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Compact CPW-Fed Asymmetric UWB Antenna with Sufficient
WLAN-Band Rejection
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Abstract—A coplanar waveguide fed asymmetric rectangular antenna with sufficient WLAN band-
rejection is presented for ultra-wideband applications. The antenna uses an asymmetric rectangular
patch, modified feedline, and defected coplanar ground plane for obtaining ultra-wideband performance.
An inverted-L shaped slit in the radiating patch is used for realizing the WLAN band-rejection. The
antenna is designed on a 1.6 mm thick FR-4 substrate having an area of 12 x 16 mm? (0.169Af, x0.225\1).
An impedance bandwidth of 11.49 GHz with a WLAN band-notch from 5.15-5.86 GHz is achieved. In
addition to this, desirable radiation characteristics in terms of stable radiation patterns, peak realized
gain of 4.5dBi, and maximum total efficiency of 81% are achieved in the pass-band. In the notched-
band, the peak gain and total efficiency reduce to —1.3dB and 40%, respectively. Measured results
agree well with simulated results. This antenna structure has fractional bandwidth of 115.18% and
a bandwidth dimension ratio of 3029, which is comparable or better than that of similar structures
available in the literature. The proposed antenna has desirable time-domain performance in terms of
fidelity factor, group delay, isolation, and Ss; phase.

1. INTRODUCTION

Present wireless technologies require high data rate communication with high security and reliability.
These demands are fulfilled by using wideband antenna structures. The modern advancements in
fabrication technology have led to the miniaturization of communication systems. Therefore, a new
design challenge faced by antenna designers is in terms of antenna size without compromising the
antenna performance [1,2]. Small physical dimensions of the antenna allow monolithic microwave
integrated circuit (MMIC) designers to integrate additional components in the chip design.

An antenna having absolute bandwidth > 500 MHz or fractional bandwidth > 20% can be
considered as an ultra-wideband (UWB) antenna, according to the definition given by Federal
Communication Commission (FCC) [3,4]. In addition to this, FCC allocated the frequency spectrum
3.1-10.6 GHz for UWB unlicensed usage. This frequency spectrum contains the frequency bands
of commercial applications like WLAN and WiMAX. The signals generated by these commercial
applications cause interference to the UWB signals. To mitigate this interference, another challenge
of creating a band-notch in the UWB antenna arises. Antennas with small physical dimensions,
ultra-wide bandwidth, and built-in band-rejection capabilities are the key requirements of present-
day wireless communication systems [5,6]. In the published literature, several UWB antenna designs
comprising different radiator geometries like circular, rectangular, elliptical, hexagonal, octagonal,
fractal geometries, modified trident, and modified rectangular shapes with and without notch-bands
have been proposed [7-23]. The band-rejection capabilities are achieved by using circular slots, inverted-
U slots, coupling slots, defects in the ground plane, etc. In all the above-discussed structures, either the
antenna dimensions are large or the absolute bandwidth is less.

Received 25 November 2020, Accepted 7 January 2021, Scheduled 15 January 2021
* Corresponding author: Rahul Kumar Garg (rahulkumargarg08@gmail.com).
1 Department of Electronics and Communication Engineering, The LNM Institute of Information Technology, Jaipur, India.
2 Department of Electronics and Communication Engineering, Malaviya National Institute of Technology, Jaipur, India.



202 Garg et al.

In the present work, a new miniaturized UWB antenna with WLAN band-rejection capabilities
is presented. The techniques of asymmetric tapering in the feed line and defected coplanar waveguide
(CPW) ground plane are used to achieve the UWB characteristics. An inverted-L shaped slit is loaded
on the radiator to generate WLAN band-rejection. The proposed antenna geometry is designed and
analyzed by using commercially available CST-Microwave Studio Simulator. The antenna prototype is
fabricated and tested. The performance of the proposed design is compared with other already reported
similar designs, in terms of their size, percentage size reduction, bandwidth, and bandwidth dimension
ratio (BDR). The performance of the proposed design is either comparable or better than that of already
reported similar designs.

2. DESIGN DETAILS

Figure 1(a) shows the proposed antenna geometry with optimized dimensions. Commercially available
FR-4 substrate of size 12 x 16 x 1.6mm?® is used. The design derivation stages are shown in
Figure 1(b). The design starts with an asymmetric rectangular monopole fed by a microstrip feedline
with conventional CPW ground planes. It is followed by feedline tapering, creation of defects in the
ground plane, and loading of the radiator with a half wavelength long inverted-L shaped slit. The
location of the slit is determined by analyzing the surface current distribution on the patch at the
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Figure 1. (a) Geometry of proposed antenna design (optimized design dimensions of the antenna are
Ws =12mm, Wg = 4mm, Wp = 6mm, Wm = 3mm, W1 = 2.5mm, W2 = 1.5 mm, W3 = 4mm,
W4 = 5mm, Wb = 0.5mm, Ls = 16 mm, Lg = 5mm, Lp = 10mm, L1 = 2mm, L2 = 4mm,
L3 = 1mm, L4 = 1mm, L5 = 3.6 mm, S = 1lmm, and G = 0.5mm). (b) Derivation stages: (I)
Antenna-I, (II) Antenna-II, (ITI) Antenna-III, and (IV) Antenna-IV.
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center of notched-band frequency. The length of the slit is calculated using Equation (1) [23].

C
Lgit = (1)

er+1
2fnotch . 9

where footeh = 5.5 GHz, Ly = 2(W4 + L5) — W5 = 16.7mm (total electrical length of slit).

3. RESULTS AND DISCUSSIONS

3.1. Simulation Results

The variations of the reflection coefficient with frequency for the derivation stages are shown in
Figure 2(a). For asymmetric rectangular monopole, i.e., Antenna-I, dual operating bands are achieved
(4.72-7.99 GHz and 11.52-15.59 GHz). In Antenna-II, wideband characteristics are achieved by
replacing the upper rectangular section of the feed line with a trapezoidal section. The impedance
matching is also improved, resulting in wideband performance over the frequency spectrum of 4.49-
14.52 GHz. This bandwidth improvement is achieved due to the smooth transition of higher-order
modes from the feedline to the radiator. Thereafter, in the case of Antenna-III, designed by loading the
ground planes with rectangular defects, further improvement in impedance matching leads to bandwidth
enhancement from 10.03-10.83 GHz. In the last step, i.e., Antenna-IV, the loading of an inverted-L slit
on the radiator results in rejection of the WLAN band (5.14-5.84 GHz). Besides this, an enhanced
bandwidth of 11.49 GHz (4.23-15.72 GHz) is also achieved.

Figure 2(b) displays the surface current distribution at a few pass-band frequencies (4.8 GHz,
6.3 GHz, and 11.5GHz) and stop-band frequency (5.5GHz). It is observed that at the pass-band
frequencies, the surface current is distributed across the different portions of the radiator, feedline, and
ground planes based on the respective frequency. The non-concentration of the surface current at a
particular portion results in good radiation in the pass-band. At the center frequency of notched-band
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Figure 2. (a) Reflection coefficient versus frequency performance plots for derivation stages. (b)
Surface current distribution at pass-band and stop-band frequencies.
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(i.e., 5.5 GHz), the surface current is confined to the inverted-L slit. This confinement of the surface
current results in band-rejection at 5.5 GHz.

3.2. Characteristic Mode Analysis

The theory of characteristic mode (TCM) gives physical insight into the radiating modes of the

antenna [24]. TCM analysis does not need any feed arrangement for the antenna. The only requirement

is that lossless material should be used during the simulation process. TCM analysis results in

performance parameters like eigenvalue, characteristic angle, and modal significance. Characteristic

angle (V) is related to the phase angle between characteristic current and related field whereas modal

significance (Y) is the normalized form of the eigenvalue (A). These are calculated as follows in Egs. (2)-

(4) [24-29].

X (Jn) = MR(Jp) (2)

T = 180° — tan" ' (\,) (3)

B 1

TN

where \,, = Eigenvalue of the nth mode and J,, = Eigen current of the nth mode, and X and R are the
imaginary and real parts of impedance matrix.

Figures 3-5 present the characteristic mode parameters for the derivation stages. The values of

A, U, and T for a radiating mode are 0, 180°, and 1, respectively. Table 1 lists the detailed results

obtained for various characteristic mode parameters for all the derivation stages. It is observed that
mode 1 and mode 2 are the radiating modes and mode 3 is the non-radiating mode.
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Figure 5. Modal significance (7).

Table 1. List of characteristic mode analysis parameters for derivation stages.

. Resonant Frequency at
Sr. No. | Antenna | Resonating Mode =0 ¥ — 180° T —1
Mode 1 5.81GHz | 5.81GHz | 5.81 GHz
1. Antenna-I
Mode 2 11.58 GHz | 11.58 GHz | 11.38 GHz
Mode 1 5.64 GHz | 5.64GHz | 5.63 GHz
2. Antenna-II
Mode 2 10.91 GHz | 10.91 GHz | 10.8 GHz
3 Antenna Il Mode 1 5.62GHz | 5.62GHz | 5.62 GHz
' Mode 2 11.03 GHz | 11.04 GHz | 10.86 GHz
4 AntennaTV Mode 1 4.77GHz | 4.77GHz | 4.81 GHz
‘ Mode 2 6.52GHz | 6.52GHz | 6.52 GHz

3.3. Measured Results

The antenna prototype and simulated and experimental reflection coefficients are illustrated in
Figure 6(a). It is observed that the measured lower and upper cutoff frequencies of 4.27 GHz and
15.51 GHz are slightly different from the simulated values of 4.35 GHz and 15.35 GHz, respectively. The
lower band edge frequency of the proposed UWB antenna is in accordance with the other similar
structures [9-21]. Moreover, the simulated and measured notch-band frequency ranges are 5.14—
5.84 GHz and 5.3-6.02 GHz, respectively. The value of the simulated and experimental reflection
coefficient in the notched-band are —5.48 dB and —6.12 dB, respectively. These values of the reflection
coefficient in notched-band are in accordance with those previously reported in structure available in
literature [23]. Minor discrepancies between simulated and measured results can be attributed to the
fabrication tolerances, effects of frequency on dielectric constant, etc. The realized gain and efficiency
plots are shown in Figure 6(b). It is observed that the peak antenna gain, total efficiency, and radiation
efficiency have their maximum of 4.5 dB, 81%, and 79%, respectively, in the pass-band. In the rejected-
band, the peak gain decreases to —1.3dB; total efficiency decreases to 40%; and radiation efficiency
decreases to 39%.

Simulated and measured radiation patterns in both E-plane and H-plane at 4.7 GHz, 7 GHz, and
11.75 GHz are shown in Figure 7. At lower frequencies (< 10 GHz), dipole-like patterns in E-plane and
omnidirectional patterns in H-plane are observed. For higher frequencies (> 10 GHz), due to higher
mode excitation, distorted omnidirectional patterns in the FE-plane and omnidirectional patterns in
H-plane are observed.

Table 2 compares the proposed design with already published similar designs. The comparison
is based on the dimensions of the antenna in terms of wavelength Az (calculated based on the lowest
cutoff frequency of impedance bandwidth), percentage size reduction, absolute bandwidth, fractional
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Figure 6. (a) Photograph of fabricated antenna, simulated and measured reflection coefficient plot,
and (b) realized gain and efficiency versus frequency plots.

Table 2. Comparison of the proposed design with other reported designs in the literature.

. % Size Lower-Higher . Fractional
Sr. Size Bandwidth
No. Reference (AL X Az) reduction (in Frequency (GHz) Bandwidth BDR
terms of A\%) (GHz) (%)
1. [7] 0.99 x 1.34 97.13 4.4-17.6 13.2 120 90.45
2. 8] 0.272 x 0.39 64.15 3.89-11.58 7.69 99.4 937.02
3. 9] 1.516 x 1.516 98.35 4.55-13 8.45 96.29 41.89
4. [10] 0.29 x 0.28 46.92 4.94-12.72 7.78 88.1 1085.08
5. [11] 0.275 x 0.264 47.62 3.3-9 5.7 92.68 1276.58
6. [12] 1.68 x 1.68 98.65 6-16 10 90.9 32.06
7. [13] 0.47 x 0.41 80.26 4.06-6.34 2.28 43.84 227.53
8. [14] 0.55 x 0.55 87.42 5.12-6.32 1.2 20.97 69.35
9. [15] 0.72 x 0.72 92.66 4.31-6.78 2.47 44.54 85.92
10. [16] 0.33 x 0.32 63.99 4-8.44 4.44 71.38 675.97
11. [17] 0.97 x 0.795 95.06 5-7 2 33.3 43.22
12. [18] 0.87 x 0.87 94.97 5.23-5.77 0.54 13.5 17.83
13. [19] 0.382 x 0.382 73.94 4.25-12.5 8.25 98.5 675
14. [20] 0.38 x 0.386 66.3 7.11-12.71 5.6 56.5 385.19
15. [21] 0.576 x 0.576 88.53 4.32-6.3 1.98 37.28 112.38
16. Proposed | 0.169 x 0.225 - 4.23-15.72 11.49 115.18 3029.05

bandwidth, and BDR [10]. It is observed that the proposed antenna has a size reduction of ~ 98%
over the previously reported designs. Moreover, the proposed antenna has a bandwidth of 11.49 GHz,
fractional bandwidth of ~ 115%, and BDR of ~ 3029. These performance parameter values indicate
that the proposed antenna has the widest bandwidth, the largest value of BDR, and very high size
miniaturization in comparison to other compared geometries.

4. TIME-DOMAIN ANALYSIS

In addition to frequency-domain analysis, time-domain analysis of the UWB antenna is also necessary
to analyze the effect of an antenna on the time-domain pulse due to the large bandwidth. In this
analysis, two identical proposed antenna geometries are placed 30 cm apart from each other (to ensure
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Figure 7. Simulated and measured radiation pattern at (a) 4.7 GHz, (b) 7GHz, and (c) 11.75 GHz.
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Figure 8. Time-domain analysis setup and performance parameters, (a) Face-to-Face (F2F)
configuration, (b) Side-by-Side (S2S) configuration, (c¢) normalized transmitted and received pulse
amplitudes, (d) group delay, (e) isolation magnitude, and (f) So1 phase.
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the far-field condition) in two different configurations known as Face-to-Face (F2F) and RF Side-by-Side
(S2S) configurations, as presented in Figures 8(a)-8(b). In each configuration, one antenna works as the
transmitting antenna (which is excited by a short Gaussian pulse), and the other works as the receiving
antenna [30]. Time-domain performance of the proposed UWB antenna in terms of transmitted and
received pulse shapes, fidelity factor, group delay, isolation (]|S2;|) magnitude, and S9; phase is shown
in Figures 8(c)-8(f).

/ S8, (t+ TV

| isioea | IS0 dt

where S;(t) = transmitted pulse, S, (t) = received pulse and 7 = group delay.

Normalized amplitudes of the transmitted and received pulses are shown in Figure 8(c). The
fidelity factor which represents the correlation between transmitted and received pulses (calculated
using Equation (5)) is 94% in F2F configuration and 87% in S2S configuration. Group delay is almost
constant in the entire frequency range except for the band-notch region where it varies from 1.5 ns to 2 ns.
This group delay variation is within the permissible limit of 5 ns mentioned in the literature [30,31]. In
each configuration, isolation is better than 45 dB, and the isolation phase has an almost linear variation
with frequency in the passband. This ensures the absence of undesired out-of-phase components over
the entire operating band (excepting the nonlinear variations in notch-band).

F = max

()

5. CONCLUSIONS

A new type of compact ultra-wideband antenna with sufficient WLAN band-rejection is presented.
Asymmetric rectangular monopole antenna with tapered feed-line and defected coplanar waveguide
ground planes is used to enhance the bandwidth. An Inverted-L slit is loaded on the patch to reject
the WLAN band. The prototype with optimized dimensions is simulated, fabricated, and tested. The
measured data are in good agreement with the simulated data. This antenna design will find applications
in many modern ultra-wideband communication systems.
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