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ABSTRACT 

Charge transport in amorphous silicon is dominated by the presence of a high 
density of localized states within the energy gap. For field-effect devices such as 
the thin-film transistor (TFT), most of the induced channel charge is trapped in 
these states. This results in a reduced effective mobility typically an order of 
magnitude less than values for carriers in the extended states. As well, since the 
time constants associated with the traps vary over many orders of magnitude, the 
large-signal response depends on the progressive trapping and emission of car
riers as they move through the device. Thus, detailed modeling of amorphous 
devices must include the localized states. 

In this talk, we present a two-dimensional transient numerical model for 
amorphous silicon implemented in the CHORD simulator[l]. The code uses a 
finite-difference scheme based on triangular grids and will handle an arbitrary 
device structure. The solution technique is fully-coupled Newton-Raphson itera
tion. 

Our a-Si:H model is based on Poisson's equation, electron and hole con
tinuity equations and the drift-diffusion current expressions. 
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Poisson's equation includes trapped carriers due to donor and acceptor states. 
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where /„ is the trap occupancy function for electrons, /„ for holes (/_ = 1 - / „ ) . 

Trap-driven recombination is added in the continuity equations; 
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trapping rates are modeled using Shockley-Read-Hall rate equations. 
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This is based on simple trapping and emission dynamics between a trap and the 
conduction and valence band. 
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The continuous distribution of localized states is approximated by a set of discrete 
traps in the energy gap. 

An arbitrary trap distribution may be used and all trap densities, capture rates 
and emission rates may vary across the device. It is possible to reduce computer 
memory and execution times by using a static trapping model in areas of the dev
ice where dynamic ti'apping effects are expected to be minimal. Single carrier 
simulation may be used when device operation allows it. We illustrate the model 
with simulations of TFT operation. 
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