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ABSTRACT KEYWORDS

This paper examines the electron emission characteristics of the MgO LED; light extraction;

layer in the case of spraying the MgO crystal powders based on the two patterned surface; Ga-doped
monitoring parameters such as the electric field strength and the panel Zn0

temperature. In particular, in order to analyze the effects of the electric
field strength on the electron emission characteristics of the MgO layer
with MgO crystal powders, the variations in the wall voltage induced
by the electron emission are measured relative to the electric field
strength between the address-sustain electrodes during an address
period under various panel temperature conditions ranging from —5 to
65°C. As a result, it is observed that the electron emission characteristics
of the MgO layer with MgO crystal powder strongly depend on the
electric field strength rather than the thermal effect of exo-electron
emission, which is confirmed by the measurement result of the wall
voltage variation relative to the electric field strength under the low
panel temperature of —5°C.

1. Introduction

An MgO protective layer in ac-plasma display panels (PDPs) plays an important role in pro-
ducing a stable discharge by lowering the firing voltage thanks to its high secondary elec-
tron emission coefficient. As the sizes of PDPs are becoming larger and their cell num-
bers are increasing considerably, the importance of address discharge is more emphasized
under the address-display-separated (ADS) driving method, thereby requiring better per-
formance of the MgO layer. In particular, fast address discharge characteristics of the MgO
layer are required [1-3]. Furthermore, the fast address discharge characteristics of the MgO
layer should be maintained under various panel temperatures. However, the conventional
MgO protective layer is very sensitive to variation in the panel temperature, meaning that
the address discharge characteristics are quite different depending on the panel temperature.
That is, in the case of the conventional MgO layer, the address discharge tends to vary very
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unstably depending on the variation in the panel temperature [4, 5]. Recently, in order to
compensate the demerits of conventional MgO layers, various types of MgO crystal powders
have been used as functional layers to improve the address delay characteristics [6-12], and
simultaneously to lower the firing voltage in mini-test panels as a consequence of high prim-
ing electron by exo-electron emission [13-17]. However, the detailed mechanism of electron
emission from the MgO crystal powders has not been clarified yet.

Therefore, in this paper, to analyze the effects of the electric field on the electron emission
characteristics of the MgO layer with MgO crystal powders, the variations in the wall voltage
induced by the electron emissions are measured relative to the electric field strength between
the address (A)-scan (Y) electrodes during an address period, and the corresponding elec-
tron emission mechanism of MgO crystal powders is discussed based on the changes in the
electron emission affected by the electric field intensity.

2, Experimental setup

Figures 1 (a) and (b) show the SEM images of the conventional MgO layer without MgO
crystal powders and the MgO layer with MgO crystal powders used in this study, respectively.
In both cases, the MgO layer was deposited by using the ion-plating method and its thickness
was 6500 A [18]. The MgO crystal powder (20 wt %) was coated on the MgO layer by using the
spray method. The F-doped MgO crystal powders were manufactured by using a vapor-phase
oxidation method in which the fluorine was doped into MgO crystal powder by additionally
injecting SFs gas to the reaction chamber. As a result, an O*~ in the crystal structure of the
MgO powder was replaced by a F'~, so that the MgF, existed in the MgO crystal powder.
Consequently, the electron traps to facilitate the electron emissions in micro-discharge cells
were able to be established below the conduction band of the MgO layer [19]. The F-doped
MgO crystals illustrated the various grain sizes with cubic structures ranging from tens of
nanometers to a few micrometers, as shown in the SEM image of the F-doped MgO crystal
powder of Fig. 1 (b).

Figure 2 (a) shows the optical-measurement system and 6-inch test panel with three elec-
trodes employed in this experiment, where X is the sustain electrode, Y is the scan elec-
trode, and A is the address electrode. The cell size of the 6-inch test panel was a 42-inch
HD grade. An ultra driving system (UDS) and photo-sensor amplifier (Hamamatsu, C6386)
were used to measure the address delay time and the variation in the wall voltage. The panel

i ‘_' [ 'MgO crysaf powder

(a) (b)
Figure 1. Comparison of SEM images of MgO layer (a) without and (b) with MgO crystal powders.
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Figure 2. Schematic diagrams of (a) measurement system and (b) driving waveform used in this study.

temperature of the test panel was varied from —5 to 65°C by controlling the temperature
(Acetec, CU3940) on the glass of the front panel with an external cooler and heater. The gas
chemistry in the test panel was Ne-Xe (17%)-He (35%) under a pressure of 420 Torr. The MgO
layer in the upper part of the test panel was coated by the MgO crystal powders shown in Fig. 1
(b), whereas the MgO layer in the lower part of the test panel had no MgO crystal powders.
The detailed specifications of the upper and lower parts of the test panel were exactly same,
except for the MgO crystal powders, as shown in Table 1.

Fig. 2 (b) shows the conventional driving waveforms, including the reset, address, and
sustain-periods. As shown in Fig. 2 (b), the address voltage (=V,) of 60 V, the scan high volt-
age (=Vcann) 0f —50 V, and the scan low voltage (=Vcan1) of —150 V were applied during the
address -period, whereas the sustain voltage of 200 V was applied under a driving frequency
of 200 kHz during the sustain-period.

Table 1. Specifications of 6-in. test ac-PDP employed in this study.

Front panel Rear panel

ITO width 220 um Barrier rib width 60 ;£m
ITO gap 70 um Barrier rib height 120 um
Bus width 50 um Address width 90 um
Cell pitch 912 um X 692 um

Gas pressure 420 Torr

Gas chemistry Ne-He(35%)-Xe(17%)

Panel temperature —5°C ~ +65°C
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3. Results and discussion

3.1. Characteristics of address delay time under variable panel temperature

Figures 3 (a) and (b) show the changes in the address discharge delay times relative to the
panel temperature. In both cases of MgO layers without and with MgO crystal powders, the
formative delay time (i.e., T¢) was increased with a decrease in the panel temperature. How-
ever, for the statistical delay time (i.e., T;), there are very different tendencies for the various
panel temperatures, especially in the case of low panel temperature (—5°C).

It is well known that the T is influenced by the number of seed electrons supplied to the
discharge space, which is called as priming particles, and as such the value of T is determined
by the following equation (1);

T, = 1
P, (1)
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Figure 3. Changes in the (a) formative and (b) statistical delay time under various panel temperatures from
—5°Cto 65°C from 6-in. test panel without and with MgO crystal powders.
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where ny is the number of seed electrons and P; is the probability of an avalanche. Thus, the
T, is inversely proportional to the concentration of seed electrons. Theses seed electrons are
supplied through exo-electron emissions from the MgO surface during the address-period
[16]. In general, it is well known that the amount of the exo-electrons emitted from the MgO
surface is significantly affected by the panel temperature. In particular, at a high panel tem-
perature, the exo-electron emissions increase due to the thermal activation, thus resulting in
inducing the decrease of the statistical delay time, T;. In contrast, at a low panel tempera-
ture, the statistical delay time considerably increases due to the decrease of the exo-electron
emission, which is closely related to the amount of the seed electrons in the discharge space
[9, 14-17].

As shown in Fig. 3 (b), for the MgO layer without MgO crystal powders, the statistical delay
time, T was increased with a decrease in the panel temperature. In particular, the statistical
delay time, T was dramatically increased at a low temperature (—5°C), and such an increase
would be caused by the reduced thermal activation. However, for the MgO layer with MgO
crystal powders, the statistical delay time, T was almost the same irrespective of the variations
in the panel temperature. This drastic reduction in the variation of the statistical delay time
in the case of adopting the MgO layer with MgO crystal powders means no variations in the
amounts of seed electrons irrespective of the panel temperature variation. Thus, the applica-
tion of the MgO crystal powder could minimize the dependence of the exo-electron emission
on the panel temperature. Consequently, this experimental result implies that another factor,
for example, the electric field effect instead of the thermal effect, could be considered in inves-
tigating what factor would be dominant for facilitating the emission of exo-electrons from the
MgO surface with MgO crystal powders especially under a low panel temperature (i.e., —5°C).

3.2. Characteristics of cathodoluminescence

Figure 4 shows the schematic diagram of the cathodoluminescence (CL) measurement sys-
tem for analyzing and comparing the electron emission characteristics from the defect and
trap levels of both the MgO layer without MgO crystal powders (=reference MgO layer) and
the MgO layer with MgO crystal powders, respectively. The electron emission characteris-
tics at the defect and trap levels of each sample can be obtained by the following process. As
shown in Fig. 4, when the samples are scanned by the electron beam from the electron-beam

Electron-beam gun
Electron acceleration vollage: 5 k=15 kV

High voltage
power

EK Field lens
EK Magnetic lens
B> scan coils
High sensitivity Monochromator
photomultiplier tube E<TIT=<] Electrostatic lens
| | = R—
PMT oot} Parabolic mirror
— [P e @: ______ ..O D
L ' Sample
CL spectra grating P

Figure 4. Schematic diagram of cathodoluminecence measurement system.
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Figure5. Changesin CLintensity of MgO layer without MgO crystal powders and MgO layer with MgO crystal
powders under electron acceleration voltage (10 kV) condition.

gun, the emission of light from the samples occurs due to the electron excitation across the
band gap and its corresponding transition. This light is collected by the PMT through the
monochromator and transformed to the cathodoluminescence spectrum [20, 21].

Figure 5 shows the CL intensities of the reference MgO layer and the MgO layer with MgO
crystal powders measured from the CL measurement system of Fig. 4 at an electron beam
acceleration voltages of 10 kV. As shown in Fig. 5, the CL intensity of MgO layer with MgO
crystal powders was greater than that of the reference MgO layer, especially at the deep trap
level ranging from 390 to 530 nm and shallow trap level ranging from 600 to 800 nm. The
increased CL intensity of the MgO layer with MgO crystal powder are presumably induced
by the increased impurity level (i.e. the electron trap level) due to the fluorine doped into the
MgO crystal powders. In addition, these CL intensities at two ranges, the deep and shallow
trap levels, are closely related to the amount of electrons emitted from the MgO layer into
the discharge space [17]. Thus, the overall decreases in the formative and statistical delay
times in Figs. 3 (a) and (b) seem to be in accordance with an increase of the CL intensities
at both the deep and shallow trap levels. Nonetheless, the drastic reduction of the statistical
delay time even at a low temperature in Fig. 4 (b) is not easily explained by the increase of the
electron emission due to the increased impurity level. Therefore the additional monitoring of
the panchromatic CL image under various electron beam acceleration voltages is needed to
investigate whether the electron emission characteristics are related to the intensity of electric
field applied to the MgO crystal powder.

Figure 6 shows the changes in the panchromatic CL image under various electron beam
acceleration voltages ranging from 5 to 15 kV. A panchromatic CL image can show the
two-dimensional spatial distribution of the cathodoluminescence from the sample. For the
panchromatic CL images of the MgO layer with MgO crystal powder in Fig. 6 (a), the CL
images were captured by focusing the electron beam toward the center of the MgO single
crystal powder. In the panchromatic image of Fig. 6, the bright and dark parts mean the rela-
tive values of the electron emissions. As shown in Fig. 6 (b), for the reference MgO protective
layer, the electron emissions were slightly increased with respect to the increased electron
beam acceleration voltage. However, for the MgO layer with the MgO crystal powder, the
brightness difference between the MgO single crystal powder and MgO layer is increased
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Figure 6. Changes in panchromatic CL image under various electron beam acceleration voltages.

with respect to the increased electron beam acceleration voltage, as shown in Fig. 6 (a). In
particular, at the low electron beam acceleration voltage, the brightest parts were distributed
along the edge of the MgO crystal powder. Meanwhile, at a high electron beam acceleration
voltage, the electron emissions were more intensified and extended to the surface of the MgO
crystal powder. This strong dependence of the electron emissions on the electron beam accel-
eration voltages especially for the MgO layer with MgO crystal powders is presumably related
to the strong electric field at the edge of the MgO crystal powder and the corresponding
increase in the electron emissions at the edge region. Furthermore, since the amount of elec-
tron emissions from the MgO crystal powder under high electron beam acceleration voltage
was much larger than those from the MgO layer under low electron beam acceleration voltage,
the overall electron emission characteristics in the case of the MgO layer with MgO crystal
powder would be mainly determined by the amplitude of the voltage applied to the discharge
space with a lower dependence on the variation of the panel temperature. In particular, it is
expected that the high intensive electric field can be generated even at an applied voltage of
100-200 V in the discharge space of the PDP cells because the dimension of the PDP cell is in
a range of one hundred micrometer (i.e., barrier rib height is 120 tm). Also, in the microcells
of the PDP, this dependence of the electron emission on the applied voltage would be more
effective for the electrons released from the shallow trap levels than the electrons released
from the deep trap levels, because the transition energy from the shallow trap levels to the
conduction band is much lower than those from the deep trap levels [22]. Considering that
the amount of the electron emission from the shallow trap level affects easily the changes of the
statistical delay time [17], the inferences discussed above could explain the drastic reduction
of the statistical delay time at a low temperature in Fig. 4 (b).

3.3. Wall voltage variation relative to electric field strength between A-Y electrodes

In order to analyze the effects of the electron emission characteristics of the MgO layer with
MgO crystal powder in Figs. 5 and 6, the variations in the wall voltage induced by the exo-
electron emission were measured relative to the electric field strength between the A-Y elec-
trodes during an address period without producing the address discharge under various panel
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Figure 7. Driving waveform employed for measuring wall voltage variations during address-period relative
to electric field strength between A-Y electrodes.

temperature conditions. Figure 7 shows the driving waveform employed to measure the elec-
tron emission characteristics of the MgO protective layer with and without MgO crystal
powders depending on the variation in the electric field strength. The wall voltage variation
between the A and Y electrodes, defined by |V, (AY)1-V,(AY)2|, measured the wall volt-
age formed through the reset discharge (V,(AY)1) and the wall voltage change during the
address period (Vy(AY)2); the Vanp voltage was varied from 0 to —90 V in order to investi-
gate only the electron emission phenomenon without producing the address discharge [23].
Other voltages during the address period are fixed as follows: X-bias voltage (V.) was 110V,
Var was —130 V, and address voltage (V,) was 60 V. The total voltage difference between the
A-Y electrodes was changed from 60 V to 150 V, as shown in Table 2.

Figure 8 shows the variations of wall voltages relative to the electric field strength between
the A-Y electrodes under the reference MgO layer for three different panel temperatures such
as —5°C, 20°C, and 65°C, respectively. In cases of the reference MgO layer, with an increase
of the panel temperature from —5 to +65°C, the wall voltage variation relative to electric field
strength was gradually increased, which would be caused mainly by the thermal effect.

Figure 9 show the variations of wall voltages relative to the electric field strength between
the A-Y electrodes under the MgO layer with the MgO crystal powder for three different panel
temperatures such as —5°C, 20°C, and 65°C, respectively. In the case of the MgO protective
layer with the MgO crystal powders, however the wall voltage variation was almost the same,
as shown in Fig. 9, irrespective of the variations in the panel temperatures, meaning that the
electron emission characteristics of the MgO protective layer with the MgO crystal powders
strongly depend on the electric field strength instead of the thermal electron emission. These

Table 2. Various applied voltage levels employed in driving waveform in Fig. 7.

Applied voltage

350V
mv
130V
60V
scanh oV~ —-90V
Total changed electric field strength between A-Y electrodes during address period 60V~ 150V
Panel temperature —5°C ~ +65°C

set
e
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< < < < <
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Figure 8. Variations of wall voltage relative to electric field strength between A-Y electrodes under various
panel temperatures in case of adopting MgO layer without MgO crystal powders.

12 S—

; 1 —{— Low temperature (-5°C) |
ot — Room temperature (25°C)| &7

@ 104 : Sl

80 1=/ High temperature (65°C) i
= 3
— g z
S e
> 74 2
= ="
m 64 E
2 5] 5
= -
= 13
= - =
g &
= 24 =
o] =
'E‘ 1 4 o

o] C
>
50 60 70 80 90 100 110 120 130 140 150 160 170

A-Y Applied Voltage [V]

Figure 9. Variations of wall voltage relative to electric field strength between A-Y electrodes under various
panel temperatures in case of adopting MgO layer with MgO crystal powders.

results indicate that the electric field emission would more important factor than the thermal
electron emission in the case of the MgO layer with MgO crystal powders.

4. Conclusions

In this paper, to analyze the effects of the electric field strength on the electron emission
characteristics of the MgO layer with MgO crystal powders, the variations in the wall volt-
age induced by the electron emissions were measured relative to the electric field strength
between the A-Y electrodes during address period. The experimental results showed that the
exo-electron emission of the MgO layer without MgO crystal powders was related to the ther-
mal effect relative to panel temperature, whereas the exo-electron emission of the MgO layer
with MgO crystal powders was related to the electric field strength rather than the thermal
effect relative to the panel temperatures. Finally, spraying the MgO crystal powders on the
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MgO layer can contribute to minimizing the variations in the electron emission characteris-
tics with the panel temperature, especially a low panel temperature.
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