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Abstract: NMR spin echo at application of an additional magnetic video-pulse is a convenient method to 

study the domain wall pinning in magnetic materials. Domain wall (DW) pinning is the critical amplitude of the 

magnetic video-pulse (MVP) below which the DW is fixed. For its assessment, two alternative NMR methods 

were chosen. In the first case, the pinning of DW was measured by the action of MVP on a two-pulse echo 

signal, and in the second one, the pinning was measured at the combined action of MVP and radiofrequency 

(RF) pulses on the nuclear spin system in DW during the process of formation a single-pulse echo, by means of 

generation of the so-called magnetic echo signal. DW pinning was studied by these two methods in magnets 

(lithium-zinc ferrite and cobalt micropowder samples). 
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Introduction 

Nuclear magnetic resonance (NMR) in magnets is currently a powerful microscopic method for characterizing 

various magnetic materials (Turov & Petrov, 1972; Wurmehl & Kohlhepp, 2008; Shmyreva, et al., 2016; 

Mamniashvili et al., 2016). One of its advantages is the ability to give valuable information about the properties 

of domain walls (DWs). The inclusion of additional magnetic video- pulses (MVP), capable of causing the DW 

displacement, makes it possible to study the DW pinning, expanding the potential of the NMR method. 

In particular, it was shown in (Pleshakov et al., 2016; Gavasheli et al., 2020), that the use of nuclear spin echoes 

from nuclei in DWs of lithium ferrite and cobalt nanowires in combination with magnetic video-pulse (MVP) is 

a convenient method for studying the pinning of DWs in these systems. This method is also of a great interest 

for the study of magnets for applications in information recording devices and sensors. For the first time, the 

dynamics of DW under the action of an MVP in a single-crystal of a ferrite sample was investigated by Galt 

(Galt, 1954). It was shown that the dynamics of DW is described by the linear dependence of the DW velocity  

on the applied MVP: 

=S(H-H0)

where S is the mobility of the DW and H0 is the DW pinning - the critical field below which the DW is fixed. 

The original technique of MVP exposure was used in (Pleshakov et al., 2016), which consisted in exposing of 

the nuclear spin system in the lithium-zinc ferrite sample with a sequence of two pairs of RF pulses in 
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combination with an additional long-term MVP. The effect of MVP was investigated by the effect on the 

signals of stimulated and two-pulse echoes (TPE) formed when three or two pulses, correspondingly, are 

combined in the sequence. In this case, the MVP overlapped, respectively, the second and the third 

radiofrequency (RF) pulses, as well as the intervals between them and the signals, respectively, of the 

stimulated and two-pulse echoes. Under the applied MVP the echo signals are suppressed due to the 

inhomogeneous phase changes of rephasing nuclear isochromates which are proportional to the DW 

displacements and hyperfine field (HFF) anisotropy. Figure. 1a shows the result of the combined action of the 

MVP on the TPE signals at zero magnetic field (1) and the external magnetic field He = 1000 Oe (2), Figure 3 

(Pleshakov et al., 2016), and Figure 1b shows a modified by us Figure 1a, taking into account the existence of 

pinning field H0 (1) and using the same experimental points as in Figure 1a. 

Figure 1. (a) - The dependence of the normalized amplitude of the two-pulse echo (TPE) signal 

on the amplitude of the magnetic video-pulse (MVP) (Pleshakov et al., 2016). 

(b) – The modified dependence of the normalized TPE amplitude (a) on the amplitude of the 

MVP. 1 - He = 0 Oe; 2 – He = 1000 Oe. 

A similar effect of the MVP action on the stimulated echo was also shown in (Pleshakov et al., 2016). The 

dependence modified in this way shows that the results obtained in (Pleshakov et al., 2016) also indicate the 

possibility of mesuring the pinning field H0 of the DW, which is determined by the MVP amplitude, below 

which DWs are pinned and motionless. The aim of our further research is an alternative proof by two NMR 

methods: by the MVP action on TPE and by the combined action of RF and MVP, of the presence of DW 

pinning field Н0, corresponding to the MVP amplitude below which DW is fixed. 

The methodology of (Mamniashvili et al., 2015; Pleshakov et al., 2016; Gavasheli et al., 2020) is used for the 

study of the dependence of the pinning force Н0 in cobalt micropowders on the duration of MVP m and the 

magnitude of the external magnetic field Нe. As it known (Mamniashvili et al., 2015), cobalt and lithium-zinc 

ferrite are very different in their NMR properties: in cobalt, the anisotropy of the hyperfine field (HFF) is an 

order of magnitude higher than its value for lithium ferrite. In addition, the value of the NMR amplification 

factor  in lithium ferrite is about 10
3
 times higher than the value of amplification factor  in cobalt, which 

indicates a much greater mobility of DWs in lithium-zinc ferrite as compared to cobalt. We can obtain a 

preliminary estimate of the dependence of Н0 on the length of МVP from Figure 2, obtained on the basis of 

Figure 2 from Rassvetalov and Levitski (1981), if it is modified similarly to Figure 1 from (Gavasheli et al. 

(2021) or Figure 1 from Gavasheli et al. (2022), taking into account the presence of pinning force Н0. 

Figure 2 shows the dependence of TPE (for A-sites of nickel ferrite) on the duration of MVP at H = 2(1), 4(2), 

10 Oe (3). Analysis of the dependence of Н0 on m in this figure shows that for m and Н0 (representing the 

intersection points of dependences 1, 2 and 3 with the axis m in Fig. 1), the relation Аm = H0 m=const, holds 

for all H, i.e. the pinning force Н0 is inversely proportional to m. The value Аm, which is the area of the MVP, is 

constant for all threshold values of m, when the TPE intensity begins to decrease due to the tear-off from the 

pinning centers. 
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Figure 2. Dependence of TPE (А –sites of nickel ferrite) on the duration of MVP m at H = 2 Oe 

(1), 4 Oe (2), 10 Oe (3). 

We also note that earlier in (Mamniashvili et al., 2015; Pleshakov et al., 2016; Gavasheli et al., 2020) the 

dependence of Н0 on the external magnetic field He was not studied. As is known (Pleshakov et al., 2016), the 

application of a large constant magnetic field reduces the number of DWs, and the remaining ones are 

distributed over pinning centers, which contribute to a greater pinning. The purpose of this work is to study the 

experimental dependence of Н0 on m and H on the example of the effect of MVP on the TPE and ME signals 

observed from 
59

Со nuclei in the DWs of a cobalt micropowder. 

Experimental Results and Their Discussion 

The block diagram of the experimental setup is shown in Figure 3: RF excitation pulses are generated by 

generator 1. Next, a sequence of NMR excitation echo pulses is fed into resonator 2 with the ring-shaped lithium 

ferrite sample used. The RF field of the pulses excites the echo signal in the upper coil of the resonator 2. Then 

these pulses, together with the echo signal S, enter the receiver 3 and are recorded by the oscilloscope 4. The 

channel 5 generates MVP pulses applied to the lower winding of the resonator. A description of the NMR 

spectrometer and MVP unit is given in (Gavasheli et al., 2020). The experimental results were obtained at T = 

77 K. The echo signal amplitude was measured in the presence and absence of a MVP with amplitude H. 

We used samples of lithium-zinc ferrite Li0.5Fe1.0Zn0.15O4, which were rings with a diameter of 12-15 mm and a 

weight of 5-8 g, enriched in the 
57

Fe isotope to 96.8% in order to increase the intensity of the echo signal 

(Mamniashvili et al., 2015). The NMR spectrum of lithium ferrite at T = 77 K consists of two well-resolved 

lines, where the low-frequency line belongs to the tetrahedral sites A, and the high-frequency line to the 

octahedral sites B. The 
57

Fe NMR spectrum of the spin echo of the polycrystalline sample of lithium-zinc ferrite 

under study is shown in Figure 4. 

Because of the large angles of electronic magnetization M rotation associated with DW displacement, the 

displacement of the DW under the action of MVP in between RF pulses, even being insignificant, can be 

accompanied by a large rotation of M. In this case, the rotation of M inside the DW is proportional to the 

displacement of the DW. This process is accompanied by abrupt inhomogeneous changes of dephasing 

isochromate frequencies proportional to the displacement of the DW due to anisotropy of the HFF in magnetic 

material (Gavasheli et al., 2020), resulting in the echo signal suppression.  
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Figure 3. Block diagram of the experimental setup: 1 - RF pulse excitation generator; 2 - 

resonator with a ring-shaped sample of lithium-zinc ferrite; 3 - RF receiver; 4 - oscilloscope; 

5 - channel of formation of MVP. 

Figure 4. NMR spectrum of 
57

Fe nuclei in polycrystalline lithium-zinc ferrite, T = 77 K. 

Figure 5. (a) - Position of the MVP acting in the interval between RF pulses. (b) Amplitude 

diagrams of the effect of MVP on a two-pulse echo (TPE) in lithium-zinc ferrite at frequencies 

of 71 and 74 MHz, curves – 2 and 1, corresponding to A and B positions respectively, the 

duration of the MVP d =1.0 μs, T = 77 K. 
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The MVP amplitude at which the TPE intensity begins to decline, associated with the onset of the DW motion, 

is naturally related to the DW pinning field H0. The diagram showing the effect of MVP acting in the time 

interval between two RF pulses on TPE is presented in Figure 5. In Figure 5b one can see also a significant 

increase in the pinning field H0 upon passing from octahedral B to tetrahedral A positions. 

Analysis of the dependence of the MVP effect on echo signals in the studied samples shows a significant, up to 

one order of magnitude, increase in DW mobility and a decrease in the pinning force in lithium ferrite as 

compared to cobalt (Gavasheli et al., 2020). A particularly large MVP effect on the TPE is observed for the echo 

signal from nuclei located in octahedral B-sites of lithium ferrite at a frequency of 74 MHz with a higher 

anisotropy HFF (Doroshev et al., 1972), compared to the echo from the nuclei in tetrahedral positions A at a 

frequency of 71 MHz, Figure 5b.   

The pinning field H0 could be measured also at the combined action of MVP and radiofrequency (RF) pulse on 

the nuclear spin system in DW at the process of formation a single-pulse echo (SPE), by means of generation of 

the so-called stimulated magnetic echo (ME) signal (Gavasheli et al., 2020). The ME is formed at combined 

application of RF and MVP pulses due to an abrupt non-adiabatic change of effective magnetic field 

)ωω(Δ
γ

1
Η 1j

n

eff yz


  in the rotating coordinate system (RCS), where n is the nuclear gyromagnetic ratio, 

z


 and y


 are unit vectors in RCS, j=NMR - RF is the detuning for the j-th isochromate, 1=nH1 is the 

pulse amplitude in frequency units and  is the RF field amplification factor. In this case the application of 

MVP is equivalent to the application of additional RF pulse which in combination with two other RF pulse 

analogs, corresponding to the RF pulse edges, forms a ME signal (Gavasheli et al., 2020). In lithium ferrite, the 

oscillogram of the observed signal of a stimulated ME followed by the single-pulse echo (SPE) signal is shown 

at 71 MHz in Figure 6a, and dependences of ME and SPE intensities on the MVP amplitude were obtained, 

Figure 6b, similar to the corresponding dependences in cobalt (Gavasheli et al., 2020). 

Figure 6. (a) Oscillogram of the magnetic and subsequent SPE echo signals in lithium-zinc 

ferrite (upper beam), NMR = 71 MHz, T = 77 K, the lower beam shows the duration of the 

radio frequency magnetic pulses as well as the amplitude of the magnetic video-pulse; (b) 

dependences of the signals of the magnetic (1,3) and single-pulse (2,4) echoes on the amplitude 

of the magnetic video pulse at frequencies of 74 and 71 MHz, respectively:  

RF = 15 s, d = 0.5 s, T=77 K. 

The amplitude of MVP at which the ME appears, Figure 6b, correlates with the MVP amplitude acting on the 

TPE, at which its decrease begins, which is associated with the DW pinning field H0, Fig. 4b, giving an 

alternative way to measure DW pinning force H0 and mobility in magnets.  

The observed experimental dependences of the SPE and TPE signals can be understood taking into account that, 

according to (1), under the action of the MVP, the DW reversibly shifts at a distance х proportional to the 

MVP amplitude х   d = S (H-H0) d, when the MVP amplitude exceeds the values of the pinning field H0. 

In the х layer, the nuclei under the combined action of RF and MVP experience the effect of a jump-like 

change in the magnitude and direction of the effective magnetic field Heff in the RCS, due to the corresponding 

change in the local HFF and factor . Therefore, according to the nonresonant model of the SPE formation 

(Gavasheli et al., 2020), the effect of the MVP is equivalent to the effect of the second RF pulse in combination 
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with two RF pulse analogs corresponding to the RF pulse edges, resulting in formation of the three-pulse ME 

signal. The ME amplitude is proportional to the number of nuclei in a х layer formed when the DW is 

displaced: IME ~ х/L, where L is the width of the excited section of the DW under the action of an RF pulse. 

These nuclei do not contribute in SPE formation due to the loss of phase coherence and, correspondingly, ISPE is 

proportional the number of nuclei in the remaining part of excited by RF pulse DW section ISPE  (L - х)/L. In 

this case, the jump-like change in the NMR frequency in the RCS at combined action of RF and MVP, must 

satisfy the condition jd << 1, or, in other words, the precession period of the nuclei in the RCS j=(
2
+

1
2
)

1/2
 should be larger as compared with d. When the MVP is applied to the TPE in the interval between RF

pulses, nuclei precess in the local HFF with a frequency j=nHHFF and, therefore, the new condition jd<< 1 

should be fulfilled to observe an additional ME signal, which requires that a nanosecond duration of the MVP d 

must be used, as in case of observing an inverse echo signal (Ignatchenko et al., 1963), which in our case is not 

satisfied. Therefore, the effect of MVP on TPE leads only to a decrease in the intensity of TPE, proportional to a 

DW displacement х: ITPE  (L - х)/L, due to the loss of phase coherence of nuclei in this layer. These 

qualitative considerations make it possible to understand the obtained experimental dependences of the ME, 

SPE and TPE signals under the action of MVP. 

The measurements were carried out on a phase-incoherent spin echo spectrometer (Gavasheli et al., 2022; 

Mamniashvili & Gegechkori, 2023) in the frequency range of 200–400 MHz at a temperature of 293 K. In the 

range of 200–400 MHz, a commercial Lecher-type generator with a two-wire line, including two inductors with 

different numbers of turns, was used. For pulse lengths in the range from 0.1 to 50 µs, the maximum amplitude 

of the RF field produced on the sample was about 3.0 Oe, and the front steepness was no worse than 0.15 µs. 

Receiver dead time ~ 1 µs. 

The scheme of the experiment on pulsed magnetic action is given in (Gavasheli et al., 2022; Mamniashvili & 

Gegechkori, 2023). 

Figure7. NMR spectrometer setup 

The MVP was created by a gated current stabilizer of adjustable amplitude and an additional copper coil, which 

made it possible to obtain magnetic field pulses of the order of 500 Oe for a sample size of ~10 mm. 

Cobalt micropowders were obtained by the alloying method (Gavasheli et al., 2022; Mamniashvili & 

Gegechkori, 2023) with an average grain size of ~10 μs. Characteristic parameters of RF pulses: duration - a few 

microseconds, a delay between them - tens of microseconds, a carrier frequency of 213 MHz at T = 293 K 

coincides with the frequency of the nuclei in the centres of the DW of the face-centred cubic (fcc) phase of 

cobalt. 

The oscillograms of the experiments are shown in Figure 8. 
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Figure 8. Oscillogram of the TPE signal in cobalt (upper beam) and the wavemeter signal 

showing the position of RF and MVP pulses (lower beam) (a); oscillogram of the ME and RPE 

signals in cobalt, the lower beam shows the duration and position of the RF pulse, as well as 

the position of the MVP (b). 

The NMR spectrum of the studied cobalt sample is shown in Figure 9 a. Comparison of curves 1 and 4 in Figs. 

9b indicates a much higher magnetic hardness of cobalt compared to lithium-zinc ferrite. Curves 2 and 3 in Figs. 

9b demonstrate similar dependences of the relative intensity I/Imax of the TPE and ME signals on the magnetic 

field He, which reflects the same mechanisms of their formation (Mamniashvili et. al., 2022). Figure 8 shows 

oscillograms explaining the scheme of the experiment and Figure 9b shows the dependences of the TPE on the 

MVP amplitude under the action of an external Hе field and the corresponding results for the ME.  

Figure 9. 
59

Co NMR spectrum of the investigated Co micropowder (a) a change in the relative 

intensities I/Imax of echo signals in cobalt with increasing constant magnetic field He: curves 

1, 2, 3 – TPE, SPE, and ME, respectively, 4 - TPE in lithium-zinc ferrite (b); T=293K. 

Figure 10. Dependence of the normalized TPE intensity I/Im on the MVP amplitude H: 1-3 at 

m =1, 2, and 3 µs, respectively. 
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Let us present the results of the study of the pinning force H0 under the action of an additional MVP, depending 

on the duration of the MVP m, on the TPE signals in a cobalt micropowder, Figure 10. Analysis of the obtained 

results in Figure 10 shows that in the case of cobalt the relation Аm = H0 m=const, also holds according to 

which the MVP threshold area is constant for all MVP durations. This coincides with a similar conclusion for 

the MVP threshold area in the case of nickel ferrite, Figure 6. 

It should be noted that for the first time such a relation was established in the NMR study of the pinning force 

H0 of the ME signal dependence on m (Gavasheli et al., 2022; Mamniashvili & Gegechkori, 2023) in cobalt. 

And Аm is the threshold area of the MVP, corresponding to the beginning of the displacement of the DW under 

the action of the MVP. The physical meaning of this result can be understood if we take into account that, 

according to the one-dimensional DW model (Konishi et. al., 1976), the DW displacement х under the action of 

a short MVP with amplitude H and duration m is determined by the relation 

х=СHm, 

Where C is a constant characteristic of the material under study. Thus, the same displacement of the DW 

corresponds to any of the threshold values of the MVP, and it is natural to associate it with the width of the 

potential well in which the DW is located in the initial state. We also note that a similar relationship between H 

and m was established in the study of Permalloy films by the Kerr magneto-optical method (Bartran & Bourne, 

1973). 

Let us further investigate the dependence of H0 on the magnitude of the external magnetic field He at a fixed 

MVP duration m =1 µs. 

The results obtained by two alternative methods show an increase in the pinning force in cobalt with increasing 

He in accordance with (Pleshakov et al., 2016), but in a larger range (up to 3 kOe) compared to 1 kOe in lithium-

zinc ferrite [5] and confirm the possibility of studying the force pinning of H0 in cobalt micropowders by two 

alternative NMR methods using additional MMI. In contrast to [5], an increase in the pinning force in cobalt is 

observed in a wider range of external constant magnetic field He due to the higher magnetic hardness of cobalt 

compared to lithium-zinc ferrite (~3 kOe in cobalt compared to ~1 kOe in lithium-zinc ferrite). 

Figure 11. Dependences of the TPE intensity on the MVP amplitude in cobalt in the interval 

between RF pulses at He=0 (1), 0.8 (2), 1.9 (3), 2.3 (4), and 3 kOe (5) (a) and the intensity ME 

on the MVP amplitude in cobalt at He = 0 (1), 0.8 (2), 1.3 (3), 2.3 (4), 2.6 (5), and 2.8 kOe (6). 

Based on the data in Fig. 11, it is possible to construct the dependence of the pinning force H0 on the magnitude 

of the external field He, Figure 12.  
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Figure 12. Dependence of the pinning force H0 on the magnitude of the external constant 

magnetic field Hе on the threshold of the ME signal generation (x) and the influence of the 

MVP on the TPE amplitude (). 

Thus, it has been established that up to external fields  3 kOe, a linear dependence of H0 on Hе is observed. 

This indicates that, at higher Hе, the DWs are distributed over positions corresponding to the parameters of the 

potential walls providing stronger pinning. We also note a feature of the data in Figure 11, which consists in the 

fact that the rate of suppression of the TPE signal increases with increasing Hе, in contrast to that observed in 

lithium ferrite (Pleshakov et al., 2016), which is due to the differences in the NMR properties of cobalt and 

lithium ferrite noted above (Mamniashvili et. al., 2021). 

Conclusions 

It is shown that the excitation of nuclear spin echo signals in combination with a magnetic video-pulse is a 

convenient method for evaluation the domain wall pinning field in magnetic materials on example of a lithium-

zinc sample. Two different methods were applied to evaluate the domain wall pinning in a lithium-zinc ferrite. 

In the first case, the pinning of domain walls was measured by the action of magnetic video-pulse on a two-

pulse echo signal, and in the second one, the pinning was measured at the combined action of magnetic video-

pulse and RF pulses on the nuclear spin system in domain walls in the process of formation of a single-pulse 

echo, by means of generation of the so-called magnetic echo signal. 

Qualitative considerations are presented making it possible to understand the obtained experimental 

dependences of the single-pulse, magnetic and two-pulse echo signals under the action of a magnetic video-

pulse. 

In the present work, for the first time, the pinning force of domain walls was studied by the NMR two-pulse 

spin-echo method under the action of an additional magnetic video-pulse in cobalt. It was shown that the 

pinning value H0 is inversely proportional to the length of the magnetic video-pulse m. In addition, the area of 

the magnetic video pulse turned out to be constant for all threshold durations of the magnetic video pulse. 

The dependence of the pinning force H0 on the external constant magnetic field He is studied. It is shown that up 

to  3 kOe there is a linear dependence of H0 on He. This indicates that as the He increases the domain walls are 

distributed over sites corresponding to the stronger pinning centers. 

The degree of pinning (pinning force) of domain walls in cobalt micropowder has been studied by two 

alternative NMR methods: by the action of a magnetic video pulse on a two-pulse echo and by the threshold for 

generating of the magnetic echo signal under the action of an additional magnetic video-pulse. A linear 

dependence of the pinning force on the amplitude of the magnetic video pulse is established in a wider range of 

the external magnetic field (up to ~ 3 kOe) compared to the softer lithium-zinc ferrite (observed up to 1 kOe). 
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