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Chirality of magnons is an intrinsic degree of
freedom that characterizes the handedness of
spin precession around its equilibrium direction.
This commentary summarizes recent progress
on spin pumping by ferromagnetic resonance in
magnetic heterostructures. In particular, the
commentary highlights one fundamental issue
in spin pumping: the chirality dependence of the
spin current.

Chirality (or handedness) is an important concept that distinguishes a
system from its mirror images. Magnons in ferromagnetic materials,
the bosonic quasiparticles of collective spin excitations, have the
unique character that only right-handed chirality exists in the spin
precession around its equilibrium axis. Such right-handed spin pre-
cession could pump a pure spin current and create an electric voltage
in neighboring layers, thus opening new opportunities for spintronics
development'. Right-handed spin pumping has been successfully
described by a phenomenological spin-damping term that the damped
angular momentum of the spin precession converts into a spin
current’. Nonetheless, the role of spin-precession chirality in spin
pumping remains a fundamental issue. Specifically, it is unclear whe-
ther the right-handed and left-handed spin precessions pump the same
spin current. Since nature selects only right-handed spin precession in
ferromagnets, it is an experimental challenge to address this funda-
mental issue by investigating spin pumping from right-handed and
left-handed spin precessions independently. Specifically, the experi-
ment needs to answer if opposite chiralities of the spin precession
should pump opposite spin polarizations of the spin current?

Spin current from spin pumping

Akin to electric current, which is a flow of charge, spin current is a flow
of spin that delivers angular momentum in space. Pure spin current,
which consists of only the flow of spin without the flow of charge,
mostly comes from the so-called spin pumping where the precession
of a magnetic moment pumps a spin current into a neighboring layer
due to the extra damping of Aam x dm/dt, where m is the magnetic
moment and a is the damping coefficient. Although the spin current
described by the damping term is a time-dependent ac quantity®™, its
time average (i x dri/dt) or DC component reflects the net change of
the spin due to precession. This can be detected via the inverse spin
Hall effect (ISHE), where the spin current is converted to a DC voltage.
Since the handedness of the spin procession is lost after time aver-
aging, it is of fundamental interest to ask if a left-handed spin pre-
cession should pump the same spin current as a right-handed spin
precession.

Spin current in an antiferromagnetic insulator

In ferromagnets, only right-handed spin precession exists. In anti-
ferromagnets (AFMs), however, the two antiferromagnetically cou-
pled spins should precess around their equilibrium directions with
opposite handedness (Fig. 1). As sketched in Fig. 1, the precessions of
two magnetic sublattices (m; and my) in an AFM around their equi-
librium directions always have opposite chirality in either of the two
degenerate eigenmodes of magnons. For instance, the right-handed
precession of m; around the +z direction is accompanied by the left-
handed precession of m, around the -z direction. Recently, it was
proposed that AFMs should be an effective spin current mediator
because the spin currents carried by the precessions of two magnetic
sublattices should be added together rather than be subtracted from
each other®. This result raises the fundamental question of whether
opposite chiralities of spin precessions should pump the same or
opposite angular momentum of the spin current. In an AFM, it is
impossible to separate the spin pumping signals from m; and m,
precessions because of their coexistence, thus prohibiting the
investigation of spin pumping from an isolated left-handed preces-
sion. Consequently, theorists have no choice but to accept the
hypothesis that the damping term of mxdm/dt is valid for both
right-handed and left-handed spin pumpings®. The angular momen-
tums carried by m; and m, precessions are both described by the
same damping term for spin current transmission in AFM
insulators”®. To address this fundamental issue, it is critical to realize
anisolated left-handed spin precession and to study its spin pumping
in an experiment.

Chirality-dependent spin pumping

One recent experiment designed a cleaver method in which spin
pumping from Py into Pt layers by left-handed and right-handed Py
magnetic precessions were realized independently’. In an artificial
ferrimagnet of Py/Gd/Py/Gd/Py/Pt multilayer in which the Py and Gd
are antiferromagnetically coupled, the net magnetization always
precesses around a magnetic field with right-handed chirality, the
same as the magnetization precession in a ferromagnet. Because the
temperature-dependent Gd magnetization (Mgq) is stronger than the
Py magnetization (Mp,), there exists a transition from the Gd-aligned
phase (IMpy|<|Mgq4l) at low temperatures to the Py-aligned phase
(IMpy| > [Mgg4l) at high temperatures. Then the Mp, precession should
have a right-handed chirality in the Py-aligned phase (Fig. 2a) and a
left-handed chirality in the Gd-aligned phase (Fig. 2b). The left-
handed Mp, precession does not exist in conventional ferromagnets
because it is generated by its antiferromagnetic coupling to the right-
handed Mgq4 precession. Spin pumping by the right-handed and left-
handed Mp, precessions could be realized at the Py/Pt interface and
detected by the dc voltages via the ISHE. Therefore, spin pumping by
isolated left-handed Mp, precession can be explored and compared
to the result of right-handed Mp, precession without changing other
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Fig. 1| Schematic of the two eigenmodes of antiferromagnetic magnons in an
easy-axis antiferromagnet. For both eigenmodes, the precessions of m; and m,
have opposite chiralities around their equilibrium directions. Right-handed (left-
handed) chirality is depicted in red (green).
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Fig. 2 | Schematic of chirality-dependent spin pumping from Py into Pt layers.
The spin current injected into the Pt layer is generated by a right-handed Mp,
precession in the Py-aligned phase (IMpy| > [Mc4l), and by b left-handed Mp, pre-
cession in the Gd-aligned phase ([Mpy| < [Mggl). The numbers in parentheses are
thicknesses in the unit of nanometers.

parameters. As the main result of the experiment, Liu et al. demon-
strated unambiguously that opposite chiralities pump opposite spin
polarizations of the spin current. That is, the right-handed and left-
handed Mp, precessions around the same axis produce opposite
signs of the dc voltage via the ISHE. In addition, two different reso-
nance modes were observed in this artificial ferrimagnet, corre-
sponding to ferromagnetic antiferromagnetic excitations. Their work
establishes the relationship between spin precession chirality and
the electrical readout of spin pumping, demonstrating chirality as an
independent degree of freedom and an information carrier in future
spintronic devices.

Z. Q. Qiu'
Department of Physics, University of California at Berkeley, Berkeley, CA
94720, USA.

e-mail: giu@berkeley.edu

Received: 4 May 2022; Accepted: 26 August 2022;
Published online: 05 September 2022

References

1. Saitoh, E., Ueda, M. & Miyajima, H. Conversion of spin current into charge current at room
temperature: Inverse spin-Hall effect. Appl. Phys. Lett. 88, 182509 (2006).

2. Tserkovnyak, Y., Brataas, A. & Bauer, G. E. Enhanced Gilbert damping in thin ferromagnetic
films. Phys. Rev. Lett. 88, 117601 (2002).

3. Jiao, H. & Bauer, G. E. W. Spin backflow and ac voltage generation by spin pumping and the
Inverse Spin Hall Effect. Phys. Rev. Lett. 110, 217602 (2013).

4. Wei,D. et al. Spin Hall voltages from a.c. and d.c. spin currents. Nat. Commun. 5, 3768 (2014).

5. Li, J. etal. Direct detection of pure ac spin current by X-ray pump-probe measurements. Phys.
Rev. Lett. 117, 076602 (2016).

6. Cheng, R., Xiao, J., Niu, Q. & Brataas, A. Spin pumping and spin-transfer torques in Anti-
ferromagnets. Phys. Rev. Lett. 113, 057601 (2014).

7. Khymyn, R. et al. Transformation of spin current by antiferromagnetic insulators. Phys. Rev. B
93, 224421 (2016).

8. Han, J. et al. Birefringence-like spin transport via linearly polarized antiferromagnetic mag-
nons. Nat. Nanotechnol. 15, 563-568 (2020).

9. Liy, Y. etal. Switching magnon chirality in artificial ferrimagnet. Nat. Commun. 13,1264 (2022).

Acknowledgements

Z.Q. acknowledge the support of his research by US Department of
Energy, Office of Science, Office of Basic Energy Sciences, Materials
Sciences and Engineering Division under Contract No. DE-ACO2-
05CH11231 (van der Waals heterostructures program, KCWF16).

Competing interests
The author declares no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Z.
Q. Qiu.

Peer review information Nature Communications thanks the other,
anonymous, reviewer(s) for their contribution to the peer review of
this work.

Reprints and permission information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2022

nature communications

(2022)13:5229 | 2


mailto:qiu@berkeley.edu
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Chirality dependence of spin current in spin pumping
	Spin current from spin pumping
	Spin current in an antiferromagnetic insulator
	Chirality-dependent spin pumping
	References
	Acknowledgements
	Competing interests
	Additional information




