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Magnetic Anisotropy
Dependence of magnetic energy E(0) on

angle 0 between magnetization M and
layer normal

Written as E(0) = Ksin’0

K is anisotropy energy/unit volume

M

K +ve favours M out of plane

K —ve favours M in plane




Anisotropy terms

In a ferromagnetic layer, the sum of the
dipolar interactions gives anisotropy
energy / unit volume

E = -Ysp,M’sin’0 ‘
favours in plane M

For out of plane components of M — need
compensating anisotropy terms.

Investigate interface anisotropy energy
arising from Ce-Fe and U-Fe interactions

Anisotropy may arise from

1. Coupling of Fe to orbital moment of Ce
orU

2. Hybridising_ of Fe 3d electrons with
outer electrons of Ce and U.




Atomic structuré of Ce and U
Ceatom [Xe] [4f]'[5d]'[6s]*
U atom [Rn][5f]°[6d]"[7s]* |
Crystal struct.ure (bulk)
a—Ce fcc a =485 pm
[41]]5d] largely itinerant

no residual moment

v-Ce fee a=516pm

[4f][Sd] — some localized
moment
a—-U orthorhombic
a=285 pm
b =386 pm
c=49S pm

‘no residual moment

a — Fe | bce a=287 pm




Multilayer fabrication
Fabrication by DC magn'etron spilttering
Ce/Fe
Base pressure 107 mbar

~ Substrates Si
Kapton

Substrate temperature 330K

U/Fe
Base preSsure 10" mbar
Substrate Glass

- Substrate temperature 330K




Relative intensity

Ce/Fe multilayer characterization

X-ray reﬂectiirity

20 [Deg.]

" (a) [Ce(40A)/FeCoV(404)]5

(b) [Ce(40A)/Fe(40A)],0




Ce/Fe multilayer characteriza_tibn

x-ray diffraction
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(A) “(A) Lattice Spacing (A) Spacing (A) (A)
20 10 5.56 £0.01 2.97 £0.03 2343 | 1544
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Ce/Fe multilayér characterization

Mossbauer spectroscopy

[Ce(20) Fé(40)]50

Emission (Arb. Units)

Velocity (mm/s)




Measurement of Fe moment
orientation from Mdssbauer spectra

( ———— Multilaysr absorber

yRay

Generates 6 line absorption spectrum where
line intensities are
3: 4sin*0  :1:1: 4sin®@ : 3
1+cos?0 - 14cos®0
Where 0 is angle between Fe spin and

7 ray

Limiting Cases

[ 3:4:1

i
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Percent Absorption

Ce/Fe multilayers

" Change of Fe moment orientation 0 with
Fe layer thickness at 4.2K

[Ce(zp)Fe(zo)]so

’
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.V-elocity (mm/s)




Applied field geometry
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Anisotropy energy E given by

E = Ksin®0 - % u,M?sin’0 - M

\’ \2 \2
intrinsic shape applied field
anisotropy anisotropy energy
energy | energy

gives equilibrium angle 6 from

MB
pM* —2K

cOS0 =




Percent Absorption

[Ce(20A)/Fe(40A)]s, multilz;yer

Change of Fe moment orientation with

applied field at 4.2K
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Fe moment orientation, 0, related to
magnetization, M, applied field, B and
anisotropy energy K as:

Cosf = MB
(1M’ -2K)

Evaluate K for multilayer

12

[Ce(20)Fe(40)]50

Cos0

o Data

H 1

!
Field (T)




K split into K**' (vol) and Ks(interface)
K=K +2K¢/t

Where t is the magnetic layer thickness

Plot of K versus 1/t gives K> and Kg




Ksvalues for Ce/Fe (and Ce/FeCoV)

Ks(m.J m_Z)
Ce/Fe 0.98 +0.15
Ce/FeCoV 1.40+0.10

These are among largest (+ve) K¢ values
for any interface

KX*(vol) = 1.1+1.2 x10° Jm™




Magnetic moment on Ce layers?

Polarised Neutron Reflectivity — magnetic
profile normal to layers

Intensity (arb. units)

0.45
Layer | Thickness | Roughness Number Nuclear Magnetic
A) A) Density | Scattering Length | moment
(m™®) x10® (A) x10° (1B)
Ce 2943 411 2.44 4.84 040.3
Fe 2013 4+1 85 945 1.6 10.2
Sub (Si) - 2+1 5.0 4.15 040.3




Fabrication.

‘UHV ~1*10!! mbar.

«2 guns, sputtering ~1*102 mbar Ar.
o] imited control of sputtering rate.
«~48hrs to produce 2 samples.
*Usual to have 3 guns.

«Four different types of multilayer have
been produced, Ce/Nb, Gd/Fe, U/Nb and
U/Fe.

All U/Fe samples sputtered on glass
substrates with Fe top layers to stop U
oxidisation.




Samples Made.

U thickness® 21-101A
Fe thickness® 30-143A
Bilayers 10-31

Low Temp (5-7K)

Nominal , Sample Room Temp.

Thickness. No.

[U,o/Feg ]y { 21 Yes.

[U,/Fes], I 22
(Usor/Feq0a0 J 2.3

[Usg'Te43l5 ‘ 24 |
[U/Feglg l 2.5 Yes. Yes.
[U,g/Fe, 5], J 2.6 ! Yes.
[Ugo/Feeglas 1 27 ' Yes.
[U/Fe, sl 2.8 ( Yes. Yes.
[U,/Pe ol 29 | Yes.
[U/Fely | 210

[U,/Fe )0 ] 2.11 Yes.

[U,4/Fesols; i 2.12




X-ray Reflectivity.

Specular reflectivity [U30/Fe40]30, sample 2.9

1.E+00

i.E-01 1

1.E-02 A

1.E-03

1.E-04

Intensity.

1.E-05

1.E-06 -

1.E-07

1.E-08

Theta (Degrees).

Spectra was taken using 7keV X-rans at XMaS
beamline by Dr Simon Brown.

‘Actual composition is [U22/Fe34]30.
Roughness of 3A U and 5A Fe.




Percent Emission

U/Fe multilayers characterization

Mossbauer Spectroscopy

[U(z&«i)/Fc—~=(4:fuifx)]_,;1
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Intensity.

Magnetic moment on U layers?

Polarised Neutron Reflectivity
[U30A)/Fe(40A)]3,

1e+1
) ®  Spin up.
1e+0 — Spinup fit
©  Spin down,
fe-1 4 e Spin down fit.
1e-2 4
1e-3 -
1e-4
1e-5 -
1le-6 -
1e-7 T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Momentum transfer Q (Ang™)
Layer Thickness Roughness | Moment
(A) _CA) (Me)
e 33.9 7.2 1.07
U 20.5 2.2 0
Cap (FeO) 30 4.3 2.0

0.35




intensity.

Results.

[U40/Fe60]10 Sample 2.1
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Clear Kiessig fringes due to thin
multilayer, 1000A.




e+

intensity.

Results.

[U21/Fe40]30 Sample 2.11

T e Spinup.
1e+0 - -
© TK Spin up fit.
g ¢ Spin down.
te-1 ® e Spin down fit.

1e-2 o -

1e-3
1e-4 +
1e-5 -

1e-6 -

1e-7 T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Momentum transfer Q (Ang'1)

~ Actual composition is [U18/Fe31]30.
Roughness of 7A U and 7A Fe.

‘Moment of ~1+0.25 on the Fe and 0+0.3 g
on the U.




Magnetic moment on U layers?

XMCD at M; edge of U
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Indication of moment on U layers




Summary

. Large (+ve) interface anisotropy
energy found in Ce/Fe favouring
perpendicular moment orientation.

. Link_ed to measurements which
indicate no large moment on Ce
layers. |

. Do U layers carry sizeable moments?

. Will U/Fe multilayers show more
extreme anisotropy?



