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Electroluminescence of Y2O3:Eu and Y2O3:Sm films∗
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Electroluminescence of Y2O3:Eu and Y2O3:Sm films, as well as the films coactivated with Eu and Sm, is studied. The
electroluminescence spectra are measured. The physical mechanism of electroluminescence is analyzed It is shown that
the increase in the heat treatment temperature and the content of doping impurities of the films enhances the intensity of
electroluminescence. Additional doping of Y2O3:EuF3 films by the SmF3 impurity, practically does not influence the emission
spectrum.
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1. Introduction

The development of high-luminance film elec-
troluminophors comparable with ZnS films doped
by Mn [1, 2] in terms of emission intensity and the
efficiency, but different in spectral characteristics, is
a quite urgent task aimed at the creation of full-color
electroluminescent indicators. Oxide and oxysulfide
luminophors, which are distinguished by their high
stability, have attracted a significant attention of re-
searchers and developers for a long time and are
considered as an alternative to sulfide luminophors,
which are less stable [3–8]. Y2O3 films belong to
the most stable luminophors [9–11]. It seems inte-
resting to use the methods increasing the luminance
at the expense of the processes of sensibilization
[12, 13] and high-temperature thermal treatment
[14, 15] for the creation of the luminophors based
on Y2O3:Eu film.

2. Experimental

The Y2O3 films were obtained by electron-beam
evaporation of pellets produced by pressing a pow-
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Fig. 1. Structure of a thin-film electroluminescent indi-
cator: 1 – ceramic substrate, 2 – built-in metal
electrode, 3 – layer of ceramics VS-2, 4 – electro-
luminescent layer Y2O3, 5 – dielectric layer, 6 –
transparent conducting ITO electrode, 7 – source
of the sinusoidal voltage.

der consisting of Y2O3 and EuF3 with various con-
centrations of the latter, from 1 to 5 wt.%. As a
co-doping impurity, we added a powder of SmF3 to
the input material. The temperature of a substrate
during the deposition was 120÷200 °C.

The annealing of the specimens was carried out
in air and in the oxygen-argon atmosphere for one
hour at temperatures of 600, 750, 900, and 1050 °C.

The electroluminescent structure under study is
presented in Fig. 1. It includes a ceramic substrate
with built-in metal electrodes and the working layer
of ceramics, 40 µm in thickness, on the basis of
BaTiO3 with the dielectric permittivity ε = 24 000
[5, 15]. The luminescent layer was positioned be-
tween thin-film dielectric layers, 0.05 – 0.1 µm in
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Fig. 2. Spectral characteristics of electroluminescence of Y2O3 films: solid line - doped
by EuF3 (2.5 %), dotted line – doped by EuF3 (2.5 %) + SmF3 (2.0 %).

thickness; on the top, the layer of a transparent ITO
electrode was placed [5, 6].

The emission spectra were registered with a
diffraction luminscence spectrometer SDL-2, and
the emission luminance was measured with the help
of FPI and FPCh-BPU photometers. The excitation
of the electroluminescence was realized by a pulse
generator with adjustable frequency, on-off ratio,
pulse duration, and amplitude.

The stability of emission was determined after 1,
5, 10, 50, and 100 h of the operation at the excitation
by the sinusoidal voltage with a frequency of 2 kHz
and the 100 V amplitude.

The crystal structure of the films was studied
by X-ray diffraction with a spectrometer DRON-
3M. The investigation of the surface morphology
of the films was performed with an atomic-force
microscope (NanoScope 3000 Digital Instruments).

3. Results
In Fig. 2, we present the electroluminescence

spectrum of a Y2O3:Eu film (solid line) after the
annealing for 1 h at a temperature of 600 °C under
an alternating voltage of 200 V with a frequency of
2 kHz. As is seen, the basic emission color is red
with the bands at 611 and 630 nm, which correspond
to the transitions 5D0→ 7Fj. The remaining emis-
sion bands corresponding to the yellow-orange spec-
trum with the peaks at 600, 592, 588, and 581 nm
have significantly lower intensity.

The dotted line in Fig. 2 represents the electro-
luminescence spectrum of Y2O3:Eu, Sm film after
annealing under the same conditions. As is seen,
the spectral composition of the emission has not
changed, but the electroluminescent emission inten-
sity has increased approximately by a factor of 2.5.
The ratio of the intensities of the bands remains the
same. However, the additional emission bands at
532 and 537 nm, corresponding to the green region
of the spectrum, caused by the transitions 5D1→ 7Fj
have appeared. These bands could not be identified
in the spectrum of Y2O3:Eu film due to their low
intensity.

In Fig. 3a, we show the volt-luminance char-
acteristics (VLC) of the initial electroluminescent
structures on the basis of Y2O3 films doped by EuF3
and EuF3+SmF3 at the excitation by an alternating
voltage with a frequency of 2 kHz and those af-
ter the thermal treatment at temperatures of 600,
750, 900, and 1050 °C. Fig. 3b demonstrates simi-
lar characteristics at the excitation by 20-µs pulses
with alternating signs supplied with a frequency of
60 Hz.

As is seen, the electroluminescence luminance
increases when the annealing temperature grows
from the initial one to 900 °C, attaining 7800 cd/m2

at a frequency of 2 kHz. This value was obtained for
the samples with an electroluminescent Y2O3 film
doped by Eu and Sm. The samples of Y2O3 films
doped only by Eu had the maximum luminance up
to 3200 cd/m2.



234 RODIONOV V.E. et al.

Fig. 3. a) electroluminescent emission intensity of Y2O3 films at a voltage frequency of 2 kHz; samples 1, 2, 3, 4, 5,
7 – doped by EuF3, 6 – doped by EuF3 + SmF3, 1 – before thermal treatment, 2 – after thermal treatment
at 600 °C, 3 – at 750 °C, 4 – at 1050 °C, 5, 6, 7 – at 900 °C; b) electroluminescent emission intensity
of Y2O3 films at a voltage frequency of 60 Hz, tp = 20 µs for the samples thermally treated at different
temperatures: 1, 2, 3 – doped by EuF3, 4 – doped by EuF3 + SmF3, 1 – before thermal treatment, 2 – after
thermal treatment at 750 °C, 3, 4 – at 900 °C.

Fig. 4. Electroluminescence efficiency of Y2O3 films
doped by EuF3 (1, 2, 3) and doped by EuF3
+ SmF3 (4) versus voltage at different anneal-
ing temperatures: 1 – before thermal treatment,
2 – after thermal treatment at 750 °C, 3, 4 – at
900 °C.

The maximum values of luminance, 680 cd/m2

for Y2O3 specimens doped by Eu and Sm and
260 cd/m2 for Y2O3:Eu specimens, were obtained
at the excitation by a pulse voltage with a frequency
of 60 Hz.

In Fig. 4, we show the dependence of the elec-
troluminescence efficiency under pulse voltage with

a frequency of 60 Hz on the voltage at different
annealing temperatures for the specimens with an
electroluminescent Y2O3 film doped by Eu and Sm.
As is seen, the electroluminescence efficiency at a
voltage of 200 V attains 10 lm/W, which is compa-
rable with that of the ZnS:Mn luminophor, the best
at the present time.

The image of the Y2O3:Eu film surface obtained
with AFM is shown in Fig. 5. As is seen from Fig. 5,
the size of grains (microcrystals) depends on the an-
nealing temperature. For example, the size of grains,
which is tens of nanometers in the as-produced film,
varies from 100 to 300 nm after the annealing at a
temperature of 750 °C, and is comparable with the
thickness of the electroluminophor layer after the an-
nealing at a temperature of 900 °C (700÷800 nm).
We have observed also the dependence of the size
of grains in the initial films produced by the deposi-
tion of Y2O3 on a ceramic substrate in vacuum on
the temperature. We demonstrate this dependence
in Fig. 7.

In the subsequent studies, we used only the spe-
cimens of initial films with the largest grain size,
which were produced by the deposition on a sub-
strate at a temperature of 200 °C. We did not apply
higher temperatures of the substrate, since this could
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Fig. 5. AFM images of Y2O3:EuF3 films: 1, 2 – initial films (deposition temperature 1 – 80 °C, 2 – 200 °C), 3,
4 – Y2O3:EuF3+SmF3 films (3 – deposition temperature 100 °C, 4 – after annealing at a temperature of
1000 °C for 1 h).

Fig. 6. Size distribution of grains in a Y2O3:EuF3 film
on a ceramic substrate after deposition in vacuum
at temperatures: 1 – 100 °C, 2 –250 °C.

cause a noncontrolled change in the composition
and the amount of a doping impurity.

In Fig. 7, we demonstrate the dependence of the
luminescence intensity on the concentration of the

Fig. 7. Dependence of luminescence intensity on EuF3
dopant, 1 – Y2O3:Eu film before thermal treat-
ment, 2 – Y2O3:Eu film annealed at 900 °C; 3 –
Y2O3:Eu,Sm film annealed at 900 °C.

EuF3 dopant. As is seen, 2.5 wt.% concentration of
EuF3 is optimum, though the intensity is practically
unchanged in the EuF3 interval of 2÷3 wt.%.
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Fig. 8. Shift of the luminance characteristics in the sta-
bilization process of VLC of Y2O3:Eu,Sm films:
1 – initial specimen, after thermal treatment at
900 °C for: 2 – 20 h, 3 – 100 h, 4 – 1000 h;
1′ – initial specimen, after thermal treatment at
500 °C for 2′ – 20 h, 3′ – 100 h, 4′ – 1000 h.

In Fig. 8 we demonstrate the shift of the lu-
minance characteristics in the process of stabiliza-

tion for different temperatures of thermal treatment
(900 °C and 500 °C) and different annealing times.

4. Theory of electroluminescence
Consider briefly the theory of electrolumines-

cence. In the case where ions Eu+3 are excited by
means of direct intertaction with “hot” carriers, the
luminescence intensity for these ions is given by the
formula [21]:

J(λ ) = P(E)JEu3+(λ ) (1)

where P(E) is the probability of the excitation of
Eu+3 ion by a “hot” electron depending on the elec-
tric field strength in Y2O3; and JEu3+(λ ) is the lumi-
nescence intensity of the excited ion of europium at
the wavelength λ .

For the given mechanisms, the probability of
the excitation of a rare-earth ion by a “hot” elec-
tron with regard to their inelastic interaction can
be written with the use of the Boltzmann kinetic
equation as:

P(E) =

∫
çÁp Nnσ [W0(k)+ eEx]3/2 exp

[
−3

2
W0(κ)+ eEx

WT + eEX

]
ρbad3k

∫
çÁp[W0(k)+ eEx]3/2 exp

[
−3

2
W0(κ)+ eEx

WT + eEX

]
d3k

(2)

where the integration in the momentum space of
electrons is carried out in the Brillouin zone, W0(k) –
initial energy of electrons; k – wave vector, WT –
energy of thermal motion of electrons; e – electron
charge; n – concentration of electrons in the con-
duction band; σ – area of a scattering center, i.e.,
the europium ion (we take σIm = 3.2×10−14 cm2);
ρba – probability of the excitation of a separate ion
of thulium from the state b to state a; N – concentra-
tion of europium ions (2.9×1018 cm−3); x – mean
free path of electrons with energy W0 in the electric
field with strength E given by the formula:

x =
4ε2W 2

0
πNe4

1

1− 4ε2w0E
πNe3

(3)

where ε – dielectric permittivity equal to 10−5÷
10−6. The probability ρba was calculated [24] with
the use of multielectron molecular orbitals.

Let us consider the problem of the concentration
of “hot” electrons as a function of the electric field
strength in Y2O3. For the low electric field strength
(∼ 103 V/cm), the concentration of charge carriers
is determined by the formula [17]:

n =
L

3
√

πµEτT
eBZ−

3b
2Zcb

∫
exp
[
−Z + B

+

(
3b

2Zcb
+

1
2

)
lnZ
]

dZ
(4)

where B = 9(1−b)
4ZcbZ , Zcb = Wn

kT , Wn = W0 + eEx, b =

0.007, Z = W0
RT R – universal gas constant, T – ab-
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solute temperature, µ – mobility of electrons, τT –
duration of the thermoluminescence of electrons.

For strong and intermediate fields, the concentra-
tion of charge carriers is given by the formula [19]:

n = n0 exp(αL) (5)

where L – thickness of the Y2O3 layer; α – coef-
ficient of impact ionization; and n0 – number od
electrons entering the force field.

For the fields with a strength of ∼ 106 V/cm, the
coefficient of impact ionization

α =
C1

E
exp
(
−C2

E2

)
(6)

The transition probabilities for Eu3+ and Sm3+ ions
are calculated by methods given in [19, 23, 24]. The
peaks in Fig. 2a and 2b are caused by the transitions
of ions Eu3 and the influence of the coactivation
of Eu3+ and Sm3+, respectively. The saturation ob-
served in Figs. 3 and 4 is related to the fact that
all rare-earth ions are excited practically at some
value of electric filed strength, and the emission in-
tensity cannot exceed the luminescence intensity of
all excited ions.

5. Discussion of results
It is seen from Figs. 2a and 2b that the spectral

composition of the emission from Y2O3:EuF3 films
has not changed.

The increase in the emission intensity was ac-
companied only by the manifestation of extremely
weak emission bands at 532 and 537 nm caused
by the transitions 5D1→ 7Fj. In our previous work
[12], we observed such an increase in the electro-
luminescent emission intensity of SrS films doped
by Eu under their additional doping by the impu-
rity of Sm and explained this effect by the sensibi-
lization, whereas the emission was caused by the
5D0→ 7F0 transitions at Eu centers. The additional
doping of films ZnS, ZnO:Cu by Ga and their high-
temperature annealing [16–18] caused an increase
in the luminescence luminance, the significant in-
crease in the electroluminescent emission intensity,
and some shift of the emission spectrum. The in-
crease in the emission intensity was related to the

addition of Ga and the high-temperature annealing,
which induced the significant increase in the size of
crystals and a decrease in the amount of structural
defects on the grain boundaries.

In our case, no changes in the spectrum com-
position occurred. Earlier, the cluster mechanism
of electroluminescence was proposed [19–21]. Ac-
cording to this mechanism, under “strong” fields
where the energy of an electron is sufficiently high
to cause the ionization of atoms at the sites of the
lattice, the avalanche-like increase in the number of
carriers occurs. In this case, there happens the direct
excitation of clusters containing an ion responsible
for the emission spectrum and “blue” centers trans-
ferring their excitation energy to the clusters by the
resonance mechanism.

It is worth noting the increase in the electrolumi-
nescent emission intensity with the annealing tem-
perature and the significant decrease in the levels of
the initial and working voltages (Figs. 4a,b).

As is known [20, 21, 23], the free path of
electrons increases in the region of medium fields
(1.5 ·104÷105 V/cm) and reaches 20÷25 nm, so
that the “hot” electrons can attain energies of about
0.2÷ 0.3 eV. At such energy, the “hot” electrons
interact intensively with the ions of lattice matrix,
by losing most of their energy. Moreover, in view of
the fine-grained structure of a film and the presence
of a high number of grain boundaries (Figs. 5 and 4),
the appearance of the electroluminescence requires
the fields as high as 106 V/cm. As the annealing tem-
perature increases, the size of the grains in the film
grows. Under the thermal treatment at 1000 °C, it
becomes comparable with the film thickness, which
causes a decrease in the working voltage and the
appearance of the threshold electroluminescence at
the fields of 105÷2 ·105 V/cm (25 V).

At voltages of the order of 150÷ 250 V and
the corresponding fields of 106 ÷ 2 · 106 V/cm,
the electroluminescent emission intensity is 3000–
4000 cd/m2. At the additional doping by SmF3, it
increases up to 8000 cd/m2, and the efficiency (at
an excitation frequency of 60 Hz and tp = 20 µs)
becomes 10 Lm/W.

The decrease in the electroluminescence emis-
sion intensity with the increase in the annealing
temperature up to 1050 – 1100 °C was earlier re-
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ferred to a deterioration of characteristics of the
ceramic layer [22]. However, the measurements of
the dielectric permittivity (ε) of the ceramics did
not indicate the complete correspondence of the
variations of ε and the electroluminescent emission
intensity (especially, in the zone of the threshold
electroluminescence). It is known that the structure
of bulk monocrystalls of Y2O3 at a temperature of
1300 – 1400 °C is changed and becomes cubic. The
most probable additional reason for the decrease in
the electroluminescent emission intensity is the on-
set of a rearrangement of the thin-film structure of
Y2O3 already at the temperature of 1050÷1100 °C.

In Fig. 8, we show the stability of electrolumi-
nescent indicators on the basis of an Y2O3 film. As
is seen, the structure after a high-temperature ther-
mal treatment manifests a high stability during the
operation as long as 1000 h.

This is related to the more uniform distribution
of impurities in the process of high-temperature
thermal treatment as compared with that of the spe-
cimens with fine-grained structure, where a part of
impurities is accumulated during the operation near
the grain boundaries and does not take part in the
processes of electroluminescence.

6. Conclusions
The increase in the temperature of a thermal

treatment of Y2O3:EuF3 films up to 1000 °C caused
an increase in the electroluminescent emission in-
tensity up to 4000 cd/m2 at the excitation by the
sinusoidal voltage with a frequency of 2 kHz and
up to 350 cd/m2 with an efficiency of 3.5 lm/W at
the excitation by 20-µs pulses with alternating signs
with a frequency of 60 Hz. In this case, the thresh-
old of “ignition” of the electroluminescence was
∼ 25 V in the first case and 60 V in the second case.
This was related to the increase in the grain sizes in
the crystal structure of Y2O3 films from 25÷30 nm
to 500÷600 nm and to the corresponding change
in the conditions for acceleration and multiplication
of “hot” electrons participating in the process of
electroluminescence. The additional doping by the
SmF3 impurity allowed us to increase the electro-
luminescent emission intensity up to 8000 cd/m2

at the excitation at a frequency of 2 kHz and up to

700 cd/m2 at the excitation by 20-µs pulses with a
frequency of 60 Hz at efficiencies up to 10 lm/W.

Additional doping of Y2O3:EuF3 films by the
SmF3 impurity did not cause any changes in the
emission spectrum. This testifies that the main chan-
nel of emission is realized through the centers in-
cluding Eu.

At the high-temperature thermal treatment, the
stability of VLC increased significantly. In this
case, a shift of the threshold voltage did not ex-
ceed 15 V and was completely absent at exciting
voltages above 170 V.
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