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Reduction of permanent image sticking in ACPDPs using RF-plasma pretreatment
on MgO surface

Choon-Sang Park
Jae Hyun Kim (SID Student Member)
Soo-Kwan Jang
Heung-Sik Tae (SID Member)
Eun-Young Jung

Abstract — The characteristics of the MgO layer are known to be an important parameter that affects
the permanent image sticking or lifetime of an ACPDP. In this paper, to reduce the permanent image
sticking in ACPDPs, the effects of RF-plasma pretreatments of the MgO layer on the permanent image
sticking are investigated. The treatment was conducted by using several plasma-forming gases, includ-
ing Ar, Ar followed by O2, and O2 followed by Ar. Measurements of luminance, normalized luminance,
Vt closed curve, haze, MgO hardness, and photoluminescence between the discharge and nondis-
charge regions under dark and bright backgrounds indicated that the plasma treatments of MgO using
either Ar or Ar followed by O2 gases reduce the permanent image sticking on dark and bright images
in an ACPDP.

Keywords — RF-plasma pretreatment, permanent image sticking, MgO layer, haze, cathodo-
luminescence (CL), photoluminescence (PL), ACPDP.
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1 Introduction
To realize a high-quality plasma-display panel (PDP), the
phenomena of image sticking and image retention must be
significantly reduced. The phenomena occur when strong
sustain discharges are repeated in the PDP cells during a
sustain period.1–12 While the image retention is only temporal
and easily recoverable,1–5 the image sticking is permanent
and not recoverable.6–12 The sputtering of the MgO surface
by ions during the repeated strong sustain discharges causes
severe degradation of the MgO surface and the phosphor
layer, eventually resulting in the image-sticking phenom-
ena.6–8 The sputtering characteristics strongly depend on
the properties of the MgO surface, especially the sputter
resistance of the MgO surface. Thus, a decrease in the sput-
tering of the MgO layer could reduce permanent image
sticking.

In this paper, the RF-plasma pretreatments on the
MgO layer under various plasma gases, Ar, Ar followed by
O2, and O2 followed by Ar, are adopted to reduce the sput-
tering of the MgO layer. The resultant changes in the
permanent image-sticking characteristics on the dark and
bright images, such as the display luminance, normalized
luminance, and Vt closed curve, were examined in com-
parison with the as-deposited MgO layer in a 50-in. full-HD
ACPDP with a Ne–Xe (11%)–He (35%) gas-mixture
content.

2 Experimental setup
Figure 1 shows the optical measurement systems and the
50-in. full-HD ACPDP module with three electrodes used
in the experiments, where X is the sustain electrode, Y is the

scan electrode, and A is the address electrode. A color ana-
lyzer (CA-100 Plus) and pattern generator were used to
measure the luminance. In order to induce permanent
image sticking, the entire region of the 50-in. test panel was
changed either to dark or to full-white backgrounds after
displaying a square-type image (discharge region A) for a
peak-white pattern. By using the automatic power-control
system of the PDP, 850 sustain pulses were alternately
applied to the X and Y electrodes during one TV field
(= 16.67 msec) to display a square-type test image. The image
occupies an area of 1% of the central region of a 50-in.
panel. The full-white background (entire region) corre-
sponds to the operation condition where 270 sustain pulses
are alternately applied to the X and Y electrodes per one TV
field. On the other hand, the dark background (entire region)
denotes the condition that only a weak reset discharge is
applied per each TV field without sustain discharge. After
displaying a square-type image (discharge region A) for vari-
ous time intervals ranging from 0 to 1000 hours, the entire
region of the 50-in. test panel was displayed, and the lumi-
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FIGURE 1 — Schematic diagram of experimental setup employed in this
research.
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nance difference between the discharge (A) and nondis-
charge (B) regions was evaluated. The luminance was re-
duced in the discharge (A) region with an increase in the
displayed time of the square-type image. A normalized
luminance was used to evaluate the effects of RF-plasma
pretreatment on the permanent image sticking either on
dark or bright backgrounds. Here, the normalized lumi-
nance was defined as the ratio of the luminance difference
between the initial luminance and the luminance with a spe-
cific displayed time in the discharge (A) region. Thus, a nor-
malized luminance of 1 corresponds to no luminance
difference between the discharge (A) and nondischarge (B)
regions, implying no image sticking.

Figure 2 shows the driving waveforms, including the
reset, address, and sustain periods, employed to compare
the permanent image-sticking characteristics of the 50-in.
full-HD test panels with and without the RF-plasma pre-
treatments. The frequency of the sustain period was 200
kHz. A driving method with a selective reset waveform was
also adopted, and the composition of the discharge gas was
Ne–Xe (11%)–He (35%) under a pressure of 430 Torr. Our
previous experimental results showed that plasma pretreat-
ments using either Ar or Ar followed by O2 plasma gases
could reduce the firing voltage by increasing the secondary-
electron-emission coefficient of the MgO layer.13 Accord-
ingly, during the experiment, different voltage levels of the
driving waveforms were applied to each test panel, consid-
ering the different firing voltages, as listed in Table 1.

Figure 3 shows the changes in the discharge current
relative to the RF-plasma pretreatment of the MgO layer
with various plasma gas compositions for a peak-white pat-
tern. As shown in Fig. 3, in both cases of Ar (240 sccm) and
Ar followed by O2 [gas mixture: Ar > O2 (Ar, 189 sccm (main
gas) and O2, 21 sccm (additional gas))] plasma pretreat-
ments, the discharge currents for a peak-white pattern were
reduced compared to the panel without plasma pretreat-
ment (Ref. panel) and O2 followed by Ar [gas mixture: O2 >
Ar (O2, 201 sccm (main gas) and Ar, 22 sccm (additional
gas))] plasma pretreatment. The reduction in the discharge
current results in a decrease in the number of ions gener-
ated during the discharge.14,15

Figure 4 shows a schematic diagram of the RF-plasma
equipment used for the plasma pretreatment. Tables 2 and
3 show the specifications of the RF-plasma pretreatment

FIGURE  3 — Changes in discharge currents  relative to  RF-plasma
pretreatment on MgO layer with various plasma gases: O2 > Ar, Ar, and
Ar > O2 for peak-white pattern.

FIGURE 2 — Schematic diagram of typical driving waveform used in this
study.

TABLE 1 — Optimal voltage levels applied to test panels with different
plasma pretreatment conditions.

TABLE 2 — Specifications of plasma pretreatment conditions employed
in this research.

TABLE 3 — Specifications of various plasma-pretreatment gas
compositions employed in this research.
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condition and various plasma pretreatment gas composi-
tions employed in this research. The detailed panel specifi-
cations are listed in Table 4. The RF (13.56 MHz) input
power and the process time for plasma pretreatment were 4
kW and 30 minutes, respectively.13,16,17

3 Experimental observation of permanent
image sticking with and without RF-plasma
pretreatment on MgO layer

3.1 Display luminance under dark and full-
white backgrounds and normalized
luminance under full-white background

Tables 5 and 6 show the luminance difference between the
discharge (A) and nondischarge (B) regions under a dark
background (Table 5) and a full-white background (Table 6)
after 1000 hours of strong sustain discharge with a square-
type image, measured for a 50-in. full-HD panels with and
without the RF-plasma pretreatments on the MgO layer
under various plasma gases: Ref. (without plasma pretreat-
ment), O2 > Ar, Ar, and Ar > O2 plasma pretreatments. As
shown in Tables 5 and 6, for O2 > Ar plasma pretreatment,
the luminance difference between the discharge (A) and
nondischarge (B) regions under dark and full-white back-
grounds were almost the same as that for the panel without
plasma pretreatment (Ref. panel). However, in both cases of
Ar and Ar > O2 plasma pretreatments, the luminance differ-

ence between the discharge (A) and nondischarge (B)
regions under dark and full-white backgrounds were
remarkably reduced when compared with the panel without
pretreatment (Ref. panel). It is expected that the Ar and
Ar > O2 plasma pretreatments will contribute to reducing
the permanent image sticking on the dark and bright images
of the ACPDP TV.

Figure 5 shows the changes in the normalized lumi-
nance in the discharge region (A) measured under a full-
white background immediately after displaying the square-
type image for up to 1000 hours on the 50-in. test panels. As
mentioned previously, the normalized luminance in Fig. 5

FIGURE 4 — Schematic diagram of capacitive-type RF-plasma
equipment used for plasma pretreatment on MgO layer.

TABLE 4 — Specifications of the 50-in. FHD ACPDP used in this study.

TABLE 5 — Changes in luminance in discharge (A) and nondischarge (B)
regions under dark background after 1000 hours of sustain discharge
measured for a 50-in. full-HD panel using RF-plasma pretreatment on the
MgO layer for various gas compositions.

TABLE 6 — Changes in luminance in discharge (A) and nondischarge (B)
regions under a full-white background after 1000 hours of sustain
discharge measured for a 50-in. full-HD panel using RF-plasma
pretreatment on the MgO layer for various gas compositions.

FIGURE 5 — Normalized luminance in region A relative to display time
of square-type image measured for a 50-in. full-HD panel with and
without RF-plasma pretreatment on the MgO layer under various plasma
gases: O2 > Ar, Ar, and Ar > O2.
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was calculated by the luminance difference in the discharge
(A) region under a full-white background. As shown in Fig.
5, the normalized luminance decreased with an increase in
the display time of a square-type image. In both cases of Ar
and Ar > O2 plasma pretreatments, after 1000 hours of
strong sustain discharge with a square-type image, the nor-
malized luminance was observed to be higher than that in
both cases without plasma pretreatment: Ref. panel and O2
> Ar. This result indicates that the Ar and Ar > O2 plasma
pretreatments on the MgO layer contribute in reducing per-
manent image sticking.

3.2 Difference in firing voltages using Vt
closed curves

To investigate the reason for enhanced permanent image
sticking on the dark and bright images in both cases of the
Ar and Ar > O2 plasma pretreatments, the Vt closed curves
were measured for both the discharge (A) and nondischarge
(B) regions in the red cells with and without the RF-plasma
pretreatment. In general, for the discharge region, the firing
voltages for sides I (X–Y), II (A–Y), III (A–X), and IV (Y–X)
under MgO-cathode conditions were almost the same as
those for the nondischarge region.6–10 However, the firing
voltages of the discharge region for sides V (Y–A) and VI
(X–A) under phosphor-cathode conditions were greatly
reduced when compared with the firing voltages of the non-
discharge region.6–10 As a result, a significant reduction in
the firing voltage under phosphor-cathode conditions in the
discharge (A) region confirmed that a significant amount of
Mg species with a higher secondary-electron-emission coef-
ficient was deposited on the phosphor layer. In this case, the
Mg species on the phosphor layer were believed to originate
from MgO sputtered from the region where strong sustain
discharge had been repeatedly applied. Therefore, the
reduction in the firing voltage under phosphor-cathode con-
ditions showed that the decrease in the luminance of the
image-sticking cell (discharge region A) could be attributed
to the prohibition of a visible conversion from the vacuum
ultraviolet (VUV) of the phosphor layers caused by Mg
deposition onto the phosphor layers, instead of the deterio-
ration of the phosphor layer itself.6,7

Figure 6 shows the firing voltage difference between
the discharge (A) and nondischarge (B) regions in red cells
with and without the RF-plasma pretreatment on the MgO
layer under various plasma gases, O2 > Ar, Ar, and Ar > O2.
For the case of without plasma pretreatment (Ref. panel),
there was a large firing voltage difference (= 74.4 V) between
the discharge (A) and nondischarge (B) regions under a
phosphor-cathode condition, implying that the large firing
voltage difference was presumably due to the recrystalliza-
tion of Mg species with the phosphor layer. As shown in
Fig. 6, in the case of O2 > Ar plasma pretreatment, the dif-
ference in the firing voltages between the discharge (A) and
nondischarge (B) regions under a phosphor-cathode condi-
tion was almost the same compared to the panel without

plasma pretreatment (Ref. panel). However, in both cases of
Ar and Ar > O2 plasma pretreatments, the differences in the
firing voltages between the discharge (A) and nondischarge
(B) regions under the phosphor-cathode condition were
smaller compared to the panel without plasma pretreatment
(Ref. panel) and O2 > Ar plasma pretreatment. In both cases
of Ar and Ar > O2 plasma pretreatments, the reduction in
the difference in firing voltage under the phosphor-cathode
condition was due to the lesser amount of deposition of Mg
species with a higher secondary-electron-emission coeffi-
cient on the phosphor layer. These experimental results
showed that the reduction in the permanent image sticking
in both cases of the Ar and Ar > O2 plasma pretreatments
could be attributed to less prohibition of visible conversion
of the vacuum ultraviolet (VUV) of the phosphor layers
caused by a smaller amount of Mg deposition onto the phos-
phor layers.6–8

4 Analysis of reduction of permanent image
sticking induced by RF-plasma pretreat-
ment on MgO layer

To identify the Mg species deposited on the phosphor layer
and observe the surface morphology, haze, roughness, hard-
ness, and defect level of the MgO layer, various measure-
ments were carried out in this experiment as follows: the
FE-SEM (field-emission scanning electron microscope) for
surface morphology, a Haze Meter NDH 5000W for haze,
an AFM (atomic-force microscope) for roughness, a
Nanoindentor for hardness, CL (cathodoluminescence) for
the defect level, and PL (photoluminescence) for analyzing
the photointensity emitted from the phosphor layers.

FIGURE 6 — Comparison of firing voltage differences (= ∆VtY-A) between
discharge (A) and nondischarge (B) regions relative to RF-plasma
pretreatment on the MgO layer under various plasma gases, O2 > Ar, Ar,
and Ar > O2. The firing voltages were measured using the Vt closed curve
method for red cell after 1000 hours of sustain discharge for a 50-in.
full-HD panel with and without RF-plasma pretreatment on MgO layer
under various plasma gases: O2 > Ar, Ar, and Ar > O2.
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4.1 Surface morphology and haze of MgO
layers

Figure 7 shows a comparison of the SEM images of the
MgO surface changes in discharge (A) and nondischarge (B)
regions after 1000 hours of sustain discharge in the 50-in.
full-HD panels with and without the RF-plasma pretreat-
ment on the MgO layer. Table 7 shows the changes in the
hazes of the MgO layer in discharge (A) and nondischarge
(B) regions with and without the RF-plasma pretreatment.
The haze, HZ, is defined as:

where DF is the diffuse transmission, PT is the parallel
transmission, and TT is the total transmission. An increase
in the haze caused an increase in light scattering on the MgO
surface, thus resulting in a decrease in luminance. Accord-
ingly, an increase in the haze difference, ∆H, between the
discharge (A) and nondischarge (B) regions results in per-
manent image sticking. As shown in the nondischarge (B) of
Fig. 7, for O2 > Ar plasma pretreatment, the surface mor-
phology of the MgO layer was almost the same as the panel
without plasma pretreatment (Ref. panel). However, in both
cases of Ar and Ar > O2 plasma pretreatments, the surface
morphologies of the MgO layer were considerably changed
to become smooth. The pyramidal morphologies of the
MgO surfaces were eliminated in both cases of Ar and Ar >
O2 plasma pretreatments, as shown by the SEM image in
Fig. 7. This elimination was mainly due to the physical sput-
tering caused by the ion bombardment during the Ar and Ar
> O2 plasma pretreatments. On the other hand, as shown in
the discharge (A) regions of Fig. 7, the surface morphologies
of the MgO layer were very similar regardless of the plasma
pretreatments compared with the panel without plasma pre-
treatment (Ref. panel). However, as shown in Table 7, in
both cases of Ar and Ar > O2 plasma pretreatments, the haze
difference, ∆H, was greatly reduced compared to the panel
without the plasma pretreatment (Ref. panel) and O2 > Ar
plasma pretreatment. This reduction in the haze difference
was mainly due to a decrease in the light scattering on the
MgO surface as a result of smoothing the MgO surface by
physical sputtering during the Ar and Ar > O2 plasma pre-
treatments. For both cases without plasma pretreatment

and O2 > Ar plasma pretreatment, the haze of the MgO
surfaces in the discharge (A) region was greatly increased,
compared to the nondischarge (B) region. During the sustain
discharge, the MgO surface was sputtered and re-deposited
due to ion bombardment, such that the haze of the MgO
surface was increased. On the other hand, for both cases of
Ar and Ar > O2 plasma pretreatment, the haze on the MgO
surfaces in the discharge (A) region was slightly increased,
indicating that during the sustain discharge, the MgO sur-
faces pretreated by the Ar or Ar > O2 plasma were less sput-
tered and less re-deposited than those pretreated by the O2
> Ar plasma or without pretreatment.

4.2 Roughness and hardness of MgO layers
Figure 8 and Table 8 show the changes in the three-dimen-
sional AFM images and the roughness of the MgO surfaces
in regions A and B after 1000 hours of sustain discharge with
and without the RF-plasma pretreatment on the MgO layer,
respectively. As shown in Fig. 8 and Table 8, in the nondis-
charge (B) region, for O2 > Ar plasma pretreatment, the
roughness of the MgO layer was slightly reduced compared
to the panel without plasma pretreatment (Ref. panel).
However, as shown in Fig. 8 and Table 8, in both cases of Ar

HZ
DF
TT

= ¥100 (%),

TT DF PT= + ,

FIGURE 7 — Comparison of SEM images of MgO surface changes in
discharge (A) and nondischarge (B) regions measured after 1000 hours
of sustain discharge for a 50-in.  full-HD panel  with and without
RF-plasma pretreatment on the MgO layer under various plasma gases:
O2 > Ar, Ar, and Ar > O2.

TABLE 7 — Changes in haze in discharge (A) and nondischarge (B)
regions of the MgO surface measured after 1000 hours of sustain
discharge for a 50-in. full-HD panels with and without RF-plasma
pretreatment on the MgO layer.
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and Ar > O2 plasma pretreatments, the roughness of the
MgO layer was greatly reduced compared to the panel with-
out plasma pretreatment. As described in the experimental
results regarding haze, this reduction in the surface rough-
ness was mainly due to the physical sputtering caused by the
ion bombardment during the Ar and Ar > O2 plasma pre-
treatments. Compared with the nondischarge (B) regions,
in both cases without plasma pretreatment and O2 > Ar
plasma pretreatment, the roughness of the MgO surfaces in
discharge region (A) was greatly increased. However, in
both cases of Ar and Ar > O2 plasma pretreatments, the
roughness on the MgO surfaces in discharge region (A)
slightly increased, indicating that during the sustain dis-

charge, the MgO surfaces pretreated by the Ar or Ar > O2
plasma were less sputtered and less re-deposited than those
pretreated by the O2 > Ar plasma or without pretreatment.

Figure 9 shows the changes in the hardness of the
MgO layers measured by using a nanoindentor8 in the 50-in.
full-HD panels with and without RF-plasma pretreatment
on the MgO layer under various plasma gases: O2 > Ar, Ar,
and Ar > O2. As shown in Fig. 9, in both cases of Ar and Ar >
O2 plasma pretreatments, the hardness of the MgO layers
increased compared to the panel without plasma pretreat-
ment and O2 > Ar plasma pretreatment, indicating that the
MgO surface property was enhanced by simply changing
the pretreatment process even with the same growth method
and material. This means that the MgO layers pretreated by
the Ar and Ar > O2 plasmas were harder compared to those
in both cases of without plasma pretreatment and O2 > Ar
plasma pretreatment.

Figure 10 shows a comparison of the cathodolumines-
cence (CL) spectra18 of the MgO layers measured for 50-in.

TABLE 8 — Changes in roughness in discharge (A) and nondischarge (B)
regions of MgO surface measured after 1000 hours of sustain discharge
for a 50-in. full-HD panel with and without RF-plasma pretreatment on
the MgO layer.

FIGURE 8 — Comparison of AFM images of MgO surface changes in
discharge (A) and nondischarge (B) regions after 1000 hours of sustain
discharge measured for a 50-in. full-HD panel using RF-plasma
pretreatment on the MgO layer under various plasma gases: O2 > Ar, Ar,
and Ar > O2.

FIGURE 9 — Comparison of MgO hardness of MgO layers measured
using a  nanoindentor  for  a 50-in. full-HD panel with  and  without
RF-plasma pretreatment on the MgO layer under various plasma gases:
O2 > Ar, Ar, and Ar > O2.

FIGURE 10 — Comparison of cathodoluminescence spectra of MgO
layers measured for a 50-in. full-HD panel with and without RF-plasma
pretreatment on the MgO layer under various plasma gases: O2 > Ar, Ar,
and Ar > O2.
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full-HD panels with and without RF-plasma pretreatment.
As shown in Fig. 10, in both cases of Ar and Ar > O2 plasma
pretreatments, the F+-center emission peaks of the MgO
layers were decreased compared to the panel without
plasma pretreatment and O2 > Ar plasma pretreatment. A
lower F+-center emission peak means that there are fewer
oxygen vacancies. It also means that they are filled by H-

ions, made available from the water in the system or the
MgO surface. Consequently, the Ar and Ar > O2 plasma pre-
treatments on the MgO layer caused a decrease in the F+-
center emission peak of the MgO layer, while there is also
some indication that it may have increased the MgO surface
hardness.

4.3 Photoluminescence of phosphor layers
Figure 11 shows the profiles of the photoluminescence (PL)
intensity (visible rays, 300–780 nm) emitted from the phos-
phor layers when irradiated with VUV (172 nm using a Xe
lamp) on the surface of the phosphor layers in both dis-
charge (A) and nondischarge (B) regions. In Fig. 11, in both
cases of Ar and Ar > O2 plasma pretreatments, the differ-
ences in the PL intensity emitted from the phosphor layers
between the discharge (A) and nondischarge (B) regions

were reduced compared to the panel without the plasma
pretreatment (Ref. panel) and O2 > Ar plasma pretreat-
ment. That is for both cases of Ar and Ar > O2 plasma pre-
treatments, the best permanent image-sticking characteristics
on the dark and bright screens were observed, which is due
to less obstruction of the visible conversion from VUV by
the phosphor layer. As described previously, the Ar or Ar >
O2 plasma pretreatment reduced the haze difference on the
MgO surface, thus contributing to the suppression of the
reduction of the luminance. The Ar or Ar > O2 plasma pre-
treatment also decreased the sputtering of the MgO and
reduced the discharge current for a peak-white pattern by
increasing the secondary-electron-emission coefficient of
the MgO layer, thus contributing to the suppression of the
deposition of the Mg species onto the phosphor layers. This
also will help to enhance the lifetime of the MgO layer,
including the phosphor layer in current PDP-TVs.

5 Conclusion
It is observed that the RF-plasma pretreatment, especially
Ar or Ar > O2 plasma pretreatment on a MgO layer, can
reduce the permanent image sticking of a 50-in. full-HD
ACPDP with a Ne–Xe (11%)–He (35%) content by reduc-

FIGURE 11 — Comparison of the profiles of the photoluminescence-intensity (172 nm using Xe lamp) changes detected from phosphor
layers in discharge (A) and nondischarge (B) regions after 1000 hours of sustain discharge measured for a 50-in. full-HD panel with and
without RF-plasma pretreatment on the MgO layer under various plasma gases: O2 > Ar, Ar, and Ar > O2: (a) Ref. panel (without plasma
pretreatment), (b) O2 > Ar plasma, (c) Ar plasma, and (d) Ar > O2 plasma.

612 Journal of the SID 18/8, 2010



ing the sputtering of MgO and decreasing the discharge cur-
rent for a peak-white pattern. The reduction in the haze
difference also suppresses the decrease in luminance. Fur-
thermore, the reduced sputtering of the MgO surface can
decrease the deposition of the Mg species onto the phos-
phor layer. In this case, the visible conversion of the phos-
phor layer is less degraded even though the strong sustain
discharge has been repeatedly produced. Thus, it is expected
that these experimental results will help to reduce the per-
manent image sticking on PDP TVs.
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