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Plasma Display Panel With NeNs
Gas-Mixture Discharges

Kyung Cheol Choi, Byung-Jong Baek, Heung-Sik ,Tekember, IEEEand Hee Dong Park

Abstract—The discharge characteristics of N&-N gas-mix- B“Sfm“”"d“
tures were investigated for possible use in an ac Plasma Display e e '/7-‘
Panel. The firing voltage increased with an increase in the N V.

concentration. When using a near ultra violet excited phosphor,
(Ba,Sr), SiO; :Eu, the Iluminous efficiency of Net10%N,
gas-mixture discharges under 400 torr was about 20% better than e
when using the conventional phosphor. The UV intensity emitted
from the gas discharges was found to increase with an increased

N- concentration. Furthermore, the UV efficiency increased with - e vl 4
an increase in the N partial pressure at a low N, concentration, i ————
yet became saturated at a high B concentration. Zn,Si0gMn Blank  (Ba,Sr),SiO,Eu
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Fig. 1. The 4-in plasma display panel coated by two kinds of phosphor.

. INTRODUCTION

. defined as the energy of the visible photon divided by the en-
LTERNATING CURRENT (ac) plasma display panels :
A (PDPs) are the most promising flat panel devices fergy of the UV photon. The electron heating rate of an-Ng

hiah definition TV C tionall | as-mixture is also greater than that offde [6]. As such, an
use as a high detinition screen. Lonventionally, a plas > gas-mixture has potential as a quantum cutting UV source.
display panel utilizes a penning gas-mixture, such as Xe

) . Therefore, the current study investigated the UV emission and
or He+Xe. As such, ultraviolet (UV) photons with 143 and " udy investg 1581

) . . . discharge characteristics of an-NK, gas-mixture discharge.
173 nm wavelengths emitted from Xe-excited species stimulate g N2 g g

the photoluminescence phosphor to produce visible light. As
regards the energy loss mechanism in a plasma display panel
with a Xe gas-mixture discharge, only 10% of the discharge Fig. 1 shows the 4-in test panel used in the current study.
energy is used to produce UV photons, while 50% of the U®@n the front plate, the sustain electrodes were made of Indium
photon energy is unused when visible light is emitted frorhin Oxide (ITO) and patterned by photolithography. The dis-
the photoluminescence phosphor [1]. Due to this inefficiet@nce between the two sustain electrodes wagB0wvhich was
lighting mechanism, a plasma display panel consumes a lotte¢ surface discharge gap. The width of sustain electrode was
power when used in TV and monitor applications. Howeve®,35 mm. The pitch of display pixel was 1.08 mm. The sustain
despite many efforts to reduce this high power consumptigfectrodes were coated with bus electrodes using a screen-print
[2], [3], the efficiency of a plasma display panel is still low. method. Next, a 3@um-thick transparent dielectric layer was
Accordingly, the current work investigated the use of applied, followed by the deposition of a 6800 A thick MgO thin
Ne+N, gas-mixture as the discharge gas in an ac plasifiln using an electron-beam method.
display panel. N discharges emit UV photons within a range On the rear plate, the barrier ribs were made using a
of 300~400 nm. When compared to the 147 and 173 nm frof@nd-blasting method, while the phosphor layers were formed
a Xe gas-mixture, the longer UV wavelength has advantage a screen-printing process. The pitch of barrier rib was
as a stimulation source for photoluminescence phosphor. 86 mm. Two kinds of phosphor layer were fabricated on the
UV photon energy efficiency of and\gas-mixture discharge is rear plate, as shown in Fig. 1. One was conventional green
higher than that of a Xe gas-mixture discharge due to a small§tosphor, ZpSiO, : Mn, and the other was (Ba,$86iO;, : Eu
Stokes shift [4]-[6]. Here, the UV photon energy efficiency igreen phosphor, which is mainly excited by UV emissions
within a range of 308400 nm. Fig. 2(a) shows the excitation
spectrum of the (Ba,StpiO,: Eu phosphor. The excitation
intensity exhibited a maximum value within a range of
Manuscript received December 9, 2002; revised February 19, 2003. The380~380 nm, corresponding to the emission lines of the N
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TABLE | D 260
SPECIFICATIONS OFZn, SiO, : Mn and (Ba,SpSiO;, : Eu E 240 _
220 .
Phosphor Peak Wavelength | Particle size CIE 200 - pe
[nm] [pem] Color Coordinate 180 o
T T T T T 1 M T T T T M T T T
Zn,S8i0,:Mn 525 3 (0.242,0.708) 004% 0.1% 02% 05% 1% 2% 5% 7% 9%
Nitrogen Concentration
(Br,S1),Si0,:Eu 510 5 (0.201, 0.718)
Fig. 4. Firing voltage as a function of gas pressure anaddhcentration.

length and inside diameter of the quartz reactor was 1200 gpldsma display panel operating under near ultraviolet. The
50 mm, respectively. The flow rate of air, used as the carriphosphor particles prepared by spray pyrolysis exhibited a
gas, was 45 L/min and the residence time of the particles insigigh luminescence intensity due to their high crystallinity and
the reactor was 0.6 s. The particles prepared by spray pyrolysigase homogeneity. Table | shows the specifications of the
were post-treated above 1200 under a reducing atmospherenewly synthesized phosphor compared with the one by the
To improve the brightness of the phosphor particles, co-dopamnventional process.

and flux materials were introduced to the spray solution. Usually, an ac PDP is adopting address display period sep-
The prepared phosphor particles displayed a high excitatiarated (ADS) sub-field method [7]. During address period, the
intensity in the 308-400 nm region and were applied to theaddress pulse is applied to the address electrode and the scan
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Fig. 5. Relative luminous efficiencies of NN, gas-mixture discharges.
pulse is applied to one of the sustain electrodes as shown in the [ll. RESULTS AND DISCUSSION

Fig. 1. During sustain period, the sustain pulses are applied to
the sustain electrodes and the discharges are occurred betwedie firing voltage between the two sustain electrodes was
two sustain electrodes. One display pixel requires two sustaneasured. Fig. 4 shows the firing voltage as a function of the
electrodes to maintain the surface discharge in an ac PDPghs pressure andoncentration. The firing voltage increased
this work, the discharge characteristics offNé, gas-mixtures with an increase in the gas pressure. At a low ddncentra-
during sustain period were investigated. tion, the firing voltage did not change much. However, the firing
To measure the ultraviolet intensity emitted from th&oltage started to increase when the concentration 0frN
Ne+N, gas-mixture discharge, the front plate and a UV lightereased because the collision cross section0f& is larger
meter were used, as shown in Fig. 3(a). A UV measuririan that of Ne gas. There is less effect af d&s on the firing
sensor, UVA-365, was introduced to detect photons with v@ltage at a low N concentration.
300~400 nm wavelength emitted from the NI, gas-mixture  The relative luminous efficiencies of the Mé&l, gas-mix-
discharge. The front plate and UV detecting system wetares in the ac plasma display panel were investigated, as shown
placed in a vacuum chamber, as shown in Fig. 3(a). Pulses-ig. 5. At alow N, concentration, such as 0.04% and 0.1% in
with a 25 KHz frequency and 10s width were applied to the Fig. 5(a) and (b), the firing voltage was acceptable, as shown in
sustain electrode. The spectral distribution of the UVA-36big. 4, however, it is likely that there were a few UV emissions
photo sensor is shown in Fig. 3(b). within a range of 308400 nm from the NéN, gas-mixture
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] increase in the Blconcentration until 1%. Under a gas pressure
L I 250 ton of 450 torr, the UV efficiency exhibited a maximum value at a
2] v ggg E:Z 1_% N, concentration, and no further increase atdéncentra-
& o] [ om0t tions of 5 to 9%.
z
O IV. CONCLUSION
@*
é ] Gases emitting a longer wavelength UV compared to the
3 4 147 nm and 173 nm from a Xe gas-mixture can be used for
2] g high luminous efficiency in a plasma display panel. The current
1 study investigated the discharge characteristics of aMie
o tn otrm o oo 1% o o 1w 0% gas-mixture and the application of 368100 nm excited pho-
Nitrogen Concentration : toluminescence phosphor, (Ba 8)O,: Eu, in an ac plasma
display panel. A higher Nconcentration resulted in a higher
Fig. 6. UV intensity as a function of gas pressure andchincentration. firing voltage. Furthermore, as the,oncentration increased,

the luminous efficiency of the (Ba,S$iO,:Eu phosphor
became higher than that of the conventionab3i®, : Mn
110 phosphor. The absolute values of luminance and luminous

100+ —f igg Eo" efficiency of the proposed panel are similar with those of
wl | T 400 torr conventional panel. However, there are lots of possibilities of
g . f 228 EOff improving the characteristics of the proposed panel because the
& gl | e ot ) -
2 phosphor stimulated by longer wavelength ultraviolet and the
g pixel structure are not optimized for the commercial ac PDP.
g 60
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