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A simple calculation method for resonant mode separation parame-
ters of optical microsphere cavities

GU Guo-giang, CAI Zhi-ping, XU Hurying® , WANG Jin-zhang, XU Bin, YAN Yu

(Department of Electronic Engineering, Xiamen University, Xiamen 361005 ,China)

Abstract:In this paper,an effective derivative method has been presented to calculate the size parameter
(x) separation of adjacent resonant modes (Al=1) based on the eigenvalue equation of the resonant
modes of optical microsphere. Starting from Lam's formula of size parameter,the angular mode number
(D) must be integer and far larger than 1,and we deduce that the size parameter separation of adjacent
resonant modes can be approximated to the derivative of the corresponding size parameter. The resear-
ches show that the relative error of size parameter separation between the derivative method and the ex-
act value from Mie scattering theory for radial order of i=1 is less than 0. 05% ,which is also consistent
with the experimental data. Because the derivative method does not require cumbersome series expan-
sion, it greatly simplifies the calculation procedure,and can provide important theoretical guidance for the
experimental studies of optical microsphere cavities.
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1 Ax l i

Tab.1 Size parameter separation Ax varying with angular mode number / and radial order i

Ax

Mode l i x n m I IV/% v/ %
TE 50 1 38.0790 0.7087 0.7084 0.7086 0.042 0.014
51 1 38.7877 0.7083 0.7080 0.7082 0.042 0.014

45 2 38.1999 0.7351 0.7330 0.7334 0. 286 0.231

46 2 38.9350 0.7342 0.7323 0.7327 0. 259 0.204

41 3 38.3003 0.7581 0.7545 0.7551 0.475 0. 396

42 3 39.0584 0.7574 0.7534 0.7539 0.528 0.462

™ 50 1 38.5483 0.7093 0.7086 0.7088 0.099 0.070
o1 1 39. 2576 0.7089 0.7082 0.7084 0.099 0.071

45 2 38.6073 0.7382 0.7334 0.7338 0. 650 0.596

46 2 39.3455 0.7370 0.7326 0.7330 0.597 0.543

41 3 38.5682 0.7663 0.7551 0.7557 1.462 1. 383

42 3 39.3345 0.7656 0.7539 0.7545 1.528 1. 450

Note: The three columns for Az refer to (I) exact value from Mie theory; (II) Lam's result, Eq.
(4) ; (11D our result, Eq. (6); (IV) relative error of (II) compared with (I); (V) relative error
of (II1) compared with (I),and the refractive index n is 1. 474 6.
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Fig. 1 Solved the size parameter separations of TE mode from (a) Mie scattering method; (b) derivative

method and (c¢) Taylor series expansion method,and (d) relative error
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Fig.2 The coupling test system of a tapered

fiber with a microsphere resonator:
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(a) Resonant spectrum of the tapered fiber coupled with the microsphere;(b) Calculating results of

size parameter separation from Mie scattering

method and derivative method compared with experiment result
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