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MEASUREMENT OF ROTATIONAL VISCOSITY AND PRETILT ANGLE IN
NEMATICS FROM TRANSIENT CURRENT

MASAHIRO IMAI, HIROYOSHI NAITO and MASAHIRO OKUDA
Department of Physics and Electronics, University of Osaka Prefecture,

1-1 Gakuen-cho, Sakai, Osaka 593, Japan

AKIHIKO SUGIMURA

Department of Information Systems Engineering, Osaka Sangyo University,
3-1-1 Nakagaito, Daito, Osaka 574, Japan

Abstract Transient current technique is presented for measurement of rota-
tional viscosity 71 and pretilt angle 6, in nematic liquid crystal display devices.
Theoretical expressions for the determination of 4; and 6, from transient current
are derived by taking account of the conduction of impurity ions and director ro-
tation. Experimental results for v; and 8, are compared with those with other
conventional methods.

INTRODUCTION

We have developed an accurate and simple method for the measurement of rotational
viscosity y; and pretilt angle 6, of impurity-ion free nematic liquid crystals (NLCs) in
device configurations using transient current technique.!~® Since NLC materials contain
impurity ions, which are generated from more or less dissociated impurities as well as
from the spontaneous dissociation of the NLC molecules themselves, the influence of ionic
conduction on the analysis should be considered. By means of the method, not only ~;-
1,2

values but also #,-values can be measured in homogeneous!s? or twisted® configuration

of NLC cells with common instruments. Further, the procedure for the determination of

~y is much simpler than optical®®

or capacitive® methods which require differentiation of
transmittance or capacitance with respect to time, respectively, to measure with the same
accuracy as the present method.

In this article, we demonstrate the applicability of the present method to NLCs

containing impurity ions as well.

[1555)/267
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THEORY

We derive expressions for transient current in NLCs with homogeneous configuration ex-
cited by a dc step voltage V. The NLC layer is confined between the electrodes located
at z = 0 and L. The tilt angle # between the director and the z-axis is fixed to be 6, at
the electrodes, where 6, is the pretilt angle.

We assume that the positive and the negative ions with the same density n in the
NLC are uniformly distributed in thermal equilibrium state, and that the drift mobility u
of the positive ions is much larger than that of the negative ions. Here we focus ourselves
on the time range t < %,, where t, [= L/(uE)] is the ion transit time, £ is the applied
electric field. In this time range, the net space charge density is zero and hence the Poisson

equation is
2 (et ) Bz, 0)] = 0 1)
az 3 k) b

where ¢ is the dielectric permittivity of NLCs,
€(8(z,1)) = €oferL + Aecos?8(z,1)], (2)

and ¢, is the dielectric permittivity of vacuum, € is the dielectric constant normal to the
director, and Ac is the dielectric anisotropy. The conduction current due to the drift of
the monovalent positive ions is written as SgnuFE for t < t,, where S is the area of the
electrodes, and ¢ is the electronic charge.

In the absence of flow, the director motion is expressed as’

06 .., . 0%
ny = (K11 sin 0+I\33cos20)@
, . 06\? 2|
+ [ (K11 — K33) (6_2) —€,A¢E*| sinfcos ¥, (3)

where K13 and K33 are the splay and bend elastic constants, respectively. From the
numerical analysis of Eqs. (1) - (3) under the strong anchoring conditions, the distributions
of the director and the electric field along the z-axis are uniform during the director
rotation for V > 47+/K11/(e,A¢), except for those in the vicinity of the electrodes.? It is
therefore reasonable to assume that the electric field in the bulk region E}, is approximately

spatially uniform and time independent, and is given by?

Eb=—ﬁ)—L» (4)
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where 3 is a positive constant. If the influence of the elastic deformation on the transient
current can be neglected, 5 is equal to zero.

The total current I(t) in NLCs is written as

de(6b(?))

I(t) = SEy [ a4

+ qnﬂ] : (5)

where 6, is the tilt angle in the bulk region. We find from Eqs. (2) - (5) that the current
has a peak at 6, = 45°. The peak current I, which is the current at the peak is

S(eoAe)?V3 SqnpV

I = 3 . (6)
o (1+4) L (1+¢)
The peak time t, at which the current has the peak is obtained as
2
v1L2 {1+ £) log(tan 8,)
t, = (1+5) (7)

L € AeV'?2 ’
where 6, is the initial tilt angle, and 6, > 45° is necessary to observe the current peak. It

is noted that 6, does not contribute to I, but to #;.

EXPERIMENT

The NLC materials used in the transient current experiment were 4-cyano-4'-pentyl
biphenyl (5CB), ZL12293 from Merck, and fluorinate mixture A, B and C obtained from
Matsushita Electric Industrial Co., Ltd. The NLC was introduced between two pieces of
glass with a transparent In,Qj electrode, whose area was 2 cm?. We prepared three 5CB
cells (5.3, 12 and 44 pm), a ZLI12293 (5.8 um) cell, and fluorinate mixture A (4.8 um), B
(5.7 um) and C (5.1 pm) cells, where the numerals in parentheses are the thickness of the
cells. Polyimide alignment layers with 100 nm in thickness were coated on the electrodes
except for the 12 pm 5CB cell. Substrate surfaces were unidirectionally rubbed in an
antiparallel manner to produce homogeneous configuration.

A dc voltage pulse was applied to the cells at constant temperatures, where the NLCs
were in the nematic phase. Transient currents were observed through a series load resistor
by means of a wideband preamplifier and a digital storage oscilloscope. The measured
data were transferred to a microcomputer for the analysis and the storage.

Representative current transients are shown in Figures 1(a) and 1(b) for the 12 ym
5CB cell at 303 K and the fluorinate mixture A cell at 293 K, respectively. A prominent

current peak induced by director rotation is observed in each transient. Current baselines
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due to ionic conduction are not negligible in 5CB, but negligible in fluorinate mixtures

and ZL12293.

0.3 T 1.5 T T T T T T T ]

| I 37V Fluorinate ]

i —_ I Mixture A ]

< 02+ 1 -
E 20 T 0 293K
g [ g [ ®
E 0.1F Eost -
© 0 © 1 0V
| | N

0 - 0
C_ 1 L It 1 £ 1 L " L I L1 1 1 F | 1 1 7
0 1 2 0 0.2 0.4 0.6
Time (ms) Time (ms)

FIGURE 1  Transient current shapes of the 12 gm-thickness 5CB cell at 303 K
(a) and of the fluorinate mixture A cell at 293 K (b).

RESULTS AND DISCUSSION

Influence of Ionic Conduction on_Current Transients

We describe the results for 5CB, in which the influence of ionic conduction on the cur-
rent cannot be neglected. It is assumed that the elastic deformation does not contribute
to the current (8 = 0) at high applied voltages. The applied voltages used here satisfy
V > pyilog(tané,)/(e.A¢), which is derived from t, < t,. At extremely high applied
voltages, the initial charging current affects the current peak because the peak time be-

comes very short above certain applied voltage. Substituting 8 = 0 into Eqgs. (6) and (7),

we have
I, S{e.Ae)? 1
= Tt Sty (8)
_ nlLtlog(tand.)
e = e AeV? (9)

We show plots of I,/E® vs 1/E? and ¢, vs 1/ E? for the three 5CB cells at 303 K in
Figures 2(a) and 2(b), respectively. Using Ae-value in the literature,® we obtain 7;-values
from the extrapolation of I;/E3 to 1/E? = 0. We can also determine gnyu- and fo-values
from the slope of I,/ E® vs 1/E? and of t, vs 1/E?, respectively. These results at 303 K

are summarized in Table I. The gnyu-values are in the range 107%-1071° S.cm ™!, consistent
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with those in the literature.'® As listed in Table I, the 4;-values for the different 5CB cells

are the same, and the 6,-values are the same for the cells with the same surface treatment.
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FIGURE 2  Plots of I,/E® vs 1/E? (a) and t, vs 1/E? (b) for the 5CB cells at
303 K. :
TABLEI The rotational viscosity 71, the product of the density and drift mobility

of the ions gny, and the pretilt angle 8, for the 5CB cells measured at 303 K.

L (pm) Substrate surfaces 7y (Pas) g¢nu (S.cm™1) 6, (°)
5.3 Polyimide 0.063 9.1x10~10 83.5
12 In,03 0.064 3.7x10°1°  86.5
44 Polyimide 0.063 7.6x10~10 83.9
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°® I b
| ]
80 | .
I ]
I 1 i It 1 1 i X 1 1 i i i
296 300 304 308
T (K)
FIGURE 3 Temperature dependence of 8, for the 5CB cell without polyimide

alignment layers.
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Temperature dependence of 8,, y; and gny, which are measured in the 12 pm 5CB
cell, is shown in Figures 3 and 4. We see that #,-values are independent of temperature
because the temperature range is narrow and far from the transition temperature,!! while
the gnu-values exponentially vary with reciprocal temperature, whose activation energy

5,8,9

is 0.77 eV. The v;-values are in agreement with those in the literature, and especially,

in excellent agreement with those by the electro-optic method.’
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FIGURE 4 Temperature dependence of y; and ¢gnu for the 5CB cell with 12 um
in thickness. A, x, O and < represent the data points of 4; measured in this work,
by Wu and Wu (Ref. 5), by Skarp et al. (Ref. 8), and by Kneppe et al. (Ref. 9),
respectively. 7 represents the data points of gny measured in this work.

Ionic Conduction Free Current Transients

We describe the results for the fluorinate mixtures and ZLI2293, in which the conduction
current can be neglected in comparison with the displacement current. Thus, we reduce

Eqgs. (6) and (7) to
-3 2 \F B
BV = L(ghg) (+5). (0

_ . [mlog(tan6.) B
VYV = L _‘EOA_G—(HV)’ (11)

respectively. If the contribution of the conduction current to the peak current is not

negligible, the sign of § is negative. We can therefore experimentally check whether or

not the conduction current is negligible from the sign of 3.
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Plots of V/I;/3 vs 1/V and /T, V vs 1/V are shown in Figures 5(a) and 5(b), respec-
tively, using the I5- and t,-values in the fluorinate mixture A, B and C at 293 K. We find
that experimental data points lie on the straight lines, which are almost parallel to the
horizontal axis, indicating that the elastic deformation does not greatly contribute to the
current peak at high applied voltages. Using Ae-value, the y;-values can be determined
from the extrapolation of V/I;/ 3to1 /V = 0. The §,-values can also be determined from
the extrapolation of /T;V to 1/V = 0. The f-values do not affect the determination of
71 and @,. These results are shown in Table II. 6,-values by this method are in good

agreement with those by the crystal rotation method.!?

8 T T T T T 10 T T T T T
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> > 6L —ammo— -
o - DO— . e i C
5 | C S e
o 4+ 4 g | A
25 | S& -
> _L—‘—‘—MA o 2k T
zr i 4 i 1 1 O 2 1 2 1 Y
0 0.02 0.04 0 0.02 0.04
1w vh v (v

FIGURE 5  Plots of V/I3/® vs 1/V (a) and \/IV vs 1/V (b) at 293 K. A, B and
C represent the fluorihate mixture A, B and C, respectively.

TABLE II Physical properties of fluorinate mixture A, B and C at 293 K.
The dielectric anisotropy Ae measured at 1 kHz by the dielectric method (Ref. 13).
The pretilt angle §, measured by the crystal rotation (CR) method and the present
transient current (TC) method. The rotational viscosity v; measured with the TC
method.

Sample L (um) Ae 8, (°) [CR] 6, (°) [TC] m (Pas) [TC]

A 4.8 7.6 87.1 87.1 0.15
B 5.7 5.2 85.4 87.2 0.19
C 5.1 5.5 87.1 85.4 0.24

We also measure v;- and ,-values of the ZLI2293 cell by the same procedure as
those for the fluorinate mixtures.l'2 The 4,-values measured in this work are in excellent

agreement with the Merck data.!* The temperature dependence of ,-values is also in



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:05 18 February 2013

274/[1562} M. IMAI ET AL.

excellent agreement with that in the literature.!!

CONCLUSIONS

We have derived the expressions relating the peak current and peak time in the transient
current to the physical quantities (y1, A€, 8, and gnu). Based upon these equations, we
have developed the procedure to determine the physical quantities such as y; and 8, of
the NLC cells and have examined the procedure for NLCs with or without impurity ions.

We have measured the transient current of 5CB, ZLI2293 and fluorinate mixtures
(A, B and C) at nematic temperatures. The conduction current is not negligible in 5CB,
but negligible in ZL12293 and the fluorinate mixtures. We have determined the v;-, f,- and
gnu-values of the 5CB cells and the ;- and 8,-values of the ZLI2293 cell and the fluorinate
mixture cells with this method. The v;-values of 5CB and ZLI12293 are in agreement with
those in the literature. The 6,-values of the fluorinate mixtures are in agreement with

those using the crystal rotation method.
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