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We have evaluated the thermal stability of LaMgAl,O:Eu”" (LAM:Eu™") phosphor synthesized by a con-
ventional solid-state reaction method for plasma display panel application. Variation in the concentration quench-
ing process was observed depending upon the excitation source, i.e., 147 and 370 nm, and the critical transfer
distance was calculated as 20.1 and 16.4 A, respectively. When both LAM:Eu”" and BaMgAl,,O10:Eu”” (BAM)
were baked in air at 500 °C for 30 min, the relative decrease of photoluminescence (PL) intensity of LAM:Eu”"
was much lower than that of BAM. Due to structure factor of LAM:Eu”" around Eu”" ions, Eu”" ions were
protected from outer oxidizing atmosphere. Analysis of thermal stability revealed that the differences in thermal
stability between LAM:Eu”" and BAM could be ascribed to crystal structure of LAM:Eu”", which shields

for Eu”" ions from the oxidizing atmosphere.
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1. INTRODUCTION

The thermal stability of a plasma display panel (PDP)
phosphor is an important property for the manufacture of
PDP panels. For example, the most typical blue emitting
phosphor BaMgA;iO,7:Eu”” (BAM) suffers from degrada-
tion of luminance during burning of the binder contained in
the phosphor paste at 500 °C for 30 min after it is applied on
the back plate of the PDP. It is known that the degradation of
BAM can be attributed to two main factors, Eu*' is oxidized
to Eu’" and water intercalation occurs in the opened-layer of
the BAM structure' ™.

In our previous study, we studied the thermal stability of
several blue emitting PDP phosphors and obtained experi-
mental results indicating that there could be another channel
for a phosphor to degrade during the burning of binder'”*.
Specially, it is the possible that the crystal structure of a host
lattice might have some influence on its thermal stability. In
order to assess this hypothesis, we evaluated a distorted magne-
toplumbite structure (DMP), LaMgAl;;010:Eu”” (LAM:Eu™),
comparing the phosphor with commercial BAM phosphor.

Aluminates with a magnetoplumbite-type structure are
strongly related to the sizes of the cations of f-alumina and
the distorted magnetoplumbite structure™”, In particular,
BaMgAl;(O;; (B-alumina) basically has a structure of
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sodium B-alumina (NaAl;;O17) in which (Na, Al)*" are
replaced with (Ba, Mg)"". Its structure consists of Al spinel
blocks, [(Al;xMgy)11016], and conduction layers that affect
the thermal stability of phosphor significantly during the
baking process!' " '*. Therefore, based on its structural infor-
mation and our previous results, we expect that a phosphor
with DMP structure will have good thermal stability during
the manufacturing process of PDP. This is because the con-
duction layer of LAM:Eu’" is tightly sealed by Al ions as
shown in Fig. 1. Furthermore, it has been reported that the
excitation spectrum of BAM consists of two different parts,
i.e. a host lattice absorption band for electron/hole pairs gen-
eration from 140 nm to 190 nm and direct absorption bands
of Eu*" ions from 240 nm to 310 nm'"”". Therefore, LAM:Eu>"
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Fig. 1. Projection on the [110] plane of conduction layer: (a) BAM
and (b) DMP crystal structure.
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having a spinel block in its crystal structure is also expected
to have a good PL property under 147 nm excitation.

In this study, we synthesized LAM:Eu”" phosphor of a sin-
gle phase, and evaluated its thermal stability. Furthermore,
using Rietveld refinement of LAM:Eu”" against x-ray dif-
fraction data, we attempted to determine whether there is any
correlation between the crystal structure of the blue-emitting
phosphor LAM:Eu’" and its thermal stability during the bak-
ing process.

2. EXPERIMENTAL PROCEDURE

2.1 Sample preparation

Powder samples of LAM:Eu’" were prepared by a conven-
tional solid-state reaction. In order to synthesize LAM:Eu”"
phosphor, La,O; (Kojundo, 99.99%), MgO (Aldrich, 99.99
%), Al,O3 (Sumitomo, 99.99%), and Eu,0O; (Aldrich, 99.99
%) were used as raw materials. Small quantities of BaF,
were added as a flux. The raw materials were mixed using an
agate mortar for 1 hour and subsequently heated at 1500 °C
in a reducing atmosphere of H, (5%) and N, (95%) for 4
hours.

2.2. Photoluminescence (PL) measurement

The emission spectra of LAM:Eu’" were obtained using a
standard spectrometer setup DARSA PRO PL System (Pro-
fessional Scientific Instrument Co, Korea), which utilizes a
deuterium lamp as an excitation source. The sample cham-
ber was maintained at about 5x10° torr using a turbo pump-
ing system. PL spectra were obtained in a scanning wave-
length region from 350 to 700 nm under excitation of 147
nm radiation from the deuterium lamp at room temperature.
The excitation spectrum in the vacuum ultraviolet (VUV)
region was corrected by sodium salicylate. In order to inves-
tigate the effect of the baking process on the luminescent
property of LAM:Eu”", LAM:Eu”" was baked at 500 °C in
air for 30 min and compared with a commercial BAM
treated in the same conditions.

2.3. Structural analysis of LAM:Eu™ phosphor

The x-ray diffraction (XRD) data were obtained over the
scattering angle in the range of 10 ° <26< 130 ° at a step of
0.02 ° using CukK,, radiation (Rigaku Dmax2200V). Rietveld
refinement against the XRD data was made with the General
Structure Analysis System (GSAS) program[m. The experi-
mental diffraction profiles were modeled by a pseudo-Voigt
function within GSAS"”.

3. RESULTS AND DISCUSSION

3.1. Luminescent properties of LAM:Eu”" phosphor
Figure 2 shows the PL excitation and emission spectra of
LAM:Eu”" phosphor under 147 nm excitation at room tem-
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Fig. 2. (a) Excitation and (b) emission spectra of LAM:Eu™" (Ao, =
147 nm).

perature, respectively. The emission spectrum is broad with a
maximum at about 452 nm due to the transition of Eu*" from
the 4/°5d excited state to the 4f” ground state. Because of
the strong crystal field around Eu" ions, the lowest 5d level
would become lower than the °P7, level. The emission peak
of LAM:Eu”" was observed at 452 nm"®’. The obtained CIE
color coordinates of the synthesized LAM:Eu”" were x =
0.1447 and y = 0.1105.

Figure 3 shows the relative PL intensity of LAM:Eu’"
phosphors as a function of concentration of Eu under excita-
tion sources of 147 and 370 nm, respectively. As shown in
Fig. 3, depending upon the excitation wavelength, the opti-
mum concentration of Eu varied considerably. That is, the
maximum PL intensity was obtained at 0.07 and 0.13 mol of
Eu, corresponding to 147 and 370 nm, respectively. In order
to understand the difference in the concentration quenching
mechanism for different excitation sources, the critical dis-
tance (R.) for energy transfer between the sensitizer and acti-
vator was calculated based upon the data of concentration
quenching. In this case, the critical distance is equal to the
average distance between the nearest activator ions corre-
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Fig. 3. Relative PL intensities of LAM:Eu™" phosphor prepared with
varying activator concentration (Aex = 147, 370 nm).

sponding to the critical concentration (X.)!'". The critical
distance from the data of concentration quenching is repre-
sented as

e 0

Taking the values of V, N and X, (V =595.17 A* N =2,

X, 1470m=0.07, X¢. 370nm = 0.13, respectively), as given table
in Table 1, the critical transfer distance of Eu”" in LAM:Eu™"
was 20.1 and 16.4 A, respectively. As calculated above,
there are large differences between the VUV and direct exci-
tation region in the energy transfer process. First, in the case
of VUV excitation, the energy transfer process from the host
lattice to the activator could play a significant role in the PL
process. In VUV excitation, the excitation wavelength is
shorter than the absorption edge of the host lattice, and thus
the VUV spectrum does not excite an activator directly. Sec-
ond, the VUV spectrum is very well absorbed into the host
lattice such that its penetration depth into the phosphor parti-
cles is very small"®. Depending upon the differences in the
excitation source, variation in both the concentration
quenching process and the energy transfer process was
observed. For this reason, in the VUV region, a phosphor
must have a property of high energy transfer from the host
lattice to activators. If high phosphor efficiency under VUV
excitation were obtained, the crystallinity of the host lattice
would be a very critical factor.

In order to investigate the thermal stability of LAM:Eu”",
LAM:Eu”" and BAM were baked in air at 500 °C for 30 min,
respectively. Figure 4 shows the relative PL intensities of
LAM:Eu’" and BAM before and after baking. In the case of

Table 1. Refined structural parameters for LAM:Eu”" obtained from the Rietveld refinement using x-ray powder diffraction data at room temper-
ature. The numbers in parentheses are the estimated standard deviations of the last significant figure

LaMgAl, 1 (0] 1 L)ZEUE+

Atom X y 7 g Uy /A
La 1/3 2/3 3/4 0.939 0.0091(2)”
Eu 1/3 2/3 3/4 0.07° 0.0091(2)”

Al(1) 0.0 0.0 0.0 1.0 0.0094(7)

Al(2) 0.0 0.0 1/4 1.0 0.0395(6)

Al(3) 1/3 2/3 0.0283(4) 0.5" 0.0025(1)"

Al(4) 1/3 2/3 0.1891(1) 1.0 0.0073(1)

Al(5) 0.1674(2) 0.3349(5) 0.8914(5) 1.0 0.0081(2)
Mg 13 213 0.0283(4) 0.5% 0.0025(1)"

o(1) 0.0 0.0 0.1521(3) 1.0 0.0077(9)

0Q) 1/3 2/3 0.9407(1) 1.0 0.0066(8)

0(3) 0.1812(6) 0.3625(2) 1/4 1.0 0.0082(2)

0(4) 0.1514(8) 0.3029(6) 0.0533(1) 1.0 0.0029(5)

0(5) 0.5046(8) 0.0093(6) 0.1517(4) 1.0 0.0013(1)

Space group : P6y/mmc (No. 194)
a=5.5934(4) A, b=5.5934(4) A and ¢ =21.9662(7) A.
a=90°, =90° and y=120"°

a) Occupation factor.

b) Isotropic atomic displacement factor.

¢) Constraint on occupancy: g(La) + g(Eu) = 1.0.
d) Constraint on occupancy: g(Al) + g(Mg) = 1.0.

e) Constraint on isotropic atomic displacement factor: Uso(La) = Uiso(Eu).
f) Constraint on isotropic atomic displacement factor: Uiso(Al) = Uiso(Mg).
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Fig. 4. Relative PL intensities of LAM:Eu”" and BAM before and
after the baking process at 500 °C for 30 min (Aex= 147 nm).

BAM, the luminance was significantly reduced after baking
at 500 °C, corresponding to a reduction of 25 %. However, in
the case of LAM:Eu”", the PL intensity slightly decreased by
about 2 %. Due to the structural shielding of closed-structure
DMP in the conduction layer, it appears that Eu” ions are
protected against the outer oxidizing atmosphere during the
baking process.

3.2. Structural analysis of LAM:Eu’" phosphor via
Rietveld refinement

In our previous studies! >, we reported that the average
inter-atomic length of Eu’"-oxygen ions (dg.o) plays an
important role in maintaining thermal stability during the
baking process. Therefore, the Rietveld refinement against
the XRD data was carried out so as to quantitatively investi-
gate the sensitiveness of Eu’" ions to the outer oxidizing
atmosphere. A reasonable approximation of the actual crys-
tal structure as a starting model is required in order to
accomplish the crystal structural refinement. The starting
structural model for LAM:Eu”" was built with crystallo-
graphic data based on the P6y/mmc space group™™. The ini-
tial 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 asymme-
try were refined. Si (NIST 640c) powder was used as an
external standard to correct the zero-point shift for the mea-
sured diffraction data.

When Eu”" ions are incorporated into the crystal structure
of LAM, they may substitute all cationic sites, La*, ng,
and AI’". However, considering their respective ionic radii
and allowed oxygen-coordination number (n), ie., Mg
(0.57 A, n=4), Al (039 A, n=4),La’" (1.03 A, n=8)and
Eu’" (1.25 A, n=8), Eu”" ions can not readily substitute for
Mg or AT’ ions"™. Therefore, the structural refinement pro-
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Fig. 5. Rietveld refinement patterns for LAM:Eu”" x-ray powder dif-
fraction data. Dots represent the observed intensities, and the solid
line is calculated. A difference (obs. - cal.) plot is shown beneath.
Tick marks above the difference data indicate the reflection posi-
tions.
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Fig. 6. Cation polyhedra arrangements of phosphor: (a) BAM and
(b) LAM:Eu™,

ceeded under the assumption that Eu”" jons substituted only
La’" ions. The refined structural parameters for LAM:Eu""
are listed in Table 1. The structural parameters for LAM:Eu”
were successfully determined by the Rietveld refinement
using XRD data. For LAM:Eu”", the final weighted R-factor,
Rup, was 9.08 % and the goodness-of-fit indicator, S (=Rvp/
R.), was 1.26. Figure 5 shows the Rietveld refinement results
for LAM:Eu™".

As noted earlier with regard to the thermal degradation
behavior of LAM:Eu"" phosphor, its thermal stability is con-
siderably superior to that of commercial BAM phosphor.
The difference in thermal stability between LAM:Eu” and
BAM can be ascribed to both crystal structures and the aver-
age inter-atomic length between Eu”" and oxygen. Figure 6
shows the coordination polyhedra of Eu™ (or La’") ions sur-
rounded by O™ ions for BAM and LAM:Eu’, respectively.
As shown in Fig. 6, BAM and LAM:Eu”" were constructed
with coordination polyhedra consisting of Eu’" ions sur-
rounded by O™ ions of 9- and 12-fold coordination, respec-
tively. The average inter-atomic length between Eu’ and
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oxygen in BAM was 2.942(1) A, while diy.o of LAM:Eu”
was 2.734(1) A. The difference in di.o of the two crystal
structures supports that the substitution of Eu”" ions for the
Ba’" ions in BAM may be more sensitive to external envi-
ronmental conditions such as temperature and oxidation
atmosphere than in LAM:Eu’’, because dino of BAM is
longer than that of LAM:Eu’". Consequently, the thermal
stability of the phosphors may be closely related to the crys-
tal structures of the host materials, because the binding
energy between Eu’ and O™ ions in relation with the mean
inter-atomic distance depends upon their crystal structures.

4. CONCLUSIONS

We have synthesized blue-color emitting phosphor, LAM:
Eu™’, by a conventional solid-state reaction and evaluated its
thermal stability. In addition, we also successfully deter-
mined its structure parameters by the Rietveld refinement
method against x-ray powder diffraction data. Depending
upon the difference in the concentration quenching process
according to variation of the excitation source, the energy
transfer mechanism of phosphor in the VUV region was
considerably different from that in the UV region. Although
the PL intensity of LAM:Eu” is lower than that of BAM,
strong thermal stability was observed for LAM:Eu’" during
the baking process. From this study, it was confirmed that a
host lattice having a non opened-structure and substitutional
sites that allow for a short dr,.o in a given host lattice should
be considered as important conditions in terms of thermal
stability during the baking process.
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