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XBWJIEBOJHUM PO3IOJILT KOJTUBAHB 3BSI3AHUX

JIEJIJEKTPUYHUX PE3SOHATOPIB B OJHOPI/IHUX PEHIUTKAX
"XBWJIEBOAHUX' KOJMBAaHL B

Bnepme npocmimkeHo sBumie ¢GopMyBaHHS
OJTHOPITHUX PEIIITKaX 1€JIEKTPUYHUX PE30OHATOPIB.
Structures consisting of a large number of resonators have interesting properties

that are absent in homogeneous materials. The purpose of this report is to consider a

new property of DR gratings that form waveguide structures at particular frequencies
of forced oscillations. Interestingly, such waveguide channels may be form in a

homogeneous lattice.
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Fig. 1. Square lattice of cylindrical DRs with incoming and outgoing transmission lines (a).
Dependence of the transfer coefficient between the input and
output lines on the wavelength of a lattice of 400 DRs with H,,, magnetic oscillations (b).

Waveguide distribution of coupled modes on A = 35,718 mm (c).

In this paper, we consider the conditions under which the DR coupled
oscillations of a similar type are formed.

The formation of a waveguide channel was first observed on a flat square lattice
of cylindrical DRs with magnetic azimuthally uniform oscillations H,,, (Fig. 1, a).

The dielectric permittivity of the DRs g, =81; 1/tg5=10°; A=L/2r,=0,44; the
coupling coefficient between the DR and transmission line k,_ =0,02. The coupling



coefficients between the resonators was calculated by the formulas [1]. In fig. 1

shows the amplitude-frequency response of the lattice Su coefficient of transmission
between input (1) and output port (2). The red line marks the wavelength at which the
formation of waveguide oscillations is detected. In fig. 1, ¢ shows the distribution of
the amplitude modulus of the DRs in the lattice at the wavelength of waveguide
resonant oscillations.
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Fig. 2. Square lattice of optical microresonators (a). S-matrix coefficient between the input and
output lines (b). Waveguide distribution of coupled modes on A =1,5 um (c).

The results of the calculation of the dependence of Sxona square lattice of ring
microresonators (Fig. 2, a), according to [1], are shown in Fig. 2, b. The red line also
marks the wavelength at which the formation of waveguide oscillations is detected.

Open space coupling coefficient of each microresonator k., =10"°; the coupling
coefficient between adjacent microresonators was kj’j+1:5-10‘5; The coupling
coefficient between the microresonators of the grating and the input (output)
transmission line k, =3-10™. Fig. 2, ¢ shows the distribution of the amplitude
modulus of the DRs in the lattice at center wavelengths.
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Fig. 3. Square lattice of spherical microresonators (a) with H__. (m=30)

magnetic oscillations (a). The transfer coefficient between the input and output lines (b).
Waveguide distribution of coupled microresonator modes on A =1,5 pum (c).



In Fig. 3 shows the results of calculation of scattering on a square lattice of
coupled spherical microresonators with magnetic oscillations H__.. The coupling

coefficients between the microresonators was calculated by using the results [1].
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Fig. 4. 3-dimensional square lattice of DRs (a). S-matrix coefficient between the input and
output lines of a lattice of 7x7x7 DRs with H,,, magnetic oscillations (b).

Waveguide distribution modes in 4 layer on A =36,873mm (c).

A similar phenomenon is observed in 3-dimensional lattices. In Fig. 4, a shows a
square lattice of cylindrical DRs with magnetic oscillations H,,,. The distribution of

the S matrix by wavelengths is shown in Fig. 4, b. The waveguide distribution of
amplitudes was observed in each layer on the wavelength indicated by the dashed line
(Fig. 4, b). Thus, we can conclude that in this case a planar waveguide is formed in
the diagonal plane of the lattice. Figure 4, ¢ shows example of distribution of the
amplitude modulus in the 4 layer of the DRs lattice.

As can be seen from the data obtained, we have discovered a new phenomenon
of waveguide distributions of the DR coupled modes in homogeneous two and three-
dimensional square lattices. This phenomenon is quite universal in nature, since it
was observed on gratings consisting of different types of resonators with different
types of oscillations. In this case, the observed distribution of amplitudes is
associated with forced oscillations and, in contrast to the natural oscillations of the
lattice (Bloch states), is observed only at certain wavelengths. At other wavelengths,
the distribution of the field is more complex.

In the future, the examined properties of the DR lattices can be used in the
design of different elements of optical communication systems.
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