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GeTe Sb2Te3
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EXPERIMENTS

HRTEM, XRD, EXAFS
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OPTICAL STORAGE DEVICES

rewritable compact disks (CDRW)

digital versatile disks (DVDs)

bluray disks (BDs)

DIFFERENT

OPTICAL PROPERIES & RESITIVITIES

REFLECTIVITY CHANGE

CD/DVD Ge2Sb2Te5 = (GeTe)2+Sb2Te3

BD Ge8Sb2Te11 = (GeTe)8 + Sb2Te3

NONVOLATILE MEMORY DEVICES

PCMRAM

(phase change memory RAM )

RESISTIVITY CHANGE (34 orders of magnitude)
PCMs Ge2Sb2Te5 = (GeTe)2+Sb2Te3

GGSSTT && TTHHEEIIRR AAPPPPLLIICCAATTIIOONNSS

PPRROOPPEERRTTIIEESS

cGST aGST

reversible transition

Temperature

fast transition

~10100 ns
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AAPPPPLLIICCAATTIIOONNSS

a to cphase transition induced by laser beam heating
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crystallization

amorphization

"1" "0"



single GeTe bond ~3.0 Å

RHOMBOHEDRAL R3m ROCKSALT Fm3m

Tc = 650(100) K

LT ferroelectric
Peierls distorted

HT paraelectric
distortions removed

3 short GeTe bonds 2.80 Å

3 long GeTe bonds 3.13 Å

Gerich GeTe 733 K

Terich GeTe 633 K

GGeeTTee

polarization || trigonal axis
~60 μC/cm2

narrowgap ptype semiconductor (0.1  0.2 eV)
+

hole concentration p ~ (1020 ÷1021)/cm3

ECAL = 0.48 eV

ECAL = 0.26 eV



PPHHAASSEE TTRRAANNSSIITTIIOONN IINN GGEETTEE  EEXXPPEERRIIMMEENNTTSS

SSAAMMPPLLEE

Alfa Aesar powder sample
claimed to be 99.999% pure
Mesh = 200

LT
R3m

HT
RS

XRD patterns for LT and HT phases of GeTe
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Rietveld profile refinement by FULLPROF

[J. RodriguezCarvajal, http://www.ill.eu/sites/fullprof]

NNEEUUTTRROONN PPOOWWDDEERR DDIIFFFFRRAACCTTIIOONN

TOF powder diffractometer POWGEN

Spallation Neutron Source @ Oak Ridge National Lab. USA

neutron central wavelength 1.333 Å

dspacing 0.42  5.4 Å



GeTe single crystal

R3m RS

powder

single crystal

Long bonds

Short bonds

RS

R3m
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Chattopadhyay et al.

J. Phys. C 20, 1431 (1987)

RS

distortion angle
Δα=90°-α

Volume reduction @ Tc ~ 1%
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Vanishing distortions T > Tc

Tc = 600 K



Temperature (K)

EXAFS ON FILMS

PDF ANALYSIS ON FILMS

sputtered thin films

Solid State Comm. 8, 1275 (1970)

PRB 82, 115209 (2010)
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RAMAN SCATTERING

LLOONNGGSSTTAANNDDIINNGG QQUUEESSTTIIOONN:: DDIISSPPLLAACCIIVVEE OORR OORRDDEERRDDIISSOORRDDEERR ??

single crystal

GeTe nanocrystals

NanoLett 11, 1147 (2011)

A1(LO)

E(TO)

DDIISSPPLLAACCIIVVEE OORRDDEERRDDIISSOORRDDEERR
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EXASF & PDF performed by the same experimental group

A1(LO) & E(TO)

vanish @ Tc



GGeeTTee  RRSS

aEXP = 6.016.02 Å

aCAL = 6.011 Å

Calculated є∞ ~ 100

Experimental є∞ ~ 2000 (just above Tc)

Calculated Born Z* ~ 10

Calculated EGAP 0.24 eV

11.10i meV
triply degenerate

T1u (TO)

3.93i meV

GROUP THEORY

3dim GM4 Irrep (order parameter consists of 3 components)

Fm-3m ⟹(GM4-, e1≠0, e2=e3=0)⟹I4mm

Fm-3m ⟹(GM4-, e1=e2≠0, e3=0)⟹Imm2

Fm-3m ⟹(GM4-, e1=e2=e3≠0)⟹R3m

GM4 with 3 components condensed

relatice displacements

of Ge and Te sublattices

along cubic cell

diagonal ([111] dir)
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CCoonnddeennssaattiioonn ooff 33 ccoommppoonneennttss lloowweerrss FFmm33mm ttoo RR33mm



Relative energy vs. amplitude Q of the unstable GM4 Phonons in R3m  configuration (Qmin, Emin)

Qmin = 0.424 Å , umin = 0.03 (0.316 Å )

EGAP = 0.48 eV

⊥ ∥ <> Exp. (reflectivity)

є∞ 39.21 34.56 37.66 3537.5

Z* 5.42 3.30 

------------------------------------------------------------------

pseudo-cubic rhombohedral

cal. exp. cal. exp.

------------------------------------------------------------------

ac 6.085 5.982 ar 4.373 4.294

αc 88.1 10 88.247 αr 57.864 58.032

u 0.030 0.027 x 0.234 0.236

------------------------------------------------------------------

Exp. (309 K) neutron diffraction (spallation source)
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paraelectrictoferroelectric phase transition in LLiiNNbbOO33
Fii(Ge,Te) in GeTeRS

Fxx(Ge) = Fyy(Ge)= Fzz(Ge) = +30.141 N/m

Fxx(Te) = Fyy(Te) = Fzz(Te) = +53.974 N/m

PPHHAASSEE TTRRAANNSSIITTIIOONN IINN GGEETTEE

DDIISSPPLLAACCIIVVEE OORRDDEERRDDIISSOORRDDEERR

involves soft mode

single local potential minimum

may involve soft mode

several local potential minima

How to resolve whether the local atomic potential is single or multiwell

local atomic potential barrier described by onsite Fii(μ)

Fii(μ) > 0 Fii(μ) < 0

SSIINNGGLLEE MMIINNIIMMUUMM MMUULLTTIIWWEELLLL

Schneider & Stoll

PRB 13, 1216 (1976)

DDIISSPPLLAACCIIVVEE PPHHAASSEE TTRRAANNSSIITTIIOONN IINN GGEETTEE

single minima of local potentials

for Ge & Te atoms in GeTeRS

Fzz(Li) < 0, remaining Fii(Li), Fii(Nb), Fii(O) > 0

OORRDDEERRDDIISSOORRDDEERR PPHHAASSEE TTRRAANNSSIITTIIOONN IINN LLIINNBBOO3

double minimum curve

for local potential of Li along z

PRB 61, 272 (2000)
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Q  primary OP
driving force of ferroelectricity

in GeTe below Tc

strain ε  secondary OP
breaks symmetry elements

Landau expansion F(Q,ε)

ε ~ Q2

ε ~ Q2

2nd order phase transition



TThhaannkk yyoouu ffoorr yyoouurr aatttteennttiioonn

CCOONNCCLLUUSSIIOONNSS

Structural phase transition in GeTe is driven by the condensation of exactly 3 components

of the triply degenerate optical transverse softphonon mode at the Brillouin zone center.

Phase change in crystalline GeTe is displacive in its origin.

Structural phase transition in GeTe is of 2nd order.




