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Detection of Magnetic Field Gradient around a Current Path by Magnetic Force Microscopy
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For a purpose of measuring local transport properties
in fine structures, a novel current detection method
through magnetic force microscopy was proposed and
demonstrated. Around an 8 um wide GaAs/AlGaAs mesa
stripe, the magnetic fields induced by AC currents were
observed by MFM simultaneously with topographies. Since a
direction of the magnetic field gradients is perpendicular to the
mesa stripe, the obtained magnetic field images strongly
depended on the measuring configurations, in which the
cantilever beam and the mesa stripe were in parallel or in
perpendicular. As we expected, the amplitude was under the
noise level in the perpendicular configurations, while we clearly
observed the enhancement of amplitude and the phase inversion
at the both sides of the mesa stripe in the parallel configuration.
These results agreed very well with the numerical simulation
which showed the existence of the large magnetic field gradients
at the both sides of the mesa stripe. Linear relationship between
the peak amplitude values and the AC current was also
confirmed.

Key words: magnetic force microscopy (MFM), current
detection, magnetic field gradient, electrostatic force,
GaAs/AsGaAs mesa stripe
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Fig. 1 Schematic illustration of our sample structure.
Mesa stripes of 2 or 8 um wide and 0.4 pm high
including a GaAs/AlGaAs single hetero structure at a 90
nm depth from the surface was fabricated on a GaAs
substrate.
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Fig. 2 Experimental setup. We extracted the amplitude
() and the phase (6 difference synchronized with a
frequency of AC current from the cantilever torsional
displacement to evaluate the magnetic force, while the
vertical displacement signal due to the mechanical
vibration was used for the height control of the tip.
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Fig. 3 (a) Tip magnetization directions and schematic
illustrations of configuration relationship between
current path and cantilever in (b) perpendicular and in
(c) parallel. The tip was magnetized along perpendicular
to the cantilever longitudinal direction symbolized as “1”
and “2”.
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Fig. 4 (a) The simulation model to calculate the
magnetic field around the mesa stripe and obtained
(b) B component, (c) B, component and (d) total B of the
magnetic field.
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Fig. 5 (a) Line profiles of (i) topography of an 8 um wide
mesa stripe and (ii) amplitude (&) and (iii) phase (6
differences of the magnetic force signals obtained by A;
magnetized tip in perpendicular (gray line) and parallel
(black line) configuration. (b) Line profiles of
topography and magnetic force signals obtained by Az
magnetized tip.

100

>

= o

= 80 a

L

=1

2

g 60

3 o

o

S 40 o

¢ po®

F 20

-

3

(=¥ 0 1 1 1
0 5 10 15 20

Current [UA]

Fig. 6 Current dependence of the peak values of
amplitude component.
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Fig. 7 (a) Topography of a 2 um wide mesa stripe, and
(b}, (c), and (d) are line profiles of the topography, the
amplitude of the magnetic force signal, and its phase
difference, respectively, along L-L' indicated in (a).
(e)Calculated magnetic field gradient around the
topography.
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