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Abstract: The subject of our research is a study of the effects of various treatments
on the structural and spectral characteristics of oxides (Y3Al;01,, Al,O3 and SrTiOs) belon-
ging to the group of ionic crystals with a wide energy band gap. We have investigated the
dielectric and optical characteristics of single laser crystals of Y;Al;01, (YAG) doped by
ions from the group of iron (3d-), Al,O3 single crystal and SrTiO; crystals doped by 3d and
4f- ions. Dielectric properties of the investigated single crystals were analyzed using dielec-
tric spectroscopy (80 kHz — 15 MHz) in a wide temperature range (50 — 400 K). The com-
parison of the temperature dependence of the dielectric permittivity (g;) and dielectric loss
(tanod) at different test frequencies for undoped and doped crystals was performed. The
optical properties were studied on the basis of the absorption spectra in the UV-Vis region.
The experiment results showed that presence of 3d dopants in YAG crystal caused a displa-
cement of the absorption edge and appearance of characteristic peaks. The differences
observed in the absorption spectra were probably the result of the 3d ions incorporation on
two possible symmetrically different positionings of aluminum ions —tetrahedrical and
octahedrical- in the YAG crystal lattice. The dielectric spectroscopy measurements for
samples of SrTiO; doped by 4f ions showed anomalous behaviors of the dielectric
permittivity at temperatures around the temperature of the structural phase transition 105 K.

Keywords:Y;Al;0p,,  SrTiO;,
spectroscopy.

1. INTRODUCTION

This paper presents the results of studying the
effect of different treatments on the spectral and
structural characteristics of the crystal yttrium alu-
minum garnet Y3;Al;0; (YAG), aluminum oxide
Al,Oj; and strontium titanate SrTiO; (STO).

Due to its good physical and chemical proper-
ties, such as chemical and mechanical stability, low
thermal conductivity, little thermal expansion due to
good optical properties, YAG crystal has a promi-
nent place in technology and medical applications.
As a single-crystal, it is used in magnetic memory
devices in magneto-optics and microwave enginee-
ring. YAG crystal is the host for near-infrared lasers.
Since the discovery of Cr*":YAG, this crystal has
gained importance to the technological possibilities
of its application in the areas of optical fibers and
remote guiding systems [1].

ALLO; has a wide range of applications in
technology as well as in high-temperature-material
devices for magnetic recordings and laser emitter.
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Due to the mechanical strength and good electrical
insulation, it belongs to the materials of high techno-
logical importance [2].

SrTiO; is an example of ionic crystals of
perovskite structure. It is one of the first materials in
which the observed uncharacteristic fero-electric
behavior occurred. Taking into account the high
value of dielectric permeability, which, with
lowering of the temperature below 50 K, increases to
the value of the order of 10*, and a small microwave
losses, it has become a very attractive material for
many high-frequency and microwave applications,
especially at low temperatures. It also shows remar-
kable properties including quantum para-electric
behavior, structural phase transitions and
superconductivity. Furthermore, the STO is used as
a substrate for high-temperature superconducting
films. As a result, there is a growing need to deter-
mine its static dielectric permittivity with very high
accuracy which would allow the processes to be
modeled in the widest possible temperature and
frequency range [3, 4].
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Doping is a process often used to change the
dielectric properties of the material. Small amounts
of dopants can change the properties of these intri-
guing systems. The replacement of cations with ions
of different valence or different radii or increasing
the concentration of oxygen voids may generate
many physical properties such as semi-conductivity,
the transition to a conducting state with a low
density =~ of  charge carriers and even
superconductivity at low temperatures [5].

We analyzed the effect of doping 3d ions (Ti,
Cr, Fe) on the dielectric and optical properties of
Y AG mono-crystals, the impact of doping of 3d ions
(V, Mn, Fe, Ni) and 4f - (Nd, Sm, Er) on the dielec-
tric and optical properties of mono-crystals of the
STO, and the dielectric properties of mono-crystal
Al Os.

In this study, the following techniques were
used:

- Dielectric spectroscopy in the temperature
range 50 — 400 K and in the frequency range 80 kHz
—15 MHz.

- UV - Vis optical spectroscopy in the range
from 190 to 900 nm at room temperature.

2. SAMPLES AND EXPERIMENT

The studied samples were mono-crystals
Y;Al;:0p; and doped YAG:Ti, YAG:Cr, YAG:Fe
crystals, which were obtained from the melt by using
Czochralski method. The samples were obtained in
collaboration with the Laboratory for Materials of
The Institute of Radio Electronics in Kharkov. The
concentrations of ions (Ti, Cr, Fe) were in the inter-
val at 10° — 510" at%. The thickness of the samples
was of about 1 mm and 10 mm in diameter.

STO single crystal samples used in this
experiment were grown using Verneuil method.
Concentrations of 3d ions (V, Mn, Fe, Ni) were at
5107 at% and concentration 4f- ions or rare earth
(RE), Nd, Sm, Er at the 2107 at%. The samples
were in the form of pellets | = 0.8 — 1 mm thick and
with diameter of about d = 10 mm. The color of
STO samples doped by Nd, Sm and Er ions was dark
gray compared to a transparent STO.

Measurements of the dielectric permeability e,
and dielectric loss tangent tand of studied samples
were performed in the frequency region of 80 kHz —
15 MHz using the Agilent Precision LCR Meter
4285 device. The tile-shaped samples were placed
between the electrodes of the dielectric cells with
AC signal. The applied voltage was 1.5 V. The sam-
ple temperature was controlled using CTI-
Cryogenics Cryodyne closed system and Lake Shore

340 temperature controllers. The data acquisition
was performed in the heating mode, where a heating
rate of 2 Kmin" was set. The measurements were
carried out in the research laboratories for Solid
State Physics at the University of Belgrade. The
details of the experimental setup were described in
papers [6, 7].

The optical spectra were recorded using a
Shimadzu UV—- 3600 UV / Vis / Near spectrophoto-
meter in the range of 190 nm to 900 nm. For the
purpose of recording the characteristics in the infra-
red part of the interval in the 4000 — 200 cm™, the
Perkin Elmer 883 spectrometer at room temperature
was used [4].

3. RESULTS AND DISCUSSION

3.1. The measurement results and discussion
Y;Als01,

Yttrium aluminum garnet Y;AlsO,, is a garnet
structure oxide with the formula A3;B,'B5"0Oy,. lons
A, B,' and B;" are the cations which are located in
the positions of different symmetries. Yttrium ions
are in the center of dodecahedron, surrounded by 8
oxygen atoms. Aluminum Al ions in the YAG lattice
are occupying two positions of different symmetries:
Al,(B") atoms occupy the position with octahedral
point group symmetry (Cs;), while Al,,(B") occupy a
position with a tetrahedral point group symmetry
(S4). Single elementary cell is large and contains 8
structural formulas, or 160 atoms. This complex
structure of yttrium aluminum garnet can be viewed
as a network of interconnected octahedron, tetrahe-
dra and dodecahedra whose corners are oxygen
atoms, so that each oxygen atom is a member of two
dodecahedrons, one octahedron and one tetrahedron
[8]. Because of its cubic symmetry, the dielectric
characteristics of a YAG crystal are isotropic.
According to its dielectric properties, it belongs to
the materials with relatively low dielectric losses [9].
The electronic structure of the YAG crystal has been
studied less in the theory, and the reason lies in its
complex crystal structure.

Dielectric measurements of monocrystalline
samples of undoped YAG and doped YAG:Ti,
YAG:Cr and YAG: Fe were performed in the
frequency range of 80 kHz to 15 MHz at temperatu-
res from 30 to 400 K. Permittivity of (7, f) as a
function of temperature and the logarithm of
frequency for undoped YAG is shown in Figure 1
(a). From the figure it can be seen that the
permittivity gradually increased with the increase in
the temperature. The trend of temperature



Slavica Maleti¢, et al., Study of structural and spectral characteristics of crystal Y;Als0,, Al,O3 and ...

Contemporary Materials, VII-2 (2016)

Page 192 of 200

dependency remained almost identical for all test
frequencies in the studied interval. The dependence
of dielectric loss as a function of temperature and
frequency for YAG crystal is shown in Figure 1(b).
The measured values of dielectric losses were
relatively small, of the order of 10*. The results of
e(T) and tand(T) were in accordance with the
published results of other authors at frequencies of 1
kHz, 1 MHz [9, 10]. The Figure 1(b) shows a slight
increase in dielectric loss with increasing the tempe-
rature. The trend of dependence of tand(T) does not
depend almost at all on the test frequencies. The
experimental results of the dielectric permittivity
and dielectric loss of the doped YAG:Ti and
Y AG:Cr crystals are shown in Figures 1 (c) - (f).

All these samples showed a temperature
dependence of the dielectric permittivity that corre-
sponds to crystals with ionic and covalent bond. For
this type of crystal, the permittivity can be described
according to M.Lj. Napijalo [11], using the formula:

e (D) =1+5%, (1)

where C. and 6, are constants. The existence of this
dependence makes it possible to predict the behavior
of these materials in a wider temperature range.

A similar dependence trend &(7) was obser-
ved in YAG:Ti, YAG:Cr and YAG:Fe crystals in the
temperature range from 50 K to 350 K. However, it
can be noticed in Figure 1(c) that at temperatures
above 350 K &(7) they had slight deviations compa-
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red to the undoped YAG crystal. This deviation was
observed for all doped samples at a temperature
higher than 350 K. In the paper [12], the results of
dielectric measurements for YAG crystals contai-
ning ions Ti, Cr and Fe before and after thermal
treatment at a frequency of 1 MHz were published.
They were thermally treated by annealing at 600 ° C
for 3 h. The results showed that the value of the
dielectric permittivity was lower after the annealing,
indicating that most likely it was a case of decrease
in the concentration of oxygen vacancies. In connec-
tion with this, a lowering of the dielectric
permittivity in the doped samples can be explained
by a decrease in the concentration of oxygen vacan-
cies caused by the increase in the temperature.

All these experimental results demonstrate the
important fact that these crystals show a high
stability of dielectric characteristics relative to the
doping, temperature change and the frequency chan-
ge.

A mild increase in dielectric permittivity
occurring with increasing the temperature was
observed for monocrystalline Al,O; sample.
Permittivity increased with increasing the temperatu-
re. The results for Al,O5 dielectric measurements are
described and published in [13, 14].

These are important results which describe the
dielectric properties of crystals with a large interzo-
nal gap in a wide temperature and frequency range.
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Figure 1. The dielectric permittivity as a function of temperature and the logarithm of the frequency of (a) YAG, (c) the
YAG:Ti (e) the YAG:Cr and tan(o) for (b) YAG, (d) the YAG:Ti, and (f) the YAG:Cr

On the other hand, the optical properties of
YAG crystals are very sensitive in relation to the
presence of impurities. Based on the preliminary
experimental results, it may be said that the optical
absorption of YAG crystals in the energetic field of
about 4.5 eV to 6.4 eV is greatly influenced by
impurity [15]. The absorption of this energy field
changes with different dopants in YAG. These diffe-
rences may stem from differences in crystal growth
conditions, the purity of materials and stoichiometry
[12]. Also, the absorption in this area changes during
the oxidizing and reducing treatments, as well as
under the influence of all types of radiation, such as
X- and y- irradiation.

Our study of optical spectra included the
recording of transmission spectra of YAG, YAG:Ti,

YAG:Cr and YAG:Fe mono-crystal samples in the
range of wavelength 190 — 900 nm. Figure 2 (a)
shows the transmission spectrum of undoped YAG
crystal at room temperature. It was noted that the
undoped YAG crystal was transparent at wave
lengths greater than 195 nm. On the spectra of doped
crystals, Figures 2 (b), (¢) and (g), the shift of the
absorption edge towards longer wavelengths, i.e.
towards lower energies, was observed. The
transparency of the samples of YAG:Ti, YAG:Cr
and YAG:Fe started at wavelengths of 252 nm, 242
nm, 264 nm respectively. In addition, in the spectra
in Figures 2 (b) and (c), it can be observed that addi-
tional absorption peaks appeared for the YAG:Ti
and YAG:Cr crystals. The observed peaks are shown
in Table 1. With regard to the YAG:Ti crystal, the
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observed absorption peaks had low intensity and
were observed at the wavelengths of 390 nm, 480
nm and 560 nm. These absorption peaks correspon-
ded to the abstraction of electrons by oxygen caviti-
es and Ti*" transition in the crystal field. The spec-
trum of YAG:Cr crystals showed an absorption strip
of lower intensity at 330 nm and two very strong
absorption bands at about 430 nm and 600 nm. The-
se peaks appeared because Cr’* ions occupied octa-
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hedral positions in the YAG crystal grid.
Additionally, experimental results, which are based
on the theory of valence shifts, indicated that part of
the Cr’* ions moved to the valence state Cr*". Other
absorption peaks were not observed for YAG:Fe.
Based on the results of luminescent spectra, the Fe**
ions were installed on tetrahedral and octahedral
position A",
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Figure 2. UV-Vis transmission spectra of (a) YAG, (b) the YAG:Ti (c) the YAG:Cr, and (d) the YAG: Fe

The analysis of optical absorption spectra is
one of the most important methods for determination
of the energy of Eg optical gap of the crystal. Based
on the spectra a(hv), the optical gap is determined by
using the relation [16]:

(ahv) = A(hv— E )" ()
where a is absorption coefficient, 4 — constant not

dependent on energy, Av — energy, m — exponent
which determines the type of electronic transition (m

= 1/2 for the allowed direct transition, and m = 2 for
the indirect transition) and Eg is an optical energy
gap. The optical energy gap for materials YAG and
Al,O; belongs to the direct optical transition. The
value of the energy gap can be determined by
extrapolation method based on (ahv)’ dependency of
hv [7]. Table 1 shows the obtained values of the
energy gap for crystals tested at room temperature.
The estimated value for the undoped YAG crystal is
6.3 eV. This value is consistent with the
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experimental data from the study [15]. For the doped
YAG:Ti, YAG:Cr and YAG: Fe crystals the obtai-
ned values of the energy gap were 4.98 eV, 4.92 eV,
4.53 eV, respectively. These values were significan-
tly lower than the values for the undoped crystals.
This is an important result because it tells us about
the sensitivity of the optical characteristics of YAG
crystals to doping. The maximum deviation was
observed for crystals of YAG:Fe.

In addition to measuring optical spectra at
room temperature, the optical measurements were
carried out at temperatures higher than room tempe-

rature (400 K). The results of these measurements
showed that the value of the energy gap slowly dec-
reased with the increase of temperature. These chan-
ges were very small (only to 0.05 eV), which indica-
tes the optical stability of these materials.

Optical measurements were performed for the
oxide Al,O; and showed that the Al,O; crystal was
transparent throughout the studied range 190 — 900
nm. Based on the data from the literature, the value
of the optical gap is 8.8 eV [17], which is consistent
with the transparency in the spectrum.

Table 1. Optical characteristics of samples of monocrystalline YAG, YAG:Ti, YAG:Cr, YAG Fe

Start of absorption (nm) | The optical gap, £g (eV) Peaks (nm)
YAG 195 6.31 /
YAG:Ti 252 4.98 390,480,560
YAG:Cr 242 4.92 330,430,600
YAG:Fe 264 4.53 /

3.2. The measurement results SrTiO; and
discussion

Strontium titanate is an ionic crystal of the
perovskite structure known as a quantum paraelec-
tric. The temperature dependence of the dielectric
permittivity at temperatures below room temperatu-
re, and above 50 K is described by the Curie-Weiss
dependence &(7) = C/(T-6), where C and & are con-
stants. At low temperatures (T < 50 K), permittivity
deviates from the Curie —Weiss law, when the
dependence of the dielectric permittivity can be
approximated by Barrett's formula [18]. This
discrepancy is explained by the existence of
quantum fluctuations that prevent long-range order.
Since the ferroelectric transition was not observed in
quantum fluctuations, this crystal is known as
quantum paraelectric. This study aims to examine
the doping samples to determine whether deviations
from their characteristic behavior exist.

Figure 3 shows the dependence of the dielec-
tric permittivity &(7, f) as a function of temperature
and frequency for undoped STO and doped STO:Ni,
STO:Nd, STO:Sm crystals [4]. For all the studied
samples, the value of dielectric permittivity
gradually decreased as the temperature increased for

all test frequencies and it can generally be described
using the Curie-Weiss law which is in line with the
results from the literature [19]. Also, it is noticeable
that the temperature dependence was loosely related
to the test frequencies. Further, in Figure 3b, the
STO crystal doped by Ni ions showed a weak
dependence of dielectric permittivity SrTiO; on tem-
perature. A similar temperature dependence was
observed in other crystals doped by 3d ions as
described in [20,21]. The values of dielectric
permittivity for all tested samples doped by 3d ions
were lower than the corresponding values for the
undoped STO.

Our measurements of the dependence &(7) for
the undoped STO confirms the well-known fact from
the literature that the existence of antiferodistorsion
structural phase transition at 105 K does not lead to
anomalies in the temperature dependence ¢, (7).

In contrast to the dependence, shown in Figu-
res 3 (a) and (b), Figures 3 (c) - (d) show that there
was a change in the speed of growth of the dielectric
permittivity at temperatures below 120 K for the
doped crystals 4f (Nd and Sm) ions. As the tempera-
ture fell, the permittivity gradually increased, and
then there was a sudden growth at the temperature of
about 120 K.
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Figure 3. Dielectric permittivity as a function of temperature and frequency for (a) SrTiOs, (b) SrTiO;:Ni,
(c) SrTiO;:Nd and (d) SrTiOs;:Sm monocrystals [4]

To see the impact of doping by 4f - ions on
dielectric characteristics more clearly, Figure 4 pre-
sents the inverse temperature dependence of the
dielectric permittivity ¢ ' (7) for undoped and doped
STO:Sm for test frequencies of 80 kHz, 2 MHz, 5
MHz, and 8 MHz [22]. There are two clearly obser-
vable fractures of the curve & '(7), one at the tempe-
rature around 90 K and the other at 120 K. The well-
known structural phase transition actually belongs to
the interval of 90 K — 120 K. In general, based on
the previous measurements of dielectric characteri-
stics it can be said that for the sample doped by 3d
ions (Ni, Mn, V, Fe), there was a hardly noticeable
fracture of inverse curve ¢ '(T) at the temperature
close to the structural phase transition. In samples
doped by the rare earth element, this fracture can be
very clearly observed [22].

The difference between a subtle phase transi-
tion for STO crystal doped by 3d ions and clearly
visible for STO crystal doped by 4f ions may indica-
te significant differences in the role that 3d and 4f
ions have in the lattice of the STO.

In order to explain the origin of these diffe-
rences, we conducted a detailed analysis from the
point of the package of ions in the lattice of the
perovskite crystals. Generally, to describe the
stability of the perovskite structure, Goldsmith
introduced the tolerance factor . We consider that
perovskite structure ABO; is tightly packed if the
value tolerance factor is close to one. For STO
crystal the value is 1.001, which places it in a group
of ideal perovskite structures. The degree of packing
of ions A or B in the perovskite lattice ABO; is well
described by partial tolerance factors ¢ = (ra+ro)/a
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and = 2(rgt+ro)/a, where a is the lattice parameter,
ra, rp and ro are the radii of the corresponding ions
[23]. The lattice parameter of the STO mono-
crystals has a value of 0.3905 nm. On the basis of
this approach when ¢, or <1, ions A or B can fluc-
tuate around their positions, while in the case where
the #; or > 1, A or B ions are tightly packed [23].
Using the Valence shift method (VSXR), it
was established that in almost all samples some part
of the Ti*" ions moved to the state of Ti’". The rea-
sons for this change can be the crystal growth condi-
tions, non-stoichiometry of the samples or a com-
pensation of the charge. The biggest move, up to
20%, was observed in the samples doped by Sm and
Nd ions [24]. Bearing in mind the electronic distri-
bution of the zones in the case of the state of Ti*",
one electron is in the 3d zone and thus the radius of
Ti ions in the same environment is greater. This
generally contributes to reducing the value of the
tolerance factor and, therefore—to a greater rotation
instability. Table 2 presents the estimated value of
partial tolerance factor for 3d (V, Mn, Fe, Ni) and 4f
(Nd, Sm, Er) ions [4]. lon radii given in the table are
the radii of ions for the assumed corresponding envi-
ronment and the corresponding valence. 3d elements
with coordination number 6 have a similar radius to
the radius of Ti ions. The radius of Ti*" ions in octa-
hedral environment is 0.605A. Taking into account
the size of the radius of ion dopants and comparing
with the radius of the ion lattice, it can be considered
that 3d ions are likely to be implanted in the Ti*"
position in the perovskite crystals. For these ions,
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the calculated values of partial tolerance factor, #,
are greater than 1. According to this value, 3d ions
are firmly implanted in the grid SrTiO;.

The valence of ions of rare earth oxides in the
perovskite is usually 3+ [25]. Comparing the values
of the radii, 4f-ion (Sm3+, Nd*, Er3+) are close to the
radius of Sr*" ions. The radius of Sr*" in dodecahe-
dron environment with coordination number 12 is
1.44 A. These data suggest that the RE** ions during
crystal growth will take position of ion A rather than
B. In this case, RE’ ion acts as a donor dopant
necessitating a local charge compensation. Excess
electrons can be affected by the Ti*" ions which will
be transformed to Ti’" ions. Table 2 shows that the
calculated partial tolerance factors #; of RE*" ions
are less than 1. This indicates that the 4f ions can
fluctuate in the A position, which further suggests
that the 4f ions are not so firmly embedded in the
crystal lattice. Furthermore, the incorporation of rare
earth ions in the STO lattice inter-ion RE-O distan-
ces differs from the distances Sr-O, which causes
changes in the polarizability of ions also changing
the shape of a regular octahedron TiO4. On the other
hand, TiOg octahedron plays an important role in the
structural phase transition (T = 105 K). The angle ¢
of rotation of the octahedron TiOg is the primary
parameter of aniferodistorsive phase transition order.
The absence of fracture of the dielectric permittivity
in dependence of temperature for samples doped by
3d ions could indicate that 3d doping has no signifi-
cant impact on a network consisting of TiOg octahe-
drons.
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Figure 4. Inverse of dielectric permittivity (a) of pure SrTiO; and (b) SrTiO;:Sm crystal (test frequen-
cies of 80 kHz, 2 MHz, 5 MHz and 8 MHz) [22]
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Table 2. Partial tolerance factors t| and t, for the 3d and 4f ions in the STO [4]

. . .. Partial toleran- | Partial toleran-
Ton Coordination Valence Tonic radii ce factor ce factor
number [A] N ‘

Ti VI 3+ 0.67 1.06

Ti VI 4+ 0.605 1.027

V VI 2+ 0.79 1.121

\% VI 4+ 0.58 1.014
Mn VI 2+ 0.67 1.060

Fe VI 2+ 0.83 1.142

Ni VI 4+ 0.53 0.99

Ni VI 2+ 0.69 1.070

Nd VI 3+ 0.98 1.220

Sm VI 3+ 1.03 1.244

Er VI 3+ 0.89 1.172

Sr X1I 2+ 1.44 1.025
Nd XII 3+ 1.27 0.967
Sm XII 3+ 1.24 0.956
Er X11 3+ 1.15 0.923

In addition to the dielectric measurements, the
measurements in the UV - Vis and IC range were
carried out. Without going into details, we would
like to emphasize that there is a significant differen-
ce in the absorption spectra between samples of STO
doped by 3d and 4f, which was analyzed in detail in

paper [4].

4. CONCLUSION

This paper presents the results of studying the
spectral and structural characteristics of the crystal
Y;Al501, (YAG), Al,O3 and SrTiO;. Dielectric and
optical properties of undoped YAG crystals and
doped YAG:Ti, YAG:Cr and YAG:Fe crystals were
compared. The results of UV-Vis spectra showed
that the optical properties of YAG crystals are sensi-
tive to the presence of dopants, which moved
absorption edges, reduced the value of the energy
gap and led to the emergence of new absorption
peaks in the optical region of the spectrum. For
YAG the obtained value of the energy gap was
6.91eV and for YAG doped by 3d ions (Ti, Cr, Fe)
were 4.98 eV, 4.92 eV and 4.53 eV respectively.
Within the test temperature and frequency range, the
trend of the temperature dependence on the dielec-
tric permittivity did not change significantly with the
doped crystal as compared to the undoped ones. The
deviation from dependence characteristic of ionic
crystals and crystals with covalent bonds was obser-
ved for the temperatures above ambient (T > 350 K).
Such a deviation was observed in all the doped sam-
ples. This can be explained by the diffusion of

defects and ordering of stoichiometry of the sam-
ples.

The analysis of the dielectric measurements of
STO crystals showed that in samples doped by 3d
ions the Curie-Weiss law was valid for temperature
greater than 50 K. For samples which were doped by
ions 4f- the change observed was the increase of the
dielectric permittivity with temperature decrease in
the range about 80 —120 K. The temperature which
corresponded to the temperature T = 105 K of the
structural phase transition of SrTiO; was in the mid-
dle of this interval.

From the point of tolerance factors, 3d ions
were implanted at the position Ti in the lattice of the
STO. On the other hand, 4f ions replaced Sr ions and
thereby influenced the mechanisms of dielectric
polarization, especially near the antiferodistorsive
phase transition at 105 K.

We can conclude that the dielectric and opti-
cal properties of the studied crystals depend on the
type of doping ions and defects. Changes that occur
can have an important impact on the performance of
optical fiber devices, electronic memory devices, in
magnetooptic and microwave engineering, and it is
because of these numerous reasons they should be
studied in more detail.
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FOR

[MPOYYABAKE CTPYKTYPHUX U CITEKTPAJTHNX KAPAKTEPMCTUKA
JIACEPCKUX KPUCTAIJIA Y;Al50,,, Al,O3 U SrTiO; JOIIMPAHUX 3d- U 4f- JOHUMA

Cawxerak: [IpenMer mpoydaBama HaIIMX HCTPAKUBamka Cy YTULAjH PasIHYUTHX
TpeTHpama Ha CTPYKTYpHE M cHekTpaiHe kapaktepuctuke okcuaa (Y;AlsOi,, SrTiO; u
AlLO3) xoju mpumamajy TpymH jOHCKHX KpHCTana ca BenukuM Mehy3oHckum remom. IIpo-
ydJaBaHE Cy IWENCKTPUYHE M ONTHYKE KapaKTEPHCTHKE JIACEPCKOT MOHOKpHCTala UTPHjyM
amymuHAjyM TpaHata Y;Als0p (YAQG), nonmpasor joHnMa u3 rpyme reoxha (3d-), MoHO-
kpuctana Al,O; nu monokpucrana SrTiO; momupanor 3d- u 4f- jonuma. 36or moOpux
(U3MUKUX U ONTHYKHX KapakTepucThka Jiacepcku kpuctand YAG u Al,O; u HecBojcTBe-
HU napaenekTpuk SrTi0; 3ay3uMajy BaKHO MECTO Y TEXHOJIOTHjH U Ka0 TAKBH MMajy BEJH-
Ky mnpuMeHy. JluMelekTpudyHa CBOjCTBa HCIHMTHBAHMX MOHOKPHCTaja Cy aHaJlM3UpaHa
kopumhemem auenextpuune cnekrpockonuje (80 kHz — 15 MHz) y mmpokom Temnepa-
typckoM uHTepBaiy (50—400 K). 13BpiueHo je ynopehuBame TemrepaTypckux 3aBUCHOCTH
JMEIeKTPUYHE TPOITYCTIBUBOCTH (€;) U AMENEKTPUYHKX TyOuTaKka (tand) 3a paziaudure TecT
(pexBeHnMje 3a HepoNUpaHe U jonupaHe Kpucraite. ONTHYKA CBOjCTBA Cy NpOy4YaBaHa Ha
OCHOBY amncopriuoHux cnekrapa y UV-Vis peruony. ExcriepuMeHTanHn pesyiTaTd cy
mokazanu na npucyctBo 3d- momanta y YAG KpHCTady IpOY3pOKYyje IMOMepame arcopIi-
IIOHE WBHIIE KA0 U I0jaBy KapaKTepHCTHYHHUX NMUKOBA. Pa3nuke Koje cy youeHe y arncopi-
MOHKMM CIIEKTpUMa HajBepoBaTHHUje cy mocienuna yrpahusama 3d- jona Ha aBe moryhe,
CHUMETPH]CKH pa3IMuuTe MO3MIHMje joHAa AyMUHHjyMa, TeTpaelapcKke U OKTaenapcke, y
KpuctanHoj pemeTkd YAG kpuctana. IlpoydaBame criekrpanaux kapakrepuctuka SrTi0;
Cy mokasaja ja jonupame 4f-joHrMa 3HayajHHje yTHYE Ha CTPYKTypHE KapaKTepPHCTHKE
SrTiO; moce6HO y OiM3UHU CTPYKTYpHOT (ha3HOT Ipena3a Koju ce JelllaBa Ha TeMIepaTypu
oko 105 K

Kibyune peun: Y;Al;0y,, SrTiO;, nonupame, TueleKTpruyHa criekTpockonuja, UV-
Vis criekTpockonuja.



