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Magneto-optical imaging of nominal SmFeAsOq.77Ho.12
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Fig. 2 Induction profiles of MO images along the dotted line.
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Development of a compact and highly stable 16 bit polarization camera for magnetic domain observation
Sakae Meguro, Shin Saito
(NEOARK Corp., Tohoku University)
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5 previous 16-bit polarization camera  magnetic domain images and (c) and (d) luminance
Fig. 1 Configuration of a and (b)  the newly developed  phistograms from a previous 16-bit polarization camera
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Development of MO recording technique for MO diffractive devices
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Fig. 1 Magneto-optical image of recorded magnetic

domain.
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Development of online learning technique on magneto-optical diffractive deep neural network
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Fig. 1 Online learning setup for MO-D2NN. data against the number of iterations.
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Simulation of optimization and image processing for magneto-optical diffractive deep neural network device
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Development of alternating magnetic force microscopy for DC magnetic field imaging:
Calibration method of DC magnetic field
B. Chin, R. Abe, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)
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Development of alternating magnetic force microscopy for DC magnetic field imaging:
Quantitative imaging of DC magnetic field
R. Abe, B. Chin, M. Makarova, H. Sonobe, T. Matsumura, H. Saito

(Akita Univ.)
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Fig.3 Image of DC magnetic field
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Sensitive detection of ferromagnetic resonance frequency of permalloy thin film
by frequency modulated microwave absorption measurement
K. Hayashi, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)
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Microwave imaging by alternating magnetic force microscopy

M. Makarova, K. Hayashi, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)

Introduction: Important application of microwave imaging for magnetics is the characterization of spintronic
oscillators, electromagnetic shielding materials and radio-wave absorbers, which are used for the development of high
frequency communication devices. Due to the non-uniformity of most materials, it is important to visualize site-
dependent information with sufficient resolution, which is possible to achieve with mechanical probe scanning.
However, the reported methods with mechanical detection of microwaves require high vacuum and soft cantilevers.
The purpose of this study is to achieve transmitting microwave imaging with high spatial resolution using Alternating

Magnetic Force Microscopy (A-MFM) technique extended to microwave frequency. In this study, we measure the force

gradient F." from electromagnetic wave energy U in the tip volume, where ¢’ and u’ are electrical permittivity and

. N , ;o oUY 1 0K OH? . .
magnetic permeability, respectively: /> = 8?[5} = EJ‘” [6 . +u e )d Viv . At microwave frequency, i’ is
close to vacuum permeability uo, So most contribution is given by electric energy component.

Experimental: Here we propose the mechanical detection of transmitted microwaves using amplitude modulated
microwaves, which are traveling along rectangular waveguide under the sample. To maximize radiation power at the
sample surface, impedance matching is performed for each frequency using our developed traveling-wave antenna. The
mechanical detection occurs in a similar way as it was described for high frequency magnetic fields detected by
Alternating Magnetic Force Microscopy (A-MFM) [1,2]. The transmitting electromagnetic fields with high carrier
frequency o.in a range 12-25 GHz get amplitude modulated at low frequency @,=89 Hz. Corresponding low frequency
periodical force F(w.t) appears and causes frequency modulations of cantilever oscillations. Then the tip vibration is
optically detected and the FM signal is measured by the lock-in amplifier, showing the amount of transmitted
microwaves in each point.

Results: To demonstrate the cantilever response towards passing microwaves, we imaged glass surface with and
without modulation, repeatedly. In the Fig. 1a the absolute value of measured Si cantilever response is shown. Without

modulation we can see dark stripes corresponding to zero signal value, while the bright stripes relate to non-zero

electromagnetic interaction between tip and radiation. The cantilever
frequency modulations can be seen as sidebands at @+ ®,, and
@52, respectively, marked by arrows in Fig.1b. When amplitude
modulation is off, no sidebands is seen.

Finally, we imaged microwave transmission near gold nanoparticles,

using the Pd coated tip. Larger submicron particle is seen in a Fig. 1c, 327.9 3280 328.1

frequen:
.

correlating with the darker spot at the signal image in Fig. 1d, which is
related to lower amount of transmitted microwave due to their reflection.
So, we developed a scanning method for the mechanical detection of

transmitted microwaves in ambient conditions and demonstrated its

performance for the imaging of metal submicron particles. We expect
that this method could be applied to other materials such as Figure 1. Transmitted microwaves with AM

ferromagnetic materials. 90%, ®»=89 Hz and =25 GHz. (a) Absolute
signal value measured by Si tip on the 5x5 nm?
glass spot with repeated AM switch; (b)

Reference corresponding spectra of tip oscillation;
1) D. V. Christensen et al, J.Phys.Mater. 2024 topography (c) and microwave signal (d) near-
2) M. Makarova et al, Appl. Sci. (2023) surface images of thermally deposited gold

nanoparticles, obtained using Pd-coated Si tip.



