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The problem of sclving the Schridinger equation in a periodic lattice {s studied from the point of view
of the variation-iteration method. This approach leads to a very compact scheme if the potential Vir) is . - T
spherically symmetrical within the inscribed spheres of the atomic polyhedra and constant in the space . lTrl. L Utl fh) C
between them. The band structure of the lattice Is then determined hy (1) geometrical structure constants,
characteristic of the type cf lattice and (2) the Jogarithmic derivatives, at the surface of the inscribed sphere,
of the s, p, d, . . . functions corresponding to V {#). By far the greater part cf the labor is involved in the 1t Lo & ¢ ‘G'V ‘.dv ;“3 s . E (l )

calculation of (1}, which needs to be done anly once for each type of lattice; (2) can be obtained by nurmerical

integration or directly from the atomic spectra. Although derived ircm a different point of view, this scheme

furns out to be essentially equivalent to one proposed by Korringa on the basis of the theory of lattice -
interfercnces. The present paper also contains an application to the conducticn hand of metallic lithium. 3 ) bL - .t.. » N > N .
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Resolvents:

e G(2) = (z-H)* resolvent: analytic in the
complex plane with exception of the poles on
the real axis; Green‘s functions: e.g.,
<r|G(z)|r*> are representations of G(z)

* H : non-relativistic or relativistic (Dirac)
e G(z) and H have the same symmetry

 physical properties can be formulated as
mappings of G(z)



Lippmann-Schwinger equation

G(z) = Go(2)[1+VG(2)]

G,(z): structure constants, VV = const.,
»Screened KKR*, semi-infinite systems
G,(z): semi-infinite system, V = set of ,,impurity“
potentials: ,,embedded cluster method®,
nanostructures



Configurational averages

<G(Z)>conf = CA <G(Z)>A T CB <G(Z)>B

<G(z)>4 : partial average

c. can be inhomogeneous (layered systems)

Coherent Potential Approximation (CPA)



Contour Integrations

Im(z)

Ey \ \ E- Re(z)

eigen values



Magnetic multilayers

electrode
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multilayer N(d, A/dg B)
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Electric transport

CIP: ,,current-in-plane*

CPP: ,,current-perpendicular to the planes of atoms
GMR: giant magnetoresistance

TMR: tunneling magnetoresistance

s



Magnetic configurations

P: parallel (,,ferromagnetic®)
AP: antiparallel (,,antiferromagnetic*)




Suppose that in the Knbo-Greenwood eqnation the corrent
operator can be approximated by a constant,

o~y (InGHer)InGH(er)) ~nier) , (D

which in tarn implies that the sheet recistance can be written
approximately as

F=Lo '=In e} . @
Forthermore, suppose the density of states is calculated for
complex Fermi energics, £y = €x + i,
F(6) = Lo = Lo~ (er +i6)
then from the propertics of the density of states,

d[n(ex + 18)) :{}0; “non-metallic®
dd < (; “metallic™

follows immediately

Physical meaning
of complex Fermi
energies |




dF(s)] { > 0; “metallic”

d§ ~ | <0; “non-metallic® &

The functional form of the actually calculated sheet resis-
tance with respect to the imaginary part of the Fermi energy
can therefore be used to qualitatively interprete the underly-
ing type of conducdance

d[r(C;56)] _ [ >0; “metallic” ©
ds | < 0; “pon-metallic™
The last equation means inter alia that in the case of a nega-
tive slope of the sheet resistance with respect to § “tunneling™
might occur.

The parameter § obviously acts like &2 (small) constant
selfenergy: in the regime of metallic conducdance an in-
crease of the sclfenergy implies an increased resistivity (sheet
resistance); in the non-metallic regime an increase of & re-
duces the resistance, the system becomes more metallic.

Physical meaning
of complex Fermi
energies Il




Fe/Au/Fe/Au Multilayer

12
—O—p(H_.T): —0O— parallel conf.

Resistivities
& GMR In
magnetic
e s multilayers

GMR: (AP-P)/AP [%]

T T T T T T T T T T T T
0 50 100 150 200 250 300 000 005 010 015 020

T [K] interdiffusion concentration

Experiment Theory




AMR

In Permalloy




Magnetic domains

1807 domains




CIP-AMR in permalloy domain walls

1809 domain wall ‘ 90° domain wall
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{107 emu)

S Magnetic pinning

Fig. 1. Hystercsis loop, mil}, of a FeFy/Fe bilayerat 7T = 10K

AFM/FM systems:

after fiedd cooling [72]. The cxct bias, Hg, and the coerciv-
ity, He, are mdicated in the figure.

Co(111)/Co/(C00),/Co,/Cu,/Co/Co(111)
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collinear magnetic collinear magnetic
configuration configuration

Exchange bias for
GMR-devices:

0<E<E,.:R(E)=0
B Ebias: R(E) >0

E: interlayer exchange energy

CoO/Co:
E.i.(exp.) <9.5kO
E.i. (theor.) = 6 kO




Nanostructures




Magnetic anisotropy of nanostructures

Fe /Cu(100) Fe /Cu(111)
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Electric properties of nanostructures
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Time-dependent DFT-1
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Time-dependent DFT-2

‘ The famous WK-guacamole
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