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Orthorhombic epitaxial $€eQ, thin-film phosphors were grown or{100 SrTiO; and
yttria-stabilized-zirconia(YSZ) single crystal substrates with epitaxial relationships (900
[010]5r20e04//(100)[01015rTi03 and (100]5010]5r20e04//(100)[011]vsz, respectively. As-deposited
films exhibit a broadband photoluminesceriPé&) emission, peaking at about 477—481 nm with a
maximum cathodoluminescend€L) intensity at about 465 nm. Enhanced PL intensity was
observed for the films deposited ¢h00) YSZ and SrTiQ substrates as compared to deposits on
c-plane sapphire substrates, correlating with improved intragranular crystallinity and reducing
defects via epitaxy. Postannealing in air significantly enhanced both of the PL and CL intensities.
Luminous efficiency of 0.14 Im/W at 1 kV and 22A/cm? was observed for a 2m-thick film
annealed at 1000 °C in air. @000 American Institute of Physid$S0003-695(00)02427-X

Oxide thin-film phosphors are highly desirable for field results for SyCeQ, phosphors in field emission display ap-
emission display and electroluminescent device applicationglications. They prepared £eQ, powder phosphors by a
Unfortunately, one of the fundamental problems for oxidechemical coprecipitation technique. It was reported that the
thin-film phosphors in applications is inferior luminous effi- powder has an emission peak at 470 (@GE chromacity
ciency and brightness as compared to powder systems. It hasordinatex=0.19,y=0.26) with a luminescence efficiency
been proposed that the inferior luminescent properties aref 5.4 Im/W at 4 kV and 29.0 Im/W at 10 kV. Despite the
caused by internal reflection from planar interfaces and inferelatively complex crystal structure, we have successfully
rior crystallinity!=3 Many researchers have tried to under-grown epitaxial SjCeQ, films on single crystal cubic oxide
stand the luminescence mechanism for thin-film phosphorsubstrates. We report on the growth and luminescent proper-
and improve the properties through surface modificationties of epitaxial SCeQ, films, comparing their properties to
postannealing at high temperatures, and identifying superiguolycrystalline films.
phosphor compounds. Recently, Letal? reported that ep- SrCeQ, thin-film phosphors were grown using pulsed-
itaxial phosphor films can exhibit superior photoluminescentaser deposition. Polycrystalline 1 in. diam,SeQ, ablation
(PL) intensity as compared to randomly oriented polycrystaltargets were prepared by mixing and pressing SrQ&lfa,
line films on glass substrates. This result indicates that er89.994% and CeQ [Alfa, 99.9994 powders, followed by
hanced luminescence due to improved intragranular crystakintering in air at 1260 °C for 24 h. The films were grown
linity is possible via epitaxy. The study of epitaxial phosphorusing an excimer KrF laser with a wavelength of 248 nm.
films is useful not only for achieving high luminescence per-The laser fluence was approximately 4 Jceand the repeti-
formance, but also in understanding the fundamental propetion rate used was 10 Hz. Approximately 400—500 nm-thick
ties of the materials. Unfortunately, many known phosphofflms were grown at temperatures ranging from 600 to
materials are multicomponent materials possessing comples0 °C. The oxygen partial pressufy,0,), was varied dur-
crystallographic structures, making it difficult to find suitable ing deposition from 50 to 800 mTorr. 2m-thick films were
deposition techniques and/or substrate materials for epitaxialeposited using a repetition rate of 50 Hzplane ALO;,
film growth. (100 yttria-stabilized zirconia(YSZ), and (100 SrTiO;

Recently, a SCeQ, compound, possessing one- single crystal substrates were used. Once deposited, the
dimensional chains of edge-sharing Ge@ctahedra, was Sr,CeQ, films were annealed at several temperatures for 1 h
identified by Danielsoret al. as a promising blue lumines- in air. Crystal structure was investigated using x-ray diffrac-
cence material.lt has an orthorhombic crystal structure with tion (XRD) with CuK « radiation(0.154 06 nm wavelength
a=6.11897 Ab=10.3495 A, anc=3.5970 A. It exhibits a The PL spectra were measured at room temperature using a
blue-white emission band that peaks at 485 nm, with a quarbroadband incoherent ultraviolet light excitation source with
tum yield of 0.48-0.02 under 254 nm excitation. The lumi- a dominant excitation wavelength of 256 nm. Low voltage
nescence was suggested to originate from a ligand-to-metahthodoluminescencéCL) was measured with a Plasma
Cé'" charge transfer. Jiangt al® showed very promising Scan PSS-2 spectrometer. CL intensity measurements were
taken with an International Light 1700 photometer equipped

¥Electronic mail: yonglee@solid.ssd.ornl.gov with a photopic filter.
YElectronic mail: nortondp@ornl.gov Figure 1 shows x-rayy—260 and ¢ scans of SiCeQ,
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FIG. 1. X-ray(a) #—26 and (b) ¢ scans through110) for Sr,CeQ, films
deposited on(100) YSZ single crystal substrates and) 6-260 and (d) ¢
scans through110 for Sr,CeQ, films deposited o100 SrTiO; single
crystal substrates at 760 °C und®{O,) of 300 mTorr.

FIG. 2. Comparison of PL emission spectra ofG¥Q, films grown on
various single crystal substrates deposited at 760 °C uR@ex) of 300
mTorr.

films deposited on 4100 SrTiO; single crystal substrate. Al,O5. The superior PL intensity is likely the result of en-

fTwoSdgferent Atypes df)f c:ysttre]ll thrgc:u(;es hq\t/te beenpr epgrteﬂanced intragranular crystallinity and reduced defect density
or SpCeQ,. According to the Joint Committee on Powder via epitaxy on low energy crystallographic planes. Defect

D|ffract|o_n Sta_nda;ds (JCPD3 carq, the Stgr“"t“re of structures associated with polycrystalline materials, such as
SpCeq, is triclinic.” However, [?amelsoret al. reported grain boundaries, point defects, and impurities, act as nonra-
that SQCeQ‘.has an orthorhombp structure. I.n this study, diative centers and can impact relevant transport and lumi-
the SpCeQ, films were orthorhombic as determined by four- nescent properties.

cir_cle XRD' T_he film on(100 SrTiO3_ ShOVYS a near singular The effect of postannealing of the films was also inves-

orientation with a very weakl11) diffraction peak. Thep tigated. Figure 3 shows an improvement in PL intensity for

scan through the &eg(l_lO) also co_nﬂr_med m-_plane_ Sr,CeQ, films deposited on various single crystal substrates
aligned structure for the film. The epitaxial relationship by postannealing. Heat treatment in air considerably en-

between film and substrate was (100 h : . : .
: . anced the PL intensity of the &eC, films, while a reduc-
[010]szCeo4//(loo)[Olo]SfTi03' The films deposited 0(100) tion in PL was observed for the films annealed in inert or

YSZ reveal(200), (130, and(111) diffraction peaks. HOW-  requcing atmosphere. The films annealed at 800 °C in air
ever, ¢ scans through the 8reQ,(110) reveal that the spowed extensive enhancement in PL. The postannealing
(100-oriented $)CeQ, grains are well aligned in-plane in- rocess presumably results in an improved crystallinity,
dicating a partially epitaxial film. The epitaxial relationship g|imination of defects and increased surface roughness. The
between the film and substratte was(100  gegree of the improvement in PL for the epitaxial films was
[010]sp,ceq,//(100[011lysz. High-resolution scans with a mych larger than that for polycrystalline deposits. The films
Ge analyzer crystal gave lattice parameters of the orthorhongrrown onc-plane sapphire substrates showed increased PL
bic S,CeQ, film to bea=6.119 A,b=10.35 A, andc=3.60  intensity up to an annealing temperature of 900 °C; emission
Aon (100 YSZ anda=6.115 A,b=10.36 A, andc=3.596  was lost after annealing at 1000°C. In the case of films
A on (100 SITiO;. These values are in good agreement
with the values reported by Danielsenal® In contrast, the o e-ALO.. 300 mTorr 0.(0.5 )
films deposited orc-plane ALO; single crystal substrates O (100) 752, 300 meZOZ'(OISHm)
were polycrystalline with(111) and (002) diffraction peaks —=—(100) YSZ, 600 mTorr O (0.5 )
in the 6—26 scan and no in-plane alignment. ——(100) STiO,, 600 mTorr O,(0.5pm)

Typical PL spectra for as-deposited QuBa-thick o (100) Y82, 300 mTorr O, (2pm)
Sr,CeO, films on various substrates are shown in Fig. 2. 60000
As-deposited films exhibit a broadband PL emission with a
full width at half maximum(FWHM) of about 100 nm, peak-
ing at about 477—481 nm depending on growth conditions.
For instance, films deposited at 300 mTorr exhibit higher PL
intensity than films grown at 100 mTorr. In addition, depo-
sition temperatures of 750 °C vyielded higher PL intensity
than those obtained at 600 °C. The maximum CL intensity
was at about 465 nm which is slightly shorter than that for
PL. These values are slightly different from the 485 and 472
nm reported by Danielsoet al® and Jianget al.,® respec- : : : ‘
tively. Moreover, the PL spectra seems to be composed of 700A 800 900 1000 1100 1200

. A nnealing Temperature ("C)

several emission bands. Note also that the epitaxial film de-

posited on(100 YSZ and SrTiQ exhibits enhanced PL in- gig. 3, Postannealing temperature dependence of PL emission spectra for

tensity as compared to the polycrystalline film ofplane  Sr,CeqQ, films grown on various substrates. Lines are guides for the eye.
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0.16 - - : - higher values of surface roughness and a smaller FWHM
_ | :iﬁ;ﬁ‘;ﬁi é(;ssuzr?z)um) | (200 rocking curve thqn that f_or_ the OﬁmTthick films._
= O foCon vz um) ~ In summary, blue-light-emitting epitaxial s2eQ, thin-
E g ~T900°ConYSZ @um) film phosphors were grown o(rlOO) SITiO; apc_i YSZ single
g o L(;(}gzgogﬁe\gsoi G Sum) cry_sta] substratgs. As-deposited films exh|b|t_ broadband PL
2 0 _ A emission, peaking at about 477—481 nm, with a maximum
2 800°C on ALO, (0.3um) CL intensity at about 465 nm. Enhanced PL intensity was
5 0.08r TET900°Con ALO, (05um) observed for the films deposited ¢h00) YSZ and SrTiQ
E‘j 0.0k substrates as compared to polycrystalline deposits-plane
3 sapphire. Postannealing in air significantly enhanced both PL
£ .04 and CL intensities. Luminous efficiencies of 0.14 Im/W were
% observed for 2am-thick films annealed at 1000 °C in air.
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