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Kerr Microscopy
on Magnetic Multilayers

R. Schäfer, IFW-Dresden
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Digitally enhanced Kerr microscopy (difference image technique)
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Magnetization process in NiFe/SmFe exchange spring system
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Magnetization process in NiFe/SmFe exchange spring system,
seen from SmFe side

H

a b

c

a
b
c

SmFe

100 µm

H HH

easy 
axis



NiFe

SmFe
net
magnetizationH

H 100 µm

σs = (m1 – m2)  n m1 m2

n+

+

a

b

a

b



Substrate

F

AF

Heb

H

M
ferromagnetic 
film

Magnetization processes in exchange biased FM-AFM systems

together with 
O. de Haas and C. M. Schneider (IFW-Dresden)

NiO (10 nm thick) 
for t ≤ 10 nm: reduced coupling temp. of 200K

antiferromagnetic 
film

NiFe (Permalloy, 10 nm thick)



Objektive

Domain Observation in Optical Cryostat

Cooling 
finger

Sample

Glass window

Electromagnet



H

pinning
directionCo (4 nm)

FeMn (10 nm)

observation

NiO (10 nm)

NiFe (10 nm)

100 µm

H

pinning
directions

20 µm

85 < T < 145 K

H1 H2 H3< <



NiFe (Permalloy, 10 nm thick)

Cu (0.5 nm thick) – reduction of exchange bias

NiO (10 nm thick) – reduced coupling temp. 200K

F

AF

Processes in NiFe/NiO with reduced exchange biasing



Hard axis magnetization process

H

easy 
axis

initial state

T  > Tcoupl. T  < Tcoupl.

H100 µm



Easy axis magnetization process

initial state

zero field

magnetized
T < 220 K - reversible T > 220 K - irreversible

H

easy 
axis



T = 220K

180 200 220 240 260 280 300 320

T in K

220

200

180

160

140

120

100

80

60

Stiles & Mc Michael
PRB 59, 5 1999

Switching in rotating field
sw

itc
hi

ng
 a

ng
le

NiFe
Cu
NiO

ϕ



–300 –200 –100–400–500–600 0

H in A/cm

–10 0 10

H in A/cm

Magnetization processes in spin-valve meanders

NiFe (4 nm)
Co (1 nm)
Cu (3 nm)

Co (3nm)

FeMn (10 nm)

free layer

pinned layer

}

}

pinning
direction

together with D. Chumakov (IFW-Dresden),
K. U. Barholz and R. Mattheis (IPHT-Jena)

pinning
direction



abcd

e f

H

pinning 
direction

5–20 –10 0

H in A/cm

b a
c

d

e
f

NiFe (4 nm)/Co (1 nm)
Cu (3 nm)
Co (3 nm)

FeMn (10 nm)

pinned layer

free layer

H

10 µm



+
–

–
+

–
+

+
–

+

–

–
+

–

+

–
+

+
–

+

–

–
+

+
–

H H H

+
–

–
+

Domain nucleation at 360° walls



pinning 
direction

H

–
+–10 0 +14 A/cm

0 –11 –16 A/cm

10 µm

H

360°
walls

H

edge
domains

edge curling
walls

homog.
magn.

edge curling
walls

edge curling
walls



edge 
curling 
wall

10 µm

pinned

free

pinned

free

pinning
direction

H– +

0 A/cm+70 0 A/cm–7



20 A/cm

40 A/cm

60 A/cm

80 A/cm

0° 90° 180° 270° 360°

m
ag

ne
to

re
si

st
an

ce

rotation angle

pinning 
direction

Kerr-
sensitivity

0°

90°

180°

270°

2 
%

Rotational Hysteresis



pinned layer

H

hysteresis in edge curling walls

difference image between
(360° → 270°) and (180° → 270°)

16 A/cm10 16

difference image between
(180° → 90°) and (0° → 90°)

10 16 16 A/cm

10 µm

free layer

180° 270° 180° 270°



Samples: R. Mattheis, IPHT-Jena
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Magnetization processes in AF-coupled multilayers
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Magnetization processes in AF-coupled multilayers
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Kerr Effect
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Remagnetization of Fe-film by 180°-wall in whisker
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Phenomenological description of Kerr-, Voigt-, and Gradient effect
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Kerr effect Voigt effect
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Possibilities of Kerr microscopy
for domain studies in magnetic multilayers

Depth sensitivity (20 nm) can be exploited by using compensator

Compatible with fields, 
study of magnetization processes at reasonable resolution (300 nm)

Fast and versatile method, 
observation at wide temperature range

Combination of m.o. Kerr-, Voigt-, and Gradient effects
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