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Effects of the Impurity Gases on the Characteristics of ac PDP

Joong-Hong Shin" and Chung-Hoo Park”

Abstract

The luminance and discharge characteristics of ac PDP may be significantly affected by a small
amount of impurity gas in working gas. These impurity gases such as Qs O, C and Hs can be mixed
in the manufacturing and /or discharge process. In this paper a small amount of impurity gas in
acPDP are introduced quantitatively and the relationship between the amount of impurity gas and the
luminance/discharge characteristics are investigated. The luminous efficiency decreased seriously with

increase in the partial pressure of impurity gases, especially in Hz, Oz and CQO:. Under the condition of
the impurity gas ratio of 2x107 for Ar, No, He, CO2 and Oq, the luminous efficiency decreased about

8%, 8%, 32%, 36% and 50%, respectively.
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1. INTRODUCTION

AC plasma display panel (PDP) is a flat panel
display, which utilizes gas discharge. Fig. 1
shows the principle structure of a discharge cell
in ac PDP. The size of a discharge cell is about
0.3mm X Imm X 0.15mm¢(height). The tri-primary
color(R, G, B) is obtained from RGB phosphors
excited by vacuum ultra-violet photons emitted
from gas discharge. AC PDP is now being one
of the most leading candidates for the large area
wall hanging TVs.

It still has to be improved, however, in terms
of cost, luminous efficiency and so on [1-15].
Especially, one of the serious problems is the
the and luminous
efficiency caused by the
working gas. The working gas in PDP must be
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chemically stable and has to emit an intense UV
(Ultra-violet) [16]. In order to meet these
conditions, He, Ne or Xe mixture gases are used
at pressures between 300 and 500 Torr. If the
impurity gases such as Oz O, CO; and Hz are
included in working gas, they may increase the
discharge voltage, contaminate the MgQO layer
and decrease the UV intensity, that lead to
affecting the PDPs performance. The impurity
gases mainly  generated from the
manufacturing process and discharge process
[17].

In this study, we investigated the effects of
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Fig. 1. Principal structure of a discharge cell in

ac PDP.
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efficiency and discharge characteristics in ac
PDP after introducing impurity gases such as

Ar, Nz, Oz, Hy and COs..

2. EXPERIMENTS

Table 1 shows the specification of 4-inch test
PDP used in this study with VGA resolution.

Figure 2 shows the schematic diagram of
discharge test chamber and driving circuit for
measuring the electrical and optical cha-
racteristics of test panel. The test chamber is
connected to the main chamber, which is a
cylindrical type of 200mm diameter and 80mm
height with molecular pump vacuum system.
The upper part of test chamber has a quartz
window to investigate the optical cha-

racteristics{1-6].

The panel in the test chamber were baked in
vacuum at 350°C for two hours, exhausted up to

Table 1. Specification of 4-inch ac PDP

Rear panel

Address
electrode width 100 sm

White back
thickness 150 m

Rib height 150 um
Rib pitch 360 ¢m

Rib width 70 pm
Phosphor

Front panel

ITO width |310 m

ITO gap 60 um

Bus width 100 m

Dielectric
thickness 25 m

MgQ thickness|5000A

thickness rn
Luminance
Colorimeter
®M7)
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pressure gage -
(1-760 Torr) ]
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Fig. 2. The schematic diagram of test chamber

for testing.

[{e]

~10-7 Torr by molecular pump, and then a
given impurity gas and working gas
(He+Ne70%+ Xe4 %) were mixed in the main
chamber. After that, the mixed gas were
injected in the test chamber through the
connection valve. The ratio of impurity gas to
the working gas were varied in the range of 2
x107%~10%107. After the test chamber was
filled with discharge gas of 400Torr, the firing
voltage, sustaining voltage, luminance and
discharge current waveform of the test panels
are tested. The applied ac pulse voltage was
210V with 50kHz and the duty ratio was
0.5[5-7].

3. RESULTS AND DISCUSSIONS

Figure 3 shows the effect of impurity on the
discharge voltage compared with that of the
pure working gas as a standard. As shown in
Fig. 3, the
significantly with the partial pressure of Oz and
CO2 gases, whereas slightly with Ar, N2 and Ho.
Especially the sudden decrease in the discharge
voltage with Ar at 400Torr may be due to the
Penning effect with Ne gas[18].

Under the condition of the impurity gas ratio
2><10’3, the discharge voltage for the impurity

discharge voltage  increased
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Fig. 3. Effect of impurity gas on the discharge

voltage of ac PDP.



gas of COgz Oz, Np, Hz and Ar increased about
1596, 129, 4%, 2.5% and 8%, respectively. The
effect of impurity gases such as COz and Oz on
the electrical and luminous characteristics of ac
PDP may come from the negative-ion formation
by the electro-negative gases [19]. It is well
known that the negative ions formation gas
suppresses the spark breakdown by forming
negative ions, which lead to decrease electron
temperature. However, in the discharge plasma,
CO; gas reacts with MgO, and makes MgCOQOs,
which is irreversible reaction. Furthermore, the
MgCOs3 has low 7 —coefficient than MgQO. The
highest discharge voltage of COz in Fig. 3 may
be due to the MgCOs on the MgO surface{20].

Figure 4 shows the effect of impurity gases
on the luminance. As shown in Fig. 4, the
luminance decreased significantly with the
increase of the impurity gases, especially in Hp,
02 and CO». Under the condition of the impurity
gas ratio of 2x107 for the Ar, N2, Ho, CO2 and
QO;, the luminance decreased about 10%, 109,
40%, 45% and 60%, respectively.

Figure 5 shows the effect of the given
impurity gas on the luminous efficiency, which
are very similar to those shown in Fig. 4. The
luminous efficiency was calculated using the
following formula.
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Fig. 4. Effect of impurity gas on the luminance
of ac PDP.
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X Luminance (cdi?) x Display Area {m?)
Luminous efficiency (ImW) =

Poweer consumption (W)
] 7 :
Power consumption (4) = 2 [ ") 6.0 - i, o

Where, f is the frequency, T is the period, ion
is the total current and ioff is the displacement
current [17). Under the condition of the impurity
gas ratio of 2X10° for the impurity gas of Ar,
Ng, Hy, CO2 and O the luminous efficiency
decreased about 8%, 8%, 32%, 36% and 50%,
respectively.

As mentioned above, the effect of impurity
gas such as COg O and Hz on the discharge
voltage, luminance and luminous efficiency are
very significant. Here, it may be note worthy to
point out whether the characteristics of
discharge voltage and luminance of ac PDP are
recovered or not when the contaminated gas is
changed with a new working gas.

Figure 6 and 7 show the discharge voltage
and luminance  characteristics  when the
contaminated working gas is degassed and
refilled with a new working gas of
He+Ne70%+Xed% with 400Torr. As shown in
Fig. 6 and 7, the discharge voltage and
luminance characteristics with N2, Ar and H»
are almost recovered, whereas those with Oz
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Fig. 5. Effect of impurity gas on the luminous
efficiency of ac PDP.
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Fig. 6. Discharge inception voltage characteristics
when the given contaminated gas is
changed with new working gas after

testing.
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Fig. 7. Luminance characteristics when the given
contaminated gas is changed with

working gas after testing.

and CO; are not. The reasons may be due to
considered as follows.

As mentioned in Fig. 3, the COz gas makes
MgCOs on the MgO. Furthermore, this reaction
is irreversible [20]. Therefore, the discharge
andluminance characteristics are not recovered.
Especially, Oz gas also degassed mostly with
other impurity gasses. However, the Oz or O
gas from the dissociation of Oz gas in the
discharge plasma have high electron affinity
coefficient as shown in Table 2. Therefore, the
small amount of O; gas affects significantly on

Table 2. Electron affinity of some important

gases.
Kind of atom molecule|Electron affinityleV]

F 394

B 3.70

Br 3.54

1 3.22

Q 3.80

0y ~1.0

H 0.75

H, 0.76
N ~0.04

N» 0.04
Inert gases =0

the discharge voltage and luminance characteristics.

4. CONCLUSION

In this paper a small amount of impurity gas
in ac PDP are introduced quantitatively and the
relationship between the amount of impurity gas
and the luminance/discharge characteristics are
investigated. The luminous efficiency decreased
seriously with increase in the partial pressure of
impurity gases, especially in Hz, O2 and COa..
Under the condition of the impurity gas ratio of
2i¢10-3 for Ar, Nz, H; CO; and O the
luminous efficiency decreased about 8%, 8%,
32%, 36% and 50%, respectively.

It is considered that the impurity gas effects
on PDP characteristics manly come from the
negative~ ion formation for O and H» and
irreversible MgCQs formation on the MgO
suwrface for COa.

REFERENCES

[1] S. Yoshikawa, “Full-color AC Plasma Display
with 256 Gray Scale”, Japan Display, p.
605, 1992.

[21 A. Sobel, “Big, bright, and beautiful,
information display”, SID, Vol. 14, No. 9, p.
26, 1998.

[3] C. H Park, S. H. Lee, D. H. Kim, W. G. Lee,
and J. E. Heo "Improvement of addressing



(4]

(5]

(6]

(71

[81

(91

{101

[11]

time and its dispersion in AC plasma
display panel”, IEEE Transactions on
Electron Devices, Vol. 48, No. 10, p. 2260,
2001.

W. G. Lee, J. Y. Lee, J. M. Park, and C. H.
Park, "An electrical and optical cha-
racteristics of the color ac plasma displays
with a new cell structure”, Journal of
Information Display, Vol. 2, No. 1, p. 5,
2001.

J. E. Heo, Y. K. Kim, H. G. Park, and C.
H. Park, "The optimum phosphor thick-
ness to obtain the highest luminance and
luminous efficiency in ac PDP”, Journal of
Information Display, Vol. 2, No. 1, p. 14,
2001,

S. H Lee, Y. D. Kim, J. H. Shin, J. S. Cho,
and C. H. Park, "The effect of dielectric
thickness and barrier Rib height on
addressing time of coplanar ac PDP”
Journal of KIEE, Vol. 11, No. 1, p. 41, 2001.
J. E. Heo, Y. K Kim, M. N. Hur, Y. G. Kim,
H. J. Lee, and C. H. Park, "The relationship
between a small amount of impurity gas
and luminance/discharge characteristics of
AC PDP”, Proc. The 1st IMID, p. 126, 2001.
K. B. Kim, Y. I. Kim, K. W. Koo, H. G.
Chun, and D. Y. Cho, "A study of the
structure and luminescence property of
BaMgAlOrEu®  blue phosphor using
scattering Method”, J. of KIEEME(in
Korean), Vol. 15, No. 1, p. 67, 2002.

C. H Park, Y. K Kim, S. H. Lee. W. G. Leg,
and Y. M. Sung, "Surface-discharge cha-
racteristics of MgO-thin films prepared by
reactive RF  unbalancend maganetron
sputtering”, Thin Solid Films, Vol. 366, p.
88, 2000.

J. E. Heo, G. B. Lee, Y. S. Moon, M. N.
Hur, G. S. Kim, J. S, Cho, and C. H. Park,
"A characteristics of luminance -efficiency
by barrier rib height and phosphor
thickness in ac PDP”, Proc. 2000. K. J Joint
Symposium on EDHV Engineering, bp.
405-1, 2000.

D. H Nam, K. W. Lee, and J. W. Park,

913

A7) A R} A) £ 8H3] =53], Vol. 15, No. 10, October 2002.

"DC magnetron sputtering of Cr/Cu/Cr
metal electrodes for AC plasma display
panel”, ] of KIEEME(n Korean), Vol. 13,
No. 8, p. 659, 2000.

[12] D. H Kim, S. H. Lee, Y. D. Kim, J. T. Park,
G. B. Lee, J. Y. Lee, J. H. Ryu, and C. H.
Park, "Wall charge measurement in the
address period of AC plasma display panel”,
Journal of Information Display, Vol. 1, No.
1, p. 42, 2000.

[13] W. G. Lee, J. Y. Lee, J. M. Park, and C. H.
Park, "An electrical and optical cha-
racteristics of the color ac plasma displays
with a new cell structure”, Journal of
Information Display, Vol. 2, No. 1, p. 5,
2000.

[14] J. S. Park, "Comparision study between
modeling and experiment of the breakdown
voltage for AC plasma display panel”, J. of
KIEEME(Gn Korean), Vol. 13, No. 12, 2000.

[15] C. H Pak, D. H Kim, S. H. Lee, J. H Ryu,
and J. S. Cho, "A new method to reduce
addressing time in a large AC plasma
display panel”, IEEE Transactions on
Electron Devices, Vol. 48, No. 6, p. 1082,
2000.

[16] Bernard W. Byrum, "Surface aging me-
chanisms of AC plasma display panels”,
IEEE Trans. On Electron Devices, Vol
ED-22, No. 9, p. 685, 1975.

[17]1 J. Y. Lee, Y. K Kim, Y. D. Kim, Y. G.
Kim, J. B. Sohn, C. S. Park, and C. H.
Park, "A study on the new shaped align
free  sustain  electrode showing  high
luminous efficiency in AC PDPs”, Proc.
2000, K. J Joint Symposium on EDHV
Engineering, p. 804-1, 2000.

[18] M. O. Aboelfotoh, “Aging characteristics of
AC plasma display panel”, Proc. SID Vol
22/4, p. 219, 1981.

[19] E. Nasser, “fundamentals of Gaseous I-
onization & Plasma Electronics”, Wiley
Inter Science, p. 214, 1971.

[20] =M 2 AK, "BFT7I7XT 4 A7V A Hi
B, % A4 2 2 &nt, p. 113, 1985.



