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|. Down the rabbit hole

Scaling down impacts critical parameters of a transistor:

T=RC (switching time).

loff (leakage current),

Id (source-drain current),

Nc (carrier concentration),

| L (mobility),

Thomas N. Theis Science 327, 1600 (2010);

If loff/transistor~100nA @room T
— lleak~10A I



Technological hurdles.

Scaling down impacts critical parameters of a transistor:

T =RC (switching time).

loff (leakage current),

Nc (carrier concentration),

K (mobility),
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Avouris, Nanoletters, 10, 4285, 2010
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Transition Metal oxide (TMO)
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Large ¢, for oxides surface carrier doping and « built-in » insulating coating

u (mobility) sensitive to the quality of the interface
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K Ueno et al, Applied physics Letters 96, 252107, 2010

E.S. Reich, Nature,
Metal oxide chips show promise 495 167| (2013Cl ) s

Materials that flip from insulator to conductor could make energy -efficient transistors.
C. Cen et al, Nature Materials ,7 , 298. 2008

Size Independent Devices

can be realised using the correlated electron systems
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Many carriers (at least one per site)
are already in the system

carrier density is
size-independent!!




Large ¢, for oxides surface carrier doping and « built-in » insulating coating

u (mobility) sensitive to the quality of the interface
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2D mobility in GaAs ‘

Darrell G. Schlom and Loren N. Pfeiffer.
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Figure 2. a) Photograph of an array of LaAlO3—5SrTiO; FETs with a design according to Figure 1a.
Source (S), Drain (D), and Gate (G) of three FETs are contacted via wirebonding. b) Photograph
of a LaAlO,—SrTiO; chip carrying arrays with more than 700 000 FETs with a design as shown in
Figure 1b with channel lengths as small as =350 nm. The colors are interference colors arising
from the transistor patterns (see the Experimental Section).

J. Mannhart et al. Advanced
Materials Interfaces, DOI :
10.1002/admi.2013300031
Wiley 2013




1.3. Quantum concept of transport (1979):

Competition between dimensionality and
interferences

B Interference of electron waves
causes localization

eZ

O =0, +%IH(TT)
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P.W. Anderson D.C. Licciardello



V. Transport in an oxide heterostructure

o A" LaAlO,:
band insulator
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A. Ohtomo and H.Y. Hwang, Nature 427, 423 (2004)



S. Thiel, et al.
Science 313, 1942 (2006);
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Phase diagram

ng , S. Garigho,"N."Reyren, D. Jaccard, T. Schneidef, M. Gabay, S. Thiel, G. Hamimerl, 'J. Mahmﬁ’aQQ
Lone, Nature 456, 624 (2008 )
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Feng Bi et al. Nature Communications
5, 5019 (2014)
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»Band inversion (t,, orbitals dxy, dxz, dyz)

» (Electric field?) confinement on STO side (mind the dielectric
constant)

» The carrier concentration puzzle

> It takes two (types of bands) to tango
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In the strongly underdoped regime k:I~1
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S. Gariglio et al., Nature Rev. Mat, Jan 2016




V. Disorder and interaction effects

u=4,5m?/Vs

100¢
2D high mobility sample :

S.Kravchenko, VP, et al.,
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With e-e interactions
Vg=150V
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PRL 100, 106806 (2008))
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Exp. data courtesy A. Caviglia



OR.....

An explanation is proposed of the unusual magnetoresistance, linear in magnetic field and
positive, observed recently in nonstoichiometric silver chalcogenides. The idea is based on
the assumption that these substances are basically gapless semiconductors with a linear
energy spectrum.
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A.A Abrikosov, PRB 58, 2788, 1998



A pinch of topology

Due to large spin-orbit effect
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At the boundary between HgTe and CdTe there is a parity inversion = edge states

Konig, Biihmann, Molenkamp, Zhang et al. J. Phys. Soc. Jpn. 77, 031007 (2008)



B(g)

+ massless Dirac mode|
; random SO mode|

/
Shoucheng Zhang (2015), Scholarpedia, 10(7):30275



Topological states, really?

Band-structure vs experiment
for (111) surface of KTO

C. Bareille et al,
Scientific Reports 4, 3586 (2014)

edge states

* Edge states are topological
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