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Abstract—The firing and sustaining characteristics in an ac
microdischarge cell with three electrodes are examined based on
varying the distances between the three electrodes. In particular,
the breakdown voltage and the sustaining voltage are measured as
a parameter of the width of the discharge gap between the three
electrodes. It is found that the firing and sustaining conditions
vary according to the distance between the three electrodes and
the discharge characteristics strongly depend on the voltage
applied on the three electrode, especially with a wide discharge
gap structure.
Index Terms—Breakdown voltage, discharge gap, microdischarge, sustaining voltage, three electrode, wide discharge gap.

I. INTRODUCTION

T

HE THREE electrodes in an alternating current (ac) microdischarge cell, for example, the three electrodes in an
ac plasma-display panel (ac-PDP), consist of two sustain electrodes and one address electrode [1]–[3]. The two sustain electrodes have a coplanar-type structure and are positioned perpendicular to the address electrode. Through the enormous research in recent years, PDP is already in the process of mass
production and taking a large market in flat-panel-display area.
Nevertheless, the low luminous efficiency of PDP is still a big
problem. Thus, recently, research about improving the luminous
efficiency of PDP using the wide discharge gap structure has
been performed [4]–[6]. It is well-known that the luminous efficiency of the discharge can be improved when the discharge
is produced in the wider discharge gap with a positive column
region. However, the breakdown and the sustaining voltages increase in proportion to the length of the discharge gap. In this
reason, the wide-gap discharge with a positive column is not
easily applicable to the current PDP with microdischarge cells.
The previous long-gap discharge characteristics have been determined only by the applied voltage on the sustain electrode.
In other words, no voltage was applied to the address electrode
during a long gap discharge. However, the application of an ac
pulse to the address electrode during a sustaining discharge has
an significant influence on the discharge characteristics, especially the long-gap discharge characteristics. Accordingly, the
firing and sustaining discharge characteristics relative to the distance between the three electrodes in alternating current microdischarge cell with three electrodes need to be investigated
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for the possible high efficient wide discharge gap ac-PDP. When
the distance between the two sustain electrodes is shorter than
that between the sustain and address electrodes, the electric field
for accelerating charged particles, such as electrons, is mainly
generated in the gap region between the two sustain electrodes
[7]. As such, the breakdown and sustaining voltages can be
easily determined based on the voltage applied to the sustain
electrodes [8]. However, as the distance between the two sustain
electrodes becomes wider, the electric field generated between
the sustain and address electrodes contributes to strengthening
the total electric field, thereby affecting the firing and sustaining
conditions of the microdischarge. As a result, the firing and sustaining conditions can not be easily determined by the voltage
applied to the sustain electrodes when the distance between the
two sustain electrodes is wider than that between the sustain
and address electrodes. Accordingly, the current paper examines the firing and sustaining characteristics in an ac microdischarge cell with three electrodes based on varying the distances
between the three electrodes. In particular, the breakdown and
sustaining voltages are measured as a parameter of the width of
the discharge gap among the three electrodes. In addition, the
discharge characteristics are investigated relative to variations
in the distances between the three electrodes.

II. EXPERIMENTAL SETUP
A 7.5-in test panel filled with a gas mixture of Ne–Xe (5%)
at a pressure of 500 torr is employed in the current study, and
the cell structure of a single pixel is shown in Fig. 1. The width
of the sustain electrodes (X or Y) is fixed at 300 m, while the
width of the address electrode (Z) is fixed at 80 m. The X and Y
electrodes are covered with glass based dielectric material with
the thickness of 38 m. The height of the closed type barrier
rib is 125 m. The rib height (“ ” in Fig. 1) means the distance
between the sustain electrodes (X, Y) and the address electrode
(Z), which implies that the distance (“ ” in Fig. 1) between (X
or Y) and (Z) is fixed at 125 m. Conversely, the discharge gap
(“ ” in Fig. 1) between the two sustain electrodes, X and Y is
varied from 50 to 400 m: i.e., 50, 100, 200, and 400 m for
the current experiment. Fig. 2 shows a schematic diagram of the
optical and electrical measurement system that is used to determine the luminous efficiency from the test cell utilized in this
study. The measurement system consists of a 7.5-in test panel,
its driving circuit system, an amperemeter, and a color analyzer.
The driving circuit system consists of a pair of driving circuits
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TABLE I
FOUR CASES OF CELL STRUCTURES SELECTED ACCORDING TO THE
DISTANCE RATIO (a=b) BETWEEN DISCHARGE GAP (a) AND BARRIER RIB
HEIGHT (b) EMPLOYED IN THIS RESEARCH

Fig. 1. Three-electrode microdischarge cell structure and specifications
employed in this research.

Fig. 2. Schematic diagram of the optical and electrical measurement system.

(A) and (B) and two power supplies P1 and P2. The driving circuit (A) is used to supply the electrical pulses to the sustain electrodes X and Y, whereas the driving circuit (B) is used to supply
the electrical pulses to the address electrode Z. The P1 is the
power supply for applying the voltage pulses with 0–500 V to
the electrodes X and Y. The P2 is the power supply for applying
the voltage pulses with 0–260 V to the electrode Z. The sustain
circuit (driving circuit (A), power supply P1), and the address
circuit (driving circuit (B), power supplies P2) are individually
manufactured in order to investigate the effects of voltage pulses
, applied to the Z electrode during a sustain-period, on the
discharge characteristics. The real current, which flows through
the three electrodes during a sustaining discharge, is measured
as follows. The sustain current flowing through the sustain electrodes X and Y during a sustain period is measured in the power
line between the driving circuit (A) and the power supply P1 by
digital amperemeter (A), as shown in Fig. 2. The address current flowing through the electrode Z is also measured in another
power line between the driving circuit (B) and the power supply
P2 by digital amperemeter (B) as shown in Fig. 2. The additional switch loss during a sustain period is included in power
consumption because the currents are measured in front of the
driving circuits (A) and (B), as shown in Fig. 2. The luminance
of the visible lights emitted from the 7.5-in test panel is measured using a color analyzer (CA-100). The luminous efficiency
is defined as follows [9]:
Luminous efficiency
Luminance
Display Area
Power Consumption
The power consumption can be the sum of the power consumed through X, Y, and Z electrodes. The power consumption through X and Y electrodes can be calculated from the applied voltage by P1 and the discharge current passing through

Fig. 3. Voltage waveforms applied to three electrodes.

the amperemeter (A), while the power consumption through Z
electrode can be obtained from the applied voltage by P2 and
the discharge current measured by the amperemeter (B). Table I
shows the four experimental cases based on the distance ratio
( ) between the discharge gap ( ) and the barrier rib height
( ). As a matter of a fact, most of the previous researches related
to the breakdown and sustaining voltages in the three electrode
microdischarge cell are adopting the distance ( ) between the
two sustain electrodes, X and Y as 60–120 m [10]–[12] and
the barrier rib height ( ) as 120–150 m [13], [14]. This means
is no more than 1 in the most previous
that the distance ratio
work. In addition, even though there are some reports showing
is over 1,
the discharge characteristics of the case where
no voltage is applied on the address electrode Z in these reports [4]–[6]. Accordingly the experimental case is classified
into four cases in order to examine the breakdown and sustaining
voltages with the discharge characteristics based on varying the
distances between the three electrodes ( ), while applying the
voltage on the address electrode Z. In Table I, case I is when the
) and
discharge gap is narrower than the rib height (
the discharge gap is almost equal to the rib height in Case II
). Case III is the case that the discharge gap is wider
(
), whereas case IV is when the disthan the rib height (
charge gap is much wider than the rib height (
). The
firing and sustaining characteristics of the three-electrode microdischarge are thus discussed based on examining the four
experimental cases shown in Table I. Fig. 3 shows the voltage
,
, and
applied to the sustain electrodes X
waveforms
and
with a
and Y and address electrode Z, respectively.
is
duty ratio of 40% are applied at a frequency of 50 kHz.
and
. Since most of
synchronized with each increase in
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Fig. 4. Breakdown voltage as a function of
three-electrode microdischarge cell.

V

at various discharge gaps in

the discharge process in the cell finishes within 1 s [15], the
is limited to 1 s.
pulsewidth of
III. RESULTS AND DISCUSSION
Fig. 4 shows the breakdown voltage relative to the applied
voltage on the three electrodes for the four experimental cases.
The dotted box in Fig. 4 shows the typical breakdown voltages
is grounded: in this case, the breakdown voltage is
when
or
. As shown in Fig. 4, the breakonly determined by
down voltage increases with an increase in the discharge gap.
This phenomenon is well known as Paschen’s principle [16].
is apFig. 4 also illustrates the breakdown voltages when
plied: in this case, the breakdown voltage is determined by the
voltage difference between the three electrodes. Since the amand
is the same in this experiment, the breakplitude of
or
is simply represented by
. In cases I
down voltage
starts to decrease when
is about 200 V. In case III,
and II,
decreases when
is above 140 V, and finally, in case IV,
decreases when
is above about 80 V. The decrease in the
with the application of
indicates that
breakdown voltage
between the sustain and address electrodes works
the voltage
to ignite the discharge. Meanwhile, the flat region, as shown
clearly in cases I, II, and III in Fig. 4, means that the voltage
has little effect on the firing in the case of a distance ratio
( ) below 1.6. Furthermore, the flat region in Fig. 4 shows that
the case with a narrower discharge gap has a wider flat region.
Meanwhile, the breakdown voltage slightly increases in case IV
V, meaning that
affects the breakdown
for V
voltage. Since the discharge would not be produced between X
and Y directly due to the short distance between X and Z, this
phenomenon is presumably due to the decrease of the voltage
V,
V,
difference by , for example, when
V, whereas when
the voltage difference
V,
V, the voltage difference
V,
therefore,
needs to be increased to get more voltage difference between X and Z.
Consequently, as the discharge gap between X and Y becomes wider in comparison with the distance between X (or

Fig. 5. Sustaining voltage in case of narrow discharge gap structure (50 m)
in case I.

Y) and Z, the influence of
on the firing is intensified. In
other words, as the distance between the two sustain electrodes
increases, the electric field generated between the sustain and
address electrodes contributes to strengthening the total electric field necessary for firing the discharge or possibly forming
has an
another discharge mode. As such, the application of
effect on the firing and sustaining conditions of the microdischarge. In a typical discussion on the breakdown voltage, if the
cell structure is fixed, the breakdown voltage only has one value,
or . Howsince the breakdown voltage is determined by
ever, if the effect of
on firing is considered, especially in a
wide discharge gap structure, there are many breakdown voltages even though the cell structure is fixed. For example, the
typical breakdown voltage in case IV is just 430 V, as shown in
Fig. 4. However, in the case of applying , the discharge could
V with
V,
V with
be fired when
V, or
V with
V. Therefore,
the operating voltage including the breakdown and sustaining
voltages, in a three-electrode microdischarge cell can be deand , i.e.,
, espescribed as a function of
cially in a wide discharge gap structure. The sustaining voltage
characteristics of case I are shown in Fig. 5. When the break, the
down voltage is taken at
sustaining region expanded with a rectangular shape and the
.
minimum sustaining voltage is
When the breakdown voltage is taken at another voltage point,
the sustaining region changes, indicating that each breakdown
voltage has its own sustaining region. However, when the breakdown voltage is taken from the flat region in Fig. 4, the minhas alimum sustaining voltage does not change, because
most no effect on firing and sustaining the discharge in this region. Fig. 6 shows the sustaining region in case IV when the
and
discharge is fired at
. In the case of
,
the sustaining region is narrow and located at a high-voltage
, the suslevel. Conversely, in the case of
taining region is wide and located at a low-voltage level. In the
, the minimum sustaining voltages of
case of
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Fig. 6. Sustaining voltage in case of wide discharge gap structure (400 m) in
case IV.

Fig. 7. Luminous efficiency at specific sustaining voltage selected in wide
discharge gap structure (400 m) of case IV.

are (160, 93), (170, 81), (180, 70), (190, 72),
and (200, 78). The upper limits of the sustaining voltages decrease as (254, 164), (240, 153), (230, 142), and (220, 125).
V, if
is controlled below 164 V after firing
When
the discharge at (254, 200), the discharge is not sustained. In adis below 125 V with
of 220, the discharge
dition, when
is off. This shows that there exists some possible ratio between
and
for sustaining the discharge and the firing and sustaining process of the discharge do not depend simply on the
electric field intensity. Conversely, high electric field intensity
is needed to maintain the discharge when the discharge is fired
. In addition, after firing the discharge at
at
even if the applied voltages are controlled to
, the
the sustaining region of the case with
discharge is not sustained, meaning that two sustaining regions
are completely separated, as shown in Fig. 6. In other words,
the experimental result of Fig. 6 indicates that in the wide gap
structure, there exist two different discharge modes, and there is
no transition between them. This phenomenon can be explained
condition, the voltage distribuas follows. At
tion between the three electrodes causes a positive charge (i.e.,
ion) accumulation on the address electrode. On the other hand,
condition, the voltage distribution between
at
the three electrodes causes a negative charge (i.e., electron) accumulation on the address electrode. The high electron mobility would contribute to the expansion of the discharge along
the address electrode, thus resulting in production of the sustaining discharge at a low voltage level. However, this mechanism should be further studied. On the contrary, the breakdown
voltage characteristics shown in Fig. 4 do not clearly show the
two discharge modes, however the overlapped decreasing region
between case IV and other cases appears to be another discharge
mode since this region has almost the same breakdown voltage
characteristics in spite of the different X–Y distance. The rectangular solid line in Fig. 6 illustrates the sustaining region of
case I shown in Fig. 5 when the discharge gap is narrow. As
shown in Fig. 6, an overlapped region exists between the region
in case I and that for
in
for
case IV, indicating that even in the case of a wide discharge gap

(400 m), the discharge can be maintained at a voltage as low
as a narrow discharge gap (50 m) provided that the voltage applied to the three electrodes is properly controlled. Fig. 7 shows
the luminous efficiency at the specific sustaining voltages when
with
the discharge is fired at
and
the wide discharge gap (400 m) of case IV. When
decrease, the corresponding luminous efficiency increases from
or
causes a very high
1.4 to 2.0 [lm/W], as the increase in
electron temperature [17].
IV. CONCLUSION
The firing and sustaining characteristics in an ac microdischarge cell with three electrodes are examined based on the
voltage applied to the three electrodes with varying discharge
gaps. The application of an ac pulse to the address electrode (Z)
enables the breakdown and sustaining voltages to be defined according to the voltage applied to the three electrodes, which can
and , i.e.,
.
be described as a function of
In addition, the discharge characteristics are found to depend
strongly on , especially in a wide discharge gap structure.
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