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ABSTRACT
In this study, the influences of the Li-doped MgO layer sprayed by
MgCaO crystal powders on the discharge and luminous efficiency char-
acteristics are examinedunder thehighXe (= 30%)gas condition in6-in.
test alternating-current plasma display panels (ac-PDPs) with 50-in. full-
highdefinition (FHD) cell size.Our experimental results reveal that spray-
ing theMgCaO crystal powders on the Li-500 ppmdopedMgO layer can
reduce the firing voltage considerably by about 60 V under the high Xe (
= 30%) gas condition. As a result, the maximum luminous efficacy of
about 40% improvement is obtained when adopting the Li-500 ppm
doped MgO layer coated by MgCaO crystal powders under high
Xe ( = 30%) gas condition.

1. Introduction

The MgO layers have been used as a protective layer in ac plasma display panels (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]. Nevertheless, it is still necessary to improve the luminous efficacy to survive
in the flat panel display market. For improving luminous efficiency of ac-PDPs, in cases of
increasing the Xe gas partial pressure, the corresponding discharge characteristics, especially
firing voltage, are much aggravated under the conventional MgO layer [12–15]. Therefore,
the research of various types of MgO crystal powder on the conventional MgO layer, which is
called a functional layer, is needed to overcome the demerits of the conventional MgO layer.

Accordingly, in this study, the newly proposed MgCaO crystal powders sprayed on the
conventional MgO layer are examined to overcome the demerits of the conventional MgO
layer especially under the high Xe ( = 30%) gas condition in the 6-in. test PDP panel with
50-in. full-high definition (FHD) cell size. Additionally, Li-doped MgO layer is employed
to more improve the MgO characteristics especially under the high Xe ( = 30%) gas con-
dition. The corresponding discharge and luminous efficiency characteristics are analyzed and
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Table . Specifications of -in. test panel with -in. FHD cell size employed in this study.

Front panel Rear panel

ITO width µm Barrier rib width µm
ITO gap µm Barrier rib height µm
Bus width µm Address width µm

Cell pitch µm× µm
Barrier rib type Closed rib, single rib
Gas Pressure  Torr
Gas chemistry Ne-Xe (%)-He (%)

compared relative to the Li-doping rates for both the MgO layers with and wihout MgCaO
crystal powders.

2. Experiment set-up

The 6-in. test panel has three electrodes where X is the sustain electrode, Y is the scan elec-
trode, and A is the address electrode [14–16]. The gas pressure and gas mixture of the test
panel are 420 Torr and Ne-He (30%)-Xe (30%), respectively. The detailed specifications of
the 6-in. test panel with 50-in. FHD cell size employed in this study are given in Table 1. The
luminance and discharge current are measured by using a color analyzer (Konika Minolta,
CA-100 plus) and power meter (WT210), respectively. The IR emissions for Vt closed curve
[9,10,17,18] are measured by using the photosensor amplifier (Hamamatsu C6386) and VTC
2.0 (Future Technology Lab., Wall Charge Measurement System). The sustain frequency and
the duty ratio of the sustain pulses for the sustain period are 200 kHz and 40%, respec-
tively. The MgO thin films are prepared by the MgO pellet (high purity 99.99%) as evapo-
ration source and deposited by the e-beam evaporation method under oxygen(O2) flow rate
of about 15 standard cubic centimeters per minute (sccm) with respect to Li doping rates. The
Li doping rate in the MgO layer is changed from 200 to 1000 parts per million (ppm). The
MgCaO crystal powder is coated on the Li-dopedMgO surface by a spraymethod in ac-PDPs.
The X-ray diffraction (XRD) and field emission scanning electron microscopy (FE-SEM) are
used to estimate the dependence of the film crystallinity and analyze the surface morphology,
respectively.

Figure . Changes in luminous efficiency and sustain discharge voltage as variations of Xe concentration
from  to % in -in. test panel with  in FHD cell size and conventional MgO layer.
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Figure . SEM images of MgCaO crystal powders on conventional (Ref.) MgO layer.

3. Results and discussion

Figure 1 shows the changes in the luminous efficiency and sustain discharge voltage as varia-
tions of Xe concentration from 15 to 50% in the 6-in. test panel with 50-in. FHD cell size and
conventional MgO layer. As shown in Fig. 1, the luminous efficiency became more enhanced
in proportion to an increase in the Xe%. An increase in the Xe% means a decrease in the
He% because the Ne content in this study was fixed at 40%. In view of luminous efficacies,
the increase in the Xe% is necessary, however, the sustain voltage is also remarkably increased
in the case of using the conventional MgO layer, thereby resulting in producing unstable dis-
charge [not shown here]. Accordingly, in this study, the additional MgCaO crystal powder is
sprayed on the conventionalMgO layer in order to overcome the demerits of the conventional
MgO layer such as the considerable increase in the higher Xe (>20%) gas partial pressure.

Figure 2 shows the SEM images at low and high magnifications of MgCaO crystal powder
sprayed on the conventional MgO layer. As shown in Fig. 2, in this experiment, the MgCaO
crystal powders have sizes ranging from a few tens of nanometers to a few micrometers, and
theMgCaO crystal powders have an about 8 wt% deposited area over the entireMgO surface.
A fewmicrometers sizes of the MgCaO crystal powder are shown in the cubic shape of Fig. 2.

Figure 3 shows the XRD patterns of the MgO layer without and with MgCaO crystal pow-
ders. As shown in the XRD pattern of Fig. 3, the (200) peak is newly detected, which is mainly
due to the presence of MgCaO crystal powders, whereas another peaks do not show any
marked changes in the positions of the (111) and (222) peaks.

Figure . XRD patterns of MgO layer without and with MgCaO crystal powders.
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Figure . (a) Changes in firing voltages under high Xe ( = %) without and with MgCaO crystal powders
onMgO layer doped by various Li doping rates, and (b) Vt closed curvesmeasured from -in. test panel with
high Xe (= %) gas condition without and with MgCaO crystal powders onMgO layer doped by various Li
doping rates, where I: VtXY (= discharge start threshold cell between X and Y) and II: VtAY (= discharge start
threshold cell between A and Y), both sides I and II are threshold voltages under MgO cathode discharge
conditions.

Figure 4 (a) shows the firing voltages during a sustain period including the reset and
address periods with high Xe ( = 30%) without and with MgCaO crystal powders on the
MgO layers doped by various Li doping rates. Figure 4 (b) shows the changes in the Vt closed
curves under no initial wall charge condition in the 6-in. test panels with high Xe ( = 30%)
without and with MgCaO crystal powders and Li-500 ppm doped MgO layer with MgCaO
powders. The firing voltages for sides I (X-Y) and II (A-Y) are measured under the MgO
cathode conditions from the 6-in. test panels. The corresponding values obtained from the Vt

closed curves of Fig. 4 (b) are listed in Table 2. As shown in Fig. 4, the Li-doped MgO layer
is additionally used instead of the conventional MgO, that is, the MgO that do not dope the
Li, in order to further improve the MgO characteristics in the case of spraying the MgCaO
crystal powders.
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Table . Firing voltages measured from test panels based on Vt closed curves in Fig.  (b).

Firing voltage (V)

Region (MgO cathode) Without (Ref.)
With MgCaO crystal

powders

Li- ppm doped
MgO layers with

MgCaO

I   
II   

The discharge voltage is reduced by about 22 V in the case of spraying the MgCaO crystal
powders when compared with that in the conventional MgO layer without MgCaO crystal
powders in Fig. 4 (a). Furthermore, in the case of spraying theMgCaO crystal powders on the
Li-doped MgO layer with proper ppm, that is, 500 ppm, the discharge voltage is observed to
be more reduced by about 7 V. As shown in Fig. 4 (b) and Table 2, when spraying the MgCaO
crystal powders, the firing voltages under MgO cathode conditions are lowered significantly.
In cases of spraying the MgCaO crystal powders on the Li-500 ppm doped MgO layer, the
firing voltage for side I is remarkably reduced by about 60 V, when compared with that of the
conventional MgO layer. Thus, this experimental result confirms that spraying the MgCaO
crystal powders on the Li-doped MgO layer can reduce the firing and discharge voltages
especially under the high Xe ( = 30%) gas condition.

Figure 5 shows the changes in the luminance, discharge current, and luminous efficiency
measured from the 6-in. test panel with high Xe( = 30%) gas condition under various MgO
surface conditions, that is, undoped MgO surface without MgCaO crystal powders (Ref.),
undoped MgO surface with MgCaO crystal powders (Ref. + MgCaO), Li-doped (200 ppm)
MgO surface with MgCaO crystal powders (Li200 + MgCaO), Li-doped (500 ppm) MgO
surface with MgCaO crystal powders (Li500+MgCaO), and Li-doped (1000 ppm) MgO sur-
face with MgCaO crystal powders (Li1000 + MgCaO). As shown in Fig. 5 (a), when com-
paring two cases, Ref. and Ref.+MgCaO cases, the luminance is significantly increased in
the Ref. + MgCaO case. Furthermore, when spraying the MgCaO crystal powders on the
Li-500 ppm dopedMgO layer, the corresponding luminance is more increased, as also shown
in Fig. 5 (a). Whereas, when spraying theMgCaO crystal powders on the Li-1000 ppm doped
MgO layer, the luminance is decreased, when compared with that of the Li-500 ppm case,
presumably due to the increase in the firing voltage shown in Fig. 4 (a) caused by degradation
of the unique MgO layer with excessive Li doping. For the discharge current, when spraying
the MgCaO crystal powders on the conventional MgO layer, the discharge current is slightly
increased, as shown in Fig. 5 (b). However, when spraying theMgCaO crystal powders on the
Li-1000 ppm doped MgO layer, the discharge current is considerably increased. As a result,
the maximum luminous efficacy of about 40% improvement is obtained when adopting the
Li-500 ppm dopedMgO layer coated byMgCaO crystal powders under high Xe (= 30%) gas
condition, as shown in Fig. 5 (c).

Based on the experimental results, the schematic model for the energy band diagrams in
Fig. 6 is proposed for the conventional (i.e., undoped MgO layer) and Li-doped MgO layer.
It is well known that the firing voltage strongly depends on the secondary electron emission.
According to Auger neutralization, the secondary electron emission from the surface state
also depends on the energy band structure and the surface state density. Thus, we have come
to a conclusion that the reduction in the firing voltage by doping the Li on the MgO layer has
a strong correlation with the reduction in work function or energy band structure, as shown
in Fig. 6.
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Figure . Changes in (a) luminance, (b) discharge current, and (c) luminous efficiency measured test panel
with high Xe ( = %) under various MgO surface conditions, that is, undoped MgO surface without
MgCaO crystal powders (Ref.), undopedMgO surfacewithMgCaO crystal powders (Ref.+MgCaO), Li-doped
( ppm) MgO surface with MgCaO crystal powders (Li + MgCaO), Li-doped ( ppm) MgO surface
with MgCaO crystal powders (Li+ MgCaO), and Li-doped ( ppm) MgO surface with MgCaO crystal
powders (Li+MgCaO).
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Figure . Schematicmodel of energy band for twodifferentMgO this films, i.e., Li-doped and undopedMgO
thin films.

Accordingly, our experiment confirms that the modification of the conventional MgO sur-
face by means of doping the Li and depositing the crystal functional layer such as theMgCaO
crystal powders would contribute to enhancing the luminous efficiency and discharge char-
acteristics especially under the high Xe ( = 30%) gas condition in the current PDP-TVs.

4. Conclusions

This paper compares and examines the influences of the functional layer such as the MgCaO
crystal powders including the doping effect such as Li on the discharge and luminous effi-
ciency especially under the high Xe( = 30%) gas condition. The sizes of the MgCaO crystal
powders are ranging from a few tens of nanometers to a few micrometers, whereas the Li
doping rate in the MgO layer is changed from 200 to 1000 ppm. The corresponding firing
voltage, luminance, discharge current, and luminous efficiency are measured and compared
depending on various MgO layers under the high Xe( = 30%) gas condition. As a result, the
maximum luminous efficacy of about 40% improvement is obtained when adopting the Li-
500 ppm doped MgO layer coated by MgCaO crystal powders under high Xe ( = 30%) gas
condition.
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