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ABSTRACT

Ultra-wideband (UWB) with triple band notch characteristics was presented. WIMAX, WLAN and Meteorological Satellite
(MSAT) frequency bandwidths were rejected in the UWB planar antenna composed from a single layer conductor element.
Frequency bandwidths for WIMAX, WLAN and MSAT are allocated at 3.3~3.7, 5~6 and 7.4~8.4GHz, respectively. Conductor
element etching method was used as the means to realize the band notch characteristics as it was considered convenient and
simple. Two slits were etched on the ground plane while on the elliptical element, a single slit. The slits were designed for
simplicity in the means of achieving the desired band notch characteristics. The proposed antenna design was compact and
low profile. The antenna performances were compared with the reference antenna and the results were negligible.
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INTRODUCTION

Ultra-wideband (UWB) applications have been established
since the 1950s. It has been used for wireless transporting
of voice, video, and data. UWB communication systems
are applied in medical institutions for detection of
breast cancer (LiXu et al. 2013), wave propagation for
calculating the impulse response by using ray tracing
techniques and inverse Fourier transform (Chen et al.
2006), civil engineering for construction to investigate
and emphasize the effects of the industry operation
(Shaohua et al. 2011), and robotic engineering for mobile
robot localization by determining the space to a position
of joined and well-neighboring beacons (Gonzales et al.
2009).

Furthermore, UWB application is also found in network
engineering to propose scattering protocol for portable
radios provided with impulse-ultra wideband (I-UWB)
(Farshad et al. 2008), biomedical engineering to identify
the movements of each finger muscle (Mohamed, 2010) and
automation engineering to enable and establish accuracy to
locate and estimate the presence of metal objects (Maalek
and Sadeghpour, 2012).

UWRB is suitable for the identification and tracking of
construction resources (Siddiqui et al. 2019). UWB antenna
systems have also been used as in-body implantable
antennas in the human body that could communicate with
nearby base stations as well as for multiple biotelemetric
applications (Abdul & Hyoungsuk, 2019).

However, UWB communication systems coexist with
other communication systems such as WIMAX, WLAN and
Meteorological Satellite, which are allocated between the
frequency bandwidth of 3.3~3.7, 5~6 and 7.4~8.4 GHz,
respectively. Coexisting frequency bandwidths could result
in interferences. UWB also coexists with the frequency
bandwidth of mobile services operating at 3.4 to 3.8 GHz
and has shown potential interferences to the UWB system
(Dmytro et al. 2019). These interferences could result in
multipath fading of radio frequency in the industrial and
factory environment (Jose et al. 2009), obstruct a radio
communication services in computer networking (Bazil
et al. 2010), degrade WLAN and WSN when operating
simultaneously (Abdullah et al. 2011), decay metrological
performance and incite disturbance effects (Giovanni et al.
2010) and cause biomedical devices malfunction (Phond et
al. 2010).
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Devices are subjected to certain rules such as the device
must not cause harmful interference and must accept any
interference received. Thus, it is essential to eliminate
potential interference in communication system devices.

Several examples for previously studied UWB
communication systems with band rejections have
been presented. UWB planar antennas with band notch
characteristics to reject frequency bandwidth between 5 and
6 GHz have been discussed (Bhattacharya et al. 2019) (Jainal
et al. 2019). Band rejections for frequency bandwidths at 5
to 6 GHz and 3.3 to 3.7 GHz, by using slits in the conductor
elements have also been studied (Jainal et el., 2019). Band
rejections for frequency bandwidths 3.3 to 3.7 GHz and 5 to
6 GHz have been generated by an L-shaped and split ring
resonator (SRR) (Mohamed et al. 2019).

The reference and proposed antenna structure are
presented in the methodology section and the antenna
performances are discussed in the result section. The study
is then concluded in the conclusion section.

METHODOLOGY

UWB PLANAR ANTENNA WITH TRIPLE BAND NOTCH
CHARACTERISTICS

The reference and the antenna parameters are presented in
Figure 1 and tabulated in Table 1. Reference antenna is a
UWB planar antenna comprising an elliptical radiator. The
reference antenna used a half-ground plane with an elliptical
element on top of the substrate. The impedance matching for
the reference antenna was determined by the eccentricity,
e as shown in Equation (1) and the space flanked by the
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elliptical radiator and the ground. The major L, and minor
L, are diameters for the elliptical element for eccentricities
ex0, e~1 and e~0.6.

A coaxial cable was used as the feeding line and was
soldered on top of the ground plane from the bottom edge
of the elliptical element with feed of 50 Q. The type of port
used in the simulation was a coaxial waveguide port and
located in the feed point of the elliptical element. Modes in
the coaxial waveguide port were polarized.

The reference and UWB planar antenna type 3A1 and
3A2 were analyzed in Computer Software Technology
(CST) software Microwave component (Microwave, RF and
Optical) for Antenna (Planar) applications. The simulation
ran in transient solver between 3 and 11 GHz in the open
space boundary condition and convolution PML of 0.0001 to
minimize the reflections from the boundary condition. The
antennas were simulated in far-field, which is an in-plane
wave propagation. Simulation setup for the reference and
UWB planar antenna type 3A1 and 3A2 are illustrated in
Table 2.

Reference antenna was reconfigured to generate the
triple band notch characteristics. UWB planar antenna type
3Aland 3A2 with threeslits S, S, and S, etched horizontally
on the conductor elements were designated as the proposed
antenna and illustrated in Figure 2. Slit structures and
dimensions are listed in Figure 3 and Table 3, accordingly.
Slit S, was etched in the elliptical element, whereas S, and
S, were in the ground plane.

Slit parameters include slit length /, width w and slope
angle, 0. Slit S, S, and S, parameters for UWB planar
antenna type 3A1 and 3A2 were indicated by S S
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FIGURE 1. Reference Antenna Eccentricity, e

TABLE 1. Parameters for Reference, UWB Planar Antenna Type 3A1 and 3A2

Parameter

Dimension

Substrate thickness
Conductor plane thickness A
Coaxial cable length Loy
Mayor diameter (elliptical) ;
Minor diameter (elliptical) L2
Length for ground plane L
Width for ground plane iz
Length for substrate Zs
Width for substrate
Substrate permittivity €

Tangent delta electric (substrate conductivity)

1.6 mm
0.035 mm
47 mm
16 mm
12.83 mm
24 mm
21 mm
45 mm
21 mm
46
0.019
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TABLE 2. Simulation Setup for Reference, UWB Planar Antenna Type 3A1 and 3A

Parameter Value

Frequency f 3~11 GHz

Reflection coefficient Sy <-10dB

Convolution PML 0.0001

Boundary Open space

Band notch BN1 Jow1=5~6 GHz, S11>-10 dB
Band notch BN2 fon=33-3.7 GHz, §11>-10 dB
Band notch BN3 favs=7.4~8.4 GHz, 511 >-10 dB

W,
@) ®

ek

© @

FIGURE 2. UWB Planar Antenna Structures (a) Reference (b) Type 3A1 (c) Type 3A2 (d) Side view

slits were used to change the input impedance of the UWB
planar antenna type 3A1 and 3A2.

Slit §, was etched on the elliptical radiator in the first
simulation stage to achieve band notch characteristics for
the frequency bandwidth f,, = 5~6 GHz. Later, second and
third slits S, and S, were etched on the ground plane in order
to achieve the second and third band notch of BN2 and BN3,
consecutively.

Reflection coefficient S, changed due to the disruption
in the exterior current stream in the elliptical radiator
and ground plane, hence band notch characteristics were
generated. Desired band notch characteristics were obtained
when the slit parameters were changed. Theoretically, the
slit angle © can be adjusted in improving the reflection
coefficient S,, between the desired notched-band frequency.

Band notch characteristic that was generated by
slit S, S, and S, were known as the BN1, BN2 and BN3,
respectively. Band notch characteristics were classified
into three parameters; frequency bandwidth f, , peak of
reflection coefficient S, and center frequency f, respectively.
Parameters for slit length /, width w and slope angle 6 for
slit S, S, and S, were optimized in the means to achieve the
optimum band notch characteristics.

RESULTS AND DISCUSSION

REFLECTION COEFFICIENT §,,

Reflection coefficient S, for the eccentricity e is illustrated
in Figure 5. Reflection coefficient S, when eccentricity
e~] and e~0 were mismatched, which was above -10 dB
level between the frequency bandwidth f(e:[)=3.31~8.35,
8.79~11GHz and fe ,=4.33~491, 7.26~8.72 GHz.
However, reflection coefficient S|, was below -10 dB level
for the frequency bandwidth P 3~11 GHz, which meant
that the antenna was radiating below this level. Thus, the
eccentricity e=0.6 was selected for impedance matching with

respect to the reference antenna as the reflection coefficient
S, between the frequency 3 and 11 GHz was below -10 dB.

Reflection coefficient S, for the reference, UWB planar
antenna type 3A1 and 3A2 were optimized, consecutively.
Optimization was carried out by using simulation setup in
CST software. The slit parameters were set to change their
dimensions by referring to the reflection coefficient S|, value
that must achieve less than -5 dB range.

(1

Slit S, S, and S, parameters were modified and
optimized to generate the band notch BN1, BN2 and BN3
in the desired frequency bandwidths. Optimized simulated
reflection coefficient S;,, were compared with the measured
data and illustrated in Figure 6 and Table 4.

The comparisons were reasonable. Tolerance (%)
between simulated and measured band notch characteristics
were significantly small and thus considered negligible.
The differences between simulation and measurement
results were possibly due to the fabrication and soldering
factor. Furthermore, experimental conduct such as noise,
and connectors used from the fabricated models to the
measuring equipment (turntable/network analyzer) could
also contribute to the result differences.

Maximum reflection coefficient S, for band notch BN1
and BN3 for UWB planar antenna type 3A1 was slightly
lower than type 3A2. However, maximum reflection
coefficient S, for band notch BN2 for UWB planar antenna
type 3A2 was lower than type 3A1.

The difference was due to the position of slit S,, which
was on the elliptical element. Slit S, in the proposed antenna
type 3A1 and 3A2 was placed at the center of the elliptical
radiator. However, slit S, for the proposed antenna type 3A2
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FIGURE 3. Slit Structure for S, S, and S,

TABLE 3. Slit Parameters for S, S, and S,

Antenna type Shit

Parameter Dimension
I 6.49 mm
wr 230 mm
=71 4.33 mm
iz 11.01 mm
w3z 0.60 mm
5] 39.47 deg
] 6.32 mm
W3 3.00 mm
=] 50.77 deg
Vi 6.77 mm
we 1.10 mm
=T 0.00 deg
iz 11.00 mm
w2 0.60 mm
62 39.43 deg
il 5.34 mm
w3 5.34 mm
s 29.49 deg

(a)Type 3A1

was slightly in the lower fraction of the elliptical radiator
when compared to type 3A1. Exterior current distribution
was more converged in the lower part. Thus, surface current
was more distributed in slit §, for UWB planar antenna type
3A2 as compared to type 3A1.

EXTERIOR CURRENT DISTRIBUTION

Exterior current distributions for the reference, proposed
antenna type 3A1 and 3A2 are illustrated in Figure 7. The
center frequencies f, = 3.5, 5.5, 8 GHz were determined
at the peak of the reflection coefficient §,, for band notch
BN1, BN2 and BN3, respectively. The exterior current
distributions for UWB planar antenna type 3A1 and 3A2

(b) Type 3A2
FIGURE 4. Prototype for UWB Planar Antenna

were compared with the reference antenna to investigate the
relation between the input impedance mismatch and slits S,
S,and S..

For the reference antenna, surface current was saturated
in the feed, edge and upper parts of ground plane in the
frequency f=3.5 GHz. Surface current in the lower fraction
of the elliptical radiator was more condensed than the upper
part. Saturation of surface current was more intense in the
feed, upper, edges and lower parts of the ground at the
frequency f=5.5 GHz.

Surface current was intensely condensed in the elliptical
radiator, edges and the upper fraction of the ground in the
frequency /=8 GHz. Surface current was most saturated in
the feed area.
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FIGURE 6. Simulated and Measured for Reflection Coefficient S, UWB Planar Antenna

The exterior current in the upper area of the ground
plane was highly condensed due to its short distance to
the feed. Exterior current stream was in perpendicular. The
exterior current flow at the cutting edges was extended
exponentially in the ground plane and elliptical element.
Thus, slit was etched parallel on the elliptical radiator and
the ground as a means to interrupt the vertical exterior
current flow.

For UWB planar antenna type 3A1 and 3A2, surface
currents were distributed in slit S, S,and S in the frequency

/.=5.5, f=3.5 and f = 8 GHz. Thus, it was considered that
saturation of exterior current in a particular slit had generated
the impedance mismatch and band notch characteristics in
the respective frequencies.

Maximum exterior current distributions for reference,
proposed antenna type 3A 1 and 3A2 were studied. Maximum
surface current distributions for reference, proposed antenna
type 3A1 and 3A2 were given I,=141.8 Am, [,  =322.7
A/mand/,,,=296.1 A/mat the frequency f, =5.5 GHz.f,
=3.5GHzandf,, = 5.5 GHz, respectively.

342
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TABLE 4. Band Notch Characteristics BN1, BN2 and BN3 Comparison between Simulated and Measured Reflection
Coefficient S, for UWB Planar Antenna

Maximum reflection coefficient Si;

o Frequency bandwidth fbw GHz Center frequency GHz 4B
§ Bad 3 3 0§ 3 03 ¢ 3 % %
§ onoch 3 S PR S P A F
< ; 0z I - R -
BN1 (S.D:)ﬂ(ﬁ].[)ﬂ) {5_0:);;?10) 0.1 5.57 5.60 0.005 -4.50 -3.02 0.3
JA1 BN2 (3'3%i1;].70) (3_3[;:4;_70) 0.025 3.60 3.55 0.01 -4.70 -5.00 0.06
BN3 1. 4:)?;] 40) (7_4:};03_ 40) 0.0 7.70 7.54 0.02 -4.70 -3.90 0.17
BN1 (5‘0:):?200) (4_915'0;‘00) 0.05 551 5.53 0.003 -5.90 -3.00 0.5
342 BN (3‘3%:‘;70) (3.32;135‘75) 0125 356 355 0002 460 35 02
BN3 1. 4{...0,3 40) (1. 415}’3 55) 0.1 7.54 7.58 0.005 -3.90 -3.50 0.1
f=3.5GHz ‘ f=5.5GHz J&S.GHZ
(a) Reference antenna
f=5.5GHz
(b) Type 3A1
=8 E
F=5.5GHz F8GHz
(c) Type 3A2
FIGURE 7. Surface Current Distribution
RADIATION PATTERN RP

Radiation patterns for proposed antenna type 3A1 and 3A2
are illustrated in Figure 8. Frequency of interest were chosen
at /=4.5, 6.5 and 9.5GHz as it was taken in the interval
between the notched frequencies, which were at 3.3~3.7,
5~6, and 7.4~8.4 GHz. The UWB frequency bandwidth

is allocated between 3.1~10.6 GHz and then divided into
three sections that are lower (3.1~5.5 GHz), middle (5.5~8
Ghz) and higher (8~10.6 GHz) frequency regions. Radiation
patterns in the H- and E-plane of type 3A1 and 3A2 were
in omni- and bi-directional, respectively. Number of lobes
was increased in the E-plane due to the ratio of wavelength



A to the frequency f. It was considered that the slit S, in the
elliptical element had affected the radiation pattern in the
E-plane at the frequency /=6.5 GHz.

Radiation patterns for the reference antenna in the
E-plane was symmetrical as the structure of the antenna
was not modified. However, the E-plane was affected when
slit §, was etched on the elliptical radiator in the parallel
position.

Thus, the parallel etched slits disrupted the vertical
E-plane radiation patterns. The H-plane was not
significantly affected as the slits were etched horizontally.
From the frequency of interest, maximum gain G =6.6

max(341)
dB and G =6.1 dB were obtained in the H- and

max(3A42
E-plane of 9:(1 7)5 deg and ¢=162 deg, and 6=181 deg and
¢=162 deg at the frequency /=4.5 GHz for type 3A1 and
3A2, respectively.

However, lowest gain G, ., =3.5dBand G, . 13-4
dB were at the frequency /=9.5 GHz for 6=150 deg and
¢=127 deg, and 0=127 deg and ¢=132 deg for type 3A1l
and 3A2, respectively. Maximum gain G for type 3A1 and
3A2 were found in the —z —axis for the H-plane for the
frequency f=4.5, 9.5 GHz. However, for the E-plane the
maximum gain G were at +y —axis for the frequency /=4.5,
9.5 GHz, and at —y —axis for the frequency f/=6.5 GHz,
respectively.

-40 -30 -20 -10 ®

H-plane
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GAIN G AND RADIATION EFFICIENCY E,

Simulated and measured maximum gain G and efficiency
e , for the reference, UWB planar antenna type 3A1 and
3A2 are presented in the Figure 9. Tolerance % between
the simulated and measured gain G and efficiency e,
were significantly small. Gain G and efficiency e, at the
band notch center frequency f, BN1, BN2 and BN3 are
tabulated in Table 5. Simulated maximum gain G for the
reference, proposed antenna type 3Al and 3A2 were at
the frequencyf(mﬂ:9.2 GHz, ﬁjAI):10.7 GHz andf(jAZ):10.9
GHz for G, . ,=52dB, G, ., =65dBand G . =7.8
dB, respectively. Radiation efficiency e , at the frequency
f=3.5, 3.6, 5.6, 7.9, 7.8 GHz for the UWB planar antenna
type 3A1 and 3A2 were lower than the reference antenna.
The frequency bandwidths were allocated within the band
notch characteristics of BN1, BN2 and BN3, respectively.

Lowest radiation efficiency e , was at the frequency
f=7.98 GHz with e =41.9% for UWB planar antenna type
3A2. Opverall, radiation efficiency e , cliffs at the band
notch frequency bandwidths for type 3A2 were lower than
type 3A1. Thus, it was considered that slits in the elliptical
radiator and ground affected the radiation efficiency e_,
and the slits that were etched in UWB planar antenna
type 3A2 were more efficient to generate the band notch
characteristics.

E-plane

(a) Type 3A1

mmmmmmn (A)Simulated
smmmmmn (A)Measured

smmmmnn (3A1)Simulated
mmmmmmn (3A])Measured
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FIGURE 8. Radiation Patterns for UWB Planar Antenna
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TABLE 5. Gain G and Radiation Efficiency e , for Band Notch BN1, BN2 and BN3 Characteristics of UWB
Planar Antenna Type 3A1 and 3A2

Band notch Antenna type/Band notch characteristics A Tolerance % 3A1  Tolerance % 3A2  Tolerance %
BNI1 Centre frequency fc Simulated 5.60 0.0 5.60 0.0 5.55 0.02
Measured 5.60 5.60 5.39
Gain G Simulated 3.55 0.01 4.36 0.04 4.33 0.18
Measured 3.6 4.15 3.55
Radiation efficiency erad Simulated  97.24 0.01 81.58 0.004 70.61 0.01
Measured ~ 98.67 81.95 69.91
BN2 Centre frequency fc Simulated 3.60 0.0 3.61 0.05 3.53 0.01
Measured 3.60 3.80 3.60
Gain G Simulated 2.40 0.03 3.62 0.07 4.14 0.05
Measured 2.48 3.89 391
Radiation efficiency erad Simulated ~ 97.73 0.01 74.89 0.002 71.92 0.002
Measured  96.67 74.70 72.06
BN3 Centre frequency fc Simulated 7.88 0.0 7.89 0.02 7.88 0.003
Measured 7.88 7.71 7.85
Gain G Simulated 3.31 0.03 435 0.14 2.19 0.12
Measured 3.18 3.71 1.91
Radiation efficiency erad Simulated ~ 94.65 0.02 66.09 0.04 41.96 0.07
TABLE 6. Comparisons with other UWB Planar Antenna Design with Triple Band Notch Characteristics
Reference Size (mm2) Band notching method Notched frequencies (GHz) Drawback
Wang, S., Dong, J. 35.5x30  Arc-H and L-, and T-shaped slot Wimax 3.3~4.68 Design complexity.
&Wang, M. Wlan 5.15~6.48
X-band 7.25~8.54
Ain, Q. & Chattoraj, N. 31x24 Multiple C-shaped slots Wimax 3.3~3.7 Design complexity.
Upper Wlan 5.7~6
Lower Wlan 5.1~5.4
Elhabchi, M., Srifi, 26x26 Inverted T- and I-shaped slots, and dual 5G 3.3~3.7 Bulky design.
M.N. & Touahmi, R. split ring resonators. Wlan 5.72~5.84
X-band 7.1~8.39
Kumar, S. & Khan, T. 25x30 U- and Archimedean spiral shaped Insat 4.5 Bulky design.
EBG unit cells Wlan 5.1
Radio 9.1
Kumar, O.P., Singh, A., 30x30 Semi-and quarter circular slots, and Wimax 3.1~3.8 Bulky design.
Sinha, R. & Ali, T. EBG Wlan 5.3~5.8
C-band 6.9~7.5
Faouri, Y.S., Awad, 36x36 Inverted E-stub, dual triangular slots Wimax 1.66~3.29 Bulky design.
N.M. & Abdelazeez, and a square slot Wlan 4.72~5.81
MK. X-band 7.86~8.62
Khattak, M.I., Khan, 30x28 Rectangular, U-and inverted U-shaped Wimax 3.1~3.7 Design complexity.
M.1., Ullah, Z., Ahmad, slots. Wilan 5.1~5.8
G. & Khan, A. ITU-band 7.95~8.4
Proposed antenna 45x21 Triple slits Wimax 3.3~3.7 Design simplicity.
Wlan 5~6

MSAT 7.4~8.4
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Slit S, was etched in the upper part of the ground plane
and near to the feed. Thus, at the frequency bandwidth
f=7.4~8.4 GHz, the surface current distribution in the
elliptical radiator and ground were mostly disrupted and
the maximum gain G and the radiation efficiency e, were
significantly changed.

CONCLUSION

UWB planar antenna with triple band notch characteristics
has been recommended and studied. The designed antennas
were compact and low profile. Etching was regarded as to
create the band notch characteristics in a simple way. Slits
in the elliptical radiator and ground were etched as to create
the band notch characteristics for the frequency bandwidth
to eliminate WLAN, WIMAX and MSAT communication
system. Slits §,, S, and S, in the elliptical radiator and
ground were to create band notch characteristics between
the frequency bandwidth 5~6, 3.3~3.7 and 7.4~8.4 GHz,
respectively. The proposed antenna performances such as
reflection coefficient S, surface current distribution, gain
G and efficiency e , were compared with the reference
antenna and the results were reasonable.
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