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ABSTRACT 
The reset discharge characteristic is investigated in a 

sustain gap of 200 m. As the sustain gap is wider, the 
stable weak discharge region using an MgO cathode 
condition is decreased, whereas the unstable weak 
discharge region using a phosphor cathode condition is 
increased. To reduce the unstable reset discharge in a 
sustain gap of 200 m, the bias voltage (Vadd-bias) needs 
to be applied additionally to the address electrode 
during the ramp-up period and the X-bias voltage 
(Vcom-bias) needs to be controlled properly to the common 
(X) electrode during the ramp-down period. The reset 
discharge in a sustain gap of 200 m are examined in 
detail relative to the two parameters such as Vadd-bias

and Vcom-bias.

INTRODUCTION 
Recently, many researches on the large sustain gap 

have been performed to improve the luminance efficacy 
of an AC-PDP. Because the luminance efficacy is 
mainly related to the sustain discharge, most of those 
researches are focused on the improvement of the 
sustain discharge characteristics [1, 2]. The reset 
discharge characteristics of the AC-PDP with larger 
sustain gaps have often been neglected even though the 
initialization of the millions of cells under the low 
background luminance is very important factor for 
displaying the images of the PDP. As the sustain gap is 
wider, especially larger than the barrier rib height, the 
stable reset discharge between the large sustain gaps 
tends to be difficult to produce due to the decrease in 
the MgO cathode condition, which causes the discharge 
instability during a reset discharge. Such an unstable 
reset discharge causes undesirable discharge problems 
such as an unstable background luminance and a 
misfiring problem in address- or sustain-periods, which 
eventually deteriorates the image quality of an 
AC-PDP.     

In this paper, the Vt close curve measurement 
method is used to design the modified reset waveform
for compensating the decrease in the MgO cathode 
condition in the large sustain gap of 200 m. Based on
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Fig. 1. PDP cell structure with various gaps between 
X and Y electrodes used in this work.

the Vt close curve analysis [3], the various reset 
waveforms that can prohibit the unstable reset discharge 
are examined in the large sustain gap of 200 m. In 
particular, the effects of the two parameters such as 
Vadd-bias and Vcom-bias on the reset discharge 
characteristics in the large sustain gap of 200 m, are 
examined in detail. 

EXPERIMENT 
Fig. 1 shows the schematic configurations of a single 

pixel in a 7-in. test panel and the three related electrodes, 
X, Y, and A, where X and Y are the common (or 
sustain) and scan electrodes, respectively, and A are the 
address electrodes. The gaps between the X and Y 
electrodes were 50 m and 200 m, respectively. The 
width of ITO electrode was 300 m, and the height of 
barrier rib was 125 m. The gas mixture of the test 
panel was Xe (5%)-Ne, and its pressure was 500 Torr. 
Fig. 2 shows two Vt close curves measured from the 
7-in. test panel used in this work on the cell voltage 
plane. The Vt close curve with 6 regions shows the 
breakdown voltage of the weak discharge among the 
three electrodes. Each region of Vt close curve means 
the firing voltage condition between two electrodes;
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Fig. 2. Vt close curves measured from 7-in. test 
panel with sustain gap of 50 m and 200 m.

region 1 means VtXY (anode: X electrode, cathode: Y 
electrode), region 2 means VtAY (anode: A electrode, 
cathode: Y electrode), region 3 means VtAX (anode: A 
electrode, cathode: X electrode), region 4 means VtYX 

(anode: Y electrode, cathode: X electrode), region 5 
means VtYA (anode: Y electrode, cathode: A electrode), 
and region 6 means VtXA (anode: X electrode, cathode: 
A electrode). In case of 50 m of the sustain gap, the 
breakdown voltage (VtXY, VtYX) between X and Y 
electrodes is about 250 V, and in case of 200 m, the 
breakdown voltage is about 350 V. As the sustain gap 
between the X and Y electrodes is wider, the regions 1 
and 4 are narrower, and the corresponding breakdown 
voltages increase, as shown in Fig. 2. Whereas, the 
regions 2, 3, 5, and 6 are wider in proportion to the 
increase in the sustain gap, and the firing voltages VtAY 

(about 180V), VtAX (about 180V), VtYA (about 250 V), 
and VtXA (about 250 V) are almost the same, since the 
plate gaps between the address and sustain electrodes 
are fixed with 125 m. In the regions 2 and 3, the 
electrodes X and Y act as a cathode and they are 
covered with the MgO layer, whereas in the regions 5 
and 6, the electrode A acts as a cathode, covered with  
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Fig. 3. One Subfield driving waveform used in this 
study.

the phosphor layer. As a result, the breakdown voltages, 
VtAY and VtAX (about 180 V) are smaller than the firing 
voltages, VtYA and VtXA (about 250 V). Fig. 3 shows the 
driving waveform employed in this study to examine 
the effects of Vadd-bias and Vcom-bias on the reset discharge 
characteristics in the sustain gap of 200 m. To remove 
the effect of the amplitude of reset waveform, a 
sufficient voltage level was applied to the Y electrode, 
such as a set-up voltage of 440 V and a set-down 
voltage of –150 V. The amplitude of address pulse was 
60 V. The Vadd-bias ranging from 0 to 150V was applied 
to the address electrode and the Vcom-bias ranging from 
100 to 200V was applied to the X electrode. The reset- 
and the address-periods were 300 and 960 sec, 
respectively. This waveform was applied to the each 
electrode with total period of 1500 sec, repeatedly.  

RESULTS AND DISCUSSION 
Figs. 4 (a), (b), (c), and (d) show the changes in the 

IR intensities when the cell voltage vector exceeds (a) 
the region 1, (b) region 2, (c) region 4, and (d) region 5 
in the case of 200 m sustain gap. In the cases of 
regions, 1, 2, and 4, which satisfied the MgO cathode 
conditions, the stable IR waveforms were observed. 
However, in the case of the region 5, the unstable IR 
waveform, which meant an unstable weak discharge, 
was observed because the phosphor layer acted as a 
cathode electrode. 

Fig. 5 shows the cell voltage vector generated by the 
set-up ramp pulse of 440 V and Vt close curve on the 
cell voltage plane, when the sustain discharge was not 
produced in the previous state. Under no addressing 
condition, the initial point of the cell voltage vector was 
determined by the XY-AY simultaneous discharge  

(a) region 1               (b) region 2 

(c) region 4               (d) region 5 

Fig. 4. Changes in IR intensity when cell voltage 
vector exceed (a) region 1, (b) region 2, (c) region 4 , 
and (d) region 5 in case of 200 m.
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(a) 50 m

(b) 200 m

Fig. 5. Trajectories of the cell voltage and Vt close 
curve when set-up voltage was applied to Y 
electrode.

point and the applied voltages, i.e., the set-down and the 
Vcom-bias [3]. Therefore, when the same driving 
waveforms with the Vadd-bias of 0 V and the Vcom-bias of 
100 V were applied to the cell with 50 and 200 m
sustain gaps, the initial point shifted to the right, due to 
the shift of the XY-AY simultaneous discharge point as 
the sustain gap was wider. By applying the sufficient 
set-up voltage to the Y electrode, the cell voltage vector 
exceeded the Vt close curve, as shown in Fig. 5. In the 
case of 50 m in Fig. 5 (a), the voltage vector made 
contact with the region 4 of the Vt close curve, which 
meant that the X electrode protected by MgO layer 
played a role of a cathode, and the resultant weak reset 
discharge was produced stably. Therefore, in the sustain 
gap of 50 m, the stable reset discharge characteristics 
were observed. On the other hand, in the case of 200 

m in Fig. 5 (b), the voltage vector made contact with 
the region 5 when set-up voltage was applied. In this 
case, since the phosphor layer performed as a cathode in 
the region 5 and the secondary-electron-emission of the 
phosphor layer is much smaller than that of the MgO 
layer, the reset discharge was generated unstably. To 
reduce the instability in the reset discharge, the cell 
voltage vector by the set-up voltage should exceed the 
Vt close curve via region 4.  

Fig. 6 illustrates the trajectory of the cell voltage 
vector in the sustain gap of 200 m when the reset 
waveform with a Vadd-bias was applied and Fig. 7 shows

Fig. 6. Trajectories of voltage vector when Vadd-bias 

was applied to address electrode.

Fig. 7. Trajectories of voltage vector when Vcom-bias 

was increased to higher voltage level.

the trajectory of the cell voltage vector when the 
Vcom-bias was increased. By applying the Vadd-bias to the 
address electrode during a ramp set-up period, the 
voltage vector shifted up and made contact with the 
region 4, and by increasing the Vcom-bias, the initial point 
was shifted to the left and voltage vector exceed the Vt 
close curve via the region 4, as shown in Figs. 6 and 7. 
As a result, stable reset discharge can be obtained.

Fig. 8 shows the changes in the IR waveforms during 
the reset-period when the Vadd-bias and Vcom-bias were 
varied. When the Vadd-bias was 0 V and the Vcom-bias was 
100 V, lots of IR peaks were observed because of the  
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Fig. 8. Changes in IR in reset discharges when 
driving waveforms with various Vadd-bias and Vcom-bias

were applied. 
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instability of the weak reset discharge caused by 
non-MgO cathode condition. When the Vadd-bias was 
applied or Vcom-bias increased, the peak of IR intensity 
was reduced and became stable, as shown in Fig. 8. 

Fig. 9 shows the relation between the Vadd-bias and 
Vcom-bias for a stable reset discharge in the sustain gap of 
200 m. When the Vcom-bias with a high amplitude was 
applied, the initial point was shifted to the left and the 
cell voltage vector produced by the set-up ramp pulse 
moved close to the region 4. Thus, the amplitude of the 
Vadd-bias can be lowered.  

Fig. 10 shows the changes of the luminance in the 
reset discharge when applying the various voltages of 
Vadd-bias and Vcom-bias. As the Vadd-bias increased and 
Vcom-bias decreased, the luminance made by the reset 
discharge was reduced. In addition, the corresponding 
minimum luminance was 1.08 cd/m2. From the results 
of Figs. 8, 9, and 10, as Vadd-bias was high and Vcom-bias

was low, the luminance produced by the reset waveform 
can be lowered. However, the application of the pulses 
with different voltage level to the address electrode 
needed the complicated circuit board. Therefore, to 
avoid the addition of the complex address circuit board, 
the amplitude of the Vadd-bias needed to be the same as 
that of the address pulse. Accordingly, when the Vadd-bias

was 60 V, and the Vcom-bias was 130 V, the stable reset 
discharge was obtained and the corresponding 
minimum luminance was 2.1 cd/m2.
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Fig. 9. Stable reset discharge region in large sustain 
gap of 200 m when applying various voltages of 
Vadd-bias and Vcom-bias.
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Fig. 10. Changes in luminance in reset discharge 
when applying various voltages of Vadd-bias and 
Vcom-bias .

CONCLUSION
In this paper, the reset discharge characteristics of 

200 m sustain gap are examined with variations in the 
two parameters such as the Vadd-bias and Vcom-bias during a 
reset-period based on the Vt close curve analysis, As a 
result, the reset waveforms suitable for the large sustain 
gap of 200 m can be designed that prohibits the 
unstable discharge by the addition of the Vadd-bias or a 
proper control of the Vcom-bias under the reduced 
background luminance. 
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