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Abstract 
The discharge characteristics of the face-to-face and 

coplanar sustain electrode structures in 42” full-HD grade 
test panel were investigated. The UV conversion efficiency 
(plasma efficiency) was calculated by the visible emission 
of 585 nm from the Ne and infrared emission of 823 and 
828 nm from Xe in the two different face-to-face and 
coplanar 6-inch test panels by using the digital photo meter 
(PR-920) and the spectrometer (diode array rapid analyzer 
system). The luminance efficiency of the face-to-face and 
coplanar sustain electrode structure were measured at a 
4 % Xe content and a pressure of 450 Torr, and driving 
frequencies of 100 kHz with a duty ratio of 40 %, 
respectively. As a result, the UV conversion efficiency 
(plasma efficiency) of the face-to-face sustain electrode 
structure was improved by about 1.64 to 1.84 times than the 
coplanar structure and the luminance efficiency of the face-
to-face structure was improved by about 2.03 times than the 
coplanar structure in the 42” full-HD grade AC-PDPs.  

1. Introduction 
The face-to-face cell structures have been suggested to 

improve the luminous efficiency of an ac-plasma display 
panel [1], [2]. The face-to-face sustain electrode structure 
has shown a high luminous efficiency due to the large gap 
discharge distance and the improvement of the 
transmittance for the visible emission caused by the 
elimination of the ITO electrode and the dielectric layer on 
the front panel. However, the comparison of discharge 
characteristics between the face-to-face and coplanar 
sustain electrode structures was still needed to understand 
the precise physical phenomenon of the face-to-face 
discharge. In this paper, the UV conversion efficiency 
(plasma efficiency) was analyzed by comparing the Ne 
emission intensity of 585 nm and the infrared intensity of 
823 nm and 828 nm for the face-to face and coplanar 
sustain electrode structures [3], [4]. In addition, the 
luminous efficiency of the face-to-face and coplanar sustain  
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 Fig. 1 Schematic diagram of the proposed face-to-face 
(a) and coplanar sustain electrode structure (b)   
 

electrode structures were measured. The UV conversion 
efficiencies and luminance efficiencies of both structures 
were also examined in the 6-in. test panel with a 42-in. full-
HD grade.  
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TABLE I.  Comparison of Specifications Between Proposed 
Face-to-face and Coplanar Sustain Electrode Structures. 

Discharge Gap

Face-to-face sustain
electrode structure

Coplanar sustain
electrode structure

300 m 70 m

Barrier-rib Width

Barrier-rib Height

Dielectric Layer Thickness

Cell Pitch

70 m

120 m

40 m

480 X 160 m

Gas Composition Ne-Xe (4%),  450 Torr
  

 
2. Experiment 

Figs. 1 (a) and (b) show the schematic diagram of the 
proposed face-to-face and coplanar sustain electrode 
structures used in the current study, and the detailed 
specifications for both structures are listed in Table 1. The 
sustain electrodes of the face-to-face structure were 
immersed within the barrier ribs fabricated by the sand 
blasting method, as shown in Fig. 1 (a). As shown in Fig. 1 
(b), the coplanar sustain electrodes consist of the opaque 
bus electrode made from the Ag paste and the transparent 
ITO sustain electrodes. For both structures, the vertical and 
horizontal cell pitches for a single subpixel were 480 and 
160 μm, respectively. The height of the barrier rib was 120 
mm and the thickness of the dielectric layer was 40 μm. An 
MgO protective layer with a thickness 0.7 μm was then 
deposited on the dielectric layer. The distance between the 
discharge gaps was 300 μm for the face-to-face sustain 
electrode, and 70 μm for the coplanar sustain electrode. The 
gas mixture of Ne-Xe (4 %) was filled under a pressure of 
450 Torr in the 6-in. test panel.  

The measurement system consists of two 6-inch test 
panels (i.e., a test panel with face-to-face sustain electrode 
structure, and a test panel with coplanar electrode 
structure), the spectrometer (diode array rapid analyzer 
system) and a Digital Video Photo-meter (PR-920). The 
driving circuit system consists of the driving circuit, power 
supply and signal generator. The sustain electrodes, X and 
Y are supplied by the electrical pulses generated from the 
driving circuit, and the resultant sustain pulses, Vx and Vy 
are alternately applied at a driving frequency of 100 kHz 
with a duty ratio of 40 %. 

  

3. Results and Discussion 
Fig. 2 shows a spatial profile of the visible emission (Ne) 

and infrared (Xe) from the single subpixel of the test panel 
measured by the photometer (PR-920). In this work, the 
open mode of Digital Video Photo-meter was used, which 
meant that the Ne, and IR emission was integrated during 
an exposure time of 2ms. An optical filter whose center 
frequency was 585 nm for the Ne-line, and 823 nm, and 828 

nm for the IR-line, was used. As shown in Fig. 2 (a), the Ne 
visible (585 nm) emission (i) and Xe infrared (823 nm and 
828 nm) emission (ii and iii) was measured in the face-to-
face sustain electrode structure. As shown in Fig. 2 (b), the 
visible (i) and infrared emissions (ii and iii) were measured 
in the coplanar sustain electrode case. For the coplanar 
structure, the intensity of the IR emissions (823 and 828 
nm) showed about a value of 4, as shown in Fig. 2 (b). 
However, for the face-to-face sustain electrode structure, 
the IR emission intensity values (823 and 828 nm) showed 
about a value of 10 in the middle of discharge area, as 
shown in Fig. 2 (a).  

Fig. 3 shows the intensities of the visible (Ne: 585 nm) 
and infrared (Xe: 823 and 828 nm) emission measured by 
the spectrometer (diode array rapid analyzer system: 
DARSA PRO-500), where the spectrometer can detect the 
light intensity per wavelength ranging from visible to IR   
in a large area of the test panel. For both structures, the 
intensities of the VIS (Ne) emission had similar tendency, 
as shown in Fig. 3 (a). However, the intensities of the IR 
(Xe) emission in the face-to-face sustain electrode structure 
was increased about 2 times than those of the coplanar 
sustain electrode structure, as shown in Fig. 3 (b).  

Fig. 4 shows the UV conversion efficiency (plasma 
efficiency) of the face-to-face and the coplanar sustain 
electrode structure. In Fig. 4 (a), the UV conversion 
efficiency was calculated by integrating the IR (Xe)/VIS 
(Ne) distribution in Fig. 2. In Fig. 4 (b), the UV conversion 
efficiency was calculated by integrating the IR (Xe)/VIS 
(Ne) distribution in Fig. 3. As a result, the UV conversion 
efficiency (plasma efficiency) of the face-to-face sustain 
electrode structure was improved by about 1.64 times in 
Fig. 4 (a), and by about 1.84 times in Fig. 4 (a), than that of 
the coplanar structure.  

Figs. 5 (a) and (b) show the luminance and luminous 
efficiency characteristics for both structures. As shown in 
Fig. 5 (a), the luminance of the face-to-face structure was 
improved by about 2 times than that of the coplanar 
structure. As the driving voltage was increased, the 
luminance was increased in the coplanar structure. On the 
other hand, the luminance of the face-to-face structure 
remained almost constant irrespective of the increase in the 
driving voltage. For the coplanar structure, the discharge 
area is spread toward the phosphor layer in proportion to 
the increase in the driving voltage. For the face-to-face 
structure, however, the discharge area would be not spread 
toward the phosphor layer but confined into the space 
between the two face-to-face electrodes.    

Fig. 5 (b) shows the changes in the luminous efficiency 
with a sustain voltage for both structures. The luminous 
efficiencies of the face-to-face and coplanar structure were 
shown to be 0.68 lm/W and 0.33 lm/W, at a sustain voltage 
of 210 V of a driving frequency of 100 kHz, respectively. 
As the driving voltage was increased, the decrease rate of 
the luminous efficiency was larger for the face-to face 
structure, as shown in Fig. 5 (b).   
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(ⅰ ) 100kHz/210V/585nm 

  

 
(ⅱ ) 100kHz/210V/823nm 

  

 
(ⅲ ) 100kHz/210V/828nm 

  
(a) Coplanar sustain electrode structure 

  

 
(ⅰ ) 100kHz/210V/585nm 

  

 
(ⅱ ) 100kHz/210V/823nm 

  

 
(ⅲ ) 100kHz/210V/828nm 

  
(b) Face-to-face sustain electrode structure 

Fig. 2. Spatial profiles of visible emission (Ne) and infrared (Xe) from single subpixel of  test panel using digital photo meter. 
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(a)   585 nm                                                                         (b) 823 and 828 nm

Fig. 3. Intensities depending on the wavelength of visible (Ne) and infrared (Xe) emission measured by spectrometer.  
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 (a) Digital photo meter                                                             (b) Spectrometer

Fig. 4. UV conversion efficiencies for both structures: face-to-face and coplanar sustain electrode structures.  
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         (a) Luminance                                                                                    (b) Luminous efficiency 

Fig. 5. Luminance and luminous efficiency characteristics for both structures: face-to-face and coplanar sustain electrode 
structures. 

 

As a result, the UV conversion efficiency of the face-to-
face sustain electrode structure was improved by about 1.64 
to 1.84 times than the coplanar structure and the luminance 
efficiency of the face-to-face structure was improved by 
about 2.03 times than the coplanar structure in the 42” full-
HD grade AC-PDPs. 
 

4. Conclusion 
The UV conversion efficiency (plasma efficiency) of the 

face-to-face and coplanar sustain electrode structure was 
observed by the digital video photometer and the 
spectrometer and the UV conversion efficiency was 
analyzed by IR (Xe)/VIS (Ne) ratio. In addition, the 
luminous efficiency of the face-to-face and coplanar sustain  
electrode structure were measured in the 42” full-HD grade 
AC-PDP test panel in this study. As a result, The UV 
conversion efficiency of the face-to-face sustain electrode 
structure was improved by about 1.64 to 1.84 times than the 
coplanar structure, the luminance efficiency of the face-to-
face structure was improved by about 2.03 times than the 
coplanar structure.   
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