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This paper examined the sustain and address discharge characteristics of ac-PDPs with MgO sur-
face coated by MgO nano crystal powders. The MgO nano crystal powder was deposited by about
5% on the MgO surface by using the spray method. To investigate the effects of the partial addi-
tion of MgO nano crystal powders on the sustain discharge as well as the address discharge, the
luminance, IR spectra of 823, 828 nm, cathodoluminance, and firing voltage were measured with
the measurement of the address delay times and wall voltage variation in the 42-inch ac-PDP mod-
ule with a high Xe content of 17%. As a result, the statistical delay characteristics were improved
considerably especially under the low panel temperature of −5 �C for the MgO surface with MgO
nano crystal powder. However, both MgO surfaces with and without the MgO nano crystal powder
showed almost similar sustain and address discharge characteristics except the statistical delay
characteristics.

Keywords: 42-Inch AC-PDP Module, High Xe, Functional Layer, MgO Nano Crystal Powder,
Statistical Delay Time, Panel Temperature.

1. INTRODUCTION

An MgO layer in ac-PDP plays an important role in pro-
ducing the sustain and address discharge by lowering the
firing voltage thanks to its high secondary electron emis-
sion coefficient. As the size of PDPs is becoming larger
and their cell numbers are increased considerably, the
importance of address discharge is more emphasized under
the ADS driving method, thereby requiring the better per-
formance of MgO layer.1 In particular, the fast address
discharge characteristics of MgO layer are required.2 Fur-
thermore, the fast address discharge characteristics of MgO
layer should be maintained under the variation in the panel
temperature.
However, the conventional MgO layer is very sensi-

tive to the variation in the panel temperature, meaning
that the address discharge characteristics are quite differ-
ent depending on the panel temperature. That is, in case
of the conventional MgO layer, the address discharge is
very unstable, and the formative and statistical delay times

∗Author to whom correspondence should be addressed.

are very long under the low panel temperature, whereas
the formative and statistical delay times are very short and
misfiring discharges are produced easily under the high
panel temperature.
Recently, in order to compensate the demerit of the con-

ventional MgO layer, various types of MgO crystal pow-
ders were used as a functional layer for improving the
address delay characteristics and simultaneously lowering
the firing voltage in the mini-test panel.3–7

However, in this case, the partial addition of the MgO
crystal powders, particularly the few percent spray-coated
MgO crystal powders, might cause a misfiring discharge
because the partial addition of the MgO crystal powders
might not guarantee the uniform discharge of the entire
PDP panel, especially the large size (> 42-inch) panel.
Accordingly, the effects of the partial addition of MgO
nano crystal powders on the discharge uniformity need to
be investigated under the large size PDP condition.
In this paper, to investigate the effects of the partial

(5%) addition of MgO nano crystal powder sprayed on the
conventional MgO surface on both the sustain and address
discharge characteristics, the luminance, IR spectra of 823,
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828 nm, and firing voltage were measured with the mea-
surement of the address delay times and wall voltage vari-
ation in the 42-inch PDP module with a high Xe content
of 17%. All these experiments were carried out under the
full driving scheme with 11 subfields. In particular, the
panel temperature was varied from −5 �C to +65 �C so
as to examine the temperature dependence of the MgO
nano crystal powders. The address and sustain discharge
characteristics were analyzed and compared relative to the
panel temperature for both the MgO layers with and with-
out MgO nano crystal powders.

2. EXPERIMENTAL SETUP

Figure 1(a) shows the conventional MgO surface grown by
using the ion plating method, whereas Figure 1(b) shows
the MgO nano crystal powders coated on the conventional
MgO surface by using the spray method. As shown in the
SEM image of Figure 1(b), the MgO nano crystal powders
had sizes ranging from a few tens of nanometers to a few
micrometers, and the big size of the MgO crystal powder
showed the cubic shape.
In this experiment, the MgO nano crystal powders had

a five percent deposited area over the entire MgO surface.
The HD grade 42-inch ac-PDP modules were used as test
panels in which all the PDP cell conditions were exactly
the same, except the MgO surfaces with and without MgO
nano crystal powders, as shown in Table I. Figures 2(a)
and (b) show the schematic diagrams of the measurement
system and related voltage driving waveforms employed
in this research. In Figure 2(a), the infrared (IR) emissions
were measured by using the spectrometer and photosen-
sor amplifier (Hamamatsu, C6386), and the luminance was

(a) (b)

1 μm 1 μm

15000:130000:1

Fig. 1. Comparison of SEM images of MgO surfaces (a) without and
(b) with MgO nano crystal powders. The sizes of MgO nano crystal
powders range from a few tens of nanometers to a few micrometers.

Table I. Specifications of 42-inch ac-PDP used in this study.

Front panel Rear panel

ITO width 200 �m Barrier rib width 60 �m
ITO gap 70 �m Barrier rib height 120 �m
Bus width 50 �m Address width 90 �m

Cell pitch 912 �m × 692 �m
Gas composition Ne–Xe (17%)–He (60%)
Panel pressure 420 Torr

Pattern Generator

Oscilloscope

Y

X
A

42-in. test panels with/without  
MgO nano crystal powder

Spectrometer

Signal 
Generator

UDS
Photosensor Amplifier

Heating or cooling chamber

Color Analyzer 
CA-100  Plus

Reset
Period

Address
Period

Sustain
Period

GND

GND

GND

X

Y

A

Vs:205V

Ve: 90V

Vset

Vscanh: –50V

Vscanl: –195V

Va: 55V

(a)

(b)

Fig. 2. Schematic diagrams of (a) measurement system and (b) voltage
driving waveform used in this study.

measured by using the luminance analysis (CA-100 Plus).
As shown in Figure 2(b), the address voltage of 55 V,
the scan high (= Vscanh� of −50 V, and the scan low
(= Vscanl� voltages of −195 V were applied during the
address period, whereas the sustain voltage of 205 V was
applied under a driving frequency of 200 kHz during the
sustain period.

3. RESULTS AND DISCUSSION

3.1. Measurements of Firing Voltage and
Cathodoluminance (CL) Related to Sustain
Discharge Characteristics

Figure 3 shows the Vt closed curves measured from the
42-inch test panels with and without MgO nano crystal
powders on the MgO protective layers. Table III shows the
values of firing voltages obtained from the Vt closed curves
of Figure 3. Figure 3 and Table II show that the firing
voltages were almost similar irrespective of the presence of
the MgO nano crystal powders, implying the 5% addition
of MgO nano crystal powders on the MgO surface did not
affect the variation of the firing voltage.
Figure 4 shows the cathodoluminance (CL) intensities

measured from the 42-inch test panels with and without
MgO nano crystal powders on the MgO protective layers.
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Fig. 3. Vt closed curves measured from 42-inch test panels with and
without MgO nano crystal powders on MgO protective layers where
side I is firing voltage between X–Y electrodes, side II is firing voltage
between A–Y electrodes, side III is firing voltage between A–X elec-
trodes, side IV is firing voltage between Y –X electrodes, side V is firing
voltage between Y –A electrodes, and side VI is firing voltage between
X–A electrodes.

Table II. Firing voltages measured from 42-inch test panels with and
without MgO nano crystal powder on MgO protective layers.

Firing voltage

Without With MgO nano
Region (ref.) (V) crystal powder (V)

MgO cathode
I 307 314
II 238 239
III 219 221
IV 306 313

Phosphor cathode
V 341 346
VI 353 352
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Fig. 4. Comparison of CL intensity with/without MgO nano crystal
powders on MgO layer in 42-inch ac-PDP.

Of the two peaks in the CL intensity shown in Figure 4,
the one peak meant the F /F + center peaks positioned at
about 2.5–4.1 eV that was related to the secondary elec-
tron emission, whereas the other peak meant the shallow
peak positioned at about 1–2 eV that was related to the
emission of electrons trapped in the low energy level of
the MgO.8�9 The CL measurement data in Figure 4 illus-
trate that the 5% coating of the MgO nano crystal pow-
ders on the MgO surface can induce the increase in the
F /F + center peaks at about 3–4 eV as well as the shallow
peak at about 1–2 eV. Nonetheless, as shown in Figure 3,
the changes in the deep energy level ranging from 2.5 to
4.1 eV did not reduce the firing voltage. Our experimental
results of Figures 3 and 4 showed the tendency contra-
dictory to the results that the F /F + center peaks at about
2.5–4.1 eV was related to the secondary electron emission.

3.2. Measurements of Luminance, Luminous
Efficiency and IR Spectrum Related to
Sustain Discharge Characteristics

Figure 5 shows the luminance and luminous efficiency
measured from the 42-inch test panels with and without
MgO nano crystal powders on the MgO protective lay-
ers. The driving conditions for measurement were as fol-
lows: under the full-white pattern, the sustain voltage was
205 V and the 64 sustain pulses were applied during the
sustain period. Like the firing voltage case of Figure 3,
the luminance and luminous efficiency were almost sim-
ilar irrespective of the presence of the MgO nano crystal
powders, implying the 5% addition of MgO nano crystal
powders on the MgO surface did not affect the variation
of the luminance and luminous efficiency.
Figure 6 shows the IR emission intensities of 823 and

828 nm measured from the 42-inch test panels with and
without MgO nano crystal powders on MgO protective
layers. As shown in Figure 6, both cases, i.e., with and
without MgO nano crystal powders, showed almost the
same emission intensities for the IR of 823 and 828 nm
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Fig. 5. Comparison of luminance and luminous efficiency measured
from 42-inch test panels with and without MgO nano crystal powders on
MgO protective layers.
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Fig. 6. Comparison of IR emission intensities (823 and 828 nm) mea-
sured from 42-inch test panels with and without MgO nano crystal pow-
ders on MgO protective layers.

which eventually emit the vacuum ultraviolet of 147 and
173 nm. This result also illustrates that the IR emission
characteristics strongly depends on the MgO surface char-
acteristics instead of the MgO nano crystal powders.

3.3. Measurement of Address Delay Time and
Wall Voltage Variation Related to
Address Discharge Characteristics

Figure 7 shows the changes in the address delay times
measured at room panel temperature from the 42-inch
test panels with and without MgO nano crystal powders
on MgO protective layers. For the red, green, and blue
cells with MgO surfaces coated by the MgO nano crystal
powders, the formative delay time (= Tf � was decreased
slightly, whereas the statistical delay time (= Ts� was
decreased considerably. This experimental result confirms
that the partial addition of the MgO nano crystal powders
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Fig. 7. Comparison of address delay times measured at room panel tem-
perature from red, green, and blue cells of 42-inch test panels with and
without MgO nano crystal powders on MgO protective layers where Tf

is formative delay time and Ts is statistical delay time.
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Fig. 8. Comparison of wall voltage variation with/without MgO nano
crystal powder on MgO layer in 42-inch ac-PDP.

on the MgO surface contributes to reducing the Ts instead
of Tf .
Figure 8 shows the wall voltage variations for both

cases, i.e., with and without MgO nano crystal powders,
relative to the address-on-time during the address period.
For the conventional MgO case, the wall voltage variations
were increased with an increase in the address-on-time.
This tendency was observed to remain for the MgO nano
crystal powders. In general, it has been known that in case
of shorting the statistical delay time for the conventional
MgO surface, the corresponding wall voltage variation was
increased considerably.10–12

However, in case of shortening the statistical delay time
using the MgO nano crystal powders, the corresponding
wall voltage was not aggravated largely. Accordingly, this
result confirms that the use of the MgO nano crystal pow-
ders as a functional layer contributes to enhancing the
address discharge characteristics.

3.4. Variation of Address Delay Times
Relative to Panel Temperatures

Figure 9 and Table III show the changes in the Laue
plots of address delay times and statistical delay time mea-
sured under three different panel temperatures (−5, +25,
and +65 �C) from the 42-inch test panels (a) without
MgO nano crystal powder and (b) with MgO nano crystal
powders.
The formative (Tf � and statistical (Ts� delay times were

obtained by using the following equation of (1) based on
the Laue plots of Figure 9.13

Probability of non-discharge (P )

= exp�−�t−Tf �/Ts� for �t ≥ Tf �

= 1 for �0 ≤ t ≤ Tf � (1)

Where, Tf is a formative delay time, and Ts is a statisti-
cal delay time. In Eq. (1), P = 1 means that the address

J. Nanosci. Nanotechnol. 13, 3270–3275, 2013 3273
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Fig. 9. Laue plots of address delay times measured under three different
panel temperature conditions such as −5, +25, and +65 �C from 42-inch
test panels (a) without MgO nano crystal powder and (b) with MgO nano
crystal powders.

discharge is not produced, whereas P = 0 is the address
discharge is produced stably. For the conventional MgO
surface, the address delay times were increased from 76
to 206 ns as the panel temperature was lowered from +65
to −5 �C. It has been known that the address delay char-
acteristics strongly depend on the presence of the exo-
electrons emitted from the MgO surface as a result of
thermal excitation.14–16

Accordingly, under the low panel temperature of −5 �C,
the emission characteristics of exo-electrons from the MgO
surface was reduced considerably, thereby resulting in

Table III. Statistical address delay times measured under three different
panel temperature conditions such as −5, +25, and +65 �C from 42-inch
test panels without MgO nano crystal powder and with MgO nano crystal
powders.

With MgO nano
Without (Ref.) (ns) crystal powder (ns)

Low temperature (−5 �C) 206 50
Room temperature (+25 �C) 109 55
High temperature (+65 �C) 76 50

aggravating the address delay characteristics, especially
the statistical delay characteristics. However, as shown in
Figure 9(b), for the MgO surface coated by the MgO nano
crystal powders, the address delay time, especially statis-
tical delay time was changed very slightly despite the low
panel temperature of −5 �C. As shown in Figure 9(b), the
PDP cells with the MgO surface coated by the MgO nano
crystal powders showed the statistical delay characteristics
independent of the panel temperature.
This result would postulate that unlike the conventional

MgO surface, there would be an electron emission from
the MgO nano crystal powders irrespective of the panel
temperature variation. We can deduce from the CL data
of the MgO nano crystal powders in Figure 4 that the
seed electrons could be provided by the emission of the
electrons trapped in the F /F + center and shallow energy
level. However, this point remains still unclear, requiring
the further study.

4. CONCLUSION

In this paper, the sustain and address discharge characteris-
tics of ac-PDPs having the MgO surface with and without
MgO nano crystal powders were compared and examined.
Under the 42-inch ac-PDP module with a high Xe content
of 17%, the luminance, IR spectra of 823, 828 nm, CL
intensity, and firing voltage related to the sustain discharge
characteristics were measured, and the address delay times
and wall voltage variation related to the address discharge
characteristics were measured.
For the MgO surface with MgO nano crystal powder,

the statistical delay characteristics were improved con-
siderably especially under the low panel temperature of
−5 �C. However, both MgO surfaces with and without the
MgO nano crystal powder showed almost similar sustain
and address discharge characteristics except the statistical
delay characteristics.
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