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Possibility of Quantitative Evaluation of a Current
through Current-Induced Magnetic Field Detection Using MFM
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A Current-induced magnetic field was detected by magnetic force microscopy (MFM) in order to evaluate a
current flowing in a fine structure. Our system consists of a conventional magnetic force microscope and a feedback
system for elimination of electrostatic force. As a first step in investigating the quantitativeness of this method, we
observed the magnetic field around sub-micron-width gold wires where two currents joined with a third. First, we
confirmed that the detected magnetic force signals qualitatively agreed with distribution of the magnetic field
gradient around the sample. The amplitude of the magnetic force signal around the individual current paths was
proportional to the current value. By taking account of the strength of the current-induced magnetic field, we
theoretically estimated the amplitude ratio between the two different current paths. We then investigated the
difference between the magnetic force signals observed around those current paths, and found that the experimental
results quantitatively agreed with the theoretical values to some extent.

Key words: magnetic force microscopy (MFM), current detection, magnetic field gradient, electrostatic force,
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Fig. 1 (a) Schematic illustration of our sample structure.
A Tjunction of gold wires where two current paths
joined another wider path was fabricated. ()
Equivalent circuit of the T-junction of wires. The
resistance of each current path in the T-junction of
wires was evaluated by taking account of the widths of
the wire.
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Fig. 2 Calculation of magnetic field gradients around Au
wires. Simulation models are described above each
graph. (a) Calculated gradients of By component (black
line) and By, component (grey line) around 0.2 pm wide
current path at a current of 100 ptA. A dotted line shows
an absolute value of the gradient of Bx component. (b)
Calculated magnetic field gradients around 0.3 pm wide
current path at a current of 100 pA.
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Fig. 3 Experimental setup. We extracted the amplitude
(R and the phase (9 difference synchronized with the
frequency of an ac current from the cantilever torsional
displacement to evaluate the magnetic force, while the
vertical displacement signal due to the mechanical
vibration was used to control the height of the tip.
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Fig. 4 (a) Topography of the T-junction of gold wires
and (b) amplitude and (c) phase difference of the
magnetic force signals at a total current of 200 pA.
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Fig. 5 Line profiles of the amplitude of the magnetic
force signal obtained along (a) the XX line shown in
Fig. 3(a)(ii) and (b) the Y- Y line.
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Fig. 6 Current dependence of the peak values of the
amplitude components in magnetic force signals.
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Fig. 7 Current dependence of the amplitude ratio. Here,
the amplitudes of magnetic force signals obtained
around the upper wire (W= 0.2 pm) and the lower wire
(W = 0.3 pm) are compared. A dotted line shows an
average value of Eratio.
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