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Superconductivity
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Cooper pairs make super conductors
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Destroying superconductors
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Where is the normal state?
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Amorphous Indium-Oxide
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Amorphous Indium-Oxide
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Amorphous Indium-Oxide
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Magnetic-field dependence
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What is the insulating phase?
(experimental)
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Finite range in B
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Magnetic-flux quantization
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The Little-Parks Effect
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Superconducting Pair Correlations
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Disorder-driven SIT
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Disorder-driven SIT
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Superconducting samples
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Superconducting samples
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Superconducting samples
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Similar high-B behavior

T=0.027-0.9 K
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Insulating samples
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Insulating samples

29 nm #K
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Insulating samples
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Really insulating!
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Really insulating!
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Temperature dependence
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All together now:
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Unconventional insulator
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Unconventional insulator
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Current-voltage characteristics
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Current-voltage characteristics

Sambandamurthy et. al,
PRL 94, 017003 (2005).
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Current-voltage characteristics
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Current-voltage characteristics
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Highly non-linear
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Highly non-linear
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Transition to abrupt |-V
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Current-voltage characteristics

reck endi
PRL 94, 017003 (2005) PHYSICAL REVIEW LETTERS 14 JANUARY 3005

Experimental Evidence for a Collective Insulating State in Two-Dimensional Superconductors
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More temperatures
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Superinsulator...
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Another material!

Vinokur et al., NATURE | Vol 452 | 3 April 2008
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Superinsulator and quantum synchronization

Vinokur et al., NATURE | Vol 452 | 3 April 2008
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Jumps in current-voltage characteristics in disordered films
Phys. Rev. Lett. 102, 176803 (2009)

B.L. Altshuler, V.E. Kravtsov, I.V. Lerner, I.L. Aleiner

1.1-Vis linear
(Apparent non-linearity from electron heating)

2. R(T) is a fast function
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Jumps in current-voltage characteristics in disordered films
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Heat balance equation:
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Jumps in current-voltage characteristics in disordered films
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Heat balance equation:

External
* electrons
heat | - 7
phonons

-

Substrate
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Jumps in current-voltage characteristics in disordered films
Phys. Rev. Lett. 102, 176803 (2009)
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Heat balance equation:

V2 E(Tph) E(Tel)
R(Ty) Te—ph(Tpn)  Te—pn(Ter)
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TeI(Tph) bistability diagram
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TeI(Tph) bistability diagram
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PHYSICAL REVIEW B 76, 052203 (2007)

Possible experimental manifestations of the many-body localization

D. M. Basko."* I. L. Aleiner,' and B. L. Altshuler'-
'Physics Department, Columbia University, New York, New York 10027, USA
*“NEC-Laboratories America, Inc., 4 Independence Way, Princeton, New Jersey 08540, USA

(Received 24 July 2007; published 23 August 2007; publisher error corrected 14 September 2007)

Recently, it was predicted that if all one-electron states in a noninteracting disordered system are localized,
the interaction between electrons in the absence of coupling to phonons leads to a finite-temperature metal
insulator transition. Here, we show that even in the presence of a weak coupling to phonons the transition
manifests itselt (1) in the nonlinear conduction, leading to a bistable /-V curve, and (11) by a dramatic enhance-
ment of the nonequilibrium current noise near the transition.
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Temperature dependence
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Hyperactivated Resistance in TiIN Films
on the Insulating Side of the Disorder-Driven
Superconductor-Insulator Transition]
T. I. Baturina“, A. Yu. Mironov?, V. M. Vinokur’, M. R. Baklanov*, and C. Strunk”
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Magnetoresistance peak

Thursday, November 15, 12



B(T)

1013
10"
1011
1010

10°
10°
10’
10°
10°
10"

Thursday, November 15, 12



B(T)

1013
10"
1011
1010

10°
10°
10’
10°
10°
10"

Thursday, November 15, 12



0 ==

o 2 4 6 8 10 12
B(M

1013
10"
1011
1010

10°
10°
10’
10°
10°
10"

Thursday, November 15, 12



0 ==

o 2 4 6 8 10 12
B(M

1013
1012
1011
1010
10°
10°

10’
10°
10°
10"

Thursday, November 15, 12



Thursday, November 15, 12



Thursday, November 15, 12



O=09¢ exp[To/T—T*]
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Ohmic response
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Ohmic response
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