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1. Background - experiment

2.  A Domain wall in the Stoner model

3. Torque transfer and emf’s

4. Relaxation - Gilbert - 2nd law of thermo

5. Critical currents

6. Spintronic devices



Domain structure in Fe:

L. Thomas et al., Appl. Phys. Lett. 76, 766 (2000).

c.f., P. Weiss: J. Phys. 6, 661 (1907),

       H. Barkhausen: Phys. Z. 20, 401 (1919),

       K. Honda & S. Kaya: Sci. Repts. Tohoku Imp. Univ. 15, 721 (1926),

       F. Bloch: Z. Phys. 74, 295 (1932),

       F. Bitter: Phys. Rev. 38, 1903; 41, 507 (1932).



B ~ rr

dL/dt ~ r2

M ~ r2

Why torque transfer?
The IBM 2361 Core Storage

Module housed 16K bytes of

core memory.

The IBM 2361 Core Storage Unit was introduced in April 1964 and built

by IBM's Poughkeepsie, N.Y., manufacturing facilities with 16 times the

capacity of any previous IBM memory. In each 2361, almost 20 million

ferrite cores -- tiny doughnut-shaped objects, each about the size of a

pinhead -- were strung in two-wire networks and packaged, with

associated circuitry, into a cabinet only five by 2 ! feet and less than six

feet tall. The 2361's design provided for storage of 524,000 36-bit words

and a total cycle time of eight microseconds in each memory.



What is a ferromagnet ?

Cu Fe,Co,Ni La1-xSrxMnO3
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Current-driven domain wall motion

(tail-to-tail domain wall) 

Tail-to-tail DW also moves opposite to current direction.

No effect of Oersted field.
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ferromagnet

Conduction electron polarisation p

Polarisation of charge current:
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A domain wall :



The Stoner model:



A domain wall :



The rotating frame :



Schrodinger’s equation in the rotating frame:



Wow - a non-abelian gauge theory!



Solve no wall Schrodinger’s :



Electronic structure :

Fe,Co,Ni

E



Laboratory frame :



Berry’s phase :



Spin Berry’s phase :



Spin Berry’s phase :



Another vector potential



Faraday’s Law (maybe) :



“Motional emf” :



Electromotive force due to DW

Domain wall

Magnetic energy stored in Domain wall

Electromotive force



“Motional emf” :



Spin

battery



Measure voltage :



Saitoh











Questions :

1. Where does the energy come from?

2. And want about the conservation of

angular momentum



Schrodinger’s equation in the rotating frame:



Beyond simple Stoner

Conservation 



The wall position :





Domain wall motion
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Recoil effect



Summary so far :



Noether’s Theorem

Boring plain old electronics:

 



Spintronics

0                                          

Charge current in

polarisation = p
Charge current out

Total

energy



Relaxation - Gilbert, Landau

Gilbert

Landau



No divergence

Rigid order parameter

Gilbert = Landau



Closed system with relaxation :



Closed system with relaxation :



Equations of

motion :

No relaxation :



Initial motion

“turning on”

relaxation :



Spin current divergence

Charge current in

polarisation = p
Charge current out

spin direction changes

Charge current constant but finite divergence of spin current!

Particle Derivative - follows a spin

direction as wall moves



Comparison with other attempts

Zhang-Li: PRL93 127204 (cond-mat/0407174)

Thiaville et al.: Eurphys.Lett.69_990 (cond-mat/0407628)

Nothing but the modified Gilbert term!

(here ! as a phenomelogical parameter)



z
dz

Spin current in Spin current out

Usual equation Result from gauge theory



Add modified Gilbert’s

Relaxation



Moving ground state

Zero field, i.e., B=0

No intrinsic pinning, cf. last talk



Relaxation by the pinning potential



35m/s

0.0 m/s

0.0 1012A/m2 1.4 x 1012A/m2

All this destroyed by

pinning - relaxation!





The characteristic current jc and pinning 

j <jp

j >jc

jp <j <jc



Magnetic force (Pz) emf

iv) New devices:

      a) Current only read-write memory:



 b) A power amplifier:



1. Angular momentum (torque) transfer

reflects the divergence of the spin current.

2.  Energy conservation implies an emf/smf

proportional to Pz. (Berry phase Faraday’s

law.)

3. Gilbert relaxation involves dM/dt.

4. Critical currents are extrinsic reflecting !.

Conclusions :


