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Structural and photoluminescent characteristics of yttrium—aluminum oxide
films doped with Th, Eu or Ce
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Abstract

The structural and room temperature luminescent characteristics of rare earth doped yttrium—aluminum oxide films deposited by t
spray pyrolysis technique at low temperatures have been studied as a function of the deposition parameters such as substrate temper
and dopant concentration. The spraying solution is prepared by mixing yttrium and aluminum chlorides in water, and the incorporation
the rare earth dopants is achieved by adding chloride salts of these elements to this solution. The photoluminescent emission from Th-
Eu-doped films have the spectral characteristics typical of radiative transitions among the electronic energy levels associated with the
ionized states of these atoms. The Ce doped films, on the other hand, present a blue emission that is associated with transitions within
energy states of the Ce@holecule used for the doping process of the film. The X-ray diffraction measurements of these films indicated
poor crystallinity in general, with small crystalline peaks and a broad amorphous component that tend to be reduced as the deposit
temperature is increased. 1998 Elsevier Science S.A. All rights reserved
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1. Introduction three different colors required for color imaging [4]. Thus
terbium, europium, and thulium or cerium have been used
Rare earth activated luminescent materials have beenfor green, red and blue emissions, respectively. With respect
widely studied in the past mainly in their crystalline and to the host material, many inorganic compounds with a wide
powder form for cathodic ray tube (CRT) phosphors and band gap like ZnS [5,6], ZnO [7], ADs [8] and InOs [9]
other related applications such as fluorescent lamps, imageamong others have been studied. Yttrium and yttrium—alu-
intensifiers for X-ray screens among others [1,2]. Recently, minum oxides have also been used as host materials in the
the interest in developing reliable luminescent materials for form of thin films for rare earth dopants, however, they
flat panel displays has spurred a renewed research activityrequire either high deposition temperatures or long anneal-
on these types of materials in the form of thin films [3]. The ing postdeposition treatments at relatively high tempera-
approach of using a rare earth ion in a wide band gap mate-tures in order to obtain good luminescent emission from
rial as a luminescent material offers the advantage of light the rare earth dopants [10,11]. The deposition techniques
emission with spectral characteristics fairly stable under used for these materials range from laser ablation to reactive
different operation conditions of the luminescent devices, sputtering and metallorganic chemical vapor deposition
since they are mainly dependent on the electronic energy(CVD). These techniques require in general expensive
levels of the ion and on the host material. On the other hand vacuum setups and/or complicated systems for handling
by changing the rare earth ion it is possible to obtain the the source reactants. A less sophisticated technique like
spray pyrolysis is certainly more desirable from the point
of view of large scale and large area production of these
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are reported. These films have been doped with different 3. Experimental results
concentrations of Th, Eu and Ce chlorides introduced in
the spraying solution in order to obtain luminescent materi-  The structural characteristics of the yttrium—aluminum
als in the green, red and blue regions, respectively. X-Ray oxide films deposited by spray pyrolysis are illustrated in
measurements indicate that these films have poor crystal-Fig. 1, where X-ray diffraction patterns for Th-doped films
linity, presenting small peaks associated with different deposited at three different substrate temperatures are
yttrium and yttrium—aluminum oxides including YAG shown. These patterns show several small peaks associated
(Y3Als0.5). The photoluminescence emission from these with AlYO3, Y,0; and YAG crystalline phases on top of a
films shows the characteristic spectra associated with inter-broad peak centered @B2 degrees. The broad peak is indi-
level transitions of the electronic energy states that indicate cative of a highly disordered and/or amorphous material.
an ionized atomic doping process in the case of Th- and This peak, however, becomes sharper and more intense as
Eu-doped films, while Ce-doped films present an emission the deposition temperature is increased. Table 1 lists the
characteristic that seems to be associated with a molecularelative chemical content of the rare earth dopant and the
doping of Ced in these films. The dependence of the chlorine, yttrium, aluminum and oxygen present in the films
lumin-escence intensity as a function of substrate tempera-(as measured by EDS on films deposited on Si substrates)
ture during deposition and dopant concentration are for the different dopant concentration in the spraying solu-
reported as well. tion. The samples doped with Th and Eu were deposited at
500°C and the films containing Ce were deposited at’850
In general, Ce is observed to have the best incorporation
2. Experimental details efficiency, followed by Eu. Also, the samples doped with Ce
present the largest amount of chlorine while the others pre-
The ultrasonic spray pyrolysis apparatus has beensent about the same amount. The amount of chlorine incor-
described in detail previously [12,13]. It consists of an ultra- porated in the film seems to be dependent only on the
sonic generator used to form a mist from the spraying solu- deposition temperature; more chlorine is found in samples
tion; the mist is carried to a hot substrate placed on a tin bath deposited at lower temperatures. The photoluminescence
through a tubing setup using an air flow of 12 I/min. An emission characteristics for the films with the three different
additional flow of air of 7 I/min is introduced near the sam-
ple substrate to provide an additional push to mist towards
the substrate surface where the pyrolysis reaction takes
place. The whole setup is enclosed in an evacuation cham- 2001
ber to exhaust the resulting vapors from this reaction. The 1
spraying solution used was a 0.03 M solution of Y and Al 100
chlorides in deionized water in a proportion of 3—5 atoms of
Y to Al. The dopants were added in the form of chloride ’5 0 . 1 . 1 . 1
salts also to this solution. The deposition temperature was 8 14201+
varied in the range from 300 to 630 in steps of 56C, the | - (ogg]‘j"*lnzﬂ'
substrates were pieces of Pyrex glass slides of aboug 1 7R A [
cm, with the exception of the films used to determine the ] !
chemical composition; these were deposited on crystalline
Si substrates of similar dimensions in order to evaluate the
oxygen content in the films. The deposition time was 8 min
(5 min for the Ce-doped samples) to an average thickness of
5 um, measured by a Sloan Dektak IIA profilometer. The ]
films were uniform in thickness throughout the whole sam- 400
ple surface. The photoluminescence spectra were obtained ] [22)*
with a commercial spectrofluorometer in the wavelength ]
range of 300 to 800 nm using an excitation light of 250 200 l
nm. A siemens D-5000 X-ray diffractometer with a Cu tar- I
get was used to obtain the X-ray diffraction patterns of the : } : ' ; :
films. The chemical composition of the films was measured 0 20 40
using EDS with a Leica-Cambridge electron microscope 260 (degrees)
Mo. Stereoscan 440 equipped with a Beryllium window
X-ray detector. The standard used for the energy dispersionFig- 1. X-ray diffraction patterns for terbium doped films deposited at three

. different temperatures, 400, 500, and BD0The peaks associated with
spectroscopy (EDS) measurements was the MUItI_elememcrystalline forms of AIYQ, Y,0; and YAG are indicated in each case. A

X-ray Reference Standard (Microspec) Serial 0034, part NO. proad peak centered around the (420) orientation for YAG increases and
8160-53. reduces its width as the deposition temperature is increased.
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Table 1

Atomic percent content of the rare earth dopants, chlorine, yttrium, aluminum and oxygen in the films as determined by EDS for different coadentration
the spraying solution

Concentration in solution (a/o)  Concentration measured by EDS (a/o)

ThiCI (Y, Al, O) Eu/CI (Y, Al, O) Ce/Cl (Y, Al, O)

1 —14.47 (9.96, 20.81, 64.76) —/5.22 (12.57, 19.49, 62.71) 0.10/10.94 (8.95, 13.60, 66.41)
5 0.13/4.71 (6.87, 22.31, 65.97) 0.24/3.61 (10.03, 17.48, 68.64) 0.75/11.44 (9.30, 13.31, 65.19)
10 0.34/4.33 (4.57, 25.9, 64.86) 1.42/5.42 (13.13, 23.99, 56.04) 1.46/11.53 (8.14, 11.84, 67.03)
20 0.71/5.38 (3.47, 26.07, 64.37) 1.64/5.30 (5.26, 32.37, 55.44) 2.50/12.90 (5.88, 13.67, 65.04)
30 1.09/5.27 (6.01, 22.10, 65.52) 2.48/7.87 (12.29, 29.57, 47.79) 3.70/14.62 (1.77, 18.55, 61.36)
50 1.65/5.07 (8.5, 19.05, 65.73) 3.87/5.13 (8.29, 21.72, 49.87) 3.77/12.42 (5.64, 10.88, 67.29)

dopants are illustrated in Fig. 2, where the spectra for Th- behavior of the peak intensity to the 548, 619 and 365 nm
and Eu-doped films deposited at 3Q0with a 50% concen-  peaks for Th-, Eu- and Ce-doped films, respectively, are
tration of the dopant in the spraying solution and the Ce- shown as a function of the deposition temperature in Fig.
doped film deposited at 380 and 10% dopant in the spray- 3 and as a function dopant concentration as determined by
ing solution are shown. The Tb- and Eu-doped films present EDS in Fig. 4. The luminescence emission has an optimum
peaks characteristic of transitions within their respective around 500C for Th- and Eu-doped samples while in the
electron energy levels at 490, 548, 590 and 624 nm and case of Ce-doped samples, it is observed that the light emis-
590, 619 and 653 nm, respectively. Besides these peakssion decreases drastically for temperatures above @350
there is a broad emission centered [@00 nm which showing a different behavior than the one observed for the
seems to be related to the yttrium—aluminum oxide host samples doped with the other rare earth dopants. These
material and/or the glass substrate. The Ce-doped films pre-results were performed several times in different areas of
sent a dominant peak centered at 365 nm. Peak shiftsa sample and on samples deposited under the same condi-
slightly up to 395 nm as the Ce content is increased. The tions, and in all cases the results were reproducible. The
luminescence intensity as a function of the relative doping

1400 T =3500C concentration shows a peak at 2.5 atomic % for Ce-doped
:ggg: 10% Ce films and a quenching for higher concentrations, while the
800 light emission intensities for Eu- and Th-doped films do not
600+ reach saturation nor show quenching behavior for the con-
3 ‘z‘gg: centrations achieved in these films.
& 0o
£ -200 - s
2 0] T =500°C 4, Discussion and conclusions
; 60 50% Eu
o 0 The X-ray diffraction patterns obtained for the yttrium-
% ;g: aluminum oxide films indicate the coexistence of crystalline
g 20! phases of AIYQ, Y,0; and YAG with highly disordered
2 0] material indicated by the presence of a broad peak located
§ 01 ) around the peak associated with the (420) crystalline orien-
- T = 5000C tation for YAG [11-14]. This peak increases in magnitude
1501 50% Tb and becomes sharper as the deposition temperature is
1001 increased. This may indicate some degree of ordering with-
out getting to a total crystallization of the disordered phase.
504 The peaks associated with the crystalline phases are not
affected significantly by the deposition temperature,
04 remaining small. This suggests that they are present in the
300 400 500 600 700 a0 form of small crystalline grains and/or relatively small
WAVELENGTH (nm) guantity compared with the disorder material and that up

to the highest deposition temperature used, they are not
Fig. 2. Room temperature photoluminescence emission from yttrium— gffected in either size or quantity present in the fiim. The
aluminum oxide films doped with Ce, Eu and Tb. The light emission presence of Cl in the films as determined by EDS might

from these films shows the characteristic peaks associated with radiativeindicate that some of this disordered material might be in
transition between the electron energy levels of the rare earth dopants Y

involved. A broad band centered at about 400 nm originates from the ff)rm _Of OXYChloridesv especially _in the case of C?'doped
host material and/or the glass substrate. films in which the amount of C1 is considerably high due
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Fig. 3. The light emission intensity for the main peaks, 365, 619 and 548
nm for Ce-, Eu- and Th-doped films is plotted as a function of the deposi-
tion temperature. The luminescence intensity decays drastically for Ce-
doped films for temperatures above 36Q0while in the other two cases a
maximum is observed at 5€0.

to the low deposition temperatures used for this samples.
Both Th- and Eu-doped films were stable under exposure to
ambient humidity. This fact reinforces the possibility that

oxychlorides are present in the case of Ce-doped films. The
luminescence spectra from terbium- and europium-doped

films present the characteristic peaks that could be asso-

ciated with interlevel transitions for the electronic energy
levels of TB" and Ed" ions, in particular to those corre-
sponding to transitions from th®, to ‘Fs, Fs, ‘F, and’F; of

the Tb ion (487, 542, 584 and 619 nm, respectively) and
those related with transitions fronD, to ‘Fy, 'F, and 'F3
(587, 611, and 648 nm, respectively) for the Eu ion. The
location of these peaks are slightly shifted from the expected
values (490, 548, 590, 624 for Th and 590, 619 and 653 for
Eu). These shifts might be due to the disordered nature of
the host material. The intensity of the main luminescence
emission peaks for these films shows a maximum at
[bOC°C. This behavior is probably a result of two competing
phenomena: (1) a better incorporation of the rare earth
atoms as an atomic impurity into the host material which
will result in an increase of the luminescence emission as

the deposition temperature is increased, and (2) a softening

of the glass substrate at temperatures abovéG@thich

will favor the diffusion of the dopant into the substrate
degrading the luminescence characteristics of the sample
The luminescent characteristics of the films doped witff Ce
show a behavior very similar to that of &) films doped
with CeCk[15] in which it was found that the light emission
observed was related to interlevel transitions of Ce within a

17

CeCk molecular center. As in that case, the luminescence
spectrum shows a luminescent peak that seem to be com-
prised of two overlapping peaks centered at 365 and 395 nm
and an apparent shift of the relative intensity from the 365
nm peak to the 395 nm peak with increasing doping density.
Also, the decay of the luminescence intensity with increas-
ing deposition temperature is similar to the aluminum oxide
case and supports the idea that a similar doping mechanism
is occurring in the yttrium—aluminum oxide films. Thus, it is
likely that as in the case of aluminum oxide films, the lumi-
nescence emission observed in these films is associated with
transitions from the 5d to 4f electronic levels of the Ce ion in
the CeC} molecule embedded into the host material. In
general, it is difficult to compare the characteristics of
these films with those deposited by other techniques since
no quantitative information for the incorporation rate and
luminescence of efficiency has been reported for YAG films
doped with these rare earths.

In summary, room-temperature luminescent yttrium—alu-
minum oxide films doped with Th, Eu and Ce have been
deposited by the spray pyrolysis technigque at temperatures
below 650C. The luminescent characteristics of these films
show that while Tb and Eu incorporate into the host material
as an atomic center, Ce is introduced as a molecular center
formed by Ce( . The X-ray diffraction patterns of these
films indicate the presence of a small contribution from
crystalline phases within a disordered material phase.

5000

m}

4000
3000
2000

51000

. o

30

20

PEAK LUMINESCENCE INTENSITY (a

0.0
IMPURITY CONCENTRATION (a/0)

0.5 1.0 15 20

Fig. 4. Luminescence intensity for the main peaks as a function of the
impurity concentration as determined by EDS. The Ce-doped films present
a maximum at 2.5 a/o and a quenching of the luminescence for higher
concentrations, while the Eu- and Th-doped samples do not reach a satura-
tion effect of the luminescence intensity for the concentrations studied.
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