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Influence of electric fields on the smectic layer structure of ferroelectric and antiferroelectric
liquid crystal devices
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The electric-field-induced structural rearrangement of smectic layers in the antiferroelectric and ferroelectric
phases of three different materials is reported. The materials all have high optical tilt éaglesd 30¥,
compared with the steric tilt angles deduced from layer spacing measurefaemisd 187. The chevron
angles observed in devices agree well with values found for the steric tilt angle across the tilted mesophase
range. Electric fields were applied to liquid crystal devices while the smectic layer structures, in both the depth
and in the plane of the device, were probed using small angle x-ray scattering. Two separate aspects of the
influence of the field on the layer structure were studied. First, the organization of the smectic layers in the
antiferroelectric phase is described before, during, and after the application of an electric field of sufficient
magnitude to induce a chevron to bookshelf transition. Second, the evolution of the field-induced layer struc-
ture change has been investigated as the field was incrementally increased in both the antiferroelectric and
ferroelectric phases. It was found that the chevron to bookshelf transition has a distinct threshold in the
antiferroelectric phase, but shows low or zero threshold behavior in the ferroelectric phase for all the materials
studied.
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INTRODUCTION tion that usually occurs at a well-defined, high-field threshold

(~5 V/um) in ferroelectric liquid crystal device8]. Field-
The first experimental evidence of antiferroelectric order-induced layer deformations are not restricted to the high-field
ing in a liquid crystal[1] was published several years after regime. Time resolved x-ray diffraction experiments recently

the discovery of ferroelectricity in liquid crystal2]. In both Semonstlrat_edf reverlsitz[lt'a Igyey motion or; th% micrlcl)sbeclond
ferroelectric and antiferroelectric liquid crystals the mol- Ime scale In Terroelectric devices even at Telgs well below

ecules are arranged in layers with the director tilted withthe chevron to bookshelf transition thresh{mj. C;Iee_lrly, n

the study of ferroelectric and antiferroelectric liquid crystal
respect to the layer normal by a temperature-dependent tiffeyices it is important to examine both the static layer struc-
angle[3]. The ferroelectric chiral smectic-(SmC*) struc-  tyre and the way in which it is deformed by fields. There are
ture is synclinic, the tilt direction modified only by a macro- yery few reports of the temperature dependence of the tilt
scopic helix that has a pitch typically hundreds of timesangle[10], chevron angl¢11] or chevron to bookshelf tran-
greater than the layer spacing-e80 A. The antiferroelectric  sjtion [12,13 in materials exhibiting antiferroelectric, ferri-
(SmC3i) structure is anticlinic, the tilt direction alternating electric, and ferroelectric liquid crystal phases. A brief report
from one layer to the next. Incorporating ferroelectric andof an x-ray study of the evolution of the field-induced chev-
antiferroelectric liquid crystals into display devices is ex-ron to bookshelf transition in a device exhibiting all three
tremely attractivg4], but although excellent prototype liquid SmC* subphases was published recerlthd], the results
crystal devices containing both types of materials exist, theifimplying that the transition behavior depends on the phase
widespread commercial use has not yet been realized. This {¥Pe. This paper presents a detailed study of the temperature
due in part to the complex electro-optic properties of ferro-dependence of the chevron structure and tilt angles in three
electric and antiferroelectric devices, a consequence of th@aterials exhibiting ferro-, ferri-, and antiferroelectric

constraints that the device geometry imposes on the smectR1@s€s. The complementary techniques of x-ray diffraction
layer structure. and electro-optic studies are employed to examine field-

Cooling from the orthogonal smecti&{SmA) phase into induced phenomena in the ferroelectric and antiferroelectric

a tilted phase causes a reduction in the smectic layer spacif}!@Ses-
and the layers in a device frequently adopt a chevron struc-
ture [5] to accommodate this layer shrinkage. The chevron
geometry can be transformed to a bookshelf geometry on The materials used in this work were synthesized at Hull
application of a sufficiently high electric fie[®,7], a transi-  University, UK and have been studied extensively by several
authors[15—17. The molecular structures are shown in Fig.
1 together with the phase sequences determined via micros-
*Corresponding author. copy and electro-optic methods. In the case of compounds 1
Email address: Helen.Gleeson@man.ac.uk and 2, the assignation of the intermedidferrielectrig
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FIG. 1. The molecular structures and phase sequences of the
three materials. SHi and Snh} are hexatic ferroelectric and anti-

X7 /

ferroelectric phases, while SPj,; and SnCf,, denote the three- .- 7< tilt angle

and four-layer intermediate phases, respecti@@]. The phase -
sequence of compound 3 is as defined in R&6|, where Srﬁ:; 0

and SnC} are ferroelectric and intermediate phases respectikely.

and| refer to the crystal and isotropic phases. FIG. 2. The x-ray experimental geometry.

. _ chevron structure shows intense peaks at the chevron angle.
phases was also confirmed by resonant x-ray scatteringhe chevron angle of the devices was determined as a func-

[18-20. The planar liquid crystal devices were constructedion of temperature from the rocking curves to an accuracy of
to a thickness of 1% m, as described elsewhe[®4]. The  +0.5°. The use of an area detector allowed the layer orien-
materials all have short helical pitches and are not surfacgtion in the plane of the device to be studigdg. 2. A

stabilized at this thickness. In all of the measurement techmonodomain structure in which the smectic layer normal is
niques described below, the temperature of the devices Waserpendicular to both the incident x-ray beam direction and
maintained with an absolute accuracy:*oI°C and arelative the rocking axis will produce a single set of peaks on the
accuracy of+0.1°C by use of a heating stage. equator of the detector. Spreading or splitting of these peaks

Optical tilt angle was measured with an accuracy ofpy an angle g, indicates a distribution of the smectic layers

+0.5° as described previous[L0]. Spontaneous polariza- jy the plane of the device or an in-plane chevron respec-
tion (Ps) measurements were made using the current pulsgp\,e|y_

technique[21] and were accurate ta2 nC/cnf. The layer

geometry of the devices was investigated using small angle RESULTS AND DISCUSSION

x-ray diffraction at Daresbury SRS, UK as described else- ] , ]

where [14]. The smectic layer spacing of the three com- Basic material properties

pounds was determined with an accuracy-09.2 A and Layer spacing measurements of the three materials were

used to determine the steric tilt angfeusing the formula  obtained via x-ray diffraction, and the trends seen were simi-
cosy=d/l, whered is the smectic layer spacing ahds the lar to those reported previously in similar materigl§]. The
molecular lengtf22]. spacing data were used to obtain steric tilt angles and Fig. 3
X-ray rocking curves were obtained at specific temperashows the temperature dependence of the chevron angle, the
tures in the liquid crystal samples by rocking the sample irsteric tilt angle, and the optical tilt angle of the materials. It
1° intervals over the rang@=—30°—-30° relative to the can be seen from the figure that the chevron angle compares
position where the plane of the cell is normal to the incidentextremely well with measurements of the steric tilt angle at
x-ray beam(Fig. 2). The intensity of the Bragg peak at each all temperatures. The optical tilt angles are all high, typically
rocking position was integrated to produce rocking curvesaround 30° and are generally far greater than the steric tilt
and the data were normalized to take account of the angulamngle, indicating that the optically anisotropic molecular
dependence of the glass absorption. Rocking curves providgores are significantly more tilted within the smectic layers
information on the range and relative proportions of layerthan the terminal alkyl chains. The data for compound 3
tilts in the device studied. In the geometry used, a booksheléhow a marked crossover from a region where the steric tilt
structure produces an intense peak arodrd°, whereas a angle is greater than the optical tilt angle, to a region where
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FIG. 3. The temperature dependence of the chevron, optical, anc 4,0

steric tilt angles for all three materials.

the reverse is true, a result that can be explained in terms o__

changing populations of conformers in the sys{dié]. The

data of Fig. 3 illustrate a quite different correlation between

the chevron angle and optical tilt angle than is normally ob- s

served for ferroelectric liquid crystal devices. Usually, the 2
chevron angle is approximately 0.85 times the value of them 40

optical tilt angle[3], while here the ratio is between 0.5 and
0.6.

The spontaneous polarization of the materials is relevani
to a discussion of the electric-field effects. Figure 4 shows

the variation of the saturated spontaneous polarizatiRyy (
as a function of temperature from the 8o SnC* transi-

tion. It can be seen that the, is very similar for materials 1
and 2, taking a value of-125 nC/cm 40 °C below the or-
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FIG. 4. The variation of spontaneous polarization with tempera-
ture for the three materials.

lower value(~105 nC/cnd) for material 3. These values of
P are relatively large; for comparison, the commercially
available ferroelectric material SCE 13 hasPa of ~30
nClcnt. A large value of saturated spontaneous polarization
is common in materials that exhibit antiferroelect(&FE)

and ferrielectric(FI) phases as large transverse dipoles are
normally required for the formation of such phases.

The AFE layer structure before, during, and after applying
large electric fields

There is evidenc¢l9] that in some systems, fields that
are sufficiently high to induce antiferroelectric to ferroelec-
tric switching will also induce the chevron to bookshelf tran-
sition. Consequently, it is of interest to examine the layer
structures adopted by antiferroelectric liquid crystals in de-
vices before, during, and after the application of a switching
field.

Temperatures were chosen within the antiferroelectric
phase of each of the three samples and an electric field of 2.7
V/um at 150 Hz(40-V square wavewas applied across the
device. This voltage is sufficient to induce the chevron to
bookshelf transition in each of the devices at the selected
temperatures. Figure 5 shows the rocking curves obtained
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FIG. 5. Rocking curves acquired for compound 2 in the antifer-
roelectric phase before, during, and after the application of an elec-

thogonal to tilted phase transition, and adopting a slightlytric field. This plot is typical of all the materials.
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TABLE I. The full width at half maximum value§n degreesfor peaks in bothy and y.

Peak widths from rocking curve$ Peak widths from angular plojg
(rounded to the nearest 0)5° (rounded to the nearest 0)2°
Before (at During (at After (around Before During (at After (at
0=15) 0=0°) 0=0°) (at 0=9) 6=0°) 6=0°)
Material 1 1.0 1.0 4.5 3.2 4.8 5.2
Material 2 1.5 2.0 55 4.8 7.2 7.8
Material 3 15 3.0 10.5 9.6 42.0 36.6

before, during, and after the application of 40 V to a devicesurface direction that distorts as the regular chevron to book-
containing compound 2 at a temperature of 90 °C. The rockshelf transition takes place, as expected. After field applica-
ing curves show that prior to the application of the field, thetion, the distribution iny increases further for two of the
layers are arranged in a chevron geometry with a chevrodevices, concurrent with an increase in the width of the
angle of approximately 19°. The distribution of layersdirs ~ peaks measured by the rocking curves. These data are con-
small; the peak at the chevron angle has a full width at halistent with a three-dimensional distortion and relaxation of
maximum (FWHM) of 1°. Application of the electric field the smectic layers occurring following the removal of the
causes the layers to rearrange to a bookshelf structure, prelectric field.

ducing an intense peak with a FWHM of 2° at a rocking

angle of 0°. Upon removal of the field, the material adopts a Detail of the plots

deformed bookshelf structure, as indicated by the broad Both materials 1 and 2 show only a broadening of the

rocking curve(width of 5.59 centered around 0° in Fig. 5. plots upon application of the electric field rather than a split-

Similar data were obtained for devices containing ©OMing or translation of the peaks, which would indicate a chev-
pounds 1 and 3, though the rocking curves obtained follow- 9 P ’

ing removal of the field do show some quantitative differ- ron or tited bookshelf structure r_espectlvely. Th|s_ b_roaden-
ing must be caused by a distribution of the smectic in-plane

ences. The approximate full peak widths at half heigh . . .
: . o . ayers. Figure 6 shows the plot of material 3 upon appli-
before, during, and after field application are noted in Table t'cgtion of gelectric field. A ge%ree of splitting is ?:Iearlspevi-

for all the materials studied. The widths of the relaxed layer ent. Material 3 is the only compound that Shows any evi-
structure in devices containing compounds 1 and 2 are bot enée of a surface chevro)r/1 beinp formed. and this sylittin
approximately 5°, though the distribution differs between the g ’ piting

two devices with a significant retention of the sharp bOOk_gﬁgvr(())%Cszrslit:ivnh"?; ;he rf(I)?(Ii?n;Stetl)eng° i%g'ggmzh:s E‘S'éneu_
shelf feature in compound 1. plitting pp y o7, g

e Tocing curves enabe  disbulon o be deter- 1% TN 00 578 8 1S e, LS oo e ol
mined, whilst an angular plot iry about the origin gives P

information on the widths of the peaks resulting from a dis-'S removed and this is most likely due to the relaxation of the

tribution in the plane of the devid&ig. 2). The area detector in-plane chevron to a quasibookshelf structure.
allows some measure of this effect and it is illustrative to
consider the structural changes that can occur with applied
field in the plane of the device. Table | shows the approxi- Before field application, there exists a highly aligned
mate full width at half height of thg peaks at the chevron chevron structure in all the materials. During field applica-
angle before field application and at0° during and after tion, this is transformed to a well-aligned bookshelf geom-
field application. etry. It was initially thought that this transformation must be
The x plots show a number of features that raise some

interesting questions with regards to field-induced distortions __

of the in-plane smectic layer structure. These features areg ooss
discussed in turn below.

Discussion of thed and y plots
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The x plots for all the materials show a clear broadening £
in the distribution of the in-plane layers upon field applica- o %°
tion. This is to be expected, as when the regular chevrong o.00s
structure is transformed into the bookshelf geometry, the in-8
plane layers must accommodate this by distorting or by the”
creation of a surface chevron. Upon removal of the field, the
peak FWHM increases for materials 1 and 2, but decreases
for material 3(this decrease is discussed in more detail in the FIG. 6. The splitting iny for material 3 seen during application
following section. In short, initially there is a well-defined of an electric field.
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accompanied by the formation of a distinct surface chevron(a)
in the plane of the device. However, this phenomenon was
observed in only one of the materials examined. At this time,
the reasons for the differences in quantitative behavior be-
tween the materials are unknown, though several factors ca
be ruled out. There are no changes in the smectic layer spac
ing before, during, and after the application of a field, so the
geometry changes are not being accommodated by a chanc
in d. There is also no evidence of a tilted bookshelf being A e
formed in the plane of the device, which would be noted by 2 30 0 50
a shift in they position of the scattered peak. The proximity Voltage (V)
to the higher temperature ferrielectric phase is unlikely to be (b)
a factor in the quantitatively different behavior observed for
each of the materials, as there are only a few degrees differ
ence in reduced temperature between all the materials. Th
spontaneous polarization measurements are similar for al
three compounds and all the applied voltages are well above
the chevron to bookshelf threshold. Variations in layer elastic
constants are a possible explanation, but there is no evidenc
to support this suggestion. Most importantly, other data sug-
gest that the occurrence of split peaks is not even material o 0
thickness dependent, nor is it phase depenp2sit

Although precautions were taken to standardize the cell-
making procedure, fabrication differences between devices FiG. 7. (a) X-ray scattering intensity as a function of applied
are inevitable, as, for example, the rubbing force and thickvoltage for different angles and (b) the rocking curve with indi-
ness of the alignment layer cannot be quantitatively recation of angles at which the scattering intensity was examined in
corded. It is clear from the peak width data that all the ma-he antiferroelectric phas@0 °C) of compound 3.
terials are not aligned to the same degree. Material 3 has

larger peak widths in botf# and x, and shows qualitative gefore each electric-field deformation experiment, the
differences in field-off behavior. It may be that the field- sample was heated to the untilted SmA phase and then
induced structural changes are defined by the initial mosaicsggled slowly to the required temperature, to produce iden-
ity of the device or by differences between devices in th&;ca| structures prior to the application of the electric field.
;urfgce anchormg energy. This is certainly an area of investne field dependence of the Bragg peak intensity was mea-
tigation that merits more work. sured at the bookshelf angle, the chevron angle, and several
In summary, although it may be expected that the regulagngles in between for each selected temperature. Thus, data
chevron to bookshelf transition must be accompanied by thgere obtained that described the field dependence of the pro-
formation of a surface chevron, itis clearly by no means the,stion of layers tilted at a specific angle with respect to the
only way in which the geometric change can be accommogeyice substrates. Both materials 2 and 3 were examined in
dated. In fact, in the majority of cases studied, splitting of theys way and the results are presented below. Although the
peaks is not evident. In such cases, the geometric changggyits are qualitatively the same for both materials, the dis-
must be accommodated by more subtle layer distortions og,ssjon of the results for material 3 is slightly more straight-
flow of the layers at the surfaces, as the phenomenon appeatsard and for this reason will be considered first.
to be device dependent rather than material or thickness Figure Ta) shows the field evolution of the intensity of
dependent. the Bragg scattering peaks at selected rocking angles for ma-
terial 3 in the antiferroelectric phase at 70 °C. Figufe)7
shows the rocking curve before field application, and marked
on it are the angles at which the layer motion was examined.
Itis clear that at O V, a large scattering intensity is measured
We now consider the evolution of the field-induced layerjust half a degree from the chevron angf-0.5° whilst
deformation in the devices, in particular, pinpointing thethere is practically no contribution at the bookshelf angle or
threshold of the chevron to bookshelf transition. Temperaat intermediate angles. The smectic layers are predominantly
tures were chosen within the antiferroelectric phase antilted at the chevron angle, as expected prior to the applica-
ferroelectric phase of compounds 2 and 3 for this study. Théion of a field. A sharp transition is observed-a20 V (1.3
devices were held at specific rocking angles and the intensity/um for this particular devigewith a marked change in the
of the Bragg peak monitored as a function of the appliedBragg peak intensity at the selected observation angles oc-
electric field. The applied voltage 50-Hz a.c. square wave curring over a 2 V range. At the transition, the scattering
form) was increased in 1 V steps and held at each incremenintensity from the layers at the chevron angle falls to zero,
tal voltage for approximately 1 min whilst the x-ray scatter- while the contribution from the bookshelf arrangement, with
ing intensity was measured, so the experiment is quasistatithe device held a®=0°, increases concurrently. Data taken
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at intermediate rocking angles are not shown as effectively
no scattering intensity was observed for such angles.

The optical transmission data obtained for compound 3 in
the antiferroelectric phase are shown in Fig. 8 and two tran-
sitions are apparent. A thresholdless change in transmissio 30 20 0 o 10 20 30
is observed as the voltage is increased from 0 V that can b Rocking Angle (degrees)
attributed to helical unwinding. At about 8 ¥0.5 V/um in
this device it is clear from monitoring the switching behav-  FIG. 9. (8 X-ray scattering intensity as a function of applied
ior that ferroelectric switching commences. At around 17 Vvoltage for different angles of device orientatioé) and (b) the -
(1.1 V/um) there is a sharp threshold that is accompanied byrock!ng curve Wlth |nd|_cat|on of _angles at WhICh the scattering in-
a distinct change in texture. This final field-induced transi-E€NSity was examined in the antiferroelectric phe&@°C) of com-
tion is in good agreement with the chevron to bookshelf?und 2.
transition confirmed by the x-ray data.

Figure 9 shows x-ray data corresponding to the field evo
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transition at 19 V. Combined with microscopic observations,
lution of layer deformations for material 2 in the AFE phase NS @ppears to indicate that the chevron to bookshelf transi-
at 80°C and the rocking curve obtained prior to applying glion is effectively coincident with the transition to ferroelec-
field, with the angles under examination marked on it. The'iC_Switching. There is no evidence of helical unwinding,
data in Fig. 8a) show clearly the transition to the bookshelf which is consistent with observations obtained via resonant
structure, with a threshold of 2 M (30 V for this 15um  Scattering on this materigp4].

thick device. The data indicate that the chevron to bookshelf o _ o

transition is not as Sharp as that in Compound 3, Occurring Examination of the eVO'IUtlon of the field-induced Iayer

over a 3 V range and there appears to be a very small con- structure in the FE phase

tribution from intermediate angles at the point of the transi-  The SnC* devices and materials studied here show be-
tion. This may indicate a certain amount of dISI’uptIOI’] of thehavior very different from that reported previous'y for de-

layers or a small amount of layer bend, or may be just due tQices that employed lowPs, long pitch materials and
defects in the texture. Most notably in this material, after the

chevron to bookshelf transition, the bookshelf scattering con- —~

tribution does not level off as might be expected, and the é 0045 NP
chevron intensity at does not reduce to zero as rapidly as 2 .
was observed in compound 1. At present, the reason for thiss %% [
remains unknown. The scattering intensity must level off at 3 [
. . . . c 0035 |
higher fields, but the voltages required to test this were pro- g
hibitively high, and may have resulted in damage to the de- & g3 L
vice. There is some evidence to suggest that the alignment 01% :
the stable stategpe that chevron or bookshglimproves not § 0025 F = et
only with increased voltage but also with tirf&24]. Unfor- g . . . . . . . . .
tunately, the optical transmission ddféig. 10 could not be £ 002 —- - A e e e e e

carried out on the same device as used during the x-ray work,
so the voltage thresholds cannot be compared directly. None-
theless, qualitatively, it is clear that the behavior of the opti-  FIG. 10. Optical transmission data as a function of applied field,
cal transmission differs from that seen in Fig. 8 for com-taken with a polarizing microscope and photodiode in the antifer-
pound 3. There is no change in transmission until a distinctoelectric phase of compound(80 °C).

Applied Voltage (V)
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FIG. 11. () X-ray scattering intensity as a function of applied ~ FIG. 12. (a) X-ray scattering intensity as a function of applied
voltage for different angles of device orientati¢é) and (b) the  Voltage for different angle# and (b) the rocking curve with indi-
rocking curve with indication of angles at which the scattering in-cation of angles at which the scattering intensity was examined in
tensity was examined in the ferroelectric phdse °C) of com- the ferroelectric phasel07 °Q of compound 2.
pound 3.

. o examined in the FE phase, with similar “thresholdless” layer
showed distinct, high-field thresholds for the chevron tomgtion as for compounds 2 and 3. We conclude that the
bookshelf transition8]. Figure 11a) shows the field evolu-  cheyron to bookshelf transition for all of these materials is in
tion for the ferroelectric phase of compound 3 at 92 °C. Thémarked contrast to previously reported chevron to bookshelf
rocking curve obtainedFig. 11b)] shows a significant transitions in ferroelectric devicefs] that show distinct,
amount of bookshelf structure. The sharpness of the chevroggn.-field thresholds.
peak meant that the scattering contribution at the bookshelf
condition is greater, thus a higher intensity is seen in Fig.
11(a) for the bookshelf,#=0° condition than atd= 5°
—1°. This paper presents an examination of some of the

The field evolution data for the ferroelectric phase ofelectro-optic characteristics of three different materials
compound 2 is shown in Fig. 1@ and it is clear that the showing antiferro-, ferri-, and ferroelectric phase behavior.
data are very similar to that of compound 3. The layer deforThe optical tilt angles of all the materials are relatively high,
mations in this phase are markedly different from those seeand the steric and chevron angles correspond well with each
in the AFE phase. The scattering intensity data from the deether. The spontaneous polarization measurements are large,
vice held at 0° indicates that as the applied voltage is inas is usual in materials with AFE and ferrielectric subphases.
creased, the proportion of layers in the bookshelf geometry A static x-ray study was carried out to examine the rear-
gradually increases with no distinct threshold, whilst therangement of smectic layers within the antiferroelectric
scattering contribution from layers in the chevron structurephase of the materials. It was found that upon removal of the
reduces. There was no significant scattering at intermediatiéeld, the field-induced bookshelf geometry persisted, al-
angles, though the layers appear to move through angldbough the extent to which the alignment was retained dif-
slightly smaller than the chevron angle at low voltages. It isfered amongst the three materials. The structural arrange-
suggested that a possible structural evolution for this phasment of the in-plane smectic layers was also considered and
involves the proportion of bookshelf layers gradually grow-it was found that the destruction of the regular chevron did
ing at the expense of the chevron geometry, with no intermenot necessarily result in the formation of a surface chevron or
diate layer bending. The optical transmission data for botta tilted bookshelf geometry. However, when this did occur,
materials(not shown appear to be consistent with the x-ray the chevron angle was the same as that seen for the regular
results, showing thresholdless behavior. The field evolutiorchevron before field application. The reason for the differ-
of a laterally fluorinated equivalent of compound 2 was alscences in behavior between the devices is not material or
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Bragg peak at 0°, at the expense of the decreasing proportion
of layers at the chevron angle. There is little scattering from
intermediate angles, indicating that there is no curved inter-
mediate structure, as seen in a previous study in the ferrielec-
» tric phase[14]. The small increase in the Bragg intensity
with the device held just below the chevron angle, provides
some evidence that the growth of the bookshelf geometry
causes a slight distortion of the chevron angle. The differ-
ence between the field-induced layer deformations in the two
phases cannot be related to the threshold for ferroelectric
switching in the Sr@; phase (optical transmission data
» show this can occur below or coincident with the chevron to
(b bookshelf transition The differences can also not be attrib-
) o uted to saturated values that change little over the tem-
FIG. 13. Proposed models for layer motion upon application ofserature range studied. The threshold differences must, there-
electric fields in(a) the antiferroelectric phase afio) the ferroelec- fore, be due to variations in the layer elastic constants or in
tric phase. The arrow indicates the direction of increasing field. molecular arrangement between phases. These results dem-
onstrate that in the ferroelectric phase, the assumption that
thickness dependent, and is most likely due to differences ifhere is no layer motion at low applied fields is clearly in-
surface anchoring strength, accommodating layer flow inalid. We believe that this observation is of importance in
some devices, but not others. interpreting any electric-field related measuremefesy.,

Figure 13 shows possible models for the layer motion inglectro-optic, dielectric, ett.undertaken on the S@f
the depth of the device in both the antiferroelectric phase athases of this type of material.

the ferroelectric phase. In the antiferroelectric phase of al

the materials studied, a distinct transition from the chevron ACKNOWLEDGMENTS

to bookshelf geometry is observed, with no evidence of any

intermediate layer bend or distortion. In the ferroelectric The financial support of the Engineering and Physical Sci-
phase, the chevron to bookshelf transition is not distinctences Research Council and Lucent Technolo@ies.M.) is
occurring without a threshold. The amount of bookshelf or-gratefully acknowledged. Thanks are also due to the staff of
dering in the FE phase increases gradually with field as castation 2.1 at the SRS, Daresbury, where the x-ray studies
be seen from the continuous increase in the intensity of thevere carried out.
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