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BACKGROUND and OBJECTIVES

Magnetoresistive (MR) sensors are usually composed of thin magnetic
films forming micro/nano- structures and adopted in the detection and
measurement of magnetic fields, electric current, rotation in industrial,
automotive, and even aerospace application [1,2].

In the work presented here, we address this well-known
challenge in magnetic sensor industry.

, We investigate experimentally and with simulations, the
novotechnik.de impact of externally applied strain on the injection of a
180° domain wall (DW) from a nucleation pad in a magnetic

nanowire, as typically used for domain wall-based sensors.

The impact of the strain, intrinsically present in thin crystalline
materials, is of fundamental importance for the performance of
devices like sensors based on magnetic domain wall motion [3].

MATERIAL PREPARATION RESULTS and DISCUSSION

We first measure the domain wall injection
field (Bi,; ) In absence of strain (grey
triangles).
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We find that strain (¢;;), regardless of its

direction, increases B;,; (blue stars).
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We deposited ferromagnetic layers with different magnetostriction
(As) to explore strain effects.
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The effects of strain are proportional to
the magnetoelastic coupling of the
magnetic layer.
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In our samples made of Co,gFesnB,( the effective anisotropy of the
device can be additionally tailored by annealing in a magnetic = L.
field (Kriim) [S]- Si

An additional anisotropy term  (Kri;m )
can increase (red circles) or reduce

Strain & Ky (green diamonds) the effects of
mechanical strain on By,; . This
happens, respectively, if the magnetic
uniaxial anisotropy K, Is parallel or
perpendicular to the strain-induced easy
axis Kyg.
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We study the injection of a domain wall from a nucleation pad into a nanowire
(figure 1 and 2), as typically used for domain wall-based sensors.
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Figure 4: experimental data for CosgFe40B2o: the domain wall injection field is plotted as function of the nanowire width.

Figure 1: optical microscope image. Figure 2: SEM image of the device.

SIMULATIONS

To apply uniaxial strain to our devices, the substrate (SiOx) was bent mechanically.

We employ magneto-optical Kerr effect (MOKE) microscopy to image the DW
creation, pinning and injection from the pad for different external strain configurations. Mumax3 simulations [6,7] are used to identify the switching mechanism
and the spin structure of a pinned DW, just before the injection into the wire.
Initial configuration Intermediate state Domain wall injection

Our simulations are in good agreement with the experimental data for the
injection field, as we observe a dominant effect of tensile uniaxial strain.

Initial configuration Intermediate state Domain wall injection

Figure 3: MOKE images of domain wall nucleation and injection.

The domain configuration and the switching mechanism in the injection pad
depend strongly on the direction of the magnetic anisotropy induced by strain
with respect to the wire axis.

Figure 5: snapshots during simulations of domain wall nucleation and injection.
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