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SUMMARY

Shuliarenko D.O. Temperatureand concentrationeffects in electre and
magnetoresistive properties of multicomponent thin-film  nanostructures.
Manuscript.

Ph. D. thesis submitted for the degreedottor of philosophy specialty
1057 AApplied Physics and Nanomaterials§ Sumy State University, Sumy,
2021.

Ph D. is devotedto the establishment of generatendsof influence of
concentration,sizeg and temperature effects on eleetrand magnetoresistive
properties of nanosized film materials formeased orpermaloy alloy NiggFex
and Ag

According to the purpose and the current researchtasks of complex
investigationof crystal structureand phasestate electo- and magnetoresistive

propertiesof nanosizedfiim materials basel on permalloy (Py) and Ag, the
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methodswere used co-evaporationand layeredelectrorbeam condensation ia
vacuum the methodof quartzresonatorfor in-situ measuremendf thickness the
methods of transmission electron microscqopgtomic force microscopyand
electronography for investigation of crystal structure and phase stagegy
dispersion spectral analysis to determine the composition of the sartipes
method of high-precision resistometry in the study of electrophysical and
magnetoresistive pperties Additional investigatiors of magnetic properties of
sanples weredoneusing method®f vibration and SQUID-magnéometry These
allowed to carry out measurements of magnetic parameters with a high precision &
room(Unmeas= 300s )and low temperatur€®meas=25 ) .

It wasdemongtatedthatthe application of the chosen technique of forming
nanosized materials allows obtmg in one technological cycle a series of
nanosized film materials, the composition of which varied widélgm 5 to
95Q.%).

At theformationof (Py+Ag)/S nanosizedystemsthe previousinvestigation
of phasestateand crystal structureof pure permalby NigsFen and Ag thin films
wereused.lt wasdemonstratethata singledlayerpermaloy NigsFen andAg thin
films before and after annealingup to u,,,=700s havea singlephasestate It
correspondo fcc-NizFe (a = 0.353-0.355nm) andfcc-Ag (2 = 0.407-0.408 nm).

Thus, on their basis can be formed nanosipatkrials with stable properties in a
given temperature range

It was found that the phase state of nanoscale film matdsaded on
permaloy alloy NigFe, and Ag after condensation, regardless of the
concentration of silver atoms in the system, is a combinatiéeceflisFe + fcc-Ag
with an average lattice parametea (fcc-NisFe)=0.353nm and a (fcc-

Ag) =0.407nm. Temperature treatment of the studied samples at a temperature
range u,nn= 300-700s does not change the phase state of the system. The
nanoscale system remains tplbase(fcc-NisFe+ fcc-Ag with lattice parameters
a=0.356and0.408 nm, respectively.

Analysis of the crystal structure shows that with the growttppthere is a
transition from the crystal structure consisting of Ag grains embedded in the
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ferromagnetic matrix of the permalloy to the structure where the grains of the

ferromagnetic componeid embedded in the nonmagnetic matfch transition

This transition is accompanied by a process of growth of the average size o
crystallites in the system (Py+A&)/which atan annealing temperature of 560

Is insignificant.At the same time, the heat treatment procesg,at 700s causes
more significant changes in the crystal structure of the samples depending on th
concentration off,. At iy <32at.% here is a sgnationof grain growth of the
nonmagnetic component as a result of their isolation from each other in the matri
of ferromagnetic materiaDn the images of the crystal structure of the samples at
fny =32-60at.%, it is possible to distinguish nanosized 52-5nm) and
crystallites with an average size up to rB0, which correspond to the
ferromagnetic and nonmagnetic components of the system, respectively. In the
case offpy > 70 at.%, he crystalline structe of the film system (Py+Ad} can be
described adollows: the nanosizedgrains of the ferromagnetic component is
randomly distributed in the volume of the nonmagnetic material.

Regularities in concentration and size dependences of resistivity,
temperature coefficient of resistan@nd temperature of healing of defects for
nanosized materials in the range of concentratiips=(10-90) Ols . &e
established. It was demonstrated that the addition of Ag to the permagi&eili
and the increase in the concentratiorcgffrom 26 to 48at.% causes an increase
in the value of in the system (Py+Ag)/S 5 L 1’0 hmim compared with data
for singlelayer NigFe, permalloy films atd=551m (( t £2 . 0'L [thlm).

A further increase in the concentration of Ag atonasl$eto a sharp decrease in the
resistivity to the value of, characteristic of a singlayer Ag(55)/S film, which is

1.7 L 1”@ hmlm, which is due to changes in the crystal structure of the samples.
The concentration dependenced(fy) show a minimunat cag = 48 at.%, which
corresponds to the value bt 1.8 L. 1s0".

It is shown tlat nanosized film materials (P4g)/S is also characterized by
a display of the size effect in thermoresistive properties. The increase in the total
thickness from 20 to 100 nm causes a sharp decrease in the value of reSitivity
times, while the value of R increases by-3 times.

A comparative analysis of the experimerdapendences(T) and &XT) for
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samples formed by simultaneous and laygtayer condensation shows that
changing the condensation method from simultaneous to-tgykryer does not
affect the nature of temperature dependences of resistivity aRd TC

It is established that the amplitude anduna of the field dependences the
magnetoresistance of nanosized film materials forinased onthe permalloy
NigoFeo and Ag are determined by their composite composition. The maximum
value of the isotropic magnetsistive effect for freshly condensed samples is
1.85% for samples aig =60at.% ad d =100 nm and for thermally annealed
1.80%at Bann = 500K samplescyy = 60 at.%andd = 60 nm @t the measuremeat
room temperature). Increasing the induction of the apphésimal magnetic field
from 500mT to 1.5T does not affect the shape of the field dependence of the
magnetic resistance R{B). Hysteresis and saturation are absent. At the same time,
there isan increase in the value ofAto 2.5%. The decrease in the measurement
temperature from 300 to 4 K is accompanied by a further increase in the amplitude
of the magnetoresistive effect to 3.8%. At the same timesiteedlependences of
the magnetoresistaafor nanoscale film systems (iPA&g)/S are characterized by
the presence of a maximum R 1.80% at a thickness of 60 nm and a
temperature of 500 K. This maximum is shifted toward smaller thicknesses
(d =50 nm) attheincrease in annealing temperaturd @K and is 0.85%.

It is experimentally shown that the nature of #iwee dependence of the ®I
depends on the temperatufeheat treatmerdf the samplesAs-deposited samples
are characterized by an increase irRMvith increasing thickness with a yietd
saturation atd=100nm. At the same time, the dependences of (dRare
characterized by the presence afmaximum at a thickness of 6th and a
temperature o500 K, which shifts toward smaller thicknesses with increasing
annealing temperature to 780

Additional studies of the magnetic properties allowed us to conclude that
nanosized particles of the translucent formed at the condensation stage have
ferromagnetic nature, which is a necessary condition for the manifestation of the
isotropicmagnetoresistive effect. A slight increase in the saturation magnetization
of the samples after annealing to 500 K confirms the conclusions maelddoas
studies by the AFM method: a gradual increase in the average size of
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ferromagnetic nanoparticlesbseved in the process of heat treatment at a

temperature of 500 K

In the case of forming nanosized materials using the -laydayer
condensation method, the maximum value of the isotropR=Nd.35% was
obtained in the case of the multilayes®m [PYAg]6/S, i.e. the systen with the
maximum number of PAg bilayer repeats. This indicates a greater efficiency of
the method of simultaneous condensation for the implementation of isotropic
magnetoresistance, greater than 1%.

s eywords nanosizednaterials permalloy silver, co-evaporationlayerby-
layer condensation resistivity, temperature coefficient of resistance

magnetoresistanceoncentratioreffect, sizeeffect
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i sLhdWtcso CO HdW KOS y' Aghedd ) Ssdlss] ds C&f df ' of
Isj ted3gstsB tedlgw/@Wd L O

149" HY Odzj U, = 700s ddy,

Yoz | [ 1 [ da | hKETW O @ [ 1 ] doa [ DKW O @, | [124,

o .| dzdi dzd{o .| dadi dzd3| 115

1]r . (0,239 111 0,404 . [0,23% 111 0,408| 0,236

2 | & ./0,204 200 0,401 & .[0,204 200 0,408| 0,204

3 (M j 0,143 220 % 0,404f j 0,144 220 % 0,407| 0,144

Ag | 4 |mjl0,129 311| < |0,404fM j|0,123 311| < | 0,408 0,123

5| f)df0,117 222 N 0,40 fp d 0,118 222 N 0,407| 0,117

6 | fy 0,102 400 0,401 ) /0,102 400 0,408| 0,102
a=0,407dz a=0,408 dz

1]r . 0,204 111 0,353 . (0,205 111 0,355| 0,204

2 |nj {0,277 200| @ [0,354m j[0,279 200| @ | 0,356] 0177

3[4 {0,125 220 ?: 0,353M j (0,126 220 %t 0,356| 0,125

Ll f)d70,106 311| - |0,35]md0,107 311| = [ 0,355 0106

5|n . [0,102 222 0,353H . [0,103 222 0,356] 0,102
a=0,353dz a =0,356 dzd

[ & kzyJ Mdidsdddd ; dz@d | ) ) dzO MW@ H 2y J érdzOs
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v OB dzd yw
[ SLh W toitsdpiCteD ¢y 2dets’ € Otgld dtied BsffezAg T bd sH s teedic B @yfz% 0B j e @ts 7 0 0
(Py+Ag) /1 (Py+Ag) /1, (Py+Ag) /1,
) fjg =600 Is . d% 55 dzd3 fjy =600 Is . d% 55 dzd3 fjg =600 Is . d% 55 dzd3 d°,,, dzdt
300 s 500 s 700 s [114, 115]
dw, |hkl] WoLda { duw hkl woL( a Ohi, hkl WoL({a
1]10,235[111 | A sAg | 0,407 0,236 | 111 | 4§ A sAg | 0,488 | 0,236| 111 | | A sAg| 0,48 | 0,236
2| 0204 200 4 A sAg | 0,408 0,204 200 | | A sAg | 0,409 0,204 200 | | A sAg| 0,409 | 0,204
1114 A NisFe 0,353 111 |4 A NisF€ 0,355 111 |; A NisF¢ 0,355 0,204
50,17 | 2004 A NisFe 0,38 [ 0,177 | 200 [ K NisFe 0,354 | 0,1 | 200 || A NisF¢ 0,38 | 0,177
6 0,144/220 | A sAg | 0,407 | 0,144 | 220 | | A sAg | 0,407 | 0,144| 220 | | A sAg| 0,408| 0,144
0123 311 | A sAg | 0,408 0,13 | 311 | 4 A sAg | 0,408] 0,13 | 311 | 4 A sAg| 0,408| 0,123
7 2201 K NisFe 0,350 | 0,125 | 220 |4 A sNisFe 0,354 | 0,16 | 220 [{ A NisF¢ 0,36 | 0,125
0,107]311/4 A NisFe 0,354 | 0,107 | 311 |4 A NisFe 0,355| 0,108 | 311 [; A NisF¢ 0,357 0,106
a ( | AAD)=0,407dzd3; a ( | AAD)=0,408dzd3; a(,Aksg) = 0,408
a(y ANisFe) = 0, 353[a( 4 ANisFe)=0,35dzd3. a (| ANisFe) = 0,35 dzd3.
a( | A£A)=0,408dz05,( | ANisFe) = 0, 354 dzds.

3
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