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Measurement of twist angle and surface torsional
anchoring strength in a nematic liquid crystal cell

by JIANG MIN* HUANG XIMIN, WANG ZONGKAI MA KAI
and SUN RUIPENG

Laboratory of Liquid Crystal Research, Institute of Physics, Changchun, PR China

and ZHANG XINY!
Liniversity of Science and Technology of China, Hebei, Anhui, PR China

(Received 10 January 1994, accepted | June [994)

In this paper 4 novel method is developed for measunng the twist angle and surface torsional
anchoring strength in nematic liquid crystal (NLC) cells, This method is based on a technigue
developed from the Jones vptical propagstion matnx. From the measurement, the actual twist
angle in NLC cell and the deviation of the LC director on the boundary of the cell [rom the rubbing
dircction of the substrate are obtained. A theoretical discussion shows that the surface torsional
anchoring strength has a great influence on the value of the deviation, and hence so it can be

calculated.

1. Introduction

Ln preparing expenmental samples or practical devices,
surface alignment of nematic liquid crystal molecules on
a trealed substrate 15 an important and inevitable process.
The investigation of the mechanism of the liquid crystal
molecular orientation has always fascinated liquid crystal
scientisis. Usually a rubbing process is used as a
conventional way to anchor the surface LC molecules, and
itis often considered that the surface anchoring is so strong
as to fix the surface LC director in the rubbing direction,
and the actual twist angle is just equal to the angle between
the rubbing dircctions on two substrutes. Usaally the
twisted NLC has a special native pitch, and between two
glass plates without surface aligning treated layer the twist
angle is usuatly decided by the cell gap and LCs native
pitch, expressed as

iy = 2ndip. (n

Here, ¢ is the native twist angle. d is the cell gap, and p
is the LC"% pitch. For a pure non-chiral NLL.C material,
p— %, py=0. When the angle ¢, between the (wo
rubbing directions is not equal to the native twist angle ¢,
the actual twist angle ¢, is influenced by both the bulk
elastic force and surface anchoring foree of the LC, und the
twist angle ¢, will deviate from ¢.. The deviation can be
expressed as

2A(ﬁ = e T P (2)

* Author for comespondence,

‘Theoretical analysis given by us shows that the anchoring
strength has a great influence on the value of this deviation.
Alter the actual twist angle in the NLC cell is known, the
deviaion and the surface anchoring strength can be
calculated. A convenient way to measure the actual twist
angle has been proposed [1, 2], and will be developed in
this paper. This supplies a new way to study the surface
anchoring strength in NLC cells.

There are many methods to measure the polar
anchonng energy, such as surface disclination [3, 4], the
Freedericksz transition [5,6], and high field |7, 8].
Information of torsional anchoring energy is relatively
scarce, the use of a high magnetic field [9} or the Cano
wedge cell [10} being the two main means of measure-
ment. However, for the first method, in order to get a
high magnetic field a complex systern must be set up and
s0 15 very inconvenient; for the second method, a Cano
wedge cell must be made which is also a little complex.
By using the method introduced in this paper, the torsional
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anchoring strength in NLC cells can be measured directly
and simply.

2. Measurement of twist angle
According to the Jones optical propagation matnix, the
optical transmission of NLC cells between two polacizers
should be described by following fonmula { (|
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Here, ¢, ix the twist angle, ¢, and i arc the angles of

polanzers and entrance LC director, shown in figure 1. ¢
is the pretilt angle, r, and »n, are the extraordinary and
ordinary indices of refraction of the LC. 4 is the
wavelength of incident light. Transmission T can be
minimizing with respect 0y and g
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From cquations (3) and (4), the minimal transmission
conditions are given as

{1+ dyeos? (VI + wyep,) sin (2, — 2
—sin* (V1 4+ wDp)sin (2o 25
= V(14 @) sin VL + uhp) cos (2, — ) = 0. (5)
The optical phase difference Irorm NLC cell can be related
by 12]
1gi(d, — :‘5“.) —A/R, (6)

where

A— —usin(2V( + b))
and

A= \/( [ + u?)cos (2¢p) cos (2\/(! =+ ul)(,a.]

+ sin(Ze) sin (2\/-(1 + ul)pon

Here, 8, and &, are the optical phases of X axis und ¥ axis.

ip under minimal transmission can be measured easily
by ratating the 1. cell and polarizers. The oplical phase
shift (&, — d.) can be obtained by using a compensator.
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Figure 2. Arrangement of mecasuring cquipment.

The arrangement of measuring equipment is shown in
figure 2. Once i, and (5, — &) are known, the actual twist
angle ¢, can be caleulated, by solving equations (5) and
{6).

LIsing this method, the twist angles of several NLC cells
were measured and the results are shown in the table,
where ¢ is the native twist angle, ¢ 1% the rubbing angle
and ¢ is the twisl angle. From the table, it is seen that the
actual twist angles. of LC cells have different deviations
from o,. A theoretical analysis ol the deviation is given
later, which supplies a novel method to measure the
surfuce 1orsional anchoring cnergy.

5. Thcoretical analysis of surface torsional anchoring
According Lo continuurn theory, the {Tec energy per unit

area 15 obtained as the sum of the bulk elastic energy Fy,

and the surface anchonng energy F, as follows [10]:

F=F,+F, {7}
where
K .
= 2—; 2rdip o
and

F,= 1A sin’ Ag.
Here, K s the Lwist elastic constant, pis the LC's native
pitch, 4 is the cell gap, A is the surface anchonng sirength,
Adqp is the deviation of the surface LC director from the

Results of measurement, Here p— 2 mceans the 1.C material iy
o pure nematic 1.0

Sample

1 2 3 4 5
Pitch/ym 15 15 15 125 m
K710 “Nm ! 39 39 39 31 4l
Gup/um K0 .1 81 g6 101
A 214 218 194 275 0
Prd" 270 270 225 9} Q0
H" 250 259 223 #7 29
2A00° 20 11 20 3 1.0
AHO ")m f 160 321 140 1228 717
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Figure 3. Theoretical relationship between 4 and A at
different values of cell gap. K=1>10"""Nm~ "

rubbing direction. ¢ is the actual twist angle which is
related to ¢ and A by the following formula:

@ = @ — 2Ag. (8)

By minimizing F or F/dAep, the torque balance equation
can be given as

2’5:‘ (ipy — ¢pg) — A sin(ZAq) = (), (N
¢

From this equation the surface anchoring strength A is
expressed as

Ad _ 20 o - 2A0)
K; sin (2A¢)
20¢m — 2ndip)
= 10
sin (2Aq) (o

Ln equation (10}, ¢, the cell gap d, the LCs twist elastic
constant K> and pitch p are easy to obtain. Clearly from
equation {10) A can be calculated when the twist angle o,
is determined,

4. Results and discussion

The twist angles of various cells were measured and
listed in the table, and the values of the surface torsional
anchoring strength were calculated from equation (10},
The results listed in the table show that the smaller the
value of A, the greater is the deviation Ae. [a the limiting
case of A = 0, from equation (9) we can get ¢ = ¢q. where
@y 15 the native twist angle. In the other limiting case,
when the surface torsional anchoring energy A — o, from
squation (9) we can get A = 0. This means no deviation
uf the LC director. Of course these are unavailable, but we
can conclude from these cases that the stronger surface
anchoring, the smaller will be the deviation. This trend s
clearly shown in figure 3, of the theoretical curves of Ag,
versus A, which are obtiained from equation (9).
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Figure 4. The relationship of A¢ and Kz Here ¢, 90°,
¢y = 0% and &= 6 um.

From the curve in figure 3 it can also be seen that the
thicker the cell gap, the smaller the deviation Ag, and this
means that the bulk effect becomes weaker. In equation
(10} it is shown that the cell gap has the same influence on
the deviation as the surface anchoring energy.

The 1.C twist elastic constant K still has great influence
vn the value of Ag. From equation (10), we can obtain
another form of equation (9)

¢r — oo — 2A0p + Csin (2Ae). (11)
Here
Ad
= .
2K,

From the above equation, it is seen thal the smaller the
twist elastic constant K5, the bigger is C, and the smaller
the deviation Ae. The relationship of K, and Ae is shown
in figure 4.

From equation {11} we obtain figure 5, the theoretical
relationship between Ag and (¢, — @n). In figure 5 it is
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shown that Ag is almaost linearly proportional to the value
of (¢ — ¢a).

As we knaw, the deviation of twist angle will reduce the
contrast ratio of LCDs. In the table we find that even
though the surface anchoringenergy isalmost 10 *Jm 2,
the difference of ¢, and ¢, is still equal o 1°. However,
by rubbing technology the surface torsional anchoring
energy is usually about 1073 = 1077ITm ™2 [0 order o
avoid the deviation, from figure 3 we can reduce the value
of (i — ). Another way is to calculate the value of the
deviation theoretically, and then add the rubbing angle ¢,
with an additional value of Ag, to compensate for the
deviation of the aclual twist angle. But it is hard to
know accurately the value of the surface torsional
anchoring cnergy because it changes with the rubhing
condition,

5. Conclusions
A new simple method for measuring the actual twist
angle and surface torsional anchoring strength in NLC
cells is introduced in this paper. From the measurement,

thc deviation of the 1.C director at the surface from the
rubbing direction can also be oblained. Experimental and
theoretical results show that the value of the deviation Ag
cannot be neglecled, and some ways to reduce the
deviation have been proposed.
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