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Microscopic model of a transition edge
sensor as a weak link

TES AS AN INHOMOGENEOUS SUPERCONDUCTING SYSTEM.

THE USADEL EQUATIONS. BOUNDARY CONDITIONS.

TES AS A LATERAL SS”S SYSTEM. ANALYTICAL MODEL.
THE ORDER PARAMETER PROFILE. ANALYTICAL SOLUTIONS FOR1IDSS 'S
SYSTEM WITH WEAK CURVATURE PROFILES.

NUMERICAL MODELLING



The Usadel equations. 1D
geometry

—Lead4+—TES— Lead

a)
FIGURE 1. a) Bare TES. TiYAwTi (20/50/5 nm thick)
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The Usadel equations.
Matsubara representation

5= (an (r) fo.(r) ) _ ( cos(O,(r)) 5:111(91](1'))exp(z'xn(r)))
f1.(r) —gu,.(r) sin(©y,(r)) exp(—ixa(r)) — cos(Oy(r))

the Matsubara frequency is w, = 77T (2n+1) ., n=0,+1,4+2...

hD
27T,

wp and A are in units 71,

x is in units of &, =

Self-consistency equations:

A(r)In (%) + QTE Z {&{r) — sin(6;,) exp{z’xﬂ)] =0

0=V + 2ieA(r)
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The Usadel equation. Boundary

conditions.
426 + O )COHQ 06+ |Alcosf = 0
72 |WwTL W S + |Ajcosf =
dxr? sin* 6
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Boundary conditions.
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dfy, L, 9B&L .
|y = + - sin(f;, — #)
df 9BEL .
dzles = + - sin(f; — 0)
9BEL
ar

1deal intertace, t = 1

rigid boundary conditions € = 6y,

Ar

<< 1, no bending of #;, in the leads I:> f;, = arctan ?

Lead

o

poor interface transparency, ¢ < 0.1

TES

s Lead

7

\

ideal interface transparency, ¢t = 1

vertically proximised volume
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TES as a lateral SS~ S system. Analytical
model

/ (L/2) dé
2!: 8(0) \/21.4,' [cos B(0) — cos ] — C?(w) [sin™ 20 —sin—2 46 6(0)] — 2f9“” d@’ cos @' A(8")

X _ [H'U_. 2 de
20(w)  Joo)  sin? E'\/Q-.u [cos 6(0) — cosf] — C2(w) [sin~? # — sin~* 6(0)] — 2 fﬂ&t'ﬁl" A6’ cos @’ A(6)

Small profile curvature: quadratic expansion

0(0) = A(0)
L AR 2 (50 (L/2) 1
2 { #(0) /1 + tan? j(,@]

LA o [, w8(L/2) I A S 2T X =0
2\ A(0) TT. N\ T,
w0
Y PR SR WRU0E] | i Ap) T
_ L? A(0) T. T, 2
w =0
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TES as a lateral SS~ S system. Analytical
model. Zero current
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The order parameter in the center of the TES as a func-
tion of temperature close to the superconducting transi-
tion of the TES material: T,y = 20T, #(£L/2) =0.18y,
boxes - L /&y = 200,circles - L/ = 100, diamonds -
Lty =50
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Suppression of the order parameter at the center of the
TES by the critical Josephson current: boxes - L /&y =
100, xy = 7/2, circles - L/éy = 100, x = 0, diamonds -
LfEw =50, y = 7/2, crosses - L/Ey =50, xy =0
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Transparent interface: Numerical
modelling
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Profile of the order parameter through the TES with a Profile of the order parameter through the TES by the
transparent lead mnterface. The order parameter is nor- critical Josephson current

malized to the critical temperature in the lead
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Transparent interface: Numerical
modelling
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The order parameter at the center of the TES with the
transparent lead interface as a function of temperature.

The dashed line corresponds to the critical temperature
of the TES material
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Summary

*Both the simple analytical model and an accurate numerical analysis

confirm the importance of long range lateral proximity effects in TES.

* Profile of the order parameter strongly depends on the boundary

conditions at the TES/lead interfaces

. A(O) even for L >> &, decreases with temperature above the

critical temperature of the TES metal very slowly

. A(O) is not fully suppressed by the critical Josephson current at any
T<T,

*At the onset of the resistive transition the Usadel approach still

describes most of the TES, apart from the small central region

» the Usadel approach can be valuable in modeling the rate of expansion

of the central area of the TES with temperature and current
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