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1D SUPERCONDUCTORS

—— Dimensionality of a superconductor

——  Superconducting correlation length E.
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WHY?

—— Phase slips

Thermal: Langer & Ambegaokar (‘67),
McCumber & Halperin (‘70)

Newbower et al, (‘72)

Quantum: Giordano (‘88)

Giordano (‘88)

Zaikin et. al., PRL (‘97)




WHY?

—— Tc suppression in wires
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—— RN >hl/e?, superconductor-insulator transition?
— Minimum size of a superconducting wire

—— Is there true superconductivity in 1D?




How?

—— The new whiskers

—— Bezryadin et al. nature 404, 971 (2000).

WS> nanotubes




How?
——1 Nanotube manipulation




OUR WIRES

1. WS2 nanotubes - insulating.

2. The superconductor: Amorphous InO

Width: 40-100 nm

Thickness: 20-30 nm

¢: 10-30 nm > Near 1D limit.

a:InO wires are superconducting

Magnetic field dependence

TEM




COMPARING FILM AND WIRE
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DISORDERED SUPERCONDUCTORS

M. Strongin, et. al., Phys. Rev. B1, 1078 (1970).

D. B. Haviland, Y. Liu, and A. M. Goldman, Phys.
Rev. Lett. 62, 2180 (1989)...
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T =0transition ------------oooo

Review: Finkl’stein (‘94),
Markovic and Goldman (‘98).




‘GOOD’ SUPERCONDUCTOR
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‘BAD’ SUPERCONDUCTOR
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THE GOOD, BAD AND ...
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Hebard and Paalanen, (’90).
Yazdani and Kapitulnik (°95).
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LINEAR SCALE
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LOG SCALE
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POWER-LAW
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POWER-LAW
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POWER-LAW

Sambandamurthy et. al,

(3 parameters) Europhysics Letters 75, 611 (2006).

T /2 is close to Tc (0.9-2K)
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POWER-LAW

- Well-beyond the
‘critical’ point
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QUANTUM-HALL EFFECT...
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Lee and Fisher, Phys. Rev. Lett. 63, 1442 (1989)
Dubi, Meir and Avishai,
Phys. Rev. Lett. 94, 156406 (2005).




INSULATOR

Sambandamurthy et. al,
PRL 92, 107005 (2004).
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INSULATING PEAK
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PROPERTIES OF THE INSULATOR
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TYPICAL

ENERGIES
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DIRTY-BOSON MODEL

Vortices are bosons

T=0 i8 B-driven SIT

ELECTRON [ A
GLASS R

M. P. A. Fisher, Phys. Rev. Lett. 65,923 (1990)

Vortices condense =
Cooper-pairs localize

’

SIT




B: ORIENTATION

Perpendicular B:

Parallel B:

DEPENDENCE
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ANISOTROPY
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ANGULAR

DEPENDECE
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INSULATING SAMPLES
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MAGNETIC FIELD
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Johansson et. al, Phys. Rev.
Lett. 95, 116805 (2005).




OSCILLATIONS!
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SUBTRACTING BACKGROUND...
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BACKGROUND SUBTRACTED
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T DEPENDENCE OF OSCILLATIONS

(k)
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Oscillation amplitude suppressed by T =1 K...
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...but the periodicity doesn’t change!




A SQUID
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NON-LINEAR I-V

—— Critical current
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I-V AND R CORRESPONDENCE

P32D2Na




I-V AND R CORRESPONDENCE
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IsoTHERMS oF dV/dI

dv/dl (kQ)
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FROM SMALL TO LARGE
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Superconductor-Insulator Magneto-Oscillations in Superconducting Strips

Yeshayahu Atzmon! and Efrat Shimshoni'
! Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel
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Vortex Blockade theory of Magneto Resistance oscillations in SC strips

David Pekker and Gil Refael
Department of Physics, California Institute of Technology, MC 114-36, Pasadena, CA 91125

Paul M. Goldbart
Department of Physics and Institute for Condensed Matter Theory,
University of Illinois at Urbana-Champaign, Urbana, IL 61801, U.S.A.




Vortex Blockade theory

Multiple SIT theory

b. Quantum Dot
Analogue

current source

vortex condensate (top)

vortex condensate (bottom)
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MULTIPLE SIT THEORY
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NON-LINEAR I-V

—— Critical current
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MATERIAL

Shapira and Deutscher, PRB ‘83




SUMMARY

—— B-driven, reentrant

insulator

p(RQ)

—— SQUID-like oscillations in
wires

— Oscillating I.
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