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We report the results of magnetic force microscopy (MFM) investigations of low-coercivity Co nanodiscs, with 50 nm lateral size and
20 nm height, fabricated by e-beam lithography and ion etching. We observed two types of MFM contrast in the form of Gaussian and
ring distributions caused by strong probe�particle interaction. We compared experimentally the transformation of the MFM contrast
from these low-coercivity nanodiscs caused by an external magnetic �eld applied in situ, and compared the experimental results with
theoretical simulations.
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I. INTRODUCTION

I NVESTIGATIONS of magnetic states in small ferromag-
netic nanoparticles by magnetic force microscopy (MFM)

methods have a great importance both from fundamental and
practical points of view, especially in connection with the de-
velopment of high-density magnetic data storage systems [1],
[2]. Reducing the lateral sizes of particles down to 50 nm leads
to the formation of single-domain states and in the absence of in-
ternal anisotropy, the coercivity of these particles becomes com-
parable with the MFM probe �eld. In this case MFM contrast is
formed in the presence of a strong interaction between the probe
and the particles, which leads to dif�culties in the interpretation
of experimental MFM images [3]�[6]. Recently, we considered
theoretically the possibility of using an external magnetic �eld
to stabilize the magnetic moment in small, low-coercivity (LC)
nanoparticles [7]. Here we report the results of experimental
investigations of the MFM contrast peculiarities from LC fer-
romagnetic Co nanodiscs in an external magnetic �eld, which
con�rm the previous calculations.

II. EXPERIMENTAL TECHNIQUE

The ordered arrays of ferromagnetic nanodiscs were fabri-
cated by e-beam lithography and subsequent ion etching of thin
Co �lms [8]. The particle thickness was 20 nm and the lateral
size varied in the range 50�70 nm. The electron microscopy
and e-beam lithography were performed using a �JEOL-JEM
2000EX II� scanning electron microscope. The investigations of
the discs� magnetic states were carried out using a vacuum scan-
ning probe microscope, �Solver HV,� manufactured by �NT-
MDT� Company. This was equipped with a dc electromagnet
incorporated in the vacuum vibroisolating platform. MFM mea-
surements were performed in the oscillatory noncontact (con-
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Fig. 1. SEM image of Co nanodisc array (plan view in secondary electrons).
The white scale bar is 1 �m.

stant height) mode using cantilevers with 50 nm Co coating. The
double-amplitude of cantilever oscillations was about 30 nm and
the average scanning height was 50�60 nm. The phase shift of
cantilever oscillations caused by the gradient of the magnetic
force was registered as the MFM contrast. All measurements
were performed in a vacuum of 10 torr, which increases the
MFM signal due to an increase in the cantilever quality factor.

III. MODELING OF MFM CONTRAST FOR LOW-COERCIVITY
FERROMAGNETIC PARTICLES

The point probe approximation [9] was used in the model cal-
culations. The MFM tip was approximated as a uniformly mag-
netized sphere with an effective magnetic moment,
( is the remanent magnetization of the tip capping material
and is the effective volume of the interactive part of the tip).
Analysis of experimental data shows that the typical effective
volume of magnetic material for our probes with Co coating
( 1400 G) is approximately nm . The distribution
of phase shift, , for cantilever oscillations was calculated as
a model MFM contrast:
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