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Embedded Cluster Film

S.H. Baker et al., Rev. Sci. Instrum. 71 (2000) 3178.




Set-up of the Perez’s group, France
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7.0 Plasma-Gas-Condensation (PGC) Cluster Source
: (The original Haberland source, Germany)
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AR (TMR)

G= 6§+|T  Dao(Er) Dp{ErteV)

IT | o< exp(-25K), K=(2m¢)"*/A

Gt o< DatDpt + Day Dsy

Gy o< 2 DatDpy

TMR = (Gry" - G11)/G1y”
=2P,P,/(1 +P,P)

P, , P,: Spin polarization

Pr = D¢+ - D )/(Dgs+ + D¢.)



BhefkHiEFE BB EYM (TMR)

« TMR of magnetic metal-insulator granular system
G o (1+P?%cosé) exp(-2ks-E /kgT)
E.. charge energy

P: spin polarization
m: relative magnetization

Magnetic grains Insulator

'

P, =0.44 => MR == m?

Maximum theoretical value

MR, =16%
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ooc exp(-bT?) HYTR i ARIERIAERY

Sheng & Abeles’ Tunneling Conduction Theory
in Granular Metals PRL 37(1976)1429

oo [°h7ds dr D(s,r) exp(-2xs-E/2ksT), (1)
Charging energy: E_ oc 1/r

On the basis of the assumption: ERBAL  BEETR

sE. = C (constant) or s,
o« /,°ds D(s) exp(-2&s-E /2K T),
exp(-2xs-E/2kgT) —— maximum
S, = (ClAxkgT)V2,
The dominant temperature dependence:

o oc exp(-b/T2) (2) SE-EEEERE
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M&E—: ococexp(-bTY) BIERE S

Neugebauer and Webb, JAP 33(1962)74

Conductivity:

oo [°h7ds dr D(s,r) exp(-2xs-E/2ksT), (1)
x 1S the tunneling exponent of electron wave functions in the
insulator, x=[2m*(¢+E--E)/h?]'2,

Charging energy: E_ oc 1/r

r : the size of metal grains

s : the separation of neighboring metal grains

When the cluster size is monodispersed and the intercluster
distance is uniform,

o (T) oc exp(-E/2kgT) oc exp(-1/T) . (2)
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Comparison of magnetic field dependence of
magnetization and MR
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TEM images of the oxide-coated Fe clusters
with d = 13 nm

Core-shell structure
and small oxide shell
2 crystallites




Schematic illustration for tunneling conduction in this
core-shell-type oxide-coated Fe cluster assembly

Fe-oxide crystallites




Magnetic field H dependence of m2 and MR
when a superparamagnetic state is assumed

Calculated result using Langevin function L(zH/KT)
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TEM images and ED patterns of Fe,4Ptc, cluster-assembled
film with a thickness of t =30 nm (d =9 nm)
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Magnetic measurement results of as-deposited FePt alloy
cluster-assembled films
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Herzer’s random anisotropy model (RAM)
(G. Herzer, IEEE Trans. Magn. 26 (1990) 1397)
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