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Accelerating the Cholesteric Helix Restoring
by a Dual Frequency Compound

KAREN ALLAHVERDYAN1,2 AND TIGRAN GALSTIAN1,∗
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Physics and Optics, Laval University, Pav. d’Optique-Photonique, 2375 Rue de
la Terrasse, Québec, G1V 0A6, Canada
2Department of Physics, Yerevan State University, 1 Alex Manoogian,
0025 Yerevan, Armenia

We report the creation and the use of dual frequency cholesteric liquid crystal mixtures
for the dynamic electrical unwinding and forced (accelerated) restoring of their molec-
ular helix. The use of a cholesteric in a mixture with a dual frequency nematic shifts
the resonant wavelength to the near infrared area. We use polarimetric transmission
measurements (out of resonance) to check the effective birefringence of the cell as well
as the resonant reflection (at near infra red) to characterize the dynamics of unwinding
and restoring processes. The restoring process is accelerated almost by an order of
magnitude for quite moderate voltages used.

Keywords Cholesteric liquid crystals; dual frequency liquid crystal; electrooptic
switch; frequency control; liquid crystals; polarimetry; resonant reflection

Introduction

Liquid crystal (LC) materials have been successfully used in various light modulation ap-
plications, [1,2]. However, the inherent anisotropy operation of majority of LCs requires
the use of polarizers, which reduces light transmission (increasing thus the power consump-
tion), increases the cost of those modulators and reduces their long term stability.

One of alternative (polarization-free) avenues, explored so far, was the use of cholesteric
LCs (CLCs), which naturally form periodic helicoidal molecular structures reflecting light
in a specific “resonant” wavelength band and having a circular polarization that is replicating
the helix of the CLC, [3,4]. Several mechanisms have been explored so far to control the
reflection properties of those materials (position of the bandgap, its strength and bandwidth,
etc. (see, e.g., Ref. [5–13]). While the obtained results are very encouraging, there are
however several drawbacks with the use of CLCs too. First, the above-mentioned reflection
band is relatively narrow (at the order of 50 nm) for broad band applications, such as solar
filters or camera shutters. Second, the reflection of natural light (originating from a lamp,
LED, sun, etc.) is only 50% since the resonant reflection happens only for the appropriate
circular polarization, [3]. Finally, the demonstrated so far dynamic modulations of the
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resonant reflection of CLCs (spectral shift, unwinding, etc.) are relatively slow to recover
(sub-millisecond switching times would be needed for imaging or color TV applications).
Significant efforts have been deployed to broaden the resonant reflection band and to
increase the reflection coefficient [14–16], see also [17,18] and references therein. To the
best of our knowledge, the possibilities to accelerate the helix restoring were not explored
as intensively as the two above mentioned directions. There are several reports of using
CLCs with dual frequency functionality in light shutters (with photo curable materials),
thin photonic bangap structures, etc. [19–24]. However, we were not able to find the details
of material preparation and dynamic transition characterizations.

In the present work, we were particularly interested by the electrical unwinding of the
helix of the CLC CB15 (from Merck). We have thus focused our efforts on the problem of
slow restoring of the CLC helix in view of exploring the possible ways of its acceleration.
The approach we have used here was based on a mixture of two LC materials, in a way,
to preserve the helical structure, while creating two frequency zones (for the electrical
driving signals) for which the developed mixture has respectively positive and negative
dielectric anisotropy (enabling thus the so called “dual-frquency” operation) allowing the
fast “forced” recovery. Thus, we present below the preliminar results of the studies of the
material composition developed as well as the electro-optical and morphological properties
of cells containing this compound.

Materials Used

The material composition used was obtained by mixing two LCs: the CLC, called CB15,
and the nematic LC, called MLC 2048, (both from Merck). Those materials were mixed
in two concentrations to obtain two mixtures, the first one containing 33 wt% of CB15
and 67 wt% of MLC 2048 (further referred as Mix 33) and the second one contained 41
wt% of CB15 and 59 wt% of MLC 2048 (further referred as Mix 41). The choice of those
compounds was based on the desired dielectric parameters (see later) as well as the material
availability. The CB15 is a right handed CLC with a resonant band gap in the green region
of light spectra (∼520 nm–560 nm) at room temperature. Unfortunately, Merck was not
able to provide more data concerning the dielectric and optical parameters of the CB15. We
have however recently measured and reported (Ref. [13]) some of its optical parameters at
room temperature (see also Ref. [25]). Most importantly, it was shown that the dielectric
anisotropy of the CB15 at low frequencies (1 kHz) is negative.

To prepare the current mixtures, we have proceeded to very approximate (qualitative)
measurements of corresponding dielectric constants of each material component as well
as of the final mixture. Thus, planar aligned commercial cells (L = 50 µm thick) were
fabricated (and filled with our materials) and subjected to capacitance measurements (“HP
4192” Impedance Analyser was used) at different environmental temperatures. Figure 1
shows the driving electrical frequency dependence of measured dielectric constants. First
we have measured (with very weak electrical excitation to avoid reorientation effects) the
capacitance of the cell and thus the dielectric constants of materials at room temperature
(20◦C, squares) in their liquid crystalline phase. We attribute the obtained values to the
“ordinary” dielectric constant ε⊥ thanks to the good planar alignment of the cell. Then we
heat the cell to achieve the isotropic phase (60◦C, triangles) of the material and measure
it again to obtain (approximately) the average dielectric constant εav. Finally we calculate
the parallel dielectric constant ε‖ by the formula εav ≈ (ε‖ +2 ε⊥)/2. We must emphasize
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Figure 1. Qualitative dependence of CB15’s dielectric permittivity upon the electric field frequency
in the CLC (20◦C) and isotropy (60◦C) phases.

again that those data must be considered as very qualitative. The main goal here was the
rough identification of approximate concentrations that would allow us to obtain a “dual
frequency” helicoidal mixture. To show the degree of imprecision of our estimations, we
have used the same technique to do similar measurements also on the second component of
our mixture (the MLC 2048), which is much better known and described in the literature,
Fig. 2. Its nematic-isotropic phase transition temperature is 106◦C, the ordinary refractive
index and anisotropy at 20◦C are respectively no = 1.4978 and �n = 0.2214 (both measured
at 589 nm), [26]. This is a “dual frequency” nematic LC that was largely used to accelerate
the “back” reorientation, e.g. in LC scatterers or retarders [27,28]. Indeed, the dielectric
anisotropy of this LC is positive for “low” frequencies (<10 kHz at 20◦C) and is negative
for “high” frequencies (>50 kHz at 20◦C), see Fig. 2(a) ([29]). The simple set-up and
method we have used (to measure the dielectric constants of our materials) provide rather
similar values (compared to those reported elsewhere) when applied to the MLC 2048,
Fig. 2.

The final mixtures (Mix 33 and Mix 41) were thus made, taking into account the above
mentioned measurements to possess low-frequency positive dielectric anisotropy (to enable
the electrical unwinding of the helix) and high frequency negative dielectric anisotropy (for
forced restoring of the helix, see later).

Cell Fabrication and Characterization

The experimental cells were fabricated and filled by standard capillarity method (filled at
20◦C). First of all, the indium tin oxide (ITO) coated substrates (commercially procured)
were washed in the ultrasonic bath (for 8–10 minutes, in soap-water solution, 8–10 min.
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38/[278] K. Allahverdyan and T. Galstian

Figure 2. MLC 2048’s parallel and perpendicular dielectric permittivity dependences upon the
electric field frequency. (a) from Ref. [21] and (b) obtained by our approximate technique.

D
ow

nl
oa

de
d 

by
 [

Si
au

liu
 U

ni
ve

rs
ity

 L
ib

ra
ry

] 
at

 0
0:

31
 1

7 
Fe

br
ua

ry
 2

01
3 



Accelerating the Cholesteric Helix Restoring [279]/39

in water, 8–10 min. in acetone and 8–10 min. in isopropanol), then they were lifted slowly
from the isopropanol and leaved in the oven to dry. Those substrates were then spin coated
(500 rpm during 5 seconds, then 3000 rpm during 20 seconds) with planar alignment
Polyimide layer (PI 150, from Nissan) and heated in the oven (T = 80◦C; during t = 15
minutes and then heated again at T = 280◦C; during t = 60 minutes, then slowly cooled
down to room temperature). The obtained substrates were then unidirectionally rubbed to
obtain planar alignment of LC mixtures. The UV sensitive adhesive NOA 65 (mixed with
glass spacers, see below) was applied to seal the LC cell.

Immediately after the fabrication process was completed, some defect structures were
initially observed, which then were gradually resorbed without further treatment. The
application of electrical fields accelerated this uniformization process. Three cells were
fabricated for the initial comparative estimations; first two cells were filled with the same
mixture (Mix 33) but had different thicknesses (5 µm and 8 µm), further named, respectively
cell 1 and cell 2, and the third one had small thickness (5 µm) but contained the Mix 41,
further named cell 3.

Spectral studies identified the band gap positions being in the range of 1400 nm–1600
nm and 1000 nm–1200 nm, respectively, for compounds Mix 33 and Mix 41. The electrical
excitation of obtained cells (AC, SIN shaped, at 1 kHz) have shown that the dielectric
anisotropies of both mixtures are, in fact, positive since we were able to destroy their
reflection resonances. Figure 3 demonstrates (by using polarizing microscope Zeiss) the
electrical unwinding of obtained helicoidal structures by using a low frequency field (the
microscope polarizers are always crossed). Thus, at the beginning, the cell is in the planar
state (helicoidal structure, Fig. 3(a)), then an excitation voltage (AC, SIN shaped, 50 V
RMS, 1 kHz) is applied to unwind the helix and to transfer it into homeotropic state (Fig.
3(c)). This happens through the generation of multiple transient disclinations (Fig. 3(b)).
The speed of this “excitation” transition is easy to control by the applied voltage value.

Figure 4 demonstrates (by using the same polarizing microscope, in the same exper-
imental conditions as described above) the “free-relaxation” (or natural restoring) of the
cholesteric mixture when the voltage is simply switched off from the homeotropic (un-
wound) state, Fig. 4(a)). The various stages of this back transition may be seen in Figs
4(b)–(f). The approximate time intervals between those photos are as follows: b) is taken
immediately after switching the field OFF, then c) and d) are taken with approximately
1–2 seconds of intervals, e) is taken after about a minute and f) is taken after several more
minutes.

The approximate quasi thresholds of the electrical unwinding of the CLC helix for our
three cells were measured to be Uth 1 ≈ 50 V, Uth 2 ≈ 80 V and Uth 3 ≈ 100 V. Thus, the

Figure 3. Polarizing microscope photohraphies of the cell (placed between crossed polarizers) taken
when the voltage, applied to the cell, is switched (increased step-wise and kept constant) from
planar/helicoidal to homeotropic state; a) helicoidal state, b) transient state and c) homeotropic state.
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40/[280] K. Allahverdyan and T. Galstian

Figure 4. Polarizing microscope photohraphies of the cell (placed between crossed polarizers) taken
when the cell is naturaly relaxed from the unwound homeotropic state to planar (helicoidal) state,
a) homeotropic state, b)-c)-d)-e) transient states, f) planar/helicoidal state.

increase of the thickness of the cell (for the same mixture), e.g. by a factor of 1.6, increases
the Uth by a factor of 2. In the same time, the decrease (e.g., by a factor of 1.3) of the
concentration of the MLC 2048 increases the value of Uth by a factor of 1.6. This last effect
is quite natural since the MLC2048 is responsible for the positive dielectric anisotropy at
1 kHz and, respectively, for the helix unwinding.

Time Resolved Measurements

To obtain quantitative data for the helix unwinding and restoring processes, we have built
the experimental set-up described in the Fig. 5. First, a CW He–Ne laser (operating at
632.8 nm, which is out of CLC’s resonance) was used as probe to observe the excitation

Figure 5. Schematic representation of the experimental setup used for time resolved transition
measurements. D: diaphragm (1 mm), P: polarizer, A: analyzer (polymer films), PD: photodiode (at
approximately 50 cm from the cell; active area diameter of the detector is d ≈ 2 mm), “1 kHz” and
“100 kHz” designate generators of voltages at those frequencies.
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Accelerating the Cholesteric Helix Restoring [281]/41

and relaxation processes by monitoring the effective birefringence changes of the cell.
Namely, the cell was placed between crossed polarizers and the cell’s orientational state
(homeotrope - planar) was changed by changing the voltage and frequency of the electrical
signal applied to the ITOs. The probe, passing through the polarimetric system (the cell
is placed between crossed polarizers), was detected by a photodiode PD, connected to the
computer (taking the data at every 50 milliseconds).

The experimental procedure, used for our studies, was the following. The cell had
helicoidal (planar) alignment in the ground state (U = 0 V, see Fig. 6(a)). Then, a nearly
above-threshold voltage (as mentioned above, different, for different thicknesses and dif-
ferent mixtures) was applied to the cell (at t ≈ 3 sec) with 1 kHz frequency (AC, SIN
shaped). The transition of the cell was then monitored (approximately during 2 sec) up to
the stabilization of the transmitted signal. Then, at t ≈ 5 sec, the frequency of the electrical
signal was switched from 1 kHz to 100 kHz. This was done by using a homemade mechan-
ical switch between two generators (with a typical switching time significantly less than
0.1 sec). The restoring of the initial state was then monitored, again, up to the stabilization
of the signal.

The obtained experimental results are qualitatively similar for all three cells and may be
resumed as follows. The transmission of the probe is initially high (defined by the effective
birefringence of the cell in the ground state), Fig. 6. Then this transmission drops drastically
with the application of the voltage at 1 kHz. This transition is rather monotone since it is
driven by the “positive” electric torque, the local director being “attracted” by the electric
field. The simple switch-off of the voltage results into a very slow free-relaxation process
(curve with U = 0 V). The natural recovery of the cholesteric helix is faster for thinner
cell of the same mixture. However, this recovery is very slow for the thin cell containing
smaller quantity of the CB15 compound, probably because of the smaller elastic constants
of the MLC2048 compared to those of CB15 (unknown for the moment).

The recovery of transmission is accelerated if the voltage is maintained, but the fre-
quency of the electric field is changed to 100 kHz. The applied voltage always accelerates
the transmission restoring process for all three different cells. This acceleration is more
pronounced if the voltage (at 100 kHz) is higher. It is worth to note that the recovery
process (particularly for high voltages) is non monotonic since it is based on the “negative”
dielectric torque, the local director being “repulsed” from the electric field. This repulsion
initially happens in various directions, later being counter-balanced by the influence of
surface rubbing that is favoring the monocrystal planar alignment. The repulsion process
is obviously stronger and faster for stronger field values, which is responsible for the non
monotone peak. Another feature that is common for all three cells: there’s a certain satu-
ration voltage value (at 100 kHz) after which, the farther increase of the voltage doesn’t
change noticeably the restoration process. This value corresponds to electric field strength
∼8 V/µm. Figure 7 shows the recovery processes of three cells under the action of different
voltages, but the same electric field strength (2 V/µm).

Although the recovery process isn’t the fastest in the case of the cell 1, we continued our
investigations with that cell. The reason of this choice is that the cell 1 has the lowest helix
unwinding voltage (Uth 1 ≈ 50 V). To quantify the restoring speed in a very preliminary
and approximate way, we fit our experimental curves (Fig. 6) with an exponential function
T = A − B∗exp(− t/ τ ), where T is light’s transmission across the polarimetric system, A
and B are constants defining the maximum and minimum values of transmission, t is the
time and τ is the restoring characteristic time. We present, in the Table 1, the fitting results,
which show qualitatively the change of the recovery process under the action of the electric
field, oscillating at 100 kHz frequency.
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Figure 6. Variations of the polarimetric system’s (CLC cell is placed between crossed polarizers)
transmittance during the excitation and relaxation processes for a) Cell 1 b) Cell 2 and c) Cell 3. The
high transmission corresponds to the blue state at Fig. 3(a), the low transmission to the dark state at
Fig. 3(c). There was no voltage applied up to ∼3 sec, then the helix unwinding voltage (U = 50 V
RMS, AC, SIN shaped at 1 kHz) was applied from ∼3 sec to ∼5 sec and finally, the restoring voltage
(AC, SIN shaped at 100 kHz) was applied starting from ∼5 sec up to ∼10 sec (voltage RMS values
are shown next to curves).
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Figure 7. Variations of the polarimetric system’s (the CLC cell 1 placed between crossed polarizers)
transmittance during the excitation and relaxation processes (high transmission : blue state at Fig.
3(a); low transmission : dark state at Fig. 3(c); then scattering and reconstruction). There was no
voltage applied up to ∼3 sec, then the helix unwinding voltage (U = 50 V (cell 1), U = 80 V (cell 2),
U = 100 V (cell 3) RMS, AC, SIN shaped at 1 kHz) was applied from ∼3 sec to ∼5 sec as excitation
voltage and finally, the restoring voltage (AC, SIN shaped at 100 kHz) was applied from ∼5 sec up
to ∼10 sec. All three cells are under the action of the same relaxation electric field strength (2 V/µm:
U = 10 V (cell 1), U = 16 V (cell 2) and U = 10 V (cell 3)).

To observe directly the helix restoration process (instead of monitoring the effective
birefringence of the cell), we used another experimental setup where a fiber diode laser,
operating at 1481 nm, was used to be in the resonant band of the CLC mixture (see
Fig. 8). The laser beam was collimated by a microlens, then passed through the diaphragm
(D), the polarizer (P) and the quarter wave plate (λ/4). Thus the probe beam become
circularly polarized (by rotating the quarter—wave plate’s axis to 90◦, the circularity sign
was changed). We measured (at every 0.1 sec) the reflected beam from the CLC cell by
using the photodetector (PD) connected to a PC. The cell was very slightly tilted so that
the incidence angle was approximately 0.75◦.

The experimental procedure was similar to the first experiment, where the applied
(to the CLC cell’s ITOs) voltage’s frequency was changed and the photodetector’s signal
changes were monitored during the excitation and relaxation processes. The cell had planar

Table 1. Fitting results

Restoring voltage (RMS Volts) 0 5 10 15

Restoring characteristic time τ (sec.) >10 2 0.35 < 0.2
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Figure 8. Schematic representation of the experimental setup used for observing the helix restoration
process. D: diaphragm (∼1 mm of diameter), P: polarizer, PD: photodiode, 1 kHz and 100 kHz: voltage
sources at different frequencies.

(helicoidal) alignment in the ground state (U = 0 V), see Fig. 9(a)). Then, a nearly above-
threshold voltage (U = 50 V) was applied to the cell (at t ≈ 3.4 sec) with 1 kHz frequency
(AC, SIN shaped). The transition of the cell was monitored (approximately during 6.6 sec)
up to the stabilization of the signal. Then, at t ≈ 10 sec, the frequency of the electrical
signal was switched (by using a homemade mechanical switch with a typical switching
time significantly less than 0.1 sec) from 1 kHz to 100 kHz and the restoring of the initial
state was monitored, again up to the stabilization of the signal.

Let’s emphasize again the three differences from the first experiment : the probe wave-
length is inside the cholesteric mixture’s bandgap, the probe beam is polarized circularly
and we monitor the reflected (from the CLC cell) beam.

Results

First right and then left circularly polarized probe beams were used. We see, in the Fig.
9(a)), that the application (at t ≈ 3.4 sec) of the unwinding electrical field (oscillating at
1 kHz) decreases the reflected beam’s power abruptly. When we switch off the applied
voltage, the reflection starts to increase but very slowly. Other curves (in the Fig. 9(a))
show that the application and the increase of restoring voltage (at frequency of 100 kHz)
accelerates the recovery process (curves U = 10 V, U = 20 V and U = 30 V). If, in the case
of U = 0 V, the recovery process is much longer than 15 seconds, in the case of U = 30 V
(∼6 V/µm), the reflection is restored in approximately 7 seconds. Figure 9(b) presents the
results of a similar measurement but prformed for the opposite circular polarization (probe
is left circularly polarized and the helix is right–handed). We see, that the probe beam
reflection is the same (at least the same order of magnitude) after stabilisation in all three
time intervals: 0–3.4 sec (planar/helicoidal), 3.4–10 sec (homeotrope) and from 10 sec to
the end (restoring the planar/helicoidal structure).

To obtain some approximate characterisation data for the acceleration of the forced
restoring, we used a similar fit with the equation T = A − B∗exp(− t/ τ ). From each fitting
we have taken a value of τ (the time during which the transmission changes e times).
Fitting has been done for the right (resonant) circularly polarized light, Fig. 9(a). Figure 10
shows the results of the fitting. It is clear that the application of the restoring electric field
makes the relaxation process faster. The electric field U = 30 V (oscilating at 100 kHz
of frequency), makes the process faster by a facter of 20 compared with the case of free
relaxation.
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Figure 9. (a) Right and (b) Left circularly polarized ligth’s reflectance (from the right handed CLC
cell 1) variations in time during the excitation (helix unwinding) and relaxation (helix restoring)
processes. There is no voltage applied up to ∼3.4 sec. The helix unwinding voltage (U = 50 V RMS,
AC, SIN shaped, at 1 kHz) was applied from ∼3.4 to ∼10 sec. The restoring voltage (AC, SIN shaped,
at 100 kHz) was applied from ∼10 sec up to 20 sec (relaxation voltage RMS values are shown next
to curves).
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Figure 10. The helix restoring characteristic time’s dependence upon the applied voltage at 100 kHz
for the 5 µm thick cell filled with the Mix33.

Summary and Conclusions

We have shown that the helix restoring process of a cholesteric mixture may be accelerated
(by approximately an order of magnitude) by the use of high frequency electrical field
where the dielectric anisotropy of the mixture is negative. Thus, the applied field helps to
restore and to stabilize the helix. We have also studied the process of electrical unwinding to
show that the process takes place through the simultaneous generation of multiple defects.
In contrast, the free relaxation process of the helix restoring involves the formation of long
disclination walls and their merge.

Despite the good acceleration obtained, the restoring process is still not fast enough,
e.g., for telecommunication or imaging applications. Further optimization of composition,
thicknesses and driving voltages and frequencies must be done before a practical use of the
composition.
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