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Characteristics of a Wall Voltage During Sustain
Period in AC Plasma Display Panels
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Abstract—According to the viewpoint of a driving scheme, the
luminance and luminous efficiency is mainly determined during
the sustain period. Therefore, it is very important to understand
the characteristics of the wall voltage during the sustain period,
which is essential to design the driving pulse scheme. In this study,
the quantitative analysis of the wall voltage has been carried by
the wall voltage measurement method during the sustain period.
The initial difference of the wall voltage is sharply stabilized due
to the sustain discharges and it is mainly determined by the sustain
voltage. The wall voltage between the sustain electrodes is changed
symmetrically for the reference voltage level, while the wall voltage
between the address and sustain electrode is positively sustained
which is roughly mean value of the total effective voltage.

Index Terms—Priming effects, sustain period, wall voltage, wall
voltage measurement method.

I. INTRODUCTION

PLASMA display panels (PDPs) have been rapidly com-
mercialized for high-definition television due to their large

size, slim structure, and self-emissive color image quality. How-
ever, several critical issues remain regarding their low-luminous
efficiency and poor image quality [1], [2]. Among them, the lu-
minous efficiency is most critical issue; therefore, many studies
have been intensively carried out such as the optimization of gas
mixtures, new cell structures, and new discharge modes [3]–[5].

According to the viewpoint of the driving scheme, the lu-
minance and luminous efficiency is mainly determined during
the sustain period. Therefore, it is very important to understand
the characteristics of the wall voltage during the sustain period,
which is essential to design the driving pulse scheme. Therefore,
in this study, it has been investigated the characteristics of the
wall voltage by the wall voltage measurement method during
the sustain period.

II. EXPERIMENTAL CONDITIONS

The cell structure of the test panel is a conventional reflec-
tive three-electrode surface discharge type of alternating current
(ac) PDP. This study uses two major measurement variables: the
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Fig. 1. Wall voltage measurement driving scheme during the sustain period.

light emission which is measured using a photosensor amplifier
(Hamamatsu C6386) and the current which is measured using a
current probe amplifier (Tektronix AM503B) [6], [7].

The wall voltage measurement method was briefly described
in previous study [7]. Since the discharge driven by a ramp pulse
with sufficiently low ramp slop is occurred when an internal
wall voltage plus externally applied voltage is equal to a firing
voltage, the ramp pulse can be used as a detecting pulse for the
wall voltage [8]–[10]. In this study, since the object is inves-
tigating the characteristics of the wall voltage during the sus-
tain period, the measurement driving scheme was designed, as
shown in Fig. 1. The wall voltage is stabilized during the first
stabilization period and it is varied during the second variation
period where the driving pulse scheme is necessary to adjusted
to the objective of the measurement. Therefore, the number of
sustain pulses are sequentially increased in this study, as shown
in Fig. 1. And finally it was measured by the detecting ramp
pulse in the measurement period.

III. RESULTS AND DISCUSSIONS

A. Priming Effects

Fig. 2 shows the light emissions of the sustain discharges
during the sustain period driven by the stabilization period of
the driving scheme, as shown in Fig. 1, where the variation and
measurement period were not used. The first sustain discharge
is relatively weak and it is slightly increased before it is stabi-
lized. The reason is as follows. In this test driving conditions,
since the wall voltage between the Y and X electrode (hereafter
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Fig. 2. Light emissions of the sustain discharges during the sustain period
driven by the stabilization period of the driving scheme, as shown in Fig. 1.

Fig. 3. Wall voltage measurement driving scheme for the priming effects.

Wyx) due to the address discharge is lager than Wyx due to the
sustain discharge [7], the increased intensity of the light emis-
sions is mainly related to the priming effects. The time interval
between the address discharge and the first sustain discharge is
275 , while the time interval between the first discharge and
the second discharge is 25 , and the time interval between the
second discharge and third discharge is 5 , as shown in Fig. 2.

In order to analyze the priming effects on the sustain dis-
charges; the test driving scheme was modified based on the
driving scheme, as shown in Fig. 1. The stabilization and mea-
surement period are same, as shown in Fig. 1. The differences
can be founded in Fig. 3. The variation is the time interval be-
tween the address discharge and the first sustain discharge where
it is changed from 5 to 150 .

Fig. 4 shows the light emissions and currents of the Y elec-
trode (Iy) on the dependence of the time interval between the
address discharge and the first sustain discharge. The priming
effects of the strong address discharge show the large influences
on the intensity of light emissions, however, it is hardly some
effects after 50 , and eventually its effect is negligible after
200 . The resultant wall voltage due to the priming effects is

Fig. 4. Light emissions and currents of the Y electrode (Iy) on the dependence
of the time interval between the address discharge and the first sustain discharge.

Fig. 5. Wall voltage (Wxy) on the dependence of the time interval between the
address discharge and the first sustain discharge.

also changed, as shown in Fig. 5. However, it is almost constant
after 40 in spite of the changed intensity of the discharge.
Consequently, since the wall voltage is related to the intensity of
the discharge which is also related to the priming effects, there-
fore, it is difficult to separate the priming effects from the fac-
tors of the wall voltage generation. Therefore, the measured wall
voltage is included the priming effects as the following results,
however, it is more practical because the sustain discharges are
always including the priming effects in the practical situations.

B. Wall Voltage Variations During Sustain Period

Fig. 6 shows the wall voltage variation of Fig. 2 by the
wall voltage measurement method, as shown in Fig. 1. In this
figure, six sustain discharges are presented for clear presen-
tation and the wall voltage is actually stabilized after fifth
sustain discharges, as shown in Fig. 2 and Fig. 6. The Vyx
is introduced which is the voltage difference between the Y
and X electrode and the value of wall voltage is provided for
clear understanding. As shown in Fig. 6, the Wyx is stabilized
at 122 and 122 V, while the Way (the wall voltage between
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Fig. 6. Wall voltage variation of Fig. 2.

Fig. 7. Voltage difference relative to the X electrode is calculated in Fig. 7.
[(a) and (b) show the time instant of (i) and (ii) labeled in Fig. 6, respectively.].

the A and Y electrode) and Wax (the wall voltage between the
A and X electrode) are stabilized at 38 and 160 V. Therefore,
it can be inferred that the wall voltage of the A electrode is
always positively sustained relative to the ground.

For better understanding, the voltage difference relative to the
X electrode is calculated in Fig. 7. Fig. 7(a) and (b) shows the
time instant of (i) and (ii) labeled in Fig. 6. As shown in Fig. 7,
the wall voltage of the A electrode is roughly stabilized at the
mean voltage of the total effective voltage (sustain voltage +
wall voltage), more specifically, it is somewhat positive than the
mean voltage of the total effective voltage. More quantitative
analysis needs further studies.

C. Wall Voltage Variations on the Dependence
of the Address Voltage

In this experiment, the address voltage (Va) was changed as
60, 100, and 140 V to investigate the variations of the wall
voltage on the dependence of the address voltage. In the con-
ventional driving scheme, the Wyx is roughly independent on
the address voltage, while the Way is sharply decreased with in-
creasing the address voltage [7]. Therefore, as shown in Fig. (8a)
and (b), the initial Wyx is roughly independent on the address
voltage, while the initial Way is strongly dependent on the ad-
dress voltage. Therefore, the variations of the Wyx are almost
same for the three different address voltages, while the Way
shows the large variations during the first few sustain discharges.
As such, the amount of changed wall voltage is strongly depen-
dent on the initial wall voltage. Considering the first sustain dis-
charge, the Way is changed from 36 to 152 V (116 V), 10 to

Fig. 8. Wall voltage variations on the dependence of the address voltage (a)
Wyx (b) Way.

138 V (148 V), and 50 to 166 V (216 V), where the voltage
in parenthesis represents variation, corresponding to the address
voltage of 60, 100, and 140 V, respectively. However, it is also
sharply stabilized after few sustain discharges. Consequently,
the Wyx is roughly independent on the address voltage while
the Way shows the large variations during the first few sustain
discharges, which is caused by the different initial Way due to
the address voltage.

D. Wall Voltage Variations on the Dependence
of the Sustain Voltage

Fig. 9 shows the final wall voltage variations as a function
of the sustain voltage. Since the conventional driving scheme is
finished by the positive voltage of the Y electrode, the Wxy is
used in this figure. The Wxy is linearly increased as increasing
the sustain voltage, however, the slope of the Wxy is slightly
decreased when the sustain voltage is above 190 V. The Wxy is
also increased when the sustain voltage is below 180 V, but it is
decreased when the sustain voltage is above 190 V.

It might be related to the characteristics of the wall charge
generation on the dependence of the sustain voltage. Yet, the
main reason might be as follows. Since the Way is close to the
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Fig. 9. Final wall voltage variations as a function of the sustain voltage.

Fig. 10. Light emissions and the discharge currents when the sustain pulse is
applied to the Y electrode. (Vy = 210 V).

firing voltage between the A and Y electrode, the discharge is
occurred between the A and Y electrode when the voltage of
the Y electrode is falling to the ground. Fig. 10 shows the light
emissions and the discharge currents when the sustain pulse is
applied to the Y electrode which voltage is 210 V. As shown in
Fig. 10, the weak discharge is occurred between the A and Y
electrode where the light emissions of AY discharge are mag-
nified 10 times (X10) for clear presentation. In this situation,
the Y electrode is acted as a cathode while the A electrode is
acted as an anode. Therefore, the wall voltage of the Y elec-
trode is slightly changed positively and that of the A electrode
is slightly changed negatively, which are resulted in decreasing
the Wxy and Way.

IV. CONCLUSION

In this study, the quantitative analysis of the wall voltage has
been carried by the wall voltage measurement method during

the sustain period. The initial difference of the wall voltage is
sharply stabilized due to the sustain discharges and it is mainly
determined by the sustain voltage. The wall voltage between the
sustain electrodes is changed symmetrically for the reference
voltage level, while the wall voltage between the address and
sustain electrode is positively sustained which is roughly mean
value of the total effective voltage. Though exact quantitative
analysis needs further study, these results might be helpful to
optimize the driving scheme during the sustain period.
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