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Longitudinal Spin Seebeck Effect Free from the Proximity Nernst Effect
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This letter provides evidence for intrinsic longitudinal spin Seebeck effects (LSSEs) that are free
from the anomalous Nernst effect (ANE) caused by an extrinsic proximity effect. We report the
observation of LSSEs in Au/Y3Fe5O12 (YIG) and Pt/Cu/YIG systems, showing that LSSE appears
even when the mechanism of the proximity ANE is clearly removed. In the conventional Pt/YIG
structure, furthermore, we separate the LSSE from the ANE by comparing the voltages in different
magnetization and temperature-gradient configurations; the ANE contamination was found to be
negligibly small even in the Pt/YIG structure.

PACS numbers: 85.75.-d, 72.25.-b, 72.15.Jf

The spin Seebeck effect (SSE) refers to the generation
of a spin voltage as a result of a temperature gradient in
magnetic materials [1–12]. Here, a spin voltage is a po-
tential for electron spins to drive a nonequilibrium spin
current [13, 14]; when a conductor is attached to a mag-
net with a finite spin voltage, it induces a spin injection
into the conductor. The SSE is of crucial importance in
spintronics [15–17] and spin caloritronics [18, 19] since
it enables the simple and versatile generation of a spin
current from heat.
The simplest and most straightforward setup of the

SSE is the longitudinal configuration [5, 11], in which a
spin current flowing parallel to a temperature gradient
is measured via the inverse spin Hall effect (ISHE) [20–
25]. The longitudinal SSE (LSSE) device consists of a
ferromagnetic or ferrimagnetic insulator (e.g., Y3Fe5O12:
YIG) covered with a paramagnetic metal (e.g., Pt) film
[Fig. 1(a)]. When a temperature gradient ∇T is applied
to the ferromagnetic insulator perpendicular to the ferro-
magnet/paramagnet interface (z direction) and the mag-
netization M of the ferromagnet is along the x direction,
an ISHE-induced voltage is generated in the paramagnet
along the y direction according to the relation

EISHE ∝ Js × σ, (1)

where EISHE, Js, and σ denote the electric field induced
by the ISHE, the spatial direction of the thermally gen-
erated spin current, and the spin-polarization vector of
electrons in the paramagnet, respectively [Fig. 1(a)].
Therefore, by measuring EISHE, the LSSE can be de-
tected electrically. Here, the use of a highly resistive
insulator, such as YIG, is indispensable to the LSSE ex-
periments to eliminate artifacts caused by electric con-
duction in the ferromagnetic layer [11].
The observation of the LSSE has typically been re-

ported in Pt/YIG systems [5, 11]. However, in this con-
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FIG. 1: Schematic illustrations of (a) the LSSE and (b) the
ANE. ∇T , M, EISHE (EANE), and Js denote the temperature
gradient, the magnetization vector, the electric field induced
by the ISHE (ANE), and the spatial direction of the thermally
generated spin current, respectively.

ventional structure, since Pt is near the Stoner ferromag-
netic instability [26, 27], ferromagnetism may be induced
in the Pt layer in the vicinity of the Pt/YIG interface
due to a static proximity effect, although the magneti-
zation of YIG is so small that the proximity is expected
to be weak. Against this backdrop, Huang et al. [28]
pointed out that the LSSE voltage in the Pt/YIG struc-
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ture might be contaminated by the anomalous Nernst
effect (ANE) [29] due to the magnetic proximity in the
Pt layer [compare Figs. 1(a) and 1(b)] and that the ex-
clusive establishment of the LSSE is necessary. In this
letter, to do that, we provide clear evidence for the ex-
istence of the LSSE free from the ANE induced by the
proximity effect. First, we show that the LSSE appears
even in Au/YIG and Pt/Cu/YIG structures; since Au
and Cu are typical metals far from the Stoner instabil-
ity [26, 27], the observation of the LSSE in these struc-
tures allows us to conclude that the LSSE is an intrinsic
phenomenon and different from the proximity ANE. Sec-
ond, we demonstrate that the LSSE can be distinguished
from the ANE by comparing the voltages in different
magnetization and temperature-gradient configurations
and that the ANE contamination is negligibly small even
in the Pt/YIG structure.

First of all, we measured Hall effects in a Au/YIG
structure. Here, a 4.5-µm-thick single-crystalline YIG
(111) film was grown on a 0.5-mm-thick Gd3Ga5O12

(GGG) (111) substrate by a liquid phase epitaxy method,
where the resistance of the YIG film is much greater than
the measurement limit of our electrometer: 210 GΩ. A
10-nm-thick Au Hall bar was then deposited on the sur-
face of the YIG film [Fig. 2(a)]. As shown in Fig. 2(c),
the Hall resistivity in the Au/YIG sample varies linearly
with respect to the magnitude of an external magnetic
field H applied perpendicular to the Au/YIG interface
due to the normal Hall effect in Au. We found that the
H dependence of the Hall resistivity in the Au/YIG sam-
ple completely coincides with that in a Au/GGG sample,
where the Au Hall bar was fabricated directly on a para-
magnetic GGG substrate [Figs. 2(c) and 2(d)]. The same
behavior was observed at temperatures ranging from 300
to 2 K [see the inset to Fig. 2(d)]. These results confirm
that the Au film on YIG exhibits no anomalous Hall ef-
fect, a situation enabling the detection of the intrinsic
LSSE free from the magnetic proximity.

Now we focus on the LSSE in the Au/YIG structure.
To measure the LSSE, we used the Au/YIG sample with
a 7 × 6 mm2 rectangular shape, where the whole surface
of the YIG film is covered with the Au film. A tem-
perature gradient ∇T was applied perpendicular to the
Au/YIG interface. Here, the temperatures of the top
of the Au film and the bottom of the GGG substrate
were stabilized, respectively, at 300 K and 300 K ±∆T .
During the LSSE measurements, a magnetic field H was
applied along the x or y direction; the magnetization of
the YIG film is aligned along the in-plane direction when
|H | > 30 Oe. Under this condition, we measured an elec-
tric voltage V between the ends of the Au layer along the
y direction.

Figure 3(a) shows the measured V in the Au/YIG sam-
ple at H = 50 Oe as a function of the temperature dif-
ference ∆T . When H was applied along the x direction,
the V signal was observed to be proportional to ∆T . We
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FIG. 2: (a) A schematic illustration of the Au/YIG sample
used for the Hall measurements. The magnetic field H with
the magnitude H was applied perpendicular to the Au/YIG
interface. (b) Magnetization (M)-H curve of the YIG film at
the temperature T = 300 K, measured when H was applied
perpendicular to the film plane. Here, the vertical axis is nor-
malized by the saturation magnetization Ms. (c) H depen-
dence of the Hall resistivity ρH in the Au/YIG and Au/GGG
samples at T = 300 K. The inset to (c) shows the H depen-
dence of ρH at T = 2 K. (d) H dependence of the differen-
tial Hall resistivity ∆ρH at T = 300 K, where ∆ρH denotes
the difference of ρH between the Au/YIG and Au/GGG sam-
ples. The inset to (d) shows the T dependence of ∆ρH at
H = 10 kOe.

confirmed that the sign of the V signal is reversed by
reversing H [Fig. 3(b)] and that the signal disappears
when H is along the y direction [Figs. 3(a) and 3(c)]. By
reversing the ∇T direction, the sign of V is also reversed
[see the inset to Fig. 3(b)]. This behavior of the V signal
in the Au/YIG sample is the characteristic of the ISHE
voltage induced by the LSSE. Since Au is a typical metal
far from ferromagnetism, this result shows that the LSSE
appears even in the absence of the proximity ANE.

Next, we show that the LSSE appears also in the
Pt/Cu/YIG structure, where a Cu film is inserted be-
tween Pt and YIG films to block the possible induced
ferromagnetism in Pt. The thickness of the Cu interlayer
is 13 nm; this is thick enough to eliminate the magnetic
proximity between Pt and YIG, while the LSSE volt-
age can persist in the Pt layer owing to the long spin-
diffusion length of Cu [22]. We checked that the surface
roughness of the Cu interlayer is smaller than 1 nm by
means of atomic force microscopy [Fig. 4(b)] and trans-
mission electron microscopy [Fig. 4(c)], a result showing
that the Pt/Cu/YIG sample has no pinholes in the Cu



3

-50 0 50

ΔT = 30 K  --

          15 K  --
          10 K  --
            5 K  --
            0 K  --

          25 K  --
           20 K  --

-1

0

1

2

V
 (

1
0

-7
 V

)

(b)(a)

H (Oe)

ΔT = 30 K  --

          15 K  --
          10 K  --
            5 K  --
            0 K  --

          25 K  --
           20 K  --

-1

0

1

2

-2

V
 (

1
0

-7
 V

)

(c)

∇T || +z

H (Oe)
50

V
 (

1
0

-7
 V

)

0

ΔT = 10 K

-50 0

1

-1

∇T || −z

Au/YIG sample

ΔT (K)
0 10 20 30

V
 (

1
0

-7
 V

)

0

1

-1
∇T

H

YIG film
Au film

 x

z

y
HI

LO V

H || +x

H || +y

∇T || −z
H || ±x

H || ±y
∇T || −z

FIG. 3: (a) Temperature-difference (∆T ) dependence of the
voltage V in the Au/YIG sample at H = 50 Oe, measured
when ∇T ||− z and H ||+x or +y. The Au/YIG sample was
formed on the GGG substrate with the size of 7×6×0.5 mm3,
where the thicknesses of the Au and YIG films are 10 nm and
4.5 µm, respectively. (b) H dependence of V in the Au/YIG
sample for various values of ∆T , measured when ∇T || − z
and H || ± x. The inset to (b) shows the H dependence of V
at ∆T = 10 K, measured when ∇T || + z and H || ± x. (c)
H dependence of V in the Au/YIG sample for various values
of ∆T , measured when ∇T || − z and H || ± y.

interlayer and no leaked magnetic proximity between the
Pt and YIG layers. As shown in Fig. 4(a), we also ob-
served a clear V signal in the Pt/Cu/YIG sample, pro-
viding further evidence for the existence of the intrinsic
LSSE since Cu is also free from induced ferromagnetism.
In contrast, we found that the V signal disappears in a
Pt/SiO2/YIG sample, where the Cu layer is replaced by
an insulating 10-nm-thick SiO2 film [Fig. 4(a)]. This re-
sult confirms that 10 nm is thick enough to eliminate the
magnetic proximity between Pt and YIG and that the
direct contact between YIG and metal is necessary for
generating the spin current, consistent with the scenario
of the LSSE.

The above experiments in the Au/YIG and
Pt/Cu/YIG samples clearly show the existence of
the intrinsic LSSE free from the ANE. Then, is the
voltage signal in the conventional Pt/YIG structure
contaminated by the proximity ANE? The following
experiments provide a clear-cut answer to this question.

The LSSE in the Pt/YIG structure can be separated
from the ANE by comparing voltage in an in-plane mag-
netized (IM) configuration (the conventional LSSE setup)
and a perpendicularly magnetized (PM) configuration
in which ∇T was applied in the Pt-film-plane direction
[compare Figs. 5(a) and 5(b)]. In the PM configuration,

50 nm

Pt/Cu/YIG 

ΔT = 20 K

-50 0 50
H (Oe)

-2

0

2

4

-4

(a)

Pt/SiO2/YIG

V
 (

1
0

-7
 V

)

(c) Cross-sectional TEM image of Pt/Cu/YIG sample

Pt

YIG

Cu

H

∇T∇∇∇∇Pt
Cu or SiO2

YIG

HI

LO V

1
5

 n
m

0.2

1

0.8
0.8

0.6
0.6

0.4

0.4

0.2

0

0

µm

(b) AFM image of Cu layer

FIG. 4: (a) H dependence of V in the Pt/Cu/YIG and
Pt/SiO2/YIG samples at ∆T = 20 K, measured when
∇T || − z and H || ± x. The Pt/Cu/YIG and Pt/SiO2/YIG
samples were formed on the GGG substrate with the size
of 7 × 6 × 0.5 mm3, where the thicknesses of the Pt, Cu,
SiO2, and YIG films are 10 nm, 13 nm, 10 nm, and 4.5 µm,
respectively. (b) An atomic-force-microscope (AFM) image
of the surface of the Cu film fabricated on the YIG film,
where the surface roughness is Ra = 0.67 nm. (c) A cross-
sectional transmission-electron-microscope (TEM) image of
the Pt/Cu/YIG sample.

the ANE voltage can appear, while the LSSE voltage
should disappear due to the ISHE symmetry, enabling
the estimation of the ANE contamination in the Pt/YIG
structure [see Eq. (1) and note that Js || σ in the PM
configuration]. To compare voltage signals between the
IM and PM configurations, we used a Pt-film/YIG-slab
sample that comprises a single-crystalline YIG slab with
the size of 6× 2× 1 mm3 covered with a 10-nm-thick Pt
film, without substrates to avoid a thermal-conductivity-
mismatch problem [9, 11]. Then, the sample was sand-
wiched between two large Cu blocks of which the temper-
atures were stabilized at 300 K and 300 K+∆T to apply
a uniform temperature gradient to the sample [Fig. 5(b)].
In the IM (PM) configuration, H was applied along the
x (z) direction. As shown in Fig. 5(d), we found that the
magnetic field of > 1 kOe is also large enough to align the
magnetization of the YIG slab along the H direction in
the PM configuration, since the YIG sample used here is
a thick slab. Note that, in the PM configuration, even a
possible tiny temperature gradient perpendicular to the
Pt-film plane does not affect the voltage signal, since the
Nernst voltage is not generated due to the collinear ori-
entation of the perpendicular temperature gradient and
H.

Figures 5(e) and 5(f), respectively, show the H depen-

dence of Ṽ in the Pt-film/YIG-slab sample for various
values of ∆T in the IM and PM configurations, measured
when H was applied perpendicular to both ∇T and the
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FIG. 5: (a),(b) Schematic illustrations of the Pt-film/YIG-slab sample in the (a) IM and (b) PM configurations. The sample
consists of a single-crystalline YIG slab with the size of 6× 2× 1 mm3 and a 10-nm-thick Pt film sputtered on the 6× 2 mm2

surface of the YIG. The temperature gradient was generated by sandwiching the sample between two Cu blocks of which the
temperatures were stabilized at 300 K and 300 K+∆T . The Pt layer of the sample was electrically well insulated from the Cu
blocks by inserting thin insulating (but thermally conductive) sheets between the sample and the Cu blocks. (c),(d) M -H curve

of the YIG slab, measured when (c) H ||±x and (d) H ||± z. (e),(f) H dependence of Ṽ (= V LT /LV ) in the Pt-film/YIG-slab
sample for various values of ∆T in the (e) IM and (f) PM configurations, where LT = 1 mm (2 mm) and LV = 6 mm (6 mm)

for the IM (PM) configuration. The inset to (f) shows the H dependence of Ṽ at ∆T = 10 K in the PM configuration, measured

when the magnetic field was swept between ±90 kOe. (g) ∆T dependence of Ṽ in the Pt-film/YIG-slab sample at H = 1.2 kOe

in the IM and PM configurations. (h) The magnetic-field-angle (α, β) dependence of Ṽ in the Pt-film/YIG-slab sample at
∆T = 10 K and H = 1.2 kOe, measured when ∇T || − z (∇T ||+ x) and H was applied in the x-y (y-z) plane at an angle α

(β) to the y direction. (i) H dependence of Ṽ in the Pt-film/YIG-film sample at ∆T = 10 K in the IM and PM configurations.
The Pt-film/YIG-film sample consists of a 10-nm-thick Pt film and a 4.5-µm-thick single-crystalline YIG film grown on a GGG
substrate with the size of 7× 6× 0.5 mm3.

longest direction of the sample. Here, Ṽ denotes the
voltage including geometric factors: Ṽ = V LT /LV with
LT (V ) being the length of the sample in the temperature-
gradient (interelectrode) direction [Figs. 5(a) and 5(b)]
that enables the quantitative comparison of the signals
between the IM and PM configurations. We found that
the Ṽ signal in the Pt-film/YIG-slab sample in the PM
configuration is much smaller than that in the IM config-
uration [compare Figs. 5(e) and 5(f) and see also Figs.
5(g) and 5(h)]. The ratio of the voltage magnitude be-
tween the IM and PM configurations is estimated to be
|ṼPM/ṼIM| ∼ 0.05 at each ∆T , where ṼIM(PM) denotes Ṽ
in the IM (PM) configuration at H = 1.2 kOe. This re-
sult indicates that the ANE contamination in the Pt/YIG

sample is, if any, less than 5 % of the voltage signal,
since ṼPM potentially contains both the proximity ANE
and leaked SSE voltages due to experimental errors, i.e.,
minimal inclination of the H direction. We also observed
similar behavior of Ṽ in a Pt-film/YIG-film sample on a
GGG substrate [Fig. 5(i)]. All the results shown above
confirm that the voltage signal observed in the IM con-
figuration is due almost entirely to the ISHE voltage in-
duced by the LSSE.

In conclusion, we report experiments for the exclusive
detection of the LSSE. First, we observed the LSSE in the
Au/YIG and Pt/Cu/YIG structures. Since Au and Cu
are far from the Stoner ferromagnetic instability, these
observations confirm the existence of the LSSE free from
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the ANE induced by the magnetic proximity. In the con-
ventional Pt/YIG structure, the voltage measurements
in the in-plane and perpendicularly magnetized config-
urations show that the LSSE provides a dominant con-
tribution and that the ANE contamination is negligibly
small. Whether or not proximity ferromagnetism exists
in Pt cannot be discussed based on the present results.
However, we can conclude that the observed LSSE volt-
age is at least irrelevant to the proximity ANE.
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