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Suppression of Superconductivity by Disorder

MoxSi1-x films
S. Okuma, T. Terashima, and Kokubo,
PRB 58, 2816 (1998).
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Ta films
Y. Qin, C.L. Vicente, J. Yoon,
PRB 73, 100505(R) (2006).

6.45 kΩ
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SMIT ?
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at lower temperature

is needed 



InOx films

d = 20-25 nm
V.F. Gantmakher  et al.,
JETP 82, 951 (1996).



E. Bielejec, J. Ruan, and W. Wu
PRL 87,  36801 (2001).

RRcc ≈≈ 1010 kkΩΩ

Be films



Experiment TiN films

TiN films were formed by atomic layer chemical 
vapor deposition onto a Si/SiO2 substrate.

d = 5 nm



Experiment TiN films

Electron transmission micrographs and diffraction patterns
revealed a polycrystalline structure, the interfaces 
separating densely-packed crystallites being 1-2 atomic
layers thick.
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Suppression of Superconductivity by Disorder

SMIT or SIT
The search for a disorder-driven superconductor-insulator 

transition has included many materials, e.g.,

Bi, MoSi, Ta, InOx, Be, TiN.
The immediate onset of exponential temperature dependence

of the resistance, which conclusively evidences 
the direct transition into an insulator,

was found so far only in InOx , Be, and TiN films.

For Bi, MoSi, and Ta-compounds a weak logarithmic
temperature dependence of the resistance was observed 

on the nonsuperconducting side in the vicinity of the transition.

This possibly indicates an intermediate metallic phase
More  studies at even lower temperatures are needed 
to obtaine conclusive evidences on which films fall 

into a superconducting state and which become insulating state



Suppression of Superconductivity by Disorder
SIT

The immediate onset of exponential temperature dependence
of the resistance, which conclusively evidences 

the direct transition into an insulator,

was found so far only in InOx , Be, and TiN films.

Insulating side of the transition
InOx, Be, and TiN films



T.I. Baturina, A.Yu. Mironov, V.M. Vinokur, M.R. Baklanov,  and C. Strunk,
cond-mat/0705.1602

TiN films
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TiN films

I1: T0 = 0.25 K
I2: T0 = 0.38 K
I3: T0 = 0.61 K

R0 = 20 kΩ R = R0exp(T0/T)

At low temperatures we observe an Arrhenius behavior of the resistance



TiN films T.I. Baturina, A.Yu. Mironov, V.M. Vinokur,
M.R. Baklanov,  and C. Strunk,

cond-mat/0705.1602

0.61 K

R = R0exp(T0/T)

I1: T0 = 0.25 K
I2: T0 = 0.38 K
I3: T0 = 0.61 K

R0 = 20 kΩ

At low temperatures we observe 
an Arrhenius behavior 
of the resistance R = R1exp(T1/T)1/2



W. Wu and E. Bielejec, 
cond-mat/051121.

Be films



d = 200 nm InOx films
D. Shahar and Z. Ovadyahu,
PRB 46, 10917 (1992).



InOx film
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TiN film

d = 20 nm I2: T0 = 0.38 K

R0 = 20 kΩ
T0 = 15 K
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Insulating side of the transition
InOx, Be, and TiN films

at low temperatures
activation law 

R = R0exp(T0/T)

at temperatures higher than T0

InOx films Be and TiN films
the ES hopping3D Mott’s VRH

R = R1exp(T1/T)1/4 R = R1exp(T1/T)1/2
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Sample S2

Sample S1
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Magnetic-field-tuned 
superconductor – insulator
quantum phase transition

Experiment
T. Baturina, C. Strunk, M.R. Baklanov, A. Satta
PRL 98, 127003 (2007)
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RQ = h/e2

Bm~ 1.2 T Bm~ 1.6 T

Magnetic-field-tuned 
superconductor – insulator
quantum phase transition

Experiment



Sample S1 Sample S2

The saturation occurs at a resistance 

near the quantum resistance                       !!!
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Sample A Sample B

Rsatby varying the value of for each curve , we can linearize

ln(1/Rsat – 1/Rsq(B)) vs. B over a large range of B 
with T-independent slope !!!
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Rsatby varying the value of for each curve , we can linearize

ln(1/Rsat – 1/Rsq(B)) vs. B over a large range of B 
with T-independent slope !!!

Gsq(T,B)[=1/Rsq(T,B)] =1/Rsat (T) – β(T) exp(-B/B*)

Sample A Sample B

B* = 10.7 T B* = 6.8 T
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Field-induced superconductor – insulator transition

V. F. Gantmakher, M. V. Golubkov, V. T. Dolgopolov, A. A. Shashkin, G. E. Tsydynzhapov, 
JETP Lett.  71, 160 (2000);  71, 473 (2000)                                             a-InOx

Negative 
magnetoresistanceScaling

zν = 1.15Rc = 7.8 kΩ

Fan-shaped curves
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Be films

Nature 409, 161 (2001) 

B55

B57



Field-induced superconductor – insulator transition

E. Bielejec and Wenhao Wu, PRL 88, 206802 (2002)

Fan-shaped curves
Be films



InOx films
Myles Steiner and
Aharon Kapitulnik,
cond-mat/0406227

SIT

SIT





schematic phase diagram
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comparison with Galitski – Larkin 
calculations of the quantum corrections

T. Baturina, et. al., Physica B
359-361, 500 (2005)
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schematic phase diagram

InOx, Be, and TiN films
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TiN films

T.I. Baturina et al., cond-mat/0705.1602



Magnetoresistance

In all samples, including the insulating films, 
R(B) varies non-monotonously with B, starting
a positive magnetoresistance (PMR) at low fields, 
then reaching a maximum, followed first 
by a rapid drop and eventually saturating at
higher magnetic fields



PMR and activated behavior



Collective insulating state:
Threshold behavior of dI/dV vs Vdc



Collective insulating state:
Threshold behavior of dI/dV vs Vdc

The threshold voltage 
changes nonmonotonically 
upon magnetic field
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Magnetic-field-induced insulating phase
InOx films

G. Sambandamurthy, 
L.W. Engel, 
A. Johansson, 
and D. Shahar,
PRL 92, 107005 (2004).



Magnetic-field-induced insulating phase
InOx films
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Magnetic-field-induced insulating phase
InOx films
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Collective insulating state:
Threshold behavior 

of dI/dV vs Vdc



Magnetic-field-induced insulating phase
InOx films
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Collective insulating state:
Threshold behavior 

of dI/dV vs Vdc

InOx film
Sc at B=0

TiN film
Ins. at B=0
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Critical Region of the Disorder-Driven
Superconductor-Insulator
quantum phase transition
Aggregate of Experimental Features

thermally activated behavior of the conductivity 
positive magnetoresistance at low magnetic field
negative magnetoresistance with a saturation  near h/e2

in high magnetic fields
threshold behavior in the I-V characteristics

in the vicinity of the D-SIT, 
the response to applied magnetic and/or electric fields, is 
the same irrespectively of whether the underlaying ground 
state is superconducting or insulating


