
P-106 / J. K. Lim 

   

P-106: Improvement of Luminance and Luminous Efficiency Using  
New Negative Sustain Waveform in AC-Plasma Display Panel 

 
Jae Kwang Lim, Choon-Sang Park, Byung-Tae Choi, Heung-Sik Tae and Sung-Il Chien  

School of Electrical Engineering and Computer Science, Kyungpook National University,             
Daegu 702-701, Korea, Telephone: 82-53-950-6563 Fax: 82-53-950-5505 

  
Jung Pil Park, Nam Sung Jung and Kwang-Sik Lee 
PDP Division, Samsung SDI Co., Ltd., 508 Sungsung-Dong, 

Cheonan City, Chungchongnam-Do, Korea 
  
  

Abstract 
  
A new negative sustain waveform is proposed to improve the 
sustain and address discharge characteristics of PDP. The effects 
of conventional positive and proposed negative sustain waveforms 
on the sustain and address discharge characteristics are 
examined and compared in the 7-in. test panel with a Ne-Xe 
(4 %), gas mixture at 100 kHz. In the case of adopting the 
proposed negative sustain waveform, the luminance and luminous 
efficiency were improved by about 10 % and 16 %, respectively. . 
  

1. Introduction 
  
The current PDP has still required the improvement of the 
luminance and luminous efficiency for the realization of a high 
quality PDP. In a typical three-electrode PDP structure with 
coplanar sustain electrodes, the discharge volume is predominant- 
ly formed in the vicinity of the surface of the front panel, resulting 
in a small discharge volume and inefficient use of the phosphor 
layer deposited on the address electrode. It is expected that 
enlarging the discharge volume toward the address electrode 
would improve the discharge efficiency and use of the phosphor 
layer. In this sense, it has been reported that the synchronized 
application of an auxiliary short pulse to the address electrode 
during the sustain-period has an impact on improving the 
luminance and luminous efficiency in an AC-PDP [1, 2]. If the 
sustain pulse has a negative polarity, that is to say, the negative 
sustain waveform is applied to the sustain electrode, the potential 
distribution between the two sustain electrodes remains 
unchanged, but the potential distribution between the sustain and 
address electrodes is charged to the opposite polarity of the 
conventional case (sustain waveform with positive polarity). This 
means that the address electrode remains under the positive 
potential level during the application of the negative sustain pulse, 
thus resulting in acceleration of the electrons toward the address 
electrode.   
In this paper, a new negative sustain waveform is proposed to 

improve the luminance and luminous efficiency. For both the 

proposed negative and conventional positive sustain pulses, the 
discharge currents, corresponding IR emissions, consumption 
powers, luminance, and luminous efficiency have been compared. 
 

 
  
Fig. 1. Driving waveforms employed in current study, 
including (a) positive and (b) proposed negative sustain 
waveforms. 
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 (a) Positive sustain waveform 
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 (b) Negative sustain waveform 

  
Fig. 2. Changes in IR emission waveforms when applying (a) 
positive and (b) proposed negative sustain waveforms. 
  

2. Experiment 
  
A 7-in ac-PDP filled with a Ne-Xe (4 %) gas mixture at 400 Torr 
was used as the test panel. The test panel had a conventional ac-
PDP structure with stripe barrier ribs and three electrodes such as 
two sustain electrodes and one address electrode. The voltage 
levels were ranging from 150 to 200 V for positive sustain pulse 
and from - 150 to -200 V for negative sustain pulse under a 
sustain frequency of 100 kHz. 
Figs. 1 (a) and (b) show the driving waveforms employed in the 
current study including (a) the conventional positive sustain 
waveform and (b) proposed negative sustain waveforms. The 
conventional sustain waveform has a positive voltage level, 
whereas the proposed sustain waveform has a negative voltage 
level. Figs. 2 (a) and (b) show the changes in the IR emission 
waveforms when applying (a) the positive sustain waveform and 
(b) the proposed negative sustain waveform, respectively. Fig. 3 
show the displacement and discharge currents and IR waveforms 
emitted when applying the positive and negative sustain 
waveforms. As shown in Fig. 3, when applying the negative 
sustain waveform, the IR initiation points were shifted to the left 
and the IR emission peaks were higher, implying that the sustain 
discharge was produced faster and stronger in the case of applying 
the proposed negative sustain waveform. The discharge current in 
the negative sustain waveform was slightly increased. 
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Fig. 3. Current and IR emissions relative to types of sustain 
waveforms. 

  
Fig. 4 shows the corresponding luminance and power 
consumption when applying the positive and negative sustain 
pulses. The luminance of the negative sustain waveform was 
higher than that of the positive sustain pulse, whereas the power 
consumption of the negative sustain waveform was slightly 
increased. The resultant luminous efficiency data are shown in 
Fig. 5. At a sustain voltage of 180 V, the luminous efficiency in 
the negative sustain waveform was improved by about 16 %, 
when compared with that in the positive sustain waveform 
The potential of the address electrode with respect to the sustain 
electrodes during the application of the sustain pulse can vary 
depending on the types of the sustain waveforms. When the 
positive sustain waveform is applied, the potential of the address 
electrode is always negative with respective to the potential of the 
sustain electrodes. On the other hand, when the negative sustain 
waveform is applied, the potential of the address electrode is 
always positive with respective to the potential of the sustain 
electrodes. The positive potential toward the address electrode 
caused by the negative sustain waveform induce the electron 
acceleration toward the address electrode, thereby resulting in an 
additional excitation or ionization. The increase in the IR emission 
due to the additional excitation was validated by the result of Fig. 
3. To validate the acceleration of the electrons toward the address 
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electrode, the Vt close curves were measured to identify the  
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Fig. 4. Luminance and power consumption relative to types of 
sustain waveforms. 
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 Fig. 5. Luminous efficiency relative to positive and negative  
sustain waveforms 

  
polarity of the wall charges accumulating on the address electrode 
applying the positive pulse to the Y electrode for the conventional 
positive sustain waveform and after applying the negative pulse to 
the X electrode for the proposed negative sustain waveform, 
respectively. 
As shown in Fig. 6, the Vt close curves were shifted to the 
different direction due to the different wall charge distribution 
among the three electrodes with respect to the reference Vt close 
curve. The detailed wall voltage variations caused by the positive 
and negative sustain waveforms are described in Fig. 7. As shown 
in Figs. 7 (a) and (b), for the conventional positive sustain 
waveform, the wall voltage variation values, ΔVXY and ΔVAY was 
100 and 60 V, respectively. 
On the other hand, as shown in Figs. 7 (c) and (d), for the 
proposed negative sustain waveform, the wall voltage variation 
occurred only between the X and Y electrodes, and its variation 
value, ΔVXY was 180 V. In this case, no changes in the wall 
voltage between the Y and A electrodes are due to the electron 
accumulations on both the Y and A electrodes during the 
application of the negative sustain pulse. The large wall voltage 
variation between the X and Y electrodes can show the validation 

of the additional ionization toward the address electrode when the 
negative sustain waveform is applied.  
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Fig. 6. Shift of Vt close curves due to different wall charge 
types depending on types of sustain waveforms. 
  
  

 
(a) Vt close curve 

  

 
  

(b) Wall charge variation after applying negative sustain 
waveform 
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 (c) Vt close curve 
  

 
  

 (d) Wall charge variation after applying negative sustain 
waveform 

  
Fig. 7. Shift of Vt close curves and related wall voltage 
variations when applying conventional positive and proposed 
sustain waveforms are applied. 
   

Table 1. Static margin for two different sustain types 
  

 Positive 
Sustain 

Negative 
Sustain 

Vf 205 V 198 V 

Vsm 145 V 137 V 

Δ V 60 V 61 V 

  
 
 Table 1 shows the static margin measured for both sustain types. 
As shown in Table 1, the static margin did not change irrespective 
of the sustain pulse types, but the firing voltage and minimum 
sustain voltage were decreased by about 7-8 V for the proposed 
negative sustain waveform. 
  

    5. Conclusion 
  
The improvement of the luminance and luminous efficiency of the 
PDP using the sustain waveform is still needed. In this sense, the 
negative sustain waveform is proposed, and corresponding sustain 
discharge characteristics, such as IR emission, power 
consumption, luminance, luminous efficiency, and static margin, 
are examined intensively. As a result of adopting the proposed 
negative sustain waveform, the improvement of the luminance 
and luminous efficiency were obtained by about 10 % and 16 %, 
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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