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A sharp steepness, a low temperature dependence of the threshold, and a fast response time
at low temperatures are preconditions for the multiplexibility of liquid crystals suitable for
outdoor application. The steepness is efficiently improved if K;/K, = 1. A temperature
independent steepness and threshold can be realized if K3/K, and 2.K,/A& become constant.
Response time is proportional to ,/K. Since viscous properties change by 1 to 2 of the tenth
power more than elastic constants with temperature, a fast response behavior at low tem-
perature is possible only by reducing the temperature dependence of the viscosity. Taking
into account these preconditions, it is possible to develop nematic systems multiplexible up
to 1:8 from —20°C to +60°C without temperature compensation of the driving voltage or with
temperature compensation up to 1:16, having a total response time less than 1 s even
below —20°C.

INTRODUCTION

A liquid crystal suitable for outdoor use, e.g. in an instrument panel, with
a maximum driving voltage of 9 volts should still be able to switch within
1 s at a temperature of —40°C and be operational at temperatures of up to
at least +80°C. Multiplexibility requires furthermore a steep electro-optical
characteristic and a low temperature dependence of the threshold.
Switching time, steepness and threshold are functions of the dielectric,
elastic and viscous constants. Consequently a precondition for the devel-
opment of broad range mixtures is that the temperature dependence of these

‘Presented at the Ninth International Liquid Crystal Conference, Bangalore, December
6-10, 1982.
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values and the relationship between the molecular structure and the aniso-
tropic properties of nematic substances are known.

EXPERIMENTAL

The rise and decay time of a TN (twisted nematic) cell are dependent upon
the twist viscosity v, and the elastic constants K; of the liquid crystal:

— Y &

- - Kl(w/vfo - 1)

_ v - d

K, + 1/4(K; — 2K)]

where d = display spacing, vy, = twist viscosity, K, = splay constant,
K, = twist constant, K; = bend constant, V = operating voltage and
Vio = threshold voltage.

Values for the temperature dependency of y, and K; are relatively seldom
quoted in the literature. As a result the switching behavior of a liquid crystal
is usually characterized by applying the easily attainable flow viscosity.

In order to clarify the question as to what influence the viscous and
elastic properties have on the switching times of a liquid crystal at low
temperatures and whether it is permissible to substitute the flow viscosity
for the twist viscosity, the temperature dependence of the elastic and vis-
cous properties of different liquid crystals with differing polarity in the
temperature range from —40°C to 80°C was investigated. Some of the
physical properties of these nematic mixtures are compiled in Table I.
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DISCUSSION

Viscous and elastic properties

The temperature dependence of the flow and twist viscosity is almost
parallel. However as the clearing point is approached the anisotropic twist
viscosity becomes zero, while the isotropic flow viscosity retains a final
value (Figure ). With decreasing temperature, the viscosity of liquid
crystals with a larger dielectric anisotropy increases greater than for mix-
tures with smaller Age-values. Over a wide temperature range, the twist
viscosity of a liquid crystal is between five to eight times larger than the
flow viscosity. Moreover, the stronger polar mixtures incline toward the
higher values and the weaker toward the lower values.
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TABLE 1

Physical properties of broad range liquid crystals
with smaller (ZLI-1565, ZLI-1694, ZLI-1957/5) and
higher (ZLI-1691, ZLI-1840, ZLI-1982) polarity

ZLI-1565 ZLI-1694 ZLI-1957/5 ZLI-1691 ZLI-1840 ZLI-1982

sm-nem. [°C] <-40 <-40 <—40 <-20 <-20 <-20

F, [°C] -20 -20 -16 -5 -15 -15

Clp [°C) 85 86 85 90 90 91
v¥(mm’s™'] 19 20 18 33 31 26
yHmm’s™'] 130 129 103 258 237 199

As* 6.0 6.5 4.5 14.7 12.2 10.2
£q* 9.9 10.4 8.0 19.4 16.8 14.4
£, * 39 3.9 35 4.7 4.6 4.2
An* 0.13 0.13 0.13 0.18 0.15 0.14
n* 1.630 1.633 1.628 1.679 1.640 1.640
n* 1.499 1.499 1.500 1.500 1.492 1.497
Ki/K* 1.3 1.30 0.99 2.10

*All values for +20°C.

In comparison with the viscous properties, the elastic constants have a
relatively small temperature dependence, independent of the polarity of the
liquid crystal under investigation.

Accordingly, the viscosities of a purely nematic mixture within a tem-
perature range of 100°C change by a factor of 10?-10%; the elastic constants
however change only by a factor of 5 (Figure 2). Switching times at low
temperature are consequently determined by the viscous and not by the
elastic properties. Because the temperature dependence of the twist and
flow viscosity are found to be parallel to each other, it is legitimate to
describe the switching times by applying the flow viscosity of a liquid
crystal. Under given conditions, the relationship between flow viscosity
and response time is found to be largely linear (Figure 3).

Even at temperatures 10—-20°C above the nematic-smectic transition, an
over proportionately strong increase in the viscosity —due to pre-
transformational phenomena— deviating from the normal heating pattern
is to be observed, and which is also reflected in the switching times. As a
result, it is necessary to have a stable nematic phase at temperatures lower
than —40°C. In order to realize fast response times at low temperatures, the
determining factor is not that the viscosity at room temperature is extremely
small, but that the viscosity has the smallest possible temperature de-
pendence. The precondition for this is a stable nematic phase at tem-
peratures less than —40°C.
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FIGURE | Temperature dependence of flow (») and twist (y;) viscosity of liquid crystals
with different polarity.



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:34 21 February 2013

MULTIPLEXIBLE BROAD RANGE NEMATICS 281

-40 -20 0 20 4 60  80°C
1 i IJ 1 ] 1 Y 1 L J ] lI ] 1
-— % K 401073 35-1073 3,0-1073

FIGURE 2 Typical temperature dependence of viscous and elastic properties of liquid crys-
tals. Flow (») and twist () viscosity, splay (K}), twist (K;) and bend (K) elastic constants
of ZL1-1957/5.

Dynamic properties

Liquid crystals become multiplexible if they have a low temperature de-
pendence of the threshold and a sharp steepness of the electro-optical
characteristic. According to Alt and Pleshko,' the maximum theoretically
possible multiplex ratio is given by
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FIGURE 3 Response times as function of the flow viscosity (») for various liquid crystals
at —20°C. Display spacing of the TN cell: 9 um, driving voltage: 6 volts.

2+ 1\
Nopax = <s2 — 1) (2)

where § = Vo/ Vo 0r Vso/ Vo depending on which contrast ratio is applied.
For the threshold Vg, the following known equation is valid:

K, + 1/4(K; — 2K2)] v
g A€

Vie = 77[ 3)

With the aid of the Berreman-Program,? Schadt and Gerber’® have derived
the following semiempirical relationship for $* = V/Vyo

2

S* = 1.1330 + 0.0266(K,/K, — 1) + 0.443 (ln d2 A)‘n) 4)

From Eq. (3), it can be seen that a threshold, which is independent

of temperature, is given by 2K,/Ae = constant. The approximation in

Eq. (4) means that a good steepness, that is a small $*-value, is pos-

sible, if K3/K, = 1 and if the display spacing and/or the birefringence

are so chosen that d + An/2A = 1. Under these conditions the second term
becomes zero and the first term zero or even negative,

If the transmission characteristic of a twisted cell between parallel polari-

zers is observed, as was investigated by Gooch and Tarry*® (Figure 4), it is

found that an optical retardation d + An/2A = 1 at a typical wavelength of
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FIGURE 4 Transmission characteristic of a TN cell between parallel polarizers at a typical
wavelength A=550 nm.

A = 550 nm corresponds to exactly the second minimum. Consequently, a
precondition for high multiplex ratios is to select cell spacing and bi-
refringence in such a way that the complete electro-optical system operates
in the second transmission minimum. In the case that both terms of the
mathematical progression in Eq. (4) are zero, a maximum multiplex ratio
of 1:64 is calculated from Eq. (2).

RESULTS

Selecting appropriate components, it is possible to develop broad range
mixtures which have not only K3/K, < 1 but also a K3/K| which is almost
independent of temperature (Figure 5). Taking into account these deter-
mining conditions, it has been possible to develop liquid crystals which can
be multiplexed 1:2 without temperature compensation of the driving volt-
age within the temperature range —20°C to +80°C, or up to 1:8, again
without temperature compensation, within the range —20°C to +60°C, or
with temperature compensation, up to even 1: 16, in the temperature range
—20°C to +60°C. The electro-optical properties of these systems are sum-
marized in Table II.

Provided that a ratio of K3/K| can be achieved which is significantly
smaller than 1 and also renders

dKy/K,
dar

=0
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FIGURE 5 Temperature dependence of K;/K, of liquid crystals with different multiplex
behavior. Not multiplexible (ZLI-1691); small ratios possible (ZLI-1694); ratios 1:8 possible
(ZLI-1957/5).

in this case — on which we are working at present — a furthermore signifi-
cant improvement in broad range muitiplex behavior of liquid crystals is to
be expected.
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