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Circularly Polarized Two-Port MIMO Dielectric Resonator Antenna
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Abstract—A two port multi-input-multi-output (MIMO) dielectric resonator (DR) antenna (DRA) is
proposed with circularly polarized radiation. The antenna geometry allows to find circular polarization
and improved impedance bandwidth by reducing the separation between the DR elements. The isolation
between the ports of the antenna remains more than 15 dB in the operating passband even after reducing
the separation between the radiating elements. The antenna provides the 10-dB impedance and 3-dB
axial ratio bandwidth of 34.85% and 4.55%, respectively. The MIMO performance of the proposed
antenna is confirmed by calculating the parameters like envelop correlation coefficient, diversity gain,
mean effective gain, channel capacity loss, and the total active reflection coefficient. The proposed
antenna can be utilized for C-band applications.

1. INTRODUCTION

The dielectric resonator antenna (DRA) has the features like high gain and radiation efficiency, wide
bandwidth, and low losses which make it prominent over conducting surface antennas [1]. Nowadays,
the advancement in communication system needs higher data transfer rate which can be obtained
by using multi-input multi-output (MIMO) technology. In this motif, some MIMO DRAs have been
implemented and reported in the literature [2–7]. In the design of a MIMO antenna system, the main
requirement remains to obtain the high isolation between the ports and the lowest envelope correlation
coefficient (ECC). In order to fulfill these requirements, MIMO antennas have been developed with the
multi-radiators having an appropriate spacing between them [8–11]. The spacing between the radiators
reduces the mutual coupling and hence the isolation. However, the MIMO antennas with multi-radiators
have the major limitation of larger antenna size. To prevent this limitation, MIMO antennas have been
implemented with a single radiator, and feeding is applied such that the orthogonal modes could be
generated [6, 12–14]. The generation of orthogonal modes reduces ECC of MIMO antenna having single
radiator.

Most of the studies on MIMO DRAs, which have been carried out till now, are reported with
linearly polarized (LP) radiations [8–10, 15]. The limitation of LP antennas is the polarization mismatch
losses. This can be prevented by the generation of circular polarization in the antenna [16, 17]. In the
literature, very few MIMO DRAs have been reported with circularly polarized (CP) response [11, 18, 19].
The antenna geometry presented in [11] utilizes the cylindrical DRs excited using tilted aperture slots.
In [19], two separated L-shaped DR elements have been utilized with a defected ground structure for
obtaining the CP response in a two-port MIMO antenna. The limitation of these antenna structures
is large antenna size due to widely separated radiating elements. A two-port cross-shaped DR has also
been reported with single radiator in [18], but it utilizes a complex feeding mechanism and provides CP
radiation with single port only. At another port, it provides linearly polarized radiation. Thus, in the
current scenario, the main research issues are (i) obtaining the CP radiations in the MIMO antenna,
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(ii) reduction in the separation between the radiating elements, and (iii) maintaining the high isolation
between the ports. In this motif, a technique has been implemented using which the solution of all
the above problems can be found. A two-port MIMO DRA is reported with the CP response. The
antenna geometry is selected and arranged in such a manner that placing the DRs with zero separation
aligns the field vectors orthogonally as the hybrid of modes TM11δ and TM21δ, which provides the
CP radiation [20]. The antenna provides the CP response with the excitation at each port separately.
In the literature, the CP radiation has been achieved using the multi-feed network in DRA [21, 22].
The disadvantage of the multi-feed network is that it requires an external power divider and makes the
antenna structure bulky [23]. The proposed antenna provides the advantage over the antenna structures
with multi-feed mechanism by preventing the use of external power dividers.

In the proposed antenna, placing the DRs without separation, increases the length to width aspect
ratio which enhances the impedance bandwidth. The proposed antenna provides a wideband response
with the measured impedance bandwidth of 36.71% at each port. The antenna structure offers the
isolation between the ports more than 15 dB after placing DRs with no separation between them. The
MIMO performance parameters like ECC, diversity gain (DG), mean effective gain (MEG), channel
capacity loss (CCL), and total active reflection coefficient (TARC) remain in the acceptable limits.
Thus, the proposed technique offers the advantage of CP radiations and zero separation between the
DR elements of the MIMO antenna over the other existing antennas reported in [9–11, 15, 19].

2. ANTENNA DESIGN AND ANALYSIS

Figure 1(a) shows the geometry of the proposed two-port MIMO DRA. The antenna structure consists
of a substrate of FR-4 epoxy having permittivity εs = 4.4 and dimensions ls × ws at the top of the
ground plane. A combination of a rectangular DR having dimensions a× b×h and half-cylinder having
radius r is placed above the substrate. The dimensions of the half-cylindrical DR are selected for the
resonant frequency of the operating fundamental mode TM11δ using the formulae and analysis given
in [20, 24]. After calculation, the dimensions of the antenna are optimized using full wave simulator
to find the desired results. The material TMM13i having relative permittivity, εr = 12.8, is used
in dielectric resonator. The electrical and physical properties of the TMM13i remain approximately
constant over a wide range of temperature variation [25]. It is assumed that the characteristics of
the antenna will be approximately same within the operating frequency range with the variation of
temperature between 0◦ and 140◦ [25]. The RF excitation is applied using 50Ω microstrip lines of
dimensions lm × wm and conformal patch of height hp at the edges of the DR as shown in Fig. 1(b).
Similar and opposite DR arrangements are placed without separation between them. The antenna
structure is designed and analyzed using high frequency structure simulator and fabricated. Fig. 1(c)
shows the fabricated prototype of the proposed antenna. Moreover, the proposed antenna dimensions
are selected for operating in the C-band of microwave frequency. The antenna dimensions can also
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Figure 1. (a) The antenna geometry, (b) side view of the DR and (c) fabricated antenna prototype.
ls = 80, ws = 80, lm = 37, wm = 1.6, a = 10.1, b = 6, r = 5.2, h = 5 and hp = 5 (the unit of the
dimensions is mm).
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be scaled to operate with the applications of different frequency bands while the structure can be set
similar for obtaining a similar kind of antenna response.

3. RESULTS AND DISCUSSION

To understand advantages of the proposed technique, two antenna structures are designed as shown in
Fig. 2. In antenna-1, the DR elements are separated with the distance equivalent to half-wavelength.
In antenna-2, the DR elements are placed without any separation between them. Fig. 3 shows the
comparison of S-parameter responses of these antennas, and their performance is reported in Table 1.
It can be observed in Fig. 3(a) that the impedance matching of the antenna is improved in the case of
antenna-2, and a wide 10-dB impedance bandwidth is achieved. Each single DR element of antenna-1
operates with TM11δ and TM21δ modes at frequencies 6.44 and 7.88 GHz, respectively. Fig. 4 shows E-
and H-field distributions in the single DR element of antenna-1, which confirms the generation of these
modes. The geometry of the single DR element is quite close to the elliptical shape. Earlier, TM modes
have been excited in such a geometry [26, 27]. Also, the field distributions of these modes excited in the
proposed DR geometry are quite similar to the field distribution reported in a half cylindrical DR [20].
Moreover, the excitation of these modes provides radiations in the boresight direction correlating with
the investigations reported in a half-cylindrical [20, 28] and half-hemispherical DRA [29]. Antenna-1
provides high-reflected power at the frequency of fundamental hybrid mode. Placing the DR elements
without separation increases the length to width aspect ratio because they start operating as a single
DR, and hence the antenna provides good impedance matching at the frequency of fundamental mode
which results in a wider impedance bandwidth [30].

Antenna-1 Antenna-2

Figure 2. Two antenna
structures.

(b)(a) (c)

Figure 3. The frequency response of antenna-1 and 2 (a) S11-
parameter, (b) S12-parameter and (c) AR.

Table 1. Performance of antenna-1 and 2.

Antenna
Spacing between

DR elements
10-dB Impedance
bandwidth (%)

Isolation
(dB)

3-dB AR
bandwidth (%)

1 λ/2 4.89 (7.57–7.95 GHz) 20 0
2 35.80 (5.71–8.2 GHz) 15 4.06 (7.72–8.04 GHz)

Figure 3(b) shows the plot for isolation between the ports in antenna-1 and 2. The isolation is
reduced in the case of antenna-2 when the DR elements are kept closer to each other. However, the
minimum isolation between the ports of the antenna remains 15 dB in the operating passband, which
can be accepted for the operation of the MIMO antenna [14]. The reason of reduction in the isolation
is the reduction in the distance between DR elements [8]. However, the reduction in the separation
between the DR elements generates the orthogonal field components which results in the CP response.
Fig. 3(c) shows the axial ratio (AR) of both the antennas. In the case of antenna-2, placing the DR
elements without separation generates orthogonal modes. This brings the AR below 3-dB providing the
CP response at frequency 7.88 GHz. Fig. 5(a) shows the field distribution at frequency 6.44 GHz in the
proposed two-port MIMO antenna. In both, lower and upper partd of the DR, the field distribution is
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Figure 4. (a), (b) E and (c) H-field distribution at frequency 6.44 GHz (TM11δ mode). (d), (e) E and
(f) H-field distribution at frequency 7.88 GHz (TM21δ mode).

(b)(a) (c)

Figure 5. E-Field distribution in the combined DR elements at frequency (a) 6.44 (b) 7.72 and (c)
8.02 GHz.

corresponding to mode TM11δ . At this frequency, the antenna provides LP radiation. Figs. 5(b) and
(c) show the field distributions at frequency 7.72 and 8.02 GHz, respectively. At frequency 7.72 GHz,
the field is similar as TM21δ mode in the upper part and as TM11δ mode in the lower part of the DR.
At frequency 8.02 GHz, the field is distributed as TM21δ mode in both parts of DR. Thus, it can be
noted that the field distribution in the upper part of the DR remains same as TM21δ mode at both
the operating frequencies while it is changed from TM11δ to TM21δ with the change in the operating
frequency from 7.72 to 8.04 GHz. The frequencies 7.72 and 8.02 GHz are at around +45◦ and −45◦
points from the center frequency 7.88 GHz at which CP is achieved. Thus, it can be concluded that
there is a phase difference of 90◦ between TM11δ and TM21δ modes generated in the lower part of the
DR. It is already reported that the excitation of these modes with the phase difference of 90◦ between
them provides the CP fields [20, 24]. Observing the field distribution at frequency 7.88 GHz shown in
Fig. 6(a), it can be observed that it is a hybrid of modes TM21δ and TM11δ .

For the confirmation of the CP operation, E-field is analyzed at the top surface of the DR at
different time instants as shown in Fig. 6. It can be observed that the field vectors rotate at an angle
of 90◦ in a constant — z = d plane after each quarter cycle of the time period T [31]. The CP response
and zero separation between the DR elements is obtained at the cost of the reduction in the isolation.
However, it remains more than 15 dB in the operating passband.

Figure 7 shows the simulated and measured S-parameter responses of the proposed antenna
(antenna-2). The antenna provides the simulated and measured impedance bandwidths of 35.80%
(5.71–8.2 GHz) and 36.71% (5.67–8.22 GHz), respectively at both the ports. The symmetricity of the
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Figure 6. The E-field distribution at frequency 7.88 GHz at time t = (a), (b) T/4, (c) T/2 and (d)
3T/4.

(b)(a)

Figure 7. Simulated and measured frequency response of (a) S11 and (b) S12-parameter.

(b)(a) (c)

Figure 8. Simulated and measured (a) AR, (b) gain and (c) simulated radiation efficiency.

antenna structure provides S11 = S22. The simulated and measured values of isolation remain 15 dB
or more in the passband. The far-field properties of the antenna like radiation pattern, AR, and gain
are measured using the satimo start lab system. Fig. 8(a) shows the simulated and measured ARs
in the boresight direction (θ = 0◦). The antenna provides the simulated and measured 3-dB AR
bandwidths of 4.06% (7.72–8.04 GHz) and 4.55% (7.72–8.08 GHz), respectively. The antenna provides
CP radiation with the excitation at both the ports. Fig. 8(b) shows the gain plot of the antenna in the
boresight direction. The antenna provides the peak of gain around 3.8 dBic in the passband where CP is
achieved. Fig. 8(c) shows the simulated radiation efficiency, which remains around 80% in the passband.
Figs. 9 and 10 shows the radiation patterns with the excitation at both the ports at frequencies 6.44
and 7.93 GHz, respectively. The antenna provides the LP radiations at frequency 6.44 GHz and CP
radiation at frequency 7.93 GHz. The separation between co- and cross-polarized components remains
18 dB or more in the boresight direction (θ = 0◦) in both the principal planes. The antenna provides
the radiation with dominant (co-polarized) right-hand CP field at frequency 7.93 GHz.

4. MIMO AND DIVERSITY PERFORMANCE

The MIMO performance of antenna is verified by calculating parameters ECC, DG, MEG, CCL,
and TARC. Fig. 11 shows the plots for these parameters. The ECC is calculated using measured
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(b)(a)

Figure 9. Radiation pattern of the antenna at
frequency 6.44 GHz at (a) port-1 and (b) port-2
(upper images in xz-plane and lower images in
yz-plane).

(b)(a)

Figure 10. Radiation pattern of the antenna at
frequency 7.93 GHz at (a) port-1 and (b) port-2
(upper images in xz-plane and lower images in
yz-plane).

(b)(a) (d)(c) (e)

Figure 11. (a) ECC, (b) DG, (c) MEG, (d) CCL and (e) TARC (for seven values of input phase angle
(θ)) (S-simulated, M -measured).

S-parameters and simulated far-field parameters using Eqs. (1) and (2) [10, 32].
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Here, ρeij is ECC of the ith and jth antenna elements, and Ω is the solid angle. The acceptable value of
ECC is less than 0.5 [33]. For the proposed antenna, the ECC remains less than 0.05 in the passband
as shown in Fig. 11(a).

The DG of the antenna is calculated using mathematical evaluation reported in [4]. The DG of
the antenna should be greater than 9.95 in the operating passband. Fig. 11(b) shows the simulated
and measured plot for DG. It remains around 10 dB in the passbands, which shows that the antenna
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provides a good MIMO performance.

Gd = 10ep where ep =
√(

1 − |0.99ρe|2
)

(3)

The MEG is calculated at both ports using [34]. It remains around 3 dB. The difference between MEGs
at port-1 (MEG1) and at port-2 (MEG2) is near 0 dB as shown in Fig. 11(c).

MEGi = 0.5ηi, rad = 0.5

⎡
⎣1 −

M∑
j=1

|Sij|2
⎤
⎦ (4)

where M is the number of ports in MIMO antenna, and ηi, rad is the radiation efficiency of the antenna.
Fig. 11(d) shows CCL of the proposed antenna. It is calculated using the method reported in [35]. The
CCL of the proposed antenna remains below the acceptable range (CCL < 0.5 bps/Hz) in the operating
passbands.

CCL = − log2 det(ψR) (5)

ψR =
(
ρe11 ρe12

ρe21 ρe22

)
(6)

TARC is the ratio of square root of total reflected power to the square root of total incident power. It is
calculated using Eq. (8). Fig. 11(e) shows the calculated TARC of the antenna for seven different values
of the input phase angles [36, 37]. The reflection coefficient of the antenna is quite stable for different
values of the input phase angle.

Γt
a =

√√√√ M∑
j

|bj |2

√√√√ M∑
j

|aj|2
(7)

Where aj is the incident wave, and bj is reflected wave. The dependency of TARC on S-parameters is
defined as [36].

Γt
a =

√
|S11 + S12ejθ|2 + |S21 + S22ejθ|2

2
(8)

Table 2. Comparison of the proposed antenna with other two-port MIMO DRA.
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where θ is the phase of the input signal.
Table 2 shows the comparison of the proposed antenna with the other MIMO DRAs. It can be

observed that the proposed antenna offers the advantage of CP radiations in comparison to the antennas
reported in [8–10]. Furthermore, the arrangements of the DR allow to reduce the spacing between the
DR elements and provides the CP radiation. This proves that the proposed antenna is a good candidate
over other MIMO CPDRAs which are implemented with at least λ/4 spacing between the DR elements
reported in [11, 19]. Also, the isolation and gain of the antenna are comparable with other antennas.

5. CONCLUSION

A two-port multi-input-multi-output (MIMO) dielectric resonator (DR) antenna (DRA) has been
implemented with circularly polarized radiation. The reduction in the separation between the DR
elements provides the CP radiation and enhanced impedance bandwidth. The isolation of 15 dB or
more has been achieved between the ports of the antenna. The antenna provides 10-dB impedance and
3-dB axial ratio bandwidth of 34.85% and 4.55%, respectively. The MIMO performance parameters
like envelop correlation coefficient, diversity gain, mean effective gain, channel capacity loss, and the
total active reflection coefficient remain in the acceptable limits. The proposed antenna is suitable for
C-band applications.
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