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Abstract

We numerically study the dynamic process of

transitions among textures in bistable cholesteric

reflective displays, and analyze the effects of the

parameters: surface anchoring, applied field, cell

thickness, pitch and elastic constants. Our result

shows that fast homeotropic-planar transition,

essential in order to use cholesteric liquid crystals in

video rate operations, can be achieved using cells

with homeotropic anchoring.

Introduction

Cholesteric liquid crystals, used for reflective

displays because of their bistability and reflectivity,

exhibit two stable states at zero field. ” 2 One is the

reflecting planar texture and the other is the

non-reflecting focal conic texture. A cholesteric liquid

crystal (A90) can be quickly switched directly from

the planar texture to the focal conic texture but not vice

versa.z In order to switch the cholesteric liquid crystal

from the focal conic to the planar texture, it has to be

first switched to the homeotropic texture and then

relaxes to the planar texture. The homeotropic-planar

transition is usually slow, a few hundred ms long.

Because of this slow transition, the application of

cholesteric liquid crystals is limited to displaying static

images. To display dynamic images at video rate, it is

necessary to reduce the homeotropic-planar transition

time. Furthermore, this transition has played an

important role in dynamic drive schemes.3 Therefore, it

is greatly desired to have a complete understanding of

it. There are many parameters affecting the transition:

cell surface anchoring and thickness, elastic constants,

intrinsic pitch, and viscosity of the liquid crystal.

Examining so many parameters experimentally to

obtain the fast transition would be expensive if not

impossible. Therefore we simulate this dynamic process

to investigate the effects of surface anchoring and

material parameters. We use the results as a guidance to

design cells and choose material parameters to optimize

reflective cholesteric liquid crystal displays.

Numerical study

In the transition from the field-induced homeotropic
texture to the planar texture of a cholesteric liquid

crystal, the director ~ can be approximately considered

to only be a function of the coordinate z which is

chosen to be perpendicular to the liquid crystal cell.

2 = nx(zp + ny(z); + ny(z)~ . The free energy density can

be derived from the derivatives of n~, ny and nz. The

cholestenc liquid crystal we are considering has a pitch

PO in the visible light wavelength region; the cell

thickness h of a cholesteric reflective display is usually

about 5 pm. h/PO-10 and in the planar texture, the twist

angle from the bottom of the cell to the top of the cell

A4)=27rh/PO-207c. There is a problem in numerical

calculation if ~ is used directly. In programming, the

discretization destroys the symmetry between ~ and

–~. This problem is avoided by using the tensor

relaxation method where we introduce the tensor ~4

Qu= ‘in] -$% (1)

Expressed in the derivatives of ~, the Oseen-Frank free

energy is

f= (–~ + ~ + ~)G~) + <K’ljK’2)Gf) •t (K33~K”)G~)

-g.K22G!f) - ~E.AE(z ● ~)z + $q?

+* V*(%’02+$?XVX2) (2)

where

G?) = Qj~,/Qju - ~- 2nk,/nk,/ = 2[(V ● >)2 +(7 ● V x 2’)2

+(t XVX n)2-V*(FV *Z+ FXVx2)] (3)

G!) = Q,,k.kQJ/,l= nk,knl,l + nknmj,knj,i

=( VeY)2+(7?x VXZ)2 (4)

‘e?#?nk, [=-~.vx? (5)G?) = e,@j~Qh,[ – J J

G$) = Qj~Q/mJ [m,Q k = 2(nkn/nJ,kT?J,/ - $WUJ)

=-$( V02)L;(%VX2)2+ @xvx7)2

+$7*(2V92+2XVX7?) (6)

The last term in Eq. (2) is a surface term and can be

neglected because the fixed boundary condition (strong

anchoring) is used in our calculation. The dynamic

equations are
W-L(;’-I)IY?$J= - ~n, =-~+2Lnl =–7&~+2bi (7)

where k is the Lagrange multiplier due to the

constraint that ~2 = 1. Using Eq. (7), we calculate ~

as a function of time. The quantities of interest are the

polar angle f3 given by

sin 8 = J- (8)

and the normalized twisting rate S defined by

S= $(–?*VX_l) = &sinzO$ (9)

where 1$is the azimuthal angle and q. is the chirality of

the liquid crystal. The optical reflection is determined

by S.
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Results of simulation

In our simulation, the liquid crystal is initially in the

homeotropic texture under an applied electric field

r
higher than E.= ~ ~ . When the electric field is

turned off, some small random noise is superimposed

on the initial state, and the liquid crystal relaxes to the

planar texture. We first study the effects of surface

anchoring on the homeotropic-planar relaxation. The

director configurations in the relaxation are shown in

Figs. 1(a) and (b) for cells with homogeneous and

homeotropic anchoring, respectively. (For the purpose

of illustration, the cell thickness h for Fig. 1 is chosen

to be 4P0, instead of 10PO which is the value close to

that of a real cholestenc display cell). For the cell with

homogeneous anchoring, in the final state given by our

simulation, the pitch of the liquid crystal is P=h/2

instead of the intrinsic pitch PO=h/4. This is the

transient planar texture and is metastable. The liquid

crystal will further relax to the stable planar texture

with the intrinsic pitch PO. This relaxation is a slow

nucleation process initiated by defects. Experimental

studies show that the transition from the transient

planar texture to the stable planar texture is usually a

few hundreds ms long. Our model does not include

defects and does not give the transition from the

transient planar texture to the stable planar texture. For

the cell with homeotropic anchoring, the final state

given by our simulation has the pitch P=h13.5 which is

much closer to the intrinsic pitch PO=h/4.

(b) I

-. . .. . ..-.:::
:::. . .----..---------------::...::::---
::: Ill-..---.-..-.;::
:::---. . .---. . .---. . ..-.:::
. . .
:::---------.-.

Fig. 1 Director configurations in the homeotropic-pianar

transition. (I) initial state, (II) intermediate state and

(III) final state. (a) cell with homogeneous anchoring,

(b) cell with homeotropic anchoring.

We study the homeotropic-planar relaxation in cells

of the thickness h=10PO=5 ~m and investigate how the

relaxation takes place. We use the parameters: elastic

constants Kli=Kjj=2.0x 10’1 N, K2Z=I .Ox10“11 N, and

rotational viscosity coefficient Y=50 cp. The twisting

rate and polar angle in the transition in the cell with

homogeneous anchoring are shown in Figs. 2(a) and

(b), respectively. In the beginning of the relaxation, the

polar angle is 7r/2 at the surfaces and is O in bulk. The

transition appears starting from the two surfaces and

then propagating rapidly into the bulk. Detailed
investigation reveals that the relaxation takes place

everywhere in the cell. Near the surface, the initial

polar angle is large and the relaxation is fast. In the

middle of the cell, the initial polar angle is small (given

by some random noise) and the relaxation is slow. The

relaxation starting from the surface propagates into the

bulk so quickly that the relaxation starting from the

noise in the bulk is difficult to see. This propagation of

the transition is not a diffision process as in a

homogeneous nematic cell where the dynamic equation

for the polar angle e is a diffusion equation. In the

cholesteric liquid crystal, the dynamic equation for e

has a diffusion term and a nonlinear term. The

nonlinear term makes the relaxation propagate quickly

into the bulk. The liquid crystal relaxes to the transient

planar texture (with S= 0.6 and r3= 7r/2) in about 1 ms.

The average twisting rate and polar angle as a function

of time are shown in Figs. 4(a) and (b), respectively,
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Fig. 2 Spatial dependence of the twist rate and polar
angle at various times in the homeotropic-planar

transition in the cell with homogeneous anchoring.
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The twisting rate and polar angle in the transition in

the cell with homeotropic anchoring are shown in Figs.

3(a) and (b), respectively. In the beginning of the

relaxation, the polar angle is O at the surfaces and very

small in bulk. The transition starts in the bulk and

propagates to the two surfaces. In this stage of the

relaxation, the twisting rate is larger in the middle than

near the surface. The liquid crystal relaxes to the

transient planar texture (with s= 0.5 and 0 = 7t/2) in

about 1.3 ms. The relaxation continues and the twisting

rate keeps increasing. In this stage of the transition, the

twisting rate is larger near the surface than in the

middle. The helical structure is “injected” from the

surfaces into the bulk. The liquid crystal relaxes to the

stable planar texture (with S = 0.95 and e = 7r/2) in about

30 ms. Therefore in this cell, the liquid crystal can

relax directly to the stable planar texture without the

nucleations required in the cell with homogeneous

anchoring. The average twisting rate and polar angle as

a function of time are shown in Figs. 4(a) and (b),

respectively. The fast homeotropic-planar transition

time in the cell with homeotropic anchoring is

consistent with experimental results.s
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Fig. 3 Spatial dependence of the twist rate and polar

angle at various times in the homeotropic-planar

transition in the cell with homeotropic anchoring.

We also study effects of bias fields on the

homeotropic-planar transition. We find that there is a

critical field E~P above which the applied bias field

creates an energy barrier and makes the transition

impossible. This critical field E~Pdepends on both cell

thickness and surface anchoring; the result of our

simulation is shown in Fig. 5. For the cell with

homogeneous anchoring, the critical field vs. ~0 is

shown by curve (a). The homogeneous anchoring

favors the transient planar texture, and therefore the

critical field is higher. As the cell thickness is

increased, the critical field decreases and approaches

the ultimate value of 0.62 EC. For the cell with

homeotropic anchoring, the critical field vs. h/PO is

shown by curve (b). The homeotropic anchoring favors

the homeotropic texture, and therefore the critical field

is lower. As the cell thickness is increased, the critical

field increases and approaches the ultimate value of

0.45 EC.
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Fig. 4 Average twisting rate and polar angle vs. time.
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Fig. 5 The critical field of the homeotropic-planar

transition vs. cell thickness. (a) the cell with

homogeneous anchoring, (b) the cell with homeotropic

anchoring.
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In the cell with homogeneous anchoring, the

relaxation from the transient planar texture to the stable

planar texture is also affected by the applied bias field.

The twisting rate as a fimction of time at various bias

fields is plotted in Fig. 6. When the bias field is O, the

liquid crystal relaxes from the homeotropic texture to

the transient planar texture (with the twisting rate of 0.6

and polar angle of 7c/2) in about 1 ms. Afterward, the

twisting rate remains at 0.6. As discussed before, the

liquid crystal cannot relax to the stable planar texture

without nucleations from defects, As the bias field is

increased, the relaxation from the homeotropic texture

to the transient planar texture becomes slower. When

the bias field is 0.5 E,, the liquid crystal relaxes from the

homeotropic texture to the transient planar texture (with

the twisting rate of 0.7 and polar angle of 7c/2) in about

2 ms. Afterward, it remains in the transient planar

texture. When the bias field is 0.6 E,, the liquid crystal

relaxes to the planar texture with twisting rate of 0.9,

which is close to the intrinsic twisting rate of 1.0, in

about 9 ms. This may be important in practice in

reducing the homeotropic-planar transition time in

cholesteric display cells with homogeneous anchoring.

When the bias field is 0.7 EC, above the critical field of

0.62 EC, the homeotropic-transient planar relaxation

becomes impossible, and the twisting rate remains at

0.0. One point should be pointed out is that in practice,

when the bias field is sufficiently high, the liquid

crystal may transform from the homeotropic texture to

the focal conic texture, instead of the planar texture, if

the focal conic texture has a lower free energy. In our

modelling, we do not consider this possibility.
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Fig. 6. Average twisting rate vs. time in the

homeotropic-planar transition under various bias fields

in the cell with homogeneous anchoring. h/PO=l O.

The major parameters affecting the homeotropic-

planar transition are the cell thickness h, elastic

constant K2J and KjJ, intrinsic pitch POand viscosity y

of the liquid crystal. The transition time is proportional

to yP02/K1z. Shorter transition time is achieved with

larger K2, and shorter pitch. In the cell with
homogeneous anchoring, the cell thickness does not

affect much the transition time. In the cell with
homeotropic anchoring, however, the transition time

depends on the cell thickness. Thimer cells will have

shorter transition times. If Kjj were equal to ~z, the

liquid crystal would relax from the homeotropic texture

to the planar texture directly, independent of the surface

anchoring. In reality, KJj/K22 is always larger than 2;

the ratio in that regime does not affect much the

transition, nevertheless, a small ratio is preferred.

Conclusion

In an effort to understand the homeotropic-planar

transition, we have done a numerical study of the

transition using the tensor relaxation method. Our
results show that in cells with homogeneous anchoring,

the liquid crystal relaxes to the transient planar texture

and remains there. The anchoring hinders continuous

change of pitch. Further relaxation needs defects to

serve as nucleation sites. The homeotropic-planar

transition time is usually long. In cells with

homeotropic anchoring, the helical structure can be

“injected” from the surface, and the pitch can change

continuously. The homeotropic-planar transition time

is short, which explains the experimentally observed

fast homeotropic-planar transition achieved in cells

with homeotropic anchoring. Our study predicts that

fast homeotropic-planar transition can also be achieved

by applying a bias field in cells with homogeneous

anchoring. This numerical study provides guide in

choosing material parameters and designing display

cells to optimize the performance of cholesteric

reflective displays.
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