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Spin magnetoresistance of a strontium iridate/manganite heterostructure

© K.Y. Constantinian', G.A. Ovsyannikov!, A.V. Shadrin'-2, V.A. Shmakov', A.M. Petrzhik,

Yu.V. Kislinskii', A.A. Klimov!3

Kotelnikov Institute of Radio Engineering and Electronics, Russian Academy of Sciences,

Moscow, Russia

2 Moscow Institute of Physics and Technology (National Research University),

Dolgoprudny, Moscow Region, Russia
3 MIREA — Russian Technological University,
Moscow, Russia

E-mail: karen@hitech.cplire.ru
Received April 29, 2022

Revised April 29, 2022
Accepted May 12, 2022

The results of the angular dependences of the magnetoresistance of the SrlrOs/Lag 7Sro3MnOs3 heterostructure
made of oxide thin films epitaxially grown on a NdGaOs substrate are presented and discussed. The resistance
of the heterostructure was measured in configuration of planar Hall effect with magnetic field applied in parallel
making possible to estimate the spin-Hall angle. The contribution of the anisotropic magnetoresistance and the
spin-Hall magnetoresistance occurred due to strong spin-orbit interaction in the SrlrOs film were evaluated.
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1. Introduction

Charge transport is a key physical mechanism of modern
solid-state electronics, in the development of which spin-
dependent processes occurring at interfaces in heterostruc-
tures are becoming increasingly important. The dynamics
of the generation and transport of the spin current in
heterostructures rapidly acquires a decisive importance for
the operation of the entire device. Thus, in a heterostructure
with an interface of a ferromagnet and a material with strong
spin-orbital coupling (SOC), due to the direct and inverse
spin Hall effects, it becomes possible to convert the charge
current into spin and vice versa [1] with high efficiency
(see, for example, [2]). In the works [3,4] it was reported
about the appearance of a pure spin current |g in the ox-
ide heterostructure SrIrOs/Lag 7Srg sMnOj; (SIO/LSMO) at
ferromagnetic resonance (FMR) and about the registration
of the charge current le on the electrically conductive SIO
film due to the transformation of |g into | due to the
inverse spin Hall effect. The study of the characteristics
of spin magnetoresistance Rgvr [1] can be successful in
estimating the value of the spin Hall angle 0sy, but the
problem is complicated by the presence of anisotropic
magnetoresistance Ramr [5], which has an angular de-
pendence similar to the Rgyr with 2¢-periodicity [1,6].
It should be noted that in structures with strong SOC,
the contribution of the Rashba—Edelstein magnetoresistance
Rgre can be noticeable due to magnetoelectric effects [7,8).
Differences in the Ramr(H) and Rsur(H) dependences
of the magnetoresistance can be found by comparing the
characteristics for the SIO/LSMO heterostructure and the
LSMO film. In this work, the magnetoresistances of both

structures epitaxially-deposited on a NdGaO; substrate will
be discussed. Measurements of the magnetoresistance
(MR) were carried out in a 4-point configuration with a
magnetic field in the plane of the substrate.

2. Heterostructures and measurement
procedure

Thin films of SIO (of a few nm in thickness) and LSMO
(of tens nm) were deposited on (110) NdGaO3(NGO)
single-crystal substrates. Epitaxial film growth was carried
out by magnetron sputtering at substrate temperatures
of 770—800°C in a mixture of Ar and O, gases at
pressure of 0.3mBar [3]. The diffraction patterns of
the heterostructures showed multiple reflections from the
(001) SIO and (001) LSMO planes, coinciding in direction
with reflections from the (110) NGO substrate plane,
which corresponds to the growth of ,cube on cube®:
(001) SIO || (001) LSMO || (110)NGO and [100] SIO || [100]
LSMO || [001] NGO.

Scheme for setting of current |, magnetic field H and
measurement of voltage V, proportional to magnetoresis-
tance R(H) on the heterostructure with width w = 0.1 mm
and distance L = 0.6mm between potential contacts, is
shown in Fig. 1.

The R(H) measurements were performed at room tem-
perature 300K in magnetic field lying in the X—Y plane.
An alternating current with an amplitude of | = 0.5mA
at a frequency of F ~ 1kHz was set, and a voltage V
proportional to MR was measured by a lock-in amplifier.
Measurements of the angular dependences of MR R(¢)
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Figure 1. SIO/LSMO heterostructure on (110) NGO substrate
and the 4-point measurement scheme. The field H rotated in the
plane, forming an angle ¢ relative the direction of current flow .

were carried out by rotating the substrate relative to the
direction of the field H given by Helmholtz coils. When
measuring the MR, the magnetic field was swept in the se-
quence: 0 — H; — H_ — 0 with a step of AH = Hyax /N,
N = 200—1500, H, = Hyax, H_. = —Hmax. Note that we
measured the longitudinal MR and extracted data on the
resistivity, which is proportional to the number of squares
L/w = 6 of the structures (one square corresponds to a
film section of 100 x 100 microns). The static magnetic
characteristics M/Mgs(H) were measured using a unit for
the longitudinal magnetooptical Kerr effect (MOKE).

In order to minimize the change in temperature T of the
sample under study due to heating of the coil during the
recording of the track, the integration time constant of the
lock-in amplifier was set to 7 = 30 ms, and the temperature
difference AT of the start and finish of the recording, mea-
sured with a relative accuracy up to 5th significant character,
was AT < 0.3 K, which made it possible to correct the final
dependences R(H) on resistances Ry at H = 0.

3. Measurement results and discussion

The magnetic field dependences of the normalized mag-
netization M /Mg of the LSMO film and the SIO/LSMO het-
erostructure measured with the MOKE are shown in Fig. 2.
The easy LSMO magnetization axis in Fig. 2, a corresponds
to the hysteresis curve (7), the hard axis corresponds to (2).
In Fig. 2, b, the hysteresis dependences of SIO/LSMO are
taken at an angle of 45° relative to the edge of the substrate
for the easy axis (1) and 170° (2) relative to the hard axis.
It can be seen that the saturation field in both cases is
Hs ~ 100 Oe.

Figure 3 shows the R(H) dependences for the LSMO
film and the SIO/LSMO heterostructure. The thickness
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of the LSMO films was equal to 50nm in both cases,
and the thickness of the SIO film in the heterostructure
was d = 10nm. Figure 3 shows the corrected depen-
dences R(H), which take into account heating, as evi-
denced by the coinciding (within noise limits) normalization
value Ry when passing through H = 0. On the SIO/LSMO
heterostructure, MR AR jumps were observed, which,
depending on the angle ¢, occurred both in the direction
of increasing R and decreasing. There were no MR jumps
on the LSMO film. It should also be noted that when a
magnetic field perpendicular to the plane of the substrate
was set under conditions similar in field H, no change in
MR was observed.

Figure 4 shows the angular dependences of the change
in the MR of the LSMO film and the SIO/LSMO het-
erostructure, normalized to Ry, corresponding to the field
Hmax =91 0e. For cases in which the jump on the
SIO/LSMO occurred at H < Hyax, in order to eliminate
the effect of jumps on the amplitude R, linear extrapolation

MIM_, arb. units
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Figure 2. The dependences of the normalized magnetization
measured using the magnetooptic Kerr effect, the curves (7)
correspond to the easy magnetization axis, (2) correspond to the
hard axis. (a) LSMO film, (b) SIO/LSMO heterostructure, easy
axis (/) is at an angle 45° relative to the edge substrates, hard axis
(2) is at an angle 170°.
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Figure 3. Dependence of the normalized MR on H for a
SIO/LSMO heterostructure (Ro = 9.4034 in measured voltage
units V) taken at an angle ¢ = 55° with respect to the current
setting (/) and MS of the LSMO film (Ry = 7.3334) taken
at @ =50° (2). The arrows show the directions of jumps R.
The direction of the easy magnetization axis with respect to the
current | was an angle 45°.
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Figure 4. Angular dependences of the normalized amplitudes of
the MR for LSMO film (/) and the SIO/LSMO (2) heterostruc-
ture. Experiment — symbols, approximations (/) and (2) are
drawn by functions sin(2¢) — solid lines. Experimental data for
LSMO are shifted to the right with respect to ¢ = 0 with a 50°
phase shift. For SIO/LSMO, the symbols corresponding to the
H = +90 Oe field are filled in red, filled in blue — corresponding
to the H = —90Oe.

was applied over the section R(H) before the jump and the
data shown in the figure correspond to R/Ry < 1. It can
be seen from Fig. 4 that the angular dependences of the
MR of the SIO/LSMO heterostructures and the LSMO film
are significantly different. The MR of an LSMO film is de-
scribed by the known angular dependence of the anisotropic
magnetoresistance Ramr (@) ~ Ro + ARsin(2¢), where the
component Ry is independent of ¢ component. MR of

the SIO/LSMO heterostructures except for Ramr(@) con-
tains Rgmr (@) connected in parallel and, what is important,
is shifted to the region of negative values. The amplitude
value of ARgmr looks like [9]:

ARsumr/Ro ~ —(1s/dsi0)AB 603y, (1)

where
A= (1 + psiodismo/prsmodsio) !,

B = Ggry,2psi04s(1 + Grp 20s104s) ™,

Grpy is real part of spin mixing conductance, specific
values of resistance p and film thicknesses d are given
for LSMO and SIO with corresponding indices, As is
spin diffusion length in SIO. To estimate the 6sy pa-
rameter from the MR data of the SIO/LSMO hetero-
structure according to [4] for the SIO/LSMO boundary,
the parameter Gry| ~ 10"°1/Q-cm? for dgo = 10nm
(as in our case) and for As= 1.4nm [10], A=2.6
from psio=3-107*Q-cm, prsvo=9-10"*Q-cm at
T =300K from the amplitude value ARgyr = —6-10~*
(Fig. 4) we obtain the estimate Osy = 0.35, which exceeds
the values of Ogyy for structures with Pt metal film [2,11].
Figure 5 shows the angular dependences of the resistance
jump AR/Ry of the SIO/LSMO heterostructure, and the
values of the magnetic field H of the beginning of the jump
according to the data in the range of fields H < 0. Jumps
were also observed at H > 0, and we do not associate
the occurrence of jumps with the hysteresis M/Mgs. It
can be seen that jumps appear already at fields noticeably
lower than the hysteresis value and appear only after the
deposition of the upper SIO film. Although the nature
of the jumps is not quite clear, but according to the
theoretical model [12] in the case of a strong SOC in thin-
film magnetic heterostructures, the possibility of a sharp
increase in the mobility of domain walls arises, which can
explain the appearance of jumps of MR on the SIO/LSMO
heterostructure, geometry of which coincides with that
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Figure 5. Angular dependences of the normalized jump

amplitudes AR/Ry (squares) and their positions in the field H
(circles) of the SIO/LSMO heterostructure.
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considered in the model. Accordingly, in the case of a strong
SOC, the Ogy value may contain the Rrg component [12],
which requires a separate study to evaluate.

4. Conclusion

Experimental study was made of the angular depen-
dences of the SrIrO3/Lag 7Srg3MnQO3 heterostructures and
the Lag7Sro3MnOs film at setting the magnetic field in
the plane of the substrate. Only anisotropic magnetore-
sistance was observed on the Lay;Sro3MnO; film. For
the SrlrOs;/Lag 7Sr9.3MnO3 heterostructure, the amplitude
ARsmr/Ro of the sinusoidal dependence of the spin mag-
netoresistance on the angle between the direction of the
magnetic field and flowing current, the value of the spin
Hall effect angle is estimated, which significantly exceeds
the values of Ogy for the Pt/LSMO heterostructure.
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