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Development of the Magnetic Exchange Force Microscopy using Ferromagnetic Resonance to Image
Surface Spin with Atomic Resolution
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The magnetic exchange force is an interaction between spins and is very important for analyzing magnetic properties.
Magnetic exchange force microscopy (MExFM), which can detect the magnetic exchange force between the magnetic tip
and the magnetic surface, has achieved the atomic-resolution imaging of the spin states at surface. In MExFM, however,
the separation between a structure and a magnetic state on the surface has not been performed. In this paper, we propose a
new MExXFM using ferromagnetic resonance to separate the magnetic and non-magnetic tip-sample interaction. Here, we

demonstrate tip magnetization modulation using ferromagnetic resonance, nano-scale magnetic contrast imaging and,
finally atomic-scale spin selective imaging by MExFM using ferromagnetic resonance.
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Fig. 1. Schematic diagrams of magnetic exchange force microscopy using fe
interaction as a function of tip-sample distance. (b) Schematic diagram of sej

contrast.
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Fig. 2. Schematic diagram of ferromagnetic resonance

In a magnetic field B, Zeeman splitting occurs and the

upper level.
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energy is split into two levels. When a microwave with
the energy AE is irradiated, magnetic resonance occurs

and some of the lower states undergo a transition to an
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Fig. 4 Block diagram of the MExFM using ferromagnetic

resonance
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Fig. 5 (a) Schematic diagram of the end of the
coaxial cable. (b) Simulated result of electric field

strength distribution of microwave.
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Fig. 6. The frequency shift Af of the magnetic cantilever
as a function of microwave frequency fr. Parameters:
Microwave power Pricrowave = 250 mW. Resonance
frequency and spring constant of the cantilever f;= 820
kHz and & = 900 N/m. Vibration amplitude 4 = 5.0 nm.
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Fig. 7. (a) Structure of CoCrPt-SiO, perpendicular
magnetic recording medium. (b) Magnitude and (c)
phase images obtained with MFM using ferromagnetic
resonance measured at room temperature. Cross-
sectional profiles along the white lines in the (d)
magnitude and (e) phase images. Parameters : fir=2.72
GHz, fm= 50 Hz, modulation bandwidth f4 = 0.05 GHz,
Pricrowave = 31 mW, fo=276 kHz, k=40 N/m, 4 = 15
nm, and Af'=-15 Hz.
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Fig. 8. Crystal structure and magnetic structure of NiO
(a) and (001) surface (b).
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Fig. 9. (a)Topographic, (b)magnitude, and (c)phase
images of nickel oxide (001) surface. (d)(e)(f) Line
profiles of each images, respectively. (g)Fourier spectra
of the phase image(c), in normal and high contrast
(right). (d) Parameters : fir=2.90 GHz, fs=0.05 GHz,
100 mW, fo = 818 kHz, Q0 = 3005, 4 = 0.4
nm, Af'=-195 Hz, scan range (x X y) = (4 nm x 4 nm)
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