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ABSTRACT: A novel isolation structure embedded with an array of 4x2 U-shaped slots has been placed
between two CPW-fed rectangular patch antennas separated by a distance of 0.35 A0 to achieve a minimum
isolation of 17 dB (>20 dB for the major part). A simple two-port CPW-fed patch antenna, each of dimensions
24x%20 mm2, gives a wideband response from 2.22—-4.86 GHz. The novel embedded U-shaped slot structure
converts this wideband response into a dual-band response, with one ranging from 2.10-3.03 GHz and another
from 3.45-4.97 GHz, along with a higher-frequency band from 7.15-7.94 GHz. The higher band has been
achieved through improved impedance matching resulting from the introduction of the isolation structure.
The proposed MIMO antenna covers the 2.1/2.3/2.6 GHz LTE bands, 2.5/3.5 GHz WiMAX, and 2.45 GHz
WLAN, and acts as a receiver for all IEEE C-band and X-band satellite communication. The finished
prototype was built on a 50x90x0.8 mm3 FR-4 substrate with an antenna area of 0.22 [(A) _072. Diversity
performances—ECC, DG, MEG, TARC, and CCL have been experimentally verified and presented in this
article.

INDEX TERMS CPW-fed, Mutual Coupling, MIMO, Rectangular Patch Antenna (RPA).

I. INTRODUCTION

Higher data rates without sacrificing extra bandwidth are the requirements of new wireless technologies. In wireless
communication, long-term evolution (LTE) is the fourth-generation (4G) solution, providing wider bandwidth, higher throughput,
and improved handoff capabilities compared to third-generation (3G) networks [1]. LTE wireless devices are expected to operate
across a range of frequency bands from 400 MHz to 4 GHz [1]. Implementation of LTE bands using multiple-input-multiple-
output (MIMO) antennas will deliver revolutionary results, enabling transmission in rich-scattering environments without
sacrificing additional bandwidth at higher bit rates or power compared to a single-input-single-output (SISO) antenna system. The
integration of MIMO systems with patch antennas for use in unlicensed bands such as WLAN, WiMAX, C-band, and X-band is
a significant advancement in wireless communication. Mutual coupling between the antenna elements of a MIMO system causes
amplitude and phase errors. So, designing a multi-band MIMO antenna with high isolation between closely spaced antenna
elements is challenging. The CPW feed has an additional advantage of being integrated with solid-state devices.

Many isolation structures have been proposed in the literature to reduce mutual coupling between closely spaced
microstrip antennas. Defective ground structures (DGSs) [2-4], single-negative property of Split-Ring Resonator (SRRs) and
Complementary-Split-Ring-Resonator (CSRRs) [5, 6], single-negative magnetic metamaterials [7, 8], Electromagnetic Band-Gap
(EBG) structures [9], fragmented-type structures [10], modified inter-digital capacitor [11], a unique decoupling structure between
PIFAs [12], a resonator between PIFAs [13], a novel ITI-shaped isolation structure [14], etched slits in the ground plane [15], T-
shaped slot with a chip capacitor [16], T-shaped isolator [17], two symmetric stepped L-shaped open ground slots [18], diamond-
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shaped patterned ground resonator [19], T-shape slot impedance transformer [20] and a folded resonator [21] have been used for
achieving better isolation. To achieve multi-bands, slots have been etched in the patch area to create a band-stop, as in [10, 22—
24], thereby converting the patch into a multi-band patch antenna.

Our proposed MIMO antenna is a two-port CPW-Fed RPA. A unique isolation structure incorporating an array of 4x2 U-shaped
slots achieves a minimum isolation of 17 dB (>20 dB for the majority) between the antenna elements, separated by a C-to-C
distance 0f 0.35 10. Due to improved impedance matching, the new isolation structure also transforms a wideband MIMO antenna
(2.22-4.86 GHz) into a dual-band MIMO antenna (2.1-3.03 GHz and 3.45-4.97 GHz). The Two-port RPA antenna is fabricated
on an FR-4 substrate (er=4.4, loss tangent=0.025), having dimensions 50x90x%0.8 mm3, with an antenna area of 0.22 A _0"2. The
fabricated MIMO antenna is useful for the 2.1/2.3/2.6 GHz LTE bands, 2.5/3.5 GHz WiMAX, and 2.45 GHz WLAN, and also
serves as a receiver for all IEEE C-band and X-band satellite communication. Also, our proposed triple-band and wideband MIMO
antenna is not disturbed by the strong electromagnetic interference created by the high traffic of 5.5 GHz WiMAX and 5.2/5.8
GHz WLAN.

Il.  ANTENNA DESIGN PROCESS

The final design of the proposed CPW-fed triple-band MIMO antenna is shown in Fig. 1. The entire simulation work has been
carried out on the simulation software CST Microwave Studio. All the design parameters and their values are tabulated in Table
1. The entire design has been fabricated on a commercially available substrate FR-4 (er=4.4, loss tangent=0.025) with dimensions
(Lx B) 50x90 mmz2, having a thickness of 0.8 mm. Firstly, two RPAs of dimensions (L1x B1) 24x20 mm2 separated by a center-
to-center distance of 0.35 A0 (d1=50mm) along the x-axis are presented in Fig. 1(a), where A0 is the free space wavelength. The
antenna elements are fed with a CPW signal feed line of dimensions (L3x B3) 13x4 mmz2. The rectangular ground plane of
dimensions (L4x B4) 9.7x12.45 mmz2 is present on either side of the CPW-feed line, which helps the monopole antenna to achieve
a wideband response ranging from 2.22-4.86 GHz as depicted in Fig. 2.
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Fig.1. Design of the proposed MIMO antenna (a) without isolation structure (b) with isolation structure (c) isolation structure (d) Unit U-
shaped slot

However, the minimum isolation (IS211/1S121) is only 12 dB, which is not good enough to allow our antenna elements to work
efficiently with less mutual coupling effect. An isolation structure of dimensions (L2x B2) 41x19 mm2 has been placed between
the antenna elements. An array of 4x2 U-shaped slots has been etched on the isolation structure as shown in Fig. 1(c). The U-
shaped slots are placed adjacently (center-to-center) at a distance of d2=11 mm, while longitudinally (center-to-center), these are
d3=10 mm apart as shown in Fig. 1(c). The dimensions of a single U-shaped slot are shown in Fig. 1(d) and tabulated in Table 1.
The width of the etched U-shaped slot is g=0.5mm, and an optimized parameter of the unit U-shaped slot length is L5=7mm with
a curvature radius of r=3mm.

Table 1. List of all parameters and their final dimensions

Parameters L W L1 L2 L3 Ls Ls B1
Unit (mm) 50 90 24 41 13 9.7 7 20
Parameters B2 Bs B4 di d2 ds g r
Unit (mm) 19 4 12.45 50 11 10 0.5 3

VOLUME 1, 2026, ISSUE 1 2



H Scientific Research Information

0 0

& -5

k=3

E -10 _
S | 2
£S5 15 B
g it S
O a0t \ 20 B
s Ly YANTN T ‘ °
g 1 ! . .. e »
] -25 ! 2 Th - -25

=

(]

(4

f

! B - .

1 Il —— $11 with U Shaped Structure . 1

304 1, | — — S11 without U Shaped Structure| -’ | 30
- - - - §21 with U Shaped Structure

—-— 8§21 without U Shaped Structure

-35 T T T T T T T T T T T -35
2.0 25 3.0 35 40 45 50 55 6.0 65 7.0 7.5 8.0

Frequency (GHz)

Fig. 2. S-parameters Vs Frequency

The length of the single U-shaped slot has been chosen to resonate at approximately 2.56 GHz, where isolation is very poor.
The chosen U-shaped slot structure achieves the required resonant length with less area than other slot structures, such as L- and
T-shaped ones. Two columns of U-slots help in canceling the induced current direction, as the direction of current in either
column will be 1800 out of phase at any instant of time. Thus, the surface current cannot travel from one antenna element to
another, reducing mutual coupling and increasing the minimum isolation by almost 10 dB at 2.56 GHz, bringing it well above
22 dB. The improved isolation (1S211/1S121) is clearly visible in Fig. 2, where we can see that the minimum isolation is 17 dB,
while it is below 20 dB for the major part of the working frequency band. The isolation characteristics are further strengthened
and verified through surface current and E-field distributions at 2.56 GHz, presented in Figs. 3 and 4 after exciting port-1 and
terminating the other port-2 with a matched load of 50 Q. High surface current density can be seen on the second RPA after the
excitation of the first patch antenna, which is going to be minimized due to the U-shaped array isolation structure, as clearly
shown in Fig. 3. This actually advocates that the isolation structure restricts the propagation of surface current from one patch
antenna to another, thus helping in optimizing the antenna efficiency.

Fig. 3. Surface current distributions at 2.56 GHz

Similarly, the electric field distribution inside the substrate has been significantly reduced in the case of the U-shaped slot
isolation structure compared to that without the U-shaped slot isolation structure, as shown in Fig. 4.

Fig. 4. E-field distribution at 2.56 GHz
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The isolation structure has converted the wideband response into a dual-band response with one ranging from 2.1-3.03 GHz
and another from 3.47-4.97 GHz. The Lower band suggests compactness in the antenna, making the proposed MIMO antenna
usable for the 2.1 GHz LTE band as well. Also, the second band is wide enough to serve as a receiver for all the IEEE C-bands.
A third band is achieved from 7.15-7.94 GHz due to improved impedance matching after the introduction of the novel isolation
structure. Due to the third band, our proposed antenna will also act as a receiver for the X-band satellite communication.

a. Evolution of the novel Isolation Structure

The evolution of the novel isolation structure from model M.1 to model M.4 is shown in Fig. 5. Their S-parameter analysis
is shown in Fig. 6, and the same is tabulated in Table 2. Firstly, a thin metal strip of dimensions 41x0.5 mm? has been introduced
between the antenna elements, as shown in M.1, as in [14]; however, there is no significant improvement in isolation, as the
minimum isolation remains 12 dB.
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Fig. 5. Evolution design steps from model M.1 to M.4
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Fig. 6. S-parameter analysis of model M.1 to M.

Table 2. Analysis of models M.1 to M.4

Model -10 dB BW (GHz2) Sa
No. (dB)
M.1 2.37-4.76 12

M.2 2.15-3.04, 3.63-4.63, 5.23-5.63 -20
M.3 2.27-3.00, 3.74-4.77, 7.10-8.00 -17
M.4 2.10-3.03, 3.454.97, 7.15-7.94 -17

Now, as in [14], a pair of metal strips of the same dimensions as in model M.1 has been placed, with a spacing of
only 0.5 mm from the ground plane of the antenna elements. We can see a significant improvement in isolation, which
increased to 20 dB, but the impedance bandwidth is disturbed, resulting in a triple-band. The band gap from 3.04-3.63 GHz
resulted in the isolation of the 3.5 GHz WiMAX coverage, while the third band (5.23-5.63 GHz) of model M.2 invites
electromagnetic interference from high traffic of 5.5 GHz WiMAX and 5.2 GHz WLAN. To avoid these problems, we have
proceeded to M.3, where we have tried to fill the entire area between the metal strips by replacing it with a metal sheet of
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dimensions 41x19 mmz2, resulting in a triple-band with a minimum isolation of 17 dB. In model M.3, the problem of high
traffic on the 5.2 GHz WLAN and 5.5 GHz WiMAX has been removed, but we are unable to cover the 3.5 GHz WiMAX, and
the compactness we achieved in model M.2, favoring the 2.1 GHz LTE band, is lost. However, the third band favors the X-
band satellite communication, an added advantage. To achieve compactness and improve the impedance bandwidth, U-shaped
slots of a 4x2 array have been introduced on the metal sheet, as depicted in model M.4. The slot lengths have been chosen to
resonate in the lower frequency band. The resultant triple-band is suitable for the 2.1 GHz LTE band and will also serve for
all the IEEE C-bands, incorporating all the benefits of model M.3.

Ill. RESULTS AND DISCUSSIONS

The final prototype of our proposed CPW-fed triple-band MIMO antenna has been fabricated as shown in Fig. 7. The
measured and simulated S-parameters are shown in Fig. 8. The measurements were performed using a two-port Vector
Network Analyzer (N5230A). The measured results are in good agreement with the simulated results. We can see the measured
isolation is even better than the minimum simulated isolation of 17 dB.

Isolation (dB)

Reflection Coefficient (dB)

-50 +-50
-55

T T T T T T T T T -55
20 25 3.0 35 40 45 50 55 6.0 65 7.0 75 8.0

Frequency(s) (GHz)

Fig. 8. Simulated and Measured S-parameters analysis of the proposed MIMO antenna

Measured gain and efficiency have been compared with the simulated gain and efficiency after positioning the antenna at theta
(0)=0 and phi (®)=0 as presented in Fig. 9. The gain and efficiency are above 0 dB and 75%, respectively, throughout the
operating range. The mismatch in the results is due to fabrication limitations and noise in the anechoic chamber during the
measurements.
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Table 3. Comparisons of the proposed Two-port MIMO antenna with the existing MIMO antennas

Ref. Size -10 dB BW IBW |S21] Dielectri | Gain (dB/dBi) | Efficienc
(mmxmm>xmm) (GHz) (Impedance (dB) c y (%)
bandwidth) Constan
t, &r
Prop. 50x90x0.8 =3600 2.1-3.03 (2.19- 36.3, 36.1%, 17 4.4 3.5 dB max 75-90
2.84), 3.45-4.97 and 10.5% (mostly
(3.45-4.58), 7.15— >20)
7.94
[1] 50x50x%0.8=2000 2.42-2.57 6% 17.3 4.4 0.2418 -
[15] 43%x43x1.6=2958.4 2.27-2.35 3.46% 20 2.8 3.66 dBi 88 max.
[16] 90x55x0.8=3960 2.2-2.53 13% 20 4.4 2.2 max 42
[17] 65.25%65.25x1.524=64 | 2.31-2.51 8.3% 17 4.4 3-3.1 87-91
88.53
[18] 44x32x1.6=2252.8 2.6-3.08,5.42-6.18 | 16% and 21 4.4 3.48 max -
13.1%
[19] 72.4x20%0.8=1158.4 2.18-2.65 19.5% 20 3.48 1.04-1.39 dBi 68.2-73.6
[20] 40%x90x1.55=5580 2.4-2.78,3.4-3.6 14.6% and 19 4.7 24-34 77 max.
5.7%
[21] 75%x50x1.6=6000 2.4-2.484 3.27% 18 4.4 14 80

To validate the performance and credibility of our proposed MIMO antenna, comparisons have been made with existing two-
port MIMO antennas reported in the literature. The comparisons have been shown in Table 3. The comparison chart shows that
our MIMO antenna is more compact than many existing two-port antennas, especially in the ISM band at 2.4 GHz. The
impedance bandwidth is better than that of any MIMO antenna, with comprehensive isolation of 20 dB (2.19-2.84 & 3.45-
4.58), albeit at the cost of some bandwidth, as shown in Table 3. Also, the efficiency exceeds 75% and reaches 90% across the
entire working band.

The normalized simulated and measured Co and cross polarization far-field radiation patterns in E-plane (XZ plane) and H-
plane (YZ plane) at resonant frequencies 2.56 GHz, 4.22 GHz, and 7.55 GHz are shown in Fig. 10. During measurement, one
port is excited, and another port is terminated with a matched load of 50Q. To reduce ambiguity in the polar plot, the simulated
cross-polarization effects of both ports are not shown in the graph. The E-plane shows an almost omnidirectional pattern at each
resonant frequency, including both ports. The signal dropout will decrease regardless of the direction of signal arrival, an
important objective of MIMO antennas. Also, the antenna is linearly polarized, as we can see an isolation of more than 20 dB
in the Co and cross-polarization patterns along the main lobe direction.
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Fig. 10. Normalized radiation pattern

IV. DIVERSITY PERFORMANCES

To validate the performance of the proposed MIMO antenna, some of the diversity performance parameters need to be calculated
and experimentally verified. In the discussion shown below, we will be calculating diversity parameters—Envelope correlation
coefficient (ECC), Mean effective gain (MEG), Total active reflection coefficient (TARC), and Channel capacity loss (CCL).

a. ECCand DG

The ECC has been computed using equation (1) based on the antenna’s far-field radiation pattern [14, 25, 26]. The
ECC computed using S-parameters [5, 11, 27] generally yields lower values, whereas analysis of ECC via far-field radiation
patterns reveals the true significance of correlation among antenna elements, especially for wideband antennas. The computed
ECC is as low as 0.04, as shown in Fig. 11, indicating that the antenna elements are almost unaffected by the far-field radiation
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pattern of the other antenna elements, favoring spatial diversity. We have calculated the diversity gain (DG) [14] using equation
(2), and the value is 9.95, as shown in Fig. 11.

b. MEG
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MEG is the amount of power received by the individual elements of the MIMO antenna in a multipath fading
environment as compared to the isotropic antenna. The outdoor environment is considered a uniform Rayleigh environment
with equal vertical and horizontal power densities [5]. The MEG is computed using equation (3) [14] and presented in Fig. 12.
The MEG is close to -3 dB for the working band and poorer in the non-working zone. Also, the difference in MEG between
antenna elements should lie within £3 dB [5, 14], as shown in Fig. 12.

c. TARC
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TARC is defined in terms of the incident and reflected wave powers. This helps in realizing the performance of the
MIMO antenna even when the phase [theta (6)] of the input signal is changing, as shown in Fig. 13. The TARC has been
evaluated using equation (4) [3, 11, 14]. It actually indicates that the impedance bandwidth and frequency resonance of the
MIMO antenna should not vary with changes in the phase of the input signal. We can see in Fig. 13 that the TARC follows

the path of the resultant S-parameter results when the phase of the input signal is held constant at 1e/ for one port and varied
for the other.
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Fig. 13. Computed measured TARC
d. CCL

The CCL assigns accountability for the maximum attainable data transmission rate at which information can be
continuously transmitted over the wireless channel with a loss less than 0.4 bits/s/Hz [5, 11, 14]. The CCL has been evaluated
using equation (5) [5, 11, 14]. We can see that the CCL is well below the required level, as shown in Fig. 14.
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Fig. 14. CCL Vs Frequency
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V. CONCLUSIONS

A CPW-fed triple-band two-port MIMO antenna has been presented in this literature. The RPA elements are isolated

by introducing a novel isolation structure comprising an array of 4x2 U-shaped etched slots placed between them. The designed
MIMO antenna has been fabricated on an FR-4 substrate of dimensions 50x90x0.8 mm?. A minimum isolation of 17 dB (>20
dB for the majority) has been achieved across all three bands: 2.1-3.03 GHz, 3.45-4.97 GHz, and 7.15-7.94 GHz. The
proposed antenna has a maximum gain of 3.5 dB and an efficiency greater than 75% throughout. The antenna has proven
diversity performance with ECC < 0.04, CCL < 0.4 bits/S/Hz, and MEG around -3 dB across the entire working range. The
MIMO antenna will work in the 2.1/2.3/2.6 GHz LTE bands, 2.5/3.5 GHz WiMAX, and 2.45 GHz WLAN, and will also act
as a receiver for all IEEE C-band and X-band satellite communication.
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