
Abstract
We have measured the excited Xe atoms density in 

the 1s5 metastable states by laser absorption 
spectroscopy in counter discharged type AC-PDP. 
This experiment has shown the characteristic of the 
excited Xe atoms density which is relation to the 
visible light efficiency of PDP. The density of 
counter discharged AC-PDP have measured to be 
9.47 1013 cm-3. The result has been shown to 
higher value than 1.45 1013 cm-3 of conventional 
AC-PDP. 

1. Introduction

PDP uses the phosphor luminescence by VUV 
photons emitted from the excited Xe atoms in 
discharge plasma. Conventional type AC-PDP using 
co-planar discharge have several problems as low 
brightness, luminous efficiency and so on. Currently, 
many researchers have studied the advanced various 
structure to improve the efficiency.[1] One of the 
progressive type is counlter discharged AC-PDP. 
Figure 1 shows the schematic structures and 
dimension of the counter discharged AC-PDP in the 
experiment. The front plate doesn’t need ITO and 
dielectric layer which decrease the luminance. 
Because this panel is addition to the reflective 
phosphor structure on the rear plate and phosphor 
layer on the front plate, the luminance can be 
improved. [2] We have measured the spatiotemporal 
behavior of excited Xe atoms density for the 1s5
metastable states in counter discharged type AC-PDP.  

2. Experimental  

The surface discharged alternating current plasma 
display panels uses the photoluminescence 

phenomena of phosphors excited by VUV (Vacuum 
Ultra Violet) from mixture gas included.

Fig. 1.  Counter discharge type AC-PDP 

The xenon atoms in the 1s5 metastable state 
generate 173 nm of VUV light in Xe plasma. The 
intensity of VUV 173 nm emission is proportional to 
that of the IR 823 nm emission. We have studied the 
excited Xe atoms density in AC-PDP by laser 
absorption spectroscopy (LAS).[3] The basic 
parameter of excited Xe atoms density is connected 
with high luminous efficiency from AC-PDP. Figure 2 
is schematics of laser absorption spectroscopy used in 
this experiment. 
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Fig. 2. The schematic of laser absorption 
spectroscopy 

The tunable diode laser system consist of current, 
temperature, and piezoelectric-transducer (PZT) 
controllers. For making fine-frequency adjustments, 
ramp modulation signal with 10 Hz generated from 
function generator apply for the PZT controller. The 
laser diode’s output frequency is swept in 0.032 nm 
per one voltage by the PZT controller. In this 
experiment, the scanning laser frequency of interest is 
less than 20 GHz. For the whole absorption line 
profile of Voigt broadening in AC-PDP, 1.4 V from 
function generator in applied to the PZT controller 
under center wavelength of 823.1 nm. [4] The 
measurement of absorption signal is based on the 
determination of absorption coefficient kv from the 
spectral intensity

)exp(0 xkII vv            (1) 
Which is transmitted through an absorption path 
length x, where I0 and Iv are the incident IR probe 
beam intensity, respectively. An absorption path 
length x is the height of test panel’s barrier rib and kv , 
obtained from –(1/x)ln(Iv/I0), is the absorption 
coefficient per unit length over the scanning frequency. 
When the IR probe beam with Iv is incident on a PDP 
cell, it occurs absorption from the 1s5 metastable state. 
The level N1 of excited Xe density expressed as  
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where 0 is center wavelength which is occurring the 
maximum absorption, g1 and g2 which are the 
statistical weights of the lower and upper levels of the 
transition.[5] A21 is probability per second of a 
spontaneous jump from upper level to the lower level. 

d is Doppler width, H is correction factor and k0
` is 

maximum absorption coefficient in PDP cell. The unit 
of N1 in Eq. (2) is in cm-3 and 0 is in unit of cm. The 
absorption coefficient kv in Eq. (2) shows pressure 

broadening voigt profile over the scanning frequency 
range.

Fig. 3. Voigt absorption line profile in the 1s5 
metastable state. 

Figure 3 shows pressure broadening of Voigt 
absorption line profile 823.1 nm in center wavelength 
for excited Xe atoms in the metastable (1s5). This 
pressure broadening line width is measured to be 9 
GHz in the 1s5 metastable states. We have observed 
the spatio-temporal behavior for metastable states Xe 
atoms in Counter discharged type AC-PDP which 
have dimension and structure shown figure 1.  

3. Results and discussion 

Figure 4 is shown before and after discharge image 
in Counter discharged type AC-PDP. The PDP cell has 
been operated by square pulse 208V of the driving 
frequency 35 kHz with the duty ratio of 25 %. And the 
discharge space between front and rear panel was 
filled by mixture gas of Ne-Xe (10%) with pressure of 
460 Torr. To transmit the IR laser beam, rear glass has 
not been used addressing electrodes and phosphor. 

Fig. 4. The discharge image of Counter discharged 
type AC PDP cell. 

It will be able to confirm the discharge features which 
happen with bus electrode surroundings. The 823 nm 
laser beam with 30 um diameter size was incident upon 
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one cell in this panel. We obtained the absorption 
signals for each scanning point shown to figure 5 in 
PDP cell.  

Fig. 5. The scanning points.

The voltage signal shown figure 6 represent to the 
result after laser absorption for plasma discharge. 

Fig. 6. The voltage signal of laser absorption. 

We are able to express the spatiotemporal behavior 
from the intensity which is transmitted through 
discharge space in PDP cell. Figure 7 shows the 
spatiotemporal behavior of excited Xe (1s5) atoms 
density from 420 ns to 2400 ns. The Xe atoms density 
comes in sight beside the anode at 460 ns. At 820 ns, 
the density is measured to be maximum 9.47 1013 cm-

3 and decay until 2.5 us. The maximum excited Xe 
atoms appeared to the earlier time than 1us of co-planar  
electrode type. But, the decay time was the same as 2.5 
us in case of both the counter discharged and co-planar 
electrode type.[6] The excited Xe atoms decayed more 
quickly at anode region than cathode. The excited Xe 
locally crowed around the barrier rib which is included 
sustain electrode, and then spread out toward inside of 
discharge unit cell. Figure 8 is time integrated IR 
emission image. It appeared the same pattern of the 
spatiotemporal behavior of Xe atom density.  

Fig. 7. Spatiotemporal behavior of excited Xe (1s5)
atoms density. 

Fig. 8. IR emission image 
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4. Summary

 The Xe atoms maximum density of Counter 
discharged type was 9.47 1013 cm-3. This value is 
much higher than 1.45 1013 cm-3 of co-planar 
electrode type.[7] The discharge pattern appeared 
around barrier rib which is included sustain electrode. 
This result can give the important influence on the 
visible light efficiency. 
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