Resistive superconducting films for
photonsensing devices

conventional superconductivity in
'bad metals’
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* Hot-electron bolometers (HEB’s): 4 nm thick,
R=1009Q/sq, p=250uQ2cm
Superconducting single photon detectors
(SSPD’s): >4 nm thick, R<100Q/sq, p<250uQcm,
narrow: 90 nm; uniformity

Microwave kinetic inductance detectors (MKIDs):
Al, Ta, Nb, NbN, NbTiN, TiN, in search of optimal
parameters: 60 nm thick, R=10Q/sq, p=100u<2cm,
uniformity
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Scanning electron microscope
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« Electron temperature vs distribution function

« Resistance not simply due to single-electron back-
scattering processes, but:

« Current conversion processes (static)
« Phase-slip/flux-flow (dynamic)
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Boogaard et al, 2004?
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L ocalization: electrons get ‘trapped’

«Correlations: reduction in density of
states at Fermi level

*Superconducting correlations

1
—

—0-F—@
—"

Y

—|

9

8]
7]
6
5]
4]
3]
2]
1]
0

T.I.Baturina et al, Phys. Rev. Lett. 99, 257003 (2007) 4
B. Sacepe et al, Phys. Rev. Lett. 101, 157006 (2008) TU Delft
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Our results suggest that TiN i1s a peculiar metal with a
pseudogap at the Fermi level, indicating the proximity to a
metal-insulator transition. In our calculations the pseudogap
regime 1s best described for a value of U=8.5 eV for the
Coulomb interaction.
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NbTiN and TiN have quality factors over 1 M
These superconductors are ‘bad metals’
Superconducting properties may be non-uniform

Surface resistance in good quality NbN might be an
indication

Dynes parameter in Mattis-Bardeen might signal the
same

However, the films might be well-ordered.
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Phase-coherence: phase-fluctuations
Disorder
Coulomb interactions: electron-electron interactions

Berezinskii-Kosterlitz-Thouless vortices: flux flow
Anderson-localization
Mott-insulator
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» Superconductors at these 100 mK temperatures with so few gp’s are
poorly explored territory

e Nonuniformity which is not microstructure related?

 Characterization might provide interesting data relevant outside the
engineering community

e Example: why does Tc decrease so nicely with N-content in TiN?
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