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The realignment of an achiral smectic C chevron structure with
applied � eld
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This is the second of two papers describing the study of a conventional display cell � lled with
an achiral smectic C phase. In our � rst paper we described the X-ray diŒraction study of the
smectic layer alignment in the cell in its initial ‘oŒ’ state. The mesogen used has positive
dielectric anisotropy and the cell surfaces were treated conventionally to give a parallel
homogeneous alignment. The X-ray results were interpreted in terms of a complex three-
component chevron pattern with two outer arms and a central, tilted bookshelf region. This
paper concerns the change in optical texture of the cell as the applied � eld is increased. There
is a sequence of reversible texture changes before the � nal irreversible breakdown of the
structure. The optical data are consolidated by electro-optic and � eld-dependent X-ray data.
We interpret the changes in optical texture in terms of a sequence of four distinct realignment
processes as the � eld is increased: (1) re-alignment of the molecules within the existing layer
structure by rotation of the director around the smectic C cones; (2) growth of the two outer
chevron arms at the expense of the central bookshelf region; (3) a progressive modi� cation
of the domain structure; (4) an abrupt, drastic, irreversible re-alignment at high � eld with
complete breakdown of the original chevron structure to a quasi-homeotropic structure.

1. Introduction smectic C (SmC) mesogen [4]. The device was originally
intended to be used for the evaluation of layer elasticThe study of layer geometries in smectic devices is
constants according to the Fréedericksz transition experi-a subject of considerable interest. The layer structure
ments suggested by Carlsson et al. [5]. Such experimentsadopted within a device has a signi� cant impact on its
relied on a speci� c, uniform alignment of the layersoptical and electro-optical properties. It is well known
within the device. From a study of the X-ray diŒractionthat the layer shrinkage that occurs on cooling to a
pattern of this device (or to be more precise, from atilted chiral smectic C phase from a smectic A phase
study of the way in which the X-ray diŒraction patternfrequently induces a chevron structure [1]. Such chevron
of the cell changed with rocking angle), we concludedstructures also occur in antiferroelectric, ferrielectric [2]
that there was a three-component chevron structure inand even smectic A devices [3]. The occurrence of a
the � eld-oŒstate, as sketched in � gure 1. As one mightchevron structure has an impact not only on device
expect, bearing in mind the diŒerence between the twoproperties in the context of commercial applications, but
� exing elastic constants for a SmC layer (A12 and A21 ),also on the interpretation of experimental data. This is
the layers appear to be curved signi� cantly in oneparticularly important where electric � elds are applied
direction, and more or less � at in the other. In thissuch as in Fréedericksz transition experiments, when
paper, the way in which the optical texture changedthe initial layer geometry and � eld-induced chevron to
with applied � eld, and the extent to which this texturebookshelf transitions can complicate the interpretation
change is reversible when the imposed � eld is removed,of transition thresholds.
are described and discussed. It is important to under-In our previous publication, we described the study
stand the � eld-induced deformation of a complex chevronof a conventional display cell � lled with an achiral
structure such as is adopted in this device to allow a
better understanding of the elastic constants of smectic C*Author for correspondence;

e-mail: Helen.Gleeson@man.ac.uk systems and chevron structures as a whole.
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80 A. Findon et al.

The X-ray diŒraction experiments were carried out on
station 2.1 at Daresbury Laboratory SRS, Warrington,
UK. Temperature control was provided by a modi� ed
Linkam hot stage held in a goniometer arrangement that
allowed rocking to speci� c angles of interest. Sinusoidal
� elds with a frequency of 1 kHz were applied to the
device using a signal generator and wide band ampli� er,
identical apparatus being used for both the optical and
X-ray measurements.

3. Results: description of the changes in optical texture
with applied � eld

The sequence of optical micrographs in � gure 2 shows(a) (b)

Figure 1. The three-branched chevron structure postulated the changes in appearance of a cell of thickness 3.8 mm
in our earlier paper [4] as the structure of the � eld-oŒ when viewed between crossed polarizers as the amplitude
state. This structure arises from the diŒerential shrinking of the imposed � eld is increased from zero to 24 V mm Õ 1
of the structure along the Y-direction at the N–SmC

(90 Vrms ). There is a complex series of reversible texturetransition when the cell is � lled. Note the distinction
changes before the irreversible realignment of the structurebetween this 3-component chevron structure and the

familiar two-component chevron structure of chiral C* that occurs at high voltages (around 10 V mm Õ 1, 40 Vrms )
phases (where the suppression of the chiral twist results at the temperature selected for this device (38 ß C). Figure 3
in the progressive rotation of the molecular director as shows the electro-optic response of the device, while
one passes through the cell in the Z-direction). (a) Sketch

� gure 4 gives complementary X-ray data. Figure 4 (a)of the cell showing the three-branched chevron in the
shows the rocking curve for the device, indicating peaksXZ-plane and the tilted zigzag in the YZ-plane. Details

of the arrangement of additional layers at the boundaries at rocking (device tilt) angles of 0ß and around 17 ß
between the domains, to preserve the layer continuity, have consistent with the presence of both bookshelf and chevron
been omitted. Also omitted in this sketch is the signi� cant regions in the sample. Figure 4 (b) shows the way in which
curvature of the layers in the XZ-plane, discussed in our

the intensity of the X-ray Bragg diŒraction peak, observedearlier paper [4]. The double-headed arrow lying parallel
at a rocking angle of 17 ß (the chevron angle of the device),to X indicates the surface alignment direction. (b) View of

an XZ-section of the cell showing the orientation of the varies over the same range of applied � eld for a thicker
alignment cones for the three parts of the chevron structure device (8 mm). The symbols A–F in � gure 3 indicate the
for zero � eld. conditions at which each micrograph in � gure 2 was

recorded. Details of the process of � eld-induced realign-
2. Experimental detail ment are discussed in the context of the micrographs, and

The full details of the materials used and experi- the electro-optic and the X-ray diŒraction data shown in
mental techniques employed are described in our previous � gure 3 and 4, respectively.
publication [4]. Flat cells of nominal thickness 4 or
8 mm were prepared with parallel glass windows and

3.1. Zero � eldcontained homogeneously aligned samples of the room
The appearance of the texture for zero � eld is shown intemperature smectogenic mixture, M3. This mixture

� gure 2(A). The cell, as seen between crossed polarizers,[4] is achiral and has positive dielectric anisotropy,
has an overall banded appearance with broad bandsexhibiting smectic-C and nematic phases with transition
running more or less parallel to the (molecular) align-temperatures TSmCN 5 45 ß C and TNI 5 86 ß C. The cell
ment at the surfaces. Within the bands there is somewindows were of 100 mm thick glass, making them thin
diagonal detail with a resemblance to the so-calledenough for both optical and X-ray diŒraction studies.
herringbone texture sometimes observed in lyotropicThe surfaces were coated with a conducting layer of
hexagonal phases. Bearing in mind our earlier X-rayindium tin oxide and treated with rubbed PVA to give
diŒraction studies [4], we interpret these bands in termsa parallel, homogeneous alignment.
of the domain pattern shown in � gure 1.The optical textures were observed with an Olympus

BH2 polarizing microscope � tted with a Linkam hot
stage. Electro-optic traces were recorded with the sample 3.2. L ow applied � elds

Study of the photomicrographs of � gure 2 show thatheld in the same hot stage on an optical rail between
crossed polarizers. A laser diode provided the light source the overall director � eld, i.e. the pattern of division of

the mesophase into domains, appears to be unchangedand the transmitted light was detected using a photo-
diode and ampli� er with a linear intensity response. for � elds up to ~10 V mm Õ 1 (40 Vrms for the 3.8 mm
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81Realignment of an achiral SmC

(A) (B)

(C) (D)

(F)(E)

Figure 2. Optical textures at diŒerent applied � eld strengths: (A) no � eld (B) 10.5 Vrms (C) 12.9 Vrms (D) 25.3 Vrms (E) 46.0 Vrms
(F) 91.0 Vrms . The segment at the upper left hand side of each micrograph shows a region not covered by the electrodes. The
cell thickness was 3.47 mm, the temperature was 38.4ß C and the frequency 1 kHz. In all cases, the cells were viewed between
crossed polarizers.

thick device studied in this experiment). However, the that birefringence colours are becoming ‘purer’ indicating
a shift to lower order interference colours with thebirefringence colours shown by the separate domains do

not remain constant: the pale blue areas become darker molecular realignment—cf. � gure 2 (A) and 2 (C). The
textural observations agree well with the electro-opticand the greenish areas become bright yellow. Such

information can be interpreted in the context of a change data of � gure 3. There is a large change in transmitted
intensity at approximately 10 Vrms (2.7 V mm Õ 1 ), con-in eŒective birefringence of the sample. Although inter-

pretation of colours is somewhat subjective, it appears sistent with the observed change in birefringence colours
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82 A. Findon et al.

Figure 3. The electro-optic plot for M3 showing the variation
of transmitted intensity with applied � eld strength (for
the same device as used to obtain the optical micrographs
shown in � gure 2). The letters A–F indicate the trans-
mittance levels for the voltages at which photographs
shown in � gure 2 were taken.

of the device. Following this initial change, there is little
change in the transmitted intensity at low applied � elds.

As the voltage is increased, a further eŒect is seen in
the textures which is less apparent in the electro-optic
data. There is a progressive readjustment of the domain
boundaries with invasion of the dark blue regions by
parallel sided strips of yellow domains inclined at range
of angles. As is apparent in � gures 2 (C) and 2 (D),
asymmetric islands appear within some of the large
domain regions. The islands are bounded by narrow
lightning zigzags on one side and broad vertical bands

(a)

(b)

Figure 4. (a) The variation of diŒracted intensity with rockingon the other. Features of this type are familiar in defect
(device tilt) angle. Each of the three regions of the chevronstates of chiral smectic C cells [1].
pattern (i.e. the central bookshelf and the two outer arms)It is worth comparing the textural observations with
gives rise to two Bragg re� ections recorded on the area

the X-ray data of � gure 4. Figure 4 (a) shows the rocking detector used (corresponding to re� ections from the ‘front’
curve obtained for the device. Here, it can be seen from and the ‘back’ of the planes). The open arrows at 1 14 ß and

1 17 ß indicate the two Bragg re� ecting positions for onethe relatively strong Bragg peaks around 0 ß and the
of the outer arms. (b) Change of diŒracted X-ray intensitychevron angle of 17 ß that the sample has both bookshelf
with applied voltage. This plot shows the variation of theand chevron structure. For the electric � eld experiment,
integrated intensity against applied voltage for a sample

the device was held at the rocking angle of 17 ß and the of M3 in a cell thickness 8 mm at a temperature of 37 ß C.
intensity of the Bragg peak monitored. Little change in The sample was held at a rocking angle of 17 ß whilst the

data were recorded. (This orientation corresponds to thethe peak intensity is observed at low applied � elds,
Bragg re� ecting position for one of the outer chevronindicating that there is no drastic layer reorganization
arms.) The abrupt fall in scattered intensity at an appliedin this regime.
voltage of ~90 V corresponds to the drastic high � eld
realignment. Note that this occurs at a higher voltage

3.3. High voltages than the high � eld transition apparent in the electro-optic
plot shown in � gure 3 because of the greater cell thickness.There is a relatively sudden change in texture

when the applied � eld reaches approximately 10 V mm Õ 1.
The domain structure present throughout the previous The textural observations are con� rmed by the electro-

optic and � eld-dependent X-ray scattering intensity ofsequence is lost (except for the merest shadow) and a
pattern of vertically-elongated linear domains is created. � gures 3 and 4 (b). Both data sets show a gross and
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83Realignment of an achiral SmC

relatively sudden change at similar � eld strengths, indi-
cating a signi� cant movement of layers out of the Bragg
condition at the rocking angle chosen and a concurrent
change in eŒective birefringence of the sample.

3.3. Reversibility
The ability of the cell to recover its original texture

when the applied � eld was switched oŒwas investigated.
Figure 5 shows the appearance of the 3.8 mm thick device
shortly after � elds of diŒerent amplitudes were removed.
It is apparent that, for low applied � elds, under approxi-
mately 3 V mm Õ 1, the texture change was completely
reversible and the cell reverted to the initial texture. For
higher voltages, the recovery was less complete and above
the voltage of catastrophic realignment (approximately
90 V for a 3.8 mm cell ) the original texture was completely
lost.

4. Discussion: explanation of the texture changes
The electric � eld response of the smectic C material

in the planar device is discussed in the context of the
complex chevron structure previously postulated for
this system [4] and its � eld-induced modi� cation. We
suggest that the � rst response is a realignment of the
molecules within the existing layers, with the molecular
directors pictured as rotating round the smectic C cones,
� gure 6 (a). They rotate until they lie as close to the
direction of the applied � eld as they are able, without
disturbing the layer structure. For molecules with positive
dielectric anisotropy and positive optical anisotropy this
would involve a reduction in the perceived birefringence
of each part of the sample as shown in � gure 6 (b), and
hence explain the observed colour changes and electro-
optic response. In this context, the sample is undergoing
a Fréedericksz transition of the c-director at a � eld of
approximately 2.7 V mm Õ 1. A more detailed examination
of the transition thresholds and associated measurements
of elastic constants with respect to device thickness and
temperature is reported elsewhere [6].

There are two distinct types of domain in the low
� eld SmC chevron structure: the outer arms and the (c)

(a)

(b)

central bookshelf region. During the second stage of the
Figure 5. Retention of optical texture when the applied � eldresponse, we suggest that there is growth of the outer

was switched oŒ. These optical micrographs show thearms at the expense of the central region. As shown in
appearance of the cell a few minutes after the � eld was

� gures 7 (a) and 7 (b), the orientations of the alignment removed. Figures 5 (a), 5 (b) and 5 (c) refer to initial voltages
cones of the two outer arms allow the molecules there of 10.5, 25.3 and 91.0 Vrms respectively and should be

compared with � gures 2 (B) 2 (D) and 2 (F), respectively.to align closer to the applied � eld direction than those
It is apparent that for applied voltages <12 Vrms theof the central region. This must make the outer chevron
texture change was completely reversible and the cellregions more stable than the inner bookshelf part and
reverted to the initial state, whereas for higher voltages,

we would expect therefore that the central bookshelf the recovery was less complete. Above the voltage of
region would gradually disappear as the boundaries catastrophic realignment (approximately 90 V for a 3.8 mm

cell) the original texture was completely lost. The experi-converge towards the centre of the device. We have no
mental details are the same as those given in the captionway of seeing this postulated eŒect directly using optical
for � gure 2.microscopy, but the suggestion is not incompatible with
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84 A. Findon et al.

(a)

(b)

Figure 6. (a) The realignment of the molecules by rotation of
the molecular director around an alignment cone (whilst
maintaining the smectic layer organization in the cell in
a more or less undisturbed state) is considered to be the
� rst response of the cell to the applied � eld. This distortion
can be regarded as the smectic C equivalent of the familiar
Fréedericksz eŒect for nematic phases. In this sketch the
layer alignment corresponding to the central tilted book-
shelf region is shown, but similar eŒects will occur in
the chevron arms. (b) Reduction in birefringence—these
two sketches show the index ellipsoids corresponding to
(i) the � eld-oŒstate and (ii) the low-� eld state, the upper

(a)

(b)

(c)

and lower states in (a). The molecular realignment would
Figure 7. Growth of the outer chevron arms—molecules in

cause a change in the optical properties of reorienting the
the outer chevron arms are able to take up alignments

index ellipsoid so that its major axis lies more closely
more closely parallel to the applied � eld than those in

parallel with the Z-direction. This would reduce the
the central bookshelf regions shown in (a). They therefore

perceived birefringence when the sample is viewed down
represent a lower energy state and we therefore suggest

the Z-direction, as indicated by the more circular shape
that the chevron arms grow at the expense of the central

of the shaded cross-section shown for (ii). This would
region as the � eld is increased. (b) Tilting of the layers inlower the order of the interference colours (giving the
the XY-plane—comparison of the alignment cones for a

near primary 1st order blues and yellows).
tilted layer structure (shown in the upper sketches) and
an untilted layer structure (shown in the lower sketches).
It can be seen that the lower the tilt angle in the XY-planethe X-ray diŒraction evidence of � gure 4. The data show
(i.e. the more closely the layers lie parallel to the Y-axis),

only a small change in intensity at low � elds, becoming the more closely the molecules can align themselves along
more marked as the � eld increases above ~5 V mm Õ 1. the applied � eld. Hence as the � eld is increased we would

expect the tilt to be progressively reduced.This increase in scattering intensity is consistent with
a higher proportion of layers moving into the Bragg
condition at the rocking angle of 17 ß as the � eld A similar consideration applies to the tilting of the

layers in the XY-plane. As sketched in � gure 7 (c)increases, though admittedly the variation in intensity is
not large. the smaller the tilt angle (i.e. the closer the layer normals
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85Realignment of an achiral SmC

would consist of equal numbers of these. We suggest
that this explains the division of the � nal texture into
what appear to be two equally-prevalent domain types.
We suggest that the elongation of the domains is a
consequence of the bulk dimension change of the meso-
phase caused by the molecular realignment. As the
imposed � eld causes the molecules to realign along Z,
the structure shrinks along the X-direction. It is con-
strained in the Z-direction and hence attempts to expand
along Y.

5. Conclusions
A previous paper reported the unusual three-armed

chevron structure that was adopted by an achiral smectic
C material in a thin, homogeneously aligned device. TheFigure 8. The � nal high � eld state. As shown in � gure 2 (F),

the high � eld state (where V >90 Vrms ) consists of an electric � eld deformation of this complex layer geometry
array of small domains elongated along the Y-axis. There has been explained in terms of a four-step process, taking
appear to be domains of only two colours, presumably

advantage of information gleaned from textural obser-
indicating that there are only two orientations of these

vations, electro-optic experiments and � eld-dependentdomains. The grey shades (in contrast to the bright, near-
X-ray scattering studies. Two distinct � eld-induced trans-primary colours of the low � eld textures) suggest very low

birefringence values, implying that the molecules are close itions are reported: one associated with reorientation of
to homeotropic in their alignment. We suggest that the the c-director and the other with gross reorganization
elongation of the domains is a consequence of the bulk

of the smectic layers. An interpretation of the origin of
dimension change of the mesophase caused by the molecular

the observed phenomena in terms of director and layerrealignment. As the imposed � eld causes the molecules to
motion is vital if the elastic constants of such systemsrealign along Z, the structure shrinks along the X-direction.

It is constrained in the Z-direction and hence attempts to are to be deduced from Fréedericksz transition experi-
expand along Y. (i) Perspective sketch view of the cell ments. A detailed study of the Fréedericksz thresholds
showing the elongation of the domains along Y. (ii) The

for this system is to be reported in a future publication.
inferred layer arrangement as seen in the XZ-plane, show-
ing the two equivalent orientations of the SmC layers

A.F. is grateful for � nancial support from the Displaysfor a homeotropic alignment of molecular directors.
(iii) Sketch showing the alignment cones at the boundary Group, DERA, Malvern, UK. Thanks are also due to
between the domain units. Y. Panarin for the sample of M3 and to the staŒof

Daresbury Laboratory for their assistance.
lie to the X-axis) the closer the molecules can align
themselves with the imposed � eld (in the Z-direction).
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