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COMPACT TWO-PORT ANTENNA WITH PARASITIC NOTCH AND
DEFECTIVE GROUND FOR WIRELESS COMMUNICATION
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Wearable applications.

This paper presents a compact multiple input multiple output antenna (MIMO) with a wireless local area network (WLAN) notch
characteristic for ultra-wideband (UWB) applications. The two modified rectangular radiators share a common ground that
provides UWB response. The design is modeled over FR4 material and has an overall compact size of 0.34 Ao x 0.24 Ao x 0.015 Ao
mm? at the frequency of 2.9 GHz. A tree-shaped decoupling structure with multiple slots in the ground is introduced between the
ports to establish good isolation. The open-ended slots in the ground perturb diminish the surface current between two ports and
ensure the isolation larger than 20 dB in the entire UWB from 2.9 GHz to 10.2 GHz. An S-shaped parasitic stub is utilized at the
backside of the radiating element to implement a band notch characteristic from 5.03 GHz to 5.90 GHz. The proposed antenna is
also investigated for wearable applications with a human tissue model showing a small SAR value (less than 1.6 W/kg). The
simulated and measured result shows that the designed antenna suits MIMO performance and wearable devices.

1. INTRODUCTION

In the present scenario, wireless communication systems
have been developed extensively due to high data rates and huge
channel capacity. Ultra-wideband (UWB) communication has
recently attracted appreciable attention to realizing the current
requirements [1]. Due to the low transmission power, UWB
communication spanning 3.1 GHz to 10.6 GHz is widely
employed in short-range applications like Wi-Fi and Bluetooth
technology with low power and high bandwidth. UWB
technology has significant utilization despite its reliability and
multipath fading problems [2]. To address the situation, antenna
diversity with UWB technology, which utilizes multiple
antennas at both ends, known as the multiple input multiple
output (MIMO) system, has been proposed. MIMO utilizes the
multipath fading problem as a favorable condition [3] compared
to single-element antenna [4]. UWB-MIMO system effectively
improves transmission efficiency, communication quality, and
channel capacity, suppressing multipath fading with the same
consumption of bandwidth and power [5].

To design the MIMO antennas for UWB range, compact,
high isolation, wide bandwidth with band-notched behavior
have drawn widespread attention in the research field.
Designing a compact MIMO antenna increases the
electromagnetic interaction between closely spaced elements
that degrade the antenna performance. Many technologies are
employed to reduce mutual coupling by perturbing the surface
current between the ports. DGS [6] utilizes different shapes in
the ground that affect the surface current and reduce the mutual
coupling by increasing the current path. DGS with stubs is also
incorporated to diminish the common coupling connecting
multiple antenna elements by changing the surface current [7,8].
Parasitic elements and stubs [9-13] compensate for the mutual
impedance by suppressing the surface wave.

In contrast, electromagnetic bandgap (EBG) structure
[14,15] and metamaterial [16] affect the antenna property
due to the surface current. Furthermore, EBG and meta-
material increase the antenna size when placed between
antenna elements, and shorting pins increase the electric
length of the antenna and affect the impedance matching.
Multiple EBG structures can be employed to decrease the

mutual coupling for UWB frequency, which increases the
antenna size, where stubs, shorting pins, and defected ground
are suitable for the narrowband application.

In [6], orthogonal polarization and DGS are used to improve
the isolation for wireless body area network applications. In [7],
DGS and slotted-T decoupling structure is used between two
modified fractal Koch radiators to improve the isolation. Two
rectangular-shaped radiators are isolated with T-shaped stubs
and open-ended slots in the ground [8]. In [9], the isolation of a
modified hexagonal-shaped antenna is enhanced using a T-
shaped design in the ground. In [10], two simple rectangular-
shaped radiators utilize a simple T-shaped stub with defective
ground technology to reduce mutual coupling. In [11], the
isolation of the monopole antenna is improved by vertical stubs
and an H-shaped slot in the bottom layer of the substrate where
the vertical stub elongates the current path, and the H-shaped
slot concentrates the current around it, improving the isolation.
In [12], a rectangular stub is introduced in the ground plane
between two circular radiators to enhance the isolation.

In [13], a T-shaped stub is utilized between two hexagonal-
shaped radiators to suppress the current from port | to port Il.
In [14,15], the sequence of EBG structure in the top substrate
layer with a T-shaped stub attached to the ground is designed
to enhance the isolation. In [16], two orthogonally placed
tapered-fed radiators utilize double split ring resonators
between the antenna ports to improve the isolation. In [17],
meta-material structures and stubs are designed to isolate the
two modified circular patches. In [18], two-element tapered
fed radiators are designed to obtain the UWB, and a modified
T-shaped stub with a Minkowski fractal shape is incorporated
between the two elements to enhance the isolation. In [19], the
mutual coupling is reduced using two inverted L-shaped stubs
and DGS between two cup-shaped radiators. In [20], current
flow between leaf-shaped ports is reduced with stubs, parasitic
stubs, and shorting pins.

This paper uses a tree-shaped decoupling structure with
multiple open slots to enhance the isolation, where an S-
shaped parasitic stub in the ground is used to prevent the
WLAN band. The isolation in the entire UWB of the
designed antenna is greater than 20 dB except for the
notch band, which is of a limited size, and the antenna is
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evaluated on a human specimen for wearable technology
where significant SAR is achieved. The antenna can be
used in portable and wearable devices with less
complexity and less coupling with the phantom model
behind the antenna.

The proposed antenna is designed with simple decoupling
technology where the antenna edge-to-edge distance is only
19 mm. The parasitic S-shaped notch completely neglects the
WLAN frequency band and can be effectively used in 5G
wearable applications.

2. ANTENNA DESIGN

FR4 substrate is considered for designing a compact
MIMO antenna with a dielectric constant = 4.4. The
geometry of the antenna with overall dimension 0.34 ) x 0.24
Ao x 0.015 Ao mm? at the frequency of 2.9 GHz is represented in
Fig. la-b, and hardware specimen with top and bottom plane
is described in Fig. 1c. The measured parameter of
antenna (mm) are as follows: Ws = 35, W1 = 6.5, W2 = 1.5,
W3 =3.25W4 =225 W5=7, W6=21 W7=4W8=3,
W9 =8.28, W10 = 0.5, W11 =2, W12 = 2.5, W13 =4, W14
=1,W15=3.75, W16 =1, Wf = 1.5, W17=19, L5 =2, Ls =
25,L4=15/1L1=8,, L3=95, L6=105, L2=2 L7=7,
L8=3, L9=5 L10=35, Ll1=45 L12=35,
L13 = 12.54. The stepwise design methodology of a two-port
MIMO antenna with a WLAN notch is displayed in Fig. 2a,
and S-parameter characteristics are depicted in Fig. 2b—c. In
step 1, two rectangular monopole radiators are accomplished
with the partial ground. The ground length is 6.5 mm, and
the radiator is 11.5 mm.

Fig. 1 — Two-port proposed antenna: a) front surface;
b) back surface; c) hardware prototype.

The |S11| ranges from 3.2 GHz to 9.3 GHz, and minimum
|S21| is more than 11.10 dB. In step-2, the rectangular radiator
is modified to increase the impedance matching and enhance
the impedance bandwidth. The |S11| ranges from 3.3 GHz to
9.9 GHz, whereas |S,1| is the same as step-1. In step-3, a tree-
shaped stub is incorporated in the ground, which refines the
|S11| of the designed antenna and perturbs the current from
port | to port Il. The tree-shaped decoupling structure
improves the isolation and ranges from 13.9 dB to 47.56 dB,
where |S11| expands from 3.4 GHz to 9.1 GHz.

Moreover, in step-4, multiple slots in the ground plane
mitigate the surface current between the antenna element,
which improves the isolation of the antenna and introduces
the circular polarization behavior. The isolation of the
antenna is above 20 dB and axial ratio (3 dB) bandwidth is
from 3.08 GHz to 3.3 GHz. In step-5, a notch characteristic
is introduced in the antenna using an S-shaped parasitic stub

in the ground. The notch bandwidth is from 5.03 GHz to
5.93 GHz, preventing hiperLAN/1 and hiperLAN/2 in UWB
applications. The effect of inserting a tree-shaped decoupling
structure and multiple open-ended slots in the ground can
also be explained with the current distribution at 7.7 GHz
(highest isolation frequency), as shown in Fig. 2d.
Introducing a decoupling structure creates an additional path
between the radiating elements. The figure shows that the
decoupling pattern hinders the current flowing from port I to
port I, enhancing the isolation between the ports.

Further, the impact of the S-shaped parasitic stub in the
ground to achieve a WLAN notch can be analyzed using
surface current in Fig. 2e at 5.2 GHz frequency. The figure
shows that the current is concentrated near the parasitic stub,
resulting in band notch characteristics from 5 GHz to
5.9 GHz. The L-shaped open stubs in the ground are also
responsible for CP behavior from 3.08 GHz to 3.3 GHz, as
represented by the 3 dB axial ratio in Fig. 2f. To investigate
the CP behavior in-depth, the current distribution at 3.2 GHz
frequency at different phases (0°, 90° 180% and 270°) is
illustrated in Fig. 2g.

The red arrow indicates the current vector direction. The
left side at the ground shows anti-clockwise, and the right
side (ground) shows clockwise vector current movement.
The clockwise movement represents LHCP behavior, and
the anti-clockwise movement represents the RHCP
behavior of the proposed antenna. Furthermore, the edge-
to-edge distance of the radiator is only 19 mm, which is
0.18 Ao and lower than the conventional distance of A¢/2 and
Xo/4 wavelength, which validates the compactness of the
antenna.

Step-1 Step-2
Step-3 Step-4
0
_10 «\
a R :
T 204 Wi o
= e Step (i)
5 m— Step (i)
— -30- e Step (iii)
et Step (iv)
et Step (V
-40 T T T T T T T T Ip ( )
3 4 5 6 7 8 9 10 11
Frequency (GHz)

(b)



402 Pragya Gupta, Manisha

Bharti, Anubhav Kumar

e Step (i)
s Step (ii)
e Step (iii)
e Step (iv)
==t Step (V)
0T

3 4 5 6 7 8

9 10 1

Frequency (GHz)

Axial Ratio (dB)

1y

3 1 3. 2 3. 3
Frequency (GHz)

3.0

\«««««

-~ T

\«

iz

)x‘x

R
u

mu;

)
)

S%?ﬁ

Fig. 2 - UWB MIMO antenna: a) evolution steps; b) simulated |Sy4| in
dB; c) simulated |S| in dB; d) current variation at 7.7 GHz; e) current
variation at 5.2 GHz; f) axial ratio; g) vector current variation at
3.2 GHz at 0°, 90°,180°, 270° phase.

Table 1

Comparison with previous literature

Ref. Size Band Isolation | Decoupling Technique used Peak ECC
(mm?) (GHz) (dB) Gain(dB)
6 0.37 M x0.37 X 3.1-106 | -17 Orthogonal polarization and DGS 4.96 0.5
7 0.29 Ao x 0.42 Ao 2.48- -17 DGS and slotted-T structure 4.75 0.0089
15.42
9 0.41 Ao x 0.34 ho 3.0-10.7 | -25 T-shaped metallic strip 5 0.01
10 0.38 ho x 0.29 Ao 3-11 -20 Rectangular stub and grooves in the ground 5.8 0.02
11 0.28 Ao x 0.39 Ao 3.1-11 -18 H-shaped slot and vertical stub in the ground 4.9 0.0005
between the radiator

12 0.3 2 x0.49 A 3.1-11 -15 Rectangular stub 6.5 0.001
13 0.34 A0 x 0.45 Ao 2.1-114 | -15 T-shaped stub 0.75 0.04
14 0.29 X x.0.32 X 3.1-106 | -20 An array of EBG structure and T-stub 5 0.05
15 0.26 A0 x.0.45 Ao 3-17.6 -18 Array of EBG 4 0.018
17 0.29 X0 x.0.58 Ao 2.6-12 -20 Metamaterial structure 5.5 0.002
Proposed 0.34 X0 x.0.24 Ao 29-10.2 | -20 Tree-shaped decoupling structure and multiple 5.37 0.01
work open-ended slots

3. WEARABLE ANALYSIS

A human wrist model is designed to estimate the effect of
electromagnetic waves on the human body. A multilayered
human specimen [21] of the size 35 mm x 25 mm comprised of
skin (thickness = 2 mm), fat (thickness = 5 mm), and muscles
(thickness = 10 mm) is represented in Fig. 3a. The individual
properties [22] like dielectric constant (g,), mass density (p),
conductivity (o), and loss tangent (3) of the specimen are as
follows: skin (e, = 36.836 F/m, 6 = 2.1474 S/m, p = 1109 kg/m?,
8 =0.283), fat (£,=5.1542 F/m, 6 = 0.16627 S/m, p = 911 kg/m?,
& = 0.156) and muscles (g, = 51.196 F/m, c = 2.7358 S/m, p =
1090 kg/m?, § = 0.259). The model is positioned at a 20 mm
distance from the designed antenna. The maximum incident
power is taken at 100 mW under the consideration of human
safety. According to the FCC specification, the SAR value
should not exceed 1.6 W/kg averaged over 1 g of mass.
Simulated SAR (local and average) is 0.30 W/kg and 0.13 W/kg,
respectively, at a frequency of 3.7 GHz, showing that it is below
the permissible value of 1 g of mass. Simulated SAR (local and
average) is 0.30 W/kg and 0.13 W/kg, respectively, at a

frequency of 3.7 GHz, showing that it is below the permissible
value.

The influence of human body specimens on the designed
antenna is also examined, and simulated results are
expressed in Fig. 3b—d. The S-parameter shows the
minimum effect of human specimens on the proposed
antenna with the same operating bandwidth except for the
lower frequency isolation. The simulated peak realized gain
deviated from the expected result. Radiation efficiency is
reduced by approximately 10 % from the desired results.
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Fig. 3 — a) Human specimen model; b) [Si| and |Sx| (dB);
c) radiation efficiency; d) Peak gain (dB)

4. RESULTS AND DISCUSSIONS

The FR4 material is utilized to fabricate the two-port UWB
MIMO antenna with WLAN notch, simulation is performed
on HFSS 13 software, and measurement is carried out on
vector analyzer Anritsu MS2038C. Figure 5a represents that
the |S11|/|S22| parameter ranges from 2.9 GHz to 10.2 GHz
except from 5.0 GHz to 5.9 GHz band notch characteristics,
and |Sz1/|S12| parameter is more than 20 dB in the desired band.
The far-field property is measured in the anechoic chamber at
3.2 GHz, 3.7 GHz, and 6.7 GHz on port I's excitation and port
II's termination with the 50-ohm load. The measurement and
simulation (normalized) 2D radiation pattern in the x-z and y-
z planes is represented in Fig. 4b for co and cross-polarization
where RHCP and LHCP radiation pattern is achieved at
3.2 GHz. The measured result of the 3 dB axial ratio in Fig. 4c
demonstrates the CP behavior from 3.08 GHz to 3.3 GHz.
Peak realized gain extends from 1.94 dBi to 5.37 dBi except
at the notch frequency, where it drops to a negative value as
depicted in Fig. 4d. Radiation efficiency is greater than 90 %
in the entire UWB except at the notch, as represented in
Fig. 4e. The total efficiency of the MIMO antenna is more than
80 % throughout the band except at the notch, as represented
by Fig. 4h. The antenna is designed with proper impedance
matching with a 1.5 mm width of microstrip-fed transmission
line inspired by half-cut radiator technology. Therefore, fewer
deviations are achieved in all the results [23]. The comparative
evaluation of the designed antenna is discussed in Table 1,
revealing that the proposed antenna is compact in size and
higher in bandwidth. It has a lower correlation ratio with a high
gain. Therefore, the antenna is suitable for wearable and
WLAN applications.

To verify the MIMO performance of the antenna,
envelope correlation coefficient (ECC), total active
reflective coefficient (TARC), channel capacity loss (CCL),
and diversity gain (DG) [24] are calculated and illustrated in
Fig. 4i-1. ECC is an essential parameter that represents the
correlation between the individual elements of the antenna.

(811 1521 12) (11522 115 1212)

In literature, the ECC value is considered less than 0.5 for
the designed antenna that can be used in practical situations.
ECC is less than 0.01 between the ports in the desired band
in the designed antenna. TARC of the MIMO antenna can be
analyzed using eq. (2) to analyze the performance

TARC=/[S, 56" P +[Sp+8, 6 W2, ()

where 0 is the phase difference between the two-port feed.
The figure represents the variation of 6 from 0° to 180%
showing that the antenna's bandwidth is less affected by the
change in the phase feed difference. CCL is also a significant
parameter to define diversity performance. CCL defines
capacity loss of channels due to the correlation between the
MIMO channels. As the number of channels increases, CCL
also increases. It can be calculated using

CCL =-log,det(y"), (3)

where R denotes the correlation matrix, the figure
represents that the CCL value is less than 0.4 bits/s/Hz,
which shows the acceptable performance of the antenna.

DG is also a considerable parameter that defines the
reduction of transmission power after using the diversity
technique and can be estimated with the help of the above
calculated ECC, utilizing

DG=10,/1-[ECC% 4)

DG should be approximately 10 dB, which is verified
from the figure. All the results are found under an acceptable
range and can be used in practical applications.
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Fig. 4 — a) Measured S-parameter; radiation pattern b) RHCP and
LHCP at 3.2 GHz; c) at 3.7 GHz; d) at 6.7 GHz; e) axial-ratio;
f) peak realized gain (dB); g) radiation efficiency (%); h) total
efficiency; i) ECC; j) TARC; k) CCL,; I) DG.

5. CONCLUSION

The rectangular-shaped two-port UWB antenna with WLAN
notch characteristics for wireless and wearable applications is
discussed in this paper. The designed antenna covers |Sy1| from
2.9 GHz to 10.2 GHz with high isolation greater than 20 dB. A
tree-shaped decoupling structure with multiple slots in the
ground plane is responsible for high isolation in the entire UWB.

An L-shaped parasitic stub backed to a radiating patch is
incorporated for WLAN notch characteristics from 5 GHz to
59GHz. The SAR of the designed antenna is less than
1.6 W/kg as the prescribed limit of FCC, which shows that the
antenna is suitable for wearable applications.

Received on 5 August 2023
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