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Abstract. Lateral spin devices with tunnel contacts Co0.9Fe0.1/MgO/InSb were fabricated using 
magnetron sputtering and maskless photolithography. The current-voltage characteristics and contact 
resistance, as well as the Hanle effect during the diffusion of polarized electrons between contacts, 
were measured. First-principles molecular dynamics calculations were performed to determine the 
band structure in supercells modeling the Co/MgO and MgO/InSb interfaces. It was shown that at the  
Co/MgO interface, a significant spin polarization arises for Bloch states of electrons. As a result, the 
probabilities of passing through the dielectric layer and through the ferromagnetic/dielectric and 
dielectric/semiconductor interfaces are different for these electrons. The height and width of the 
tunnel barriers were calculated based on an analysis of the current-voltage characteristics of the tunnel 
contacts. It was shown that a higher degree of polarization is achieved in tunnel contacts with higher 
barrier heights and higher resistance. It was also shown that at the MgO/InSb interface, due to the large 
difference in lattice parameters, there is a high likelihood of defect formation, which prevents achieving 
high polarization characteristics of the tunnel contacts.
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1. INTRODUCTION

The injection of spin-polarized electrons from 
a ferromagnetic (FM) metal into a nonmagnetic 
metal or semiconductor has been a long-standing 
goal of theoretical and experimental studies in spin 
electronics [1]. Spin injection into semiconductors 
is particularly attractive since using the angular 
momentum of an electron (spin) as an additional 
parameter for controlling and managing the electron 
state can significantly expand the functionality of 
existing semiconductor devices [2, 3]. For silicon-
based devices, new approaches have even been 
developed for designing and creating devices that 
utilize electron spin [4, 5]. Of equal interest is the 
injection of spin-polarized electrons into group 
AIIIBV semiconductors. For example, in light-
emitting devices based on GaAs semiconductor, 

polarized luminescence occurs [6, 7]. In InSb 
semiconductor, the injection of polarized electrons 
can cause deviation from equilibrium population of 
spin levels and even their inversion and, consequently, 
the generation of electromagnetic radiation [8].

However, a simple scheme of electron spin 
polarization in a non-magnetic material during 
electron injection from an FM-metal through an 
ohmic contact proved to be inoperable. Experiments 
[9] on injection of polarized electrons from 
permalloy into  Al showed extremely low efficiency of 
this scheme. Attempts to detect polarized electrons 
in InAs semiconductor injected through ohmic 
contacts with FM-metal (permalloy, Co, Ni), were 
also unsuccessful [10]. The extremely low efficiency 
of spin-polarized electron injection from FM-metal 
into semiconductors was confirmed by calculations 
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in [11]. It was shown that if the conductivities of 
the semiconductor and ferromagnet are equal, only 
a small spin polarization can be achieved in the 
semiconductor. If the semiconductor conductivity is 
much lower than that of FM-metal, and the electron 
polarization of FM-metal is less than 100 %, then 
the electron polarization in the semiconductor 
is negligibly small. Brief ly, the conclusion is 
formulated as “the conductivity mismatch“ of FM-
metal and semiconductor. In terms of resistances 
(values inverse to conductivities), the resistance 
Fr  of ferromagnet is much less than the resistance 
Nr  of semiconductor, rF ≪ rN. Such “mismatch” is 

observed in the vast majority of real FM- metals and 
semiconductors.

In 2000, Rashba's work [12] appeared, in which to 
solve the problem of resistance mismatch between 
ferromagnet and semiconductor (rF ≪ rN) it was 
proposed to place a thin layer of dielectric between 
FM-metal and semiconductor, forming a tunnel 
contact (TC), whose spin-dependent resistance, 
Cr , should be greater than the semiconductor 
resistance Nr , C Nr r… . resistance grows exponentially 
with increasing dielectric layer thickness [13], and 
regulation of the layer resistance value comes down 
to selecting its thickness. It is more difficult to create 
TC with a thin dielectric layer and low resistance 
Cr , comparable to с Nr , since when the dielectric 
layer thickness is equal to or less than the average 
substrate roughness, there is a high probability of 
pinholes appearing in the layer [14].

Let us focus on the dependence of TC resistance 
on spin direction. In paper [12], the assumption 
about the existence of such dependence was based 
on experimental data obtained from semiconductor 
studies using a force tunneling microscope with 
an FM-tip made of Ni [15]. The studies showed 
that spin polarization of the tunnel current occurs, 
and its magnitude increases with the decreasing 
tunnel barrier width. The tunnel barrier was a 
vacuum layer between the semiconductor and 
FM-tip. It should be noted that the conductivity 
of the vacuum layer does not possess any spin 
dependence. The spin dependence of tunnel 
conductivity in a dielectric is also not obvious, 
however, such dependence was predicted through 
theoretical calculations. For Fe / MgO / Fe  [16], 
Co / MgO / Co  and FeCo / MgO / FeCo [17] first-
principles calculations were performed, showing the 
presence of spin-dependent resistance in TC. The 

dependence of tunnel resistance on spin direction 
emerged due to different transition probabilities 
for electrons with spin up and spin down between 
states with с s-, p-, and d  symmetry in FM-metal 
and dielectric [18]. The calculations were performed 
for a continuous homogeneous MgO, dielectric, 
whose lattice parameter was artificially increased 
for epitaxial matching with FM-metal parameters. 
The electrode and dielectric materials had the 
same crystalline BCC structure. It can be assumed 
that for TC with an inhomogeneous dielectric 
film, with structural distortions and defects, the 
spin dependence of resistance will become weaker 
or disappear completely. The homogeneity of the 
dielectric film is one of the main quality criteria for 
TC. The requirements for dielectric film properties 
are as follows. The dielectric layer should be 
homogeneous, f lat, contain no pinholes, and be 
compatible with both FM-metal and semiconductor 
[19]. The most common method for assessing TC 
quality is the “reasonable” correspondence between 
the Cd  dielectric layer thickness and the Cf  potential 
barrier height, assumed during its manufacture and 
calculated based on the analysis of current-voltage 
characteristics (I-V) in some theoretical model, for 
example, work [20].

Thus, it appears relevant to conduct systematic 
studies in the same lateral spin devices of resistance, 
polarization characteristics, as well as the width and 
height of TB, calculated during CVC analysis, to 
compare these parameters.

To s t udy polar i zat ion char acter i s t ics 
0.9 0.1Co Fe / MgO / InSb  we investigated the 

magnitude of the Hanle effect during the diffusion of 
polarized electrons between contacts, and to obtain 
information about resistance, width, and height of 
the tunnel barrier, the current-voltage characteristics 
of contacts were studied. Calculations of the 
band structure in supercells modeling interfaces 
Co / MgO and  MgO / InSb were also performed 
within the framework of first-principles molecular 
dynamics. Our task was to determine the influence 
of tunnel barrier parameters on the efficiency of 
spin-polarized electron injection from FM-metal 
into InSb.

2. EXPERIMENTAL RESULTS

Studies were conducted in lateral spin devices, 
similar to those described in work [21], fabricated 
on the (110) face of single-crystal InSb wafers with 
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electron concentration n = 1.64 · 1014 cm−3 TC 
between electrodes of  0.9 0.1Co Fe  and InSb were 
fabricated from thin MgO, layers obtained by 
magnetron sputtering of magnesium oxide target.

Lateral devices had six FM electrodes with 
structure 0.9 0.1Co Fe (60 nm)/ MgO(1.8 nm), crossing 
a narrow window created by photolithography 
methods in a photoresist film located on the InSb 
wafer (horizontal strip in Fig. 1). The photoresist 
thickness is 1 µm, InSb — wafer thickness is about 
0.5 mm. Vertical strips are FM electrodes (only 
five electrodes shown) with conditional numbering 
from left to right from No. 1 to No. 6. Current-
carrying tracks are connected to the electrode 
ends, terminating in contact pads (not shown in 
the figure). The tunnel contact area is determined 
by the product of the semiconductor channel width 
and FM electrode width.

The magnitude of electron spin polarization 
N

nP  in the semiconductor was calculated based 
on measured voltages obtained through electrical 
detection of spin-polarized electrons. The detection 
method is based on the dependence of magnitude 
and sign of the contact potential difference between 
the semiconductor and FM contact on the mutual 
magnetization of this contact and the electron gas 
in the semiconductor beneath it. The potential 
emergence is interpreted through the Johnson-
Silsbee spin-charge coupling [9]. This phenomenon, 
in terms related to electron energy, is also explained 
by the deviation of the chemical potential of 
polarized electrons located at distances of spin 
diffusion length near the injector from the chemical 
potential of unpolarized electrons located far from 
the injector. To determine the energy of electrons 
located in local crystal regions, the concept of quasi-
chemical potential is introduced [1]. The peculiarity 
of electrical detection of electron spin state lies 
in the necessity to isolate a weak electrical signal 
caused by local magnetization of electron gas from 
stronger signals caused by semiconductor electron 
movement in the electric field near magnetized FM 
contacts. To reduce these signals' level, a method 
of so-called non-local measurements is used, 
where the detector's measuring circuit is spatially 
separated from the injector's electrical circuit 
creating electron current in the semiconductor (Fig. 
2). Electrons injected from contact No. 3 into the 
semiconductor can drift under electric field towards 
contact No. 1, forming together with the injector 

an electric current circuit, with velocity =dv Em- , 
where m — electron mobility in the semiconductor, 
E  is electric field. These electrons can also diffuse 
in all directions with diffusion velocity = /N

s s sv L t , 
where N

sL  is spin diffusion length in non-magnetic 
semiconductor, st   is spin relaxation time. 
Measurements are conducted in low current mode, 
when vs ≫ vd. Contact No. 4 (detector) is located 
outside the electric current circuit at distance d  
from injector No. 3, comparable to length N

sL . The 
potential of contact No. 4 (detector) is measured 
relative to contact No. 6, distant from No. 3 by much 
more than N

sL , so electron spins beneath it are in 
equilibrium state. With such contact configuration, 
the detector is sensitive only to potentials created 
by magnetized electrons, while other signals are 
significantly suppressed.

When registering signals generated by polarized 
electrons, the potentials at the detector are compared 

Fig. 1. Photograph of a lateral spin device with TC structure 
Co0.9Fe0.1 (60nm)/MgO(1.8 nm)/InSb. Horizontal strip in the 
center — InSb, vertical strips — electrodes Co0.9Fe0.1. Inset: 
simplified diagram of electrical circuits between electrodes No. 3, 
No. 4, and No. 5
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with parallel and antiparallel magnetization of 
the injector and detector, or the direction of the 
resultant magnetization of polarized electrons is 
changed while keeping the magnetization directions 
of the injector and detector unchanged. The 
control of electron magnetization direction can be 
implemented using a magnetic field with induction 
B , directed along the axis z  perpendicular to the 
injector magnetization and, consequently, to the 
magnetization of the polarized electron gas. This 
experimental geometry allows observation of the so-
called Hanle effect. The spins of electrons diffusing 
from injector to detector in a transverse magnetic 
field with induction B  during time t  rotate by 
angle = Ltj w . Here = /L BgBw m h  is the Larmor 
frequency, g is the g-factor of conduction electrons, 

Bm  is the Bohr magneton. Assuming that the detector 
is sensitive to the projection of electron magnetic 
moment in the direction of detector magnetization, 
the contribution to the output signal from each 
electron will be proportional to cos f . Since 
electrons have different transit times, spin precession 
angles will also be different. If the angle difference 
is comparable to the Larmor period, the average 
magnetic moment near the detector will be zero. To 
calculate the contribution from all electrons at the 
detection point, integration over all diffusion times 
is necessary. Furthermore, it must be considered 
that relaxation occurs during diffusion with time st . 
After integration and averaging, taking into account 
finite contact sizes, the resulting voltage ( , )HV B d  

depending on the transverse magnetic field B  at a 
point distant from the injector by d, considering 
the resistances of ferromagnet Fr , tunnel contact
Cr  and semiconductor Nr , can be calculated using 
expression [22] 
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Fig. 2. Device scheme for measuring electrical signals caused by spin-polarized electron diffusion. FM electrodes No. 1, No. 3, No. 4, 
No. 6, magnetized along axis y, are located on semiconductor channel surface where spin transport occurs. Current eI  flows from No. 1 
to No. 3. Under No. 3, shading with different contrast conditionally shows a cloud of spin-polarized electrons whose polarization degree 
decreases as they diffuse from the injecting electrode. Non-local voltage is measured between contacts No. 4 and No. 6. Magnetic field 
during Hanle effect measurement varies in the range ±30 Gs along axis z  perpendicular to the device plane
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Here FPs  and   CPs  are spin polarization conductivity 

coefficients in FM-metal and contact. During 
calculation, theoretical voltage dependence ( , )HV B d  
is fitted to experimental data. Fitting parameters 
are N

sL , st  and  CPs . The Hanle effect was observed 
at temperature = 77T  K  in magnetic field B , 
perpendicular to the device plane, smoothly varying 
from −30 to 30 Gs. Nearby narrow electrodes were 
used to observe the effect. If polarized electrons 
were injected from electrode No. 3 (current circuit 
between electrodes No. 1 and No. 3), then detection 
was performed by electrode No. 4 relative to 
electrode No. 6. Distances between electrodes No. 3, 
No. 4, and No. 5 were designed to be equal during 
device fabrication, therefore similar experiment 
configuration could be organized with electrodes 
No. 4 and No. 5 as injector and detector. We 
investigated four lateral spin devices with electrodes 
created using laser photolithography technology, 
having identical dimensions and distances 
between them. In all devices, substrate preparation 
technology and tunnel barrier creation were 
identical. One device lacked Hanle effect, another 
had defects in current supply circuits. Two devices 
with working numbers 16-V и 18-V were selected 
for analysis. Fig. 3 shows experimentally obtained 
voltage dependence. HV  at detector (electrode No. 4) 
during Hanle effect and theoretical dependence for 
two spin devices. In devices where discovered, the 
spin polarization conductivity coefficient of TC, 

CPs , and spin polarization coefficient of electrons, 
N

nP , injected from FM metal into semiconductor 
were evaluated.

Electron spin polarization in the semiconductor 
was calculated using the expression 

	 1= ,N C
n j N

dnP jeP r P
d ns x

é ùæ ö÷çê ú÷ç ÷ê úç ÷çè øë û
	 (3)

where e   — electron charge, x  — Fermi energy, 
n  —electron concentration in the semiconductor 
conduction band, parameter ( / ) /dn d nx  was 
calculated using the Fermi integral with index  
according to the method described in [22]. The 
spin polarization of current (or spin injection 
eff iciency) jP , as seen from its def inition, 
depends on the ratio of resistances Cr , Fr  and 
Nr , as well as on the conductivity polarization FPs  
of the ferromagnet and  CPs  contact. Resistance 

Fig. 3. Detector voltage (contact No. 4) during Hanle effect. For 
device  16-V : dark triangles — experimental points, red circles — 
calculation using expression (1). For device 18-V: light triangles — 
experimental data, light circles are for calculation using expression 
(1)

B (G)

18-V

16-V

Fig. 4. CVC measured between electrodes No. 4 and No. 5 in 
devices 16-V and 18-V 

Fig. 5. Dependence of differential conductance G on bias voltage    
U between electrodes No. 4 and No. 5 for device 18-V (red circles) 
and 16-V (blue circles). Solid red and blue lines — approximation 
by second-order polynomials



JETP, Vol. 166, No. 3 (9), 2024

362	 VIGLIN et al.	

16 28.4 10 Ohm cmF
F F sr Lr -= = × × (for ferromagnet 

0.9 0.1Co Fe  resistivity 10= 7 10 Ohm cmFr -× × and 
spin diffusion length 6= 1.2 10F

sL -×  cm [23]).
We assumed that in the ferromagnet 0.9 0.1Co Fe , which 

was used as an injector, the conductivity polarization 
is  approx imately equal to the electron 
polarization, F F

nP Ps ≃F F
nP Ps = 0.224 [21]. Semiconductor 

r e s i s t a nc e  -4 21.52 10 Ohm cmN
N N sr Lr= = × ×  

( = 0.0608 Ohm cmr ×N  based on Hall measurement 
data, 4= 25 10N

sL -×  cm [24]).

Table 1. Resistance R, barrier thickness dc, barrier height φC, 
electron polarization N

nP , contact polarization CPs  for device 16-V
 

Circuit 
R,

Ohm 
cm2 

dC, Å  φC, eV   N
nP   CPs

r34  0.1   31.045  0.757  —  — 

r45  0.16   24.946  0.861  0.0048  — 

r35  0.136  19.486  0.982  —  — 

r3  0.03   —  —  —  — 

r4  0.06   —  —  —  0.035 

r5  0.09   —  —  —  — 

Table 2. Same as in Table 1 for device 18-V  

 Circuit 
R,

Ohm 
cm2 

dC, Å  φC, eV   N
nP   CPs

r34   18.04   20.776  1.005  —  — 

r45  25.554  26.229  0.955  0.07   — 

r35  16.488  30.012  0.888  —  — 

r3  4.487  —  —  —  — 

r4  13.553  —  —  —  0.5 

r5  12.001  —  —  —  — 

TC resistances   Cr  were calculated as follows. 
We measured the current dependence on voltage 
applied between pairs of electrodes: No. 3 and No. 
4, No. 4 and No. 5, No. 3 and No. 5. Figure 4 shows 
CVC measured on electrodes No. 4 and No. 5 for 
devices 16-V and 18-V. The electrode geometry in 
these devices is identical. It can be seen that the 
CVC is nonlinear, and the differential conductance 

= /G dj dU  is fairly well described by second-order 
polynomials (Fig. 5). The resistance of each circuit 
34r , 45r  and  35r , consisting of the sum of resistances 
of current-carrying tracks, FM electrodes, TC, and 
semiconductor resistance located between electrodes, 
was measured at the same voltage values applied 
to the circuit ends (Tables 1 and 2). To calculate 
TC resistances   3r , 4r  and   5r  we used a simplified 
scheme of current flow between device electrodes, 
in which the resistances of current-carrying tracks 
and ferromagnetic electrodes were not taken into 
account (see inset in Fig. 1). The semiconductor 
resistance between electrodes, xr , was calculated as 
the resistance of a parallelepiped whose length equals 
the distance between the centers of corresponding 
contacts, and cross-section equals the contact area. 
Thus, the semiconductor resistance between adjacent 
contacts (No. 3 and No. 4, No. 4 and No. 5), with 
distance between central axes 435 10-×  cm, equals 
rx = 2.13·10−4 Ohm∙cm, and the resistance between 
contacts No. 3 and No. 5 equals 2 xr : 

	
34 3 4

45 4 5

35 3 5

= ,
= ,
= 2 .

x

x

x

r r r r
r r r r
r r r r

+ +
+ +
+ +

	 (4)

Resistances 3r , 4r  and  5r  were found by solving 
the system of linear equations using the Gauss 
method. When calculating the value ( , )HV B d  using 
expressions (1) and (2) in each device, values Cr  were 
used for resistance 4r .

  In the model of current flow through a single 
tunnel barrier at low bias voltages, the differential 
conductance has a parabolic dependence on voltage 
[25]. Fitting experimental data to the theoretical 
expression yields the barrier height Cf  and its 
thickness Cd . If “reasonable” values are obtained, 
it can be concluded that tunneling dominates in 
conductivity [26]. In our case, the CVC measurement 
is carried out in a more complex circuit containing 
two tunnel barriers separated by a semiconductor 
channel. Nevertheless, the differential conductance 

= /G dj dU ,measured for various combinations 
of contact pairs No. 3, No. 4, and No. 5, can also 
be described by a parabola. Figure 5 shows the 
dependence of G  оon the bias voltage between 
contacts No. 4 and No. 5 for two devices, and 
parabolas are constructed 2= 0.026(1 21 )y z+  
for device 18-V  and  2= 5.3(1 36 )y z+  for device 
16-V. The dimensionless parameter z  numerically 
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coincides with the voltage value U . The satisfactory 
agreement between theoretical and experimental 
curves allowed us to estimate circuits containing 
two tunnel barriers using the theory developed for a 
single barrier [25]: 

	 2= = (1 3 ),djG U
dU

h g+ 	 (5)

where 

	
2 1/2

1/2
2

(2 )3= exp( ),
2

C
C

C

e m
A

h d

f
h f- 	

	
1/24 (2 )

= ,Cm d
A

h
p

	

	
2 2

3/2
( )= ,
96 32C C

Ae Aeg
f f

- 	

m  is the electron mass, = 2h ph . The calculation 
results are presented in Tables 1 and 2.

3. THEORETICAL CALCULATIONS

For the investigation of interfaces Co / MgO 
and  MgO / InSb calculations were performed 
using first-principles molecular dynamics. Crystal 
structure relaxation and band structure calculations 
were carried out using the Quantum Espresso 
package [27] within the density functional theory 
(DFT) using the PBE (Perdew–Burke–Ernzerhof) 
functional [28]. The Coulomb correlations on the 
d-shell of Co were taken into account within the 
GGA+U method  [29, 30]. The Coulomb interaction 
parameter for cobalt was chosen as 8 eV and Hund's 
interaction as1 eV. Pseudopotentials were taken 
from the library of standard pseudopotentials 
for solids [31]. Supercells modeling the interface 
Co / MgO and several supercells for MgO / InSb
were constructed. The supercell constructions and 
calculation details are not provided in this article. 
Here we will only consider the description of results. 
For the interface Co / MgO the calculation showed 
that in two boundary layers, the band structure 
changed due to hybridization of s-, p- and d-states 
with Co p-states in  MgO. Metallization occurs in the 

Fig. 6. Supercells vacuum /MgO/InSb:  a — initial state and b  — final state. Purple spheres represent In, gold — Sb, blue — Mg, red — O 
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boundary layers, and predominantly oxygen p-states 
appear in the band gap. Deep in the film, the band 
structure remains the same as for the stoichiometric 
sample with a band gap of 4.5 eV. For the interface
MgO / InSb as a result of relaxation, a significant 
modification of atomic positions occurred, caused by 
large discrepancy in lattice parameter values (lattice 
constant = 6.63a  Å  for  InSb and  = 4.19a  Å  for 
MgO, which is 37% smaller).

 4. DISCUSSION OF RESULTS

When manufacturing spin devices, a dielectric 
layer with a thickness of 18 Å  was formed by 
magnetron sputtering of MgO target. This thickness 
corresponds to the width of = 18Cd  Å  tunnel 
barrier. Band structure calculations (using DFT 
method) showed that the tunnel barrier height is 

2Cf ; ≃ 2 eV in the first two atomic layers of MgO film 
near the interface Co / MgO and 2Cf ; ≃ 2.5 eV  for 
layers deep in the film. The presence of defects 
and non- stoichiometry reduces the band gap in 
MgO and leads to a decrease in Cf . The tunnel 
barrier width, calculated based on CVC analysis 
in contact No. 4 for device 16-V, was = 24.9Cd  Å, 
and for 18-V — = 26.3Cd  Å. The values are close 
to each other but larger than18 Å. This difference 
can be explained by the fact that the current flow 
calculation through the double tunnel barrier was 
performed using expressions for a single barrier. 
Based on CVC analysis [25], we obtained a barrier 
height of = 0.86Cf  eV in contact No. 4 for device 
16-V  and  = 0.96Cf  eV for 18-V, which is more 
than two times lower than the barrier height Cf  for 
stoichiometric MgO. It can be assumed that TC in 
both devices are defective, but the defect density in 
device 18-V is lower than in 16-V. This is evidenced 
by the higher barrier height Cf  in device 18-V, higher 
resistance Cr  and conductivity polarization CPs  in the 
contact (see Tables 1 and 2). 

The appearance of defects at the interface between 
MgO and  InSb is natural due to the significant 
lattice parameter mismatch between these materials. 
This result is illustrated by band calculations in a 
supercell modeling the interface MgO / InSb. Figure 
6 shows the atomic positions for the supercell before 
and after relaxation. It is evident that the difference 
in lattice constants led to the MgO film detaching 
from the InSb, surface to relieve the stress caused by 
large epitaxial strain, while maintaining contact in 
the dislocation area, which can be considered as the 

formation of pinholes (Fig. 6b). Due to distortions, 
the initial distances Mg–O in the film (2.817 Å) 
decreased to 2.088 Å, which is close to the values 
in stoichiometric MgO (2.095 Å). However, the 
structure itself retained only remnants of the cubic 
motif, which can be interpreted as the formation of 
an amorphous layer at the interface boundary.

Thus, the polarization characteristics of the TC 
are almost entirely determined by the quality of the 
dielectric layer located between the ferromagnetic 
and semiconductor electrodes.

The quality of the dielectric layer can be evaluated 
by comparing the height and width values of the 
tunnel barrier obtained from current-voltage 
characteristic analysis, and by comparing the 
contact resistance values. Contacts with lower defect 
density have higher Cf , higher contact resistance Cr  
and higher polarization coefficient values N

nP  and  CPs . 
The calculation results show that in the case of a 

large difference in lattice parameters between the 
semiconductor and dielectric films deposited on the 
semiconductor, even with an ideal surface without 
roughness, there is a high probability of defects 
occurring in the dielectric film, which impede 
the injection of polarized electrons through the 
dielectric. 

 5. CONCLUSION

The efficiency of spin-polarized electron injection 
from an FM metal through a tunnel barrier into a 
semiconductor is determined by the presence of 
spin-dependent resistance of the tunnel barrier, 
which should be greater than the resistance of the 
Nr  semiconductor. The spin dependence of TC 

resistance is realized in continuous, uniform, and 
f lat dielectric layers, whose properties fall under 
the definition of a “quality” barrier [19]. When 
using dielectrics for the tunnel barrier whose 
lattice parameter significantly differs from the 
semiconductor's lattice parameter, there is a 
high probability of random defects occurring, 
which sharply reduce CPs  the injection efficiency. 
Thus, a tunnel barrier, one of whose interfaces 
MgO / InSb, cannot be made qualitative without 
using special measures to create a uniform defect-
free dielectric film. Such a measure could be the 
use of a buffer layer that levels out the mismatch 
between MgO and  InSb, lattice parameters, or 
the use of another dielectric whose crystal lattice 
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would better match th InSb. lattice. It should be 
noted that the spin-dependent resistance of TC 
arises due to the difference in contributions from 
s-, p- and d-orbital electrons in FM metal states at 
the Fermi level for bands with spins up and down 
in the interface boundary layer, as well as their 
different hybridization with s- and  p-states in the 
dielectric layer, which have different decay rates 
[18]. In this sense, the tunnel contact acts as a “spin” 
filter, however, the dielectric itself does not possess 
filtering functions similar to, for example, an optical 
polarizer.
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