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Abstract

This manuscript presents a 50 ) microstrip-fed quad-element high isolated ultra-wideband
(UWB) multiple-input multiple-output (MIMO) antenna with band-notched characteristics.
The overall area of the proposed structure is 0.33), x 0.33\, mm? (where )\, depicts the free
space wavelength corresponding to the lower cutoff frequency, i.e. 2.54 GHz), etched on an
FR-4 substrate of thickness 0.8 mm. The top layer has four semicircular disc-shaped radi-
ating elements that are identical and orthogonal to obtain better inter-element isolation and
compactness. A reverse two-shaped slot is etched onto the radiating patches to attain a band-
rejection capability. Moreover, a decoupling structure is also placed at the top layer to suppress
the unwanted surface waves. The bottom layer consists of a ground plane, which is further
modified with quasi-self complementary and meandered line slots. A rectangular slot is also
etched below the feed line to better match the impedance near the lower cutoff frequencies.
The simulated reflection coefficients (S;;) of the proposed antenna are less than —10 dB over
2.54 to 10.74 GHz frequencies except at 3.37 to 4.15 GHz (WiMAX/C band), and the simu-
lated inter-port isolation (S,;) is greater than —15 dB over the entire UWB range of frequencies
(3.1 to 10.6 GHz). Also, the measured S-parameter results well agreed with the simulated ones.
Furthermore, the simulation study of the 20-element UWB-MIMO antenna is also investigated
using the proposed quad-element structure.

Introduction

Ever since an unlicensed band for ultra-wideband (UWB) communication (3.1-10.6 GHz)
is allocated by the Federal Communications Commission, numerous UWB-based systems
have been rapidly developing [1]. Much literature is available on the design challenges and
implementation of UWB antennas. The technology covers a vast range of applications in dif-
ferent domains, including medical devices, mobile communications, and nowadays, Internet
of Things-based gadgets [2-4]. However, multipath fading has always been considered as a
significant problem in UWB systems [5], due to which UWB multiple-input multiple-output
(MIMO) technology came into the picture and has attracted many researchers in academia and
industry. It offers intriguing features like fading mitigation, data rate enhancement, and chan-
nel capacity without additional power consumption. However, when the mutual coupling rate
of nearby exciting elements increases, the antenna’s performance parameters badly deteriorate.
Hence, one of the major challenges of MIMO antenna systems is to increase inter-element iso-
lation [6]. In fact, to further vary the isolation level between radiating elements, utilization of
already reported methods such as placement of decoupling and matching networks [7], neu-
tralization lines [8], electromagnetic bandgap (EBG) structures [9], defected ground structures
(DGS) [10], and parasitic elements [11] can be done. Recently, meta-material-inspired and frac-
tal antennas are also investigated for UWB-MIMO applications [12, 13]. However, they often
complicate the design geometry. One of the most efficient ways to attain high inter-element
isolation is by positioning all the elements orthogonally.

In [14], the authors presented a high isolated dual-element triangular-shaped MIMO
antenna with two step cut at its lower edge for UWB wireless communication applications.
In addition, two F-shaped stubs were introduced in the ground plane to enhance isolation
between radiators. The authors also discussed some important diversity parameters such as
envelope correlation coefficients (ECC < 0.04) and diversity gain (DG > 7.4 dB). Likewise,
in [15], the authors analyzed a compact dual-element half-cutting UWB-MIMO antennas
with fence-shaped decoupling structure in the ground. This fence structure comprised 16 slits,
worked as a band-stop filter to attain high isolation between radiating elements. However, the
antenna size in both articles is relatively large compared to the proposed design. Meanwhile, few
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Table 1. Comparison of the proposed antenna with other antennas

Harleen Kaur et al.

Operating Transmission Efficiency

Overall frequency coefficients in most of
References Size (mm?3) volume Ports (GHz) (dB) the band (%) Band-notched
[14] 50 x 30 x 1.6 2400 2 2.5 to 14.5 <-20 90 =
[15] 50x35x 1.0 1750 2 3to1l1 <-25 = =
[16] 42 x25x 1.6 4830 4 3.1to 12 <-22 80 =
[17] 31x31x1.6 1537 4 2 to 10.6 <-15 70 =
[18]2 31.5x34x0.8 856 4 3.1to 10.8 <-25 80 Dual
[19] 40 x 23 x 1.5 1380 2 2.5t010.4 <-25 = Single
[20] 23x40x 1.6 1472 2 2to 11 <-17 80 Triple
[21]b 26 x15x 1.6 624 2 3.1to 35 <-24 85 Dual
Proposed work 39 x39x0.8 1216 4 2.54 to 10.74 GHz <-15 75 Dual

2 In practice, the ground plane in the case of the MIMO antenna should always be connected.
b Size of the reported antenna is small; impedance bandwidth is quite large but consists of two ports.

researchers have started working with four-port antennas to attain
better diversity performance. In [16], a high isolated compact
four-port antenna without any decoupling network is discussed.
Four different 50 2 microstrip lines (MTLs) and four grounded
stepped slot radiating elements are utilized in this design. High
level of inter-element isolation is attained because of slot antenna’s
inherent directional radiative nature and asymmetrical position-
ing. Further, in [17], authors also analyzed a compact high isolated
four-port UWB-MIMO antenna for wireless applications. A quasi-
semi-ellipse quad-element UWB-MIMO antenna with a protuber-
ant ground is presented. The designed antenna has ECC < 0.005
and DG > 9.97. Despite mutual coupling, another major con-
cern in the UWB-MIMO antenna is the interference caused by
existing wireless standard bands (Wi-Fi, WiMAX, C, WLAN, and
X-band). In view of these issues, researchers have been investi-
gating the performance characteristics of UWB-MIMO antenna
with band-reject capabilities [18-21]. In [18], a quad-element
dual band-notch UWB-MIMO antenna with two different con-
figuration is reported. In design-I, four orthogonally arranged
F-shaped radiators are utilized. Band-notch at 7.3 GHz is attained
with a pair of mushroom-type EBG structures, while folded U-
shaped slot is responsible for creating notch at 8.2 GHz; while
in design-II, a quad-element cuboidal MIMO antenna is stud-
ied. Furthermore, in [19], a reconfigurable MIMO antenna with
band-reject properties for WLAN band is analyzed. The design
has two complementary stepped rectangular-shaped monopoles,
each combined with the quadrant-shape structure. A rectangu-
lar DGS at the ground controls the impedance matching over the
frequencies of interest. High isolation is realized with a slotted
circular-type ring grounded element. The reconfigurable band-
reject properties were attained only with the switches in the main
radiator that activate or deactivate the slots. Then in [20], a com-
pact triple-band-notch (WiMAX, WLAN, and X-band) dual-port
UWB-MIMO antenna using single cell two-via compact EBG is
designed. An inverted L-type ground stub suppresses the surface
wave coupling. Also in [21], a dual-element UWB-MIMO antenna
with dual band-reject characteristics is examined. The antenna
rejects WLAN band (5.09-5.8 GHz) and the IEEE INSAT/Super-
Extended C band (6.3-7.27 GHz) with upper and lower L-shaped
slits, respectively. Also, an inverted L-shaped decoupling struc-
ture in the ground enhances the inter-port isolation. The detailed

comparison (in terms of size, impedance bandwidth, isolation
technique, and diversity parameters) between some already pub-
lished UWB-MIMO manuscripts and the proposed antenna is
highlighted in Table 1.

This article contains a compact quad-element MIMO
antenna for UWB wireless applications. The design includes
four semicircular-shaped radiating patches fed by four different
modified microstrip feed lines. All are placed in orthogonal
arrangement so that each radiator is at 90° about the other. Along
with the radiators, a decoupling structure is also placed at the top
layer to achieve better results, while on the other side of the sub-
strate, a quasi-self complementary (QSC) technique is used in the
ground plane along with the meandered line slits. Furthermore,
a rectangular slot is etched to improve the impedance bandwidth
of the proposed antenna. Finally, a reverse two-shaped slot is
etched into each radiating element, creating a band-notched
at the WiMAX (3.3 to 3.7 GHz) and downlink C band (3.7 to
4.2 GHz). It is observed that the proposed diversity antenna offers
good impedance matching performance, as well as high isolation
over the operating band of frequencies. The manuscript has
been further categorized into five sections: configuration of the
designed antenna, results and analysis that includes radiation and
diversity performance, the investigation of the three-dimensional
UWB-MIMO antenna, and the conclusion.

Antenna configuration and evolution
Single-port UWB antennas

Figure 1(a) shows the top and bottom layers of the proposed single-
port antenna without slot, whereas Fig. 1(b) depicts the top and
bottom layers of the design with slot. The top radiating patches
comprise a semicircular disc, which is excited using a stepped
50 2 MTL and integrated on the FR-4 substrate (having €, = 4.4,
tand = 0.02). To attain better impedance matching characteris-
tics over the UWB range of frequencies, the ground plane of the
proposed antenna has been modified with a QSC slot and two
different rectangular slots. The optimized design parameters are
L=23mm, W =14.5mm, [, =8.5mm, , =7 mm, w = 1.5 mm,
g=1mm, h=575mm,a=7mm,b=3.1mm, c =945 mm,
d =4 mm, e = 8.25 mm, and r = 6.5 mm. Figure 1(c) illustrates
the zoomed view of the single radiating element of the proposed
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antenna. A reverse two-shaped slot has been introduced in the
radiating elements to notch the interfering C band. The optimized
design parameters of the slots are # = 0.25 mm, m = 3.3 mm,
p =85 mm, j = 3.75 mm, and k = 1.75 mm. Figure 1(d) show
the S-parameters in dB of the proposed antenna with and without
slot. The results reveal that the reflection coefficients (S;;) of the
proposed antenna have values less than —10 dB over frequencies
3.63 to 11.04 GHz without slot. However, the proposed structure
with slot reveals S;; values of less than —10 dB over frequencies
varying from 3.59 to 10.83 GHz except at 3.74 to 4.21 GHz (notch-
ing a C band from UWB). Further, Fig. 1(e) shows the realized
gain and total efficiency of the proposed antenna with and without
slot. It is observed that both gain and efficiency of the proposed
antenna remain unvaried from 1.36 to 3.91 dB and 76 to 92% over
the operating frequencies, respectively, but this highly degrades in
the C-notched band with the introduction of slot.

UWB-MIMO antenna without band-notch characteristics

Further, in Fig. 2(a), MIMO configuration is introduced where four
metallic semicircular disc-shaped radiating elements fed with four
different modified 50 2 MTLs and a decoupling structure is uti-
lized, while Fig. 2(b) depicts the bottom side of the substrate in
which QSC slots along with the meandered lines slots are etched in
the ground plane to attain the desired results. In addition, another
rectangular slot has also been introduced in the ground to achieve
good impedance matching over the operating frequency band.
The dimensions of the radiating element are approximately cho-
sen as \/4 (~24 mm) at 3.1 GHz (lower cut off frequency), and
the structure is resonating at 3.1 GHz corresponding to electrical Stepped
length. The overall volume of the proposed UWB-MIMO antenna microstrip
is 39 x 39 x 0.8 mm®. The antenna elements are excited by four —
stepped MTLs and are positioned orthogonal toward each other to
attain better inter-element isolation and compactness in the struc-
ture. The working impedance bandwidth of the proposed antenna
varies from 2.62 to 10.73 GHz. Satisfactory inter-element isolation
of more than —13 dB and —15 dB is observed over the UWB band
between adjacent elements (e.g. port-1 and port-2) and diagonal
elements (e.g. port-1 and port-3), respectively. Figure 2(c) illus-
trates the simulated S-parameters of the proposed quad-element
UWB-MIMO antenna. Further, the parametric analysis of the
proposed antenna has been carried out to validate the result of 45
S-parameters. The following are the optimized design parame-

ters: L, = 39 mm, L, = 39 mm, a = 6.5 mm, ¢, = 1.55 mm,
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a quarter-wavelength ()\/4) resonator whose dimensions can be ©

mathematically obtained from the following equations [22]: ) )
Figure 1. (a) Top and bottom layout of the proposed single-element UWB antenna

L,=m+p=1138, (1)  without slot. (b) Top and bottom layout of the proposed single-element UWB
antenna with slot. (c) Zoomed view of the single radiating element of the proposed
antenna. (d) Simulated reflection coefficients of the proposed single-element UWB

)‘g c antenna with and without slot. (e) Simulated realized gain and total efficiency of

L I T4 = 11.794mm (2) the proposed single-element UWB antenna with and without slot.
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Figure 2. (a) Top layout of the proposed UWB-MIMO antenna. (b) Bottom layout of the proposed UWB-MIMO antenna. (c) Simulated S-parameters of the proposed antenna.

« »

where “c” and €. = ((¢, + 1)/2) denote the speed of light
in meters per second and the effective dielectric constant, respec-
tively. “L,,” is the optimized length of the reverse two-shaped slot
and “f,” is the simulated stop-band resonating frequency of the
proposed antenna. The optimized value of length “L,” is chosen as
11.8 mm, whose corresponding notched frequency obtained using
Eq. (1) provides stop-band resonance at 3.87 GHz, and full-wave
simulation exhibits the stop-band characteristics at 3.86 GHz. It
can be noted that the simulated and computed values of quarter-
wave size reverse two-shaped slit are responsible for suppressing
the interfering WiMAX/C band (3.37 to 4.15 GHz).

Further, Fig. 3(c) depicts the simulated S-parameters of the
proposed antenna. Its reflection coefficients are less than —10 dB

over 2.54-10.74 GHz except at a notched band (3.86 GHz) with
excellent inter-element isolation (between diagonal and adjacent
antenna elements) of more than —15 dB over the entire UWB
operating band ranging from 3.1 to 10.6 GHz. To better illustrate
the effect of a reverse two-shaped slot on radiation, the surface
current distribution plots of the proposed antenna are analyzed.
Figure 4(a) and (b) shows the surface current plots of the proposed
antenna with and without a reverse two-shaped slot, respectively.
While measuring the radiation patterns of any MIMO antenna,
only one of the elements is made to radiate at a time while oth-
ers are matched and terminated at 50 {2 load. Both adjacent and
diagonal elements develop these induced currents. It is interest-
ingly noted from Fig. 4(a) that the proposed antenna without a
reverse two-shaped slot has non-zero net radiation at a frequency
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Figure 3. (a) Top layer of the proposed antenna with band-notched characteristics. (b) Bottom layer of the proposed antenna with band-notched characteristics. (c)

Simulated S-parameters of the proposed antenna with band-notched characteristics.

of 3.86 GHz. However, in the case of the reverse two-shaped slot
as shown in Fig. 4(b), most of the generated current at notched
frequency 3.86 GHz is concentrated around the slot etched on
the radiator. Hence, the net resultant current traveling in opposite
directions nullifies each other, thereby suppressing the current path
due to the \/4 slot, creating a notch at the WiMAX/C band.

Design analysis of the proposed antenna

In this section, the importance of the stepped feed line, mean-
dered line slot, and rectangular slot in the proposed design is well
explained. Figure 5(a) depicts the S-parameters of the proposed
band-notched UWB-MIMO antenna with and without stepped
feeding line. Figure 5(b) highlights the S-parameters of the pro-
posed band-notched UWB-MIMO antenna with and without rect-
angular slot etched in the ground. Figure 5(c) illustrates the S-
parameters of the proposed band-notched UWB-MIMO antenna
with and without meandered line grounded slot. Clearly when the
stepped feed line is introduced, the cutoff frequencies do not show
any significant variation. However, some impedance mismatch

exists around 10 GHz. Further, without rectangular slot etched in
the ground creates poor impedance matching around 5 to 9 GHz.
Furthermore, the meandered line slits are embedded in the ground
to obtain the desired UWB band. Without them, the lower resonat-
ing frequencies get shifted. In addition, these degrade the reflection
coeflicients. It is also noted that the effect of introducing stepped
MTL, rectangular slot, and meandered line slot on transmission
coeflicients remain almost insignificant.

Results and discussions
Reflection coefficient and radiation characteristics

To better justify the rationality of the proposed antenna, fabri-
cation of the prototype and testing has been done. Figure 6(a)
and (b) depicts the fabricated prototype (front and back side)
and snapshot of the S;; and S,;, respectively. For testing, a vector
network analyzer of series Keysight E5063A (100 kHz-18 GHz)
is connected to the antenna under test where only one port is
excited while the other ports are terminated with a matched load
of 50 2. The observed S-parameters of the proposed antenna with
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Figure 4. (a) Surface current distribution of the proposed antenna without reverse two-shaped slot at frequency 3.86 GHz. (b) Surface current distribution of the proposed

antenna with reverse two-shaped slot at frequency 3.86 GHz.

band-notched characteristics are satisfactory with the simulated
S-parameters results. The measured and simulated reflection coef-
ficients (in dB) are compared in Fig. 6(c). It is noted that the
measured Sy, S5y, S33, and Sy, of port-1, port-2, port-3, and Port-
4 are slightly different due to testing inaccuracies or nonuniform
fabrication of elements. Further, Fig. 6(d) depicts the measured and
simulated transmission coefficients (in dB). The plot shows that the
isolation between the adjacent (S;5, S13, Sa1> S24> S31> S34> Sa2> and
S43) and diagonal elements (S4, S»3, S41, and S;,) well agrees with
each other due to design symmetricity and similar structures.

After that, the radiation pattern of the proposed antenna is
measured using an anechoic chamber to validate the simulated
results. Figure 7(a) shows the 3D radiation patterns of the proposed
antenna. Figure 7(b) compares both simulated and measured 2D
radiation patterns at frequencies 4.2 GHz, 6.85 GHz, and 10.2 GHz,
respectively. The radiation patterns are measured in two planes,
i.e. E and H. While measuring the pattern, only a single-port is
excited at a time, and all other radiators are matched terminated
with a load (50 2). The measured patterns are strongly mapped to
the simulated; however, little tolerances might occur due to mea-
surement imprecision. The plot reveals that the proposed antenna’s
radiation patterns exhibit orthogonal and mirror transformations.
These results confirm that the designed radiator can offer good
pattern diversity characteristics. Further, Fig. 7(c) illustrates the
proposed antenna’s realized gain and total efficiency for all ports.
It is observed from the plots that peak gain and total efficiency
of the proposed MIMO antenna for all elements are around 3
dBi and 80% over the operating band of frequencies except at the
notched-band region, respectively.

Diversity characteristics

In this section, some crucial parameters like ECC, DG, and
mean effective gain (MEG) have been observed to evaluate the
diversity performance of the proposed MIMO antenna system.
Figure 8(a) illustrates the simulated ECC between diagonal and

adjacent elements of the proposed antenna. ECC is calculated using
both S-parameters and far-field methods. The following equation
represents the ECC computation using a far-field approach [23]:

2

Pe (17]) = f fAiJ (0, ¢) sinf d0dd>
00

(4)
2T W 2T W
J [ Aii(0,¢)sin0dodo + (| [ [ A;;(6,¢)sind dode
00 00
Ai,j (9a d’) = XPR.Ey; (97 ¢) E*Gj (97 ¢) Py (97 ¢)

where XPR denotes the power ratio across elevation and azimuthal
angle, also known as the cross-polarization ratio (Py/Py). The
approach mentioned above is quite accurate but time-consuming.
Another process that can be used for calculating ECC is with the
S-parameters. This method is highly effective only in the case of
certain assumptions and can be expressed as follows:

* * 2
Si Sii +Si S;i
ECC; = 2 - Uz+ . ]J‘ 2 2\
(1 — 18al” = IS ) (1 = 185" = 18] )

The plot reveals that ECC in the case of both adjacent and diag-
onal elements (far-field and S-parameters approach) is not more
than 0.3 over the operating band. Its value should be real and varies
from 0 to 1. In an ideal scenario, it should be equal to 0 but practi-
cally not more than 0.5. Further, to assess the enactment of the pro-
posed diversity system, DG is observed. Figure 8(b) shows the DG
for both adjacent and diagonal elements of the proposed antenna

(using the far-field and S-parameters approach). The mathematical
representation of DG in terms of ECC is described in the following

equation [24]:
DG = 10v1 — ECC. (7)

It is noticed from the above formula that both these parame-
ters are directly linked, i.e. the higher the ECC, the lesser would

Downloaded from https://www.cambridge.org/core. IP address: 3.141.4.50, on 10 Nov 2024 at 17:17:41, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/5175907872300065X


https://doi.org/10.1017/S175907872300065X
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

International Journal of Microwave and Wireless Technologies 133

----- $11=522=533=544 (Without stepped feed line)

— — 512=521=513=531=534=543=524=542(Without stepped feed line)
—— - - 514=541=523=532(Without stepped feed line)

veennens §112522=5 (With stepped feed line)

— .+ = 512=521=513=531=534=543=524=542(With stepped feed line)

= « = 514=541=523=532(With stepped feed line)

0 -
""_\ 0);\ I
10N AT Y e s 3
P W | ¥ F -\."’- u"“:_--“"""-.._‘ {_’." ‘_.-"'"
z 20 3 ii‘r 22,9 ﬁ?‘\ : e N g e "‘:"*‘- =
% ] "_ \.-""\.__ \ et ~ ’,';..-\/,Jﬂ-—m-;‘;—..
§ -30 ¥ ) \ e et 4
g 1 \ 7
g -40 v f
8 u
5 ¥
“ .50 :
!
-60
=70
2 3 4 5 6 7 8 9 10 1 12
Frequency (GHz)
(@)

— - =511=522=533=544 (With rectangular slot)
§12=521=513=531=534=543=524=542(With rectangular slot)

- — —514=541=523=532(With rectangularslot)

————— $11=522=533=544 (Without rectangular slot)

— - — 5§12=521=513=531=534=543=524=542(Without rectangular slot)
<seeeeees $142541=523=532(Without rectangular slot)

S-parameters (dB)

2 3 4 5 6 7 8 9 10 11 12
Frequency (GHz)

(b

sessenees §112522=533=544 (With meandered line slot)

=+ = §12=521=513=531=534=543=524=542(With meandered line slot)
— + - 514=541=523=532(With meandered line slot)

----- §11=522=533=544 (Without meandered line slot)

= = =512=521=513=531=534=543=524=542(Without meandered line slot)
5$14=541=523=532(Without meandered line slot)

0 =
-10 e e
-20 D
-30 *
-40
-50
-60
-70
-80
-90

S-parameters (dB)

Figure 5. (a) S-parameters of the proposed antenna
6 7 8 9 10 11 12 with and without stepped feed line. (b) S-parameters of
Frequency (GHz) the proposed antenna with and without rectangular
slot. (c) S-parameters of the proposed antenna with
(© and without meandered line slot.
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Transmission Coefficient (dB)

Figure 6. (a) Top and bottom layout of the proposed antenna.

(b) Measured snapshot of S;; and S,;. (c) Simulated and
1 2 3 4 3 6 T 8 9 10 11 12 . . .
Frequency (GHz) measured reflection coefficients of the proposed antenna. (d)
{2]) Y Simulated and measured transmission coefficients of the

proposed antenna.

be the DG or vice versa. Another important metric often utilized Ideally, the ratio of MEG among the antenna elements should be
to review the diversity performance of the MIMO system is MEG.  close to unity. It is evident from the plot that MEG with different
Figure 8(c) depicts the MEG of the proposed MIMO antenna with ~ XPR values, i.e. 0 dB, 1 dB, and 5 dB for isotropic, indoor, and out-
varying environmental conditions. MEG is the ratio of the received =~ door environmental conditions, respectively, satisfies the equality
power to the impinging power of the antenna. Mathematically, itis  criterion of the diversity system.

described as [24]:

2w
XPR
MEG = { { ( 1+ XPR Go (6, ) Py (0,9) Twenty-elements UWB-MIMO antenna configuration
1 . This section illustrates the design and analysis of the 20-element
— LG, 0,6)p,0, ) 0dods (8 g y
+1 + XPR ¢>( 2 ¢( ¢) ) sin ¢ ® UWB-MIMO antenna with band-notched characteristics from
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Figure 7. (a) 3D radiation pattern of the proposed antenna. (b) 2D .15 0
radiation pattern (both simulated and measured) of the proposed 2 3 n 5 6 7 P 9 w1112
antenna with band-notched characteristics at three frequencies. (c) Frequency (GHz)
Simulated realized gain and efficiency of the proposed antenna
with band-notched characteristics. (C)
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Mean Effective Gain (dB)

Figure 8. (a) Simulated ECC (using both far-field and S-parameter
method) between diagonal and adjacent elements of the proposed
antenna. (b) Simulated diversity gain (DG) (using both far-field and
S-parameter method) of the proposed antenna. (c) Simulated MEG of
the proposed antenna with different XPR values.

the proposed four-port as a unit cell. Its overall volume is
135 x 135 x 35 mm?®. The design consists of four unit cells (denoted
as Ul, U2, U3, and U4) that are orthogonally positioned at the
top around the corners of a different unit cell (indicated as U5), as
shown in Fig. 9(a). The center unit cell can act as a primary host in
a localization system for connecting different devices. Figure 9(b)
depicts the ground plane of the proposed 20-element antenna. A
very thin metallic strip of 2 mm is used to attach the ground plane
of all unit cells. As for real-time wireless applications, one must
consider the shared ground plane effects. Further, Fig. 9(c) illus-
trates the 3D view of the proposed 20-port UWB-MIMO antenna
structure in which five unit cells are integrated onto a polystyrene
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material, which has an € value equal to 2.6. Furthermore, a bond-
ing material (also called glue) with a thickness of 0.8 mm has
also been used to stick the unit cells onto a polystyrene block. All
the dimensions and separation between unit cells have been opti-
mized to attain the desired results. The simulated reflection and
transmission coefficient curves for port-1 are depicted in Fig. 9(d).
The simulated reflection coefficients S, (to simplify the plot, S, ;
notation is used) for port-1 are less than —10 dB over frequen-
cies 2.35 to 10.67 GHz except at 3.22 to 4.03 GHz. The simulated
transmission coefficients (S; 5, S 3, S; 4> S1 55 S1 6> S1 75 S1 8> S1 s
81100 S111> Sia2s S113> S1aas Siass Si_ies S1azs S1ass Si1e> and
S1_20) are more than —14 dB over the entire UWB spectrum. Due
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Figure 9. (a) Top layer of the proposed 20-element
UWB-MIMO antenna with band-notched characteristics.
(b) Bottom layout of the proposed 20-element
UWB-MIMO antenna with band-notched characteristics.
(c) 3D geometry of the proposed 20-element UWB-MIMO 2 3 4 5 6 7 8 9 10 11 12
antenna with band-notched characteristics. (d) Frequency (GHz)

S-parameters of only port-1 of the proposed 20-element
UWB-MIMO antenna with band-notched characteristics. (d

S-parameters for port-1(in dB)
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to the symmetricity of the antenna elements, S-parameters for all
the antenna elements would nearly be the same. Moreover, the S-
parameters plot curves of the 20-element UWB-MIMO antenna
are nearly the same as that of the proposed quad-element UWB-
MIMO antenna with band-notched characteristics. Hence, the
utilization of the proposed 20-element UWB-MIMO antenna with
band-notched characteristics can be considered a good candidate
for wireless access point applications.

Conclusion

In this manuscript, a microstrip-fed compact quad-element
UWB-MIMO antenna with WiMAX/C band-notched character-
istics is presented. All four semicircular disc-shaped antenna
elements are placed according to the orthogonal arrangement
so that the incoming signals from both horizontal and vertical
directions would enhance the system’s link reliability as well as
structure compactness. The radiators are etched with a reverse
two-shaped slit to attain band-notched capability. The simulated
reflection parameter results of the proposed antenna with band-
notched characteristics are less than —10 dB over frequencies
from 2.54 to 10.74 GHz with satisfactory isolation of more than
—-15 dB between diagonal and adjacent antenna elements. The
proposed antenna’s measured S-parameters and radiation pat-
terns confirm good agreement with its simulated results. Also,
the results reveal that ECC, MEG, EDG, and TARC values are
acceptable. Then, a 20-element UWB-MIMO antenna is also stud-
ied for wireless access point applications. Satisfactory results were
attained. Moreover, the proposed antenna is analyzed on the appli-
cation platform (with the USB connector and large extended
ground), ensuring its usefulness for wireless communication
applications.
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