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Abstract:

This article describes a compact, low profile, modified circular-shaped Ultra Wide Band (UWB) antenna with
dual-band operation for wireless communications. The antenna demonstrates the operation for dual-band and
can be used to cover 2.4-2.48 GHz (Bluetooth) and 3.1-10.6 GHz (UWB) frequency bands. The antenna contains
a modified monopole circular patch with a partial ground plane to cover the whole UWB band. The circular arc
slot is embedded within the center portion of the modified circular radiating patch to resonate over the
Bluetooth band. The antenna is created and modified on a low-cost FR-4 substrate with a dielectric constant of
4.4 and a loss tangent of 0.02. The antenna is feed by a 50 Q microstrip line withthe overall surface area of
45%35 mm?. The electromagnetic suite Ansoft’s HFSS v.19.0 software is employed for the simulation of the
antenna. The simulated VSWR is within the range of 2: 1 over 2.38-2.56 GHz and 2.86-11 GHz. The antenna
exhibits all-around satisfying gain flatness having an omnidirectional radiation pattern over Bluetooth and
UWB band.

Key Words: UWB; Bluetooth band; dual-band; VSWR.

Date of Submission: 27-03-2020 Date of Acceptance: 15-04-2020

I.  Introduction

In 2002, the Federal Communication Commission (FCC) declared an unlicensed 7.5 GHz (3.1 to 10.6
GHz) Bandwidth as Ultra-wideband (UWB) [1]. As per a released policy, UWB technology which relies on
spreading very short pulses of a period of very few nanoseconds or smaller has now received tremendous focus
in several fields for the small distance (< 10m) communications for wireless applications and bigger bandwidth.
The UWB system has diverse benefits such as high data rate, covert transmission, more time resolution, low
power consumption, low-cost implementation, resistance to interference, obstacle penetration, co-existence with
narrow-band systems, and lots of more. Therefore, the UWB system is employed in radar, imaging, positioning,
and communications. The planning principles and also the basic properties of the UWB antenna can be
described in terms of both frequency and time domain representations [2]. Modern communication systems need
only one antenna to have coverage over several types of frequency bands. As a result, the design of UWB
antennas plays a very significant role in UWB systems. The ground plane effects reduce the current distribution
of the monopole primary plane and these effects are suppressed by introducing a strip into the slot cut on the
rectangle monopole antenna to extend UWB performance [3].

Bluetooth Wireless Technology aimed to unravel the requirement for wired connections between
gadgets like laptops, mobile phones, and PDAs. In 1998, the Bluetooth Special Interest Group (SIG) was
organized to promote the growth of the Bluetooth specification IEEE 802.15. The Bluetooth band ranges from
2.4 t0 2.48 GHz. Later, MB OFDM UWB was selected to work with the Bluetooth Special Interest Group [4].
The designing of a planar dual-band monopole antenna includes two methods. The primary method is to
integrate lower frequency bands (Bluetooth). For this purpose, an additional resonance strip of half-wavelength
or quarter wavelength similar to their central band frequency is embedded in the geometry of the designed
antenna [5-7].In [8], a planar monopole antenna for UWB application with supplementary three bands
GPS/GSM/WLAN is presented. Antenna diversity technique is employed to extend the transmission quality of
UWB systems and to stay away from multi-path fading [9]. In the second technique, to style an antenna to be
engaging at 2-10.6 GHz, the ‘notching’ technique is employed to get rid of unwanted bands. Etching an
appropriate structure on the patch or ground plane is the easiest method to get notch bands [10- 18]. In [19-20],
slot loaded rectangular microstrip antenna reported for wireless communications Bluetooth/Wi-MAX.

In [21], a pentagonal-shaped patch antenna is meant and designed on an FR4 substrate to get UMTS
and Bluetooth bands. The triple notch bands are achieved with the assistance of CPW feed UWB antenna with
the addition of stub loader meander line resonator [22]. Three notch bands are acquired by adding a stub or slot
in the radiating patch and parasitic stub within the ground plane [23]. The introduction of resonator structures
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(like split-ring resonators) is another approach to make notch bands [24-26]. Notch bands also can be designed
and introduced by inserting stubs or embedding slots in the feed line [27]. To meet the wants of easily portable
wireless applications, wideband antenna accomplishment on a low cost and low size FR4 substrate material is
required. Therefore, proposing an antenna with notch bands continues to be a remarkable interesting research
topic due to difficult tasks involved in the addition of the bands without affecting another performance of the
antenna. To beat this problem, we have suggested a UWB antenna with the assistance of a modified circular
radiating patch. For the good impedance matching and to boost the bandwidth, the antenna’s ground plane is
modified. The whole dimensions of the antenna are 45x35x1.6 mm?>. A circular arc slot of half-wavelength is
introduced into the modified circular radiating patch to integrate with a lower frequency Bluetooth band. The
UWB execution of the antenna remains unchanged even after the addition of the circular arc slot. The
simulation of the suggested antenna is carried out using simulation software Ansoft’s HFSS v 19.0 [28].

Il. Antenna Design and Geometry

The geometry of the desired antenna is depicted in Fig.1. The designed antenna is built on a 1.6 mm
thick FR4 substrate with a dielectric constant of 4.4 and a loss tangent of 0.02. Substrate dimensions are
35 x 45 mm? and the substrate is feed by a 50 Q microstrip feed line. A circular arc slot is introduced in the
modified circular radiating patch. The ground plane has a rectangle shape with symmetrical proportionate slots
at the corners and one slot in the middle. The electromagnetic suite Ansoft’s HFSS v.19.0 software is used for
the simulation of the proposed antenna [28]. Initially, the circular monopole antenna is designed by using semi-
empirical equations [29].
The circular patch radius a is given by,
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Fig.1. Design of the proposed modified circular-shaped printed monopole antenna with the circular arc
slot.

The dimensions of the designed antenna are optimized and given as: L; = 3mm, L, =2.5, W,;= 3, W,=2.5,
Lgna=10.5, Lgyp= 45 mm, Wqy,= 35mm, Hg,=1.6 mm, L¢=11, W; = 3, D=5, a = 15, R;= 6.94, R, = 6.55.

A. Evolution of UWB

The evolution of the UWB antenna is presented in Fig.2. Firstly, a basic circular-shaped monopole
antenna has been designed as shown in Fig.2 (a) Antenna 1. To increase the bandwidth, a beveling technique is
used by inserting two symmetric slots at the two different ends in the ground plane as shown in Fig.2 (b)
Antenna 2. As a result, frequency mismatched is observed. For the better enhancement of the bandwidth, the
design is modified by inserting one more slot in the middle of the monopole ground plane as shown in Fig.2 (c)
Antenna 3. Henceforth, an exact impedance bandwidth for voltage standing wave ratio (VSWR) 2:1 is achieved
from 2.6-11 GHz. In the end, a required UWB range (2.6 to 11 GHz) is obtained by cutting a small semi-circular
patch from the top of the circular radiating patch as shown in Fig.2 (d) Antenna 4.

DOI: 10.9790/2834-1502013239 www.iosrjournals.org 33| Page



Dual-Band Modified Circular Shaped Monopole Antenna for Wireless Applications

(a) Antenna 1(b) Antenna 2

(c) Antenna 3(d) Antenna 4
Fig.2. Development of modified circular-shaped UWB monopole antenna.
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Fig.3 VSWR plots for UWB evolution antenna designs.
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Fig.4. Antenna Current Distribution at 2.44 GHz; (a) without slot, (b) with the slot.

B. Integration of the Bluetooth Band

The schematic diagram of the proposed dual-band antenna is shown in Fig. 1. For integrating the
required Bluetooth band, first, it is essential to notice the current distribution of the modified circular radiating
patch antenna at a center frequency. The current distribution is studied at a center frequency f. = 2.44 GHz. It is
noticed that there is a very little current flowing at the top of the radiating patch and a current goes on increasing
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as we move downwards towards the feed line. A circular arc slot of half the wavelength is inserted into the
radiating patch.
Where, f__ c

Zleot €eff
€ +1
Cerf= —

f. = centre frequency
Lgo: = ’51 the total length of the arcs

The length of the slot is converted into the circular arc. 2ar is given as the circumference of the circle,
where r is the radius of the circle. For R1, 2nR1= 37.41 mm therefore R1= 5.95 mm. The dimensions of the
proposed antenna are simulated using Ansoft’s HFSS simulation software. After carrying out many
optimizations, the radius of the greater circular arc (R;) is taken as 6.8 mm and the radius of the smaller circular
arc (R,) is considered to be as 6.55 mm. The length of the circular arc is optimized and considered 0.2 mm
greater than the actual length because dielectric losses occur in the substrate. The current distribution of the
UWB antenna at 2.44 GHz with and without the circular arc slot is studied and shown in Fig. 4. It is noticed that
there is a sudden and much change in the current path after the insertion of the circular arc slot. In Fig. 4(a) it is
noticed that there is a very little current flowing at the center of the modified circular path at 2.44 GHz, while in
Fig 4(b) it is observed that very large current is flowing along the sides of a circular arc.

Il. Results and Discussions
A. Parametric Analysis To Obtain UWB Band

Antenna design is a modification of a circular monopole antenna. The execution of the antenna is
conditioned on several factors such as the gap (g) between the radiating patch and the ground plane, and the
length, width of the symmetrical or asymmetrical slots in the ground plane [6]. The radius of the circular arcs
also plays a major role. The antenna performance is also conditioned on the formation of the ground plane and
its dimension.

At first, the dimensions of the antenna are taken as the radius (a= 15) with L gy, X Wy, (45 mmx 35
mm) fed by a 50 Q microstrip feed line. The gap between the ground plane and the radiating patch is 0.5. The
gap (g) between the ground plane and the radiating patch plays a major role to advance the impedance
bandwidth of the proposed antenna [5-6]. The change in ‘g’ can be achieved by changing the ground plane
length (Lgng). Initially, the length of the ground plane (Lgng) is taken as 10.5 mm. The Ly, is changed in pace
from 10.5mm to 11mm. Fig. 5 shows the graph between VSWR and frequency of the changed ground
planelength (Lgng). It is observed that the antenna with Lgg of 10.5 mm shows the bandwidth 12.96 GHz for the
frequency range 2.86-15.82 GHz and 10.7mm shows the bandwidth 13.68 GHz for the frequency range 2.82 —
16.50 GHz. When Lgq is taken as 11 mm, the bandwidthobserved is 13.96 for a range of 2.64-16.6 GHz. Thus,
if Lgng increases, the bandwidth also increases.

Later, the design is optimized by inserting a pair of symmetrical slots at the corners on the ground
surface. To obtain the desired UWB band, variations in L, and W, are observed. Fig. 6 shows VSWR plots
versus frequency for different LyxW, it is observed that whenL;xW, increasesfrom 3x3 to 3.5x3.5 mm?, then
bandwidth increases from 12.96 to 13.67 GHz. Fig. 7 shows VSWR plots versus frequency for different L,xW,,
it is observed that whenL,xW,increasesfrom 2.5x2.5 to 3x3 mm?, then bandwidthdecreases from 14.57 to 13.44
GHz.
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Fig.5 VSWR plots for the variation in length Lgng.

DOI: 10.9790/2834-1502013239 www.iosrjournals.org 35 | Page



Dual-Band Modified Circular Shaped Monopole Antenna for Wireless Applications

6.00 T
] — L1W1=3x3mm’
5.00 L1W1 = 3.5x 3.5 mm’
o 1 — LIW1=4X4 mm?
£4.00
o 1
=3.004
) ]
= 1
2.001 /\/\
| A S
1_00H‘.‘-T."'.‘«.‘»r—"”.,/..”_‘—.—:"ﬂ
0.00 5.00 10.00 15.00 20.00 25.00
Frequency [GHZ]
Fig.6 VSWR plots for the variation in the slot L;W;
6.00
] — L2W2=2x2 mm?
5.00 1 L2W2 = 2.5 X 2.5 mm>
= ] — L2W2=3Xx3mm?
£4.001
x 1
=3.00
) 1
= 1
2.004
1.00 +— : — : . ‘ e |
0.00 5.00 10.00 15.00 20.00 25.00

Frequency [GHZ]
Fig.7. VSWR plots for the variation in the slot L,W,.

B. Parametric Analysis To obtain the Bluetooth Band

The initially designed antenna with a stepped ground plane is used to promote antenna performance. To
attain the dual-band antenna, a half wavelength circular arc slot is etched at the center of the radiating patch to
have an impact over the Bluetooth band. The antenna gains the dual-band operation because of the introduction
to the circular arc slot. The length of the circular arc is taken identical to half of the wavelength of f; that is 2.44
GHz. Several optimizations are done to encounter the precise location for the addition of the half-wavelength
circular arc. A parametric study is done by varying the radius of the circular arc (R,) and the distance (D). The
impedance bandwidth of the Bluetooth band is studied by varying the circular arc within the geometry. The
central resonating frequency is determined due to the variation in the length of a circular arc. The length of the

circular arc is calculated theoretically, % = 37.41 mm. Fig. 8 shows the graph between VSWR and Frequency

for the change in the value of D. The graph illustrates three values of D (4, 5, 6, 7). As D increases, the
bandwidth also goes on increasing from 40, 100,120 and 290 MHz respectively. After so many variations, it was
witnessed that for D= 5mm a proper Bluetooth band was achieved with a frequency range of 2.41 GHz to 2.5
GHz with VSWR in the range 2:1.

Fig.9. shows the parametric analysis for the various length of R; (radius of the bigger circular arc) in
terms of VSWR. It illustrates four values of R; (6.8, 6.9, 6.92, and 6.94). As radius R; increases, impedance
bandwidth of the Bluetooth band decreases from 180, 160, 140 and 120 MHz and corresponding VSWR
decreases from 1.56, 1.54, 1.43 and1.24 respectively. Therefore, the optimized radius R; is taken as 6.94 mm.
From Fig.10 it is seen that the VSWR of the proposed antenna is in the range 2:1.
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Fig.8 VSWR plots for the variation in the distance D.
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Fig. 9 VSWR plots for the variation in the radius R;.
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Fig.10 VSWR of the proposed antenna
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Fig.11 Gain versus frequency graph

Fig.11 shows the graph of Gain versus Frequency of the proposed dual-band antenna. Here, for the
Bluetooth band and UWB, we observed a good gain. The Antenna’s radiation pattern is represented in Fig. 12. It
is noticed that at different frequencies like 3.1, 3.5, and 5.2 GHz, the radiation patterns of the antenna are alike.
Thus, the entire UWB band shows a stable and omnidirectional radiation pattern. Fig.13 shows the simulated
smith chart. All the frequencies 2.44, 3.1, and 10.6 GHz reside within the VSWR circle 2:1. Hence, good
impedance matching is observed for both UWB and Bluetooth band.

(b) (©) (d)
Fig.12. Simulated Radiation Patterns at (a) 2.44 GHz, (b) 3.1 GHz, (c¢) 3.5 GHz, (d) 5.2 GHz

4100
100 gg 80

Fig.13. Simulated Smith chart of Dual-band Antenna

V. Conclusion
A simple, compact, low cost and printed modified circular-shaped dual-band antenna is suggested in
this article. The antenna is etched by a circular arc slot to path the current direction to resonate at the Bluetooth
band. The Bluetooth band 2.38- 2.56 GHz is obtained by optimizing the dimensions of the circular arc slot. The
Bluetooth band shows a slight movement to the lower frequency with a changing peak when the length of the
circular arc is increased. The UWB response fully results in the 2.86-11 GHz band and does not have an effect
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of Bluetooth resonance. Hence, the designed antenna comes up with productive control over two operating
bands. The antenna exhibits an almost same omnidirectional pattern, which recommends that the designed
antenna is applicable and gives good results for UWB and Bluetooth applications.

1.
[2].
[3].

[4].
[5].

[6].
[7].
[8].
[9].

[10].

[11].

[12].
[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].

[23].

[24].
[25].
[26].
[27].

[28].
[29].

References

FCC, Ultra-Wideband Operation FCC Report and Order, Tech.Rep US47 CFR Part 15, 2002.
Daniel Valderas, Juan Ignacio Sancho, David Puente, Cong ling and Xiodong Chen "Ultrawideband Antennas", London.
Mubarak Sani Ellis, Zhigin Zhao, Jiangniu Wu, Zaiping Nie, Qing Huo Liu, “Small planar monopole ultra-wideband antenna with
reduced ground plane effect”, IET Microw. Antennas Propag.,2015;9(10): 1028-1034.
Batra, “Multiband OFDM physical layer proposal for IEEE 802.15 task group 3a,” IEEE Document 802.15-04-0493r1, 2003.
Bahadir S. Yildirim, Bedri A. Cetiner,“Integrated Bluetooth and UWB Antenna”, IEEE Antennas and wireless propagation letters,
2009;9:149-152.
Sanjeev Kumar Mishra, Rajiv Kumar Gupta, Avinash Vaidya, and Jayanta Mukherjee,“A Compact Dual-Band Fork-Shaped
Monopole Antenna for Bluetooth and UWB Applications”, IEEE Antennas Wireless Propag. Lett.,2011,10:627-630.
Nguyen TM, Kwon JH,Chung J-Y. An empirical study of stirring conditions onemulating rayleigh fading channels in a
reverberationchamber. Microw Opt Technol Lett. 2017;59(7):1585-1590.
Ali Foudazi, Hamid Reza Hassani, and Sajad Mohammad Ali nezhad,“Small UWB Planar Monopole Antenna With Added
GPS/GSM/WLAN Bands”, IEEE Trans. Antennas. Propag.,2012;60(6):2987—-2992.
Yuan-Fu Liu, Peng Wang, and Hao Qin,“Compact ACS-fed UWB antenna for diversity applications”, Electron. Lett.2014;50(19)
:1336-1338.
Baudha S, Yadav MV. Acompact ultra-wideband planar antenna with corrugatedladder ground plane for multiple
applications.Microw Opt Technol Lett.,2019;61(5):1-8.
Dalia N. Elsheakh, Hala A. Elsadek, and Esmat A. Abdallah, “Reconfigurable Microstrip Monopole Patch Antenna With
Electromagnetic Band-Gap Structure Design For Ultra Wideband Wireless Communication Systems”, Microwave and Optical
Technology Letters,2011;53(11):2466-2471.
Yonglun Luo, Liang Xu, Zhengyu Xin, and Shuang He, “A Compact Cpw-Fed Uwb Antenna With Gsm, Gps, Bluetooth, And Dual
Notch Bands Applications”, Progress In Electromagnetics Research C, 2013;35:205-219.
M. Bod, Student Member, H. R. Hassani, and M. M. Samadi Taheri,“Compact UWB Printed Slot Antenna With Extra Bluetooth,
GSM, and GPS Bands”, IEEE Antennas Wireless Propag.,2012;11:531-534.
K. C. Law, S. W. Cheung, and T. L. Yuk,“An Integrated UWB and Bluetooth Antenna with Dual Band-notched Characteristic”,
Piers Online,2011;7(7):621-624.
Jin, Yunnan, Jinpil Tak, and Jachoon Choi, “Quadruple band-notched trapezoid UWB antenna with reduced gains in notch bands,”
IEEE Antennas and Wireless Propagation Letters,2012;11:411-414.
Nguyen, Dang Trang, Dong Hyun Lee, and Hyun Chang Park, “Very compact printed triple band-notched UWB antenna with
quarter-wavelength slots,” IEEE Antennas and Wireless Propagation Letters, 2012;11:411-414.
Hari Shankar Singh, Sachin Kalraiya, “Design and analysis of a compact WiMAX and WLAN band-notched planar monopole
antenna for UWB and Bluetooth applications”, Int J RF Microw Comput Aided Eng. 2018;28(9):21432.
Jin-Xiang Xiao, Mei-Fang Wang, and Guo-Jian Li, “A printed circular-ring monopole antenna with a band-notched feature for uwb
application”, Microwave and Optical Technology Letters, 2010;52(4).
Kale Ganesh M, Labade Rekha P, and Pawase Ramesh S, “Tunable and Dual-Band Rectangular Microstrip Antenna for Bluetooth
And WiMAX Applications”, Microwave and Optical Technology Letters, 2015;57(8):1986-1991.
Ganesh M. Kale, R. P. Labade, and R. S. Pawase, “Open Rectangular Ring Slot Loaded Rectangular Microstrip Antenna For Dual-
Frequency Operation”, Microwave Opt Technol Lett, 2015;57(10):2448—2452.
Y.L. Luo, L. Xu, and Z.Y. Xin,“Compact UWB printed slot antenna with extra UMTS and Bluetooth bands”, Journal of
Electromagnetic Waves and Applications, 2013;27(12): 1557-1565.
Atallah, Hany A., et al. "CPW-Fed UWB antenna with sharp and high rejection multiple notched bands using stub loaded meander
line resonator." AEU-International Journal of Electronics and Communications, 2018;83:22-31
Emadian, Seyed Ramin, and Javad Ahmadid”AR" Shokouh. "Study on frequency and time domain properties of novel triple band-
notched UWB antenna in indoor propagation channel." International Journal of RF and Microwave Computera AR Aided
Engineering, 21428, 2018.
Tang, Zhaoyang, Ruina Lian, and Yingzeng Yin, “Differential-fed UWB patch antenna with triple band-notched characteristics,”
Electronics Letters, 2015;51(22):1728-1730.
Liu, Ying, Zhe Chen, and Shuxi Gong, “Triple band-notched aperture UWB antenna using hollow-cross-loop resonator,”
Electronics Letters, vol. 2014;50(10):728-730.
Wang, Junhui, Yingzeng Yin, and Xianglong Liu. , “Triple band-notched ultra-wideband antenna using a pair of novel symmetrical
resonators,” IET Microwaves, Antennas and Propagation, 2014;8(14):1154-1160.

Zhu, Fuguo, et al, “Multiple band-notched UWB antenna with bandrejected elements integrated into the feed line,” IEEE
Transactions on Antennas and Propagation, 2013;61(8):3952-3960.
High-Frequency Structure Simulator, HFSS. v. 19.0, Ansoft, Pittsburgh, PA.
Constantine, A., Balanis, “Antenna Theory Analysis and Design”, John Wiley & Sons, New Jersey, 2005.

Rukmini A. Salwe, etal. "Dual-Band Modified Circular Shaped Monopole Antenna for Wireless
Applications." 10SR Journal of Electronics and Communication Engineering (IOSR-JECE)
15(2), (2020): 32-39.

DOI: 10.9790/2834-1502013239 www.iosrjournals.org 39 | Page



