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1 | INTRODUCTION

Abstract

This article presents a chronological overview of circularly polarized dielectric
resonator antennas (CPDRAs). This article provides a comprehensive review
about innovation and rapid developments of CPDRAs over the last three and
half decades since 1986s. The objective of this article is to highlight the basic
concept of CP mechanism in DRA and state-of-the-art developments of
CPDRAs in terms of single and multi-point feed for unmodified and modified
DR geometries considering different types of excitation mechanism such as
microstrip line, coaxial probe, and aperture coupled feed. To give insights into
circular polarization, Authors proposed a compact modified CPDRA. It offers
simulated bandwidth of 47.5% (2.34-3.80 GHz), measured impedance band-
width of 50.8% (2.26-3.78), and simulated axial bandwidth of 13%
(3.29-3.75 GHz) respectively. Other antenna parameters such as peak realized
gain and radiation efficiency are 7.7 dBi and 98% within operating frequency
bands, respectively. The proposed outcomes confirm that the proposed CPDRA
can be used as a suitable candidate for wireless body area network
applications.
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permittivity and physical size of three dimensional DRs
like radius for hemispherical shape, height-to-radius

In the present scenario, wideband characteristics and
low profile antennas are essential for modern wireless
communication systems. To meet the above require-
ments, DRA is an emerging solution. It possesses
numerous advantages such as high efficiency, low
metallic loss, minimum surface waves, wideband char-
acteristics, and degree of design freedom."” DRA con-
sists of a dielectric resonator (DR) that is made of a
non-conducting material, a ground plane, and a dielec-
tric substrate resides in between the DR and the ground
plane. The resonant frequency of DRA depends on the

ratio for cylindrical shape, and depth-to-width as well
as length-to-width ratio for rectangular shape. Figure 1
shows different shapes of DR. The research on DR
begun long back in the era of 1930s, where in 1939, it
was conceptualized by Richtmger,® showing DR as a
high Q-factor non-conducting material, but it was used
as an effective electromagnetic radiator in 1983. Ini-
tially, Long, et al® have introduced cylindrical dielectric
cavity antenna, consisting of leaky waveguide model
(magnetic conductor model) of the dielectric substrate.
Since then, it has grown up rapidly with
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implementation of various techniques to enhance the
performance of the DRA.

In the current era of communication, CPDRA plays a
vital role in modern wireless communication because of
its several striking characteristics such as independent of
antenna orientation between transmitter and receiver,
high reflectivity, high absorption, improved weather pen-
etration, and very less multipath distortion as compared
to linearly polarized (LP) antennas. Due to these attrac-
tive features, the CP antenna is widely used in various
communication like satellite communication systems,
mobile communication systems, navigation systems and
radar systems. On analyzing the open literature survey,
few review articles are available on DRAs. The review
article’ only discussed excited modes and the radiation
characteristics of DRAs of different shapes such as cylin-
drical, cylindrical ring, spherical, and rectangular. In
addition, accurate closed form expressions are derived for
calculating the resonance frequency, radiation Q-factor,
and the inside field of cylindrical DR. Similarly, review
article® has highlighted types of operating frequency
bands that is, broadband, ultra-wideband (UWB) and
multiband without considering the circular polarization.
Consequently, the review articles®” only considered the
selected CPDRAs structure which is considered in this
review paper. In view of these, the research on chrono-
logical developments of CPDRAs of single and multi-
point feed for both unmodified and modified structures
considering all excitation approaches such as microstrip
line, aperture coupled, and coaxial probe feeding from
starting date to now is quite essential for upcoming
researchers. To mitigate these points, this review article
presents a comprehensive review of CPDRAs based on
the abovementioned crucial points. In this review article,
the authors have demonstrated a chronological overview
of CPDRA over last three and half decades. In addition,
the authors have proposed a compact modified

FIGURE 1
dielectric resonator antenna

(A) Cylindrical, (B) Rectangular,
(C) Hemispherical, (D) Hexagonal,
(E) Conical, (F) Triangular,

(G) Trapezoidal

Different shapes of

rectangular DRA to generate CP radiation waves. The uti-
lization of various CP techniques is essential from
research point of view, but cognitively it is incomplete
without practical field of potential applications. By con-
sidering such scenarios, authors have reported the poten-
tial applications in terms of frequency band from the
instances available in open literature on CPDRA. The
outline of the review article is shown in Figure 2.

To the best of authors' knowledge, this review article
is covering all the developing techniques and mecha-
nisms dedicated to generating CP radiation fields. This
type of review article seems to be equally important
among the antenna designers and researchers working
on field of CPDRA. The overall study is segregated as fol-
lows: Basic of CP mechanism correlated with DRA is
illustrated in Section 2. A state-of-the-art towards gener-
ating of CP radiation fields using different techniques
such as feeding technique with unmodified and modified
DR shapes along with excitation of microstrip line, coax-
ial probe and aperture coupled feed are reported in Sec-
tion 3. Proposed structure is briefly explored in Section 4.
Potential applications of the open literature survey papers
on CPDRAs are also reported in Section 5, followed by
conclusion in Section 6.

2 | BASICOF CP MECHANISM
FOR DRA

In this section, the basic concept involved in CP mecha-
nism for the case of DRA is highlighted. Polarization
describes the orientation of electric field vectors with
respect to time at a particular point in free space. It also
can be defined as the wave transmitted or received by an
antenna in a given direction.'® Polarization is categorized
into linear polarization (LP) either horizontal or vertical,
elliptical polarization (EP) and circular polarization (CP).
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In CP waves, both electric field components are equal in
magnitude with 90° phase difference. The electric field of
two components x and y as a function of time along with
positive z-direction of propagation can be written as'°:

E(z,t) = (Exoe™'x + Eyo'p) e I% (1)

where, Ey,e®'xand E,,e®'y are x- and y-component of E-
field. By solving the above equation and considering the
physically realizable part, we get:

E(z,t) = Exocos(wt — fz)X% + Ey,cos(wt — f7)y (2)
For CP, E,,= E,,= E, (equal magnitude), E,,= E,¢° and
Ey,= E,¢? (orthogonal phase).

By applying the CP conditions, the resultant equation
will be:

E(z,t) = E,cos(wt— z)% + E.€cos(wt—fz2)p  (3)

At a fixed position that is, z = 0 (direction of propaga-
tion), the Equation (3) can be written as:

E(0,t) = E,cos(wt)X + E,cos (a)t + g)y (4)

By applying the different phases that is, wt = 0°, 90°,
180°, and 270° in Equation (4), the corresponding graphi-
cal representation of x and y component of electric fields

COMPUTER-AIDED ENGINEERING

The outlines of the review article on circularly polarized CPDRA

FIGURE 3 Electric field distribution inside the rectangular
DRA at different phases

are shown in Figure 3. The phase shifted from 0° to 90°,
and the movement of electric field inside the DR is also
shifted from right side (+ve) to down side (—ve) of the
DR, which confirm the formation of orthogonal modes in
DR. Hence, it leads to achievement of CP radiation fields.

For four different phases, the rotation of electric field
is in a clockwise motion with respect to the direction of
propagation as it can be seen Figure 3. Thus, it confirmed
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FIGURE 4

Different microstrip feeding structure approaches for circular polarization (A) Dual metallic strips,'* (B) Metallic loading,"

(C) Slot on ground plane,'® (D) Meandered-line," (E) Edge feed with Glueless tech®

left-handed circular polarization (LHCP) radiation
fields. In the next section, a detailed analogy is drawn in
pursuit of different techniques that are used to generate
CP for the case of DRA.

3 | TECHNIQUES TO GENERATE
CPDRA

This section highlights the state-of-the-art developments
of CPDRA using single point feed''"** and multi-point
feed power divider,®>”® along with modification of three
dimensional DR shapes.””'%* In this review article, the
authors have segregated CP mechanism in terms of exci-
tation of feeding techniques like microstrip line, coaxial
probe, and aperture coupled feed, which will be helpful
to the researcher to get the complete idea about the
developments of particular excitation feeding
method.'!**?

3.1 | Feeding techniques with
unmodified DR

One of the fundamental subjects in the broad area of
DRA is the excitation scheme, which deals with the prob-
lem of how to couple the electromagnetic energy from
the feeding transmission line to the dielectric radiator
efficiently. Feeding techniques can be divided into single
point feed and multi-point feed power divider, which

plays an important role in generation of CP for the case
of DRA over three and half decades.'"”°

3.1.1 | Single point feed

DRA is able to radiate electromagnetic energy into free
space by excitation of single feeding technique. In this
excitation, the generation of CP is obtained due to excita-
tion of two orthogonal modes within the DR structure
which are in 90° phase difference with equal magnitude.
For better understanding the different excitation, it is seg-
regated into three types of excitation methods that is,
microstrip line feed, coaxial probe feed, and aperture
coupled feed.''%*

Microstrip line feed

The research on CPDRA using single microstrip line feed
started with configurations on dual metallic strips around
the DR that are not connected with the feed line'" to gen-
erate orthogonal modes resulting in CP radiation fields.
Similarly, dual vertical metallic strips around the DR
walls'? which are connected with microstrip feed line to
generate CP radiation fields. Consequently, single feed
with metallic loading on the surface of DR"*'* to gener-
ate CP response. Others techniques based on slot in the
ground plane such as microstrip feed with two pair
unequal slots on the infinite ground plane'® and L-
shaped with modified rectangular slot'® have been inves-
tigated for CP characteristics. However, the fabrication
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TABLE 1 Outcomes of excitation of microstrip line feed with unmodified DRAs'**

References DR Shape €., ImpBW (GHz) ARBW (GHz) G(dB) n(%) Modes CP mechanism

11 Cyli. 9.5 ~5.5-6.9 ~6.25-6.37 3.2 NM NM Metallic strips

12 Rect. 9.8 3.48-5.05 3.67-4.24 6.4 NM TE%,,TE) 5, TE} 5, TE, 5, Metallic strips

13 Squa. 79 ~2.2-2.3 2.20-2.24 33 NM TE111 Metallic loading

14 Cyli. 20.8  2.65-3.13 2.84-2.94 NA NM NM Metallic loading

15 Cyli. 79 ~2.25-2.43 ~2.24-2.29 5.9 NM NM Slot on ground

16 Rect 9.8 1.87-4.39 1.75-2.73 3.6 95 JTIENTIE S Slot on ground

17 Cyli. 38 4.07-4.36 4.18-4.23 5.5 NM NM Y-shaped feed

18 H. Cyli. 102 4.5-11.8 5.4-7.65 ~4.1 NM TMy1sHEM 15 Monopole

19 Rect. 9.8 2.39-2.94 2.19-2.90 2.75 76.86 TE11s Meandered-line

20 Rect. 9.8 2-4 2.1-34 2.3 NM TE: 1, T Flag-shaped

21 Squa. 9.8 1.8-4 2.5-3.9 1.8 93 TEY TE Truncated patch

22 Cyli 9.8 3.66-10.35 4.31-7.53 5.0 97 — Edge feed

8.84-9.35
23 Rect. 9.8 5.59-11.6 5.82-9.41 4.6 93.9 — Edge feed with Glueless tech.

Note: “~”: estimated from graph; AR BW, axial ratio bandwidth; Cyli., cylindrical; G, gain; H. Cyli., half cylindrical; Imp BW, impedance bandwidth; NM, not
mentioned; Rect., rectangular; Squa., square; Tech., technique; e, 4, dielectric constant of DR; 1, efficiency.

FIGURE 5

Different coaxial probe feeding structure approaches for circular polarization (A) Pentagonal DR with feed,*® (B) Metallic

strips,” (C) Dual facet spiral loop,* (D) Modified Alford loop,* (E) Logarithmic spiral slots**

process of the above techniques may be difficult due to
placing the metallic strips and embedding the slots on the
ground plane. To avoid these complexities, different shaped
microstrip feed such as Y-shaped feed,"” monopole feed
with DR loaded,'® meandered-line feed,' flag-shaped
feed,” and truncated rectangular patch feed®' are intro-
duced to generate CP radiation fields. Other technique such

as edge feed of microstrip line*** is also utilized to generate

CP characteristics in the DR. Here, microstrip feed line and
geometry of DR is unmodified to provide broadband CP
characteristics. Different microstrip feeding structure
approaches for circular polarization are shown in Figure 4.
Detailed outcomes of numerous methods of excitation of
microstrip line feed are reported in Table 1.'""*

From the above excitation of different conventional
microstrip line, the DR is directly placed on top of the
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24-34

TABLE 2 Evolution matrices of coaxial feed with unmodified DRAs
References DR shape €4, Imp BW (GHz) ARBW (GHz) G (dB) 1 (%) Modes CP mechanism
24 Elli. 12 ~8.85-10.2 ~9.3-9.7 NM NM NM Feed with DR
25 Hexa. 59 3-3.475 ~3-34 — — HE, 5 Feed with DR
26 Rect. 9.3 ~4-4.4 3.96-4.56 4 NM TE),, Metallic strips
27 Rect. 9.2 ~2.9-3.6 ~3.1-3.55 ~5 NM S Metallic strips
28 Cyli. 11.53  ~3.25-3.61 ~3.4-3.53 7.7 NM HE 5 Metallic strips
29 Trai. 10 7.27-7.44 7.38-7.48 2.15,3.69 90 NM Metallic strips
8.45-94 8.6-8.77
30 Rect. 10 6.95-8.68 7.47-8.25 5 NA TE% 5, TES 5 Metallic strips
31 Hemi. 3,1,5 ~29-4.1 ~3.3-3.45 NM NM NM Metallic strips
32 Cyli. 10 2.37-2.64 2.38-2.51 112 76 HEMY,;, \HEM),;,, Metallic loading
33 Cyli. 6.85 2.33-2.54 2.35-2.50 0.7 80 TMo1 5 Loop on ground
34 Rect. 36 ~2.25-2.7 2.39-2.48 NM NM NM DR loaded patch

Note: “~”: estimated from graph; AR BW, axial ratio bandwidth; Cyli., cylindrical; Elli., elliptical; G, gain; H. Cyli., half cylindrical; Hemi., hemispherical;
Hexa., hexagonal; Imp BW, impedance bandwidth; NM, not mentioned; Rect., rectangular; Squa., square; Tech., technique; Trai., triangular; €, 4, dielectric

constant of DR; n, efficiency.

FIGURE 6

Different aperture coupling feeding structure approaches for circular polarization (A) Rectangular slot,*® (B) Annular slot,*®

(C) Modified Slot,*® (D) Cross slot with spiral feed,>* (E) Swastik slot,** (F) Modified square slot®*

microstrip transmission line which is printed on the top
layer of the substrate. Due to this, it provides less fabrica-
tion complexity but it creates air gap between the DR and
the substrate of the antenna, causing a shift in the reso-
nance frequency of the DRA. The other drawback of this
feed is that the transmission feeding line is not isolated

from the DR that can affect the radiation performance of
the DRA by creating spurious radiation in the feeding
network. In order to avoid the air gap, the conformal
microstrip feed is used. Here, the DR is directly placed on
substrate and the microstrip transmission line is attached
to the DR walls.
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TABLE 3 Evolution matrices of aperture coupled feed with unmodified dielectric resonator antennas (DRAs)*>%*
References DR shape €4, Imp BW (GHz) AR BW (GHz) G (dB) n (%) Modes CP mechanism
35 Rect. 40 ~5.21-5.65 NM NM NM TE} . TE)y, Rect. slot
36 Rect. 10.8 ~14.6-14.8 14.35-14.8 NM NM NM Rect. slot
37 Trape. 9.4 2.88-4.04 3.11-3.86 8.4 NM NM Rect. slot
38 Cyli. 9.5 ~1.85->2 ~1.87-1.93 4.5 NM NM Annular slot
39 Cyli. 10.2 5.78-7.16 6.22-7.28 6.09 95 HEMy,5 Annular slot
40 Rect. 12 1.58-1.73 2.39-2.76  1.61-1.57 2.65-2.75 5458 NM TE111,TE 15 Annular slot
41 Cyli. 9.5 ~4.5-5.6 ~4.75-4.83 4 NM NM Annular slot +
parasitic patch
42 Hemi. 9.5 ~3.25-3.7 ~3.45-3.57 NM NM NM Rect. slot + parasitic
patch
43 Rect. 9.8 3.46-3.58, 5.1-5.9 3.46-3.54 5.18-5.34 5457 93.7 96.2 NM Trai. slot + parasitic
strip
44 Cyli. 9.8 ~4.3-6.2 ~5.6-5.8 3.5 NM HEM 5 Cross slot
45 Hemi. 10.3 ~2.7-3.3 ~3.05-3.2 4 NM NM Cross slot
46 Rect. 12 1.8-2.07 2.57-2.92 1.97-2.03 2.97-2.89 4.7 NM NM Cross slot
5.6
47 Rect. 13 10-13 10.4-11.44 11.1 NM TE119,TEq1, 115 Cross slot
3.5 TE1, 13
48 Rect 10 2.19-3.53 2.19-3.63 4.69 920 NM Cross slot
49 Rect. 45,22 10.25-13 10.5-13 15.5 NM TE 11 Cross slot
50 Rect. 11 2.19-2.92 2.25-2.88 5 95 TE%,3.TE 15 Mod. cross slot
51 Rect. 20.5 1.21-1.36, 1.5-1.637 1.19-1.38, 1.474-1.63 5443 NM TE111,TE 13 Mod. cross slot+
plus sh. feed
52 Rect. 9.8 2.65-3.65 3.12-3.74 4.5 93 TE,,,TE Cross slot + spiral
feed
53 Rect. 9.8 2.93-3.61 3.19-3.60 5.07 83.55 TE 15 Plus sh. slot + ring
feed
54 Cyli. 9.8 2.72-315,34-415  3.4-3.45,3.71-3.94 5.96 NM HEY ; HE, ; Squa ring slot + T-
sh. feed
55 Cyli. 6.15 ~8.3-10.6 ~9.25-10.3 32 90 TMo:5 L-sh. slot + inclined
feed
56 Cyli. 9.8 2.36-3.22 2.68-3.04512-534  ~638 NM HE%,5,HE) 5 Mod. squa slot + Y-
5.0-5.34 ~1 sh. feed
57 Cyli. 9.8 2.48-2.98 4.66-5.88 4.9-5.35 ~55~6 NM HEM,,5,HEM 55 Invert pentagon slot
+ mod. Feed
58 Squa. 9.8 5.15-5.65 5.2-5.63 4.75 95 TE% . TEY Mod. squa. Ring slot
+ Tsh. feed
59 Cyli. 79 2.35-2.51 2.39-2.48 2.7 NM NM Ring slot
60 Cyli. 79 ~1.3-1.45 NM 8.2 NM HEM, 5 C-sh. slot
61 Cyli. 9.8 2.2-2.45 3.0-3.55 2.32-2.453.0-3.32 351 90 HEY , HE ; Swastik slot
62 Cyli. 10 2.32-2.55 2.39-2.51 2.58 89.2 TMoisTMos +1  Mod. alford loop
slot
63 Cyli. 9.8 2.42-2.90 4.9-5.98 2.55-2.72 4.9-5.68 556.1 NM HE15,HE 55 Mod. cir. Slot
HE}125 - tike
64 Cyli. 8 2.8-3.58 5.5-5.92 2.8-3.2 5.85-6.0 ~4553 NM HEM,,5,HEM,,;  Mod. squa. Slot

Note: “~”: estimated from graph; AR BW, axial ratio bandwidth; Cyli., cylindrical; Elli., elliptical; G, gain; H. Cyli., half cylindrical; Hemi., hemispherical;

Hexa., hexagonal; Imp BW, impedance bandwidth; Mod., modified; NM, not mentioned; Rect., rectangular; Squa., square; Sh., shaped; Tech., technique; Trai.,

triangular; Trape., trapezoidal; €, 4, dielectric constant of DR; 1, efficiency.

Coaxial probe feed

In this feed techniques, the DR is excited through proper
placement of coaxial probe. Initially, the researchers have
investigated CP characteristics by adjusting the proper
placement of coaxial probe feed to different geometries of

DR like elliptical structure** and hexagonal structure.*
Later, several novel techniques are used by the
researchers to realize the performance of CP. Starting
from single fed RDRA excited by outer square spiral con-
ducting strip,?® single fed RDRA excited by an open half
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FIGURE 7
Wilkinson Splitter”

TABLE 4 Evolution matrices of DRA excited by multi-point feed power divider circuit

Multipoint feed and microwave power divider (A) Multipoint feed,*® (B) Microwave hybrid coupler,” (C) Microwave

65-76

References DR shape ¢€.4, ImpBW (GHz) ARBW (GHz) G(dB) n(%) Modes Excitation techniques
Multi-point feeding technique

65 Cyli. 37 ~4.15-4.23 NM 2.9 86 HE, 5 2 probe feed

66 Cyli. 448 ~2.1-3.7 NM 4.5 — HE 5 2 vertical strips

67 Rect. 10 2.7-3.76 2.6-3.78 6.1 — TE111,TE113 2 vertical strips

68 Cyli. 38 ~3.07-3.24 3.07-3.16 4.5 96.3 HE{15,TMg15 Modified feed

69 Rect. 10 ~2.02-2.8 2.23-2.78 6.18 — TE){H,TE’{11 Modified feed
Microwave Hybrid Coupler

70 Cyli. 9.5 5-5.7 5.1-6.2 4.5 NM NM 90° HC

71 Cyli. 9.5 1.75-2.48 1.65-2.14 4.95 80 NM 2 pair 90° HC

72 Cyli. 10 1.08-1.82 ~1-2 3.75 70 NM 180° HC
Microwave Wilkinson Splitter

73 Rect. 8.9 5-8.15 5.4-8.15 6.4 NM NM WS + 90° PS

74 Rect. 12 4.58-7.7 4.78-7.3 6 NM NM WS + 90° PS

75 Cyli. 10 4.5-7.65 4.63-7.55 6.4 NM NM WS + 90° PS

76 Cyli. 9.8 1.4-2.12 1.69-1.85 10.1 NM NM WS + 2 conf. Strips

Note: “~”: estimated from graph; AR BW, axial ratio bandwidth; Conf., conformal; Cyli., cylindrical; G, gain; H. Cyli., half cylindrical; HC, hybrid coupler; Imp
BW, impedance bandwidth; NM, not mentioned; PS, phase shifter; Rect., rectangular; Tech., technique; Trai., triangular; Trape., trapezoidal; WS, Wilkinson

splitter; e, 4r, dielectric constant of DR; n, efficiency.

loop consisting of three metallic strips,*” single fed CDRA
excited by an external metallic strip around the DR like
helix structure,?® triangular DRA with dual facet spiral
loop on both side of the DR walls*® and RDRA with a
new H-shaped conformal metallic strip®® are
implemented to generate orthogonal modes resulting
in CP radiation waves. Moreover, the researchers
investigated CP by utilizing three-layer hemispherical
DRA fed by a conformal strip with parasitic patch.?!
Here, the adjustment of conformal strip and inserted
parasitic patch inside the different layer are used to

generate CP radiation waves. Consequently, CDRA
with a top-loaded modified Alford loop®? and novel
CDRA consisting of light emitting diode (LED), glass
DR and four open-ended logarithmic spiral slots in the
ground plane®® and DR loaded patch®* are investigated
for demonstrating CP characteristics. Different coaxial
probe feeding structure approaches for circular polari-
zation are illustrated in Figure 5. The detailed out-
comes of numerous methods of excitation of coaxial
probe feed for the sake of generating of CP radiation
fields are reported in Table 2.>*3*
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FIGURE 8 Different dielectric resonator shapes with microstrip feed approaches for circular polarization (A) Modified RDRA with
inclined slits,”® (B) Stair shaped DR,” (C) Modified DR with metallic strips,** (D) Stacked rectangular DR®!

From the above literature, the excitation of coaxial
probe feed that is, probe is penetrating DR, it provides
high coupling to the DR that results in high radiation
efficiency. The main drawback of this feed is that a
small hole needs to be drilled in the DRA. The dimen-
sions of the drilled hole need to be perfectly matched
with the dimensions of the probe that is, length and
diameter, otherwise the effective dielectric constant of
the DR will be affected causing a shift in the resonance
frequency of the DRA. As a result, the overall fabrica-
tion process is more expensive and complex. To avoid
the fabrication complexity, the coaxial probe is con-
nected adjacently to the DR, but it exhibits less cou-
pling to the DRA as compared to penetrating coaxial
probe feeding.

Aperture coupled feed

To enhance the performance of polarization fields, aper-
ture slot coupling excitation techniques is widely used in
many structure of the DRA. The working methodology
behind this excitation is that an electromagnetic signal is
coupled to DR through different shapes of aperture and
radiates into the free space. Other point of interest is to
reduces the radiation from feeding circuit. In this litera-
ture survey, various geometrical shaped of coupling aper-
ture have been used for producing the CP radiation
waves. Initially, simple rectangular slot®>> has been used

to excite the signal and produce orthogonal nearly degen-
erate modes to generate the CP radiation waves. Later, a
45° rotated rectangular DR with respect to aperture slot>®
and 45° rotated slot with respect to rectangular DR’ are
introduced to achieve CP fields. In order to improve the
impedance matching with better CP, the researchers have
presented modified annular slots like annular slot with
opposing stubs,*® annular slot with open stub,*® annular
slot with two linear slot arms,*® which excited electro-
magnetic signal to the DR. In addition, different slots
with parasitic patch**** are also responsible to generate
orthogonal modes. In spite of single slot techniques, the
antenna designers introduced the dual slot aperture also
known as cross slot**>° on the ground plane and modify-
ing cross slot with various shaped of feed like plus
shaped®’ and spiral shaped.”® These techniques do not
only generate CP characteristics, but also provide better
coupling between the feed and DR. In addition, the com-
binations of different geometrical shaped slots with dif-
ferent shape of feed®™® are utilized to produce CP
characteristics with proper impedance matching. Other
slot techniques such as ring slot,>® C-shaped slot,®
swastik slot,”! modified Alford loop slot,** modified circu-
lar slot,*®> and modified square slot®* are responsible for
generating CP response. Different aperture coupling feed-
ing structure approaches for circular polarization are
shown in Figure 6. Detailed results are reported in terms
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TABLE 5 Evolution matrices of microstrip line feed with modified DR””®
References DR shape €-qar Imp BW (GHz) AR BW (GHz) G (dB) 1 (%) Modes CP mechanism
77 Mod Rect. 10.2 3.4-5.95 3.4-5.75 6.6 89 NM Mod. rect. DR + loops
78 Mod Squa. 10 3.08-5.18 2.86-4.43 6 9.8 NM Inc. slits loaded DR
79 Stair Rect. 10.2 4.6:6.7 5.2-6.5 5.7 9  TE}, TEy, Stair sh. DR
80 Inverted Sigmoid 12.8 5.51-7.46 11.8-12.37 6.08-7.43 11.84-12.2 4.85, 6.38 80 HEM,,sHEM,,5 Meta. strip + mod. DR
81 Stacked Rect. 9.8 2.17-3.81 2.21-2.48 5.80 89.4 TEY,.TE)s, Stacked rect DR

Note: AR BW, axial ratio bandwidth; G, gain; Imp BW, impedance bandwidth; Inc., inclined; Mod., modified; NM, not mentioned; Rect., rectangular; Sh.,

shaped; Squa., square; €,, 4, dielectric constant of DR; 1, efficiency.

FIGURE 9 Different dielectric resonator shapes with coaxial probe feed approaches for circular polarization (A) Comb shaped DR,**
(B) Modified DR,*” (C) Semi-eccentric annular DR* (D) Dual C-shaped DR,** (E) V-shaped DR with circular metallic patch,”*

(F) Perturbation of square slots on DR*

of impedance bandwidth, AR bandwidth, gain, efficiency,
modes and CP mechanism of aperture coupled feed in
Table 3.*>*

From the above study, the aperture coupled feed
avoids direct electromagnetic interaction between the
feed line and DRA. Due to this feeding technique,
the spurious radiation from the feeding network can
be reduced and it enhanced the polarization purity of
the DRA. In addition, it provides less fabrication
complexity.

3.1.2 | Multi-point feed and microwave
power divider

To obtain wider bandwidth with circular polarized fields,
multipoint feeding technique is used as an excitation of
DRA. To generate CP radiation, two conditions must be
satisfied: (a) generation of orthogonal modes within the
DR (b) phase quadrature relationship between orthogo-
nal modes. Single point feeding technique is used to gen-
erate orthogonal modes with narrow band CP, which
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TABLE 6

References DR shape €4,

82 Mod Cyli. 12 ~2.39-3.35 2.54-2.81
83 Mod Cyli. 9.8  4.65-7.6 5.43-6.34
84 Mod Cyli. 10  ~4.3-4.85 ~4.68-4.8
85 Qua.Cyli. 133 2.18-2.54 2.21-2.29
86 Mod Rect. 15  2.30-2.94 2.39-2.57
87 Mod Rect. 10  5.13-5.37 5.15-5.36
88 Mod Rect. 6.6  2.08-2.98 2.31-2.72
89 Mod. Elli. 10  9.41-12.62 10.3-10.9
90 Mod Rect. 15  3.08-3.94 3.16-4.08
91 Mod Rect. 10  6.5-12.18 8.31-9.24
10.1-11.6
92 C-shaped 9.8 3.22-4.36 3.25-3.77
93 V-Shaped 10  7.85-10.1 8.35-8.7
94 Mod Rect. 102 4.7-7.7, 5.7-6.4
4.6-7 4.7-6

Imp BW (GHz) ARBW (GHz) G (dB) n (%)

COMPUTER-AIDED ENGINEERING

Performance of dielectric resonator antennas (DRAs) of coaxial probe feed with modified DR****

Modes CP mechanism

12 NM TMg11,TM,;5  Circular sector
5.8 >80 TMy 15, Circular sector
TMoy 1,65
3.5 NM NM Comb sh. DR
~4.8 NM TMo15,TM415  Qua. cyli. sh. DR
1.6 NM TMo11 Slot on DR
2.13 NM NM Inclined slits+ mod. DR
5.5 70 TE},,, TE)5;  Truncated corner DR

4.78 NM NM
1.48 98 NM
4.86 NM NM

Semi-eccentric annular DR
Slot on DR+ PS

Chamfered corner and PS

4.91

5.2 88 TE},,,TE};;  Dual C-sh. rect. + metallic strip
4.8 94 NM V-sh. DR + cir. Metallic patches
NM NM TEy11,TE;13  Perturbation of square slots

Note: “~”, estimated from graph; AR BW, axial ratio bandwidth; Cyli., cylindrical; Elli., elliptical; G, gain; Imp BW, impedance bandwidth; Mod., modified;
MS, metallic strip; NM, not mentioned; PS, parasitic strip; Qua., quadrature; Rect., rectangular; Sh., shaped; €, 4, dielectric constant of DR; 1, efficiency.

mostly depends on shapes of the DR. With the trivial
characteristics of multi-point feeding mechanism, CP is
generated and considered to be independent from the
shape of the DR. However, the drawback of the multi-
point feed arrangement is the requirement of addi-
tional circuit area for designing this type of feeding
network. Thus, there would be a limitation on regards
to the size when considering miniaturized system. To
further undergo in this area, the researchers have
investigated the scope of multi-point feed tech-
niques®>® and power divider that is, Hybrid cou-
pler’>7? and Wilkinson splitter’>”® to realize the CP
characteristics while achieving trade-offs. Microwave
power divider circuits are used to divide the input
power into two equal magnitude and 90° phase delay
in between, which lead to generate orthogonal modes
producing CP radiation waves. In addition, the hybrid
coupler excitation method is used with microstrip line
to enable direct integration with monolithic microwave
integration circuits (MMICs). Another microwave
power divider called Wilkinson splitter with wideband
90° phase shifter excitation demonstrates circular
polarization with wideband characteristics. The multi-
point feeds and microwave power dividers are shown
in Figure 7. Detailed results are reported in terms of
—10 dB impedance bandwidth, 3-dB AR bandwidth,
realized gain, antenna efficiency, modes and excitation
techniques in Table 4.°>7°

3.2 |
of feed

Modified DR shapes with excitation

Another way to generate CP characteristics is by modify-
ing the shape of DR with excitation of different feeding
mechanism. This leads in generating of the orthogonal
modes needed for CP excitation. This section highlights
the rapid development of CPDRA using modified DR
structure utilizing different feeding mechanism such as
microstrip line feed, coaxial probe feed and aperture
coupled feed.”” '

3.21 | Research on modified DR shapes
with microstrip feed

The research on creating CP utilizing modified DR that is
excited by single microstrip feed and conducting loops on
ground plane started with configuration of rectangular
ring DR housed inside the substrate.”” In this structure,
several conducting loops are printed on the ground plane
to achieve a wider CP bandwidth. Later, the researchers
introduced a novel square DR loaded with two unequal
inclined slits to obtain CP characteristics.”® Here, the key
parameters such as position of the excitation, matching
lines and the impedance of the chip resistor have been
carefully optimized to enhance the CP performance. A
novel CPDRA technique that is, implementation of two
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FIGURE 10

Different dielectric resonator shapes with aperture coupled feed approaches for circular polarization (A) Arc shaped slot

with modified DR, (B) Rectangular slot with rotated DR,”® (C) C-shaped slot with spidron fractal,'®® (D) Stair shaped slot with modified

DR,'®? (E) Cross shape slot with bowtie DR'*?

rectangular DR, which are joined together to form a
stair-shaped DRA is investigated for wideband CP
response.”” In order to generate multiband CP response,
the inverted sigmoid shaped DRA with metallic strip is
proposed.®’® Other technique to generate CP radiation is
stacked rectangular DR®" consists of stacked DR with dif-
ferent volume, combined of stepped-shaped conformal
metallic strip with microstrip line feed and partial ground
plane. But, this structure leads to increase the height of
the overall antenna size, which may not be suitable for
particular application, where thickness is restricted. Dif-
ferent modified DR shapes with microstrip feed
approaches for circular polarization are shown in
Figure 8 and their detailed results are reported in
Table 5.778!

3.2.2 | Research on modified DR shapes
with coaxial feed

In this section, the authors have reported different tech-
niques behind CP radiation by using modified DR shapes
with excited by coaxial probe feed. The researchers have

investigated the work on CP radiation by modifying the
DR shaped like cylindrical shaped into circular
sector,**® comb shaped,®** and quadrature shaped.®
Additionally, rectangular shaped DR are modified by
removing the inclined slots on the side walls of the
DR,** truncated corner of the DR*® and hollow ellipti-
cal into semi-elliptical shaped DR,** which have been
investigated to realize CP characteristics. Due to use of
slots on each side of DR, it generates wide axial band-
width with omnidirectional radiation pattern.®*°*
Moreover, the implementation of parasitic strips/
metallic strips on the side of the modified DR such as
modified rectangular DR with parasitic strips,”® cham-
fered corner of rectangular DR with parasitic strip,”* dual
C-shaped with metallic strip,”® and V-shaped with metal-
lic strip” is utilized to generate orthogonal modes.
Another technique to generate wideband CP response is
by the implementation of perturbation in the form of
square slots along the diagonal of RDRA.”* The key
parameter of this design is the existence of slots, which
excite two orthogonal modes with same magnitude and
quadrature in phase. The different DR shapes with coax-
ial probe feed approaches for circular polarization are
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Evaluation matrices of aperture feed with modified dielectric resonator (DR)?>*%?

References DR shape €-ar Imp BW (GHz) AR BW (GHz) G (dB) 1 (%) Modes CP mechanism

95 Stair Rect. 12 7.56-10.95 9.4-10.45 NM NM NM Rect. slot + rotated stair
DR

9 Fan blade 12.8 3.29-3.924.52-6.25 3.29-3.76 4.55-4.92 4.2 NM  TE;.,TE;; Rectslot + fan blade
shape DR

97 Mod. Cyli. 9.8 4.6-5.99 4.78-5.6 4.3 NM  HE;,,HE ;s Rectslot + two notch

8.54-9.55 8.94-9.4 5.8 cyli. DR

98 Stack Rect. 9.8 4.9-6.7 5-6 4.5 NM  TE;,,TE;;3  Rect. slot + rotated DR

99 Cyli. 10 7.1-84 8-8.32 5.92 NM  HEMy;5 Rect slot + mod. Gnd.
plane

100 Fractal 10 4.32-6.30 5.13-5.76 3.16 NM NM C-slot + spidron fractal
DR

101 Stair Rect. 9.8 3.84-8.14 4.15-6.63 3.9 97 TE},,,TE};; Open slot gnd. + stair
DR

102 Rect. + Split Cyli. 12.8 4.1-6.81 4.40-6.67 >1.5 >80 TEY,,,TE);, Stair Slotand Rect.
+ half Cyli. DRs

103 Bowtie 10.2 6.75-10.53 7.8-8.4 5.8 NM NM Cross slot + bowtie DR

Note: AR BW, axial ratio bandwidth; Cyli., cylindrical; G, gain; gnd., ground; Imp BW, impedance bandwidth; Mod., modified; NM, not mentioned; Rect.,

rectangular; €, 4, dielectric constant of DR; 1, efficiency.

shown in Figure 9. Their obtained characteristics are
given in Table 6.

3.2.3 | Research on modified DR shapes
with aperture feed

This section explores the modified DR with excitation of aper-
ture coupled slot feed to producing the CP characteristics. Rect-
angular slot with different shaped of DRs such as rotated stair
DR,” fan blade shaped DR, cylindrical DR with implementa-
tion of dual notch”” which are truncated at 45° and 225°, two
rectangular stacked DRs with rotation angle of 46° relative to
the adjacent bottom layer™ and symmetric tapered sheets on
either side of the feed line® are used to generate orthogonal
modes in DR which in turn produces CP waves.”> %

To achieve wide impedance bandwidth with wide axial
bandwidth, the implementation of fractal geometry con-
cept plays crucial role. The intuition behind the usage of
fractal shape in DRA is that, the number of fractal itera-
tion is directly proportional to the surface to volume ratio
of DR. It is also inversely proportional to Q-factor. There-
fore, decreasing Q-factor leads to increase in impedance
bandwidth. By utilizing this concept, researchers have
presented spidron fractal DR with C-shaped slot in the
ground plane'® to achieve wide impedance bandwidth
and axial bandwidth. Other novel technique to generate
wideband CP response is by the implementation of stair-
shaped DR with an open ended slot ground plane.'” In
spite of these, other techniques such as stair shaped slot

with combined rectangular DR and two half slits cylindri-
cal DR,*** and cross slot with bowtie DR are responsible to
generate CP characteristics.'®® Different DR shapes with
aperture coupled feed approaches for CP are shown in
Figure 10. Their detailed results are reported in Table 7.

From Tables 1 to 7, a detailed state-of-the-art develop-
ment of CPDRA is studied and reported. Here, authors have
highlighted the rapid development of CPDRA using various
mechanism such as feeding techniques (single point feed
and multi-point feed power divider that is, Hybrid coupler
and Wilkinson splitter) and modified DR shaped in terms
of different excitation techniques such as microstrip line,
coaxial probe and aperture coupled feed. This survey article
is helpful to the DRA researcher to explore and investigate
various techniques on realizing CP for DRA. In spite of lit-
erature survey, the authors have presented a compact CP
rectangular DRA to generate CP radiation waves. Finally,
the potential applications found in the open literature are
discussed in Section 5.

4 | PROPOSED STRUCTURE
4.1 | A compact circularly polarized
modified rectangular DRA

The proposed antenna comprises of rectangular DR
shape placed on a ground plane and excited by a 50-Q
coaxial probe feed. To achieve CP characteristics, two
unequal vertical slits are etched on both corner of
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rectangular DR. The electric field orientation at different
phases that is, 0°, 90°, 180°, and 270° are analyzed and
reported. The proposed antenna offers simulated bandwidth
of 47.5% (2.34-3.80 GHz), measured impedance bandwidth
of 50.8% (2.26-3.80) and simulated axial bandwidth is 13%
(3.29-3.75 GHz) respectively. Other antenna parameter such
as peak realized gain and radiation efficiency are 7.7 dBi
and 98% within operating frequency bands respectively.

4.2 | Antenna geometry
The schematic diagram of the proposed DRA is
shown in Figure 11. It consists of modified

FIGURE 11 The schematic diagram of proposed DRA.
(Optimized dimensions: Lgng = Wyng = 60, Hy = 29.5,
Li=W,=138 W, =L,=6,S, =13,S, = 24, H = 12.8, W; = 2.
All dimensions are in mm)

rectangular DR shape with permittivity (e [qraj) Of
9.8 and loss tangent (tan §) of 0.002, placed on the
perfect electric conductor (PEC) ground plane. It is
fed to DR by a coaxial probe with flat metallic strip
to have better impedance matching. This proposed
design is an extension of a rectangular DRA. The
dimensions of RDRA are calculated by using the fol-
lowing curve fitting equations.®®

15F

Fom=—20 5
Gtz TWdra(cm)+/ €r,dra ( )

where, F denotes as normalized frequency of the RDRA
that is determined by the following Equation (6):

Wdra ! Wdra 2
F=Xy+X +X 6
0 1<2Hdra) 2 2Hdra ( )
where,
Ldra >1 < Ldra )2 < Ldra )3
X0=2.57-0.8( —— | +0.42 —-0.05( ———
0 <2H dra 2H dra 2H dra
L —0.282
X1 :2.71( dra )
2Hdra
X,=0.16

where f gy, is the resonant frequency at 2.4 GHz.
€r.dra 18 permittivity of DR and Wgy,, La,, and Hy,, are
the width, length and height of the DR in cm
respectively.

4.3 | Antenna design procedure

The evolution of the proposed modified RDRA as
shown in Figure 12, is carried out to achieve wide
impedance bandwidth and AR bandwidth. The simula-
tion results of input reflection coefficient vs frequency

FIGURE 12
modified RDRA

Evolution of proposed
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FIGURE 13 Simulated results of proposed modified RDRA (A) Sy, vs frequency (B) axial ratio vs frequency

TABLE 8 Comparison results of evolution steps of proposed DRA

Antenna steps Path length (mm) Volume/surface Res. frequency (GHz) Imp. bandwidth (GHz) AR bandwidth (GHz)

Antenna-1 92 4.14 24 2.19-3.39 NA
Antenna-2 92 4.14 24 2.18-3.38 NA
Antenna-3 (PS) 76.6 3.57 2.6 2.34-3.80 3.29-3.75

Abbreviations: AR, axial ratio; Imp., impedance; PS, proposed structure; Res., resonant.

FIGURE 14 Top view of simulated electric field distribution of the proposed DRA for different phases at 3.6 GHz

and axial ratio bandwidth vs frequency of each modifi- 4.3.1 | Antenna-1

cation that is, antenna-1 to antenna-3 (PS) are illus-

trated in Figure 13. Here, all dimensions are constant In this proposed antenna, the rectangular DR shape is
except the DR shape. excited at the center by using a coaxial probe. The coaxial
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FIGURE 16

probe feed acts like a short magnetic dipole in the z-
direction which excites TES;; mode inside the RDRA.
Here, the antenna starts to radiate electromagnetic
energy into free space, but it is unable to generate
orthogonal modes that can be seen in Figure 13B.
In addition, the inner conductor of coaxial probe is
connected with a flat metallic strip which is placed
adjacent to the rectangular DRA, whose length, width

FIGURE 15 Fabricated prototype
along with the experimental setup of the
proposed DRA (A) Fabricated DR,
metallic strip, coaxial probe (B) Ground
plane along with coaxial probe (C) 3D
view of the proposed antenna (D) Sy,
measurement using VNA

Outcomes of the proposed DRA (A) S;; and axial ratio vs frequency (B) Realized gain and radiation efficiency vs frequency

and position can be adjusted to improve the imped-
ance match.

43.2 | Antenna-2

Further, to decrease the axial ratio curve from 40 dB line
with improvement of impedance matching, the coaxial
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FIGURE 17 Normalized radiation
pattern of proposed DRA (A) 3.4 GHz
(B) 3.5 GHz (C) 3.6 GHz in X-Z plane
and Y-Z plane

probe feed is shifted into left side of the DR (antenna-2).
As a result, the axial ratio curve decreases but not up to
3 dB line as shown in Figure 13B. Therefore, it is unable
to generate orthogonal modes with equal same magni-
tudes and orthogonal phase.

43.3 | Antenna-3

To generate orthogonal modes, two unequal vertical
slits are etched at both corners of rectangular DR

COMPUTER-AIDED ENGINEERING

(anenna-3). Due to these vertical slits, the peak reso-
nant frequency shifted from 2.4 to 2.6 GHz, because
the path length or perimeter of DR is inversely pro-
portional to the resonant frequency.'®* Here, the path
length is reduced from 92 mm into 76.6 mm that is,
antenna-1 to antenna 3. In addition, the bandwidth
of antenna-3 is also increased due to decrease in vol-
ume to surface area of DR as shown in following
Equation (7).

A general equation linked to the unloaded Q-factor of
the antenna geometries'®” is:
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TABLE 9 Potential applications in terms of different frequency
bands
Technologies/
potential
Band applications References used
Single-band ~ Wi-Max/WLAN/Wi-Fi/ 19, 21, 34, 52, 53, 59,
Bluetooth/ISM 2400/ 68, 87, 92
GPS
C-band in satellite 17, 49, 96, 102
applications
WBAN (Wireless Body 30, PS
Area Network)
Dual-band WLAN and Wi-MAX 43, 56, 57, 61
WLAN and radio 97
location applications
Can be used in satellite 80, 89, 96
applications
Broadband Can be used in 22,23, 39, 73, 74, 75,
broadband 100
applications
Wideband Can be used in wide- 12, 16, 20, 26, 27, 31,
band applications 37, 42, 48, 49, 50,
71,72,77,78, 79,
80, 90, 91, 92, 94,
95, 99, 101, 102
Stored Energy Volume*
=20y o 200 (&, )P | =———
Q 9Radiated Power o(er) Surface
with p > s>1withp >s>1 (7)

where, wg is the resonant angular frequency. As the reso-
nance frequency is proportional to % therefore, Equa-
tion (7) indicates that the Q-factor is decreased when
volume to surface area of DR is reduced and also there is
enhancement of bandwidth. The volume to surface area
of rectangular DRA (antenna-1 and 2) and proposed
DRA (antenna-3) is 4.14 and 3.57 respectively. The com-
parison results are reported in Table 8.

44 | Circular polarization mechanism

In order to generate CP radiation fields, both electric field
components should be equal magnitude with odd multi-
ple of 90° phase difference. To verify the orthogonal
modes and CP radiation, the electric field distribution is
studied at 3.6 GHz as shown in Figure 14. It is observed
from the Figure, when phase changes from 0° to 90°, the
movement of electric fields also changes according to
phase that is, left orientation of electric fields into 90°

rotates in clockwise direction which confirm the forma-
tion of orthogonal modes in the proposed DRA. Similarly,
same behavior is observed when phase changes from
90° to 270°. To identify the left-handed circular polari-
zation (LHCP) or right-handed circular polarization
(RHCP) wave, the electric field orientation at four dif-
ferent phases that is, 0°, 90°, 180°, and 270° are ana-
lyzed as shown in Figure 14. From this analysis, the
rotation of electric field is clockwise direction which
implies that the proposed antenna exhibits LHCP
radiation.

4.5 | Measurement results and
discussion

The prototype is fabricated and shown in Figure 15.
Agilent N5247A vector network analyzer (VNA) is used
to measure the scattering parameter as shown in
Figure 15D. The simulated and measured impedance
bandwidth of the proposed antenna are 1.46 GHz
(2.34-3.80 GHz) and 1.54 GHz (2.26-3.80), respectively.
The simulated AR bandwidths as shown in Figure 16 is
found 0.46 GHz (3.29-3.75 GHz) in broadside direction
(6 = 0° and ¢ = 0°). Due to fabrication tolerance and use
of chemical adhesive material in fixing DR and substrate,
there is a small discrepancy in between simulated and
measured outcomes.

The peak realized gain and radiation efficiency are
7.7 dBi and 98% within operating frequency band as
shown in Figure 16B. The simulated far-field normalized
radiation pattern of the proposed structure at 3.4, 3.5,
and 3.6 GHz in X-Z plane and Y-Z plane are shown in
Figure 17A-C. It is observed from normalized radiation
pattern that the left-handed CP (LHCP) is having stron-
ger fields than right-handed CP (RHCP) in X-Z plane and
Y-Z plane respectively. Hence, the proposed DRA con-
firm LHCP radiated antenna.

5 | POTENTIAL APPLICATIONS

The utilization of CPDRAs based on implementation of
different feeding techniques and modification of DR
geometry are quite important from the research point of
view, but cognitively it is incomplete without real field of
potential applications. By taking the above points, the
authors have highlighted the potential applications in
terms of frequency band from the instances available in
the open literature. The potential applications in terms of
different frequency bands are given in Table 9. It gives a
brief idea about the progress of research done from appli-
cations point of view.
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6 | CONCLUSION

In this review article, a complete state-of-the-art is pres-
ented to highlight different techniques that essentially
helps in achieving circular polarization in DRAs. This arti-
cle highlights the basic concept of CP mechanism in DRASs
and state-of-the-art developments of CPDRAs in terms of
single and multi-point feed for unmodified and modified
DR geometries considering different types of excitation
mechanism such as microstrip line, coaxial probe, and
aperture coupled feed. To better understand about CP
mechanism, a mathematical modeling is persuaded and
correlated with rectangular DRA. To satisfy the trade-offs
in existing instances of CPDRAs, authors have proposed a
compact modified CP rectangular DRA. The proposed
structure provides the simulated and measured —10 dB
impedance bandwidth of 1.46 GHz (2.34-3.80 GHz) and
1.54 GHz (2.26-3.80) respectively. The simulated AR band-
widths is found be 0.46 GHz (3.29-3.75 GHz) in broadside
direction (68 = 0° and ¢ = 0°). Other antenna parameters
such as peak realized gain and radiation efficiency are
7.7 dBi and 98% within operating frequency band. From
author's point of view, this survey article helpful to the
DRA researchers to get complete literature of towards
development CP techniques based on various mechanism.
During literature survey, authors have tried to their level
best to highlights novel contributions of the CPDRA
researchers during the periods of last three and half
decades, still the authors apologize to the researcher com-
munity, if any novel contribution is skipped unknowingly.
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