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Asymmetric Flare Shape Patch MIMO Antenna for Millimeter Wave
5G Communication Systems
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Abstract—Today’s 5G wireless communication evolution system demands millimeter wave frequency
range antenna for its uses in several communication device applications. A 2-port Asymmetric Flare-
Shape Patch Multiple Input Multiple Output (MIMO) antenna for mm-wave communication system is
designed and presented. The antenna structure is constructed on a Rogers RT Duroid 5880 dielectric
substrate with 1.6 mm thickness, 2.2 dielectric constant, and 0.0009 loss tangent. The constructed
MIMO structure has an overall size of 26 x 19.2mm?. The proposed MIMO design has —10dB return
loss performance over a frequency range of 20-40 GHz with more than 20 dB isolation between antenna
elements, which shows the low mutual coupling between antenna elements. The performance of the
suggested MIMO antenna is reported in terms of return loss, gain, ECC, and radiation pattern. The
simulated and measured MIMO antenna performance characteristics are in good agreement. The
suggested design achieves more than 20 dB isolation and 8.17dB gain with an ECC value lower than
0.0001, which meets the diversity performance of the MIMO design with two antenna elements. The
proposed MIMO design is compact and the best choice for 5G mm-wave applications.

1. INTRODUCTION

Recently, 5G wireless communication has significant improvements to meet the high data rate
applications over the cellular network. The latest wireless infrastructure is developing with a requirement
of the high bandwidth applications over the existing network infrastructure. The 5" Generation
wireless technology includes the 5G NR sub-6 GHz in a lower frequency band and 5G new radio
n257/n258/1n260/n261 in the millimeter-wave (mm-wave) frequency band. Presently, 5G mm-wave band
infrastructures are developing with 24.25-27.5 GHz, 27.5-28.8 GHz, 37-43.5 GHz, and 39 GHz in various
countries [1]. In the present era, technological development in wireless communication systems focuses
on Multiple-Input Multiple-Output (MIMO) systems. MIMO system makes reliable communication
for 5th-generation wireless applications [2]. In a MIMO system multiple antennas are mounted on a
single printed circuit board (PCB) at the transmitter and receiver on both sides [3]. MIMO antenna
technology provides high-quality of services for both indoor and outdoor environments. To present a
good quality of services, MIMO antenna system is the safest candidate or channel solution for non-
line of sight (NLOS) wireless communication [4]. MIMO system can improve the quality of wireless
communication with a high data rate, without increasing the bandwidth and transmitted power. At
present, MIMO antenna design primarily includes single antenna element, multiple antenna layouts,
and mutual coupling analysis between antenna elements, and focuses on the evaluation of low-cost and
high-performance designs.

5G mm-wave antennas are intended to operate in the millimeter wave frequency spectrum, also
identified as the extremely high frequency (EHF) band and have a high gain to balance the free space
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propagation losses. Presently, most of the antenna research is centered on the 25 GHz, 28 GHz, 38 GHz,
and 60 GHz bands with MIMO antenna designs [5].

Wang et al. [6] proposed a MIMO antenna for Ka band, which operated in the frequency range of
24 GHz to 39 GHz. The proposed antenna geometry was complex. Lee et al. [7] presented a Vivaldi end-
fire antenna array design. The suggested antenna was designed with a 10-Layer printed circuit board,
for 27.5-28.5 GHz frequency range. The suggested antenna had very high thickness and low operating
frequency range. Malviya et al. [8] suggested a planner MIMO antenna design with four elements. The
suggested design was fabricated with a low-cost FR-4 substrate with larger size for lower frequency band
1.66 GHz—2.17 GHz, and comparatively lower isolation in all four elements. Patel et al. [9] suggested
an inverted-L shaped patch antenna for wideband MIMO applications. The proposed MIMO design
offered an impedance bandwidth in the frequency band of 26-40 GHz, with 15 dB isolation, 6 dBi gain,
and an envelope correlation coefficient (ECC) value of 0.02.

In MIMO antenna design, the radiating elements are closely proximate to achieve a compact design.
The proximity of radiating elements and shared ground plane affects the antenna performance. Such
performance degrading effects are jointly recognized as mutual coupling, which severely affects the
radiation characteristics and diversity behavior of the antenna system [10]. The mutual coupling is
reduced in MIMO antenna design by using asymmetric patch shape, Vivaldi structure, defective ground
structures, and metamaterials [11].

In this communication, a simple design of the MIMO antenna is proposed with an asymmetric
flare-shape patch structure for 5G mm-wave wireless communication system.

2. DESIGN STUDIES AND METHODS

The proposed two-element MIMO antenna with an asymmetric flared shape patch has been designed
for wide bandwidth, high gain, and low losses. The two-element MIMO antenna has an overall size of
26 x 19.2mm? with a 50 impedance feed. The suggested antenna is designed using CST Microwave
Studio 2019. A Rogers RT5880 dielectric substrate with a thickness of 1.6 mm, a permittivity of 2.2, and
a loss tangent of 0.0009 is used. The best antenna design objectives for essential operating frequency
band (mm-wave), high gain, compactness, and desired antenna parameters, a single antenna element
is designed, simulated, and optimized in CST Microwave Studio software. The single-element antenna
design with compact size, low return loss, and wide bandwidth for mm-wave communication is designed,
and the suitable optimized dimension parameters for the best antenna parameters results are shown in
Fig. 1 and Fig. 2.

¥

L.

Figure 1. Schematic view of proposed single Figure 2. Dimension (in mm) of proposed single
antenna. antenna.
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2.1. Proposed Single Antenna Designing Steps

Initially, a flare-shaped patch of feed length b = 7.8 mm and feed width a = 5.38 mm in MGRID of CST
of substrate Rogers RT5880 with dielectric constant 2.2, loss tangent 0.0009 for the frequency band
of 20-40 GHz as shown in Fig. 3 design step-1(A-1) is designed. A 502 impedance feed is applied at
the feed point. The simulated —10dB S7; impedance results are in the frequency ranges of 23-27 GHz
and 29.56-40 GHz for design step-1(A-1). Further to improve the —10dB S7; impedance results for the
20—40 GHz frequency range, a semi-oval shape slot of the dimension of 5.05 mm in depth and 2.57 mm
down from the top of the flare-shape patch is removed as shown in design step-2(A-2). Secondly, a
4.23 mm arc shape slot is removed at the lower side of the patch near the feed line as shown in Fig. 3
in design step-3(A-3). With these amendments the simulated —10dB impedance bandwidth covers the
entire 20-40 GHz frequency band as shown in Fig. 4. The simulated results confirm the best-optimized
dimension of the suggested single antenna design that provides good simulated S7; value at 25.5 GHz
and 30 GHz as shown in Fig. 4. The 502 impedance matching at 30.02 GHz frequency is shown in
Fig. 5.

Figure 6 shows the simulated max gain over frequency plot of the suggested single-element antenna
design. The simulated maximum gain is 8.14dB at 38 GHz, and the minimum gain is 5.8 dB at 25 GHz,

Figure 3. Single-element antenna design steps.
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Figure 4. Simulated S1; plots of the single- Figure 5. Simulated impedance matching (in
element antenna design steps. smith chart) of the single-element antenna.
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Figure 6. Simulated max gain over frequency (solid angle) plot of the single antenna.

which indicates an almost stable gain in the entire frequency range. The 2D simulated radiation plots
of the suggested single-element design at 25.5 GHz, 28 GHz, 30 GHz, and 38 GHz are shown in Fig. 7.

2.2. Proposed Two Element MIMO Antenna Design

The single-element antenna design gives very good —10dB impedance bandwidth results and 8.14 dB
max gain in the frequency range of 20-40 GHz. With this optimized single-element design a 2 x 1
MIMO antenna is designed as shown in Fig. 8 configuration 1. The best-optimized separation between
two elements is 11.2mm (more than \/2 for 25 GHz and above frequency), which provides more than
—20dB isolation in the entire frequency band.

The possible 2 x 1 MIMO antenna configurations’ (1-4) schematic views are shown in Fig. 8. The
simulated S parameters for return loss (S11), isolation (Si2) for antenna element 1 and return loss (S22),
isolation (S21) for antenna element 2 in the 20-40 GHz frequency band in graphical form for all possible
configurations are shown in Figs. 9(a)—(d). The optimized dimension of the 2 x 1 MIMO antenna
configuration 1 is 26 x 19.2mm?. Fig. 9(a) shows good S-parameters in form of the return loss and
low mutual coupling in form of the isolation for the entire 20-40 GHz frequency range. The simulated
result shows that the antenna element 1 peak resonates at 25.5 GHz with a minimum return loss which
is —52.18dB, and the mutual coupling between the antenna elements is defined through the isolation
parameter which is —21 dB. The antenna element 2 peak resonates at 27.8 GHz with a minimum return
loss value of —66.5dB, and isolation parameter S3; is —22.8dB. The effectiveness or success of the
designed 2 x 1 MIMO antenna system in terms of return loss, wide bandwidth, and isolation can be
illustrated here.

Figures 9(b)—(d) show S-parameters in form of the return loss and mutual coupling in form of the
isolation for the entire 20-40 GHz frequency range of MIMO configuration 2 to configuration 4. MIMO
configuration 2 reflects the low mutual coupling between antenna element 1 and element 2. It also shows
that S1; and S22 impedance parameters are not in agreements as shown in Fig. 9(b). MIMO antenna
configuration 3 shows that S1; and Ss2 impedance parameters are almost same, but the mutual coupling
between antenna elements is very low as indicated in Fig. 9(c). The last MIMO configuration 4 has
good agreements between Si; and S9y impedance parameters, but the mutual coupling for the entire
frequency band 20-40 GHz is not less than —20 dB as shown in Fig. 9(d) based on impedance parameters
and mutual coupling analysis MIMO antenna. Configuration 1 is a perfect 2 x 1 MIMO antenna design
for frequency band 20-40 GHz.

2.3. Mathematical Formula for Parametric Analysis

For quantitative analysis of the antenna parameters, some analytical formulas are used. They are
computed using CST microwave simulation software. Some basic formulas are listed below.
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Figure 7. Simulated 2D radiation plots of the proposed single element antenna.

a. Return loss is —66.5dB, and the reflection coefficient of the proposed MIMO is found using
Eq. (1) and Eq. (2) [12,13].
R; = —20log;, |Reflection coefficient| (1)
the reflected voltage at port one

Sy = (2)

the incident voltage at port one

b. Capacity and efficiency of any MIMO system are given by Eq. (3) and Eq. (4) [14]. The working
efficiency of the proposed MIMO is above 85%.

C=log,|I+ 2 HHH (3)
n

I = identity matrix

n = no. of transmit antennas

HT = conjugate transpose of the H matrix
p = correlation coefficient
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Figure 8. Schematic view of the proposed MIMO antenna configurations.
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Figure 9. Simulated S-parameters of the 2 x 1 MIMO antenna configurations. (a) 2 x 1 MIMO antenna

configuration 1. (b) 2 x 1 MIMO antenna configuration 2. (c¢) 2 x 1 MIMO antenna configuration 3.
(d) 2 x 1 MIMO antenna configuration 4.
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€0 = €r.e4 (4)
where
eo = total efficiency
e, = reflection efficiency
e. = conduction efficiency
eq = dielectric efficiency

c. Antenna gain is the quotient of power that radiates in a specified way to the power required
for the isotropic radiator. The isotropic radiation intensity with the radiating power is identical to
acceptable radiation power at the input separated via 47 that is an absolute gain of the antenna [15].
The formula for finding antenna gain is given by Eq. (5) [16], and the proposed MIMO gain is 8.17 dBi.

(5)

d. Envelope correlation coefficient (ECC) “pe” illustrates the impact of the diverse transmission
routes of the RF indicators in any MIMO antenna system [17]. The ECC is expressed in terms of
S-parameters which is given by Eq. (6) [18], and the proposed MIMO ECC is 0.0001.

[St1S12 + 531 5o ©)
(1= (0P +15aP)) (1~ (150 + 51P))

47 x radiation intensity

Gain =
Total radiated power

pe =

3. MIMO ANTENNA RESULTS

The fabricated prototype of the MIMO antenna is shown in Fig. 10, and Fig. 11 shows the prototype
under testing. The simulated and measured S-parameters for the return loss (S11) or reflection coefficient
and isolation (Si2) for the 20-40 GHz frequency band are shown in graphical form in Figs. 12 and 13.
The simulated result reflects that the peak resonates at 25.5 GHz with minimum return loss which
is 48.5dB, and the mutual coupling between the antenna elements is defined through the isolation
parameter which is —23.10dB. The measured return loss is —26dB at 25.5 GHz in agreement with
simulated one, and measured isolation is —23 dB which shows good agreement between them. From the

Figure 10. Fabricated MIMO antenna proto- Figure 11. Antenna setup in anechoic chamber
type. for testing.
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Figure 14. Simulated efficiency of designed MIMO antenna.

simulation results of S parameters, we find that S1; and Soo are less than —10dB in the 20-40 GHz
frequency band and the S1a = Sa1 [19].

The Soo parameters are slightly different from S7; parameters. In MIMO antenna designs the
radiating elements are closely proximate to achieve a compact design. The proximity of radiating
elements and shared ground plane affects the antenna radiation performance.

The simulated radiation efficiency of the proposed MIMO antenna is shown in Fig. 14. Fig. 14
illustrates the radiation efficiency and total efficiency of antenna elements 1 and 2. Both the total and
radiation efficiencies are more than 85% in the frequency band of 20-40 GHz.

The 2D simulated Fairfield radiation patterns for Phi = 0° and Phi = 90° for 25.5 GHz, 28 GHz,
30 GHz, and 38 GHz are shown in Fig. 15, Fig. 16, Fig. 17, and Fig. 18, respectively. From radiation
plot, the result indicates that the suggested antenna is directional with the maximum gain in the upper
half sphere at 25.5 GHz and 28 GHz. For 30 GHz and 38 GHz, the radiation is more directional due to
an asymmetric patch design.

The simulated and measured gains over frequency plot are shown in Fig. 19 for the entire 20-40 GHz
frequency band, which is more than 5.6dBi, and the maximum gain is 8.17dBi. The measured gain
at 25.5 GHz is 5.01dBi, and at 28 GHz it is 6.38 dBi. For 30 GHz, the gain is 7.01 dBi, and at 38 GHz
measured gain is 7.78 dBi. The measured and simulated gains are almost the same. The suggested
MIMO antenna has very good gain in the complete 20-40 GHz frequency band.

The envelope correction coefficient (ECC) involves all the S-parameters of the MIMO antenna, and
it plays a key role as a radiating factor of the MIMO antenna system [20]. The simulated value of ECC
is below 0.0001 as shown in Fig. 21 for the 23-32 GHz frequency band, and from 32-40 GHz it is below
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Figure 16. Simulated radiation patterns at 28 GHz.

Figure 17. Simulated radiation patterns at 30 GHz.
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Table 1. Comparison of the proposed work with previous work in literature review.

Parameter R.6 R.7 R.8 Designed
Frequency (GHz) 24-36 26-40 26-40 20-40
Isolation (dB) —20 —28 —24 —23.40
Return loss (dB) —43 —28 —54 —48.5
Gain (dB) 7.5 8 9 8.17
ECC 0.005 - 0.02 < 0.0001
Size (mm?) 126 x 126 60 x 135 | 24 x 22.5 26 x 19.2
Efficiency (%) 70 80 60 Above 85
material Rogers 4003C Isola Rogers 5880 | Rogers 5880

0.0002. The lower value of ECC justifies the lower correlation between MIMO antenna elements [21, 22].
It is observed that the suggested design provides good performance in terms of gain, efficiency,
isolation, ECC, and return loss. Table 1 shows the comparison between results of the designed MIMO

and other work.
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4. CONCLUSION

The proposed two-element asymmetric flare shape MIMO antenna with 20 GHz to 40 GHz frequency
band presents an efficient miniaturized system for Ka-band applications. It shows high bandwidth,
low ECC, minimum return loss, and high isolation with good radiation characteristics. The proposed
MIMO antenna design is compact and has more than 66.66% impedance bandwidth. The simulated
minimum envelope correlation coefficient is 0.0001 which is very low and justifies the high isolation
between antenna elements. The achieved isolation between antenna elements is more than 20dB for
the entire 20-40 GHz frequency band. The proposed antenna has demonstrated a high gain of 8.17 dBi
with radiation efficiency above 85% in the operating range. The simulated and measured results of
the proposed MIMO antenna are in good agreement. The distinguishing performance attributes of
the designed MIMO antenna suggest its applications in the future 5G wireless networks and cellular
applications of the millimeter wave communication.
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