Spin-orbit torques and magnetic skyrmions in ultrathin magnetic
films
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The effect of structural inversion asymmetry (SBX) the magnetic and electronic transport
properties at interfaces of low dimensional magngéhins is currently attracting a growing
attention. In the presence of spin-orbit coupli8§A leads to an additional term in the
exchange interaction, namely the Dzyaloshinskii-lyeiinteraction (DMI) which tends to
make the magnetization rotate around a local ckeniatic vector D. This can destabilize the
uniformly magnetized states leading to novel chinalgnetic orders, such as spin spirals [1],
or magnetic skyrmion lattice [2]. Novel out-of-elijoiium transport phenomena have also
been demonstrated, such as current induced spintorgues (SOT) induced by the Rashba
spin-orbit coupling and/or the spin Hall effectadéng to current induced magnetization
reversal [3]. This effect results from the transtdrthe lattice orbital momentum to the
magnetization via the spin-orbit coupling when atilgg current. We have recently shown
that SOTs can lead to very fast current induced alonwall motion [4], as well as
magnetization switching of ultrathin Pt/Co/AlOx memagnet [5]. From an application point
of view, the manipulation of magnetization by SOiés led to a novel concept of magnetic
RAM memory, the SOT-MRAM, which combines non vdigtj high speed, reliability and
large endurance. These features make the SOT-MRAjdod candidate to replace SRAM
for non-volatile cache memory application.

In this talk, 1 will show how the structural invésa asymmetry and high spin orbit coupling
in ultrathin heavy metal/ferromagnetic films can lbsed to manipulate and tailor
magnetization at the nanoscale. | will show that ¢tbmbination of large SOT and DMI in
such multilayers can lead to deterministic sub-regymetization switching in Pt/Co/AlOx
multilayers using SOT [6]. In a more technologiapproach, we have recently demonstrated
a functional perpendicular SOT-MRAM memory cell quvsed of a three terminal magnetic
tunnel junction, where the magnetic bit is written SOT and its magnetic state read using
the tunnelling magnetoresistive signal [7]. Subsmstching deterministic switching can be
obtained in this device which is promising for povedficient non-volatile cache memory
application.



A large Dzyaloshinskii-Moryia interaction is alsxpected to lead to nm scale chiral
magnetic objects, named magnetic skyrmions, whigh be manipulated efficiently by
current [8]. This has led to novel memory and laggwice concepts, where skyrmions are the
information carriers. Skyrmion structures has beleserved so far at low temperature and in
the presence of large external magnetic fieldscliprevents any applications. Here | will
show that magnetic skyrmions can be stabilized catmr temperature without external
magnetic field in ultrathin Pt/Co/MgO multilayer m@structures. Their chiral structure is
revealed using high resolution XMCD-PEEM magneati@ging and can be explained by the
large DM in this film.
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