Magneto-Electronics

Electron Spin: Stern-Gerlach Experiment
Magnetic materials: Spin-dependent DOS
NM/FM Interface: Johnson-Silsbee Expt.

NM/FM Multilayers: Giant
Magnetoresistance (GMR)

FM/Insulator/FM: Magnetic Tunnel
Junctions
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Classical “Bar Magnet” in a Magnetic Field

(a)
No gradient=No force

gl

N

(b)

B
(o}




#

[ o Bar Tirter | audil Ja, Fovlrckicing 7

Pk | Dhegrik. Wil

-Ir:l;:__Li _jlh " 'ﬂ:.l"'": :‘," e :;ﬂ'g{{.;_q Tk

.I"Fl f-faf.;}:?h"f'w b s ﬁ e




A
Zn Frsc EIE
.-"'J. LL'-.,_
/ %
) queet ’ "
|
|
|
Ni— : =y
SPIN | SPIN |
2 — 2d band
oy - = T T 48 band
v
R Y

> D(E)



INTEGRATED DEMNSITY OF STATES | |}

INTEGRATED DEMSITY OF STATES (..

MINODARITY SFIN

1 1 nl

I ¥ 1 1

MAJOR[TY SFIN

Co

MIMORITY SFIN

| 1 1 1

MASORITY SPFIN

MINORITY SPTH

1

-10

4 6 4

ENERGY RELATIVE TD FERMI ENERGY (EV)

(a)

-8 -6 -4 -1

(b)

0

ENERGY RELATIVE TO FERMI ENERGY (EV}

210

-8 - -4

(c)

k.

0

ENERGY RELATIVE TO FERMI ENERGY (EV)

3.530

3.00

2.50

3.00

Fig. 2-8 Scheme of density of states (DOS) in transition metals (a) Ni, (b) Co and (c) Fe [10.13].

DENSITY OF STATES iISTATES /EV) |-}

CENSITY OF STATES {(STATES /EVI -]



Johnson and Silsbee, PRL 55 1790 (1985)

and PRB 37 5326 (1988)
injector de'[E:Tm
(c) b xe0 7

——

htrrumagnets\ ‘/_\_ |
115

g V.
LT ol
a— &

k Paramagnet

=

Ll Fasio Ao Ty




UNBIASED

BIASED




Johnson and Silsbee, PRL 55 1790 (1985)

and PRB 37 5326 (1988)
i 'r-l
=
o | |
= " | s .
CO -
S z |
t.
3 /
M b o

150 -100 -50 O 50 B, By, 150
Field (G)



Anisotropic Magneto-Resistance
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Figure 11.14 The origin of AMR
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Baibich et al., PRL 61

Giant Magneto-Resistance 7 (1988,
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RKKY coupling
(Ruderman-Kittel-

Kasuya-Yoshida)

Parkin et al., PRL 64 2304 (1990)
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RKKY oscillations of AR/R 1n multilayers
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Two-Current Model
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Magnetic Tunnel Junctions

barrier barrier
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Magnetoresistance = AR/R
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5 Julliere’s Formula




