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Abstract The effects of various sustain gaps on the reset dis-
charge characteristics, particularly the discharge stability, are
examined based on a V. close-curve analysis. The V¢ close-curve
analysis shows that the reset discharge region producing a stable
discharge under an MgO cathode condition is reduced in pro-
portion to the increase in the sustain gap, resulting in discharge
instability when a conventional reset waveform is applied with
a wide-sustain-gap (over 200 m) structure. Based on the V.
close-curve analysis, a modi ed reset waveform suitable for a
wide-sustain-gap (= 200 m) structure is proposed to prevent an
unstable discharge. The effects of two parameters Vaqg-bias and
Vcom-bias iN the modi ed reset waveform on the reset discharge
as well as the address and  rst sustain discharges, are examined in
detail.

Index Terms Discharge stability, modi ed reset waveform,
various sustain gaps, V¢ close-curve analysis, wide-sustain-gap of
200 m.

l. INTRODUCTION

ANY RECENT research has focused on wide-sustain-

gap (> 150 m) structures in an effort to improve the
luminance efficacy of ac-plasma display panels (PDPs). Since
luminance efficacy is mainly related to the sustain discharge,
most of such research has concentrated on improving the sus-
tain discharge characteristics [1]-[8]. In ac-PDPs with a wide-
sustain-gap, the characteristics of the reset discharge generated
by a ramp pulse are often neglected, although the stable ini-
tialization of the millions of microdischarge cells under a low
background luminance is a very important factor for displaying
high quality images on a PDP. In the conventional short sustain
gap structure whose sustain gap is smaller than the barrier
rib height, the reset discharge is stably produced as follows:
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During the ramp-up period, the surface discharge is dominantly
produced under an MgO cathode condition, and the ensuing
plate-gap discharge is weakly produced under a phosphor
cathode condition. However, in the wide-sustain-gap structure
whose sustain gap is larger than the barrier rib height, the reset
discharge tends to be produced unstably because the plate-gap
discharge is easily produced instead of the surface discharge.
Here, an MgO cathode condition means the electrodes covered
with the MgO layer work as a cathode electrode during the
discharge, whereas a phosphor cathode condition means the
electrode covered with the phosphor layer works as a cathode
electrode during the discharge. The stability of the discharge,
particularly stability of the weak discharge such as a reset
discharge, strongly depends on the secondary electron emission
capability of the cathode electrode. Such an unstable reset dis-
charge then causes undesirable discharge problems, such as an
unstable background luminance and misfiring problems in ad-
dress or sustain periods, which eventually deteriorate the image
quality on an ac-PDP. Furthermore, for the on-cells, the address
discharge characteristics strongly depend on the reset discharge
[9]-[18]. Our previous result has already shown the effects of
various sustain gaps on the reset discharge characteristics of
ac-PDPs [19]. In addition to previous result, this paper has
more focused on the weak reset discharge stability in a sustain
gap of 200 m. In particular, the effects of the reset discharge
stability on the subsequent address discharge, including the first
and second sustain discharges, are investigated in detail when
applying the modified reset waveform.

This paper uses a V¢ close-curve analysis first to verify
the cathode condition change in the cells with various sustain
gaps, such as 50, 100, 200, and 400 m, and then to design
a modified reset waveform to compensate for the weakness of
surface discharge with a 200 m wide-sustain-gap [20]-[24].
Based on a V¢ close-curve analysis, various reset waveforms
that can prevent an unstable reset discharge are examined with
a 200 m wide-sustain-gap, along with the detailed effects of
two parameters Vadgd-bias aNd Veom-bias ON the reset discharge
characteristics with such a wide gap (= 200 m). Finally, the
effects of the same two parameters Vagg-bias and Veom-bias
on the address discharge and the first and second sustain
discharge characteristics are also examined. Here, Vadgd-bias
is the voltage applied to the address (A) electrode during
the ramp set-up period, while V¢om-pias iS the voltage ap-
plied to the common (X) electrode during the ramp set-down
period.
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Fig. 1. PDP pixel structure with various gaps between X and Y electrodes
employed in this paper.
TABLE |
SPECIFICATIONS OF 7-in TEST PANEL EMPLOYED IN THIS PAPER
Front Panel Rear Panel
ITO width 300 um Barrier rib width 55 um
Sustain gaps | 50, 100, 200, | Barrier rib height 125 pm
400 um Address width 80 um
Bus width 50 um Red phosphor (Y,Gd)BOs:Eu
Dielectric 30 um Green phosphor (Zn,Mn)>SIO4
MgO 5000 A Blue phosphor | (Ba,Eu)MgAl ;07
Cell pitch 1080 pum X 360 um
Barrier rib Stripe rib
Gas chemistry Ne-Xe (5 %)
Gas pressure 500 Torr

Il. V¢ CLOSE CURVES MEASURED WITH VARIOUS SUSTAIN
GAP STRUCTURES AND RELATED UNSTABLE
WEAK DISCHARGE REGION

Fig. 1 shows a schematic configuration of a single pixel in
a 7-in test panel and the three related electrodes, X, Y, and
A, where X and Y are the common (or sustain) and scan
electrodes, respectively, and A is the address electrode. The
plate-gap between the X (or Y) and A electrodes, i.e., the
barrier rib height, was fixed at 125 m, while the sustain gaps
between the X-Y electrodes were 50, 100, 200, and 400 m,
respectively. An MgO layer with a higher secondary electron
emission coefficient was deposited on the X and Y electrodes,
while a phosphor layer with a lower secondary electron emis-
sion coefficient was deposited on the A electrode. The detailed
specifications for the 7-in test panel are given in Table I.

Fig. 2 shows the V; close-curves measured from the 7-in
test panel used in this paper on the cell voltage plane. In
Fig. 2(a), the V¢ close-curve with six sides shows the breakdown
threshold voltage for producing a weak discharge among the
three electrodes, X, Y, and A. Each side in the V¢ close-curve
represents the firing threshold voltage between two electrodes.
As shown in Fig. 2, as the sustain gap between the X-Y
electrodes became wider, sides with Vixy and Viyx became
narrower, and the associated firing voltages Vixy and Viyx
increased [25]. In particular, as shown in Fig. 2(d), sides with
Vixy and Veyx disappeared when the sustain gap between the
X-Y electrodes was 400 m, meaning that no surface discharge
could directly be generated between the X-Y electrodes with a
sustain gap over 400 m. As such, a strong sustain discharge
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Fig. 2. V¢ close-curves measured from 7-in test panel with various sustain
gaps of (a) 50, (b) 100, (c) 200, and (d) 400 m where V¢xy is threshold firing
voltage between X-Y electrodes, Viay is threshold firing voltage between
A-Y electrodes, Viax is threshold firing voltage between A-X electrodes,
Veyx is threshold firing voltage between Y-X electrodes, Veva is threshold
firing voltage between Y-A electrodes, and Vi¢xa is threshold firing voltage
between X-A electrodes.

between the X-Y electrodes could only be produced with the
help of a plate-gap trigger discharge between the X (or Y)-A
electrodes [4], [7]. Meanwhile, sides with Viay, Viax, Veva,
and Vixa became wider in proportion to an increase in the
sustain gap, however, the breakdown voltages Viay (about
180 V), Vieax (about 180 V), Veva (about 250 V), and Vixa
(about 250 V) changed little, as the gaps between the X (or
Y)-A electrodes were fixed at 125 m. In sides with V¢ay and
Viax, the X and Y electrodes covered with the MgO layer with
a higher secondary electron emission coefficient acted as the
cathode, whereas in sides with Viva and Vixa, the A electrode
covered with the phosphor layer acted as a cathode. As a result,
the breakdown voltages Viay and Veax were smaller than those
Vieva and Vixa.

Fig. 3(a) shows the test waveforms with ramp pulses applied
to the three electrodes for producing the XY, AY, YX, and
YA discharges, respectively, in a wide-sustain-gap of 200 m.
When the test waveforms in Fig. 3(a) were applied, Fig. 3(b)
shows the corresponding voltage vectors exceeded the threshold
voltage contours of the V¢ close-curves (i.e., (b)-(i) Vixy,
(b)-(ii) Veay, (b)-(iil) Veyx, and (b)-(iv) Veva). Fig. 3(c) shows
the changes in the infrared (IR) emission intensities when the
ramp pulses were applied and corresponding cell voltage vec-
tors exceeded each side. In sides with Vixy, Viay, and Veyx,
under the MgO cathode condition, stable IR waveforms were
observed, as shown in Fig. 3(c)-(i), -(ii), and -(iii). However,
in side with V¢va, an unstable IR emission waveform emitted
from an unstable weak discharge was observed, as shown in
Fig. 3(c)-(iv), as the address electrode covered by the phosphor
layer acted as the cathode electrode. Since a secondary electron
emission was facilitated under the MgO cathode condition,
this produced a stable reset weak discharge, as shown in
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Fig. 3. (a) Test voltage waveforms for producing (a)-(i) XY-discharge,
(a)-(ii) AY-discharge, (a)-(iii) Y X-discharge, and (a)-(iv) YA-discharge, applied
to each electrode and (b) V¢ close-curves with corresponding cell voltage
vectors, and (c) changes in IR emission intensities when cell voltage vector
exceeded ()-(i) Vixy., (€)-(ii) Veay, (¢)-(iii) Veyx, and (c)-(iv) Veya with
200 m sustain gap.

Fig. 3(a)-(c) [26]. In contrast, since the secondary-electron-
emission characteristic of the phosphor layer was very poor,
the weak reset discharge generated under the phosphor cathode
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Fig. 4. Subfield driving waveform used in this paper to test reset discharge
characteristics under various sustain gap conditions.

condition became unstable, along with a higher breakdown
voltage, as shown in Fig. 3(b)-(iv) and (c)-(iv).

I1l. MoDIFIED RESET WAVEFORM FOR STABLE RESET
DISCHARGE WITH WIDE-SUSTAIN-GAP

A. Two Parameters in Modi ed Reset Waveform: Vagg-bias
and Vcom-bias

Fig. 4 shows the conventional driving waveform employed to
examine the instability of the reset discharge relative to various
sustain gaps of 50, 100, 200, and 400 m. To remove the effect
of the amplitude of the reset waveform, a sufficient voltage
level was applied to the Y electrode, based on a set-up voltage
of 440 V and set-down voltage of 160 V. The amplitude
of the address pulse was 60 V, while the reset and address
periods were 300 and 960 s, respectively. The amplitudes
of the sustain waveforms differed due to the different firing
voltage conditions between the two sustain electrodes. The
driving waveform in Fig. 4 was applied to the test panel with
various sustain gaps of 50, 100, 200, and 400 m under the off-
cell condition.

Fig. 5(a)-(i), (b)-(i), (c)-(i), and (d)-(i) shows the trajectories
of the cell voltage vectors generated by the set-up ramp pulse
of 440 V displayed on the V¢ close-curves in the cell voltage
plane when no sustain discharge was produced in the previous
state. The initial point of the cell voltage vector during a reset
period is set by the previous wall voltage among the three
electrodes. Thus, under a no address condition, the previous
wall voltage condition was determined by the XY-AY simul-
taneous discharge point and applied voltages of the preceding
reset discharge, i.e., the set-down (Y electrode) and common
bias (X electrode) voltages [20], [21]. Therefore, when the
same reset driving waveforms with a set-down of 160 V and
common bias of 100 V were applied to the cells with 50, 100,
200, and 400 m sustain gaps, the initial points shifted to the
right, due to the shift of the XY-AY simultaneous discharge
point to the right in proportion to the wide sustain gap, plus
Vixy also increased. By applying a sufficient set-up voltage to
the Y electrode, the cell voltage vector exceeded the threshold
voltage contours of the V¢ close-curves, as shown in Fig. 5(a)-
(i), (b)-(i), (c)-(i), and (d)-(i). For the 50 and 100 m sustain
gaps, the voltage vector exceeded Vyx in the V¢ close-curve, as
shown in Fig. 5(a)-(i) and (b)-(i), meaning that the X electrode
protected by the MgO layer acted as the cathode, and a stable
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Fig. 5. Trajectories of cell voltage vectors displayed in V¢ close-curves measured with various sustain gaps of (a) 50, (b) 100, (c) 200, and (d) 400 m when
440V set-upand 160 V set-down ramp voltages in Fig. 4 were applied to Y electrode, respectively.
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Fig. 6. (a) Modified reset waveform with Vaqqg-pias and (b) trajectories of
voltage vector when Vagg-pias Was applied to address (A) electrode with
200 m wide-sustain-gap structure.

weak reset discharge was produced. Consequently, with the 50
and 100 m sustain gaps, stable reset discharge characteristics
were observed. In contrast, with the 200 and 400 m sustain
gaps, the voltage vector exceeded Viya When a sufficient set-
up voltage was applied, as shown in Fig. 5(c)-(i) and (d)-(i).
In this case, since the A electrode protected by the phosphor
layer acted as the cathode, as shown in Fig. 3(c)-(iv), an un-
stable reset discharge was produced. To suppress this unstable
reset discharge, the cell voltage vector resulting from the set-
up voltage should exceed Vyyx in the Vi close-curve. Thus,
to exceed Viyx with a 200 m sustain gap, the cell voltage
vector needed to be shifted up or the initial point of the cell
voltage vector moved to the left. Fig. 5(a)-(ii), (b)-(ii), (c)-(ii),
and (d)-(ii) shows the trajectories of the cell voltage vectors
generated by the set-down ramp pulse of 160 V and the
common bias pulse of 100 V after the initial point of the cell
voltage vector was shifted by the set-up discharge. During
a set-down period, the cell voltage vector exceeded Vixy or
Viay because the wall voltage generated by the set-up reset
discharge was moved to upper and right direction, and the
voltage vector by the set-down was also applied with upper and
right direction, as shown in Fig. 5(a)-(ii), (b)-(ii), (c)-(ii), and
(d)-(ii). As aresult, although the sustain gap was wider, the XY-
and AY-discharges were stably produced because the unstable
discharge, i.e., XA-discharge was not be produced during the
ramp set-down period.

Fig. 6(a) shows the modified reset waveform with Vagg-pias
during the set-up period, while Fig. 6(b) shows the trajectory of
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Fig. 7. (a) Modified reset waveform with Vcom-pias and (b) trajectories of
voltage vector when Veom-bias applied to X electrode was increased to higher
level with 200 m wide-sustain-gap structure.

the cell voltage vector when the modified reset waveform with
Vadd-bias Was applied in the case of a200 m wide-sustain-gap.
When applying Vagd-bias t0 the A electrode during the ramp set-
up period, the resultant cell voltage vector was shifted up and
made contact with Vyvx, as shown in Fig. 6(b), resulting in a
stable reset discharge.

Fig. 7(a) shows the modified reset waveform when varying
the common bias voltage (= Veom-bias), While Fig. 7(b) shows
the trajectory of the cell voltage vector when Veom-bias Was
increased from 100 to 200 V with a 200 m wide-sustain-gap
structure. When increasing Vcom-bias, More electrons were ac-
cumulated on the X and Y electrodes during a set-down period,
thereby shifting the initial point of the cell voltage vector to the
left, so the resultant cell voltage vector exceeded Vv x of the V¢
close-curve, as shown in Fig. 7(b). Consequently, a stable reset
discharge was also obtained.

B. Effects of Two Parameters (= Vagd-bias aNd Veom-bias) ON
Off-Cells

Fig. 8 shows the changes in the IR waveforms emitted during
the reset period when varying Vadg-bias and Veom-bias- When
Vadd-bias Was 0 V, and Veom-pias Was 100 V, lots of IR peaks
were observed during the set-up period, due to the instability
of the weak reset discharge caused by the non-MgO cathode
condition. Meanwhile, when Vagg-pias Was applied or Veom-pias
was increased, the cell voltage vector for the set-up ramp pulse
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