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ABSTRACT 
In this paper, two experiments were performed. One 

is that a Xe gas content is changed to increase luminance, 
the other is that an exhaust method is changed to 
decrease discharge voltage. As a result, if a Xe gas 
content was increased, discharge efficiency was 
improved. But, discharge voltage was increased. In 
order to improve this discharge voltage rise, high 
temperature exhaust method was employed by raising 
20  than conventional exhaust temperature. Through 
this, the electrical and optical characteristics could be 
improved by reducing absorbed impurity gas including  
an organic ingredient in panel. If a Xe gas content was 
changed from 11% to 25%, discharge efficiency was 
improved about 30% or more, and it was improved about 
6% by high temperature exhaust method than 
conventional temperature exhaust method. 

 

1. INTRODUCTION 
Recently, one of the items which shall improve 

urgently in AC-PDP technology is to increase discharge 
efficiency. There are two following ways in order to 
increase discharge efficiency. One is to increase 
luminance, the other is to decrease discharge voltage.  
Generally, one of the technologies to raise luminance is 
to raise Xe gas contents. But, if a Xe gas is increased, 
discharge voltage is simultaneously increased, too. So, in 
order to improve discharge voltage rise, another new 
technology is required. On the other hand, to improve a 
luminous efficiency, it is important to study about 
optimization of cell structure, and a driving waveform 
suitable under a mixed gas. In addition, sealing and 
exhaust process is important so as to assembly panel and 
to exhaust impurity gas in panel to outside [1]~[2]. 
Currently, a generalized sealing and exhaust process is 
as follows. After assembling front and real panel in 
which each structure was formed, they were sealed in 
atmospheric pressures. And then, impurity gas in the 
panel inside was exhausted to outside from exhaust tips 
located to the edge of panel using a vacuum pump. 
Therefore, purity of the panel after exhausting is affected 
by pumping conductance in a panel like barrier rib 
structure. But also it more greatly affected by exhaust 
efficiency to exhaust effectively impurity gas generated  

 

 (a)                   (b) 
 
Fig. 1. Detailed temperature and pressure profile of 
(a)conventional temperature exhaust method(CTEM) 
and (b) high temperature exhaust method(HTEM) 
employed in this research. 
 
 
from panel inside. Accordingly, minimizing the impurity 
gas is closely related to the exhaust process. In particular, 
oxygen contents of impurity gases affect the MgO 
surface state after sealing and exhausting. Thus, 
discharge characteristics of panel are changed according 
to degree of panel purities during exhaust process. For 
this reason, a high temperature exhaust method (HTEM) 
is proposed in order to improve exhaust efficiency and to 
reduce effectively impurity gas of panel inside.  
 
 

2. EXPERIMENTAL SETUP 

High temperature exhaust method (HTEM) means 
that the exhaust temperature during exhausting process 
is raised in comparison with the former exhaust 
temperature. Fig. 1 shows detailed temperature and 
pressure where (a) is conventional temperature exhaust 
method (CTEM) and (b) is high temperature exhaust 
method (HTEM). As shown in Fig. 1, after 5 hours, 
exhaust process temperature of HTEM was higher by 
about 20  than that of CTEM. In two cases, all 
conditions such as MgO evaporation and seal process 
conditions were exactly the same except the temperature 
condition of exhaust process. 

In this paper, two experiments were carried out. One 
was to improve the luminous efficiency by changing Xe 
gas contents (11, 15, 20, and 25 %), whereas the other  
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Table 1. Specifications of seal frit materials used for 
this experiment. 
 

Items Seal Frit 
Average particle size (D50) 4.5  

Specific gravity 6.5 

CTE 69 
Transition temperature(Tg) 350  

Softening temperature(Ts) 420  

Color Gray 
 

Table 2. Conditions of exhaust temperature and Xe 
gas contents employed in this research. 
 

Exhaust conditions Gas conditions 

Conventional 
temperature exhaust 

method 
(CTEM, 390 ) 

He-Xe(11%)-He(51%) 

He-Xe(15%)-He(51%) 

He-Xe(20%)-He(51%) 

He-Xe(25%)-He(51%) 

High 
temperature exhaust 

method 
(HTEM, 410 ) 

He-Xe(11%)-He(51%) 

He-Xe(15%)-He(51%) 

He-Xe(20%)-He(51%) 

He-Xe(25%)-He(51%) 
 

was to lower the discharge voltage by examining two 
different exhaust temperature (390 and 410 ). Table 1 
shows the specification of seal frit materials used for this 
experiment. Generally, temperature condition of an 
exhaust process is dependent on softening temperature 
point (Ts) of seal frit materials. Therefore, exhaust 
temperature should be set up in proper temperature by 
considering softening temperature point (Ts) of seal frit 
materials. Table 2 shows the various Xe contents under 
two different exhaust processes with different 
temperatures adopted in this experiment.  

 

3. RESULTS AND DISCUSSION 

First, we compared a change of Vt closed curve 
according to differences of CTEM and HTEM under 
each Xe gas content condition in order to analyze an 
influence of the two different exhaust methods on the 
firing voltage. As shown Fig. 2, there was difference of 
discharge firing voltage, but Vfxy and Vfay voltage were 
commonly independent of Xe gas contents. The 
discharge firing voltage of HTEM became lower than 
that of CTEM according to Xe gas contents. In order to 
analyze closely a decreased effect of discharge firing 
voltage for HTEM, Fig. 3 shows discharge firing voltage 
of red, green, blue each color patterns under exhaust 
method and Xe gas contents. First of all, there was some 
difference according to Xe gas contents and each red, 
green, blue color pattern, but Vfxy (discharge firing 
voltage of between X electrode and Y electrode) of 
HTEM became lower about 5~11V than that of CTEM. 
Also, in Fig. 3(b), Vfay of HTEM became lower about 
4~7V than that of CTEM. By the way, Vfya wasn t 

matched with the above results. Briefly, we confirmed 
that Vfxy and Vfay of HTEM became lower than that of 
CTEM, but Vfya wasn t the constant. 

  

 
(a)                    (b) 
 

 
           (c)                     (d) 
 
Fig. 2. Vt closed curve characteristics of CTEM and 
HTEM under (a) Xe 11%, (b) Xe 15%, (c) Xe 20% 
and (d) Xe 25% (a green color basis). 
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Fig. 3. Comparisons of each discharge firing voltage 
under Xe gas contents and each exhaust method (a) 
Vfxy, (b) Vfay and Vfya. 
 
 

These results were showed that the discharge firing 
voltage according to exhaust temperature affect more the 
MgO cathode discharge than the phosphor cathode 
discharge. These results can be logically explained by 
the TDS analysis that outgas the organic impurity gas 
from MgO surface of front panel and phosphor surface 
of rear panel. 
 
 

 
(a) 

 
(b) 

 
Fig. 4. Efficiency Comparison of (a) load ratio 100% 
and (b) load 30% under Xe gas contents and each 
exhaust method (HTEM and CTEM). 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 5. The TDS ingredient analysis results of front 
panel under each exhaust method, (a) H2O, (b) CO2 
and C4H7. 
 
    Fig. 4 shows the luminous efficiency for load ratio 
(100%, 30%) under different Xe gas contents and 
exhaust methods. Fig. 4(a) is the efficiency comparison 
of load ratio 100 % (i.e., full white), and Fig. 4(b) is that 
of load ratio 30% (load ratio being said most 
stochastically in case of dynamic image implication).  

The luminous efficiency characteristics of CTEM 
and HTEM were compared under Xe gas contents 
relative to the sustain voltage. The luminous efficiency 
including luminance and power consumption were 
measured by varying the sustain voltage by 5V from 195 
to 220 V. As expected, while a Xe gas content was 
increased at CTEM and HTEM without reference to load 
ratio conditions, the luminous efficiency was increased, 
too. Consequently, the luminous efficiency of HTEM 
was improved up to 6% than CTEM irrespective of Xe 
gas contents and load ratio conditions. From the exhaust 
viewpoint of absorbed impurity gas in the panel inside, 
these results give basic data that HTEM was more 
excellent than CTEM. Because of this, as shown in Fig.  
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Fig. 6. The TDS ingredient analysis results of rear 
panel under each exhaust method, (a) H2O, (b) CO2 
and C4H7. 
 
3, the discharge voltage was decreased, thus resulting in 
conjecturing that HTEM is more effective technology for 
the luminous efficiency improvement. The TDS 
(Thermal Desorption Spectroscopy) analysis was carried 
out in order to confirm that HTEM was effective in 
absorbing the impurity gas generated from panel inside. 
TDS was used to analyze absorbed impurity gas and 
organic impurities on surface of panel. At the same time, 
the gas mass analysis was possible when heating in 
vacuum state. In this experiment, the significant 
difference was analyzed regarding absorbed remaining 
gas and organic impurities between two panels, after 
destroying and sampling two 42-in test panels prepared 
by HTEM and CTEM. Analysis ingredient was H2O and 
CO2 as absorbed outgas, and C4H7 as organic impurities 
ingredient. Figs. 5 and 6 respectively show the results of 
analyzed TDS about the front panel and rear panel 
prepared by HTEM and CTEM. The total quantity 

difference of H2O and CO2 ingredient for each exhaust 
method in Figs. 5 (a) and (b) showed approximately 
below 5 %, meaning that this difference depended not on 
the exhaust method but on the sampling ways between 
panel samples. However, C4H7 as organic impurities 
ingredient was lower than that of total outgas molecular 
weight and its peak quantity of HTEM samples than that 
of CTEM samples under heating temperature ranges. 
Total outgas quantity data was compared with each rear 
panel under each exhaust method, and we can easily 
confirm that HTEM sample was decreased more 30 % 
than CTEM sample. This analysis data is well explained 
by the reason shown in  experimental results of Fig. 3 
that discharge firing voltage was decreased 
approximately 4~11 V in case of MgO cathode discharge 
(Vfxy and Vfay).  

Fig. 6 shows the results of analyzed TDS with rear 
panel prepared by HTEM and CTEM. The case of rear 
panel was almost the same behavior characteristics of 
outgas and organic impurities to HTEM and CTEM. 
Equally, as mentioned above, these analysis data was 
easily explained by the reason shown in experimental 
results of Fig. 3 that the discharge firing voltage under 
exhaust method had nothing to do with phosphor cathode 
discharge (Vfya). 

 

4. Conclusions 
The increase in the Xe gas content results in the 

improved discharge efficiency, but causing the discharge 
voltage rise. In order to improve this discharge voltage 
rise, the new exhaust process was proposed that raised 
20  than the conventional exhaust temperature. The 
high temperature exhaust method (HTEM) induced a 
decrease in the discharge voltage and simultaneously an 
improvement of discharge efficiency. The effect of 
HTEM shows it was effective when absorbed impurity 
gas including an organic ingredient on panel was 
exhausted to panel outside. Through this, the electrical 
and optical characteristics could be improved by 
reducing absorbed impurity gas including an organic 
ingredient on panel. In this paper, TDS(Thermal 
Desorption Spectroscopy) analysis is made to confirm 
the decreased effect of absorbed impurities in the panel 
by using HTEM. We measured absorbed impurity gas of 
front and rear panel by TDS analysis, and found out the 
cause of Vf decrease characteristics and discharge 
efficiency rise characteristics. 
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