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Abstract 
Plasma Display Panels (PDPs) have illustrated impressive 
results in terms of light emission efficiency of the Ne-Xe 
mixture compared with the He-Xe mixture. However, He-Xe 
has shown to achieve superior color purity. This paper 
presents the optimization of excitation efficiency and color 
purity for He-Ne-Xe ternary gas mixtures. Furthermore, we 
investigate the effect that a protective dielectric layer has 
on UV photon efficiency in a matrix known as electrode 
type PDP. 
 
 

1. Introduction 
 

Plasma display panel (PDP) is a promising 
technology for large screen, flat panel, wide viewing 
angel, suitable for high definition television (HDTV) 
and thin hang-on-wall display [1]. A PDP is 
essentially a collection of microcell fluorescent lamps.  
The visible light we perceive comes from the excited 
phosphor which is deposited on the walls of the 
microcells. The cells are filled with rare gases such as 
Ne-Xe or He-Xe mixture.   

In a color PDP, the Xe gas is an ultraviolet (UV) 
emitter, simulating the phosphors to radiate visible red, 
green or blue (RGB) light [2]. Fig. 1 shows the 
structure of a pixel in a matrix display. Each pixel is 
constructed from rear and front substrates, which are 
separated by the barrier ribs. An addressing electrode 
at the rear substrate and a display electrode at the front 
substrate are deposited. These electrodes are covered 
with a transparent thick film to protect the electrodes 
from the gas discharge [3]. The dielectric surface layer 
is covered by a thin film MgO layer, used to enhance 
the secondary electrons in maintaining a low 
breakdown voltage [4]. 

Applying a certain voltage across a pair of 
electrodes causes ionization or excitation of gases 
(plasma). Due to the limitation in increasing Xe 
partial pressure, luminous efficiency in the PDP is 
relatively low [4]. The improvement of luminous 

efficiency and color purity are important factors in 
making PDPs leaders in large flat panel display 
devices. Breakdown voltage is one of the main factors 
affecting luminous efficiency. 

 

 
Fig.1. Structure of a matrix PDP cell [5] 

 
In this paper we discuss the effect of the quality of a 

thin film layer and the type of neutral gas utilized on 
the breakdown voltage and present optimization 
conditions for Xe gas excitation. 

 
 
2. Effect of Different Secondary Emission 
Coefficients on the Breakdown Voltage 

 
The protective layer deposited on the dielectric of a 

micodischarge cell, plays an important role for PDPs. 
This film protects the dielectric layer from ion 
bombardments and also creates secondary electrons; 
helping to maintain a low breakdown voltage. The 
number of secondary electrons in microcells depends 
on both the quality of a thin film layer and the type of 
neutral gas utilized, which affect breakdown voltage 
of the PDP [4]. The Ne-Xe mixture is commonly used 
in a microcell discharge, where Ne is used as a buffer 
in lowering the breakdown voltage. Simulation results 
in Fig. 2 shows the effect of MgO and CaO-MgO 
layers on the breakdown voltage for the Ne-Xe   
mixture at the pressure of 500 Torr.  
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Fig. 2. Breakdown voltage of different MgO and C

aO-MgO layers for Ne gas as a function of 
Xe concentration 

 
 

The secondary emission coefficient value of     
CaO-MgO is smaller than that of the MgO film for 

+Ne [4]. Therefore the secondary electron emission 
from MgO is more than CaO-MgO. Fig. 2 shows that 
the breakdown voltage with MgO is lower than that of 
CaO-MgO. Hence the excitation efficiency of the 
MgO layer is superior to CaO-MgO. These results 
emphasize that research for materials with better 
properties than MgO should continue. 

The most common gas mixtures of color PDP are 
Ne-Xe and He-Xe. Although Xe is an efficient UV 
emitter, breakdown voltage in pure Xe is large and 
hence Ne or He is used as a buffer to lower the 
breakdown voltage. This is because Ne and He ions 
are much efficient than Xe at extracting secondary 
electrons emission from MgO or other materials [6], [7].  

We now compare the effect of He-10%Xe and     
Ne-10%Xe mixtures on the different secondary 
electron emission coefficients under the same 
conditions. The secondary electron emission 
coefficients for He, Xe and Ne ions impingement on 
MgO layer are 0.3, 0.05 and 0.5 respectively [8]. Plate 
separation d=100µ m, corresponds to the gap length 
of the PDP cell. Electron-atom collision cross section 
for Xe, He and Ne are obtained from the SIGLO 
series [9]. The total gas pressure and the gas 
temperature T are taken to be 500 Torr and K°300  
respectively. 

The results in Fig. 3 illustrate that the breakdown 
field in He-Xe is relatively higher compared with a 
Ne-Xe mixture. The higher breakdown voltage in a 
He-Xe mixture is also due to the secondary electron 
emission coefficient ( Heγ ) of helium ions being lower  
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Fig. 3. Breakdown voltage as a function of different

 γ  coefficients in Ne and He gases for Pd=5T
orr. cm 

 
 

in comparison with the coefficient ( Neγ ) of neon ions. 
In a microcell discharge, if electrons have enough 
energy, the ionization will take place. Mean free 
path )( cλ  for collisions is calculated as in [8]: 

 

c
c N σ

λ
.
1=   (1) 

 

where N  is density and cσ is the collision cross 
section. The ionization energy of the He is 

eVHe i 5.24][ =∈ and the Ne ionization energy is 
eVNe i 6.21][ =∈ [8]. Under similar conditions, the 

ionization frequency is much higher in the Ne-Xe 
mixture compared with the He-Xe mixture. It is clear 
that the He-Xe mixture provides smaller secondary 
electrons in comparison with the Ne-Xe mixture. 
 
 

3. Optimization of Pressure Ratio of He and 
Ne in the He-Ne-Xe Mixture 

       
As mentioned above, the breakdown voltage is 

higher in He-Xe than in the Ne-Xe mixture and the 
breakdown voltage is inversely proportional to the 
excitation efficiency [10]. Thus, the excitation 
efficiency for He-Xe is lower than the Ne-Xe mixture. 
However, He-Xe actually achieves better color purity 
[4], [8].  

Fig. 4 illustrates the optimization of the pressure 
ratio of He, Ne, and Xe concentration of the 

XeHeNe xx −− − )( 1  gas mixture. The total pressure P 
and the gas temperature T are assumed to be 500 Torr  
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Fig. 4. Excitation Efficiency as a function of Xe, Ne,

 He concentration in the Ne-He-Xe mixture 
 
 
and K°300 respectively. Collision cross section for He, 
Ne and Xe are taken from SIGLO Series. The 
mobility of Ne ions in He has been reported by [8]. 
Furthermore, in our simulation we used an MgO thin 
film layer. 

The diagrams of Fig. 4 are based on estimates on 
the optimization pressure ratio of He and Ne gases in 
within the He-(20%-25%)Ne-Xe mixture. It is clear 
from this figure that the ratio of Ne and He gases 
presents significant results; showing an improvement 
in the excitation efficiency and achieving better color 
purity for the He-Ne-Xe ternary gas mixture. These 
results are consistent with the discussion of the PDP in 
Boeuf et al [4].     

 
 

4. Excitation Efficiency 
 

  The excitation efficiency can be written as [10]:  
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where en is an electron density number, iexc ,υ  is the 

excitation frequency of the excited state for Xe i , 

iexc ,ε is the corresponding electron energy loss, eJ  is 

the electronic current, and iionJ ,  is the current of ion 
i . In equation (2) the electric field is inversely 
proportional to the excitation efficiency. Fig. 5 shows 
the excitation efficiency for He-Xe, Ne-Xe and       
He-Ne-Xe. 
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Fig. 5. Comparisons between excitation efficiencies 

of He-Xe, Ne-Xe, He-Ne-Xe mixtures as a fu
nction of the Xe gas pressure 

 
 

It is clear that the excitation efficiency in 
XeHeNe xx −− − )( 1  is more than He-Xe or Ne-Xe 

mixture under the same conditions. Fig. 5 shows the 
excitation efficiency improves for (20%-25%) Ne-He-
(4%-6%) Xe at the total pressure of 500 Torr.  

 
 

5. Conclusion 
 

In this paper we investigated the effect of different 
gas compositions on breakdown voltage and its 
usefulness in a matrix type plasma display panel cell. 
A number of parameters affect the value of breakdown 
voltage and excitation efficiency; protective layer, 
various gas compositions, cell and electrode geometry. 
We studied the effect of Ne-Xe, He-Xe and He-Ne-Xe 
mixtures on the breakdown voltage and the efficiency 
of the plasma display panel microcells under the same 
specified conditions. 

Improvement of excitation efficiency depends on 
the quality of the protective layer in a PDP cell. We 
showed that the breakdown voltage value for MgO 
due to Ne ions is lower than for Cao-MgO. This layer 
creates more secondary electrons with respect to CaO-
MgO. Consequently, an MgO thin film layer can 
enhance excitation efficiency. 

Furthermore, we showed that the breakdown 
voltage in the Ne-Xe is less than that in the He-Xe 
mixture. Therefore, the efficiency in Ne-Xe is higher 
than He-Xe. Finally, the ternary gas mixture, He-Ne-
Xe, with defined ratio of (20%-25%) Ne-He-(4%-6%) 
Xe were found to provide higher efficiency than the 
He-10%Xe and Ne-10%Xe mixtures.  
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