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Abstract: In this article, an UWB (Ultra-wide Band) compact monopole antenna with triple band-notched
characteristics is presented. The antenna structure consists of a half-hexagon monopole with rectangular
and square resonant spirals structures for the exclusion of frequency bands for WiMAX (3.25-3.85GHz),
WLAN(5.15-5.85GHz), and Fixed/Mobile Satellite Communication (7.55-7.75GHz). The compact
antenna of size 28x 29 mm? achieves simulated ultra-wide bandwidth of 14.7GHz (2.9GHz-17.6GHz) and
measured bandwidth of 14.8GHz (3.21-18.0GHz). The stable gain characteristic is obtained for the
passband and gain is reduced to -2.02dBi (3.57GHz), 0.4 dBi (5.3GHz) and-2.75dBi (7.6GHz) at band

notch frequencies.
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1. INTRODUCTION

The UWB antennas have been attracting many researchers’ attention after the declaration of the 3.1-10.6
GHz band for ultra-wideband applications by the FCC [1] for commercial use. Many advantages of the
UWSB include ultra-wide commercial bandwidth, high data rate, compact size, etc. Though there are many
advantages, the UWB system faces many implementation challenges like multipath fading and co-channel
interferences due to the coexisting of communication systems i.e., WiMAX band, WLAN bands, and
Fixed Satellite/Mobile Communication. By keeping these issues in mind it is desirable to have multi-
band-notch characteristics in the antenna which is incorporated in UWB systems.

Various methods have been proposed to achieve band-notch characteristics [2-19]. The most common
technique is to cut a slot on the patch or the feed line and the ground plane. In this, the position and size
of the slot determine the middle frequency and the bandwidth of the notch. In slot techniques, a quarter-
wavelength or half wavelength of different shapes such as U-shaped, L-shaped, split ring resonators are
cut in the patch or the ground plane [2-12]. Although the slot methods are efficient in generating band
notches, only single or double notches can be produced [3]. Various antenna geometries have been
proposed to acquire the single-band and dual-band rejection characteristics obtained using different
shapes of slots on the patch [4],[5], parasitic slits [6], inserting CSRR(complementary split-ring resonator)
in the microstrip line feed [7], or by using EBG cells [8]. In [9] parasitic coupled loops/resonators are
used for achieving multiple band-notches. In [10] semi-circular patch antenna incorporated with a
complementary split ring for a dual-band notch is presented. The quasi self-complementary semi
octagonal-shaped UWB antenna with a single-band notch (5.15-5.85GHz) with a bandwidth of 2.9-20
GHz is proposed in [11]. In [12] a circular monopole antenna with mushroom-shaped EBG structure is
presented for UWB applications with band-notched characteristics. An asymmetric U-shaped monopole
antenna with a T-shaped strip of size 20 x 36 mm? has been proposed [13]. A novel hp-shaped hexa-band
frequency reconfigurable antenna for multi-standard wireless communication has been proposed [14].
The antenna presented and analysed in this article is a simple half-hexagonal with triple-band notch
characteristics. The antenna proposed is realized in two stages. In the first stage, a half-hexagon monopole
is presented to achieve UWB characteristics. In the second stage, three self-resonating spiral resonators

are added; two resonating spirals are coupled with the feed line and one in the ground.



II. ANTENNA STRUCTURE DESIGN AND ANALYSIS

A) Basic UWB monopole design

The proposed structure is designed on the FR-4 substrate with £=4.3, tan 6 = 0.025. The antenna has a
compact size of 28 x 29x1.59mm?®. The front view and rear view of the designed antenna for triple band-
notched characteristics are shown in Fig. 1(a) and Fig. 1(b) respectively. The enlarged view of self-
resonating spiral structures is depicted in Fig.1(c). The antenna feed is given by the microstrip line of
width W =2.74mm. The optimized dimensions are presented in Table 1.

The lower cut-off frequency corresponding to VSWR=2 is calculated by using the following equation

[15], with all the dimensions are in cm.
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Where ‘I’ and ‘r’ are respectively the length and radius of the corresponding cylindrical monopole
antenna. For the hexagon of side length L,-1.3cm and ground-patch gap g = 0.15cm, the value of cut-off
frequency is 3.0GHz. The | and r of the cylindrical monopole are related to the hexagonal monopole as

follows [15],
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With the above geometrical parameters of an antenna and ground of size L,=12.5mm the impedance
bandwidth obtained (Reflection coefficient (S11) < -10 dB) is 2.8-9.5GHz as it can be depicted in Fig. 2,
indicated with the partial ground without slot. The obtained impedance bandwidth does not cover the
whole ultra-wideband of 3.1-10.6 GHz; the next step is to increase the higher cut-off frequency of an
antenna to cover the full UWB band by introducing a slot in the ground. Thus the partial ground is altered
to DGS (Defected Ground Structure) with a rectangular slot on the upper side of the ground as shown in

Fig. 1(b). The length and the width of the rectangular slot are L=2.5mm and Ws=2mm, which gives a

5mm slot. The length of the ground slot is calculated as [15],
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As a consequence of the ground slot, the impedance bandwidth is expanded from 3-9.5GHz to 2.9-
13.56GHz and the high cut off frequency is shifted to 13.56GHz from 9.5GHz as shown in Fig. 2(a).
After the acquisition of the UWB range, the next step in the design is to introduce band notches to

suppress the existing interferences.

B) Basic Design of Resonating Spirals for Band Notch
To achieve band notch characteristics self-resonating spiral structures are introduced. The dimensions of
the spiral structures are calculated and optimized according to techniques given in [9]
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In this N is the number of turns, Lout=u, is the outer turn side length, S the gap between turns; t; is the

spiral width and the total effective length of spiral i.e.
C
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Which is nothing but half of the guided wavelength. Here in this C is the speed of light in free space; €
is the effective dielectric constant. To calculate Ly, for WiMAX (3.25-3.85GHz) the f. is taken as
3.45GHz and the value of Ly =sp; (total length of resonating spiral 1) obtained is 24.28mm. Here, sp; is
the total length of spiral 1. By approximations, the design values of S and t; are taken as 1mm. By
substituting these values in equations (5) and (6), the optimum value of Lout and N is calculated as 6mm
and1.25mm respectively. The length of spirall is optimized to 26.5mm. Similarly for the WLAN band
notch, for the resonance frequency of 5.4GHz, the calculated Ly, =Sp. (the total length of resonating spiral
2) is 20 mm and the optimized values of Loutl and Lout2 have been obtained as 6 and 4 mm respectively

for the t1=t,=S=1mm. Where Lout; and Lout, are the outer turn side length of spiral 1 and spiral 2. The



Lout; is equal to u; and Lout, is equal to u, for spiral and spiral 2 respectively. The third band notch for
the Fixed/Mobile Satellite Communication (F/MSC) is achieved by introducing a half-wavelength spiral
in the ground plane as shown in Fig. 1. The resonance frequency of the spiral depends on the length
(Lout) of the inductive arms and capacitive gap (S) of the spiral, as it is a self-resonating structure. Thus
for optimum design and to achieve resonating frequencies the rectangular planner spirals are chosen as
shown in Fig. 1(c).

111. RESULTS AND DISCUSSIONS

To overcome the issue of interference in the UWB range, two planar spirals sp1(for WiMAX) and sp2
(for WLAN) are capacitively coupled with the microstrip line for the band notch characteristic, and the
third planar spiral is added in the ground plane. The parametric analysis is done for the optimum length of
spirals, various positions of the spiral, and the spacing between the feed line and the spiral. The resultant
characteristics are shown in Fig.3.Fig.3 (a) and 3(b) show the positions of slot 1 and its S;; characteristics
for various positions. Thus it can be observed that position 3 is the best among the positions considered.
By keeping the slot in this position the effect of the gap between the feed line and spiral structure is
observed as shown in Fig.3(c). It can be noted from Fig. 3 (c) that as the gap between the feed line and
spiral increases by more than 0.4mm the magnitude of the notch at the 3.5GHz decreases and as the gap
decreases by less than 0.4mm the lower cut off frequency gets disturbed.

A similar parametric analysis is done for the WLAN spiral (sp2) and the related results are displayed in
Fig. 4. From the obtained results, positionl gives the optimum results. Also, the 0.3mm gap between the
feed line and a spiral is optimum for the WLAN characteristic. The third band notch for the F/MSC is
achieved by introducing a half wavelength spiral in the ground plane. The optimization of the position
and length (gl=gap between the ground and spiral 3 variations) of spiral 3 is shown in Fig. 5. When the
spiral resonator 3 is placed in position 3 and position 4, the notch at the desired frequency gets
disappeared. From Fig. 5(a) it can be observed that positionl gives the optimum result. When the gap
between the ground and spiral 3 is 0.3mm maximum bandwidth is obtained and the sharp band notch is

achieved for the F/MSC band as shown in Fig. 5(c).



The optimized dimensional parameters for spiral 1 to acquire band notch for WiMAX u; (Loutl) =6mm,
S=1=t;=1mm, and hence the spl is 26.5mm. For spiral 2 the optimized dimensional parameters are u,
(Lout2) =4mm, S=1=t,=1mm, and hence the sp2 is 20mm which secures the band notch for WLAN. The
optimized dimensional parameters for spiral 3 to acquire band notch for F/MSC is uz (Lout3) =3.5mm,
u,=3.8mm, S=1=t;=1mm and hence the Lyu,=Sps (Total length of resonating spiral 3) is 14.9mm. The
proper position, orientation, and lengths of the spirals decide the characteristics of band notches. The final
design consists of a half hexagonal monopole with three resonating spirals to acquire triple-notch
characteristics which are shown in Fig. 1.

When all the three self-resonating spirals are added in the design, one in the ground and two coupled with
the feed line sharp notches are obtained for WiMAX, WLAN, and F/MSC band. The return loss of less
than -10dB is obtained for the range 2.9GHz-17.6GHz excluding the three notches that are 3.4-3.8GHz,
5.0-5.6GHz, and 7.2-7.9 GHz as shown in Fig. 6. The VSWR is also shown in Fig. 6. The obtained gain
for the proposed antenna is shown in Fig.7. From the graph, we can depict that a maximum gain of 3.1dBi
at12.4GHz is obtained, with a reduced gain of -2.08dBi, 0.40dBiand -2.6dBifor band notch frequencies at
3.56GHz, 5.5GHz, and 7.62GHz respectively.

To validate the antenna design the prototype is fabricated and the measured results are presented. The
return loss measurements are carried out by using available VNA (Vector Network Analyzer, Model-
MS2028C) and the radiation pattern is measured in the anechoic chamber. Fig. 8 shows the fabricated
antenna prototype and the concerning results are presented in Fig.9 and Fig. 10. It can be seen from Fig.8
that the simulated bandwidth ranges from 2.9-17.6GHz and the measured bandwidth is in the range 3.21-
18.0GHz. The measured results are slightly different from the simulated one, due to manufacturing
tolerance and soldering. The production error (manufacturing) error is the main likely cause of the
difference between simulated and measured results. During the fabrication, this error may occur due to
incorrect thickness of the substrate layer and dimension inaccuracies. Similarly, the measured and
simulated radiation patterns at resonating frequencies are presented in Fig.10. The E-field is
unidirectional at 3.1 GHz and 4.3GHz. On the other hand, a bidirectional E- field is obtained at 6.3 GHz.

The H-filed radiation pattern is bidirectional at all the resonating frequencies.



The surface current distribution is shown in Fig. 11. The current is mainly concentrated in spiral 1 and
edges of the patch at a lower resonating frequency. However, at higher resonating frequency i.e.at 4.3
GHz the current is flowing in spiral 1, spiral 2, and the antenna patch. At 6.2 GHz the current is mainly
distributed in spiral 2 and spiral 3. The total efficiency and radiation efficiency of an antenna are
presented in Fig. 12. The efficiency s above 60% in the obtained impedance bandwidth and has been
reduced below 40% at notch frequencies. The comparison of the proposed work with the reported work is

shown in Table 2.

V. CONCLUSION

The stepwise realization of compact planner UWB antenna with triple notch characteristics is presented.
The triple-notch characteristic is validated through simulated results. The impedance bandwidth for
VSWR<2 is obtained for the ultra-wide band in the range of 3.2GHz-18.00GHz with triple band-notch for
WIMAX, WLAN, and F/MSC band. The simulated gain is stable for passband frequency in the range of
0.9-3.21 dBi and gain is reduced to-2.08 dBi, 0.40dBi, and -2.6dBi at 3.57GHz, 5.3GHz, and 7.6 GHz
respectively for notch bands.

REFERENCES

[1] FCC, \Federal Communication Commission revision of part 15 of commission's rules regarding ultra-
Wideband transmission systems,” First Report and Order FCC, Washington, DC, 48, 2002.

[2] Hong, S. H. Shin, J. W. Park, H. et al. “Analysis of band-stop techniques for UWB antennas”,
Microw. Opt. Technol. Lett., 49, pp. 1058-1062(2007).

[3] Jiang, D. Xu, Y. Xu, R. et al. “Compact dual-band-notched UWB planar monopole antenna with
modified CSRR”, Electron. Lett., 48(20), pp. 1250-1252 (2012).

[4] Keshwala, U. Rawat, S. and Ray, K. “Compact circular monopole antenna with band notch
characteristics for UWB applications”, 5th International Conference on Signal Processing and Integrated
Networks, Noida, India pp. 312-315(2018).

[5] Mondal, T. Das, S. “UWB printed hexagonal monopole antennas with WLAN band rejection”, |IEEE
Antenna Week (IAW), Kolkata, India, pp. 1-4, (2011). doi: 10.1109/IndianAW.2011.6264945.

[6] Azim, R. Islam, M. T. and Mobashsher, A. T. “Design of a Dual Band-Notch UWB Slot Antenna by
Means of Simple Parasitic Slits”, in IEEE Antennas and Wireless Propagation Letters, 12, pp. 1412-1415
(2013).doi: 10.1109/LAWP.2013.2288370.



[7] Li, W. T. Hei, Y. Q. Feng W. et al. “Planar Antenna for 3G/Bluetooth/WiMAX and UWB
Applications With Dual Band-Notched Characteristics”, in IEEE Antennas and Wireless Propagation
Letters, 11, pp. 61-64 (2012). doi: 10.1109/LAWP.2012.2183671.

[8] Yazdi, M. and N. Komjani, “Design of a band-notched UWB monopole antenna by means of an EBG
structure,” IEEE Antennas and Wireless Propagation Letters, 10, pp.170-173 (2011).

[9] Reddy, G. S. Chittora, A. Kharche, S. et al. “Bluetooth/UWB planar diversity antenna with WiMAX
and WLAN band-notch characteristics”, Progress In Electromagnetics Research B, 54, pp.303-320
(2013).doi:10.2528/PIERB13080404.

[10] Suo, Y. Li, W. Wang, H. “A dual-band notched ultra-wideband microstrip antenna”, IEEE
International Symposium on Antennas and Propagation & USNC/URSI National Radio Science Meeting,
San Diego, CA, USA, pp. 1787-1788 (2017).

[11] Sanyal, R. Sarkar, P.P. Chowdhury, S.K. “Quasi-self-complementary ultra-wideband antenna with
band rejection characteristics”, International Journal of Microwave and Wireless Technologies, 10(3), pp.
336-344(2018).

[12] Jaglan, N. Gupta, S.D. Kanaujia, B.K. et al. “Band notched UWB circular monopole antenna with
inductance enhanced modified mushroom EBG structures”, Wireless Network 24, pp. 383-393 (2018).
https://doi.org/10.1007/s11276-016-1343-7

[13] Tiwari, R.N. Singh, P. Kanaujia, B.K. “Asymmetric U-shaped printed monopole antenna embedded
with T-shaped strip for bluetooth, WLAN/WiMAX applications”, Wireless Network 26, pp.51-61 (2020).
https://doi.org/10.1007/s11276-018-1781-5

[14] Ullah, S. Ahmad, S. Khan, B.A. et al. “An hp-shape hexa-band antenna for multi-standard wireless
communication systems”, Wireless Network 25, pp.1361-1369 (2019). https://doi.org/10.1007/s11276-
018-1760-x

[15] Kumar, G. Ray, K.P. “Broadband microstrip antennas” Boston, London: Artech House, ch. 9. pp.
362-71(2003).

[16] Yadav, D. Abegaonkar, M.P. Koul, S.K. et al. “A compact dual band notched UWB circular
monopole antenna with parasitic resonators”, AEU — International Journal of Electronics and
Communications,84, pp. 313-20(2018).

[17] Babbar, P. and Keshwala, U. “Design of dual band-notch square patch antenna for UWB

applications”, 2020 7th International Conference on Signal Processing and Integrated Networks (SPIN),
Noida, India, pp. 710-713(2020). doi: 10.1109/SPIN48934.2020.9071364.

[18] Keshwala, U. Ray, K. Rawat, S. “Honeycomb shaped fractal antenna with dual notch characteristic
for UWB applications.”, Scientia Iranica, (), -. (2021). doi: 10.24200/sci.2021.56585.4799

[19] Keshwala, U. Rawat, S. and Ray, K. “A Novel small-scale heart shape monopole antenna with DGS
for UWB”, 2019 International Conference on Computational Intelligence and Knowledge Economy
(ICCIKE), Dubai, pp. 36-39(2019). doi: 10.1109/ICCIKE47802.2019.9004402.


https://doi.org/10.1007/s11276-016-1343-7
https://doi.org/10.1007/s11276-018-1781-5

ACKNOWLEDGEMENT

The authors like to acknowledge and convey their heartfelt thanks to Centre of Applied Research for
Electronics (CARE), Indian Institute of Technology (IIT), Delhi for extending support in providing

essential measurement facilities to complete this research work.

List of Figures

(@) (b)



g

rgI

1‘;
»
r.
Mj
L 4
1‘_]
[¥]

*
m u}
(c)
Fig.1. Half hexagonal antenna (a) Front view (b) Back view(c) Spiral structures

[ G round without slot
I=-= Ground with slot

-\45 T T T T T T
2 4 6 8 10 12 14 16

Frequency (GHz)

Fig.2. Simulated Sy; (Return loss) plot for DGS and without DGS



Position 1 Position 2

Y

o b
= v
1
; ] \ Position 3 Position 4
0] 1 .t'j e Position 2 L
| Y. ~ — position1 |, .
-35 | position 4 | 4 .'
- ---position3 | i
-40 —
2 M 8 10 12 11 1%
Frequency (GHz)
(@)

(b)

511(dB)

~=== 0.2mm

== =0.3mm 3 K

= 0.4mm L

Y
1 [===+=0.5mm N
2 1 [
Frequency [GHz}
(©

Fig.3. Simulated S;; for the parametric analysis of spiral 1(a) variation of Sy; for the position of spiral 1(b)

various positions of spirall(c) variation of gap between feed and spiral 1



Position 1 Position 2

b

Position 3 Position 4

511(dB)

] Position 1
ap — Position 2

[ N ol Position 3
35 === Position 4

2 4 & & W0 12 14 16

Frequency (GHz)
() (b)
0 =

J, ,

—02mm

- == 0.3mm|

=-= -+ 4mm

......... 0.Emm
-30 T T T T T T 1
2 a4 6 & 10 12 14 16

Frequency (GHz)
(c)

Fig.4. Simulated S11 for the parametric analysis of spiral 2(a) variation of S;; for the position of spiral 2(b)

various positions of spiral 2(c) variation of gap between feed and spiral 2



511 (dB)

position 1
I position 2
-40 position 3
position 4
50 ; : ; ' ' ' '

2 4 [ B ilﬂl 12 14 16 18

Frequency (GHz)

(@) (b)
04 Haaaniae 0.0mm
=== 0. 1mm
5 0.2mm
e e 00, 3rTUMY
} ~-— 0d4mm|
., [=+==0.5mm

511 (dB)

Frequency (GHz)

(c)
Fig.5. Simulated S11 for the parametric analysis of spiral 3(a) variation of S;; for the various positions

of spiral 3(b) various positions of spiral 3(c) variation of gap between ground and spiral 3



511(dB)

V5WR

2 4 [ ] ill]l 12 14 16 18
Frequency(GH z)

Fig.6. Simulated S11 and VSWR variation with frequency

4 -
7 4
@
=}
E 0
3
-7 4
4 T T T T T T T .
Fi 4 [ 8 10 12 14 16 18

Frequency(GH z)

Fig.7. Simulated Gain variations with frequency



’]'HITTTUH;'H;H;

'_[TN[HI[IH;IHUH,

Fig.8. Front view and Back view of fabricated prototype

5
qod-

45

511(dB)

=20 1

-5

=30 1

_\35 T T T T T T 1
2 4 ] 8 10 12 14 16 18

Frequency(GH z)

Fig.9. Simulated and measured return loss



E-3.2GHz

@)

= Simulated
= = Measured

E-6.2GH:z

(©)

Fig.10. Radiation pattern at resonating frequenceies (a) 3.2GHz (b) 4.3GHz (c) 6.2GHz



(@) (b) (©)

Fig.11. Surface current distributions for resonating frequenceies (a) 3.2GHz (b) 4.3GHz (c)

6.2GHz

0.5+

Efficiency

044

| Rad Efficiency

0.3+ —— Tot. Efficiency

0.2+

014

2 4 B 8 10 12 14 16 18
Frequency (GHz)

Fig. 12 Variation of total efficiency and Radiation efficiency

List of Tables



Table 1.0ptimised geometrical parameters of an antenna

Antenna Values Antenna Values Antenna Values
parameter (mm) parameter (mm) parameter (mm)
L 29 U 4 Vi 7
w 28 Uz 3.5 Uy 6
Ly 12.5 Uy 3.8 01 0.3
L¢ 14 L, 13 Vs, 6
Wi 2.8 L 25 Vs 5
t=t,=t, 1 Ws 2 g 15
Lout;(outer turn Lout, (outer turn Louts (outer turn
side length of 6 side length of 4 side length of 3.5
spiral 1) spiral 2) spiral 3)
Sp,(total length Sp, (total length Spa(total length
of resonating 24.28 of resonating 20 of resonating 14.9
spiral 1) spiral 2) spiral 3)
Table 2.Comparison of reported band notch antennas with proposed work.
Reference Size(mm?) No of notches Substrate Bandwidth
used (GH2)
[2] 18 x 20 5 GHz(WLAN) FR4 3.12-10.73
[3] 22 x 26 3.8-4.28GHz(Wi RT 5880 2.9-12
MAX)
5.76-6.16(WLAN)
[4] 10 x 13 5 GHz(WLAN) FR4 4.36-13.35
[5] 28 x 52 5.15 -6.17 (WLAN) FR4 3.11-13.15
[6] 22 x 24 3.35-3.8GHz FR4 3.2-10.9
5.12-5.84 GHz
[7] 38.5%x46.4 5.0-5.5GHz Metamaterial 2-12.5
7.2-7.6 GHz based
[8] 39 x 35 5.5 GHz RT/Duroid 3.1-106




4003

24 x 17 2.4 GHz Bluetooth RT Duroid
3.3-3.6GHzWiIMAX 5880
5.13-5.85GHz WLAN
[10] 32 x 30 3.5GHz FR 4 2.8-12GHz
5.5 GHz
[11] 26 x 36.6 5.15-5.85 GHz FR 4 2.9-20 GHz
[13] 20 x 36 No notch FR 4 2.27-7.53 GHz
[16] 32 x 24 5.2 GHz Rogers 3.1-13
8.2 GHz RO3003
Proposed 28 x 29 3.6GHz FR 4 3.2-18.00GHz
antenna 5.5GHz
7.54GHz
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