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nm lithography, with 3 µm silica as the substrate, 900 nm silica deposited via plasma-
enhanced chemical vapor deposition as the cladding, and silicon as the core material,
with variable thickness depending on the cross-section of the waveguide. The sam-
ples here used have been fabricated by the Centre for Materials and Microsystems
of Bruno Kessler Foundation (Trento, Italy).

1.1.2 Light coupling and propagation in multimode waveguides

In this section I follow the formalism used by Chang [21] 1.
Optical waveguides can support one or more waveguide modes depending on their
cross section and refractive index of the materials used in their fabrication2. When
light has to be loaded inside the waveguide structure, it can in principle excite all the
guided modes supported by the waveguide. Thus these modes propagate together
inside the optical device. Let us consider the excitation of the guided modes in a
channel waveguide by means of free-space beams or optical fibers, which illuminate
the input facet of the waveguide. The modes of a waveguide are solutions of the
wave equation Eq. (1.1), and form a complete set. As a consequence, any electro-
magnetic field incident at the facet of the waveguide can be expressed as a linear
combination of the modes supported by the waveguide, with the expansion coeffi-
cient of each mode proportional to the power coupled on that specific mode. Let us
consider the input facet of the waveguide at z = 0 and the waveguide extending
along the positive z axis, as in Fig. 1.3. Assume that a beam of laser light, arriving
from z < 0, is impinging on the facet at z = 0. Given el the radiation field of the
laser, the following relation holds

el(x, y) = ex(x, y) + ey(x, y), (1.6)

with ex/y the transverse electric/magnetic radiation field. At z < 0, neglecting
reflection and diffraction at the waveguide facet (z = 0), el consists only of the inci-
dent laser radiation. At z ≥ 0, el consists of the guided waveguide modes and the
field radiated in the cladding ex,rad and ey,rad.
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FIGURE 1.3: a) Schematic of the waveguide cross section and relative
reference frame. b) Ray optics representation of mode propagation
in dielectric waveguides. The higher the order mode, the higher the
number of reflections at the boundaries of the core. In the legend
is indicated the relative order mode of the three propagating modes

drawn in the form of rays.

1Please notice that in this thesis the reference frame has been changed with respect to what used in
[21], inverting the x and y axes.

2For an introduction on the formation of optical modes in waveguide, see Appendix A.


