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Numerical Simulations 
of Three Dimensional Liquid Crystal Cells 

MICHAEL REICHENSTEIIN, THORSTEN SEl"IZ 
and HANS-RAINER. TREBIN 

Institut jUr Theolretische und Angewandtc Physik, Universifflt Stuttgart, 
Waffenwaldring 57M, 0-70550 Stuttgart, Germany 

Director fields and electrostatic potential functions for three dimensional liquid crystal cells 
have been calculated numerically by solving the discretized Eranlr-oseen ~ p t i o ~  for a 
nematic liquid crystal with a fast nonlinear multigrid algorithm on an adaptive grid. All elas- 
tic constants, including the term and an anchoring coefficient at the surfaces, w m  taken 
into account. ' h o  configurations with different boundary conditions wcrc investigated: 
multidomain cells and hybrid aligned films 

Keywords: topological defects 

INTRODUCTION 

Three dimensional dirertor firlcis att rwt ronsiderable interrst now, 
becausr display technology has I )ecotiir iiiore ilrlcl iiiorp complex and, 
therefore, the features of liquid crystal (LC) cells cannot bc modeled any 
more by one or two dimensional gronirtrirs. TliLs is also due to thc fact 
that the director field in a neriiatic LC displiiy can rshibit topological de- 
fect structures. For such reasons we pcrforiiirtl 3D calculatious for static 
director firlds corresponding to two particular hituiitions. 

One probleni of liquid cryst it1 displays. which catiimt he solved with- 
out applying complex techniqucs ( e . ~ .  thinfilm transistor techniqucs) is 
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the dependence of the contrast on the viewing angle. Multidomain cells 
reduce this dependence in a straiglit,for\vartl \\'il>'. The geometry is similar 
to twisted nematic cells['], hut left,- illltl right.-liaeded helices alternate as 
in a checkcrbord pattern. This may he iLdlie\.ed by a striped anchoring 
scheme of thr director (other rdisatioils also possil)lc, hotvrvcr): the 
pretilt is constant 011 both r o w  glasses. \VllereiLs the pretwist alternates 
from one stripe to tho next I)c.t,ween oppusite clircct.ioiis parallel to the 
stripes. The stripes of the cover $t.sos ilre orientated perpendicular to 
each otherlll, resilltirig in  four prrtwist coiiil)iiiiit ioiis Ilctwcen top and bot- 
tom. .4 certain handetlness of tlir lielis is pr(4krred for each of the four 
combinations, due to a lower splay energy tltwitv. The arrangement of 
the four combinations results i n  the c1ieckrrl)oartl pattern of the helices. 
Between tlie domains line dcfects sliould nppear, i s  helices of different 
handedness (lo not match. 

Our second example is not yet realiacd in displays. Hybrid aligned 
nematic films (HAN) possess liytxitl boundary conditions. The liquid 
crystal is situated on an isotropic fluid. wiicte tlit. director may only rotate 
within the surface (planar anchoring). Tlir upper boundary is left free, 
thereby achieving a liomeotxopic anc4ioring for cert.ain types of molecules. 
These cells show many different. iind co~iiples clefoct s t r u c t i i r e ~ [ ~ * ~ ~ ~ ~ .  

THEORETICAL AND NUMERICAL ASPECTS 

Here 
1 .  
3 

Ql, = / I , ) ) /  - - o l ,  

is the uniaxial aligniiient tewor. kl I .  kz?. illid k.y ,  ill(' tlie elastic. constants 
of splay, twist and \)end deforllliitiolis. k2 I t1wril)m the siukll~ splay elastic 
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NUMERICAL. SIMULATIONS OF 3D NEMA'TICS [1795]/551 

surface term. p # 0 is the intrinsic cholestrric pitch, in our calculations 
we set $ = o (nematic). 

TO iiivestigate thr elastic def(>riliiitiolls (111o to ii  voltage U ,  we need 
the diclectic coIiStiilit parallel (q) ilud pi~~)riidiciiIi~I (c 1) to the ciirec.t.or. 
cg is thr dielectric coilstant of t l i r  \'i\c\i111ii. 

A s  st,at.ctl above, t.opologic.al clefiv.ts ustiiilly (.ww in the nematic 
phase. However: wc nrglect t Iir cwargy c w i t r i i t  of their cores, assuming 
that the finest grid eniplovrd is coarse ( ~ o ~ ~ i ~ > i i ~ ( ~ ( l  t.o t,hr tlimeiision of the 
defect cores. Thus, in our c:oIisitlrratioiis only distortions of the director 
field contribute t,o the elastic. cwrgy. This (.illisrs soiiie periiliaritics in the 
case of the hybrid aligned filrii.  ils we shall see I)c4ow. 

The surface anchoring of tho clirrctor in  citse o f  the niultidomairi cell 
is niodeled by the potential 

For the HAN cells we use an e s t d r t l  Rapi1ii-Pilpoular[~1 potential 
(cs = 0 o i ~  the lower boundary): 

where c, 4, c8 are the anc4ioririg colistillits. 0 and 4 are thr spherical 
coordinates of the director. 

The miiiiiiiuni of this riirrgy density is found I J ~  solving the dis- 
cretised corresponding Euler-LilgrttIige rqiliIt,iolis for the director t,ilt and 
twist angles O illit1 4 and for tlir elec.trostat,ic potriitiitl b' with an adaptive 
multigrici niet~iiotIl"1. 

Finally wc calculate t.lir intriisity of the light t,riinsmission for the 
case of perpeiitliciilar incident wi th  ii 2 x 2 .Jones niatris niet.hodisl. 

MULTIDOMAIN CELL WITH TWO DISCLINATIONS 

Here we present. our Iii1niericii~ iiiwst igat ioiis o f  iI niult idoInai1i s t r i p  
ture ronsistiiig of two right- iiiitl two I~ft-lii~ii(led Iir4ices :is tlesc.ril)rd 
abovr. The inaterial I)ilrillliet.tlrS were tilkt'ii froiii [ 11. assririiiug strong 
surface anchoring. The light tritnsiiiissioii (Fig. la) sho\vs two dark lines 
representing two disclinations. If the volt.agt1 is tlrcm*ilsd. the line defects 
disappeilr a d  the t,rarisiriissioii is aliiiost Iioiiiogc~iicoi~s (Fig. lb).  
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A quantitative analysis is shown in Fig. 1. Obviously there are two 
different configurations, depending on the voltage and the pretilt at the 
surface. This fact, can be explained when considering the director field 
of the homogeneous structure. Two of the domains should have changed 
their helix to the unfavoured handedness, increasing the splay energy. This 
is indeed the case, as shown in Fig. 3a wlierc two of the four domains re- 
veal a higher splay energy. If the voltage is high enough, the multidomain 
configuration is achieved, and the splay energy is the same for helices of 
right and left handedness (Fig. 3b). The specific feature of the configu- 
ration phase diagram depends on thc elastic constants and the anchoring 
strength. It may also vary, if the core energy is not neglected any more. 

voltage [V] 
FIGURE 1 Configuration phase diagram of the multidomain cell. 
For low voltages and low pretilts (parallel orientation for 0 = 0) the 
disclinations disappear. (a) Transmission of a multidomain cell with 
disclinations at 2 V and with 0 = 10". The cell contains two orthogonal 
line disclinations. (b) The transmission at 1 V and with 0 = 4" is 
homogenous, although the boundary conditions are not changed. D
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NUMERICAL SIMULATIONS OF 3D NEMATICS [ I  797]/553 

HYBRID ALIGNED FILM WITH SURFACE POINT DEFECT 

The simplest defect of a hybrid aligned film is a surface defect of 
strength S = +l. This defect is located on the lower surface of the liquid 
crystal, where the isotropic fluid is situated. The results of the simulation 
are shown in Fig. 4. The anchoring on the lower surface was hard in 8, free 
in 4. The other surface was anchored hard and homeotropic. The film is 
6pm high, the lateral dimensions were varied from 6pm to 600pm without 
any change in the director field configuration. Two gaussian curvatures 
are possible (Fig. 4a and 4b), the transmission is almost the same in both 
cases (Fig. 2), as the strength of the defect is the same. 

If the absolute values of the splay energy are taken into account, 
the two configurations with different curvature are equivalent. Only the 
maximum value of the energy near the core of the defect is different. 

When all directon may rotate freely in the surface (anchoring hard 
in ce), we observed a splitting of the defect into two defects of strength 
S = f ,  a fact that is not observed in the experiment. Obviously the 
defect does not move on an intermediate lattice point by itself during the 
numerical relaxation. Aftei Lilting the director in the middle normal to 
the surface of the cell, the defect of streright, S = 1 remained stable, but 
onother director of the surface was also tilted out of the plane. Obviously 
the defect is located very near to this middle director, so that the limit of 
the continuum mechanical description is reached. 

FIGURE 2 The light trammission of the director field (a) and (b) 
is almost the same. The four brushes show the existence of a point 
defect of strength S = 1. 

Summing up, we presented threedimensional directorfields of to dif- 
ferent boundary conditions. Multidomain cells are used to decrease the 
dependence of the contrast on the viewing angle. As shown in the kon- 
figuration phase diagram a mimimum pretilt is needed therefor. For the 
hybrid aligned films we showed two equivalent gaussian curvatures of a 
surface defect of strength S = 1. 
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(4 (b) 
FIGURE 3 (a) Director field of the multidomain cell without discli- 
nations ( G p m  x 6pm x Gpin). The director is shown as a cylinder. The 
colors encode the splay energy. Light blue areas are of higher splay 
energy tlian violet areas. Here the two anchored layers of directors are 
the top and bottom layer. (U = l V ,  0 = 4"). The legend is linear, a 
tempcraturc-like coloring is used (in units of J/pm3): 0 (dark blue), 
0.031 (red). (b) Director field of the multidomain cell with discli- 
nations (U = 2V, 0 = 4'). Legend: 0.00 (dark blue), 3.60 (red). 

(See Color Plate XXI at the back of this issue) 

(a) (b) 
FIGURE 4 Director configurations of a hybrid aligned film: pos- 
itive (a) and negative (b) Gaussian curvature is possible. The colors 
encode the splay energy. Legend (in units of J/pm3): (a) 0.00 
(dark blue), 3318 (red) and (b) 0.00 (dark blue), 2682 (red). 

(See Color Plate XXII at the back of this issue) 
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