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FIGURE 3.9: a) β2 as a function of the wavelength for different waveg-
uide widths. The β2 value is critically dependent on the geometry
of the waveguide, which makes the engineering of the dispersion a
non trivial task. b) Phase mismatch as a function of the idler wave-
length for a 2 µm wide waveguide with 243 nm height. The ∆k calcu-
lated considering the full effective indices of the waves (dashed line)
is compare with those calculated with the dispersion compensation
(β2− β4). The phase matching is calculated around 1.19 µm by the full
effective index treatment with 1.55 µm pump wavelength, while the
dispersion compensation method fails to calculate its spectral posi-
tion with the same pump wavelength (purple line). The phase match-
ing in the expected position is recovered with 1.94 µm pump wave-

length (red line).

affects critically the phase matching. These examples show that the phase matching
based on the higher order terms is efficient, but is affected by errors in real devices.

Thus far we have considered only the first order waveguide mode, which forces
the engineering of the GVD terms. However, it is possible to use different prop-
agation constants of different order modes to earn one more degree of freedom in
designing the phase matching. This is the case of intermodal phase matching, where
higher order waveguide modes are used, with their different effective index pro-
files, as shown in Fig. 3.10. This allows tuning the propagation constant of each
wave independently, thus improving the control on the phase matching condition.
Up to now, intermodal FWM has been demonstrated only in high-order-mode op-
tical fibers [55, 69, 70] and in photonic crystal optical fibers [71]. The only example
of intermodal phase matching in an integrated device was reported with Brillouin
scattering [72], but FWM has never been investigated. With our work we reported
the first experimental demonstration of intermodal FWM in waveguides [73], which
was rapidly followed by several other works exploiting this kind of phase match-
ing approach for FWM in integrated platforms [74, 75, 76, 77]. The full description,
analysis and experimental demonstration of intermodal FWM are reported in the
next section.

3.6 Intermodal four wave mixing in silicon waveguides: the-
ory and experimental demonstration

This section has been largely derived from my work in Ref. [73].


