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(54) OPTICAL DEVICE

(57) The present application relates to an optical de-
vice. The present application provides an optical device
capable of varying transmittance, and such an optical
device can be used for various applications such as eye-

wear, for example, sunglasses or AR (augmented reality)
or VR (virtual reality) eyewear, an outer wall of a building
or a sunroof for a vehicle.
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Description

Technical Field

[0001] This application claims the benefit of priority based on Korean Patent Application No. 10-2017-0053017 filed
on April 25, 2017, the disclosure of which is incorporated herein by reference in its entirety.
[0002] The present application relates to an optical device.

Background Art

[0003] Various optical devices are known, which are designed so that transmittance can be varied using liquid crystal
compounds.
[0004] For example, variable transmittance devices using a so-called GH cell (guest host cell), to which a mixture of
a host material and a dichroic dye guest is applied, are known.
[0005] Such variable transmittance devices are applied to various applications including eyewear such as sunglasses
and eyeglasses, outward walls of a building or sunroofs of a vehicle, and the like.

Disclosure

Technical Problem

[0006] The present application provides an optical device.

Technical Solution

[0007] The present application is an optical device capable of adjusting transmittance, which relates to, for example,
an optical device capable of switching at least between a transparent mode and a black mode.
[0008] The transparent mode is a state where the optical device exhibits a relatively high transmittance, and the black
mode is a state where the optical device exhibits a relatively low transmittance.
[0009] In one example, the optical device may have a transmittance in the transparent mode of about 15% or more,
about 20% or more, about 25% or more, about 30% or more, about 35% or more, about 40% or more, about 45% or
more, or about 50% or more. Also, the optical device may have a transmittance in the black mode of about 20% or less,
about 15% or less, about 10% or less, about 5% or less, about 3% or less, about 1% or less, or about 0.8% or less or so.
[0010] The higher the transmittance in the transparent mode is, the more advantageous it is, and the lower the trans-
mittance in the black mode is, the more advantageous it is, so that each of the upper limit and the lower limit is not
particularly limited. In one example, the upper limit of the transmittance in the transparent mode may be about 100%,
about 95%, about 90%, about 85%, about 80%, about 75%, about 70%, about 65%, about 60%, about 55%, about 50%,
about 45%, about 40%, about 35%, about 30%, or about 25% or so. The lower limit of the transmittance in the black
mode may be about 0%, about 0.5%, about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about
8%, about 9%, or about 10% or so.
[0011] The transmittance may be a linear light transmittance. The term linear light transmittance may be a ratio of,
relative to light which is incident on the optical device in a predetermined direction, light (linear light) transmitted through
the optical device in the same direction as the incident direction. In one example, the transmittance may be a result of
measurement (normal light transmittance) with respect to light incident in a direction parallel to the surface normal of
the optical device.
[0012] In the optical device of the present application, the light whose transmittance is controlled may be UV-A region
ultraviolet light, visible light or near-infrared light. According to a commonly used definition, the UV-A region ultraviolet
light is used to mean radiation having a wavelength in a range of 320 nm to 380 nm, the visible light is used to mean
radiation having a wavelength in a range of 380 nm to 780 nm and the near-infrared light is used to mean radiation
having a wavelength in a range of 780 nm to 2000 nm.
[0013] The optical device of the present application is designed to be capable of switching at least between the
transparent mode and the black mode. If desired, the optical device may also be designed to be capable of implementing,
for example, a third mode which may represent any transmittance between the transmittance of the transparent mode
and the transmittance of the black mode.
[0014] The switching between such modes can be achieved, as the optical device comprises an active liquid crystal
element film. Here, the active liquid crystal element film is a liquid crystal element capable of switching between at least
two or more oriented states of light axes, for example, first and second oriented states. Here, the optical axis may mean
the long axis direction when the liquid crystal compound included in the liquid crystal element is a rod type, and may
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mean the normal direction of the disc plane when it is a discotic type. For example, in the case where the liquid crystal
element comprises a plurality of liquid crystal compounds whose directions of the optical axes are different from each
other in any oriented state, the optical axis of the liquid crystal element may be defined as an average optical axis, and
in this case, the average optical axis may mean the vector sum of the optical axes of the liquid crystal compounds.
[0015] The oriented state in such a liquid crystal element can be changed by applying energy, for example, by applying
a voltage. For example, the liquid crystal element may have any one of the first and second oriented states in a state
without voltage application, and may be switched to another oriented state when a voltage is applied.
[0016] The black mode may be implemented in any one of the first and second oriented states, and the transparent
mode may be implemented in another oriented state. For convenience, it is described herein that the black mode is
implemented in the first state.
[0017] The liquid crystal element film may comprise a liquid crystal layer containing at least a liquid crystal compound.
In one example, the liquid crystal layer is a so-called guest host liquid crystal layer, which may be a liquid crystal layer
comprising a liquid crystal compound and an anisotropic dye.
[0018] The liquid crystal layer is a liquid crystal layer using a so-called guest host effect, which may be a liquid crystal
layer in which the anisotropic dyes are aligned according to a alignment direction of the liquid crystal compound (here-
inafter, may be referred to as a liquid crystal host). The alignment direction of the liquid crystal host may be adjusted
depending on whether or not external energy is applied.
[0019] The type of the liquid crystal host used in the liquid crystal layer is not particularly limited, and a general type
of liquid crystal compound applied to realize the guest host effect may be used.
[0020] For example, as the liquid crystal host, a smectic liquid crystal compound, a nematic liquid crystal compound,
or a cholesteric liquid crystal compound may be used. In general, a nematic liquid crystal compound may be used. The
nematic liquid crystal compound may be in a rod form or may be in a discotic form.
[0021] As such a nematic liquid crystal compound, one having a clearing point of, for example, about 40°C or more,
about 50°C or more, about 60°C or more, about 70°C or more, about 80°C or more, about 90°C or more, about 100°C
or more, or about 110°C or more, or having a phase transition point in the above range, that is, a phase transition point
to an isotropic phase on a nematic phase, can be selected. In one example, the clearing point or phase transition point
may be about 160°C or less, about 150°C or less, or about 140°C or less.
[0022] The liquid crystal compound may have dielectric constant anisotropy of a negative number or a positive number.
The absolute value of the dielectric constant anisotropy can be appropriately selected in consideration of the object. For
example, the dielectric constant anisotropy may be more than 3 or more than 7, or may be less than -2 or less than -3.
[0023] The liquid crystal compound may also have optical anisotropy (Δn) of about 0.01 or more, or about 0.04 or
more. In another example, the optical anisotropy of the liquid crystal compound may be about 0.3 or less, or about 0.27
or less.
[0024] Liquid crystal compounds that can be used as the liquid crystal host of the guest host liquid crystal layer are
well known to those skilled in the art, whereby the liquid crystal compound can be freely selected from them.
[0025] The liquid crystal layer comprises an anisotropic dye together with the liquid crystal host. The term "dye" may
mean a material capable of intensively absorbing and/or modifying light in at least a part or the entire range in a visible
light region, for example, a wavelength range of 380 nm to 780 nm, and the term "anisotropic dye" may mean a material
capable of anisotropically absorbing light in at least a part or the entire range of the visible light region.
[0026] As the anisotropic dye, for example, known dyes known to have properties that can be aligned according to
the aligned state of the liquid crystal host may be selected and used. For example, azo dyes or anthraquinone dyes and
the like may be used as the anisotropic dyes, and the liquid crystal layer may also comprise one or two or more dyes in
order to achieve light absorption in a wide wavelength range.
[0027] A dichroic ratio of the anisotropic dye can be appropriately selected in consideration of the object. For example,
the anisotropic dye may have a dichroic ratio of 5 or more to 20 or less. For example, in the case of a p-type dye, the
term "dichroic ratio" may mean a value obtained by dividing absorption of polarized light parallel to the long axis direction
of the dye by absorption of polarized light parallel to the direction perpendicular to the long axis direction. The anisotropic
dye may have the dichroic ratio in at least a part of wavelengths or any one wavelength or the entire range in the
wavelength range of the visible light region, for example, in the wavelength range of about 380 nm to 780 nm or about
400 nm to 700 nm.
[0028] The content of the anisotropic dye in the liquid crystal layer may be appropriately selected in consideration of
the object. For example, the content of the anisotropic dye may be selected in a range of 0.1 to 10% by weight based
on the total weight of the liquid crystal host and the anisotropic dye. The ratio of the anisotropic dye may be changed in
consideration of the desired transmittance and the solubility of the anisotropic dye in the liquid crystal host, and the like.
[0029] The liquid crystal layer basically comprises the liquid crystal host and the anisotropic dye, and may further
comprise other optional additives according to a known form, if necessary. As an example of the additive, a chiral dopant
or a stabilizer can be exemplified, without being limited thereto.
[0030] The liquid crystal layer may have an anisotropy degree (R) of about 0.5 or more. The anisotropy degree (R) is
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determined from absorbance (E(p)) of a light beam polarized parallel to the alignment direction of the liquid crystal host
and absorbance (E(s)) of a light beam polarized perpendicularly to the alignment direction of the liquid crystal host
according to the following equation.

<Anisotropy Degree Equation>

[0031]

[0032] The above-used reference is another identical apparatus that does not contain a dye in the liquid crystal layer.
[0033] Specifically, the anisotropy degree (R) may be determined from the value (E(p)) for the absorbance of the liquid
crystal layer in which the dye molecules are horizontally oriented and the value (E(s)) for the absorbance of the same
liquid crystal layer in which the dye molecules are vertically oriented. The absorbance is measured in comparison with
a liquid crystal layer which does not contain any dye at all but has the same constitution. This measurement may be
performed, in the case of one vibration plane, using a polarized beam vibrating in a direction parallel to the alignment
direction (E(p)) and vibrating in a direction perpendicular to the alignment direction (E(s)) in subsequent measurements.
The liquid crystal layer is not switched or rotated during the measurement, and thus the measurement of E(p) and E(s)
may be performed by rotating the vibration plane of the polarized incident light.
[0034] One example of a detailed procedure is as described below. The spectra for the measurement of E(p) and E(s)
can be recorded using a spectrometer such as a Perkin Elmer Lambda 1050 UV spectrometer. The spectrometer is
equipped with Glan-Thompson polarizers for a wavelength range of 250 nm to 2500 nm in both of the measuring beam
and the reference beam. The two polarizers are controlled by a stepping motor and are oriented in the same direction.
The change in the polarizer direction of the polarizer, for example, the conversion of 0 degrees to 90 degrees, is always
performed synchronously and in the same direction with respect to the measuring beam and the reference beam. The
orientation of the individual polarizers may be measured using the method described in T. Karstens’ 1973 thesis in the
University of Wurzburg.
[0035] In this method, the polarizer is rotated stepwise by 5 degrees with respect to the oriented dichroic sample, and
the absorbance is recorded, for example, at a fixed wavelength in the maximum absorption region. A new zero line is
executed for each polarizer position. For the measurement of two dichroic spectra E(p) and E(s), anti-parallel-rubbed
test cells coated with polyimide AL-1054 from JSR are located in both the measuring beam and the reference beam.
Two test cells can be selected with the same layer thickness. The test cell containing a pure host (liquid crystal compound)
is placed in the reference beam. The test cell containing a solution of a dye in the liquid crystals is placed in the measuring
beam. Two test cells for the measuring beam and the reference beam are installed in a ray path in the same alignment
direction. In order to ensure the maximum possible accuracy of the spectrometer, E(p) may be in its maximum absorption
wavelength range, for example, a wavelength range of 0.5 to 1.5. This corresponds to transmittance of 30% to 5%. This
is set by correspondingly adjusting the layer thickness and/or the dye concentration.
[0036] The anisotropy degree (R) can be calculated from the measured values of E(p) and E(s) according to the above
equation as shown in a reference [see: "Polarized Light in Optics and Spectroscopy," D. S. Kliger et al., Academic Press,
1990].
[0037] In another example, the anisotropy degree (R) may be about 0.55 or more, 0.6 or more, or 0.65 or more. The
anisotropy degree (R) may be, for example, about 0.9 or less, about 0.85 or less, about 0.8 or less, about 0.75 or less,
or about 0.7 or less.
[0038] Such an anisotropy degree (R) can be achieved by controlling the kind of the liquid crystal layer, for example,
the kind of the liquid crystal compound (host), the kind and the ratio of the anisotropic dye, or the thickness of the liquid
crystal layer, and the like.
[0039] It is possible to provide an optical device with high contrast ratio by increasing the difference in the transmittance
between the transparent state and the black state while using lower energy through the anisotropy degree (R) in the
above range.
[0040] The thickness of the liquid crystal layer may be appropriately selected in consideration of the object, for example,
the desired anisotropy degree or the like. In one example, the thickness of the liquid crystal layer may be about 0.01
mm or more, 0.05 mm or more, 0.1 mm or more, 0.5 mm or more, 1 mm or more, 1.5 mm or more, 2 mm or more, 2.5 mm
or more, 3 mm or more, 4 or more, 4.5 mm or more, 5 mm or more, 5.5 mm or more, 6 mm or more, 6.5 mm or more, 7
mm or more, 7.5 mm or more, 8 mm or more, 8.5 mm or more, 9 mm or more, or 9.5 mm or more. By controlling the
thickness in this manner, it is possible to realize an optical device having a large difference in transmittance between
the transparent state and the black state, that is, a device having a large contrast ratio. The thicker the thickness is, the
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higher the contrast ratio can be realized, and thus it is not particularly limited, but it may be generally about 30 mm or
less, 25 mm or less, 20 mm or less, or 15 mm or less.
[0041] Such an active liquid crystal layer or the liquid crystal element film comprising the same may switch between
a first oriented state and a second oriented state different from the first oriented state. The switching may be controlled,
for example, through application of external energy such as a voltage. For example, any one of the first and second
oriented states may be maintained in a state where the voltage is not applied, and then switched to the other oriented
state by applying a voltage.
[0042] In one example, the first and second oriented states may be each selected from a horizontal orientation, vertical
orientation, twisted nematic orientation, or cholesteric orientation state. For example, in the black mode, the liquid crystal
element or the liquid crystal layer may be at least in horizontal orientation, twisted nematic orientation or cholesteric
orientation, and in the transparent mode, the liquid crystal element or liquid crystal layer may be in a vertically oriented
state, or a horizontally oriented state having optical axes of directions different from the horizontal orientation of the
black mode. The liquid crystal element may be an element of a normally black mode in which the black mode is imple-
mented in a state where a voltage is not applied, or may implement a normally transparent mode in which the transparent
mode is implemented in a state where a voltage is not applied.
[0043] A method of confirming which direction the optical axis of the liquid crystal layer is formed in the oriented state
of the liquid crystal layer is known. For example, the direction of the optical axis of the liquid crystal layer can be measured
by using another polarizing plate whose optical axis direction is known, which can be measured using a known measuring
instrument, for example, a polarimeter such as Pascal 2000 from Jasco.
[0044] A method of realizing the liquid crystal element of the normally transparent or black mode by adjusting the
dielectric constant anisotropy of the liquid crystal host, the alignment direction of the alignment film for orienting the liquid
crystal host or the like is known.
[0045] The liquid crystal element film may comprise two base films disposed opposite to each other and the active
liquid crystal layer between the two base films.
[0046] The liquid crystal element film may further comprise spacers for maintaining an interval of the two base films
between the two base films and/or a sealant for attaching the base films in a state where the interval of two base films
disposed opposite to each other is maintained. As the spacer and/or the sealant, a known material can be used without
any particular limitation.
[0047] As the base film, for example, an inorganic film made of glass or the like, or a plastic film can be used. As the
plastic film, a TAC (triacetyl cellulose) film; a COP (cycloolefin copolymer) film such as norbornene derivatives; an acryl
film such as PMMA (poly(methyl methacrylate); a PC (polycarbonate) film; a PE (polyethylene) film; a PP (polypropylene)
film; a PVA (polyvinyl alcohol) film; a DAC (diacetyl cellulose) film; a Pac (polyacrylate) film; a PES (polyether sulfone)
film; a PEEK (polyetheretherketone) film; a PPS (polyphenylsulfone) film, a PEI (polyetherimide) film; a PEN (polyeth-
ylenenaphthatate) film; a PET (polyethyleneterephtalate) film; a PI (polyimide) film; a PSF (polysulfone) film; a PAR
(polyarylate) film or a fluororesin film and the like can be used, without being limited thereto. A coating layer of gold,
silver, or a silicon compound such as silicon dioxide or silicon monoxide, or a coating layer such as an antireflection
layer may also be present on the base film, if necessary.
[0048] As the base film, a film having a phase difference in a predetermined range may be used, or an isotropic film
may be used. In one example, the base film may have a front phase difference of 100 nm or less. In another example,
the front phase difference may be about 95 nm or less, about 90 nm or less, about 85 nm or less, about 80 nm or less,
about 75 nm or less, about 70 nm or less, about 65 nm or less, about 60 nm or less, about 55 nm or less, about 50 nm
or less, about 45 nm or less, about 40 nm or less, about 35 nm or less, about 30 nm or less, about 25 nm or less, about
20 nm or less, about 15 nm or less, about 10 nm or less, about 5 nm or less, about 4 nm or less, about 3 nm or less, or
about 2 nm or less, about 1 nm or less, or about 0.5 nm or less. In another example, the front phase difference may be
about 0 nm or more, about 1 nm or more, about 2 nm or more, about 3 nm or more, about 4 nm or more, about 5 nm or
more, about 6 nm or more, about 7 nm or more, about 8 nm or more, about 9 nm or more, or about 9.5 nm or more.
[0049] An absolute value of a thickness direction phase difference of the base film may be, for example, 200 nm or
less. The absolute value of the thickness direction phase difference may be 190 nm or less, 180 nm or less, 170 nm or
less, 160 nm or less, 150 nm or less, 140 nm or less, 130 nm or less, 120 nm or less, 110 nm or less, 100 nm or less,
90 nm or less, 85 nm or less, 80 nm or less, 70 nm or less, 60 nm or less, 50 nm or less, 40 nm or less, 30 nm or less,
20 nm or less, 10 nm or less, 5 nm or less, 4 nm or less, 3 nm or less, 2 nm or less, 1 nm or less, or 0.5 nm or less, and
may be 0 nm or more, 10 nm or more, 20 nm or more, 30 nm or more, 40 nm or more, 50 nm or more, 60 nm or more,
70 nm or more, or 75 nm or more. The thickness direction phase difference may be negative, or may be positive, if the
absolute value is within the above range, and for example, may be negative.
[0050] However, as the base film, a high phase difference base film, in which the front phase difference is about 2,000
nm or more, 3,000 nm or more, 4,000 nm or more, 5,000 nm or more, 6,000 nm or more, 7,000 nm or more, or 7,500
nm or more, and/or the thickness direction phase difference is about 2000 nm or more, 3,000 nm or more, 4,000 nm or
more, 5,000 nm or more, 6,000 nm or more, 7,000 nm or more, about 8,000 nm or more, about 9,000 nm or more, or
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about 10,000 nm or more, may also be used. The upper limit of the front phase difference or the thickness direction
phase difference of the high phase difference base film is not particularly limited, and for example, a base film having a
front phase difference of about 10,000 nm or less and/or a thickness direction phase difference of about 15,000 nm or
less may also be applied.
[0051] In this specification, the front phase difference (Rin) is a numerical value calculated by Equation 1 below, and
the thickness direction phase difference (Rth) is a numerical value calculated by Equation 2 below. Unless otherwise
specified, the reference wavelength of the front and thickness direction phase differences is about 550 nm. 

[0052] In Equations 1 and 2, d is the thickness of the base film, nx is the refractive index in the slow axis direction of
the base film, ny is the refractive index in the fast axis direction of the base film, and nz is the refractive index in the
thickness direction of the base film.
[0053] When the base film is optically anisotropic, the angle formed by the slow axes of the base films disposed
opposite to each other may be, for example, in a range of about -10 degrees to 10 degrees, in a range of -7 degrees to
7 degrees, in a range of -5 degrees to 5 degrees or in a range of -3 degrees to 3 degrees, or may be approximately parallel.
[0054] The angle formed by the slow axis of the base film and a light absorption axis of a polarizer to be described
below may be, for example, in a range of about -10 degrees to 10 degrees, in a range of -7 degrees to 7 degrees, in a
range of -5 degrees to 5 degrees or in a range of -3 degrees to 3 degrees, or may be approximately parallel, or may be
in a range of about 80 degrees to 100 degrees, in a range of about 83 degrees to 97 degrees, in a range of about 85
degrees to 95 degrees or in a range of about 87 degrees to 92 degrees, or may be approximately vertical.
[0055] It is possible to realize optically excellent and uniform transparent and black modes through the phase difference
adjustment or the arrangement of the slow axes.
[0056] The base film may have a coefficient of thermal expansion of 100 ppm/K or less. In another example, the
coefficient of thermal expansion may be 95 ppm/K or less, 90 ppm/K or less, 85 ppm/K or less, 80 ppm/K or less, 75
ppm/K or less, 70 ppm/K or less, or 65 ppm/K or less, or may be 10 ppm/K or more, 20 ppm/K or more, 30 ppm/K or
more, 40 ppm/K or more, 50 ppm/K or more, or 55 ppm/K or more. For example, the coefficient of thermal expansion
of the base film may be measured in accordance with the provisions of ASTM D696, may be calculated by tailoring the
film in the form provided in the relevant standard and measuring the change in length per unit temperature, or may be
measured by a known method such as TMA (thermomechanic analysis).
[0057] As the base film, a base film having an elongation at break of about 2% or more may be used. In another
example, the elongation at break may be about 4% or more, about 8% or more, about 10% or more, about 12% or more,
about 14% or more, about 16% or more, about 20% or more, about 30% or more, about 40% or more, about 50% or
more, about 60% or more, about 70% or more, about 80% or more, about 90% or more, 95% or more, 100% or more,
105% or more, 110% or more, 115% or more, 120% or more, 125% or more, 130% or more, 135% or more, 140% or
more, 145% or more, 150% or more, 155% or more, 160% or more, 165% or more, 170% or more, or 175% or more,
and may be 1,000% or less, 900% or less, 800% or less, 700% or less, 600% or less, 500% or less, 400% or less, 300%
or less, or 200% or less. The elongation at break of the base film may be measured in accordance with ASTM D882
standard, and may be measured by tailoring the film in the form provided by the corresponding standard and using
equipment capable of measuring stress-strain curve (capable of simultaneously measuring force and length). Further-
more, the elongation at break may be, for example, a numerical value for any one of the MD (mechanical direction)
direction or the TD (transverse direction) direction of the base film.
[0058] By selecting the base film to have such a coefficient of thermal expansion and/or elongation at break, an optical
device having excellent durability can be provided.
[0059] The thickness of the base film as above is not particularly limited, and for example, may be in a range of about
50 mm to 200 mm or so. The thickness of the base film may be changed as necessary.
[0060] Among physical properties mentioned herein, when the measuring temperature or pressure influences the
result, the corresponding physical property is measured at normal temperature and normal pressure, unless otherwise
specified.
[0061] The term normal temperature is a natural temperature without warming or cooling, which may be generally any
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one temperature in a range of about 10°C to 30°C, for example, a temperature of about 23°C or about 25°C or so. Unless
otherwise specified herein, the temperature is a Celsius temperature and the unit is °C.
[0062] The term normal pressure is a natural pressure without lowering or elevating, which generally means a pressure
of about one atmosphere, such as atmospheric pressure.
[0063] In the liquid crystal element film, a conductive layer and/or an alignment film may be present on one side of
the base film, for example, on the side facing the active liquid crystal layer.
[0064] The conductive layer present on the side of the base film is a constitution for applying a voltage to the active
liquid crystal layer, to which a known conductive layer can be applied without any particular limitation. As the conductive
layer, for example, a conductive polymer, a conductive metal, a conductive nanowire, or a metal oxide such as ITO
(indium tin oxide) can be applied. Examples of the conductive layer that can be applied in the present application are
not limited to the above, and all kinds of conductive layers known to be applicable to the liquid crystal element film in
this field can be used.
[0065] In one example, an alignment film exists on the side of the base film. For example, a conductive layer may first
be formed on one side of the base film, and an alignment film may be formed on its upper part.
[0066] The alignment film is a constitution for controlling orientation of the liquid crystal host included in the active
liquid crystal layer, and a known alignment film can be applied without particular limitation. As the alignment film known
in the industry, there is a rubbing alignment film or a photo alignment film, and the like, and the alignment film that can
be used in the present application is the known alignment film, which is not particularly limited.
[0067] The alignment direction of the alignment film can be controlled to achieve the orientation of the above-described
optical axis. For example, the alignment directions of two alignment films formed on each side of two base films disposed
opposite to each other may form an angle in a range of about -10 degrees to 10 degrees, an angle in a range of -7
degrees to 7 degrees, an angle in a range of -5 degrees to 5 degrees or an angle in a range of -3 degrees to 3 degrees
to each other, or may be approximately parallel to each other. In another example, the alignment directions of the two
alignment layers may form an angle in a range of about 80 degrees to 100 degrees, an angle in a range of about 83
degrees to 97 degrees, an angle in a range of about 85 degrees to 95 degrees or an angle in a range of about 87 degrees
to 92 degrees, or may be approximately perpendicular to each other. In another example, the alignment directions of
the two alignment films may form an angle in a range of about 160 degrees to 200 degrees, an angle in a range of about
170 degrees to 190 degrees, an angle in a range of about 175 degrees to 185 degrees or an angle of about 180 degrees.
[0068] Since the direction of the optical axis of the active liquid crystal layer is determined in accordance with such
an alignment direction, the alignment direction can be confirmed by checking the direction of the optical axis of the active
liquid crystal layer.
[0069] The shape of the liquid crystal element film having such a structure is not particularly limited, which may be
determined according to the application of the optical device, and is generally in the form of a film or a sheet.
[0070] In one example, the liquid crystal element film may be in the form of a folded film. The cross-sectional shape
of the liquid crystal element film with the folded film type may include a first line and a second line separated by the
folded portion of the film. In one example, the curvature (=1/curvature radius) of the first line in the cross-section of the
active liquid crystal element film may be in a range of 0 to 0.01 at the time of observing the cross-section, and the cross-
section may have a folded portion at the end of the first line and include a second line connected to the folded portion.
That is, the active liquid crystal element film may be contained in the optical device in a folded state at the folded portion.
In another example, the curvature of the first line may be about 0.009 or less, 0.008 or less, 0.007 or less, 0.006 or less,
0.005 or less, 0.004 or less, 0.003 or less, 0.002 or less, 0.001 or less, 0.0009 or less, 0.0008 or less, 0.0007 or less,
0.0006 or less, 0.0005 or less, 0.0004 or less, 0.0003 or less, 0.0002 or less, 0.0001 or less, 0.00009 or less, 0.00008
or less, 0.00007 or less, 0.00006 or less, or 0.00005 or less.
[0071] In this specification, the curvature or curvature radius may be measured in a manner known in the industry,
and for example, may be measured using a contactless apparatus such as a 2D profile laser sensor, a chromatic confocal
line sensor or a 3D measuring conforcal microscopy. The method of measuring the curvature or curvature radius using
such an apparatus is known.
[0072] With respect to the curvatures or curvature radius, for example, when the curvatures or curvature radii are
different on the surface and the back surface of the object to which the curvature or curvature radius is referred (for
example, when the curvatures or curvature radii in the surface and the back surface of the liquid crystal element film
corresponding to the first line are different), a small value, a large value or an arithmetic average value of curvatures or
curvature radii of the surface and the back surface may be designated as the curvature or curvature radius. Furthermore,
when the curvatures or curvature radii are not constant and have different portions, the largest curvature or curvature
radius, or the smallest curvature or curvature radius or the average value of curvatures or curvature radii may be a
reference.
[0073] Furthermore, in this specification, the unit of curvature radius is R, and the unit of curvature is 1/R. Here, R
denotes a curved gradient of a circle having a radius of 1 mm. Thus, here, for example, 100R is the degree of curvature
of a circle with a radius of 100 mm or the curvature radius for such a circle. In the case of a flat surface, the curvature
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is zero and the curvature radius is infinite.
[0074] As described below, in the optical device of the present application, the active liquid crystal element film and/or
the polarizer may be encapsulated in a state where the active liquid crystal element film and/or the polarizer are positioned
inside two outer substrates to constitute an optical device. Such an encapsulated structure greatly improves durability
and weatherability of the optical device, and as a result, it can be stably applied to outdoor applications such as sunroofs.
However, such an encapsulation process generally requires a vacuum compression process such as an autoclave, and
in the process, there is a problem that defects such as wrinkles occur in the active liquid crystal element film, and the
like. In addition, when the optical device is exposed to high temperature and/or high humidity conditions, and the like,
or in the process, defects such as wrinkles are formed on the liquid crystal element film by the difference in coefficient
of thermal expansion between the base film of the liquid crystal element film and an adhesive film (encapsulating agent)
attached thereto, and the like, such defects adversely affect the performance of the optical device.
[0075] Thus, in the present application, it has been confirmed that the above problem can be solved when the active
liquid crystal element film is implemented with the folded structure.
[0076] Figure 1 is a diagram schematically showing a cross-section of the active liquid crystal element film (10) having
the folded film shape.
[0077] As in Figure 1, the cross-section of the active liquid crystal element film (10) may have a cross-section in the
form in which a first line (101), a folded portion (A) and a second line (102) are connected.
[0078] Here, the first line (101) may be an active area, that is, an area serving to modulate light in order to substantially
control a light transmission state. Such a first line (101) may be a planar shape, which has a curvature of approximately
0, or may also be a curved shape, such as a convex shape or a concave shape.
[0079] As shown in Figure 1, the liquid crystal element film (10) has a folded structure based on the folded portion (A),
and thus a second line (102) is formed. At this time, the degree to which the second line (102) is folded is not particularly
limited as long as it is controlled to such an extent that defects such as wrinkles of the liquid crystal element film (10)
do not occur in the optical device. In one example, the degree of folding may be set such that the angle formed by the
first line (101) or the tangent (T) of the first line (101) and the second line (102) is, in a clockwise or counterclockwise
direction, more than 0 degrees, 5 degrees or more, 10 degrees or more, 15 degrees or more, 20 degrees or more, 25
degrees or more, 30 degrees or more, 35 degrees or more, 40 degrees or more, 45 degrees or more, 50 degrees or
more, 55 degrees or more, 60 degrees or more, 65 degrees or more, 70 degrees or more, 75 degrees or more, 80
degrees or more, or 85 degrees or more or so. In another example, the angle may be 180 degrees or less, 170 degrees
or less, 160 degrees or less, 150 degrees or less, 140 degrees or less, 130 degrees or less, 120 degrees or less, 110
degrees or less, 100 degrees or less, or 95 degrees or less or so. Here, the tangent at which the angle with the second
line (102) is measured is a tangent at the point (D) which divides the first line (101) approximately by two. Also, the
second line for measuring the angle for the tangent (T) may be a line (1022) connecting the folded portion (A) to the
point where the second line (102) is terminated, as shown in Figure 1. Furthermore, as described below, when the
second line (102) is also in a folded form, the second line for measuring the angle for the tangent (T) may be a line
connecting a folded portion (A in Figure 1) separating the first line and the second line, and a folded portion in the second
line, or may be, the same as above, a line connecting the point where the second line is terminated.
[0080] Furthermore, in this specification, the angle formed by the first line or the tangent of the first line and the second
line may be simply referred to as a folded angle of an active liquid crystal element film.
[0081] The ratio (L1/L2) of the length (L1) of the first line (101) to the length (L2) of the second line (102) may be in a
range of about 1.5 to 20,000. In another example, the ratio (L1/L2) may be about 2 or more, about 4 or more, about 6
or more, about 8 or more, about 10 or more, about 12 or more, about 14 or more, about 16 or more, about 18 or more,
about 20 or more, about 25 or more, about 30 or more, about 35 or more, about 40 or more, about 45 or more, about
50 or more, about 55 or more, about 60 or more, about 65 or more, about 70 or more, about 75 or more, about 80 or
more, about 85 or more, about 90 or more, about 95 or more, about 100 or more, about 110 or more, about 120 or more,
about 130 or more, about 140 or more, about 150 or more, about 160 or more, about 170 or more, about 180 or more,
about 190 or more, about 200 or more, about 250 or more, about 300 or more, about 350 or more, about 400 or more,
about 450 or more, about 500 or more, about 550 or more, about 600 or more, about 650 or more, about 700 or more,
about 800 or more, about 900 or more, about 1000 or more, about 1100 or more, about 1200 or more, about 1500 or
more, 2000 or more, 2500 or more, 3000 or more, or 3500 or more, and may be 3500 or less, 3000 or less, 2900 or
less, 2800 or less, 2700 or less, 2600 or less, 2500 or less, 2400 or less, 2300 or less, 2200 or less, 2100 or less, 2000
or less, about 1,900 or less, about 1,800 or less, about 1,700 or less, about 1,600 or less, about 1,500 or less, about
1,400 or less, about 1,300 or less, about 1,200 or less, about 1,100 or less, about 1,000 or less, about 900 or less, about
800 or less, about 750 or less,, about 700 or less, about 600 or less, about 550 or less, about 500 or less, about 450 or
less, about 400 or less, about 350 or less, about 300 or less, about 250 or less, about 200 or less, about 150 or less,
about 100 or less, about 50 or less, about 45 or less, about 40 or less, about 35 or less, about 30 or less, about 25 or
less, about 20 or less, or about 15 or less.
[0082] In such a relationship, the absolute lengths of the first line (101) and the second line (102) are not particularly
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limited, which may be determined according to the intended use of the optical device or the like. For example, the length
of the first line (101) may be adjusted to be about 100 to 1,000 mm or so. In another example, the length of the first line
(101) may be about 150 mm or more, about 200 mm or more, or about 250 mm or more. In another example, the length
of the first line (101) may be about 900 mm or less, about 800 mm or less, about 700 mm or less, about 600 mm or less,
about 500 mm or less, about 400 or less, about 350 or less, or about 300 mm or less.
[0083] In addition, as described below, when a plurality of second lines are formed in the cross-section of the active
liquid crystal element film, the length of the second line introduced into the ratio (L1/L2) calculation may be a length of
any one line of the plurality of second lines, or may be the sum of the lengths of the second lines.
[0084] The folded structure may be formed at both ends in the cross-section of the liquid crystal element film. Accord-
ingly, as in Figure 1, the folded portions (A) and the second lines (102) may be formed at both ends of the first line (101)
in the cross-section of the active liquid crystal element film.
[0085] In such a structure, the second line may be further folded, and for example, as shown in Figure 2, a second
folded portion (AA) exists on the second line (102), where the cross-section in the form that the second line (102) is
further folded in the folded portion (AA) may be realized.
[0086] In this case, the forming position of the additionally formed folded portion (AA) is not particularly limited, and
for example, the position may be adjusted so that the distance from the folded area (A) formed at the connecting portion
of the first line (101) and the second line (102) to the folded area (AA) formed on the second line (102) becomes L2
satisfying the above-mentioned ratio (L1/L2).
[0087] The cross-section of the liquid crystal element film in which such a cross-section is observed is a cross-section
observed when the liquid crystal element film has been observed from any side. That is, the cross-section is preferably
observed on any one side of the sides of the liquid crystal element film.
[0088] In one example, the cross-section in which the folded structure is observed may be a cross-section on a normal
plane formed by including the long axis or the short axis of the liquid crystal element film. Here, for example, in the case
where the liquid crystal element film (10) is observed from above, when it is the rectangular shape as in Figure 3, the
long axis may be the long side (LA) of horizontal and vertical lengths, and the short axis may be the short side (SA).
[0089] For example, the cross-sectional structure may be realized by folding a portion indicated by a dotted line in the
liquid crystal element film (10) having the same structure as Figure 3.
[0090] When the liquid crystal element film has a square shape, any one of the horizontal axis and the vertical axis
may be regarded as the long axis and the other may be regarded as the short axis.
[0091] Furthermore, in the case of a shape other than a rectangular shape, for example, in the case of an elliptical,
circular or amorphous shape, and the like, when the liquid crystal element film is observed from above, a line perpendicular
to the line formed by the folded portion (for example, a dotted line in Figure 3) may be any one of the short axis and the
long axis, and a line which is again perpendicular to the line may be the other of the short axis and the long axis.
[0092] In one example, as shown in Figure 3, all four sides of the liquid crystal element film can be folded to form the
cross-section, and in this case, the cross-section may be observed on both the normal plane including the long axis of
the liquid crystal element film and the normal plane including the short axis.
[0093] Although the position of the above-mentioned sealant in the liquid crystal element film having such a folded
structure is not particularly limited, generally, the sealant attaching the two base films may exist in the folded portion (A
in Figures 1 and 2) or an area facing from the folded portion (A in Figures 1 and 2) toward the first line (101).
[0094] The optical device may further comprise a polarizer together with the active liquid crystal element film. As the
polarizer, for example, an absorbing or reflecting linear polarizer, that is, a polarizer having a light absorption axis or a
light reflection layer formed in one direction and a light transmission axis formed approximately perpendicular thereto
may be used.
[0095] Assuming that the blocking state is implemented in the first oriented state of the active liquid crystal layer, the
polarizer may be disposed in the optical device such that the angle formed by an average optical axis (vector sum of
optical axes) of the first oriented state and the light absorption axis of the polarizer is 80 degrees to 100 degrees or 85
degrees to 95 degrees, or it is approximately perpendicular, or may be disposed in the optical device such that it is 35
degrees to 55 degrees or 40 degrees to 50 degrees or about 45 degrees.
[0096] When the alignment direction of the alignment film is used as a reference, the alignment directions of the
alignment films formed on each side of the two base films of the liquid crystal element film disposed opposite to each
other as described above may form, to each other, an angle in a range of about -10 degrees to 10 degrees, an angle in
a range of -7 degrees to 7 degrees, an angle in a range of -5 degrees to 5 degrees or an angle in a range of - 3 degrees
to 3 degrees, or in the case of being approximately parallel to each other, the angle formed by the alignment direction
of any one of the two alignment films and the light absorption axis of the polarizer may be 80 degrees to 100 degrees
or 85 to 95 degrees, or may be approximately perpendicular.
[0097] In another example, the alignment directions of the two alignment films may form an angle in a range of about
80 degrees to 100 degrees, an angle in a range of about 83 degrees to 97 degrees, an angle in a range of about 85
degrees to 95 degrees or an angle in a range of about 87 degrees to 92 degrees, or in the case of being approximately
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vertical to each other, the angle formed by the alignment direction of the alignment film disposed closer to the polarizer
of the two alignment films and the light absorption axis of the polarizer may be 80 degrees to 100 degrees or 85 degrees
to 95 degrees, or may be approximately perpendicular.
[0098] For example, as shown in Figure 4, the liquid crystal element film (10) and the polarizer (20) may be disposed
in a state of being laminated on each other such that the optical axis (average optical axis) of the first alignment direction
in the liquid crystal element film (10) and the light absorption axis of the polarizer (20) become the above relationship.
[0099] In one example, when the polarizer (20) is a polarizing coating layer to be described below, a structure in which
the polarizing coating layer is present inside the liquid crystal element film can be realized. For example, as shown in
Figure 5, a structure in which the polarizing coating layer (201) is present between any one base film (110) of the base
films (110) of the liquid crystal element film and the active liquid crystal layer (120) can be realized. For example, the
conductive layer, the polarizing coating layer (201) and the alignment film as described above may be sequentially
formed on the base film (110).
[0100] The kind of the polarizer that can be applied in the optical device of the present application is not particularly
limited. For example, as the polarizer, a conventional material used in conventional LCDs or the like, such as a PVA
(poly(vinyl alcohol)) polarizer, or a polarizer implemented by a coating method such as a polarizing coating layer com-
prising lyotropic liquid crystals (LLCs) or reactive mesogens (RMs) and a dichroic dye can be used. In this specification,
the polarizer implemented by the coating method as described above may be referred to as a polarizing coating layer.
As the lyotropic liquid crystal, a known liquid crystal may be used without any particular limitation, and for example, a
lyotropic liquid crystal capable of forming a lyotropic liquid crystal layer having a dichroic ratio of about 30 to 40 or so
may be used. On the other hand, when the polarizing coating layer contains reactive mesogens (RMs) and a dichroic
dye, as the dichroic dye, a linear dye may be used, or a discotic dye may also be used.
[0101] Mixtures of lyotropic liquid crystals or reactive mesogens and a dichroic dye that can act as an absorbing or
reflecting linear polarizer are variously known in the industry, and such a kind can be applied without limitation to the
present application.
[0102] The optical device of the present application may comprise only each one of the active liquid crystal element
film and the polarizer as described above. Thus, the optical device may comprise only one active liquid crystal element
film and may comprise only one polarizer.
[0103] The optical device may further comprise two outer substrates disposed opposite to each other. For example,
as shown in Figure 6, the active liquid crystal element film (10) and the polarizer (20) may exist between the two substrates
(30) disposed opposite to each other. Figure 6 has illustrated the case where the active liquid crystal element film (10)
and the polarizer (20) are present simultaneously between the outer substrate (30) and the polarizer (20), but the structure
is exemplary, where only any one of the film (10) or the polarizer (20) may also exist. Also, the polarizer (20) in Figure
6 does not exist, and only the active liquid crystal element film including the polarizing coating layer (201) as shown in
Figure 5 may also exist between the outer substrates (30).
[0104] As the outer substrate, for example, an inorganic film made of glass or the like, or a plastic film can be used.
As the plastic film, a TAC (triacetyl cellulose) film; a COP (cycloolefin copolymer) film such as norbornene derivatives;
an acryl film such as PMMA (poly(methyl methacrylate); a PC (polycarbonate) film; a PE (polyethylene) film; a PP
(polypropylene) film; a PVA (polyvinyl alcohol) film; a DAC (diacetyl cellulose) film; a Pac (polyacrylate) film; a PES
(polyether sulfone) film; a PEEK (polyetheretherketone) film; a PPS (polyphenylsulfone) film, a PEI (polyetherimide) film;
a PEN (polyethylenenaphthatate) film; a PET (polyethyleneterephtalate) film; a PI (polyimide) film; a PSF (polysulfone)
film; a PAR (polyarylate) film or a fluororesin film and the like can be used, without being limited thereto. A coating layer
of gold, silver, or a silicon compound such as silicon dioxide or silicon monoxide, or a coating layer such as an antireflection
layer may also be present on the outer substrate, if necessary.
[0105] As the outer substrate, a film having a phase difference in a predetermined range may be used. In one example,
the outer substrate may have a front phase difference of 100 nm or less. In another example, the front phase difference
may be about 95 nm or less, about 90 nm or less, about 85 nm or less, about 80 nm or less, about 75 nm or less, about
70 nm or less, about 65 nm or less, about 60 nm or less, about 55 nm or less, about 50 nm or less, about 45 nm or less,
about 40 nm or less, about 35 nm or less, about 30 nm or less, about 25 nm or less, about 20 nm or less, about 15 nm
or less, about 10 nm or less, about 9 nm or less, about 8 nm or less, about 7 nm or less, about 6 nm or less, about 5
nm or less, about 4 nm or less, about 3 nm or less, or about 2 nm or less, or about 1 nm or less. In another example,
the front phase difference may be about 0 nm or more, about 1 nm or more, about 2 nm or more, about 3 nm or more,
about 4 nm or more, about 5 nm or more, about 6 nm or more, about 7 nm or more, about 8 nm or more, about 9 nm or
more, or about 9.5 nm or more.
[0106] An absolute value of a thickness direction phase difference of the outer substrate may be, for example, 200
nm or less. The absolute value of the thickness direction phase difference may be 190 nm or less, 180 nm or less, 170
nm or less, 160 nm or less, 150 nm or less, 140 nm or less, 130 nm or less, 120 nm or less, 110 nm or less, 100 nm or
less, 90 nm or less, 85 nm or less, 80 nm or less, 70 nm or less, 60 nm or less, 50 nm or less, 40 nm or less, 30 nm or
less, 20 nm or less, about 15 nm or less, about 10 nm or less, about 9 nm or less, about 8 nm or less, about 7 nm or
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less, about 6 nm or less, about 5 nm or less, about 4 nm or less, about 3 nm or less, about 2 nm or less, or about 1 nm
or less, and may be 0 nm or more, 5 nm or more, 10 nm or more, 20 nm or more, 30 nm or more, 40 nm or more, 50
nm or more, 60 nm or more, 70 nm or more, or 75 nm or more. The thickness direction phase difference may be negative,
or may be positive, if the absolute value is within the above range, and for example, may be negative.
[0107] The front phase difference (Rin) and the thickness direction phase difference (Rth) of the outer substrate may
be calculated in the same manner, except that in Equations 1 and 2 above, the thickness (d), the refractive index in the
slow axis direction (nx), the refractive index in the fast axis direction (ny) and the refractive index in the thickness direction
(nz) are substituted with the thickness (d), the refractive index in the slow axis direction (nx), the refractive index in the
fast axis direction (ny) and the refractive index in the thickness direction (nz), of the outer substrate, respectively, to
calculate them.
[0108] When the outer substrate is optically anisotropic, the angle formed by the slow axes of the outer substrates
disposed opposite to each other may be, for example, in a range of about -10 degrees to 10 degrees, in a range of -7
degrees to 7 degrees, in a range of -5 degrees to 5 degrees or in a range of -3 degrees to 3 degrees, or may be
approximately parallel.
[0109] Also, the angle formed by the slow axis of the outer substrate and, in the case where the above-described base
film is optically anisotropic, the slow axis of the base film may be, for example, in a range of about -10 degrees to 10
degrees, in a range of -7 degrees to 7 degrees, in a range of -5 degrees to 5 degrees or in a range of -3 degrees to 3
degrees, or may be approximately parallel, or may be in a range of about 80 degrees to 100 degrees, in a range of about
83 degrees to 97 degrees, in a range of about 85 degrees to 95 degrees or in a range of about 87 degrees to 92 degrees,
or may be approximately vertical.
[0110] It is possible to realize optically excellent and uniform transparent and black modes through the phase difference
adjustment or the arrangement of the slow axes.
[0111] As the outer substrate, a substrate having a coefficient of thermal expansion of 100 ppm/K or less may be
used. In another example, the coefficient of thermal expansion may be 95 ppm/K or less, 90 ppm/K or less, 85 ppm/K
or less, 80 ppm/K or less, 75 ppm/K or less, 70 ppm/K or less, 65 ppm/K or less, 60 ppm/K or less, 50 ppm/K or less,
40 ppm/K or less, 30 ppm/K or less, 20 ppm/K or less, or 15 ppm/K or less, or may be 1 ppm/K or more, 2 ppm/K or
more, 3 ppm/K or more, 4 ppm/K or more, 5 ppm/K ppm/K or more, 6 ppm/K ppm/K or more, 7 ppm/K ppm/K or more,
8 ppm/K ppm/K or more, 9 ppm/K or more, or 10 ppm/K or more.
[0112] The methods of measuring the coefficient of thermal expansion and the elongation at break of the outer substrate
are the same as the methods of measuring the coefficient of thermal expansion and elongation at break of the base film
as described above.
[0113] By selecting the outer substrate to have such a coefficient of thermal expansion and/or elongation at break, an
optical device having excellent durability can be provided.
[0114] The thickness of the outer substrate as above is not particularly limited, and for example, may be about 0.3
mm or more. In another example, the thickness may be about 0.5 mm or more, about 1 mm or more, about 1.5 mm or
more, or about 2 mm or more or so, and may also be 10 mm or less, 9 mm or less, 8 mm or less, 7 mm or less, 6 mm
or less, 5 mm or less, 4 mm or less, or 3 mm or less or so.
[0115] The outer substrate may be a flat substrate or may be a substrate having a curved surface shape. For example,
the two outer substrates may be simultaneously flat substrates, simultaneously have a curved surface shape, or any
one may be a flat substrate and the other may be a substrate having a curved surface shape.
[0116] In addition, in the case of having the curved surface shape at the same time, the respective curvatures or
curvature radii may be the same or different.
[0117] The curvature or curvature radius of the outer substrate can be measured in the above-described manner.
[0118] Also, regarding the outer substrate, for example, when the curvatures or the curvature radii at the front surface
and the back surface are different from each other, the curvatures or curvature radii of the respective facing surfaces,
that is, the curvature or curvature radius of the surface facing a second outer substrate in the case of a first outer substrate
and the curvature or curvature radius of the surface facing the first outer substrate in the case of the second outer
substrate may be a reference. Furthermore, when the relevant surface has portions that the curvatures or curvature
radii are not constant and different, the largest curvature or curvature radius, or the smallest curvature or curvature
radius, or the average curvature or average curvature radius may be a reference.
[0119] Both of the substrates may have a difference in curvature or curvature radius within 10%, within 9%, within 8%,
within 7%, within 6%, within 5%, within 4%, within 3%, within 2% or within 1%. When a large curvature or curvature
radius is CL and a small curvature or curvature radius is CS, the difference in curvature or curvature radius is a value
calculated by 1003(CL-CS)/CS. In addition, the lower limit of the difference in curvature or curvature radius is not par-
ticularly limited. Since the differences in curvatures or curvature radii of two outer substrates can be the same, the
difference in curvature or curvature radius may be 0% or more, or more than 0%.
[0120] The control of such a curvature or curvature radius is useful in a structure in which an active liquid crystal
element and/or a polarizer are encapsulated by an adhesive film as in the optical device of the present application.
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[0121] When both the first and second outer substrates are curved surfaces, both curvatures may have the same sign.
In other words, the two outer substrates may be bent in the same direction. That is, in the above case, both the center
of curvature of the first outer substrate and the center of curvature of the second outer substrate exist in the same portion
of the upper part and the lower part of the first and second outer substrates.
[0122] The specific range of each curvature or curvature radius of the first and second outer substrates is not particularly
limited. In one example, the curvature radius of each substrate may be 100R or more, 200R or more, 300R or more,
400R or more, 500R or more, 600R or more, 700R or more, 800R or more, or 900R or more, or may be 10,000R or less,
9,000R or less, 8,000R or less, 7,000R or less, 6,000R or less, 5,000R or less, 4,000R or less, 3,000R or less, 2,000R
or less, 1,900R or less, 1,800R or less, 1,700R or less, 1,600R or less, 1,500R or less, 1,400R or less, 1,300R or less,
1,200R or less, 1,100R or less, or 1,050R or less. Here, R denotes a curved gradient of a circle having a radius of 1
mm. Thus, here, for example, 100R is the degree of curvature of a circle with a radius of 100 mm or the curvature radius
for such a circle. Of course, in the case of a flat surface, the curvature is zero and the curvature radius is infinite.
[0123] The first and second outer substrates may have the same or different curvature radii in the above range. In
one example, when the curvatures of the first and second outer substrates are different from each other, the curvature
radius of the substrate having a large curvature among them may be within the above range.
[0124] In one example, when the curvatures of the first and second outer substrates are different from each other, a
substrate having a large curvature among them may be a substrate that is disposed in the gravity direction upon using
the optical device.
[0125] That is, for the encapsulation, an autoclave process using an adhesive film may be performed, as described
below, and in this process, high temperature and high pressure are usually applied. However, in some cases, such as
when the adhesive film applied to the encapsulation is stored at a high temperature for a long time after such an autoclave
process, some re-melting or the like occurs, so that there may be a problem that the outer substrates are widening. If
such a phenomenon occurs, a force may act on the encapsulated active liquid crystal element and/or polarizer, and
bubbles may be formed inside.
[0126] However, when the curvatures or curvature radii between the substrates are controlled as described above,
even if the adhesion force by the adhesive film is lowered, a net force which is the sum of the restoring force and the
gravity may act thereon to prevent the widening and also to withstand the same process pressure as the autoclave.
[0127] The optical device may further comprise an adhesive film encapsulating the active liquid crystal element film
and/or the polarizer in the outer substrates. For example, as shown in Figure 7, the adhesive film (40) may be present
between the outer substrate (30) and the active liquid crystal element film (10), between the active liquid crystal element
film (10) and the polarizer (20) and/or between the polarizer (20) and the outer substrate (30). In addition, the adhesive
film (40) may be present on the sides of the active liquid crystal element film (10) and/or the polarizer (20), appropriately,
on all sides, as shown in the drawing. The adhesive film may encapsulate the active liquid crystal film element (10) and
the polarizer (20) while attaching the outer substrate (30) and the active liquid crystal film element (10), the active liquid
crystal film element (10) and the polarizer (20), and the polarizer (20) and the outer substrate (30) to each other.
[0128] Furthermore, as shown in Figure 5, when the active liquid crystal element film in which the polarizing coating
layer (201) is formed inside is encapsulated, the adhesive film may be present between the outer substrate and the
active liquid crystal element film and/or on the sides of the active liquid crystal element film, preferably, on all sides.
[0129] For example, after laminating outer substrates, an active liquid crystal element film, a polarizer and/or an
adhesive film according to a desired structure, the above structure can be realized by a method of pressing them in a
vacuum state, for example, an autoclave method.
[0130] For efficiently forming such a structure, a friction coefficient of the surface of the active liquid crystal element
film contacting the adhesive film against the adhesive film or a friction coefficient between the active liquid crystal element
film and the adhesive film can be controlled, if necessary. For example, the friction coefficient may be controlled to about
5 or less, about 4.5 or less, about 4 or less, about 3.5 or less, about 3 or less, or about 2.5 or less or so, and in another
example, the friction coefficient may be about 0.5 or more, about 1 or more, or about 1.5 or more. Through the control
of such a friction coefficient, the efficient encapsulation process can proceed without generating defects, such as wrinkles,
in the liquid crystal element film in a pressurizing process such as an autoclave. Here, the friction coefficient is a dynamic
friction coefficient.
[0131] The method of controlling the friction coefficient is not particularly limited, and for example, an adhesive film
and a base film of an active liquid crystal element film, which have desired friction coefficients, may be selected, or an
appropriate surface treatment may be performed on the base film. At this time, the surface treatment may control concave-
convex shapes of the base film, as a physical treatment, for example, through polishing using a sandpaper or the like,
or may control the friction coefficient by treating the surface of the base film using a treating agent known as a so-called
release agent or slipping agent, and the like, such as a fluorine-based treating agent or a silicon-based treating agent.
[0132] As the adhesive film, a known material can be used without any particular limitation, and for example, among
a known thermoplastic polyurethane adhesive film, polyamide adhesive film, polyester adhesive film, EVA (ethylene
vinyl acetate) adhesive film, polyolefin adhesive film such as polyethylene or polypropylene, and the like, one satisfying
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physical properties to be described below can be selected.
[0133] As the adhesive film, a film having a phase difference in a predetermined range may be used. In one example,
the adhesive film may have a front phase difference of 100 nm or less. In another example, the front phase difference
may be about 95 nm or less, about 90 nm or less, about 85 nm or less, about 80 nm or less, about 75 nm or less, about
70 nm or less, about 65 nm or less, about 60 nm or less, about 55 nm or less, about 50 nm or less, about 45 nm or less,
about 40 nm or less, about 35 nm or less, about 30 nm or less, about 25 nm or less, about 20 nm or less, about 15 nm
or less, about 10 nm or less, about 9 nm or less, about 8 nm or less, about 7 nm or less, about 6 nm or less, about 5
nm or less, about 4 nm or less, about 3 nm or less, about 2 nm or less, or about 1 nm or less. The front phase difference
may be about 0 nm or more, about 1 nm or more, about 2 nm or more, about 3 nm or more, about 4 nm or more, about
5 nm or more, about 6 nm or more, about 7 nm or more, about 8 nm or more, about 9 nm or more, or about 9.5 nm or more.
[0134] An absolute value of the thickness direction phase difference of the adhesive film may be, for example, 200
nm or less. In another example, the absolute value may be about 190 nm or less, 180 nm or less, 170 nm or less, 160
nm or less, 150 nm or less, 140 nm or less, 130 nm or less, 120 nm or less, 115 nm or less, 100 nm or less, 90 nm or
less, 80 nm or less, 70 nm or less, 60 nm or less, 50 nm or less, 40 nm or less, 30 nm or less, 20 nm or less, 10 nm or
less, or about 5 nm or less, or may be 0 nm or more, 1 nm or more, 2 nm or more, 3 nm or more, 4 nm or more, 5 nm
or more, 6 nm or more, 7 nm or more, 8 nm or more, 9 nm or more, 10 nm or more, 20 nm or more, 30 nm or more, 40
nm or more, 50 nm or more, 60 nm or more, 70 nm or more, 80 nm or more, or 90 nm or more. As long as the thickness
direction phase difference has an absolute value in the above range, it may be negative, or may be positive.
[0135] The front phase difference (Rin) and the thickness direction phase difference (Rth) of the adhesive film may
be calculated in the same manner, except that in Equations 1 and 2 above, the thickness (d), the refractive index in the
slow axis direction (nx), the refractive index in the fast axis direction (ny) and the refractive index in the thickness direction
(nz) are substituted with the thickness (d), the refractive index in the slow axis direction (nx), the refractive index in the
fast axis direction (ny) and the refractive index in the thickness direction (nz), of the adhesive film, respectively, to
calculate them.
[0136] Here, the thickness of the adhesive film may be a thickness of the adhesive film between the outer substrate
(30) and the active liquid crystal layer (10), such as an interval between the two, a thickness of the adhesive film between
the active liquid crystal layer (10) and the polarizer (20), such as an interval between the two, and a thickness of the
adhesive film between the polarizer (20) and the outer substrate (30), such as an interval between the two.
[0137] As the adhesive film, one having a Young’s modulus in a range of 0.1 to 100 MPa may be used. The Young’s
modulus may be measured in accordance with ASTM D882 standard, and may be measured by tailoring the film in the
form provided by the corresponding standard and using equipment capable of measuring stress-strain curve (capable
of simultaneously measuring force and length).
[0138] By selecting the adhesive film to have such a Young’s modulus, an optical device with excellent durability can
be provided.
[0139] The thickness of such an adhesive film is not particularly limited, which may be, for example, in a range of
about 200 mm to 600 mm. Here, the thickness of the adhesive film may be a thickness of the adhesive film between the
outer substrate (30) and the active liquid crystal layer (10), such as an interval between the two, a thickness of the
adhesive film between the active liquid crystal layer (10) and the polarizer (20), such as an interval between the two,
and a thickness of the adhesive film between the polarizer (20) and the outer substrate (30), such as an interval between
the two.
[0140] The optical device may further comprise a buffer layer. Such a buffer layer may be present on one side or both
sides of the liquid crystal element film. Figure 8 shows a structure in which the buffer layer (50) is present on both sides
of the active liquid crystal element film (10), but the buffer layer (50) may also be present only on one side of the liquid
crystal element film (10).
[0141] Such a buffer layer can mitigate the negative pressure caused by the difference in the coefficient of thermal
expansion between layers in a structure in which the active liquid crystal element film is encapsulated by an adhesive
film, and enable so that a more durable device can be realized.
[0142] In one example, as the buffer layer, a layer having a Young’s modulus of 1 MPa or less may be used. In another
example, the Young’s modulus of the buffer layer may be 0.9 MPa or less, 0.8 MPa or less, 0.7 MPa or less, 0.6 MPa
or less, 0.6 MPa or less, 0.1 MPa or less, 0.09 MPa or less, 0.08 MPa or less, 0.07 MPa or less, or 0.06 MPa or less.
In another example, the Young’s modulus is about 0.001 MPa or more, 0.002 MPa or more, 0.003 MPa or more, 0.004
MPa or more, 0.005 MPa or more, 0.006 MPa or more, 0.007 MPa or more, 0.008 MPa or more, 0.009 MPa or more,
0.01 MPa or more, 0.02 MPa or more, 0.03 MPa or more, 0.04 MPa or more, or 0.045 MPa or more. Here, the measurement
method of the Young’s modulus is the same as the above-mentioned measuring method of the adhesive film.
[0143] As a specific kind of the buffer layer, a transparent material showing the above-mentioned Young’s modulus
may be used without particular limitation, and for example, an acrylate-based, urethane-based, rubber-based or silicone-
based oligomer or polymer material, and the like can be used.
[0144] In one example, the buffer layer may be formed using a transparent adhesive or a transparent pressure-sensitive
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adhesive known as a so-called OCA (optical clear adhesive) or OCR (optical clear resin), and a material having a desired
Young’s modulus may be selected from the adhesives or the pressure-sensitive adhesives known as the OCA or OCR
and used.
[0145] Therefore, in one example, the buffer layer may be an acrylate-based adhesive layer, a urethane-based adhesive
layer, a rubber-based adhesive layer or a silicone-based adhesive layer, or may be an acrylate-based pressure-sensitive
adhesive layer, a urethane-based pressure-sensitive adhesive layer, a rubber-based pressure-sensitive adhesive layer
or a silicone-based pressure-sensitive adhesive layer.
[0146] The thickness of the buffer layer is not particularly limited, which may be selected within a range that can
effectively reduce the negative pressure generated inside the device by exhibiting the Young’s modulus in the above
range.
[0147] The optical device may further comprise any necessary configuration other than the above configurations, and
for example, comprise a known configuration such as a retardation layer, an optical compensation layer, an antireflection
layer and a hard coating layer in a proper position.
[0148] Such an optical element can be used for various applications, and for example, can be used for eyewear such
as sunglasses or AR (augmented reality) or VR (virtual reality) eyewear, an outer wall of a building or a sunroof for a
vehicle, and the like.
[0149] In one example, the optical device itself may be a sunroof for a vehicle.
[0150] For example, in an automobile including a body in which at least one opening is formed, the optical device or
the sunroof for a vehicle attached to the opening can be mounted and used.

Advantageous Effects

[0151] The present application provides an optical device capable of varying transmittance, and such an optical device
can be used for various applications such as eyewear, for example, sunglasses or AR (augmented reality) or VR (virtual
reality) eyewear, an outer wall of a building or a sunroof for a vehicle.

Brief Description of Drawings

[0152]

Figures 1 to 3 are drawings for explaining a folded structure of a liquid crystal element film of the present application.

Figures 4 to 8 are illustrative drawings for explaining an optical device of the present application.

Figure 9 is a top view of a base film of an active liquid crystal element film applied in Examples or Comparative
Examples.

Figure 10 is a cross-section of a folded film form of an active liquid crystal element film in Examples.

Figure 11 shows a form in which the active liquid crystal element film of Figure 10 and a polarizer are encapsulated.

Figures 12 to 14 are photographs showing film forms of Examples and Comparative Examples.

Mode for Invention

[0153] Hereinafter, the scope of the present application will be described in more detail through Examples and Com-
parative Examples, but the scope of the present application is not limited by the following examples.
[0154] The physical properties described in this specification are the results of evaluation in the following manner.

1. Evaluation of tensile properties

[0155] Tensile properties of a base film such as elongation at break were confirmed according to ASTM D882 standard.
Each physical property was evaluated by tailoring a measuring object such as the base film to have a width of 10 mm
and a length of 30 mm and then stretching it at a tensile rate of 10 mm/min at room temperature (25°C) using a UTM
(universal testing machine) instrument (Instron 3342).
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2. Evaluation of coefficient of thermal expansion

[0156] The coefficient of thermal expansion (CTE) of the base film or the like was measured using a TMA (thermo-
mechanical analysis) instrument (SDTA840, Metteler toledo) according to ASTM D696 standard, where dimensional
changes of a specimen were measured while increasing a temperature from 40°C to 80°C at a rate of 10°C/min to
confirm the coefficient of thermal expansion in the section according to an equation (CTE=(dt/t)/dT, where t is a dimension
and T is a temperature). The reference length of the specimen at the time of measurement was set as 10 mm, and the
load was set as 0.02 N.

3. Evaluation of friction coefficient

[0157] The measurement of the friction coefficient was performed according to the standard using the FP-2260 instru-
ment from Thwing Albert Instrument Company. Specifically, an adhesive film and an active liquid crystal element film
were overlapped and placed, and a friction force was calculated through a ratio of the force measured while pulling the
instrument relative to a normal force to obtain a dynamic friction coefficient. The sizes of the specimens were each about
4 cm in length and about 2 cm in width.

Example 1.

[0158] A GH (guest-host) liquid crystal element film was produced as an active liquid crystal element film. In a state
where two PC (polycarbonate) films (coefficient of thermal expansion: 80ppm/K, elongation at break: about 14.5%), in
which an ITO (indium tin oxide) electrode layer and a liquid crystal alignment film were sequentially formed on one side,
were disposed opposite to each other so as to maintain a cell gap of about 12 mm or so, the liquid crystal element film
was produced by injecting a mixture of a liquid crystal host (MAT-16-969 liquid crystals from Merck) and a dichroic dye
guest (BASF, X12) therebetween and sealing the frame with a sealant. The opposed arrangement of the PC films was
subjected such that the side on which the alignment film was formed faced each other. Figure 9 is a top view of the PC
film, where the PC film was a film having a length (L) of about 600 mm and a width (W) of about 340 mm. Subsequently,
the liquid crystal element film having the same shape as Figure 10 was produced by folding lines (dotted lines DL1 in
the drawing) about 30 mm away from the edge end at both ends of the liquid crystal element film in the width direction
(folding angle about 90 degrees) and again folding lines about 26 mm away from the edge end (folding angle about 90
degrees) (in the drawing, 3000 is a region where the sealant exists). The liquid crystal layer of the active liquid crystal
element film may be in a horizontally oriented state when a voltage is not applied and may be switched to a vertically
oriented state by voltage application. Subsequently, as shown in Figure 11, an optical device was produced by sequentially
laminating a glass substrate (4000) having a thickness of about 3 mm, an adhesive film (5000), a PVA (polyvinyl alco-
hol)-based polarizing film (6000), the active liquid crystal element film, an adhesive film (5000) and a glass substrate
(4000) having a thickness of about 3 mm as well, performing an autoclave process at a temperature of about 100°C and
a pressure of about 2 atmospheres, and encapsulating the active liquid crystal element film and the PVA-based polarizing
film between the outer substrates by the adhesive film. Here, when the liquid crystal layer of the active liquid crystal
element film was in the horizontally oriented state, the optical axis thereof and the light absorption axis of the PVA-based
polarizing film were arranged so as to be perpendicular to each other. In addition, as the adhesive film, a TPU (thermo-
plastic polyurethane) adhesive film (thickness: about 4 mm) having the trade name A4700 from Covestro was used. The
dynamic friction coefficient between the surface of the PC film of the active liquid crystal element film and the TPU
adhesive film was about 6.1.

Example 2.

[0159] An optical device was produced in the same manner as in Example 1, except that the surface of the PC film
contacting the TPU adhesive film was polished with a sandpaper to adjust so that the friction coefficient between the
surface of the PC film and the TPU adhesive film was about 2.3.

Comparative Example 1.

[0160] An optical device was produced in the same manner as in Example 1, by not folding the active liquid crystal
element film and applying it as such.

Test Example

[0161] Figures 12 to 14 as attached are photographs taking the active liquid crystal element films of Example 1,
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Example 2 and Comparative Example 1 after the autoclave process, respectively. It can be confirmed from the drawings
that in the case of Examples 1 and 2, the active liquid crystal element films have been encapsulated stably without
generating wrinkles, but in Comparative Example 1, many wrinkles have occurred at the ends.
[0162] Table 1 below is the results of measuring transmittance (reference wavelength: about 550 nm) of the optical
devices in Examples 1 and 2 and Comparative Example 1. Here, the transmittance was evaluated by an ISO 13468
method using an NDH5000 instrument. It can be confirmed from Table 1 below that the optical device of the present
application exhibits appropriate variable transmittance characteristics.

[Explanation of Reference Numerals and Symbols]

[0163]

10: active liquid crystal element film

101: first line

102: second line

A, AA: folded area

D: bisector of the first line

T: tangent of the bisector of the first line

P: normal to the tangent of the bisector of the first line

1022: line for measuring the angle of the second line

20: polarizer

201: polarizing coating layer

30: outer substrate

40: adhesive film

50: buffer layer

110: base film

120: active liquid crystal layer

Claims

1. An optical device comprising an active liquid crystal element film having an active liquid crystal layer which contains
a liquid crystal compound and is capable of switching between a first oriented state and a second oriented state,
wherein the active liquid crystal element film is in a folded film form, and
a folded angle of the folded film form exceeds 0 degrees.

[Table 1]

Transmittance

Example 1 Example 2 Comparative Example 1

Applied Voltage
0V 0.7% 0.6% 1.5%

20V 23.4% 23.5% 19%
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2. The optical device according to claim 1, wherein the folded angle of the folded film form is 5 degrees or more.

3. The optical device according to claim 1, wherein the folded angle of the folded film form is 10 degrees or more.

4. The optical device according to claim 1, wherein the folded angle of the folded film form is 15 degrees or more.

5. The optical device according to claim 1, wherein the cross-section of the folded film form has a form including a first
line and a second line which are separated by a folded portion.

6. The optical device according to claim 5, wherein the cross-section of the folded film form has a form in which both
ends of the first line are folded, and the second line is formed at both ends of the first line.

7. The optical device according to claim 5, wherein the second line in the cross-section of the folded film form is also
in a folded form.

8. The optical device according to claim 1, wherein the active liquid crystal element film comprises two base films
disposed opposite to each other and an active liquid crystal layer positioned therebetween.

9. The optical device according to claim 8, further comprising a sealant attaching the two base films in a folded portion
of the active liquid crystal element film or an area facing from the folded portion toward the first line.

10. The optical device according to claim 1, further comprising a polarizer.

11. The optical device according to claim 10, wherein the active liquid crystal element film and the polarizer are disposed
such that an angle formed by an average optical axis of the active liquid crystal layer in the first oriented state and
the light absorption axis of the polarizer is in a range of 80 degrees to 100 degrees or 35 degrees to 55 degrees.

12. The optical device according to claim 8, wherein the base film has a coefficient of thermal expansion of 100 ppm/K
or less.

13. The optical device according to claim 1, further comprising two outer substrates disposed opposite to each other,
wherein the active liquid crystal element film is encapsulated between the two outer substrates by an adhesive film.

14. The optical device according to claim 13, wherein a surface of the active liquid crystal element film in contact with
the adhesive film has a friction coefficient of 5 or less against the adhesive film.

15. An automobile comprising a body on which one or more openings are formed; and the optical device of claim 1
attached to the openings.
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