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A High Isolation Multiband MIMO Antenna without Decoupling
Structure for WLAN/WiMAX /5G Applications

Dhanasekaran Dileepan”, Somasundaram Natarajan, and Rengasamy Rajkumar

Abstract—In this paper, 1 x 1 and 2 x 2 Multiple-input Multiple-output (MIMO) antenna is designed
for a multiband application. The antenna consists of three concentrated decagon-shaped rings which are
responsible for obtaining the three resonance frequencies. The proposed antenna has a unique design
technique; without using any decoupling structure the antenna attains better isolation performance.
First, a two (1 x 1) element MIMO antenna with three different orientations (Orientation-I, II, and
III) is studied. Second, a four-element MIMO antenna is designed without any decoupling structure
for better performance. The above two antenna designs are fabricated and measured. The dimension
of the proposed antenna element is 23.5mm x 26.5mm, and it has —10dB impedance bandwidth
over 2.4-2.52 GHz, 3.66-4 GHz, and 4.62-5.54 GHz, which cover various applications such as WLAN
(2.4/5.2 GHz), WiMAX (2.5/5.5 GHz), public safety (4.9 GHz), and 5G (3.6-3.8 GHz). The proposed
MIMO antenna diversity performances such as isolation, ECC, Directivity Gain, TARC, Channel
Capacity Loss (CCL), and Mean Effective Gain (MEG) are studied.

1. INTRODUCTION

There is huge demand for multiple-input-multiple-output multiband antennas due to increased wireless
systems that operate at a high-speed data rate, multipath property, and large channel capacity. MIMO
antenna signal correlation should be low with good impedance characteristics, and individual elements
possess high efficiency and isolation [1-3]. However, it is challenging to design antenna elements in a
small, constrained space with high isolation, and there are various techniques [4-17] used by researchers
to attain high isolation. In [4], a MIMO antenna with a dual-band resonance and a size of 74 x 47.3 mm?
is designed for WLAN application. It has a small decoupling structure for isolation over 30dB. In [5],
three techniques, i.e., orientation, space between elements, and introduction of L-shaped strips in the
DGS, are used to achieve the isolation of —17dB. A frequency selective surface (FSS) based decoupling
structure is used with a foldable monopole multiband MIMO antenna to realize better isolation [6]. A
triple-band dielectric resonator MIMO antenna used open square slots in the edges to create decoupling
between antennas [7]. In [8], the isolation of an inverted F-shaped MIMO antenna is enhanced by
introducing an inverted T-slot and a meander line shorting in the ground plane. The meander line
with a semicircular patch is designed for the WLAN application. It covers 2.4/5.2 GHz, and shorting
meander line is employed between patches to enhance isolation around —25dB [9].

A metamaterial-based 2 x 2 element MIMO L-shaped monopole antenna loaded with SRR for
WLAN/WiMAX application is proposed for isolation enhancement [10]. A MIMO antenna with a
compact structure for multiband application attains less than —27dB isolation by using a defected
ground structure and parasitic elements, which covers 2.4/5.2/5.8 GHz WLAN application, is proposed
[11]. Mutual coupling value lower than —18dB is obtained by introducing stepped cuts and elliptical
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slots in the ground [12]. The dimension of the structure is 50 x 50 mm? and covers 2.5/3.5/5.5 GHz
WiMax applications. A dumbbell-shaped parasitic structure is employed between circular patch antenna
elements to reduce mutual coupling less than —25 dB [13], where it can be used for C band applications.
A compact two element dual-band MIMO antenna uses simple decoupling slots in the ground plane and
helps to improve the isolation to less than 20dB for the first resonance frequency [14]. A stub in the
ground and in the feed line is introduced in a tri-band MIMO antenna for WLAN/WiMAX application
to enhance isolation greater than 20 dB [15]. A slotted microstrip patch antenna is presented in [16] for
WLAN/WiMAX application with dimension of 70 x 60 mm?, and simple slots are introduced between
antenna elements to achieve an isolation of —29 dB. Improvement of isolation between two elements is
achieved by optimizing its orientation and spacing with an isolation of less than —50dB in [17], —15dB
in [18], and —24dB in [19].

Different MIMO antennas have been designed by using various techniques and listed in Table 1.
Many of the reported antennas have low isolation, occupy a large size, and need a complex technique to
obtain better isolation. The proposed antenna has certain advantages as 2 x 2 MIMO antenna elements
are placed in a unique orthogonal orientation to realize high isolation. The orientation of the elements
helps in avoiding the use of a complex decoupling structure. Similarly, the 1 x 1 MIMO antenna uses
a simple orientation technique to achieve high isolation and expected Envelop Correlation Coefficient,

Table 1. Various MIMO antenna characteristics comparison.

Antenna .. Isolation Isolation Frequency
Ref. Applicat ECC
© Size (mm) pphications method (dB) (GHz)
D li
4] 74 x 47.3 WLAN ecouping —20dB | 0.005| 2.46-2.7, 5.04-5.5
strucutre
D ith
[5] 50 x 50 WLAN/WiMAX GS wit ~17.8dB | 0.011|  2.09-2.86, 5.05-5.94
two MP lines
1.63-1.84, 2.43-2.71
[7] 100 x 100 LTE DRA slot _20dB | 0.02| 103184 243271
3.27-3.75
8] 52 X 7.5 WLAN fnverted T ~15dB | 0.2 | 2.4-2.48, 5.15 to 5.825
slot in ground
9] 60 x 60 WLAN meandering-line —25dB 2.4-2.48, 5.15-5.825
[10] 40 x 40 WLAN/WiMAX/5G SRR —14dB 2.4, 3.45, 5.5
1] 50 x 30 WLAN parasitic elements _94dB | 0.027 2.4-2.4835, 5.15-5.35,
and DGS 5.725-5.875
stepped slot
2.3-2. A4-3.
[12] 50 x 50 WLAN/WIMAX ended with an —18dB | 0.03 3 25877?(; 0 375,
ellipse in ground -
dumb-bell 3.10-3.19, 6.11-6.43
13 40 x 40 WiMAX/C-band —-35dB | 0.005 ! ’
[13] IMAX/C-ban shaped slot 7.50-8.04
[14] 25 x 24 WLAN slots —20dB | 0.004| 2.40-2.67, 5.46-5.73
Stub in ground 2.1-2.7, 3.3-3.7
15 37 x 38 —20dB 0.05 ’ ’
[15] and feed line 4.9-5.35
LAN
[16] 70 x 60 WW.MAa;;d Ground slots —24.98dB 2.37-2.42, 3.33-3.39
1
[17] 60 x 20 WLAN and Wi-Fi. orientation —50dB |0.000 4.3-6.0
Bluetooth/C-band/ 2.24-2.50, 3.60-3.99
18 37 x 56 DGS —15dB 0.08 ’ ’
[18] % WLAN/WiMAX/Wi-Fi 4.40-4.60, 5.71-5.90
2.22-2.54, 3.14-3.
[19] 65x 21 | WiFi/WiMAX/WLAN Orientation —24dB | 0.001 553’ 537 39,
P 3 2.4-2.52, 3.66—4
roposed | 0 5 83 | WLAN/WIMAX/5G Orientation ~30.5dB | 0.001 52, 3.66-4,
antenna 4.62-5.52
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Diversity Gain, Channel Capacity loss values in all operating frequencies. Simple antenna design and
compact size is used to achieve multi-band resonance. Further, it provides a needed solution to modern
wireless communications. In this paper, decagon ring-shaped two- and four-element MIMO antennas
are introduced with compact size; isolation is enhanced without using any decoupling structure; and
it exhibits multiband resonance covering 2.41-2.49 GHz (Bluetooth), 2.5/5.5 (WiMAX), 2.4/5.2 GHz
(WLAN), 3.6-3.8 GHz (5G), and 4.9 GHz (public safety applications) applications.

2. ANTENNA DESIGN

The basic antenna structure is depicted in Figure 1 with its parameters and dimensions, and an FR4
substrate is used to print the antenna with a dielectric constant (¢, = 4.4) and 1.6 mm as thickness. The
initial antenna design with a single decagon ring resonates at 4 GHz and has radius of 4.8 mm, and to
achieve multiband resonance additional rings of smaller dimensions are added inside the initial design.
The addition of the second ring with radius of 3.6 mm enables a dual-band resonance at 2.5 GHz and
4.8 GHz. The third ring with radius of 2.4 mm creates a third resonance band at 3.8 GHz, and a slot in
the ground improves the reflection coefficient value. The basic antenna’s design evolution is shown in
Figure 2, and optimized antenna parameters are represented in Table 2.

W
G3

ANTENNA il ANTENNA #2 ANTENNA #3
Figure 1. Basic antenna with  Figure 2. Basic antenna design evolution.
parameters.
Table 2. Parameter of the antenna proposed.
Parameter L w Wg | Lg | We | G | G4
Dimension (in mm) | 23.5 | 265 |11.75| 9 | 26 | 02| 1.6
Parameter Gl | G2,G3| Rl | R2| R3 | Sy
Dimension (in mm) | 0.7 0.5 48 36|24 |05

The conventional ring circular antenna can be designed using Equation (1) based on [20].
c c

A s (ll + lg)@
with radius of the outer ring /; and radius of the inner ring ls.

The proposed antenna S1; comparison is shown in Figure 3. As ring-2 and ring-3 are added to
Antenna #1, mutual coupling between the rings is introduced and leads to producing the multiband
response as illustrated in Figure 3. The antenna covers various frequencies such as 2.4/5.2 GHz,
2.5/5.5 GHz, and 4.9 GHz. The same designed antenna performance is validated with the measured
result, as shown in Figure 4, and it is observed that there is a good agreement between them.

F = GHz (1)
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Figure 5. Current distribution of basic antenna.

The surface current distribution analysis of the proposed basic antenna for various operating
frequencies is depicted in Figures 5(a)—(c). At 2.4 GHz, most of the current density can be seen
between the inner edges of the outer ring and the outer edges of the middle ring. Current density
states that the addition of the middle ring is accountable for the creation of resonance at 2.4 GHz due
to coupling between them. Similarly, at 3.8 GHz current density is higher in the middle and inner rings,
and the addition of a third smaller ring leads to the creation of a coupling effect between the middle
and inner rings. Due to this coupling effect, a middle resonance frequency at 3.8 GHz is obtained. For
5.2 GHz, most of the current distribution is in the outer and middle rings. From the analysis of current
distribution, it is evident that the addition of inner rings is responsible for multi-band resonance.

3. TWO ELEMENT MIMO ANTENNA DESIGN

The single element multi-band antenna geometry is depicted in Figure 1. It has a compact dimension of
23.5 x 26.5 mm?, and it resonates for three operating frequencies 2.4-2.52 GHz, 3.66-4 GHz, and 4.62—
5.54 GHz. Two element MIMO antenna is studied for three different orientations, namely I, I, and III,
as shown in Figures 6(a)—(c), and the separation between the elements is kept as 30 mm. Further, all
three orientations are fabricated, and their S-parameter responses are illustrated in Figures 7-9.

Two element MIMO antenna (Orientation-I) is created by placing two antenna elements side by
side with a separation of 30 mm, as shown in Figure 6(a). In this orientation, the antenna has a better
reflection coefficient and isolation characteristics in all frequency bands. It is seen that the measured
reflection coefficient for orientation-I is less than —15 dB in 2.4-2.5 GHz, 3.68-3.96 GHz, and 4.54-5 GHz.
Similarly, the isolation values are —30.7dB, —27.6dB, and —18.5dB for three frequency bands, and it
is illustrated in Figure 7.
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Figure 6. MIMO antenna with different orientation.
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Figure 7. Measured S-parameters comparison and fabricated prototype of Orientation-I.
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Figure 8. Measured S-parameters comparison and fabricated prototype of Orientation-II.

Orientation-1II is created by inverting Antenna-II position where Antenna-I position is unchanged.
For this orientation, the measured S-parameter response and fabricated prototype are shown in Figure 8.
It is observed that it has covered 2.44-2.52 GHz, 3.8-4.06 GHz, and 4.64-5.32 GHz with isolation values
less than —27.3 dB in the lower band, —24.9dB in the middle band, and —19.7dB in the higher band
is observed.

Both Antenna-I and Antenna-II are rotated 90° to obtain the orientation-IIT as shown in Figure 6(c).
In this orientation, the antenna radiating elements face each other.

Measured reflection coefficient of this antenna orientation covers 2.4-2.52 GHz, 3.66-4 GHz, and
4.62-5.54 GHz with an isolation value less than —30.5dB in the lower band, —30.7dB in the middle
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Figure 9. Measured S-parameters comparison and fabricated prototype of Orientation-III.

Figure 10. Two element MIMO antenna prototype with VNA measurement setup.

band, and —30.6dB in the higher band being observed. Figure 9 presents measured S-parameter
values of Orientation-III and its fabricated prototype. As per the above observations, MIMO antenna
Orientation-III has a high isolation value of less than —30.5dB in all operating frequencies compared
to antenna Orientation-I and II. Figure 10 shows the two element MIMO antenna VNA measurement
setup with the prototype.

4. TWO ELEMENT MIMO ANTENNA DIVERSITY PARAMETERS

The various MIMO antenna parameters like ECC (Envelop Correlation Coefficient), DG (Diversity
Gain), TARC (Total Active Reflection Coefficient), MEG (Mean Effective Gain), and CCL (Channel
Capacity Loss) are necessary for overall performance evaluation. MIMO antenna lower correlation
coefficient value means that the antenna supports a higher data rate. ECC acceptable value for the

practical condition is less than 0.5, and ECC for the proposed antenna is calculated using Equation (2)

based on [22].
2

N
z : *
Si,nSn,j
n=1

N
11 [1 -> S;;nsnv,g]
n=1
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where 7 and j are antennas 1 and 2, and N is the number of antennas.

Figure 11(a) shows the ECC graph of the proposed 1 x 1 MIMO antenna, where all operating
frequencies has ECC value less than 0.5. Equation (3) represents the formula to calculate directivity
gain (DG) using ECC. Diversity gain of the proposed 1 x 1 MIMO antenna is depicted in Figure 11(b)
for all three operating frequencies, and it has a very desirable value of 10dB.

DG =10 x /1 —|ECC]| (3)
TARC value for 1 x 1 MIMO antenna can be calculated using Equation (4), and it is shown in

Figure 12(a). TARC is defined as the whole return loss value of MIMO antenna with the effect of
mutual coupling and phase of incident wave [21].

V(IS11 + S1267%)%(|921 + Sa2¢1%])? (4)
V2

Mean Effective Gain (MEG) is the ratio of mean relative power received by the diversity antenna to

the power incident on the isotropic antenna. Equations (5) and (6) can be used to calculate MEG, which

depends on the S-parameter. MEG for the proposed two-element antenna is shown in Figure 12(b). As
per observation the MEG value is less than —3 dB for all operating frequencies as expect in the MIMO
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Figure 11. (a) Envelop Correlation Coefficient (ECC) and (b) Diversity Gain (DG) of the proposed
two element MIMO antenna.
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Figure 12. (a) TARC and (b) MEG of the proposed two element MIMO antenna.
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antenna.
1
MEG, = 5[1 — 811 = [S12)?] (5)
1
MEGsy = 5[1 — S91]? = [S22|?] (6)

As the number of antennas in a MIMO system increases, channel capacity will increase theoretically,
but due to correlation, a capacity loss may be induced [19]. In Figure 13 Channel Capacity Loss is
illustrated, where the CCL value less than 0.4 bits/sec/Hz is observed.

CCL = —logy(p") (7)
R __ P11 P12
P ( p21 P22 ) ®)

pi1 = 1—(|S1ul> = [S12%), po2 =1— (|S2a|* = |S21%),
p12 = — (511812 + 531522),  p21 = — (532521 + S12511).

where,

—— CCL B/W 2 elements]

CCL(bits/sec/Hz)

T T T T
1 2 3 4 5 ] ¥ 8

Frequency(GHz)

Figure 13. Channel capacity loss (CCL).

Figure 14. Four Port MIMO antenna configuration with the fabricated prototype.
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5. FOUR ELEMENT MIMO ANTENNA DESIGN

Four element MIMO antenna is designed in a unique way, and each antenna is placed orthogonal to the
nearer antenna to achieve high isolation. Figure 14 shows the four-element MIMO antenna configuration

S parameters (dB)
g :
1

b
=1

1

S parameters (dB)

50

T T T T 1 T
1 2 3

Frequendcy (GHz) < Frequency (GHz)
(a) (b)

S parameters (dB)
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T T T 1
5 [ T

4
Frequency (GHz) Frequency (GHz)
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Figure 15. 2x2 MIMO antenna S-Parameter comparison. (a) Antenna-I and Antenna-II, (b) Antenna-
IT and Antenna-III, (c¢) Antenna-III and Antenna-IV, (d) Antenna-I and Antenna-IV.

Figure 16. Four element MIMO antenna prototype with VNA measurement setup.
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and its fabricated prototype. S-parameter is measured for all four antennas, and their responses are
illustrated in Figures 15(a)—(d). The isolation between antenna-I and antenna-II is obtained around
—18.5dB for all operating frequencies, as exhibited in Figure 15(a).

It is observed that Figure 15(b) has an isolation value of —20 dB between Antenna-II and Antenna-
III. The isolation value between Antenna-III and Antenna-IV is less than —18.5dB, as shown in
Figure 15(c). Between Antenna-I and Antenna-IV the value is less than —20dB, which is illustrated in
Figure 15(d). From the above analysis, it is evident that the four-element antenna shows good isolation
between antennas.

As the distance between the ports increases, the isolation of the antenna also increases, but the
focus is to develop a compact MIMO antenna without using decoupling structures. The proposed
antenna dimensions are used. Figure 16 depicts the proposed four element MIMO antenna prototype

with a VNA measurement setup.

6. FOUR ELEMENT MIMO ANTENNA DIVERSITY PARAMETERS

Envelope Correlation Coefficient for four element MIMO antenna is calculated using Equation (2).
Figure 17(a) depicts ECC of the proposed four element antenna where the value is less than 0.001.
Diversity gain is shown in Figure 17(b) which is calculated from Equation (3). MEG is calculated
between Antenna-I and Antenna-II and shown in Figure 18(a). Similarly, MEGs between Antenna-I
and Antenna-III, and Antenna-II and Antenna-IV are depicted in Figures 18(b) and (c), respectively.
The proposed MIMO antenna radiation pattern is shown in Figure 19, wherein in all operating
frequencies H-plane radiation pattern is omnidirectional, and in £ plane dumbbell shape is observed.
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Figure 17. (a) ECC of the proposed 2 x 2 MIMO antenna, (b) directivity Gain (DG) of the 2 x 2
MIMO antenna.
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Figure 18. (a) MEG between Antenna-I and Antenna-II, (b) MEG between Antenna-I and Antenna-I11
and (¢) MEG between Antenna-II and Antenna-IV of the proposed 2 x 2 MIMO antenna.
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Figure 19. The proposed antenna FE and H plane radiation pattern.

The proposed antenna has a positive gain over its operating frequencies, an average peak gain of 1dB,
and an efficiency is 85%.

7. CONCLUSION

In this paper, a multiband decagon ring-based 1 x 1 and 2 x 2 MIMO antenna without decoupling
structure is presented. The proposed antenna’s operating frequency bands are 2.4-2.52 GHz, 3.66—
4GHz, and 4.62-5.52 GHz, which cover 2.4/5.2 GHz WLAN, 2.5/5.5 GHz WiMAX, 3.6-3.8 GHz 5G,
and 4.9 GHz public safety applications. The antenna element’s orientation produces high isolation
values of —30.5dB and 18.5dB for 1 x 1 and 2 x 2, respectively for all operating frequencies. The
simulated efficiency of more than 85% and a stable radiation pattern are attained for the proposed
antenna. MIMO antenna diversity performance is investigated, where measured results of the ECC
values are lower than 0.001, and DG of 10 dB over operating frequencies is achieved. Thus the proposed
MIMO antenna could be a good replacement for various modern wireless applications.
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