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Surface Wave Diffraction by a Finite Metal

Grating and Numerical Model for Design

of Leaky-Wave Antennas
V. I. Kalinichev and Y. V. Kuranov

Abstract—The electrodynamics problem of surface wave

diffraction by a finite grating made of thin metal rods and

placed on the dielectric plate is studied. Green’s function of a

dielectric slab situated on a metal substrate is used for mathe-

matics. The system of algebraic linear eqnations in unknown

complex amplitudes of currents in tbe rods is obtained in a

particular case of normal incidence of the traveling wave upon
the grating. Tbe effective algorithm for numerical investigation
of all diffraction characteristics of the structure is also elabo-
rated. An example of the diffraction model application for
design of a leaky-wave antenna in millimeter waveband is pre-
sented.

1. INTRODUCTION

I T is well known that periodical structures based on surface

wave transmission lines can be successfully employed in

microwave integrated circuits to fabricate leaky-wave anten-

nas, filters and other devices [1]. In this letter, we have

considered the finite periodical metal-dielectric structure
working in a leaky-wave regime. Considerable attention has

already been paid to a phenomenon of radiation in open

waveguide structures with periodical inhomogeneities [2]. In

theoretical works the method of investigation consists in

computing of the leaky mode complex propagation constant

in an infinite open periodical waveguide (see [3]–[6]). The real

and imaginary parts of the calculated propagation constant
enable to estimate direction of the main beam and half power

beam width. In this case the problem of efficiency of radiator

excitation by the surface wave and the problem of end effects

remains unsettIed. So we have considered the problem of

modeling of dielectric plate surface wave diffraction by the

finite grating made of thin metal rods and elaborated the

algorithm for its numerical solution. The suggested diffrac-

tion method has been applied for the investigation and design

of leaky-wave antennas in millimeter waveband.

11. THE MODEL AND METHOD OF ANALYSIS

The model shown in Fig. 1 is used to solve the diffraction

problem. The dielectric plate with thickness 2a and relative

permittivity of ~ is situated on the metal substrate. A grating

consisting of N thin metal rods with period 1 is placed on the

surface of the dielectric plate. For analysis simplification the
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Fig. 1. Normal incidence of surface H-wave upon a finite grating of thin
metal rods.

shape of the grating elements has been chosen to be a circular

cylinder with small radius r. ( rO < X where h is a free-space

wavelength), but it is not a strong limitation. We assume the

transmitted power completely absorbs in a load and in the

beginning the thermal losses in the structure are neglected.

Let a plane H-wave with nonzero and y-independent

components HX, HZ and EY incidents perpendicularly upon

the grating from the left side z <0. The unperturbed propa-

gation constant is ~ = kU where k is the free-space

wavenumber (k = 2 rr / X) and U is the phase retardation

factor. Using the Green’s function for the dielectric plate

situated on the metal substrate and satisfying the boundary

condition for the EY component of the field on the cylinders’
surfaces we obtain the N Kirchhoff equations:

ImZo + EN’InZ[m_nl +Eoe-’~l(m-l) = (),
~=1
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where In is an unknown complex amplitude of the current in

the nth rod, ZO is a rod’s own impedance, Z I~ _. I is a

reciprocal impedance of the nth and mth elements. In the

free term the value of l?. depends on the amplitude of the

incident surface wave. The prime indicates that n = m are to

be omitted when summing. The solution of (1) enables to

determine the main diffraction characteristics of the structure:

a reflection coefficient R, transmission coefficient T, radia-

tion pattern ~(p) (p is an angle between the z axis and

radiation direction) and radiation power P,a~. As the thermal

losses are neglected, the following equality clearly takes

place:

1–IR12– IT12= /h(wP. (2)
o

The equality (2) can be used for the verification of final

results.

The main difficulty in finding of the solution of (1) is a

crdculation of the matrix coefficients Z, ~ _ ~,. For this pur-

pose it is necessary to accomplish numerical integration of

the highly complicated functions having a pole type singulari-

ties in the integration contour. The residue at the pole

describes the interaction between the grating elements through

the surface wave field. The numerical integration also enables

to take into account interaction between elements through

total waves spectrum. Besides when the index I m – n I is

large enough the appearance of fast oscillations in the inte-

grand must be taken into consideration. However, we have

succeeded in overcoming the difficulties and computing the

Coefficients Z Im– n I quite effectively even in the case of the
large number N (in practice N can reach, several tens).

III. RESULTS

An example of application of numerical model to a design

of the radiator is shown in Fig. 2 in the case when a number

of rods N in the structure must be determined. The other

parameters are the following: an operating frequency f = 60

GHz (A= 5 mm), e = 9.8, 2a = 1 mm, r. = 0.02h, 1=

0.3657A. The value of -y = 2.461 k and the value of a phase

shift between neighboring rods y 1 = 1.8x correspond to the

parameters. The example obviously demonstrates rereflection

phenomenon caused by a finite length of the grating. As N

increases the reflection coefficient nonmonotonically reaches

some value that is determined by the surface wave reflec-

tion by the semi-infinite grating while the transmission coef-

ficient reaches zero. But even for the large N the reflection

by the right end of the grating has still an influence on the

diffraction characteristics. The current amplitude distribution

along the grating and radiation pattern having an oscillatory

behavior are shown in Figs. 3 and 4 for N = 60. The

physical explanation of such behavior is the following. The

excited leaky wave of the periodical metal-dielectric structure

that travels along the positive z-direction partly reflects from

the right end and travels in the opposite direction. On the

whole 96.7 % of incident power is radiated, 1.3% is reflected

and 2.0 % is nonradiated and absorbs in the load. The differ-

ence between the right and left sides of the equality (2) is

about 10-G, which confirms the correctness of the obtained

results.
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Diffraction characteristics of the grating depending on the total
number of rods: 1— reflection coefficient I R 1, 2 —transmission coefficient
IT\ , 3–radiation power P,ad.
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Fig. 4. Fragment of a radiation pattern in the neighborhood of the main
beam for a vahre of N = 60. Broken line is a radiation patterm of the rdone
element (N = 1).

If a nonzero imaginary part of the permittivity Im e =

10-46 and finite metal conductivity (copper) are taken into

account the thermal losses in the different parts of the struc-

ture must be estimated. Under present conditions the losses

are approximately distributed in the following proportion:

1,9 % in the dielectric plate, 1.6% in the metal substrate and

0.3% in the rods.

IV. CONCLUSION

Thus the numerical model of the surface wave diffraction

by a finite grating formed by thin metal rods is elaborated.

The example of study of the leaky-wave antenna in millime-

ter waveband is presented. The results of the work confirm

that the investigation of diffraction phenomena can serve as a

basis for a choice of antenna parameters in a real design

situation. It should also be noted that the suggested approach

can be applied to a wider class of the structures including

antennas with nonperiodical gratings and Bragg diffraction

filters.
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