UDC 621.396.946

MODELING OF TRIPLEXERS FOR
OPTICAL COMMUNICATION SYSTEMS

Trubin A. A.
Institute of Telecommunication Systems,
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine
E-mail: atrubin9@gmail.com

MOJAEJIOBAHHSA TPUIIJIEKCEPIB JIJIAA
OIITUYHUX CUCTEM 3B’A3KY

JlocnmiKeHO HOBI CTPYKTYpH TPHUIUIEKCEPIB, MOOYIOBAHMX HAa CHUCTEMax
Bimomux Ad-drop ¢ineTpiB 3 pe3oHaTOpaMu MIEMOYy4YOoi Tajepei ONTHYHOTO
Jlana3oHy JOBXWH XBWIb. [l00ynOBaHI €IEeKTPOAMHAMIYHI MOJENI TPHUILIEKCEPIB.
Po3paxoBaHo 4YacTOTHI XapakTepucTuku S-marpuii. [lokazaHo MOXIIMBICTB
JOCATHEHHS IPUNHATHUX MTapaMeTPiB PO3CIFOBAHHS.

Add-drop filters based on microcavities with whispering gallery oscillations
attract close attention of researchers and developers for constructing multiplexers of
various types of optical communication systems [1 - 6]. The main difficulty in
describing the processes of wave scattering in Add-drop filters is the presence of a
doubled number of coupled oscillations due to their degeneracy. At the same time,
the indicated degeneracy of natural oscillations leads to specific scattering effects,
which makes it possible to build new types of filters and multiplexers based on them.
This report presents the results of studies of new types of compact triplexers for
integrated circuits of optical communication systems.
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Fig. 1. The structure of the triplexer built on crossed optical waveguides and 3+3 microcavities (a).
Frequency characteristic of the S-matrix (b - d) of the triplexer (a).

As follows from [7], the smallest pulse distortion occurs in filters with a
sequential placement of microresonators. On the basis of the developed theory of



electromagnetic modeling of Add-drop filters [8, 9], new structures of coupled
microcavities for the construction of integrated triplexers are considered.

In Fig. 1 a shows the structure of the triplexer built on crossed optical
waveguides. This triplexer consists of two Add-drop filters, each of which has an odd
number of microcavities. The first bandwidth of the triplexer between ports 1-2 is
formed due to the side slopes of the frequency response of the filters (Fig. 1, b). The
second and third bandwidths are formed between ports 1-3 and 1-4 and determined

by the Add-drop filters themselves. Coupling coefficients between resonators with
even types of oscillations; k., =2-10" with odd oscillations k,,,=-2-10"".

Coupling coefficients of microresonators with lines of resonators with even types of
oscillations k®=2-10"; for odd types of oscillations k°=1,9-10"*. Q-factor of

dielectric of resonators Q, =10°; coupling coefficients with open space ROS =10"".
"Center frequency" f,=200THz; band between center frequencies of the filters

Af =0,124THz. The frequency characteristics of the triplexer are shown in
Fig. 1, b -d.
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Fig. 2. The structure of the triplexer built on parallel optical waveguides. and 9 microcavities (a).
Frequency characteristic of the scattering (b - d).

In Fig. 2 a shows the structure of the triplexer of the second type, performed on
parallel optical integrated waveguides 1-2, 3-4. It is proposed to build this type of
triplexers from two Ad-drop filters containing the number of microcavities of
different parity. The transmission bands of such a triplexer for 5 and 4 microcavities
are shown in Fig. 2, b-d. In the simulation, it was assumed that the coefficients of
mutual coupling of Add-drop filters between resonators with even types of

oscillations Kk¢.,=1,3-10"; with odd fluctuations Kk’ ,=-13-10". Coupling
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coefficients of microresonators with lines for even types of oscillations k®=9-10";
for odd types of oscillations k°=8-10"°. Q-factor of dielectric of resonators
Q. =10°; coupling coefficients of microcavities with open space ROS =10""."Center
frequency" f, =200 THz; approximate bandwidth between center frequencies of THz
filters Af =0,1THz.



The electromagnetic modeling of triplexers, carried out on the basis of the
theory [8], showed an acceptable amount of isolation between the channels.

The bandwidths and barriers of both types of triplexers are adjusted
independently of each other with a sufficiently large detuning of the bandwidth of the
outer channels. The main difficulty in tuning is to achieve an acceptable crosstalk
between channels. As follows from the results of the performed optimization, the
frequency response of the crosstalk between channels 1-3, 1-4 of the first type
triplexer (fig. 1, a) exceeds 40 dB, and the crosstalk attenuation of the second type
triplexer (fig. 2, a) is about 30 dB.

A new structure of triplexers based on crossed and parallel optical waveguides is
proposed. Triplexers of the first type are built on filters with an odd number of
microcavities. Triplexers of the second type are built on filters with a number of
microresonators of different parity. The constructed electromagnetic models of
triplexers make it possible to determine in advance the number of microcavities, as
well as the dimensions of the structure according to the required scattering
characteristics. The proposed structures are characterized by more compact
dimensions in comparison with structures of the type: one channel - one filter.
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