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Abstract

The structural and luminescence characteristics of sol-gel derived Y3Als0,:Eu** (YAG:Eu**) phosphors were investigated using synchrotron
radiation. VUV-excited luminescence studies reveal that two major excitation peaks formed at 178 and 238 nm are responsible for producing
the characteristic red emission of Eu** ions. The emission characteristics of the sol-gel derived YAG:Eu** phosphors depend significantly on
the calcination temperature and cationic ratios. The Rietveld refinement analysis and luminescence studies indicate that increasing either the
calcination temperature or the aluminum ion content can result in a more symmetrical anionic environment for Eu** ions in the YAG host, thereby
enhancing the luminescence of the synthesized phosphors. YAG:Eu** phosphors with reduced particle sizes and improved emission characteristics

were successfully prepared in this study via controlling the calcination temperature and cationic ratios.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The development of new-generation, high-resolution dis-
plays demands phosphors with controlled morphology and
enhanced luminescence properties. Yttrium aluminum garnet
doped with europium ions (Y3Als012:Eu**, YAG:Eu*) is an
important phosphor because of its versatile applications in many
luminescent and optical devices. The synthesis and lumines-
cence properties of this phosphor prepared via the conventional
solid-state route have been reported [1,2]. The results indicate
that Eu3* ions substitute at Y+ sites in the YAG host and produce
an intense red emission. The YAG-based phosphors prepared via
the solid-state reaction are known to produce low luminescence
due to the presence of impurity phases [3]. The as-prepared phos-
phors usually exhibit irregular morphology, large particle size,
and wide particle size distribution. For application to new optical
devices such as field emission displays (FED) and plasma dis-
play panels (PDP), phosphors need to have high emission inten-
sity and small particle size with uniform narrow distribution [4].
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Ultrafine YAG:Eu>* phosphors can be synthesized at low
temperatures without coexistence of impurity phases using var-
ious soft chemical processes such as the sol-gel methods and
the combustion method [5—10]. In most of the previous studies,
UV-light was utilized to analyze the luminescence properties
of the phosphors prepared via the soft chemical processes. The
luminescence properties are highly dependent on the excitation
wavelength. To be applicable to PDP devices, the phosphors
must first be investigated under vacuum ultraviolet (VUV)
excitation. Earlier studies on VUV excited luminescence have
identified a 178 nm excitation band resulting from the intrinsic
fundamental absorption of the YAG host for phosphors prepared
via the conventional route [11]. However, VUV excited emis-
sion for the sol-gel derived phosphors and the effects of the
preparation conditions have not been explored in detail.

In this study, YAG:Eu>* phosphors were prepared via a
sol—gel process employing citric acid and ethylene glycol as the
polymerizing agents. The prepared phosphors were investigated
under VUV excitation to understand their luminescence prop-
erties. The effects of the calcination temperature and chemical
compositions on the VUV excited luminescence of the prepared
phosphors were also studied. The Rietveld refinement method
[12] was employed to analyze the crystal structure. The sites


mailto:chlu@ntu.edu.tw
dx.doi.org/10.1016/j.jallcom.2007.02.029

58 C.-H. Lu et al. / Journal of Alloys and Compounds 456 (2008) 57-63

occupied by Eu** and defects in the prepared phosphors were
determined according to the XRD data collected using high-
intensity monochromatic synchrotron radiation.

2. Experimental

Yttrium aluminum garnet phosphors were prepared via the sol-gel pro-
cess employing citric acid and ethylene glycol as the polymerizing agents.
Analytical-grade yttrium nitrate and aluminum nitrate were individually dis-
solved in deionized water. Europium oxide was dissolved in dilute nitric acid.
The concentrations of aluminum, yttrium and europium ions in the solutions
were fixed at 0.25, 0.15 and 0.15 M, respectively. The prepared solutions were
mixed in accordance with the ratio of Y3*:A13*:Eu** =2.85:m:0.15. The m value
equals 4.5, 5.0 and 5.5 in systems I, II and III, respectively. When m equals 5,
the prepared powders have a chemical formula of (Y285Euq 15)Als012. 0.5M
citric acid solution was used to chelate the metal ions and to polymerize with
ethylene glycol to form gels. The metal nitrate and citric acid solutions were
mixed and stirred for 1.5 h, followed adding ethylene glycol and citric acid into
the solution. The mixed solution was then heated and stirred continuously on a
hot plate at 130 °C for 1.5h. This solution was then heated at 350 °C to evap-
orate excess water and initiate the polymerization reaction. A large amount of
brownish gas was spurted, and the clear solution turned into white-yellowish
gels. The precursors were obtained via grinding the dried gels.

The precursors were calcined at 800—1400 °C for 2 h. The phase purity and
crystallinity of the obtained powders were analyzed using an X-ray diffrac-
tometer (XRD, MAC science MXP3). The morphology and particle sizes were
examined using a scanning electron microscope (SEM, Hitachi S-800), respec-
tively. High energy X-ray with A =1.32679 A from synchrotron radiation was
employed at National Synchrotron Radiation Research Center (NSRRC, Tai-
wan) to investigate the crystal structure of the non-stoichiometric YAG:Eu>*
phosphors. The VUV light produced in the center was dispersed with a high-
flux cylindrical grating monochromator. The intensity of this VUV light was
monitored by means of light reflected from a LiF beam splitter. A small frac-
tion of the reflected beam passed one additional LiF plate and became incident
on a glass window coated with sodium salicylate. The fluorescence signal was
subsequently detected by a photomultiplier tube in a photon-counting mode.

3. Results and discussion

3.1. Structural and luminescence characteristics of
YAG:Eu’* phosphors

Fig. 1 illustrates the X-ray diffraction patterns of
(Y2.85Eug.15)Al5012 (in system II) calcined at various temper-
atures ranging from 800 to 1400 °C for 2h. The XRD pattern
for 800 °C-derived powder reveals amorphous structure (curve
a). Fig. 1(b) reveals the presence of a cubic garnet phase for
the powder calcined at 900 °C. The obtained diffraction pattern
is consistent with the data reported for Y3AlsO; in the ICDD
file No. 33-0040, indicating that single-phased YAG was suc-
cessfully prepared with 900 °C-calcination. This temperature is
700 °C lower than that required in the conventional solid-state
route [13]. No other intermediate phases are formed during the
calcination processes, suggesting that the sol—gel derived precur-
sors transform directly into the crystalline YAG phase without
going through the complicated reaction processes reported in
solid-state methods [14]. Due to thorough mixing of the start-
ing materials in the sol-gel process, the required temperature
for synthesizing YAG is markedly lowered and the reaction
sequence is simplified. As shown in Fig. 1(b)—(e), the diffrac-
tion intensity of YAG:Eu** phosphor increases with raising the
calcination temperature, revealing the enhancement in the crys-
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Fig. 1. X-ray diffraction patterns of the sol-gel derived (Y2 g5Euq 15)AlsO12
phosphors calcined for 2 h at (a) 800 °C, (b) 900 °C, (c) 1000 °C, (d) 1200 °C, and
(e) 1400 °C. Inset shows the dependence of the crystallite size on the calcination
temperature.

tallinity of the prepared samples. The crystallite sizes of the
obtained phosphors were calculated using Scherrer’s equation
[15]. As illustrated in the inset of Fig. 1, the crystallite size is
found to increase with raising the calcination temperature.

The scanning electron micrographs of the prepared
(Y2.85Eu0.15)AlsO12 phosphors (system II) are shown in Fig. 2.
Well-dispersed nanoparticles with a size around 60 nm were
obtained after 900 °C-calcination for 2h (Fig. 2(a)). As the
calcination temperature increased to 1000 (Fig. 2(b)), 1200
(Fig. 2(c)) and 1400 °C (Fig. 2(d)), the particle sizes increased
to around 90, 120 and 200 nm, respectively. Both of the par-
ticle size and crystallite size of YAG:Eu>* phosphor increase
with a rise in calcination temperatures. In the sol—gel process
incorporating ethylene glycol as a polymerizing agent, numer-
ous tiny cages are formed due to cross-linking reaction during
polymerization. Cationic sols are trapped inside these tiny cages
and subsequently convert into YAG crystallites during calcina-
tion, rendering restricted particle growth within the tiny cages.
Therefore, the sol-gel route using polymerizing agent leads to
the formation of nanosized particles.

Fig. 3 illustrates the emission spectra of the sol-gel derived
YAG:Eu** (5%) phosphors (system II) calcined at temperature
ranging from 900 to 1400 °C upon 147nm VUV light excita-
tion. The intensities of emissions were carefully normalized with
the beam current of synchrotron. All the samples were studied
under the same size and geometrical position. By this means,
we can quantitatively compare the normalized intensities of the
PL spectra for different samples. Similar emission spectra were
observed for all samples. It was found that the emission inten-
sities of YAG:Eu** phosphors increased with an increase in the
calcination temperature. The increase in luminescence intensity
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Fig. 3. Emission spectra (Aexcitation = 147nm) of the sol-gel derived
(Y2.85Eu0,15)Al5012 phosphors calcined for 2 h at (a) 900 °C, (b) 1000 °C, (c)
1200°C, and (d) 1400 °C. Inset shows the dependence of the intensity ratio
between emissions at 608 and 590 nm (Ze08//590) on calcination temperature.
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Fig. 2. Scanning electron micrographs of the sol-gel derived (Y2 85Eug.15)AlsO12 phosphors calcined for 2 h at (a) 900 °C, (b) 1000 °C, (¢) 1200 °C, and (d) 1400 °C.

is due to improved phosphor crystallinity after calcination at
elevated temperatures.

The emission spectra display a number of emission peaks in
the wavelength range of 580-720 nm with prominent peaks at
590, 596, 608 and 709 nm. The emission spectra obtained for
the sol-gel derived YAG:Eu* phosphors are similar in nature
to those reported for YAG:Eu>* prepared by solid-state reactions
[1,2]. The assignment of the various emission peaks to transi-
tions involving 5 Dy to the stark split sublevels of F 7(J=1,2,3
and 4) are also shown in Fig. 3. Two strong emission peaks at 590
and 709 nm were observed for all samples. On the other hand, the
emission at 608 nm was consistently relatively weak. The emis-
sion peak at 590 nm corresponds to magnetic dipole transition
(°Dg — "F}) and the intensity of this transition is independent of
the site symmetry of Eu?* ions [16]. Whereas the emission peak
at 608 nm corresponds to the forced electric dipole transition
(°Do — "F») and its intensity is very sensitive to the site sym-
metry of Eu’* ions. A strong emission due to the hypersensitive
transition (°Dg — "F,) will appear when Eu’* ions occupy a
site without inversion symmetry. On the other hand, the absence
of emission produced by hypersensitive transition D — "F5)
signifies the presence of inversion symmetry for Eu** ions [16].



60 C.-H. Lu et al. / Journal of Alloys and Compounds 456 (2008) 57-63

250 " _"590 nm
[ Tem U 900°C

—_—~l 1000°C
s 1200°C
s —1400°C
>
2 150
c
L
£
- 100
Q
N
=
€ s0
Q
2

ob— 2 . 0 .oy,

120 140 160 180 200 220 240
Wavelength (nm)

Fig. 4. Excitation spectra (Aemission =990nm) of the sol-gel derived
(Y2.85Eu0,15)Al5O12 phosphors calcined for 2 h at 900, 1000, 1200, and 1400 °C.

The intensity ratio (Isos/I500) between > Dy — ’F5 (at 608 nm)
and YDy — "F; (at 590 nm) transitions can be used to evaluate
the site symmetry for Eu3* [17,18]. The ratios calculated for
the sol-gel derived samples are given in the inset of Fig. 3,
which shows decreasing Igog/I590 ratio with an increase in the
calcination temperature. This reveals that greater deviation from
inversion symmetry is formed with lower calcination tempera-
ture. Since a decrease in the calcination temperature results in
the formation of nanosized particles as illustrated in Fig. 2, it is
reasonable to figure that the trend of increasing asymmetry at
low temperatures is probably ascribed to the distorted chemical
surroundings of the nano-sized particles.

Fig. 4 shows the excitation spectra of YAG:Eu** (5%)
phosphors (system II) monitored at 590 nm emission using
synchrotron radiation. The excitation spectra can be divided
into two parts according to the band-gap energy level of
YAG at 190nm [19]. The excitation band at 178 nm corre-
sponds to the fundamental absorption of YAG host [11], and
the one at 238 nm is ascribed to the charge transfer between
Eu3*—0?~ pairs [10]. The excitation intensity of the 178 nm
peak reduces with a decrease in the calcination temperatures.
For the samples calcined at 900, 1000 and 1200 °C, the intensity
of the excitation peak at 238 nm (the charge transfer band) is
observed to be unchanged. Notably, the intensity of the exci-
tation peak at 238 nm significantly increases for the sample
calcined at 1400 °C. When the sol-gel derived precursors are
calcined at low temperatures, nano-particles are formed with
lots of surface defects due to their large surface-to-volume ratio.
These defects provide an additional non-radiative relaxation
path, thereby reducing the intensity. When the precursors are
heated at elevated temperatures, enhanced excitation intensity
is observed as a result of the larger particle size and fewer
surface defects in the formed powder. Therefore, heating at ele-
vated temperatures leads to increased luminescence, as shown
in Fig. 4.

YAG:Eu** (5%) phosphors have been also prepared via the
solid state reaction method. The powders were calcined at
1500°C for 2h. The quantum efficiencies of the phosphors
prepared by the solid-state method and sol-gel method were
measured and the values were about 8%. The obtained results
consisted with the value reported by Dong and Deng [20]. The
lifetimes of the phosphors were also measured. The lifetimes
of the phosphors prepared by the solid-state process and the
sol—gel process were 2.74 and 3.54 ms, respectively. The slight
increase in lifetime for the sol-gel derived powders probably
results from fewer defects formed in obtained powders because
of the homogeneous compositional distribution and low calci-
nation temperature in the sol—gel process.

3.2. Analysis of the crystal structure of non-stoichiometric
YAG:Eu’*

YAG exhibits a garnet structure. The unit cell of a garnet
compound contains eight formula units with a general formula
A3B,C30,,, where A stands for an ion A at dodecahedral sites,
B denotes to an ion B located at octahedral site, and C represents
to an ion C at tetrahedral site. According to the Wyckoff nota-
tion, these different symmetry sites can also be represented as
24(c), 16(a), and 24(d), respectively. The oxygen ions occupy in
general positions, 96(h) in Wyckoff notation [21]. Each oxygen
ion is a member of two dodecahedra, one octahedral, and one
tetrahedron. In yttrium aluminum garnet, yttrium ions occupy
the A site, and aluminum ions locate at the B and C sites [22].
Therefore, aluminum ions have two un-equivalent positions.

The effects of non-stoichiometry on the phase purity and
crystal structure of the sol—gel derived YAG:Eu?* phosphors
are investigated. System II corresponds to the stoichiometric
YAG:Eu?* phosphors, and systems I and III represent, respec-
tively, the phosphors containing deficient and excess aluminum
ions. The sol-gel derived precursors in each system were cal-
cined at 1400 °C for 2h, and the resultant XRD patterns are
illustrated in Fig. 5. In systems II and III, only the phase belong-
ing to YAG is detected. On the other hand, trace amounts of
Y4Al,O9 (YAM) and YAIO3 (YAP) are found in the aluminum-
ion deficient sample (system I).

The Rietveld refinement method was adopted to analyze the
effects of non-stoichiometry on the crystal structures of the pre-
pared samples in three systems. The structural parameters of
YAG, YAM and YAP are based on the values reported by Euler
and Bruce [23], Yamane and Shimada [24] and Vastlechko et
al. [25], respectively. The obtained reliability factor R}, is 11.87,
11.70 and 10.05% for systems I, II and III, respectively. This
indicates that the content of YAG, YAM and YAP phases in
system I is 0.9291 (3), 0.0551 (3) and 0.0158 (3) (in mol%),
respectively. In the other two systems, only YAG was found.
The simulated diffraction patterns of the samples in these three
systems are illustrated in Fig. 6, where “+” marks represent the
experimental diffraction data, the solid curves denote the simu-
lated diffraction data, and the dotted lines indicate the deviation
of the experimental values from the simulated values. Based
on the reliability factors and the deviation curves illustrated,
the refinement results provide consistent models of the crystal
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Table 1
Occupancy of various sites in the sol-gel derived YAG:Eu** phosphors
Occupancy
Oxygen-ion  Yttrium-ion Eu’* in Aluminum-ion  Eu’* in aluminum-ion  Aluminum-ion Eu?* in aluminum-ion
site site yttrium-ion site site (octahedral) site (octahedral) site (tetrahedral) site (tetrahedral)
System I (m=4.5) 1.0 0.96 (4) 0.04 (4) 0.99 (2) 0.01 (2) 1.0 0.0
System II im=5.0) 1.0 0.96 (4) 0.04 (4) 1.0 0.0 1.0 0.0
System IIl (m=5.5) 1.0 0.93 (2) 0.04 (2) 1.0 0.0 1.0 0.0

The molar ratio of Y3*, AI>* and Eu3* ions in each system is set to be 2.85:m:0.15, where m=4.5, 5 and 5.5 for system I, II and III, respectively.
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Fig. 5. X-ray diffraction patterns of the sol-gel derived YAG:Eu** phos-
phors calcined at 1400°C for 2h: (a) 1.425Y,03-0.075Eu,03-2.25A1,03
(system I), (b) 1.425Y,03-0.075Eu;03-2.5A1,03 (system II), and (c)
1.425Y,03-0.075Eu203-2.75A1,03 (system III).

structure of the samples in each system. The Rietveld refinement
results of the samples in these three systems are summarized in
Tables 1 and 2.

Table 1 lists the occupancy of the sites in YAG phase in each
system. For the stoichiometric sample (system II), all Eu** ions
enter into yttrium-ion sites of the YAG phase. For system III, the
occupancy of Eu3* ions was found at around 4% in the yttrium-
ion sites and 0% in the aluminum-ion sites. However, the overall
occupancy of all cations in yttrium sites is noted to be much
less than unity in system III suggesting that certain vacancies

Table 2
Lattice parameters of the sol-gel derived YAG:Eu®* phosphors
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Fig. 6. Rietveld refinement results of the sol-gel derived phosphors
calcined at 1400°C for 2h: (a) 1.425Y,03-0.075Eu;03-2.25A1,03
(system I), (b) 1.425Y,03-0.075Eu;03-2.5A1,03 (system II), and (c)
1.425Y,03-0.075Eu;03-2.75A1,03 (system III).

are introduced into the yttrium-ion sites due to the presence of
excess aluminum ions. In system I, the occupancy of Eu>* in
the yttrium-ion sites is similar to that in the other two systems.
However, 1% of Eu3" ions are observed to enter into the octahe-
dral sites of aluminum ions revealing the entrance of Eu>* ions
into both aluminum-ion and yttrium-ion sites in system I. In

Lattice constant

a b c o B y
System I (m=4.5) YAG 12.0391 (4) 12.0391 (4) 12.0391 (4) 90.000 90.000 90.000
YAM 7.4063 (3) 10.4732 (1) 11.1043 (2) 90.000 108.680 (5) 90.000
YAP 5.3306 (5) 7.3765 (6) 5.1795 (4) 90.000 90.000 90.000
System II (m=5.0) YAG 12.0267 (5) 12.0267 (5) 12.0267 (5) 90.000 90.000 90.000
System III (m=5.5) YAG 12.0066 (3) 12.0066 (3) 12.0066 (3) 90.000 90.000 90.000

YAG, YAM, and YAP refer to the phases of Y3Al5012, Y4Al;09, and YAIO3, respectively.
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addition, no vacancies were observed at aluminum-ion sites in
system L. This phenomenon is considered attributable to the for-
mation of the yttrium-rich impurity phases (YAP and YAM) that
effectively consume excess yttrium ions. The Rietveld analysis
also confirmed that no Eu** ions enter into either aluminum-ion
sites or yttrium-ion sites in the YAP and YAM phases.

The calculated lattice parameters of the samples in the three
systems are summarized in Table 2. It reveals that the lattice con-
stant of (Y7.85Euq.15)AlsO12 (system II) is 12.0267 (5) A, which
is slightly larger than that of Y3AlsO1, (12.000 A) [19] because
Y3* jons are substituted by Eu** ions having a larger radius.
The calculated Al-O band lengths in the octahedral and tetra-
hedral sites are 1.922 (4) and 1.782 (4) A, respectively, which
are similar to those reported for Y3Al5012 [19]. However, the
Y-O bond lengths in the dodecahedral sites are 2.316 (5) and
2.433 (5) A, which are slightly larger than the reported values
[19]. The slight increase in the bond-length is associated with
the substitution by Eu>* ions at Y3+ site.

On the other hand, the aluminum-ion deficient system (sys-
tem I) is much more complicated than system II due to the
co-existence of the impurity phases Y4Al,Og (YAM) and YAIO3
(YAP). The adjusted lattice parameter of YAG in system I is
12.0391 (4) A, which is larger than that in system II. In system
I, europium ions occupy both the yttrium-ion and aluminum-ion
sites (Table 1). Since the ionic size of Eu3* (0.95A) is much
larger than that of AI3* (0.54 A), the large lattice parameters in
system I can be attributed to the partial substitution by Eu* ions
at the aluminum-ion sites in system I. The lattice parameters of
YAM [23] and YAP [25] are listed in Table 2, which are similar
to those reported in the previous studies. The lattice parameters
and bond lengths for system III are also listed in Table 2. These
values are close to those reported for pure Y3Al501, [19], indi-
cating less degree of structural distortion occurring in system
1.

3.3. Luminescence characteristics of non-stoichiometric
YAG:Ew** phosphors

Fig. 7 depicts the emission spectra of the 1400 °C-calcined
samples in these three systems upon 147 nm excitation using
synchrotron radiation. The emission peaks in the three sam-
ples, regardless of the m value, correspond to the characteristic
emission of Eu* ions in the host of YAG. In system I, the
emission of europium-ion doped yttrium aluminum monoclinic
(YAM:Eu**) and europium-ion doped yttrium aluminum per-
ovskite (YAP:Eu3*) is not observed in the emission spectra as
shown in Fig. 7(a), implying that Eu**-ion substitution occurs in
YAG lattice rather than in YAM and YAP lattices. This observa-
tion is consistent with the Rietveld refinement results described
in the previous section.

It is noted that the emission intensity at 590 nm of the pre-
pared phosphors increases with the value of m. The presence of
the impurity phases (YAM and YAP) in system I probably pro-
vide a non-radiative path and thereby reduce the luminescence.
As mentioned earlier, the intensity ratio (Igog/I590) between
SDg — "F (at 608 nm) and Do — ’F (at 590 nm) transitions
can be used to assess the deviation from inversion symmetry. The
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Fig. 7. Emission spectra (Aexcitation = 147nm) of the sol-gel derived
phosphors:  (a) 1.425Y,03-0.075Eu;03-2.25A1,03 (system 1), (b)
1.425Y,03-0.075Eu;03-2.5A1,03 (system 1II), and (c) 1.425Y,0;-
0.075Eu203-2.75A1,03 (system III). Inset shows the dependence of the
intensity ratio (Zgog//590) on the value of m.

changes in the Igog/I59¢ ratio with various m values are illustrated
in the inset of Fig. 7. A slight decrease in the Igpg//590 ratio is
observed with increasing m value, suggesting that the anionic
environment around Eu* ions the aluminum-ion excess sam-
ple (system III) is more symmetrical than that in systems I and
II. The morphological investigations also indicate less struc-
tural distortion in system III. There is no inconsistency between
the structural analysis and luminescence properties results for
system III.

300
A (a) system |
----(b) system Il
- 250 [ ——(c) system I
S L
<
~ 200
=
0
c
8 150
=
°
X 100
©
£
e
o 50 F
z A_=590 nm
em
0 P EEPUR RPN R NP R |

120 140 160 180 200 220 240
Wavelength (nm)

Fig. 8. Excitation spectra (Aemission=590nm) of the sol-gel derived
phosphors:  (a) 1.425Y,03-0.075Eu;03-2.25A1,03 (system 1), (b)
1.425Y,03-0.075Eu203-2.5A1,03 (system II), and (c) 1.425Y,03—
0.075Eu203-2.75A1,03 (system III).
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The VUV excitation spectra of YAG:Eu’* phosphors
recorded at 590 nm emission for systems I-III are illustrated
in Fig. 8. The excitation spectra reveal a charge transfer band
at 238 nm and an excitation band at 178 nm that is lower than
the wavelength of the host absorption (190 nm). The intensi-
ties of the charge transfer band and host absorption band both
increase with the aluminum ion content, indicating that varying
the amount of aluminum ions in YAG:Eu** phosphors affects
the crystal structure as well as the emission and excitation
intensities. A shoulder at 185nm is observed in system III.
Since yttrium vacancies were found in the aluminum-ion excess
YAG:Eu** sample based on the Rietveld refinement results, the
excitation band at 185 nm in system III is possibly related to the
excitons associated with yttrium vacancies. The VUV lumines-
cence investigations reveal that the sol—gel derived YAG:Eu>*
phosphors with reduced particle sizes and improved lumines-
cence characteristics possess great potential for application to
plasma display panels.

4. Conclusions

Nano-sized YAG:Eu?* phosphors were successfully prepared
via the sol—gel route employing citric acid and ethylene glycol
as the polymerizing agents. VUV-excited luminescence stud-
ies indicate that two major excitation peaks formed at 178 and
238 nm were responsible for generating the characteristic red
emission of Eu?* ions. Increasing the calcination temperature
results in a more symmetric anionic environment for Eu** ions in
the host of YAG and enhanced emission intensity. The Rietveld
refinement analysis reveals that the aluminum ion content signif-
icantly affects the crystal structure and the occupancy in different
cationic sites. Increasing the aluminum-ion content results in
enhanced luminescence intensity and a less distorted anionic
environment for the Eu®* ions. A reduced particle size and
improved emission characteristics were obtained for the sol—gel
derived YAG:Eu* phosphors via controlling the synthesis con-
ditions and chemical compositions.
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