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Abstract

This paper presents a new technique for the enhancement of axial ratio (AR) bandwidth of a
circularly polarized dielectric resonator antenna with a single feeding. To enhance the AR
bandwidth, adjacent 3-dB AR passbands are merged by inserting the notches and conductive
coating in the dielectric resonator. The dimensions of the notches and conductive coating are
selected in such manner that impedance bandwidth remains approximately unchanged. The
antenna provides the measured AR and impedance bandwidths of 55.22% and 66.45%,
respectively.

Introduction

Dielectric resonator (DR) antenna (DRA) offers wide bandwidth, high gain, high radiation
efficiency with minimal surface wave and conductor losses [1]. These features of DRA
made it popular among the researchers. Earlier, the study was carried out on the linearly polar-
ized (LP) DRA (LPDRA). It was observed that the misalignment of LP antennas causes polar-
ization mismatch losses. Also, the signal degradation occurs in the case of the multipath
reception if LPDRA is being used in a communication system. Replacing the LP antenna
with a circularly polarized (CP) antenna prevents these limitations, so the development of
CPDRA was promoted [2]. To achieve the circular polarization in DRA, numerous techniques
have been reported in the literature [3–14]. Some of these can be categorized as single feeding,
dual feeding, modified shape of the DR, and modified shape of the slot. The limitation of sin-
gle feeding technique is that it provides a narrow axial ratio (AR) bandwidth [3, 4]. To increase
the AR bandwidth, dual feeding structure was reported [5]. However, dual feeding structure
becomes complex due to the requirement of the external power dividers. Later on, the
shape of the DR was modified to increase the CP bandwidth, e.g., trapezoidal [6], stair
shape [7], rotating stair [8], DR with diagonally inclined slits [9], and DR with parasitic strips
[10]. These antennas provide wide CP bandwidth but the complexity of DR shape leads to the
manufacturing difficulty. To achieve wide AR bandwidth, different shapes of the slot have been
proposed like cross slot [11], modified cross slot [12], Archimedean spiral slot [13], and stair-
shaped slot [14]. The use of the specific shaped slot in the antenna structure with single feed-
ing provides wide CP bandwidth. Recently, a CPDRA was reported with stair-shaped slot pro-
viding wide AR and impedance bandwidths of 41.01 and 49.67%, respectively [14]. Despite
significant progress, obtaining the wide CP bandwidth with simple DR structures and single
feeding is still a challenging task.

In this context, this paper presents a new technique for the enhancement of AR bandwidth
of CPDRA. The proposed antenna structure provides the multiple 3-dB AR passbands. The
neighboring 3-dB AR passbands of the antenna are merged to enhance the AR bandwidth
by introducing the notches and conductive coating in the DR. Previously, the diagonal vertices
of the DR were removed to achieve the dual-band circular polarization [15]. Also, a CP
antenna array was proposed with the chamfered DR structure [16]. Achieving the circular
polarization in chamfered DR with aperture feeding is easy when the length and width aspect
ratio of the rectangular DR is unity. When this aspect ratio of the rectangular DR is non-unity,
the size of the notches must be selected prudently. In this paper, a rectangular DR is used with
non-unity length/width aspect ratio. The size of the notches is selected so that the impedance
bandwidth of antenna remains unaffected. After that conductive coating is applied on the
notched wall of the DR for merging of the adjacent AR passbands. Earlier, parasitic strips
were used in a complex DR structure to achieve the AR and impedance bandwidths of 25%
and 24.5%, respectively [10]. The stair-shaped slot is used for excitation in the proposed
antenna structure [14]. The proposed antenna provides the measured 3-dB AR bandwidth
of 55.22% and 10-dB impedance bandwidth of 66.45%. The 3-dB AR passband completely
overlaps with the 10-dB impedance passband which makes the antenna useful for C-band
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applications. Furthermore, the antenna structure is simple and
needs single feeding. The use of conductive coating at the notched
corner of the DR is a simple and novel technique for the enhance-
ment of AR bandwidth of a CPDRA.

Antenna configuration

The geometry of the proposed CPDRA is shown in Fig. 1.
Antenna structure contains a substrate of FR_4 epoxy with per-
mittivity εs = 4.4 that has the dimensions lg × wg and thickness
0.8 mm. RF excitation is applied through an SMA connector
which is connected to a 50 Ω microstrip line. The microstrip
line has the dimensions lm ×wm. The stub of length s is used
for impedance matching. The field is coupled from the microstrip
line to DR through a stair-shaped slot in ground plane at the top
of the substrate. The orthogonal modes necessary for circular
polarization are generated using the stair-shaped slot [14]. The
working mechanism of the feeding through stair-shaped slot is
already reported and explained in [14]. The dimensions of DR
are selected using dielectric waveguide model to operate at
4.75 GHz [1]. The selected aspect ratio of the DR allows to oper-
ate with fundamental, second, and third order modes [17]. This
structure of rectangular CPDRA provides a wide overlapped AR
and impedance bandwidth. To enhance the CP bandwidth of
the antenna, two opposite corners of rectangular DR are notched.
The side wall of the notched top corner is coated with a conduct-
ive material as shown in Fig. 1(a). The conductive coating works
as a parasitic strip. The antenna structure was analyzed using

high-frequency structure simulator based on finite element
method and fabricated. Figures 1(b) and 1(c) show the fabricated
CPDRA. The ceramic material with the permittivity εr = 12.8 is
used to fabricate the DR height h. All the optimized dimensions
of antenna structure are mentioned in the caption of Fig. 1.

Antenna operation

For the understating of antenna operation, three antenna struc-
tures are shown in Fig. 2, designed and analyzed. The first
antenna structure (antenna-1) contains a rectangular DR. In
second antenna structure (antenna-2), the diagonally opposite
corners of DR are notched. In the third antenna structure
(antenna-3), the side wall of the notched top corner of the DR
is coated with a conductive material. Figure 3 shows the AR
and S11 parameter response and Table 1 shows the performance
of all these antenna structures. There are two nearby 3-dB pass-
bands in the AR plot of antenna-1, lower 4.28− 6.64 GHz, and
upper 7.70− 8.05 GHz. This antenna provides the simulated 3-dB
AR bandwidths of 43.22% in the lower and 4.44% in the upper
band. AR plot of antenna-1 shows that the level of AR is around
18 dB between lower and upper 3-dB passbands. This antenna pro-
vides the impedance bandwidth of 66.34% (4.16− 8.29 GHz). AR
plot of antenna-2 shows that introduction of the notches in DR
widen the 3-dB AR bandwidth of lower band. Also, upper 3-dB
AR passband of antenna-2 is shifted towards the lower 3-dB AR
passband as shown in Fig. 3(a) and mentioned in Table 1. The
level of the AR goes below 5 dB between lower and upper 3-dB

Fig. 1. (a) Geometry of the proposed CPDRA, (b) fabricated
antenna prototype and (c) side view of the fabricated DR
showing conductive coating. a = 24, b = 33, h = 5, s1 = 10.1,
s2 = 7, ls = 13, ws = 1.5, w′

s = 2.5, s = 7, lm = 40, wm = 1.6, l = 6,
t = 4.6, lg = 80 and wg = 80 (all dimensions of the antenna
structure are in mm).

Fig. 2. Top view of the three CPDRAs.
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passbands. The impedance bandwidth of antenna-2 is 67.09% (4.17
− 8.38 GHz). Notches in the DR create the air gap, due to which the
quality factor of the DR decreases that leads to the slight increment
in the impedance bandwidth of antenna-2 [18].

The length and width of the notches are kept smaller (l, t≈ 0.1λ)
so there is no significant change in the overall quality factor of
the antenna. Now, the conductive coating is applied at the notched
corner of the DR. The conductive coating on the side wall of
the notched DR slightly increases the quality factor [10].
Consequently, impedance bandwidth of antenna-3 is slightly
reduced. The AR plot of antenna-3 shows that both 3-dB AR pass-
bands are merged which increases the overall 3-dB AR bandwidth.
Furthermore, the introduction of the conductive coating does not
increase the structural complexity to the antenna because it can be
applied only by pasting the easily available copper tape. Table 1
shows that there is 8–11% enhancement of the AR bandwidth

Fig. 3. The frequency response of (a) AR, (b) S11
parameter, and (c) gain plot of the three antenna
structures.

Table 1. Comparison of performance of all antennas.

Antenna

3-dB AR Bandwidth

10-dB Impedance bandwidth Peak gain (dBic)Lower band Upper band

1 43.22% (4.28− 6.64 GHz) 4.44% (7.70− 8.05 GHz) 66.34% (4.16− 8.29GHz) 2.31

2 45.31% (4.25− 6.74 GHz) 3.73% (7.35− 7.63 GHz) 67.09% (4.17− 8.38GHz) 2.54

3 56.57% (4.17− 7.46 GHz) Merged to LB 66.24% (4.19− 8.34GHz) 2.67

Fig. 4. E-field distribution at the DR top surface at
frequency (a) 4.75 GHz, (b) 6.02 GHz and (c)
7.21 GHz (amplitude of the E-field is shown in
color bar).

Fig. 5. E-field vectors at the top surface of the DR at frequency 4.75 GHz at time (a)
t = 0, (b) T/4, (c) T/2, and (d) 3T/4.

Fig. 6. The frequency response of (a) AR and (b) S11 parameter for variable l.
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only by applying the conductive coating. Merging of the bands can
be understood as Ex component of the field is generated by the main
slot and side slots generate the Ey component [14]. For merging of
the bands, it is necessary to increase the amplitude of Ey component
equivalent to Ex component of the field. Therefore, the location of
the conductive coating is kept closer to the longer side arm of the
slot. This reinforces the Ey components, due to which the level of

AR goes below 3 dB between lower and upper bands.
Consequently, both 3-dB AR passbands are merged and a wide
3-dB AR bandwidth is achieved. Figure 3(c) shows the gain perform-
ance of all the antenna structures. There is a small difference in the
peak gain of all the antenna structures. Antenna-3 provides the CP
radiations at frequencies 4.75, 6.02, and 7.21 GHz and operates with
modes TE111, TE121, and TE131, respectively. The E-field distribution
inside the proposed DR are similar to those were reported by Zheng
et al. [17]. Figure 4 shows the E-field distribution at the top surface
of DR corresponding to these modes. The E-field distribution is
rotated at an angle due to CP operation of the antenna. The CP
operation of the antenna can be confirmed from Fig. 5. Here, the
E-field vectors are represented at the different time instants.
Figure 5 shows that E-field vectors rotate and complete a circular
path. The field vectors are rotating in the anticlockwise direction,
which confirms the right-hand CP (RHCP) operation.

Parametric study

A parametric study has been carried out to obtain the optimum
dimensions of the antenna for which CP modes are appropriately
excited inside the antenna structure.

Variation of the notch length, l

Figure 6(a) Shows that variation of notch length, l mainly affects
the AR at the frequency of the third-order CP mode. The AR
remains below 3 dB at the frequencies of the lower order
modes. The impedance bandwidth of the antenna is same with
the variation of l as shown in Fig. 6(b). The optimum results
are obtained at l = 6 mm.

Variation of the notch and strip width, t

Figure 7(a) shows that the variation of t affects the AR response at
the frequencies of the first and second-order CP modes. With the

Fig. 7. The frequency response of (a) AR and (b) S11 parameter for variable t.

Fig. 8. (a) AR and (b) S11 parameter response for variable s1.

Fig. 9. (a) AR and (b) S11 parameter response for variable s2.

Fig. 10. (a) AR, (b) S11 and (c) gain response for variable h.

Fig. 11. (a) AR and (b) S11 parameter response of the proposed CPDRA.
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increment in t, the level of AR increases at the frequency of the
first order mode, while it decreases at the frequency of the
second-order mode. The optimum value of t is 4.6 mm for
which a wider 3-dB AR bandwidth is obtained. Figure 7(b)
shows that the impedance bandwidth of the antenna is unchanged
with the variation of t.

Variation of the slot length, s1

Figure 8 shows the AR and S11 parameter response with the vari-
ation of s1. Variation of s1 allows the tuning of AR response below
3 dB as shown in Fig. 9(a). For the values of s1 from 10.1 to

11.0 mm, fields are appropriately coupled to DR from the slot
which results in wider 3-dB AR bandwidth. For s1 < 10.1 mm,
3-dB AR bandwidth decreases due to the reduction in the separ-
ation between resonant frequencies of CP modes. For s1 > 11 mm,
AR response goes above 3 dB. Figure 8(b) shows that impedance
bandwidth of the antenna is not affected by variation of s1.

Variation of the slot length, s2

Figure 9(a) shows that AR response of the antenna can be tuned at
a frequency of the first CP mode. Increment of s2 lowers the level
of AR only at the frequency of fundamental mode. Whereas, the

Fig. 12. Radiation pattern of the antenna at frequency (a) 4.28, (b) 5.14, (c) 5.78, and (d) 6.5 GHz (Images at top side are in xz plane and at bottom side are in
yz plane).

Fig. 13. (a) Gain and (b) radiation efficiency as a function of
frequency, and (c) AR as a function of angle θ°.

Table 2. Comparison with other CPDRAs.

Ref.
Resonant
frequency (GHz) εr

10-dB impedance
bandwidth (%)

3-dB AR
bandwidth (%)

Overlapping
bandwidth (%)

Gain
(dBic)

Antenna size
(l3)

[7] 5.4 10.2 37 22 22 5.7 0.9 × 0.9 × 0.22

[8] 5.1 9.8 31 18.2 18.2 4.5 1.02 × 1.02 × 0.18

[9] 3.7 10 50.8 43 36 6 0.58 × 0.58 × 0.12

[10] 3.6 15 24.5 25 22 1.48 0.36 × 0.36 × 0.30

[14] 4.75 12.8 49.67 41.01 41.01 >1.5 1.2 × 1.2 × 0.09

[19] 4.75 9.8 25.94 17.34 17.34 2.89 0.88 × 0.70 × 0.20

Proposed 4.75 12.8 69.11 55.22 55.22 2.06 1.2 × 1.2 × 0.09
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AR response remains stable at the frequencies of other higher
order modes. Figure 9(b) shows that the variation of s2 does not
affect the impedance bandwidth of the antenna.

Variation of the DR height, h

Figure 10 shows the effect of variation of h on antenna response.
Increasing h enhances the gain of the antenna as shown in Fig. 10
(c). The S11 parameter response of the antenna shifts in the back-
ward direction as usual as shown in Fig. 10(b). The variation of h
drastically affects the AR response. It becomes difficult to main-
tain the AR response below 3-dB for a wide frequency band as
shown in Fig. 10(a).

Results and discussion

The prototype of antenna-3 was fabricated (Figs 1(b) and 1(c))
and results were measured. Figure 11 shows the simulated and
measured AR and S11 parameter response of the proposed
CPDRA. The AR of the antenna is measured using satimo star
lab system. The antenna provides 56.57% (4.17− 7.46 GHz)
simulated and 55.22% (4.26− 7.51 GHz) measured 3-dB AR
bandwidth in the boresight direction(θ = 0°). The simulated and
measured 10-dB impedance bandwidth of the antenna is
66.24% (4.19 − 8.34 GHz) and 66.45% (4.17− 8.32 GHz),
respectively. Figure 12 shows the radiation pattern of the antenna
in xz and yz-planes at different frequencies where minima were
obtained in AR passband. The RHCP patterns are 15 dB or
more dominating over the left-hand CP patterns in boresight
(θ = 0°) direction that confirms the RHCP operation of the
antenna. The radiation pattern of the antenna is broadside and
almost stable in the observed frequency band. Figure 13(a)
shows the gain plot of the antenna. The gain plot shows the
peaks at the resonant frequencies of the modes with which
antenna operates and decreases at other frequencies. The simu-
lated and measured peak value of gain is 2.67 and 2.06 dBic,
respectively; it is achieved near the resonant frequency of
third-order mode in the passband of the antenna, as expected.
Figure 13(b) shows plot for simulated radiation efficiency of
antenna, it is more than 80% in the passband. Figure 13(c)
shows the AR plot, which illustrates 3-dB AR beamwidth of the
antenna at frequency 4.75 GHz. The antenna provides 3-dB AR
beamwidth of 158° and 123° in xz and yz -planes, respectively,
in boresight direction. Table 2 shows a comparison of the pro-
posed CPDRA with other antennas. It is observed that proposed
CPDRA provides the wide impedance and AR bandwidth. In add-
ition, the whole 3-dB AR and 10-dB impedance passbands over-
lap and overlapping bandwidth is comparatively wide. This was
the limitation of most of the reported antenna structures that
both passbands do not overlap [9, 10].

Conclusion

A technique has been implemented to enhance the AR bandwidth
of CPDRA with a single feeding. The upper 3-dB AR passband is
merged to the lower 3-dB AR passband. Consequently, a wide CP
bandwidth has been achieved. The measured 3-dB AR and 10-dB
impedance bandwidths of 55.22 and 66.45%, respectively, have
been achieved. The antenna offers 3-dB AR beamwidth of 158°
and 123° in xz and yz-planes, respectively.
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