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Spin orbit torques at the Ni-Pt interface

Refs. 1,2,3

Marco Di Gennaro (ULg) 23/12/2013 1 / 5



Spin dynamics (LLG): Ṁ = −γM×Heff + αM× Ṁ

Spin Transfer Torque (STT): how Q influences magnetisation

Ṁ = LLG+ ṀSST

Q = v ⊗ s
Torque: Nst = −

∫
vol d

3r∇ ·Q

Toy model: ṀSST ∝ −Nst = −Ax̂ · (Qin + Qrefl + Qtrans)

Refs. 3,6
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What happens with SOC?? (Cu→Pt)

I time reversal symmetry
I inversion symmetry
I what happens at the interface?

I Rashba: (∇V × ~p) · ~σ
I Spin Hall Effect: σ × Ic ⇒


In plane HSOT

Out of plane ṀSOT

STT → SOT

Ṁ = LLG+ ṀSST − γM×HSOC + ṀSOT

Ref. 7
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Micromagnetism: length scales matters!!

Heff = Hext︸︷︷︸
external
applied

+ . . .︸︷︷︸
magneto−
crystalline
anisotropy

+ . . .︸︷︷︸
micro−

maganetic
exchange

+ . . .︸︷︷︸
magneto−

static
filed

+ HSOC

Interface properties: Tigth binding and ab-initio:
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“To do” list
1. Influence of the HM on XC field

I MCA
I AHE density matrix

2. Spin torque calculations
I Spin Spiral
I Dzyaloshinskii-Moriya

interaction

3. Test other HM (eg. Ta)
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