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Abstract- The development of new technologies and 

instrument engineering has significantly stimulated the 

experimental potential of scientific researches, their 

reliability and efficiency. Not only research methods have 

changed, but also the requirements for materials. 

Investigations of microscopic objects and their submicron 

thickness of films entered the picture, and the role of 

studies of the relief and topology of surfaces by atomic 

force microscope investigation and methods rose sharply. 

Thus, it is not surprising that the study of ferrite materials 

has become one of the promising areas of research. 

Among those materials, already in the first half of the last 

century there were nickel-zinc ferrites, which found wide 

application in magnetic elements, electronic devices, 

computing systems, communication devices, transmit and 

receive devices and information processors, etc. In this 

case, we were interested in the use of these ferrites in 

solving the problem of limiting the effect of external 

high-frequency electromagnetic fields on the flow of 

alternating currents, and in studying the properties of 

these ferrites in a wide spectral range, characteristic for 

the noise spectrum, arising, for example, in lightning 

discharges, etc. 
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1. INTRODUCTION                                         

Despite the apparent simplicity of the solution, the 

problem of limiting the effect of external high-frequency 

electromagnetic fields on the flow of alternating currents 

still appears relevant. The solution of this problem is 

important in all cases when the amplitudes of alternating 

currents and voltages, due to the effect of high-frequency 

interference, exceed the acceptance limits and, as a result, 

lead to the failure of elements and blocks of electronic 

and electrical devices. 

A new line of research of the problem under 

consideration that emerged in the 80-s of the last century 

was associated with the idea of using the skin effect, the 

effect of which is especially noticeable when alternating 

high-frequency currents flow through conductors and 

magnetic elements of electronic devices, or when they are 

exposed to external pulse and alternating electromagnetic 

fields. It is well known that skin effect in conductor 

elements manifests itself in a non-uniform distribution 

over cross section of density of the AC (alternating 

current) flowing through the conductor, which, with an 

increase in the AC frequency, is increasingly 

concentrated near the surface of the conductor. For 

cylindrical conductors, this distribution has axial 

symmetry, which corresponds, for example, for the 

normal skin effect, to an increase in the current density 

from the central part of the conductor to its surface.  

With the increase of frequency, the thickness of the 

skin layer decreases and reaches values of the order of 

nanometers, that is, the skin layer becomes two-

dimensional, which significantly changes the motion of 

carriers in it. Thus, the extension of the frequency domain 

of operation of frequency-dependent resistors, which was 

reported in [1, 2], required the investigation of the 

properties of the ferromagnetic sheath of resistor in the 

super high frequency (giga- and terahers) range. 

Accordingly, as shown by preliminary studies of 

nanocrystalline powders and granular nanofilms, it 

became necessary to apply the methods of advanced 

nanotechnology. 

The reasons for this formulation of the problem lie in 

the wide noise microwave spectrum, arising, for example, 

in lightning discharges, etc. To date, a plenty of 

experience has been accumulated in the development of 

elements of nanoelectronics and computer engineering, 

their operation being based on the principles of quantum 

mechanics. This experience testifies that by stacking 

atoms with an accuracy of one-two layers, it is possible to 

create artificial atomic structures, quantum dots, quantum 

wells with specified properties. For example, quantum 

wells are created by placing a thin layer of semiconductor 

with a narrow band gap between two layers of material 

with a wider band gap. As a result, the electron gets 

trapped in one direction, which leads to the quantization 

of the energy of transverse motion.  
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In such a structure, the energy spectrum in each 

direction can be described by formula 

2
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where, a is the thickness of the film in a given direction. 

In the remaining direction (x), electrons can move freely. 

The formed potential well must be considered infinitely 

deep; therefore, En must be small in comparison with the 

actual depth of the well Ф. This condition leads to a 

filament thickness of the order of nanometers. The total 

energy of carriers in a quantum-dimension filament, 

similar to thin films, has a mixed discrete-continuous 

spectrum: 
2
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= + , in here, xp  is the pulse 

component in the direction of the filament (x). 

 

2. AFM CONTROL OF SAMPLES 

Using any known technologies, the obtained 

nanothickness Ni1-xZnxFe2O4 films were granular. This 

fact is illustrated in Figure 1, which shows, obtained with 

a scanning probe microscope, surfaces profiles and 

histograms of granules distribution on them: 1.NiFe2O4, 

2.Ni0.75Zn0.25Fe2O4, 3.Ni0.5Zn0.5Fe2O4, 4.Ni0.25Zn0.75Fe2O4 

thin films. 

 

 
Figure 1. AFM profiles of the surface: 1. NiFe2O4, 2. Ni0.75Zn0.25Fe2O4, 

3. Ni0.5Zn0.5Fe2O4, 4. Ni0.25Zn0.75Fe2O4 of micro-inhomogeneity 

distribution histograms 

 

Further studies, the results of which were published in 

[5], showed that the size of the observed granules and the 

distance between them in thin films of Ni1-xZnxFe2O4 

ferrites on a SiO2-substrate depended primarily on the 

composition. The experimental scheme is given in Figure 

2,a. The modification of Ni0.4Zn0.6Fe2O4 nanopowder is 

carried out by the radiation from Spectra - Physics 

Tsunami laser. The micro-photos of substrate regions 

with particles of ferrite powder without influence (b) and 

at the influence of magnetic field (c) with a resolution 

bigger than 250 nm shown in Figure 3 are obtained at the 

following radiation parameters: radiation wavelength 

1.064 μm, impulse duration 10 ns, energy density 480 

mJ/cm2.  

The melting of conglomerates of submicron particles 

and their union into drop-shaped structures is carried out 

under the influence of laser impulses with duration ~10 

ns. The analysis of the microcrystal structure presented in 

Figure 2,a shows that ferrite film is formed by spheroid 

different dimensions distributed in thin-crystal equal 

main grain mass with rare crystallographic shapeless 

isometric inclusions. 

 

 
 

Figure 2. Experimental scheme (a): 1- permanent magnet; 2- glass 

substrate; 3- submicron powder particles Ni0.4Zn0.6Fe2O4; 4- laser 

radiation), (b): radiation without influence and (c): at the influence of 

magnetic field, Scale = 1 µm 

 

The appearance of drops with plane toes is seen, that 

confirms the glass substrate surface wetting by melted 

ferrite. The experiments show that the concentration of 

drop-shaped formations is insignificant without the 

influence of magnetic field (by order 250-300 Oe) 

(Figure 2,b) and non-structural regions by the order of 

several quadratic millimeters in which the particles, 

contrasting on film background, are absent and 

depolarization radiation which is seen more clear that 

glass surface, is revealed. The analogous results are 

observed in work [17] at the influence of external 

magnetic field with symmetry C3: H = 7.87103 А/m      

(1 Ое = 79.577 А/m) in which the peculiarities of powder 

microstructure formation on Al2O3 after treatment 

without lapping of the electromagnetic field and with it. 

The phase transformations taking place in the sample 

annealing process, are the reason of the observable 

peculiarities of macroscopic construction of obtained 

granular films on SiO2 substrates: formations of different 

type defects, partial microstructure reconstruction, non-

equal change of dimensional parameters, apparently, 

were phase transformations occurring during the firing of 

samples.  
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Figure 3. AFM investigations: (a) ferrite nanofilm; (b) AFM profile of 

the nanofilm 

 

The analysis of experimental data obtained in the 

given work, confirms the results of earlier published 

works [18, 19] in which the average values of magnetic 

moments for A and B sublattices in the             

dependence on ferrite granule dimensions 

( )2+ 2+ 2+ 2+ 2
0.32 0.68 0.32 1.68 4Fe Zn Ni Fe O − 

 
 confirming not only 

dominant mechanism of magnetic property dominating 

mechanism connected with oxygen vacancies but with the 

influence of magnetic cation redistribution between 

crystallographic positions of A and B sublattices, are 

calculated and temperature dependences of spin 

concentrations on A and B sublattices in different 

compositions Ni1-xZnxFe2O4 which show Morin effect, 

i.e. the anisotropy constant change and reorientation of 

magnetic moments from one direction to another one.  

The process of technological control earlier published 

in work [20] is carried out for achieving of required effect 

on both nano-meter level and on the levels from 

submicron one up to hundred microns for parameter 

repeatability and effective device functioning. From this, 

it is followed that the fact of plane “toes” presence in 

some drops Ni0.4Zn06Fe2O4 can be considered as 

established one and by other words, that given ferrite 

melt wets the glassy surface. This fact can be easily 

explained by considering the property of the components 

that make up the ferrite composition to react with silicon 

dioxide, namely: 

The reaction SiO2+2Fe3O4→3Fe2SiO4+O2, in which 

SiO2 is an acid, and Fe3O4 is an alkali, takes place with 

the formation of iron orthosilicate, that is, the fayalite 

mineral:  

2O-II-4e-→2O0 (oxidation)  

6Fe8/3+4e-→6FeII (reduction) 

On the other hand, this reaction is reversible 

3Fe2SiO4+O2→2Fe3O4+3SiO2 

Analogically, the reaction of the interaction of nickel 

oxide with SiO2 leads to the formation of nickel silicate 

2NiO+SiO2
 Ct 

⎯⎯⎯→ Ni2SiO4, and the reaction 

ZnO+SiO2=ZnSiO3 - zinc metaxilicate. At ~1200 °C, all 

three ferrite components react with SiO2. 

Detailed studies of strengthening wetting 

characteristics in solders with glasses [15] indicated that 

in case of Fe-Ni alloy or Ni0.4Zn0.6Fe2O4 the maximum 

stress compensation is achieved at thicknesses of the 

glass and Fe-Ni alloy (1-1.5) μm and (0.5-0.75) μm, 

correspondingly. The parameters of optimal mode for 

seal obtaining are established: temperature rise to 900 C 

at a rate of 10 С/min, cooling from 900 С to 500 С at a 

rate of 10 С/min, at a temperature of 500 С isothermal 

holding 40 min. With subsequent cooling of the junction 

at a rate of 3 C/min. The influence of the external 

magnetic field on macrostress change character and the 

role of mutual orientation of domain and external 

magnetic fields are also established in these 

investigations.  

Thus, it becomes obvious that the created ferrite 

microstructures will have specific spatially modulated 

magnetic and electric profiles. On the other hand 

investigations on luminescence and Raman scattering of 

Ni-Zn ferrite thin films of different compositions [21-23] 

really always having the microscopic heterogeneity and 

absorption, shows us the observation possibility of the 

hyper resonance effects in them [24].   

Note that experimental studies carried out on AFM 

allowed us to assume that the granular structure of the 

obtained ultra-thin films can be considered as a system of 

magnetic quantum dots and used for interpretation the 

conclusions of the percolation theory [25, 26]. Following 

this work, to calculate the magnetic permeability 

depending on temperature, frequency and concentration 

of particles, in the general case, we can use the following 

expressions 
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Quasi-equilibrium magnon distribution function is 

determined from the collision integral 

 
 

 ( )   ( )( ) ( ) ( )2 2
0, , 2 0 ,

k

L l h k Ф f p k x     =  +    (3) 

in condition  0, , 0L l h  = , where, p is fraction of 

granules, pcr is critical fraction of granules; a is granule 

size; H is film thickness; T is temperature;  is 

frequency;  is relaxation time; Jex is Bessel function; 

 Ф f is functional of the distribution function, which 

depends on the number of particles participating in the 

scattering process.  

Finally, using the expression from [25] that takes into 

account the pair interaction of magnetic moments for the 

case of p<<pcr, that is, small concentrations, one can 
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determine the force acting on a magnetic particle from 

other particles and, naturally, its dependence on the 

concentration of granules. 

( )
22 2

36 cr

n ZC p
U p

p
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where, 2 ( )i   is susceptibility of atoms in magnetic 

particles; n is average number of particles in granules.  

However, note that the force determined in this way 

characterizes the attraction of macroscopic bodies 

according to Van der Waltz's law. The introduction of 

this stochastic force requires some artificial assumptions. 

It is assumed that the Van der waltz interaction remains 

unchanged when the concentration changes, and the force 

magnitude is formally replaced by 0F , that is, 0 0 .F a =    

Note that the conductivity of the ferrite film between the 

granules is extremely low. From AFM studies (Figure.1) 

for the compositions of 1. NiFe2O4, 2. Ni0.75Zn0.25Fe2O4, 

3. Ni0.5Zn0.5Fe2O4, 4. Ni0.25Zn0.75Fe2O4 ferrite films were 

determined: the granule sizes (in nm): 27, 23, 8, 24; 

average distances between two granules (in nm): 8.92, 

8.62, 0.96, 8.56; the ratio 310 :4.83,4.9,0.2,5.34.
cr

p

p

 
 
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3. AN IMPORTANT FEATURE OF THE 

LUMINESCENCE SPECTRA OF Ni1-xZnxFe2O4 

THIN FILMS 

The luminescence and Raman spectra of                  

Ni1-xZnxFe2O4 thin films were studied on a 3D Laser 

Raman Microscopy System with an attachment for 

confocal laser microspectroscopy Nanofinder30 (Tokyo 

Instruments, Japan) with a YAG Nd laser excitation 

source ( = 532 nm) in single-mode regime with the 

ability to change the radiation power from 0.1mW to 

10mW. The spectrometer resolution is 0.5 cm-1. 

The luminescence spectra upon excitation from a 

xenon lamp were studied on LS-55 spectrometer with a 

Monk-Gillison monochromator (Perkin-Elmler Inc.). The 

fluorescence response, excited by two-photon 

mechanism, is registered by laser scanning microscope in 

combination with a micro-spectrometer and an argon 

laser of the Spectra-Physics Tsunami model working at  

= 488 nm and generating radiation impulses with a 

duration of 100 fs and 82 MHz recurrence rate. 

The luminescence intensity in experiments with non-

modified particles (Figure 4,b) at excitation by =425nm 

radiation from xenon lamp is less than at excitation by 

radiation =400nm (Figure 4,c) that shows the 

observation of resonance effect, moreover, the spectrum 

structure (Figure 4,c) is more complex [21]. Studies 

carried out using laser radiation ( = 488 nm) of 

femtosecond duration have confirmed the obtained 

results. The obtained Raman spectrum in the region 200-

1000cm-1 (Figure 4,a) significantly differes from the 

Raman spectrum of non-modified particles. In 

comparison, Raman scattering spectra from nano-powder 

and nano-thick film Ni0.4Zn0.6F2O4 marked on Al2O3 

substrate are given in Figure 4,a [21-23].  

As it is seen in thin-film case the high-activity band, 

the appearance of which is connected with magnetic 

interactions in this ferrite, is observed.  

Figure 5 shows the dependence of the band intensity 

on the power of the exciting radiation. Figure 1 shows 

AFM surface profiles of granular films of different 

compositions of Ni1-xZnxFe2O4 ferrites and the size 

distribution of nanogranules on them. Note that at x=0.5, 

the size of the granules is the smallest. The analogous 

situation appears in [27] which the intensive maximum at 

520 cm-1 is revealed in Raman scattering spectra of 

NiFe2O4 ferrite thin films of different thickness (176, 118, 

87 and 62 nm) synthesized on Si substrate, oriented in 

direction (100), this maximum is related to substrate 

Raman-spectrum by authors. 

In work [3] it is mentioned that the most probable 

interpretation obtained by Raman-spectra of thin films of 

all ferrite compositions Ni1-xZnxFe2O4, is connected with 

the contribution of normal oscillation spectra, magnons, 

and magnon-phonon interactions. The given statement is 

actual one especially in the relaxation phenomenon 

theory in two-sublattice ferrite [28] taking under 

consideration such experimental facts as the change of 

material magnetization and direction of sublattice 

magnetization during several pico-seconds at the heating 

of metallic ferromagnetics by impulses of femtosecond 

laser duration less than 100 fs. 

The relaxation process of anti-ferromagnetism vector 

length caused by the exchange between sublattices and 

amplified by exchange interaction inside sublattices is 

very rapid. Moreover, the damping of optical mode is 

defined by the same exchange constant as the relaxation 

time of the anti-ferromagnetism vector length. 

The actuality of the given statement is proved by the 

presence of giant anti-resonance in reflection of electro-

magnetic waves on 3D-structure with nano-particles of 

ferrite-spinel, in particular Ni0.5Zn0.5F2O4 [29]. Note that, 

in works [30-32] it is established that plasmon nano-

antenna consisting of metallic particles, concentrate the 

electromagnetic field and dielectric mediums with an 

occasional distribution of refractive index and irregular 

rough surface lead to the heterogeneous distribution of 

electromagnetic field intensity maximums in transmitted 

and reflected lights [32]. 

As the Raman scattering signal is proportional to the 

fourth power of local electric field in plasmon 

metamaterials taking under consideration that metallic 

nano-antennas allows to obtain the field gain in 102 – 103 

times, one can expect that the Raman scattering signal 

should be amplified more in 108 times [33]. Note that 

different medium absorption for the radiation with 

frequencies   and  , is typical for hyper-Raman 

scattering, which is observed at two-photon excitation. 

However, the signals of non-resonant hyper Raman 

scattering, which can be easily estimated by the relation 

E/Em, where E is intensity of the electrical field strength 

of electromagnetic wave incident on the sample, which in 

ordinary experiments is much lower than the microscopic 

electric field strength Em in the sample which 

communicates with the part of the electronic subsystem 
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whose polarizability is responsible for optical processes 

and equal 108 V/cm. The experiments with two-photon 

excitation of the luminescence of granular films do not 

confirm the presence of reasonable hyper Raman 

scattering in them.  

 
 

Figure 4. а. Raman-scattering spectrum (1) of Ni0,4Zn0,6Fe2O4 modified 

ferrite and its comparison with spectra of thin film (2) and nanopowder 

(3) of this material [25–27]. The spectrum intensities (2) and (3) are 

significantly higher than the Raman spectrum intensity for two-photon 

excitation (Figure 4,a); b. and c. The luminescence spectra                  

Ni1-xZnxFe2O4 of different compositions excited by radiation =425 nm 

(b) from xenon lamp and radiation  = 400 nm (c) [19] 

 

 
 

Figure 5. The intensity dependence of maximum 880 cm-1 on excitation 

radiation power 
 

Large frequency shifts of the scattered light can also 

be observed in cases of spontaneous and stimulated 

Raman scattering, which arise near the intrinsic 

absorption band of the crystal [24]. From previous studies 

[19, 21-23] shown that, the Raman scattering spectra in 

ferrite thin granular films Ni1-xZnxF2O4 are shifted 

relative to Raman scattering spectra of nano-composite 

powders of analogous compositions. The shift value is 

different one for different scattering bands (in average, it 

is approximately equal to 200 cm-1). Besides, intensity 

maximum is observed for the maximum 880cm-1 in 

composition Ni0.4Zn0.6F2O4. In [30] it is shown that the 

shift of Raman scattering spectra if film silicon relative to 

monocrystalline one, is connected with stressed state 

appearing in process of film cooling according to theory 

[20, 28]. 

The investigation of charge localization in magnetite 

on B-sublattice [35-37] shows that t2g electrons of B-

sublattice not totally localize in the form of Fe2+ states but 

they distribute on three ions of Fe3+- Fe2+- Fe3+ trimeron 

and dxy energy is less than dyz/dzx one, though it is 

accepted that the charge disproportionation is connected 

with change of Fe2+ and Fe3+ states. The deformation of 

all four Fe-O trimeron bounds forms the effective energy 

division t2g between dxy and dyz/dzx. Thus, the tetragonal-

distorted Fe2+O6-octahedrons with deformed Fe-O bonds 

in xy plane are connected with Fe3+O6-octahedrons of 

trimeron. The tetragonal distortion of Fe3+O6-octahedrons 

remove the degeneracy of t2g-orbitals (the transition from 

Oh symmetry to D4h).  The effective division energy t2g 

between dxy and dyz/dzx takes place at absent of spin-

orbital bound if the four Fe-O bounds in xy plane are 

prolonged or compressed ones. 

The authors of [38, 39] works establish that intensity 

maximum 90meV observed in spectra of magnetite 

resonance inelastic X-ray scattering and corresponding Fe 

L3-edge weakly depends on phonon excitation. Note that 

the multiple calculations carried out for Fe3+ ions of B-

position in exchange molecular field 90 meV show that 

excitation energy 90 meV agrees with Zeeman splitting 

100 meV caused by molecular field [40]. Finally, this 

energy characterizes spin-flip-process, i.e., the magnetic 

phase transition, and agrees with energy of almost 

nondispersive mode at 80-85 meV observed at inelastic 

neutron scattering [40, 41].  

The results of the work [35] on magnetite are quite 

applicable to the granular Ni-Zn-ferrites films of which 

contain the strongly distorted octahedrons Fe2+O6 

connected with Fe3+O6 ones. Obviously, that the intensive 

maximum 880 cm-1 (109 meV) observed in Raman 

spectra is explained within the framework of model [35]. 

Correspondingly the presence of this maximum in Raman 

scattering spectrum is the result of almost non-dispersive 

mode excitation in Ni1-xZnxFe2O4 nanofilms, observed 

also in neutron inelastic scattering experiments. The last 

fact followed from [35], work suggests the presence of 

magnetic polarons in Ni-Zn ferrites. 

All the considered assumptions, as experiments 

showed, for all their plausibility, did not explain other 

experiments. The appearance of new spectral bands in 
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luminescence and Raman scattering were more similar to 

the generation associated directly with the ferrite-

substrate structure, that is, the effect depended both on 

the composition of the ferrite film, its thickness, and the 

substrate material (glass, sapphire) and on the intensity of 

the incident light. Investigations of the spectra of 

spontaneous and stimulated radiation of Ni1-xZnxFe2O4 

(x=0; 0.25; 0.5) films deposited on oxidized silicon or 

sapphire, with optical pumping by a laser and an increase 

in the radiation power, led to a sharp increase in the 

luminescence intensity (Figure 6). 

The experimental model used by us was practically 

identical to those used in these works with the difference 

in taking into account the optical properties of the 

intermediate layer formed in the processes of creating and 

annealing of the ferrite film at 1200 C and 900 C 

temperatures, respectively, on the surfaces of glass or 

sapphire substrates. In all cases, the thicknesses of the 

produced films were about 60 nm. The experiments were 

carried out under the conditions of perpendicular 

incidence of the exciting radiation on the film surface. 

The power of the exciting radiation was varied in the 

intervals from 0.5 to 10 mW. 
 

 
 

Figure 6. Luminescence spectra obtained when NiFe2O4 (a), 

Ni0.25Zn0.75Fe2O4 (b), Ni0.5Zn0.5Fe2O4 (c) films are excited by a Nd YAG 

laser (=532 nm) in a single-mode mode 

The effect of radiation generation in non-epitaxial, 

polycrystalline, nano-thin Ni1-x ZnxFe2O4 ferrite films has 

been discovered. Generation was recorded both in the 

visible (1.8 eV) and in the far infrared (880 cm-1) spectral 

regions (Figure 4-6) at an exciting laser radiation power 

of more than 4 mW (reflection density in kW/cm2  ~ 20; 

26; 31; 36; 41; 46; 51 Figure 6). All experiments were 

carried out at a temperature T = 300 K. 

 

4. TERAHERTZ SPECTRA OF Ni1-xZnxFe2O4 THIN 

FILMS 

The dipole photoconductive antenna excited by 

femtosecond radiation of ytterbium laser,  = 1.03 µm is 

used for generating the THz impulses. The photo-

antenna-detector registering the amplitude and phase of 

electric field of THz impulses is gated by same radiation. 

 

 
 

Figure 7. The sample with emphasized regions in which the 

investigation is carried out: D1, D2 (Dense); ND1, ND2, ND3 (Not 

Dense); substrate is pure glass 

 

The sample type with granular film Ni0.4Zn0.6Fe2O4 

and regions for which the measurements are carried out is 

shown in Figure 7. The regions with high concentrations 

of particles (Dense) are designated as D1 and D2, the 

regions with low concentrations (Not Dense) are 

designated as ND1, ND2 and ND3. 

At measurements of reflection, the megahertz 

radiation is focused on the sample by an aluminum 

parabolic mirror with focal length f = 5 cm and formed 

spot with diameter near 2 mm from the initial beam by 

diameter 15mm. Mirrors with a focal distance ~ 104 mm 

carry out the beam focusing; the dimension of the 

exposed region is 5 mm. 

The spectra of the reflected terahertz radiation in the 

frequency range 0.1-2.5 THz from Ni0.4Zn0.6Fe2O4 

granular films obtained by the means of Furrier 

transformation after elimination of noise influence caused 

by water vapor absorption lines and also effects similar to 

interference from several re-reflection, substrate spectrum 

and aluminum mirror are shown in Figure 8,c. These 

results were obtained independently at different times in 

two scientific physics centers: the Institute of Physics of 

the National Academy of Sciences of Belarus and 

Azerbaijan. 

It is known [42], in the absorption spectra of Fe3O4, a 

structural analog of Ni1-xZnxFe2O4 ferrites, in the range 

0.4-2.0 THz were observed weak structures with an 

interval of 0.24 THz (~0.9 meV) from 0.57 to 1.76 THz.  
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They were assigned to the acoustic phonon modes, 

and considered in work [43], in which the axisymmetric 

free vibrations of thin elastic spherical shells were studied 

(noted that magnetite nanoparticles can be represented in 

the form of nanohollow spheres). In [44] it was indicated 

that single peaks (0.57, 0.82, 1.05, 1.28 and 1.56 THz) 

decay into two consecutive peaks of acoustic phonons 

(0.49 and 0.62, 0.74 and 0.86, 0.97 and 1.08, 1.21 and 

1.32, 1.45 and 1.55 THz), which is the result of the 

feature of the crystal structure of magnetite.  
 

 
Figure 8. Terahertz reflection spectra: a,b - Ni1-xZnxFe2O4 ferrite 

nanopowders in the 1-7 THz region and c - Ni0.4Zn0.6Fe2O4 granular film 

(sections which selected in Figure 3) in the 0-2.5 THz region 

 

In this work, a split sequence of acoustic modes also 

observed in the THz spectra of the granular 

Ni0.4Zn0.6Fe2O4 ferrite film: (0.34 and 0.48, 0.57 and 0.73, 

0.81 and 0.96, 1.05 and 1.21, 1.29 and 1.44, 1.52 and 

1.68, 1.76 and 1.96, 2.01 and 2.13 THz). Further, another 

sequence found: (0.88, 1.12, 1.36, 1.6, 1.87, 2.14 THz). 

Both sequences of acoustic modes have the interval 0.24 

THz (0.9 meV), inside the group of split sequence the 

interval is equal to 0.15 THz (0.6 meV), between groups 

it is equal to 0.08 THz (0.33 meV). Besides, oscillations 

having similar nature of formation, especially, the 

sequence of acoustic modes, are easily observed on 

spectra Figure 9a,b in Ni1−xZnxFe2O4 different 

compositions. The peak positions in the THz spectra of 

granular Ni0.4Zn0.6Fe2O4 films of different thicknesses 

practically do not change, which, as indicated in [42], can 

occur due to unlimited acoustic phonon modes. 

 
Figure 9. Terahertz transmission spectra of Ni0.4Zn0.6Fe2O4   films 

 

As noted in [45], in the range from 0.4 to 2 THz, the 

absorption of electromagnetic radiation in magnetite due 

to spin ordering is extremely small, since the frequency 

of the reorientation of spins in the magnetic material does 

not exceed 0.02 THz [45]. Thus, the absorption process in 

the THz range is mainly associated with dielectric losses. 

The transmission spectra of the given sections of 

Ni0.4Zn0.6Fe2O4 films in the THz region are shown in 

Figure 9.  

We can see the presence of oscillations associated 

with acoustic modes. In these intervals, the change in 

transmission shows a weak dependence on the frequency 

of the terahertz field. Comparing the obtained results of 

terahertz investigations with work data [46] in which the 

soft modes of trimeron order in magnetite, one can easily 

note their сloseness, proving the observation possibility 

of similar order in Ni0.4Zn0.6Fe2O4 and in all compositions 

of Ni,Zn-ferrites, caused by the existence of super-

exchange interaction of Fe2+-O2-Fe3+ type in them. 

 

5. CONCLUSIONS 

The granular ferrite films are obtained by the 

influence of impulse laser radiation (laser Spectra–

Physics Tsunami, radiation parameters: radiation 

wavelength 1.064 µm, impulse duration 10 ns, energy 

density 480 mJ/cm2) on Ni0.4Zn0.6Fe2O4 powder 

submicron particles marked on the glass substrate. The 

conglomerate melting of submicron particles and their 

combining into drop-shaped structures proving on the 

wetting process of the glassy substrate by ferrite occurs in 

an external magnetic field at the influence of laser with 

duration ~10 ns. The role of mutual orientation of domain 

and external magnetic fields is established. It is obvious 

that formed ferrite microstructures will have the 

specifically space-modulated magnetic and electric 

profiles due to the chosen macrostructure geometry.   
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The luminescence of modified thin film Ni-Zn ferrite 

with a maximum near 600 nm is observed at the two-

photon excitation. The comparison of obtained results of 

terahertz investigations with work data [47] show the 

possibility of observation of trimeron order in all 

compositions of Ni-Zn ferrites as a result of the existence 

of super-exchange interaction of Fe2+-O2-Fe3+ type in 

them.  

It was found that in the THz optical spectra of 

nanogranular Ni0.4Zn0.6Fe2O4 films, resonance vibrations 

due to low-frequency acoustic phonon modes of 

nanostructures are observed. 

The effect of generation with optical pumping in non-

epitaxial, polycrystalline, nano-thin Ni1-xZnxFe2O4 ferrite 

films has been discovered. Generation was recorded both 

in the visible (1.8 eV) and in the far infrared (880 cm-1) 

spectral regions (Figures 4-6) at an exciting laser 

radiation power of more than 4 mW and at a temperature 

T = 300 K. 
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