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ABSTRACT This paper examines a dual-band circularly polarized (CP) Rectangular Dielectric Resonator
Antenna (RDRA). The RDRA is excited by using triangular ring-shaped aperture and an additional parasitic
strip, which is connected to the one side of the RDRA. Three striking features of the proposed design are:
(i) modified feeding structure (triangular ring- shaped aperture along with microstrip line) and parasitic strip
create dual-radiating modes in the RDRA (i.e. TE 1.5.1 and TE1 4 1); (i) modified feeding structure with
parasitic strip generates CP wave in both the frequency bands; and (iii) The left-hand circular polarization
(LHCP) and right-hand circular polarization (RHCP) of proposed antenna can be controlled by taking the
mirror image of triangular ring-shaped aperture and parasitic strip. Simulated outcomes have been practically
confirmed with the help of developed prototype of the proposed antenna. Measured and simulated results
show high harmony to each other. The experimental results confirm that the proposed RDRA is operated over
two frequency bands, i.e., 3.4-3.58 GHz and 5.1-5.9 GHz. The 3-dB axial ratio bandwidth of the proposed
antenna is about 3.46-3.54 GHz (LHCP) and 5.18-5.34 GHz (RHCP) in lower and upper frequency band,
respectively. The proposed antenna is fairly applicable for worldwide interoperability for microwave access
and wireless local area network applications.

INDEX TERMS Circular polarization, dielectric resonator antenna, dual band, aperture coupling, WiMAX,

WLAN.

I. INTRODUCTION

The Dielectric Resonator Antenna (DRA) is the emerg-
ing candidate for various wireless applications because it
can be utilized as the substitute to conventional metallic
antennas. The DRAs are superior in terms of smaller size,
higher radiation efficiency, flexibility in excitation tech-
niques, and achieving variety of radiation characteristics
with the help of different mode patterns [1], [2]. The
resonant frequency of any DRA mainly depends on the
size, shape and dielectric constant of the dielectric mate-
rial used as the Dielectric Resonator (DR). According to
shapes, the rectangular-shaped DRA is advantageous over
cylindrical- and hemispherical-shaped DRAs due to the flex-
ibility in selecting the appropriate aspect ratio. Therefore,
the antenna engineers are very comfortable to use rectan-
gular DRs. Also, it is easy to achieve the anticipated pro-
file and impedance bandwidth characteristics for rectangular
DRs. The DRAs are also better in terms of higher radiation

efficiency due to absence of surface wave and wider band-
width as compared to microstrip antenna [3].

In recent times, the demand of antennas providing dual-
band/multiband and wideband characteristics has increased.
An antenna having single DR can provide applications in
distinct frequency bands. In case of antennas providing
wideband, the unwanted frequency spectrum (noise) may
degrade the quality of desired frequency spectrum. Such dif-
ficulties of unwanted noise can be overcome by dual-/multi-
band antennas [4]. Meanwhile, the compact communication
devices useful for dual/multiple applications are demanding.
So, the antenna designer gained interest in the design of
single antenna which can provide multiple frequency bands as
well as stable radiation properties over the respective bands.
In open literature, several methods are reported for multi-
band antennas including use of hybrid antenna which is a
combination of DRA with other resonating antennas [5]-[7],
use of parasitic elements along with main resonating
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FIGURE 1. Graphical representation of RDRA excited with proposed feed
(a) top view (b) 3D view.

structure [8], [9]
generation [10].
The modern era of mobile communication widely prefer
dual-/multi-band circularly polarized antennas in place of
linearly polarized antennas due to the advantage of achiev-
ing stable link between transmitter and receiver regardless
of their orientation. Also, the circularly polarized antennas
can minimize the multipath fading efficiency [4]. It is not
easy to obtain a dual-band CP DRA using a single DR
element as very limited work has been done in the litera-
tures. Some investigations have been reported in the area of
single fed dual/circularly polarized DRAs [11]-[15].
Pan et al. presented dual-band circularly polarized dielectric
resonator antenna (CDRA) with modified circular patch on
the top. The CDRA is excited with center probe where
drilling is required in substrate and DRA both. Since DRAs
are made up of ceramics materials which are very hard so
cutting and drilling is always a complex job [11]. Ngan et al.
proposed singly-fed dual-band CP DRA where two corners
of DRA are truncated at 45°. This method reduces the feed
complexity but enhances the fabrication complexity and the
cost [12]. Similarly Fang and his team mates also designed
the dual-band CP DRA where DRA is not only truncated

and use of higher order mode
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TABLE 1. Optimized dimensions of various parameters.

S. No. Parameters Dimensions
1. substrate 40mm x 40mm x 1.6mm
(Ls X Ws X Hg)
2. ground plane 40mm x 40mm x 0.035mm
(L(_‘, X W(j X H(,)
3. dielectric resonator 28mm x 28mm x 8mm
antenna
(Lx WxH)
4. microstrip feed line 22.9mm x 2.7mm
(Lr x W)
S. parasitic strip 8mm x 2.7mm
(PH X P[_)
6. side of triangular 13.86 mm
aperture (a)
7. thickness of triangular 2.6 mm
aperture (t)
8. rotation of triangular 40°
aperture (¢)

from two corners but on the top also to tune the ARBW [13].
Lung et al. proposed a dual-fed cylindrical DRA where the
fundamental HEM;1; mode and the higher-order HEM 3
mode are excited to obtain wide AR bandwidths of 12.4%
and 7.4% for the lower and upper bands, respectively.
Nevertheless, it needs a dual-band quadrature coupler which
substantially increases the system size and complexity [14].
Zhang et al. [15] proposed the single-fed dual-band CP DRA
with 3-dB ARBW of 19.8% and 6.2% for the lower and
upper bands respectively. It is found that the lower band is
composed of the TE;; and TE;»; modes. TEj7; is a non-
radiating mode and should not be combined with any other
radiating mode for bandwidth enhancement purpose which is
clearly mentioned in [16]. From the above mention literature
review, it can be concluded that dual-band DRAs with lesser
fabrication complexity, compact size, and easy tuning of
3-dB ARBW are required. So generation of dual-band CP
with suppression of non-radiating mode is also a novelty in
the present manuscript.

This article presents a dual-band circularly polarized rect-
angular dielectric resonator antenna along with triangular
ring-shaped aperture and an additional parasitic strip. The
analysis of various antenna configurations required for devel-
oping the proposed antenna is also included in this article.
Some important features of proposed design are: (i) modified
feeding structure (triangular ring-shaped aperture along with
microstrip line) and parasitic strip create dual radiating modes
in the RDRA (i.e. TE] ; | and TE] , ) (i) modified feeding
structure and parasitic strip generate CP wave in both the
frequency bands and (iii) The LHCP in first band is achieved
due to generation of nearly degenerated modes (TE{’ 5,1 and
TEj ; ;) with 3-dB ARBW of 3.46-3.54 GHz while the
RHCP is generated in second band due to rotated triangular
ring-shaped aperture with 3-dB axial ARBW of
5.18-5.34 GHz. (iv) LHCP and RHCP of proposed CDRA
can be transformed by taking mirror image of triangular
ring-shaped aperture and parasitic strip. The experimental
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FIGURE 2. Various RDRA antenna configurations (a) antenna-1
(b) antenna-2 (c) antenna-3 (proposed antenna).

results confirm that the proposed RDRA is operated over
two frequency bands, i.e., 3.4 GHz-3.58 GHz, and 5.1 GHz
— 5.9 GHz. Measured results are in good agreement with
the simulated results. The geometry of antenna is presented
in Section II. Analysis of proposed structure is described in
Section III. Section IV and Section V deal with experimental
results and conclusion respectively.

Il. ANTENNA GEOMETRY

The triangular ring-shaped aperture and an isometric view
of the proposed antenna is shown in the Figure 1(a) and
Figure 1(b) respectively. The DRA is made of Alumina (¢, =
9.8,tan§ = 0.002). The triangular ring-shaped aperture is
imprinted on the top of the FR4 (Flame Retardant) epoxy
substrate (¢, = 4.4,tané = 0.02) while the bottom side
consists of simple microstrip line i.e. feed line. The thickness
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FIGURE 3. Variation of |S;| characteristic of different RDRA antenna
configurations.

FIGURE 4. Electric field distribution of 7EY

161 mode (a) top view
(b) side view.

FIGURE 5. Electric field distribution of TEY

1.2.1 mode (a) front view
(b) side view.

RPN
A4 LNy

FIGURE 6. Electric field distribution of TEY

1,41 mode (a) top view
(b) side view.

of substrate is 1.6 mm. The RDRA is fixed over FR4 sub-
strate with the help of an adhesive (Bonfix). The parasitic
strip is cut from an adhesive conducting tap and positioned
on the one side of the RDRA. The DRA is designed by
using dielectric waveguide model where the transcendental
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FIGURE 7. Axial ratio variations of different RDRA antenna configurations.
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FIGURE 8. Variation of (a) |Syq| characteristics and (b) axial ratio for
different heights of parasitic strip.

equation has been solved with the help of well-known graph-
ical method [17]. Table 1 contains the dimensions of different
optimized parameters.

Ill. ANTENNA ANALYSIS

This section is concentrated on understanding the phe-
nomenon of generation of dual frequency bands,
E-field distribution of higher order modes, LHCP and RHCP
operations in proposed antenna. The simulation studies of
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FIGURE 9. Variation of (a) |Syq| characteristic and (b) axial ratio for
different positions of parasitic strip.

proposed antenna have been carried out using ANSYS High
Frequency Structure Simulator (HFSS). This section is again
divided into two parts. First part deals with microstrip feed
and triangular ring-shaped aperture while the second part
is completely concentrated on the parameter variations and
observations of parasitic strip.

A. EVOLUTION OF THE PROPOSED ANTENNA STRUCTURE
Figure 2 displays the various RDRA configurations which
represent the various steps in developing the proposed
antenna for dual band circularly polarized operation.
Antenna-1 is the triangular ring-shaped aperture loaded
RDRA while in antenna-2, triangular ring-shaped aperture is
rotated by 40° with respect to x-axis (as shown in Figure 1).
Similarly, a parasitic strip is connected on the one side of
RDRA in antenna-3 which is the proposed antenna.

The variation of |Sy1| characteristics for different resonat-
ing RDRA configurations is shown in Figure 3. The very
first observation from Figure 3 is that all modes are excited
due to the RDRA only. Antenna-1 creates three resonating
modes i.e.TEf 5.1 TE?Z’1 and TE{ 4,1 at resonant frequen-
cies of 3.1 GHz, 4.7 GHz and 5.8 GHz respectively. The
E-field distribution of TE] ; |, TE] , | and TE{ , |, modes are
displayed in Figures 4, 5 and 6 respectively. It is depicted
that out of three modes, TE{ 5.1 and TE?) 41 modes radiate in
the broadside direction, while the TE¥,2’1 mode has a null in

11391



IEEE Access

A. Gupta, R. K. Gangwar: Dual-Band CP Aperture-Coupled RDRA for Wireless Applications

04 30 |—a— LHCP (Sim) 04 330 30 [—a— LHCP (Sim)
—— RHCP (Sim —— RHCP (Sim)
104 104
5 -
S0 B 0] 30
5 =
g% £ 30
& &
- 40+ o -40-{270 90
8 &
5 30 5 30+
E £
8- 277 240 120
10 104
0 04
180
0
04 04 30 s LHCP (Sim)
—— RHCP (Sim
104 104
o -
hlieh gao- 300
= T
Q
3 301 £ 30
5 o
40 o
= - 40-270 90
g 8
3 a0 = 304
£ E
g g -20 240
-10 -104
0 04
180 180
(© (d)

FIGURE 10. Simulated LHCP/RHCP patterns of (a) proposed antenna at 3.5 GHz (b) proposed antenna at 5.26 GHz (c) mirror image of proposed
antenna at 3.5 GHz (d) mirror image of proposed antenna at 5.26 GHz.
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FIGURE 12. Comparison of simulated and measured |S;; | characteristic
of proposed antenna.

(5.2-6.09 GHz) which will be clarified in Figure 7. The reason
. . y . . .
FIGURE 11. Developed prototype of proposed antenna (a) Top view F)ehmd Supp res}g ion of TE1y2,1 mode is th?t Wlth the rotation
(b) Back view (c) 3D view. in aperture, TE; ; | and TEL 4 1 modes satisfied the boundary
condition at z = 0, the interface between ground plane and
resonator, and z = A, the interface between air and resonator.
; recti ; ; However, electric fields of TE? , , mode could not satisf
the broadside direction. In antenna-2, triangular ring-shaped ’ 1,2,1 y
aperture has been shifted by 40° which suppress the TE , | these particular boundary conditions. Therefore the TE’l" 5.1
mode and also creates the CP wave in second frequency band mode and TE{Y 4,1 mode which have the similar radiation
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FIGURE 13. Measured and simulated axial ratio (¢ = 0°; ¢ = 0°) variations of proposed antenna (a) Lower frequency band

(b) Upper frequency band.

are excited in this case. TE}II’z’1 mode should be suppressed
since TE?ZQ1 mode is a non-radiating mode and its radiation
pattern is equivalent to two opposite magnetic dipoles with
approximately the same values [16]. Finally, a parasitic strip
is connected to the one side of DRA in antenna-3 which
creates the CP wave in first band (3.44-3.53 GHz). Fig-
ure 7 displays the axial ratio variations of different RDRA
antenna configurations. No CP wave is generated in case
of antenna-1. It is known that there are two necessary and
sufficient conditions required for creating CP wave in any
antenna structure: (i) generation of de-generated orthogonal
modes inside the radiating structure; (ii) phase shift between
these modes must be 90°. A CP radiation is achieved in first
band (at 3.5 GHz) from pair of nearly degenerated modes
(TE] 5, and TE} | |) in RDRA with axial ratio bandwidth
of 3.48-3.52 GHz [18], [19]. TE:;L1 mode is observed in
RDRA due to loading of parasitic patch [20]. 90° phase shift
between x- and y- polarized E-field lines is generated by
40° rotated triangular ring shaped aperture is accountable for
CP wave generation in the second frequency band (5.21-5.39
GHz).

B. PARASITIC STRIP OPTIMIZATION

The variation of |S;i| characteristic and axial ratio with the
change in height of parasitic strip is shown in Figure 8 (a)
and Figure 8 (b) respectively. It’s concluded from Figure 8 (a)
that as the height of parasitic patch is increased, the resonant
frequency of first band shifts towards the lower side while
no variation is observed in the second band. This is due
to the fact that Parasitic strip changes the electrical length
of RDRA in y-direction. Similarly, from Figure 8(b), axial
ratio variation is observed in the first frequency band only.
This is due to the fact that parasitic strip loaded DR mode
(i.e. TEg"l,l) is generated in first band only. The variation
of |S;1| characteristic and axial ratio with the change in the
position (Px, as shown in Figure 1) of parasitic strip is shown
in Figure 9 (a) and (b) respectively. It can be concluded
from Figure 9 (a) that the position of parasitic strip doesn’t
make any appreciable change in |S11| characteristics for both
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the bands. Similarly, it is depicted from Figure 9 (b) that
the position of parasitic strip doesn’t affect the axial ratio
characteristics for both the bands. Thus, the proposed antenna
provides the dual-band dual-CP characteristics with the easy
tuning of impedance bandwidth and axial ratio.

C. SENSE OF POLARIZATION

Simulated RHCP/LHCP patterns in both the frequency
bands for proposed antenna and mirror image of proposed
antenna are shown in Figure 10. It is clearly witnessed from
Figure 10 that sense of circular polarization has been trans-
formed by taking the mirror image of triangular ring-shaped
aperture and parasitic strip. We know that parasitic strip
and triangular ring-shaped aperture are the root cause of CP
wave in first and second band of CDRA respectively (from
aforementioned discussion). As we take the mirror image
of parasitic strip and triangular-shaped aperture, clockwise
circulation (LHCP) of electric field converted into anticlock-
wise circulation (RHCP) in first band while the anticlockwise
circulation (RHCP) of electric field converted into clockwise
circulation (LHCP) in second band.

IV. EXPERIMENTAL RESULTS

To validate the optimized simulated results, the prototype
of proposed antenna is developed as shown in Figure 11.
Agilent ENA series vector network analyzer with Model
No., E5071C (300 kHz-20 GHz) is used to extract the |Sy]|
characteristic of the proposed antenna. Comparison between
measured and simulated |S;1| characteristic of the proposed
antenna is presented in Figure 12. Comparison between sim-
ulated and experimental results is shown in Table 2. From
Figure 12 and Table 2, it can be determined that the proposed
antenna structure cover two different frequency bands, i.e.
3.4 GHz-3.58 GHz and 5.1 GHz - 5.9 GHz. with a fractional
bandwidth of 5.16 % and 14.55 % respectively. The fractional
bandwidths are calculated with respect to the center fre-
quency. The measured results are in good agreement with the
simulated results. However, some differences between simu-
lated and measured results may be due to effect of an adhesive
and SMA (SubMiniature version A, 50€2) connector.
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TABLE 2. Comparison between simulated and measured results.

Lower Band

Upper Band

Impedance
Bandwidth
(GHz)

Impedance
Bandwidth
(%)

3-dB
ARBW

3-dB
ARBW
(o)

Impedance
Bandwidth
(GHz)

Impedance
Bandwidth
(%)

3-dB
ARBW

3-dB
ARBW
(o)

HFSS

3.44-3.53

2.58

3.48-3.52

1.03

5.2-6.09

15.78

5.21-5.39

3.4

Measured

3.4-3.58

5.16

3.46-3.54

2.29

5.1-5.9

14.55

5.18-5.34

3.04

TABLE 3. Comparison of proposed antenna with other published dual
band literature.

Lower Band

Upper Band

DRA Shape

Type of
Excitation

Operating
frequency
range
(GHz)

Impedance
Bandwidth
(%)

Operating
frequency
range
(GHz)

Impedance
Bandwidth
(%)

Rectangular

7

Aperture
coupling

2.4-2.51

4.48

5.03-5.35

6.17

Cylindrical
[8]

CPW
Feed

3.3-3.61

8.97

4.6-4.91

4.8

Cylindrical
[9]

Microstrip
line

2.36-2.5

33

54-5.8

5.7

Proposed
RDRA

Triangular
aperture

3.4-3.58

5.16

5.18-5.34

14.55

The comparison of proposed antenna with other published
dual-band DRA designs on the basis of impedance bandwidth
is shown in Table 3. It can be concluded from Table 3 that the
proposed RDRA has better impedance bandwidth compared
to other exiting dual-band DRA structures.

The proposed antenna has an extra advantage of dual
band circular polarization. Figures 13 (a) and (b) show the
simulated and measured axial ratio variations of proposed
antenna towards broadside direction (¢ = 0°; ¢ = 0°) in
lower and upper frequency bands respectively. Dual-linear
pattern method [21] is used to measure the axial ratio of
proposed antenna. It is concluded from Figure 13 that 3-dB
ARBW (measured) of proposed antenna in lower and upper
frequency band is about 2.29 % (3.46-3.54 GHz) and 3.04 %
(5.18-5.34 GHz) respectively.

Figure 14 shows measured and simulated LHCP and
RHCP patterns at 3.5 GHz and 5.26 GHz respectively. From
Figure 14 (a), it is observed that LHCP patterns are approx-
imately 20 dB greater than RHCP patterns towards broad-
side direction. This confirms the proposed antenna supports
clockwise rotation of CP wave in the first band. Similarly,
it is concluded from Figure 14 (b), that RHCP patterns are
approximately 20 dB greater than LHCP patterns towards
broadside direction. This confirms the proposed antenna sup-
ports anti-clockwise rotation of CP wave in the second band.
LHCP/RHCP patterns are measured in the anechoic cham-
ber with the help of far-field patterns in elevation (Eg) and
azimuthal plane (Ep) [22]. Figure 15 shows measured and
simulated gain of proposed antenna (¢ = 0% ¢ = 0°).
The value of gain is measured only in shadowed region
of Figure 15. There is minor difference between measured
and simulated gain value which occurs due to the cable and
connector losses occur in the measurement (not considered
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FIGURE 14. Measured and simulated radiation patterns of proposed
antenna at (a) 3.5 GHz (LHCP) (b) 5.26 GHz (RHCP).

during simulation). The gain of the proposed antenna is mea-
sured with the help of Friss Transmission Formula [4].

Erucp = 0.707(Ea + JEg) (1)
Erncp = 0.707(Ea — jEg) 2)

Figure 16 shows simulated radiation efficiency and directivity
versus frequency characteristics of proposed antenna. The
simulated radiation efficiencies are 93.73 %, and 96.24 %
at resonant frequencies of 3.5 GHz, and 5.26 GHz respec-
tively which evidences that proposed antenna is an efficient
radiator.
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of proposed antenna.

V. CONCLUSION

This article investigates dual-band circularly polarized rect-
angular dielectric resonator antenna. The proposed antenna
provides two frequency bands i.e., 3.4 GHz — 3.58 GHz,
and 5.1 GHz — 5.9 GHz. Another important feature of the
proposed antenna is dual-band CP wave i.e. 3.46-3.54 GHz
(LHCP) and 5.18-5.34 GHz (RHCP). The CP wave in first
band is achieved due to generation of nearly degenerated
modes (TE{’ 5.1 and TEg"]’]) while 40° rotated triangular
ring-shaped aperture is responsible for the CP wave gen-
eration in the second band. The proposed feeding structure
(microstrip line with triangular ring-shaped aperture) and
parasitic strip creates dual radiating modes in the RDRA
(i.e. TE{’ 5.1 and TE{ 4 1) which radiate in the broadside direc-
tion. The impedance bandwidth and axial ratio can be simply
controlled with the help of parasitic strip. LHCP/RHCP in
both the frequency bands can be altered by taking mirror
image of triangular ring-shaped aperture and parasitic strip.
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These captivating features of the proposed antenna make it
appropriate for WiMAX and WLAN applications.
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