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Abstract—A reconfigurable cylindrical dielectric resonator antenna with polarization diversity is
proposed for S-band and C-band in this paper. An annular slot is used as the feeding aperture, which can
not only excite two orthogonal modes (HEM7,; and HEM%’1 s) of the cylindrical dielectric resonator at
3.2 GHz, but also produce a 90° phase difference. Two switches, whose locations are carefully optimized,
are used to control HEMY, s being a phase-lagging or phase-leading component. Thus the antenna can
achieve either left- or right-hand circular polarization (LHCP or RHCP) in S band, depending on the
switch states. The higher order mode of HEMy;5 is also excited at 4.7 GHz for linear polarization (LP),
regardless of the switch states. With the advantages of compact structure, simple biasing network and
easy fabrication, this antenna can be widely applied to wireless communication systems, especially for
polarization diversity applications.

1. INTRODUCTION

Dielectric resonator antennas (DRAs) have been widely researched since 1983 [1], for their attractive
advantages of low loss, compact size and simple feeding mechanism. By choosing different dielectric
resonator (DR) shapes and feeding structures, various modes of DR can be obtained for different
radiation patterns, which makes the DRA a good candidate for diversity or multi-function systems.

Recently, circularly polarized (CP) DRAs and dual-band DR As have received tremendous attention.
Because the dual-band DRA can reduce the size, mass, complexity and cost significantly, and CP
is suitable for addressing challenges from mobility, adverse weather conditions and no-line-of sight
applications. To design dual-band DRAs, one can use a second DR [2], a fractal-shaped DR [3,4],
a parasitic slot [5], or a high-order mode [6,7]. While the reported CP DRAs can be classified into:
(a) novel DR geometry form, including slotted DRA [8], rotated stacked DRA [9,10] and strip loaded
DRA [11], and (b) multiple feed regular-shaped DRA form, such as aperture-fed DRA [12], differential-
fed [13], quadrature-fed DRA [14] and spiral-slot-fed DRA [15].

However, most CP DRAs mentioned above can only transmit and receive either RHCP or LHCP.
It is necessary to study the CP DRA with polarization diversity to avoid the polarization mismatch
and to improve the link quality. Polarization diversity can be achieved by polarization reconfigurable
antenna (PRA), which can dynamically alter its polarizations by changing the field distribution in the
antenna with switches [16].

In this paper, a reconfigurable cylindrical dielectric resonator antenna (CDRA) with polarization
diversity is proposed for S and C bands. An annular slot is used to excite three modes of CDR,
including two equal-amplitude and orthogonal modes (HEMY, 5 and HEM?f1 s) at 3.2 GHz, and a HEMoy;5
at 4.7 GHz. With properly controlling of PIN diodes, the CDRA can generate an LHCP or RHCP wave
in S band. For each CP sense, the antenna exhibits wide impedance and 3 dB axial ratio bandwidths
and stable radiation patterns, while the CDRA remains LP in the C band when the diode states are
switched, because the HEMs;5 mode is symmetrical. Simulation and measurement results show good
agreement.
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2. ANTENNA DESIGN

The schematic of the proposed reconfigurable CDRA is shown in Fig. 1, in which a CDR is centered
above a grounded square Rogers RO4003C substrate (thickness hs = 0.5 mm, permittivity &,s = 3.38,
loss tangent tand = 0.0027). The CDR has a dielectric constant of €,4 = 10, and a radius of a and a
height of h. If the ratio of radius and height satisfies 0.4 < a/h < 6, the resonant frequency of HEM;y4
mode can be calculated by the following analytic formula [17, 18]

c 6324 [0.27 +0.36 (ﬁ) +0.02 (%)1 (1)
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where c is the velocity of light in free space.
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Figure 1. Geometry of the proposed DRA. (a) Top view, (b) side view. (Parameters are the following:
a=12mm, h = 13mm, r = 6.8 mm, g = 0.8 mm, wy = 1.1 mm, oy = 55.2°, [y = 6.4mm, [; = 17.4mm,
Ly =50 mm.).

The proposed DRA is excited by a 50 2 microstrip feeding line through an annular slot etched in
the ground, shown in Fig. 1(a). A microstrip radial stub is connected to the end of microstrip line for
impedance matching [19], whose flare angle is 60° and radius is 3.6 mm.

The annular slot is utilized as the coupling aperture, because it is symmetrical and rotation
invariant. Rotation invariance provides the possibility to excite two orthogonal modes at the same
time. The symmetry on the y axis makes it easy to achieve reconfigurable circular polarizations. Since
a 90° phase difference is necessary for CP radiation, the quarter of annular slot circumference should
equal to a quarter wavelength of f115. Therefore, the radius r of the annular slot should be
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As shown in Fig. 1(a), two switches (S1 and S2) are placed symmetrically about the feeding line
to create short circuits in the annular slot, thus a 90° or —90° phase difference between two orthogonal
modes is achieved for LHCP or RHCP. The angle («;) between S1 and the feeding line is carefully
optimized for impedance matching.

Two BAR64-02V PIN diodes from Infineon Technologies are used as the switches [16]. According
to the data sheet, the PIN diode at ON and OFF states can be equivalent to an ohmic resistance of
(Ry = 2.1Q) and a parallel RC circuit with the resistance of (R, = 3000(2) and the capacitance of
(Cp = 0.17 pF), respectively. The equivalent circuit of diode is shown in Fig. 2. Since the DC bias
voltage is 3V, a 47Q current limiting resistor is added. Two RF choke inductors (100 nH) are used as
the bias network for diodes. To minimize influence of switches on antenna performance, the CDR, and
switches are located on different sides of the substrate, shown in Fig. 1(b). Two pairs of metallized vias
are operated to connect switches to the ground.
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Figure 2. Equivalent circuit of BAR64-02V PIN diode at ON and OFF states.

Figure 3. Electric field distributions of the excited modes in the CDRA. (a) HEMY, 5, (b) HEMY ,, (c)
HEMoj;s.

Figure 3 shows the electric field distributions of three excited modes, which are obtained by an
eigenmode analysis (without excitation and switches). The results show that the CDR could resonant
in HEM7{,;, HEMY,; and HEMy;5 modes at 3.3472 GHz, 3.4253 GHz and 4.5889 GHz respectively.

Polarization control way is summarized in Table 1. The simulated electric field distributions at
3.2GHz and 4.7 GHz are plotted in Fig. 4. The antenna radiates an RHCP wave at S-band, when the
switch S1 is ON and S2 is OFF. Conversely, LHCP will be obtained in M2y mode, while an LP wave
is realized at C-band for both modes, because the HEM315 mode is symmetrical, and the switch states
almost do not affect the field distributions.

Table 1. Polarization sense control via two switches.

Switch States Polarization
S1 So S-band | C-band
Mlgyg | ON | OFF | RHCP LP
M2y | OFF | ON LHCP LP

Mode
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Figure 4. Simulated electric field distributions in top views (z = 10mm) for (a) (b) M1grpu at 3.2 GHz,
(c) (d) M2y at 3.2GHz, (e) (f) Mlry at 4.7 GHz, (g) (h) M2py at 4.7 GHz.

3. RESULTS AND ANALYSIS

As the antenna has a symmetrical structure, M1gy mode is taken as an example for parametric studies,
which are performed by CST Microwave Studio. Fig. 5 illustrates the simulated reflection coefficients
(IS11]) and the axial ratios (AR) for different CDR radii. It is found that both the impedance and AR
bands shift downward with an increase of CDR’s radius, which is expected because a larger DR should
have a lower resonance frequency.
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Figure 5. Simulated |S1;1| and AR for different CDR radii. (a) |S11], (b) AR.

The influence of the annular slot radius r on matching and CP is studied in Fig. 6. If the radius
r increases from 6.6 mm to 8.6 mm, the —10 dB impedance bandwidth decreases from 32.4% to 20.9%,
while the AR values decrease first and then increase. Because AR depends on both magnitudes and
phase difference between HEMY, ; and HEM?1 s- According to Equation (2), a quarter circumference of
annular slot should provide a 90° phase difference for CP at 3.2 GHz. When the circumference increases
with r, the phase difference will be increased from less than 90° to more than 90°. The changes in
Fig. 6(b) verify our design method. Fig. 7 shows the effect of switch location ;. When the a; varies,
the changes in |S11| and AR are relatively mild thus, o can be used for fine-tuning.

As a simple design guideline, one can choose the DR’s size according to the operating frequency,

can use annular slot size to optimize the AR, and can fine tune the antenna by setting other parameters,
such as a1, g and lj.
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Figure 7. Simulated [S11| and AR for different values of 1. (a) |S11], (b) AR.

Figure 8. Fabricated reconfigurable cylindrical DRA prototype. (a) Front view, (b) back view. DRA:
€rg = 10, D = 24 mm, h = 13 mm.

To verify the proposed design, a prototype antenna is fabricated and measured, shown as in Fig. 8.
The CDR is cut from a thick dielectric block by a CNC machine tool, while the grounded Rogers
RO4003C substrate is processed by PCB technology. The DC bias circuit and PIN diodes are manually
welded on the substrate. The S-parameters and radiation characteristics are measured by the ZVB20
vector network analyzer from Rohde & Schwarz and the StarLab antenna measurement system from
SATIMO, respectively.

Figure 9 shows the simulated and measured S-parameters (dB) results of two modes. The measured
—10dB bandwidths of M1ry are about 3.12-3.61 GHz (490 MHz, 14.56%) and 4.6-4.76 GHz (160 MHz,
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Figure 10. Simulated and measured radiation patterns at 3.2 GHz. (a) xoz-plane for Mlgm, (b)

yoz-plane for M1gp, (c¢) zoz-plane for M2py, (d) yoz-plane for M2py.

3.42%) for S-band and C-band, respectively, while those for M2y are about 3.14-3.56 GHz (420 MHz,
12.54%) and 4.59-4.76 GHz (170 MHz, 3.64%). Generally, the measured results agree well with the
simulated results, except for a narrower bandwidth. The difference may be caused by the bias network
and assembly tolerances.

Figure 10 depicts the radiation patterns of Mlgy and M2y at S-band, respectively. For both
modes, broadside radiation patterns are measured, which are very close with the simulation. The
measured half power beam widths (HPBW) are about 90.5° along zoz-plane and 88.2° along yoz-plane.
For M1ry mode, the RHCP fields are 15.3dB stronger than LHCP in the boresight direction, while
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the LHCP is about 18 dB stronger than RHCP in M2yy. The measured results also confirm that the
patterns of proposed antenna are symmetrical and quite stable when the polarization is switched.

The radiation patterns at C-band of M1y and M2y are shown in Fig. 11. The main lobe direction
is about 45° away from the z-axis positive direction. Compared with patterns at S-band, the patterns in
C-band split into two half beams in both xoz- and yoz-plane. Because the electric field distributions of
HEM5;s are symmetrical about both x and y axes, which also weaken the effect of switches in C-band.

Figure 11.
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Simulated and measured radiation patterns at 4.7 GHz.
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Figure 12.
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(a) Measured AR for M1gy and M2py, (b) measured gain.
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The measured axial ratio curves, in the boresight direction, of two CP operations are plotted versus
frequency in Fig. 12(a). The measured 3dB AR bandwidths are about 3.14-3.42 GHz (280 MHz, 8.54%)
and 3.13-3.45 GHz (320 MHz, 9.73%) for M1gpy and M2y, respectively. As illustrated in Fig. 12(b),
the measured maximal gain values in S-band are 5.67 dB at 3.2 GHz and 5.65 dB at 3.22 GHz for M1ry
and M2ry. Those values of C-band are 4.58dB and 4.42 dB.

4. CONCLUSION

A new circular-polarization-reconfigurable cylindrical dielectric resonator antenna operating at S-band
is demonstrated in this work, which can also provide LP at C-band. For the first time, an annular slot
is used to excite two equal-amplitude and orthogonal modes (HEM{,; and HEMY, ;) and to provide 90°
phase difference at the same time. The antenna has advantages of compact structure, simple biasing
network, easy fabrication and adjustment, which can be widely applied to wireless communication
systems, especially for polarization diversity applications.
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