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Ferromagnetische (Funktionale) Materialien

• Einordung und Einleitung

• Energien und Energiedichten einer ferromagnetischen Probe
• Austauschwechselwirkung
• Streufeld- oder Demagnetisierungsenergie, Formanisotropie
• Anisotropie (außer Formanisotropie = Demagnetisierungsenergiedichte)
• Zeemann Energie, äußeres Feld

• Wechselseitige Konkurrenz verschiedener magnetischer Energieterme

• Hysterese-Effekte, Stoner-Wohlfarth Modell, Basis für binäre magn. Datenspeicher

• Magnetische Funktionsmaterialien zur Datenspeicherung
• Entwicklung der Festplatte: Von magnetischen Mikrosystemen zu Nanosystemen
• GMR (Riesenmagnetwiderstand) und TMR Effekte für empfindlichere Leseköpfe
• Zukünftige Festplattentechnologien
• Neue Effekte in der Nanowelt: Spin tranfer torque in Nanokontakten
• Separation von Ladungs und Spinströmen: Spin orbit torque in Dünnschichtsystemen
• Anwendungen im Magnetic Random Access Memory (MRAM)
• Die Spinwelle als Informationsträger (HZDR-movie)
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Data storage before the HDD
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Data processing and data storage in the old days …

FBI
FBI- data storage facility 1942
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Data processing and data storage in the old days …

Data storage back then: FBI facility from World War II, Source: Google LIFE image archive.
By 1942 the FBI was adding 400,000 file cards a month to its archives, and were receiving 110,000 requests for “name 
checks” per month. By 1944 the agency contained some 23 million card records, as well as 10 million fingerprint records.
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Largest and smalles HDD ever built …

https://www.youtube.com/watch?v=6coKh7vtpsYIBM RAMAC movie (1956):

https://www.youtube.com/watch?v=PQwCMDRajJo

IBM update movie (1968):

https://www.youtube.com/watch?v=6coKh7vtpsY
https://www.youtube.com/watch?v=PQwCMDRajJo


www.tu-chemnitz.de6Prof. Dr. Olav Hellwig

source: Masaaki Futamoto
IEEE distinguished lecture 2011

History of the Hard Disk Drive and related technologies

magnetic tape Video magnetic tape

Add new technologies

Main
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Personal
Computer

Laptop, iPOD
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source: Masaaki Futamoto
IEEE distinguished lecture 2011

History of the Hard Disk Drive and related technologies

magnetic tape Video magnetic tape
SSD, Flash Memory (non magnetic!)

HDD density chart, overview

Spin Transfer Torque MRAM

Toggle MRAM

Spin Orbit Torque MRAM
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D. Weller et al, Intermag 2008

HDD density zoom in

HDD areal density progress
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Magnetic recording density development
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highest demag fields 
at bit transitions

highest demag fields 
in bit center
 intergranular exchange 
counteracts demag fields

From Longitudinal to Perpendicular Media

Head and media for LMR and PMR
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From Longitudinal to 
Perpendicular Media

1. Trailing shield

From Longitudinal to Perpendicular Media

Modern cross-sectional PMR media structure
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SUL

SUL
Ru

adhesion

glass substrate

seed

Ru low pressure / high pressure

granular media layer

continuous cap layer

Basic PMR Media structure

Advantages and disadvantages of PMR
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From Longitudinal to Perpendicular Media

TEM write and read-head for PMR
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Permalloy shields

~2m

Cu coils Permanent

magnet

ABS view

Tunnel barrier

90 nm

TMR Reader with DR/R=18%
Single Pole Writer with 2.4 T Pole

Writer:
~ 170 nm thick   

~ 100 nm wide

Reader:
~ 70 nm gap  

~ 90 nm wide

70 nm

ShieldShield ShieldShield

medium

170 Gbit/in2 dimensions

Read resolution down track given by layer thickness (90 degree tilt), 
cross track by lithography magnetic recording ahead of Moore‘s law …

Perpendicular Write-Read Head
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Giant Magnetoresistance (GMR)

GMR, Nobel prize in physics (2007)

Baibich et al. PRL 61, 2472 (1988)
Grünberg et al. PRB 39, 4828 (1989)

Albert Fert

Université Paris-Sud, 

Orsay, France
Peter Grünberg

Institut für Festkörperforschung, 

Forschungszentrum Jülich, 

Germany

Circuit illustration

What is Magnetoresistance?

Change of electrical resistivity of the material under the application of 

magnetic field

Magnetoresistance converts magnetic signal 

into electrical signal

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.61.2472
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GMR – equivalent circuits for multilayer

𝑅𝐴𝑃 =
𝑅↓↑ + 𝑅↑↑

2
𝑅𝑃 =

2𝑅↓↑𝑅↑↑
𝑅↓↑ + 𝑅↑↑

GMR=
𝑅AP−𝑅P

𝑅P

Spin valve head, Coey
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What effects are used here?

• Interlayer exchange coupling
• Exchange bias
• Tunneling magnetoresistance

Basic Read Head Structure

Brick wall, Trilemma

PMR geometry

+++ +++ +++ +++- - - - - - - - - - - -
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Future technologies
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Future
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Toggle MRAM
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Spin-Transfer-Torque

Necessary critical current densities
of the order 106 - 107 A/cm2 are
only achieved in nanostructures

Spin diffusion length across spacer layer
on the 10-100 nm range
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Toni Hache  |   t.hache@hzdr.de |   Institute of Ion Beam Physics and Materials Research   |   HZDR

Spin-Orbit-Torque

• transport of angular momentum without transport of electric charge

25

J.E.Hirsch: Phys. Rev. Lett. 83 (9),1999

ferromagnet

J.C. Slonczewski, J. Magn. Magn. Mater. 159, L1 (1996); 195, L261(1999)

L. Berger: Phys. Rev. B. 54, 9353: 1996; J. Appl. Phys. 90,  4632: 2001M.Dyakonov: Sov. Phys. JETP Lett. 13: 467, 1971

Crosspoint memory example

animation by Helmut Schultheiss and Toni Hache

mailto:t.hache@hzdr.de
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Cross point memory structure

SOT-MRAM cell

From pure spin currents to spin waves …



www.tu-chemnitz.de27Prof. Dr. Olav Hellwig



Member of the Helmholtz Association

Dr. Kilian Lenz  I  Institute of Ion Beam Physics and Materials Research  I  Nanomagnetism Division  I  www.hzdr.de/fwin

Magnons and spin waves

 Instead of flipping a single spin, readjust all spins slightly

 Spin wave

Concept

HZDR spin wave movie …
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https://www.tu-chemnitz.de/physik/MAGFUN/

outline

https://www.tu-chemnitz.de/physik/MAGFUN/
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