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The paper proposes a model of an electromagnetic radiation sensor that uses the precession of the 

magnetization vector in a ferromagnet (ferromagnetic resonance) as a result of absorbing the energy of an incident 

electromagnetic wave, the generation of a spin current as a result of this precession, the generation of a spin-

polarized current as a result of the passage of a spin current in a non-magnetic metal, and a change in the direction 

of magnetization of a ferromagnetic layer with a low coercive force (free layer) due to the passage of a spin-

polarized current. Then the radiation will be detected by its effect on the electrical resistance of the entire structure, 

which depends on the mutual directions (parallel or antiparallel) of magnetization of the free and fixed (with a large 

coercive force) ferromagnetic layers (phenomenon of giant magnetic resistance). The dependence of the spin-

polarized current in the device on the frequency and amplitude of the incident electromagnetic wave with linear 

polarization was calculated. A method of calculating the range of amplitude and frequency values of radiation that 

can be detected by the sensor has been developed. The parameters of this model are the detection time and the 

number of spin gates in one sensor. Calculations are given for a ferromagnetic layer made of permalloy and for 

spin valves with four different critical current values that determine the process of remagnetization of the free layer: 

20, 50, 100, and 200 microamps. 
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Introduction 

Spintronics devices are widely used in those fields of 

science and technology where the task of detecting weak 

signals in complex electromagnetic conditions is 

important. This is due, first of all, to the ability to 

significantly reduce, or practically reduce to zero, 

disturbances caused by induced external and hardware-

generated thermal noise. The rapid development and 

improvement of nanotechnology enables the practical 

implementation of fundamental research in the field of 

spintronics aimed at the design of electromagnetic 

radiation detection devices based on new physical laws 

and regularities. Conducting promising research makes it 

possible to create highly intelligent sensors of the 

electromagnetic field, which allow to simultaneously 

obtain temporal and spatial characteristics of this field 

with the formation of a digital signal already at the stage 

of detection. 

One of the most promising applications of spintronics 

devices is the detection of weak signals of the 

electromagnetic field in the conditions of the 

superimposition of powerful noise-like interference 

signals. Numerous studies are being conducted in this 

direction with the aim of using highly sensitive 

electromagnetic field sensors in various fields of science 

and technology. They are used to detect electromagnetic 

field sources that have various causes: biological 

organisms, industrial objects, current sources and 

conductors in cars, power lines, etc. [1-3]. In addition, 

spintronics devices can be used to measure and detect 

thermal fields, including those caused by infrared 

radiation, thanks to the phenomenon of spin induction 
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under the influence of temperature gradients [4, 5]. Highly 

sensitive electromagnetic field sensors are particularly 

effective in medical applications, as are optical range 

detectors [6-12]. The phenomenon of ferromagnetic 

resonance can be used to detect signals with binary 

modulation [13], i.e. it is potentially suitable for use in 

receiving devices of high-frequency signals with a 

frequency of tens of gigahertz. Generating high-frequency 

oscillations is as important a scientific and technical task 

as their detection [14, 15]. The phenomenon of 

ferromagnetic resonance is also the basis for the 

generation of electromagnetic radiation by the method of 

spin oscillators, which is used in advanced information 

recording devices [16]. 

Provided there is a favourable relationship between 

the frequency and direction of the external 

electromagnetic wave, the applied constant magnetic field 

and the characteristics of the material from which the outer 

ferromagnetic layer of the sensor is made, a long-term 

non-damping precession of local magnetization 

(ferromagnetic resonance) occurs [17, 18]. As a result, 

there is a constant exchange between the angular magnetic 

moment of the local magnetization of the ferromagnet and 

the spin moments of the conduction electrons. This is how 

a spin current arises - a directed flow of the spin angular 

momentum of conduction electrons, which may not be 

accompanied by a directed movement of electrons (pure 

spin current). 

Next after the ferromagnetic resonance, there is a 

functional unit for generating a spin-polarized current in a 

non-magnetic metal adjacent to the ferromagnetic layer. 

As a result, a potential difference occurs in the external 

permanent magnetic field. This phenomenon is known as 

the inverse spin Hall effect. By measuring this potential 

difference, electromagnetic radiation can be detected [19]. 

But at the same time, it becomes necessary to measure 

very small values of the voltage, which is tenths of a 

millivolt. This low voltage can be compared to thermal 

noise voltage fluctuations, unless ultra-low temperatures 

are used. 

We proposed a new method, which is based on 

passing the spin-polarized current, generated as a result of 

the mechanisms described above, through a device called 

a spin valve [20]. The spin-polarized current causes a 

change in the state of the spin valve (giant 

magnetoresistance effect). Research makes it possible to 

determine the range of frequency and amplitude values of 

electromagnetic radiation that can be detected by the 

proposed device. 

I. Scheme of the sensor design and spin 

current generation 

In Fig. 1 shows the part of the device sensitive to 

electromagnetic detection in different projections (Fig. 1a 

shows the front view, and Fig. 1b shows its cross-section). 

The ferromagnetic layer, in which precession occurs, 

is a square with a size of 1 × 0.4 мм2 in cross section, the 

thickness of the layer is 10 nm [21]. The spin valve is a 

cylinder, the diameter of its cross section is about 50 nm 

[22]. Then the area of one valve is 𝑆0 = 1.963 ∙ 10−15м2, 

and this value is used in further calculations. Based on the 

ratio of geometric dimensions, it can be understood that 

one sensor can contain up to one million spin valves. This 

greatly increases the probability of detection, but the 

complexity of connecting contacts to each individual 

valve limits this number. However, the reliability of the 

device remains high, even if the number of valves is 

hundreds of units. This is obviously due to the fact that all 

the valves are turned on in parallel, so the reliability of the 

sensor increases significantly. 

Consider the processes that occur during the 

interaction of the sensor with external electromagnetic 

radiation. First, under the action of the variable magnetic 

field of the incident electromagnetic wave in the outer 

ferromagnetic layer (layer 2 in Fig. 1), the precession of 

the magnetic moment occurs. At the same time, a spin 

current arises, which can be transmitted to the adjacent 

layer of non-magnetic metal (layer 2 in Fig. 1). In a non-

magnetic metal, a spin-polarized current is generated 

under the action of a spin current. In the next 

а)

б) 

Fig. 1. Electromagnetic field spin sensor: a) – front view (1 – protective layer; 2 – magnetic layer with a weak 

coercive force, where precession of the magnetization vector occurs; 3 – non-magnetic metal; 4 – freely 

remagnetized magnetic layer (in the plane of the sample); 5 – magnetic layer with fixed magnetization in the plane of 

the sample); b) cross section and its geometric dimensions (1, 2 – protective layer and outer ferromagnetic layer, 3, 4 

and 5 – nanoscale spin valve structures). 
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ferromagnetic layer (4 in Fig. 1), which has a low coercive 

force, the direction of magnetization changes under the 

action of a spin-polarized current. Then the ferromagnetic 

layers (4 and 5 in Fig. 1), which, together with the non-

magnetic metal that separates them, form a spin valve, 

acquire opposite directions of magnetization in the plane 

of the sample. This leads to a significant increase in the 

electrical resistance of the entire structure [20]. In order to 

restore the sensor's ability to detect, it is necessary to 

change the direction of magnetization of the ferromagnetic 

layer again (4 in Fig. 1). This can be achieved by passing 

an electric current in the opposite direction. Then a spin 

current arises in the ferromagnetic layer 5, which flows 

into the adjacent layer of a non-magnetic metal, in which 

a spin-polarized current is generated. Under its action, the 

direction of magnetization in the ferromagnetic layer (4 in 

Fig. 1) becomes the same as the direction of magnetization 

of another ferromagnetic layer (5 in Fig. 1). Thus, the 

electrical resistance of the entire structure becomes low 

again. 

As already mentioned above, the flow of spin angular 

momentum can be simulated by a spin current. To estimate 

its value, a model of a single-domain ferromagnetic layer 

that absorbs electromagnetic radiation in an external 

permanent magnetic field is used [21]. This model is based 

on the Landau-Lifshitz-Hilbert equation (1): 

 
𝜕𝑀̂

𝜕𝑡
= −𝛾𝑀̂ × 𝐻⃗⃗ 𝑒𝑓𝑓 + 𝛼 ∙ 𝑀̂ ×

𝜕𝑀̂

𝜕𝑡
−

𝛾𝑗𝑠
𝑆𝐻

𝑀𝑠𝑑𝐹
𝑀̂ × (𝑀̂ × 𝜎̂), (1) 

 

where 𝛾 – the gyromagnetic ratio; 𝑀̂ – the unit vector co-

directed with the magnetization vector of the 

ferromagnetic layer 𝑀⃗⃗  (single domain model); 𝜎̂ – the unit 

vector is co-directed with the spin-momentum flux vector; 

𝑑𝐹 – the thickness of the ferromagnetic layer; 𝐻⃗⃗ 𝑒𝑓𝑓 – the 

resulting magnetic field; 𝑀𝑠 – the limit value of 

magnetization of the ferromagnetic layer (saturation 

value); 𝛼 – the Hilbert damping factor. 

The resulting magnetic field 𝐻⃗⃗ 𝑒𝑓𝑓 is formed by the 

superimposition of the external constant magnetic field 𝐻⃗⃗ , 
the ferromagnetic sample's own field, and the variable 

magnetic field ℎ⃗ 𝑎𝑐(𝑡): 

 

 

 

𝐻⃗⃗ 𝑒𝑓𝑓 = 𝐻⃗⃗ − 4𝜋𝑀𝑠𝑥̂ + ℎ⃗ 𝑎𝑐(𝑡) = 𝐻⃗⃗ − 4𝜋𝑀𝑠𝑥̂ +

                                 +(0, ℎ𝑎𝑐𝑒
𝑖𝜔𝑡 , 0). (2) 

 

The parameters of this model are the frequency 𝜔 and 

the amplitude ℎ𝑎𝑐 of electromagnetic radiation, the 

direction and amplitude of the external permanent 

magnetic field 𝐻⃗⃗ , and the saturation magnetization of the 

ferromagnet 𝑀𝑠 (layer 2 in Fig. 1). 

The value of the spin current calculated according to 

this model [21] is determined by formula (3): 

 

𝑗𝑠 =
𝑔𝑟

↑↓𝛾2ℎ𝑎𝑐
2 ℏ∙(4𝜋𝑀𝑠∙𝛾∙𝑠𝑖𝑛2𝜃𝑀+√(4𝜋𝑀𝑠)

2∙𝛾2∙𝑠𝑖𝑛4𝜃𝑀+4𝜔2)

8𝜋𝛼2[(4𝜋𝑀𝑠)
2∙𝛾2∙𝑠𝑖𝑛4𝜃𝑀+4𝜔2]

 (3) 

 

where 𝑔𝑟
↑↓ – the spin conduction on the «ferromagnet-

pure metal» surface; 𝜃𝑀 – the angle between the normal to 

the plane of the structure and the precession axis of the 

magnetization vector of the ferromagnetic layer (Fig. 2a). 

The dependence of the precession angle of the 

magnetization vector on the direction of the external 

magnetic field in the case of ferromagnetic resonance is 

shown in Fig. 2b [21]. 

II. Selection of the direction of the 

permanent magnetic field and 

calculation of the spin-polarized 

current 

In accordance with the purpose of detecting external 

radiation, it is necessary to maximize the component of the 

spin current directed perpendicular to the plane of the 

layer (vertically upwards in Fig. 2a). This can be achieved 

by choosing the angle 𝜃𝐻, which indicates the direction of 

the permanent magnetic field, while the value of the angle 

𝜃𝑀 is found according to the functional dependence, the 

graph of which is shown in Fig. 2b. 

The spin current is directed parallel to the plane in 

which the end of the magnetization vector rotates 

(coloured in red in Fig. 2a). Thus, the parameter of the 

detection system 𝜃𝐻 should be chosen so that the value of 

the vertical component of the spin current 𝑗𝑆𝑍 is maximum 

(4): 

 

a)    б) 

Fig. 2. The direction 𝜃𝐻 of the external constant magnetic field 𝐻⃗⃗ , the precession angle 𝜃𝑀 of the magnetization 

vector 𝑀⃗⃗  and the spin current 𝑗 𝑆 (a); the dependence of the angle 𝜃𝑀 on the angle 𝜃𝐻 (b). 
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𝑗𝑠𝑧 = 𝑗𝑠 ∙ 𝑐𝑜𝑠(𝜃𝑀) = max
−180°≤𝜃𝐻≤180°

{𝑗𝑠 ∙ 𝑐𝑜𝑠(𝑓(𝜃𝐻))} (4) 

 

Based on the analysis of the optimization problem (4), 

it was concluded that the optimal value of the angles of the 

direction of the constant magnetic field and the precession 

of the magnetization vector is 90°: 𝜃𝐻𝑜𝑝𝑡 = 𝜃𝑀𝑜𝑝𝑡 = 90° 

for the entire frequency and amplitude range under 

investigation. This means that for a constant magnetic 

field directed parallel to the plane of the ferromagnetic 

layer (horizontally in Fig. 2a), the precession vector is also 

directed horizontally, and the generated spin current is 

directed vertically. Then all the generated spin current 

passes into the non-magnetic metal layer (3 in Fig. 1), thus 

the value of the spin-polarized current is also maximum. 

Optimal solutions of problem (4) are also other angles 

exceeding 90° (90° < 𝜃𝐻𝑜𝑝𝑡 < 180°, 𝜃𝑀𝑜𝑝𝑡 = 90°). But, 

in our opinion, this significantly complicates the design of 

the sensor. 

The values of numerical constants and characteristics 

of "ferromagnetic-nonmagnetic metal" materials for 

Ni81Fe19/Pt, which are given in [21], are used for the 

calculations: 

 the spin conductivity: 𝑔𝑟
↑↓ = 2.31 ∙ 1019𝑚−2 (for 

the surface Ni81Fe19/Pt); 

 the electron gyromagnetic ratio: 𝛾 = 1.86 ∙

1011 1
𝑇 ∙ 𝑠⁄  (for the Ni81Fe19); 

 the magnetization of a ferromagnet in the 

saturation: 4𝜋𝑀𝑠 = 0.754 𝑇 (for Ni81Fe19); 

 the Hilbert damping coefficient: 𝛼 = 0.02 (for 

Ni81Fe19); 

 the Planck's constant: ℏ = 1.054 ∙ 10−34𝐽 ∙ 𝑠; 

 the charge of an electron: 𝑒 = 1.6 ∙ 10−19 𝐶. 

For these parameters, the values of spin current 

caused by electromagnetic radiation in the frequency 

range from 1 to 50 gigahertz and amplitude from 5 to 50 

millitesla are calculated. Such values of the frequency and 

amplitude of radiation are selected based on the analysis 

of many references, where the results of an experimental 

study of the phenomenon of ferromagnetic resonance are 

given. The vast majority of experimental data determine 

the frequency at which ferromagnetic resonance is 

observed at 1 - 15 GHz [23-25], there are also data that 

ferromagnetic resonance can be observed at frequencies of 

several tens of gigahertz [26], and for hard magnetic 

materials such as hexaferrites or iron-gallium alloys, the 

resonant frequency can reach as much as 35 GHz [27]. The 

highest subterahertz frequencies for which spin induction 

caused by the absorption of electromagnetic radiation is 

experimentally detected are published for 

antiferromagnetic materials (the so-called 

antiferromagnetic resonance) [28]. The largest calculated 

value of the spin current for the investigated ranges of 

frequencies and amplitudes is 1.67 ∙ 10−3 𝐽 𝑚2⁄ , and the 

least is 4 ∙ 10−7 𝐽 𝑚2⁄ . 

Silicon-on-insulator (SI) structures appear to be 

promising components of electromagnetic field detectors 

based on spintronics devices in an integrated design as 

intelligent sensors or microsystems-on-a-crystal, which, 

according to the results of research, have extremely high 

coefficients of magnetic sensitivity in a wide range of 

temperatures, including cryogenic ones, and also have 

improved possibilities for designing 3D instrument 

structures [29, 30]. 

III. Determination of the operating range 

of frequencies and amplitudes 

We use the method described in [31] to calculate the 

reliability of the sensor and the operating ranges of the 

frequency and amplitude of radiation. The probability of 

an error can be quantitatively characterized by the 

probability that the spin valve will not change its state 

(parallel or antiparallel directions of layers 4 and 5 in Fig. 

1) under the action of the spin-polarized current 𝐼𝑐   during 

the time interval 𝜏. The error that occurs due to a 

spontaneous change in the state of the valve, without the 

application of external radiation, is not taken into account. 

The value of the density of the spin-polarized current, 

which is formed in the non-magnetic metal (layer 3 in Fig. 

1), and then passes through the spin valve, depends on the 

thickness and material of the non-magnetic metal layer 

[21]: 

 

 𝑗𝑐 = 𝜃𝑆𝐻𝐸 (
2𝑒

ℏ
)

𝜆𝑁

𝑑𝑁
𝑡𝑎𝑛ℎ (

2𝑑𝑁

𝜆𝑁
) 𝑗𝑠, (4) 

 

where 𝑗𝑐 – the current density that passes into 

ferromagnetic layer 4, which changes the direction of 

magnetization (layer 4 in Fig. 1), 𝑗𝑠 – the spin current 

generated as a result of the precession in the outer 

ferromagnetic layer (2 in Fig. 1), and which is determined 

by (3), 𝜃𝑆𝐻𝐸 – the spin Hall angle, 𝜆𝑁 – the spin diffusion 

length in a nonmagnetic metal, 𝑑𝑁 – its thickness. 

Next, we use the following characteristics of a non-

magnetic metal [21]:   

 𝜃𝑆𝐻𝐸 = 0.04 (Pt); 

 довжина спінової дифузії: 𝜆𝑁 = 10 нм (Pt); 

 товщина: 𝑑𝑁 = 10 нм(Pt). 

Then the largest and smallest spin-polarized current 

densities are 1.951 ∙ 1011 А м2⁄  and 4.242 ∙ 107 А м2⁄ , 

respectively. After multiplying the obtained values by the 

area of one valve 𝑆0, we find the current passing through 

each valve. Thus, the largest and smallest calculated 

current values are 383 microamps and 80 nanoamps, 

respectively. This significantly limits the permissible 

values of frequencies and amplitudes of detected 

radiation, since the value of the critical current at which 

remagnetization occurs is tens of microamperes for most 

ferromagnetic materials used in spin valves. An increase 

in the amplitude of the external radiation leads to an 

increase in the spin current, and therefore the current 

passing through each spin gate. Whereas an increase in 

frequency leads to its decrease. This regularity is 

illustrated by the graph shown in Fig. 3, which is built on 

the basis of the dependence of the current passing through 

one spin valve on the frequency and amplitude of 

radiation. 

According to the model for calculating the reliability 

of device operation [31], the probability that 

remagnetization will not occur (false decision regarding 

the presence of radiation) is determined by the expression: 
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 𝑝𝑒𝑟𝑟(𝐼𝑐 , 𝜏) = 148 ∙ 𝑒𝑥𝑝 [−
2𝜏

𝜏0
∙ (𝐼𝑐 𝐼0𝑐⁄ − 1)], (5) 

 

 
Fig. 3. Dependence of the current passing through one 

valve on the frequency and amplitude of microwave 

radiation. 

 

This model has two parameters: critical current 𝐼0𝑐 

and time constant 𝜏0. The value of the critical current 

determines the smallest value of the spin-polarized current 

𝐼𝑐, at which remagnetization can occur. The variable 𝜏 

means the duration of the detection process. Another 

limitation of this model is the obvious condition that 

𝑝𝑒𝑟𝑟(𝐼𝑐 , 𝜏) ≤ 1. Therefore, there is also a limit on the 

smallest possible detection time, which depends on the 

ratio 𝐼𝑐 𝐼0𝑐⁄ : 

 

 𝜏𝑚𝑖𝑛 ≥
𝑙𝑛(𝑝𝑒𝑟𝑟 148⁄ )∙𝜏0

2∙(𝐼𝑐 𝐼0𝑐⁄ −1)
 .(6) 

 

It is obvious that the range of permissible amplitude 

and frequency of radiation that can be detected by the 

sensor is limited by the value of the spin-polarized current 

passing through each valve, since it must exceed a critical 

value 𝐼0𝑐. For the critical value of the current density, 

different values are given, depending on the material of 

the remagnetized layer (4 in Fig. 1) and the current 

polarization coefficient: it ranges from ultra-low values o 

1010 А м2⁄  [32] to larger values (1 ÷ 4) ∙ 1011 А м2⁄  [33]. 

By multiplying the value of the critical current density by 

the area of one spin valve, we determine the value of the 

critical current. To further determine the ranges of 

amplitude and frequency of radiation, we use four values 

for the critical current: 𝐼0с1 = 20 𝜇𝐴, 𝐼0с2 = 50 𝜇𝐴, 𝐼0с3 =
100 𝜇𝐴, 𝐼0с4 = 200 𝜇𝐴. Graphs reflecting the results of 

these calculations are shown in Fig. 4. 

The value of the time constant of the process in 

formula (5), calculated under the condition of room 

temperature is 𝜏0 = 8 нс [31]. Thus, the calculated 

frequency and amplitude ranges correspond to the 

operation of the sensor at room temperature. The variables 

of the model to be optimized are the reliability of the 

device, determined by the probability 𝑝 = 1 − 𝑝𝑒𝑟𝑟, and 

the detection time 𝜏, which are selected for the given 

values of the frequency and amplitude of radiation. The 

value of the critical current is selected in accordance with 

the diagram shown in Fig. 4. Compared with previous 

studies [31], the formula for calculating reliability should 

be changed, since detection occurs immediately by all spin 

gates at the same time (Fig. 1a, 1b): 

 

 𝑝 = 1 − (𝑝𝑒𝑟𝑟)
𝑛, (7) 

 

where 𝑛 – the number of spin valves in one sensor. 

The developed model makes it possible to estimate the 

most important for practical application characteristic of 

the detection process: the minimum necessary for a given 

frequency of an electromagnetic wave, the amplitude of its 

magnetic field. This is illustrated by the graph shown in 

Fig. 5. The amplitude of the external permanent magnetic 

field 𝐻⃗⃗  is determined by the condition of the existence of 

ferromagnetic resonance in accordance with numerous 

experimental data. 

 

 
Fig. 4. Ranges of frequency and amplitude for critical 

current of 20, 50, 100 and 200 microamps. 

 

 
Fig. 5. Diagram of the dependence of the minimum 

amplitude required for detection on the radiation 

frequency. 

 

Jump-like transitions in the diagram shown in Fig. 5, 

determined by the method of choosing the critical current, 

the value of which significantly affects the probability of 

an error calculated by relation (7). This value was chosen 

in accordance with the diagram shown in Fig. 4, that is, 

the minimum necessary value of the critical current is 

chosen from the four possible values 𝐼0с1, 𝐼0с2, 𝐼0с3, 𝐼0с4 

that were discussed above. For this method of selecting the 

critical current in models (5) and (7), the "amplitude-

frequency" diagrams, calculated for different number of 

valves 𝑛 and detection duration 𝜏, practically do not differ. 
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IV. Discussion of results and conclusions 

Highly sensitive sensors can significantly expand the 

scope of applications of IoT devices and other cyber-

physical systems, where electromagnetic field emitters 

with different radii are used. After all, improving one of 

the most important characteristics of electromagnetic field 

detection devices – the signal/noise ratio can significantly 

reduce the power consumption of transmitters, and lead to 

their miniaturization and increase the speed of data 

transmission. The use of fundamentally new methods of 

digital signal processing will significantly expand the 

possibilities of application, protection against attacks and 

the possibility of functioning in the conditions of complex 

electromagnetic conditions of sensor networks of various 

levels of topological complexity and control technologies. 

The paper describes the model of the electromagnetic 

field sensor device, which uses the phenomenon of spin 

current generation due to the precession of the 

magnetization vector of the ferromagnetic layer, which 

absorbs electromagnetic radiation. Based on the analysis 

of literary sources, it is concluded that it is possible to 

combine several phenomena related to the application of 

spin at once: generation of spin current, generation of spin-

polarized current in a non-magnetic metal layer, 

remagnetization of a ferromagnetic layer with a small 

coercive force, reverse remagnetization due to passing a 

constant current in the reverse direction. 

The researched method of detecting the external 

electromagnetic field has a number of advantages 

compared to traditional detection methods that use 

conventional antennas made of conductors: hardware 

losses due to thermal current and secondary radiation of 

the antenna are significantly reduced; potentially increases 

detection speed and accuracy, as the device makes it 

possible to generate a digital signal practically at the stage 

of electromagnetic field detection. The developed method 

of constructing the "amplitude-frequency" diagram allows 

designing information transmission systems that use high-

frequency radiation to transmit information signals. 
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У роботі запропонована модель сенсора електромагнітного випромінювання, який використовує 

прецесію вектора намагніченості у феромагнетику (феромагнітний резонанс) внаслідок поглинання енергії 

падаючої електромагнітної хвилі, генерування спінового струму внаслідок цієї прецесії, генерування спін-

поляризованого струму внаслідок проходження спінового струму у немагнітному металі, і зміну напряму 

намагніченості феромагнітного шару із низькою коерцитивною силою (вільного шару) внаслідок 

проходження спін-поляризованого струму. Тоді випромінювання детектуватиметься за його дією на 

електричний опір усієї структури, який залежить від взаємних напрямів (паралельні або антипаралельні) 

намагніченості вільного і закріпленого (із великою коерцитивною силою) феромагнітних шарів (явище 

гігантського магнітного опору). Розраховані залежності спін-поляризованого струму у пристрої від частоти 

та амплітуди падаючої електромагнітної хвилі із лінійною поляризацією. Розроблена методика розрахунку 

діапазону значень амплітуди і частоти випромінювання, яке може детектувати сенсор. Параметрами цієї 

моделі є час детектування і кількість спінових вентилів у одному сенсорі. Приведені розрахунки для 

феромагнітного шару, виготовленому із пермалою, та для спінових вентилів із чотирма різними значеннями 

критичного струму, які визначають процес перемагнічування вільного шару: 20, 50, 100 і 200 мікроампер. 

Ключові слова: сенсор електромагнітного поля, феромагнітний резонанс, генерування спінового 

струму, спіновий вентиль. 
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