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Abstract—A novel circularly polarized MIMO Dielectric Res-
onator Antenna (DRA) for 28 GHz band applications is proposed.
The DRA is excited by microstrip line structure which produce
circular polarization due to orthogonal feed arrangement main-
taining symmetry between both the ports. Impedance bandwidth
of MIMO DRA is 27-29 GHz, axial ratio bandwidth is 27.5-
28.75 GHz, and maximum simulated gain is 7.53 dBi at 27.6
GHz which covers the targeted 28 GHz band (27.5-28.35 GHz)
for the 5G applications. Due to wider overlaping of axial ratio
bandwidth with impedance bandwidth, proposed MIMO DRA
is good candidate for 5G communication at 28 GHz band.
Simulated and measured results are in good agreement, making
proposed DRA a good choice for mm wave applications.

I. INTRODUCTION

”DRAs play important role in emerging wireless standards
because of their inherent advantages such as no surface
wave losses, high radiation efficiency, compact size, nearly
constant gain, high impedance bandwidth and ease of exci-
tation” [1]. These advantages make DRA a good choice for
different applications all over the frequency spectrum, from
microwave frequency bands to the optical frequency bands.
Circular polarization in antennas is also desirable property
as it improves reception of signal without much effect of
orientation and polarization of incident wave. In [2], a detailed
review of recent MIMO DRAs has been presented. In [3]–
[14] different DRAs have been proposed by researchers for
MIMO application with circularly polarization feature. In [15],
authors proposed a circularly polarized DRA for microwave
image sensing applications operating at 28 GHz band. There
are scanty literature in the field of circularly polarized MIMO
DRA at 28 GHz frequency. Compactness in MIMO antenna
can be achieved when single dielectric resonator (DR) is
excited by multiple ports instead of more than one DR fed
by number of ports.

In this paper, a novel, microstrip line fed dual port circularly
polarized MIMO DRA antenna is proposed for 28 GHz
band applications. Moreover proposed antenna boasts single
DR element excited by microstrip line feed by dual ports.
Circular polarization is produced by a dual-feed circuit with a
phase-delay line. Antenna demonstrates simulated impedance
bandwidth of 7.14% (27-29 GHz), Axial Ratio Bandwidth
(ARBW) is 4.4% (27.5-28.75 GHz) which covers the 28 GHz
band allocated by FCC for the next generation 5G wireless
communication standards [16]. Maximum simulated gain is
7.53 dBi at 27.6 GHz and isolation between ports is achieved

Fig. 1. Geometry of the Antenna (All dimnesions are in mm)

at least -15 dB throughout the operating bandwidth. Antenna
structure is symmetric with screw drills slots which make it
easy to install.

Proposed antenna geometry is shown in Fig. 1 where all di-
mensions are in millimeter (mm). It comprises a ceramic DRA
mounted on a RT/Duroid 6002 substrate with ground plane
and microstrip feedline structure to couple the electromagnetic
field to DRA. Substrate has been chosen as RT/Duroid 6002
sheet with dielectric constant εr = 2.94, thickness 0.8 mm
and tan δ = 0.0012 and Eccostock Hik bar with ϵr = 10,
tan δ = 0.001, height or thickness= 4.8 mm, has been used
as DRA material. Symmetrical shape of overall structure has



been considered so that it can be easily adopted in various
applications, because of port symmetry where in Sxy , x and
y are interchangeable.

II. RESULTS AND DISCUSSION

A prototype of proposed MIMO DRA is fabricated to val-
idate simulated results. To measure far field results, proposed
antenna was used as receiver antenna in an anechoic chamber
with corrugated horn antenna as transmitter antenna which is
illustrated in Fig. 2.

Fig. 2. Measurement of far field radiation parameters in anechoic chamber
with corrugated horn as transmitter antenna

Fig. 3. Simulated and measured S11 and S12 of proposed Antenna

The antenna demonstrates simulated impedance bandwidth
of 7.14% (27-29 GHz), ARBW is 4.4% (27.5-28.75 GHz)
Simulated and measured impedance bandwidth of the pro-
posed antenna is illustrated in Fig. 3 with measured axial
ratio bandwidth window. Measured impedance bandwidth is
7.14% (27-29 GHz). S22 is same as that of S11 beacuse of
symmetrical structure of DRA and not illustrated in Fig.3.
Simulated and measured ARBW of the proposed antenna is
illustrated in Fig. 4. Measured ARBW is 2.4% (27.8-28.5
GHz).

MIMO performance metrics have also been studied to
justify the performance of the proposed dual feed MIMO

Fig. 4. Simulated and measured axial ratio bandwidth of proposed Antenna

DRA and methodology mentioned in Author’s work in [12]
is used to calculate MIMO parameters. ρ is one of the
main performance metrics of MIMO system which describes
isolation and correlation of communication channel with each
other [17]. ”Low values of ρ confirm the good diversity
performance and channel characteristics, required for efficient
MIMO operation at higher data rate” [12]. As the simulated
values of ρ12 calculated by HFSS EM simulator uses S-
parameter method of calculation which comes out well below
0.005 for all frequencies, so not shown here, but the measured
value of ρ12 with more accurate, radiation pattern method as
described in [12] is shown in Table I.

TABLE I
MEASURED ENVELOPE CORRECTION COEFFICIENT (ρ)

Frequency(GHz) 27.4 27.6 27.8 28 28.2 28.4 28.6
ρ12 0.26 0.18 0.12 0.1 0.05 0.21 0.27

It is confirmed from simulation results that for mirrored
feed-line designs as shown in Fig. 5, the same DRA radiate
RHCP wave (in RHCP wave electric field vector rotates in
a right hand sense with respect to direction of propagation
and in LHCP wave electric field vector rotates in a left hand
sense with respect to direction of propagation) [18]. So, two
antennas shown in Fig. 5 can be used as LHCP-RHCP antenna
transmit-receive pair for mm wave application with similar
radiation characteristics. For short-distance communication in
Bio-Telemetry also such kind of transmitter-receiver pair may
be used in near future. Figure 6 illustrates simulated field
distribution at various time phases to show LHCP and RHCP
in both antennas shown in Fig. 5. It is also shown in Fig.
6 that effect of circular polarization is more prominent in
one part than other due to induced fields, as explained in the
previous section. In the field of circularly polarized MIMO
DRA scarce literature is available. The proposed antenna
is an effort to fill the gap by introducing application of
DRA in MIMO applications in 28 GHz band with circularly
polarization feature. The cross-shaped DRA with symmetrical



feed network can produce LHCP and RHCP wave depending
upon orientation of feedline.

Fig. 5. Mirrored feed-line designs to achieve LHCP and RHCP field wave
respectively in a transmitter-receiver pair antenna system

Fig. 6. Simulated field distribution at different time phases to show LHCP
(top) and RHCP (bottom) circular polarization in both antennas shown in Fig.
5 at 28.2 GHz

III. CONCLUSION

In this paper, a novel, microstrip line fed dual port circularly
polarized MIMO DRA antenna is proposed for 28 GHz band
applications. The measured impedance bandwidth is 7.14%
(27-29 GHz) and measured axial ratio bandwidth is 2.4%
(27.8-28.5 GHz) of the antenna prototype which covers the
targeted 28 GHz band (27.5-28.35 GHz) allocated by FCC for
the next generation 5G wireless communication standards. The
antenna structure is symmetric with screw drills which make it
easy to install. For the mm wave frequency range there is need
for an intensive study for reduced loss configurations. DRA
antennas are intrinsically of low loss radiators. In the proposed
configuration, this feature comes together with reduced dimen-
sions, which make present structure applicable for 5G and
futuristic 6G antennas in mm wave frequency bands allocated
by FCC. In futuristic bio-telemetry communication system,
the proposed transmitter-receiver pair can be used for short-
distance communication with low loss and high efficiency.

ACKNOWLEDGEMENT

This Project is part of the Project no: E13C24002390006
with SOE2024-35 under Ministero dell’Università e della
Ricerca Italia. Reference: PNRR M4C2 Bando Giovani Ricer-
catori, Investimento 1.2 - Avviso N. 201 del 03/07/2024-
SOE2024-35

REFERENCES

[1] Luk K.M. and Leung K.W.,”Dielectric Resonator Antennas”, Research
Studies Press Ltd. 2003.

[2] Singhwal S. S., Matekovits L., Kanaujia B. K., Kishor J., Fakhte S. and
Kumar A., ”Dielectric Resonator Antennas: Applications and Develop-
ments in Multiple-Input, Multiple-Output Technology,” in IEEE Antennas
and Propagation Magazine, vol. 64, no. 3, pp. 26-39, June 2022, doi:
10.1109/MAP.2021.3089981.

[3] Chen H. N., Song J., Park J., ”A Compact Circularly Polarized MIMO
Dielectric Resonator Antenna Over Electromagnetic Band-Gap Surface
for 5G Applications,” IEEE Access, pp. 140889-140898, Sep. 2019.

[4] Iqbal J., Illahi U., Sulaiman M. I., et. al., ”Mutual Coupling Reduction
Using Hybrid Technique in Wideband Circularly Polarized MIMO An-
tenna for WiMAX Applications”, IEEE Access vol. 7, pp. 40951-40958,
2019.

[5] Bharti G., Kumar D., Gautam A. K., Sharma A., ”Two-port ring-shaped
dielectric resonator based diversity radiator with dual-band and dual
polarized features”, Microwave Optical Technology Lett., vol.62, Issue-2,
Feb. 2020.

[6] Zhang Y., Deng J.Y., Li M. J., Sun D., Guo L. X., ”A MIMO Dielectric
Resonator Antenna With Improved Isolation for 5G mm-Wave Applica-
tions,” IEEE Antennas and Wireless Propagation Letters, vol. 18, no. 4,
pp. 747-751, April 2019, doi: 10.1109/LAWP.2019.2901961.

[7] Singhwal S. S., Kanaujia B. K., Singh A., Kishor J., Matekovits L., ”Dual-
Band Circularly Polarized MIMO DRA for Sub-6 GHz Applications ”
Int. Journal of RF and Microwave Computer-Aided Engineering, vol. 30,
Issue-10, July 2020.

[8] Varshney G., Singh R., Pandey V. S., Yaduvanshi R. S., ”Circularly
Polarized Two-Port MIMO Dielectric Resonator Antenna” Progress In
Electromagnetics Research M, vol. 91, pp. 19–28, 2020.

[9] Singhwal S. S., Kanaujia B. K., Singh A., Kishor J., Matekovits L., ”Mul-
tiple Input Multiple Output Dielectric Resonator Antenna with Circular
Polarized adaptability for 5G Applications”, Journal of Electromagnetic
Waves and Applications, vol. 34, Issue-9, pp. 1180-1194, Feb. 2020. DOI:
10.1080/09205071.2020.1730984 .

[10] Hu Y., Pan Y. M., Di Yang M., ”Circularly Polarized MIMO Dielectric
Resonator Antenna With Reduced Mutual Coupling,” IEEE Transactions
on Antennas and Propagation, vol. 69, no. 7, pp. 3811-3820, July 2021,
doi: 10.1109/TAP.2020.3048502.

[11] Usman Illahi, Javed Iqbal, Shahid Mahmood Ramay, Mohamad Is-
mail Sulaiman, ”Design and development of a new circularly polarized
MIMO wearable DRA for WBAN applications”, AEU - International
Journal of Electronics and Communications, Volume 177, 2024, 155208,
https://doi.org/10.1016/j.aeue.2024.155208.

[12] Singhwal, S.S., Matekovits, L., Kanaujia, B.K. ”Glueless Multiple Input
Multiple Output Dielectric Resonator Antenna with Improved Isolation”
Electronics 2023, 12, 1125. https://doi.org/10.3390/electronics12051125

[13] Singhwal S.S., Kanaujia B.K., Singh A., Kishor J. ”Dual-port MIMO
dielectric resonator antenna for WLAN applications” Int. Journal of RF
and Microwave Computer-Aided Engineering ; vol. 30, e22108, 2020.

[14] Iqbal J, Illahi U, Ramay SM, Sulaiman MI, ”Circularly polarized dual-
port MIMO DRA for future Wi-Fi 6E applications” International Journal
of Microwave and Wireless Technologies. Published online 2024:1-12.
doi:10.1017/S1759078724000576

[15] Singhwal SS, Kanaujia BK, Singh A, Kishor J. Novel circularly
polarized dielectric resonator antenna for microwave image sens-
ing application. Microw Opt Technol Lett. 2019; 61: 1821–1827.
https://doi.org/10.1002/mop.31830

[16] FCC document on 28 GHz band; [Cited 2024 August 15]. Available
from: https://www.fcc.gov/auction/101/factsheet

[17] Sharawi M.S. ”Current Misuses and Future Prospects for Printed
Multiple-Input, Multiple-Output Antenna Systems” [Wireless Cor-
ner].IEEE Antennas and Propagation Magazine vol. 59, pp. 162-170,
2017.

[18] Singhwal, S. S. (2020). Dielectric Resonator Antennas and MIMO DRA
[Zenodo]. https://doi.org/10.5281/zenodo.5544316


