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MFM:
Magnetic Force Microscopy

• simplest case: AFM tip with magnetic moment

• but also other tips that are sensitive to magnetic fields:

◦ micro-fabricated Hall-effect devices

◦ magneto-resistive sensors

◦ superconductive quantum interference devices (SQUIDS)

→ study magnetic structure on sub-µm scale!

• applications: e. g. magnetic storage media

• very versatile technique
(air, vacuum, UHV, low temperature, strong !B fields, …)
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MFM: Features

• challenge:

◦ AFM: forces in the nm range

◦ MFM: three orders of magnitude smaller!

⇒ difficult to detect
(particularly in the presence of strong tipÐsample forces)

• net force on magnetic dipole only in inhomogeneous !B Þeld

• deßection of cantilever due to magnetic tipÐsample inter-
action force in z direction:

δzm = Fm
keff

keff = kL +
∂Fn + ∂Fm

∂z
kL: force constant of free cantilever; Fm: magnetic force; Fn: non-

magnetic force.
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MFM: Features

• tip in contact with sample ! ∂Fn
∂z " 1 N/m

! deflection will reflect topography , not magnetic structure

! non-contact mode required for magnetic structure

! challenge:

# tip–sample distance must remain small to pick up small
forces

# tip–sample distance must be sufficiently large to avoid
strong non-magnetic interaction (topography)
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MFM: Operation Modes

¥ feedback:

◦ AFM: F[z ] monotonic

◦ MFM: not necessarily Ð
can be attractive or repulsive within imaged area

⇒ other methods for controlling tipÐsample distance:

(i) keep single, combined interaction constant
(and interaction that includes magnetic interaction)

(ii) rely on non-magnetic interaction

◦ potential non-magnetic control interactions:

á constant tunneling current

á tipÐsample capacity

á measure topography in contact mode, then repeat
scan with constant tipÐspecimen distance, thus with
the tip lifted off
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Example: Magneto-Optical Disc

• magnetic structure, obtained by a two-pass scan
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Measurement of Magnetic Forces

• static: static deßection of cantilever

• dynamic:

◦ phase, amplitude

◦ resonance frequency

• resonance frequency:

∆!
! 0

= 1
2kL

∂F
∂z

• phase, amplitude:

◦ keep ! Þxed

◦ interaction changes resonance frequency

⇒ change in amplitude or phase
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MFM Contrast Formation

¥ stray fields of tip and surface interact with tip and magnetic
specimen

¥ ambiguity: surface pattern can originate from infinite num-
ber of bulk !B[ !r ] patterns

¥ reconstruction of surface stray field requires knowledge of
tip stray field ! simple models…

¥ potential modification of specimen and tip:

" negligible modification

" reversible modification

" hysteretic or irreversible modification

# 9 cases – refined models required…

8


