
Boron-doped nanocrystalline diamond is a disordered superconductor linking fluctuation conductivity, 
glassy superconductivity, and phase slip-like transport.
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Fluctuation spectroscopy of BNCD

Glassy superconductivity 

Phase slip-like transport in wide BNCD 
microbridges

Thickness-varied BNCD 
films with fixed boron 

doping show systematic 
shifts in 𝑇𝑐, consistent with 
changes in nanocrystalline 

grain size.

Above 𝑇𝑐, the fluctuation conductivity follows the dimensional 
crossover predicted for granular superconductors [1,2].
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The crossover positions can be tracked across the film series 
to estimate the Thouless and tunnelling energy scales, 

giving spectroscopic access to intra- and intergrain transport 
parameters.

LVV prediction for 
granular 

superconductors [1]:

𝐺𝑓𝑙 = 𝐺 − 𝐺𝑛𝑠

𝐺𝑛𝑠 = 𝑎 + 𝑏 𝑇

𝑇𝑐: 𝐺𝑓𝑙 → ∞

𝑑ln𝜎fl
𝑑ln𝜖

=

−1
2 3D  𝜖 ≲ 𝜖𝑡 

−3 q0D  𝜖𝑡 ≲ 𝜖 ≲ 𝜖𝑔 

−1
2 3D  𝜖𝑔 ≲ 𝜖 ≲ 1 

𝜖 = Τ𝑇 − 𝑇𝑐 𝑇𝑐

𝜖𝑔 = Τ𝐸𝑇ℎ 𝑘𝐵𝑇𝑐 , 𝜖𝑡 = ΤΓ 𝑘𝐵𝑇𝑐

where

Fluctuation analysis of magnetoresistance curves gives a 
precise 𝑇𝑐(𝐻), allowing the 𝐻 − 𝑇 phase boundary to be 

mapped without relying on onset/midpoint/offset criteria [3].

The 𝐻– 𝑇 boundary follows a quasi de Almeida–Thouless 
form, and magnetisation measurements show logarithmic 

relaxation, consistent with superconducting glass 
behaviour in BNCD.
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The finite-voltage branch breaks into discrete steps. Linear 
fits extrapolate towards common current-axis intercepts, 
consistent with phase slip-like dissipative regions forming 

within the bridge [4]. 

Micron-wide BNCD bridges show 
a residual resistance below 𝑇𝑐 

[4]. These devices are hundreds 
of times wider than the 

conventional 1D phase slip limit.

𝑤 = 4.6-6.7μm ≫ 𝜉~10nm

TDGL simulations support voltage-carrying states formed by 
phase slip lines spanning the bridge width. Higher-voltage 

states correspond to additional phase-slip lines [6].

The residual resistance is 
better described by a QPS-

like phenomenological 
model than by thermally 
activated phase slips [5]. 

This is an effective 
description of phase slip-

like dissipation, not 
conventional 1D nanowire 

QPS.

Residual resistance is QPS-like

BNCD links fluctuation spectroscopy, superconducting-glass behaviour and phase-slip-like transport in a single disordered 
superconducting material system. Patterned wide microbridges show dissipative states consistent with phase slip line 

transport outside the conventional 1D nanowire limit.
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Discrete finite-voltage branches

Phase slip line interpretation
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   G  f l = G −  G  n s


   G  n s = a + b  T


   T c :


   G  f l → ∞


    d ln  𝜎  fl  d ln 𝜖 =  {      −    1 2        (  3D )               𝜖 ≲  𝜖 t                                  − 3          (  q0D )          𝜖 t ≲ 𝜖 ≲  𝜖 g                −    1 2        (  3D )                 𝜖 g ≲ 𝜖 ≲ 1              


  𝜖 =    (  T −  T c ) /   T c


   𝜖 g =    E  T h /   (   k B  T c ) ,    𝜖 t =  Γ /   (   k B  T c )
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  w = 4 . 6 - 6 . 7 μm ≫ 𝜉 ~ 10 nm

