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The Y,0;:Eu thin films were obtained by radio frequency (RF) ion-plasma
sputtering in different atmospheres. The phase composition of the ob-
tained films was investigated based on x-ray phase analysis and various
causes of diffraction stripes expansion were considered. It is shown that
an increase in the O, sputtering atmosphere of Ar leads to a decrease in
the size of the nanocrystallites forming the Y,05:Eu film from 5.9 to 5.0
nm and a decrease in the structural perfection of the films and an in-
crease in their mechanical stresses.

Metogom BucokouacToTHOro (BY) f0OHHO-IIJIa3MOBOTO PO3MOPOIIEHHSA B Pi3-
HuX aTMochepax ozep:kanHo ToHKiI miaiBku Y,05:Eu. Ha ocHoBi peHTreHO(DA-
30BOi aHAJNi3W AOCJHiA:KeHO (pas3oBUIl CKJIAJ OJEP:KAaHUX ILJIiBOK i PO3TIIAHYTO
pisHi mpuuMHM posmIMpeHHA AuPparkmiiiHux cmyr. IlokasaHo, M0 30iJb-
IIeHHS Y POBIOPOINTyBaNbHi#T arMocdepi Ar Bmicty O, TPUBOAUTEL IO 3MEH-
IIeHHA PO3MipiB HaHOKpHcranitiB, aki Gopmyrors muisry Y,0,;:Eu, Big 5,9
Io 5,0 HM i 3MeHIIIeHHA CTPYKTYPHOI MJOCKOHAJIOCTU IJIIBOK Ta 30iJbIlIeHHS
B HUX MeXaHiUHUX HAIPYKEeHb.

Metogom BbICOKOUYacTOTHOTO (BY) MOHHO-IJIa3MEHHOTO PACHBLIEHUA B pas-
JIUYHBIX aTMocdepax MoJydeHbl ToHKMe mIEHKU Y,05:Eu. Ha ocHOBe peHT-
reHo()a30BOTO aHAIM3a UCCIAENOBAH (ha30BBII COCTAB IMOJYUEHHBIX IJIEHOK U
paccMOTpeHbl pa3JIWdYHble TPUUYUHBI YIMUPEHUA AUPPAKIIMOHHBIX II0JIOC.
ITokazamo, UTO yBeJqMUeHNE B PACHBLLIUTENLHON aTMochepe Ar comep:KaHuA
O, TPUBOAUT K YMEHBIITEHUIO PAa3MEPOB HAHOKPUCTAJINUTOB, (POPMUPYIOIITNX
mnéHry Y,0;:Eu, or 5,9 mo 5,0 HM, YMEHBINIEHUIO CTPYKTYPHOTO COBEPIIIEH-
CTBA IIJIEHOK M YBEJWYEHUIO B HUX MeXaHUUYECKUX HAIPIKeHUH.
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1. INTRODUCTION

Among the materials for optoelectronics, luminescent materials
used in the creation of displays, scintillators, devices for recording
and visualization of information occupy a special place. The cubic
yttrium oxide is one widespread the crystalline matrix of phos-
phors, which activated by rare earth ions [1-3]. Among them, the
most investigated phosphor of micron dispersion is the Y,0;:Eu
phosphor with red colour of emission. The results of the study of
this material can be used as basic information to analyse the char-
acteristics and mechanism of luminescence in the study of the effect
of dimensional effects on the radiation efficiency of submicron
phosphors [4]. In recent years, studies on Y,0; nanoparticles acti-
vated by rare earth metals have been actively pursued in this area
[56, 6]. Such systems have unique spectroscopic properties, such as
anti-Stokes luminescence, quantum firing and prolonged afterglow,
due to the presence of rare earth metals [7]. The combination of
small sizes of crystalline particles and the presence of alloying im-
purities—luminescent centres—of rare earth metal ions ensures the
high efficiency and stability of the luminescence of such materials,
which contributes to the expansion of potential applications. This
led to structural studies of thin Y,0O,;: Eu films obtained by radio
frequency (RF) ion-plasma sputtering, depending on the composi-
tion of the sputtering atmosphere. This method is optimal for the
production of homogeneous semiconductor and dielectric films.

2. EXPERIMENTAL TECHNIQUE

Y,0;:Eu thin films 0.2-1.0 um thick obtained by RF ion-plasma
sputtering on fused quartz v-SiO, substrates. RF sputtering was
carried out in an atmosphere of argon, oxygen or a mixture of these
gases in the system using the magnetic field of external solenoids
for compression and additional ionization of the plasma column. As
the raw material were used Y,0,; grade UTO-U and Eu,0; with grade
‘oc.u’. The activator concentration was 1 ml.%.

The method of x-ray diffraction analysis (Shimadzu XDR-600)
for the structure and phase composition of the obtained films was
investigated. X-ray diffraction studies have shown the presence of a
polycrystalline structure with a predominant orientation in the
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plane (222). However, in the Y,0;:Eu films obtained in an argon
atmosphere, the reflex from the plane (440) has a somewhat higher
intensity. All diffraction peaks are identified according to the selec-
tion rules and belong to the space group Y}Z = Ia®, which indicates
the cubic structure of the films obtained.

3. RESULTS AND DISCUSSION

X-ray phase analysis is one of the most reliable ways of determining
the composition and structure of a test substance. Figure 1 shows
that x-ray diffraction patterns of thin films of Y,0;:Eu obtained by
RF ion-plasma sputtering in different atmospheres. A detailed ex-
amination of the diffraction patterns of Y,0;:Eu films deposited on
a non-heated substrate (without additional annealing in air) shows
that they contain a relatively wide band in the region 20 ~ 28-31°,
which is caused by the reflection from the plane (222) in Y,0; cubic
modification. For the ordered structure of Y,0;, the value of maxi-
mum is 20 = 29.18°. At the same time, we found that with an in-
crease in the oxygen content in the composition of the sputtering
atmosphere (Fig. 1, curves 1-5), the reflection maximum is shifted
towards larger values of the 20 angle and its asymmetry increases.
The reason for this shift may be a partial decrease in the inter-
planar spacing in Y,0;:Eu. Using RF sputtering, the structure of
the obtained films depends on such factors as the substrate temper-
ature, the energy and composition of the bombarding ions, and the
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Fig. 1. X-ray diffraction patterns of Y,O;:Eu thin films obtained by RF
sputtering (without annealing), deposited in an atmospheres of 100% Ar
(1), 75% Ar+25% 0, (2), 50% Ar+50% 0O, (3) 25% Ar+75% 0O, (4),
100% O, (5).
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composition of the sputtering target. In the presence of oxygen in
the sputtering atmosphere, determining for the formation of films
is the creation of defects, which include excess oxygen, because of
the interaction of oxygen that contained in the plasma with the cre-
ated of Y,05:Eu film. In particular, our studies have shown that
under the same conditions of sputtering of the target, the tempera-
ture of the Y,O;:Eu films are approximately 1.5 times higher at
sputtering in an oxygen atmosphere than at sputtering in an argon
atmosphere. Most likely, the observed increase in temperature is
caused by an increase in the intensity of the bombardment by O ions
of the created film [8].

Another reason the high sensitivity of the structure of Y,0;:Eu
films to the content of oxygen in the sputtering atmosphere can be
a change in the properties of the target itself at reactive deposition.
As shown in [9], the material of target is sputtered as a result of
direct impulse transfer from the ion that is bumping and the ob-
taining energy by a surface atom, and also due to the process of en-
ergy release in the surface zone of the target, when elastic colli-
sions of internal atoms are sufficient to knock out surface particles
[10]. Most experimental studies, especially when sputtering dielec-
trics and refractory materials, vindicate on the benefit of the mech-
anism of the first type. However, in the reactive environment, the
second mechanism can also have a significant influence on the pro-
cess of sputter [11]. At the increase of the partial pressure of oxy-
gen in the sputtering atmosphere, the darkening of the surface of
the yttrium oxide target was observed. This indicates a change in
the composition and structure of the target surface due to the re-
lease of energy in the surface zone of the target because of the oc-
currence of physic-chemical processes involving oxygen.

As known, the width of the diffraction bands depends on the
presence in the sample of defects, mechanical stresses and on the
size of the regions of coherent scattering (the size of the nanocrys-
tallites). Thus, the data on the widths of diffraction bands on dif-
fraction patterns can be used to determine the size of the particles
forming the sample and the mechanical stresses in them [12]. Ac-
cording to Debye and Scherrer, the relationship between bandwidth
and crystallite size d (nm) is given by the equation

d =0.941/BcosO, (1)

where A is the wavelength equal to 0.15418 nm (CuK,-radiation),
is the width of the band at half height, 0 is diffraction angle.

The second reason for the expansion of the bands on the diffrac-
tion patterns may be the defects and imperfections in the structure
of the crystallites, which cause the stresses in the crystals. Expand-
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ing of bands associated with stresses described by the relation

& = p/4tg0, (2)

where ¢ is the average value of the crystal-lattice stresses.

In the second case, for the characteristic bands on the diffraction
pattern, the ratios B /(4tg0) will be close in magnitude. If, however,
the band expansion is due to the presence of very small particles in
the sample, then the values of BcosO will be close for the character-
istic bands. Table shows the results of calculations of the crystallite
sizes d and the average values of the crystal-lattice stresses ¢ in
Y,0;:Eu films, depending on the composition of the RF sputtering
atmosphere, performed for the main characteristic band—29.2°
from the plane (222).

A graphical representation of the obtained results is shown in
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Fig. 2. The dependence of the nanocrystallite sizes (I) and the average
stresses of the crystal lattice (2) in Y,05:Eu thin films on the O, content in
the sputtering atmosphere Ar.

TABLE. Analysis of diffraction band extensions from the plane (222) in
thin films Y,0;:Eu, depending on the composition of the atmosphere of the
RF-sputtering.

Sputtering atmosphere |Ang1e 20, degree| B | d, nm | €
100% Ar 29.2 0.0279 5.9 0.0125
5% Ar+25% O, 29.2 0.0314 5.3 0.0140
50% Ar+50% O, 29.3 0.0332 5.0 0.0148
25% Ar+75% O, 29.4 0.0332 5.0 0.0147

100% O, 29.6 0.0332 5.0 0.0146
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Fig. 2. The analysis of the results in Table and Fig. 2 indicates that
for films deposited in a sputtering atmosphere containing 50% or
more O,, defects in nanocrystallites that cause mechanical stresses
are the main reason for the expansion of diffraction bands. This in-
dicates that the addition of O, to the sputtering atmosphere reduces
the structural perfection of Y,O;:Eu thin films and results in a re-
duction in the size of nanocrystallites forming a film from 5.9 to
5.0 nm, respectively.

4. CONCLUSIONS

Based on x-ray analysis data, it is established that Y,0;:Eu films
obtained by the RF sputtering are formed in cubic modification of
Y,0;, and the composition and type of formed modification are in-
dependent of the content in the sputtering atmosphere of Ar and O,
gases. Analysis of the diffraction band expansion based on the es-
timation of the magnitude of the crystal lattice stresses and the size
of the coherent-scattering regions showed that the increase O, in
the sputtering atmosphere of the Ar results in a decrease in the size
of the nanocrystallites forming the film Y,0;:Eu from 5.9 to 5.0 nm
and a decrease in the structural thickness and increase their me-
chanical stresses.
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