This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Scanning of the surface polar angle values in liquid crystal cells using the
surface memory effect
L. Tsonev?; M. Petrov*

* Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd., 1784
Sofia, Bulgaria,

Online publication date: 06 August 2010

To cite this Article Tsonev, L. and Petrov, M.(2000) 'Scanning of the surface polar angle values in liquid crystal cells using
the surface memory effect’, Liquid Crystals, 27: 12, 1691 — 1694

To link to this Article: DOI: 10.1080/026782900750037275
URL: http://dx.doi.org/10.1080/026782900750037275

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782900750037275
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 20 25 January 2011

Downl oaded At:

Liouib CrystaLs, 2000, Vor. 27, No. 12, 1691-1694

& Fp.
3> Oy

A
LEAYZ
$I0%

P o
g

Scanning of the surface polar angle values in liquid crystal cells
using the surface memory effect
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(Received 23 March 2000, in final form 1 June 2000; accepted 7 July 2000)

An optical polarization method for indication of recorded oriented smectic C textures by the
process of surface memorization and their accumulation and storage in the nematic temper-
ature range is presented The recorded accumulated data are identified with the surface
conditions—the polar and azimuthal angles. Using strong boundary conditions the assumption
is made that the interval for recorded and accumulated textures increases when the anchoring

energy is weak.

1. Introduction

The effect of memorization of an oriented smectic
texture in the temperature range of the nematic phase
has been studied by many authors [1,2], but the
possibility that this phenomenon be considered as a line
of application has not been presented till now. Recently
we demonstrated [3] that by scanning the recording
time ¢, in the SmC state we can accumulate and
memorize a set of oriented smectic C textures. We like
to name this process ‘multipages’ expressing in this way
the accumulation of a set of textures, each of them
considered as a ‘page’, where some information is written
and memorized. These textures are stored in the nematic
phase (upon heating) and can be distinguished by optical
microtextural analysis. The erasure of the accumulated
pictures is realized by selectively removing each of the
textures by varying the erasure time. This phenomenon
was presented [3] as various oriented textures which
are difficult to separate by simple microtextural analysis,
although it is possible to note the successive accumulation
or erasure (removal) of some elements of the different
textures. The purpose of the present communication is
to develop a method giving us the possibility of distin-
guishing and detecting more objectively and sharply the
accumulated and erased pictures, as well as of analysing
the information contained in them. We like to identify the
information with real physical parameters such as surface
conditions—the polar (f) and azimuthal (¢) angles of
the surface director n.

* Author for correspondence e-mail: lyubo@issp.bas.bg

2. Experimental results and discussion

We standardized our cells to ensure optimum
conditions for surface memorization and to reduce the
parameters which may be varied during the entire experi-
mental procedure. We used only OOBA as the liquid
crystal substance, only glass plates covered with ITO
and then rubbed on filter paper (generating the casy
direction n,) as the cell walls and only d= 20 pm thick
cells. The cells were filled with OOBA in the isotropic
state (160°C) by capillary flow.

The recording and erasure processes are described
in detail in [3]. We examined the cells by polarization
microscopy (polarizer P, analyser A), measuring the
intensity I'" of the transmitted light (mean wavelength
A=0.5um) by means of a photodiode (detected area
2mm?) in various optical configurations (ie. of the
mutual orientations of P, A and n,). The intensity is
evaluated in arbitrary units; I = 0 means that no light
is reaching the detector at all, and normalization pro-
cedures are related to the maximum intensity I, corres-
ponding to the experimental situation being considered.
An example of a recorded, partially and fully erased
texture is given in figures 1(a, b, ¢), respectively.

The intensity values are related to the averaged effective
birefringence ( An) by the formula [4]:

f= IYG(z, 7) sin?(5/2) (1)

where
G(y, y) = cos? z — sin*(2y) sin 2(y — ) (2)
0= (2nd/2)( Anygy) (3)
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(b) (©)
Figure 1. Successive photographs of a single memorized smectic C texture taken during the erasure process in the nematic phase:
(a, b, c).
and 26
2= (P*A), y=@0"P). 251 =
i o t =0min
The parameter Angy, in turn, is defined by the = Gl I - =t =20min
equations: £ 231
Anege = nege — 1 (4) % 21 °
ngf = sin? 0n; 2+ cos? On; ? (5) é ] o .
= 20
and n,, n, are the main extraordinary and ordinary E 19
indices of refraction of the liquid crystal in the nematic g ]
(uniaxial) state. The latter quantities obey the following g 187 © . -
relations: n,— n, = An, ¢,— ¢, = Ag, ¢=n? where ¢, is = 174 o o
the extraordinary and ¢, is the ordinary dielectric per- T S
mittivity; therefore Aem2n,An, ie. An~ Ae/2n,; and 0 10 20 30 40 50 60
from the literature we have [5] n, = 1.50, Ae = 0.018. recording time /min
We can summarize the meaning of the above formulae Figure 2. Transmitted light intensity versus recording time
as follows: the measured transmitted intensity variations for several fixed erasure time values.
can be converted into variations of ( An.s) —by equations
(1), (2) and (3); and then into variations of the effective 241
averaged polar angle 6—by equations (4) and (5). 23_' . ° o ° N
We carried out the measurements for three optical ]
configurations: 5 » o . . . .
e [ ]
(&) ALP, n, LP (where G=0); §21— S
(b) (A*P)=45°,n,LP (where G= 1/2); g o i :rec: ?Omm'n
(c) ALP, (n, P)=45° (where G=1). 3 201 y t; 40 m:n
Configuration (c) must be preferred due to the optimum 8 194
observation conditions. =
The experimental results are presented in figures 2 % 18+ x = X x x
and 3 and in tables 1 and 2. = I
We used the intensity of the transmitted linearly : . . . : . : : :
polarized light to detect and distinguish the set of 0 20 40 60 80
recorded oriented pictures. The first feature which one erasure time/min
can note is that the level of the transmitted light in the Figure 3. Transmitted light intensity versus erasure time for

smectic C state obtained by scanning the recording time several fixed recording time values.
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Table 1. Averaged effective birefringence ( Ang;) and corres-
ponding averaged effective polar angle 0 for the experi-
mental data on transmitted light intensity shown in
figure 1 (f,. = 0).

Rec. time/min ( Anegr) 0/°
5 9.74x 1073 80.79
10 90x 1073 71.65
20 80x 1073 63.54
40 7.76 x 1073 61.87
60 7.69 x 1073 61.40

Table 2. Averaged effective birefringence ( Ang;) and corres-
ponding averaged effective polar angle 0 for the experi-
mental data on transmitted light intensity shown in
figure 2 (,ec = 10 min).

Erasure time/min ( Anegr) 0/°
0 90x 1073 71.7

10 9.60 x 1073 78.58

20 9.74x 1073 80.68

40 9.74x 1073 80.68

60 9.74x 1073 80.68

80 9.74x 1073 80.68

varies very slowly and is about half (e.g. I = 10 arb.un.)
that of the transmitted light passing through the memorized
pictures in the nematic state (e.g. /" =20 £ 2 arb.un. in
all optical configurations). This result means that SmC,
although known to be a more ordered system in a bulk
structural sense, seems to be more disordered by a factor
of two. This implies that the surface anchoring in the
smectic C phase is about a factor of two smaller. In the
optical polarization sense, this means that the smectic C
state, where the pictures are recorded, is a more opaque
system than the nematic state where the pictures are
stored. This means also that the contrast between the
recorded SmC texture, which has to be erased, and the N
texture is quite big, which is very important for display
systems. Figure 2 shows the transmitted light intensity
through the memorized smectic C texture in the nematic
temperature range as a function of the recording time

T=J"(t,.) for the optical configuration (c) (the liquid
crystal stage is not rotated) and figure 3 gives the trans-
mitted light intensity through the memorized smectic C
texture in the nematic range as a function of the erasure
time I = I"(t,,). As can be seen, the variation of I is
rather small and especially in the erasure stage is almost
negligible. We would like to interpret this effect through
some surface parameters which can be controlled by the
nature of the orienting surface coatings. One important
conclusion from this effect is that we visually detect the
macroprocess (different oriented pictures) by polarization

microtextural analysis, but we are unable to detect
the successive microprocesses which continue when the
recording time increases. Such a microprocess which can
develop at the solid surface-liquid crystal interface is
the variation of the surface director orientation ng,
expressed by the polar 6 and azimuthal ¢ angles. Since
we imposed n, (easy direction) by rubbing, we assume
that ¢ is almost zero. The variation of 6 with the
variation of ..., however, can be detected (although very
weakly) by some typical optical parameters like the
effective birefringence An.(6), averaged over the entire
cell. In tables 1 and 2 we show the effective birefringence
variation due to different recording and erasure times,
respectively. Consequently, the birefringence variation
represents the variation of the angle 6. Changing the
recording time values, we record different ( An.g) values
or accumulate data about the averaged angle 6. In
the interval 0 < r< 25 min (¢ = ¢, or t,,), 6(t) linearly
decreases or increases, respectively; and for 7> 25 min
0(¢) is nearly constant—saturated.

In the proposed experiment we also detect that the
transmitted light intensity in the case of the smectic C
phase is a factor of two smaller than that in the nematic
phase. Since we assume that it is mainly the polar angle
0 that varies, one can conclude that the effective averaged
polar angle in SmC is smaller than that in the nematic
state. Considered as ordering, this means that on going
to the nematic state, where the oriented smectic C texture
is stored, the bulk ordering increases. The very small
variation of I'™" and ( An.) with variation of 7, indicates
a very small variation of the polar angle 6 and a 6 value
close to m/2, meaning strong anchoring. The interval
of accumulation of 6 values is depressed for strong
anchoring in our case, as can be concluded from tables
1 and 2. As already mentioned, the values of 6 changes
linearly, going to saturation at about 25 min. One can
conclude that further thermal treatment is unable to
change the surface conditions or that this value (25 min)
demonstrates the region where—undetected by the
microtextural optical polarization process—stabilization
of the memorization on a microlevel is achieved. For
longer times for ¢, or ¢, respectively, the variation of
0 and the stabilization of the memorized texture on the
microlevel are terminated. One point of specific interest
in the interval from 0 to 25 min is the value /* = 10 min.
At this point the linear parts of the recording and erasure
time dependences 0(¢,..), 0(f.,) intersect (say at 6 = 0%),
which implies that for our chosen anchoring, the 6 values
could be equalized for suitable equal recording and
erasure times. It will be interesting to study the control
of this point by varying the anchoring strength.

It can be concluded that in order to obtain a more
sensitive variation of I and ( An.y), the anchoring
must be weak, thus giving the possibility of varying the
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effective averaged polar angle 6 (as well as the angle @)
over a wide range, implying variation of the recorded
data over such a wide region. Certainly achieving a well
controlled weak anchoring is a difficult but attractive
problem, and its realization will be the aim of our
future studies.

3. Conclusion

We have presented a method for indicating the
accumulation of recorded oriented textures in the smectic
C phase and their storage (by the process of the surface
memorization) in the nematic range. We call this effect
the ‘multipages effect’. The recorded accumulated pictures
are identified with the surface conditions—the polar and
azimuthal angles 6 and ¢ (for strong anchoring only 6

is effective). The interval for recorded and accumulated
pictures is assumed to increase when the anchoring
energy is weak.

This study was supported by Grant No. ERBIC 15
CT 960744 from the COPERNICUS Programme.
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