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Nanoscale evaluation of 2D phase change 

materials, i.e. chalcogenide superlattices 

made of ferroelectric 𝐺𝑒𝑇𝑒 and topological 

insulator 𝑆𝑏2𝑇𝑒3 layers, for use in phase-

change memory, thermoelectric and 

magnetoelectric devices.
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SL-B: seed layer was grown at RT+annealing@230oC,

and SL was deposited at 230oC.

SL-A: seed layer and SL were deposited at 230oC.

Motivation Superlattice (SL) structure Integrated STM/AFM system
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Conductance Switching by Pulse Voltage
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Key advantages : 
• Stress-free measurements in the non-contact mode,

• Easy tuning of electric field strength and injection current,

• Observe temporal change during the phase transition at 
nanoscale. 

• Large grains size         
~30 …100 nm

• Uniform crystal grain 
orientation

Conductance Switching Dynamics

Current Hysteresis 

Initial transverse  𝑅⊥~4.8 𝑘Ω/𝑐𝑚
2 (SL-A) and ~4.2 𝑘Ω/𝑐𝑚2 (SL-B) 

Position-Dependence of the Hysteresis 

10 nm

Phase change by
pulse excitation

• We develop SPM-based analysis methods for 
evaluation of voltage-induced transformation in 2D 
systems at nanoscale. 

• We applied them to examine the conductance 
switching in (GeTe)2-Sb2Te3 superlattice films.

XRD/TEM
[Jpn.JAP 54, 04EK02 (2016)]

Morphology change < 0.5 nm; OFF-ON current  > 300.

Bipolar switching of the SL

Switching time >1.2 ps @2MV/cm; WRITE current >30 pA

HCS/LCS ratio ~ 102 - 103

Statistics

SL Film Structure
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