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Studies of the alignment properties of antiferroelectric liquid
crystals by X-ray diVraction
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It is observed optically that in a parallel rubbed antiferroelectric liquid crystal device, the
texture consists of domains with two distinct optic axes, which make equal and opposite
angles with the rubbing direction. It is proposed that this is caused by a large electroclinic
eVect at the surfaces during layer formation in the SmA* phase. This hypothesis is veri� ed
by � nding the layer structure in single, parallel and skew rubbed devices by using X-ray
diVraction.

1. Introduction is also possible to obtain a single optic axis orientation,
� gure 1 (c). The details of this method of ‘skew’ rubbingAntiferroelectric liquid crystals (AFLCs) [1–3] are

among the most promising materials for display appli- have been reported elsewhere [5, 6].
We propose that in the single rubbed device thecations. Being chiral tilted smectic liquid crystals, each

layer has a spontaneous polarization to which an electric rotation of the optic axis away from the rubbing direction
is caused by the surface electroclinic eVect [5, 7]. After� eld applied parallel to the layers can couple. So, like

ferroelectric liquid crystals, they are capable of fast, � lling the cell in the isotropic phase, as the temperature
is reduced into the SmA* phase, the molecules at thein-plane switching. In addition, however, their tristable

switching properties oVer the possibility of symmetric surface prefer to lie along the rubbing direction. In
the absence of the surface electroclinic eVect this woulddriving schemes and increased ease of grey scale generation.

The main diYculties in using AFLCs for displays are result in the formation of smectic layers perpendicular
to the rubbing direction, � gure 2 (a). However, we suggestthe so-called ‘pretransitional eVect’ and the diYculty in
that the interaction between the polar alignment layerobtaining good quality alignment, both of which limit
and the large spontaneous polarization of the liquidthe achievable contrast. Having previously considered
crystal (characteristic of materials exhibiting a SmC*

Athe pretransitional eVect elsewhere [4], this paper will
phase) induces the SmC* phase at the surface: the surfaceconcentrate on the issue of alignment.
electroclinic eVect. The fact that the molecules prefer toWhen an AFLC is used to � ll a cell whose inside
lie along the rubbing direction, and must tilt with respectsurfaces have been coated with a polymer layer and
to the layer normal, means that the layers form with theirrubbed in the same direction (parallel rubbing), the
normal at an angle to the rubbing direction, as showntexture as viewed using a polarizing microscope is as
in � gure 2 (b).shown in � gure 1 (a). The cell is subdivided into domains

If, however, both surfaces are rubbed parallel to eachwith two distinct optic axis directions, which are rotated
other, then the equal and opposite polarizations at eitherby equal and opposite angles, Ô a, from the rubbing
surface will cause layer formation with con� icting layerdirection. However, when the AFLC is used to � ll a cell
normals, � gures 2 (b) and 2 (c). Instead of forming onewhich has had only one of its polymer coated surfaces
layer arrangement in the top half of the cell, and therubbed, there is only one optic axis orientation, � gure 1 (b),
other arrangement in the bottom half, in practice thewhich is rotated by a similar angle a from the rubbing
layer formation in the bulk will be seeded randomlydirection. By making a cell in which both surfaces are
from either one surface or the other. The resulting layerrubbed, but the directions are skewed by an angle 2a, it
structure is therefore a pattern of domains of two types,
one with a layer structure as in � gure 2 (b) and the other*Author for correspondence;

e-mail: lesley.parry-jones@eng.ox.ac.uk as in 2 (c). The texture of the cell will therefore appear
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1002 L. A. Parry-Jones et al.

Figure 1. Texture of an AFLC cell as viewed using a polarizing microscope under diVerent alignment conditions. (a) The alignment
layers at both surfaces are rubbed parallel to each other: this gives rise to a pattern of domains with two principle optic axis
orientations. (b) Only one surface is rubbed and (c) both surfaces are rubbed, with the directions skewed with respect to each
other by an optimized angle: in both cases (b) and (c), there is only one optic axis orientation.

Figure 2. In a single rubbed cell (a) in the absence of a polar interaction with the surfaces, the smectic layers form perpendicular
to the rubbing direction in the SmA phase. However, when there is such an interaction, the SmC* phase is induced at the
surfaces and the layers form with their normal at an angle to the rubbing direction. The surface polarizations are equal and
opposite at either surface, so the layers form one way at the top surface (b), and the other way at the bottom surface (c).

as a mixture of regions with two diVerent optic axis thickness 0.1 mm (to minimize attenuation of the X-ray
alignments. If, however, the direction of rubbing at beam) with single, parallel and skew rubbed polymer
the two surfaces is skewed by the correct angle—twice alignment layers. The devices (� lled with AFLC mixture
the angle between the layer normal and the rubbing CS4001) were typically 2 mm thick. The optimum skew
direction in � gure 2 (b)—then there will be uniform layer angle for the alignment material X201, and the AFLC
formation throughout the cell. material CS4001 was found to be 18ß . The X-ray beam

Clearly, the hypothesis that the surface electroclinic was of wavelength 0.154 nm, and the experiment was
eVect is responsible for the poor alignment observed in carried out with the cell in the Bragg geometry (� gure 3),
parallel rubbed devices is consistent with optical investi- with the axis of rotation perpendicular to the rubbing/
gations. However, since the core of this argument is in average rubbing direction (for single and parallel/skew
the formation of the smectic layers, the ultimate test is rubbed cells, respectively) . The X-ray beam was linearly
to investigate the layer structure by X-ray diVraction polarized in the plane of incidence, and was about
(XRD). 3 Ö 1 mm2 in size.

2. Experimental
3. Results and discussionXRD experiments were carried out at Station 2.1

The results of the experiments on the single, parallelof the Synchrotron Radiation Source (SRS) at the
and skew rubbed cells are shown in � gures 4 (a), (b) andDaresbury Laboratories, UK. Devices suitable for X-ray

scattering studies were fabricated using cover slips of (c), respectively. The axes of the plots are the angles c
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1003Alignment and X-ray diVraction of AFL Cs

The result for the single rubbed cell shows clearly two
peaks at a twist angle c . 80ß , with equal and opposite

values of the tilt angle d 5 Ô 16 ß . This indicates the

presence of a tilted chevron structure, with the com-
ponent of the layer normal that is in the plane of the

glass plates at an angle of about 10 ß to the rubbing

direction, in agreement with our hypothesis about the
Figure 3. Bragg geometry for the X-ray scattering experi- surface electroclinic eVect. Note that one of the peaks is

ments: the cell is rotated about an axis that is normal to
much more localized in terms of twist angle than theboth the incident X-ray beam and the (average) rubbing
other. This is produced by the lack of a de� ned alignmentdirection (into the page). For each angle, the X-ray

scattering pattern is recorded by the 2D detector. direction on one of the substrates. The chevron arm

which is induced by this substrate can slip in order to

accommodate defects, whereas the direction of the other

chevron’s arm is � xed by the direction of the molecularand d which represent twist and tilt of the layer normal,
director parallel to the rubbing direction. Although therespectively, as illustrated in � gure 4 (d). The method
layers neighbouring the unrubbed surface can slip, itsof presenting layer normal distributions is reported

elsewhere [8]. distribution in twist angles is centred at c . 80 ß because

Figure 4. Comparison of the experimental results of an X-ray scattering experiment to determine the layer structure of (a) single,
(b) parallel and (c) skew rubbed devices. The axes of the plots are d and c, the tilt and twist, respectively, of the smectic layer
normal, as shown in (d).
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1004 L. A. Parry-Jones et al.

Figure 5. Comparison of the layer structure in a skew rubbed cell, (a) before and (b) after � eld treatment.

of the layer continuity at the chevron interface. Thus, we defects observed in the cell. Needle defects occur in
order to maintain layer packing density during layercan say that the chevron interface acts as a surface by

itself with some boundary conditions (director continuity) . reorientation towards a bookshelf structure. They grow
under the application of an applied � eld because theyFigures 4 (b) and (c) show that the results for the

parallel and skew rubbed devices support this con- have zero angle between the spontaneous polarization
and the applied � eld in the ferroelectric state.clusion. The results for the parallel rubbed cell show

two predominant twist directions, as well as a chevron
structure. The two directions are at c 5 82ß and c 5 97 ß , 4. Conclusions
i.e. approximately equally spaced about the rubbing We conclude that the results of XRD are in excellent
direction, in agreement with optical observations. The agreement with our hypothesis, based on optical obser-
skew rubbed cell shows a chevron structure with the vations, that the poor quality alignment achieved in
layer normal along the average rubbing direction. We parallel rubbed AFLC cells is due to the formation of
therefore have full agreement between the experimental two distinct layer directions, caused by the surface electro-
results and our hypothesis for the layer structure in clinic eVect. This can be improved by using only one
these three types of device, based on the eVects of the rubbed substrate or an optimized skew angle between
surface electroclinic eVect. the two rubbing directions. We have also shown how the

It has been observed previously by optical methods layer structure changes upon application of an electric
[5, 6] that in the skew rubbed cells, the density of needle � eld: in some parts of the cell, the chevron tilt angle
defects is increased by the application of an electric � eld. reduces, whereas in others, needle defects appear and
This was also investigated by XRD, and the results are grow. The much reduced tilt and twist angles after only a
shown in � gure 5. The device has a non-twisted chevron short duration of applied � eld [10] support the assump-
structure, with a tilt angle of about 16 ß before � eld treat- tion, often made in modelling AFLCs that the layers are
ment, as shown in � gure 5 (a). After the application of a in a ‘quasibookshelf ’ con� guration.
0.1 Hz, Ô 4 Hz triangular voltage wave for ten minutes,
the layer structure is greatly changed, as shown in The authors would like to acknowledge the � nancial
� gure 5 (b). There is still some chevron structure (the support of the EPSRC and Sharp Laboratories of Europe,
peaks at c 5 0, d Þ 0), but at a much smaller tilt angle and the previous work on skew rubbing by Romeo
of about 9 ß . This ‘bookshel� ng’ of the smectic layers Beccherelli. We would also like to thank Emma Walton
under applied bias � elds is well known in both ferro- of SLE, for help in device fabrication; also Gunter
electric [9] and antiferroelectric [10] liquid crystals, Grossmann and GeoV Mant for technical assistance at
and is understood to occur due to the non-zero torque the SRS.
that exists between the spontaneous polarization and
the electric � eld in the ferroelectric state of a tilted layer. References
In addition, � gure 5 (b) shows that other parts of the cell [1] Chandani, A., Hagiwara, T., Suzuki, Y., Ouchi, Y.,
have a twisted bookshelf structure (the peaks at d 5 0, Takezoe, H., and Fukuda, A., 1988, Jpn. J. appl. Phys.,

27, L729.c Þ 0), which we interpret as originating from the needle
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