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A ten year old collaboration (1996 — 2006)
and battle about:

* where Is the spin ?
e what is spin polarization ?

This is the only classical spin | will show in the

following!
But first on what we agreed. Actually a lot!
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ABSTRACT

The resistivity and giant magnetoresistance (GMR) of (Cu3Nis ), embedded in
Cu(100), for n < 11, that originates from the electronic structure of these finite,
vet otherwise perfect, systems is calculated for currents in the plane of the layers
(CIP) by using the Kubo-Greenwood formula for semi-infinite systems and the
fully relativistic, spin-polarized screened Korringa-Kohn-Rostoker method. We
find that for this particular type of repeated structure the CIP resistivity decreases
from about 6 to 2 1K) cm as the number of repeats increases from 2 to 11, and the
CIP-GMR while starting out at 4% for n= 2 goes up to 16% at n= 11.
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Abstract. The functional dependence of the giant magnetoresistance (GMR) with respect to the relative
angle between the orientations of the magnetization in the magnetic slabs of a trilayer system is calculated
by using the Kubo-Greenwood formula for electrical transport together with the fully-relativistic spin-
polarized screened Korringa-Kohn-Rostoker method for semi-infinite systems and the coherent potential
approximation. It is found that the functional dependence of the GMR is essentially of the form (1—cos ).

PACS. 71.20.Be Transition metals and alloys — 72.15-v Electronic conduction in metals and alloys —
75.30.Et Exchange and superexchange interactions
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Ab initio calculations of magnetotransport for magnetic multilayers
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(Received 8 February 1999)

We have used the spin-polarized relativistic screened Korringa-Kohn-Rostoker method for layered systems
together with the Kubo-Greenwood formalism and the coherent-potential approximation to describe electrical
transport properties of magnetic multilayers. We are able to calculate resistivities and magnetoresistance of
model structures with no adjustable parameters by simultanecusly determining contributions to the giant

magnetoresistance of multilayers coming from both the electrome structure and spin-dependent scattering off
impurities. [S0163-1829(99)05125-5]
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Flectrical transport properties of bulk Ni.Fe; . alloys and related spin-valve systems
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(Received 31 Tuly 2000, revised manuscript received 19 December 2000; published 18 May 2001)

Within the Kubo-Greenwood formalism we use the fully relativistic, spin-polarized, screened Korringa-
Kohn-Rostoker method together with the coherent-potential approximation for layered systems to calculate the
resistivity for the permalloy series Ni Fe,_.. We are able to reproduce the variation of the resistivity across
the entire series; notably the discontinuous behavior in the vicinity of the structural phase transition from bec
to foe. The absolute values for the resistivity are within a factor of 2 of the experimental data. Also the giant
magnetoresistance of a series of permalloy-based spin-valve structures is estimated; we are able to reproduce
the trends observed on prototypical spin-valve structures.

DOL: 10.1103/PhysRevB.63.224408 PACS number(s): 75.30.Gw, 75.70.Ak, 75.70.Cn
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The current-in-plane resistivities and corresponding magnetoresistance ratios are calculated for realistic
Co/Cw/Co-based spin-valve samples by applying the Kubo-Greenwood approach together with the filly rela-
tivistic, spin-polarized, screened Korringa-Kohn-Rostoker method for layered structures. We study the effects
of both alloying in the spacer layers with a selection of 3d, 44, and 54 elements as well as different profiles
for interdiffusion at the Co/Cu interfaces. On comparing our results to available experimental data we find that
both interdiffusion and confinement effects, due to the finite overall thickness of the spin valve, strongly
influence the magnetoresistance of spin-valve structures.

DOIL 10.1103/PhysRevB.65.134427 PACS number(s): 75.30.—m, 75.70.Ak, 75.70.Cn
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Ab initio description of domain walls in Permalloy: Energy of formation and resistivities

S. Gallego."* P. Weinberger,! L. Szunyogh,'~* P. M. Levy.* and C. Sommers’
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Laboratoire de Physique des Solides, Université de Paris-Sud, 91405 Orsay Cedex, France
(Received 18 March 2003; revised manuscript received 22 May 2003; published 7 August 2003)

To determine the formation energy and resistivity for domain walls in permalloy (fee-Nigslie;s) we use the
fully relativistic spin-polarized screened Korringa-Kohn-Rostoker method for lavered systems and the corre-
sponding Kubo-Greenwood equation in the context of the (inhomogeneous) coherent potential approximation.
We find that the difference in formation energy between 90 and 180° domains becomes very small if the
domain wall width increases. Furthermore, we show that regardless of the configuration within a domain wall
the in-plane components of the resistivity are larger than in a single domain and. in particular, that the
anisotropic magnetoresistance ratio within the domain wall vanishes.

DOI: 10.1103/PhysRevB.68.054406 PACS number(s): 75.30.Hx. 73.22.—f, 75.30.Gw




Qur everlasting topic:

Spins, spin-polarization & currents

or (at least at present):

An ab-initio theory of current-induced
switching
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Non-relativistic phenomenological set of

Landau-Lifshitz & transport equations
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: "spin” current density
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internal exchange field

- external electric field
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charge transport coefficients

. "spin” transport coefficients

tensorial product




This I1s not from
Mainmonides‘ famous
Guide for the Perplexed
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ayp (r,t)

ih
ih ey

Hp = cév. [ﬁ— eA(F t)} +Bm.E eV (71)

vector potential
scalar potential
speed of light
electron charge
electron mass

=~ momentum Time-dependent
| Dirac
eguation




Fully relativistic coupled Landau-Lifshitz &
transport equations for a single particle
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Some definitions:

(a®T) =

axly a.Ty a7,
oyl ayTy a7,

a. T a7y a7,

¢(r, 1)
x(x,1)

w(r 1) = (rly()) = (

(X0 = 51— - (r.1)




Bispinor representation‘

Fully relativistic Landau-
Lifshitz equation

= [rﬁﬂﬁ t) + 1ma(F 1) +

! ?ﬁg(ﬁt)] +cV- (J“)(ﬁ t) + 1 J(Q)(*F:t))

MeC




LL-equation
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Omitting all terms of the order of ¢~2

d
dt
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Fully relativistic transport equation




Schematic Landau-Lifshitz &
transport equations

Effective field



Effective field:
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Twisting energy & Kubo equation

Twisting energy:

AE(O;x,m) = E(©;x,m)—min[E(O;x,m)]

E(©;x,m) grand potential
m number of spacer layers

X vector of concentrations in case
of inhomogeneous alloying

Expansion:

k
AE®(0;x,m) = qu(xa m) (cos(©))"

s=0

G-J"'.” -

Spacer

current

[
?Tx“\'rrri Lat

Tr {JIII mG™ (ep)J ImG™ (e p]}

€1z, Y, 2}

number of atoms

atomic volume

representation of the u-th component
of the current operator

(one-particle) Green’s function
Fermi energy




Mapping on a classic Ohms law

Current

_:..
dn

\/ AJAE(O: x, m) -

7(0; x, m)r(0;x,m)

= — N X H"*'r-r[}-:.m"_l

1(6;x,m) = Fam X (F x H (x, m])

Ry €z + Ny &y + 13 €

- \/<T ((§A£> m)) [U((—)X’m)

n

onentation of the magnetization 1n the

Ay unit are.a.-".
7(0;x,m) (minithal) switching time
1p(O;x,m) reduced current

H ! (x,m) internal effective field
€y €y, M. €, UNIt Vectors

e Landau-Lifshitz-Gilbert equation for
layered systems




Cu/Py_,/Cu,,/Py,/Cu

m>=>>n

‘ final state ‘

‘ ground state ‘ -

Reduced current:

0 . /.
Mapping on a classical f

Ohms Law
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Expansion coefficients & switching times
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1|8 | 2|0 | 2|2 | 2|4 | 2|6 | 2|8 | 3[0
m, number of spacer layers

m, number of spacer layers




Resume

Sorry, there is still no trace of a classical spin

If we speak about ,spin polarization®, hopefully
we now agree on what is meant with this term

,Spin torque” does have a quantum mechanical
counterpart, even in a non-relativistic description

| think, It IS about time for another Pastrami
sandwich at Katz!



So then:

.. tll 120

(or integer
multiples
thereof)

New York, February 18, 2003



