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The dependence of the deposition rate of thin Y,0;:Eu films during RF
sputtering on the pressure and composition of the working gas is studied.
The presence of the optimal pressure of the working gas, at which the
deposition rate is maximal, is established. The influence of the Eu®"-
activator concentration on the deposition rate of thin films and the
brightness of cathodoluminescence of thin Y,05:Eu films is studied. The
explanation of the obtained results is carried out within the limits of
backscattering and back-diffusion effects, and special attention is paid to
the resonant charge-exchange mechanism.

HocmimxeHo 3aleXKHICTh IIBUAKOCTH HAaHECEeHHS TOHKUX IIiBOK Y,03;:Eu 3a
BY-posmopoliieHHA Bif TUCKY Ta CKJaxy pobouoro rasy. BcraHoBiieHO Hasd-
BHICTh ONITMMAJILHOTO THUCKY PoO0OUYOro rasy, 3a AKOTO IIBUAKICTh HaHECeH-
HA € MaKCUMAaJIbHOIO. JIoCTifisKeHO BILIMB KOHIeHTpalii akTueaTopa Eu®' ma
MIBUAKICTh HaHECEHHA TOHKUX ILJIIBOK i SICKpaBicTh KaTOMOJIOMiHECITEHITil
TOHKUX IIiBOK Y,0;:Eu. IlodgcHeHHS ozep:KaHUX pe3yJabTaTiB IPOBOAMTHCA
B Me:kKaX e()eKTiB 3BOPOTHBLOTO PO3CisgHHSA, 3BOPOTHLOI Au@ysii, a ocobauBa
yBara InpujijgeThcd MeXaHi3My pPe3OHaHCHOI Iepe3apsanKiu.
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1. INTRODUCTION

Among a large number of materials for optoelectronics, luminescent
materials are of particular importance, which are used in the crea-
tion of displays, scintillators, and means for recording and visualiz-
ing information. In a number of materials that are promising for
use in the creation of display screens, phosphors based on Y,0;:Eu
deserve special attention, which make it possible to obtain thin-film
coatings with a red luminescence [1-3]. The combination of na-
nosize crystalline particles and the presence of a dopant, lumines-
cent Eu®" centres, ensures the high efficiency and stability of the
luminescence of this material, which contributes to the expansion of
potential areas of its application [4—7].

Note that a number of methods are used to obtain thin films
based on Y,0;:Eu [8-10]. Because of different perfection, such
films obtained by different methods differ in their optical and lu-
minescent properties. The requirements of high uniformity over the
film area and preservation of the chemical composition of the film
at high melting temperatures of the material led us to use the
method of radio-frequency (RF) ion-plasma sputtering as a method
leading to the deposition of the most uniform semiconductor and
dielectric films [11, 12].

This paper presents the results of studies of the RF ion-plasma
synthesis of thin Y,0;:Eu films depending on the pressure of the
working gas in the spray system and the effect of the chemical
composition of the spray atmosphere on the rate of film deposition.

2. EXPERIMENTAL TECHNIQUE

Thin Y,0;:Eu films with a thickness of 0.2—1.0 um were obtained by
RF ion-plasma sputtering in an atmosphere of variable composition
from a mixture of argon and oxygen. For compression and addi-
tional ionization of the plasma column, the magnetic field of exter-
nal solenoids was used. The films were deposited on fused quartz v-
Si0O, substrates. The feedstock was Y,0; ‘UTO-N’ brand and Eu,O,
‘oc. u.” brand. The concentration of the activator was 2.5-10.0
mol.% . X-ray diffraction studies showed the presence of a polycrys-
talline structure with a predominant orientation in the (222) plane.
The form of the obtained diffraction patterns is practically similar
to the diffraction patterns of pure Y,0O; films, which we presented
in [13].
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Depending on the annealing atmosphere, the crystallite sizes
changed slightly and were within d=5.5-7.0 nm [14]. The use of
high-temperature annealing due to the processes of growth and sin-
tering led to an increase in the size of crystallites. In particular, at
an annealing temperature of 1000°C, the sizes of crystallites in-
crease to d = 28.0-32.0 nm [14].

3. RESULTS AND DISCUSSION

Our studies show a noticeable effect on the deposition rate of thin
Y,0;:Eu films of the pressure and composition of the gas in which
thin films are deposited.

The dependence of the rate of deposition of thin Y,0;:Eu films on
the pressure of the working gas Ar is shown in Fig. 1. As can be
seen in Fig. 1, this dependence has the maximum value of the depo-
sition rate at a certain value of the pressure of the working gas.
The decrease in the sputtering coefficient, estimated from the rate
of deposition of a substance on a quartz substrate, with increasing
pressure can be explained by back diffusion and backscattering.
During back diffusion, there is a diffuse return of sputtered atoms,
which have an average kinetic energy E, approximately equal to the
average kinetic energy of inert gas atoms E, (E,~ E,) incident on
the target. During back reflection, the return of sputtered atoms to
the target is observed because of their scattering on atoms of the
working gas.

A strong decrease in the target-sputtering coefficient in the re-
gion above 10 Pa can be associated with an increase in the flux den-
sity of bombarding ions, which increase the local temperature of the

target.
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Fig. 1. Dependence of the deposition rate of thin Y,0;:Eu films during RF
sputtering on the pressure of the working gas (Ar, 100%).
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According to the obtained experimental dependence (Fig. 1), the
optimal pressure of the working argon gas turned out to be 0.89 Pa
during the deposition of thin Y,0;:Eu films. Note that this value
will change with a change in the geometric parameters of the spray
system and a change in the composition of the working gas.

The dependence of the rate of deposition of thin Y,05:Eu films in
the presence of the working gas, the Ar + O, mixture, on the density
of the bombarding ions is shown in Fig. 2. As can be seen from the
obtained results, an increase in the partial pressure of oxygen in
the working gas mixture leads to a decrease in the deposition rate.

The dependence of the rate of deposition of thin Y,0;:Eu films on
quartz substrates during RF sputtering in an atmosphere of Ar + O, gas
mixtures of different percentage compositions is shown in Fig. 3.
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Fig. 2. Dependence of the rate of deposition of thin Y,0,:Eu films during

RF sputtering on the density of bombarding ions at a partial oxygen pres-
sure of 0% (1), 20% (2), 40% (3), 60% (4).
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Fig. 3. Dependence of the deposition rate of thin Y,0;:Eu films during RF
sputtering on the partial oxygen content in the Ar+ O, working atmos-
phere.
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According to the results obtained, it can be seen that an increase
in the partial composition of oxygen in the Ar + O, sputtering at-
mosphere mixture leads to a decrease in the sputtering rate. This
dependence can be explained by a decrease in the total kinetic ener-
gy of the ions bombarding the target, since m,, > m,,. In the region
of 0-10% O, in an Ar -+ O, mixture, the deposition rate changes
slightly with a change in the partial composition of oxygen, and
such an atmosphere can be used for the rapid deposition of thin
Y,0,:Eu films.

In addition to the studies described above, we studied the effect
of the activator concentration on the structure of Y,0;:Eu films. It
was found that, when the concentration of the activator varies from
0 to 10.0 mol.%, structure of the films was determined by the pre-
dominant orientation in the plane [222]. It should be noted that at
an activator concentration of 7.5 mol.%, the less intense diffraction
reflection from the [440] plane had the highest intensity among the
films under study. Characteristically, thin Y,0;:Eu films with such
an activator concentration exhibit intense cathodoluminescence
(CL). The characteristic results obtained by us are given in Table.

It was found that the deposition rate of Y,0;:Eu films remained
almost constant when the concentration of the activator changed
from O to 10 mol.% at the steady-state parameters of the RF instal-
lation.

To analyse the results obtained in this work, it should be as-
sumed that the thin Y,05:Eu films under study were deposited in
RF glow-discharge plasma. Such plasma is characterized by the pro-
cesses of ion—atom and ion—ion charge exchange, because of which a
number of effects are observed, such as backscattering and back
diffusion. In addition to these processes, the results obtained in this
work can be explained on the basis of one more factor—resonant
charge exchange. It affects the dependence of the target-sputtering
coefficient on the pressure of the working gas and the energy of the
bombarding ions.

During deposition, resonant recharging proceeds according to a

TABLE. Influence of activator concentration on cathodoluminescence
brightness in thin Y,0;:Eu films.

Gas environment in the CL brightness

No. chamber C%I;cgltrﬂ;flg/()f relative to the powder
2M8 -0 standard, %

composition| pressure, Pa

1 Ar 100 % 0.9 2.5 91
2 Ar100 % 0.9 5 103
3 Ar100 % 0.9 7.5 135
4 Ar 100 % 0.9 10 102
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typical scheme [15]:
A"+A>A+ A,

where A" and A are the ion and atom of the working gas, respective-
ly.

For a given distance R between the nuclei, the electron-transition
frequency v(R) from an atom to an ion of the working gas used is
determined by the overlap of the wave functions of the electron [16]

V(R) e« exp(—jR),

where j= xﬁ , J is the ionization potential of the atom.

On the other hand, sputtering of the target material is possible
when the working gas ions reach a kinetic energy greater than a
certain threshold value E,.

As the distance between the interacting atom and ion decreases,
the probability of resonant charge exchange increases. This leads to
a decrease in the energy of the bombarding ions and, consequently,
to a decrease in the target sputtering coefficient.

An increase in the speed of the bombarding ions with an increase
in their energy leads to a decrease in the contact time. This leads to
a decrease in resonant charge exchange and to an increase in the
target sputtering efficiency.

Based on two mechanisms, one can explain the decrease in the
target-sputtering coefficient with an increase in the pressure of the
working gas. In this case, a decrease in the distance between the
interacting atom and ion increases the probability of resonant
charge exchange, which leads to a decrease in the energy of the
bombarding ions due to an increase in the interaction time.

Therefore, to reduce the effect of resonant charge exchange on
the film deposition process, it is necessary to work in the region of
low pressure of the working gas at high ion energies.

4. CONCLUSIONS

The conducted studies show that the rate of deposition of thin
Y,0;:Eu films during RF sputtering is determined by the pressure
of the working gas, and this dependence is characterized by an op-
timal, extreme value. This optimal value is determined by the pa-
rameters of the RF installation. It has been found that an increase
in the partial pressure of oxygen in the sputtering atmosphere
(Ar + O,) leads to a decrease in the sputtering rate. It has been
shown that the deposition rate of Y,05;:Eu films is practically inde-
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pendent of the activator concentration in the range from 0 to 10.0
mol.%, and films with an activator concentration of 7.5 mol.%
have high cathodoluminescence brightness. The explanation of the
results obtained is based on the consideration of the effects of
backscattering, back diffusion, and the resonant charge exchange
mechanism.
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