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The study of the relationship between the effect of phase composition variation on the dielectric characteristics of
ferroelectric ceramics is one of the most important fundamental questions, the answer to which will allow us to determine
the potential of using ferroelectrics in microelectronic applications and the creation of alternative energy sources (solid
oxide fuel cells). The purpose of this study is to explore the effect of the Y03 dopant on the phase formation processes
and the properties of the synthesized ferroelectric ceramics of calcium titanate, as well as to establish the connection
between the influence of the formation of impurity phases on the change in the dielectric properties of ceramics.
According to the data of X-ray phase analysis, it was found that the addition of Y03 with a concentration above 0.15 M
leads to the formation of an orthorhombic CaY,04 phase in the ceramic structure, the weight contribution of which
increases with the dopant concentration growth. An analysis of the dependence of the specific electrical conductivity
(ooc) with varying dopant concentration showed that the maximum value of opc is achieved at dopant concentrations of
0.05 M, which leads to structural ordering due to the effect of adding yttrium oxide acting as a stabilizer, as well as the
formation of impurity donor conductivity in the structure. An analysis of the dependence of the specific electrical
conductivity (opc) from dopant concentration was carried out. It has been established that the maximum value of opc is
achieved at a dopant concentration of 0.05 M. This is explained by structural ordering due to the addition of a stabilizer
— yttrium oxide, as well as the formation of impurity donor conductivity in the synthesized sample. At the same time, the
established dependences of the change in dielectric characteristics are in good agreement with the change in the phase
composition, and an increase in the concentration of charge carriers due to the introduction of a donor impurity in the

form of Y3* leads to the appearance of volume-charge polarization in ceramics.
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INTRODUCTION

Today, much attention in the world is paid to
expanding the range of practical applications of various
ferroelectric ceramics with a perovskite or perovskite-
like structure in microelectronic applications, in parti-
cular, in the creation of piezoelectric devices, resonators,
ultrasonics, integrated circuits, capacitors or anode
materials for solid oxide fuel cells. Interest in these types
of ceramics is due to their high dielectric characteristics,
which can ensure the creation of high-precision devices
with a low level of dielectric losses, as well as high
resistance to external influences, including large
temperature fluctuations, mechanical stress, etc. [1-3, 8-
12]. At the same time, among the variety of ferroelectric
ceramics, structures of the ABOj3 type occupy a special
place, where A — are rare-earth or alkali elements, B —
transition metal elements. In this case, each B cation is
surrounded by O anions, while the A cation occupies
more advantageous positions at the sites [4, 5]. Interest in
these types of structures is primarily due to their
ferroelectric characteristics, which can form dipoles
when exposed to external forces (mechanical pressure or
electric fields). At the same time, in the case of external
influences, the resulting dipoles are able to change their
orientation, which in turn leads to the appearance of
polarization effects and electric charges [6, 7]. Under the

influence of external forces, the dipoles are reoriented.
That causes a change in polarization and the creation of
an additional charge, which enhances efficiency [8-12].

The aim of this work is to establish the relationship
between the variation in the phase composition with a
change in the concentration of the Y03 dopant in the
composition of ferroelectric ceramics based on calcium
titanate (CaTiOs), as well as its effect on the dielectric
properties of ceramics. The choice of ceramics based on
CaTiOs as objects of study is due to the prospects of using
them as anode materials for solid oxide fuel cells, as well
as the basis for creating capacitors, due to the high
dielectric constant and low dielectric losses. At the same
time, doping with yttrium oxide (Y20s) will not only
solve the problem of accelerating the processes of phase
transformations, but also at high concentrations will
make it possible to create two-phase ceramics, the
formation of which enables to influence the change in
dielectric characteristics. As shown earlier in [13-15],
the use of the mechanochemical synthesis method to
obtain ferroelectric ceramics based on titanates is
accompanied by the formation of impurity inclusions in
the form of titanium dioxide (in the form of anatase or
rutile phases), which has a significant effect on the
dielectric properties of ceramics. Precipitation of inclu-
sions in the form of impurity phases of anatase or rutile
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(the formation of which occurs as a result of the initia-
lization of polymorphic transformations) is primarily due
to insufficient sintering temperature (annealing was
carried out at a temperature of 1000-1300 °C). In this
case, the use of Y03 as a dopant will make it possible to
avoid the formation of impurities in the form of
inclusions of titanium dioxide phases, as well as to
increase the degree of structural ordering.

MATERIALS AND METHODS

Synthesis of ferroelectric ceramics based on calcium
titanate doped with yttrium oxide was carried out using
the method of mechanochemical synthesis followed by
thermal annealing of the resulting mixture. CaCOs3, TiO;
(anatase), Y203 were chosen as the initial components of
the powders. The chemical purity of the initial compo-
nents was 99.95%, purchased from Sigma Aldrich
(Sigma, St. Louis, Missouri, USA). The Y03 dopant
concentration was chosen from 0.05 to 0.25 M. The syn-
thesis of selected mixtures after grinding was subjected
to thermal annealing at a temperature of 1300 °C for 5
hours, followed by cooling inside a muffle furnace (Snol,
Lithuania) for 24 hours to eliminate the effects associated
with hardening and the formation of oxides or nonequi-
librium inclusions.

The phase composition of ceramics was determined
via the X-ray phase analysis method implemented using
a D8 Advance ECO X-ray diffractometer (Bruker, Ger-
many). X-ray diffraction patterns were taken in the
Bragg-Brentano geometry in the angular range 26 = 20—
90°, with a step of 0.03°. The DiffracEVA v.4.2 software
was used to determine the phases and refine the structural
characteristics (lattice parameters and volume). The refi-
nement of the parameters was carried out by a compa-
rative analysis with the card values of the standards from
the PDF-2 database (2016). The phase ratio was determi-
ned by comparative analysis of the areas of diffraction
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reflections for each established phase, followed by deter-
mination of the weight contribution of each phase.

The measurement of porosity was carried out on the
basis of changes in the structural parameters of the crystal
lattice and its volume, taking into account the variation
in the molecular weight of the samples. This technique is
one of the simplest for determining the porosity of
ceramics.

The dielectric properties of the synthesized samples
were measured on pressed tablets, for the preparation of
which a binder was first introduced from a solution of
polyvinyl alcohol with water. The pressing of powders
with a binder was carried out in a hydraulic press
(Sorokinstrument, Russia) with a maximum load of
200 MPa. Next, the tablets were dried in an oven at 60°C
to remove moisture. The dry residue of polyvinyl alcohol
in pressed tablets was no more than 5% by weight. The
measurement of the frequency spectra of the capacitance
and the dielectric loss tangent in the frequency range of
2-200 000 Hz at room temperature was carried out on a
HIOKU IM3533-01 impedance meter by applying silver
paste on the surface of the tablets. The permittivity value
was made through recalculation according to the capaci-
tance formula of a flat parallel capacitor.

RESULTS AND DISCUSSION

Figure 1 shows the results of X-ray diffraction of the
studied ceramics with the perovskite structure, obtained
at different concentrations of the Y,03; dopant and with-
out the addition of that of. Also, for comparison and
determination of the main structural and phase changes,
an X-ray diffraction pattern of perovskite ceramics obtai-
ned without the addition of a Y,03 dopant is presented.
According to the X-ray analysis, it was found that in the
initial state, the ceramics obtained are the structure of
perovskite CaTiOs with an orthorhombic crystal lattice,
spatial syngony Pbnm(62).
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Figure 1. Results of X-ray diffraction of the studied perovskite ceramics
depending on the change in the Y203 dopant concentration
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Atthe same time, an analysis of the shape and
position of the diffraction lines showed that the observed
sample does not contain any impurity phases or inclu-
sions, which indicates the complete completion of the
processes of phase formation of the perovskite structure
under the selected conditions of thermal annealing.
An estimate of the symmetry degree of the X-ray reflecti-
ons for the observed phase showed that the structure of
the samples contains defective inclusions and regions of
disorder, the presence of which is confirmed by the
asymmetry of the diffraction reflections with respect to
the position of the maximum.

In the case of doping with Y,O3 at a concentration of
0.05-0.10 M, was observed. This implies the defective
fraction reduction and the crystallinity degree growth. At
the same time, the appearance of new diffraction
reflections for this range was not established, which
indicates that at the given concentrations of the Y03
dopant, the processes of phase transformations or the
formation of new structural inclusions do not occur, or
the content of new inclusions is less than 1%, which
cannot be identified. In turn, changes in the shape of
diffraction reflections, as well as changes in the position
of the maxima, indicate that the addition of Y,O3 results
in structural ordering in the ceramic structure, which is
manifested in a decrease in the concentration of the
defect fraction and an increase in the crystallinity degree.

At a Y03 dopant concentration of 0.15 mol, low-
intensity diffraction reflections are observed in the region
20 = 32-33° and 52-54°, which are characteristic of the
CaY,04 orthorhombic phase of the Pbnm(62) spatial
system, the formation of which is due to the processes of
structural and phase transformations when titanium is
replaced by yttrium, followed by the formation of a new
phase inclusion. At the same time, the assessment of the
contribution of this phase showed that its content is no
more than 5%, and the sizes of these inclusions are no
more than 15-20 nm, with grain sizes of the main phase
of 50-60 nm.

General conclusions about the observed changes in
phase transformations can be formulated as follows. An
analysis of phase changes in the composition of
ferroelectric perovskite ceramics with an increase in the
Y203 dopant concentration showed that, at a dopant
concentration of more than 0.10 M, the formation of an
orthorhombic CaY 0, phase occurs, the concentration of
which increases from 5% to 20% with an increase in
concentration from 0.15 M to 0.25 M. At the same time,
the formation of the CaY.0. phase leads to compaction
of the ceramic structure due to a decrease in porosity, as
well as an increase in the degree of structural ordering.
On the basis of a calculated estimate of the weight contri-
butions of each established phase, a phase diagram was
constructed reflecting changes in the phase ratio depen-
ding on the variation in the Y,O3 dopant concentration.
The results of these calculations are shown in Figure 2a.

During the studies carried out, the phase transforma-
tion processes in ferroelectrics upon doping with Y03

can be written as follows: CaTiO3 — CaTiOs/CaY 0.
It should be noted that the formation of two-phase cera-
mics is observed at a dopant concentration above 0.15
mol, which indicates that the yttrium content in the com-
position must be very high for the formation of the ortho-
rhombic CaY0. phase. The formation of the CaY0,
phase, depending on the increase in the dopant concentra-
tion from 0.15 to 0.25 M, obeys an almost linear law,
which indicates the possibility of controlled synthesis of
ceramics with a given concentration of the impurity
phase.
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Figure 2. Diagram of the phase composition in ferroelectric
ceramics with varying Y203 dopant concentration (a) and
results of the alteration in the structural ordering degree
(crystallinity degree) of ceramics depending on the Y203

dopant concentration (b)

The data on changes in the structural ordering degree
(crystallinity degree) presented in Figure 2b reflect the
positive effect of the addition of the Y,03 dopant on the
decrease in the concentration of defective inclusions in
the composition of ceramics at low dopant concentrations
(0.05-0.10 M). In this case, two characteristic regions
can be distinguished, corresponding to different types of

162



STUDY OF THE INFLUENCE OF VARIATIONS IN THE PHASE COMPOSITION ON THE DIELECTRIC PROPERTIES
OF FERROELECTRIC CaTiOs CERAMICS DOPED WITH Y203

structural changes. The first region is typical for dopant
concentrations of 0.05-0.10 M, and corresponds to an
increase in the degree of structural ordering associated
with the compaction of ceramics and a decrease in the
concentration of defective inclusions and residual stres-
ses caused by mechanochemical grinding and subsequent
annealing. The second region is typical for dopant
concentrations above 0.15 M, for which a new phase is
formed. At the same time, annealing with the addition of
a Y203 dopant concentration leads to a more intense orde-
ring of the structure in comparison with undoped cera-
mics annealed at the same temperature. In this case, it is
possible that the addition of Y,03 at low concentrations
to the composition leads to an acceleration of the proces-
ses of structural ordering during thermal annealing due to
a change in the magnitudes of thermal vibrations of the
crystal lattice, as well as the filling of vacancy positions.
At Y03 dopant concentrations above 0.15 mol, which
are characterized by the formation of CaY.0, phase
inclusions, a slight decrease in the degree of structural
ordering is observed, the decrease of which is inversely
proportional to the increase in the weight contribution of
the CaY,0, phase in the composition of ceramics. Such
a decrease can be explained by the effects associated with
the deformation of the structure due to the increase in
interfacial boundaries with a rise in the CaY.0, content
contribution.

Based on the obtained X-ray diffraction patterns, the
structural parameters were calculated, the dynamics of
which reflects the effect of the dopant on the deformation
distortion of the crystal lattice. Table 1 presents data on
changes in the parameters and volume of the crystal latti-
ce of perovskite ceramics depending on the Y03 dopant
concentration.

As can be seen from the data, in the case of varying
the concentration of the Y03 dopant from 0.05 to
0.10 M, a decrease in the parameters of the crystal lattice,
as well as its volume, is observed, which indicates the
structural ordering of the ceramics and the perfection of
the crystal lattice. This leads to an increase in the density
of ceramics due to its compaction with a partial decrease
in deformation distortions and residual stresses that have
arisen during mechanochemical grinding. In this case, the
Y203 dopant acts as a stabilizing additive, which is used
to accelerate the processes of structural ordering during
thermal sintering [16, 17]. During the formation of the

CaY:04 phase in the case of concentrations of 0.15—
0.20 M, the volume of the crystal lattice becomes denser
and its structural parameters decrease, which indicates a
decrease in deformation distortions in the ceramic com-
position. However, in the case of a dopant concentration
of 0.25 M, a slight increase in the lattice volume is
observed, which may be due to the effects of interfacial
boundaries, leading to volume deformation.

Figure 3 shows the dependences of the real part of the
permittivity ¢ and the dielectric loss tangent for the ob-
tained composites. The obtained values of the permit-
tivity and loss tangent clearly indicate the dielectric
properties of the obtained samples. As can be seen from
Figure 1a, the permittivity value &' decreases with the
frequency f growth. This is due to the delay in following
the electric charges in ceramics, which contribute to the
polarization, behind the alternating field. In the low-
frequency region, interfacial polarization, ion hopping
polarization (displacement of polarons, point defects) can
contribute to the polarization. This dependence is well
described by the Debye relaxation model [18]. In the
high-frequency region, the value of €’ decreases due to
the contribution of only the ionic and dipole orientational
polarizations. The measured value of ¢’ of pure CaTiO3
is less than reported in other works [19-21]. This is due
to the powder form of ceramics and the imperfection of
the crystal structure. The pronounced frequency depen-
dence of the dielectric permittivity in the frequency range
of 2-300 Hz for samples with a dopant concentration of
0.05, 0.10 mol is associated with volume-charged pola-
rization in a heterogeneous medium at the grain-with-
semiconducting properties/dielectric grain boundary
interface (Maxwell-Wagner mechanism) [22]. An increa-
se in grain conductivity is associated with the incorpora-
tion of Y3 ions into the B position of the perovskite
crystal lattice with the substitution of the Ti** ion and the
formation of a donor pair, as a result of which the concen-
tration of charge carriers grows [21].

The frequency dependences of the dielectric loss
tangent (see the data in Figure 3b) indicate that the
decrease in the value of tan & with increasing frequency
is also associated with polarization processes. When the
polarization mechanisms are switched off, the energy
dissipation due to charge reorientation decreases with
increasing f, which reduces the value of tan 6 [23].

Table 1. Structural parameter data

Phase

Y203 dopant concentration, M

0 0.05
a=5.4008, a=5.3943,
CaTiO; - Crystal lattice parameter, A b=7.6203, b=7.6052,
Orthorhombic ¢=5.3607 ¢=5.3564
Crystal lattice volume, A? 220.33 219.71
CaY20s—- Crystal lattice parameter, A
Orthorhombic

Crystal lattice volume, A3

0.10 0.15 0.20 0.25
a=5.3868, a=5.3709, a=5.3742, a=5.3784,
b=7.5981, b=7.5876, b=7.6189, b=7.6249,
¢=5.3521 ¢=5.3385 ¢=5.3521 ¢=5.3563

219.06 217.56 219.14 219.67
a=5.3742, a=5.3602, a=5.3465,
b=7.6189, b=5.6454, b=5.6432,
c=7.6843 c=7.6647 c=7.6572

232.95 321.94 231.03
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In the low-frequency region for the 0.05 mol sample,
high dielectric losses are also associated with through
conduction in ceramics due to the influence of Y** impu-
rity ions. The difference in the values of the permeability,
dielectric loss tangent, in addition to the influence of the
alloying component and phase composition, is also asso-
ciated with the morphology of the powder particles and
ceramic porosity.
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Figure 3. Frequency dependences of the real part

of the permittivity (a) and the dielectric loss tangent (b)
of the obtained samples

Figure 4a shows the dependences of the dc electrical
conductivity opc on the dopant concentration. It can be
seen that the dependence passes through a maximum,
which is due to the influence of impurity donor conduc-
tivity. When the concentration exceeds 0.15 M, the elec-
trical conductivity decreases, which is associated with the
formation of a new CaY,0. phase, which reduces the
doping effect in CaTiOs. The through conductivity of
grains can also be judged from the Cole-Cole depen-
dences — Z’’(Z’) in Figure 4b. It can be seen that only for
the 0.05 M sample, the dependence Z’’(Z’) has the form
of a semicircle, while for other samples this dependence
is a straight line. This indicates the mechanism of current
flow through grains with semiconductor properties [24].
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Figure 4. Dependence of the electrical conductivity
at direct current on the concentration of the dopant (a)
and the Cole-Cole diagram (b) of the obtained samples

From Table 2, it can be seen that the value of ¢” in the
low frequency range varies from 43.32 to 81.64, while in
the high frequency range from 33.59 to 51.83. The pro-
nounced increase in the permittivity, in addition to the
reasons described above, is also associated with an im-
provement in the crystal structure in the CaTiO3 phase.

Table 2. Comparison of permittivity &', dielectric dissipation
tangent tan 6 = ¢"/¢" at 10 Hz, 10 000 Hz and DC electrical
conductivity epc

Concentration ¢ € tan & tan & opc10-19,
of Y2035, M | (10 Hz) | (10 000 Hz) | (10 Hz) | (10000 Hz) | S/m
0.00 43.38 33.59 0.13 0.047 6.65
0.05 81.64 48.49 0.93 0.068 99.70
0.10 81.00 51.83 0.26 0.063 27.2
0.15 51.57 39.26 0.12 0.047 9.70
0.20 46.07 36.02 0.12 0.040 6.70
0.25 43.32 35.08 0.10 0.038 6.40
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It should be noted that the values of the high-fre-
quency permittivity of the doped samples are higher than
those of the original CaTiOs. This can be related to the
fact that some entry of Y® ions into grains of the
perovskite phase is realized, which increases the value of
the high-frequency ¢’. Similar results were obtained in
studies on doping MgTiOs with Fe** and Cr®* ions at a
concentration of 1 at.% [25]. The dependences of the
concentration of dielectric characteristics correlate with
the change in dc conductivity, which may indicate the
dominant effect of electrical conductivity processes on
the dielectric properties of the resulting ceramics.

CONCLUSION

The paper presents the results of studies of the effect
of Y203 doping on the change in the phase composition,
structural parameters, and dielectric characteristics of
synthesized ceramics based on calcium titanate. Cera-
mics were obtained using mechanochemical solid-phase
synthesis followed by thermal sintering of the resulting
powders at a temperature of 1300 °C. During the studies,
it was found that the addition of Y03 at low concentra-
tions of 0.05-0.10 M leads to an increase in the degree of
structural ordering, and at concentrations above 0.15 M,
inclusions are formed in the form of an orthorhombic
CaY,04 phase, the weight contribution of which
increases in direct proportion to the change in dopant
concentration. Impedance spectroscopy on the obtained
samples revealed that the synthesized ceramic powders
are dielectrics with the value of €’ in the low-frequency
region in the range from 43.32 to 81.64, and in the high-
frequency region in the range from 33.59 to 51.83.
Alterations in the dielectric characteristics (¢’, tan 0) as a
function of the Y03 concentration correlate with chan-
ges in the electrical conductivity, which is associated
with the doping of CaTiOs; with Y3* ions. At the same
time, Y3 is a donor impurity, which increases the
concentration of charge carriers and causes a pronounced
volume-charge polarization in ceramics. In addition, the
dielectric properties depend on the imperfection of the
crystal structure, the morphology of ceramic particles.

This research was funded by the Science Committee
of the Ministry of Education and Science of the Republic
of Kazakhstan (No. AP09259182).
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Y203 JOONUPJEHIT'EH CaTiOs; ®EPPOJJIEKTPJIK KEPAMUKAJIAPBIHBIH ®A3AJIBIK KYPAMHBIH
BAPUALIUSICBIHBIH JU3JIEKTPJIIK KACUETTEPIHE OCEPIH 3EPTTEY
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dazanblKk KypamMHBIH BapHALMACBIHBIH (DEeppOdIEKTPIIIK KepaMUKaHbIH AUDIISKTPIIIK CHIIATTaMalapblHa 9CepiHIH e3apa
0aliJIaHBICHIH 3€PTTCY, €H MaHBI3bI iprefi CYpakTapAblH Oipi OOJBIN TaObLIAIbI, OHBIH XKayaObl MHUKPOAJICKTPOHIBIK
KOChIMIIIanapaa heppo3IeKTpUKTEPIi KOJIAaHy KOHE OaaMalibl SHEPTUsl KO3AepiH (KaTThl OKCUATI OTBIH dJICMEHTTEPI)
KYpy oJEyeTiH aHbIKTayFa MYMKIHAIK Oepexmi. Bym 3eprreymiH makcatsl — Y203 NOMaHTHIHBIH (ha3anblK Ty3iTy
NPOLIECTEPiHE JKOHE CHHTE3IENIeH KAIbIUIl THTaHATHl (EPPONISKTPIIK KepPaMHKAaNAPBIHBIH KacHETTEepiHEe oCcepiH
3epTTeY, COHBIMEH KaTap KepaMUKaHBIH IUAJICKTPIIK KaCHETTEpiHiH e3repyiHe Kocna (a3anapblHbIH Maiina 00TybIHBIH
ocepiH aHbBIKTay. PeHTreHmik Qasanslk Tamgay OepekTepiHe coiikec koHueHTpanwschl 0,15 monbaeH sxorapbl Y203
KOChUTYBI KypblibiMaa CaY 204 opTopoMOUSIIBIK (ha3achIHBIH KepaMHKACHIHBIH Maiiia 00JIybIHa OKeJIeTiHI aHBIKTAIIbL,
OHBIH CAJMAaKTBIK YJIECI JIOTAHT KOHLEHTPALMSCHIHBIH JKOFapbUIaybIMEH apTajbl. J[OMaHT KOHUEHTPALUSCHIHBIH
BapUalMsICHIHIAFbl MEHILIKTI JIEKTP OTKI3TIITITiHIH (Gpc) TOYENAUIIriH Taliay Opc MaKCHMallibl MOHIHE HOMaHTThIH
0,05 MONb KOHLEHTPALMSChIHAA KOJI KETKI3UIETIHIH KOPCETTl, OYJI TYpaKTaHABIPFBIII PETIH/E OPEKET eTETiH UTTPHUi
OKCHIIIH KOCY ocCepiHe, COHJai-aK KYPBUIBIMAAFbl KOCIA JOHOPJIBIK OTKI3TIIITIKTIH KaJablTacyblHA OailJIaHBICTHI
KYPBUIBIMIBIK pETKe KedTipyre okeneai. by perre AMDIEKTPIiK CcUNAaTTaMallapAblH ©3repyiHiH OelrijeHreH
TOyeJIIKTEP] (asalblK KypaMHBIH e3repyiMeH coiikec kenesi, an YS! TypiHje JOHOPIBIK KOCIIaHbl eHrizyre Gaiiia-
HBICTBI 3apsi/i TachIMaJJaylIbUIapIIblH KOHLICHTPAUMSACHIHBIH apTybl KepaMuKala KeJeMIIK 3apsaray MOJsph3alys-
CBHIHBIH Taii1a 0OTybIHA OKeNe/Ii.

Tyiiin co3oep: epposnexmpuxmep, Oonupiey, Pazansik aybliCyiap, MEXAHOXUMUSILIK CUHME3, OUINEKMPUKMED.

HCCIEJOBAHUE BJIUAHUA BAPUALIUU ®PA30BOI'O COCTABA HA JUSJIEKTPUYECKUE
CBOMCTBA CETHETORJIEKTPUUECKHUX KEPAMMK CaTiOs: JOMUPOBAHHBIX Y203
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W3ydenue B3aMMOCBSI3M BIMSHUS BapHaliu (pa30BOro cocraBa Ha AUAIIEKTPUIECKHE XapaKTEPUCTUKH CETHETOAIEKTPH-
YEeCKHUX KepaMUK SBISETCS OJHIM U3 HanOojee BaXKHBIX (PyHIaMEHTaIbHBIX BOIIPOCOB, OTBET Ha KOTOPHIi IMO3BOJIUT OII-
peneauTh NOTEHIHAN IPUMEHEHHS CETHETOMIEKTPUKOB B MUKPOAIIEKTPOHHBIX MPUI0KEHUSAX U CO3/JaHUH albTEePHATHB-
HBIX UCTOYHHMKOB SHEPTUH (TBEPIOOKCHIHBIX TOTIMBHBIX JIEMEHTOB). Llenbio JaHHOTO HCClieoBaHus SBISIETCS N3yde-
HHe BiMsHUA ponaHTa Y203 Ha mpouecchl (pa3000pa3oBaHus U CBOHCTBA CHHTE3UPOBAHHBIX CETHETOAIEKTPUUECKHX Ke-
paMUK TUTaHaTa KaJbILHs, a TAKXKE YCTAHOBJIEHHE B3aMMOCBSI3H BIMSHUS ()OPMUPOBAHUS IPUMECHBIX (pa3 Ha N3MEHEHHE
JIMDJIEKTPUYECKUX CBOWCTB KepaMHK. COIrNIacCHO JaHHBIM PEHTreHO(a30BOro aHallM3a yCTaHOBJIIEHO, YTO J00aBiICHHE
Y203 ¢ xonnenTpauueii Boime 0,15 Moab NpUBOANT K (POPMHUPOBAHUIO B CTPYKTYpe KEpPaMHUK OpTOPOMONYECcKOl (ha3bl
CaY204, BecoBO#l BKJaJ KOTOPOH YBENMUYMBACTCS MPU YBEIUYSHWH KOHIEHTpAIMU JIOTIAHTA. AHAM3 3aBHCUMOCTH
YAETHHOH 3JEKTPOIIPOBOIHOCTH (Opc) MPH BapHaIlMM KOHIICHTPALWH JIOTaHTa MOKa3aJl, 9T0 MAaKCHMaJIbHOE 3HaUYCHHUE
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Obc JOCTUTACTCS MPH KOHIEHTparmax gonanTa 0,05 Moib, MpUBOAAIIEH K CTPYKTYPHOMY YIIOPSAOUEHHIO, 00y CIOBICH-
HOMY 3¢ dexToM n100aBICHUS OKCHAA UTTPHUS BHICTYIIAIONIMM B KayeCcTBE CTa0MIM3aTOpa, a TakKe (POPMHPOBAHUEM B
CTPYKTYype NPUMECHON TOHOPHOU MpoBoauMOCTH. [IpH 3TOM yCTaHOBIIEHHBIE 3aBUCUIMOCTH MU3MEHEHHsSI TUAJIEKTpUYEC-
KHX XapaKTEePUCTUK MMEET XOpOIllee Corjlacue ¢ M3MEHeHHneM (ha30BOTO COCTaBa, a yBEINYEHHE KOHIICHTPAIIMd HOCHUTE-
Jiel 3apsia, 00yCIIOBIEHHOE BHEIAPEHHEM JIOHOPHO# puMecH B BUjE Y3 IPUBOAUT K BOSHUKHOBEHUIO 0OHEMHO-3aps/I-
HOMW MOJISPU3AILIY B KEPAMUKH.

Kniouesvie cnosa: cecnemosnekmpuxu, Oonuposanue, asosvle npespauyenst, MEXaHOXUMUYECKUL CUHME3, OUINEKMPUKU.
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