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Abstract

Recently, significant research efforts have been focused on increasing optical fiber transmission
capacity due to the rising demand of information transmission. The standard single mode fiber (SSMF)
worldwide deployed operates exclusively in the infra-red band (1.3 ym-1.6 pym). Although the exploitable
capacity in the infra-red band is substantial, it is showing signs of exhaustion even when using modern
modulation schemes [1].

Mode-division multiplexing (MDM) is a good solution to overcome the limit on the fiber optics capacity.
A mode (de)multiplexer to combine and split the modes at a certain wavelength is needed [1-2].
Different techniques have been proposed to convert and (de)multiplex the modes; for example, free
space optics, liquid crystal on silicon (LCOS), directional couplers (DC), asymmetrical directional
couplers (ADC) and long-period fiber Bragg gratings (LPFBG).

ADCs are a compact solution that allow to excite the higher order mode from the fundamental one.
Different devices have been reported operating at wavelengths around 1550 nm [3,4] employing fibre-
waveguide coupling. Mode conversion is induced by matching the effective index of the TE1 mode in the
waveguide 2 and the effective index of the TEo mode in the waveguide 1[5], as depicted in Fig. 1.

Depending on the selected fabrication technology, different options for the waveguide-fiber coupling
have been considered. In Silicon-On-Insulator (SOI) technology, vertical coupling through a grating
coupler or lateral coupling can be used. In this case, the grating coupler offers low losses [6] and the
light coupling is less difficult compared with the horizontal case due to the huge difference between the
dimensions of the fiber and the waveguide. Planar Lightwave Circuit (PLC) offers a lateral coupling with
lower losses but at the expenses of a higher size and less compatibility with active photonic and
electronic devices.

Grating couplers based on SOl are an interesting option to efficiently couple the TEo and TE:
waveguide modes to the different modes of a Few Mode Fiber (FMF) [7]. Different techniques have
been proposed to excite the LP11 mode in the FMF, like exciting one or several grating couplers with
different copies of the TEo signal with the appropriate phases [8].

We propose and demonstrate a mode converter and multiplexer based on an asymmetrical directional
coupler (ADC) fabricated in SOI technology, to couple simultaneously the TEo and TE:1 modes to the
LPo1 and LP11 modes directly in a Two Mode Fiber (TMF) through one single grating coupler.
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Fig. 1: Refractive index profile for mode coupling between TEo and TE1 modes.
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Fig. 2: Schematic structure of a mode multiplexer based on Asymmetrical Directional Coupler (ADC).
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Fig. 4: BPM simulation of a mode multiplexer based on Asymmetrical Directional Coupler (ADC).
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Fig. 5: Insertion losses for LPo1 and LP11 modes. The insets show the field coupled to the few mode
fiber (FMF)
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