectively.

(a) (b) (©

Figure 6. Electric field for SCFMA design: (a) base case, (b) first iteration, and (c) second iteration

(a) (b) (©)

Figure 7. Magnetic field for SCFMA design: (a) base case, (b) first iteration, and (c) second iteration

4, RESULTS AND DISCUSSION

The results and discussion of the proposed SCFMA design is discussed in this section. The proposed
SCFMA implementation and simulation are carried out using the high-frequency structure simulator (HFSS)
which is operated in a Windows 8 operating system with Intel core i3 processor and 4 GB RAM. This
proposed SCFMA design is accomplished in three different designs such as base case, first iteration and
second iteration as well as the dimensions of this SCFMA design is given in the Table 1. The performance of
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the SCFMA design is analyzed in terms of return loss, VSWR, radiation pattern and gain. Moreover, the
results of the SCFMA design are analyzed using both the simulation and fabrication which are described as
follows:

4.1. Results from simulation
This section shows the results taken from the simulation using HFSS software. Here, the results are
given for SCFMA design with base case, first iteration and second iteration.

4.1.1. Return loss
Return loss is the reflection of signal’s power when the signal reflection is entered in the
transmission line and this return loss is expressed in the (6):

Sy; = —201log|T| (6)

where the reflection coefficient is represented as T that is the ratio between incident wave’s amplitude and
reflected wave’s amplitude.

The return loss for the SCFMA at base case, first iteration and second iteration are shown in the
Figures 8, 9 and 10 respectively. The resonant frequency of the SCFMA design in base case is 3.4 GHz with
a bandwidth of 2.6-4.0 GHz for the return loss value-16.0931 dB. Similarly, the resonant frequency of the
SCFMA design in first iteration is 3.2 GHz with a bandwidth of 2.5-4.3 GHz for the return loss
value -21.0295 dB. However, the SCFMA design in second iteration achieves two different resonant
frequencies which are 2.8 GHz and 3.8 GHz in the bandwidth of 2.4-4.4 GHz. The return loss of SCFMA
design in second iteration obtains two different return loss with respect to the two frequencies -48.4897 dB
and -46.7584 dB. Figures 8 to 10 show the return loss of base case which is less when compared to the other
designs such as first iteration and second iteration.
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Figure 8. Return loss of SCFMA at base case Figure 9. Return loss of SCFMA at first iteration
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Figure 10. Return loss of SCFMA at second iteration
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4.1.2. VSWR
VSWR is the ratio between the maximum voltage (V;,4,) and minimum voltage (V) of the
antenna which is expressed in the (7).

Vmax _ |1 +F|

VSWR = =
Vmin |1 - Fl (7)

Figures 11, 12 and 13 shows the VSWR of SCFMA at base case, first iteration and second iteration
respectively. The VSWR for the proposed SCFMA in base case and first iteration are 1.5 and 1.8
respectively. However, the SCFMA in second iteration creates two different VSWR which are 1.7 and 1.6.
Figure 11 to Figure 13 shows that the VSWR of all 3 designs of SCFMA are less than 2 which shows that it
provides better radiation patterns. Hence, the proposed SCFMA obtains better VSWR based on an effective
matching between the fractal antenna and microstrip feed line as well as the lesser VSWR improves the
frequency and minimizes the loss in the transmitted power.
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Figure 11. VSWR of SCFMA at base case Figure 12. VSWR of SCFMA at first iteration
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Figure 13. VSWR of SCFMA at second iteration

4.1.3. Radiation pattern

The radiation pattern is considered as one of the main parameters in the antenna design that
illustrates the ratio of power radiated to input power. This radiation pattern also considers dielectric losses
and conduction. The radiation pattern of the SCFMA for base case, first iteration and second iteration are
shown in the Figure 14, 15 and 16 respectively. Here, the radiation pattern is calculated by varying the angle
(6) from -180° to+180°. The radiation pattern presented in the Figures 14, 15 and 16 shows that the SCFMA
achieves the better radiation pattern in the bandwidth range of 2.6-4.0 GHz, 2.5-4.3 GHZ and 2.4-4.4 GHz
respectively. The calculated radiation pattern shows that the SCFMA design obtains a reliable
omnidirectional radiation pattern in both the lower and higher frequencies.
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-180

Figure 14. Radiation pattern of SCFMA at base Figure 15. Radiation pattern of SCFMA at first
case iteration

Figure 16. Radiation pattern of SCFMA at second iteration

4.1.4. Gain

The ratio between the antenna’s output power and antenna’s total input power is defined as gain.
The input power to the antenna is the total power which includes overall losses power and radiated power.
The gain of the antenna is expressed in the (8).

] Outputpoweroftheantenna
Gain =

Inputpoweroftheantenna (8)

Figures 17, 18 and 19 shows the gain of SCFMA at base case, first iteration and second iteration respectively.
Figures 17, 18 and 19 shows that the value of gain are 1.97 dB, 1.90 dB and 2.94 dB respectively. The
antenna with higher gain is used to increase the line of sight path. Hence, the SCFMA design provides higher
bandwidth such as 2.6-4.0 GHz, 2.5-4.3 GHZ and 2.4-4.4 GHz for base case, first iteration and second
iteration respectively.

4.2. Results from fabrication

Figures 20, 21 and 22 shows the return loss for the fabricated SCFMA at base case, first iteration
and second iteration respectively. The return loss for the fabricated SCFMA design at base case and first
iteration is -16.0931 dB and-21.0295 dB respectively. Additionally, this fabricated SCFMA designed for the
second iteration gives two different return losses which are -48.4897 dB and -46.7584 dB. This return loss
analysis proves that the fabricated SCFMA design is similar to the simulation results. The results taken from
the fabrication design is analyzed in this section. Here, the results are analyzed in terms of return loss, VSWR
and radiation pattern.
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Figure 19. Gain of SCFMA at second iteration
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Figure 22. Return loss of fabricated SCFMA at
second iteration

The VSWR response of fabricated SCFMA at base case, first iteration and second iteration are
shown in the Figures 23, 24 and 25 respectively. The Figures 23 to 25 shows that the VSWR for the base
case and first iteration of the fabricated SCFMA are 1.5 and 1.8 respectively. Next, the second iteration of
fabricated SCFMA creates two different VSWR ranges such as 1.7 and 1.6. From this VSWR analysis, it
concluded that the VSWR is less than 2 for all the three bandwidth values that are 2.6-4.0 GHz, 2.5-4.3 GHz
and 2.4-4.4 GHz which helps to avoid the interferences.
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Figure 25. VSWR of fabricated SCFMA at second iteration

Figures 26, 27, 28 and 29 shows the radiation pattern for the resonant frequencies of 3.4 GHz,
3.2 GHz, 2.8 GHz and 3.8 GHz respectively. Here, the Figures 26 and 27 shows the radiation pattern for the
base case and first iteration respectively. Next, the Figures 28 and 29 shows the radiation pattern for the
second iteration at two different resonant frequency ranges which are 2.8 GHz and 3.8 GHz. From the
fabrication analysis, it concluded that the proposed SCFMA design provides better results in both the
simulation and fabrication designs.

E Pattern

£ Pattern — Phare

L2 3985 90905 130792154

(@)

Figure 26. Radiation pattern of base case-3.4GHz: a) E-Plane, b) H-Plane
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Figure 27. Radiation pattern of first iteration-3.2 GHz: a) E-Plane, b) H-Plane
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Figure 29. Radiation pattern of second iteration-3.8 GHz: a) E-Plane, b) H-Plane
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Table 2 shows the performance analysis of the SCFMA design for three different iterations. The
SCFMA design obtains three different bandwidths for three iterations 2.6-4.0 GHz, 2.5-4.3 GHz and
2.4-4.4 GHz respectively. Table 3 shows the comparative analysis of the proposed SCFMA with existing
fractal antennas such as monopole fractal antenna [21], square patch MPA [22], MASC [23], Koch-
Minkowski hybrid slot based MPA [24], fractal antenna [25] and MMFHA [26]. The SCFMA design
achieves lesser size than the existing fractal antennas by optimizing the structure of the monopole patch while
designing the fractal structures. Here, the optimized planar structure of SCFMA is designed by using the
microstrip line feed. The better selection of microstrip line feeding for the SCFMA design is used to achieve
better return loss than the existing fractal antennas.

Table 2. Performance analysis of the SCFMA design

Iteration Return Loss (-dB) Bandwidth (GHz) Resonant frequency (GHz) VSWR GAIN (dB)
Base -16.0931 2.6-4.0 34 15 1.97

Iteration 1 —21.0295 2.5-4.3 3.2 1.8 1.90

Iteration 2 -48.4897 & -46.7584 24-4.4 2.8&3.8 1.7& 1.6 2.94

Table 3. Comparison of SCEMA with existing fractal antennas

Year Antenna Design Parameter Analysis

Size Return Loss
2016 Monopole fractal antenna [21] 110x115 mm? -18dB
2017 Square patch MPA [22] 60x55 mm? -16.91 dB
2018 MASC [23] 40x40 mm? -43dB
2018 Koch-Minkowski hybrid slot based MPA [24] 21.92x28.52 mm? -28 dB
2019 Fractal antenna [25] 35x30 mm? -1510-26 dB
2019 MMFHA [26] 35x31 mm? -26 dB
2021 Proposed Design (SCFMA) 25x20 mm? -16 to -48dB

5. CONCLUSION

In this paper, the SCFMA is designed using the fractal geometry for UWB applications. The area of
the SCFMA design is minimized by optimizing the size of the monopole patch in the dimensions of
20x25 mm?. The bandwidth of the SCFMA design is improved by increasing the number of iterations. The
square shaped slots are removed from the rectangle patch during the SCFMA at base case, first iteration and
second iteration. Therefore, the self-similar characteristic of the fractal geometry leads to utilization of the
SCFMA design in the applications of UWB. The bandwidth obtained in the SCFMA at base case, first
iteration and second iteration are 2.6-4.0 GHz, 2.5-4.3 GHZ and 2.4-4.4 GHz respectively. Moreover, the
return loss obtained for the SCFMA at base case, first iteration and second iteration are -16.0931 dB,
-21.0295 and -48.4897 dB and -46.7584 dB respectively. The performance analysis shows that the SCFMA
design provides better performance in terms of area. The area of the SCFMA design is 25x20 mm?, which is
less when compared to the monopole fractal antenna, square patch MPA, MASC, Koch-Minkowski hybrid
slot based MPA, fractal antenna and MMFHA. In the future, an appropriate antenna can be designed to
minimize the return loss for all the resonating frequencies.
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