Single magnetic clusters embedded in matrix
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* Synthesis, Structure and Superparamagnetism
on Assembled clusters films



co-deposition of clusters
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TEM observations on mixed CoPt clusters
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GIWAXS on mixed CoPt clusters
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One magnetic nanoparticle

Stoner and Wohlfarth model
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Magnetic clusters assembly 1n matrix :
Effective Anisotropy

At low temperatures
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Magnetic Anisotropy of CoPt clusters in various matrices:

T,=12K
Tg=38 K T=10K
10— :
_ CoPt (MgO)
™ l """" IR, | —— CoPt (Nb)
] —— CoPt (MgO) | 0,51
—— CoPt (Nb) o
= 0,0-
Gl =
1,0 - , | .
] ] 50000  -25000 0 25000 50000
0 20 40 60 80 100 120 140 160 H (Ge)
T (K) Interface effects
Blocking Temperature : T,a KD 2 : Matrix Hc Ty
=jpp Higher MAE in MgO than in Nb Nb 150 Oe 17K
From ZFC simulations: MgO 750 Oe 38K
K Gurr cope (i M2O) > K g ¢ope (in Nb)
Cf Poster:
From XMCD and GIWAXS experiments: «Structural and magnetic properties of Co,Pt,
D e (in Nb) <D (in M2O)< Doypy mixed clusters... »

Stanislas Rohart, Cécile Raufast et al.




Magnetization of CoPt clusters in MgO versus concentration
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Magnetization of diluted Co,Pt,  clusters in MgO matrix
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 Measurements one single nanoparticle



MicroSQUID measurements on single clusters
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Anisotropy energy:
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From 3 D Astroid simulations : Experimental anisotropy constants
K,=-2.110%J/m3

K,= 0.8*105 J/m?
K,= - 0.1*105 J/m?

{:C)Z» Second order terms dominate for pure Co clusters :
bi-axial Surface Anisotropy

M.Jamet, W. Wernsdorfer et al. PRL (2001)



Comparative 2D astroid on Co and CoPt clusters
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With equivalent Blocking Temperature : Ty 012 K
For ., 03nm and 0, 02nm,

st (CoPt) >> st (Co)

Thus K, pe(in Nb) > K, (in Nb)




Proximity Effects : F cluster in S matrix

Superconductivity/Ferromagnetism: Two antagonist orders of Spin
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Order temperature: T ~9 K T ~ 1388 K
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Superconductivity order parameter on the S/F interface

h : exchange field

The cooper pair entering in the F region becomes an oscillating evanescent state




Local density of State !

Very low temperature STM measurements
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Perspectives : Theorical and experimental works
to explain S/F proximity effects
. Systematic and reproductible experiments
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Magnetic cluster embedded in MgO matrix

Tunnel junction with one CoPt cluster
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Spin-dependent tunneling and Coulomb Blockade

gap

Coulomb \ +2e

Coulomb Blockade
2

e
E=F,+—
b

Coulomb +3e”
staircases —_—

el

+1&

Ve,

Charge Quantifization

Charge transfer of one single e -

from Au,

to Au, electrode via one

CoPt cluster in MgO insulator

Measurement | = f(V,H)

______

________

M For a fixed bias and various external magnetic fields,
energy levels must be spin-depedent - magnetic propertie of one cluster




Quantum size effect but Spin-independent tunneling
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