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S. Blien, K. Götz, N. Hüttner, O. Vavra, T. Huber, T. Mayer, Ch. Strunk, and A. K. Hüttel
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Motivation
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W / Pt Re

• ultra-clean carbon nanotubes: directly grown
over prefabricated contact electrodes [3, 4, 5, 6]

• growth conditions: 850 ◦C for 10-15 minutes in
CH4/H2-atmosphere, plus heating / cooling

• MoRe alloys: high stability, superconducting crit-
ical temperatures up to Tc = 15K [6, 7, 8]
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base pressure range:
-8 -7from 10  to few 10  mbar

distances:
targets ca. 15 cm
sample ca 13.5 cm above

Ar plasma ignition:
-1first at Mo target at 10  mbar
-3then at Re target at 10  mbar

Resulting tunable alloys
• XPS, in situ Ar sputtering; use area sensitivity
factors for Re 4f-, Mo 3d-, C 1s-, and O 1s-peaks

• observations for all films: molybdenum oxides on
the surface, no rhenium oxides detectable

• Re enrichment in bulk, Mo at surface [9]
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Influence of the CVD process
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30 min CVD, lower CH4 flow:
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30 min CVD, higher CH4 flow:

• diffusion of carbon into the alloy, enhanced with
increasing CH4 gas flow

Influence of the CVD process
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• reduction of molybdenum oxides to atomic Mo

• structural changes in the bulk, f.ex. from
Mo20Re80 to Mo31Re69

DC conductance properties
• both annealing and degradation due to CVD

• Mo20Re80 exhibits highest resilience in dc

• maximal critical current density jc = 2.7 ·105 A
mm2

observed after 10 minutes CVD
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Coplanar resonators
• λ/4-resonators −→ high frequency properties

• fit transmission resonances [11], extract Qi, Qc

• after CVD: Qi ≤ 5000 observed
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Temperature dependence (I)
• high temp.: Mattis-Bardeen theory [12, 13]
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• kinetic inductance fraction α0 = 0.22 CVD−→ 0.26

• internal quality factor Qi = 24000 CVD−→ 4000
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• Qi(T )↔ finite quasiparticle lifetime [14]?

Temperature dependence (II)
• low temp.: two-level systems in substrate [11]
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• from f : Fϑ ≈ 4.0 ·10−5 unchanged by CVD

• from Qi: Fϑeff = 5.7 ·10−7 CVD−→ 1.6 ·10−6

(ϑeff accounts for partial TLS saturation)

• after CVD, Qother dominates fit (−→ ?)

Prefabricted alloy targets
• use prefabricated alloy sputter targets instead of
co-sputtering

• tests with nominal Mo30Re70 and Mo70Re30

• No large differences in dc properties
Mo30Re70 Mo70Re30

no CVD 15min CVD no CVD 15min CVD
Tc (K) 7.8 8.1 7.6 7.4
jc (103 A/mm2) 25 26 26 21
ρRT (10−7Ωm) 5.6 6.9 4.6 2.6
ρ∼10K (10−7Ωm) 6.7 4.4 1.9

Mo30Re70 vs. Mo70Re30
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• resonator characterization at T = 4K:
tentatively, larger values of Qi for Mo70Re30

Mo30Re70, no CVD Mo70Re30, no CVD
# f (GHz) Qi # f (GHz) Qi

1 3.39 1715 1 3.08 9530
2 3.66 1600 2 3.35 11010
3 4.13 1480 3 3.48 830 (?)

• consistent with literature [6]

• however, large scatter between devices
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