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Abstract: The variety of diverse phenomena of electroluminescence (EL) 
obtained inspires the study of electron transport (ET) at high electric field. 
The paper presents a theoretical study of ET in ZnS by an Analytical model 
of band structure. Using the model, we set up a Monte Carlo (MC) 
simulation accounting for impact ionization. The result shows that impact 
ionization is very important for current multiplication and electron energy 
distribution at high-field transport. 
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1 Introduction 

 
With solid state, large view angle, fast response, large range of working 

temperature, sharp figure and high resolution, alternating-current thin-film 
EL (ACTFEL) flat panel displays is especially perspective. In order to 
improving brightness of devices, inorganic materials often be used as ET 
materials in which the study of high-field transport is of paramount 
important. Among the various methods for physical study of high-field 
transport behavior in device, MC simulation remains the most popular[1-3]. 
We carry out MC simulation for making clear the behavior of ET. Using the 
analytical model into the research of ZnS, we have published papers to show 
our results in the reference [4], while explains the setting of the analytical 
model and the method of MC Simulation. By MC simulation, the paper lays 
special emphasis on the result of impact ionization for current multiplication 
and electron energy distribution at high-field transport. 
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2 MC Simulation 
 
2.1.1 Scattering Rate 

 
Here, MC simulation only includes two conduction bands of Zns, which 

have Γ, L, X1 and X2 valley. 
In simulation, we take into account following scattering mechanisms: 

acoustical, polar optical, polar optical phonons and intervalley (including 
interconductor-band) as well as impact ionization. At energy low region, the 
scattering rates can be calculated by using Fermi’s golden rule. The final 
state of an electron, after scattering, can be determined exactly. We 
employed the scattering rates given by the literature [2]. For the energy high 
region, the electron energy is strongly degenerated, so it is impossible to 
determine scattering rates by using the method mentioned above. We put 
forward the following formula for classical scattering rates to obtain 
scattering rate corresponding in simulation, at the high-energy region.  
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Here, )()( EPEP ，′ are the scattering rate of the analytical model and 
classical model, respectively. )( ωh±′ ED and )( ωh±ED denote  
respectively the DOS of the analytical model and classical model. 
ωh energy of phonons in scattering, “+”and “-”denote the process of 

absorbing or emitting phonons, respectively. 

 

Fig. 1 the total scattering rates 

 Figure 1 shows the total scattering rates of ZnS calculated by our 
model and reference[5].   

 
2.1.2 Results 

 
Under the field range 0-1.5MV/cm, we simulate electron transport in 

ZnS at room temperature. It calculated the electron energy distribution 
function, which is the electron energy as a function of electron fields, and 
the mean energy time function.  

Electron energy distribution function is the fundamental result of MC 
simulation, which allows one to derive all other quantities of interest. Four  



Impact ionization in electron transport process                   463 
 
 
different values of electron fields considered: 200, 500, 1000 and 1500 
KV/cm, figure 2 shows four field-dependent electron energy distribution 
diagrams. We can distinctly see, when electron energy is lower than 1 MeV, 
electrons mainly distribute in the first band and move up with electron field 
increasing. The higher field is, the more distinct the energy high tail is. 
After the field is up1 MeV, with improving of the field, the electron 
numbers of low energy electrons quickly increase, which impact ionization 
happen.  

 
Fig.2 the electron energy distribution function 

 
According to impact ionization theory, the interactions between the 
high-energy electrons of conduction bands and the electron-hole of the value 
band, results in high-energy electron numbers decreased and low-energy 
electron numbers increased, as figure 2 shows. Impact ionization reduces the 
electron acceleration. When electron numbers are homeostasis, electron 
energy is to saturation. With increasing of field strength, electron numbers 
of the low energy and the current in the circle increase continuously to 
appear the current multiplication that might bring about avalanche 
phenomena. Farther we prove impact ionization is important in electron 
transport.  

 
fig. 3 time evolution of the average electron energy 

 
Time evolution of the average electron energy is simulated, in fig. 3. 

When impact ionization is omitted, a significant number of electrons gain 
energy from the field at a faster rate than they lose energy to the crystal  
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lattices in excess of 1.0MV/cm, which leads to electron runaway to 
extremely high energies. The mean energy increases monotonically with 
time and a steady state is never reached. This effect is observed in the 
simplified band structure model, such as parabolicity, non-parabolicity. 
However, inclusion of impact ionization scattering acts as a stabilization 
mechanism, helping the electron system reach a steady state at high electron 
fields. 

 
 

3. Conclusion 
 
The results for MC simulation prove strongly the importance of impact 

ionization for transport electrons among valleys at high fields. Most of 
electrons that suffer ionization events are in the second conduction band. 
The impact ionization affects on the current multiplication and the electron 
energy distribution to help the electron system reach a steady state at high 
electron fields. 
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