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Abstract—A novel millimeter-wave antenna for circularly
polarized (CP) radiation is presented. The proposed antenna is
composed of a patch dipole and a slot dipole, and it is realized by
a plated through hole printed technique on a microwave
substrate. Simulations show that the antenna can present a
bandwidth from 55.8 to 65.3 GHz for a reflection coefficient (Sy;)
<-10 dB as well as for an axial ratio (AR) < 3dB, and the 9.6 dBi
average gain is achieved. This design yields good directional
radiation patterns and low fabrication cost. Studies on several
critical parameters are performed for practical designs.

Index Terms—Cavity-backed antennas, circular polarization,
millimeter wave.

I.  INTRODUCTION

Due to large capacity and high speed [1], the
electromagnetic spectrum of 60-GHz band has drawn more
and more attention. Meanwhile, circularly polarized (CP)
radiation is very desirable for 60-GHz antennas because of its
capabilities to reduce polarization mismatch and to suppress
multipath interferences [2], for example they allow more
flexible orientation of the transmitting and receiving antennas.

In microwave frequency bands, there are many ways to
construct CP antennas, e.g., patches [3]-[6], crossed dipoles
[71-[10], and loop antennas [11]-[13]. However, it is difficult
to construct these antennas in millimeter-wave (mm-wave)
frequency bands, firstly because the very fine structures,
especially the feeding network, cannot be realized. Moreover,
a 90° power divider [8] or a balun [10] is necessary for the
crossed dipoles, which obviously complicates the design.

On the other hand, on-chip CP antennas are popular due to
the ease of system integration [14]. However, most of the on-
chip antennas would suffer from low radiation gain. Other
mm-wave off-chip CP antennas are typically expensive, owing
to their tiny element size or preciseness in feed structures [15],
[16] or high cost in micromachining process [17]. Although
some low-cost designs have been proposed [18], the radiation
patterns are unstable across the operating frequency band.

In this letter, a new implementation of cavity-backed patch-
slot antenna on a substrate using plated through hole printed
technology [19] is introduced for mm-wave CP applications.
The CP radiation of the proposed antenna is realized by
overlapping a patch dipole and a slot dipole to achieve two
orthogonal electric field components and then by adjusting the
connection between the patch and the slot to introduce 90°
phase difference. The design yields good directional radiation
patterns, low fabrication cost, and a 3-dB axial ratio (AR)
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Fig. 1. Geometry of the proposed cavity backed patch-slot antenna for CP

radiation. a = 16 (3.2A,), d = 8 (1.61,), h = 3.23, w; = 2.8 (0.56), Is = 6.5

(1.3)), wp = 1.5 (0.31), I, =3.9 (0.78%,), c = 1,t = 0.1, s = 0.15, g, = 0.05,

g, =0.25,d, = 0.3, s,=0.56 (in mm, X, is the free-space wavelength at 60
GHz).
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Fig. 2. Superposition of the electric fields of the patch and slot dipoles.
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Fig. 3. Simulated results by FIT and HFSS, (a) simulated axial ratio and
broadside gain, (b) simulated Sy;.

bandwidth covering from 55.8 to 65.3 GHz, in which the
reflection coefficient (Sy,) is kept below -10 dB.

Il. GEOMETRY

Fig. 1 shows geometry of the proposed cavity-backed patch-
slot dipole antenna, and it consists of a patch-slot dipole, a
cavity formed by metalized via holes, an aluminum block and
a 1.85-mm connector for measurements. The patch dipole in
[19] is introduced. Five metallic vias located at the center of
the dipole are shorted to the ground plane. A special via hole
acting as the feeding pin, is connected with a T-shaped
coupled strip. The width and the length of the patch are w, and
I, while those of the slot are w; and I, respectively. To excite
the slot dipole, two narrow strips with a width t connect the
two broad edges of the slot to each arm of the patch dipole.
Two arches are cut away beside the patch-slot dipole to make
full advantage of the cavity. They are etched on a Rogers
RT/duroid 5880(tm) substrate with an area of a x<a (relative
permittivity 2.2, thickness 0.508 mm, and 9um cladding
copper layer). The diameters of the cavity is d, and the height
of the cavity shares the same value with the substrate, i.e.,
0.508 mm.

Additionally, an aluminum block for supporting the antenna
is mounted on the bottom of the substrate using conductive
glue. A 50-Q glass insulator with a probe (0.3 mm in diameter)
is used to make sure accuracy of the feeding structure.
Therefore, the height of the block should be designed
according to the probe length of the glass insulator, i.e., h =
3.23 mm.
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Fig. 4. Simulated radiation patterns by FIT and HFSS of the proposed
antenna at 57, 61, and 65 GHz, respectively.

Fig. 2 depicts the design principle, in which a patch dipole
and a slot dipole with complementary radiation characteristics
are superposed. The radiation pattern of the patch dipole is in
a shape of character “8” in the E plane (solid line) and of
character “O” in the H plane, whereas the pattern of the slot
dipole looks like “O” in the E plane (dash line) and “8” in the
H plane. Once the two dipoles are excited with proper
amplitudes and phases, the CP radiation can be achieved in z-
axis direction.
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Fig. 5. Influence of d on broadside gain and axial ratio.
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Fig. 6. Influence of w; on broadside gain and axial ratio.
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Fig. 7. Influence of I on broadside gain and axial ratio.

I1l. SIMULATED RESULTS

All simulations and optimizations are performed by the
commercial software HFSS™ using the finite element method
(FEM). The HFSS results are verified by the finite integration
technique (FIT) additionally. The optimized parameters are
shown in the caption of Fig. 1. The simulated broadside gains
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Fig. 9. Influence of I, on broadside gain and axial ratio.

and ARs are shown in Fig. 3(a). The simulated frequency
bandwidth for AR < 3 dB by FEM is 15.7%, covering from
55.8 to 65.3 GHz, in which the broadside gain is between 8
and 11.2 dBi with a maximum at 60.5 GHz. Comparatively,
the FIT result is from 56.2 to 65.5 GHz, meanwhile the
broadside gain is lower by around 0.5 dBi at frequencies
below 61.5 GHz and matches the FEM results well at higher
frequencies. Fig. 3(b) shows the simulated S;; of the proposed
antenna, and the simulated S;; by FIT matches the FEM
results reasonably. They are kept below -10 dB across the
corresponding 3-dB AR bandwidth.

The simulated radiation patterns at 57, 61, and 65 GHz are
shown in Fig. 4. The simulated patterns by FIT in ¢ = 0° plane
agree well with FEM results at these frequencies. It can be
seen from the figure that the antenna presents symmetrical
radiation patterns, small backward radiation (over -20 dB),
without side lobes at lower frequencies. However, at higher
frequencies, e.g., at 64 GHz, due to the increase of antenna
electric size, the pattern in @ = 90° plane is slightly distorted,
but it still features a broadside radiation.

IV. PARAMETRIC STUDIES

To clearly show how each parameter controls the
performance of the antenna, five critical parameters are



studied. When one parameter is studied, the others are kept to
their optimized values in the caption of Fig. 1. Generally, the
radiation performances, e.g., radiation patterns, broadside gain,
axial ratio, and aperture efficiency are directly determined by
the electric field distribution in the antenna aperture.
Therefore, variations of the aperture dimensions will
dramatically change its performances, as shown in Fig. 5. Too
large or too small value of d not only significantly degrades
the 3-dB AR bandwidth, but reduces the antenna gain. Note
that according to our studies, a small variation of the
parameters does not cause significant effects on the antenna
impedance matching. Therefore, during the parametric studies,
Sy, are not given.

Fig. 6 shows the broadside gain and AR with different
values of the width of the slot dipole w;. At frequencies below
61 GHz, variation of w, does not cause many effects on the
broadside gain, but a larger ws will worsen the CP
performance. At frequencies above 61 GHz, a larger ws is of
benefit to both higher gain and lower AR.

The influence of the length of the slot dipole |5 on broadside
gain and AR is shown in Fig. 7. As I is decreased, the
maximum broadside gain is shifted downwards. Meanwhile,
for a smaller I, it features a good AR at higher frequencies but
a poor AR at lower frequencies.

The influence of the width of the patch dipole w, on AR and
gain is shown in Fig. 8. It can be seen that the CP performance
is sensitive to the value of wy, e.g., at 62 GHz as w, is varied
from 1.5 to 1.6 mm, the AR is significantly enlarged by 4 dB.

Fig. 9 shows the broadside gain and AR with different I,
i.e., the length of the patch dipole. A larger I, can obviously
increase the 3-dB AR bandwidth, but at the middle
frequencies it will worsen the CP performance. Meanwhile, at
frequencies below 60 GHz the variation of |, does not cause
much effects on the broadside gain at lower frequencies, but at
higher frequencies a smaller 1, is slightly of benefit to higher
gain.

V. CONCLUSION

A novel CP cavity-backed antenna composed of a patch
dipole and a slot dipole for millimeter wave applications is
investigated. The vertical walls of the cavity are realized by a
low-cost fabrication process of plated through hole printed
technology on a microwave substrate. Its available 3-dB AR
bandwidth is from 55.8 to 65.3 GHz, in which the S,; is kept
below -10 dB, and the 9.6 dBi average gain has been achieved.
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