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Thin Y,0;:Eu films are obtained by the method of radio-frequency (RF)
ion-plasma sputtering in an argon atmosphere and discrete evaporation in
vacuum. Investigation of the surface morphology of thin films by atomic
force microscopy (AFM) shows that, when switching from RF sputtering
to discrete evaporation, the mean square surface roughness increases at
close diameters of nanocrystallite grains on the film surface. As estab-
lished, the grain-size distribution during RF sputtering corresponds to the
normal logarithmic distribution with one distribution centre, and for dis-
crete evaporation, this is with two distribution centres. The ratio of dis-
tribution centres indicates the coalescence of grains with themselves.

MeTtomoro BucokouacToTHOro (BY) #OHHO-IJIa3MOBOTO DPO3MOPOIINEHHSA B aT-
Moc(epi aproHy Ta AUCKPETHOTO BUIAPOBYBAHHA Yy BaKyyMi oJep:KaHO TOH-
ki maiBku Y,05:Eu. HocaimxenHa MopdoJioriii moBepXHI TOHKUX IIJIiBOK
MEeTOJ0I0 aTOMHO-CHJIOBOI Mikpockomii (ACM) mokasayo, IO TpU IIepexoii
Bim BY-posmopoIllieHHsA 0 AUCKPETHOTO BUIAPOBYBAaHHS 3POCTAE CepPemHsA
KBaApaTHUYHA MIePCTKiCTh MOBEPXHi 3a GJM3bKUX BEJIUYUH AiAMETPiB HAHO-
KpUCTAJNiUHUX 3epeH Ha I0BepxHi IIiBOK. BcTaHOBIEeHO, IO po3mofnis 3e-
peu 3a gismerpom npu BY-posmopolneHHiI BiamoBimae HoOpMaJIbHOMY Jiora-
PUTMIiYHOMY PO3HOAiJIy 3 OAJHUM IIEHTPOM PO3IOAiaY, a IPH AUCKPETHOMY
BUIAPOBYBAHHI — 3 ABOMA IleHTpaMu posmnoxiny. CIiBBigHOIIIEHHS IIEHTPiB
po3moAisy BKasye Ha 3POIYBaHHS 3epeH MisK coboio.

Metomom BbICOKOYacTOTHOTO (BY) MOHHO-MJIIa3MEHHOTO PACHBLIEHUA B aT-
Moc(epe aproHa M AUCKPETHOTO HCIApPeHUA B BaKyyMe IIOJYUYEHBI TOHKIE
mnéaku Y,05:Eu. UcciaenoBanue MopgoJioTH MOBEPXHOCTH TOHKUX IIJIEHOK
MEeTOJOM aTOMHO-CUJIOBOM MuKpockonuu (ACM) mokasajo, 4TO IPU IIepexo-
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me or BU-pacublieHus K JUCKPETHOMY WCIIAPEHUIO BO3PacTaeT CPeqHsAs
KBagpaTuuecKas IIIepPOXOBATOCTh IMOBEPXHOCTH IIPU OJMSKUX BeJIWUUHAX
IVNaMeTPOB HAHOKPUCTAJLINYECKUX B3EPEH Ha IIOBEPXHOCTH IJIEHOK. YCTa-
HOBJIEHO, UTO pacIpefesieHUe 3€peH o auamerpy npu BU-pacmblieHuu co-
OTBETCTBYEeT HOPMAJBbHOMY JOTapu(pMUUECKOMY pAacCIpemeeHUI0 C OTHUM
IIEHTPOM pacIipeJeieHns, a IPU AUCKPETHOM HCIapeHUd — C ABYMs IleH-
Tpamu pacnpegenenus. COOTHOIIeHNE IIEHTPOB pacIipe/ieieHus YKasbIBaeT
Ha cpacTaHue 3€épeH MeXKay co0oii.
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1. INTRODUCTION

Significant interest in the study of nanostructures of various chemi-
cal composition, structure and morphology caused by interesting
physicochemical, electrical, optical and other properties of nano-
materials, which open up broad prospects for their practical applica-
tion [1-3]. Among them, a special place is occupied by materials
doped with rare-earth ions (REI), which are key elements of modern
devices for generating, transmitting, and controlling optical signals.
One of the most used REIs is europium Eu®’, which is widely used in
nuclear power, to generate laser radiation in the visible spectrum
with a wavelength of 0.61 um, and Y,0;:Eu®" is the most efficient
phosphor emitting in the red spectrum [4-6]. The combination of
small sizes of crystalline particles and the presence of dopants as lu-
minescent centres, i.e., ions of rare-earth metals, provides high effi-
ciency and stability of the luminescence of such materials, expanding
their potential areas of application. An analysis of the size, morpho-
logical, and structural characteristics of nanoparticles suggests that
they largely depend on the method and conditions for producing
nanostructures [7—9]. This led to the study of the surface morpholo-
gy of thin Y,0,:Eu®* films obtained by radio-frequency (RF) ion-
plasma sputtering and discrete thermal evaporation in wvacuum.
Among the high-precision methods in determining the size and mor-
phology of nanoparticles include atomic force microscopy (AFM),
which was used in this work.

2. EXPERIMENTAL TECHNIQUE

Thin films of Y,05:Eu with a thickness of 0.2-1.0 um were obtained
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by RF ion-plasma sputtering and discrete evaporation in vacuum on
fused v-SiO, quartz substrates. RF sputtering was carried out in an
argon atmosphere in a system using the magnetic field of external
solenoids for compression and additional ionization of the plasma
column. The feedstock was Y,0; grade UTO-U and Eu,O; with grade
«oc.u». The activator concentration was 1 mol.% . After deposition
of the films, the heat treatment in air at 950—-1050°C was held.

Using the x-ray diffraction analysis (Shimadzu XDR-600), the
structure and phase composition of the films were studied. X-ray
diffraction studies showed the presence of a polycrystalline struc-
ture with a predominant orientation in the (222) plane. The form of
the obtained diffraction patterns is almost analogous to the diffrac-
tion patterns of pure Y,0; films that we presented in [10]. All dif-
fraction maxima are identified according to the selection rules and
belong to the space group 7T = Ia®, which indicates the cubic struc-
ture of the obtained films.

The surface morphology of films was investigated using an atom-
ic force microscope (AFM) ‘Solver P47 PRO’. Processing of experi-
mental data and calculation of surface morphology parameters was
carried out using the Image Analysis 2 software package.

3. RESULTS AND DISCUSSION

Microphotographs of the surface of Y,0;:Eu films obtained by RF
sputtering and discrete evaporation obtained using AFM are shown
in Fig. 1.

The topography of the samples was quantitatively characterized
by standard parameters: root mean square roughness, maximum
grain height with diameter and grain height, which were calculated
according to AFM data for sections of the same size (1000x1000
nm). The characteristic parameters of thin films Y,0;:Eu obtained
by various methods are listed in Table.

The analysis of AFM images (Fig. 1) and parameters of crystal-
line grains (Table) of the surface of Y,0;:Eu films shows that, upon
transition from RF sputtering to discrete evaporation, the root
mean square surface roughness and the maximum grain height in-
crease. An increase in the root mean square roughness parameter
indicates a complication of the surface structure. A comparison of
the histograms of the distribution of heights (Fig. 2) shows that,
when switching from RF, sputtering into discrete evaporation leads
to the formation of sharper peaks on the film surface.

A slight decrease in the grain concentration and a simultaneous
increase in grain sizes in thin films Y,05:Eu upon transition from
RF-sputtering into discrete evaporation (Table) indicate the possibil-
ity of the surface transition of the Y,0;:Eu film upon discrete evap-
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Fig. 1. Images of the surface morphology of a thin film Y,0,;:Eu obtained
by RF sputtering (a, b) and discrete evaporation (¢, d). Image a and c are
two-dimensional, b and d are three-dimensional.

TABLE. Parameters of crystallite grains of Y,0,:Eu thin films.

Parameter RF-sputtering Discrete evaporation
Grains diameter, nm 15.7 15.7
Root mean square 0.7 1.9

roughness, nm

Max height grains, nm 6.0 10.3
Grains volume, nm? 1123.5 1469.5

oration to a more nanostructured state due to crystallization of the
surface layer.

In general, it was found that the grain size distribution is fairly
well described by the normal logarithmic law typical for polycrystal-
line materials [11]:

f(d) = 1 e*[hldﬂu]z/Zcf2

Gdﬁ ’

where d is the grain diameter, o is the standard deviation (disper-
sion) of Ind — u, p is the average value of Ind.
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Fig. 2. Grain height distribution on an AFM image of thin films Y,0;:Eu
obtained by RF sputtering (a) and discrete evaporation (b).
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Fig. 3. Distribution of grain diameter sizes and calculated approximation
of the diameter distribution on AFM images of Y,0;:Eu thin films ob-
tained by RF sputtering (a) and discrete evaporation (b).

The larger grain growth of the Y,05:Eu film during discrete sput-
tering relative to RF sputtering leads to the appearance of additional
maxima in the calculated diameter distribution of grains in AFM im-
ages (Fig. 3).

The analysis shows that, for the surface of films during RF sput-
tering, one division is observed in diameter with a maximum of
about 16 nm and a dispersion of 3 nm, and with discrete evapora-
tion, at least two distributions with maxima of about 16 and 36 nm
and a dispersion of 3.3 and 3.0 nm, respectively, and a certain in-
crease in the number of grains in the region of small diameters.
Since the centres of the obtained distributions are fairly closely re-
lated as integers 1:2, this indicates a certain intergrowth of small
grains with the formation of large ones.
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4. CONCLUSIONS

It has been established that, during RF ion-plasma sputtering and
discrete evaporation, polycrystalline Y,0;:Eu films consisting of na-
nometer grains are formed. According to AFM data, it is shown
that, upon transition from RF sputtering to discrete evaporation,
the mean square surface roughness increases, although the average
grain diameter on the film surface in both cases is 15.7 nm. In this
case, the diameter distribution of grains during RF sputtering cor-
responds to the normal logarithmic distribution with one distribu-
tion centre, and for discrete evaporation, this is with two distribu-
tion centres, which approximately correlate as 1:2 that indicates
grain coalescence.
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