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May | introduce myself

1969: PhD in Darmstadt (Germany) with
,,Optical Spectroscopy and Crystal Field
Analysis in some Rare Earth Garnets”
Mentor K.H.Hellwege, Supervisor: St.Hufner

1969-1972 postdoctoral fellow at
Carleton University Ottawa Canada.
Raman Spectroscopy on electronic
states and phonons

Supervisor: J. A.Koningstein

since 1972 Research Center Jiulich,

Institute for Magnetism founded in 1971
Investigation of magnetic semiconductors EuO, EuS
Fabrication, magnetic and transport properties of
layered magnetic structures

Mentor: W.Zinn



Bulk and Surface Spinwaves in EuO
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Fig. VI.3. Raman spectrum from EuO [VI.2]. According to the
orientation of the sample one observes the Damon-Eshbach
spin waves (labelled as M,) as a Stokes line (above) or as an an-
ti-Stokes line (below), while the volume spin waves appear with
equal intensity in both geometries, although higher intensity is
° observed for the anti-Stokes line [V1.3]
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Coupled Damon-Eshbach-Spinwaves

wﬁ/w., Landau Lifshitz equation
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What was known in 1984 about

interlayer coupling

apart from the dynamic coupling?

Pinhole coupling due to

,,magnetic bridges*

tm

vt

Orange peel or Neel

type coupling caused

by strayfields due to

meandering interlayers




Coupled Damon-Eshbach-Spinwaves
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Effect of exchange coupling
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Coupled Damon-Eshbach-Spinwaves
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First measurement of
interlayer exchange coupling as a function of
the interlayer thickness
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Work on interlayer exchange coupling
published in 1986

Oscillatory coupling in Gd/Y multilayers (Majkrzak et al)

Helical structures in Dy/Y multilayers (Salamon et al.)

AF coupling in Fe/Cr/Fe layered structures (Grinberg et al)



Fabry Perot model of interlayer exchange coupling
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analogy: optical Fabry
Perot interferometer
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What can we expect in magnetic multilayers?
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Phys. Rev. B 39, P. 4828, 1989

First measurement of GMR
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First measurements of GMR in Fe/Cr/Fe

Orsay Jiilich

(B) Double layers

(A) Multilayers AR/R (H=0)
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Fig. 5. GMR effect in a multilayer (A) and a double layer (B) of Fe interspaced by Cr. (B) The AMR
effect in a single film of Fe with thickness 250 A is also shown for comparison.




First theories of GMR

VoLUME 63, NUMBER 6 PHYSICAL REVIEW LETTERS
7 AUGUST 1989

Theory of Giant Magnetoresistance Effects in Magnetic
Layered Structures with Antiferromagnetic Coupling

R. E. Camley ® and J. Barnas®’

Institut fur Festkorperforschung der Kernforschungsanlage Jilich GmbH,
Postfach 1913, D-5170 Jiilich, West Germany
(Received 30 March 1989)

Wiz v)  eE 9fo(v) Boltzmann transport equation:

agT(l)(z,v)+g _
0z A1y, mv, OJv, Camley-Barnas model

z

PHYSICAL REVIEW B VOLUME 42, NUMBER 13 1 NOVEMBER 1990

Novel magnetoresistance effect page 8110
in lavered magnetic structures:

~ Theory and experiment

E

: A , R E. P ; .
Kernsforschungsanlage GmbH, Institut fiir Festkorperforschung, Postfach 1913,
5170 Julich, West Germany



Theory and Experiment
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Spin dependent transfer phenomena
in layered magnetic structures
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CIMS - advanced magnetic switching concept

due to spin polarized currents

current induced magnetization switching and excitation of spinwaves
proposed by J.Slonczewski and L.Berger in 1995

first experiment: J.A. Katine et al., Phys. Rev. Lett. 84, 3149 (2000)
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Two step CIMS in Fe/Ag/Fe

Current density j [107 A/cm?]
-20 -10 0 10

T=5K;B,,=7.9 mT
along hard axis

Differential resistance dU /dl [a.u.]

DC current| [mA]

—

variable /

fixed B

Four energetically nearly 1dentical states give rise to two-step switching

R.Lehndorf, D.Biirgler, C.Schneider, Jiilich
2007



Magnetization reversal of a thin-film element by a spin-polarized current

spin-polarized
electric current dm

dt

Forschungszentrum Julich

in der Helmholtz-Gemeinschaft

d
—vm x H g H|am x ;?‘Jr xm X (m X p)
precession damping spin-transfer torque

A. Kakay, R. Hertel, C.Schneider, IFF Jllich



Applications



GMR Effect — Magnetics |

Giant Magneto Resistance

Orientation of magnetization

thickness:

AF 4
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Fig.13 working principle
and data for GMR sensor with
AF coupled multilayer

by courtesy of NAOMI-
Sensitech, Germany

depends on spacer layer

d

1 nm™ 2 nm

"interlayer exchange coupling”

AF coupled multilayer:

large signal (22-44%)
easy tailoring of sensitivity

unipolar
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S p i nva Ives 4nm Ta  ------------ cap layer

> 5nm NiFe
. 0.8nm CoFe free layer
Here to monitor biect GMR 2.5nm Cu ----F----- spacer
: objec
meCha_nlcaI effect —> 4nm CoFe---")- pinned layer
rotations 0.8nm Ru SAF
< 4nm CoFe
permanent- 10nm IrMn----- NAF
magnet
2nm NiFe
buffer
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}GMR— ]
Sensor -
synthetic bipolar
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(SAF) , |
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< ]
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GMR sensors in read-heads for hard-disk drives

Antiferremagnetic
Exchange Film

Contact gy Contact .
Yoo [ MeGDIH | roe
H A5 - Hard Bias 1991 L r
EebEs CoptCr 4 L= At
Cu NiFe GMR 1933 - L
Sgacer  Fres Film e 1994 | 0.578 Ultrastar XP
1995 0.829 Ultrastar 2XP
0.923 Travelstar2LP
1996 1.32 Travelstar 2XP
145 Travelstar VP
1947 264 Travelstar 5GS
2.68 Deskstar 16GP
312
1998 3.74 Travelstar 6GT
4.1 Deskstar 25GP
5T Travelstar BGH
19499 53 Deskstar 37GP
10.1 Tt
2000 7.04 Ultrastar 36LZX
14.5 Deskstar 40GV
171 Trayelstar 30GT
2001 13.2 Ultrastar TILZX
257 Travelstarr 30GN
29.7 Deskstar 120GXP | """
240 Trovelstar a0GN | | mem Sl
2002 263 Ultrastar 146210 9 Hard Bias
Shipment of GMR-read-heads (1997-2007): o Deskstar 180GXP | | i
pskstar 120GXP | S
111 9) 2003 70.0 Travelstar 80GN ———
e Film
5 billion ( 10 2004 1 2100 =GR Pinnec 2005
2005 | >200 m Ed Grochowski, HGST




AFC media

Ll.nnq-l]-l: Tramat.gs

AFC stabilising magnetic domains on hard disc



TMR and MRAM
(magnetic random access memory)

" MR-Elemente

= Barriere
=== Ferromagnet

=mms  Antiferromagnet . .

Diode information:
IIUII II1 1]
>— H 1]
—> 0
. . nonvolatile
Conventional: writing by Oersted fields

Advanced: writing by CIMS




AMR-and GMR-Sensor Applications
e.g. als Electronic Compass Combined with a Mobile GPS

System

there are already mobiles on the market
which include GPS, in future also
compasses

 measurement of the Earth‘s
magnetic field in 2 or 3 axis

e accuracy of 1°

e low power consumption
(2 years battery life)

For continous, retardation free
alignment of map or direction of
motion.




Traffic Control Sensors

most vehicles contain parts of
ferromagnetic materials

mmmm)> traffic control

indicate free
parking lots on a
display at the
entrance of
parkhouses




Spirit and Opportunity

The motion of ,,Spirit and Opportunity* on Mars are
monitored by AMR sensors.



GMR-Field Sensor Applications

e.g. Detection of piston end positions

GMR-sensor with processing

The GMR-sensor detects - due to its high magnetic sensitivity - the
position of the piston even at large distances and different cylinder
diameters.



GMR in medicine and biology
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New applications - New challenges

Antiferromagnetic
Exchange Film

for read out in HDD
Contact Y Contact can't be small enough

H r-:’:Eéas Hard Bias
ortlr CoPtCr

MiFe GMR Co GMR
Spacer Free Film Pinned Film

for detecting magnetic beads:
can't be large
enough




Hydra in tbe Greek mythology: cut one head, two new grow



http://upload.wikimedia.org/wikipedia/commons/2/23/Hercules_slaying_the_Hydra.jpg

Biosensor: important ingredients
magnetic beads 1p GME- TME-5ensor Array:
see also , MRAM*
magnetic I

nanoparaticles

[

0x10 Sensors on
0.1x0.1mm? area

Y antibodies antigenes <

good guys bad guys . .
immune reaction



Largest GMR values in trilayers
and multi layers at room temp

system GMR|[%] tmag[nm] | ref.
Fe/Cr/Fe 1.5 12 1)
Fe/Cr/Fe 2 5 2)
[Fe/Cr(1.2nm)]5, 42 45 2)
Co/Au/Co 1.8 10 1)
Co/Cu/Co 2.0 10 1)
Fe/Cu/Fe 0.5 10 1)
Co/Cu/Co 15 3 3)
[Co/Cu(0.9nm)];, 48 1.5 5)
[Co/Cu(0.9)], 65 1 6)
1) Griinberg et al.JMMM1991 2) Schad et al. JAP 1994 3)Egelhoff et al JAP79

4) Schad et al, Appl.Phys.Lett. 1994 5) Mosca et al JMMM 1991 6) Parkin Appl.Phys.Lett.1991



Si _
recent example: M.Buchmeier

et al. PRB 67(2003)184404

and phD thesis, Juelich 2003

F¢ 2l

0 —

£ 5
g 2 =T
w =
2 4} I
=3 -
a8 (3]
(o))

. .2 =

1 1 =

®  spaer thickness (A) T

=

80A Fe Spacer 100A Fe E

ol

evaluation includes twisting of
magnetization in the Fe films

Si (134)

Si (8A)
J,=4.75mJim"

Si (TA)

1 B 1
-15 0 15
Frequency Shift (GHz)




Structure Interlayer Coupling Reference
thickness strength
[nm] [mJ/m?]
Fe/MgO/Fe 0.5 -0.26 [12]
Fe/Si/Fe 0.6 -6.2 [11]
Co/Ru/Co <0.9 -5 [50]
Fe/Cr/Fe 0.5 -1.6 [51]

Table 1: Comparison of interlayer coupling strengths for
some structures with insulating, semiconducting, and
metallic interlayers.
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