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Numerical Simulation of Temperature Properties of Photonic Crystal Fibers

WEI Yan, CHANG De-yuan, ZHENG Kai, JIAN Shui-sheng

(Institute of Lightwave Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract The two-dimensional (2D) Galerkin vectorial finite-element method (FEM) with 2™ transparent boundary
conditions (2" TBC) is reported and the modes of fibers with arbitrary cross-section shape and arbitrary refractive
indices distribution are analyzed. By 2™ TBC the confinement loss (CL) of modes of photonic crystal fibers (PCF) is
solved more accurately than by 1% TBC. The relative error between results of FEM with 2™ TBC and multipode
method (MM) is no more than 10%. After the temperature properties of a single mode PCF is numerically
simulated, the approximate formulas for the change of effective refractive index n. » effective radius R.s and CL of
PCF with temperature are constructed. When the temperature coefficient of refractive index £ varies slowly within
the range of wavelength and temperature, as temperature inceases, 7. inceeases linearly and the increment has
nothing to do with wavelength A, diameter of air hole d and distance between two nearest holes A; R.s decreases
linearly and the decrement is in proportion to &, temperature increment AT, A? and A?, and inverse proportion to d;
CL decreases linearly and the decrement is in proportion to & AT, and CL, CL varies more rapidly with larger d/A
at a longer wavelength. The dispersive properties of PCF are not affected by temperature change.

Key words fiber optics; photonic crystal fibers; finite-element method; 2™ transparent boundary conditions
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