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Abstract: Chalcogenide phase change materials (PCMs) have promising properties for photonic applications 
thanks to their nonvolatile and large refractive index modulation [1]. The last decade has seen a growing 
interest in such a combination of properties for a variety of nonvolatile programmable devices, such as 
metasurfaces, tunable filters, phase/amplitude modulators, color pixels, thermal camouflage, photonic 
memories/computing, plasmonics, etc.—giving rise to the so-called Phase-change Photonics field.[1] PCM-
based devices rely on the precise switching between the amorphous and the crystalline states, which can be 
achieved through optical or electrical pulses via optical absorption and Joule heating, respectively. Optical 
pulse switching is the fastest and most precise method; however, it lacks scalability given the difficulty of on-
chip pulse routing when considering many PCM cells. It is also limited to absorptive PCMs, such as Ge2Sb2Te5. 
As a scalable alternative, on-chip microheaters using multiple material platforms have been proposed, e.g. 
doped-silicon, graphene, ITO, metals, etc. Doped-silicon microheaters are particularly interesting since they are 
CMOS compatible and can be fabricated onto silicon-on-insulator (SOI) wafers—the same platform used for 
silicon photonic integrated circuits. However, this electro-thermal switching also has shortcomings. It lacks 
stable multi-level response due to the stochastic nature of both amorphization and crystallization processes in 
the typical bow-tie-like devices where the microheater heats the entire cell to an almost flat temperature [2,3]. 
Because of this, the focus is shifting towards the microheater's geometry in addition to the choice of 
conductive material and its integration. One common goal is to control the hotspot size within the PCM cell to 
deterministically switch specific areas (i.e., spatially resolved amorphous domains in a crystalline cell) and, thus, 
achieve controllable and reproducible optical modulation [4,5]. In this talk, I will review the fundamentals of 
PCM for photonics and the proposed electro-thermal mechanisms. I will then focus on our current efforts to re-
engineer doped-silicon microheaters for optimum performance. 
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