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A new Monte Carlo algorithm for ion transport in two-dimensional non-homogeneous 
anisotropic media with a barrier is reported. It is based on physical considerations of 
drift and diffusion in anisotropic media with or without an impermeable boundary. 
Non-homogeneities in the medium and electric field can be taken into account by 
averaging along the ion trajectory. The algorithm has been applied to the calculation 
of ion transport in liquid crystal displays and has been successfully compared with a 
finite difference program on a one-dimensional liquid crystal structure. 

1. Introduction 
When considering the drift and diffusion of charged particles (ions) in a free 
anisotropic medium in the presence of an electric field, the equation for the current 
density and the continuity equation yield the following, drift-diffusion equation: 
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where  is the ion concentration as function of the position and time t, ( , )n tr r μ  is the 

ion mobility tensor, is the electric field vector and ( , )tE r D  is the diffusion tensor. 
In case of one single particle, this equation can be solved in the principle coordinate 
system of the anisotropic medium, to yield solutions in terms of Gaussian probability 
functions for diffusion with the center of the distribution drifting according to product 
of the mobility tensor and electrical field vector ( d μ=r Edt ). This solution can be 
integrated using suitably small time steps to calculate the ion distribution after a given 
time. 
However, if the anisotropic medium is inhomogeneous, there will be calculation 
errors because the drift displacement is linear with the time step, but the diffusion 
displacement is not. If we have an impermeable barrier, the ion motion is even more 
complicated. If the electric field presses the ions against the barrier, they will 
eventually form a steady state distribution, in which they bounce to and from a wall. 
The calculation errors in this case will cumulate, leading to a net ion motion in one 
direction along the barrier. We want to avoid this situation as our aim is to calculate 
precisely the ion motion in all three dimensions. 



2. Model 
We have developed a Monte Carlo algorithm that calculates ion motion in the above 
mentioned case (anisotropic, inhomogeneous medium with an electric field and a 
barrier). The algorithm is split in 3 parts: 1) determination of the new ion position 
along the z-direction (perpendicular to the barrier); This is done by using statistical 
averages, i.e. solutions of the steady state equation in ideal cases ([1], [2], [3]); 2) 
calculation of the new ion position along the x- and y-directions (parallel to the 
barrier) based on an analytical solution of the drift-diffusion equation in an arbitrary 
coordinate system, and 3) correction of the trajectory by averaging for the electric 
field and medium properties along the ion trajectory. 

3. Simulation results 
We have implemented the Monte Carlo algorithm in an existing 2-D simulation 
program for liquid crystals [4]. Using this program, we calculated the ion trajectory 
during two AC pulses through a TN liquid crystal. The same problem was calculated 
by using an already existing program – Glue ([5]) for 1-dimensional ion transport 
simulations. The calculated trajectories corresponded very well[6]. 

4. Conclusions 
The algorithm we propose allows for calculation of the ion transport in anisotropic, 
non-homogeneous media with a boundary, such as liquid crystal cells. It can be 
implemented to calculate for example ion transport and image sticking properties in 
two-dimensional liquid crystal cells, like IPS, S-PVA or MVA. 
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