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Fig. 1. Step-asymmetrical graded refractive index profile.
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Table 1. Comparison of exact normalized propagation constant bex, bwkp from WKB method, b, from

traditional variational method and b; from improved variational method for exponential index profiles.

v m bex by b1 b2 b3
8 0 0.522766 0.522766 0.525793 0.522261 0.522756 0.522766
8 1 0.259566 0.259566 0.260299 0.259520 0.259566 0.259566
8 2 0.113811 0.113811 0.114092 0.113799 0.113811 0.113811
8 3 0.035123 0.035122 0.035237 0.035119 0.035123 0.035123
8 4 0.002728 0.002727 0.002755 0.002727 0.002727 0.002727
4 0 0.321164 0.321164 0.324912 0.320633 0.321153 0.321164
4 1 0.053966 0.053966 0.054561 0.053928 0.053966 0.053966
1.2 0 0.003823 0.003852 0.005105 0.003534 0.003827 0.003823
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Table 2. Comparison of exact normalized propagation

constant bey, bwkp from WKB method and b; from

improved variational method for Gaussian index pro-
files.

Vv bex bwks b;

2.0 0.0817 0.0451 bg = 0.0817
3.0 0.2750 0.2741 b1 = 0.2750
4.0 0.4133 0.4124 by = 0.4133

improved variational method for Complementary Er-

ror index profiles.

v bex bwkB b;
3.0 0.0675 0.0574 bz = 0.0675
4.0 0.1694 0.1650 by = 0.1694
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Fig. 2. (color online) Distributions of the electric field
intensity Ej;(z) decided by b; from improved varia-

tional method for Gaussian profile at V' = 2.
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Fig. 3. Exact distributions of the normalized elec-

tric field intensity Fex(z) and E3(z) calculated by our

method for exponential index profile at V = 4.
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Abstract

A simple analytical method is proposed to obtain the exact propagation constants and distributions of electric
field intensity of optical waveguides with graded refractive index profile. The method is based on the Wenzel-Kramers-
Brillouin (WKB) solution, variational method, modified eigen-equations and discretized scalar wave equation for planar
optical waveguide. The expressions of the distribution of electric field intensity based on the conventional WKB method,
which diverge around the turning point, have been demonstrated to be very exact in the region beyond the turning
point where the refractive index profile varies slowly. The proposed method uses the conventional WKB method to
calculate the values of electric field intensity at two adjacent positions beyond the turning point and then the electric
field intensity profile for the whole region is obtained by making use of the two calculated values. Two simple and explicit
formulas are deduced from the discretized scalar wave equation, which provide a relationship among the values of electric
field intensity at three adjacent positions. If the effective refractive index of optical waveguide and the refractive index
profile for the whole region are known, we can obtain the value of electric field intensity at any position according to
the corresponding values at the adjacent positions by using the two formulas aforementioned. By using the two values
calculated by WKB method, the electric field intensity profile for the whole region can be determined through the iterative
use of the two formulas. The accuracy of the electric field intensity profile determined by the proposed method is greatly
dependent on the accuracy of the applied value of the effective refractive index. To achieve exact propagation constants
and distributions of electric field intensity, the variational method and modified eigen-equations are employed in the
proposed method. Variational method is a very useful method to improve the accuracy of the propagation constants in
the analysis of optical waveguides with step-asymmetrical graded refractive index profile. By combining the traditional
variational method and calculation of electric field intensity profile by the proposed method, the improved variational
method is presented to obtain the exact propagation constants of optical waveguides. The value of propagation constant
calculated by WKB method and the corresponding electric intensity field profile determined by the proposed method are
chosen as the initial trial value and trial function in the variational method. Propagation constant and the corresponding
electric field intensity profile with better accuracy can be achieved by the variational calculation and then are regarded
as the new trial value and trial function. By the iterative use of the variational method and calculation of electric field
intensity profile by the proposed method at finite times, quite accurate results are obtained. The modified eigen-equations
in combination with the proposed method is another approach to calculating accurate propagation constants of optical
waveguides with both the step-asymmetrical and symmetrical graded index profile. In comparison with other published

methods, the proposed method has the advantages of the simplicity and considerable accuracy.

Keywords: graded refractive index profile, optical waveguides, Wentzel-Kramers-Brillouin method,

variational method
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