
M. Gabay 

La Physique de la matière condensée au 
XXIème siècle : L'impact de Jacques Friedel 
(25 et 26 janvier 2016, Orsay et Paris) 

L'oxytronique : une (r)évolution 
technologique? 



I. Down the rabbit hole 

Scaling down impacts critical parameters of a transistor:   

Id (source-drain current),  

Ioff (leakage current),  

Nc (carrier concentration),  

µ (mobility),  

j=Nc e µ E  

If Ioff/transistor~100nA @room T 
→ Ileak~10A !! 

τ=RC (switching time). 



Technological hurdles. 

Scaling down impacts critical parameters of a transistor:   

Id (source-drain current),  

Ioff (leakage current),  

Nc (carrier concentration),  

µ (mobility),  

τ =RC (switching time). 

Bad for τ ⇒ multicore 

Constant voltage scaling : good for  
leakage but… bad for µ~ 1/E1/3 

⇐ 



Avouris, Nanoletters, 10, 715, 2010 

Plus: 100GHz vs 28 GHZ limit for ususal semiconductors,   
mobility@room T =10 times that of MOSFET 
Minus: On/Off ratio  of 100 vs 104  to 107 for MOSFET 

Avouris, Nanoletters, 10, 4285, 2010 
 



Transition Metal oxide (TMO) 

SrTiO3 

YBa2Cu3O7-
 

BiFeO3 

La1-xSrxMnO3 



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

µ (mobility)  sensitive to the quality of the interface 

C. Cen et al, Nature Materials ,7 , 298. 2008 

K Ueno et al, Applied physics Letters 96, 252107, 2010 

E.S. Reich, Nature, 
495, 17 (2013) 



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

µ (mobility)  sensitive to the quality of the interface 

Courtesy M. Kawasaki  
µ= 1,200,000 cm2/Vs T=2K 
Lmfp>10µm 
(Mg,Zn)O/ZnO 2015 Ozone-
MBE;  n=1011cm-2 

Darrell G. Schlom and Loren N. Pfeiffer,  
Nature Materials, 9 , 881, 2010 

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

Lmfp>300µm 



All electrons in 2D 
become localized at 
T → 0 

1.3. Quantum concept of transport (1979): 

E.Abrahams 

T.V. Ramakrishnan 

A 

B 

Competition between dimensionality and 
interferences 

Interference of electron waves 
causes localization 
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σ σ= +

for  ln(1/Tτ) ≥ σ 

P.W. Anderson D.C. Licciardello 



V. Transport in an oxide heterostructure 
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A.D. Caviglia, S. Gariglio, N. Reyren, D. Jaccard, T. Schneider, M. Gabay, S. Thiel, G. Hammerl, J. Mannhart, J.-
M. Triscone, Nature 456, 624 (2008 )  



  

 



Total interfacial electron density n 

Feng Bi et al. Nature Communications 
    5, 5019 (2014) 



J. Sulpizio et al. Annual Review of Materials Research 
Vol. 44: 117-149 (Volume publication date July 2014)  



Band inversion (t2g 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 

The Band story 



In  the strongly underdoped regime  kFl~1 



S. Gariglio et al., Nature Rev. Mat, Jan 2016 



IV. Disorder and interaction effects 
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« metallic », good screening « insulating », poor screening 
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µ=4,5m2/Vs 

N ~1011cm-2 

S.Kravchenko, VP, et al., 
PRB 50, 8039 (1994) 

2D high mobility sample 

Eee/EF= rs~10 



  

∆σ /(e2/πh) 
H 

With e-e interactions 
Vg=150V 

∆σ /(e2/πh) H 

Without e-e interactions 
Vg=150V 
 

Exp. data courtesy  A. Caviglia  

∆σe-e~ -ωc/kFl 

(Sedrakyan et al  
PRL 100, 106806 (2008)) 

T=1.5K 



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. 

A.A Abrikosov, PRB  58, 2788, 1998 

OR….. 



At the boundary between HgTe and CdTe there is a parity inversion ⇒ edge states 

König, Bühmann, Molenkamp, Zhang et al. J. Phys. Soc. Jpn. 77, 031007 (2008) 

A pinch of topology 

Due to large spin-orbit effect 



∆ϕ=π 

K. Nomura, M. Koshino, S. Ryu, Phys. Rev. Lett 99, 146806 (2007) 

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



edge states 
• Edge states are topological 

Γ                       K              M 

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

Topological states, really? 

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