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The spectra and kinetics of the rise and decay of the cathodoluminescence (CL) of thin films of
Y ,03:Eu obtained by RF-magnetron sputtering was investigated. Based on the shape of the CL spectra at
different excitation energies, showed the possibility of creating irregular solutions of yttrium and
europium oxides and the structura features of the surface and bulk layers. The time constant for the
decay CL for 612 nm emission was determined and the value of which is within the range (1.8 - 4.1) ms.
This value is a complex function of the type of film deposition atmosphere, the activator concentration
and duration of the exciting pulses was shown. The features of the risen CL and the proposal based on
the delay rise CL analyze structural perfection of Y ,O3: Eu thin films.
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I ntr oduction

Among the large number of materials the
luminescent materials have particular importance for
using in the optoelectronics. They are used for creating
displays, scintillators, for the means for recording and
visualizing information. The cubic yttrium oxide the
Y,0s is one widespread crystalline matrix of phosphors
that was activated with rare earth ions [1-4]. Among
them the most investigated phosphor micron dispersion is
the Y ,O3:Eu phosphor with red emission region. Results
of the investigation of this material can be used as the
base information for the analysis of the characteristics
and mechanism of luminescence in the investigation of
the impact of size effects and structural excellence on
emission efficiency submicron phosphors [5]. For this
purpose  we used the method of loca
cathodoluminescence (CL), which has a number of
features compared to traditional investigation optical
methods [6]. This method is highly sensitive to changes
in the eectronic structure of the material (impurity and
structural defects) as well as makes it possible to
investigate the change of luminescent properties of
structures and materials at a depth from 10-20
nanometers to several micrometers. Moreover, the high
energy excitation of luminescence alows the
investigation of optical transitions, for which the energy
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of excitation is needed above 6 €V (with vacuum
ultraviolet region). This method also allows investigating
the processes of energy transfer between the high-energy
states, the eectronic structure of defects, which are
channels for nonradiative recombination. All these
factors determine the kinetics of the rise and decay of the
luminescence, which caused her research in Y,Os:Eu thin
films.

Take note, that to obtaining films based on Y,0s
used a number of methods, so the films are different by
optical and luminescence properties because of their
different perfection. In this regard, in this paper
investigates spectral and kinetic CL properties of
Y.0s:Eu thin films, obtained by radio-frequency ion-
plasmous sputtering, which is optimal to obtain the most
homogeneous semiconductor and didectric films.

|. Experimental technique

Thin films of Y,0s;:Eu was obtained by radio-
frequency ion-plasmous sputtering in 100% atmosphere
of oxygen or in 100% atmosphere of argon in the system
using the magnetic field external solenoids for
compression and for additiona ionization the plasma
column on fused quartz v-SiO, substrates. The thickness
of the films ranged between 0.2 um and 1.0 um. The
initial components were of Y,0O; grade UtO-U and
Eu,O; with grade “oc.4”. The activator concentration
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was 2.5 and 5.0 ml. %. After deposition of the films, the
heat treatment in air at 950-1050°C was held. The X-ray
diffraction investigation showed the presence of the
polycrystalline structure films preferentially oriented in
the plane (222). The view of the obtained diffraction
pattern is nearly similar to the diffraction pattern for pure
Y ;05 thin films, which are given by usin [7]. Herewith,
the reflex from the plane (440) has a little more intensity
for the Y ,Os:Eu thin films which were deposited in argon
atmosphere.

The investigation of CL properties was conducted in
the pulsed electron excitation mode. The luminescence
spectra were recorded by instalation which was mounted
on the base C®-4A spectrophotometer by using ®EY-79
photomultiplier. The signal from photomultiplier fed to
the resonance amplifier and was recorded by ampermeter
as well asthe signal was transmitted through the anal og-
to-digital the converter of interface on the IBM/PC
computer for the record the spectrum of luminescence.
The scanning of the wavelength by monochromator was
carried using the stepper motor. The stepper motor was
driven by computer through control unit. The spectra of
luminescence were investigated in the range from 200
nm to 800 nm a 295 K. The kinetics of the rise and
decay were recorded using the FEU-79 photomultiplier.
Next digitizing the signal from the photomultiplier,
performed C1-117 eectronic oscillographe, allowed to
get the array of data, which was contained information
about the kinetics of the rise and decay in a convenient
form for further processing.

1. Results and discussion

The typical spectra of CL of the obtained Y,Os3:Eu
thin films a different energies excited eectrons are
shown in Fig. 1. The narrow bands of emission appear in
the spectra of luminescence of the thin films. These
bands are caused the intrinsic central transitions between
electron shells within Eu** activator. The wavelength of
maximum emission is| e = 612 nm, which corresponds
to red of luminescence. All the observed eectronic
transitions °Dy-'F; for EU®" ions are marked in Fig. 1.
They include the alowed magnetic dipole transtions
°Dyo-'F; (for EU®* ionsin C, and Cy lattice sites of Y,03)
and the allowed dectric dipole transitions *Dy—'F, (for
Eu** ions only in the sites C,). The unit cell of the cubic
Y05 has 32 of yttrium ions that can be substituted with
other of rare earth ions. 8 of these ions occupy the central
position (the Cs; symmetry), and the remaining of 24 ions
have lower symmetry C, [8, 9]. Thus, the Eu®*" ions may
find themselves in one of two non-equivalent positions
which leads to differences in spectra of luminescence. |If
to take into account that the radius of Y** ions and of
Eu®" ions are close enough to each other and are 0.90 and
0.94 A, respectively, therefore when we carry out
activation with europium ions of the Y,O; the cubic
structure of the crystal lattice are amost unchanged with
minor changes parameters[10].
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Fig. 1. The spectra of the CL of Y,Os:Eu thin films at
different energies excited electrons. The activator of
concentration is 5%, the atmosphere of deposition is Ar
(100%). The parameters of the pulse electron irradiation:
the current density of the eectron beam j=5x10% A/m?
the pulse duration 5x10™ s; pause between pulses 0.1s,
the energy of excited eectrons 5.0 keV (1) and 4.5 keV
)

In describing the spectrum of luminescence Y ,03:Eu
is often used so-called the "asymmetrical relationship”
l612/1506 Of intensity of luminescence bandsin 612 nm and
596 nm regions, that corresponds to the ratio of the
number Eu®* cations in the respective states of local
symmetry Nc, / Nc, [5, 10-13]. The luminescence at

612 nm band is determined by the €eectric dipole
transition >Dg—'F, that is very sensitive to the nearest
environment of the radiant Eu®" ion. The band with
maximum at 596 nm is determined by magnetic dipole
transition °Do—'F; which is insensitive to the immediate
environment [10, 13-15]. The ratio of amplitude
intensities lg1o/ls9 IS Used for estimation of the relation
Nc, / N, [5, 12, 14, 16] and for analysis of structural

perfection Y ,05:Eu*".
In the matrix Y,0; for Y** ions the ratio ch : NC3i

equal to 3:1in equilibrium state in the ideal lattice. With
a uniform substitution of Eu*" ions on Y*" ions we had to
get a close result. However, for Y,Os:Eu thin films this
ratio has significantly more value. The value of thisratio
depends on the energy of bombarding eectrons. For
example, at the eectric current dendty of excitation
5x10% A/m? the increase of energy electronic excitation
from 4.5 keV to 5.0 keV leads to the growth of thisratio
from 104 to 14.0 (Fig. 1). Note that the results of
amplitude ratio leoflsgs = (8-10) are close enough to
obtained the results in [5] at the invegtigation of
photoluminescence powder materials Y,Os:Eu different
dispersion, obtained by sol-gel method.

Our results show us that while increasing energy of
bombarding electrons, that is increasing depth of
penetration the eectrons in the Y,OgEu thin film,
contributes to increases the relative contribution of glow
Eu®* ions in the sites C, relatively Cs; sites in the
luminescence. Such rejection is most likely indicates the
formation of irregular oxide solutions of yttrium and
europium in Y,Os:Eu thin film during its deposition. The
increase energy of excited dectrons and, consequently,
their of the penetration depth shows that the rdative
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number of EU® ions in sites Cg predominates on the
surface regarding depth. The increase in the rdative
number of Eu®" ions at C, sites in the depth of the film,
the deposited in argon atmosphere (Fig. 1), most likdy
caused by the decrease in the local symmetry the
environment ions of europium by ions of oxygen.
Inasmuch as the film annealed in air atmosphere, the
local symmetry of Eu®" ions was increased in the first
place on the surface at the annealing process.

To investigate the mechanism of energy transfer
with rare-earth activator in the films of Y,0O; matrix we
have analyzed a number of the kinetics of the rise and
decay of the CL of Y,OzEu thin films for the
luminescence at | yox = 612 nm. The typical kind of
kinetics for various films depending on the excitation
energy is shown in Fig. 2 and in Fig. 3. It was found that
the kinetics of decay of luminescence the investigated of
Y,0z:Eu thin films at different energies and doses of
irradiation are well approximated by mono exponentia
functions. The obtained results show us that the time
constant of decay in the investigated films varies
depending on atmosphere deposition of films, the
activator concentration and the duration of the excitation
bombing impulses. In particular, it was found that the
Y ,0z:Eu thin films deposited in argon atmosphere and in
oxygen atmosphere with a concentration of activator 5
mol% are more of the luminous than the films with a
concentration of activator 2.5 mol%. The constant of
decay time for the first films are larger than for the
second films (Table 1). Furthermore, for all types of thin
films the decay time at low excitation duration (4 ms) is
greater than the decay time at high excitation duration
(69 ms). This can be explained by the fact that the
surface layers of the film ae more dtructurally
nonuniform than volume. So, most likely, after the
termination of the excited eectronic pulse these
heterogeneity have done contribute to the kinetics of
luminescence by increasing the time of decay due to the
greater relative contribution at low doses irradiation.

Tablel

The dependence of the constant decay time of the CL for

Y ,0z:Eu thin films deposited in argon atmosphere for the

luminescence at 612 nm from the excitation time and the
concentration of activator*

The Thetime of
concentration excitation 5
of activator tex10% s tx10% s
Eu®, mol%
25 4 3.7
25 6 2.2
25 9 2.2
50 4 41
5.0 6 34
5.0 9 3.3

*The density of excitation current 10” A/nT, the voltage
4.5keV.

At comparing of Y,O3:Eu films with different times of
irradiation but with the same activator concentration was
found that for films are irradiated with eectronic pulse
frequency of 100 Hz for 20 h the time constant of decay
is greater than for the non-irradiated films (Table 2). This
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is due to the fact that a long-times irradiation of the thin
films by édectrons the dructural defects or
inhomogeneities in the films in the region of value of the
depth of the penetration of the electron beam are formed.

10F 5

0,0 . : : :
1,0 1,5 2,0
t, ms
Fig. 2. The dependence the kinetics of the rise and decay
of the CL from the excitation energy and the
technological conditions to obtain Y,O0s:Eu thin films.
The parameters the pulses of the electron excitation: the
pulse duration 5x10*s; pause between pulses 0.1s, the
current density of the electron beam j=1x102 A/m? The
activator of concentration is 2.5%, the atmosphere of
deposition is Ar (100%), the energy of excited eectrons
55kev (1) and 6.0keV (2). The activator of
concentration is 5%, the atmosphere of deposition is O,
(100%), the energy of excited dectrons 4.0 keV (3) and
5.5keV (4), 7.0keV (5).
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Fig. 3. The dependence the kinetics of the rise and decay
of the CL from the excitation energy and the
technological conditions to obtain Y,O0s:Eu thin films.
The parameters the pulses of the electron excitation: the
pulse duration 9x10™s; pause between pulses 0.1s, the
current density of the electron beam j=1x102 A/m? The
activator of concentration is 2.5%, the atmosphere of
deposition is Ar (100%), the energy of excited eectrons
5.0keV (1) and 6.0 keV (2), 6.5 keV (3). The activator of
concentration is 5%, the atmosphere of deposition is O,
(100%), the energy of excited dectrons 5.0 keV (3) and

6.0keV (4), 6.5 keV (5).

. .
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Asshown in Table 1 and Table 2, the constant decay
time of the CL for the Y,Os:Eu thin films for the
luminescence at 612 nm is in the range (1.8-4.1) ms
depending on the structural perfection of films and
activator concentration.

The theoretical calculations of electric dipole
trangitions, magnetic dipole transitions and electric
guadrupole_transitions for lanthanide show that these
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values have the following meanings. tq~10" s
tmg~0.5%x107 s tq~2s [17]. Comparing the values
received by us with data based on the results of the
spectral composition of emission (Fig. 1) shows that we
have the luminescence caused by electric dipole
transitions and the emitting at 612 nm of Eu** ions arein
the crystal lattice sites of Y,03 with point symmetry C,.
Note also that the received by us the time constant of
decay t is good agreement with renowned researches the
decay of luminescence in different samples of Y,O5:Eu
[18-22]. As gtated in the [18] the value of the decay time
of °Dy'F, transition for Y,OsEu ceramics with
dimensions of the crystallites of 10 nm was obtained of
1.3 ms. In the investigation the constant of the decay

time of Y,03:Eu nanocrystals in [19] was found that the
constant of the decay time isin the range from 2.0to 3.7
ms. The research [20] show that the lifetime of Y ,03:Eu
nanophosphorus with size of 5 nm to 7 nm for the
concentration of activator 2.4 mol% is 3.08 ms, and for
the concentration of activator 5.2 mol% is 2.40 ms. For
the microcrystals the constant of the decay time at 612
nm of luminescence is less and for the concentration of
activator 3.5 mol% ist = 1.07 ms and for 5.2 mol% ist
= 1.02 ms. According to [21] for Y,O3:Eu single crystals
the constant of the decay timeis t»4 ms, whereasin [22]
for Y,0s:Eu single crystal s the constant of the decay time
is defined as 1.90 ms and 1.72 ms for the concentration
of the activator 3 and 8 %, respectively.

Table?2

The dependence of the constant of the decay time of the CL of Y ,Os:Eu thin filmsat 612 nm of luminescence
from the excitation time and the previous of the irradiation*

The atmosphere of deposition | The concentration of the Thetime of exitation, 5
films, theirradiation activator, mol% te¥10%, S t<10%s
Argon 100%, nonirradiated 25 4 3.7
25 6 2.2
25 9 2.2
Argon 100% irradiated 25 4 4.1
25 6 3.2
25 9 3.0
Oxygen 100%, 5.0 4 2.0
nonirradiated 5.0 6 19
5.0 9 1.8
Oxygen 100%, 5.0 4 40
irradiated 5.0 6 4.0
5.0 9 3.3
*The density of excitation current 10° A/nt, the voltage 4.5 keV.
Our investigation show that such differences in the
constant of decay time for Y ,O3:Eu phosphor a 612 nm )
of the luminescence, caused °Do-'F, electric dipole Conclusions

trangition, is due to the fact that thisvalue t isa complex
function, which is determined by the methods and
conditions of obtain, the ways and doses of excitation,
the size of crystallites, the perfection of structure and
concentration of the activator.

In the analysis the kinetics of the rise and decay of
the CL was found that the delay of the rise CL relatively
decay the impulse of the electronic excitation (Fig. 3) in
some cases is observed. This is brighter expressed for
Y ,0s:Eu films the deposited in oxygen atmosphere and
in addition this shift depends from the energy and dose
irradiation. In particular, by the increasng the dose of
electron irradiation (by increasing the impulse duration)
is observed shift over time of the maximum of the rise of
the CL relatively the decay the impulse of the electronic
excitation. This effect can be explained by structural
inhomogeneities, which are clearly manifested in the
films deposited in oxygen atmosphere. As a result of
such the inhomogeneities the ions of activator Eu** can
be located in interdtitial defective positions the crystal
lattice of Y,Os:Eu or carry out the trangitions due to the
diffusion between C, and Cs sites of YOz matrix. Thus
based on the dependence of the rise of the CL from
energy and dose of the irradiation can be analyze
structural perfection of Y ,Os:Eu thin films.
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On the basis of spectra form analysis of the CL at
different energies of the excitation is shown the
possibility of formation of irregular solutions of yttrium
and europium oxide in Y,0Oz Eu thin films and the
increasing the number of EU®" ions in a state of lowered
symmetry C, in depth the film reatively to the surface.
The obtained values the time constant of the decay of the
CL areindicate that luminescence of Y,Os:Eu at 612 nm
caused by the eectric dipole trandtions between energy
levels °Do-'F,. From the anaysis dependence the time
congtant of the decay of the CL from the concentration of
activator, conditions of the deposition and the time of the
irradiation was shown that the surface layers have more
the structural inhomogeneities than volume. The
structural perfection of Y,O3:Eu thin films can analyze
on the basis dependence of the rise of the CL from the
energy and dose of theirradiation was found.
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O.M. Bopays, 1.O. bopays, LH. Kyxapcekuit, L1 TTonoBurKO

BruinB yMoOB oaep:kaHHS i 30yA:KeHHS HA CNIEKTPAJIbHI | KiHETHYHI
XapaKTePUCTUKHU KAaTOA0JIOMiHecHeH il TOHKNX iIiBok Y03 Eu

JIvgiscoruti hayionaneruil ynigepcumem imeni leana @panxa, eyn. Yuisepcumemcora 1, m. JIvgis, 79000, Vrpaiua,
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Jlocni/pKeHO CIEKTpU Ta KIHETHKY pO3ropsiHHs 1 3aracanHs karomontoMiHecueHiii (KJI) TOHKHX ILUTIBOK
Y,0s:Eu orpumanux meronoMm BU-marnerponHoro nammnenns. Ha ocnoBi dopmu cnexrpis KJI mpu pizHux
eHeprisx 30yUKeHHs MOKa3aHO MOXJIMBICTB YTBOPEHHS HEPEeryJIspHHX PO3UHHIB OKCHAY iTPitOo 1 €BpoIil0 Ta
0COONMBOCTI CTPYKTYpH IIOBEPXHEBUX 1 00’ eMHMX miapiB. BusnaueHo mocrifiHy uacy 3aracanas KJI mis
cBiveHHs 612 HM, BenuumHa sikoi nepebyBae B Mexkax (1.8—4.1) mc. ITokaszaHo, 10 JaHa BEIUYMHA € CKIIATHONO
¢byHKUier0 Bix BuAy aTMocepd HAIMIEHHS IUIBOK, KOHLEHTpALii akTUBAaTOpa 1 TPUBAIOCTI 30yMKYHOUHX
immyinbeiB. JlocnimxeHo ocobnuBocti posropsiHaa KJI i 3anpornoHoBaHO Ha OcHOBI 3aTpuMku posropsiHas KJT
aHaJIi3yBaTH CTPYKTYPHY JIOCKOHAJICTh TOHKHX ILTiBOK Y O3:EU.

Kiro4oBi ciioBa: okcuj iTpiro, KaTOMOTFOMIHECIICHITIST, TOHKI ILTiIBKH.
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