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Local Spin Seebeck Imaging with a Scanning Thermal Probe
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We present the results of an experiment to locally resolve the spin Seebeck effect in a high-quality
yttrium iron garnet–Pt sample. We achieve this by using a locally heated scanning thermal probe to gen-
erate a highly local nonequilibrium spin current. To support our experimental results, we also present a
model based on the nonequilibrium thermodynamic approach that is in a good agreement with the experi-
mental findings. To further corroborate our results, we index the locally resolved spin Seebeck effect with
that of the local magnetization texture by magnetic force microscopy and correlate corresponding regions.
We hypothesize that this technique allows imaging of magnetization textures within the magnon diffusion
length and hence characterization of spin-caloritronic materials at the nanoscale.
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I. INTRODUCTION

The visualization of domain structure in magnetism and
magnetic materials is paramount in aiding the understand-
ing at the fundamental level and subsequent use of such
materials in real-world applications. Hence, a significant
effort is dedicated to the development of a variety of
techniques that are suitable for studying magnetic mate-
rials and magnetic domains. Magnetic force microscopy
(MFM) [1,2] is a scanning-probe technique capable of
sensing the force gradients induced by stray fields over
the surface of a magnetic material at the nanoscale. Scan-
ning electron microscopy with polarization analysis [3]
can also be used to visualize magnetic domains by mon-
itoring the spin polarization of the secondary electrons
interacting with the stray field of a sample under test. To
visualize the local magnetization M (r) [or the flux den-
sity B(r)] instead of the stray field H(r), it is possible to
use imaging techniques such as magneto-optic effects [4]
or Lorentz microscopy [5]. Electrons can also be used as
a probe for the imaging of magnetic domains in electron
holography [6]. The aforementioned techniques typically
involve the characterization of magnetic properties con-
fined to the surface or thin samples; the investigation of
the domain structure in bulk materials, however, requires
more-complex experiments that involve neutron scattering
[7–10] or x-ray spectroscopy [11–13].

The interaction between heat and nonequilibrium spin
currents in magnetic materials is an alternative approach
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for imaging magnetic domains. Analogous to standard
thermoelectric effects, this interaction has been described
as the thermal generation of driving power for electron
spin; that is, the spin Seebeck effect (SSE) [14]. This effect
involves pure spin currents that are produced by driving
the system out of equilibrium through thermal gradients;
by definition, they carry zero net charge and depend on
the local magnetization of the material. The length scale
lM that governs the SSE has been demonstrated to be
on the order of micrometers [15–17].The SSE has been
observed in magnetic insulator garnet ferrites [18] such
as the ferrimagnetic yttrium iron garnet (Y3Fe5O12; YIG),
or other ferrites [19–21]. A typical spin Seebeck device
can be formed by creating a bilayer of a magnetic mate-
rial and a thin metallic film with high spin-orbit coupling
such as platinum or tungsten, both of which are param-
agnetic heavy metals. This second layer acts as the spin
detector because of the inverse spin Hall effect that enables
a spin-charge conversion at the interface [22]. The most-
useful configuration is the longitudinal spin Seebeck effect
[23–25], which corresponds to the generation of a spin cur-
rent parallel to the temperature gradient, both of which are
orthogonal to the local magnetization direction, which is
in the sample plane. Most experiments typically involve
spin Seebeck samples that are uniformly heated over the
whole surface and are in a uniform magnetic state (i.e. at
or near saturation). In these conditions, it is possible to
compare the spin Seebeck characteristics with the magne-
tization loop of the sample; however, it is not possible to
resolve the contributions to the spin Seebeck signal coming
from regions where the orientation of the magnetization
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differs from the average (i.e., in a multidomain state). To
resolve magnetic domains, it is necessary to go beyond the
experimental configuration previously described in favor
of a locally injected heat current, as described in Fig. 1.
The dependence of a local spin Seebeck signal on the local
magnetization has been observed by scanning a laser beam
on a YIG/Pt structure [26] and in a time-resolved config-
uration [27–29]. By taking account of the experimental
geometry, one can use the same setup for the measure-
ment of the time-resolved anomalous Nernst effect [26,30].
In this work we present local measurements of the SSE
using a scanning thermal probe as local source of heat and
nonequilibrium spin currents. We use a high-quality bulk
YIG single crystal with a Pt strip lithographically defined
on the surface as our spin detector. The thickness of the
YIG single crystal is selected so that it is much greater
than any magnon diffusion length lM reported for YIG.
This configuration allows us to approximate the sample as
a semi-infinite geometry in which we can assume spher-
ically symmetric heat propagation and its contribution to
the spin Seebeck signal according to the magnon diffusion
length. We demonstrate that the measured effect is unam-
biguously the local spin Seebeck effect through a series of
tests by our varying the heating power and the vector of
the externally applied magnetic field. We interpret and sup-
port our observations with a thermodynamic description of
the generation of the local magnetic moment current. This
model describes quantitatively the geometry of local heat
current as a circular heat source below the thermal probe,
whose size is larger than the cross section of the tip due to
the nonzero thermal conductivity at the YIG/Pt interface.
The diameter of the heat source that we observe by using
our model is approximately 2.8 μm.

II. SPIN SEEBECK EFFECT BY UNIFORM AND
LOCAL HEATING

Two variations of a spin Seebeck experiment are shown
in Fig. 1, both demonstrating that the measured signal due
to the inverse spin Hall effect (represented by the yellow
wires in Fig. 1) corresponds to the open-circuit voltage
across the Pt film. Since there are no electric currents flow-
ing in an open-circuit configuration, we can exclude any
magnetoresistance contributions to the signal, such as the
spin Hall magnetoresistance that is usually observed in
bilayers formed by a magnetic material and a heavy metal.
The first configuration [Fig. 1(a)] represents the “classic”
experimental geometry reported for the majority of exper-
imental results. This provides a uniform distribution of the
thermally generated spin current as a consequence of the
heat current across the whole surface of the sample. The
proportionality between the voltage gradient ∇yVSSE gen-
erated along the Pt film due to the SSE and the heat current
Iq passing through the sample along the cross section A is
described by the following expression:

∇yVSSE

Iq
κA = θSH

(μB

e

) vYIGlYIGεYIG

vp

1
tPt

, (1)

where μB/e is the ratio between the Bohr magneton and
the elementary charge, and κ is the thermal conductivity
of YIG. The other parameters in Eq. (1) are the spin Hall
angle θSH, the absolute thermomagnetic power coefficient
εYIG, the magnon diffusion length lYIG, and the thickness
of the Pt film tPt. The intrinsic magnetic moment conduc-
tance of YIG is represented by vYIG = lYIG/τYIG, where
τYIG is the magnon mean scattering time. The parameter vp

(a) (b)

FIG. 1. Longitudinal spin Seebeck measurement configurations. (a) Standard configuration with uniform heating (the red arrows at
the YIG/Pt interface represent the hot side; the cold side is at the right-hand side of the YIG slab). (b) Local heating from the Pt side
generates a magnetic moment current density jM in spherical symmetry. The projections of the experimental scheme on the x-z and
y-z planes are presented on the right side of the panel: the local heat current iq from the thermal probe spreads over a circle whose
dimensions (r0) limit the spatial resolution. For the YIG/Pt sample that we investigate, the dimensions are tPt = 5 nm, tYIG = 0.5 mm,
and LPt

z = 150μm.
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represents the magnetic moment conductance per unit sur-
face area of the YIG/Pt bilayer. This quantity depends on
the intrinsic conductances of YIG and Pt, and on the ratio
between the thickness and the magnon diffusion length for
each layer. We derive the expression for vp from a thermo-
dynamic description of the generation of magnetic moment
currents [31]. It is important to note that the geometry
shown in Fig. 1 and modeled by Eq. (1) does not allow us
to resolve the spatial distribution of the underlying mag-
netic structure, since the spin Seebeck voltage results from
an averaged contribution of regions with different magne-
tization. Because of this, the experiments performed in this
geometry are usually conducted at magnetic saturation or
follow the magnetization hysteresis loop.

In the second experimental setup [Fig. 1(b)], which
shows the effect of the heated probe in contact with the
Pt surface, we can selectively generate the heat current
injected through a point of the Pt surface and propagating
with spherical symmetry in the volume. In this arrange-
ment, the thermally generated spin current is assigned to
a locally limited SSE, which is generated at the point of
thermal contact, represented by the red dot in Fig. 1(b).
As in the standard configuration, the spin Seebeck volt-
age depends on the average magnetization, and in the
configuration with local heating the effect scales with the
magnetization of a region whose size is determined by the
locally heated volume, allowing resolved measurements of
the domain distribution within the sample. To describe this
experimental configuration, we take into account the local
magnetization m̂ as a unit vector. This leads to an expres-
sion for the spin Seebeck voltage, originating from a circle
with radius r0 on the top of the sample, into which a heat
current Iq is injected. In this way it is possible to rewrite
Eq. (1) as follows:

∇yVSSE

Iq
2πr2

0k = θSH

(μB

e

) vYIGlYIGεYIG

vp

1
tPt

, (2)

where the dependence on the radius of the heated region r0
[red circle in Fig. 1(b)] is highlighted. However, the value
of VSSE in Eq. (2), and in particular the voltage difference
�VSSE, is the one that would be measured at the two ends
of the heated region, limited by r0. Since this quantity is
not accessible by the experiment, it is necessary to rescale
the value of �VSSE, taking into account the lateral dimen-
sions of the whole Pt film that works as the spin-voltage
detector. Here we use an approximation criterion and con-
sider the Pt film as an electric circuit formed by a voltage
source (VSSE), two resistances in series whose sum is pro-
portional to (Ly − 2r0)/2r0, and one resistance in parallel
whose value is proportional to Ly/(Lz − 2r0). Assuming
that 2r0 � Ly and 2r0 � Lz, we can represent the exper-
imental values of the spin Seebeck voltage as a rescaled

value of �VSSE:

�VSSE,exp � �VSSE
2r0

Lz
. (3)

The expression for �VSSE,exp can be used to interpret the
experimental data of the local SSE. By using the parame-
ters included in Eq. (2) to determine the value of VSSE on
the right of Eq. (3), we can obtain a value of r0 that can
be considered as the spatial resolution of the spin Seebeck
imaging.

III. EXPERIMENTAL METHODS

The measurements of the local SSE are performed on a
high-quality YIG single-crystal plate (Ly = 4.95 mm, Lz =
3.91 mm, and thickness tYIG = 0.545 mm). Both crys-
tal surfaces are polished to be optically flat [Rq = 0.4 nm
obtained by atomic force microscopy (AFM)]. A 150-μm-
wide Pt strip is sputtered onto one side of the YIG crystal
along the y direction, where the z direction defines the strip
width. A Pt thickness tPt of approximately 5 nm is cho-
sen to maximize the VSSE signal. This value is selected on
the basis of our model [tPt dependence in Eqs. (1) and (2)]
and the information on the spin diffusion length of Pt, as
well as previously published experimental values [32,33].
The measurement technique for the uniform heat current
(i.e., the classic configuration) has been described else-
where [34] for the same sample. The local heat current
is generated with a nano-thermal-analysis probe (nanoTA
probe); this consists of a micropatterned AFM cantilever
probe that allows a current to be driven around the can-
tilever, resulting in Joule heating that propagates to the tip
apex. We approximate the temperature of the probe using
a series of polymer test samples with known glass transi-
tion temperatures. We also expect an offset in our estimated
temperatures due to the respectively higher thermal con-
ductivity of the Pt used in our studies as compared with the
test polymers. With this procedure we obtain an approx-
imate relationship between the probe-power voltage and
the temperature difference applied to the sample in this
geometry. Moreover, we observe a stable spin Seebeck
signal when reversing the heating voltage, thus verifying
the absence of electric interference from the nanoTA can-
tilever. This setup allows us to compare a local domain
map obtained by MFM with a local SSE map and correlate
the two data sets. The enlarged area in Fig. 2(a) represents
one of the specific regions investigated in the experiments.
From the data in Figs. 2(b) and 2(c) it is possible to spa-
tially map the SSE voltage at the location of the thermal
probe in contact with the Pt film. This makes it possible
to correlate the SSE and MFM maps and draw qualitative
conclusions. Figures 2(b) and 2(c) show a stray field gradi-
ent at the YIG surface obtained by MFM [Fig. 2(b)] and a
SSE map obtained by nanoTA [Fig. 2(c)]. The experiment
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FIG. 2. Experimental setup for the local SSE measurements. (a) Macroscopic schematic representation of the YIG/Pt sample with
the nanovoltmeter connected at the edges of the Pt strip. The images in (b)–(e) are examples of measurements obtained from a
80 × 80 μm2 area of the Pt film with an applied magnetic field of approximately 8 mT. (b) MFM image of the same 80 × 80 μm2 area.
(c) Spin Seebeck voltage originating from the scanning thermal probe. (d) AFM image obtained both from the MFM map and the local
spin Seebeck map. (e) Three-dimensional image obtained by our overlapping the MFM map and the spin Seebeck map, taking into
account the information on their mutual shift provided by the AFM images.

is structured as follows: First we perform a set of nan-
oTA measurements with a saturating magnetic field in both
directions (±Ms), achieved with use of a small neodymium
magnet adjacent to the sample. This corresponds to a stan-
dard SSE experiment. The second set of measurements is
performed at a magnetic field, where a domain structure
can be observed by MFM. Keeping the applied field con-
stant, we perform the nanoTA measurements at different
heating power levels of the thermal probe and at several
points of the sample surface, including the transition from
the Pt strip to the bare YIG surface.

IV. RESULTS AND DISCUSSION

A. Local spin Seebeck effect in the saturated state

We first investigate the local SSE of the YIG/Pt bilayer
structure at magnetic saturation. This experiment is per-
formed with the field aligned within the plane of the
sample and perpendicular to the long axis of the Pt strip
[Fig. 2(a)]. The experimental data points in Fig. 3 show
the SSE data for each realized temperature difference �T.

We average the signal that originates from the local
heating of a 40× 20 μm2 area of the Pt surface, and the
experimental uncertainty is evaluated from the standard
deviation of these data sets. The dependency of the total
measured voltage, including the spin Seebeck contribution,
on �T can be described by the following relation:

Vmeas = ±CSSE�T + COSE�T + V0, (4)

where Vmeas corresponds to the average voltage recorded
as a consequence of scanning a given area and �T is

the difference between the probe temperature and room
temperature. The voltage Vmeas contains the following con-
tributions: The first one (CSSE�T) corresponds to the spin
Seebeck voltage VSSE,exp of Eq. (3); the sign of the spin
Seebeck coefficient ±CSSE depends on the direction of
the magnetization. The second contribution is the ordi-
nary Seebeck effect (COSE); for our work, this is a spurious
component that does not depend on the magnetic config-
uration of the sample. The COSE component derives from

FIG. 3. Measured voltage as consequence of the local heating
of the sample at magnetic saturation: spin and ordinary Seebeck
voltage as a function of the temperature difference (red points).
The dashed blue lines are fitting lines after the compensation of
the ordinary Seebeck component. The direction of the saturating
magnetic field is shown as a sketch in each panel.
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the contact between the different metals used to electrically
connect the sample (silver paint for bonding the platinum
strip at the edges of the thin film). This is due to a small
transverse heat loss through the electric contacts associ-
ated with small geometric asymmetry. Such an artifact can
affect the interpretation of spin-caloritronic measurements
and has been described for both the spin Seebeck effect
and the spin Peltier effect [34] data. The last contribution
in Eq. (4) is an offset voltage V0 that originates from the
circuit resistance. The voltage due to the Seebeck effects,
both spin and ordinary effects, can be plotted as a function
of �T, according to Eq. (4). From the difference between
the absolute values of the slopes obtained from the linear
fits shown in Fig. 3 (red lines), a clear distinction can be
made between the ordinary Seebeck component and the
spin Seebeck component. After the compensation of the
ordinary Seebeck component, we present the spin Seebeck
data as dashed blue lines in Fig. 3, whose coefficient is
CSSE = 2 × 10−8 V K−1.

B. Local spin Seebeck effect in the multidomain state

In the second step, we repeat the measurements with
a lower applied magnetic field to induce a reduction in
the magnetostatic energy of the sample and introduce a
domain structure where we can distinguish several magne-
tization areas from the MFM images. We apply the mag-
netic field at a lower level by distancing the neodymium
magnet from the sample and we measure its value by posi-
tioning a Hall probe in place of the sample. The measured
value of the applied magnetic field is approximately 8 mT.
An example of two MFM images of the sample at mag-
netic saturation and with an applied field of approximately
8 mT obtained from the same area is presented in Fig. 4.
Having applied approximately 8 mT, we scan the thermal
probe over a 80 × 80 μm2 surface in the same locations
as for the MFM at different values of �T to analyze the
voltage that arises from the local SSE. We use five values
of the heating power on the thermal probe, which lead to
the corresponding temperature differences �T at each area

10 µm10 µm

(a) (b)

FIG. 4. MFM micrograph of the same area of the YIG/Pt
surface at magnetic saturation (a) and at approximately 8 mT (b).
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FIG. 5. Spin Seebeck maps of one 80 × 80 μm2 area of the
YIG/Pt sample surface obtained with local heating generated
by 0.5, 1, 1.5, 1.8, and 2.2 V on the heater. (a) Spin Seebeck
coefficients measured at each pixel of the map. (b) Map of the
spurious offset-voltage component and (c) map of the ratios
between the local spin Seebeck voltage and the corresponding
quantity at magnetic saturation; the colour scale in (c) represents
the magnetization as a percentage of the magnetic saturation.

investigated. With these data sets we are able to determine
the SSE dependence on the heating power and extract the
SSE voltage for each pixel of the data set. First we remove
the ordinary Seebeck component, as described in Sec. IV B
for the sample at magnetic saturation; this procedure gives
the spin Seebeck coefficient CSSE and the measurement
offset V0, represented by the slopes and the intercepts of

034056-5



ALESSANDRO SOLA et al. PHYS. REV. APPLIED 14, 034056 (2020)

the blue lines in Fig. 3. We extract the values of these
two parameters for the sample at intermediate magneti-
zation by performing a linear fit of the voltages (Vmeas)
represented by each pixel as a function of the temperature
difference. We can now build two maps that represent the
parameters of these linear fits: the map of the spin Seebeck
coefficients CSSE [Fig. 5(a)] and the map of intercepts V0
[Fig. 5(b)]. Since we have already measured the upper limit
of the spin Seebeck signal (i.e., the value at magnetic satu-
ration), we can use this value to normalize our results with
approximately 8 mT, which is represented as a percentage
of the maximum signal at saturation. Figure 5(c) shows
an example of the result of this procedure recorded at the
maximum temperature difference; the color bar quantifies
the level of magnetization between zero and the values
at saturation, represented as the range from 0 to 1. From
the data in Fig. 5(a), we find that the ratio between the
spin Seebeck values and the temperature difference (i.e.,
the spin Seebeck coefficient) has nonzero positive values
in some regions and decreases in the central region of the
map. By applying the definition of the the spin Seebeck
coefficient CSSE, where the heat current, voltage, and mag-
netization (x, y, and z axes, respectively) are orthogonal to
each other, as shown in Fig. 1, we can focus on the rela-
tionship between CSSE and the magnetization. In the case
of uniform heating [Fig. 1(a)] and a sample in the mul-
tidomain state, the spin Seebeck voltage depends on the z
component of the average magnetization. The dependence
of the spin Seebeck voltage on applied magnetic field orig-
inates from this relationship, and for the sample used in this
study, is reported in the supplementary information in Ref.
[34]. For the case of local heat currents, we can now locally
probe the z component of the magnetization, whereas in the
case of uniform heating, we can probe only its mean value
over the entire sample. Therefore, for samples with domain
structure, CSSE is a measure of the z component of the local
magnetization. In comparison, the map of the intercepts in
Fig. 5(b) shows a flatter curve, indicating that the electrical
offset is approximately constant over the area investigated.

C. Comparison between MFM and local spin Seebeck
images

The third step of this experiment involves scanning
different regions of the sample, at a fixed heating volt-
age, with the same applied magnetic field as previously
used (approximately 8 mT). The motivation is a quali-
tative comparison of the spin Seebeck maps with MFM
micrographs. We test the hypothesis that the contrast of
the local spin Seebeck map is related to the local magne-
tization through the local spin Seebeck signal. Scanning
of large areas allows the overlapping of neighboring data
sets and we record them accordingly; the corresponding
MFM micrographs and the local spin Seebeck voltage
maps are reported in Fig. 6. The signal of the local spin

Seebeck maps is processed using the data-analysis pro-
gram GWYDDION [35]. First we focus on the presence of
some sharp voltage spikes; these are manually corrected
with an interpolation of the error-free pixels surrounding
the spike. The second data process concerns the artifacts
that usually appear because of the line-by-line acquisition.
We correct the voltage shift that arises between neighbor-
ing horizontal lines by minimizing the median of the height
differences between vertical neighboring pixels [36]. From
Fig. 6 we observe that the MFM micrographs can provide
a great variety of detail due to the high resolution, whereas
the local SSE maps have a lower spatial resolution. Fur-
thermore, we have to keep in mind that the underlying
physical phenomena are different for both experiments: the
MFM signal depends on the stray fields emanating from
the sample surface, whereas the local SSE depends on the
magnetization of the sample and the integrated effect over
the hot spot provided by the probe. Moreover, it is specu-
lated that the local SSE signal originates from a volume of
the sample that is defined by the top surface and by the
magnon diffusion length in YIG within the sample. For
this reason, any qualitative difference found between the
MFM features and the local SSE features can be attributed
to the contribution of deeper layers within the sample to
the SSE signal not observed in the interaction volume
experienced by the MFM probe. However, at this stage
we focus on the correspondence between features in the
MFM micrographs and regions of local minima of the
local spin Seebeck maps. To make the correlation more
visible, we trace the contour lines extracted by the spin
Seebeck maps above the MFM micrographs in Fig. 6. For
the three images on the left, we select the contour lines
corresponding to 0.6 μV in the spin Seebeck map, while
for the two images on the right we select different val-
ues since we do observe a drift in the offset voltage. For
this reason, the two areas labeled by the green and light-
blue frames appear on a slightly different voltage scale,
but nevertheless it is possible to distinguish the shape of
the local minimum in the expected position, according to
the 20-μm shift between the two areas. The two micro-
graphs that refer to the area labeled by the red frame in
Fig. 6 represent a measurement across the edge of the Pt
strip, cutting the frame horizontally. In the lower half of
the SSE micrograph (the region not covered by the Pt), the
spin Seebeck voltage decreases in agreement with the local
generation of a spin current from the bare YIG that is not
detected by the Pt film. Finally, it is possible to use the
local spin Seebeck maps to measure the magnetization of
the sample. By assuming a constant permeability, we can
refer to the spin Seebeck voltage as a function of the mag-
netic field applied to the sample according to the hysteresis
loop (see the supplementary information in Ref. [34]). The
upper limit for the local spin Seebeck voltage is expressed
by its average value at saturation and is associated with
the saturating field for this sample (approximately 20 mT).
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FIG. 6. Local spin Seebeck voltage maps (right columns) obtained at approximately 8 mT with 1.5 V at the heater, shown together
with the MFM micrographs (left columns). The five pairs of maps correspond to the areas of the sample represented in the scheme,
where the edge of the Pt film is shown, together with the direction of the applied magnetic field.

The ratio between the average local spin Seebeck voltages
for the sample in the multidomain state (i.e., the average
of all values shown in the maps in Fig. 6) and the lim-
its at saturation corresponds to a value of 0.4. This ratio
multiplied by the saturation field is consistent with the val-
ues of the measurement performed with the Hall probe
(8 mT) at field strengths below the saturation field. With
reference to the sample SSE hysteresis loop mentioned
above, an applied magnetic field of 8 mT sets the magne-
tization above the level where the magnetic field depen-
dence of the SSE deviates from the bulk magnetization
curve [37,38]. This has also been reported for experiments
performed on other bulk samples [19,20,23,39–41].

D. Spatial resolution of the spin Seebeck image

Finally, we comment on the resolution of the local SSE
measurement technique. We consider the radius of the hot
spot [r0 in Eq. (2)] as a more-realistic limit to the resolu-
tion compared with the cross section of the probe. Starting
from the thermodynamic description of the SSE, we derive
the expression for the spin Seebeck voltage difference as
a function of the heat current injected by the heated AFM
probe. We also highlight the need to rescale this expression
according to the geometry of the experiment, as repre-
sented by Eq. 3. By replacing the expression for the spin
Seebeck voltage �VSSE [Eq. (2)] in the expression for the
rescaled signal, we derive the following representation of
the experimental results:

�VSSE,exp

�T
= 4r0

Lz
θSH

(μB

e

) vYIGlYIGεYIG

vp

1
tPt

, (5)

where the parameters that represent the properties of YIG
are chosen according to the semi-infinite approximation,
where the thickness of the YIG is greater than the magnon
diffusion length, and Lz = 150 μm is the width of the Pt
strip. In Eq. (5) the heat current Iq that appears in Eq. (2) is
written as the temperature difference �T, by our knowing
the thermal conductivity κ and the geometrical constraints
on the YIG layer. By using the experimental data from a
previous spin Seebeck study on the same sample [34], we
can use the following experimental value for the YIG:

vYIGlYIGεYIG

vp
= −4.6 × 10−10 V K−1 m−1 s. (6)

The spin Hall angle θSH = −0.1 refers to the current
of magnetic moments that has the opposite sign with
respect to a definition of the spin Hall angle based on
the spin current [34]. By using the value of the spin
Seebeck coefficient obtained (CSSE = 2 × 10−8 V K−1) in
place of �VSSE,exp/�T in Eq. (5), we obtain r0 = 1.4 μm.
This value of r0 is in reasonable agreement with the lat-
eral point-spread function of a heating laser presented
by Bartell et al. [28] with a FWHM of the hot spot of
0.606 μm obtained with an optical laser power of 0.6 mW.

V. CONCLUSIONS

In summary, we use a scanning-probe-microscopy
technique to locally inject heat currents in a YIG/Pt
bilayer structure. We observed a spatially resolved volt-
age response dependent on the location of the heated
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probe and the local magnetization state that we unam-
biguously attribute to the SSE. This allows us to obtain
locally resolved spin Seebeck measurements, which we
map spatially and compare qualitatively with MFM micro-
graphs obtained on the same scanned regions. We discuss
the measured signals using a thermodynamic description
in spherical coordinates. Furthermore, we derive the spa-
tial resolution of the local spin Seebeck measurements,
which is on the order of few micrometers. Local spin
Seebeck imaging is an innovative tool for the investiga-
tion of spin-caloritronic materials. In particular, it provides
a significant step forward for the analysis of bulk mag-
netic structures compared with surface characterization
techniques, as the signal originates from the bulk at a dis-
tance that can be considered equivalent to the magnon
diffusion length. Additionally, this experimental technique
allows us to image the magnetization structure of samples
where tip-sample interaction could result in irreversible
changes of the sample state during the imaging process,
thus providing a nonperturbative imaging tool. Moreover,
this technique could pave the way to alternative con-
cepts of scanning-probe microscopy inspired by spintron-
ics and spin caloritronics; for example, the development of
V-shaped Pt probes as a point-contact inverse-spin-Hall-
effect detector, or scanning thermal microscopy as a probe
for spatial magnetic imaging using the spin Peltier effect.
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