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NEW METHOD TO DETERMINE ELASTIC CONSTANTS OF NEMATIC
LIQUID CRYSTAL FROM C-V CURVE

T.UCHIDA and Y.TAKAHASHI
Department of Electronic Engineering, Faculty of
Engineering, Tohoku University, Sendai, 980, Japan

(Submitted for Publication October 9, 1981)

Abstract It is found theoretically and experimentally
that a linear relationship between capacitance and re-
ciprocal voltage of a nematic liquid crystal cell of
homogeneous alignment. From this slope, the ratio of
elastic constants Ki3 /Ki1 can be acculatly obtained.

Twisted nematic liquid crystal display devices (TN-LCDs)
have been widely used because of their low driving voltage
and low power consumption. According to expansion of their
usage, their multiplexability are expected to be improved for
higher multiplex driving. Several workers'™? investigated
the relation between multiplexability and material parameters
and clarified that ratio of bend and splay elastic constants
Kss /K31 of nematic liquid crystal is the most important para-
meters, that is, small K33 /K;;3 gives sharp threshold and hence
high multiplexability. In this paper, a new method to deter-
mine Ks3 /K;; easyly and correctly from capacitance-voltage
curve is reported.

Almost all methods to determine K33 /K;3 of dielectrically
positive liquid crystal materials use the relation between
retardation or capacitance of liquid crystal layer and applied
electric or magnetic field.*”® However, in the case that the
magnetic field is used, it is difficult to uniform the field
and to adjust the direction accurately perpendicular to cell
layer. The method using retardation is also disadvantageous
because ordinary and extraordinary indices of refraction and
cell thickness must be measured accurately beforehand.
Therefore, the method using the electric field dependence of
cell capacitance is best, because it has no disadvantages men-
tioned above. Especially the one using the initial slope of
capacitance-voltage curve near threshold in a homogeneous cell®
is most popular. This method is based on the following ap-
proximate relation between cell capacitance C and applied
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voltage V near threshold voltage V.,

C—CL —~ 2)‘ 'V—Vlh (1)
C: T 14X+ Vu

In this equation, Ci is capacitance at V=Viy, Y and K are
difined by

Yy = EH/EL -1,

K = KaMn -1
where €); and €| are principle dielectric constants of liquid
crystal. Eqn.l is valid in only the neighborhood of threshold,
so that the determination of elastic constants from eqn.l in-
cludes noticeable error.?

Exact relation between cell capacitance C and applied

voltage V are obtained by Gruler et al® as

v _2 2 .}““1 1+x:sin’p ‘}
Vin 1T (1475in°s,) 5 (1+ rsir'e Hsin’$,, -smz‘#)} <1> (2)

1

C _ (1+;<sm¢>(1+rsmq>) 14 X sing z

C - T 2.2 ——lde (3)

Ci Jol sin‘dp-sinkp o (Y sin®Nsin'g, ~sin'y) ,
where ¢ is tilt angle of director of liquid crystal and $m is
tilt angle at the center of the cell. K33 /K31 can be deter-
mined by a numerical curve fitting method ’ using eqn.2 and 3,
while the procedure of calculation is very complicated.

Then, we found another method to determine Ki3 /Ky; from
C-V curve. The eqn.3 1is transformed as

% . 3
)/ -S { ].“f‘ K-Sl[.'|2¢ — }COSZ¢ -d¢

ol(1+ Vsint p)(sin'pr siff$)

C — —
o =0+ Ym{ 1+ Kosins . qua . (4)
o L+ 2 sine)M(sin'd-sir$)

Eqn.2 and 4 give

l
c-G -z byn (] texsine f 2, 59
G 7 (I+)’snrﬁ>,,) v gl(H)’smz‘#)(sm"# s <°F de !
or
c-Ci_ vy (R (14 XX - ) JF
G =y ey go {0y (sirta, ol (e)

When applied voltage is sufficiently high, the approximation
$m 2 7/2 is valid. Then eqn.6 is rewritten as
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c-C_ ,_ 27 i.v.h,i’{ux-xz_
= Y= S-147) vV L e dx (7)
or
_C-Ci_ ., 2 I oVin (V1K
Cregrc TNy go(ur-xz}'d" (8)

where Cy is capacitance of homeotropic aligned cell. Calcu-
lated relations between CR and Vth/V from eqn.2 and 3 are shown
in Fig.1. Plots in this figure show the experimental charac-
teristic of a cell with liquid crystal RO-TN605 (F.Hoffmann-La
Roche) . It is seen in this figure that lenear variation of

Cr and Vip/V are valid at Cp=0.8. The slope o is given as
2 3 (" [1exx?t
A = 2(1+5) go{‘ﬂ’*’} dx (9)

As is clear from eqn.7, the value of Y can be determined from
extrapolation of (C-C;)/Cy to 1/V=0. Therefore, K can be
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Figure 1. Relations between reduced capacitance Cg and
Vth/V'
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determined by eqn.7 with measured values of o and Y. The
relation between O and K with various values of Y are shown
in Fig.2. It is seen that the relation between O and K or

Y are relatively monotoneous, and therefore K can be easily
determined by interpolation of curves shown in Fig.2 instead
of solving eqn.9.

In conclusion, the linear relation of capacitance with
Vin/V at the high voltage is confirmed theoretically and
experimentally. This lenear relation exists over wide
range Cg=~=0.8~1.0, and the slope is function of Ki3 /Ky (or
K) and Y. Therefore, Ki3 /K1y can be determined easily by
the slope o and Y.
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various values of v.
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