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Terbium-doped aluminum oxide films (AD;:Tb) were deposited by spray pyrolysis technique using aluminum and terbium
acetylacetonates as precursors at temperatures up to 600°C. Room temperature cathodoluminescent and photoluminescent char-
acteristics of the films have been studied as a function of the deposition parameters such as doping concentrations and substrate
temperature. The observed emission has the spectral characteristics typical of radiative transitions among the electronic energy
levels associated with the $bion. Ultraviolet-visible transmission measurements show that the films are highly transparent in the
visible region(a percent transmittance above 88% is observsmic force microscopy measurements indicate that the surface

of the films is very flat, showing an average surface roughness of 14 A or less. The chemical composition of the films as
determined by energy dispersive spectroscopy is also reported.
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Trivalent rare-earth(RE) doped oxides phosphors have been localized dielectric breakdown because they often create weak spots
used for cathode ray tuHE€RT) displays because of their excellent in multilayered devices, especially when the layers are very thin.
light output and color rendering capabilititdhey have also been Also, film transparency is important because a reduction of absorp-
used successfully in a variety of photonic applicatforamging from  tion and scattering of the emitted light by the luminescent centers
solid state lasers, fluorescent lamps, scintillators, X-ray screens téesults in an improvement of the external efficiency of the lumines-
optical fiber telecommunications. RE elements have a partially filledcent devices.
inner (4f) shell surrounded by completely filled outer ¢5and A variety of oxide-based luminescent films, such as@4:Ce,’
5p°) shells, which result in optical emission of very sharp lines at Y203:Eu,'® In,05,™ Y3AI50,,:Tb,* Zr0,: Tb,*® and znO:Sn*
wavelengths from the ultraviolefJV) to the infrared(IR) when ~ among others, have been studied for FPD applications. The deposi-
they are excited with an electron beam, UV light or X-rdyEhese  tion techniques used to deposit these materials range from laser
sharp lines are relatively independent of the host material and aré@blation to reactive sputtering and metallorganic chemical vapor
determined by the energy of the transition between the 4f states ofleposition(CVD). Spray pyrolysis is a less sophisticated technique,
the RE. Because of their line rather than broad luminescence chaguitable for large scale and large area production, that has been also
acteristics, RE-doped oxide phosphors have emerged as some of ti§€d to deposit these type of films. Aluminum oxide films deposited
most promising phosphors for applications in display technology.PY SPray pyrolysis using aluminum chlorides or nitrides as precur-
Also, their stability, simple syntheéi§and environmental safety are  SO'S. have been studied as host material for rare-earth activators,
characteristics that make them attractive for flat panel disfi@yp) ~ Such as Ed? Tb,'® and Ce? The films obtained with these precur-
applications. Compared to other phosphors such as sulfur-based mg0rs are rough, thick and opaque, therefore they are inadequate for
terials, oxides are fairly stable under the different conditions re- € applications mentioned above. On the other hand, the deposition
quired for the operation of different types of luminescent devices,C @luminum oxide films by spray pyrolysis, using metallorganic
For instance, oxides do not contaminate the electron emitters in field'€CUSOrs, results in films with excellent flatness, transparency, and
emission display$FEDS neither tend to degrade rapidly under the density characteristics. In the present work, the morphological and

high current densities needed for the operation of these types oIluminescent characteristics of terbium-doped aluminum oxide films

displays. Also, they are chemically inert under the action of plasmaci€POsited by spray pyrolysis using metallorganic precursors, at tem-
commonly used in plasma operated FBD peratures up to 600°C, are reported. In particular, the dependence of

A large amount of the recent research work related with thethe CL and the PL intensity from these films as a function of doping

development of the FPD has been directed to achieve high qualit)gﬂgf;rgéa“on and substrate temperature during deposition is

oxide-based luminescent films, that can be used as active layers in
photoluminescentPL), cathodoluminescer(CL), and electrolumi-
nescen{EL) devices. Thin film phosphors have several advantages Experimental

over powders such as higher lateral resolutibecause of the pos- The ultrasonic spray pyrolysis apparatus has been described in
sibility of achieving smaller grains and more compact matrial yeajl previously’ It consists of an ultrasonic generator used to
better thermal stability, reduced outgassimgien operation under  proquce a mist from the spraying solution. The mist is carried to a

vacuum is required improved uniformity over the entire surface, ot supstrate, placed on a tin bath, through a tubing setup using air
and better adhesion to solid surfaeSome of the characteristics 55 a carrier ga&l4 L/min). The spraying solution used in this work

required for thin film phosphors to improve luminescent device yas a 0.06 M solution of Al-acetylacetonate diluted hyN-
resolution, contrast, and efficiency are low surface flatness and higljimethylformamide. Five different doping concentrations were ob-
transparency in the visible region. Rough films, in general, inducetained by mixing into the spraying solution 1, 3, 5, 7, and 10% of
terbium acetylacetonate. The deposition temperature was varied in
the range from 400 to 600°C in steps of 50°C. The substrates were
2 E-mail: cfalcony@fis.cinvestav.mx either silicon wafers or quartz slides of about 1°crithe average
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Figure 2. Room temperature PL emission from aluminum oxide films doped
Figure 1. CL emission from aluminum oxide films doped with Tb. The light With Tb. The luminescent peaks are associated with radiative transitions
emission from these films shows the characteristic peaks associated witRe€tween the Th electron energy levels.
radiative transitions between the electron energy levels of Th.

Wavelength (nm)

thickness of the films, as measured by ellipsometry, was 1100 A.
The films had a thickness uniformity within a 5%. CL measurements

were performed with a commercial luminoscope ELM2gource 40

and electron beam controllehe light emission was collected with —eo—CL

an optical fiber and fed into a commercial spectrofluorometer 1 —<—PL

(Perkin-Elmer LS50Boperated in its bioluminescence mode for its 5 30- ./_\.
spectral analysis. The accelerating voltage used in the measuremen 3 ] e
reported was 6 kV and the applied current of the electron beam wase <

0.5 mA. The spot size of the beam on the sample surface was 3 mnb 204

in diameter approximately. The PL spectra were obtained with the. = ]

spectrofluorometer mentioned above in the wavelength range from =

400 to 800 nm. A suitable excitation light wavelength for these PL 8 10+
=

measurements was found to be 220 nm. The final spectra were 1 PY
result of an average over three scans at 400 nm/min. The opticar=— 04

transmission spectra were obtained on the samples deposited ¢ —r—————

quartz substrates with an UV-visib{&V-vis) commercial spectro- 0 2 4 6 8 10

photometefUnicam), in the range from 200 to 900 nm, using blank
guartz substrates as a transmission reference. The samples surfa
morphology was analyzed with a Park Scientific Instruments atomic

Impurity concentration (%)

force microscopgAFM), model Autoprobe CP. The chemical com- 60
position of the films was determined from energy dispersive spec- 1 o
troscopy (EDS) measurements performed with a Leica-Cambridge 504 0/\0 CL
electron microscope model Stereoscan 440 equipped with &~~~ : —O—PL
beryllium-window X-ray detector. = 40

Results 3 1

The characteristic luminescence spectra for the Th-doped alumi: )
num oxide films are shown in Fig. 1 and 2 for CL and PL, respec- ‘7 20- o ~~e
tively. The spectra shown in these figures correspond to films depos &

ited at 500°C with a 5% doping concentration in the spraying 8 ) ._,_.-/’ \.
solution. The luminescence spectra peaks observed are associat ¢ 10

with interlevel transitions within the electronic energy states of'Th = ] <
ions, and they are located at 490, 547.5, 590, and 622.5 nm. Botl 0 T T 1 T T T T
type of spectra show similar emission characteristics displaying a 400 450 500 550 600
dominant peak associated with the transitiby to ’Fs at 547.5 nm. Substrate temperature (OC)

The intensity behavior of the dominant peak centered at 547.5
nm for both CL and PL is shown as a function of the doping con- _. o i .
centration for samples deposited at 600°C, in Fig. 3a, and as a fund-i9ue 3. CL and PL emission intensities for the main pe&k7.5 nm are

: L i . o, Plotted as a function ofa) impurity concentration for samples deposited at
tion of the deposition temperature, in Fig. 3b, for samples with 5AJGOO"C and(b) deposition temperature for samples with 5% doping concen-

doping concentration in the spraying solution. The lines in theseystion in the spraying solution. Both CL and PL intensities decays drastically
plots have a visual aid purpose only. The luminescence intensity hagr impurity concentrations above 5%. The maximum luminescence emission
a maximum at~5% for both CL and PL. A quenching phenomena intensity for CL occurs at 500°C and at 450°C for PL.
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Figure 4. Atomic force microscopyAFM) images of A}O;:Tb films de-
posited on silicon substrates at different deposition temperat(agsT
= 400°C, (b) Ts = 500°C, and(c) Ts = 600°C.
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Figure 5. Average roughness as measured by AFM technique fgDAITb
films deposited at different substrate temperatures.

bon in these films was not quantified because it was detected to be
present in low amount&lways below 3 atom %and no specific
influence on the films luminescence was observed. Also, the oxygen
to aluminum atomic ratio was larger than the 3 to 2 expected ratio
for stoichiometric A}O; for most of the samples.

Figure 6 shows a typical percent transmission curve for these
films in the UV-vis region. In this case the curve corresponds to a
1100 A thick sample deposited on a quartz substrate at 6N
deposition timg X-ray diffraction (XRD) patterns, not shown in
this paper, indicate that all films studied were mostly amorphous
within the resolution of our equipment.

Discussion

The luminescence spectra from terbium-doped films present the
characteristic peaks that are associated with interlevel transitions for
the electronic energy states of °rbions. In particular, those corre-
sponding to transitions from th®, level to the’Fy, 'Fs, 'F,, and
7F3, levels, giving peak emissions centered at 490, 547.5, 590, and
622.5 nm, respectivefif are present. Most of the emitted light cor-
responds to the 547.5 nm peak, showing a dominant green lumines-
cence emission. The luminescence behavior with doping concentra-
tion is similar for both CL and PL emissions. At low temperatures,
the luminescence intensity increases as the deposition temperature
increases. This behavior is most likely associated with the increasing

is observed at high doping concentrations in both cases. On the othgfcorporation of the terbium atoms as an atomic impurity into the
hand, the luminescence intensity curve as a function of deposition

temperature presents a maximum-at50°C for PL and at-500°C
for CL.

The surface morphology for samples deposited at 400, 500, and Table I. Atomic percent of terbium, aluminum, and oxygen in

600°C is illustrated in Fig. 4, where atomic force micrographs for

these samples are shown with vertical scales from 0 to 198 A, 0 to

315 A, and 0 to 384 A, respectively. Similar morphology is observed

in all cases, although, the average roughness of the films changes

with deposition temperature as illustrated in Fig. 5. A maximum
average roughness value of 14 A is observed at 450°C.
Table | lists the relative atomic percefdatom % content of

terbium, aluminum, and oxygen present in the films, as measured by

EDS, for the different doping concentration in the spraying solution

and substrate temperatures during deposition studied. The incorpo-

ration of the Tb activator in the films is observed to be more efficient

the films as determined by EDS for different concentrations in
the spraying solution and deposition temperatures used.

Concentration Deposition Concentration measured by ER&om %

for deposition temperatures up to 500°C. Above this temperature,
the incorporated amount of Th in the film decreases for the same
doping concentration in the spraying solution. The presence of car-

in solution temperature

(atom % (°C) Terbium Aluminum Oxygen
1 600 0 24.8 75.2
3 600 0 34.7 65.3
5 600 0.1 37.1 62.8
7 600 0.2 342 65.6

10 600 0.3 48.7 51

5 400 1.0 38.8 60.1
5 450 13 22.7 76.0
5 500 11 21.7 77.2
5 550 0.4 47.3 52.3
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Figure 6. Typical transmission spectrum for a &, :Th sample deposited
at 600°C.

host material. After reaching a maximum at a doping concentration,
of 5% in the spraying solution, a quenching phenomena for higher
concentrations is observed. This quenching effect has been reporteD

for other materiaf$'>'°and it has been associated with reaching an

Journal of The Electrochemical Society50 (2) H53-H56 (2003

Conclusions

We have obtained aluminum oxide films doped with terbium by
the spray pyrolysis technique at temperatures below 600°C. The
luminescent characteristics show that Tb is incorporated as an
atomic center into the host material. The peaks observed in CL and
PL spectra are associated with interlevel transitions between elec-
tronic energy states of Pb ions, showing a dominant green light
emission. It was found that the behavior of the luminescent emission
with the deposition temperature was largely determined by a com-
peting effect between the increasing film roughness and a reduction
of terbium incorporation as the deposition temperature increased. It
is proposed that this effect and the difference in the response, in
particular for the film roughness, between PL and CL explain the
different behavior observed for these emissions as a function of
deposition temperature. AFM results showed that the surface of the
films is very flat in generalthe highest surface roughness value was
14 A). UV-vis transmission measurements show that the films have
a high transparency in the visible-88% transmission XRD mea-
surements indicate that the films are mostly amorphous for the range
of deposition temperatures studied.

Acknowledgments

The authors thank M. Guerrero, J. GarcCoronel, J. Guznm
and R. Fragoso for their technical assistance. Also, we gratefully
acknowledge the partial financial support of CONACYT, Xite,
Joject no. G-37858-E. and J34225-U.

Centro de Investigacioy Estudios Avanzados-IPN assisted in meeting

ion density that favors interaction among Tb ions at the nearesthe publication costs of this article.

neighbor sites.

References

The luminescence emission as a function of the deposition tem-

perature has a maximum at 500°C for CL and 450°C for PL. The 1.

difference in the maximum location for both types of emissions

G. Blasse and B. C. Grabmaidmminescent MaterialsSpringer Verlag, Berlin
(1994.
2. A. J. Steckl and J. M. ZavadW¥RS Bull.,24, 16 (1999.

could be associated with the different nature of the excitation phe- 3’
nomena in each case and with the role that surface roughness plays
in it. It has been reporté@that increasing surface roughness and/or 4
thickness of a phosphor film results in an enhancement of the PL®>
emission, while CL emission is less affected by these parameters. Ass.
shown in Fig. 5, there is an overall increase of the film roughness as7.
the deposition temperature is increased, presenting a maximum a8
450°C. On the other hand, Table | information indicates that the
terbium incorporation in the film is less efficient as the temperature

is increased above 500°C. It is therefore proposed that the observenb.

luminescence behavior with temperature is the result of a competin
effect between the increase of the film roughness and the reductioggilrL
of terbium ions incorporated in the film. Since the CL is less af-
fected by the roughness of the film the net result is that its intensity

variation with temperature is softer and a shift in the maximum 13. y g :
location would be expected in comparison with PL, as it is observed!* S: Bachir, K- Azuma, J. Kossanyi, P. Valat, and J. C. Ronfard-Hareymin., 75

in Fig. 3. The chemical composition obtained from EDS for the 15

oxygen to aluminum ratio is in the range of 1 to F&ble |). This
variation could indicate that differences on the porosity and/or den-
sity of the material arise with different deposition conditions. The

terbium-doped aluminum oxide films deposited by spray pyrolysisq7.

exhibited a high percent of transmittance in the visible region. Val-

ues higher than 88% were obtained by optical transmission measurés3-

ments in the UV-vis region. It is believed that the degree of surface

these characteristics.

16.

B. G. WybourneSpectroscopic Properties of Rare-Eartisterscience Publishers,
New York (1965.

A. Esparza, M. Garay and C. FalconyThin Solid Films,325, 14 (1998.

C. Falcony, M. Gara, A. Orfe, O. Miranda, |. Gradilla, G. Soto, L. Cota-Araiza,
M. H. Faras, and J. C. Alonsal. Electrochem. Soc141, 2860(1994.

J. I. PankoveDisplay DevicesSpringer Verlag, New York1980.

S. Itoh, T. Kimizuka, and T. Tonegawd, Electrochem. Soc135 1819(1989.

G. A. Hirata, J. McKittrick, M. Avalos-Borja, J. M. Siquieros, and D. Devippl.
Surf. Sci., 113114, 509 (1997).

9. W. M. Yen, M. Raukas, S. A. Basun, W. VanSchaik, and U. Happekumin.,69,

287(1996.
S. L. Jones, D. Kumar, R. K. Singh, and P. H. Hollowagpl. Phys. Lett.71, 404
(1997.

. A. Orfe, C. Falcony, M. Gara, and S. Lpez, Thin Solid Films,165, 249(1988.
2. G. A. Hirata, O. A. Lpez, L. E. Shea, J. Y. Yi, T. Cheeks, J. McKittrick, J.

Siquieros, M. Avalos-Borja, A. Esparza, and C. Falcahyac. Sci. Technol. A4,
1(1996.
E. Pereyra-Perea, M. R. Estradaf¥za, and M. Gara, J. Phys. D31, L7 (1998.

35(1997.

E. Martnez, M. Garaa, F. Ramos-Brito, O. Alvarez-Fregoso, S.pea, S. Grana-
dos, J. Cheez-Ramiez, R. M. Martnez, and C. FalconyPhys. Status Solidi B,
220, 677(2000.

C. Falcony, A. Ora, J. M. Domnguez, M. H. Faas, L. Cota-Araiza, and G. Soto,
J. Electrochem. Soc139 267 (1992.

M. Langlet and J. C. Joubert, @hemistry of Advanced Material€. N. R. Rao,
Editor, Blackwell Scientific Publication, Oxford, U.K1993.

E. W. Chase, R. T. Hepplewhite, D. C. Krupka, and D. Kalind\ppl. Phys.40,
2512 (1969.

h . X .. 719. L. Ozawa and H. N. Hersh, Electrochem. Soc122, 1222(1975.
flatness obtained on these films helped a great deal in achievingg

K. G. Cho, D. Kumar, Z. Chen, P. H. Holloway, and R. K. Singfater. Res. Soc.
Symp. Proc.560, 83 (1999.

Downloaded 12 Feb 2010 to 132.248.12.226. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms _use.jsp



