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Transparent-photoluminescent Y3Al5O12:Tb ~YAG:Tb! thin films were deposited on single-
crystalline sapphire at two different substrate temperatures by means of the pulsed laser deposition
technique. The ablation targets were fabricated from YAG:Tb powders obtained with a new ceramic
processing technique~combustion synthesis!. A KrF excimer laser with an ultraviolet wavelength of
248 nm was used to evaporate the target and to grow the films. Analysis and characterization of the
films were performed by scanning electron microscopy, x-ray diffraction, Auger electron
spectroscopy, and photoluminescence measurements. As-deposited films were amorphous and
deficient in oxygen as compared to the target. Additionally, these films were not luminescent.
Postannealing treatments in air for at least 1 hr in the range 800–1200 °C were found to be
necessary in order to induce crystallization and oxygenation in the films thus recovering the green
photoemission of YAG:Tb with these treatments. ©1996 American Vacuum Society.
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I. INTRODUCTION

During the last few years special attention has been p
to yttrium aluminum garnet@Y3Al5O12, ~YAG!#-based phos-
phors doped with rare-earth ions~Eu, Tm, Tb! due to their
potential applications as luminescent layers in flat panel d
plays ~FPDs!, electroluminescent~EL! devices, and ac
plasma~ACP! panels.1,2 A new emerging technology, pulse
laser deposition~PLD!, offers great advantages over man
other physical vapor deposition~PVD! and/or chemical va-
por deposition~CVD! techniques because it can be used
produce high purity materials in the form of thin films. Th
main feature of the PLD method is the excellent stoichio
etry transfer from complex inorganic compound targets a
the homogeneity and uniformity over limited areas.3 Thin
films of terbium-doped oxide phosphors like YAG:Tb an
YAGG:Tb ~yttrium aluminum gallium garnet! have already
been studied and proposed for practical applications.1,4 Greer
et al. used PLD for the first time to obtain YAGG:~Eu,
Tb,Tm! for high luminance~brightness! thin film CRTs dis-
plays. However the substrates had to be postannealed at
tively high temperatures~.1500 °C! for several hours~.10
hr!4 to achieve maximum light output. Thus, from a techn
logical point of view it is highly desirable to develop meth
ods to obtain photoluminescent devices using lower post
nealing temperatures.

II. EXPERIMENTAL TECHNIQUES

In this work we obtained YAG:Tb transparent
photoluminescent thin films grown by pulsed laser ablatio

a!Present address: Instituto de Fı´sica-UNAM, Laboratorio de Ensenada
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The films were deposited on sapphire at either 300 or 400 °
substrate temperatures and postannealed at low temperatu
~800–1200 °C!. The YAG:Tb targets were prepared by com-
bustion synthesis of yttrium nitrate, aluminum nitrate, and
terbium nitrate. Combustion synthesis is a promising tech
nique for phosphor synthesis because of its success in pr
ducing high quality oxide ceramic powders at considerabl
lower temperatures and with reduced processing time com
pared with conventional synthesis techniques.5,6

Combustion synthesis involves the exothermic reaction o
an oxidizer such as metal nitrates, and an organic fuel, typ
cally urea ~CH4N2O! or carbohydrazide~CH6N4O!. The
combustion reaction is initiated in a muffle furnace at tem
peratures of 500 °C or less~much lower than the phase tran-
sition of the target material!. The chemical energy released
from the exothermic reaction between the metal nitrates an
fuel can rapidly heat the system to high temperature
~.1600 °C! and sustain these high temperatures without a
external heat source. In a typical reaction, the mixture o
metal nitrates decomposes, dehydrates, and ruptures into
flame after about 3–5 min.5 A porous, voluminous powder
that can be crushed to 1–3mm size powders with mortar and
pestle is obtained.

Combustion synthesized YAG:Tb powders were cold
pressed in a steel dye to obtain pellets 30 mm in diamet
and 3 mm in thickness. The pellets were sintered at 1000 °
for 1 hr to obtain structurally robust targets~85% dense!.

YAG:Tb thin films were evaporated in a laser ablation
ultrahigh vacuum system with a base pressure of 5310210

Torr. Sapphire substrates were maintained at either 300
400 °C during the growth of the films. A KrF excimer laser
with an ultraviolet~UV! wavelength of 248 nm, 30 Hz rep-
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etition rate, and an energy density of 3 mJ/cm2 was focused
onto the target. The as-deposited substrates were cut
small samples of about 1 cm2 and annealed in air betwee
800 and 1200 °C for at least 1 hr.

The surface morphology and atomic concentration we
characterized by using a scanning electron microsco
~SEM! and a scanning Auger microscope~SAM!. The
samples were analyzed by x-ray diffraction~XRD! spectros-
copy equipped with a Co excitation source~l51.7902 Å!.

FIG. 1. Representative SEM micrograph of Y3Al5O12 :Tb thin film grown on
sapphire at a 400 °C substrate temperature.

FIG. 2. Auger spectrum taken on~a! the original surface of a YAG:Tb target
and ~b! the surface of the same film as in Fig. 1.
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Photoluminescence~PL! characteristics of the YAG:Tb
films were measured with a commercial luminescence spec
trophotometer using an UV excitation radiation of 250 nm
wavelength. The spectra were measured with a 290 nm filter
to block out the excitation signal. The final spectra were a
result of an average over five scans at 360 nm/min in the
350–650 nm range.

III. RESULTS AND DISCUSSION

The surface morphology as determined by SEM is shown
in Fig. 1. It is observed that spherical particles appeared on
the smooth surface of the YAG:Tb film. The chemical com-
position of these particles determined by AES was similar to
the original target; however, on the smooth surface of the
film a different stoichiometry was measured, as will be dis-
cussed below. These rounded particles of different sizes tha
are formed from local melting and ejected from the target to
the substrate are typically found in laser ablation
experiments,7 and can be easily removed from the surface.

The Auger spectrum in Fig. 2~a! corresponds to the origi-
nal surface of the YAG:Tb target. Figure 2~b! shows a rep-
resentative Auger spectrum of a YAG:Tb thin film annealed
at 1200 °C for 1 hr. In both cases, the intensities of the Auger
peaks for Al, Y, Tb, and O are similar, indicating that the
atomic concentration of each chemical element is the same
However, the as-deposited films showed a reduction in oxy-
gen as compared to the ablated target. Thus, annealing trea
ments are necessary to re-oxygenate the films to the poin
that YAG:Tb films recover the initial photoluminescent char-
acteristics of the target.

FIG. 3. X-ray diffraction patterns of three YAG:Tb thin films grown on
sapphire at a 400 °C substrate temperature:~a! no annealing,~b! annealed at
800 °C, and~c! annealed at 1200 °C.
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FIG. 4. Photoluminescence of Y3Al5O12 :Tb thin film grown on sapphire at 400 °C and subsequently annealed at 1200 °C for 1 h
The effect of the annealing temperature on the structure
deposited films measured by XRD is shown in Fig. 3. As t
temperature is raised, the intensity of the diffraction pea
increases. For the as-deposited film, a small, broad pea
detected. After annealing at 800 or 1200 °C diffraction pea
appear with different relative intensities and correspond
crystallographic planes of the Y3Al5O12 structure excited
with a Co x-ray source (l51.7902 Å!. We also observed
from Fig. 3 that grain size for films annealed at higher te
peratures~1200 °C! is larger than that annealed at 800 °
~narrower peak widths!.8

Figure 4 shows a representative photoluminescence s
trum of a YAG:Tb thin film annealed at 1200 °C for 1 hr. A
reported by Chaseet al.9 and Khang,10 the main peak of
green emission at 545 nm corresponds to5D4–

7F5 transi-
tions arising from the (4f ) electron configuration of a
Tb31 ion. The other peaks labeled indicated in Fig. 4 a
also attributed to different transitions in terbium.11 This spec-
trum is identical to the YAG:Tb13 photoluminescence spec
trum reported by other work.9,10,12

IV. CONCLUSIONS

In this work photoluminescent YAG:Tb thin films were
evaporated by pulsed laser deposition on monocrystal
sapphire substrates. The ablated targets were prepare
combustion synthesis of~Y,Al,Tb! nitrates in a muffle fur-
nace maintained at 500 °C.

As-deposited films were amorphous and deficient in ox
gen as determined by x-ray diffraction and Auger spectr
Vac. Sci. Technol. A, Vol. 14, No. 3, May/Jun 1996
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copy and were not luminescent. Postannealing treatments in
air for at least 1 hr in the range of 800–1200 °C were found
to be necessary in order to re-establish photoluminescence
on the films by crystallization and re-oxygenation. In our
experiments, similar results were obtained for films depos-
ited at the two different substrate temperatures, 300 or
400 °C.
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