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Fluctuations in thin superconducting TiN films

* TiN : homogeneously disordered superconductor
e Tunneling speciroscopy at T=50mK

* Pseudogap regime above Tc



TiN

Superconductor-Insulator Transition

Granular systems Homogeneously disordered materials
(bosonic model) (fermionic model)
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Titanium nitride thin films
d=5nm

Continuous decrease of Tc with increasing disorder
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Activated behavior : superconductivity related ?

T. I. Baturina, A Yu Mironov, V. M. Vinokur, M. R. Baklanov and C. Strunk
PRL 99, 257003 (2007)




Magneto-resistance peak
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Magneto-resistance peak : superconductivity related ?

T. I. Baturina, C. Strunk, M. R. Baklanov, and A. Satta

PRL 98, 127003 (2007)




M. Baklanov and A. Satta
IMEC

»>TiN films were formed by atomic layer chemical vapor
deposition (ALCVD) onto a Si/SiO2 substrate.

» The films consist of densely-packed crystallites

» The average size of the crystallites is ~ 4-6 nm




TiN 1 : 3.6 nm, grown at 400 C
TiN 2 : 5.0 nm, grown at 350 T
TiN 3 : 5.0 nm, grown at 350 T + plasma etching

Transport measurements and STM spectroscopy are performed during the same run



Fluctuations in thin superconducting TiN films

* TiN : homogeneously disordered superconductor
e Tunneling speciroscopy at T=50mK

* Pseudogap regime above Tc



Transport and tunneling spectroscopy
Sacépé et al. 8
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Increasing disorder




A. Ghosal, M. Randeria, N. Trivedi, Phys. Rev. Lett. 81, 3940, (1998) - Phys. Rev. B 65, 014501 (2001)
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Inhomogeneous superconducting state
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Coulomb suppression and mesoscopic fluctuations of Tc

inkelstein, Pis’sma Zh. Eksp. Theor. Fiz., 45, 46 (1987)
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A. Skvortsov and M. V. FeigelI’man, Phys. Rev. Lett. 95, 057002, (2005)
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Fig. 14. Suppression of superconductivity in amorphous
Mo,,Ge,, [42]. The solid line is a theoretical fit with Eq.
(i3




Tunneling spectroscopy at 50 mK

Inhomogeneous superconducting state

TiIN1 (T, = 1.3 K)
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Tunneling spectroscopy at Low temperature

Summary
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Fluctuations in thin superconducting TiN films

* TiN : homogeneously disordered superconductor
e Tunneling speciroscopy at T=50mK

e Pseudogap regime above Tc



Temperature evolution of the tunneling conductance

TiN bulk - Tc = 4.7 K
(far from the SIT)
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Pseudogap

TiN1

G(V)
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Pseudogap

TiN 2
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Two possible origin of the DOS corrections
With quantum signatures in the transport
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Ao = AcWEi4 Ao+ AcPo5+ AoAL+ AoMT

One parameter fit : T,
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Disorder-enhanced Coulomb interaction Superconducting fluctuations
(Aronov-Altshuler correction) (DOS correction)

Soft coulomb gap Superconducting fluctuations
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Two distinct evolutions at the Fermi level



Superconducting fluctuations

correction to the DOS

°8(eV =0) = —2GiIn(In )

A. Varlamov and V. Dorin, Sov. Phys. JETP 57, 1089, (1983)
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Superconducting fluctuations
correction to the DOS
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Highly disordered film

Disorder-enhanced Coulomb interaction

B. Altshuler, et al., Phys. Rev. Lett. 44, 1288, (1980)
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dl/dV normalized
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TiN 2

Disorder-enhanced Coulomb interaction
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Soft coulomb gap
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Pseudogap : a lack of global theory

-0.5

0.0
V[mV]

0.5

Superconducting fluctuations

8G(V,e) / G,

0,0

.
o
o

-0,2

G (V), normalized

0,2

—TM =1
——TIT =141
—TT =12
TIT, =15
—TT =2
TT,=4

1,0 / 0,0

V[mV]

0,5 1,0




Transport measurements well described
by quantum corrections calculated for
homogeneously disordered thin films
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