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Topological insulator (TI)

New matter arisen from topological insulating nature
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Transition metal dichalcogenide (TMD)

MoS,, MoSe,, MoTe,, WS,, WSe,, WTe,,... (MX,)
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Phase change memory i e
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Chalcogenide superlattices for phase change memory

GeTe/Sb,Te, superlattice
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J. Tominaga et al., Jap. J. Appl. Phys. 47, 5463 (2008)
R. E. Simpson et al., Nat. Nanotech. 6, 501 (2011)
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NI/TI stacking
Tl : Topological insulator
NI : Normal insulator

Unusual electronic properties

are expected.
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Motivation

* Exploration of electronic structures of chalcogenide
heterostructures.

MoTe,/Sb,Te, (TMDC/TI)
GeTe/Sb,Te, (NI/TI, phase change memory)

Methods

* Density functional theory code: WIEN2k*
* Functional: GGA-PBE or mBJ-LDA**

e Spin orbit coupling (soc)

 Geometry relaxation: DFT-D3 (Grimme

) *kkok

* K. Schwarz and P. Blaha. Comp. Mater. Sci. 28, 259 (2003).
** F. Tran and P. Blaha. Phys. Rev. Lett. 102, 226401 (2009).
¥*S. Grimme. J. Comput. Chem. 25, 1463 (2004).
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Band structure of szTei

Typical topological insulator

Bulk Sb,Te,

Space group : 166 (R-3m)
a=4.262 A, c=30.435A

without soc oo
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Band structure including vacuum slab

Sb,Te;-6QL-vacuum (20A) ™1
(QL: Quintuple layer)
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Band structures of MoTe

Bulk
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I\/IoTe;/Sb;Te3 heterostructure
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GeTe/Sb,Te, heterostructure

GeTe : Normal insulator, Sb,Te; : topological insulator
(GeTe),/(Sb,Te;), superlattice
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Band gap tuning
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Fabrication of superlattice films

Sputter grown GeTe/Sh,Te; superlattice film

Cross-sectional TEM image

XRD (out-of-plane, in-plane)
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Applications 8 cevice
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Summary

* MoTe,/Sb,Te, heterostructure possesses both features
of transition metal dichalcogenide and topological
insulator. However, a large difference of band
alignment makes difficult to harness their properties.

* GeTe/Sb,Te, heterostructure is promising not only for
phase change memory but also for novel electronic
devices that exploit topological insulator properties.
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