
observed at 7.5 and 10.5 GHz. This is because the DRA config-

uration of this antenna can be viewed as a series fed 2-element

closely spaced array (with a ground plane) [10]. The fields in

both DRAs at these frequencies are aligned and excited in

phase. This causes a gain enhancement due to the array configu-

ration. The measured data show that a bandwidth ratio of 140%

is achieved covering the frequency range 3–17 GHz. The

antenna has monopole-like radiation pattern in this frequency

range. The DRAs are weakly coupled with monopole at 15 GHz

causing a gain loss at this frequency. We also note that the

antenna configuration proposed in this article offers better radia-

tion performance compared to the monopole loaded by conical

DRAs in a companion article [10].

Finally, a monopole of height l 5 30 mm is used. An operat-

ing bandwidth of 143% covering the frequency range from 2 to

12 GHz is seen in Figure 5(a). In Figure 5(b) are shown monop-

ole type gain patterns in the vertical plane. Similar resonance

behavior is valid here as discussed earlier.

4. CONCLUSIONS

The hybrid monopole/DRA configuration presented in this arti-

cle can easily offer more than 140% bandwidth along with

monopole type radiation. An initial design procedure has also

been outlined. The proposed antenna may be further optimized

to obtain a better radiation performance.
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ABSTRACT: In this letter, a wideband circularly polarized metallic
cavity antenna is designed and fabricated. To enhance both the imped-

ance and axial-ratio bandwidths (ARBWs), an L-shaped probe is used to
produce two orthogonal TE111 modes for left-hand circular polarization.

The measured impedance bandwidth for S11�210 dB and 3-dB ARBW
were 1.72 GHz (20.6%, 7.48–9.2 GHz), and 1.5 GHz (17.3%, 7.9–
9.4 GHz), respectively. The measured realized gain at broadside was

6.6–9.3 dBic over the overlapped impedance and AR bandwidth
1.38 GHz (16.1%, 7.9–9.28 GHz). The experimental results reveal that

the proposed antenna is attractive for satellite communication applica-
tions due to its simple metallic structure, good performance, and strong
power-handling capability. VC 2014 Wiley Periodicals, Inc. Microwave

Opt Technol Lett 56:2398–2403, 2014; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.28605

Key words: circular polarization; wideband; metallic cavity antenna;

strong power-handling capability

1. INTRODUCTION

In the last decades, new and demanding satellite applications

evolved, leading to spectral congestion of low-frequency bands

such as L-band (2/1 GHz) and S-band (4/2 GHz). Higher

Figure 5 The third antenna with l 5 30, hr 5 1.5, r 5 2, t 5 0. Bottom

and Top DR: a 5 14, a1 5 7.5, h 5 10, h1 5 5, b 5 4.5. (a) |S11| versus

frequency and (b) gain pattern. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]
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frequency bands, namely C-band (6/4 GHz), X-band (8/7 GHz),

Ku-band (14/12 GHz), and Ka-band (30/20 GHz), are becoming

increasingly more urgent to obtain broader bandwidths, higher

data rates, and higher gains with the same radiating aperture.

Circularly polarized (CP) antennas are highly favored in

radar, satellite communications and navigation systems [1]. CP

provides distinct advantages over linear polarization: it can pro-

vide greater freedom in respective orientations between a trans-

mitter and a receiver; meanwhile, it presents better mobility and

weather penetration as well as reduction of multipath interfer-

ences; particularly in satellite communications, circular polariza-

tion is capable of combating Faraday rotation caused by the

ionospheric plasma containing free electrons and ions.

Various CP antennas such as microstrip patch antenna [2–4],

cross dipole antenna [5], slot antenna [6], and loop antenna [7]

have been developed. Generally, the operating principle of these

CP antennas can be roughly classified into three categories:

exciting two orthogonal field components with equal amplitude

but in-phase quadrature [2, 5, 6]; utilizing sequential rotation

feed configuration [3]; and taking advantage of travelling wave

property of the antenna itself [7] or the feed structure [4]. How-

ever, performance of the above antennas will deteriorate

severely due to fabrication errors when scaled to high-frequency

bands like Ku-band and above in which the wavelengths are

only a few millimeters. Moreover, their average power-handling

capability is fairly limited by the heat sink capabilities of the

substrate.

Cavity-backed CP antenna (CBCPA) has been widely used

for satellite applications owing to its unidirectional radiation

characteristic. Air filled metallic [8, 9] or substrate integrated

CBCPAs [10, 11] have been proposed to realize bandwidth

enhancement and high-gain performances. However, separate

CP radiators are needed for CP radiation in these designs where

the cavities only serve as reflectors.

Open-ended waveguide antennas with linear polarization [12,

13] are attractive candidates to realize electrically large size

antenna and strong power-handling capability. A C-band CP

metallic cavity antenna (MCA) with a 3-dB axial-ratio band-

width (ARBW) of 4.7% was designed by introducing an inserted

perturbation screw [14]. A ring probe-fed MCA with a largely

enhanced ARBW was presented in [15]. However, an ARBW of

10.7% is still insufficient for some applications. It is shown that

ARBW can be enhanced by utilizing L-shaped probe [1, 16,

17]. However, the proximity-coupled L-shaped probe in these

designs only behaves as a capacitance compensating for some of

the inductance by the probe itself to broaden the impedance

bandwidth. ARBW is enhanced together with other techniques

such as orthogonal or sequential rotation feed for radiating CP

wave. A cylindrical MCA fed by an L-shaped probe with left-

hand circular polarization (LHCP) is presented in this letter. L-

shaped probe in the proposed design is used to excite CP wave,

simultaneously improves the overlapped impedance bandwidth

and 3-dB ARBW to 16.1%. The features of the proposed

antenna include simple metallic structure, low cost, and easy

fabrication for high-frequency satellite applications. Details of

the proposed designs and the results are presented in the follow-

ing sections.

2. ANTENNA DESIGN

The geometric structure of the proposed antenna is illustrated in

Figure 1. As can be seen from the panoramic view shown in

Figure 1(a), the antenna consists of an air-filled cylindrical cav-

ity and an L-shaped probe. Figures 1(b) and 1(c) show the sec-

tional top view and sectional side view, respectively. The

thickened ring surrounding the outer wall of the cavity, used to

fix the SMA connector, is not an intrinsical part of the design.

The upper port of the cylindrical cavity is open, whereas the

lower port is kept closed so as to realize unidirectional

radiation.

For the proposed air-filled cylindrical waveguide cavity reso-

nator, all the surfaces are equivalent to be perfect electrical con-

ductors except that the upper surface is approximately assumed

Figure 1 Geometry of the proposed antenna: (a) panoramic view; (b)

sectional top view; and (c) sectional side view. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

TABLE 1 Dimensions of the Proposed Antenna

Parameters Dci Hci Dco Tc

Value (mm) 30 35 34 2

Parameters Drm Trm Hf Tf
Value (mm) 43 8 16 1.27

Parameters Wf Gf Lfx Lfy
Value (mm) 10 2 8.27 13

Parameters Df1 Df2 Lf1 Lf2
Value (mm) 4.1 3 4 1
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to be perfect magnetic conductors, the resonate frequency of

TEnml mode can be calculated by Eqs. (1) and (2) [18].

f TEnml5
c

2p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
q0nm

Rci

� �2

1
lp

2Hci

� �2
s

(1)

J0nðq0nmÞ50 (2)

where n refers to the number of circumferential (/) variations,

and m refers to the number of radial (q) variations, Jn (•) is the

nth-order Bessel function of the first kind, and the prime denotes

the first derivative, Rci and Hci are radius and height of the

Figure 2 Effect of Dci on S11 and AR. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 3 Effect of Hci on S11 and AR. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 4 Effect of Hf on S11 and AR. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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cylindrical waveguide cavity, respectively. fTE111 5 6.24 GHz

and fTE211 5 9.95 GHz are obtained by substituting Rci 5 15 mm,

Hci 5 35 mm, q011 5 1.841, and q021 5 3.054 into (1).

The proposed antenna is designed with working frequency

between the fundamental mode TE111 and higher order mode

TE211 to obtain relatively pure CP pattern. Two orthogonally

TE111 modes are generated by using an L-shaped probe. The

current on the horizontal component with Lfx lags 90� behind

that of vertical component with Lfy, which causes in-phase quad-

rature between components Ex and Ey of the electric field and

produces LHCP waves at the upper open aperture, meanwhile

the height of L-shaped probe Wf is carefully chosen to keep the

amplitudes of Ex and Ey identical for good AR.

As can be seen from Eq. (1), the operating mode and reso-

nant frequency are mainly determined by the dimensions of the

cylindrical cavity Rci and Hci. The distance Gf between the L-

shaped probe and the SMA connector has great influence on the

impedance matching of the designed antenna. The CP purity is

significantly influenced by the parameters of the L-shaped probe

Wf, Lfx, and Lfy.

The proposed antenna is designed and simulated using

Ansoft HFSS full-wave simulator. The optimized dimensions of

the proposed antenna are shown in Table 1. The size of the radi-

ating aperture is 30 mm (0.842 k0) 3 30 mm (0.842 k0), and

the overall height is 35 mm (0.982 k0), where k0 is the wave-

length in free space at the center frequency 8.42 GHz.

Figure 5 Effect of Gf on S11 and AR. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 6 Effects of Lfx and Lfy on AR. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 7 Photograph of the fabricated prototype. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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3. PARAMETRIC STUDY

Some important parameters are investigated to further under-

stand their effects on the performance of the proposed antenna.

Parametric study analysis is done on the condition of changing

only one parameter once and keeping the others the same as

given in Table 1.

3.1. Dimensions of Cylindrical Cavity Dci and Hci

The influence of the inner diameter Dci and length Hci of the

cavity on the reflection coefficient and AR is shown in Figures

2 and 3, respectively. The dimensions of the cylindrical cavity

Dci and Hci have a great influence on both the reflection coeffi-

cient and axial ratio. As Dci or Hci increases, both the center fre-

quency of S parameter and AR shift downward.

3.2. Position of the Feed Structure Hf and Gf

In Figures 4 and 5, Hf and Gf are investigated to find their effect

on the antenna performance. The height of the feed structure Hf

has great influence on AR whereas almost no impact on imped-

ance matching. It can be found that the best AR property

occurred for Hf 5 16 mm. It should be noted that both the

impedance and AR property will deteriorate by greatly increas-

ing or decreasing Hf from 16 mm.

In the proposed structure, the cylindrical probe with a length

of Gf introduces an inductance that can significantly affect the

reflection coefficient. Impedance matching gets worse as Gf

decreases from 2 to 1 mm. Poor impedance matching has impact

on the current distribution on the L-probe, therefore, AR prop-

erty deteriorates to some extends.

3.3. Dimensions of L-Shaped Probe Lfx and Lfy

Figure 6 depicts the variety of impedance and AR curves when

adjusting Lfx and Lfy. As can be seen from the simulation results,

both Lfx and Lfy have a great influence on the axial ratio because

Figure 8 Measured and simulated S11 of the proposed antenna.

Figure 9 Measured and simulated radiation patterns of the antenna in xz- and yz-planes. (a) at 8.5 GHz and (b) at 9.4 GHz. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]
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they both determine the phase difference between components

Ex and Ey of the electric field at the desired operating

frequency.

4. RESULTS AND DISCUSSION

To demonstrate the validity of the presented design strategy, as

depicted in Figure 7, a prototype antenna was fabricated and

measured. The reflection coefficients were obtained by a vector

network analyzer Agilent ENA E8363B while the radiation pat-

terns were measured by spinning linear method in an anechoic

chamber. Simulated and measured results are given in Figures

8–10. Reasonable agreement between them could be observed.

The discrepancies may be caused by the fabrication error and

measurement system setup.

Both the simulated and measured S parameters are shown in

Figure 8. The simulated and measured impedance bandwidths

for S11�210 dB are 1.7 GHz (20.2%, 7.58–9.28 GHz) and

1.72 GHz (20.6%, 7.48–9.2 GHz), respectively.

Figures 9(a) and 9(b) illustrate the simulated normalized

radiation patterns and measured normalized spinning linear radi-

ation patterns in both xz- and yz-planes at 8.5 and 9.4 GHz. The

difference between two adjacent values of the measured zigzag

patterns represents the corresponding axial ratio while the outer

profile reflects the diversity to some extents.

Figure 10 depicts the simulated and measured realized gain

and AR of the proposed antenna against frequency. The simu-

lated and measured 3-dB ARBW are 1.62 GHz (18.4%, 8–

9.62 GHz) and 1.5 GHz (17.3%, 7.9–9.4 GHz), respectively.

The overlapped impedance and AR bandwidth for the measured

results is 1.38 GHz (16.1%, 7.9–9.28 GHz). The gain remains

stable ranging from 8 to 9.3 dBic over 7.9–9.1 GHz and it

begins to drop off remarkably above 9.1 GHz which is attrib-

uted to the excitation of higher order mode.

5. CONCLUSIONS

A CP MCA is presented in this letter. Broad impedance and AR

bandwidths are realized by introducing an L-shaped probe. The

proposed antenna can be a good candidate for satellite commu-

nication due to its structural simplicity, low production cost, and

broad bandwidth.
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Figure 10 Measured and simulated realized gain and axial ratio at the

broadside.
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