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Abstract — The permanent dark-image-sticking phenomenon on a bright screen was examined under
various gas pressures in a 42-in. ACPDP with an He(35%)–Xe(11%)–Ne gas composition. Infraredemission observations reveal that the discharge characteristics related to the MgO surface are almost
the same in both the discharge and non-discharge cells, whereas luminance observations show a
deterioration in the visible-conversion characteristics related to the phosphor layer in both the discharge and non-discharge cells. Consequently, the permanent dark-image-sticking phenomenon on
a bright screen is found to be strongly related to the deposition on the phosphor layer to the Mg species
sputtered from the MgO surface due to a repetitive strong sustain discharge. For a decrease in gas
pressure, the permanent dark image sticking on a bright screen became worse due to a severe degradation of the visible-conversion characteristics of the phosphor layer caused by the deposition of
higher amounts of sputtered Mg species on the phosphor layer, as confirmed by various measurements,
such as Vt closed curves, time-of-flight secondary-ion mass spectrometry, photoluminescence, and
atomic-force-microscope analyses.
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Introduction

The realization of a high-quality plasma-display panel
(PDP) requires an urgent solution to the problems of image
sticking and image retention induced in PDP cells when
strong sustain discharges are repeatedly produced during a
sustain period.1–3 While image retention is only temporal
and easily recoverable, image sticking is permanent and not
recoverable. The sputtering phenomenon on the MgO surface caused by the ion bombardment during a repetitive
strong sustain discharge causes severe aggravation for both
the MgO surface and the phosphor layer, eventually resulting in an image-sticking problem. Based on the concept that
the ion bombardment on the MgO surface during a sustain
discharge will vary depending on the gas pressure in the
PDP cells, this study investigates the permanent dark image
sticking on a bright screen under different gas pressures in
a 42-in ACPDP with a He(35%)–Xe(11%)–Ne gas content.
The experimental observations reveal that the gas pressure
has a significant influence on image sticking, particularly on
permanent dark image sticking on a bright screen. It explores
the relationship between the permanent dark image sticking
on a bright screen and the gas pressure in PDP cells.

2

Experimental setup

Figure 1 shows the optical measurement systems and commercial 42-in. ACPDP module with three electrodes used in
the experiment, where X is the sustain electrode, Y is the

FIGURE 1 — Schematic diagram of experimental setup for monitoring
relationship between permanent dark image sticking on a bright screen
and gas pressure.

scan electrode, and A is the address electrode. A color analyzer (CA-100 Plus), pattern generator, signal generator, and
photosensor amplifier (Hamamatsu C6386) were used to
measure the luminance, IR emission, and Vt closed curve,
respectively. After displaying a square-type image (discharge region A) from 100 to 1000 hours, the entire region
of the 42-in. test panel was displayed and the luminance
difference between discharge (A) and non-discharge (B)
regions (i.e., the permanent dark image sticking on a bright
screen), was observed. The luminance difference between
discharge (A) and non-discharge (B) regions increased with
an increase in the display time of a square-type image. A
normalized luminance was used to evaluate the effect of gas
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FIGURE 2 — Schematic diagram of single-pixel structure in a 42-in.
ACPDP.

FIGURE 3 — Schematic diagram of conventional driving waveform used
in this study.

pressure on the aggravation of permanent dark image sticking on a bright screen which was defined as the ratio of the
luminance in the discharge region (A) to the luminance in
the non-discharge region B. Thus, a normalized luminance
of 1 means there is no luminance difference between the
discharge (A) and non-discharge (B) regions, implying no
image sticking. Figure 2 shows the single pixel structure of
a 42-in. ACPDP used in the experiment. The detailed panel
specifications are listed in Table 1. The detailed specifications of test panels were exactly the same, except for the
panel working pressure. Figure 3 shows the applied driving
TABLE 1 — Specifications of 42-in. ACPDP used in this study.

FIGURE 4 — Comparison of power consumption relative to gas pressure
between peak-white pattern and full-white background, where a peak
white pattern represents a square-type image (i.e., discharge region A)
shown in Fig. 1.

waveforms, including reset, address, and sustain periods.
The frequency for the sustain period was 200 kHz. A driving
method with a selective reset waveform was also adopted,
and the gas composition was Ne–Xe (11%)–He (35%). Different voltage levels of driving waveforms were applied to
each test panel due to different firing conditions, as listed in
Table 2. Figure 4 shows the changes in power consumption
relative to gas pressure for two different patterns: peakwhite and full-white backgrounds. The peak-white pattern,
i.e., a square-type test image (the discharge region A: a 1%
display region within the entire region of a 42-in. panel) in
which 1520 sustain pulses are alternately applied to the X
and Y electrodes during a TV field (16.67 msec). The fullwhite background, i.e., the displayed entire region of a 42in. panel in which 300 sustain pulses are alternately applied
to the X and Y electrodes during a TV field. As shown in
Fig. 4, the power consumption for both patterns decreased
with a decrease in gas pressure.

3
3.1

Experimental observation of permanent
dark image sticking on a bright screen
under various gas pressures
Luminance

Figure 5 shows the changes in the normalized luminance
measured under a full-white background immediately after
TABLE 2 — Optimal voltage levels applied to test panels with different
gas pressures.

978

Park et al. / Effect of gas pressure on permanent dark image sticking

FIGURE 5 — Normalized luminance relative to display time of
square-type image at various gas pressures.

a period time of displaying the square-type image for up to
1000 hours on the 42-in. test panel at various gas pressures.
As mentioned previously, the normalized luminance in
Fig. 5 was calculated by the luminance difference between
the discharge (A) and nondischarge (B) regions under a fullwhite background. As shown in Fig. 5, the normalized luminance decreased with an increase in the display time of the
square-type image. It indicates that the dark image sticking
on a bright screen became worse with an increase in the
number of sustain discharges. In particular, the normalized
luminance was reduced considerably at 100 Torr. It showed
that a significant reduction in the normalized luminance was
induced by severe ion bombardment onto MgO surface during the repetitive sustain discharge at a lower gas pressure.
The detailed changes in the luminance for various gas pressures with a variation of display time from 0 to 1000 h are
listed in Table 3.

FIGURE 6 — Comparison of IR emission waveforms during sustain discharge between discharge and
non-discharge regions under full-white background after 1000-hour sustain discharge at four different gas
pressures.
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FIGURE 7 — Comparison of IR emission profiles in image-sticking cells (i.e., discharge region) and in non-image sticking
cells (i.e., non-discharge region) during sustain discharge under different gas pressures which were measured by using an
ICCD: (a) focus mode and (b) gate mode at peak IR emission.

3.2

IR emission

Because the IR emission reflects the discharge characteristics related to the MgO surface condition, the changes
in IR emission according to gas pressure can provide information about the relationship between the MgO surface
condition and the corresponding discharge characteristics.
Figure 6 shows a comparison of the IR emission (828
nm) during sustain discharge between the discharge (A) and
non-discharge (B) regions under a full-white background
after the square-type image was displayed for 1000 hours at
various gas pressures. The IR emission was measured using
a photosensor amplifier (Hamamatsu C6386) when applying the driving waveform in Fig. 3 with different voltage
levels shown in Table 2. The resulting IR emission waveforms presented in Fig. 6 only show a slight difference
between the discharge and non-discharge regions, irrespective of the different gas pressures. It implies that the discharge characteristics were not seriously influenced by the
massive ion bombardment on the MgO surface during a
long sustain discharge (here 1000 hours). In general, it
would be expected that severe ion bombardment of the
MgO surface would cause a deterioration of the sustain dis-
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charge as a result of damage to the MgO surface. However,
the experimental results in Figs. 5 and 6 showed that severe
ion bombardment on the MgO surface under a lower gas
pressure, especially at 100 Torr, had no direct deleterious
effect on the discharge characteristics, although it affected
the degradation of the luminous characteristics. Figure 7
shows IR-emission image profiles during sustain discharge
of both the discharge and non-discharge regions. These profiles were observed under a full-white background after a
repetitive 1000-hour sustain discharge under various gas
pressures using (a) the focus mode (at gain 13) and (b) the
gate mode (at gain 63, gate width of 100 nsec, and delay time
of 50 nsec) of an image-intensified charge-coupled device
(ICCD). As shown in Figs. 7(a) and 7(b) during the sustain
period, the discharges in the discharge regions under various gas pressures were almost the same as those in the nondischarge regions under various gas pressures.

3.3

Firing voltage using Vt closed curves

To investigate the reason for the exacerbated permanent
dark image sticking on a bright screen under a lower gas
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FIGURE 8 — Comparison of Vt closed curves for discharge and for non-discharge regions after 1000-hour a
repetitive sustain discharge without initial wall charges under various gas pressures, such as (a) 100, (b) 400,
(c) 500, and (d) 600 Torr, where side I is the threshold breakdown voltage (VtXY) between the X–Y electrodes,
side II is the threshold breakdown voltage (VtAY) between the A–Y electrodes, side III is the threshold breakdown
voltage (VtAX) between A–X electrodes, side IV is the threshold breakdown voltage (VtYX) between Y–X
electrodes, side V is the threshold breakdown voltage (VtYA) between Y–A electrodes, and side VI is the
threshold breakdown voltage (VtXA) between X–A electrodes. The Vt closed curves were measured in the green
cells.

pressure, the Vt closed curves were measured for both the
discharge and non-discharge regions in green cells under
various gas pressures. 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 non-discharge region, as shown in Fig. 8. However, compared with the firing voltages of the non-discharge
region, the firing voltages of the discharge region for sides
V (Y–A) and VI (X–A) under phosphor-cathode conditions
were remarkably reduced. Figure 9(a) shows the changes in

FIGURE 9 — (a) Firing voltages between Y–A electrodes relative to gas pressure and (b) firing voltage differences (∆VtY-A) between discharge
(A) and non-discharge (B) regions relative to gas pressure. The firing voltages were measured using the Vt closed-curve method for the
red, green, and blue cells respectively after an 1000-hour repetitive sustain discharge under various gas pressures.
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TABLE 3 — Luminance relative to display time of square-type image at
various gas pressures.

3.4
FIGURE 10 — Visible transmittances for a front panel with MgO layer
on it in discharge (A) and non-discharge (B) regions after 1000-hour
sustain discharge under various gas pressures.

firing voltage for side V (Y–A) relative to the gas pressure in
the red (R), green (G), and blue (B) cells in discharge (A)
and non-discharge (B) regions after an 1000-hour repetitive
sustain discharge with a square-type image displaying. Figure 9(b) shows the firing voltage difference in Fig. 9(a)
between the discharge (A) and non-discharge (B) regions.
As shown in Fig. 9(a), the firing voltages between the Y–A
electrodes under phosphor-cathode condition were greatly
reduced in the discharge region for all the cells, especially
at 100 Torr.

Deposition of sputtered Mg on the
phosphor layer and the change in surface
morphology of the MgO layer

To identify the Mg species deposited on the phosphor layer
and observe the surface morphology and transmittance of
the MgO layer, an atomic-force microscope (AFM), UV/VIS
Spectrometer Lambda 40, time-of-flight secondary-ion
mass spectrometry (TOF-SIMS), and photoluminescence
(PL) were used to inspect the surface morphology and transmittance and analyze the deposited Mg species and photo
intensity emitted from the phosphor layers, respectively.
Figure 10 shows the changes in visible transmittances, ranging from 380 to 780 nm, measured for the discharge (A) and
non-discharge (B) regions on the 42-in. panels under various gas pressures. As shown in Fig. 10, the pressure change
from 400 to 600 Torr hardly affected the visible transmittance
of the front panel with the MgO layer on its inner surface,
whereas the visible transmittance at 100 Torr was slightly

FIGURE 11 — Two- and three-dimensional AFM images of MgO surface in discharge (A) and non-discharge
(B) regions after 1000-hour sustain discharge under various gas pressures.
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FIGURE 12 — Profiles of Mg intensity detected from red phosphor layers
in discharge (A) and non-discharge (B) regions after 1000-hour sustain
discharge under various gas pressures using TOF-SIMS analysis.

reduced by about 5–6%. Figure 11 shows two- and threedimensional AFM images of the MgO surface for the discharge (A) and non-discharge (B) regions after a 1000-hour
sustain discharge under various gas pressures. Compared to
the non-discharge (B) regions, the roughness of the MgO
surfaces in discharge region (A) was greater; this increased
roughness was mainly due to the ion bombardment during
the sustain discharge. Figure 12 shows the profiles of Mg
intensity detected from the red phosphor layers in the discharge (A) and non-discharge (B) regions under various gas
pressures using a TOF-SIMS analysis.5–7 In Fig. 12, the
highest Mg intensity detected from the red phosphor layer
was at 100 Torr, implying that the largest amount of Mg was
sputtered from MgO layer at 100 Torr. As shown in Fig. 9,
the great reduction in firing voltage under phosphor cathode condition is due to the deposit of a large amount of Mg
species with a higher secondary-electron-emission coefficient on the phosphor layer caused by the severe ion bombardment with an increased ion energy at a lower gas
pressure.5 Therefore, the experimental results confirmed
that the permanent dark image sticking on a bright screen
became worse under a lower gas pressure due to the hindered visible conversion from vacuum ultraviolet by the
phosphor layer as a result of the increased deposit of Mg
species onto the phosphor layer at lower gas pressure.4–7
Figure 13 shows the profiles of photo intensity (visible rays,
300–780 nm) emitted from the phosphor layers when the
vacuum ultra-violet (VUV, (a) 146 nm using Kr lamp and (b)
172 nm using Xe lamp) irradiated the surface of the phosphor
layers in the discharge (A) and non-discharge (B) regions
under various gas pressures using a PL analysis. In Fig. 13,
the lowest photo intensity emitted from the phosphor layer
was observed to be at 100 Torr. It indicates that the worst
permanent dark image sticking on a bright screen at 100
Torr was due to a serious obstruction of visible conversion
from the VUV of the phosphor layer as a result of the increased

FIGURE 13 — Profiles of photo intensity [(a) 146 nm using Kr lamp, (b)
172 nm using Xe lamp] detected from phosphor layers in discharge (A)
and non-discharge (B) regions after 1000-hour sustain discharge under
various gas pressures using PL analysis.

deposition of Mg species onto the phosphor layers at 100
Torr.

3.5

Chromaticity coordinates and color
temperature

Table 4 shows the International Commission on Illumination CIE chromaticity coordinates and related color temperatures measured before and after a 1000-hour discharge
under various gas pressures. As shown in Table 4, the chromaticity coordinates x and y changed after a 1000-hour discharge, thereby the color temperature deteriorated. In
particular, at 100 Torr, the largest change in color temperature (∆T) was –3867°K. As mentioned previously, in the
cells with image sticking, this severe deterioration of color
temperature at 100 Torr was mainly due to the increased Mg
deposition on the phosphor layer, which was induced by the
intense ion bombardment at lower gas pressure.
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TABLE 4 — Difference in CIE (1931) chromaticity coordinates and color
temperatures before and after discharge under various gas pressures.

tered Mg strongly depends on gas pressure. It increases as
the gas pressure is decreased. As a result, more Mg species
are deposited on the phosphor layer at a lower gas pressure
that hinders the visible conversion of the phosphor layer and
finally decreases the luminance at a lower gas pressure.

4

Conclusion

The image-sticking phenomenon in an ACPDP is a critical
issue, thus detailed research is needed to completely eliminate this side effect. The influence of gas pressure on permanent dark image sticking on a bright screen was
investigated under various gas pressures using a 42-in.
ACPDP with He (35%)–Xe (11%)–Ne contents. For the
cells with and without permanent dark image sticking on a
bright screen, the luminance, IR emission, firing voltage,
and color coordinates were measured under various gas
pressures. For a decrease in the gas pressure, the permanent dark image sticking on a bright screen became worse,
mainly due to the weaker visible-conversion characteristics
of the phosphor layer caused by the deposition of more Mg
species onto the phosphor layers at a lower gas pressure.
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