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Abstract 
In the current paper, a new driving waveform is designed based 
on Vt close curve analysis and proposed to improve the luminous 
efficiency of AC plasma display panel with a large sustain gap 
(400 µm) structure under a high Xe (15 %) gas mixture. Due to 
the large sustain gap structure, the reset waveform was modified 
based on Vt close curve to produce the surface discharge between 
the scan and sustain electrodes with a negative bias voltage on X 
electrode while the rising-ramp waveform was applied on Y 
electrode. In addition, the sustain waveform is designed to 
produce the face trigger discharge between one of the sustain 
electrodes and an address electrode, and the main sustain 
discharge between the two sustain electrodes successfully, when 
applying the negative sustain pulse to one sustain electrode during 
the application of the positive sustain pulse to the other sustain 
electrode, thus resulting in producing an efficient discharge by 
accumulating the wall charges uniformly among the three 
electrodes. As a result of adopting the proposed driving waveform, 
the luminance of 330 cd/m2 and luminous efficiency of 4.5 lm/W 
under the sustain voltage of 210 V and the trigger voltage of – 160 
V were obtained in the 6-inch PDP with green phosphors under a 
large sustain gap (400 µm) and a high Xe (15 %) gas mixture. 

1. Introduction 
Plasma display panels (PDPs) have been one of the most 
promising large area (>40 in.) flat panel devices suitable for digital 
televisions. For competing the LCD-TVs in large size area, 
however, both the luminance and luminous efficiency of the 
current PDPs must be further improved. In the previous works, the 
two approaches have been recently suggested to improve the 
luminous efficiency; one is to use the very large sustain gap (about 
700 µm) structure by L. Weber [1] and the other is to use the high 
Xe (about 50 %) gas content in a small sustain gap structure by G. 
Oversluizen et. al. [2]. If the large sustain gap structure is used 
under a high Xe gas mixture, it is expected that both luminance 
and luminous efficiency of the PDPs will increase considerably, 
when compared to that of the CRT-TVs. Unfortunately, as the 
sustain gap increases, the sustain voltage increases, and as the Xe 
gas mixture increases, the sustain voltage also increases. Thus, due 
to the limitation of the high sustain voltage level, it is difficult to 
improve the luminous efficiency by using together both the large 
sustain gap and the high Xe gas mixture in a conventional driving 
scheme, especially conventional sustain waveform. The previous 
works tried to improve the luminous efficiency by the additional 
use of another electrode between the two sustain electrodes. [3, 4] 
However, the luminous efficiency is not still high (< 2.5 lm/W), 
and the use of the auxiliary electrode also causes a manufacturing 
and driving cost rise. In the current paper, a new driving waveform 
is designed based on Vt close curve [5, 6] and proposed to 

improve the luminous efficiency of the AC PDP with a large 
sustain gap structure (sustain gap: 400 µm, and ITO-free bus 
sustain electrode width: 100 µm) filled with a Ne-Xe (15 %) gas 
mixture. The negative bias voltage on the X electrode was applied 
to produce the reset discharge during a reset-period. During a 
sustain-period, the sustain waveforms with two voltage polarities, 
i.e., a positive voltage level and a negative voltage level were 
applied to improve the discharge efficiency of the large sustain 
gap structure. The IR (828 nm) waveforms produced during a 
sustain discharge were measured with variations of the positive 
and negative amplitudes in the sustain waveform, respectively. In 
addition, the effects of the positive and negative amplitudes of the 
sustain waveform on the luminance and luminous efficiency were 
also examined under Ne-Xe (15 %) gas mixture, and compared 
with those under Ne-Xe (5 %) gas mixture. 
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Fig. 1. Cell structure of 6-inch plasma display panel with large 
sustain gap employed in this research. 

2. Proposed Driving Waveforms for Large 
Sustain Gap Structure   

The cell structure for the large sustain gap structure in the current 
experiment is shown in Fig. 1. The two 6-inch test panels deposit- 
ed only by the green phosphor were used where one has a Xe gas 
mixture of 5 % and the other has a Xe gas mixture of 15 %. Other 
conditions were the same. The sustain electrodes were only ITO-
free bus electrodes. The gap between the two sustain electrodes (X 
and Y) was 400 µm, and the width of the sustain electrode (X and 
Y) was 100 µm. The width of the address electrode (A) was 80 µm 
and the height of the stripe type barrier rib was 120 µm. The 
thicknesses of the front dielectric layers were about 30 µm. Fig. 2 
(a) shows the proposed driving waveforms including the reset-, 
address-, and sustain-periods for the large sustain gap structure 
with a high Xe (15 %) gas mixture. During the reset-period, the 
ramp reset waveform was applied to the scan (Y) electrode, while 
the negative voltage was applied to the sustain (X) electrode so as 
to adjust the wall charges on the X electrode regardless of the 
large sustain gaps. When the scan and address pulses were applied, 
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Fig. 2. Driving waveform for large sustain gap. 

the address discharge was induced between the Y and A electrodes. 
While the address discharge was produced, the ions were 
accumulated on the Y electrode and a little electron was moved 
toward the X electrode by the high positive X bias voltage, Vb. 
During the sustain-period, the sustain pulses with two different 
voltage polarities were applied, which contribute to reduce the 
potential difference between the Y (or X) and A electrode, i.e., the 
electrodes opposite to the electrodes where the trigger discharge 
was produced pulse.  

2.1  Design of Reset Waveform Based on Vt 
Close Curve Measurement  

Figs. 3 (a) and (b) show the reset waveform during a reset-period 
and the corresponding Vt close curve (VTC) measured from the 
test panel. In Fig. 3 (b), the X-axis indicates the threshold voltage 
between the X and Y electrodes, whereas the Y-axis indicates the 
threshold voltage between the A and Y electrodes [5]. The typical 
VTC shape in the conventional panel structure is a hexagon with 
six sides. As shown in Fig. 3 (b), however, for the large sustain 
gap, the VTC shape is a parallelogram with four sides, which 
means that the discharge between the X and Y electrodes cannot 
be produced directly because of the large gap. That is, only surface 
discharge (XY discharge) without producing a face discharge (AY 
or AX) cannot be produced. While the negative bias voltage was 
applied to the X electrode [step (1)], the ramp waveform was 
applied to the Y electrode [step (2)]. Then, the YA reset discharge 
under the phosphor cathode condition was initially produced, and 
finally the AX reset discharge under the MgO cathode condition 
was produced, as shown in (2) of Fig. 3 (b). Due to the negative 
bias applied to the X electrode, the wall charges accumulating on 
the X electrode can be adjusted during the ramp-up period. 
Furthermore, this type of discharge contribute to stabilizing the 
reset discharge in the large sustain gap since it is produced under 
the MgO cathode condition. In steps (3) and (4), though the 
voltage level dropped abruptly from the high to the ground level 
on the Y electrode, and after that, it increased from the negative to 
the positive level on the X electrode, any discharge did not occur 
because the voltage vectors moved within threshold voltage, as 
shown in the VTC of Fig. 3 (b). Finally, by applying the falling 
ramp waveform to the Y electrode [step (5)], the weak erase 
discharge was produced, thereby resulting moving the cell voltage 
vector to transgress the threshold voltage, as shown in the VTC of 
Fig. 3 (b). 

Y

X

A

GND

GND

GND

Reset-period

 

(1)

(2)

(3)

(4)

(5)

(5)

(4)

(3)

(2)

(1)

(a) 

-400 -300 -200 -100 0 100 200 300 400

-400

-300

-200

-100

0

100

200

300

400

AY discharge

AX discharge

XA discharge

YA discharge

Applied voltage
Wall voltage

A
-Y

X-Y
 

(b) 
Fig. 3. Driving waveform for this experiment during reset-
period (a) and Vt close curve on the cell voltage domain with 
applying voltage vector (b) under Xe 5% gas mixture. 

2.2  Proposed Sustain Waveform for Large 
Sustain Gap. 

2.2.1  Principle of Proposed Sustain Waveform for   
Large Sustain Gap Structure 

It is well known that the sustain discharge between the large 
sustain gap needs a trigger discharge between on the sustain 
electrodes and the address electrode prior to the main sustain 
discharge [1].  However, the information about the wall charge 
accumulations during a sustain discharge required for the efficient 
large sustain gap discharge has not been disclosed clearly so far. In 
order to improve the discharge efficiency in the large sustain gap 
structure, the discharge intensity between the main and trigger 
discharges should be controlled properly. Accordingly, the 
sufficient amount of the wall charges among the three electrodes, 
especially between the two sustain electrodes should be 
accumulated uniformly.  However, the amount of the wall charges 
accumulating on the three electrodes depends strongly on the 
voltage distributions among the three electrodes, that is, the 
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sustain waveform.  Figs. 4 (a) and (b) show the simulated results 
of (a) the electron density profile during sustain discharge and (b) 
the resultant wall charge distributions accumulating among three 
electrodes when applying the proposed sustain waveform. As 
shown in Fig. 4 (a), the trigger discharge was produced prior to the 
main discharge, which also showed the typical large sustain gap 
discharge. The result of Fig. 4 (b) confirms that the proposed 
sustain waveform can accumulate the wall charges uniformly 
among the three electrodes, especially between the two sustain 
electrodes.  
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Fig. 4. Simulated results of (a) the electron density profile 
during sustain discharge and (b) resultant wall charge 
distributions accumulating among three electrodes when 
applying proposed sustain waveform. 

2.2.2  Effects of Positive (+Vs) and Negative (-Vs) 
Amplitudes in Sustain Waveform 

Fig. 5 illustrates the sustain voltage and corresponding IR (828 
nm) waveforms measured from the 6-in. test panel with a Xe 15 % 
relative to both cases: one case (a) is that the positive amplitudes 
(+Vs) are varied when the negative amplitude (-Vs) was fixed at 
160 V, and the other case (b) is that the negative amplitudes (-Vs) 
are varied when the positive amplitudes (+Vs) was fixed at 210 V 
(b). Comparing the IR waveform in Figs. 5 (a) and (b), the 
tendency of the IR waveform to the variations in the positive and 
negative amplitudes of the sustain pulses was almost the same. 
Thus, the IR emission characteristics were observed to be 
dependent only on the difference voltage between the X and Y 
electrodes. That is, the shape of IR waveform in the positive 
amplitude of 210 V with a negative amplitude of -160 V in Fig. 5 
(a) was almost the same as that in the negative amplitude of –160 
V with a positive amplitude of 210 V in Fig. 5(b). This result 
indicates that the main discharge was produced between the two 
sustain electrodes. If the positive amplitude was high over the 
voltage margin, the misfiring discharge occurred, whereas, if the 
negative amplitude was low below the voltage margin, the sustain 
discharge could not produced. Figs. 6 (a) and (b) illustrate the 
changes in the luminance and luminous efficiency with an increase 
in the positive and negative amplitudes of the sustain waveform 
under Ne-Xe (5%) gas mixture. In Fig. 6 (a), the negative  
amplitude  was  fixed  at  -120 V,  but  the  positive  
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Fig. 5. Sustain voltages and corresponding IR waveforms 
measured from 6-inch test panel with Xe 15 % in cases of 
variations with (a) positive sustain voltage at fixed negative 
sustain voltage of -160 V and (b) negative sustain voltage at 
fixed positive sustain voltage of 210 V, respectively. 

(b) 

amplitude of the sustain waveform changes from 140 to 210 V. In 
Fig. 6 (b), the positive amplitude was fixed at 170 V, but the 
negative amplitude of the sustain waveform changes from 90 to 
160 V. Fig. 6 (a) shows that the luminous efficiency was high 
when the positive amplitude was less than 170 V, and Fig. 6 (b) 
shows that the luminous efficiency was high when the negative 
amplitude was less than 120 V. That meant this voltage condition 
was suitable for producing the large sustain gap discharge. 
However, the luminance was still low under the Xe 5 % gas 
mixture. The luminance and luminous efficiency were obtained 
about 150 cd/m2 and 3.4 lm/W at the positive amplitude of 170 V 
and negative amplitude of 120 V in Ne-Xe (5 %) gas mixture.  
Figs. 7 (a) and (b) illustrate the changes in the luminance and 
luminous efficiency with an increase in the positive and negative 
amplitudes of the sustain waveform under Ne-Xe (15%) gas 
mixture. In Fig. 7 (a), the negative amplitude was fixed at -160 V, 
but the positive amplitude of the sustain waveform changes from 
160 V to 230 V. In Fig. 7 (b), the positive amplitude was fixed at 
210 V, but the negative amplitude of the sustain waveform 
changes from 110 V to 180 V. Fig. 7 (a) shows that the luminous 
efficiency was high when the positive amplitude was less than 220 
V, and Fig. 7 (b) shows that the luminous efficiency was high 
when negative amplitude was less than 170 V. The voltage 
condition for producing the large sustain gap discharge with high 
luminance and luminous efficiency required a higher sustain 
voltage for a 15 % Xe  than for a 5 % Xe.  For a 5 % Xe, the 
luminance was increased but the luminous efficiency was 
decreased with an increase in the amplitudes of the sustain 
waveform. However, for a 15 % Xe, when the amplitude of the 
sustain waveform was increased, the luminous efficiency was not 
decreased. Therefore, the luminance and luminous efficiency were 
obtained about 330 cd/m2 and 4.5 lm/W at the positive amplitude 
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Fig. 6. Changes in luminance and luminous efficiency with (a) 
various positive sustain voltages at fixed negative sustain 
voltage of 120 V and (b) various negative sustain voltages at 
fixed positive sustain voltage of 170 V under Ne-Xe (5 %). 
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Fig. 7. Changes in luminance and luminous efficiency with (a) 
various positive sustain voltages at fixed negative sustain 
voltage of 160 V and (b) various negative sustain voltages at 
fixed positive sustain voltage of 210 V under Ne-Xe (15%). 
 

  

(a) 

Fig. 8. Light picture of large sustain gap and its profile in 
vertical direction. 

of 210 V and negative amplitude of 160 V in the Ne-Xe (15 %) 
gas mixture condition. 
Fig. 8 shows the light image of the larges sustain gap structure and 
its vertical luminance intensity profile in the case of adopting the 
proposed driving waveform. 

(b) 

4.  Conclusion 
This paper proposes a new driving waveform for improving both 
the luminance and luminous efficiency of an AC plasma display 
panel with a large sustain gap (400 µm) under the high Xe (15 %) 
gas mixture. As a result of adopting the proposed driving 
waveform, the luminance of 330 cd/m2 and luminous efficiency of 
4.5 lm/W were obtained in the 6-inch PDP with green phosphors 
under a large sustain gap (400 µm) and a high Xe (15 %) gas 
mixture. 
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