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ABSTRACT

The anomalous Nernst effect, which generates an out-of-plane charge voltage in response to a thermal gradient perpendicular to the magneti-
zation of a ferromagnet, can play a significant role in many spintronic devices where large thermal gradients exist. Since they typically include
features deep within the submicron regime, nonlocal spin valves can be made very sensitive to this effect by lowering the substrate thermal
conductance. Here, we use nonlocal spin valves suspended on thin silicon nitride membranes to determine the temperature dependence of
the anomalous Nernst coefficient of 35 nm thick permalloy (Ni80Fe20) from 78 K to 300 K. In a device with a simple ferromagnet geometry,
the transverse Seebeck coefficient shows a weak temperature dependence, with values at all T near 2.5 μV/K. Assuming previously measured
values of the Seebeck coefficient for permalloy, which has a near-linear dependence on T, leads to a low temperature upturn in the anomalous
Nernst coefficient RN. We also show that the temperature dependence of this coefficient is different when a constricted nanowire is used as
the ferromagnetic detector element.

© 2020 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0006599., s

I. INTRODUCTION

In nanoscale spintronic circuits, large charge current densities
can create large thermal gradients that impact the resulting sig-
nal through various thermoelectric and thermal spin effects. It is
vital to understand how material choices and device construction
can enhance or suppress these effects to achieve a sufficient signal-
to-noise ratio in upcoming industrial applications. One important
example of such a magnetothermoelectric effect is the anomalous
Nernst effect (ANE). Whenever a significant portion of the thermal
gradient is perpendicular to the magnetization of a ferromagnetic
element of a device, the ANE can contribute significantly to the
observed spin signal.1–5

Often described as the thermal analog to the anomalous Hall
effect,3 the ANE arises when a thermal gradient∇T is perpendicular
to the magnetization m̂ of a ferromagnet, producing a mutually per-
pendicular electric field∇V, as shown in Fig. 1(a). This electric field

is given by the equation

∇VN ≙ −SNm̂ ×∇T, (1)

with m̂ in the direction of the magnetization of the FM and ∇T
being the thermal gradient across the contact. Here, SN is the trans-
verse Seebeck coefficient, which is often expressed as SN = RNSFM,
where RN is termed the anomalous Nernst coefficient and SFM is the
absolute Seebeck coefficient of the ferromagnet.

Despite the importance of material-dependent parameters like
RN, as well as similar studies conducted on anomalous Hall resistiv-
ity,6–8 the temperature dependence of the anomalous Nernst coef-
ficient of thin films or nanostructures of permalloy (Py, the Ni–Fe
alloy with 80%Ni) has not been reported to our knowledge, although
other techniques have been used to investigate T-dependence of
the ANE for other materials.9,10 Indeed, a relatively fewer num-
ber of reports investigate room temperature behavior of the ANE
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FIG. 1. (a) Schematic view of the ANE
exhibited in a ferromagnet. In response
to a lateral thermal gradient∇T perpen-
dicular to the magnetization m, an out-
of-plane electric field ∇V is formed, (b)
a schematic illustrating ANE generation
in an NLSV using thermal spin injec-
tion. The charge current I, heat flow Q,
magnetization m, voltage gradient V, and
FM separation length L are indicated,
(c) the cross-sectional FEM model mesh
and geometry for an NLSV using Py and
Al formed on a single-crystal sapphire
substrate. Note the substrate extends
far below the view shown here, (d) a
similar FEM model mesh and geome-
try, with the bulk substrate removed in
favor of a suspended Si–N membrane,
and [(e) and (f)] calculated T for the
two models, where the power dissipated
in FM1 is 16× lower for the membrane
case to roughly match the applied cur-
rents used. ∇T is indicated for selective
areas, showing the large enhancement
of in-plane ∇T driven by the removal of
the bulk heat sinks of the substrate.

in permalloy.2,11 Considering the ubiquity of Py in spintronic and
spin caloritronic devices, as well as the impact of anomalous Nernst
effects on these structures,11–18 an improved understanding of the
temperature dependence of the ANE in permalloy is valuable to
both spintronic and spin caloritronic efforts. Here, we engineer
nonlocal spin valves (NLSVs, also known as lateral spin valves) to
maximize the in-plane thermal gradient and enhance and isolate
the ANE.

We use NLSVs for their unique ability to separate charge
current from pure spin current.19–23 Spin is injected into a non-
magnetic metallic nanowire by applying a charge current to one
ferromagnetic nanowire under an in-plane external magnetic field
H. The charge current is shunted away from the detector FM, which
is separated from the injector FM by a distance L limited by the spin
diffusion length λNM of the non-magnetic metal, and the pure spin
current diffuses down the NM channel. It is detected at the second
FM as a nonlocal voltage.

Recently, NLSVs have emerged as an important tool in the
growing field of spin caloritronics, which studies coupling between
heat and spin in materials and devices,24–26 since the ANE and other
thermal and thermoelectric effects dominate the background nonlo-
cal resistance of NLSVs.11,27,28 Figure 1(b) illustrates how the ANE
arises in our NLSVs when the charge current I is driven through
one of the ferromagnetic nanowires, FM1. Pure spin current diffuses
down the nonmagnetic channel, along with the heatQ that gives rise
to an in-plane thermal gradient. The out-of-plane voltage gradient
V due to the ANE is generated in the detector, FM2, in response to
this applied in-plane gradient.

The ANE portion of the NLSV response can be enhanced
by dramatically decreasing the substrate thermal conductance such
that the majority of the thermal gradient produced by the high
charge current density in the injector nanowire lies in the plane of
the detector FM magnetization. We demonstrated this in a previ-
ous work by fabricating NLSVs on thin amorphous silicon-nitride
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(Si–N) membranes with very low thermal conductance,29 and we
now show a simple model demonstrating this effect in Figs. 1(c)–
1(f). Here, we use 2D finite element analysis of the heat flow,
described in greater detail in Sec. III, in two simplified NLSVs. One
NLSV is supported on a 500 μm thick bulk sapphire (α–Al2O3) sub-
strate, and the second is formed on a 500 nm thick suspended Si–N
membrane, fabricated by removing the bulk Si beneath the Si–N
membrane using an anisotropic bulk Si etch, as described in more
detail elsewhere.29 These cross-sectional models assume that the
central 450 nm of the NM channel, indicated with the dashed line in
the inset schematics, has uniform heat, charge, and spin flow, and so
do not give quantitatively accurate thermal gradients. However, they
clarify the qualitative concept we use in our ANE measurements.
Figures 1(c) and 1(d) show the simple cross-sectional geometry with
a false color overlay for the substrate and membrane-supported
NLSV, respectively, along with the mesh used in the model calcu-
lation. Here, thermal conductivity values for FM, NM, and Si–N
are taken from previous measurements,29–31 and that for sapphire
is taken from the literature.32 We show example calculations of the
temperature as a function of position in panels (e) and (f). These
already make clear that the strongest gradients for the substrate case
are predominately out-of-plane (labeled ∇Tz) and near FM1 where
heat is applied to the model. In stark contrast, the dominant ther-
mal gradients in the membrane case are in-plane (labeled ∇Tx), as
well as much more uniform, as expected by the removal of the bulk
heat sink beneath the thin film structures.12,33–36 We also note that
the temperature is elevated by ∼20 K for the membrane case, despite
using amodeled heating power 16× lower than that used for the sub-
strate case. This is also unsurprising in light of the removal of the
bulk substrate. We also indicate calculated values of thermal gra-
dients for these conditions at key locations, which show that the
membrane-supported NLSV has approximately one order of mag-
nitude lower ∇Tz at the heated FM1/NM interface, while keeping a
38× higher∇Tx across the detector FM2. This provides our rationale
for using the Si–Nmembrane NLSVs to study the ANE as a function
of temperature since the relative reduction of ∇Tz reduces thermal
spin injection, or the spin dependent Seebeck effect (SDSE),30,37–42

and allows us to record large ANE signals from NLSVs. The nearly
two-dimensional nature of the circuits also allows us to simplify our
analysis by performing 2D finite-element modeling to calculate the
in-plane thermal gradients. This is a distinct advantage since deter-
mining the thermal gradient in nanoscale circuits or thin films is
often the most significant challenge. This modeling, which we per-
formed at a single temperature in an earlier publication, uses values
of thermal conductivity vs T measured using other Si–N membrane
techniques on similar thin film structures.31,43

In this paper, we use this combination of extreme thermal isola-
tion and 2Dmodeling of thermal gradients to determine the temper-
ature dependence of RN for Py. We also present evidence that NLSV
circuit geometry has a significant and unusual effect on the relative
thermal profiles across the detector contacts.

II. EXPERIMENTAL DETAILS

As described in a previous work,29 we photolithographically
pattern platinum electrical contact leads on 500 μm thick Si–N
coated Si wafers and then use SF6 plasma etch to form cleave marks

for 1 × 1 cm2 chips and windows in the Si–N on the back of the
wafer, exposing the bulk Si. We then etch the bulk Si in 60% tetram-
ethyl ammonium hydroxide (TMAH) at 95 ○C for 10 h to form 90
× 90 μm2 Si–N membranes.

Using a two-step electron-beam lithography process,30 we then
fabricate NLSVs on these Si–Nmembrane windows using Py and Al.
The deliberate variance in size and shape between FM1 and FM2,
as shown in Fig. 1(b), creates different switching fields for the two
strips when an external field is applied to the plane of the strips.
Via e-beam evaporation, we deposit 35 ± 5 nm Py at ≈0.1 nm/s in
a load-locked UHV chamber with a typical base pressure of≪10−8

Torr and aluminum in a high-vacuum chamber at a higher rate of
≈0.5 nm/s–1 nm/s. The Py forms a native oxide due to exposure
to atmosphere during this two-step process, and although we per-
form an Ar RF-cleaning step immediately prior to deposition of the
aluminum layer, we do not believe that this would be sufficient to
remove the native Py oxide. Our previous work shows that the oxide
does reduce overall signal size under electrical spin injection but
does not inhibit thermal spin injection.30

We produced devices with the intended L = 500 nm and L
= 800 nm on Si–Nmembranes on two different chips using the same
metal deposition steps to minimize variations in material quality.
Both use a uniform 200 nm intended width of FM1. The L = 500 nm
device uses a uniform geometry for FM2 with a constant width of
≈400 nm, while the L = 800 nm device narrows from 500 nm to
200 nm at the junction between the FM detector and the NM chan-
nel to produce a contact area of 200 × 300 nm2, the same as that of
the FM injector/NM channel junction. We study each NLSV in two
orientations (A and B), where the FM strips change roles from spin
injector to detector, which also reverses the direction of ∇T in the
spin channel. Furthermore, we inject spin in two different ways. In
the standard electrical spin injection, charge current enters an FM
and is extracted from the NM contact away from the spin chan-
nel. In thermal spin injection, the current It passes only through
the FM such that Joule heat introduces a large thermal gradient that
drives spin into the channel via the spin dependent Seebeck effect
(SDSE)37 and generates thermal gradients at the detector that leads
to the ANE.

It is fairly common to measure NLSVs using AC techniques
with a lock-in amplifier. In that approach, authors often measure
the signal component proportional to the excitation frequency ω
and that proportional to 2ω and assume the latter contains infor-
mation related to thermal effects since Joule heating is proportional
to I2.11,39,41,44 As in our earlier work,29,30 as well as that of some other
groups,45,46 here, we have chosen to use quasi-DC measurement of
the entire IV curve for the NLSV, made by integrating differential
conductance curves using a Keithley 6221 precision current source
and a 2182a nanovoltmeter. Fitting this curve gives the electrically-
driven components proportional to I and the thermally driven com-
ponents proportional to I2 directly. We identify the switching loca-
tions of each NLSV at each T by recording the non-local R using
the “delta-mode” DC reversal technique with the same equipment.
Note that to avoid confusion with the Nernst coefficient, we use
the term R in this paper to refer to the non-local measurement,
R = Vnl/I. All R presented here are such non-local measurements.
The fit coefficients of IV curves are then referred to as R1 and R2,
where the field operating point is indicated with a sub-script or
parentheses.
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III. RESULTS AND DISCUSSION

Figure 2 presents example measurements and schematic R vs
H diagrams to overview the measurement techniques used to deter-
mine the ANE contributions to the NLSV signal. We first focus on
the electrical spin injection case in orientation B for the L = 500 nm
device, shown schematically at the top left. Figure 2(a) shows an
example R vs H sweep which we use to determine the field oper-
ation points for subsequent IV curve measurements. This shows a
fairly typical NLSV response, and although this case does not isolate
thermal effects, a small hysteresis contribution that originates in the
ANE is already visible. This non-local voltage contribution is due
to the large in-plane thermal gradients that are formed, which allow
Peltier effects proportional to I to also generate small thermal gra-
dients and drive a signal component ∝I. To isolate thermal effects
that result from either electrical spin injection or thermal spin injec-
tion, we measure the full IV response at selected magnetic fields. An

example is shown in Fig. 2(b), which compares a small region of the
full IV response for the two full saturation points (here ±400 Oe),
which we identify as the parallel point on the positive field branch,
Pp, and the parallel point on the negative field branch, Pn. The full
IV curve is shown in the inset. This curve is dominated for this
membrane-supported NLSV by large Seebeck and Peltier terms that
are field-independent.

The table below the schematic at the left of Fig. 2 indicates
the scheme for isolating spin effects either with or without contri-
butions from the ANE. Fitting the IV curve (or the dV/dI curve
before integration) after directly subtracting the data for the appro-
priate field point allows examination of spin and ANE contributions.
We perform a second-order fit Vnl = R1I + R2I

2, which yields the
contribution due to electrical spin injection and Peltier effects, R1,
and the much more significant contribution due to Joule heating,
R2. As explained in more detail elsewhere,29 the net contribution
due to Joule heating is given by R2,ANE = [R2(Pp) − R2(Pn)]/2.

FIG. 2. (a) Non-local R vs H for L = 500 nm NLSV at T = 78 K in orientation B and electrical spin injection, with a small odd signal in applied H visible even at this reduced T
(resulting in low SFM), (b) IV curves collected at the parallel-positive (Pp = 400 Oe) and parallel-negative (Pn = −400 Oe) field points plotted from I = −1 mA to I = −0.995 mA,
with the inset showing the behavior of the Pp IV curve across the entire measured range of I = −1 mA to I = 1 mA. Linear fits to each IV curve are annotated and agree well
with the R values in (a); small variations are due to the more precise IV measurement than used for the R vs H sweeps, [(c)–(f)] illustration of the addition of an ANE signal
(d) to the characteristic spin-switching signal of the NLSV (c). This results in a small asymmetry between the up-sweep (black, dashed) and down-sweep (red, solid) visible
in (e), shown in greater detail in (f). The field switching points at which we collect more detailed IV curves—parallel-positive (Pp), parallel-negative (Pn), antiparallel-positive
(APp), and antiparallel-negative (APn)—are indicated in (e), and the final non-local resistance values R1 at Pp and Pn are shown in (f), and (g) raw and (h) spin-isolated IV
curves for substrate-supported (dark purple) and membrane-supported (orange) L = 500 nm devices in orientation A at a bath temperature of 200 K.
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FIG. 3. Anomalous Nernst voltage VANE due to Joule heating for an applied current
of 274 μA, plotted as a function of bath temperature T for L = 500 nm (red closed
circles) and L = 800 nm (open yellow circles). The L = 800 nm device shows strong
temperature dependence.

This allows us to calculate the Nernst voltage VANE = R2,ANEI
2 at a

given I.
Figures 2(c)–2(f) overview the two main components to the

NLSV response. Figure 2(c) shows the typical spin signal, which
is even in field, with the overall magnitude modeled by the 78 K
response for the 500 nm NLSV. Figure 2(d) shows the ANE con-
tribution with hysteretic field dependence, with the switching points
aligned with the coercive field of the detector FM. The sum of these
two is shown in panels (e) and (f), with the relevant field points
named in (e) and a closer view shown in (f) along with blue points
that indicate the R1 values determined from the IV fitting proce-
dure. This method of determining the ANE contributions focuses on
acquiring themost critical data to accurately determine the ANE and
avoids long-term thermal and field drift that arise when measuring
the full H dependence of the R2 response.

The right panels of Fig. 2 focus on the thermal spin injec-
tion case in orientation A, as shown schematically at the top right,
with the table indicating the scheme for isolating ANE contribu-
tions using the field symmetry in this orientation with a reversed in-
plane ∇T. In panel (g), we compare the total measured IV curve for
the membrane and substrate-supported NLSVs recorded at 200 K,
and in panel (h), we compare the spin component of the signal.
As previously observed for substrate-supported NLSVs,30 the full
IV curve in the thermally-driven case is already strongly parabolic,
and the isolated spin signal also shows a parabolic response indicat-
ing the SDSE. The membrane-supported NLSV has even stronger
background terms but a smaller spin-isolated signal due to the pro-
portionally smaller out-of-plane gradient needed to generate large
SDSE contributions. Finally, note that the spin-isolated IV curves
do not contain any contributions from the anomalous Nernst effect
(ANE).

The ANE contribution to the signal from an NLSV is given by
VANE = R2,ANEI

2, where I is the charge current applied to the ther-
mal spin injection configuration. In Fig. 3, we show VANE vs T for

each device at an applied current I = 274 μA. Similar ANE signals
are generated in the electrical spin injection configuration, but as
described below, the flow of current from the FM to the NM intro-
duces Peltier effects that complicate the determination of ∇T. The
L = 500 nm NLSV has a T independent total ANE voltage contri-
bution roughly below 200 K, with an increase at higher T, while the
L = 800 nm device shows a stronger T dependence below 200 K.
This device failed before complete data could be acquired at higher
T. Note also that without accurate information on the thermal gradi-
ent at locations where the detector FM contributes ANE signals, the
physical trends in the ANE coefficient cannot be extracted.

To determine the required thermal gradients for our essential
2D membrane structure, we use a commercially available software
package47 for 2D FEM at five base T ranging from 78 K to 300 K for
both NLSVs under thermal spin injection and orientation A, using
nominal geometry measurements. No models are created for the
L = 800 nm NLSV above 200 K as the device failed before reliable
data could be collected at these temperatures. These models solve
the 2D heat flow equation in steady state,

∂

∂x
(k2D(x, y)∂T(x, y)

∂x
) + ∂

∂y
(k2D(x, y)∂T(x, y)

∂y
) ≙ P2D(x, y),

(2)

where k2D = k ⋅ t with k being the thermal conductivity (in W/m K)
of the NLSV components and t being the thickness of the films.

For most studies that attempt to quantify the thermal gradients
in spintronic or spincaloritronic devices, determining the correct
thermal conductivity for the thin films and nanostructures used to
construct the device is a major challenge. It is not uncommon for
authors to use tabulated values of bulk thermal conductivity, which
should not be expected to represent the behavior of thin film com-
ponents with unavoidable higher levels of defects, grain boundaries,
and other non-idealities. The use of the Si–N membrane and the
resulting 2D nature of the heat transport simplifies this somewhat,

FIG. 4. k2D vs T for the 500-nm Si–N membranes (green circles),43 Py thin films

(light blue squares),31 and Al thin films.
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FIG. 5. 2D finite-element modeling for
[(a) and (b)] L = 500 nm, (c) L = 800 nm,
and (d) membrane-supported NLSVs at
T = 100 K with I = 0.274 mA. Lateral
thermal gradients ∇T top and ∇Tbottom

across the two FM/NM detector junctions
are indicated.

FIG. 6. For the L = 500 nm NLSV [(a)
and (c)], the magnitude of the thermal
gradient across the bottom detector con-
tact (∇Tbottom, green symbols) is close
to that of the thermal gradient across the
top detector contact (∇T top, dark pur-
ple symbols), as demonstrated by the
subtracted difference between the two
shown in panel (c). For the L = 800 nm
NLSV [(b) and (d)], the magnitude of this
difference is nearly three times larger.
This represents a significant change in
behavior between the two separation dis-
tances and device geometries that must
be taken into account during our calcula-
tions of RN.
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but this remains a source of uncertainty. The input k for Si–N and
Py uses values we have measured for these thin films using similar
suspended Si–N thermal isolation platforms.31,43,48 Figure 4 shows
these k2D values vs T for all three components. The Al values are
calculated from the Wiedemann–Franz law, ke/σ = LT, using the
experimentally-determined Lorenz number, L, and σ determined
from the measured first-order channel resistance for L = 500 nm
(dark blue triangles) and L = 800 nm (pink triangles) NLSVs. No
data are given for the L = 800 nm Al films above 200 K because no
models were created at these temperatures. All k2D show relatively
weak dependence on T, and the small change in k2D,Al between the L
= 500 nm and L = 800 nm devices is likely caused by variations in Al
grain size caused by small variations in the channel width. Both Py
and Si–N show similarly small k2D due to the ∼14× smaller thickness
for Py.

Figure 5 shows contour plots of the resulting 2D FEM solutions
for both membrane-suspended NLSVs. The black outlines show the
location of metal features on the membrane. These model thermal
spin injection, as is clear from panels (a) and (c) that show symmet-
ric heating of the top and bottom of the NLSV structure. A closer
view of the region of the membranes near the spin channel shown
in panels (b) and (d) show the differing shapes of the FM2 nanowire
and the resulting difference in temperature contours. Note that the
low thermal conductance of the substrate leads to heating across the
entire NLSV. The detailed views in Figs. 5(b) and 5(d) show signif-
icant thermal gradients even inside the nanoscale metallic features
of both devices. As described in more detail elsewhere,29 both the
FM/NM junction between the detector and the spin channel, shown
at the bottom, and the FM/NM junction at the voltage lead, shown
at the top, produce a Nernst electric field. The in-plane thermal gra-
dients at these locations, that drive these ANE contributions, are∇Tbottom and ∇Ttop. These ANE fields point in opposite directions
with respect to themeasurement contacts since one contact is held as
positive and the other as negative. Thus, the measured Nernst elec-
tric field is given, after integrating Eq. (1) for the geometry of the
NLSV, by

VANE ≙ SNtPy(∇Ttop −∇Tbottom), (3)

where tPy is the Py film thickness and for ∇Ttop and ∇Tbottom is
defined in Figs. 5(b) and 5(d).

Although slight nonlinearities can exist in the lateral thermal
gradients across the detector contacts, we determine ∇Ttop and∇Tbottom by performing linear fits to the T vs x data in each region
at the y-coordinate location at the center of the contact. We dis-
play the results in Fig. 6. Changing L and the contact width has little
effect on∇Ttop but has a larger effect on∇Tbottom. This is due to the
interplay of the detector nanowire shape and the separation distance
between the two FM strips.49 The calculated value∇Ttop − ∇Tbottom

[Figs. 6(c) and 6(d)] shows a weak dependence on T, with a similar
trend in both devices for corresponding T, although with larger val-
ues for the L = 800 nm NLSV. This difference is used to determine
the ANE coefficient RN from

RNSPy ≙ − VANE

tPy(∇Tbottom −∇Ttop) . (4)

In Fig. 7, we see the dependence of RN and SN = RNSPy on the
base temperature T. Note that the SN values shown in Fig. 7(b) do
not include any assumption of values of the Seebeck coefficient, so

FIG. 7. (a) RN, determined using values of SPy taken from similar thin films. Val-
ues from the two NLSVs converge at T = 200 K. The divergence between values
calculated from each device at T < 150 K is thought to be caused by the effect of
the detector nanowire geometry on∇Tbottom and the absolute Seebeck coefficient

SPy.49 All error bars are dominated by the 15% error in tPy. (b) SN vs T for the two
NLSVs.

they are the most direct measure of the size of Nernst signals in the
NLSVs. The error bars shown are dominated by the ∼15% uncer-
tainty in tPy. The two different NLSVs show quite different trends
for SN with T, with a nearly linear behavior for the L = 800 nmNLSV
and relatively constant values for the L = 500 nm NLSV. We note
that a nearly T-independent behavior is also seen in ρH for poly-
crystalline Py films of similar thickness.8 Since SN and ρH have been
shown to be related via the Mott equation,4 this weak T-dependence
is reasonable.

Determining RN requires knowledge of the absolute Seebeck
coefficient of Py, and here, we have used values measured using
similar Si–N membrane techniques30 to estimate this number. Vari-
ations in thickness, geometry, or composition could alter the SPy
values somewhat and introduce an overall scaling error or mod-
ify the apparent T dependence. Further studies to understand the
impact of these factors on the ANE are ongoing. However, for both
RN and SN above 150 K, the values for both NLSVs agree well,
and at 200 K, the two data points are coincident on this scale. RN
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= 0.2 around T = 200 K for both devices, which agrees with previous
measurements of this value for Py.2,11 However, it is immediately
clear that the T dependence of both RN and SN is more significant
than that of either ∇Ttop − ∇Tbottom or any of the k2D values for
the device components. We suspect that the apparent divergence
of SN between the L = 500 nm and L = 800 nm devices below T
= 150 K is driven by changes in SPy due to the constricted detector

nanowire in the L = 800 nm device.49 Similar geometrical constric-
tions in single-component metallic nanowires have been observed
to give rise to thermoelectric voltages,50–52 although open questions
surround these thermoelectric size-effects. Aspects of our ongoing
work are focused on probing geometric effects in ferromagnetic and
other metallic nanowire systems.

IV. CONCLUSIONS

In summary, we presented evidence of T dependent SN and
RN for Py measured with membrane-suspended metallic NLSVs. A
relatively weak T-dependence for SN in the simplest NLSV geome-
try is in line with expectations for ρH on similar Py films. We also
show evidence of effects on∇T and SN due to device geometry. Fur-
ther studies are underway to determine the effects of the constricted
nanowire used in the L = 800 nm NLSV on SPy.
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