Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2022 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2022, 1. 20, Ne 1, cc. 91-96 HazapykosaHo B YKpaiHi.

PACS numbers: 61.05.cp, 61.72.Ff, 61.72.Mm, 68.35.Ct, 68.37.Ps, 68.55. J-, 81.15.Cd

Surface Morphology of Y,05:Eu Thin Films at Different Activator
Concentrations

0. M. Bordun', I. O. Bordun', I. M. Kofliuk!, I. Yo. Kukharskyy?,
I. I. Medvid!, Zh. Ya. Tsapovska', and D. S. Leonov?

Tvan Franko National University of Lviv,
1, Universytets’ka Str.,

UA-79000 Lviv, Ukraine

2Technical Centre, N.A.S. of Ukraine,

13, Pokrovs’ka Str.,

UA-04070 Kyiv, Ukraine

Atomic force microscopy is used to study the surface morphology of thin
Y,0;:Eu films obtained by the radio-frequency ion-plasma sputtering with
an activator concentration of 1.0, 2.5, and 5 mol.%. Based on the analysis
of the obtained results, an almost linear dependence of the sizes of surface
structures on the value of the activator concentration and a superlinear
increase in both the root-mean-square surface roughness and the average
distance between grains are revealed. The obtained results are discussed.

MeTogo10 aToMHO-cua0BOI MiKpockormii (ACM) mociimxkeHo Mop@osoritoo mo-
BepxHi TOHKUX miIiBok Y,0;:Eu, omep:kaHWX MeETOLOI BUCOKOYACTOTHOTO
(BY) iioHHO-IJIa3MOBOTO PO3MOPOIINEHHSA, 3 KOHIEHTpPAIli€el0 aKTuBaTopa y
1,0, 2,5 ta 5 mox.% . Ha ocHOBi amasisu omep:KaHmX pPe3yJabTATiB BCTAHOB-
JIEHO MIPaKTUYHO JiHifIHYy 3ajIe’KHIiCTh PO3MipiB IMOBEPXHEBUX CTPYKTYD Bif
BEeJIMUYMHU KOHIIEHTpAIlil akTMBaTOopa Ta HaJAJIiHiliHe 3POCTAHHS CEPEeIHBOK-
BaApPaATHUYHOI IMIEPCTKOCTM IOBEPXHi Ta cepedHbol Bimmami ik sepHamwu.
IIpoBemeHo O0OTOBOPEHHS OJEePyKaHUX Pe3yJbTATiB.
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1. INTRODUCTION

Today, the wide interest of researchers in the study of metal-oxide
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films is due to the prospects for their practical application in in-
strument engineering, optoelectronics, and information display de-
vices.

Among thin films, considerable attention is paid to the study of
thin Y,0; films activated by rare earth ions (REIs). In this regard,
Y,0;:Eu*, a highly efficient phosphor emitting in the red region of
the optical spectrum, is the most widely studied [1-3]. Due to the
linear dependence of the glow brightness on the current density and
excitation energy, the Y,O;:Eu phosphor is widely used as a red
component of projection televisions, in the creation of flat vacuum
fluorescent displays (VFDs) and field emission displays (FEDs) [4—
6].

An analysis of the dimensional, morphological, and structural
characteristics of thin Y,0; films indicates that they are largely de-
termined by the methods and conditions of preparation and subse-
quent technological methods [7—9]. This one determines the study
of the surface morphology of thin Y,0;:Eu films obtained by RF
ion-plasma sputtering, which is considered optimal for the prepara-
tion of the semiconductor and dielectric films [10].

Fig. 1. AFM image of sections of the Y,0;:Eu film in the topography mode
at activator concentration of 1.0 mol.% (a), 2.5 mol.% (), and 5 mol.% (c).
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2. EXPERIMENTAL TECHNIQUE

We studied thin Y,0;:Eu®" films with a thickness of 0.2—1.0 um ob-
tained by RF ion-plasma sputtering on fused quartz v-SiO, sub-
strates. RF sputtering was carried out in an argon atmosphere in a
system using the magnetic field of external solenoids for compres-
sion and additional ionization of the plasma column. The feedstock
was Y,0; ‘UtO-N’ brand and Eu,0; ‘oc.u.” brand. The activator con-
centration was of 1, 2.5, and 5 mol.% . After the films were depos-
ited, they were heat-treated in air at a temperature of 950—1000°C.

The structure and phase composition of the obtained films were
studied by x-ray diffraction analysis (Shimadzu XDR-600). X-ray
diffraction studies showed the presence of a polycrystalline struc-
ture with a predominant orientation in the (222) plane. The shape
of the obtained diffraction patterns is practically similar to the dif-
fraction patterns of pure Y,O; films, which we presented in [11].
All diffraction maxima are identified according to the selection
rules and belong to the space group Th7 = Ij’ that indicates the cubic
structure of the obtained films.

The surface morphology of thin films was studied using a ‘Solver
P47 PRO’ atomic force microscope (AFM). The ‘Image Analysis 2’
software package was used to calculate the surface morphology pa-
rameters. The topography of the samples was quantitatively charac-
terized by the root-mean-square roughness R, determined from AFM
data for areas of the same size (2000x2000 nm). The same scans
were used to analyse grain sizes and their surface concentration.

3. RESULTS AND DISCUSSION

Characteristic micrographs of the surface of Y,05:Eu films with dif-
ferent activator concentrations are shown in Fig. 1.The characteris-
tic parameters of these thin Y,0;:Eu films are given in Table. As
can be seen from the results obtained, the concentration of the acti-
vator has a significant effect on the size of crystalline grains and

TABLE. Surface morphology parameters of thin Y,0;:Eu films.

Activator (Eu®) concentration

P t
arameter 1.0 mol.% | 2.5 mol.% |5.0 mol.%
The average grain diameter d, nm 15.7 63.1 196.0
Mean square roughness R, nm 0.7 5.7 34.1

The average distance between
grains D, nm

Grain concentration N, um2 65 35 13

29 84 257
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the surface roughness of films.

The results obtained show that, with an increase in the concen-
tration of the Eu®' activator in thin Y,0, films, a superlinear in-
crease in the root-mean-square (RMS) roughness of film surface is
observed (Fig. 2).

According to [12], the value of R, may depend on the size of the
scanning area. However, in our case, the root-mean-square rough-
ness is much smaller than the linear size of the scanning zone
(2000x2000 nm), and, therefore, according to [13], the value of R,
saturates, and it practically does not change.

With an increase in the activator concentration in thin Y,0;:Eu
films, the sizes of crystalline grains, which form the film, increase,
while their surface concentration (the number of grains on the sur-

n, mol.%

Fig. 2. RMS surface roughness of thin Y,0;:Eu films as a function of acti-
vator concentration.
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Fig. 3. Average grain size (I), average distance between grains (2), and
surface concentration of grains (3) depending on the activator concentra-
tion in thin Y,0,;:Eu films.
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face per unit area) decreases (Fig. 3). In this case, within the stud-
ied concentration range, the sizes of crystalline grains increase al-
most linearly with an increase in the concentration of the activator.

Based on the results of [14], to calculate the average distance D
between grains on a flat surface, we use the relation

D=0.5N"?, (1)

where N is the concentration of grains.

As can be seen from Fig. 3, as the grain concentration decreases,
the value of D increases. In this case, the average distance between
grains always exceeds their size. According to Fig. 3, the growth of
D in a given range of activator concentrations is characterized by a
linear dependence.

A fairly rapid decrease in the grain concentration N and, simul-
taneously, a rapid increase in grain size indicate the presence of
certain processes caused by an increase in the concentration of the
activator. Among them, the most probable ones are the transition of
the surface into a nanostructured state (recrystallization and crys-
tallization of the surface layer) and the simultaneous removal of
small globules located between large grains.

4. CONCLUSIONS

It has been established that, during RF ion-plasma sputtering of
thin Y,05:Eu films with an activator concentration in the range of
1.0-5.0 mol.%, polycrystalline films consisting of nanometre grains
are formed. AFM studies of the surface morphology of films ob-
tained by the AFM method revealed an almost linear dependence of
the sizes of surface structures on the concentration of the activator
in the studied concentration range. At the same time, a superlinear
increase in both the root-mean-square surface roughness and the
average distance between grains is observed with increasing concen-
tration of the activator.
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