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THE EFFECT OF POLYMER NETWORKS ON THE ELECTRO-
DISTORTIONAL CHARACTERISTICS OF NEMATIC LIQUID CRYSTALS

JIANLIN LI, JAMES E. ANDERSON, CHARLES D. HOKE, TOSHIAKI
NOSE' AND PHILIP J. BOS

Liquid Crystal Institute, Kent State University, Kent, Ohio 44242, USA
'"Department of Electronics, Akita University, Akita 010 Japan

Abstract The effect of polymer networks is studied for highly twisted
nematic liquid crystals. A numerical relaxation technique was used to minimize
the free energy density of a liquid crystal medium. Assuming the networks are
distributed uniformly, an polymer network contribution to the system free energy
is added in the form of —%K,(golj)z, where K,;, n and N are polymer network
coefficient, liquid crystal director and polymer network unit vector, respectively.
Ignoring the polymer networks elasticity, the liquid crystal director configuration
and elastic energy under the influence of an external electric field are calculated
numerically. The obtained electro-distortional characteristics are found to
depend on the value of K, and N. The results are compared to the electro-optic
threshold and hysteresis behaviors of a set of highly twisted nematic cells with
different monomer concentrations. The elastic energy of the liquid crystal
medium is used to describe its bistability.

INTRODUCTION

Recently, polymer networks formed in the liquid crystal mixtures have been shown to
improve the electro-optic performances of liquid crystal displays."**** This study
investigates the influence of polymer networks in highly-twisted nematics. Even though
the exact mechanism is still unclear and under investigation, a polymer network field-like
contribution, maybe coupled with the interaction between the nematic elasticity and
network elasticity,*” seems to explain the electro-optic behaviors of a polymer stabilized
cell. Since the ﬂexiBility of a polymer network is unknown at this point, only the
field-like contribution to the system free energy is considered in our present calculation.

However, the method proposed here can take into account the elasticity of the polymer
(80137261
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networks once it is known. The highly-twisted nematics are studied to take advantages
of their steep threshold and possible hysteresis.

THEORY

From the continuum theory, the free energy density in a liquid crystal medium
(neglecting the surface divergence terms for K , and K,,) has the form:

F=}{Ky(Ven)* +Ks[ne (Vxm)-go]* +Ks[a x (Vx 0]’} - 3@ E)- ;B H) (1)

where K,, K, and K, are splay, twist and bend elastic constants, respectively; n is the
director;, D, E, B and H are the electric displacement, electric field, magnetic induction
and magnetic field, respectively; q, is the wave vector which is equal to 2n/P and P is the
nature pitch. The positive and negative values of q, correspond to the left and right
handed helix, respectively.

For a system which has the coordinates as in Figure 1, where 6 and ¢ are the
polar and azimuthal angles of the director; 0, is the angle of polymer network director
makes with the z axis, and ¢, is the angle of the projection of polymer network director
makes with the x axis.

X

FIGURE 1 Coordinates for liquid crystal director n
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In a system which has a polymer network in the direction of N and has no

magnetic field present, using the representation of the director in terms of angles 6 and ¢,
n= (sin0 cos ¢, sinOsin$, cos0) and N= (sinOxcos dy, sinBysiny, cosOy)
the energy density has the form of

F=1{K)(sin6) ¢ (8)* + K2[(sin"0) ® (§")? + 20(sin’6) » (§") + q3]
+K3[(cos?6) ¢ (9")? + (sin’0 cos26) ¢ ($)°]} — 1@ ¢ E) - 1K.(n o N)? )

where K, is the polymer network coefficient.
Using the numerical relaxation technique outlined in an earlier paper’, the

coupled equations

% =Ky (sinze) +K3(cos?0)] e (98”) + [K1 - K3](sin© cosB) e (87)?
~{[2K25in’6 + K3(c0s 26)] # (') — 2K2q0(¢’)

Y Ae ] .
+—= sin® cos0
€0| (g,c08%0 +€,5in?0)? ) )

+K ,(sin© cos cos?¢ sin’Oycosdy + sinO cos O sin>¢ sin’*Oxsinw

+2 5in  cos 8 sin ¢ cos ¢ sin’Oysin xcos ¢ + cos20 cos ¢ sinOxcos Bycos du
—sin0 cos ¢ sinOycos Bncos by + 2 sin O cos?0 sin ¢ sinOycos Oysinhpn

—sin© cos O cos20yy — sin’ sin ¢ sin Oycos Oysin ) 3)

and
ysin0Z = [Ka(sin‘0) + K(sin 8 cos )] » (6) + 2[KiqusinB cos] » ()
+2[2K28in’0 + K3(cos 26)](sin O cos 8) e (67¢")
+K 4(~sin0 sin ¢ cos § sinBxcos2d + sin’6 sin § cos § sin2Osin>d
+sin20 cos2¢ sin?0 ysin dxcos by — sin’0 sin®¢ sin>Oysin dycos dw

—sin O cos 0 sin $ sinOycosOncos by + sin’0 cos® cos ¢ sinOycosOnsindx) 4)

can be solved numerically by letting 6(z) and ¢(z) relax to equilibrium.
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RESULTS AND DISCUSSIONS:

A diacrylate monomer, Desolite 2002-33 from DSM Desotech Inc., was added in
different concentrations to the liquid crystal mixture of ZLI-1694 with 1.8% chiral
CB15. Polyimide alignment layer Nissan-SE3510 was spin-coated onto ITO coated
glass at 2550 RPM. The polyimide coated glass was soft-baked on a 90°C hot-plate for
2 minutes and then hard-baked in a 250°C oven for 60 minutes. Pretilts of about 8°
were obtained by using the hand-rubbing technique. 7 um glass spacers were used. The
cells, vacuum filled with the liquid crystal mixture, were exposed to a metal halide lamp
exposure system from nuArc Company, Inc., after they were squeezed and sealed. A
curing voltage was applied to the cells during the exposure process.

The data of reduced voltage and hysteresis width as a function of polymer
concentration for a set of 360° twist cells, cured at 10 V, is presented in Figure 1. When
the concentration was less than 1.0 percent, there was no change on the drive voltage.
When the polymer concentration was larger than 2.6 percent, the effect of the polymer
networks stabilized the mid-cell director to perpendicular to the surface. They were
'homeotropic’ at zero field, and there was very little birefringence change when an
electric field was applied. In the range between, the higher the polymer content was, the

lower the drive voltage and wider the hysteresis curve were.
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FIGURE 1 Experimental data for a set of 360° twist cells of various polymer

concentration. Curing voltage was 10 V.
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The same quantities as a function of polymer coefficient are calculated and
presented in Figure 2. When the polymer coefficient was less than 0.3 times the twist
elastic constant, there was no drive voltage change. When the coefficient was larger
than this value, the drive voltage decreased linearly as a function of the coefficient. The
increase of the hysteresis width as a function of the coefficient had similar characteristics
to the experimental data. The surface condition for calculation was assumed as hard
anchoring, commonly used in display modeling programs. The director configurations,
the total Gibbs free energy and the elastic energy were obtained with the applied voltage

increment of 0.1 V.
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FIGURE 2 Simulation data of reduced voltage and hysteresis width as a

function of polymer coefficient Ka/K,. Polymer curing voltage was 10 V.

Shown in Figure 3 is the experimental data for a series of cells mixed with 1.9 %
polymer, cured at 0, 2, 4, 6, 8, and 10 volts. When the curing voltage was zero, the
drive voltage was significantly increased. This increase was exactly the same as the one
with a curing voltage of 2 volts. This is expected, since the networks formed with zero
volts or two volts cure were exactly the same. After the curing voltage was larger than
the minimum voltage required to deform the liquid crystal cell, the drive voltage
decreased and the hysteresis width increased with increased curing voltage. Fitting the

theoretical model to the data is currently underway.
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FIGURE 3 Experimental data for a set of 360° twist cells with 1.9% polymer
concentration. The reduced voltage and hysteresis width are plotted as a
function of polymer curing voltage.
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