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® magnetic properties
® hysteresis measurements
® coercivity Hc, anisotropy field Hyg
® saturation magnetization Bs, remanent magnetization By
® put..
® |ocal effects
® domain walls

® patterned samples

e multilayers



® image magnetic microstructure with lateral resolution in
the range from nanometer up to millimeter

® directly image magnetization
® clement specific
® image depth sensitive

® imaging of working devices - through non-magnetic
covering layers or substrate

® image while applying arbitrary magnetic fields
® allow sample manipulation (heating, cooling, stressing etc.)
® follow magnetization dynamics

® minimal interaction with magnetization



® image magnetic microstructure with lateral resolution in
the range from nanoseter up to millimeter

directly image magnetization

elemeht\ipecific

Image depth sensitive

SN S 4 S

Imaging of working devices - through non-magnetic
covering layers or substrate

Image while applying arbitrary magnetic fields
allow sample manipulation (heating, cooling, stressing etc.)

follow magnetization dynamics

T SR

minimal interaction with magnetization



® optical microscopy

® magneto-optics

® magneto-optical microscopy (incl. time-resolved)
® transmission microscopy - Faraday effect
e wide-Tield and scanning Kerr microscopy
® \/oigt-effect microscopy

¢ MOIF microscopy (indirect)



... change of polarization of light due to
magnetism ...



® Michael Faraday (1791-1867)

e “Today worked with lines of magnetic force, passing them across different bodies
(transparent in different directions) and at the same time passing a polarized ray
of light through them and afterwards examining the ray by a Nichol's Eyepiece or
other means.”

¢ small change of polarization plane due to magnetic interaction
In transmission. - ~ M



e J. Kerr (1824-1907)

® small change of polarization plane
due to magnetic interaction In
reflection

® “Circular birefringence” ~ M

W. Voigt (1850 - 1919)

even smaller change of polarization plane
due to magnetic interaction.

“Linear birefringence” - ~ M~
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E: electric vector of light wave

e: dielectric tensor

D: dielectric displacement vector

m: magnetization vector components (cubic crystal, isotr.)

Q, Bi1, B2: complex material constants
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concept of Lorentz force
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out-of plane sensitivity out-of plane sensitivity + In-plane sensitivity
In-plane sensitivity




from A. Hubert, R.
Schafer; Magnetic
domains ...

® perpendicular illumination

® sensitive to polar or out-of-plane magnetization component m



note:
still polar @
effect
Included

from A. Hubert, R. h \ /

Schéafer; Magnetic
g N/
\ m X E‘ \\

domains ...
| — /

non-perpendicular illumination
oblique plane of incidence

sensitive to magnetization component m parallel plane of
Incidence



polar > longitudinal

agh

® Mpolar X E > Miongitudinal X E

e diffraction indeX Nueta & 3 (Fe)

m» polar magnetization much easier to measure



® detection of change of
polarization

® goal...
® domain contrast

- f(analyzer Setting) adapted from R. Schafer



polarizer

/

analyZe! —
f(analyzer setting) = =

® analyzer not perpendicular to polarizer

B domain contrast



+0.06

=, mpe [{] Experimnental Koorr curve
+0.04 |

— [23] coine [angl:]
i J fzrznce [1]-[2] times 5

+0.02 |

0.00

-0.02 |

-0.04 }

~
o
~—
-
=
)
©
=)
o
-
-
-
&
A’

-0.06

o””9c')””18|6';' et
e “Add-on” to Kerr effect angle ( )

® not easy to separate
¢ Voigt signal small relative to Kerr signal (6% from FFT)

e complementary additional information possible
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e Kerr amplitude - f(tgm)

® depth sensitivity adjustable through phase shift

) |ayer sensitive imaging (?)




Faraday effect
® magneto-optical Kerr effect - MOKE

® proportional to (projection of)
magnetization

® |n-plane and out-of-plane sensitivity
® “surface” sensitive (adjustable)

Voigt effect



... microscope schemes and resolution ...



Field or Image Forming
Conjugate Planes

Conjugate Planes
in the
Optical Microscope Aperture or llluminating
Conjugate Planes

Retina Microscope
Image Exit Pupil

Plane (Eyepoint)

: Microscope
("ig,'“;eza 1 Exit Pup?l
Plane : (Eyepoint)
i i——Photo Ey eﬁiece Lamp
Fixed Diaphragm Filament

S Aperture
Diaphragm

Eyepiece
ixed

Diaphragm ‘ii
i — = Flﬁld 1N
- » Diaphragm
Objective A
Rear Focal
Plane
Specimen

Plane

Condenser
Aperture
Diaphragm

Lamp
“e___— Filament

Field
Diaphragm

® ]-step image
acquisition

® camera based

www.nikon.com



| & Detector
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® Step_by Step a{'}; Confocal Pinhole

image . %
acquisition

® resolution . B
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objective

object

X ,,
ojective ~_ _~

illumination—_ —

back
focal plane

diffraction

e diffraction limited image
formation

® resolution determent by
the constructive
Interference

e diffraction limited
* f(A)
® f(opening of objective)
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object 1 + object 2
® distance > A

® constructive interference



AN

® narrowing of object 1 + object 2
® reduction of diffraction maxima

¢ |imited through A and opening



A A
D ~ —
2-n-sin® 2-NA <

e D: |lateral resolution D & 200 nm

e A\: wavelength of imaging radiation

® n:.index of refraction of medium between point source
and lens, relative to free space

e (: half the angle of the cone of light from specimen
plane accepted by the objective

® nsin O Is expressed as NA (numerical aperture)
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® overcoming the diffraction limit

detection
® e.g. aperture-type SNOM

® resolution # nm (demonstrated 100 nm)

(will not be further treated in this talk)



® 2 types

e wide-field microscope

® scanning microscope

® resolution limited through

(magnification not important)

e wavelength A

® NA of objective

® n (1.5 for immersion objectives)

® pest around 200 nm



... wide (bright) field imaging ...



MOIF Kerr
(indirect) (ref Iec‘rlon)

T > O > D
WM WM A

<>
<> wide field g@%nnmg

objective
lens

Faraday
(fransmission)

e different types of magneto-optical microscopy



® (high intensity) light source
® polarized light
® polarizer or polarized light source
® analyzer
® imaging optics
® objective lens
® polarization microscope
® image detection
® photo diode (scanning)

® camera system



objective
lens

light source : : :
f IHlumination

polarizer \/
observation Q \ ».

analyzer image
objective detection
lens

(very simple) - polarization optics



Kohler illumination

magnetic

sample objective
< i
lens
camera
back focal
plane /\
= analyzer
== polarizer
field
aperture™— | —
 —— QV
___|_apertfure
stop electro-
S—— magnet
® transmission of magnetic sample
S

lamp

® |imited to transparent magnetic materials



I\ ==+

® polar sensitivity, perpendicular anisotropy

® meta-stable domain structure dependent on magnetic history
a) 90° (in-plane) - maze pattern
b) 20° - band domains Ml
c) 1° - bubble lattice

d) O° - mixed pattern



® direct method

® |imited to optical transparent
materials (transmission)

® averages over sample thickness
® |ow lateral resolution

® ysed as indicator film (next...)



camera

field

aperture A analyzer
/
amp (L) \
\

V V | \) | \) _________ back focal
aperture  polarizer plane objective
stop e <Cj Di lens
mClgneTiC elecfr-o_
sample maghet

® reflection - non-transparent samples (magnetic thin films)

® ndirect method - use of garnet film as an indicator of
magnetic stray fields



\ \ \
* * f hon-magnetic garnet

soft-magnetic V V V

Al mirror
garnet (300 nm)

+ —  magnetic film
® transparent magnetic garnet film (thick, epitaxial grown on
non-magnetic garnet film)
e Al mirror due to reflection mode
® imaging of magnetic charges
® domain walls or “ripple” in thin films

® patterned magnetic samples



Magnetization reversal by magnetic field

-
'J/ .‘u"";;\ - /
rod
]

2 mm

Magnetization reversal by applied tensile stress

® magnetization reversal of TbFe/FeCo multilayers by
magnetic field H and applied tensile stress o

® ripple and domain wall visible
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® NigiFejo-FesoMnsp (11 nm ... 18 nm/ 30 nm)

® asymmetric domain nucleation and movement for forward
and backward loop branch



® ndirect method

® detection of magnetic charges of
ferromagnetic material’'s surface

® metalized transparent epitaxial
garnet layer as detection film

® |ow resolution due to thickness of
garnet film and “micromagnetic”
feature size In garnet



... shining light on magnetic metals ...



camera
field ;i
aperture /— analyzer
amp el L) \
\) U | U | v _________ back focal
aperture  polarizer plane \ objective
stop —_— qj Di lens
magnhetic electro-
e reflection sample maghet

® non-transparent samples from bulk to thin films
® perpendicular incidence of light

® direct method - surface imaging



® permanent magnet
¢ thermally demagnetized magnetic state
® nominal c-axis perpendicular to imaging plane

® small variations in domain structure

sintered magnet



field camera
aperture
lamp | i) /\
%} (A\\I | A\ ~_back focal /— analyzer
aperture polarizer plane \
stop N \
| j>ob\]ec’rive
magnetic \/ lens
® reflection sample electro-
® oblique incidence of light magnet

® |n- and out-of-plane sensitivity (!)

® direct method - surface imaging
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® magnetic contrast enhancement (low longitudinal contrast)

® difference image - background subtraction
® climinate non-magnetic contrast
® enhance domain contrast

® averaging - improvement of signal-to-noise ratio



... from mm to ym ...



® Fe-Si13% transformer steel

® nominal in-plane easy axis of magnetization aligned vertically

e 3 grains with different degree of disorientation



® |ongitudinal recording head pole-tip during write excitation

® enhanced polar magnetization at write gap between P1 and P2



... down to the sub-ym ...



Mout—of—plane
® imaging of micron sized pole-tip (again)

® determination of Mout-of-plane (@30 MA write current)
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(comparison with polarized neutron scattering)

® Fe50Cosp Stripes
® varying width down to 1.7 gm

® sub-um ripple domains

® nteracting domains across
stripe border due to magneto-
static interaction

® strong dependence on magnetic
field history



“2D-structure”

after Hext
0.5 um wide NiFe stripes

® head-on-domains in NiFe wires (20 nm x 500 nm)

® aligned in vertical field

(current induced domain wall motion)



coercivity H (Ce)

4 /m1l11m0.3 um

8

D

:

| ——H /-/ @ measurement of magnetic
Ve | roperties (He)
_,_/-/ e head-on domain wall motion through
| stripes (small width w)

o 01 1 10 _ _
® domain buckling (not shown)



® demonstrated resolution close to
theoretical resolution

® sub pm imaging “easily” achievable




... Trom thick to thin, from non-
transparent to transparent ...
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® determination of magnetic states In
hidden layer from “micromagnetics”

=) known anisotropy axis

(microinductors)



GMR ratio (%)

free
layer

Hex‘r (Oe)

AP pinned

perpendicular “spin-flop”
field anneal @ Hopt

e PtMn/CoFe (1.4 nm)/Ru (0.8 nm)/ CoFe (1.8
nm)/Cu/CoFe-NiFe (3 nm)

® coupled “free layer” acting as a detection layer

® two domain types evident
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recoil branch

forward branch magnetization rotation - partial rotation
omain wall switching domain wall creeping
I 20 um '
*Hex‘r * : *
Mo s570e 57908
0 A T e ]
' domain| |
Q3. [. wall i
Em 1 motion | |
= 00
| domain
05 walI/ D
| motion 6\6\
| g <
_1.0 S .
-0 60 50 4 -0 -0 -10 0

Hex’r [Oe]

anisotropy dispersion

® exchange biased CogoFeio (20 nm) /7 Ir2zMnz7 (10 nm)

® imaging through IrMn layer

® observation of loop and domain asymmetry



Voigt effect ~M? Kerr effect ~M

® Fe/Al/Fe (10 nm/3 nm/10 nm)
magnetic bi-layer structure

¢ mixed alignment of magnetization - |
low coupling

® determination of parallel and
orthogonal alignment of M




® Fe/Cr/Fe (15 nm/x/15 nm)

® dentification of
® ferromagnetic coupling (left)

® O(0°-degree or biquadratic coupling (right)



NiFe domcun SW|Tchm9 MOKE curve

10 pm degaussed

® Co/Cu/NigiFeio (5 nm/5 nm/50 nm)
® top Co layer - both layers visible
e magneto-static Néel wall interaction - charge compensation

® reqular and irregular domain walls



top layer mixed Kerr signal

W-FJoig SR s & = I
SR TR N b \
; § S 1\
:- aﬂ h s‘." - E ; A !“‘. & L8
< - % ¥ ! >

e top Co layer Co/Cu/NigiFes (5 nm/5 nm/50 nm)

e complicated domain structure and 360° walls
® bottom Permalloy layer
® “modulated” 180° wall

® magneto-statically induced variation inside the domains



® magnetization in thin film multi-
layers resolvable

® imaging of buried layers

® imaging through non-transparent
covering layers

® |ayer-by-layer imaging (thin films -

bi-layer)




... magnetostrictive materials, stress
Induced reversal ...



e transformer steel Ajgo > 0O

® domain alignment through application of stress



anisotropy

magnetoelastic sensors ! 100 t/m

\ \/
® stress induced K, alignment in magnetoelastic sensor elements

e switch from branched to regular closure domains (f(Hk))



magnetoelastic sensors

® CoFe/CoB (7.7 nm/2.3 nm)z0o multilayers ¢ applied!

e completely different domain (wall) behavior




REAARRRRT P

® similar to cross-tie walls
e preferred 90°-wall alignment

® stress energy minimization - film substrate interaction



recording head
shields

® edge domain structures in NispoFe200 ... Nig2sFei175 patterns
® thickness 2 ym

® domain structure determined by stress relaxation effects



50 mm

Ni 45Fe55
1,=20x107 B

® no regular closure domain structures in square elements
® NigoFeis - edge curling walls

® NissFess - anisotropy patterning



internal compressive film stress, As > 0
¥ %

)

L]

o =-/7/0 MPa o =-860 MPa 20 pm

Hext
He = 17 Oe X Hc = 35 Oe

® (CosoFeso/S102)s multilayer, magnetic thickness 500 nm

® compressive stress induced magnetization ripple



horizontal
sensitivity

_ transversal
| . sensitivity

10 ym

® stripe domain development in sputtered NigzFeis films (2 ym)

® simultaneous occurrence of weak and strong stripe domains
during reversal

® weak stripe domains not visible in longitudinal image



® observation of stress induced
reversal (stress jig - sample

® observation of stress effects

® general and lateral



... examples from thin films ...



—0— 15nm-x-15nm

\ . —0— Jnm-X-onm
o (Oe) __ | oS

4 5

150 nm

50 nm/x/50 nm B0 nm/x/50 nm>
DA
; AL /' A
M g
-« Rl

Tle '

e different kind of domain walls in thin films (FeN)

e domain wall transformations with thickness, stack, and field



superimposed Neel walls

ffffk«///%%/a

20 um

—» top layer magnetization

bottom layer magnetization

O,
Frrt e Y Y Y Y
FeN (50 nm)/ Al>O3 (5 nm) / FeN (50 nm) compensated Néel wall



NiO 5 nm

N 14 Oe | | ~J 80e
-1.G JEO 5 nm 1—-J—J \NiO 30 nm
-40-200 20 40 -40-200 20 40
Hex‘r(oe) Hex’r(oe)

30 nm

NiO 30 nm

NiFe(30 nm)/NiO
(O nm, 5 nm, 50 nm)
change In cross-tie

period ~ effective
anisotropy

asymmetric domain
wall structure




... Including magnetically patterned
samples ...



® residual vertical anisotropy

® domain wall motion with increasing field

® concertina development and breakdown with again
decreasing field



—>

Hdegauss

Zulm

20 10 0

simultaneous measurement of hysteresis and domain structure H_ . (Oe)

® NigiFeig elements (160 nm)

® “single domain” behavior (large size!)

® clement by element switching
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Si/SiO, n -25- }bom 1 T 1 T 1
O o — long.
E i
-75

150 -100 50 O 50 100 150
HeXt (Oe)

e Si/S10,/Cu(30nm)/Ir Mng,(15nm)/Co. Fe, (30nm)/Ta(Snm)

® two step reversal - anti-parallel loop shift



*bom

® nearly independent switching in stripes
® head-on domain wall motion

e slight modulation of magnetization at borders
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- || ® Neéel wall ensemble

® generation of low angle
perpendicular domains through
Néel wall tails




He'

H*uluH*

amorphous
FeCoBSi film,
30 nm thick

® He-ion implantation
assisted writing of
anisotropy

lateral modulation
of domalin structure



® clearly resolve domain features in

® |ithographically patterned
samples

® nfluence of magnetostatics (see
also smaller stripes shown before)

® |ocal domain and domain wall
features in anisotropy
patterned samples



... Just two examples ...



objective
glass window

AN

T+ Cu-finger,
heated or cooled

sample
electromagnet P

® domain observation from 10 K to 700 K
® |ateral resolution (1 ym) limited due to sample-objective spacing

® additional application of magnetic field



| - 270
Hel v /(\' ¢ winding and unwinding of

203° 205° 227 Oe _
w. w B planar domain wall
o~ ,‘:’, ; | ; Hcou
SV T " ® three phases

& 100pm =

7 ~ mo.sens. ® cdomain wall angles agree

—_—

ﬁ s
2=
,._5- 5

ThasFess (25 nm)/GdaoFeso (50 nm) @77K with net magnetization



100 pm after Hext €<—>

after Hext

[-110]

@20 K [110] (60,,5Mn, 0,)As 25 nm
]

® dominating out-of-plane anisotropy (In, ..Ga,..)As 500 nm

® additional in-plane anisotropy effects GaAs 100 nm

(not investigated in detail) GaAs substrate



® observations over the whole
temperature range possible

® “hit” on resolution




... quantitative techniques, freqguency
analysis ...



® image normalization OO
® determining the sensitivity function (better)“

® additional Images necessary
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® analysis of two magnetization components

® guantitative magnetization vector representation in a
metallic Fe-rich glass

® stress dominated magnetization distribution
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‘vJ.

before anneallng

glass/NiFe(5nm)CoFe(0.6nm)/Cu anneal
(2.4nm)/CoFe(3nm)/NiMn(28nm)

® guantitative imaging

® rotation of anisotropy and exchange
bias after perpendicular field anneal
below blocking temperature



® fringing field generation in recording heads

® adjacent track interference
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lowpass | M gs “

® separation of mixed domain states by frequency filtering (FFT)
® stress induced stripe domains

® microstructure induced patch domains



more than one image of the same
configuration needed

® image normalization
® guantitative imaging

® separation of in-plane and out-of-
plane components

frequency analysis



... From minutes to picoseconds ...



® relaxation processes - up to minutes
® eddy-current limited switching - psec for “bulk” samples

® magnetic precession - 10 sec

d - B P
—M=-yMxH +—(Mx—M)
dt M dt LLG

S



® observation - camera
® regular CCD camera @ 25 Hz - slow dynamics
e gated intensified CCD camera - sub nsec resolution
® (llumination
® arc flash lamp - wsec
® pulsed LED - approx. 50 psec (scanning mode)
® mode-locked Laser based imaging - down to 10 psec
® | aser scanning microscopy
® | aser based wide-field imaging
e fast field excitation

e control of timing (!)



illumination

pump-probe ﬁ\
approach

observation

72

T, + 2At
> Time

R
N

® continuous accumulation of periodic events

® time-slice through changing delay At

® repetitive events needed



field camera

aperfure A
= analyzer

\

lamp, e[l | [} Lt
— BV L - ~_back focal

aperture polarizer plane \
stop N \

objective

magnetic V lens
sample electro-
® regular imaging mode - camera based magnet

® time-resolution variable from sec down to approx. 1/25 sec

® time-resolution down to approx. 1/1000 sec in stroboscopic
Imaging technique
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® “Textbook” example
® “single shot” experiment

® direct observation of magnetization reversal



® “Textbook” example

® “single shot” experiment

® direct observation of magnetization reversal



:H,,, = const.

® IrMn/NigiFeis (3 nm/40 nm)
® Hqxt = const.; M(t)

® AF induced relaxation processes



,“"'- from A. Hubert,
: R. Schéafer,
™ Magnetic domains
(1998)

25 um

¢ g-switched ruby laser, dye laser : :
| single shot image
¢ %10 ns laser pulse-width

® magnetic bubble “explosion” iIn YEuTmGa-FeO garnet films



Laser magneto-optical microscope “LAMOM”
Inductive recording head - NigiFeis yoke
Q-switched Nd-YAG laser # 5 nsec

“differential” imaging

& from A. Hubert,

R. Schéfer,
Magnetic domains

¥ (1998)



camera based - intensified CCD " et contra) | —
] _ Computer
® time-resolution down to approx. e
250 psec In stroboscopic imaging Camera ntensifier
_ ontoller
technique FTrigger IN
® exact synchronization between Frigger OUT
magnetic field excitation and Shat I ff |
- <_
camera opening Pulse Out Trigger | |Delay Generator
0V - 45V IN ‘ A
100 ps v ) v .| Trigger IN
1MHz - 20 MHz SGmlf"eJ_\; | N

® key element - gated image
Intensifier

1L

Nrip-line

<4

S L

Oscilloscope

[UL

Trigger In

Pulse Generaton

Trigger Source
Delay Generator|




Photocathode mcP  Luminescent

Screen

gated image intensifier

repetition rate DC ... 80 MHz

gating time down to 200 ps

adjusted by voltage between
photo-cathode and micro-channel
plate (MCP)

micro-channel plate image

Intensifier

from ) 2200 ps..DC
Photocathode 200 V P

MCP

exposure times 200 ps - 1000 sec | Z =

secondary electrons



® panocrystalline
Fe-based
wound core

strong K,

— moderate K

—s Weak K|,

specific classical eddy

current loss

K,=5J3/m3
N
82 ¢
—

CDE 4 -
5 E
QCI)
S5 2T
= 2N
80
(%_sg)- 0 +

4 6
Frequency (kHz)

specific hysteresis loss per cycle
10
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high field reversal of Permalloy element




t (ns)

Hex’r (kA/m) .

115
. 07

switched fraction

small driving field (1.5-Hsat) - slow reversal
concertina development
vortices at the left-right corners

domain wall generation

5 0 5 10 15 20
time 1 (ns)

o N M O

(W/vy) “H
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variable gating time DC to 200 psec

variable repetition rate DC to 80 MHz

e combination with guasi-static observation

e very flexible

low efficiency 0.00025 (e.g. 1 MHz, 250 ps)
low SNR



Laser based
(stroboscopic)

imaging (Similar '| Rotatable Disc

for arc flash lamp)

mode-locked ,"‘O‘“‘[""ﬁ---- ]

Nd:YVO, Laser-.

Frame Grabber

/‘----o/\ /\

Multimode \/ \/
time-resolution "P¢"
down to approx. 15

psec

L aser scrambler

g Delay Control
Computer
Trigger OUT
Trigger|IN
) v
I /\ | '/\ j «
Ve o L
Delay Line
Pulse Out - Trigger OUT
oV - 10V \
23 MHz _I_\_ S‘rr'lp—Lme
1L
Trigger IN

Pulse Generator

needed



Rotating Glass Disc

laser speckle
Interference pattern strongly reduced laser speckle
no observation possible Kerr microscopy possible

rotating “rough” glass disc

® removal of coherence effects - laser scrambler

® averaging over moving speckle pattern



0.0 ns

0.2 ns

0.3 ns

0.4 ns

0.6 ns

0.9 ns

15.8 ns

0.8 kA/m

40 x 40 ym?, 50 nm

1 ns
< >

rotation of M (MxH, top-b.)
buckling of M (right)
stretching of M (left)
spike domains

slow relaxation
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0.9 ns

-

I

® development of spike domains (after 1 ns)
® similar to quasi-static elements

® similar to concertina development
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0268 ms

(Pt(2 nm)/Co(0.4 nm))s/Pt(0.4 nm)/IrMn (5 nm)

> Hex‘r

low rep. rate arc flash lamp
approx. 10 psec time resolution

stroboscopic observation of
domain nucleation in EB systems

(single-shot possible)

asymmetry in nucleation density
= wider distribution of EB field



time resolution determined by
Illumination source (fixed)

® from psec to psec
e ysually fixed repetition rate

no sample movement - fast

high efficiency
good SNR
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t=1.00ns

® out-of plane M(t) in pole-tips of recording head

® characterization of write head dynamics



H,

® 15 nm NigoFe2o element, element size 10 ym X 2 gm
® change of reversal modes with orthogonal bias field

® domain walls decrease switching time
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® spin dynamics in closure domains 5 x 5 pm?, 50 nm

e confirmed by micromagnetic calculations _



® multiple spin
wave modes

® |nversion In
vortex contrast

® switching of
vortex core

6 X 6 um?, 15 nm




1.56 GHz mode 1.95 GHz mode

® extraction of non axially symmetric (shape induced)
excitation modes by FFT processing



time resolution to psec
® fixed repetition rate

sample movement - slow

high efficiency

best SNR (magnhetometer-like)



® sample manipulation easy: arbitrary sample shape and size,
arbitrary magnetic fields, cooling, heating, fast

® simultaneous measurement of hysteresis curves

® imaging of magnetization vector 100\
) quantitative microscopy

® information depth 20 nm

) depth-selective imaging possible in multilayers

® |maging of dynamic processes at high speed



e optical resolution limited to approx. 250 nm
® only surface domains can be seen

® not element specific



® improve resolution

® UV — X2 In resolution
e optical near field microscopy?
® single shot psec imaging

® high power laser + ultra sensitive camera system

® Introduction - overview (pre 2002)
® A. Hubert & R. Schéafer, “Magnetic Domains”, Springer (1998)

® M. Freeman & W. Hiebert, “Stroboscopic microscopy of magnetic domains”,
In “Spin dynamics in confined magnetic structures 1”7, B. Hillebrands, K.
Ounadjela (Eds.) (2002)



