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A study on high-precision measurement of spin torque by a homodyne phase detecting
technique

Thesis Summary

The spin torque (ST), which leads to magnetization dynamics via spin angular momentum transfer
between conduction electron and localized electron, is a potential candidate for practical applications to high
speed and low power consuming spintronic devices. The study on the magnetization dynamics excited via
ST in nanoscale ferromagnets has been developed along with an improvement of microfabrication
techniques, and a variety of methods to measure the ST have been proposed. However, an electric current
used to generate the ST simultaneously produces a magnetic field according to the Ampere's law. As a
consequence, in order to evaluate the ST precisely, we need to separate the magnetic field torque. In the
doctoral thesis, we investigated on high-precision measurement of ST by a homodyne phase detecting
technique with an evaluation of various artifacts in the rectified voltage spectrum quantitatively.

Firstly, demonstrated a high precision detection of the ST caused by an electric current in a non-collinear
magnetic configuration. We detected the coupled oscillation of magnetic vortices in Nig1Fe19 gourd-shaped
thin films by a homodyne phase detecting technique to evaluate the nonadiabatic ST, which is important for
understanding a variety of ST-related phenomena. We excite a translational mode in coupled magnetic
vortices by applying an alternating electrical current that causes both ST and magnetic field torque. In the
gourd-shaped thin film, we confirmed that a highly symmetric pair of magnetic vortices was successfully
formed by pinning a diamond-shaped magnetic domain at the center of the sample. This enables to realize
four modes of coupled oscillation, which are significant for separating the ST from the magnetic field torque.
Since the coupled oscillation modes due to the ST and magnetic field torque have totally different
eigenfrequencies, the coupled oscillation spectrum can be used to evaluate the STT. Indeed, we succeeded
to evaluate the nonadiabatic ST, whose amplitude was consistent with the microscopic theory of the STT.

Next, we improved the precision of ST-ferromagnetic resonance (FMR) method, which is one of the most
common methods to evaluate the ST in a collinear magnetic configuration in metallic bilayers consisting of
ferromagnetic and nonmagnetic materials. In general, the ST efficiency (&wmr) can be evaluated from the
amplitude ratio between symmetric and anti-symmetric components of the ST-FMR spectrum. However, the
ratio is also affected by an unnecessary magnetic field owing to the asymmetric alternating current flow used
to excite the ST-FMR. In this study, we demonstrated that &wmr could be precisely evaluated from the
full-angular dependence of the ST-FMR spectrum even though the distribution of alternating current flow
was highly asymmetric. Moreover, we also found that the ST-FMR was strongly enhanced in a low frequency
region below 10 GHz. From the quantitative comparison to conventional theories for artifacts in the ST-FMR,
the frequency-dependent artifact was not attributed to the artifacts which have been reported so far. Namely,
the frequency dependence of the ST-FMR should be also examined to determine &wur precisely.

Finally, we demonstrated a novel spin current generation in nanometer-thick Si/Al gradient materials by
means of the high precision detection of ST developed. The gradient material could produce a ST over three
times as large as that of platinum, despite the weak spin orbit interaction (SOI) of these compositions. The
ST efficiency could be improved by decreasing the thickness of the gradient, while a sharp interface was not
found to increase the ST. In addition, we also found that the conversion between electric- and spin-currents
showed a strong nonreciprocity. The effect cannot be associated with the conventional mechanism of spin
current generation via SOIl. Namely, these findings suggest an existence of novel type of spin current
generation in the Si/Al gradient material and will pave the way to improve the spintronic materials.
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