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Context : Phase Change Materials (PCM) such as Ge2Sb2Te5 (GST) are promising building-blocks for 
alternative memory devices, where the information bit is stored in the form of two distinct resistive 
states, namely the high-resistance amorphous phase and the low-resistance crystalline phase. 
Switching between the different phases is achieved through the heating of the PCM via Joule effect by 
means of the application of different voltage pulses. Phase Change Memories exhibit switching speeds 
in the ns range, scalability down to sub-10 nm dimensions, extremely good cyclability, endurance and 
data retention characteristics. Being simple 2 terminal devices, they can be easily integrated in large-
arrays. Moreover, first reports assess the tunability of the GST characteristics by varying the material 
composition and/or doping. 

While extremely promising, the foreseen applications are somehow hampered by the poor knowledge 
we have of the transition mechanisms, of its kinetics and of the influence of doping on the material 
characteristics. 

In this context, the CEMES has initiated a large project, in collaboration with the LPCNO and 
STMicroelectronics, in order to understand the relation between the structural and electrical 
characteristics of these materials (doped and undoped) and how the cell environment in real devices 
influences these characteristics. This project brings together structural (TEM, X-rays), electrical (c-AFM 
and devices) and computational (first principle) efforts. In particular, X-Ray diffraction has allowed the 
qualitative investigation of the influence of N doping on the crystallization kinetics of GST phases. It 
was evidenced that in Ge-rich GST materials, the crystallization of the GST phase is accompanied with 
Ge segregation. N doping seems to hamper these mechanisms, as the crystallization temperature of 
GST phase is higher in N doped materials.  

 



 

X-Ray diffraction diagrams obtained on GST specimen (doped and undoped), after various 
anneailing conditions. 

 

Master internship: The student will develop an experimental protocol to allow quantitative analysis of 
X-Ray diffraction data using Rietveld refinement. The aspects covered by this protocol concern the 
specimen size, data acquisition method, 2D detector calibration, instrument qualification… The 
experimental protocol should ensure the acquisition of reproducible and reliable experimental data, 
allowing quantitative analysis using Rietveld refinement.  

Once developed and validated, this protocol will be applied to the investigation the influence of N 
doping on the crystallization kinetics of GST phases in order to complete the previous qualitative 
observations with quantitative data. 

 


