High-speed driving waveform based on reset and address discharge analysis using
a Vt closed curve in ACPDPs.
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Abstract — Driving waveforms having both high-speed address and low background were developed
using Vt closed curve analysis. To prevent a misfired discharge during a sustain period, the voltage
difference at the end of the ramp setup between the X–Y electrodes remains constant. Because background luminance becomes higher (although the address discharge time lag becomes shorter) as the
voltage difference between the A–Y electrodes becomes larger, a low reset voltage and an address
bias voltage were adopted during the ramp-up period.
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1

Introduction

Plasma-display panels (PDPs) have been one of the most
promising technologies for flat-panel devices over 40 in. on
the diagonal suitable for high-definition digital televisions.
To compete with the other display technologies in the largearea market, low-cost driving circuits in ACPDPs with three
electrodes must be realized.1 The best methods for reducing cost is to shorten the address time of the single-scan
driving method and also to lower the address voltage,
thereby considerably lowering the cost of the address driving circuit.2 For the realization of a full-high-definition
(FHD) PDP by adopting the single-scan method for largearea displays over 40 in. on the diagonal, the address pulse
width must be shortened under the low-address-voltage and
low-background-luminance conditions.4,5 The address time
is fundamentally related to the address discharge time lags,
when applying the scan and address pulses during an address
period.6 The address discharge time lags are affected by
both the wall voltages accumulating during a reset period
and the applied voltages during an address period. The
amount of wall and applied voltages needed to produce the
address discharge are determined by the ramp-up and
ramp-down waveform during a reset period, as shown in
Fig. 1.
Figures 1(a) and 1(b) show the three electrodes (X, Y,
and A) of the test panel and the conventional driving waveform applied to the three electrodes during the reset and
address periods. Figure 1(c) shows the applied-voltage difference between the X–Y electrodes, and Fig. 1(d) shows
the applied-voltage difference between the A–Y electrodes
when applying a conventional driving waveform to the three
electrodes during the reset and address periods in ACPDPs.7,8
Vset, applied to the Y electrode, represents the reset voltage
for accumulating wall charges after a TV frame and Vb,
applied to the X electrode, represents the bias voltage during the reset and address periods, refered to as the common-

bias voltage. Vscl applied to the Y electrode represents the
lower voltage of the scan voltage, refered to as scan low voltage. In Figs. 1(c) and 1(d), the solid line represents the voltage difference induced by the applied voltages, whereas a
dashed line represents the wall voltages induced by the
accumulating wall charges. A ramp-up waveform is applied
to the Y electrode, while potentials of the X and A electrodes
are fixed to ground level during a ramp-up period. When the
ramp-up waveform reaches the discharge firing voltage (Vf),
the wall voltage (Vw) begins to increase among the three
electrodes until the end of the reset voltage (Vset). The wall
voltage (Vw) induced during the ramp-up period is determined by the voltage difference between the reset voltage
(Vset) and the firing voltage (Vf); i.e., Vw = Vset – Vf. Accordingly, the electrons are accumulated on the Y electrode due
to the high positive reset voltage. After applying Vset, under
the ground state on the A electrode, the ramp-down and
common-bias voltages were applied to the Y and X electrodes, respectively. As the applied voltage was decreased
between the X–Y electrodes, the self-erasing discharge was
produced due to the wall voltage that had already been setup in a cell during the ramp-up period. The resultant wall
voltage was gradually decreased to almost zero during the
ramp-down period, as shown in Fig. 1(c). For off-cells, this
zero voltage played a role in preventing the misfiring discharge between the X–Y electrodes during a sustain period.
In Fig. 1(d), the wall voltage between the Y–A electrodes
remained unchanged almost during the ramp-down period.
At the end of the ramp-down period, the wall voltage between
the Y–A electrodes was slightly reduced, as shown in Fig.
1(d). Figures 1(c) and 1(d) illustrate that the ramp-down
waveform can control the wall voltage required for the address
discharge. Previous studies have been focused on reducing
the address discharge time lags, but the effects of the
changes in the applied voltages on the address discharge
characteristics have not been discussed.
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FIGURE 1 — (a) Three electrodes: X (sustain), Y (scan), and A (address). (b) Voltage waveforms applied to three electrodes. (c) Voltage
difference between X–Y electrodes. (d) Voltage difference between A–Y electrodes when applying a conventional driving waveform to
three electrodes during reset and address periods in ACPDPs.

In this paper, the variations in the address discharge
characteristics, including the discharge time lags relative to
the various applied voltages, are investigated based on the
measured IR emissions and Vt closed curve analysis. In
addition, the reset discharge characteristics that are closely
related to the subsequent address discharge are also discussed
in terms of the measurement of the background luminance
and IR waveform.

2

Reset and address discharge characteristics

Figure 2 shows the driving waveforms with various scan-low
(Vscl) and common-bias (Vb) voltages during the ramp falling
and address periods. Here, the voltage difference between the
scan low (Vscl) and common bias (Vb) voltages remains constant. The other driving-voltage conditions are fixed as follows: Vset (reset voltage) of 210 V, Vs (sustain voltage) of 180
48
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FIGURE 2 — Driving waveform with various scan low (Vscl ) and
common bias (Vb) voltages under the same voltage difference between
Vscl and Vb during ramp-down and address periods in this study.

TABLE 1 — Case studies for investigating reset and
address discharge characteristics relative to various
voltage levels.

V, and Va (address voltage) of 60 V. The driving waveform of
Fig. 2 was applied to the 6-in. VGA-grade PDP with a gas
mixture of Ne (93%)–Xe (7%) and pressure of 60 kPa. The
scan low voltages applied throughout the reset and address
periods are set to the same voltage level. Table 1 shows the
various voltage levels for case studies to investigate the rest
and address discharge characteristics relative to the common-bias (Vb) and scan low (Vscl) voltages. In Table 1, the
voltage difference between Vb and Vscl was fixed at 200 V.
The scan low voltage (Vscl) was decreased from 0 to –200 V
by –50 V, whereas the common-bias voltage was decreased
from 200 to 0 V at intervals of 50 V, as shown in Table 1.
Figure 3 shows the changes in the address discharge
time lags for on-cells. As the scan low voltage decreases, the
address discharge time lag becomes short, but has a tendency of saturation over –100 V.
Figure 4 shows the IR emission waveforms during an
address period when applying the various scan low and common bias voltages, as shown in Table 1. For on-cells, the
address discharge in the lower scan low voltage condition
was earlier and stronger, as shown in Fig. 4.

FIGURE 3 — Changes in address discharge time lags relative to the scan
low voltage for on-cells.

On the other hand, for off-cells in the background
luminance and corresponding IR emission were increased
under the lower ramp-down voltage condition, as shown in
Figs. 5(a) and 5(b). The lower ramp-down voltage during
the reset period contributes to intensifying the opposed discharge between the A–Y electrodes, thus resulting in deterioration of the background luminance for off-cells. In
particular, at the ramp-down voltage of –200 V, the unstable
reset discharge was observed to be produced, as shown in
Fig. 5. The reason why unstable discharge occurs as Vscl
becomes larger will be explained in the next section.

3

Vt closed curve analysis

Figure 6(a) shows the reference Vt closed curve on the
applied-voltage plane without initial wall charges. The horizontal axis indicates the threshold breakdown voltage between
the X–Y electrodes, whereas the vertical axis indicates the
threshold breakdown voltage between the A–Y electrodes.
The typical Vt-closed-curve shape in a conventional panel
structure is a hexagon with six sides indicating the threshold
breakdown voltage, as shown in Fig. 6(a). Thus, the inner
region of the Vt closed curve in Fig. 6(a) represents a nondischarge region, whereas the outer region represents a discharge region.9
Figure 6(b) shows three different Vt closed curves on
the applied-voltage plane measured after a reset period
when applying the driving waveforms with three different
scan low voltages, i.e., 0, –100, and –200 V in Fig. 2. As
aforementioned, the corresponding common-bias voltages
were varied to 200, 100, and 0 V according to the variation
in the scan low voltage, respectively. The Vt closed curve
analysis in Fig. 6(b) indicated that the wall charges between
the X–Y electrodes were redistributed almost to the same
amount irrespective of the types of driving waveforms because
the X–Y voltage difference was similar during a reset period.
However, the wall charge between the Y–A electrodes was
considerably redistributed, depending on the scan low voltages applied to the Y electrode. As shown in Fig. 6(b), at a
scan low voltages of 0 and –100 V, the Vt closed curves were
shifted to the lower direction with respect to the reference
Vt closed curve of Fig. 6(a). This shift of Vt closed curves
indicates that the X–Y wall voltage difference is almost the
same, and that the Y–A and X–A wall-voltage differences
were significantly changed. This meant that the electrons
were accumulated on the X and Y electrodes, as shown in
Fig. 6(b). On the contrary, for the lower scan low voltage of
–200 V, the Vt closed curve shifted to the upper direction
with respect to the reference Vt closed curve of Fig. 6(a),
which implied that the wall charge accumulating during the
reset discharge in a cell were erased and began to accumulate with opposite polarity on the Y and A electrodes, compared with the conventional case. In the conventional case,
i.e., Vscl ranging from 0 to –100 V, after a reset period, the
electrons were accumulated on the X and Y electrodes.
However, in this case, i.e., Vscl of –200 V, the wall charge was
Journal of the SID 16/1, 2008
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FIGURE 4 — Scan and IR emission waveforms during an address-period when applying scan low and common bias voltages: (a) Vscl =
0 V, Vb = 200 V, (b) Vscl = –50 V, Vb = 150 V, (c) Vscl = –100 V, Vb = 100 V, and (d) Vscl = –200 V, Vb = 0 V.

almost erased or the electrons slightly accumulated on the
A electrode. As shown in Figs. 3 and 6(b), it was found that
in the lower scan low voltage cases (–150 and –200 V), the
address discharge time lags were shortened when the wall
charges were decreased in a cell and the applied voltage was
increased compared to the case of having a large amount of
wall charges.
In the conventional reset procedure, the applied voltage vectors of the next frame, as shown in Fig. 6(b), was
moved to the lower-left-hand diagonal direction and the
corresponding discharge was fired on the fourth side of the
Vt closed curve. The voltage in fourth side of the Vt closed
curve represents the threshold breakdown voltage between
the Y–X electrodes, when the Y electrode acted as an anode
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and the X electrode acted as a cathode. Consequently, when
the applied voltage, Vset, during the ramp-up period exceeded
that of the fourth side of the Vt closed curve, the stable reset
discharge was produced between the Y–X electrodes under
MgO cathode conditions. However, as shown in Fig. 6(b), at
the scan low voltage of –200 V, the applied reset voltage,
Vset, during the ramp-up period exceeded the fifth side of
Vt closed curve, such that the unstable reset discharge was
produced between the Y–A electrodes under the phosphor
cathode (or MgO anode) condition, as already shown in the
IR emission data of Fig. 5.10 That is, for off-cells, at the
lower scan low voltage of –200 V, the reset discharge was
mainly produced between the Y–A electrodes because the
wall charge between the Y–A electrodes accumulated oppo-

FIGURE 5 — (a) Changes in background luminance relative to scan low
voltage for off-cells and (b) reset and corresponding IR emission
waveforms with various scan low and common bias voltages during reset
period.

site to the conventional case. On the other hand, during the
ramp-down period, stable discharge was easily produced
because the voltage vector exceeded the first side with an
MgO cathode condition.

4

Proposed driving waveforms

To prevent the unstable reset discharge induced by the opposing discharge between the Y–A electrodes during a reset
period, the address bias voltage was applied during a rampup period in a reset period. In this case, the address bias
voltage had the same level as the address pulse applied during an address period, as shown in Fig. 7(a).11 This address
bias voltage could suppress the opposed discharge between
the Y–A electrodes during a reset period and facilitate the
surface discharge between the X–Y electrodes for the stable
discharge. To analyze the reset discharges during the rampup period (step 1) and during the ramp-down period (step
2), the Vt closed curves were used. As shown in Fig. 7(b),
thanks to the application of address-bias voltage during a
ramp-up period (step 1), the voltage vector obtained from
the sum of the voltages applied to three electrodes, Va, Vs,
and Vset, during a ramp-up period exceeded the fourth side

FIGURE 6 — Measured Vt closed curves on applied voltage plane: (a)
reference curve with no initial wall charge measured before applying a
driving waveform, and (b) curves measured after reset period when
applying driving waveforms with reset voltage vectors.

with an MgO cathode condition. The resultant stable reset
discharge could be produced without increasing the address
discharge time lags at a scan low voltage of –200 V. Nonetheless, the address bias voltage could not suppress the background luminance sufficiently, as shown in case of Fig. 8(a)
with the address bias voltage. To reduce the background
luminance, the reset voltage should be reduced under the
same address discharge characteristic condition, as shown in
Fig. 7(a). In this experiment, the reset voltage (Vset) was
decreased from 210 to 140 V, excluding the sustain voltage.
Figure 7(c) shows the simultaneous initial points prior
to the address discharge displayed on the applied-voltage
plane of the Vt closed curve for three cases: the ramp-down
voltages of 0, –100, and –200 V. The applied-voltage difference between the X–Y electrodes was fixed at 200 V,
whereas the applied-voltage difference between the A–Y
electrodes varied according to the ramp-down voltage. The
simultaneous initial points prior to the address discharge for
three cases were located at (200, 0) for a scan low voltage of

Journal of the SID 16/1, 2008

51

FIGURE 8 — Changes in (a) background luminance and (b) address
discharge time lags relative to scan low voltage for three cases: the first
case has no address bias voltage at a high reset voltage (Vset) of 210 V,
the second case has address bias voltage at a high reset voltage (Vset) of
210 V, and the third case has an address bias voltage at a low reset
voltage (Vset) of 140 V.

FIGURE 7 — (a) Proposed driving waveform, especially a modified reset
waveform during ramp-up period to prevent unstable reset discharge, (b)
related voltage vector behavior on an applied voltage plane of Vt closed
curve when applying a proposed reset waveform to three electrodes
during the ramp-up period, (c) enlarged Vt closed curve with
simultaneous initial point to address discharge for three cases..

0 V, (200, 100) for –100 V, and (200, 200) for –200 V, respectively, on the Vt closed curve displayed on the applied voltage plane, as shown in Fig. 7(c). The relative position
between the Vt closed curves and the simultaneous initial
points were almost the same for the three cases.
In Fig. 8(a), the first case has no address bias voltage
at a high reset voltage (Vset) of 210 V, the second case has an
52
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address bias voltage at a high reset voltage (Vset) of 210 V,
and the third case has an address bias voltage at a low reset
voltage (Vset) of 140 V. Without an address bias voltage during a ramp-up period, the background luminance was significantly increased with a decrease in the scan low voltage,
especially lower than –150 V. However, when applying the
address bias voltage, the background luminance was largely
suppressed at a low scan low voltage of –200 V. In particular,
the application of address-bias voltage under a low reset
voltage could reduce the background luminance considerably
even at a scan low voltage of –200 V, as shown in Fig. 8(a).
Figure 8(b) shows the address discharge time lags
relative to the scan low voltage for three cases shown in
Fig. 8(a). In the scan low voltages ranging from 0 to –100 V,
the address discharge strongly depends on the wall voltage
induced by the wall charge accumulated during a reset
period, such as that for a low reset voltage, the wall voltage
was insufficient for producing the address discharge. The
resultant address discharge failed for a scan low voltage
ranging from 0 and –50 V and weakly produced at a low scan
voltage of –100 V. However, in scan low voltages lower than
–150 V, the short address discharge time lags were obtained
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the opposed discharge. Accordingly, the driving waveform,
especially the modified reset waveform with a low reset voltage and an address bias voltage during ramp-up period was
proposed to prevent an unstable reset discharge under a
lower scan low voltage condition. As a result of adopting the
proposed driving waveform, the address discharge characteristics could be considerably improved under low background luminance.
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