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Study of interfacial spin transport with an antiferromagnetic Cr2O3 interlayer
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Interfacial spin transport has been studied in a YIG/Cr2O3/Pt trilayer device via the spin-pumping technique.
It is found that the linewidths and the magnitudes of the spin-pumping voltage signals suddenly decrease at
just below the Néel temperature of the Cr2O3 interlayer. A detailed analysis shows that the inner decay in
the Cr2O3 interlayer dominates the interfacial spin transport in a wide temperature range, while the interfacial
suppression of pumped spin currents occurs at a temperature slightly lower than the Néel temperature, both of
which contribute to the sudden changes of spin-pumping voltage signals around the Néel temperature. This work
carries forward the understanding of the spin transport in an antiferromagnetic system, which would serve to
inspire, as well as facilitate, further breakthroughs of the limits of spin-based devices.
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I. INTRODUCTION

Electronic spins have been considered to serve as the
carriers of information and energy in the next-generation in-
formation processing devices [1]. Therefore, the study of the
spin transport in various condensed matter systems is a funda-
mental requirement for developing spin-based devices. Here,
antiferromagnetic materials as new types spin functional ma-
terials have achieved widespread attention due to the great
potential for applications, such as memory and spin-based
logic devices [2–6]. Especially, antiferromagnetic insulators,
in which spins are carried by spin waves unaccompanied with
charge currents [7–11], have been looked at as a promising
choice for functional cores in high-performance and energy-
efficient spin-based devices [5,12]. Novel spin-related effects
have been discovered frequently in antiferromagnetic insula-
tors [13–16], in which the spin colossal magnetoresistance
as a typical effect has been reported in an antiferromagnetic
Cr2O3 interlayer [13]. However, the details of spin transport
in such nanometer-scale Cr2O3 interlayers are still unknown.

For the spin colossal magnetoresistance, Cr2O3, a uniaxial
antiferromagnet, plays a functional key role. Cr2O3 becomes
a spin conductor at high temperature [Fig. 1(a)] and suddenly
changes into a spin insulator in a narrow temperature win-
dow at just below the Néel temperature. Furthermore, this
spin conductor-insulator transition can be modulated by an
external magnetic field, which results in a more than 500%
change of spin transmission. The spin colossal magnetoresis-
tance has been attributed to the anisotropic spin transmissivity
of antiferromagnetic Cr2O3 in combination with the device
geometry. In other words, the spin transport is blocked by a
Cr2O3 interlayer when the direction of the spin polarization
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at the interface is perpendicular to the Néel vector of Cr2O3

[13]. However, it is still unknown how the spin currents are
blocked by a nanometer-scale Cr2O3 interlayer.

As shown in Figs. 1(b) and 1(c), there are two possibilities
that result in this spin-blocking effect with an antiferro-
magnetic Cr2O3 interlayer at a temperature below the Néel
temperature. One is that the spin currents can be injected
into the Cr2O3 layer but dissipated wholly due to the abrupt
decrease of the spin diffusion length [Fig. 1(b)]. Another
possibility is that the spin currents cannot be injected into the
Cr2O3 layer, which are just blocked at the yttrium iron garnet
(YIG)/Cr2O3 interface [Fig. 1(c)]. It is worth further discus-
sion to clarify this confusion in such a system, which will be
helpful for understanding the spin transport phenomena and
inspiring new applications.

II. EXPERIMENTAL

In this paper, a YIG/Cr2O3/Pt trilayer device was prepared
with the same structure as in our previous work [13]. By
using this device, spin pumping has been well studied, and
the spin conductor-insulator transition was well reproduced.
Furthermore, by analyzing the linewidths and magnitudes of
the spin-pumping voltage signals in the temperature domain,
the transport processes in the Cr2O3 interlayer were sys-
tematically discussed. The result suggests that both cases in
Figs. 1(b) and 1(c) contribute to the spin conductor-insulator
transition that occurred at around the Néel temperature.

A trilayer device is fabricated to study the spin transport via
the spin-pumping effect [17], in which an antiferromagnetic
Cr2O3 layer is sandwiched between a magnetic insulator YIG
layer and a heavy metal Pt layer [Fig. 2(a)]. The single-crystal
YIG layer was grown on a (111) Gd3Ga5O12 wafer by a
liquid phase epitaxy method. The thickness of the YIG layer
is about 3 μm, which gave us a high quality crystal [18].
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FIG. 1. The concepts of spin transport in a YIG/Cr2O3/Pt tri-
layer device. (a) Spins can transport through the paramagnetic Cr2O3

interlayer above the Néel temperature TN. Here, spins are carried
by the thermal magnons excited in the Cr2O3 interlayer. When the
temperature is lower than the Néel temperature TN, the spin transport
is blocked by the antiferromagnetic Cr2O3 interlayer due to the
dissipation inside of the Cr2O3 interlayer (b), and/or the suppression
at the YIG/Cr2O3 interface (b).

The sample was cut into a size of 1.5 mm × 3 mm. Then a
12-nm-thick Cr2O3 layer was grown on top of the YIG film
at 673 K, followed by a subsequent annealing process for
30 min at 1073 K in a pulsed laser deposition system. Finally,
a 10-nm-thick Pt layer was coated on the Cr2O3 layer by a
radio-frequency magnetron sputtering method.

Figure 2(b) shows the cross-section image of our
YIG/Cr2O3/Pt trilayer device taken by transmission electron
microscopy. It is clear that the YIG layer is of a single-crystal
structure, whose [111] direction is along the out-of-plane
direction of the sample. The Cr2O3 layer exhibits a single-
crystal-like structure, whose easy axis (the c axis) is also along
the out-of-plane direction. The interfaces of the device are
sharp and uniform. The thicknesses of the Cr2O3 and Pt layers
are 12 and 10 nm, respectively.

Spin transport was studied via the spin-pumping technique
[Fig. 2(a)] [7,13,19,20]. In our trilayer device, the YIG layer
acts as the spin generator. By applying a microwave and
an external magnetic field, ferromagnetic resonance (FMR)
is excited in the YIG layer. In this work, the frequency
of the microwave is fixed at 5 GHz. Then, spins accu-
mulate at the YIG/Cr2O3 interface, which may inject spin
currents into the Cr2O3 interlayer. If the spin currents can
transport through the Cr2O3 interlayer, then they can be
converted into measurable spin-pumping voltage signals in
the Pt layer via the inverse spin Hall effect (ISHE) [21].
Here, the Pt layer acts as the spin detector. The spin-
pumping voltage signals can be used to analyze the spin
transport phenomena in such a system with a Cr2O3 inter-
layer.

III. RESULTS AND DISCUSSION

Figure 2(c) shows a typical microwave absorption spec-
trum measured at T = 325 K. It is clear that two absorption

FIG. 2. The experimental setup and the results of the spin-
pumping measurement. (a) The schematic of the sample and
experimental setup of the spin-pumping effect. (b) A cross-
sectional transmission electron microscopy (TEM) image of the
YIG/Cr2O3/Pt trilayer device. (c) A microwave absorption spectrum
at 325 K for the YIG/Cr2O3/Pt trilayer device. (d) The external
magnetic field H dependences of the voltage signal V at vari-
ous temperatures for the YIG/Cr2O3/Pt trilayer device. (e) The
temperature dependence of the spin-pumping voltage VISHE for the
YIG/Cr2O3/Pt trilayer device. The inset shows the temperature de-
pendence of 4πMs for the YIG layer. (f) The temperature dependence
of the spin-pumping voltage VISHE for the YIG/Pt bilayer device.

peaks appeared symmetrically at HFMR ≈ ±0.111 T. Here,
HFMR refers to the magnetic field of the FMR condition for
the YIG layer. As shown in Fig. 2(d), the voltage peaks can
be found at the same magnetic field HFMR with the same
temperature. The signs of the voltage peaks were reversed by
reversing the external magnetic field, which agrees well with
the prediction of the spin-pumping effect [17]. Those voltage
peaks can be attributed to the pumped spin currents from the
YIG layer through the Cr2O3 interlayer, which are detected
via ISHE in the Pt layer. Here, we defined the heights of those
voltage peaks as the spin-pumping voltage VISHE [Fig. 2(d)].

The magnetic field H dependences of the electric volt-
age V at various temperatures are shown in Fig. 2(d). With
decreasing temperature, the positions of the voltage peaks
shift toward the low magnetic field. This can be attributed to
the changing HFMR corresponding to the increasing saturation
magnetization 4πMs of the YIG layer [22]. By using the Kit-
tel’s formula [23], 4πMs at various temperatures are estimated
and shown in the inset of Fig. 2(e). The 4πMs of the YIG layer
changes smoothly and the changing ratio is only about −0.37
mT/K in the temperature range from 230 to 350 K. At all tem-
peratures, the signs of those voltage peaks are reversed when
the applied magnetic field is reversed, further confirming that
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the voltage peaks are related to the spin-pumping effect. The
magnitude of the spin-pumping voltage VISHE decreases sud-
denly when the temperature T is lower than 296 K, and even
merges into the noise level at the temperature around 280 K.

The spin-pumping voltages VISHE at various tempera-
tures are plotted on the temperature domain [Fig. 2(e)]. The
spin-pumping voltage VISHE gradually increases toward a
maximum at around 296 K with decreasing temperature from
350 K, then decreases suddenly to the noise level in a narrow
temperature window. Here, 296 K is the Néel temperature of
the Cr2O3 interlayer [24,25]. If we consider the YIG layer as
a constant spin source, the magnitude of VISHE directly relates
to the spin transmission of the Cr2O3 interlayer in our setup.
Therefore, the result suggests that Cr2O3 is a spin conductor
at the high-temperature paramagnetic phase and becomes a
spin insulator at the low-temperature antiferromagnetic phase.
In contrast, the device without the Cr2O3 interlayer does not
show such a sudden suppression of the spin-pumping voltages
in the same temperature range [Fig. 2(f)], which agrees well
with the published results [26–28].

In the model of the spin-pumping effect [29], the “pump-
ing” of spins slows down the precession of local spins
corresponding to an enhancement of the Gilbert damping con-
stant α. Here, α is usually estimated by the linewidth Γ of the
microwave absorption spectrum as α = γ /2π f , where γ and
f are the gyromagnetic ratio of the magnetic layer and the
frequency of the applying microwave. Because the YIG layer
in our device is thicker than 3 μm and the width of the copla-
nar waveguide is about 0.5 mm, the microwave absorption
should cross the whole YIG layer, but only a thin layer close
to the interface contributes to the spin pumping in which the
Gilbert damping constant will be enhanced [30]. Therefore,
the measurable enhanced Gilbert damping constant �α from
a microwave absorption spectrum will be small, which is even
impossible to quantify due to the average effect for the thick
magnetic layer [31]. Instead, the spin-pumping voltage signals
reflect the resonance features of the pumped spins only, which
are more suitable for the spin-current estimation of a thick
magnetic layer. In this work, the Gilbert damping constant αv

was estimated from the spin-pumping voltage to analyze the
details of the spin transport phenomenon in the trilayer device
with the Cr2O3 interlayer.

From the spin-pumping model [17,29], the pumped spin
currents can be described as

j0
s = g↑↓

r γ 2h2h̄[4πMsγ +
√

(4πMs)2γ 2 + 4 f 2]

8πα2[(4πMs)2γ 2 + 4 f 2]
, (1)

g↑↓
r = 4πMsdeff

gμB
(αv − α0). (2)

Here, g, μB, h̄, and g↑↓
r are the Landé g factor, the Bohr

magneton, the reduced Planck constant, and the real part of
the spin mixing conductance. f is the frequency of the apply-
ing microwave which is fixed at 5 GHz. h is the amplitude
of the microwave magnetic field, and h2 is proportional to
the absorption power of the microwave which was carefully
maintained at various temperatures in this work. The influence
of 4πMs is neglected in the following discussion as it is calcu-
lated that 4πMs changes j0

s less than 2.6% in the temperature
range from 230 to 350 K. Therefore, j0

s can be simplified

FIG. 3. The temperature dependences of the Gilbert damping
constant αv for the YIG/Cr2O3/Pt trilayer and the YIG/Pt bilayer
devices, which are estimated from the spin-pumping voltage signals.
The dashed line is the fitted intrinsic α0 of the YIG layer.

to j0
s ∝ g↑↓

r ∝ deff (αv-α0) by removing all the physical con-
stants and the fixed experimental parameters. Here, deff refers
to the effective thickness in the YIG layer that contributes
to the spin-pumping effect, which can also be simplified as
a constant for the same magnetic layer [32]. α0 is the intrinsic
Gilbert damping constant of the YIG layer without a conjunct
layer.

In Fig. 3, the temperature dependences of αv for the
YIG/Cr2O3/Pt trilayer and the YIG/Pt bilayer devices are
shown. For the YIG/Pt bilayer device, αv increases gradually
and monotonously with decreasing temperature, which well
agrees with the trend of VISHE at the same temperature range.
This implies that the Pt layer can act as a stable spin detec-
tor and the interfacial efficiency of spin transport is almost
consistent at different temperatures. On the other hand, for
the YIG/Cr2O3/Pt trilayer device, the αv smoothly increases
first and then decreases suddenly at T < 296 K. When the
temperature is lower than 280 K, the spin-pumping voltage
signal VISHE is too small to estimate. These results suggest
that the pumped spin currents j0

s in the YIG/Cr2O3/Pt trilayer
device are suddenly suppressed at just below the Néel temper-
ature, which could be a reason for the spin conductor-insulator
transition.

The magnitude of VISHE is proportional to the intensity of
the spin currents transported through the Cr2O3 interlayer.
Considering the inner decay of spin currents in the Cr2O3 in-
terlayer, an additional factor D is added into the foundational
model [17], then the spin-pumping voltage signal VISHE can be
described as

VISHE = DRθSHEλ tanh (dPt/2λ)

(
2e

h̄

)
j0
s . (3)

Here, R, θSHE, λ, and dPt denote the internal resistance, the
spin Hall angle, the spin diffusion length, and the thickness
of the Pt layer, respectively. D is the inner decay factor of
spins in the Cr2O3 interlayer, which should be smaller than
1 as spins should always dissipate during its transport. For
a bilayer device without a Cr2O3 interlayer, we simply take
D = 1. Therefore, if we compare the YIG/Cr2O3/Pt trilayer
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FIG. 4. (a) The temperature dependence of j0
s_T/ j0

s_B. (b) The
temperature dependence of the inner decay factor D.

and the YIG/Pt bilayer devices directly, VISHE and the Gilbert
damping constant can be related as

VISHE_T

VISHE_B
= D j0

s_T

j0
s_B

= D(αv_T − α0)

αv_B − α0
. (4)

Here, subscripts T and B refer to YIG/Cr2O3/Pt trilayer and
YIG/Pt bilayer devices, respectively. By Eq. (4), j0

s_T/ j0
s_B and

D can be estimated from VISHE and αv for the YIG/Cr2O3/Pt
and the Cr2O3/Pt bilayer devices, whose temperatures are
shown in Fig. 4. Here, α0 was taken from our experience,
which is shown as the dashed line in Fig. 3.

At temperatures higher than 296 K, j0
s_T/ j0

s_B is almost
constant. It suggests that the pumped spin currents j0

s operate
with a similar temperature dependence in the two devices.
The difference between j0

s_T and j0
s_B can be attributed to

the different mixing conductance due to the different inter-
facial conditions. In contrast, the inner decay factor D of
the Cr2O3 interlayer increases significantly with decreasing
temperature, which dominates the spin transport efficiency
in the trilayer device at the high-temperature paramagnetic
phase. This further evidences that the main carriers of spins
in such an antiferromagnetic system as Cr2O3 are thermal
magnons, which continuously evolve into thermal spin fluc-

tuations above the Néel temperature to reduce the transport
efficiency of spin at high temperatures. In other words, spin
currents in the Cr2O3 layer will decay significantly with in-
creasing temperature in the paramagnetic phase due to the
evolution of thermal magnons [7,33].

When the temperature is lower than 296 K, the inner decay
factor D decreases rapidly within a very narrow temperature
window. The sudden suppression can be attributed to the shut-
down of the spin transport channel due to the orthogonality
of the Néel vector and the spin polarization direction, which
has been predicted in our previous work [13]. The anisotropic
dispersion of magnons in such a uniaxial antiferromagnet
should be the main reason for this sudden change of the inner
decay factor D. Surprisingly, at a slightly lower temperature,
j0
s_T/ j0

s_B also decreases with decreasing temperature, which
implies that the pumped spin currents j0

s_T are also suppressed
at the interface around the Néel temperature. This suppression
can be attributed to the change of spin mixing conductances
of the YIG/Cr2O3 interface [17,29]. The change of the inter-
facial interaction between the magnetic moments of YIG and
Cr2O3 should be the main reason that the pumped spin cur-
rents are quite different at both sides of the Néel temperature.
It is also this interaction between YIG and Cr2O3 magnetic
moments that makes antiferromagnetic order at the interface
build up at a slightly lower temperature than the bulk part of
the Cr2O3 layer. Thus, the interfacial suppression of pumped
spin currents occurs at a temperature slightly lower than the
Néel temperature.

IV. SUMMARY

In the framework of the spin-pumping technique, the spin
transport phenomena with an additional Cr2O3 interlayer were
studied systematically by a comparison with a YIG/Pt bilayer
device. It is found that the inner decay of spins in the Cr2O3 in-
terlayer is the dominant factor for the spin transport in a wide
temperature range. The interfacial suppression of pumped
spin currents also contributes to the spin conductor-insulator
transition at temperatures lower than the Néel temperature.
Our results promote the understanding of spin transport at
an interface with an antiferromagnetic interlayer, which will
broaden our horizon for applying antiferromagnetic systems
in spin-based devices.
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