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Superconductor to Insulator Transition
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Magnetic Field Driven

a:MoGe
B=0, 50, 100, 200, 300, 400, 440, 450, 550, 600 mT
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Density Driven

N, = 4.6x10™ cm™ WTe, monolayer film
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Amorphous thin-film superconductor
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Characteristics of Anomalous Metals

1. Most of evidence comes from 2D materials

2. Disorder, carrier density, screening properties, and magnetic field are
used as tuning parameters.

3. op < e*/h

4. Always an intermediate regime from superconducting to metal or
insulator

5. Disorder is not necessary

Kapitulnik, A. and Kivelson S. A. and Spivak, B. Rev. Mod. Phys. 91, 011002 (2019)




The Device

a=1um

b = 150 nm (A) 350 nm (B)

Mean free path =300 nm

40 X 100 array of aluminium squares
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Unique combination of characteristics: :
1. High mobility 10% ¢
2. Large g-factor :
3. Strong spin-orbit coupling 10" ¢
4. large By = 600 mT '
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Phase Diagram
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Classical Percolation Theory

o = opF(x)
x->0:Fx)-1

x> xg : F(x) > @asF (x) ~ (x¢ —x)7S

2D: s=4/3
3D: s ~0.73

a~072=>s=1.4

107"

Stauffer D. and Aharony, A. Introduction to percolation theory, 29, Ed. (1994)

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

R = RyeTo/T
T,  1.5K = T.(B = 0)

Arrhenius thermal activation
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Flux
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By is flux quantum per period of array

n=1,2,3,... vortex penetration of individual islands.

10° = 1. Saturation of Rg depends on B, with fluctuations smaller than By =>
Coherence

QAR 2. Deep saturation at B=0 is a novel observation

\ gfo:;i;ivlm 3. Field-controlled R over 3 orders of magnitude => M" is not due to poor
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0 to 5 mT changes R, by 2 orders of magnitude. Phase disorder.
Compatible with Variable Range Hopping theory at finite field.
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Parallel Magnetic Field
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