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Motivation

h Tunneling magnetoresistance sensors
Detection of biomolecules, e.g. in point-of-care-diagnostics
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How to describe ferromagnetism?
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Ferromagnetism

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

h Thin films and superparamagnetic particles
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High aspect ratio!!
Find effective two-dimensional system, if possible.
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Implementation into COMSOL

$ Padima
File Help

Particle Magnetics | Sensor Magnetics | Sclving and Postprocessing

External field settings

Type of field

Solver settings

tlisk |0:1e-11:1e-8

layer dynamics

task |micro dynamics W

axis
P - para.
Ms kafm solver | static -
[ FEM-structure ][ ] L
[ Batch job ] [ Solve quewe ] v
%1078 x10®
+ 4
2 z
o i
-2 =
4 4
4 2 4 4

x10®

Postprocessing

Particle dynarnics | Layer dynamics

[ show domain labels

at time 5

Trajectory

[] arrowdata

data *-component

particle

particle

over all v

v

[ Clear ]

[ Graph 1 ][ Graph & ]

( Plat |

[ Graph 3 ][ Graph 4 ]

particles plot »

x10®

x10®

x10®

x10®

Self generated GUI

O U A

EEX

x10®

4 20 2 4
%10

A. Weddemann

15.10.2009




Examples

Micromagnetics - A trilayer system

vortex

S-state

PPV 7 7
C-state
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Examples

h Particle dynamics - Two-dimensional particle assemblies
Dynamics of particles can be complex:
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Measuring tasks

Model system

4 nm COFeB H (r) _ Mpart (3<m part’r - rpart>(r a rpart) _ m part \
MS= 1193 kA/m i an |r _rpart |5 |3J
A=2.8610"J/m

1 1-(0dm)

TMR =

31+ (6m)/3
determine position of a single particle my= 1 [ (m,m,)dr

layer Alayer

measure number of particles in range
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Measuring single particles
h TMR-maps

Probe particle of r = 20 nm and M. = 1000 kA/m at different heights

Z =50 nm

200 nm

Rapid decrease in
respect to particle
sensor distance
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Measuring single particles
h Comparison to experiment

Frequency dependence for different particle diameters:

particle
roperties
position experimental calculated : Prop
L 213?’ 705:A) 7 ATMR in % 1 L L L |
2 1.56% 1.40% MyOneT™ |
3 0% 0.25% 8 E 0.47 -
4 -0.96% -1.05% ..é“’ :
=

external field H in Oe

-4 M¢ = 120 kA/m
r=0.5um

b L \ z=0.562pmj

A. Weddemann 15.10.2009




Measuring tasks

Model system

4 nm CoFeB

M = 1193 kA/m
A =2.86*10"1J/m

measure number of particles in range
- varying a leads to different sensor coverage
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Measuring several particles
h Comparison to experiment

Influence of sensor coverage:
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Conclusion & Outlook
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Conclusion Outlook
We have successfully implemented Better quantification of cluster
micromagnetic equations for the detection
calculation of ferromagnetic thin , , ,
film systems Use this model to guide the design

of new sensor layouts (see also

Theoretical predictions on spatial Poster session)

and number resolutive detection are
in very good agreement with
experimental findings
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