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Abstract 
To explain a non-uniformity of the address discharge during an 
address period, the wall voltage variation during an address 
period was investigated as a function of the number of the applied 
address pulse by the Vt closed curve. It was observed that the wall 
voltage between the scan and address electrodes was decreased 
with an increase in the number of the applied address pulse. It 
was also observed that the wall voltage variation during an 
address period strongly depends on the voltage difference 
between the Y and A electrodes. 
 

1. Introduction 
In the ADS(address display separated) driving method, the driving 
waveforms applied to the 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 selected cells. Thus, the reset and address-periods play 
an important part in the display of various images. But address 
period occupied too much time in ADS driving method because 
address discharge is excited through whole panel for address 
period line by line. Therefore, to improve the resolution and the 
image quality, high speed addressing with margin is needed [1 ~ 
4]. Furthermore, long address period caused variation of address 
discharge. In this paper, to explain the different delay times 
between the first and last address discharge, the wall charge 
variation is studied. To investigate the delay of an address 
discharge caused by the previous external potential including the 
voltage level of Vy, the variation in the wall charge state, that is, 
wall voltage variation, during an address period was examined 
intensively using the Vt closed curves. 
 

2. Experimental Set-up 
Fig. 1 (a) shows the schematic diagram of the typical HD grade 
PDP panel with three electrodes such as common (X), scan 
(Y=Y1-Y768), and address (A) electrodes. In this research, only 
one address electrode is used as shown in Fig. 1 (a). Fig. 1 (b) 
shows the driving waveforms applied to the three electrodes, X, 
Y, and A. During the address period, the X waveforms are applied 
simultaneously to the common X electrodes, whereas the Y 
waveform is applied to the Y electrode line by line from Y1 to 
Y768, as shown in Fig. 1 (b). The A waveform is applied to the A 
electrode at the application of the scan pulse according to the on 
or off-signals. In this experiment, the wall voltage difference and 

resultantly induced address discharge characteristics in the cells 
between the upper (Y1) and lower (Y768) lines are examined 
depending on the application of the address pulses during an 
address period. 
Fig. 2 shows the corresponding five display patterns for 
examining the wall voltage variation in the cells between the 
upper (Y1) and lower (Y768) lines. Thus the position of the 
measurement cell is located at the 768th line. Fig. 3 shows the 
driving waveforms employed in this study, including the five 
cases of address waveforms to display the five image patterns of 
Fig. 2. Case 1 in Fig. 2 is a full black pattern that is, there are no 
address discharges from 1st to 767th lines prior to the last address 
discharge. As shown in case 1 of Fig. 3, the address pulse is 
applied only to the 768 line, meaning that no address pulse is 
applied to the address electrode from 1st to 767th lines. Case 2 (i) 
in Fig. 2 is a half white pattern with continuous address discharges 
from 100th to 483rd lines. As shown in case 2 (i) in Fig. 3, the 384 
address pulses are applied continuously during the application of 
the scan pulses from the 100th to the 483rd prior to the 768th scan 
pulse. Case 2 (ii) in Fig. 2 is a half white pattern with discrete 
address discharges, that is, the number of the transition from 
address discharge-on into address discharge-off from 1st to 767th 
line is 10. As shown in case 2 (ii) in Fig. 3, even though the 384 
address pulses are applied, there are the 10 voltage transitions 
from 0 to 60V. Case 2 (iii) in Fig. 2 is a half white pattern, that is, 
the number of the transition from address discharge-on into 
address discharge-off from 1st to 767th line is 40. As shown in case 
2 (iii) in Fig. 3, even though the 384 address pulses are applied, 
there are the 40 voltage transitions from 0 to 60V. The case 3 is a 
full white pattern. As shown in case 3 of Fig. 3, the 767 address 
pulses are applied continuously during the application of the scan 
pulses from the 1st to the 767th prior to the 768th scan pulse. 
Accordingly, the voltage variation of the measurement cell at the 
768th line is determined according to the five cases of the driving 
waveforms shown in Fig. 3. The address discharge time per a line 
is 1.2μs, so that the total address discharge time for the 768 lines 
is 921.6μs (=1.2μs × 768). 
During an address period, for the on-cell, the scan low voltage, 
Vscanl applied to the Y electrode is fixed at -160V, whereas, for 
the off cell, the scan voltage, Vy (=Vscanl + Vscanh) is varied in 
this study. The address voltage, Va is fixed at 60V in this study. 
A 6-in. AC-PDP filled with a Ne-Xe (11%) gas mixture at 450 
Torr was used as a test panel. The test panel had a conventional 
ac-PDP structure with square barrier ribs and three electrodes 
such as two sustain and one address electrodes. 
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Figure 1. (a) is schematic diagram of typical HD grade PDP 
panel with three electrodes such as common (X), scan (Y=Y1-
Y768), and address (A) electrodes. (b) is the driving waveforms 
applied to the three electrodes, X, Y, and A. 

 
(a) Case 1                 (b) Case2 (i) 

 
(c) Case 2 (ii)             (d) Case2 (iii) 

 
(e) Case 3 

Figure 2. Five display patterns for examining wall voltage 
variations in cells between upper (Y1) and lower (Y768) lines 
where (a) is full black, (b) is half white continuous address 
discharges from 100th to 483rd lines, (c) is half white with 
discrete address discharges, that is, the number of the 
transition from address discharge-on into address discharge-
off from 1st to 767th line is 10, (d) is half white , that is, the 
number of the transition from address discharge-on into 
address discharge-off from 1st to 767th line is 40 and (e) is full 
white. 
 

 
Figure 3. Driving waveforms employed in this study, including 
five cases of address waveforms to display five image patterns 
of Fig. 2. 
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3. Results and Discussion 

3.1 Wall voltage variation 
Fig. 4 shows the corresponding IR waveforms during the   
address discharge measured at the 768th line from the test panel 
when adopting the five display patterns shown in Fig. 2. In case 1, 
the fast address discharge initiation is observed, whereas in case 3, 
the slow address discharge initiation is observed at Vy = -80V. 
The application of the address pulses prior to the 768th line 
induces the retardation of the address discharge initiation. In case 
2 (i, ii, iii), the address discharge initiation remains almost 
constant irrespective of the number of the voltage transition from 
0 to 60 V. As a result, it is confirmed that the degree of the 
retardation of the address discharge initiation strongly depends on 
the number of the application of the address pulses. Fig. 5 shows 
the changes in the Vt closed curves for both cases 1 and 3 with 
respect to the wall voltage state at the 767th line prior to the last 
address discharge. As shown in Fig. 5, in case 1, there is no 
change in the Vt closed curves between the 1st and the 767th line, 
meaning that there is no wall charge variation in case 1 
throughout an address period. However, as shown in the first 
quadrant of the Vt closed curve in case 3 in Fig. 5, the firing 
threshold voltage between the Y and A electrodes is moved to the 
upward direction by 15 V, and the firing threshold voltage 
between the X and Y electrodes is moved to the right direction by 
5 V with respect to the wall voltage state prior to the address 
period (i.e., after reset). This indicates that the voltage variation of 
15 V means a decrease in the wall voltage between the Y and A 
electrodes, and the voltage variation of 5 V means a decrease in 
the wall voltage between the X and Y electrodes. This kind of 
wall voltage decrease results in a delay of the address discharge, 
shown in Fig. 4. 
Figs. 6 (a) and (b) show the voltage difference among the three 
electrodes applied throughout an address-period at the 
measurement cell (768th line) (a) in full black pattern (case 1) and 
(b) in full white pattern (case 3). In particular, as the voltage 
difference between the A and Y electrodes is increased, the total 
amount of wall charge losses is increased. Accordingly, As shown 
in Figs. 6 (a), and (b), the full white pattern (case 3) induces the 
larger voltage difference between the A and Y electrodes, thus 
resulting in a decrease in the wall voltage necessary for the fast 
address discharge at the 768th line. 
Fig. 7 shows the changes in the address delay time relative to the 
voltage level of Vy (=Vscanl + Vscanh) to measure the effect of 
the voltage difference between the A and Y electrode on the delay 
time during an address period. Vy is varied from -95 to +40V as 
Vscanh is varied from 65 to 200 V during an address period. In 
Fig. 7, the address delay is increased because the falling time of a 
scan pulse is increased in proportion to the increase in the voltage 
level of Vy. The decrease in the wall voltage during an address 
period is unavoidable because the wall charge losses are induced 
by the potential difference applied between the A and Y 
electrodes throughout the address period. This means that as the 
potential difference between the A and Y electrodes is increased, 
the wall charge losses are increased. Accordingly, the efficient 
way to minimize the wall charge loss throughout the address 
period is to minimize the potential difference between the A and 
Y electrodes by raising the voltage level of Vy higher. However, 
as the voltage level of Vy is higher, the falling time from Vy to 
Vscanl is increased, thereby causing the address delay time to be 
longer. 
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Figure 4. Corresponding IR waveforms measured when five 
cases of address waveforms are applied to address electrode. 
 

 
Figure 5. Vt closed curve for after reset, case 1, and case 3. 
 

 
(a) Case 1                  (b) Case 3 

Figure 6. Voltage difference among three electrodes applied 
throughout address-period at measurement cell (768th line) (a) 
in full black pattern (case 1) and (b) in full white pattern (case 
3) 
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Figure 7. Changes in delay time relative to variation of Vy 
(=Vscanl + Vscanh) for three cases 1, 2, and 3. 
 

 
Figure 8. Double scan pulse constituted pre-scan pulse and 
scan pulse. 
 

 
Figure 9. Changes in the address discharge delay when 
adopting the proposed double scan pulse during an address-
period. 
 

3.2 Overlapped double scan pulse 
To minimize the address delay due to a falling time of the scan 
pulse, the double scan pulse is proposed, as shown in Fig. 8. The 
double scan pulse consists of a pre-scan pulse with a higher 
voltage level and scan pulse with a lower voltage level. The pre-
scan pulse can be overlapped with the pervious scan pulse because 

the magnitude of the voltage of the pre-scan pulse is small. 
Accordingly, the pre-scan pulse is applied simultaneously at the 
nth line at the application of the (n-1)th scan pulse. The resultant 
falling time of the proposed double scan pulse is much shorter 
than that of the conventional scan pulse. In Fig. 8, the voltage 
level of the pre-scan pulse, Vscanp, can be determined on 
condition that no address discharge is produced even at the 
application of the address pulse. The lowest value of Vscanp not 
to produce the misfiring discharge is -120 V in this study. Fig. 9 
shows the changes in the address discharge delay when adopting 
the proposed double scan pulse during an address-period. The 
address delay time is decreased even though the voltage level of 
Vy is increased. For the conventional scan pulse, the address 
delay is 1.12μs at Vy=40V (Vscanh=200V) in all cases as the 
falling voltage level is 200V at conventional scan pulse. However, 
for the proposed double scan pulse, the address delay is 0.9μs at 
40V (Vscanp= -120V and Vscanl= -160V) in all cases. 
 

4. Conclusion 
The realization of the uniform address discharge throughout an 
address period is an important factor for a high speed address. In 
this study, it is observed that the non-uniform address discharge 
results from the wall voltage variation during the address period. 
The Vt closed curve analysis confirms that the two factors 
inducing the wall voltage variation during an address period are 
the number of the applied address pulse and the voltage difference 
between the Y and A electrodes. The decrease in the wall voltage 
during an address period is unavoidable because the wall charge 
losses are induced by the potential difference applied between the 
A and Y electrodes throughout the address period. This means 
that as the potential difference between the A and Y electrodes is 
increased, the wall charge losses are increased. Accordingly, the 
efficient way to minimize the wall charge loss throughout the 
address period is to minimize the potential difference between the 
A and Y electrodes by raising the voltage level of Vy higher. The 
double scan pulse is proposed to reduce the address delay due to 
falling time of scan pulse. 
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