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Study on data writing and shifting in nanopillars with
perpendicular magnetic anisotropy
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In this thesis, data writing and shifting operations were studied in
nanopillars with perpendicular magnetic anisotropy (PMA). The main contents
of this thesis can be divided into three parts: (1) The investigation of
maghetization switching induced by spin—orbit torque (SOT) in GMR cells with
a ferromagnetic reference layer. (2) The study of SOT-induced magnetization
switching in a GMR cell with an artificial antiferromagnetic (SAF) reference
layer. The influence of the stray field from the reference layer on the
critical current density . of the switching process was also elucidated. (3)
The realization of writing via SOT and bit shifting via spin—transfer torque
(STT) in a 2-bit nanopillar with double free layers.

In the first research shown in chapter5 of this thesis, [Co/Pt],
multilayers were used as the material for both the reference layer and the
free layer of the devices. Here, n denotes the number of repetitions of the
Co/Pt layers, and in our experiments, n = 2, 3, and 4. It was found that
when the number of Co/Pt repetitions (n) was 4 or 2, the SOT-induced
magnetization switching experiments did not exhibit any switching signals.
Only when n was 3, complete SOT switching loops were observed. In
conjunction with the STT-induced magnetization switching experiments, it was
observed that when n was 2, the free layer, due to its smaller coercivity,
was more susceptible to magnetization switching induced by thermal effects.
On the other hand, the sample with n equal to 4 may have failed to exhibit
SOT-induced magnetization switching due to the larger coercivity of its free
layer, which prevented the magnetization from being flipped.

In the second research shown in chapter6 of the thesis, the relationship
between the <critical current density . required for SOT-induced
magnetization switching and the stray field by varying the Co thickness %,
in the SAF reference layer was investigated. The hysteresis and SOT-induced
switching loops of devices with different %, were measured. The relationship
between the SOT loop shifts and the hysteresis loop shifts (which measures
the stray field strength) was plotted, but the results showed little
correlation between them. This implied the critical current density . in
this system was insensitive to changes in the stray field. A plausible
explanation is that, unlike the situation with the direct application of an
external magnetic field, the stray field from the reference layer in the
nanopillar may exhibited an inhomogeneous distribution across the free
layer. This led to the experimental results differing from our expectation




that the SOT loop shifts and hysteresis loop shifts would show a clearer
correlation.

In chapter7? of the thesis, the data writing and shifting processes in a
single memory cell with double free layers was demonstrated. First, data
writing by SOT with the application of an in—plane magnetic field to break
the mirror symmetry was conducted. However, any switching signal was
observed, which might be due to the insufficient torque to reverse the
magnetization. To address this issue, a tilted magnetic field was used
instead of the in—plane magnetic field, thereby introducing an out—of-plane
magnetic field component to facilitate SOT-induced magnetization switching.
Then, the SOT switching loop was successfully observed, and the resistance
change was nearly identical in magnitude to that observed in the hysteresis
measurement.

Finally, SOT data writing using a tilted magnetic field and STT data
shifting without an external magnetic field were conducted. The
magnetization switching signals in each experiment was observed,
demonstrating data writing and shifting memory operations in a 2-bit
nanopillar. Moreover, regardless of whether the 1initial magnetization
configuration was up—up or down—down, complete data writing and shifting
switching signals were observed.
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