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Planar Helical Antenna of Circular Polarization

Zhuozhu Chen, Student Member, IEEE, and Zhongxiang Shen, Senior Member, IEEE

Abstract—A planar helical antenna is presented for achieving
wideband end-fire radiation of circular polarization while
maintaining a very low profile. The helix is formed using printed
strips with straight-edge connections implemented by plated
via-holes. The currents flowing on the strips and along via-holes of
the helix contribute to the horizontal and vertical polarizations,
respectively. Besides, the current on the ground plane is utilized to
weaken the strong amplitude of the horizontal electric field
generated by the one on the strips. Thus, a good circular
polarization can be achieved. Furthermore, a tapered helix and
conducting side-walls are employed to broaden the axial ratio
bandwidth as well as to improve the end-fire radiation pattern.
The designed antenna operates at the center frequency of 10 GHz.
Simulated results show that the planar helical antenna achieves
wide impedance bandwidth (|Su| < -10 dB) from 7.4 GHz to 12.8
GHz (54%) and 3 dB axial ratio bandwidth from 8.2 GHz to 11.6
GHz (34%), while retaining a thickness of only 0.114, at the
center frequency. A prototype of the proposed antenna is
fabricated and tested. Measured results are in good agreement
with simulated ones.

Index Terms— Circular polarization, end-fire, helical antenna,
low-profile.

. INTRODUCTION

IRCURLARLY polarized (CP) antennas have received

extensive attention in modern wireless communication
since they can suppress the multipath reflection, avoid the
polarization mismatch, and support a flexible alignment for the
receiving and transmitting antennas. Many CP antennas have
been investigated over past decades such as helical antenna [1],
[2], spiral antenna [3], patch antenna [4], [5], crossed dipole
antenna [6], etc. Among these reported CP antennas, helical
antennas can exhibit CP end-fire radiation, high gain, and wide
bandwidth [7], which are in great demand for airborne and
space tracking applications. However, traditional helical
antennas are not suitable for surface-mounted and
space-constrained applications, because their profiles are
generally high.

A lot of efforts have been made to design compact and
low-profile helical antennas. In [8], a low pitch angle and small
number of turns were employed in a helical antenna to realize a
low-profile configuration. In [9], a hemispherical helical
antenna was proposed to obtain a compact size, low profile as
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well as CP radiation over a wide angular range. In addition,
meander line was utilized in a quadrifilar helical antenna to
decrease the total length of the antenna [10]. Although the
profiles can be efficiently decreased, these antennas are not
planar structures, which may result in aerodynamic drags if
they are mounted on moving platforms.

From a practical point of view, a planar helix is a suitable
candidate to be well integrated on the surfaces of the
installations, and its cross-section can be either square or
rectangular. Square helical antennas have been reported to
realize circular polarization with end-fire radiation [11]-[13]. In
[13], a square helical antenna was integrated into a
semiconductor silicon substrate, achieving good CP
performance while maintaining the substrate thickness of 0.22
Ao at the center frequency. Generally speaking, a rectangular
cross-section can further decrease the profile of the planar
helical antenna. A rectangular planar helix has found many
applications in slow-wave structures [14]-[16] and linearly
polarized antennas [17]-[18], but little literature has been
reported on CP end-fire antennas so far. It is well known that in
order to realize circular polarization, two orthogonal electric
fields with equal amplitude and phase difference of 90° are
required. For rectangular planar helical antennas, two
orthogonal electric fields can be generated by the currents
travelling along the perpendicular sides of the helix,
respectively. It is expected that if one side of the rectangular is
much longer than the other, the amplitudes of two orthogonal
electric fields will be of great difference. Therefore, it remains a
challenge to achieve CP end-fire radiation for a low-profile
planar helical antenna with rectangular cross-section, which
may be essential for achieving a low-profile structure.

In this paper, a planar rectangular helical antenna with
straight-edge connections implemented by plated via-holes is
presented, which is of very low profile and can obtain CP
end-fire radiation. Besides the currents flowing along the strips
and via-holes of the helix contributing to the horizontal and
vertical polarizations, respectively, the current on the inner
edge of the ground plane plays an important role in weakening
the strong amplitude of the horizontal electric field generated
by the current on the strips, which is critical for achieving
circular polarization. In addition, tapered helix and conducting
side-walls are utilized in the antenna to improve the axial ratio
bandwidth and the radiation pattern. The proposed planar
helical antenna has the following advantages: 1) The antenna
can achieve wide impedance and axial ratio bandwidths.
Excellent CP performance with end-fire radiation is obtained
over a 34% frequency band. 2) The antenna has a very low
profile, which is only 0.111, at the center frequency. It is very
suitable to be mounted on the wings of the unmanned aerial
vehicle (UAV) and aircraft. 3) The structure is very simple,
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lightweight, and low-cost. It can be easily fabricated using the
printed circuit board technology.
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Fig. 1. Configuration of the proposed planar helical antenna, (a) perspective
view, (b) top and (c) bottom layers of the substrate.

Il. ANTENNA CONFIGURATION

The configuration of the proposed planar helical antenna is
shown in Fig. 1. The helix has a rectangular cross-section,
which is formed using printed strips with straight-edge
connections implemented by plated via-holes. As shown in Fig.
1(a), the length and width of the antenna are denoted by L and
W, respectively. &, and h represent the dielectric constant and
thickness of the substrate, respectively. The diameter of the via
hole of the helix is dy, and the pitch angle between the top and
bottom strip is a. The width of each printed strip is uniform,
which is represented by Ws. The length of the strip on the
bottom layer of the substrate is denoted by Lsi (i = 1, 2, 3, 4) for
the ith turn of the helix. In order to improve the axial ratio and
radiation pattern, the helix is tapered according to the following
ratio

pole _La _La )
le LSZ Ls3

A coaxial-to-grounded coplanar waveguide (GCPW)
transition is employed in the antenna to feed the helix. As
shown in Fig. 1(b), Ws is the width of the center strip of the
GCPW. g1 and g represent the gaps between the center strip
and its adjacent ground planes. ds is the distance from the edge
of the center strip of the GCPW to the coaxial probe. If a
substrate is chosen, the characteristic impedance of the GCPW
is determined by the strip width W;and the gap g:, while the
matching condition from the coaxial probe to the GCPW can be
tuned by varying ds and go.

Generally speaking, a large conducting plane which is
vertical to the axis of the helix should be incorporated in the
helical antenna to obtain a good CP radiation in the end-fire
radiation. However, it is not suitable for the low-profile
structures. In our proposed antenna, two metallic plates are
printed on both the top and bottom layers of the substrate to
form the horizontal ground planes. Grounded via-holes with
diameter d and spacing s are perforated along the inner edge of
the ground planes and around the GCPW, and they satisfy the
following criteria [19]

0.054; <s<0.254,, s<2d 2
to prevent the power from leaking out through the via-gaps,
where 4, is the guided wavelength. These via-holes can be
regarded as a small vertical conducting wall of the helical
antenna, and they can also help to obtain a good RF ground
connection between the top and bottom layers of the substrate
and suppress the unwanted parallel-plate waveguide mode. It
should be noted that the vertical wall is U-shaped, which
consists of the vertical back-wall (4A') and side-walls. The
side-walls in the structure can help to increase the gain and to
improve the radiation pattern. Furthermore, L; and L in Figs.
1(b) and (c) represent the distances from the vertical back-wall
(AA") to the inner edge of the top and bottom grounds,
respectively. They can affect the current distribution on the
inner edge of the horizontal ground plane.

I1l.  ANTENNA ANALYSIS

A. One-Turn Helix

The proposed low-profile helical antenna with one-turn helix
is designed and analyzed in this part. The substrate used is the
Duroid RT 5880 substrate with a relative permittivity of e, =
2.2 and thickness of h = 3.175 mm. The strip length of the helix
is represented by Ls, the other dimensions are the same as those
indicated in Fig. 1. The effective total length of one-turn helix
Ly is chosen to be around one free-space wavelength in order
to achieve CP radiation in the end-fire direction [12], which can
be expressed as

Legr = 2(h X \Jeerp1 + Ls X \[eerpz) =~ 14 ®)

where e.¢51 = &, and g.¢r, = (g, +1)/2 [20], [21].

In general, circular polarization is generated by two
orthogonal electric fields, which are equal in amplitude and 90’
different in phase. For the proposed helical structure, the
currents flowing on the strips and along the via-holes of the
helix contribute to the horizontal electric field E4 and vertical
electric filed E, respectively. It is expected that the magnitude
of Ey4 is much stronger than that of Ey if the height of the
via-hole h is very small compared to the strip length Ls, which
makes it difficult to meet the criteria of achieving circular
polarization. However, in our proposed helical antenna, the
current flowing on the inner edge of the ground plane can help
to weaken the strong magnitude of E, generated by the current
on the strips. By this way, it is possible to obtain circular
polarization in the end-fire direction over a wide frequency
range.
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Fig. 2. Current distributions of the low-profile one-turn helical antenna at
different times t = 0, T/4, T/2, and 3T/4, where T is the period of time. (a), (c),
(e), (g), horizontal currents on the ground plane and strips of the helix, (b), (d),
(f), (h) vertical currents along the via-holes of the helix (f = 10 GHz, W = 37 mm,
L=38mm, h=3.175mm, Ws=3 mm, Ly=10 mm, & = 28°,d,=2mm,d=1
mm, s = 1.5 mm, W¢ =3 mm, g; =0.8 mm, g, =1.5mm, d; =1.7 mm, d, =14
mm, dr=1mm, Ly=4.7 mm, L, =3.1 mm, Ly =9.17 mm, d; = 2.77 mm, L; =
15.3 mm, b = 19.6 mm).
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To verify the principle of achieving the circular polarization,
the current distribution along the proposed one-turn helical
antenna is analyzed with the aid of ANSYS High Frequency
Structure Simulator (HFSS), as shown in Fig.2. Whent =0, itis
observed from Fig. 2(a) that strong horizontal currents appear
on the bottom and top strips, and also on the inner edge of the
ground plane, which are denoted by Iy, I, and lq1, respectively.
On the other hand, the vertical currents flowing along the
via-holes are very small, as shown in Fig. 2(b). Therefore, it is
concluded that E, is dominated along the end-fire direction in
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Fig. 3. (a) Magnitude and (b) phase values of surface current density

integration of each segment on the helix and edge of the ground, (c) magnitude
and phase values of combined total surface current density integrations of x and
z directions.

the far-field region. It should be mentioned that lg is —x
directed, which is opposite to the +x direction of I, and I;, so
that it can somehow weaken the strong amplitude of Eg
generated by I, and l.. This is critical for achieving circular
polarization, as mentioned earlier. Figs. 2(c) and (d) show the
current distributions at t = T/4, where T is the period of time. It
is seen that strong vertical currents ly; and v, flow along the
via-holes of the helix in the +z direction, while the horizontal
currents, as indicated in Fig. 2(c) are weak compared to Iy; and
Iv2. In addition, the currents either on the edge of the ground
plane or the strips exhibit two components that are 180°out of
phase, so that E, is very small and Ey dominates in the far field.
The same phenomenon is observed in Figs. 2(e)-(h). As seen,
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the current distributions at t = T/2, and t = 3T/4 are opposite to
those when t = 0 and t = T/4, which also generate the dominant
but out-of-phase E and Ey, respectively. As a result, left-hand
circular polarization in the end-fire direction can be obtained
under the combined influences of the current distributions
along the helix as well as on the ground plane of the proposed
antenna.

It is well known that the electric field in the far-field is
determined by integrating the surface current densities over the
distributed areas, which can be represented as [22]

!

—jkR!
E; = —j%ff]sie Y as; (4)

where i represents each segment on the helix and the edge of the
ground for our one-turn helical antenna. These segments
include the bottom and top strips, the ground edges on each side
of the CPW, and two via holes, which are denoted by b, t, g1,
g2, v1, and v2, respectively. S; denotes the surface area of
segment i, and Js; is the surface current density distributed on
S;. k is the wavenumber. R; and R; are the distances from the
current source to the far-field for amplitude and phase terms,
respectively. It is noticed that if we assume that there are no
amplitude and phase differences between each current source to
the far-field region, the ratio of the horizontal E-field and
vertical E-filed approximately equals to that of the combined
total integrations of surface current densities over the
distriouted areas of x component [[Js,dS and z
component [[ Js, dS in the end-fire direction. With the aid of
the fields calculator of HFSS, the magnitude and phase values
of surface current density integration of each segment on the
helix and the edge of the ground are plotted in Figs. 3(a) and
(b). We use Int_Jsi(i=b, t, gl...) to represent the integration of
surface current density over the area of each segment. The input
power is set as 1 Watt. As shown, Int_Js, and Int_Js; are almost
in-phase, which are nearly 180°out-of-phase with Int_Jsq near
the center frequency of 10 GHz In addition, Int_Jsy: and
Int_Js,, are almost in-phase, which have phase difference
around 90° with Int_Js, and Int_Js; near the center frequency.
These phenomena are in accord with the current distribution
displayed in Fig. 2. The magnitude and phase values of the x
and z components of the combined total surface current density
integrations are also depicted in Fig. 3(c). It is seen that the
magnitudes of x and z components are very close, and the phase
difference is around 90" near the center frequency of 10 GHz. It
is worth noting that no phase differences between each current
source to the far-field region is assumed for the analysis in
order to basically clarify the physical concept of achieving
circular polarization. By taking the phase variations into
account, the magnitude ratio and phase difference between the
horizontal electric field £, and vertical electric field g, and
axial ratio of the proposed one-turn helical antenna in the
end-fire direction are plotted in Fig. 4. It is seen that the
magnitude ratio of Ey and E, is close to one and the phase
difference between two orthogonal fields is almost 90° near the
center frequency of 10 GHz. Resultantly, a good circular
polarization in the end-fire direction is obtained and the 3 dB
AR bandwidth ranges from 9.6 GHz to 10.45 GHz.
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Fig. 4. Simulated magnitude ratio and phase difference of the horizontal
electric field E, and vertical electric field Ey, and axial ratio of the proposed
one-turn helical antenna in the end-fire direction.
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Fig. 5. Simulated input impedance and |Sy| of the proposed one-turn helical
antenna.

Additionally, it should be noted that the vertical conducting
wall made up of via-holes can prevent the power from leaking
out through the via-gaps. Resultantly, the current flowing on
the ground plane outside the vertical wall is very small.
Therefore, the ground length L; starting from the wall to the left
edge of the substrate and the ground width W, as shown in Fig.
2(a), are of insignificance to the antenna performance, which
makes the proposed antenna suitable to be mounted on a large
conducting platform.

Furthermore, the helical antennas can achieve wide
bandwidths when they operate in the axial mode. This is
because the helical antenna is a travelling-wave structure; the
outgoing current at the input end and the reflected current at the
open end of the helix decays rapidly [7]. In our proposed
structure, a coaxial-to-GCPW transition is employed to feed the
antenna. By choosing proper parameters Ws, g1, g2, and ds, a
good impedance match can be obtained. Fig. 5 shows the
simulated input impedance and reflection coefficient |S11| of the
proposed one-turn helical antenna. It is seen that the input
impedance can maintain a small variation within a wide
frequency range, and the 10 dB return loss bandwidth is from
7.2 GHz to 12.5 GHz.

B. Parametric Study

A parametric study is conducted in order to examine the
effects of the key parameters on the radiation performance and
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help to facilitate the practical design of the proposed
low-profile planar helical antenna. The important parameters
include: the number of helical turns N, the length of the strip Ls,
the pitch angle between the top and bottom strips a, the
distances from the vertical back-wall to the inner edge of the
top ground L and bottom ground Ly, and the strip-length ratio r.
Other parameters such as the width of the strip Ws and the
diameter of the via hole dy are of less importance although they
also slightly affect the radiation performance, and they will not
be discussed in detail below. In the parametric study, only one
parameter is varied at one time while the others remain
unchanged as follows: W =40 mm, L = 60 mm, h = 3.175 mm,
Ws=3mm,dy=2mm,d=1mm, s=15mm, W=2.2mm, g1
=0.6 mm, gz=2mm, d; =2 mm,d2=1.5mm, di=1.1 mm, Li=
8.75 mm, di = 2.25 mm, Ly = 17.5 mm, and b = 22 mm.
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Fig. 6. Effects of the number of turns N on the axial ratio of the proposed
helical antenna (Ls = 10.5 mm, ¢ = 28°, Ly=4 mm, L, = 2.3 mm).
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Fig. 7. Effects of the number of turns N on the radiation pattern of the proposed
helical antenna at f = 10 GHz, (a) xy-plane, (b) yz-plane (Ls = 10.5 mm,
a = 28° Li=4 mm, L,=2.3 mm).

1) Number of Turns N

Basically, the helical antenna can achieve better circular
polarization performance and higher gain if more turns of helix
are employed. Figs. 6 and 7 show the effects of the number of
turns N on the axial ratio (AR) and radiation pattern of the
proposed antenna, respectively. It is seen the fractional AR
bandwidths (AR < 3 dB) are 8.5%, 16%, 26%, and 28.3% for N
=1, 2,4, and 6, respectively. In addition, the gain values at the
center frequency f=10 GHz are 6.2 dB, 6.9 dB. 7.3dB, and 7.5
dB for N = 1, 2, 4, and 6, respectively. These results indicate
that although the axial ratio bandwidth and gain can be both
enhanced with the increase of N, the improvement is small

when N is larger than 4. This is due to the fact that the current
decays when it travels along the helix [8]. When N is large, the
current along the last few turns of the helix is small, slightly
contributing to the performance of the antenna. Based on this
study, we choose N = 4 in our proposed structure.
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Fig. 8. Effects of the strip length L on the axial ratio of the proposed helical
antenna (N =4, @ = 28°, Ly=4 mm, L, = 2.3 mm).
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Fig. 9. Effects of the angle a on the axial ratio of the proposed helical antenna
(N=4,Ls=10.5mm, Ly=4 mm, L, = 2.3 mm).

2) Strip Length L

As mentioned earlier, the effective circumference of a helix
Lesr should be around one free-space wavelength in order to
achieve CP radiation in the end-fire direction. Therefore, the
strip length Ls is a key parameter to determine the operating
frequency band of circular polarization if the substrate
thickness is fixed. The effect of Ls on the axial ratio of the
proposed helical antenna is shown in Fig. 8. It is observed that
the 3 dB axial ratio frequency band shifts to a lower one as the
length Lsincreases. When Ls = 10.5 mm, the 3 dB axial ratio
bandwidth can cover from 8.6 GHz to 11.2 GHz.

3) Pitch Angle

The pitch angle a plays an important role on the current
distribution on the top and bottom strips so that it can affect the
axial ratio of the proposed helical antenna. As shown in Fig. 9,
the 3 dB AR bandwidth is 12.5% for a small angle @ = 20°,
and it can be enhanced by increasing the value a appropriately.
When the angle a = 28° and a = 32°, the AR bandwidths are
both around 26%. On the other hand, it should be mentioned the
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gain values in the end-fire direction are 7.6 dB, 7.4 dB. 7.3 dB,
and 7 dB for a = 20°, 24°, 28°, and 32°, respectively, which
indicates that a larger @ may slightly degrade the gain of the
antenna. This is due to the fact that the current flowing on the
strips can be divided into x-directed and y-directed components,
a larger « results in an increase of the y-directed component
and decrease of the x-directed one, which can enhance the
sidelobe of the radiation pattern and reduce the gain in the +y
direction. Therefore, taking both axial ratio and gain into
account, we choose a = 28° in the proposed antenna.
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Fig. 10. Effects of the distance (a) L and (b) L, on the axial ratio of the
proposed helical antenna (N =4, Ly = 10.5 mm, a = 28°).

4) Distances Lt and Lb

The distances L: and Ly, exhibit significant effects on AR
performance of the antenna since they can influence the current
distributions on the inner edge of the top and bottom ground
planes. As shown in Fig. 10, it is found that the AR values of
the antenna are sensitive to the variations of L; and Ly, and the
best AR performance of the proposed structure with four-turn
uniform helix can be obtained when L, = 4mm and L, = 2.3mm.
Therefore, the values of L and Ly should be carefully optimized
in order to achieve good CP performance.

5) Strip-Length Ratio r

The significance of the strip-length ratio r on the antenna’s
AR performance is shown in Fig. 11. In the parametric study,
the length of the first strip Ls: is kept as 12.5 mm, and the pitch
angle is maintained as @ = 28°. The planar helix is uniform

when r =1, and is tapered as r decreases. It is seen that the
values of the AR at higher frequencies are improved and the AR
bandwidth is enhanced when the helix gradually tapers. The
best AR performance of the proposed structure is obtained
when r = 0.89. It should also be noted that r cannot be too small
to avoid the overlapping of both edge ends of printed strips.
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Fig. 11. Effects of the strip-length ratio r on the axial ratio of the proposed
helical antenna (N =4, Ly =12.5 mm, a = 28°, Ly=4 mm, L, = 2.3 mm).

C. Effects of the Tapered Helix and Conducting Side-Wall

The radiation pattern of the antenna can be improved by
utilizing tapered helix and conducting side-walls. Fig. 12 shows
the simulated radiation patterns in the xy-plane and yz-plane of
three antenna designs, which include Ant. #1: uniform helix
without side-wall, Ant. #2: tapered helix without side-wall, and
Ant. #3: tapered helix with side-walls. It is seen that the
sidelobe levels (SLLs) of the radiation patterns of Ant. #1 are
relatively high. In comparison, by tapering the helix as Ant. #2,
the SLLs are improved and the gain values increase accordingly
at higher frequencies. Furthermore, comparing the radiation
patterns of Ant. #3 and Ant. #2, it is concluded that employing
side-walls can further enhance the gain and improve the SLLs
of the proposed antenna. Besides the radiation patterns, the AR
values of the three antennas are compared in Fig. 13. It is
observed that the AR bandwidths of Ant. #2 and Ant. #3 are
almost the same, and they are wider than that of Ant. #1.
Therefore, tapered helix and conducting side-walls are both
employed in our final design considering the improvement of
AR, antenna gain as well as the radiation pattern.

IV. EXPERIMENTAL VERIFICATION

A prototype is fabricated to characterize the performance of
the proposed planar helical antenna, as shown in Fig. 14. The
substrate used in this design is Duroid RT 5880 substrate with
permittivity of 2.2, loss tangent of tand = 0.0009, and
thickness of 3.175 mm. The outer conductor of a 50 Q SMA
connector is soldered on the bottom layer of the substrate, the
inner conductor is connected to the center strip of the GCPW to
feed the antenna. For the matching purpose, the center strip
width of the GCPW is designed to be W; = 3 mm, the gaps
between the center strip and its adjacent ground planes are g1 =
0.8 mm and g> = 1.5 mm, respectively. The distance from the
edge of the center strip of the GCPW to the coaxial probe is di =
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Fig. 12. Radiation pattern comparison of three planar helical antenna designs at different frequencies. (a) Ant. #1: uniform helix without side-wall (r = 1, Ly = 10.5
mm), (b) Ant. #2: tapered helix without side-wall (r = 0.89, Ly = 12.5 mm), and (c) Ant. #3: tapered helix with side-walls (r = 0.89, Ly = 12.5 mm).
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Fig. 13. Simulated axial ratio values of three planar helical antenna designs.
(Ant. #1: uniform helix without side-wall, Ant. #2: tapered helix without
side-wall, and Ant. #3: tapered helix with side-walls.)

1.2 mm. The corresponding characteristic impedance of the
GCPW is 73.1 Q. Based on the analysis conducted in Section
111, the other dimensions are: W = 44 mm, L =52 mm, Ws = 3.2
mm, Lg; =12.5mm, r =0.89, « = 28°,dy=2mm,d=1mm, s
=15mm,d; =1.83 mm, d> =1.45 mm, Ly =4.9 mm, L, = 3.2
mm, Ls=9.66 mm, d; = 1.86 mm, b = 24.32 mm, L; = 15.9 mm,
L, =16.3 mm, t; = 4.67 mm, t; = 2.13 mm, t3 = 3.5 mm.

S parameter of the proposed antenna is measured using a
calibrated Agilent vector network analyzer N5230A. The
comparison between the simulated and measured |S14| is shown
in Fig. 15. It is seen that the 10 dB return loss bandwidth ranges
from 7.4 GHz to 12.8 GHz for the simulated result, and from
7.2 GHz to 12.9 GHz for the measured one. The corresponding

(@ (b)

Fig. 14. Prototype of the proposed planar helical antenna. (a) Top view, (b)
bottom view.

fractional bandwidths are 54% and 57%, respectively. The
slight difference may be due to the fabrication tolerance. Axial
ratio and radiation pattern of the proposed antenna are
measured in an anechoic chamber. Fig. 16 shows the simulated
and measured axial ratio values in the end-fire direction.
Simulated result indicates that a 3 dB axial ratio bandwidth of
34% can be achieved for the proposed antenna, which covers
from 8.2 GHz to 11.6 GHz. The measured result agrees well
with the simulated one. The simulated and measured radiation
patterns in the xy-plane and yz-plane at different frequencies are
depicted in Fig. 17. As seen, end-fire radiations are obtained
over the frequency range from 8.5 GHz to 11.5 GHz, simulated
and measured results are in good agreement as well. It is noted
that the radiation patterns are not very symmetric respect to
end-fire direction, which is due to the asymmetry of the
structure. In addition, the sidelobe level (SLL) and
front-to-back ratio (F/B) are relatively high at the lowest
frequency of f = 8.5 GHz. Two reasons may account for this
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Fig. 16. Simulated and measured axial ratio of the proposed antenna.

phenomenon. First, the normal mode of the helical antenna may
appear at the lowest frequency, which can distort the radiation
pattern of the axial mode. Second, it is well known that a large
conducting wall vertical to the axis of the helix is generally
employed in the traditional helical antennas to improve the SLL
and F/B. However, our structure only employs a small vertical
via-wall rather than a large one for the sake of low profile. The
height of the vertical wall is very small compared to the
operating wavelength, which degrades the radiation pattern,
especially at lower frequencies. In addition, the simulated and
measured gain values in the end-fire direction are depicted in
Fig. 18. The simulated gain is 3.1 dB at 8.5 GHz, and increases
to 10.5 dB at 11.5 GHz. At frequencies lower than 8.5 GHz and
higher than 11.5 GHz, the gain decreases with the degradation
of the end-fire radiation patterns. The measured gain values are
slightly less than the simulated ones. This discrepancy may be
due to the additional loss introduced by the SMA connector and
the alignment error of the measurement setup. Furthermore, it
should be mentioned that perfect electric conductors are
assumed in the simulated model. By taking the loss of the
substrate into account, the simulated radiation efficiency is also
plotted in Fig. 18. It is seen that the proposed antenna achieves
a very high radiation efficiency.

Table | summaries the performance comparison of existing
low-profile helical antennas. It is seen that although the
antennas in [17] and [18] retain much lower thickness than the
others, they achieve linear polarization only. Compared to the
other circularly polarized low-profile helical antennas, our
proposed antenna clearly exhibits the overwhelming
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Fig. 17. Simulated and measured radiation patterns of the proposed antenna at
different frequencies. (a) 8.5 GHz, (b) 9.5 GHz, (c) 10.5 GHz, (d) 11.5 GHz.
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Fig. 18. Simulated and measured gain values and simulated radiation

efficiency of the proposed antenna.

advantages in terms of impedance and AR bandwidths as well
as the antenna thickness. In addition, our proposed planar
helical antenna is very simple and is suitable for mass
production with low cost.

V. CONCLUSION

In this paper, a low-profile planar helical antenna with
straight-edge connections implemented by plated via-holes has
been presented for CP end-fire radiation. The operating
principle of achieving circular polarization has been analyzed
based on the current distribution of the proposed antenna with
one-turn helix. Parametric studies have been conducted to
analyze the influences of the key parameters on the antenna
performance. In addition, the effects of the tapered helix and
conducting side-walls on the radiation pattern and axial ratio
have been studied. Wide impedance and AR bandwidths and
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TABLE |
PERFORMANCE COMPARISON OF EXISTING LOW-PROFILE HELICAL ANTENNAS
Impedance AR Height (4o is the Gain at Fabrication
Ref. Structure Bandwidth Bandwidth wavelength at the the center Polarization Complexit
(JS11| < -10 dB) (AR <3 dB) center frequency)  frequency (dB) piexity
[8] Non-planar - 12% 0.19 4o 9 Circular Medium
[9] Non-planar - 14.6% ~0.15 4o 9.2 Circular Complex
[13] Planar 20.5% Narrow 0.22 Ao - Circular Medium
[17] Planar 15% - 0.02 4o - Linear Simple
[18] Planar 6.1% - 0.013 % 0 Linear Simple
Our work Planar 54% 34% 0.11 Ao 8 Circular Simple

excellent CP end-fire performance have been verified by
experimental measurements. It is worth mentioning that the
proposed planar helical antenna is of very low profile and low
cost, and can be readily extended to array configurations.
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