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We propose a bistable nematic device implementing the recently observed anti-conical
degenerated anchoring on a grafted polystyrene surface. The anti-conical surface
presents two energy minima, planar degenerated and homeotropic, separated by a
conical energy barrier. Under moderate electric field the anchoring is broken, the sur-
face director jumps across the energy barrier and the device switches between two
optically distinct bistable textures.

Keywords Anchoring transitions; bistable nematic; surface bistability

1. Introduction

The surface anchoring is one of the most important properties of the nematics for both
fundamental research and applications. The interface liquid crystal/substrate has lower
symmetry than the bulk nematic and defines some preferred directions ne, called “easy” axis,
for the alignment of the nematic surface director ns. For common monostable anchorings
ne is unique and any deviation δns = ns − ne costs an anchoring energy W(δns). In a
first approximation W(δns) contains two independent zenithal (out-of-plane) and azimuthal
(in-plane) Rapini-Papoular (RP) terms [1]:

W (θs, ϕs) = −1

2
Azen cos2(θs − θe) − 1

2
Aaz cos2(ϕs − ϕe)

where θ s, ϕs are the spherical coordinates of ns and Azen, Aaz are the anchoring strength
coefficients.

Bistable or multistable anchorings, with several distinct easy axes, have been reported
on cleaved crystals [2], evaporated SiO films [3], nano-structured [4,5] polymers and
other anisotropic surfaces. Continuously degenerated anchorings, with energy minimized
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on an “easy surface”, could also exist, for example on isotropic boundaries. A zenithal
degeneration cannot be expected—even for an isotropic substrate, its normal N is a particular
direction, along which the nematic order varies rapidly. By symmetry, terms like (ns·N)2m =
cos(θ s)2m, with m integer, are always allowed and contribute to the zenithal anchoring
energy. On the contrary, all the azimuthal directions on isotropic surfaces are equivalent
and Aaz should vanish, as e.g. on the interface nematic/isotropic fluid.

On solid substrates the azimuthal degeneration is often hindered by the anchoring mem-
ory [6–8]. However, several kinds of degenerated alignments were reported on memory-
free polymer surfaces. In the planar degenerated case [9] the easy directions form an “easy
plane”, defined by θ s = π /2 . For the conical anchoring [10] the energy minima are along
an “easy cone”, defined by θ s = θ c<π /2. The recently reported [11] anti-conical anchoring
presents two metastable states, homeotropic and planar degenerated, separated by a conical
anchoring “barrier”, a maximum of the energy at θ s = θa, with 0 < θa< π /2.

Here we study the texture transitions under electric field in nematic cells with anti-
conical alignment. We observe a surface anchoring breaking, with surface director jumping
across the anchoring energy barrier. We demonstrate a simple anti-conical device based on
this phenomenon, switching between two optically distinct bistable textures.

2. General form of the Zenithal Energy of the Azimuthally
Degenerated Anchoring

The simple RP-approximation is inadequate for the conical and anti-conical degenerated
anchorings. Large positive [10] or negative [11] cos4θ s terms are required respectively to
describe these states. The existence of these terms has been theoretically predicted [12] and
experimentally observed close to anchoring transitions, driven by the temperature [13,14]
or by the alignment layer treatment [15].

For azimuthally degenerated anchorings the energy W = W(θ s) is independent on the
in-plane orientation ϕs. The symmetry of the surface (rotation around N) and of the nematic
(inversion of the director n) imposes W(θ s) = W(−θ s) = W(π±θ s). The most general form
of W(θ s) is then [11]:

W (θs) = 1

2
α cos(2θs) + 1

4
β cos(4θs) + 1

6
γ cos(6θs) + · · · (1)

where α is the RP term and β,γ , . . . are higher order contributions. For simplicity we keep
here only the first two terms, sufficient to describe the observed degenerated anchorings.

Figure 1 presents the energy functions of the different anchoring states, obtained by
minimization of W(θ s) (for α >0, as measured in the experiment). For small β coefficient,
|β | < α/2, the anchoring is planar degenerated (curve 1). For large positive β, β >α/2, the
anchoring is conical (curve 2), with energy maxima at θ s = 0 and θ s = π /2, and a minimum
on the easy cone, defined by θ c = 1

2 arccos(α/2β). For large negative β, β < −α/2, the
anchoring is anti-conical (curve 3): W(θ s) has two distinct minima, at θ s = 0 and θ s = π /2,
and a maximum on the anchoring barrier, defined by θa = 1

2 arccos(−α/2β). In general,
the two minima have different energies, one of them being only metastable. However, once
switched to this minimum, the surface cannot go back spontaneously over the anchoring
barrier - we expect then a true bistability of the bulk textures.
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Figure 1. Zenithal anchoring energy for azimuthally degenerated surfaces for α > 0 and different
α/β values: 1—Planar state (α/β = 0) , W(θ s) presents only two extrema, a minimum at θ s = π /2 and
a maximum at θ s = 0; 2—Conical state (α/β = 0.8), W(θ s) presents two maxima and a minimum at
θ s = θ c; 3—Anti-conical state (α/β = −0.8), the two minima of W(θ s) are separated by an anchoring
barrier at θ s = θa.

3. Experimental Study of the Anti-Conical Anchoring

We realize the anti-conical anchoring with the nematic n-heptyl-cyanobyphenyl (7CB) and
a grafted polystyrene (PS) alignment layer, reported [11] to give temperature-controlled
anchoring transitions between all the three degenerated states shown on Fig. 1. We study the
surface switching under field in a thin cell (d = 1.7 µm) with ITO electrodes on both plates.
One of the plates is PS treated [11], to give anti-conical degeneration below T = 16.4◦C.
The opposite plate has strong monostable planar anchoring (SiO evaporation), removing
the azimuthal degeneration of the bulk texture. To avoid polar effects, due to charge
accumulation on the surfaces, we apply the field in AC bursts (f >10 kHz), with variable
duration and modulated amplitude U. The voltage-dependence of the optical retardation
L(U) is measured in real time (time-resolution of about 10 ms, limited by the bulk texture
response time) using an electro-optical setup [16–18] and a polarizing microscope. In the
same burst, we vary U continuously from zero up to several volts and back to zero, to obtain
the two-way electro-optical curve and to detect eventual hysteresis.

The typical L(U) dependence is shown in Fig. 2(a). At U = 0 the cell retardation is
L0 = 350 nm, compatible with L0 = d·�n expected for a planar texture. The zero pretilt
angle on both plates is confirmed by the sharp Fréedericksz [19] threshold at UF = 0.96 V.
At U>UF, L decreases rapidly due to the director reorientation in the bulk and on the PS
surface. At U = UC = 2.57 V the birefringence changes abruptly, decreasing by δL =
16 nm, indicating a first-order anchoring breaking [20] on the PS layer. To understand
this phenomenon, we plot in Fig. 2(b) the graphic solution of the surface torque balance
equation. The anchoring torque −	s = α sin(2θs)[1 + (2β/α) sin(4θs)] is presented by a
solid line. The dashed lines show the integrated bulk dielectric torque 	diel transmitted
to the surface. Taking for simplicity K33 = K11 and U�UF we obtain [20] 	diel

∼= πK33

sinθ s U/ (dUF). For U<UF there are two stable solutions: the stable planar state P and the
metastable homeotropic one H. Above UF, the planar solution shifts to smaller θ s values,
as ns tilts under the increasing dielectric torque, while the homeotropic solution remains
unchanged. Above U = UC, the anchoring breaking threshold, 	s is too weak to equilibrate
	diel and the surface jumps to θ s = 0, the unique equilibrium point for U>UC. Decreasing
back the field, the surface remains in the local minimum H, due to the anchoring barrier.
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Figure 2. Electro-optical response and anchoring breaking in the anti-conical state at T = 11.5◦C:
(a) Experimentally measured birefringence of the cell. The arrows indicate the evolution of the curve
as the voltage increases and then decreases back to zero. The pictures show the initial and the final
textures at U = 0; (b) Torque equilibrium and anchoring breaking (α = 0.72, β = −0.49). The solid
curve represents the anchoring torque, the dashed ones show the dielectric torque transmitted to the
surface at increasing field. The circles show the equilibrium solutions before (open) and after (full)
the anchoring breaking.

This behavior is clearly seen in Fig. 2(a): when U decreases back to 0, the phase shift
saturates to a new value L1 ≈ L0/2, as expected for a hybrid texture (planar on the SiO side
and homeotropic on the PS one).

From the values of the threshold UC and the birefringence jump δL we obtain the
anchoring strength coefficients α and β. At T = 11.5◦C, α = 0.72 , β = −0.49, and they
vary rapidly with the temperature [11]. The numerical fitting of the electro-optical curve,
taking into account K33 �= K11 and the finite UC/UF ratio, confirms the above approximate
results. Throughout the temperature range of the anti-conical state (16.4◦C >T > 6◦C) the
anchoring breaking threshold EC = UC/d is remarkably weak and constant, EC = 1.7 ±
0.2 V/µm, one order of magnitude lower than reported for other “weak” anchoring [4,21–24]
surfaces.

4. Bistable Anti-Conical Device

The observed bistability and weak threshold are promising for applications. Bistable de-
vices switching between two distinct surface states, i.e. with surface bistability, have been
proposed before [4,23,24]. However, these bistable surfaces are difficult to realize, needing
a surface topography or modulation of the anchoring properties on a sub-micrometer scale.
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Figure 3. Examples of anti-conical bistable devices: (a) With only one anti-conical (Ac) surface
and polar driving; (b) With two anti-conical surfaces and dual-frequency driving scheme; (c) Optical
response of the device on Fig. 3(a), driven with dual-frequency AC bursts. The photographs show the
two bistable states under crossed linear polarizers.

In contrast, the anti-conical bistable anchoring is realized on uniform isotropic substrates,
without nano-structuring, by a cheap and reliable self-assembly-like grafting process. The
bistable states, homeotropic and planar, are optically the most distinct possible, resulting
in a good contrast. The high energy barrier between them provides a long term bistability,
but the switching threshold remains weak, about 2 V/µm.

One possible architecture of anti-conical bistable device is presented on Fig. 3(a). The
cell has one anti-conical surface (Ac) and opposite homeotropic (Ho) alignment. The two
bulk bistable textures are respectively hybrid and homeotropic. Fast switching from hybrid
to homeotropic is obtained by anchoring breaking. For the switching back to the planar
state, one can use in this geometry a polar coupling with the electric field. In fact, the
flexoelectric polarization [25], bulk or surface-like, has been already proposed for polar
control of monostable [26,27] or bistable nematic devices [4,21–24]. Experimentally, under
short DC pulses we observe a strong polar electro-optical response of the cell, one order
of magnitude stronger than the expected [28,29] flexoelectric one. This effect is probably
due to a surface polarization [30,31], e.g. of ordoelectric origin [32], and might be used for
reversible switching between the two bistable states, controlled by a short “selection” DC
pulse after the anchoring breaking.

The optimal optical configuration of the device is under crossed circular polarizers, to
avoid artifacts due to the azimuthally degenerated hybrid state. The homeotropic texture
gives an excellent black state for any cell thickness d, while the hybrid state is bright when
its optical thickness ∼d�n/2 is close to λ/2 (d ∼= 3 µm for �n ∼= 0.2, a good compromise
ensuring easy fabrication and fast relaxation).

Another configuration of the bistable anti-conical device (Fig. 3(b)) uses anti-conical
anchoring on both surfaces. The bistable textures in this case, homeotropic and degenerated
planar, are optically the most distinct possible. The optimal thickness is now d ∼= λ/(2�n),
typically d < 2 µm, and fast relaxation times are expected. A field-controlled switching
back to the planar state might be obtained by using a nematic with frequency-dependent

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
0:

30
 1

7 
Fe

br
ua

ry
 2

01
3 



80/[320] I. Dozov et al.

sign of �ε and dual-frequency driving [33,34]. In fact, varying the frequency, the sign of
the torque applied on the anti-conical surface is inversed, enabling an anchoring breaking
toward any one of the two bistable textures. However, for the practical implementation
of this driving scheme we need dual-frequency nematic material presenting anti-conical
anchoring, still to be developed.

In Fig. 3(c) we show the optical response of the hybrid device of Fig. 3(a) (nematic
7CB on grafted PS layer, T = 11.5◦C, d ∼= 9 µm). The cell is driven with dual-frequency
AC bursts (U ∼= 20 V, pulse duration 10–100 ms). Starting from the planar state, we apply
a low frequency (2 kHz) field, strong enough to break the anti-conical anchoring. The cell
switches into the metastable homeotropic state and remains there after the end of the driving
pulse, trapped in the local minimum of the total energy. Applying then a high frequency
(2 MHz) pulse, we observe that the cell switches back to the initial planar state. This
switching back is not obtained by an anchoring breaking, but by the nucleation of a
dense network of defects on the PS surface. This allows the relaxation of the metastable
homeotropic state to the planar one by defects propagation, instead of the forbidden uniform
transition through the energy barrier. In both ways the switching of the surface is fast (<1
ms). The bulk relaxation to the planar state, however, is much slower, due to the large cell
thickness and the high viscosity of 7CB at T = 11.5 ◦C. Despite the higher total energy of the
homeotropic texture, the device shows infinite bistability—the anchoring barrier between
the two states is high enough to prevent spontaneous transition to the hybrid texture.

5. Summary

We propose bistable applications of the recently reported anti-conical anchoring. We study
electro-optically the switching of the anti-conical surface by a low threshold anchoring
breaking. We propose bistable devices using the anti-conical anchoring, confirming exper-
imentally the expected switching and bistability. Further development of the anti-conical
alignment layers and nematic materials is still needed for the practical realization of a new
generation of bistable displays and/or optical valves with fast surface switching. However,
other groups recently reported [35–37] similar metastable coexistence of homeotropic and
planar anchoring states in a number of other nematic/alignment layer systems, indicating
that the anti-conical anchoring behavior is not so rare and unique.
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