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Spintronics
Both charge and spin of the electrons
are utilized for new functions



Transistor count

Moor’s Law:

Microprocessor Transistor Counts 1971-2011 & Moore's Law
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22nm technology

SRAM cell size is 0.092 um?
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Regression results:

N =280

Adjusted R-squared = 0.983

Comps/kWh = exp(0.4401939 x Year - 849.1617)
Average doubling time (1946 to 2009) = 1.57 years
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New Physical Phenomena in magnetic multilayers:

Giant magnetoresistance Tunnel magnetoresistance
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Giant magnetoresistance:

Oscillatory inter-layer
coupling
+
Spin dependent scattering

R/R (H=0)
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Tunnel magnetoresistance:

Parallel (P) state
Tunnel resistnce: Ry
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Tunnel resistnce: Ry,

MR I'EItiD oo (R}E\F’ - RF’) ;.' RF'

Parallel state
Jpamlle/ o DJ\D;\ _{_DliDzi

Antiparallel state

Ja,fl/jpara]]c] o DLTDé’ + DI‘LD;

DV (EH-D(E,)

I

- BN

TMR =

AR NN E

12

R, 1+BP

Julliére, Phys. Lett.
A54 225 (1975)



Fe/MgO(001)/Fe
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- Theoretically predicted TMR ~1000
- Maximum experimentally observed value ~500

Imperfections at the interfaces are responsible for deterioration in TMR



Exchange spring magnets:

SmCos, Sm,Co,,, Nd,Fe,,B,






Magnetic anisotropy

-magneto-crystalline
-stress induced
-surface/interface
— reduced symmetry
-surface roughness



Magneto-crystalline anisotropy:
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Domain wall motion

Domain rotation



Shape anisotropy:

(B=uy(~N-M+51) )

N is demagnetizing tensor

In general, magnetization and magnetic induction are not
necessarily parallel

In thin films shape anisotropy
I dominates over magnetocrystalline
anisotropy




Stress induced anisotropy:

Magnetostriction

{ l/\t ! I EE IR
i TN



Intrinsic stresses:

F. SPAEPEN Acla mater. 48 (2000) 31-42



Fe, gsNp. 1, thin films:

Film thickness
dependent properties
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Surface anisotropy:

|

Broken symmetry at the surface / interface

K. = Ky + K/ t



Reorientation phase transition
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Co film on rippled Si surface

Kerr intensity ( a.u)
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Thickness dependence of anisotropy:

50 T T T T T T T T T

45
. T Interplay among:

40 - -
. Zeeman energy,

357 - 2. Exchange energy

30+ ] 3. Stray dipolar fields

254
T >

Anisotropy (arb.units)

0 20 40 60 80 100 120 b
Thickness (nm) =

- S o
e e s L

-
e

o
-

o

L
-

e
- . Ly e -
- - - e
HE
- @
g (il -
- . o
- .

= !
ey e o e
e e
-

L
-

e

-
o - - - -
o : - e o
- L -
- - e o - . -
- e -
- - .
4 W
5 | et

-

i et . £ -
E o e e T o

e L R
L e S
e e e

b

o
L
-
o

e
L
-
L




Exchange anisotropy:

magnetization
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M of blue layer is “pmned”
or “exchange biased”




Magnetism at surface and interfaces

MAJORITY SPIN MINORITY SPIN
S T S ! I
3 ped
LE — ~
A
@ 2
i 1
=
(=]
= il g
E a/V3? p L s ) .
o A T Y VL
i C C
o EF Er
E 3k i
et
- <N
5 o fl |
= | '
2N \
w I a
A M
S lfp L wpl\fl/ \
0 .. _:L = ! «\1 | - \J
~E -4 (8] -4 O
E (ev)
Fe (001)

Enhanced magnetic moment at
the surface




