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Photo- and cathodoluminescence characteristics of blue-light-emitting
epitaxial Sr 2CeO4 thin-film phosphors
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Orthorhombic epitaxial Sr2CeO4 thin-film phosphors were grown on~100! SrTiO3 and
yttria-stabilized-zirconia~YSZ! single crystal substrates with epitaxial relationships of~100!
@010#Sr2CeO4

//~100!@010#SrTiO3
and (100)@010#Sr2CeO4

//~100!@011#YSZ, respectively. As-deposited
films exhibit a broadband photoluminescence~PL! emission, peaking at about 477–481 nm with a
maximum cathodoluminescence~CL! intensity at about 465 nm. Enhanced PL intensity was
observed for the films deposited on~100! YSZ and SrTiO3 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 lm/W at 1 kV and 22mA/cm2 was observed for a 2-mm-thick film
annealed at 1000 °C in air. ©2000 American Institute of Physics.@S0003-6951~00!02427-X#
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Oxide thin-film phosphors are highly desirable for fie
emission display and electroluminescent device applicatio
Unfortunately, one of the fundamental problems for oxi
thin-film phosphors in applications is inferior luminous ef
ciency and brightness as compared to powder systems. I
been proposed that the inferior luminescent properties
caused by internal reflection from planar interfaces and in
rior crystallinity.1–3 Many researchers have tried to unde
stand the luminescence mechanism for thin-film phosph
and improve the properties through surface modificati
postannealing at high temperatures, and identifying supe
phosphor compounds. Recently, Leeet al.4 reported that ep-
itaxial phosphor films can exhibit superior photoluminesc
~PL! intensity as compared to randomly oriented polycrys
line films on glass substrates. This result indicates that
hanced luminescence due to improved intragranular crys
linity is possible via epitaxy. The study of epitaxial phosph
films is useful not only for achieving high luminescence p
formance, but also in understanding the fundamental pro
ties of the materials. Unfortunately, many known phosp
materials are multicomponent materials possessing com
crystallographic structures, making it difficult to find suitab
deposition techniques and/or substrate materials for epita
film growth.

Recently, a Sr2CeO4 compound, possessing on
dimensional chains of edge-sharing CeO6 octahedra, was
identified by Danielsonet al. as a promising blue lumines
cence material.5 It has an orthorhombic crystal structure wi
a56.118 97 Å,b510.3495 Å, andc53.5970 Å. It exhibits a
blue-white emission band that peaks at 485 nm, with a qu
tum yield of 0.4860.02 under 254 nm excitation. The lum
nescence was suggested to originate from a ligand-to-m
Ce41 charge transfer. Jianget al.6 showed very promising
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results for Sr2CeO4 phosphors in field emission display ap
plications. They prepared Sr2CeO4 powder phosphors by a
chemical coprecipitation technique. It was reported that
powder has an emission peak at 470 nm~CIE chromacity
coordinatesx50.19,y50.26! with a luminescence efficiency
of 5.4 lm/W at 4 kV and 29.0 lm/W at 10 kV. Despite th
relatively complex crystal structure, we have successfu
grown epitaxial Sr2CeO4 films on single crystal cubic oxide
substrates. We report on the growth and luminescent pro
ties of epitaxial Sr2CeO4 films, comparing their properties to
polycrystalline films.

Sr2CeO4 thin-film phosphors were grown using pulse
laser deposition. Polycrystalline 1 in. diam Sr2CeO4 ablation
targets were prepared by mixing and pressing SrCO3 @Alfa,
99.994%# and CeO2 @Alfa, 99.99%# powders, followed by
sintering in air at 1260 °C for 24 h. The films were grow
using an excimer KrF laser with a wavelength of 248 n
The laser fluence was approximately 4 J/cm2 and the repeti-
tion rate used was 10 Hz. Approximately 400–500 nm-th
films were grown at temperatures ranging from 600
750 °C. The oxygen partial pressure,P(O2), was varied dur-
ing deposition from 50 to 800 mTorr. 2-mm-thick films were
deposited using a repetition rate of 50 Hz.c-plane Al2O3 ,
~100! yttria-stabilized zirconia~YSZ!, and ~100! SrTiO3

single crystal substrates were used. Once deposited,
Sr2CeO4 films were annealed at several temperatures for
in air. Crystal structure was investigated using x-ray diffra
tion ~XRD! with CuKa radiation~0.154 06 nm wavelength!.
The PL spectra were measured at room temperature usi
broadband incoherent ultraviolet light excitation source w
a dominant excitation wavelength of 256 nm. Low volta
cathodoluminescence~CL! was measured with a Plasm
Scan PSS-2 spectrometer. CL intensity measurements
taken with an International Light 1700 photometer equipp
with a photopic filter.

Figure 1 shows x-rayu–2u and f scans of Sr2CeO4
© 2000 American Institute of Physics
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films deposited on a~100! SrTiO3 single crystal substrate
Two different types of crystal structures have been repo
for Sr2CeO4. According to the Joint Committee on Powd
Diffraction Standards ~JCPDS! card, the structure o
Sr2CeO4 is triclinic.7 However, Danielsonet al.8 reported
that Sr2CeO4 has an orthorhombic structure. In this stud
the Sr2CeO4 films were orthorhombic as determined by fou
circle XRD. The film on~100! SrTiO3 shows a near singula
orientation with a very weak~111! diffraction peak. Thef
scan through the Sr2CeO4(110) also confirmed in-plane
aligned structure for the film. The epitaxial relationsh
between film and substrate was ~100!
@010#Sr2CeO4

//~100!@010#SrTiO3
. The films deposited on~100!

YSZ reveal~200!, ~130!, and~111! diffraction peaks. How-
ever, f scans through the Sr2CeO4(110) reveal that the
~100!-oriented Sr2CeO4 grains are well aligned in-plane in
dicating a partially epitaxial film. The epitaxial relationsh
between the film and substrate was~100!
@010#Sr2CeO4

//~100!@011#YSZ. High-resolution scans with a
Ge analyzer crystal gave lattice parameters of the orthorh
bic Sr2CeO4 film to bea56.119 Å,b510.35 Å, andc53.60
Å on ~100! YSZ anda56.115 Å,b510.36 Å, andc53.596
Å on ~100! SrTiO3 . These values are in good agreeme
with the values reported by Danielsonet al.8 In contrast, the
films deposited onc-plane Al2O3 single crystal substrate
were polycrystalline with~111! and ~002! diffraction peaks
in the u–2u scan and no in-plane alignment.

Typical PL spectra for as-deposited 0.5-mm-thick
Sr2CeO4 films on various substrates are shown in Fig.
As-deposited films exhibit a broadband PL emission with
full width at half maximum~FWHM! of about 100 nm, peak
ing at about 477–481 nm depending on growth conditio
For instance, films deposited at 300 mTorr exhibit higher
intensity than films grown at 100 mTorr. In addition, dep
sition temperatures of 750 °C yielded higher PL intens
than those obtained at 600 °C. The maximum CL intens
was at about 465 nm which is slightly shorter than that
PL. These values are slightly different from the 485 and 4
nm reported by Danielsonet al.5 and Jianget al.,6 respec-
tively. Moreover, the PL spectra seems to be compose
several emission bands. Note also that the epitaxial film
posited on~100! YSZ and SrTiO3 exhibits enhanced PL in
tensity as compared to the polycrystalline film onc-plane

FIG. 1. X-ray ~a! u–2u and ~b! f scans through~110! for Sr2CeO4 films
deposited on~100! YSZ single crystal substrates and~c! u–2u and ~d! f
scans through~110! for Sr2CeO4 films deposited on~100! SrTiO3 single
crystal substrates at 760 °C underP(O2) of 300 mTorr.
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Al2O3 . The superior PL intensity is likely the result of en
hanced intragranular crystallinity and reduced defect den
via epitaxy on low energy crystallographic planes. Defe
structures associated with polycrystalline materials, such
grain boundaries, point defects, and impurities, act as no
diative centers and can impact relevant transport and lu
nescent properties.

The effect of postannealing of the films was also inve
tigated. Figure 3 shows an improvement in PL intensity
Sr2CeO4 films deposited on various single crystal substra
by postannealing. Heat treatment in air considerably
hanced the PL intensity of the Sr2CeO4 films, while a reduc-
tion in PL was observed for the films annealed in inert
reducing atmosphere. The films annealed at 800 °C in
showed extensive enhancement in PL. The postannea
process presumably results in an improved crystallin
elimination of defects and increased surface roughness.
degree of the improvement in PL for the epitaxial films w
much larger than that for polycrystalline deposits. The film
grown onc-plane sapphire substrates showed increased
intensity up to an annealing temperature of 900 °C; emiss
was lost after annealing at 1000 °C. In the case of fil

FIG. 2. Comparison of PL emission spectra of Sr2CeO4 films grown on
various single crystal substrates deposited at 760 °C underP(O2) of 300
mTorr.

FIG. 3. Postannealing temperature dependence of PL emission spect
Sr2CeO4 films grown on various substrates. Lines are guides for the ey
P license or copyright; see http://apl.aip.org/apl/copyright.jsp
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grown on ~100! YSZ and SrTiO3 single crystal substrates
the PL intensity was reduced after heat treatment at 1100
XRD results showed that secondary phases associated
chemical reactions between the substrate and film forme
these temperatures.

Figure 4 shows the CL efficiency versus voltage
Sr2CeO4 films deposited on various substrates. Again,
epitaxial film shows superior CL intensity as compared to
polycrystalline deposit. With increasing annealing tempe
tures up to 1000 °C, enhancement in the CL intensity is
served. A 2-mm-thick film annealed at 1000 °C in air showe
the highest luminous efficiency of about 0.14 lm/W at 1 k
and 22mA/cm2. The 2-mm-thick films were grown on~100!
YSZ single crystal substrates using a repetition rate of 50
X-ray u–2u scan showed a similar diffraction pattern to th
of the thinner films. However, the 2-mm-thick films had

FIG. 4. Variation of CL efficiency for Sr2CeO4 films grown on various
single crystal substrates, and subsequently postannealed. Anode curren
sity is 22mA/cm2. Lines are guides for the eye.
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higher values of surface roughness and a smaller FW
~200! rocking curve than that for the 0.5-mm-thick films.

In summary, blue-light-emitting epitaxial Sr2CeO4 thin-
film phosphors were grown on~100! SrTiO3 and YSZ single
crystal substrates. As-deposited films exhibit broadband
emission, peaking at about 477–481 nm, with a maxim
CL intensity at about 465 nm. Enhanced PL intensity w
observed for the films deposited on~100! YSZ and SrTiO3

substrates as compared to polycrystalline deposits onc-plane
sapphire. Postannealing in air significantly enhanced both
and CL intensities. Luminous efficiencies of 0.14 lm/W we
observed for 2-mm-thick films annealed at 1000 °C in air.
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