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ABSTRACT 

To improve the luminance and luminous 
efficiency in AC-PDPs, the bipolar sustain 
waveforms, which had the positive and negative 
pulse, were proposed and their discharge 
characteristics were examined. By using the 
bipolar sustain waveform that could control the 
ions effectively during a sustain discharge, the 
ratio of the MgO cathode condition was increased, 
compared with the conventional sustain waveform. 
As a result of adopting the bipolar sustain 
waveforms, the luminance and luminous efficacy 
were improved by 12% and 5.3%, respectively. 

INTRODUCTION 

In the ADS (address display separated) driving 
method, the driving waveforms applied to each 
electrode are constituted with the reset, address, 
and sustain-periods. The roles of the reset and 
address-period are to prepare the successful 
addressing discharge and to determine the 
ON/OFF of each micro-discharge cell, respectively. 
The role of the sustain-period is to emit the visible 
light from the selected cells. Thus, the reset and 
address-periods play an important part in the 
display of various images. However, the luminance 
and luminance efficiency are influenced by a 
sustain-period directly. Up to now, to improve the 
luminance and luminance efficiency, many 
researches are performed such as ramped-square 
sustain waveform, auxiliary address pulse method, 
large sustain gap structure, and so on [1, 2]. And 
these studies are focused on an effective control of 
the wall charges on the three electrodes during 
sustain discharge.  

Under the condition of iterant sustain discharge, 
the wall charge distribution on the three electrodes 
is determined by the sustain voltage levels [3]. The 

electric field from the wall charge constituted by 
the previous sustain discharge and the applied 
voltages affect the sustain discharge process and 
its intensity among the three electrodes. In the 
conventional sustain discharge, between the 
sustain electrode with high voltage and the 
address electrode with the ground level, the 
positive ions tend to collide with the phosphor layer 
on the address electrode during a sustain 
discharge. This phenomenon does not contribute 
to the increase in the luminance and luminous 
efficiency because the phosphor has poor 
secondary electron emission. To improve the 
sustain discharge characteristics, the sustain 
discharge between the sustain and address 
electrodes needs to be produced under the MgO 
cathode condition. 

In this paper, to control the ions effectively, the 
bipolar sustain waveforms, which had the positive 
and negative pulses, were applied to the test panel 
[4]. The effects of the bipolar sustain waveforms 
on the luminance and luminous efficacy were 
examined. 

EXPERIMENTAL SET-UP 

The 7-in. test panel filled with a Ne-Xe (5%) gas 
mixture at 500 Torr was used in this research. The 
test panel had a conventional AC-PDP structure 
with stripe barrier ribs and three electrodes such 
as two sustain and one address electrodes. The 
peak to peak voltage levels were ranged from 150 
to 200 V for sustain pulse.  

Figs. 1 (a), (b), and (c) show the three types of 
the sustain waveforms used in this study. The 
sustain waveform of the conventional type (a) has 
two levels (Vs and GND). The half bipolar (b) and 
quasi_negative bipolar (c) types have three levels, 
as shown in Fig. 1. The half bipolar consists of 
+Vs/2, GND, and –Vs/2, whereas the quasi_ 
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 (a)    (b)      (c) 

Fig. 1 Sustain Waveforms of (a) conventional 
type (b) half bipolar type (c) quasi_negative 
bipolar type used in this study.

negative bipolar type is considered as the 
waveform between the half bipolar sustain 
waveform and the negative sustain waveform. The 
bottom level of the quasi_negative bipolar sustain 
waveform is the same as the scan low voltage 
(fixed with -110V in this experiment). For the 
sustain waveform with negative polarity, only the 
quasi_negative bipolar sustain waveform is used in 
this experiment, because the negative sustain 
waveform is very difficult to drive with the stable 
driving margin by using the conventional reset 
waveform. The peak to peak values of sustain 
waveforms employed in this study are the same for 
the three types of the sustain waveform. The 
sustain frequency was 50 kHz and the duty ratio 
was 45%. 

RESULTS AND DISCUSSION 

Fig. 2 shows the corresponding IR waveforms 
measured from the test panel when three types of 
sustain waveforms are applied. The rising or falling 
times (hereinafter, transition time) were about 280 
ns in the three cases at 170 V of the peak to peak 
value. For the same transition time in all cases, the 
negative pulses were applied only after the 
positive pulses reached the maximum value for 
both the half bipolar and quasi_negative bipolar 
sustain waveforms, as shown in Fig. 2. 

The amplitudes of the IR emission for both the 
half bipolar and quasi_negative bipolar sustain 
waveforms were higher than that of the 
conventional case. When only sustain pulses were 
applied without reset and address waveform, the 
luminance was 685 cd/m2 or conventional case 
716 cd/m2 for half bipolar case and 715 cd/m2 for 
quasi_negative bipolar case, respectively. The 
luminance of the bipolar sustain waveforms with 
the positive and negative pulses were improved in 
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Fig. 2 Corresponding the IR waveforms 
measured from the test panel when (a)
conventional (b) half bipolar (c) quasi_negative 
bipolar type of sustain waveforms are applied.
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Fig. 3 Corresponding the current waveforms 
with (a) conventional (b) half bipolar (c) quasi 
_negative bipolar type of sustain waveforms. 
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Fig. 4 Static margin about the peak to peak 
value of the sustain pulses relative to each 
types of the sustain waveform. 

comparison with that with only positive sustain 
pulse. Fig. 3 shows the corresponding current 
waveforms for three types of the sustain 
waveforms. The changes in the current waveforms 
had a similar tendency as that shown in Figs. 2 
and 3. The current waveform of the bipolar 
waveform had the higher peak value than that of 
conventional waveform. 

Fig. 4 shows the Vt close-curve measured after 
the sustain discharge produced by a positive 
sustain voltage applied to the Y electrode is 
terminated. In Fig. 4, VXY means the wall voltage 
induced by the wall charges between the X and Y 
electrodes, whereas VAY means the wall voltage 
induced by the wall charges between the A and Y 
electrodes. After sustain discharge, an amount of 
the wall charges accumulating between the X and 
Y electrodes was almost the same for the three 
types of sustain waveforms. However, an amount 
of the wall charges accumulating between the A 
and Y electrodes was different depending on the 
type of the sustain waveform. The result of the Vt 
close-curve analysis of Fig. 4 confirms that as the 
positive level of the sustain pulse is higher, a 
sufficient amount of ions is accumulated on the A 
electrode. 

Fig. 5 shows the schematic diagram of the cell 
voltage and the corresponding wall charge 
distribution based on the Vt close-curve 
measurement. Fig. 5 represents the cell voltage 
distribution among the three electrodes at the  
moment that the sustain voltage is applied to the X  

(a) Conventional type 

(b)Half bipolar type 

(c)Quasi_negative bipolar type 

Fig. 5 Schematic diagram of the cell voltage 
and the wall charge distribution based on the 
Vt close-curve measurement.

electrode after the sustain discharge is completely 
extinguished. The cell voltage was determined by 
the sum of the wall voltage and the applied voltage. 
The cell voltage between the X and Y electrodes 
was almost the same for three types of sustain 
waveforms. However, the cell voltage between the 
address electrode and one of the two sustain 
electrodes was changed according to the sustain 
waveforms. In the conventional case, the total cell 
voltages between the X and Y electrodes were 
-310 V[= the wall voltage (-140 V) plus  the 
applied voltage (-170V)]. The cell voltage between 
the A and Y electrodes was -162 V, whereas the 
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cell voltage between the A and X electrodes was 
148 V. In the half bipolar case, between the X and 
Y electrodes, the total cell voltages were -309 V. 
And the cell voltage between the A and Y 
electrodes was -145 V and the cell voltage 
between the A and X electrodes was 162 V. In the 
quasi_negative bipolar case, between the X and Y 
electrodes, the total cell voltages were -309 V.  
And the cell voltage between the A and Y 
electrodes was -146 V and the cell voltage 
between the A and X electrodes was 163 V. 

The cell voltage between the X and Y electrodes, 
which are considered to be the dominant factor for 
affecting the sustain discharge characteristics,   
are almost the same irrespective of the types of 
the sustain waveforms. Consequently, the different 
sustain discharge characteristics shown in Figs. 2 
and 3 is thought to be mainly due to the  
difference of the cell voltage between the A and Y 
electrodes or between the A and X electrodes. 
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Fig. 6 Changes of luminance, power 
consumption, and luminous efficiency when 
the peak to peak value of sustain pulses were 
varied with ranging from 150V to 200V.

Fig. 6 shows the changes in the luminance, 
power consumption, and luminous efficiency when 
the peak to peak values of sustain pulses were 
varied from 150 to 200 V. As the peak to peak 
value of sustain voltage increased, the luminance 
of bipolar type sustain waveform was higher than 
the luminance of conventional type sustain 
waveform. And over the all range, the luminous 
efficiency of bipolar type sustain waveform was 
better than the luminance of conventional type 
sustain waveform. 

CONCLUSION 

It is necessary that the effects of the polarity of 
the sustain waveform on the improvement of the 
luminance and luminous efficiency are still 
examined. In this sense, the bipolar sustain 
waveforms are proposed, and corresponding 
sustain discharge characteristics, such as the IR 
emission, power consumption, luminance,  and 
luminous efficiency are examined intensively. As a 
result of adopting the proposed sustain waveforms, 
the improvement of the luminance and luminous 
efficiency were obtained by about 12% and 5.3%, 
respectively. It is expected that the proposed 
sustain waveform can contribute to improving the 
luminous efficiency of the current AC-PDP. 
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