Spin-orbit torques

in ferromagnets and antiferromagnets
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Memory device (one possible concept)

Giant Magnetoresistance (GMR) alternative:
* magnetic tunnel
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* how to write”
e spin transter torque
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New developments - switching by SHE-spin torque
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Magnetic tunnel junctions as memory elements

ertmg information:
® spin-transfer torque

e using spin Hall eftect (SHE-torque)
® Spin-orpbit torque

reading information:
e tunnelling magnetoresistance (similar to GMR)

e anisotropic magnetoresistance (AMR)
e .. and more (tunnelling AMR)



Magnetic tunnel junctions as memory elements

writing information:

® spin-orbit torque

current-induced ‘effective mag. field’
reading information:

e anisotropic magnetoresistance (AMR)



Anisotropic magnetoresistance (AMR)

the resistance depends on magnetization direction

current current

—

== Tl
— = TT17

o] >, <L, = 177
W. Thomson, Proc. Roy. Soc. London (1857) Fe’ Ni ~ 1%
P. Wisniewski, Appl. Phys. Lett. (2007) Us As4 ~50%

A. Rushforth, Phys. Rev. Lett. (2007) GaMnAs few %




AMR: crystalline and non-crystalline components

A —
IOL/:Oav ApT/pav _
+ Cj c cos(2¢ + 40) + G e sin(26 + 40)
+Cc cos(4¢p + 40) + Cy cos(2¢ + 26)
Q . (c) 90 e
de Ranieri et al., NJP 08 "C | —H}g}
[170] =2 v
Q |
PT A y £ ;
current —~ ‘-;% 5] g
/' —) x| (d egrees
i \ | g 4
0

o1, Ro ~ [110]



Current-induced field - experiment in (Ga,Mn)As

static case
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dynamic case
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Current-induced spin-orbit torque

Edelstein effect... ... action on magnetic moments
6S = vE Phys. Rev. B 79, 094422 (2009)
. _)_ J@x — -
simplest example: Rashba-Bychkov 1" = r m x M
spin-orbit int. (Sol. st. comm. 73, 233)

in the context of s-d type Hamiltonian
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Current-induced spin-orbit torque in (Ga,Mn)As

... along history
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Current-induced spin-orbit torque
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Current-induced (non-equilibrium)
spin polarisation - In linear response
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Current-induced spin-orbit torque
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Berry-curvature type expressions...
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(Partial) summary

magnetisation switching by current-induced spin-orbit torque

multilayers - CoPt
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woHext =0, £47.5mT applied parallel to y. The pulse amplitude is set to 7.8 x 107 Acm~2 in all cases. Note that the topographic contrast in each image
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Figure 4 | Current-induced reversible magnetization switching. a, ¢
dependence of Ry, near the [010] — [100] magnetization switching for
|==40.7 mA in sample A for [||[110]. b, Ry, shows hysteresis as a function
of current for a fixed field H=6 mT applied at oy = 72°. ¢, Magnetization
switches between the [010] and [100] directions when alternating 1.0 mA
current pulses are applied. The pulses have 100 ms duration and are shown
schematically above the data curve. Ry, is measured with =10 pA.
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So far: ferromagnets

Now: antiferromagnets

example: Mn2Au (Phys. Rev. Lett. 113, 157201)
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Current-induced spin-orbit torque in antiferromagnets

switching observed difficult to discriminate
in CuMnAs from other effects (IrMn)
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Summary

current-induced spin-orbit torgues observed In
various metals

microscopic theory available

can be (potentially) used to write information

IN memory devices

works both in ferromagnets and antiferromagnets



