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ABSTRACT

Background. BaGaz04 is a wide-band-gap oxide with promising luminescent and
electronic properties, making it a potential host for phosphor and optoelectronic materials.
Controlled doping provides an effective approach for modifying its luminescence, defect
structure, and charge-transport properties.

Materials and Methods. Undoped BaGa204 (BGO), BGO: 0.1 mol% Mn, and BGO:
0.1 mol% Mn, 0.2 mol% Zr were synthesized by the high-temperature solid-phase method.
Photoluminescence and photoluminescence excitation spectra were measured at room
temperature. DC conductivity was investigated in vacuum in the temperature range of 370—
490 K, while AC conductivity was measured in the frequency range of 100 Hz—50 kHz using
an excitation electrical field amplitude of 5.0 V.

Results and Discussion. Undoped BGO exhibits intense broadband blue
luminescence with a maximum near 410 nm, attributed to host emission centers. Mn
doping shifts the emission maximum to 430-440 nm, significantly decreases the intensity,
and introduces an additional excitation band at 270-340 nm, indicating the existence of
an effective excitation channel associated with Mn centers. Co-doping with Zr further
decreases the intensity but does not substantially change the emission spectral
composition. According to the CIE 1931 analysis, the color purity decreases from 80% for
BGO to 75% and 71% for Mn- and Mn-Zr-doped samples, respectively. Electrical
measurements show that Mn doping increases DC conductivity by more than an order of
magnitude, whereas Mn-Zr co-doping reduces the conductivity while maintaining values
above those of undoped BGO. The DC activation energies remain close, ranging from
1.15to 1.19 eV. AC conductivity exhibits frequency dispersion described by the universal
Jonscher law, with the temperature dependence of the exponent s indicating changes in
localized charge-transport mechanisms.

Conclusion. Mn and Mn-Zr doping effectively modify the optical and electrical properties
of barium gallate through changes in localized states and defect structure. The ability to tune
luminescence and charge transport highlights the potential of doped BaGa204 for phosphor
and optoelectronic applications.

Keywords: BaGax04, Mn-Zr dopants, luminescence, electrical conductivity, localized
states, phosphors
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INTRODUCTION

BaGa:0s is a wide-band-gap oxide with a hexagonal structure formed by a framework
of GaOu4 tetrahedra and containing channels occupied by Ba?* ions [1]. Owing to its high
thermal and chemical stability, structural robustness, and ability to accommodate optically
active impurities, BaGa204 is considered a promising host matrix for luminescent and
multifunctional oxide materials [2]. Modification of its optical and electronic properties
through controlled doping makes this material attractive not only for phosphor applications
but also for emerging optoelectronic technologies, where the combination of light emission,
charge transport, and defect-state engineering is particularly important.

The optical and electrical properties of wide-band-gap oxides are strongly governed
by their defect structure, including intrinsic point defects, impurity centers, charge-
compensating defects, and localized electronic states [3]. These states can influence
carrier generation, trapping, transport, and radiative recombination, establishing a direct
relationship between the luminescent and electrical characteristics of the material. Doping
with transition-metal ions, such as Mn, provides an effective approach for introducing
additional localized states and modifying the concentration and distribution of defect
centers, thereby enabling control over both the emission characteristics and charge-
transport processes [4]. Such defect engineering is particularly relevant for optoelectronic
materials, since the performance of luminescent and light-sensing devices strongly
depends on the balance among carrier localization, charge transport, and radiative
recombination.

Co-doping with ions of different valence states and ionic radii provides an additional
means of tailoring the defect structure and local charge compensation in the BaGa204
lattice. In particular, the simultaneous incorporation of Mn and Zr may modify the
concentration and spatial distribution of localized states and intrinsic point defects, thereby
affecting the pathways of charge transfer and the magnitude of electrical conductivity.
Changes in these processes can, in turn, influence the interaction between charge carriers
and luminescent centers. Similar relationships between doping-induced defect
modification, charge transport, and optical response have been observed in other wide-
band-gap gallium-containing oxides [5].

From the viewpoint of optoelectronic applications, simultaneous consideration of
luminescence and electrical properties is especially important. A material intended for
light-emitting, photodetection, scintillation, or other optoelectronic functions should
possess not only suitable emission characteristics but also controlled charge-carrier
transport and trapping behavior. Therefore, investigation of both DC and AC conductivity
can provide complementary information about the defect states and localized charge-
transfer mechanisms responsible for the functional properties of doped BaGa204. In
particular, the activation energy obtained from the temperature dependence of DC
conductivity provides information about the energy barrier governing the dominant
transport process, whereas the frequency dependence of AC conductivity can reveal the
contribution of localized carriers and their interaction with the surrounding defect
environment.

Although the structural and luminescent properties of BaGa204 and its doped
derivatives have been investigated [1, 2, 6], the relationship between impurity
incorporation, luminescence, charge transport, and localized-state dynamics remains
insufficiently understood. In particular, systematic studies combining the spectral
characteristics with the temperature and frequency dependences of DC and AC
conductivity in Mn-doped and Mn-Zr-co-doped BaGazx04 are limited. Analysis of these
characteristics is important for understanding how doping affects the localized charge-
transfer processes, and for assessing the potential of these materials as functional
components in optoelectronic applications.
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Therefore, the aim of this work is to investigate the spectral and electrical
characteristics of Mn- and Mn-Zr-doped BaGa204 phosphors and to elucidate the influence
of doping on their spectral response and charge-transport behavior. The combined analysis
of spectral and electrical properties provides insight into the role of doping-induced defects
and localized states and helps evaluate the prospects of Mn- and Mn-Zr-doped BaGa204
for phosphor and optoelectronic applications.

MATERIALS AND METHODS

The synthesis of the studied BaGa204 samples was carried out using a high-
temperature solid-phase method. Powders of barium carbonate (BaCO3), gallium oxide
(Ga203), manganese (lll) oxide (Mn203), and zirconium (IV) oxide (ZrO2) with a purity of at
least 99.99% were used as initial precursors. The calculation of impurity concentrations for
doping was performed using the isomorphic substitution model for Ga3* ions in the cationic
sublattice [6]. The weighed oxide mixtures were ground in an agate mortar with the addition
of isopropyl alcohol for 6 h. After that, the powder mixtures were formed into disk-shaped
samples with a diameter of 6 mm and a thickness of ~1.5 mm under a pressure of 100 atm,
and then sintered at 1523 K for 12 h. Three types of samples were prepared: undoped base
matrix (BGO), samples with 0.1 mol% Mn (BGO:Mn), and samples doped with
0.1 mol% Mn and 0.2 mol% Zr (BGO: Mn, Zr). According to the results of X-ray diffraction
analysis, all samples contained a single BaGa204 phase.

Photoluminescence (PL) and photoluminescence excitation (PLE) spectra were
recorded at room temperature using a Solar CM2203 spectrofluorometer. The PL spectra
were automatically corrected for the spectral response, and the PLE spectra for the Xenon
lamp emission profile.

To study the electrophysical properties of the samples, a highly conductive silver paste
was applied to the opposite surfaces of each disk. The diameter of the formed metal
contacts was 5 mm, ensuring a uniform electric-field distribution throughout the volume of
the material under study. DC conductivity measurements were performed in vacuum during
cooling from approximately 490 to 370 K. The frequency dependence of AC conductivity
was studied using a HIOKI IM3536 LCR meter over the range 100 Hz-50 kHz at an
excitation electrical field amplitude of 5.0 V.

RESULTS AND DISCUSSION

In the luminescence spectrum of undoped BGO samples when excited at a
wavelength of 250 nm, i.e., in the region of the fundamental absorption edge, an intense
broad emission band with a maximum near 410 nm is observed, which covers the spectral
range from approximately 325 to 625 nm (Fig. 1a, curve 1). The broad nature of this band
indicates its non-elementary nature and the possible superposition of several closely
spaced luminescence bands associated with different emission centers. The observed
luminescence in the blue-violet region of the spectrum can be attributed to intrinsic defects
or localized electronic states in the BGO matrix.

After the introduction of a manganese impurity, the luminescence intensity significantly
decreases compared to undoped samples (Fig. 1a, curve 2). At the same time, the
broadband maximum shifts to the long-wavelength region, approximately 430 nm. Such a
change in the spectrum indicates that the introduction of Mn significantly affects the
relaxation processes of the electronic excitation energy in the matrix. The decrease in the
intensity of intrinsic luminescence may be associated with the interception of excitation
energy by Mn centers and subsequent relaxation via the states of these impurity ions. In
this case, the shift of the maximum to the long-wavelength region may indicate a decrease
in the contribution of the short-wavelength component of intrinsic luminescence and a
simultaneous increase in the relative contribution of the radiation associated with Mn?*.

EnekTtpoHika Ta iHpopmauinHi TexHonorii « 2026 « Bunyck 35 221



Dmytro Slobodzyan, Markiyan Kushlyk et al.

(a) BGO (b) BGO
photoluminescence spectra photoluminescence spectra

3 hexe = 250 nm 35

P Exe 8 Agxe =290 nm
-

= &

8 8

c e

[ @

g o

2 o

£ 1 (undoped) £

£ E

s =

] -d

2 (Mn-doped)
’ 1 (undoped)
3 (Mn/Zr-codoped)
- -
300 400 500 600 390 400 500 600

Wavelength (nm) Wavelength (nm)

Fig. 1. Luminescence spectra of undoped (curve 1), doped with Mn impurity (curve 2), and co-doped with Mn-Zr
impurities (curve 3) BGO samples when excited in the region of the fundamental absorption edge at
250 nm (a) and when excited at a wavelength of 290 nm (b)

Mn2* ions in the crystal field are characterized by broad luminescence bands
associated mainly with intracenter d—d transitions. Their spectral position and intensity
depend significantly on the coordination environment of Mn2*, the symmetry of the local
crystal field, and the nature of the interaction between the impurity center and the matrix.
Therefore, the observed long-wavelength emission in the region of 430-440 nm can be
attributed to Mn2* centers, although additional data are required to unambiguously
determine the specific transition scheme, in particular, temperature dependence and time-
resolved luminescence measurements.

Co-doping with manganese and zirconium (Mn-Zr) leads to a further decrease in the
luminescence intensity (Fig. 1a, curve 3). This indicates that the introduction of Zr
additionally changes the relaxation mechanism of electronic excitation in BGO. Most likely,
this is due to changes in the concentration and nature of defect states, in the local crystal
field near the Mn2* centers, or to the appearance of additional non-radiative relaxation
channels [7].

When excited at a wavelength of 290 nm, which corresponds to the region of much
weaker absorption of the BGO matrix, the spectral pattern changes significantly (Fig. 1b).
For undoped samples, the luminescence intensity under such excitation decreases sharply,
which indicates a low efficiency of excitation of the intrinsic emission centers outside the
region of the fundamental absorption edge. In contrast, in BGO:Mn samples excited at
290 nm, a broad luminescence band with a maximum near 440 nm forms. Its intensity is
several times higher, and its spectral half-width is somewhat narrower than that of undoped
BGO samples. This is an important argument that, at 290 nm, excitation is more selectively
directed to impurity Mn centers, whereas at 250 nm, both the matrix’s own centers and the
impurity centers associated with manganese ions are simultaneously excited.

Thus, changing the excitation wavelength allows for partial separation of the matrix
and Mn impurity contributions to the luminescence spectrum. Excitation at 250 nm
preferentially activates BGO intrinsic centers through absorption in the region of the
fundamental absorption edge, while excitation at 290 nm more effectively activates Mn-
related impurity centers.

The luminescence excitation spectra presented in Fig. 2 further confirm the difference
in the luminescence mechanisms in undoped and doped samples. For undoped BGO,
when recording radiation at 410 nm (Fig. 2a, curve 1), the main excitation band is located
in the region of the fundamental absorption edge of the matrix. At the same time, in the
region of BGO transparency, the luminescence excitation efficiency is low. After Mn doping,
the excitation spectrum changes significantly; in particular, alongside the weak components
associated with matrix absorption, a broad band appears in the range of approximately
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260 — 340 nm (Fig. 2a, curve 2). lts presence indicates the appearance of an additional
absorption channel associated with impurity Mn centers. Accordingly, Mn luminescence
can be effectively excited without direct excitation of the interband transitions of the matrix.
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Fig. 2. Luminescence excitation spectra of undoped (curve 1), doped with Mn impurity (curve 2), and co-doped
with Mn-Zr impurities (curve 3) BGO samples when recording the luminescence at 410 nm (a) and
500 nm (b)

When recording luminescence at 500 nm (Fig. 2b), the contribution of impurity centers
is even more pronounced. At the same time, co-doping with Zr changes the excitation
spectra (Fig. 2b, curve 3), indicating the influence of Zr on the formation and relaxation of
excited states. The decrease in luminescence intensity in Mn-Zr samples may be
associated with reduced radiative relaxation efficiency or increased non-radiative
relaxation [7]. Thus, the results of excitation spectroscopy confirm the existence of an
excitation channel of Mn centers in BGO and explain the increase in the relative
contribution of long-wavelength luminescence when excited at 290 nm.

The additional UV excitation band with a maximum near 280 — 290 nm in the Mn-
doped samples may be associated with a charge-transfer transition from O% ligands to
Mn2* ions (0% — Mn2*), similar to charge-transfer excitation bands reported for Mn-doped
oxide materials, including zinc and magnesium gallates. Thus, the appearance of this band
indicates the formation of an additional excitation pathway involving Mn?* centers.
Consequently, Mn-related luminescence can be efficiently excited not only through
excitation of the BGO host matrix but also through direct charge-transfer excitation of the
Mn2* centers.

The color characteristics of the studied BGO samples were evaluated using the CIE
1931 chromaticity diagram (Fig. 3). Undoped BGO is characterized by chromaticity
coordinates located in the blue region of the diagram, and the calculated color purity is
approximately 80%. For Mn-doped samples, a moderate shift of the chromaticity
coordinates towards the green region and a decrease in color purity to approximately
75% are observed. This change is consistent with the shift of the luminescence spectrum
to the long-wavelength region after the introduction of Mn and an increase in the
contribution of broadband radiation from Mn centers. Co-doping of Mn and Zr leads to a
further change in the chromaticity coordinates and a decrease in the calculated color
purity to approximately 71%. At the same time, the change in the coordinates is relatively
small, indicating Zr mainly affects the luminescence intensity and the efficiency of
relaxation processes, and does not radically change the spectral composition of the
emission.

Thus, the CIE 1931 results show that the introduction of Mn and subsequent co-doping
with Zr do not cause a fundamental change in the color of the BGO emission, but gradually
shift it from the blue region towards the greenish-blue and are accompanied by a decrease
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in color purity. The main effect of doping is manifested not so much in the change in the
chromaticity coordinates, but in a significant change in the intensity and ratio of the intrinsic
and impurity components of luminescence.
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Fig. 3. CIE 1931 chromaticity diagrams of undoped, Mn-doped, and Mn-Zr-codoped BGO samples. The color-
purity values are also indicated for each sample

Overall, the results indicate that Mn is an active center that significantly alters the
mechanism of excitation-energy relaxation in BGO, and that the introduction of Zr further
modifies these processes. In this case, excitation at 290 nm is particularly effective for
selectively exciting Mn centers, as evidenced by the formation of an intense, broad
luminescence band with a maximum at about 440 nm.

Fig. 4 shows the temperature dependence of the DC conductivity of the studied
samples. For all samples, an increase in conductivity with temperature is observed,
indicating that the dominant transport process is thermally activated, a characteristic of
wide-gap oxide semiconductors and dielectrics. Undoped BGO samples demonstrate the
lowest conductivity values (gp¢), while doping with manganese ions leads to an increase
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Fig. 4. Temperature dependences of the DC conductivity of BGO, BGO:Mn, and BGO:Mn, Zr samples
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of more than an order of magnitude in the entire studied temperature range. For co-doped
BGO:Mn, Zr samples, the conductivity values occupy an intermediate position between
undoped and Mn-doped samples.

In Arrhenius coordinates, the temperature dependences are close to linear in the
range of conductivity changes by about four orders of magnitude. The calculated activation
energy values are 1.19 eV for BGO, 1.17 eV for BGO:Mn, and 1.15 eV for BGO:Mn, Zr.
The close agreement among the activation energy values indicates that Mn doping and
Mn/Zr co-doping do not significantly change the energy barrier of the dominant transport
process. This is also consistent with the behavior of deep centers in related oxides [8].
Given the wide-bandgap nature of BGO and its high activation energy, the observed
conductivity can be attributed to the thermally activated release of charge carriers from
localized defect states. One possible type of such states is deep electronic centers formed
by oxygen vacancies.

The increase in DC conductivity upon Mn doping indicates that the introduction of
manganese changes the electrical properties of BGO, although the obtained activation
energy values remain close to those for the undoped matrix. Unlike gallium oxide [7],
manganese ions do not create additional fast recombination channels in BGO. One
possible explanation for the observed increase in conductivity may be the formation of
localized electronic states associated with Mn centers or a change in the equilibrium of
intrinsic defects. In particular, during high-temperature solid-state synthesis, some
manganese ions may transition to the reduced state, Mn?2*. In the case of substitution of
trivalent gallium, such an ion acts as an effective negatively charged acceptor center. Its
compensation may occur, in particular, due to the formation of oxygen vacancies. In this
case, a change in the concentration of oxygen vacancies can affect the concentration of
charge carriers and the electrical conductivity of the material [9]. A similar effect of transition
metal impurities on electrical conductivity was previously observed in related wide-gap
gallium-containing oxides [10].

Co-doping with zirconium reduces conductivity relative to samples doped with Mn
alone. This behavior is consistent with the assumption that Zr modifies the defect
equilibrium in the material and partially compensates for defects that contribute to charge
transfer in Mn-containing samples [11]. The fact that the conductivity of the co-doped
samples remains higher than that of the undoped matrix may indicate incomplete charge
compensation or the formation of complex local defect clusters composed of manganese
and zirconium ions, which can participate in charge-transfer processes, thereby reducing
the overall resistance of the material [12]. Thus, the obtained data indicate a significant
effect of doping on the absolute conductivity but do not allow us to unambiguously
establish the charge-transfer mechanism. In addition to electronic conductivity, BGO may
have quite significant ionic conductivity through channels present in the material
structure.

AC conductivity studies (Fig. 5), conducted over the range 100 Hz to 50 kHz, reveal a
significant frequency dispersion, which is typical of dielectric materials and wide-gap
semiconductors with a high density of localized states. At 303 K, the conductivity of all
samples increases monotonically with increasing applied electric-field frequency. The
absolute values of AC conductivity at this temperature lie in the range from ~ 5x10-12 to
~5x101° (Q-cm)™'. The highest conductivity values are demonstrated by the Mn-doped
sample, while the undoped matrix is characterized by the lowest values. With a further
increase in frequency to 50 kHz, the curves partially converge, which may indicate a
decrease in the contribution of long-range charge transfer and an increase in the role of
localized relaxation and polarization processes [13].

When the temperature increases to 393 K, the overall AC conductivity increases,
reaching values in the range of ~5x10"" to 10° (Q-cm)'. At this temperature, in the
frequency region, approximately from 100 Hz to 1 kHz, there is a tendency for the curves
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Fig. 5. Frequency dependences of AC conductivity of BGO, BGO:Mn, and BGO:Mn, Zr samples at different
temperatures

to plateau. The presence of such a plateau may be associated with the dominance of the
DC component of conductivity at low frequencies.

In the high-frequency region, the AC conductivity exhibits a dispersion characteristic
of disordered and defective oxide systems and can be described by the universal Johnsher
law [14]:

Opc(W) = opc + A w5, (1)

where g, is the total AC conductivity, o is the DC component of conductivity, A4 is the
temperature-dependent coefficient, w is the angular frequency, and s is a dimensionless
frequency dependence index that characterizes the nature of the frequency dispersion and
is associated with the mechanism of localized charge transfer.

The temperature dependence of the parameter s has a non-monotonic character. At
303 K, its values are approximately 0.85 — 0.86, after which they increase to values close
to unity in the region of 360 — 370 K, and decrease with further increases in temperature.

The increase of the parameters to values close to unity may indicate a change in the
nature of the local relaxation of charge carriers. Such behavior can be considered within
the framework of models of tunneling of carriers between localized states, in particular, the
non-overlapping small polaron tunneling (NSPT) model [13], as well as the nearly constant
loss (NCL) model [15]. At the same time, the obtained results do not allow us to
unambiguously give preference to one of these models, and therefore, both interpretations
should be considered as possible.

With a further increase in temperature above ~ 370 K, a decrease in the parameter s
is observed. Such an inversion of the temperature dependence may indicate a change in
the dominant charge transfer mechanism and is characteristic of the correlated barrier
hopping (CBH) model, within which the s index decreases with increasing temperature [13].
This may be due to thermally activated charge transfer between localized states through
potential barriers. With increasing temperature, the probability of thermally activated jumps
increases, which leads to a change in the frequency dependence of the conductivity [16].
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For Mn-doped samples, the transition to the region of decreasing s is observed already
at approximately 365 K, and the minimum values of the parameter reach approximately
0.75. This may indicate that the introduction of Mn changes the local environment of the
charge carrier localization centers and affects the nature of their frequency-dependent
transport. Substitution of Ga by Mn ions with a different ionic radius can cause local
structural deformations and change the distribution of potential barriers between
neighboring localization centers. Thus, even at close values of the activation energy of DC
conduction, doping can significantly affect the local dynamics of charge carriers.

CONCLUSION

It was found that undoped BaGa204 exhibits intense broadband luminescence with a
maximum near 410 nm, attributed to intrinsic emission centers in the matrix. Mn doping is
accompanied by a shift of the luminescence maximum to 430 nm and a significant decrease
in its intensity when excited in the region of the fundamental absorption edge at a
wavelength of 250 nm. When excited at 290 nm, a broad luminescence band with a
maximum near 440 nm is formed in BaGa204 samples. The appearance of an excitation
band in the range of 270-340 nm indicates the presence of an effective excitation channel
associated with Mn centers and the possibility of their more selective excitation compared
to the intrinsic centers of the matrix. Co-doping of Mn-Zr leads to a further decrease in
luminescence intensity, which may be due to changes in the matrix defect structure and an
enhancement of non-radiative relaxation. At the same time, the introduction of Zr does not
significantly change the spectral composition of the emission.

According to the CIE 1931 chromaticity diagrams, undoped BaGa204 exhibits blue
emission with a color purity of about 80%. Mn doping and Mn/Zr co-doping cause a
moderate shift of the chromaticity coordinates towards the green region and a decrease in
color purity to about 75 and 71%, respectively. The results demonstrate the possibility of
controlling the spectral and color characteristics of BaGa204 luminescence through doping
and by varying the excitation wavelength, which opens prospects for its use in
optoelectronic applications.

Doping BaGa204 with Mn impurities increases DC conductivity relative to the
undoped matrix. Co-doping with Zr/Mn impurities reduces conductivity compared to
samples doped only with Mn, however, its values remain higher than for the undoped
matrix. The activation energies of DC conductivity for the studied samples are close, at
1.15-1.19 eV. This indicates that doping does not significantly change the energy barrier
of the dominant transport process. The observed change in the absolute conductivity may
be associated with a modification of the concentration of localized states and intrinsic point
defects.

The frequency dependence of the AC conductivity is described by the universal
Johnsher law. The non-monotonic temperature dependence of the parameter s indicates a
change in the nature of localized charge transfer as temperature varies. The increase in s
to values close to unity can be associated with tunneling or almost frequency-independent
transfer mechanisms, while the further decrease in s with increasing temperature is
compatible with the correlated barrier jump model.
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CNEKTPAJIbHI TA ENEKTPUYHI XAPAKTEPUCTUKU NTIOMIHO®OPIB
BaGa.04, IETOBAHUX Mn TA Mn-Zr

Amumpo Cno6od0d3sH*, MapkisiH Kywnuk, B’ssyuecnae Bacunsbuyis,
leaHHa Medegidb, AHOpili Jly4e4ko

KagheOpa ceHcopHOI ma HanigrnpogiOHUKOBOI efTeKMPOHIKU,

JibeiecbKuli HayioHanbHUl yHieepcumem iMeHi IsaHa ®paHka,

gyn. ['eH. TapHascbkozo, 107, flbsis, 79017, YKPAIHA

AHOTALIA

Bctyn. BaGa:04 € LUMPOKO3OHHUM OKCUAOM 3 NEPCMNEKTUBHUMM MIOMIHECLEHTHUMU Ta
€MNEeKTPOHHUMKU  BMACTMBOCTSIMM, WO pobUTb MOro MNOTEHUiAHOK  MaTpuuel  and
TNIOMIHOPOPHMX Ta ONTOENEKTPOHHUX MaTepianiB. KoHTponboBaHe neryBaHHs 3abesnevye
edeKkTMBHMIN nigxia Ao Moaudikauii noro nioMiHecueHuil, gedekTHOI CTpyKTypu Ta
BNacTUBOCTEN NepeHeCeHHs 3apsaay.

Matepianu Ta metogu. Henerosanuin BaGa204 (BGO), BGO: 0,1 mon.% Mn ta BGO:
0,1 mon.% Mn, 0,2 mon.% Zr 6ynn cuUHTE30BaHi BUCOKOTEMMNEPATYPHUM TBEPAO(aA3HUM
mMeToaoM. CnekTpu boToNOMIHECUEHLUIT Ta 30YIKEHHS (POTONOMIHECLIEHLIT BUMipIOBanmcst
3a kiMHaTHOI TemnepaTypu. [NpoBiAHICTE MOCTIMHOIO CTPYMy AOCHiAXyBanacs y BaKyyMmi B
pianasoHi Temnepatyp 370—490 K, Toai sk NpoBigHIiCTb 3MiHHOTO CTPyMy BUMIptoBanacs B
fpianasoHi vactor 100 lu-50 kly 3 BUMKOPUCTAHHAM amMnniTyan 306ymKyBanbHOMoO
enekTpuyHoro nons 5,0 B.

Pe3ynbTatn. HeneroBanuin BGO geMoHCTpye iHTEHCUMBHY LUMPOKOCMYTOBY OnakuTHY
NOMiHecLeHLilo 3  MakcMMymom nobnudy 410 HM, WO TMOSICHIOETLCS  LieHTpamu
BUNPOMiHIOBaHHSA MaTpuui. JleryaHHa Mn 3millye makcuMmym BUNpOMiHOBaHHA o 430—
440 HM, 3HAYHO 3MEHLUYE IHTEHCMBHICTb Ta CTBOPKE [0AATKOBY CMYry 30ymKeHHs
nomiHecLeHuii npyn 270—340 HM, Lo BKa3ye Ha HAsBHICTb e(peKTUBHOIO kaHany 30ymKeHHs,
noBe’sa3aHoro 3 ueHTpamu Mn. CninbHe neryBaHHs Zr 4OOATKOBO 3MEHLUYE iHTEHCUBHICTD,
ane CyTTeBO He 3MIHIOE CMeKTpamnbHWiA Cknag cBideHHs. 3rigHo 3 aHanisom CIE 1931,
yncToTa Konbopy 3meHwyeTbesa 3 80% ana BGO go 75% ta 71% nnsa 3paskis, eroBaHmnx
Mn i Mn-Zr BignoBigHo. ENekTpuyHi BUMIpOBaHHs NOKa3ytoTb, L0 rneryBaHHs Mn 36inbLuye
NPOBIAHICTb NOCTIAHOrO CTPyMy GinbLU HiXX HA NOPAJOK, ToAi siK cninbHe neryBaHHs Mn-Zr
3MeHLUYye NpoBigHICTb, 36epiraoym Npu LbOMY 3HaYEHHS BULLE, HiX Yy HeneroBaHoro BGO.
EHeprii aktuBauii nocTiiHoro ctpymy sanuarTbcs 6nusbkumn B gianasoni Big 1,15 go
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Dmytro Slobodzyan, Markiyan Kushlyk et al.

1,19 eB. lNpoBigHiCTb 3MiHHOIO CTPYMY AEMOHCTPYE HYacTOTHY AMCMEPCito, WO ONUCYETbCA
yHiBepcanbHUM 3aKkoHOM VoHLIepa, npuyoMy TemrepaTypHa 3aneXHiCTb MoKasHuka S
BKa3y€e Ha 3MiHM B ITOKani3aoBaHUX MeXaHiamax nepeHocy 3apsay.

BucHoBku. JlerysaHHs Mn Ta Mn-Zr edeKkTMBHO 3MIHIOE ONTUYHI Ta EnNeKTPUYHI
BMacTMBoCTi ranaTy 6apito LWnAXoM 3MiHM NokanisaoBaHUX CTaHIB i AedeKkTHOI CTpyKTypu.
3paTHiCTb HanawToByBaTU MIOMIHECLEHLIO Ta NEPEHOCUTIN 3apsaa NiAKPECroe noTeHuian
nerosaHoro BaGaz04 ans 3actocyBaHHA B noMiHOopax Ta ONTOENEeKTPOHiLi.

Knrouoei cnoea: BaGax04, gowmiwkn Mn-Zr, ntomiHecuUeHLUisl, enekTponpoBigHICTb,
nokanisoBaHi cTaHu, ftoMiHodopwm
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