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INFINITE LINEAR WAVEGUIDE ANTENNA ARRAY WITH METAL-
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An electrodynamics calculation is performed for an infinite waveguide antenna array in the form of
open ends of waveguides, in the near zone of which a metal-dielectric structure is located. This metal-
dielectric structure is located in the ""Floquet channels™ and is a combination of a dielectric coating over the
antenna array and horns. In this case, the horns are not a continuation of the waveguides, but are located at
some distance from them. The space between the waveguides and the horns is filled with a dielectric. A
system of equations that allows calculating the reflection coefficients of incident waves in waveguides is
obtained.
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1. Introduction

Metal dielectric structures can be used in a variety of microwave devices. Such metal-
dielectric structures are used in microstrip lines [1], for example, to change the value of the
propagation constant in a line or the bandwidth of a microstrip line. Metal-dielectric
structures can be placed near the radiating slot in the waveguide [2]. This metal-dielectric
structure simulates the behavior of a closed diode, which is located near the emitting slot.
Multilayer dielectric structures are placed in the laser aperture for mode selection [3]. Metal-
dielectric layers in a photonic nanostructure can act as a wide-aperture omnidirectional
insulator [4]. A hybrid metal-dielectric nano-aperture antenna can be used to enhance surface
fluorescence [5].

Modern telecommunication systems use microwaves in the millimeter and terahertz
range. Antenna arrays are used as radiators in many telecommunication systems [6-11]. As a
rule, antenna arrays are built on the basis of microstrip structures, open ends of waveguides,
and horns. Recently, special interest has been shown to horn antenna arrays.

In [12], for the field description in the regions of the horn, the fractional index Hankel
function expansion and the representation corresponding to the method of transverse numbers
were used. The problem of excitation of field harmonics in horns is solved. Further, a system
of linear differential equations was obtained for the amplitudes of field excitation in the
horns.

Therefore, it is of interest to study the processes of radiation from an antenna array with
a metal-dielectric structure and diffraction of a surface wave by a metal-dielectric structure.

2. Problem formulation

Considering the electromagnetic field domain (Fig. 1), one can see that the horns are not
an extension of the waveguides. The horns are located at some distance from the waveguides
in the radiation space of the antenna array (in the "Floguet channel").

Fig. 1 shows a unit cell of a linear infinite antenna array, which is located at the origin.

Let us conditionally divide the entire field domain in a single cell of an infinite antenna
array into two regions:

Region 1 (waveguide): —w =z =0, —w/2 =x = w/2.

Region 2 (spatial waveguide, "Floquet channel”): 0 < z < w0, —f /2 <x = f/2.

For area 2, the recording of the horn in a single cell is performed based on the extended
area method.
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Fig. 1. Unit cell of linear infinite array.

Based on Green’s second formula, the integral representation for the electric field
strength of region 2 has the form:
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The last two terms in the representation (1)
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describe the case when there is only a resonator region with a dielectric in the field
domain. The walls of this resonator region on one side are formed by waveguide flanges,
on the other side by metal planes with dimensions (f —hi)/2 along the x-axis. These

metal planes in a unit cell are located symmetrically about the z-axis. Such a resonator
region contains a dielectric with a dielectric constant €.
We represent the electric field strength in region 2 as:
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Here RD,,s is the complex reflection coefficient of Floquet harmonics (mf) in the region
filled with a dielectric with a dielectric constant €; TD,; and TH; are the complex

coefficients of transmission of the Floquet harmonics (mf) in the region filled with a
dielectric and in the region of the horn; fx,s is the complex transverse function of the

"Floquet channel" [13]; 74 and % are longitudinal waveguide functions for the region
that is filled with a dielectric and for the "Flogquet channel” in the horn region [13]; G

and G2 are Green’s functions of region 2, which take into account the presence of
several dielectric layers in the electromagnetic field domain [14].
It should be noted that in expression (2) the term
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corresponds to the field component E§d when the variable z is changed within
0 = z = diz. The third term in expression (2) TH,,z fx, s (x)e7*(2=4i=) corresponds to
the field component E§h when the variable z is changed within diz = z = .
The Green’s function of the second region has the form:
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The notation is introduced here:
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We will assume that the expression for the electric field strength in region 1 has the
form:

@
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Here E...(x,z) = WX,elv:= + ¥* _ R WX, elvmv? is the electric field intensity
of the incident wave H,, in the waveguide; R,,,. is a complex mode mw reflection
coefficient; WX,,,.(x) are transverse eigenfunctions of the waveguide for the wave
H, .00 ¥ 1S @ lOngitudinal propagation coefficient of the waveguide mode mw.

We use the boundary conditions for the tangential components of electric field
strength vectors and their derivatives along the normal at z = 0:

E}(x,0) = E;(x,0);
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We also use the boundary conditions for the electric field strength of region 2 at
z = diz;
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The use of the orthogonality condition for the transverse eigenfunctions makes it
possible to exclude the dependence on the coordinate x from the obtained equations. As
a result of some transformations, a system of linear algebraic equations for complex
amplitude coefficients RD,,, ¢, TD,, TH,y ¢, Roppy,e Is Obtained.

3. Conclusions

Electrodynamical calculation of an infinite waveguide antenna array, which contains
a metal-dielectric structure in the near zone of the antenna array, is carried out by the
method of the integral equation. The metal-dielectric structure is a combination of a
dielectric coating over the antenna array and horns. The horns are not connected to the
waveguides and are located at some distance from the antenna array.

A system of equations that allows calculating the reflection coefficients of incident
waves in waveguides is obtained.
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