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Anchoring anisotropy of a nematic liquid crystal on a
bistable SiO evaporated surface

by V. SERGANY and G. DURAND*

Laboratoire de Physique des Solides, Bat. 510, Université de Paris-Sud,
91405 Orsay Cedex, France

(Received 26 July 1994; accepted 17 August 1994)

The angular dependence of the surface anchoring energy of the nematic liquid crystal 5SCB
on a bistable surface is measured using a twist-cell method. Anchoring bistability is obtained
by a grazing SiO evaporation on glass. The data obtained are in good agreement with the simplest
fourth order expansion in terms of the order parameter. The bistable anchoring is weak.

Among the different methods of orientation of nematic
liquid crystals (NLC), the oblique evaporation of SiO is of
great interest. This method gives usually a single direction
of alignment, i.e. a ‘monostable’ anchoring [1]. Depend-
ing on the evaporation parameters, the angle Y of
evaporation compared to the normal of the plate and the
total thickness 4 of the SiO layer, the NLC orientation is
‘planar’ (the NLC molecules are oriented in the plane of
the substrate and along the perpendicular I to the direction
of evaporation) or ‘oblique’ (the NLC molecules are
oriented in the plane of evaporation and form an angle
0o # 0 with the normal to the substrate). Varying 4 at fixed
Y, in a narrow range of h between planar and oblique
anchorings, one can induce at the same physical point of
the plate two easy directions of anchoring n’ and n” for the
NLC molecules, i.e. a ‘bistable’ anchoring [2]. The n’ and
n" directions form (see figure 1) the angles * ¢ with the
direction I perpendicular to the direction of evaporation e,
and the angle ®, with the normal to the plate. These two
directions n’ and n” correspond to equal minima of the
surface energy, separated by an energy barrier. This barrier
depends on ¢y, as shown in [3]. The ¢ dependence of the
height of this barrier is important for academic and
practical reasons. Recently, two independent methods of
measuring the barrier have been used. The first one
consists of switching the surface nematic orientation
betweenn’ and n” by using a variable amplitude horizontal
electric field [4]. The other one involves the observation
of the localized rotation of the surface director across a
surface defect [3]. Up to now, no angular information has
been obtained for the bistable anchoring energy. In this
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communication we report the experimental determination
of the surface energy angular dependence for the bistable
anchoring of a NLC on various bistable plates of different
¢ orientations.

Letus discuss the bistable anchoring properties for fixed
© and ¢po. Under constraint, the orientation of the nematic
director on a bistable substrate is defined by two angles ©
and ¢ i.e., the anchoring energy is a function of two
variables W(©, ¢, @y, ¢). The values of @ and ¢¢ are
fixed by the evaporation parameters, but the values of ®
and ¢ depend on the torque applied on the plate. In [2] it
was demonstrated that, when varying the evaporation
parameters for zero applied torque, the easy surface

Figure 1. The nematic liquid crystal directors for two
domains of the bistable plane. n’ and n" are the easy
directions on the bistable plate. n'* and n"* are the real
orientations of the twisted nematic directors. n, is the easy
direction for the planar plate. e is the direction of
evaporation. The surface twist distortion between n, and
n'* is @.. n'* forms the angle ¢ with the perpendicular l to
e. y is the angle between the analyser and polarizer in the
extinction position for the upper domain. All angles are
shown in projection on the substrate.

0267-8292/95 $10-00 © 1995 Taylor & Francis Ltd.



10: 31 26 January 2011

Downl oaded At:

172 Preliminary Communications

direction n rotates on a plane P oblique to the substrate.
The angle ®, changes from 0 for ¢o = 0 to ~ 75° for
¢o = n/2. This suggests that the azimuthal anchoring
(related to ¢ — ¢) is weaker than the zenithal anchoring
(related to 0 — ;). We then assume that, under the action
of an external twist, n will always rotate inside the plane
P. Following [5], we write the anchoring energy as a
function only of the azimuthal parameter ¢ as

W(d) = % [cos? ¢ — cos” ¢l ()

In equation (1) ¢ is the angle between n and 1 inside the
plane P; K = 10~ ®cgs units is an elastic constant and L
is the anchoring extrapolation length [1]. In this approxi-
mation we can determine the energy minima
W( = ¢o) = 0 and two energy maxima

K
W, = isin“qbo for ¢ =0,

and (2)
W, K sintgo for ¢ =2
= _—si o = /2.
1= 0

We have W, < W, if ¢o<w/4 and the opposite if
¢o > /4. We shall test the form (1) of the bistable
anchoring energy in the present experiment.

To measure the twist surface energy, one must use a
system which allows production of a twist surface director
deformation with variable amplitude. It is convenient to
use a twisted nematic film, sandwiched between two
plates, one of which is the bistable one to be characterized,
and the second one is a standard planar mono-stable plate.
For such a twisted texture we can write the surface torque
from the bulk twist as

K
rv = E (¢P - (yb)7 (3)

where ¢, is the nematic director orientation on the planar
plate and d is the cell thickness. We make the hypothesis
of infinitely strong anchoring on the planar plate, so that
the nematic director will rotate only on the bistable surface
under study. The ‘bulk’ torque will be compensated by the
surface torque calculated from equation (1) as

_dW(@) _
dg

The equilibrium orientation ¢ of the nematic molecules
gives the compensation of surface torques as

r, - % [cos® ¢ — cos® polsin2¢p.  (4)

Cli(qu —¢) — % [cos® ¢ — cos® ¢holsin2¢ = 0. (5)

This equation can have one or an odd number of solutions
for the unknown ¢ on the bistable substrate. In the simplest
case, only one value of ¢ exists for given ¢, and ¢o. When

we have three (or more) solutions, one is unstable but the
others are stable and can give rise to first order surface
anchoring transitions.

Experimentally, we measure the surface angle ¢ on the
bistable plate and we calculate by (3) the bulk elastic
torque I',(¢) in the twisted cell. In this way, we obtained
a point by point determination of I'y(¢») and we can check
equation (4). This method is well known for monostable
anchoring [6]. To measure the surface angle in the twisted
cell we use a polarizing microscope. For infinite an-
choring, one would observe at random two twisted
domains connecting the plate orientations n’, n, or n”, ny,.
As the bistable anchoring is finite, we observe two
domains n'*, m, or n"*, n; (see figure 1). The twist angle
is found by measuring the extinction direction of the
analyser in the Magnuim regime [7], when illuminating
the sample with light linearly polarized along the planar
orientation n,. Practically, we measure the angle ¢ which
is projection of ¢ on the plane of the substrate. We have
obviously cos ¢ = cos@sinfl. Because the plane P is
weakly tilted from the substrate, we can use ¢ instead of
¢ for the measurements.

The liquid crystal cell is made of two parallel glass
plates separated by a steel wire or mylar spacers of
calibrated thickness. As a lower plate, we use an oblique
SiO evaporated float glass plate with ¥ = 60°. The total
SiO thickness is & = 77 A. We obtain a monostable planar
orientation n, = 1 of the nematic director. The anchoring
strength, measured by an independent technique, gives an
extrapolation length L ~ O-1 pm, short compared to the
one later measured for the bistable plate, i.e. the planar
anchoring can be considered as strong compared to the
bistable anchoring. The bistable anchoring plate is used as
the top surface. Using the following controlled conditions
of evaporation: Y, =Y,=%;=75° h =85 A;

2 = 90 A and hy =95 A, we obtain three different
substrates with angles ¢y = 26°, 45° and 68°. The cell is
filled with the nematic liquid crystal SCB (4-pentyl-4'-
cyanobiphenyl) which is nematic at room temperature
T =20°C [8].

To measure the angular dependence of the surface
torque on the bistable surfaces, two independent methods
arc used. In the first one the cell has a fixed thickness
d = 3.5 pm. The twisted texture is obtained by mechani-
cally rotating the upper bistable plate through a varying
angle ¢,. Figure 1 illustrates how the angles are calculated.
By rotating the analyser through an angle y, one can obtain
the extinction for each bistable domain and calculate

.‘PC| as

|0el = 3] — 7/2

and the angle |¢| between n’* and I as

lol = lopl — lod.
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The bulk torque from (3) is

K
rv(ﬁoe) = E Pe- (6)

By repeating this procedure for different ¢, we can plot
I'«(e).

The second method uses a wedge cell of fixed twist
angle, but variable thickness d which allows creation of a
variable bulk torque I'v(¢.,d). We have used two angles
@y for these wedge cells. In the first case n,, coincides with
the direction of evaporation (¢, = n/2) and in the second,
it is perpendicular to it (¢, = 0). The bulk torque and the
surface torque are functions of d. By performing the ¢(d)
measurements, we can also obtain the ['(¢p) = — I'W(¢)
dependence from equation (3). There is a critical thickness
d. below which twist is not longer observed, on a black
zone. d. = L/(2sin? 0) for ¢, = 0 and d. = L/(2 cos’ 6p)
for ¢, = n/2. This method is faster than the first, butis less
accurate, since one observes different points on the plate
i.e., a possible dispersion of the anchoring. It is also
inapplicable for small d (i.e. for large surface torques)
because we are no longer in the Mauguin regime. In our
measurements, we have used method 2 downtod ~ 2 um.
For lower d we apply method 1.

We present in figures 2 (a)—(c) the experimental I'; data
for our three samples with various evaporation parameters.
The points are obtained from both methods, but give rise
to the same curve. We can see that the surface torque
I'' >0 when ¢ — ¢, as expected. We observe a
maximum in the volume torque |I'y max| which is a function
of do. |T'vmax| is larger if it separates two widely spaced
energy minima as expected for W, and W,. The solid lines
represent the best fit of the experimental points with
formula (4). The dashed lines represent the surface energy
as function of ¢, calculated from equation (1). One can see
good agreement between the experimental data and the
theoretical description. The fit gives the corresponding
values of the anchoring extrapolation Iengths:
L = 0-72 pm, 0-53 pm and 0-70 um for ¢y = 26°, 45° and
68°. These values are interesting to compare with the ones
obtained from direct microscopic observations of the
black zone for small d values by method 2. In this zone,
the angle ¢ is @ = ¢, = 0 or n/2. Using the expression (3)
and the measured maximal thickness of cell in the ‘black’
zone, we find L = 0-75pum, 0-50 pm and 0-76 pm for
@o = 26°, 45° and 68°, very comparable with those
from the general fit. These values correspond to
W~ 10"% — 10 " *ergcm ~ %, and compare also with the
mono-stable anchoring energy values measured when
approaching the bistable region in the ¥, # diagram [5].

To conclude, we have studied the orientation of the SCB
nematic liquid crystal on a bistable glass substrate under
the direct twisting action of an elastic bulk torque. The
anchoring bistability is obtained by a controlled grazing
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Figure 2. Torque I'y(¢) for three different cells with ¢¢ = 26°
(see figure 2 (a)), 45° (see figure 2(#)) and 68° (see figure
2 (c)). The solid lines represent the I'y(¢) fit with equation
(4). The dashed lines represent the surface energy calcu-
lated from equation (1).
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evaporation of SiO. The measured surface torques and
energies compare well with the simple angular anchoring-
model of [3] and [5], i.e. the simplest fourth order
development in powers of the order parameter. The twist
anchoring energy can be considered as ‘weak’, with an
extrapolation length in the ym range.

We thank M. Boix for making the controlled SiO
evaporations. Work partially supported by the EEC under
contract Brite Euram, No. BRE2-CT94-0614. V. Sergan
was supported by a scholarship from French MRES. He
also wishes to thank the Sorros Foundation for financial
assistance.

References

[1] For a review, see JEROME, B., 1991, Rep. Prog. Phys.,
54, 391.

[2] MoNKaDE, M., Boix, M., and DuranD, G., 1988,
Europhysics Lett., 5, 697.

[3] NoBmw, M., 1992, Ph.D. Thesis, University of Pisa. NOBILI,
M., BARBERI, R., and DuraND, G., (submitted for publi-
cation).

[4] BARBERIL R., Boix, M., and DURAND, G., 1994, Europhysics
Lert., 25, 527.

{5] NosiLl, M., and DuranD, G., 1989, Appl. Phys. Lett.,
55, 2506.

[6] BARBERO, G., MADHUSUDANA, N. V., PALIERNE, J. F., and
DURAND, G., 1984, Physics Lett., A, 103, 385.

[7] See, for instance, DE GENNES, P. G., 1974, The Physics of
Liquid Crystals (Clarendon Press).

[8] KARAT, P. P., and MADHUSUDANA, N. V., 1977, Molec.
Crystals lig. Crystals, 40, 239.



