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Q Outline

Magneto-optics
Brief overview of the Magneto-optical Kerr effects (MOKE)
Advanced MOKE: vector magnetometry

Magnetic nanostructures

micro-MOKE
Approach 1: focused beam
Approach 2: microscopy

MOKE from diffracted beams:
simple theory of diffracted MOKE
In conjunction with micromagnetics and MFM
from magnetometry to magnetic imaging
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Q The MagnetoOptical Effect

R rS—)S

But, what happens if we applied a
magnetic field??

p Reflected Light p
‘ A

Polarization Plane

Sample

John Kerr Michael Faraday
1824 - 1907 1791 - 1867

Transmitted Light
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Polar and Longitudinal Configuration Transverse Configuration

z

A
E V4

A

Dielectric Tensor Reflectivity matrix
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M
longitudinal transversal
gg 0 O &y g, —1&
§=|0 g O0|Cé=|—lg, & ic,
0 0 g ey, g &

&=8Qm, &= & Q my, &= EAQm,,

* Non-destructive;

* High sensitivity;

* Finite penetration depth (~ 10 nm);
* Fast (time resolved measurements);
* Laterally resolved (microscopy);

* Can be easily used in vacuum and
cryogenic systems;

J. Kerr, Philosophical Magazine 3 321 (1877)
Z. Q. Quiand S. D. Bader, Rev. Sci. Instrum. 71, 1243 (2000)
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The magneto-optic Kerr effect (MOKE) is widely
used in studying technologically relevant
magnetic materials.

It relies on small, magnetization induced changes
in the optical properties which modify the
polarization or the intensity of the reflected light.

Macroscopically, magneto-optic effects arise from
the antisymmetric, off-diagonal elements in the
dielectric tensor.

/ Fresnell reflection coefficients \

— 40 M
S | rpp rpS Fop = Fppt Fpp XM,
ampie Fpe ©C-M,-m,
rsp rss rsp oC mx-mz
- Ew  _Em , _Er , _Er

\pp EiTM » EiTE ® EiTM ® EiTE J
P. Vavassori, APL 77 1605 (2000)
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polarization
vector

Assumption:
localized electrons

e excited by electric
field of light

e subject to Lorentz
force
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Microscopically, the coupling between the electric field of the propagating light and the
electron spin in a magnetic medium occurs through the spin-orbit interaction splitting of
optical absorption lines (Zeeman effect).

Eso=¢(r)S-L

Here, & (r) is the spin-orbit parameter or coupling constant, which depends on
the gradient of the electrostatic potential of the nuclear charges.

Its values are of the order of 10-100meV and, thus, the spin-orbit interaction is
much weaker than the exchange interaction (= 1eV).
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Different electronic structure
for up and down electrons EFT 2

Conductivity tensor of each layer

oc(M)=| omn, o, —Oyn,

Reflectivity matrix of whole sample

R| e T
IJ’P FFP

Measured Kerr effect

k!

.
e.g.. 6, :EH[ :5 J
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Optical transitions between the d-orbitals and the p-orbitals

st and o~ Selection rules Al

=41,

Amp==+1, As=0

Only transition from m = +1 to m = 0 are considered for simplicity

spin-down e

sSpin up e
|101) [10T)
A
Fermi & ... AT AT
level : Aam=-1] _
Am=-1: \}A
] 210 | |
dl
12-1T)
|2 Agy
gl i el exchange
w): |21l j interaction
spin-orbit
coupling

absorption
spectrum

A

\T=-
circularly left
polarized light

FL—-ﬂ:

"'-\‘e::-:_E 50

al%

ki

= Both spin orbit coupling and exchange are necessary for MO activity
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spin-down e spin up e absorption
|10} 1107 spectrum
Fermi £ ... S U 7
level \m=11 _ Am=-1
Am=-1 N circularly left
\_ﬁ' polarized light
P20 210 ] |
3| : Nellel o I 3
wl i 21 / [2-11) Lu“"[ W
spin-orbit A =()
coupling v T —
ge no exchange
interaction b

e.g. A, =0 = absorption spectra are the same = no MO activity
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spin-down e Spin up e
1101} |10T;
A
Fermi f L P AT
level Am=11 .
Am=-1i A
A
di |211)
|2-1T)
i 12-11) C“ exchange
wr 211, interaction
spin-orbit _ no spin-orhit
coupling=0 coupling

absorption
spectrum

A

\m=-1
circularly left
polarized light

{F

A

N

y

e.d. E;, =0 = absorption spectra are the same = no MO activity
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Initial (non-split) electronic states

magnetization

Perturbated states and energy splitting
(spin-orbit coupling, exchange)

light

Interaction between light and matter

relation between microscopic | Fermi's golden rule,
and macroscopic world | Kubo formula

Macroscopic description
(by conductivity tensor o)
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= Fermi's golden rule, Kubo formula: « (i|, |©) - initial, final states

(calculation of conductivity tensor)

e p. =p,*ip,, p, =ihd/ox

linear momentum operator

Diagonal conductivity:
Rlow]~ 2 LEN1-FE) x|l p_ | fYE+1(i| p. | f)F | xS (E, - E, — i)
i.f

Non-diagonal conductivity:

w0y ]~ DAEN1-SEINi1p-11)F -1 (1p,1.7) P ]xO(E, ~E,=he)

’ 4

/ \ |

! I

Sumation over Occupancy of Transitions probabilities |
all initial and initial and final for left and right Energy must
final states in states (Fermi-Dirac polarized light (non-zero g conserved
k-space distribution) only if selection rules
are fulfilled)

Bruno, PRB 53, 9214 (1996)
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= Selection rules of electric dipole transitions:

» Energy: E.—-F =To <I‘p—|f>i0

(absorbed phbtan energy = difference  (i|, |f) - initial, final states
between final and initial state) . D.=D. ifﬁ}.‘ p.= ihd / Ex

e Linear momentum : fico/ ¢ =0 linear momentum operator

(photon has negligible linear momentum
= vertical transitions)

« Electron spin : As=0
(spin of electron is preserved for electric
dipole transitions)
¢ Orbitum momentum : Al=£1
(photon has angular momentum 1h).
Therefore only s<sp, p<>d etc. are allowed
e Orbital momentum along z-axis : Am=+1
(determines if photon is right/left polarized)

. CiC
f:wiﬂa(ﬂgeune P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 "(erbasa UEI

Basque Foundation for Science




MOKE results from a lifting of orbital degeneracy due to spin-orbit interaction
(SOI) in the presence of spontaneous spin polarization.

« Magnetization—Splitting of spin-states (Exchange)

— No direct cause of difference of optical response
between LCP and RCP

« Spin-orbit interaction—3Splitting of orbital states

— Absorption of circular polarization—Induction of circular
motion of electrons

« Condition for large magneto-optical response
— Presence of strong (allowed) transitions
— Involving elements with large spin-orbit interaction
— Not directly related with Magnetization
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£ &4 0 -
~ Ey,=15,QmM,;
AL SO y 0 ¥4

0 ) 2.

t(w) 0
o

Maxwell Equation rotrotE(w )+ g E(w)=0

E(w)=Eeeikz-e) mp N2E—n(n-E)—&E =0

nf-¢, -—e&. 0 YE,
Eigenequation £ n-g., 0 | E |=0
0 0 e B

Eigenvalue N2 =g, tl&, m) Eigenmodes:L.CP and RCP

Different modes :different speed and attenuation

Without off-diagonal terms: No difference between LCP & RCP
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Therefore, incident
light becomes
elliptically polarized
after propagation in
a MO active
material
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Linearly polarized light can be
decomposed to LCP and RCP

Different speed
(phase lag)

Different attenuation
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£.CIC T
.mmarﬂaeune P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 IKEI’DaSﬁ UEI

Basque Foundation for Science



r.Sp rSS
N = \/€;
8xy = '81Q mz' 8xz
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2
cosé, = 1-sin2 g, = 1-Mgin2g=

- 'i81Q m ’
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n1 cosfy — ng cos B4 Qﬂ.ﬂﬂ.l_l cos fpsin e,

.r — —
PP nq cos By + ng cos By (nq cos By + ng cos f1)?
—?1[]?11_1 cos Bp(€py cos b1 + €, sinfy)
T et
P (nycosfy + ngcos ) (ng cos By + nq cosfy) cos by
—n[]n]_l cos By (€ cos 1 — €, sin )
T et
D=

(ny cos By + ng cos 61 )(ng cos By + nq cos By ) cos By

Mg cos By — nq cos B4

el
FSS

ng cos g + nq cos By

JnZ—ngsinz @

nf n,
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Polar Longitudinal Transverse

Polarization
conversion
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. : - _| PP _ |,
Elliptically polarized light E, _{ }_ | p|e,5 | p|(0035+|3m S5)

Normalized representation { 1 ] [ 1 ]
I Fool

pp|

rp|COSS  2bcoss

2r,,|cos S

tan 20y = ‘ psz 2 T 1 _h2 tan 20, ~ 20, =
ool = rep| 1-b ‘r ‘
Fsp << T'pp PP
sin 2gy = 2o i 0 _2bsind sin 26 ~ 28 ~ 2rg|sin &
‘rpp‘ +|rg ‘ 1+b2 ‘rpp‘
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E,sing
EO Er E
A A
1>
M | E;
\ 4 \ 4

= E (cosni +ie 2smnj)
= (cosn|+sm771)

M4Iplate

E = E,(cosni +isinn])
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<M>=0

wollastone

=3

I" o
NS wollastone
-M
i %
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Modulation polarization technique for recording the
longitudinal and polar Kerr effects, which are
proportional to the magnetization components m, m,..

O &k
Spol O = M, — M,

/ Electromagnet
9 ppol o« m,-m,

s- p polar'lzed r'eflecfed XE "
beam (elliptical polar'lzahon)\

POLARIZER QZQQD
‘ \ORIGINAL ELLIPTICTY
MODULATED ELLIPTICTY

PREAMPLIFIED
PHOTODIODE

p-polarized
bea

POLARIZER
Glan-Thompson

\ LASER
oo I iy

More details in: P. Vavassori, Appl. Phys. Lett. 77, 1605 (2000)
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p3
1
tl’ﬁll‘i'i"f'l"':.ﬂ].
_ _ 28 The reflected beam is p-polarized.
p-polarized light (TM) = [[[_—=— \Variation of intensity and phase.

g‘z\/ _—— -

Polarizer R
- —
‘/é -;- A4
Polarizer Detector

L&?%f Y. Souche et al.

- Er =T Eo JMMM 226-230, 1686 (2001);

” 7 JMMM 242-245, 964 (2002).
J// il o
- 0 m
= i Fop = Fpp ¥ 1M,y Ory

E
, & Ir = Er (Er)* =

| =g AL, A/l am,

. Q
nanoscience CooPEramve Re
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Examples of application of MOKE for magnetic
characterization of materials and nanosctructures
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Reconstruction of the magnetization vector during the reversal

Fe(7 nm)
NiO(1.4 nm)
Fe(300 nm)

oo

My Mx

-
E=1
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“Normalized Kerr Intensity
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-1.0

- F. Carace, P. Vavassori, G. Gubbiotti, S. Tacchi, M. Madami, G. Carlotti, and T. Okuno,

0.0
Field (kOe)

Thin Solid Films 515/2, 727 (2006).

- A. Brambilla, P. Biagioni, M. Portalupi, P. Vavassori,
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M. Zani, M. Finazzi, R. Bertacco, L. Duo, and F. Ciccacci, Phys. Rev. B. 72, 174402 (2005).
- P. Vavassori, Appl. Phys. Lett. 77, 1605 (2000) .

Branch down |

180 Jasszasiisioseanasantt™
10000 5000 )
Field (Oe)
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MOKE signal (arb units)

__0.075

£ 0.0741
5 0.073]
£ 0.072]
£ 0.071]
g 0.0701
20.069
1y 0.068
S 0.0671
= 0.066

0.065
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MOKE signal (arb. units)

MOKE signal (arb. units)
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XMCD x-ray magnetic circular
dichroism (FeL3 Py hysteresis loop
and ColL3 thresholds), — chemical

Cu and magnetic sensitivity
Co
XMCD Simulations
0.006
0.004 Permalloy f.‘ 'j'(z)’ o :,,ﬁwvm 10 )_.d_._.
4.2] 7
0.002 | _,-" : / 4] I ’/:_;./ as
, Y 5 6] FOLF -
0.000 i 7/ [ J U As g
0.002 f 1/ @ 48 Fo\ 7 B
Rt J J asd
v oo’ -5.01 ‘: I//
00049 ) -5'27-4‘“/{ N R
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0.002 R Lol i st
0.001 /’ = 051 7 0s ] /
0.000] ] 5 00] | 3 o)
I ® s ] 5 :
-0.0011 / -0.54 ] =
-0.003 Fomamstenaeis™ ™ L5 e I
- 2.0 ‘ : :
0.0(21000 0 -1000 -500 . 0 500 1000 180 100 M 1 @ 1o \f
Field (Oe) Field (Oe) M

JOURNAL OF PHYSICS D-APPLIED PHYSICS 41, 134014 (2008)
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Au

5 nm

Co1
Au

1.2 nm
3 nm

Uo nm
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Co2
Au(111)

Measured MOKE is:

When Babinet-Soleil
compensator of retardation
v added between sample
and detector:

i
E,l.v"

g =N —

&8

y =-41°
Co2 magnetization

[

= Li i

]
S
1]
o
[
SpSignal larbitrary unies)

KERR ellipticity [mdeg]
&

7 ‘J‘J '

(1]
Magnetic field [e]

v =-46.7°

Co1 magnetization

1500

]
-Hi¥ L 1

Mapgnetic feld [kQe]

Sp Signal [urbitrary units]

al

As Co1 and Co2 have different phaéé;.
different w may provide sensitivity solely to
Co1 or Co2 layers

Wagnetic field [Oe]

European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 "(erbasa UEI

Basque Foundation for Science



H Ily

H =700 Oe
Electromagnet —
f =156 Hz
5171 x He=HuoSin@nft)
s-p polarized heam = %J =
(elliptical polarization) . p-polarized beam 15
Polarizer ]
Glan- Thomp son “n 0.8-
= ]
g c
ﬁ/g Photoelastic e e S 0.4-
(/%  Modulator (50 kHz) CNpeeater) S
Polarizer ‘ Rt < 0.0+
, \\\v-\o:iginal ellipticity ~ ]
— It il =" 04/
|, Modulated ellipticity HeNe 5 ol
Preamplified Laser 0.8
photodiode | qok-in 1: Ref. Lock-in 2:Ref 1o
frea. 50-100kHz freq. f '

My = Myq Sin (2rft)

> Myo

The quantity measured with the Lock-in2 is proportional to the transverse
suceptibility x, = A8y / Hyg.

It can be shown that : 1/y; = (E,"(0.q)/ <M>,) Where E,(0,,) is the total free energy and <M>, is the
average magnetization, which makes an angle 0., with the EA.

—

£~ CIC
.\whahoeune P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 [1I{(&§

basquel

Basque Foundation for Science



Even small perturbations from uniform magnetization which must exist in any
nonellipsoidal magnet give rise to a (strong) angular dependence of magnetostatic
dipolar energy in symmetric squared particles, which should be magnetically isotropic
in the approximation of M uniform. This anisotropy is called configurational anisotropy

RS Fu S K t A x> vy
ARTNRRN Rt A A Py squares
s Y 3 N
PAtEELIett ettt 150 x 150 x 15 nm 1200
SESERESSREERTEES:
BEEEEEEEEEEEEEEES — 900
ttttttrtttttttrrtt [
trttt ittt o 600
ttttttttttttttttt .
BEEEEEEEEEEEEEEE 300
EEEEEEEEEREE R RN, =
PAAAFEEEEIEAA AN i)
pAAZAZZEIIEARARNRRK T 0]
P i L TG L S LY S

[

o

—
e e e e e ar
P AT I r AN
FPAAT Iy aa xA AL
bt pAmrrmrma A pp At _‘;,/////
‘;;;;;zzzzl);;;;;
+ AARANAR
N PP R PAAAAAA ALY 270°
P2 PP PAAARALALPLPLHYE
R R AR RN
AR LS

ASAA

YN YV Err Y Yy ERE: fourfold symmetry
BPAAAS AR AR A7 p b} .
bAoA g b} eightfold symmetry
PAAAA A AR 2P} -
PAAAA T Z gy v 7
T W Y Nl e e e ey e e A |

P. Vavassori, et al., Phys. Rev. B 72, 054405 (2005)
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Micro-MOKE

pp2  Fiter < cp
VarND__|__ 7
Bs ) -
[ "
N < —
PD1_ Analyser /4
(Kerr) A A
L
Laser BE P°.{ B_/jof_ L
I .,_/,,./:._-
ND v N'k and
r"'| White Electro-
Light magnet
@} 0.7081
0.7060
= 07058
E 0.7058 | . .
Py wire 200 nm wide
£ 07056 .
Single loop
0.7054
0'705-3160 [} 160
Magnetic Field (0g)
=
Py wire 100 nm wide
i 1000 loops
1.18850

-2

00 0 200
Magnetic Field (0g)

D. A. Allwood, et al., J. Phys. D: Appl. Phys. 36, 2175 (2003)
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Detector

Py wires 175

B EEEEEEEEEREER

1

i
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=1 J
T 200 0o
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e ey e—

: =
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=
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Y ——

T

PHYSICAL REVIEW 72, 224413 (2005)
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Longitudinal
and transverse

aperture

(b)

CCD Image

I ‘
. Camera
H o CCD
Local hysteresis <=~ Tube lens
loop _ Focusing L Polarizer
A Slit lens l Retarder
A A i -
A \ / . ] .
() < B —4 =% | | Beam splitter —
l oo i Pol
7 |Condenser Polarizer | - olar
ASTA ()bjcctwc
Light e o
B | Sample! |
source ~

Electromagnet

[ m
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EBID
electron beam induced deposition

500 nm
Electron
‘\\ beam
a vy “‘ 5
A
O/‘ G, s 9 o
(:’ 2 Y “. ’ JO.
:.o ; ... iy =
J Deposit . . .
Scanning electron microscopy image of
the set of EBID cobalt structures

LCIC
.:ﬂ iNanNocuUNe P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 "‘(erbasa UEI

Basque Foundation for Science



Single sweep
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single sweep measurement sensitivity of approximately 1 x10-1> Am?

=0 =10 0 10 IO

H (mT)

sensitivity of 1012 to 10-13 Am? for the latest generation of SQUID magnetometer
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APPLIED PHYSICS LETTERS 100, 142401 (2012
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As is well known for optical gratings, when a beam of light is incident upon a sample that has a structure
comparable to the wavelength of radiation, the beam is not only reflected but is also diffracted. If the material is
magnetic, one may ask whether the diffracted beams also carry information about the magnetic structure.

Incident beam

"Diffracted-MOKE: What does it tell you?",
M. Grimsditch and P. Vavassori J. Phys.: Condensed Matter 16, R275 - R294 (2004).
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Incidence
Plane (xz)

Peculiar structures due to
- Collective properties
- Interference effects

cic
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Intensity (norm. signal)
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P. Vavassori, et al.
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,Phys. Rev. B 59 6337 (1999)

M. Grimsditch, P. Vavassori, et al., Phys. Rev. B 65, 172419 (2002)

P. Vavassori, et al.

P. Vavassori, et al.,

P. Vavassori, et al.

P. Vavassori, et al.,

P. Vavassori, et al.

, Phys. Rev. B 67, 134429 (2003)
Phys. Rev. B 69, 214404 (2004)
, J Appl. Phys. 99, 053902 (2006)
J. Appl. Phys. 101, 023902 (2007)

, Phys. Rev. B 78, 174403 (2008)
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Peculiar structures due to
- Interference effects

O. Geoffroy et al., J. Magn. Magn. Mat. 121 (1993) 516 - Collective properties
Y. Souche et al., J. Magn. Magn. Mat., 140-144 (1995) 2179
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Physical-optics approximation provides a very simple and physically transparent

description.
The electric field in the nt order diffracted beam, due to the periodic modulation of

the “effective” reflectivity ' is
End — Eofn
f,= Js r'op €Xp{i n Ger} dS where n integer, G reciprocal lattice vector
and S is the unit cell.

pp = pp + rMpp My(X,y,H)

E d — E (rO f m + rm f m ) Wlth ropp(ev en' Sdotsl subst) r pp(ev n’ Sdots' Q)
f.rm= [ expii n Ger} dxdy 4— non-magnetic form factor
f,™(H)= ,[Dot my(x,y,H) exp{i n Ger}dxdy  <eagnetic form factor

4= E,¢ (E,%)* Al,™ (m,) = A Re[f,"]+B, Im[f,"]

Waile
. \N;D”WD”TGUF]E P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 "(erbasa UEI

Basque Foundation for Science




Diffracted spots in the scattering plane
G, = 2n/L reciprocal lattice vector

AlLL™ o A Re[f,™] + B, Im[f,™]

Re[f,™]= oo my cos(n G, x) dS

Im[f,m]= |5, my sin(n G, x) dS

£ CIC
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1%t order
Im[f,"] <0
=
Re[f,;"] =0
Im[f,™] >0
=
Re[f,;"]=0
2" order
Im[f,™] < O large
=
Re[f,™] =
3d order
Im[f,™] < O very large
=

Re[f,™] =
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period L

Immaginary contribution:
highlight any asymmetric
(y-mirror symmetry breaking)
magnetic (m,) behaviour

\
\
\
1
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Real contribution:
y-mirror symmetry m,

{:,}mamoeune P. VAVASSORI European School on Magnetism (ESM-2018), Krakow 17-28 September 2018 "(erbasa UEI

Basque Foundation for Science




_|®

Calculated

Narrow channel pins
the magnetization
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\ CIC

Normalized Kerr signal

-3
-1000 -500 o 500 1000
Field (Oe)

Normalized Kerr signal

_1000 500 o 500 1000
Field (Oe)

P. Vavassori, M. Grimsditch, V. Novosad, V. Metlushko, B. llic, P. Neuzil, and R. Kumar, Phys. Rev. B 67, 134429 (2003)

Nanocune IYAZASEe0l European School on Magnetism (ESM-2018), Krakow 17-28 September 2018

nanoscience CooPEraTive ResearcH center

IKerbasquel

Basque Foundation for Science



AL (m,) = 2 £, { A Re[f,"+B, Im[f,] }

An and Bn (ei' en' 8dots' gsub' Q)
A, = Re[ropp™® rMppl
B, =Im[ropp™ rMppl

’

Fop = I’pp + 1"y “effective” reflectivity

Y. Suzuki, C. Chappert, P. Bruno, and P. Veillet, J. Magn. Magn. Mater. 165 516 (1997) only for size >> A

For inhomogeneous gratings r°p = r°pp, dot + pp, sub

An interesting characteristic of D-MOKE related to this : the absolute value of (Al/l,), is
increased up to several times the specular value. Effect due to the compensation of the
non-magnetic component of the light diffracted by the magnetic dots and the light
diffracted by the (non-magnetic) complementary part of the substrate.

Io,n = |rpp, dot|2fnnm + | r°pp, sub |2f'nnm: (|r°p, dot? - | °pp, sub |?) n
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Normal incidence: the scattering plane is defined by the selected spot
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photoelastic
modulator

LT 1]

polarizer

laserr

Alr /1N = A Re[f,"]-B, Im[f,"]
A" /o = B, Re[f,M]-A, Im[f,™]

K. Postava et al.

& = | @
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&f\\compensator
NN\ analyzer

Lock-in

Im[Arm/ rO] = Ad)m/ (I)O
Re[Ar/r,] = Al /1,

Lock-in

Re[f,™]
Im([f ™]

AP /10 = A Relf,™] -
A(I)_nm/(l)_no - _Bn Re[fnm] o

B, Im[f M]
A, Im[f,™]

“Null ellipsometer with phase modulation,” Opt. Express 12, 6040 (2004)
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Electron beam lithography

Double Layer Resist Spin-coating
ZEP 520 Resist (0.3 pmy—_

PMGI Resist (0.3 pm) ;

EB Patterning Si substrate

Resist Development
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E B De DOS | tl O n i ¢ ¢ Magmx;;u'v(zx WD = 6.0mm {User Name = NANOGUNETime :16:00:37

(Fe

Triangular rings (2.1 um side).

] Nominal width 250 nm.

Date :19 Aug 2010
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Amplitude(mV)

1 -1 order Re(Arpp/rpp)

2000 -1000 O 1000 2000
Field(Oe)
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1 -1 orderIm(Arpp/rpp)
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AIn /o= A, Re[f,™]-B, Im[f,™]
A" /o =B, Re[f,M]-A, Im[f, ]

+1 order Re(Arpp/rpp)

Amplitude(mV)

+1,order Im(Arpp/rpp)

Amplitude(mV)

Re[f,™]
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Al 10 =—A Re[f,™] — B, Im[f,™]
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MOKE is a powerful technique for studying technologically relevant magnetic
materials.

MOKE magnetometry based on microscopy provides a noninvasive probe
of magnetization reversal for individual ultra-small nano-structures.

D-MOKE is a powerful technique to investigate the collective behavior of
magnetic nano-arrays.

Next lecture:

Interplay between plasma excitations and MO-activity (magnetoplasmonics).
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