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Joule heating in ferromagnetic nanostripes with a notch
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The temperature in a ferromagnetic nanostripe with a notch subject to Joule heating has been studied in detail.
We first performed an experimental real-time calibration of the temperature versus time as a 100 ns current
pulse was injected into a Permalloy nanostripe. This calibration was repeated for different pulse amplitudes
and stripe dimensions and the set of experimental curves were fitted with a computer simulation using the
Fourier thermal conduction equation. The best fit of these experimental curves was obtained by including the
temperature-dependent behavior of the electrical resistivity of the Permalloy and of the thermal conductivity of
the substrate (SiO2). Notably, a nonzero interface thermal resistance between the metallic nanostripe and the
substrate was also necessary to fit the experimental curves. We found this parameter pivotal to understand our
results and the results from previous works. The higher current density in the notch, together with the interface
thermal resistance, allows a considerable increase of the temperature in the notch, creating a large horizontal
thermal gradient. This gradient, together with the high temperature in the notch and the larger current density
close to the edges of the notch, can be very influential in experiments studying the current assisted domain wall
motion.
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I. INTRODUCTION

The possibility of manipulating the magnetization with
spin polarized currents [1] in ferromagnetic nanostructures,
together with the proposal of the racetrack memory [2], has
encouraged intense research on the movement of magnetic
domain walls (DWs) in ferromagnetic nanostripes. The race-
track memory relies on the precise movement of a sequence
of magnetic bits (domains separated by DWs) in a memory
element, which is a ferromagnetic nanostripe. The movement
of this sequence of magnetic bits should be done exclusively
by an electric current, via spin transfer torque. The minimum
current required to move a DW in a nanostripe (critical
current) is usually quite large, particularly in materials with
in-plane anisotropy (such as Permalloy) or in nanostripes with
engineered constrictions (notch), often used to pin reliably the
DW at a particular position [3,4,5]. In these devices, current
densities higher than 1012 A/m2 are commonly required to
achieve the depinning and the movement of the DW.

Understandably, the Joule heating generated by such a
large current has been a matter of concern for researchers
working in this field, even if the current is applied in short
nanosecond pulses. A high temperature induced by Joule
heating could bring the ferromagnetic material close to or
even above its Curie temperature, which, in the case of a
racetrack memory, could easily result in data corruption. Also,
in most of the experiments of current assisted DW depinning
in ferromagnetic nanostripes with a notch, the electric current
generates important thermal gradients close to the contact
pads [6] and also close to the notch, as we will show in this
work. These thermal gradients could also affect the movement
of the DW [7,8].

There have been only few experimental attempts to estimate
the average temperature in magnetic nanostripes when an
electric current flows through the device, using DC current [9],

long current pulses [10,11] or short nanosecond pulses [3,12].
The estimated temperature in these works is quite different
for similar current densities although, as we will see in
the conclusions, not necessarily contradictory. There are
theoretical expressions available describing either an ideal
two-dimensional (2D) geometry [13] or also a more realistic
3D geometry [14], although in this case (Ref. [14]), with the
limitation of needing an experimental input to provide a value
of temperature. Moreover, these expressions cannot provide
the vital information of the local temperature at every point of
the device when the nanostripe is not uniform (for instance, it
has a notch) or when it has contact pads dissipating heat.

The local temperature at every point of a nanostripe device
can only be obtained with a computer simulation and using
the correct material properties extracted from an experimental
calibration. Numerical methods have been applied recently to
some particular problems of a magnetic nanostripe subject to
Joule heating [6,15]. Despite the useful results in these works
there are still aspects that need to be characterized in more
detail. The material properties are usually considered constant
with temperature and some of them change substantially as the
nanostripe gets hotter. The current density is often considered
constant, but it changes largely in a matter of nanoseconds
when the stripe heats up, even if a current source is used,
as this source may not respond fast enough to the change
of resistance. Finally and notably, the interface between the
metallic nanostripe and the substrate constitutes a thermal
resistance although, to the best of our knowledge, it has been
invariably neglected so far. The interface thermal resistance
is a very influential parameter and it is required to fit the
experimental results at different current densities, as we will
see in the following sections.

In this work, using an experimental calibration and sim-
ulations with the software COMSOL [16], we evaluate the
temperature in a Permalloy nanostripe with contact pads and
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a notch in the middle (one of the most popular geometries
used so far), for different excitation conditions and using
different substrates. The temperatures obtained inside the
notch are higher than expected due to the interface thermal
resistance and, consequently, large in-plane thermal gradients
build up around the notch. These thermal gradients, together
with the asymmetric current distribution inside the notch
should be taken into account when analyzing experiments of
current-assisted DW depinning.

II. EXPERIMENTAL DETAILS

A. Experimental calibration of the temperature

In order to select the correct values for the material proper-
ties required in the thermal simulation, we have performed
experimental calibrations of resistance versus temperature
(R-T ) and resistance versus current density (R-J ) in dif-
ferent Py nanostripes. The test samples were deposited by
DC sputtering with the structure Ta(2)/Py(10)/Ta(2)/Pt(1) on
a SiO2(400)/Si substrate, where the numbers indicate the
thickness in nanometers. The stripes were fabricated by liftoff,
12 μm long and with widths ranging from 300 nm to 1 μm.
The nanostripes are long enough to ignore the lateral cooling
induced by the contact pads in the calibration R-J . We used
stripes of different widths in order to test that the resistivity
obtained in the calibration R-T was similar in all of them and
in order to infer the interface thermal resistance between the
metallic stripe and the substrate.

First we performed the R-T calibration on a cryostat from
200 K to the maximum temperature possible in our system,
500 K. Each nanostripe was characterized by monitoring the
resistance R while the temperature was slowly increased from
minimum to maximum. Then R was also monitored while
decreasing the temperature to check that the slope R-T was
the same and the stripe did not suffer any permanent damage.
From these measurements we calculated the resistivity ρ of the
whole metallic stripe with the Py and the Ta and Pt layers. The
width and the thickness of the stripes were accurately measured
in each case with an atomic force microscope. The resistivity
obtained was ρ(T ) = 0.092T + 34.8 in units of μ� cm. This
fit was very similar for nanostripes of different widths and
it is also virtually the same as the experimental temperature-
dependent resistivity used in Ref. [14].

Once the curve R(T ) was known for each wire, we pro-
ceeded with the real-time calibration of the resistance versus
the current density (R-J ). The setup is shown in Fig. 1(a). A
nanosecond pulse generator with output impedance Z0 = 50�

was connected to the nanostripe with an impedance matched
coplanar waveguide. The other end of the stripe was connected
to a high-frequency oscilloscope with input impedance Z0 =
50�.

When a nanosecond pulse of amplitude Vp is requested to
the pulse generator, the current flowing through the stripe can
be determined by the signal transmitted to the high-frequency
oscilloscope. Figure 1(b) shows a 2.5 V and 100 ns pulse
transmitted through a 500 nm wide nanostripe, as it is
received in the oscilloscope. There is a clear decay in the
amplitude of the pulse with time due to Joule heating. As the
temperature rises, the resistance of the nanostripe increases
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FIG. 1. (Color online) (a) Experimental setup for the real time
measurement of the nanostripe resistance versus current density, using
a 100 ns pulse. (b) Pulse of Vp = 2.5 V transmitted to the oscilloscope
(current density of ∼0.4 × 1012 A/m2 at the end of the pulse). The
decay in the amplitude reflects the increase in resistance of the
nanostripe due to Joule heating. (c) Temperature versus time, obtained
from the data in (b), formula (1) and the experimental calibration of
resistivity versus temperature. The red and blue curves are Comsol
simulations using zero and nonzero interface thermal resistance (see
text).

and the current transmitted is smaller. The current flowing
through the nanostripe can be extracted from the following
simple formula,

I [T (t)] = 2Vp

Rns (T ) + 2Z0
, (1)

where Rns(T ) is the resistance of the nanostripe, which is
temperature dependent. The current I [T (t)] can be extracted
from the signal displayed in the oscilloscope as I = Vosc/Z0

and, with the previous calibrations R-T and R-J , we can
convert the signal in the oscilloscope [Fig. 1(b)] into a
temperature versus time T (t) curve, as shown in Fig. 1(c).
This experimental T (t) curve can be measured for different
excitation conditions Vp as shown in Fig. 2(a) and for different
stripes. Reproducing all these experimental curves with the
computer simulations cannot be done unless the material
properties introduced into COMSOL are correct and they have
the correct behavior with temperature.

B. Details of the computer simulations

The thermal simulations were done with COMSOL, using the
heat diffusion equation:

∇2T + Q

k
= CV

k

∂T

∂t
(2)

with T the temperature, k the thermal conductivity, CV the heat
capacity per unit of volume and Q the heating term, which for
the case of Joule heating is given by Q = ρ · j 2, with ρ the
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FIG. 2. (Color online) (a) Experimental temperature versus time
curves for different amplitudes of pulse. As a guide, use the following
conversion to extract the current density at the end of the 100 ns
pulse J = −0.018(Vp)2 + 0.186 Vp + 0.06 in units of 1012 A/m2.
The color curves are the curves extracted from the simulations. The
oscillations visible at small pulses are likely caused by the large
resistance mismatch introduced by the nanostripes in the transmission
line. Therefore they should not be interpreted as oscillations of the
temperature. (b) Experimental calibration of the resistivity of the
Permalloy nanostripes with temperature (red circles) and the curve
extrapolated for higher temperatures from the data of Ref. [18],
in blue. (c) Thermal conductivity of SiO2 with temperature. Data
obtained from Comsol and Ref. [20].

electric resistivity of Py and j the current density. This equation
describes the transport of heat in a diffusive process and it is
not necessarily applicable at the nanoscale. In our case, for a
SiO2 substrate and for temperatures around or above its Debye
temperature (∼500 K), the lifetime of phonons is in the range
of 0.5 ps and their mean-free path 1.5 nm or smaller [17]. These
values are considerably shorter than the few nanoseconds of
the current pulse used and smaller than the dimensions of the
nanostripes and the cooling volume underneath. Therefore the
system transports the heat in a diffusive regime and the use of
the Fourier equation is justified.

In order to fit the experimental results, initially we used
similar material parameters to the ones used by other authors.
A good table with these material parameters can be found
for instance in Refs. [6] and [15]. A single T (t) curve for
a particular voltage pulse, can be fitted easily by changing
slightly the effective thickness of the nanostripe, as we do
not know exactly how conductive the Ta layers are. On
the other hand, the same effective thickness would not fit
other T (t) curves, especially at higher temperatures. We were

forced therefore to consider the temperature dependency of the
material properties, most of which are available in the internal
database of COMSOL. We found three material properties of
particular importance.

First, the resistivity with temperature for our Py was
extrapolated for temperatures above its Curie temperature.
The slope of ρ(T ) in ferromagnetic materials changes as the
temperature crosses the Curie temperature [18,19]. Extrapolat-
ing our experimental data from 500 K to temperatures above
the bulk Curie point of Py (860 K) is rather crude, but we
found it necessary to fit all our experimental curves. Below
Curie temperature we used ρ(T ) = 0.092T + 34.8 and above
ρ(T ) = 0.032T + 86.8 in units of μ� cm, extrapolating with
the data provided in Ref. [18].

Second, the thermal conductivity of SiO2 can increase
significantly for high temperatures due to photon conduc-
tion [20] and its behavior is displayed in Fig. 2(c). This
is also important for high-voltage pulses, especially for the
simulations performed in Sec. III, where the notch can reach
very high temperatures.

Finally, we had to include a thermal resistance at the inter-
face between the metallic nanostripe and the SiO2 substrate.
The interface thermal resistance has been neglected in previous
studies, although it is usually present at the interface between
different materials and especially at the interface between
metals and thermal insulators [21]. The value of the interface
thermal resistance that fits best our experimental calibration
curves is 5.5 × 10−8m2K/W. This value is quite similar to the
one found for other metals deposited on oxidized Si [22] and,
as shown in Fig. 1(c), it can affect the results of the simulations
to a large extent.

Using the temperature-dependent material properties and
the interface thermal resistance we can fit all the experimental
curves [see Fig. 2(a) for a 500 nm wide nanostripe]. The
effective thickness of the metallic nanostripe that allowed
the best fit was 12 nm. This means that either some of the
Ta in contact with the SiO2 substrate is oxidized and/or that
the Ta became very resistive as a thin layer [23]. Figure 2(a)
shows small deviations between simulations and experiments
for the largest voltage pulses. We believe this is caused by the
assumption of having an interface thermal resistance constant
with temperature, when in reality it should also be temperature
dependent [21]. The experimental determination of this depen-
dency is beyond the scope of this work. Figure 2(a) shows also a
larger deviation between simulations and experiments during
the first nanoseconds of the pulse. This could be caused by
the large impedance mismatch introduced by the nanostripe
or by assuming a thermal interface resistance constant with
temperature. In any case, the valuable information for this
study is the temperature towards the end of the pulse.

We also checked that convection is totally negligible even
for large values of the convection coefficient, corresponding
to a very efficient forced convection. This is expected due to
the nanometric scale of the problem.

III. SIMULATION RESULTS

Armed with the material properties extracted from fitting
the experimental calibration curves in the previous section, we
can now simulate the thermal behavior in nanostripes with
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FIG. 3. (Color online) (a) Simulated nanostripe device with the
temperature in the different sections represented by a color scale, at
the end of a 100 ns and 2.5 V pulse. The inset shows the fine mesh
around the notch. (b) Temperature profile along the length of the
stripe by the white dotted line shown the cartoon. The red curve is
for a stripe with no contact pads and the black curve for a stripe with
Au contact Pads.

contact pads and with a notch in the middle. Figure 3(a)
shows the typical geometry of a nanostripe used repeatedly in
previous works exploring spin transfer assisted DW depinning.
The contact pads are 500 × 50 nm2 made of Au and they are in
contact with the Py nanostripe and with the substrate next to the
nanostripe. The nanostripe is 5 μm long and 300 × 12 nm2 and
we have used the resistivity and effective thickness calculated
in previous sections. The substrate is SiO2(400)/Si and it is
simulated on a box of 4 × 10 × 20 mm, although the outside
planes are considered semi-infinite (“Infinite Element” option
in the software). The nanostripe has a triangular notch in the
middle 300 nm wide and 100 nm deep. We have used a very
fine mesh around the notch to capture the steep gradients in
temperature and current density [see inset to Fig. 3(a)].

Figure 3(b) shows the temperature profile in the nanostripe
at the end of a 100 ns voltage pulse of 2.5 V, with and without
contact pads, along a line that touches the edge of the triangular
notch [see Fig. 3(b)]. The average current density is almost
constant after 100 ns, as we will see later, and its value for a
pulse of 2.5 V is ∼0.65 × 1012 A/m2. Note that this current
density is larger than the one reported for the same 2.5 V pulse
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FIG. 4. (Color online) Average temperature in the nanostripe for
different amplitudes of a 100 ns pulse (black circles) and maximum
temperature reached at the tip of the triangular notch (red squares).
The inset shows the behavior of the average current density flowing
through the stripe with time, as the temperature and the resistance of
the nanostripe increase.

in the calibration stripes (Figs. 1 and 2), as we are using now
a shorter 5 μm long stripe, which means less resistance and
more current delivered by the pulse generator. As expected,
the Au contact pads act as thermal sinks and they induce a
steep thermal horizontal gradient, extending for about 1 μm
from the Au pad. The temperature reached in the nanostripe
exceeds 1200 K and it goes to almost 1600 K at the tip of the
notch. The reason behind such a high temperature is the poor
thermal conductivity of the thick SiO2 layer. Unexpectedly,
having contact pads induces a higher temperature in the center
of the notch. The lower average temperature due to the contact
pads leads to a smaller resistance of the nanostripe and as a
consequence, to a higher current density delivered by the pulse
generator.

The average temperature of the nanostripe can potentially
be measured experimentally [3]. On the other hand, the maxi-
mum temperature of the notch is not accessible experimentally
but very likely triggers the degradation or destruction of
the device. Therefore it is important to have an idea of the
temperature that the notch may have for a given voltage
pulse or for a given average temperature. This information
is provided in Fig. 4 for a triangular notch. In order to put
these results in an experimental context, in our experience,
a nanostripe with the dimensions studied would likely be
destroyed for pulses of the order of 2.5 V. For this voltage,
the notch reaches a temperature higher than 1500 K, close
to the bulk melting point of Permalloy (∼1700 K), which
may explain why the nanostripes break around that voltage of
the pulse. The nanostripe would likely survive a single pulse
larger than 2.5 V, especially if it is only few nanoseconds
long but, for such a large current density, the repeatability of
the experiment should be always checked. This is again for a
nanostripe deposited on a very thick SiO2 layer. For a thinner
SiO2 layer or a more thermally conductive substrates, higher
excitation pulses may be possible as we will see later.

The inset to Fig. 4 shows the behavior of the average
current density with time. As the temperature of the nanostripe
increases in the first nanoseconds of the pulse, the resistance
increases and it causes a quick reduction of the current density,
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FIG. 5. (Color online) (a) Color-coded map of the current density
distribution around the tip of the notch. (b) Current density along the
black dotted line in (a) for two amplitudes of the pulse.

reaching an almost constant value after 100 ns. This behavior
is virtually the same (only displaced vertically) for different
voltage pulses. The current density after 100 ns of a pulse
of amplitude Vp follows the expression Jave(t > 100 ns) =
0.17 × Vp + 0.24 in units of 1012 A/m2, for pulses between
1 V and 4 V. This equation is specific for this particular
nanostripe and substrate but it can be useful to compare
our results with previous experimental estimations of the
temperature in nanostripes subject to Joule heating (see
Sec. IV).

As we have seen, if the substrate is not a good thermal
conductor or if there is an interface thermal resistance, there
is a substantial increase of the temperature in the notch as
shown in Figs. 3 and 4. The current density increases in the
constriction and it is particularly large at the tip of the notch
as shown in Fig. 5. For a perfectly shaped triangular notch,
the current density at the tip can be considerably larger than
in the rest of the stripe. This effect is not only an issue from
the thermal point of view, but also from the point of view of
estimating the correct contribution of the spin transfer torque
in DW depinning experiments. If a DW is pinned at the notch,
the magnetization close to the tip of the notch is subject to
more current and spin transfer than the rest of the DW.

The shape of the notch can improve the situation marginally.
Figure 6 shows the current distribution and the temperature
at the edge of a square notch and a circular notch. The
square notch has been often used in previous works due to
its high-efficiency pinning the DW [24]. As we can see in
Figs. 6(a) and 6(b) though, a very large current density builds
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FIG. 6. (Color online) (a) Profile of the current density along the
length of a nanostripe with a square notch, by the white dotted line
shown in the cartoon. (b) Average temperature of the nanostripe
(black circles) and maximum temperature at the edges of the notch
(red circles) for various amplitudes of the pulse, with scale in the
left Y axis. The difference between the maximum current density
and the current density in the stripe away from the notch �J is
represented against the right Y axis (blue rhomboids). (c) and (d) are
plots equivalent to (a) and (b) respectively, for a notch with a circular
shape.

up at the sharp edges of the notch, almost an order of magnitude
larger than the average current density. This increase implies
a maximum temperature even larger than in the case of a
triangular notch. In fact, in our experience, stripes with a
square notch get destroyed even for lower voltage pulses than
stripes with triangular notches. Removing the sharp edges of
the notch can reduce the concentration of current density as
shown in Fig. 6(c). Nevertheless, the temperature increase is
still quite substantial as it depends mainly on the width of the
constriction.

Although the asymmetry of the current density around the
notch is unavoidable, the buildup of temperature around the
defect should be smaller for substrates with better thermal
conductivity. This is analyzed in Fig. 7, where the current
profile that is shown in Fig. 3(b), is recalculated for different
thicknesses of the SiO2 layer, including zero thickness (i.e.,
pure Si substrate). Although there is a significant decrease
of the average temperature as the thickness of the SiO2 is
reduced, the temperature in the notch remains about 200 K
higher than the rest of the stripe, independent of the substrate
conductivity. This is intuitively unexpected. With Py being a
metal (therefore a good thermal conductor), if the substrate
is a fairly good thermal conductor as well, such as pure Si
(purple curve, right triangle in Fig. 7), one would not expect
a significant lateral buildup of temperature around the notch.
This was indeed one of the results of Fangohr et al. [15]. In
Fig. 4 of their work, these authors show the simulation for
a Py nanostripe 5 μm × 150 nm × 30 nm, on a Si and a SiN
substrate and with a triangular notch 45 nm deep in the middle.
They found that, for a constant current density of 1012 A/m2,
the temperature at the notch was only a few degrees hotter than
the rest of the stripe. We instead calculate a difference of about
100 K for a Si substrate (purple curve with a right triangle in
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FIG. 7. (Color online) Temperature profile along the length of the
nanostripe by the tip of the triangular notch as it was done in Fig. 2,
for different thicknesses of the SiO2 layer: black square, 400 nm;
red circle, 300 nm; top blue triangle, 200 nm; bottom pink triangle,
100 nm; green rhomboid, 50 nm; right purple triangle for pure Si
substrate; and left dark blue triangle for pure Sapphire substrate.
The thermal resistance of the SiO2/Si interface is in the range of
10−9 m2K/W, so it should have little influence in the final result.

Fig. 7). The main reason for this difference is that Fangohr
et al. assumed perfect thermal contact between the stripe and
the substrate while we needed to include an interface thermal
resistance to fit our calibration T (t) curves. This highlights the
importance of using a correct value for the interface thermal
resistance in order to predict the temperature at every point of
the nanostripe.

IV. CONCLUSIONS

Before discussing our results in light of previous exper-
imental works, we draw the attention to the heating term
Q = ρ · j 2 in Eq. (2). It represents the heat generated per unit
of volume and it should have the same value in experiments
using the same current density and the same resistivity of
the metallic nanostripe. It is important to note then that the
total heat generated for a constant ρ and j increases with
the cross section of the nanostripe. For instance, a nanostripe
of cross-section 300 × 10 nm2 would generate five times
more heat per unit of length than a stripe with cross-section
120 × 5 nm2, with only about twice the area to dissipate it.

Yamaguchi et al. [10,11], using long 5 μs current pulses
(which can be assumed DC as the steady state is almost
reached after only 100 ns) estimated a temperature increase
of 830 K in a 240 × 10 nm2 Py nanostripe deposited on
a SiO2 (100 nm)/Si substrate for a current density of 7.5 ×
1011 A/m2. This temperature is sufficiently high to bring the
Py over its Curie temperature as their MFM images suggested.
Although we do not have information of the buffer material
used in their work, we estimate a very similar temperature
for that current density in steady state, using the resistivity
and the interface thermal resistance of our stripes. Yamaguchi
et al. fitted their experimental results to the 2D model described
in Ref. [13], but they needed a correction factor to raise the
predicted temperature to the experimental values. The interface
thermal resistance may be the origin of this correction factor.

Vernier et al. [9], using DC current and resistive measure-
ments, estimated a mild temperature increase of 100 K for a
current density of 6 × 1011A/m2 flowing in a 120 × 5 nm2

Py stripe deposited on a SiO2 (600 nm)/Si substrate. This is
apparently a low temperature for that current density looking
to our results and the results of Yamaguchi et al. [10,11].
As explained at the beginning of this section, the stripe
used by Vernier et al. had a cross-section five times smaller
than the one used by us or by Yamaguchi. This implies,
assuming similar material properties, five times less heat
generated for the same current density, which can easily
justify the 400 K measured by Vernier. In fact, for larger
500 × 300 nm2 Py stripes (a cross-section five times larger
than ours) deposited on a SiN substrate, Towaga et al. [19]
reached the Curie temperature with only 2 × 1011 A/m2. This
result reinforces the importance of looking at the cross section
of the nanostripe in order to do a rough comparison of
different experimental results, even if the material properties
are considered the same. In any case, the resistivity of the Py
nanostripe can change significantly depending on the deposi-
tion method and conditions [25,26]. Therefore, a comparison
at a glance between different experimental results can be very
challenging.

Hayashi [3,12] dealt with the problem of estimating
experimentally the dynamic temperature in Py nanostripes as
a short (tens of nanoseconds) current pulse flows through the
device. He used different widths and thicknesses of nanostripes
deposited over a SiOx(25 nm)/Si substrate. These stripes were
all 4 μm long and they were contacted at both ends by
contact pads. As we have seen, these pads act as a heat sink
and reduce the average temperature of the nanostripe. The
temperature measured at the end of a 100 ns 2.5 V pulse, for
a 300 × 10 nm2 thick stripe was about 600 K. In Fig. 7, the
plot for a 25 nm thick SiO2 would be between the green and
the purple curve and our estimated average temperature would
be about 800 K. The nanostripes used in Ref. [3] were shorter
than ours and their resistivity smaller, which means lower
resistance and a higher current density for the same amplitude
of the pulse. Therefore, the lower temperature reported in
Ref. [3] can only be explained by a very low interface
thermal resistance. With the material properties provided in
Ref. [12], we estimated that the Fe/AlOx buffer they used
induces a fairly small 1 × 10−8 m2K/W interface thermal
resistance.

We can see, therefore, that the sometimes considerably dif-
ferent experimental estimations of temperature in nanostripes
due to Joule heating are not necessarily contradictory. The
choice of substrate and the dimensions of the nanostripe play,
of course, a pivotal role in the final temperature. There are
also other very influential parameters that may not be easily
controllable, such as the resistivity of the metallic nanostripe
or the interface thermal resistance between the stripe and the
substrate. In fact, in light of our results, successful studies of
current-induced DW motion may only be possible with a very
low interface thermal resistance and/or a very good thermally
conductive substrate such as diamond. In particular, when the
nanostripe has a notch and there is interface thermal resistance,
the temperature inside the notch builds up significantly,
providing a strong in-plane thermal gradient. Additionally, we
have shown that small regions around the edges of the notch
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are subject to a much larger current density than the average
current density in the nanostripe. This effect can also influence
the probability of DW depinning as it may bring local areas
of the nanostripe above the Curie temperature or enhance
the spin transfer torque locally in the region where the DW
is closer to the edges of the notch. All these considerations
should be taken into account when evaluating the strength

of the spin transfer torque in current-induced DW movement
and/or depinning experiments.
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