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ABSTRACT 

In integrated phase-change photonic memory and computing devices, the basic operation involves 
using light guided into an integrated waveguide to switch the phase-change cell between its 
crystalline and amorphous states. Such switching results in a non-volatile and reversible alteration 
of the waveguide’s optical transmission, thus forming the basis of the readout process. In terms of 
detecting the readout signal, a high signal-to-noise ratio (SNR) is obviously desirable. Optimising 
readout SNR involves a trade-off between readout contrast and insertion loss. Here we explore role 
of cell size and the size of the written mark on the readout signal, developing a realistic figure-of-
merit to help guide design choices and deliver an optimum readout signal. 
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1. INTRODUCTION 

Integrated phase-change photonic memory devices offer a novel route to non-volatile storage and 
computing. Such devices generally consist of integrated waveguide structures onto which are 
fabricated small phase-change memory cells (using e.g. Ge2Sb2Te5 (GST)). When combined with 
photonic crossbar arrays and microring resonators, such photonic phase-change devices can deliver 
non-von Neumann forms of in-memory and neuromorphic photonic computing [1,2].  

 

Fig. 1. Integrated phase-change photonic memory, configuration and operation schematic. 

Here, we consider the evanescent-field coupling and power(heat) transfer between a GST cell and 
the propagating optical mode within a Si3N4 waveguide operating at 1550 nm wavelength with 10 
nm GST capped with 5 nm indium-tin oxide (ITO) to avoid oxidation, as shown in Fig. 1. The 
propagating optical mode in the waveguide is specified as the TE mode. For simulation of the phase-
change process, i.e., writing and erasing (amorphization and recrystallization) of the GST cell, a 
model is used that combines thermo-optic finite-element simulations (using COMSOL 
Multiphysics) with a “bespoke” phase-change model [3] based on a Gillespie-type cellular automata 
and classical nucleation and growth theory. 

2. RESULTS & DISCUSSION 

For the write process, i.e. the writing of an amorphous mark into a fully crystalline starting state, a 
single 10 mW, 25 ns pulse with 2.5 ns rise/fall time is delivered along the waveguide. Simulated 



 

 

microstructure within the GST cell is shown in Fig. 2(a), for a range of GST cell lengths. It can be 
seen that the amorphous mark is located at the front edge of the cell, and that the proportion of the 
cell that is switched depends on the cell size. The latter observation is confirmed in Fig. 2(b), which 
shows the crystal fraction (X) before, during and after the writing pulse. For a 1.2 µm GST cell, 
initially the cell is fully crystalline (X = 1), with the crystalline fraction beginning to reduce at 4 ns 
and settling at a value of X ≈ 0.7 directly after the end of the write pulse. The change of the fraction 
of crystallized material in the cell leads to a corresponding change in optical transmission through 
the waveguide, leading to an increase in readout contrast, as shown in Fig. 3(a). 

 
Fig. 2. (a) Top view of the microstructures of GST patch after write (amorphization) operations of the device with a 
function of GST lengths. (b) Simulated crystal fraction as a function of GST lengths.  

 
Fig. 3. (a) Crystal fraction, readout contrast during write process of the device with a 1.2 µm long GST patch. (b) 
Figure of Merit (FOM) of the device as a function of GST patch length. (c) FOM of optimized devices. 

The optimal size of the GST cell should maximize the readout figure of merit (FOM) of the 
device that relates the insertion loss (IL) and the extinction ratio (ER), i.e, FOM = ER/IL. The 
readout FOM for GST cells of lengths ranging from 0.6 to 4 m is shown (blue solid line) in 
Fig. 3(b). In general the FOM increases with decreasing cell length, reflecting the variation of 
the crystallization fraction with cell length as a result of the writing process. A peak FOM of 
around 1.6 is observed for a cell length approximately 0.8 m. Note that these FOM values are 
lower than those previously reported in [4] (see red dashed line in 3(b)), since in that work it 
was assumed, unrealistically, that the entire cell can be swtiched between amorphous and 
crystalline states. While increasing the optical write power can increase the sizes of the written 
amorphous mark, powers above around 15 mW lead to damaging temperatures in the cell 
approaching 2000 K. Finally, we note that further optimisation of the FOM can be achieved by 
suitable alterations to the GST cell shape, with example results in Fig. 3(c). 
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