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Phase-change materials (PCM) have potential application in next-generation programmable random-access 

memories (RAM) [1]. Germanium-Antimony-Tellurium (GST) alloy is one of the extensively studied system 

owing to its large change in resistance during phase transformation from amorphous to crystalline [2]. 

Moreover, phase changes take place at the time scale of nanoseconds require to probe the dynamics of 

processes at relatively higher temporal resolution. This is expected to unearth the nearly closer transformation 

temperatures in real time and in-situ TEM at high resolution is possibly the ideal tool for this purpose. There 

are several reports of studies of crystallization kinetics in GST based on thermal calorimetry, Raman 

spectroscopy, electron microscopic observations on ex-situ annealed films on substrates, etc. [3]. 

Determination of precise transformation temperatures from amorphous to crystalline phase has also been 

reported through in-situ TEM investigation albeit at relatively lower temporal resolution, based on electron 

diffraction and low magnification TEM imaging before and after crystallization [4]. Additionally, 

determination of crystallization temperature of phase transformation is complicated by the interfacial effects 

of substrates and protective layers with the GST as well as thermal gradient during heating. To overcome these 

issues, GST films have been directly deposited on Protochips. This strategy helps to minimize the interference 

from the substrate and protective layer during investigation of phase changes through TEM. The details of the 
in-situ methodology is well described in the available literature [5]. 

In this investigation Ge2Sb2Te5 thin films of thicknesses 10 nm, 20 nm and 30 nm were directly deposited on 

Protochips using magnetron sputtering. In-situ heating experiments has been carried out in a Cs-corrected FEI 

Titan ETEM employing Aduro 300 Protochips holder. Dynamics of phase transformations have been captured 

using Gatan K3-IS camera at low dose to eliminate the effect of e-beam induced knock-on damage to the 

sample. Protochips were heated @ 5 ºC/sec from room temperature to 140 ºC. The chemical composition of 

Ge2Sb2Te5 films before and after heat-treatments are analyzed using STEM-XEDS in a Thermofisher Tecnai 
F30. 

General morphology of the films and the corresponding phase structural information have been studied for the 

GST films of thickness 10 nm, 20 nm, and 30 nm, respectively. The morphology of the as-grown films at room 

temperature for all thickness are observed as islands type. The diffuse rings indicating the amorphous nature 

of the films in as-grown condition. The HRTEM image snapshots captured during heating of GST films of 

thickness 20 nm are presented in Figure 1. Corresponding power spectrum displayed in Figure 2 show the 

crystallization from amorphous to crystalline phase and could be indexed to Ge2Sb2Te5 fcc. The GST thin films 

deposited on oxidized Si and Si3N4 substrates have been reported to display two distinct phase transformations 

i.e., from amorphous to fcc and fcc to hcp, respectively. In the present investigation, first sign of crystallization 

shows lattice fringe spacings corresponding to Ge2Sb2Te5 fcc is observed at ~2 s. This suggests that despite 

imaging in low-dose conditions, the effect of beam induced crystallization could not be eliminated. It has been 

observed that both fcc and hcp phases were found to coexist in the entire temperature range albeit with the 
varied phase fraction. 
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Figure 1. The Ge2Sb2Te5 crystals after phase transformation from amorphous phase and corresponding power 
spectrum captured in a K3-IS camera. 
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Figure 2. The corresponding power spectrum confirms the structure of the crystals are of fcc. 
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