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Abstract 
This paper proposes a cross-shaped cell structure employing an 
auxiliary address pulse driving scheme for the high luminous 
efficiency of AC-PDP. The discharge characteristics of the 
conventional stripe-type and cross-shaped cell structures are 
compared under a sustain driving frequency of 50 kHz in the 6-
inch test panel with a pressure of 450 Torr and a 10 % Xe-content 
gas mixture. The cross-shaped cell structure shows a higher 
luminous efficiency than the conventional stripe-type cell structure 
in conventional driving scheme. As result of adopting an auxiliary 
address pulse driving scheme, the luminous efficiency of the cross-
shaped cell structure increases by about 44 % (2.38 lm/W) than 
that of the conventional case (1.64 lm/W) under 10 % Xe partial 
pressure. 
 

1. Introduction 
Despite the predominant position in the flat panel large screen (> 

40 inch) digital television market, plasma display panels (PDPs) 
have still a low luminous efficiency. To solve this problem, many 
researches, such as an optimization of gas chemistry including a 
high Xe %, a development of a new driving scheme and cell 
structure, have been carried out enthusiastically. First of all, the 
cell structure is an important factor for improving the luminous 
efficiency. Recently, the high efficient cell structures such as the 
delta pixel structures have been suggested to improve the 
luminous efficiency of ac-PDP [1, 2, 3]. The delta pixel structures 
can reduce a non-discharge area and simultaneously extend a 
discharge area. Thus, these types of the cell structures show a high 
luminous efficiency due to the maximal use of the discharge area 
and the enlargement of the open area for the visible emission. 
However, the discharge characteristics under the high Xe % [4] 
and the sufficient driving margin conditions needs to be further 
studied.  

In this paper, a cross-shaped cell structure employing an 
auxiliary address pulse driving scheme [5] is proposed to improve 
the luminous efficiency of ac-PDP. The luminance and luminous 
efficiency of the new cross-shaped cell structure are compared 
with those of the conventional case under 10 % Xe-content gas 
mixture. In order to investigate the microdischarge characteristics 
reltive to the auxiliary address pulse, the images of the IR emitted 
from the cross-shaped cells are measured by the ICCD camera. 
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Fig. 1. Schematic diagram of cross-shaped cell structure. 
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2. Experiment 
Fig. 1 (a) shows a schematic diagram of the proposed cross-shaped 
cell structure. The vertical and horizontal cell pitches for a single 
pixel were 1080 µm and 360 µm, respectively. The height of the 
barrier rib was 120 µm and the width of the rib was 80 µm. An 
MgO protective layer with a thickness 0.5 µm was then deposited 
on the dielectric layer. As shown in Fig. 1 (a), the bus electrodes 
were placed on the top of the barrier-ribs to enlarge the open area 
for the visible emission and the patterned T-shaped ITO [6] 
sustain electrodes were arranged along the cell structure. The 
barrier ribs of the test panel were fabricated by a sandblasting 
method. Fig. 1 (b) shows the detailed specification of one cell in 
the cross-shaped cell. As shown in Fig 1. (b), the cross-shaped cell 
has 12 side walls, so that it has a wider phosphor area than that of 
the conventional cell. As a result, the phosphor area of the cross-
shaped cell increases about by 15 % compared with that of the 
conventional case. Furthermore, the effective discharge area of the 
cross-shaped cell structure increases about over by 30 %, by 
eliminating the non-discharge area that exists in the conventional 
cell. 
 

 
Fig. 2. Schematic diagram of experimental setup. 
 

Fig. 2 shows a schematic diagram of the optical and electrical 
system for measuring the luminance and power consumption in 
the 6-inch test panel utilized in this study. This measurement 
system consists of a 6-inch test panel, a driving circuit system, an 
amperemeter, a color analyzer, an oscilloscope, and an ICCD 
camera. The conventional cell structures were fabricated in the 
upper half of the test panel, whereas the proposed cross-shaped 
cell structures were fabricated in the lower half of the test panel. 
The driving circuit system consists of two driving circuits (A and 
B) and two power supplies P1, P2. The sustain electrode X and Y 
is supplied electrical pulses from the driving circuit (A) and also 
the address electrode Z is supplied electrical pulses from the 
driving circuit (B). The P1 is the power supply for applying the 
voltage pulses to the sustain electrodes X and Y. The P2 is the 
power supply for applying the voltage pulses to the address 
electrode Z. The sustain circuit consists of a driving circuit (A), 
power supply P1 and the address circuit consist of a driving circuit 
(B), power supplies P2 are individually manufactured in order to 
investigate the effects of voltage pulses Vz, applied to the Z 
electrode during a sustain-period. The digital amperemeter (a) 
measure sustain current flowing through the sustain electrodes X 
and Y, during a sustain-period in the line between the driving 
circuit (A) and the power supply P1. The digital current meter (b) 

also measure the address current flowing through the electrode Z, 
in another line between the driving circuit (B) and the power 
supply P2, as shown in Fig. 2. The luminance of the visible lights 
emitted from the 6-inch test panel is measured using a color 
analyzer (CA-100). The gas mixture of Ne-Xe 10 % is filled under 
pressure of 450 Torr in the 6-inch test panel. Only the green 
phosphor layers are deposited. 

3. Results and Discussion 
Fig. 3 shows the luminous efficiency characteristics depending on 
the sustain voltage at the 10 % Xe-content gas mixture. Compared 
with the conventional structure, the cross-shaped cell structure 
shows the higher luminance and luminous efficiency. This 
tendency is due to the increase of the effective phosphor area in 
the cross-shaped cell structure. If the effective phosphor area 
increases, the visible conversion rate of the phosphor will increase 
with an increase in the intensity of the VUV. The Cross-shaped 
cell has also a lower sustain voltage margin (165 V ~) than that of 
the conventional case (175 V ~) in the case of 10 % Xe. This 
phenomenon is due to the longer ITO path (500 µm) at the center 
of the cross-shaped cell. The longer ITO path of the middle of 
discharge cell causes the more active electric field environment. 
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Fig. 3. Comparison of luminous efficiency characteristics 
depending on sustain voltage at 10 % Xe. 
 
 

 
Fig. 4. Voltage waveforms applied to test panel in case of 
adopting auxiliary address pulse driving scheme. 
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Fig. 5. Comparison of IR waveforms.  
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Fig. 6. Changes in sustain and address discharge current as  
function of auxiliary address pulse. 
 
Fig. 4 shows the voltage waveforms Vx and Vy in the case of 
applying the auxiliary address pulse Vz to the address electrode 
(Z) during a sustain-period. The amplitudes of the sustain pulses 
applied to the two sustain electrodes, Vx and Vy were 170 V in 
the cross-shaped cell and 180 V in the conventional cell, 
respectively. The sustain voltage difference (about 10 V) between 
both cell structures is due to the different voltage margin, as 
shown in Fig. 3. Vx and Vy with a duty ratio of 40 % are applied 
at frequency of 50 kHz. The amplitudes of address pulse, Vz are 
varied at the intervals of 10 V from 0 V to 90 V, whereas the 
auxiliary pulse width of is fixed for 600 ns.  
 
Fig. 5 shows the sustain voltage waveforms and IR Intensities in 
the cases of the cross-shaped cell structure employing an auxiliary 
address pulse of 70 V and the conventional cell employing the 
conventional driving waveform without an auxiliary pulse, 
respectively. As shown in Fig. 5, the peak intensity of IR 
waveform emitted from the cross-shaped cell is shifted left and is 
higher than that emitted from the conventional cell, indicating that 
the sustain discharge of the cross-shaped cell is produced fast and 
efficiently at 10% Xe condition. Fig 6 shows the changes in the  
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Fig. 7. Luminous efficiency characteristics as function of 
auxiliary address pulse. 
 
sustain discharge current and the address discharge current as a 
function of auxiliary address voltage pulse. The sustain and 
address currents with respect to the variation in the auxiliary 
address pulse showed the same tendency irrespective of the types 
of the cell structures: as the auxiliary address pulse increased from 
0 V to 90 V, the sustain current was decreased  gradually, whereas 
the address currents increased gradually.  
 
Fig. 7 shows the luminous efficiency characteristics depending on 
the amplitude of the auxiliary pulse. The luminous efficiency in 
the case of the cross-shaped cell employing an auxiliary address 
driving scheme was improved more than that of the conventional 
cell. In the cross-shaped cell structure, at a sustain voltage of 170 
V, the luminous efficiency showed about 2.1 lm/W at the auxiliary 
pulse of 0 V, and about 2.4 lm/W at the auxiliary address pulse of 
70 V. When the sustain voltage increased to 180 V, the luminous 
efficiency showed about 1.9 lm/W at the auxiliary address pulse of 
0 V, and about 2.2 lm/W at the auxiliary address pulse of 60 V. 
Moreover, the luminous efficiency of the conventional structure 
has also a peak value 1.8 lm/W at the vicinity of the auxiliary 
address pulse of 60 V, and then decreased with an increase in the 
auxiliary address pulse. As the amplitude of the auxiliary address 
pulse increased, the increase rate of the luminous efficiency in the 
cross-shaped cell was found to be higher than that in the 
conventional cell. When compared with the conventional driving 
method, an auxiliary address pulse driving scheme contribute to 
the increase of space charges in the discharge cell. In addition, the 
short address pulse can attract the negative charges such as 
electrons toward the address electrode, thereby resulting in an 
additional excitation. In this case, the cross-shaped cell structure 
with a large effective phosphor area shows a higher luminous 
efficiency. 
  
Fig. 8 shows the IR emission images measured from the top of the 
test panel by the ICCD camera. In this work, the shutter mode of 
ICCD camera was used, which means that the IR emission was 
integrated during a exposure time of 20 ms. An Optical filter 
whose center frequency was 828 nm and band width was 10 nm 
was used. The amplitudes of the address pulses were applied from 
0 V to 90 V at a constant pulse width of 600 ns.  
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              (a) 0 V                                   (b) 10 V                              (c) 20 V                              (d) 30 V                               (e) 40 V 

     
              (f) 50 V                                 (g) 60 V                               (h) 70 V                             (i) 80 V                               (j) 90 V     
 

 
 

Fig. 8. IR emission images emitted from cross-shaped cells with various amplitudes of auxiliary address pulses. 

  
 
As shown in Fig. 8, at the auxiliary address pulse less than 40 V, 
the behavior of the IR emission in the cross-shaped cell was 
changed little. However, as the auxiliary address pulse increased 
over 50V, it was observed that the IR emission intensity was 
intensified toward the address electrode. It was also observed that 
the intensified area of the IR emission intensity shrank at the 
auxiliary address pulse greater than 80 V. 

4. Conclusion 
The development of the high luminous efficiency (5 lm/W) AC-

PDP has been the most important issue in the current PDP 
technology. The cross-shaped cell structure employing an 
auxiliary address pulse driving scheme is proposed to obtain the 
high luminous efficiency of AC-PDP. As a result, the luminous 
efficiency of the cross-shaped cell structure increases by about 
44 % (2.38 lm/W) than that of the conventional case (1.64 lm/W) 
under 10 % Xe partial pressure. 
 
 
 
 
 
 
 
 
 
 
 

 
 

5. References 
[1] Y. Hashimoto et al,”High-Luminance and Highly Luminous-

Efficient AC-PDP with DELTA Cell Structure” SID'01 
Digest, pp. 1328-1331, 2001. 

[2] C. K. Yoon et al, “Optimization of Delta Color Array for 
High-Definition PDP with High-Efficient Hexagonal Array 
Structure” SID'03 digest, pp.140-143, 2003 

[3] C. K Yoon et al, “High luminance and efficiency AC-PDP 
with segmented electrode in delta color arrayed rectangular 
subpixels”, IDW’00, pp.627-630, 2000 

[4] T. Yoshioka et al, “A high luminance and high luminous 
efficiency AC-PDP using high Xe-content gas mixtures” 
IDW'00, pp.611-614, 2000 

[5] Sang-Hun Jang et al, “Improvement of Luminance and 
Luminous Efficiency Using Address Voltage Pulse During 
Sustain-Period of AC-PDP,” IEEE Trans. Electron Devices, 
vol. 48, pp. 1903-0910, 2002. 

[6] T. Nishio et al, “High-Luminance and High Definition 50-in.-
Diagonal Co-Planar Color PDPs with T-Shaped Electrodes” 
SID'99 digest, pp.268-271, 1999 

 
 
 

SID 04 DIGEST  •  515SID 04 DIGEST  •  517


