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Exchange-spring magnets
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Self-assembly (particles)
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TOPICAL REVIEW
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Large Magnetic Anisotropy of a
Single Atomic Spin Embedded in
a Surface Molecular Network

Cyrus F. Hirjibehedin,! Chiung-Yuan Lin, " Alexander F. Otte,"* Markus Ternes,**
Christopher P. Lutz,! Barbara A. Jones,! Andreas ]. Heinrich!
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Epitaxial Growth of metal or metal Silicides on Si

MnSi(111) surface:A=B=0.645nm,C=1.17nm
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Ferromagnetic and Metallic Properties of MnSi
bulk intermetallic Compounds
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Scaling Theory of Localization
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Experimental Studies of Localization
Cuon glass 11.9nm Ag/Si(111)-7 X7
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1. Preferential arrangement and Controllable Growth of Mn Nanodots

Uniform Mn nanodots on Si(111)
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|1. Preferential arrangement and Controllable Growth of Mn Nanodots

Triangular structure Honeycomb structure
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1. Preferential arrangement and Controllable Growth of Mn Nanodots

Kinetic Monte Carlo Simulation
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111. Fabrication of MnSi ultrathin film on Si(111
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abrication of MnSi ultrathir
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Growth model of MnS
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V. Magnetic and Magnetotransport Properties of MnSi
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Long Range Magnetic Order low-dimensional System

Mermin-Wagner Theorem
An infinite d dimensional lattice of localized spins
cannot have LRO at any finite temperature for d<3 if
the effective exchange interactions among spins are
Isotropic In spin space and of finite range
T=0K, FM LRO, No AFM LRO

FM LRMO at T>0 if
 Anisotropy (exchange,dipolar or single-ion anisotropy)

Dipolar or RKKY interactions
Mermin and Wagner, PRL 17(1966),1133; M. Bander and D.L. Mills, Phys. Rev. B. 38(1988)
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Importance of Magnetic anisotropy

*Origin of Long range Magnetic order in low dimensional system
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Importance of Magnetic anisotropy

*Strong permanent magnet
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Importance of Magnetic anisotropy

e Ultrahigh density of magnetic media and superparamagnetism limit
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E. A. Dobisz, et al., Proceedings of the IEEE 96,( 2008), 1836
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Importance of Magnetic anisotropy

*High frequency of magnetic materials

*For cubic symmetry
Natural Resonance frequency Peamibility of strong magnet Limit of Snoek
e K,

M S M

= fr'ﬁ:

r 7T M S b 3 H 0 K u 3 /uO
*For in-plane uniaxial anisotropy

=Y
axis

D. S. Xue, F. S. L1, et al., Chin. Phys. Lett. 25, 4120 (2008).
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Magnetic Anisotropy
. I\/Iagnetocrystallme anlsotropy(I\/ICA)

Slngle lon Model
CEE Orbital anisotropy MCA
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Magnetic Anisotropy

Surface magnetic anisotropy
Fe/Cu(100) SRT=5ML
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Perpendicular Magnetic Anisotropy Induced by Tetragonal
Distortion of FeCo Alloy Films Grown on Pd(001)
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Strongly Enhanced Orbital Moment by
Reduced Lattice Symmetry and varying
Composition of Fel-xCox Alloy Films
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Why chose Fe/Pb/Si(111)

200nm

200nm

Growth at Low temperature for 30 seconds Co
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Why chose Fe/Pb/Si(111)
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b3
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1D: “Step-decoration”
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nanowires/chains

Uniaxial anisotropy of Fe on S
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Magnetic Anisotropy

Shape anisotropy —Dipolar Interaction
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Magnetic Anisotropy

Kett =(Ky -Kyq) + 2K/d
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Fe3Pt nanowires
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Low temperature and Superconducting Magnet for
MoOssbauer Spectrometer

Liquid helium
Feservoir

Sample rod

- Heat efchanger
Helium fge

Source Detector
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Applications of In-field MOssbauer Spectroscopy

* Field-induced magnetic phase transition

* Magnetization processes of two phases individually

from microscopic scale
y-ray

o W
it ol i
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Magnetization processes
Intensities of the six lines

The Intensity ratio among the six lines is 3:1,5:1:1: 1, 5:3.
~ 4sin 0

e 1S the angle between Fe moment and j<ray.
1+ cos?0 . ey

I2,5
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Magnetic shape anisotropy
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Maossbauer spectra of Fe nanowire arrays in AAO films at 10 K in various
magnetic fields applied perpendicular to the nanowire axis.



Magnetic shape anisotropy

® MfiEsbauer
Magnetization

0 10 20 30 40 50
Applied field (kOe)

O : the angle between Fe moment and y -ray,
n/2— 0 : the angle between Fe moment and applied field.

M/M; = < cos (/12— 0) >=<sin 0 >



Magnetic shape anisotropy

W =Ksin?0- upH,, cos(%—e)

< = Ms Mo D

~ 2sin @

K ~7.3x10° (ergs/cm?)
K, #5.21x10° (ergs/cm?3)
K~14K,
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