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Linearly Sweeping Leaky-Wave Antenna with High
Scanning Rate

Jianfeng Chen, Wei Yuan, Wen Xuan Tang, Member, IEEE, Lei Wang, Senior Member, IEEE,
Qiang Cheng, Member, IEEE, and Tie Jun Cui, Fellow, IEEE

Abstract—Leaky wave antenna is known as a type of travelling
antenna with dispersive frequency responses, which has found
important applications in modern communication, imaging and
radar systems. The beam scanning rate is a key consideration
in some applications, since it can minimize the bandwidth
requirement of the system, during the scanning in broad angular
regions. However, the sweeping linearity, namely the scanning
angular range per unit frequency, is seldom taken into account
at the same time in the published literature. In this article,
we propose a waveguide-type leaky-wave antenna working from
11.1 GHz to 12 GHz. By loading periodical pins with glide
symmetry in the waveguide, it is possible to manipulate the
dispersion properties of the fast wave mode, hereby giving rise to
a good balance between the scanning rate and sweeping linearity.
This scenario has been validated by numerical simulation and
experiment with excellent agreement. The measurement results
reveal that the scanning angles have been increased to range
from 16.7◦ ∼67.5◦ varying the frequency from 11.1 to 12.1 GHz.
The relative average scanning rate is enhanced up to 589.3◦, with
high sweeping linearity.

Index Terms—Glide symmetry, leaky-wave antenna, linearity,
scanning rate.

I. INTRODUCTION

LEAKY wave antennas (LWAs) are defined as travelling-
wave antennas with the outstanding frequency scanning

ability. The electromagnetic waves can be gradually leaked
out into free space as they propagate along the guided wave
structures, leading to narrow beams in forward or backward
directions. Due to the dispersive properties of the leaky mode,
the beam direction can be effectively varied with the frequency,
enabling the beam scanning within a finite bandwidth [1], [2].
Depending on the ratio between the propagation constant and
the free space wavenumber, LWAs can be divided into two
groups: fast-wave mode LWAs and slow-wave mode LWAs.
To realize a fast-wave mode LWA, we can cut a continuous
slot or sub-wavelength slots directly along the waveguide,
allowing the wave radiated directly in free space. However, the
slow-wave mode LWA are usually constructed by periodically
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modulated transmission line that can only radiate the energy
with space harmonics [3].

Owing to the advantages of low cost, simple geometry and
broad bandwidth, LWAs play an important role in some special
scenarios. The frequency-dependent beam-scanning charac-
teristic of LWAs permits the conversion from the temporal
frequency spectrum into the spatial frequency spectrum [4],
e.g. time-space Fourier transform. Such unique property has
been exploited to develop real-time spectrum analyzer [5],
radar sensors [6]–[8] and holographic images [9]–[11].

So far lots of efforts have been devoted to improving
the beam scanning range of LWAs. Traditional uniform or
quasi-uniform LWAs can only radiate in the front quadrant
[3]. In contrast, periodically modulated LWAs are capable of
both forward and backward scanning [12], but usually fail
to achieve broadside radiation because of the open stopband
(OSB) phenomenon [13]. Such limitation can be addressed
by employing asymmetrical elements [14]–[16], which are
capable of reducing the width of the OSB and improving
impedance matching. A continuous backfire-to-endfire scan-
ning ability without OBS can also be realized with the com-
posite right-/left-handed (CRLH) transmission lines, owing to
the continuous dispersion curve and non-zero group velocity
in the broadside [17].

The scanning rate of LWAs is an important measure to
assess the property of time-space transformation [4]. For
an LWA with a low scanning rate, a signal with a wide
bandwidth can be radiated into a limited angular range. In
addition, in the case of zero scanning rate, LWAs can possess
a fixed beam [18], [19], which is important for point-to-point
communication and large capacity communication with wide
bandwidth. On the contrary, LWAs with high scanning rate can
realize wide angle scanning in narrowband. This is especially
beneficial for band limited RF transceivers and A/D converters.
Intensive interests have been attracted to increase the scanning
rate of the LWAs [20]–[23].

Another indicator to describe the quality of time-space
transformation is the sweeping linearity of the antennas. Ide-
ally, the radiation beam can sweep across the desired angle
range uniformly, under the condition of linear the scanning
rate. However, the nonlinearity is inevitable due to the dis-
persive nature of traditional LWAs (quasi-hyperbolic scanning
law [24]), hereby making it hard to accomplish this goal as ex-
pected. Aiming to address this challenge, the down converters
and signal processors of the radar and communication systems
need to be designed deliberately to make corrections for radar
applications [5].
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In general, it is quite difficult to find a balance between
the scanning rate and the sweeping linearity. Since any tiny
fluctuation of the dispersion curve for the propagation constant
in an LWA will be enlarged in the spatial spectrum, if the
scanning rate is very high. To the best of authors’ knowledge,
there has been no LWAs with linear scanning rate discussed
in the previous literature.

In this paper, we propose a fast-wave mode LWA to achieve
high scanning rate and good sweeping linearity simultane-
ously. The antenna is periodically loaded by metallic pins with
glide symmetry, which has been introduced in [25]–[31], and
employed in several microwave devices including transmission
lines [32], [33], phase shifters [34], [35], filters [36] and
antennas [18], [19], [21], [37]. Since the antenna dispersion
can be effectively manipulated by the artificial elements, it is
easy to control the propagation constant of the leaky modes,
and therefore adjust the leaky rate of the LWA. Moreover,
thanks to the excellent linearity of the dispersion curve for
periodic pin structures with glide symmetry, the sweeping
linearity can also be significantly improved. The optimized
LWA owns a constant relative average scanning rate (RASA,
defined by dividing scanning range and average bandwidth)
of 589.3 degrees (50.8 degrees, from 11.1 to 12.1 GHz),
while keeping good performance on the radiation gain and
the sidelobe level in the whole operating band.

The contents of this paper are organized as follows. In
Section II, the configuration of our proposed LWA and the
principle of high and linear scanning rate are introduced. The
operation mechanism of the LWA and the detailed feeding
structure are presented in Section III. The simulation and
experimental results are provided in Section IV, along with
relevant discussions. Finally, the conclusion is given in Section
V.

II. CONFIGURATION AND PRINCIPLE

A. Configuration

Fig. 1 presents the schematic of the proposed leaky-wave
antenna. It is actually a metallic waveguide structure, includ-
ing two feeding parts and one radiation part. The metallic
corrugations on top and bottom surfaces are employed as a
high impedance surface to suppress the conducting current,
which can decrease the backward radiation of LWA [38]. The
double-row leaky pins on the radiating aperture of the LWA,
provide an avenue for tailoring the leakage rate by changing
the pin dimensions. As illustrated in Fig. 1(b), the inside of
the waveguide is also filled with metallic pins with different
dimensions and periods, in order to support the TE30 mode as
the required leaky mode of the proposed LWA.

The cross-section view of the radiation part is sketched in
Fig. 2, including the transverse (xoz plane) and longitudinal
(yoz plane) cross sections. It can be divided into two sections:
the waveguide section and the leakage section. In the former
section, three pairs of pins are included in the transverse
direction of the waveguide and distributed on the upper and
lower surfaces respectively. From Fig. 2(b), it is clear that the
upper green pins are of glide symmetry with the lower blue
pins in the longitudinal direction, as can efficiently manipulate

(a)

(b)

Fig. 1. (a) Illustration of the proposed LWA with high scanning rate and
linearity. (b) Perspective view of the LWA.

(a) (b)

Fig. 2. Cross-section views of the radiation part at the (a) transverse section
and (b) longitudinal sections of waveguide and leakage components.

the dispersion property of the propagation mode. In the latter
section, there are two rows of metallic pins and corrugations.
Note that the pins at the radiation aperture are no longer placed
with glide symmetry, since they are only used to tailor the
leakage rate of the output beam as depicted in Fig. 2(b).

Fig. 3 shows the cross-section view of the left feeding part in
Fig. 1(a). As the right feeding part has identical geometry with
the left one, it will not be discussed separately for simplicity.
The feeding structure is composed of a mode generator and
a taper, as demonstrated in Fig. 3(a). The mode generator
is constituted by a coaxial-waveguide converter and periodic
pins with normal symmetry in the longitudinal section. The
taper part in Fig. 3(a) is used to transform the periodic pins
from normal symmetry to glide symmetry for the purpose of
impedance matching, where the longitudinal shift between the
upper and lower pins is gradually increased from 0 to a half
period pf/2. The dimensions of the proposed LWA are listed
in Table I.

TABLE I
DIMENSIONS OF THE PROPOSED LWA

Parameters w h a b c al bl
Value (mm) 28.5 13 7 1 4.5 5 5
Parameters cl1 cl2 af bf cf ar br1
Value (mm) 5 2.5∼4.3 5 3 3.9 7 7
Parameters br2 cr1 cr2 ac cc d1 d2
Value (mm) 9 5.2 3 2 10 1.5 1.5
Parameters d3 d4 p pc pf1 pf2
Value (mm) 2.5 1.5 13 6.5 9 10.5
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(a)

(b)

Fig. 3. Cross-section views of the feeding part. (a) xoy plane. (d) yoz plane.

B. Definition of Scanning Rate

The beam direction of leaky-wave antennas can be ex-
pressed as:

θ = arcsin(
β

k0
). (1)

where β is the propagation constant of the leaky mode, and
k0 is the wave number in free space. Due to the frequency
dependence of β and k0, the beam direction θ is also a function
of the operation frequency. To describe the scanning rate of
the radiation beam in space, we can use the partial derivation
of θ with respect to frequency [22]:

S(f0) =
∂θ(f0)

∂f
=

1

k0 cos θ(f0)
[
∂β

∂f
− 2π

c
sin θ(f0)]. (2)

From Eq. (2), the scanning speed is closely related to the
changing rate of the propagation constant ∂β/∂f , as well as
the radiation angle at the operation frequency. Obviously, once
the radiation angle is determined, a rapid frequency change of
β corresponds to a high scanning speed in free space.

In view of the restricted bandwidth of the LWAs, we can
further extend the concept of scanning rate defined in Eq. (2) to
an average case, which can be expressed as the ratio between
the scanning angle range and the antenna bandwidth, as:

Saverage =
∆θ

∆f
=
θ2 − θ1
f2 − f1

. (3)

Here, θ1 and θ2 are the starting and ending angles of
the scanning range. f1 and f2 correspond to the working
frequencies of θ1 and θ2. However, it is important to notice that
the average scanning rate in Eq. (3) only takes the absolute
bandwidth into account. But for normal electronic systems,
the relative bandwidth is more important to evaluate their
spectrum efficiency. So, it is reasonable to replace the absolute
bandwidth ∆f in Eq. (3) by the relative bandwidth ∆f/fc,

SRASR =
∆θ

∆f/fc
. (4)

where SRASR stands for the relative average scanning rate
(RASR), and fc is the central operation frequency.

Fig. 4. Schematic of the dispersion curves with fixed radiation angles (green
and blue), the assumed link line (red) and the light line (yellow).

C. Principle of High Relative Average Scanning Rate (RASR)

From Eq. (4), it can be seen that we only need to care
about the starting and ending radiation angle, namely θ1 to
θ2, regardless of the beam orientation during the intermediate
scanning process. Thus, in the dispersion diagram in Fig. 4,
we can easily find two sets of coordinates (f1, β1) and (f2,
β2), corresponding to the starting and ending scanning states
of the LWA. Two lines can be drawn from the origin to the
two points marked in green and blue, which can be expressed
by

f = m1β, starting state. (5)

f = m2β, ending state. (6)

where m1 = c/(2π sin θ1) and m2 = c/(2π sin θ2) respec-
tively.

As mentioned before, the intermediate scanning states can
be neglected in the calculation of RASR. Actually, there
are many solutions of the antenna dispersion curve passing
through the two points. But the simplest choice is the link
line between them, as indicated by the red line in Fig. 4, and
it can be written as

f = m3β + n. (7)

From this model, the denominator of Eq. (4) becomes:

∆f

fc
=

2m3(m1 −m2)

2m1m2 −m3(m1 +m2)
. (8)

The general expression of RASR can be rewritten as, as:

SRASR = ∆θ[
m1m2

m3(m1 −m2)
− m1 +m2

2(m1 −m2)
]. (9)

It can be seen that,the RASR is the monotonic descending
function of m3, when m1 and m2 keep constant. It is entirely
independent of the central operating frequency, which agrees
well with the definition of RASR in Eq. (4). A high RASR
can be obtained by reducing the slope m3.
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D. Definition of Scanning Linearity

Different from RASR, the scanning linearity is to de-
scribe the fluctuation of the scanning rate within the desired
bandwidth. A large linearity reflects a stable speed of beam
scanning, which is beneficial to reduce the complexity of post-
processing for an LWA based system. This fluctuation can be
measured by observing the second partial derivation of the
radiation angle θ:

L = | ∂
2θ

∂f2
|= |∂(Scanning Rate)

∂f
|. (10)

If an LWA has constant scanning rate, we have zero L, cor-
responding to a uniformly scanning radiation beam. Obviously,
a stable scanning rate is essential to maintain the sweeping
linearity.

In our design, the initial frequency n in Eq. (7) is chosen
to be 7.5×109 Hz. The dispersion curves for different m are
demonstrated in Fig. 5(a). The corresponding beam directions
and scanning rates are given in Fig. 5(b) based on Eqs. 1-2.
A large slope m is unfavorable for increasing the scanning
rate but helps to achieve better scanning linearity L in the
observation band. So, a proper m is also very important to seek
the balance between the scanning rate and scanning linearity.

E. Realization of quasi-linear dispersion relations

In [39], a linear dispersion curve is realized around Γ-point
of the Brillouin zone, since the existence of the Dirac cone
allows to design a linear LWA with broadside beam in a narrow
bandwidth Recent studies suggest that the periodic pins loaded
in the waveguide offer an effective mean of dispersion control,
which have been widely used to design lens antennas [18],
[37]. On this basis, we attempt to introduce periodic loadings
into the leaky wave antenna to construct the linear dispersion
relation in Eq. 7 and improve the RASR of the antenna.

First, we investigate the dispersion property of the unit cell
with normal symmetry, with the simulation setup given in Fig.
6. The full wave package (CST Microwave studio 2016) is
employed for numerical simulations. Note that, the periodic
boundaries are applied in y-direction, while the PEC bound-
aries are applied in x and z directions. The metallic pins inside
the cell are of the mirror symmetry. The dispersion curves of
the proposed unit cell are calculated by the Eigenmode Solver
of CST in Fig. 7.

Due to the periodicity of Brillouin zones, only the dispersion
curves in the first Brillouin zone (βp = 0 ∼ π/2) are provided
in this paper. In Fig. 7(a), we can find that the cut-off frequency
and the slope of β tend to decrease as the pin height c
goes up, which is helpful to improve RASR. The pin width
b only affects the working bandwidth as illustrated in Fig.
7(b). Adjusting the width w and period p of the unit cell also
lead to the reduction of the slope of β in Fig. 7(c)-(d) and
result in an approximately linear dispersion curve as expected.
Specifically, a small w can help to reduce the slope effectively
and raise the central frequency at the same time. A large period
p also gives rise to small slope but contribute less to the shift
of the center frequency, as shown in Fig. 7(d). However, it
is important to emphasize that, with the increase of the unit

(a)

(b)

Fig. 5. (a) Dispersion curves with different m. (b) Beam directions and
scanning rates with different m.

Fig. 6. Simulation configuration of the unit cell, with periodic boundary in
the y-direction (two faces with yellow frame) and PEC boundary in the other
directions (faces with green frame).

period p, the dispersion curve may not intersect with the light
line, implying that the maximum radiation angle is less than
90◦. The scanning range will be narrowed at the same time.
Therefore, a suitable unit period p should be chosen to find
satisfactory RASR and scanning range simultaneously.
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(a) (b)

(c) (d)

Fig. 7. Dispersion curves of the unit cell as a function of different geometric
parameters.

Targeting for further increasing the linearity of the disper-
sion curve, a possible recipe is to align the upper and lower
pins with glide symmetry [37], [40]. As shown in Fig. 8, the
two pins are shifted by a half period along y direction. In this
case, the first bandgap is closed, and the dispersion curve is
more linear especially near the edge of the bandgap, which is
favored by the desired LWA.

To confirm this phenomenon, the dispersion curves and the
corresponding slopes for unit cells with normal symmetry and
glide symmetry (w = 9.5 mm, h = 13 mm, a = 7 mm,
b = 1 mm, c = 4.5 mm and p = 13 mm) are presented
in Fig. 9. The linearity of the two curves are good on the
whole (see Fig. 9(a)), but the slope fluctuation seems to be
smaller for the glide symmetric structure in the operation band
in Fig. 9(b). Whereas, the dispersion of the normal symmetric
cell possesses a larger slope, which is helpful for improving
the RASR. The beam directions and scanning rates of the
normal/glide symmetric cells are calculated using Eq. (1) and
(2), as shown in Fig. 10. The scanning rate of the glide
symmetric cell can be approximately regarded as a constant in
the entire band (11.1 ∼ 11.9 GHz), which indicates a linear
beam scanning from 20◦ to 60◦. The RASR of the proposed
unit cell can reach up to 575◦.

Since the high RASR and high linearity are a pair of
contradictions in the realization from the discussions herein
above, we need to find a trade-off between high RASR and
linearity when optimizing the parameters of the unit cell.

III. DESIGN AND ANALYSIS OF THE PROPOSED LWA

A. Operation Principle of LWA

A key problem of the LWA design is how to control the
dispersion characteristics and the leakage of the periodically
loaded waveguide simultaneously without effecting the propa-
gation constant, since the distortion of the propagation constant
will result in performance degradation for the LWA. For a
general groove waveguide LWA, periodic leaky pins can be

Fig. 8. Simulation configuration of the unit cell with glide symmetry.

(a) (b)

Fig. 9. (a) Dispersion curves and (b) their slopes of the unit cell with normal
and glide symmetries.

employed at the aperture to radiation the energy and control
the leaky rate [38]. Here, we place the periodic leaky pins
before several glide symmetric pins to tune the dispersion
characteristic as shown in Fig. 11(a), the structural dispersion
curve is shown in blue in Fig. 11(d), and the black ideal line
corresponds to the glide symmetric unit without leaky pins
as depicted in Fig. 8. Note that, the bandwidth is slightly
narrowed at the presence of the leaky pins compared to Fig.
9(a). This can be attributed to the increased effective width of
the waveguide, since the limited binding ability of the leaky
pins compared with PEC wall. In addition, the leaky pins also
lead to slight degradation of the curve linearity in Fig. 8(a),
due to the fact that the glide symmetry of the unit cell is
broken at this time, resulting in the generation of bandgap in
βp = π/2 point.

To circumvent this problem, a modified unit cell that can
supports high-order TE mode is proposed to reduce the impact
of the leaky pins, as shown in Figs. 11(b)-(c). From the clas-
sical electromagnetic theory [41], for a rectangular waveguide

Fig. 10. Beam direction and scanning rate of the unit cell with normal and
glide symmetries.
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Fig. 11. Candidates of the radiation part. (a)-(c) Unit cells working in the
TE10, TE20, TE30 mode. (d) Dispersion curves of different unit cells.

with the transverse width nw, the propagation constant of
TEn0 mode is identical to that of TE10 mode in the waveguide
with the width of w. It means that we can achieve similar
dispersion characteristics if wider waveguide with more glide
symmetric elements is employed. Here we consider three
waveguides of unequal width, where the operation modes are
TE10, TE20 and TE30 modes respectively (see Figs. 11(a-
c)), and the dispersion curves are plotted in Fig. 11(d) for
comparison. With the increase of n, the dispersion curve tends
to approach the ideal line. In this paper, the waveguide with
the width of 3w shown in Fig. 3 is used to realize the desired
LWA.

Another major concern is the control of leaky rate for the
proposed LWA. Also, the propagation constant should not be
greatly influenced when tuning the leaky rate. As revealed in
[38], [41], the leaky rate is closely related to the dimensions
of the leaky pins. By adjusting the pin geometry, the leaky
rate of LWA can be controlled freely, which is helpful for
reducing sidelobe level and increasing the realized gain [42],
[43]. However, the dispersion property is altered at the same
time, when different pin heights cl1 are considered. Although
the differences among the dispersion curves are not significant
in Fig. 12(c), it is still not favored for an LWA with high
scan rate. To alleviate the effect of the pin height on the
dispersion property, double leaky pins are employed at the
aperture, which also provides new degree of freedom to control
the leaky rate, as shown in Fig. 12(b). Here the height cl1 of
the inner pins (see Fig. 2(a)) is kept invariant. The dispersion
curves for different heights cl2 of the outer leaky pins are
illustrated in Fig. 12(d). It seems that the double leaky pin
structure is a good choice to maintain the stability of structural
dispersion.

B. Design of Feeding Part

As discussed above, we use a waveguide that supports TE30

mode as the guiding wave part of the LWA. But how to
generate this mode with high purity remains to be a challenge.
In the past few years, considerable efforts have been devoted
to designing the dominant to high-order mode converters. For
example, when periodic pins are loaded within the waveguide
as illustrated in Fig. 13(a), a certain high-order mode can
be generated in desired frequency range, which also forms
a bandgap for the rest of modes [43]. Three pairs of pins are

Fig. 12. (a)-(b) Evolution of the proposed unit cell from single leaky pins
to double leaky pins. (c) Dispersion curves of the unit cell with different pin
height cl1 of single leaky pins and (d) with different cl2 of double leaky pins
and fixed cl1 = 5 mm.

(a) (b)

Fig. 13. (a) Unit cell and (b) dispersion curves of proposed TE30 mode
waveguide.

placed in the transverse direction of the waveguide, with the
simulated mode distributions plotted in Fig. 13(b). Note that
the upper and lower pins are of mirror symmetry. It can be
seen that there exist two waveguide modes from 11∼12 GHz
(TE20 and TE30, gray region). As discussed in [44], the TE20

mode can be suppressed with the central feeding, according to
the difference of modal field distributions. Only TE30 mode
can survive in this waveguide.

The difference between the designs in [44] and this paper
is the stimulation of the desired waveguide. The former uses
a hollow waveguide to excite the TE30 mode. But this is not
suitable for our design, since the cut-off frequency (15.8 GHz)
of the TE30 mode is beyond the operating frequency of our
designed LWA. The dimensions of the TE30 mode waveguide
are listed in Table I. On the contrary, the TE30 wave can
be excited by a coaxial feeding in the periodically loaded
waveguide, due to the increased effective index of the periodic
loadings from Fig. 14. Fig. 14 also present the snapshots of
electric fields along the waveguide at 11 GHz, 11.5 GHz and
12 GHz. Obviously, TE30 mode can be excited efficiently
in the whole band. The S-parameters of the proposed TE30

waveguide is shown in Fig. 15, where S21 is above -1 dB
from 11∼11.8 GHz and -2 dB from 11.8∼12 GHz.
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Fig. 14. (a) Schematic of TE30 mode waveguide. (b)-(d) Snapshots of the
electric field distributions in xoy plane.

Fig. 15. S-parameters of the proposed TE30 mode waveguide.

IV. SIMULATION AND EXPERIMENTAL RESULTS

The configurations of our proposed LWA are illustrated in
Fig. 1 to Fig. 3 in detail. The radiation part (see Fig. 2) of LWA
is designed to support the TE30 mode with desired dispersion
with high scanning rate and beam linearity, and meanwhile
radiate the energy into space efficiently. The corrugations
are employed to prevent the production of surface currents
which may enhance the backward radiation. Additionally, the
feeding part of the proposed LWA (see Fig. 3) is designed to
excite TE30 mode with high purity. To match the impedances
between the feeding part and radiation part, a taper is pro-
posed by converting the pins from normal symmetry to glide
symmetry, as shown in Fig. 3.

A prototype of the fabricated LWA is presented in Fig.
16. The simulated and measured results are also compared
in this paper. Fig. 17 shows the S-parameters of the LWA.
Both |S11| and |S21| are below -10 dB from 11.1 to 12 GHz,
implying efficient microwave radiation within this band. A
slight red shift of the measured results emerges, mainly due
to the fabrication error. The normalized radiation patterns in
H-plane are shown in Fig. 18. The sidelobe levels of the LWA
are beyond 13 dB from 11.1 to 11.9 GHz. In addition, the
radiation angle increases linearly as the frequency grows from
Fig. 18. The realized gains ranges from 15.2 to 18 dBi in
Fig. 19. The beam direction as a function of the frequency
is also given in Fig. 19, showing good scanning linearity as
expected. Here the ideal curve (solid red line) is a straight line
describing an ideal linear beam scanning, with the average

(a)

(b)

Fig. 16. Fabricated prototype of the proposed LWA. (a) Internal structure.
(b) Overall structure.

Fig. 17. Simulated and measured scattering parameters for the proposed LWA.

scanning rate 50.8◦/GHz, which nearly coincides with the
simulated and measured results. The measured linear scanning
range is 16.7◦ ∼ 67.5◦ (from 11.1 to 12.1 GHz), and the
corresponding RASR is 589.3◦. The linearity can be evaluated
by calculating the sample standard deviation σ between the
simulated/measured angles and ideal radiation angles. Here,
the simulated and measured σ values are 0.62◦ and 1.72◦,
which indicate an excellent linearity for the radiation beams.

To prove the advantages of our work, we list the results
from other reported LWAs in Table. II for comparison. The
RASR of those designs are calculated manually from their
specifications. The RASR of our design is not the largest
compared to other LWAs, since we have to choose a trade-
off between high RASR and high linearity, as discussed in
Section. II-D. But on the whole, the design antenna exhibits
good overall performance. Actually, the RASR can be further
improved by simply reducing the symmetry of the unit cell
from glide symmetry to normal symmetry, as shown in Fig.10.
The linearity comparison is not given in Tab. II due to the lack
of data for most published papers.

V. CONCLUSION

We propose a fast-wave mode leaky-wave antenna with
high scanning rate and good sweeping linearity. Periodic pins
with normal and glide symmetry are employed in the leaky-
wave antenna to manipulate the dispersion of guided modes,
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(a)

(b)

Fig. 18. (a) Simulated and (b) measured normalized radiation patterns for
the proposed LWA.

Fig. 19. Simulated and measured beam angles and radiation gains for the
proposed LWA.

TABLE II
COMPARISON OF DIFFERENT HIGH RASR ANTENNAS

Reported
Works

Center
Frequency (GHz)

Scanning
Range (deg)

RASR
(deg)

Gain
(dBi)

[20] 13.7 35 1198.8 >9.2
[21] 9.6 152 660.9 >9
[22] 2.5 27 337.5 <8
[23] 11.1 123 1365.3 7.3∼9.6

This Work 11.5 40.8 589.3 15.2∼18

which is especially helpful to control the scanning rate as
desired. The LWA is a waveguide-type antenna operating in
the TE30 mode, and the pins at the radiation aperture are
carefully tuned to control the leakage rate. The proposed LWA
can scan linearly within 50.8◦ from 11.1∼12.1 GHz, with
good performance of radiation gain and the sidelobe level.
This is applicable for relaxing the bandwidth requirement of
RF transceivers and A/D converters in LWA based systems,
reducing the complexity of the whole system in the meanwhile.
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