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Observation of backflow in the switch-on dynamics of a hybrid
aligned nematic
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United Kingdom

(Received 17 September 2003; accepted 11 November) 2003

The optical convergent-beam technique is used to measure, in 0.3 ms steps, the response of the
director in a 4.6am-thick ZLI-2293 filled hybrid aligned nematic cell when a 10 kHz, 4,Vac

voltage is applied to the cell. The total time taken for the reorientation process is 2.4 ms, with
backflow observed during the first 1.5 ms after the application of the voltage. The measured director
profiles show excellent agreement with theoretical profiles produced from the Leslie—Eriksen—
Parodi theory using typical values for the viscosity coefficients. Fluid velocity profiles within the
cell are also modeled. @004 American Institute of Physic§DOI: 10.1063/1.1638903

The thresholdless response of the hybrid aligned nematicase, an expanded beam from a He—Ne laser is focused onto
(HAN) cell geometry to applied fields makes it an idealthe cell, allowing optical waveguide modes to be excited
structure for studying the physical properties of nematic lig-over a range of angles of incidence simultaneously. The in-
uid crystals. The HAN structure is composed of homoge-ensity of the reflected and transmitted light is then collected
neous alignmentthe tilt angle,#~0°) on one surface, and by a charge-coupled-devi¢€CD) array with a capture time
homeotropic §=90°) on the other. For a nonchiral material, in the submillisecond range, allowing the variation of optical
this results in the director tilting through 90° between theintensity with time to be recorded during the director reori-
two substrates, with no twist. For a material of positive di-entation process in the liquid crystal cell. The incident light
electric anisotropy and of nonequal splay and bend elastits either p (transverse magnejicor s (transverse electric
constants, when no voltage is applied the variation in tiltpolarized, and so eight datasets in total can be colleged
angle through the cell is close to lineé linear variation to-p ands-to-s conserving ang-to-s and s-to-p converting
requiresk ;;=Ks3). When a high voltage is applied the di- for both transmission and reflectiorComparing these data
rector becomes predominantly homeotropically aligned. Thavith theory (as in the static cagdor each time step allows
dynamic reorientation of the director as it switches from thethe director profile at each point in time to be determined.

0 V to the high voltage state is very fagtms) and can be A 4.6 um ZLI-2293 (MercK) filled HAN cell was con-
modeled using the Leslie—Eriksen—Par¢dEP) theory!™*  structed from indium—tin—oxid€ITO) coated glass sub-
This theory enables the dynamics of an anisotropic fluid tcstrates. A 30 nm layer of obliquely evaporated silicon mon-
be determined by considering not only the flow, as in theoxide was used as the homogeneous alignment layer, and a
isotropic case, but also the rotation and alignment of thenonolayer of octadecyltrimethoxysilane provided homeotro-
material. In the case of the response of a one-dimensionglic alignment. The cell was index matched between two low-
HAN structure, the process is described by four Miesowiczindex glass hemispheres and mounted at the center of the
coefficients ¢,, 7,, 712, andy,) and the tilt profile at each optical convergent-beam arrangement, as shown in Fig. 1.
point in time can be determined by solving the LEP equa- A7 Vs, 10 kHz ac voltage was applied to the cell, and
tions numerically. The results show that the switch-on reori-optical intensity versus angle-of-incidence data were col-
entation process for 7,V ac applied across a Bm HAN  lected as a function of time for transmitted and reflected
cell is around 2.5 ms, which is considerably faster than thasignals as the director responded to the change in voltage.
of an equal thickness 90° twisted nematic cell. The form of

the director during t.he dyngm?c process also suggests.that Polarizer to CCD array to collect
backflow occurs during the initial 1.5 ms, due to a coupling Beam select p- Or's-  jntensity vs. angle-of
between shear and rotational motion in adjacent regions of expander Polarized light i cidence data

the cell® ils mw |
. . L e-Ne
The use of optical waveguides to study the static director 1 ,..r A ]

profile in liquid crystal cells is well establish&d® By col-

lecting optical-intensity versus angle-of-incidence data for o 4
reflected and transmitted TM or TE polarized light incident
on a cell, and comparing it to a multilayer optics model, . \7 [ 1

detailed information about the director profile can be ob- ~ Stationary Rotating  Achromat

tained. The convergent beam technique has recently been diffuser  diffuser E:tl:vzgietxwr:?g?ii o
developed to allow this optical probing method to be used to (n=1.52) hemispheres

study the dynamic properties of liquid crystal célf€.In this

FIG. 1. Schematic diagram of the layout of the optical components used in
dElectronic mail:  s.a.jewell@exeter.ac.uk the convergent-beam technique.
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10 & theory in conjunction with the viscosity coefficients given in the literature.
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Z06 =0 with typical values suggested by the manufacturer.
E o4 540 During the initial 1.5 ms reorientation process of the
o2 =20 cell, backflow can be inferred as occurring close to the ho-
S o st 9 meotropic surface of the cell. In this situation, the director
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Angle of Incidence Distance through cell becomes increasingly homogeneous in alignment, before re-

10 versing in direction and becoming homeotropically aligned.
20 . N &0 This process is driven by a coupling between rotational and
306 260 . shear flow motion in adjacent regions of the cell. This is
g S0 7V (static) . . . . . .
= 04 = reflected in the modeled fluid velocity profiles shown in Fig.
ERY =20 4, again produced using the LEP theory. During the first 0.5
5“0 Serme Tt 0 ms, there are two regions of high fluid velocity, with the

% & &3 00 05 10

A?fgle &L Distance through cell direction of flow in opposing directions. It is the torque pro-
duced by the interaction of these two regions of mass fluid

FIG. 2. Comparison between measured optical-intensity vs angle-offlow that results in the rotation of the director, and is referred
incidence data(symbolg and theoretical datdlines) produced using a to as backflow

multilayer optics model, and the corresponding tilt an@te degreep vs . . . . .
fractional distance through the cell for a selection of times after the appli- Further analysis of the director reorientation during the

cation of 7 Vi to the HAN cell. switch-on process shows that only two of the viscosity coef-
ficients had any significant effect on the dynamic reorienta-

The optical data showed that no further reorientation of thd!on: W_'th 7, determining th'e dggree of backfl'ow and
cell was distinguishable from the noise of the data after Joverning the overall relaxation time. However, if shear flow
reorientation time of around 2.4 ms, with a particularly rapid":’] neglected altogether in thek?OdEé., only the rotation o:]
change in the optical data, and hence the director profilet, € dlrector IS con5|derezdpac ow does not occur, and the
occurring over the first 1.5 ms after the voltage was appliedfesPOnse t|me. of the cell ,'S .con.S|de-rany Iongefr. o

To obtain the dynamic director profile at a particular In conclusion, the variation in director profile with time
time step, the transmitted and reflected optical intensity verVNen & 7 Vins ac voltage was applied to a HAN cell has been
sus angle-of-incidence datasets were simultaneously fitted {§€asured using the convergent beam technique. The director
a multilayer optics model, based on x4 Berreman matrix &S studied on a 0.3 ms time scale, and backflow observed

proceduré! The optimum result was determined by using a
least-squares fitting procedure. The optical permittivity, ab- . T . . . T

sorption, and thickness of the ITO, silicon monoxide, and ~ oot ]
liquid crystal layers of the cell were used as fitting param- E 40t ]
eters along with the shape of the director profile. Examples S 20 S e .
of the fitted data and the corresponding director profiles are %‘ OF AmrTRnams §
shown in Fig. 2. To allow for the rapid variation in optical S ool T 1T025ms ]
intensity over the 0.3 ms exposure time of the CCD array, the :; ol o _‘:;g';gﬁz 1
time at which the first line of data was collected was approxi- 2 — - t=1.00ms

mated as 0.15+0.15 ms, with the subsequent lines of data =60 i=125ms 1
defined in 0.3 ms intervals after that. These measured tilt -80p o t=150ms , ]
profiles show good agreement with model profiles produced 00 02 04 06 08 1.0
using the LEP theory, as illustrated in Fig. 3. In this case, the Fractional Distance Through Cell

viscosity coefficients used to model the switch-on proces?—'IG. 4. Modeled flow velocity profile@in 0.25 ms stepgor the first 1.5 ms

were: 7;=160=5mPas, 7,=10x5mPas, 71,= =100 4t e switch-on process of a HAN cell, generated using the LEP theory and

+50 mPas, and;=155+5 mPas, which are in agreement viscosity coefficients given in the literature.
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