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Fabrication details

We fabricate the sample on a 2 inch double side polished sapphire substrate. Possessing a

high thermal conductivity of sapphire, makes it highly suitable for our measurement where

a fast thermal equilibrium is needed. First, a R-plane-oriented (1-102) sapphire substrate

is transferred in the evaporation chamber of an ultra high vacuum electron (UHV) gun

evaporator. Then, prior to 50 nm-thick Nb deposition, the substrate is heated at 660 ◦C to

make oxygen contamination departing from the sapphire substrate.1,2 The vacuum is kept

lower that 10−9 Torr during Nb deposition. Eventually, in order to protect the Nb �lm

from oxidation, a 5 nm-thick silicon capping layer is evaporated after letting the sample cool

down below 80 ◦C in the same vacuum cycle. yTron devices are realized utilizing an Al hard

mask on top of the Nb �lm by ebeam lithography and followed by lift-o� procedure. The

unprotected area of Nb with the Al mask is then removed by a reactive ion etching with a

20 W SF6 plasma for 1 minute. Finally, the Al is removed by wet etching using the base

developer MF319 for 3.5 minutes.
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Finite elements model

In order to obtain the evolution of the temperature distribution during the reversible Joule

heating regime, we performed �nite element simulations. The model considers the sample

as a thin �lm of 50 nm thickness whose exact geometry is obtained from scanning electron

microscope (SEM) image. The spatial distributions of temperature and electric potential are

calculated by solving the heat and continuity equations. The heat equation, is written :

κ∇2T +Q(T, r) = 0 (1)

with T the temperature in K and κ the thermal conductivity in WK−1m−1. The last term

in (1) is determined by the Joule heating Q(T, r) = ρ(T )J2(r) with ρ(T ) = ρ0[1+α(T −T0)]

the temperature dependent electrical resistivity in Ωm. The parameter α is estimated from

R(T ) measurements between 10 K and 300 K. The continuity equation is given by:

∇ · J = 0 (2)

where J(r) is the current density in Am−2. Finally, the Ohm's law E = ρ(T )J and the

electrical �eld E = −∇V complete the system of equations. The parameters used in the

simulations are summarized in Table S1.

Table S1: Thermal conductivity, electrical resistivity and thermal coe�cient as input pa-
rameters in COMSOL simulations.

κ (WK−1m−1) ρ (µΩcm) α (K−1)
Nb 5 1.33 8× 10−3

Sapphire 3 / /

The main panel of Fig. S1 shows the evolution of the resistance (R) as a function of

the applied current (I) at the bath temperature Tb = 10 K. The observed parabolic pro�le

typical of Joule heating is followed by a important resistance increase associated to struc-

tural modi�cation caused by electroannealing. It is precisely in this high-currents regime
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Figure S1: Typical curve of an EA experiment (blue line) and the result of the �nite element
model for some values of bias current (red circles). The inset shows the obtained temperature
map for I = 14 mA with the given polarities.

that permanent modi�cations of the junctions lead to the irreversible modi�cations of the

normal state resistance and critical current of the device (see Fig. 4 in the main text). The

results of the simulations are represented by the red circles and allow us to estimate the

temperature distribution in the sample for currents below 15 mA. The inset of Fig. S1 gives

the temperature mapping for the special case I = 14 mA.
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Atomic force microscopy imaging of the targeted struc-

tural modi�cation

The high selectivity of the electroannealing process demonstrated at low temperatures through

electric measurements (see main text) can be revealed by direct visualization under an atomic

force microscope as shown in Fig. S2. These images were acquired in tapping mode and un-

der ambient conditions. Panel (a) corresponds to the sample in its pristine state (i.e. before

electroannealing). For this initial state, each junction is characterized by a resistance Ri ∼

9.1 Ω. Panel (b) shows the topography of the sample after targeted electroannealing at

junction #2 with a current ∼ 14 mA. A clear bump develops in the target junction with

no evident modi�cation taking place in the neighboring junctions. We speculate that the

observed morphological change is due in part to oxygen up-take into the structure and the

important oxygen di�usion in Nb above 400 K.3 This observation is consistent with an in-

crease of the resistance R2 = 33.6Ω while the other resistances R1 ∼ R3 = 9.4Ω remain

nearly una�ected. Panel (c) shows a subsequent further modi�cation on terminal 2 with

R2 = 80Ω, with rather minor modi�cations on R1 = 9.4Ω and R3 = 10.2Ω. It is worth

noticing that the in this second electroannealing process, the propagating front of displaced

matter does not advance further but instead hillocks appears on the sides of the junction

#2.
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Figure S2: Atomic force microscopy image of (a) the sample in its initial state, and after
targeted modi�cation of the terminal 2 following the �rst (b) and second (c) electroannealing
steps. The used polarities are indicated in the �gure and are identical to that used at low
temperatures.
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We have also investigated the importance of the current polarity. The main results are

summarized in Fig. S3. Panel (a) reproduces the results presented in panel (c) of Fig. S2.

In this case, the transport of material �ows away from the center of the device. In panel (b)

we show that for opposite polarity the material displacement is reversed, i.e. towards the

center of the device. Electric transport measurements con�rm the observed current polarity

e�ect. Indeed, for the case of Fig. S3(b), all three junction resistances are increased after

EA and therefore the high selectivity obtained for the polarity shown in panel (a), is not

veri�ed when the polarity is reversed. We also observe the systematic formation of hillocks

on the sides of junction #2 which can be explained by the high current density (panel (c))

and lower di�usion activation energy on the sample surface.
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Figure S3: Atomic force microscopy image of (a) the sample with current bias as implemented
in this work and with opposite polarity (b). Panel (c) shows the pro�le of current density
norm which is valid for both panel (a) and (b).
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