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Rainbow Trapping and Broadband Nonlinearity in Lithium Niobate
Transformation Optical Waveguides
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Collaborative Innovation Center of Advanced Microstructures, National Laboratory of Solid State

Microstructures, School of Physics, Nanjing University, Nanjing 210093, Jiangsu, China

Abstract The development and application of transformation optics provide a new approach to on-chip integrated multi-
frequency transmission and the design of broadband nonlinear photonic devices. In this paper, a model based on the
transformation optics theory is utilized to obtain a waveguide device featuring on-chip rainbow trapping by manipulating the
spatial distribution of dispersion and group velocity of thin-film lithium niobate photonic crystals. The analysis of the
nonlinear four-wave mixing process reveals the bright application prospect of the proposed waveguide device in broadband

four-wave mixing. The transformation optical waveguide structure designed can also be applied to other nonlinear

integrated optical devices.
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Fig. 1

Structure of transformation thin-film lithium niobate photonic crystal waveguide. (a) Structure of photonic crystal waveguide

with nanoporous; (b) cross-section structure of waveguide; (c) longitudinal section of photonic crystal unit
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Fig. 2 Dispersion of lithium niobate photonic crystals.

(a) Dispersion curves of lithium niobate nanoporous photonic crystal

waveguides; (b) eigenmode field distribution of four photonic crystals with different periods and the eigenfrequency is

299.79 THz; (c) for light with a frequency of 299. 79 THz, group velocity of photonic crystal varies with the period
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Fig. 3 Design of the transformation photonic crystal waveguides. (a) Group velocity v, varying along z; (b) period a of transforming

optical photonic crystal waveguide as a function of =
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Fig. 5 Analysis of four-wave mixing in the transformation photonic crystal waveguide. (a) For the signal light of 299. 19 THz, the

pump light of 294. 19 THz, and the corresponding idle light of 289. 19 THz, relationship between phase mismatch A% and

coordinate z; (b) variation of effective nonlinear coefficient y of photonic crystal waveguide with the coordinate z; (¢)—(h) when

frequency of signal light remains unchanged, and idle light frequency changes to 291. 19, 293.19, 295. 19 THz, respectively,

phase mismatch A% and effective nonlinear coefficient y of photonic crystal waveguide vary with coordinate =
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