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Background of spin transfer driven by heat flow

® Theoretical prediction of spin-transfer torque driven by heat flow through an
all-metallic multilayer: M. Hatami, G. E. W. Bauer, Q. Zhang, and P. J. Kelly, Phys. Rev.

Lett. 99, 066603 (2007).
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@® Observation of magnetic-field switching assisted by heat flow in an all-metallic
multilayer: H. Yu, S. Granville, D. P. Yu, and J. P. Ansermet, Phys. Rev. Lett. 104,
146601 (2010).
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Physics of thermagnonic spin transfer
Phys. Rev. B 82, 054403 (2010)
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Quantum torque yield

Define a numerical quantum yield ¢ of current-driven spin-transfer torque by
the output-to-input ratio

| transferred spin momentum  spent electric charge

for sin® = 7/2. For a magnetic tunnel junction (MTJ), it < 1/2.
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Quantum yield permitted by ferrite/noble-metal interface

Assume the presence of an octahedral-site magnetic monolayer with 3d spins
S; at the ferrite/noble-metal interface.
Spin operator is 7iS; (j = 1,2,..N ),

Effective molecular-field exchange energy is -F(T) - S;.
The system includes the magnetic monolayer and conduction electrons of the
noble-metal film. The hamiltonian is

N
H = —E . ijl Sj—(éd/n) ZiJ S; - Sj + Z?:] (plz/Zme)

The transition Am; = £1 in the magnetic energy —Fm;
(mj = =S,-S+1,...5) of the j-th interfacial atomic moment determines
the inherent quantum yield. This inherent yield amounts to

g, = |eVIFl= 102V
inh

Thus the interface permits a large inherent yield.


John Slonczewski
Line

John Slonczewski
Line

John Slonczewski
Line

John Slonczewski
Text Box
V


Useful quantum yield

But alas, in practice the inherent yield &, = €lVVF is not available. The

interfacial heat flow via phonons (Kapitza) exceeds that via magnons. The usefu/
quantum yield is reduced in proportion to the respective interfacial thermal
conductances:

_ -1 _ -1 —1y-1
£4s = VAL +(G JGTT, G = (Gi+ G

N
Define the thermal s-electron spin moment: o = <Zi : s,->

Bloch-type dynamic equation (Hasegawa, 1959):

&+x<; sj>xa_ Ve <; sj> - <z]: sj>equ” ~v.o

The d-to-s spin-relaxation rate (Korringa) is
_ 2
Vis = (n/h)(Jsdp) kBT,



John Slonczewski
Line

John Slonczewski
Line


interface: MnFe,O,|Mn|Me
Cu

1]
FeX'3d®, s=5/2)

| Mn!*@s3ds, $=5/2)



John Slonczewski
Text Box
2

John Slonczewski
Text Box
4


Electron Structure of Mn

known known plausibly inferred
in ionic ferrite | impurity in metal in intferface
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Summary and discussion
@ For thermagnonic spin transfer one must make two replacements:
pinned magnet: metallic = ferrimagnetic
driving flow: electricity = heat
® In-plane torque for thermagnonic spin transfer:

== V/ :
Tfmg gush| /e|(mref 8 mfm) xm (gus < V)
® Thermagnonic spin transfer may provide a significant increase of available torque in nano

devices: &5 > &y

® One disadvantage for MRAM and storage devices is that the torque does not reverse with
the sign of the driving current.

@® A time delay (perhaps 1 ns per nm of ferrite thickness) needs investigation.
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