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The Effect of MgO Rate Preparing Conditions and Xe Partial
Pressure on the Relative Life time of an AC Plasma Display Panel

Cha-Soo Park*, Min-Seok Choi**, Joon-Young Choi***,
Dong- Hyun Kim***, Ho- Jun Lee*** and Chung-Hoo Park***

Abstract - This paper proposes a relative lifetime test method of MgO thin film. The suggested test
conditions are 50°C, 400Torr, 20% over-voltage and 300klz. The relative lifetime of MgO thin film is
significantly affected by the MgO preparing conditions and Xe partial pressure. As result, the lifetime
of the AC plasma display panel (PDP) is increased with an MgO thickness of 20004 to 8000A but is
saturated over 5000A (up to 9000 A). In addition, as Xe partial pressure increases, AC PDP lifetime

increases.
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1. Introduction

With The rapid progress in the information industry has
led to a continuous increase in the demand for new display
devices with large size, high information capacity, and high
resolution. Moreover, to compete with CRT (cathode ray
tube) displays, various flat display devices have been de-
veloped and improved [1-2].

Nevertheless, AC PDP lifetime should be guaranteed
over 30,000 hours, but no generally accepted data or diag-
nostic and estimating techniques exist for determining the
relative lifetime of the AC PDP [3].

To improve the lifetime of the AC PDP, a fast relative
lifetime diagnostic method should be developed. In this
case, the relative lifetimes of various PDPs with test com-
ponents are needed instead of evaluating the absolute life-
time, which is too long to facilitate such a study. If differ-
ent two kinds of AC PDPs are studied, the lifetime can be
improved by comparison.

In this study, we suggest a fast lifetime diagnostic
method. We also discuss the effect of MgO thin film, the
most important factor in determining the lifetime of the AC
PDP. Moreover, another factor in determining the lifetime
of the AC PDP, the Xe partial pressure is selected in
Ne+He+Xe working gas.

2. Factors affecting the lifetime of the AC PDP

The lifetime of the AC PDP is correlated with many fac-
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tors as shown in Table 1.

The most important factor affecting the lifetime of the
AC PDP may be the lifetime characteristics of the MgO
thin film because the MgO surface practically plays the
role of discharge electrode.

Table 1 Factors affecting the AC PDP lifetime

Factor Parameter
1) Deposition process (E-Beam, Sputtering, lon Plating)
2) Optimum_thickness

MgO 3) Surface morphology, density, orientation

4) Substitute material condition

5) Sputtering rate

1) Gas species

Working-gas |2) Gas pressure

3) Impurity gas_in the manufaturing and discharge process
Dielectrics |1) Void partial discharge and breakdown

2) impurity gas in void

1) Deterioration by heating process and discharge plasma

Phosph 2} Deterioration by plasma sputtering

3) Deterioration by MgO sputtering

Rib height |[1) Discharge stability

2) Heating and light loss

2.1 General fast lifetime test method

Three methods have been proposed and used to test the
lifetime of the AC PDP: over-voltage text, over-
temperature test, and high-frequency test. However, these
tests are imperfect, causing a rise in temperature, break-
away from the normal driving voltage, and occurrence of
self-erasing discharge of the panel [6]. Therefore, in this
study, the short-term accelerating relative lifetime test
method by high voltage and high frequency is suggested.

2.2 Accelerated relative lifetime test
The most important problem is the bombardment of

positive ions on the MgO surface, which decreases the sec-
ondary electron emission coefficient and raises the firing



36 The Effect of MgO Rate Preparing Conditions and Xe Partial Pressure on the Relative Life time of an AC Plasma Display Panel

voltage, and thus decreases the lifetime [7].
The sputtering rate, R, may be expressed as

JTa
R=k|l— | of 1
[P) W

where & is proportional const., J is the discharge current
density, 7 is the surface or ambient temperature, P is the
gas pressure, and f is the applied voltage frequency. If the
sputtering rate increases, the period of relative lifetime test
can be reduced in comparison with the real lifetime test.
The relative lifetime can be controlled by main parameters
such as J, T, and f.

2.2.1 Discharge current density

Discharge current density (J) can be controlled by the
applied pulse voltage under driving condition of AC PDP
as shown in Fig. 1 [8].

When the test is performed with some over-voltage, at
first the displacement current flows during the pulse rising
time and then discharge is ignited. At this point, wall
charges can accumulate on the electrodes so that cells are
turned off.

If the over-voltage is set too high, self-erasing is gener-
ated at the pulse falling time, causing the loss of wall
charge. The gap voltage is given by

Vo= Vs+ Vy (@)

where V;is gap voltage, Vs is sustain voltage, and Vi is
wall voltage. If self-erasing occurs, Vi as well as Vi will
decrease. Therefore, the over-voltage must be set up within
limits so that self-erasing is avoided.

OB : B is discharge starting voitage
at first discharge.
B BC : Cument increase and
voltage decrease region
after discharge start.
CD : Current and voltage decrease
by wall charge.
] Discharge Cument OD : Applying voltage - wall voltage
£ D DensitylJ} OA” : - wall voltage
< ’fl A A’B": re-discharge by applying
reverse voltage
B B’C’: Same process with BC
C’B’: Same process with CB

Fig. 1 J-V characteristic in the AC PDP

2.2.2 Frequency of the applied voltage

In AC PDP, discharge is generated for each alternate
pulse, and the sputtering rate increases according to the
frequency of applied pulse. Therefore, to take an accelerat-
ing lifetime test, the frequency of the sustain voltage must
be higher than normal frequency.

Generally, the sustain time of the discharge current is
about 2 us, so the limit of maximum frequency is given by

f= 21 = 500 kHz @

s

Therefore 200400kHz is suitable for the accelerating
frequency.

2.3 Relationship between panel surface temperature
and self-erasing

If surface temperature increases, the priming particles
and wall charge are activated. Fig. 2 shows the self-erasing
phenomena under the main discharge process. This phe-
nomenon disturbs accelerated test conditions by erasing the
wall charges. Therefore, maintaining a constant panel tem-
perature during the lifetime test is necessary.

el

30°C

e

-1100°C

=2

TN T .
A\ <L Self Erasin
"\t Self Erasing

Voltage [100V/Div.]
Current [0.18A/Div.]

0 02 04 06 08 10 1.2 14 16 18

Time [1s]
Fig. 2 The current waveform according to ambient tem-
perature

2.4 Relationships between test frequency and self-
erasing voltage

If the panel temperature T is 100 C, the discharge volt-
age showing the self-erasing phenomena at high frequency
is too low to test the PDP with normal driving voltage.
Therefore, F or T should be decreased.
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Fig. 3 Self-erasing region as a parameter of test frequency
at 100C
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2.5 Self-erasing voltage at 300kiz as a parameter of
the temperature

For normal driving to be possible at high frequency
without self-erasing, ambient temperature must be de-
creased. Fig. 4 shows a variation of self-erasing voltage
according to the ambient temperature; self-erasing voltage
varies inversely with the ambient temperature.

250 T
> 240 |- - | Soierasine ... L. O
gn 230 b e
= 220 | e w -~ Accelerating
> test point
o 210 - -~ - - Normal
%‘D 200 |- e driviug point
E 180 |- e o =
2 480 - 300kHz constant

30 20 10 a -10

Ambient Temperature[T ]
Fig. 4 Self-erasing region at 300kHz and operating tem-
perature

2.6 Accelerated lifetime testing method in this study

According to the previously mentioned theory and inves-
tigation, the accelerated lifetime testing method suggested
in this study has the following parameters: surface tem-
perature of panel is 50°C, accelerating frequency of
300kHz, over-voltage by 20% of initial driving voltage
((V#+V,)/2), and working-gas pressure of 400Torr.

3. Experimental Set-Up & Method
3.1 Experimental set-up: Preparation of test panel

Table. 2 shows the specification of the four-inch test
panel. Metal electrodes (fence) are present on the front
glass and are coated with a dielectric layer. On the dielec-
tric layer, a protectve layer of MgO thin film is deposited
by E-beam evaporation method.

Table. 2 Specification of four-inch test panel (VGA type)

working -gas : He+Ne(30%)+Xe(4%) 400Torr

ront panel Rear panel

Thickness of 30 Width of 100 im
diclectric address

layer clectrode

electrode 310 gm Thickness of 20 m
width white back

Flectrode 60 pm Height of rib 130 san
gap

Pitch of rib 360 m width of rib 60O

Stripe-type address electrodes are arranged on the other
rear glass. These address electrodes are coated with a white
dielectric layer. 130um-high striped barrier ribs are made by
the sandblaster technique are located on both sides of the
address electrodes to separate the adjacent discharge cells
and to eliminate optical cross-talk between cells.

Finally, phosphor is deposited on the rear. The test panel
is annealed at 350°C for three hours before the sealing
process. With high-temperature annealing, gas impurities
can be decreased.

As shown in Fig. 5, the electrodes of the panel are con-
nected to the driving circuit. The waveform measurements,
such as applied voltage and current, are carried out using a
digital storage oscilloscope and current probe. Luminance
is measured with a luminance colorimeter (BM7). The sur-
face temperature is continuously measured by a thermo
couple-digital display.

Luminance
colorimeter

—|0

]

ca3c3 g5

F———=- D.SC.

: = T
[ High Freq,
emperature
control box Pulse Generator

Fig. 5 Schematic diagram of experimental set-up

3.2 Experimental method

3.2.1 Driving conditions of the accelerated lifetime

The high frequency test is selected for a short-term life-
time test. In this case, the frequency of the applied voltage
is 300kHz and the test voltage is 20% higher than the nor-
mal driving voltage.

To solve the problem of rising temperature, the experi-
ment is conducted on the heatproof plate and one pair
(three-line) of all six pairs on the test panel has been se-
lected. The number of discharge cells is 350 at one pair.

So, the panel surface temperature is constantly maintained
at 50°C at 300kHz.

3.2.2 End point of the accelerated lifetime test

The lifetime test end point is defined as the time when
the luminance of the panel is decreased to half of its initial
value under normal driving conditions. At the end point,
the accelerated test time can be regarded as the relative
lifetime of the AC PDP.

The acceleration tests are done with accelerating test
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conditions, 200V with 300 kiz at 50C of panel surface
temperature, but we regularly measure the luminance and
sustain voltage under normal driving condition, 160V with
SO Kz at room temperature.

4. Result & Discussion

4.1 The relationship between MgO thickness and the
relative lifetime of the AC PDP

We regularly measured values of firing (V) and sustain
voltage (V,) at 50kHz as shown in Fig. 6 whereas the test
panel, which has an MgO thickness of 2000A, has been
accelerated under 300kHz, 200V, and surface temperature
507C.

The luminance line in Fig. 6 is an appraisal standard of
the relative lifetime of the AC PDP. If we define the life-
time of the panel as the time when the luminance decreases
to half its initial value, it can be said that the lifetime of
this sample is 25 hours under the condition of the acceler-
ated lifetime test.

Figs. 7 and 8 show the characteristics of discharge volt-
age and luminance of the sample having an MgO thickness
5000A and 8000A, respectively. The lifetimes are esti-
mated to be 25, 85, and 97 hours for each panel.

Discharge voltage rises during the lifetime test due to the
MgO degradation caused by sputtering and due to the ef-

fect of impurities released during the discharge in the panel.

The impurities are generated by the residual contamina-
tion in cells during the exhaust process from working-gas,
rib, frit glass, and heated phosphor or MgO thin film.

A small number of impurities can be incorporated into
the MgO film during the deposition process, and these im-
purities can be released in the form of H,, CO, or CO,. For
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Fig. 6 Characteristics of discharge voltage and luminance
after lifetime test for 2000A of MgO thickness
(208A/min) at 50kHz

example, CO is electro-negative [9]. These gases capture
electrons during the discharge process and the discharge
voltage rises.

The protecting layer (MgO) can itself be degraded by
sputtering and can also cause the degradation of the phos-
phor layer since parts of the sputtered atoms from the pro-
tecting layer are attached to the phosphor layer.

The crystalline quality of MgO film is assumed to in-
prove as it matures and the property of sputter-resistance
may be improved. Therefore, high luminance can be main-
tained for a long time.
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Fig. 7 Characteristics of discharge voltage and luminance
after lifetime test for 5000A of MgO thickness
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Fig. 8 Characteristics of discharge voltage and luminance
after lifetime test for 8000A of MgO thickness (208
A/min) at 50kHz

Fig.9 shows the SEM photos of the MgO surface on a
test panel of 8000A thickness after the lifetime test. As
shown in the figure, the surface of the MgO thin film is
eroded by the sputtering of discharge plasma and is formed
the shape of island. The crystallized part during the forma-
tion of MgO is supposedly left alive and the amorphous
part is eroded.
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Fig. 9 SEM photos of MgO surface for 8000A after accel-
erated lifetime test

Fig. 10 shows the relationships between MgO thickness
and AC PDP relative lifetime.

The results are as follows.

(1) The lifetime was increased with MgO thickness but
almost saturated over S000A.

(2) As MgO thickness increases, the decrease rate of lu-
minance decreases; thus, high luminance can be
maintained for a long time.

100

Relative Life-time[hr]

MgO Thickness [x1000 A]
Fig. 10 Relative lifetime as a parameter of MgO thickness

4.2 The relationships between MgO deposition rate
and AC PDP relative lifetime

Figs. 7 and 11 show the degradation characteristics of
panels that have the same 5000A MgO thickness but dif-
ferent deposition rates. The deposition rate of sample A is
625A/min and of sample B is 208 A/min.

The measured relative lifetimes of sample A and B are
67 and 85 hours, respectively, under the condition of the
accelerated relative lifetime test.
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Fig. 11 Characteristics of discharge voltage and luminance
after lifetime test of the deposition rate of MgO:
625A /min (5000A)

If the MgO deposition rate is increased by E-beam
power, numerous evaporated MgO particles are accumu-
lated in a short time. Then, the MgO film has a porous
(which leads to amorphous) composition, and the adhe-
sive force of the MgO film to the dielectrics gets worse.

On the contrary, by decreasing the MgO deposition rate, ,
the MgO film will be dense, which leads to a crystal com-
position. Therefore, the relative lifetime of crystallized
MgO film is improved as shown in Fig. 12.
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Fig. 12 Relative lifetime as a parameter of the MgO depo-
sition rate
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Fig. 14 Characteristics of discharge voltage and luminance
after the lifetime test of Xe partial pressure: Xe
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Fig. 15 Characteristics of discharge voltage and luminance
after the lifetime test of Xe partial pressure: Xe
15%, Ne base

4.3 The relationships between Xe partial pressure
and the relative lifetime of AC PDP

Figs. 13, 14, and 15 show degradation characteristics
of the panels, which have the same MgO thickness of
5000 Aand the same deposition rate but various Xe per-
centages. The Xe percentage is 4%, 10%, and 15%, respec-
tively, and the relative lifetimes of the panels are 42, 80,
and 140 hours, respectively.

The calculated sputtering yield of MgO for Ne* and Xe*
is plotted as a function of incident ion energy in Fig. 16.

The sputtering yield of Ne* can transfer its energy effec-
tively to Mg or O by the small mass difference in these in-
teracting particles [10], and this is probably the main rea-
son the lifetime increases with increasing Xe partial pres-
sure as shown in Fig. 17.

Another possible pathway for increasing the lifetime is
reduction of incident energy Ne' due to large collision
cross-section of the Xe atom. Therefore, the the lifetime is
increased with Xe partial pressure for the following rea-
sons.
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02+
015 t
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Xet

Sputtering Yield (/ion)

005

0 Il 1 T J. L
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lon Energy (eV)
Fig. 16 Calculated sputtering yield of MgO for Ne" and
Xe" as a function of incident ion energy
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Relative Life-time [hr}

Xe [%]
Fig. 17 Relative lifetime as a parameter of Xe partial pres-
sure

1. Xe does not move easily and hinders the Ne+ flow.

2. Xe suppresses MgO sputtering by Ne+: That is, the
sputtered MgO/Mg goes back to the MgO thin film, just
like Ar in light bulk.

5. Conclusions

In this study, the accelerated relative lifetime tests are
performed under the various conditions. The relationships
between MgO deposition conditions and the AC PDP life-
time are investigated, and the effects of Xe partial pressure
on the AC PDP lifetime are studied. The results may be
summarized as follows.

(1) The suggested conditions for the short-term acceler-
ating lifetime test are a panel surface temperature of 50C,
an accelerating frequency of 300kHz, an over-voltage by
20% of the initial driving voltage ((V+V,)/2), and a work-
ing-gas pressure of 400Torr.

(2) The lifetime is increased with an MgO thickness of
2000A to 8000A but is saturated over 5000A (up to
90004).

(3) The AC PDP lifetime is inversely proportional to the
MgO deposition rate. If the MgO deposition rate is in-
creased, the lifetime of AC PDP is decreased.

(4) The more Xe partial pressure increases, the more the
AC PDP lifetime increases.
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