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The determination of mode coupling coefficients
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Abstract. Analytical expressions for coupling coefficients for oblique incidence
on a grating with an arbitrary groove profile on a planar waveguide with an
arbitrary refractive index profile are obtained in the form of mode eigenfunctions
values on the waveguide surface,

In our previous work [1] we investigated theoretically the coupling of modes in
planar waveguides induced, in particular, by a grating. Analytical expressions for the
coupling coefficients have been obtained to first order approximation in groove
depth d for oblique incidence and arbitrary grating and waveguide refractive index
profiles. However, for direct practical application of these formulae in integrated
optical devices it is necessary to express the dependence of coupling coefficients on
the waveguide parameters in the form of the mode eigenfunctions values on the
waveguide—air boundary. The purpose of this work is to show how this can be done
for a waveguide with an arbitrary index profile. The TE,—TE, coupling coefficients
are [1)]
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and B,,0,and & zx( y) are the propagation constant, the angle of propagation and the
eigenfunction, respectively, of the uth mode of the waveguide shown schematically
in the figure. @ is the angular frequency, g, the vacuum permittivity and F,, is the
function corresponding to the coupling grating Fourier amplitude. Integrating twice
in parts the expression
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and taking into account the wave equation, we obtain
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Schematic representation of planar optical waveguide.

The mode cigenfunctions and their normal derivatives are continuous over the
boundary 1 11;
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The continuity of 66%,(y)/0d and 0*&45,(y)/0y0d requires more precise treatment,
because é":';x(y= t+d) depends on d both directly and indirectly through y=t+d.
Taking a derivative in d, (5) becomes
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It is evident from (5 b) and (6 a) that 083,()/0d is continuous over a boundary I-11.
Using (6 b), equation (4) becomes
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and the expression for the coupling coefficient takes the form
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The coupling coefficient for TM~-TM coupling can be obtained in a similar way:
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where g7 =2 — k*nf and 5 ,,(2) is an eigenfunction of the uth TM mode taken on the
waveguide surface.

The case with conversion of polarization is more complicated because of the
summation over all possible modes in the coupling coefficients (see table 1 of [1]). We
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have calculated numerically the coupling coefficients for 9 different waveguides. The
following cases have been considered: n; =1, n;; =162, n;; =1-515, with 5 thicknesses
t=3, 5,10, 15, 20 um and n;=1, n;=2-234, ny;=2-214, with t=6, 10, 20, 40 um.
These cases include both mono and multimode (up to 4 modes) waveguides. The
following conclusions can be drawn from the numerical treatment:

(a) the summation over all possible modes cannot be omitted;

(b) in both mono and multimode waveguides the summation must include an
integral over a continuous spectrum, otherwise the results are changed
drastically;

(¢) within a mistake of 5%, the coupling coefficients can be approximated with
the following formula:
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In conclusion, it is worth noting that the expressions (8) and (9) are valid for the
general case of arbitrary grating and waveguide refractive index profiles. A
comparison between our results for the case of step refractive index profile and the
results of Stegeman ef al. [2] has been already made in {1].
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