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Abstract. For Ta/Fe50Mn50/Ta, Ta/Dy/Ta, and Ta/Co90Fe10/Ta nanostructures prepared 

by magnetron sputtering, a positive longitudinal magnetoresistance due to the spin Hall 

effect was found.  The difference in the magnitude of magnetoresistance and the shape 

of magnetoresistive curves obtained for nanostructures with layers of metals with 

different types of magnetic ordering is interpreted under the assumption of different 

magnitude of purely spin current injected into the magnetics layer.  
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INTRODUCTION 

The use of spin accumulation and spin currents to control the magnetic state of 

nanostructures by transferring spin momentum to the subsystem of the magnetically 

ordered layer (SOT - Spin-Orbit Torque) opens up the prospect of creating low-power 

consumption microelectronics devices [1-4]. One of the mechanisms of non-
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equilibrium spin density and spin current generation is the spin Hall effect (SHE - spin 

Hall effect) [5], which is most prominently manifested in non-magnetic metals (NM) 

with strong spin-orbit interaction (Pt, Ta, W). An electric current flowing in such a 

metal leads to the appearance of a transverse pure spin current. With the inverse spin 

Hall effect (ISHE - inverse spin Hall effect) the spin current causes the appearance of 

transverse charge current [6-8]. The study of phenomena of purely spin, quantum 

nature: the spin Hall effect, as well as the SOT effect, is a difficult experimental task 

due to the weakness of the registered magnetic and electric signals. 

In [9], M.I. Dyakonov theoretically showed that in metal films with strong spin-

orbit interaction, the existence of nonequilibrium spin density can be detected by 

galvanomagnetic experiments. The electric current leads to the accumulation of spin 

density near the film boundaries and, consequently, spin diffusion from the boundaries 

into the film depth. This spin current, due to ISHE causes the appearance of a charge 

current, directed in the same way as the original electric current. When an external 

magnetic field is applied, the spin accumulation at the film boundaries is suppressed 

and the resistivity of the sample increases. This type of longitudinal positive 

magnetoresistance was named Hanle magnetoresistance (HMR - Hanle 

magnetoresistance), by analogy with the magneto-optics effect, and was detected 

experimentally [10-12].  

Another type of magnetoresistance (SMR - spin Hall magnetoresistance) due to 

the spin Hall effect is observed in nanostructures that contain neighboring layers of 

ferromagnetic metal (FM) and nonmagnetic metal with strong spin-orbit interaction.  

SMR manifests itself as an abrupt change in electrical resistivity in the low-field region 
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upon remagnetization of the ferromagnetic layer and is associated with spin current 

absorption/reflection processes at the FM/NM interface [13, 14]. The magnitude of the 

spin current absorbed or reflected by the ferromagnetic layer depends on the mutual 

orientation of the magnetic moment (𝑀𝑀��⃗  ) of the ferromagnet and the polarization vector 

(𝑆𝑆 ) of the spin current generated in the nonmagnetic layer. When the configuration is 

orthogonal (𝑀𝑀��⃗ ⊥𝑆𝑆 ), the spin current is absorbed and the electrical resistance of the 

nanostructure R⊥ corresponds to the high-resistance state. In the collinear configuration 

(𝑀𝑀��⃗ ∥ 𝑆𝑆 ), spin current reflection occurs at the FM/NM interface. In this case, the 

reflected spin current due to ISHE leads to a decrease in the electrical resistance of the 

nanostructure (R∥ ). Thus, R⊥ > R∥ [15]. 

The main characteristics of materials in which SHE is observed are the spin Hall 

angle (Θ(SH) ), which describes the magnitude of the conversion between the charge and 

spin currents, and the spin diffusion length, which characterizes the distance at which 

the spin current decays. Ta thin films typically have two structural allotropic 

modifications: α-Ta, with a volume-centered cubic structure, and β-Ta, which has a 

tetragonal crystal lattice and a large resistivity. Due to the relatively large value of Θ(SH), 

β-Ta is of interest for the synthesis of nanostructures whose magnetic state can be 

changed by electric current. 

In the present work, an experimental study of the galvanomagnetic properties of 

β-tantalum thin films and nanostructures containing β-tantalum layers and materials 

with different types of magnetic ordering has been carried out. The difference in the 

magnetoresistance and the shape of the magnetoresistive curves obtained for different 
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samples are interpreted under the assumption of different magnitudes of the pure spin 

current injected into the magnetics layer. 

 

EXPERIMENT 

β-Ta films with thicknesses tTa= 4 - 570 nm, Ta(4nm)/ Fe50Mn(50) (2nm)/Ta(4nm) 

nanostructures, Ta(4nm)/Dy(t(Dy) )/Ta(4nm), where tDy= 2, 10, 30 nm, and 

Ta(4nm)/Co90Fe(10) (2nm)/Ta(4nm), were fabricated by magnetron sputtering on glass 

substrates. The sputtering was carried out at room temperature and 100 W power. The 

pressure of the working gas (argon) was 0.1 Pa with a base pressure of residual gases 

in the sputtering chamber of ~ 5⋅ 10-7Pa.  The above sputtering conditions promote the 

formation of high resistivity allotropic modification of β-tantalum in tantalum films 

[16-18].  

The micro-objects in the form of Hall bridges were fabricated by 

photolithography (Fig. 1). The microstrip width d ~ 200 μm, the distance between 

current contacts (1 and 2) ~ 2700 μm, the distance between potential contacts (3 and 4) 

~ 2200 μm. The light magnetization axis (LMA) is perpendicular to the microstrip (co-

directional to the y-axis). The field dependences of electrical resistivity for the 

investigated nanostructures were measured at collinear configuration of the applied 

magnetic field(𝐻𝐻��⃗  ) and electric current direction (𝚥𝚥 ) in the field range ±20 kE in the 

temperature range 80-293 K.  

Magnetoresistance (MR) was defined as [(R(H) - R(0))/R(0)]⋅ 100% 

where R(H) and R(0) are the resistivity of the samples in the H field and in the H = 0 

field, respectively. The microstructure was investigated by X-ray diffraction.  
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RESULTS AND DISCUSSION 

Microstructure study 

No structural peaks are observed in the diffractograms obtained from tantalum 

films with thicknesses tTa< 14 nm.  At tTa= 14 nm, a very weak reflex appears, the 

intensity of which increases with increasing film thickness up to 30 nm (Fig. 2). This 

peak corresponds to the (002) plane family of the tetragonal crystal structure of β-

tantalum. At tTa= 57 nm, the reflexes (002) and (004) of the tetragonal structure and a 

weak peak close in location to the reflexes (202) of β-Ta or (110) of α-Ta are present 

in the diffractogram. Previously [19, 20], we investigated the microstructure and 

electrical conductivity of tantalum films sputtered under our process conditions and 

found tetragonal crystal structure, high resistivity and negative temperature coefficient 

of resistance inherent to β-tantalum. For the present studies, it is important to note that 

for Ta/FeMn/Ta, Ta/Dy/Ta, and Ta/CoFe/Ta nanostructures, the electrical resistivity 

increases with decreasing temperature, i.e., the average temperature coefficient of 

electrical resistivity for the nanostructure is negative. 

To investigate the microstructure of the dysprosium layers, diffractograms (Fig. 

3) were obtained from Ta(4nm)/Dy(t(Dy) )/Ta(4nm) nanostructures in which tantalum 

layers are required to protect the chemically active dysprosium.  

As shown above, at a layer thickness of 4 nm the reflections from tantalum are 

not visible in the diffractograms.  In the diffractogram obtained from a sample with a 

dysprosium layer with a thickness of tDy=30 nm, there are reflections (10-10) and 

(0002) of the hexagonal densely packed (HPU) structure of dysprosium. At tDy=10 nm, 
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two weak peaks are present in the diffractogram. One of them belongs to the planes 

(0002) of the GPU, and the second one corresponds to the reflection from the family 

of planes (111) of the face-centered cubic (HCC) structure. In dysprosium films 

obtained by magnetron sputtering on a buffer layer of tantalum at room temperature, 

the formation of a metastable HCC phase near the buffer layer has been observed 

previously [21, 22]. In these works, it is shown that the magnetic properties of the HCC 

phase differ significantly from those of bulk dysprosium and films having a 

conventional GPU structure. In particular, the transition to the ferromagnetic state in 

the HCC phase of dysprosium occurs at a higher temperature, and the formation of 

antiferromagnetic ordering is suppressed due to microstresses caused by the proximity 

of the tantalum buffer layer.  

Thus, in tantalum films with a thickness of 4 nm, according to the microstructure 

studies and earlier estimates of electrical conductivity, a high-resistance β-Ta 

modification is formed. For dysprosium layers in the Ta(4nm)/Dy(2nm)/Ta(4nm) 

nanostructure, based on diffractometric studies and data [21, 22] on the magnetic 

properties of the HCC phase, we can conclude that there is a HCC phase in dysprosium. 

In this case, the transition from the paramagnetic to the ferromagnetic state is possible 

at a temperature much higher than the Curie point of bulk dysprosium and without the 

formation of antiferromagnetic ordering. 

       

Longitudinal magnetoresistance of Ta/FeMn/Ta and Ta/Dy/Ta nanostructures 

In the temperature range under study, the antiferromagnetic FeMn layer in the 

Ta(4nm)/FeMn(2nm)/Ta(4nm) nanostructure may contain uncompensated magnetic 
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moments that are affected by the external magnetic field due to its small thickness [23]. 

According to [24], in the Ta(4nm)/Dy(2nm)/Ta(4nm) nanostructure, the dysprosium 

layer is in a paramagnetic state. Nevertheless, in the case of the transition of the cubic 

phase of dysprosium into the ferromagnetic state [21, 22], it is possible that a non-zero 

magnetic moment appears and, accordingly, the magnetic state of the Ta/Dy/Ta 

nanostructure changes under the field action. 

The field dependences of magnetoresistance were obtained at different fixed 

temperatures for Ta(4nm)/FeMn(2nm)/Ta(4nm) and Ta(4nm)/Dy(2nm)/Ta(4nm) 

structures, as well as for individual 4nm thick tantalum films. The field was applied in 

the plane of the film, parallel to the current and perpendicular to the vector of 

antiferromagnetism in the FeMn layer.  Figure 4 shows the field dependences of 

magnetoresistance at T = 90 K.  

The magnetoresistance of the β-Ta(4nm) thin film increases with increasing 

external magnetic field. This is due to the suppression of spin accumulation at the β-

Ta boundaries (Hanle magnetoresistance). Experimental and theoretical studies of 

Hanle magnetoresistance in free β-Ta films of different thicknesses were carried out 

in [20]. It was shown that the magnitude of longitudinal magnetoresistance depends 

significantly on the conditions of spin accumulation at the film boundaries. 

In Ta/FeMn/Ta, and Ta/Dy/Ta structures, one of the boundaries of each β-

Ta(4nm) layer neighbors FeMn(2nm) or Dy(2nm) magnetics having different 

magnetic ordering. Accordingly, the conditions for spin diffusion across the interface 

between tantalum and the neighboring layer and for the accumulation of spin density 

at the boundaries of Ta layers are different for Ta/FeMn/Ta, and Ta/Dy/Ta.  
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The magnetoresistive curves of the Ta/FeMn/Ta structure and the β-Ta film 

differ in shape, but the magnitudes of the maximum magnetoresistance in a field of 

20 kE practically coincide (Fig. 4). If we consider the β-Ta(4nm) layers in the above 

nanostructure as two parallel conductors, without taking into account the effects at 

the boundary with another magnet, then the magnitude of their total relative 

magnetoresistance is equal to the relative magnetoresistance of one free β-Ta(4nm) 

film. Hall bridges were lithographically fabricated so that, when the current flows, 

the spin polarization vector at the boundary of the tantalum layer is collinear to the 

antiferromagnetism vector in the FeMn layer. In such a case, the spin current 

originated in β-Ta due to SHE is preferentially reflected at the Ta/FeMn interfaces. If 

this reflection occurs without spin flipping, the spin density at the β-Ta interfaces 

increases. These considerations are consistent with the fact that in fields less than 20 

kE the magnetoresistance of the Ta/FeMn/Ta structure is larger than for an isolated 

Ta film.  

Due to the small thickness of the layer, the magnetic sublattices in 

antiferromagnetics are not fully formed, and the increasing magnetic field deforms 

them. In this case, the conditions of reflection/passage of the spin current through the 

Ta/FeMn interface and spin flip at reflection change, and the steepness of the MR(H) 

dependence decreases. In [25], magnetoresistive curves close in shape were obtained 

for FeMn/Pt bilayer nanostructures, in which the antiferromagnetic and metal layers 

with strong spin-orbit interaction are also neighboring.     

In the Ta(4nm)/Dy(2nm)/Ta(4nm) nanostructure, the angle of deviation of the 

spin polarization vector of conduction electrons from the local magnetic moments in 
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paramagnetic Dy varies in a wide range. Accordingly, most of the spin current passes 

through the Ta/Dy interfaces, which reduces the spin accumulation at the β-Ta 

interfaces and, consequently, the Hanle magnetoresistance. These considerations are 

in agreement with the experimental results: for Ta(4nm)/Dy(2nm)/Ta(4nm), the 

obtained magnetoresistance values are much smaller than for the β-Ta film and the 

Ta/FeMn/Ta structure (Fig. 4). 

 

Temperature dependences of Hanle magnetoresistance for Ta/FeMn/Ta and 

Ta/Dy/Ta nanostructures 

The field dependences of the longitudinal magnetoresistance were measured at 

various fixed temperatures in the temperature range 80 - 293 K. In the investigated 

field range from -20 to 20 kE, none of the MR(H) dependences reached saturation, so 

the value of the maximum magnetoresistance was estimated as the magnetoresistance 

in field H = 20 kE. The obtained temperature dependences of the maximum 

magnetoresistance MR(20KE) are shown in Figure 5.  The maximum 

magnetoresistance of β-Ta(4nm) film monotonically decreases with increasing 

temperature. Similar dependences were also observed for platinum thin films [10, 

11]. A probable explanation for the decrease in magnetoresistance with increasing 

temperature is the decrease in the spin relaxation time and, consequently, the spin 

diffusion length.  

For the Ta/FeMn/Ta structure, a monotonic decrease of the maximum Hanle 

magnetoresistance with increasing temperature is also observed; however, in this 

case, the slope of the dependence is smaller than for the free β-Ta film.  
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For the Ta/Dy/Ta structure, the character of the dependence of the maximum 

magnetoresistance on temperature qualitatively differs from the dependences 

obtained for β-Ta and the Ta/FeMn/Ta nanostructure. At T> 90 K, the 

magnetoresistance increases with decreasing temperature, which is logically 

explained by the increase in the spin relaxation time and spin diffusion length.  

However, at T < 90 K, the temperature decrease is accompanied by a decrease in the 

value of the maximum magnetoresistance rather than an increase. A possible 

explanation is that near T ≈  90 K the formation of ferromagnetic ordering begins in 

the HCC phase of the dysprosium layer [21, 22]. Local magnetic moments in 

dysprosium line up along the applied magnetic field and, accordingly, perpendicular 

to the spin polarization vector (𝑀𝑀��⃗ ⊥𝑆𝑆 ). At , the spin current passes through the Ta/Dy 

interfaces, and the spin accumulation at the β-Ta layer boundaries and the Hanle 

magnetoresistance in the Ta/Dy/Ta nanostructure decrease. Note that the spin Hall 

effect in Ta layers surrounding dysprosium leads to the accumulation of electrons 

with opposite spins near the opposite boundaries of the Dy layer. The combination of 

this character of spin density nonequilibrium and high permeability of Ta/Dy 

interfaces for the spin current is very likely to lead to intensive spin diffusion through 

the dysprosium layer in the Ta/Dy/Ta nanostructure. 

 

Longitudinal magnetoresistance of Ta/CoFe/Ta nanostructures 

Separately, we will focus on experimental studies of galvanomagnetic properties 

of a nanostructure containing neighboring layers of non-magnetic metal β-Ta and 

ferromagnetic alloy Co90Fe10. 
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Figure 6 shows the field dependence of longitudinal magnetoresistance and 

electrical resistivity for the Ta(4nm)/CoFe(2nm)/Ta(4nm) nanostructure at T = 83 K.  

The curve shows a weak increase in the electrical resistance of the sample (MR 

~          10-3%) with increasing the field from 0 to 20 kE. This phenomenon is related 

to the suppression of electron spin accumulation in the external magnetic field and can 

be interpreted as Hanle magnetoresistance. The sharp decrease in electrical resistance 

(MR ~      10-2%) of the Ta/CoFe/Ta structure in the region of small fields also attracts 

attention, which is associated with a change in conditions for spin accumulation in the 

β-Ta layers due to their neighborhood with the ferromagnetic CoFe layer. Such 

character of the electrical resistivity change is due to the process of remagnetization of 

the magnetic moment𝑀𝑀��⃗  of the CoFe ferromagnetic layer and can be interpreted as SMR 

(Fig. 7). 

The charge current flowing in the sample plane (collinear to the x-axis) due to 

SHE induces a purely spin current collinear to the z-axis. This leads to spin 

accumulation of electrons with spin polarization𝑆𝑆 (collinear to the y-axis) at the 

interfaces of Ta nanolayers. In this case, interfacial spin mixing occurs at the interfaces 

Ta/CoFe and part of the spin current is absorbed by the layer of ferromagnetic CoFe. 

The magnitude of the absorbed spin current is maximum in the case of orthogonal 

orientation of magnetization𝑀𝑀��⃗  and spin polarization of accumulated electrons𝑆𝑆 (𝑀𝑀��⃗ ⊥𝑆𝑆 

). This configuration is realized in fields |𝐻𝐻��⃗ | > 50 Å.  As |𝐻𝐻��⃗  | decreases to H ≈ 0, the 

configuration of𝑀𝑀��⃗  and𝑆𝑆 changes from orthogonal to collinear (𝑀𝑀��⃗ ∥ 𝑆𝑆 ). In this case, 

the magnitude of the absorbed spin current is minimal, which due to ISHE contributes 

to the reduction of the electrical resistance of Ta layers.  
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It is worth noting that in the case of measuring the longitudinal 

magnetoresistance of the Ta(4nm)/CoFe(2nm)/Ta(4nm) structure, one can expect to 

observe not only HMR and SMR, but also anisotropic magnetoresistance (AMR - 

anisotropic magnetoresistance). The maximum value of AMR is observed at 

collinearity of magnetization vectors𝑀𝑀��⃗  and electric current density𝚥𝚥 , and the minimum 

value is observed at orthogonality𝑀𝑀��⃗  and . 𝚥𝚥 

In order to exclude the contribution of anisotropic magnetoresistance to the total 

magnetoresistance of the Ta/CoFe/Ta structure, the field dependence of the electrical 

resistivity was measured at T = 83 K when the external magnetic field is oriented 

orthogonally to the film plane (𝐻𝐻z����⃗  ). It is expected that in this experimental setup, as in 

the case of longitudinal magnetoresistance measurement (𝐻𝐻x����⃗  ), we will observe HMR 

and SMR as the configurations𝐻𝐻��⃗ ⊥𝑆𝑆 and𝑀𝑀��⃗ ⊥𝑆𝑆 , respectively, are realized. In this case, 

the contribution of AMR to the total magnetoresistance of the sample will be minimal 

(𝑀𝑀��⃗ ⊥𝚥𝚥 ).  

Figure 8 shows the field dependences of electrical resistivity and 

magnetoresistance for the Ta(4nm)/CoFe(2nm)/Ta(4nm) nanostructure measured at 

the orientations of the external magnetic field along the coordinate axes  x and z. 

When increasing|𝐻𝐻��⃗ |  from 0 to 20 kE, two regions can be distinguished on the field 

dependence of the longitudinal magnetoresistance - a sharp growth of 

magnetoresistance due to the remagnetization of ferromagnetic CoFe(2nm) in the 

plane, and a subsequent weak growth of magnetoresistance with increasing magnetic 

field, associated with the suppression of spin accumulation in Ta layers.   
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For the orientation of the magnetic field orthogonal to the film plane, a 

monotonic increase in the electrical resistivity with increasing external magnetic field 

is observed. Probably, the shape of the magnetoresistive curve is caused by the escape 

from the film plane of the magnetic moment of the ferromagnetic layer CoFe(2nm) and 

the action of demagnetizing fields, and the configuration𝑀𝑀��⃗ ⊥𝑆𝑆 , necessary for the 

observation of the maximum SMR value, is realized in the fields|𝐻𝐻��⃗ | > 15 kE. In this 

situation, it is more difficult to separate the HMR and SMR contributions due to the 

remagnetization features of CoFe(2nm). However, it is important to note, at H ≈ 0, the 

electrical resistivity of the sample at𝐻𝐻x����⃗  and𝐻𝐻z����⃗  was the same, and the maximum 

magnetoresistance measured at magnetic field orientation along the z axis (𝐻𝐻z����⃗  ) 

increased compared to the maximum longitudinal magnetoresistance (𝐻𝐻x����⃗  ). In case of 

a significant contribution of AMR to the total magnetoresistance of the structure, the 

opposite situation would be observed. In this case, the large magnetoresistance value 

obtained for𝐻𝐻z����⃗  , is related to the action of the Lorentz force, which deflects conduction 

electrons from the electric field direction, increasing the conductor resistivity with 

increasing magnetic field [26]. 

Thus, we can conclude that the longitudinal magnetoresistance of the 

Ta(4nm)/CoFe(2nm)/Ta(4nm) nanostructure is due to two mechanisms - suppression 

of spin accumulation in β-Ta(4nm) nanolayers (HMR) and absorption/reflection of 

spin current at the Ta/CoFe interfaces during remagnetization of the magnetic moment 

of the CoFe(2nm) layer (SMR). 
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CONCLUSION 

In Ta/CoFe/Ta, Ta/FeMn/Ta, and Ta/Dy/Ta nanostructures containing materials 

with different types of magnetic ordering, positive longitudinal magnetoresistance has 

been found. It is shown that the character of the observed field and temperature 

dependences of magnetoresistance is due to changes in the magnetic state of magnetics 

and, accordingly, in the conditions of reflection/absorption of spin current and 

accumulation of spin density at the boundary of tantalum layers. 

In Ta/FeMn/Ta and Ta/Dy/Ta nanostructures, the longitudinal 

magnetoresistance arises due to the suppression by the magnetic field of the 

nonequilibrium spin density at the boundaries of tantalum films and is inherently Hanle 

magnetoresistance.  

For the Ta/FeMn/Ta nanostructure at temperatures above 120 K, the Hanle 

magnetoresistance is larger for the free β-Ta film. This is explained by the fact that the 

spin polarization vector of conduction electrons accumulated at the interface of the Ta 

layer is collinear to the antiferromagnetism vector in the FeMn layer, and in the 

Ta/FeMn interfaces the reflection of spin current into the β-Ta layer prevails over its 

passage into the FeMn layer. 

For the Ta/Dy/Ta nanostructure, the Hanle magnetoresistance is much lower than 

that for the β-Ta film. The passage of spin current from the Ta layer and the Dy layer 

prevails over the reflection back to tantalum, so the spin accumulation at the β-Ta 

boundaries and, consequently, the Hanle magnetoresistance decreases. In the Ta/Dy/Ta 

nanostructure, a transverse pure spin current is likely to arise. 
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The longitudinal magnetoresistance of the Ta/CoFe/Ta nanostructure is due to 

two mechanisms - suppression of spin accumulation in β-Ta nanolayers and 

absorption/reflection of the spin current at the Ta/CoFe interfaces during 

remagnetization of the magnetic moment of the CoFe layer. The contribution of the 

anisotropic magnetoresistance to the total magnetoresistance of the structure is 

insignificant.  
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FIGURE CAPTIONS 

Fig. 1. Schematic representation of a micro-object in the form of a Hall bridge. 

Fig. 2. Diffractograms obtained for tantalum films with thicknesses of 14, 30 and 57 

nm.  

Fig. 3. Diffractograms obtained for Ta(4nm)/Dy(t(Dy) )/ Ta(4nm) nanostructures with 

dysprosium thickness tDy= 30 and 10 nm.  

Fig. 4. Field dependences of longitudinal magnetoresistance for β-Ta(4nm) film as well 

as Ta(4nm)/FeMn(2nm)/Ta(4nm) and Ta(4nm)/ Dy(2nm)/(4nm) trilayer structures at 

T = 90 K. 

Fig. 5. Temperature dependences of the maximum longitudinal magnetoresistance for 

the β-Ta(4nm) film, as well as the Ta(4nm)/FeMn(2nm)/Ta(4nm) and 

Ta(4nm)/Dy(2nm)/(4nm) trilayer structures. 

Fig. 6. R(H) and MR(H) dependence for the Ta(4nm)/CoFe(2nm)/Ta(4nm) structure at 

T = 83 K. The HMR and SMR contributions to the magnetoresistance of the sample 

are  schematically labeled.   

Fig. 7. R(H) dependence for the Ta(4nm)/CoFe(2nm)/Ta(4nm) nanostructure in the 

field range ±100 E at T = 83 K. Inset: schematic representation of Ta/CoFe/Ta 
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nanostructure, magnetic moment𝑀𝑀��⃗  of CoFe ferromagnetic layer and spin polarization𝑆𝑆 

of accumulated electrons in Ta. 

Fig. 8. Dependences of R(H) and MR(H) for Ta(4nm)/CoFe(2nm)/ Ta(4nm) 

nanostructure at orientation of external magnetic field along x and z axes. 
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