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The characteristics of the MgO layer are known to be an important parameter that
affects the discharge characteristics in an ac-PDP. In this paper, to improve the
MgO characteristics of 50-in. full-HD ac-PDP with He (35%) — Xe (11%) con-
tents, RF-plasma treatments on the MgO layer are examined under various gases
for plasma treatment. The resultant changes in the MgQO characteristics, including
the morphology, roughness, secondary electron coefficient, and firing voltage, were
examined in comparison with both cases with and without plasma treatment on the
MgO layer. It is concluded that the Ar and Ar > O, plasma treatments can enhance
the MgO characteristics, such as the roughness, secondary electron coefficient, and
firing voltage.
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1. Introduction

The MgO layers have been used as a protective layer in ac-PDPs due to their high
stability against ion bombardment, low optical loss, high thermal stability, and good
electrical insulating properties. Moreover, the MgO layers play a significant role
in reducing the discharge voltage of ac-PDPs due to their high secondary electron
emission capability and thus, various attempts to improve the characteristics of
these layers have been reported [1-11].

In this paper, the MgO surface modification using the RF-plasma treatment
with variable plasma gas compositions were adopted to improve the MgO surface
characteristics. In particular, the RF-plasma treatment used the three kinds of
plasma gas compositions such as O, > Ar (O,: 201 sccm, Ar: 22 sccm), Ar (240
sccm), and Ar > O, (Ar: 189 sccm, O,: 21 sccm), in order to investigate which gas
in RF-plasma treatment can contribute to modifying the MgO surface for the better
discharge characteristics of ac-PDP. The resultant changes in the MgO and discharge
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characteristics, such as the morphology, roughness, secondary electron coefficient,
and firing voltage were examined in comparison with the non-plasma treatment
on MgO layer in the 50-in. full-HD ac-PDP with He (35%) — Xe (11%) contents.

2. Experimental Setup

Figure 1 shows the optical-measurement systems and 50-in. full-HD ac-PDP module
with three electrodes used in the experiments, where X is the sustain electrode, Y the
scan electrode, and A the address electrode. A pattern generator, signal generator,
and photo-sensor amplifier (Hamamatsu, C6386) were used to measure the IR
emission and Vt closed curve, respectively.

Figure 2 shows the single pixel structure of the 50-in. full-HD AC-PDP panel
employed in this research. The detailed panel specifications are listed in Table 1.

Figure 3 shows a schematic diagram of the RF-plasma equipment used for the
plasma treatment system. Tables 2 and 3 show the specifications of the RF-plasma
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Figure 1. Schematic diagram of experimental setup employed in this research.
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Figure 2. Schematic diagram of single pixel structure in 50-inch full-HD AC-PDP.



RF-Plasma Treatment in AC Plasma Display Panel

Table 1. Specifications of 50-inch full-HD AC-PDP used in

this study

Front panel

Rear panel

ITO width 210 um Barrier rib width
ITO gap 70 um Barrier rib height
Bus width 70 um Address width

Pixel pitch

Gas chemistry
Gas pressure
Barrier rib type

50 pm
120 pm
85 um
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Figure 3. Schematic diagram of RF plasma equipment used for plasma treatment system.

treatment condition and variable plasma treatment gas compositions employed in
this research, which were exactly the same, except for the plasma treatment gas
composition. The RF (13.56 MHz) input power and the process time for plasma
treatment were 4 kW and 30 minutes, respectively.

Table 2. Specifications of plasma treatment condition employed in this research

Plasma treatment condition (Set-up)

Plasma type

Vacuum pump

RF (13.56 MHz) input power
Operating pressure

Process time

RIE (Reactive ion etching) plasma generator

Dry pump (base pressure:4.3 mtorr)

4kW
100 mtorr
30 minutes
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Table 3. Specifications of variable plasma treatment gas compositions
employed in this research

Plasma treatment gas compositions

Ref. (non-plasma treatment) Non plasma treatment

O, > Ar Plasma treatment O, (201 scem) + Ar (22 scem)
Ar Plasma treatment Ar (240 sccm)

Ar > O, Plasma treatment Ar (189 sccm) + O, (21 scem)

3. Experimental Observation on MgO Characteristics Using RF-Plasma
Treatments Under Various Gases for Plasma Treatment

3.1. Monitoring of Morphology and Roughness of MgO Layer

Figure 4 shows the changes in the plane-SEM image of the MgO surfaces in 50-in.
test panels prepared using the RF-plasma treatment on the MgO layer with variable
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Figure 4. Comparison of plane-SEM image of MgO surface measured from 50-inch full-HD
panels using RF-plasma treatment on MgO layer with variable gas compositions. (a) Ref.
panel (non-plasma treatment), (b) O, > Ar plasma treatment panel, (c) Ar plasma treatment
panel, and (d) Ar> O, plasma treatment panel.
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plasma gas compositions: (a) non-plasma treatment, (b) O, > Ar, (c) Ar, and (d)
Ar > O, plasma treatments. As shown in Figure 4, in the case of O, > Ar plasma
treatment, the surface morphology of the MgO layer were almost same in compari-
son with the non-plasma treatment (Ref. panel). However, in the cases of Ar and
Ar > O, plasma treatments, the surface morphology of the MgO layer were remark-
ably changed in comparison with the non-plasma treatment. The pyramidal mor-
phology of grains on the MgO surfaces in the cases of Ar and Ar> O, plasma
treatments were eliminated, as shown by the SEM image in Figure 4, and this elim-
ination of grains on the MgO surface was mainly due to the physical sputtering
caused by the ion bombardment during the Ar and Ar > O, plasma treatments.

Figure 5 and Table 4 show the changes in the 3-dimensional AFM images and
roughness of the MgO surface in 50-in. test panels prepared using the RF-plasma
treatment on the MgO layer with variable plasma gas compositions. As shown in
Figures 5(a) and (b), and Table 4, in the case of O, > Ar plasma treatment, the rough-
ness of the MgO layer were slightly reduced in comparison with the non-plasma treat-
ment (Ref. panel). However, as shown in Figures 5(c) and (d), and Table 4, in the
cases of Ar and Ar > O, plasma treatments, the roughness of the MgO layer were
remarkably reduced in comparison with the non-plasma treatment.
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Figure 5. Comparison of 3-D AFM images of MgO surface measured from 50-inch full-HD
panels using RF-plasma treatment on MgO layer with variable gas compositions. (a) Ref.
panel (non-plasma treatment), (b) O, > Ar plasma treatment panel, (c) Ar plasma treatment
panel, and (d) Ar > O, plasma treatment panel.
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Table 4. Comparison of roughness of MgO surface measured
from 50-inch full-HD panels using RF-plasma treatment on
MgO layer with variable gas compositions

Roughness [Rrms, A]

Ref. (non-plasma treatment) 136.69
O, > Ar Plasma treatment 116.22
Ar Plasma treatment 22.39
Ar > O, Plasma treatment 46.29

3.2. Monitoring of Secondary Electron Emission of MgO Layer

Figure 6 shows the changes in the secondary electron coefficients (y) for the MgO
layers measured from 50-in. test panels prepared using the RF-plasma treatment
on the MgO layer with variable gas compositions. The secondary electron emission
for the MgO layer was measured using the y-FIB (Focused Ion Beam) system. The
y-FIB system measured the intensity of the electrons emitted from the MgO layer
when the MgO surface was struck by the Ne* ions focused to a diameter of 80 pm
by means of a single Einzel lens with ion acceleration energy ranging from 80 to
200V [12]. As shown in Figure 6, in the case of Ar and Ar > O, plasma treatments,
the secondary electron coefficients for the MgO layer were higher than that for the
MgO layer in the non-plasma treatment and O, > Ar plasma treatment, indicating
that the MgO surface state was enhanced by means of the physical sputtering caused
by the Ar or Ar > O, RF-plasma treatment. However, the other research result has
been reported that the oxygen RF-plasma treatment contributes to improving the
secondary electron emission of the MgO layer [9,10]. The oxygen vacancy of the
initial MgO layer can affect which RF-plasma treatment, that is, Ar or O,, contri-
butes to improving the secondary electron emission of the MgO layer.
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Figure 6. Comparison of secondary electron coefficients measured from 50-inch full-HD
panels using RF-plasma treatment on MgO layer with variable gas compositions.
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Figure 7. Comparison of Vt closed curves between 50-inch full-HD panels using RF-plasma
treatment on MgO layer with variable gas compositions without initial wall charges where
I: Vixy (= Discharge start threshold cell voltage between X and Y), II: Vioy (= Discharge start
threshold cell voltage between A and Y), I1I: Viax (= Discharge start threshold cell voltage
between A and X), IV: Vyx (= Discharge start threshold cell voltage between Y and X), V:
Viva (= Discharge start threshold cell voltage between Y and A), and VI: Vixa (= Discharge
ischarge start threshold cell voltage between X and A).

4. Analysis on MgO Surface Change and Related Firing Voltages Using
Vt Closed Curve Technique

Figure 7 shows the changes in the Vt closed curves under no initial wall charges in
50-in. test panels prepared using the RF-plasma treatment on the MgO layer with
variable plasma gas compositions: non-plasma treatment, O, > Ar, Ar, and Ar > O,
plasma treatments. As shown in Figure 7, in the cases of Ar and Ar > O, plasma
treatments, the firing voltages for I(X-Y), II(A-Y), III(A-X), and IV(Y-X), i.e.,
the firing voltages under MgO cathode conditions, were remarkably reduced,

Table 5. Firing voltages measured from 50-inch full-HD panels using RF-plasma
treatment on MgO layer with variable gas compositions

Firing voltage

Region Ref. O, > Ar Ar Ar> 0,

MgO Cathode I 320.06 V 320.00V 29442V 312.54V
II 250.71V 259.67V 238.89V 24983V
III 22386V 24345V 211.08 V 22482V
Iv 317.90V 313.06 V 286.65V 278.17V
Phosphor Cathode v 393.19V 395.07V 39387V 3809V
VI 391.29V 410.54V 383.29V 390.35V
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whereas the firing voltages for V(Y-A) and VI(X-A), i.e., the firing voltages under
phosphor cathode conditions, were almost same. In the cases of Ar and Ar> O,
plasma treatments, the firing voltages under the MgO cathode conditions were
remarkably reduced due to the increase in the secondary electron coefficient for the
MgO layer. Table 5 shows the variations in the firing voltages measured under the
MgO and phosphor cathode conditions for the 50-in. test panels prepared using
the RF-plasma treatment on the MgO layer with variable plasma gas compositions.
These experimental results confirm that the Ar and Ar > O, plasma treatments can
modify the MgO surface state, thereby contributing to improving the discharge
characteristics of the PDP-TV.

5. Conclusion

In this paper, the RF-plasma treatment to enhance characteristics of the MgO layer
was adopted, and the resultant changes in the MgO characteristics, such as rough-
ness, secondary electron coefficient, and firing voltage were examined in comparison
with both cases with and without plasma treatment on MgO layer in the 50-in.
full-HD ac-PDP with He (35%) — Xe (11%) contents. It is concluded that the Ar
and Ar> O, plasma treatments can enhance the MgO characteristics, such as the
roughness, secondary electron coefficient, and firing voltage. Thus, it is expected that
these experimental results can contribute to improve the MgO and the discharge
characteristics of the PDP-TV.
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