GST loaded silicon-on-insulator diffraction grating
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It is well known that progress in modern nanoelectronics through the scaling of standard planar CMOS technology is becoming more complicated with transition to feature sizes below 100 nm [1]. One of the prominent alternatives is nanophotonics, in particular, integrated silicon photonics due to its compatibility with CMOS manufacturing process. For over the decades extensive research in this field has resulted in a number of photonic applications in datacom, sensing and some other fields. Recently, it has been a great interest in photonics-based non-volatile data storage and neuromorphic applications that naturally incorporate phase-change materials such as Ge-Sb-Te (GST) alloys [2, 3].
In this paper, we start with a consideration of a thin-film GST diffraction grating deposited on a silicon-on-insulator (SOI) waveguide with 220 nm thick silicon and 1 µm thick buried oxide layer. Earlier in [4], we have mentioned several advantages such diffraction-grating-like GST formation can have beyond regular continuous film deposition. These are: i) lowering energy budget for optically induced GST phase transition utilizing resonant properties of the grating; ii) providing a simple way of GST phase verification on the basis of the grating reflection spectra; iii) and also, enabling an alternative input of light into the structure with different efficiencies depending on the GST phase.
However, considering the diffraction grating solely as an input (output) element, optimization of a certain number of parameters is needed. These parameters include input angle of incidence, grating period (pitch), filling factor (duty cycle), and height, which is also an etching depth. Since GST is typically deposited as thin films with thickness 10–30 nm because of its strong light absorption, the resulting grating height can be inadequate for the efficient coupling to the waveguide. Hence, we propose to etch further in the silicon layer, which will lead to the formation of a composite structure – SOI diffraction grating “loaded” with GST (Fig. 1a). We demonstrate that even shallow additional etching of silicon (5–30 nm) yields significant increase in the excited mode profile (Fig. 1b).
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Figure 1. (a) Considered structure – composite GST+SOI diffraction grating; (b) excited mode profiles without additional silicon etching (lines 1a,c) and with etching to depths 5 nm (2a,c), 20 and 12 nm (3a,c), 30 nm (4a,c).
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