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We investigated the characteristics of MgO surface with MgO nanocrystal powders due to the long-
term (500 hours) ion bombardment comparing with the conventional MgO surface in this study.
When the MgO nanocrystal powders were coated on the conventional MgO surface, it was observed
that the sputtered Mg particles from MgO surface were re-deposited on the MgO nanocrystal pow-
ders, which was able to significantly suppress the re-crystallization on the phosphor layers. We con-
firm that the MgO nanocrystal powders play a significant role in suppressing the degradation of
the MgO surface and phosphor layer after long-term severe ion bombardments. Accordingly, when
the MgO nanocrystal powers were applied to the conventional MgO surface, the variations of dis-
charge characteristics, such as address discharge delay time, firing voltage of sustain and address
discharge, and luminance, were significantly reduced comparing with the conventional MgO surface.

Keywords: MgO Surface, MgO Crystal Powder, Long-Term Discharge Characteristics, Plasma
Application, Plasma Display Panel.

1. INTRODUCTION
The creation of new materials always provide the
technological developments. Significant categories of
materials in present technologies are represented by nano-
materials, nanostructures, and combinations of these.1–3

The MgO nanocrystal powder has been introduced as
a functional layer to improve the statistical delay time
using an exo-emission in ac-plasma display panels (PDPs).
It contributes to improving the electron emission in the
shallow electron trap level below conduction band, i.e.,
exo-emission, which is not shown in the conventional
MgO surface.4–6 We recently reported the effects of the
MgO nanocrystal powders on the discharge characteristics
related to the panel temperature.7 In the previous work,
when the nano-MgO was coated on the MgO surface, the
statistical delay characteristics were improved consider-
ably especially under the low panel temperature.7

∗Author to whom correspondence should be addressed.

Despite a low sputtering yield of the MgO, degrada-
tion of the MgO surface would seem to be unavoidable
due to ion bombardment. Therefore, the discharge char-
acteristics, such as firing voltage, discharge delay time,
and luminance, are also changed, especially in the case
of long-term discharges. In the conventional MgO sur-
face, it is reported that the address discharge delay time is
increased because the electron emissions of the degraded
MgO surface are deteriorated with an increase in the dis-
charge time.8–10 The firing voltage of sustain discharge is
increased, while the firing voltage of address discharge
is decreased. The former is manly related to the degra-
dation of MgO surface, while the latter is manly related
to the re-crystallization between the sputtered Mg parti-
cles and phosphor layer.11�12 However, in the case of MgO
surface with MgO nanocrystal powders, the influences of
the sputtering phenomenon induced by long-term ion bom-
bardments on the discharge characteristics have not fully
investigated yet.
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This paper investigated the characteristics of the MgO
surface coated by MgO nanocrystal powders relative to
severe ion bombardments due to long-term (500 hours)
discharges. In order to examine the effects of MgO nano-
crystal powders on the variation of discharge characteris-
tics, the firing voltage, address delay time, and luminance
were monitored in the 42-inch PDP test panel with a high
Xe content of 17% as a function of the discharge time
from 0 to 500 hours. In addition, the scanning electron
microscope (SEM), photoluminance (PL), and cathodolu-
minescence (CL) were carried out in order to investigate
the morphology changes of the MgO surface and phosphor
layers.

2. EXPERIMENTAL DETAILS
In this experiment, two 42-inch HD-grade panels were
used as test panels, which specifications of two test panels
were exactly the same except the MgO surface with and
without MgO nanocrystal powders. The cell structure was
a reflective 3-electrode surface discharge type of ac-PDP,
as shown in Figure 1(a), where the transparent conductive
electrodes with a bus electrode, common electrode (X) and

MgO surface Without
MgO nano crystal powder

MgO surface With
MgO nano crystal powders

Discharge Gap

Bus
electrode

ITO
electrode

Bus
electrode

Front panel

100um 100um

MgO Layer
ITO Electrode

X

Y

Front Glass Dielectric Layer

Bus Electrode
MgO nano crystal

powder

(b)

(a)

1µmMgO layer

MgO nano crystal powder 

Figure 1. (a) SEM images of MgO surface without and with MgO
nanocrystal powders in front panels of 42-inch HD-grade panels, and
(b) enlarged SEM image of MgO nanocrystal powders on MgO surface.

scan electrode (Y ), were responsible for the sustain dis-
charge, while the address electrode (A) was responsible
for the address discharge. The detailed specifications of
the test panels are shown in Table I.
Figure 1(a) also shows the SEM images of MgO surface

with and without MgO nanocrystal powders in the front
panels. In both cases, the MgO thin films were deposited
on the dielectric layer using the ion-plating evaporation,13

whereas the MgO nanocrystal powers (3 wt%) were coated
on the MgO surface by using the spray method.14 The
addition of fluorine into the MgO nanocrystal powder was
able to form the electron trap level below the conduction
band in the band gap of MgO, such that it was possible
to easily emit electrons in the discharge space. The grain
size of the nano MgO with cubic type structure ranged
from tens of nanometers to a few micrometers, as shown
in Figure 1(b).
Figure 2 shows a schematic diagram of the experimental

setup employed in this study. A pattern generator and logic
signal generator were used to generate the conventional
driving waveforms which were continuously applied to the
test image pattern.7�15 The square-type test image pattern
occupied 1% of the entire display region of the 42-inch
test panel, as shown in Figure 2. Plus, a color analyzer
(CA-100 plus) and photo-sensor amplifier (Hamamatsu,
C6386) were used to measure the luminance and IR emis-
sions. To investigate the effects of the MgO nanocrystal
powders due to the long-time ion bombardments, the
test image pattern was continuously displayed from 0 to
500 hours by using the conventional waveform including
the reset, address, and sustain period.7�15�16 The frequency
for the sustain period was 200 kHz. The same driving
waveform voltage level was applied to both test panels,
where the sustain voltage was 205 V.

3. RESULTS AND DISCUSSION
Figures 3(a and b) show the SEM images for both cases,
i.e., with and without MgO nanocrystal powders, in order
to investigate the morphology changes of the MgO sur-
face after 500-hour discharge time in three regions: non-
discharge region, discharge region near the bus electrode,
and discharge region near the ITO electrode. As shown
in Figure 3(a), grains with pyramidal morphologies were

Table I. Specifications of 42-in. HD test panel used in this study.

Front panel Rear panel

ITO width 225 �m Barrier rib width 55 �m
ITO gap 70 �m Barrier rib height 120 �m
Bus width 50 �m Address width 95 �m

Cell pitch 912×693 �m
Barrier rib type Closed rib

42-in. Gas pressure 420 Torr
Gas chemistry He (60%)–Ne–Xe (17%)
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Figure 2. Schematic diagram of experimental setup employed in this
study.

clearly found in the non-discharge region, whereas these
pyramidal morphologies were destroyed in the discharge
regions. In particular, severe destruction of the pyramidal
morphologies was found near the ITO electrode, implying
that the ion bombardment was more severe in the vicinity
of the ITO electrode rather than the bus electrode. Mean-
while, as shown in Figure 3(b), MgO nanocrystal pow-
ders were founded to still remain on the MgO surface
after 500-hour discharge time, confirming that the MgO
nanocrystal powders were not eliminated by long-term ion
bombardments. It should be noted that the Mg particles
sputtered from the MgO surface were clearly observed to
be re-deposited on the MgO nanocrystal powders. It would
also affect the re-crystallization between the sputtered Mg
particles and phosphor layer, which will be described later.
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Figure 3. Comparison of SEM images of MgO surfaces (a) without and (b) with MgO nanocrystal powders after 500-hour discharge in three regions;
non-discharge region, discharge region near bus electrode, and discharge region near ITO electrode.

It is well-known that the address discharge delay time is
closely related to the electron emission characteristics of
the MgO surface. As such, the MgO degradation induced
by ion bombardments during a long-time discharge aggra-
vates the electron emission from the MgO surface, thereby
resulting in increasing considerably the address discharge
delay time relating to electron emission of the MgO sur-
face. As previously described, the MgO nanocrystal pow-
ders play a significant role in reducing a statistical address
discharge delay time caused by electron emissions in the
sallow electron trap level. To investigate the variations of
electron emission characteristics of the MgO nanocrystal
powders induced by the severe ion bombardment during
a long-term discharge, the changes in the address delay
times were measured, as shown in Figure 4. As shown
in Figures 4(a and b), for both cases, i.e., with and with-
out MgO nanocrystal powders, the formative and statisti-
cal delay time were increased as increasing the discharge
time. However, it was noted that the increment of statisti-
cal address discharge delay time due to ion bombardments
was reduced when the MgO nanocrystal powders were
applied to the conventional MgO surface.
Figures 5(a and b) show the cathodoluminescence (CL)

spectra of MgO surface for both cases, i.e., with and with-
out MgO nanocrystal powders, before and after 500-hour
discharge. In Figure 5, the peak below a wavelength of
500 nm is mainly related to the emission capability of the
electrons trapped from the F/F+ center, i.e., the secondary
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Figure 4. Comparison of (a) formative and (b) statistical address delay time measured from discharge region relative to discharge time for MgO
surfaces without and with MgO nanocrystal powders.

electron emission, whereas the other shallow peak above
a wavelength of 600 nm is mainly related to the emis-
sion capability of the electrons trapped by the low energy
level of the MgO surface, i.e., the exo-emission.17�18

For both cases, the F/F+ center and shallow emission
peaks of the MgO surfaces were decreased, as shown in
Figures 5(a and b). However, the intensity of CL was less
decreased when the MgO nanocrystal powders were coated
on the MgO surface. Therefore, we can infer that the MgO
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Figure 5. Comparison of cathodoluminescence (CL) spectra of MgO
surface (a) without and (b) with MgO nanocrystal powders before and
after 500-hour discharge.

nanocrystal powders would mitigate the degradation of the
MgO surface due to the ion bombardments.
Figure 6(a) shows the variations of the firing voltage

between the X–Y electrodes for both cases, i.e., with and
without MgO nanocrystal powders, after 500-hour dis-
charge time. The firing voltage was increased in both
cases, which was mainly related to the degraded MgO
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Figure 6. Changes in firing voltages measured from discharge region
relative to discharge time for both cases, i.e., with and without MgO
nanocrystal powders; (a) firing voltage between X–Y electrodes under
MgO cathode condition and (b) firing voltage between Y –A electrodes
under phosphor cathode condition.
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surface due to ion bombardments. However, as shown in
Figure 6(a), the variation of the firing voltage between the
X–Y electrodes �=�Vfxy� for the MgO surface with MgO
nanocrystal powders was smaller than that for the conven-
tional MgO surface, indicating that the MgO nanocrystal
powders played a role in suppressing the degradation of
the MgO surface. Figure 6(b) shows the variation of the fir-
ing voltage between the Y –A electrodes �=Vfya� where the
Vfya means that the firing voltage between the scan elec-
trode and the address electrode when the address electrode
is acted as a cathode. As previously described, the Vfya was
decreased in both cases. Since the Vfya was strongly related
to phosphor properties, we could infer that the decrease
in the Vfya was mainly due to re-crystallization between
the sputtered Mg particles and the phosphor layer.11�12�19

However, as shown in Figure 6(b), the �Vfya of the MgO
surface with MgO nanocrystal powders was much smaller
than that for the conventional MgO surface. The suppres-
sion in re-crystallization between the sputtered Mg parti-
cles and phosphor layer might be mainly related to the
re-deposition on the MgO nanocrystal powders, as shown
in Figure 3(b).
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Figure 7. Comparison of profiles of photo intensity (172 nm using Kr
lamp) based on PL analysis of phosphor layer before and after 500-hour
discharge for MgO surfaces (a) without and (b) with MgO nanocrystal
powders.
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Figure 8. Changes in normalized luminance relative to discharge time
for both cases, i.e., with and without MgO nanocrystal powders.

Figures 7(a and b) show the photoluminance (PL) spec-
tra measured from the phosphor layers for both cases, i.e.,
with and without MgO nanocrystal powders, when using
a Kr vacuum ultra-violet lamp (172 nm) to irradiate the
red, green, and blue phosphor layers before and after the
500-hour discharge. As shown in Figure 7(a), the intensity
of PL was observed to be significantly decreased, which
also indicated that the phosphor layer was degraded due
to the re-crystallization between the sputtered Mg parti-
cles and the phosphor layers. On the contrary, it should be
noted that the intensity of PL is slightly decreased when
the MgO nanocrystal powders are coated on the MgO sur-
face, as shown in Figure 7(b). Therefore, we can confirm
that the MgO nanocrystal powders play a significant role
in suppressing the re-crystallization between the sputtered
Mg particles and the phosphor layer.
Figure 8 shows the changes in the normalized luminance

for both cases, i.e., with and without MgO nanocrystal
powders relative to the discharge time. The normalized
luminance was defined as the luminance difference ratio
between the initial luminance and the luminance at a cer-
tain discharge time in the discharge region, as shown in
Eq. (1).

Ln = 1−
(
Li−Lc

Li

)
(1)

In Eq. (1), Ln, Li, and Lc are the normalized luminance,
initial luminance, and luminance at a certain discharge
time, respectively. As shown in Figure 8, the normalized
luminance of the MgO surface with and without MgO
nanocrystal powders was decreased as increasing the dis-
charge time, which noted that the decrement of luminance
was significantly reduced when the MgO nanocrystal pow-
ders were applied to the conventional MgO surface.

4. CONCLUSIONS
We investigates the characteristics of MgO surface
with MgO nanocrystal powders due to the long-term
(500 hours) ion bombardment comparing with the
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conventional MgO surface in this study. When the MgO
nanocrystal powders are coated on the conventional MgO
surface, the sputtered Mg particles from MgO surface
are observed to be re-deposited on the MgO nano-
crystal powders. Furthermore, it helps to decrease the
re-crystallization on the phosphor layers, which confirms
that the MgO nanocrystal powders play a significant role
in suppressing the degradation of the MgO surface and
phosphor layer after long-term severe ion bombardments.
Accordingly, when the MgO nanocrystal powders are
coated on the MgO surface, the changes of firing volt-
ages, i.e., the �Vfxy and �Vfya, are significantly reduced
comparing the conventional MgO surface. Furthermore the
changes in the address delay time as well as the luminance
are also decreased.
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