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МОДЕЛЮВАННЯ ТРИПЛЕКСЕРІВ ДЛЯ  

ОПТИЧНИХ СИСТЕМ ЗВ’ЯЗКУ 
 

Досліджено нові структури триплексерів, побудованих на системах 

відомих Ad-drop фільтрів з резонаторами шепочучої галереї оптичного 

діапазону довжин хвиль. Побудовані електродинамічні моделі триплексерів. 

Розраховано частотні характеристики S-матриці. Показано можливість 

досягнення прийнятних параметрів розсіювання.       

 

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. 

 

 
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; 
e 4

s,s 1k 2 10

    with odd oscillations 
o 4

s,s 1k 2 10

    . 

Coupling coefficients of microresonators with lines of resonators with even types of 

oscillations e 4k 2 10  ; for odd types of oscillations 
o 4k 1,9 10  . Q-factor of 

dielectric of resonators 
6

DQ 10 ; coupling coefficients with open space 
7

OSk 10 . 

"Center frequency" 
0f 200 THz; band between center frequencies of the filters 

f 0,124  THz. The frequency characteristics of the triplexer are shown in  

Fig. 1, b - d. 

  

 
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 
e 4

s,s 1k 1,3 10

   ; with odd fluctuations 
o 4

s,s 1k 1,3 10

    . Coupling 

coefficients of microresonators with lines for even types of oscillations e 5k 9 10  ; 

for odd types of oscillations o 5k 8 10  . Q-factor of dielectric of resonators 
6

DQ 10 ; coupling coefficients of microcavities with open space 
7

OSk 10 ."Center 

frequency" 0f 200 THz; approximate bandwidth between center frequencies of THz 

filters f 0,1  THz.   



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. 

 

References 
 

1. Kaz´mierczak A., Bogaerts W., Drouard E., Dortu F., Rojo-Romeo P., Gaffiot F., Van Thourhout 

D., Giannone D. Highly Integrated Optical 4 4 Crossbar in Silicon-on-Insulator Technology // 

Journal of Lightwave Technology, Vol. 27, No. 16, August 15, 2009. PP . 3317 - 3323. 

2. J. Heebner, R. Grover, T. Ibrahim. Optical Microresonators. Theory, Fabrication, and 

Applications. Springer Series in OPTICAL SCIENCES. 2008.  263 p. 

3. Schwelb O. Phase-matched lossy microring resonator add/drop multiplexers // Proceedings 

Volume 6343, Photonics North 2006. 63433P. Event: Photonics North 2006, Quebec City, 

Canada. PP. 1 - 10. 

4. Kokubun Y. Vertically Coupled Microring Resonator Filter for Integrated Add/Drop Node //  

IEICE Trans. Electron., Vol. ESS-C, No. 3, 2005. PP. 349 - 362. 

5. Chu S.T., Little B.E., Hryniewicz J.V., Johnson F.G., King O., Gill D., Chen W., Chen Wei. 

High Index Contrast Photonics Platform // Little Optics Division, Nomadics Inc. Proc. of SPIE. 

2005.  Vol. 6014 60140E. PP.1- 10. 

6. Chu S.T., Little B.E., Pan W., Kaneko T., Sato S., Kokubun Y., An Eight-Channel Add–Drop 

Filter Using Vertically Coupled Microring Resonators over a Cross Grid // IEEE Photonics 

Technology Letters. Vol. 11, No. 6, June. 1999. PP. 691 - 693. 

7. Trubin A.A. Scattering of optical pulses by add-drop filters on dielectric microresonators // 

Visnyk NTUU "KPI" ser. Radiotechnique, Radioaparatus Building. 2020. No 82. PP. 29 - 35. 

https://doi.org/10.20535/RADAP.2020.83.29-35. 

8. Trubin A.A. Electrodynamic modeling of Add-drop filters on optical microresonators // 

Information and Telecommunication Sciences, 2019, No 1, pp. 30-36. 

https://doi.org/10.20535/2411-2976.12019.30-36. 

9. Trubin A.A. Lattices of Dielectric Resonators, Springer International Publishing Switzerland, 

2016, 171 p. https://link.springer.com/book/10.1007/978-3-319-25148-6. 

https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6343.toc
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/6343.toc

