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Frequency-induced structure transition of nematic electroconvection in twist cells
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We investigate electroconvection of nematic liquid crystals in planar 90° twist cells in the dielectric regime.
These cells provide competing boundary conditions for the nematic director at both electrodes. When the ratio
of cell gap and roll width is not too smdiin thin cells and at low frequencigghe convection rolls form along
the director in the cell middle, which is diagonal to the anchoring directions. This is in accordance with known
behavior in the conduction regime and with the assumption of a bulk instabititis traversing the cell
When the ratio of roll periodicity to cell gap is very small in the high-frequency range and the thick cells, a
regular convection pattern sets in with wave vectors directed along the two alignment directions. We suggest
the interpretation that two independent systems of convection rolls form localized near the electrode plates. It
is very likely that a similar behavior occurs in nontwisted cells where it is difficult to identify experimentally.
[S1063-651%99)03611-9

PACS numbegps): 61.30-v, 47.20—k

[. INTRODUCTION The standard theory17—-19 describes these dielectric
convection structures as bulk instability. The wavelengths

ElectroconvectionEC) in nematics is among the most and critical electric field strengths are not sensitively cell
thoroughly studied dissipative pattern-forming systems_thickneSS dependent. It is assumed that the rolls traverse the
Since its first description by Williams and Kapusfih], it ~ Whole cell from electrode to electrode as shown in Fig) 1
has been investigated extensively in experiment and theorywe Will refer to them as bulk rolls Since most of the ex-

A recent review can be found, for examp|ey[2]_ Scientific perimental findings can be Satisfactorily eXpIained on the
interest has been revoked during recent years, for examp@SiS of this assumption, it is the established model of elec-
with the discovery of abnormal roll&], new investigations ~troconvection in the dielectric regime. It seems, however,
of the homeotropic geomet,[\fl_ﬂ, the Study of defect tur- that from the experimental point of view it is difficult to
bulence and the onset of spatio-temporal chi@ssl1], the  prove this model directly, as is discussed below.
development of the weak electrolyte modgl2], and A different interpretation of some experimental results
progress in the description of chevron format{d3—15.

The convection mechanism is based on small periodic di-
rector fluctuations, which in connection with the anisotropic
conductivity lead to the formation of a periodically modu-
lated charge density in the sample plane. The interaction of
these charges with the external electric field initiates a con-
vective flow, which in turn augments the director deflection
and drives the instability16]. The dynamics of director and
charge fields determine the character of the convection struc-
tures [17,18. When the structures are driven with low-
frequency ac electric fields, the sign of the charge density
alternates with the electric field, and one deals with the well-
analyzed conduction regime. The typical instabilities in this
regime at onset are stationary or traveling roll cells perpen-
dicular or oblique to the alignment axis at the surface. The
width of the rolls is roughly equal to the cell gap. Above
some characteristic frequency of the driving field, the cutoff,
one finds the dielectric regime, which is also characterized
by periodic rolls at the onset of the instability, at higher
voltages_by the formation Of a chevron sgpers_tructure. The FIG. 1. Geometry of the nematic electroconvection in sandwich
symmetn_es of charge_a_nd d_|rector deflection with resfpect t%ells; arrows on the plates denote the surface anchdrirghing
the polarity of the driving field are reversed; the director g ection. (s Standard model in nontwisted cell) standard model
deflection alternates with the electric field. The spatial peri4, 4 9o° twist cell:(c) director twist in the geometry ab) and in
odicity of the rolls decreases with increasing ac frequencyprackets the opposite twist configuration which would lead to rolls
and is usually(cell gap >20 um, frequency>100 H2  rotated by 90°{d) model of surface localized rolls in a nontwisted
much smaller than that of conductive rolls, often only a fewcell; (e) possible arrangement of surface localized rolls in a twist
micrometers. The onset voltage of dielectric convection rollsell; (f) possible arrangement in thick cells, localized rolls at the
scales with the cell gap. electrodegright) or elongated rolls in the celleft).
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was proposed a few years ago by Yamazaki, Kai, and co- We have set up an experiment which provides another
workers[20,21]. The authors concluded that in their experi- insight in the structure of dielectric rolls. We will discuss the
ments dielectric rolls were localized near the electrodes onlynodels mentioned above in the light of our experimental
as sketched in Fig.(t). We will use the term surface rolls results, and describe some additional characteristic features
for this structure. These conclusions were derived from twaf the observed patterns. Instead of cells with parallel an-
experiments. IM20], a sample cell with lateral electrodes choring, we use twisted cells where the surface anchoring of
was studied, with both electrode gap and cell gap of 460  the director at upper and lower glass platebbing direc-
The optical image at low-frequency excitation showed rolltions) is planar but the alignment axis at the top electrode is
textures which traversed the electrode gap. At high frequenperpendicular to that of the opposite electrode. In this geom-
cies, the structures became localized in a thin region near thetry, both conduction and dielectric regimes are formed as in
electrodes. A second experimeitl] was performed in a ordinary parallely rubbed planar cells. Previous electrocon-
thin sandwich cell with conventional planar geometry; thevection experiments with twisted cells have been reported in
structures were studied in transmitted light normal to thethe literature[32—37, but the experiments have almost ex-
electrode plane. The authors observed striation patterns iglusively been restricted to the conduction regime. Because
two focus planes of the microscope separated by slightly lessf the competing boundary conditions, the convection rolls
than the cell thickness,with an intermediate region where&hoose a compromise between both surface orientations of
stripe patterns were absent. However, most of the experimerhe director if they are of the bulk type as in the conduction
tal studies on dielectric patterns are obviously compatibleegime. The rolls are formed at 45° orientation with re-
with the standard descriptiofiL7] and therefore the bulk spect to the rubbing directiorisee Fig. 1b)]. In addition to
model is generally accepted now. From an optical study othe characteristic features found in nontwisted cells, rippled
the transmission texture of a cell, it seems quite difficult toroll structures can appear in the twisted geometry, and
distinguish between both structure models. thresholds and wavelengths of the rolls may differ slightly
Yamazakiet al. [21] have not analyzed the optical prop- from those of nontwisted cells because of the additional elas-
erties of a periodically deformed director field. Methods fortic terms involved.
the simulation of the optical characteristics of nematic con- A similar behavior should be expected in the dielectric
vection rolls have been developE2R—-27 and proved par- regime provided the rolls are of the bulk type. If, however,
ticularly useful for the description of rolls in the conduction localized convection sets in near the electrodes, two indepen-
regime. In that case, different virtual and real focal planes oflent convection layers should exist with different wave-
the refraction pattern are found. If this is not considered invector orientation$cf. Fig. 1(e)].
the interpretation of the optical images, the texture can pre- Since the wavelength of the roll pattern is strongly fre-
tend the existence of a complex height profile of the directoquency dependent, the scan of a broad frequency range gives
pattern. In the dielectric regime, similar optical simulationsus the opportunity to control the wavelength versus cell gap
give a qualitative explanation of the observed texturesatio in two different ways, either by studying different cells
[28,29 but the simulations are useful only for small director or by varying the driving frequency of the electric field in
deflections. The simulated textures are too indifferent withone individual cell. A splitting of the convection rolls in the
respect to the director profile along the cell normal. cell middle, possibly by the recombination of the charge
The analysis of a side view of a cell with lateral elec- fields, is more likely to occur in short wavelength rolls, i.e.,
trodes as presented [0] is not convincing evidence for at high ac frequencies.
localized structures in conventional sandwich cells. The ge-
ometry is more comparable to that of thin freely suspended
films [30,31] where surface charges may play a non-
negligible role in the convection and where localized struc- Our mesogenic material is the four-component mixture
tures have also been observed. Mischung 5(Halle) of disubstituted phenyl-benzoates

II. EXPERIMENT

n(0)-0m ( CyHanss — (0) =(O) = CO0 —(O) = 0 = CnHamrr )

with composition 10-06: 22.0%, 50-08: 30.3%, 60-07: The notation of these cells is TN399.3 um twisted, TN55
13.13%, 6-0O4: 34.4%. (54.5 um twisted, TN102 (102 um twisted, and N42(42.3
The mixture provides a nematic range from below roomum nontwisted. The cell thickness has been determined by
temperature to the clearing point at 70.5°C, and a negativeneans of a UV/VIS spectrometer. All cells have transparent
dielectric anisotrop;eﬁ-q . It has been studied in previous ITO electrodes and rubbed polyimide coating. Temperature

EC experimentse.g.,[15,28,29). control of the sample cells was achieved by a METTLER hot
We have used a commercial 90° twist cell with cell gapstage.
14 um from LINKAM (referred to as TNI4and self- In some of the low-frequency experiments, the sample

assembled cells made with commercial glass pldEdd.C).  was observed orthoscopically in transmission with normally
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cident polarized white light using a JENAPOL-d micro- gl . o
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Most experiments in the high-frequency range have been Lt °
performed with a Laser scattering set(qgomparable tech- _ or . a0 ° 1
niques have been previously applied, e.g.[38,39). This E gt . TNW4
method is particularly suitable to study the very short wave- wZ 4r +naﬂx o TN3O |
length dielectric structures=2 um) where transmission :j ;ug o TN5S
microscopy fails.(The reason that the short wavelength is a nﬁa % TNI0Z
not observed with conventional transmission microscopy lies " s N42
not primarily in the limited optical resolution but mainly in
the large cell thickness to pattern wavelength ratio which % , > 3 1
smears out the transmission images. (b) frequency [kHz]

The sample is illuminated with a low power He-Ne laser
(optical wavelength,=632.8 nm at normal incidence, and FIG. 3. (a) Onset threshold voltage for electroconvection in the
the diffraction pattern is recorded with a CCD video camergWisted 14um cell at 50 °C. Near the cutoff,=41 Hz, we observe
in a setup as shown in Fig. 2. This technique yields an imagé reappearance of conduction rolls abdyeand of dielectric rolls
which has many features in common with a two-dimensionaP®!oW fe, above the voltages indicated by open circkés. Com-
spatial Fourier transform of the optical transmission textureParison of the onset electric-field strengths for twisted cells TN14,

Wavelengths and wave-vector orientations of the director tiItT N39, TN55, TN102, and the nontwisted reference cell N42.

modulations in the convection structures can be directly exthe electroconvection structures are very similar to those in
tracted from the scattering peaks. Since the phase profile @fgntwisted cells.

in rough approximation sinusoidal with half the periodicity pattern in the 14+m twist cell at 50 °C. A peculiarity of this

of the director field modulatiofi24], we expect the largest cg|l js that dielectric and conduction rolls coexist in the vi-

scattering peaks at cinity of f,=41 Hz. The open symbols above the first insta-
bility (dielectric rolls mark a restabilization of statigcon-
No duction rolls abovef,; similarly the short extension of the
f=\/ﬁ5, (1) open symbols in the frequency ranfye f. marks a restabi-
0

lization of oscillatory(dielectrig rolls. The reason for this
unusual behavior lies probably in the small cell thickness and

where s is the distance between the nematic cell and thqow cutoff f, which results in comparable wavelengths of
screen,r is the displacement of the spot from the centralpoth conduction and dielectric rolls nefy.

beam on the screen, andgives the roll width(which is half A detailed experimental characterization and theoretical
the director periogd analysis of structures in the low-frequency conduction re-
gime has been performed by Hertriehal. [36,37. There-
IIl. EXPERIMENTAL RESULTS AND DISCUSSION fore, we will not go into the details of conductive rolls here

but deal exclusively with the dielectric regime. Figuré)3

The homogeneous ground state in the twist cell is twofoldcompares the onset field strengths for dielectric rolls of the
degenerate; the director can twist either by 90°-080°  cells investigated. All cells behave quite similarly when the
from the bottom to the top of the cdlFig. 1(c)]. The final  threshold voltageJ is scaled with the cell gag. In par-
state of the director field in a cell is usually a monodomainticular, the threshold curve of the twisted cell TN39 coin-
but often one finds long-time persistent domains of oppositeides with that of the nontwisted cell N42, which is included
twist, separated by a line defef@ns= 3 twist disclination. ~ for comparison. The threshold field strength for the TN14
In each domain, the director in the cell midplane is twistedcell is slightly increased with respect to the other cells, pre-
either by+45° or —45° with respect to the anchoring direc- sumably because of the additional elastic contributions of the
tion at the lower plate. Consequently, there is also a degerstronger twist.
eracy in the orientation of the convection rolls, but in general Figure 4 shows the frequency dependence of the pattern-
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FIG. 6. Same as in Fig. 5=70 Hz,U=31.5 V. The defect line
between the two domains is deformed by material flow in the defect
chains(arrowg. The convection rolls are hardly observable, there-

) ) ) ) ) fore we have visualized the chevron pattern with circularly polar-
period \ (half period of the director tilt, width of the con- jzeq Jight.

vection rollg extracted from the laser scattering images. All
cells show a common behavior, the roll period decrease . . . .
with frequency, and it seems that in all cases some saturatioai]%v'vnﬁ?]ei:ip‘ t%'p'\(;\?r!ecnh?xgoghfﬁg;e d'gfégf c-lr;gli%\i g’?ailrtlsto
plateau is reached at high frequencies. Within standard i gllfll ts in al th haimsrked b
theory, the wavelength should continuously decrease witlﬁmr)v\;ev' ri?]aF(ierlaa g;vtr?eg lrr:1 a}:gg ngsﬁ ¢ r"?r ferm )éib
frequency. Since the accuracy of the wavelengths determing OWS g-9a € domain boundaries are detormed by

from the diffraction images improves with decreasing wavene flow field. The convection rolls are very small already

length, the deviations from the expected? law cannot be and not well resolved in the reproduction of the microscopic
attributed to experimental inaccuracies. Probably, some o?'Ct“Fe' bu_t since we have recordeq the image with circularly
the suppositions made by theory break down in the respe(g_olarlzed I|ght[4_0], the chevron stripes are seen by alterna-
tive parameter range. For example, theory makes certain a on dark and bright bandg9,15. S
sumptions about the relation between the charge-carrier mo- At higher \;]oltages, the ﬂo‘a’ all_ong the_ defe]f:thchz:\jlns IS
tion and the material flow in the cell: the velocity of chargesStrong enough to overcome the line tension of the domain
in the electric field and that of the liquid-crystal molecules boundanes. Islan(_js are torn out of the adjace.nt domain and
are usually set equal. However, more systematic experimen{:ﬁ‘a1rr|ed as wormlike s_tructureslwnh the. flow; they move
would be required to propose suitable modifications o ong the CheVTO” strlpeg. Thelr_sha_pe_ls elongated in Fhe
theory. dlrectlpn of motion. 'I_'he director field inside thege worms is
Figures 5—7 represent some typical optical textures ob(_)pposnely twisted with respect to the surrounding material,

served in the dielectric regime. The image in Fig. 5 shows éherefore they are enclosed by a disclination line in the di-

roll pattern near the threshold voltage. The roll orientation isrector field. They keep their shape and constant length during

diagonal to the rubbing directions. Two domains correspondEhe motion but dissolve when they reach a defect in the chev-

ing to oppositely twisted director configuratiofief. Fig. ron stripes(in that case the flow at the front stops while the

Y . tail of the worms moves on and extinguishes the domain
1(c)] are separated by the disclination line in the middie of From Figs. 5—7 we draw the conclusion that the dielectric

FIG. 4. “Optical” periodicity \ in the different cells extracted
from the laser diffraction spots.

FIG. 5. Microscopic image of dielectric rolls in a Jdm twist
cell, T=29.5°, f=15 Hz, f,.=14 Hz,U=14.86 V,U-=12.4 V. FIG. 7. Same cell as in the previous figurds; 500 Hz, U
The rolls are diagonal to the rubbing directigesossed bajs Two =80.37 V, image dimensions 68150 wm. The dark and bright
domainsg[cf. Fig. 1(c)] are separated by a defect line. In the lower lines correspond to chevron stripes visualized by means of circu-
left part the beginning restabilization of conduction rolls is seen.larly polarized light. Wormgdomains with opposite sense of twist
Image size 408300 um. than the surrounding materiahove along the defect chains.
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convection structures in the 1dm cell form a compromise
between the surface anchoring directions on both glass plates
of the sandwich cell. Another key observation is that we
observe two focal planes of the microscopic image, one near
the upper glass plate and a second near the lower glass plate,
and in both, directions of the stripes they coincide. We have
taken microscopic images of the 1ém twist cell up to 10-

kHz driving frequency. At high frequencies>(l kHz), it

was not possible to resolve the convection rolls but the chev-
ron pattern was visible. The direction of the chevron stripes
remained along the cell diagonal at all frequencies.

Since the primary instability is the dielectric rolls, we
have focused our further attention on these structures. With
the laser scattering technique we have determined their ori-
entations in the twisted cells over a broad frequency range. A
reference systemx(y) is chosen diagonal to the rubbing
directions of the cell, and the deviation angle of the wave
vector of the rolls from they axis is denoted byw. The
diffraction pattern at the onset of convection in the TN14 cell
is shown in Fig. 8). In the laser spot, the sample is mon-
odomain here and the image consists of two narrow reflexes.
The wave-vector orientation i&=0. After the voltage is
increased Fig. 8b)], each of the reflexes splits into two
slightly broadened spots arranged symmetrically with respect
to they axis. This is characteristic of the modulation of the
wave-vector field in the chevron pattern. The average orien-
tation of the convection rolls in the chevrons can easily be
extracted.

A quantitative presentation is given in Fig. 9. Since the
reflexes of the different in-plane wave-vector orientations in FIG. 8. Diffraction profile of a He-Ne las¢632.8 nm beam in
each image always below to the same wavelength, they afwist cells. The central beam stop is 2 cm in diametar. TN14
located on a circle around the central beam. Therefore, wk =66-5V (€=0.031), 1000 Hzz=0, normal rolls at the onset of
have reduced the data to the intensity profile on a ring arounglectroconvection, diagonal to the rubbing directiofhy; TN14 U
the central spot, which intersects all reflexes. In Fig)&he - 20:2V (€=0.744), 1000 Hza= > 26°, chevrons diagonal to the
dashed circle indicates where such an intensity profile Woultﬁljbl:.)Ilng _dlre_ctlons. The da;hed circle sketches where the intensity
be taken in the image. Figuréa shows the change of this profiles in Fig. 9 were obtained.
profile during the transition from normal rolls to chevrons.

At low voltages abovelU. the profile shows two narrow like TN14. The rolls are formed along the diagonaisre-
peaks atv=0 (180°). Each maximum splits into two sharp mains zero at least fo¢<0.06, and at higher voltages the
reflexes when the chevrons are formed. The positions of theeflexes split, presumably because of chevron formation
peaks as a function of the driving voltafexpressed by the again. In a broad frequency range around 1 kHz, we no
control parametee= (U/Uc)%— 1] are collected in Fig. 10. longer find sharp reflexes along the diagonals. Instead, two
For each image we show the average of the southwest arghirs of reflexes appear already at the onset of convection.
northeast spots as well as that of the southeast and northweBese reflexes are broad, smeared out, and fluctuating; their
reflexes. Because the peaks lie symmetric with respect to th@aximum is located near10°. Their orientations rapidly

y axis, we depict the absolute valuesaf shift to higher angles with increasing voltage. At frequencies

In the 14um cell, we find an onset orientation af above that transition randabove~ 1500 H2, the reflexes at
=0° at all frequencies up to several kHz. The instability ofonset are sharper again, but they appear now neawthe
the ground state is towards normal rolls along the diagonal+45° orientations, corresponding to wave vectors along the
The transition to chevrons at 100 Hz starts nege=0.62  director easy axes at the glass plates. This is best seen in the
and at 7 kHz neae.,=0.28. At all intermediate frequencies, intensity profiles of Fig. @). The intensity of the 45° peaks
the same qualitative behavior is found, with a continuougncreases continuously witk while the orientation remains
shift of the threshold, for chevron formation. nearly parallel to the surface alignment axes. The data for

The scattering reflexes of the thicker cells behave quali3500 Hz in Fig. 11 are representative for the high-frequency
tatively different from those of the TN14 cell. The orienta- behavior.
tions of the scattering reflexes in the TN39 cell as functions With further increasing cell thickness, the qualitative pic-
of the control parameter are presented in Fig. 11. The figuréure remains the same, but the transition from the low-
shows the characteristics of the convection rolls at four diffrequency to high-frequency characteristics occurs at lower
ferent frequencies of the driving field. Depending upon fre-frequencies. In Fig. 12 we show the data of a 54r5-cell at
guency, we find two different scenarios. Only in the low- 600 Hz (fluctuating smeared reflexes with smallat e=0)
frequency measurements up to 300 Hz does the cell behawnd 800 Hz(onset already near 35°). The transition appears
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FIG. 10. Change of the angle (absolute valuebetween the
120¢ ' ' ' diagonal and the wave vector of the convection rolls with driving
voltage in cell TN14 at 100 Hz and 7 kHz. There is no qualitative
change over the whole frequency range. The patern starts with nor-
mal rolls. With the formation of chevrons, the scattering reflex
splits, clockwise and counterclockwise rotated sets of rolls appear,

deflected by the same angle in opposite directions.

mediately from one scattering image whether the high-
frequency patterns originatés) from a lateral modulation of
the wave vector, a zigzag arrangement of rolls like in a chev-
ron structure;(b) a multidomain sample with wave vectors
arranged along one of the rubbing directions in each indi-
vidual domain; or(c) a superposition of convection rolls at
150 ' ' ' the upper and lower electrodes with wave vectors along the

- corresponding director surface alignment.

It is reasonable to dismiss the first two interpretations. In
the experiments, the four spots always have comparable in-
tensities. In a multidomain sample it would be pure coinci-
dence if both domains always shared equal portions of the
measuring spot. Moreover, we have carefully established that
the orientation does not jump near the threshealdis ap-
proximately 45° already at the onset of the instability. While

Scattering Intensity [arb. units]

—_
(=]
=
53
—
o
o
[te]
—

100

Scattering Intensity [arb. units]

ol S L €<0.007 ] the intensity of the peaks increases wéththe orientation is
0 100 200 200 nearly preserved. This is strong evidence against the chevron
(© afdeq] interpretation. Such a structure always appears as a second-
FIG. 9. Intensity profiles of the scattering images on a circle o y . y
around the central beafconstantr in Eq. (1)] at the positions of 60l _
the maximum reflexes; see the dashed line in Fig).&a) TN14 at + # #
1400 Hz, transition from normal rolls to chevrond) TN39 at 50 # $ i+ + 1
1800 Hz, rolls aligned to the rubbing directiorfs) TN102 at 500 _ 40l # 4
Hz, rolls aligned to the rubbing directions. g ol % TN39um | ]
3 o 200 Hz
now in a frequency range around 600 Hz. Again, at high 2 : ?283*,12
frequencies £ 1 kHz) the regular pattern sets in nearly par- 10& # % = 3500 Hz
allel to the rubbing directions 45°, and at low frequencies ok o . & 0 )
0.00 0.02 0.04 0.06 0.08

(<300 H2 the convection starts witkk=0. . s
The orientations of the reflexes in the thick TN102 cell &= U1
are presented in Fig. 13. Here, we find no sharp reflexes at all
for low frequenmes_. Al 10.0 Hz, Fhere aré some br_oad, d'ﬁuset‘he wave vector of the convection rolls for cell TN39 between 200
;pots nearr=0 which rapidly drift to h|ghe.@ with |ncreas.- and 3500 Hz. At 200 Hz, the wave vector is along the cell diagonals
ing €, but already at 400 Hz the transition to the high- 55 in the TN14 cell. Between 800 and 1200 Hz, the pattern becomes
frequency characteristics is complete. The images consist Qfher diffuse and fluctuating at onset; the wave vector clearly de-
four spots localized neat 45°; the reflexes are not as sharp viates froma=0. With increasing frequency it stabilizes again.
as in the thin cell but are well definddee Fig. €)]. Above 3500 Hz, the reflexes indicate wave vectors along the rub-
At first glance, the profiles in Figs(l§) and 9c) are very  bing directions at the onset. We interpret these images as the tran-
similar to those of a chevron texture where the deflection o&ition from bulk rolls (=0 at onsetto surface rolls ¢~45° at
the rolls is incidentally+45°. Hence one cannot decide im- onse}.

FIG. 11. Change of the angle between the cell diagonal and
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structureless convection state. The strong increase of long-

%0 * + wavelength scattering, in particular in the TN102 cell, is a
501 + % 1 consequence of disordered director fluctuations in the mate-
401 + + * % - rial between the two ordered convection layers.

In order to understand the diffraction images observed, it

is important to note that the diffraction efficiency of the
201 % TN 55 . phase grating established by the director field in the convec-
% % ° 600Hz tion rolls is low, only a few percent. After passing the first

104 = 800Hz 7 . . . . .
layer of convection rolls, most of the intensity is still con-
00 ez oba  obs  obs  oio tained in thg primary beam, and two diffracted beams appear,
U 21 corresponding to the wave vectgy at the bottom electrode.

When the light passes the second system of rolls at the op-
FIG. 12. Transition from bulk roll§roiented along the diago- posite glass plate, the primary beam is diffracted again and
nalg to surface rolls(oriented parallel to the director at the sur- two additional spots occur, corresponding to the wave vector
faces in the TN55 cell controlled by the frequency of the driving g, at the top electrode. The reflexes correspondingyto
field. Data for two frequencies in the transition range are shown. *q, have much lower amplitudes. They are consequently
not observable in the experiment.
ary instability with wave-vector deflections being strongly  Within our simple model, we can explain the diffraction
e-dependent near the onset. images, but the experiment does not provide direct informa-
When the voltage is further increased, the reflexes betion on the depth of the rolls. An indirect argument can be
come gradually broader and the orientation changes gradulerived from the existence of bulk structures in the -
ally towards highere. An interpretation of this behavior is cell and the loss of bulk behavior in the 38n cell, which
beyond the scope of this work. A reorientation of the con-indicates that the depth of the rolls in thick cells, in a rough
vection rolls with respect to the surface alignment with in-estimation, does not exceed10 um. It is reasonable to
creasing voltages is typical in electroconvection, and sincassume that the ratio of pattern wavelength versus cell gap
the symmetry is broken by the imposed twist here, it is noplays an essential role in the transition from bulk rolls in thin
surprising that this reorientation leads to a shift instead of theells to surface rolls in thick cells. This argument also ex-
splitting of the scattering peak. It is important to note thatplains the frequency dependence, which is in fact a wave-
with increasing cell thickness, we also observe a large inlength dependence. If we relate the cell thicknesses to the
crease of diffuse scattering around the central beam, corravidths of the convection rolls in the transition range, we find
sponding to wavelengths 10 wm, in particular at higher the ratios of about 1:14 in TN39, 1:17 in TN55, and 1:20 in
frequencies. TN102. This gives a rough estimate of the conditions at
We propose that the experimental observations are intewhich a breakdown of the bulk properties of dielectric rolls
preted with assumptioific). A system of two roll textures can be expected in other cells.
with wave vectors nearly perpendicular to each other is The behavior in the transition range is not easily under-
formed in the cell. From their orientations it is reasonable tostood. The experiments show that there is not an abrupt tran-
conclude that these rolls are positioned near the electrodsition from bulk rolls to surface rolls at some critical ratio of
plates. Since the lateral width of the observed director strucroll width to cell thickness. Instead, the rolls start to deviate
tures is more than one order of magnitude smaller than theontinuously froma=0, with nearly equal contributions
cell gap, the convection rolls probably do not extend muchfrom the two opposite orientations. Our interpretation is as
more than their lateral extension into the depth of the celfollows: As long as the two roll systems are still in contact in
[right image in Fig. #f)]. The middle of the cell is in a the cell middle, there will be a considerable correlation of the
director and flow fields, with an increasing number of defects

70 . . - . arising when the wave vectors at both sides start to differ.
6ol | This causes not only the deviation froa=0, but also a
5 # + broadening of the reflexes on a ring around the central beam.
i # + + % Jf ] Even when the flow field of both convection layers is com-
= ‘0F + i + T pletely decoupled, there will still be a coupling via the twist
3 50l % ] deformation of the director field, and the rolls have to form a
s compromise between surface orientation and director in the
20} TN 102 um 4 . K
% o 100 Hz cell middle. Only after the separation of the two roll systems
10 s 400Hz [ 1 has become large enough with increasing frequéney, de-
OL + . . s . creasing\) can two independent layers of convection rolls
0.00 ‘ 0.02 0.04 0.06 0.08 0.10

exist. Between these layers, the director will be in a more or
=UU 21 ' i '
€ o less disordered state with structureless convective flow, caus-

FIG. 13. Same as in Figs. 11 and 12 for cell TN102 at 100 ano'ng an increasing intensity of small-angle scattering.

400 Hz. At 100 Hz, the pattern is rather diffuse and fluctuating;

with increasing frequency it stabilizes. Above 400 Hz, there are IV. SUMMARY

only minor changes in the characteristicsadfe) for small €; the

pattern starts with wave vectors nearly parallel to the rubbing direc- We have determined the onset thresholds, wavelengths,
tions. and wave-vector orientations of electroconvection rolls in the
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dielectric regime in 90° twisted nematic cells. The patternof the convection field in the cell middle and at the opposite
are quite similar to those observed in nontwisted cells. Onelectrode, i.e., the regular electroconvection rolls are re-
particular feature of the convection rolls which cannot bestricted to the surfaces and the ordered convection breaks
understood within standard theory is the frequency deperdown in the cell middle. For thick cells and/or high frequen-
dence of the wavelength. It should be a continuously deeies, our observations support the model proposed by Kai
creasingq/\/ffunction of frequency. In the experiments, we et al. [21,20. It seems that the rolls extend at maximum

find a saturation at wavelengths abova@. Further experi- ~10 wm from the boundaries into the cell. Their depth is
ments with nontwisted samples are in progress to study thisresumably not significantly larger than the lateral width.
discrepancy in more detail. Itis reasonable to assume that the effects reported here for

A dramatic change is observed between the orientationgvist geometry are not a peculiar feature of twisted nematic
of the patterns generated in thin (14m) and thick cells but that the conclusions are adequately valid in the
(=39 um) cells. In the 14am cell, the orientation of the geometry of parallely rubbed cells. We haven to found an
convection rolls at onset is along the diagonal between thexperimental confirmation of this hypothesis yet. However,
rubbing directions. As in the conduction regime, the convecone should take into consideration that the effect of localiza-
tion chooses a compromise between both boundary condiion is most pronounced in the thick 1@2m cell in which
tions at the opposite cell planes. With increasing ratio of celthe twist is much smaller than in the %dm cell, and which
gap versus roll width, which can be controlled either by us-is much more comparable to a nontwisted planar geometry
ing cells of different gap or by varying the driving frequency, than the thin twist cell.
there is a structural transition to rolls with wave vectors
along_ the_ r_ubblng directions of the cell. O_b_wously, this ori- ACKNOWLEDGMENTS
entation is imposed by the boundary conditions for the direc-
tor field at the glass plates. This is evidence that at suffi- We acknowledgment fruitful discussions with L. Kramer
ciently high ratios of cell gap to roll width, a localized (Bayreuth, H. Schuing, and M. Grigutsch. This study was
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