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A new type of domain for nematic liquid crystals with a twisted-wedge structure is presented. 
This new type of domain appears from the low frequency range to 10 kHz. This behavior was 
observed for square and pulsed excitations. 

The liquid crystal was N-(p-methoxybenzy1idene)-p'-butylaniline) (MBBA) used at room 
temperature. These domains offer a higher degree of complexity than conventional Williams 
domains. The corresponding stability chart is presented. 

1. INTRODUCTION 

In nematics, electrohydrodynamic instabilities have been extensively stud- 
ied by numerous workers and seem presently to be well understood, at least 
at low frequencies. Different types of domain appear depending on the 
voltage and frequency applied to the nematic liquid crystal cell. Two 
regions clearly appear, separated by a cut-off frequency, fc. For dc or ac 
fields wheref < fc, there are two different modes, Williams domains (stria- 
tions or cellular patterns) and dynamic scattering, both associated with 
hydrodynamic flow. For ac fields withf > fc, a fast turn-off mode appears 
with striations or chevrons with a few pm-periodicity, associated with bend 
oscillations. For instance, in the case of MBBA, the plot of voltage thresh- 
old, V,, of instabilities vs frequencyf, of the applied field, has an S-shape, 
much more pronounced for square wave excitation than for sine wave 

'Presented at the Ninth International Liquid Crystal Conference, Bangalore, December 
6-10, 1982. 
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excitation; for a 50 pm-thick sample,& is between 75 and 100 Hz. Volt- 
ages lie between 10 volts for the conduction regime (low frequencies) and 
around 100 volts for the dielectric regime (high frequencies). The sample 
was in almost every case contained in a sandwich cell having Sn02-coated 
glass plates, and the nematic liquid crystal had a homogeneous planar 
te~ture .”~’~~ Williams domains are at angles to the direction of rubbing. 
Recently, a new type of domain, with a static aspect, was observed at 
frequencies above the disappearance of the chevron pattern.’ This structure 
appears in the dielectric region (till to 8 kHz) by raising the frequency at 
constant voltage until disappearance of the chevron structure. This new 
type of domain was observed both for homogeneous cells and for twisted 
geometries. 

In this paper we extend some results previously reported by us6 showing 
a new stability chart with some features not presented before for nematic 
liquid crystal cells with twisted wedge geometries. 

II. EXPERIMENTAL 

The liquid crystal device employed in this work is similar to the one 
reported by us as a light deflector, both analogue’ and digital,* and as an 
optical mod~lator.~ We have used the same wedge structure, with a pris- 
matic angle around 2” and a Mylar spacer in just one side of the cell. 
Internal transparent electrodes were deposited by the conventional spraying 
method. We have used SnOz and IT0 electrodes. However a different 
nematic liquid crystal and molecular configuration have been used in this 
case, namely MBBA in a twisted configuration in the wedge cell. The 
working temperature was room temperature and the MBBA had a large 
number of charge carriers. As is known, MBBA has a refractive index An 
of about 0.24 and a negative dielectric anisotropy of -0.53%. The cell is 
shown in Figure 1. 

With this configuration we have observed the behavior of the liquid 
crystal for frequencies between 0 Hz and 10 kHz, for different conditions 
of the applied electric field. We used square and pulsed signals with peak 
values up to 60 volts. 

The diffraction pattern was observed by illuminating the sample with a 
parallel nonpolarized 0.5 mW He-Ne laser beam, normal to the front 
surface. With a lens, it was possible to see the domains inside the cell 
projected on a screen. With this method, by applying a dc voltage to the 
cell, one observes domain formation at 10 volts, as has been reported 
previously for non-twisted structures. lo However, the main features appear 
for ac voltages. The experimental set-up is shown in Figure 2. 
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5mm 

FIGURE 1 Liquid crystal wedge cell. 

111. RESULTS 

We have applied a square voltage, with zero volts as mean value, with 
frequencies from 1 Hz to 10 kHz and found four different regions for every 
observed frequency. From 0 volts to a certain VI, no diffraction pattern is 
obtained. From this VI to another V,, a structure similar to Williams do- 
mains can be The size of these domains was the same for the 
entire range of frequencies. From V, to a certain value V, we got a very 
different diffraction pattern shown in Figure 3. As can be seen, this main- 
tains the main features of the Williams domain diffraction pattern, but with 
two sets of points parallel to it. The corresponding domains are shown in 
Figure 4. These domains are very different from the conventional Williams 
domains. The pattern is stationary at fixed voltage without any turbulence 
up to V,, where a structure like the one shown in Figure 5 appears. This 
structure is very difficult to keep static and for still higher voltages tur- 
bulence dominates. The diffraction pattern is shown in Figure 6. Samples 
of high quality can show as many as 11 parallel lines comprising more than 
31 points in each one. 
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SCREEN 

WEOQED 
LIQUID CffYSTAL 
CELL' 

FIGURE 2 Experimental set-up. 

The corresponding diagram for the above situation is shown in Figure 7 
where the four regions indicated above are depicted. The main feature of 
this representation is the peak around 10 Hz. The other interesting point is 
the strong increase in voltage from lo00 Hz. The region below 10 Hz 
corresponds to electrohydrodynamic instabilities modulated at the same 
frequency as the voltage. This modulation can be seen clearly on the 
diffraction pattern. From 10 Hz the modulation disappears and the domains 
are static in nature. From lo00 Hz, the voltage difference between different 
regions becomes smaller and becomes very close around 10 kHz. For higher 
frequencies, we were not able to obtain any diffraction pattern. 

The results were very similar with a pulsed voltage. The corresponding 
stability chart is shown in Figure 8. The same peak at 10 Hz appears as 
does the strong increase in voltage from lo00 Hz. It is interesting to point 
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FIGURE 3 Diffraction pattern cotresponding to voltages Vz < V < V,  where Vz and V,  are 
defined in the text. 

FIGURE 4 Domains corresponding to the diffraction pattern of Fig. 3. 
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FIGURE 5 Domains corresponding to voltages near V,. 

FIGURE 6 Diffraction pattern corresponding to voltages near V,. 
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FIGURE 7 Stability chart of threshold voltage vs frequency in a twisted-wedge structure. 
The sample was excited with square waves. D
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RGURE 8 Stability chart of threshold voltage vs frequency for pulsed waves. 

out the fact that the voltage V ,  for both signals is the same if the distance 
between top and bottom for the square voltage is taken. 

We have studied this behavior with parallel (sandwiched) cells, but did 
not get any domain structure for frequencies higher than 300 Hz that 
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corresponded to previous studies by other authors. We think the twisted 
geometry of the molecules is important and that it is possible with this 
configuration that the behavior will resemble that obtained with cholesteric 
liquid crystals. A more detailed study will be published by us shortly. 

IV. CONCLUSIONS 

A new type of domain, in twisted-wedge nematic structures, is reported. 
These domains appear as a two-dimensional grating, having a structure 
similar to that of a Sigilluriu trunk impression from the Late Carboniferous 
Period to be seen at the Natural Sciences Museum of the Smithsonian 
Institution (Washington, D.C.). These domains appear up to frequencies 
near 10 kHz, both for pulsed and square voltages. They appear over a 
voltage range larger than that for Williams domains. 
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