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Abstract

Ultra-compact and high-performance photonic crystal ring resonator—based demux may
achieve low crosstalk, high Q-factor, and effective multichannel operation in the C-band.
In this study, we propose a novel 6-channel dense wavelength division demultiplexer
based on photonic crystal hexagonal ring resonators is designed and analyzed. To obtain
the linearity in the intensity of demux, a novel technique of tuning holes is incorporated.
By adjusting the radii of resonator holes and monitor holes — collectively known as
special holes, the resonating wavelengths are precisely adjusted. Six asymmetrical
hexagonal ring resonators are used in the suggested demux to accomplish effective
channel separation. The Finite-Difference Time-Domain Method approach is used to
examine the device performance, while the Plane Wave Expansion Method is employed
to derive the photonic bandgap structure. For short-haul optical communication systems,
the design maintains a channel spacing of 0.8 nm in accordance with ITU-T
specifications. The suggested demux achieves crosstalk levels between -17.23 dB and
-23.97 dB and a quality factor of 12,875 spanning a wavelength range of 1,544 nm-1,550 nm
in the C-band. Compact design and improved selectivity for Dense Wavelength Division
Multiplexing applications are achieved by using an asymmetrical hexagonal resonator

with optimal hole tuning.

Keywords: photonic crystal; DWDM,; finite difference time domain method;

demultiplexer; hexagonal ring; C band

Corresponding authors: Venkateswara Rao Kolli and K.B. Santhosh Kumar,
Department of Electronics and Communication Engineering, Malnad College
of Engineering, Hassan 573202, Affiliated to Visvesvaraya Technological
University, Belagavi, 590018, Karnataka, India, E-mail: vik@mcehassan.ac.in
(V.R. Kolli), kbs@mcehassan.ac.in (K.B. Santhosh Kumar).

Research ethics: This research does not involve human participants, human biological
material, or animals. Therefore, ethical approval from an Institutional Review Board or

equivalent ethics committee was not required.


https://www.degruyterbrill.com/journal/key/joc/html
https://www.degruyterbrill.com/journal/key/joc/html
https://www.degruyterbrill.com/journal/key/joc/html
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22photonic%20crystal%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22DWDM%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22finite%20difference%20time%20domain%20method%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22demultiplexer%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22hexagonal%20ring%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28%22C%20band%22%29%20AND%20journalKey%3A%28%22JOC%22%29&documentVisibility=all&documentTypeFacet=article

Informed consent: Not applicable, as this study does not involve human participants.
Author contributions: All authors contributed to the conception and design of the study,
analysis and interpretation of the results, and preparation and revision of the manuscript.
All authors have read and approved the final version of the manuscript and agree to be
accountable for all aspects of the work.

Use of Large Language Models, Al and Machine Learning Tools: None declared.
Conflict of interest: The authors declare that they have no conflicts of interest related to
this manuscript.

Research funding: The authors received no external funding for this research.

Data availability: The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Consent for publication: Not applicable.

Originality and submission: The authors confirm that this manuscript is original, has not
been published previously, and is not under consideration for publication elsewhere. All
authors have approved the manuscript and consented to its submission to the Journal of

Optical Communications.

References

1. Xu, Z, Wang, ], He, Q, Cao, L, Su, P, Jin, G. Optical filter based on contra-directional
waveguide coupling in a 2D photonic crystal with square lattice of dielectric rods. Opt

Express 2005;13:5608-13. https://doi.org/10.1364/OPEX.13.005608

(https://doi.org/10.1364/OPEX.13.005608) .

2. Shen, W, Sun, X, Zhang, Y, Luo, Z, Liu, X, Gu, P. Narrow band filters in both
transmission and reflection with metal/dielectric thin films. Opt Commun 2009;282:242—

6. https://doi.org/10.1016/j.optcom.2008.09.080 (https://doi.org/10.1016/j.0ptcom.2008.09.080) .

3. Li Voti, R. Optimization of perfect absorbers with multilayer structures. Int J

Thermophys 2018;39:31. https://doi.org/10.1007/510765-017-2352-1 (https://doi.org/10.1007/s10765-

017-2352-1) .

4. Lee, M, Fauchet, PM. Two-dimensional silicon photonic crystal based biosensing
platform for protein detection. Opt Express 2007;15:4530—5.
httpSZ//dOi.Org/10.1364/OE.15.004530 (https://doi.org/10.1364/0E.15.004530) .

5. Kolli, VR, Bahaddur, I, Prabhakar, D, Talabattula, S, Talabattulac, S. A high Q-factor
photonic crystal microring-resonator based pressure sensor. Photon Nanostruct: Fundam

Appl 2021;43100870. https://doi.org/10.1016 /j.photonics.2020.100870

(https://doi.org/10.1016 /j.photonics.2020.100870) .

6. Singh, BR, Rawal, S. Photonic-crystal-based all-optical NOT logic gate. /] Opt Soc Am
A 2015;32:2260-3. https://doi.org/10.1364/JOSAA.32.002260

(https://doi.org/10.1364/JOSAA.32.002260) .

7. McNab, SJ, Moll, N, Vlasov, YA. Ultra-low loss photonic integrated circuit with
membrane-type photonic crystal waveguides. Opt Express 2003;11:2927—39.

https://doi.org/10.1364/OE.11.002927 (https://doi.org/10.1364/OE11.002927) .



https://doi.org/10.1364/OPEX.13.005608
https://doi.org/10.1364/OPEX.13.005608
https://doi.org/10.1016/j.optcom.2008.09.080
https://doi.org/10.1007/s10765-017-2352-1
https://doi.org/10.1007/s10765-017-2352-1
https://doi.org/10.1364/OE.15.004530
https://doi.org/10.1016/j.photonics.2020.100870
https://doi.org/10.1016/j.photonics.2020.100870
https://doi.org/10.1364/JOSAA.32.002260
https://doi.org/10.1364/JOSAA.32.002260
https://doi.org/10.1364/OE.11.002927

8. Rosenberg, A, Carter, MW, Casey, JA, Kim, M, Holm, RT, Henry, RL, et al.. GaN-
based photonic crystals and integrated optics. In: Conference on Lasers and Electro-Optics
(CLEO). Long Beach, California, United States: Optica Publishing Group; 2006.

9. Manzacca, G, Paciotti, D, Marchese, A, Moreolo, MS, Cincotti, G. 2D photonic
crystal cavity-based WDM multiplexer. Photon Nanostruct: Fundam Appl 2007;5:164—70.

httpS://dOi.Ol‘g/lO.lOlG/j.phOtOHiCS.ZOO?.Og.OOg (https://doi.org/10.1016/j.photonics.2007.03.003) .

10. Robinson, S, Nakkeeran, R. Photonic crystal ring resonator based add-drop filter
using hexagonal rods for CWDM systems. Optoelectron Lett 2011;7:164—6.

https://doi.org/10.1007/511801-011-0172-2 (https://doi.org/10.1007/s1u801-011-0172-2) .

1L Alipour-Banaei, H, Mehdizadeh, F. Significant role of photonic crystal resonant
cavities in WDM and DWDM communication tunable filters. Optik Int ] Light Electro Opt
2013;124:2639—44. https://doi.org/10.1016j.ijleo.2012.07.029

(https://doi.org/10.1016/j.ijleo.2012.07.029) .

12. Kannaiyan, V, Savarimuthu, R, Dhamodharan, SK. Investigation of 2D-photonic
crystal resonant cavity based WDM demultiplexer. Opto-Electron Rev 2018;26:108-15.

https://doi.org/10.1016/j.0pelre.2018.01.002 (https://doi.org/10.1016/j.0pelre.2018.01.002) .

13. Babu, L, Imamvali, S, Kumar, KS, Kolli, VR, Talabattula, S, Tupakula, S. Design and
analysis of photonic crystal hexagonal ring resonator based 5-channel DWDM demux in

C band. J Opt 2025;54:2268—74. https://doi.org/10.1007/s12596-024-01932-9

(https://doi.org/10.1007/s12596-024-01932-9) .

14. Nawwar, OM, Shalaby, HM, Pokharel, RK. Photonic crystal-based compact hybrid
WDM/MDM (De)multiplexer for SOI platforms. Opt Lett 2018;43:4176—9.
httpSZ//dOi.Org/10.1364/OL.43.004176 (https://doi.org/10.1364/0L.43.004176) .

15. Chanu, SA, Sonkar, RK. Hybrid wavelength—polarization-division demultiplexer
based on honeycomb-lattice photonic crystal structures on a silicon platform. App!{ Opt

2026;65:4069—77. https://doi.org/10.1364/A0.586801 (https://doi.org/10.1364/A0.586801) .

16. Talebzadeh, R, Soroosh, M, Daghooghi, T. A 4-channel demultiplexer based on 2D
photonic crystal using line defect resonant cavity. IETE | Res 2016;62:866—72.
https://doi.org/10.1080/03772063.2016.1217175 (https://doi.org/10.1080/03772063.2016.1217175) .

17. El, MO, Labbani, A. Analysis of a modified Y-Branch CWDM demultiplexer based
on photonic crystal structure. / Microw Optoelectron Electromagn Appl
2024;23:€2024280819. https://doi.org/10.1590/217910742024v23i1280819

(https://doi.org/10.1590/217910742024v2311280819) .

18. Boudissa, A. Design and analysis of a 2D photonic crystal-based WDM
demultiplexer using cavity and quasi-waveguide Bend coupling. Eng Technol Appl Sci Res
2025;15:25872—7. https://doi.org/10.48084/etasr.11817 (https://doi.org/10.48084/etasrus1y) .

19. Balaji, VR, Medha, M, Shaik, EH, Sivasubramanian, A, Ali, N, Hegde, G, et al..
Design and analysis of a photonic crystal DWDM demultiplexer using an overlap ring

cavity to drop narrow linewidth channels. Silicon 2026;18:275—96.


https://doi.org/10.1016/j.photonics.2007.03.003
https://doi.org/10.1007/s11801-011-0172-2
https://doi.org/10.1016/j.ijleo.2012.07.029
https://doi.org/10.1016/j.ijleo.2012.07.029
https://doi.org/10.1016/j.opelre.2018.01.002
https://doi.org/10.1007/s12596-024-01932-9
https://doi.org/10.1007/s12596-024-01932-9
https://doi.org/10.1364/OL.43.004176
https://doi.org/10.1364/AO.586801
https://doi.org/10.1080/03772063.2016.1217175
https://doi.org/10.1590/217910742024v23i1280819
https://doi.org/10.1590/217910742024v23i1280819
https://doi.org/10.48084/etasr.11817

https://doi.org/10.1007/512633-025-03470-W (https://doi.org/10.1007/512633-025-03470-W) .

20. Chen, G, Yao, ], Zhu, H, Zhi, T, Wang, ], Xue, ], et al.. Design of a four-channel
demultiplexer based on photonic crystals with an ultra-high quality factor. App! Opt
2025;64:2581-5. https://doi.org/10.1364/A0.549235 (https://doi.org/10.1364/A0.549235) -

21. Chaparala, R, Kolli, VR, Talabattula, S, Tupakula, S. Integrated optic microring
resonator for various sensing applications: design and analysis. / Opt 2026;55:723—38.

httpSZ//dOi.Org/10.1007/812596-024—02177-2 (https://doi.org/10.1007/s12596-024-02177-2) .

22, Mohammadi, G, Orouji, A, Danaie, M. Narrow-bandwidth optical four-channel
demultiplexer based on a compact silicon photonic crystal ring resonator. Photonic Netw

Commun 2026;51:9, https://doi.org/10.1007/s11107-026-01044-3 (https://doi.org/10.1007/s11107-026-

01044-3) .

23. Xin, Y, Wang, M, Liu, Z, Sun, X, Wu, Y, Zhang, D. Wideband silica mode
(de)multiplexer based on an asymmetric multimode interference coupler with phase
preset. Appl Opt 2026;65:2680—6. https://doi.org/10.1364/A0.586562

(https://doi.org/10.1364/A0.586562) .

24. Nivethitha, V, Sivasubramanian, A. Performance analysis of photonic crystal ring
resonator demultiplexer in DWDM system. J Opt 2025;54:3018—26.
httpS://dOi.Ol‘g/lo.1007/812596-024—01961-4 (https://doi.org/10.1007/s12596-024-01961-4) .

25. Butt, MA. Beyond the detection limit: a review of high-Q optical ring resonator
sensors. Mater Today Phys 2025;58:101873. https://doi.org/10.1016 /j.mtphys.2025.101873

(https://doi.org/10.1016 /j.mtphys.2025.101873) .

26. Manasvi, R, Deepa, V, Balaji, VR, Soroosh, M, Hegde, G. Numerical investigation of
dual-cavity DWDM optical filters for ultra-narrowband C-Band 6G applications. Silicon
2026;18:897—912. https://doi.org/10.1007/512633-025-03561-8 (https://doi.org/10.1007/s12633-025-

03561-8) .

27. Arruda, GS, Morris, K, Martins, A, Wang, Y, Sloan-Dennison, S, Graham, D, et al..
Ultrasensitive Alzheimer’s disease biomarker detection with nanopillar photonic crystal

biosensors. Optica 2025;2:1587-96. https://doi.org/10.1364/OPTICA.566672

(https://doi.org/10.1364/OPTICA.566672) .

28. Fu, B, Gao, R, Yao, N, Zhang, H, Li, C, Lin, ], et al.. Soliton microcomb generation
by cavity polygon modes. Opto-Electron Adv 2024;7:240061-1.

httpSZ//dOi.Org/10.29026/063.2024.240061 (https://doi.org/10.29026/0ea.2024.240061) .

29. Tarun, S, Kumar, D, Deepa, V, Balaji, VR, Hegde, G. Design of an L-band DWDM
demultiplexer with a review on deep learning in 2D photonic crystals. In: Sixth
International Conference on Optical and Wireless Technologies (OWT 2025). Cuncolim,

India: SPIE; 2026, 14168:273—82 pp.

30. Steena, TB, Ramasamy, A. A novel four-channel optical De-multiplexer using
photonic crystal ring resonator. International Conference on Microelectronics,

Electromagnetics and Telecommunication 2024;191—-202. https://doi.org/10.1007/978-981-



https://doi.org/10.1007/s12633-025-03470-w
https://doi.org/10.1364/AO.549235
https://doi.org/10.1007/s12596-024-02177-2
https://doi.org/10.1007/s11107-026-01044-3
https://doi.org/10.1007/s11107-026-01044-3
https://doi.org/10.1364/AO.586562
https://doi.org/10.1364/AO.586562
https://doi.org/10.1007/s12596-024-01961-4
https://doi.org/10.1016/j.mtphys.2025.101873
https://doi.org/10.1016/j.mtphys.2025.101873
https://doi.org/10.1007/s12633-025-03561-8
https://doi.org/10.1007/s12633-025-03561-8
https://doi.org/10.1364/OPTICA.566672
https://doi.org/10.1364/OPTICA.566672
https://doi.org/10.29026/oea.2024.240061
https://doi.org/10.1007/978-981-97-0644-0_17

97-0644-0_17 (https://doi.org/10.1007/978-981-97-0644-0_17) .

3L Nivethitha, V, Sivasubramanian, A. Design and simulate the demultiplexer using
photonic crystal ring resonator for DWDM system. Opt Quantum Electron 2024.
httpS://dOi.Ol‘g/lO.60692/dSkOX-96p57 (https://doi.org/10.60692/dskox-96p57) .

Received: 2026-07-30
Accepted: 2026-08-31
Published Online: 2026-09-28

© 2026 Walter de Gruyter GmbH, Berlin/Boston

@ You are currently not able to access this
content.

Not sure if you should have access? Please log in using an
institutional account to see if you have access to view or download
this content.

Readers are also interested in:

High optical fiber system capacity product
based on various light sources with the em-
ployment of all optical fiber amplifiers
through space division multiplexing...

Maximizing constructive interference
based on orthogonality and diversity in
MISO-VLC systems using FSTD-MRC
algorithms

JOURNAL OF OPTICAL
COMMUNICATIONS



https://www.degruyterbrill.com/document/doi/10.1515/joc-2025-0111/html?recommended=sidebar
https://www.degruyterbrill.com/document/doi/10.1515/joc-2025-0133/html?recommended=sidebar
https://doi.org/10.1007/978-981-97-0644-0_17
https://doi.org/10.60692/dsk0x-96p57
https://checkout.degruyterbrill.com/cart?name%7C%7Cb181358b37293c5086bacd9dc0fa73d55a0b6bd58b5d62d82084dd3d6547bca5=High-Q+photonic+crystal+ring+resonator%E2%80%93based+ultra-compact+6-channel+C-band+demultiplexer+with+low+crosstalk&category%7C%7C80ecd7693e091892751fba1c998f8020e15f0894f9968add5c7a8685b78f69f8=electronic&url%7C%7C74829f91ef194490e463bf5aa9f28b537e511e373e6acc4f5cbc640f980523b7%7C%7Copen=https://www.degruyterbrill.com/document/doi/10.1515/joc-2026-0341/html&price%7C%7C19a279e7c0d394d2543bc26c38786926a67d858aeb698e6ccb0e91f3ec6ecd8a=42.00USD&code%7C%7C119ad36dc1845e517fc4d9ee60d581d9413bb4889299b0744baaaede3044d6b9=lang%3Den%7Csubject%3DEN-02-08%7C10.1515/joc-2026-0341&image%7C%7C056246c48b832cf3c590651e392d4584d9b590d0d4633230cd1bbbff57a04f53%7C%7Copen=https://www.degruyterbrill.com/document/cover/journal_key/JOC/thumbnail&Web%7C%7C7578fdadcf77bca4e40f9243fb2deae2d8ed0794bafb20f7f2e38d74f2027609%7C%7Copen=https://www.degruyterbrill.com/document/doi/10.1515/joc-2026-0341/html&Format%7C%7C7f6d3865607680d680083831ee955ab2639992751237b1787481063231d20362=electronic&quantity_max%7C%7C40452e4b43c0f1173b953a1e5bb420aa88ac098d5392e85c68421c793430acbd=1&_ga_item_id%7C%7C94e4a56026ee52c42bb9424587661e20ba826d68c385a82cd10194fefc402620=10.1515/joc-2026-0341&template_set=EN_USD

Highly SNR uniformity and power efficient
model for indoor VLC based on DCO-GFDM
modulation

https://doi.org/10.1515/joc-2026-0341

Keywords for this article
photonic crystal; DWDM,; finite difference time domain method;
demultiplexer; hexagonal ring; C band

Downloaded on 15.10.2026 from
https://www.degruyterbril.com/document/doi/10.1515/joc-2026-0341/html?lang=en


https://www.degruyterbrill.com/document/doi/10.1515/joc-2024-0196/html?recommended=sidebar
https://doi.org/10.1515/joc-2026-0341
https://www.degruyterbrill.com/search?query=keywordValues%3A%28photonic+crystal%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28DWDM%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28finite+difference+time+domain+method%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28demultiplexer%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28hexagonal+ring%29&documentVisibility=all&documentTypeFacet=article
https://www.degruyterbrill.com/search?query=keywordValues%3A%28C+band%29&documentVisibility=all&documentTypeFacet=article

