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Zenithal bistability in a nematic liquid-crystal device with a monostable
surface condition
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The ground-state director configurations in a grating-aligned, zenithally bistable nematic device are
calculated in two dimensions using@tensor approach. The director profiles generated are well
described by a one-dimensional variation of the director across the width of the device, with the
distorted region near the grating replaced by an effective surface anchoring energy. This work shows
that device bistability can in fact be achieved by using a monostable surface term in the
one-dimensional model. This implies that is should be possible to construct a device showing
zenithal bistability without the need for a micropatterned surface.2003 American Institute of
Physics. [DOI: 10.1063/1.155731]7

In recent years, interest in bistable display technologie®f a ZBND devicé® in which the influence of the grating
has grown dramatically in response to the increasing demarstructure[i.e., the regionz>1.5um in Fig. 1ii)] is repre-
for portable devices with low power consumption. As such,sented by an “effective surface energy” term
zenithally bistable nematic devicéZBNDs) are a highly
promising display technology of the future. With a suitable F5=%sin2 26, (1)
surface relief structure on one of the inside surfaces of the 2

cell, two stable director configuratiofisee Fig. 1i)] can be whered, is the liquid-crystal orientation at=dqgege. This

supported, with the result that the device is bistabfeThis is of the form of a modified Rapini—Papoular tethand has
Qevjce, therefore, combines the advantage of a ferroe!ectrigqual energy minima. at,=0 ar?deoza-rrl)z, as illustrated by
I|qU|d-crysta_I d'Sp"f"y .(namely lower power consumption the curve forW,;/Wy=0 in Fig. 2a). In the current work,
Whe_n. the display 1S m_frequently upda)edwth Fhe shock the surface term will be considered to act zt degeciive
stability of nematic displays. Optical modeling of such —d, while the liquid-crystal orientation at=0 is fixed at
device$ has shown that the effect of a grating structure ong_ ’77/2
one of the device surfaces is to reduce the contrast of the i
display. However, contrast ratios in excess of 15:1 have been
achieved in demonstrator displdysy optimizing the optical
properties of the grating structure.

The director configurations shown in Figi)llhave been Oo— /2 T
generated with a two-dimensioné2D) Q tensor modeling 9(2):( d )Z+ 5 )
approact® using a sinusoidal grating with a depth of 0.8
um and a pitch of 1.Qum, in a device of total thickness 3.0 6, is given by balancing the torques due to the surface and
um. For these dimensions, the two stable states shown iglastic terms at the=d boundary, leading to the condition
Fig. 1(i) are of comparable energy. Although this is not nec-
essary in order to achieve bistability, it optimizes the long-
term stability of a static image in a display. Figuréill
shows plots of the director tilt anglé as a function of dis-
tancez across the device width, at various poirtalong the
pitch of the gratingd is defined to be zero when the director
is parallel to the cell surfaces, amd2 when it is perpendicu-

Assuming a one elastic constant approximatidgy ;(
K,,=Ks3=K), a minimization of the Franck—Oseen elas-
tic energy? **leads to a linear solution fof:

) K
Sin 400=VW
0

g— 90). 3)

This equation always has at least one soluti@y® /2, cor-
responding to the vertical state. In addition, whe€fiw,d
<0.87, there are two other solutions which correspond to the
HAN state and an unstable solution at the peak of the energy
Between the vertical and HAN states. According to B8},
the maximum value ob, that can be obtained in the HAN
state is 0.45 radians. However, Figbli) shows that the
value of 6, predicted by the 2D modéfor the grating in Fig.
1(b,i)] is larger than 0.45 radians.

Further, we note that according to the 1D model, the
total energy of the device per unit ar@ategrated across the

negligible variation along the direction forz<1.5um, and
could therefore be described with a one-dimensiqi&)
model alongz. As shown in Fig. i), in one state(the
vertical statg, 6= /2 throughout the device, whereas in the
other statdthe hybrid-aligned-nematidtHAN) statd, the di-
rector tilts continuously fromg= /2 to #<w/2 across the
device.

. Il thick i
Davidson and Mottram have presented such a 1D mode"‘le ickness s
2

W,
+705in2 20,. (4)

Fdz==|5—0
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FIG. 2. Comparison ofa) surface andb) total device energies, shown for
a range of values diV, /W, . Note that it is possible for the whole device to
be bistable, while the surface is monostable.

¥ z (um)

(b) the "HAN” state

() (if) (i) With the modified surface energy term, the equilibrium
2D Model 04081216 6 (radians) 1D Model  solution for 6 is still as in Eq.(2), except thatdy is now
?nﬂ'”' * - ; given by the solution to
8,20.64 S(ff;e;r:ve) ; 1 _
- l L—; sin 40, + W, Sin 200—W0d 5 490>, (6)
] %<n2  instead of Eq.(3). Some of the stable solutions now have
d(true) = 3.0um much larger values o, allowing correspondence with the
1 results of the 2D model.
1 v Using Eq.(5) in the 1D model, the total energy of the
Y z (um)

device per unit area is now given by

FIG. 1. lllustration of the two possible ground states that can exist in a

ZBND, created using a surface relief structure, in this case, a grating of

depth 0.8um and pitch 1.Qum is used in a device of total thickness 3.0.

(a) In one state, the director just above the grating is essentially perpendicu-

lar to the glass pla_tes, an_d hen_ce the director structure can t_)e simplified {05y the vertical statedo= 7/2) this reduces taV,, instead

one in which the director is vertical throughout the whole device: the “ver- f bef. It is th f ible f he HAN

tical” state. (b) In the other state, the director just above the device is almos! 2€10 as beilore. tist ere ore now possi e_ or the

planar. Thus, the simplified director structure is like that of a HAN state.State @o<</2) to be equal in energy to the vertical state. By

Part(i) shows the director profile generated usin@ tensor approach. Part  equating the energies of the two states, and setting the torque

(if) shows slices taken through the 2D profiles: the “one-dimensitt@l o the syrface director equal to zdiq. (6)], expressions

region” of the device can clearly be identified, as well as the effective value . .

of 6, in the HAN device. The results of a 1D model based on an effectivefc'r the d|men3|0nles_5 parametMS\NOd andWl /WO can be

surface term are shown by the discrete points. @iaJtshows typical direc-  Obtained as a function of the surface #§. These expres-

tor profiles for the two states in the 1D model. sions are plotted in Fig. 3, for the case of perfect device
bistability. In order to achieve vertical and HAN states of

For the vertical stated,=w/2) the energy is zero, but for €qual energy, for any chosen value &f the values ofW,

6,</2; that is, any other state including the stable HANandW; (assuming fixedk andd) are uniquely determined.

state, the energy is greater than zero. However, our 2D moddihe two equal energy states are stable minima that are sepa-

shows that with the correct choice of grating and device difated by an energy barrier, as illustrated in Fign)2

mensions, the two states can be comparable in energy. It is

therefore clear that the influence of the grating structure is 14 1

2

Fdz= &
T

T W,
500 + 7°sin2 200+ W, Sir? 6,. (7)

not represented fully by the surface term in Eb. 12
In the 1D model, therefore, we propose to add to the 2 KW od
existing surface energy expression a term that has an energy 5107
minimum at =0 only, with a maximum at?= =/2. The ﬁ 8 1
total surface energy term therefore becomes § 61
g
E 44
Wo . ; ° W Iw
FS:7S|r122¢9o+Wls|n2 6o, (5) 21 1o
O T T T 1
0 04 0.8 12 16
and is illustrated in Fig. @ for W,;/Wy;>0. Note that for Director Tilt at Surface, 8, (radians)

W, <2W,, the surface energy has two energy minitatd
—0 and@=/2), and as such the surfacehistable but for FIG. 3. If a modified surface energy term is used, and the vertical and HAN

L. - . . states are required to have the same energy, then the dimensionless param-
W;>2W,, only the minimum atf=0 exists, that is, the gersi/wyd andw, /W, are uniquely determined for each valuedfthe

surface ismonostable director tilt angle az=d).
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To illustrate this concept, the values of the effective sur-It is therefore possible to have a bistable system in which the
face energy coefficientg/, and W, for the grating profile two states are equal in energy, even with a monostable sur-
shown in Fig. 1i) will be calculated. Figure(di) shows that face. With a suitable choice of alignment method, therefore,
the effective 1D device thicknesbis 1.5 um (half the true it may be possible to achieve a zenithally bistable nematic
device thickness of 3.um), and 6,=0.64 radians. From device without the use of a surface relief structure on one

Fig. 3, this gives surface. Possible candidates for suitable alignment layers in-
K clude obliquely evaporated silicon oxide or a weakly rubbed
— —-3.037 polymer. Not only might such an alignment layer be simpler
Wod to fabricate than a grating structure, but the contrast of the
and device will be improved due to the elimination of diffractive
effects caused by the periodic structure. It is also interesting
%=3.361 to note that for the parameters used as an example, that is, a
Wo device of thickness 1.am with a surface tilt of 0.64 radians,
at if the liquid crystal were a typical nematic such as E7, the
) optical retardation of the device would be very close to the
0o=0.64 radians. (8 ideal quarter-wave condition, and hence give good contrast.

Note that the value of), obtained for a particular device
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