US 20170108751A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0108751 A1

Yoon et al.

43) Pub. Date; Apr. 20, 2017

(54)

(71)

(72)

1)

22)

(30)

Oct. 20, 2015 (KR) e 10-2015-0146225

Sep. 8, 2016  (KR) oo 10-2016-0115457

(1)

METHOD OF PRODUCING POLARIZING
LIGHT-EMITTING FILM USING
PHOTOLUMINESCENT FERROELECTRIC
LIQUID CRYSTAL MOLECULES AND
LIQUID CRYSTAL DISPLAY COMPRISING
THE SAME

Applicant: Korea Advanced Institute of Science
and Technology, Dagjeon (KR)

Inventors: Dong Ki Yoon, Daejeon (KR);
Min-Jun Gim, Daejeon (KR)

Appl. No.: 15/296,848
Filed:  Oct. 18, 2016

Foreign Application Priority Data

Publication Classification

Int. CL

GO2F 1/141 (2006.01)
GO2F 1/1333 (2006.01)
GO2F 1/1335 (2006.01)
GO2F 1/1341 (2006.01)

(52) US.CL
CPC ... GO2F I/141 (2013.01); GO2F 1/1341
(2013.01); GO2F 1/133382 (2013.01); GO2F
1/133528 (2013.01); GO2F /133509
(2013.01); GO2F 2001/13415 (2013.01)

7) ABSTRACT

The present invention relates to a method of producing a
polarizing light-emitting film using photoluminescent ferro-
electric liquid crystal molecules, and a liquid crystal display
including the polarizing light-emitting film, and more spe-
cifically, to a method of producing a polarizing light-emit-
ting film including: forming a droplet by positioning pho-
toluminescent ferroelectric liquid crystal molecules on a
substrate modified to be molecular phobic, and applying an
electric field in a horizontal direction to uniaxially orient the
liquid crystal molecules, and a liquid crystal display includ-
ing the polarizing light-emitting film.

According to the present invention, it is possible to produce
the polarizing light-emitting film in which the photolumi-
nescent ferroelectric liquid crystal molecules are uniaxially
oriented to simultaneously act as the liquid crystal layer, the
polarizing plate, and the color filter, and the liquid crystal
display including the polarizing light-emitting film is
capable of improving polarization and contrast, and imple-
menting colors even without one polarizing plate and color
filter, thereby increasing light efficiency and power efi-
ciency and reducing production cost.
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{FIG 3]
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Liguid crystal microfilament

Molecular-phobic substrate
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[FIG 9]
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METHOD OF PRODUCING POLARIZING
LIGHT-EMITTING FILM USING
PHOTOLUMINESCENT FERROELECTRIC
LIQUID CRYSTAL MOLECULES AND
LIQUID CRYSTAL DISPLAY COMPRISING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 of Korean Patent Application No. 10-2015-0146225
filed Oct. 20, 2015 and Korean Patent Application No.
10-2016-0115457 filed Sep. 8, 2016. The disclosures of such
Korean priority patent applications are hereby incorporated
herein by reference in their respective entireties, for all
purposes.

TECHNICAL FIELD

[0002] The present invention relates to a method of pro-
ducing a polarizing light-emitting film using photolumines-
cent ferroelectric liquid crystal molecules, and a liquid
crystal display including the polarizing light-emitting film,
and more specifically, to a method of producing a polarizing
light-emitting film including: forming a droplet by position-
ing photoluminescent ferroelectric liquid crystal molecules
on a substrate modified to be molecular phobic, and applying
an electric field in a horizontal direction to uniaxially orient
the liquid crystal molecules, and a liquid crystal display
including the polarizing light-emitting film.

BACKGROUND ART

[0003] Liquid crystal molecules have been widely used as
photomodulation materials due to characteristics such as a
self-assembly property, modulation of electrical and optical
properties by an external stimulation, and are materials with
functionality essential for developing organic light-related
materials in the future. Since the liquid crystal molecules
basically have a long range order, the liquid crystal mol-
ecules aligned on a physically and chemically surface-
treated substrate have an alignment effect maintained up to
relatively distant molecules. A liquid crystal structure
formed by a self-assembly phenomenon to which the long
range order of the liquid crystal molecules contributes, has
a large birefringence with regard to light, and is able to be
modulated and controlled through a relatively easy method
by applying external force such as an electric field, a
magnetic field, friction force, etc., which is widely used as
an optical material.

[0004] It was found through x-ray scattering experiment
and freeze-fracture TEM experiment (Science 301, 1204
(2003)) that ferroelectric liquid crystal molecules having
luminescence properties have a layered structure spontane-
ously formed in a nano level, the layered structure forms a
bundle of microfilaments, and crowd growth thereof forms
significantly various optical organizations. In addition, the
ferroelectric liquid crystal molecules have a fluorescence
property in a visible light region due to four benzene groups
present in the molecule, which is applicable as an optical
device having high performance with only a single mol-
ecule.

[0005] For practical application as the optical materials, a
single optical organization needs to be expressed, and uni-
axial orientation and modulation thereof are required to be
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generated. However, the existing method for controlling
liquid crystal orientation is not able to control a growth
direction of the ferroelectric liquid crystal molecules having
luminescence properties, and thus, various forms of optical
organizations and alignments are not able to be achieved.
Accordingly, there is difficulty in using the ferroelectric
liquid crystal molecule as the optical material.

[0006] The existing related arts, Korean Patent No.
10-1176654 suggests a method of adding the fluorescence
property through a process with a different form of organic
liquid-crystal molecules in order to use the ferroelectric
liquid crystal molecules for an optical device, and Korean
Patent No. 10-1174749 describes a method of mixing dye
with a liquid crystal compound and a method of forming a
polymer film including a dichroic light-absorbing guest by
polymerizing the liquid crystal molecules in order to impart
a color developing property to the liquid crystal layer
forming the optical device. However, those techniques are
the method of mixing the liquid crystal molecules or the dye,
or the method of polymerizing the liquid crystal molecules
for the orientation and the luminescence propetrties of the
liquid crystal molecules, which have a problem in that
intrinsic characteristics of the liquid crystal are inhibited by
the dye which is a light-emitting material, or production
processes such as a polymerization reaction of the organic
liquid crystal molecules need to be added.

[0007] Therefore, the present inventors made an effort to
develop a method of using the photoluminescent ferroelec-
tric liquid crystal molecules for the liquid crystal display,
and as a result, found that when a droplet of the ferroelectric
liquid crystal molecules was formed on a substrate modified
to be molecular phobic, and an electric field in a horizontal
direction was applied, a polarizing light-emitting film in
which the ferroelectric liquid crystal molecules are uniaxi-
ally oriented was able to be produced, and further, when the
produced polarizing light-emitting film was used, the liquid
crystal display was capable of being implemented even
without one polarizing plate and color filter, and completed
the present invention.

RELATED ART DOCUMENT

[0008] (Patent Document 1) Korean Patent No. KR
10-1176654

(Patent Document 2) Korean Patent No. KR. 10-1174749
DISCLOSURE

Technical Problem

[0009] An object of the present invention is to provide a
method of producing a polarizing light-emitting film com-
prises: (a) modifying a substrate surface to be molecular
phobic; (b) forming a droplet of photoluminescent ferro-
electric liquid crystal molecules on the modified substrate
surface; and (c) applying an electric field in a horizontal
direction while cooling the droplet thereby uniaxially ori-
enting the liquid crystal molecules.

[0010] In addition, another object of the present invention
is to provide a liquid crystal display comprising: a light
generator; a polarizer; and a polarizing light-emitting film,
wherein the polarizing light-emitting film includes uniaxi-
ally oriented photoluminescent ferroelectric liquid crystal
molecules.
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Technical Solution

[0011] In order to achieve the foregoing objects, the pres-
ent invention provides a method of producing a polarizing
light-emitting film comprises: (a) modifying a substrate
surface to be molecular phobic; (b) forming a droplet of
photoluminescent ferroelectric liquid crystal molecules on
the modified substrate surface; and (c) applying an electric
field in a horizontal direction while cooling the droplet
thereby uniaxially orienting the liquid crystal molecules.
[0012] The modifying of the substrate surface to be
molecular phobic may use at least one selected from the
group consisting of a self-assembled monolayer (SAM)
technique, a Teflon coating method, and a vertical alignment
polyimide film coating method.

[0013] The self-assembled monolayer (SAM) technique
may use at least one selected from the group consisting of
FOTS (fluorinated tri-decafluoro-1,1,2,2-tetrahydrooctyl-
trichlorosilane), SiO_ (where x is 0<x<2), and DMOAP
(dimethyloctadecyl[3-(trimethoxysilyl )propyllammonium
chloride).

[0014] The droplet of the photoluminescent ferroelectric
liquid crystal molecules may be formed on the substrate
surface heated above an isotropic phase temperature.
[0015] The photoluminescent ferroelectric liquid crystal
molecule may be 4-[(2-hydroxy-4-tetradecyloxy-ben-
zylidene)-amino]-benzoic acid 3-[(2-hydroxy-4-tetradecy-
loxy-benzylidene)-amino]-phenyl ester.

[0016] A layer plane of the liquid crystal molecules in the
droplet may be parallel to the substrate.

[0017] A bent direction of the liquid crystal molecules in
the droplet may be oriented parallel to a direction of the
applied electric field direction.

[0018] In addition, the present invention also provides a
liquid crystal display comprising: a light generator; polar-
izer; and a polarizing light-emitting film, wherein the polar-
izing light-emitting film includes uniaxially oriented pho-
toluminescent ferroelectric liquid crystal molecules.

[0019] The polarizing light-emitting film may absorb
ultraviolet rays and emit visible light.

[0020] The polarizing light-emitting film may emit at least
one light selected from the group consisting of red light,
green light, and blue light.

[0021] A luminescence intensity of the polarizing light-
emitting film may be adjusted depending on an electric field
intensity.

[0022] An arrangement direction of the photoluminescent
ferroelectric liquid crystal molecules may be changed
depending on the electric field intensity.

[0023] The photoluminescent ferroelectric liquid crystal
molecule may be 4-[(2-hydroxy-4-tetradecyloxy-ben-
zylidene)-amino]-benzoic acid 3-[(2-hydroxy-4-tetradecy-
loxy-benzylidene)-amino]-phenyl ester.

DESCRIPTION OF DRAWINGS

[0024] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0025] FIG. 1 illustrates a configuration of a liquid crystal
display according to the present invention and a configura-
tion of the existing liquid crystal display, and light trans-
mittance thereof.
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[0026] FIG. 2 illustrates a plane of a layered structure
formed of photoluminescent ferroelectric liquid crystal mol-
ecules.

[0027] FIG. 3 shows optical structures observed by a
polarization microscope, including (a) an optical structure
observed by a polarization microscope when the photolu-
minescent ferroelectric liquid crystal molecules are
expressed between molecular-philic substrates, and (b) an
optical structure observed by the polarization microscope
when the photoluminescent ferroelectric liquid crystal mol-
ecules are expressed between molecular-phobic substrates.
[0028] FIG. 4 illustrates a microfilament structure forming
an inner part of a droplet of the liquid crystal molecules
formed on the molecular-phobic substrate.

[0029] FIG. 5 illustrates a process in which the photolu-
minescent ferroelectric liquid crystal molecules form an
orientation by an electric field to be applied.

[0030] FIG. 6 illustrates properties of the photolumines-
cent ferroelectric liquid crystal molecules that are changed
depending on temperature.

[0031] FIG. 7 shows the high degree of unity axial orien-
tation that is obtainable for liquid crystal molecules, as
illustrated by (a) a liquid crystal structure uniaxially oriented
by an electric field applied in a horizontal direction observed
by a polarizing microscope, (b) a schematic diagram of the
microfilament structure forming orientation in an electric
field direction inside the droplet, and (c) the liquid crystal
molecules forming the microfilament.

[0032] FIG. 8 shows optical microscopic images of light-
emitting films, including (a) an optical microscopic image
when an electric field direction and an incident light direc-
tion of a polarizing light-emitting film in which the pho-
toluminescent ferroelectric liquid crystal molecules are uni-
axially oriented are perpendicular, and (b) an optical
microscopic image when the electric field direction and the
incident light direction of the polarizing light-emitting film
in which the photoluminescent ferroelectric liquid crystal
molecules are uniaxially oriented are parallel.

[0033] FIG. 9 illustrates an electrode to which the electric
field is applied.
[0034] FIG. 10 illustrates change in luminescence inten-

sity depending on intensity of the electric field applied to the
polarizing light-emitting film, for applied voltages of (a) 200
V, (b) 180V, (¢) 160 V, and (d) 140 V.

BEST MODE

[0035] Unless defined otherwise, all the technical and
scientific terms used herein have the same meanings as those
generally understood by persons skilled in the art to which
the present invention pertains. Generally, the nomenclature
used herein are well known and commonly employed in the
art.

[0036] The present inventors made an effort to develop a
method of using photoluminescent ferroelectric liquid crys-
tal molecules for a liquid crystal display, and as a result,
found that when a droplet of the ferroelectric liquid crystal
molecules was formed on a substrate modified to be molecu-
lar phobic, and an electric field in a horizontal direction was
applied, a polarizing light-emitting film in which the ferro-
electric liquid crystal molecules are uniaxially oriented was
able to be produced, and further, when the produced polar-
izing light-emitting film was used, the liquid crystal display
was capable of being implemented even without one polar-
izing plate and color filter.
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[0037] An object of the present invention is to provide a
liquid crystal display comprising: a light generator; a polat-
izer; and a polarizing light-emitting film, wherein the polar-
izing light-emitting film includes uniaxially oriented pho-
toluminescent ferroelectric liquid crystal molecules. In
addition, the liquid crystal display sequentially includes the
light generator, the polarizer, and the polarizing light-emit-
ting film including the uniaxially oriented photoluminescent
ferroelectric liquid crystal molecules, such that light passing
through the polarizer from the light generator arrives at the
polarizing light-emitting film.

[0038] In the present invention, the liquid crystal display
substitutes a liquid crystal layer, an analyzer, and a color
filter of the light generator, which are components of the
existing liquid crystal display, with the polarizing light-
emitting film in which the liquid crystal molecules are
uniaxially oriented, as illustrated in FIG. 1. The polarizing
light-emitting film, which is a polarizing light-emitting film
specifically produced by uniaxially orienting the ferroelec-
tric liquid crystal molecules having the luminescence prop-
erties, has polarization and luminescence properties by uni-
axially orienting the liquid crystal molecules in a direction
of the electric field to be applied, and simultaneously acts as
the liquid crystal layer that controls light phase, as the
analyzer that adjusts light transmittance with regard to the
controlled phase, and as the color filter that implements
colors in the existing liquid crystal display. The existing
liquid crystal display has 8% light transmittance while
passing light through the polarizer, the liquid crystal layer,
the analyzer, and the color filter, wherein the light is pro-
duced from the light generator. However, the liquid crystal
display including the polarizing light-emitting film simulta-
neously acting as the liquid crystal layer, the analyzer, and
the color filter according to the present invention includes
the light generator, the polarizer, and the polarizing light-
emitting film to have about 35% light transmittance. Since
light efficiency and power efficiency are high as the light
transmittance increases, the liquid crystal display of the
present invention has high light efficiency and power effi-
ciency as compared to the existing liquid crystal displays.

[0039] In the present invention, the light generator serves
to illuminate the liquid crystal display by irradiating light,
and is a light source device having a wavelength band of 400
nm or less that is a light absorption region of the photolu-
minescent ferroelectric liquid crystal molecules. Specifi-
cally, the light generator may be light sources known in the
art, for example, a hot cathode fluorescent lamp (HCFL), a
cold cathode fluorescent lamp (CCFL), an external electrode
fluorescent lamp (EEFL), a light emitting diode (LED), etc.,
but is not limited thereto.

[0040] In the present invention, the polarizer means a
lower polarizing plate, specifically, a polarizing plate posi-
tioned at a light source side on the basis of the liquid crystal
layer (the polarizing light-emitting film in the present inven-
tion). The polarizer is not limited as long as it is able to
convert the light from the light source into linearly polarized
light, and for example, may be a general polyvinyl alcohol
(PVA)-based polarizer, or may be provided with a protective
layer or a protective film on a polarizing coating layer or one
surface.

[0041] In the present invention, the photoluminescent fer-
roelectric liquid crystal molecules absorb light of the light
source to perform photoluminescence, thereby representing
colors, and specifically, may emit at least one light of red
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light, green light and blue light. The liquid crystal display of
the present invention may variously dispose the photolumi-
nescent ferroelectric liquid crystal molecules to implement
RGB color, and thus, the colors may be implemented even
without the color filter. A light absorption wavelength of the
photoluminescent ferroelectric liquid crystal molecule is
preferably UV wavelength of 365 to 390 nm, and a light
emission wavelength thereof is preferably a visible light
wavelength of 400 to 650 nm, but the light absorption
wavelength and the light emission wavelength are not lim-
ited thereto.

[0042] The photoluminescent ferroelectric liquid crystal
molecule is a ferroelectric liquid crystal molecule having
photoluminescence, and may be 4-[(2-hydroxy-4-tetradecy-
loxy-benzylidene)-amino]-benzoic acid 3-[(2-hydroxy-4-
tetradecyloxy-benzylidene)-amino]-phenyl ester, but is not
limited thereto.

[0043] The photoluminescent ferroelectric liquid crystal
molecules are uniaxially oriented. By uniaxially orienting
the photoluminescent ferroelectric liquid crystal molecules,
light from the light source may be linearly polarized light to
serve as an upper polarizing plate, and even without the
upper polarizing plate, a real black may be implemented. In
the photoluminescent ferroelectric liquid crystal molecules,
an arrangement direction may be changed depending on an
electric field intensity to be applied, and thus, luminescence
intensity of the polarizing light-emitting film may be
adjusted.

[0044] The photoluminescent ferroelectric liquid crystal
molecule has a physical-chemical property in which they are
slightly tilted from the molecular long axis and they form a
layered structure, such that in order to relieve steric hin-
drance that spontaneously occurs between the adjacent lig-
uid crystal molecules, the photoluminescent ferroelectric
liquid crystal molecules have a spread form in a specific
unit, and form the layered structure having a wave-shaped
undulation at an interface that may conflict between com-
munities. A direction of an overall dipole moment of groups
forming polarity in the molecules forming the layered struc-
ture matches a polarity director which is a side at which the
liquid crystal molecules are bent, wherein when the electric
field is applied, the liquid crystal molecules have polariza-
tion in the molecules by the electric field, and thus, the liquid
crystal molecules have a specific orientation while rotating
along the electric field direction. The liquid crystal mol-
ecules forming the layered structure rotate in a cone shape
on the basis of a vertical direction axis of layers so that a
direction in which the molecules are bent parallel to the
electric field direction, such that the liquid crystal molecules
form uniaxial orientation in the electric field direction. In
addition, the orientation direction is changed depending on
the electric field intensity to be applied, such that light
absorption amount to be irradiated from the light source may
be changed, and thus, photoluminescence intensity may be
adjusted. For example, light incident in a direction perpen-
dicular to the electric field may be maximally absorbed and
emitted, and light incident in a direction parallel to the
electric field may be minimally absorbed and emitted.
[0045] More specifically, as the electric field intensity to
be applied is increased, an alignment degree of the mol-
ecules in an electric field direction is high, such that an
absorption axis of the lower polarizing plate matches a
direction in which the molecules are oriented (the absorption
axis of the lower polarizing plate matches a direction in
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which the molecules are bent), and thus, a degree at which
the liquid crystal molecules absorb light from the light
source may be high, such that high photoluminescence may
be represented. On the contrary, as the electric field intensity
is decreased, the alignment degree of the molecules is low,
which makes a relatively disordered state, and accordingly,
the degree at which the liquid crystal molecules absorb light
from the light source, and a photoluminescence degree are
reduced, which may express dark.

[0046] In addition, another object of the present invention
is to provide a method of a polarizing light-emitting film
comprises: (a) modifying a substrate surface to be molecular
phobic; (b) forming a droplet of photoluminescent ferro-
electric liquid crystal molecules on the modified substrate
surface; and (c) applying an electric field in a horizontal
direction while cooling the droplet thereby uniaxially ori-
enting the liquid crystal molecules.

[0047] In the present invention, the substrate may be
formed of silicon dioxide (SiO,), but is not limited thereto.
For example, plastic, glass, metals, metal oxides, carbon
materials, etc., may be used for the substrate.

[0048] In the present invention, in order to control a
growth direction of the liquid crystal molecule and to
express a single optical organization, it is preferred to
modify the substrate to be molecular phobic.

[0049] In the present invention, in order to control the
growth direction of the liquid crystal molecule and to
express the single optical organization, in step (a), the
substrate is modified to be molecular phobic by using a
self-assembled monolayer (SAM) technique, but is not
limited thereto. For example, a Teflon coating method or a
vertical alignment polyimide film coating method may be
used.

[0050] The self-assembled monolayer (SAM) technique is
a system of controlling interfacial properties of a metal, a
metal oxide and a semiconductor, and is a technique in
which an organic assembly formed by adsorption of molecu-
lar construct from a solution phase or a gas phase is
spontaneously aligned in a crystal structure to generate a
defined organic surface having useful, changeable and
chemical functionality at the exposed interface.

[0051] Further, the self-assembled monolayer (SAM)
technique may expose the substrate to oxygen plasma so that
a functional group of the substrate surface is substituted with
a hydroxyl group, followed by forming covalent bond
between the functional group of the substrate surface and
perfluorooctyltrichlorosilane (FOTS) molecules to modify
the substrate, but the self-assembled monolayer (SAM)
technique is not limited thereto. For example, SiO, (x is
0<x<2), and dimethyloctadecyl][3-(trimethoxysilyl)propyl]
ammonium chloride (DMOAP) may be used.

[0052] When the fluorinated tri-decafluoro-1,1,2,2-tetra-
hydrooctyl-trichlororosilane (FOTS) molecules are physi-
cally deposited on the substrate surface substituted with the
hydroxyl group, and then, heat is applied to the substrate, the
hydroxyl group of the substrate surface and a silane group of
the FOTS molecule form a covalent bond to be uniformly
assembled on the substrate surface. The hydroxyl group and
SiCl; of the perfluorooctyltrichlorosilane (FOTS) molecule
are uniformly assembled on the substrate surface, such that
the substrate surface is modified to be molecular phobic
having a low affinity with other molecules.

[0053] When the SiO, molecules are physically deposited
on the substrate surface substituted with the hydroxyl group,
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and then, heat is applied to the substrate, the hydroxyl group
of the substrate surface and Si of the SiO, molecules form a
covalent bond to form a silicon oxide film, and the mol-
ecules are physically deposited on the substrate surface
substituted with the hydroxyl group, and then, heat is
applied to the substrate, hydrogen (H) of the hydroxyl group
of the substrate surface is combined with chlorine (Cl) of
dimethyloctadecyl[3-(trimethoxysilyl)propyl|ammonium
chloride to remove hydrogen chloride (HC1), and oxygen
(O) remaining on the substrate surface is combined with N
of the DMOAP to form a film, and thus, the substrate is
modified to be molecular phobic.

[0054] The Teflon coating method is a technique of form-
ing a film by coating a Teflon material basically representing
a molecular phobic property in most materials on the sub-
strate in the presence of a solvent, and the vertical alignment
polyimide film coating method is a technique of forming a
polyimide film by coating a long alkyl chain of polyimide
having a vertically aligned component on the substrate.
[0055] In the present invention, the photoluminescent fer-
roelectric liquid crystal molecule has a self-assembly prop-
erty and a modulation property of electrical and optical
properties by an external stimulation, and has a fluorescence
property in a visible light region due to a benzene group
included in the molecule. Further, the photoluminescent
ferroelectric liquid crystal molecule has a physical-chemical
property in which they are slightly tilted from the molecular
long axis and they form a layered structure. Upon observing
the layered structure formed of the photoluminescent ferro-
electric liquid crystal molecules as a plane image, in order
to relieve steric hindrance that spontaneously occurs
between the adjacent liquid crystal molecules, the photolu-
minescent ferroelectric liquid crystal molecules distribute in
a specific unit, and form the layered structure having a
wave-shaped undulation at an interface that may conflict
between communities as illustrated in FIG. 2. Structural
analysis of the unique layered structure was found through
x-ray scattering experiment and freeze-fracture TEM experi-
ment (Science 301, 1204 (2003)), and the layered structure
spontaneously formed at a nano level forms a bundle of
microfilaments, and crowd growth thereof forms signifi-
cantly various optical organizations. When the photolumi-
nescent ferroelectric liquid crystal molecules express a lig-
uid crystal phase between two molecular-philic substrates, a
layer plane is perpendicular to the substrate, but the growth
direction of the liquid crystal layer may not be controlled,
such that various types of optical organizations are
expressed as illustrated in panel (a) of FIG. 3, and when the
photoluminescent ferroelectric liquid crystal molecules
express a liquid crystal phase between two molecular-phobic
substrates, the layer plane is parallel to the substrate, and the
single optical organization is expressed as illustrated in
panel (b) of FIG. 3.

[0056] In order to use the photoluminescent ferroelectric
liquid crystal molecule as a substantial optical material, the
growth direction of the photoluminescent ferroelectric liquid
crystal molecule should be controlled, and a single optical
organization needs to be expressed, and thus, the droplet of
the liquid crystal molecules needs to be formed on the
molecular phobic substrate.

[0057] In the present invention, in order to control the
growth direction of the liquid crystal molecule and to
uniaxially orient the droplet expressing the single optical
organization, in step (b). the modified substrate surface is
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heated above an isotropic phase temperature and the droplet
is formed thereon. The isotropic phase temperature is an
isotropic phase temperature of the photoluminescent ferro-
electric liquid crystal molecule, and in the method of the
present invention, the modified substrate surface is heated
above the isotropic phase temperature. For example, a
temperature at which the modified substrate surface is
heated may be 1 to 100° C., and more specifically, 1 to 50°
C. higher than the isotropic phase temperature, but the
temperature is not limited thereto.

[0058] In the present invention, the photoluminescent fer-
roelectric liquid crystal molecule is a ferroelectric liquid
crystal molecule having photoluminescence, and may be
4-[(2-hydroxy-4-tetradecyloxy-benzylidene)-amino|-ben-
zoic acid  3-[(2-hydroxy-4-tetradecyloxy-benzylidene)-
amino|-phenyl ester, but is not limited thereto.

[0059] When the droplet of the liquid crystal molecule is
formed on the substrate modified to be molecular phobic, the
layer plane of the liquid crystal molecules is parallel to the
substrate, and as illustrated in FIG. 4, a bundle of filaments
forming the micro level of single optical organization is
formed.

[0060] In the present invention, in step (c), the electric
field in a horizontal direction is applied while cooling the
droplet to orient the liquid crystal molecules. The direction
of the overall dipole moment of the groups forming polarity
in the molecules forming the layered structure matches the
polarity director which is a side at which the liquid crystal
molecules are bent, which indicates that when the electric
field is applied, the polarity director of the liquid crystal
molecules has an orientation in the electric field direction.
[0061] The liquid crystal molecules forming the droplet
have polarization in the molecules by the electric field, and
thus, the liquid crystal molecules have a specific orientation
while rotating along the electric field direction. When the
electric field in the horizontal direction is applied to the
droplet of the liquid crystal molecules formed on the sub-
strate modified to be molecular phobic, as illustrated in FIG.
5, the liquid crystal molecules that are tilted at a predeter-
mined angle to form the layered structure rotate in a cone
shape on the basis of the vertical direction axis of layers so
that the direction in which the liquid crystal molecules are
bent matches the electric field direction, such that the liquid
crystal molecules form uniaxial orientation in the electric
field direction. When the electric field in the horizontal
direction is applied to the droplet formed on the substrate
surface, the liquid crystal molecules in the droplet is uni-
axially oriented in the direction of the electric field in the
horizontal direction, and thus, a uniaxially oriented dichroic
polarizing light-emitting film is obtainable.

[0062] In the present invention, it is preferred that the
electric field in the horizontal direction is applied while
cooling the droplet of the liquid crystal molecules formed on
the substrate modified to be molecular phobic at a prede-
termined speed from the isotropic phase temperature up to a
temperature for expressing the liquid crystal phase. As
illustrated in FIG. 6, the liquid crystal molecules express the
liquid crystal phase between the isotropic phase temperature
and a crystalline temperature. When the droplet is formed at
a temperature above the isotropic phase temperature having
a low crowd degree, and the electric field in the horizontal
direction is applied while cooling the droplet at a predeter-
mined speed of 1° C./min or less, the liquid crystal mol-
ecules have an orientation force from a stage in which the
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layered structure is spontaneously formed while represent-
ing the liquid crystal phase, and thus, a high degree of
uniaxial orientation is obtainable as illustrated in FIG. 7.
[0063] FIG. 7 shows the high degree of unity axial orien-
tation that is obtainable for liquid crystal molecules, as
illustrated by (a) a liquid crystal structure uniaxially oriented
by an electric field applied in a horizontal direction observed
by a polarizing microscope, (b) a schematic diagram of the
microfilament structure forming orientation in an electric
field direction inside the droplet, and (c) the liquid crystal
molecules forming the microfilament.

[0064] In the present invention, the uniaxially oriented
liquid crystal molecules represent strong light absorption
and strong light emission in a uniaxial direction. As illus-
trated in FIG. 8, the uniaxially oriented liquid crystal mol-
ecules maximally absorb and emit light when the electric
field direction is perpendicular to the incident light direction,
and on the contrary, the uniaxially oriented liquid crystal
molecules minimally absorb and emit light when the electric
field direction is parallel to the incident light direction. The
liquid crystal molecules have a fluorescence property in a
visible light region due to four benzene groups, and a
fluorescence axis matches a direction in which the molecules
are tilted. Therefore, the fluorescence axis of the liquid
crystal molecules forming the layered structure in the ver-
tical direction and uniaxially oriented in the direction of the
electric field in the horizontal direction represents (dichroic)
polarization and luminescence property showing light emis-
sion only in the uniaxial direction, which exhibits strong
light absorption and strong light emission in the direction
perpendicular to the electric field direction, and the mini-
mum light absorption and light emission in the direction
parallel to the electric field direction.

[0065] FIG. 8 thus shows (a) an optical microscopic image
when an electric field direction and an incident light direc-
tion of a polarizing light-emitting film in which the pho-
toluminescent ferroelectric liquid crystal molecules are uni-
axially oriented are perpendicular, and (b) an optical
microscopic image when the electric field direction and the
incident light direction of the polarizing light-emitting film
in which the photoluminescent ferroelectric liquid crystal
molecules are uniaxially oriented are parallel.

[0066] In the present invention, for the electric field in the
horizontal direction, electrodes having a interdigitated struc-
ture are used as illustrated in FIG. 9. The electrode may be
formed of indium tin oxide (ITO), but is not limited thereto.
For example, the electrode may be formed of a metal having
conductivity such as gold, copper, etc., an oxide, etc.
[0067] The electric field in the horizontal direction is an
electric field applied between the interdigitated electrodes.
The electric field is preferably applied with an alternating
voltage having a frequency of 100 Hz or less.

[0068] The polarizing light-emitting film of the present
invention consists of only single liquid crystal molecules to
rapidly react to light and electric field, and thus, high-speed
modulation of the polarization in real time is able to be
performed. Further, in the polarizing light-emitting film of
the present invention, as the electric field intensity is
increased, the luminescence intensity is also increased as
illustrated in FIG. 10, such that the luminescence intensity
may be easily controlled only by adjusting the electric field.
FIG. 10 illustrates change in luminescence intensity for
applied electric field voltages of (a) 200V, (b) 180 V, (c) 160
V, and (d) 140 V.
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[0069] The polarizing light-emitting film of the present
invention may simultaneously perform the light modulation
role in which the film rapidly reacts to perform the high-
speed modulation of the polarization, and the (dichroic)
polarization and luminescence role in which the film maxi-
mally absorbs and emits light perpendicular to the electric
field, and minimally absorbs and emits light parallel to the
electric field, and a color reproduction role through the light
modulation without the color filter. Since the polarizing
light-emitting film of the present invention simultaneously
acts as the liquid crystal layer that controls light phase, as the
polarizing plate that adjusts light transmittance with regard
to the controlled phase, and as the color filter that imple-
ments colors, when the polarizing light-emitting film is used
for the liquid crystal display, the liquid crystal layer, the
analyzer, and the color filter that are structural elements of
the existing liquid crystal display may be substituted with
the polarizing light-emitting film to increase light efficiency
and power efficiency of the liquid crystal display.

[0070] Hereinafter, the following Examples of the present
disclosure will be described in more detail. These Examples
are provided only to illustrate the present invention and it
will be apparent to those skilled in the art that they should
not be construed as limiting the scope of the present disclo-
sure.

Example 1

Modification of Substrate Surface to be Molecular
Phobic

[0071] In order to prepare a substrate surface consisting of
indium tin oxide (an electrode part of a crosslinking struc-
ture) and silicon dioxide to be a chemically active state in
which the substrate is capable of forming a covalent bond
with organic molecules, the substrate was washed with
tertiary distilled water (183 MQ/cm, Human Corp.),
acetone (SAMCHUN Chemical), ethyl alcohol (SAMC-
HUN Chemical). The washed surface substrate was exposed
to oxygen plasma (100 W, running time 2 min) so that an
oxide functional group was substituted with a hydroxyl
group to be exposed to the surface. The substrate of which
the surface was substituted with the hydroxyl group was put
into 2 ml vial, and the vial together with the substrate was
sealed in a vacuum state, and exposed for 1 hour so that
perfluorooctyltrichlorosilane (FOTS, Gelest) molecules
were physically deposited on the substrate surface. The
physically deposited substrate was taken out, and was main-
tained for 1 hour at 120° C. for a chemical bond between a
silane group of the FOTS molecule and the hydroxyl group
of the substrate surface to modify the substrate surface to be
molecular phobic.

[0072] Formation of Uniaxially Oriented Liquid Crystal
Film
[0073] The substrate surface modified to be molecular

phobic was placed onto a heated stage (Linkam ['TS420)
heated above an isotropic phase temperature (114° C.), and
a droplet of 4-[(2-hydroxy-4-tetradecyloxy-benzylidene)-
amino]-benzoic acid 3-[(2-hydroxy-4-tetradecyloxy-ben-
zylidene)-amino]-phenyl ester which is a photoluminescent
ferroelectric liquid crystal molecule was formed on the
substrate. In order to form a large area of self-assembly, an
electric field in a horizontal direction was applied while
cooling the droplet at a uniform cooling rate (0.01° C./min)
using a thermostat (Linkam TMS94). For the self-assembly

Apr. 20,2017

of the uniaxially aligned liquid crystal molecules, the elec-
tric field, 200V at 30 Hz, was applied by using a function
generator (Agilent 33210A) while cooling the droplet.
[0074] As illustrated in panel (a) of FIG. 7, it was con-
firmed that lamellar liquid crystal molecules formed through
self-assembly by the electric field in the horizontal direction
applied during the cooling, formed uniaxial orientation in
the electric field direction. As illustrated in panels (a) and (b)
of FIG. 8, dichroic polarizing luminescence characteristics
of a dichroic polarizing light-emitting film were confirmed
by irradiating light on the liquid crystal film in which the
liquid crystal molecules were uniaxially oriented, in a pet-
pendicular direction and in a horizontal direction of the
electric field. Further, as illustrated in panels (a) to (d) of
FIG. 10, light intensity that was adjusted depending on
electric field intensity in the dichroic polarizing light-emit-
ting film produced as above was confirmed.

Example 2

[0075] A transparent substrate forming an upper plate with
a TFT substrate was produced by a TFT forming process.
The produced TFT substrate and the transparent substrate
were washed with tertiary distilled water (18.3 MQ/cm,
Human Corp.), acetone (SAMCHUN chemical), ethyl alco-
hol (SAMCHUN chemical), and exposed to oxygen plasma
(100 W, running time 2 min) so that an oxide functional
group was substituted with a hydroxyl group to be exposed
to the surface. The substrate of which the surface was
substituted with the hydroxyl group was put into 2 ml vial,
and the vial together with the substrate was sealed in a
vacuum state, and exposed for 1 hour so that perfluorooc-
tyltrichlorosilane (FOTS, Gelest) molecules were physically
deposited on the substrate surface. The physically deposited
substrate was taken out, and was maintained for 1 hour at
120° C. for a chemical bond between a silane group of the
FOTS molecule and the hydroxyl group of the substrate
surface to modify the substrate surface to be molecular
phobic.

[0076] The substrate surface modified to be molecular
phobic was placed onto a heated stage (Linkam [TS420)
heated above an isotropic phase temperature (114° C.), and
ferroelectric liquid crystal molecules such as 4-[(2-hydroxy-
4-tetradecyloxy-benzylidene)-amino|-benzoic acid 3-[(2-
hydroxy-4-tetradecyloxy-benzylidene)-amino|-phenyl ester,
etc., having luminescence property that represents different
color luminescence for each independent pixel formed by
using a black matrix on the substrate were injected using an
inkjet printing technique to form a droplet. In order to form
a large area of self-assembly, an electric field in a horizontal
direction, 200V at 30 Hz, was applied by using a function
generator (Agilent 33210A) while cooling the droplet at a
uniform cooling rate (0.01° C./min) using a thermostat
(Linkam TMS94). Then, a liquid crystal display was pro-
duced by performing a module process for attaching a
circuit, a polarizer, and a light source. As a result, it could be
confirmed that light transmittance of the liquid crystal
display of the present invention was about four times higher
than that of the existing liquid crystal display. In addition, it
could be confirmed that color could be implemented without
the upper polarizing plate and the color filter.

[0077] According to the present invention, it is possible to
produce the polarizing light-emitting film in which the
photoluminescent ferroelectric liquid crystal molecules are
uniaxially oriented to simultaneously act as the liquid crystal
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layer, the polarizing plate, and the color filter, and the liquid
crystal display including the polarizing light-emitting film is
capable of improving polarization and contrast, and imple-
menting colors even without one polarizing plate and color
filter, thereby increasing light efliciency and power effi-
ciency and reducing production cost.

[0078] The present invention has been described in detail
based on particular features thereof, and it is obvious to
those skilled in the art that these specific technologies are
merely preferable embodiments and thus the scope of the
present invention is not limited to the embodiments. There-
fore, the substantial scope of the present invention is defined
by the accompanying claims and equivalent thereof.

1. A method of producing a polarizing light-emitting film
comprises:

(a) modifying a substrate surface to be molecular phobic;

(b) forming a droplet of photoluminescent ferroelectric

liquid crystal molecules on the modified substrate sut-
face; and

(¢) applying an electric field in a horizontal direction

while cooling the droplet thereby uniaxially orienting
the liquid crystal molecules.

2. The method of claim 1, wherein the modifying of the
substrate surface to be molecular phobic uses at least one
selected from the group consisting of a self-assembled
monolayer (SAM) technique, a Teflon coating method, and
a vertical alignment polyimide film coating method.

3. The method of claim 2, wherein the self-assembled
monolayer (SAM) technique uses at least one selected from
the group consisting of FOTS (fluorinated tri-decafluoro-1,
1,2,2-tetrahydrooctyl-trichlorosilane), SiOx (where x is
0<x<2), and DMOAP (dimethyloctadecyl|3-(trimethoxysi-
lyDpropylJammonium chloride).

4. The method of claim 1, wherein the droplet of the
photoluminescent ferroelectric liquid crystal molecules is
formed on the substrate surface heated above an isotropic
phase temperature.

Apr. 20,2017

5. The method of claim 1, wherein the photoluminescent
ferroelectric liquid crystal molecule is 4-[(2-hydroxy-4-
tetradecyloxy-benzylidene)-amino]-benzoic acid 3-[(2-hy-
droxy-4-tetradecyloxy-benzylidene)-amino|-phenyl ester.

6. The method of claim 1, wherein a layer plane of the
liquid crystal molecules in the droplet is parallel to the
substrate.

7. The method of claim 1, wherein a bent direction of the
liquid crystal molecules in the droplet is oriented parallel to
a direction of the applied electric field direction.

8. A liquid crystal display comprising:

a light generator;

a polarizer; and

a polarizing light-emitting film prepared by the method of

claim 1.

9. The liquid crystal display of claim 8, wherein the
polarizing light-emitting film absorbs ultraviolet rays and
emits visible light.

10. The liquid crystal display of claim 8, wherein the
polarizing light-emitting film emits at least one light selected
from the group consisting of red light, green light, and blue
light.

11. The liquid crystal display of claim 8, wherein a
luminescence intensity of the polarizing light-emitting film
is adjusted depending on an electric field intensity.

12. The liquid crystal display of claim 8, wherein an
arrangement direction of the photoluminescent ferroelectric
liquid crystal molecules is changed depending on the electric
field intensity.

13. The liquid crystal display of claim 8, wherein the
photoluminescent ferroelectric liquid crystal molecule is
4-[(2-hydroxy-4-tetradecyloxy-benzylidene)-amino|-ben-
zoic acid  3-[(2-hydroxy-4-tetradecyloxy-benzylidene)-
amino|-phenyl ester.
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