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Field cooled

erro (F) and Anti-ferro (AF)
S in contact exhibit the
nomenon of exchange-bias
observed by Meiklejohn
2an (1956) in CoO

aracterized by a

resis loop after

Spin valve
< sensor
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Different experimental techniques yield different
values for the coupling field H_, at the interface

e Hysteresis loops involve irreversible switching of the
magnetization

e FMR and BLS generally involve small pertubations of the
magnetization about equilibrium and are reversible

e In this talk | will discuss a particular NiFe/NiO bilayer system
where both magnetization and FMR measurements have
been performed by research groups in Manitoba.



i Fabrication

The bilayer was prepared by the group of
Ko-Wei Lin at the National Chung Hsing University i
aiwan using a dual ion-beam sputtering techniq
oom temperature.

| Appl. Phys. Lett. 100, 122409(2012)

NiO film was fabricated on a Si
ield was applied
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Analysis

NiO film layers had crystallite
sizes between 5 and 20 nm in
diameter that penetrated the
16 nm thickness (XRD)

ZFC and FC DC susceptibility
measurements indicated a
blocking temperature T;=360K
NiO has a cubic fcc structure
with alternating ferromagnetic
sheets along the [111] direction
Since no field was applied
during fabrication, many AF
domain configurations could be
resent.(there 4 possible [111]
ctions as well as perhaps

in each plane)
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agnetometry measurements by
Lierop’s group on a sample
angth 6 mm and width 2 mm
oth a single and bilayer were

poM (10—7. A mz)

NiFe

e heated to 400K and
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oM (10—7- A. m2)
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xternal field is applied in-plane at
arious angles ¢ with respect to the
 direction

ach ¢, a reference measurement
t £ 150 mT and then either

0 or a down sweep is

een 30 mT at




®/2n (GHz)

.UJ
]
]
o]

3.0+
2.8
2.6
2.4+
225
204

45° Up sweep

45° Down sweep "
-45° Up sweep g
-45° Down sweep

A“
Jd
A..
'O




NIVERSITY
MANITOBA

o/21 (GHz)
c 8oy o
| |

R
o0
I

A

60° Up sweep
-60° Up sweep

60° Down sweep
-60° Down sweep

L‘ ..A

A . [ ] A
‘:‘g‘.. N g

. . :o ." -
444 o®a8

L] L ]
..M.‘AA‘

al A0 A &S *a

1:‘

Iy
&I I i :‘.2.

A o A




> ® UNIVERSITY
L[ & OoF MANITOBA

60° Up sweep
45° Up sweep

i

60° Down sweep
45° Down sweep

—e— Monolayer dispersion




NIVERSITY
F MANITOBA

Up sweep Down sweep

1

o
sy
o
1

.Y

el

(o]
]

o

=

oo
|

Resonance field (mT)

IS i R R | |
100 200 300 100 200 300
angle (* angle (%)

(a) | (b)

Resonance field (mT)




NIVERSITY
MANITOBA




UNIVERSITY
oF MANITOBA

e In order to model this behaviour we treat the NiFe as a single
domain and include the effect of the NiO as introducing

anisotropies at the interface
 The energy of the system can be written as

E——HM+iM2-2eg? +74(3252 1 5757 4 §257)
2 2 >y

X (Sg —S§ —1557S2 +15S7S7 ) — S,

e Use spherical coordinates to find extrema of E as function of

the field direction ¢,, and magnitude
e Calculate FMR frequencies using Smit-Beljers formula (1955)

w
=g Ve E
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Bilayers were fabricated in zero field and no field cooling was
performed for the FMR measurements

Minor hysteresis loops appear as the field direction is rotated
from O to 90 degrees with respect to the longer sample side

The single domain model is too simple to make detailed
comparisons with experiment but does indicate that
anisotropies contribute to the angular dependence of the
resonant frequencies

F layer may not be homogeneous at interface

Micromagnetic results indicate that reversal is not single domain
AF layer is treated as being static and providing an effective
anisotropy

The micromagnetic calculations need to be extended to multiple
layers which would allow some dynamics in the AF
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