
479

RENSIT: Radioelectronics. Nanosystems. Information technologies | 2021 | Vol. 13 | No. 4

NANOSTRUCTURES FOR INFORMATION TECHNOLOGIES

DOI: 10.17725/rensit.2021.13.479

Spin current and spin magnetoresistance of  the heterostructure 
iridate/manganite interface
Gennady A. Ovsyannikov, Karen Y. Constantinian, Vladislav A. Shmakov, Yulii V. 
Kislinski, Andrey P. Orlov, Peter V. Lega
Kotelnikov Institute of  Radioengineering and Electronics of  RAS, http://www. cplire.ru/
Moscow 125009, Russian Federation
E-mail: gena@hitech.cplire.ru, karen@hitech.cplire.ru, shmakov-va@hitech.cplire.ru, yuli@hitech.cplire.ru, orl@cplire.ru, lega_peter@list.ru
Anton V. Shadrin
Moscow Institute of  Physics and Technology, https://mipt.ru/
Dolgoprudny 141701, Moscow Region, Russian Federation
E-mail: shadrinant@mail.ru
Nikolay V. Andreev, Filipp O. Milovich
National Research Technological University "MISIS", https://misis.ru/
Moscow 119049, Russian Federation
E-mail: andreevn.misa@gmail.com, filippmilovich@mail.ru
Received Oktober 20, 2021, peer-reviewed Oktober 27, 2021, accepted November 08, 2021
Abstract: The paper presents the results of  fabrication and structural study of  SrIrO3/
La0.7Sr0.3MnO3 heterostructures. The results of  experimental studies of  the spin 
current arising in the regime of  ferromagnetic resonance are presented. The spin-
orbit interaction present in 5d-oxides of  transition metals, which is SrIrO3, provides 
an effective conversion of  spin current to charge current due to the inverse spin 
Hall effect. The angular dependence of  spin magnetoresistance makes it possible to 
determine the angle of  the spin Hall effect.
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1. INTRODUCTION
Significant progress in microelectronics in the 
field of  informatics is due to the use of  the 
charge properties of  electrons. The use of  
electron spins opens up new opportunities in 
microelectronics, especially in the field of  heat 
dissipation from submicron-sized elements. 
Spintronics elements enable solutions to 
the heat dissipation problem because there 
is no heat dissipation for spin transfer (spin 
current).

The detection and generation of  spin 
current requires a completely different 
approach to the problem. A challenging 
task is the conversion of  the spin current 
into a charge current, which is used in 
modern systems. The spin Hall effect is 
used to describe the conversion of  spin 
current to charge current and vice versa in 
paramagnetic metals [1]. The conversion 
efficiency is determined by a parameter, the 
spin Hall effect angle θSH, which is defined 
as the ratio of  the spin Hall resistance and 
the charge conduction of  the paramagnetic 
metal. θSH can be determined from non-local 
magnetotransport measurements (see, for 
example [2]).

The most common method is to use 
spin pumping in a ferromagnetic resonance 
(FMR) mode in a paramagnetic metal/
ferromagnet heterostructure [3-6]. However, 

a large number of  parameters determining 
the magnitude of  the spin current cannot be 
determined with good accuracy. As a result 
there is a strong scatter of  experimentally 
obtained values of  θSH for the same 
heterostructure. The number of  parameters 
in the relationship between θSH and spin 
magnetoresistance is much smaller. As a 
result of  spin resistance measurements it is 
possible to determine the value of  θSH with 
greater accuracy.

The paper presents the results of  
fabrication and structural study of  SrIrO3/
La0.7Sr0.3MnO3 heterostructures, the results 
of  experimental studies of  the spin current 
arising in the regime of  ferromagnetic 
resonance and magnetoresistance. The 
influence of  anisotopic magnetoresistance 
and Rashba-Edelstein parameter on 
the parameters of  heterostructures are 
discussed.

2. MANGANITE/IRIDATE 
HETEROSTRUCTURES
Thin films of  strontium iridate SrIrO3 and 
manganite La0.7Sr0.3MnO3 of  nanometer 
thickness were deposited on single-crystal 
substrates (110)NdGaO3. Epitaxial films 
were grown by magnetron sputtering at 
substrate temperatures of  770-800°C in Ar 
and O2 gas mixture at a total pressure of  0.3 
mBar [5,6].

The crystal structure of  the obtained 
heterostructures has been studied by X-ray 
diffraction analysis and transmission electron 
microscopy (TEM). A relatively thick 
platinum film was deposited on top of  the 
heterostructure to avoid charge build-up. We 
will describe the crystal lattice of  SrIrO3 and 
La0.7Sr0.3MnO3 as a distorted pseudo-cube 
with lattice parameters aSIO = 0.396 nm and 
aLSMO = 0.389 nm respectively [6].
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Fig. 1 shows a X-ray Bregg diffractogram 
of  the obtained heterostructure. Multiple 
reflections from plane (001) of  SrIrO3 film, 
reflections (110) of  NdGaO3 substrate 
coinciding with reflections from plane (001) 
of  La0.7Sr0.3MnO3 as well as reflections 
from platinum film can be seen. Thus, it 
is possible to draw a conclusion that the 
growth of  heterostructure is carried out 
by the "cube upon cube" mechanism with 
the following ratios: (001)SrIrO3||(001)
La0.7Sr0.3MnO3||(110)NdGaO3 and [100]
SrIrO3||[100]La0.7Sr0.3MnO3||[001]NdGaO3 
[6].

Fig. 2 shows a TEM image of  a cross 
section of  a heterostructure obtained with 
a transmission electron microscope JEM 
−2100 at 200 kV. Elemental analysis was 
performed by X-ray energy dispersive 
system (OXFORD Instruments, INCA 
Energy). The cross section slice plate for 
transmission electron microscopy was 
made by using a focused ion beam in a Carl 
Zeiss CrossBeam Neon 40 EsB scanning 
electron-ion microscope equipped with an 
auto-emission electron and a gallium ion 
gun with a resolution of  1 and 7 nm. The 

unit was equipped with a micromanipulator 
and gas injection system for local precursor 
gas (Pt, W, etc.) deposition.

A layer of  metal mask (Pt) up to 2 μm 
thick was formed on the sample surface 
to protect from damage. Ga+ ions with 
an energy of  30 keV were used to obtain 
the slice and its thinning (polishing) with a 
gradual decrease of  the etching current from 
5 nA to 5 pA. To remove the amorphous 
layer at the final stage, the ion energy was 
decreased to 5 keV.

Presumably, during the preparation 
of  the sample for TEM, the upper layer 
of  SrIrO3 was damaged - amorphized 
during the interaction with the beam of  
gallium ions. At the same time, the layer 
La0.7Sr0.3MnO3 remained undamaged. In 
the high-resolution image, we can observe 
a clearly pronounced even boundary 
between the La0.7Sr0.3MnO3 layer and the 
NdGaO3 substrate. Hence, an epitaxial 
correspondence between the layer and 
the substrate is observed. The inset to 
the figure shows Fourier images from the 
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Fig. 1. X-ray diffractogram of  Pt/SrIrO3/
La0.7Sr0.3MnO3/NdGaO3. The reflections from the 

platinum film marked with an asterisk.

Fig. 2. TEM image of  a cross section of  a SrIrO3/
La0.7Sr0.3MnO3/NdGaO3 (Pt/SIO/LSMO/
NGO) heterostructure covered with a thick layer of  
platinum. The electron diffraction from the NdGaO3 
substrate regions and La0.7Sr0.3MnO3 films are 

shown on the right.
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regions of  the figure corresponding to the 
substrate and La0.7Sr0.3MnO3 layer, also 
confirming the epitaxial growth.

Fig. 3 shows a cross section of  the 
La0.7Sr0.3MnO3 film surface obtained using 
an atomic force microscope.  Vertical 
irregularities 1-2 nm do not exceed the 
thickness of  the upper SrIrO3 film.  
Horizontally, the size of  the irregularity is 
50-70 nm.

3. SPIN CURRENT
The ferromagnetic resonance (FMR) line 
width characterizes the attenuation of  
the spin precession. In a ferromagnetic/
normal metal heterostructure, an increase 
is observed due to the generation of  a 
spin current across the interface [7]. Under 
microwave action in the FMR mode, a spin 
current jS flows across the boundary in the 
ferromagnetic film, which is determined by 
the spin conductance of  the boundary g↑↓  
and the amplitude of  the magnetic moment 
precession m induced by the microwave 
magnetic field [4,8,9].

2( ) .
8s
hj mdm / dt
π

=  (1)

The value of  the spin conductivity is 
usually determined from the increase in 
spin damping caused by the flow of  a 
spin current. In our case the expression 
for the spin conductivity of  the SrIrO3/

La0.7Sr0.3MnO3 interface looks af  
following:

/

4
( ),g s LSMO

SIO LSMO LSMO
B f

M t
g H H

g
πγ

µ ω
↑↓ = ∆ −∆  (2)

where La0.7Sr0.3MnO3 film magnetization 
MS = 300 Oe determined from resonance 
magnetic field value of  FMR, tLSMO = 12 
nm film thickness La0.7Sr0.3MnO3, μB = 
9.274·10−21 erg/G is the Bohr magneton, 
g = 2, γg = 17.605·106 s−1G−1 is the 
gyromagnetic ratio for free electrons and 
ωf  = 2π·9.51·109 s−1 is the microwave 
frequency. At room temperature, the 
increase in the ∆HSIO/LSMO − ∆HLSMO = 
20 Oe width is 20 Oe, which gives g↑↓  
= 1·1018 m−2 for SrIrO3/La0.7Sr0.3MnO3 
heterostructures. Note that = 1.3·1018 
m−2 was obtained in [10] for SrIrO3/
La0.7Sr0.3MnO3 heterostructure obtained 
by laser ablation.

Inverse spin Hall effect is used to detect 
spin current [3,8]. According to the effect 
the ratio of  spin and charge currents is 
determined by a dimensionless parameter 
− the spin Hall angle θSH:

0 ,ISHE SH s
ej n jθ  = × 

 





 (3)

where n  is unit vector of  spin momentum 
direction.

The voltage dependence on the upper 
film V(H) is measured when the magnetic 
field is swept close to the resonance value 
of  the FMR. Fig. 4 shows the magnetic-
field voltage dependence on the SrIrO3 
film under ferromagnetic resonance 
conditions at 2.6 GHz. The experimental 
dependence is well approximated by the 
following formula taking into account the 
effect of  spin current and the contribution 
from anisotropic magnetoresistance 
(AMR) [11,12]:

NANOSTRUCTURES FOR IT

Fig. 3. La0.7Sr0.3MnO3 film surface taken on an 
atomic force microscope. 
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where L(H) = ∆H2/[(H − H0)
2 + ∆H2] is 

the symmetric Lorentz function, L'(H) 
= ∆H(H − H0)/[(H − H0)

2 + ∆H2] is 
the asymmetric Lorentz function, S

AMRV  
and A

AMRV  are the amplitudes of  both 
symmetric and asymmetric parts of  the 
AMR contribution, VQ(H) is the voltage 
on the SrIrO3 film, caused by spin 
current flowing through the interface, 
φ0 is angle between external magnetic 
field and normal to voltage direction 
caused by reverse spin Hall effect. For 
φ0 = 45° assuming a ratio  A

AMRV / S
AMRV  = 

−tgφI ≈ − 1 [11], where φI is the phase 
difference between microwave current 
and microwave magnetization from 
the amplitude A

AMRV  we obtain that the 

contribution from the spin current is 
less than 10% of  the S

AMRV .

4. SPIN MAGNETORESISTANCE
Magnetic-field dependence of  the change 
in the normalised magnetoresistance (MR) 
of  the heterostructure is shown in Fig. 5b. 
The normalisation is given for resistance 
at H = 0. Directions of  magnetic field 
change are indicated by arrows. The 
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Fig. 4. Spectrum of  voltage induced by spin 
current, f  = 2.6 GHz, T = 300 K. Red curve −
approximation by Lorentz line and antisymmetrical 
component of  anisotropic magnetoresistance, 
blue curve − antisymmetrical part of  anisotropic 
magnetoresistance, green curve − sum of  symmetrical 
part of  anisotropic magnetoresistance and spin 

current signal.

a

b
Fig. 5. (a) The topology of  the measurements 
SrIrO3/La0.7Sr0.3MnO3. (b) Magnetic-
field dependence of  variation of  normalized 
magnetoresistance of  heterostructures. The 
normalization is given for resistance at H = 0. The 
directions of  magnetic field change are indicated by 

arrows. 
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hysteresis of  the magnetoresistance 
change can be seen. The maximum value 
of  the MR variation is 0.032%. The field 
was directed perpendicular to the direction 
of  the current flow (angle φ = 90° in the 
Fig. 5a).

The MR field dependence follows the 
manganite magnetisation curve [13]. The 
small value of  the hysteresis loop width 
is probably caused by the proximity effect 
(penetration of  the magnetic order parameter 
in the La0.7Sr0.3MnO3 film into SrIrO3).

Following the theory [14] taking into 
account conductivity of  La0.7Sr0.3MnO3 
film the expression for spin resistance 
(SMR) is as follows [15]:

2 2tanh ( / 2 ) ,
(1 ) [1 coth( / )]

SH S R SIO S

SIO R SIO S

g tR
R t g t

θ λ λ
η λ

∆
=

+ +
 (5)

where θSH and λS are the spin angle and 
spin diffusion length in the SrIrO3 film 
correspondingly. η = ρSIOtLSMO/ρLSMOtSIO 
= 0.33 are determined by the resistivities 
of  iridate and manganite ρSIO = 3·10−4 
Ωcm and ρLSMO = 1.1·10−3 Ωcm, and the 
thicknesses of  these films tLSMO = 12 
nm and tSIO = 10 nm, gR = hρSIOλS

g↑↓ /
e2. Using the data for the spin resistance 
value of  the boundaries [6] g↑↓  = 1018 m−2 
and the value λS = 1 nm we obtain gR = 
0.12. Under the condition tSIO >> λS 
relation (5) is simplified.  Substituting the 
parameters calculated above we obtain 
θSH ≈ 0.2. Assuming that the anisotropic 
magnetoresistance (АМR) gives an 
additive contribution to the resistivity of  
the heterostructure together with the spin 
current we obtain that the value must be 
reduced to the root of  the relationship 
between the amplitude of  the symmetric 
АМR signal and the spin current 

signal in the ferromagnetic resonance 
/ 0.3S

Q AMRV V =  [6].

Along with the spin magnetoresistance 
there is the Rashba-Edelstein 
magnetoresistance which results from 
the processes occurring at the boundary 
with broken symmetry of  the inversion 
[16-18]. Recently this effect has been 
investigated experimentally in a Bi/Ag/
ferromagnetic multilayer [19] caused by 
nonequilibrium spin accumulation at the 
interface

5. CONCLUSION
The structural parameters of  the fabricated 
SrIrO3/La0.7Sr0.3MnO3 heterostructure 
were studied. Epitaxial growth of  two 
films on NdGaO3 substrate was observed 
by transmission electron microscope and 
confirmed by X-ray diffraction structure 
measurements. The value of  the spin Hall 
angle was determined by two methods 
by direct measurement of  the voltage 
induced by the spin current induced in 
the ferromagnetic resonance mode and by 
measuring the spin resistance. A strong 
influence of  anisotropic magnetoresistance 
on the spin transport parameters was 
observed.
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