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OutlineOutline

1.1. HighHigh--Tc cupratesTc cuprates

SIT in cuprates: similarities and differencies to lowSIT in cuprates: similarities and differencies to low--Tc systemsTc systems

Our experiment:Our experiment:

positive orbital magnetoresistance in barely insulating LaSrCuO positive orbital magnetoresistance in barely insulating LaSrCuO --
evidence of superconducting fluctuationsevidence of superconducting fluctuations

2.2. LowLow--Tc material: Si/Nb/Si trilayersTc material: Si/Nb/Si trilayers

Motivation and material propertiesMotivation and material properties

SIT in trilayers: MR peak and oscillationsSIT in trilayers: MR peak and oscillations

3.3. SummarySummary & conclusions& conclusions



Similarities between  
LaSrCuO and InOx

Resistive envelope: 
amplitude fluctuations ? 

But: no crossing at Bc

Steiner et al, PRL (‘05)Steiner et al, PRL (‘05)

Ando et al, PRL (‘95)Ando et al, PRL (‘95)

negative MR

HighHigh--TTcc cupratescuprates

Mandrus et al., PRB (’91)    Mandrus et al., PRB (’91)    BiSrCaCuOBiSrCaCuO
Wang et al., PRB (’91)   Wang et al., PRB (’91)   DyBaCuODyBaCuO
Seidler et al., PRB (’92)  Seidler et al., PRB (’92)  YBCOYBCO
Tanda et al., PRL (’92)    Tanda et al., PRL (’92)    NdCuONdCuO
RullierRullier--Albenque et al., Physica C(’95)   Albenque et al., Physica C(’95)   YBCO & BiSrCaCuOYBCO & BiSrCaCuO
Karpinska et al., PRL (’96)  Karpinska et al., PRL (’96)  LaSrCuOLaSrCuO
Singh et al., PRB (’97)  Singh et al., PRB (’97)  LaBaCaCuOLaBaCaCuO
Gantmakher et al., JETP Lett. (’03)  Gantmakher et al., JETP Lett. (’03)  NdCeCuONdCeCuO
Dagan et al., PRL (’05)  Dagan et al., PRL (’05)  NdCeCuONdCeCuO
Oh et al., PRL(’06)  Oh et al., PRL(’06)  BiSrLaCaCuOBiSrLaCaCuO
Orgiani et al., PRL (’07)  Orgiani et al., PRL (’07)  BaNdCuO/CaCuOBaNdCuO/CaCuO
Jin et al., PRB (’08) Jin et al., PRB (’08) LaCeCuOLaCeCuO

Tc=400mK

B=3T

B=0

LaLa22--xxSrSrxxCuOCuO

BBcc impossibleimpossible
to defineto define



HighHigh--Tc cupratesTc cuprates

2 2x yd
Spin and charge 

fluctuations 
PseudogapPseudogap

La2-xSrxCuO4

x

ARPES:ARPES:
FinalFinal spectral weight on nodal spectral weight on nodal 
directions: directions: ““nodal quasiparticlesnodal quasiparticles””

onlyonly a fraction of carriers a fraction of carriers 
contributes to transportcontributes to transport

ARPES: Yosida et al., Phys. 
Rev. B 74, 224510 (2006) T=20K   La2-xSrxCuO4



Barely insulating LSCO: magnetoresistance Barely insulating LSCO: magnetoresistance 

Samples:Samples: films grown by films grown by 
PLD on PLD on SrLaAlO4  
substrates, about 
6000Å thick
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transverse
magnetoresistance
TMR
spin + orbital effects

Marta Z. Cieplak et al., PRL (’04);Marta Z. Cieplak et al., PRL (’04);
A. Malinowski et al., JPCM (’08)A. Malinowski et al., JPCM (’08)
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Barely insulating LSCO: Barely insulating LSCO: 
magnetoresistance magnetoresistance 
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Low T: negative MR with Low T: negative MR with 
large LMR contributionlarge LMR contribution

x=0.03

Neutron scattering 

High T:  TMR > LMRHigh T:  TMR > LMR

Positive orbital MR                    Positive orbital MR                    
absenceabsence of weak of weak 

localizationlocalization
Negative LMR: Negative LMR: 

correlated with the correlated with the 
magnetic signal        magnetic signal        
spinspin--related scattering  related scattering  

(below T(below Telel ~10K at x=0.05)~10K at x=0.05)



Orbital Orbital magnetoconductivity:magnetoconductivity:
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Smooth evolution 
across SI transition:  

maximum in 
insulating samples

divergence in 
superconducting

origin similar: 
superconducting 
(MT) fluctuations ?

H.Kontani, PRL 89 (’02):
Fermi-liquid theory with strong AF 
and sc fluctuations of Maki-Thompson 
type below the pseudogap opening  
R. Ikeda, PRB 66 (’02):

quantum sc fluctuations

good description of the 
anomalous normal-state 
properties, including 
divergent OMR

- orb
orb 2

0

= magnetic field induced magnetic field induced 
change of conductivitychange of conductivity

0 0 0

orb TMR LMR

Balakirev et al., (’98):



0.1 1
0

2

4

6

To2
To1

x = 0.048

B/T [T/K]

~(B/T)2

14 T
12

10

8
6

4
2

-
or

b =
 

or
b/

02  [(
cm

)-1
]

The origin The origin ofof the OMRthe OMR

LowT
T<10K:  spin-disorder 
scattering 
suppression of the OMR 
by the spin-disorder 
scattering

High T
p-p channel  analogous to 
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Si/Nb/Si trilayers: motivationSi/Nb/Si trilayers: motivation

Two groups of materials (Two groups of materials (GantmakherGantmakher, 2004): , 2004): 

(1) weak disorder & high carrier concentration(1) weak disorder & high carrier concentration

(2) Large disorder & low carrier concentration(2) Large disorder & low carrier concentration

Dubi, Meir & Avishai (2007): numerical simulationsDubi, Meir & Avishai (2007): numerical simulations

group (1) group (1) –– uniform suppression of the amplitude of the OP uniform suppression of the amplitude of the OP 
by the magnetic fieldby the magnetic field

group (2) group (2) –– sc islands on the insulating side (phase sc islands on the insulating side (phase 
fluctuations)

NdCeCuONdCeCuO

InOInO

fluctuations)

Goal:                                                         Goal:                                                         
create a system, in which a transformation create a system, in which a transformation 
can be made from (1) to (2)can be made from (1) to (2)
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Si/Nb/Si trilayers
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Si/Nb/Si trilayersSi/Nb/Si trilayers

Nb1-xSix Nb

Nb1-xSix : Hertel et al. (’83)
SIT at  x ~ 0.13 (decrease of the carrier concentration)

d=0.7nm:  RH ~ 1x10-10 m3/C

Bulk Nb:  RH ~ 5x10-11 m3/C ;   InOx: RH ~ 6x10-9 m3/C

Yoshi et al., (’95):
surface scattering

Song et al., (’89,’91);
Fullerton et al. (’93); 
Zhang & Wang (’98); 
Bochnicek (2000).

grown by sputtering on glass substratesgrown by sputtering on glass substrates
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Summary & conclusionsSummary & conclusions

HighHigh--Tc cuprates                                                     Tc cuprates                                                     
magnetoresistancemagnetoresistance in in strongly underdoped Lastrongly underdoped La22--xxSrSrxxCuOCuO44

spinspin--relatedrelated scattering at low Tscattering at low T

weak localization is absentweak localization is absent; interactions are important; interactions are important

sc fluctuations exist in the insulating phase: onsetsc fluctuations exist in the insulating phase: onset of of the the 
OMROMR at the AFat the AF--SG phase boundary SG phase boundary 

Si/Nb/Si trilayersSi/Nb/Si trilayers

System with carrier concentration intermediate between two System with carrier concentration intermediate between two 
limiting behaviors (InO,TiN and NbSi, MoGe, Bilimiting behaviors (InO,TiN and NbSi, MoGe, Bi……etc)etc)

Evolution of MR peak: Evolution of MR peak: 

from from ““conventionalconventional”” peak with one crossing point to peak with one crossing point to 
oscillating behavior with many crossing pointsoscillating behavior with many crossing points


