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OJIHA 3 MOXJIMBOCTEU IIOBYJOBU CMYT'OBUX ®UILTPIB
HA OCHOBI OIITUYHUX MIKPOPE3OHATOPIB 3 KOJIUBAHHSIMU
IEITOYYYOI T'AJIEPEI

[IponioHyeThbCsl HOBE PpIllIEHHS 3a1adl MOOYJIOBM CMYrOBUX (UIBTPIB 3a
JIOTIOMOTOI0 BHKOPHUCTAHHS CHEI[laJIbHUM UYHWHOM ONTHMI30BAaHUX PEXKEKTOPHUX
CTPYKTYp, TMOOYIOBaHMX Ha ONTUYHUX MHUKPOPE30OHATOpPAX 3 KOJIMBAHHSIMU
menouyyoi ranepei. [lokazano, mo 3a J0MOMOror mijadopy MmapameTpiB 3B S3KY,
pO3MIpIB Ta  YHMClIa  MIKpPOPE30HATOPiB, BUKOPUCTOBYIOUM  TMEPIOJUYHICTD
PE30HAHCHUX YacTOT KOJIMBaHb MIEMOYYYOi rajepei, MOKHa peai30ByBaTHU pi3HI
CMYTd TPOIyCKaHHsS 3adaHoi mupuHU. [loOyn0oBaHO e€NeKTpoJMHAMIYHI MO
PEXKEKTOPHUX (UIBTPIB HA MIKPOPE30HATOPAX 3 KOJMBAHHAMM IIEMOYYYOi rajuepei.
3anpornoHoBaHi  (UIBTPH MOXYTh 3aCTOCOBYBaTtuch Yy mnpuctposx DWDM
ONITOBOJIOKOHHUX CHCTEM 3B'SI3KY.

Whispering gallery microresonators have uniquely high Q-factors, which has led
to their wide application as elements of various frequency-selective devices in
infrared and optical communication systems [1-3]. Thanks to active research carried
out in recent decades, the design of filters based on microresonators has reached a
high level of development [4]. However, along with the indicated advantage, this type
of resonators also has a well-known limitation - a quasi-periodic spectrum of
frequencies of natural oscillations. To compare the spectral parameters of the
resonators, the concept of the frequency distance between neighboring resonant peaks
was introduced: FSR - free spectral range. The frequency distance between adjacent
resonant peaks for ring microresonators is inversely proportional to their radius.

The presence of a periodic sequence of natural frequencies in microresonators
with whispering gallery oscillations makes it possible to use their structure, built as a
bandstop filter, to obtain the frequency characteristics of scattering as for bandpass
filters. In this report, we consider the possibility of implementing bandpass filters on
the structure of bandstop filter by optimizing the number of microresonators and
directional changes in their FSR.

To carry out numerical studies, we have developed an electrodynamic model of
a bandstop filter based on perturbation theory [5]. To reduce the coupling between
adjacent microcavities, it was assumed that the filter has the form of a linear array of
ring microresonators with degenerate oscillations (Fig. 1, a).
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Fig. 1. Bandstop filter built on a linear array of ring microcavities (a). Scattering characteristics of
bandstop filters (a) on 2 (b, c), 4 (d, €) microresonators (center frequency f, =200 THz).

It was also assumed that neighboring microresonators are located on different
sides of the transmission line at a distance 'Az=(2s+1)z /2 (s-integer) and are

made of the same dielectric (I is the wave number; Az=|z,—z,|; z, is the

longitudinal coordinate of the t-th resonator).

First, the scattering characteristics of structures optimized as bandstop filters were
studied. (fig. 1, b - e).

At the second stage, by varying the FSR, the coupling coefficients, and the
number of microresonators, we tuned and optimized the transmission parameters to
the characteristic of bandpass filters (fig. 2).

As a result, we obtained the following data:

The frequency response of the first bandpass filter (fig. 2, a - d) has such
parameters:

center frequency f, =199,880 THz;

minimum loss in the passband -1,4 dB; —3 dB bandwidth: 560 GHz;

squareness frequency response (ratio of -30 dB bandwidth to -3 dB bandwidth)
3,7.

The frequency response of the second bandpass filter (fig. 2, e - h) is
characterized by the following parameters:

center frequency 199,885 THz;

minimum loss in the passband -0,9 dB; —3 dB bandwidth: 50 GHz;

squareness of frequency response 8.

Interestingly, the narrowing of the bandwidth of the second filter did not lead to
an increase in losses.

The phase-frequency dependence of both filters in the passband is close to linear
(fig. 2, d, h).
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Fig. 2. Scattering characteristics of a bandpass filter based on an optimized linear array
of 8 microresonators (a - d) (N =8; f,=199,880 THz; FSR: Af =10 THz,);

of 14 microresonators (e - h) (N =14; f, =199,885THz; FSR: Af =9,6 THz).

Thus, the obtained simulation results demonstrate the possibility of implementing
a wide class bandpass filters based on barrier structures, using microresonators with
whispering gallery oscillations. The proposed new type of filters can find practical

application in multiplexers, amplifiers, lasers and other devices of infrared and
optical communication systems.
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