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Motivation
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Detection of biomolecules, e.g. in point-of-care-diagnostics

Tunneling magnetoresistance sensors
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Questions:

- yes / no-answer

- particle position

- particle number

Good understanding of 

the relation between 

particle properties and 

signal necessary. 



How to describe ferromagnetism?
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Governing equation is Landau-Lifshitz Gilbert:

Ferromagnetism
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How to describe ferromagnetism?
4 Thin films and superparamagnetic particles
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Thin films
High aspect ratio!!

Superparamagnetic particles
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polymer matrix

magnetic nanoparticles
System simplifies to set of ODEs
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Implementation into COMSOL
5 Self generated GUI
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Examples
6 Micromagnetics – A trilayer system
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vortex

S-state

C-state



Examples
7 Particle dynamics - Two-dimensional particle assemblies
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Dynamics of particles can be complex:

[1 0 0]

- antiferromagnetic vortex equilibrium state

- anisotropic hysteresis effects



Measuring tasks
8 Model system
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- determine position of a single particle

- measure number of particles in range
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4 nm CoFeB

MS = 1193 kA/m

A = 2.86*10-11J/m

2 nm MgO
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Measuring single particles
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Probe particle of r = 20 nm and MS = 1000 kA/m at different heights 

TMR-maps
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z = 50 nm 

z = 500 nm 

Rapid decrease in 

respect to particle 

sensor distance 



Measuring single particles
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Frequency dependence for different particle diameters:

Comparison to experiment
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r = 0.5 µm

z = 0.562 µm

MS = 120 kA/m

particle
properties

MyOneTM



Measuring tasks
11 Model system

15.10.2009A. Weddemann

- measure number of particles in range

- varying a leads to different sensor coverage

4 nm CoFeB

MS = 1193 kA/m

A = 2.86*10-11J/m

2 nm MgO

a



Measuring several particles
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Influence of sensor coverage:

Comparison to experiment
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Matches:

- linear signal increase for small coverages

- saturation at critical coverage

Mismatches

- different absolute values
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Conclusion & Outlook

 We have successfully implemented 
micromagnetic equations for the 
calculation of ferromagnetic thin 
film systems

 Theoretical predictions on spatial 
and number resolutive detection are 
in very good agreement with 
experimental findings

 Better quantification of cluster 

detection

 Use this model to guide the design 

of new sensor layouts (see also 

Poster session)
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Conclusion Outlook
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