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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)

Inhalt

Klassifizierung Deibel, now switch to English
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Ferromagnetische (Funktionale) Materialien
• Guest-lecture “Komplexe Materialien” part 1: FM functional materials for data storage (some basics) (1:36:31)
• Guest-lecture “Komplexe Materialien” part 2: FM functional materials for data storage (applications) (1:32:24)

• Total lecture time 3:08:55

Inhalt

Klassifizierung Deibel, now switch to English
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Some questions for discussion …

Do you remember?

Lecture Review (part 1)
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Which elements are ferromagnetic at room temperature? 

A: Fe, Cr, Mn

B: Co, Fe, Cr

C: Ni, Fe, Co

D: Co, Ni, Fe, Tb

E: Gd, Fe, Co, Ni

Question 1

slide
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The Magnetic Periodic Table
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Which material has the highest Curie Temperature TC? 

A: Fe

B: Co

C: Ni

D: Fe2O3

E: Co75%Fe25%

Question 2

slide
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TC of magnetic materials

Co has the highest TC of all magnetic materials 

Three perspectives of Ferro-magnetism
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Which magnetic energy is the most short range? 

A: Zeeman energy

B: Anisotropy Energy

C: Demagnetization energy

D: Exchange energy

E: Stray field energy

Question 3

slide
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Which magnetic energy is the most long range? 

A: Shape anisotropy energy

B: Stray field energy

C: Demagnetization energy

D: all of the above

E: none of the above

Question 4

slide
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Which magnetic energy varies the most in strength across 
ferromagnetic materials?

Question 5

slide

A: Zeeman energy

B: Anisotropy Energy

C: Demagnetization energy

D: Exchange energy

E: Stray field energy
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Which ferromagnetic 3d element has in its single crystal 
ground state uniaxial magnetic anisotropy?

Question 6

slide

A: Fe

B: Co

C: Ni

D: all of the above

E: None of the above
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Give an example for a very hard magnetic material?

Why is this material particularly hard?
What is special about it?

Question

slide
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a

c

Nd2Fe14B

Magneto-crystalline anisotropy energy

Simple hard 
magnetic structure

More complex hard 
magnetic structure

Energy term summary again, relative 
variation: exchange, demag, anisotropy

FePt

Nd2Fe1B1

Nd4Fe2B2

Nd2Fe1B1

Fe26

Fe26Cuboid unit cell:
Nd8Fe56B4
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Sci Rep 11, 6347 (2021)

https://doi.org/10.1038/s41598-021-85713-5
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a

c

Simple hard 
magnetic structure

FePt
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Which of the following statements is true?

A: The larger the exchange energy, the larger the domain wall width

B: The larger the exchange energy, the shorter the domain wall width

C: The larger the anisotropy energy, the larger the domain wall width

D: The larger the stray field energy, the larger the domain wall width

E: The larger the stray field energy, the shorter the domain wall width

Question 7

slide



www.tu-chemnitz.de20Prof. Dr. Olav Hellwig

Domain wall width and energy
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Stray field or demagnetization energy triggers domain formation  domain wall formation
Exchange wants infinitely thick DW, anisotropy wants infinitely thin DW  compromise

domain wall energy density domain wall width

The domain wall does not have a precisely defined width, since the direction of magnetization only 
approaches the easy axis asymptotically. Anisotropy of some sort is necessary for finite domain wall width.

How do we define where the domain wall ends?

Now take all three energies and compare ….
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Compare magnetic data processing and storage in

A) Magnetic HDDs  (read/write, mechanics …)
a) Coil (read/write)
b) Coil (write), GMR (read)

B) MRAM
a) Toggle
b) STT
c) SOT

C) Spin Waves / Magnons

Shortly explain how and in which way each technology
is superior to the previous one …

Some open discussion …
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Read/Write process in early HDDs



www.tu-chemnitz.de23Prof. Dr. Olav Hellwig

Evolution of read/write heads in HDDs
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Toggle- versus STT- versus SOT-MRAM
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Toggle-MRAM
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Toggle- versus STT- versus SOT-MRAM
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Why not multilayering?
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30
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https://www.tu-chemnitz.de/physik/MAGFUN/

outline

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


www.tu-chemnitz.de32Prof. Dr. Olav Hellwig

Discussion about and feedback on 
the lecture recordings


