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Abstract: In this paper, A basic rectangular patch and fractal based rectangular patch antennas are designed,
simulated and investigated for Ultra-wide band (UWB) applications. The proposed antennas are designed on FR4
laminate-based substrate with dielectric constant of 4.4 fed by 50-ohm impedance microstrip feed line. Two
regular fractal slots configurations have been inserted randomly to the patch to modify the reference antenna
characteristics and decrease the patch area. These new proposed antenna configurations are investigated in terms
of the antennas different parameters including return loss, VSWR, radiation patterns, and gain.
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Introduction
Since February 2002, the Federal Communications
Commission’s (FCC) in United States accredit the
radio frequency band from 3.1 GHz to 10.6 GHz for
commercial civil services of Ultra-wideband
(UWB)communication
system,
a
significant
development in modern wireless data communication
system elements is required to acquire the numerous
advantages of this technology efficiently. Therefore,
the field of antenna design and manufacturing faces a
great attention because the antenna is an essential
element in wireless communication system [1, 2].
Planner compact configuration with high performance
characteristics is a main challenge and an essential
target for antenna designers and researchers [3, 4].
One of the novel issues for developing the antenna
miniaturization in aspect of size compactness, low
profile and multi-band or broadband frequency
operation is to utilize the fractal structure for the
required antenna designing process [5, 6]. There are
various fractal antenna geometries such as snowflake
[7], tree-shaped [8], star-shaped [9], octagonal
structure [10], Pythagorean tree monopole antenna
[11], fourth-order Koch Snowflake fractal monopole
antenna [12], fractal polygon elements embedded with
antenna radiator [13], Koch base fractal antenna [14],
analog-periodic square fractal radiator [15]. In [16],
The performance of random irregular fractal slots
created using Cellular-Automata (CA) approach and
inserted in the radiator of the UWB patch antenna has
been investigated. Although the design concept has its
novelty and the antennas’ performance in frequency
domain has been studied, the time domain and group
delay characteristics have not been investigated to
show the effectiveness and limitations of the proposed
approach in this important issue. Moreover, the idea
of slot load UWB antenna added notched band
characteristics which is a feasible action against the
interference problem between the large frequency
band of the UWB system and the other contiguous
narrow band wireless communication services such as

WiMAX which occupy the spectrum of 3.3–3.6 GHz,
C band (3.8–4.2 GHz), WLAN (5.15–5.82 GHz) and
X-band (7.25–8.39 GHz) [17, 18].
This paper proposes design of fractal regular slots
patch antennas for UWB applications. The reference
antenna is a monopole patch antenna. Four different
fractal slots with regular configurations have been
inserted randomly to the patch of the reference
antenna to modify its characteristics and decrease the
patch area. The new four antennas iterations are
investigated in terms of the antennas different
parameters including impedance band-width,
radiation patterns, gain, and group delay evaluation.
The remainder of this paper is organized as follows:
Section 2 describes the design aspects of the proposed
fractal antennas. Simulation results shown the
performance of the antennas in terms of its return loss
characteristics, radiation pattern, antenna gain is
discussed in Section 3. Finally, the conclusions of this
paper are reported in Section 4.
Antenna Design
In this paper, mainly designed two types of antennas
i.e basic antenna and fractal antenna represented in
figure 1. The Defected ground structure (DGS) based
ground used for increasing the bandwidth of antenna.
These two antennas are designed on low cost laminate
of FR4 substrate of 4.3 dielectric constant with 0.024
loss tangent and 1.6 mm thickness of the substrate.
The copper is used as the radiating element used for
both patch and ground designing. The reference UWB
antenna monopole structure is taken from the
reference [21]. The dimensions of the antenna is
tabulated in table 1.
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covers the entire UWB frequencies for wireless
applications.
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Fig.1: Antenna Structure (a) Basic antenna front
view (b) Basic antenna Back View (c) Fractal
antenna front view (d) Fractal antenna Back View
Table 1: Dimensions of the antenna structure
S.No
Parameter
Value in mm
1
Ws
24
2
Ls
36
3
Wp
13
4
Lp
14
5
Lf
20
6
Wf
2
7
Lg
18
8
L1
2
9
W1
6
10
W2
2
11
g
2
12
g1
2

Simulation Results
The Designed antenna is simulated under the
PML boundary conditions. The simulated results
completely cover the UWB range of frequencies. The
antennas are Designed and simulated in commercially
available CST microwave studio suite. The time
domain solver is used for the investigation of antenna
simulation results. The simulation results of return
loss, VSWR and Gain Vs frequency are represented in
figure 2 for basic antenna. The radiation patterns of
3D and 2D for the frequencies of basic antenna at 3.5
GHz, 7.55 GHz and 11.1 GHz are represented in
figure 3. Both figure 2 and 3 obeys the basic antenna
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Fig.2: Basic antenna Simulation results (a) return
loss (b) VSWR and (c) Gain Vs Frequency
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Fig.4: Fractal antenna simulation results (a) Return
Loss (b) VSWR (c) Gain Vs Frequency
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Fig.3: 3D and 2D Radiation patterns at (a) and (b) at
3.5 GHz, (c) and (d) at 7.55 GHz and (e) and (f) at
11.1 GHz frequency respectively
The proposed fractal antenna is represented in figure
1 (c) and (d) simulated in time domain solver of CST
studio suite under PML boundary conditions. The
simulated results of return loss, VSWR and Gain vs
frequency are represented in figure 4. The figure 5
shows the radiation patterns of 3D and 2D for the
frequencies of 3.38 GHz, 7.64 GHz and 11 GHz
respectively. The basic rectangular patch and fractal
based rectangular patch antennas are best suitable for
UWB applications.
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Fig.5: 3D and 2D Radiation patterns at (a) and (b) at
3.38 GHz, (c) and (d) at 7.64 GHz and (e) and (f) at
11 GHz frequency respectively
Conclusion
This paper presented design of fractal regular slots
patch antennas for Ultra-wideband (UWB) systems.
The reference antenna is a monopole type patch
antenna of a rectangular radiator mounted on a
dielectric substrate and fed by a 50Ω feed line. Two
fractal slots with regular configurations have been
inserted randomly to the reference patch antenna.
These two proposed antennas iterations are
investigated in terms of the antennas different
parameters including return loss, VSWR, radiation
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patterns and gain. Good radiation pattern has been
observed which alternating gradually from a stable
directive-monopole pattern to slightly near to
omnidirectional characteristic. The maximum gain is
more than 4.97 dB. The group delay mainly constant
with a small variation less than 1.65 ns over entire
UWB spectrum ensure good antenna performance.
The proposed antennas to be good candidates for the
UWB portable applications.
References
[1] Federal Communications Commission, “Revision
of Part 15 of the commission’s rules regarding
ultra-wideband transmission systems,” First
Report and Order, FCC 02, V48, April 2002.
[2] Galvan-Tejada, G. M., M. A. Peyrot-Solis, and H.
Jard´on-Aguilar, Ultra Wide band Antennas:
Design, Methodologies, and Performance, CRC
Press, Taylor & Francis Group, 2015.
[3] Azim, R. and M. T. Islam, “Compact planar UWB
antenna with band notch characteristics for WLAN
and DSRC,” Progress In Electromagnetics
Research, Vol. 133, 391–406, 2013.
[4] Syed, A. and R. W. Aldhaheri, “A very compact
and low profile UWB planar antenna with WLAN
band rejection,” The Scientific World Journal, Vol.
2016, Article ID 3560938, 7 pages, 2016.
[5] Gianvittorio, J. P. and Y. RahmatSamii, “Fractal
antennas: A novel antenna miniaturization
technique, and applications,” IEEE Antennas and
Propagation Magazine, Vol. 44, No. 1, 20–36,
Feb. 2002.
[6] Werner, D. H. and S. Ganguly, “An overview of
fractal antenna engineering research,” IEEE
Antennas and Propagation Magazine, Vol. 45, No.
1, 38–57, Feb. 2003.
[7] Mirzapour, B. and H. R. Hassani, “Size reduction
and bandwidth enhancement of snow flake fractal
antenna,” IET Microwaves, Antennas &
Propagation, Vol. 2, No. 2, 180–187, Mar. 2008.
[8] Park, J. K., H. S. An, and J. N. Lee, “Design of the
tree-shaped UWB antenna using fractal concept,”
Microwave and Optical Technology Letters, Vol.
50, No. 1, 144–150, Jan. 2008.
[9] Thakare, Y. B. and Rajkumar, “Design of fractal
patch antenna for size and radar cross-section
reduction,” IET Microwaves, Antennas &
Propagation, Vol. 4, No. 2, 175–181, Feb. 2010.
[10] Azari, A., “A new super wideband fractal
microstrip antenna,” IEEE Transactions on
Antennas and Propagation, Vol. 59, No. 5, 1724–
1727, May 2011.
[11] Pourahmadazar, J., C. Ghobadi, and J. Nourinia,
“Novel modified pythagorean tree fractal
monopole antennas for UWB applications,” IEEE
Antennas and Wireless Propagation Letters, Vol.
10, 484–487, 2011.
[12] Maza, A. R., B. Cook, G. Jabbour, and A. Shamim,
“Paper-based inkjet-printed ultrawideband fractal
antennas,” IET Microwaves, Antennas &

Propagation, Vol. 6, No. 12, 1366–1373, Sept.
2012.
[13] Fallahi, H. and Z. Atlasbaf, “Study of a class of
UWB CPW-fed monopole antenna with fractal
elements,” IEEE Antennas and Wireless
Propagation Letters, Vol. 12, 1484–1487, 2013.
[14] Reddy, V. V. and N. V. S. N. Sarma, “Triband
circularly polarized koch fractal boundary
microstrip antenna,” IEEE Antennas and Wireless
Propagation Letters, Vol. 13, 1057–1060, 2014.
[15] Amini, A., H. Oraizi, and M. A. Chaychizadeh,
“Miniaturized UWB log-periodic square fractal
antenna,” IEEE Antennas and Wireless
Propagation Letters, Vol. 14, 1322–1325, 2015.
[16] Ladhar, L., M. Zarouan, D. Oueslati, J.-M. Floch,
and H. Rmili, “Investigation on cellular automata
irregular-fractal ultrawideband slot-antennas,”
Microwave and Optical Technology Letters, Vol.
57, No. 11, 2506–2514, Nov. 2015.
[17] Abdalla, M. A., A. A. Ibrahim, and A. Boutejdar,
“Resonator switching techniques for notched ultrawideband antenna in wireless applications,” IET
Microwaves, Antennas & Propagation, Vol. 9, No.
13, 1468–1477, 2015.
[18] Zarrabia, F. B., Z. Mansourib, N. P. Gandjic, and
H. Kuhestanib, “Triple-notch UWB monopole
antenna with fractal Koch and T-shaped stub,”
AEU — International Journal of Electronics and
Communications, Vol. 70, No. 1, 64–69, Jan.
2016.
[19] Ansoft High Frequency Structure Simulator
(HFSS), V15.0.2, Ansoft Corporation, 2013.
[20] Tizyi, H., F. Riouch, A. Tribak, A. Najid, and A.
Mediavilla Sanchez, “CPW and microstrip line-fed
compact fractal antenna for UWB-RFID
applications,” Progress In Electromagnetics
Research C, Vol. 65, 201–209, 2016.
[21] Majed O.Dwairi et al, Design Regular Fractal slot
antennas for UWB applications, PIERS
symposium, St Petersburg, Russia, 22-25 May,
2017.

International Journal of Applied Sciences, Engineering and Management
ISSN 2320 – 3439, Vol. 09, No.04, July 2020, pp. 01-04

