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Blue emission was observed from thin films of barium chloride hydrate doped with cerium. The
films were deposited by spray pyrolysis of aqueous solutions with substrate temperatures between
250 and 450 °C. The cathodoluminescefick) spectrum consists of two peaks at 443 and 485 nm
due to &-5d transitions of cerium ion. The dependence of the emission band on deposition
temperature and Ce/Ba ratio is discussed. The CL luminance and luminous efficiency at 5 kV were
120 cd/nt and 0.48 Im/W, respectively, for the films deposited at temperatures as low as 250 °C. The
results indicate barium chloride hydrate doped with cerium is a blue phosphor that exhibits
relatively efficient luminescence after processing at low temperature0@ American Institute

of Physics. [DOI: 10.1063/1.1558891

Cerium-activated materials have been studied exten- Thin films of BaC}-2H,0:Ce were deposited on Corn-
sively in the last several decades. These studies were directaéty 7059 glass substrates by a spray pyrolysis technique. The
to a variety of applications, such as optoelectronics, flatstarting materials were 0.1 M BaCl(anhydrous and
panel displays, and x-ray imaging systems. Recently, Ce99.998% from Alfa and CeCJ (anhydrous and 99.5% from
doped thin films, such as,%iOs; and SrGaS,, have been Alfa). The stock precursor solutions were mixed in an appro-
shown to produce blue emissiof® However, because as- priate ratio to provide solutions in the range of 5—15 at. % Ce
grown films are usually amorphous or have poor crystallin-dopant relative to Ba. The spray system was described in
ity, annealing them at relatively high temperatures was redetail elsewher@ Briefly, the spray, which was developed by
quired for both crystallization of compounds and diffusion of an ultrasonic nebulizer, was directed towards the substrate.
Ce ions before sufficient brightness was obtained. UnfortuThe spray chamber was mounted onxary translation table
nately, high temperature processes are not suitable for sonte raster the aerosol to cover an area 0k88 mnt. Humid
applications involving displays that require glass substratesair was used as a carrier gas at a flow of 1.2 L/min rate.

Considerable research is being focusedrositu growth of The crystal structure determination and phase identifica-
Ce-doped thin films. Recently, Tanaket al* observed tion of the films were carried out using a Rigaku Geigerflex
cathodoluminescencéCL) from thin films of SrGaS,:Ce Il x-ray diffractometer(XRD) with CoKa radiation. The

depositedn situ using a molecular beam epitaxy. They con- chemical composition of thin films was analyzed by using
sidered the growth temperature of the filld§2.5°Q to be  induced coupled plasm@dCP) atomic absorption spectros-
the lowest value ever achieved. While improving the depo-copy and energy dispersive x-ray spectrosc@ps). The
sition process for the thin films of existing Ce-activated hostsnorphology of the films was observed by a field emission
is important, it is known that quantum efficiencies of variety scanning electron microscogf¥E—SEM (Hitachi S-4500.
of cerium-doped hosts can differ substantidlijhus, it is  The CL spectra were obtained using a CL luminoscdpe-
desirable to investigate other host materials for Ce ion. lion Industries ELM-2B. Luminescence spectra were mea-
For alkaline earth halide lattices, Bafce has attracted sured using an Ocean Optics S2000 charge coupled device
much attention as a scintillator materfaBesides that, only spectrometer(350—900 nm The spectrometer provides a
photoluminescence in bulk of Ce-doped alkaline e&@h, resolution of 1.5 nm of the full width at half maximum. A
Sr, Bg chlorides had been observed in the UV regi880—  Minolta T-1M illuminance meter was used to determine the
400 nm.” There is little work on the CL study of alkaline |uminance of the films.
earth chlorides. In this letter, the blue CL characteristics at  Figure Xa) shows the XRD spectrum of an as-grown
room temperature are reported for thin films of barium chlo-thin film deposited at 250 °C. For comparison, a standard
ride hydrate doped with cerium. Spray pyrolysis was used t@®aCl,- 2H,0 powder pattern from the JADE-PDF card No.
deposit the films. The films were grown situ from 250 to  25-1135 is presented in Fig(H). Figure 1a) illustrates that
450 °C, and no postannealing was employed. the as-grown film deposited at 250 °C formed a polycrystal-
line structure. All diffraction peaks of XRD agreed well with

dauthor to whom correspondence should be addressed; electronic maiBaChk-2H,O having monoclinic StrUCtl_Jre a=6.72,
jhhao@khu.hk b=10.91,c=7.14). We excluded some possible compounds,
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The CL spectra of the as-grown films deposited at 250 °C
2-Theta (deg) exhibited broad multibands covering the blue region, which
FIG. 1. XRD patterns for BaGl2H,0:Ce thin films grown on glass sub- ConSISt?d F’f two peaks at 443.and 485 nm. For compan;on,
strates:(a) as-grown at 250 °C(b) standard BaGl 2H,O powder pattern  the emission spectrum of cerium-doped anhydrous barium
from the JADE-PDF card No. 25-1135. chloride had a maximum at 352 nm and a shoulder at 380
nm.” The emission maximum shifted from 352 to 360 nm

such as BaGl, BaO, and BgCl,O by comparing their stan- with increasing activator concentration from 0.05% to 5%.

dard power patterns with Fig(d. These results indicate that Our characteristic emission bands are similar to those exhib-
sprayed thin films of BaGl 2H,0 crystallized at an excep- 't€d in 19;[her Ce-activated hosts, like .30, and
tionally low temperature in comparison with other thin film STG&Ss."" The overlapping bands+|n12F|g. 3 correspond to
materials grown by this techniqde! In those cases the as- WO allowed 4-5d transitions of C&".% Furthermore, the
line position did not change as the Ce concentration changed,

grown thin films showed no or broad peaks of x-ray pattern, ) . o .
indicating poor crystallization. showing that the nature of the cerium activation did not

Figure 2 shows the FE—SEM image of thin films depos_change with concentration. However, the CL intensities

ited at 250 °C. The films exhibited much less dense morphoichanged with Ce concentration. Consequently, the film from
ogy. The highly porous structure was formed over the wholé??? C€-dopant solution had the maximum intensity, indicat-
film. ing self-quenching at the higher concentrations. The location
Figure 3 shows the CL spectra of the as-grown films forOf the color coordinates of Bagl2H,O:Ce thin films on the

different Ce concentration relative to Ba in the spray solu-C/E chromaticity diagram is presented in the inset of Fig. 3.

tions. All films deposited at 250 °C were about L& thick.  1he chromaticity coordinates wese=0.169 andy=0.199

ICP analysis revealed that the ratio of Ce and Ba measured Hffith @ dominant wavelength of 480 nm and 68% color

the films was about one-third of that in the spray solution,purity' . . .
due to different sticking probability for each element. A5 kv For films grown at various substrate temperatures, Fig. 4

excitation voltage was used for CL measurement at room

temperature. The current density on the sample surface was 0.8
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FIG. 4. Variation of CL luminous efficiency of Bagl2H,0:Ce thin films
deposited at various substrate temperatures as a function of electron beam

FIG. 2. FE-SEM image of BagI2H,0:Ce thin films deposited at 250 °C. voltage. The current density on the films was B&/cm?.
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shows the dependence of the CL efficiency as a function oihstability or the relaxation behavior of CL observed in other
electron beam voltage. The CL efficiency increased continuphosphors® The porosity of the films shown in Fig. 2 could
ally as the acceleration voltage increased from 4 to 9 kV at @ause the reduction of resolution and efficiency in some
constant current density of 62A/cm?, and saturation was phosphor screen applications. If the precursor solutions with
not evident. In our measurements, the luminescence wdswer concentration are used to deposit the films, the films
measured on the side irradiated by the electron beam, and theould become denser and it will result in the improvement
lower efficiency at low voltage indicates that the transfer ofof the performance.

the recombination energy of the electron-hole pair to a lumi-  In summary, as-grown thin films of cerium-doped
nescent ion occurred with lower probability near the surfacéarium chloride hydrate exhibit blue CL emission, and CL
than deeper in the film. In addition, the CL increase could béntensity decreased significantly with increasing the growth
attributed to an increase in electron penetration depth as apemperature between 250 and 450 °C. Our results indicate
plied voltage is increased, resulting in an increase in thehat the material studied as thin film phosphor is rather
number of C&* ions that can luminescence. In general, theunique since it contains water. It seems that tfie54l tran-
dependence of CL brightnets, on the electron beam cur- sition in Ce is so energetic that the O—H phonons cannot
rent and voltage for many phosphors is governedLy  disturb it.

=f(l,)(V—=Vy)™, whereV, is a “dead voltage” and 1 ) )

<m<=2 for most phosphorE Typically, the CL luminance The .authors would like to thank Dr. Julie De Merchaqt
and luminous efficiency at 5 kV were 120 cd/rand 0.48 for help in ICP measurement and Andrew Moore for help in
Im/W, respectively, for the film deposited at 250 °C. FE-SEM/EDS measurements.
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