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Abstract: The near field leaky-wave focusing antenna using the in-

homogeneous rectangular waveguide is proposed and a design method

is presented. The height of broad-wall of waveguide is inhomogeneous

to obtain focusing effect at a desired position. In the antenna design,

a relation between the phase constant of traveling wave and the height

of broad-wall of the waveguide is derived. Simulation results and mea-

sured results at Ka-band are presented to validate the proposed design

method.

Keywords: Focusing antennas, near-field antennas, leaky-wave anten-

nas, waveguide antennas

Classification: Antennas and propagation

References

[1] J. T. Loane III and S. Lee,“Gain optimization of a near-field focusing

array for hyperthermia applications,”IEEE Trans. Microw. Theory Tech.,

vol. 37, pp. 1629-1635, Oct. 1989.

[2] J. O. McSpaddan and J. C. Mankins,“ Space solar power programs and

microwave wireless power transmission technology,”IEEE Microw. Mag.,

vol. 3, no. 4, pp. 46-57, Dec. 2002.

[3] H.-T. Chou, T.-M. Hung, N.-N. Wang, H.-H. Chou, C. Tung and P. Nepa,

“Design of a near-field focused reflectarray antenna for 2.4 GHz RFID

reader applications,” IEEE Trans. Antennas Propag., vol. 59, no. 3, pp.

1013-1018, Mar. 2011.

[4] T. Okuyama, Y. Monnai and H. Shinoda,“ 20-GHz focusing antennas

based on corrugated waveguide scattering,” IEEE Antennas Wireless

Propag. Lett., vol. 12, pp. 1284-1286, Oct. 2013.

[5] Ya Fei, Yu Jian Cheng,“ Proactive conformal antenna array for near-

field beam focusing and steering based on curved substrate integrated

waveguide,” IEEE Trans. Antennas Propag., vol. 67, no. 4, pp. 2354-

2363, Apr. 2019.

[6] Ya Fei, Yu Jian Cheng,“ Two-dimensional near-field focusing folded re-

versely fed leaky-wave antenna array with high radiation efficiency,”IEEE
Trans. Antennas Propag., vol. 67, no. 7, pp. 4560-4569, July 2019.
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1 Introduction

The imaging technology that can detect dangerous items in clothes using

non-contact / non-invasive manner is needed at airports and seaports. One

of the main reasons is that the many dangerous items are miniaturized, easy

to be concealed in clothes. In order to detect or to obtain images of dan-

gerous objects in clothes, it is necessary to focus electromagnetic wave on a

specific position of the surface of a human body. Recently, the technologies

for microwave-focusing in the near field are drawing attention in various ap-

plications such as the imaging, the thermotherapy [1], WPT (wireless power

transfer) [2], RFID reader [3]. In most cases, the handy type imaging device

with compact structure is desired. In the case of the focal plane imaging, lens

antennas or reflector antennas are used to obtain high resolution of images.

However, these antennas are not suitable for compact devices because weight

and size of the lens and the reflector are usually a big problem, especially

in the application of handy type imaging device. In this paper, a waveguide

leaky-wave antenna (LWA) is designed to address this problem.

LWA is one of traveling wave antennas having characteristics that the

radiation direction is changed as the frequency changes which are useful to

change the focusing position without using a dielectric lens or a metal re-

flector. In the previous studies, the focusing LWAs have been proposed in

[4]-[7]. In [4], the structure of the radiating grating elements is designed to

obtain focusing effect. In [5], the desired phase difference for the focusing

is obtained by changing the distance between the focal point and the slot

elements located on the curved substrate integrated waveguide. In [6], the

location of radiating slot elements are designed to obtain the desired phase

distribution. This LWA is effective for handy type devices from the view

point of it’s low weight. The rectilinear LWA in [7] adjusts the slit width and

the position of slit on the dielectric to obtain the desired phase distribution,

however, the experimental study was not provided.

In this paper, the phase constant distribution of leaky waves is controlled

by changing the height of broad-wall of a rectangular waveguide inhomoge-

neously, and with homogeneous structure of the radiating slot elements. The

structure is simple and easy to fabricated. The design concept and princi-

ple of focusing effect using a waveguide LWA are shown in section II. Our

research was first reported in [8] which showed the focusing effect by simula-
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Fig. 1. Principle of focusing effect. As phase constant

β(z) gradually changes, leaked radiations are fo-

cused in near field.

tions. In section III, the design method to obtain focusing effect at desired

point in the near field is presented. In section IV, experimental results of

our proposed antenna are shown and the conclusion of this paper is shown

in section V.

2 Concept

A waveguide LWA is a kind of a traveling wave antenna. Eq. (1) shows the

relationship between phase constant β of the traveling wave in the waveguide

and a radiation direction θs is

θs [rad.] = cos−1 β

k0
(1)

where k0 is the wave number in vacuum. The radiation direction depends

on the phase constant. Also, the phase constant depends on the frequency.

Generally the phase constant and a wave number are constant for a fixed

frequency, the radiation direction is constant and leaked waves become a

plane wave. In order to perform imaging using a waveguide LWA, leakage

radiations are required to be focused in the near field at a fixed frequency.

One method to focus leaked waves in the near field is to change the phase

constant of the traveling wave along the waveguide with changing the height

of broad-wall of waveguide, gradually. Detail of the structure are discussed

in the next section. Fig. 1 shows a principle of focusing effect. A traveling

wave is excited from the end point of the waveguide LWA. In order to focus

at a desired point S in the near field, the distribution of phase constant β(z)

of the traveling wave should be the desired distribution.

3 Design method

In this section, the design method to obtain the focusing effect at a desired

point in the near field is discussed. As shown in Fig. 1, the desired focus

point and the desired phase constant distribution are indicated as S(zs, xs)
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Fig. 2. Simulation model and design procedure of focus-

ing LWA.

and β(z). Providing a distance OS from origin O (z=0) to focal point S and

a distance AS from a certain point A (z=zA) on the surface of LWA (-0.5

L ≤ z ≤ 0.5 L), the distance AP is given by

AP = AS−OS =
√
(zs − zA)2 + xs2 −

√
zs2 + xs2. (2)

The phase difference corresponding to distance AP is defined as

∆Phase(zA) = k0AP. (3)

Furthermore, the phase difference and the phase constant β(z) can be ex-

pressed in an integral form as

∆Phase(zA) =

∫ zA

0
β(z)dz. (4)

Therefore, the phase constant distribution in the range of (-0.5 L ≤ z ≤ 0.5

L) is expressed by the following equation as

β(z) =
d

dz
∆Phase(z). (5)

Fig. 2(a) and Fig. 2(b) shows the simulation model of the waveguide

LWA, and each parameters of the proposed antenna are a=8.5 mm, b=4

mm, g=1 mm, l=4 mm, s= 1 mm, p=3 mm and L=200 mm. h(z) is de-

sign parameter. The design frequency is set as 27 GHz. The antenna has

slot arraying on the narrow-wall surface of a rectangular waveguide. The
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structure of LWA part is based on the waveguide slot array proposed in [9].

A monopole located at Port 1 excites TE10 mode with cutoff frequency of

fc=c/2a=17.7 GHz, then the design frequency is in the propagation mode.

In order to obtain the relation between the radiation direction and the height

of the broad-wall h, the radiation patterns were evaluated using FDTD anal-

ysis. Fig. 2(c) shows the simulated radiation direction indicated as circle

marks, when height of the broad-wall h is changed. The radiation directions

decrease by increasing the height of broad-wall h. In Fig. 2(c), a fitted curve

using logarithmic function is obtained, and the relation between the height

of broad-wall h and the radiation direction is derived as

h [mm] = e2.616−0.645θs [rad.]. (6)

Substituting Eq. (1) into Eq. (6), the expression of the relation between the

phase constant β(z) and the height of broad-wall h can be derived as

h [mm] = e
2.616−0.645 cos−1 β

k0 . (7)

Using Eq. (7), it is possible to design the inhomogeneous height distribution

h(z) from the desired phase constant distribution obtained by Eq. (5). Fig.

2(d) shows the desired phase constant distribution, and the designed height

of broad-wall distribution h(z) by using Eq. (7) when the focusing point

is selected as S(150 mm, 195 mm) at 27 GHz. Furthermore, the simulated

phase constant distribution is the result of designed height of broad-wall dis-

tribution h(z). The desired phase constant distribution gradually decreases

as z increases. The designed height distribution of broad-wall also decreases

as z increases, gradually. Also, the simulation result of phase constant dis-

tribution roughly agrees with desired values. In this paper, the height h is

changed along the waveguide to obtain desired phase constant distribution,

however, the cutoff frequency also changes. In this design, the frequency 27

GHz is not in the cutoff frequency region in the designed height range of 5.5

mm to 8.5 mm.

4 Experiment

This section describes the measured results of designed focusing antenna. Fig.

3(a) shows the birds view of fabricated leaky-wave focusing antenna. LWA

composed of an aluminum plate with a large number of slots was provided

on the narrow-wall of the waveguide. Fig. 3(b) shows the inside view of

fabricated antenna. The height of the broad-wall was set to the distribution

h(z) in Fig. 2(d). The travelling wave was excited at Port 1. Port 2 was

terminated by 50 Ω.The near-field distribution was measured. An open ended

waveguide (receiving antenna) was moved in xz-plane. The measurement

area was 0mm ≤ z ≤ 300 mm, 10mm ≤ x ≤ 300 mm, with at 5 mm intervals.

Fig. 3(c) and Fig. 3(e) shows measurement result at 27 GHz and 29 GHz.

In Fig. 3(c), the focusing effect at roughly the design point (the dashed lines

intersection, S(150 mm, 195 mm) ) was observed. In Fig. 3(e), the focusing

effect was also observed, and the focused area moved about 30 mm in +z
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(a) Fabricated leaky-wave focusing antenna,
birds view.

(b) Fabricated leaky-wave focusing antenna,
side view.

(c) Mesured result at 27 GHz. (d) Line distribution x=195 mm at 27 GHz

(e) Measured result at 29 GHz. (f) Line distribution x=195 mm at 29 GHz

Fig. 3. Measure electric field |Ey| distribution at 27 GHz

and 29 GHz.

direction. Fig. 3(d) and Fig. 3(f) shows the |Ey| transverse line distribution

(x=195 mm). In Fig. 3(d), the maximum value was obtained at the desired

position (zs=150 mm), and it was found that there is a focal region. Both

of In Fig. 3(d) and in Fig. 3(f), good agreement were observed in the depth

and the width of focus and the sidelobe levels with the simulation results.

5 Conclusion

The near field leaky-wave focusing antenna using the inhomogeneous rectan-

gular waveguide and its design method was proposed. Inhomogeneous distri-

butions of the phase constant of traveling wave and the height of broad-wall

of waveguide were provided to obtain focusing effect at a desired position.

The fabrication of the leaky-wave focusing antenna was performed at 27 GHz.

The focal region of simulation and measurement were roughly agreed with

the desired position and the focal area moved with changing frequency.
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