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The first goal of this work is to study phase diagram and
director structures that appear because of geometrical frus-
tration of CLCs in the cells with either strictly vertical or
slightly tilted ��2�� easy axis at the confining substrates. We
start with the phase diagram in the plane of �=d /p and U
similar to the one reported in Refs. �15,24� and then proceed
by studying influence of such extra parameters as rubbing,
introducing nucleation sites, and voltage driving schemes.
We use CLCs with negative dielectric anisotropy; the applied
voltages are sufficiently low and the frequencies are suffi-
ciently high to avoid hydrodynamic instabilities �



Cholesteric mixtures were prepared using the nematic
host AMLC-0010 �obtained from AlphaMicron Inc., Kent,
Ohio� and the chiral additive ZLI-811 �purchased from EM
Industries�. The helical twisting power PHT=10.47 �m−1 of
the additive ZLI-811 in the AMLC-0010 nematic host was
determined using the method of Grandjean-Cano wedge
�34,35�











therefore, present only the diagrams corresponding to the
largest � values at which fingers do not appear for given
surface rubbing conditions, see Fig. 7. On the other hand,
voltage modulation could be a way to study the stability of
different parts of the diagram in the � ,U plane and deserves





3. Fingers of CF2, CF3, and CF4 types containing defects, T
junctions of fingers

Another type of fingers is CF2 �Fig. 13�, which is ob-
served for vertical as well as slightly tilted alignment in the
same parts of the diagram as CF1 �Figs. 1, 4, and 7�. How-
ever, in contrast to the case of nonsingular CF1, a segment of
CF2 has point defects at its ends. Because of this, CF2 does
not nucleate from the homeotropic or TIC structures as easily
as CF1 and normally dust particles, spacers, or irregularities
are responsible for its appearance. Therefore, fingers of CF2
type �Fig. 13� are found less frequently than CF1. Using
FCPM, we reconstruct the director structure in the vertical
cross section of CF2, see Fig. 13; the experimental result
resembles the one obtained in computer simulations by Gil
and Gilli �22�, proving the latest model of CF2 �15,22� and
disproving the earlier ones �23�. Within the CF2 structure,
one can distinguish the nonsingular 	+1 disclination in the
central part of the cell and two half-integer 	−1/2 disclina-
tions in the vicinity of the opposite homeotropic substrates.
The total topological charge of the CF2 is conserved, simi-
larly to the case of CF1. Polarizing microscopic observations
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This is similar to Eq. �3.221� of Ref. �43� �see p. 91�, where
the splay Freedericksz transition with a coupled electric field
is discussed. We expand the free energy in terms of ��z�
about the undistorted �=0 homeotropic configuration to ob-
tain

F��� =
1

2

4�2dK22

p2 −
��U2

d
�

+
1

2
�

0

d 
K33�z
2 − ��U2

d2 +
4�2K22

2

p2K33
��2�dz + O��4� .

�8�

The first term is the free energy of the uniform homeoptropic
configuration. The second-order term is positive definite if U
and � are sufficiently small. Ignoring higher order terms, we
find that the loss of stability occurs when
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Equation �9� is the spinodal ellipse. The homeotropic con-
figuration is metastable with respect to translationally homo-
geneous perturbations for the � and U parameters inside the
ellipse �9�, which corresponds to the boundary line V0, see
Figs. 1, 4, and 7. Equation �9� gives the threshold voltage for
transition between homeotropic and TIC structures

Uth = ��K33/���1 − 4�2K22
2 /K33

2 . �10�

Equation �10� is in a good agreement with our experimen-
tal results described in Sec. III above and with Ref. �40�. The
experimental data for boundary line V0 are well described by
Eq. �9� for rubbed and unrubbed homeotropic cells, see Figs.
1, 4, and 7. According to the linear stability analysis above,
the ellipse in the �-U plane �10� defines the limit of metasta-
bility of the homeotropic phase: for � and U



and the precise transition threshold is not well defined. The
experimentally observable artifact of this is the somewhat
blurred transition, which is described in Sec. III A 2, for the
cells with rubbing and resembles a similar effect in planar
cells with small pretilt �39�.

The above analysis allows one to understand the depen-
dence of the total in-plane twist of TIC on � and U that was
described in Sec. III B 1. The first integral �5� gives the tilt-
dependence of the local twist rate. The total twist across a
cell of thickness d is
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For the AMLC-0010 material with K22/K33�0.42 for given
� the total twist �� can be varied

0.42 � 2�� � �� � 2�� , �12�

by changing U. �� approaches the lower limit for relatively
small U that are just above Uth and ��0 and the upper limit
for U�Uth and ��� /2. This analysis is in a good agree-
ment with the FCPM images of the vertical cross sections of
TIC for different �, as described in Sec. III. Finally, knowl-
edge of �� variation with changing U is important for the
practical applications of TIC as it will be discussed below.

B. Other structures 64.8.S5-382.1(the)]nsi of1e37e phas





TIC, �3� periodically arranged fingers, �4� TIC with larger
in-plane twist. The reentrant behavior of TIC is also ob-
served in our numerical study of the phase diagram that will
be published elsewhere �42�. The reentrant TIC disappears if
nucleation sites are present or amplitude-modulated driving
schemes are used. Rubbing also eliminates nonuniform in-
plane structures such as umbilics and inversion walls that
otherwise are often observed in TIC and also influence the
phase boundary lines. The lowest � for which periodically
arranged fingers start to be observed upon increasing U can
be shifted for up to 0.3 toward higher � values by rubbing
and/or voltage driving schemes. The FCPM allowed us to
unambiguously determine and confirm the latest director
models �15� for the vertical cross sections of four types of
CFs �CF1–CF4�, while disproving some of the earlier models
�23�. The CF1-type fingers are observed in all regions of the
phase diagrams where the fingers are either stable or meta-
stable; other fingers appear in the same parts of the diagram
but less frequently. For the rubbed cells, only two types of
CFs �CF1 and CF2� are observed, which align along the

rubbing direction. The new means to control structures in
CLCs are of importance for potential applications, such as
switchable gratings based on periodically arranged CFs and
eyewear with tunable transparency based on TIC.
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