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FABRICATION

Fluorinated carbon nanotube — molecular template for metal deposition

MO79G€21 alloy

Sputter material deposition Amorphous superconductor
: : T.~74K
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SEM image of atypical wire A nanowire and film electrodes
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Superconducting wires. Summary.
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3. No evidence of Quantum Phase Slips was

phase slips explain R(T) dependence both at

low and high current biases.

R (kQ)

5
(b)lok-' e found in superconducting-phase wires. There




Insulating State
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Proximity effect is suppressed
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Coulomb Blockade without Tunnel Junctions
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Tunnel junctions are not needed to provide single electron effects in a metallic island. Eventually

the tunnel junction mav be replaced bv an arbitrar

scatterer. To formulate this in exact terms, we
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Our nanowires are coherent.

Nanowire length: 50 - 150 nm.
T=1K, L,=280nm, T=0.3 K L,,=950 nm

Coherent Scatterer

BO/E. «exp(-z°R, /8R,)
E. — bare charging energy, R, =h/¢’
Ig@ — renormalized charging energy

R, — resistance without CB

L, =hD/k,T =20 nmat T=1 K




GZ theory Coulomb blockade for Tunnel Junction
at high temperatures

(Golubev, Zaikin PRL 2001) (Pekola, Hirvi, Kauppinen, Paalanen, PRL 1994)
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Comparison with weak Coulomb blockade theory
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G(T) dependence at zero bias
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G, =1/R, conductance without CB is taken from
high bias dV/dl measurements

R,=17.4 kQ




G(T) dependence. Impedance of environment.

G, =9 KeT + 27 (0.019& + 0.067j
G0 _G(T) Ec 0

Dynamical (environmental) CB
P. Joyez and D. Esteve, PRB 56, 1848 (1997)
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Where is the capacitance?

Granularity of wires ?

Geometry of the structure
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Fabrication of nanowire structures isolated from environment

High-Q on chip Pt/C resistors Focused lon Beam assisted wire deposition
FEI DB 235 FIB

[

® Gaions

(CsHg)Pt(CH3)3

p~300 mQ cm

Pt/C on chip resistors 50-200 kQ R/L ~ 1-2 kQ/um
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Insulating wire far from transition

R=15.7 kQ

Insulating wire close to the superconductor-

Insulator transition,

R\ =7 kO
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Changing an area contributing to the capacitance

Initial area of the structure

The area cut by FIB
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Before FIB 1.5 fF 1.4 fF

After FIB 0.83 fF 1.0 fF




Effective charge
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What parameter drives the SIT?

Charging energy of the structure  Local parameters (fermionic mechanism)

(total resistance of the wire) ( Resistance per length)
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Conclusions

e Short insulating-state nanowire behaves as 0-dimensional
coherent scatterer.

* R(T) and I(V) dependences are well explained by the theories of
week Coulomb blockade.

* Charging energy of CB is set by the capacitance between two
film electrodes located on the opposite sides of a nanowire.






