This article was downloaded by: [University of California, San Diego]

On: 08 August 2012, At: 14:29

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Optical Properties of the
(Y,Gd)BO3:Eu>* Phosphor
Coated with Al,O5 for a Plasma
=L Display Panel

Jeong Heon Seo ?, Sang Mok Lee g Sang Ho Sohn

# Department of Physics Education, Kyungpook
National University, Daegu, Korea

b Department of Physics, Kyungpook National
University, Daegu, Korea

b

Version of record first published: 10 Nov 2009

To cite this article: Jeong Heon Seo, Sang Mok Lee & Sang Ho Sohn (2009): Optical

Properties of the (Y,Gd)BOS:Eu3+ Phosphor Coated with Al,O5 for a Plasma Display
Panel, Molecular Crystals and Liquid Crystals, 514:1, 265/[595]-273/[603]

To link to this article: http://dx.doi.org/10.1080/15421400903240944

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400903240944
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 14:29 08 August 2012

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 14:29 08 August 2012

Taylor & Francis

Taylor & Francis Group

Mol. Cryst. Lig. Cryst., Vol. 514, pp. 265/[595]-273/[603], 2009
Copyright © Taylor & Francis Group, LLC e
ISSN: 1542-1406 print/1563-5287 online

DOI: 10.1080/15421400903240944

Optical Properties of the (Y,Gd)BO3:Eu®>" Phosphor
Coated with Al,O; for a Plasma Display Panel

Jeong Heon Seo', Sang Mok Lee?, and Sang Ho Sohn?
Department of Physics Education, Kyungpook National University,
Daegu, Korea

2Department of Physics, Kyungpook National University, Daegu, Korea

The surface of (Y,Gd)BOs:Eu®" phosphor, a red-emitting source in the plasma
display panel (PDP), was coated with Al;O3 nano-particles. Colloidal alumina
oxide was selected as a coating material for the surface modification of the
(Y,Gd)BOs:Eu®* phosphor. A modified sol-gel method was used for coating the
surface of the phosphor by AloO3 nano-particles. Al;O3 nano-particles in the sur-
face of the phosphor were observed by Scanning Electron Microscope. It was found
that the luminance intensity was increased in the photo-luminescence (PL) by a
suppression of the nonradiative recombination via surface defeats. The experimen-
tal results suggest that the surface coating of phosphors with Al;O3 nano-particles
leads to an increase in the luminance intensity of the PDP and the gas discharge
lamps.

Keywords: Al,O; nano-particles; (Y,Gd)BO3:Eu®* phosphor; red-emitting; sol-gel
method; surface coating

INTRODUCTION

There have been various intensive efforts [1-5] to improve the poor
characteristics of the luminance and the life span of the phosphors.
The surface modification for improving the characteristics has been
done for Ins03 [6], YoSiO5 [7], and Y5O3 [8]. To avoid the phosphor
degradation, coating the phosphor surface with MgO has been
introduced in earlier works [2,11,12], indicating that a surface
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treatment is an effective way to improve the properties of phosphors.
For the purpose of both increasing luminance and preventing the
degradation of phosphors, several studies [1,5,9] regarding surface
treatment have been done. The blue BaMgAl;;0:7:Eu®" coated with
Si0, nano-particles is a typical example [1]. Thus, surface coating
is known to be an important technique for improving phosphor
characteristics.

The modified sol-gel method used for surface treatment in this work
was a simple process, compared to other chemical methods [2,6-9].
In order to obtain the phosphors with better luminance performance,
we investigated the optical properties of the (Y,Gd)BOs:Eu®" phosphors
coated with Al;Oz-nanoparticles.

EXPERIMENTAL

The commercial red phosphor (Y,Gd)BOs:Eu®" (LG CHEM, LDT) was
coated with the Al,Os by a modified sol-gel method where Al;O;
coating of the phosphor was performed by using colloidal Al,O3 (Al20;
Nyacol Nano Technologies, Inc.) as the precursor material. To make
the concentration of colloidal Al,O3, fixed at a value, we diluted the
Al,O5 with the de-ionized water. The (Y,Gd)BOs:Eu®" phosphor was
stirred in the diluted colloidal Al;O5 of about 0.04 wt% concentrations.
Considering the zeta-potential of the solution, the pH of the solution
was adjusted with NaOH at a constant pH 10. The solution was stirred
with a magnetic bar for an hour. The phosphor suspensions were
washed three times in ethanol. The Al;Os-coated phosphors were
obtained by filtering and drying at 80°C for 12h.

In order to compare the electro-optical properties of the coated red
phosphor with the non-coated one under the same driving condition,
we fabricated a test panel which was shown in Figure 1. The coated
and the non-coated red phosphor powders used in the test panel were
mixed with a vehicle, composed of ethylcellulose (10 wt%), diethylene

ITO electrode
O OO OO
Front glass
Alz05—Coated | | Non—Coated
(V,Gd)BOz:Eu™ Rear gass (V,Gd)BOs:Eu™
Phosphor Phosphor

Cu Electrode

FIGURE 1 The cross sectional view of the test panel.
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FIGURE 2 The waveform of the driving pulse (duty 20%, 20 kHz, 2.2kV).

glycol monobythyl ether (10 wt%), and diethylene glycol monobuthyl
acctate (80 wt%). The dispensed thick films of phosphors were fired
at 450°C for 30 min. to remove the organic components from the
phosphors.

In the experiment of discharging the test panel, Xe gas pressure
was fixed at 300 Torr and Ne gas pressure at 75 Torr. A driving pulse
with a frequency of 20 kHz and a duty rate of 20% were applied to the
test panel. The waveform of the driving pulse was plotted in Figure 2.
All measurements were performed at room temperature. The compar-
ison of the material properties between the Al;Os-coated and the
non-coated red phosphors was done by help of EDS (Energy Dispersive
X-ray Spectrophotometer, HORIBA, Japan), XPS (X-ray Photoelectron
Spectrometer, ESCALAB 250 XPS Spectrometer, VG Scientifics), SEM
(Scanning Electron Microscope, HITACH S-4200), a spectrophoto-
meter (SpectraPRO 2150i) and a luminance-meter (Minolta, CS-100).

RESULTS AND DISCUSSION

The SEM images of the non-coated and the Al;Os-coated red phos-
phors are represented in Figure 3. The surface of the non-coated red
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20.0kV X58.0K 680nm 20.0kV XS@8.0K 608nm

FIGURE 3 SEM Image of the phosphors (a) before and after (b) AlsO3 coating.
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(b)
FIGURE 4 EDS of the phosphors (a) before and after (b) Al,O3 coating.
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FIGURE 5 XPS of the phosphors before (down line) and after Al,O3 coating
(upperline).

phosphor being 1~2 pm in size can be clearly seen. Nano-sized Al;O3
particles coated on the surface of phosphors are also seen.

The EDS of the non-coated and the Al,Os-coated (Y,Gd)BOs:Eu®"
phosphors are shown in Figure 4. In the Figure 4(b), the Al related

TABLE 1 Atomic % of the Phosphors Before
(a) and After Al,O3 Coating (b)

Name At. (%)

(a) Non-coating Phosphor
Bls 14.16
Cls 18.64
Eu3d5 0.13
Gd4d 2.75
O1ls 50.46
Y3d 13.86

(b) Aly03-coating Phosphor
Al2p 8.05
Bls 8.49
Cls 14.32
Gd4d 1.28
O1ls 58.07

Y3d 9.79
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peak was observed, and thence we can confirm that the particles as
seen in Figure 3(b) are composed of Al,Os.

In order to reconfirm Al,O3; nano-particles on the surface of the
coated phosphors, we performed the XPS experiments. The Figure 5

Intensity (a.u)

Intensity (a.u)

7’ N
’ \
\ ,
200000 + {E‘ Red(Al O -coating)
180000 1 M‘ - - -- Red(Non-coating)
160000 T
140000
120000 | f
4 g‘ 9 ]
100000 ‘ h‘ ; l
50000 l f \‘ | \
<4 | r |
60000 { | i
_ | | U
40000 ! \
i | \
20000 A h )] |
] ! e b e % -
0 ————— 77— —
540 560 580 600 620 640 660 680 700
Wavelength (nm)
(@)
200000 4 — Red(Alzos'Coating)
= Red(Non-coating)
160000 .
i
‘\‘i
fi
\“‘
120000 i
t \
f \
i 4
3 {
L) T ¥ T L T ¥ T T T % T T ¥ T ¥ T X
580 582 584 586 588 590 592 594 596 598 GO0
Wavelength {(nm)
(b)

FIGURE 6 PL spectra of the phosphors (a) the full range PL spectrum and
(b) the partial range PL spectrum dotted in the circle of (a).
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show XPS results of the the non-coated and the Al,Os-coated
(Y,Gd)BO5:Eu®" phosphors. Table 1(a) and (b) tell the relative atomic
concentration of the surfaces of the non-coated and the Al,Os-coated
(Y,Gd)BOs:Eu®" phosphors, obtained from the analysis of the XPS
experiments in Figure 5. The binding energy peak at 74.1eV, related
to an Al element was detected from the XPS results. The relative con-
centrations of the alumina (Aly,) element corresponding to the Al
peaks at 74.1eV in Figure 5 was measured about 8% in the surface
of the AlyOs-coated (Y,Gd)BO5:Eu®t phosphors as listed in Table 1
(b). The relative concentration of the oxygen (O,) element correspond-
ing to the Ols peaks at 530 eV in Figure 5 was increased form about
50% to 58% as listed in Table 1(a) and (b). The XPS results of Aly,
reveal strongly that Al,Os; nano-particles are coated on the surface
of phosphors.

In Figure 6, the PL spectra of the non-coated and Al;Os-coated red
phosphors powders, excited by an ultraviolet (UV) with a wavelength
of 254nm, are shown. The PL spectrum shows that the intensity of
Al503-coated phosphor is higher than that of non-coated one without
a wavelength shift in the core-level 4f—4f transition region, indicating
that the presence of Al;Os-particles on the surface effects on PL
intensity. This can be explained, based on the suppression of the non-
radiative recombination via surface defeats [10].
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FIGURE 7 Luminance of the non-coated and Al;O3-coated red phosphors in
the test panel.
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FIGURE 8 Color coordinates of the non-coated and Aly,Os-coated
(Y,Gd)BO5:Eu®* phosphors in the test panel. (duty 20%, 20 kHz, Xe 300 Torr
and Ne 75 Torr).

In Figure 7, the luminance of the test panels is plotted as a function
of the driving voltages. It is of interest that the test panel with the
Al,O5-coated (Y,Gd)BOs:Eu®' phosphor shows much higher lumi-
nance than the panel with the non-coated (Y,Gd)BO3:Eu®" phosphor.
This fact implies that the surface coating of phosphors with a proper
oxide is a way for improving the luminance of PDP devices or the
gas discharge lamps, based on the same mechanism as explained in
Figure 7.

Figure 8 shows that the color coordinates of the two phosphors,
indicating that the surface coating gives rise to a negligible change
in the color purity.

CONCLUSIONS

We prepared the (Y,Gd)BOs:Eu®" phosphor coated with Al,Oj
nano-particles by a modified sol-gel method and compared optical
properties of the Al,O3-coated phosphor with those of the non-coated
(Y,Gd)BO3:Eu®" phosphor. The Al,O3 coating yields an increase in
the both PL intensity of the phosphor powder and the luminance of
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the test panel, due to the suppression of the nonradiative recombina-
tion via surface defects.
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