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Contrast Formation and Interpretation 
Thin Films: Out-Of-Plane vs. In-Plane Anisotropy 

below 4 ML: out-of-plane magnetization; 
surface/interface anisotropy dominates 
out-of-plane tip images magnetic domains 

thickness dependent reorientation transition of Co on Au(111) 

above 4 ML: out-of-plane magnetization; 
shape anisotropy dominates 
out-of-plane tip images domain walls 

180° Bloch wall with 
 out-of-plane component! 
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Contrast Formation and Interpretation 
Magnetic Nanodots: In-Plane vs. Out-Of-Plane Anisotropy 

patterned media: polycrystalline cobalt nanodots on silicon 

diameter: 100 nm, height: 40 nm 
single domain; shape anisotropy 
favors in-plane magnetization   

diameter: 70 nm, height: 100 nm 
single domain; shape anisotropy 
favors out-of-plane magnetization   

dots appear 
as dipoles 

 A. Fernandez et al.,  IEEE Trans. Mag. 32, 4472 (1996). 
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Field Dependent Experiments 
Magnetization Reversal Behavior of Thin Film Tips 

30 mT 

20 mT 
area scan 

0 mT 

50 mT 

line scan (slow axis disabled) 

manganite (La0.7Sr0.3MnO3) on LaAlO3   
sample exhibits interface (stress) induced out-of-plane anisotropy 

contrast change along whole scan line indicates switching of the tip magnetization 
contrast inversion indicate complete reversal by 108°: well behaved single domain tip!  
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Hysteresis Loop on LSMO on LAO  

 A. Schwarz et al., PRL 92, 077206 (2004) & M. Liebmann et al., PRB (2005): 
 EPAPS document @ http://www.aip.org/pubservs/epaps.html 
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Visualization of Single Barkhausen Events 

A

N
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DC 1 µm

1 µm1 µm

1 µm

difference images A-B: 
 

⇒ revealing Barkhausen events 
 

merging images A + C: 
 

⇒ position of  Barkhausen events 
 

 
identification of nucleation of  new 
domains and growth of old domains 
due to domain wall propagation 

 A. Schwarz et al., PRL 92, 077206 (2004) 

resolution ≈ 10 nm  
depends on scan height and localization 
of the stray field emanating from the tip 
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Summary: MFM 

• senses stray field above the surface 
• long range magnetostatic interaction 
• separation from other long range forces (vdW, electrostatic)  

• lift mode or plane-subtraction mode 
• compensation of CPD  

• resolution limit about 10 nm 
• tip-sample distance 
• localization of the stray field emanating from the tip 

• usually only qualitative, but not quantitative (e.g., not 
possible to obtain magnetization like with SEMPA)   
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