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Outline

* Electronic Structure

* Diffusive and ballistic Transport
* Transport Theory

* Giant MagnetoResistance

* Tunneling MagnetoResistance
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clacironic struciura: £

Kohn-Sham equation
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* Green’s Function

(E-#)G =1 (E-H)G =1

* Dyson Equation

&
AV ef f

g° +Q°Aveffg

L=

Verf—Vers

Peter Zahn, Fachbereich Physik, Martin-Luther-Universitat Halle-Wittenberg



2 Ve
wib -

g surf — g bulk + G bulkAVg sur f

l’ lﬁq Adlayer

gad — gsurf =+ gsurfAVg ad

Peter Zahn, Fachbereich Physik, Martin-Luther-Universitat Halle-Wittenberg



Nanowire - free standing
J. Opitz et al., PRB (2002)

Nanowire (on a slab) )
V. Bellini et al., PRB (2001) :

Peter Zahn, Fachbereich Physik, Martin-Luther-Universitat Halle-Wittenberg



//// //// Defect in a
o =

Gdef = 9bulk T Y9 0ulkAVY gey

' i

Gdef = 9bulk T Y9 0ulkBDVY gey

* Self consistent potential of region of interest
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Transoort Prooeriies

Resistance Diffusive Conductance
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Scattering centers: eimpurities, vacancies N

*dislocations L T20
*interfaces, surfaces <
*disorder /
’phOﬂOﬂS > T>0
‘magnons
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Transport tneory: Bolizrnarnn equatiorn

*  One-particle distribution function

drofr | dkdfr  Ofr _ 0
dt or ' dt 9ok ot ~—

Drift Field Scattering

* Scattering term

Wl = = f) Py — (1 = fi) i Prg

* Linear response
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Linearized Bolizmann equation

to determine vector of mean free path
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I lterative solution
I Relaxation time approximation
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Neglecting spin-ilio orocesses

-
-
-
-
-
-
-
-
-
-

~
~
~
~
~
~

3d transition metals: in most cases spin-flip cross section one to two
orders smaller
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Scattering properties depend on:

— Type of impurity
— Position of impurity
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Two current rnoclel
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(Fe 30 A/Cr 12A)5

(Fe 30 A/Cr9A),

‘ B * h ’ b 2h{imgnetaioc fleléi’0 (kG)
M.N. Baibich et al., PRL 61, 2472 (1988) G. Binasch et al., PRB 39, 4828 (1989)
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Influence of rultilayer ootential: intrinsic GIVIR

Majority electrons

Minority electrons

Fermi velocity: VMin < VAP < \/ Maj
Resistance: oP < pAP
GMR: GMR > O
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Influence of Irourities: exirinsi
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Cluanturn confinernert

Propagating states

Quantum well states Interface states
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GNP Influence o
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J. Binder et al., J. Appl. Phys. 89, 7107 (2001)
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GMR: dependence on irmourity oosition
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Tunneling Magnetoresistance
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J. S. Moodera et al., PRL 74, 3273 (1995)
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A sirnole Model

Zero bias Finite bias
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Wave function matching:

[ ehT fpeTthT (g < —d/2)
P(z) = Ce™™ 4+ De™ (—a <z <a)
i (d/2 < z)

atomic units ~ = \/(VB — Ep)
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Transmission coefficient:

_ o - Akr \2
T
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expoenentially decaying or = _ _
decreasing, < Tk 3
but important for surfaces, ol
interfaces, defects = -
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A0 Initio Transoort Calculatiorn

* Conductance: Landauer Formula
* Green’s Function formulation (Baranger&Stone 1989)
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* Integrated Transmission

T = L L}L dE T(E, k)
ky — wr—er g il
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Top view Side view

Mg 226(10) A
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H.L. Meyerheim et al., PRL 80, 076102 (2001)
H.L. Meyerheim et al., PRB 65, 144433 (2002)
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Investigated Systems

|deal Interfaces:

Two FeO interfaces: symmetric

Single FeO interface: asymmetric
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Fa/MgO/Fe(100)

Minority Conductance for 4 MgQ Layers ?‘Q
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. PIAP corifiguration
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N

MR ratio ( %)
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Aoolications of AMR elernenis: VIRAM
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Tecnnololgische Anforderungen

* Temperaturstabilitat
Automobil : bis 400 °C
Back-End-Prozess: bis 250 °C

*  Winkelgenauigkeit Drehsensor: 0.01 °

* Reversibilitat der Ummagnetisierung:
MRAM Schaltzyklen > 101°
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SUrnrnery
Electronic structure

* Self-consistent treatment of structures with realistic dimensions by
Screened-KKR Green'’s function formalism

* Microscopic processes are elucidated by ab-initio transport theory
* Nanostructure tailoring by theoretical material design

GMR

* Intrinsic GMR is caused by band matching in one spin channel
* GMR ratio can be changed, even inverted by additional defects

TMR

* Electronic structure of the leads influences conductance, I(V), and
TMR

* Interface structure is decisive to tailor TMR
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SUrnrnery

* Electronic structure of the leads influences conductance, I(V), and
TMR

* Interface structure is decisive to tailor TMR

* Evolution of TMR with external bias reflects transmission of the
lead eigenstates and resonances in the limit of coherent tunneling
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