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Cathodoluminescent properties of pulsed-laser-deposited Eu-activated,®4 epitaxial films
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The growth, structural and cathodoluminescé®lt) properties of 4 wt. % europium-doped yttrium oxide
(Eu:Y,0,) thin films are reported. The Eu;®; flms were grownin situ using a pulsed laser deposition
technique. Our results show that Ey® films can grow epitaxially on (100) LaAlQsubstrates under opti-
mized deposition parameters. The epitaxial growth of EQxfilms on LaAlO;, which has a lattice mismatch
of ~60%, is explained by matching of the atom positions in the lattices of the film and the substrate after a
rotation. CL data from these films are consistent with highly crystalline Eds¥ilms with an intense CL
emission at 611 nn{.S0163-182609)10839-1

Recent studies have shown that thin films of yttrium oxidechamber during deposition experiments. Assuming a time-
and yttrium oxysulfide activated optimally with europium are dependent linear film-growth, the growth-rate of the film de-
very promising for applications in flat panel field emission posited was estimated by dividing the total thickness of the
displays(FEDS.'~® Both of these systems are red phosphorsfilm by the deposition time. The thicknesses of Ex0¥
emitting light at 611 and 617 626 nm, respectively. It hasfilms were measured using an EC110 multiwavelength ellip-
been observed that europium-activated yttrium oxysulfidesometer. To check the reproducibility of the results, three
(Eu:Y,05S) phosphors exhibit higher photoluminescencesamples prepared under identical deposition conditions were
(PL) and cathodoluminescencgCL) efficiency than eu- used for each measurement.
ropium activated yttrium oxide phosphbHowever, the at- Shown in Fig. 1a) is the (#—26) x-ray diffraction
mospheric stability as well dynamic current or voltage bias(XRD) scan of a 3.2am thick Eu:Y,O5; film grown on
stability of Eu:Y,03S needs to be improved significantly be- (100) LaAlO; substrate at 750 °C. For comparison, we have
fore using it in actual FED devicés® The Eu:Y,0; system, also shown in this figure a standard XRD pattern of poly-
which is relatively less efficient than Eu;®5S, has shown crystalline Y,0; powder[Fig. 1(b)]. The (h00) lines with
better stability resulting in wider attention to the EyO4  h=4, 6, and 8 are thickened to indicate that only these peaks
phosphor system. In addition to improving stability, the appear in the XRD pattern of the Eu®; film besides the
brightness also needs to be improved for the successful deubstrate peaks. This suggests a textured growth of 4:Y
velopment of FEDs based on thin film phosphors. The lowefilm on LaAlO; substrates. The films grown at lower tem-
brightness and efficiency of phosphor films relative to pow-peratures(<700°C were polycrystalline with wider full
ders is possibly caused by inferior crystallinity, off- width at the half maximun{FWHM) of each peak. Due to
stoichiometry, and multiple internal reflections of the emittedthe limitation of our heater’s capability to obtain higher tem-
light.81° The objective of this investigation was to grow perature, we could not perform depositions at temperatures
highly crystalline epitaxial Eu:YO5 films and study their and higher than 750 °C. The inset in Fig. 1 shows the rocking
CL properties. The epitaxial Euy®D; films are expected to
be better than polycrystalline Eu;®; films in terms of 10 @
brightness and stability. Moreover, due to the difficulty in J
producing reasonably large and homogeneous single crysta. |
of Eu:Y,0O5 materials, the epitaxial growth of Eu;®; films
assumes further importance from the point of view of carry-
ing out fundamental studies on phosphor thin films.

4 wt. % Eu-activated ¥O5 thin films were grownin situ
using a pulsed laser depositioRLD) technique which has
emerged as one of the most convenient and efficient tech-~
niqgues for the stoichiometric evaporation of multi- 14 L
component refractory materialsin the PLD experiments, 4 )
wt. % Eu-doped YO; dense target was ablated using a -1005 ®)
248-nm KrF pulsed laser. The energy density and repetition
rate of the laser beam used were 1.5 Yamd 5 Hz, respec-
tively. Single-crystal(100) oriented lanthanum aluminate
(LaAlO3) was used as substrate material. The substrates
were 10<5X0.5mm and attached to the heater face plate FIG. 1. X-ray diffraction patterns a&) a 3.2.um thick Eu:Y,05
placed parallel to the target by silver paste. The substratefm grown on (100) LaAIQ substrate at 750 °C ar{}) Y,0; pow-
were heated at temperatures in the range of 600—750 °C. Adter. The inset ina) is the rocking curve of thé400 peak of the
oxygen pressure of 200 mTorr was maintained in the growthsame film.
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FIG. 2. ¢ scan of 3.2um-thick Eu:Y,0O3 (222 family reflec-
tions of the film grown at 750 °C on (100) LaA{Bubstrate.

curve (o scan of the (400) peak of this film whose FWHM
is only 0.2° confirming that Eu:YO; films are highly tex-
tured.

The degree of in-plane alignment was determined using
¢-scan of{222 peaks with¢ rotation axis parallel to the film
thickness. Theg-scan result obtained from the same film,
whose XRD pattern is shown in Fig(a, is displayed in Fig.

2. Although the FWHM values of the peaks in tihescan are
wider than those normally reported for epitaxial oxide
films,*2 the appearance of only four peaks suggests that
Eu:Y,03 films grow epitaxial on LaAlQ substrates if an
optimized set of parameters during the deposition is used.
Further, the separation of each peak from one another by 90°
suggests a cube-on-cube epitaxial relationship between the
film and the substrate. The wider FWHM values of peaks in
the ¢ scan may be due to a possible disorder near the inter-
face. However, this aspect needs to be studied in further
det-?rl]lé epitaxial growth of Eu:YO; films on LaAlO; sub- FIG._3. Schemgtic representations pf atom pgsitions alang
strates is interesting since the lattice mismatch between th '2Yer in Y20; lattice, (b) a La-O layer in 4 4 lattices of LaAIQ

film and the substrate is very large. Using the lattice conS°MPOUNd, andc) superimposition of ¥ layer on La-O layer upon
stants of LaAIQ(3.78 A) and Eu:¥%,04(10.60 A), the lattice 457 rotation.

mismatch between the film and the substrate, givenday (

—ajs)/as (where a; and a; are the lattice constants of [Fig. 3(b)]. A comparison of atom positions in these layers of
LaAlO; substrate and Euy0; film), is found to be~60%.  film and substrate material suggests that a rotation of the
The realization of epitaxial growth of Euy®; films on such  film-plane (Y layer or O layey by 45° can result into a situ-

a widely mismatched substrate could be understood by coration which is very favorable for epitaxial growth of,®;
sidering the lattice structure and atom positions in each sydilms on LaAlO; substrates. Under this arrangement, repre-
tem. Lanthanum aluminate has a perovskitelike crystallinesented schematically in Fig.(@, the lattice mismatch is
structure at high temperatures. On cooling it transforms agjiven by[{(2as)?+ (2a4)?}*%— a]/[ (2a)*+ (2a4)?]*2 In
about 500 °C to a rhombohedral phase with the lattice conthis figure, a Y-terminated layer from a unit cell o®; is
stantsa=3.79 A anda=90.5° 1 Neglecting the small de- diagonally superimposed on the<4+ matrix of LaAlO; unit
viation in angle from 90° in a perfect cubic structure, thecell terminated with a La-O layer. Substituting the values of
structure of LaAIQ can be considered as pseudocubic, re-ag and a; in this expression, we find the lattice mismatch
sembling the structure of a standard perovskite. In this strudsetween the film and the substrate is orl§%. This kind of
ture, the La-O and Al-O layers are sequentially stacked ovesmall difference in lattice parameters between the film and

one other. substrate can certainly promote epitaxial film growth and
XRD measurements have shown that for small Eu-dopingxplain our results.
levels used here, the structure of Eu-dopedyis identical The cathodoluminescenceCL) brightness of Eu:YO,

with the structure of pure YO; with a lattice parameter of films was measured using an Oriel Multispec with a CCD
10.604 A. Thus it is sufficient to consider the atom positionsdetector. The CL was excited by primary electron beam with
in Y,0; compound to study the epitaxial relationship be-different energies(1-5 ke\) and current density of 3.2
tween the Eu:YO; films and LaAlQ, substrates. The struc- uA/cm?. Figure 4 shows a typical CL spectrum recorded at 2
ture of Y,0; is closely related to a cubic fluorite structtfé®  keV and 3.2uA/cm? from a 3.2um-thick Eu:Y,0; film on
with alternating Y and O layetl° The atom positions in the LaAlO; substrate grown at 750 °C. There are three distinct
Y layer are shown schematically in Fig(@. Shown also in  regimes of transitions marked by I, I, and Il respectively.
this figure is the atom positions in an La-O layer in LaAlO The wavelengths of transmitted light in these regimes are
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FIG. 4. CL spectrum obtained from a 3u2n-thick Eu:Y,0; FIG. 5. Variation of CL intensity as a function of electron en-
film. ergy in a 3.2um-thick Eu:Y,O; film.

listed in Table I. The origin of these transitions can be un- . _ .
derstood by considering the energy level diagrams for afion. defect density and grain boundary density. The change
EW* ion in a Y,0; lattice® The origin of transitiongelec- " local environment will result in variation in relative inten-

tric dipole or magnetic dipoléfrom emitting levels to termi- sities of emission peaks Iis}ed in Table I'. !t is clear from Fig.
nating levels depend upon the site wheré Eis located in 4_ that there is a only one intense emm|5|on._AII_ other emis-
the Y,0; lattice and the type of these transitions is deter-SIONS are very small. The most intense emission occurs at
mined by selection rules. An Etiion in Y,O; can occupy 611 nm and is due t8D,— ’F, transition. The occurrence of

. ; h an intense emision with respect to other emissions sug-
two types of symmetry sites: a low symmetry site ofdhd suc _ . .
a high symmetry site of &728In a unit cell, there are 24.C  98StS that the coupling of Bliions to the %Oj; host lattice

sites and eight sites. All things being equal, it is likely IS rther weakf’ n Eu:Y?O? films. Similar r_esults_ ha\ée been
that E?* ions will occupy these two types of sites with obtained garher for Eu.}O; polycrystalline films® and
approximately equal probabilit#. Thus there are about three EU:YZO3 smglg cr_ystal%o Wh'Ch may suggest that polycrys-
times as many ions at,Gite than at Ssite. tallme Qnd epitaxial .or.smgle grystal Eud,; ma';erlal may
According to the selection rules, the allowed electric di-dualitatively show similar luminescent properties. But epi-
pole transitions in system with no inversion of symmetry {@xial Eu:Y;05 films will show significant difference in
(which is the case with Eu:)0, system are those for which terms of sharpness and relative intensities of emission peaks.
AJ=<6. The transitions arising from magnetic dipole transi-AN effort to quantify this speculatiuon is underway in our

tions are those for whichJ=0, =1 but the transition 8-0 Iaboratory.' . . L . .

is forbidden. Based on these selection rules the nature of Shown In Fig. 5is the variation in CL Intensity a§ a func-
transitions taking place in regime I, Il, and Ill are listed in t!on of applied electron energy for a 3"2“'tzh'Ck Eu:Y20,
Table I. The splitting pattern depends on the strength of th lim. The CL data were collected at m/cm. ar_ld voltages
crystal field and the local symmetry environment. Due to/1OM 1 5 keV.' AS. can be seen from.th|s flgur'e, the CL
strong shielding of # electrons of an E& ion from the intensity of the film increases with the increase in electron

crystal environment by thessand 5 orbitals, the crystal energy _apphed. The Increase in CL brightness with an n-
field splittings can be neglectétl® The local symmetry crease in electron energy is attributed to deeper penetration

environment, however, may be different for polycrystallinecif e'ec”O/QE‘{_‘g? thgggglm body Wh_iCh s govgrned ZByRe_
and epitaxial Eu:YO; films due to a difference in orienta- —0-0276 AEp™1pZ™">, whereRe is penetration depth in
pum, A,Z and p are, respectively, average atomic weight,

TABLE I. atomic number, and density of,®; andE, is the energy of
the electron in keV. The deeper penetration of electrons in
Transition Eu:Y,0; film body results into an increase in electron-solid
Regime From To  AJ Nature of Transition interaction volume in which excitation of Btiions, respon-
sible for light emission, takes place. Therefore, an increase in
| °Dy Fy 0 Magnetic dipole interaction volumdwhich effectively determines the genera-
533-545 nm tion of light inside the film bodywith an increase in electron
Il Dy Fo 0<0 Electric dipole energy brings about an increase in CL brightness of ED3Y
579-617 nm =5 1 Magnetic dipole film.
F, 2 Electric dipole In summary, we have synthesized highly crystalline epi-
Fy 3 Electric dipole taxial Eu:Y,0; films on singly crystal (100) LaAlQ sub-
m 5Dy F, 4 Electric dipole strates and studied their cathodoluminescent properties. In
680—710 nm view of very high mismatch in lattice constants of the film

and substrate materials, the epitaxial growth of E@Y
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