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Ultrathin Dual-Band Circularly Polarized Antenna

Mingzhe Hu"”, Yue Li

Abstract—This letter presents a dual-band circularly polarized
microstrip antenna with an ultrathin substrate made of liquid
crystal polymer (LCP). The proposed antenna consists of a gridded
patch and a round of via fence for dual-band radiation and size
miniaturization. Compared with the previous designs, the proposed
antenna has two improvements in structures with merits: first, a
parasitic patch is added below the gridded patch to tune the ratio
of dual-band frequencies; second, a stacked feeding network with
dual orthogonal L-shaped probes is designed for profile reduction,
also providing the feasibility of differential feed and dual-linear po-
larization. Based on the codesign of the gridded patch, the parasitic
patch, and the stacked feeding network, all layers of the antenna
are clamped into a flexible board with an ultrathin thickness of
0.6 mm (0.013)q, A is the free-space wavelength at 6.5 GHz) and
taped out with the flexible LCP process. The measured results show
the bandwidths of total efficiency over 25% are 6.25-6.74 GHz and
7.92-8.17 GHz with circular polarization, proving to be a feasible
solution for flexible antennas in space-limited mobile handsets.

Index Terms—Antenna feeds, circular polarization, flexible
printed circuit (FPC), microstrip antennas, multiple-band
antennas.

I. INTRODUCTION

ITH the development of mobile communications, var-
W ious applications have emerged for better user experi-
ence. Among them, the ultrawideband (UWB) technology for in-
door positioning is an attractive one due to its strong penetration
capabilities, insensitivity to multipath, and centimeter-level high
resolution [1], [2], [3]. Many types of antennas have been pro-
posed for UWB applications [4], [5], [6]. Specifically, dual-band
circularly polarized (DBCP) antennas are widely used for stable
performance. Dual-band operation helps suppress interference
with other bands, and circularly polarized (CP) antennas can
prevent polarization mismatch with a random direction of the
device. Using dual modes of one whole or two separate radiators
are common methods to realize dual-band antennas [7], [8],
[9], [10]. In [7], by cutting an S-shaped slot on a single patch,
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Fig. 1. Application scenario of UWB indoor positioning of the proposed
antenna on FPC of mobile devices.

multiple current paths are created to operate at two bands with
a small frequency ratio. Two stacked patches are used in [9]
and [10] to excite the dual-band radiation. Besides, by loading
grid slots on a rectangular patch in [11] and [12], the antiphase
TMszo mode is effectively excited to contribute to the wideband
radiation. In [13], the stacked structure can achieve dual-band
operation in millimeter-wave bands. For circular polarization,
two orthogonal linearly polarized (LP) waves with an equal
amplitude and a 90° phase difference can be used to form a
CP wave [14], [15], [16].

For antenna design in mobile handsets, size reduction is key
to fitting the extreme environment. The blind via fence is loaded
near the aperture of microstrip antennas as parallel capacitance,
which can concentrate the E-field and, thus, realize antenna
miniaturization [17], [18]. For space-limited mobile devices, the
flexible printed circuit (FPC) between the battery and the back
cover has been verified as an alternative to place the antenna [ 19].
The liquid crystal polymer (LCP) is chosen as the dielectric of
the FPC [19], [20], [21]. The specific application scenario of
antennas on FPC and the principle of positioning is illustrated
in Fig. 1. By placing three elements on FPC in an L-shaped
pattern, angle detecting in both elevational and azimuthal planes
can be realized. The two horizontal elements (on the top) work
for azimuthal positioning, and the two vertical elements (on the
right) for elevated positioning. Due to the requirements of FPC,
the antenna needs to have ultrathin profile, compact size, and
integration with a complete ground.

In this letter, a DBCP microstrip antenna with an ultrathin
profile of 0.6 mm (0.0134g, A is the free-space wavelength
at 6.5 GHz) is presented. By exciting the TM;o mode and
the antiphase TMsy mode of the gridded patch, a dual-band
operation with broadside radiation is obtained. The parasitic
patch and the via fence can help with frequency tuning and
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Fig. 2. Exploded view of the proposed DBCP antenna.

miniaturization. Two L-shaped probes are orthogonally stacked
to synthesize a CP wave. The results show that the antenna op-
erates in dual bands of 6.25-6.74 GHz and 7.92-8.17 GHz with
total efficiency over —6 dB (25%) and axial ratio (AR) below
2 and 4 dB, respectively. The two operating bands coincide with
Channels 5 and 9, according to the UWB standards of IEEE
802.15.1-2015 and 802.15.4 z. Compared with a similar design
in [19], this work adds a parasitic patch to have more freedom of
dual-mode tuning, adopts a new stacked feeding network with-
out an additional ground layer to achieve a thickness reduction
of 15%, and provides an easy extension to switch to dual-linear
polarization.

II. ANTENNA CONFIGURATION

The exploded view of the proposed DBCP antenna is shown
in Fig. 2. The substrate is made of LCP with ,, = 2.9 and tan § =
0.002. This five-layer dielectric has an ultrathin profile of 0.6 mm
(0.0131(), with each layer’s thickness labeled in Fig. 2. Such
strict requirements of the profile are set to adjust the extremely
limited space between the back cover and the battery module in
mobile handsets. Both the dielectric and the antenna structures
are under a 0.8 mm thick glass cover, where we use the WL
TP-1/2 material with €, = 7 and tan § = 0.002. Top views of
each layer and detailed dimensions are given in Fig. 3.

Specifically, the antenna consists of a gridded patch, a par-
asitic patch, a round of capacitive via fence, and a stacked
feeding network. The top 4 x 4 gridded patch is on the upper
side of layer 1, which can operate at the TM;y mode and the
antiphase TMyy mode for dual-band broadside radiation. The
bottom 2 x 2 one is placed on the upper side of layer 2. Both
patches are symmetric along the x- and y- axes. A round of via
fence is loaded through layers 1-4, with its top connected with
the 4 x 4 gridded patch and its bottom surface on the upper side
of layer 5. To feed the patch effectively with a complete ground,
a stacked feeding network consisting of two stacked orthogonal
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Fig. 3. Top view and geometric dimensions of the proposed DBCP antenna
on (a) layer 1, (b) layer 2, (¢) layer 3, (d) layer 4, (e) layer 5, and (f) ground.

L-shaped probes and a section of metal strip is used on the upper
side of layers 3-5 separately. Each L-shaped probe excites the
LP radiation along its direction. The whole antenna can be fed
by a typical differential-port chip to obtain CP radiation. The
software Ansoft high-frequency structure simulator (HFSS) is
used for antenna design and optimization.

III. DESIGN PROCESS

First, in LP design, the evolution of the antenna is shown in
Fig. 4. With such a low profile, common dual-band methods of
using stacked configurations may face severe coupling between
two layers, thus failing to separate two bands. Instead, we adopt
the single-layer gridded patch for dual-band operation. As a
start, Ant. 1 is a4 x 4 gridded patch fed by an L-shaped probe.
The initial structure has a large footprint and single wideband
radiation with two resonances, the TM;( mode and the antiphase
TMsyy mode. The E-field distributions at the cross section are
depicted in Fig. 4(c). At the lower resonance, the field exhibits
a half-wavelength mode along the x-axis, which means that the
TM; mode is excited. As for the higher one, an antiphase E-field
at the center is clearly observed, and each half-side presents a
half-wavelength mode. Therefore, the antiphase TMyy mode is
obtained. Herein, “TM” means the magnetic fields are trans-
verse to the normal direction. Since both modes have antiphase
E-fields at two sides of the aperture, the equivalent magnetic
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Fig. 4. Dual-band and miniaturization design. (a) Structural evolution. (b)
Reflection coefficients of Ant.1 to Ant. 3. (¢) E-field distributions at two
resonances of Ant. 1.

currents are in phase, leading to a consistent broadside radiation
pattern in both bands.

To realize dual-band operation at the specific two UWB chan-
nels using the two modes, a parasitic 2 x 2 patch is introduced
under the top one for frequency tuning and miniaturization,
which s Ant. 2. The parasitic patch introduces distributed capac-
itance where the E-fields at two modes have different strengths,
thus changing the frequency ratio, as shown in Fig. 4(b). Com-
pared with a similar stacked structure in [13], the two layers are
so close (0.15 mm, 0.003A¢) that the parasitic large capacitance
mainly works for frequency tuning, while the distance in [13] is
much larger and the effect is using the relatively small capaci-
tance for impedance matching. Different design configurations
lead to different principles. For further size reduction, a round
of via fence is loaded near the aperture of the patch. The fence
is equivalent to a parallel capacitance at the aperture, which
can concentrate and strengthen the E-field, thus reducing the
size of the patch. It is noteworthy that the vias do not directly
connect the patch with the ground like the substrate-integrated
waveguide but leave a gap for capacitance. Actually, by changing
the distance between the bottom surface and the ground plane,
the equivalent capacitance can be controlled, and so does the
extent of miniaturization. The tuning feasibility benefits the
design under different requirements of space.

Next, based on the symmetric structure of Ant. 3, it can
be extended to a CP one by simply stacking two feeding
probes orthogonally. However, due to the different heights of
the L-shaped probes, perturbation of the geometric parameters
is needed to balance the performance in two directions. Next, a
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Fig. 5. Photograph of the fabricated prototype of the antenna.
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Fig. 6. Reflection coefficients of the antenna.

section of metal strip is added under the L-shaped probe in the
x-direction, acting as a transmission line. Considering the effect
of the feed port, the length is optimized in HFSS to provide a
90° phase difference at 7.25 GHz, the midpoint of two bands.
The realistic length is shorter than the ideal quarter wavelength
due to the additional capacitance of the coaxial port. To better
adjust the configurations of mobile handsets, differential feed
is adopted in the design and set at two ports in simulation to
imitate the differential-port chip, which is widely used in digital
signal processing. It is noteworthy that the design procedure
implies an easy extension of the CP antenna to transform into a
dual-polarized (DP) one, which also has various applications in
mobile handsets.

IV. RESULTS

To validate the design, a prototype of the antenna is fabricated
and tested. As shown in Fig. 5, the antenna is located on the LCP
substrate of 18 mm x 18 mm x 0.6 mm. The metal ground and
the omitted glass cover have the same area of 140 mm x 70 mm.
The antenna is connected to a Wilkinson power divider by two
semigrid cables to imitate the differential-port chip for conve-
nience. Two kinds of power dividers with different arm lengths
are used to provide differential signals in two bands, respectively.
The S-parameters are measured with a vector network analyzer
(Agilent N9917A), and the radiation properties are measured in
an anechoic chamber.

The reflection coefficient of the antenna is plotted in Fig. 6.
The simulated result shows the —6 dB impedance bandwidth of
6.38-6.48 GHz and 8.05-8.21 GHz. The measured one is wider
due to the loss of the resistor in the power divider. Besides, the
isolations of a three-element array placed, as shown in Fig. 1,
with an edge-to-edge distance of only 2.6 mm are also measured,
which are all over 15 dB. For realistic applications in mobile
devices, a differential-port chip will be used instead, excluding
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Fig. 8. Radiation patterns of the antenna at (a) 6.5 and (b) 8 GHz.

the unideal factors of the power divider causing the difference
between simulation and measurement. The total efficiency is
given in Fig. 7 with the CP gain. It is noteworthy that, in such
an extreme condition, the standard of efficiency can be usually
set at —6 dB (25%). Based on this rule, the efficiency is satisfied
in 6.25-6.74 GHz and 7.92-8.17 GHz, with bandwidths of
490 and 250 MHz, respectively. The CP gains in the two bands
are 4.1 dBic at 6.40 GHz and 2.8 dBic at 8.05 GHz. The
difference is mainly due to the fabrication errors and the loss of
the power divider. The radiation patterns are shown in Fig. 8. The
proposed antenna maintains broadside radiation pattern and the
3 dB beamwidths in dual bands are 80° and 76°. The broadside
pattern also means that the radiated wave is propagating away
from the human’s head, ensuring safety for users.

As for the CP performance of the antenna, the AR is plotted in
Fig. 9. In the lower band, the AR at boresight is below 2 dB. In
the higher band, the CP performance gets worse because of the
asymmetry of the feeding part. Nevertheless, the AR at boresight
is still below 4 dB and the 3 dB AR bandwidth is 8.06-8.16 GHz.
It is notable that the radiation performance inevitably becomes a
compromise with such restricted profile (0.0131() and footprint
(0.3510 x 0.351¢).

For a clear comparison with other related DBCP antennas,
some key information is listed in Table I. Antennas in [7] and [9]
have a broader bandwidth at the expense of a much higher profile,
which is unacceptable for FPC. In [22], the antenna has wider
AR bandwidths, but the dimension is too large. The proposed an-
tenna realizes an obvious reduction of both profile and footprint
compared with the above designs. Furthermore, compared with
the design in [19], the proposed antenna achieves a noteworthy
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TABLE I
PERFORMANCE COMPARISON
Profile | Footprint Impedance 3dB AR

Ref.
’ () M) Bandwidth Bandwidth
[7] 0.086 | 0.46x0.46 | 16.0%; 12.5% 6.9%; 0.6%
[9] 0.065 | 0.36x0.30 | 16.2%; 11.3% 2.1%; 2.0%
[19] 0.015 | 0.34x0.34 | 7.6%%*; 4.4%* 7.6%; 4.4%
[22] 0.026 | 0.96 x 0.83 6.3%; 8.1% 10.2%; 7.7%
Proposed | 0.013 | 0.35x0.35 | 7.5%%*;3.1%* 7.5%;1.2%

Av: free-space wavelength at the center frequency of the lower band.
*: bandwidth of efficiency > —6 dB (25%).
The bold values represent the superiority of the proposed work.

reduction of 15% in the profile, which can increase the flexibility
of the FCP while keeping similar bandwidth using the standard
of efficiency. Also, the design fits the differential-port chip
and is capable of extension to DP radiation by independently
feeding the two ports. Therefore, the antenna has the virtues of
ultrathin profile, compact size, DBCP radiation, and potential
of integration with the FPC, showing superiority for various
applications, such as UWB indoor positioning in space-limited
mobile handsets.

V. CONCLUSION

A differential-fed DBCP antenna with an ultrathin LCP sub-
strate is proposed in this letter. The antenna has extremely
compact dimensions of 0.351g x 0.35Xy x 0.013X(. Dual-band
radiation is obtained by exciting two modes of the gridded
patch along with a parasitic patch for frequency tuning. Two
orthogonal stacked L-shaped probes with a section of metal strip
form the feeding network and can be connected with the external
differential-port chip in mobile terminals to achieve CP radiation
or be readily transformed into DP radiation. Compared with the
previous design, the proposed one achieves an obvious reduction
in the profile, which makes it suitable for the extreme thickness
of the FPC. The measured results show that the proposed antenna
covers the dual bands of 6.25-6.74 GHz and 7.92-8.17 GHz
with total efficiency over —6 dB (25%). With the merits of
ultrathin profile, DBCP radiation properties, and potential inte-
gration with the FPC, the proposed antenna shows the potential
for UWB indoor positioning and other various applications in
space-limited mobile handsets.
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