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Computer Simulations of Nematic Displays 

C .  CHICCOLIa, S. GUZZETTIb, P. PASINIa and C .  ZANNONIb 

aINFN Sezione di Bologna, Via Irnerio 46, 40126 Bologna, Italy and and 
bDip.to di Chimica Fisica ed Inorganica Universita', Kale Risorgimento 4 40136 

Bologna, Italy 

Monte Carlo simulations of electroptical devices based on a nematic Lebwohl-Lasher liquid 
crystal model with suitable boundary conditions are presented. The simplicity of the model 
allows an investigation of various effects like the influence of an external field strength and 
that of anchoring at the oriented surfaces of the display cell. Moreover suitable order parame- 
ters are introduce to facilitate an understanding of the molecular organisation inside the elec- 
troptical cells. 

Keywords: Monte Carlo; Twisted nematic display; In-plane switching effect 

INTRODUCTION 

Monte Carlo simulations have proved to be very useful in investi- 
gating liquid crystalline systems both in the bulk and in confined 
geometries [l]. The case of finite environments is a particular in- 
teresting one, even if simulations are more usually performed to 
investigate the physics of bulk systems. Confined liquid crystals 
have found their main technological application in displays, where 
the electroptical effects are based on some sort of light modula- 
tion due to the anisotropic material. Research and development of 
such devices have been carried out until now using empirical macro- 
scopic models developed more than two decades ago 121. We think 
that computer simulations, thanks also to the continuous increase 
in computing power, can now represent a useful tool to study the 
physics of displays starting from microscopic interactions. Recently 
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120 C. CHICCOLI e l  al. 

we have performed Monte Carlo simulations of Twisted nematic [2] 
and In-Plane Switching [3] displays by using a simple lattice spin 
model [4,5]. Here we briefly summarize the method and present 
sonic new results for the In-Plane Switching display. 

THE SIMULATION MODEL 

The simulation model is based on a Lebwohl - Lasher (LL) 
latticc spin system [6,7], where the molecules, assumed to be three 
tliiwnsional “headless spins”, are placed on thc sites of a cubic 
lattire and interact through the second rank LL potential [6]: 

whcre f t 3  is a positive constant, E ,  for nearest neighbors particles i 
aiitl J and zero otherwise, PtJ  is the angle between the axis of the 
two niolecules, P2 is a second rank Legendre polynomial. The spin 
s, represents a cluster of neigboring molecules whose short range 
order is maintained through the temperature range examined [S]. 

The aligned surfaces of the display are simulated by imposing 
a fixed orientation to the spins belonging to the layers at the top 
and at the bottom of the cell [4,5]. Periodic boundary conditions 
are instead employed around the other four faces of the simulation 
1,ox t o  reduce the size effects. 

The application of an external field is implemented, at the 
niicroscopic level, by adding another second rank term to the LL 
liaiiiiltonian [9,10] of molecule 2: 

Uf2eld(Pt) = -JetPz(cosP*) (2) 

Hcir , j l  is the angle between the field direction and the particle 
hyniiiictry axis, the dimensionless constant [ determines the sign 
a i d  strength of coupling with the field E while the parameter J = 1 
or 0 acts as a switch to turn on or off the external field at a certain 
position (pixel). For instance when an electric field is applied and a 
dielectric alignment mechanism is operating €< = ?AGE’. This is 
true in  the case of nonpolar compunds where the dielectric constant 
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SIMULATIONS OF NEMATIC DISPLAYS 121 

is rssentially determined by a sum of the microscopic polarizability 
anisotropy Aa contributions. 

The lattice is divided in regular arrays of sublattices where J 
has R chosen value making it is possible to control the effect of the 
ficM to produce the white/black patterns with a certain grey scale. 

The updating of the lattice configurations is done according to 
a st,andard Metropolis Monte Carlo procedure [ll], reorienting one 
spin at a time, so as to to ensure proper equilibration. 

The display images can be obtained from the simulated lattice 
configurations by means of a standard matrix approach employed, 
for cwunple, to simulate polarized optical textures both in Monte 
Carlo and continuum theory studies of polymer dispersed liquid 
rrystals [8,12-151. We describe each site in the display by a Miiller 
matrix, so that the light beam travelling through a row of sites 
armss the layers of the display is retarded by the matrix resulting 
from the product of the Miiller matrices corresponding to each site. 
The light retarded by the spins in the display is observed, when 
rrqiiired, with the help of crossed polarizers placed on each side of 
t,he cell, which switch off the non retarded light and are represent- 
ed by appropriate projection matrices. Finally the light intensity 
cmic,rging from the cell is coded in a scale from black, no light, to 
white, full intensity, with 32 different grey levels. 

SIMULATIONS AND RESULTS 

In the twisted nematic display the aligned surfaces of the cell 
are orthogonally oriented (x and y directions) and the applied field 
E is directed along the z-axis. We assume > 0, corresponding to 
a material with positive dielectric anisotropy. In the regions where 
the field is absent the effect of the boundary conditions tends to 
propagate inside the system producing a twisted nematic config- 
uration. The application of a sufficiently strong field induces a 
change in the average orientation of the molecules on which it acts 
tiiicl produces an alignment along the field direction. An example 
of a display image as obtained from Monte Carlo simulations 0x1 a 
50 x 30 x 10 lattice at  a reduced temperature 2" = kT/e = 1.0 is 
rcported in Fig. 1 (left side). 

With the MC technique it is also possible to investigate the 
molecular organisation and the ordering throughout the lattice. in 
particular on the different layers and in the two regions with ex- 
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I22 C. CHICCOLI et d. 

tcriial ficld of  or on. The nematic ordering can be quantified by 
looking at the standard order parameter ( P z ) ~ ,  obtained from the 
li11ge'st eigendue of the ordering matrix [7]. This quantity can al- 
so l ) ~ ,  ra lc~l i~t~ed across the sample to investigate how the boundary 
layc~s ,  mimicking the effect of the aligning cell surfaces, influence 
tlie liquid crystal inside the lattice in the regions whcw the field is 
iwtiw or not [4]. 

It is convenient, however, to define and calculate in addition a 
ywcific microscopic quantity which expressw disordering from thc 
i t h l  organisntion inside the simulation cell. For the T N  display we 
luwe found useful to calculate at each layer of the sample an helzcul 
order purnmeter, < Pz > H  defined as [4]: 

. N I .  

whre  N L  is the number of particles contained in the L-th plane, 
u, is thr. orirritation vector for the i-th spin and t, is the ideal twist 
direction at the point 2 . This expresses disordering from a perfect 
twistvcl organization and is a maximum when dl the particles lie 
parallel to thc dircction defined by the discretized helix between 
t h  Imttoni and top surfaces. 

FIGURE 1 Optical images obtained by Monte Carlo sirnu- 
lwtioiis on 50 x 30 x 10 lattice. (Left):  Twistrd iicnatic display, 
(Rz!lht): In-Plane Switching display. The applied field strengths 
arc ( = 1 and 5 = -9 respectively. 
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SIMULATIONS OF NEMATIC DISPLAYS 123 

FIGURE 2 Effect of the increasing in the field strength on the 
siiriiilatcd display images. These results were obtained by Monte 
Carlo sirnulritiona 011 a 10 x 10 x 10 lattice for the In-Planc Switching 
(?ah<’. 
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124 C. CHICCOLI et al. 

As a second example we consider a type of display recently pro- 
posed and based on the so called In-Plane Switching effect. In this 
device the cell surfaces are treated to induce a parallel alignment 
(x-direction) and the field acts only to the molecules belonging to 
an intermediate layer of the liquid crystalline material, which is in 
this case chosen to have a negative dielectric anisotropy. 

The direction of the applied field is therefore parallel to the 
aligned surfaces but, due to the negative dielectric anisotropy now 
assumed, i.e < < 0, the molecules under the effect of the field tend 
to rotate by 90 degrees. Consequentely a twisted alignment is in- 
duced between this intermediate layer and the two aligned surfaces. 
Contrary to the previous case the light is trasmitted only where the 
effect of the field is non negligible. The background of the image is 
then black, see Fig.1 (right side). Since the electric field is applied 
only to one layer it is quite obvious that the strength of this ex- 
ternal coupling has to be stronger, in comparison with the twisted 
nematic case, to overcome the effect of the anisotropic intermolec- 
ular potentials which tends to align the molecules one parallel to 
cacli other. The influence of the external coupling, through the pa- 
rameter ( in our model (eq. 2), on the simulated optical textures 
i.; 4iown in Fig. 2. 

Also for this case it is possible to investigate the ordering inside 
tlir crll hy calculating suitable order parameters. A particularly 
iiitrresting one is the field order parameter, ( P 2 ) E t  which quantifies 
the order of the system with respect to the field direction: 

. N, 

wlicrc N ,  is the number of spins taken into account. Of course 
( P ~ ) F  is maximum when all the molecules are directed along the 
field direction. This field order parameter can be calculated at the 
iiitcrmrdiate layer, containing the electrodes, and in well defined 
miir's? dctermining for example (P2)ZN and (Pz)gFF to study re- 
gioiis whew the field is active or not. The same type of calculations 
can lw performed also for the other layers where the field is not di- 
icsctly applied, to investigate how the effect of the field propagates 
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SIMULATIONS OF NEMATIC DISPLAYS 125 

across the simulated cell. In Fig. 3 we report these field order 
parameters calculated over the whole system. The results for the 
field order parameters (P2)gFF and (P2)gN as a function of field 
strength and position along the z axis are reported in Figs. 4 and 
5. It is interesting to notice that the contrast between the black 
and white textures in the simulated optical images increases as the 
difference between (P2)gFF and (P2)g” increases. 

< 
FIGURE 3 The order with respect to the field direction in the 

In-Plane Switching case for various field intensities obtained from 
MC simulations on a 10 x 10 x 10 lattice at a reduced temperature 
T’ = kTe = 1. The order parameter (P2)gN (lover curve) is 
calculated on all the molecules on which the field is applied while 
(P2)gFF (upper curve) is for the molecules not directly addressed 
by the electric coupling. 

As mentioned before the In-Plane Switching display requires a 
stronger field to obtain a sufficiently clear optical image. However, 
to force the formation of the twisted structure it is possible to 
act also on the anchoring at the aligned surfaces. In our model 
this can be easily realized modifying the hamiltionian by adding 
the following term which keeps into account the coupling with the 
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126 C. CHICCOLI et al. 

FIGURE 4 The field order parameter calculated for each 
layer h thc regions where the field is not actiw as a function of 
f i t s 1  d s trcngth. 

FIGURE 5 The field order parameter calculated for each 
layer in the regions where the ficld is active as a fwictiori of field 
SrWIJ&h. 

particles plared at the fixed bottom and top surfares: 

i i 
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SIMULATIONS OF NEMATIC DISPLAYS 127 

FIGURE 6 The influence of the anchoring strength on the 
o p t i d  images. The textures have becri obtained for 11 fit:ld strength 
of vtdur~ [ = -5 (see text) for different coupling with the aligned 
rllrfil<*6’s, i.e A/, = At = 1 (left), Ah = 2, = l(middle), Ab = At = 
3 [light) 

xdicrc -\‘ha and Nt ,  are the number of spins belonging to the bottom 
aiid top fixed oriented layers respectively. The strength of coupling 
with thc surfaces is modulated by the parameters At, and At .  

In all the calculations presented above we have considered 
At, = At = 1, i.e. the interactions with the surfaces were taken 
to iw of the same strength of the interactions between the nematic 
molccules inside the sample. The influence of the anchoring on the 
pcrformance of the display is shown in Fig. 6. It can be noticed 
tliat increasing the anchoring at the surface a lower field is required 
to  obtain sufficiently dc+inecf images. 

C; 0 N CLU SI 0 N S 

JVe have shown that Montt: C X ~ O  simulations could be a useful 
tool to irivebtigate liquid crystal displays starting from simple inter- 
inolcwilar interactions. Our simulations are based on the simplest 
lattice potential proposed to describe nematic liquid crystals, i.e. 
the Lebwohl-Lasher one. In this model the molecules are consid- 
crcd to have uniaxial symmetry, and moreover the model generates 
c ~ ~ i i a 1  elastic constants. A natural extension towards closer contact 
with reality could be to use a biaxial potential on a lattice [16] to 
keep into account the molecular biaxiality with the attendant cx- 
pccted difference in the elastic constants. The increase in computer 
power now makes it feasible also to use more realistic hmniltonians 
wch as the Gay-Berne one [17]. However, this would imply much 
smaller samples than the ones that cam be employed with latticcs 
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FIGURE 7 Simulated optical images obtained for different 
viewing mgles. The angle 0 denotes the angle between the direc- 
tion of thr incorning light and the normal to the display surface. 
The results are for a Twisted Nematic Display (left) and an In-Plane 
Switching onc (right). 

m(1, a s  thv functioning of displays relies essentially on purely ori- 
ciitational properties, it is probably still preferable to use lattices 
of w r y  large sizes possibly including rnore dctrtils of tc~clinological 
interest like impurities in the nematic, defects at the surfaces and 
so on. In fact, as we haw shown here, simplc lattice spin niodels are 
siificicmt to reproduce the basic features of the optics of different 
tlisplay typcs. Moreover a number of different conditions such as 
for example surface anchoring or viewing angle (cf. Fig. 7') can be 
inwastigatcd both qualitatively by looking nt the optical tcxtnrw 
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SlMULATlONS OF NEMATIC DISPLAYS 129 

and quantitatively by defining contrasting ratios and suitable order 
parameters. 
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