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Abdstract

We have evaluated thermal stability of a
BaAl,S,Os:Eu®*  (BASEu?"), which have
polymorph  property such as hexagonal,
monoclinic structure depending upon firing
temperature. When both polymorph BASEu?*
were baked in air at 500 for 30 min, the
photoluminescence (PL) intensity of monoclinic-
BASEU?" was maintained of the initial intensity.
However, the PL intensity of hexagonal-
BASEu?* decreased significantly, corresponding
to about 34 %. From analyses of Rietveld
refinement, the difference of thermal stability of
both BASEU®" can be ascribed to both crystal
structure of host materials and the average inter-
atomic distances between Eu?* ion and oxygen
their crystal structure which plays a key role of
shidd for Eu?* ions against oxidation

atmosphere.

1. Introduction

Recently, plasma display pands (PDPs) have been
widely used as large flat pand display (FPD) devices
since they have a wide view angle and good image
quality among the various FPD devices. However,
there are some issuesto be related to the performance
of phosphors in PDPs manufacturing process For
manufacturing process of panels, al phosphors have

to be heat-treated up to 500 for binder burn-out.
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Unfortunately, the baking process is unavoidable to
sed panels, and is aso critical for good adhesion
between phosphor and substrate. The blue phosphor,
BaMgAlLO,7:E* (BAM), has been widely studied
because it is significantly less stable than the red and
green  phosphor  components during panel
manufacturing process. It has been reported that the
therma degradation of the BAM is probably related
with change of either valance of Eu™ to Eu** or its
crystal structure (3-alumina) which has an open layer
inthe crystal [1-3].

As mentioned above, thermal stability of phosphors
during the burn-out of binder after applying phosphor
paste in manufacturing of PDPs has been the most
important factor demanded by color emitting
phosphors. Recently, it is reported that
CaMgSi,OsEU’* (CMS:Eu™) which is expected to be
a promisng material as anew blue PDP phosphor
shows no degradation under baking process and
plasma discharge environment [4, 5]. Although its
thermal stability reported, we do not know which
structures have a thermal stability during the baking
process. In particular, to determine stable crystal
structure for Eu** ions is very important if we would
deign blue phosphor for PDP application a demanded
therma stability. However detailed information on its
property is insufficient compared with degradation
mechanism of BAM in the baking process. In
addition, it is difficult to compare BAM with
CMSEW" in terms of thermal stability during the
baking process since each phosphor has different
chemica composition. Therefore, to investigate
thermal stability as a function of crystal structure for



the baking process, we have selected BaALSi,Og ELF
(BASEEU™") phosphor, which have a polymorph
property such as monoclinic, hexagona structure
depending upon firing temperatures. Due to use of
polymorph ~ property of BASEU", we can
successively exclude contributions of differences in
chemica compositions for therma  stability
evaluation.

In this study, we have synthesized of single phase
monoclinic and hexagonal BAS:Eu** phosphor and
evaluated their thermal stability depending upon its
crystal structures. Furthermore, this letter suggests a
criterion of selection of host lattices for a PDP blue-
emitting phosphor from a point of view of thermal
gtability during the baking process.

2. Experimental

Powder samples of polymorph BASEU®* were
prepared by conventional solid-state reaction method.
To synthesize phosphors, BaCQO;, AlOs, SO, and
EuF; were used as raw materials. Small quantities of
NH4F were added as a flux. The raw materias of
BASEU** were mixed in a bal mill mixer for 12
hours and firing temperatures between 1300 and
1400  were employed in a reducing atmosphere of
mixture between H, (5%) and N, (95%) for 3 hours,
respectively. To investigate the effect of baking
process, the samples were baked at 500  in air for
30 min. PL spectra were obtained at room temperature
by scanning wavelength region from 300 nm to 700
nm under an excitation of 147 nm radiaion from a
deuterium lamp. The X-ray diffraction data were
obtained over the scattering anglerange 10 ° £ 29 £
130° atay? step of 0.02 using CuK, radiation with
a graphite  monochromator a room temperature
(Rigaku Dmax2200V). The structural refinement was
made with the general structure andysis system
(GSAS) program [6]. A pseudo-Voigt function was
chosen as a profile function among the profile
functionsin GSAS.

3. Resultsand discussion

Figure 1 shows X-ray diffraction patterns of
polymorph BAS:Eu?* for firing at 1300 and 1400
respectively. Lin and Forgter, during an investigation
of BAS polymorphism, concluded that there are four
polymorphs of BAS (viz. paracdsan form,
orthorhombic form, hexagona form, and monaoclinic
form) [7]. Among existed polymorphs of BAS, we
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Figure 1. XRD spectra BaALS,0gEU" :(a)
monodinic-BASEW, (b)hexagona- BA SEL™".
could make a hexagonal-, monoclinic-BAS of single

phase by changing of firing temperatures as shown

Fg.l

The emission spectra of polymorph BAS:Eu** under
VUV excitation source are shown in Fig.2. In the PL
spectra, the emission pesk of BAS:EU”" were centered
at 373, 434 nm, respectively. Their emission bands
correspond to the transition from the 4f°5d excited
dtate to the 4f” ground state of a Eu** ion. However,

due to difference of its crystal structure such as
hexagonal, monoclinic, the 5d electrons are affected
by the crystal fidd significantly depending upon their
crysta structure. The emisson wavelength Eu®-
activated phosphor was determined relationship

between °P,,, as well as 5d and lowest °S,,, level
[8]. For hexagonal-BAS.EU”*, the emission pesk at
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Figure 2. PL spectra of BaALSi,Og:Eu“" before
and after baking process.
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lineis calculated ones. A difference (obs. - cal.) plot is shown beneath. Tick marks above the difference data

indicate the reflection position.

374 nm can ascribed to transition of °P,,,-°S,,, of
Eu** ijons. On the other hand, for monoclinic-
BASEU*, due to strong crystal field around Eu**
ions, the lowest 5d level would become lower than

°P,,, level. Therefore,
observed 434 nm.

The Rietveld refinement against XRD data was
carried out to quantitatively confirm the sensitiveness
of EUf* ions to outer oxidation atmosphere. Figure 3
shows Rietveld refinement results of polymorph
BASEU*", respectively. The structural parameters for
polymorph BASEW®* were successfully determined
by the Rietveld refinement using X-ray powder
diffraction data. For hexagonalBAS.EW*", the final
weighted R-fector, R,,, was 11.77 % and the
goodness-of-fit indicator, S( = Rwp /Re), was 1515.
For monodinic-BASEW", R,, was 11.36 % and S
was 1355. The initial structural modes which have
approximations for the actua structure for polymorph
BASEW*" was constructed with crystallographic data

based on hexagonal, monoclinic space group P3,
|/2c . The initid structural refinement cycles
included the zero-point shift, the lattice parameters,
the scale factor and background parameters as
variables. Following satisfactory matching of peak
positions, the atomic positions, the thermal parameters
and the peak profile parameters including the peak
asymmetry were refined. S (NIST 640¢) powder was
used as an externa standard to correct the zero-point
shift for the measured diffraction data.

its emisson peak was

1570« IMID '05 DIGEST

Monodinic-BAS:EU* has a space group | / 2¢, and
Eu** ions sharing the same site as Ba®* ions
surrounded tightly with each set of tetrahedrd SO,
and AlO4 units the one above and below. On the other
hand, EU”* ions substituting for Ba sites in hexagonak

BASEu** with a space group P3, occupy the sites
sandwiched by the double layers. The site corresponds
to the position of open layer structure. Considering
their crystal structures, EU** ions in hexagonat
BASEuU”" may be more susceptible to outer oxidation
atmosphere than that of monodlinc-BAS:EW"" because
the subsitutional sites of Eu’* ions in hexagonat
BASEU’* are placed in an open layer.

From Rietveld refinement results, the average inter-
atomic length between EU** and oxygen (dezuo) in
monodlinic-BAS:EU®" was 2.98805(4) A while dk,0
of hexagona-BASEu** was 3.31805(4) A The
difference of dy,o in the two crysta structures
supports that EUF* ions substituting for the B&* ions
in hexagona-BAS:EU"" may be more sensitive than
them of the monoclinic-BAS.EW”" to the external
environmental conditions such as temperature and
oxidation atmosphere because dz,.o Of hexagona-
BASEU*" is longer than that of monoclinc-BAS:EU?”,
and also EU’* ions of hexagona-BAS:Eu** occupy the

postion.

4. Conclusion

In conclusion, the difference of thermd stability of

monodinic- and hexagona-BAS:EU** can be ascribed
to both crysta structures and the average inter-atomic



length between Eu™* ion and oxygen. This study
suggests that the host lattice having a non opened-
structure and the substitutional site to make dg,.o to be
short in the host lattice should be considered as an
important criterion of selection of host lattice for
thermd stability during the baking process.
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