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Abstract—In this letter, a deployable coplanar waveguide (CPW)
coaxial colinear (CoCo) antenna is proposed with full coverage
in the H-plane. The antenna features an ultra-thin profile of only
0.1 mm with excellent deployability. The proposed antenna consists
of eight units, which are connected through metal crossover lines.
The top and bottom metal layers alternate as the inner and outer
conductors of the CPW. Metal bridges are introduced to mitigate
the open stopband (OSB) phenomenon, which also eliminates the
undesired CPW slot mode. A planar choke is designed to eliminate
the effects of unbalanced coaxial feeding, ensuring consistency
between the measured and simulated results. The antenna was
fabricated using flexible printed circuit (FPC) technology. Within
the target 4.8 GHz to 4.9 GHz band, the measured S11 is below
−10 dB, and the efficiency is about 80%. The average gain in
the H-plane is 5.8 dBi. The antenna shows great potential for
applications in unmanned aerial vehicles (UAVs) and other mobile
communication devices.

Index Terms—Coaxial colinear (CoCo) antenna, deployable,
flexible printed circuit (FPC), full coverage in H-plane, open
stopband (OSB).

I. INTRODUCTION

W ITH the development of wireless communication, the
number of application scenarios for antennas is contin-

uously increasing [1]. In some applications, there is very limited
storage space available for antennas, for example, satellites
or outdoor mobile communication devices such as unmanned
aerial vehicles (UAVs). The deployable antennas which can
significantly reduce the required storage space are suitable for
these scenarios [2], [3], [4], [5], [6], [7], [8]. In addition, wind
resistance is an important factor in the antenna design of UAVs
[9]. Rolling up the antenna during movement helps reduce
resistance. In a hovering state of UAVs, the antenna deploys
to achieve communication. Therefore, it is necessary to design
a deployable omnidirectional antenna for UAVs.

Previous deployable antennas are predominantly concen-
trated on achieving directional radiation without considering
full coverage in the H-plane. While there have been numerous
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Fig. 1. Photography of the antenna: (a) deployed state; (b) folded state.

works on omnidirectional antennas [10], [11], [12], [13], [14],
deployable antennas with H-plane coverage remain unexplored.
The coaxial colinear (CoCo) antenna is a classic H-plane omni-
directional antenna [15], [16], [17]. Traditional CoCo antennas
divide the coaxial cable into multiple segments with a length
of half wavelength to switch the inner and outer currents [17].
However, this type of cable CoCo antenna is a 3-D structure,
which does not allow for deployment.

Planar microstrip line CoCo antennas have been proposed
[18], [19]. With the development of ultra-thin flexible printed
circuit (FPC) technology, achieving a foldable microstrip line
CoCo antenna seems possible. Nevertheless, the impedance of
the microstrip line is significantly affected by the profile. With
a low profile, the width of the microstrip line needs to be very
small to maintain a characteristic impedance of 50 Ω, resulting
in high losses in the microstrip line. Therefore, neither of the
first two CoCo antennas can be deployable.

In addition to microstrip line CoCo antennas, coplanar wave-
guide (CPW) CoCo antennas are also planar structures. Com-
pared to the former, the characteristic impedance of the latter
is hardly affected by its profile. The characteristic impedance
of CPW can be controlled by adjusting the distance between
the inner and outer conductors. CPW CoCo antennas ensure
in-phase current by switching between the inner and outer
conductors. Based on this, a CPW CoCo antenna with a profile
of 1 mm has been proposed [20]. However, this antenna cannot
achieve bending and deployment functions. Besides, the antenna
impedance bandwidth is narrow because it experiences the same
open stopband (OSB) problem as leaky-wave antennas [21],
[22], [23]. If the profile is further reduced, the OSB problem
worsens, leading to a significant impedance mismatch. Addi-
tionally, the antenna connection parts are not compact enough.
Therefore, designing a deployable CoCo antenna remains a
challenge.

In this letter, we proposed a deployable CPW CoCo antenna
based on FPC. The antenna has an ultrathin profile of only
0.1 mm. As shown in Fig. 1(a) and (b), the antenna can flexibly
deploy and coil, significantly reducing the required storage
space. The proposed antenna consists of two layers of metal
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Fig. 2. Geometry of the proposed antenna. (a) Perspective view. (b) Localized
enlarged view of the feed. (c) Localized enlarged view of the antenna unit.
(d) Side view. (e) 3-D view.

TABLE I
DETAILED DIMENSIONS OF THE PROPOSED ANTENNA (UNIT: MM)

with a spacing of only 25 µm and three layers of dielectric. The
antenna design includes metal crossover lines to periodically
switch between inner and outer conductors, ensuring current in
phase. Several metal bridges between outer conductors are in-
troduced to simultaneously suppress OSB and CPW slot modes.
The antenna easily covers the desired broadside frequency range
of 4.8 GHz to 4.9 GHz, achieving full coverage in the H-plane
with an average gain of 5.8 dBi. The proposed antenna exhibits
excellent scalability for achieving a higher gain.

II. ANTENNA CONFIGURATION

Fig. 2 presents the geometry of the antenna, consisting of two
layers of metal and three layers of dielectric. The substrate of
Sub1 is Polyimide (εr = 3.3 and tanδ= 0.01) with a height of h1
=25 µm. The Sub2 is Polyimide (εr=2.9 and tanδ=0.032) with
a height of h2 = 27 µm. In this letter, we utilize a coaxial cable
with the inner conductor connected to the bottom metal and the
outer conductor connected to the top metal. Fig. 2(b) displays
an enlarged image of the feed, where the top pad is connected
to the bottom metal through metal vias. Fig. 2(e) represents the
three-dimensional structure of the antenna. It should be noted
that the metal vias are within Sub1. Here, for visualization, the
metal vias are separated from Sub1. The planar structure on the
left side of Fig. 2(a) is a planar choke structure. Detailed param-
eter configuration can be found in Table I. The antenna com-
prises eight radiating units interconnected by metal crossover
lines. Switching of inner and outer conductors is achieved by
crossover line. Metal bridges connect the two outer conductors
of the CPW. At the end of the antenna, the inner and outer

Fig. 3. Design process of the antenna (with partial units as representatives).
(a) Case1. (b) Case2. (c) Case3 (proposed antenna).

conductors shown in Fig. 2(e) are short-circuited using metal
vias.

III. ANTENNA DESIGN PROCESS

A. Radiation Principle of CoCo Antenna

To explain how the antenna works, the design process of the
antenna is given in Fig. 3. The arrows represent the direction
of the current. As shown in Fig. 3(a), Case1 is the CPW which
transmits electromagnetic waves without radiation. The CPW is
divided into several sections of identical units in Fig. 3(b). The
inner conductor of the previous section becomes the outer con-
ductor at this section, while the outer conductor of the previous
section becomes the inner conductor at this section. The outer
side current of each unit outer conductor remains uniform and
in phase, achieving radiation with full coverage in the H-plane.
Because of the need to ensure the flexibility of the antenna, the
height of the Sub1 is only 25 µm. With such a low profile, the
wcross of the metal crossover lines must be small in Fig. 2(c).
Otherwise, the upper and lower metal crossover lines will have
a large overlap area, resulting in a strong capacitance. When the
capacitance is large enough, a near short-circuit condition can
be seen. The electromagnetic wave can hardly propagate to the
next unit under this condition. Consequently, wcross = 0.2 mm is
finally selected. Because of the machining accuracy, linewidth
below 0.2 mm is not considered.

B. Elimination of the Open Stopband

Since the length of each unit is approximately half the wave-
length of the center frequency, the reflections of multiple metal
crossover lines are superimposed in phase, leading to a rapid
degradation of the impedance. This phenomenon is OSB. In
Fig. 4, as h1 gradually decreases, the reduced distance between
the metal crossover lines leads to an increased value of the
reflection coefficient, resulting in a more pronounced OSB
phenomenon. Fig. 4 further reveals that as h1 increases, the
frequency associated with the OSB shifts to lower frequencies.
This shift is attributed to the increase in h1 for Sub1, resulting
in a corresponding rise in effective permittivity. To suppress
the OSB, we can introduce a second discontinuity in each unit
to cancel out the original reflection caused by metal crossover
lines between the two units. As shown in Fig. 3(c), the second
discontinuity is introduced by a metal bridge that connects the
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Fig. 4. Simulated S11 at different h1.

Fig. 5. Effect of parameters wbridge and l6 on S11. (a) l6 (wbridge =
0.28 mm). (b) wbridge (l6 = 10.5 mm).

Fig. 6. Radiation patterns for (a) different values of w2 with g1 = 3.0 mm and
(b) different values of g1 with w2 = 10 mm. (4.85 GHz, H-plane).

outer conductors on both sides. To decrease the amplitude of the
reflection coefficient of the metal bridge, the width of the inner
conductor is reduced from w1 to w4 near the metal bridge as
shown in Fig. 2(c). In this article, the value of w4 is 0.3 mm. We
can adjust the values of l6 and wbridge to control the phase and
amplitude of the second reflection, respectively. Fig. 5 shows the
changes in S11, adjusting the parameters l6 and wbridge. Here,
l6 = 10.5 mm and wbridge = 0.28 mm are selected, achieving
reflection cancellation of two discontinuities. It should be noted
that the metal bridge not only suppresses the OSB but also
eliminates the slot mode of the CPW.

Fig. 6 illustrates the influence of parameters w2 and g1 on the
antenna radiation pattern. The value of w2 directly affects the
gain variation in the H-plane, as shown in Fig. 6(a). As the value
of w2 increases from 6 mm to 14 mm, the gain variation rises
from 3 dB to 6.1 dB. It can be explained that the antenna is a
two-element array in the H-plane. The array factor directional
pattern is directly influenced by the value of w2. For improved

Fig. 7. S11 and gain for Case 2 and Case 3. (a) S11. (b) 3 dB gain bandwidth.
(c) Gain in the E-plane at 4.85 GHz (xoz). (d) Gain in the H-plane at 4.85 GHz
(yoz).

omnidirectionality, a smaller value of w2 should be selected.
Conversely, for higher gain at θ = 0°, a larger value of w2 is
preferable. Here, w2 = 10 mm is selected. Fig. 6(b) indicates
that g1 results in a change in the H-plane gain. This is because
as g1 varies from 1.5 mm to 4.5 mm, the angle of the maximum
gain in the E-plane corresponds to −4°, 0°, and 4°, respectively.
In other words, g1 changes the period of the unit, causing a
gradient in the phase distribution.

C. Processing of the Terminal and Initial Units

The antenna consists of identical units except for the terminal
and initial units. The last unit needs to be truncated, and the initial
units require feedline matching. There is still a small portion of
energy reflected at the terminal unit. The position of the short
circuit point in the last unit is adjusted to control the phase of
the reflected energy, achieving in-phase radiation to improve
gain. Ultimately, w3 = 8.5 mm is selected. Because the reflected
energy constitutes a relatively small proportion, the antenna gain
change is not significant. For the first unit of the antenna, we can
adjust the distance between the inner and outer conductors (g2)
of the unit to achieve impedance matching.

The impedance matching and gain between Case 3 and Case
2 are depicted in Fig. 7. Fig. 7(a) presents that the impedance
bandwidth is 3.2 GHz to 5.8 GHz. Case 3 effectively suppresses
the OSB and thus significantly improves the impedance. In
Fig. 7(b), we can observe that the 3 dB gain bandwidth is 4.3 GHz
to 5.3 GHz. We define the 3 dB gain bandwidth as the frequency
range where the broadside gain decreases by 3 dB from the
maximum broadside gain. Overall, the proposed antenna can
easily cover the 4.8 GHz to 4.9 GHz target broadside band. For
a fair comparison, Fig. 7(c) and (d) represent the gain of two
cases without considering the matching conditions. The gain of
Case 3 was enhanced by 1.8 dB at θ = 0° compared to Case 2.
From the current distribution in Fig. 8, it can be seen that Case
3 exhibits a more uniform radiation current distribution on the
outer conductor, and each unit radiates in phase. Hence, the gain
of the proposed antenna is improved.
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Fig. 8. Current complex amplitude distributions of the antenna at 4.85 GHz.
(a) Case2. (b) Case3 (proposed).

Fig. 9. Current distribution on the coaxial line. (a) Without planar choke and
(b) with planar choke.

Fig. 10. Simulated and measured (a) S11 and (b) gains and efficiencies.

D. Planar Choke Design

Actually, the antenna is fed using a coaxial line. When coaxial
feeding is added to the simulation software, the gain decreases by
0.7 dB compared to ideal port feeding. To eliminate the effects of
unbalanced feeding, a planar choke structure has been designed
and directly integrated into the dielectric. The planar choke is
located on the bottom metal layer, as shown in Fig. 2(e). As
shown in Fig. 9(a) and (b), the current on the outer conductor
of the coaxial line significantly decreases. This is because the
coaxial outer conductor and the planar choke structure form an
open circuit at the feeding point.

IV. SIMULATED AND MEASURED RESULTS

To validate the performance of the proposed antenna, a pro-
totype was fabricated using FPC technology as shown in Fig 1.
Fig. 1(a) and (b) shows the antenna in its deployed and folded
states, respectively.

A. Reflection Coefficient

The simulated and measured reflection coefficients are re-
ported in Fig. 10(a). The discrepancy between the measured and
simulated results is caused by the fabrication error. Overall, the
simulated and measured S11 values are in good agreement across
the entire frequency range. In the desired operating frequency
range of 4.8 GHz to 4.9 GHz, the values closely match.

Fig. 11. Simulated and measured radiation patterns at 4.85 GHz. (a) E-plane.
(b) H-plane.

TABLE II
COMPARISON OF THE PROPOSED ANTENNA AND PREVIOUS

OMNIDIRECTIONAL ANTENNAS

B. Radiation Performance

The simulated and measured gains, efficiencies, and radiation
patterns are shown in Figs. 10(b) and 11. Fig. 10(b) shows that
the measured gain and efficiency of the fabricated antenna are
generally close to the simulated results. The fabricated antenna
maintains a gain of approximately 8 dBi and an efficiency of
80% within its operating frequency range. Fig. 11 indicates that
the cross polarization in the E-plane and H-plane is relatively
low. The simulated and measured results are consistent.

C. Discussion

Table II provides a comparison between our work and other
omnidirectional antennas. In comparison to the planar dipole
antenna in [12], the CoCo antenna requires only a simple coaxial
feed without a complex feeding network, showing superior
scalability. Compared to the previous CoCo antennas [17], [20],
the profile of the proposed antenna based on FPC is only 0.1 mm,
which has excellent deployability, significantly reducing the
required storage space.

V. CONCLUSION

In this letter, a deployable CPW CoCo antenna with full
coverage in H-plane is proposed. The antenna is designed to
deploy during operation and fold up when not in use, reducing
required storage space. The small separation distance of 25 µm
between the two metal layers introduces a pronounced OSB
phenomenon. Metal bridges are introduced to suppress the OSB
and the slot mode of CPW, significantly improving the antenna
impedance bandwidth and gain. Finally, using the FPC tech-
nology for manufacturing, the proposed antenna demonstrates
outstanding deployability. Within the target frequency range of
4.8 GHz to 4.9 GHz, the average gain in the H-plane is 5.8 dBi
with full H-plane coverage.
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