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Abstract 

We developed ultra-accelerated quantum chemical 

molecular dynamics and characterization simulators for 

study and design of plasma display panel (PDP) related 

materials. By use of these simulators, realistic structure of 

PDP materials is drawn on the computer. Furthermore, 

based on the structures, various properties such as 

secondary electron emission coefficient are successfully 

evaluated. In this report, we will discuss the theoretical 

secondary electron emission coefficient for several 

protecting layer materials and the effect of surface structure 

on the properties based on the result of atomistic 

simulations.  
 

 

1. Introduction 

 

In recent years, computational chemistry has made 

brilliant progress and substantial impact on the 

development of a variety of functional materials.  

Studies at electronic and atomic levels are expected to 

play a critical role in predicting properties of the 

materials.  Since experimental information obtained 

in atomic level is limited, computational chemistry 

approach is particularly fascinating. This approach 

contributes the prediction of physico-chemical 

properties of various materials. 

One of the great successes of flat display panel is 

plasma display panel (PDP). To establish the 

technology for the efficient PDP, improvement of high 

ion induced secondary electron emission (SEE) 

efficiency of the protecting layer is considered as a 

key factor. According to Townsend’s discharge theory, 

a high SEE coefficient (γ value) of protecting layer 

decrease the driving voltage of PDP. MgO has been 

used as the protecting layer material [1]. However, in 

spite of its long history, the origin of the high γ value 

of MgO has not been fully recognized so far. 

Therefore, the investigation of high γ protecting layer 

using computational chemistry is strongly demanded.  

We have developed our original computational 

chemistry simulators based on some physical theorem, 

especially ultra-accelerated quantum chemical 

molecular dynamics (UA-QCMD) on the basis of our 

original tight-binding theory. By integrating these 

methods for investigation of electronic and atomic 

structures of materials, our group is now engaging to 

establish novel methodology, multi-level 

combinatorial computational chemistry approach, as 
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depicted in Fig. 1. In this presentation, we review 

these simulators those are useful for investigation of 

PDP related materials, and the result of its application 

for theoretical estimation of γ value of various PDP 

protecting layers is reported.    

 
 

2. Methods 
 

2.1 Ultra-accelerated quantum chemical molecular 

dynamics 

The UA-QCMD was used for evaluation of electronic 

structure. In UA-QCMD simulator (New-Colors), the 

electronic structure calculation is performed by 

solving the Schrödinger equation (HC = εSC; H, C, ε, 

and S refers to the Hamiltonian matrix, eigenvectors, 

eigenvalues, and overlap integral matrix, respectively) 

with the diagonalization condition (CT
SC = I; I refers 

to the unit matrix). The level of theory corresponds to 

the extended Hückel method. To determine the off-

diagonal elements of H, Hrs, the corrected distance-

dependent Wolfsberg-Helmholz formula (eq. (1)) was 

used. 

 

                   (1) 

 

To solve the Schrödinger equation in this simulator, 

In electronic structure calculations using Colors, a 

total energy of a system is obtained by using the 

following equation: 

 

 

       

(2) 

 

where the first, second, and third term on the right-

hand side refers to the molecular orbital (MO) energy, 

Coulombic energy, and exchange-repulsion energy, 

respectively. All parameters in eq. (2) are derived on 

the basis of the first-principles calculation results. The 

first term on the right-hand side of eq. (2) is rewritten 

as follows: 

 

 

    (3) 

 

where the first and second term on the right-hand side 

refers to the monoatomic contribution to the binding 

energy and the diatomic contribution to the binding 

energy, respectively (nk is the number of electrons 

occupied in k-th molecular orbital).  

 

2.2 Estimation of Electronic Structure and γ value 
 

To estimate the γ value of constructed models, we 

used the following equation reported by Motoyama et 

al. [2]: 
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Fig. 1.  Our in-house simulators for multi-level combinatorial computational chemistry approach. 
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where, ε, T, ρunocc and Pe are the electron energy, the 

function corresponding to the occupied band, the 

density of states in unoccupied levels, and the escape 

probability of one excited electron respectively. In 

equation (4), T and ρunocc are expressed by using the 

ionization potential of Ne or Xe, and the following 

band parameters, bottom

unocc
ε , top

occε  and bottom

occ
ε that stand 

for the lowest energy level of unoccupied levels, the 

highest and the lowest energy level of the occupied 

band, respectively. T is also a function of trapping 

efficacy of exited electrons. In the present study, we 

determined these band parameters from the electronic 

structure calculation by UA-QCMD. 

 
 

3. Results and discussion 
 

3.1 Structure of MgO Surface 

We prepared the ideally flat (111) surface as shown 

in Fig. 2a. As a model for realistic surfaces, we 

constructed the reconstructed surface model of <111> 

orientation MgO by molecular dynamics (Fig. 2b). As 

shown in this figure, this irregular surface has (110) 

faces and {100} facets. We also constructed the model 

chemisorption of water on this irregular surface. Fig. 

2c shows the water contaminated surface. As shown in 

Fig. 2c, OH groups were attached to the lower 

coordinated Mg atoms on the surface, and H was 

bonded to the low coordinated O atoms on the surface. 

 
a b c

Mg O H

a b c

Mg O HMg O H  
Fig. 2.  <111> orientation MgO surface models; a) 

ideally flat (111), b) irregular, and c) water 

contaminated surfaces. 

 

 

3.2 Electronic structure of MgO surface 

The electronic structure of each surface was 

evaluated. Fig. 3 shows the density of states (DOS) 

for each surface model. There is no significant 

difference in the distribution of valence bands for each 

model. On the other hand, the surface levels greatly 

depended on its surface condition.  

Fig. 4 shows the molecular orbital (MO) at the 

bottom of the surface levels for flat and irregular 

surface models. As shown in Fig. 4a, flat surface 

difficulty in keeping electrons in the surface levels 

because of broadly distributed MO on the suraface. 

Contrastingly, the MO shown in Fig. 4b is localized 

around the low coordinated Mg atoms on the surface. 

The MO acts as electron traps like an oxygen defect 

site. Therefore, compared with flat surface, irregular 

and water contaminated surface keeps some electrons 

in the lower side of surface levels which is shown in 

Fig. 3. Estimated densities of the trap levels for flat, 

clean irregular and water contaminated surfaces model 

are 0, 8.8 x 10-15 and 6.9x10-15 cm-2, respectively. The 

water contamination decreased the trap density by 

generating the bonds from OH groups on the low 

coordinated Mg atoms on the surface that is the origin 

of the trap levels. Moreover, the water contaminated 

surface has lower energy electrons to the valence band. 

These low levels are contributed from the surface OH 

groups. 

 

 

D
O
S

/ 
-

-15 -10 0-5

Energy level relative to vacuum / eV

b

c

a Trap 

levels

OH

Valence band Surface levels (×5)

D
O
S

/ 
-

-15 -10 0-5

Energy level relative to vacuum / eV

b

c

a Trap 

levels

OH

Valence band Surface levels (×5)

 
 

Fig. 3. Calculated Electronic structures for a) flat, 

b) irregular, and c) water contaminated surfaces. 

 

 

a b

Spreading over 

the surface

Localized around the

low coordination Mg

a b

Spreading over 

the surface

Localized around the

low coordination Mg  
 

Fig. 4. Schematic illustration of MO; a) the lowest 

surface level in flat surface and b) one example 

around the lower side of surface levels in the 

irregular or water contaminated surface. 
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Fig. 5. Estimated γ values for i) Ne
+

 and ii) Xe
+

. a) 

ideally flat, b) irregular, and c) water contaminated 

surfaces. Energy diagrams are shown in iii) for 

Ne
+

 and iv) for Xe
+

. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Estimated γ values for SrO and CaO 

protecting layers.  

 

3.3 γ value for Ne
+

 and Xe
+

 

Figure 5 shows the estimated γ values and the 

energy diagrams of the system. In the SEE process, a 

secondary electron is emitted by neutralization of 

noble gas ion. The recombination of electron from the 

surface with ion takes place simultaneously. Then, a 

surface electron is excited by the energy from the 

recombination. This excited electron will be emitted 

as a secondary electron. 

In the case of Ne+, the γ value for clean irregular 

surface is higher than that of flat surface reflecting 

their difference in the electron trap level. However, 

although water contaminated surface also has similar 

trap levels, the surface gives the lowest γ value. This 

is probably because of the contribution of low energy 

electrons belonging to the surface OH groups.  

For Xe+, the γ value for flat surface was 0. The flat 

surface doesn’t have any traps. Here, the 

recombination of energy is no more than 4 eV. The 

energy is insufficient for further electron excitation. 

On the other hand, irregular surfaces have positive 

오류! 연결이 잘못되었습니다.s because they have 

trap levels that are higher energy relative to the 

valence band. Water contaminated surface shows 

lower 오류! 연결이 잘못되었습니다. than that of 

clean irregular surface. Water contaminations decrease 

the density of trap levels which are the origin of 

positive 오류! 연결이 잘못되었습니다.s for Xe+. 

The γ value especially for Xe+ is very sensitive to the 

surface condition. Therefore, the controlling of 

surface condition is important to establish high γ 

protecting layer.  

 

3.4 γ values for CaO and SrO 

 Similar estimation of γ values for CaO and SrO, 

which are considered as alternatives of MgO, were 

carried out as shown in Fig. 6. As shown in this figure, 

higher γ value for Ne+ and Xe+ compared with that of 

MgO is expected for both CaO and SrO. It was found 

that the trapping efficacy of electrons on the trapping 

levels plays an important role to achieve high γ  
values for Xe+.  

 

 

4. Conclusion 

 

Electronic structure and high ion induced secondary 

electron emission coefficient (γ) was estimated using our 

developed original simulators based on the computational 

chemistry. The flat, the clean irregular, and the water 

contaminated MgO <111> orientation surfaces were 

constructed for estimation of γ value. It was revealed that 

the introduction of surface roughness increases the γ value 

due to the low coordinated Mg atoms and that the water 

contamination over the surface decreases the γ value. The γ 

values for SrO and CaO were also estimated. Consequently, 

electronic properties such as γ value are successfully 

evaluated by using our simulators. 
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