Broadband polarization beam splitting based on three coupled anisotropic waveguides
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In the last few years adiabatically evolving systems inspired by adiabatic quantum dynamics processes were shown to allow a robust (broadband) light transfer among optical waveguides [1]. An example of such a process is the STIRAP-like (STIRAP = STImulated Raman Adiabatic Passage) light transfer [2, 3]. It consists of a system of three waveguides with space-dependent mutual coupling arranged in a counter-intuitive order. So, by a proper choice of the parameters, a light beam injected into the first waveguide can be fully transferred to the third one irrespective of its wavelength over a broad spectral range. A key parameter for this process to occur is the refractive index contrast of the waveguides which governs the coupling coefficients. Based on the above phenomenon, here we propose a method for realizing broadband integrated polarizing beam splitter (PBS) in waveguide systems with strongly anisotropic refractive index contrast. In such systems the STIRAP-like light transfer takes place for the polarization associated with the lowest index contrast, but is inhibited for the other polarization. In our case, the TE polarization is considered to have the smallest index contrast. So, an unpolarized light injected into the first waveguide, the TE component of the beam must be coupled and must exit the third waveguide. The TM component must remain in waveguide1. As little light as possible should be lost to the second waveguide. Calculations by means of the coupled mode theory and numerical simulations by the Beam Propagation Method (BPM) indicate that an anisotropy factor of 5 (ratio between TM and TE index contrast) is sufficient for a robust discrimination between the TE and TM polarization into two different output waveguides around 1550 nm. The spectral bandwidth of such PBS is about 500 nm for these conditions and increases with increasing anisotropy factor. Various methods to achieve such anisotropic contrast waveguides, can be considered among which are local electric field-induced waveguides in photorefractive materials that exploit the anisotropy of the electro-optic response. Another possibility involves the creation of waveguides with an anisotropic core induced by the fabrication process for instance by a combination of ion indiffusion and proton exchange in LiNbO3. A third possibility would involve waveguides with isotropic core but anisotropic cladding, for instance using liquid crystals. The system which is going to be presented in this conference is a first step to conceive such a broadband PBS and is a further demonstration of the strong potential of analogies between quantum physics and optics to conceive robust photonic devices.
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