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Thin Y2O3: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. 

Методою високочастотного (ВЧ) йонно-плазмового розпорошення в ат-
мосфері арґону та дискретного випаровування у вакуумі одержано тон-
кі плівки Y2O3:Eu. Дослідження морфологій поверхні тонких плівок 
методою атомно-силової мікроскопії (АСМ) показало, що при переході 
від ВЧ-розпорошення до дискретного випаровування зростає середня 
квадратична шерсткість поверхні за близьких величин діяметрів нано-
кристалічних зерен на поверхні плівок. Встановлено, що розподіл зе-
рен за діяметром при ВЧ-розпорошенні відповідає нормальному лога-
ритмічному розподілу з одним центром розподілу, а при дискретному 
випаровуванні — з двома центрами розподілу. Співвідношення центрів 
розподілу вказує на зрощування зерен між собою. 

Методом высокочастотного (ВЧ) ионно-плазменного распыления в ат-
мосфере аргона и дискретного испарения в вакууме получены тонкие 
плёнки Y2O3:Eu. Исследование морфологи поверхности тонких плёнок 
методом атомно-силовой микроскопии (АСМ) показало, что при перехо-
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де от ВЧ-распыления к дискретному испарению возрастает средняя 
квадратическая шероховатость поверхности при близких величинах 
диаметров нанокристаллических зёрен на поверхности плёнок. Óста-
новлено, что распределение зёрен по диаметру при ВЧ-распылении со-
ответствует нормальному логарифмическому распределению с одним 
центром распределения, а при дискретном испарении — с двумя цен-
трами распределения. Соотношение центров распределения указывает 
на срастание зёрен между собой. 
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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 Eu3, which is widely used in 
nuclear power, to generate laser radiation in the visible spectrum 
with a wavelength of 0.61 m, and Y2O3:Eu3 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 Y2O3:Eu3 films obtained by radio-frequency (RF) ion-
plasma sputtering and discrete thermal evaporation in vacuum. 
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 Y2O3:Eu with a thickness of 0.2–1.0 m were obtained 
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by RF ion-plasma sputtering and discrete evaporation in vacuum on 
fused -SiO2 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 Y2O3 grade ИтО-И and Eu2O3 with grade 
«ос.ч». The activator concentration was 1 mol.%. After deposition 
of the films, the heat treatment in air at 950–1050С 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 Y2O3 films that we presented in [10]. All dif-
fraction maxima are identified according to the selection rules and 
belong to the space group 7 3

h
T 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 Y2O3: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 (10001000 
nm). The characteristic parameters of thin films Y2O3: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 Y2O3: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 Y2O3:Eu upon transition from 
RF-sputtering into discrete evaporation (Table) indicate the possibil-
ity of the surface transition of the Y2O3:Eu film upon discrete evap-



56 O. M. BORDUN, I. O. BORDUN, I. M. KOFLIUK et al. 

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]: 
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where d is the grain diameter,  is the standard deviation (disper-
sion) of lnd  ,  is the average value of lnd. 
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Fig. 1. Images of the surface morphology of a thin film Y2O3:Eu obtained 
by RF sputtering (a, b) and discrete evaporation (c, d). Image a and c are 
two-dimensional, b and d are three-dimensional. 

TABLE. Parameters of crystallite grains of Y2O3:Eu thin films. 

Parameter RF-sputtering Discrete evaporation 

Grains diameter, nm 15.7 15.7 

Root mean square 
roughness, nm 

0.7 1.2 

Max height grains, nm 6.0 10.3 

Grains volume, nm3 1123.5 1469.5 
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 The larger grain growth of the Y2O3: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. 

  
a      b 

Fig. 2. Grain height distribution on an AFM image of thin films Y2O3:Eu 
obtained by RF sputtering (a) and discrete evaporation (b). 

  
a      b 

Fig. 3. Distribution of grain diameter sizes and calculated approximation 
of the diameter distribution on AFM images of Y2O3:Eu thin films ob-
tained by RF sputtering (a) and discrete evaporation (b). 
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4. CONCLUSIONS 

It has been established that, during RF ion-plasma sputtering and 
discrete evaporation, polycrystalline Y2O3: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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