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The superconducting transition in TES: 
possible role of vortex pair unbinding
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TESs analysed in this work

 The appearance of finite resistance in a superconductor can be due basically to 
two mechanisms:
 Cooper pair breaking (T≈Tc): current is carried by Cooper pairs plus free 

charge carriers (two fluid model). Resistance is due to the latter. 
 Existence of magnetic vortices (T<Tc): their motion when applying a current 

generates a voltage and thus a resistance, without Cooper pair breaking. 

 Vortices in a type II superconductor can be basically due to:
 The existence of a nonzero magnetic field (applied, remanent, self-field)
 The Berezinskii-Kosterlitz-Thouless transition (in 2D superconductors): 

vortex-antivortex pairs are present in the superconductor at any T; above 
TBKT<Tc, thermal energy breaks the pairs. 

In fact, usually the critical current defined as the 
onset of dissipation is much lower than the 
depairing current: Jc(T)<<Jd(T). This denotes the 
relevance of vortex motion: Jc (T) is the current 
producing a Lorentz force able to move vortices

𝑅 ≠ 0

Vortex-antivortex pair
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Design Size (wxL) 
(mm2)

Rn (mW) Maximum R/Rn
for fits to eq. (4)

642 Nb 100/115 0Z, Membrane 200x200 70 30%

612 Nb 100/110 1Z, Bulk 200x200 70 35%

584 Mo/Nb 100/110 1Z, Bulk 120x120 57 79%

473 Mo/Nb 100/220 1Z, Bulk 120x120 26 70%

467 Mo/Nb 100/220 1Z, Bulk 50x50 26 70%

552 Mo/Nb 70/115 2Z, Bulk 25x25 64 50%

547 Mo/Nb 70/115 2Z, Bulk 25x50 120 60%

552 Mo/Nb 70/115 2Z, Bulk 25x100 253 30%

Background

Are TES 2D superconductors?

 Preliminary evaluation of the coherence length using the 
slopes of the upper critical field indicate that:
• x~230 nm for Tc~550 mK 
• x increases with decreasing Rsq and Tc, as expected

 Therefore:
• The bilayers and TES analysed in this work are 2D
• For lower Tc’s, x is expected to increase (x~mm for 

Tc~100mK). Thus they are most likely 2D too. 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.62 0.625 0.63 0.635 0.64 0.645

10 mA
20 mA
30 mA
50 mA
77 mA
100 mA
200 mA

R
 (
W

)

T (K)

m
o
H=0

10-4

10
-3

10-2

10-1

0.615 0.625 0.635 0.645

R
 (
W

)

T (K)

I

II

200x200mm
2

T
c

=642 mK

-9

-8

-7

-6

-5

-4

-3

0.445 0.455 0.465 0.475

10 mA
20 mA
30 mA
51 mA
102 mA
123 mA
154 mA

ln
R

  

T (K)

5% R
n

30% Rn

69% Rn

moH=0

120x120mm2

Tc=473 mK

𝒍𝒏
𝑹(𝑻)

𝑹𝒏
~ − 𝒃′

𝑻𝒄 − 𝑻

𝑻 − 𝑻′(𝑰)

𝟏 𝟐⁄

𝑇ᇱ(𝐼) = 𝑇′௢ (1 − 𝐼 𝐼௢⁄ )

𝑇′௢ ≈ 0.98 𝑇௖

Conclusions

 Huge broadening of the lower part of the R(T) transition (up to quite high biases, and 
full in the operational range of TESs) at H=0 for increasing currents.

 Plausible interpretation in terms of current enhanced vortex pair unbinding, which 
allows motion of free vortices.

 Predictions for a, b and M are made on basis of this mechanism. Preliminary analyses 
of TES data show that they might be compatible with this scenario but are not 
conclusive yet. 

Implications for TES analyses and performances

• Fits of the lower part of the R(T) at H=0 follow the law 
expected for the BKT transition, but with a current-
dependent characteristic temperature.

• This law does not describe the R(T) with an applied H
• No other R(T,J) dependences fit the data
• All the studied devices display the same behaviour: the 

extracted characteristic temperatures at I=0 scale with Tc
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• The R(T) broaden 
significantly for 
increasing currents. 
Their behaviour is 
much different from 
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an applied H.

• Different regimes as 
bias increases
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Strictly speaking, a 2D superconductor never displays R=0, since 
any applied current can tear apart the vortex pairs. However, this 
effect is vanishingly small for T<TBKT and J     0
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• Bare TES (no abs)
• No banks
• No metallic features

• The transition width may increase significantly in biased TESs: problems with the definition of 
Tc and with the extraction of thermal parameters.

• On basis of the R(T,I) law, analytical expressions can be obtained for a and b.
• An expression for the excess noise associated to vortex motion can be obtained from ref.[2] 
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
- Slope depends on TES! 


x

x

a, b from R(T,J) analyses (high Tc)

a, b and M from characterization of 3 bare TES 
with Tc~93mK and different aspect ratio (L/w)

 For identical Tc’s:

 To’ could be identified with TBKT
 T’(I) can be interpreted as an effective reduction of TBKT

for high enough currents, which favour vortex unbinding

The R(T,I,H) shape of the superconducting transition of Transition Edge Sensors (TESs) is crucial for their operation and performances. Its sharpness as a function of temperature 
and current influences the devices noise. Also, the behaviour of the resistance as a function of these three parameters can provide understanding of the physical phenomena 
governing the transition, which in turn can be essential to define optimization routes.
Estimates of fundamental lengths of TESs suggest that they behave as dirty type II superconductors, likely two-dimensional (2D). The onset of dissipation in 2D superconductors 
at H=0 is most often related to the so-called Berezinskii-Kosterlitz-Thouless transition, that is, the thermal unbinding of vortex-antivortex pairs: this may cause the motion of free 
vortices through the film under any applied electrical current, which would result in a voltage drop, and thus the appearance of a finite resistance at a temperature below the 
superconducting mean field critical temperature (that is, without Cooper pair breaking). This flux motion is considered a possible source of excess noise in TESs.  
We have performed a study of the resistive transition of Mo/Au-based TESs with diverse sizes and critical temperatures, under different applied electrical currents and magnetic 
fields. We have found a distinct analytic expression for R(T,I) at zero magnetic field, which holds for all the devices analysed at low biases, from the appearance of resistance up to 
quite high R/Rn values in some cases. We argue that this expression might be indicative of a current assisted vortex pair unbinding mechanism, and discuss the possible impact of 
such an effect on TES parameters and performances.

Abstract

R(T) under increasing H

Resistive transition at H=0: fits

The R(T,I,H) transition was measured in a PPMS system with a 3He insert for 
several TES with different designs and Tc’s. 
Temperature scans carried out in ZFC conditions with constant H and I. 
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Broadening of the R(T,I,H) transition

R(T) at H=0 for increasing currents

Experimental

 Functional dependences of a and b vs bias compatible 
with model

 Order of magnitude of M as predicted by model

w

L


