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Electro-Optical Behavior of a Novel 
Strong-Wea k and Wea k-Wea k 
Anchored Large-Pitch Cholesteric' 
H. P. HINOV, E. KUKLEVA and A. I. DERZHANSKI 
Institute of Solid State Physics, Boul. Lenin 72, Sofia 1184, Bulgaria 

(Received January 31,1983) 

The electro-optical behavior of strong-strong, strong-weak and weak-weak anchored tilted and 
reversely-tilted large-pitch cholesterics has been investigated. The weak anchoring has been 
achieved after rubbing with soap the previously mechanically-rubbed glass plates. Under a 
voltage excitation, the most important reversely-tilted weak-weak anchored cholesteric layers 
giving rise to a nearly-planar Grandjean-like texture showed the appearance of a Helfrich's 
instability, followed by a ?r/2 rotation of the helix and finally, a scroll texture which com- 
pactly disappeared into a completely unwinded cholesteric. When voltage was switched off, 
the unwinded cholesteric was returned to the initial Grandjean-like texture for the case of a 
low voltage (U < 3Ue, where Ue is the threshold voltage for the Helfrich's instability) or has 
been transformed into a finger-print texture for higher voltages. This novel boundary-induced 
bi-stability is related to the weakness of the surface anchoring. 

In addition, attention has been paid on the important electro-optical behavior of the well- 
known, however insufficiently investigated, finger-print texture embedded into a homeo- 
tropic matrix. 

1. INTRODUCTION 

The electro-optical phenomena in cholesteric liquid crystals (ChLCs) with 
a large pitch p comparable to or larger than the thickness d of the cholesteric 
layer (p 2 d) have been intensively studied in the last ten years due to the 
successful application of the electrically-induced cholesteric-nematic 
(Ch-N) phase change in the indicator technique.'" 

'This paper was presented at Ninth International Liquid Crystal Conference, Bangalore, 
India, December 6-10. 1982. 
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110 H. P. HINOV, E. KUKLEVA and A. 1. DERZHANSKI 

The experimental investigations of the electrically-induced or mag- 
netically-induced Ch-N phase change accompanied by creation of various 
textures including the finger-print (more generally confocal) texture, the 
scroll texture (or more correctly disclination patterns), the Grandjean’s 
texture and the homeotropic orientation due to the complete unwinding of 
the cholesteric helix7-” as well as the theoretical effort10*16*19-u) shed a con- 
siderable light on many questions related to this effect. In addition, these 
investigations showed the complexity of the dynamics of this effect leading 
to one-stable, bi-stable, tri-stable and persistent electro-optical behavior of 
the liquid crystal (LC) and to a strong hy~teresis.’~*~’-” On the other hand, 
the experimental and theoretical investigations of the cholesteric-nematic 
phase change are often complicated by the presence of a number of various 
disclinations, walls and even dislocations in the cholesteric 

It is evident that the unwinding of the cholesteric helix with a large pitch 
that is comparable to the thickness of the cholesteric layer, depends not 
only on the action of external forces (electric or magnetic fields, etc.) but 
also on the surface treatment and the strength of the surface anchoring of 
the cholesteric molecules. The influence of the surface anchoring of the 
cholesteric layer is so important that it can determine the equilibrium pitch 
of the Ch. For instance, our experimental investigations unambiguously 
pointed out that the pitch of the strongly-anchored Ch is considerably 
smaller relative to the pitch of the same Ch in the case of weak anchoring. 
This is true not only for the planar Grandjean-like texture but also for the 
con-focal textures; i.e. the natural cholesteric pitch is undisturbed for the 
large-pitch Chs only in the case of weak anchoring of the LC molecules. 
Unfortunately, this important question has been insufficiently investigated 
up to n0w.42-u) According to Lin-Hendel’s  result^'^*^ the occurrence of the 
observed tri-stability is a result of the balance between the surface anchor- 
ing and the cholesteric nature of the material. In general, the surface forces 
act strongly on large-pitch Chs and weakly on short-pitch Chs. For ex- 
ample, according to Price and Bak’s results,@ the surface forces can orient 
the short-pitch Chs with a pitch in the range of several microns only along 
a distance of 50 microns; i.e. the penetration depth of the surface forces in 
this case is comparable to that of the corresponding smectic surface forces 
and is much smaller than the penetration depth of the surface forces into 
N 

The aim of this paper is only to give a qualitative description of the 
electro-optical behavior of the Ch-N phase change for Chs with a large 
pitch (in our case the thickness-to-pitch ratio was smaller than 0.2) strong- 
weak or weak-weak anchored by the appropriate treatment of the glass 
plates confining the LC (we used a.c. electric field at 5 kHz to avoid the 
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ELECTRO-OPTICAL BEHAVIOR OF CHOLESTERICS 111 

creation of electrohydrodynamic effects). The small thickness-to-pitch 
ratio usually determines a nematic rather than a cholesteric pha~e . '~* '~~ '~*"  
However, this is true only for a strong surface anchoring of the cholesteric 
layer. The weak surface anchoring usually determines a well-defined 
finger-print texture. For instance, our results obtained with large-pitch Chs 
(d/p < 0.2) as well as the results obtained by Hirata e t ~ l . ~ ~  who are able to 
obtain a stripe domain with a periodicity of 250 microns c o n f m  this claim. 

Our experimental results revealed the crucial role of the weak anchoring 
for the creation of a nearly planar Grandjean-like texture in the special case 
of reversely-tilted layers. Under a.c. voltage excitation, the planar (or 
nearly planar) cholesteric layers are undulated; i.e. one appears as the 
Helfrich's instability, followed by a 7r/2 rotation of the helix, or the 
creation of a finger-print texture, which at a higher voltage disappeared and 
a pseudo-nematic is formed. Inversely, at the switch off of the voltage, the 
unwinded cholesteric can relax into the initial planar Grandjean-like texture 
or can be transformed into a finger-print texture depending on the value 
of the surface tilt resp. on the voltage strength. In this way, we observed 
a novel bi-stable boundary-induced effect which might be useful for 
industrial applications. On the other hand, a special attention was paid 
to the important electro-optical behavior of the already known, however 
insufficiently investigated, finger-print texture embedded into a homeo- 
tropic matrix. 

II. LIQUID CRYSTAL CELLS 

From our recent investigations it is known that the soap treatment of the 
glass plates is able to determine a weak nondegenerated &polar surface 
anchoring of the MBBA LC.s2-58 A more effective utilization of this surfac- 
tant was obtained by rubbing of previously rubbed glass plates. In this way, 
according to the Nakamura's results,59 it is possible to pre-determine the sign 
of the tilt angle at the boundaries. This result was confirmed in our recent 
investigations. Moreover, the LC bias surface angle depends strongly on 
the soap thickness (this problem has not been resolved in detail) as follows: 
the thick soap deposition always leads to a large bias angle which is in the 
range of 10-20" relative to the glass plate normal; whereas, the thin soap 
deposition determines a small surface tilt being in the range of 50-60". 
Under a thick soap deposition we mean such a deposition which is observ- 
able with a naked eye and under a thin soap deposition, the nonobservable 
soap layer. It seems that the soap either completely covers the glass plate 
topography or the deeper grooves and at the same time remembers the 
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112 H. P. HINOV, E. KUKLEVA and A. I. DERZHANSKl 

rubbing direction; i.e. the fmt soap layers which are sensitive to this 
direction probably act on the whole soap layer. In this way, the rubbing of 
the glass plates determines an oriented soap layer. This important problem 
can be resolved either by attenuated total internal reflection measurements@' 
or by NMR measurements.6' In addition, the soap deposition may con- 
siderably reduce the surface inhomogeneities able to prevent the long-time 
stability of the unwinded cholesteric state since the slow return from the 
pseudonematic to the focal-conic texture always starts at surface defects. 

The long-pitch cholesteric was produced by doping a small percentage 
(1% wt.) of a cholesteril chloride (CC) into a mixture of a nematic host 
consisting of 89% wt. MBBA and 10% wt. 5CB with a high positive 
dielectric ani~otropy.~~ The percentage of 5CB was chosen to ensure a small 
positive dielectric anisotropy of the mixture. Using the dielectric anisotropy 
measurements performed by Park and Labes on a MBBA-5CB mixture63 
and having in mind the value of the dielectric anisotropy of the CC, which 
although positive is small (Ae - +317), we evaluated the dielectric aniso- 
tropy of the Ch-N mixture under study to be in the range between 1.5 
and 2. The percentage of the CC was chosen to ensure the formation of a 
large-pitch cholesteric with a thickness-to-pitch ratio below 0.25. 

All untreated glass plates were initially rubbed with a diamond paste 
(a grain size around 0.5 pm). Occasionally we used glass plates covered 
with a thin SiO film deposited under vacuum evaporation. Strong-weak 
anchoring was achieved after the repeatable rubbing of one of the glass 
plates confining the LC under study with soap. Weak-weak anchoring was 
achieved by rubbing of both glass plates with soap. In addition, the upper 
glass plate had two positions determining in this way either a uniform tilt 
or a reversely tilted deformation in the cells under study. The second 
position was obtained after a n/2 rotation of the glass plate. All the possible 
LC orientations in such cells are summarized in Figure 1 and include a tilted 
or reversely tilted LC orientation for the case of nontreated with soap 
rubbed glass plates and a tilted or reversely tilted LC orientation for the 
case of soap-treated glass plates. As mentioned, the latter case can be 
divided into a strong-weak anchored reversely tilted LC orientation when 
one of the glass plates is soap-treated and a weak-weak anchored reversely 
tilted LC orientation when both glass plates are soap-treated. Let us note 
that the optical observations on a number of MBBA-5CB mixtures per- 
formed under a polarizing microscope unambiguously show that the rub- 
bing itself is not able to produce planar alignment of the LC mixture. This 
experimental finding is due to the much smaller LC planar alignment 
capability of the rubbing method relative to the ruled-gratings@ or the 
well-known Janning's methodP' as well as to the tendency for a homeo- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
34

 2
1 

Fe
br

ua
ry

 2
01

3 



ELECTRO-OPTICAL BEHAVIOR OF CHOLESTERICS 113 

- 
tsorp 

FIGURE 1 
nematic mixture for all considered in the text cases. 

A schematic representation of the surface orientation of a large-pitch cholesteric- 

tropic orientation of the LC 5CB on treated or nontreated glass plates.- 
On the other hand, the experimental results also depend on the nature of the 
conductive coating of the glass plates!’ 

111. EXPERIMENTAL RESULTS AND CONSIDERATIONS 

Let us start with the most interesting and important case: 

MIA. Strong-strong, strong-weak and weak-weak reversely tilted 
MBBA-BCB-CC layers 

( I )  Strong-strong reversely tilted MBBA-SCB-CC layers Reversely tilted 
cholesteric layers with a large pitch (the thickness-to-pitch ratio was 
below 0.25) obtained with usual rubbed glass plates showed a fingerprint 
texture embedded into a homeotropic matrix” (see Figure 2). Although this 
texture is well k n ~ w n , ” - ~ ~ . * ~  no attention has been paid on its remarkable 
electro-optical properties. See the electro-optical curves and the discussion 
given below. This structure appears to be very stable and reproducible in 
reversely tilted cholesteric layers when the reverse tilt at the boundaries is 
achieved by rubbing. This kind of structure, usually existing in homeo- 
tropic or nearly homeotropic films, unambiguously pointed out that the 
tilting of the LC molecules at the surfaces is above 45” and that the anchor- 
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114 H. P. HINOV, E. KUKLEVA and A. 1. DERZHANSKI 

FIGURE 2 A finger-print texture embedded into a homeotropic matrix; a reversely-tilted 
orientation of a MBBA-5CB-CC mixture 15 microns thick at room temperature; crossed 
nicols, 10 divisions correspond to 45 microns. 

ing is not so strong. Under the combined action of the reverse tilt at the two 
boundaries and the intrinsic twist force due to the cholesteric nature of 
the MBBA-SCB-CC mixture, a, well-defined fingerprint texture embedded 
into a homeotropic matrix is formed. However, the eventual inclination of 
the molecules in the surface regions is not known and this problem can 
be successfully resolved, for instance, with the aid of the total internal 
reflection of a laser beam. 

(2) Reversely tilted strong-weak anchored MBBA-SCB-CC layers The 
strong-weak anchored reversely tilted cholesteric layers display a very large 
variety of textures depending on the soap thickness which was not control- 
lable in our experiment. For example, we obtained either many Grandjean- 
like regions separated by walls and disclinations (see Figure 3) (let us note 
that the Grandjean-like orientation was near the soap-treated glass plate as 
proved by the microscopic observations), or the so-called scroll texture 
which usually has no spirales and contains many disclinations” and 
dislocations (Figure 4) and fmally, the most typical and important novel 
texture shown in Figure 5 which consists of large-area regions with a 
Grandjean-like orientation separated by different disclinations and walls. 
The stripes, visible on the picture, depend on the position of the nicols and 
probably represent the total optical effect due to the slight inclination of the 
cholesteric axis relative to the glass plate normal. This assumption was 
confiied by the voltage excitation of a number of reversely tilted weak- 
weak anchored cholesteric layers leading to the development of a regular 
Helfrich’s instability. 
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ELECTRO-OFTICAL BEHAVIOR OF CHOLESTERICS 115 

FIGURE 3 Many small Grandjean-like regions separated by walls and disclinations in a 
reversely-tilted strong-weak anchored MBBA-5CB-CC mixture 15 microns thick at room 
temperature; crossed nicols, 10 divisions correspond to 45 microns. 

(3) Reversely tilted weak-weak anchored MBBA-SCB-CC layers In the 
most important and interesting case of reversely tilted weak-weak anchored 
cholesteric layers we observed a homogeneous Grandjean-like texture 
which was in some cases with a slight inclination of the cholesteric axis 
(Figure 6). The polarizer rotation at an angle of about 40" led to more 
distinct and visible stripes (Figure 7). 

IV. ELECTRO-OPTICAL BEHAVIOR 

The electric field-induced textures and the phase-change behavior of the 
long-pitch cholesteric films are summarized in Table I. For convenience, 
the corresponding electric field-induced textures, obtained by Lin-Hendel 
in planar and homeotropic chole~terics"~~~ are given as well. In spite of the 
Lin-Hendel's results, the bi-stability behavior observed in our experiment 
depends crucially on the boundary conditions. At this stage of the experi- 
mental investigations, however, we do not know exactly the role of the 
thickness-to-pitch ratio. It is only evident that the boundary conditions are 
not so important for large ratios. Furthermore, the small thickness-to-pitch 
ratio usually leads to the creation of a fingerprint texture. Let us stress that 
the focal-conics are usually not sensitive to the nicol position and to the 
polarization of the light whereas this is not true for one well-aligned 
fingerprint texture. Let us discuss these cases in more detail. To our knowl- 
edge, the possible transformations of the fingerprint texture embedded into 
a homeotropic matrix under a voltage excitation have not been studied in 
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116 H. P. HINOV. E. KUKLEVA and A. I. DERZHANSKI 

FIGURE 4 A scroll texture in a MBBA-SCB-CC mixture 15 microns thick at room tem- 
perature; crossed nicols, 10 divisions correspond to 45 microns. 

FIGURE 5 Large Grandjean-like regions separated by walls and disclinations in a reversely- 
tilted strong-weak anchored MBBA-5CB-CC mixture 15 microns thick at mom temperature; 
the stripes show the inclination of the cholesteric axis relative to the glass plate normal; crossed 
nicols, 10 divisions correspond to 45 microns. 

detail up to now. Our qualitative results unambiguously show that this 
structure exhibits the smallest threshold voltage which was below 1 V. Let 
us recall that the dielectric anisotropy of the cholesteric-nematic mixture 
under study is between 1.5 and 2. Consequently, in the case of a large 
positive dielectric anisotropy, the voltage threshold should be in the MIL- 
LIVOLT region. This is the fastest mode observed among the other choles- 
teric textures investigated in our experiment. Further, after an abrupt switch 
off of the voltage the LC returns to its equilibrium state (Figure 8); i.e. this 
structure does not display a bi-stable behavior. Our visual observations, 
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ELECTRO-OlTICAL BEHAVIOR OF CHOLESTERICS 117 

FIGURE 6 A Grandjean-like texture with a slight inclination of the cholesteric axis relative 
to the glass plate normal in a reversely-tilted weak-weak anchored MBBA-SCB-CC mixture 
15 microns thick at mom temperature; crossed nicols, 10 divisions correspond to 54 microns. 

FIGURE 7 The same picture: the polarizer was rotated at about 40". 

however, clearly show the existence of a hysteresis which depends on the 
competition between the relaxation time of the surface deformation and the 
voltage change rate. The existence or nonexistence of an eventual hystere- 
sis in all cases under consideration will be published separately. 

Under a voltage excitation, the reversely tilted strong-weak cholesteric 
layer is transformed into a focal-conic texture and finally, into a homeo- 
tropic unwinded cholesteric. The abrupt switch off of the voltage led again 
to the creation of the focal-conic texture (Figure 8). Consequently, this 
structure shows a bi-stable electro-optical behavior. However, this type of 
surface anchoring is not convenient for display applications due to the large 
variety of the textures observed, to the slow relaxation and the high voltage 
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I A e 

1 I I I 
OL 8 I6 24 32  
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4 0  4u 56 64 

1 I I 

FIGURE 8 Electro-optical transmission curves for a reversely-tilted strong-weak 
(curve 1 ,  U = 10 V, U, = 5 V), weak-weak (curve 2, U = 4 V, Urn = 2 V), weak-weak 
(curve 4, U = 15 V,  Urn = 2 V) anchored MBBA-SCB-CC mixture 15 microns thick at 
mom temperature. The curve 3 corresponds to the case of a finger-print texture embedded 
into a homeotrupic matrix at the same conditions, U = 4 V, U, = 2 V. 

which is needed. For instance, the voltage necessary to unwind completely 
the cholesteric was in the range of 15-20 V. 

The electro-optical behavior of the most interesting and important weak- 
anchored reversely tilted cholesteric layers shows the following sequence 
of events (see Table I); at increasing of the voltage the stripes become more 
clear. One observes the further inclination of the cholesteric axis relative 
to the glass plate normal (Figure 9). An appearance of Helfrich’s instability 
shows stripes which are perpendicular to the rubbing direction (Figure 10). 
In Lin-Hendel’s results this instability corresponds to cross-hatched pat- 
terns. Development of this instability (Figure ll), its transformation into a 
fingerprint texture obtained by a n/2 rotation of the helix axis (Figure 12) 
and a transformation of the fingerprint texture into a scroll texture which 
is very near to the glass plate finally is compactly transformed into a 
completely unwinded homeotropic cholesteric state. Let us note that the 
fingerprint texture usually is transformed into a cholesteric unwinded ho- 
meotropic state by annihilation of the available disclinations and by obtain- 
ing of a number of fingers embedded into a homeotropic matrix which 
finally disappeared after a fast collapsing. The electro-optical behavior of 
these cells depends on the strength of the voltage applied across the choles- 
teric layer under study. For example, when the value of the voltage was 
approximately between U,,, (U, is the threshold voltage) and 3Um the 
cholesteric LC had been fastly returned in its initial position after the switch 
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ELECTRO-OFTICAL BEHAVIOR OF CHOLESTERICS 119 

FIGURE 9 Voltage-induced stripes in a Grandjean-like texture in a reversely-tilted weak- 
weak anchored MBBA-5CB-CC mixture 15 microns thick at room temperature, U = 2 V, 
f = 1 kHz, crossed nicols, 10 divisions correspond to 54 microns. 

FIGURE 10 The same LC layer; appearing of the Helfrich’s instability, U = 2 V, 
f =  1 k H Z .  

off of the voltage (Figure 8). However, when the excitating voltage was 
above 3Uh, the homeotropic pseudonematic had been transformed into a 
well-defined fingerprint texture after the switch off of the voltage. The 
corresponding electro-optical transmission curve clearly shows a bi-stable 
electro-optical behavior of such a cell. We relate this electro-optical bi- 
stability to the weakness of the surface anchoring which dictates a nearly 
planar position of the cholesteric planes (a Grandjean-like texture) in the 
voltageless state. Whereas, the application of a high ac voltage which was 
above 10 V, led to homeotropic orientation of the cholesteric layer not only 
in the bulk but also in the boundary regions. It led to a complete homeo- 
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120 H. P. HINOV, E. KUKLEVA and A. I. DERZHANSKI 

FIGURE 11 The same LC layer; development of the Helfrich’s instability, U = 2, l  V, 
f = l k H z .  

FIGURE 12 The same LC layer; a rr/2 rotation of the cholesteric axis: appearance of a 
finger-print texture, U = 2,7 V, f = 1 kHz. 

tropic orientation of the LC due to the total unwinding of the cholesteric. 
On the other hand, it is well-known that the fingerprint textures are usually 
formed in cases when the orientation of the molecules at the boundaries is 
homeotr~pic’~~” and because of that the completely unwinded cholesteric 
relaxed into a well-defined fingerprint texture. It is clear that this surface- 
induced bi-stability depends strongly on the ratio between the rate of the 
voltage decrease and the relaxation of the surface deformation, on the 
eventual presence of disclinations or their associations, etc. These dis- 
clinations can increase the elastic energy of the fingerprint texture and can 
transform the cholesteric state into a metastable state with energy which is 
higher relative to that of the Grandjean-like texture. All these problems 
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await their further elaboration. It is necessary to point out that our results 
nearly coincide with those obtained by Lin-Hendel for the Ch-N phase 
change of planar layersxrM (see Table I). However, the final relaxation 
texture in the Lin-Hendel's observations has usually been the con-focal 
texture which can be nucleated on glass plate irregularities and which is not 
dependent on the surface LC orientation. 

IVA. Tilted strong-strong and weak-weak anchored MBBAdCB-CC 
layers 

The cholesteric textures observed as well as the electro-optical transmission 
curves obtained shown in Figure 13 clearly pointed out the similarity 
between these two cases. These were expressed by the creation of a fmger- 
print texture which entirely covers the LC area before the voltage applica- 
tion and which returns to a fingerprint texture embedded into a homeotropic 
matrix after the switch off of the voltage. In these cases we observed a weak 
bi-stability. The difference in the electro-optical behavior is due to the very 
cholesteric pictures which are inherent for these two cases. In usual tilted 
LC layers, the fingers were nearly randomly oriented relative to the rubbing 
axis and the total electro-optical response was weak (Figure 13). In tilted 

TABLE I 

Texture and phase changes of LC films as a function of applied voltages and surface anchoring 
~ ~~ ~ 

t v > 3u, 
Boundary conditions V = 0 7 V = V:" Vquenehed T V > U, Vnrnchcd 

Reversely-tilted 
strong-strong m N  
anchored Ch layers 

strong-weak TG + disclin. 
anchored Ch layers 

weak-weak 
anchored Ch layers 

Tilted strong-strong Nonoriented 
anchored Ch layers FF'T 

Tilted weak-weak Oriented 
anchored Ch layers FPT 

Homeotropic: ST/G 
Lin-Hendel" 

Homogeneous: 
Lin-Hendelz4 G 

Reversely-tilted 

Reversei y -tilted TG 

F P T N  

FCT 

Helfrich's TG 
instability 

Nonoriented 
F P T N  

Oriented 
F P T N  

FCT FCT 

FCT FCT 

NT F P T N  

NT FCT 

NT m 
TG(V C 3Ua) 

NT Nonoriented 

NT Oriented 

NT ST 

m N  

F P T N  

NT F D  

FPT- fingerprint texture; G - Grandjean's plane texture; NT- no texture; TG- tilted 
Grandjean's plane texture; FF'TN-fmgerprint texture embedded in a homeotropic manix; 
FCT - focal-conic texture; ST - scroll texture 
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I 1 I 1 I I I . 
8 I6  14 31 40  48 I 6  0 

FIGURE 13 Electro-optical transmission curves for a tilted strong-strong (curve I ,  
U = 5 V, Urn = 1.5 V) and weak-weak (cwe 2, U = 5 V, Urn = 2 V, A I Plln,, curve 3, 
U = 5 V, Urn = 2 V, A I P 45” rbf anchored MBBA-SCB-CC mixture 15 microns thick at 
mom temperature. 

weak-weak anchored layers, however, the fingers were completely oriented 
along the rubbing direction and the corresponding electro-optical trans- 
mission curves depended strongly on the nicol position (Figure 13). Fur- 
thermore, the soap treatment of the glass plates was accompanied by 
a considerable decrease in the number of the various disclinations and 
dislocations. 

V. CONCLUSIONS 

The electro-optical behavior of large-pitch cholesterics with positive di- 
electric anisotropy and a thickness-to-pitch ratio below 0.25 strongly 
depends on the electrode treatment and surface anchoring. In spite of 
Lin-Hendel’s results,24*” the observation of the electric field-induced tex- 
tures and phase transformations in tilted and reversely tilted strong-weak 
and weak-weak anchored cholesteric layers achieved by rubbing of the 
glass plates followed by soap deposition on one of them (strong-weak 
anchoring) or on the both (weak-weak anchoring) as well as the electro- 
optical characteristic curves unambiguously pointed out the existence of 
surface-induced electro-optical bi-stability due to the weak anchoring 
which might be important for the large-area LC indicators and screens. 

The creation of a nearlyahomogeneous Grandjean-like texture in reverse- 
ly tilted layers when the glass plates are soap-treated is a result which is not 
achievable in usual reversely tilted cholesteric layers when the glass plates 
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ELECTRO-OPTICAL BEHAVIOR OF CHOLESTERICS 123 

are only rubbed. The usual technique for obtaining of a Grandjean-like 
texture with large-pitch cholesterics by SiO treatment of the glass plates 
under vacuum evaporation can be successfully replaced by the more simple 
rubbing and soap-deposition technique. 

The phenomena observed are characteristic only for the long-pitch cho- 
lesterics when the pitch is comparable to and larger than the thickness of 
the cholesteric layer. Any increase in the value of the thickness-to-pitch 
ratio will remove these results. 

In addition, we show the importance of the well-known, however insuf- 
ficiently investigated up to now, fingerprint texture embedded into a ho- 
meotropic matrix and give a promising method for its creation. Our experi- 
mental results clearly show that the operating voltage of such a structure 
can decrease below 1 V for a sufficiently high dielectric anisotropy. In our 
opinion, this texture can ensure the smallest threshold voltage and fastest 
response times among all known cholesteric textures. 

A number of important problems such as the hysteresis and the more 
detailed quantitative description of the Helfrich’s instability will be dis- 
cussed in other papers. 
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