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Abstract

The Electrically Suppressed Helix Ferroelectric Liquid Crystal
(ESHFLC) provides fast response at lower voltages and superior
optical contrast, making it a promising choice for contemporary
displays. Nevertheless, the constrained alignment techniques have
hindered the commercialization of ESHFLC displays. To address this,
we have optimized a polyimide (PI) based alignment layer by
analyzing different PI concentrations and ESH diffraction to keep a
balance between anchoring energy and elastic energy.
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1. Introduction

The evolving needs of the community now center around high-
resolution displays that push the boundaries of human visual acuity,
low power consumption, and cost-effective devices. This presents a
significant challenge for scientists and engineers alike. Ferroelectric
Liquid Crystals (FLCs) have therefore attracted a lot of interest due to
their quick response time and effectiveness, making them a desirable
choice for modern display systems and photonic applications (1-3).

The electrically suppressed helix (ESH) FLC is a type of FLC mode
that offers fast response at lower voltages and great optical contrast
(4). The optimal cell gap and pitch ratio for ESHFLC indicate the
crucial need for a delicate equilibrium between the surface anchoring
energy and the helical elastic energy of the FLC molecules (5). This
equilibrium plays a vital role in mitigating inherent defects linked to
surface-stabilized FLC (SSFLC), including zig-zag defects stemming
from chevron structures and defects arising from ferroelectric domains
(6). Consequently, the optical quality of ESHFLC surpasses that of
SSFLC, with a better contrast ratio (CR) and commendable
mechanical stability. In 2015, a full-color display was developed using
ESHFLC technology, achieving a color gamut that covers up to 130%
of the NTSC requirements. This display operates on a field sequential
mode that eliminates the need for a color filter, thereby enhancing
efficiency (7).

However, limited alignment methods are holding back the
commercialization of ESHFLC displays. Two most common
alignment layer used for ESHFLC are Nylon 6 (N6) based on physical
rubbing and Azodye based photoalignment layer (SD1). However,
both above-mentioned alignment technologies are not suitable for
large scale production of ESHFLC based displays due to the reasons
discussed below. SD1 exhibits instability in high humidity
environments and tends to undergo reorientation under ultraviolet
light and blue light in bright displays, resulting in decreased
performance and reduced lifespan of liquid crystal devices (8). On the
other hand, N6 is dissolved in 2,2,2 Trichloroethanol, the chlorinated

solvent is harmful to environments and not suitable for industrial use.

In this work, we have identified and optimized a Polyimide (PI) based
alignment layer which is already used in commercial displays for
nematic liquid crystals. The high optical quality of the ESHFLC
depends on a precise balance between helical elastic energy and
surface anchoring energy (9). To adjust the anchoring energy, we have
altered the PI concentration and analyze the diffraction of ESHFLC
under different PI concentrations.

2. Experiment

i
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Figure 1. Experimental setup

The experiment was conducted within an optical setup comprising a
laser (A = 632.8 nm), Glan-Thompson cross-polarizers, a heating stage,
and a photodetector. The ESHFLC molecules were in a planar
alignment by utilizing an alignment layer with varying concentrations
of PI. Additionally, the diffraction experiment doesn’t need analyzer.
A black background was placed behind the liquid crystal cell to
observe the diffraction pattern. Furthermore, based on the POM
images captured under a non-orthogonal polarizing microscope, the
distribution of the diffraction period was calculated.

3. Results and Discussions

The PI concentration plays an important role in the alignment quality
of ESHFLC. Fig. 2a shows six PI concentrations (The original
concentration is given by 100 % and the other concentration
mentioned are dilution of original concentration with NMP solvent)
used as alignment layers in 1.7 um cells with ITO glasses and the ESH
material used for this study is FLC-11-165 (spontaneous polarization
P=50 nC/cm?, tilt angle 6=22.5°, rotational viscosity y ¢:0.057 Pas,

elastic energy K=2x10""! N, helix pitch P=517 nm at 25 C). CR is
one of the key indicators of ESHFLC in display applications. Fig. 2b
and 2c illustrate the correlation between CR and PI concentration and
the respective POM images are shown. In this case, the 41%
concentration shows the highest CR of 6800:1 and other
concentrations also exceeding 5500:1. In Fig. 2c, in the absence of an
electric field, sizes of two domains in POM images change with
different concentrations. It was further noted that the highest
alignment quality aligns with the equal areas occupied by the two
domains within the FLC cell texture.
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Flgure 2, (a) The schematlc of ESHFLC cells. (b ) The CR of
ESH with PI concentrations (25%, 35%, 41%, 50%, 65% and
100%). (c) POM images of ESH with six Pl concentrations.
White arrows are crossed polarizer, red arrow is rubbing
direction and the scale bar is 40 pm.

Optimal contrast ratios are achieved when the anchoring energy from
the alignment layer is comparable to, albeit slightly less than, the
elastic energy of the FLC material. Moreover, Fig. 3 and Fig. 4a shows
the response time of ESH at 10V is 22 us while Fig. 4b illustrates the
normalized transmittance of the cell under crossed polarized state
using 632.8 nm laser as light source, saturating at 2V.
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Figure 3. Transmittance plot against the applied electric field
of ESH with 41% PI concentration.
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Figure 4. (a) The response time of ESH with 41% PI
concentration. (b) Response curve of ESHFLC with 41% PI
concentration at 90 Hz, 5 V.
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Figure 5. The diffraction intensity and pattern under five PI
concentrations and 0.5% N6.

Additionally, the optical quality of ESHFLC can also be reflected by
its diffraction characteristics. When the anchoring energy and elastic
energy are balanced, ESHFLC should not exhibit diffraction at
632.8nm. As shown in Fig. 5, although unexpected diffraction patterns
exist in ESHFLC with different concentrations of PI, the overall
diffraction efficiency is less than 2% for all PI concentrations. The 0.5%
N6 is also used as the alignment layer for the same ESHFLC material
and cell gap. Additionally, the diffraction intensity of ESHFLC for
each PI concentration is below N6, further illustrating the advantages
of using this PI for ESHFLC displays.

VA

Figure 6. The POM images of ESHFLC with six PI
concentrations under uncrossed polarizer at 0.1 Hz, % 5V.
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Table 1. The calculated diffraction period of ESHFLC with six PI
concentrations.

PI Concentration | 25 35 41 50 65 100
(%)
?iff;action period | 502 | 5.51 | 479 | 4.67 | 4.53 | 4.24
pm
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Figure 7. Diffraction periods with six Pl concentrations
measured by Image J based on POM images.

To analyze the origin of these diffraction patterns, in Table. 1, we
calculated the diffraction periodicity of ESHFLC at each PI
concentration based on the formula A = A/sin@ (A is period, 0 is
diffraction angle). Furthermore, we measured the actual periodic
distribution using Image J through the texture observed under a non-
orthogonal polarizing microscope. Fig. 6 depicts the POM image
captured under a non-orthogonal polarizing microscope, showing
linear alternations of brightness. The diffraction of ESH may be
related to the periodic lines of brightness alternation. We calculated
the distribution of these line widths using Image J, as shown in Fig. 7.
Different PI concentrations cause varied period distributions.

In Fig. 7, the distribution of diffraction periodicity of ESHFLC also
varies with the concentration of PI. The peak width of the distribution
curve decreases as the PI concentration increases. A narrower
diffraction periodicity bandwidth can reflect an enhancement of the
diffraction phenomenon, thereby further manifesting in an increase in
the magnitude of diffraction intensity. Under the influence of 25% PI
concentration, ESHFLC exhibits the widest diffraction periodicity
bandwidth, corresponding to relatively lower diffraction intensity.

The diffraction pattern is likely caused by an imbalance between
anchoring energy and elastic energy. In the ESH mode, the equilibrium
between the elastic energy associated with the twisting of the FLC

helix and the normalized anchoring energy across the cell gap due to
the alignment layer allows for the external electric field to constrain
the helix cone, resulting in uniform bright and dark states
corresponding to the two polarities of the electric field applied. The
elastic constant and anchoring energy can calculated using formulas

2 Kng) . .
E,=( T )( %q” ) and 7, :ywd/4 Wy, where K>; is the elastic constant,
o ,
g, represents the wave vector of the helix, given by qup—ﬂ, and Wy
0
is the anchoring energy. In the case where PI is used as the alignment
layer at a concentration of 41%, the induced anchoring energy is
approximately a quarter of the elastic energy that this ESHFLC
possesses, leading to unexpected diffraction occurrences. To minimize
such diffraction effects, it is possible to lower the elastic energy by
altering the material's spontaneous polarization P;, thus achieving a
balance between two energies.

4. Conclusions

Overall, this PI can mitigate the industrial constraints imposed by N6
and SDI, including optical instability and environmental
unfriendliness. Moreover, when utilized as an alignment layer,
ESHFLC demonstrates excellent contrast ratio (up to 6800:1) and
response time (22 ps). Unintended diffraction effects can also be
eliminated by further adjusting the balance between anchoring energy
and elastic energy. There is potential for its application in the large-
scale production of ESH displays in the industry.
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