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A Novel Compact Tri Band Notched UWB Monopole Antenna

Venkata N. K. R. Devana1, * and Avula M. Rao2

Abstract—A novel compact (20×22 mm2) triple band eliminated monopole antenna for ultra-wideband
(UWB) applications is presented. A novel radiating patch with reduced ground plane is utilized for
achieving a −10 dB impedance bandwidth of 3.28–13.28 GHz. An upper inverted U-shaped slot is
introduced into the radiating patch to notch C-band (3.68–4.19 GHz), and a lower inverted U-structured
slot is utilized to eliminate WLAN band (5.18–5.82 GHz) interference. The interference due to down link
of X-band (7.27–7.87 GHz) is rejected by via hole connected between patch and rectangular strip printed
above the defected ground structure. The proposed antenna has nearly stable radiation patterns, and
realized gain over UWB frequency range makes it suitable for recent portable wireless communication
applications.

1. INTRODUCTION

In 2002, the Federal Communications Commission (FCC) assigned an unlicensed UWB band from 3.1–
10.6 GHz for commercial wireless applications. Recently, various types of Printed Monopole Antennas
(PMA) are manufactured for high speed, low profile, short range, and wide bandwidth wireless
technologies. Many monopole antennas have been reported to obtain UWB bandwidth; however,
systems like 5G [1] (3.3–3.7 GHz), Worldwide Interoperability for Microwave Access, WiMAX [2]
(3.3–3.6 GHz), C-band [3] (3.7–4.2 GHz), Wireless Local Area Networks, WLAN [4] (5.15–5.825 GHz),
down link of X-band satellite communication systems [5] (7.25–7.75 GHz) may cause electromagnetic
interference (EMI) with UWB systems. To suppress EMI, discrete band-stop filters are used with
UWB antennas; however, it is complex and costly. In [6], an H-structured slot is etched into a maple-
leaf shaped radiator to eliminate 5–6.0 GHz frequency band signals. Three semicircular slots into a
radiator are etched to reject 5.15–5.825 and 7.25–7.75 GHz bands. A T-structured parasitic element
is introduced to notch 4.9–6.1 GHz signals in [7]. In [8], a complementary split ring resonator notches
5–6 GHz frequencies. Moreover, the UWB radiators are designed with single, double, and multiple
notched bands [9–12]. To design an effective UWB radiator with compact size and reduced mutual
coupling between band eliminated elements, the proposed antenna is designed.

In this article, a novel UWB radiator is etched with two inverted U-structured slots and a via hole
to eliminate C, WLAN, and downlink of X bands, respectively. The simulated and measured results of
S11, constant realized gain, surface current distribution and nearly stable radiation patterns of proposed
antenna are observed over 3.28–13.28 GHz bandwidth. In the following sections, the design procedure
and parametric study of proposed antenna are observed.

2. ANTENNA DESIGN AND DISCUSSION

The proposed radiator with microstrip feed is depicted in Figure 1, and the optimized dimensions are
given in Table 1. The proposed antenna is printed on an FR-4 substrate with εr = 4.4 along with a
50 Ω with a microstrip line of dimension WF × (LF1 + LF2).
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Figure 1. Geometry of the proposed antenna. (a) Top view and (b) bottom view.

Table 1. Dimensions of the proposed antenna.

Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)
WSUB 20 R1 0.3 LL 4.1
LSUB 22 EX 2.6 LT 0.5
WF 3 EY 8.75 LG 7.2
WF1 1 UW 12 G 11.15
LF1 3.6 UL 6.2 PW 6
LF2 4 UT 0.3 PL 2
R 6.5 LW 10 α 35◦

(b)(a) (c)

Figure 2. Progressive stages of patch structure. (a) Ant #a. (b) Ant #b. (c) Ant #c.

The progressive stages of basic UWB antenna in achieving UWB bandwidth are depicted in
Figures 2(a)–(c). Initially, in the first stage as shown in Figure 2(a), −10 dB impedance bandwidth
of 3.71–7.42 GHz is achieved by intersection of two ellipses with major radii of EX and minor radii
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of EY along with a modified ground structure of WSUB × LG. In the second stage, the bandwidth is
enhanced to 3.56–11.44 GHz by intersecting Ant #a with a circle of radius R to get Ant #b as shown
in Figure 2(b). Finally, the microstrip line feed is tapered as shown in Figure 2(c). For structure Ant
#c, the bandwidth obtained is from 3.52 to 13.0 GHz as shown in Figure 3.

Figure 3. S11 plot of basic UWB antenna with varying patch structure.

The variation of angle, α, in steps of 31, 35, and 40 of basic UWB antenna produces impedance
bandwidth of 3.52–12.90 GHz, 3.56–12.96 GHz, and 3.63–13.329 GHz with a peak S11 of −20.08 dB,
−32.44 dB, and −31.32 dB, respectively, as depicted in Figure 4.

Figure 4. S11 plot of basic UWB antenna with varying angle, α.

3. MEASUREMENT RESULTS AND DISCUSSION

The prototype of the proposed antenna is shown in Figure 5. The proposed antenna is simulated
by using CST Microwave studio ver.2017, and prototype of antenna is tested by Anritsu MS2037C/2
network analyzer.

The simulated and measured S11 plots of the proposed antenna are depicted in Figure 6. From
simulation results, it is observed that the band notched antenna has an impedance bandwidth of 3.28–
13.28 GHz with triple band notches occurring at 3.68–4.19 GHz for C-band, 5.18–5.82 GHz for WLAN
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Figure 5. Prototype of the proposed antenna. (a) Top view and (b) bottom view.

Figure 6. S11 plot of proposed UWB band rejected antenna.

Figure 7. VSWR plot of proposed UWB band rejected antenna.

band, and 7.27–7.87 GHz for down link of X-band applications. A small mismatch between calibrated
and simulated results is due to feed misalignments, human measurement errors, and fabrication errors
or due to parametric deviations between measured and simulated structures.

The simulated VSWR of proposed antenna is shown in Figure 7. Form Figure 7, it is observed that
the proposed antenna has VSWR values of 17.27, 13.72, and 7.50 at three band eliminated frequencies
3.91, 5.52, and 7.43 GHz, respectively. The large VSWR values of proposed antenna indicate that the
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rejection of notch bands is stronger. The triple band notched characteristics of proposed radiator with
parametric study are discussed in the next sections.

3.1. UWB Antenna with C Band Rejection

The C band signals are eliminated by etching an upper inverted U-structured slot into the radiating
patch with width UW , length UL, and thickness UT . The slot acts as a half wavelength resonator to
notch C band signals and is approximated by using [13],

fn C band =
C

2
√

εr + 1
2

(UW + 2UL)
(1)

Here C is the speed of light.
When the value of UW +2UL is varied in steps of 23.4 mm, 24.4 mm, and 25 mm with UT = 0.3 mm,

and the notched bands occur at 3.87–4.29 GHz, 3.68–4.19 GHz, and 3.55–4.11 GHz ranges of frequencies
with centre eliminated frequencies of 4.10, 3.91, and 3.78 GHz, respectively. The reflection coefficient,
S11, plots with varying slot length UW + 2UL are depicted in Figure 8.

Figure 8. S11 plot of proposed antenna with varying upper slot.

3.2. UWB Antenna with WLAN Eliminated Band

To eliminate signals due to WLAN band, the radiating patch is etched with a lower inverted U-structured
slot with width LW , length LL, and thickness LT . The lower inverted U-structured slot also acts as a half
wavelength resonator to notch 5.49–6.11 GHz, 5.18–5.82 GHz, and 4.89–5.55 GHz bands of frequencies
with centre frequencies of 5.83 GHz, 5.52 GHz, and 5.52 GHz when the total length of slot is varied in
steps of LW +2LL = 17.2 mm, 18.2 mm, and 19.2 mm, respectively. The reflection coefficient, S11, plots
with varying slot length UW + 2UL are depicted in Figure 9.

The % of magnitude error in slot lengths and eliminated band frequencies are shown in Table 2.
The mutual coupling, S21, between two band notched U-structured slots is depicted in Figure 10.

Form Figure 10, the peak value of mutual coupling, S21, between upper and lower inverted U-structured
slots is −50.23 dB when UW + 2UL = 24.4 mm, LW + 2UL = 19.2 mm, UT = 0.3 mm, UL = 0.5 mm.
With UW + 2UL = 25 mm, LW + 2UL = 18.2 mm, UT = 0.3 mm, UL = 0.5 mm, the peak value of S21 is
−63.55 dB; S21 is −56 when UW + 2UL = 24.4 mm, LW + 2UL = 18.2 mm, UT = 0.5 mm, UL = 0.5 mm;
and for the proposed antenna when UW + 2UL = 24.4 mm, LW + 2UL = 18.2 mm, UT = 0.3 mm,
UL = 0.5 mm, the peak value of mutual coupling is −70.52 dB. The low value of mutual coupling
between upper and lower inverted slots indicates that C and WLAN eliminated bands are tuned and



128 Devana and Rao

Figure 9. S11 plot of proposed antenna with varying lower slot.

Table 2. Magnitude of% error between designed and simulated parameters of slots.

Bandwidth, (GHz)
% bandwidth error

Centre frequency of

Notch, (GHz)

Simulated

total length

of slot, (mm)

Designed

total length

of slot, (mm)

% error

in length

of slotsTheoretical Simulated Designed Simulated

C band

(3.7–4.2)
3.69–4.19 0.27, 0.23 3.95 3.91 UW + 2UL = 24.4 25.31 3.5

WLAN band

(5.15–5.825)
5.18–5.82 0.58, 0.08 5.48 5.52 LW + 2UL = 18.2 18.24 .21

 

Figure 10. S21 plot of proposed antenna with varying slot dimensions.

controlled independently for the proposed radiator [14]. Thus, to suppress interference from C-band
and WLAN band more strongly, the thickness of upper inverted U-structure slot is UT = 0.3 mm, and
lower inverted U-structured slot is LT = 0.5 mm. In Table 3, the mutual coupling, S21, between two
band notched inverted U-structured slots is tabulated.
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Table 3. Mutual coupling (S21) between upper and lower U-slots.

Upper U-slot

length,

UW + 2UL (mm)

Lower U-slot

length, LW + 2UL

(mm)

Upper slot

thickness, UT

(mm)

Lower slot

thickness, LT

(mm)

Peak value of mutual

coupling between slots,

S21 (dB)

24.4 19.2 0.3 0.5 −50.23

25 18.2 0.3 0.5 −63.55

24.4 18.2 0.3 0.5
−70.52

(Proposed)

24.4 18.2 0.5 0.5 −56.0

3.3. Basic UWB Antenna with X Band Eliminated Band

The down link of X-band satellite communications signal is eliminated by using a via hole connected in
between a rectangular strip of PW ×PL mm2 deposited on the top surface of defected ground structure
and radiating patch. A via hole eliminates 7.27–7.87 GHz of frequency band by preventing the current
from radiating patch on top of the substrate to the rectangular parasitic strip under the substrate [15].
The X-band is tuned by varying radius, R1 = 0.25 mm, 0.3 mm and 0.35 mm to achieve the rejected
bands from 7.02–7.48 GHz, 7.27–7.87 GH,z and 7.52–8.27 GHz with centre of notch frequencies at
7.16 GHz, 7.43 GHz, and 7.72 GHz, respectively, as depicted in Figure 11.

Figure 11. S11 plot of proposed antenna with varying via radius, R.

When the value of gap G, between bottom of substrate and the centre of via, is varied in steps of
9.85 mm, 10.15 mm, and 11.15 mm, the centre of eliminated bands occurs at 7.36, 7.57, and 7.43 GHz
with rejected frequency bands from 7.14–7.92, 7.35–8.19, and 7.27–7.87 GHz as depicted in Figure 12.

The parametric study of proposed antenna with variation of parameters of slots and via is depicted
in Table 4. In Table 4, it is observed that the variation of parameters of band notched elements of
proposed radiator, notch frequency, resonant frequency, VSWR, and simulated bandwidth, are tuned.
The proposed antenna is optimized to achieve minimum value of % error in calibration of theoretical
and simulated bandwidths are depicted in Table 4.

3.4. Radiation Patterns, Current Distribution, Realized Gain

The radiation patterns in E-plane and H-plane of proposed antenna are depicted in Figure 13, at
resonant frequencies of 3.5, 4.63, and 6.94 GHz. In E-plane, the patterns are nearly like dipole and
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Table 4. Parametric study of proposed antenna.

Parameter
value

(mm)

Notch

frequency,

(GHz)

Resonant

frequency

of notch

(GHz)

VSWR

at fn

Theoretical

Bandwidth,

(GHz)

Simulated

Bandwidth,

(GHz)

% error in

Bandwidth

Upper Slot

length,

UW + 2UL

23.4 4.10 3.70 13.71

3.7–4.2

(C band)

3.87–4.29 4.5, 2.1

24.4

(proposed)
3.91 3.50 17.27 3.68–4.19 0.54, 0.23

25 3.78 3.40 20.28 3.55–4.11 4.05, 2.14

Lower Slot

length,

LW + 2UL

17.2 5.83 4.63 11.12

5.15–5.825

(WLAN)

5.49–6.11 6.6, 4.89

18.2

(proposed)
5.52 4.62 13.72 5.18–5.82 0.58, 0.08

19.2 5.25 4.45 17.37 4.89–5.55 5.04, 4.72

Gap, G

9.85 7.36 6.46 7.16

7.25–7.75

(X-band)

7.14–7.92 1.51, 2.1

10.15 7.57 6.86 7.36 7.35–8.19 1.37, 5.67

11.15

(proposed)
7.43 6.94 7.50 7.27–7.87 0.27, 1.5

Via radius,

R

0.25 7.16 6.71 6.99 7.02–7.48 3.17, 3.48

.3

(proposed)
7.43 6.94 7.50 7.27–7.87 0.27, 1.54

0.35 7.72 7.14 7.84 7.52–8.27 3.72, 6.7

omnidirectional in H-plane. The increased magnitude of higher order modes and unequal phase
variations of antenna aperture cause more distortion of radiation patterns at higher frequency 6.94 GHz.

The operation of band notch characteristics of proposed radiator can be better understood by
the surface current distributions at notch frequencies of 3.92, 5.52, and 7.43 GHz as depicted in
Figures 14(a)–(c). More surface currents are concentrated around upper inverted U-structured slot to
eliminate C-band at 3.92 GHz frequency, lower inverted slot for rejection of WLAN band at 5.52 GHz,
and via for notching down link of X-band satellite communication at 7.43 GHz.

The realized peak gain against frequency for proposed radiator is shown in Figure 15. The gain
varies from 2.11 to 5.12 dBi within 3.28–13.28 GHz of frequency band, except for eliminated bands

Figure 12. S11 plot of proposed antenna with varying gap, G.
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(b)

(a)

Figure 13. Simulated and measured radiation patterns. (a) E plane at 3.5, 4.63 and 6.94 GHz. (b) H
plane at 3.5, 4.63 and 6.94 GHz.

(b)(a) (c)

Figure 14. Surface current distributions at notched frequencies (a) 3.92 GHz, (b) 5.52 GHz, (c)
7.43 GHz.
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Figure 15. Realized gain of the proposed antenna.

of 3.68–4.19 GHz, 5.18–5.82 GHz, and 7.27–7.87 GHz with centre eliminated frequencies of 3.92, 5.52,
and 7.43 GHz to notch C, WLAN, and X-band applications, respectively. The realized peak gains
of proposed antenna at notch frequencies of 3.92, 5.52, and 7.43 GHz are −3.82 dBi, −2.16 dBi, and
−1.04 dBi, respectively.

The comparison of proposed band notched UWB antenna with other recently reported antennas [16–
21] is given in Table 5.

Table 5. Size, bandwidth and VSWR parameter comparison of proposed antenna with recently reported
antennas in literature.

Ref.

Antennas

Size

(mm2)

Area

(mm2)

Notch Bands

(GHz)

Operating

frequency,

(GHz)

VSWR at

notch

frequency

[16] 20 × 26 520 5.15–5.68, 7.15–7.65 3.05–20 6.6, 6.1

[17] 42 × 50 2100 3–4, 5–6 3.1–10.6 14, 9.5

[18] 42 × 50 2100 3.3–3.8, 5.15–5.825, 7.1–7.9 2–11 4.8, 5.2, 6.9

[19] 42 × 50 2100 3.3–3.6, 5–6 2.1–10.8 6, 6.5

[20] 36 × 34 1224 3.97–4.48, 5.79–6.57, 7.6–7.6 3.1–10.6 11.2, 5.8, 5.6

[21] 27.5 × 16.5 453.75 2.2–3.9, 5.1–6 1.75–10.3 10, 7.2

This work 20 × 22 440 3.68–4.19, 5.18–5.82, 7.27–7.87 3.28–13.28 17.27, 13.72, 7.50

4. CONCLUSION

A novel compact monopole antenna for UWB applications with tri band notched characteristics is
proposed. The proposed antenna covers fractional bandwidth of 120% (3.28–13.28 GHz) with three
band eliminated frequencies from 3.68–4.19 GHz, 5.18–5.82 GHz, and 7.27–7.87 GHz to notch C, WLAN,
and down link of X-band applications by etching upper, lower inverted slots into the radiating patch
and a via hole, respectively. The proposed antenna has compact size of 20 × 22 mm2, independently
controlled tri band notched characteristics, and stable realized peak gain, and radiation patterns over
UWB frequency range make it suitable for portable UWB communication systems.
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