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Description

Title of Invention: LUMINANCE ADJUSTMENT FILM AND IL-
LUMINATING DEVICE INCLUDING PHOTOTHERMAL

[0001]

[0002]

[0003]

[0004]

[0005]

CONVERSION MATERIAL
Background

Laser emitting diodes have come into widespread usage as a result of their ad-
vantages, which include their small size, long life, low energy consumption, and low
heat generation. Set against this background, there are high expectations for illu-
minating devices such as those using laser emitting diodes capable of emitting visible
light having a uniform luminance distribution throughout a large display area.
However, conventional illuminating devices are not necessarily satisfactory due to
their unevenness in luminance distribution.

Summary

In one aspect, a luminance adjustment film is described comprising: a photothermal
conversion material which converts infrared light to heat wherein an intensity dis-
tribution of the infrared light reflects a luminance distribution of visible light; and

at least one microcapsule containing a compound which selectively decreases
luminance of the visible light in reaction to the heat.

In a second aspect, an illuminating device is described comprising: a visible light
source configured to emit visible light; an infrared light source configured to emit
infrared light having an intensity distribution which reflects a luminance distribution of
the visible light; and a luminance adjustment film including a photothermal conversion
material which converts the infrared light to heat and at least one microcapsule
containing a compound which selectively decreases luminance of the visible light in
reaction to the heat.

In a third aspect, a method of manufacturing a luminance adjustment film is
described, the method comprising: providing a photothermal conversion material
which converts infrared light to heat wherein an intensity distribution of the infrared
light reflects a luminance distribution of visible light; providing at least one mi-
crocapsule containing a compound which selectively decreases luminance of the
visible light in reaction to the heat; and combining the at least one microcapsule with
the photothermal conversion material so as to produce the luminance adjustment film.

In a fourth aspect, a method of manufacturing an illuminating device is described, the
method comprising: providing a visible light source configured to emit visible light;

providing an infrared light source configured to emit infrared light having an

intensity distribution which reflects a luminance distribution of the visible light;
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providing a photothermal conversion material which converts the infrared light to heat;
providing at least one microcapsule containing a compound which selectively
decreases luminance of the visible light in reaction to the heat; combining the at least
one microcapsule with the photothermal conversion material to produce a luminance
adjustment film; and combining the luminance adjustment film with the visible light

source and the infrared light source to produce the illuminating device.
In a fifth aspect, a method of adjusting luminance is described, the method

comprising: emitting visible light from a visible light source; emitting infrared light
from an infrared light source, the infrared light having an intensity distribution which
reflects a luminance distribution of the visible light; converting the infrared light to
heat by using a photothermal conversion material; and selectively decreasing
luminance of the visible light in reaction to the heat by using a compound having a

cloud point.

Brief Description of Drawings
[fig.1]Figure 1 shows a schematic view of a luminance adjustment film in accordance
with an embodiment of the present disclosure.
[fig.2]Figure 2 shows a luminance distribution of visible light in accordance with an
embodiment of the present disclosure.
[fig.3]Figure 3 shows an intensity distribution of infrared light in accordance with an
embodiment of the present disclosure.
[fig.4]Figure 4 shows a temperature distribution of a luminance adjustment film in ac-
cordance with an embodiment of the present disclosure.
[fig.5]Figure 5 shows a schematic view of a microcapsule in accordance with an em-
bodiment of the present disclosure.
[fig.6]Figure 6 shows a schematic view of an illuminating device in accordance with
an embodiment of the present disclosure.
Detailed Description

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. Further, the drawings are
intended to be explanatory and may not be drawn to scale. The illustrative em-
bodiments described in the detailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be used, and other changes may be made, without
departing from the spirit or scope of the subject matter presented herein. It will be
readily understood that the aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substituted, combined,

separated, and designed in a wide variety of different configurations, all of which are
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explicitly contemplated herein.

Luminance adjustment films and methods for their preparation and use are disclosed
herein. The luminance adjustment films are effective to correct any unevenness in the
intensity of visible light impacting on or passing through the luminance adjustment
films. Various embodiments use separate coincident infrared light and visible light
along with materials that have a cloud point temperature to effect scattering of visible
light when its intensity is undesirably high, but allowing transmission when the
intensity is at an acceptable level, thereby resulting in a more even intensity across the
film.

Figure 1 shows a schematic view of a luminance adjustment film 10 in accordance
with an embodiment of the present disclosure. In Figure 1, an X-axis is perpendicular
to a thickness direction of the luminance adjustment film 10, and a Z-axis is parallel to
the thickness direction of the luminance adjustment film 10. The luminance adjustment
film 10 can include at least one transparent resin 11. The transparent resin 11 can be
substantially or fully transparent to visible light 60. The transparent resin 11 can be
substantially or fully transparent to infrared light 70. The luminance adjustment film
10 can include at least one photothermal conversion material 12 and at least one mi-
crocapsule 20 containing at least a first compound 21 having a first cloud point tem-
perature. The microcapsule 20 can further include at least one solvent 22. Heat
produced by infrared light 70 illumination of the photothermal conversion material 12
causes the production of heat. Once the heat causes the local temperature of the
luminance adjustment film to exceed the cloud point temperature, the microcapsules 20
become cloudy, scattering any visible light 60, thereby correcting any unevenness in
the intensity of the visible light 60.

In some embodiments, visible light 60 and infrared light 70 are substantially or fully
directed coincident on the luminance adjustment film 10. The intensity of the infrared
light 70 can be correlated with the intensity of the visible light 60, such that a more
intense infrared light 70 can be directed with a more intense visible light 60. Use of
only visible light 60 may not always allow absorption of energy by the photothermal
conversion material 12. By using separate infrared light 70 and visible light 60 inputs,
design of an effective system for correcting any unevenness in the intensity of the
visible light 60 is greatly facilitated.

The transparent resin 11 can generally be any resin substantially or fully transparent
to visible light. Specific examples of resins include polyethylene, polypropylene, cyclo
olefin polymer, polystyrene, polyacrylonitrile, polymethyl methacrylate, polyamide,
polycarbonate, polyethylene terephthalate, polybutylene terephthalate, polyethylene
naphthalene, triacetyl cellulose, and combinations thereof. In some cases, the

transparent resin 11 can have a refractive index that is similar or identical to the re-
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fractive index of the microcapsule 20.

The luminance adjustment film 10 can include at least one photothermal conversion
material 12. In some embodiments, the luminance adjustment film can include 2, 3, 4,
5, 6, or more photothermal conversion materials (12A, 12B, 12C, and so on). The pho-
tothermal conversion material 12 can be distributed evenly or unevenly throughout the
luminance adjustment film 10. Uneven distributions can be random, gradient, or other
distributions. The photothermal conversion material 12 produces heat when il-
luminated with infrared light. If a local region of the luminance adjustment film 10 is
contacted with infrared light illumination 70, the photothermal conversion material 12
releases heat and increases the local temperature within the local region.

The photothermal conversion material 12 can generally be any material suitable for
producing heat when illuminated with infrared light. Specific examples of pho-
tothermal conversion materials 12 include phthalocyanine compounds, cyanine, dithiol
metal complexes, naphthoquinone, anthraquinone dyes, aluminum, immonium dyes,
and azo dyes. The wavelength range of the infrared light 70 may be selected so as to be
consistent with the absorption wavelength of the photothermal conversion material 12.
Depending on the photothermal conversion material 12, the wavelength range of the
infrared light 70 may be about 800 nanometers to about 1100 nanometers. In some
cases, a maximum intensity of the infrared light 70 may be determined such that
among the compounds 21 in the luminance adjustment film 10, the one having the
highest cloud point begins to be precipitated in the microcapsule 20 at the highest
possible temperature.

The luminance adjustment film 10 can include at least one microcapsule 20
containing a first compound 21 having a first cloud point temperature. In some em-
bodiments, the luminance adjustment film can include a plurality of the same mi-
crocapsule 20. In some embodiments, the luminance adjustment film can include two
or more different microcapsules 20. In some embodiments, the luminance adjustment
film 10 can include 2, 3, 4, 5, 6, or more different microcapsules 20 (20A, 20B, 20C,
20D, and so on). Each microcapsule can include one or more compounds, each having
a same or different cloud point temperature. For example, a microcapsule 20 can
include a first compound 21A having a first cloud point temperature T, and a second
compound 21B having a second cloud point temperature Tp. Alternatively or addi-
tionally, different microcapsules can include different compounds (21A, 21B, 21C,
21D, and so on) having different cloud point temperatures. For example, a first mi-
crocapsule 20A can include a first compound 21A having a first cloud point tem-
perature Ty, and a second microcapsule 20B can include a second compound 21B
having a second cloud point temperature Ty. The first cloud point temperature T, and

the second cloud point temperature Ty can be the same or different. Typically, the
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various cloud point temperatures will be different. In a more complex example, a first
microcapsule 20A can include a first compound 21A having a first cloud point tem-
perature T,, a second microcapsule 20B can include a second compound 21B having a
second cloud point temperature Ty, a third microcapsule 20C can include a third
compound 21C having a third cloud point temperature T, and so on.

Compounds 21 can be selected such that their various cloud point temperatures T are
spaced apart. For example, in a system containing four different compounds 21A-21D,
T, can be about 45 degrees Celsius , Ty can be about 50 degrees Celsius , T can be
about 55 degrees Celsius , and Ty, can be about 60 degrees Celsius. In this example,
when the microcapsule 20 reaches a temperature of 45 degrees Celsius, the compound
21A begins to be precipitated in the microcapsule 20, whereas the remaining
compounds 21B, 21C, and 21D remain unchanged. Also, when the microcapsule 20
reaches a temperature of 50 degrees Celsius, both compounds 21A and 21B precipitate
in the microcapsule 20, whereas the remaining compounds 21C and 21D remain
unchanged. The extent of the turbidity increases or decreases substantially in
proportion to the number of the compounds 21A, 21B, 21C, and 21D precipitated in
the microcapsule 20. This allows the microcapsule 20 to gradually decrease the
luminance of the visible light 60 so as to correct unevenness in the luminance dis-
tribution 61 of the visible light 60.

The compounds 21 having cloud point temperatures can generally be any material
having a cloud point temperature. The compounds 21 remain transparent to visible
light below the cloud point temperature, but precipitate or otherwise become cloudy or
opaque to visible light at or above the cloud point temperature. The cloud point tem-
perature can be a temperature at or above common room temperatures, such as at or
above about 20 degrees Celsius . Examples of cloud point temperatures include about
20 degrees Celsius , about 25 degrees Celsius , about 30 degrees Celsius , about 35
degrees Celsius , about 40 degrees Celsius , about 45 degrees Celsius , about 50
degrees Celsius , about 55 degrees Celsius , about 60 degrees Celsius , about 65
degrees Celsius , about 70 degrees Celsius , about 75 degrees Celsius , about 80
degrees Celsius , about 85 degrees Celsius , about 90 degrees Celsius , about 95
degrees Celsius , about 100 degrees Celsius , and ranges between any two of these
values (including endpoints). The minimum cloud point temperature may be slightly
above room temperature. The maximum cloud point temperature may be 100 degrees
Celsius. The cloud point temperature is ideally lower than a melting point temperature
or degradation temperature of the luminance adjustment film or any of its components.

Specific examples of compounds 21 having cloud point temperatures (and their re-
spective cloud point temperatures) include hydroxypropylcellulose, polyvinyl methyl

ether, polyethylene oxide-polypropylene oxide copolymer, polyvinyl acetate partial hy-
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drolysate, poly (N, N dimethyl aminoethyl acrylamide), and poly (N-isopropyl
acrylamide) In the case where the compounds 21 are copolymers, their cloud point
depends on their molecular weight and their ratio of components. Typically, cloud
points of these compounds 21 listed above are between 30 degrees Celsius and 80
degrees Celsius.

The microcapsule 20 can be made of generally any one or more materials suitable to
contain the one or more compounds having a cloud point temperature. The material
can be substantially or fully transparent to visible light. The microcapsule 20 can be
substantially or fully transparent to visible light 60 when below the cloud point tem-
perature of any compound(s) contained within, but can be translucent or opaque to
visible light 60 at or above the cloud point temperature of any compound(s) 21
contained within, thereby scattering any incident visible light. The materials may be
mechanically tough, may chemically prevent a solution contained therein from leaking
and may be dissolvable in a plastic resin. Examples of the materials include polycon-
densation resins, such as a melamine resin, a urea resin, a gelatin resin, a urethane
resin, and a polyurea resin. The microcapsule 20 can include a capsular surface 23
defining the outer surface of the microcapsule.

The microcapsule 20 can further include at least one solvent 22. The solvent 22 can
generally be any solvent suitable to dissolve the compound when below its cloud point
temperature. The solvent 22 substantially or fully does not dissolve the compound
when at or above its cloud point temperature. Example solvents 22 include water, high-
boiling solvents, such as dimethylformamide, N-methylpyrrolidone, glycerin,
polypropylene glycol, polyethyleneglycol, and combinations thereof. The solvent
preferably does not leak or diffuse out of the microcapsule 20 or through the capsular
surface 23.

The microcapsules 20 can be present in the luminance adjustment film 10 at
generally any concentration. For example, a ratio of the plurality of microcapsules 20
to the luminance adjustment film 10 may be about 0.1% to about 90% by weight. Al-
ternatively, the ratio of the plurality of microcapsules 20 to the luminance adjustment
film 10 may be from about 5% to about 20% by weight.

The luminance adjustment film 10 can generally have any thickness. For example,
the thickness can be about 1 micrometer to about 1 centimeter. Alternatively, the
thickness can be about 5 micrometers to about 200 micrometers. Specific examples of
thicknesses include about 1 micrometer, about 5 micrometers, about 10 micrometers,
about 100 micrometers, about 200 micrometers, about 500 micrometers, about 1
millimeter, about 10 millimeters, and ranges between any two of these values
(including endpoints).

The area of the luminance adjustment film 10 can generally be any area. Depending
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on the particular end use, for example, in the case where the luminance adjustment film
10 is used for a domestic display, an area of the luminance adjustment film 10 may be
from about 1 square centimeter to about 25,000 square centimeters. Alternatively, the
area can be from about 100 square centimeters to about 5,000 square centimeters.
Specific examples of area include about 1 square centimeter, about 10 square cen-
timeters, about 100 square centimeters, about 1,000 square centimeters, about 2,000
square centimeters, about 3,000 square centimeters, about 4,000 square centimeters,
about 5,000 square centimeters, about 10,000 square centimeters, about 15,000 square
centimeters, about 20,000 square centimeters, about 25,000 square centimeters, and
ranges between any two of these values (including endpoints).

The shape of the luminance adjustment film 10 can generally be any shape. The
shape can be regular or irregular. Regular shapes include squares, rectangles, triangles,
hexagons, pentagons, octagons, circles, ovals, and so on.

Figure 2 shows a luminance distribution 61 of the visible light 60. Figure 3 shows an
intensity distribution 71 of the infrared light 70. As shown in Figures 2 and 3, the
intensity distribution 71 may reflect the luminance distribution 61. In other words, the
intensity of the infrared light 70 may increase or decrease substantially in proportion to
the luminance of the visible light 60.

Due to the intensity distribution 71 reflecting the luminance distribution 61, when a
luminance of the visible light 60 entering a region 92 of the luminance adjustment film
10 is greater than a luminance of the visible light 60 entering a region 91 of the
luminance adjustment film 10, an intensity of the infrared light 70 entering the region
92 of the luminance adjustment film 10 is greater than an intensity of the infrared light
70 entering the region 91 of the luminance adjustment film 10.

Figure 4 shows a temperature distribution 81 of the luminance adjustment film 10.
Due to the difference in the intensity of the infrared light 70 between the regions 91
and 92, the heat converted by the photothermal conversion material 12 from the
infrared light 70 causes the temperature distribution 81 where a temperature of the
region 92 is greater than that of the region 91. As a result, as shown in Figures 2 and 4,
the temperature distribution 81 reflects the luminance intensity distribution 61 of the
visible light 60. In other words, the temperature of the luminance adjustment film 10
increases or decreases substantially in proportion to the luminance intensity of the
visible light 60.

When the temperature of the compound 21 at the region 92 is greater than or equal to
its cloud point at which the compound 21 begins to be precipitated in the microcapsule
20 in reaction to the heat, the compound 21 precipitated in the microcapsule 20 located
at the region 92 selectively scatters the visible light 60 entering the region 92 so as to

selectively decrease its luminance intensity.
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On the other hand, when the temperature of the compound 21 at the region 91 is less
than its cloud point at which the compound 21 begins to be precipitated in the mi-
crocapsule 20 in reaction to the heat, the visible light 60 entering the region 91 passes
through the compound 21 in the microcapsule 20 located at the region 91.

This way, depending on a difference in the luminance intensity of the visible light 60
between the regions 91 and 92, the compound 21 selectively decreases the luminance
of the visible light 60 entering the region 92 so as to correct any unevenness in the
luminance distribution 61 of the visible light 60 through the reaction with the heat
converted by the photothermal conversion material 12 from the infrared light 70.

Figure 6 shows a schematic view of an illuminating device 100 in accordance with an
embodiment of the present disclosure. The illuminating device 100 may be provided
with a visible light source 62 configured to emit the visible light 60, an infrared light
source 72 configured to emit the infrared light 70, and the luminance adjustment film
10. The visible light source 62 and the infrared light source 72 may be closely apposed
so that the infrared light source 72 can emit the infrared light 70 having the intensity
distribution 71 which reflects the luminance distribution 61 of the visible light 60. The
visible light source 62 may be an LED light source configured to emit the visible light
60. The infrared light source 72 may be a semiconductor laser, a YAG laser, or a
xenon laser.

The illuminating device 100 may further be provided with a light guide plate 30, a
scattering plate 40, and a reflective plate 50. The light guide plate 30 may be arranged
to guide the visible light 60 and the infrared light 70 toward the luminance adjustment
film 10. The visible light source 62 and the infrared light source 72 may be arranged to
face one side of the light guide plate 30. The scattering plate 40 may be arranged to
scatter the visible light 60 so as bring about the uniformity of the luminance dis-
tribution 61 of the visible light 60. The scattering plate 40 may be arranged between
the luminance adjustment film 10 and the light guide plate 30. The reflective plate 50
may be arranged to reflect the visible light 60 and the infrared light 70 toward the
luminance adjustment film 10. The reflective plate 50 may be arranged to receive the
visible light 60 and the ultraviolet light 70 propagating from the light guide plate 30 in
the opposite direction to the luminance adjustment film 10.

Additional embodiments include methods of manufacturing a luminance adjustment
film. Methods can include providing a photothermal conversion material which
converts infrared light to heat wherein an intensity distribution of the infrared light
reflects a luminance distribution of visible light; providing at least one microcapsule
containing a compound which selectively decreases luminance of the visible light in
reaction to the heat; and combining the at least one microcapsule with the pho-

tothermal conversion material so as to produce the luminance adjustment film.
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Additional embodiments include methods of manufacturing an illuminating device.
The methods can include providing a visible light source configured to emit visible
light; providing an infrared light source configured to emit infrared light having an
intensity distribution which reflects a luminance distribution of the visible light;
providing a photothermal conversion material which converts the infrared light to heat;

providing at least one microcapsule containing a compound which selectively
decreases luminance of the visible light in reaction to the heat; combining the at least
one microcapsule with the photothermal conversion material to produce a luminance
adjustment film; and combining the luminance adjustment film with the visible light
source and the infrared light source to produce the illuminating device.

An additional embodiment is directed towards methods of adjusting luminance. The
methods can include emitting visible light from a visible light source; emitting infrared
light from an infrared light source, the infrared light having an intensity distribution
which reflects a luminance distribution of the visible light; converting the infrared light
to heat by using a photothermal conversion material; and selectively decreasing
luminance of the visible light in reaction to the heat by using a compound having a
cloud point.

Examples

Example 1: Manufacturing a Luminance Adjustment Film

Using 3-hydroxypropylcellulose having a cloud point of 75 degrees Celsius and
water as the compound 21 and the solvent 22 respectively, its concentration was
adjusted to 20% by weight. After this, an interfacial polycondensation process was
applied using a urea resin as the capsular surface 23, and the plurality of microcapsules
20 were manufactured. Next, using an immonium compound and a dissolved poly-
carbonate resin as the photothermal conversion material 12 and the transparent resin 11
respectively, the plurality of microcapsules 20 and the photothermal conversion
material 12 were dissolved in the transparent resin 11 in such a manner that a ratio of
the photothermal conversion material 12 to the luminance adjustment film 10 was
adjusted to 0.5% by weight. After this, the transparent resin 11 was dried to produce
the luminance adjustment film 10 having a thickness of 50 micrometers.

Example 2: Scattering Visible Light

Using a xenon lamp having an output power of 100W, the infrared light 70 was
provided from the xenon lamp to the luminance adjustment film 10 manufactured
through Example 1, with a distance of 5 centimeters between the luminance adjustment
film 10 and the xenon lamp at a room temperature of 20 degrees Celsius. Also, using
an LED light source as the visible light source 62, the visible light 60 was provided to
the luminance adjustment film 10. About five minutes after being irradiated, the

compounds 21 began to be precipitated in the microcapsule 20, and then scattered the
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visible light 60 to correct unevenness in the luminance distribution 61 of the visible
light 60.

Example 3: Luminance adjustment film containing multiple cloud point compounds

A mixture of poly (N-isopropyl acrylamide), having a cloud point of about 40
degrees Celsius, and polyethylene oxide-polypropylene oxide copolymer, having a
cloud point of about 50 degrees Celsius, is used for the compound 21. This mixture
will enable the luminance adjustment film 10 to selectively scatter the visible light 60
so as to decrease the luminance of the visible light 60 in two steps (a first step being
performed at 40 degrees Celsius and a second step being performed at 50 degrees
Celsius), as if scattering ability increases as the temperature increases.

While the present disclosure has been described with respect to a limited number of
embodiments, a person skilled in the art, having the benefit of this disclosure, would
appreciate that other embodiments can be devised which do not depart from the scope
of the present disclosure as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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Claims

A luminance adjustment film comprising:

a photothermal conversion material which converts infrared light to
heat wherein an intensity distribution of the infrared light reflects a
luminance distribution of visible light; and

at least one microcapsule containing a compound which selectively
decreases luminance of the visible light in reaction to the heat.

The luminance adjustment film of claim 1, wherein the compound se-
lectively decreases the luminance of the visible light so as to correct
unevenness in the luminance distribution of the visible light.

The luminance adjustment film of claim 1, wherein the heat causes a
temperature distribution which reflects a luminance distribution of the
visible light.

The luminance adjustment film of claim 1, wherein the compound has a
cloud point.

The luminance adjustment film of claim 4, wherein the compound se-
lectively scatters the visible light so as to selectively decrease the
luminance of the visible light when a temperature of the compound is
greater than or equal to the cloud point.

The luminance adjustment film of claim 5, wherein the compound is
precipitated in the at least one microcapsule so as to selectively scatter
the visible light.

The luminance adjustment film of claim 4, wherein the visible light
passes through the compound when a temperature of the compound is
less than the cloud point.

The luminance adjustment film of claim 1, wherein the at least one mi-
crocapsule contains a plurality of compounds each having different
cloud points from one another.

The luminance adjustment film of claim 1, wherein the at least one mi-
crocapsule contains a solvent in which the compound is dissolved.

The luminance adjustment film of claim 9, wherein the solvent
comprises dimethylformamide, N-methylpyrrolidone, glycerin,
polypropylene glycol, or polyethyleneglycol.

The luminance adjustment film of claim 9, wherein the solvent further
comprises water.

The luminance adjustment film of claim 1, wherein the at least one mi-

crocapsule is coated with a polycondensation resin.
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The luminance adjustment film of claim 11, wherein the polycon-
densation resin is formed of a melamine resin, a urea resin, a gelatin
resin, a urethane resin, or a polyurea resin.

The luminance adjustment film of claim 1, further comprising a
transparent resin in which the photothermal conversion material and the
at least one microcapsule are contained.

The luminance adjustment film of claim 14, wherein the transparent
resin comprises polyethylene, polypropylene, cyclo olefin polymer,
polystyrene, polyacrylonitrile, polymethyl methacrylate, polyamide,
polycarbonate, polyethylene terephthalate, polybutylene terephthalate,
polyethylene naphthalene, or triacetyl cellulose.

The luminance adjustment film of claim 1, wherein the photothermal
conversion material is selected from the group consisting of: ph-
thalocyanine compounds, cyanine, dithiol metal complexes, naph-
thoquinone, anthraquinone dyes, aluminum, immonium dyes, and azo
dyes.

The luminance adjustment film of claim 1, wherein the compound is
selected from the group consisting of: hydroxypropylcellulose,
polyvinyl methyl ether, polyethylene oxide-polypropylene oxide
copolymer, polyvinyl acetate partial hydrolysate, poly (N, N dimethyl
aminoethyl acrylamide), and poly (N-isopropyl acrylamide).

The luminance adjustment film of claim 1, wherein the at least one mi-
crocapsule comprises a plurality of microcapsules uniformly distributed
in the luminance adjustment film.

The luminance adjustment film of claim 18, wherein a ratio of the
plurality of microcapsules to the luminance adjustment film is from
about 0.1% to about 90% by weight.

The luminance adjustment film of claim 4, wherein the cloud point
ranges from 20 degrees Celsius to 75 degrees Celsius.

The luminance adjustment film of claim 4, wherein the cloud point
ranges from 40 degrees Celsius to 60 degrees Celsius.

The luminance adjustment film of claim 1, wherein a thickness of the
luminance adjustment film is from about 1 micrometre to about 1
centimeter.

The luminance adjustment film of claim 1, wherein an area of the
luminance adjustment film is from about 25 square centimeters to about
25,000 square centimeters.

An illuminating device comprising:
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a visible light source configured to emit visible light;

an infrared light source configured to emit infrared light having an
intensity distribution which reflects a luminance distribution of the
visible light; and

a luminance adjustment film including a photothermal conversion
material which converts the infrared light to heat and at least one mi-
crocapsule containing a compound which selectively decreases
luminance of the visible light in reaction to the heat.

The illuminating device of claim 24, wherein the visible light source
comprises an LED light source.

The illuminating device of claim 24, wherein the infrared light source
comprises a semiconductor laser, a YAG laser, or a xenon laser.

A method of manufacturing a luminance adjustment film, the method
comprising:

providing a photothermal conversion material which converts infrared
light to heat wherein an intensity distribution of the infrared light
reflects a luminance distribution of visible light;

providing at least one microcapsule containing a compound which se-
lectively decreases luminance of the visible light in reaction to the heat;
and

combining the at least one microcapsule with the photothermal
conversion material so as to produce the luminance adjustment film.
A method of manufacturing an illuminating device, the method
comprising:

providing a visible light source configured to emit visible light;
providing an infrared light source configured to emit infrared light
having an intensity distribution which reflects a luminance distribution
of the visible light;

providing a photothermal conversion material which converts the
infrared light to heat;

providing at least one microcapsule containing a compound which se-
lectively decreases luminance of the visible light in reaction to the heat;
combining the at least one microcapsule with the photothermal
conversion material to produce a luminance adjustment film; and
combining the luminance adjustment film with the visible light source
and the infrared light source to produce the illuminating device.

A method of adjusting luminance, the method comprising:

emitting visible light from a visible light source;
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emitting infrared light from an infrared light source, the infrared light
having an intensity distribution which reflects a luminance distribution
of the visible light;

converting the infrared light to heat by using a photothermal conversion
material; and

selectively decreasing luminance of the visible light in reaction to the

heat by using a compound having a cloud point.
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