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Abstract
We developed novel molecular dynamics and quantum 
chemical molecular dynamics simulators for the design 
of MgO protecting layer in plasma display panel. These 
simulators were applied to the investigations on the 
destruction processes of the MgO protecting layer as 
well as the evaluation of its second electron emission 
ability. From the simulation results, we successfully 
proposed new guidelines for MgO protecting layer with 
high durability and high second electron emission ability. 

1. Introduction

Plasma display panel (PDP) has gained much 
attention for a high definition TV, since it is a flat, thin, 
and large-size display. PDP has been already 
commercialized for public and individual use. 
However, in spite of a lot of experimental efforts, the 
display performances are still unsatisfactory. The 
lifetime of the PDP is one of the main problems and 
experimentally it is well known that the sputtering of 
the MgO protecting layer by Xe irradiation degrades 
itself under the plasma condition. Moreover, the 
increment in the second electron emission ability of 
the MgO protecting layer is strongly demanded for the 
decrement in the electric power consumption. 

Therefore, we developed novel molecular dynamics 
and SCF-tight-binding quantum chemical molecular 
dynamics simulators to investigate the destruction 
dynamics of the MgO protecting layer by Xe 
sputtering and to evaluate the second electron 
emission ability of the MgO protecting layer, 
respectively. In this conference, we review the recent 
successful applications of our original simulators to 
the design of new MgO protecting layer. 

2. Method  

We developed a new molecular dynamics simulator 
New-RYUDO for investigating the destruction 
dynamics of the MgO protecting layer. In this 
simulator, our original molecular dynamic code was 
modified to calculate the sputtering process of the 
MgO protecting layer by Xe irradiation. Two-body 
interatomic potential as shown in equation (1) is 
employed for the MgO protecting layer. In equation 
(1), the first and second terms refer to Coulombic and 
exchange-repulsion interactions, respectively.  

uij(rij) = ZiZje2/rij + fo(bi+bj) x exp{(ai+aj-rij)/(bi+bj)} (1) 

where Zi is the atomic charge, e the elementary 
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electric charge, rij the interatomic distance, and fo is 
constant for unit adaptions. The parameters ai and bi
represent the size and stiffness of atom i, respectively 
in the exchange-repulsion term. The potential 
parameters were determined so as to reproduce the 
structure, thermal expansion coefficients, and melting 
point of MgO obtained by experiments. The 
determined parameters and detailed procedure of the 
parameter determination are described in ref. [1]. 
Three-body potential is employed for the H2O
molecules. The detailed equations and parameters for 
H2O are shown in ref. [2]. The interactions between 
Xe and other atoms are expressed by Lennard-Jones 
potential functions. Verlet algorithm is used for the 
calculation of atomic motions, while Ewald method is 
applied for calculating the electrostatic interactions 
under the three-dimensional periodic boundary 
condition.

We also developed a new SCF-tight-binding 
quantum chemical molecular dynamics simulator for 
evaluating the second electron emission ability of the 
MgO protecting layer. In this simulator, our original 
SCF-tight-binding quantum chemical molecular 
dynamics simulator was modified to calculate the 
incident process of Ne atom to the MgO protecting 
layer with various accelerating voltages. In the present 
study, the incident processes of Ne atom with the 
accelerating voltage of 50 – 600 V were simulated. 
The second electron emission coefficient was 
calculated from the obtained electronic states at the 
minimum position of Ne- MgO distance, following 
the equation in the reference [3]. The possibility of 
electron emission in this equation was taken from the 
reference [4]. 

3. Results and discussion 

Fig. 1 shows the destruction process of the 
MgO(001) surface by Xe irradiation calculated by our 
molecular dynamics simulator. This figure indicates 
that our simulator is very effective to clarify the 
destruction dynamics of the MgO protecting layer in 
PDP. Moreover, it is interesting to see the rapid 
recrystallization of the MgO(001) surface at 10 ps. 
Although the researchers in the PDP only focus on the 
stability and destruction of the MgO protecting layer, 
our simulation result suggests that the recrystallization 
process of the MgO surface after the destruction is 
very important factor to design new MgO protecting 
layer in addition to its stability and destruction.  

On the other hand, it is experimentally pointed out 
that adsorbed water molecules degrade the 

performance of the MgO protecting layer. In order to 
clarify the mechanism and reason of its degradation, 
we investigated the destruction dynamics of the water-
adsorbed MgO(001) surface by Xe irradiation (Fig. 2). 
The recrystallization of the MgO(001) surface was 
observed similarly to that on the clean MgO(001) 
surface. However, at final step the formation of the 
amorphous phase was detected. This result indicates 
that the adsorbed water significantly disturbs the 
recrystallization of the MgO surface. Especially, water 
molecules were dissociated by the Xe irradiation and 
the dissociated hydrogen atoms intruded into the MgO 
surface. These intruded hydrogen atoms were found to 
be the reason for the disturbance of the 
recrystallization. 

In order to clarify the effect of the surface Miller 
index on the destruction and recrystallization 
dynamics, we also investigated the destruction process 
of the water-adsorbed MgO(011) surface by Xe 
irradiation (Fig. 3). The MgO(011) surface was 
destroyed by the Xe irradiation and then the 
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Fig. 1.  Destruction process of MgO(001) surface 
by Xe irradiation. 
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Fig. 2. Destruction process of water-adsorbed 
MgO(001) surface by Xe irradiation. 

evaporation of MgO fragments was observed. 
Furthermore, the formation of the amorphous phase 
was observed on the MgO(001) surface. Later, the 
rapid recrystallization of the MgO(011) surface was 
observed and however at final step the amorphous 
phase still remained at some parts. This result is very 
similar to that on the water-adsorbed MgO(001) 
surface.

However, we observed the different behaviors of the 
dissociated hydrogen atoms in the MgO(001) and 
MgO(011) surfaces. In detail, the hydrogen atoms 
intruded more deeply into the MgO(011) surface 
compared to those into the MgO(001) surface. The 
reason for the above difference is analyzed. Fig. 4 
shows the diffusion path of the dissociated hydrogen 

atoms in the MgO(001) and MgO(011) surfaces. The 
intruded hydrogen atoms always attached to the O 
atoms in the MgO surface, and did not attached to the 
Mg atoms. Therefore, the hydrogen atoms intruded 
into the MgO(011) can migrate completely 
perpendicular to the surface, as shown in Fig. 4(b). 
However, the hydrogen atoms intruded into the 
MgO(001) cannot migrate perpendicular to the surface, 
as shown in Fig 4 (a). The above different diffusion 
path of the dissociated hydrogen atoms was found to 
be the reason for the different migration behavior of 
the intruded hydrogen atoms. These results indicate 
that the Miller index of the MgO protecting layer 
significantly affects its durability and MgO(001) has 
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Fig. 3. Destruction process of water-adsorbed 
MgO(011) surface by Xe irradiation. 
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Fig. 4. Diffusion path of dissociated hydrogen 
atoms in (a) MgO(001) and (b) MgO(011) surfaces 
(+ and – indicate Mg and O atoms, respectively).

the weaker durability than MgO(011) because the 
hydrogen atoms are accumulated in the topmost 
surfaces of the MgO(001).  

Our SCF-tight-binding quantum chemical 
molecular dynamics simulator was employed to 
evaluate the second electron emission ability of the 
MgO protecting layer in PDP. The incident dynamics 
of Ne atom to the MgO(001) surface with the 
accelerating voltage of 50-600 eV was simulated and 
its second electron emission coefficient was calculated 
from the obtained electronic states at the minimum 
position of Ne-MgO distance. The incident position of 
the Ne atom may influence the second electron 
emission coefficient. Then, we simulated the incident 
processes of the Ne atom at four different positions as 
shown in Fig. 5. Fig. 6 shows the obtained second 
electron emission ability depending on the incident 
position and accelerating voltage. The experimental 
results were also shown in Fig. 6 [5]. The calculated 
second electron emission coefficients are in 
quantitatively agreement with the experiments. 
Moreover, the increment in the accelerating voltage 
was found to raise the second electron emission 
coefficient, which is also in good agreement with the 
experiments. The reason for the above phenomena 
was analyzed by the electronic states of the MgO(001) 
surface. The density of states of MgO(001) surface 
was shifted to the higher energy level by the 
increment of the accelerating voltage. The shift of the 
density of states to the higher energy was found to be 
the reason for the increment of the second electron 
emission coefficient. 

4. Summary

Our original molecular dynamics and quantum 
chemical molecular dynamics simulators are very 
effective to clarify the performance and durability of 
the MgO protecting layer in PDP on electronic and 

atomic level. These simulators are found to be very 
powerful tool for the design of new MgO protecting 
layer, and we successfully proposed new guidelines 
for MgO protecting layer with high durability and 
high second electron emission ability.
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Fig. 5. Incident positions of Ne atom on the 
MgO(001) surface for evaluating the second 
electron emission coefficient.
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Fig. 6. Second electron emission coefficients of 
MgO(001) when Ne atom is approaching.

5. References 

1. M. Kubo, Y. Oumi, R. Miura, A. Fahmi, A. Stirling, 
A. Miyamoto, M. Kawasaki, M. Yoshimoto, and H. 
Koinuma, J. Chem. Phys., 107, 4416 (1997). 

2. N. Kumagai, K. Kawamura, and T. Yokokawa, Mol. 
Simul., 12, 177 (1994).  

3. Y. Motoyama and F. Sato, IEEE Trans., Plasma Sci.,
34, 336 (2006). 

4. H. D. Hagram, Phys. Rev., 122, 83 (1961). 
5. H. Kajiyama, M. Kitagaki, K. Tsutsumi, G. Uchida, 

and T. Shinoda, Proc. 14th Intern. Display 
Workshops, 799 (2007).  


