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Double Torsion Coil Feeding Structure
for Patch Antennas

Zhen-Yuan Zhang and Ke-Li Wu , Fellow, IEEE

Abstract— A new feeding structure for patch antennas is
proposed in this paper. The feeding structure is formed by a
double torsion coil (DTC) with one end electrically connected
to the ground. The maximum stretch length of the coil is
around half of the wavelength of the center frequency. The
winding direction of the coil is reversed at the middle point of
the coil. The DTC is able to produce two coaxial equivalent
magnetic dipoles polarized in the same direction, which can
not only excite the TM01 mode of a patch antenna but also
create another resonance, leading to a wideband impedance
bandwidth. The working mechanism is explained in this paper
by physics intuition. To validate the new feeding structure, a
linear-polarized and a dual-polarized patch antenna prototypes
working in the 3.5 GHz band are designed, manufactured, and
measured. It is found that the linear-polarized patch antenna can
achieve a bandwidth of 25% standing-wave ratio (SWR < 2) and
9.5 dBi average gain with stable radiation patterns and low cross
polarization over the impedance bandwidth. The new feeding
structure has a high potential for wideband massive multiple-
input and multiple-output (M-MIMO) arrays of 5G and future
wireless communication systems.

Index Terms— Broadband antenna, double torsion coil (DTC),
feeding structure, low profile, magnetic dipole, patch antenna.

I. INTRODUCTION

W ITH the advantage of the simplicity for fabrication and
moderate radiation performance for many low-profile

applications, the patch antenna has been widely used in various
niche applications, including conformal antennas on aircraft,
large-scale scanning arrays, and low-profile antenna arrays
for cellular wireless systems [1]. Needless to say, the patch
antenna is one of the most commonly used antenna forms.

One of the design issues of patch antennas is its inher-
ently narrow impedance bandwidth. Several useful methods
to broaden the impedance bandwidth of a patch antenna have
been developed [2]–[22]. It is found that increasing the height
of the patch is a simple way to increase the impedance
bandwidth of the patch antenna [2]. However, for a thick patch
antenna fed by a probe, the inherent inductance brought by the
feeding probe, thereby, limits the working bandwidth to less
than 10% for the standing-wave ratio (SWR) < 2. Many other
approaches are available to increase the working bandwidth.
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Introducing parasitic elements is an effective approach if the
dimension permits [3]. By adding a parasitic element above
a patch antenna resonator [4]–[7], the stacked structure can
provide an impedance bandwidth of 15%, while the antenna
size and the complexity of fabrication are also increased.
With a U-shaped slot etched on the patch resonator [8]–[11],
an impedance bandwidth of more than 30% can be achieved
with the cost of increased cross polarization and distorted
radiation patterns.

Actually, there is very rich literature for extending
the impedance bandwidth of the patch antenna [12]–[22].
Because of the limited space, only some of the commonly used
methods are reviewed here. Aperture-coupled patch antenna
can achieve an impedance bandwidth of 10% [12]. When
the resonating frequency of the aperture is close to that
of the patch, the impedance bandwidth can be broadened
to more than 20% [13]. The cavity-back version of the
aperture-coupled patch antenna can overcome the shortcom-
ing of back-lobe radiation of aperture-coupled patch anten-
nas [14]. A simple and effective feeding approach is to use
an “L”-shaped probe, reaching an impedance bandwidth of
more than 30% [15]–[19]. However, a high cross polarization
in the H-plane radiation patterns and the unstable mechan-
ical structure of the L-probe spurred many innovative ideas
to improve the feeding structure for the L-probe fed patch
antenna. Among them, a wideband patch antenna fed by
an S-shaped probe for suppressing cross polarization and
broadening the bandwidth is proposed in [19]. The out-of-
phase currents on the two arms of the S-shaped probe create
two in-phase magnetic dipoles. The M-probe/strip fed patch
antenna proposed in [20]–[22] is another scheme to restrain
the cross polarization. Compared with the L-probe feeding
method, the M-probe fed patch antenna is able to reduce the
level of the cross polarization.

In this paper, a new broadband feeding configuration,
namely, a double torsion coil (DTC) feeding structure, for
patch antennas is proposed. The feeding structure can effec-
tively create magnetic dipoles tangential to and immediately
above the ground plane. The attractive features of the feed-
ing structure include: 1) low profile; 2) mechanically stable;
3) wide impedance bandwidth; and 4) low cross polarization
in both the E- and H-planes; and 5) generic for many other
types of antennas. The magnetic dipole can not only excite
the TM01 mode underneath the patch antenna but also create
another resonant magnetic dipole in a neighboring frequency,
leading to a wideband impedance bandwidth.

To validate the proposed feeding structure, a singly fed
linearly polarized patch antenna and a dual linearly polar-
ized patch antenna are electromagnetic (EM) designed and
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Fig. 1. (a) Isometric view of an air patch antenna fed by the proposed DTC.
(b) Front view. (c) Side view.

prototyped. The electrical dimensions of the linearly polar-
ized prototype antenna are about 0.39λo × 0.39λo × 0.08λo,
where λo is the free-space wavelength at the center frequency.
The impedance bandwidth of more than 25% for SWR less
than 2 and the measured average gain of 9.5 dBi over the work-
ing frequency band can be achieved. The radiation patterns
are stable, and the cross polarization is very low both in the
E- and H-planes over the matched impedance frequency band.
The dual linearly polarized prototype antenna demonstrates
that the DTC feeding structure can find many practical appli-
cations, including compact dual-polarized array antennas for
massive multi-in multi-out (M-MIMO) base stations.

II. CONFIGURATION AND WORKING MECHANISM

A. Feeding Configuration for Patch Antennas

The detailed configuration of the proposed feeding structure
for a singly fed linearly polarized patch antenna is illustrated
in Fig. 1. The feeding structure is a DTC with one end shorted
to the ground and the other end is excited by a coaxial cable.
The maximum stretch length of the conducting coil is around
half a wavelength at the center frequency. It is called a DTC
because the winding directions of the first half and the second
half are the opposite from each other. Having wound in two
opposite directions, the two half-coils produce two equivalent
magnetic dipoles tangential to and above the ground plane in
the same direction.

The length and width of the patch antenna are L p

and Wp , respectively. The patch is placed at height Hp above
the ground plane. The proposed DTC feeding structure is
grounded at one end and excited at the other end. The coil is
made of a piece of conductor wire of diameter d . The distance
between the axis of the coil and the ground plane is Hh . The

Fig. 2. Working mechanism of the DTC feeding structure to the patch
antenna. (a) Distribution of electric current on a straight metal wire with one
end grounded. (b) Distribution of electric current on a single torsion coil
with one end grounded and its equivalent magnetic dipole. (c) Distribution
of electric current and magnetic dipole on a DTC with one end grounded.
(d) Coupling of a DTC feeding probe and a radiating patch.

Fig. 3. Distribution of magnetic field along the axis of (a) single torsion coil
and (b) DTC.

coil is with an inner radius of b and pitch of S. The coil is
located at the middle of the patch antenna and La distance
inward from one radiating edge of the patch antenna. Usually,
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Fig. 4. Photograph of a linearly polarized air patch antenna with DTC feeding
structure.

TABLE I

DIMENSIONS OF THE LINEARLY POLARIZED PROTOTYPE ANTENNA

Fig. 5. Simulated and measured SWR of the linearly polarized patch antenna.

TABLE II

MEASURED X-POL, 3 dB BEAMWIDTH, AND F/B RATIO OF THE

LINEARLY POLARIZED PROTOTYPE ANTENNA

the distance La is very small. The number of turns N of
the half coil is selected as 3.5. By designing the geometric
parameters appropriately, the coil can effectively excite the
radiating patch.

B. Working Mechanisms

In this section, the working mechanism of the DTC feeding
structure will be explained. Fig. 2(a) illustrates the direction
of electric current on a straight conducting wire with one
end grounded if the total length of the wire is approximately
λo/2, where λo is the free-space wavelength at the resonant
frequency. It can be seen that there is a current null in
the middle point of the wire, at which the direction of the
current is reversed. If the straight wire is wound in one
direction to form an ordinary single torsion coil, the direction
of the current along the wire will be also reversed, as shown
in Fig. 2(b), leading to two same magnitude but opposite
directed equivalent magnetic dipoles. Thus, the contributions

Fig. 6. Simulated and measured gain and efficiency of the linearly polarized
patch antenna.

Fig. 7. Simulated and measured radiation patterns of the linearly polarized
patch antenna at 3.2, 3.6, and 4.0 GHz for (a), (c), (e) H-plane and
(b), (d), (f) E-plane.

of the two magnetic dipoles to the far field cancel each other.
The direction of the equivalent magnetic dipole created by
a coil depends on two factors: the direction of the current
along the helical wire and the winding direction of the coil.
Although the current direction on the coil is reversed, to create
two magnetic dipoles with the same direction, the winding
directions of the first half and the second half of the coil
need to be opposite, as shown in Fig. 2(c). It is known that
the patch antenna can be described by two radiating magnetic
dipoles in line with the two radiating edges. As illustrated
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Fig. 8. (a) Isometric view and (b) photograph of the dual-polarized patch
antenna with the DTC feeding structure.

Fig. 9. Simulated and measured SWR and isolation of the proposed dual-
polarized prototype antenna.

TABLE III

DIMENSIONS OF THE DUAL-POLARIZED PROTOTYPE ANTENNA

Fig. 10. Simulated and measured gain and efficiency of the dual-polarized
prototype antenna.

in Fig. 2(d), the aggregated magnetic dipole created by the
DTC can be naturally coupled with a radiating magnetic
dipole of the patch. For a horizontally placed magnetic dipole

Fig. 11. Simulated and measured radiation patterns of the dual-polarized
prototype antenna at 3.3, 3.5, and 3.8 GHz for (a), (c), (e) H-plane and
(b), (d), (f) E-plane.

TABLE IV

MEASURED X-POL, 3 dB BEAMWIDTH, AND F/B RATIO OF THE

DUAL-POLARIZED PROTOTYPE ANTENNA

above the ground plane, its mirror image will be in the same
direction, constructively contributing to the far field. This
feature permits the coil to be placed very close to the ground.
The simulated magnetic fields along the axis of a single torsion
coil and DTC are shown in Fig. 3(a) and (b), justifying the
concept that the magnetic dipoles produced by the DTC share
the same direction. By choosing the maximum stretch length
of the coil approximately to be λo/2, the DTC feeding structure
acts as a magnetic dipole antenna in free space, creating
additional resonance to the patch antenna.

III. ANTENNA EXAMPLES

To validate the proposed feeding structure and demon-
strate its applicability in a practical dual-polarized patch
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TABLE V

COMPARISON OF DTC FED AIR PATCH ANTENNA WITH EXISTING BROADBAND PATCH ANTENNAS

antenna for an M-MIMO array antenna, linearly polarized
and dual-polarized prototype antennas are designed, fabricated,
and fully tested. The working frequency band of the linearly
polarized antenna spans from 3.15 to 4.05 GHz, achieving
a wide impedance bandwidth of 25% (for SWR < 2). The
dual-polarized prototype antenna achieves an impedance band-
width of 16.3% (for SWR < 1.5). For both prototypes,
the size of the ground plane is chosen to be 120 × 120 mm2.
All the radiation properties are measured using the SATIMO
SG-128 spherical scanner system in the Radio-frequency Radi-
ation Research Laboratory (R3L) of the university.

A. Prototype of Linearly Polarized Patch Antenna
A prototype of a linearly polarized patch antenna with

the proposed DTC feeding structure, as shown in Fig. 4,
is designed and measured. The overall electrical size of the
patch antenna is 0.39λo × 0.39λo × 0.079λo and its physical
dimensions are listed in Table I. The HFSS EM simulated
and measured SWR of the prototype antenna are superim-
posed in Fig. 5, showing good agreement. The bandwidth for
SWR < 2 is about 25%, which spans from 3.15 to 4.05 GHz.

The simulated and measured antenna gains and the mea-
sured radiation efficiency are superimposed in Fig. 6, showing
that the measured average gain of the antenna is about 9.5 dBi
and the measured maximum gain is about 10 dBi. The
measured average radiation efficiency of the linearly polarized
patch antenna is better than 85%. The simulated and measured
radiation patterns at 3.2, 3.6, and 4 GHz are plotted in Fig. 7,
showing very good agreement between the simulated and the
measured. The measured cross polarization (X-pol) level, 3 dB
beamwidth, and front/back (F/B) radiation ratio measured at
3.2, 3.6, and 4 GHz are listed in Table II, showing that the
cross-polarization level is low and the F/B ratio is maintained
at a high level over the working bandwidth.

B. Prototype of Dual Linearly Polarized Patch Antenna

A dual linearly polarized patch antenna with two DTC
feeding structures is sketched in Fig. 8(a). Fig. 8(b) is a
photograph of the finished prototype. The physical dimensions

of the finished antenna prototype are listed in Table III. The
overall size of the antenna prototype is about 0.39λo×0.39λo×
0.07λo. The simulated and measured S-parameters of the
prototype antenna are superposed in Fig. 9. The bandwidth for
SWR < 1.5 spans from 3.27 to 3.85 GHz or 16.3% fractional
bandwidth, within which the measured port isolation is better
than 25 dB.

The simulated and measured antenna gains and the mea-
sured radiation efficiencies of both ports are shown in Fig. 10.
In measuring one port, the other port is terminated by a
matched load. The measured antenna gain varies from 9 to
10 dBi within the impedance bandwidth. The measured radi-
ation efficiency is better than 90%. Because of the symmetry
of the antenna structure, only the simulated and measured
radiation patterns of port 1 at 3.3, 3.5, and 3.8 GHz are
presented in Fig. 11. The measured cross polarization (X-pol),
3 dB beamwidth, and F/B ratio at 3.3, 3.5, and 3.8 GHz are
listed in Table IV.

A comparison of various patch antennas using the proposed
DTC feeding structure and other means of expanding the
bandwidth is presented in Table V. It can be observed that the
DTC feeding structure does not affect the patch dimensions L p

and Wp , which are comparable to those wideband air patch,
but the height of the patch antenna is less. Because of the
creation of the magnetic dipole, the DTC fed patch antenna
achieves the lowest profile among all the designs. For the
L-probe feeding structure, a large X-pol level in the H-plane
may be attributed by the vertical component of the current
on the probe [16]. The proposed magnetic dipole exhibits
less vertical electric current component. Therefore, the cross
polarization of the patch antenna is weaker than that of most
of the wideband designs [9], [17], [20]. As a side notes,
the radiation gain and 3 dB beamwidth are also comparable
to those of the other wideband antenna configurations.

IV. PARAMETRIC STUDY

In this section, the variation of the antenna characteristics
with dimensional parameters, including the pitch of the coil S,
the length of the patch L p , the height of the patch Hp,
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Fig. 12. Input impedance versus pitch S with other dimensions listed
in Table II.

TABLE VI

DIMENSIONS OF THE ANTENNAS FOR CURVES IN FIG. 12(B) AND (C)

the inner radius of the coil b, and the number of the turns
of the coil N , is investigated using HFSS EM simulation.
The variation of the radiation characteristics of the antenna,
including X-pol level and F/B ratio with the height of the coil
Hh is also discussed.

The variation of the input impedance, Re(Z11) and Im(Z11),
with the pitch S is illustrated in Fig. 12. Other dimensions are
the same as those provided in Table I. It can be observed that
when S is increased, the input impedance turns to be more
inductive. The variation of SWR by changing the height of
the patch antenna Hp is shown in Fig. 13(a): the working
bandwidth is controlled by the height of the patch. Other
dimensions are the same as those provided in Table I. The
bandwidth defined by SWR < 2 changes from 0.9 to 0.56 GHz
when the height Hp changes from 6.2 to 8.2 mm. It is
intuitive that the spacing between the coil and the patch mainly
controls the mutual coupling between the coil and the patch
resonator. The smaller the spacing, the stronger the coupling
is. Fig. 13(b) shows the variation of the SWR with different
values of the inner radius b. The corresponding dimensions
are listed in Table VI, while other dimensions are the same as
those provided in Table I. It can be seen that when b equals
to 0.8 mm, the optimal working bandwidth can be achieved.
As shown in Table VI, when the inner radius of the coil is
small, to maintain the resonant length of approximately λo/2,
the pitch S needs to be large. When the radius of the coil is
large, it is noticed that the height of the patch should be large

Fig. 13. SWR versus physical parameters of the linearly polarized patch
antenna. (a) Height Hp . (b) Inner radius b of the coil. (c) Number of turns
N of the coil.

too, which means the increase in b will enlarge the coupling
between the coil and the patch. The variation of the SWR
with the number of turns N is shown in Fig. 13(c): when N
is small, the radius of the coil b and the pitch S become large
to maintain the maximum stretch length of about a half of λo.
According to the height and the impedance bandwidth of the
patch antenna, the optimal N is selected to be 3.5.

The H-plane radiation patterns simulated at 3.5 GHz with
different heights of the coil are superimposed in Fig. 14,
showing that when the height of the coil increases, the
X-pol level turns to be worse a little bit, especially in the large
elevating angle. However, increasing the height improves the
F/B ratio.
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Fig. 14. H-plane radiation pattern of the linearly polarized patch antenna
versus the height of the coil Hh with other dimensions listed in Table I.

V. CONCLUSION

In this paper, a new feeding structure for the patch antenna
is proposed by creating an equivalent magnetic dipole that is
tangential to and slightly above the ground plane. The feeding
structure is formed by the DTC with one end grounded and
the other end excited by a coaxial cable. The maximum stretch
length of the coil is about half a wavelength at the center
frequency. The tuning directions of the first half and the second
half are opposite. The magnetic dipole created by the DTC
can not only excite the TM01 mode of the patch antenna
but also create another resonance, leading to a wideband
impedance bandwidth. Since a magnetic dipole can be placed
tangentially to the ground plane closely, the proposed feeding
structure to a patch antenna can be low profile. For an air
patch antenna of height 0.07λo, a typical impedance bandwidth
of 24% for SWR < 2 can be achieved with an average gain
of 9.5 dBi. The feeding structure can be easily used to feed
a dual linearly polarized patch antenna and other types of
antenna elements, providing a new feeding mechanism for
wideband M-MIMO array antennas in 5G and future wireless
communication systems.
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