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Flow Induced Switching in a Bistable Nematic
Device

J.G. MCINTOSH, P.J. KEDNEY and F.M. LESLIE

Department of Mathematics. University of Strathclyde, Livingstone Tower, 26
Richmond Street, Glasgow G1 1XH, Scotland

This paper discusses some recent experimental results concerning the switching of a weakly
anchored nematic liquid crystal between bistable states by exploiting backflow in the cell.

Keywords: nematic; bistable device; backflow; weak anchoring; surface viscosity

INTRODUCTION

In a recent paper Dozov. Nobili and Durand describe experiments in
which they switch a weakly anchored nematic liquid crystal between two
histable states by applying voltages across the cell. The bistable states are
both aligned parallel to the plates, being uniform in one but having a =-
twist in the other, these configurations having equal energy if the nematic
contains an appropriate amount of chiral dopant. Also the surface anchor-
ing is weak and of unequal strengths at the two plates. Application of a
voltage within a given range breaks the anchoring only at the surface with
the weaker anchoring, and thereby achieves the transition from the twisted
state to the uniform state. However. the reverse switching is more com-
plex. A sufficiently strong voltage to break the anchoring at both plates is
removed abruptly. and this leads to the nematic adopting a state involv-
ing bend at both plates. which ultimately relaxes to a m-twist. The initial
stage of this relaxation into the splay-bend state is attributed to viscous
conpling between the plates through the presence of backflow.

Our aim in this paper is to investigate the role of flow in the first stage
of this latter relaxation emploving continuum theorv, albeit with a some-
what simplified model to reduce the numerical calenlations involved. In
this way. our investigation confirms the arguments put forward by Dozov.
Nobili and Durand!'l, by showing that the flow induced initially at the more
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strongly anchored surface can influence the alignment at the weaker surface
to produce a bend-splay rotation of m across the cell.

CONTINUUM EQUATIONS

Below we employ the contimium equations proposed by Ericksen and Leslie
(sce. for example, Lesliel? or de Gennes and Prost®), although in this pre-
liminary study it seems reasonable to use a simplificd model to reduce the
numerical computations. Here we consider solutions of their equations in
which the velocity # and alignment n take the forms referred to Cartesian
axes

v =(u(z,1).0,0), n=(sinf(z,t).0,cos6(z,1)). (1)
where z is the Cartesian coordinate normal to the plates, and ¢ denotes
time. In this event it follows that u and § must satisfv

du 0 du o0 .
"5 = 5e (9(9)5:' -~ "l(")a) (2)

and

o2 h 2 . Y
Zf((f)g—fj + M (@> - 27 0—0 + 2171(0)% — 26, E?sinfcos = 0. (3)

df \0: 4 2
where
29(8) = a(l+2cos’8). m(f) = acos’H,
(4)
f(8) = Ksin?0+ Kjcos’8. v =a.
having chosen
a=a3=0=0, ay=0a5=—-0ny=n, (5)

Also for very thin lavers it scems reasonable to neglect the fluid inertia by
setting the density p equal to zero. and this has been verified by calculations
in which the density term is retained. Finally the equations are solved
subject to the boundary conditions

u(0.1)y = u(h.t) = 0.
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h denoting the cell thickness, n a surface viscosity, and A¢ and 4, positive
constants.

NUMERICAL RESULTS

In this paper it is convenicent to employ two different sets of initial con-
ditions. The first of these is used when considering the full switch from
uniform to bend states which involves the field being switched both on and
off. and is

0(z,0) = - rad., u(z.0)=0. (7)

T
2
The second set represents only the second half of the above process where
the field has already orientated the director to a near vertical state and is
just about to be removed, and takes the form

0(2.0) =1x 10" rad.. u(z.0)=0. (8)

Since the flow plays such a large part in the switching process and is very
unlikely to be identically zero across the cell at this stage, this final set
of initial conditions is not ideal. However. it is the behaviour of the cell
aftor the field has been switched off that is of most interest and the effect
that different sets of material parameters have on this behaviour is more
suitably compared from the same starting point.

For the results contained in this paper the material parameters for
MBBA at 25°C. are considered (in cgs units)!, that is

K =29x107".K3=37x10""a=042,p=ax 1075 ) = 2um.

Results for other sets of parameters have been examined. however such
results are qualitatively the same as those produced here. Further informa-
tion regarding the specific problem being considered. such as the auchoring
strength at both boundaries. will be given with the relevant figures.

In order to study the partial differential equations (2) and (3) with
boundary conditions (6) and initial conditions (7) or (8) we use numerical
techniques. This essentially involves employing the ‘method of lines’ to
convert the system of partial differential equations. with finite differences.
to a system of ordinary differential equations in the time direction:™.

It has been common practice in similar liquid ervstal problems to negleet
the inertial term ( /’%‘4‘) in the equation for the balance of linear momentum
(2). The first two figures in this paper compare solutions both with and
without this inertial term. Figures 1 and 2 provide results obtained with
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the set of initial conditions (8). Figure 1 gives the values of the director
angle 6 at bottom, middle and top of the liquid crystal cell. The second
figure gives two values of the velocity component u and, since the flow is
always zero at the boundaries. these values are given at different points
within the cell.

Although there is a difference in the two solutions it is possible to see
from figure 1 that the transition to bend structure for the problem with the
inertial term removed is only in the order of us slower than the non-reduced
problem. Not surprisingly, the results for the low — given in figure 2 -
show the solution neglecting the inertial term lagging behind, by a small
amount, that of the other solution. This phenomenon is repeated in all the
cases so far considered and, since it is a qualitative study of the switching
process that is being attempted, the removal of the inertial term in further
calculations can therefore be seen as a reasonable step. The main reason
for wanting to neglect the left hand side of equation (2) is that it can take
about 400 times as long to compute a solution with the inertial term as is
does without it.

The following four figures give results for the given material parameters.
starting this time with the initial conditions (7), and the surface anchoring
strengths at the bottom and top plates given by 4y = 0.07 and 4, =
0.09. respectively. The first two of these figures show the director and flow
response to the applied electric field. The director  figure 3 is seen
10 be attempting to align with the field by decreasing towards zero across
the cell. The weak anchoring at the boundaries is shown by the fact that
the director near both surfaces lags behind that in the bulk. For the field
on. the flow, shown in figure 4, varies only slightly from an antisymmetric
form. being approximately equal in magnitude and opposite in direction i
the opposite halves of the cell.

When the electric field is removed the effect of the flow has a more
pronounced influence on the liquid crystal cell. This is evident from figures
5 and 6. which give results for the ficld off. Simple elastic considerations
suggest that the director orientation should simply return to its initial state
(8(z.1) = %,Vz) by way of a monotonic increase in @ across the cell. From
knowledge of the backflow effect!d! we know that this simplistic relaxation
will not take place. If the cell had strong anchoring at both boundaries
then a shear flow would be generated - antisvmmetric and oppuosite in
sense to the flow with the field on. In a region around the centre of the
cell a torque would be created which would oppose the clastic relaxation.
Although this may take the director past the vertical (6 < 0 ) in this region.
the entire cell will eventually relax back to its initial state. Figures 5 and
G make clear that this gradual relaxation back to a uniform state. paralle]
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with the plates, is not happening in this weak anchoring problem.

From figure 5 it is possible to see that at the plate with the stronger
anchoring, z = h, the director relaxes more swiftlv back to its initial state.
This induces flow in the negative direction near this plate which interferes
with the relaxation in the rest of the cell. Figure 6 shows how this flow
oceurs throughout the cell as time progresses. The flow first appears signif-
icantly at the plate with faster relaxation and then diffuses across the cell
hefore the elastic relaxation can take place at the slower (z = 0) surface.
This produces a viscous torque in the lower part of the cell which opposes
the intended elastic/surface elastic relaxation towards # = 7 at the bottom
plate. For this example it is apparent that the viscous torque is strong
enough to overcome the elastic and surface elastic torques and the director
orientation becomes negative near the lower plate. Once the director is
negative the surface elasticity drives the surface orientation towards —3.
This is shown in figure 5 where the director is shown to be tending to-
wards a m-bend state with 8(0) = —F and #(h) = J. As discussed carlier,
this bend state is unstable and must undergo a relaxation to the required
m-twist state.

Finally in this section we turn our attention to considerations of how the
time taken to switch between a uniform, planar state and a 7-twist state
may be decreased. Although we are only discussing the process where. via
the application of an electric field, the uniform solution becomes a r-bend
solution, the length of duration of this process surely gives some indication
as to the length of time required for the full switch.

Figure 7 shows three different solutions corresponding to different sets
of anchoring conditions. The solutions are in a form similar to that of fig-
ure 1. where this time the different line tvpes separate the three different
solutions. As with figure 1 the curves at the top of the figure represent
the director angle at the top plate, those in the middle give #-values in the
centre of the cell and the remaining curves give the director orientation at
2 = 0. It is casy to see that. as the anchoring strength at both plates is
increased. the time taken to proceed to a bend state decreases. This is not
unexpected. Also. predictably. if the values of the anchoring strengths at
cach boundary are taken too close to cach other then the cell will simply
revert back to the uniform state when the electric field is removed.

CONCLUSIONS AND FURTHER WORK

Using continuum theory we have shown that the flow induced by the
elastic /surface elastic relaxation at the faster boundary causes the clas-
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tic/surface elastic relaxation to be opposed at the weaker boundary, and
leads to a w-bend state which must relax to a #-twist. Thus, we give
theoretical proof that an asymmetrically anchored cell can switch from a
uniform state to a twisted state with the application of an clectric field.
However, the switching times achieved so far appear to be slightly slower
than those observed experimentally.

Attempts are currently being made to obtain a fuller understanding of
the problem including the introduction of changes to the boundary condi-
tions and the influence of twist effects.

L

-4
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FIGURE 1 Director angle, 6(2,1), given at three points in a liquid
crystal cell for two different values of density p.
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FIGURE 2 Flow, u(z,t), given at two points within a liquid crystal cell
for two different values of density p.

FIGURE 3

FIGURE 4 Flow induced by the electric field generated director
reorientation.



Downloaded by [University of Haifa Library] at 10:37 17 August 2012

532/[1776] J. G. MCINTOSH et al.

L7

FIGURE 6 u(z2,t) after the field has been removed.
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FIGURE 7 Three solutions for different sets of anchoring strengths given
in terms of # at three different points. Top curves: 8(z = h), middle
curves: 8(z = %) and bottom curves: 6(z = 0).
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