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ABSTRACT This article demonstrates a planar dual-band array antenna for millimeter-wave applications,
which has a left-hand circular polarization and a right-hand circular polarization for two operating bands,
respectively. By using aperture-fed stacked-curls, the proposed antenna can attain broad axial ratio (AR)
bandwidths in both K- and Ka-bands through a single port. Meanwhile, two stacked-curls are designed
to rotate in different directions for achieving orthogonal circular polarizations in two bands, respectively.
An 8x8 stacked-curls array antenna is designed and manufactured for verifications. The measured 3 dB
AR bandwidths are 11.59% (18.7-21 GHz) in the K-band and 9.93% (26.8-29.6 GHz) in the Ka-band,
with reflection coefficient lower than —10 dB. The maximum gain in K- and Ka-bands are 18.59 dB and
18.13 dB, respectively. The proposed antenna can be used for developing compact satellite communication

systems.

INDEX TERMS Millimeter-wave, dual-band, dual circular polarization, stacked curl, array antenna.

I. INTRODUCTION

T PRESENT, the millimeter-wave communication
Aattracts much interests from industries and academics,
such as the K-/Ka-band low earth orbit (LEO) satellite
system. By adopting a high operating frequency band, it
provides both high throughput and miniaturized antenna
system [1]. Traditionally, two antennas must be used for
two operation bands of the LEO satellite communication
system, respectively, which inevitably requires a large system
size. Therefore, the dual-band antenna, which has the left-
hand circular polarization (LHCP) and the right-hand circular
polarization character (RHCP) for each band, respectively,
is of great significance for the LEO satellite communication
system, because of its small size, high channel capac-
ity, high isolation, and attenuation of multipath fading and
polarization mismatch.

In recent years, several dual-band antennas with the
CP radiation have been reported [2]-[14]. Generally, the
techniques can be classified as two types, 1) using the
same radiation structure, 2) using two radiation struc-
tures. The first generally uses different parts of the radi-
ation structure [2], [3] or different working modes [4]-[6]
to achieve the desired characteristics; the second usu-
ally requires two radiation-structures which can support
two operation bands, respectively [7]-[14]. Generally, above
mentioned works show attractive performance. However,
most of them are operated at microwave frequency, and tol-
erate a narrow axial ratio (AR) bandwidth. Beyond that,
their operation band and radiation characteristics cannot be
adjusted flexibly.

This paper reports a novel millimeter-wave (mm-wave)
dual-band array antenna with the LHCP and RHCP radiation
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FIGURE 1. The proposed array. (a) Detailed 3-D topology. (b) Cross-sectional view.

features for each operating band, respectively. As an exten-
sion of [17], an 8x8 array having two wide AR bandwidths
is demonstrated by utilizing the excellent CP radiation
characteristics of stacked-curls [15]-[16], whose radiation
characteristics, including operation frequency bandwidth and
radiation polarization, can be designed independently. The
proposed antenna is designed to support K-band applications
with a left-hand circular polarization (LHCP) and Ka-band
applications with a right-hand circular polarization (RHCP).
Section II presents the detailed structure of the proposed
antenna with its design methods, Section III verifies the
design through experiments with an 8x8 prototype, and
conclusions are described in Section IV.

Il. ANTENNA TOPOLOGY AND DESIGN METHOD

Fig. 1 depicts the detailed 3-D topology of the proposed array
antenna. It includes five dielectric layers and four bond-plies.
The Rogers RT/duroid 5880 with loss tangent = 0.0009 and
& = 2.2 is used for the substrate 1, 2 and 3, with the
thicknesses of 0.508, 1.524, and 0.254 mm, respectively.
The substrate 4 and 5 have thicknesses of 0.254 mm and
0.127 mm, which use the Rogers RO4350B with ¢, = 3.48
and loss tangent = 0.004. The Rogers RO4450F substrate
of &, = 3.54, loss tangent = 0.004 and height = 0.Imm
is adopted as bonding layers. Two stacked curls are fed by
coupling in the metal-etched slot of the GCPW in substrate
3. To excite the GCPWs, a sixty-four SICL power divider
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TABLE 1. Dimensions of the designed element.

Par. L Weepw Leep G wi L,
Val.(mm) 9.7 1.3 4.04 0.4 0.55 3.24
Par. Wi Tvia dyia Wor Lyior m
Val.(mm) 3.8 0.15 0.5 0.54 5.4 0.82
Par. 7 Whigh Lnigh 721 Wiow Liow
Val.(mm) 0.5 0.45 1.43 0.55 0.35 1.4
Par. D n
Val.(mm) 0.75 3.35
Par. Psth Omidh Pendn Osul Omidl Pendr
Val.(rad) 2.03 3.8 9 4.92 7.6 10.35

is designed and connected with the GCPWs through trans-
former structures. The dummy elements are added to reduce
the grating lobe level.

A. RADIATION ELEMENT STRUCTURE

The geometry of the proposed aperture-fed double stacked
curls element is illustrated in Fig. 2 with its dimensions
presented in Table 1. As is exhibited in Fig. 2, the spiral
structure is composed of top spiral arm, bottom spiral arm,
metallic via and straight arm. The bottom spiral arm is from
¥st 10 Pmig and the top spiral arm is from @p,ig tO @enq. The
top spiral arms of the inner and outer spiral structure are
situated on the top surface of the substrate 2 and the top
surface of the substrate 1 respectively. This spatial structure
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FIGURE 3. The electric current distribution on the stacked-curls element.
(a) 18.2 GHz and (b) 28.5 GHz.

can reduce coupling between the top spiral arms. The bottom
spiral arms of the inner and outer spiral structure are situated
on the lower surface of the substrate 2. The straight arms
connected to the corresponding bottom spiral arms are used
to excite the antenna element. The stacked-curls structure is
excited through the slot etched on the surface of the GCPW
located on substrate 3 [15]. The rotation directions of the
outer and inner spiral arms satisfy the left-hand and right-
hand rules, respectively. Thus, the antenna element appears
as LHCP radiation in K-band and RHCP radiation in Ka-
band [17]. The size of the spiral structure is determined by
the principle of Archimedes spiral [18].

The distribution of the electric current on the two stacked
curls at 18.2 and 28.5 GHz are indicated in Fig. 3. It is
demonstrated that the straight arms and the bottom spiral
arms are located directly above the coupling slot, so the
electric current exists no matter in which working band. At
18.2 GHz, there is strong electric current on the surface of the
outer top spiral arm, while there is almost no electric current
on the surface of the inner top spiral arm, indicating that
the main radiation part at this frequency is the outer spiral
structure, that is, the antenna element works with the LHCP
in the K-band. Similarly, at 28.5 GHz, the main radiation
part is the inner spiral structure, which works with the RHCP
in the Ka-band.

Generally, the integration of two stacked-spirals operating
in different frequency bands can achieve a compact foot-
print and improve the design flexibility. However, the AR
bandwidth and the impedance bandwidth of the proposed
antenna are reduced due to the interaction of those two
radiation structures. Since the proposed antenna is fed by
only one port, the impedance matching and the AR need
to be considered simultaneously for those two structures.
Thus, the operating bandwidth as well as the AR band-
width of each stacked-spiral becomes narrower, compared
with the traditional stacked-spiral antenna [15]. In addition,
although the isolation between two stacked-spirals operat-
ing in different frequency bands cannot be directly extracted
due to only one feed port excitation for the whole structure,
it can be reflected by the radiation current distributions in
different frequency bands in Fig. 3, where a small radia-
tion current is observed, indicating a high band-isolation is
achieved.
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FIGURE 5. Simulated element radiation patterns. (a) 18.2 GHz and (b) 28.5 GHz.

Fig. 4 and Fig. 5 present the simulated performance of
the proposed element, which is simulated with a periodic
boundary for modelling array applications. The simulation
results display that the —10 dB impedance bandwidth is
10.02% (17.53-19.38 GHz) in the K-band and 12.5% (26.69-
30.25 GHz) in the Ka-band. The maximum gain in the K-
band is 5.86 dB, and the whole band (17-20 GHz) is within
3 dB gain bandwidth. The maximum gain in the Ka-band is
8.33 dB and the gain bandwidth of 3 dB is 12.71% (26.6-
30.21 GHz). The 3 dB AR bandwidth is 12.03% (17.34-
19.56 GHz) and 9.21% (27.45-30.1 GHz). It has good CP
characteristics in both bands.

B. THE 8x8 ARRAY ANTENNA

To demonstrate the array application, an 8x 8 array antenna
is schemed with a broadband substrate integrated coaxial
line (SICL) feeding network illustrated in Fig. 6, which is
integrated with the element antenna by using a SICL-to-
GCPW transformer. The design results of the 64-way SICL
feed network are shown in Fig. 7. It can be seen that in the
17-30 GHz, all S;; are lower than —12 dB. The transmission
coefficients of each port are basically the same, ranging from
—20.75 dB to —23.5 dB. In addition, in order to reduce the
grating lobe level resulted by the edge effect, a few dummy
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FIGURE 6. Planar structure of the designed 64-way feed network.
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FIGURE 7. Design results of the 64-way feed network. (a) Reflection coefficient.
(b) Transmission coefficient.

elements are added to the 8 x8 antenna array, which are con-
nected with a 50 ohm resistor. The radiation performance of
the designed array is presented and discussed in Section III,
where the laboratorial results are compared as well.

lll. EXPERIMENTAL VERIFICATION

The 8x8 stacked curls array antenna is fabricated and
tested for verification. Fig. 8 reveals the photographs of
the manufactured array and its measurement environment.
The simulated and measured Si;, AR and realized gain are
illustrated in Fig. 9. The measured S;; is below —10 dB in
17.5-21 GHz and 26.5-30 GHz. According to the simula-
tion results, the 3-dB AR bandwidths in K- and Ka-bands
are 12.3%, from 18.52 to 20.95 GHz, and 9.91%, from
27.05 to 29.87 GHz, respectively. The measured antenna
has a 3-dB AR bandwidth of 11.59% (18.7-21 GHz) in the
K-band and 9.93% (26.8-29.6 GHz) in the Ka-band. The dis-
crepancy between designed and measured results is mainly
due to thickness changing of the bonding layers after sev-
eral times of pressing in the fabrication. The 3 dB gain
bandwidths of the measured antenna arel7.5-21 GHz and
26.5-30 GHz, and its maximum gain are 18.59 dB and
18.13 dB, respectively. The measured radiation patterns of
the array antenna in the xoz and yoz planes are presented in
Fig. 10 and Fig. 11, where a sidelobe lower than —10 dB
is achieved for the two operation bands. It should be men-
tioned that the relatively large sidelobe level is resulted by
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FIGURE 8. (a) Photographs of the fabricated array antenna and (b) measurement
setup.
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FIGURE 9. Simulated and measured performance of the array antenna. (a) S11 and
(b) AR and realized gain.

the relatively large element, as well as the relatively large
element-space. Since the Ka-band stacked-spiral is integrated
inside the K-band stacked-spiral with a double-layer topol-
ogy, the K-band stacked-spiral needs to be designed with a
relatively large size to leave enough rooms for the Ka-band
stacked-spiral. That requires a relatively large element-space
in the design of the proposed array. To reduce the size of
the radiation element, the element may be designed with
a multiple-layer technology such as the low-temperature
cofired ceramic (LTCC) technology, in which the stacked-
spiral can be designed on tens of substrates. That is helpful
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FIGURE 10. Measured radiation patterns compared with design results. (a) xoz
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TABLE 2. Compare of relative dual-band dual CP arrays.

Ref. scale Freq. ARBW Peak Qain Single
(GHz) (%) (dBic) feed
131 x4 s i 192 Yes
S T S
T
R
I

to reduce the element-space of the array, as well as the
sidelobe level.

Table 2 compares the proposed array antenna with some
relative dual-band dual CP array antennas. By using a sin-
gle layered hybrid patch, a high radiation efficiency is
achieved for both two operating bands in [4], which, how-
ever, has a narrow AR bandwidth. In addition, to obtain a
good matching for the hybrid patch, a diplexer is required
for each element in theory. Compared with the dual-band
radiation patches on the single-layered or multiple-layered
substrate [3], [6], [13], [14], the proposed antenna adopts
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two stacked-spirals as the basic radiation structure, which
can provide much wider AR bandwidth than relative works
in the Table 2, as shown in [15], [16]. Since two stacked-
spirals are coupled individually with the feed line through
the coupling slot, respectively, a good impedance matching
can be obtained for each operating frequency band by mainly
adjusting the corresponding stacked-spiral. It should be men-
tioned that the radiation efficiency is lower than that of the
compared works in Table 2. That is resulted by a few reasons
as following: 1) the proposed antenna has the highest operat-
ing frequency. At the operating frequency, the dielectric and
metallic loss are much larger than that of the lower frequency.
2) in order to feed the hybrid stacked-spirals and obtain a
planar topology, a relatively complicated feed network has to
be adopted for the proposed array, which includes the SICL
lines, the SICL-to-GCPW transition, the GCPWs, and cou-
pling slots. This feed network leads to a higher insertion loss
than that of the single-layered feed network. Nevertheless,
a good radiation gain around 18.0 dBic is achieved for the
two operating frequency bands of the measured prototype.

IV. CONCLUSION

In this article, a planar millimeter-wave dual-band and dual
CP array antenna is proposed based on the aperture-fed dou-
ble stacked-curls. The design principle has been discussed in
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detail, and confirmed through simulations and experiments.
The measured results indicated that the S;; is below —10 dB
in 17.5-21 GHz and 26.5-30 GHz, the 3-dB AR bandwidth
is 11.59% in K-band and 9.93% in Ka-band, with a max-
imum gain of 18.59 dB and 18.13 dB, respectively. The
proposed antenna can be adopted for developing compact
LEO satellite communication system.
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