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Purpose of our lab

 Synthesis of new functional magnetic materials

* static & dynamics of single nanomagnet
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New Recording
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=> practical use
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V Lattice deformation = Co, L1,FePt
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. . 7 Shingle 2Tb/in2 Macrospec almost final
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New Recording Technology

Magnetic Recording

Reader Laser

0 5 10 15 20

M7 (10° (emuiem’))
Weller, IEEE Trans. Magn.36, 10 (2000)

All possible high K materials require high growth T,
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Magnetic anisotropy

Kanamori, Jisel (Baifu-kan, Tokyo, 1869)
Morrish, Physical Principies of Magnetism (John Wiley & Sons, Inc., New York, 1965)

Spin-Orbit coupling

ik formed wave function
- SO coupling
without SO coupling Hs=£&L-S Orbital current
~meV

Anisotropic exchange interaction (Spins can feel the crystal lattice !!)

o> _ (0
s @ @

<D

Coulomb energy depends on the spin direction !!

Magnetic anisotropy

P. Bruno, PRB 39, 865 (1989)
D. Wang et al. PRB 47, 14932 (1993)
1. Stohr, IMMM 200, 470 (1999)
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Magnetic anisotropy energy

Due to spin orbit interaction

AE, =—(m! —m}) =

3_

Element of large atomic number Z (large &) is
indispensable for large MAE
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Contents Can lattice deformation enhance MAE ?
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Can lattice deformation enhance MAE ? Can valence electron number enhance MAE ?
= &2 S, Z Alldv) - (127}, 2 =
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Lattice constant ratio, c/a

. Phys. : Condens. Matter 11, L485 (1999)




Intensity (Iog scale, x10cpsidiv.)

19
New phase with large MAE ?
= 8 <111>
s ¥z g F
L £ }..';:'a
O A
i
tha iw 75at%Pt
i o@glhg B
/\w ' ogege -
W L14-CoggPt,
' 8Pt o quilibrium) L1,-CogPley
(metastable)
v\
{*"'ﬂtf 50at%Pt @®@co Pt

S T

20 40 60 80 100
26 (degree)

20
Metastable L1, CoPt
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High magnetic anisotropy K, = 3.5 x 107 erg/cc (S = 0.5)
Low growth temperature T=270~390C

Too high magnetization M, = 950 emu/cc } o,

Metastable L1, type ordered structure can be formed by thin film growth process. Too high Curie temp T = 1000 K
- (3
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Attempt to reduce M & Tc for HAMR media
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K, = 2x107ergfcc very suitable
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T. = 500K for HAMR
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Summary

It is found that the MAE is crucially enhanced by lattice
deformation, unit cell volume, valence electrons, and so on.
For further improvement (or enhancement ) of MAE, more
quantitative & deeper understanding on MAE is indispensable.

More intensive first principles and XMCD studies will promote
and deepen our understanding on MAE of magnetic materials.
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