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Impact of Epitaxial Growth on Spin Current Transmission in
Antiferromagnetic Insulator NiO

We investigated the spin current transmission in epitaxial and polycrystalline NiO antiferromagnetic insulators.
Exploiting the thermo-spin effect measurement technique, we found that the epitaxial NiO exhibits non-
monotonic spin current transmission with respect to NiO layer thickness, while this behavior becomes smeared
out in the polycrystalline NiO. This difference is partly attributed to the difference in the NiO layer thickness
dependence of antiferromagnetic order between epitaxial and polycrystalline NiO, suggesting that the

improvement of antiferromagnetic order is pronounced with epitaxial growth.

Antiferromagnets possess great potential in the
field of spintronics as an alternative to ferromagnets
owing to their unique characteristics: robustness to
external magnetic field, low magnetic stray field, and
terahertz resonance. Since antiferromagnets can
achieve effective spin injection, propagation, and
conversion, their spin transport properties have been
intensively studied. NiO is one of the representative
antiferromagnetic insulators, and its spin current
transmission has been investigated. While the majority
of spin and/or magnon transport studies have focused
on polycrystalline NiO, the exploration of epitaxial NiO
remains limited. Furthermore, reported values for the
spin transmission length in epitaxial NiO films vary
widely: ranging from ~2 nm [1] to well over 100 nm [2].
Thus, more systematic investigation is indispensable
to unravel the physics behind.

This study focuses on the effect of epitaxial
growth on spin current transmission in NiO films. As
illustrated in Fig. 1(a), the thermo-spin effects that
output a heat current in Pt/NiO/Co20Fes0B2o (CoFeB)
trilayer are used as a probe of the spin current
transmission in NiO. The Pt(10 nm)/NiO(iNio)/
CoFeB(20 nm) films were deposited on MgO(111)
substrates using magnetron sputtering. By controlling
the sputtering condition, epitaxial and polycrystalline
NiO films were grown. To evaluate the spin current
transmission in NiO, we investigated iNio dependence
of the normalized temperature amplitude induced by
thermo-spin effects Aodd/E, which was detected
through the use of lock-in thermoreflectance method
[3]. We found that the tNio dependence of Aodd/E for
epitaxial NiO exhibits nonmonotonic behavior, which
becomes less remarkable in polycrystalline NiO [Fig.
1(b)]. This is clearly different from the previous studies
reporting that the dependence of spin current
transmission on tWNio exhibited a simple exponential
decay [1]. The inset of Figure 1(b) shows the coercivity
He of CoFeB layer in Pt(10 nm)/NiO(tnio)/CoFeB(3 nm)
stacks as a function of twNio. Hc drastically increases
with increasing iNio from 5 to 10 nm for epitaxial NiO,
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Fig. 1(a) Schematic of spin currenttransmission measurement
through the thermo-spin effects. (b) mNio dependence of
Aodd/E. Inset shows He as a function of iio.

suggesting that the antiferromagnetic order is
strengthened and the drastic change of Aodd/E at tNio
=10 nm for epitaxial NiO is attributed to the improved
antiferromagnetic order. These results suggest that
the spin current transmission in epitaxial NiO cannot
be explained solely within the framework of simple
magnon diffusion. Although further investigation is
required to understand the iio dependence behavior
fully, this study has provided essential insights into the
spin current transmission in the epitaxial NiO film.
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