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We consider a system of ring microresonators with whispering gallery oscillations of ultrahigh-Q, which are
widely used to construct various integrated filters of the optical wavelength range. Using the perturbation
theory, an electrodynamic model has been developed that describes a complex system of coupled mi-
croresonators with doubly degenerate types of natural oscillations, as well as located between two different
transmission lines. General analytical expressions are obtained for describing the non-mutual characteristics
of the scattering of the eigenwaves of a line on a system of optical microresonators that form a channel splitter.
The frequency dependences of the scattering matrix of optical filter couplers with several communication
channels are calculated. Based on the constructed analytical model, the time Green’s functions are calculated
for filters with serial coupling between microresonators, filters with microresonators coupled along the side
wall and two transmission lines, as well as filters built on a double lattice of microresonators coupled along two
transmission lines. The envelopes of optical pulses scattered by filters into various channels are considered.
The envelopes of a rectangular and Gaussian single pulses scattered by 10-cavity filters of various designs
are studied. The mutual influence of several rectangular as well as Gaussian pulses during their scattering
by multilink optical splitters is investigated. Based on a comparison of the data obtained for the three
types of structures, it is concluded that filters with laterally coupled microresonators are preferred. The
obtained practical simulation results can significantly reduce the computation time and optimize complex
multi-resonator structures of optical communication systems that simultaneously perform the functions of
separation, or combination of channels.
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Introduction

Optical filters built on the basis of microresonators
are widely used in various devices of the optical and
infrared wavelength ranges [1–14]. The most promis-
ing is the use of dielectric microresonators in optical
communication systems for the separation and combi-
nation of channels in WDM technologies. To solve
this problem, it is proposed to use the so-called Add-
Drop filters. Of greatest interest are filters built using
planar structures of microresonators. The better part
studied Add-Drop filters are divided into filters with
sequential arrangement of microresonators and filters
with lateral connection with optical transmission lines.
Each of these types of filters has its own advantages and
disadvantages. However, no comparative analysis of the
filters was carried out. To compare the characteristics
of the filters, it is desirable to study the scattering of
optical pulses. Currently, only frequency response of
scattering matrices of Add-Drop filters is considered.
The scattering of optical pulses by such filters has not
been fully investigated.

1 Statement of the problem

The purpose of this article is analysis of envelopes of
optical pulses scattered by different Add-Drop filters;
research of the best type of filters for transmitting
optical pulses with minimal distortion. An analytical
solution to the pulse scattering problem can be obtai-
ned by calculating and applying the temporal Green’s
functions [10]. In this case, we will only be interested in
the pulse envelopes in the input and output transmi-
ssion lines of the filter. As a result, the solution to the
problem is obtained in a simplified form of an integral
of the time Green’s function and the envelope of the
incident pulse.

2 Calculation Green’ functions of

the Add-Drop filters

Suppose we have a complex system of the 𝑁
coupled microresonators, which is located in open
space and a part of it also coupled with two different
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transmission lines (Fig. 1-3, a). Suppose that each of
the microresonators has a doubly degenerate type of
natural oscillations on the frequency 𝜔0 = 2𝜋𝑓0, each
of which is characterized by a given symmetry with
respect to the selected plane: even (�⃗� 𝑒

𝑛, ℎ⃗
𝑒
𝑛), or odd

(�⃗� 𝑜
𝑛 , ℎ⃗

𝑜
𝑛) [15]. Let a wave

(︁
�⃗�+, �⃗�+

)︁
falls on 1 port of

the system via regular transmission line (Fig. 1-3, a).
The eigenoscillation field of the system of 𝑁 di-

electric resonators we represented as a superposition of
isolated fields of the resonators of even and odd types:

�⃗� 𝑠 =

𝑁∑︁
𝑛=1

𝑏𝑒𝑠𝑛 �⃗� 𝑒
𝑛 +

𝑁∑︁
𝑛=1

𝑏𝑜𝑠𝑛 �⃗� 𝑜
𝑛 ;

ℎ⃗𝑠 =

𝑁∑︁
𝑛=1

𝑏𝑒𝑠𝑛 ℎ⃗𝑒
𝑛 +

𝑁∑︁
𝑛=1

𝑏𝑜𝑠𝑛 ℎ⃗𝑜
𝑛 .

(1)

The matrix 𝐵

𝐵 =

⎡⎢⎢⎣
𝑏𝑒11 𝑏𝑒21
𝑏𝑜11 𝑏𝑜22

.
𝑏𝑜1𝑁 𝑏𝑜2𝑁

...

...
.
...

𝑏𝑒2𝑁1

𝑏𝑜2𝑁2

.
𝑏𝑜2𝑁𝑁

⎤⎥⎥⎦ (2)

of the amplitudes of coupled microresonator oscillati-
ons 𝑏𝑒,𝑜,𝑠𝑡 should satisfy the equation system as an
eigenvector of coupling operator 𝐾 [12]. The found
eigenvalue 𝜆 = 2(𝛿𝜔+𝑖𝜔′′)/𝜔0; (𝛿𝜔 = Re(𝜔−𝜔0); 𝜔′′ =
Im(𝜔)) and eigenvectors of the matrix 𝐾 we used for

solving the scattering problem of the wave (�⃗�+, �⃗�+)
on a system of coupled microresonators of the filter. For
the solution of the problem we represented decomposi-
tion:

�⃗� ≈ �⃗�+ +

2𝑁∑︁
𝑠=1

𝑎𝑠�⃗� 𝑠 ;

�⃗� ≈ �⃗�+ +

2𝑁∑︁
𝑠=1

𝑎𝑠ℎ⃗𝑠 ,

(3)

where 𝑎𝑠 are the unknown amplitudes (𝑠 = 1, 2, ..., 2𝑁)

and (�⃗� 𝑠, ℎ⃗𝑠) are the 𝑠-th eigenoscillation field of
the coupled microresonator system (1) with complex
frequency 𝜔𝑠.

As a result, the transfer coefficient between the 1
and 𝑣 ports is determined from the expression [15]:

𝑇1𝑣(𝜔) = 𝛿𝑣2 −
𝑄𝐷

det𝐵
·
2𝑁∑︁
𝑠=1

det𝐵𝑠
𝑣

𝑄𝑠(𝜔)
, (4)

where 𝑄𝑠(𝜔) = 𝜔/𝜔0 + 2𝑖𝑄𝐷(𝜔/𝜔0 − 1 − 𝜆𝑠/2);
𝑄𝐷 – is the dielectric 𝑄-factor of the microresonators
(𝑣 = 1, . . . , 4). An expression of the matrix 𝐵𝑠

𝑣 is
presented below ((9), (11), (13)) for a specific kind of
filter topology.

The time-domain Green’s function of the Add-Drop
filter, as follow from [10], can be obtain from (4) taking
into account the principle of causality:

𝑔𝑣(𝜏)=

⎧⎨⎩𝛿(𝜏)𝛿𝑣2 + 𝑖𝜔0

1+2𝑖𝑄𝐷

𝑁∑︀
𝑠=1

𝐴𝑣
𝑠𝑒

𝑖𝜔𝑠𝜏 , 𝜏 ≥ 0

0, 𝜏 < 0
, (5)

where

𝐴𝑣
𝑠 = −𝑄𝐷 det𝐵𝑣

𝑠

det𝐵
. (6)

The field 𝐸𝑜𝑢𝑡
𝑣 (𝑡) in the plane of ”first” mi-

croresonator center of the 𝑣-th port of the filter at the
moment 𝑡 is a integral on falling pulse 𝐸𝑖𝑛

1 (𝑡):

𝐸𝑜𝑢𝑡
𝑣 (𝑡) =

𝑡∫︁
−∞

𝑔𝑣(𝑡− 𝑡′)𝐸𝑖𝑛
1 (𝑡′)𝑑𝑡′ . (7)

3 Calculating pulses scattering

by Add-Drop filters

The design of the simplest Add-Drop filter is shown
in Fig. 1, a. In this case, the coupling matrix of the
microresonators we represented in the form:

𝐾 = ‖𝑖(𝑘𝑒1𝛿𝑠1 + 𝑘𝑜1𝛿𝑠2 + 𝑘𝑒𝑁𝛿𝑠(2𝑁−1)+

+ 𝑘𝑜𝑁𝛿𝑠(2𝑁) + 𝑘𝑂𝑆)𝛿𝑠𝑛 + 𝜅𝑠𝑛(1 − 𝛿𝑠𝑛)‖,
(8)

where 𝑘𝑒𝑜1 – is the coupling coefficient of the 1st mi-
croresonator with the transmission line 1-2 (Fig. 1, a)
on an even (or odd) mode oscillation; 𝑘𝑒𝑜𝑁 – is the
coupling coefficient of the 𝑁 -th microresonatorwith
the transmission line 3-4 also on an even (odd) osci-
llation; 𝑘𝑂𝑆 – is the coupling coefficient of the mi-
croresonator with open space; 𝜅𝑠𝑛 = 𝑘𝑒,𝑜12 = 𝑘𝑒,𝑜21 – is the
mutual coupling coefficient between microresonators,
if |𝑠− 𝑛| = 1 and 𝜅𝑠𝑛 = 0 in other cases; 𝛿𝑠𝑡 – is the
Kronecker 𝛿-function.

The matrix, defining a scattering on the Add-Drop
filter:

𝐵𝑠
1 =

⎡⎢⎢⎣
𝑏𝑒11 ... 𝑏𝑒𝑠1 𝑘𝑒𝑒−+

11 + 𝑏𝑜𝑠1 𝑘𝑜𝑒−+
11 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ... 𝑏𝑒𝑠1 𝑘𝑒𝑜−+
11 + 𝑏𝑜𝑠1 𝑘𝑜𝑜−+

11 ... 𝑏𝑜2𝑁1

. ... . ... .
𝑏𝑜1𝑁 ... 0 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎦ ; 𝐵𝑠
2 =

⎡⎢⎢⎣
𝑏𝑒11 ... 𝑏𝑒𝑠1 𝑘𝑒𝑒++

21 + 𝑏𝑜𝑠1 𝑘𝑜𝑒++
21 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ... 𝑏𝑒𝑠1 𝑘𝑒𝑜++
21 + 𝑏𝑜𝑠1 𝑘𝑜𝑜++

21 ... 𝑏𝑜2𝑁1

. ... . ... .
𝑏𝑜1𝑁 ... 0 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎦ ; (9)

𝐵𝑠
3 =

⎡⎢⎢⎣
𝑏𝑒11 ... 𝑏𝑒𝑠𝑁−1𝑘

𝑒𝑒++
31 + 𝑏𝑜𝑠𝑁 𝑘𝑜𝑒++

31 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ... 𝑏𝑒𝑠𝑁−1𝑘
𝑒𝑜++
31 + 𝑏𝑜𝑠𝑁 𝑘𝑜𝑜++

31 ... 𝑏𝑜2𝑁1

. ... . ... .
𝑏𝑜1𝑁 ... 0 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎦ ; 𝐵𝑠
4 =

⎡⎢⎢⎣
𝑏𝑒11 ... 𝑏𝑒𝑠𝑁−1𝑘

𝑒𝑒−+
41 + 𝑏𝑜𝑠𝑁 𝑘𝑜𝑒−+

41 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ... 𝑏𝑒𝑠𝑁−1𝑘
𝑒𝑜−+
41 + 𝑏𝑜𝑠𝑁 𝑘𝑜𝑜−+

41 ... 𝑏𝑜2𝑁1

. ... . ... .
𝑏𝑜1𝑁 ... 0 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎦ .
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In this case, index 𝑠 is determined by the column
number in matrix 𝐵. Here

𝑘𝑎𝑏++
𝑚𝑛 =

(︁
𝑐𝑎+𝑚 𝑐𝑏+

*

𝑛

)︁
/(𝜔0𝑤𝑛) =(𝑘𝑎𝑏𝑚𝑛)0𝑒

−𝑖Γ(𝑧𝑚−𝑧𝑛);

𝑘𝑎𝑏−+
𝑚𝑛 =

(︁
𝑐𝑎−𝑚 𝑐𝑏+

*

𝑛

)︁
/(𝜔0𝑤𝑛) =(𝑘𝑎𝑏𝑚𝑛)0𝑒

−𝑖Γ(𝑧𝑚+𝑧𝑛),

𝑐𝑎±𝑛 – is the expansion coefficient of the 𝑛-th mi-
croresonator field with 𝑎 – mode on the propagating
wave of the transmission line [12]; 𝑤𝑛 – is the energy
stored in the dielectric of microresonator; Γ – is the
longitudinal wave number of the transmission line;
𝑧𝑛 – is the longitudinal coordinate of the 𝑛-th mi-
croresonator center.

In Fig. 1, b - e shows the results, based on (2–9),
of the dependences on the frequency of the 𝑆-matrix
(𝑆𝑣1 = 20 lg |𝑇1𝑣|) of a 10-section Add-Drop filter. As
can be seen from the above data, the filter has minimal
attenuation between ports 1-4.

The calculation results of the envelopes of
rectangular and Gaussian pulses reflected and transmi-
tted through the filter, calculated using (5–9), are
shown in Fig. 1, f - i. As follows from the data obtai-
ned, the passage of pulses through a chain of mi-
croresonators is accompanied by a noticeable delay
in time. The magnitude of the delay increaseswith
increasing number of resonators. The envelopes of the
transmitted pulses with not wide enough filter pass
bands tend to a Gaussian-like distribution. With the
simultaneous scattering of several pulses (Fig. 1, h, i),
their distinguishability is determined by the passband
of the filter, the width and the relative distance
between them. It should also be noted that the relative
amplitudes of the initially identical pulses change as
they pass through the filter.

Fig. 1. A - laterally coupled microresonator filter. 𝑆-matrix responses of the 10-section bandpass filter as
functions of frequency (b - e). Coupling coefficients of the first and last microresonators with transmission lines:
𝑘𝑒𝑛𝑚 = 3, 4 · 10−4 for even oscillations; 𝑘𝑜𝑛𝑚 = 3, 48 · 10−4 for odd oscillations. Open Space microresonator
coupling coefficients: 𝑘𝑂𝑆 = 1 · 10−7. Mutual coupling coefficients of the microresonators for even oscillations:
𝑘𝑒12 = 𝑘𝑒21 =2, 4 · 10−4; for odd oscillations 𝑘𝑜12 =𝑘𝑜21 =−2, 4 · 10−4. Frequency of free microresonators oscillations
𝑓0 = 200THz; 𝑄𝐷 = 106. The envelops of the rectangular (f, h); Gaussian (g, i) pulses, scattered by 10-section

bandpass filter.

4 Calculating pulses scattering

by Double-channel SCISSORs

The sketch of parallel coupled microresonator Add-
Drop filter is shown in Fig. 2, a. In this case, each
microresonator is coupled simultaneously with two
transmission lines.

The 𝐾-matrix of SCISSOR (side-coupled
integrated spaced sequence of resonators) has the form:

𝐾=
⃦⃦⃦
𝑖(𝑘𝑎(12)𝑠+𝑘𝑎(34)𝑠+𝑘𝑂𝑆)𝛿𝑠𝑛+𝜅𝑠𝑛(1−𝛿𝑠𝑛)

⃦⃦⃦
. (10)

Formally, the filter transfer coefficient is also (4),
but for the SCISSOR structure shown on Fig. 2, a:
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𝐵𝑠
1 =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝑏𝑒11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒−+
𝑢1 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢1 ... 𝑏𝑜2𝑁1

. ... . ... .

𝑏𝑜1𝑁 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢𝑁 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
; 𝐵𝑠

2 =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝑏𝑒11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒++
𝑢1 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢1 ... 𝑏𝑜2𝑁1

. ... . ... .

𝑏𝑜1𝑁 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢𝑁 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
; (11)

𝐵𝑠
3 =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝑏𝑒11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒++
𝑢1 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢1 ... 𝑏𝑜2𝑁1

. ... . ... .

𝑏𝑜1𝑁 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢𝑁 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
; 𝐵𝑠

4 =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝑏𝑒11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒−+
𝑢1 ... 𝑏𝑒2𝑁1

𝑏𝑜11 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢2 ... 𝑏𝑜2𝑁1

. ... . ... .

𝑏𝑜1𝑁 ...
2𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢𝑁 ... 𝑏𝑜2𝑁𝑁

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦
.

Here 𝑘𝑎(𝑣)𝑠 = 𝑘𝑒,𝑜(𝑣)𝑠 is the coupling coefficient of the

𝑠-th microresonator with the 𝑣-th transmission line;
𝜅𝑠𝑛 = 𝑘𝑠𝑛 + 𝑖𝑘𝑎𝑏±±

𝑠𝑛 is the complex mutual coupling
coefficient of the microresonators [12]. Here 𝑎, 𝑏 takes
values even or odd depending on the type of 𝑢-th
microresonator oscillations.

As known, Double-channel SCISSOR is characteri-
zed by a transfer function with minimal attenuation

to the port 3 (Fig. 2, b, c). The delay in the pulses
during transmission through a filter is minimal, but
is characterized by their visible distortions (Fig. 2, d -
g) as well as uneven frequency response (Fig. 2, b, c).
Apparently this is due to beats that occur between the
microresonators of this structure due to the mutual
connection along the propagating waves of both lines.

Fig. 2. Parallel coupled microresonator Add-Drop filter on Double-channel SCISSOR (a). 𝑆-matrix responses
of the 10-section Add-Drop filter as functions of frequency (b, c). Coupling coefficients of the microresonators
with transmission lines: 𝑘𝑒𝑛𝑚 =𝑘𝑜𝑛𝑚 =1, 2 ·10−4. Open Space microresonator coupling coefficients: 𝑘𝑂𝑆 =1 ·10−7.
Mutual coupling coefficients of the microresonators for even oscillations: 𝑘𝑒12 =𝑘𝑒21 =3 · 10−5; for odd oscillations
𝑘𝑜12 = 𝑘𝑜21 = −3 · 10−5. The envelops of the rectangular (d, f); Gaussian (e, g) pulses, scattered by 10-section

Add-Drop filter.
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5 Calculating pulses scattering

by Twisted Double-channel

SCISSORs

To increase out-of-band attenuation, the use of so-
called Twisted Double-channel SCISSORs is proposed.

The sketch of Twisted Double-channel SCISSOR is
shown in Fig. 3, a.

The coupling and 𝐵𝑠
𝑛 matrices of the Double-

channel SCISSOR has the form:

𝐾 =
⃦⃦⃦
𝑖(𝑘𝑎𝑠 + 𝑘𝑂𝑆)𝛿𝑠𝑛 + 𝜅𝑠𝑛(1 − 𝛿𝑠𝑛)

⃦⃦⃦
, (12)

where 𝑘𝑎𝑠 = 𝑘𝑎(12)𝑠 if 𝑠 ≤ 𝑁 and 𝑘𝑎𝑠 = 𝑘𝑎(34)𝑠 if 𝑠 > 𝑁 .

Fig. 3. Optical Add-Drop filter on a Twisted double-channel SCISSOR (a). 𝑆-matrix responses of the 10-section
Add-Drop filter as functions of frequency (b, c). Coupling coefficients of the microresonators with transmission
lines: 𝑘𝑒𝑛𝑚 =𝑘𝑜𝑛𝑚 = 2 · 10−4. Open Space microresonator coupling coefficients: 𝑘𝑂𝑆 = 1 · 10−7 . Mutual coupling
coefficients of the microresonators for even oscillations: 𝑘𝑒12 = 𝑘𝑒21 = 2 · 10−6; for odd oscillations 𝑘𝑜12 = 𝑘𝑜21 =
−2 · 10−6; 𝑘𝑒𝑉 = 4 · 10−5; 𝑘𝑜𝑉 = −4 · 10−5; 𝑓0 = 200THz; 𝑄𝐷 = 109. The envelops of the rectangular (d, f);

Gaussian (e, g) pulses, scattered by 10-section filter.

𝐵𝑠
1 =

⎡⎢⎢⎢⎢⎢⎢⎣
𝑏𝑒11 ...

4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒−+
𝑢1 ... 𝑏𝑒4𝑁1

𝑏𝑜11 ...
4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢1 ... 𝑏𝑜4𝑁1

. ... . ... .
𝑏𝑜12𝑁 ... 0 ... 𝑏𝑜4𝑁2𝑁

⎤⎥⎥⎥⎥⎥⎥⎦ ; 𝐵𝑠
2 =

⎡⎢⎢⎢⎢⎢⎢⎣
𝑏𝑒11 ...

4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒++
𝑢1 ... 𝑏𝑒4𝑁1

𝑏𝑜11 ...
4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢1 ... 𝑏𝑜4𝑁1

. ... . ... .
𝑏𝑜12𝑁 ... 0 ... 𝑏𝑜4𝑁2𝑁

⎤⎥⎥⎥⎥⎥⎥⎦ ; (13)

𝐵𝑠
3 =

⎡⎢⎢⎢⎢⎢⎢⎣
𝑏𝑒11 ...

4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒++
𝑢1 ... 𝑏𝑒4𝑁1

𝑏𝑜11 ...
4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜++
𝑢1 ... 𝑏𝑜4𝑁1

. ... . ... .
𝑏𝑜12𝑁 ... 0 ... 𝑏𝑜4𝑁2𝑁

⎤⎥⎥⎥⎥⎥⎥⎦ ; 𝐵𝑠
4 =

⎡⎢⎢⎢⎢⎢⎢⎣
𝑏𝑒11 ...

4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑒−+
𝑢1 ... 𝑏𝑒4𝑁1

𝑏𝑜11 ...
4𝑁∑︀
𝑢=1

𝑏𝑠𝑢𝑘
𝑎𝑜−+
𝑢2 ... 𝑏𝑜4𝑁1

. ... . ... .
𝑏𝑜12𝑁 ... 0 ... 𝑏𝑜4𝑁2𝑁

⎤⎥⎥⎥⎥⎥⎥⎦ .
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Here also 𝜅𝑠𝑛 = 𝑘𝑠𝑛 + 𝑖𝑘𝑎𝑏𝑠𝑛 the complex coupling
coefficient [12]. For different microresonators with the
same longitudinal coordinates 𝜅𝑠𝑛 = 𝑘𝑠𝑛 = 𝑘𝑎𝑉 , where
𝑘𝑎𝑉 is the mutual coupling coefficient of ”vertically
coupled” microcavities (Fig. 3, a).

Twisted Double-channel SCISSOR is characterized
by a minimal attenuation to port 4 (Fig. 3, b, c).

The transmission of pulses through such a filter is
characterized by their large distortions (Fig. 3, d, e),
and in addition, by the phenomena of elevated mutual
interference (Fig. 3, f, g).

6 Discussion and Conclusion

As follows from our calculations, the use of parallel
structures of microresonators, such as Double-channel
SCISSOR and Twisted Double-channel SCISSOR,
leads to an increase in out-of-band attenuation, but
is accompanied by processes of destructive interference
of pulses which is unacceptable for use in separation
of communication channels with increased speeds. The
best scattering parameters are possessed by filters with
laterally coupled microresonators.

In this paper, we have extended the scattering
theory of the electromagnetic pulses on Add-Drop
filters of receiving and transmitting optical communi-
cation systems. The proposed theory can be used to
model and optimizing wide class of multiplexers, of the
optical communication systems.
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Розсiювання оптичних iмпуль-
сiв фiльтрами-розгалужувачами на
дiелектричних мiкрорезонаторах

Трубiн О. О.

Розглядається система кiльцевих мiкрорезонаторiв
з коливаннями шепочучей галереї надвисокої добротно-
стi, якi широко використовуються для побудови рiзно-
манiтних iнтегральних фiльтрiв оптичного дiапазону
довжин хвиль. За допомогою теорiї збурень розроблена
електродинамiчна модель, яка описує складну систему
зв’язаних мiж собою мiкрорезонаторiв з двократно ви-
родженими типами власних коливань, а також розташо-
ваних мiж двома рiзними лiнiями передачи. Отриманi
загальнi аналiтичнi вирази для опису не взаємних ха-
рактеристик розсiювання власних хвиль лiнiї на систе-
мi оптичних мiкрорезонаторiв, якi утворюють фiльтр-
розгалужувач. Розрахованi частотнi залежностi матрицi
розсiювання оптичних фiльтрiв-розгалужувачiв з де-
кiлькома каналами зв’язку. На основi побудованої ана-
лiтичної моделi, розрахованi часовi функцiї Грiна для
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фiльтрiв з послiдовним зв’язком мiж мiкрорезонатора-
ми, фiльтрiв з мiкрорезонаторами зв’язаними по бо-
ковiй стiнцi, та двом лiнiям передачи, а також фiль-
трiв, побудованих на подвiйнiй решiтцi мiкрорезона-
торiв, зв’язаних з двома лiнiями передачи. За допо-
могою використання знайдених часових функцiй Грi-
на, розрахованi огинаючi оптичних iмпульсiв, розсiюва-
них фiльтрами-розгалужувачами в рiзнi канали зв’язку.
Розглянутi огинаючi прямокутного та Гауссовского оди-
ночних iмпульсiв, розсiюваних на 10-резонаторних фiль-
трах рiзних конструкцiй. Дослiджено взаємний вплив
декiлькох прямокутних, а також Гауссовских iмпуль-
сiв при їх розсiюваннi на багатоланкових оптичних
фiльтрах-розгалужувачах. На основi порiвняння отри-
маних даних для трьох найбiльш поширених видiв кон-
струкцiй, зроблено висновок про перевагу застосування
фiльтрiв з послiдовно зв’язаними мiкрорезонаторами.
Отриманi практичнi результати моделювання дозволя-
ють суттєво скоротити час розрахункiв та оптимiзувати
складнi багаторезонаторнi структури оптичних систем
зв’язку, одночасно виконуючих функцiї розподiлу, або
об’єднання каналiв.

Ключовi слова: дiелектричний мiкрорезонатор; роз-
сiювання; iмпульс; фiльтр-розгалужувач; двоканальний
фiльтр на оптичних мiкрорезонаторах, зв’язаних по бо-
ковiй стiнцi

Рассеяние оптических импуль-
сов фильтрами-разветвителями на
диэлектрических микрорезонаторах

Трубин А. А.

Рассматривается система кольцевых микрорезона-
торов с колебаниями шепчущей галереи сверхвысокой
добротности, широко применяемых для построения ра-
зличных интегральных фильтров оптического диапа-
зона длин волн. С помощью теории возмущений ра-
зработана электродинамическая модель, описывающая

сложную систему связанных между собой микрорезо-
наторов с двукратно вырожденными типами собствен-
ных колебаний, а также расположенных между двумя
разными линиями передачи. Получены общие анали-
тические выражения для описания не взаимных хара-
ктеристик рассеяния собственных волн линии на си-
стеме оптических микрорезонаторов, которые образуют
фильтр-разветвитель каналов. Рассчитаны частотные
зависимости матрицы рассеяния оптических фильтров-
разветвителей с несколькими каналами связи. На основе
построенной аналитической модели, рассчитаны вре-
менные функции Грина для фильтров с последова-
тельной связью между микрорезонаторами, фильтров
с микрорезонаторами, связанными по боковой стенке
и двум линиям передачи, а также фильтров, постро-
енных на двойной решетке микрорезонаторов, связан-
ных по двум линиям передачи. Рассмотрены огибаю-
щие оптических импульсов, рассеиваемых фильтрами-
разветвителями в различные каналы. Рассмотрены оги-
бающие прямоугольного и Гауссовского одиночного им-
пульсов, рассеиваемых на 10-резонаторных фильтрах
различной конструкции. Исследовано взаимное влия-
ние нескольких прямоугольных, а также Гауссовских
импульсов при их рассеянии на многозвенных опти-
ческих фильтрах-разветвителях. На основе сравнения
полученных данных для трех видов конструкций, сде-
лан вывод о предпочтительности применения фильтров
с последовательно связанными микрорезонаторами. По-
лученные практические результаты моделирования по-
зволяют значительно сократить время вычислений и
оптимизировать сложные многорезонаторные структу-
ры оптических систем связи, одновременно выполняю-
щие функции разделения, или объединения каналов.

Ключевые слова: диэлектрический микрорезонатор;
рассеяние; импульс; фильтр-разветвитель; двухканаль-
ный фильтр на оптических микрорезонаторах, связан-
ных по боковой стенке


	Вступ
	Statement of the problem
	Calculation Green' functions of the Add-Drop filters
	Calculating pulses scattering by Add-Drop filters
	Calculating pulses scattering by Double-channel SCISSORs
	Calculating pulses scattering by Twisted Double-channel SCISSORs
	Висновки
	Discussion and Conclusion
	References

