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Abstract 
The efficacy improvement issues in a unit discharge cell 

have been approached from the structural considerations. 

The tested cell designs include (a) a coplanar type with 

annular auxiliary electrode buried in barrier ribs, (b) a 

coplanar type with split auxiliary electrodes also burred in 

barrier ribs and (c) a coaxial type with a floating electrode 

stacked on the base electrode. From spatiotemporally 

resolved optical images of near-IR emission taken by a 

gated-ICCD camera and relative VUV emission intensity 

estimated by laser absorption spectroscopy, the differences 

in the discharge and light emission performances of those 

three cell types have been compared and discussed. 
 

 

1. Introduction 

 

The most crucial issue on a PDP is the improvement 

of its luminous efficacy aiming at 5 lm/W level in a 

hard competition with an LCD. In the approach from 

discharge physics side, there are two possible methods 

which have been tried up to now. One is the search for 

materials with higher secondary electron emission (γ) 

coefficient and the other is the structural design for 

improving the spatiotemporal behaviors of micro- 

discharge in a unit cell. We have been pursuing the 

second approach with a variety of cell structures with 

or without auxiliary electrodes. In this talk I would 

like to introduce some typical examples of our 

research results.    
 

 

2. Coplanar discharge cell with annular 

auxiliary electrode 
 

The first structure we have tested is a coplanar type 

discharge cell with annular auxiliary electrode buried 

in burrier ribs as shown in Fig.1.1) Two layers of 

 

 

Fig.1. Schematic structure of coplanar discharge 

cell with annular auxiliary electrode.  

 

auxiliary electrodes are buried in the barrier ribs 

surrounding the discharge volume. Since the thickness 

of one layer is thin, we used two sheets, which are 

electrically connected together outside of the panel in 

order to increase the effective charge accumulating 

capacitance. We tested two driving schemes; in Case 1 

the auxiliary electrode was floated and in Case 2 a 

pulsed voltage, Va, was applied synchronously  
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(a) Case 1 with Vs = 210 V 

(b) Case 2 with Vs = Va = 180 V and τa = 1 μs 
 

Fig.2. Spatiotemporal image of near-IR emission 

from Xe*(2p) atoms taken by gated-ICCD camera. 

 

with the voltage pulses onto the sustain electrodes, Vs1 

and Vs2, at those rising phase. (Therefore, the 

frequency of the auxiliary pulsed voltage was twice of 

Vs at each sustain electrode.) The width τa was varied 

from 0.5 to 2.0 μs, while the width and the period of 

Vs were 10 μs and 24 μs, respectively. The filling gas 

was a mixture of Ne and Xe(10%) and the total 

pressure was 450 Torr. 

Spatiotemporal images of the near-IR emission from 

excited Xe*(2p) levels were taken by a gated-ICCD 

camera from the back side. The results are shown in 

Fig.2 (a) and (b) for Case 1 and Case 2, respectively. 

In Case 1, the images are quite similar to the 

previously observed result with a typical coplanar 

structure without the auxiliary electrode. However, in 

Case 2 it is seen that the discharge start at the side 

edges of the cell between the lower (temporally 

cathode) sustain electrode and the auxiliary electrode, 

and then propagate to the upper sustain electrode with 

striated structures. At the fall time of Vs a weaker 

discharge appears in the middle part of the cell 

between the sustain electrodes. 

Measured results of metastable Xe*(1s5) atoms in 

those two cases by laser-absorption spectroscopy 

(LAS) are shown in Fig.3. The spatiotemporal 

behaviors of the metastable-atom density show 

characteristic features similar to the near-IR emission, 

although the measurement was partially masked by 

the opaque bus electrodes (shown by brown bars).  

(a) Case 1with with Vs = 210 V 

(b) Case 2 with Vs = Va = 180 V and τa = 1 μs 

 

Fig.3. Spatiotemporal distribution of meta-

stable Xe*(1s5) atoms measured by LAS. 
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Fig.4. Production efficiency of metastable 

Xe*(1s5) atoms in four cases with different τa 

values plotted as a function of peak voltage of Vs. 

 

Due to the longer lifetime of the metastable atoms the 

density remains for a longer period and the sharp 

peaks are smeared out by the diffusion effect.  

From the spatial integration of meastable-atom 

density, its production rate can be estimated. Then the 

production efficiency can be derived by dividing with 

the input power estimated from the measured voltage 

and current forms. The results are shown in Fg.4 for 

four cases with different τa values notified in the inset. 

As compared to Case 1 (τa = 0), it is seen that the 

production efficiency has increased considerably by 

application of auxiliary pulses. 
 

 

3. Coplanar discharge cell with split annular 

auxiliary electrodes 
 

In the next step, we tried to split the ring-shaped 

auxiliary electrode, expecting a larger freedom to 

control the potential distribution around the discharge 

cell. The basic cell structure is the same as shown in 

Fig.1 except that the annular electrode in the barrier 

ribs is split in the middle with a gap of 100 μm, which 

is slightly larger than the sustain electrode gap of 80 

μm. There are a variety of conceivable operation 

modes with the revised structure.2) However, we 

decided to perform an orthodox method aiming at the 

enlargement of the volume of coplanar discharge with 

the help of the auxiliary electrode surrounding each 

sustain electrode. 

The time averaged near-IR emission patterns are 

shown in Fig.5, which were measured without (Case 

1) and with (Case 2) application of Va without and 

with the external connection of each sustain electrode 

with the auxiliary electrode on the same side.  

Fig.5. Time averaged spatial distribution of near-

IR emission from Xe*(2p) atoms in two cases. 

 

As noticeably seen from the difference of the 

appearance in the figure, the spatial distribution in  

(a) Case 1 with Vs = 190 V 

(b) Case 1 with Vs = 210 V 
 

Fig.6. Spatiotemporal distribution of meta-

stable Xe*(1s5) atoms measured by LAS. 
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Case 2 is extended to (or more strongly concentrated 

along) the auxiliary electrode by the application of the 

same potential (Vs = Va). 

The corresponding spatiotemporal distributions of 

metastable Xe*(1s5) atoms are shown in Fig.6. Both 

the results in Figs. 5 and 6 depict similar tendency in 

spatial distribution, although the temporal behavior 

differ as noted before.  

The production efficiency derived by the same 

procedure is shown in Fig.7 in a comparison of both 

cases. The efficiency in Case 2 is also larger than that 

of Case1. However, the difference is not so much as 

we have expected. The reason will be discussed later. 
 

 

4. Coaxial structure with floating electrode 
 

Thirdly, we tried a coaxial structure with a square 

floating electrode within the well of the top electrode, 

being stacked on the dielectric barrier of the bottom 

electrode as shown in Fig.8. Both the top electrode  

Fig.8. Schematic structure of coaxial cell with 

inner floating electrode. 

Fig.9. Spatiotemporal behavior of optical emission 

in Ne discharge with several values of gas pressure. 

and the floating electrode were covered by dielectric 

material to prevent the ion sputtering.  

The spatiotemporal behaviors of optical emission 

from excited Ne atoms are shown in Fig.9 at several 

values of the filling gas pressure. It is very interesting 

to see that the discharge mode changes as the pressure 

decreases toward the Paschen minimum. That is to say, 

the blight spot tends to stay always on the floating 

electrode irrespective of the polarities of the applied 

voltages on the bottom and outer electrodes. This 

newly found operation mode may be favorable if this 

structure is applied to a unit cell of a PDP. 
 

 

5. Discussion 
 

Three different structures were tested for the efficacy 

improvement of a PDP. In the first two structures the 

noticeable effect of the auxiliary (third) electrode was 

observed when the pulsed voltage was applied onto 

the third electrode synchronously with the sustain 

voltage. We expected the largest effect on the split 

auxiliary electrode structure, but the result was not so 

much. When we examine the spatial distribution of 

excited Xe atoms, we see the concentrated distribution 

around the auxiliary electrode. It suggests that the 

effect of the third electrode is too much at our present 

operation condition. Thus, we have to try to reduce the 

peak height or optimize the timing and the width of 

the applied voltage Va towards higher efficacy. The 

third structure, which we originally developed for 

other purposes, may be worthwhile to apply to actual 

PDP cell design. 
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